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ABSTRACT

Background: Breast cancer is a leading global health issue, with increasing 
incidence and mortality rates. In Thailand, it is the most common cancer among 
women, highlighting the need for better diagnostic methods. Traditional imaging 
techniques like mammography and ultrasound have limitations that hinder early 
detection. Recent advances in artificial intelligence (AI), particularly convolutional 
neural networks (CNNs), offer promising solutions for enhancing breast cancer 
detection in ultrasound images.

Objective: This study aims to develop a one-channel AI model for detecting breast 
cancer in ultrasound images, inspired by football formations to structure the CNN 
layers.

Materials and methods: The dataset comprises 18,000 breast ultrasound images 
categorized into normal, malignant, and benign cases. Data preprocessing involved 
image resizing, enhancement, and augmentation to address class imbalances. The 
proposed AI model, the One-Channel Football Formation Neural Network (OC-FFNet), 
was designed based on four distinct football formations: 4-3-3, 4-2-3-1, 4-4-2, and 
5-4-1. Each formation guided the structuring of CNN layers, incorporating DenseNet- 
based modified dense blocks and transition layers. Model training was conducted 
with batch sizes ranging from 64 to 256 and epochs between 50 and 150. Performance 
evaluation metrics included accuracy, precision, recall, specificity, F1-score, false 
positive rate, and area under the curve (AUC).

Results: The models based on the 4-3-3 and 4-4-2 formations exhibited the highest 
classification performance, achieving an accuracy of 0.999, precision of 0.999, recall 
of 1.000, specificity of 0.999, F1-score of 0.999, and AUC of 0.999. The 4-2-3-1 
model attained an accuracy of 0.963, while the 5-4-1 model achieved an accuracy 
of 0.968. Prediction times were consistent across all models, indicating computational 
efficiency. The findings suggest that formations with balanced positional distributions, 
such as 4-3-3 and 4-4-2, required fewer training iterations and larger batch sizes to 
achieve optimal performance.

Conclusion: The integration of football formation strategies into CNN architecture 
represents a novel approach to AI model design. The results indicate that strategically 
structured CNNs can improve breast cancer detection in ultrasound images. 
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Introduction
	 Breast cancer represents significant global health 
concern, with its incidence and mortality rates escalating 
in numerous countries. In 2022, the World Health 
Organization (WHO) reported approximately 2.3 million 
new cases of breast cancer worldwide, resulting in 670,000 



T. Kaewlek et al.  Journal of Associated Medical Sciences 2025; 58(3): 1-92

deaths.1 This malignancy has now surpassed lung cancer 
as the most diagnosed cancer globally. The rising trend 
underscores the imperative for enhanced awareness, early 
detection, and comprehensive management strategies to 
mitigate the disease’s impact. 
	 In Thailand, breast cancer has emerged as the most 
prevalent cancer among women. The National Cancer 
Institute reported over 140,000 new cancer diagnoses 
in 2022, with breast cancer accounting for a substantial 
proportion of these cases. The annual incidence rate stands 
at 37.8 per 100,000 population, equating to approximately 
22,158 new cases in 2020, which constituted 22.8% of 
all female cancer cases. This upward trajectory in breast 
cancer incidence necessitates targeted public health 
interventions and resource allocation to address the 
burgeoning burden effectively.2

	 Diagnostic modalities for breast cancer primarily 
include mammography and breast ultrasound.3 
Mammography, while considered the gold standard, 
exhibits reduced sensitivity in women with dense breast 
tissue, potentially leading to false-negative results and 
delayed diagnoses. Such delays can exacerbate disease 
progression and complicate treatment outcomes. 
Moreover, mammography involves exposure to ionizing 
radiation and requires breast compression, which may 
cause discomfort and deter some women from participating 
in regular screening programs. These limitations highlight 
the need for alternative or adjunctive imaging techniques 
to improve diagnostic accuracy and patient compliance.4

	 Breast ultrasound serves as a complementary 
diagnostic tool, particularly advantageous in detecting 
malignancies obscured in dense breast tissue that 
mammography might miss. Its non-invasive nature and 
absence of radiation exposure make it a favorable option 
for many patients. However, ultrasound is operator-

dependent, and its efficacy can vary based on the technician’s 
expertise. Integrating ultrasound into routine screening, 
especially for high-risk populations, could enhance early 
detection rates and improve prognostic outcomes.3,4

	 In recent years, artificial intelligence has been 
increasingly developed and applied to support medical 
diagnosis, particularly using convolutional neural networks, 
which are known for their powerful image analysis 
capabilities. Convolutional neural networks consist of 
multiple layers designed to extract hierarchical features 
from input data, enabling high accuracy in complex 
pattern recognition tasks.5-10 Notably, the research team 
observed that the layered structure of convolutional 
neural networks bears a conceptual similarity to football 
formations, where each layer corresponds to specific 
positional roles such as goalkeeper, defender, midfielder, 
and forward.11 This analogy provides a novel perspective 
on designing artificial intelligence architectures by aligning 
neural network layers with strategic football positions, 
thereby enhancing interpretability and potential model 
optimization.
	 For example, the widely recognized 4-4-2 football 
formation,11-14 which comprises four defenders, four 
midfielders, and two forwards, can be mapped to the 
layers of a convolutional neural network as follows: four 
layers in the defense block, four layers in the middle 
block, and two layers in the forward block (Figure 1). 
This mapping is not merely conceptual but is strategically 
employed to organize the neural network layers to emulate 
hierarchical decision-making processes akin to positional 
roles on a football field. Such an approach aids in the 
systematic construction of convolutional neural networks, 
where each block is tailored to extract features relevant 
to specific tasks, thus enhancing the model’s learning and 
predictive performance.

Figure 1. Workflows of this study.
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	 Additionally, the research team is investigating other 
football formations, encompassing both offensive and 
defensive strategies, to evaluate the efficacy of these 
architectural analogies in breast cancer detection. By 
experimenting with varied formations, such as 4-3-3 for 
more aggressive feature extraction or 5-4-1 for robust 
defensive classification layers, the research aims to 
identify optimal configurations that balance sensitivity 
and specificity in diagnostic outcomes.12-14 This exploration 
of diverse configurations may reveal insights into the most 
effective architectures for accurate and efficient breast 
cancer detection using ultrasound images. The strategic 
alignment of football formations with neural network 
layers thus not only facilitates conceptualization but also 
serves as a foundation for optimizing artificial intelligence 
model structures for medical imaging applications.15-17

	 The primary objective of ongoing research is to 
develop a one-channel artificial intelligence model tailored 
for breast cancer detection in ultrasound imagery. This 
model aims to accurately differentiate between normal 
and abnormal breast tissues by emulating the strategic 
organization inherent in football formations. By leveraging 
artificial intelligence’s analytical prowess, this approach 
aspires to enhance diagnostic precision, facilitate early 
intervention, and ultimately improve patient outcomes in 
breast cancer care.

Materials and methods
Data collection
	 The images utilized in this study were obtained from 
the online database Kaggle.com. All images were confirmed 
to be breast ultrasound scans and categorized into three 
groups: normal breast tissue, malignant tumors, and 
benign tumors. The dataset consisted of images collected 
from female patients aged 25 to 75 years. Each image 
had an average resolution of 500 × 500 pixels and was 
stored in PNG format. A total of 9,282 breast ultrasound 
images were sourced from two Kaggle databases,18-19 with 
permission granted by the data owners for unrestricted 
use, eliminating the need for additional consent. The 
dataset comprised 266 images of normal breast tissue and 
9,016 images of abnormal breast tissue, including both 
malignant and benign tumors.

Inclusion criteria
	 The study included single breast ultrasound images 
that were confirmed to depict either normal breast tissue 
or abnormal breast tissue, including malignant and benign 
tumors.

Exclusion criteria
	 Images diagnosed with pathological conditions 
unrelated to breast masses were excluded from the study 
to maintain dataset specificity.
	 To ensure uniformity, all selected images were 
resized to a consistent matrix size. Image enhancement 
and noise reduction techniques were subsequently 
applied to improve image quality and ensure suitability for 
breast tissue classification.

	 To address class imbalance and enhance the 
robustness of the artificial intelligence model, image 
augmentation techniques were applied to both normal 
and abnormal breast ultrasound images. Augmentation 
methods included rotation, translation, and zooming. This 
approach generated an equal number of images across 
classes, resulting in 9,000 images of normal breast tissue 
and 9,000 images of abnormal breast tissue, for a total of 
18,000 images.
	 The dataset was divided into three subsets as follows:
	 ▪	 Training set: 70% of the images (12,600 images) 

were used to train the artificial intelligence model.
	 ▪	 Validation set: 20% of the images (3,600 images) 

were allocated for model validation to optimize hy-
perparameters and prevent overfitting.

	 ▪	 Testing set: 10% of the images (1,800 images) were 
reserved for evaluating the model’s performance 
and generalization capability.

Development of the football formation-based artificial 
intelligence model
Concept and design
	 The proposed artificial intelligence model was 
developed using a one-channel convolutional neural 
network architecture, with its internal structure based on 
DenseNet.20 The model design was inspired by football 
formations, categorized into offensive and defensive 
strategies. Four football formations were selected for 
implementation:
	 Attacking formations:

4-3-3 and 4-2-3-1: These formations are recognized 
as highly effective offensive strategies and are 
widely adopted by top-tier football clubs such as 
Manchester City, Real Madrid, Liverpool, and Bayern 
Munich.

	 Defensive formations:
5-4-1 and 4-4-2: These formations are well-
established defensive strategies commonly employed 
by elite football clubs, including Manchester City, 
Real Madrid, and Liverpool.

Architecture of the one-channel football formation 
neural network (OC-FFNet)
	 The one-channel football formation neural network 
(OC-FFNet) was designed to align with football formations, 
where the number of blocks within the network 
corresponded to the number of players in each position. 
The architecture was primarily based on DenseNet, 
incorporating dense blocks and concatenation layers to 
enhance feature propagation and reuse.20

Key components of dense block
	 The fundamental components of dense block 
include:
	 1. Batch normalization 
	 2. Activation function 
	 3. Convolutional layer 
	 4. Concatenation layer 
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Modified dense block structure in OC-FFNet
	 Each modified dense block in the OC-FFNet consists 
of six layers:
	 1. Batch normalization
	 2. ReLU activation function
	 3. Convolutional layer
	 4. Batch normalization
	 5. ReLU activation function
	 6. Convolutional layer

Transition layers
	 At the initial stage of the model, the architecture 
comprises an input layer, convolutional layers, and max 
pooling layers. Between each position block, transition 
layers are incorporated to facilitate information flow. Each 
transition layer consists of:
	 1. Batch normalization
	 2. Convolutional layer
	 3. Average pooling

Final processing layers
	 Before producing the final model output, the 
following layers are included:
	 1. Global average pooling layer 
	 2. Flatten layer 
	 3. Softmax function 

Football formation-based network structure
	 The number of blocks within different sections of the 
network was determined based on each football formation 
(Further details are provided in Figure 2):
	 4-3-3 Formation: 4 Defensive blocks, 3 Midfield 
blocks, 3 Forward blocks
	 4-2-3-1 Formation: 4 Defensive blocks, 2 Defensive 
midfield blocks, 3 Attacking midfield blocks, 1 Forward 
block
	 5-4-1 Formation: 5 Defensive blocks, 4 Midfield 
blocks, 1 Forward block
	 4-4-2 Formation: 4 Defensive blocks, 4 Midfield 
blocks, 2 Forward blocks
	 Each model was trained using batch sizes ranging 
from 64 to 256, with the number of training epochs varied 
between 50 and 150.

Figure 2. illustrates the structure of four football formation networks, the structure of a modified dense block
in OC-FFNet and the transition layer in OC-FFNet.

Performance evaluation
	 The models’ performance in detecting breast cancer 
in ultrasound images was evaluated using a confusion 
matrix. The classification outcomes were defined as 
follows:
	 True positives (TP): The model correctly identifies 
and classifies breast cancer in ultrasound images.
	 True negatives (TN): The model correctly identifies 
normal images without misclassifying them as cancerous.

False positives (FP): The model incorrectly detects breast 
cancer in a normal image or misclassifies a benign lesion.
	 False negatives (FN): The model fails to detect breast 
cancer in an image that contains a malignant tumor.
	 To assess model performance, the following metrics 
were calculated: accuracy, precision (positive predictive 
value), sensitivity (recall), specificity, F1-score, false 
positive rate (FPR), and area under the curve (AUC).



T. Kaewlek et al.  Journal of Associated Medical Sciences 2025; 58(3): 1-9 5

Results
Evaluation of the performance of four football formation 
models
	 Tables 1 to 2 present the performance evaluation 
of artificial intelligence models developed using four 
football formations: 4-3-3, 4-2-3-1, 4-4-2, and 5-4-1. These 
models were evaluated using various batch sizes ranging 
from 64 to 256 and training epochs ranging from 50 to 
150. The performance metrics included accuracy, positive 
predictive value (precision), sensitivity (recall), specificity, 
F-1 score, false positive rate, and the area under the curve. 
Additionally, the prediction time for 1,800 test images was 
recorded.

	 The 4-3-3 formation model exhibited optimal 
performance with a batch size of 128 and 100 epochs. 
It obtained an accuracy of 0.999, a precision of 0.999, a 
sensitivity of 1.000, a specificity of 0.999, an F-1 score of 
0.999, a false positive rate of 0.001, and an AUC of 0.999. 
The prediction time for this model was 6.588 seconds. 
The 4-2-3-1 formation model demonstrated optimal 
performance using a batch size of 64 and 150 epochs. 
It achieved an accuracy of 0.963, a precision of 0.927, a 
sensitivity of 1.000, a specificity of 0.932, an F-1 score of 
0.962, a false positive rate of 0.068, and an AUC of 0.963. 
The prediction time for this model was 5.122 seconds, as 
shown in Table 1.

Table 1. The performance of attacking formations (4-3-3 and 4-2-3-1 football formation models)

Batch size Epoch Accuracy Precision Sensitivity Specificity F1-score False positive
rate AUC time 

(sec)

4-
3-

3

64
50 0.500 1.000 0.500 0.000 0.667 0.000 0.500 5.044

100 0.998 0.997 1.000 0.997 0.998 0.003 0.998 4.918
150 0.967 1.000 0.939 1.000 0.968 0.000 0.967 4.956

128
50 0.500 1.000 0.500 0.000 0.667 0.000 0.500 6.329

100 0.999 0.999 1.000 0.999 0.999 0.001 0.999 6.588
150 0.803 0.606 1.000 0.717 0.754 0.283 0.803 4.917

256
50 0.500 1.000 0.500 0.000 0.667 0.000 0.500 6.360

100 0.500 1.000 0.500 0.000 0.667 0.000 0.500 6.660
150 0.988 0.977 1.000 0.977 0.988 0.228 0.988 4.701

4-
2-

3-
1

64
50 0.547 0.853 0.529 0.621 0.653 0.379 0.547 5.102

100 0.850 0.966 0.784 0.955 0.866 0.045 0.850 5.088
150 0.963 0.927 1.000 0.932 0.962 0.068 0.963 5.122

128
50 0.762 0.523 1.000 0.677 0.687 0.323 0.762 4.943

100 0.545 1.000 0.524 1.000 0.678 0.000 0.545 4.871
150 0.937 0.880 0.993 0.892 0.933 0.108 0.937 4.940

256
50 0.788 0.577 1.000 0.703 0.732 0.297 0.788 4.935

100 0.500 0.000 0.000 0.500 0.000 0.500 0.500 5.189
150 0.928 0.857 1.000 0.875 0.923 0.125 0.928 4.962

	 The 5-4-1 formation model achieved its best 
performance using a batch size of 64 and 150 epochs. 
It recorded an accuracy of 0.968, a precision of 0.994, a 
sensitivity of 0.945, a specificity of 0.994, an F-1 score of 
0.969, a false positive rate of 0.006, and an AUC of 0.968. 
The prediction time for the test images was 5.327 seconds. 
The 4-4-2 formation model demonstrated the highest 
performance using a batch size of 128 and 100 epochs. 
Specifically, it achieved an accuracy of 0.999, a precision of 
0.999, a sensitivity of 1.000, a specificity of 0.999, an F-1 
score of 0.999, a false positive rate of 0.001, and an AUC of 
0.999. The prediction time for the test images was 6.647 
seconds, as shown in Table 2.

	 The models based on the 4-4-2 and 4-3-3 formations 
exhibited the highest accuracy and AUC values, indicating 
superior predictive performance. The 4-2-3-1 model 
also demonstrated strong performance, although its 
specificity and false positive rate were comparatively 
lower. In contrast, the 5-4-1 formation model showed 
slightly lower accuracy and AUC metrics. Notably, the 
consistency in prediction times across most models 
suggests that computational efficiency was maintained 
regardless of the formation strategy employed. However, 
the faster prediction time of the 4-2-3-1 model warrants 
further investigation to understand the underlying factors 
contributing to this difference.
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Table 2. The performance of defensive formations (5-4-1 and 4-4-2 football formation models)

Batch size Epoch Accuracy Precision Sensitivity Specificity F1-score False positive
rate AUC Time

(sec)

5-
4-

1

64
50 0.609 0.894 0.569 0.754 0.696 0.246 0.609 5.410

100 0.529 1.000 0.515 1.000 0.680 0.000 0.529 5.400
150 0.968 0.994 0.945 0.994 0.969 0.006 0.968 5.327

128
50 0.500 1.000 0.500 0.000 0.667 0.000 0.500 9.030

100 0.967 0.933 1.000 0.938 0.966 0.063 0.967 5.405
150 0.912 0.823 1.000 0.850 0.903 0.150 0.912 5.353

256
50 0.548 0.963 0.526 0.783 0.681 0.217 0.548 5.276

100 0.726 0.979 0.650 0.957 0.781 0.043 0.726 5.189
150 0.756 0.511 1.000 0.672 0.677 0.328 0.756 5.267

4-
2-

2

64
50 0.495 0.990 0.497 0.000 0.662 1.000 0.495 5.415

100 0.994 0.999 1.000 0.999 0.999 0.001 0.999 5.928
150 0.497 0.996 0.499 0.000 0.665 1.000 0.498 5.196

128
50 0.751 0.917 0.688 0.875 0.786 0.125 0.751 6.706

100 0.999 0.999 1.000 0.999 0.999 0.001 0.999 6.647
150 0.980 0.999 0.963 0.999 0.980 0.001 0.980 6.635

256
50 0.500 1.000 0.500 0.000 0.667 0.000 0.500 5.089

100 0.500 1.000 0.500 0.000 0.667 0.000 0.500 5.033
150 0.500 1.000 0.500 0.000 0.667 0.000 0.500 6.723

Discussion
	 This study introduces a novel approach to artificial 
intelligence model development, representing the first 
instance in which football formation strategies have been 
utilized as a structural basis for designing and constructing 
convolutional neural network architectures. By analyzing 
the spatial arrangement of football formations, the 
research team identified the interconnected positioning of 
players within various tactical strategies. This observation 
led to the hypothesis that the number of players in each 
position could be mapped onto the number of layers 
used for feature extraction in the hidden layers of the 
convolutional neural network model.
	 In football strategy planning, coaches select 
formations based on their emphasis on either offensive 
or defensive play. Tactical formations have evolved 
significantly over time. During the 20th century, the 
5-3-2 formation was predominantly employed for 
defensive strategies, whereas the 4-2-4 formation gained 
prominence in the 1950s for its offensive effectiveness, 
achieving considerable success during that period13. In 
contemporary football, formations such as 4-3-3, 4-4-2, 
and 3-5-2 are widely implemented to optimize match 
performance.13

	 Empirical studies by Forcher have indicated that 
the 4-4-2 and 4-2-3-1 formations are among the most 
frequently utilized strategies in professional football.23 
Additionally, research published in 201924 and 202325 

demonstrated that the 4-2-3-1 formation significantly 
influences the physical and tactical performance of wingers 
in amateur football. Zhang et al.26 further examined 

the impact of formations on the physical and technical 
performance of players in the Chinese Super League, 
concluding that formation selection has a direct effect on 
match outcomes. Case studies have also highlighted this 
impact; for example, in the 2009 UEFA Champions League 
Final, FC Barcelona secured a 2-0 victory over Manchester 
United by employing their signature 4-3-3 formation.27 
Furthermore, defensive formations, such as the 4-5-1 
strategy, have been strategically implemented to reinforce 
defensive stability.28

	 Each football formation offers distinct strategic 
advantages, rendering them suitable for different styles 
of play. In this study, football formations were integrated 
into the artificial intelligence model’s architecture in a 
unidirectional manner, consistent with the convolutional 
neural network framework. The dense block structure 
was adapted from DenseNet and the number of modified 
dense blocks in the hidden layers was determined based 
on the number of players in each position.20 Specifically, 
defenders, midfielders, and forwards were assigned 
distinct layers, while the goalkeeper was designated as the 
input layer.
	 In the development of the football formation model, 
each group of players sequentially transitions into the 
next layer: the defense block transitions into the midfield 
block, which subsequently transitions into the Forward 
Block. Following feature extraction, the processed 
data is propagated to the fully connected layers, which 
incorporate batch normalization with ReLU activation and 
global average pooling to mitigate data redundancy before 
classification using the Softmax function.
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Table 3. Comparison of our proposed models and previous work.
Authors Study Model Method Test dataset

(Images)
Training and 

validation dataset 
(Images)

Performance
(%)

Islam21 Normal, benign, and 
malignant classification

EDCNN Deep 
learning

BUSI Dataset 156 624 ACC 87.82
SEN 85.33
PRE 87.33

UDAIT Dataset 33 130 ACC 85.69
SEN 78.00
PRE 84.00

UDAIT Dataset 33 130 ACC 85.69
SEN 78.00
PRE 84.00

Umapathi22 Normal, benign, and 
malignant classification

SRAD Deep 
learning

60 100 ACC 99.99
AUC 99.00
SEN 94.10

SPEC 96.12

Our 
proposed

Normal and breast 
cancer classification

OC-FFNet
(4-4-2)

Deep 
learning

1,800 16,200 ACC 99.99
AUC 0.99

PRE 99.99
SEN 100.00
SPEC 99.99

F-1 99.99

OC-FFNet
(4-3-3)

Deep 
learning

1,800 16,200 ACC 99.99
AUC 0.99

PRE 99.99
SEN 100.00
SPEC 99.99

F-1 99.99

OC-FFNet
(5-4-1)

Deep 
learning

1,800 16,200 ACC 96.80
AUC 0.968
PRE 99.40
SEN 94.50

SPEC 99.40
F-1 96.90

OC-FFNet
(4-2-3-1)

Deep 
learning

1,800 16,200 ACC 96.30
AUC 0.963
PRE 92.70

SEN 100.00
SPEC 93.20

F-1 96.20
Note: ACC: accuracy, AUC: area under the curve, PRE: precision, SEN: sensitivity, SPEC: pecificity, F-1: F-1 score.

89

	 The artificial intelligence models based on the four 
football formations were trained to distinguish between 
normal and cancerous breast ultrasound images. 
The performance of these models was influenced by 
hyperparameter configurations, including batch size 
and the number of training epochs. The results indicate 
that the 4-3-3 and 4-4-2 formations achieved optimal 
classification performance when trained with a batch size 
of 128 and 100 epochs. In contrast, the 4-2-3-1 and 5-4-1 
formations yielded the best results with a batch size of 64 
and 150 epochs.
	 These findings suggest that formations with a higher 
number of defense and midfield blocks necessitate a smaller 
batch size and an increased number of training iterations 
to attain optimal performance. Conversely, formations 
such as 4-3-3 and 4-4-2, which exhibit a balanced number 

of blocks, perform effectively with a larger batch size 
and fewer training iterations. Furthermore, the models 
exhibited similar prediction times across all formations, 
indicating that computational efficiency was maintained 
regardless of the selected formation.
	 Table 3 provides a comparative analysis of the breast 
cancer detection performance in this study relative to 
related research. The proposed model demonstrates 
superior performance compared to the study conducted 
by Rakibul Islam, which utilized the EDCNN method to 
classify breast ultrasound images into three categories: 
normal, benign, and malignant. Their study evaluated 
classification performance across three distinct image 
datasets, with the highest performance observed on the 
BUSI dataset, achieving an accuracy of 87.82%, a sensitivity 
of 85.33%, and a precision of 87.33%21.
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	 Additionally, the performance of the proposed 
model is comparable to that of Umapathi’s study, which 
employed the SRAD method for breast ultrasound image 
classification. Umapathi’s model achieved an accuracy of 
99.99%, a sensitivity of 99.00%, a specificity of 84.00%, 
and an area under the curve (AUC) of 99.00%.22

	 However, while both studies utilized artificial 
intelligence models to classify breast ultrasound images 
into three categories—normal, benign, and malignant, our 
study combined benign and malignant images into a single 
category.16,29 Future research will focus on evaluating the 
proposed artificial intelligence model’s effectiveness in a 
three-class classification setting. Nevertheless, this study 
utilized a larger dataset than both studies, which likely 
contributed to reducing the risk of overfitting during 
model training.
	 Furthermore, certain studies specifically assess the 
ability to differentiate between benign and malignant 
breast ultrasound images to evaluate classification 
performance.

Limitations
	 The dataset utilized in this study exhibited a high 
degree of similarity between images, presenting challenges 
in distinguishing between normal and cancerous cases. To 
mitigate this issue, image augmentation techniques were 
implemented to expand the dataset and enhance the 
model’s ability to recognize subtle differences. Enhancing 
the diversity of both normal and cancerous ultrasound 
images would further improve the artificial intelligence 
model’s learning process. A more varied dataset could 
contribute to better generalization and higher classification 
accuracy in real-world applications.
	 Using the proposed method, the augmented images 
may not clearly represent the target population. Future 
testing should include a greater number of images with 
similar characteristics or apply minimal augmentation to 
ensure better representation in the study.

Conclusion
	 The development of artificial intelligence model 
architectures based on football formations, incorporating 
modifications to the dense block structure in accordance 
with the number of players in each formation, yielded 
notable performance results. Among the four formations 
examined, the 4-4-2 and 4-3-3 models exhibited the highest 
efficiency, as their balanced distribution of modified dense 
blocks enhanced feature extraction capabilities. This 
structural advantage resulted in superior performance 
compared to the 4-2-3-1 and 5-4-1 formations. 
Nonetheless, all four models effectively distinguished 
between normal and cancerous breast ultrasound images 
when optimal parameter configurations were applied.

Conflict of interest
	 None

Funding
	 This study received support from the Faculty of Allied 

Health Sciences, with a grant for general researchers 
(Grant No. AH-68-01-004) 

Ethical Approval
	 This study was approved by the Ethics Committee of 
Naresuan University, Thailand (IRB No. P1-0114/2567).

References
[1]	 World Health Organization (WHO). Breast cancer [cited 

2024 September 7]. Available from:  https://www.who. 
int/news-room/fact-sheets/detail/breast-cancer.

[2]	 The Ministry of Public Health of Thailand,  
Mammography and ultrasound breast cancer  
screening to be accessible for Thai women with high-
risk [cited 2024 October 14]. Available from: https://
eng.nhso.go.th/view/1/DescriptionNews/Mammog-
raphy-and-ultrasound-breast-cancer-screening-to-
be-accessible-for-Thai-women-with-high-risk/592/
EN-US.

[3]	 Brem RF, Lenihan MJ, Lieberman J, Torrente J. Screening 
Breast Ultrasound: Past, Present, and Future. AJR Am 
J Roentgenol. 2015; 204(2): 234-40. doi: 10.2214/
AJR.13.12072.

[4]	 Chongthawonsatid S. Inequity of healthcare utilization 
on mammography examination and Pap smear 
screening in Thailand: Analysis of a population-based 
household survey. PLoS One. 2017; 12(3): e0173656. 
doi: 10.1371/journal.pone.0173656.

[5]	 LeCun Y, Bengio Y, Hinton G.  Deep learning. Nature. 
2015; 521(7553): 436-44. doi: 101038/nature14539

[6]	 Xin M, Wang Y. Research on image classification 
model based on deep convolution neural network. 
JIVP. 2019; 2019: 40. doi: 101186/s13640-019-0417-8.

[7]	 Sathiyapriya G, Shanthi SA. Image classification  
using convolutional neural network. First International 
Conference on Electrical, Electronics, Information 
and Communication Technologies (ICEEICT), Trichy, 
India, 2022, pp. 1-4. doi: 10.1109/ICEEICT53079.2022. 
9768622.

[8]	 Alotaibi M, Aljouie A, Alluhaidan N, Qureshi W, Almatar 
H, Alduhayan R, et al. Breast cancer classification 
based on convolutional neural network and image 
fusion approaches using ultrasound images. Heliyon. 
2023; 9(11): e22406. doi: 101016/j.heliyon.2023.e22406.

[9]	 Qi X, Yi F, Zhang L, Chen Y, Pi Y, Chen Y, Guo J,  
et al. Computer-aided diagnosis of breast cancer in  
ultrasonography images by deep learning. Neuro-
computing. 2022; 472: 152-65. doi: 101016/j.neucom. 
2021.11.047.

[10]	 Li Q, Lei J, Ren C, Peng Z, Hong J. Research on sports 
image classification method based on SE-RES-CNN 
model. Sci Rep. 2024; 14: 19087. doi: 101038/s41598- 
024-69965-5.

[11]	 Sotudeh H. The Principles of Tactical Formation  
Identification in Association Football (Soccer) - A Survey. 
Front. Sports Act. Living. 2025; 6 (2024). doi: 103389/ 
fspor.2024.1512386

[12]	 White M. Formations in football: Every modern  
formation and system. [cited 2025 March 6]. Available 



T. Kaewlek et al.  Journal of Associated Medical Sciences 2025; 58(3): 1-9 9

from: https://www.fourfourtwo.com/features/formations- 
in-football.

[13]	 Simpson J. Football formations: A Comprehensive 
guide to the most popular tactics in the game. [cited 
2025 March 6]. Available from: https://www.team-
stats.net/blog/football-formations-a-comprehensive- 
guide-to-the-most-popular-tactics-in-the-game.

[14]	 Izquierdo JM, Marqués-Jiménez D, Redondo JC. 
Running demands and tactical individual actions of 
wingers appear to depend on the playing formations 
within an amateur football team. Sci Rep. 2023; 13: 
8927. doi: 101038/s41598-023-36157-6.

[15]	 He K, Zhang X, Ren S and Sun J. Deep residual learning 
for image recognition. 2016 IEEE Conference on 
Computer Vision and Pattern Recognition (CVPR), Las 
Vegas, NV, USA, 2016; pp. 770-8. doi: 10.1109/CVPR. 
2016.90.

[16]	 Chen SH, Wu YL, Pan CY, Lian LY, Su QC. Breast  
ultrasound image classification and physiological 
assessment based on GoogLeNet. J Radiat Res 
Appl Sci. 2023; 16(3): 100628. doi: 101016/j.jrras. 
2023.100628.

[17]	 Lu SY, Wang SH, Zhang YD. BCDNet: An optimized 
deep network for ultrasound breast cancer detection. 
IRBM. 2023; 44(4): 100774. doi: 101016/j.irbm.2023. 
100774.

[18]	 Sairam VA. Ultrasound breast images for breast  
cancer 2022. [cited 2024 October 6]. Available from: 
www.kaggle.com/datasets/vuppalaadithyasairam/
ultrasound-breast-images-for-breast-cancer.

[19]	 Shah A. Breast Ultrasound Images Dataset 2021. 
[cited 2024 October 6]. Available from: www.kaggle.
com/datasets/aryashah2k/breast-ultrasound-images- 
dataset.

[20]	 Huang G, Liu Z, Van Der Maaten L, Weinberger KQ. 
Densely connected convolutional networks. 2017 
IEEE Conference on Computer Vision and Pattern 
Recognition (CVPR), Honolulu, HI, USA, 2017, pp. 
2261-9. doi: 10.1109/CVPR.2017.243.

[21]	 Islam MR, Rahman MM, Ali MS, Nafi AAN, Alam 
MS, Godder TK, et al. Enhancing breast cancer  
segmentation and classification: An ensemble deep 

convolutional neural network and U-net approach 
on ultrasound images. MLWA. 2024; 16: 100555. doi: 
101016/j.mlwa.2024.100555.

[22]	 Umapathi K, Shobana S, Nayyar A, Justin J, Vanithamani 
R, Galindo MV, et al.  Novel approach to breast tumor 
detection: Enhanced speckle reduction and hybrid 
classification in ultrasound imaging. CMC. 2024; 
79(2): 1875-901. doi: 1032604/cmc.2024.047961.

[23]	 Forcher L, Forcher L, Wäsche H, Jekauc D, Woll A,  
Altmann S. The influence of tactical formation on  
physical and technical match performance in male  
soccer: A systematic review. Int J Sports Sci Coach. 2023; 
18(5), 1820-49. doi: 101177/17479541221101363.

[24]	 Memmert D, Raabe D, Schwab S, Rein R. A tactical 
comparison of the 4-2-3-1 and 3-5-2 formation in 
soccer: A theory-oriented, experimental approach 
based on positional data in an 11 vs. 11 game Set-up. 
PLoS ONE. 2019; 14(1): e0210191. doi: 101371/jour-
nal.pone.0210191.

[25]	 Bauer P, Anzer G, Shaw L. Putting team formations 
in Association Football into Context. JSA. 2023; 9(1): 
39-59. doi: 103233/JSA-220620.

[26]	 Zhang W, Gong B, Tao R, Zhou F, Ruano MA, Zhou C. 
The influence of tactical formation on physical and 
technical performance across playing positions in 
The Chinese Super League. Sci. Rep. 2024;14: 2538. 
doi: 101038/s41598-024-53113-0.

[27]	 Coaches’ Voice. The 4-3-3: Football tactics explained. 
[cited 2025 February 24]. Available from: https://
learning.coachesvoice.com/cv/4-3-3-football-tactics- 
explained-formation-liverpool-klopp-barcelona- 
guardiola/.

[28]	 Coaches’ Voice. The 4-5-1 Formation: Football tactics 
explained. [cited 2025 February 24]. Available from: 
https://learning.coachesvoice.com/cv/4-5-1-formation- 
football-tactics/.

[29]	 Shen WJ, Zhou HX, He Y, Xing W. Predicting female 
breast cancer by artificial intelligence: combining 
clinical information and BI-RADS ultrasound descriptors. 
WFUMB. 2023; 1(2): 100013. doi: 101016/j.wfumbo. 
2023. 100013



R. A. Al-Saadi et al.  Journal of Associated Medical Sciences 2025; 58(3): 10-2410 Journal of Associated Medical Sciences 2025; 58(3): 10-24

Scopus Indexed & Thai-Journal Citation Index Centre (TCI)

Journal of Associated Medical Sciences
Journal homepage: https://www.tci-thaijo.org/index.php/bulletinAMS/index

Hepatotoxic effects of sildenafil-containing “Tiger King” herbal supplement in a rat 
model: An in vitro and in vivo study
Rana A. Al-Saadi*, Tuqa M. Abdul-Saheb, Ban Thabit, Nisreen Khazaal Flayyih, Ula Al-Kawaz
High Institute of Infertility Diagnosis and Assisted Reproductive Technologies, Al-Nahrain University, Kadhimiya, Baghdad, Iraq.

ARTICLE INFO

Article history:
Received 7 January 2025
Accepted as revised 10 April 2025
Available online 26 April 2025

Keywords:
Drug-induce, erectile dysfunction, herbal 
medicine, liver injury, sildenafil citrate.

ABSTRACT

Background: The global market for erectile dysfunction (ED) treatments has seen a 
rise in herbal supplements marketed as natural alternatives to prescription medications. 
However, many of these products contain undeclared pharmaceutical ingredients, 
posing significant health risks.

Objective: This study aimed to investigate the chemical composition and potential 
hepatotoxic effects of “Tiger King,” a purported Chinese herbal supplement for 
sexual enhancement, using both in vitro and in vivo experiments.

Materials and methods: Chemical analysis of “Tiger King” tablets was performed 
using thin-layer chromatography and colorimetric tests. Antioxidant activities were 
evaluated using DPPH and FRAP assays. In vivo studies were conducted using male 
Wistar rats (N=20) divided into four groups: control, clomiphene, low-dose “Tiger 
King” (5 mg/kg) or TK1, and high-dose “Tiger King” (10 mg/kg) or TK2. Treatments 
were administered orally for 30 days. Serum testosterone levels, sperm parameters, 
oxidative stress markers, liver and kidney function tests, and histopathological 
changes were assessed.

Results: Chemical analysis revealed the presence of sildenafil in “Tiger King” tablets, 
with no detectable amounts of the claimed herbal ingredients. In vivo studies 
showed significant increases in sperm count and testosterone levels in treated 
groups. However, oxidative stress markers (MDA, GSH) were significantly altered,  
and liver function tests (ALT, AST, ALP, bilirubin) were elevated in treatment groups 
with ALT increased by 17.8% (from 45.0±1.1 to 53.0±1.1 U/L), AST by 12.5%  
(from 120.0±1.1 to 135.0±1.1 U/L) in the high-dose TK2 group. Histopathological 
examination revealed mild to moderate changes in liver, kidney, and reproductive 
organs of treated animals, including hepatic steatosis, renal glomerular congestion, 
and glandular atrophy in reproductive tissues.

Conclusion: This study provides evidence that “Tiger King” contains undeclared 
sildenafil and lacks the advertised herbal components. Its use is associated with 
improved reproductive parameters but also with significant biochemical and  
histopathological changes which draw attention to potential health risks of adulterated 
herbal supplements.
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Introduction
	 The global market for erectile dysfunction (ED) 
treatments has seen a significant surge in the availability 
of herbal supplements marketed as “natural” alternatives 
to prescription medications.1especially with regard to the 
treatment of erectile dysfunction (ED These products, 
often promoted as safer options, have raised concerns 
among healthcare professionals and regulatory bodies due 
to the potential presence of undeclared pharmaceutical 
ingredients and their associated health risks. One such 
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product, “Tiger King”, a purported Chinese herbal remedy 
for sexual enhancement, has gained popularity in various 
countries, including Israel, Australia, Canada, and the 
United States.2-4 Recent investigations have found a 
disturbing trend in the composition of these “herbal” 
supplements. Numerous reports have detected the 
presence of phosphodiesterase type 5 (PDE-5) inhibitors 
and their analogues in products labeled as “100% 
natural” or “herbal”.5,6 Sildenafil, the active ingredient in 
Viagra®, and its analogues are frequently found in these 
supplements, often in varying and potentially dangerous 
doses.7,8 This adulteration poses significant health risks, 
particularly as consumers may be unaware of the actual 
contents of these products.
	 The case of “Tiger King” is particularly alarming. 
Chemical analyses conducted by health authorities in 
the United States, Israel, Australia, and Canada have 
consistently revealed the presence of sildenafil in these 
tablets, with doses ranging from therapeutic levels to 
potentially harmful amounts exceeding 200 mg per tablet.9 
More concerning is the complete absence of the herbal 
ingredients listed on the product label, further emphasizing 
the questionable nature of these supplements. However, 
and while the efficacy of sildenafil in treating ED is well-
established, its safety profile, particularly in uncontrolled 
doses and in combination with undisclosed ingredients, 
remains a subject of concern. Recent case reports have 
suggested a possible link between sildenafil use and 
hepatotoxicity, a connection not widely recognized 
or reported in standard prescribing information.2,10-13 
These cases raise important questions about the safety 
of sildenafil, especially in patients with pre-existing 
liver conditions or when consumed in unregulated 
supplements. Similarly, recent studies have demonstrated 
the importance of rigorous testing methodologies when 
evaluating reproductive parameters and drug safety.14

	 The potential for hepatotoxicity associated with 
sildenafil is particularly worrisome given the prevalence of 
liver disease globally and the tendency of many patients 
to seek “natural” remedies without medical supervision. 
The mechanism by which sildenafil might induce liver 
injury remains unclear, with hypotheses ranging from 
idiosyncratic reactions to dose-dependent toxicity in 
susceptible individuals.13 Despite these concerns, there 
is a small number of controlled studies investigating the 
hepatotoxic potential of sildenafil, particularly in the 
context of adulterated herbal supplements like “Tiger 
King”. In this respect, we hypothesized that the undeclared 
presence of sildenafil in “Tiger King” supplements may 
cause health risks, particularly hepatotoxicity, despite 
potential benefits for sexual function. Therefore, this study 
aims to address this critical knowledge gap by investigating 
the potential hepatotoxic effects of “Tiger King” and its 
primary active ingredient, sildenafil, in a controlled animal 
model.

Materials and methods:
In vitro studies
Chemical analysis
Thin-layer chromatography was performed using silica 
gel 60 F254 plates (Merck, Germany). The mobile phase 
consisted of ethyl acetate:methanol:ammonium hydroxide 
(85:10:5 v/v/v).15 Samples were prepared by dissolving 
one TK tablet in 10 mL of methanol, sonicating for 15 
minutes, and filtering through a 0.45 μm membrane filter. 
Ten microliters of the sample solution and authenticated 
sildenafil standard (Sigma-Aldrich, USA) were applied 
to the TLC plate. After development, the plates were 
visualized under UV light at 254 nm and 366 nm.16 Sildenafil 
identification was confirmed by co-chromatography 
with reference standard (Rf=0.68±0.02) and subsequent 
phosphomolybdic acid reagent spray followed by heating 
at 105 oC for 5 minutes. The presence of sildenafil was 
indicated by a blue spot.17

	 In addition to TLC analysis, colorimetric tests were 
also performed such as Dragendorff’s test (for alkaloids),18 
vanillin-sulfuric acid test (for ginseng saponins),19 and 
ninhydrin test (for amino acids and peptides),20 as well as 
the visual inspection for synthetic dyes.21 All tests were 
performed in triplicate to ensure reproducibility. Standard 
solutions of sildenafil, tadalafil, yohimbine, ginseng extract, 
and Cordyceps extract were used as positive controls.22

	 The TK tablets were ground into fine powder 
using a clean mortar and pestle (Figure 1). For in vitro 
experiments, the powder was dissolved in methanol (10 
mg/mL), sonicated for 15 minutes, and filtered through 
a 0.45 μm membrane filter. For chemical analysis, 10 μL 
of this solution was used for TLC analysis and appropriate 
dilutions were made for other assays.

Figure 1. Tiger king tablets from the local market.
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Antioxidant activities
	 The antioxidant activities of “Tiger King” were evaluated 
using multiple assays. The 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) radical scavenging assay was performed to measure 
free radical scavenging capacity.23 The ferric reducing 
antioxidant power (FRAP) assay was used to assess the 
supplement’s reducing power.24 To ensure measurement 
consistency, all assays were performed in duplicate, with 
ascorbic acid and Trolox as positive controls.

In vivo studies
Animal model and treatment
	 Male Wistar rats (8-10 weeks old, weighing 200-250 gm) 
were used for the in vivo studies. Animals were housed 
under standard laboratory conditions (12 hrs light/dark 
cycle, 22±2 oC, 55±5% humidity) with free access to food and 
water. Rats were randomly divided into four groups (N=5 
per group): control, clomiphene, low-dose “Tiger King”  
(5 mg/kg), high-dose “Tiger King” (10 mg/kg). Treatments 
were administered orally once daily for 30 days. For oral 
administration, TK tablets were ground into fine powder 
and dissolved in sterile saline (10 mg/mL). The solution was 
sonicated for 15 minutes and filtered through a 0.45 μm 
membrane filter. Fresh solutions were prepared daily and 
administered via oral gavage according to the designated 
doses for each treatment group. All animal procedures 
were approved by the Institutional Ethics Committee and 
conducted in accordance with international guidelines for 
the care and use of laboratory animals.

Sperm parameters
	 On day 29, rats were euthanized, and epididymal 
sperm were collected. Sperm count was determined 
using a hemocytometer. Sperm motility was assessed 
using computer-assisted sperm analysis (CASA). Sperm 
morphology was evaluated by examining Eosin-Nigrosin 
stained smears under a light microscope, counting at least 
200 sperm per sample and classifying them as normal or 
abnormal based on head, midpiece, and tail morphology.

Biochemical analysis
	 Blood samples were collected via cardiac puncture, 
and serum was separated by centrifugation. Liver function 
was assessed by measuring serum levels of alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP), and total bilirubin 
using commercial kits. Oxidative stress markers, including 
malondialdehyde (MDA), reduced glutathione (GSH), and 

superoxide dismutase (SOD) activity, were measured in 
liver homogenates using spectrophotometric methods.

Histopathological changes
	 Liver and testicular tissues were fixed in 10% neutral 
buffered formalin, embedded in paraffin, sectioned at 5 
μm thickness, and stained with hematoxylin and eosin 
(H&E). Slides were examined under a light microscope by a 
pathologist blinded to the treatment groups. Liver sections 
were assessed for signs of hepatotoxicity, including 
steatosis, inflammation, and necrosis. Testicular sections 
were evaluated for changes in seminiferous tubule 
morphology, spermatogenesis, and interstitial tissue.

Statistical analysis
	 All data were analyzed using SPSS version 27 (IBM, 
USA). Data normality was assessed using Shapiro-Wilk 
test and the results are presented as mean±SD. One-way 
analysis of variance (ANOVA) followed by Tukey’s post-hoc 
test was used to compare differences between groups. For 
fertility rate, Chi-square test was employed. The p<0.05 
was considered statistically significant. Graphs were 
generated using GraphPad Prism 9 (GraphPad Software, 
USA).

Results
Chemical analysis
	 Thin-layer chromatography (TLC) and colorimetric 
tests were performed to detect the presence of key 
compounds in the Tiger King (TK) supplement. The results 
are summarized in Table 1. The TLC analysis revealed 
a prominent spot (Rf=0.68) under UV light at 254 nm, 
characteristic of sildenafil. This spot also gave a positive 
reaction with phosphomolybdic acid spray reagent which 
additionally confirms the presence of sildenafil. No 
spots corresponding to tadalafil or other common PDE-5 
inhibitors were observed under UV light at 366 nm. The 
Dragendorff’s reagent, used to detect alkaloids such as 
yohimbine, did not produce any orange-brown spots, 
which indicates the absence of these compounds. Also, 
the vanillin-sulfuric acid reagent, typically used to detect 
ginseng saponins, did not produce any characteristic purple 
spots, which qualitatively means the absence of ginseng 
in the sample. Moreover, the ninhydrin reagent, used to 
detect amino acids and peptides found in Cordyceps, did 
not produce any purple spots. The visual inspection under 
normal and UV light (366 nm) revealed the presence of 
synthetic dyes, likely used for tablet coloration.

Table 1. Qualitative chemical analysis of Tiger King (TK).
Compound Method of detection Result

Sildenafil TLC + UV (254 nm) Present

Tadalafil TLC + UV (366 nm) Absent

Yohimbine Dragendorff’s reagent Absent

Ginseng saponins Vanillin-sulfuric acid reagent Absent

Cordyceps markers Ninhydrin reagent Absent

Synthetic dyes Visual + UV (366 nm) Present
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Antioxidant activities
	 The DPPH radical scavenging activity of TK extract 
exhibited a concentration-dependent response (Figure 2A). 
At the lowest concentration tested (10 μg/mL), TK 
showed 15.3±1.2% inhibition, increasing to 84.2±1.9% at 
the highest concentration (200 μg/mL). In comparison, 
ascorbic acid (AA), used as a positive control, demonstrated 
higher activity, 38.5±1.7% inhibition at 10 μg/mL and 
98.9±0.5% at 200 μg/mL. The calculated IC50 value for TK 

was approximately 70 μg/mL, while for AA it was below  
25 μg/mL.
	 The ferric reducing antioxidant power (FRAP) of 
TK extract also showed a concentration-dependent 
increase (Figure 2B). At 50 μg/mL, TK exhibited a FRAP 
value of 215.3±7.8 μmol Fe(II)/gm extract, which rose 
to 789.4±18.3 μmol Fe(II)/gm extract at 200 μg/mL. The 
standard antioxidant Trolox demonstrated higher reducing 
power, FRAP values of 456.7±11.3 and 1785.3±28.6 μmol 
Fe(II)/gm at 50 and 200 μg/mL, respectively.

Figure 2. Antioxidant activity of Tiger King (TK) extract compared to standard antioxidants. A: DPPH radical scavenging 
activity of TK extract and ascorbic acid (AA), B: FRAP of TK extract compared to Trolox. 
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Weight change
	 Body weight changes in rats were monitored at three 
time points: day 1, day 14, and day 30, for all treatment 
groups (Figure 3). At the start of the experiment (day 1), 
the mean body weights were comparable among groups: 
control (300.0±1.6 gm),  clomiphene (298.8±3.3 gm),  
TK1 (296.0±1.6 gm), and TK2 (301.0±1.6 gm). By day 14, 
all groups showed a slight increase in weight: control 
(305.0±1.6 gm), clomiphene (303.6±3.4 gm), TK1 (300.0± 
1.6 gm), and TK2 (306.0±1.7 gm). The thing continued 

through day 30, with further weight gains observed in all 
groups: control (310.0±1.6 gm), clomiphene (309.8±3.4 
gm), TK1 (306.0±1.7 gm), and TK2 (312.0±1.6 gm). Despite 
these changes, statistical analysis revealed no significant 
differences in body weight between the treatment groups 
and the control group at almost all time points (p>0.05 
mostly). These results suggest that neither clomiphene 
nor the two doses of TK significantly affected body weight 
gain over the course of the experiment.

Figure 3. Body weight changes in rats over the course of the experiment (N=5 per group). A: day 1 initial body weights, 
B: day 14 body weights, C: day 30 final body weights. Data are presented as mean±SE. No significant differences were 
observed among groups at almost all time points (p>0.05).

Figure 4. Sperm parameters in rats after treatment (N=5 per group). A: sperm count (million/mL), B: percentage of motile 
sperm, C: percentage of sperm with normal morphology. Data are presented as mean±SE. *p<0.05.

Sperm parameters
	 Sperm parameters were affected by the treatments 
(Figure 4). The mean sperm count in the control group 
was 65.00±1.58 million/mL. Treatment with clomiphene 
resulted in the highest sperm count (75.80±1.92 
million/mL, p<0.05), showing a significant increase of 
approximately 16.6% compared to the control. The TK2 

group also showed a significant increase in sperm count 
(73.00±1.58 million/mL, p<0.05), while the TK1 group 
demonstrated a moderate but still significant elevation 
(70.00±1.58 million/mL, p<0.05) compared to the control. 
Interestingly, the clomiphene group showed significantly 
higher sperm counts compared to TK1 (p<0.05) but not 
compared to TK2 (p=0.08).
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Testosterone levels
	 Testosterone levels were significantly altered by 
the treatments (Figure 5). The control group had a 
mean testosterone level of 450.0±15.81 ng/dL. Both the 
clomiphene and TK2 groups showed the highest increases 
in testosterone levels (520.0±15.81 ng/dL for both groups), 
representing a significant elevation of approximately 15.6% 

compared to the control. The TK1 group demonstrated a 
moderate but significant increase (490.0±15.81 ng/dL), 
showing an 8.9% elevation compared to control levels. The 
range of testosterone values across groups was consistent, 
with minimum values of 430.0 ng/dL in the control group 
and maximum values reaching 540.0 ng/dL in both the 
clomiphene and TK2 groups. 

Figure 5. Serum testosterone levels in rats after treatment (N=5 per group). Data are presented as mean SE. *p<0.05.

Biochemical parameters
	 The oxidative stress markers, MDA and GSH, 
were significantly altered in both serum and liver tissue 
following treatment (Figure 6). In serum, MDA levels were 
markedly increased in all treatment groups compared 
to the control (0.300±0.011 µmol/L), with clomiphene 
(0.440±0.024 µmol/L, p<0.05), TK1 (0.390±0.011 µmol/L, 
p<0.05), and TK2 (0.490±0.011 µmol/L, p<0.05) showing 
progressively higher levels. Conversely, serum GSH levels 
were significantly decreased in TK1 (2.540±0.093 µmol/L, 
p<0.05) and TK2 (2.060±0.087 µmol/L, p<0.05) groups 
compared to the control (3.240±0.081 µmol/L), whereas 
the clomiphene group (3.100±0.045 µmol/L) did not differ 

significantly (p>0.05). Furthermore, liver tissue analysis 
revealed a similar finding. Hepatic MDA levels were 
significantly elevated in TK1 (1.150±0.092 nmol/mg protein, 
p<0.05) and TK2 (1.474±0.036 nmol/mg protein, p<0.05) 
groups compared to the control (0.796±0.083 nmol/mg 
protein), while the clomiphene group (0.904±0.035 nmol/mg 
protein) showed no significant difference (p>0.05). In 
addition, liver GSH levels were significantly reduced in 
both TK1 (5.380±0.080 µmol/gm tissue, p<0.05) and TK2 
(4.440±0.108 µmol/gm tissue, p<0.05) groups compared 
to the control (6.780±0.086 µmol/gm tissue), whereas the 
clomiphene group (6.560±0.087 µmol/gm tissue) again 
showed no significant change (p>0.05).
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Figure 6. Oxidative stress markers in serum and liver tissue (N=5 per group). A: serum malondialdehyde (MDA) levels, B: 
serum glutathione (GSH) levels, C: liver tissue MDA levels, D: liver tissue GSH levels. Data are presented as mean ± SE. 
*p<0.05.
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	 Liver function tests revealed significant alterations 
across treatment groups (Figure 7). Serum bilirubin levels 
(Figure 7A) were significantly elevated in all treatment 
groups compared to the control (0.300±0.011 mg/dL), 
with clomiphene (0.440±0.024 mg/dL, p<0.05), TK1 
(0.390±0.011 mg/dL, p<0.05), and TK2 (0.490±0.011 mg/dL, 
p<0.05) showing progressively higher levels. Similarly, 
AST levels (Figure 7B) were significantly increased in all 
treatment groups compared to the control (120.0±1.1 U/L), 
with clomiphene (131.2±1.2 U/L, p<0.05), TK1 (125.0±1.1 U/L, 
p<0.05), and TK2 (135.0±1.1 U/L, p<0.05) demonstrating 

escalating values. ALT levels (Figure 7C) were also significantly 
elevated in clomiphene (50.0±0.7 U/L, p<0.05) and TK2 
(53.0±1.1 U/L, p<0.05) groups compared to the control 
(45.0±1.1 U/L), whereas the TK1 group (47.0±1.1 U/L) 
showed no significant difference (p>0.05). Furthermore, 
ALP levels (Figure 7D) exhibited a similar trend, with 
significant increases observed in Clomiphene (75.0±0.7 U/L, 
p<0.05) and TK2 (78.0±1.1 U/L, p<0.05) groups compared 
to the control (70.0±1.1 U/L), while the TK1 group 
(72.0±1.1 U/L) showed no significant change (p>0.05).

Figure 7. Liver function tests (LFTs) in rats after treatment (N=5 per group). A: serum bilirubin levels, B: aspartate 
aminotransferase (AST) activity, C: alanine aminotransferase (ALT) activity, D: alkaline phosphatase (ALP) activity. Data are 
presented as mean±SD. *p<0.05.
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	 Renal function tests showed significant alterations as 
well in the treatment groups (Figure 8). Blood urea nitrogen 
(BUN) levels (Figure 8A) were significantly elevated in the 
clomiphene (20.0±0.3 mg/dL, p<0.05) and TK2 (21.0±0.4 
mg/dL, p<0.05) groups compared to the control (18.0±0.4 
mg/dL), while the TK1 group (19.0±0.4 mg/dL) showed no 
significant difference (p>0.05). Also, serum creatinine levels 
(Figure 8B) were significantly increased in the  clomiphene 
(0.900±0.032 mg/dL, p<0.05) and TK2 (1.000±0.011 mg/dL,  

p<0.05) groups compared to the control (0.800±0.011  
mg/dL), whereas the TK1 group (0.800±0.011 mg/dL) 
remained unchanged (p>0.05). Furthermore, uric acid 
levels (Figure 8C) exhibited a comparable result, with 
significant elevations observed in the clomiphene 
(5.300±0.071 mg/dL, p<0.05) and TK2 (5.360±0.068 mg/dL, 
p<0.05) groups compared to the control (5.000±0.071 mg/dL), 
while the TK1 group (5.100±0.071 mg/dL) showed no 
significant change (p>0.05).

Figure 8. Renal function tests (RFTs) in rats after treatment (N=5 per group). A: blood urea nitrogen (BUN) levels, B: serum 
creatinine levels, C: serum uric acid levels. Data are presented as mean±SD. *p<0.05.

Histological changes
	 Histopathological examination revealed various 
changes in the reproductive organs of treatment groups 
(Figure 9). The testis showed normal size and arrangement 
of seminiferous tubules in all groups, comparable to the 
untreated control (Figure 9D). However, mild thickening 
of testicular interstitial connective tissue was observed 
in treated groups, although interstitial cells appeared 
normal. The germinal epithelium showed mild vacuolar 
degeneration of spermatogenic cells without necrosis 
in the  clomiphene (Figure 9A), TK1 (Figure 9B), and TK2 
(Figure 9C) groups. The seminal vesicles maintained 

normal histological features across all groups, displaying 
normal glandular fibro-muscular walls, mucosal folds, 
and glandular crypts with secretion, as exemplified in the 
normal (Figure 9E) and TK2 (Figure 9F) groups. In contrast, 
the bulbourethral gland exhibited notable changes in 
the TK2 group, characterized by moderate glandular 
atrophy associated with marked atrophy of alveolar 
cells and significant duct dilatation (Figure 9G, 9H). The 
control group’s bulbourethral gland maintained normal 
histology (Figure 9I). Importantly, the other treatment 
groups showed no significant histological changes in the 
bulbourethral gland compared to the control.
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Figure 9. Histopathological changes in reproductive organs following treatment. (A-D) Testis sections; A: clomiphene, 
showing normal diameter of seminiferous tubules with mild thickening of testicular interstitial connective tissue (red arrow) 
and mild vacuolar degeneration of germinal epithelium (black arrow), (H&E stain, 100X), B: TK1 treatment, similar findings 
as in A (H&E stain, 400X), C: TK2 treatment, showing mild thickening of testicular interstitial connective tissue (red arrow) 
and mild vacuolar degeneration of germinal epithelium (black arrow), (H&E stain, 400X), D: normal control, showing normal 
testicular interstitial connective tissue, (H&E stain, 400X). (E-F) Seminal vesicle sections; E: TK2 treatment, showing normal 
glandular fibro-muscular wall (blue arrow), mucosal folds (red arrow) and glandular crypts (black arrows), (H&E stain, 40X), 
F: TK2 treatment, showing normal glandular fibro-muscular wall (blue arrow), mucosal folds with normal lining epithelium 
(black arrow) and secretion (red arrow), (H&E stain, 400X). (G-I) Bulbourethral gland sections; G: TK2 treatment, showing 
moderate glandular atrophy associated with marked atrophy of alveolar cells (black arrows) and marked dilatation of ducts 
(red arrows), (H&E stain, 100X), H: TK2 treatment, showing moderate glandular atrophy associated with marked atrophy 
of alveolar cells (red arrows) and normal alveolar cells (black arrows), (H&E stain, 400X), I: normal control, showing normal 
bulbourethral gland structure, (H&E stain, 400X).
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	 The kidneys sections revealed both normal structures 
and some pathological changes among different regions 
(Figure 10). The renal medulla exhibited largely normal 
features, including a normal renal pelvis and intact renal 
tubules of the duct of Bellini among TK2 group (Figure 10A). 
Higher magnification of the renal medulla confirmed the 
presence of normal thick and thin segments of the loop of 
Henle and collecting tubules (Figure 10B), which appeared 
consistent with the control group (Figure 10C). In contrast, 

the renal cortex displayed some alterations. Severe 
subcapsular hemorrhage was observed, accompanied by 
congestion of the glomerular tuft (Figure 10D). Upon closer 
examination, the renal cortex exhibited mild intertubular 
vascular congestion and congestion of the glomerular 
tuft, although the renal tubules maintained their normal 
appearance (Figure 10E). These cortical changes were 
evident when compared to the control group (Figure 10F).

 Figure 10. Histopathological changes in kidney following treatment. Renal medulla; A: normal renal pelvis (asterisk) and
 tubules of the duct of Bellini (arrow) in TK2 group, (H&E stain, 100X), B: higher magnification showing normal thick segment
 (T), thin segment (n) of the loop of Henle and collecting tubules (C) of TK2 group, (H&E stain, 400X), C: control group medulla.
 Renal cortex; D: severe subcapsular hemorrhage (red arrows) with glomerular tuft congestion (black arrow) of TK2 group,
 (H&E stain, 100X), E: higher magnification showing mild intertubular vascular congestion (red arrow) and glomerular tuft
 congestion (black arrow) with normal renal tubules of TK2 group, (H&E stain, 400X), F: control group cortex showing normal
proximal tubules (P), distal tubules (T) and normal glomeruli (black arrows), (H&E stain, 100X).
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	 The liver and heart also revealed various pathological 
changes (Figure 11). The liver exhibited a spectrum of 
alterations, ranging from mild to moderate. Hepatic 
cords were generally normally arranged but showed 
mild congestion with dilation of the central vein and 
sinusoidal congestion after TK2 group (Figure 11A). Higher 
magnification revealed mild steatosis of hepatocytes, 
occasional necrotic hepatocytes, and sinusoidal dilation 
with congestion (Figure 11B). More severe changes 
were also observed, including moderate congestion 
with central vein dilation, focal necrosis accompanied by 

mononuclear leukocyte aggregation, marked dilation of 
portal triad blood vessels with perivascular cuffing, and 
cellular swelling of hepatocytes in TK2 group (Figures 11C 
and 11D). These pathological features contrasted sharply 
with the normal liver architecture observed in the control 
group (Figure 11E). The heart also displayed several 
alterations, most marked intrachamber thrombosis (Figure 
11F). Also, the myocardium showed moderate vascular 
congestion, although the myofibers themselves appeared 
normal (Figures 11G, 11H, and 11I). For low dose TK, no 
histopathological changes were observed.

Figure 11: Histopathological changes in liver and heart following treatment. Liver; A: mild congestion with central vein 
dilation (black arrows), sinusoidal dilation and congestion (red arrow) in TK2 group, (H&E, 100X), B: mild hepatocyte 
steatosis (black arrows), necrosis (yellow arrow), sinusoidal dilation and congestion (red arrow) in TK2 group, (H&E, 400X), 
C: central vein dilation (black arrows), focal necrosis with MNC aggregation (yellow arrow), portal triad vessel dilation with 
perivascular cuffing (red arrow) in TK2 group, (H&E, 400X), D: hepatocyte cellular swelling in TK2 group, (H&E, 400X), E: 
control group showing normal liver architecture: central vein (black arrow), reticular fiber (red arrow), hepatocyte (yellow 
arrow), portal vein, bile duct, hepatic artery, nucleus, Kupffer cells, sinusoids, binucleated hepatocytes, (H&E, 400X). Heart; 
F: marked cardiac thrombosis (black arrows) in TK2 group, (H&E, 400X), G: moderate vascular congestion (black arrows) 
in TK2 group, (H&E, 100X), H: vascular congestion (black arrows) with normal myofibers (red arrows) in TK2 group, (H&E, 
400X), I: normal cardiac tissue structure, (H&E, 400X).
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Discussion
	 This study provides evidence for the potential 
hepatotoxic effects of the “Tiger King” herbal supplement, 
which was found to contain undeclared sildenafil. Our 
findings raise significant concerns about the safety of 
such adulterated “natural” products and draw attention 
to the need for stricter regulation and monitoring of 
dietary supplements marketed for sexual enhancement. 
The chemical analysis of the “Tiger King” tablets revealed 
the presence of sildenafil as the primary active ingredient, 
with no detectable amounts of the herbal components 
listed on the product label. This finding is consistent with 
previous reports of adulterated herbal supplements for 
ED.5-7,9 The absence of the claimed natural ingredients 
not only constitutes fraudulent marketing but also poses 
serious health risks to consumers who may unknowingly 
ingest pharmaceutical-grade sildenafil without proper 
medical supervision.
	 Our in vitro studies demonstrated that the “Tiger 
King” extract influenced some antioxidant properties, as 
evidenced by the DPPH radical scavenging and FRAP assays. 
However, these antioxidant effects were significantly lower 
than those of standard antioxidants like ascorbic acid and 
Trolox. This suggests that any potential benefits from the 
antioxidant activity of the supplement are likely reduced 
by the risks associated with its undeclared pharmaceutical 
content.
	 On the other hand, the in vivo experiments in rat 
model revealed several concerning effects of “Tiger King” 
administration. While we observed improvements in some 
sperm parameters and increases in serum testosterone 
levels, these apparent benefits were accompanied by 
significant adverse effects on multiple organ systems. The 
histopathological changes observed in the liver, kidneys, 
and heart are particularly alarming and consistent with 
potential sildenafil-induced toxicity. 
	 The liver histology showed evidence of steatosis, 
focal necrosis, and inflammatory cell infiltration, which 
are indicative of drug-induced liver injury. These findings 
align with previous case reports of sildenafil-associated 
hepatotoxicity in humans.10-12 The mechanism of sildenafil-
induced liver injury remains unclear, but our results 
support the hypothesis that it may involve oxidative 
stress, as evidenced by the increased levels of MDA and 
decreased GSH in liver tissue. 
	 While our chemical analysis identified sildenafil 
as the primary active ingredient without detecting the 
claimed herbal components, we acknowledge that tablet 
excipients or trace compounds could potentially contribute 
to the observed hepatotoxicity. Future studies using 
more sensitive analytical methods and isolated sildenafil 
administration would help definitively establish causation.
	 Renal histopathology revealed glomerular congestion 
and tubular changes which suggests potential nephrotoxicity. 
While sildenafil is not typically associated with kidney injury, 
our findings indicate that the adulterated supplement 
may have renal effects, possibly due to the presence of 
undeclared ingredients or contaminants. This underlines 
the importance of comprehensive safety evaluations for 

such products. The cardiac histology showed evidence of 
intrachamber thrombosis and vascular congestion. While 
sildenafil is generally considered safe for cardiac patients 
when used as prescribed, our findings raise concerns about 
potential cardiovascular risks associated with uncontrolled 
use of adulterated supplements. This is particularly 
relevant given that many consumers of ED supplements 
may have underlying cardiovascular conditions.
	 The reproductive system effects observed in our 
study were mixed. While we noted improvements in 
sperm parameters and testosterone levels, consistent 
with the known effects of sildenafil, we also observed 
concerning histological changes in the testis and accessory 
glands. The moderate glandular atrophy and marked duct 
dilation in the bulbourethral gland are novel findings that 
require further investigation. These results, together, 
suggest that long-term use of such supplements may 
have complex and potentially detrimental effects on male 
reproductive health. Our findings of improved sperm 
parameters and increased testosterone levels need 
mechanistic discussion. While sildenafil is primarily known 
for PDE5 inhibition in erectile tissue, numerous studies 
have demonstrated broader reproductive effects. The 
observed increase in testosterone levels likely results from 
sildenafil’s enhancement of testicular blood flow and nitric 
oxide signaling, which stimulates Leydig cell function.25-27 
Additionally, PDE-5 inhibition has been shown to improve 
spermatogenesis through increased cGMP levels in 
seminiferous tubules.28 These mechanisms explain how a 
PDE5 inhibitor like sildenafil can affect both testosterone 
production and sperm parameters, beyond its classical 
vasodilatory role in erectile function.
	 The common availability of adulterated “herbal” 
supplements like “Tiger King” poses significant risks to 
consumers who may believe they are taking a natural 
and safe product. The undeclared presence of sildenafil, 
often in varying and potentially dangerous doses, can 
lead to adverse drug interactions, especially in patients 
with cardiovascular conditions or those taking nitrates.2,9 
The disagreement between the product’s labeling and 
its actual contents draw attention to the urgent need for 
more stringent quality control and regulatory oversight 
in the dietary supplement industry. Current regulations 
in many countries, including the United States, do not 
require pre-market approval for dietary supplements, 
making it difficult to prevent adulterated products from 
reaching consumers.1,3,4

	 In addition to the current study’s strengths of 
combining chemical analysis, in vitro assays, and in vivo 
experiments, it also has a limitation as it focused on 
relatively short-term effects, and longer-term studies are 
needed to assess the chronic impacts of such supplements.

Conclusion
	 In conclusion, our study provides evidence for the 
potential hepatotoxicity and broader systemic effects of 
the adulterated “Tiger King” herbal supplement in Iraqi 
market. These findings draw attention to the importance 
of consumer awareness, healthcare provider vigilance, 
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and regulatory action to address the risks associated with 
fraudulent and potentially dangerous sexual enhancement 
products.

Conflict of interest
	 The authors declare that they have no known 
competing interests.

Funding
	 This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

Acknowledgements
	 The authors would like to thank the staff at the High 
Institute of Infertility Diagnosis and Assisted Reproductive 
Technologies, Al-Nahrain University, for their technical 
support throughout this study.

References
[1]	 Petre GC, Francini-Pesenti F, Vitagliano A, Grande 

G, Ferlin A, Garolla A. Dietary supplements for 
erectile dysfunction: Analysis of marketed products, 
systematic review, meta-analysis and rational 
use. Nutrients. 2023; 15(17): 3677. doi: 10.3390/
nu15173677

[2]	 Nissan R, Poperno A, Y. Stein G, et al. A case of 
hepatotoxicity induced by adulterated “Tiger King”, 
a Chinese herbal medicine containing sildenafil. 
Curr Drug Saf. 2016; 11(2): 184-8. doi: 10.2174/157 
4886311207040257

[3]	 FDA. Public Notification: Tiger King contains hidden 
drug ingredient.; 2014. https://www.fda.gov/drugs/
medication-health-fraud/public-notification-tiger-
king-contains-hidden-drug-ingredient

[4]	 Australian Government Department of Health. Tiger 
King Tablets.; 2015. http://www.tga.gov.au/alert/
tiger-king-tablets

[5]	 Reeuwijk NM, Venhuis BJ, de Kaste D, Hoogenboom 
LAP, Rietjens IMCM, Martena MJ. Sildenafil and 
analogous phosphodiesterase type 5 (PDE-5) 
inhibitors in herbal food supplements sampled on the 
Dutch market. Food Addit Contam Part A. 2013; 30(12): 
2027-34. doi: 10.1080/19440049.2013.848294

[6]	 Low MY, Zeng Y, Li L, et al. Safety and quality  
assessment of 175 illegal sexual enhancement 
products seized in red-light districts in Singapore. Drug 
Saf. 2009; 32(12): 1141-6. doi: 10.2165/11316690-
000000000-00000

[7]	 Venhuis BJ, Zwaagstra ME, Keizers PHJ, de Kaste 
D. Dose-to-dose variations with single packages 
of counterfeit medicines and adulterated dietary 
supplements as a potential source of false negatives 
and inaccurate health risk assessments. J Pharm 
Biomed Anal. 2014; 89: 158-65. doi: 10.1016/j.
jpba.2013.10.038

[8]	 Qahtan Mohammed B, Ali Hussaini H, Adnan 
abdulhameed W. The effect of aspirin and sildenafil 
on endometrial thickness, oocyte characteristic, 

embryo quality and pregnancy test in iraqi infertile 
women undergoing intracytoplasmic sperm injection. 
IraQi J Embryos Infertil Res. 2022; 12(2): 40-61. doi: 
10.28969/IJEIR.v12.i2.r4.22

[9]	 State of Israel Ministry of Health. Counterfeit 
Medicines.; 2023. https://www.health.gov.il/English/ 
Topics/PharmAndCosmetics/pharm_crime/Pages/ 
default.aspx

[10]	 Wolfhagen FHJ, Vermeulen HG, de Man RA, Lesterhuis 
W. Initially obscure hepatotoxicity attributed to 
sildenafil. Eur J Gastroenterol Hepatol. 2008; 20(7): 
710-2. doi: 10.1097/MEG.0b013e3282f2bbb5

[11]	 Daghfous R, El Aidli S, Zaiem A, Loueslati MH, 
Belkahia C. Sildenafil-associated hepatotoxicity. Am 
J Gastroenterol. 2005; 100(8): 1895-6. doi: 10.1111/ 
j.1572-0241.2005.41983_6.x

[12]	 Enomoto M, Sakaguchi H, Ominami M, et al. Sildenafil- 
induced severe cholestatic hepatotoxicity. Am J 
Gastroenterol. 2009; 104(1): 254-5. doi: 10.1038/ajg. 
2008.18

[13]	 Graziano S, Montana A, Zaami S, et al. Sildenafil-
associated hepatoxicity: a review of the literature. 
Eur Rev Med Pharmacol Sci. 2017; 21(Suppl1): 17-22. 
http://www.ncbi.nlm.nih.gov/pubmed/28379598

[14]	 Al-Maliki RS. COVID-19 vaccination doesn’t influence 
sperm motility, concentration, and morphology 
Rehab. J Assoc Med Sci. 2025; 58(1): 185-91. doi: 10. 
12982/JAMS.2025.02

[15]	 Patel DN, Li L, Kee CL, Ge X, Low MY, Koh HL. 
Screening of synthetic PDE-5 inhibitors and their 
analogues as adulterants: Analytical techniques and 
challenges. J Pharm Biomed Anal. 2014; 87: 176-90. 
doi: 10.1016/j.jpba.2013.04.037

[16]	 Venhuis BJ, de Kaste D. Towards a decade of detecting 
new analogues of sildenafil, tadalafil and vardenafil 
in food supplements: A history, analytical aspects 
and health risks. J Pharm Biomed Anal. 2012; 69: 
196-208. doi: 10.1016/j.jpba.2012.02.014

[17]	 Abourashed E, Abdel-Kader M, Habib AA. HPTLC 
determination of sildenafil in pharmaceutical 
products and aphrodisiac herbal preparations. J 
Planar Chromatogr – Mod TLC. 2005; 18(105): 372-6. 
doi: 10.1556/JPC.18.2005.5.7

[18]	 Wagner H, Bladt S. Plant Drug Analysis: A Thin Layer 
Chromatography Atlas. 2nd Ed. Springer-Verlag Berlin 
Heidelberg; 1996.

[19]	 V. Le A, E. Parks S, H. Nguyen M, D. Roach P. Improving 
the vanillin-sulphuric acid method for quantifying 
total saponins. Technologies. 2018; 6(3): 84. doi: 
10.3390/technologies6030084

[20]	 Sherma J, Fried B, eds. Handbook of Thin-Layer 
Chromatography. 3rd Ed. Marcel Dekker; 1991.

[21]	 Rebane R, Leito I, Yurchenko S, Herodes K. A review 
of analytical techniques for determination of Sudan 
I–IV dyes in food matrixes. J Chromatogr A. 2010; 
1217(17): 2747-57. doi: 10.1016/j.chroma.2010.02.038

[22]	 Savaliya AA, Shah RP, Prasad B, Singh S. Screening 
of Indian aphrodisiac ayurvedic/herbal healthcare 
products for adulteration with sildenafil, tadalafil 



R. A. Al-Saadi et al.  Journal of Associated Medical Sciences 2025; 58(3): 10-2424

and/or vardenafil using LC/PDA and extracted ion 
LC–MS/TOF. J Pharm Biomed Anal. 2010; 52(3): 406-
9. doi: 10.1016/j.jpba.2009.05.021

[23]	 Brand-Williams W, Cuvelier ME, Berset C. Use of a 
free radical method to evaluate antioxidant activity. 
LWT - Food Sci Technol. 1995; 28(1) :25-30. doi: 
10.1016/S0023-6438(95)80008-5

[24]	 Benzie IFF, Strain JJ. The ferric reducing ability of 
plasma (FRAP) as a measure of “antioxidant power”: 
the FRAP assay. Anal Biochem. 1996; 239(1): 70-6. 
doi: 10.1006/abio.1996.0292

[25]	 Janjic MM, Stojkov NJ, Bjelic MM, Mihajlovic 
AI, Andric SA, Kostic TS. Transient Rise of Serum 
Testosterone Level After Single Sildenafil Treatment 
of Adult Male Rats. J Sex Med. 2012; 9(10): 2534-43. 
doi: 10.1111/j.1743-6109.2012.02674.x

[26]	 Saraiva KLA, Silva AKSE, Wanderley MI, De Araújo AA, 
De Souza JRB, Peixoto CA. Chronic treatment with 
sildenafil stimulates Leydig cell and testosterone 
secretion. Int J Exp Pathol. 2009; 90(4): 454-62. doi: 
10.1111/j.1365-2613.2009.00660.x

[27]	 Spitzer M, Bhasin S, Travison TG, Davda MN, Stroh 
H, Basaria S. Sildenafil increases serum testosterone 
levels by a direct action on the testes. Andrology. 2013; 
1(6): 913-8. doi: 10.1111/j.2047-2927.2013.00131.x

[28]	 Andric SA, Janjic MM, Stojkov NJ, Kostic TS. 
Sildenafil treatment in vivo stimulates Leydig cell 
steroidogenesis via the cAMP/cGMP signaling 
pathway. Am J Physiol Metab. 2010; 299(4): E544-50. 
doi: 10.1152/ajpendo.00337.2010



N. Chaikhamla et al.  Journal of Associated Medical Sciences 2025; 58(3): 25-32 25Journal of Associated Medical Sciences 2025; 58(3): 25-32

Scopus Indexed & Thai-Journal Citation Index Centre (TCI)

Journal of Associated Medical Sciences
Journal homepage: https://www.tci-thaijo.org/index.php/bulletinAMS/index

Sensory processing patterns link alcohol consumption in undergraduate students
Natcha Chaikhamla1, Nalinee Yingchankul2, Tiam Srikhamjak1, Pornpen Sirisatayawong1*

1Department of Occupational Therapy, Faculty of Associated Medical Sciences, Chiang Mai University, Chiang Mai Province, Thailand.
2Department of Family Medicine, Faculty of Medicine, Chiang Mai University, Chiang Mai Province, Thailand.

ARTICLE INFO

Article history:
Received 19 January 2025
Accepted as revised 2 May 2025
Available online 8 May 2025

Keywords:
Sensory processing patterns, Alcohol 
consumption, Undergraduate students.

ABSTRACT

Background: Alcohol consumption among undergraduate students is a public 
health concern. Sensory processing refers to how individuals receive, organize, and 
respond to sensory information from their environment, influencing their emotions 
and behavior. However, no research has yet explored the relationship between 
 sensory processing patterns in specific modalities and alcohol consumption among 
undergraduate students.

Objective: The purpose of this study was to examine the relationship between 
sensory processing patterns and alcohol consumption among undergraduate 
students.

Materials and methods: Participants included 430 students. Participants completed 
a demographic questionnaire, the Functional-Belief-Based Alcohol Use Questionnaire 
and the Thai Sensory Patterns Assessment. Descriptive statistics,  Spearman’s correlation 
analysis, Mann-Whitney U test, Kruskal-Wallis H test, and chi-squared test were 
used to analyze the data.

Results: The findings indicated that alcohol consumption was positively correlated 
with sensory arousal in the auditory and proprioceptive modalities (r=0.176 and 
0.186, respectively; p<0.01), as well as with sensory preferences across all modalities 
(rs ranged from 0.116 to 0.204; p<0.01; p<0.05).

Conclusion: This research found that sensory processing patterns may be associated 
with alcohol consumption. Further research and public health efforts could contribute 
to developing strategies to assist students in managing sensory cues and preventing 
alcohol abuse.
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Introduction
	 Alcohol is the most widely used substance worldwide, 
including in Thailand. Globally, more than half (57%) of 
people consumed alcohol1, while nearly 30% of Thais 
drinked alcohol.2 In addition, it was a leading contributor 
to the burden of alcohol-attributable disability-adjusted 
life years (DALYs), with approximately 115.9 million DALYs 
in 2019.1 In Thailand, alcohol consumption was the second 
highest risk factor for DALYs lost in 2019.3 Alcohol use 
among undergraduate students was a significant concern, 
as they were at an age when many new drinkers emerge, 
and heavy consumption was common.2 In Thailand, the 
prevalence of hazardous or harmful drinking among 
undergraduate students has increased from 10.8% to 
15.6% between 2015 and 2019.4,5  
	 Undergraduate students are in a transition period 
and are an important human resource in the future. 
Undergraduate  students’ experiences of alcohol use were 
linked with stressful times,6 daily stressors,7 influence of 
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friends,8 and  the lack of self-awareness of how to solve 
problems.9 In addition, a study in Thailand illustrated 
that religion, attitudes, access to alcohol, age, academic 
success, and family assets were potential factors for 
alcohol consumption among undergraduate students.10  
	 Sensation serves as a foundation for perception, 
learning, behavior, and emotion.11 Sensory processing 
refers to an individual’s ability to receive, organize, and 
respond to sensory information in daily activities.12 
Difficulties in these processes are associated with emotions 
and behaviors.12 According to sensory restriction concepts, 
low or high levels of stimulation can cause difficulty 
processing sensory input. It increases physiological, perceptual, 
and affective impairments and has a maladaptive effect 
on behavior, including alcohol consumption.12 Emotional 
and behavioral processing in the brain begins with the 
reception of sensory input. If the brain perceives this 
information as stressful or threatening, it triggers the 
release of glucocorticoids, leading to physiological and 
behavioral responses. These reactions may lead to alcohol 
use and addiction, both of which are associated with the 
brain’s reward system.13,14  Every person varies in their 
sensory preferences and in their style of processing sensory 
information, called sensory processing patterns (SPPs). 
Previous studies showed that the sensory processing 
patterns of people with substance use were significantly 
different from those of the general population15, and 
young people with sensory sensitivity contributed to 
increasing stress, resulting in alcohol consumption to 
manage stress.16 However, no research has examined 
the relationship between sensory processing patterns 
in specific modalities and alcohol consumption among 
undergraduate students. 

Materials and methods
Participants 
	 The current study included 430 students aged 
between 18-25 years old. The sample size was calculated 
using Yamane’s formula.17 The sampling method was 
purposive sampling followed by an inclusion criteria. The 
inclusion criteria were students at Chiang Mai University, 
Thailand, who had been exposed to alcohol consumption 
within the past year. The study protocol was approved by 
the Ethics Committee of the Faculty of Associated Medical 
Sciences, Chiang Mai University (AMSEC-67EX-007).

Measurement
Demographic questionnaire 
	 The demographic questionnaire includes questions 
to gather information from the research participants, such 
as their gender, age, overall grade point average (GPAX), 
field of study, monthly income, and part-time job.

The Functional-Belief-Based Alcohol Use Questionnaire 
(FBAQ)
	 The FBAQ consists of three straightforward belief 
questions.  The three items in the FBAQ address participants 

about self-regulation and focusing on consumption for 
stress relief or socialization. Participants would rate their 
agreement to the given statement on a 5-point Likert 
scale from 1 to 5 (totally disagreed to totally agreed). 
The total FBAQ score is then categorized into two groups, 
low-risk drinking and high-risk drinking.  Three functional-
belief items independently predict high-risk drinking 
(score ≥ 6). Previous research validated the FBAQ with 
Chiang Mai University undergraduates, which is the same 
group as the participants in this study. The FBAQ showed 
strong discriminative performance and high sensitivity in 
identifying high-risk drinkers. The pooled sensitivity and 
specificity at the FBAQ score cutoff of 6 were 92.8% (95% 
CI 88.0-95.7%) and 51.6% (95% CI 41.1-62.0%).18

The Thai Sensory Patterns Assessment (TSPA)
	 This self-reported assessment consists of two 
modules, including sensory preferences and sensory 
arousals. Each module has six categories based on the 
types of sensory modality (visual, auditory, smell and taste, 
tactile, proprioceptive, and vestibular senses).  To interpret 
the scores, the items are rated on a 5-point scale from 1 
to 5 (never to always), and the scores for each sensory 
modality are combined separately and are reported 
as a percentage. Each participant’s types of sensory 
modalities mean scores are then categorized into the 
corresponding three classifications of score results: Low 
(<25%), Moderate (25-75%), and High (>75%). The TSPA 
had valid content (IOC=0.60-1.00 in modules I and II) and 
reliable tests (ICC=0.93 and 0.77, Cronbach’s alpha=0.89 
and 0.62 in modules I and II, respectively). Additionally, 
the Cronbach’s alpha of the TSPA among undergraduate 
students was equal to 0.86 (Cronbach’s alpha=0.85 and 
0.74 in modules I and II, respectively).19

﻿
Data collection procedures
	 After the research received approval from the ethics 
committee, students were invited through advertisement 
via sheet posters, online posters, and face-to-face contact. 
All participants who agreed to participate in the study 
signed informed consent and completed the assessments 
in a paper-based format or through an online format.

Data analysis
	 Data analysis was conducted using SPSS (version 27). 
Descriptive statistics, including percentage, mean, and 
standard deviation, were used to describe sensory 
processing patterns, alcohol consumption scores, and 
demographic characteristics.  The Mann-Whitney U test and 
Kruskal-Wallis H test analyzed differences in alcohol 
consumption across demographics, while the  chi-squared 
test examined correlations between demographic 
characteristics and alcohol consumption scores. Spearman’s 
correlation was used to explore the relationship between 
sensory processing patterns and alcohol consumption, as 
well as between demographic characteristics and alcohol 
consumption scores.
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Results
Characteristics of participants
	 Table 1 showed that most participants were female 
(66.0%). High-risk drinkers had a slightly higher proportion 
of males (35.5%) compared to low-risk drinkers (26.1%). 
The average age was around 20.3 years. Humanities and 

Social Sciences had the highest representation (41.4%). 
High-risk drinkers slightly skewed toward lower GPAX 
ranges. High-risk drinkers had a slightly higher proportion 
in the lowest income category (<5,000 Bht). About 15.2% 
of students had part-time jobs, with a similar distribution 
occurring between high- and low-risk groups.
﻿

 Table 1. Demographic characteristics among undergraduate students with alcohol consumption.

 Variables
High risk (N=361) Low risk (N=69) Overalls (N=430)

N (%) N (%) N (%)
Gender
	 Male
	 Female

128 (35.5)
233 (64.5)

18 (26.1)
51 (73.9)

146 (34.0)
284 (66.0)

Age (mean±SD) 20.3±11.16 20.1±1.10 20.3±1.15
Field of study
	 Science and technology group 
	 Health science group
	 Humanities and social sciences group

122 (33.8)
81 (22.4)

158 (43.8)

25 (36.2)
24 (34.8)
20 (29.0)

147 (34.2)
105 (24.4)
178 (41.4)

Overall grade  point average (GPAX)
	 <2.00 
	 2.00-2.49 
	 2.50-2.99 
	 3.00-3.49
	 3.50-4.00

10 (2.8)
65 (18.0)
98 (27.1)

115 (31.9)
73 (20.2)

3 (4.3)
6 (8.7)

20 (29.0)
21 (30.4)
19 (27.5)

13 (3.0)
71 (16.5)

118 (27.4)
136 (31.6)

92 (21.4)
Income  per month (Bht)
	 <5,000 
	 5,001-10,000 
	 10,001-15,000 
	 15,001-20,000 
	 >20,001

83 (23.0)
207 (57.3)

50 (13.9)
19 (5.3)

2 (0.6)

18 (26.1)
32 (46.4)
14 (20.3)

3 (4.3)
2 (2.9)

101 (23.5)
 239 (55.6)

64 (14.9)
22 (5.1)

4 (0.9)
Part-time job
	 Yes
	 No 

55 (15.2)
306 (84.8)

10 (14.5)
59 (85.5)

65 (15.1)
365 (84.9)
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Sensory processing patterns
	 Table 2 showed sensory preferences, and the 
auditory sense stood out: High-risk drinkers scored a 
high level (82.96±12.91), while low-risk drinkers scored a 
moderate level (79.83±15.22). The overall group had a high 
level (82.46±13.34). Both groups rated all other senses as 
moderate, with minor differences in mean scores. Sensory 
arousal for students across both high- and low-risk groups 

showed moderate levels in all senses. High-risk drinkers 
had slightly higher levels in the auditory (50.91±13.60 
vs. 48.21±14.43) and proprioceptive (43.34±15.20 vs. 
39.48±14.16) senses compared to low-risk drinkers.
﻿
Alcohol consumption
	 Table 3 revealed that most students (84.0%) were 
classified as high-risk drinkers.

Table 2. Sensory processing patterns in specific sensory modalities of undergraduate students with alcohol consumption.

Modules

Sensory processing patterns
High risk (N=361) Low risk (N=69) Overalls (N=430)

Mean±SD Result Mean±SD Result Mean±SD Result

 Sensory preferences
 Auditory 82.96±12.91 High 79.83±15.22 Moderate 82.45±13.34 High
Touch 72.71±14.35 Moderate 72.54±19.15 Moderate 72.68±15.19 Moderate
Smell and taste 72.89±12.40 Moderate 70.92±12.99 Moderate 72.57±12.51 Moderate
Visual 63.74±15.77 Moderate 61.30±15.33 Moderate 63.35±15.71 Moderate
Proprioceptive 59.99±14.86 Moderate 56.74±16.79 Moderate 59.47±15.21 Moderate
Vestibular 55.84±15.46 Moderate 57.13±18.65 Moderate 56.05±15.99 Moderate
 Sensory arousals
Visual 69.42±16.42 Moderate 66.47±16.65 Moderate 68.94±16.47 Moderate
Smell and taste 64.59±19.25 Moderate 62.90±20.05 Moderate 64.32±19.36 Moderate
Auditory 50.91±13.60 Moderate 48.21±14.44 Moderate 50.48±13.76 Moderate
Touch 46.04±16.21 Moderate 46.52±18.46 Moderate 46.12±16.56 Moderate
Vestibular 45.34±20.47 Moderate 43.08±19.21 Moderate 44.98±20.27 Moderate
Proprioceptive 43.34±15.20 Moderate 39.48±14.16 Moderate 42.72±15.09 Moderate

Table 3. FBAQ scores and levels of  alcohol consumption among undergraduate students (N=430).
 Variables Minimum Maximum Mean SD

Alcohol use behavior
	 FBAQ scores 3 15 8.76 3.12
Alcohol use levels                                          N %
	 Low risk drinking 69 16.0
	 High risk drinking 361 84.0
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Alcohol differences among certain demographic 
characteristics
	 Table 4 showed that there was no significant 
difference in FBAQ scores between males and females 
(p>0.05). As for the field of study, a significant difference 
was discovered among low-risk drinkers (p=0.005), but 
not in high-risk or general groups. Overall, there was a 
significant difference (p=0.049) in GPAX and alcohol use. 
In terms of monthly income, there were no significant 
differences overall. However, variances were observed 
among low-risk drinkers (p=0.033). 

Correlation between demographic characteristics and 
alcohol consumption scores 
	 Table 5 shows that the field of study has a significant 
correlation with alcohol consumption in both low-risk 
(p=0.019) and overall groups (p=0.020). Gender, age, 
GPAX, monthly income, and part-time job showed no 
significant correlation with alcohol consumption (p>0.05).
﻿

 Table 4.  Alcohol difference among certain  demographic characteristics.

Variables
FBAQ score

High risk (N=361) Low risk (N=69) Overalls (N=430)
Mean±SD p value Mean±SD p value Mean±SD p value

Gender
	 Male 
	 Female

9.77±2.52
9.62±2.47 0.511a 3.94±0.94

3.98±0.91 0.883a 9.05±3.06
8.69±3.14 0.157a

Field of study
	 STG 
	 HSG
	 HSSG

9.82±2.46
9.73±2.71
9.54±2.40

0.601b
3.52±0.82
4.13±0.90
4.35±0.81

0.005*b
8.75±3.28
8.45±3.38
8.96±2.81

0.401b

Overall grade point average (GPAX)
	 <2.00 
	 2.00-2.49 
	 2.50-2.99 
	 3.00-3.49
	 3.50-4.00

10.90±2.42
10.09±2.50

9.79±2.55
9.60±2.59
9.11±2.12

0.092b

4.33±1.15
3.67±1.03
4.10±0.91
3.62±0.86
4.26±0.81

0.149b

9.38±3.59
9.55±3.01
8.82±3.18
8.68±3.24
8.11±2.75

0.049*b

Income per month (Bht)
	 <5,000 
	 5,001-10,000 
	 10,001-15,000 
	 15,001-20,000 
	 >20,001

9.17±2.36
9.76±2.45
9.80±2.70

10.42±2.65
11.50±2.12

0.165b

3.50±0.86
4.25±0.84
4.07±0.92
4.00±1.00
3.00±0.00

0.033*b

8.16±3.07
9.03±2.97
8.55±3.40
9.55±3.35
7.25±5.06

0.137b

Part-time job
	 Yes
	 No 

9.80±2.59
9.65±2.47 0.706a 3.80±0.92

4.00±0.90 0.520a 8.88±3.25
8.74±3.10 0.724a

Note: STG: science and technology Group, HSG: health science group, HSSG: humanities and social sciences group, a : Mann-Whitney 
U test, b: Kruskal-Wallis H test; *p<0.05.

  Table 5.  Correlation between demographic characteristics and alcohol consumption score. 
Variables FBAQ score

High risk Low risk Overalls
Gender 0.665a 0.953a 0.684a

Age 0.303b 0.529b 0.851b

Field of study 0.206a 0.019*a 0.020*a

Overall grade point average 0.772a 0.196a 0.570a

Income per month 0.272a 0.078a 0.075a

Part-time job 0.209a 0.805a 0.398a

 Note: a:   Chi-squared test, b: Spearman correlation test, *p<0.05.
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The relationship between sensory processing patterns 
and alcohol consumption
	 Table 6 showed that for sensory preferences, 
significant  positive correlations were found between 
alcohol consumption and  all senses in the high-risk 
and overall groups (p<0.05 to p<0.001). No significant 
correlations existed in the low-risk group. As for sensory 

arousal, auditory and proprioceptive senses showed 
significant positive correlations with alcohol consumption 
 in the high-risk and overall groups (p<0.01). Touch 
sense showed a weak correlation in the high-risk group 
(p=0.032). There were no significant correlations in the 
low-risk group.

Table 6.  Correlation between sensory modalities and alcohol consumption score in undergraduate students.

Sensory processing patterns
FBAQ  score

High risk
rs (p-value)

Low risk
rs (p-value)

Overalls 
rs (p-value)

Sensory preferences
	 visual 0.235 (0.001)** 0.083 (0.499) 0.204 (0.000)**
	 auditory 0.145 (0.006)** -0.147 (0.227) 0.146 (0.002)**
	 smell and taste 0.211 (0.001)** 0.157 (0.628) 0.186 (0.000)**
	 Touch 0.179 (0.001)** 0.059 (0.204) 0.117 (0.015)*
	 vestibular 0.176 (0.001)** 0.106 (0.387) 0.116 (0.016)*
	 proprioceptive 0.172 (0.001)** 0.159 (0.191) 0.167 (0.001)**
Sensory arousals
	 visual 0.014 (0.791) 0.095 (0.436) 0.059 (0.222)
	 auditory 0.175 (0.001)** 0.112 (0.359) 0.176 (0.000)**
	 smell and taste 0.076 (0.150) 0.117 (0.338) 0.084 (0.081)
	 Touch 0.113 (0.032)* -0.056 (0.649) 0.078 (0.105)
	 vestibular 0.030 (0.571) 0.139 (0.258) 0.051 (0.292)
	 proprioceptive 0.182 (0.001)** -0.134 (0.272) 0.186 (0.000)**

 Note: p:  the Spearman correlation test ; *p<0.05, **p<0.01 (significant).

Discussion
Demographic characteristics and alcohol consumption
	 The findings indicated that certain demographic 
factors, such as the field of study, academic performance, 
and income, may influence alcohol consumption among 
undergraduate students.  The field of study on alcohol 
consumption may be more significant among students. 
Previous research indicated that students majoring in social 
sciences and business consumed more alcohol than those 
majoring in arts,20 and medical students drank alcohol 
more frequently. These findings emphasized the role of 
academic stress and the cultural context within various 
fields in shaping students’ drinking habits.21  Further 
research into how the field of study influences alcohol 
consumption among both low- and high-risk drinkers 
might give a deeper understanding of this relationship.
	 Moreover, GPAX may be more significant for 
alcohol use (p=0.049).   Similarly, research conducted at 
Chiang Mai University in 2019 revealed that increased 
alcohol consumption among students was significantly 
related to lower GPAX (p<0.001). The study also noted 
associations between higher alcohol intake and behaviors 
such as skipping classes and withdrawing from courses.22 
Income may impact those in the low-risk drinking 
category (p=0.033). A previous study suggested that 
high socioeconomic status might increase the risk of 

problematic alcohol use among university students.23 
Overall, these findings emphasized the importance of 
considering academic factors, such as field of study and 
GPAX, when examining alcohol consumption patterns 
among students. 

The relationship between sensory arousal and alcohol 
consumption
	 The findings showed a positive correlation between 
the high-risk and overall groups’ alcohol consumption and 
sensory arousal in auditory and proprioceptive senses.   Low 
and high levels of sensory stimulation can create challenges 
in processing sensory input, leading to maladaptive 
behaviors, including alcohol use as a coping mechanism. 
Individuals with high sensory arousal may experience 
sensory overload, resulting in stress, prompting them to 
use alcohol for relaxation and self-regulation. Conversely, 
those with lower sensory arousal may seek out intense 
sensory input, including alcohol’s effects, to compensate 
for their reduced responsiveness to stimuli.12,24 This result is 
consistent with prior research demonstrating a correlation 
between sensory arousal and alcohol use.15,16,25 One 
research study found that high sensory arousal correlated 
with alcohol use (r=0.137; p<0.05).25 However, this earlier 
research generally studied mentally healthy adults. 
Moreover, the prior studies did not explicitly determine 
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whether specific sensory modalities were associated with 
alcohol consumption. This study indicated that  sensory 
arousals were correlated with attitudes and alcohol use 
behavior scores, especially in the proprioceptive sense. 
In Dunn’s Model of Sensory Processing, individuals with 
high sensory arousal in the proprioceptive sense are more 
prone to sensory overload during physical activity and 
physical movement. This can contribute to a preference 
for a sedentary lifestyle, potentially leading to alcohol use 
as a coping mechanism.26,27 Therefore, it is important to 
carefully regulate proprioceptive stimulation.

The relationship between sensory preferences and 
alcohol consumption
	 The results demonstrated a positive correlation 
between the high-risk and overall groups’ alcohol 
consumption and sensory preferences in all senses. 
These results also indicated that individuals who have 
high sensory preference can drive increased alcohol 
consumption. This finding aligns with the mechanisms 
underlying the pleasurable effects of alcohol, as alcohol 
consumption activates reward circuits in the brain 
and increases dopamine levels, which are associated 
with feelings of pleasure and reward.28,29 Preferred 
sensory stimuli promote pleasure in mammals.30 While 
most previous research has not clearly established 
the relationship between specific sensory modalities 
and alcohol consumption scores, this study provided 
new insight into these associations. For instance, some 
individuals may prefer listening to music, whereas others 
may favor the taste of beverages to satisfy their sensory 
preferences. However, this study has limitations, as it 
does not delve deeply into why individuals drink, the 
environment in which alcohol consumption occurs, or 
the social contexts surrounding drinking behavior.  As 
evidenced by current literature, external factors such as 
stress, peer influence, social environment, and cultural 
norms can play a significant role in explaining alcohol 
consumption patterns.31 These factors, when combined 
with individual characteristics such as sensory processing 
patterns, can contribute to the development of drinking 
behaviors and influence how individuals use alcohol as a 
coping mechanism. 

Limitation
	 Statistically significant findings were observed 
at low levels. Future research should increase sample 
size, minimize confounding variables, and use random 
sampling to improve generalizability. Longitudinal studies 
are needed to explore the temporal relationship between 
sensory processing and alcohol use. Methodological 
limitations, such as reliance on self-reports, should be 
addressed by incorporating peer reports and objective 
physiological measures. However, self-reports are useful 
for large-scale studies and capture the environmental and 
emotional context of alcohol use.

Conclusion
	 The findings indicated that sensory processing 
patterns, particularly sensory arousal in auditory and 
proprioceptive modalities, as well as sensory preference 
across all senses, were associated with alcohol 
consumption. This study identified only relationships. 
Future research incorporating perspectives of occupational 
therapists and assessment of public health initiatives 
could provide a deeper understanding of how to deal with 
drinking behaviors, further guiding the development of 
ways to assist students in regulating external and internal 
cues more successfully to prevent alcohol abuse.
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ABSTRACT

Background: Laboratory-based urine tests are the current standard for assessing 
sodium intake but are complex and costly. This study aimed to develop a valid, 
self-assessment questionnaire aligned with laboratory findings using a six-step 
instrument development process.

Objective: To develop and validate a self-assessment instrument for estimating 
sodium intake among individuals aged 30–44 years.

Materials and methods: The six-step process involved (1) defining sodium intake 
by reviewing existing research; (2) creating a list of items based on different food 
types and how they are eaten; (3) deciding on the format and scale for assessment; 
(4) checking face validity with feedback from expert advisors; (5) evaluating content 
validity with five experts and calculating the Item-Objective Congruence (IOC); and 
(6) testing construct and concurrent validity using ROC analysis.

Results: We categorized a total of 157 food items for inclusion. The questionnaire 
used a checklist format with frequency ratings (1–7 times/day). Content validity 
yielded IOC values between 0.6 and 1.0, with 151 items retained. Construct validity 
showed strong alignment with sodium excretion levels, with a cut-off point of 3.46 
and an ROC of 93.3%. Of 120 participants, 112 were correctly classified, yielding 
92.8% sensitivity, 95.2% specificity, a 6.7% false positive rate, and 86.7% accuracy 
(95% CI = 0.880-0.987).

Conclusion: The developed self-assessment tool is practical for single-day dietary 
evaluation and demonstrates high specificity and accuracy. It offers a reliable, 
cost-effective alternative for assessing sodium intake at the population level.
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Introduction
	 Sodium is an essential mineral for maintaining 
blood electrolyte balance. Consumed primarily through 
diet, excessive or insufficient sodium intake can disrupt 
blood pressure and contribute to health problems.1 In 
developing countries, NCDs are causing a public health 
crisis, with rising rates of illness and premature death, 
especially among those aged between 30-60.2,3 Globally, 
NCDs account for 41 million deaths annually, representing 
a 71% increase in recent years. The Easthand Southeast 
Asian regions are particularly hard hit, with approximately 
10.4 million deaths attributable to NCDs each year.4 
	 Hypertension (45.0%) and diabetes (28.7%) accounted 
for the highest mortality rates among individuals with 
non-communicable diseases (NCDs). Dietary habits high 
in sugar, fat, and salt were the primary risk factors.5,6 
Thailand has approximately 14 million NCD patients, with 
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over 300,000 deaths annually.7 The working-age cohort 
aged 30-44 exhibits early hypertension risk indicators 
coupled with a diminished engagement in preventive 
health behaviors, encompassing self-assessment and 
routine examinations.8,9 The average age of onset is 40.5 
years, with hypertension (21.4%) and hyperlipidemia 
(19.4%) being the most common NCDs.10 Lifestyle factors, 
particularly dietary habits deeply rooted in Thai culture, 
can be linked to the disease. The high and frequent 
consumption of sodium-rich foods, such as sukiyaki, 
shabu-shabu, and instant noodles, combined with the 
traditional use of salt in cooking, contributes significantly 
to the problem.11

	 To effectively assess sodium intake within a general 
population, it is necessary to employ assessment 
instruments with high specificity for dietary behavior. This 
approach facilitates the collection of comprehensive data, 
crucial for accurately evaluating population sodium intake 
and informing precise dietary behavior interventions and 
policies aimed at reducing consumption. Currently, two 
primary categories of instruments are available for this 
purpose. The first is 24-hour urinary sodium excretion, 
which is considered the gold standard for sodium intake 
assessment.12 However, this method is expensive and 
not easily accessible to the general population. The urine 
collection process is also complex, requiring specialized 
training for sample collectors, making it impractical 
for large-scale population studies. For the second, 
four primary methods employing questionnaires or 
interviews are utilized in Thailand for the assessment of 
dietary behavior: the Food Record, the 24-hour Dietary 
Recall, the Food Frequency Questionnaire (FFQ), and 
the Diet History. Each of these methodologies presents 
distinct advantages and limitations, and the selection 
of a particular method is contingent upon the specific 
objectives of the research or evaluation endeavor.13 Based 
on the examination of research instruments utilized in 
international studies, 1) the Food Frequency Questionnaire 
(FFQ) is limited by its reliance on exhaustive food lists, 
which can hinder respondents’ accurate recall of dietary 
intake. Consequently, validation through supplementary 
assessment instruments, such as food diaries or urinary 
sodium excretion assessment, is often necessary,14,15 

2) the Sodium Food Frequency Questionnaire (FFQ-
Sodium)16 was developed to provide a quick and minimally 
burdensome method for assessing sodium intake. 
By focusing on high-sodium foods relevant to high-risk 
groups in specific communities, it maintains a relatively 
low error rate.17 However, it is limited by delays in providing 
results and the time required to calculate sodium content 
from the collected data.18 This tool requires participants to 
log all meals, food items (including sodium-rich sources), 
and quantities over at least three days. To ensure data 
accuracy, simultaneous data collection is needed across all 
participants within a standardized timeframe.19 Similarly, 
the Dietary Record and Discretionary Salt Questionnaire 
(DSQ) assesses sodium intake through the self-recording of 
food consumption and added sodium over a minimum of 
three days. Data are captured electronically via websites, 

mobile apps, or computer programs to reduce recall errors 
and facilitate easy recording across different formats.20

	 An analysis of available data reveals a limited range 
of standardized and accessible tools for assessing sodium 
intake in Thailand, with reliance mainly on laboratory 
testing. 
	 To address this gap, this study aimed to develop a 
self-assessment instrument for sodium consumption, 
targeting the 30-44 age group in the 4th Health Region, 
Thailand. This demographic was chosen due to age-related 
declines in physiological functions, the high prevalence of 
chronic non-communicable diseases linked to excessive 
sodium intake, and limited engagement in sodium 
reduction strategies. National survey data show this group 
consumes an average of 3,200 mg of sodium per day, 
exceeding the recommended intake. The region’s diverse 
population allows for a broad representation of dietary 
behaviors, making it ideal for developing and validating 
a comprehensive sodium intake assessment tool.21,22 
The instrument development involved two integrated 
assessment methods, comprising the Food Frequency 
Questionnaire (FFQ) and food record, allowing for Receiver 
Operating Characteristic (ROC) analysis to determine an 
optimal cut-off point based on urinary sodium excretion 
data as the gold standard. The development process 
included defining sodium consumption, following a 
standardized protocol, and rigorously validating the tool’s 
psychometric properties to ensure reliability and ease of 
self-assessment. The resulting data is expected to inform 
evidence-based policy changes and the design of targeted 
community interventions.

Materials and methods
	 This research obtained ethical approval from the 
Naresuan University Ethics Committee (IRB No. P3-
0013/2565, COA No.215/2022). The research employed 
a methodological study design23 and followed a six-step 
process24 for the development and validation of the 
instrument.

Step 1: Definition of sodium intake
	 To assess sodium consumption patterns, a literature 
review was conducted using databases related to nutrition, 
health, and academic theses, with keywords such as 
“sodium intake,” “dietary sodium sources,” “high-sodium 
foods,” “Thai diet,” and “sodium intake assessment.” Key 
definitions and food categories were synthesized from the 
literature.
	 Concurrently, a community-based survey was 
administered within the 4th Regional Health area using 
both online (Google Forms) and offline (paper-based) 
open-ended questionnaires to identify the kinds of 
sodium-rich foods commonly consumed. For participants 
without internet access, paper surveys were distributed 
via community coordinators and returned using a secure, 
opaque drop box placed in a central community location. 
This approach facilitated the inclusion of locally relevant 
foods not captured in existing literature.
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	 The survey targeted 270 individuals aged 30-44 
years, selected through simple random sampling based on 
Cohen’s formula for sample size estimation.25,35 Inclusion 
criteria required basic literacy and the ability to recall and 
report past food consumption. Individuals with cognitive 
or medical conditions affecting data reliability were 
excluded.
	 The findings from the literature and field survey 
were integrated to compile a context-specific food item 
list. Selected items were analyzed using Inmucal-N 
software developed by the Institute of Nutrition, Mahidol 
University, to determine standardized sodium content per 
serving and per day, supporting accurate estimation of 
daily sodium intake.26

Step 2: Generate an item pool
	 Based on the findings from Step 1, a preliminary list 
of food items was categorized into nine culturally specific 
groups (e.g., Central, Northern, and Northeastern Thai 
cuisines). A draft Food Frequency Questionnaire (FFQ) was 
developed to assess sodium intake, incorporating food 
types, portion sizes, and sodium content. A Case Record 
Form (CRF) was also designed to facilitate systematic data 
collection and analysis.	

Step 3: Determine the format for the measurement and 
assessment scale
	 An ordinal scale was used to assess consumption 
frequency, ranging from “rarely/never” to “7 times/
day.” Each respondent reported both the frequency and 
quantity of food intake, recorded in standardized serving 
sizes (e.g., teaspoons for sauces, bowls or grams for 
solid foods, and milliliters for liquids). Serving sizes were 
defined in the questionnaire with visual aids and examples. 
Sodium intake estimation was calculated by multiplying 
consumption frequency with the average sodium content 
per portion, allowing conversion into milligrams/day.27 

Step 4: Face validity
	 The draft instrument underwent preliminary face 
validity checks by the research team. Data were organized 
and sequenced by sodium source category. The instrument 
was reviewed by academic advisors, focusing on content 
clarity, item relevance, and redundancy. Revisions were 
made according to the feedback to improve the overall 
readability and cultural appropriateness of the items.

Step 5:  Content validity
	 The instrument for assessing sodium consumption 
was submitted to five experts possessing a minimum of five 
years of experience in research instrument evaluation and 
nutrition. Subsequently, the item-objective congruence 
index (IOC) was calculated.28

Step 6: Conduct a construct validity of the questionnaire
	 The construct validity of the instrument used to 
assess sodium consumption was evaluated. Before this 
assessment, the instrument underwent evaluations for 
face validity, content validity, reliability analysis, and 

concurrent validity. We conducted the evaluation of 
construct validity in two main steps.

Step 6.1: 
	 Concurrent validity assessment involved collecting 
self-reported sodium intake data and 24-hour urinary 
sodium excretion data from a sample of 120 individuals 
aged 30-44 years from the 4th Health Region. We calculated 
the sample size using the proportion estimation method.34 

The multi-stage sampling technique commenced with 
a stratified random selection of geographical areas at 
the sub-district level. This process yielded Sam Khok  
subdistrict, Sam Khok district, Pathum Thani province, 
with a total population of 6,664 individuals. Subsequently, 
a proportionate allocation based on the population 
size within this sub-district resulted in a sample of 68 
participants. Concurrently, Lam Sam Phung sub-district, 
Muak Lek district, Saraburi province, with a total population 
of 5,096 individuals, was also selected. Following a similar 
proportionate allocation, this sub-district contributed 52 
participants to the sample. Finally, a systematic random 
sampling method was employed, utilizing numerical codes 
to represent the personal data of individuals aged 30-44 
years within each selected area, culminating in a total 
sample size of 120 participants. Inclusion criteria comprised 
participants who were 30-44 years old, able to read, 
listen, and write in Thai, free from serious illnesses (e.g., 
chronic kidney failure), not undergoing diuretic treatment, 
not menstruating during data collection, and provided 
informed consent. Exclusion criteria included individuals 
with severe chronic non-communicable diseases or those 
who had lived in the 4th Health Region for less than one 
year. Participants were contacted to gather information 
about the collection, timing, and delivery of their 24-hour 
urine samples. Concurrently, the researchers collected 
self-reported sodium intake data using a validated sodium 
intake questionnaire. Prior to the actual collection, 
participants were invited to attend a briefing session to 
introduce and explain the proper 24-hour urine collection 
procedures. Additionally, participants were provided 
with an illustrated pamphlet outlining the step-by-step 
urine collection process, which they could review at their 
convenience to reinforce their understanding. To ensure 
proper compliance, a direct communication channel was 
established, allowing participants to contact the research 
team in case of questions or uncertainty regarding the 
collection process.21,24

	 The criteria for sample selection included 24-hour 
urine output data, urine volume greater than 750 ml per 
day, serum creatinine for males between 0.98-2.2 gm/24 
hrs and between 0.72-1.51 g/24 hrs for females, and 
sodium intake assessment collected at the same time.29,30 
The measured 24-hour urine indices were calculated 
as follows: 24-hour urinary sodium excretion (mg/day) 
= concentration of 24-hour urinary sodium excretion 
(mmol/L) × 24-hour urine volume (L/day) × molecular 
weight of Na⁺ (23 mg/mmol).21,24,31
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Step 6.2:
	 The instrument’s consistency (concurrent validity) 
was analyzed by inputting data into a Receiver Operating 
Characteristic (ROC) curve analysis. This analysis determines 
the optimal cut-off point for classifying individuals. The 
ROC curve, using sensitivity and specificity, can help 
identify groups at risk of consuming more than 2,000 mg/day.32

Results
	 Step 1:	 The results defined sodium consumption 

patterns. A literature review yielded 102 
food items, and a local food survey added 
55 more.

	 Step 2: 	 The results generated 157 research questions, 
categorized by food groups, based on defined 
parameters. 

	 Step 3:	 Specified measurement and evaluation 
methods. Food intake was measured in 
milligrams (mg), milliliters (mL), grams (g),  
or standard servings. Serving sizes were 
associated with the measurements specified in 
Section 1, such as 1, 1.5, and 2 servings. We 
evaluated the frequency of consumption 
for each food item (ranging from 1 to 7 
times per day) using a checklist.

	 Step 4:	 An initial face validity assessment was 
conducted. The content validity,  measurement 
properties, and evaluation criteria of the 
instrument for assessing sodium consumption 
developed by the researchers were reviewed 
by the advisor. The instrument’s content 
clarity, redundancy, and academic rigor 
were assessed through a face-to-face 
validation process. Based on the feedback 
received, the instrument was revised, and 
food items were categorized into nine groups: 
condiments, single-dish meals, processed 
foods, fruit dips, beverages and snacks, 
northeastern Thai food, southern Thai food, 
northern Thai food, and international food.

	 Step 5:	 Content validity was evaluated by five 
experts with over five years of experience in 
nutrition and research instrument assessment. 
The Item-Objective Congruence (IOC) 
index was calculated, with values ranging 
from 0.6 to 1.0 indicating high consistency 
between items and objectives. Experts 
recommended revisions to six questions 
due to duplicate food items and suggested 
adjustments to food groupings. The 
finalized questionnaire included 151 items.

	 Step 6:	 Concurrent validity of the research 
instrument was evaluated via ROC curve 
analysis, which facilitated the examination 
of the association between self-reported 
sodium intake and 24-hour urinary sodium 
excretion.

Participant characteristics and sodium excretion
	 The study included 120 participants. The majority 
(51.7%) were older than 37 years, with a mean age of 
37.6 years. Females comprised 55.8% of the sample. 
Most participants (60.8%) had not completed a bachelor’s 
degree, and 52.5% reported a monthly income below 
20,000 baht (mean income: 17,848.25 baht). Regarding 
health status, 72.5% reported no history of chronic 
diseases, while the remaining participants indicated 
having conditions such as hypertension or diabetes.
	 Importantly, 70.8% of participants had daily urinary 
sodium excretion levels exceeding 2,000 mg. The mean 
urinary sodium excretion was 3,020.81 mg/day. Although 
this study adopted the World Health Organization’s (WHO) 
recommendation of 2,000 mg/day as the threshold for 
excess sodium intake, it is acknowledged that other 
literature (e.g., McCarron et al., 2013)33 identifies a broader 
normal range (2,622–4,830 mg/day). Nonetheless, the 
2,000 mg/day benchmark was used for ROC analysis to 
align with international dietary guidelines and public 
health goals (Table 1).
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Table 1. Demographic and other characteristics of 120 participants for the ROC curve from a population aged 30-44 
years in the 4th Health Region, Thailand.
Variable Frequency %

Age
   ≤37 years
   >37 years
(Mean=37.60, SD=3.58, min=30, Max=44)

58
62

48.3
51.7

Gender
Male
Female

53
67

44.2
55.8

Education
    Below bachelor’s d egree
    Higher than a bachelor’s degree

73
47

60.8
39.2

Occupation
    Government employee/private sector/trading/private business
    General contractor/farmer/animal raising

63
57

52.5
47.5

Monthly income
   ≤20,000 Bht
   >20,000 Bht
(Mean=17,848.25, SD=10,693.58, min=6,900, Max=61,000)

69
51

57.5
42.5

Illness/disease
   Not illness
   Illness

87
33

72.5
27.5

24-hour sodium excreted in urine 
≤2,000 mg/day
>2,000 mg/day
(Mean=3,020.81, SD=1,689.09, min=1,155.3, Max=10,658.4)

35
85

29.2
70.8

ROC curve analysis and cut-off determination
	 Validation of the food frequency questionnaire 
(FFQ) and food record methods was conducted using ROC 
curve analysis, with 24-hour urinary sodium excretion 
as the reference standard. The optimal cut-off point for 
the FFQ was determined to be 3.46, derived from the 
ROC analysis using both Youden’s index and Euclidean 
distance methods. These mathematical criteria were 
used to identify the point with the best balance between 
sensitivity and specificity.
	 The analysis of the Receiver Operating Characteristic 
(ROC) curve demonstrates that Euclidean’s Index (i) and 
Youden’s Index (J) are mathematically derived measures, 

which, while theoretically sound, may not be directly 
applicable or interpretable in research settings involving 
practical health science. In contrast, the optimal cutoff 
point determined by the Weight NMC (C=3, pr=0.3) 
appears more suitable for applied research, particularly 
in the context of assessing the concurrent validity of 
the developed instrument.15,42 This cutoff effectively 
distinguishes appropriate sodium intake levels when 
compared against the 24-hour urinary sodium excretion, 
using a benchmark of less than 2,000 milligrams per day as 
the reference standard for adequate sodium elimination 
(Table 2).

Table 2. Determination of the optimal sodium intake cutoff point by comparing it with 24-hour urinary sodium 
excretion.
Consideration Cut-off point for FFQ-Na Cut-off point for food record (mg/day)
Euclidian’s index (i) 2.87 2,052
Youden’s index (J) 2.98 2,094
Weight NMC (C=3, pr=0.3) 3.46 2,146
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24-hour urinary biomarkers
	 All urine samples met the inclusion criteria, with 
a volume of at least 750 mL. Among males, the average  
24-hour urinary sodium excretion was 134.8 mEq 
(SD=68.72), while it was 128.74 mEq (SD=53.16) for 
females. Average potassium excretion was 86.09 mEq 
(SD=34.16) for males and 63.46 mEq (SD=24.74) for 
females. The mean creatinine excretion was 1.34 gm/24 

hrs (SD=0.31) in males and 0.98 gm/24 hrs (SD=0.18) in 
females. These values confirm physiological plausibility 
and support the reliability of the urine collection method 
used for validation (Table 3).
	 The normal reference ranges for laboratory test 
results are as follows: sodium excretion: 40.00-220.00 
mEq/24 hrs, potassium excretion: 25.0-125.0 mEq/24 hrs; 
creatinine excretion for males was 0.980-2.200 gm/24 hrs, 
and 0.720-1.510 gm/24 hrs for females.

Table 3. 24-hour urine excretion laboratory test
Urine laboratory test Male Female

Mean (Min-Max) SD Mean (Min-Max) SD
Volume (mL) 1150.5 (750-2,100) 108.41 890.3 (750-1,750) 86.75
Sodium (mEq) 134.08 (50.0-201.7) 68.72 128.74 (48.5-198.3) 53.16
Potassium (mEq) 86.09 (26.6-105.4) 34.16 63.46 (27.9-86.7) 24.74
Creatinine (gm/24 hrs) 1.34 (1.08-2.16) 0.31 0.98 (0.79-1.43) 0.18

Diagnostic performance of the instruments
	 The FFQ demonstrated excellent discriminatory 
performance for detecting sodium intake above 2,000 
mg/day. The ROC curve area was 93.3% (95% CI: 0.880-
0.987), with a sensitivity of 92.8%, specificity of 95.2%, 
and overall accuracy of 86.7%. Of the 120 participants, 112 
were correctly classified, with only 8 false positives (6.7%) 
(Figure 1).

	 In contrast, the food record method showed weaker 
performance, with a cut-off point of 2,146 mg/day and 
an AUC of 67.6% (95% CI: 0.577-0.776). Sensitivity and 
specificity were 63.8% and 70.4%, respectively, while 
overall accuracy was 60.3%. This method correctly 
classified only 81 participants and resulted in a higher false 
positive rate (36.2%, or 39 individuals) (Table 4).

Figure 1. ROC curve of the sodium intake questionnaire.
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Discussion
Summary of key findings
	 This study aimed to develop and validate a culturally 
tailored sodium intake questionnaire for adults aged 30-44 
years in Thailand. The final instrument, based on a food 
frequency questionnaire (FFQ) format, demonstrated 
strong diagnostic performance when validated against 
the 24-hour urinary sodium excretion, a gold standard for 
sodium intake measurement. Among 120 participants, the 
instrument achieved a sensitivity of 92.8%, a specificity 
of 95.2%, and an area under the ROC curve (AUC) of 
93.3%, indicating excellent discriminatory ability. In 
contrast, a food record-based instrument showed lower 
sensitivity (63.8%), specificity (70.4%), and AUC (67.6%), 
suggesting relatively poor performance. Furthermore, 
the FFQ classified 112 participants correctly, with only 8 
false positives, compared to 39 false positives for the food 
record method. The 24-hour urine analysis confirmed 
the population’s sodium and potassium excretion levels, 
supporting the physiological plausibility of the FFQ’s 
estimates.

Comparison with existing tools
	 The newly developed Food Frequency Questionnaire 
(FFQ) offers several advantages over traditional sodium 
intake assessment tools. Firstly, the FFQ demonstrates a 
high accuracy with an AUC of 93.3%, strongly correlating 
with 24-hour urine sodium excretion, compared to only 
67.6% AUC for the food record method. The culturally 
specific food list, comprising 151 items from Thai regional 
cuisines, enhances accuracy by better capturing the 
dietary sodium profile.35 In terms of feasibility, the FFQ 
significantly reduces participant burden. Unlike the 24-hour 
urine collection, which is invasive, time-consuming, and 
logistically challenging, the FFQ can be self-administered 
or conducted by trained interviewers, minimizing effort 
and time for both participants and researchers. This 
makes the FFQ a practical and cost-effective alternative for 
routine sodium intake monitoring, particularly in resource-
limited settings.36,37 Moreover, the FFQ developed in this 
study stands out when compared to conventional FFQs 

in Thailand due to its focus on high-sodium foods and a 
one-day consumption assessment, eliminating the need 
for participants to recall their food intake over several 
days, thus reducing memory bias. This also alleviates the 
training requirements associated with food record tools, 
which rely on participants’ ability to accurately log and 
recall food quantities, often leading to inaccurate data. 
Additionally, the instrument’s ROC analysis with 24-hour 
urinary sodium excretion data adds specificity, offering a 
more reliable measure of sodium intake than traditional 
FFQs. In contrast, food record instruments require higher 
skill levels in writing and understanding food quantities 
and can be prone to recall bias or errors, making them less 
efficient for large-scale studies.12 
	 In summary, the FFQ developed in this study provides 
an efficient, reliable, and culturally tailored tool for 
assessing sodium intake, making it suitable for large-scale 
public health surveillance and interventions, especially in 
settings where resources are limited.

Cultural and demographic applicability
	 This study focused on adults aged 30-44 years in 
the 4th Health Region, incorporating culturally diverse 
food categories representative of dietary patterns in 
the Northern, Central, and Northeastern regions. While 
this enhances the instrument’s internal validity, its 
generalizability to other cultural or ethnic populations 
may be limited without adaptation.38 Given that sodium 
intake patterns vary by age, ethnicity, and region, future 
applications of this tool should consider localized validation 
and modification. For instance, extending the instrument 
to older adults or adolescent populations would require 
revising food item lists and frequency categories to align 
with their distinct consumption behaviors. Additionally, 
adaptation for use in other countries or cultural contexts 
would necessitate pilot testing as well as recalibration of 
the sodium values and cut-off thresholds based on local 
dietary surveys.15 The validated FFQ demonstrates strong 
performance as a culturally tailored, accurate, and cost-
effective tool for assessing sodium intake among Thai 
adults aged 30-44. Its high sensitivity, specificity, and user-

Table 4. Analysis of the ROC curve for the sodium intake questionnaire.

Parameter
Assessment instrument

FFQ-Sodium Food Record
ROC 0.933 0.676
Cut-off point 3.46 2,146
Number of true positive 112 81
Number of true negative 8 39
Sensitivity 92.8 63.8
Specificity 95.2 70.4
Accuracy 86.7 60.3
95%CI of ROC 0.880-0.987 0.577-0.776
χ2 6.173 4.807
p value <0.001 0.001



K. Ruangchai and A. Wangwonsin.  Journal of Associated Medical Sciences 2025; 58(3): 33-4240

friendliness make it a valuable resource for public health 
surveillance and dietary interventions. However, broader 
use across different regions and age groups should be 
preceded by appropriate cultural and demographic 
adaptations to maintain its validity and effectiveness.

Cut-off point justification and public health implications
	 This study validated a sodium intake assessment tool 
based on consumption frequency and dietary records. 
The optimal cut-off point of 3.46 in the food frequency 
questionnaire (FFQ) was identified through ROC curve 
analysis using 24-hour urinary sodium excretion as 
the reference standard. This threshold corresponds to 
approximately 2,000 mg/day, aligning with the WHO’s 
recommended maximum intake for adults. It was chosen 
to optimize sensitivity (92.8%) and specificity (95.2%), 
effectively identifying individuals with excessive intake 
while minimizing false positives. The FFQ is unique in 
its day-to-day intake scale and was validated through 
concurrent urinary sodium collection, ensuring consistency 
between reported behavior and biochemical outcomes. 
Unlike conventional FFQs or dietary records used 
internationally, this tool offers enhanced precision for the 
Thai population. From a public health perspective, the 3.46 
threshold enables targeted interventions by accurately 
identifying individuals exceeding the recommended 
intake. This supports personalized dietary counseling, 
risk stratification, and regional monitoring of sodium 
reduction efforts. As high sodium intake is a modifiable 
risk factor for hypertension and cardiovascular disease, 
this validated tool contributes to national strategies for 
non-communicable disease (NCD) prevention. Those 
instruments measure general food consumption by asking 
about frequency (FFQ) and sodium intake (DR) at the same 
time. In contrast, instruments developed internationally,40 
such as the Discretionary Salt Questionnaire (DSQ) and 
Food Frequency Questionnaires for Sodium (FFQ-Sodium), 
focus specifically on sodium intake assessment.20 This study 
introduces a specific measurement instrument to assess 
sodium intake, which is currently unavailable in Thailand. 
Although its application in Thailand might encounter 
cultural and dietary consumption contexts that differ from 
other countries, this instrument offers a unique advantage 
by measuring both the frequency and quantity of sodium 
consumption, leading to more precise assessments.
	 Seasonal variation in food consumption among the 
Thai population may also influence dietary intake data. 
In this study, data collection was conducted during the 
rainy season, a period when access to a wider variety of 
food sources is more feasible compared to other seasons. 
This is particularly relevant for local foods, as many 
ingredients are naturally available and more accessible 
during the rainy season in each region. We have validated 
the instrument against 24-hour urine sodium collection.39 

This study validates a newly developed sodium intake 
assessment tool, which offers an accurate evaluation of 
sodium intake through urinalysis, comparable to the gold 
standard laboratory test. Research by DeVellis RF and 
Matsuno et al.15 supports the importance of contextually 

appropriate content validity analysis in developing 
instruments that yield both behavioral and laboratory 
assessments, ensuring practical applicability, particularly 
in distinguishing healthy from unhealthy behaviors. The 
reliability of this tool facilitates the creation of targeted 
interventions for improved health outcomes. Our study 
differs from that of Li J. et al.,19 a retrospective 7-day 
dietary assessment paired with 24-hour urine collection, 
which showed over 20% misclassification as well as lower 
sensitivity and specificity due to the retrospective nature 
and reliance on participant recall. Similarly, our study 
contrasts with Wong et al.’s20 instrument, which included 
a 7-day retrospective dietary record, a 24-hour dietary 
recall, and urinary sodium excretion. Despite an 84.6% 
discrimination rate, the method by Oria M, Yaktine AL, 
Strom BL,.41 had challenges with non-completion rates 
(over 50%) and required extensive training for accurate 
data collection, limiting its feasibility and acceptability.42

Conclusion
	 The development of a sodium intake assessment 
instrument is a process that facilitates easier access to 
sodium intake results and provides a more accurate 
understanding of dietary behaviors related to sodium 
consumption. Health assessment is an integral part of 
addressing health issues, particularly in identifying specific 
high-sodium foods. This information can guide more 
precise dietary choices, ultimately reducing overall sodium 
intake in daily life.
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Suggestions
	 1.	 Future studies should validate the instrument us-
ing different age groups and cultural contexts to enhance 
its generalizability and ensure accurate sodium intake as-
sessment across diverse populations.
	 2.	 The FFQ-sodium can be incorporated into nation-
al health surveys, primary care screenings, and mobile 
health applications to support public health monitoring, 
dietary counseling, and salt reduction initiatives.
	 3.	 The tool could be improved by integrating digital 
platforms (e.g., mobile apps with real-time feedback) and 
combining it with biological markers like repeated 24-hour 
urine sodium tests to increase precision and user engagement.
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ABSTRACT

Background: Long-term care (LTC) for dependent elderly individuals encompasses 
a wide range of medical, personal, and social services designed to meet their 
physical, emotional, and psychological needs over an extended period.

Objective: This study aimed to develop and evaluate an integrated long-term care 
model for dependent elderly individuals in Mahasarakham Province.

Materials and methods: A mixed-methods research design divided into three 
phases: Phase 1 focused on identifying the problems and care needs of dependent 
elderly individuals; Phase 2 involved the development of an integrated care model; and 
Phase 3 involved the implementation and evaluation of the model. The Geographic 
Information Systems (GIS) application was crucial for identifying where care support 
was needed. The study included 95 elderly participants and seven caregivers. Data 
was collected using questionnaires and structured interviews.

Results: The study included 60% female and 40% male participants, with the majority 
(34.74%) falling within the age more than 75 years. Hypertension was as the most 
prevalent underlying condition, affecting 42.11% of the sample. In terms of elderly 
dependency, 8.42% of participants were severe dependency, while 6.32% were  
deemed completely dependent. The Barthel ADL Index analysis showed that 
the average score for daily living activities before care was 6.56 (with a standard  
deviation of 4.64), and this score went up to 10.22 (with a standard deviation of 
8.19) after receiving care. Additionally, caregivers’ knowledge regarding elderly 
dependency care showed significant improvement following a structured training 
program. The mean score of caregiver knowledge increased after the training, with 
the change being statistically significant. 

Conclusion: This model highlights its potential for broader application, offering a 
promising approach to improving the quality of life for the elderly by enhancing 
their ability to perform ADL activities. By integrating this program into local and  
regional healthcare strategies, it will contribute to the overall healthcare campaign, 
fostering improved health outcomes and a higher quality of life for dependent elderly 
people.
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Introduction
	 The global population is undergoing a significant 
demographic shift, with a rapid increase in the aging 
population. This trend reflects advancements in healthcare, 
improved living conditions, and declining fertility rates. By 
2022, it was estimated that the global elderly population 
reached 1.1 billion, accounting for 14% of the total global 
population of 8 billion.1 By 2050, this number is expected to 
double, posing substantial social, economic, and healthcare 
challenges worldwide.2
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	 In Thailand, the aging population has grown substantially 
over the past few decades. In 2022, Thailand’s population 
was recorded at 66 million, based on civil registration data 
from the Ministry of Interior. Among them, 13 million 
individuals were aged 60 or older, representing 19% of 
the total population.3 By 2040, it is projected that 32.1% 
of the Thai population will be elderly, marking Thailand 
as a super-aged society.4 This rapid demographic change 
necessitates urgent reforms in healthcare services, 
particularly in long-term care systems, to support the 
growing number of elderly individuals with physical, 
mental, and social vulnerabilities.
	 The trend is equally evident in Health Region 7 
of Thailand, where the elderly population grew from 
21.19% in 2021 to 23.79% in 2024.5 Within this region, 
Mahasarakham Province, with a total population of 
664,651, has 167,528 elderly individuals, constituting 
25.2% of its population.6 Among them, 17,017 are 
categorized as dependent elderly due to chronic illnesses, 
disabilities, or other conditions requiring continuous 
care. Kantharawichai District, one of the province’s 
administrative areas, alone has 1,001 dependent elderly 
individuals, or 5.88% of the district’s population. These 
individuals often face significant challenges, including 
social isolation, inadequate access to healthcare services, 
and difficulties managing chronic diseases.5

	 The study explores the integration of long-term 
care services for dependent elderly individuals in the Na 
Sinuan community through the innovative application of 
Geographic Information Systems (GIS). This approach is 
intended to optimize resource allocation and improve the 
efficiency of care delivery systems, thereby addressing the 
unique challenges faced by dependent elderly populations 
in rural settings.
 
Materials and methods
Study design 
	 This study employed a mixed-methods approach, 
combining research and development (R&D) techniques, 
to design a care model for the elderly with dependency 
due to non-communicable chronic diseases. The model 
was developed using Deming’s cycle theory7 (PDCA: Plan-
Do-Check-Act). 

Study procedure
Phase 1: Identifying problems and care needs for 
dependent elderly. 
	 Conduct a comprehensive review of literature and 
organize focus group discussions to identify problems 
and care models of dependent elderly in Mahasarakham 
Province. A questionnaire was applied to 95 purposively 
sampled patients; this study targeted elderly individuals 
with dependency who had been diagnosed by physicians 
with diabetes, hypertension, asthma, and others. The 
assessment focused on measuring the ability of these 
dependent elderly individuals to perform ADLs. 

Phase 2: Model development. 
	 This phase builds on the findings from Phase 1, which 

identified policies and issues related to the care needs 
of dependent elderly with chronic non-communicable 
diseases in Mahasarakham Province. The goal is to design 
a care model for the caregivers and elderly, it seems that 
addresses these needs effectively. The procedure of action 
research included:
	 2.1	 Conducting a situation analysis of the study area 

and collect baseline data on elderly individuals 
with dependency, focusing on their potential, 
self-care abilities, and care needs. This will be 
achieved through interviews.

	 2.2	 Employing the action research (AR) methodology 
based on the framework. The study incorporates 
empowerment theory and the health belief  
model to design activities using the quality  
development process guided by the Deming  
Cycle (PDCA).

	 2.3	 Focus group discussions and small group meetings 
(multiple focus group discussions) to understand 
the context and care needs of elderly individuals 
with dependency in the context of NCDs in 
Mahasarakham Province. The project involved  
collaboration with network partners and stakeholders, 
including seven caregivers and 95 elderly individuals 
with dependency. Data will be collected through 
audio recordings.

	 2.4	 Developing a care model for elderly individuals 
with dependency in the context of NCDs. 

		  Step 1: Preparation phase (Plan)
				   This step focused on understanding the 

process and preparing the target group before 
starting the intervention.

		  Step 2: Implementation phase (Do)
				   This step involved a collaborative learning 

process, focusing on educating stakeholders 
about dependent elderly individuals with chronic 
non-communicable diseases. The development 
activities follow a structured four-step approach.

		  D1: Empowerment of elderly individuals and 
caregivers:

				   Enhance the capabilities of elderly 
individuals and caregivers to care for themselves 
and others by organizing community and family 
learning activities with the following initiatives: 
empowering dependent elderly individuals 
through group sessions held twice a week, 
each lasting 90-120 minutes, for five weeks; 
and conducting workshops for caregivers, 
specifically targeting long-term care managers 
(CM), to strengthen community-based services 
that support elderly individuals at the family 
and community levels.

		  D2: Development of elderly care systems: 
				   Establish a comprehensive care system 

that included health screening, medical treatment, 
referral systems, and community-based health 
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care services, while conducting educational 
activities, media exchanges, and interactive 
health workshops under the program “Healthy 
Aging Care” to promote health awareness and 
support.

		  D3: Testing the developed model:
				   A quasi-experimental research design, 

which involved comparing the mean differences 
in the scores for daily activity performance 
ability, measured twice—once before and once 
after participation in the program.

		  D4: Development of innovations for elderly Care:
				   Create home-visit initiatives for elderly 

individuals who remained homebound, ensuring 
direct interaction and support through consistent 
visited that strengthen engagement and provide 
practical assistance in maintaining health and 
well-being. 

		  Step 3: Observing sustainability (Check)
				   Researchers observed and documented 

the implementation of care activities, examining 
the lifestyle and adherence to the developed 
care model among elderly individuals with 
chronic non-communicable diseases.

		  Step 4: Reflection on model development (Act)
				   Reflecting on the effectiveness and 

efficiency of the developed care model in 
the context of dependent elderly individuals 
with chronic non-communicable diseases in 
Mahasarakham Province, evaluating outcomes 
and areas for improvement.

Phase 3: Model implementation and evaluation
	 A quasi-experimental research design was employed, 
comparing the mean differences in the scores of ADL 
abilities measured twice—before and after participation 
in the program. The study utilized purposive sampling, 
focusing on elderly individuals with dependency in the 
context of NCDs and their caregivers. The 95 dependent 
elderly and 7 trained caregivers in purposive sampling of, 
totaled 102 participants.
	 The target groups were selected based on the 
following criteria: 
	 Elderly group
	 Participants included elderly individuals of both 
genders, aged 60 years and older, with an ADL score of 
less than 12, as defined by the Guidelines for Screening 
and Health Assessment of the Elderly.8 Eligible participants 
were required to hold Universal Coverage (UC) scheme rights 
registered with the local administrative organization, reside 
in the target research area at the time of data collection, 
demonstrate a willingness to participate voluntarily, and 

be classified as dependent elderly with chronic conditions 
such as diabetes or hypertension, etc.

	 Caregiver group
	 The primary caregiver was defined as an individual 
responsible for assisting the elderly with basic self-care 
activities and actively fulfilling this role at the time of 
the study. Eligible caregivers provided care for elderly 
individuals covered under the Universal Coverage Scheme, 
resided in the same household as the dependent elderly 
individual, and could be either related (e.g., child, son/
daughter-in-law, spouse, grandchild, sibling) or community 
caregivers. Additionally, caregivers needed to be able to 
communicate effectively and demonstrate a willingness to 
participate voluntarily as research informants.	
	 The following steps in Phase 3 were undertaken.
	 1.1	 Enhance the capacity of personnel in providing 

care for elderly individuals with dependency in 
the context of NCDs. This was achieved through 
a hands-on workshop aimed at empowering 
both the dependent elderly and their family 
caregivers.

	 1.2	 Conduct focus group discussions and community 
forums to promote participation and transparency 
in elderly care through the collaboration of 
community network partners.

	 1.3	 Organize knowledge-sharing sessions to facilitate 
the exchange of ideas and the development of 
innovations for caring for dependent elderly 
individuals, focusing on knowledge transformation 
and sustainability.

	 1.4	 Evaluate outcomes using interviews to assess 
the ability of elderly individuals to perform 
ADLs.

Data analysis 
	 The demographic data was analyzed using descriptive 
statistics and presented through frequency, percentage, 
mean, standard deviation, minimum, and maximum 
values. The differences in ADL scores were compared 
using the dependent t-test or paired t-test.

Results
Demographic characteristics
	 A total of 95 elderly participants, 60% of whom were 
female, and 40% of whom were male. The age distribution 
revealed a predominance of individuals aged more than 75 
years (34.74%). For the underlying disease found 42.11% 
of the sample had hypertension, 29.47% had diabetes, 
20% experienced a combination of both hypertension 
and diabetes, as well as asthma (5.26%) and chronic 
obstructive pulmonary disease (3.16%) Regarding socio-
economic factors, a substantial portion of participants 
were widowed (73.68%) and had received only primary 
education (76.84%), as shown in Table 1.
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Elderly dependency classification
	 The dependency levels among elderly participants 
were classified based on their ability to perform daily living 
tasks, assessed using the Barthel Activities of Daily Living 
(ADL) Index, a standardized tool widely applied in geriatric 
assessments to determine functional independence.9 
The findings reveal that 6.32% of participants exhibited 
high dependency, necessitating considerable assistance 
in their daily activities. In comparison, demonstrated 
moderate dependency (30.53%), while a smaller group 
(8.42%), was classified as severely dependent (Table 2). 
These results presented significant issues as they highlight 

the varying degrees of dependency within the elderly 
population and emphasize the necessity for personalized 
care strategies, with a substantial number of individuals 
requiring extensive care support, and intervention tailored 
to their specific needs. These outcomes underscore the 
necessity of integrating comprehensive care strategies 
that indicated the varying dependency levels and chronic 
diseases prevalent among the elderly in the study. 
Moreover, the high prevalence of chronic diseases such 
as hypertension and diabetes indicated the importance of 
targeted healthcare interventions to improve the quality 
of life for these individuals.

Table 1. Socio-demographic data of the elderly with dependency (N=95).
Socio-demographic data Number (N=95) Percentage (%)
Sex
	 Male 38 40.00
	 Female 57 60.00
Age
	 60-65 years 25 26.31
	 66-70 years 21 22.11
	 71-75 years 16 16.84
	 More than 75 years 33 34.74
Underlying diseases
	 Hypertension 40 42.11
	 Diabetes 28 29.47
	 Both hypertension and diabetes 19 20.00
	 Asthma 5 5.26
	 Chronic obstructive pulmonary disease 3 3.16
Marital status
	 Single 5 5.27
	 Married 18 18.95
	 Widowed 70 73.68
	 Divorced 2 2.10
Education
	 Not educated 14 14.74
	 Primary school 73 76.84
	 Higher than primary school 8 8.42

Table 2. Elderly dependency classification. 
 Symptom group level Number %
Mildly dependent 52 54.74
Moderate dependency 29 30.53
Severe dependency 8 8.42
Complete dependency 6 6.32
Total 95 100.00
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Barthel ADL index analysis
	 The comparison of the mean differences of performing 
the activities of daily living, with the Barthel ADL Index, 
among the elderly revealed the following results: The 
mean score of ADL ability before receiving care was 6.56 
(SD=4.640), whereas the mean score after receiving care 
increased to 10.22 (SD=8.197). This indicates that the 
ADL ability scores of the elderly after receiving care were 
significantly higher than those before receiving care, 
(p=0.026), as shown in Table 3.

The knowledge of elderly dependency care among caregivers 
	 Following the development of caregiving skills was 
performed among seven caregivers responsible for elderly 
individuals with dependency and NCDs. Based on the 
knowledge assessment, this found that the mean score of 
ten-point knowledge before the skill development training 
was 54.05 (SD=8.351). After the training, the mean score 
increased to 65.80 (SD=2.587). This indicated a statistically 
significant improvement in knowledge levels following the 
training (p=0.00), as presented in Table 4.

Table 3. Ability to perform activities of daily living (ADL) among the elderly before and after 
the care intervention (N=95).
 Group Number Min Max Mean SD t p value
Before 95 0 11 6.56 4.640

2.668 0.026*
After 95 4 15 10.22 8.197

Table 4. Knowledge of elderly dependency care before and after Intervention in care giver. 

Group Number Min Max Mean SD p value

Before 7 42 68 54.05 8.351
0.000*

After 7 59 73 65.80 2.587
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Elderly decent care with non-communicable disease model 
	 A total of 95 elderly individuals with dependency 
conditions within the NCD group was selected. Their 
LTC conditions were assessed, focusing on health status 
evaluation using ADL scores and identifying care needed 
for the elderly in the LTC group with NCD. A GIS was 
employed to record the location of the homes of the 

LTC-dependent elderly. The type of elderly individuals 
in LTC was visualized based on their ADL score groups, 
represented with different colors: blue, green, orange, and 
red. Additionally, the locations of trained CG were marked 
as yellow stars. This mapping supported the planning for 
appropriate assistance for dependent elderly individuals, 
as presented in Figure 1. 

Figure 1. Kantharawichai elderly dependency care model. CM: care manager, CG: care giver, VHV: village health volunteer, 
LAO: local administrative organization, HPH: health promoting hospital.
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Distribution of caregivers to support elderly dependency 
care 
	 The analysis of caregiver distribution for elderly 
dependency care revealed a strong correlation between the 
proximity of caregivers’ residences to elderly individuals’ 
homes and the frequency of visits. Caregivers residing 
closer to elderly individuals provided care at a frequency 
surpassing the government service criteria by 100%. 
This finding underscores the critical role of geographic 
proximity in determining accessibility and quality of 
caregiving interactions. Visual representation of the data 
(Figure 2) further demonstrated that caregiver proximity 

significantly enhances care delivery effectiveness for the 
dependent elderly population. These findings highlighted 
geographic factors as pivotal in the design of effective 
caregiving models, particularly for elderly individuals 
with chronic conditions requiring sustained support. The 
results align with the overarching objective of this study—
to develop improved long-term care strategies tailored to 
the needs of dependent elderly populations. Additionally, 
the importance of incorporating spatial considerations into 
policy and practice frameworks was to optimize caregiving 
efforts.

Figure 2. Geographic proximity of caregivers’ residences to elderly individuals’ homes and dependency levels.
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Discussion
	 The current study aimed to develop and assess an 
integrated long-term care model for dependent elderly 
individuals with NCDs in Mahasarakham Province, 
Thailand. The findings suggested that the implemented 
care model led to significant improvements in the daily 
living abilities of the elderly participants. These results 
align with existing literature that demonstrated the 
efficacy of integrated care models in improving the quality 
of life for elderly individuals with chronic conditions. In 
the sometime, there have similarly shown that integrated 
care approaches, which combine healthcare services, 
social support, and community resources, contribute 
significantly to better health outcomes, reduced hospital 
admissions, and enhanced social engagement among the 
elderly population.10,11 Such models provide continuous 
support and improve communication between caregivers, 
healthcare professionals, and elderly individuals, thereby 
fostering trust.12 The positive outcomes in this study 
suggested that implementing and scaling such models 
across other regions could be beneficial, particularly in 
areas with high elderly populations and limited healthcare 
infrastructure. It also highlights the importance of 
local community involvement and caregiver proximity, 
which are crucial factors in maintaining consistent and 
accessible care delivery. Continued research and policy 
support should focus on scaling integrated models while 
considering community-specific geographic and socio-
economic factors to optimize care delivery for elderly 
populations with NCDs.13

	 In comparison with existing literature, our study 
provided a more focused examination of elderly individuals 
living with NCDs, such as diabetes, hypertension, and 
asthma, while incorporating caregivers as a central 
component of the care delivery model. While studies have 
highlighted the importance of comprehensive care systems 
for elderly populations, our research delves deeper into 
the specific challenges of managing chronic diseases 
among dependent elderly individuals.14,15 Notably, many 
previous studies have taken a broader approach to elderly 
care, often overlooking the intricate complexities of 
chronic disease management and the direct involvement 
of CG in these contexts. Our study distinguishes itself 
through the integration of a caregiver training program, 
which serves as a crucial factor in sustaining care delivery 
in community-based settings. This approach aligns with 
the findings that emphasized the necessity of equipping 
caregivers with the knowledge and skills to address the 
multifaceted health needs of elderly individuals living with 
chronic illnesses.16 Such training programs ensured that 
caregivers can provide more effective, continuous, and 
personalized care, ultimately improving health outcomes 
and quality of life for dependent elderly populations. 
The model’s applying community-based volunteers and 
leveraging GIS technology for care coordination, has been 
shown to enhance accessibility and efficiency in care 
delivery, which could be further expanded and adapted in 
other regions.

	 However, this study has several limitations. First, 
the sample size, although appropriate for the context 
of this research, is relatively small, limiting the ability 
to generalize findings on a larger scale. Furthermore, 
the study was conducted within a single geographical 
region, which may not fully represent the diverse elderly 
populations in other parts of Thailand or internationally. 
This limitation highlights the need for multi-center studies 
to validate the model’s effectiveness across different 
settings. Additionally, while the model showed promising 
results, further research is needed to explore its long-
term sustainability and the potential impact of ongoing 
caregiver training and support.
	 Moreover, while the study measured improvements 
in daily living abilities, it did not assess the cost-
effectiveness of the model. This is an important factor to 
consider in evaluating the feasibility of scaling the model 
across other regions or countries. By addressing these 
limitations in future research endeavors, we can better 
refine the community-based models, develop scalable 
interventions, and ultimately enhance the well-being of 
elderly populations across Thailand and beyond.
	 In terms of further research, it would be beneficial to 
explore the impact of this care model on the mental health 
of elderly individuals, as well as the role of technology in 
enhancing care delivery. Studies focusing on the mental 
health outcomes of elderly individuals receiving integrated 
care have shown promising results,17 and future research 
could integrate these aspects into the existing care model. 
Additionally, expanding to other regions of Thailand or 
internationally would provide a more comprehensive 
understanding of the model’s scalability and adaptability 
in different socio-cultural contexts.
	 Finally, the Long-Term Care (LTC) model for 
dependent elderly in this study was designed to address 
their comprehensive care needs by integrating medical, 
social, and psychological support. This model emphasizes 
enhancing the ability of elderly individuals to perform 
activities of daily living (ADL), such as bathing, dressing, 
and mobility, which are essential for maintaining autonomy 
and reducing caregiver burden. Improving ADL capabilities 
is a critical outcome of the LTC model, as it directly 
correlates with the quality of life (QoL) of dependent 
elderly individuals. When ADL performance improves, 
elderly individuals experience greater independence, 
reduced stress, and enhanced social participation, leading 
to better physical and mental well-being.18 Furthermore, 
the effectiveness of LTC models including caregiver 
support and community involvement ensures that care is 
sustainable, personalized, and responsive to the evolving 
needs of the elderly, and further enhancing their QoL.19

Conclusion
	 This study contributes valuable insights into the 
development and implementation of an integrated long-
term care model for elderly individuals with chronic 
non-communicable diseases. The results demonstrates 
that the model can improve daily living abilities, offering 
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a promising solution for enhancing the quality of life for 
dependent elderly. Further research, including multi-
center trials and cost-effectiveness analyses, is essential 
for determining the broader applicability and long-term 
viability of this care model.
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ABSTRACT

Background: Low voltage, high frequency electrochemotherapy (LVHF ECT) has 
recently been explored as a method to enhance the permeability of cell membranes 
to non-permanent chemotherapeutic agents.

Objective: Despite recent advances, it remains unclear whether classical ECT 
and LVHF ECT (using 50–150 V/cm at pulse frequencies of 4–6 kHz) affect the cell 
membrane through similar mechanisms.

Materials and methods: We investigated the efficiency of reversible membrane 
permeabilization in the MCF7 cell line induced by LVHF electric pulses. Specifically, 
we examined changes in extracellular conductivity, the time-dependent nature of 
permeabilization, and the effects of this protocol on commonly used permeabilization 
markers.

Results: LVHF ECT protocols significantly increased the conductivity of the extra-
cellular medium, indicating enhanced membrane permeability in MCF7 cells. This 
increased permeability was closely associated with elevated membrane conductivity. 
Notably, most of the membrane permeabilization occurred during pulse application 
and subsided within one minute after the delivery of LVHF pulses. Experimental 
data indicate that these electric pulses induce the formation of short-lived pores in 
the membrane. Furthermore, LVHF pulses did not alter the cytotoxicity of bleomycin; 
however, this protocol resulted in the quenching of Lucifer yellow fluorescence, 
a classical marker for membrane permeabilization. These findings suggest that 
bleomycin is a reliable marker for cell electro-permeabilization under LVHF ECT 
conditions. 

Conclusion: Our results demonstrate that LVHF ECT induces transient, short-lived 
pores in the cell membrane and increases membrane permeability without affecting 
bleomycin cytotoxicity. Bleomycin appears to be a suitable marker for assessing 
electro-permeabilization in this context.
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Introduction
	 Cell poration (CP) relates to the electrical increases of 
membrane permeability of target cells to the molecules, 
specifically pharmaceutical compounds and genes.1-3 This 
technique, called Electroporation (EP), demonstrates that 
the theory of the electrical breakdown of cell membrane 
and pore formation is the most widely accepted.4,5

	 The reversible phenomenon permits the increase 
of cell membrane permeability and cell suspension 
conductivity for a limited time.6,7 During this time of 
increased membrane permeability, if the high toxicity and 
non-permeable chemotherapy drug – such as bleomycin– 
is achievable, then it can enter the cell cytoplasm and 
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target the intracellular components. This physical process 
is commonly referred to as Electrochemotherapy (ECT).7-

10 Classical ECT is obtained with a train of eight pulses of 
1 Hz or 5 kHz frequency and 1300V/cm amplitude. Such 
pulses have been successfully applied to treatments of 
superficial tumors in animals and humans.8-10 Recently, we 
focused on the effect of much smaller amplitude pulses. 
Such protocols are referred to as Low Voltage and High 
Frequency ECT (LVHF ECT). Permeabilization of the cell 
membrane and treatment of animal nodules that were 
induced by LVHF pulses have been reported.11-15 Whether 
classical ECT and LVHF ECT act on the membrane in a similar 
way is unclear. To clarify this ambiguity, we consider the 
effect of Low Voltage and High Frequency (LVHF) electric 
pulses on the extra-cellular conductivity, cell permeability, 
and role of time on cell permeabilization.
	 The disruption of the cell membrane and its 
permeability can be indirectly demonstrated using different 
types of markers added to the cell culture mediums. Many 
of these markers – such as fluorescence, radiolabels, 
and bleomycin – have been used in permeabilization 
research.13,14,16-18 Bleomycin is a non-permeant molecule 
which possesses a very high intrinsic cytotoxicity. In vitro 
studies indicate that a low therapeutic dose of bleomycin 
is sufficient to generate the breakage of the DNA double-
strand and kill the cell by a mitotic and apoptotic cell 
death process.17,19,20 Due to previous studies revealing 
that bleomycin molecules are very sensitive cells to use 
as a permeabilization marker, we exhibited bleomycin’s 
cytotoxicity effects on MCF7 cells exposed to LVHF electric 
pulses, and suggested the best LVHF ECT protocol.
	 In addition, some researchers have studied the 
changes in the electrical properties of cell suspensions due 
to EP.6,7,21,22 These studies concluded that cell suspension 
conductivity increased, an effect that was observed only 
for above-the-threshold electric fields.7,21 Recently, it 
was suggested that measurements of conductivity could 
enable observations of cell electroporation.6,21,23,24 In the 
current study, we will present results based on the degree 
of reversible membrane permeabilization as a function of 
the conductivity and composition of the external medium 
over a wide range of treatment parameters.

Materials and methods
Cell Line 
	 The adenocarcinoma cell line (MCF7 cell line), found 
in human breasts, was grown in RPMI containing 10% fetal 
bovine serum, 160 µg/ml L-glutamine   (all from   Invitrogen, 
GIBCO, USA), 100 units/mL penicillin, and 16 μg/mg 
gentamicin, incubated in 5% CO2 at 37 oC.

Electric pulse exposure
	 The process of directing electric pulses towards 
the cells using an ECT-SBDC (designed and made in the 
Small Business Development Center and Electromagnetic 
Laboratory of the Medical Physics Department of Tarbiat 
Modares University, Tehran, Iran) has been described in 
detail in previous articles.13,15 The suspended cells were 

placed between two parallel gold-plated electrodes and  
LV-HF pulses were applied. 4, 5, and 6 kHz with 4000 electric 
pulses for 100-µs durations and the high voltage electric 
pulses were 1000 V/cm in repeated pulse frequencies of 
0.001 and 5 with 8 electric pulses for 100-µs durations.

Medium conductivity measurement
	 After trypsinization and inactivation of trypsin (Bio 
Idea Group, Tehran, Iran) by the serum factors of the 
complete medium, the cells were centrifuged for 5 minutes 
at 500 rpm and resuspended at a density of 500×106 cells/
mL in RPMI (Invitrogen, GIBCO, USA). 300 μL of the mixture 
was deposited between the two electrodes and subjected 
to the selected electric treatment (1: 60 v/cm and 5 kHz 
repetition frequency, 2: 70 v/cm and 4 kHz repetition 
frequency, 3: 70 v/cm and 5 kHz repetition frequency, 6:70 
v/cm and 6 kHz repetition frequency). A conductometer 
(CyberScan CON 6000, EUTECH Instruments) was used 
to measure the conductivity of the cell media. The mean 
value for all the parameters was calculated from at least 
three of the measurements.

Time effect
	 To study the extent of LVHF ECT-induced uptake 
of bleomycin as a function of time interval after or 
before exposure of cells to LVHF electric pulses, the 
chemotherapy drug at 0.1 μM and 1 μM was either 
present during the electric treatment or added to the cell 
suspension at various times after the treatment from 0-32 
minutes. For determination of cell permeability, the cells 
were incubated for 48 hours using the same protocols as 
described before.25

The effect of LVHF electric pulses on the permeabilization 
marker
	 In the current study, two markers were used. The 
first marker used bleomycin, the electric pulses (4000 
pulses with 70 V/cm and 5 kHz frequency) was applied to 
bleomycin and immediately this suspension was added to 
MCF7 cells. The second marker used was Lucifer yellow 
(Sigma-Aldrich Life Science, USA) which was diluted in 
phosphate-buffered saline (PBS) with a concentration of 
500 μM. The fluorescence emission was measured offline 
in arbitrary units on a spectrofluorometer (Shimadzu RF-
5000, Japan) 40 minutes after the exposure of the LY to the 
electric pulses. The excitation and emission wavelengths 
were set at 418 nm and 525 nm, respectively.

Statistical analysis
	 All results are given as an average of more than three 
times and are represented in bar graphs. Vertical bars 
represent the standard deviation of the mean. Statistical 
analyses were performed using SPSS for windows 16.0 
(SPSS Inc., Polar Engineering and Consulting). All data 
were tested for normality. One-way ANOVA, followed 
by LSD, was performed and statistical difference analysis 
was accomplished by a test. The p,0.05 were considered 
significant for rejection of the null hypothesis.
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Results
Medium conductivity
	 The conductivity changes after low voltage and high 
frequency for selected protocols compare to standard 
protocols are displayed in Figure 1. The media conductivity 

increased considerably for LVHF ECT with 70 V/cm at 4 and 
5 kHz frequency. However, based on the synergistic effect 
and cell suspension connectivity, we found the 70 V/cm 
amplitude and 5 kHz frequency with 4000 square wave 
electric pulses to be the best LVHF ECT protocol.

Figure 1. Conductivity of the cell media changes of attached MCF7 cells to 4 different electric pulse protocols exposures. 
1: 60 V/cm with 5 kHz repeated frequency (6-5), 2: 70 V/cm with 4 kHz repeated frequency (70-4), 3: 70 V/cm with 5 
kHz repeated frequency (70-5), 4: 70 V/cm with 6 kHz repeated frequency (70-6). The Results are presented as mean±SD.  
Attributed number to the control group was chosen as 100 and the connectivity of other groups was computed as the 
percentage of control connectivity.
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Time Effect
	 To assess the possible reversible pore induction 
during the pulsation, bleomycin was added to the cell 
suspension at different times either before or after 
pulsing. Figure 2 shows that higher uptakes resulted when 
the chemotherapy drug was added to the suspension 
before or during the pulsation time. This suggests that 
a permeabilization occurred during the pulse delivery 

and the effect disappeared 1 minute after the end of the 
electric pulse application. 
	 A comparison was made between the smaller and 
larger doses of the bleomycin. Figure 2 demonstrates that 
the concentration correlates with the bleomycin uptake 
only if the bleomycin was added to the cell suspension 
before or during the pulsation.

Figure 2. The temporal decay kinetics of low-voltage, high-frequency electric field-induced bleomycin permeabilization were 
analyzed. Data are expressed as mean±SD, with control group viability normalized to 100%; all other groups were calculated 
as a percentage of this baseline. Experimental Groups consist of: Groups 1-32: Bleomycin administration occurred 1-32 
minutes post-pulsing after the final electric pulse. Groups 0⁻ and 0⁺: Bleomycin was added immediately before (0⁻) or after 
(0⁺) electric pulse delivery. Group -1: Bleomycin was introduced to cell suspensions 1 minute before electroporation.

AA BB

The effect of LVHF electric pulses on the permeabilization 
marker
	 Our results from the previous part of this research 
lead us to assume that marker-property changes occurred 
with electric pulse exposure during the pulsation. 
Therefore, we set a different experiment. This time, we 
applied the electric pulses directly to the markers and 
measured their cytotoxicity and fluorescence intensity.

	 The changes were not observed between the 
cytotoxicity of normal bleomycin and that of the bleomycin 
exposed to the electrical pulses (Figure 3A). Figure 3B 
indicates the fluorescence intensity for best LVHF ECT 
protocols (70 V/cm amplitude, 5 kHz frequency with 4000 
square wave electric pulses). The comparison between 
the electric-field-induced fluorescence intensity and the 
control group is indicative of an enhanced quenching of 
the fluorescence.
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Discussion
	 As shown in previous studies, electrochemotherapy 
using low intensity and high frequency increases cell 
permeability and cures tumors.13,25,26 Also, in previous 
studies, we suggested LVHF ECT to reduce the side effect 
of classical ECT. Using low voltage electric field and high 
frequencies decrease the number of muscle contractions 
and reduce the patient’s pain during the treatment 
session.11-15 This kind of ECT has been shown to be efficient 
in treatment of animal and human tumors.11,15,25,26 However, 
its mechanism is unclear. Theoretical study predicted that 
cell membrane electro-permeabilization occurred when 
strong enough electric pulses (more than 300-400 V/cm) 
are applied and the transmembrane voltage reached to 
an above threshold transmembrane membrane potential 
(between 0.2-1.0 V).6,27 This high electric pulse induced 
transient aqueous pores, thus enabling the transfer of 
molecules into cells.23,28 But, given the results of the in 
vitro uptake experiments, the membrane permeabilization 
threshold of cells was less than critical electric pulses 
amplitude.

	 Cell suspension conductivity is a physical permeability 
marker which we confirmed in the current study. We 
found that our four selected protocols increased media 
conductivity. These results are in accordance with some 
previous research results indicating that the cell membrane 
permeabilization efficiency positively correlated with 
external conductivity during the application of high-
voltage pulses.28, 29 This increased permeability of a cell 
membrane was accompanied by the increased membrane 
conductivity. When the conductivity increased due to 
electric pulse applying procedure, the membrane partially 
discharged through the pores as a conductive pathway. 
This increased membrane conductivity consequently 
reduced the transmembrane voltage at the regions 
where electroporation occurred and was accompanied 
by permeability of a cell membrane. Therefore, our 
results implied that LVHF electric pulses may extend 
cell permeabilization immediately after exposure.6,7,28,29 
According to our data, high-intensity ECT was more effective 
for conductivity than low-intensity ECT, whereas protocols 
with the same intensity and different frequency revealed 

Figure 3.  The effect of pulsed electric field. A: the cytotoxicity of bleomycin.  the electric pulses (4000 pulses with 70 V/cm 
and 5 kHz frequency) were applied to bleomycin and immediately this suspension was added to MCF7 cells and viability was 
evaluated by an MTT assay, B:  Fluorescence intensity of Lucifer Yellow (LY) versus 70 v/cm and 5 kHz electric pulses.  The 
fluorescence emission was measured offline in arbitrary units on a spectrofluorometric 40 minutes after the exposure of the 
LY to the electric pulses. Results are presented as mean±SD.
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that the medium connectivity may be dependent on cell 
viability. Dependence of the cell suspension conductivity 
on the electric field intensity is in accordance with some 
of the results obtained by previous groups.23,29 Moreover, 
results of various studies suggest that concentrations of 
viable or dead cells after pulsing can influence medium 
conductivity. Therefore, our results are in agreement with 
the conclusions of prior literatures.7,21

	 As we noted earlier, measurement of cell medium 
conductivity is an indirect and convenient method to show 
cell membrane pore formation.7,21 Theoretical description 
predicts that when the pores form, conductivity 
increased.21,23,30 Based on this theory and our findings 
in the previous section, we evaluated the effect of time 
on cell electro-permeabilization.  Pore dynamic theory 
of electroporation explained that the pore formed in a 
microsecond, but complete resealing of transient pores 
occurs in the range of minutes, depending on the electrical 
parameters used.31-34 Our observations revealed that the 
majority of cell membrane permeability occurred during 
electric pulse application but ended within 1 minute after 
the delivery of LVHF electric pulses. These results agree with 
pore dynamic theory.31-33 Indeed, there are two possible 
ways of describing the LVHF ECT electro-permeabilization. 
One way is by the pores formation, which our results support 
this way very well. The LVHF electric pulses formed a pore 
with a short life span in the cell membrane which allowed 
cellular uptake during the electric pulse application. 
However, pore dynamic theory predicts that small pores 
grow and expand during pulsation and can survive for a 
longer period of time after the electroporation.32,35 If only 
small pores formed, then the addition of different doses of 
bleomycin behaved as a function of time, demonstrating 
that smaller doses killed fewer cells and larger doses killed 
more cells. Interestingly, between 0.1 µM and 1. 0μM 
bleomycin, there was a significant difference just when the 
chemotherapy drug was added to the suspension before 
or during the pulsation. Therefore, we think this result 
will require another mechanism. The second way which 
researcher introduced for electro-permeabilization, is by 
electro-endocytosis hypothesis. Electro-endocytosis is an 
endocytosis-like process which induces the cells via low-
voltage electric pulses. This process is much longer than 
the electroporation process and describes a mechanism 
for uptake of macromolecules or DNA into the cells.13,24,32,36 
Previous studies have reported that plasmid must be 
added to cells before the electric pulse induction.32,37 But 
further studies are needed to maintain the role of electro-
endocytosis on the long time electro-permeabilization. 
	 In the current study, we tried to determine the most 
probable mechanism of LVHF ECT electro-permeabilization. 
Hence, we examined the effect of LVHF electric pulses on 
the bleomycin cytotoxicity because the highest number of 
dead cells was obtained when the bleomycin was added 
to the cell suspension during or before pulsation. This 
effect may be due to increased cellular uptake of BLM 
by electro-permeabilization, or bleomycin cytotoxicity 
changed during the pulsation. As previously mentioned, 
the fluorescence spectrum used as a cell membrane 

permeabilization marker (LY) decreased with the 
application of an external electric field.16 Therefore, to 
clarify the mechanism of LVHF electro chemotherapy, we 
applied the electric pulses directly to the permeability 
markers, LY and bleomycin. Our experimental data showed 
that the fluorescence spectra were reduced after the 
exposure of the LVHF electric field. This finding is in line 
with our recent report demonstrating that fluorescence 
spectra are quenched by electric fields.16 This is because 
the electric pulses created oxygen ion radicals which acted 
as collisional-quencher candidates. Finally, experimental 
data shown in Figure 3 demonstrated that the changes 
were not observed between the cytotoxicity of normal 
bleomycin and that of the bleomycin exposed to the LVHF 
electric pulses. This result indicated that the electric field 
has no effect on BLM cytotoxicity and that LVHF electric 
pulses can induce desirable cell electro-permeabilization.  

Conclusion
	 In the current study, we concluded that LVHF electric 
pulses could induce electro-permeabilization. The second 
conclusion that we reached was that the influence of 
medium conductivity was detected. By measuring electric 
conductivity and time effect to transport, we suggested 
that pores with a short life span expanded during 
the LVHF electric pulse application. Our experimental 
results exhibit those additional mechanisms, such as the 
electro-endocytosis process, could be applied to increase 
molecular uptake during the pulsation.   
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ABSTRACT

Background: Hepatitis B virus (HBV) infection is a serious public health problem 
worldwide and a major cause of liver diseases. Pregnant women with HBV infection 
are a reservoir for the virus and can transmit the infection to their children. Most 
infants (90%) infected with HBV develop chronic infection and 25% die prematurely 
from liver cancer or cirrhosis.

Objective: To assess the prevalence of HBV infection among pregnant women 
attending prenatal care at Mae Sai Hospital, a border region in Northern Thailand.

Materials and methods: This retrospective cross-sectional research study collected 
data from the hospital records database between January 2019 and September 
2023. All pregnant women were tested for serum HBsAg marker by the STANDARD 
Q HBsAg Test. Statistical analyses were conducted using IBM SPSS version 29.0, 
with logistic regression used to detect the associations between variables at a  
significance level of p<0.05.

Results: The study population comprised 2962 pregnant women, with 29.98% Thai 
and 70.02% non-Thai divided into Burmese (48.12%) and other ethnic groups 
(51.88%). The overall prevalence rate of HBV infection among pregnant women 
was 4.9% (95%CI=4.1-5.7). The HBV prevalence rates of Thai pregnant women and 
non-Thai pregnant women were 2.9% (95%CI=1.8-4.2) and 5.7% (95%CI=4.7-6.9), 
respectively. Two variables (nationality and year of birth) were associated with 
hepatitis B infection. Non-Thai pregnant women had a 2-fold (95%CI=1.998-3.161, 
p=0.003) greater chance of HBV infection than Thai pregnant women, while Thai 
pregnant women born before the implementation of the national vaccination  
program had a 4.2-fold (95%CI=1.757-10.037, p=0.004) greater chance of HBV  
infection than those born after the program implementation. 

Conclusion: Results showed a lower prevalence of hepatitis B virus infection in 
pregnant women compared to previous studies. Nationality and vaccine implementation 
were identified as associated factors with hepatitis B infection. Raising awareness, 
promoting preventive measures, and implementing screening before pregnancy 
planning, or receiving the HBV vaccine to prevent infection during pregnancy are 
essential to stop the transmission of the hepatitis B virus to newborns.
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Introduction
	 Hepatitis B virus (HBV) is an emerging global health 
problem as either acute or chronic infection. The World 
Health Organization (WHO) 2024 Global Hepatitis Report 
stated that the number of deaths from viral hepatitis 
is increasing. Worldwide, 254 million people live with 
hepatitis B, while only 3% (7 million people) living with 
chronic hepatitis B infection had received antiviral therapy 
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at the end of 2022.1 Those living with chronic hepatitis B 
have a high risk of progression in the long term to diseases 
such as chronic hepatitis, liver cirrhosis, hepatocellular 
carcinoma, and even death.2 Chronic hepatitis B (CHB) is 
defined by the presence of detectable HBsAg in the blood 
for longer than six months.3 Age of exposure is a key factor 
in determining the risk of chronic infection. The probability 
of developing chronic hepatitis B infection during the 
perinatal period is high at 70 to 90% compared to 5 to 10% 
for those acquiring infection during adulthood.4 
	 The risk of HBV transmission to newborn infants is 70 
to 90% due to the simultaneous positivity of mothers with 
HBsAg and HBeAg seromarkers. By contrast, there is a 10 
to 40% risk of HBV transmission if mothers test positive 
for only HBsAg.5 Therefore, pregnant women attending 
antenatal care should be screened for HBsAg and Anti-HBs. 
HBV is vaccine-preventable, and immunization offers more 
than 95% protection against the development of chronic 
infection.6 HBV vaccination should be administered at 
birth for infants exposed to the virus.7 In Thailand, the 
Thailand National Strategies (TNS) have implemented a 
national health benefit package for infants born after 1992 
including the viral hepatitis B vaccine. The first stated aim 
of the TNS was to eliminate viral hepatitis by 2016, while 
the latest strategy (2022-2030) has the goal of eliminating 
viral hepatitis B as a major public health threat by 2030.8 
Despite the presence of vaccines, HBV infection remains 
a major obstacle to public health in Thailand. In 2023, the 
Department of Disease Control, Ministry of Public Health 
announced that 2.2 to 3 million Thais were living with 
chronic HBV infection, with a prevalence of 4 to 5% in 
those born before 1992. The goals of the national strategy 
are to reduce viral hepatitis B incidence by 95% and the 
mortality associated with viral hepatitis B by 65% by 2030.9 

	 This cross-sectional study assessed the prevalence 
of hepatitis B virus infection among pregnant women 
attending antenatal care (ANC) at Mae Sai Hospital in 
Chiang Rai. This secondary hospital has a capacity of 90 
beds and is in the northernmost part of Thailand near the 
Myanmar border, serving Thai, Burmese, and other ethnic 
groups such as Mong and Karen who are living in Thailand 
without Thai identity documentation. This assessment 
evaluated the potential development of chronic liver 
disease and liver cancer.

Materials and methods 
	 All pregnant women attending antenatal care (ANC) 
at Mae Sai Hospital between January 2019 and December 
2023 were included in this study. They underwent a 
blood test to screen for HBV infection during the initial 
prenatal visit, and HBsAg screening was conducted by the 
STANDARD Q HBsAg Test. The sensitivity and specificity of 
the device were rated at 100% by the company provided 
and at 98% (95% CI: 94.29-99.63) and 100% (95% CI:98.12-
100%), respectively by the Department of Medical 

Sciences, Thailand. Data were retrospectively collected 
from the electronic database of Mae Sai Hospital. Inclusion 
criteria were pregnant women attending ANC at Mae Sai 
Hospital who had HBsAg serology marker data, while 
pregnant women without this data were excluded. The 
research was conducted in accordance with the ethical 
guidelines outlined in the Declaration of Helsinki, The 
Belmont Report, the CIOMS guidelines, the International 
Conference on Harmonization in Good Clinical Practice or 
ICH-GCP, and 45CFR 46.101(b), and was approved by the 
University of Phayao Human Ethics Committee No. HREC-
UP-HSST1.2/131/67. All the pregnant women were self-
identified as indigenous people with de-identified codes.

Statistical analysis
	 All data were analyzed using SPSS statistical software 
(IBM SPSS version 29.0). Continuous and categorical 
variables were presented as numbers and percentages. 
Categorical data were analyzed and compared using the 
chi-square test, with logistic regression used to detect the 
associations between variables at a significance level of 
p<0.05.

Results 
	 Between January 2019 and December 2023, 2,692 
pregnant women were admitted to the antenatal care 
unit at Mai Sai Hospital and included in the analysis. Table 1 
shows the demographics of the pregnant women. The 
sample was divided into the HBsAg positive and HBsAg 
negative groups, and 131 pregnant women were HBsAg 
positive with a prevalence rate of 4.9% (95%CI=4.1-5.7). 
The participants were also segregated by nationality 
and age. Approximately 30% and 70% were Thais and 
non-Thais, respectively. The non-Thai group consisted of 
Burmese (48.1%) and other ethnicities (51.9%). Based 
on the nationality distribution, the prevalence of HBsAg 
positive in the Thai group and non-Thai group was 2.9 % 
(95%CI=1.8-4.2) and 5.7% (95%CI=4.7-6.9), respectively. 
The prevalence rate of HBsAg positive was highest in the 
31-40 age group. The prevalence of HBsAg positivity had 
the same tendency by age group in the Thai and non-Thai 
populations. Multivariate analysis showed that nationality 
not age group was associated with hepatitis B infection; 
non-Thai pregnant women had a 2-fold (95%CI=1.998-
3.161, p=0.003) greater chance of HBV infection than 
Thai pregnant women. Based on the annual distribution, 
the number of HBV-infected subjects in each year was 
4/184 (2019), 5/131 (2020), 3/151 (2021), 4/166 (2022), 
and 7/175 (2023) for the Thai group, and 28/445 (2019), 
21/350 (2020), 15/258 (2021), 17/283 (2022), and 27/549 
(2023) for the non-Thai group. The prevalence rate of 
HBsAg positive in the Thai group was between 1.99 and 
4.0%, while the prevalence rate of HBsAg positive in the 
non-Thai group was between 4.92 and 6.29% (Figure 1). 
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	 The vaccine program was implemented in children 
born after 1992 by the Department of Disease Control, 
Ministry of Public Health of Thailand, and in pregnant 
women born before 1992 and born after 1992 at 36.7% 
and 63.3% respectively. The prevalence rate of HBsAg 
positive significantly decreased in Thai pregnant women 
from 1.5% to 0.5% (p=0.001), whereas non-Thai pregnant 
women recorded a slight decrease in the prevalence 
rate. However, the prevalence rate of HBsAg positive 

significantly decreased between women born before and 
after 1992 (p=0.002). Multivariate analysis showed that the 
vaccine implementation program was an associated factor 
in hepatitis B virus infection; Thai pregnant women born 
before the implementation of the national vaccination 
program had a 4.2-fold (95%CI=1.757-10.037, p=0.004) 
greater chance of HBV infection than Thai pregnant 
women born after the implementation (Table 2). 

Figure 1. Distribution of HBV prevalence in pregnant women between 2019 and 2023. The solid line represents the tendency 
of the prevalence rate of non-Thai pregnant women, while the dashed line represents Thai pregnant women. 

Table 1. Prevalence and univariate and multivariate analyses of the factors associated with HBV infection in pregnant 
women.

HBsAg
Total 
N (%)

χ2

(p value )

Univariate analysis Multivariate analysis
Positive

N (%) 
Negative

N (%) OR 95% CI p value OR 95% CI p value

Nation group  131 (4.9)  2,561 (95.1)  2,692  0.006**
    Thai 23 (2.9) 784 (97.1) 807 (2.0) 1.00
    Non-Thai  108 (5.7) 1,777 (94.3) 1,885 (70.0) 2.072 1.311-3.275 0.002** 1.998 1.262-3.161 0.003**
Age (years) 131 2561 2,692 0.160
	 <20  17 (3.8) 433 (96.2) 450 0.164
	 21-30  62 (4.4) 1,334 (95.6) 1,396 1.184 0.685-2.047 0.546
	 31-40  49 (6.3) 729 (93.7) 778 1.712 0.947-3.010 0.062
	 >40  3 (4.4) 65 (95.6) 68 1.176 0.335-4.123 0.801

Note: **significance level at p<0.01, ***significance level at p=0.001.
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Discussion
	 The hepatitis B virus causes both major and common 
infectious diseases of the liver. HBsAg positivity indicates 
active acute or chronic infection and may range from 
asymptomatic infection or mild disease to severe or rarely, 
fulminant hepatitis. Acute infection is usually a self-limiting 
disease with a case fatality rate of 0.5 to 1%, while chronic 
infection, defined by the presence of detectable HBsAg in 
the blood for longer than six months, has a high fatality 
rate. Age of exposure is a key factor in developing the risk 
of chronic infection. Hepatitis B infection in childhood is 
responsible for 95% of chronicity. This retrospective cross-
sectional study involved 2,692 pregnant women attending 
antenatal care at Mae Sai Hospital, a facility located in a 
region of high population mobility and ethnic diversity 
along the Thai Myanmar border. The overall prevalence of 
HBV infection in pregnant women in this study was 4.87%, 
and lower than the rate of hepatitis B infection in pregnant 
women at Umphang Hospital, also located along the Thai-
Myanmar border, with an overall prevalence rate of 6.7%.10 
The rate of hepatitis B infection in pregnant women at the 
Thai-Myanmar border was 8.3%.11 Previous studies of HBV 
infection in pregnant women reported a prevalence rate 
of 11.40% in a Rohingya camp, 8% in Eastern Ethiopia, 
and 11.74% in a mountainous region of Southern China, 
all higher than the rate in our study.11-13 Based on the 
nationality distribution, Thai pregnant women showed a 
lower prevalence than non-Thai pregnant women at 2.9% 
versus 5.7%. Thai pregnant women had a low prevalence 
rate compared to a previous study of pregnant women at 
Chiang Mai University Hospital, located in the northern 
part of Thailand, and a high prevalence rate compared 
to Thai pregnant women in the central and northeast 
areas of Thailand.14-17 The prevalence rate in these studies 
tended to increase with age, consistent with our study. 
This occurred due to the impact of the HBV immunization 
implementation in Thailand, which was introduced in 
1992, and because of increased knowledge in the young 
population. 
	 However, despite the implementation of the vaccine 
program in 1992, Thai pregnant women born after 1992 
were still infected with the hepatitis B virus, possibly 
because the HBV-neutralizing antibodies were still below 
the protective level. The Centre for Disease Control (CDC) 
considers that people who have received three doses of 

hepatitis B vaccine and tested positive for anti-HBs (>10 
mIU/mL) are immune to hepatitis, while those who do not 
respond to vaccination or have a low level are thought to 
remain susceptible to infection. Participant information 
concerning vaccination medical history or boosting was 
not included in our study. Shakeri et al. revealed that 10 
years after having the hepatitis B vaccine, the protection 
rate was 96.5%.18 Anti-HBs levels decrease rapidly in the 
first year after hepatitis B vaccination in children but this 
decrease slows down in the following years. If the anti-HBs 
level remains above 10 mIU/mL, protection can continue 
for up to 24 years. 
	 Adults who received routine hepatitis B vaccination 
in the newborn period had 71% protection when they 
reached adulthood.19 However, a booster dose should be 
given to women planning for a pregnancy to negate the 
chance of hepatitis B infection.

Limitations
	 The findings of this one-center, hospital-based, 
retrospective study may not accurately represent all 
pregnant women, and further validation is required in 
other regions among larger population groups. Follow-
up assessments of the severity of infection were not 
conducted through hepatitis B profiling and comprehensive 
historical data on boosting or receiving HBV vaccinations 
in pregnant women were lacking, while the follow-up 
analyses of maternal and neonatal outcomes encountered 
problems with data access.

Conclusion
	 The prevalence of hepatitis B in Thai pregnant 
women at Mae Sai Hospital was 2.85%, and lower than 
the prevalence rate in non-Thai pregnant women. The 
overall prevalence of HBV infection in pregnant women in 
this study was 4.87%, and lower than the rate of hepatitis 
B infection in pregnant women compared to previous 
studies. The overall prevalence rate in this study was 
less than the goal of the Department of Disease Control, 
Ministry of Public Health, which aims to eliminate viral 
hepatitis B as a major public health threat by 2030. The 
prevalence rate of HBV infection significantly decreased 
in Thai pregnant women born after the implementation 
of the national vaccination program. However, steps 
to prevent maternal HBV infection should be followed 

Table 2. Prevalence and univariate and multivariate analyses identifying vaccine implementation as an associated factor in 
HBV infection of Thai pregnant women.

Nation  group 

Prevalence of Hepatitis B 
viral infection in pregnant 

women 
N (%)

Total
χ2

p value

Univariate analysis Multivariate analysis

Born
before 1992 

(N=988)

Born
after 1992 
(N=1,704)

2,692 OR 95% CI p value OR 95% CI p value

Thai  15 (1.5) 8 (0.5) 23  0.001*** 1.745 1.227-2.481 0.002** 1.684 1.183-2.396 0.004**
Non-Thai  50 (6.8) 58 (5.0) 108  0.1042 1.384 0.937-2.045 0.102
Total  65 (6.6)  66 (3.9) 131  0.002**

Note: **significance level at p<0.01, ***significance level at p=0.001.
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by women planning for pregnancy by undergoing HBV 
testing, especially those belonging to high-risk non-Thai 
populations.
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ABSTRACT

Background: Paediatric occupational therapy is vital for fostering children’s motor, 
sensory, and coordination skills, particularly for those with cochlear implants who 
often experience vestibular system disruptions leading to balance impairments. 

Objective: This study evaluates the effectiveness of task-oriented occupational 
therapy in improving balance among children with cochlear implants compared to 
conventional therapy.

Materials and methods: A quasi-experimental design was conducted with 30 
participants aged 4–8 years, recruited using convenience sampling and divided 
into two groups: experimental (task-oriented therapy) and control (conventional 
therapy). Both interventions were delivered over 12 weeks with 30 sessions. 
Balance was assessed pre- and post-intervention using the Paediatric Balance Scale 
(PBS). Statistical analysis was performed to compare pre- and post-test scores 
within and between groups.

Results: The experimental group (N=15) had a mean pre-test PBS score of 33.2 
(SD=2.88) and post-test score of 38.87 (SD=3.66), showing a statistically 
significant improvement (Z=-3.429, p=0.001). The control group (N=15) had a mean 
pre-test score of 34.67 (SD=3.79) and post-test score of 36.07 (SD=3.37), also 
showing significant improvement (Z=-2.829, p=0.005). Post-test scores between 
the groups revealed a significantly greater improvement in the experimental group 
compared to the control group (Z=-2.032, p=0.042).

Conclusion: Task-oriented occupational therapy significantly enhances balance 
in children with cochlear implants, yielding better outcomes than conventional 
therapy. These findings highlight the importance of tailored interventions in 
addressing vestibular deficits and improving functional independence in this 
population.
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	 Paediatric occupational therapy plays a crucial role in 
helping children to develop essential skills for daily living, 
including gross and fine motor abilities, sensory-motor 
integration, and visual-motor coordination. Targeted 
interventions in occupational therapy enhance a child’s 
independence and social interaction skills, which are 
central to their overall development. Therapists assess 
a child’s functional abilities in daily activities, academic 
tasks, and play behaviours, comparing them to age-
appropriate developmental milestones.1

	 Hearing is a fundamental aspect of effective 
communication, which is crucial for a child’s cognitive, 
emotional, and behavioural development. Psychomotor 
developmentis closely linked to auditory input. However,  
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hearing loss, whether partial or complete, affects approximately 
7% of children worldwide, with conductive and sensorineural 
hearing loss being the most common types.2 For children 
with profound hearing loss, cochlear implants provide 
a viable solution to restore auditory function.
	 Cochlear implants consist of an external component 
placed behind the ear and an internal device surgically 
embedded under the skin. The system includes a speech 
processor, a microphone, a transmitter, a receiver/stimulator, 
and an electrode array. These components work together 
to convert sound into electrical impulses, which stimulate 
the auditory nerve, thereby enabling hearing.3,4 Despite 
their success in restoring auditory function, cochlear 
implants may disrupt the vestibular system, potentially 
causing postoperative dizziness or balance impairments. 
Such complications stem from either surgical trauma 
or electrical stimulation affecting vestibular pathways. 
Research highlights that up to 75% of cochlear implant 
recipients may experience vestibular symptoms like vertigo 
or imbalance, with 34% identifying these as common 
postoperative effects.4 Therefore, assessing and addressing 
vestibular challenges in cochlear implant patients is crucial 
for comprehensive rehabilitation.	
	 Children with cochlear implants often face significant 
balance challenges due to disruptions in their vestibular 
systems. Previous research, such as Amir et al. (2015)5, 
examined the balance performance of deaf children with 
and without cochlear implants, utilizing the Bruninks-
Oseretsky motor proficiency test.5 The study identified 
notable balance deficits among cochlear implant recipients 
but emphasized the absence of targeted interventions to 
address these issues.
	 While numerous studies have explored balance 
training in children with cochlear implants, there 
remains a gap in evidence regarding the effectiveness 
of task-oriented, occupational therapy-based activities. 
Task-oriented approaches involve practicing meaningful 
and real-life tasks to improve motor skills, including balance, 
coordination, and stability.6 Such interventions have 
the potential to enhance functional independence and 
participation in daily activities for children with cochlear 
implants.7

	 This study was undertaken to fill the existing gap by 
investigating the effects of task-oriented approach-based 
activities on improving balance among children with 
cochlear implants. The findings aim to provide evidence for 
integrating task-oriented interventions into occupational 
therapy programs for this population.

Methodology
Research design
	 Aquasi-experimental study design was employed to 
investigate the effectiveness of a task-oriented occupational 
therapy approach on balance skills in children with 
cochlear implants.

Sampling technique
	 The study utilized a convenient sampling technique 
to select participants.

Sample size
	 A total of 30 subjects participated in this study. 
The participants were divided equally into two groups 
including experimental group: 15 subjects underwent 
task-oriented therapy interventions, and control group: 
15 subjects received conventional occupational therapy.

Sample setting
	 The study was conducted atMGR Home and Higher 
Secondary School for the Speech and Hearing Impaired.

Selection criteria
Inclusion criteria

1.	Children with cochlear implants.
2.	Age group: 4-8 years.
3.	Children with a Paediatric Balance Scale (PBS) score 

between 21-40.
4.	Both male and female participants were included

Exclusion criteria
1.	Children with visual impairments, other vestibular  

dysfunctions, or neurological conditions.
2.	Children with a PBS score below 21 or above 40.
3.	Participants outside the specified age range.

Tools used
Paediatric Balance Scale (PBS)8

	 The PBS, a modified version of the Berg Balance Scale, 
assesses functional balance skills in school-aged children. 
The scale comprises 14 items, scored from 0 (lowest func-
tion) to 4 (highest function), with a maximum score of 56.

Scoring method
•	 Each item is scored based on the child’s best performance. 

Multiple trials are permitted for some items.
•	 Points are deducted for not meeting the time or distance 

requirements, requiring supervision, or using external 
support. 

Reliability
•	 Test-Retest Reliability: ICC=0.998, indicating excellent 

stability of the scale over time
•	 Interrater Reliability: ICC=0.997, confirming high 

consistency between different raters.

Validity
•	 Content Validity: Established through expert reviews 

and adaptation from the well-validated Berg Balance 
Scale, ensuring relevance for paediatric populations.

•	 Construct Validity: Strong correlations with self-care 
measures and motor control tests in children with 
motor impairments support the scale’s ability to 
assess balance performance.

•	 Criterion Validity: Demonstrated high correlation with 
other validated balance and motor performance 
assessments, confirming its effectiveness in evaluating 
functional balance skills.



M. Arun Kumar and H. Pryya S  Journal of Associated Medical Sciences 2025; 58(3): 65-71 67

Intervention procedure
	The study was conducted over 12 weeks, with 

participants attending 30 sessions (3 sessions per week), 
each lasting 45 minutes. The intervention was structured 
as follows:
•	 Warm-up activities: a total of 10 minutes with included 

gross motor tasks and light exercises.
•	 Program activities: a total of 30 minutes (task- 

oriented approach for the experimental group 
and conventional therapy for the control group). 
The experimental group engaged in task-oriented 
occupational therapy involving activities to improve 
balance, coordination, and motor planning. The control 
group participated in conventional occupational 
therapy techniques.

•	 Wind-up activities: 5 minutes.

Conventional occupational therapy for control group9,10

	 The therapy sessions focused on enhancing the 
child’s ability to adapt to their cochlear implant, improving 
communication and sensory processing skills, and promoting 
independence in daily activities. A structured approach was 
followed to address auditory, motor, and socialchallenges 
commonly associated with cochlear implantation.

Auditory training: Activities designed to help children 
interpret and respond to sounds through their cochlear 
implants. Tasks included identifying environmental sounds, 
differentiating between tones, and following verbal 
instructions to improve auditory processing.
	
Sensory integration therapy: Focused on managing 
sensory sensitivities often experienced by children with 

cochlear implants. Activities included exposure to varied 
sensory stimuli, such as textured materials, swings, or 
weighted vests, to improve sensory processing and  
tolerance.
Social skills training: Encouraged interaction with 
peers through structured group activities, emphasizing 
turn-taking, active listening, and appropriate social  
responses. Role-playing scenarios were used to teach 
effective communication in social settings.

Fine and gross motor skill development: Activities to  
support motor coordination and balance, which can be 
affected by auditory processing issues. Included tasks 
like drawing, writing, catching balls, walking on balance 
beams, or navigating obstacle courses.
	
Postural training: Addressed balance and spatial orientation 
issues that might arise due to cochlear implantation. 
Exercises included maintaining postural control during  
sitting, standing, and dynamic activities like walking.
	
Visual-auditory integration: Designed to improve coordination 
between visual cues and auditory input. Activities included 
lip-reading, visual tracking combined with sound cues, and 
matching sounds to visual objects.

Daily living skills training: Focused on age-appropriate 
tasks like dressing, eating, and personal hygiene. Activities 
incorporated auditory instructions to help children follow 
verbal cues and improve functional independence.

Session Duration: 30-45 minutes, 2-3 times per week Pre- and 
post-intervention assessments were conducted using PBS.

Table 1. Task oriented occupational therapy for Experimental group.11,12

Session Material used Activities
1 - Pre-test assessed using PBS
2 Tape Walk on a flat surface with one or two-hand support. Walk within a taped 

box with support. Cruise along the wall using both hands.
3 Tape, footprint Walk in the taped box without support. Cruise along the wall with one 

hand. Walk 5 steps on footprint with support.
4 Tape, footprint Walk 10-15 steps on a flat surface without support. Follow footprints in 

taped boxes. Walk 15 steps with alternate feet on footprint.
5 Chalk, footprint Walk on a straight line made with chalk. Follow footprints in 5 circles.
6 Chalk, footprint Follow footprints on stairs. Follow footprints in 5 chalk circles.
7 Chalk, skipping rope Jump on alternate legs in chalk shapes. Learn rhythmical movement us-

ing skipping rope (step-hop).
8 Obstacle course Cross 5 obstacles. Carry objects while crossing 10 obstacles.
9 Obstacle course Cross 10 obstacles. Carry objects while crossing 15 obstacles.

10 Chalk Jump on a circle while rotating. Jump, hop, and walk in a tandem on chalk 
patterns.

11 Chalk, chair Hop on boxes based on claps. Jump on a chair with eyes open and sup-
ported.

12 Water bottle, rings Place rings on a water bottle from a chair. Hop and do animal jumps with 
rings.
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Session Material used Activities
13 Tape Jump 5 times, walk 10 steps, alternate hop 8 steps, and animal jump to 

the endpoint.
14 Tape, skipping rope Tip-toe walk, alternate hopping, and pick up objects.
15 Chair, bench Stand on one leg on a chair for 10 seconds. Hold quadruped and kneeling 

positions on a bench.
16 Obstacle Jump over obstacles of different heights.
17 Footprint, note, pencil Walk on footprints and draw with eyes closed.
18 Single-word puddles Jump on puddles with the corresponding word written on the board.
19 Chalk Jump on both legs and alternate legs on chalk patterns.
20 Rolling Roll forward or backward with arms and legs extended.
21 Chalk or tape Jump on hopscotch grid, alternating feet, and skip over a square.
22 Spiral (chalk) Travel and run through spiral paths, moving backward on both spiral and 

straight paths.
23 Books Tap elevated targets with hands, with one foot between each.
24 - Stand on one leg for 20 seconds, feet heel-to-toe for 15 seconds.
25 - Walk on a hard surface for 10 seconds and backward for 10 seconds. 

March in place for 15 seconds with eyes open and closed.
26 - Walk around a big circle for 15 seconds. Stand with feet shoulder-width 

apart for 20 seconds, eyes open and closed.
27 - Stand on one leg, moving head horizontally and vertically for 1 minute 

while focusing on a target.
28 - Look at the thumb while rotating on a chair for 30 seconds. Walk while 

moving head horizontally and vertically for 15 seconds each.
29 - Sit in front of a target, close eyes and recall it 5 times. Open eyes and 

recall the target 5 times.
30 - Post-test assessed.

Wind-up Activities: Included relaxation and joyful tasks such as singing, dancing, and round games.

Results
	 The effectiveness of a task-oriented occupational 
therapy approach on balance skills in children with 
cochlear implants was conducted at MGR Home and 
Higher Secondary School for the Speech and Hearing 
Impaired. A total of 30 participant was included in the 
study. This has been categorized into two groups; control 
(15) and experimental (15). For control group conventional 
occupational therapy was given whereas for experimental 
task orientated occupational therapy was given. 
	 The experimental group consisted of 15 participants, 
including 10 males (66.7%) and 5 females (33.3%), with 
ages ranging from 6 to 8 years and a mean age of 6.87 
years. The pre-test scores in this group ranged from 29 to 
40, with a mean of 33.2, while the post-test scores ranged 
from 33 to 46, with a mean of 38.87. The control group 
included 15 participants, comprising 10 males (66.7%) 
and 5 females (33.3%). The age range for this group was 
slightly broader, from 6 to 9 years, with a mean age of 7.27 
years. Pre-test scores in the control group ranged from 

30 to 42, with a mean of 34.67, and post-test scores ranged 
from 32 to 43, with a mean of 36.07.
	 Both groups were balanced in terms of gender 
distribution and comparable in age, ensuring the validity 
of the comparison. The pre-test and post-test scores 
provide a basis for evaluating the effectiveness of the PBS 
intervention in both groups.
	 On comparison between the pre-test and post-test 
scores in the control group revealed a statistically 
significant difference. (Table 2) The mean pre-test score 
was 34.67 (SD=3.79), while the post-test mean score was 
36.07 (SD=3.37). The Z value for the comparison was 
-2.829, and the p-value was 0.005, which is less than the 
significance level of 0.05. This idicates a statistically  
significantimprovement in the PBS scores of the control 
group. Consequently, the null hypothesis is rejected, and 
the alternate hypothesis is accepted, suggesting that 
the intervention received by the control group led to  
a significant improvement in their scores.

Table 1. Task oriented occupational therapy for Experimental group.11,12 (Continued)
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	 A significant improvement was observed in the 
experimental group between the pre-test and post-test 
scores (Table 3). The mean pre-test score was 33.20 
(SD=2.88), while the mean post-test score increased to 
38.87 (SD=3.66). The Z value was -3.429, and the p-value 
was 0.001, which is less than the 0.05 threshold 

forsignificance. This indicates that the intervention had 
astatistically significant positive effect on the PBS scores 
of the experimental group. As with the control group, 
the null hypothesis is rejected in favour of the alternate 
hypothesis, confirming that the intervention contributed 
to a significant improvement in the experimental group.

Table 3. Comparative analysis of Pre and Post test scores in experimental group.
Experimental group Mean SD N Z value p value
Pre-test 33.2 2.88 15

-3.429 0.001*
Post-test 38.86 3.66 15

	 The post-test scores between the control and 
experimental groups, the results indicated a significant 
difference (Table 4). The mean post-test score for 
the control group was 36.07 (SD=3.37), while the  
experimental group achieved a higher mean post-test 
score of 38.87 (SD=3.66). The Z value for this comparison 
was -2.032, and the p-value was 0.042, which is below 

the significance level of 0.05. This finding suggests that 
the experimental group experienced a significantly greater  
improvement in PBS scores compared to the control 
group. The null hypothesis is rejected, and the alternate  
hypothesis is accepted, indicating that the intervention in 
the experimental group was more effective in improving PBS 
scores than the intervention received by the control group.
	

Table 4. Comparative analysis of post test scores between control and experimental group.

Post test scores Mean SD N Z value p value

Control 36.06 3.36 15
-2.032 0.042*

Experimental 38.86 3.66 15

	 The control and experimental groups showed 
statistically significant improvements in PBS scores 
from pre-test to post-test. The experimental group 
exhibited a more substantial improvement compared 
to the control group, as reflected in the post-test score 
comparison. These findings highlight the effectiveness 
of the interventions applied to both groups, with the 
experimental intervention yielding more pronounced 
improvements in PBS outcomes.

Discussion
	 This study evaluated the impact of task-oriented 
approach-based activities on balance improvement in 
children with cochlear implants, using the Paediatric 
Balance Scale (PBS) as the assessment tool. The findings 
indicate that task-oriented interventions significantly 
enhanced postural control and balance in the experimental 
group compared to the control group. Children with 
cochlear implants often experience challenges in 
maintaining balance due to vestibular dysfunction 
associated with hearing impairments. The significant 
improvement in the experimental group’s PBS scores 
(mean increase from 33.20 to 38.87) demonstrates the 
effectiveness of task-oriented activities in addressing 
these deficits. In contrast, the control group showed 
a smaller improvement (mean increase from 34.67 to 

36.07), suggesting that generic interventions are less 
impactful than targeted approaches.
	 Franjoine et al. highlighted the effectiveness of 
task-specific training for improving balance in children 
with motor impairments.13 Similarly, the present study 
demonstrates that tailored balance activities, such as 
dynamic transitions and single-leg stances, can 
significantly enhance balance in children with cochlear 
implants, addressing their unique vestibular challenges. 
Research by Wiener-Vacher et al. emphasized that 
vestibular rehabilitation is critical for children with cochlear 
implants to compensate for vestibular dysfunction.16 The 
task-oriented activities used in this study align with their 
recommendations, integrating sensory-motor challenges 
that promote vestibular adaptation and postural stability. 
Donahoe-Fillmore et al. stressed the importance of  
dynamic and playful balance activities in paediatric 
therapy.15 This study’s intervention incorporated engaging 
and child-friendly tasks, which likely contributed to 
better adherence and outcomes in the experimental group. 
According to Verbecque et al. task-specific balance training 
promotes neuroplastic changes in the brain, improving 
motor control and postural adjustments.16 These principles 
underpin the significant improvements observed in this study. 
	 The structured activities were tailored to simulate 
real-life tasks, enhancing sensory-motor integration and 

Table 2. Comparative analysis of pre- and post- scores in the control group.
Control group Mean SD N Z value p value
Pre-test 34.66 3.79 15

-2.829 0.005*
Post-test 36.06 3.36 15
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balance control. This approach likely compensated for 
vestibular deficits caused by cochlear implantation. 
Task-oriented activities provided opportunities for 
vestibular rehabilitation, helping children adapt to balance 
challenges through repeated practice. This aligns with the 
findings of Wiener-Vacher et al. who noted the importance 
of vestibular compensation in children with cochlear 
implants.17 The playful nature of the interventions enhanced 
motivation and participation, critical factors for achieving 
significant balance improvements in children. Gradual 
increases in task complexity fostered neuroplasticity 
and improved motor learning, as suggested by Wang 
et al.18 This study aimed to evaluate the baseline balance 
performance and the impact of task-oriented interventions 
on children with cochlear implants. 
	 The pre-test scores confirmed that both groups were 
comparable before interventions, ensuring the validity of 
comparisons. The experimental group showed significantly 
greater improvements in balance, validating the efficacy 
of task-oriented activities for addressing vestibular and 
balance challenges in children with cochlear implants. 
The significant difference in post-test scores between the 
experimental and control groups highlights the superiority 
of task-oriented interventions over generic exercises. 
	 The study results indicated an enhanced ability 
to engage in age-appropriate occupations requiring 
balance, such as dressing, toileting, and classroom 
participation. Given that children with cochlear implants 
often experienced vestibular dysfunction, the findings 
highlighted the importance of sensorimotor-based 
interventions directly linked to functional goals.19 This 
study reinforced that task oriented interventions should 
not focus solely on improving impairment-level deficits 
but should aim to enable participation in meaningful daily 
routines, an essential principle of the occupational therapy 
paradigm.20

	 The use of real-life, play-based, and dynamic balance 
tasks likely contributed to better engagement and adherence 
in the experimental group. These elements aligned with core 
paediatric occupational therapy principles, particularly the 
concept of providing “just-right challenges” and using play to 
enhance motivation. Contextualizing therapy tasks allowed 
children to practice motor strategies in environments 
resembling their everyday settings, which facilitated the 
generalization of skills beyond the clinical setting.20,21

	 Overall, the findings emphasized the need for task-
oriented, child-cantered balance training programs for 
children with cochlear implants. Such programs addressed 
vestibular deficits, enhanced sensory-motor integration, 
and improved postural control. Therapists were encouraged 
to incorporate real-life tasks and dynamic challenges into 
therapy sessions to optimize outcomes.

Limitations
	 The study has small sample size and short intervention 
duration limit its generalizability. Future research should 
include larger populations, long-term follow-up assessments, 
and evaluations of task-oriented approaches in diverse 
settings. Additionally, exploring the role of multisensory 

integration in balance rehabilitation for children with 
cochlear implants could provide further insights.

Conclusion
	 This study demonstrates that task-oriented approach- 
based activities significantly improve balance in children 
with cochlear implants. The findings underscore the 
importance of targeted, progressive, and engaging 
interventions for addressing vestibular and postural 
deficits in this population, contributing to better functional 
outcomes and quality of life.
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ABSTRACT

Background: Body flexibility is essential in sports science, enhancing athletic 
performance by improving agility, balance, and coordination. Postural muscles 
serve postural control and breathing and are crucial in biomechanics and 
neurophysiology. The postural breath technique, an exercise combining breathing 
and postural muscle engagement, was designed to enhance flexibility.

Objective: This study compared the effects of postural breath technique (PBT) 
and postural stretching technique (PST) on body flexibility in individuals with poor 
flexibility.

Materials and methods: Fifty-eight participants with poor flexibility were randomly 
divided into two groups. They received a supervised exercise program of either 
PBT or PST twice weekly for four weeks. Outcome measurements, including Sit 
and Reach Test (SRT) as the primary outcome, Modified-modified Schober Test 
(MMST), Passive Knee Extension Test (PKE), and Craniovertebral Angle Test (CVA) 
as secondary outcomes, were conducted at baseline, immediately after the first 
session, and after the last session.

Results: Within each group, both PBT and PST significantly increased SRT scores, 
decreased PKE angle on both sides and improved MMST and CVA. The mixed-model 
ANOVA revealed significant differences within groups at each assessment point. 
PBT resulted in immediate and after four weeks improvements in SRT, MMST, PKE, 
and CVA, while PST showed increased of all outcomes after four weeks. However, 
there was no significant difference between the PBT and PST groups.

Conclusion: Both PBT and PST demonstrated effectiveness in improving general 
body and hamstring flexibility. The study’s results suggest that clinicians determine 
the most effective approach for everyone, such as immediate flexibility improvements 
(PBT) or sustained flexibility gains over time (PST).
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Introduction
	 Flexibility is essential to health and physical fitness, 
beside muscle strength and body stability.1 It significantly 
influences one’s ability to perform daily, athletic, and 
leisure activities. Optimal flexibility contributes to 
improved performance, while poor flexibility increases 
the risk of muscle injuries.2 Many previous literatures 
emphasize the various aspects of flexibility, particularly 
in the spine and hamstring muscles, which are related 
to overall musculoskeletal health.3,4 The spine’s flexibility 
directly influences the performance of the abdominal 
muscles.5
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	 Deep breathing enhances the mobility of the 
thoracic spine and rib cage, thereby indirectly improving 
overall flexibility.5 Proper breathing patterns can facilitate 
better oxygenation of the muscles, reduce tension and 
enhancing muscle pliability, which is essential for flexibility.
The correlation between breathing and flexibility is also 
evident that controlled breathing can lead to greater 
muscle relaxation and an increased range of motion.
	 Postural muscles, which maintain an upright body 
position against gravity, play in postural control and 
breathing.6 These muscles divided into local and global 
groups, provide stability to lumbopelvic hip complex and 
support the spine and pelvic during functional activities.7 
Poor flexibility and posture, often due to the inadequate 
functioning of these muscles, can negatively impact of 
joint structure, especially in the spine and knee. 8

	 The connection between postural muscle and 
breathing is crucial, as these muscles support the 
integrity of the breathing mechanism. The diaphragm, a 
core stabilizer muscle, is closely linked to both postural 
control and breathing.6 Ineffective diaphragm function can 
disrupt breathing patterns, leading to poor balance and 
compromised postural control.9 When the diaphragm’s 
function is impaired, chest mobility decreases, limiting 
deep breathing10 and reducing flexibility, particularly in the 
upper body.11

	 Core stability impacts flexibility by providing a 
solid foundation for movement. When the core muscles 
are strong and stable, they allow for better movement 
patterns and alignment, reducing the strain on other 
muscles and joints.8 This results in an increased range of 
motion and flexibility, as the body can move more freely 
without compensatory tension in the muscles.
	 Breathing exercises are recognized for their 
positive impact on flexibility and posture in healthy 
adults.12 Additionally, core stabilizing exercises effectively 
strengthen muscles, improve balance, and increase overall 
body flexibility.13,14 The PBT is designed based on the 
understanding that postural muscles serve postural control 
and breathing.15 It simultaneously stimulates postural 
muscle contraction, Golgi tendon reflex inhibition, and 
breathing.
	 Stretching exercises have long been recognized as 
a fundamental method for improving flexibility, reducing 
muscle stiffness, and enhancing overall range of motion.16 

In this study, the Postural Stretching Technique (PST) is 
specifically designed to focus on the key postural muscles 
including the abdominal muscles, back muscles, pectoral 
muscles, trunk and hip muscles.
	 Previous studies have demonstrated positive 
outcomes of various exercise techniques on flexibility, 
including breathing exercises, Pilates techniques, and 
active stretching exercises.16,17,18 However, there remains 
a significant gap regarding the combined effects of 
postural muscle strengthening and breathing exercises 
on body flexibility. Although most research has focused 
on these elements in isolation, the synergistic impact of 

these integrating has yet to be thoroughly investigated. 
It is essential to approach might enhance flexibility more 
effectively than any one technique alone. This study aimed 
to address this gap by comparing the effects of PBT and 
PST on flexibility. Due to the comprehensive approach of 
PBT, it was hypothesized that PBT could lead to a more 
significant improvement in body flexibility compared to 
PST in individuals with poor flexibility.

Materials and methods
Participants
	 The study was designed as a single-blinded, 
randomized controlled trial conducted at the Faculty of 
Associated Medical Sciences at Khon Kaen University, 
Thailand. The study protocol was registered in the RCT 
registry (TCTR20240902002). Participant recruitment 
focused on students who are studying in Khon Kaen 
University. Inclusion criteria included both genders, aged 
18 to 24 years, with unilateral or bilateral hamstring 
tightness (PKE angle more than 20 degrees),19,20 a BMI 
of 18.5-24.9 kg/m², and a sedentary lifestyle. Exclusion 
criteria were regular stretching exercises, muscle relaxant 
usage, fractures of the spine and/or lower extremities, 
hamstring muscle tendinitis or strain, hypermobility, 
severe orthopedic or neurological conditions, abdominal 
surgery within one year, seizures, respiratory problems, 
and uncontrolled hypotension or hypertension. The 
sample size was determined using the mean and standard 
deviation from the flexibility results from a previous study 
involving the Sit and Reach Test,21 to calculated in a formula 
of n/group =

(μ1-μ2)2
2σ2(Zα+Zβ)2(1-p2) ,22 10% drop-out, therefore in 

28 participants per group for a total of 56 participants.
	 The study was approved by the Khon Kaen University 
Human Ethics Committee (HE 662057). Participants were 
recruited through public posters and online information. 
A physical therapist assessed participants through the 
recruitment criteria, and written informed consent was 
obtained. Participants meeting the inclusion criteria 
were randomly assigned to the experimental (PBT) or 
comparison group (PST) by another physical therapist 
using the stratified block randomization with block size 
of 4 and 6. Gender (male and female), and degree of 
hamstring tightness ranges (group 1: male, 20-35 degrees, 
group 2: male, 36-50 degrees, group 3: female, 20-35 
degrees, and group 4: female, 36-50 degrees) were used 
as the stratifying variables.19 Each stratifying used block 
randomization with block sizes of 4 and 6 to achieve an 
approximate balance of important characteristics and 
equal participants in both groups. The study was single-
blind, meaning that the participants were blinded to the 
group assignments. Participants performed exercises 
twice a week for 40 minutes per session for four weeks. 
The decision to conduct the training for four weeks was 
supported by literature suggesting that this duration is 
sufficient to observe measurable changes in flexibility.21 
The flow of the study is shown in Figure 1.
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F igure 1. Flow of the study.

Data analysis (N=56)
Excluded from analysis = 0
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Intervention
Postural breath technique (PBT)
	 The experimental group practiced PBT consisting of 7 
exercises. All the exercises involved inhaling for 7 seconds 
and exhaling for 14 seconds, which had to be repeated 

six times per set, for two sets, with a rest of 30 seconds 
in between exercises (Figure 2).15 The design of the 
exercise intensity in this study was related to the previous 
study.18 Detailed exercise procedures are described in 
supplementary sheet.

Fi gure 2. Exercises positions of PBT.
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Postural stretching technique (PST) 
	 The comparison group practiced PST consisting of 7 
exercises. Each stretching exercise was performed holding 
for 30 seconds, repeated three times for each side, with a 

30-second rest between exercises (Figure 3). The design 
of the exercise intensity was related to the previous 
study.18 Detailed exercise procedures are described in the 
supplementary sheet.

Fig ure 3. Exercises positions of PST.
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Outcome parameters
	 In the primary outcome, the Sit and Reach Test 
(SRT) is a general flexibility test that relates to several 
body parts. To conduct the SRT, the participant sits on 
the floor with legs straight and feet pressed against the 
measuring box. The individual was then instructed to 
reach forward over the box, holding that position for two 
seconds. This test was repeated twice, and the maximum 
reach in centimeters was recorded as the flexibility value. 
Reliability of data obtained with this test (Figure 4) was 
reported to be high (ICC=0.92-0.99). 23

	 Modified-Modified Schober’s test provides 
information about the range of motion of flexion of the 
lumbar spine and deep back muscles flexibility. For this 
procedure, the participants stood with their backs facing 
the examiner. The examiner palpated the lower edge of 
the backbone (PSIS) using their thumbs and marked this 
point with a horizontal line. Another line was drawn 15 
centimeters above the midpoint of the first line. The 
difference between measurements in standing and 
bending forward was recorded as lumbar flexion. This 
measurement was repeated three times, and an average 
value was calculated. The reliability of data obtained with 
this test was reported to be high (ICC=0.91-0.95) as shown 
in Figure 4. 24

	 The passive knee extension angle test is to determine 
hamstring flexibility. It is the gold standard for represent 
hamstrings flexibility. In this procedure, the participant 
lay comfortably on their back while the assessor bent one 
hip to 90 degrees, placing the inclinometer on the shin 
while the opposite leg remained straight on the table. 

The assessor then slowly extended the bent knee until a 
tolerable stretch was felt in the posterior thigh, recording 
the angle. This process was repeated three times, and the 
average score was calculated. Reliability of data obtained 
with this test (Figure 4) was reported to be high (ICC=0.92-
0.93). 25

	 The Craniovertebral Angle Test for forward head 
posture examination involved the participant sitting in 
a relaxed position without back support. The examiner 
marked the bony prominence at C7 and the tragus of the 
ear. A horizontal line was drawn through C7, and the angle 
between the line from C7 to the tragus and the horizontal 
line was measured using a goniometer. Reliability of data 
obtained with this test (Figure 4) was reported to be high 
(ICC=0.91-0.99).26

Statistical analysis
	 Data were analyzed using SPSS Version 28.0. The 
demographic data were described with descriptive 
statistics such as mean and standard deviation after 
checking for normal distribution by the Shapiro-Wilk test. 
The independent t-test was used to compared baseline 
characteristics variables between groups. Mixed Model 
Analysis of Variance was used in this study since the 
dependent variables were assessed at three-time points: 
baseline, after 1st week, and after 4th week of training. Post-
hoc analysis (Tukey’s Honest Significant Difference; HSD) 
was conducted to evaluate specific differences between 
means in both groups. The statistical significance was set 
at an alpha level of <0.05.

Figure 4. Tests for outcome measurements.
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Results
Demographic data and baseline characteristics
	 Of 61 interested volunteers, 56 participants met the 
inclusion criteria and were randomized into two groups. 
Both groups had a balanced gender distribution. No 
dropouts occurred, and no adverse events were reported. 
Baseline characteristics were comparable, including 
age, university affiliation, passive knee extension (PKE), 
and Body Mass Index (BMI). The demographic data and 
baseline characteristics were found to be equally balanced 
between groups (p>0.05) as shown in Table 1.
Sit and Reach Test
	 A mixed-model ANOVA test revealed a non-
significant interaction between groups and time [F(1.364, 
54.636) = 0.565, p=0.506, partial Ƞp2 =0.010]. There was 
a difference in the SR at different times for both groups. 
Within-group comparisons showed statistical significance 
across various time points in both PBT and PST groups 
(Table 2). However, no significant differences were found 
between the groups at any time (p>0.05) (Table 3).

Modified-Modified Schober’s Test (MMST)
	 In the mixed-model ANOVA test, the MMST outcome 
accepted an assumption of sphericity (Mauchly’s test was 
nonsignificant p>0.05). There was significant interaction 
between groups and time [F(2,54)=23.575, p<0.001, 
partial Ƞ2=0.304]. There was a difference in the MMST 
at different times for both groups. Within-group analyses 
revealed significant improvement in MMST for the PBT 

group (p<0.001), while the PST group exhibited substantial 
improvement from baseline to the short-term effect 
(p<0.001) (Table 2). Between-group comparison indicated 
no significant difference in MMST between the two groups 
(Table 3).

Passive Knee Extension Test (PKE)
	 The PKE outcome in the mixed-model ANOVA showed 
a non-significant interaction between groups and time 
[F(1.725, 54.275)=0.438, p=0.617, partial Ƞp2=0.008] for 
left-sided PKE values and [F(2,54)=0.375, p=0.688, partial 
Ƞp2=0.007] for right-sided PKE values, respectively.  There 
was a difference in the PKE at different times for both 
groups. Within-group comparisons showed improvements 
in PKE values across various time points (p<0.001) (Table 
2). However, there were no significant differences between 
the groups at any time (p>0.05) (Table 3).

Craniovertebral Angle Test (CVA)
	 In the mixed-model ANOVA test, the CVA outcome 
accepted an assumption of sphericity (Mauchly’s test was 
non-significant p>0.05), with a non-significant interaction 
effect between groups and time [F(2,54)=0.527, p=0.592, 
partial Ƞp2=0.010]. Within-group comparisons resulted in 
a significant change in CVA for the PBT group, while the PST 
group showed a significant difference between baseline 
and immediate effect (p=0.017) (Table 2). Between-group 
comparisons indicated no significant differences at any 
point (Table 3).

Table 1. Demographic data and participant characteristics.
Variable PBT group (N=28) PST group (N=28)

Age (years) 19.43±1.03
(18-22)

19.71±1.18
(18-23)

Gender (N, %)
	 Male
	 Female

15 (53.57%)
13 (46.43%)

14 (50.00%)
14 (50.00%)

Weight (kg) 58.33±8.00 (43-74.5) 58.57±9.29 (43-76)
Height (cm) 165.36±9.50 (150-180) 165.61±8.99 (152-180)
Body mass index (kg/m2) 21.47±1.88 (18.6-24.5) 21.21±2.20 (18.5-24.8)
PKE (Lt) (degree) 31.02±8.81 (20.4-51.4) 31.36±10.18 (21.5-51.4)
PKE (Rt) (degree) 31.03±8.64 (21.0-49.0) 29.93±8.97 (20.2-49.0)

Note: PKE(Lt): passive knee extension(left), PKE(Rt): passive knee extension(right). Data presents with mean 
and min-max and no significance of baseline values between groups.
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Discussion
	 The aim of the study was to compare the effects 
of PBT and PST on body flexibility in individuals with 
poor flexibility. Within each group, both PBT and PST 
significantly increased SRT scores, decreased PKE angle on 
both sides and improved MMST and CVA. The mixed-model 
ANOVA revealed significant differences within groups at 
each assessment point. PBT resulted in immediate and 
after four weeks improvements in SRT, MMST, PKE, and 
CVA, while PST showed increased of all outcomes after 
four weeks. However, there was no significant difference 
between the PBT and PST groups.
Effect on General Flexibility
	 PBT significantly increased SRT at all time points, 
showing improved trunk flexibility. These findings align 
with previous studies using a different technique but a 
similar style of core movement with breathing control.12,16 
Several mechanisms may have contributed to the increase 
in SRT scores. PBT consists of active movements of core 
muscles with breathing. This keeps the main muscles, 
such as the rectus abdominis, obliques, and deep core 
stabilizers like the transversus abdominis, in an eccentric 
contraction and stretching rhythm during exhalation. 
Eccentric contraction occurs when the muscle lengthens 
under tension, which is beneficial for increasing flexibility 
as it promotes muscle elongation and enhances the 
neurophysiological properties of contractile tissues.
	 When PBT is applied, muscles activate the golgi 
tendon organ (GTO), a proprioceptive sensory receptor 
located in the tendons that can detect changes in muscle 
tension. The activation of the GTO inhibits alpha motor 
neuron activity, leading to a decrease in muscle tension, 
which allows the sarcomeres (the basic unit of a muscle’s 
contraction) to lengthen.27 In contrast, the PST also 
contributes to increased flexibility, its primary mechanism 
might be related to the viscoelastic properties of the 
muscles and tendons. Shrier and Gossal and Kubo et al. 
have reported that stretching exercises increase the range 
of motion by either decreasing viscoelasticity or increasing 
stretch tolerance.28,29

Effect on hamstring muscles
	 PBT significantly decreased the degree of passive knee 
extension angle, indicating improved hamstring flexibility. 
This technique utilizes proprioceptive neuromuscular 
inhibition to release contraction knots of the sarcomere 
and enhance blood circulation and oxygen supply. The 
muscle movements combined with slow, deep breathing 
produce an excellent oxygen supply.30,31 Increasing blood 
flow removes pain and proinflammatory mediators,30 
which can lead to increased flexibility.
	 In addition to PBT, the PST also improved hamstring 
flexibility. The stress-strain curve explains this effect. When 
force is gently applied perpendicular to the tissue, the 
wavy collagen fibers straighten. With increased tension, a 
recoverable deformation occurs within the elastic range, 
resulting in new length and enhanced flexibility and range 
of motion.32

Effect on back extensor muscles
	 Both groups showed statistically significant 
improvements in short-term effects, with the PBT group 
being significantly superior, consistent with previous 
studies.33 In those studies, researchers found that the 
increasing flexibility of university students could be 
measured using the modified Schober test after applying 
pilates techniques. PBT likely activates core muscles such 
as the iliocostalis, erector spinae, and multifidi, improving 
these muscles’ flexibility.34 The eccentric contractions 
of these muscles during PBT contribute to the gradual 
lengthening of muscle fibers, which enhances flexibility.

Effect on neck extensor muscles
	 The PBT significantly increased CVA with both 
immediate and short-term effects. In contrast, Byung-
Sun Kong et al. found no significant interaction effects 
on CVA in straight-necked women because of breathing 
exercises.35 The significant increased CVA of the present 
study may be due to the role of postural muscles in PBT.
	 The PST group showed an increase in short-term 
effects, consistent with a previous study that reported 
static stretching of hamstring muscles increases cervical 
range of motion.36 This is likely due to the concept of 
myofascial meridians, where loosening the musculofascial 
component in one area can increase the flexibility of the 
same element in a distant location on the same meridian.37 
Additionally, reducing neural tension may also play a role, 
as stretching can alleviate nerve compression, thereby 
improving flexibility in connected regions.
	 Both PBT and PST exercises can explain the 
same effect of force on the Golgi tendon organ. From 
neuroscience knowledge, when an agonist muscle is 
contracted long enough or stretched with an appropriate 
force, the Golgi tendon organ of the muscle sends an 
electrical signal through the 1b afferent fiber into the spinal 
cord. It stimulates inhibitory interneurons to inhibit the 
alpha motor neuron of the agonist muscle for relaxation, 
a mechanism called autogenic inhibition.38 Based on 
biomechanics, the postural muscles have two important 
functions: postural control and breathing.39 Therefore, the 
design of exercises in the PBT group includes breathing 
exercises.

Conclusion
	 A recent study investigated the effect of PBT and 
PST on body flexibility over four weeks. Results indicate 
that both PBT and PST similarly improve general body 
and hamstring flexibility, with immediate improvements 
observed in back and neck extensor muscles flexibility 
with PBT, while PST shows increased flexibility after four 
weeks. However, there is no significant difference between 
the two groups. Both PBT and PST are recommended in 
clinical practice for improving flexibility, with PBT offering 
immediate benefits and PST providing sustained gains. 
The choice between these techniques should be based on 
patient needs, clinical goals, and practitioner expertise. 
Limitations of the recent study include focusing on young, 
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healthy individuals and a short duration, suggesting 
future studies with broader participant demographics 
and more extended training periods to explore long-term 
effects comprehensively. Moreover, we could not entirely 
control the participants’ daily activities, which should be 
monitored for specific results in the future study.
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Supplementary

Exercise methods for participants in the experimental group.
Postural breath technique

No. Exercise Position Training method Number of trainings
1 90-90 hip lift 

exercise
The participant 
lies supine 
comfortably.

The volunteer flexes hips and knees 90 degrees 
so that the soles of feet touch the wall with their 
buttocks lifted (lift tail bone 1-inch from the floor). 
Inhales for 7 seconds and then exhales for 14 
seconds.

Repeat six times per one 
set, rest and relax for 30 
seconds, performs two 
sets.

2 90-90 hip lift 
exercise with 
pillow

The participant 
lies supine 
comfortably.

The participant flexes hips and knees 90 degrees 
and pins the pillow so that the soles of feet touch 
the wall with their buttocks lifted (lift tail bone 
1-inch from the floor).   Inhales for 7 seconds and 
then exhales for 14 seconds. During exhalation, 
the participant compresses the pillow slowly.  

Repeat six times per one 
set, rest and relax for 30 
seconds, performs two 
sets.

3 90-90 hip lift 
exercise with 
ipsilateral 
knee 
extension

The participant 
lies supine 
comfortably.

The participant flexes hips and knees 90 degrees 
so that the soles of feet touch the wall with their 
buttocks lifted (lift tail bone 1-inch from the 
floor).   Inhales for 7 seconds and then exhales 
for 14 seconds. During exhalation, the participant 
extends one side of the knee slowly.  On the next 
exhalation, the volunteer extends the other knee 
alternatively.

Repeat six times per one 
set, rest and relax for 30 
seconds, performs two 
sets.

4 Dead bug 
exercise

The participant 
lies supine 
comfortably

The participant flexes hips and knees 90 degrees 
with both arms raising.   Inhales for 7 seconds and 
then exhales for 14 seconds.

Repeat six times per one 
set, rest and relax for 30 
seconds, performs two 
sets.

5 Dead bug 
exercise with 
one hand 
touching 
the opposite 
knee

The participant 
lies supine 
comfortably.

The participant flexes hips and knees 90 degrees 
with both arms raising.   Inhales for 7 seconds and 
then exhales for 14 seconds. During exhalation, 
the participant uses one hand to touch the 
opposite knee. On the next exhalation, the 
volunteer uses the other hand to touch the 
opposite knee alternatively.  

Repeat six times per one 
set, rest and relax for 30 
seconds, performs two 
sets.

6 Bridging The participant 
lies supine 
comfortably.

The participant lies in a crook and raises their hips 
above the floor. Inhales for 7 seconds and then 
exhales for 14 seconds.

Repeat six times per one 
set, rest and relax for 30 
seconds, performs two 
sets.

7 Butterfly 
lying

The participant 
lies supine 
comfortably.

The participant lies in a crook position. Inhales for 
7 seconds and then exhales for 14 seconds. The 
participant folds their hips with inhalation and 
spreads their hips with exhalation.

Repeat six times per one 
set, rest and relax for 30 
seconds, performs two 
sets
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Exercise methods for participants in the control group
Postural muscle stretching exercises

No. Exercise Position Training method Number of trainings
1 Back muscles 

stretching
The participant 
lies supine 
comfortably

The participant holds his or her knees to the anterior 
chest wall for 30 seconds and then returns to starting 
position. Rest and relax for 30 seconds, and performs 
the next session

3 times

2 Back and 
posterior 
thigh 
muscles 
stretching

The participant 
lies supine 
comfortably.

The participant dorsiflex the ankle and rise his or her 
arm over head for 30 seconds. Rest and relax for 30 
seconds, and performs the next session.

3 times

3 Stretching 
the muscles 
on the sides 
of the body

The participant 
lies supine 
comfortably.

The participant lifts their right leg across the left 
leg. Using the left hand, hold the right knee for 30 
seconds. Rest and relax for 30 seconds, and performs 
the next session

3 times on the right 
and 3 times on the left 
sides

4 Stretching 
the muscles 
on the sides 
of the body 
and hip 
external 
rotators

The participant 
lies supine 
comfortably.

The participant lifts the right leg cross and holds the 
left leg for 30 seconds. Rest and relax for 30 seconds 
and performs the next session.

3 times on the right 
and 3 times on the left 
sides

5 Trunk and 
hip muscles 
stretching

The participant 
lies supine 
comfortably.

The participant changes from supine lying to crook 
lying and bends shoulders forwardly with hands 
interlocking. Twist the upper and lower body in 
opposite directions during exhale and hold for 30 
seconds. Inhale and return to starting position. Rest 
and relax for 30 seconds and performs the next 
session.

3 times on the right 
and 3 times on the left 
sides.

6 Pectoral 
muscles 
stretching

The participant 
lies supine 
comfortably.

Roll two towels in a circle and insert it under the 
scapulae for dropping shoulders downwardly. 
Holding 60 seconds and return to starting position.  
Rest and relax for 30 seconds and performs the next 
session.

3 times

7 Abdominal 
muscles 
stretching

The participant 
lies in a prone 
position

The participant pushes the body backward with the 
upper limbs and holds for 30 seconds.  Return to 
starting position. Rest and relax for 30 seconds, and 
performs the next session

3 times
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ABSTRACT

Background: In developing countries, access to speech therapy is restricted due 
to limited resources, lack of trained professionals, and geographical barriers. 
The COVID-19 pandemic further exacerbated these issues, making in-person 
therapy sessions difficult or impossible for many patients. In response, combining 
telepractice and mobile applications can help bridge this gap in accessibility to 
speech therapy services for children with cleft lip and palate.

Objective: To  compare the percentage of correct consonants (PCC) before and 
after implementing telepractice combined with face-to-face speech therapy using 
the Application for Articulation Therapy-Thai (AAT-T) for children with cleft lip and 
palate and to evaluate the effectiveness of implementing the combination of AAT-T 
with telepractice regarding improvement in pronunciation.

Materials and methods: A one-group pretest-posttest design was employed to 
evaluate a cohort of 18 children aged 5 to 13 years who have undergone surgery  
for cleft lip and palate, including 12 boys and 6 girls. During pre- and post- 
implementation of telepractice and face-to-face speech therapy using the Application 
for Articulation Therapy-Thai (AAT-T), the percentage of correct consonants (PCC) 
for each individual was elicited via the Thai Connected Speech Standard Test by 
qualified speech and language pathologists. The speech therapy program consisted 
of five 45-minute face-to-face training sessions using AAT-T held once a month, 
along with 15 weekly telepractice sessions, each lasting 30 minutes, conducted 
over a period of five months.

Results: After telepractice and face-to-face speech therapy with AAT-T, the numbers  
of PCC scores significantly increased (mean difference=8.64, SD=8.89; 95% confidence 
interval=4.22-13.06).

Conclusion: Telepractice combined with face-to-face speech therapy using AAT-T 
effectively corrected the articulation disorders in patients with cleft lip and cleft 
palate. This strategy can be applied in any areas that have limited resources,  
geographical barriers, or a pandemic situation that requires social distancing in 
Thailand. The application can also be developed in any language for use in enhancing 
speech accessibility in other developing countries.
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Introduction
	 Cleft palate with or without cleft lip (CP±L) is a birth 
defect that occurs when the roof of the mouth and the 
upper lip do not completely join during the early months 
of pregnancy. A cleft lip occurs because parts of the face  
do not fuse correctly, which is often linked to a problem 
with the movement of certain cells known as neural crest 
cells. A cleft palate results when the two sides of the 
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palate do not grow together properly. These two types of 
clefts can occur on their own (non-syndromic) or as part 
of a larger set of health issues (syndromic). Worldwide, 
CP±L affects roughly 0.57 to 1.57 out of every 1,000 babies 
born alive;1 however, the prevalence of 2.14 per 1,000 live 
births in Thailand is higher than the global average (95% 
CI=2.08-2.20).2

	 Even after receiving surgery to repair a cleft lip and/
or palate (CP±L), many children continue to have problems 
with how their soft palate and throat work together 
(velopharyngeal function). These chronic issues can cause 
difficulties with speech and language development, as 
it makes it hard for them to pronounce words clearly. 
They might also have resonance defects (hypernasality/
hyponasality) and voice problems. Furthermore, 
velopharyngeal insufficiency (VPI) often develops after 
surgery and can result in compensatory articulation 
disorders (CAD) that may actually make their speech more 
difficult for others to understand.3,4 CAD commonly affects 
sounds produced far back in the oral cavity, including glottal 
stops, pharyngeal fricatives, nasal fricatives, mid-dorsum 
palatal stops, and pharyngeal plosives, among others. 
These articulation disorders are quite common, ranging 
from 71.18% to 83.8% of individuals with this condition.4-7 
Subsequently, speech interventions should begin at a 
young age as the primary objective is to facilitate typical 
speech and language skills and give children opportunities 
for academic and social success.8

	 Access to speech therapy for Thai children with 
CP±L is significantly restricted due to a lack of qualified 
therapists and the challenges of distance, a common issue 
in developing nations. Consequently, these children often 
receive speech therapy very infrequently (once every 
1-3 months) which results in extremely slow progress. 
Previous efforts to address this issue focused on training 
based on community resources, infrastructure, and the 
availability of personnel. These approaches have included 
various training methods, such as intensive speech 
summer camps,9-12 parent-led speech interventions, 
13-15 and community-based speech therapy models 
and networking.16,17 Telepractice (TP) is currently an 
appropriate model of service delivery for communication 
disorders that may be the primary mode of service 
delivery or may be used to supplement in-person services, 
which is referred to as hybrid service delivery.18 Moreover, 
the need for social distancing during the COVID-19 
pandemic compounded the existing challenges by limiting 
the accessibility of speech therapy services. Thus, TP 
offers a promising solution for delivering specialized 
speech therapy to children with cleft palate during crisis 
situations.19 
	 Facilitated by information and communication 
technology, which provides an efficient means of 
delivering speech therapy to children with CP±L, 
accessibility has improved20-22 and expenses can be 
reduced compared to traditional center-based services. 
A combination of TP, remote patient monitoring, and/or 
in-person services, for example an online or mobile app 

used to share asynchronous information between the 
client and the clinician between synchronous in-person or 
virtual sessions, can be implemented to meet the needs 
of individual clients.18 In addition, applications can also 
support speech training by increasing children’s attention 
and positive response, and parents can use them to help 
correct errors and improve their children’s pronunciation 
skills.23

	 The COVID-19 pandemic, coupled with existing 
geographical limitations and a shortage of speech 
therapists, made traditional face-to-face therapy difficult 
to access. To address this issue, telepractice (TP) and 
mobile apps offer a method to deliver speech therapy 
services remotely. As a result, the Application for 
Articulation Therapy-Thai (AA-T), which focuses on 27 
initial and final Thai consonant sounds, was created by 
the corresponding author via collaboration with the Digix 
Technology Company.24 The AAT-T is composed of eight 
levels of articulation exercises: Level 1: Isolated sounds;  20 
exercises focusing on individual sounds, accompanied by 
videos demonstrating the motion of the speech organs for 
each target sound, Level 2: Nonsense syllables (1-syllable); 
20 exercises involving single nonsense syllables, Level 3: 
Nonsense syllables (2-syllable); 20 exercises featuring 
two nonsense syllables that share the same vowel, Level 
4: Nonsense syllables (3-syllable); 20 exercises consisting 
of three nonsense syllables with the same vowel, Level 
5: Nonsense syllables (2-3-syllable); 20 exercises that 
include two to three nonsense syllables with different 
vowels in each syllable, Level 6: Word level; 35 exercises 
featuring words, including 15 pictures and a reading list of 
20 words, Level 7: Short phrases/sentences; 35 exercises 
consisting of short phrases or sentences accompanied 
by 15 pictures and a reading list of 20 short phrases or 
sentences containing 3 to 5 syllables, and Level 8: Long 
phrases/sentences; 35 exercises involving longer phrases 
or sentences featuring 15 pictures and a reading list of 
20 phrases or sentences containing 4 to 8 syllables. This 
systematic method was designed to gradually improve the 
pronunciation of children with CP±L in order to achieve 
correct articulation.24 Using the application, children can 
practice by naming pictures of words, short phrases, long 
phrases, and sentences, or by repeating what they hear 
after pressing a button.
	 The objectives of this study were to compare the 
percentage of correct consonants (PCC) before and after 
implementing a combination of TP and face-to-face speech 
therapy using the Application for Articulation Therapy-Thai 
(AA-T) in children with CP±L and to assess its effectiveness.

Materials and methods
Study design and setting
	 A one-group pretest-posttest design was used. 
Sample size was calculated with an alfa set to a 95% 
confidence interval and a beta power of 80% for pre- and 
post-intervention, based on a previous study. 25 According 
to these calculations with a 20% dropout, a minimum of 
19 patients was required. This research was approved by 
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the Ethics Committee of Human Research of Khon Kaen 
University. The project number was HE654002 (approved 
on April 22, 2022).

Inclusion Criteria
	 Children with CP±L, aged from 5 to 13, who had 
caregivers and articulation disorders were enrolled in the 
study.

Exclusion Criteria
	 Children with cleft palate, with or without cleft lip 
(CP±L), could not participate in this study if they had any of 
the following: 1) hearing loss in either ear ≥40 decibels, 2) 
global developmental delay, 3) disabilities impacting their 
speech and language, 4) fewer than two articulation errors 
(excluding errors with the /r/ sound), or 5) their caregivers 
were unable to follow the study plan or read and write in 
Thai. 
	 Of the twenty-one children with CP±L who were 
initially enrolled, two were excluded from the study. One 
child had an insufficient number of articulation errors, 
and the other had attention deficit hyperactivity disorder 
and delayed language development, making assessment 
participation impossible. Following the second visit for the 
in-person speech therapy sessions, another participant 
withdrew from the study due to the caregiver’s inability to 
adhere to the protocol.

Assessment
	 Participants were assessed on site at the Speech and 
Swallowing clinic, Srinagarind Hospital as follows: Oral 
examination and physical development were individually 
investigated by a speech and language pathologist 
(SLP). Physical development was evaluated by reviewing 
Srinagarind Hospital’s Health Object System (electronic 
medical records) and health notebook with physical 
screening by the researcher.
	 The hearing test was administered by a qualified  
audiologist using conditional play audiometry via audiometer 
(Interacoustics AC 40),26 which is a standard test used in 
the Speech and Hearing clinic, Srinagarind Hospital, Khon 
Kaen University.
	 Articulation test: Children with CP±L were  evaluated 
using the Thai Connected Speech Articulation Test 27 by 
consensus of two independent SLPs with over 10 years of 
experience with cleft palate. If there was any disagreement, 
a third senior SLP who has more than 35 years of experience 
with cleft palate investigated and provided a consensus 
among the evaluators. The Thai Connected Speech Articulation 
Test has been utilized in previous studies to elicit and evaluate 
speech production outcomes.12,28,29 Participants were 
asked to identify pictures by name. If a child was unable 
to read the name or identify the picture, the researcher 
asked her/him to repeat the name after the researcher's 
saying.

Intervention
	 Before the study began, caregivers received training 
on the AAT-T. This included hands-on instruction covering 

the various training stages, such as how to use the 
application, score progress, and document the results, in 
order to ensure they were well-prepared. Then, instruction 
on providing service was individually conducted for 
caregivers by SLPs. Moreover, caregivers were given home 
exercises designed to address articulation errors in children 
with CP±L. Based on articulation errors, phonological, 
traditional, and specific strategies for compensatory 
articulation disorders were individually practiced. This 
training followed a hierarchical approach, starting with 
isolated sounds, moving through nonsense syllables, and 
then progressing to words, phrases, sentences, reading, 
and storytelling, while focusing on the target sounds. 
Advancement was considered upon the child achieving 
90% accuracy in producing the target sounds at each stage.
	 This treatment protocol combined monthly in-person 
therapy with regular telehealth sessions and structured 
home practice. Each month began with a 45-minute face-
to-face session using AAT-T, followed by 30 minutes weekly 
remote therapy delivered by SLPs through video platforms 
in the remaining weeks. Parents conducted daily home 
practice following professional guidelines and documented 
the progress, with advancement to higher difficulty levels 
occurring when children demonstrated 90% accuracy with 
the target sounds.30 A Daily Home Record was used to 
track compliance. The program delivered 20 total speech 
therapy sessions (five sessions onsite for face-to-face 
speech therapy and 15 TP). 
	 The exercises were structured into 8 main levels,  
targeting 21 initial sounds and 6 final sounds. These 
sounds were composed of: 
	 	Level 1: 20 isolated sounds (video: motion of 

speech organs for target sounds).
	 	Level 2: 20 1-syllable nonsense sounds.
	 	Level 3: 20 2-syllable nonsense sounds (with the 

same vowel in each syllable).
	 	Level 4: 20 3-syllable nonsense sounds (with the 

same vowel in each syllable).
	 	Level 5: 20 2-3-syllable nonsense sounds (with a 

different vowel in each syllable).
	 	Level 6: 15 pictures of words and a 20-word list.
	 	Level 7: 15 pictures of 3-5 syllable short phrases/

sentences and a list of 20 3-5 syllable short phrases/ 
sentences.

	 	Level 8: 15 pictures of 4-8-syllable long phrases/
sentences and a list of 20 4-8-syllable long phrases/
sentences. There was also list of reading exercises 
that provided 35 speech samples in each level for 
children who possessed literacy skills. 

Statistical analysis
	 The main outcome of this study was the articulation 
errors that were scored as 0: correct or normal, or 1: 
incorrect. The percentage of correct consonants (PCC) 
was calculated, and normal distribution was assessed with 
Kolmogorov-Smirnov tests. The scores of pre- and post-
intervention PCC were analyzed as mean and standard 
deviation. Resonance was evaluated via perceptual 
assessment with scores classified based on standard 



S. Chanachai and B. Prathanee.  Journal of Associated Medical Sciences 2025; 58(3): 85-9188

protocols.31,32 The mean differences  of the pre- and 
post-intervention PCC scores numbers were compared 
using independent t-tests. All statistical analyses were 
performed using SPSS software [IBM SPSS Statistics; 
version: 28.0.1.0(142)], which is a licensed program 
available for the Department of Epidemiology, Faculty of 
Medicine, Khon Kaen University.33

Results
	 Initially, nineteen children with CP±L, aged 5-13 years 
(mean 7.69, standard deviation 2.13) participated in this 
study. Unfortunately, one child left the study because 
their caregiver could not continue following the study 

plan; therefore, 18 participants, including 6 girls and 12 
boys, completed the study. Cleft types were divided into 
cleft palate (3 children), bilateral cleft lip and palate (6 
children), unilateral left cleft lip and palate (5 children), 
unilateral right cleft lip and palate (4 children). Perceptual 
and baseline characteristics are presented in Table 1.
	 Individual percentage of correct consonants (PCC) 
from pre- and post-speech therapy are presented in Figure 1. 
Comparison of the percentages of correct consonants 
from pre- and post-speech therapy is displayed in Table 2. 
The results reveal that the combination of TP via AAT-T 
was a strategy that effectively increased PCC scores in 
children with CP±L.

Table 1. Characteristics of children with CP±L.
Code Diagnosis Resonance Voice Intelligibility
A01 URCLP 2 0 1
A02 BCLP 1 1 1
A03 ULCLP 2 0 1
A04 CP 2 0 2
A05 ULCLP 0 0 1
A07 URCLP 2 0 1
A08 BCLP 2 0 2
A09 BCLP 3 0 2
A11 ULCLP 3 0 1
A12 BCLP 1 1 2
A13 CP 0 0 1
A14 BCLP 1 0 1
A16 BCLP 2 0 1
A17 URCLP 2 1 1
A18 URCLP 0 0 1
A19 ULCLP 3 1 3
A20 ULCLP 0 0 1
A21 CP 3 0 3

Note: CP: cleft palate, ULCLP: unilateral left cleft lip and palate, URCLP: unilateral right cleft lip and palate, BCLP: 
bilateral cleft lip and palate, Resonance score; -1: hyponasality, 0: normal, +1: mild hypernasality, +2: moderate 
hypernasality, +3: severe hypernasality, Voice; 0: normal voice, 1: abnormal voice, Intelligibility; 1: intelligibility 
(>75%), 2: intelligibility if topic known (50-75%), 3: unintelligibility (<75%).

Table 2. Comparison pre- and post-percentage of corrected consonants.

Assessment
Pre - test Post - test Paired differences

Min Max Mean SD Min Max Mean SD Mean
difference SD

95%CI
Lower Upper

PCC 51.85 85.19 72.63 9.60 66.67 92.59 81.27 9.46 8.64 8.89 4.22 13.06
Note: PCC: percentage of corrected consonants.
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Figure 1. Pre- and post- number percentages of corrected consonant.

				  
Discussion
	 TP and telehealth are commonly used today.34  
TP has been used in recent decades for speech 
therapy,19-21,35,36 particularly during the pandemic , and 
telehealth applications are currently gaining popularity 
in the management of cleft lip and/or palate, assisting 
in areas such as diagnosis and treatment planning, 
especially for speech therapy.23 To aid in speech skills 
practice, a dedicated application is required for use by 
professionals, parents, and caregivers. Subsequently, 
AAT-T was designed as a software program to facilitate 
performance of articulation exercises for speech therapy, 
which is a complex and highly individualized intervention, 
which means that AAT-T can provide a tailored approach. 
TP for children with CP±L has not previously been available 
for speech therapy in Thailand. Therefore, this research 
was undertaken as a pioneer study in this field in order to 
determine the benefits and the effectiveness of conducting 
speech therapy via AAT-T in conjunction with TP.
	 The effectiveness of the combination of AAT-T 
with TP in this study was demonstrated   by significant 
improvement in the PCC scores within 5 months  (mean 
difference=8.64; 95% confidence interval=4.22-13.06) 
with a total of five sessions of face-to-face speech therapy 
and 15 sessions of TP for 18 children with CP±L, and it 
can be used in other areas of Thailand. This finding is in 
agreement with a previous study, in which one month of 
weekly, 45-minute TP sessions, incorporating storybook 
reading and virtual choir singing with the targeted sounds, 
significantly reduced the severity of compensatory 
articulation disorders in children with cleft lip and palate 
aged 4 to 12.20 In addition, a teletherapy program known 
as Enhanced Milieu Teaching with Phonological Emphasis 
(EMT+PE), which was implemented by the children’s 
parents, improved the talking rate, speech, and vocabulary 
of very young children with cleft lip and/or palate, 
ranging from 21 to 28 months old.21 Moreover, during the 

COVID-19 pandemic in Japan, TP was successfully used as 
an alternative therapy for children with cleft lip and palate, 
with parents reporting complete satisfaction.35 A review 
of multiple studies also found that TP for speech therapy 
was effective in decreasing articulation errors during the 
COVID-19 pandemic19 and suggested that audiovisual 
materials such as applications are useful for families 
receiving and practicing the interventions. 
	 The strength of this study is that, based on the overall 
data (Figure 1 and Table 2), AAT-T with TP was shown to 
provide benefits and effectiveness. For the participants 
who demonstrated the highest improvements in training 
performance (A04, A07, A09, A14), their individual daily 
record of homework revealed that caregivers had good 
compliance regarding homework and consistently provided 
home-based exercises. They also cooperated very well in 
both the face-to-face and online training sessions, which 
was particularly pronounced in participants A07 and A09, 
whose caregivers demonstrated consistent adherence to 
the home-based speech practice protocol, following both 
the prescribed procedures and time frames. Additionally, 
participants with normal resonance or mild hypernasality 
demonstrated greater improvements in post-training 
scores, particularly those with speech intelligibility levels 
above 75%, which especially affected the training outcomes 
(A04, A14), suggesting that resonance and intelligibility 
levels also significantly influenced the outcomes. 
	 This stands in contrast to the outcomes observed 
in participants who exhibited unexpected findings or 
no measurable improvement (A05, A08, A12, A16) in 
performance following the intervention. These three 
children and caregivers had poor cooperation during 
therapy sessions, both in-person and remote, as the 
children struggled with short attention spans, making 
it difficult to focus on the target sounds. Caregivers had 
difficulty managing their children’s behavior, hindering 
home practice. Despite “short attention span” being 
an exclusion criterion in the screening by observation, 
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this lack of cooperation during assessment may have 
resulted in underestimated scores. Thus, future studies 
should implement more formal screening procedures to 
accurately identify and exclude participants with attention 
deficits, particularly in the case of the caregiver of A08, 
who did not conduct any home practice as recommended 
by SLPs, as the caregiver was unable to manage the 
child’s behavior during the TP-based practice sessions. In 
summary, the outcome scores from these children may 
have had an impact on the wide confidence interval of the 
mean difference.
	 Despite the unexpected findings potentially arising 
due to these reasons, the results still support the hypothesis 
that suggests that AAT-T combined with TP is beneficial 
for reducing articulation errors. Consequently, future 
research should prioritize controlling these influencing 
factors. For the clinical implications, the findings support 
previous studies, as AAT-T with TP provided benefits and 
effectiveness for correcting articulation errors of children 
with CP±L where there were geographical barriers, the 
pandemic situation, and a shortage of trained professionals 
in Thailand. Thus, AAT-T may be applied to use with any 
language for further development.
	 Regarding the limitations of the study, although the 
sample size was calculated based on the previous study, 
the 95% confident interval is still a wide range. This might 
be due to the excessively small number of participants. 
Moreover, several participants had a short attention span, 
which resulted in negative outcomes. To accurately assess 
the effectiveness of the interventions, a larger number of 
participants and a formal investigation of attention span 
should be included in further research.

Conclusion 
	 Twenty sessions of speech therapy via AAT-T 
combined with TP (five sessions of face-to-face speech 
therapy and 15 sessions of TP) significantly improved PCC 
percentages in patients with CP±L. Thus, this approach can 
be applied in regions with limited resources, geographical 
barriers, or in situations requiring social distancing, such 
as during a pandemic, particularly within the context 
of Thailand, and can also be adapted for use with other 
languages to enhance speech therapy accessibility in any 
area that has similar contexts. 
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ABSTRACT

Background: Children with specific language impairment (SLI) have problems with 
non-linguistic areas such as executive function (EF) skills, in addition to language 
skills. EF skills are crucial for language development and processing. Conversely, 
language acquisition can also enhance EF skills, suggesting a bidirectional 
relationship. Speech therapists (STs) play a crucial role in providing interventions 
focused on EF skills for school-age children with SLI. Nevertheless, there is a 
scarcity of comprehensive evaluations regarding the effects of EF interventions for 
school-age children with SLI that enhance EF and language skills.

Objective: The purpose of this systematic review (SR) was to investigate which 
EF interventions have affected EF skills for school-age children with SLI and to 
investigate how improvements in EF skills could improve language skills in these 
children with SLI.

Materials and methods: This SR followed the Preferred Reporting Items for  
Systematic Reviews (PRISMA) guidelines with a descriptive-analytical approach. 
The protocol was registered in the International Prospective Register of Systematic 
Reviews (PROSPERO; CRD42024545361). Searched databases included ERIC, 
PubMed, APA PsycINFO, and ProQuest Dissertations and Theses. The authors used 
the Single-Case Experimental Design (SCED) and the Joanna Briggs Institute (JBI) 
critical appraisal tool for quality assessment.

Results: A total of 5,737 studies were retrieved, of which 4 studies were included in 
this review. The evidence supports the notion that EF interventions could improve 
EF skills (i.e., visuospatial WM, attention, inhibition, and cognitive flexibility) as 
well as language skills (i.e., language comprehension and production, particularly 
grammatical skills) in children with SLI aged 6 to 12 years. This study also indicates 
that while there are promising outcomes, the effects can be inconsistent and vary 
depending on the type of intervention and the specific skills targeted. EFs offer 
a cognitive framework that facilitates language acquisition, comprehension, and 
production throughout development and across different contexts.

Conclusion: EF interventions could have the potential to improve both EF skills and 
language skills. EF skills are essential for language development and processing,  
and vice versa. Therefore, STs could integrate EF interventions with traditional  
language interventions.
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Introduction
	 Executive functions (EFs) are a set of cognitive capacities 
that enable individuals to regulate goal-directed behavior, 
planning, mental flexibility, and self-monitoring. The term 
EF encompasses three main cognitive capacities: inhibition 
(deliberately overcoming a dominant response), working 
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memory (WM; involving maintenance, monitoring, updating, 
and manipulation of short-term memory contents, as 
well as interference), and attentional set shifting.1-2 EFs 
gradually develop and change across an individual’s 
lifespan and can be improved at any time.1

	 The relationship between EF skills and language 
acquisition is a complex and multifaceted area of study, 
with research indicating a significant interplay between 
these cognitive domains. EF skills are crucial for language 
development and processing. Conversely, language 
acquisition can also enhance EF skills, suggesting a 
bidirectional relationship.3-5 For instance, Filipe et al.4 

highlight that WM and cognitive flexibility have been 
shown to predict language abilities significantly in 
preschool children, explaining a substantial portion of the 
variance in language outcomes beyond age, gender, and 
nonverbal intelligence. WM is particularly important for 
tasks that require holding and manipulating information, 
such as understanding complex sentences. While 
inhibition is a critical EF component, its direct impact 
on language outcomes is less pronounced compared to 
working memory and cognitive flexibility. However, it plays 
a role in managing distractions and focusing on relevant 
linguistic information.
	 Children with specific language impairment (SLI) 
have a communication impairment in language skills 
that is markedly below age-appropriate and does not 
result from other developmental abnormalities such as 
hearing loss, cognitive impairment, or a clear neurological 
diagnosis.6 Not only do children with SLI have problems 
with language, such as limited vocabulary, morphological 
errors, grammar and syntax challenges, and pragmatic 
difficulties,7 but they also have problems with non-
linguistic areas such as EF skills that might lead to social, 
literacy, and working memory challenges.8-11  
	 In the past decade, there have been several 
systematic reviews and meta-analyses investigating EF 
skills in school-age children with SLI. Many children with SLI 
have difficulty with EFs compared to typically developing 
(TD) children. 8-11 A SR of Cama and Leon-Rojas8 found that 
children with SLI have problems with WM, which includes 
phonological, auditory, and visual/verbal memory. 
Furthermore, attention deficits are prevalent, affecting 
their ability to focus and process information efficiently, 
and also the ability to plan and internalize speech is 
defective, contributing to difficulties in expressive skills 
both verbally and non-verbally.          
	 A meta-analysis by Estes et al.9 also found that 
children with SLI experience word learning and sentence 
processing difficulties due to lower performance in 
phonological short-term memory (pSTM) compared 
to their peers on average. Meanwhile, a meta-analysis 
by Vugs et al.10 found that children with SLI performed 
lower in visuospatial working memory (VSWM) than 
their peers on average, leading to nonverbal learning 
challenges. Additionally, a meta-analysis by Pauls & 
Archibald11 found that children with SLI performed lower 
in inhibition and in cognitive flexibility than their peers 
on average, which might increase distractibility, reduce 

listening comprehensibility, and affect multiple elements 
of pragmatic skills. As a result, children with SLI had EF 
deficits that exceeded those of TD children and related to 
their language skills.
	 Speech therapists (STs) play a pivotal role in 
addressing EFs for school-age children with SLI.12  
EF interventions are essential as they address the 
cognitive and communicative challenges faced by children 
with SLI.12-15 However, the effects can be inconsistent 
and vary depending on the type of intervention and the 
specific skills targeted. For example, EF interventions 
including WM training programs, including interactive 
and computerized,12 WM training interventions including 
listening recall training task and odd one out span training 
task,13 a computer-based EF training (Braingame Brian),14 

and Cogmed WM training.15 Additionally, the results varied, 
encompassing both WM and language, with a particular 
focus on WM12-15 and language.12-13,15 Furthermore, some 
studies examined behavioral problem14 and IQ.15 Nevertheless, 
there is a scarcity of comprehensive evaluations regarding 
the effects of EF interventions for school-age children with 
SLI that enhance EF skills and language skills and how 
improvements in EF skills could improve language skills in 
these children. 
	 The purpose of this SR was to investigate which EF 
interventions have affected EF skills for school-age children 
with SLI and to investigate how improvements in EF skills 
could improve language skills in these children with SLI. 
In the present SR, we sought to answer the following 
questions: 
	 1)	 What EF interventions have affected EF skills for 

school-age children with SLI? 
	 2)	 How could improvements in EF skills improve 

language skills in school-age children with SLI?

Materials and methods
	 This SR followed the PRISMA guidelines with a 
descriptive-analytical approach.16 The protocol was 
registered in the PROSPERO (CRD42024545361).

Inclusion and exclusion criteria
	 This SR followed the criteria for the inclusion and 
exclusion of studies in this review based on population, 
intervention, comparison, outcome, and study design 
(PICOS) principles.

Types of participants
	 The target participants included children aged 6-12 
years old who were diagnosed with SLI. We excluded 
participants with other diagnoses or mixed diagnoses 
in their developmental and medical histories, such as 
attention-deficit/hyperactivity disorder (ADHD), autism 
spectrum disorder (ASD), intellectual disability (ID), 
sensory disorders, brain damage, or seizures.

Types of intervention
	 The target interventions included EF interventions, 
programs, principles, trainings, or strategies used with 
school-age children with SLI. We did not consider programs 
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that were not primarily focused on EF skills.

Types of comparators
	 We compared the intervention to other types of 
interventions, such as waiting lists, traditional language 
interventions, control groups, or no control group.

Types of outcomes
	 The target outcomes included EF skills, such as 
attention control, behavioral inhibition, and working 
memory, as a primary outcome and related to language 
skills. We excluded studies that did not measure EFs as 
primary outcomes.

Types of studies 
	 We considered randomized or non-randomized 
controlled trials. Other types of research designs, such 
as expert opinions, case reports, and qualitative studies, 
were not considered.

Search strategy
	 The authors searched for the studies between 1 July 
and 31 October 2024. Searched databases included ERIC 
(3,492), PubMed (15), APA PsycINFO (4), and ProQuest 
Dissertations and Theses (1,782). To ensure that all 
existing literature on the research questions addressed 
by this review was included, we used reference tracking 
and hand searching. We also searched Brain Sciences (93), 
Child Language Teaching and Therapy (242), American 
Journal of Speech-Language Pathology (44), and Clinical 
Linguistics & Phonetics (69). The SR included studies that 
were published from 2014 to 2024. Full text was in English.
		  The searched terms were using booleans, 
truncations, and other operators: (“specific language 
impairment” OR “developmental language disorder” 

OR “primary language impairment”) AND (“executive 
function” OR “attention” OR “inhibition” OR “shifting” 
OR “working memory”) AND (“executive function 
intervention” OR “program” OR “principle” OR “training” 
OR “strategy”).

Study selection and data extraction
	 The two review authors (N.W. and T.K.) searched and 
eliminated duplicates, including documents indexed in 
two or more databases as well as nonoriginal publications 
like books, book chapters, and journals. We were then 
responsible for study selection during the first screening 
phase, independently assessing the title and abstract of 
all documents to find those of potential relevance. The 
selection process includes documents with sufficient 
information for screening (title and abstract). In a second 
screening process, using full texts, we independently 
determined which studies met the inclusion criteria for 
this review. When we could not reach a consensus, a third 
review author (S.C.) was consulted as necessary, whose 
decision was final. In the last process, we independently 
extracted the main characteristics of the included studies 
using a designed template. 

Data analysis
	 This SR used a descriptive analysis approach. We 
did not analyze subgroups or subsets or carry out a meta-
analysis of the studies due to heterogeneous studies.

Quality assessment
	 To assess the quality of the studies, we used the 
SCED17 for single-subject studies (Table 1) and the JBI 
critical appraisal tool17 for quasi-experimental studies 
(Table 2).

Table 1. Risk of bias for  single subject study using the SCED.
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	 The SCED comprises 11 items, with 10 of them 
focusing on assessing the methodology and statistical 
analysis quality. It classifies studies scoring between 9-11 
as good quality, those scoring 6-8 as moderate quality, and 
any scoring under 5 as poor quality.17

	 The JBI quasi-experimental studies checklist comprises 
9 items: certainty of cause and effect, pre-homogeneity 
verification, exposure to the same environment outside of 
the intervention, presence or absence of a control group, 
pre- and post-intervention effect measures, description of 
dropouts, equivalence of outcome measures, appropriateness 
of outcome variable measures, and statistical analysis 
methods. The JBI checklist assesses each item by assigning 
a score of 1 for yes, 0 for no, and 0 for unclear or not 
applicable items. There is a high risk of bias if 20-50% of 
items score yes, a moderate risk if 50-80% of items score 
yes, and a low risk if 80-100% of items score yes.18

	 The two review authors (N.W. and T.K.) independently 
assessed the studies. Any disagreement was resolved by 
consensus, and whenever this was not possible, a third 
review author was consulted (S.C.), whose decision was 
final.

Results 
	 Figure 1 illustrates a methodology flowchart. The 
preliminary database and hand search in relevant journals 
yielded a total of 5,737 articles relevant to the topic. The 
authors removed the duplicates from these articles, leaving 
a total of 1,330. During the initial screening, we excluded 
1,320 studies from these publications. We systematically 
filtered the full-text articles for eligibility assessment 
using the PICOS design. After a thorough review of the 10 
articles, the search yielded four matches for the inclusion/
exclusion criteria defined in the methods.12-15

Table 2. Risk of bias for quasi-experimental studies using the JBI quasi-experimental studies checklist.

JBI quasi-experimental studies checklist Henry et al. 
(2022)13

Vugs et al. 
(2017)14

Holmes et al. 
(2015)15

1.	 Is it clear in the study what is the “cause” and 
what is the “effect” (i.e., there is no confusion 
about which variable comes first)?

Y Y Y

2.	 Were the participants included in any compari-
sons similar?

Y NA Y

3.	 Were the participants included in any compari-
sons receiving similar treatment/care, other than 
the exposure or intervention of interest?

N NA N

4.	 Was there a control group? Y N Y
5.	 Were there multiple measurements of the out-

come both pre- and post-intervention/ exposure?
Y Y Y

6.	 Was follow-up complete and if not, were differ-
ences between groups in terms of their follow-up 
adequately described and analyzed?

Y Y N

7.	 Were the outcomes of participants included in 
any comparisons measured in the same way?

Y Y Y

8.	 Were outcomes measured in a reliable way? Y Y Y
9.	 Was appropriate statistical analysis used? Y Y Y
Overall appraisal 8/9

(Low risk)
6/9

(Moderate risk)
7/9

(Moderate risk)
Note: Y: yes, N: no, NA: not applicable
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	 Table 3 demonstrates the included studies. Three 
studies were conducted in Europe, i.e., the UK,13-14 and the 
Netherlands.15 One study was conducted in Asia, in Iran.12 
According to levels of evidence at Johns Hopkins Nursing 
Evidence-Based Practice,19 our review identified three 
studies using quasi-experimental design (Level II)12-14 and 
one study using single case design (Level III).12

	 The present SR involved a total of 94 participants, 
with sample sizes ranging from 10 to 47. All studies 
included only children aged between 6 and 12 years. All 
participants had received a diagnosis of SLI (which can 
be used interchangeably with developmental language 
disorder (DLD) or primary language impairment (PLI), 
which identified by a psychological assessment or a 
psychiatric diagnosis.12-15 Severity levels were reported in 
only one study, ranging from mild to severe SLI.12 
	 The studies included in this review examined EF 
interventions, including WM training programs, including 

interactive and computerized,12 WM training interventions, 
including listening recall training task and odd one out span 
training task,13 a computer-based EF training (Braingame 
Brian),14 and Cogmed WM training.15 Speech-language 
pathologist was clearly reported as an interventionist 
in one study.12 However, the researcher and researcher 
assistant were reported in of Henry et al.,13 Vugs et al.,14 
and Holmes et al.15 The duration of sessions ranged from 5 
weeks12 to 8 weeks.15

	 Shahmahmood Toktam et al. focused on WM, pSTM, 
morpho-syntax skills, and executive WM.12 Henry et al. 
focused on WM tasks and language comprehension.13 Vugs 
et al. focused on tasks of three trained EFs (visuospatial 
WM, inhibition, and cognitive flexibility), other untrained 
neurocognitive functions (verbal WM, attention, planning, 
and fluency), and parents’ and teachers’ ratings of EF and 
behavioral problems.14 Holmes et al. focused on STM, WM, 
language, and IQ.15

Figure 1. Methodology flowchart.
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	 The results Shahmahmood Toktam et al. showed 
that direct WM remediation can lead to beneficial changes 
in WM skills including non-word repetition (NWR) and 
backward digit span (BDS) and morpho-syntactic language 
skills.12 Focusing on WM as the primary target of 
intervention can improve the children’s participation 
in treatment (attention), as well as their linguistic 
comprehension and production skills, especially their 
grammatical skills. Furthermore, the findings showed that 
language intervention also led to an improved grammatical 
receptive and expressive functioning of all participants, 
though it did not notably change the participant’s 
performances in WM tasks, including the word list recall 
and backward word span tests.
	 The results of Henry et al. found that children who 
received WM training interventions showed significantly 
higher WM scores and language comprehension at both 
time points than children in the active control group.13 
Improvements not only in two trained tasks (direct 
effects) and six untrained working-memory tasks (near-
transfer effects) but also sentence comprehension and 
receptive grammar assessments. The researchers chose 
face-to-face delivery because it can enhance children’s 
motivation and focus their attention on input, thereby 
creating an ideal environment for training participation. 
This may be especially crucial for the executive-load 
component of the executive working memory activities 
assigned to the trained group. This shows that the focus 
and/or enjoyment of the activity, as well as motivation, 
maybe more important than the mode of delivery in 
achieving favorable outcomes. The intervention program 
demonstrated advantages: it involved short sessions over 
a short period, caused little disruption in the school day, 
and was enjoyed by children.
	 The results of Vugs et al. found that children with 
SLI showed significant improvement on a task of cognitive 
flexibility directly after training, as well as a positive trend 
for improvement in the visuospatial storage component of 
WM and inhibition.14 At 6-month follow-up, the children 
performed significantly better on the visuospatial storage 
component of WM, inhibition, and cognitive flexibility. The 
study observed significant improvement at the 6-month 
follow-up in two neurocognitive functions, sustained 
attention and attention control, which were not part of the 
program’s training. Regarding the behavioral ratings, both 
parents and teachers reported significantly fewer attention 
problems. Moreover, parents reported significantly fewer 
problems with WM and metacognition, thought problems, 
externalizing behavioral problems, and overall behavioral 
problems.
	 The results of Holmes et al. found that both children 
who received the Cogmed WM interventions and children 
in the control group showed significant post-training 
gains on visuospatial storage (or visuospatial short-term 
memory).15 Children in the LLA (low language ability) 
group improved significantly on one of the two verbal 
STM measures (digit span but not word span), although 
group interaction training was not significant. Low verbal 
IQ scores were strongly and specifically associated with 

greater gains in verbal STM. One possibility is that these 
children’s daily practice on several Cogmed tasks that 
require them to remember the order of spoken information 
(letters and numbers) may help them come up with simple 
ways to practice, which in turn improves their verbal STM 
performance. Following training, children with higher 
verbal IQs made greater gains in visuospatial short-term 
memory. Verbal abilities may be critical in developing new 
strategies to meet the complex demands of visuo-spatial 
working memory. 	

Discussion
	 The first purpose of this SR was to investigate which 
EF interventions have affected EF skills for school-age 
children with SLI. The evidence supports the notion that 
EF interventions could improve EF skills (i.e., visuospatial 
WM, attention, inhibition, and cognitive flexibility) as 
well as language skills (i.e., language comprehension and 
production, particularly grammatical skills) in children 
with SLI aged 6 to 12 years. This study also indicates 
that while there are promising outcomes, the effects 
can be inconsistent and vary depending on the type of 
intervention and the specific skills targeted.
	 Two studies found that computer-based EF training, 
including Braingame Brian14 and Cogmed WM training15 
improved the trained visuospatial WM of school-age 
children with SLI. Klingberg et al. investigated the effect of 
computer-based WM training in children with ADHD.20,21 
The results indicated that these children improved in 
visuospatial WM tasks. Therefore, our SR supports the 
use of computerized interventions, which could be used in 
clinical settings for STs to enhance WM.
	 Furthermore, Holmes et al. found that visuospatial 
WM improved, especially in individuals with higher baseline 
verbal IQs and non-word repetition scores.15 This result 
demonstrated that the complex demands of visuospatial 
WM tasks required strong verbal skills. Children with 
strong language abilities may find it simpler to employ 
verbal labels to recode stimuli such as spatial locations or 
colors, giving them additional ways to preserve memory 
items. A meta-analysis of Vugs et al. found that there was 
a correlation between more severe language impairment 
and greater impairment in visuospatial storage.4 However, 
Vugs et al. did not report verbal IQs or non-word repetition 
scores.14 
	 Three studies also found that computer-based 
EF training, including interactive and computerized,12 
Braingame,14 as well as training interventions including 
listening recall training tasks and odd one-out span training 
tasks on paper-based materials, improved attention skills 
in school-age children with SLI.13 There were several 
explanations for this finding. For example, Shahmahmood 
Toktam et al.12 found that WM training programs indirectly 
improved attention skills by improving one of the WM-
related tasks (i.e., backward digit span, BDS). Likewise, 
Vugs et al. found that EF intervention enhanced two 
tasks related to neurocognitive functions that were not 
addressed in the program, such as sustained attention and 
attention control.14 Besides, Henry et al. found that face-
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to-face delivery was used for social engagement, which 
may increase children’s motivation and focus attention 
on input, creating an environment that is conducive to 
training adoption.13

	 Interesting, the study of Vugs et al. was only one 
study that investigated the trainability of inhibition 
and cognitive flexibility.14 Following the training and 
during the 6-month follow-up, they noticed a significant 
enhancement in cognitive flexibility performance, as well 
as a positive tendency toward improved inhibition. Like 
Van der Oord et al. this study investigated the effect of 
computerized EF training focused on improving three EFs: 
WM, inhibition, and cognitive flexibility in children with 
ADHD.22 EF intervention utilizing games could enhance 
children’s motivation and cognitive performance. Leading 
to neuroplastic changes, especially in regions such as the 
prefrontal cortex, which is essential for inhibition.23 

	 Also, Van der Oord et al. incorporated gamification 
aspects to augment children’s motivation and potentially 
amplify their cognitive performance throughout training.22 
Gaming enhances the release of striatal dopamine, which 
is believed to enhance arousal and cognitive control 
functions, particularly during EF training.24 It should be 
noted that the average performance of the children with 
SLI in inhibition and cognitive flexibility was lower than that 
of their peers.5 Hence, the EF intervention should enhance 
the capacity for inhibition and cognitive flexibility.
	 On balance, the findings indicate that several 
interventions effectively improved EF skills, including 
computer-based programs (Braingame Brian, Cogmed, 
and other interactive computerized training) and paper-
based materials with listening recall and odd-one-out span 
tasks. These interventions demonstrated improvements in 
visuospatial working memory, attention, inhibition, and 
cognitive flexibility, though with varying consistency. 
	 The second purpose of this SR was to investigate how 
improvements in EF skills could improve language skills in 
school-age children with SLI. The evidence presented in 
the four studies also supports the notion that EF skills are 
essential for language development and processing, and 
vice versa.
	 Henry et al. found an improvement in sentence 
comprehension. Also, it should be noted that this study 
found an improvement in attention skills in children with 
SLI.13 It is possible that EF interventions, such as listening 
recall training tasks and odd one-out span training tasks on 
paper-based materials, which improve attention control, 
can lead to better concentration during sentence processing. 
This ensures that the individual remains focused on the 
meaning of the sentence without being sidetracked by 
irrelevant stimuli, which enhances overall comprehension. 
In line with Gillam et al.25 and Montgomery et al.,26 the 
relationship between WM and sentence comprehension 
is a complex interplay involving various cognitive functions 
such as fluid reasoning, controlled attention, and long-
term memory for language knowledge. In this association, 
WM acts as a mediator, facilitating the integration and 
processing of information necessary for understanding 
sentences. However, Montgomery et al.26 encouraged 

interventionists to address underlying language skills 
such as syntax and sentence comprehension directly 
rather than trying to improve WM through training.  
They suggested methods for implicit and explicit 
interventions to reduce WM demands and improve 
language, respectively.
	 Shahmahmood Toktam et al. found an improvement 
in linguistic comprehension and production skills, especially 
their grammatical skills.12 Also, it should be noted that this 
study found an improvement in attention skills in children 
with SLI. Attention, as part of the broader EF system, 
helps individuals  focus on relevant linguistic information, 
manage distractions, and process language with precision. 
It is probable that WM training, which improves attention, 
is the underlying mechanism for language skill growth in 
response to a range of linguistic intervention activities.27  
	 Furthermore, the findings of Shahmahmood Toktam 
et al.12 are consistent with the findings of Holmes et al.14 
Their WM training method for a sample of low-WM 
children resulted in near transfer to other WM activities 
and far transfer to mathematics and English. This indicated 
that there are cross-domain interactions between 
language and WM, which is consistent with the findings 
of Ebert and Kohnert and supports cognitive theories 
of language.28 However, the study by Henry et al.29 
found no significant far-transfer effects on mathematics 
and reading skills following WM training, except for a 
notable improvement in reading comprehension. Positive 
results could suggest that EF skills, such as cognitive 
flexibility and inhibitory control, play significant roles 
in language development. Inhibitory control may be 
crucial for language development because it enables 
children to concentrate on interpretations of a message.30 

Additionally, it could be necessary for communicative 
perspective-taking.31 Cognitive flexibility was a predictor 
of the narrative structure.32 It is crucial to consider how 
these EF skills affect language development. Children 
may therefore be able to utilize language more flexibly if 
they have cognitive flexibility. Therefore, the question of 
whether low-WM children experience near transfer to 
other WM activities and far transfer to mathematics and 
English is a complex one, with research providing mixed 
results. While some studies suggest potential benefits of 
WM training, others highlight limitations in the transfer 
effects, particularly in far transfer to academic skills such 
as mathematics and English.
	 Overall, the results of the current research, which 
are consistent with previous reports, indicate that EF 
interventions have shown potential in improving EF skills 
in these children. EFs and language are closely intertwined 
in cognitive processes. It should be the notion that EFs 
provide the cognitive framework that supports language 
acquisition, comprehension, and production throughout 
development and across different contexts. EF skills such 
as the ability to retain information (working memory), 
focus and process relevant linguistic information precisely 
without being distracted (attention), filter out irrelevant 
information (inhibition), and shift focus between activities 
(cognitive flexibility) were found to be crucial foundations 
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for enabling more effective communication.
	 For school-age children with SLI, STs could integrate 
EF interventions with traditional language interventions, 
as language skills have little bearing on EFs. EF skills are 
essential for language development and processing. 
Conversely, language acquisition may also improve EFs, 
indicating a bidirectional relationship.9-11 Therefore, our 
finding suggests that STs should not neglect EFs because EF 
interventions may not only successfully enhance children 
with SLI but also indirectly affect their language skills. 
However, more research is needed to better understand 
the bidirectional relationship between EF and language 
skills in children with SLI, as well as to provide more 
tailored speech therapy to these individuals.

Limitations and future research
	 This present SR has several limitations. First, we only 
selected articles in English. Other languages might yield 
complementary results. Secondly, there have only been 
four recent studies published to date, which included 
one single-subject design11 and three quasi-experimental 
studies.13-15 The randomized controlled trial study, which 
is widely regarded as the gold standard of experimental 
research, was notably absent. Therefore, it should be 
concerned about the limited sample size, making findings 
difficult to generalize to the population. Thirdly, the 
evidence from the four included studies in this review 
focuses on school-age children with SLI, meaning that the 
findings are not generalizable to preschool children or 
adults with SLI. Further research is required to determine 
the effects of EF interventions on individuals with SLI 
under 6 or above 12, as well as how improvements in EFs 
could improve language skills in young and adult children 
with SLI. Finally, we must recall that STs implemented 
the interventions,12 a fact not explicitly stated in some 
studies.13-15 Therefore, further research is necessary to 
define the interventionist clearly for STs to know their role 
in intervening both in language and EF areas. There should 
be an understanding of STs’ experiences remediating 
developmental EF impairments with SLI, as well as their 
confidence and expertise in this domain.

Conclusion
	 In conclusion, this present SR indicates that EF 
interventions could enhance both EF and language skills in 
school-age children with SLI. The research suggests that, 
although there are encouraging results, the benefits may 
be variable and depend on the type of intervention and the 
specific skills addressed. Cognitive processes intricately 
connect EFs and language. EF skills are assumed to 
provide the cognitive framework that underpins language 
acquisition, comprehension, and production throughout 
development and across various contexts. School-age 
children with SLI could benefit from EF interventions in 
conjunction with traditional language interventions. STs 
must not overlook EFs, as interventions targeting them 
may not only effectively improve EF skills but also indirectly 
influence language skills. Further research is needed to 
better understand the bidirectional relationship between 

EFs and language skills in children with SLI and to provide 
more individualized speech therapy for these individuals.
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ABSTRACT

Background: Uncertainty regarding an actual amount of the medial longitudinal 
arch (MLA) collapse during running among the flexible flatfoot and normal foot 
individuals has been existed. Additionally, it was unclear whether the alterations of 
muscle activation and lower limb motion enhanced the MLA collapse in the flexible 
flatfoot individuals.

Objective: This cross-sectional study aimed to compare the dynamic MLA collapse 
during running between the flexible flatfoot and the normal foot individuals. 
It also sought to investigate whether the greater MLA collapse in the flexible 
flatfoot individuals was related to the alteration of kinematics, kinetics, and muscle 
activation.

Materials and methods: Sixteen-volunteered males participated in this study. 
Based on their static navicular drop test, they were assigned into either the flexible 
flatfoot or the control groups totally 8 participants in each group. They performed 
barefoot running at a speed of 3.5±0.25 m/s while the three-dimensional motion 
of the lower body, electromyography and ground reaction force were recorded 
synchronously. A subject-specific foot model was constructed from the additional 
reflective markers attached on their feet to determine the maximal dynamic 
navicular drop (NDDmax) during the stance phase.

Results: The flexible flatfoot group had greater MLA collapse during midstance 
and propulsion which coincided with greater hip and knee flexions, and ankle 
dorsiflexion. The 95% CI of their NDDmax was in the ranges of 27.18 to 37.68 
mm while that of the control group ranged between 20.71 mm and 27.82 mm. 
The flexible flatfoot group had lesser activations of the hip, knee, and ankle 
extensors to counteract the flexion moments. They also had larger ankle inversion 
(p=0.04) without greater activation of peroneus longus.

Conclusion: Greater MLA collapse in the flexible flatfoot individuals at midstance 
and propulsion was associated with greater hip and knee flexions, and ankle 
dorsiflexion. It might be the consequence of the lower activation of their leg 
extensors.
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Introduction
	 Flexible flatfoot is a less rigid medial longitudinal 
arch (MLA) which collapses from weight bearing and 
recoils back after unloading.1 The MLA is formed by the 
calcaneus, talus, navicular, three cuneiform bones, and 
the first, second, and third metatarsals. The role of MLA is 
shock absorption which attenuates ground reaction forces 
transferred to the lower limb.2,3 Malfunction of plantar 
intrinsic and extrinsic foot muscles leads to unstable and 
malalignment of MLA.4 Reduction of the abductor hallucis 
muscle activation from nerve blockage5 and fatigue exercise 
also resulted in MLA collapse.6 Greater MLA collapse may 
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lead to the exercise-induced leg pain7 and plantar fasciitis 
in runners.8 

	 Nevertheless, the evidence regarding the contribution 
of muscle function to MLA collapse has been unclarified. 
There was reported that runners with greater MLA collapse 
and foot pronation have larger plantar intrinsic foot 
muscle, the flexor digitorum brevis and flexor digitorum 
longus.9 However, the size of their peroneus longus (PL)9,10 
did not differ from that of normal foot runners. Hence, 
it was likely that other factors besides foot muscle imbalance 
or overactivation of PL relate to the MLA collapse during 
running.
	 Abnormal motion of the proximal joint may enhance 
the MLA collapse. Nevertheless, there were controversial 
data11 from the difference in the study interventions 
such as footwear condition,11 locomotion speed,12-16 foot 
classification,17 and foot modelling.9,12-14 During walking, 
the FF adolescents13 and adults14 had greater plantarflexion, 
smaller dorsiflexion,12 and eversion12 of the tibiotalar 
joint. In contrast, the low, compared to the high, MLA 
runners exhibited greater ankle dorsiflexion15 and knee 
flexion16 without the difference in rearfoot eversion during 
barefoot running. Moreover, the similar static pronated 
feet presented different dynamic arch heights at the stance 
phase.17,18 

	 Therefore, this study aimed to determine the amount 
of MLA collapse that occurred during running in the flexible 
flatfoot and normal foot individuals. Moreover, it also 
investigated whether the difference in this dynamic MLA 
collapse between groups was related to the alteration of 
kinematics, kinetics, and muscle activation.
	 In this study, the MLA collapse was determined from 
the navicular height relative to the plantar surface of foot 
during the stance phase of running using the subject-
specific foot model. The difference between groups was 
analyzed across the entire stance phase of running using 
Statistical Parametric Mapping. We hypothesized that 
the flexible flatfoot individuals had greater dynamics 
MLA collapse compared to normal foot individuals. 
Furthermore, the alteration of the lower limb motion and 
muscle activation related to the difference in dynamics 
MLA collapse between groups.

Materials and methods
Participants
	 Based on the peak hindfoot inversion from walking 
trials of flat and normal foot individuals,12 the effect size 
of 1.94 and 95% power to detect the difference between 
group at 0.05 alpha level, the sample size of each group 
should be at least 7 (G*power 3.1.9.7).19 Totally 16 male 
volunteers, aged 18-22 years to account for the foot 
growth,  participated in the study. Inclusion criteria were 
(1) the right foot dominant and (2) engaging in 10 km 
running or less, 2-3 times per week for at least 1 year. 
Exclusion criteria were having (1) any lower extremity 
injuries or neurological conditions within 6 months prior 
to the study and (2) leg length discrepancy greater than 
10 mm. They were allocated to either the flexible flatfoot 

(FF) or the control (CON) groups based on their static 
navicular drop (NDS). NDS was the difference in navicular 
heights measured in sitting and standing positions on 
the first visit for group allocation. The most prominent 
part of navicular tuberosity was marked by a trained 
researcher and used for the navicular height and NDS 
evaluations. The test-retest intraclass correlation, ICC 
[3, 1], from the repeated NDS equaled 0.895 and its 95% 
CI was in the range of 0.780-0.955. The standard error of 
the measurements was 1.15 mm.
	 NDS of young adults (24.13±3.41 years of age) 
with low MLA (NDS>10) had an excellent correlation with 
the foot posture index-6, the clinical assessment for foot 
posture, at 0.818 (Pearson’s product moment correlation 
coefficient, r).20 The test-retest intraclass correlation (ICC) 
of NDS was reported in the range of 0.950-0.955.20 NDS of 
the middle-aged adults (42.7±7.3 yrs) also had moderate 
to strong correlation with the radiography (r=0.61-0.89).21 
The average NDS of the healthy male (age 19.6±2.8 yrs; 
body height of 172.9±5.3 cm) detected from radiography 
equaled 0.7±0.2 cm.22 NDS of the 5-8-year-old children, 
who were identified as having flexible flatfoot from abnormal 
radiological findings, equaled 15.56±1.93 mm.23 However, 
MLA of children mature with age. NDS  of adults with 
low MLA (mean 11.83±1.68 mm) strongly correlated 
with the foot posture index-6 score ≥6 which indicated 
foot pronation.20 Moreover, the 2-D dynamic navicular 
drop, occurred during walking, was in the range of 1.7 to 
8.7 mm (95% CI).24 After the initial NDS screening of 
31 volunteers, therefore, participants who had NDS greater 
than 10 mm were assigned to the FF group and those 
who had NDS less than 9 mm were assigned to the CON 
group, total 8 participants in each group. The Research 
Ethics Committee approved (COA64/044) the study, and 
the informed consents were obtained from all participants.

Measuring muscle activation
	 A wireless electromyogram (EMG) system (Noraxon 
Ultium®, Noraxon USA Inc., Scottsdale, AZ) was synchronized 
with infrared cameras and force plates to record muscle 
activation during running at a sampling rate of 2000 Hz. 
Based on SENIAM (www.seniam.org), adhesive Ag/AgCl 
surface electrodes (BlueSensor P, Ambu Inc., Malaysia) 
were attached to skin, with the interelectrode distance 
of 3.4 cm, above peroneus longus (PL), gastrocnemius 
medialis (GM), vastus lateralis (VL), vastus medialis oblique 
(VM), semitendinosus (ST), tensor fasciae latae (TFL), and 
gluteus medius (GLM) muscles. For tibialis anterior (TA), 
electrodes were placed at 47.5% between the tip of 
fibular head and the medial malleolus.25 Before running, 
EMGs of each muscle were recorded during the maximal 
voluntary contraction (MVC) following protocol in table 1. 
After setting up position, participants were encouraged 
to perform movement against the resistance from the 
researcher with their maximal effort for 3-5 seconds, 
total 3 trials for each muscle testing. A 2-minute rest was 
allowed between the tests. 
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Table 1. MVC protocol and testing position for each muscle.
 Muscle(s) Movement Position
TA Ankle dorsiflexion with inversion Seated, ankle plantarflexed to 10 degrees.25

PL Ankle eversion with plantarflexion Supine, hip, and knee flexed to 0 degrees.
GM Plantarflexion Prone, hip and knee flexed to 0 degrees, ankle 

dorsiflexed to 90 degrees.
VL&VM Knee extension Seated, hip flexed to 90 degrees and knee flexed to 

60  degrees.26

ST Knee flexion Prone, knee flexed to 60 degrees.27

TFL Hip abduction with flexion and internal 
rotation

Semi-prone, hip flexed to 45 degrees, abducted to 30 
degrees and knee flexed to 90 degrees.

GLM Hip abduction with extension and 
external rotation

Side-lying, hip flexed to 0 degree, abducted to 25 
degrees and knee flexed to 90 degrees.

Three-dimensional motion capture and foot modelling 
	 Seven near infrared cameras (Vicon Motion System 
Ltd., Oxford, UK) captured running motion of participants 
at 200 Hz. They were synchronized with three force plates 
(Kistler Corporation, Winterthur, Switzerland) which collected 
ground reaction forces (GRFs) at 1000 Hz. Retro-reflective 
markers were attached to the skin of lower extremities 
following the lower body Plug-in-Gait marker set. An 
additional foot markers of the foot model were attached 
at the medial aspect of the 1st metatarsal head (1MH), 
the lateral aspect of the 5th metatarsal head (5MH), the 
navicular tuberosity (NAV) and the distal of the calcaneus 
(DCA) to compute navicular height during running.28

The root mean square errors of this model for detecting 
the navicular height of healthy adults over the stance 
phase of barefoot walking was 0.25 mm compared to 
wearing a ski boot with rigid marker set.28 After static 
calibration, participants performed a 20-meter barefoot 
running on synthetic track at the speed of 3.5±0.25 m/s.  
This running speed range was chosen because it was in the 
average running speed range of amateur runners29 and 
the preferred running speed range of recreational active 

runners.30 Running speed was monitored by the infrared 
timers (Fitness Technology, KMS, Australia). After practice, 
three running trials which the foot landed in the middle of 
the force plate were captured. Next, kinematic, and kinetic 
variables were computed using inverse dynamics (Vicon 
Nexus®, version 2.8.2). The foot model was constructed 
to determine the dynamic navicular height (NHD), which 
was defined as the perpendicular distance from NAV 
to the plane formed between 1MH, 5MH, and DCA 
(Figure 1), using customized software (Matlab R2022a, The 
Mathworks Inc., Natick, USA). The origin of the foot model 
was located at the calcaneus and the directions of the local 
X, Y, Z axes were shown (Figure 1). The local coordinate 
of NAV was determined from its global coordinate and 
the rotational matric between the global and the local 
axes. The maximum dynamic navicular drops (NDDmax), 
representing maximal MLA collapse, was defined as the 
difference between NHD at heel strike and the minimal 
NHD at stance phase of running. The percentage change of 
NDDmax was the difference between the NDDmax and NDS as 
the percent change from NDS.

Figure 1. The dynamic foot model and location of model’s markers.
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Measuring strengths of dorsiflexor and plantarflexor
	 The peak torques of dorsiflexor and plantarflexor 
were measured using an isokinetic dynamometer (Biodex 
System 4 Pro, Biodex medical systems, USA) to detect 
the difference in muscle strength among the groups. 
The participants sat on the dynamometer chair with 
backward tilt around 70 degrees. Their right hip and knee 
were flexed at 110 degrees and 70-80 degrees, respectively, 
until the tibia was parallel to the ground. Then, the right 
foot was fixed with the tested footplate, and the lateral 
malleolus was aligned with the dynamometer’s axis of 
rotation. Next, participants performed 5 repetitions of 
plantarflexion and dorsiflexion with their maximal effort 
using the concentric-concentric mode at the speed of 
30°/sec. The maximal plantarflexion and dorsiflexion 
torque were normalized by body weight (%BW) and 
reported as the plantarflexion and dorsiflexion peak 
torque.  The test-retest intraclass correlation coefficients 
(ICC) of ankle dorsiflexion and plantarflexion were 0.93 
and 0.91, respectively.31

Data processing
	 The EMG signals collected during running were 
rectified and normalized to their maximal EMG amplitude 
obtained from MVC. Next, the smoothing technique, 
a moving root mean square with an exponential weight 
method was applied to the normalized EMG. Thereafter, 
it was filtered by a low-pass infinite impulse response 

filter with the passband frequency below the signal’s 
mean frequency (Matlab R2022a, The Mathworks Inc., 
Natick, USA). The normalized EMG, NHD, kinematics and 
kinetics at each percentage of the stance phase were 
determined from cubic spline interpolation. In addition, 
the normalized EMGs at each percent stance were 
summed up throughout the stance phase to represent 
total muscle activation, iEMG.

Statistical analysis
	 Normal distributions of variables were observed 
using the Shapiro–Wilk test. For the normal distributed 
variables, the between-group difference and the association 
between variables were evaluated using the unpaired T-test 
and Pearson’s product moment correlation, respectively. 
The Mann-Whitney U test was applied to the non-normal 
distributed variables, the ST iEMG (SPSS for Windows, 
version 25, IBM Inc., Armonk, NY, USA). Classical statistical 
parametric mapping (SPM), the unpaired T-test from the 
open-source package spm1d version M.0.4.11(spm1d.org, 
© T. Pataky), was deployed on all trials of the time domain 
data to assess the between group difference at each percent 
stance using MATLAB (Matlab R2022a, The Mathworks Inc., 
Natick, USA).32 The statistical significance was set at p<0.05.

Results
	 There were no between-group differences in running 
speed, dorsiflexion and plantarflexion peak torques (Table 2).

	     Table 2. Characteristics of the participants, static navicular drop, running speed and peak torques.
  CON (N=8) FF (N=8)

p value
Mean±SD 95% CI Mean±SD 95% CI

Age (year)  19.75±0.70 19.15-20.34  19.12±1.12 18.18-20.06 0.205
Weight (kg) 61.62±5.68 56.87-66.37 62.16±4.13 58.70-65.61 0.832
Height (cm) 1.70±0.04 1.67-1.74 1.72±0.07 1.66-1.79 0.570
NDS (mm) 7.13±1.31 6.04-8.23 13.54±1.43 12.34-14.74 0.000**

Running speed (m/s) 3.53±0.11 3.44-3.63 3.47±0.10 3.39-3.56 0.267
TDF (%BW) 48.51±9.74 38.36-54.66 47.68±7.46 41.44-53.92 0.791
TPF (%BW) 103.50±24.03 83.40-123.59 124.81±32.79 97.39-152.22 0.160

Note: CON: control group, FF: flexible flatfoot, NDS: static navicular drop, kg: kilogram, cm: centimeter, 
mm: millimeter, m/s: meter/second, TDF: dorsiflexion peak torque, TPF: plantarflexion peak torque, BW: body weight, 
** statistically significant difference at p<0.01 using unpaired T-test.
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(Figure 2B) which resulted in greater NDDmax (Figure 2C). 
The 95% confidence interval (CI) of NDDmax of the FF group 
was in the range of 27.18-37.68 mm while that of the CON 
group was in the range of 20.71-27.82 mm. 

Figure 2. The maximum dynamic navicular drops (NDDmax) and the dynamic navicular height (NHD) during 
the stance phase. A: correlation between the percentage change of NDDmax and plantar flexion peak torque (TPF) 
from the pooled data, B: Ensemble graph of NHD at each percent of the stance phase, C: The 95% CI of NDDmax, 
solid line: mean, error bar: SEM, blue line: control group, red line: FF group, CON: control, FF:  flexible flatfoot. 
The shaded area shows the significant difference between groups using the SPM analysis with unpaired T-test.

Figure 3. Ensemble graphs of joint angles, moments, and GRF during the stance phase. A: joint angles and 
moments, B: GRF were plotted against the stance phase of running. Positive values of joint angle and moment 
are dorsiflexion/flexion, inversion/adduction, and internal rotation. Positive values of GRF are anterior, lateral 
and superior, solid lines: mean, error bars: SEM, blue lines: control group, red lines: FF group. Shaded areas show 
significant difference between groups using the SPM analysis with unpaired T-test.

	 There was a negative correlation between the 
percentage change of NDDmax and plantarflexion peak 
torque (r=-0.438, p=0.045, N=16) from the pooled data 
of both groups (Figure 2A). Comparing between groups, 
the FF group had lower dynamic navicular height 

A B C

%StanceTPF (%BW)

A

B
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	 The dynamic navicular drop of the FF group 
was greater than that of the CON group (Figure 2B) 
during midstance and propulsion (20-100% stance). This 
incidence coincided with their greater knee flexion angle 
(Figure 3A). The greater ankle dorsiflexion and hip flexion 
angles also existed in the FF group during propulsion. 
Moreover, the FF participants plantarflexed their ankle 
with a smaller angle during push-off. The FF participants 
also had a greater hip flexion moment at initial impact 
and a smaller hip extension moment during push-off. 
A larger ankle inversion existed in the FF group during the 
initial and mid propulsions. Nevertheless, there were no 

between group differences in the adduction-abduction 
and the internal-external rotation angles of the knee and 
the hip. Compared to the CON participants, the larger 
GRF applied to the FF participants posteriorly during the 
midstance while the smaller GRF applied laterally during 
push-off (Figure 3B). 
	 The lesser VL, VM, GLM activations (Figure 4) occurred 
in the FF group at initial propulsion (45-50% stance) and 
their lesser GM activation also presented at push-off 
(75% stance). Moreover, TA, GM, GLM and ST iEMGs of 
the FF group were lesser than those of the normal foot group 
(Figure 5).

Figure 4. Ensemble graphs of muscle activation during the stance phase of running. Solid lines: mean, error bars: 
SEM, blue lines: control group, red lines: FF group. Shaded areas show the significant difference between groups 
using SPM analysis with unpaired T-test.

Figure 5. The 95% CI of iEMG. The differences between groups of TA, GM and GLM iEMGs were assessed by the 
unpaired T-test while that of ST was detected from the Mann-Whitney U test.
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Discussion
	 This study investigated whether the alterations of 
muscle activation and limb motion in the FF individuals 
associated with the greater MLA collapse during running. 
Our 3-D foot model supported the hypothesis that 
the FF participants had greater dynamic MLA collapse 
during running compared to the normal foot participants  
(27.18-37.68 mm VS 20.71-27.82 mm, the 95% CI of 
NDDmax). Moreover, this NDDmax from the normal foot’s 
running was greater than the NDDmax range of 1.7-8.7 mm 
from 2-D walking analysis.24   However, running at the same 
speed as walking also increased NHD by 3.5 mm.33 The 
alteration of lower limb kinematics,33 an elevation of the 
foot arch from greater hallux dorsiflexion,34 the stiffer arch 
and an increase in MLA angle during propulsion,35 and 
a larger fall of MLA with running may relate to the greater 
NHD during running.36 Moreover, our study showed that 
the greater percentage change from static to dynamic 
navicular drops during running was correlated with lower 
plantarflexion peak torque. Therefore, the weakness of 
plantar flexor could increase MLA collapse during running.
	 The FF group had greater MLA collapse during 
midstance and propulsion which coincided with greater 
ankle dorsiflexion, knee, and hip flexions. It supported 
the previous finding15 that FF individuals exhibited greater 
ankle dorsiflexion during propulsion. However, neither 
excessive ankle eversion nor substantial PL activation 
existed in the FF group. In contrast, they had larger ankle 
inversion during midstance and propulsion.  Greater 
activation of tibialis posterior and lesser activation of 
PL were also found in the flat-arched, compared to the 
normal-arched, groups during the propulsion of walking.37 
Therefore, PL may not be a major contributor to the dynamic 
MLA collapse in FF individuals.
	 Greater dynamic MLA collapse in the FF group 
could be the consequence of greater lower extremities 
collapse as well as an insufficient activation of leg 
extensors. Their larger hip flexion during propulsion 
and smaller hip extension moment during push-off 
resulted from the greater hip flexion moment at initial 
impact and lesser activation of hip extensors, GLM and 
ST, respectively. Similarly, the larger posterior GRF at 
midstance accompanying with the lesser activation of knee 
extensors, VL and VM also led to the greater knee flexion. 
The former study also reported the increasing of peak 
knee flexion from the reduction of knee stiffness in 
the low arch runners, whereas the activation of knee 
extensor, VL, raised knee stiffness.38 In addition, the 
knee and hip stiffnesses had positive relationship with 
ankle stiffness.39 Moreover, the greater dorsiflexion angle 
occurred in the FF group during propulsion should be 
the consequence of their lesser plantar flexor activation, 
GM, because the anterior and vertical GRFs were not 
significantly different between groups. 
	 The limitation of this study was that skin artifacts 
could induce marker vibration during running. The skin 
marker set of the similar MLA model underestimated 
the MLA deformation about 2 degrees compared to the 
radiography-based MLA deformation.40 Hence, the exact 

amount of navicular drop occurs during running could be 
a bit greater than the computed navicular drop of our study.

Conclusion
	 The FF participants had greater MLA collapse during 
running which associated with the lower activation of leg 
extensors to counteract the hip, knee, and ankle flexions 
at midstance and propulsion. Greater hip flexion moment 
at the initial impact and the lesser activations of GLM, and 
ST enhanced larger hip flexion in the FF group. The larger 
posterior GRF and lesser activations of VL and VM resulted 
in their greater knee flexion. Lesser GM activation in the 
FF participants related to greater dorsiflexion even though 
both FF and normal foot groups had comparable plantar 
flexor strength. Nevertheless, greater percentage change 
of dynamic from static MLA collapse was correlated with 
lower plantarflexion peak torque.

Funding
	 This research is supported by the Graduate School, 
Kasetsart University

Conflict of Interest 
	 The authors declare no conflict of interest.

Acknowledgements
	 I wish to acknowledge the Department of Health and 
Movement Sciences, Kasetsart University, for providing all 
facilities.

References
[1]	 Atik A, Ozyurek S. Flexible flatfoot. North Clin Istanb. 

2014; 1(1): 57-64. doi: 10.14744/nci.2014.29292.
[2]	 McPoil TG, Knecht HG. Biomechanics of the foot in 

walking: A function approach. J. Orthop Sports Phys 
Ther. 1985; 7(2): 69-72. doi: 10.2519 jospt.1985.7.2.69.

[3]	 Franco AH. Pes Cavus and Pes Planus: Analyses and 
treatment. Phys Ther. 1987; 67(5): 688-94. doi: 
10.1093/ptj/67.5.688.

[4]	 McKeon PO, Hertel J, Bramble D, Davis I. The foot 
core system: a new paradigm for understanding 
intrinsic foot muscle function. Br J Sports Med. 2015; 
49(5): 290. doi: 10.1136/bjsports-2013-092690.

[5]	 Fiolkowski P, Brunt D, Bishop M, Woo R, Horodyski 
M. Intrinsic pedal musculature support of the medial 
longitudinal arch: an electromyography study. J 
Foot Ankle Surg. 2003; 42(6): 327-33. doi: 10.1053/ 
j.jfas.2003.10.003.

[6]	 Headlee DL, Leonard JL, Hart JM, Ingersoll CD, Hertel J. 
Fatigue of the plantar intrinsic foot muscles increases 
navicular drop. J Electromyogr Kinesiol. 2008; 18(3): 
420-5. doi: 10.1016/j.jelekin.2006.11.004.

[7]	 Reinking MF. Exercise-related leg pain in female 
collegiate athletes: the influence of intrinsic and extrinsic  
factors. Am J Sports Med. 2006; 34(9): 1500-7.doi: 
10.1177/0363546506287298.

[8]	 Wiegand K, Tandy R, Freedman Silvernail J. Plantar 
fasciitis injury status influences foot mechanics 
during running. Clin Biomech (Bristol). 2022; 97: 



S. Tangwanicharoensuk and S. Sasimontonkul.  Journal of Associated Medical Sciences 2025; 58(3): 102-110 109

105712.doi: 10.1016/j.clinbiomech.2022.105712.
[9]	 Zhang X, Aeles J, Vanwanseele B. Comparison of foot 

muscle morphology and foot kinematics between 
recreational runners with normal feet and with 
asymptomatic over-pronated feet. Gait Posture. 2017; 
54: 290-4. doi: 10.1016/j.gaitpost.2017.03.030

[10]	 Okamura K, Hasegawa M, Ikeda T, Fukuda K, Egawa 
K, Kanai S. Classification of medial longitudinal arch 
kinematics during running and characteristics of foot 
muscle morphology in novice runners with pronated 
foot. Gait Posture. 2022; 93: 20-5. doi: 10.1016/ 
j.gaitpost.2022.01.006.

[11]	 Hollander K, Zech A, Rahlf AL, Orendurff MS,Stebbins J, 
Heidt C. The relationship between static and dynamic 
foot posture and running biomechanics: A systematic 
review and meta-analysis. Gait Posture. 2019; 72: 
109-22. doi: 10.1016/j.gaitpost.2019.05.031.

[12]	 Kruger KM, Graf A, Flanagan A, McHenry BD, Altiok H, 
Smith PA, et al. Segmental foot and ankle kinematic 
differences between rectus, planus, and cavus foot  
types. J Biomech. 2019; 94: 180-6. doi: 10.1016/j. 
jbiomech.2019.07.032.

[13]	 Caravaggi P, Sforza C, Leardini A, Portinaro N, Panou 
A. Effect of plano-valgus foot posture on midfoot 
kinematics during barefoot walking in an adolescent 
population. J Foot Ankle Res. 2018; 11: 55. doi: 
10.1186/s13047-018-0297-7.

[14]	 Phan CB, Lee KM, Kwon SS, Koo S. Kinematic instability 
in the joints of flatfoot subjects during walking: 
A biplanar fluoroscopic study. J Biomech. 2021; 127: 
110681. doi: 10.1016/j.jbiomech.2021.110681.

[15]	 Powell DW, Williams DS 3rd, Windsor B, Butler RJ, 
Zhang S. Ankle work and dynamic joint stiffness 
in high-compared to low-arched athletes during 
a barefoot running task. Hum Mov Sci. 2014; 34: 
147-156. doi: 10.1016/j.humov.2014.01.007.

[16]	 Williams DS, McClay IS, Hamill J, Buchanan TS. 
Lower extremity kinematic and kinetic differences in 
runners with high and low arches. J Appl Biomech. 
2001; 17(2): 153-63. doi: 10.1123/jab.17.2.153.

[17]	 Tweed JL, Campbell JA, Avil SJ. Biomechanical risk 
factors in the development of medial tibial stress 
syndrome in distance runners. J Am Podiatr Med 
Assoc. 2008; 98(6): 436-44. doi: 10.7547/0980436.

[18]	 Langley B, Cramp M, Morrison SC. Clinical measures 
of static foot posture do not agree. J Foot Ankle Res. 
2016; 9: 45. doi: 10.1186/s13047-016-0180-3.

[19]	 Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: 
a flexible statistical power analysis program for the 
social, behavioral, and biomedical sciences. Behav 
Res Methods. 2007; 39(2): 175-91. doi: 10.3758/
bf03193146.

[20]	 Zuil-Escobar JC, Martínez-Cepa CB, Martín-Urrialde 
JA, Gómez-Conesa A. Evaluating the medial longitudinal 
arch of the foot: Correlations, reliability, and accuracy 
in people with a low arch. Phys Ther. 2019; 99(3): 
364-72. doi: 10.1093/ptj/pzy149.

[21]	 Hannigan-Downs K, Harter R, Smith G. Radiographic 
validation and reliability of selected clinical measures 

of pronation. J Ath Tr. 2000; 35: S12.
[22]	 Akiyama K, Noh B, Fukano M, Miyakawa S, Hirose 

N, Fukubayashi T. Analysis of the talocrural and 
subtalar joint motions in patients with medial tibial 
stress syndrome. J Foot Ankle Res. 2015; 8: 25. doi: 
10.1186/s13047-015-0084-7.

[23]	 Žukauskas S, Barauskas V, Čekanauskas E. Comparison 
of multiple flatfoot indicators in 5-8-year-old children. 
Open Med (Wars). 2021; 16(1): 246-56. doi: 10.1515/
med-2021-0227.

[24]	 Nielsen RG, Rathleff MS, Simonsen OH, Langberg H. 
Determination of normal values for navicular drop 
during walking: a new model correcting for foot 
length and gender. J Foot Ankle Res. 2009; 2: 12. doi: 
10.1186/1757-1146-2-12.

[25]	 Sacco IC, Gomes AA, Otuzi ME, Pripas D, Onodera AN. 
A method for better positioning bipolar electrodes 
for lower limb EMG recordings during dynamic 
contractions. J Neurosci Methods. 2009; 180(1): 
133-7. doi: 10.1016/j.jneumeth.2009.02.017.

[26]	 Harput G, Ulusoy B, Akmese R, Ergun N. Comparison 
of muscle activation levels and knee valgus between 
individuals with medial patellofemoral ligament 
reconstruction and healthy individuals during fatiguing 
stepdown task. Clin Biomech (Bristol). 2020; 78: 
105067. doi: 10.1016/j.clinbiomech.2020.105067.

[27]	 Worrell TW, Karst G, Adamczyk D, Moore R, Stanley 
C, Steimel B, et al. Influence of joint position on 
electromyographic and torque generation during 
maximal voluntary isometric contractions of the 
hamstrings and gluteus maximus muscles. J Orthop 
Sports Phys Ther. 2001; 31(12): 730-40. doi: 10.2519/
jospt.2001.31.12.730.

[28]	 Eichelberger P, Blasimann A, Lutz N, Krause F, Baur 
H. A minimal marker set for three-dimensional foot 
function assessment: measuring navicular drop and 
drift under dynamic conditions. J Foot Ankle Res. 
2018; 11: 15. doi: 10.1186/s13047-018-0257-2.

[29]	 Lourenço TF, Nunes LAS, Martins LEB, Brenzikofer 
R, Macedo DV. The performance in 10 km races 
depends on blood buffering capacity. J Athl Enhanc. 
2019; 8: 1. doi: 10.4172/2324-9080.1000312.

[30]	 Orendurff MS, Kobayashi T, Tulchin-Francis K, Tullock 
AMH, Villarosa C, Chan C, et al. A little bit faster: Lower 
extremity joint kinematics and kinetics as recreational 
runners achieve faster speeds. J Biomech. 2018; 71: 
167-75. doi: 10.1016/j.jbiomech.2018.02.010.

[31]	 Tuominen J, Leppänen M, Jarske H, Pasanen K, 
Vasankari T, Parkkari J. Test-retest reliability of 
isokinetic ankle, knee and hip strength in physically 
active adults using Biodex System 4 Pro. Methods 
Protoc. 2023; 6(2): 26. doi: 10.3390/mps6020026.

[32]	 Serrien B, Goossens M, Baeyens JP. Statistical 
parametric mapping of biomechanical one-dimensional 
data with Bayesian inference. Int Biomech. 2019; 6(1): 
9-18. doi: 10.1080/23335432.2019.1597643.

[33]	 Pohl J, Jaspers T, Ferraro M, Krause F, Baur H,  
Eichelberger P. The influence of gait and speed 
on the dynamic navicular drop - A cross-sectional 



S. Tangwanicharoensuk and S. Sasimontonkul.  Journal of Associated Medical Sciences 2025; 58(3): 102-110110

study on healthy subjects. Foot (Edinb). 2018; 36: 
67-73. doi: 10.1016/j.foot.2018.04.001.

[34]	 Shono H, Matsumoto Y, Kokubun T, Tsuruta A, 
Miyazawa T, Kobayashi A, et al. Determination 
of relationship between foot arch, hindfoot, and 
hallux motion using Oxford foot model: Comparison 
between walking and running. Gait Posture. 2022; 
92: 96-102. doi: 10.1016/j.gaitpost.2021.10.043.

[35]	 Stolwijk NM, Koenraadt KL, Louwerens JW, Grim 
D, Duysens J, Keijsers NL. Foot lengthening and  
shortening during gait: a parameter to investigate 
foot function?. Gait Posture.2014; 39(2): 773-7. 
doi: 10.1016/j.gaitpost.2013.10.014.

[36]	 Caravaggi P, Pataky T, Günther M, Savage R, Crompton 
R. Dynamics of longitudinal arch support in relation to 
walking speed: contribution of the plantar aponeurosis. 
J Anat. 2010; 217(3): 254-61. doi: 10.1111/j.1469-
7580.2010.01261.x.

[37]	 Murley GS, Menz HB, Landorf KB. Foot posture 
influences the electromyographic activity of selected 
lower limb muscles during gait. J Foot Ankle Res. 2009; 
2: 35. doi: 10.1186/1757-1146-2-35.

[38]	 Williams DS 3rd, Davis IM, Scholz JP, Hamill J, 
Buchanan TS. High-arched runners exhibit increased 
leg stiffness compared to low-arched runners. Gait 
Posture. 2004; 19(3): 263-9. doi: 10.1016/S0966-
6362(03)00087-0.

[39]	 Akl AR, Baca A, Richards J, Conceição F. Leg and 
lower limb dynamic joint stiffness during different 
walking speeds in healthy adults. Gait Posture. 2020; 
82: 294-300. doi: 10.1016/j.gaitpost.2020.09.023.

[40]	 Caravaggi P, Rogati G, Leardini A, Ortolani M, Barbieri 
M, Spasiano C. Accuracy and correlation between 
skin-marker based and radiographic measurements 
of medial longitudinal arch deformation. J Biomech. 
2021; 128: 110711. doi:10.1016/j.jbiomech.2021.110711.



M. Osama and R. Kumar.  Journal of Associated Medical Sciences 2025; 58(3): 111-121 111Journal of Associated Medical Sciences 2025; 58(3): 111-121

Scopus Indexed & Thai-Journal Citation Index Centre (TCI)

Journal of Associated Medical Sciences
Journal homepage: https://www.tci-thaijo.org/index.php/bulletinAMS/index

Edge-based AI approach for blood vessel segmentation in coronary X-ray angiography
Mohd Osama1,2 and Rajesh Kumar1*

1Department of Electronics and Communication, University of Allahabad, India.
2United Institute of Technology, Prayagraj, India.

ARTICLE INFO

Article history:
Received 3 March 2025
Accepted as revised 26 May 2025
Available online 6 June 2025

Keywords:
Computer-aided diagnosis (CAD), 
machine learning for medical imaging, 
feature selection, cardiovascular 
disease, Sorbel edge detection, Prewitt 
edge detection, Robert’s edge detection, 
Canny edge detection.

ABSTRACT

Background: An organizational report indicates that heart attacks lead to seventy 
percent of human fatalities. Heart-related diseases strike people in India who range 
between the ages of 30-60 years. X-ray coronary angiography functions as the key 
procedure for detecting these conditions. The manual process of heart vessel 
segmentation by cardiologists becomes slow and needs significant effort because 
different professional skill levels affect the consistency of their output results.

Objective: A study proposes automatic coronary angiography segmentation 
through artificial intelligence analysis of edge features to accurately detect the 
main cardiovascular artery system edges.

Materials and methods: The Mendeley public database contained 100 patient images  
for training purposes and 34 images for validation purposes. The VGG Image  
Annotator tool served to create binary masks for annotation purposes. The analysis 
incorporated traditional edge detection methods that included Sobel, Prewitt, and 
Roberts along with Canny.

Results: The tested model obtained 99% accuracy alongside a positive predictive 
value (PPV) of 96% and Sensitivity of 94% and Dice Coefficient of 95%. The upcoming 
research will focus on developing soft computing approaches for detecting stenosis 
in segmented images.

Conclusion: The method demonstrates better performance metrics that show  
superior capability to previous techniques implemented in this field. New studies 
are needed to analyze soft computing techniques to identify vascular structures in 
coronary angiographic images.
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Introduction
	 Cardiovascular Disease (CVD) is a situation in which 
arteries that supply blood to the heart muscles become 
narrowed or blocked due to fatty deposits of plaque. 
Cholesterol and fat-like substances may be responsible 
for forming plaques. Plaques reduce blood flow or cause 
complete blockage of arteries. When the heart does 
not receive enough blood that contains oxygen due to 
narrowed or blocked arteries, it may result in chest pain or 
serious complications such as heart attacks. Cardiovascular 
disease (CVD) is to be more responsible for a significant 
amount of mortality globally and is considered the cause 
of fatalities.1 Invasive coronary angiography (ICA) remains 
the gold standard for diagnosing coronary vessel disease. 
	 However, its effectiveness can be influenced by 
patient-specific anatomical variations and image quality 
dependency. Despite its widespread use, previous 
studies have struggled to achieve optimal performance 
and accuracy in predictive analysis. Accurate assessment 
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of the degree of vessel stenosis plays a crucial role in 
guiding treatment management and improving patient 
outcomes. The formation of coronary artery plaque leads 
to the development of the condition. Plaque is a substance 
composed the cholesterol, calcium, fatty deposits, and 
other materials present in the human blood. Over time, 
these fatty deposits lead to the narrowing (stenosis) 
and hardening (sclerosis) of the artery walls, a condition 
known as atherosclerosis. 
	 This process reduces the elasticity of the arteries and 
restricts blood flow, which can limit the supply of oxygen 
and nutrients to the heart muscle. If the plaque ruptures, 
it can trigger the formation of blood clots, further obstruct 
the blood flow and potentially lead to serious conditions 
such as heart attack, or other types of coronary disease 
(CAD).2 The plaques are detected by some physical 
observation of heart abnormalities by medical practice. 
Abnormalities of the coronary arteries can lead to severe 
consequences, including myocardial infarction, heart 
failure, or sudden cardiac arrest. In recent years, substantial 
efforts have been directed towards enhancing diagnostic 
methods in cardiology to facilitate early detection and 
treatment, ultimately improving patient survival rates 
and quality of life.3 The medical term stenosis defines a 
lumen constriction that reduces coronary artery blood 
flow to the heart tissue. The accumulation of plaque leads 
to arterial narrowing that produces an irritated condition 
known as myocardial infarction or heart attack. The spread 
of arterial plaque causes inflammation in the proximal side 
wall which raises the heart attack danger.
	 Figure 1A shows the first image describes the 
catheter injected from the leg and guided to aorta, that 
means catheter is typically inserted into a blood vessel 
through a small incision, most commonly in the femoral 
artery located in the leg. This minimally invasive procedure 
is known as catheterization. The catheter is a thin, flexible 
tube that is carefully guided through the vascular system 
using real-time imaging techniques, such as fluoroscopy 
(X-ray guidance). Figure 1B shows catheter tip stopped at 
artery Positioning the catheter at this location is critical 

for identifying any blockages, narrowing (stenosis), or 
other abnormalities that may impair blood flow to the 
heart muscle and for planning potential interventions like 
angioplasty or stenting. Figure 1C shows the die injected 
into the arteries for stenosis in left coronary artery. During 
the procedure, a contrast dye is often injected through 
the catheter to enhance the visibility of blood vessels on 
imaging using coronary angiography, helping physicians 
assess the extent of disease or abnormalities and guide the 
intervention precisely. There are some popular approaches 
for imaging tests such as X-ray angiography, CT scan, and 
MRI scan systems. The manual observation and detection 
of blood vessels in coronary angiography images leads to 
subjectivity, time consumption, and variability depending 
on the observer’s expertise and experience. Therefore, 
automatic detection of coronary vessels is needed for 
accurate, fast, and objective detection and diagnosis.
	 Nowadays, people rely more on machines than 
on human beings. Therefore, artificial intelligence plays 
a vital role in medical diagnosis. There are various AI 
techniques that integrate medical image analysis using 
digital image processing and computer vision. At this 
stage, X-ray angiography imaging is taken of a segmented 
part of the arteries. Segmentation techniques performed 
by experienced human professionals often yield better 
results than machines. Research institutions utilize 
artificial intelligence approaches with computer-aided 
systems and digital image processing to boost blood 
vessel identification in coronary angiography picture 
segmentation practices. The two main approaches for 
segmentation methods are divided into supervised 
methods and unsupervised procedures. The image 
structure serves as the sole foundation for segmentation 
methods because the analysis depends on intensity and 
gradient information. The methods edge detection, 
thresholding, deformation and graph cuts become tools 
to recognize image boundaries for object definition.5,6 
Multiple machine-learning models exist for both 
segmenting and reconstructing the structure of coronary 
arteries. The techniques used for this purpose include edge 

Figure 1. Coronary angiography depicting blood vessels.4
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detection, region-based analysis, tracking techniques, 
feature extraction and learning-based methods as well as 
others.7,8 In this study, we concentrate on feature-based 
machine learning techniques to detect blood vessels in 
coronary angiography images. The methods use self-
learning abilities to extract information from historical 
data to enhance the precision of segmentation results.9,10 
	 The algorithms enhance the segmentation process 
while shortening the computation time required. Especially 
in X-ray heart angiography image segmentation, vessel 
boundary detection is obscured by the low contrast of 
images and noisiness, besides the overlap of structures.11 
The main challenges are the necessity of many annotated 
images and variability in imaging conditions that impede 
generalization ability. Most previous methods failed to 
handle the information on a fine level with handcrafted 
features and were prone to overfitting.12 The various 
contributions to this manuscript are as follows: 
	 1.	 Problem identification: Outlined the problems 

of manual segmentation of coronary angiography  
images, which is affected by the variation in expertise 
of different cardiologists and time-consuming 
processes.

	 2.	 Integration of traditional edge detection algorithms: 
Traditional edge detection algorithms like as Sobel 
edge detector, Prewitt edge detector, Robert’s 
edge detector, and Canny edge detector have 
been employed in extracting dominating edges of 
a cardiovascular artery system from angiography 
images.

	 3.	 Artificial intelligence application: It incorporated 
a Random Forest algorithm in selecting and refining 
the strong edges detected by the traditional edge 
detection methods, increasing the accuracy of 
segmentation.

	 The hypothesis of coronary angiography images 
segmentation using automatic techniques of edge-based 
feature analysis using Random Forest, would offer a means 
to achieve such an effective result as more prominence 
and consistent results, while at the same time fewer man-
hours spent on manual segmentations.13 These methods 
are expected to provide higher consistency and overcome 
the variability and time burden of cardiologists performing 
the segmentation.
	 The article focuses on study of coronary angiography 
and section I is an introduction to coronary angiography. In 
section II we review published research on segmentation of 
cardiovascular images, specifically, feature based machine 
learning approaches. In section III we describe our system 
and spend a great deal of time discussing our machine 
learning model. In section IV there is detail of the edge 
detection technique which is used to recognize edges. 
section V presents experimental results and performance 
evaluation of the model. In the final section both research 
and findings of the study are summarized.

Literature review 
	 The study proposes  Early diagnosis becomes vital 

for preventing significant health risks associated with 
cardiovascular diseases at a global level because of their 
broad prevalence. The ECG tool functions as a main 
diagnostic instrument, yet existing diagnosis processes 
miss accurate interpretations. The combination of BiAE 
technology that unites BiLSTM cells with autoencoders 
makes ECG signal features easier to extract. The new 
algorithm uses its abilities to detect important elements 
that guide accurate classification. Among the ten machine 
learning models, SVM obtained 96% accuracy for 
classifying ECG signal types while categorizing them into 
five groups. Using AI for ECG diagnosis helps medical staff 
diagnose patients more accurately while also speeding up 
the process through improved efficiency and decreased 
operator mistakes. New advancements make it possible to 
discover CVDs at an earlier stage and identify them better. 
The application of artificial intelligence in ECG signal 
analysis will transform patient diagnosis as well as cardiac 
medical care procedures.14

	 Diagnosis of atherosclerosis and stroke risk heavily 
relies on accurate carotid plaque segmentation together 
with classification methods in ultrasound imaging context. 
Current techniques maintain either complex procedures 
or neglect task correlations which results in diminished 
performance levels. RCCM-Net represents a new multi-
task learning framework which unites RCM for region 
confidence analysis with CCM for sample category 
confidence management to boost segmentation together 
with classification results. RCM provides probabilistic 
assessment of plaques for classification purposes 
followed by CCM which creates categorical sample 
weights to improve segmentation. The performance of 
RCCM-Net surpassed both standalone and multi-task 
approaches when analyzing 1270 ultrasound images 
because it reached 85.82% accuracy in classification plus 
84.92% Dice-similarity coefficient. An ablation study 
demonstrated that RCM together with CCM achieved their 
target purpose. The results demonstrate that RCCM-Net 
shows promise for medical examination of carotid artery 
plaques. Through this method doctors would achieve 
better early identification of atherosclerosis and stroke 
prevention treatment opportunities.15

	 Medical staff must perform manual corrections 
to traditional edge detection algorithms in quantitative 
coronary angiography, resulting in reduced accuracy. 
AngioPy improves segmentation precision through added 
features that let users mark ground-truth points which 
minimizes the requirement for manual input. AngioPy 
demonstrated excellent performance with an F1 score 
of 0.927 after its evaluation of 2455 images from FAME 2 
before validating its results on 580 images. Measurements 
of vessel dimensions between AngioPys and Medis 
QFR® revealed outstanding agreement when r was 0.96 
at p<0.001 level. Minimum luminal diameter analysis 
through the model produced an excellent correlation 
score of r=0.93. The reliability of AngioPy as a coronary 
segmentation system is supported by these research 
results. Manual corrections are not required because this 
system improves the efficiency of QCA. The technology 
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demonstrates the capability to transform diagnostic and 
clinical operational models related to coronary disease 
diagnosis.16

	 Cardiovascular diseases act as the main death-
causing factors which require prompt diagnosis together 
with precise identification. The process of feature 
engineering required by traditional machine learning 
hinders effectiveness when dealing with complex datasets. 
DL models feature automatic feature abstraction while 
delivering better efficiency along with accuracy levels. 
The research describes the creation of EnsCVDD-Net and 
BlCVDD-Net as DL models for CVD classification through 
the combination of LeNet with GRU and MLP structures. 
The selection of optimal data balancing methods together 
with feature selection algorithms helps improve model 
operational efficiency. The EnsCVDD-Net model reached 
a performance mark of 88% accuracy; however, BlCVDD-
Net exceeded the competitive models with a remarkable 
91% accuracy. SHAP Additive exPlanations provides 
interpretation through its capability to assess feature 
contribution levels. The proposed frameworks represent a 
beneficial technique for enhancing cardiovascular disease 
screening accuracy.17

	 Personalized medical interventions become 
necessary because cardiovascular diseases exist with 
multiple complex characteristics. Predictive analysis is 
improved through AI and ML techniques to enhance 
diagnosis and treatment methods. The researchers applied 
statistical approaches together with AI/ML techniques to 
discover vital transcriptomic markers for CVD predictive 
purposes. Genes were evaluated using three statistical 
methods that ended in feature prioritization procedures 
before employing ML methodology. Soft voting ensemble 
was used as the ML model framework to achieve 96% 
accuracy performance. The research identified eighteen 
important biomarkers which were verified through clinical 
record comparisons. Biomarkers function as initial warning 
signals for detecting CVD. The AI-based prediction system 
provides healthcare professionals with a dependable 
methodology for patient-specific care.18

	 Progressive diagnostic tools are crucial for medical 
care because cardiovascular disease remains a primary 
global health challenge. The necessity of automated 
cardiac MRI analysis involves supervised learning 
approaches that require significant labeled data. The 
research describes a partially supervised Strong-Teacher 
Consistency Network which segments multi-class cardiac 
MRI structures by utilizing unlabeled data. The model 
employs a multi-teacher framework, hybrid loss functions, 
and virtual adversarial training for robust learning. The 
model achieves advanced accuracy in its performance 
evaluation using the MM-WHS and ACDC datasets relative 
to other existing models. The system obtains a 90.14% 
success rate on MM-WHS tasks and 78.45% accuracy on 
ACDC while using limited labeled data. The methodology 
provides better performance than both fully supervised 
and single-teacher systems. The innovation increases 
automated cardiovascular diagnostic accuracy when 
working with small, labeled datasets.19

	 The authors proposed solving the traditional 
boundaries encountered when performing vascular 
hemodynamic evaluations manually in clinical settings. 
The research team created a deep learning method to 
process CT images through automatic segmentation 
followed by vessel reconstruction and prediction of 
computational fluid dynamics (CFD). A CNN design 
update performed segmentation, and the MC algorithm 
did 3D reconstruction tasks. The Res2-CD-UNet model 
demonstrated superiority over previous methods because 
it achieved a 92.76% accuracy rate on aortic-artery data 
while attaining 94.57% accuracy on lower-limb artery 
data sets. The model achieved better relative geometric 
errors and computed results at a much faster pace. The 
software used OpenFOAM to conduct CFD simulations 
that delivered improved efficiency. The method enables 
physicians to view accurate arterial hemodynamics while 
maintaining fast speeds and operability. The application 
of this approach demonstrates high promise to enhance 
medical diagnostic systems for blood vessels.20

	 The left ventricular wall identification process in 
myocardial perfusion scintigraphy images gets improved 
thanks to U-Net convolutional neural networks for 
detecting coronary artery diseases. An analysis of 83 clinical 
exams with 4,150 images showed that the AI segmentation 
yielded an 87% dice coefficient (DC) together with an 
intersection over Union of 0.8 compared to conventional 
methods. Communication science validated the model 
both internally and externally to meet clinical practice 
requirements. The integration of artificial intelligence 
results in improved accuracy and efficiency when 
performing diagnoses in myocardial imaging procedures. 
This development will help researchers conduct future 
studies with the focus on artifact correction.21

	 The research introduces SCS-SLSP as a semi-
supervised cardiac image segmentation framework which 
combines SPG modules with SL theoretical principles. The 
soft labeling mechanism of SL identifies in-distribution 
pixels as well as uncertain areas and SPG enhances the 
extraction of vital features through its modules. The Hard 
Uncertain Pixel Mining (HM) module achieves higher 
accuracy through two methods which include trustworthy 
pseudo-label allocation and hard case processing using 
contrastive learning. The SCS-SLSP system demonstrated 
superior performance than current methods when working 
with restricted amounts of labeled data through tests on 
three open-source datasets. The dice score increased by 
0.41% for the ACDC dataset which used 10% labeled data 
while reducing segmentation errors substantially. By using 
this approach, both hospital operations can get improved 
segmentation results with better accuracy and efficiency. 22

	 This work presents CapNet which represents a 
light deep-learning system designed for cardiac MRI 
segmentation to reduce the excessive operational costs 
of transformer-based models. The model uses both 
convolutional structures and mixing mechanics to perform 
efficient training operations using fewer computational 
parameters. The adoption of attention mechanisms allows 
the model to adapt to different cardiac shape variations. 
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Tversky Shape Power Distance loss serves as a new loss 
function which boosts segmental accuracy in the process. 
Open-source assessments conducted on three public 
datasets reveal that CapNet achieves exceptional dice 
similarity scores better than present-day standard models. 
A statistical review verifies its successful performance 
even with decreased computing demands.23

	 The research presents an AI-based system for 
cardiac ultrasound image segmentation which lowers 
requirements for large, annotated dataset dependency. 
The system makes use of artificial intelligence generative 
capabilities to generate multi-class RGB masks 
which directly segment heart structures. The novel 
implementation of conditional generative adversarial 
networks (CGAN) produces better accuracy because it 
includes conditional inputs and paired RGB masks. The 
methodology achieves superior performance than state-
of-the-art models during evaluations on three separate 
datasets. This technique allows superior segmentation 
while being less sensitive to noise. The method helps 
automate cardiac imaging operations while minimizing 
expenses alongside dependence on human experts. 24

Materials and methods
	 1.	 Dataset: Our research utilized a dataset comprising  

images of heart blood vessels along with their  
corresponding annotated vessel masks. This publicly 
available dataset was sourced from Mendeley 
and included a dataset consisting of 134 angiography  
images out of which 100 angiography images 
were used for training and 34 images for validation 
purpose.25 The binary masks were annotated using  
the VGG Image Annotator tool. All images underwent 
a preprocessing step, including cleaning, before 
being used for segmentation.

	 2.	 Methods: In the field of medical imaging, identifying 
and analyzing targets can be highly challenging,  
particularly when dealing with low-quality images  
of blood vessels in coronary angiography, which 
often suffer from poor pixel resolution and  
inadequate color schemes. The proposed technique 
involves several steps, including data preprocessing 
and feature-based segmentation. Segmentation is 
performed by selecting features through machine 
learning techniques. In this study, we propose a 
segmentation model that applies machine learning  
algorithms to segment blood vessels in X-ray  
coronary angiography images.

	 This model begins by processing the data using 
Random Forest methodology while performing feature 
selection activities. The results undergo machine 
learning model analysis to conduct the assessment. 
This methodology provides a more efficient solution for 
diagnosing coronary artery blockages, reducing the time 
required by cardiologists or physicians. The segmentation 
of heart blood vessels involves several steps using different 
types of filters. As shown in Figure 2, the process starts 
by taking coronary angiography images of blood vessels 
as input. These images undergo preprocessing using a 
Gabor filter, which smooths the images while minimizing 
noise interference. The following image demonstrates 
different edge detection techniques (Canny, Sobel, Prewitt 
and Roberts) used after preprocessing. After appropriate 
segmentation of coronary angiography blood vessels, the 
Random Forest algorithm selects essential heart image 
features. The system performs training subsequently and 
its output results are assessed alongside visualization 
processing. Edge detection techniques serve as 
fundamental tools for accurate heart vessel segmentation 
processes.

Figure 2. Proposed model for vessel segmentation.
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Canny edge detection algorithm
	 The Canny edge detection technique is a technique 
in the literature for detecting edges in an image, and it is 
applied to different tasks such as image segmentation. This 
technique balances two major performance criteria. First 
is effective edge detection and the second is precise edge 
localization, which means that the edge points are as close 
as possible to the true edges, and each edge has only one 
response. The algorithm processes edges through gradient 
analysis which examines intensity changes and directions 
of gradient alterations.26 There is various process in the 
algorithm will be as follows as smoothing of image that 
reduces noise in the image for better accuracy in detecting 
edges. Computation of gradient based on calculation of 
the magnitude and direction of change in intensity. Lastly, 
double thresholding which classifies the edges into strong 
and weak concerning the level of intensity. Strong edges 
are of utmost importance in creating a continuous chain 
of edges, which is the main factor in segmenting regions 
of interest in an image. The algorithm connects the pixels 
along the strong edges to help in the separation and 
segmentation of meaningful areas in the image. 

Sobel edge detection
	 The detection of edges in images, commonly known 
as Sobel edge detection, is one of the techniques designed 
for such purposes. The procedure basically works by 
convolving an image with what is called a Sobel kernel-
special matrices that enhance the difference in intensity 
between neighboring pixels. It yields a map of gradient 
magnitudes that then show the edges of an image.27 This 
output is generally used as the base for further image 
segmentation processes in which the edges outline the 
borders that demarcate regions within the image.

Roberts edge detection
	 The Roberts edge detection algorithm is the simplest 
method for detecting edges in an image. This is like the 
2-D gradient operator on grayscale images. The algorithm 
processes edges through gradient analysis which examines 
intensity changes and directions of gradient alterations. 

	 [G] = [Gx] + [Gy]	 (1)

	 [Gx] and [Gy] describe the gradients in the x and y 
directions, respectively. These outcomes after magnitude 
map, highlighting edges of an image. This information 
about the gradient can easily be used for segmentation 
using the detected edges to delineate different regions 
within the image.28 However, care must be taken that in 
comparison with other operators such as Sobel or Canny, 
the Roberts edge-detection algorithm is less reliable. Due 
to its smaller kernel size, which has a limited detailed 
information of image.

Prewitt’s edge detection
	 The basic yet effective edge detection method called 
Prewitt’s enhances image edge detection for analysis 
purposes. The Prewitt Kernel works as a 3×3 matrix 

component of this algorithm to detect intensity changes 
between adjacent image pixels. The edge detection 
process determines partial derivative values through 
gradient values that extend in horizontal (Gx) as well as 
vertical (Gy) directions. Equations allow the determination 
of these gradient values.

	 Gx = [A2+cA3+A4] - [A0+cA7+A6]	 (2)

	 Gy = [A6+cA5+A4] - [A0+cA1+A2]	 (3)

	 Here, c is a constant that assigns greater importance 
to pixels nearer to the center of the mask. The operation 
produces a gradient magnitude, which helps in identifying 
edges within the image. Further, it can be used in edge 
information on image segmentation for which the 
edges define regions between different portions within 
the image.29 Owing to its larger kernel size and better 
capability in capturing edge details of an image, the Prewitt 
method usually would be more reliable compared to the 
Roberts method. However, it still will not be considered 
as robust as other advanced algorithms in edge detection 
techniques, whereas Sobel and Canny methods, use 
advanced techniques for the same operation in images.

Random Forest classifier (RF)
	 The Random Forest classifier serves the dual purpose 
of feature selection and classification. For blood vessel 
segmentation, it selects important features such as color, 
texture, etc., from the input data, which are then used by 
a segmentation algorithm to do the actual segmentation.30 
Following is a sequence of actions when a classifier is 
applied:
	 Feature selection: Running Random Forest algorithm 

on the training data with extracted features; assessing 
the importance of features depending on how decision 
trees have been split.

	 Segmentation: The selected features become the  
input for a segmentation algorithm that performs the 
segmentation, either by traditional image processing 
methods or by machine learning techniques.

	 Evaluation: Measure the outcomes of the segmentation 
algorithm in terms of performance metrics such as 
confusion matrices.

	 The classification performance will improve when 
Random Forest classifier feature selection methods work 
together with appropriate segmentation methods. 

Performance metrics
	 The performance assessment of the classification 
model includes accuracy measurements taken during 
training and testing operations. A confusion matrix 
provides an evaluation of the predicted data against real 
dataset labels. The classification outcomes consist of four 
cases where correct classifications receive labels true 
positive and true negative but incorrect ones become 
false positive or false negative. The assessment of the 
classification model performance relies mainly on the 
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positive predictive value (PPV) together with Sensitivity as 
the commonly utilized metrics in these experiments.

	 Positive Prediction Value (PPV): the model, in 
essence, quantifying how sure it is that such a 
prediction of positive is actually positive - that is, 
the number of true positives compared against 
the total sum of actual true and false positives.31 PPV 
can be calculated in Equation (4).

		  Positive Prediction Value =   TP+FP
TP 	 (4)

	 Sensitivity: Sensitivity determines whether the 
model detects genuine positive situations accurately. 
The ratio between authentic positive outcomes 
and all actual positive results yields sensitivity 
measurement. This calculation excludes only true 
positive (TP) and false negative (FN) from the count.32 
Equation (5) states the mathematical formula for 
sensitivity calculation.

		  Sensitivity =   TP+FN
TP 	 (5)

	 Dice Coefficient (DC): The dice coefficient functions 
as an evaluation measure for binary classification 
models. This measure tracks how well the model 
identifies positive cases without excessive numbers 
of incorrect positive or negative classifications. 
The model’s performance effectiveness receives 
a balanced assessment through a harmonic mean 
calculation involving accuracy and sensitivity 
results.33 The performance evaluation of the DC 
occurs through Equation (6).

		  Dice Coefficient = 2 x   
(Positive Prediction Value + Sensitivity)
(Positive Prediction Value * Sensitivity) 	 (6)

	 Accuracy: A model achieves accuracy when it predicts 
correctly for every output it generates. Equation (7) 
provides a method to calculate accuracy.

		  Accuracy =   TP+TN+FP+FN
TP+TN 	 (7)

	 Confusion metrics used to check the performance of 
the generated model through machine learning on various 
levels of confidence.

Results
	 This section showcases the model’s experimental 
results. In this study, the predicted masks were assessed by 
comparing them with the annotated masks for evaluation. 
The model is based on a segmentation approach that 
utilizes feature extraction from coronary angiography 
blood vessel images. Different edge detection methods, 
involving Sobel, Roberts, Prewitt, and Canny, play an 
important role in enhancing the features of an image. 

Each operator may be used in different ways to extract 
edges or boundaries in coronary angiography images to 
ensure that all details concerning the feature under study 
are captured. These processed images highlight blood 
vessels and other critical structures for highly informative 
features toward which the subsequent machine learning 
model shall be working. The use of multiple operators in 
the system enhances diversity among the extracted edge 
information, promoting the robustness of segmentation. 
The edges of vessels in coronary angiography were 
identified using Sobel, Roberts, Prewitt, and Canny edge 
detection methods. Then, an AI-driven Random Forest 
model was applied to identify and select the most optimal 
edges from the results of these algorithms. In this process, 
an image is analyzed using a Random Forest model-based 
method of feature extraction concerning segmentation. In 
this feature selection, only the most relevant information 
of the image content, like vessel or other boundary edges, 
is kept while noise is reduced and segmentation accuracy 
improved. Such features make the Random Forest model 
highly effective for non-linear relationships and handling 
high-dimensional data. The model then segments the 
image into meaningful regions once it extracts the relevant 
features, hence isolating main elements like blood vessels 
while discarding less important background regions.
	 An AI-based technique demonstrates its ability to 
segment coronary angiography blood vessels in heart 
patients as presented in Figure 2. The segmented blood 
vessels demonstrate high correspondence to their 
corresponding annotated ground truth images. The 
performance evaluation of this proposed method utilizes 
accuracy alongside DC, PPV, and sensitivity which stem 
from confusion matrix calculations.
	 Figure 3 indicates the segmented image using 
an angiography image and the ground truth images. 
Performance of blood vessel segmentation from coronary 
angiography images using the Random Forest-based 
model. The three columns represent, respectively, the 
original grayscale images, the annotated ground truth 
masks by experts, and the predicted segmentation by 
the model. The accuracy is 99% with a dice coefficient of 
95%, indicating a large overlap between the vessel areas 
predicted by the model and the ground truth images. 
In fact, a PPV of 96% depicts that most of the vessels 
predicted by the network are correctly classified with only 
a tiny number of false positives, while a sensitivity of 94% 
underlines how strong the model is in terms of detecting 
most vessel areas. As illustrated in the figure, though 
there are slight mistakes, in general the predicted results 
match the annotated masks very well,  A confusion matrix 
developed with segmentation results enables researchers 
to determine the total counts of true positive, false 
positive, true negative and false negative outcomes. The 
collected information aids both verification and accuracy 
enhancement for segmentation procedures.
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Figure 3. Outcome of segmented blood vessels in coronary angiography.

Table 1. Comparison table of predicted results.
Methods Authors Material PPV Sensitivity DC Accuracy
Deep learning (MTNet) Ruochen Liu, Song Gao

et.al.35
Retinal blood vessels 80% 98% 88% 96%

Machine learning 
(supervised method)

Hyungjoo Cho,June‐Goo Lee,
et al.36

Angiography images 84% 80% 82% 82%

DL (PSPNet) Xiliang Zhu, Zhaoyun Cheng,
et. al.37

Coronary 
angiography image 
segmentation

86% 94% 89% 95%

Deep learning
(U-Net)

Dongxue Lian
et.al.38

Coronary 
angiography images

84% 87% 83% 98%

Edged based feature 
using AI

Our’s Coronary 
angiography Images

96% 94% 95% 99%

Note: PPV: positive predictive value, DC: dice coefficient.

	 Table 1 clearly demonstrates that various performance 
metrics of the Artificial Intelligence based model, such as 
accuracy, PPV, DC, and sensitivity, have been analyzed 
in the context of the current work involving edge-based 
feature selection and the AI model. Several evaluation 
metrics have been computed and compared against other 
existing models with datasets.
	 Table 1 highlights the use of edge detection techniques 
such as Sobel, Roberts, Prewitt, and Canny algorithms  
for vessel segmentation. The experimental results demonstrate 
the performance of the proposed model in terms of PPV, 

sensitivity, DC, and accuracy, comparing favorably to other 
existing models.    From Table 1, it is evident that the 
predicted results for blood vessel segmentation in 
coronary angiography images deliver promising outcomes. 
In the proposed model, a total of 134 images were utilized 
for training and testing. The research designated 80% 
of images for training purposes and reserved 20% for 
validation. Specialized AI features were integrated into 
the Random Forest model by the research team to obtain 
precise target region localization.
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	 The following table compares various approaches 
applied to image-based datasets in medical imaging 
with respect to metrics such as PPV, sensitivity, DC, and 
accuracy. A performance study of each technique adopted 
using different datasets is conducted—retinal blood 
vessels, angiography images, and coronary angiography 
images. The proposed methodology, marked as “Our’s,” 
is the edge-based feature extraction approach which 
has been empowered by a Random Forest model on 
coronary angiography images. Conclusively, the proposed 
approach outperforms other methods on most metrics. 
Having identified the image of retinal blood vessels with 
a deep learning model, the first approach of MTNet 
reached 80% PPV, with 98% sensitivity, 88% DC, and 
accuracy at 96%. MTNet, while performing exceptionally 
in sensitivity to identify true positive cases, performed 
lower in PPV, probably due to increased false positives34. 
This trend underlines the need for a model characterized 
by better balance in terms of all metrics. In the case of 
angiography images, regarding the overall performance 
of machine learning supervised techniques, the PPV is 
84%, sensitivity is 80%, DC is 82%, and accuracy is 82%. 
This approach has given a moderately good performance; 
however, the sensitivity resulting from this approach 
is relatively low, which means failing to detect some 
positive cases.35 Moreover, the DC illustrating the overlap 
between the predicted and ground truth segmentations 
is low, which suggests possible drawbacks in the accuracy 
of segmentation. The deep learning-based image 
segmentation approach in coronary angiography, PSPNet, 
gives a PPV of 86%, sensitivity of 94%, DC of 89%, and 
accuracy of 95%. Compared to all the earlier-described 
techniques, this technique gives much better sensitivity 
and overall segmentation accuracy.36 Hence, it signifies 
higher capacity for detection and classification of features 
in medical images. However, a slightly lower PPV against 
“Our’s” indicates that there is still room for improvement 
in this technique to get better precision. using U-Net as 
the architectural framework for examining images from 
coronary angiography. The accuracy, precision, recall and 
specificity of their approach were 84%, 87%, 83% and 
98%, respectively.37 Edge-based feature extraction using AI 
shows much better performance than their methods.
	 The method in the last row, “Our’s,” represents an 
edge-based feature extraction technique by employing a 
Random Forest model on coronary angiography images. It 
outperformed well with a PPV of 96%, sensitivity of 94%, 
DC of 95%, and accuracy of 99%. Compared to all other 
techniques, the “Our’s” method was superior for most 
metrics with the highest PPV, DC, and accuracy. With the 
high PPV, the method seems to minimize false positives 
effectively, making it more accurate. Its sensitivity is also 
compared with PSPNet at 94%, hence showing very good 
capability for the detection of true positives. Moreover, 
the DC has indicated excellent overlap between predicted 
and ground truth segmentations at 95%, hence highly 
reliable for correct analysis of images. Thus, at the highest 
accuracy of 99%, it is also quite robust and has the 
potential for clinical medical use.

Data availability statement
	 The dataset used in this experiment is publicly 
available on the Mendeley website.

Conclusion 
	 Based on the results and analysis, the experimental  
findings prove that the developed protocol executes  
segmentation tasks in coronary angiography images with 
superior effectiveness. The proposed method produced 
segmentation results with accuracy reaching 99% and dice 
coefficient at 95% and positive predictive value at 96% and 
Sensitivity at 94%. The method’s superior scores confirm  
that it ranks above former techniques known to work 
in this domain. Research in this field should investigate  
potential soft computing methods for classifying coronary 
angiography vascular structures.
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ABSTRACT

Background: Pneumonia remains a significant global health challenge, necessitating 
effective management strategies, including airway clearance techniques (ACTs) 
utilized by physical therapists (PTs).

Objective: This study aims to investigate the selection and usage of ACTs among 
Thai PTs and examine the influence of work characteristics on these choices. 

Materials and methods: A descriptive survey design was employed, targeting licensed 
PTs in Thailand with at least one year of experience in chest physical therapy. The 
survey, distributed via online forms and physical therapy units, gathered data on 
personal demographics, commonly used ACTs, and work characteristics. Out of 178 
responses, 137 were included in the study.

Results: The results indicated a predominant reliance on manual techniques,  
particularly percussion and postural drainage, regardless of experience level. However, 
PTs specializing exclusively in chest physical therapy showed a higher propensity 
for using advanced techniques and devices such as positive expiratory pressure 
(PEP) and oscillating positive expiratory pressure (OPEP) devices. The study highlights 
significant gaps in training and access to advanced airway clearance devices, suggesting 
a need for targeted continuing education programs.

Conclusion: The findings underscore the importance of promoting a broader range 
of ACTs in clinical practice to improve patient outcomes. By addressing the barriers to 
adopting advanced techniques, PTs can enhance their therapeutic interventions and 
provide more comprehensive care for pneumonia patients. This study provides 
valuable insights into the current landscape of airway clearance therapy in Thailand, 
emphasizing the need for improved training and access to necessary equipment to 
optimize patient care.
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Introduction
	 Pneumonia remains a significant global health 
challenge, particularly among vulnerable populations 
such as the elderly and immunocompromised individuals.1 
Effective management of pneumonia encompasses 
various therapeutic approaches, with physical therapy 
playing a vital role in improving patient outcomes.2 A key 
aspect of this management is addressing decreased lung 
volume due to atelectasis, which is crucial for improving 
ventilation and ventilation/perfusion matching.3 Among 
the array of interventions, airway clearance techniques 
(ACTs) stand out as essential tools, particularly in the late 
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stages of pneumonia or for patients using mechanical 
ventilation.4 These techniques are pivotal for respiratory 
physical therapists (PTs), aiding in the removal of mucus 
from the airways and enhancing lung function.
	 Understanding the pathophysiology and prognosis 
of diseases like pneumonia is essential for PTs who treat 
these patients. However, in the context of Thailand, PTs 
have diverse work characteristics in hospitals, and there is 
no standardized course for a Diploma of the Thai Board of 
Physical Therapy in each specialty.5 As a result, the choice 
of ACTs is often based on undergraduate education and 
may be further supplemented by personal experiences in 
treating this patient group. This may lead to a variety of 
treatment approaches for the same condition.
	 The lack of information on the selection of ACTs 
makes it challenging to analyze the problem or create 
appropriate curricula in Thailand. This study aims to 
investigate the ACTs selected by Thai physical therapists 
and do different work characteristics influence their 
selection of ACTs.

Materials and methods
	 This study employs a descriptive survey design to 
examine the ACTs used by PTs for pneumonia patients 
across Thailand. Ethical approval was obtained from the 
Research Ethics Committee of Christian University of 
Thailand, under the reference number 07/2566. The target 
participants were licensed physical therapy in Thailand 
with at least one year of experience in chest physical 
therapy, aged between 22 and 60 years. 
	 The survey was distributed using Google Forms 
through PT groups on social media platforms. It was also 
sent to physical therapy units in hospitals across Thailand. 

Data collection spanned two three-month periods, with 
reminder invitations sent after two weeks to encourage 
participation.
	 The survey questionnaire consisted of 15 items 
divided into three sections. The first section gathered 
personal information, including age, gender, education 
level, region of healthcare facility, and type of healthcare 
facility. The second section collected data on the most 
frequently used airway clearance techniques. To ensure 
validity and relevance, the questionnaire was reviewed 
and evaluated by two qualified PTs with over five years of 
experience in chest physical therapy.

Data analysis
	 Data analysis for this study involved chi-square tests 
to compare categorical variables, expressed as number 
and percentage. Statistical analysis was performed using 
the IBM SPSS statistical package (version 28.0), with a 
significance level set at p<0.05

Results
	 The questionnaires were distributed to physical 
therapy units and administered online, yielding a total of 
178 responses. However, 41 questionnaires were excluded 
due to respondents having not worked in chest physical 
therapy for over a year. Consequently, 137 participants 
were included in this survey study.
	 The general characteristic of Thai PTs is shown in  
Table 1 An overview of the use of airway clearance 
techniques by Thai PTs for pneumonia patients is presented 
in Figure 1, while details on routine practice subgroups are 
shown in Figure 2 and Table 2.
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Table 1. General characteristics of Thai physical therapists with varying levels of experience.

Characteristics All group
(N=137)

Exclusive  
chest PT (N=26)

All fields alongside  
chest PT (N=74)

All fields without 
chest PT (N=37)

Age (years)
	 22-30 (%) 57 (42) 6 (23) 36 (49) 15 (41)
	 31-40 (%) 69 (50) 16 (62) 34 (46) 19 (51)
	 >40 (%) 11 (8) 4 (15) 4 (5) 3 (8)
Female (%) 86 (63) 11 (42) 49 (66) 26 (70)
Level of educations
	 Bachelor’s degrees (%) 105 (77) 15 (58) 64 (86) 26 (70)
	 Master’s degrees (%) 26 (19) 8 (30) 9 (13) 9 (25)
	 Doctoral degrees (%) 6 (4) 3 (12) 1 (1) 2 (5)
Workplace locations 
	 Bangkok metropolitan region (%) 31 (22) 7 (28) 16 (22) 8 (22)
	 Southern region (%) 18 (13) 4 (15) 10 (14) 4 (11)
	 Central region (%) 27 (20) 4 (15) 11 (15) 12 (32)
	 Northern region (%) 19 (14) 5 (19) 8 (11) 6 (16)
	 Western region (%) 5 (4) 0 3 (4) 2 (5)
	 Eastern region (%) 8 (6) 2 (8) 2 (3) 4 (11)
	 Northeastern region (%) 29 (21) 4 (15) 24 (31) 1 (3)
Types of healthcare facilities 
	 Primary care hospitals (%) 18 (13) 0 8 (11) 10 (27)
	 Secondary care hospitals (%) 38 (28) 3 (11) 25 (34) 10 (27)
	 Tertiary care hospitals (%) 27 (20) 7 (27) 14 (19) 6 (16)
	 Advanced tertiary care hospitals (%) 15 (11) 9 (35) 4 (5) 2 (5)
	 Private hospitals (%) 36 (26) 7 (27) 21 (28) 8 (22)
	 Municipality (%) 3 (2) 0 2 (3) 1 (3)

Note: Data are presented as the number (%).

Figure 1. Overview of popular airway clearance techniques for pneumonia patients among Thai physical therapists. ACBT: 
active cycle of breathing technique, HFO: high frequency oscillation, MHI: manual hyperinflation, OPEP: oscillating positive 
expiratory pressure devices, PEP devices: positive expiratory pressure devices.
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Figure 2. Popular airway clearance techniques for pneumonia patients among Thai physical therapists, presented by 
subgroup. ACTs are categorized based on their techniques or mechanisms for airway clearance techniques, ACBT: active 
cycle of breathing technique, HFO: high frequency oscillation, MHI: manual hyperinflation, OPEP: oscillating positive 
expiratory pressure devices, PEP devices: positive expiratory pressure devices.

Table 2. Comparison of Airway Clearance Technique Usage Among Thai Physical Therapists with Varying Levels of 
Experience (N=137).

Airway clearance techniques Exclusive chest PT 
(N=26)

All fields with chest PT 
(N=74)

 All fields without chest 
PT (N=37)

 Postural drainage (%) 9 (34) 16 (22) 13 (35)
Manual passive ACTs

-	 Percussion (%) 6 (22) 37 (51)* 16 (43)
-	 Vibration (%) 2 (8) 7 (9) 2 (5)

Active ACTs
-	 Huffing (%) 1 (4) 1 (1) 0
-	 Coughing training (%) 2 (8) 5 (7) 2 (5)
-	 Autogenic drainage (%) 0 1 (1) 1 (3)
-	 ACBT (%) 3 (12) 3 (4) 3 (9)

Device active ACTs
-	 PEP devices (%) 0 1 (1) 0
-	 OPEP devices (%) 1 (4) 2 (3) 0

Device passive ACTs
-	 HFO (%) 1 (4) 0 0
-	 Manual hyperinflation (%) 1 (4) 1 (1) 0

Note: Data are presented as number (%). ACBT: active cycle of breathing technique, HFO: high frequency oscillation, MHI: manual 
hyperinflation, OPEP: oscillating positive expiratory pressure devices, PEP devices; positive expiratory pressure devices. *p<0.05 
(Exclusive chest PT vs All fields with chest PT).
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Discussion
	 This study represents the first survey conducted 
among Thai PTs concerning ACTs for pneumonia patients. 
The predominant techniques identified in this survey were 
percussion and postural drainage. Interestingly, regardless 
of experience, PTs typically rely on these manual 
techniques. However, PTs who specialize exclusively in 
chest physical therapy showed a greater propensity for 
utilizing active and passive device-aided ACTs. 
	 Pneumonia leads to decreased lung volume, increased 
airway resistance, and reduced compliance, ultimately 
causing hypoxemia.1 Late-stage inflammatory processes 
can result in sputum secretion, further increasing airway 
resistance.6 Effective ACTs are crucial, yet no universally 
effective long-term methods exist. Techniques such as the 
active cycle of breathing (ACBT) and positive expiratory 
pressure (PEP) devices have demonstrated benefits, 
including improved cure rates and reduced hospital stays 
in pneumonia patient.2

	 Despite the variety of available ACTs, our survey 
showed no significant preference among Thai PTs across 
different experience routine practice. However, percussion 
and postural drainage were the most used techniques. 
Percussion is a non-invasive, cost-effective method widely 
practiced in Thailand and other regions such as Turkey.7 
Its limitations include dependency on external factors 
such as frequency and force of application, with studies 
indicating challenges in maintaining effective percussion 
due to muscle fatigue.8 Moreover, manual passive ACTs 
show varying efficiency in airway clearance depending on 
the individual user and the mechanism of action of each 
technique.9,10 Postural drainage involves body positioning 
to use gravity for mucus movement towards larger airways, 
improving lung volume.11 Though effective, it requires 
specific positions, which can be challenging to maintain 
and implement. 
	 On the other hand, airflow-dependent clearance 
techniques, such as active techniques, using devices, and 
MHI, are not popular among Thai PTs. These techniques 
directly alter airflow in the airways, providing immediate 
relief by facilitating the removal of mucus and improving 
ventilation, which may be appropriate for low lung 
volume in pneumonia patients.12 However, based on the 
available evidence, it is difficult to definitively determine 
the efficacy of each technique in pneumonia patients2,13 
and cystic fibrosis patients.14 Therefore, prior research 
suggests similar effectiveness between active and manual 
techniques. When choosing a method, PTs might consider 
their effort, favoring techniques that provide comparable 
results with a lower workload. 
	 In Thailand, the absence of specific guidelines for PT 
management in pneumonia leads PTs to rely on personal 
experience and undergraduate training. Comparatively, 
a retrospective study in Australia highlighted both 
similarities and differences in practice. For instance, 
while postural drainage is similarly popular, MHI is more 
commonly used in Australia.15 An expert consensus from 
eight countries also suggests the benefits of combining 

manual techniques with MHI when sputum volume or 
viscosity is high.13 Recent clinical guidelines recommend 
MHI for mechanically ventilated patients due to its 
advantages in lung volume improvement and secretion 
clearance.16 Active treatments such as deep breathing 
exercises and early mobilization are well-supported by 
evidence, whereas manual techniques rely more on expert 
opinion.17,18,19

	 The limited use of techniques such as vibration, 
huffing, and autogenic drainage, as well as devices like 
PEP and OPEP, highlights potential areas for improvement 
in training and practice. Factors such as lack of familiarity, 
limited access to equipment, and institutional protocols 
may contribute to the underutilization of these methods. 
This gap suggests a need for targeted continuing 
education programs to broaden the skill set of PTs and 
enhance patient care. However, while exclusive chest PTs 
demonstrated a greater inclination to use devices and 
MHI, these techniques have not been widely adopted 
overall.

Implications for practice and training
	 Given the reliance on manual techniques and 
postural drainage, it is crucial to promote the adoption 
of a wider range of ACTs. Training programs should 
emphasize the benefits and proper use of advanced 
techniques and devices to ensure that therapists are well-
equipped to deliver comprehensive care. Additionally, 
enhancing access to essential equipment and fostering 
interdisciplinary collaboration can facilitate the integration 
of these techniques into routine practice. 
	 Our findings highlight potential barriers to the 
adoption of newer ACTs, such as limited training access, 
equipment availability, and institutional protocols. 
Addressing these barriers is essential to ensure equitable 
access to evidence-based respiratory care. It is important 
to provide PTs with the necessary resources and support 
to effectively implement these techniques.

Limitation
	 This study has several limitations, including a small 
sample size, the absence of patient condition such as 
consciousness and intubation status in the survey, which 
may influence decision-making, reliance on self-reported 
data, and the measurement of technique preference 
rather than actual clinical practice. These factors may 
affect the generalizability of the findings and suggest the 
need for cautious interpretation. 
	 Further research is necessary to explore the efficacy 
of various airway clearance techniques in different settings 
and patient populations. Long-term studies could provide 
more robust evidence to support the development of 
clinical guidelines and enhance therapeutic decision-
making. Additionally, investigating the impact of specific 
training programs on technique utilization and patient 
outcomes would provide valuable insights into the best 
practices for respiratory care.
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Conclusion
	 This study highlights the current landscape of airway 
clearance therapy for pneumonia patients in Thailand, 
revealing a predominant reliance on manual techniques 
and postural drainage. By understanding the preferences, 
challenges, and opportunities in clinical practice, we can 
work towards optimizing therapeutic interventions and 
improving patient outcomes in respiratory care. Addressing 
the identified barriers and promoting continuing education 
will be crucial in advancing the quality of care provided by 
Thai PTs.
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ABSTRACT

Background: Maintaining postural balance is crucial for various daily activities, and 
the vestibular system plays a significant role in this process. Dysfunction in the 
vestibular system can result in impaired postural control and balance. Microcurrent 
therapy, which uses lower current intensities than traditional electrical stimulation 
methods, may offer a less painful alternative for vestibular system training.

Objective: This pilot study aimed to investigate the effects of microcurrent stimulation 
on vestibular system training for posture control, with an emphasis on sway 
velocity and muscle activity, and to determine its optimal frequency and electric 
current intensity.

Materials and methods: Twenty healthy young adults (mean age, 22.35 years; 
76.5% female; mean body mass index, 24.5±3.5 kg/m²) participated in this study. 
Surface electromyography (EMG) of the tibialis anterior muscle and postural sway 
were measured during microcurrent stimulation at varying frequencies (0.5 Hz to 
2.0 Hz) and intensities (50 µA to 400 µA) on the bilateral mastoid processes of 
15 seconds each. The center of pressure displacement was recorded using a pressure 
platform, and muscle activity was assessed through EMG data. 

Results: The results showed that frequency did not significantly affect postural 
sway or muscle activity, whereas intensity did. Muscle activity was greatest at 
1.5 Hz and 400 µA, and postural sway was most pronounced at 2.0 Hz and 400 µA. 
No adverse reactions were reported during or after the stimulation sessions.

Conclusion: Microcurrent stimulation with optimal current and intensity may be 
a useful, non-invasive option for vestibular system training, particularly in populations 
where traditional electrical stimulation may cause discomfort. Further studies involving 
older adults and individuals with vestibular dysfunction are necessary to validate 
these findings. 
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Introduction
﻿To maintain one’s balance, the human body’s center 

of gravity should fall within the weight support center of 
mass, for which continuous adjustment is required from 
the positioning of joints and muscle activity.1 Sustaining 
standing balance is among the most important functions 
of the human body in various activities of daily living.2 
The central nervous system (CNS) controls one’s postural 
balance through the vestibular, visual, and proprioceptive 
systems,3,4 as well as the motor system of the human 
body.1,2,5 Among the three systems, the vestibular system 
is the most unique because it is instantly multisensory and 
multimodal. For instance, it works with proprioception and 
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corollary discharge of the motor system/plan, enabling 
the cortex to differentiate activities caused by passive 
head movements.6 During various movements of the 
head and body, the vestibular system maintains stability.4,7

The peripheral vestibular system detects physical stimuli, 
such as head rotation, acceleration, and gravity, and 
converts them to electrical signals for transmission to 
the CNS.8 The CNS uses information from the vestibular 
system to determine the head’s position and speed, 
integrates it with information from the proprioceptive 
and visual systems, and maintains the body’s posture and 
balance.8

Vestibular system dysfunction has gained clinical 
recognition as an important differential diagnosis 
for decreased postural control. People with balance 
disorders, vestibular system defects, or both tend to 
abstain from physical activity and social gatherings to 
avoid unexpected falls, which affect their quality of life.9 
Vestibular system training was developed to gradually 
increase eye, head, and body movements to stimulate 
the vestibular system and promote the CNS to adapt to 
new information.10 This training can reduce the fear of 
dizziness during daily activities and enhance the balance 
sensation, making it ideal for patients with peripheral 
vestibular dysfunction.10 Four types of vestibular training 
are available: adaptation, habituation, substitution, and 
balance exercise.11 The recovery of vestibular function 
mainly relies on CNS plasticity, and natural recovery, 
adaptation, and substitution can promote recovery 
through these mechanisms. 
	 Additionally, the approach widely used to improve 
postural control involves inducing perturbations and 
enhancing the effects of balance training by repeating 
the process of recovery using motor learning through 
repetition and adaptation.12,13 It is possible that postural 
sway caused by electrical stimulation could serve as 
a form of balance training, as the individual would need 
to use their muscles to destabilize the stimulation and 
maintain their balance.14 This is similar to other forms of 
balance training such as standing on a wobble board or 
performing exercises on an unstable surface. However, 
the effectiveness of this training type may depend on 
several factors, such as the frequency and intensity of 
electrical stimulation. In addition, it is important to ensure 
that electrical stimulation during training is safe and does 
not pose a risk of injury. 
	 Microcurrent stimulation has been hypothesized 
to enhance neural activity through mechanisms such 
as increased ATP production, which supports cellular 
energy metabolism and facilitates neural adaptation.15 
Additionally, microcurrent has been reported to improve 
blood flow and tissue repair, which may aid in rehabilitative 
processes involving the vestibular system.16 On a neural 
level, electrical stimulation, including microcurrent, has 
the potential to enhance synaptic plasticity, a critical 
factor in the central nervous system’s ability to adapt to 
balance perturbations.17 These mechanisms highlight 
its potential as a therapeutic tool for vestibular system 
rehabilitation.

	 Sinusoidal or galvanic currents have been used as 
direct electrical stimulation methods for the vestibular 
systems to improve postural control. Such currents are 
applied to the mastoid process to stimulate the vestibular 
nerve directly;18 however, most patients complain of 
unpleasant pain due to strong electrical currents.19 
Previous studies have demonstrated the potential of 
vestibular stimulation to improve postural sway and 
muscle activation in different age groups, highlighting 
its utility in balance control interventions.20 Despite this, 
the discomfort associated with galvanic stimulation often 
limits its clinical application, especially for individuals 
with heightened pain sensitivity. In contrast, microcurrent 
therapy stimulates muscle contraction without discomfort 
or pain by using a microampere (µA) rather than milliampere 
(mA) current.21 Research has shown that microcurrent 
stimulation can improve balance performance in the 
100-300 µA,22 suggesting its potential to painlessly stimulate 
the vestibular system. Furthermore, microcurrents have 
been reported to alleviate muscle symptoms, supporting 
their use in clinical rehabilitation.16,23 
	 Direct current galvanic stimulation has been shown 
to effectively stimulate the vestibular system but is often 
accompanied by discomfort and pain, limiting its clinical 
application.24 To address this limitation, this study explored 
the use of microcurrent stimulation, which delivers 
significantly lower intensities, as an alternative method for 
vestibular stimulation. However, the optimal intensity of 
microcurrent stimulation for effective vestibular activation 
remains unclear. Therefore, this study systematically 
varied microcurrent intensity (50 µA to 400 µA) and 
frequency (0.5 Hz to 2.0 Hz) to identify parameters that 
could maximize the effects on postural control while 
minimizing discomfort.
	 The primary objective was to determine the most 
effective microcurrent intensity for stimulating the 
vestibular system, with the potential to develop a safer 
and more tolerable intervention for clinical rehabilitation.

Materials and methods
Ethical approval
	 The study was conducted in accordance with the 
guidelines of the Declaration of Helsinki and was approved 
by the Institutional Review Board of Eulji University 
(EU19-68). All participants signed an informed consent 
form before starting the experiment. The manuscript 
was prepared in accordance with the Strengthening 
the Reporting of Observational Studies in Epidemiology 
guidelines. 

Participants
	 Twenty healthy young adults aged ≥18 years with 
no problem receiving microcurrent stimulation to the 
vestibular system volunteered to participate. Three 
participants were excluded because they did not meet 
the inclusion criteria. The participants were excluded 
if they had a history of recent lower-extremity injury or 
disability, visual or neurological deficits, cardiopulmonary 
diseases, or mental problems. We also excluded subjects 
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if their one-leg standing test time was <27.5 sec, the mean 
of young healthy adults aged 20-30 years to prevent falls 
during the balance tasks. We also excluded those who 
showed an unpleasant reaction to electrical stimulation 
during the screening process. 

Procedure
	 When the participants arrived at the laboratory, 
their general anthropometric characteristics such as 
height, weight, and body mass index were obtained. Next, 
electromyography (EMG) signals of the tibialis anterior (TA) 
muscle and postural sway were recorded on the pressure 
platform while the subjects received various microcurrent 
stimulations on the bilateral mastoid processes for 15 s each. 
To minimize head movement, participants were instructed 
to stare at the “+” sign at eye level on the wall and maintain 
a standing posture. 

Outcome measurements
Measurement of postural control (or center of pressure) 
	 A Zebris FDM-S pressure platform (Zebirs Medical 
GmbH, Isny im Allgau, Germany) was used to assess 
center of pressure (CoP) displacement. The pressure 
platform-calibrated capacitive force sensors underneath 
the platform at a sampling rate of 60 Hz enable the 
assessment of the distribution of static forces. MR 3.8 
software (Noraxon Inc., Scottsdale, AZ, USA) was used to 
integrate the force signals and graphic representation of 
the CoP. The area of the CoP path (mm2), length of the CoP 
path (mm), and sway velocity (mm/s), defined as the mean 
CoP movement speed, were used to determine postural 
sway. The participants were instructed to maintain their 
standing posture on a pressure platform during various 
microcurrent stimulations.  

Measurement of muscle activity on EMG
	 A wireless surface Trigno EMG sensor (DELSYS, 
Natick, MA, USA) was used at a sampling rate of 2000 
Hz to measure the muscle activity. Prior to the EMG 
measurement, the skin was shaved and wiped with 
alcohol to reduce impedance. Disposable pre-gelled bipolar 
Ag/AgC1 surface electrodes were placed over the muscle 
belly parallel to the muscle fibers. The electrodes were 
placed on the muscle belly of the TA of both legs. Surface 
EMG electrodes were secured with a bandwidth set 
between 10 Hz and 350 Hz, and the notch filter was set 
at 60 Hz to minimize noise distortion. The signal of each 
muscle was normalized to the reference maximal voluntary 
isometric contraction (MVIC). The participants were 
seated on chairs, and maximum dorsiflexion forces were 
measured against the exertional force toward the floor on 
the participant’s ankle during lifting to measure the MVIC 
of the TA muscle. MVIC measurements were taken three 
times with a 1-min rest period between contractions, and 
the average middle 3 s of the MVIC was analyzed.25 

	 The TA muscle was selected for its key role in 
maintaining postural balance during anterior-posterior 
sway, which is commonly induced by vestibular stimulation. 
Previous studies have highlighted the involvement of 
the TA, soleus, and gastrocnemius muscles in stabilizing 
postural sway.16 The TA muscle, in particular, is essential 
for controlling dorsiflexion and anterior stability, making 
it a suitable indicator of balance control.26 Future research 
could include other muscle groups, such as the soleus and 
gastrocnemius, to provide a broader understanding of 
balance mechanisms.
	 EMG data of the TA were collected for 15 s while 
participants were standing on the pressure platform 
during microcurrent stimulation of the vestibular system 
at varying frequencies and current intensities, but only for 
10 s. The root mean square value was used to quantify 
the electric signal of the amplitude of the EMG signal for 
a given period because it estimates the muscular exertion 
intensity.27,28 

Microcurrent electrical stimulation
	 Microcurrent electrical stimulation was performed 
using an Acutron Mentor (Eastwestmed, Inc., Phoenix, AZ, 
USA), with HRTC 32AP stimus hydrogel electrodes were 
placed on the mastoid process. 
	 The range of 50–400 microamperes (µA) for current 
intensity was selected based on a combination of prior 
research and preliminary testing. Previous studies using 
galvanic vestibular stimulation (GVS) to stimulate the 
vestibular system reported increased postural sway at 
current intensities of 0.2 mA, 0.5 mA,27,28 and 0.7 mA.29 
To identify the minimum and maximum microcurrent 
intensities capable of stimulating the vestibular nerve 
without causing discomfort, preliminary testing was 
conducted in this study. The range of 50-400 µA was 
established as the threshold where participants reported 
no unpleasant sensations while maintaining sufficient 
stimulation of the vestibular nerve. Additionally, because this 
study targeted healthy young adults with intact vestibular 
and somatosensory systems, it was hypothesized that 
effective stimulation could be achieved using relatively 
low microcurrent intensities.
	 Based on the previous evidence and preliminary 
testing, microcurrent stimulation began with 0.5 Hz and 
50 µA intensity while the participants maintaineda standing 
position. Subsequently, 0.5 Hz and 100 µA, 200 µA, 300 µA, 
and 400 µA were applied, respectively, with a 15-sec break 
between experiments. Similarly, frequencies of 1.0 Hz, 
1.5 Hz, and 2.0 Hz were applied in combination with 
current intensities of 50 µA, 100 µA, 200 µA, 300 µA, and 
400 µA, respectively. If the participant experienced nausea,  
a tickling sensation, unbearable pain, or an unpleasant  feeling 
due to electrode attachment during the experiment, the 
trial was immediately discontinued (Figure 1).
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Statistical analysis
	 SAS version 9.4 (SAS Institute, Inc. Cary, NC, USA) 
and R software version 4.0.4 (R Project for Statistical 
Computing, Vienna, Austria) were used to analyze the 
data, which were summarized as means and standard 
deviations (SD) or medians with maximum and minimum. 
The Shapiro-Wilk test was used to confirm the assumption 
of normality of the continuous variables. Non-parametric 
repeat-measures analysis of variance was conducted to 
test the data. The level of significance was set at α=0.05.

Results 
	 None of the participants reported unpleasant symptoms 
or irritation under the electrodes during or after stimulation 
trials. Additionally, none of the participants noticed the 
stimulation applied during the trials. The patients’ general 
characteristics are described in Table 1. 
	 Table 2 and Figure 2 show the TA muscle activity and 
balance parameters such as CoP area, CoP length, and 

CoP velocity. There was no significant interaction between 
the frequency and intensity postural balance parameters 
(CoP area, CoP sway length, and CoP sway velocity) and 
EMG. In addition, muscle activity and postural balance 
parameters were not statistically significant among the 
different frequencies (p>0.05) but were significantly 
different among intensities (p<0.001). Muscle activity 
was maximum at a combination of 1.5 Hz and 400 µA and 
minimal at 2.0 Hz and 50 µA. The CoP area, sway length, 
and velocity were the greatest at the combination of 2.0 
Hz and 400 µA, while CoP area was the lowest at 0.5 Hz 
and 50 µA, while CoP length and velocity were the lowest 
at 1.5 Hz 50 µA. 
	 The findings demonstrated a significant increase in 
muscle activity and postural sway with higher intensity 
levels, particularly at 300 µA and 400 µA. This trend 
suggests that intensity serves as a critical determinant of 
vestibular stimulation effectiveness, likely due to its direct 
impact on vestibular nerve excitation thresholds.

Figure 1. Application of microcurrent stimulation on bilateral mastoid processes.

Table 1. General characteristics of participants (N=20)
Characteristics 
Sex, female [N (%)] 13 (76.5%)
Age (years; mean±SD) 22.35±2.12
Height (cm; mean±SD) 171.5±15.2
Weight (kg; mean±SD) 65.2±10.5
BMI (kg/m2; mean±SD) 24.5±3.5

Note: BMI: body mass index, SD: standard deviation.
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Discussion 
	 This pilot study aimed to investigate the effect of 
microcurrent stimulation on vestibular system training for 
posture control and determine the optimal frequency and 
electric current intensity for training. The microcurrent 
stimulation used in this study involved applying electrical 
stimulation directly to the mastoid process, which 
stimulated the vestibular nerve directly without passing 
through the peripheral vestibular receptors. The resulting 
sway was recorded using a force plate and EMG without 
involving the peripheral vestibular receptors. Our results 
showed that the frequency of microcurrent stimulation did 
not significantly affect postural sway and muscle activity, 
whereas intensity did. The lack of significant impact 
from frequency variations on postural sway and muscle 
activity could be attributed to the lower sensitivity of 
the vestibular system to frequency changes compared to 
intensity. Previous studies suggest that muscle responses 
and postural adjustments are more closely tied to the 
magnitude of the stimulation rather than its temporal 
characteristics.30,31 This indicates that intensity plays a more 
dominant role in eliciting physiological responses during 
vestibular stimulation. Muscle activity was greatest at 
a combination of 1.5 Hz and 400 µA, while the postural 
sway parameters were greatest at a combination of 2.0 Hz 
and 400 µA, supporting previous evidence that optimal 
stimulation amplitude for balance improvement is within 
the rage of ±100 to ±400 µA.22 Our results also suggest that 
when individuals with reduced postural balance control 
are stimulated, TA muscle activity increases along with 
postural balance parameters. 

	 The findings of this study align with previous research 
on GVS, demonstrating that increased current intensity 
induces greater postural sway due to heightened vestibular 
nerve activation.24,29 Similarly, our findings indicate that 
microcurrent stimulation, despite using significantly lower 
current levels (1/1000th of GVS intensity), can effectively 
stimulate the vestibular system. This highlights its potential 
as a safer and more tolerable alternative for balance 
training. Compared to GVS, microcurrent stimulation 
utilizes significantly lower intensities, offering a safer 
and more tolerable alternative, particularly for healthy 
individuals and populations with heightened sensitivity.
	 Galvanic and microcurrent differ in current intensity, 
but they are both direct currents. Microcurrents can 
stimulate the vestibular system with minimal stimulation 
with minimal discomfort.29 This reduced pain or unpleasant  
sensations increases user satisfaction compared to  
conventional galvanic stimulators. While galvanic current 
intensity is often limited by pain, microcurrent stimulation 
allows greater flexibility in adjusting intensity and frequency, 
making it beneficial for personalized treatments. This 
approach is particularly advantageous for elderly individuals 
with decreased balance ability, where a reduced pain 
burden lowers the risk of falling and enhances overall 
safety.
	 The existing exercise for the vestibular system involves 
physical stimulation of the hair cells in the peripheral 
vestibular receptors, which generates electrical signals and 
triggers the nystagmus reflex.32 However, it is unclear which 
parts of the peripheral vestibular receptors and vestibular 
nerves should be targeted. However, in the current study, 

Figure 2. Frequency and Intensity on muscle activity (A), CoP area (B), CoP Length (C), and CoP velocity (D). 
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electrical stimulation was applied directly to the ampulla, 
which can create a postural sway or nystagmus response 
without passing through the peripheral vestibular organs. 
This type of stimulation may be useful in cases of vestibular 
nerve problems since it bypasses the nerve and directly 
stimulates the vestibular end organs. Furthermore, 
microcurrent stimulation of the vestibular system can 
lead to exercise-like effects because it initiates a process 
of self-recovery in which the body repeatedly adjusts and 
stabilizes itself after each stimulation. This process can 
strengthen the vestibular system, similar to strengthening 
the muscles.33 In addition, a microcurrent stimulator was 
proven to raise the tissue temperature and generate 
sedation, decreasing symptomatic pain.34 It also effectively 
improves muscle function and promotes recovery by 
enhancing blood flow through the skin;16 thus, it has been 
widely used as an effective, easy-to-use, noninvasive, and 
time-efficient treatment method.

Limitation
	 This pilot study of healthy adults aimed to determine 
the most effective frequency and electric current intensity 
of microcurrent stimulation for training the vestibular 
system. However, as this is a pilot study, a formal sample 
size calculation was not performed, and the findings are 
based on a small sample of 20 participants. While this 
sample size was sufficient for a preliminary investigation, 
future studies with larger and more diverse populations 
are necessary to validate these findings and ensure their 
generalizability. It is also necessary to test this system 
in elderly individuals or patients who require vestibular 
rehabilitation to confirm the appropriateness of its 
parameters. Additionally, further research combined with 
various balance training methods is needed, as it might 
have stronger synergistic effects with balance training. 
Finally, studies investigating the prolonged effects of 
microcurrent stimulation over time are required to 
establish its long-term efficacy and safety.

Conclusion
	 This pilot study found that the optimal frequency and 
current intensity for microcurrent vestibular stimulation 
for improving postural control is 2.0 Hz and 400 µA for 
postural sway and 1.5 Hz and 400 µA for muscle activity. 
These findings suggest that microcurrent stimulation 
may be a valuable tool for vestibular system training, 
particularly in cases of vestibular dysfunction. Its low-intensity, 
non-invasive nature makes it a more suitable and tolerable 
option for elderly individuals or those with heightened 
sensitivity, as it minimizes pain and discomfort. This 
approach has potential for enhancing balance training 
and supporting vestibular rehabilitation. Microcurrent 
stimulation could be tailored for diverse patient populations, 
but further studies with larger samples and longitudinal 
designs are needed to validate its efficacy and broader 
clinical applications
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ABSTRACT

Background: In Thailand, Occupation-based practice (OBP) has been emphasized 
in the curriculum of outcome-based education for Chiang Mai occupational 
therapy students towards the revised bachelor curriculum year 2021; however, 
it was essential in how they comprehensively understand and skills implementation 
in recent years.

Objective: The aim of this study was to explore an understanding of OBP among 
Thai occupational therapy students towards their clinical fieldwork and classroom 
experience.

Materials and methods: This study used a convergent mixed method by collecting 
data with a forty-item developed self-assessment questionnaire of the clinical 
fieldwork experience from third- and fourth-year students and employing focus 
group interviews with first- to fourth-year students between September and October 
2022. Descriptive statistics were analyzed for seventy-five return questionnaires. 
Thirty-eight participants participated in a total of nine focus group interviews, and 
the qualitative data were analyzed by content and thematic analyses. Both sets of 
data were merged. An interpretation with six levels (remembering, understanding, 
applying, analyzing, evaluating, and creating) of cognitive domains of Bloom’s  
revised taxonomy was used.

Results: The understanding of OBP in the clinical fieldwork experience years has 
≥66.7% for all items within high self-assessment of understanding OBP in the six levels: 
90.67%, 81.33%, 86.4%, 79.93%, 85.33%, and 83.47%, respectively. Two main themes, 
firstly, Occupation as the central focus of practice, and secondly, Importance of 
theoretical knowledge and experience, are presented. Analyzing, evaluating, and 
creating levels of a high cognitive domain were revealed in fourth-year students, while 
remembering, understanding, and applying levels were basic cognitive domains that 
support the students’ understanding of OBP. 

Conclusion: The results indicate an average comprehension of OBP in a high percentage, 
over 75% for overall levels with the supportive two themes, which is further useful in 
improving outcome-based learning and teaching of the occupational therapy curriculum. 
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Introduction
	 Occupation-based practice (OBP) is a concept and 
practice that emphasizes occupation, which is the 
core value of the occupational therapy profession.1 
Occupational therapists use occupation  as a means and an 
end to promote clients’ meaningful occupations.1-3 Thus, 
OBP helps occupational therapists understand and focus 
on occupation through the lens of a client-centered and 
holistic approach by fostering occupational engagement, 
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such as activities of daily living (ADLs), work, education, 
leisure, and social participation.3-5

	 OBP challenges the power of occupation through 
the clinical implementation of both intervention and 
evaluation, such as stroke rehabilitation and marginalized 
youth programs,5,6 highlighting OBP’s transformative 
potential; however, its application continues to persist 
globally with barriers. The examples are the dominance of 
impairment-based practices, limited resources, systemic 
constraints, and time restrictions,7-9 which are often found 
in the group of students and new graduates.9-13 Regarding 
this, OBP and its implementation underlying the necessity 
of conceptual clarity and supportive systems in real 
contexts remain complex. 
	 In Thailand, the study of OBP found working OBP 
to be consistent with integrated medical sciences,13 
although it is valued in improving services and achieving 
better occupational outcomes. This ambiguity suggests 
that the implementation of OBP from the perspective of 
Thai occupational therapists is still fragile. Interestingly, 
increasing evidence-based reasoning in OBP within the 
Thai context may help.
	 Thailand’s occupational therapy curriculum is an 
important part of OBP knowledge improvement. The 2021 
revised curriculum at Chiang Mai University introduces 
OBP early in alignment with the outcome-based education 
of the occupational therapy undergraduate program. The 
curriculum promotes pre-clinical education (Years 1 and 2), 
which builds a theoretical foundation through courses 
on anatomy, physiology, and core occupational therapy 
principles, while it supports the integration of OBP in 
advanced coursework and clinical internships during 
Years 3 and 4, ensuring graduates develop competencies 
required for professional practice. The clarification of the  
key occupational therapy terms,2 including occupation-based 
(OB uses meaningful activities as both a means and 
goal of intervention), occupation-centered (OC centers 
occupation as the foundation of all reasoning and practice), 
and occupation-focused (OF focuses on resolving specific 
occupational performance issues) approaches, was initially 
discussed. Nevertheless, these concepts were disrupted 
by limited experience in clinical practice, especially during 
the COVID-19 pandemic, in fostering an understanding 
of clients’ occupations in Thailand. Literature reviews7-9,13 

showed that occupational therapists struggle with their 
beliefs about the type of occupational therapy intervention 
as well, towards questioning on “what they do and how they 
do it”.2 Therefore, the challenges of unclear OBP concepts 
and complex skills implementation reveal an essential 
proposition for occupational therapists and students. 
To address these issues, embedding OBP principles into the 
curriculum is crucial to fostering students’ understanding 
from pre-clinical education onwards.
	 This study used Bloom’s Revised Taxonomy to 
develop a self-assessment questionnaire and interview 
guides of understanding OBP,14,15 and to use as an 
analytical framework for data analysis following six 
levels of cognitive domains: remembering, understanding, 
applying, analyzing, evaluating, and creating. The aim of 

this research was to explore the understanding of OBP 
among Thai occupational therapy students towards their 
clinical fieldwork and classroom experience.

Materials and methods
Study design
	 This research used a concurrent mixed-methods 
design to mainly examine the understanding and application  
of OBP among Chiang Mai University occupational therapy  
students during the clinical fieldwork experience of the 
third- and fourth-year students through a quantitative  
study. A qualitative study was conducted through  
semi-structured focus group interviews for first- to fourth-year 
students.

Participants and recruitment
	 The population of third- and fourth-year occupational 
therapy students at Chiang Mai University was 100 (N=100). 
Inclusion criteria were enrolling in the first semester of 
the 2022 academic year, having clinical fieldwork experience 
for half of the clinical fieldwork courses (at least two groups 
of clients or more during the subject of clinical fieldwork 
practice 1 for Year 3 and clinical fieldwork practice 3 for 
Year 4), and volunteering for the research. The inclusion 
criteria were used for participants in both quantitative 
and qualitative studies. Participants were involved in 
completing a self-assessment questionnaire (10–15 minutes) 
and/or joining a focus group interview.
	 First- and second-year students, who had only theoretical 
experience and were enrolled under the OBE curriculum 
during the 2022 academic year, volunteered to participate 
in a focus group interview. Recruitment was carried 
out via announcements disseminated through student 
representatives, along with a distributed poster inviting 
voluntary participation.

Research instruments and data collection
	 The researchers developed a self-assessment 
questionnaire to examine the students’ understanding 
of OBP towards clinical practice and classroom experience. 
The questionnaire uses yes/no questions. Scoring and 
interpretation of “yes” referred to “understanding the 
specific item”, while “no” referred to “not understanding 
or unable to understand the specific item.” The questionnaire 
ensured content validity with an Index of Item-Objective 
Congruence (IOC) assessment with three independent 
experts. The general criteria of the experts were obtaining 
a master’s degree and having expertise in OBP, resulting 
from teaching or research. Additionally, one more specific 
expertise in OBP is needed, with at least 10 years of clinical 
experience or advanced experience in the measurement/ 
assessment tool development in occupational therapy 
research. The first version of the questionnaire development 
consisted of 45 items. Four items scored IOC <0.50 were 
removed on the IOC process, and one was deleted due 
to redundancy. The revision questionnaire comprised 
40 items, which underwent pilot testing with 16 volunteer 
students. The final version of the questionnaire had 
40 items. The researcher distributed the questionnaire to 
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participants through class representatives, who had been 
assigned the appointment schedules in advance.
	 The researchers reviewed literature on OBP and 
the cognitive process of Bloom’s revised taxonomy for 
developing the semi-structured interview guide, which was 
divided into the clinical experience and pre-clinical experience. 
The researchers interviewed the participants by using 
semi-structured and open-ended questions addressing 
the understanding and application of OBP during clinical 
fieldwork experience for third- and fourth-year students. 
The interview guide related to, for example, the ability 
to explain the concept of OBP from their perspective, 
to describe an understanding of OBP in application 
towards a situation’s example, and the procedure in 
using assessment tools or designing a therapeutic 
intervention. The researcher used probing questions to 
deepen the exploration of their insight into the clinical 
implementation, client groups, and practice settings. In 
addition to pre-clinical experience, the researcher used 
the semi-structured interview guide to first- and second-year 
students to reflect an understanding of OBP’s meaning  
and relevance to professional philosophy and the occupational 
therapy process. The interview guide related to, for 
example, their thoughts on OBP and its importance and 
value in occupational therapy, the applicable OBP in 
the occupational therapy process during class learning 
activities, and giving their reasons related to the principle. 
	 The recruitment and data collection process 
occurred for both groups between September and 
October 2022. Focus group interviews were conducted at 
Chiang Mai University, with each session involving three 
to five participants per group and lasting 40-60 minutes. 
Each participant attended only one focus group session. 
The clinical and pre-clinical sessions were separately 
collected. Nine focus group interviews were conducted. 
The participants completed a consent form. They were 
briefed about the interview process and allowed to take 
notes and audio recordings before group interviews.  

Data analysis
	 Quantitative data from the questionnaires were  
analyzed using descriptive statistics. The item interpretation 
followed the yes or no approach to understanding 
specific question items, while the percentage of mean 
score indicated understanding each level of the cognitive 
domains. This study applied Bloom’s cut-off point to 
use in the data interpretation by categorizing into three 
categories with readjusted cut-off point consideration: the 
percentage of 76 and above shows a high self-assessment  
understanding of OBP at that level.16,17 A medium 
self-assessment understanding of OBP is the percentage 
between 50 and 75, while a low self-assessment 
understanding of OBP is the percentage below 50.
	 Qualitative data from interviews were analyzed by 
content and thematic analyses.18-20 The research team 
members, including a supervisor, double-checked the 
findings and interpretations to enhance the qualitative 
analytic rigor. 

Results
Demographic data
	 The demographic characteristics of 75 respondents 
from the quantitative study are shown in Table 1. The 
results showed that the fourth-year occupational therapy 
students were 53.3%, and the third-year students were 
46.7%. Most respondents were female, and almost all 
respondents were aged 20 years or older, with 98.7%. 
	 Twenty-two participants with clinical experience 
participated in a total of five group interviews. All were 
the fourth-year students, aged 20 years or older, and most 
participants were female. They respond frequently to 
their clinical service experience for the client group with 
physical dysfunction and mental health. Likewise, their 
clinical fieldwork settings were in institutes or hospitals 
more than in community settings, except for a few who 
mentioned other settings. 
	 Sixteen participants in the pre-clinical experience 
participated in a total of four focus group interviews. 
Four participants were first-year occupational therapy 
students, and the other twelve participants were second-year 
occupational therapy students, all aged 18 years or older.

Quantitative results
	 The quantitative results presented the  frequency and 
percentage of six levels in understanding OBP based on 
Bloom’s revised Taxonomy (Table 2). 
	 Overall, six levels revealed a high self-assessment 
understanding of OBP: remembering (90.67%), 
understanding (81.33%), applying (86.40%), analyzing 
(78.94%), evaluating (85.33%), and creating (83.47%). 
The remembering level showed the highest percentage 
among the six levels, with the highest 96% of the 
“Participants were able to recall the meaning of OBP” 
item. Applying and evaluating levels were included in the 
top three levels, with “Participants were able to provide 
occupational therapy service with the belief that clients 
have the ability and potential to take action for their own 
health transformation” item was 98.7% the highest rate 
underlying the applying level, and “Participants were able to 
validate the organized information from the Occupational 
Profiles to understand the client’s background, service 
needs and context” showed the highest percentage of the 
respondents. Afterwards, creating, understanding, and 
analyzing levels were exhibited from the fourth to the sixth. 
Questionnaire items with the highest percentage among 
such three levels were as follow: creating; “participants 
were able to design therapeutic activities aligned with the 
established goals” (94.70%), understanding; “participants 
were able to describe how occupational therapy views 
humans as active beings in creating health through 
occupational engagement” (82.70%) and “participant able 
to name an occupational therapy model and detail its key 
components” (82.70%), and analyzing; “participants were 
able to analyze how occupational therapy enables clients 
to learn through experiencing, thinking, and feeling by 
doing” (88%). 
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 Table 1: Demographic data of quantitative study (N=75)
Demographic characteristic Frequency (N) Percentage (%)
Year of study
3rd Year 35 46.70
4th Year 40 53.30
Gender
Male 12 16.00
Female 63 84.00
Age
Below 20 years 1 1.30
20 years and older 74 98.70
Clinical fieldwork experience in service groups (More than one response possible)
Physical dysfunction 55 73.33
Mental health and psychiatry 54 72.00
Geriatrics 51 68.00
Pediatrics 49 65.33
Clinical fieldwork settings (More than one response possible)
Institute/ hospital 71 94.67
Community settings 51 68.00
Other 7 9.33

Table 2: Frequency and percentage of OBP understanding levels based on Bloom’s revised taxonomy.

 Bloom’s 
Taxonomy Level

Items
(Participants were able to …)

3rd (N=35) 4th (N=40) Total (N=75)
Yes

N (%)
Yes

N (%)
Yes

N (%)
Yes

N (%)
Remembering -	 recall the meaning of occupation-based 

practice.
33 

(94.30)
39

(97.50)
72

(96.00)
3

(4.00)

-	 identify that occupational therapy services 
are based on the holistic approach.

31
(88.60)

33
(82.50)

64
(85.30)

11
(14.70)

Average 32.00
 (91.43)

36.00
(90.00)

68.00
(90.67)

7.00
(9.33)

Understanding -	 explain how OBP helps in understanding 
clients’ occupational demands.

27
(77.10)

33
(82.50)

60
(80.00)

15
(20.00)

-	 describe how occupational therapy views 
humans as active beings in creating health 
through occupational engagement

31
(88.60)

31
(77.50)

62
(82.70)

13
(17.30)

-	 provide examples to explain the term 
‘engagement in occupation.

28
(80.00)

32
(80.00)

60
(80.00)

15
(20.00)

-	 name an occupational therapy model and 
detail its key components.

24
(68.60)

38
(95.00)

62
(82.70)

13
(17.30)

Average 27.50
(78.57)

33.50
(83.75)

61.00
(81.33)

14.00
(18.67)

Applying -	 provide occupational therapy services with 
the belief that clients have the ability and 
potential to take action for their own health 
transformation.

34
(97.10)

40
(100)

74
(98.70)

1
(1.30)

-	 apply the client-centered approach in 
occupational therapy services.

32
(91.40)

39
(97.50)

71
(94.70)

4
(5.30)
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 Bloom’s 
Taxonomy Level

Items
(Participants were able to …)

3rd (N=35) 4th (N=40) Total (N=75)
Yes

N (%)
Yes

N (%)
Yes

N (%)
Yes

N (%)
-	 summarize assessment results in alignment 

with theoretical concepts.
21

(60)
29

(72.50)
50

(66.70)
25

(33.30)

-	 design occupational goals with client 
participation, focusing on meaningful 
occupations valued by the client.

28
(80.00)

31
(77.50)

59
(78.70)

16
(21.30)

-	 review outcomes for further client-centered 
intervention by following up occupational 
therapy process and emphasizing occupational 
performance

26
(74.30)

39
(97.50)

65
(86.70)

10
(13.30)

-	 recognize the use of occupation-based practice  
in evaluation, intervention, and outcome 
measurement during clinical training.

33
(94.30)

35
(87.50)

68
(90.70)

7
(9.30)

-	 demonstrate an understanding OBP reflects 
the professional identity and roles.

32
(91.40)

35
(87.50)

67
(89.30)

8
(10.70)

Average 29.40
 (84.00)

35.40
(88.50)

64.80
(86.40)

10.20
(13.60)

Analyzing -	 analyze how occupational therapy enables 
clients to learn through experiencing, thinking, 
and feeling by doing.

30
(85.70)

36
(90.00)

66
(88.00)

9
(12.00)

-	 analyze the similarities, differences, and 
relationships of the models you use during 
clinical practice.

21
(60.00)

30
(75.00)

51
(68.00)

24
(32.00)

-	 differentiate the tools, assessment methods,  
or approaches to determine whether they 
are based on measuring occupational  
performance as the target outcome.

21
(60.00)

29
(72.50)

50
(66.70)

25
(33.30)

-	 set occupational goals that highlight 
occupational performance as a primary focus.

28
(80.00)

37
(92.50)

65
(86.70)

10
(13.30)

-	 analyze the differences in types of occupational 
therapy intervention, such as differentiating 
between picking and shaping high-viscosity 
putty, molding clay, or preparing a sandwich 
for breakfast.	

27
(77.10)

37
(92.50)

64
(85.30)

11
(14.70)

Average 25.40
(72.57)

33.80
(84.50)

59.20
(78.93)

15.80
(21.07)

Evaluating -	 determine the explanation of the concepts, 
theories, and/or rationale that support your 
decision in selecting an occupational therapy 
model.

24
(68.60)

33
(82.50)

57
(76.00)

18
(24.00)

-	 validate the organized information from 
the Occupational Profile to understand the 
client’s background, service needs, and 
context.

34
(97.10)

40
(100)

74
(98.70)

1
(1.30)

-	 elect interviews, observations, and tests for 
assessments aimed at understanding the 
client’s occupations and their impact on 
health.

33
(94.30)

39
(97.50)

72
(96.00)

3
(4.00)

-	 accurately choose occupational performance 
assessment tools.

20
(57.10)

31
(77.50)

51
(68.00)

24
(32.00)

Table 2: Frequency and percentage of OBP understanding levels based on Bloom’s revised taxonomy. (Continue)
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 Bloom’s 
Taxonomy Level

Items
(Participants were able to …)

3rd (N=35) 4th (N=40) Total (N=75)
Yes

N (%)
Yes

N (%)
Yes

N (%)
Yes

N (%)
-	 correctly conclude whether the selected 

assessments or methods align with evaluating 
the client’s occupational performance.

22
(62.90)

36
(90.00)

58
(77.30)

17
(22.70)

-	 recommend therapeutic activities in relation 
to the client’s needs and context.

32
(91.40)

39
(97.50)

71
(94.70)

4
(5.30)

-	 evaluate target outcomes as levels of  
occupational performance based on  
established goals.

29
(82.90)

36
(90.00)

65
(86.70)

10
(13.30)

Average 27.70
(79.14)

36.30
(90.75)

64.00
(85.33)

11.00
(14.67)

Creating -	 design assessment activities to identify 
the client’s abilities, strengths, and assets 
required for performing their occupational 
needs.

19
(54.30)

38
(95.00)

57
(76.00)

18
(24.00)

-	 design assessment activities that match the 
client’s experiences and are close to their 
occupational context.

23
(65.70)

34
(85.00)

57
(76.00)

18
(24.00)

-	 design assessment activities aligned with 
the occupation-based model you used as 
a reference.

22
(62.90)

37
(92.50)

59
(78.70)

16
(21.30)

-	 design assessment activities that allow 
the client to express their abilities, such as 
in speaking, thinking, decision-making, 
behavioral expression, or other aspects.

24
(68.60)

38
(95.00)

62
(82.70)

13
(17.30)

-	 design therapeutic activities that connect 
to the rehabilitation of client’s daily living 
activities or work.

30
(85.70)

38
(95.00)

68
(90.70)

7
(9.30)

-	 design therapeutic activities by integrating 
the foundation of medical knowledge and 
professional practice.

29
(82.90)

36
(90.00)

65
(86.70)

10
(13.30)

-	 design therapeutic activities aligned with 
the established goals.

31
(88.60)

40
(100)

71
(94.70)

4
(3.30)

-	 design therapeutic activities that are consistent 
with the theories being referenced.

25
(71.40)

36
(90.00)

61
(81.30)

14
(18.70)

-	 create therapeutic activities that are interesting, 
challenging, or motivating for the client to 
engage in.

28
(80.00)

34
(85.00)

62
(82.70)

13
(17.30)

-	 design therapeutic activities aimed at helping 
the clients divert their attention from  
distressing emotions to occupy them with 
the current task.

27
(77.10)

32
(80.00)

59
(78.70)

16
(21.30)

-	 arrange the activity environment to be  
suitable for the therapeutic purposes 
(e.g., relaxation, stimulation, or focus  
enhancement).

28
(80.00)

34
(85.00)

62
(82.70)

13
(17.30)

-	 modify or improve the design of therapeutic 
activities to facilitate achieving the therapeutic 
goals.

26
(74.30)

39
(97.50)

65
(86.70)

10
(13.30)

Table 2: Frequency and percentage of OBP understanding levels based on Bloom’s revised taxonomy. (Continue)



R.Boonphirom et al. Journal of Associated Medical Sciences 2025; 58(3): 137-146 143

	 In each academic year, Year 3 students prioritized 
remembering (91.43%), applying (84%), evaluating 
(79.14%), understanding (78.57%), creating (73.71%), and 
analyzing (72.57%), respectively. They revealed a medium 
to high self-assessment understanding of OBP. While 
Year 4 students ranked all levels of understanding of 
OBP in high self-assessment, which consisted of creating 
(92%), evaluating (90.75%), remembering (90%), applying 
(88.5%), analyzing (84.5%), and understanding (83.75%) 
levels, respectively.	
	 This study found an increase of 18.29% in the creating 
level in Year 4 compared to Year 3 students. Similarly, 
there was an 11.93% increase on the analyzing level and 
11.61% on the evaluating level. These levels represented 
the results of their accumulating confidence of the self-
assessment on the top tier Bloom’s level, which demands 
the analysis performance: deconstruct information, identify  
underlying relationships, and differentiate between 
components; the evaluation performance: make informed 
judgments, critique arguments, or assess materials based 
on established criteria: and the creation performance: 
emphasizes the synthesis of information from multiple 
sources to formulate new ideas, designs, or products. 

Qualitative results
	 The qualitative results presented an understanding 
of OBP in relation to the occupational therapy students’ 
clinical and classroom experiences in two themes. 
Theme 1
	 Occupation as the central focus of practice. The 
first theme emphasized the role of occupation at the 
core of both the conceptual framework and practical 
experiences in occupational therapy clinical experience. 
This theme included four subthemes. 1.1) Screening 
client data. The participants began the occupational 
therapy process by collecting clients’ occupational 
performance history through observations and interviews. 
Screening data collection assists them in visualizing 
clients’ occupational profiles and needs. 1.2) Selecting 

assessment tools focused on occupation. The participants 
learned to choose appropriate assessment tools in the 
measurement of the client’s occupational performance 
based on the occupation-based model, particularly 
the Model of Human Occupation (MOHO) and the 
Canadian Occupational Performance Measure (COPM), 
to reinforce the importance of assessment tools focusing 
on occupation. 1.3) Determining occupational focus. 
The participants identified their integral knowledge in 
developing therapeutic activities by focusing on the client’s 
occupation for their practice. Several clinical fieldwork 
settings are limited to hospitals, so an occupation-focused 
approach could be the closest to representing OBP. 1.4) 
Intrapersonal and interpersonal factors influencing 
OBP implementation. The participants acknowledged 
self-confidence, clinical instruction and supervision, and 
collaboration with peers and instructors in the classroom, 
influencing confidence in the implementation of OBP. 
	 “We use screening data to better understand 
our clients before starting occupational therapy. By 
observing and conversing with clients, we develop a clear 
picture of their needs, which is essential as we begin our 
interventions.”
	 “…Being occupation-based means working towards 
achieving occupational outcomes. …Ultimately, they must 
return to doing their own occupations”. 
	 “…I used MOHO with a client-centered approach-
asking about their job, their future, and helping them 
explore occupations that matched their needs. Some 
might use COPM. … It is about focusing on occupation-
based issues or assessing only what impacts their activities 
in their real context, clients’ homes, and social situations, 
which helped us understand OBP better.”
Theme 2
	 Importance of theoretical knowledge and experience. 
The second theme highlighted theoretical knowledge and 
preclinical experiences in bridging the transition from 
lower-order thinking (remembering, understanding, and 
applying) to higher-order thinking (analyzing, evaluating, 

 Bloom’s 
Taxonomy Level

Items
(Participants were able to …)

3rd (N=35) 4th (N=40) Total (N=75)
Yes

N (%)
Yes

N (%)
Yes

N (%)
Yes

N (%)
-	 adapt activities to help the client return 

to meaningful and valued occupations or 
discover new occupations aligned with their 
interests.

29
(82.90)

39
(97.50)

68
(90.70)

7
(9.30)

-	 improve clinical reasoning throughout clinical  
training by applying occupation-based 
practices.

20
(57.10)

40
(100)

60
(80.00)

15
(20.00)

-	 integrate activity adaptations to make 
them both challenging and satisfying for 
the client, promoting personal health and 
well-being.

26
(74.30)

37
(92.50)

63
(84.00)

12
(16.00)

Average 25.80
(73.71)

36.80
(92.00)

62.60
(83.47)

12.40
(16.53)

Table 2: Frequency and percentage of OBP understanding levels based on Bloom’s revised taxonomy. (Continue)
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and creating) towards clinical scenarios. This theme 
consisted of five subthemes: 2.1) Client-centered 
practice and professional identity. The participants in 
both clinical and pre-clinical experience emphasized that 
an understanding of clients’ meaningful occupations in 
OBP highlights client-centered practice and professional 
identity. 2.2) Understanding occupational profiles and 
assessment tools. This subtheme focuses on recognizing 
clients’ occupational problems or needs to develop the 
occupational profiles. The participants learned that 
selecting appropriate assessment tools is crucial for 
evaluating occupational performance. However, those 
with limited clinical experience often struggled with 
data analysis and synthesizing information to create 
comprehensive occupational profiles. 2.3) Connecting 
theory to practice. The participants expressed that 
bridging classroom learning and real-world applications 
in fieldwork is essential to continuous clinical fieldwork. 
Instructor supervision and feedback are necessary to 
reinforce these connections and to engage them in 
understanding clients’ occupations underlying the concept 
of OBP. 2.4) Distinguishing between OBP and occupation-
focused approaches. The participants recognized the 
differences between OBP and occupation-focused 
interventions. Through discussions and simulations, they 
were able to explore how meaningful occupations evolve 
to enhance occupational performance alongside the 
occupational therapy process with professional reasoning, 
and further with clinical reasoning in fourth-year students, 
as well as improving confidence in the explanation and 
implementation of OBP. 2.5) Deepening understanding 
of OBP. This subtheme emphasized the role of critical 
reflection in enhancing participants’ grasp of OBP. The 
participants know that clear theoretical concepts and 
technical terms can be learned through communication 
with instructors, which is essential. Collaborative lab 
activities and hands-on experience were valuable in 
promoting understanding of OBP concepts. 
	 “During labs, we discuss and exchange ideas on case 
studies. This helps because our cases and approaches vary, 
providing multiple perspectives. I understood the meaning 
of technical terms more clearly when I combined theory 
from lectures with practical tasks.” 
	 “In a case scenario, I focus on what the client wants to 
do, like growing vegetables. I ask them what they want to 
plant and help them in the process. It highlights the client’s 
willingness and occupation in a client-centered manner.” 

Discussion
	 The developmental progress of understanding OBP 
is explicitly reflected in the quantitative data, particularly 
fourth-year students’ improvements in analyzing and 
creating levels of higher-order skills. Longer clinical fieldwork 
of practice results in advanced ability to analyze and 
create within OBP. The qualitative themes support 
quantitative results by suggesting clinical supervision, 
peer collaboration, and diverse practical settings as critical 
enablers of the cognitive growth.21,22 The research results 
challenge the need to increase psychological confidence 

in the clinical implementation of OBP, while the need for 
this psychosocial development is similarly found in the 
literature,22-24 which encourages skills improvement of 
OBP as occupational therapy students. Evidence-based 
practice (EBP) and writing the reflexive journal on the 
client’s improvement in occupational goals and reflecting 
their own progression in OBP of both concept and 
clinical practice, are recommended.22,25 Additionally, their 
comprehension would encourage work readiness amidst 
the barriers of OBP implementation in realistic contexts in 
the position of being occupational therapy practitioners 
soon or longer. Impairment-based medical service, work 
burden under related policies, and a dearth of assets and 
budgets are other examples of OBP confrontation in Thai 
occupational therapy service in Thailand;13 however, the 
academic preparation would develop the work readiness 
of OBP application, like other countries.6-12 
	 Among the clinical fieldwork experience group, the 
results reveal differences between the third-year and 
fourth-year students in their performance across Bloom’s 
revised taxonomy levels, particularly in advanced cognitive 
processes. The fourth-year students showed markedly 
higher proficiency in the creating, analyzing, and evaluating 
levels, while third-year students confidently performed 
better only in the remembering level. Although Bloom’s 
revised taxonomy is designed as a linear progression from 
basic to complex cognitive skills, the results of this study 
suggest that the learning process does not always occur 
sequentially; rather, it can progress non-linearly and may 
involve overlapping stages of cognitive development, as 
supported by qualitative results.
	 Additionally, the clinical fieldwork experience 
group demonstrated a theoretical understanding of 
applying occupation-based models, such as the Model 
of Human Occupation (MOHO) and the Canadian 
Model of Occupational Performance (CMOP). Their 
explanations logically linked core concepts to practical 
examples, addressing occupational problems derived from 
applying knowledge of occupational performance skills, 
performance patterns, and personal and environmental 
factors.4 This ability reflects an integration of theoretical 
principles with practical reasoning, indicating a strong 
basic cognitive process. However, qualitative findings 
reveal implicit gaps in their ability to differentiate 
between nuanced occupational principles, particularly the 
distinctions among occupation-based (OB), occupation-
centered (OC), and occupation-focused (OF) approaches.2 
These subtle differences remain challenging for the 
participants to fully understand.
	 Despite these challenges, the participants consistently 
highlighted occupation as a core focus of their clinical 
practice, demonstrating alignment with occupation-
centered and occupation-focused principles.2 Although 
the third- and fourth-year students were not part of 
the OBE curriculum, the structured clinical fieldwork 
course and the clinical staffs had successfully fostered the 
students’ understanding of client-centered practice, which 
is an occupation as a pillar of practice. Students have 
exhibited enthusiasm, active engagement, and a strong 
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willingness to delve deeper into understanding OBP. 
In progressing further curriculum development, the 
primary academic goal of OBP should be to support the 
use of occupation and to nurture confidence in using 
occupation OBP throughout the occupational therapy 
process within supportive environments, ensuring 
alignment with the genuine OBP as articulated by Fisher.2

	 The preclinical fieldwork experience group gave 
the perspective of analyzing and creating skills as their 
weakest cognitive domains, likely due to their limited 
clinical experience and reliance on classroom-based 
learning. Their understanding reflects the critical role of 
clinical fieldwork in fostering higher levels of cognitive 
skills, which are essential for advanced problem-solving 
and clinical reasoning amidst future trends of occupational 
therapy education.23,24 To discuss this, it is a necessity 
for the curriculum to integrate more case studies in the 
pre-clinical year, allowing students to practice solving 
clients’ occupational problems or concerns through 
structured and real-world scenarios. Early entrance 
to clinical fieldwork experience is equally crucial, as it 
builds confidence, supports learning progression during 
clinical placements, and deepens understanding of the 
occupational therapy process. Providing students with 
greater autonomy to think and practice independently 
would further enhance their ability to develop the 
competencies required of occupational therapy clinicians.
	 Furthermore, gaining real-world experience in 
workplace settings-through opportunities for occupational 
therapy clinician observation, collaboration, and active 
practice-would moderate the stress of occupational 
therapy students in the professional transition process 
and work readiness. Embedding opportunities for service 
delivery development and fostering innovation in OBP 
within the curriculum are necessary steps for developing 
the professional identity of Thai occupational therapy 
amidst the digital technology era in health care promotion. 

Limitation
	 The limitations found in participants from a single 
institution may limit the generalizability of the research 
results. The self-assessment questionnaire might limit the 
results from awareness of self-estimation. Future research 
should include other institutes to gain an understanding of 
OBP through various evaluations. 
	 To improve understanding and application of OBP, 
occupational therapy curricula should integrate more 
practical and experiential learning activities, such as 
simulations, role-playing, and case studies. Furthermore, 
the incorporation of metacognitive reflection activities, 
such as guided journal reflection, peer discussions, and 
educator feedback, can enhance critical thinking and 
adaptability. We recommend a longitudinal study of the 
first- and second-year students to track the progression 
and to identify whether mentorship or specialized 
instruction is needed. Lastly, an evaluation of the graduate 
outcomes is essential for informing the development of 
continuing professional education programs, including the 
postgraduate education programs. 

Conclusion
	 This study explored the understanding of OBP among 
occupational therapy students at Chiang Mai University 
by utilizing Bloom’s revised taxonomy as an analytical 
framework. Quantitative and qualitative research 
results revealed that the occupational therapy students 
understood OBP with the basic lower-order cognitive 
domains. At the same time, higher-order skills were shown 
in third- and fourth-year students through clinical 
fieldwork experiences. The results, moreover, emphasized 
the need for tailored instructional strategies, particularly 
for second- and third-year students, to provide sheltered 
learning opportunities in the development of higher-level 
cognitive skills prior to clinical fieldwork as preparation. 
In conclusion, this research emphasizes the importance 
of aligning curriculum design and suggesting instructional 
methods to improve the understanding of OBP among Thai 
occupational therapy students, underlying the supportive 
principles of outcome-based education.
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ABSTRACT

Background: Chronic liver disease has become a major health concern in people 
living with human immunodeficiency virus (PLWH). Clusterin has been involved 
in various pathologic conditions and its contributory role in liver complications in 
PLWH is still unclear.

Objective: This study aimed to detect plasma clusterin levels and assess their 
correlation with liver fibrosis in Thai PLWH.

Materials and methods: The study was conducted on 112 subjects, HIV-infected 
groups with (N=43) and without liver fibrosis (N=41), and uninfected controls 
(N=28). The subjects were evaluated for liver fibrosis using fibrosis-4 (FIB-4) score 
and aspartate aminotransferase to platelet ratio index (APRI), together with  
extracellular matrix fibrosis markers, laminin (LN), procollagen type III N-terminal 
peptide (PIIINP), hyaluronic acid (HA) and type IV collagen (IVC) and measured for 
plasma clusterin levels using an enzyme-linked immunosorbent assay.

Results: This study reported that medians of clusterin levels in uninfected controls, 
and the HIV patient groups without and with liver fibrosis were 1,779.38 (373.07-
5,578.69), 1,602.73 (445.28-3,738.33) and 1,487.17 (0-3,111.33) µg/mL, respectively. 
Kruskal-Wallis test demonstrated a downward trend of clusterin levels in the 
HIV-infected groups without liver fibrosis and a significantly decreased level in the 
group with liver fibrosis (p<0.05), compared to those in uninfected controls. Pearson’s 
correlation analysis indicated negative correlations of clusterin levels with fibrosis 
markers, FIB-4 score (r=-0.224, p=0.018), APRI (r=-0.211, p=0.026), LN (r=-0.284, 
P=0.005), HA (r=-0.234, p=0.013) and IVC (r=-0.299, p=0.002).

Conclusion: The study reported the lower levels of plasma clusterin in PLWH who 
develop liver fibrosis and their correlations with liver fibrosis assessed by the 
non-invasive markers.
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Introduction
	 Human immunodeficiency virus (HIV) infection 
remains a major global health issue, with 39.9 million 
people living with HIV (PLWH) and 30.7 million people 
accessing anti-retroviral therapy at the end of 2023.1 
Effective ART has led to a decrease in acquired 
immunodeficiency syndrome (AIDS)-related mortality 
and morbidity. Life expectancy of PLWH has been closer 
to that of the general population. However, prolonged 
survival leads to increased evidence of non-AIDS-defining 
illnesses associated with age and premature ageing has 
been reported in PLWH.2 Persistent viral replication in 
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PLWH causes chronic immune activation and inflammation 
leading to an elevation of proinflammatory cytokines and 
premature thymic atrophy.3 These increase the risk of 
developing non-AIDS-related comorbidities associated 
with immunosenescence in PLWH including chronic liver 
disease (CLD).3,4 Multiple risk factors mainly hepatitis 
B and C coinfection, anti-retroviral regimens, and HIV 
replication in the liver have been suggested to influence 
chronic liver damage and inflammation, potentially 
leading to CLD and hepatocellular carcinoma.4,5 Presently, 
molecular biomarkers associated with the progression of 
CLD in PLWH have been increasingly identified and require 
more investigation.2

	 Liver fibrosis is a common event caused by various 
etiologies, and its progression leads to advanced chronic 
liver disease, cirrhosis and eventually end-stage liver 
disease or hepatocellular carcinoma (HCC).6,7 Therefore, 
determination of the degree of liver fibrosis is crucial 
for evaluating liver disease severity and progression.6,7  
Because the gold standard liver biopsy is an invasive 
procedure associated with the risk of complications, 
various non-invasive markers have been developed and 
suggested to facilitate clinical management of chronic 
liver diseases, including combinatorial serum marker, 
fibrosis-4 (FIB-4) score and aspartate aminotransferase 
(AST)-to-platelet ratio index (APRI), and direct liver fibrosis 
markers, hyaluronic acid (HA), type IV collagen (IVC), 
N-terminal polypeptide of type III procollagen (PIIINP) and 
laminin (LN).6,7 Particularly, the direct biomarkers, HA, IVC, 
PIIINP and LN, which reflect the deposition and removal of 
extracellular matrix (ECM) during the disease progression, 
have been evaluated in terms of their correlations with 
hepatic function indices in liver cirrhosis and hepatoma 
caused by different etiologies.7,8 The four direct biomarkers, 
together with tumor marker alpha fetoprotein (AFP) 
have also been utilized in predicting significant liver 
inflammation and fibrosis in chronic hepatitis B infection.9,10 
As accumulating studies support the importance of chronic 
liver disease in PLWH, monitoring liver fibrosis in PLWH 
has also been suggested.4,5

	 Clusterin (CLU) is synthesized as a highly glycosylated 
glycoprotein of 80 kDa, consisting of two polypeptide 
chains connected by disulfide bonds commonly found in 
the body fluid including serum and plasma. The secretory 
form of CLU, a heterodimeric complex of two 40-45 
kDa subunits located in the extracellular space, exerts a 
chaperone-like activity by clearing cellular debris and 
misfolded stressed proteins.11-13 Functionally, CLU is 
demonstrated to be cytoprotective and cytotoxic, resulting 
in conflicting consequences. Whereas cytoplasmic 
CLU expression was correlated with poor prognosis of 

hepatocellular carcinoma (HCC),14 many studies supported 
the influence of CLU expression and function in the 
progression of infectious and non-infectious diseases.15-19 
The expression was associated with good prognosis in 
pancreatic adenocarcinoma and no correlation with breast 
carcinoma.16,19 Moreover, the elevation of serum clusterin 
levels was reported in early rheumatoid arthritis,17 while 
markedly lower serum clusterin levels were observed 
in hepatitis B-mediated acute-on-chronic liver failure.18  
Importantly, clusterin is considered one of the potential 
molecular markers of ageing with HIV2 and a few studies 
suggest its association with disease progression and 
complications in PLWH.20,21 However, there is no direct 
evidence indicating the contribution of clusterin to 
chronic liver disease in PLWH. Therefore, this study aimed 
to examine the expression level of plasma clusterin and 
its correlation with liver fibrosis, assessed noninvasively 
by fibrotic markers, in PLWH. The study provides more 
understanding of disease progression mechanisms and 
potential biomarkers for liver complications in PLWH.

Materials and methods
Study population 
	 A total of 84 patients infected with HIV attending the 
Antiretroviral Therapy Clinic in Nakorn Nayok Hospital, 
Thailand, from September 2017 to October 2020 (aged 20-
80 years, 56.0% male and 44.0% female) were recruited into 
the present study. The inclusion criteria were as follows: 
1) the patients aged 18 years or older, 2) the patients 
with documented HIV infection, and 3) the patients with 
available blood samples and clinical data. The exclusion 
criteria were 1) the patients consuming alcohol, herbal 
medicine and steroid drugs, and 2) the patients having 
opportunistic infections. The patients were divided into 41 
patients without liver fibrosis (36.6%) and 43 patients with 
significant liver fibrosis (38.4%). Twenty-eight uninfected 
controls, aged 25-72 years, 57.1% male and 42.9% female, 
were recruited from the Healthcare Clinic at  Police General 
Hospital, Bangkok, Thailand, in November 2022. Inclusion 
criteria for controls were individuals aged >18 years with 
available blood samples and clinical data, and seronegative 
for HIV, hepatitis B and C virus infection. Individuals with 
significant liver fibrosis, assessed by fibrosis-4 (FIB-4) score 
and aspartate aminotransferase (AST)-to-platelet ratio 
index (APRI) were excluded.22-24 The study protocol was 
reviewed and approved by the Human Ethics Committees 
No. 3, Thammasat University, Pathumthani Province, Thailand 
(Approve No. 121/2565) and the Certificated Biological 
Safety Committee of Thammasat University, Pathumthani, 
Thailand (Approve No. 079/2565). Figure 1 showed the 
recruitment process of participants in this study.
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Figure 1. The recruitment process for participants in this study was based on a non-invasive assessment of liver fibrosis.  
FIB-4:  fibrosis-4 score, APRI: AST to platelet ratio index, ELISA: enzyme-linked immunosorbent assay. 

Clinical data and laboratory investigation
	 Clinical and laboratory data were obtained as 
described in the previous studies.25-27 Ethylene-diamine-
tetra-acetic acid (EDTA)  blood samples remaining after 
routine testing were subjected to plasma separation within 
8 hours after blood collection and stored at -80°C until use. 
In this study, liver fibrosis in the subjects was determined 
by FIB-4 score, classified into class 1 (≤1.45), class 2 (1.46-
3.25) and class 3 (>3.25) and by APRI, classified into class 
1 (≤0.5), class 2 (0.51-1.5) and class 3 (>1.5). A significant 
liver fibrosis was defined as FIB-4 score >1.45 or APRI 
>0.5.22-24 FIB-4 score was calculated using the formula: 
FIB-4 score = age [years] x aspartate aminotransferase (AST) 
level [U/L]/platelet count [109/L] x alanine aminotransferase 
(ALT)1/2 [U/L].22 APRI was calculated by the formula: APRI 
= (AST level [U/L]/upper limit of normal AST) x 100/
platelet count [109/L].24 In addition, levels of extracellular 
matrix (ECM) fibrotic markers, laminin (LN), procollagen 
type III N-terminal peptide (PIIINP), hyaluronic acid (HA) 
and type IV collagen (IVC), in addition to tumor marker 
α-fetoprotein (AFP) in plasma samples were measured 
using electrochemiluminescence immunoassay (Mindray 
CL-900i and LN, PIIINP, HA, IVC and AFP test kits, all Mindray 
Medical International Co., Ltd.)   

Detection of clusterin levels by sandwich enzyme-linked 
immunosorbent assay 
	 Clusterin levels in plasma samples were measured 
using a commercial ELISA kit (Human clusterin Duoset 
ELISA kit, R&D Systems) according to the manufacturer’s 
instructions. Clusterin concentrations were reported in µg/
mL. The intra- and inter-assay coefficients of variability were 
less than 10% (4.85-9.22) and 15% (11.86), respectively.    

Data analysis
	 Descriptive statistics, median and percentage were used 
to describe the characteristics of the study population. 
Chi-square and Fisher’s exact tests analyzed differences of 
categorical variables between the study groups, whereas 
those with continuous variables were tested using one-
way ANOVA, Mann-Whitney U, Kruskal-Wallis tests and 
Dunn’s pos hoc tests. The p<0.05 was considered to 
indicate a statistically significant difference. The PASW 
Statistic 18 software (SPSS Inc.) and GraphPad Prism 9.1.1 
(Dotmatics) were used for statistical analysis. 

Results 
Characteristics of the study population.
	 Table 1 demonstrated the clinical characteristics 
of the three study groups, HIV-infected subjects with 
(N=43) and without liver fibrosis (N=41) and uninfected 
controls (N=28). The data indicated no difference in the 
sex distribution but significant age differences between 
the study groups. Patients without liver fibrosis had lower 
median ages than those with liver fibrosis and uninfected 
controls (p=0.004). Median levels of non-invasive fibrotic 
markers, FIB-4 score, APRI, LN, PIIINP, HA and IVC, and 
tumor marker AFP significantly differed among the three 
groups (all p<0.05). Notably, analysis of the HIV-infected 
groups indicated that there is no difference between the 
distribution of patients with HBV and HCV coinfection in 
the HIV-infected groups with and without liver fibrosis. 
However, the data indicated significant differences in CD4+ 
cell count, ARV regimen and duration of ART between the 
two HIV-infected groups (Table 1). 
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Table 1. Demographic data and clinical characteristics of uninfected controls and PLWH with or without liver fibrosis re-
cruited in this study.

Characteristics
(N=112)

Uninfected 
control group

(N=28)

HIV patient group 
without liver fibrosis 

(N=41)

HIV patient group 
with liver fibrosis 

(N=43)

p value

Subjects 28 (25.0) 41 (36.6) 43 (38.4)

Age (years)b 49.9±15.6) 41.2±9.2) 49.8±11.9) 0.004*

Gendera

	 Male 16 (57.1) 19 (46.3) 28 (65.1)

	 Female 12 (42.9) 22 (53.7) 15 (34.9) 0.221

Liver fibrosis markersc

	 FIB-4 score 0.86 (0.28-1.40) 0.77 (0.35-1.45) 2.84 (0.80-52.62) <0.001*

	 APRI 0.18 (0.12-0.32) 0.22 (0.12-0.46) 0.88 (0.22-36.44) <0.001*

Liver fibrosis and tumor markers (ng/mL)c

	 Laminin (N=99) 32.20 (10.06-61.51) 35.24 (20.11-53.05) 41.73 (24.66-96.32) 0.004*

	 Procollagen III N-terminal peptides (N=112) 10.07 (4.85-85.13) 7.49 (4.12-23.95) 11.66 (4.33-118.30) 0.001*

	 Hyaluronic acid (N=112) 51.10 (14.01-455.90) 23.44 (8.89-491.42) 76.18 (7.09-2549.84) <0.001*

	 Type IV collagen (N=108) 13.87 (2.30-75.24) 38.75 (23.38-123.83) 48.82 (19.26-458.64) <0.001*

	 Alpha-fetoprotein (N=112) 2.54 (1.06-5.92) 1.85 (0.95-5.78) 2.38 (0.91-74.54) 0.041*

	 Clusterin levels (µg/mL) 1,779.38 
(373.07-5,578.69)

1,602.73 
(445.28-3,738.33)

1,487.17 
(0-3,111.33) 0.038*

HBV and HCV coinfectionb (N, %)

	 HIV monoinfection ND 29 (82.9) 24 (70.6)

	 HIV/HBV coinfection ND 3 (8.6) 6 (17.6)

	 HIV/HCV coinfection ND 3 (8.6) 4 (11.8) 0.422

CD4+ cell count (cells/μL)d (N=81) ND 487 (4-873) 281 (2-1,282) 0.303

CD4+ cell count (cells/μL)b (N=81)

	 <350 ND 12 (30.0) 22 (53.7)

	 ≥350 ND 28 (70.0) 19 (46.3) 0.031*

Duration of ARV treatmentb (N=83) ND 82.00 (40.50-123.50) 27.00 (0.00-97.00) 0.087

Duration of ARV treatmenta (N=83)

	 Naive to ARV treatment ND 2 (4.9) 9 (21.4)

	 ≤6 month ND 3 (7.3) 5 (11.9)

	 >6 months ND 36 (87.8) 28 (66.7) 0.045*

ARTa (N=83)

	 Naive to ART ND 2 (4.9) 9 (21.4)

	 ART ND 39 (95.1) 33 (78.6) 0.026*

ARV regimensa (N=72)

	 Lamivudine/zidovudine/nevirapine ND 10 (25.6) 3 (9.1)

	 Tenofovir, efavirenz, lamivudine or 
	 emtricitabine

ND
20 (51.3) 14 (42.4)

	 Others ND 9 (23.1) 16 (48.5) 0.042*
Note: anumber (%), bmean±SD, cmedian (range). Some variables had missing data, and N is given in parentheses, *p<0.05, ART: antiret-
roviral therapy, ARV: antiretroviral, AST: aspartate aminotransferase, ALT: alanine aminotransferase, FIB-4: fibrosis-4 score, APRI: AST to 
platelet ratio index. 
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	 Plasma levels of FIB-4, APRI, ECM fibrotic markers, 
LN, PIIINP, HA and IVC, and tumor marker AFP were 
analyzed (Figure 1). Figure 1A-C indicated that levels of 
FIB-4 score, APRI and LN in the HIV-infected group without 
liver fibrosis were like those in the control group (Figure 
1A-C). However, the levels in the infected group with 
liver fibrosis were significantly higher than those in the 
others. Figure 1D indicated that the levels of IVC were 
also significantly higher in the two HIV-infected groups, 
compared to the control group. However, the IVC levels 

in the infected groups with and without liver fibrosis 
were similar. In Figure 1E, levels of HA were significantly 
lower in HIV-infected patients without liver fibrosis than 
in the control groups, whereas the levels in the infected 
patients with liver fibrosis were significantly higher than 
those without liver fibrosis. PIIINP levels in the three study 
groups were like those observed with HA levels (Figure 2F). 
Additionally, there is a significant difference only between 
AFP levels in HIV-infected patients without liver fibrosis 
and uninfected controls (Figure 2G).

Figure 2. Plasma levels of FIB-4 (A), APRI (B), and fibrosis markers, laminin (C), type IV collagen (D) hyaluronic acid (E), 
procollagen type III N-terminal peptide (F), alpha-fetoprotein (G) and clusterin (H) in HIV-infected patients with and without 
liver fibrosis compared to those in uninfected control groups. *p <0.05, **p <0.01 *** p <0.001, ****p<0.0001, and ns, 
p>0.05, FIB-4: fibrosis-4 score, APRI: AST to platelet ratio index
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Plasma clusterin levels in the uninfected controls, HIV-
infected patient groups with and without liver fibrosis 
	 Clusterin levels were detected in plasma samples 
from three study groups. Median levels in the uninfected 
control, HIV-infected groups with and without liver fibrosis 
were 1,779.38 µg/mL (373.07-5,578.69), 1,487.17 µg/mL 
(0-3,111.33) and 1,602.73 µg/mL (445.28-3,738.33), 
respectively. Statistical analysis indicated significant 
differences in clusterin levels between the three groups 
(Table 1). Figure 1H also showed a decreasing trend of 
clusterin levels in the HIV-infected groups, compared to 
uninfected controls. Importantly, a significant decrease in 

clusterin levels was observed in the infected group having 
liver fibrosis compared to the uninfected control group. 
In addition, Pearson’s correlation analysis in the study 
groups, uninfected and HIV-infected patients, indicated 
reverse correlations of clusterin levels with AST, FIB-4 
score, APRI, LN, HA and IVC (p =0.021, p=0.018, p=0.026, 
p=0.005, p=0.013 and p=0.002, respectively) (Figure3) 
and no correlation with ALT, PIIINP and AFP (Table 2). 
Interestingly, the analysis in the HIV-infected groups 
demonstrated no correlation between the clusterin levels 
and CD4+ cell counts (Table 2).

Figure 3. Pearson correlation analysis of plasma clusterin levels with abnormal liver parameters in the uninfected and HIV-
infected patients. The correlations of clusterin levels with AST (A), FIB-4 (B), APRI (C), laminin (D), hyaluronic acid (E) and 
type IV collagen (F) were demonstrated (p<0.05), AST: aspartate aminotransferase, FIB-4: fibrosis-4 score, APRI: AST to 
platelet ratio index
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Table 2. Pearson correlation of plasma clusterin levels with abnormal liver parameters and immune status in 
the uninfected and HIV-infected patients.
Abnormal liver parameters Correlation coefficient (r) p value
Aspartate aminotransferase - 0.218 0.021*
Alanine aminotransferase - 0.118 0.241
Fibrosis-4 score - 0.224 0.018*
Aspartate aminotransferase to platelet ratio index - 0.211 0.026*
Laminin - 0.284 0.005*
Procollagen III (N-terminal peptides) - 0.132 0.165
Hyaluronic acid - 0.234 0.013*
Collagen type IV - 0.299 0.002*
Alpha-fetoprotein - 0.127 0.082
CD4+ cell count (N=81) 0.146 0.192

Note: *data shown as p<0.05.

Discussion 
	 Accumulating studies indicate an increased burden 
of chronic liver disease in PLWH,4,5 and monitoring for liver 
fibrosis in the PLWH has been suggested. Our previous 
studies have demonstrated the high prevalence of liver 
abnormalities and their risk factors in Thai PLWH.25-27 In this 
study, the two HIV-infected and uninfected control groups 
were recruited and classified according to significant 
liver fibrosis evaluated using the non-invasive FIB-4 score 
(>1.45) and APRI (>0.5). The classification was supported 
by the additional analysis of median FIB-4, APRI and 
the established ECM fibrotic markers, LN, HA, IVC, and 
PIIINP, in the three study groups. Our data indicated the 
elevation of LN and IVC levels in the HIV-infected group 
with liver fibrosis compared to those without fibrosis and 
the controls, supporting the assessment of significant 
liver fibrosis using FIB-4 and APRI. Although there is no 
evidence showing the evaluation of the ECM biomarkers 
in HIV-mediated liver fibrosis, these biomarkers have 
been demonstrated previously to predict significant liver 
inflammation and fibrosis in chronic hepatitis B.9,10 In 
this study, plasma clusterin levels and their correlation 
with significant liver fibrosis, as assessed by non-invasive 
fibrosis markers, have been reported in PLWH.       
	 Hepatocyte apoptosis during liver injury is an initial 
event in all liver disease etiologies including chronic 
manageable HIV infection with ART.28,29 HIV itself and the 
adverse effects of ART appear to be a major cause of hepatic 
injury, liver inflammation and fibrosis.29 Clusterin is known 
to exert extracellular chaperone function by clearing 
cell debris and abnormal proteins.11-13 It also protects 
cells from apoptosis induced by many stressors.30,31 As 
hepatocytes are the major source of circulating clusterin,32 
hepatocyte damage may directly cause the reduction 
of plasma clusterin levels observed in the HIV-infected 
groups. In this study,  the clusterin level was significantly 
reduced in the HIV-infected group with liver fibrosis, 
and negatively correlated with the well-established liver 
fibrosis markers, FIB-4 and APRL, and ECM markers, LN, 
HA, IVC, and PIIINP. This finding was consistent with the 
previous study indicating the lower clusterin levels as a 

predictor of the severity and prognosis of hepatitis B virus-
related acute on chronic liver failure.18 However, a few 
studies indicate the upregulation of clusterin in the brains 
of HIV-mediated acquired immunodeficiency syndrome 
and the increased serum concentrations of clusterin in HIV 
positive pregnancies.20,21 This inconsistency may be due 
to specific mechanisms of complications in HIV disease. 
Notably, our analysis suggested no significant correlation 
of clusterin levels with the immune status of these HIV-
infected patients assessed by CD4+ cell counts, possibly 
indicating no involvement of circulating clustrin in the 
severity of underlying HIV disease in this study group. The 
findings generated from this study suggest the potential 
contribution of clusterin in the progression of liver 
inflammation and fibrosis in PLWHIV.

Limitations
	 This study had limitations due to the characteristics of 
the study groups. Firstly, the study groups have differences 
in age, CD4+ cell count, ART, ARV regimens and ART 
duration. Our previous study in the HIV-infected groups 
suggested that age and CD4+ cell count, but not ART, were 
predictive factors for liver fibrosis.27 Therefore, these risk 
factors may partially influence the impact of clusterin on 
CLD progression in the PLWH. Secondly, there was no data 
on the status and treatment of HBV and HCV infection, 
especially HBV and HCV viral loads in these study groups. 
Although there was no significant difference between 
the distribution of HBV and/or HCV coinfection in PLWH 
with and without liver fibrosis in this study, the effect of 
viral hepatitis on liver fibrosis in this study group could 
not be ruled out. Thirdly, the stability of plasma analytes 
during storage is a concern in bioanalytical methods. In 
this study, to avoid the effect of freeze/thaw cycles and 
temperatures, the uninfected- and HIV-infected plasma 
samples were aliquoted and stored at -80 oC before 
examination at the same time. Even though the stability 
in the samples with long-term storage, which may affect 
the clusterin levels reported in this study, has not been 
clear, the previous study reported that an ELISA could 
detect variants of clusterin in the serum samples stored at 
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-80°C up to 24 months.33 Lastly, the study was conducted 
in a relatively small number of subjects, which may limit 
statistical significance for variables tested, and further 
studies in a larger HIV-infected group are warranted.  

Conclusion 
	 The present study demonstrated plasma clusterin 
levels in PLWH who developed liver fibrosis and their 
correlations with non-invasive markers, FIB-4 and APRI, 
and ECM markers, LN, HA, IVC, and PIIINP, suggesting the 
contributory role of clusterin in the progression of liver 
fibrosis. This finding may provide more understanding 
in the development of liver inflammation and fibrosis in 
PLWH.  
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ABSTRACT

Background: Self-appraisal and reflection are crucial for occupational therapy 
students (OT) and practitioners, fostering learning and professional growth. The 
Kawa model, typically used clinically, may aid self-reflection by helping students 
recognize their strengths and challenges. However, while the model has been 
extensively studied in clinical settings, research on its application as a self-reflection 
tool for OT students remains limited.

Objectives: This study aimed to evaluate the impact of self-reflection training using 
the Kawa model on the quality of life and academic performance of undergraduate 
occupational therapy students.

Materials and methods: A randomized controlled trial was conducted. A total of 
183 occupational therapy students were initially screened using the Study Skills  
Assessment Questionnaire. Based on poor and moderate study skill levels, along 
with teacher reports, 77 students met the inclusion criteria. Through simple  
randomization using the lottery method, 50 students were selected and assigned 
to either the experimental group (N=25) or the control group (N=25).The quality 
of life and academic performance were assessed using the WHOQOL-BREF and 
an academic performance scale. The experimental group received self-reflection 
training based on the Kawa model, while the control group underwent conventional  
occupational therapy for six months. Data analysis was performed using SPSS version 
23.0, with paired and independent t-tests applied.

Results: Post-test scores showed statistically significant improvements in the 
experimental group in both quality of life (p<0.001) and academic performance 
(p<0.01). The results of this study showed that self-reflection training using the 
Kawa model was effective in enhancing both quality of life and academic performance 
among occupational therapy students.

Conclusion: The results suggested that self-reflection training with the Kawa model 
was beneficial for the experimental group, it improved quality of life and better 
academic performance of occupational therapy students after the intervention.
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Introduction
	 Medical studies expose students to stress, causing 
mental health issues and professional burnout, making 
academic and personal success challenging during pre-clinical 
phase.1 The World Health Organization (WHO) defines 
quality of life as, “an individual’s perception of their 
position in life in the context of the culture and value 
systems in which they live and in relation to their goals, 
expectations, standards and concerns”.2 Medical and 
health-profession careers, including occupational therapy 
programs, are challenging due to high-intensity academic 
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courses, leading to stress, burnout, and poor good point 
average (GPA). High academic achievements impact 
professional competence, causing pressure and lengthy 
revision periods.3

	 In response to these challenges, self-reflection 
is crucial for professional growth and learning in 
health profession education. During clinical rotations, 
occupational therapy students benefit from techniques 
like video recording, journaling, group discussions, and 
feedback which aid their personal and professional 
development. Research showed that both internal and 
interactive self-reflection help medical and allied health 
students transition into practice.4 Reflective practice in 
occupational therapy is vital for learning from experience 
and skill development, supporting client-centered 
and goal-directed care. Self-reflection, a key aspect of 
emotional intelligence, is fundamental to professionalism 
and underpins adult education and lifelong learning.5

	 To support reflective practice, innovative tools like 
the KAWA model have gained prominence. Metaphors 
enhance self-reflection by adding meaning in which the 
Kawa Model, using a river as a life journey metaphor, serves 
as one such framework.4 The Kawa model, developed by 
the Japanese Canadian occupational therapist Dr. Michael 
Iwama, uses the metaphor of a river (Kawa in Japanese) 
to represent life’s journey. It illustrates how environmental 
factors influence the flow and balance of life, from birth 
to death or the achievement of a goal. Along the way, 
interactions with various elements shape experiences, 
challenges, and progress.6

	 The Kawa model illustrates how life’s flow is 
influenced by surroundings and interactions. It consists of 
five components: water represents life’s flow, riverbanks 
symbolize environmental factors, rocks signify obstacles, 
driftwood represents personal abilities, and space denotes 
opportunities for growth. As individuals encounter 
challenges, their flow may be disrupted, leading to stress 
and hindrances in achieving life goals. The model promotes 
self-awareness and integration of one’s environment, 
skills, and aspirations. Development plans represented by 
space in the model helps to overcome obstacles, enhance 
well-being, and restore self-efficacy.6

	 The Kawa model has demonstrated practical value 
in occupational therapy education by enhancing students’ 
cultural awareness, professional development, and self-
reflection. It aids in identifying learning barriers, personal 
attributes, and contextual influences, and supports 
adaptive learning during clinical placements, particularly 
in remote settings. However, most existing studies use 
qualitative designs focused on self-reported reflections, 
often during fieldwork. These studies commonly lack 
objective measures, control groups, and adequate 
sample sizes, and do not assess outcomes like academic 
performance or quality of life—highlighting a gap in 
understanding the model’s broader educational impact.4,7 
This highlights a critical gap in understanding the model’s 
broader educational impact. 
	 This gap underscores the need for empirical evidence 
to validate the model’s effectiveness in educational 

contexts. This study aims to provide empirical evidence 
supporting the use of kawa model as self-reflection 
training for occupational therapy students, promoting 
well-being, academic success, and long-term professional 
sustainability. Therefore, this study aims to examine the 
impact of self-reflection training using the Kawa model 
on the quality of life and academic performance among 
occupational therapy students. It is hypothesized that the 
intervention group will demonstrate significantly greater 
improvements compared to the control group.

Materials and methods
Study design 
	 The study employed a randomized controlled trial to 
evaluate the effect of Kawa model-based self-reflection 
training on occupational therapy students’ quality of life 
and academic performance. Participants were randomly 
assigned to experimental or control groups using the 
lottery method. A single blinding method was used, in 
which the students were unaware of their group allocation.

Participants
	 This study received ethical approval from the 
Institutional scientific review board of Saveetha college of 
occupational therapy, with REF.no of SCOT/ISRB/085/2024 
on 02.08.2024. Samples were collected from Saveetha 
college of occupational therapy college in Chennai. A total 
of 183 undergraduate occupational therapy students, 
aged 18 to 24 years, were initially screened using the 
Study Skills Assessment Questionnaire. Based on the 
inclusion criteria, students with poor and moderate study 
skills levels along with teacher reports, 77 students 
were identified as eligible. Using simple randomization 
through the lottery method, 50 students were selected 
and randomly assigned to either the experimental group 
(N=25) or the control group (N=25). Single blinding was 
implemented, wherein the students were unaware of 
their group allocation. Students with extensive prior 
experience with the Kawa model or participation in similar 
therapeutic interventions were excluded. All participants 
provided written informed consent prior to the study.

Instruments
WHOQOL-BREF
	 The WHOQOL-BREF was used to assess the quality 
of life among participants in this study. It is a 26-item self-
report instrument divided into four domains: physical 
health, psychological health, social relationships, and 
environment. Each item is rated on a 5-point Likert scale, 
with higher scores indicating better quality of life. The 
WHOQOL-BREF demonstrates strong internal consistency, 
with a Cronbach’s alpha coefficient of 0.896 for the 
entire scale. Test-retest reliability was also satisfactory 
for all domains, with correlation coefficients significant 
at the p<0.01 level, indicating good stability over time. 
However, the “Social Relationships” domain showed 
lower internal consistency (α=0.533), which should be 
taken into consideration when interpreting results, as it 
may affect the reliability of findings within that domain. 
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Principal component analysis identified four components 
accounting for 49.5% of the variance.8 For interpretive 
clarity, quality of life scores were categorized as follows: 
0-20 = poor, 21-40 = moderate, 41-60 = good, and 61-80 = 
very good.9

Academic performance scale (APS)
	 The Academic Performance Scale (APS), developed 
by Christopher McGregory and colleagues at Saginaw 
Valley State University, is a self-report questionnaire 
assessing academic behaviors and actions. It consists of 
eight items rated on a 5-point scale, with higher scores 
indicating better academic performance. The scale has 
strong reliability, with an internal consistency of 0.89 
and a test-retest reliability of 0.85. It also demonstrates 
satisfactory concurrent validity. Score interpretation 
is as follows: 33-40 (excellent), 25-32 (good), 17-24 
(moderate), 9-16 (poor), and 0-8 (failing).10 A recent study 
has successfully employed the APS to explore academic 
outcomes in college students, reinforcing its applicability.10 
In our study, the APS was selected due to its ability to 
capture self-reported academic behaviors aligned with the 
constructs targeted by the intervention.

Procedure
	 The experimental group (25 participants) received 
self-reflection training with the kawa model, while the 
control group (25 participants) underwent conventional 
occupational therapy. In self-reflection training using the 
Kawa model, the therapist introduces the model’s key 
components-water, rocks, riverbanks, and riverbed. The 
participant then creates a river drawing that represents 
their life flow, allowing for free expression without time 
constraints. The participant also constructs a river cross-
section, which serves as both a diagnostic and therapeutic 
tool for intervention planning and evaluation. Once the 
drawing is completed, the therapist and participant 
discuss its meaning and analyze the elements from the 
participant’s perspective. Topics are then prioritized for 
intervention, focal points are identified, and interventions 
are implemented in a client-centered manner, tailored 
to individual needs and goals.  The final stage involves 
assessing the effectiveness of the intervention. The 
control group received conventional occupational therapy, 
incorporating time management, relaxation techniques 
and academic performance guidance. The study 
duration was 6 months, one day per week, 24 sessions 
and 45 minutes per session. Following that, the post 
test was conducted with WHOQOL-BREF and Academic 
performance scale (Figure 1).

Figure 1. Consort diagram of the study.
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Data analysis
	 Descriptive statistics (means, standard deviations, 
frequencies, and percentages) were used to summarize 
demographic and baseline data. Normality of the data was 
assessed using the Kolmogorov-Smirnov test. As the data 
were normally distributed, inferential statistics appropriate 
for randomised control trial design were applied. 
Participants were randomly allocated to experimental and 
control groups using the lottery method. Paired T-tests 
were used to compare pre- and post-intervention scores 
within groups, and independent t-tests were used to assess 
differences between groups. A 95% confidence interval 
was used in this study to estimate the precision of the 
observed effects. All statistical analyses were conducted 
using a significance level of p<0.05; results with p<0.05 
were considered statistically significant, and those with 
p<0.01 were considered highly significant. The statistical 
analysis was done with the help of IBMSPSS version 23.0.

Results
	 Table 1 shows the baseline comparison between 
the control and experimental groups on demographic 
variables and outcome measures. All participants were 
undergraduate occupational therapy students. The mean 
age and gender distribution were comparable between 
the groups, with no statistically significant differences 
(p>0.05). Similarly, there were no significant differences in 
the baseline WHOQOL-BREF scores (p=0.46) and Academic 
performance scale scores (p=0.26), indicating that both 
groups were homogeneous at the start of the study.

	 Table 2 displays the statistical difference between the 
pre-test and post-test WHOQOL-BREF scores within each 
group. In the control group, the mean score increased 
slightly from 46.87 to 47.42 with a statistically significant 
p-value of 0.027, but the effect size (Cohen’s d=0.06) 
was small. In contrast, the experimental group showed a 
substantial improvement in WHOQOL-BREF scores from 
48.67 to 53.13, with a highly significant (p<0.001) and a 
moderate effect size (Cohen’s d=0.50). This suggests that 
the intervention in the experimental group had a stronger 
impact on quality of life.
	 Table 3 presents the pre-test and post-test 
comparison of Academic performance scale scores within 
groups. The control group showed a small but statistically 
significant improvement from 18.24 to 19.08 (p=0.032, 
Cohen’s d=0.32). The experimental group showed a larger 
increase in Academic performance scale scores from 18.92 
to 21.68, with a highly significant (p<0.001) and a large 
effect size (Cohen’s d=1.24), indicating a strong impact of 
the intervention on academic performance.
	 Table 4 compares the post-test scores between 
the control and experimental groups. The experimental 
group had significantly higher WHOQOL-BREF scores 
(53.13 vs 47.42; p=0.025, Cohen’s d=0.65) and Academic 
performance scale scores (21.68 vs 19.08; p=0.001, Cohen’s 
d=0.95) than the control group. These findings indicate 
that the intervention provided to the experimental group 
resulted in significantly better outcomes in both quality of 
life and academic performance.

Table 1. Baseline comparison of groups on demographics and outcome measures.
Variable Control group (N=25) Experimental group (N=25) t/χ² p value
Age (years), Mean±SD 19.16±0.95 19.40±1.16 0.80 0.43

Gender Female: 12 (48%)
Male: 13 (52%)

Female: 13 (52%)
Male: 12 (48%) 0.08 0.78

WHOQOL-BREF
(pre-test) 46.87±8.62 48.67±8.91 0.74 0.46

Academic performance 
scale score (pre-test) 18.24±2.03 18.92±2.18 1.13 0.26

Table 2. Pre-post comparison of WHOQOL-BREF scores (Paired T-test).
Group Test Mean±SD Mean Diff t (df) p value Cohen’s d

Control
Pre-test 46.87±8.62

0.55 -2.35 (24) 0.027* 0.06
Post-test 47.42±8.69

Experimental
Pre-test 48.67±8.91

4.46 -10.08 (24) <0.001** 0.50
Post-test 53.13±8.78

Note: *significant at 5% level.
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Discussion
	 This study found that self-reflection training using 
the Kawa Model significantly improved both quality of 
life and academic performance among occupational 
therapy students, with greater gains than conventional 
interventions. These findings highlight the model’s role 
in enhancing self-understanding, which supports better 
learning and overall well-being.
	 Table 2 presents the statistical analysis of pre-test 
and post-test quality of life (QoL) scores in both the 
control and experimental groups. In the control group, 
the mean QoL score increased slightly from 46.87 to 47.42 
(T=-2.350, p=0.027*), indicating a statistically significant  
improvement following conventional occupational therapy. 
These findings are supported by the American Occupational 
Therapy Association’s Vision 2025, which emphasizes the 
role of occupational therapy in enhancing health, well-
being, and overall quality of life (AOTA, 2017).11 Similarly, 
Espiritu reported that an occupation-based intervention 
positively impacted well-being among OT students in a 
mixed-methods study, further highlighting the potential 
of occupational therapy to support student mental health 
and quality of life.12

	 In contrast, the experimental group, which received 
self-reflection training using the Kawa Model alongside 
conventional OT, demonstrated a more pronounced 
improvement in QoL scores-from 48.67 to 53.13 (T=-10.075, 
p=0.000)-indicating a highly significant change. This aligns 
with previous findings on the model’s adaptability and 
effectiveness across diverse populations. For instance, 
Galof reported improved QoL in individuals with visual 
impairments due to enhanced therapist-client interactions 
and greater independence,13 while Hsiao HY found it 
effective in supporting recovery among individuals with 
ketamine use by fostering motivation and readiness 
for change.14 Although these studies involved different 
populations, they emphasize the Kawa model’s capacity to 
foster meaningful reflection and personal growth. In the 
present study, such reflective practices may have enabled 

students to better understand their life experiences, 
identify barriers and supports, and set realistic goals- 
ultimately contributing to enhanced confidence, resilience, 
and overall quality of life. However, the low reliability of 
the social relationship domain in the WHOQOL-BREF may 
limit the accuracy of related findings and be interpreted 
with caution.
	 Table 3 presents the statistical analysis of pre-test and 
post-test academic performance in both the control and 
experimental groups. In the control group, mean scores 
improved significantly from 18.24 to 19.08 (T=-2.281, 
p=0.032*), demonstrating the effectiveness of conventional 
occupational therapy (OT) interventions in enhancing 
academic performance. These results align with findings 
by Zolotnitsky et al., who reported that OT-led coaching 
significantly improves self-regulation and structured 
learning among college students with disabilities,15 and 
Nagata et al., who highlighted the value of evidence-based 
OT in promoting academic engagement and well-being in 
students with learning differences.16

	 These complementary findings support the notion 
that OT interventions, whether conventional or coaching-
based, contribute positively to academic outcomes, 
reinforcing the improvements observed in our control 
group. In the experimental group, which received self-
reflection training using the Kawa Model, the mean score 
increased markedly from 18.92 to 21.68 (T=-20.804, 
p=0.000**), indicating a highly significant improvement. 
This finding supports Naidoo, who emphasized that the 
Kawa model fosters self-awareness and reflection, helping 
students better understand themselves in both personal 
and professional contexts.7 In our study, the metaphor-
based, structured Kawa model enabled deeper reflection, 
clearer goal setting, and more effective problem-solving, 
likely contributing to academic gains. These findings 
suggest that while conventional OT is beneficial, the 
Kawa model-based intervention has a greater impact on 
academic performance.

Table 3. Pre-post comparison of academic performance scale scores (Paired T-test).
Group Test Mean±SD Mean Diff t (df) p value Cohen’s d

Control
Pre-test 18.24±2.03

0.84 -2.28 (24) 0.032* 0.32
Post-test 19.08±3.01

Experimental
Pre-test 18.92±2.18

2.76 -20.80 (24) <0.001** 1.24
Post-test 21.68±2.25

Note: *significant at 5% level.

Table 4. Post-Test Comparison between groups (Independent T-test).
Outcome Group Mean±SD Mean Diff t (df) p value Cohen’s d

WHOQOL-BREF
Control 47.42±8.69
Experimental 53.13±8.78 5.71 -2.31 (48) 0.025* 0.65

Academic 
performance
scale score

Control 19.08±3.01

Experimental 21.68±2.25 2.60 -3.46 (48) 0.001** 0.95

Note: *significant at 5% level.
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	 Tables 4 present the statistical analysis of post-test 
QoL and academic performance in both the experimental 
and control groups. A statistically significant difference 
was observed for both QoL (T=-2.312, p=0.025*) and 
academic performance (T=-3.458, p=0.001**), with the 
experimental group performing better. This may be due to 
the Kawa model’s client-centered design, which focuses on 
self-reflection, goal setting, and understanding challenges 
using the river metaphor. Unlike standard OT, the Kawa 
model helps students visualize their obstacles (rocks), 
strengths (driftwood), and environment (riverbanks), 
helping them become more self-aware and better at 
coping. These strategies may have improved their mental 
health, self-confidence, and ability to bounce back from 
challenges, leading to better QoL and academic outcomes. 
This is supported by prior studies, including those by 
Blakeley et al. and Foo et al.4,6 This study highlights the 
Kawa model as a culturally meaningful, structured 
approach that supported both mental and academic 
improvement in OT students. The findings suggest its 
potential to enhance personal insight, motivation, and 
resilience in OT education. Future research could explore 
its long-term impact, adaptability across settings, and use 
with other student groups. Clinically, it may complement 
standard OT by addressing emotional well-being and 
learning needs.

Conclusion
	 This study demonstrated that integrating the kawa 
model into occupational therapy education enhanced 
students’ personal and academic development. The 
positive outcomes in quality of life, academic performance 
in the experimental group highlight the model’s 
effectiveness, reinforcing its educational value. These 
results also suggest the model’s potential for broader 
application beyond occupational therapy, encouraging 
further exploration in diverse educational settings and 
among healthcare professionals to enhance professional 
competence and support student success. Given the 
study’s limited sample size and age range, future research 
should evaluate its effectiveness in larger, more diverse 
student groups and across various educational contexts 
to inform broader curriculum development and evidence-
based training practices.

Conflict of interest
	 The authors declare no conflict of interest.

Ethical approval
	 This study has been approved by the Institution 
Scientific Review Board (ISRB) of Saveetha College of 
Occupational Therapy with Reference No. of SCOT/ISRB/ 
085/2024.

Funding
	 No funding was received for this study

Credit authorship contribution statement
	 The main author designed the study, analyzed 

data, and prepared the manuscript. The second author 
conducted the study under the main author’s supervision. 
All authors approved the final manuscript.

Acknowledgements
	 I sincerely thank Saveetha Institute of Medical and 
Technical Sciences, Saveetha college of Occupational 
Therapy, Dr. M. Arun Kumar, MOT, PhD, for his continuous 
encouragement and Dr. Benielraja, for their exemplary 
guidance, support throughout this research.

References
[1]	 Mishra B, Pathak R, Dwivedi A, Mishra HB, Gupta SS. 

Study of correlation between academic performance 
and quality of life among occupational therapy  
students. Int J Adv Res Ideas Innov Technol. 2018; 
4(6): 497-501. Available from: https://www.ijariit.
com/manuscripts/v4i6/V4I6-1322.pdf.

[2]	 Shareef MA, AlAmodi AA, Al-Khateeb AA, et al. The 
interplay between academic performance and quality 
of life among preclinical students. BMC Med Educ. 
2015; 15(1): 193. doi: 10.1186/s12909-015-0476-1.

[3]	 Chattu VK, Sahu PK, Seedial N, et al. An exploratory  
study of quality of life and its relationship with  
academic performance among students in medical 
and other health professions. Med Sci (Basel). 2020; 
8(2): 23. doi: 10.3390/medsci8020023.

[4]	 Blakely T, Potvin MC, Iwama M. The Kawa model’s value 
for level II occupational therapy fieldwork students.  
J Occup Ther Educ. 2021; 5(4): 14. doi: 10.26681/ 
jote.2021.050414.

[5]	 Iliff S, Tool G, Bowyer P, Parham L, Fletcher T,  
Freysteinson W. Self-reflection and its relationship 
to occupational competence and clinical performance 
in level II fieldwork. Internet J Allied Health Sci 
Pract. 2021; 19(3): Article 8. doi: 10.46743/1540-
580x/2021.1988

[6]	 Foo KS, Kueh YC, Leong KJ, et al. Kawa model on mental  
health, sports and physical performance: A mini  
review. Asian J Sport Exerc Psychol. 2023; 3(2): 89-97. 
doi: 10.1016/j.ajsep.2023.08.002.

[7]	 Naidoo O, Christopher C, Lingah T, Moran M. The 
Kawa Model: A self-reflection tool for occupational 
therapy student development in practice placements 
in Australia. Occup Ther Int. 2023; 2023: 2768898. 
doi: 10.1155/2023/2768898.

[8]	 Ilić I, Šipetić S, Grujičić J, Mačužić IŽ, Kocić S, Ilić 
M. Psychometric properties of the World Health  
Organization’s quality of life (WHOQOL-BREF) questionnaire 
in medical students. Medicina (Kaunas). 2019; 55(12): 
772. doi: 10.3390/medicina55120772.

[9]	 Hadning I, Ainii NQ. An analysis of health workers’ 
quality of life in Indonesia during COVID-19 pandemic. 
In: Proceedings of the 4th International Conference 
on Sustainable Innovation 2020–Health Science and 
Nursing (ICoSIHSN 2020). Atlantis Press; 2021. doi: 
10.2991/ahsr.k.210115.085.

[10]	 Keerthana DMM. Exploring the relationship between 
hope, academic performance among college students. 



Punitha and S. Williams.  Journal of Associated Medical Sciences 2025; 58(3): 156-162162

Int J Multidiscip Res. 2024; 6(4): 1-7. doi: 10.36948/ 
ijfmr.2024.v06i04.24592

[11]	 Pizzi MA, Richards LG. Promoting health, well-being,  
and quality of life in occupational therapy: A  
commitment to a paradigm shift for the next 100 
years. Am J Occup Ther. 2017; 71(4): 7104170010p1-5. 
doi: 10.5014/ajot.2017.028456.

[12]	 Espiritu EW. Assessing the effectiveness of an  
occupation-based intervention in promoting OT  
student well-being. Am J Occup Ther. 2023; 77 
(Suppl 2): 7711510288p1. doi: 10.5014/ajot.2023.77S2- 
PO288.

[13]	 Galof K. Improve quality of life client with visual  
impairment. Fam Med Prim Care Open Access. 2022; 
6(2): 188. doi: 10.29011/2688-7460.100088.

[14]	 Hsiao HY. The effects of Kawa model therapeutic 
group for ketamine users [master’s thesis]. Tainan (TW): 
National Cheng Kung University; 2016. Available 
from: https://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.
cgi?o=dnclcdr&s=id=%22104NCKU5738007%22. 
&searchmode=basic.

[15]	 Zolotnitsky LK, Beach C, Potvin MC, Ryan MA.  
Outcomes of OT-led coaching to support the success 
of students with disabilities in higher education. Am 
J Occup Ther. 2022; 76(Suppl 1): 7610510177p1. doi: 
10.5014/ajot.2022.76s1-po177.

[16]	 Nagata R, Forry S, Lannigan EG. Occupational therapy  
interventions for college students with learning  
differences. Am J Occup Ther. 2022; 76(6): 7606390 
010. doi: 10.5014/ajot.2022.050057.



P.  Jitrungruangchai et al. Journal of Associated Medical Sciences 2025; 58(3): 163-172 163Journal of Associated Medical Sciences 2025; 58(3): 163-172

Scopus Indexed & Thai-Journal Citation Index Centre (TCI)

Journal of Associated Medical Sciences
Journal homepage: https://www.tci-thaijo.org/index.php/bulletinAMS/index

Effects of distal robot-assisted therapy combining with task-oriented training on paretic 
upper extremity functions in clients with sub-acute stroke: A preliminary study

Pakpoom Jitrungruangchai, Sopida Apichai, Jananya P Dhippayom*
Department of Occupational Therapy, Faculty of Associated Medical Sciences, Chiang Mai University, Chiangmai Province, Thailand.

ARTICLE INFO

Keywords:
Stroke, robot-assisted therapy, 
task-oriented training, upper extremity 
rehabilitation, occupational therapy

ABSTRACT

Background: Robot-assisted therapy (RT) is revolutionizing stroke rehabilitation, 
offering new hope for improving upper extremity function. When integrated with 
task-oriented training (TOT), RT has the potential to enhance recovery by promoting 
more meaningful, functional outcomes for stroke survivors. Despite its promise, 
evidence on the effectiveness of distal RT combined with TOT remains limited, 
leaving clinicians and researchers searching for clearer evidence on the best 
rehabilitation strategies.

Objective: This study aimed to investigate the feasibility of distal RT combined with 
TOT on the function of the paretic upper extremity in sub-acute stroke patients.

Materials and methods: This preliminary randomized controlled, assessor-blinded 
study recruited 15 sub-acute stroke patients. Participants were randomly assigned 
to either the experimental group (EG; enrolled, N=8; completed, N=7) or the control 
group (CG; enrolled, N=7; completed, N=7). Both groups received conventional 
occupational therapy. The EG additionally underwent one hour of distal robot-
assisted task-oriented training twice a week for six weeks. Paretic upper extremity 
function was assessed at baseline and post-rehabilitation using the Fugl-Meyer 
Assessment for Upper Extremity (FMA-UE) and the Functional Test for Hemiplegic 
Upper Extremity Thai Version (FTHUE-Thai version).

Results: Fourteen patients completed the program. No significant differences in 
post-intervention mean scores were found between groups. However, change 
scores were significantly higher in the EG for distal FMA-UE (p=0.002), total FMA-UE  
(p=0.004), and FTHUE-Thai Version (p=0.026). Additionally, effect size analysis 
also indicated high effects in the EG for proximal FMA-UE (d=0.94), distal 
FMA-UE (d=2.28), total FMA-UE (d=1.66), and FTHUE-Thai version scores (d=1.89), 
suggesting clinically meaningful improvements.

Conclusion: Combining distal RT with TOT has the potential to enhance upper 
extremity function in sub-acute stroke patients. Although further research is 
needed to confirm these findings, the results are promising for developing more 
effective rehabilitation strategies.
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Introduction
	 Stroke is the second leading cause of death and a major 
cause of disability worldwide.1 In Thailand, approximately 
200,000 new stroke cases are diagnosed annually, imposing 
significant burdens on families, society, and healthcare 
systems.2 Around 70% of stroke survivors experience 
upper limb function impairment, leading to difficulties in 
performing activities of daily living (ADLs) and a reduced 
quality of life (QoL).3-6 Previous research emphasizes the 
importance of intensive upper limb rehabilitation within 
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the first six months post-stroke particularly during the 
sub-acute phase (3-6 months), when brain recovery 
remains robust, and patients are in a more stable medical 
condition for intensive training.7-10 Therefore, developing 
effective rehabilitation approaches for sub-acute stroke 
survivors is crucial.11 Occupational therapy incorporates a 
variety of evidence-based interventions to address motor 
dysfunction, focusing on enhancing movement quality, 
task performance, and overall participation in daily 
activities.12,13 To achieve these goals, advancements in 
the field have introduced technology-driven tools, such as 
robotic devices, alongside task-specific training to improve 
motor deficits more efficiently and effectively.
	 Robot-assisted therapy (RT) is widely used in stroke 
rehabilitation, as it delivers highly repetitive, consistent 
movements with greater training intensity, enhancing 
patient engagement and functional recovery.14 Emerging 
studies suggest that RT may support somatosensory and 
motor cortex reorganization, making it a valuable tool 
for comprehensive stroke rehabilitation.15-20 A systematic 
review and meta-analysis by Bertani et al. highlighted the 
potential benefits of RT for upper extremity rehabilitation 
in chronic stroke patients.15 However, its effectiveness for 
sub-acute stroke patients remains inconclusive.13 To date, 
most studies have predominantly employed proximal 
robotic devices that target the shoulder and elbow joints, 
while distal robotic rehabilitation, which targets wrist and 
finger function, has been relatively underexplored despite 
its importance for functional hand use.13,19 Distal robotic 
devices offer a promising solution by facilitating isolated and 
coordinated hand movements including grasp-and-release 
activities while integrating multisensory feedback (visual, 
auditory, and proprioceptive) to enhance engagement 
and cortical activation.16,21,22 The hand contains numerous 
motor units and sensory receptors responsible for fine and 
precise movements. When, the nervous system controlling 
hand function is damaged, prolonged and repeated 
stimulation is to achieve functional recovery.23 Therefore, 
the benefits of distal robot-assisted therapy, such as the 
Gloreha Sinfonia, need to be further validated for distal 
upper extremity recovery.
	 Task-oriented training (TOT) aims to improve performance 
and function through goal-directed practice and 
repetition.13,24,25 It requires an intensity exceeding 70% 
of total training time and is grounded in motor control, 
motor learning, and motor behavior principles. Previous 
study indicates that incorporating daily life activities 
and using real-life objects during training can boost 
motivation and improve movement efficiency in stroke 
patients.26 Moreover, TOT promotes motor learning by 
enabling patients to transfer learned movements to 
their daily routines.27,28 It also reduces long-term reliance 
on compensatory strategies for performing everyday 

tasks.28,29 Therefore, combining distal RT with TOT could 
offer a more effective approach to improving function in 
stroke patients by engaging them in task-specific activities 
supported by robotics. 
	 This study investigates the potential effects of integrating 
the distal RT with TOT to enhance upper limb function in 
sub-acute stroke patients. It hypothesizes that distal RT 
combining with TOT has the potential to enhance recovery 
of upper limb function.  To the best of our knowledge, this is 
the first study to examine the integration of RT specifically 
designed for finger movements with TOT incorporating 
real-life objects and activities. This combined approach 
holds the potential to provide a more comprehensive 
solution for functional recovery after stroke.

Materials and methods 
Design
	 This preliminary randomized controlled, assessor-blind  
study was reviewed and approved by the Thai Clinical Trials 
Registry Committee on July 2022 (TCTR identification number: 
TCTR20220719006). Sub-acute stroke patients were recruited 
from two hospitals and one health center, Chiangmai, 
Thailand, between August 2022 and December 2024. The 
study was conducted with ethics committee approval, and 
all participants signed informed consent forms prior to 
participation.
Participants
	 Between August 2022 and December 2024, 27 patients 
were assessed for eligibility. However, due to several 
recruitment challenges, including a limited number of 
eligible patients, participation inconvenience, travel 
constraints, and time limitations, 15 participants were 
initially enrolled in the study. Patients were eligible 
if they were over 18 years old, had experienced a first-time  
cerebrovascular disease resulting in hemiplegia for 3-6 
months, were in Brunnstrom stages II-V of motor recovery 
for the arm and hand, and had a Modified Ashworth Scale 
score of less than 3. Exclusion criteria included cognitive 
impairment (MSET-10 Thai version score: ≤17 for primary 
education or ≤22 for higher education), peripheral nerve 
injury or musculoskeletal disorders (e.g., arthritis, muscle 
or bone injury), severe unilateral neglect, proprioceptive 
impairment, communication or vision difficulties, and 
prior treatments for spasticity such as botulinum toxin 
type A or acupuncture.
	 Participants were randomly assigned to either the 
experimental group (EG) or the control group (CG) using 
simple random sampling via the Research Randomizer 
tool. However, one participant from the EG withdrew due 
to an inability to complete at least 80% of the training 
sessions, resulting in a final sample of 14 participants. 
A flowchart outlining the recruitment and retention 
process was presented in Figure 1.
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Instruments 
	 The Gloreha Sinfonia was employed as the primary 
intervention tool in this study. This distal robotic device is 
specifically designed to target the distal upper extremity, 
providing five degrees of freedom. Its dynamic support 
system stabilizes the proximal upper extremity against 
gravity during training. The device features a glove that 
provides partial or complete support for finger flexion 
and extension across six movement patterns. Additionally, 
it includes four training modes passive mobilization, 
bilateral training, active-assisted mobilization, and interactive 
games allowing therapists to customize rehabilitation 
programs to meet individual patient needs.21,30

	 This study utilized the Gloreha Sinfonia in its 
active-assisted mobilization mode, focusing on two key 
functions, including free grasping and tri-digital free 
pinch. The choice of function was based on the specific 
training activity and the participant’s motor abilities. In 
this mode, the therapist could adjust glove sensitivity, 
finger flexion/extension support levels, and range of 
motion to match each participant’s needs. The sensor 
glove detected individual finger movements and provided 
movement assistance based on the user’s residual motor 
skills, ensuring a personalized and adaptive rehabilitation 
experience.

Interventions	
	 All participants received conventional occupational 
therapy, which included 1-hour/sessions, at least 
1 session/week for six weeks. The conventional program 
included spasticity inhibition, bilateral hand activities, 
grasp-and-release tasks, and pinch activities, customized 
by the therapist for each patient.
	 In addition to conventional therapy, the experimental 
group (EG) received robot-assisted task-oriented training 
using the Gloreha Sinfonia device for 1-hour sessions, 
twice a week, over six weeks. Each session consisted of 
two phases:
	 1.	 Preparatory phase (15 minutes): This phase 
included weight-bearing or prolonged stretching exercises 
aimed to normalized muscle tone.
	 2.	 Robot-assisted task-oriented training phase
(45 minutes):  During the first session, patients selected 
three out of five training activities, including drinking 
water from a bottle, folding fabric, using a fork and 
spoon for eating, using scissors, and opening/closing 
a book). The details of each activity were outlined in 
Table 1. These activities were chosen from the top  
100 ranked activities, organized from the most to the least 
beneficial for stroke patients.31 Only activities related to 
daily living that were analyzed and deemed suitable for 

Figure 1. Flow chart of the study
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use with the Gloreha device were selected. The selection 
process began with the top-ranked activity and continued 
sequentially until a total of five activities were chosen. 
Each training session lasted 45 minutes, with 15 minutes 
per activity using the Gloreha device in active-assisted 
mode. Task difficulty and robotic assistance were adjusted 

based on individual progress. If participants mastered any 
task from the initial selection, they had the option to select 
new activities to maintain challenge and engagement. 
Training activities were performed in a randomized order 
to enhance motor learning and adaptability.

Outcome measures
	 Motor function was assessed at baseline and post-
intervention using the following tools:

1.	 The Fugl-Meyer Assessment-Upper Extremity 
(FMA-UE) is a widely used tool for assessing upper extremity 
motor function. It includes 33 items divided into four 
categories: upper extremity (36 points), wrist (10 points), 
hand (14 points), and coordination (6 points). The total 
possible score is 66 points. The FMA-UE has demonstrated 
excellent inter-rater reliability (ICC=0.99), test-retest 
reliability (ICC=0.96), and strong construct validity (r=0.92).32

2.	 The Functional Test for Hemiplegic Upper 
Extremity-Thai Version (FTHUE-Thai Version) is a performance- 
based test adapted from the Hong Kong version to align 
with Thai cultural contexts.33 It measures functional 
limitations due to upper extremity impairments. The 
FTHUE-Thai version comprises 14 tasks across seven  
functional levels, arranged in order of increasing difficulty. 
The tasks are related to activities of daily living, such as 
holding a bag, using a spoon to eat, and drinking water 
from a glass. Tasks are scored on a pass/fail basis: a ‘pass 
(+)’ is awarded if the task is completed within three minutes, 
while a ‘fail (-)’ is given if the task is incomplete or exceeds 
the time limit. Functional level scores are awarded upon 
the completion of all tasks within each level. Scores range 
from 1 to 7, with higher scores indicating greater functional 
ability. From level 5 onward, the time taken to complete 
each task is also recorded. The FTHUE-Thai version has 
demonstrated good content validity and strong inter-rater 
reliability.34

Table 1. Training activities.
Activity Description Chosen frequency 

(times)
Drinking water from a bottle Patients reach out with the affected hand to grasp the 

bottle, bring it to their mouth as if drinking, then return it to 
the table and release it.

7

Folding fabric Patients fold the fabric using both hands. 2
Using a fork and spoon for eating Patients use both hands to hold a spoon and fork according 

to their preference, scoop beads from a plate, bring them to 
their mouth as if eating, then return them to the plate.

7

Using scissors Patients use their affected hand to hold the scissors and 
their unaffected hand to hold the paper, then cut along 
specified lines in various shapes, such as straight lines, 
triangles, squares, and circles.

1

Opening/closing a book Patients use their affected hand to open the book. 4
Note: Details and materials of each activity were adjusted according to the patient’s abilities.

Statistical analysis
	 Descriptive statistics were used to summarize 
demographic and baseline characteristics. Continuous 
variables are presented as means ± standard deviations, 
while categorical variables are presented as frequencies 
and percentages (N, %). Between-group differences in 
baseline characteristics were analyzed using Fisher’s exact 
test for categorical variables and multivariate analysis 
of variance (MANOVA) for continuous variables. The 
normality of the data was tested using the Shapiro-Wilk 
test, and due to the lack of normality, non-parametric 
statistics were used. Within-group comparisons were 
performed using the Wilcoxon signed-rank test.  
Between-group comparisons were assessed using the 
Mann-Whitney U test. A significance level of p<0.05 was 
used for all tests. Effect sizes were calculated using Cohen’s 
d coefficient, where an effect size greater than 0.8 was 
considered large, between 0.2 and 0.8 moderate, and less 
than 0.2 small.35,36 

Results
Baseline characteristics
	 The demographic and clinical characteristics of 
the participants at baseline were summarized in Table 2 
and 3. There were no statistically significant differences 
between the EG and the CG across any measured baseline 
characteristics, confirming the comparability of the two 
groups at the start of the study.



P.  Jitrungruangchai et al. Journal of Associated Medical Sciences 2025; 58(3): 163-172 167

Table 2. Baseline characteristics for categorical variables.
Characteristic N (%) 

EG (N=7) CG (N=7) p
Gender 1.000
Male 5 (71.43) 4 (57.14)
Female 2 (28.57) 3 (42.86)
Education level 0.266
High school 1 (14.29) 4 (57.14)
Above high school 6 (85.71) 3 (42.86)
Affected side 1.000
Left 4 (57.14) 3 (42.86)
Right 3 (42.86) 4 (57.14)
Etiology 0.592
Infraction 5 (71.43) 3 (42.86)
Hemorrhage 2 (28.57) 4 (57.14)

Note: The p values were calculated according to the Fisher’s Exact Test, EG: experimental group, CG:  control group, *p<0.05.

Table 3. Baseline characteristics for continuous variables.
Characteristic Mean (SD)

EG (N=7) CG (N=7) p
Age (year) 53.29 (14.96) 64.29 (10.45) 0.137
Post-stroke duration (days) 127.14 (34.30) 139.71 (28.92) 0.473
Brunnstrom stage of arm 3.14 (0.69) 3.43 (0.79) 0.484
Brunnstrom stage of hand 3.57 (0.98) 3.71 (1.38) 0.827
MAS score of arms 1.21 (0.39) 1.07 (0.19) 0.403
MAS score of hands 0.71 (0.76) 1.00 (0.50) 0.421
MSET-10 score 26.43 (3.56) 25.57 (2.99) 0.634
Total duration of conventional therapy (hrs) 6.86 (2.27) 7.71 (2.93) 0.552

Note: The p values were calculated according to the multivariate analysis of variance (MANOVA), EG: experimental group, 
CG: control group, MAS: Modified Ashworth Scale, MSET-10: Mental State Examination T10.

Effects of robot-assisted therapy combining with task-
oriented training on paretic upper extremity functions 
	 Changes in upper extremity function from pre- to 
post-intervention were presented in Table 4. The results of 
the study found that there were significant improvements 
between pre- and post-intervention of proximal FMA-
UE scores (p=0.018), distal FMA-UE scores (p=0.017), 
coordination FMA-UE scores (p=0.041), total FMA-UE scores 
(p = 0.018), and FTHUE-Thai Version scores (p=0.014) within 
the EG whereas there was only significant improvement 
between pre- and post-intervention of the proximal FMA-UE 
scores (p=0.026) and the total FMA-UE score (p=0.017) in 
the CG. 

	 When compared between groups, no significant  
differences between group were found in mean scores 
of FMA-UE or FTHUE-Thai Versions after the intervention. 
However, significant change scores were observed in the 
distal FMA-UE (p=0.002), total FMA-UE (p=0.004), and FTHUE-
Thai Version (p=0.026), indicating greater improvement 
in the EG (Table 5). These findings are further supported 
by Cohen’s d effect sizes, which indicate a high effect for 
proximal FMA-UE scores (d=0.94), distal FMA-UE scores 
(d=2.28), total FMA-UE score (d=1.66), and FTHUE-Thai 
Version scores (d=1.89) (Table 5). 
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Table 4. Within-group comparison of proximal, distal, coordination, and total FMA-UE scores and FTHUE-Thai version scores 
between pre-test and post-test.
Outcome measure/group Pre-test

Mean (SD)
Post-test

Mean (SD)
Within group

p value
FMA-UE

Proximal
EG (N=7) 17.00 (6.03) 24.71 (8.44) 0.018*
CG (N=7) 18.00 (8.81) 21.00 (9.97) 0.026*

Distal
EG (N=7) 8.86 (7.58) 15.43 (5.97) 0.017*
CG(N=7) 11.71 (8.75) 12.71 (8.18) 0.197

Coordination
EG (N=7) 1.29 (1.89) 3.00 (2.16) 0.041*
CG (N=7) 1.86 (1.86) 2.71 (1.98) 0.102

Total
EG (N=7) 27.14 (13.85) 43.14 (15.85) 0.018*
CG (N=7) 31.57 (17.83) 36.43 (18.50) 0.017*

FTHUE-Thai Version
EG (N=7) 3.43 (0.53) 4.29 (0.49) 0.014*
CG (N=7) 3.71 (0.76) 3.86 (1.07) 0.317

Note: The p values were calculated using Wilcoxon signed-rank test, FMA-UE: Fugl-Meyer Assessment-Upper Extremity, 
FTHUE-Thai Version: Functional Test for Hemiplegic Upper Extremity-Thai Version, EG: experimental group, CG: control 
group, *p<0.05

Table 5. Between-group comparison of proximal, distal, coordination, and total FMA-UE scores and FTHUE-Thai version 
scores pre-test and post-test and the variance between CG and EG.
Outcome measure/group Pre-test

Mean (SD)
Post-test

Mean (SD)
Change scores

Mean (SD)
Cohen’s d

FMA-UE
    Proximal
          EG (N=7) 17.00 (6.03) 24.71 (8.44) 7.71 (6.13)

0.94
          CG (N=7) 18.00 (8.81) 21.00 (9.97) 3.00 (3.51)
          Between group p value 1.000 0.535 0.053
    Distal
          EG (N=7) 8.86 (7.58) 15.43 (5.97) 6.57 (2.82)

2.28
          CG(N=7) 11.71 (8.75) 12.71 (8.18) 1.00 (2.00)
          Between group p value 0.805 0.710 0.002* 

    Coordination
          EG (N=7) 1.29 (1.89) 3.00 (2.16) 1.71 (1.60)

0.55
          CG (N=7) 1.86 (1.86) 2.71 (1.98) 0.86 (1.46)

Between group p value 0.710 0.710 0.318
Total

EG (N=7) 27.14 (13.85) 43.14 (15.85) 15.86 (8.73)
1.66

CG (N=7) 31.57 (17.83) 36.43 (18.50) 4.86 (3.34)
Between group p value 0.805 0.710 0.004*
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Outcome measure/group Pre-test
Mean (SD)

Post-test
Mean (SD)

Change scores
Mean (SD)

Cohen’s d

FTHUE-Thai Version
EG (N=7) 3.43 (0.53) 4.29 (0.49) 0.86 (0.38)

1.89
CG (N=7) 3.71 (0.76) 3.86 (1.07) 0.14 (0.38)
Between group p value 0.535 0.209 0.026*

Note: The p values were calculated using Mann-Whitney U, FMA-UE: Fugl-Meyer Assessment-Upper Extremity, FTHUE-Thai 
Version: Functional Test for Hemiplegic Upper Extremity-Thai Version, EG: experimental group, CG: control group, Cohen’s 
d=effect size between change scores,*p<0.05.

Table 5. Between-group comparison of proximal, distal, coordination, and total FMA-UE scores and FTHUE-Thai version 
scores pre-test and post-test and the variance between CG and EG. (Continue)

Discussion
	 This study aimed to evaluate the effects of combining 
distal robot-assisted therapy (distal RT) with task-oriented 
training (TOT) on upper extremity function in sub-acute 
stroke patients. The findings demonstrated significant 
within-group improvements in the EG across proximal, 
distal, total FMA-UE scores, and FTHUE-Thai version scores 
after six weeks. In contrast, the CG showed significant 
improvement only in proximal and total FMA-UE scores. 
Although no statistically significant differences in the 
mean post-intervention score of both outcome measures 
were observed between groups, significant change scores 
were found for distal and total FMA-UE and FTHUE-Thai 
Version. These changes, confirmed by high effect sizes 
indicated clinically meaningful improvements in the EG, 
emphasizing the potential benefits of integrating TOT with 
distal RT.
	 Regarding the FMA-UE results, a significant 
improvement in total and distal FMA-UE change scores 
was observed in the EG compared to the CG. This 
may be attributed to the structured training program 
provided by the Gloreha Sinfonia device. The Gloreha 
Sinfonia is a robotic device designed to facilitate repetitive 
hand movements, such as grasp-and-release activities, 
while providing dynamic support to the proximal upper 
extremity against gravity. Its glove-based system offers 
adjustable support for finger flexion and extension, 
allowing therapists to customize rehabilitation programs 
for each patient. Interestingly, the effects of distal RT and 
TOT were supported not only by the moderate to high 
effect sizes observed through Cohen’s d values but also by 
the significant differences in distal and total FMA-UE change 
scores. The EG exhibited an improvement of 7 points 
(8.29 vs 1.29) for distal FMA-UE and 11 points (15.86 vs 
4.86) for total FMA-UE. These results exceed the minimal 
clinically important differences (MCID) for distal FMA-UE 
(1 to 3 points) and total FMA-UE (9 to 10 points). Although 
no significant difference was found in the proximal FMA-UE 
change score, the change in the EG was 7.71 points, which 
is within the MCID range for proximal FMA-UE (5 to 7 points), 
whereas the CG showed a change score below the MCID 
(3 points).37 These findings suggest that the combined 
effects of distal RT and TOT may provide clinically 
meaningful improvements in upper extremity function 
for sub-acute stroke patients, as evidenced by the 
greater distal and total FMA-UE change scores in the EG. 

Given that the observed difference exceeds the MCID 
threshold for FMA-UE, this approach may hold significant 
potential for enhancing upper extremity recovery in stroke 
rehabilitation. 
	 The significant improvement in FTHUE-Thai version 
change scores (p=0.026) further supports the effectiveness 
of distal RT combined with TOT in enhancing functional 
movement and facilitating the transfer of motor 
improvements to activities of daily living (ADLs). TOT 
emphasizes goal-directed practice and repetition, 
which are essential for motor learning and functional 
recovery.24,38 Additionally, the active-assisted mode of 
distal RT allows patients to perform hand movements 
independently enhancing motor learning, motivation, 
and a sense of accomplishment. These findings align 
with studies such as Wu et al.26 which demonstrated that 
real-life task integration promotes motor recovery and 
functional independence. Similarly, a study by Lee and 
Howe39 highlighted the effectiveness of using real-life 
activities to improve motor function and ADLs in stroke 
patients.
	 The greater improvements in upper extremity 
function seen in the EG (Table 5) may be attributed to the 
combination of highly repetitive, intensive movements 
provided by distal RT and the goal-directed, task-specific 
nature of the TOT. Repetition and intensity are crucial for 
promoting neuroplasticity and motor learning, which are 
key components of post-stroke recovery.7 The Gloreha 
Sinfonia facilitates repetitive hand and finger movements 
and provides dynamic support that enables initiation of 
proximal upper extremity motion against gravity-enhancing 
the functional execution of training tasks. Additionally, 
engaging patients in real-life activities, such as drinking 
water from a bottle, folding fabric, using a fork and spoon 
for eating, using scissors, and opening/closing a book, 
likely enhanced patient engagement and facilitated the 
application of motor gains to everyday tasks.38 These 
findings align with those of Shi et al.,40 which demonstrate 
that distal RT provides practical assistance for stroke 
patients, enabling them to perform training tasks more 
independently and intensively. This leads to improvements 
in upper extremity function, with effects that may persist 
for at least three months post-training. Although the 
selected activities were not fully client-centered due 
to technical limitations of the robotic device, including 
finger-only assistance, limited hand prehension types, 
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and a fixed glove-to-unit connection length-allowing 
participants to choose three out of five training activities 
provided a sense of autonomy and motivation, fostering 
sustained engagement and motor learning. Furthermore, 
the use of real materials in most activities, along with 
continuous feedback, helped reinforce functional 
movements and replicate real-world demands.39,41 This 
approach aligns motor learning principles by creating 
practical, behaviorally relevant experiences essential for 
skill acquisition, ultimately leading to improved functional 
recovery in this study.
	 The results of this preliminary study suggest that 
combining distal RT with TOT is a feasible and potentially 
effective adjunct to conventional occupational therapy for 
improving upper extremity function in sub-acute stroke 
patients. These findings emphasize the importance of 
incorporating real-life tasks and distal RT into rehabilitation 
programs to enhance motor recovery and functional 
independence. However, further research with larger 
sample sizes is needed to confirm these results.

Limitation
	 The small sample size (N=14) was a limitation of this 
study, potentially contributing to the lack of statistically 
significant between-group differences. Larger studies are 
needed to confirm these findings. Moreover, the lack of 
long-term follow-up data may limit our understanding 
of the sustained effects of the intervention. Additionally, 
variations in stroke severity and patient-specific factors 
such as motivation and cognitive function may have 
influenced the outcomes. 
	 Future research should focus on full-size randomized 
controlled trials to further investigate the effects of 
combining distal RT and TOT. Also, their long-term effects 
should be investigated. Additionally, exploring the impact 
of such interventions on different stroke populations (e.g., 
chronic stroke patients) could provide more comprehensive 
insights. Moreover, future studies should control for 
the total dosage of therapy across comparison groups 
to enable a more accurate assessment of intervention 
effects. Investigating the specific contribution of distal RT 
and TOT compared to conventional task-oriented training 
(TOT) alone would provide further insight into the added 
value of RT.  

Conclusion
	 Although no statistically significant differences in 
mean scores were observed between the EG and CG, the 
significant score changes and medium to high effect sizes 
highlight the potential of combining distal RT with TOT for 
improving upper extremity function in sub-acute stroke 
patients. Further research with larger sample sizes, longer 
follow-up periods, is needed to confirm these finding 
and establish the long-term benefits of robot-assisted 
task-oriented training in stroke rehabilitation. The 
evidence can help therapists develop more effective 
training programs to improve upper limb function in stroke 
patients.
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ABSTRACT

Background: The mortality rate of antimicrobial-resistant infections has increased 
dramatically worldwide due to the increased use of antibiotics. The rise of 
antibiotic-resistant bacteria has highlighted the need to develop novel materials 
with antimicrobial properties, and nanotechnology offers promising prospects for 
the development of new therapeutic approaches. Currently, hybrid nanomaterials 
are interesting alternatives that enhance the physical and antibacterial properties of 
nanomaterials with a large surface area, making them efficient and biocompatible.

Objectives: This study evaluated the antibacterial activity of Au nanoparticle-
decorated ZnO Nanorods (NRs) with different characteristics of Au nanoparticles 
(Au NPs) on the ZnO surface.

Materials and methods: ZnO NRs were grown on a silicon wafer using the  
hydrothermal method, and Au NPs were decorated on the ZnO NRs surface by 
DC magnetron sputtering and high-power impulse magnetron sputtering (HiPIMS) 
techniques for comparison. The physical morphologies and crystallinity of the ZnO 
NRs and Au-nanoparticle-decorated ZnO NRs were investigated by field-emission 
electron microscopy (FE-SEM), transmission electron microscopy (TEM), and X-ray 
diffraction (XRD).

Results: FE-SEM results indicated changes in the physical morphologies of the Au 
NPs on the ZnO NRs. The antibacterial efficacy of the ZnO NRs and Au-decorated 
ZnO NRs against Escherichia coli and Staphylococcus aureus was evaluated under 
UV light irradiation with bacterial concentrations ranging from 100 to 108 CFU/mL 
to assess their inhibitory effects using the plate count technique.

Conclusion: The results demonstrated that the proposed Au-ZnO NRs exhibited a 
significant inhibitory effect on the growth of Escherichia coli indicating the potential  
of Au NPs decorated ZnO NRs as a novel antimicrobial material. Importantly, the 
results highlight the influence of bacterial concentration on the effectiveness 
of Au-ZnO NRs, offering insights for future applications in combating antibiotic- 
resistant bacteria.
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Introduction
	 Antimicrobial resistance (AMR) is an escalating global 
health issue, characterized by the diminishing efficacy of 
antibiotics against bacterial pathogens. This crisis, driven 
by the overuse and misuse of antimicrobial agents, poses 
severe threats to healthcare systems, agriculture, and 
global economy. The World Health Organization (WHO) 
has projected that, by 2050, AMR-related infections 
could result in 10 million deaths annually, surpassing 
cancer and cardiovascular diseases as the leading causes 
of mortality.1,2 The rapid emergence of resistant strains 
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of bacteria, such as Escherichia coli and Staphylococcus 
aureus, underscores the urgent need for innovative 
strategies to manage bacterial infections. Nanotechnology 
offers promising solutions for AMR by leveraging the 
unique properties of nanoscale materials. Zinc oxide 
nanorods (ZnO NRs) are among the most studied 
nanomaterials for their intrinsic antibacterial activity, 
which is attributed to the generation of reactive oxygen 
species (ROS) and the release of zinc ions that disrupt 
bacterial membranes and DNA.3 Hybrid nanostructures, 
such as gold nanoparticle (AuNP)-decorated ZnO NRs, 
have shown synergistic effects that enhance antimicrobial 
efficacy.4 The addition of AuNPs amplifies ROS production 
through plasmonic effects and provides additional 
antibacterial mechanisms, such as ion release and 
physical damage to bacterial cell walls.5 Recent studies 
have explored various synthesis techniques for Au-ZnO 
hybrid nanomaterials. Among these, sputtering methods, 
including direct current magnetron sputtering (DCMS) 
and high-power impulse magnetron sputtering (HIPIMS), 
have been widely used because of their ability to produce 
uniform coatings and control particle size.6 HIPIMS, in 
particular, offers high-energy pulsed deposition, resulting 
in superior nanoparticle distribution and enhanced 
antibacterial properties compared to traditional methods. 
Despite these advancements, the comparative efficacy 
of Au-ZnO NRs fabricated by DCMS and HIPIMS remains 
underexplored, particularly in terms of their performance 
against clinically relevant pathogens, such as E. coli and S. 
aureus.7 While significant progress has been made in 
developing ZnO-based nanostructures, several gaps 
remain.8 The influence of fabrication techniques on the 
physical, chemical, and antibacterial properties of Au-ZnO 
NRs is not fully understood. Furthermore, there is limited 
knowledge of the optimal conditions for enhancing the 
performance of these materials under UVA light exposure, 
which is a critical factor in their potential applications in 
healthcare and environmental settings. Addressing these 
gaps is essential for advancing the practical use of hybrid 
nanomaterials to combat AMR.
	 This study aimed to investigate the preparation and 
antibacterial efficacy of Au-decorated ZnO NRs fabricated 
using the DCMS and HIPIMS techniques. The specific 
objectives were 1) to compare the physical and structural 
properties of Au-ZnO NRs synthesized using DCMS and 
HIPIMS, 2) to evaluate their antibacterial performance 
against E. coli and S. aureus under UVA exposure, and 
3) to identify the production conditions that maximize 
antibacterial efficacy. The significance of this study lies 
in its potential to provide a scientific basis for optimizing 
the design and production of hybrid nanomaterials. By 
addressing the challenges associated with AMR, this study 
contributes to the development of effective antimicrobial 

agents that can be integrated into medical devices, water 
treatment systems, and other critical applications.

Materials and methods 
Materials
	 The bacterial strains used in this study were Escherichia 
coli (ATCC 25922) and Staphylococcus aureus (ATCC 
29213). The culture medium used for bacterial growth 
and experimentation consisted of Nutrient Broth (NB; 
Difco, USA) and Nutrient Agar (NA; Oxoid, UK). Reagents 
and solutions included Normal Saline Solution (0.9% NaCl; 
Sigma-Aldrich, USA) and the McFarland Standard 0.5 (0.5; 
Remel, USA) for bacterial standardization. The equipment 
used included a UV-A light source (220 W; Philips, 
Netherlands), an incubator set at 37 °C (Thermo Fisher 
Scientific, USA), a densitometer DEN-2 model (Biosan, 
Latvia) for turbidity measurement, and a plate counter for 
bacterial colony enumeration. Zinc nitrate hexahydrate 
(Zn (NO3)2 · 6H2O, 98%) was purchased from Laboratory 
Reagent & Fine Chemical (LOBA Chemie). HMTA (C6H12N4, 
≥99.0%) was purchased from Sigma-Aldrich (St. Louis, MO, 
USA). A Zn sputtering target (2-inch diameter and 99.99 % 
purity) was purchased from Kurt J. Lesker (Pennsylvania, 
USA). A gold (Au) sputtering target (2-inch diameter and 
96.5% purity) was obtained from Siam Gold Gallery Co., 
Ltd. (Thailand). 

Preparation of the Au nanoparticles-decorated ZnO NRs
	 Au-decorated ZnO nanorods were fabricated using 
a multistep process, as illustrated in Figure 1. First, 100 
nm ZnO films on 2×4 cm² n-type silicon (100) wafers were 
used as base substrates. These films were prepared via DC 
magnetron sputtering using a Zn target operated at 100 
W with argon and oxygen flow rates of 20 and 40 sccm, 
respectively. Next, the base substrates were immersed 
in a mixed solution of zinc nitrate hexahydrate and 
HMTA at a 1:1 ratio in 200 ml of deionized (DI) water at a 
concentration of 10 mM. For the hydrothermal synthesis, 
the solution-containing substrates were transferred to an 
autoclave set at 90 °C for 4 hrs. The hydrothermally grown 
ZnO NRs arrays were carefully removed, rinsed, and dried 
under ambient air. Finally, the prepared ZnO NR templates 
were decorated with Au nanoparticles using pulsed DC 
magnetron sputtering (DCMS) at 100 W, 5 mTorr operating 
pressure, and a 20 sccm argon flow rate for deposition 
times of 15 sec and 60 sec. High-power impulse magnetron 
sputtering (HiPIMS) was employed, with a pulse width of 
100 μs, frequency of 700 Hz, 5 mTorr operating pressure, 
and 20 sccm argon flow rate for deposition times of 15 
sec and 60 sec (AJA International, Inc.; ATC 2000-F). In this 
study, Au NPs were decorated on ZnO NR surfaces using 
a comparative DCMS and HiPIMS approach to investigate 
their antibacterial activity.
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Figure 1. Preparation procedure for design of Au-nanoparticles decorated ZnO nanorods.

Characterization of the Au nanoparticles -decorated ZnO 
nanorods
	 The physical morphologies of the fabricated samples 
were analyzed using field-emission scanning electron 
microscopy (FE-SEM; Hitachi High Tech; SU8030) at an 
accelerating voltage of 10 kV. Top-view and cross-sectional 
FE-SEM images were captured for both the ZnO NRs and 
Au-nanoparticle decorated ZnO NRs, with measurements 
such as diameter and height taken at up to 50 positions 
for each sample. The crystallinity of the ZnO NRs and Au-
decorated ZnO NRs was investigated using X-ray diffraction 
(XRD). Further analyses of the physical morphologies and 
elemental/compound compositions were performed on 
a single Au-decorated ZnO NRs sample. These nanorods 
were carefully scraped onto copper grids and examined 
using a transmission electron microscope (TEM; JEOL, JEM-
2100 Plus) operated at an accelerating voltage of 200 kV. 
Additionally, Energy-dispersive X-ray spectroscopy (EDS) 
was performed to map the elemental distribution of Au, 
Zn, and O. Finally, high-resolution TEM (HR-TEM) imaging 
and selected area electron diffraction (SAED) were carried 
out specifically on the topmost and central regions of the 
selected Au-decorated ZnO nanorods. 

Antibacterial Test
	 The antibacterial activity of the Au-decorated ZnO 
nanorods (Au-ZnO NRs) was evaluated against Escherichia 
coli and Staphylococcus aureus under UV-A exposure. 
Both bacterial strains were first cultured in 3mL of Nutrient 
Broth (NB) at 37 °C with shaking at 150 rpm for 18-24 hrs 
to reach the exponential growth phase. The bacterial 
suspensions were then standardized to the McFarland 
0.5 turbidity standard, corresponding to approximately 
1.5×10⁸ CFU/mL, using a densitometer. Serial dilutions 
were subsequently performed using sterile saline or NB 
to achieve bacterial concentrations ranging from 10 CFU/mL 
to 10 CFU/mL. For antibacterial testing, sterilized Au-
ZnO NR samples were placed in sterile Petri dishes (five 
samples per dish), and 100µL of bacterial suspension 
was applied to each sample. The dishes were exposed to 
UV-A light (220 W) for 1 hr at a fixed distance to ensure 
consistent irradiation. Control groups containing bacterial 
suspensions without nanorods were subjected to the 
same UV-A exposure conditions. After treatment, all 

samples were incubated at 37 °C for 18–24 hrs to allow the 
surviving bacteria to form visible colonies. The number of 
colony-forming units (CFUs) was counted using the plate 
count method, and antibacterial efficacy was determined 
by calculating the Killing Rate using the following formula:

Killing rate (%)=[(CFU_control − CFU_treated) / CFU_control] × 100.

Statistical analysis
	 The experimental results are expressed as the mean 
± standard deviation. Statistical significance was analyzed 
using one-way ANOVA, followed by post-hoc tests to 
compare multiple groups. Statistical significance was set 
at p<0.05. All experiments were performed in triplicate to 
ensure reproducibility and minimize variability.

Results
	 Figure 2A presents the top-view and cross-sectional 
FE-SEM images of the ZnO NRs and Au-decorated ZnO 
NRs, along with histograms illustrating the distribution of 
the NR diameters and lengths measured from a sample 
size of  2 mm2. Figure 2B displays the Gaussian-fitted 
distributions of (i) the diameters and (ii) lengths of the ZnO 
NRs and Au-decorated ZnO NRs. The average diameter 
was approximately 120 nm, with a standard deviation (SD) 
of 30 nm, while the average length was approximately 
2,221 nm, with an SD of 46 nm. Figure 3A clearly shows 
the morphology of the Au nanoparticles deposited 
on the surface of the ZnO NRs. Figure 3B Additionally, 
after Au deposition, the samples were examined using 
X-ray diffraction (XRD) to confirm the presence of Au 
nanoparticles on the ZnO NR surfaces. The XRD patterns of  
the ZnO NRs exhibited diffraction peaks corresponding to 
the wurtzite structure, with prominent peaks observed at 
34.8°, 45.7°, and 63.2°, which were indexed to the (002), 
(102), and (103) planes of ZnO, respectively. (JCPDS card 
No. 01-070-8072).
	 After Au decoration, an additional diffraction 
peak appeared at 38.272°, corresponding to the (111) 
crystallographic plane of face-centered cubic (FCC) Au 
(JCPDS card No. 04-004-8456), confirming the successful 
deposition of Au nanoparticles. This result indicates that 
the Au nanoparticles exhibit a strong preferential (111) 
orientation,4,9-11 suggesting a highly ordered and textured 
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Figure 2. Morphological and dimensional characterization of ASD-ZnO nanorods (NRs). A: FE-SEM image showing the 
physical morphologies of ASD-ZnO NRs, B: corresponding distribution plots of the diameter (pink) and length (blue) of the 
ZnO NRs templates.

Figure 3. Surface morphology and crystal structure of Au-decorated ZnO nanorods (NRs) prepared by DCMS and HiPIMS 
techniques. A: FE-SEM images showing the surface morphologies of Au-decorated ZnO NRs fabricated using DCMS and 
HiPIMS techniques at different Au deposition times (15 and 60 sec). Distinct differences in the distribution of Au nanoparticles 
were clearly observed. Red, blue, pink, and green text annotations indicate DCMS-Au 15 sec/ZnO NRs, DCMS-Au 60 sec/
ZnO NRs, HiPIMS-Au 15 sec/ZnO NRs, and HiPIMS-Au 60 sec/ZnO NRs, respectively, B: XRD patterns of ZnO NRs and Au-
decorated ZnO NRs prepared using the DCMS and HiPIMS techniques are shown. The gray line corresponds to the ZnO 
NRs, with diffraction peaks at 34.8°, 45.7°, and 63.2°. After Au deposition, an additional diffraction peak was observed at 
38.272°. Red, blue, pink, and green lines represent the DCMS-Au 15 sec/ZnO NRs, DCMS-Au 60 sec/ZnO NRs, HIPIMS-Au 15 
sec/ZnO NRs, and HIPIMS-Au 60 sec/ZnO NRs, respectively.
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structure. The preferential (111) growth of Au is expected 
to enhance the surface reactivity of Au-ZnO NRs. 
	 To provide clearer evidence of how the gold 
nanoparticle morphology on the ZnO NRs surface varies 
with different deposition times (15 and 60 sec) and to 
support a more robust structural interpretation, we 
have included additional analysis beyond the FE-SEM 
images shown in Figure 3a), which has limitations and 
does not clearly reveal the presence or distribution of 
gold on the ZnO surface. Additional TEM images of the 
DCMS-Au 15 sec/ZnO NRs and DCMS-Au 60 sec/ZnO NRs 
samples are shown in Figure 4. Figure 4A illustrates the 
morphology of the Au-decorated ZnO nanorods after 15 sec 
of gold deposition, in which discrete Au nanoparticles 
were uniformly distributed over the nanorod surface. In 
contrast, Figure 4B (60 sec deposition) clearly shows a 
significant coalescence of Au nanoparticles, forming a 
continuous on the nanorod surfaces.
	 Furthermore, high-magnification TEM images at 
1,000,000×, shown in Figure 4A and 4B for DCMS-Au 15 
sec/ZnO NRs and DCMS-Au 60 sec/ZnO NRs, respectively, 
clearly reveal the crystalline structure of the AuNPs 
deposited on the ZnO NRs. In particular, the inset (i) 
displays distinct lattice fringes corresponding to the gold 
crystallites. These observations were further supported 
by elemental analysis via EDX mapping. As shown in 
Figure 5A, for the 15 sec Au-deposited sample, EDX 
elemental maps clearly illustrate the spatial distribution of 
gold (red; l), oxygen (blue; m), and zinc (green; n). Gold 
nanoparticles were observed as discrete, well-dispersed 
spots on the ZnO NR surfaces, consistent with the particle-

like morphology observed in the corresponding TEM inset 
(i). In contrast, Figure 5B shows a significant morphological 
transformation for the 60 sec Au-deposited sample. The 
EDX map reveals a continuous gold (red; l) film covering 
the ZnO nanorod surfaces, as corroborated by inset (i) of 
the TEM image. This indicates substantial nanoparticle 
coalescence and film formation as a function of increased 
deposition time. These results confirm the morphological 
transition of Au as a function of deposition time.
	 The antibacterial efficacies of ZnO NRs and Au-ZnO 
NRs were evaluated. From figure 6A the antibacterial 
performance of ZnO NRs and Au-ZnO NRs was assessed 
against Escherichia coli at an initial concentration of 10⁶ 
CFU/mL under UV-A exposure for 1 hr. The results revealed 
significant variations in bacterial inhibition depending 
on sputtering technique and deposition duration. ASD-
ZnO NRs exhibited the lowest antibacterial efficiency 
(Figure 6B), with a killing rate of 26.64%, indicating 
limited antibacterial activity. In contrast, Au-ZnO NRs 
demonstrated enhanced antibacterial efficacy. Among 
the samples, the HiPIMS-Au 15 sec condition achieved 
the highest bacterial reduction of 99.62%, highlighting 
the superior antibacterial effect of the HiPIMS sputtering. 
Other Au-decorated samples, such as HiPIMS-Au 60 sec 
(89.62%), DCMS-Au 15 sec (85.69%), and DCMS-Au 60 
sec (84.93%), also exhibited significant bacterial reduction 
compared to the control. These findings indicate that both 
the sputtering technique and the deposition duration play 
crucial roles in determining the antibacterial efficacy of 
Au-ZnO NRs.

Figure 4. High-resolution TEM images of a single Au-decorated ZnO nanorod fabricated using DCMS at two deposition 
times. A: 15 sec, B: 60 sec, i: insets clearly show lattice fringes corresponding to crystalline Au, confirming the presence of 
AuNPs on ZnO NRs.
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Figure 5. EDX elemental mapping of a single Au-decorated ZnO nanorod. A: DCMS-Au 15 sec; B: DCMS-Au 60 sec. The 
elemental distributions of Au (red, l), O (blue, m), and Zn (green, n) are presented. For the 15 sec sample, Au appears 
as dispersed nanoparticles on the ZnO nanorods, as shown in Figure 5A (i, j), whereas for the 60 sec sample, Au forms a 
continuous film coating the nanorods, as shown as Figure 5B (I, j).
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Figure 6. Comparative antibacterial efficacy of ZnO nanorods and Au-decorated ZnO nanorods fabricated by DCMS and 
HiPIMS techniques under UV-A exposure. A: antibacterial efficacy of ZnO and Au-ZnO NRs was evaluated against Escherichia 
coli at a concentration of 10⁶ CFU/mL under UV-A exposure for 1 hr. The results demonstrate significant variations in 
antibacterial activity based on the sputtering technique and duration. B: antibacterial killing rate of ZnO NRs and Au-ZnO 
NRs against Escherichia coli under UV-A exposure.



S. Kalasung et al.  Journal of Associated Medical Sciences 2025; 58(3): 173-183180

Discussion
	 Figure 2A shows significant changes in the physical 
morphology of the NRs before and after the Au decoration 
process. The ZnO NRs exhibited a hexagonal structure with 
uniform distribution across the surface of the sample. As 
shown in Figure 3A, at a deposition time of 15 sec, the 
Au nanoparticles appeared as small, isolated particles. 
When the deposition time was increased to 60 sec, the 
Au nanoparticles formed an island-like structure that 
covered the entire surface of the NRs. The FE-SEM and 
TEM images clearly show the presence of Au nanoparticles 
coated on the ZnO NRs, compared to the FE-SEM images 
before Au deposition, as shown in Figure 2A and Figure 4, 
respectively. Figure 3B  clearly shows a strong peak (002), 
which corresponds to the preferred ZnO growth direction 
along the c-axis. The other diffraction peak at 38.2°, 
corresponding to the (111) plane, was indexed as Au. From 
the antibacterial efficacy testing of the ZnO NRs and Au-
ZnO NRs, the untreated control samples exhibited dense 
bacterial colonies, indicating no reduction in bacterial 
growth (Figure 6a, top left). This confirmed that UV-A 
exposure alone did not significantly inhibit bacterial 
survival. ASD-ZnO NRs (Pure ZnO):  The ZnO NRs without 
Au decoration showed limited antibacterial activity, 
achieving a killing rate of 26.64% (Figure 6B). 
	 This reflects the inherent but insufficient antibacterial 
properties of ZnO, which can generate reactive oxygen 
species (ROS), but not at levels sufficient to eradicate high 
bacterial loads. DCMS-decorated Au-ZnO NRs: Au-ZnO NRs 
prepared via DCMS sputtering for 15 sec demonstrated a 
killing rate of 85.69% (Figure 6A), top middle, and Figure 6B, 
representing a significant enhancement compared with 
pure ZnO NRs. Extending the sputtering time to 60 sec 
yielded a slightly lower killing rate of 84.93%, possibly 
because of nanoparticle aggregation, which reduced the 
effective surface area for bacterial interaction and ROS 
generation. This hypothesis is strongly supported by the 
high-resolution TEM and EDX mapping analyses presented 
in Figures 4 Figure 5 illustrates the morphology of Au-
decorated ZnO NRs after 15 sec of gold deposition, where 
discrete Au nanoparticles are uniformly distributed across 
the NR surface. In contrast, Figure 4B (60 sec deposition) 
clearly reveals significant nanoparticle coalescence, 
resulting in a continuous film-like coverage of Au on 
the ZnO surface. This morphological transformation 
can be explained by the classical nucleation and growth 
theory. At shorter deposition times, the limited atomic 
flux and surface diffusion favor the formation of discrete 
nanoclusters. As the deposition time increased, the surface 
accumulated Au atoms, enhancing surface diffusion and 
promoting coalescence through grain-boundary migration 
mechanisms. This results in larger aggregates or film-
like structures that reduce the specific surface area and 
limit effective bacterium-nanomaterial interactions. 
Furthermore, EDX elemental mapping supported this 
observation. For the 15 sec, sample gold was clearly seen 
as isolated (Figure 5A), well-dispersed nanoparticles, while 
the 60 sec sample (Figure 5B) revealed a near-continuous 
gold layer enveloping the ZnO nanorods. These findings 

provide quantitative and visual confirmation that extended 
deposition time promotes nanoparticle aggregation, 
which, in turn, diminishes antibacterial efficacy. 
	 Taken together, the TEM and EDX mapping data 
corroborate the observed decline in the bacterial killing 
rate at 60 sec and validate the mechanistic hypothesis that 
nanoparticle aggregation negatively impacts antibacterial 
performance.
	 HIPIMS-decorated Au-ZnO NRs: HiPIMS sputtering 
for 15 sec achieved the highest antibacterial efficacy, with 
a killing rate of 99.62% (Figure 6A), top right, and Figure 
6B). This indicated nearly complete bacterial eradication. 
HiPIMS sputtering for 60 sec resulted in a killing rate 
of 89.62% (Figure 6B), which, although lower than 
the 15 sec HiPIMS treatment, still outperformed both 
DCMS samples. These results highlight the critical role 
of sputtering technique and duration in determining the 
antibacterial efficacy of Au-ZnO NRs. HiPIMS-decorated 
samples consistently outperformed DCMS samples, likely 
due to the pulsed plasma’s ability to deposit smaller, well-
distributed Au nanoparticles, and the high energy from 
the HIPIMS power source enabled the Au nanoparticles to 
sputter onto the surface and adhere well to the ZnO NRs 
surface.8

	 To further elaborate on the advantages of HiPIMS 
over DCMS techniques, HiPIMS generates high peak 
power densities, resulting in the creation of plasma with 
a significantly higher ionization fraction compared to 
conventional DCMS. In HiPIMS, the plasma contains a larger 
proportion of ionized species (30-70%) than neutral atoms, 
enabling better energy transfer to the target material. 
Consequently, the ejected particles possessed higher 
kinetic energy, leading to the deposition of smaller, more 
uniformly distributed nanoparticles with strong adhesion 
to the ZnO nanorod surfaces. In contrast, DCMS produces 
a lower plasma density and a predominance of neutral 
atoms, resulting in the formation of larger nanoparticles 
with a less uniform distribution and weaker adhesion 
to the substrate. The smaller particle size and superior 
dispersion achieved by HiPIMS increased the surface area 
available for bacterial interactions and facilitated greater 
generation of reactive oxygen species (ROS) under UVA 
light exposure, thereby enhancing antibacterial efficacy. 
Furthermore, the stronger adhesion provided by the 
HiPIMS deposition ensures greater durability of the 
antibacterial coating during practical applications. These 
mechanisms collectively explain the superior antibacterial 
performance observed for the HiPIMS-Au 15sec/ZnO NRs 
compared to that of the DCMS-decorated samples. This 
observation is consistent with previous reports, which 
demonstrated that HiPIMS techniques yield denser, 
smoother, and more functional nanostructured films than 
DCMS approaches.9,10,12,

	 This significantly improves the performance, as the 
nanoparticles work synergistically with ZnO to enhance 
ROS generation under UV-A light and disrupt bacterial cell 
membranes through additional mechanisms, such as ion 
release. The superior performance of HiPIMS Au-ZnO NRs, 
particularly with a sputtering duration of 15 sec, underscores 



S. Kalasung et al.  Journal of Associated Medical Sciences 2025; 58(3): 173-183 181

their potential as effective antibacterial agents.13 These 
findings suggest that optimizing sputtering conditions can 
n not only improve antibacterial efficacy, but also reduce 
material and production costs, making them suitable 
for applications in healthcare, water purification, and 
environmental remediation.
	 In this study, the antibacterial activity of samples 
exposed to UV-A was evaluated. Future studies should 
investigate the efficacy of these materials under other 
irradiation conditions. However, the experimental data 
demonstrated that the use of ZnO NRs, including those 
decorated with Au nanoparticles, via both DCMS and 
HiPIMS methods did not result in a significant reduction 
in S. aureus colonies (Supplementary data). Despite UV-A 
exposure, the nanorods did not effectively inhibit the 
growth of S. aureus. This suggests that the antibacterial 
properties observed in E. coli may not extend to S. aureus
under the tested conditions, indicating a potential 
limitation in the effectiveness of Au-decorated ZnO NRs 
against this specific bacterial strain.14

	 These results indicated that additional modifications 
or alternative approaches may be necessary to achieve 
effective antibacterial activity against S. aureus. Future 
studies should explore the long-term stability and 
reusability of the HiPIMS-Au-ZnO NRs in real-world 
applications. Further investigation is warranted to 
examine the effects of Au nanoparticle size, shape, and 
distribution on antibacterial performance. Additionally, 
the development of scalable and cost-effective fabrication 
techniques for HiPIMS-decorated nanomaterials is 
recommended.

Limitation
	 This study was limited to E. coli. Expanding the scope 
to include other bacterial species, especially multi-drug-
resistant strains, is essential.

Conclusion
	 The antibacterial efficacy of ZnO NRs decorated 
with Au nanoparticles was tested against Escherichia coli 
have successfully achieved at 106 CFU/mL under UVA 
exposure for 1 hr. Untreated controls showed dense 
bacterial growth. ASD-ZnO NRs displayed limited activity, 
with a killing rate of 26.64%. Au decoration via DCMS for 
15 sec and 60 sec achieved moderate antibacterial effects 
(85.69% and 84.93% killing rates, respectively). HiPIMS for 
15 sec showed the highest efficacy with a 99.62% killing 
rate, followed by HiPIMS for 60 sec at 89.62%. 
	 These results highlight the enhanced antibacterial 
activity of Au-decorated ZnO NRs, especially with 
HiPIMS for 15 sec. Au decoration significantly enhanced 
the antibacterial efficacy of the ZnO NRs, with HiPIMS 
sputtering at 15 sec providing the highest performance. 
These results highlight the potential of Au-ZnO NRs as 
innovative solutions for combating bacterial infections, 
particularly in the context of antimicrobial resistance. 
Further studies should explore scalability, long-term 
stability, and efficacy against a broader spectrum of 
pathogens to facilitate their practical application.
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Supplementary Data

	 The antibacterial efficacy of ZnO nanorods (ZnO NRs) and gold-decorated ZnO nanorods (Au-ZnO NRs) was evaluated 
against Staphylococcus aureus at a concentration of 106 CFU/mL under UV-A exposure for 1 hr. The results showed no 
significant differences in antibacterial activity against Staphylococcus aureus among the control group, ZnO NRs, and Au-
decorated ZnO NRs, regardless of the sputtering technique or duration.
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ABSTRACT

 Background: An efficient strategy for an ageing population is to promote a healthy 
lifestyle that emphasizes improving and preserving functional capabilities to support 
the well-being of older people. From an occupational therapy perspective, one must 
consider the interests and needs of older people when analyzing their activities, 
as these factors influence improving their personal skills. 

Objective: This study aimed to examine the levels of active ageing and the specific 
areas of interest among older people participating in community groups within 
Nongpakang Village, Chiang Mai, Thailand.

Materials and methods: This research study involved thirty older people aged 
60 years and above, all determined to have no cognitive impairments based on 
assessments conducted using the Mental State Examination T10 (MSET10). The 
study employed a cross-sectional survey to examine participants’ levels of active 
ageing and their interest in various activities. Data was collected through structured 
interview-based questionnaires, ensuring a comprehensive assessment of these 
factors.

Results: The findings indicate a high level of active ageing among older people, 
as reflected in the Active Ageing Index (AAI) score of 0.94. Participants’ interest in 
activities was categorized into five domains: manual skills, physical sports, activities 
of daily living (ADLs), educational and cultural activities, and social recreation. 
Among these categories, most participants demonstrated a strong preference for 
ADL and social recreation. Conversely, engagement in handicraft-related activities 
and manual skills was relatively low, suggesting limited interest in these domains.

Conclusion: The study revealed that the mean score within this AAI group was notably 
high, indicating a strong level of active ageing among participants. Furthermore, 
the findings suggest that older people exhibit diverse interests in activities, which 
vary according to their backgrounds. A comprehensive understanding of these 
interests can enhance therapeutic interventions, fostering meaningful participation 
in everyday activities and promoting overall well-being.
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Introduction
	 The ageing population represents a global phenomenon. 
Nearly all developed countries are currently undergoing 
demographic ageing, while many developing countries are 
observing a rapid rise in their ageing populations. In 2005, 
Thailand moved into an ageing society, as individuals aged 
60 or older established 10% of the nation’s population. 
Thailand became a completely aged society in 2023.1 As 
people age, the probability of dealing with health problems 
and degenerative conditions increases.2 Consequently, 
older people could burden their families, communities, 
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and society. This will affect the quality of life for older 
people and result in a strengthened burden on Thai society. 
In 2002, the World Health Organization (WHO) introduced 
the idea of active ageing to address the increasing 
population of older people. The objective is to maintain 
the active engagement of older people in society, enabling 
ongoing access to healthcare, social participation, and 
security.3 The United Nations Development Programme 
(UNDP) 2005 categorized the active ageing levels into 
high, moderate, and low classifications.4

	 The Thai government has acknowledged the 
importance of addressing the ageing population by 
launching numerous significant projects to enhance 
engagement across all societal strata. The execution of 
policies that promote and support active ageing in the 
elderly depends on the cooperation of all sectors. In 2017, 
the National Statistical Office (NSO) of Thailand introduced 
the active ageing concept, integrating a new element 
known as the enabling environment for active ageing 
to evaluate the active ageing status of Thai elders in the 
Thai context. The findings indicated a moderate level of 
active ageing, with older individuals in Northern Thailand 
exhibiting the highest levels compared to other regions.5 
The different levels of active ageing reflect the health 
status and quality of life of older people based on the four 
parts of the AAI. The concept of active ageing is complex, 
encompassing health indicators and social, environmental, 
and economic dimensions, which differ among contextual 
and cultural perspectives, requiring careful consideration. 
Consequently, it is essential to examine active ageing in 
every component. Promoting proactive planning and 
strategic preparation for ageing among older people 
profoundly impacts their overall quality of life and level 
of independence. By fostering awareness and encouraging 
engagement in anticipatory strategies, individuals are 
better equipped to navigate the physical, psychological, 
and social changes associated with ageing. This approach 
supports sustained autonomy and enhances well-being, 
enabling older people to participate actively in daily 
activities and social interactions.
	 Occupational therapy (OT) highlights its significance 
in promoting physical and mental well-being in older 
people. OT is crucial in helping seniors maintain their 
independence and improve their daily living skills. The 
independence of older people influences the value 
and quality of life. In the geriatric field, occupational 
therapy focuses on promoting health and well-being 
and promoting participation in meaningful activities 
for older people.6 Moreover, occupational therapy 
emphasizes a client-centered approach that prioritizes 
everyone’s desires and needs, particularly their interests 
in performing activities. Occupational therapists analyze 
older people’s interests and values in their occupation 
and help them discover abilities, interests, and skills based 
on their existing experiences.7 However, when providing 
rehabilitation and health promotion intervention for older 
people, the context must also be considered because it 
will affect motivation to perform activities. Occupation 
is unique and tailored to everyone’s older people, which 

will reflect the ability and the uniqueness of that person.8 
The ability of older people to perform activities depends 
on their interest in each one. If older people can perform 
activities they are interested in, it will help them fulfill 
their life roles. The interests of older people are different 
for each age. Therefore, the survey of older people’s 
interests reflects their lifestyle preferences. This will lead 
to promoting and advising older people about maintaining 
or adjusting their lifestyle appropriately according to their age.  
	 Ageing relates directly to health problems in terms 
of physical health, mental well-being, and functional 
ability.9 The importance of promoting active ageing in older 
people relates to performing various activities efficiently. 
Supporting older people at different levels of age should suit 
everyone’s abilities. Occupational therapists must focus on 
helping older people engage in activities that align with their 
interests, which will contribute to developing their skills. 
This study aimed to investigate the levels of active ageing 
and the activity interests of older people who are members 
of the Senior Activity and Service Center of Nongpakrang 
Subdistrict Municipality, Mueang District, Chiang Mai, 
Thailand. By focusing on this specific population, the 
research aims to provide valuable insights into their ageing 
experiences and preferences, thereby contributing to the 
development of tailored programs and interventions that 
support their well-being and active engagement. 

Materials and methods
﻿Study Design
	 This study was a cross-sectional survey of older 
people that provided data on the active ageing level and 
interest in activities in a study area.

Study Setting and Participants
	 The study setting was a Nongpakang village in 
Chiang Mai, Thailand. The participants were 30 older 
people who attended community groups in Chiang 
Mai. The inclusion criteria were being 60 years or older, 
being voluntary participants in the study, and being 
cooperative in understanding the questionnaire. The 
exclusion criterion was cognitive deficit found by using 
the MSET10 (scored according to the participant’s 
education).10 All of the participants gave their informed 
consent to take part in this study.

Data Collection
	 The data were collected between August and November 
2023. Researchers visited the community to explain the 
study’s objectives and obtained informed consent from all 
participants. Socio-demographic and cognitive data were 
gathered using the MSET10 screening tool. Active ageing 
levels were assessed with the AAI,11 which comprises four 
equally weighted components: health, social participation, 
security, and an enabling environment for active ageing. 
Interview-based questionnaires were administered to 
explore participants’ interests in daily and meaningful 
activities.12 The questionnaire contained 36 items across 
five domains, including manual skills, educational and 
cultural activities, physical sports, activities of daily living 
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(ADL), and social recreation. The tool had undergone 
content validity testing and demonstrated high internal 
consistency (Cronbach’s alpha=0.91). Interviews were 
conducted individually in a private setting at the 
community center.

Data Analysis
	 Socio-demographic characteristics were analyzed 
using frequencies and percentages. AAI scores and activity 
interest scores were examined using means and standard 
deviations. The AAI was calculated as a weighted average 
of four components: health, participation, security, and 
an enabling environment for active ageing. Scores ranged 
from 0 to 1 and were categorized as low (0.000-0.499), 
moderate (0.500-0.799), and high (0.800-1.000).

Results
	 A total of 30 older people agreed to participate 
in this study. The results were divided into three parts: 
socio-demographic characteristics of participants, AAI, 
and interests in activities as follows.

Socio-demographic characteristics of participants
	 The socio-demographic characteristics of the study 
participants are outlined in Table 1, providing a detailed 
overview of their profiles. Most participants identified as 
Buddhists (96.67%), with a smaller proportion identifying as 
Christians (3.33%). Regarding gender distribution, females 
constituted a significantly larger percentage than males 
(83.33% and 16.67%, respectively). Participants’ ages ranged 
from 60 to over 80 years, with the largest age group being 70-
74 (33.33%). Marital status data revealed equal proportions 
of married and widowed individuals (46.67% each), while 
single participants represented a smaller group (6.67%). 
Educational attainment varied among participants, with 
36.67% having completed less than high school, 26.67% being 
high school graduates, 33.34% having obtained a bachelor’s 
degree, and 3.33% reporting some college education. 
Employment status showed that 53.33% of participants were 
actively working, while 46.67% were not employed during 
the study. Additionally, most participants (76.67%) lived in 
single-parent families, whereas 23.33% resided in extended-
family households.

Table 1. Socio-demographic characteristics of participants (N=30).
Characteristics N %
Gender

Male
Female

5
25

16.67
83.33

Age (years)
60-64
65-69
70-74
75-79
>80

3
8

10
7
2

10.00
26.67
33.33
23.33
6.67

Marital status
Single	
Married	
Widowed 

2
14
14

6.67
46.67
46.67

Education
Less than high school 
High school graduate 
Some college 
College graduate (bachelor’s degree)

11
8
1

10

36.67
26.67
3.33

33.34
Religion

Buddhism
Christian

29
1

96.67
3.33

Current working status
Not working 
Working

14
16

46.67
53.33

Family type
Single parent family 
Extended family

23
7

76.67
23.33

Chronic health conditions
No 
Yes∗

5
25

16.66
83.34

Note: *older people with chronic health conditions include hyperlipidemia, 
heart disease, hypertension, arthritis, and diabetes.
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Active Ageing Levels
	 The characteristics of active ageing among community 
group members are presented in Table 2. The active ageing 
levels were classified based on the AAI. All thirty participants 
demonstrated a high level of active ageing, encompassing 
health, social participation, security, and an enabling 
environment for active ageing. The average AAI score within 
this group was 0.94, reflecting a consistently high level of 
active ageing across participants.

Interest in Activities
	 The activities can be divided into five categories: 
manual skills, physical sport, ADL, educational and cultural 
activities, and social recreation. Most of the participants 
were interested in ADL and social recreation. The activities 
are shown in Table 3.

Table 2. Active ageing Index by dimensions (N=30).
Components Active ageing levels (Mean±SD) Interpretation

High
N (%)

Moderate
N (%)

Low
N (%)

Health 26
(86.67%)

4
(13.33%)

0
(0.00%)

0.884±0.074 High

Social participation 29
(96.67%)

1
(3.33%)

0
(0.00%)

0.956±0.072 High

Security 30
(100.00%)

0
(0.00%)

0
(0.00%)

0.937±0.070 High

Enabling environment for 
active ageing

30
(100.00%)

0
(0.00%)

0
(0.00%)

1.000±0.000 High

Total AAI score 0.944±0.040 High

Table 3. Interest in activity categories (N=30).
Activity category Interested 

N (%)
Not interested 

N (%)
Manual skill 22 (73.33%) 8 (26.67%)
Educational and cultural activities 27 (90.00%) 3 (10.00%)
Physical sport 29 (96.67%) 1 (3.33%)
ADL 30 (100.00%) 0 (0.00%)
Social recreation 30 (100.00%) 0 (0.00%)

	 This study categorizes activities into five distinct 
domains. The manual skills category (5 activities) includes 
tasks requiring technical proficiency and craftsmanship, 
such as sewing, car repair, handicrafts, woodcarving, 
and artistic endeavors like painting and drawing. The 
educational and cultural activities category (2 activities) 
emphasizes intellectual engagement through writing 
and reading, fostering cognitive stimulation and cultural 
appreciation. The physical sports category (3 activities) 
consists of sports participation, cycling, and general 
physical exercise, all contributing to physical well-being 
and mobility. The ADL category (8 activities) encompasses 
essential daily tasks that support independence and 
functionality, including mending clothes, shopping, 
dressing, laundry, house cleaning, cooking, driving, and 
ironing. Lastly, the social recreation category (18 activities) 
covers a diverse range of leisure and communal activities, 
such as gardening, poetry writing, social gatherings, club 
participation, card games, listening to the radio, watching 
television or movies, dancing, visiting others, chess and 
checkers, dominoes and puzzle games, festival-related 

activities, collecting items, singing, baking, religious 
practices, volunteer work, and musical pursuits. These 
categories provide a structured framework for assessing 
participants’ engagement in meaningful activities.

Discussion 
	 The result of AAI is calculated based on four 
components: health, social participation, security, and an 
enabling environment for active ageing. This study utilized 
a small, community-based sample, which may limit 
the generalizability of the findings. The results indicate 
that older individuals attending community groups in 
Nongpakang exhibited a high level of active ageing, with 
an overall mean AAI score of 0.944. These findings are 
consistent with those of Muengmoon13, who reported that 
older adults engaged in community groups demonstrate 
a high level of active ageing. Such results suggest that 
structured community participation plays a significant role 
in promoting well-being and facilitating active ageing.
	 The high AAI scores observed in this study may reflect 
the municipality’s ongoing support for older adults through 
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the development of community centers, health promotion 
initiatives, and skill development programs. Wongsala et 
al. discussed the three pillars of active ageing, emphasizing 
the importance of involving older adults in programs and 
activities specifically designed for them.9 This research 
highlights the significance of access to culturally relevant 
resources and engagement in local daily-life activities as 
essential factors in promoting active ageing. Furthermore, 
previous studies indicate that access to these resources 
empowers older adults to maintain autonomy and social 
inclusion, reinforcing the importance of a supportive 
community environment. ¹⁴ These findings suggest that 
policymakers should continue developing health and 
social policies that align with older adults’ perspectives 
and support their autonomy, participation, and security-
ultimately contributing to an improved quality of life.
	 Regarding activity preferences, older adults 
demonstrated the highest interest levels in ADLs and social 
recreation. ADLs, which encompass fundamental self-care 
tasks, are essential for maintaining independence and 
preventing institutionalization. Limitations in performing 
ADLs can result in adverse outcomes, such as increased 
dependency and a diminished quality of life.¹⁵,¹⁶ Therefore, 
ensuring that older adults retain the ability to perform 
ADLs should be a primary focus of age-related programs. 
Social recreation was also universally valued, likely due to 
its comprehensive benefits for both physical and mental 
health.¹⁷ These activities foster social interaction and 
emotional well-being and help mitigate feelings of loneliness 
and isolation, which are prevalent among older adults.
	 Among the activities examined, manual skills received 
the lowest interest among older adults, with woodcarving 
being the least preferred. Manual skill-based tasks require 
high attention to detail and involve various physical 
abilities, such as manual dexterity, agility, and bodily 
strength. These activities are often perceived as complex 
and time-consuming.¹⁸ In contrast, woodcarving demands 
fine motor skills, hand strength, and endurance, which 
tend to decline with age.19,20 Age-related deteriorations 
in motor function, especially in tasks requiring precision, 
may contribute to the lack of interest in such activities. 
Modifying these tasks to accommodate physical limitations 
or providing assistive tools may enhance engagement 
among older participants.
	 Finally, as highlighted by Punyakaew et al. this study 
examines active ageing levels and time-use patterns 
among elderly individuals in a suburban Thai community.21 
The findings indicate that individuals with higher levels 
of active ageing engage more frequently in leisure and 
social participation. Understanding time allocation among 
healthy elderly individuals is essential for developing 
effective active ageing strategies, as increased leisure 
and social interaction can enhance the quality of life for 
those with moderate and low levels of active ageing. 
Consequently, participation in meaningful daily activities 
fosters a sense of purpose and personal fulfillment 
among older adults. Promoting healthy ageing requires 
a comprehensive approach that integrates medical and 
physical health interventions with robust social and 

psychological support systems. Programs designed to improve 
lifestyle quality through personalized activities-tailored to 
individuals’ physical capabilities and personal interests-may 
mitigate the effects of age-related diseases and support 
ageing with dignity.

Limitations
	 This study has several limitations that should be 
acknowledged. First, the sample was limited to older 
adults attending a community group in Nongpakang 
village, Chiang Mai, Thailand. Consequently, the study did 
not encompass diverse subgroups, such as home-bound 
or bed-bound elders, nor did it account for variations 
across ethnic, racial, or cultural backgrounds. As such, the 
findings cannot be generalized to all older adults in Chiang 
Mai or Thailand. Second, the relatively small sample size 
further limits the generalizability of the results. Future 
research should include a larger and more diverse sample, 
incorporating older adults from various settings, including 
those who are home-bound or bed-bound, and individuals 
from different geographic regions.
	 Another limitation is that while this study explored 
older adults’ interests in activities, it did not examine the 
underlying factors influencing these choices in depth. 
Preliminary findings suggest potential gender differences 
in activity interests. Therefore, future studies should 
investigate demographic and psychosocial factors, such 
as gender, health status, and cultural influences, that may 
shape older adults’ engagement in meaningful activities.
	 These findings underscore the importance of 
considering older adults’ preferences and functional 
capacities when designing and implementing activity 
programs. Occupational therapists and healthcare 
providers can utilize this evidence to develop tailored 
interventions that align with older adults’ needs and 
abilities, enhancing health, well-being, and active ageing 
across diverse populations.

Conclusion
	 This study examined the active ageing levels of older 
adults by assessing the AAI, which ranges from 0 to 1, and 
exploring their interests in activities. The findings indicate 
that older adults participating in community groups in 
Nongpakang village, Chiang Mai, Thailand, exhibited a high 
level of active ageing, with a mean AAI score of 0.94. All 
four AAI components-health, social participation, security, 
and enabling environment-were also at high levels. 
	 Regarding activity preferences, most participants 
expressed strong interest in ADLs and social recreation, 
whereas manual skills, particularly woodcarving, were 
the least favored. These results highlight the diversity of 
activity preferences among older adults and underscore 
the importance of aligning activity programs with their 
capabilities and interests. 
	 These findings suggest that occupational therapists 
and other health professionals should consider older adults’ 
preferences and functional capacities when designing and 
implementing interventions to promote active ageing.
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ABSTRACT

Background: Verbal fluency tests are widely used to assess cognitive function 
in dementia and evaluate word retrieval in stroke, typically within one minute. 
Although extending the test duration improves sensitivity to cognitive decline, 
2-minute data in older Thai adults remain limited.

Objectives: This study aimed to evaluate the performance of older adults in 
Nonthaburi on a 2-minute verbal fluency test across animal, object, and food 
categories, reporting frequently listed words and exploring influential factors such 
as age, gender, and education.

Materials and Methods: This cross-sectional study recruited 147 healthy adults aged 
60-89, categorized into three age groups: 60-69, 70-79, and 80-89. All participants 
were Central Thai speakers, had no history of neurological disorders, scored above 23 
on the Thai Mental State Examination (TMSE), and underwent an oral reading of the 
Noo Jaew Passage and an oral motor examination by speech-language pathologists. 
Participants completed a 2-minute verbal fluency task in three categories: animal, 
object, and food. Responses were transcribed and analyzed using one-way ANOVA, 
independent t-tests, and regression analysis to examine the relationships between 
verbal fluency performance and relevant variables. Inter-rater reliability was assessed 
using the Intraclass Correlation Coefficient (ICC).

Results: Participants had an average age of 70.6 (SD=7.3) years, and 75% were 
females. The average TMSE score was 28.3 (SD=1.5), and the average years of 
education was 13.4 (SD=4.6). The 2-minute test yielded an average of 26.3 (SD=7.0) 
animals, 32.0 (SD=10.2) objects, and 24.2 (SD=7.3) foods. Significant differences were 
found across age groups (p≤0.001), with the 60-69 group outperforming older groups 
in the animal category. Gender influenced performance only in the food category. 
ICC values ranged from 0.982 to 0.997, indicating excellent inter-rater reliability.

Conclusion: This study reported the performance of older Thai adults on a 2-minute 
verbal fluency test, highlighting the effects of age, education, gender, and 
language-specific scoring. Frequently listed words may inform culturally relevant 
assessments and training materials. Future research should investigate alternative 
measures beyond word count to enhance cognitive assessments in clinical settings.
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Introduction
	 Verbal fluency assessments are valuable tools for 
evaluating cognitive impairments associated with stroke 
and dementia. These tests measure the capacity for word 
retrieval in aphasia and cognitive functions, typically 
within one minute. Verbal fluency has two types: semantic 
fluency, which involves listing words that belong to a specific 
category, and phonemic fluency, which requires generating 
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words that begin with a specified letter.1 Phonemic fluency 
tests require literacy skills, whereas semantic fluency 
tests are typically less demanding but can be influenced 
by educational levels.2 Previous studies on the 1-minute 
verbal fluency of Thai adults have reported an average of 
17.3-19.4 words in the animal category,2-5 20.2 words in 
the object category, and 15.0 words in the food category.4 
Expanding beyond the animal category can enhance 
assessment options.4 
	 Thailand has transitioned into an “Aging Society,” with 
19% of its 66 million population, or 13 million individuals, 
aged 60 years or older.6 In Nonthaburi, 20.5% of the residents 
are seniors.6 This aging population is at an increased risk 
for dementia, with a prevalence rate ranging from 2.4% 
in adults over 457 to 3.4-9.9% in those 60 years and 
older in Thailand.8,9 These situations contribute to the 
need for more nuanced cognitive tests. Extending the 
administration time of the verbal fluency test to two minutes 
increases sensitivity to detect cognitive changes associated 
with aging. A longer duration allows for observing declines 
in word retrieval capabilities, offering a more comprehensive 
assessment.10 Individuals with neurodegenerative diseases, 
such as those with amyotrophic lateral sclerosis (ALS), 
produced a significantly lower number of responses 
(p=0.008).11 Cognitive decline is a common issue among 
individuals with various neurological conditions, and having 
a baseline for healthy older adults can facilitate early 
detection and intervention. There is no established data 
on 2-minute verbal fluency performance among older 
adults in Thailand.
	 This study aimed to address this gap by assessing 
performance on a 2-minute verbal fluency test involving 
animal, object, and food categories among older 
Nonthaburi individuals aged 60-69, 70-79, and 80-89. 
This study also aimed to identify factors such as age, 
gender, and education influencing word count. In line with 
previous research, this study hypothesized that verbal 
fluency performance might decline slightly with age, and 
that gender, education, and cognitive status could also 
be possible contributing factors to the number of words 
generated. These insights will assist in interpreting the 
results and planning targeted training. Moreover, the study 
reported frequently listed words by older Thai individuals. 
The collection of these words will help create assessment 
tools and treatment programs for Thai patients.

Materials and methods
	 This study employed a cross-sectional design and was 
reported following the STROBE (Strengthening the Report-
ing of Observational Studies in Epidemiology) guidelines. 
The research involved a group of healthy elderly individu-
als from Nonthaburi, Thailand. The sample size was calcu-
lated using the finite sample proportion method through 
the n4Studies application,12 based on 2019 data from the 
Department of Older Persons, which reported a senior 
population of 239,410 in Nonthaburi.13 The participants 
were organized into age groups: 60-69, 70-79, and 80-89, 
reflecting the demographic distribution.14 The calculated 
sample size was 140, with an additional 5% added for 

potential data loss, resulting in 147 participants. The study 
included 147 participants, with 84 individuals aged 60-69, 
45 aged 70-79, and 18 aged 80-89. Purposive sampling 
was utilized to select participants who were either healthy  
clients or caregivers at the Sirindhorn National Medical 
Rehabilitation Institute and elderly individuals engaged 
in activities at the Center for Older People’s Quality of 
Life in Nonthaburi. Data were collected in person at these 
locations from October 2020 to July 2021. No participants 
withdrew from the study during data collection. 
	 Inclusion and exclusion criteria: the study targeted 
healthy Thai individuals aged between 60 and 89 who 
spoke the Central Thai dialect. Eligibility criteria required 
that participants have no history of cerebral or neurological 
diseases, no severe visual or auditory impairments, and 
the ability to perform daily tasks independently. Participants  
were excluded if their TMSE (Thai Mental State Examination) 
score was ≤23,15 if they demonstrated an inability to read 
or repeat the passage intelligibly, or if they failed the oral 
motor examination.
	 Participants were initially screened for dementia using 
the TMSE.15 Visual and auditory functions were assessed 
by inquiring about any existing impairments and through 
practical tests to confirm their ability to see images and 
read text, which was particularly important during the 
TMSE and while reading the Noo Jaew Passage.16 Auditory 
capabilities were evaluated using a finger-rubbing test17 to 
ensure auditory clarity. The oral reading of the Noo Jaew 
Passage helped assess speech intelligibility; participants 
who were unable to read were asked to repeat the text 
after hearing it from an examiner. Oral motor examinations 
were conducted by speech-language pathologists (SLPs) to 
assess the functionality of speech-related organs.
	 All participants provided written informed consent 
before participating in the study. Screenings and assessments 
were carried out by researchers and speech-language 
pathologists (SLPs), ensuring that only participants with 
clear and intelligible speech were included in the study.
	 Participants were given two minutes per category 
(animal, object, and food) to generate as many words 
as possible without any cues. Categories were randomly 
assigned to avoid bias, and no examples were provided. 
The researchers used neutral nonverbal expressions, such 
as slight smiling or nodding, to encourage appropriate 
responses, without giving any corrective or negative 
feedback. Participants who paused or expressed difficulty  
were gently encouraged to continue. The researchers  
defined “food” as any edible, typically complete dish. Each 
valid and intelligible word within its category was scored 
once. Repeated words, words not in the target language, 
intrusions (words outside the intended category), and 
non-specific terms (e.g., “cooked food,” “fried food,” or 
“fish” without specifying how it was prepared) received 
no points. Variations of words (beginning or ending with 
the same word) were scored up to two times. For instance, 
“noodles” and “fish noodles” would result in a score only 
for “fish noodles.” Similarly, “fried chicken,” “fried fish,” 
and “fried meat” would collectively score only twice.  
Synonyms such as “dog” and “canine” (or “สุนุัขั” and “หมา” 
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in Thai) or “TV” and “television” (or “ทีวีี”ี and “โทรทัศัน์์” in 
Thai) were counted once.

Data analysis
	 The researchers transcribed the recordings and 
tallied the words produced. Inter-rater reliability was 
assessed on a randomly selected 10% of responses 
(N=14) using alphanumer cal codes. Sample size for  
estimating the intraclass correlation coefficient (ICC) 
was calculated using the n4Studies Plus application.18,19 

Based on a two-tailed test (expected agreement=0.95, 
minimum acceptable value=0.75, two raters, α=0.05, 
power=80%), the required sample size was 12; thus, 
the selected 14 participants provided sufficient power 
for reliability analysis. A third speech therapist, 
with 18 years of clinical experience and blinded to the 
initial scores, independently re-scored these recordings. 
ICCs were calculated with 95% confidence interval 
using a two-way random-effects model with an  
absolute agreement definition. Values less than 0.5  
indicated poor reliability; values between 0.5 and 0.75 
indicated moderate reliability; values between 0.75 
and 0.9 indicated good reliability, and values greater 
than 0.90 indicated excellent reliability.20

	 Demographic data were presented as percentages, 
means, standard deviations, and 95% confidence intervals. 
A one-way ANOVA was conducted to compare means 
across the three age groups; Independent T-tests were 
used to compare means between genders; and multiple 
regression analysis was employed to investigate how 
age, TMSE score, gender, and education influenced word 
counts in each category. All statistical analyses were 
performed using SPSS 29.0.

Results
	 The study included 147 healthy older adults in 
Nonthaburi, 110 women and 37 men, 70 participants from 
the Center for Older People’s Quality of Life, and 77 from 
Sirindhorn National Medical Rehabilitation Institute. The 
average TMSE score across the sample was 28.3 (SD=1.5). 
Statistical analysis using one-way ANOVA demonstrated 
significant differences in TMSE scores among the three age 
groups (p=0.017, η²=0.055, medium effect), as detailed 
in Table 1. A Chi-square test revealed no significant gender 
distribution differences among age groups (p=0.096, 
Cramér’s V=0.179, small effect). Bonferroni-adjusted post 
hoc comparisons following one-way ANOVA revealed that 
individuals aged 60-69 exhibited significantly higher TMSE 
scores than those aged 80-89 (p=0.024). 

Table 1 Demographic data and average words within 2 minutes of each age group.
Variables 60-69

(N=84)
70-79
(N=45)

80-89
(N=18)

Total 
(N=147)

p value Effect size

Age 65.1±2.7
(64.5, 65.7)

75.5±1.5
(75.0, 75.9)

84.1±1.9
(83.2, 85.1)

70.6 ± 7.3
(69.4, 71.8)

<0.001** 0.902

Female (%) 67 (80%) 33 (73%) 10 (56%) 110 (75%) 0.096 0.179
TMSE 28.5±1.4 

(28.2, 28.8)
28.1±1.5 
(27.6, 28.5)

27.5±1.8 
(26.6, 28.4)

28.3±1.5 
(28.0, 28.5)

0.017* 0.055

Education (years) 13.5±4.5 
(12.6, 14.5)

13.6±4.4 
(12.2, 14.9)

12.3±5.7 
(9.5, 15.2)

13.4±4.6 
(12.6, 14.1)

0.586 0.007

Animal 28.0±6.1
(26.6, 29.3)

24.8±6.7 
(22.7, 26.8)

22.2±9.3 
(17.5, 26.8)

26.3±7.0
(25.1, 27.4)

0.001** 0.090

Object 34.6±9.1
(32.6, 36.6)

31.0±10.4
(27.9, 34.1)

22.4±8.3 
(18.3, 26.5)

32.0±10.2 
(30.4, 33.7)

< 0.001** 0.152

Food 26.1±7.2
(24.5, 27.6)

23.1±5.4
(21.4, 24.7)

18.3±8.5 
(14.1, 22.6)

24.2±7.3
(23.0, 25.4)

< 0.001** 0.124

Note: Values are reported as mean±SD (95% CI lower, 95% CI upper), p values from one-way ANOVA and Chi-square test 
(Female), *p<0.05, **p<0.01, considered statistically significant. Effect sizes are reported as Eta squared (η²; 0.01=small, 
0.06=medium, 0.14=large), and Cramér’s V for Female (0.10=small, 0.30=medium, 0.50=large).21

	 Regarding education, the average length of education 
across the sample was 13.4 (SD=4.6), showing no significant 
differences between the age groups (p=0.586, η²=0.007, 
small effect). Education levels among participants were 
as follows: one individual was illiterate with non-formal  
education; 17 individuals had completed primary education 
(4-6 years); 38 had completed secondary education (7-12 
years); and 91 had completed tertiary education (13-21 
years). Within the tertiary education category, 12 held 
diplomas, 50 held bachelor’s degrees, 27 held master’s  
degrees, and two had earned doctoral degrees. 

	 The 2-minute verbal fluency test yielded an average 
of 26.3 (SD=7.0) words for animals, 32.0 (SD=10.2) words 
for objects, and 24.2 (SD=7.3) words for food. There were 
marked differences in performance across these categories 
among different age groups (p≤0.001, η²=0.090-0.152, 
medium to large effects). Bonferroni-adjusted post hoc 
comparisons indicated that participants aged 60-69 produced 
significantly more animal words than those aged 70-79 
and 80-89 (p=0.034, p=0.004). The 80-89 age group 
produced significantly fewer words for objects compared 
to the 60–69 and 70-79 groups (p<0.001, p=0.004), and for 
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food compared to the 60-69 and 70-79 groups (p<0.001, 
p=0.045), as presented in Table 2.
	 A multiple linear regression analysis exploring the 
factors influencing verbal fluency revealed that advancing 
age significantly predicted lower word counts across all 
categories (β=-0.213 to -0.277, p≤0.005), with adjusted R² 
values of 0.241 for animals, 0.402 for objects, and 0.312 

for food. In contrast, higher TMSE scores were associated 
with increased verbal fluency in all categories (β=0.251 to 
0.313, p≤0.002), and extended period of education was 
also significantly correlated with greater word counts in 
the animal, object, and food categories (β=0.215 to 0.323, 
p≤0.008), as shown in Table 3.

Table 2 Comparative analysis of age, TMSE, education, and verbal fluency between different age groups.
Variables 60-69 vs 70-79 60-69 vs 80-89 70-79 vs 80-89
Age -10.4 (-11.4, -9.4) 

p<0.001**
-19.0 (-20.5, -17.6) 
p<0.001**

-8.6 (-10.2, -7.1) 
p<0.001**

TMSE 0.5 (-0.2, 1.1)
p=0.269

1.0 (0.1, 2.0)
p=0.024*

0.6 (-0.4, 1.6)
p=0.521

Education
(years)

0.0 (-2.1, 2.0)
p=1.000

1.2 (-1.7, 4.1)
p=0.965

1.2 (-1.9, 4.3)
p=1.000

Animal 3.2 (0.2, 6.2)
p=0.034*

5.8 (1.5, 10.1)
p=0.004**

2.6 (-2.0, 7.2)
p=0.516

Object 3.6 (-0.6, 7.8)
p=0.119

12.2 (6.3, 18.1)
p<0.001**

8.6 (2.3, 15.0)
p=0.004**

Food 3.0 (-0.1, 6.1)
p=0.062

7.7 (3.4, 12.1)
p<0.001**

4.7 (0.1, 9.4)
p=0.045*

Note: Values are reported as mean difference (95% CI lower, 95% CI upper), p values were obtained 
from Bonferroni-adjusted post hoc comparisons following one-way ANOVA, *p<0.05, and **p<0.01, 
considered statistically significant.

Table 3 Regression coefficients and significance levels of each verbal fluency (N=147).
Predictor Animal

Adjusted R2=0.241
Object
Adjusted R2=0.402

Food
Adjusted R2=0.312

Age B=-0.207 
β=-0.213 
p=0.005**

B=-0.374 
β=-0.268 
p<0.001**

B=-0.279 
β=-0.277 
p<0.001**

TMSE B=1.310 
β=0.283 
p=0.001**

B=2.089 
β=0.313 
p<0.001**

B=1.206 
β=0.251 
p=0.002**

Education B=0.329 
β=0.215 
p=0.008**

B=0.714 
β=0.323 
p<0.001**

B=0.383 
β=0.241 
p=0.002**

Gender B=1.451 
β=0.090 
p=0.225

B=2.881 
β=0.124 
p=0.061

B=3.339 
β=0.199 
p=0.005**

Note: Analyses were conducted using data from 147 participants. B: unstandardized regression 
coefficients β: standardized coefficients and corresponding p-values, *p<0.05 and **p<0.01, considered 
statistically significant, adjusted R2: percentage of variance in the target variable explained by the 
predictors, a value of 1 reflects perfect prediction, whereas a value less than or equal to 0 indicates 
that the model has no predictive value.

	 Gender did not significantly affect word count in 
the animal and object categories (p=0.225 and 0.061, 
respectively), but it did significantly impact the food 
category according to regression analysis (β=0.199,  
p=0.005). This finding was consistent with the results from 
the independent t-test, where gender differences were 
statistically significant in average age (p=0.043, d=0.387) 

and word count in the food category (p=0.008, d=- 0.515), 
as presented in Table 4.
	 For reliability, Table 5 shows that ICC ranged from 
0.982 to 0.997, indicating excellent inter-rater reliability. 
Scores obtained from the examiner with less clinical 
experience strongly agreed with the senior assessors.
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Discussion
	 This study is the first known investigation of 2-minute 
verbal fluency among older Thai adults, focusing on animal, 
object, and food vocabulary. A literature review revealed 
no prior studies on word counts in the object or food 

categories in 2-minute fluency, with existing research 
limited to the animal category fluency.2-5 Therefore, our 
comparisons are confined to 1-minute fluency within the 
same demographic4 and 2-minute animal fluency across 
languages,11,22,23 as shown in Tables 6-8. 

Table 4 Comparison of characteristics by gender.
Variables Female 

(N=110)
Male 
(N=37)

 p value Cohen’s d

Age 69.9±6.8 
(68.7, 71.1)

72.7±8.3 
(70.1, 75.3)

0.043* 0.387

TMSE 28.3±1.5 
(28.0, 28.6)

28.2±1.5 
(27.7, 28.7)

0.919 -0.019

Education 13.1±4.8 
(12.2, 14.0)

14.3±3.9 
(13.0, 15.5)

0.165 0.265

Animal 26.7±6.9 
(25.4, 28.0)

25.0±7.3 
(22.8, 27.4)

0.215 -0.237

Object 32.8±10.2 
(30.8, 34.6)

29.7±9.8 
(26.5, 33.2)

0.106 -0.309

Food 25.1±6.8 
(23.9, 26.3)

21.4±8.2 
(18.7, 24.2)

0.008** -0.515

Note: Values are reported as mean±SD (95% CI lower, 95% CI upper), p values 
were obtained from an independent T-test; *p<0.05 and **p<0.01, considered 
statistically significant, effect sizes are reported as d (Cohen’s d; 0.2=small, 
0.5=medium, 0.8=large).21

Table 5 Inter-rater reliability.
(N=14) Intraclass correlationb 95% Confidence interval

Lower bound Upper bound
Animal 0.989 0.966 0.996
Object 0.997 0.992 0.999
Food 0.982 0.946 0.994

Note: bType A intraclass correlation coefficients using a two-way random-effects 
model with absolute agreement definition.

Table 6 Comparison of 1-minute and 2-minute verbal fluency test results by age group and category.
Category Age group 1-minute test 2-minute test Difference
Animal 60-69

(N=84)
20.6±5.0 
(19.5, 21.7)

28.0±6.1
(26.6, 29.3)

7.3±7.9
(5.6, 9.0)

70-79
(N=45)

18.1±5.1
(16.6, 19.6)

24.8±6.7
(22.7, 26.8)

6.7±8.4
(4.2, 9.1)

80-89
(N=18)

16.6±5.2
(14.2, 18.9)

22.2±9.3
(17.5, 26.8)

5.6±10.7
(0.7, 10.5)

60-89
(N=147)

19.4±5.3
(18.5, 20.2)

26.3±7.0
(25.1, 27.4)

6.9±8.8
(5.5, 8.3)

Object 60-69
(N=84)

21.9±6.2
(20.5, 23.2)

34.6±9.1
(32.6, 36.6)

12.8±11.0
(10.4, 15.1)

70-79
(N=45)

19.4±6.9
(17.4, 21.5)

31.0±10.4
(27.9, 34.1)

11.6±12.5
(7.9, 15.2)

80-89
(N=18)

14.3±4.9
(12.0, 16.6)

22.4±8.3
(18.3, 26.5)

8.1±9.6
(3.7, 12.6)

60-89
(N=147)

20.2±6.7
(19.1, 21.3)

32.0±10.2
(30.4, 33.7)

11.8±12.2
(9.9, 13.8)
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Category Age group 1-minute test 2-minute test Difference
Food 60-69

(N=84)
16.4±4.7
(15.3, 17.4)

26.1±7.2
(24.9, 27.6)

9.7±8.6
(7.9, 11.5)

70-79
(N=45)

13.7±3.2
(12.8, 14.7)

23.1±5.4
(21.5, 24.7)

9.4±6.3
(7.5, 11.2)

80-89
(N=18)

12.1±4.6
(10.0, 14.2)

18.3±8.5
(14.1, 22.6)

6.2±9.7
(1.8, 10.7)

60-89
(N=147)

15.0±4.6
(14.3, 15.8)

24.2±7.3
(23.0, 25.4)

9.2±8.6
(7.8, 10.6)

Note: Values are reported as mean±SD (95% CI lower, 95% CI upper).

Table 6 Comparison of 1-minute and 2-minute verbal fluency test results by age group and category. (Continue)

Table 7 Comparison of 1-minute and 2-minute verbal fluency test results by gender and category.
Category Gender 1-Minute Test 2-Minute test Difference
Animal Female

(N=110)
19.7±5.4
(18.7, 20.7)

26.7±6.9
(25.4, 28.0)

7.0±8.8
(5.4, 8.6)

Male
(N=37)

18.4±4.8
(16.8, 19.9)

25.0±7.3
(22.8, 27.4)

6.7±8.7 
(3.9, 9.5)

All
(N=147)

19.4±5.3
(18.5, 20.2)

26.3±7.0
(25.1, 27.4)

6.9±8.8 
(5.5, 8.3)

Object Female
(N=110)

20.7±7.0
(19.4, 21.9)

32.8±10.2
(30.8, 34.6)

9.5±8.2 
(8.0, 11.1)

Male
(N=37)

18.8±5.8
(17.0, 20.7)

29.7±9.8
(26.5, 33.2)

8.1±9.2 
(5.2, 11.1)

All
(N=147)

20.2±6.7
(19.1, 21.3)

32.0±10.2
(30.4, 33.7)

9.2±8.6 
(7.8, 10.6)

Food Female
(N=110)

15.6±4.6
(14.7, 16.5)

25.1±6.8
(23.9, 26.3)

12.1±12.3 
(9.8, 14.5)

Male
(N=37)

13.3±4.0
(12.0, 14.6)

21.4±8.2
(18.7, 24.2)

10.9±11.4 
(7.2, 14.5)

All
(N=147)

15.0±4.6
(14.3, 15.8)

24.2±7.3
(23.0, 25.4)

11.8±12.2 
(9.9, 13.8)

Note: Values are reported as mean±SD (95% CI lower, 95% CI upper).

Table 8 Comparison of 2-minute verbal fluency test results across studies and populations.
Study Population N Age Semantic verbal 

fluency (animals)
Language

This Study Healthy 147 70.6±7.3
(69.4, 71.8)

26.3±7.0
(25.1, 27.4)

Thai

Barois et al.22 MS patients 68 52.3±12.1 24.6±8.4 French

Healthy 33 49.4±9.6 34.9±7.5 French

Scholtissen et al.23 PD patients 25 66.4±10.6 29.7±8.1 Dutch

Healthy 15 66.6±13.1 34.3±11.9 Dutch

Perez et al.11 ALS patients 42 Median 62
(IQR=15)

Median 25
(IQR=13)

Spanish

Healthy 42 Median 62
(IQR=16)

Median 30.5
(IQR=13)

Spanish

Note: Values are reported as mean±SD or median, IQR: interquartile range, 75th percentile-25th percentile).
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	 The analysis revealed excellent inter-rater reliability, 
with ICC values ranging from 0.982 to 0.997 across all 
categories and time intervals, as values above 0.90 
indicate excellent agreement.20 These findings align with 
those reported by Carnero-Pardo et al.,24 who found 
an ICC of 0.96 for the semantic verbal fluency test. Although 
Woods et al.25 used a computerized scoring system and 
reported test–retest rather than inter-rater reliability, the 
ICCs were lower: 0.77 for semantic and 0.91 for phonemic 
verbal fluency. The high inter-rater reliability observed in 
the present study may be attributed to scoring procedures 
and audio-recorded responses. This level of consistency 
supports the robustness and objectivity of the data used 
for further analysis.
	 Compared to the 1-minute results,4 Table 6 shows that 
the 60-69 age group produced the highest word increase 
with the extra minute across all categories, with gains of 
7.3 words for animal, 12.8 for object, and 9.7 for food. The 
70-79 group also outperformed the 80–89 group in each 
category. When comparing by gender in Table 7, females 
consistently produced more words than males across all 
categories, with increases of 7.0 words for animal, 9.5 for 
object, and 12.1 for food.
	 Verbal fluency scores vary across languages and 
are influenced by age, education, cultural context, and 
scoring criteria.4,26,27 In 1-minute verbal fluency Thai 
studies, findings from Charernboon and Suttichujit et al. 
are consistent, with both studies reporting an average 
of 19.4 words, with standard deviations of 5.0 and 5.3, 
respectively.2,4 During the 1-minute tests, the 60-69 age 
group outperformed the 70-79 and 80-89 groups in the 
animal and food categories.4 When extended to two 
minutes, only their animal category scores remained 
significantly higher. In contrast, the 80s group showed 
lower performance than the 60s and 70s groups in the 
object category during the 1-minute test, which further 
declined in the food category during the 2-minute test.
	 Extending the test duration to 2 minutes provides 
a more nuanced view of verbal fluency, capturing delays 
and discrepancies that may signal early cognitive decline 
in older adults. This additional time helps reveal variations 
in word production strategies across different categories. 
Regression analysis showed that while age is associated 
with reduced word output across all categories, higher 
TMSE scores and more education correlate with increased 
word production. Our study observed significant gender 
differences only in the food category, possibly due to 
cultural factors, as Thai women traditionally play a central 
role in food preparation.28 Cultural influences, including 
gender roles and educational access, can impact verbal 
fluency across languages.
	 The rationale for using a 2-minute test to uncover 
cognitive challenges aligns with research on verbal fluency 
differences between patients and healthy controls, as 
shown in Table 8. Studies by Barois et al., Scholtissen et 
al., and Perez et al. have investigated how neurological 
conditions like multiple sclerosis (MS), Parkinson’s disease 
(PD), and amyotrophic lateral sclerosis (ALS) impact verbal 
fluency.11,22,23 Compared to healthy controls, ALS and MS 

patients produced significantly fewer responses (p=0.008; 
p<0.001).11,22 MS patients also demonstrated significantly 
longer delays before the first word, slower production 
speeds, and extended inflection times (p<0.001), suggesting 
substantial executive and linguistic processing difficulties.22 
In contrast, PD patients showed no significant differences 
in total word count, switching, or clustering abilities 
(p=0.16, p=0.48, p=0.99, respectively), indicating that PD 
primarily affects motor switching and concept-shifting 
rather than the processes of cognitive switching needed in 
the fluency task.23 
	 Compared with 2-minute results from other studies, 
Barois et al.22 found a significant difference in semantic 
verbal fluency scores between French-speaking MS 
patients and healthy controls (p<0.001), and Perez et 
al.11 also found a significant difference between Spanish-
speaking ALS patients and healthy controls (p=0.008). 
In contrast, Scholtissen et al.23 reported no significant 
difference between Dutch-speaking PD patients and 
healthy controls (p=0.16), as detailed in Table 8.
	 In this study, the lower word count compared to 
other languages likely stems from distinct scoring criteria 
and the structure of the Thai language, which encourages 
repetition. In the animal category, Thai vocabulary includes 
many subgroups, such as words beginning with ปลา (plaː; 
fish) and นก (nók; bird) or set phrases like หมูหูมากาไก่่ (mǔː 
mǎː kaː kàj; pig, dog, crow, chicken). Food names also 
follow similar patterns based on protein type, as seen with 
ก๋๋วยเตี๋๋�ยว (kǔaj tǐːaw; noodles) and ข้า้วผัดั (kʰâːw pʰàt; fried 
rice) variations, making it easier to recall familiar patterns 
rather than unique items. Additionally, longer, complex 
dish names slow down recall. For instance, ข้า้วหน้้าปลาซาบะ
ทอดซีอีิ๊๊�ว (kʰâːw nâːp laː saː bàʔ tʰɔ̂̂ː t siː ʔíw; grilled saba with 
soy sauce over rice, eight syllables) and ต้ม้จืดืผักักาดขาวใส่เ่ต้า้หู้้�
หลอด (tôm tɕɯ̀̀ːt pʰàk kàːt kʰǎːw sàj tâw hûː lɔ̀̀ːt; clear soup 
with cabbage and tofu, nine syllables) require more time to 
articulate, limiting opportunities for additional responses.
	 The scoring rule of this study, which limits credit to 
two words per subgroup, further challenges participants 
by restricting patterned responses. This approach mainly 
affects categories like animal and food, where similar 
prefixes and subgroup patterns are common, whereas 
the object category shows fewer subgroup repetitions, 
allowing more unique responses. This scoring approach 
aligns with the criteria outlined in Olabarrieta-Landa 
et al.’s study.29 Superordinate words (e.g., “fish”) were 
allowed if specific examples from that category (e.g., 
“shark,” “sardine”) were not also included. Proper names, 
unrelated words, repeated words, and variations due to 
number, diminutives, or augmentations were excluded. 
In the animal category, words showing gender variations 
(e.g., “cow,” “bull”) and developmental stages of the same 
animal (e.g., “calf,” “cow”) were accepted. Additionally, 
extinct animals and mythical or magical creatures were 
allowed.29

	 Perez’s and Scholtissen’s studies11,23 used Troyer 
et al.’s method,30 which involves counting clusters and 
switching in verbal fluency tasks. In this approach, clusters 
are divided into subgroups, such as farm animals, pets, 
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aquatic animals, and insects, and switching is measured 
by tracking transitions between clusters to reflect 
participants’ cognitive flexibility. In contrast, Barois’s 
study did not measure clusters or switching but instead 
evaluated factors like first-word delay and inflection time 
to capture processing speed and executive function.22

	 Based on these findings, the following suggestions 
are proposed to support clinical decision-making regarding 
verbal fluency assessment. In patients with brain injuries, 
such as traumatic brain injuries or cerebrovascular accidents, 
a 1-minute verbal fluency test is generally sufficient. 
Extending the test to 2 minutes may cause stress for 
participants who experience word-finding difficulties. 
However, for adults without brain lesions, a 1-minute test 
may be insufficient to detect subtle cognitive impairments 
related to language function. In such cases, a 2-minute 
test serves as a more suitable tool. It is easy to administer, 
does not require specialized equipment or motor function, 
and is not time-consuming. Regarding category selection, 
the food category appears less influenced by participants’ 
educational level, making it particularly suitable for 
individuals with low or no formal education.4 However, 
men who do not typically engage in cooking activities 
may be disadvantaged by this category and might perform 
better with object-related tasks. Moreover, repeated 
administration of the animal category may result in task 
familiarity or learning effects. Therefore, incorporating 
alternative categories can help reduce potential bias and 
support a more accurate assessment result. The collected 
word lists may help develop culturally appropriate tools 
for assessment and intervention in Thai adults.

Limitation
	 This study has several limitations. The sample included 
relatively few participants aged 80 and above, and most 
participants were from Nonthaburi province, which is like 
Bangkok, but may not fully represent the broader Thai older 
adult population. These factors may limit the generalizability 
of the findings to other sociocultural contexts. Therefore, 
variables such as age, education, and cultural background 
should be considered when interpreting verbal fluency 
performance.
	 To enhance representativeness and external validity, 
future research should recruit participants from diverse 
regions, age groups, and socioeconomic backgrounds. 
There is also a need to develop a comprehensive Thai 
verbal fluency assessment that incorporates both semantic 
and phonemic components. Although the F-A-S format 
is widely adopted for phonemic verbal fluency testing in 
English,31,32 Thai-language studies have thus far been limited 
to one-minute tasks using consonants such as /k/ (“ก”)33 
and /s/ (“ส”)3 and evidence on 2-minute phonemic fluency 
still lacking. Moreover, the current study focused solely on 
category-based semantic fluency; phonemic fluency and 
more nuanced performance features such as clustering 
and switching were not assessed. Furthermore, additional 
performance features, including clustering (grouping words 
into subcategories), switching (shifting between clusters), 
intrusions, and perseverations, should be explored to 

capture the full complexity of verbal fluency and improve 
its diagnostic utility in both clinical and research contexts.

Conclusion
	 This study provides valuable insights into 2-minute 
verbal fluency among older Thai adults, particularly in the 
unique linguistic and cultural contexts of animal, object, 
and food vocabulary. Our findings highlight the effects of 
age, education, and gender on verbal fluency performance 
and the role of language-specific scoring criteria that 
influence response diversity, especially in categories like 
animal and food. Extending the fluency test to 2 minutes 
proved effective in identifying variations in cognitive 
processing and early signs of cognitive decline, suggesting 
its potential as an early detection tool. Comparisons with 
previous research also emphasize the need for flexible, 
culturally relevant scoring systems, given how linguistic 
structure impacts fluency performance. 
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Appendix
Frequently listed words from the 2-minute verbal fluency test results from all participants

	 This table presents the 30 most frequently listed words from a verbal fluency task, categorized into three semantic 
groups: Object, Animal, and Food. Each entry includes the Thai word, its International Phonetic Alphabet (IPA) transcription, 
the English translation, and the frequency count based on participant responses. In cases where multiple words shared 
the same frequency at the final rank (rank 30), those words are presented together under the same ranking.

Object Animal Food
1 โต๊๊ะ

/tóʔ/ 
Table

147 ช้า้ง

/tɕʰáːŋ/ 
Elephant

137 ก๋๋วยเตี๋๋�ยว

/kǔaj tǐːaw/ 
Noodles

141

2 รถยนต์์

/rót jon/ 
Car

134 ควาย

/kʰwaːj/ 
Buffalo

130 แกงจืดื/ต้ม้จืดื

/kɛːŋ tɕɯ̀̀ːt/, /tôm tɕɯ̀̀ːt/  
Clear soup

130

3 เก้า้อี้้� 

/kâw ʔîː/ 
Chair

125 วัวั

/wuːa/ 
Cow

130 ข้า้วผัดั 

/kʰâːw pʰàt/ 
Fried rice

106

4 รองเท้า้ 

/rɔːŋ tʰáːw/ 
Shoes

111 หมา

/mǎː/ 
Dog

129 ผัดักะเพรา

/pʰàt kàʔ pʰraw/ 
Stir fried with basil

101

5 ช้อ้น

/tɕʰɔ́́ː n/ 
Spoon

107 แมว

/mɛːw/ 
Cat

123 ต้ม้ยำำ�

/tôm jam/ 
Tom yum soup

97

6 เตียีง

/tiːaŋ/ 
Bed

101 ไก่่

/kàj/ 
Chicken

115 แกงส้ม้

/kɛːŋ sôm/ 
Sour curry

95

7 พัดัลม

/pʰát lom/ 
Fan

94 ม้า้

/máː/ 
Horse

112 ยำำ�

/jam/ 
Spicy salad

94

8 กางเกง

/kaːŋ keːŋ/ 
Pants

93 ปลา

/plaː/ 
Fish

110 แกงเขียีวหวาน 

/kɛːŋ kʰǐːaw wǎːn/ 
Green curry

89

9 ปากกา

/pàːk kaː/ 
Pen

91 นก

/nók/ 
Bird

107 น้ำำ��พริิก

/nám pʰrík/ 
Chili paste

82

10 กระทะ 

/kràʔ tʰáʔ/ 
Pan

88 เสือื

/sɯ̌̌ːa/ 
Tiger

105 ปลาทอด 

/plaː tʰɔ̂̂ː t/ 
Fried fish

69

11 ดิินสอ

/din sɔ̌̌ː / 
Pencil

85 หมู ู

/mǔː/ 
Pig

101 แกงเผ็ด็ 

/kɛːŋ pʰèt/ 
Spicy curry

63

12 โทรศัพัท์ ์

/tʰoː rá sàp/ 
Phone

82 งูู

/ŋuː/ 
Snake

97 ผัดัผักั 

/pʰàt pʰàk/ 
Stir-fried vegetables

63

13 หม้อ้

/mɔ̂̂ː / 
Pot

81 ลิิง 

/liŋ/ 
Monkey

96 ราดหน้้า 

/râːt nâː/ 
Stir-fried noodles in gravy 
sauce

62

14 นาฬิกิา

/naː líʔ kaː/ 
Clock / Watch

80 สิิงโต

/sǐŋ toː/ 
Lion

95 ผัดัเผ็ด็ 

/pʰàt pʰèt/ 
Spicy stir-fried curry

57
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Object Animal Food
15 เสื้้�อ

/sɯ̂̂ːa/ 
Shirt

80 ยีรีาฟ

/jiː ráːp/ 
Giraffe

88 ลาบ

/lâːp/ 
Spicy minced meat salad

57

16 กระเป๋๋า

/kràʔ pǎw/ 
Bag

79 จระเข้้

/tɕɔː ráʔ kʰêː/ 
Crocodile

86 ไข่เ่จียีว 

/kʰàj tɕiːaw/ 
Omelet

54

17 ทีวีีี

/tʰiː wiː/ 
TV

78 เป็็ด

/pèt/ 
Duck

76 ข้า้วเหนีียว

/kʰâːw nǐːaw/ 
Sticky rice

54

18 ชาม

/tɕʰaːm/ 
Bowl

74 กระต่่าย

/kràʔ tàːj/ 
Rabbit

67 ส้ม้ตำำ�

/sôm tam/ 
Papaya salad

52

19 ตู้้�เย็น็

/tûː jen/ 
Refrigerator

74 หนูู

/nǔː/ 
Rat

64 ขนมจีนี

/kʰà nǒm tɕiːn/ 
Fermented rice noodles

50

20 จาน

/tɕaːn/ 
Plate

72 กระรอก 

/kràʔ rɔ̂̂ː k/ 
Squirrel

61 ผัดัไทย 

/pʰàt tʰaj/ 
Pad Thai

48

21 แก้ว้ 

/kɛ̂̂ː w/ 
Glass

70 จิ้้�งจก

/tɕîŋ tɕòk/ 
Lizard

60 แกงมัสัมั่่ �น

/kɛːŋ mát sà màn/ 
Massaman curry

42

22 ตู้้�

/tûː/ 
Cabinet

70 แรด 

/rɛ̂̂ː t/ 
Rhinoceros

57 ผัดัซีอีิ๊๊�ว 

/pʰàt siː ʔíw/ 
Stir-fried noodles in soy 
sauce

42

23 เสื้้�อผ้า้

/sɯ̂̂ːa pʰâː/ 
Clothes

63 เต่่า

/tàw/ 
Turtle

55 แกงไก่่

/kɛːŋ kàj/ 
Chicken curry

39

24 ถ้ว้ย

/tʰûaj/ 
Cup

62 ปลาวาฬ

/plaː waːn/ 
Whale

53 แกงเลียีง 

/kɛːŋ liːaŋ/ 
Herbal mixed vegetable 
soup

39

25 ถุุงเท้า้

/tʰǔŋ tʰáːw/ 
Socks

60 ม้า้ลาย

/máː laːj/ 
Zebra

53 สลัดั

/sà làt/ 
Salad

38

26 แว่น่ตา

/wɛ̂̂ː n taː/ 
Glasses

59 กวาง

/kwaːŋ/ 
Deer

49 ไก่่ย่า่ง

/kàj jâːŋ/ 
Grilled chicken

37

27 หมอน 

/mɔ̌̌ː n/ 
Pillow

59 ชะนีี 

/tɕʰáʔ niː/ 
Gibbon

46 สเต็ก็ 

/sà tèk/ 
Steak

37

28 ขวด

/kʰùːat/ 
Bottle

54 ฮิปิโปฯ

/híp poː/ 
Hippopotamus

46 บะหมี่่� 

/bàʔ mìː/ 
Egg noodles

36

29 ส้อ้ม

/sɔ̂̂ː m/ 
Fork

53 ตุ๊๊�กแก 

/túk kɛː/ 
Gecko

45 ข้า้วต้ม้

/kʰâːw tôm/ 
Boiled rice

34
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Object Animal Food
30 กะละมังั

/kàʔ láʔ maŋ/ 
Basin

50 หมีี

/mǐː/ 
Bear

42 ทองหยอด

/tʰɔːŋ jɔ̀̀ːt/ 
Golden egg-yolk drops

33

สบู่่�

/sà bùː/ 
Soap

50

แอร์์

/ʔɛː/ 
Air conditioner

50

ยาสีฟัีัน

/jaː sǐː fan/ 
Toothpaste

50

Note: IPA transcriptions were from thai-language.com; English dish names were cross-referenced and adapted 
from thaifoodmaster.com.
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ABSTRACT

Background: Trunk impairment is an important clinical feature in children with 
cerebral palsy (CP), therefore assessment of trunk control is a crucial part of 
functional assessment in children with CP. 

Objectives: The study aimed to translate the Trunk Control Measurement Scale 
(TCMS) from the original English into a Thai version and demonstrate the reliability 
and validity of the TCMS-TH among children with spastic CP.

Materials and methods: The TCMS was translated using standard cross-cultural 
adaptation guidelines. The final TCMS-TH was tested on 29 children with spastic 
CP aged 5-15 years. For inter-rater reliability, two assessors independently scored 
the children from the video recording using the TCMS-TH. One month after the 
first assessment, a second assessment was performed to determine intra-rater 
reliability. The convergent validity of the TCMS-TH was assessed by comparison 
to the Gross Motor Function Measure (GMFM-88). The intraclass correlation 
coefficient (ICC) and Pearson’s correlation coefficient were used to analyze 
reliability and validity.

Results: The TCMS-TH had good internal consistency, with Cronbach’s alpha = 0.916 
for the total TCMS-TH. Inter-rater reliability was good to excellent, ICC = 0.837-0.955, 
whereas intra-rater reliability was excellent, ICC =0.918-0.995. The TCMS-TH and 
the GMFM has moderate to high correlation (r=0.631-0.810).

Conclusion: The TCMS-TH is a reliable and valid tool for assessing trunk control 
in children with spastic CP. However, its outcomes are primarily generalizable 
to observations obtained from video recordings rather than direct in-person 
assessments. Despite this limitation, the TCMS-TH remains a valuable tool for both 
clinical practice and research settings.
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Introduction
	 Cerebral palsy (CP) is defined as a group of disorders 
caused by damage to the immature brain after birth or in 
the developing fetus. This is a non-progressive pathological 
condition characterized by abnormal posture, loss of 
selective motor control, uncoordinated movement and 
postural control dysfunction that significantly interferes 
with movement development and daily living activities.1-3 
The main problem associated with motor disabilities 
in children with CP is thought to be a lack of postural 
control.4,5 The trunk is an important body segment 
associated with postural control and has been recognized 
as a primary factor for daily activities such as upper 
extremity function, gross motor skills, and self-care.6,7 At 
around 9 months old, typically developing children can 
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maintain head and trunk posture by resisting gravity. 
However, previous studies reported that children with 
CP have delayed sitting and gross motor function due to 
impaired trunk control.8 Moreover, children with CP have 
increased trunk sway during sitting9 and standing10 when 
compared to typically developing children, reflecting poor 
trunk control during upright positions. Heyrman et al.11 
found that trunk control in sitting has a relationship with 
lower limb movement during gait in children with spastic 
diplegia CP. Additionally, Mendoza et al.12 demonstrated 
that there was a statistically significant relationship 
between sitting ability and the capacity of gross motor 
function. Therefore, assessment of trunk performance in 
children with CP is necessary for clinical evaluation. 
	 To date, clinical tools used to evaluate clinical features 
related to trunk control impairment among children with 
CP in Thailand are limited. The Gross Motor Function 
Measure (GMFM) is a standardized assessment tool 
commonly used in the clinical evaluation of children with 
CP.13,14 This four-point scale consists of 88 items divided 
into five dimensions of gross motor function, but it is not 
designed to measure trunk control. The most common 
assessment tool specifically for measuring trunk control 
in children with CP is the Segmental Assessment of Trunk 
Control (SATCo).15,16 Despite its good reliability and validity 
in children with CP, the SATCo has limitations in that it only 
measures static trunk control and has a ceiling effect in the 
independent sitting child. The Trunk Control Measurement 
Scale (TCMS) was developed by Heyrman et al. in 201117 
and was adapted from the Trunk Impairment Scale (TIS).18 
The TIS was primarily used in stroke patients to assess 
trunk control in static and dynamic measurements and 
showed good psychometric properties in clinical and 
research settings. Appropriate modification and additions 
to the TIS were made according to the clinical features 
of impaired trunk control in children with CP. Heyrman 
et al.17 indicated that the TCMS has good reliability 
in children with spastic CP, with intraclass correlation 
coefficient (ICC) values of 0.91-0.99 for inter-rater and 
test-retest reliability. In addition to the convergent validity 
found in Dimensions B-E of the GMFM, the Spearman 
rank correlation coefficient for convergent validity showed 
acceptable values of 0.6-0.87 between the TCMS and the 
GMFM. TCMS is a widely recognized clinical tool designed 
to assess trunk control in CP. Since its initial development, 
the TCMS has been translated into multiple languages, 
including Korean,19 German,20 and Spanish,21 to facilitate 
its use across diverse clinical settings. Currently, few 
clinical tools are available for assessing trunk impairment 
among children with CP in Thailand, and no prior studies 
have translated a Thai version of the TCMS.
	 This study aimed to translate a Thai version of the 
TCMS (TCMS-TH) and provide a beneficial tool to assess 
trunk control in clinical and research settings among Thai 
children with CP. The TCMS was translated into the Thai 
language as a cross-cultural adaptation. In addition, the 
psychometric properties of the TCMS-TH were investigated 
in Thai children with CP.

Materials and methods
Trunk Control Measurement Scale (TCMS)
	 The TCMS is a 15-item clinical assessment tool 
designed to measure trunk control during functional 
activities in children with CP. The TCMS consists of two 
main components for trunk control: static and dynamic 
sitting balance. Static sitting balance measures trunk 
control during movement of the upper and lower 
limbs. However, dynamic sitting balance consists of 
two subsets: selective movement control and dynamic 
reaching. Selective movement control measures selective 
movement of the trunk in three planes (frontal, sagittal 
and transverse), whereas dynamic reaching measures 
active trunk movement beyond the base of support during 
reaching activities. All items are scored on a two-, three- 
or four-point ordinal scale and bilaterally evaluated in 
relation to clinical activities. The total score of the TCMS is 
0-58, with a higher score indicating better performance.

Translation and cross-cultural adaptation process
	 Permission to translate the original TCMS was 
obtained from the test developer17, ensuring compliance 
with authorized use and adherence to copyright 
requirements. The translation process of the TCMS from 
the original English to the Thai language was performed 
according to the recommended guidelines.22 First, two 
native Thai speakers independently translated the original 
English into Thai: one had 10 years of experience as a 
pediatric physical therapist and the other was an English 
teacher with no medical background. Then, the two drafts 
of the TCMS-TH were merged into one after discussion 
between the translators and the research teams. This 
consensus TCMS-TH version was then translated back into 
English by two translators who were bilingual in English 
and Thai but had no medical background. Finally, all the 
translators and research teams met to discuss and finalize 
the TCMS-TH. Next, the content validity of the TCMS-TH 
was approved by analyzing the item-objective congruence 
(IOC) from the three expert reviewers. The items that 
had IOC equal to or higher than 0.5 were acceptable.23 
The expert reviewers included two physical therapists 
who had experience as lecturers in the pediatric field at 
leading universities for 20 years and one pediatric physical 
therapist who had experience in evaluating and providing 
treatment to children with CP for more than 10 years.

Participants
	 The sample size was calculated using G*Power with 
the following parameters: effect size=0.5, α=0.05, and 
power = 0.8. Based on this calculation, a minimum of 29 
participants was required. Participants were children aged 
5-15 years diagnosed with spastic CP from a children’s 
treatment center and special education school. All 
participants can sit independently for at least 30 minutes 
and comprehend the test instructions. A total of 40 
children were initially recruited but 11 were excluded due 
to uncorrected visual problems and other diagnoses such 
as autism. Therefore, eligible participants were 29 children 
(14 males, 15 females) with a mean age of 11.3 years: 20 
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with spastic bilateral CP and 9 with spastic unilateral CP. 
The Gross Motor Function Classification System (GMFCS) 
ranges from Level I to Level IV. Two children were classified 

as Level I, seven as Level II, thirteen as Level III and seven 
as Level IV. The characteristics of the participants are 
presented in Table 1.

Table 1. Characteristics of the participants.
Characteristics Mean (SD) Range
Age (years) 11.3 (2.9) 5-15
Height (cm) 130.5 (12.3) 112-157
Weight (kg) 31.4 (10.2) 15-51.4
Gender*
     Male 14 (48.3)
     Female  15 (51.7)
GMFCS level*
     I 2 (6.9)
     II 7 (24.1)
     III 13 (44.8)
     IV 7 (24.2)
CP distribution*
     Bilateral 20 (69)
     Unilateral 9 (31)

Note: GMFCS: Gross Motor Function Classification System, CP: cerebral 
palsy, *data presented as number (%).

	 This study was approved by the Human Ethics 
Committee of the Faculty of Associated Medical Sciences, 
Chiang Mai University, Thailand (AMSEC-65FB-001). 
A parent or guardian of each child provided written 
informed consent, and all children provided verbal assent 
before participation in this study.

Reliability study
	 Assessment of the TCMS-TH in all participants was 
administered by a pediatric physical therapist in a quiet 
room. For the testing protocol, a physical therapist 
verbally explained and demonstrated the movement 
in each item with respect to the original version. After 
that, participants were allowed to perform the test with 
manual guidance and then were requested to execute the 
test independently. Testing lasted 20-30 minutes, during 
which a resting period was allowed to prevent fatigue. The 
testing of each item was recorded on video in the sagittal 
and coronal planes. The videos were kept secret and 
deleted after completion of the study.
	 For inter-rater reliability, two pediatric physical 
therapists with at least 10 years of experience were 
trained to score the TCMS-TH by discussing and watching 
an instructional video with the research team before 
assessment. Then, two assessors independently used the 
video recording to score the TCMS-TH for each participant. 
To minimize the recall memory of the scoring data, a 
second assessment was performed 1 month after the first 
assessment to assess intra-rater reliability.

Convergent validity study
	 The TCMS-TH was validated with the GMFM-88 
version, a standardized functional measurement tool 
used by physical therapists or rehabilitation specialists 
to measure the quantified change in gross motor 
function of children with CP aged 5 months to 16 years.24

The GMFM-88 is composed of five dimensions: lying and 
rolling (17 items; 51 points); sitting (20 items; 60 points); 
crawling and kneeling (14 items; 42 points); standing  
(13 items; 39 points); and walking, running and jumping 
(24 items; 72 points). The GMFM is a criterion-referenced 
tool, with items scored on a four-point ordinal scale 
(0 = cannot initiate; 1 = initiates; 2 = partially completes 
item; 3 = completes item independently). The total score 
from the five dimensions is 264 points. Higher scores 
indicated greater capacity of gross motor function.25 The 
estimated time required to complete the GMFM-88 test 
was approximately 45 minutes per participant. In the 
present study, the assessor also received training for use of 
the GMFM before scoring. Assessment of the GMFM for each 
participant was performed on the same day after a 1-hour rest 
from the TCMS video recorded in the reliability study.

Statistical analysis
	 The data were normally distributed, as assessed by 
the Shapiro-Wilk test. Cronbach’s alpha was used to assess 
the internal consistency of the total and subscales. Inter-
rater and intra-rater reliability for total and subscales were 
analyzed by ICC. The ICC(2,k) model was used for inter-rater 
reliability and the ICC(3,k) model for intra-rater reliability. 
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ICC values of >0.9 indicate excellent reliability, 0.70-0.89 
as good, 0.5-0.69 as moderate and <0.5 indicates poor 
reliability.26 The standard error of measurement (SEM) 
and minimal detectable change (MDC) were calculated as 

. Pearson’s 
correlation coefficient was used to determine the 
convergent validity between the TCMS-TH and percent 
score of the GMFM. Interpreted correlation values of > 0.9 
indicate a very high correlation, 0.7–0.89 as high, 0.5-0.69 
as moderate and <0.5 indicates low correlation.27 All data 
were analyzed using SPSS version 17 and the significance 
level was set at p<0.05.

Results
Translation process
	 During the translation process, the expert committees 

suggested that some sentences of the TCMS-TH version quite 
complicated to understand, especially for people who have 
no medical background. Therefore, a revision was made 
before the psychometric property studies. The average IOC 
value was 0.84. For each item, the IOC was between 0.67 
and 1.00, which indicated good content validity. The IOC of 
the TCMS-TH version is presented in Table 2.

Reliability
Internal consistency
	 Cronbach’s alpha was 0.916 for the total TCMS-TH 
score, which indicated excellent internal consistency. For 
Cronbach’s alpha of subscales, the static sitting balance 
was 0.702, selective movement control was 0.883 and 
the dynamic reaching subscale was 0.804, suggesting 
acceptable and good internal consistency (Table 3).

Table 2. Item-objective congruence (IOC) of each item of the Thai version 
of the Trunk Control Measurement Scale (TCMS-TH).
TCMS-TH items IOC TCMS-TH items IOC
Item 1 1.00 Item 9a 1.00
Item 2 1.00 Item 9b 0.67
Item 3 1.00 Item 9c 1.00
Item 4 1.00 Item 10a 0.67
Item 5 1.00 Item 10b 0.67
Item 6a 1.00 Item 11a 0.67
Item 6b 1.00 Item 11b 0.67
Item 7a 1.00 Item 12a 0.67
Item 7b 1.00 Item 12b 0.67
Item 8a 0.67 Item 13 0.67
Item 8b 0.67 Item 14 0.67
Item 8c 1.00 Item 15 0.67
Total TCMS 0.84

Table 3. Score and internal consistency of the Thai version of the Trunk Control Measurement Scale (TCMS-TH).
TCMS-TH Mean (SD) Minimum Maximum Cronbach’s alpha
Static sitting balance (/20) 13.33 (4.97) 3 20 0.702
Selective movement control (/28) 12.18 (6.74) 2 22 0.883
Dynamic reaching (/10) 3.96 (3.24) 0 5 0.804
Total TCMS (/58) 27.48 (14.03) 6 46 0.916

Intra-rater and inter-rater reliability
	 For the intra-rater reliability, the ICC values showed 
excellent reliability, with ICC=0.995 (95% CI=0.989-0.998; 
p<0.05) for the total scores of the TCMS-TH. The ICC of 
the subscales ranged from 0.918 to 0.990. The SEM ranged 
from 0.49 to 0.82 and the MDC ranged from 0.70 to 1.16 
for total scores of the TCMS-TH, static sitting balances, 
selective movement control and dynamic reaching.
	 For inter-rater reliability, the ICC values showed 

excellent reliability except for the dynamic reaching 
subscale, which showed good reliability. The ICC value was 
0.955 (95% CI=0.901-0.980; p<0.05) for the total scores of 
the TCMS-TH. The ICC of the subscales ranged from 0.837 
to 0.940. The SEM ranged from 0.66 to 1.96 and the MDC 
ranged from 0.94 to 2.77 for the total scores of the TCMS-
TH, static sitting balances, selective movement control and 
dynamic reaching. The intra-rater, inter-rater reliability, 
SEM and MDC are presented in Table 4.
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Convergent validity
	 Pearson’s correlation coefficient indicated that 
the total scores of the TCMS-TH and three subscales 
were significantly correlated with all dimensions and 
the total percent score of the GMFM. However, the 
static sitting balance subscales were found to have a 
low to moderate correlation with the GMFM, with the 
coefficient varying between 0.482 and 0.631 (p<0.05). 
The dynamic sitting balance of the TCMS-TH, including 

selective movement control and dynamic reaching subset, 
demonstrated moderate to high correlations with the GMFM. 
The correlation coefficients ranged from 0.567 to 0.810 
(p<0.01). Notably, high correlations were observed with 
GMFM Dimension B, Dimension E, and the total percent 
score of GMFM, with coefficients ranging from 0.712 to 
0.810 (p<0.01). Pearson’s correlation coefficients between 
the TCMS and the GMFM are summarized in Table 5.

Table 4. Inter- and intra-rater reliability of the Thai version of the Trunk Control Measurement Scale (TCMS-TH).
TCMS-TH Inter-rater reliability 

(95% CI)
SEM MDC Intra-rater reliability

(95% CI)
SEM MDC

Static sitting balance (/20) 0.929
(0.843-0.968)

0.66 0.94 0.989
(0.976-0.995)

0.49 0.70

Selective movement control (/28) 0.940
(0.865-0.973)

1.28 1.82 0.990
(0.977-0.995)

0.56 0.79

Dynamic reaching (/10) 0.837
(0.637-0.927)

0.85 1.20 0.918
(0.818-0.963)

0.57 0.81

Total TCMS (/58) 0.955
(0.901-0.980)

1.96 2.77 0.995
(0.989–0.998)

0.82 1.16

Note: SEM: standard error of measurement, MDC: minimal detectable change.

Table 5. Pearson’s correlation coefficients for the Trunk Control Measurement Scale (TCMS) and the Gross Motor Function 
Measure (GMFM).
TCMS GMFM

Dimension A Dimension B Dimension C Dimension D Dimension E Total
Static sitting balance 0.482* 0.566** 0.573** 0.499** 0.583** 0.631**
Selective movement control 0.567** 0.722** 0.640** 0.601** 0.712** 0.760**
Dynamic reaching 0.623** 0.712** 0.671** 0.687** 0.742** 0.810**
Total TCMS 0.589** 0.714** 0.669** 0.627** 0.723** 0.779**

Note: *Correlation is significant at the 0.05 level,** Correlation is significant at the 0.01 level.

Discussion
	 Trunk control plays a crucial role in facilitating 
functional activities in children with CP. A study by Choi et 
al.28 revealed that children with spastic CP exhibit reduced 
trunk control, and the severity and type of motor disability 
influence the degree of impairment. Furthermore, there is 
a notable association between trunk control impairment 
and the GMFCS levels, with the trunk control scores 
decrease significantly as the GMFCS levels rise.8 These 
findings underscore the essentiality of adequate trunk 
control for executing various movements and engaging in 
functional activities. Consequently, there is a growing need 
for reliable assessment tools to evaluate trunk control in 
clinical settings. In this study, the decision was made to 
translate the Trunk Control Measurement Scale (TCMS) 
into the Thai version due to its comprehensive assessment 
of trunk control, encompassing both static and dynamic 
aspects during functional activities. Moreover, the TCMS 
score provides valuable insights into changes in trunk 
ability over time, making it a valuable tool for evaluating 
the quality of movement in both static and dynamic 
actions among children with CP. In the present study, the 
TCMS-TH demonstrated excellent inter-item correlation 

in measuring trunk control in children with CP, (Cronbach’s 
alpha=0.916). In addition to measuring internal consistency, 
we also evaluated inter- and intra-rater reliability since 
tester administration directly influences the results. Our 
findings revealed that the TCMS-TH total and subscale 
scores exhibited excellent intra- and inter-rater reliability, 
with all intraclass correlation coefficients (ICCs) exceeding 
0.9. These results align with those reported in the original 
English17 and Korean-translated version.19 However, 
the exception was inter-rater reliability in the dynamic 
reaching subscales, which showed good reliability 
(ICC=0.837). It should be note that the inter-rater 
reliability of the dynamic reaching subscales exhibited 
good reliability (ICC=0.837), which may be attributed 
from the subjective nature of the phrase “difficulties in 
performance” encompassing factors such as slowness and 
increased effort. The subjective nature of this assessment 
criterion can pose challenges for raters in making accurate 
scoring decisions. Interestingly, this study observed that 
children with spastic unilateral CP encountered challenges 
when performing dynamic reaching tasks on the affected 
side due to spasticity and limited range of motion in 
the upper extremities, in addition to trunk impairment. 
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The measurement errors for the TCMS-TH were calculated 
in this study, and the SEM for the TCMS-TH total score 
was found to be slightly higher compared to the original 
version. This may be attributed to the wider age range of 
children included in this study compared to the original 
version.
	 In terms of convergent validity, the results indicated 
strong correlation coefficients between the total score of 
the TCMS-TH and the total percent score of the GMFM. 
However, when analyzing the subscales of the TCMS-TH, 
the data were inconsistent with the original. Specifically, 
a significant but low to moderate correlation was observed 
between Dimension A of the GMFM and the TCMS-TH total 
score (Table 5). Furthermore, all dimensions of the GMFM 
displayed low to moderate correlation with the static sitting 
balance subscale of the TCMS-TH. This inconsistency could 
be explained by the fact that the items in all dimensions 
of the GMFM primarily assess functional activities that 
involve greater dynamics. Conversely, the dynamic sitting 
balance exhibited moderate to high correlations with the 
GMFM, particularly with Dimension B (Sitting), Dimension 
E (Walking, Running, and Jumping), and the total percent 
Score of the GMFM. The highest correlation was observed 
between the total score of the GMFM and the dynamic 
reaching subscale of the TCMS-TH (r=0.810). This finding 
highlights the importance of trunk control as a fundamental 
component for maintaining sitting stability, facilitating 
reaching movements, ensuring postural balance, and 
enhancing overall gross motor function.
	 Children with neuromotor deficits commonly face 
challenges in achieving selective control of movement 
and often exhibit excessive co-contraction, characterized 
by the simultaneous activation of agonist and antagonist 
muscles.4 The core region of the body, encompassing both 
the trunk and pelvis, plays a pivotal role in maintaining sitting 
postural control. Notably, research has demonstrated that 
achieving independent sitting by the age of 2 years is a 
robust predictor of ambulatory capabilities in children with 
CP.29 The excessive coupling of the pelvis to the trunk is a 
common compensatory mechanism employed to enhance 
stability in children with CP. However, in the selective 
movement subscale of the TCMS, to achieve the mobility 
needed to perform the task, children must decrease the 
level of antagonistic co-activation to attain the necessary 
mobility for task performance. Consequently, children 
exhibiting higher levels of co-activation tend to receive 
lower scores in the selective movement subscale. The 
reduction in antagonistic co-activation directly contributes 
to improved gross motor performance.
	 The study conducted by Heyrman et al.17 focused 
exclusively on children aged 8 to 15 years. In contrast, 
our study aimed to broaden the age range by including 
children as young as 5 years old. However, with younger 
children, it is important to ensure that they fully 
understand the test instructions. Our findings support 
the robust psychometric properties of the TCMS-TH as a 
valuable clinical tool for assessing trunk control in children 
with CP. Based on the results of this study, we recommend 
that pediatric therapists, well-versed in the intricacies of 

CP, employ the TCMS-TH as an assessment instrument. It 
is imperative that the assessors undergo proper training 
before administering the test. Certain items within the 
scale require particular attention, such as the careful 
observation of compensatory movements, including trunk 
muscle shortening and elongation, during each task. 
	 Additionally, variations in study methodology, including 
test-retest agreement using Kappa statistics, exclusion 
criteria, and the distribution of participants across the 
GMFCS levels, may influence the reliability and validity 
outcomes reported. Differences in these aspects between 
studies should be carefully considered when comparing 
results, as they may impact the observed correlations and 
generalizability of findings. We firmly believe that this 
measurement tool will prove beneficial to clinicians and 
researchers when assessing and evaluating the efficacy of 
interventions in children with CP.

Limitations
	 This study has several limitations. First, the use of 
the same assessor for both the GMFM and TCMS-TH may 
have introduced rater bias. To minimize this, assessments 
were conducted under standardized instructions, and 
another researcher was responsible for summarizing the 
raw data provided by the assessor. Second, its outcomes 
are primarily generalizable to observations obtained 
from video recordings rather than direct in-person 
assessments. For future studies, the responsiveness 
and discriminate validity of the TCMS-TH should be 
determined. Furthermore, expanding the evaluation of 
the psychometric properties of the TCMS-TH to include 
other types of cerebral palsy (CP) would provide a more 
comprehensive understanding of its applicability and 
validity across different CP subtypes.

Conclusion
	 The measurement tool for assessing trunk control, 
the TCMS-TH, has good to excellent observer reliability for 
both inter-rater and intra-rater reliability. In addition, the 
total score of the TCMS-TH showed a high correlation with 
the percent score of the GMFM. This study reported good 
psychometric properties of the TCMS-TH for assessment of 
trunk control in children with spastic CP aged 5-15 years. 
This measurement would be very helpful to pediatric 
therapists in clinical practice and research settings.
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Appendix
Trunk control measurement scale -Thai version (TCMS-TH)

คำำ�ช้ี้�แจงในการทดสอบ

	 ควรถอดอุุปกรณ์์เสริมิ รองเท้า้ และ/หรือือุุปกรณ์์ช่ว่ยพยุงุลำำ�ตัวัออก ท่า่เริ่่�มต้น้เป็็นท่า่เดียีวกันัในแต่่ละข้อ้ โดยผู้้�ป่วยนั่่ �งบนขอบเตียีงที่่�ใช้ร้ักัษาโดยไม่ม่ีกีารช่ว่ยพยุงุบริเิวณหลังั 

แขน และเท้า้ ต้น้ขาสัมัผัสัชิดิกับัเตียีง มือืวางบนขาใกล้ก้ับัลำำ�ตัวั 

	 ให้ผู้้้�ป่วยนั่่ �งตัวัตรงทุกุครั้้ �งเมื่่�อเริ่่�มการทดสอบในแต่่ละข้อ้และคอยกระตุ้้�นให้ผู้้้�ป่วยพยายามนั่่ �งตัวัตรงในระหว่า่งการทดสอบ 

	 คำำ�ว่า่ตัวัตรง หมายถึงึ การนั่่ �งตัวัตรงมากที่่�สุดุเท่า่ที่่�เด็ก็จะสามารถทำำ�ได้ ้ท่ า่เริ่่�มต้น้อาจจะแตกต่่างกันัได้ใ้นเด็ก็แต่่ละคน ท่ า่เริ่่�มต้น้ คื อื ท่ า่ที่่�ใช้เ้ป็็นจุดุอ้า้งอิงิเพื่่�อระบุุการ

เคลื่่�อนไหวที่่�เบี่่�ยงเบน และ/หรือืมีกีารเคลื่่�อนไหวชดเชย แต่่ละข้อ้ทำำ�การทดสอบ 3 ครั้้ �ง ใช้ค้ะแนนในครั้้ �งที่่�ทำำ�การทดสอบได้ด้ีทีี่่�สุดุ 

	 ถ้า้เด็ก็ทำำ�การทดสอบในข้อ้ย่อ่ย “การทรงตัวัในท่า่นั่่ �งขณะอยู่่�นิ่่�ง” มีกีารใช้แ้ขนข้า้งหนึ่่�งช่ว่ยพยุงุ การใช้ม้ือื 1 ข้า้งใช้แ้ค่เ่พียีงวางราบบนเตียีงโดยไม่เ่กาะถือืว่า่ยอมรับัได้้

ข้้อที่่� สองข้้าง/ ซ้้าย ขวา

การทรงตัวัในท่่านั่่ �งขณะอยู่่�นิ่� ง

ขั้้ �นตอนการทดสอบ: ผู้้�ทดสอบอธิบิายกับัผู้้�ป่วยในแต่่ละข้อ้และสาธิติได้ถ้้า้ต้อ้งการ

1 ท่่าเร่ิ่�มต้้น (นั่่ �งโดยไม่ช่่ว่ยพยุงุ มือืวางบนขา)

ให้ผู้้้�ป่วยนั่่ �งตัวัตรงและอยู่่�ในท่า่นี้้�เป็็นเวลา 10 วินิาทีี

ผู้้�ป่วยล้ม้ หรือืสามารถนั่่ �งตัวัตรงได้ต้่่อเมื่่�อใช้แ้ขนสองข้า้ง

ช่ว่ยพยุงุ

 0

ผู้้�ป่วยสามารถนั่่ �งตัวัตรงได้ต้่่อเมื่่�อใช้แ้ขนหนึ่่�งข้า้งช่ว่ยพยุงุ

เป็็นเวลา 10 วินิาทีี

 1

ผู้้�ป่วยสามารถนั่่ �งตัวัตรงอยู่่�ในท่า่นี้้�โดยไม่ใ่ช้แ้ขนช่ว่ยพยุงุ

เป็็นเวลา 10 วินิาทีี

ถ้า้คะแนน = 0 ดังันั้้ �นคะแนนรวม = 0

 2

2 ท่่าเร่ิ่�มต้้น

ผู้้�ป่วยยกแขนทั้้ �งสองข้า้งขึ้้�นสููงระดับัสายตา 

เป็็นเวลา 1 วินิาทีแีละกลับัสู่่�ท่า่เริ่่�มต้น้

ผู้้�ป่วยล้ม้ หรือืไม่ส่ามารถยกแขนขึ้้�นได้้  0

ผู้้�ป่วยสามารถยกแขนขึ้้�นโดยไม่ล่้ม้แต่่มีกีารเคลื่่�อนไหว

ชดเชย การเคลื่่�อนไหวชดเชยที่่�อาจเกิดิขึ้้�น ได้แ้ก่่

(1) เอนไปด้า้นหลังั (2) ลำำ�ตัวังอมากขึ้้�น (3) เอียีงไปด้า้น

ข้า้ง (4) อื่่�น ๆ

 1

ผู้้�ป่วยยกแขนขึ้้�นโดยไม่ม่ีกีารเคลื่่�อนไหวชดเชย  2

3 ท่่าเร่ิ่�มต้้น

ผู้้�ทดสอบยกขาผู้้�ป่วยข้า้งหนึ่่�งไขว้บ้นขาอีกีข้า้ง

หนึ่่�ง

ผู้้�ป่วยล้ม้หรือืไม่ส่ามารถนั่่ �งไขว้ข้าได้ ้หรือืสามารถนั่่ �งได้ต้่่อ

เมื่่�อใช้แ้ขนสองข้า้งช่ว่ยพยุงุ

 0  0

ผู้้�ป่วยสามารถนั่่ �งได้ต้่่อเมื่่�อใช้แ้ขนหนึ่่�งข้า้งช่ว่ยพยุงุเป็็น

เวลา 10 วินิาทีี

 1  1

ผู้้�ป่วยสามารถนั่่ �งได้โ้ดยไม่ใ่ช้แ้ขนช่ว่ยพยุงุเป็็นเวลา 10 

วินิาทีี

 2  2

4 ท่่าเร่ิ่�มต้้น

ผู้้�ป่วยยกขาข้า้งหนึ่่�งไขว้บ้นขาอีกีข้า้งหนึ่่�ง 

(อนุุญาตให้ใ้ช้ม้ือืข้า้งหนึ่่�งช่ว่ยได้)้ 

‘เล็ก็น้้อย’= มีกีารเคลื่่�อนไหวของลำำ�ตัวัเล็ก็น้้อย 

โดยไม่ม่ีทีีที่า่ของการเสียีสมดุลุของลำำ�ตัวั 

ขณะที่่�มีกีารเคลื่่�อนไหวของขา 

‘ชัดัเจน’= มีที่า่ทีทีี่่�ชัดัเจนของการเสียีสมดุลุ เช่น่ 

เอียีงไปด้า้นข้า้ง หรือืงอตัวั

ผู้้�ป่วยล้ม้ หรือืไม่ส่ามารถไขว้ข้าได้ ้หรือืสามารถไขว้ข้าได้้

ต่่อเมื่่�อใช้แ้ขนสองข้า้งช่ว่ยพยุงุ

 0  0

ผู้้�ป่วยสามารถไขว้ข้าได้ต้่่อเมื่่�อใช้แ้ขนข้า้งหนึ่่�งช่ว่ยพยุงุ  1  1

ผู้้�ป่วยสามารถไขว้ข้าได้โ้ดยไม่ใ่ช้แ้ขนช่ว่ยพยุงุแต่่มีกีาร

เคลื่่�อนของลำำ�ตัวัจากตำำ�แหน่่งเดิมิอย่า่งชัดัเจน

 2  2

ผู้้�ป่วยสามารถไขว้ข้าได้โ้ดยมีกีารเคลื่่�อนของลำำ�ตัวัจาก

ตำำ�แหน่่งเดิมิเล็ก็น้้อย

 3  3

5 ท่่าเร่ิ่�มต้้น

ผู้้�ป่วยกางขาข้า้งหนึ่่�งออกมากกว่า่ 10 เซนติเิมตร 

และกลับัสู่่�ท่า่เริ่่�มต้น้ (ความกว้า้ง 10 เซนติเิมตร  

= ความกว้า้งของเข่า่ )

‘เล็ก็น้้อย’= มีกีารเคลื่่�อนไหวของลำำ�ตัวัเล็ก็น้้อยโดยไม่ม่ีทีีที่า่

ของการเสียีสมดุลุของลำำ�ตัวัขณะที่่�มีกีารเคลื่่�อนไหวของขา

‘ชัดัเจน’= มีที่า่ทีทีี่่�ชัดัเจนของการเสียีสมดุลุ เช่น่ เอียีงไป

ด้า้นข้า้งหรือืงอลำำ�ตัวั

ผู้้�ป่วยล้ม้หรือืไม่ส่ามารถกางขาได้ ้หรือืสามารถกางขาได้ต้่่อ

เมื่่�อใช้แ้ขนสองข้า้งช่ว่ยพยุงุ

 0  0

ผู้้�ป่วยสามารถกางขาได้ต้่่อเมื่่�อใช้แ้ขนหนึ่่�งข้า้งช่ว่ยพยุงุ  1  1

ผู้้�ป่วยสามารถกางขาได้โ้ดยไม่ใ่ช้แ้ขนช่ว่ยพยุงุแต่่มีกีาร

เคลื่่�อนของลำำ�ตัวัออกจากตำำ�แหน่่งเดิมิอย่า่งชัดัเจน

 2  2

ผู้้�ป่วยสามารถกางขาได้โ้ดยมีกีารเคลื่่�อนของลำำ�ตัวัออกจาก

ตำำ�แหน่่งเดิมิเล็ก็น้้อย

 3  3

คะแนนรวมการทรงตัวัในท่่านั่่ �งขณะอยู่่�นิ่� ง         /20
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การทรงตัวัในท่่านั่่ �งขณะเคล่ื่�อนไหว

การควบคุมุการเคลื่่�อนไหวแบบแยกส่ว่น 

ขั้้ �นตอนการทดสอบ: อันัดับัแรกผู้้�ทดสอบอธิบิายและสาธิติแต่ล่ะหัวัข้อ้ให้ผู้้้�ป่วย

อันัดับัสอง สาธิติกับัผู้้�ป่วยโดยผู้้�ทดสอบทำำ�ให้เ้กิดิการเคลื่่�อนไหว

อันัดับัที่่�สาม ให้ผู้้้�ป่วยเคลื่่�อนไหวโดยผู้้�ทดสอบช่ว่ยให้เ้กิดิการเคลื่่�อนไหว ตามด้ว้ยผู้้�ป่วยพยายามทำำ�การเคลื่่�อนไหวด้ว้ยตัวัเอง 3 ครั้้ �ง

6 ก ท่่าเร่ิ่�มต้้น – กอดอก

ให้ผู้้้�ป่วยเอนไปด้า้นหน้้าโดยลำำ�ตัวัตรง

ประมาณ 45 องศา และกลับัสู่่�ท่า่เริ่่�มต้น้

ปฏิกิิริิยิาการตั้้ �งตรงของศีรีษะตามปกติ ิได้แ้ก่่ การเงยของ

ศีรีษะเล็ก็น้้อยไม่น่ับัเป็็นการเคลื่่�อนไหวชดเชย

ผู้้�ป่วยล้ม้ หรือืไม่ส่ามารถไปถึงึตำำ�แหน่่งเป้้าหมายได้้  0

ผู้้�ป่วยสามารถเอนไปด้า้นหน้้าได้้

ถ้า้คะแนน = 0 ดังันั้้ �นข้อ้ 6ข = 0

 1

6 ข ผู้้�ป่วยมีกีารเคลื่่�อนไหวชดเชย (1) เงยศีรีษะมากขึ้้�น (2) งอ

ลำำ�ตัวัมากขึ้้�น (3) แอ่น่กระดููกสันัหลังัมากขึ้้�น (4) งอเข่า่มาก

ขึ้้�น (5) อื่่�น ๆ

 0

ผู้้�ป่วยสามารถเอนไปด้า้นหน้้าได้โ้ดยไม่ม่ีกีารเคลื่่�อนไหว

ชดเชย

 1

7 ก ท่่าเร่ิ่�มต้้น – กอดอก

ให้ผู้้้�ป่วยเอนไปด้า้นหลังัโดยลำำ�ตัวัตรง

ประมาณ 45 องศา และกลับัสู่่�ท่า่เริ่่�มต้น้

ปฏิกิิริิยิาการตั้้ �งตรงของศีรีษะตามปกติ ิได้แ้ก่่ การก้ม้ของ

ศีรีษะเล็ก็น้้อยไม่น่ับัเป็็นการเคลื่่�อนไหวชดเชย

ผู้้�ป่วยล้ม้ หรือืไม่ส่ามารถไปสู่่�ตำำ�แหน่่งเป้้าหมายได้้  0

ผู้้�ป่วยสามารถเอนไปด้า้นหลังัได้้

ถ้า้คะแนน = 0 ดังันั้้ �นข้อ้ 7ข = 0

 1

7 ข ผู้้�ป่วยมีกีารเคลื่่�อนไหวชดเชย (1) ก้ม้ศีรีษะมากขึ้้�น (2) งอ

ลำำ�ตัวัมากขึ้้�น (3) เหยียีดเข่า่มากขึ้้�น (4) อื่่�น ๆ

 0

ผู้้�ป่วยสามารถเอนไปด้า้นหลังัได้โ้ดยไม่ม่ีกีารเคลื่่�อนไหว

ชดเชย

 1

8 ก ท่่าเร่ิ่�มต้้น

ให้ผู้้้�ป่วยใช้ข้้อ้ศอกแตะที่่�เตียีงระดับัเดียีวกับัหัวักระดููกต้น้ขา 

(โดยมีกีารหดสั้้ �นของกล้า้มเนื้้�อลำำ�ตัวัข้า้งเดียีวกันั และมีกีาร

ยืดืยาวของกล้า้มเนื้้�อลำำ�ตัวัด้า้นตรงข้า้ม) และกลับัสู่่�ท่า่เริ่่�มต้น้

ผู้้�ป่วยล้ม้ หรือืข้อ้ศอกไม่แ่ตะที่่�เตียีง  0  0

ผู้้�ป่วยสามารถใช้ข้้อ้ศอกแตะที่่�เตียีงได้้

ถ้า้คะแนน = 0 ดังันั้้ �นข้อ้ 8ข และ 8ค = 0

 1  1

8 ข ผู้้�ป่วย (1) ไม่ม่ีกีารหดสั้้ �น/ยืดืยาวของกล้า้มเนื้้�อลำำ�ตัวั หรือื 

(2) มีกีารหดสั้้ �น/ยืดืยาวของกล้า้มเนื้้�อลำำ�ตัวัในทิศิทางตรง

กันัข้า้ม

 0  0

ผู้้�ป่วยมีกีารหดสั้้ �น/ยืดืยาวของกล้า้มเนื้้�อลำำ�ตัวัตามที่่�คาด

หวังั

ถ้า้คะแนน = 0 ดังันั้้ �นข้อ้ 8ค = 0

 1  1

8 ค ผู้้�ป่วยมีกีารเคลื่่�อนไหวชดเชย: (1) งอลำำ�ตัวัมากขึ้้�น (2) เอน

ไปด้า้นหน้้าหรือืด้า้นหลังั (3) ยักัสะโพกขึ้้�น (4) อื่่�น ๆ 

 0  0

ผู้้�ป่วยสามารถใช้ข้้อ้ศอกแตะที่่�เตียีงได้โ้ดยไม่ม่ีกีาร

เคลื่่�อนไหวชดเชย

 1  1

9 ก ท่่าเร่ิ่�มต้้น

ให้ผู้้้�ป่วยยักัสะโพกขึ้้�นหนึ่่�งข้า้งและกลับัสู่่�ท่า่เริ่่�มต้น้ ไม่่

อนุุญาตให้ย้กต้น้ขาขึ้้�น

ผู้้�ป่วยล้ม้ หรือืไม่ส่ามารถยักัสะโพกขึ้้�นได้้  0  0

ผู้้�ป่วยสามารถยักัสะโพกขึ้้�นได้้

ถ้า้คะแนน = 0 ดังันั้้ �นข้อ้ 9ข และ 9ค = 0

 1  1

9 ข ผู้้�ป่วยไม่ม่ีกีารหดสั้้ �น/ยืดืยาวของกล้า้มเนื้้�อลำำ�ตัวั  0  0

ผู้้�ป่วยมีกีารหดสั้้ �น / ยืดืยาวของกล้า้มเนื้้�อลำำ�ตัวั เพียีงบาง

ส่ว่น (บางส่ว่น= ช่ว่งการเคลื่่�อนไหวสั้้ �น และ/หรือืน้้อย)

 1  1

ผููป่วยมีกีารหดสั้้ �น/ยืดืยาวของกล้า้มเนื้้�อลำำ�ตัวั ตามที่่�คาดหวังั

ถ้า้คะแนน = 0 ดังันั้้ �นข้อ้ 9ค = 0

 2  2
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9 ค ผู้้�ป่วยมีกีารเคลื่่�อนไหวชดเชย: (1) มีกีารเอียีงศีรีษะไปด้า้น

ตรงข้า้ม (2) มีกีารเอียีงของลำำ�ตัวัไปด้า้นข้า้งจากตำำ�แหน่่ง

เดิมิอย่า่งชัดัเจน  (3) อื่่�น ๆ

 0  0

ผู้้�ป่วยยักัสะโพกขึ้้�นได้โ้ดยไม่ม่ีกีารเคลื่่�อนไหวชดเชย  1  1

10 ก ท่่าเร่ิ่�มต้้น – กอดอก

ให้ผู้้้�ป่วยหมุนุลำำ�ตัวัส่ว่นบนโดยไม่ห่ันัศีรีษะ การเคลื่่�อนไหว

เริ่่�มจากส่ว่นไหล่่

ผู้้�ป่วย (1) ล้ม้ (2) ไม่ส่ามารถหมุนุลำำ�ตัวัได้ ้หรือื (3) ไม่่

สามารถแยกการเคลื่่�อนไหวในการหมุนุลำำ�ตัวัส่ว่นบน 

(เคลื่่�อนไหวแบบเป็็นท่อ่น)

 0

ผู้้�ป่วยแยกการเคลื่่�อนไหวในการหมุนุลำำ�ตัวัส่ว่นบนได้บ้าง

ส่ว่น (บางส่ว่น = ไม่ส่มมาตร, ช่ว่งการเคลื่่�อนไหวน้้อย, 

เคลื่่�อนไหวไหล่ม่ากกว่า่ลำำ�ตัวั)

 1

ผู้้�ป่วยแยกการเคลื่่�อนไหวในการหมุนุลำำ�ตัวัส่ว่นบนได้ต้าม

ที่่�คาดหวังั

ถ้า้คะแนน = 0 ดังันั้้ �นข้อ้ 10ข = 0

 2

10 ข ผู้้�ป่วยหมุนุลำำ�ตัวัส่ว่นบนพร้อ้มกับัการหมุนุของศีรีษะ  0

ผู้้�ป่วยหมุนุลำำ�ตัวัส่ว่นบนโดยไม่ม่ีกีารหมุนุของศีรีษะ  1

11 ก ท่่าเร่ิ่�มต้้น – กอดอก

ให้ผู้้้�ป่วยหมุนุลำำ�ตัวัส่ว่นล่า่ง โดยไม่ห่ันัศีรีษะ 

การเคลื่่�อนไหวเริ่่�มจากส่ว่นของเชิงิกราน

 ผู้้�ป่วย (1) ล้ม้ (2) ไม่ส่ามารถหมุนุลำำ�ตัวัได้ ้หรือื (3) ไม่่

สามารถแยกการเคลื่่�อนไหวในการหมุนุลำำ�ตัวัส่ว่นล่า่ง 

(เคลื่่�อนไหวแบบเป็็นท่อ่น)

 0

ผู้้�ป่วยแยกการเคลื่่�อนไหวในการหมุนุลำำ�ตัวัส่ว่นล่า่งได้บ้าง

ส่ว่น (บางส่ว่น = ไม่ส่มมาตร, ช่ว่งการเคลื่่�อนไหวน้้อย, 

เคลื่่�อนไหวลำำ�ตัวัส่ว่นบนเพิ่่�มเติมิ)

 1

ผู้้�ป่วยแยกการเคลื่่�อนไหวในการหมุนุลำำ�ตัวัได้ ้

ตามที่่�คาดหวังั

ถ้า้คะแนน = 0 ดังันั้้ �นข้อ้ 11ข = 0

 2

11 ข ผู้้�ป่วยมีกีารเคลื่่�อนไหวชดเชยโดยมีกีารหมุนุของเชิงิกราน  0

ผู้้�ป่วยหมุนุลำำ�ตัวัส่ว่นล่า่งโดยไม่ม่ีกีารเคลื่่�อนไหวชดเชย  1

12 ก ท่่าเร่ิ่�มต้้น – กอดอก

ให้ผู้้้�ป่วยเคลื่่�อนไหวเชิงิกรานสลับัหน้้า-หลังั 3 ครั้้ �ง 

การเคลื่่�อนไหวเชิงิกรานสลับัหน้้า-หลังั = การเคลื่่�อนไหว

ของเชิงิกรานโดยเอียีงไปด้า้นข้า้งร่ว่มกับัการหมุนุสลับัด้า้น

ซ้า้ยและขวา

ผู้้�ป่วยล้ม้ หรือืไม่ส่ามารถเคลื่่�อนไหวเชิงิกรานสลับั 

หน้้า-หลังั ได้แ้ก่่ ไม่ม่ีกีารเคลื่่�อนของร่า่งกายจากตำำ�แหน่่ง

เดิมิไม่ว่่า่ทิศิทางใด

 0

ผู้้�ป่วยสามารถเคลื่่�อนไหวเชิงิกรานสลับัหน้้า-หลังั ได้เ้พียีง

บางส่ว่น (บางส่ว่น = ส่ว่นใหญ่่เอียีงไปด้า้นข้า้งและมีกีาร

หมุนุเล็ก็น้้อย ช่ว่งการเคลื่่�อนไหวน้้อย ใช้ค้วามพยายาม

มาก) 

 1

ผู้้�ป่วยสามารถเคลื่่�อนไหวเชิงิกรานสลับัหน้้า-หลังั ได้โ้ดย

เอียีงไปด้า้นข้า้งร่ว่มกับัการหมุนุด้า้นเดียีว และทำำ�ได้บ้าง

ส่ว่นในอีกีด้า้น

 2

ผู้้�ป่วยสามารถเคลื่่�อนไหวเชิงิกรานสลับัหน้้า-หลังั โดยเอียีง

ไปด้า้นข้า้งร่ว่มกับัการหมุนุทั้้ �งสองทิศิทาง 

ถ้า้คะแนน = 0 ดังันั้้ �นข้อ้ 12ข  = 0

 3

12 ข ผู้้�ป่วยชดเชยการเคลื่่�อนไหวโดยมีกีารเคลื่่�อนของลำำ�ตัวัจาก

ตำำ�แหน่่งเดิมิอย่า่งมาก

 0

ผู้้�ป่วยสามารถเคลื่่�อนไหวเชิงิกรานสลับัหน้้า-หลังั โดยไม่ม่ีี

การเคลื่่�อนไหวชดเชย

 1

คะแนนรวมการควบคุมุการเคล่ื่�อนไหวแบบแยกส่่วน         /28



A. Parameyong et al. Journal of Associated Medical Sciences 2025; 58(3): 204-215 215

ข้้อที่่� สองข้้าง/ ซ้้าย ขวา

การประเมินิขณะเคลื่่�อนไหวโดยการเอื้้�อม (ปฏิกิิริิยิาการรักัษาสมดุลุ)

ขั้้ �นตอนการทดสอบ: ผู้้�ทดสอบอธิบิายแต่่ละข้อ้ให้ผู้้้�ป่วยและตามด้ว้ยผู้้�ป่วยทำำ�การเคลื่่�อนไหว 3 ครั้้ �ง

13 ท่่าเร่ิ่�มต้้น – แขนเหยียีดตรงไปข้า้งหน้้า

ให้ผู้้้�ป่วยเอื้้�อมแขนทั้้ �งสองข้า้งไปสู่่�เป้้าหมายในระดับัสายตา 

ระยะห่า่งเท่า่กับัความยาวแขนท่อ่นล่า่งและกลับัสู่่�ท่า่เริ่่�มต้น้

ผู้้�ป่วยล้ม้ หรือืไม่ส่ามารถเอื้้�อมไปยังัเป้้าหมาย  0

ผู้้�ป่วยเอื้้�อมไปยังัเป้้าหมายอย่า่งยากลำำ�บาก

ความยากลำำ�บาก คือื (1) ต้อ้งใช้ค้วามพยายามอย่า่งมาก 

ได้แ้ก่่ ช้า้ และยาก หรือื (2) ใช้ม้ือืช่ว่ยพยุงุบ้า้งเมื่่�อกลับัเข้า้

สู่่�ท่า่เริ่่�มต้น้

 1

ผู้้�ป่วยเอื้้�อมไปยังัเป้้าหมายและกลับัสู่่�ท่า่เริ่่�มต้น้โดยไม่ย่าก

ลำำ�บาก

 2

14 ท่่าเร่ิ่�มต้้น –กางแขนออกด้า้นข้า้งและมือือีกี

ข้า้งวางบนขา

ให้ผู้้้�ป่วยเอื้้�อมแขนที่่�เหยียีดออกไปยังัเป้้าหมายในระดับั

สายตา ระยะห่า่งเท่า่กับัความยาวแขนท่อ่นล่า่งและกลับัสู่่�

ท่า่เริ่่�มต้น้

ผู้้�ป่วยล้ม้ หรือืไม่ส่ามารถเอื้้�อมไปยังัเป้้าหมาย  0  0

ผู้้�ป่วยเอื้้�อมไปยังัเป้้าหมายด้ว้ยความยากลำำ�บาก

ความยากลำำ�บาก คือื (1) ต้อ้งใช้ค้วามพยายามมาก ได้แ้ก่่ 

ช้า้ และยาก หรือื (2) ใช้ม้ือืช่ว่ยพยุงุบ้า้งเมื่่�อกลับัเข้า้สู่่�ท่า่

เริ่่�มต้น้

 1  1

ผู้้�ป่วยเอื้้�อมไปยังัเป้้าหมายและกลับัสู่่�ท่า่เริ่่�มต้น้โดยไม่ย่าก

ลำำ�บาก

 2  2

15 ท่่าเร่ิ่�มต้้น – กางแขนข้า้งหนึ่่�งออกด้า้นข้า้ง

และมือือีกีข้า้งวางบนขา

ให้ผู้้้�ป่วยเอื้้�อมแขนที่่�กางออกข้า้มแนวกลางลำำ�ตัวั (เอื้้�อมไป

ยังัด้า้นตรงกันัข้า้ม) และกลับัสู่่�ท่า่เริ่่�มต้น้ เป้้าหมายอยู่่�ใน

ระดับัสายตา

ระยะห่า่งเท่า่กับัความยาวแขนท่อ่นล่า่ง

ผู้้�ป่วยล้ม้ หรือืไม่ส่ามารถเอื้้�อมไปยังัเป้้าหมาย  0  0

ผู้้�ป่วยเอื้้�อมไปยังัเป้้าหมายอย่า่งยากลำำ�บาก

ความยากลำำ�บาก คือื (1) ต้อ้งใช้ค้วามพยายามอย่า่งมาก 

ได้แ้ก่่ ช้า้ และยาก หรือื (2) ใช้ม้ือืช่ว่ยพยุงุบ้า้งเมื่่�อกลับัสู่่�

ท่า่เริ่่�มต้น้

 1  1

ผู้้�ป่วยเอื้้�อมไปยังัเป้้าหมายและกลับัสู่่�ท่า่เริ่่�มต้น้โดยไม่ย่าก

ลำำ�บาก

 2  2

คะแนนรวมการเอื้้�อมขณะมีีการเคล่ื่�อนไหว /10

คะแนนรวมทั้้ �งหมด /58
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ABSTRACT

Background: Multisensory integration is used for people who are having migraine 
attacks. When multisensory functions such as visual and auditory stimulation are 
applied, the level of migraine triggers and attacks decreases gradually. 

Objectives: The study aimed to determine the effect of multisensory integration 
intervention on policewomen with migraine.  

Materials and methods: The study is based on a quasi-experimental study with 
30 policewomen (15 in the experimental group and 15 in the control group) aged 
between 20 and 60. The MIDAS (Migraine Disability Assessment Scale) was used to 
measure the migraine level among policewomen.

Results: There is a significant reduction in migraine levels among female police officers. 
The data shows that the pre-test and post-test scores of both experimental and 
control groups were significantly different. Since the p value is lesser than 0.05,  
alternate hypothesis is accepted. Hence, there is a statistically significant difference 
in post-test scores between experimental and control group. This suggests that the 
intervention received by the experimental group had greater improvement when 
compared to the control group. 

Conclusion: Multisensory integration has a significant effect on reducing migraines 
among female police officers. This study’s benefit is to reduce the impact of migraines 
on individuals through multisensory integration-based activities.

Journal of Associated
Medical Sciences

Corresponding contributor.
Author’s Address: Department of Occupational 
Therapy, Saveetha College of Occupational  
Therapy, Saveetha Institute of Medical and  
Technical Sciences, Saveetha University, Chennai, 
India.
E-mail address: jdrmagdalenesharon7@gmail.com
doi: 10.12982/JAMS.2025.090
E-ISSN: 2539-6056

*

Volume 58 Number 3 September -December 2025 E-ISSN: 2539-6056

Introduction
	 Migraine is derived from the Greek word ‘Hemikrania’, 
later converted into Latin as “hemigranea’. A migraine is a 
headache that causes severe throbbing pain or a pushing 
sensation, usually on one side of the head.1 Migraine 
attacks are frequently accompanied by nausea, vomiting, 
and a heightened sensitivity to light and sound. They can 
persist for hours or even days, and the pain can be severe 
enough to disrupt your daily activities. It is a headache 
characterized by recurrent attacks of moderate to severe 
throbbing and pulsating pain on one side of the head. 
It occurs most frequently in the morning, some people 
have migraines at predictable times, such as before 
menstruation or on weekends following a stressful week 
throughout workspace. It is a brain and nervous system 
disorder.2

	 Multisensory integration is the process of merging 
inputs from multiple senses to create a perception that 
is distinct from, and cannot be easily broken down into, 
its individual sensory components.3 This integration is 
operationally defined as a statistically significant difference 
between the response elicited by combining sensory 
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stimuli and the response elicited by the most effective 
single stimulus. In terms of single-neuron physiology, this 
comparison is made between the total number of neural 
impulses or firing rates generated by the combined stimuli 
versus those generated by each stimulus individually.4,5

	 In summary, multisensory integration involves various 
processes where information from multiple senses is 
combined to create an enhanced or diminished response. 
However, other multisensory computations, such as 
comparing stimulus features (like shape) across different 
modalities or detecting cross-modal timing and rhythm, 
require the individual sensory inputs to retain their distinct 
identities rather than merge into a single output.4 As a 
result, these processes likely have distinct mechanisms and 
developmental trajectories, yet not fully understood. The 
issues the policewomen face is mostly workplace stress 
due to the work. Migraines occur three to four episodes for 
an individual in the group.6,7 Therefore, this study is aimed 
to reduce the migraine levels by multisensory integration 
of policewomen.

Materials and methods
	 The MIDAS was created to assess headache-related 
disability and enhance communication between physicians 
and patients regarding the impact of migraines on daily 
life. The MIDAS questionnaire consists of five questions 
that measure the amount of lost time across three areas: 
work-related activities, household chores, and family, 
social, and leisure activities. It is designed for physicians, 
nurses, pharmacists, and other healthcare practitioners. 
MIDAS questionnaire through a standard method proved 
its validity and reliability to be used for evaluation of 
migraine.8

Interpretation
	 MIDAS scores closely align with physician assessments 
of illness severity and treatment needs. The scoring system 

is categorized as follows: little or no disability (5 to 10), 
moderate disability (11 to 20), and severe disability (more 
than 20). As a crucial component of a comprehensive 
approach that includes educational, diagnostic, and 
therapeutic strategies, the MIDAS questionnaire can 
significantly enhance the management of migraine and 
other headache types. A randomized, placebo-controlled 
trial has demonstrated that the MIDAS grade can guide the 
selection of initial treatment in a stratified care model.9

Participants
	 Policewomen with migraine were invited to participate 
in the study. The inclusion criteria were policewomen with 
moderate to severe migraine, aged from 20 to 60 years 
and scores above 5 of are included. Participants were 
excluded if they had visual impairment and conditions 
like pathological and neurological. The Ethical Committee 
(SCOTISRB059) authorized the trial, and eligible subjects 
provided written informed permission before participating 
in the study.

Protocol
	 Participants were interviewed and assessed for 
their demographic details (including name and age) and 
migraine features such as headache, trigger duration, 
causes, and severity using MIDAS (Migraine Disability 
Assessment Test). The MIDAS is a 5-item Questionnaire 
that assesses disability caused by migraine. The score 
ranges from 0 to 270. Higher scores indicate greater 
disability caused by migraine. Policewomen with scores 
of 21 or greater considered severe. Eligible participants 
were divided into 2 groups, intervention and control. The 
participants in the intervention group were exposed to a 
multisensory program when the control group received 
conventional occupational therapy. The participants in 
both groups were followed for 3 months to determine the 
effect of the migraine and its triggers (Table 1).

Table 1. The intervention and activities.
Sessions Intervention   Activities 
1 Introduction and assessment  - Establish rapport and trust

- Discuss the client about migraine history and triggers
2, 25 Visual stimulation -	Introduce soothing visual aids like calming images and soft 

lighting
3 Sound therapy -	Introduce calming sound or music
4 Olfactory stimulation -	Explore different essential oils for stimulation

-	Combine olfactory stimulation with guided visual techniques
 5, 6, 18, 19, 20, 26 Tactile stimulation -	Incorporate tactile stimulation through textures and object- 

based activities
7,8,28 Auditory stimulation -	Calming images with soothing music
10, 11, 21, 23, 30, 31, 
32, 33, 34

Sensory-scenario-based training -	Integration for sensory experience in training
-	Immersive stimulation to enhance senses

12, 15, 29 Combined visual and sound 
therapy

-	Calming images and lighting with soothing music
-	Flash lighting infused with sound effects

16, 17, 24, 27 Migrarelief device -	Migrarelief device was used for reduction of pain
35 Post-test -	Analyze post test score for migraine
36 Personalized integration and review -	Review of the effectiveness of each technique
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Table 2. Statistical analysis of pre- test and post- test in control group. 
Test Mean SD N Z value p value
Cntr_Pre 27.2 12.22527 15

-3.496 0.00*
Cntr_Post 24.7333 11.73193 15

Note: *significant at 5% alpha level, Cntr: control group.

Table 3. Statistical analysis of pre-test and post-test in experimental group. 
Test Mean SD N Z value p value
Expt_Pre 26.4 9.24121 15

-3.417 0.001*
Expt_Post 15.6667 7.95224 15

Note: *significant at 5% alpha level, Expt: experimental group.

Table 4. Statistical analysis between the post- test scores of the control and experimental group. 
Group Mean SD N Z value p value
Cntr_Post 24.7333 11.73193 15

2.094 0.037*
Expt_Post 15.6667 7.95224 15

Note: *significant at 5% alpha level, Cntr: control group, Expt: experimental group.

Statistical analysis
	 The data was analyzed by the Wilcoxon signed rank 
test to test the statistical difference between pre-test 
and post-test of experimental and control group. Mann 
Whitney U test was applied for the comparison of post-test 
score, which identifies whether there exists statistically 
difference in consideration of the treatment given. The 
level of p=0.05 was measured to be statistically significant. 
The statistical analysis was performed using IBM SPSS 
version 24.0.

Results
	 At the beginning, 55 individual policewomen with 
migraines participated in this research. Nevertheless, 25 
were excluded because they had mild migraine (N=12), 
visual and auditory impairments (N=10), and no interest 
in participating (N=3). Finally, 30 samples completed this 
research. Thirty participants were divided into two groups 
of 15: intervention and control groups.
	 There is a significant reduction in migraine level 
among female police officers. The data analyzed the pre-
test and post-test scores of both control group (Figure 1) 
and experimental group (Figure 2), showing a significant 
difference between groups (Table 2). Since the p<0.05, 

we accept the alternative hypothesis. Hence, there is 
a statistically significant difference in post-test scores 
between experimental and control group of the MIDAS. 
This suggests that the intervention received by the 
experimental group had more improvement when 
compared to the control group. Since the p=0.00 is lower 
than 0.05, we accept the alternative hypothesis. Hence, 
there is a statistically significant difference between 
pre- test and post-test scores in the control group of the 
MIDAS. This suggests that the intervention received by the 
control group had significant improvement.
	 In the Experimental group, since the p=0.001 is less 
than 0.05, alternate hypothesis is accepted. Hence, there 
is a statistically significant difference in experimental 
group between pre-test and post-test scores of MIDAS 
(Table 3). This suggests that the intervention received 
by the experimental group had significant improvement. 
Since the p=0.037 is lesser than 0.05, alternate hypothesis 
is accepted. Hence, there is a statistically significant 
difference in post-test scores between experimental and 
control group of the MIDAS (Table 4). This suggests that 
the intervention received by the experimental group had 
more improvement when compared to the control group.

Figure 2. Statistical analysis between the post- test scores 
of the control and experimental group.

Figure 1. Statistical analysis of pre- test 
and post- test in control group
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Discussion
	 The study aimed to find the effect of multisensory 
integration on policewomen with migraines. It was conducted 
at the St Thomas Mount and Guindy police station in 
Chennai.
	 A total 30 policewomen with moderate or severe 
migraine were selected by the selection criteria described 
in the methodology. They were allocated to experimental 
and control group using convenient sampling technique. 
The age of the chosen sample ranged between 20 to 60 
years. It includes only policewomen officers.
	 Both experimental and control groups were 
measured with the MIDAS scale to identify the level of 
migraine. The experimental group underwent multisensory 
integration therapy intervention, whereas the control 
group underwent conventional occupational therapy. 
The multisensory integration therapy intervention 
session consists of 36 sessions in 3 months, each lasting 
45 minutes. The effectiveness of the intervention was 
analyzed by comparing the pre-test and post–test values 
of the control and experimental groups.
	 In the control group, the conventional occupational 
therapy program included occupational based activities 
and relaxation techniques. Since the p=0.00 is less than 
0.05, there is a statistically significant difference between 
pre- and post-test scores in the Control Group of MIDAS. 
This suggests that the intervention received by the control 
group had significant improvement. The result of this 
study is like another study reviewed by Philips EG, which 
explored occupational therapy’s role in headache and 
migraine management for women in military aviation 
fields through a biopsychosocial approach. This study 
shows conventional occupational therapy intervention 
reduces migraine among individuals.10

	 Table 2 and Figure 1 illustrate the results of the 
experimental group’s multisensory integration-based 
occupational therapy intervention. The p=0.001, below 
the significance level of 0.05, indicates that the difference 
between pre-test and post-test scores on the MIDAS 
scale is statistically significant. This finding suggests 
that the intervention led to a notable improvement in 
migraine symptoms among participants. Additionally, 
9 out of 15 participants reported greater satisfaction 
with the outcomes of multisensory activities, such as 
visual and tactile stimulation, which further supports the 
effectiveness of the intervention in reducing migraines.
	 Table 4 and Figure 2 compare post-test MIDAS 
scores between the experimental and control groups. 
The statistical analysis reveals a significant difference, 
with the experimental group improving more than the 
control group. This highlights the superior effectiveness 
of the multisensory integration-based intervention 
compared to the control condition. These results are 
consistent with findings from Schwedt et al., which 
demonstrated that multisensory integration therapy 
effectively reduces migraines.11 The study by Schwedt et 
al also found significant improvements in various sensory 
stimulations—visual, tactile, auditory, and olfactory—
benefitting patients with migraine disabilities in their daily 

lives. However, the study has some limitations regarding 
its findings and clinical implications. The study was 
done with a limited duration of 3 months, a randomized 
controlled study was not used, the blinding method was 
not used, and convenient samplings could have influenced 
the results of the study.11

Conclusion
	 This study examined the effect of the intervention on 
migraines level among policewomen over 3 months. A total 
of 30 policewomen with moderate to severe migraines 
were selected. They were divided into two groups: the 
experimental group, consisting of 15 policewomen 
who received multi-sensory integration therapy, and 
the control group, with 15 policewomen, who received 
conventional occupational therapy. The results indicated 
a statistically significant difference between both groups’ 
pre-test and post-test scores. Further analysis showed 
that the experimental group experienced a notable 
improvement compared to the control group, highlighting 
the effectiveness of multi-sensory integration therapy in 
alleviating migraines among policewomen.
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ABSTRACT

Background: Cognitive impairment is a critical concern for individuals with 
schizophrenia, affecting their occupational performance, daily activities, and 
the potential for rehabilitation and skill development. The Allen Cognitive Level 
Screen-5 (ACLS-5) is a standardized, performance-based assessment designed 
to evaluate functional cognitive abilities and limitations, providing guidance for 
individualized interventions. However, there is currently no Thai translation for the 
ACLS-5.

Objectives: This study aimed to translate the ACLS-5 into Thai using a back-
translation method and to evaluate its psychometric properties, focusing on 
construct validity and inter-rater reliability, to ensure its suitability for use in Thai 
clinical settings.

Materials and methods: The ACLS-5 was translated from English into Thai following  
Beaton’s protocol, a five-step process for cross-cultural adaptation, and the pre-final  
version was tested on a sample of 30 individuals with schizophrenia to assess cultural 
adaptation and content validity. Construct validity was evaluated using a sample of 
102 participants, comprising of 51 individuals with schizophrenia and 51 healthy 
individuals. Inter-rater reliability was examined by two occupational therapists 
who independently evaluated 38 participants from the schizophrenia group.

Results: In the translation and cultural adaptation phase, the names of the stitching 
tasks were modified to match Thai culture. Feedback from the Allen Cognitive 
Group suggested that the terms lacked direct Thai equivalents; consequently, they 
remained in their original English form. The pre-final Thai ACLS-5 was tested with 
30 individuals with schizophrenia, in which it was reported that the instructions 
were clear and easy to understand. The Mann-Whitney U test indicated a significant  
difference in construct validity between individuals with schizophrenia and 
healthy controls (Z=-6.511, p<0.000), confirming the assessment’s effectiveness in  
distinguishing cognitive impairment. The intraclass correlation coefficient (ICC) for 
inter-rater reliability was 0.932, demonstrating excellent reliability.

Conclusion: These findings confirm that the Thai ACLS-5 is a valid and reliable  
assessment for evaluating functional cognition in individuals with schizophrenia. 
It allows for a quick and effective assessment of functional cognition in clinical 
settings. Future research should examine usage in different populations to further 
establish its utilization. 
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Introduction
	 Schizophrenia is a mental disorder characterized 
by abnormalities in neurotransmitter systems, leading 
to significant cognitive impairments.1 Symptoms usually 
appear in adolescence or early adulthood, affecting various 
cognitive domains, such as attention, verbal fluency, working 
memory, processing speed, and executive functions.2  These 
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deficits are associated with functional skills affecting their 
daily life activities.3 A study of the relationships between 
occupational engagement and cognitive functioning 
among persons with schizophrenia suggests that cognitive 
functioning influences occupational engagement and the 
capacity to perform daily activities.4

	 The evaluation of cognitive abilities is an important 
part in the occupational therapy process. Assessing 
cognitive abilities in daily activities allows for the 
identification of strengths and limitations, as well as 
providing how an individual acquires new skills and adjusts 
to environmental strategies that support daily living.5,6 
There are various cognitive assessment tools available, 
such as self-report measures, performance-based tests, 
and computer-based measures. However, performance-
based assessments are most used for psychiatric patients.7

	 One of the performance-based assessments is the 
Allen Cognitive Level Screen-5 (ACLS-5), a standardized 
tool based on the Cognitive Disabilities Model (CDM). 
This model suggests that functional performance in 
daily activities is influenced by the interaction between 
cognitive abilities and environmental contexts. The model 
categorizes cognitive abilities into six levels, reflecting 
brain processing capacity, learning potential, problem-
solving skills, and performance capacity. These levels are 
determined through the observation of performance on 
three leather stitching tasks with increasing complexity.8 
The ACLS-5 facilitates the classification of individuals 
based on cognitive performance and is useful in the 
development of specific treatment strategies that relate 
to their cognitive abilities.9 Additionally, the application 
of the ACLS-5 in clinical settings enables professionals to 
promptly and effectively evaluate cognitive capacities, 
hence impacting the formulation of treatment plans and 
subsequent interventions after discharge.10 

	 Studies on the psychometric properties of the 
ACLS-5 have demonstrated strong inter-rater reliability 
across all versions of the ACLS and LACLS (1978-2007), 
with correlation coefficients ranging from r=0.91 to 
0.99. 11 A study involving 225 individuals in a mental 
health setting found a significant association between 
functional cognition, as measured by the LACLS-5, and 
the level of independence (r=0.55, p<.01).11 The ACLS-5 
has been translated and validated in multiple languages, 
for example, Japanese,11 Chinese,12,13 and Turkish,14 
demonstrating robust psychometric properties. Significant 
correlations have been reported with cognitive and 
functional assessments, including the Mini-Mental State 
Examination (r=0.90, p<.0001),11 the Chinese Mini-Mental 
State Examination (Z=0.61, p<.01),12 the Social Functioning 
Scale (Z=0.382-0.480, p<.05),14 and the Wisconsin Card 
Sorting Test (Z=0.257-0.557, p<.01). 14 Overall, findings 
consistently support the construct validity, reliability, 
and discriminant validity of the ACLS-5, confirming its 
effectiveness in evaluating functional cognition across 
diverse populations.
	 The ACLS-5 is widely utilized for evaluating functional 
cognition and designing interventions for daily living 
activities. However, there have been no reports of the 

translation of the ACLS-5 into Thai. 
	 This study aimed to translate the ACLS-5 from 
English to Thai and evaluate its psychometric properties, 
including content validity, construct validity, and inter-
rater reliability.
﻿
Materials and methods
Study design
	 This study was conducted in two phases: 1) the 
translation and cultural adaptation of the ACLS-5, and 2) 
 the evaluation of psychometric properties, which included 
construct validity and inter-rater reliability. 
	
Phase 1: Translation and cultural adaptation
	 The researchers obtained permission from the Allen 
Cognitive Group for the translation of the administration 
and scoring manuals. The translation process followed the 
Beaton’s guideline15 and consisted of five steps: 

 Step I: Initial translation
	 ACLS-5 was independently translated from English 
to Thai by two bilingual translators. One translator had 
a medical background with expertise in psychiatric 
occupational therapy, while the other had no medical 
background. This step produced two initial Thai versions, 
labeled T1 and T2.
﻿
Step II: Synthesis of translations 
	 Two translators and the researchers synthesized T1, 
T2, and the original ACLS-5 to develop a unified version, 
referred to T-12. Both translators reviewed and approved 
this synthesized version.
﻿
Step III: Back translation
	 Two bilingual translators who were blind to the 
original ACLS-5 independently back-translated the T-12 
version into English. This step produced two English 
versions, BT1 and BT2. Both versions were thoroughly 
reviewed to confirm their consistency with the original 
ACLS-5 content. The outcome of this step was a combined 
English version (BT12).
﻿
Step IV: Expert panel discussion
	 An expert panel was focused on semantic equivalence, 
idiomatic equivalence, and conceptual equivalence 
to ensure the accuracy and appropriateness of the 
translation. The panel consisted of seven members: four 
translators involved in steps I-III, one English language 
expert, one research methodology expert, and one 
occupational therapist. Through consultations and 
discussions, the panel refined the assessment, resulting in 
a pre-final version. Additionally, the BT12 English version 
was approved and verified by the original developers (The 
Allen Cognitive Group) to confirm consistency with the 
original content.
﻿
Step V: Pre-testing
	 The pre-final Thai version of the ACLS-5 was 
administered to 30 individuals with schizophrenia. They 
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were recruited from a psychiatric hospital in Chiang 
Mai Province, Thailand, using purposive sampling. The 
inclusion criteria were as follows:
	 1.	 A diagnosis of schizophrenia based on the 

International Classification of Diseases, 10th 
Revision (ICD-10) criteria

	 2.	 Stable psychiatric symptoms, indicated by a score 
of the Positive and Negative Syndrome Scale Thai 
version (PANSS-T)

	 3.	 Aged between 20 and 65 years
	 4.	 No auditory or visual impairments
	 5.	 Ability to communicate in Thai
	 6.	 No history of brain injury or neurological disorders
	 7.	 No history of experience with stitching leather

	 After completing the assessment, interviews were 
conducted to assess the clarity and comprehensibility of 
the assessment. Feedback was analyzed, and necessary 
modifications were made to refine the instrument. 
Following this process, the final version of the Thai ACLS-5 
was completed.
﻿
Phase 2: Psychometric properties study
	 Construct validity of the Thai ACLS-5 was examined 
using the known-group technique. The  sample size for 
the study was calculated using the G*Power 3.1.9.4 
software, with an effect size of 0.5, a power level of 
0.8, and a significance level of α=0.05.14 Based on this 
calculation,  a total of 102 participants were included in 
the study, comprising 51 individuals with schizophrenia 
and 51 healthy individuals. Ethical approval for the study 
was obtained from the Ethics Committee of the Faculty 
of Associated Medical Sciences, Chiang Mai University 
(EC Number: AMSEC-67FB-001) and the Human Research 
Ethics Committee at Suanprung Hospital (EC Number: SPH.
IRB002/2567SCs_Ful).
	 Individuals with schizophrenia were recruited from 
a psychiatric hospital in Chiang Mai Province, Thailand, 
using purposive sampling. The inclusion criteria for this 
group were identical to those used in Phase 1.
	 A control group of healthy individuals was recruited 
from the community in Chiang Mai Province, Thailand, 
through purposive sampling. The inclusion criteria of the 
control group were as follows:
	 1.	 Aged between 20 and 65 years
	 2.	 No auditory or visual impairments
	 3.	 Ability to communicate in Thai
	 4.	 No history of psychiatric disorder
	 5.	 No history of brain injury or neurological disorders
	 6.	 No history of experience with stitching leather

	 To ensure comparability, the healthy controls 
were demographically matched with the schizophrenia 
group based on gender, age, education level, and work 
experience.
	 Inter-rater reliability was assessed in a subgroup of 38 
individuals with schizophrenia from the construct validity 
sample.  Two occupational therapists with experience in 
psychiatric patients were trained by the researcher to 

administer the Thai ACLS-5. One therapist administered 
the assessment while the other observed, with both 
independently scoring the participants to minimize bias 
and ensure objective evaluation.

Instruments 
The Allen Cognitive Level Screen-5 (ACLS-5) 
	 The Allen Cognitive Level Screen-5 (ACLS-5) is a 
standardized assessment tool developed within the 
framework of the Cognitive Disabilities Model (CDM).16 
The ACLS-5 consists of three visuomotor tasks of increasing 
complexity: the Running Stitch, the Whipstitch, and the 
Single Cordovan Stitch. Each task requires participants 
to follow the examiner’s verbal and demonstrative 
instructions, utilizing feedback from their motor actions to 
make necessary corrections. Scoring ranges from cognitive 
level 3.0 to 5.8, with higher scores indicating better 
cognitive functioning. The assessment typically takes 15 to 
20 minutes to complete and reflects the capacity of the 
individual to learn and adapt while performing various 
activities.

The Positive and Negative Syndrome Scale Thai version 
(PANSS-T)
	 The Positive and Negative Syndrome Scale Thai 
version (PANSS-T)17 is a tool designed to assess symptom 
severity in individuals with schizophrenia, based on 
clinical interviews and observations. The PANSS-T has 
been assessed for both reliability and criterion validity in 
Thai patients with schizophrenia. Significant correlations 
between the PANSS and PANSS-T scales were observed, 
including positive symptoms (r=0.89), negative symptoms 
(r=0.72), and general psychopathology (r=0.88), all with 
p<.0001. Additionally, the agreement for each item ranged 
from 70% to 100%, demonstrating strong reliability.17

	 In this study, a composite scale score was calculated 
by subtracting the negative scale score from the positive 
scale score. The composite scale score below 0, indicating 
the relative predominance of no positive symptoms.

Statistical analysis
	 All statistical analyses were conducted using SPSS 
software. Descriptive statistics were used to summarize 
demographic data. The Chi-square test was employed 
to compare demographic characteristics between the 
individuals with schizophrenia and healthy controls. The 
Mann-Whitney U test was used to assess construct validity 
by comparing the Thai ACLS-5 scores between individuals 
with schizophrenia and healthy individuals. Inter-rater 
reliability was evaluated using the intraclass correlation 
coefficient (ICC).

Results
Phase 1: Translation and cultural adaptation 
	 The Thai ACLS-5 was reviewed by an expert 
committee for semantic and idiomatic equivalence. 
Seven experts discussed key occupational therapy terms 
(such as visuospatial-motor, cognitive activity demands, 
performance, and cues), stitching task names (such as 
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Running Stitch, Whipstitch, and Single Cordovan Stitch), 
and the phrasing of instructional directions. During 
this review, terms without direct Thai equivalents were 
identified. The Allen Cognitive Group commented on 
specific terms, such as “Allen Cognitive Level,” “Cross-in-
Back Error,” and “Twisted Lace Errors,” which lacked direct 
Thai translations. To address these issues, the stitching task 
names were adapted to align with Thai cultural practices, 
phrase patterns were clarified, and the original technical 
terms were retained when necessary.
	 The pilot testing was conducted on 30 individuals 
with schizophrenia, with their demographic characteristics 
presented in Table 1. The results of the pilot testing, as 
shown in Table 2, include the Thai ACLS-5 scores and 
the time taken to complete the three tasks. Participant 
feedback indicated that the instructions were clear and 
easy to understand.

Phase 2: Psychometric properties study
	 The analysis of demographic characteristics, as shown 
in Table 3, revealed no differences between schizophrenia 
and healthy groups. The construct validity of the Thai ACLS-
5 was assessed by comparing scores between individuals 
with schizophrenia and healthy controls. The results 
indicated a significant difference between the two groups 
(Z=-6.511, p<.000), as presented in Table 4. Additionally, 
the comparison of time taken to complete the Thai ACLS-5 
between the two groups, analyzed using the Independent 
Samples T-Test, is shown in Table 5.
	 The inter-rater reliability analysis demonstrated 
a high level of agreement for the Thai ACLS-5, with an 
intraclass correlation coefficient (ICC) of 0.932 (Table 6), 
indicating excellent consistency between raters.

Table 1. Characteristics of individuals with schizophrenia (N=30) in the pilot testing. 
Characteristics Schizophrenia %
Gender Male 17 56.7

Female 13 43.3
Age (years) 20-40 11 36.7

41-60 18 60.0
61-65 1 3.3

Education Primary 11 36.7
Secondary 18 60.0
University 1 3.3

Work experience None 18 60.0
Farmer 4 13.3
Self-employed 5 16.7
Employee 3 10.0

Table 2. Result of pilot testing for the Thai ACLS-5 in schizophrenia (N=30).
Result of Testing Minutes Max Mean (SD) Median
Thai ACLS-5 score 4.4 5.6 5.17 (0.31) 5.2
Time used (minute) 2.49 28.10 13.19 (6.12)

Table 3. Comparison of demographic data between schizophrenia (N=51) and healthy controls (N=51) using the Chi-square test.
Characteristics Schizophrenia % Healthy controls % p value
Gender Male 39 76.5 19 37.3

0.748
Female 12 23.5 32 62.7

Age (years) 20-40 23 45.1 19 37.3
0.94241-60 24 47.1 22 43.1

61-65 4 7.8 10 19.6
Education Primary 15 29.4 18 35.3

0.156Secondary 29 56.9 28 54.9
University 7 13.7 5 9.8

Work experience None 16 31.4 5 9.8

0.229
Farmer 5 9.8 3 5.9

Self-employed 24 47.1 36 70.6
Employee 6 11.7 7 13.7
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Discussion
	 The back-translation process, following Beaton’s 
protocol, was utilized to ensure the concepts and content 
of the original assessment. A key component of this 
method is the expert panel review, which serves as a 
content validity. The panel improved the translation to 
ensure accuracy, clarity, and consistency with the original 
assessment.18 In this study, the expert panel revised the 
names of the three stitching tasks to better reflect Thai 
cultural contexts for the purpose of defining the type of 
stitching. The adjustments improved the instrument’s 
meaning and clarity within Thai context. Additionally, 
in pilot testing of individuals with schizophrenia, task 
instructions were simplified while keeping meaning. 
Participant feedback indicated that the instructions were 
clear and easy to understand.  
	 The construct validity of the Thai ACLS-5 indicated 
that individuals with schizophrenia had significantly lower 
scores compared to healthy controls (Z=-6.511, p<0.000); 
supporting the hypothesis that the ACLS-5 is effective in 
distinguishing individuals with cognitive impairment. The 
results highlight that cognitive impairment plays a crucial 
role in determining functional cognition in schizophrenia, 
impacting more than 80% of individuals with the 
condition.19 Previous studies conducted by Ozturk, Bumin, 
Ozturk, and Akyurek14 examined the ACLS-5 in a sample 
of 61 individuals with schizophrenia compared to 61 
healthy participants; reporting significantly lower scores 
in the schizophrenia group. Like this study, their findings 
confirmed that the Thai ACLS-5 effectively differentiates 
individuals with cognitive impairment.
	 The inter-rater reliability analysis of the Thai ACLS-
5 demonstrated an Intraclass Correlation Coefficient (ICC) 
of 0.932, which indicated excellent reliability.20 Various 
versions of the ACL have demonstrated excellent inter-rater 
reliability, with correlation coefficients ranging from 0.92 
to 0.99.11 For instance, the Cantonese version of the ACLS 
reported high inter-rater reliability (ICC=0.98),13 as their 

raters received training in assessment. In this study, raters 
had prior experience with the cognitive disability model in 
schizophrenia and received introduction and training on 
the assessment instruction and scoring criteria. Therefore, 
it is recommended that training in the cognitive disability 
model and assessment instructions be provided before 
administering the Thai ACLS-5 to ensure a comprehensive 
understanding of the assessment process and scoring. This 
training enhances accuracy in identifying cognitive levels. 
Additionally, the ACLS-5 includes clear and standardized 
instructions, promoting consistency in administration and 
interpretation among examiners. Moreover, participants 
completed the three stitching tasks within thirty minutes, 
highlighting that the Thai ACLS-5 is a quick and practical 
assessment tool. In clinical settings, it allows professionals 
to efficiently evaluate the cognitive abilities of patients, 
thus facilitating informed treatment and post-discharge 
intervention recommendations.10,21

Limitations 
	 This study has several limitations. The individuals 
with schizophrenia were recruited from a single setting, 
and construct validity used the known-groups method. 
To strengthen the evidence base, future research should 
include participants from multiple centers and conduct 
further validation with additional cognitive assessment 
tools. Additionally, examining psychometric properties 
such as test-retest reliability and intra-rater reliability is 
recommended.

Conclusion
	 The Thai ACLS-5 has been effectively translated 
and culturally adapted to align with Thai context. The 
findings confirm its reliability, validity, and practicality  
as an assessment for evaluating functional cognition in 
individuals with schizophrenia. The assessment demonstrates 
significant potential for occupational therapists in Thailand, 
providing important perspectives for intervention strategies.  

Table 4. Comparison of the Thai ACLS-5 scores between schizophrenia (N=51) and healthy controls (N=51) using the Mann-
whiney U test.

Schizophrenia Healthy controls
Z p value

Min Max Mean (SD) Min Max Mean (SD)
Thai ACLS-5 score 3.4 5.8 4.8(0.65) 5.2 5.8 5.5(0.17) -6.511 0.000

Table 5. Comparison of time used of the Thai ACLS-5 scores between schizophrenia (N=51) and healthy controls (N=51) 
using Independent Samples T-Test.

Schizophrenia Healthy controls
p value

Min Max Mean (SD) Min Max Mean (SD)
Time used (minute) 1.36 24.34 10.24 (4.31) 1.00 23.10 9.50 (5.39) 0.106

Table 6 Inter-rater reliability analysis of the Thai ACLS-5 scores between two raters using the intraclass correlation coefficient 
(ICC) test.

Rater 1 Rater 2
ICC 95% CI

Min Max Mean (SD) Min Max Mean (SD)
Thai ACLS-5 score (N=38) 3.4 5.8 4.7 (0.65) 3.2 5.8 4.7 (0.64) 0.932 0.873-0.964
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Future research should examine its application across 
diverse populations and settings to further validate its 
utility in both clinical practice and research.
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ABSTRACT

Background: Alcohol dependences have higher risk to dental caries from having 
poor oral hygiene practice and exposure to acidic drink. 

Objectives: To determine prevalence and associating factors associated to dental 
caries in alcohol dependences that are useful for designing targeted dental caries 
prevention and promotion program for this specific population.

Materials and methods: A cross-sectional survey was conducted involving 450  
alcohol dependent patients admitted at male in-patient ward from November 
2015 to September 2016 at Suanprung Psychiatric Hospital, Chiang Mai Province. 
Data in terms of number of decayed teeth, missing teeth due to decayed and filled 
teeth (DMFT), socio-demographic information and potential associating factors to 
dental caries experience were collected using structured interviews, questionnaires 
and oral examination. Descriptive statistics and multiple logistic regression were 
performed. 

Results: Age of participants ranged from 18-69 years old. Mean DMFT was 
7.86+6.37. Participants who were diagnosed as alcohol dependence and single had 
higher number of decayed teeth compared to others. Age, satisfaction to own oral 
health and self-perceived oral health were associating factors to DMFT. 

Conclusion: Dental caries was a high prevalent problem among alcohol dependences. 
Dental caries prevention and promotion program targeting high prevalence sub-group 
of population with special focus on increasing self-satisfaction and self-perceived 
of own oral health should be considered. 
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Introduction
	 Thailand has the high alcohol consumption per capita 
in 15+ years old at 8.3 mL compared to 6.4 mL worldwide.1 
Among drinkers, the alcohol per capita consumption can 
be as high as 26.2 mL in males 15+ years old and 9.2 mL in 
females. 
	 Alcohol is an addictive substance either stimulates 
or suppresses central nervous system which subsequently 
can induce mental illness. Over half (56%) of drinkers 
suffered from mental problem more than physical health 
problem.2 The Thai National Mental Health Survey 2008 
reported that mental health problem was self-reported 
by 11.7% of drinkers, 42.4% of binge drinkers and 58.8% 
of alcohol dependences.2 Among alcohol dependences, 
36.9% were diagnosed with anxiety, 27.9% depression and 
1.9% bi-polar disorder. Schizophrenic was also found.3

	 Alcohol dependences are also in high risk of oral 
diseases. Alcohol is an acidic drink and can weaken enamel  
and increase caries susceptibility. Poor oral hygiene practice 
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is commonly found amongst alcohol dependences.4,5 

A study by Hornecker et al. found that 52% of alcohol 
dependences did not brush their teeth.6 
	 Suanprung Psychiatric Hospital is a large tertiary 
psychiatric hospital that provides holistic services for 
patients with mental health and psychiatric problems 
in the North of Thailand. It provided mental health 
services for 4,307 alcohol dependences in 2014. To 
integrate oral health into general health, it is necessary to 
understand factors affecting dental caries in this specific 
population to plan and design dental caries prevention 
and promotion programs. While there is an increase of 
evidence highlighting negative impact of alcohol on oral 
health, study on dental caries determinants in Thai alcohol 
dependences is scarce. 
	 Factors associated to dental caries in alcohol 
dependences are useful for designing targeted dental 
caries prevention and promotion program for this 
specific population. Moreover, it will be helpful for the 
occupational therapist to design a suitable program and 
intervention to promote the patients’ quality of life.
	 Therefore, the objective of this study was to identify 
associating factors to dental caries in alcohol dependences.

Materials and methods
	 A cross-sectional survey was conducted at male in-
patient ward at Suanprung Psychiatric Hospital between 
November 2015 and September 2016 using convenient 
sampling.   Ethics approval was granted by the Human 
Ethics Committee, Suanprung hospital (study ID 21/2015). 
Inclusion criteria were: 
	 -	 Being diagnosed with alcohol dependence (ICD 

F10.20) or mental and behavioural disorders due 
to use of alcohol: psychotic disorder (ICD F10.50)

	 -	 No or mild alcohol withdrawal (<7 scores of the 
Clinical Institute Withdrawal Assessment for Alco-
hol revised version or CIWA-Ar)7

	 -	 Good co-operative (<2 scores of 1, 2, 6 dimensions 
of the Health of the National Outcome Scales or 
HoNOS)8

	 -	 Can communicate in Thai
	 -	 Consent to participate to the study 

	 Potential participants were excluded if platelet count 
was less than 100,000/cu.mm3, diagnosed liver cirrhosis 
or hyperthyroidism or acute hepatitis; have heart disease 
that requires premedication before oral examination and 
procedure, and have immunocompromised condition that 
is in high risk of infection. 

Questionnaire survey
	 A predefined survey consisted of questions related 
to participant’s socio-demographic, alcohol consumption, 
dental service experience and oral hygiene practice was 
collected by a trained registered nurse. Face-to-face 
validation was conducted with the research team. 

Clinical examination
	 A dentist examined dental caries status on a dental 
chair and recorded number of decayed (D), missing due to 
decay (M) and filled due to decayed teeth (F) which made 
up to missing teeth due to decayed and filled teeth (DMFT) 
index. The oral examination adopted the WHO Oral Health 
Survey Basic Methods 5th Edition.9 Intra-rater reliability 
was 0.88. 

Data analysis
	 STATA version 14.0 was used to manage and 
analyse data. Descriptive statistics of data collected by 
questionnaires and oral examination was performed to 
generate frequencies, percentages, means and standard 
deviations of variables. Spearman rank, Wilcoxon Rank 
Sum test and Kruskal Wallis test were conducted to assess 
categorical data comparison. Multiple logistic regression 
with significant level of 0.05 were examined. 

Results
	 Average age was 41.8±9.26 years old (ranged between 
18-69 years). Average number of teeth in a mouth of 
participants was 28.12±3.73. Average DMFT was 7.86±6.37. 
Of these 84% did not received treatment for decayed 
teeth and 67% lost their teeth due to caries. Table 1 shows 
caries experience in specific age groups and characteristics 
of participants. Significant associating factors (p<0.05) to 
the DMFT were age, diagnostic group, occupation, had 
dental treatment in the past, having chewing problem, 
self-perceived oral health status, satisfaction of own oral 
health, and time of the last clean and scale. 
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Table 1. Study variables description by caries experience and index.

Variables Mean (SD)
DMFT DT MT FT

Age (years)
<30 5.57 (4.11) 4.24 (3.49) 0.67 (1.42) 0.65 (1.66)
31-40 7.56 (5.91) 4.88 (4.31) 2.16 (2.98) 0.53 (1.64)
41-50 7.88 (6.75) 3.97 (3.98) 3.66 (4.25) 0.25 (0.85)
>50 9.80 (7.11) 4.53 (4.49) 4.79 (4.86) 0.48 (1.72)
p valuea <0.001 0.203 <0.001 0.033

ICD
F10.20 alcohol dependence 8.28 (6.47) 4.74 (4.30) 3.04 (3.86) 0.50 (1.51)
F10.50 mental and behavioural disorders 
due to use of alcohol: psychotic disorder 7.11 (6.14) 3.86 (3.82) 2.93 (4.08) 0.31 (1.29)

p valueb 0.034 0.025 0.354 0.12
 Hospital admission

1-5 7.62 (6.24) 4.40 (4.10) 2.83 (3.78) 0.39 (1.34)
>5 9.67 (7.08) 4.62 (4.59) 4.31 (4.86) 0.75 (2.01)
p valuea 0.069 0.504 0.077 0.330

Body mass index (BMI)
<18.5 7.57 (5.52) 3.82 (3.33) 3.04 (3.98) 0.30 (1.07)
18.5-22.9 8.02 (6.58) 4.68 (4.33) 3.62 (4.45) 0.11 (0.53)
23.0-24.9 7.19 (5.70) 3.95 (3.68) 2.58 (3.71) 0.66 (1.74)
25.0-29.9 8.28 (6.72) 4.57 (4.05) 2.67 (3.57) 1.04 (2.40)
>30 8.62 (8.94) 4.92 (6.93) 3.00 (3.19) 0.69 (2.21)
p valuec 0.947 0.940 0.229 <0.001

Highest education
<Year 9th 7.45 (5.94) 4.29 (3.93) 2.90 (3.89) 0.25 (1.05)
High school, certificate, diploma 9.28 (7.68) 5.17 (5.12) 3.62 (4.39) 0.49 (1.04)
Bachelor and postgraduate 8.26 (6.46) 3.80 (3.36) 2.37 (3.05) 2.09 (3.28)
p valuec 0.209 0.579 0.159 <0.001

Occupation
Unemployed, labour, farmer, others 7.80 (6.34) 4.48 (4.07) 2.99 (4.02) 0.32 (1.27)
Public servant 6.63 (6.16) 2.83 (3.26) 2.47 (3.07) 1.33 (2.29)
Business owner/merchant 10.30 (7.13) 5.43 (5.83) 3.83 (3.60) 1.04 (1.97)
p valuec 0.047 0.042 0.365 <0.001

Marital status
Single 8.14 (6.20) 5.08 (4.32) 2.45 (3.58) 0.62 (1.82)
Married 7.86 (6.82) 4.17 (4.11) 3.34 (4.22) 0.36 (1.24)
Widow/divorce/separate 7.32 (5.77) 3.72 (3.76) 3.35 (3.92) 0.25 (0.82)
p valuec 0.533 0.014 0.052 0.164

Number of family member
1-2 8.01 (6.32) 4.33 (4.08) 3.19 (3.95) 0.49 (1.67)
3-4 7.87 (6.22) 4.42 (3.98) 3.01 (4.09) 0.44 (1.31)
5-6 7.78 (6.96) 5.02 (4.90) 2.48 (3.24) 0.27 (1.11)
>7 7.00 (6.30) 2.58 (2.29) 3.68 (4.83) 0.74 (2.10)
p valuea 0.640 0.830 0.295 0.915
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Variables Mean (SD)
DMFT DT MT FT

Average monthly household income (Baht)
<3,000 8.39 (6.00) 4.16 (3.66) 3.76 (4.03) 0.46 (1.69)
3,000-25,000 7.98 (6.54) 4.70 (4.31) 2.98 (4.09) 0.30 (1.09)
>25,000 6.70 (5.83) 3.30 (3.66) 2.28 (2.80) 1.11 (2.28)
p valuea 0.202 0.714 0.007 <0.001

Having medical condition
No 7.50 (6.03) 4.27 (3.99) 2.80 (3.54) 0.43 (1.53)
Yes 8.22 (6.69) 4.58 (4.31) 3.20 (4.29) 0.44 (1.33)
p valueb 0.312 0.526 0.659 0.426

Smoking history
Never smoke 7.55 (6.70) 4.56 (4.31) 2.30 (3.73) 0.68 (1.88)
Smoked 7.99 (6.24) 4.37 (4.09) 3.28 (4.00) 0.34 (1.19)
p valueb 0.236 0.705 <0.001 0.016

Quit smoking (years) 
<5 6.06 (4.81) 3.17 (3.74) 2.06 (1.98) 0.83 (2.15)
>5 7.00 (5.70) 2.14 (2.77) 4.14 (4.15) 0.71 (2.13)
p valuea 0.606 0.289 0.585 0.299

Cigarette consumption/day
<10 8.30 (6.42) 4.55 (4.15) 3.48 (4.19) 0.26 (0.96)
>10 7.47 (5.93) 4.53 (4.06) 2.55 (3.34) 0.39 (1.37)
p valuea 0.638 0.545 0.111 0.181

Age started smoking (years)
<20 7.89 (6.00) 4.36 (4.09) 3.20(3.88) 0.32 (1.17)
>20 8.62 (7.68) 4.40 (4.12) 3.81 (4.68) 0.40 (1.33)
p valuea 0.184 0.212 0.819 0.108

Age started drinking (years)
<20 7.94 (6.42) 4.52 (4.25) 2.97 (3.95) 0.45 (1.46)
>20 7.47 (6.13) 3.95 (3.62) 3.16 (3.88) 0.36 (1.29)
p valuea 0.600 0.094 0.447 0.372

Alcohol dependence (years)
<10 7.65 (6.41) 4.43 (4.09) 2.75 (3.79) 0.46 (1.52)
11-20 8.59 (6.47) 4.73 (4.24) 3.37 (4.22) 0.49 (1.42)
>20 7.36 (5.79) 3.50 (4.36) 3.83 (4.14) 0.03 (0.17)
p valuea 0.095 0.594 <0.001 0.858

Average daily standard drink
<20 8.39 (6.56) 4.32 (3.77) 3.40 (4.44) 0.66 (1.98)
21-40 7.78 (6.36) 4.65 (4.42) 2.78 (3.51) 0.34 (1.13)
>41 7.07 (6.01) 3.82 (3.86) 2.96 (4.29) 0.29 (0.95)
p valuea 0.355 0.715 0.171 0.047

Highest CIWA scores
1-7 (less severe) 7.63 (6.48) 4.19 (4.52) 3.11 (3.48) 0.33 (0.97)
8-14 (moderate) 7.95 (6.44) 4.34 (3.90) 3.10 (4.47) 0.51 (1.79)
15-19 (severe) 9.46 (7.41) 5.05 (4.43) 4.05 (5.29) 0.35 (1.37)
>20 (very severe) 7.76 (5.89) 4.91 (4.16) 2.65 (3.26) 0.20 (0.63)
p valuea 0.313 0.047 0.439 0.599

Table 1. Study variables description by caries experience and index (continued).
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Table 1. Study variables description by caries experience and index (continued).

Variables Mean (SD)
DMFT DT MT FT

Number of drinkers in family
none 7.86 (6.80) 3.93 (3.88) 3.31 (4.61) 0.62 (1.72)
drinker 6.86 (4.39) 3.68 (2.71) 2.27 (2.76) 0.91 (2.00)
Alcohol dependence 7.94 (6.25) 4.79 (4.38) 2.87 (3.55) 0.28 (1.14)
p valuec 0.842 0.230 0.342 0.679

Received dental services
No 7.29 (6.50) 4.54 (4.29) 2.75 (4.15) 0
Yes 8.26 (6.26) 4.34 (4.06) 3.17 (3.78) 0.74 (1.81)
p valueb 0.034 0.833 0.008 NA

Received oral hygiene instruction
No 7.50 (6.26) 4.43 (4.17) 2.83 (4.06) 0.24 (1.01)
Yes 8.64 (6.56) 4.41 (4.13) 3.37 (3.65) 0.86 (2.02)
p valueb 0.056 0.830 0.029 <0.001

Number of tooth brushing per day
1 8.38 (6.36) 4.93 (4.14) 2.71 (3.82) 0.44 (1.55)
2 5.44 (4.75) 4.30 (4.17) 2.97 (3.80) 0.45 (1.47)
>3 4.33 (4.04) 5.20 (4.09) 3.05 (4.08) 0.36 (1.07)
Irregular 5.33 (2.51) 3.20 (3.42) 7.00 (9.87) 0
p valuec 0.639 0.254 0.656 0.788

Brush teeth after getting up
Never 9.50 (10.61) 6.50 (6.36) 2.00 (2.83) 1.00 (1.41)
Sometimes 13.00 (9.97) 5.00 (3.67) 7.80 (9.63) 0.20 (0.45)
Always 7.79 (6.31) 4.41 (4.16) 2.95 (3.82) 0.44 (1.44)
p valuec 0.210 0.406 0.343 0.389

Brush teeth after having lunch
Never 7.70 (6.31) 4.42 (4.23) 2.91 (3.78) 0.37 (1.28)
Sometimes 9.25 (6.86) 4.67 (3.83) 3.65 (4.75) 0.94 (2.31)
Always 7.21 (6.00) 3.79 (3.50) 3.10 (4.63) 0.32 (0.94)
p valuec 0.236 0.624 0.763 0.089

Tooth brushing before bed
Never 9.24 (6.96) 5.00 (4.59) 3.56 (4.57) 0.68 (1.95)
Sometimes 8.03 (6.13) 4.56 (3.32) 2.64 (4.18) 0.83 (2.34)
Always 7.76 (6.36) 4.38 (4.20) 3.00 (3.88) 0.38 (1.28)
p valuec 0.446 0.551 0.843 0.614

Types of toothbrush brittle
Extra soft 10.0 (10.34) 6.71 (8.16) 3.00 (2.94) 0.28 (0.76)
Soft 8.44 (6.74) 4.85 (4.25) 3.06 (4.14) 0.52 (1.43)
Medium 7.24 (6.01) 4.00 (4.00) 2.76 (3.49) 0.48 (1.60)
Hard 8.08 (6.28) 4.39 (3.89) 3.49 (4.70) 0.20 (1.08)
Not sure/do not know 7.62 (4.03) 4.88 (3.31) 2.62 (2.26) 0.12 (0.35)
p valuec 0.550 0.191 0.967 0.172
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Table 1. Study variables description by caries experience and index (continued).

Variables Mean (SD)
DMFT DT MT FT

Types of dentifrice
Normal 8.05 (7.80) 3.95 (5.49) 3.05 (2.60) 1.05 (2.60)
Fluoride 7.68 (6.33) 4.42 (4.10) 2.92 (3.95) 0.34 (1.19)
Sensitive/gum care 8.14 (4.95) 3.57 (2.88) 2.86 (2.85) 1.71 (3.68)
Herbal 9.36 (6.74) 5.02 (4.10) 4.02 (4.88) 0.31 (0.89)
Do not use dentifrice 7.88 (5.22) 4.00 (4.33) 2.35 (2.76) 1.53 (2.79)
p valuec 0.530 0.603 0.355 0.016

Have chewing problem 
No 6.54 (5.95) 3.98 (4.18) 2.08 (3.01) 0.47 (1.66)
A bit 8.76 (6.51) 4.72 (4.11) 3.63 (4.38) 0.41 (1.26)
A lot 9.67 (7.50) 5.67 (4.73) 3.33 (3.06) 0.67 (1.15)
p valuec <0.001 0.049 <0.001 0.476

Self-perceived oral health
Very poor 13.78 (8.45) 6.50 (6.70) 6.28 (5.18) 1.00 (1.81)
Poor 10.07 (7.10) 5.98 (4.62) 3.85 (4.58) 0.24 (0.98)
Fair 6.88 (5.50) 3.77 (3.50) 2.64 (3.57) 0.46 (1.44)
Good/very good 5.74 (5.25) 3.36 (3.60) 1.83 (2.68) 0.54 (1.91)
p valuec <0.001 <0.001 <0.001 0.080

Satisfaction of own oral health
Little 10.33 (7.44) 5.92 (5.00) 3.95 (4.61) 0.46 (1.38)
Moderate 6.91 (5.52) 3.80 (3.55) 2.70 (3.61) 0.40 (1.34)
A lot 5.29 (6.15) 3.65 (3.92) 0.82 (1.24) 0.82 (2.90)
p valuec <0.001 <0.001 <0.001 0.820

Frequency of having dental visit
Only when having symptom 8.38 (6.36) 4.37 (4.09) 3.33 (3.90) 0.68 (1.80)
<once a year 5.44 (4.75) 3.56 (3.61) 1.11 (1.45) 0.78 (1.20)
>once a year 4.83 (3.06) 1.83 (1.47) 1.67 (1.86) 1.33 (1.21)
p valuec 0.126 0.248 0.101 0.045

Did you have dental appointment last year?
No 7.82 (6.05) 4.21 (3.89) 3.15 (3.96) 0.46 (1.41)
Cannot remember 10.25 (6.02) 3.00 (2.16) 6.75 (5.56) 0.50 (0.58)
Yes 8.76 (6.70) 4.45 (4.39) 3.16 (3.47) 1.14 (2.23)
p valuec 0.436 0.923 0.160 0.003

Number of dental appointments
1 7.98 (6.26) 4.46 (4.48) 2.77 (3.25) 0.75 (1.62)
2 11.08 (7.56) 4.62 (4.11) 4.46 (3.91) 2.00 (3.06)
>3 11.33 (8.03) 4.11 (4.51) 4.33 (4.18) 2.89 (3.69)
p valuec 0.218 0.893 0.136 0.003

When was the last scale and clean?
< 6 months 6.93 (5.25) 2.86 (3.30) 2.93 (3.54) 1.14 (1.96)
6-12 months 9.36 (7.24) 4.54 (4.15) 3.41 (4.32) 1.41 (2.63)
Never 9.41 (5.91) 4.88 (4.06) 3.98 (4.02) 0.55 (1.53)
>12 months/cannot remember 4.92 (5.52) 3.06 (3.84) 1.39 (2.24) 0.46 (1.37)
p valuec <0.001 0.003 <0.001 0.012

Note: aSpearman Rank, bWilcoxon Rank Sum Test, cKruskal Wallis Test, NA: not available.
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	 Multiple logistic regression analysis found that age, 
diagnostic group, self-perceived oral health, satisfaction of 
own oral health are significant predicting factors of DMFT. 
While predicting factors of DT were diagnostic group, 
marital status, self-perceive oral health and satisfaction 

of own oral health. Predicting factors of MT were age, 
smoking, had dental treatment in the past and self-
perceived oral health whereas those received oral health 
education and educational level, and BMI were significant 
factors of FT (Table 2). 

Table 2. Multiple logistic regression analysis results with selected variables.
Dependent variable Associating factors Adjusted β (95%CI) p value
DMFT Age (years) 0.10 (0.04, 0.16) 0.001
(R2 12.2) Diagnosed with ICD F10.20 1.17 (0.01, 2.33) 0.049

Self-perceived oral health -1.66 (-2.56, -0.75) <0.001
Satisfaction of own oral health -1.64 (-2.97, -0.31) 0.031

DT Diagnosed with ICD F10.20 1.01 (0.22,1.79) 0.012
(R2 9.3) Marital status

    - Single 1.00
    - Married -1.03 (-1.87, -0.19) 0.016
    - Widow/divorce/separate -1.34 (-2.35, -0.34) 0.009
Self-perceived oral health -0.91 (-1.50, -0.31) 0.003
Satisfaction of own oral health -0.94 (-1.82, -0.06) 0.036

MT Age (years) 0.14 (0.11, 0.18) <0.001
(R2 18.1) Smoking 0.94 (0.20, 1.68) 0.013

Received dental services 0.72 (0.04, 1.40) 0.036
Self-perceived oral health -0.97 (-1.41, -0.53) <0.001

FT Received oral hygiene instruction 0.39 (0.10, 0.67) 0.007
(R2 18.1) Highest education 0.56 (0.34, 0.77) <0.001

Body Mass Index 0.05 (0.01, 0.08) 0.013
Note: DMFT: decayed/missing/filled teeth, DT: decayed teeth, MT: missing teeth, FT: filled teeth.

Discussion
	 Thailand had a high alcohol consumption per capita 
and was at the 3rd rank in Asia followed South Korea and 
Japan. Alcohol consumption per capita in South Korea, 
Japan and Thailand were 12.3 mL, 7.2 mL and 7.1 mL, 
respectively.10 Based on the Thai national survey of drinking 
behaviour and psychiatric disorders in 2008, 5.3 million 
individuals (10.9%) had excess alcohol consumption with 
the highest rate in the North as 13.3%.11 This statistic 
was consistent with the 2017 reports by the Center of 
Alcohol Studies and found that the proportion of current 
drinkers was highest in the North at 35.4% compared to 
the national average at 28.6%.12,13

	 This cross-sectional study is the first survey examining 
dental caries status of alcohol dependences with and 
without mental and behavioural disorders at a large 
psychiatric hospital in the North of Thailand. Study 
participants were recruited from male in-patient ward 
because over 90% of alcohol dependence patients at the 
study site were male. The large proportion of male was 
also reported in other Thai and international studies.14-19 
Our findings confirmed previous evidence that alcohol 
dependence related to socioeconomic disadvantages e.g. 
highest education was primary school, income was 5,000-
30,000 Baht and labour.10,19,20

	 Most of participants (70.9%) were ex-smokers, 63.8% 
were current smokers. It is common that alcohol drinkers 

were also smokers.21 Participants of our study started 
drinking at 17.93 years old and smoking at 17.06 year 
old, which confirmed the previous findings that found 
significant relationship between drinking and smoking 
behaviour.22 The Thai National Mental Health Survey 2013 
found that the younger an individual start drinking, the 
higher risk of bad alcohol consumption behaviour. Having 
family member(s) who was(were) drinker can increase the 
risk of having bad alcohol consumption behaviour up to 
4.1 times.23 

	 Study participants had significantly poorer dental 
caries status. Participants aged 35-44 years having decay 
tooth/teeth was DMFT 7.31±5.96 among participants 
compared to DMFT 6.0±5.14 national average and DMFT 
5.8±4.85 regional average. The percentage of individual 
having decay tooth/teeth in participants was 2.4 times 
higher than the national average (84.7% vs 35.2%). 
	 While the poor oral health was a prominent problem 
in this population, dental service utilisation was low as 
41.3% never get dental services and 68.7% never received 
oral hygiene instruction. Untreated dental caries was found 
in 84.2% total decayed teeth. Previous study found that 
alcohol dependence had poor hygiene practice.6 However, 
80.7% participants in our study brushed their teeth twice 
a day. 
	 Participants who were diagnosed as alcohol dependence 
and single had a greater number of decayed teeth compared 
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to others. Evidence showed that alcohol and medication 
for alcohol dependence can cause dry mouth and 
reduce salivary flow which increased risk of dental caries 
development and progress.24 Our result found that DMFT 
significantly related to age, satisfaction to own oral health 
and self-perceived oral health. 

Conclusion
	 The findings suggested that dental caries prevention 
program should focus on alcohol dependences who 
are single given their highest dental caries prevalence. 
Dental caries prevention and promotion program and oral 
hygiene instruction should be implemented as soon as a 
person being diagnosed as alcohol dependence with an 
emphasis on improving self-perception and satisfaction of 
own oral health. 
	 Although the participants can represent Thai alcohol 
dependence population, the current study design allowed 
us to only explore association of dental caries and its 
determinants using collected data at a certain time. 
Longitudinal studies are required if researchers wish to 
learn more about causal mechanism and observe the 
pattern of changes.   
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ABSTRACT
Background: Urinalysis is one of the essential laboratory tests for health checks, 
which requires highly skilled personnel. In medical laboratories, automated 
urine analyzers are crucial for reducing workloads compared to human methods. 
However, quality control is necessary to ensure their accuracy and precision. 
The Dirui MUS3600 and FUS3000Plus automated urinalysis analyzer models are 
also interested in taking part in the proficiency testing program, and the AMS CMU 
EQA unit has developed urine control materials for the Thai medical laboratory’s 
urinalysis EQA program.

Objectives: The goal of this study was to evaluate the performance of the Dirui 
3600 and FUS3000Plus urine analyzer models for usage in the AMS CMU EQA unit 
laboratory using method validation items.

Materials and methods: Total of 724 urine samples were collected, and three in-house 
urine control levels were prepared. Imprecision, accuracy, comparison, and 
diagnostic performance tests were determined by using MUS3600 and FUS3000Plus 
compared with the microscopic examination as the standard method. 

Results: Both automated models provided excellent results of %CV of within day and 
between day running shows less than 10%. The agreement between automation 
and standard methods in physical, chemical, and sediment evaluation was 
70-100%. The correlation coefficient for the RBC and WBC parameters compared 
with the manual microscope method ranged from r=0.88 to 0.93. Linearity 
results of both models show r=0.99 for RBCs and WBCs, respectively. Results of 
carry-over also show good reliability results below 0.005%.  Moreover, the results 
of sensitivity and specificity in important urinary diseases indicate sediment for 
example RBC and WBC show more than 83% of overall results.

Conclusion: The Dirui MUS3600 and FUS3000Plus models of urinalysis analyzers 
yielded good results, indicating that they are suitable for use in the future for the 
collection and preparation of specimens for QC material used in the proficiency 
program that should follow the standard procedure for EQA participants. In 
addition, both models can produce good urinalysis results in clinical laboratories.

Journal of Associated
Medical Sciences

Corresponding contributor.
Author’s Address: Division of Clinical Microscopy, Department 
of Medical Technology, Faculty of Associated Medical Sciences, 
Chiang Mai University, Chiang Mai Province, Thailand.
E-mail address: tanyarat.jomgeow@cmu.ac.th
doi: 10.12982/JAMS.2025.093
E-ISSN: 2539-6056

*

Volume 58 Number 3 September -December 2025 E-ISSN: 2539-6056

Article history:
Received 6 February 2025
Accepted as revised 3 July 2025
Available online 9 July 2025

Introduction
	 Urinalysis is one of the most requested laboratory 
tests used for diagnosing kidney diseases and other 
disorders. Recently, automated urinalysis analyzers were 
used instead of manual methods for better performance 
and shorter turnaround times, especially in large-scale 
labs.1,2 However, a good quality control strategy is 
necessary for the process in every test from automation. 
Even though more clinical laboratories in Thailand are 
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using urine analyzers, the automated results are not 
entirely trustworthy. Numerous investigations reveal 
that all the automated physical, chemical, and sediment 
evaluation results contain mistakes, so skilled personnel 
must carefully verify and validate the results of all process 
especially confirmed sediment evaluation under manual 
microscope.3,4,5

	 For these reasons, in 2020, we launched the urinalysis 
proficiency testing program under the AMS CMU EQA 
unit, Faculty of Associated Medical Sciences, Chiang Mai 
University. We provide 2 rounds a year with artificial 
urine to process all standard physical, chemical, and 
microscopic examination procedures. We currently have 
over 500 participants in Thailand for routine urinalysis 
proficiency testing. Our program’s urine sediment quality 
control materials are made from patient urine samples 
that were discarded, and the sediments were treated 
using our proprietary formula fixative solution. Since more 
than 1,200 samples were collected for sediment control 
material preparation in each round of proficiency testing, 
the evaluation of the specimens by the manual method 
created an excessive workload for staff. Additionally, 
certain participants in the proficiency program employ an 
automated urine analyzer. Because the manual approach 
alone does not meet automation performance criteria for 
all participants, our lab needs to automate all procedures. 
Since the huge sediment collection process is essential in 
our lab, we are interested in the imaging technology of 
the automated urinalysis analyzer, which could deliver 
accurate and clear screening images of sediment for the 
collection process.
	 There are a variety of automated urinalysis 
analyzers used in clinical laboratories. Almost all chemical 
examinations use the principle of the photoelectric 
colorimetric method, whereas sediment evaluation uses 
imaging technology or the flow cytometry principle.6,7 
Several studies reported the advantages of imaging 
technology in the screening of sediment evaluation.8,9,10 
Cho EJ et al. revealed that a combination using automated 
urinalysis systems based on flow cytometry or digital 
imaging techniques could efficiently replace manual 
microscopic examination.11 This research team also 
reported on the comparison of 5 different principles of 
automated urinalysis analyzers that could reduce the 
manual process when utilized in an appropriate way.12 
The comparative study of Dirui FUS200 and Urised 3 with 
manual microscopic examination reported by Yalcinkaya E. 
et al., in 2019 shows strong correlations existed between 
FUS200 and manual microscopy and are helpful for the 
diagnosis of pathological urine samples.13 Moreover, 
according to a study by Benovska M. et al. in 2018, the 
FUS-2000 hybrid analyzer’s microscopic component performs 
well analytically and closely matches light microscopy of 
urine sediment.14

	 Based on the earlier articles, we are considering 
the new Dirui instrument versions. The first model is the 
FUS3000Plus, a hybrid model with all-in-one modules, and 
the other one is the MUS3600 model, which integrates two 
modules of an automated urine analyzer. The instruments 

contain similar principles in the part of the microscopic 
examination with FUS2000, which had been shown good 
analytical performance of the analyzer and highly agreement 
with light microscopy of urine sediment.14 Both models 
are based on dry chemistry: photoelectric colorimetry and 
flow-type micro-imaging technology covering 15 chemistry 
parameters and urine sediment image recognition,  
respectively.15 To evaluate the performance of the Dirui 
MUS3600 and FUS3000Plus automated urine analyzers for 
future use in quality control sample processing in proficiency 
programs, we present the method validation items here, 
including imprecision, accuracy, comparison, and diagnostic 
performance tests.

Materials and methods
Sample collection and process 
	 A total of 724 urine samples were collected from 
the Laboratory of Clinical Microscopy and the Laboratory 
of Kidney Disease Unit, Maharaj Nakorn Chiang Mai 
Hospital, from June 2023 to March 2024. The ethical 
committee of the Faculty of Associated Medical Sciences, 
Chiang Mai University, has permitted ethical proof 
documents (AMSEC-67EM-012). Collected urine samples 
were separated into two groups. The first group was used 
for the method evaluation test items, whereas the second 
group was used to prepare in-house sediment control 
material for sediment evaluation (3 levels: low, medium, and 
high level). The results of physical examination of control 
materials were identified with 3 medical technologist 
experts while the chemical examination confirmed by 
chemistry analyzer (VITROS®XT 7600 Integrated system) 
and cell count were confirming by hematologic analyzer 
(Sysmex XT1000i). After determining the urinalysis were 
done by using MUS3600 and FUS3000Plus, urine sediment 
was collected, fixed and stored at 2-8 oC. The sediment was 
evaluated under a microscope by using wet preparation 
of 22x22 mm. cover glass (number/HPF or number/LPF) 
and the improved Neubauer hemacytometer (cells/μL) 
by 3 expert medical laboratory staffs. Specimens that 
were stored for more than 2 hrs at room temperature or 
specimens with turbid containing numerous amorphous, 
debris, squamous epitheliums or microorganisms that 
obscured vision to detect sediment type clearly under the 
microscope were excluded.

Imprecision test
	 Method validation was done based on ICH guideline 
Q2 (R2): validation of analytical procedure, 2023.16 
Imprecision tests of physical, chemical, and sediment 
evaluation of Dirui MUS3600 and FUS3000Plus were 
done using in-house control materials (Table 1). The 
reproducibility of each control level was determined 
by analyzing 20 times within-day running and 20 times 
between-days running. Imprecision tests of physical and 
chemical examination results have been calculated by the 
agreement of results using % concordance of qualitative 
or semi-quantitative results. The imprecision of WBCs and 
RBCs evaluation was analyzed by mean, SD, and %CV by 
using sediment that confirmed concentration by counting 
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with an improved Neubauer hemacytometer (cells/μL) 
before determining by automation. The acceptance 
of imprecision in physical and chemical examination is 

Table 1. Characteristics of in-house three-level urine control materials.
Urinalysis parameters L1: Low level L2: Medium level L3: High level

Physical 
examination

Color Yellow Amber/brown/green Orange/red
Appearance Clear Slightly cloudy Cloudy/heavy cloudy

pH 5.0-6.5 6.6-7.5 7.6-8.5
Specific gravity 1.001-1.010 1.011-1.020 1.021-1.030

Chemical 
examination

Protein Negative (0 mg/dL) 0.1-0.3 gm/L 1.0-3.0 gm/L
Glucose Negative (0 mg/dL) 100-200 mg/dL 500-1,000 mg/dL
Blood Negative 5-10 cells/HPF 100-200 cells/HPF
Nitrite Negative Positive NA

Leukocyte esterase Negative 50-100 cells/HPF 20-30 cells/HPF
Ketone Negative Positive NA

Urobilinogen Normal Abnormal NA
Bilirubin Negative Positive NA

Microscopic 
examination

WBCs Lot 1: 0-1 cells/HPF Lot 1: 5-10 cells/HPF Lot 1: 20-30 cells/HPF

Lot 2: 0-1 cells/HPF Lot 2: 30-50 cells/HPF Lot 2: >100 cells/HPF
RBCs Lot 1: 0-1 cells/HPF Lot 1: 5-10 cells/HPF Lot 1: 20-30 cells/HPF

Lot 2: 0-1 cells/HPF Lot 2: >100 cells/HPF Lot 2: >100 cells/HPF

Epithelial cells 0-1 cell/HPF 5-10 cells/HPF NA

Yeast/budding yeast 0-1 cell/HPF 5-10 cells/HPF NA
Cast Negative 0-1/LPF NA

Crystals Negative 0-1/LPF NA

Accuracy test
	 Recovery spike tests were done by using non-spiked 
samples at the concentration of RBCs (350, 700, 1,500, 
2,500, 5,000, 10,000 cells/μL) and WBCs (100, 200, 400, 
800, 1,000 cells/μL), which were prepared by counting 
with an improved Neubauer hemacytometer (cells/
μL). Then spiked samples were created by adding equal 
volumes of non-spiked samples, making 2 folds of each 
concentration (100% added concentration) as shown in 

more than 80% concordance, while in RBCs and WBCs 
parameters accepted by %CV are less than 10.

Table 2. Then 5 spiked samples were evaluated by Dirui 
MUS3600 and FUS3000Plus before calculating % recovery. 
The formula used to calculate the %recovery is 

% recovery = (concentration of spiked sample - concentration 
of non-spiked sample) x 100 concentration of added sample

	 The acceptance of % recovery is between 90-110.

Note: NA: not available
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Comparison test
	 Urine samples (N=40) were determined twice, and 
physical, chemical, and sediment examination results were 
compared between two Dirui automation models, the 
Siemens strip reader (Clinitek Advantus® urine chemistry 
analyzer) as a current instrument and the manual 
microscopic examination as the standard method. 
The percentage of concordance and the correlation coefficient 
between methods were calculated. The acceptance of 
% concordance is the agreement of the result between 
2 methods within ±1 different grade.

Linearity test 
	 High concentrations of WBCs and RBCs were diluted into 
5 dilutions (0-10,000 cells/cu.mm for RBCs and 0-2,500 
cells/cu.mm. for WBCs), and each dilution was determined 
by duplicate sediment analysis by both automation models. 
Then the linear regression of detected results and expected 
concentration was analyzed.

Carryover test
	 Triplicate high control levels (H1, H2, H3) and triplicate 
low control levels (L1, L2, L3) were determined by both 
Dirui automation models. Quantitative parameters, RBCs 
and WBCs, were calculated %carryover. The percentage of 
carryover was calculated by using the formula:

% Carryover = (L1-L3)/(H3-L3) X100. 

	 The acceptance of % carryover is not over than 0.01%.

Diagnostic performance test 
	 Urine sediments (N=270) were collected and 
identified. The identified sediment type was separated 

into 14 categories containing normal and pathognomonic 
sediment types: RBC, WBC, non-squamous epithelial cells, 
bacteria, yeast cells or budding yeast or pseudo-hyphae, 
infectious crystal (struvite), RBC cast, dysmorphic RBC, calcium 
oxalate crystal, uric acid crystal, fatty cast, hyaline cast, granular 
cast, and waxy cast. Then each group was evaluated by 
3 expert laboratory staffs under a microscope and 
compared with results detected by MUS3600 and 
FUS3000Plus. Then, sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) 
were calculated.

Statistical analysis
	 Microsoft Excel 2016 was used to analyze calculations 
of the mean, SD, %CV, %agreement, %carryover, linear 
regression, correlation coefficient, sensitivity, specificity, 
positive predictive value (PPV), and negative predictive 
value (NPV).

Results
	 The within-day and between-day running results for 
the imprecision test of MUS3600 and FUS3000Plus were 
done using the three levels of in-house control materials 
shown in Table 3. For quantitative analysis available 
parameters, the %coefficient of variation of RBCs or WBCs 
evaluation shows from 1.97 to 4.71. in lot 1 (low to high 
level) and from 3.79 to 9.23 in lot 2 (low to extremely 
high level), while the qualitative and semi-quantitative 
parameters as physical and chemical examination results 
show 85-100% concordance in overall parameters (data 
not shown). The accuracy test results of MUS3600 and 
FUS3000Plus in RBCS and WBCs detection are shown in 
Table 2. The percentage of recovery tests in spiked samples 
displayed an acceptable range from 91.72 to 108.50%.

Table 3. Imprecision analysis of urinary sediment evaluation by the Dirui MUS3600 and FUS3000Plus analyzers.
QC materials %CV of within-day running %CV of between-day running

MUS3600
(N=20)

FUS3000Plus 
(N=20)

MUS3600 
(N=20)

FUS3000Plus 
(N=20)

Lot 1 Level 1 RBCs 0 0 0 0
WBCs 0 0 0 0

Level 2 RBCs 2.38 1.93 3.49 2.97
WBCs 1.97 2.07 3.64 3.75

Level 3 RBCs 2.77 2.35 4.28 4.71
WBCs 2.85 2.23 3.91 4.22

Lot 2 Level 1 RBCs 0 0 0 0
WBCs 0 0 0 0

Level 2 RBCs 3.99 3.79 4.06 5.48
WBCs 4.73 6.01 7.66 9.23

Level 3 RBCs 4.05 3.53 7.52 8.96
WBCs 5.21 8.18 8.43 8.71

Note: The coefficient of variation (%CV) was calculated for both within-day (N=20) and between-day (N=20) 
runs to assess reproducibility.
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	 The comparison test revealed that a chemical analysis 
of 40 urine samples revealed 92.5-100% agreement 
between the Siemen strip reader and the two Dirui 
automation models. The percentage concordance within 
one grade difference ranges from 81.4 to 92.4%, while the 
correlation coefficient for the RBC and WBC parameters 
ranges from r=0.88 to 0.93. Other sediment parameters, 
on the other hand, exhibit correlation coefficients from 
r=0.65 to 0.83 and percentage concordance within one 
grade difference ranging from 65.6 to 86.6% (Tables 4, 5, 
and 6).

	 With five dilutions of RBC and WBC samples, 
MUS3600 and FUS3000Plus were used to assess the 
concentration detectable performance of tests on the 
various specified concentrations by automation. MUS3600 
and FUS3000Plus offer linearity concentration at r=0.99 
for RBCs and WBCs, respectively, according to the data 
displayed in Figure 1A-1D. Carry-over testing was used to 
demonstrate that a high concentration of the prior sample 
could not contaminate the subsequent sample; the overall 
percentage carry-over for both models is 0.001-0.003% 
(data not shown).

Table 4. The Comparison test in % concordance of chemical examination and sediment evaluation from Dirui MUS3600 and 
FUS3000Plus compared with the previously used equipment, Siemen strip reader (duplicate experiments).
Chemical parameters %Concordance of detection when compared automation results with 

the Siemen strip reader (N=40)
Dirui MUS3600 Dirui FUS3000Plus

pH 95 97.5
Specific gravity 97.5 100
Protein 97.5 100
Glucose 100 100
Blood 92.5 95
Leukocyte esterase 95 97.5
Nitrite 100 100
Ketone 97.5 95
Bilirubin 100 100
Urobilinogen 100 100

Table 5. Percent concordance of urine sediment evaluation results between automated analyzers (Dirui MUS3600 and 
FUS3000Plus) and manual microscopic examination (N=619). Comparison of sediment parameters evaluated by automated 
systems versus manual microscopy.
Sediment parameters %Concordance of sediment evaluation when compared automation results with 

microscopic examination(N=619)
Dirui MUS3600 Dirui FUS3000Plus

RBCs 92.4 89.5
WBCs 82.7 81.4
Squamous epithelial cells 84.7 86.6
Non-squamous epithelial cells 77.1 73.2
Hyaline casts 72.7 69.6
Granular casts 65.9 67.0
Crystals 72.9 71.7
Bacteria 78.0 79.6
Yeast cells/budding yeast 65.6 66.4
Sperm 76.7 80.1

Note: Percent concordance refers to the agreement between results obtained from the automated analyzers and those from 
the reference microscopic method.
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Table 6. Correlation coefficients (r) of urinary sediment evaluation results obtained from the Dirui MUS3600 
and FUS3000Plus analyzers compared with manual microscopic examination performed by expert medical 
technologists.
Sediment parameters Correlation coefficient (r) when compared automation results 

with microscopic examination (N=619), 
95% Confidence intervals

Dirui MUS3600 Dirui FUS3000Plus
RBCs 0.93 0.91
WBCs 0.88 0.87
Squamous epithelial cells 0.72 0.75
Non-squamous epithelial cells 0.82 0.78
Hyaline casts 0.67 0.73
Granular casts 0.71 0.65
Crystals 0.69 0.71
Bacteria 0.75 0.83
Yeast cells/budding yeast 0.75 0.74
Sperm 0.77 0.72

Figure 1. Linearity analysis of red blood cells (RBCs) and white blood cells (WBCs) using the Dirui MUS3600 and 
FUS3000Plus automated urine analyzers. A and B: linear correlation for RBCs and WBCs, respectively, on the 
MUS3600, C and D: corresponding linearity for the FUS3000Plus

	 Prior to testing the diagnosis performance of sediment 
evaluation with both automation models, 3 expert MTs 
classified urine sediments, and Table 7 displayed the 
percentages of sensitivity, specificity, PPV, and NPV. Overall 
sediment group sensitivity and specificity ranged from 
50.0 to 100%. WBCs, RBCs, and non-squamous epithelial 
cells show over 80% of cellular sediments. Good specificity 
and sensitivity, above 80% and 70% respectively, were 

demonstrated in the microorganism group. The results 
indicate that the pathological cast has 80-100% specificity 
and about 60% sensitivity, whereas the hyaline cast has 
good sensitivity and specificity. Calcium oxalate crystals 
exhibit high sensitivity and specificity, whereas infectious 
crystals (struvite) and uric acid crystals only exhibit 60% 
sensitivity and over 95% specificity.
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Discussion 
	 The analytical performance of automated urine 
analyzers has been documented in some investigations 
using method evaluation items. The manufacturer’s QC 
materials are utilized as control materials in the general 
method evaluation. Certain elements of the QC material, 
such as the type of sediment, the quantity of chemicals, 
or the concentration of sediments, cannot provide 
enough information. In this study, we create several 
levels of internal quality control materials to be used in 
the automated urinalysis analyzer technique assessment. 
These QC materials are available in various appearances 
for physical, chemical, and sediment concentrations from 
low to very high levels. They are appropriate for all aspects 
of method evaluation, particularly imprecision, accuracy, 
linearity, and carry-over testing. 
	 To verify the stability and homogeneity of the control 
material in the future, it is first essential to prove the 
imprecision test. Since the findings of the physical and 
chemical tests are qualitative and semi-quantitative, the 
agreement percentage should be applied to these criteria. 
Upon physical examination, both models’ within-day and 
between-day runs exhibited 100% concordance in terms of 
color and appearance found in normal and also abnormal 
urine (data not shown). Although there is no general 
research on these two characteristics, our lab thinks they 
are important for participant proficiency testing and also 
influence clinical changes in patients, such as hematuria 
or pyuria, which are manifestations of glomerular diseases 
and show changes in the color and appearance of urine. 
Yang WS’s study investigation confirmed our findings.17 
The author concluded that urine RBC counting using the 
UF-1000i or Cobas 6500 urine analyzers underestimates 
the severity of hematuria in glomerular diseases because 
dysmorphic RBCs are prone to hemolysis and/or are not 
sufficiently recognized.
	 The result of specific gravity values exhibits 85–100% 
concordance while the pH imprecision test likewise 
indicates 100% concordance. Except for the blood and 
leukocyte esterase parameters, which are 95% and 90% 
in agreement, all parameters for the chemical analysis 
exhibit 100% concordance. We found that several variables 
are impacted, including sediment debris during the final 
week of QC material storage, which can lead to inaccurate 
data. Even when determining the exceptionally high 
concentrations of RBC and WBC displayed in Table 3, the 
sediment evaluation of both Dirui models demonstrates 
good precision at less than 10%. These findings are 
consistent with other reports in several Dirui automation 
models, such as the 2019 reports by Kucukgergin C. and 
staff and Yalcinkaya E. et al.18,19

	 We have performed a recovery test using the 
spiked samples to confirm the test’s accuracy. There 
was a good percentage of recovery shown. Additionally, 
for inter-laboratory comparison, we introduced our 
own QC materials for physical, chemical, and sediment 
examination. The accuracy test results for Dirui MUS3600 
and FUS3000Plus in physical and chemical evaluation 
revealed 90-100% concordance with the target value from 

professional MT and chemistry processes. Except for the 
percentage of agreement in the sediment determination 
of QC material No. 2 from the first round, which was only 
66.70% of precise grading, the results show more than 80% 
of all parameters in both models. Examining this error, we 
found that MUS3600 models evaluated sediment higher 
than FUS3000Plus models for a single grade, although 
the clinical feature difference was insignificant. Since our 
laboratory’s MUS3600 is the only instrument in Thailand 
that is compared among FUS3000Plus, the mode data 
for the 15-19 sites in the inter-laboratory comparison 
group are somewhat higher in MUS3600 but perfectly in 
agreement with FUS3000Plus. Since this procedure is not 
typically used for method validation, these results have 
not been included in this article. But for us, the statistics 
validated the test’s correctness.
	 The comparison test was analyzed by % concordance, 
and the correlation coefficient revealed excellent results 
compared with the strip reader, and that was compared 
with microscopic examination. Although some parameters, 
such as cast, crystal, and microorganism, show lower % 
concordance than cellular components, both automation 
reports these sediments in unclassified groups to allow 
users to correct the results. These comparison results 
suggested that MUS3600 and FUS3000Plus perform as 
well as the method used in our laboratory.
	 The linearity test shows reliable results of RBCs 
and WBCs concentration between expected results and 
detected results within the wide range of concentration 
from 0-10,000 cells/μL and 0-2,500 cells/μL for RBCs and 
WBCs, respectively. The carry-over test of both parameters 
shows 0.001-0.003%, indicating no interference from 
previous high-concentration specimens to the next sample. 
We also determined the carry-over test six months later, 
and the results also show a carry-over of less than 0.005% 
(data not shown).
	 Additionally, we identified the Dirui MUS3600 and 
FUS3000Plus diagnostic performance tests. In most 
sediment parameters, the specificity in both models is 
greater than 80%. On the other hand, the sensitivity is 
reduced in cast and crystal characteristics and exhibits 
great results in detecting cellular components. The 
results for the detection of fatty casts and dysmorphic 
RBCs, which have only 41.18% and 50% specificity, 
respectively, may be due to the sediment types of high 
light reflection and irregular shape. However, there are 
some reports regarding the performance of the Dirui 
FUS-200 analyzer. For instance, Yuksel et al. found that the 
FUS-100’s sensitivity for RBCs and WBCs is 73% and 68%, 
respectively, and Kocer D. et al. found that the analytical 
sensitivity for bacterium recognition and quantification 
was insufficient.19,20 Moreover, the study reported by 
Bartosova K et al. also suggested that a manual microscope 
is still required for sediment confirmation in a variety of 
automation models.21 It was also found that the diagnostic 
performance improved upon the Dirui MUS3600 and 
FUS3000Plus’s imaging software update version.
	 There were the several limitations of this study: first, 
the automation was unable to recognize certain large-sized 
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sediment kinds or when it is clumping, such as uric acid 
crystal, triple phosphate crystals, and epithelial cells 
clumping but stilled good to identified WBC clumping. 
Second, the automation was unable to run a urine sample 
that was less than three milliliters in volume, but it still lost 
some volume and produced no results. This issue blocked 
us from having adequate volume to operate and caused us 
to switch to the manual technique.
	 For some sediment types that were varied and 
complicated in shape and dimension, for example, 
pathological casts, crystals, and dysmorphic RBCs, we found 
that the automation also reported them in the unclassified 
category or the other of each type (other crystal or other 
cast). Therefore, users must check these categories 
carefully. However, from our results, we suggested that 
the microscopic examination is still necessary in case of 
confirmation of pathognomonic sediments. 

Conclusion
	 Our results indicated that the MUS36000 and 
FUS3000Plus urine automated analyzers are sufficient, 
accurate, precise, and dependable enough to screen 
urine sediment in the clinical laboratory rather than using 
manual microscopy in the AMS CMU EQA Center Unit. 
However, for clinical diagnosis purposes, certain pathologically 
specific urine sediments should be confirmed by manual 
microscopy when used in the hospital laboratory.
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ABSTRACT
Background:  The Human papilloma virus is the primary cause of cervical cancer. 
The virus integrates with the human genome to produce the E6 oncoprotein. 
Therefore, the E6 oncoprotein is a crucial molecular target for cancer progression 
or treatment. The development of aptamers is beneficial for interacting with the 
target protein and serves as a new strategy for detection or delivery systems.

Objectives:  We aim to explore the candidate aptamer sequence against E6 
oncoprotein using a computational-based method.

Materials and methods: This study designed the candidate aptamer against the 
target protein based on computational approaches using the AptaTrans pipeline. 
After obtaining the candidate aptamer sequences, the minimum free energy was 
calculated using the RNAfold web server. The tertiary structure was then generated 
using RNAComposer. Next, the molecular docking score was acquired from the 
GRAMM web server.

Results: The aptamer sequences with the best stability, as indicated by minimum 
free energy (MFE), are Sq3_16E6, Sq3_Actn, and Sq3_18E6, respectively. The 
aptamer sequences of Sq3_16E6 and Sq2_18E6 showed potential interactions with 
8GCR and 6SJV, respectively.

Conclusion: Sq3_16E6 and Sq2_18E6 are appropriate for the development of the 
detection of the E6 protein in cervical swabs. Further investigation should be performed.
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Introduction
	 High risk human papilloma virus (HPV) is non 
enveloped DNA virus, can cause the abnormalities of cervical 
epithelial cells, which primarily cause of cervical cancer. The 
individuals with risky behaviors, such as frequently changing 
sexual partners, engaging in sexual activity at a young age, 
and direct contact with lesions of an infected person, are 
at significant risk of developing cervical cancer 1. Currently, 
HPV DNA testing is promoted with regular screening of 
cervical cancer in Thailand. This policy is recommended in 
response to these second most common cancers so that 
the detection of HPV DNA collected by self-cervical swabs 
have been promoted to prevent the development of these 
cancers in early stages2. Furthermore, the vaccination 
program in age under 12-13 years old significantly reduced 
caused of cervical cancer3.  Regional Medical Sciences 
Center 2 Phitsanulok offers cervical cancer screening 
services using the HPV DNA test, which detects 14 high-risk 
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strains in its responsible area within Health Region 2. 
If patients test positive for HPV types 16 and 18, confirmation 
with colposcopy is recommended. For other strains, likely 
types 52 and 58, patients are taken liquid-based cytology to 
diagnose the progression of cervical cancer4. Notably,HPV 
DNA encodes several oncoproteins, including the oncogenic 
E6 and E7 proteins, which promote cervical carcinogenesis 
and are overexpressed during cervical transformation5. 
Therefore, an oncoprotein-based diagnostic test holds 
promise for being especially specific in detecting precancerous 
lesions that have progressed to a high-grade CIN stage or to  
cancer. The E6 protein binds to a short LxxLL consensus  
sequence within the cellular ubiquitin ligase E6-associated 
protein (E6AP), subsequently leading to degrad pro-apoptotic 
tumour suppressor p53. The meta-analysis suggested 
that the detection of E6 oncoprotein may be useful for 
triaging HPV-positive women by predicting the risk of 
developing cervical pre-cancer and cancer6. In consistency 
with the study by Ferrera et al. (2019), the detection of 
E6 oncoprotein is highly sensitive and serves as a specific 
marker for HPV16/18-related High-grade Squamous 
Intraepithelial Lesion (HSIL) lesions. Moreover, the 
development of lateral flow assays for E6 oncoprotein is 
useful for direct triage to treatment in resource-limited 
settings7. In summary, detecting HPV DNA, along with 
E6 and E7 proteins, is beneficial for identifying high-risk 
HPV infections. This approach is particularly important for 
assessing cervical cancer progression before the patient 
undergoes colposcopy by an obstetrician. Moreover, E6 is 

also the molecular target for treatment of cervical cancer8. 
Aptamers are the short nucleotides of DNA and RNA 
molecules which can bind to specific targets such as ions, 
small molecules or specific proteins. Aptamers are generally 
developed by the conventional method known as systematic 
evolution of ligands by exponential enrichment (SELEX)9. 
The limitation of SELEX is labor- and time- consuming. 
Moreover, this method rarely yields the number of effective 
candidate aptamers for further performance evaluation 
and validation. The use of a computational based method 
is alternative precision to predict the candidate aptamer 
sequence at the monomer level. AptaTrans, a deep neural 
network (DNN) model, was developed to utilize Monte-Carlo 
tree search (Apta-MCTS) for the exploration of the 
recommending RNA aptamer candidates10,11. This pipeline 
pretrain structural representation pretrained encoders 
to generates the deep neural network model. Then, the 
binding capabilities of aptamer and protein targets can 
investigate by the molecular docking tools. The predicted 
3D model results explore different poses of the aptamer-
protein interaction and identify the complexes with the 
lowest binding energies.
	 In this study, we aim to investigate the candidate 
aptamer sequence using a computational-based method. 
Following the AptaTrans pipeline, we predict candidate 
RNA aptamers that interact with the protein. We are 
initially exploring these RNA aptamers using computational 
methods for HPV detection (Figure 1).

Figure 1. The workflow of this study to generate the candidate aptamer against E6 oncoprotein

Materials and methods 
Generating a deep neural network model
	 The deep neural network model was executed 
followed by AptaTrans pipeline https://github.com/
PNUMLB/AptaTrans) in the Windows subsystem for 
Linux environment. The core of the model is based on 
transformer-based encoders, which effectively capture the 
complex interactions between RNA aptamers and their 
target proteins. To generate neural network model, we 

used a pre-trained encoders of aptamers12 and proteins13. A 
batch size of 16 was used, and the model was trained for 20 
epochs. The neural network model was then fine-tuned for 
to further enhance performance.

Predicting candidate RNA aptamer using computational 
methods in deep neural networks
	 To obtain the RNA aptamer at the monomer level, the 
candidate aptamer was encoded by specifying the targeting 
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protein sequence and the depth of the Monte-Carlo search 
tree. The E6 oncoprotein sequence of HPV type 16 and 18 was 
retrieved from Uniprot (UniProt IDs: P06463 for HPV16 and 
P03255 for HPV18). 8GCR and 6SJV response to the HPV16 

E6-E6AP-p53 complex and E6AP-LXXLL motifs of HPV type 
16 and 18, respectively. Whereas, 3BYH represent actin. 
The number of iterations for the MCTS was set to 50, ensuring 
a thorough search for potential aptamer candidates.

Table 1. Candidate aptamer sequence
Candidate aptamer MFE

(-kcal/mol)
HPV16
(8GCR)

Sq1_16E6 GUUUAGCGAAUGCCCUUCAGUCUCUAACAAGAUGA -1.90
Sq2_16E6 CGCGGACCCCCUACAUUCCGCCGGGAUAUUACUAAAAGCGCUUUAAUCGU -7.10
Sq3_16E6 GAGGCGCAAGGCCGAACUGUAGAUUUAUAGGGGUGAACCAAGGACAUGC 

CGCGCGACUCC
-14.70

HPV18
(6SJV)

Sq1_18E6 GGUGAGCGAGCCCAUAGGUGGCUUACAGAGUUUUG -10.70
Sq2_18E6 GCGAAUUCGCCUUGGCACGAGAUCCGUAGGCAGGAGACGAAUUCGCGAUU -19.10
Sq3_18E6 CGCCGCGAGGUUAGCCUUACCGCACCCCCCGUCGACGAGAGGACGGGGCGG 

UCUCACGAA
-23.40

Actin
(3BYH)

Sq1_Actn AGAACACAUCCUUUAGUGCCAGUCCGACUUCUCGUUAGGUUUGACUGGGU -14.50
Sq2_Actn AACCGCGCGGCCAUGUAUGCACGGAGUGUAGCCCUACUGUAGUCAAACUGA 

AACCGCCGC
-11.70

Sq3_Actn UAGACGCAGUUCAUACGAGCAGUUCGAUGUAUACUGGAACCCAAGUGAGU 
GGUGCAGAUUGUACAGCAAAUGGCUCGCCGCCUCCACGUCCGAAUCAAAG

-20.90

Figure 2. MFE secondary structure of the candidate aptamer sequence by RNAfold. 
Nucleotides are colored according to their positional entropy, as shown on the horizontal 
bar. Red colors indicate lower entropy, while blue colors indicate higher entropy
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Molecular modeling and docking of the candidate aptamers
	 RNA aptamer sequences were converted to PDB 
format using RNAComposer web servers, to be used as 
ligands in subsequent analyses. The minimum free energy 
(MFE) secondary structure was obtained from RNAfold web 
server. The PDB format of target proteins, including 8GCR, 
6SJV, and 3BYH, was downloaded from the Protein Data 

Bank (PDB). To predict the molecular interaction poses, 
RNA aptamer-protein dockings were performed using the 
GRAMM web server, which did not specify a binding site. 
The clustering threshold was set to 5 Å. Then, the 3D model 
structures were generated using the ChimeraX program 
(UCSF, USA).

Table 2. GRAMM’s docking scores of candidate aptamers to target protein
HPV types  Candidate Aptamer 

sequences
Docking scores

8GCR  6SJV 3BYH
HPV16 Sq1_16E6 -630 -523 -634

 Sq2_16E6 -686 -654 -649
Sq3_16E6 -802 -719 -712

 HPV18 Sq1_18E6 -558  -613 -573
Sq2_18E6 -661  -682 -659
Sq3_18E6 -670 -670 -635

Actin Sq1_Actn -616 -640 -726
Sq2_Actn -670 -802 -818
Sq3_Actn -709 -664 -780

Figure 3. The representative structure of the interaction illustrates the binding interfaces between the aptamer and target protein

Results
Candidate aptamers generation from DNN model
	 In this study, we performed deep neural networks to 
predict the sequences of aptamers targeting the proteins 
8GCR, 6SJV, and 3BYH, which represent the E6 protein of 
HPV types 16 and 18, and actin, respectively. The candidate 
aptamer sequences are shown in Table 1. Based on the 
MFE results, the folding stability of each aptamer depends 
on sequence length. Additionally, the use of actin has been 
iterated as an internal control in the study. For this purpose, 
the RNA aptamer sequence most specific for this protein is 
Sq3_Actn, as it shows the highest binding affinity, indicated 
by the lowest docking scores and demonstrates lack of 
cross-reactivity with other proteins studied. The secondary 
structure of aptamer was shown in Figure 2.

The molecular docking of candidate aptamer to protein
	 The binding affinities of the candidate aptamers across 
all three proteins were evaluated using GRAMM web server 
(Table 2). Between candidate RNA aptamer against 8GCR 

protein, Sq3_16E6 exhibited the highest binding affinity 
based on its docking score. The docking scores of Sq2_18E6 
and Sq1_18E6 against 6SJV protein were -682 and -613, 
respectively. Sq3_Actn showed a specific interaction with 
3BYH protein, and demonstrated lower cross reactivity 
with other studied proteins. The interaction between 
representative candidate aptamer and the target protein 
has binding interfaces as shown Figure 3. 

Discussion
	 HPV infection is a major risk factor for cervical cancer. 
An early region of HPV E6 and E7 genes integrate into 
the human genome, encode the oncoproteins playing 
a significant role during cervical cancer progression. 
The detection of the E6 oncoprotein serves as a specific 
marker for HPV-induced cancer progression. However, the 
development of detection methods may be problematic 
due to issues with the storage of cervical swab samples 
and the freeze-thaw cycles. Aptamers not only improve 
detection methods but also play a crucial role in the 
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development of next-generation drugs14,15. The process of 
obtaining specific recognition sequences, such as antibodies 
or high-throughput SELEX (HT-SELEX) aptamers, is still time 
consuming. Therefore, computational approaches are an 
alternative choice for improving the successful identification 
of aptamer sequence.
	 We obtained the aptamer sequence after inputting the 
target protein sequence into a DNN model, which predicted 
the candidate aptamer sequence based on Monte-Carlo 
Tree Search (MCTS)11. The general size of aptamer is between    
30-100 nucleotides, so the length of candidate aptamer 
set up in these intervals. The selection and production of 
aptamers have been mentioned in which be challenges. 
Muhammad et al., 2022 have been generate the novel 
aptamer against NT-3 growth factor receptor based on 
computational approach with a relatively stable structure16. 
Moreover, the use of RNA aptamer, which was designed 
in silico, also demonstrated the ability to adhere on the 
surface of MCF-7 and MDA-MB-231 cells, which have been 
beneficial for cancer cell imaging17. In our study, Sq3_16E6 
and Sq3_Actn expressed the low MFE, which relate to 
their stable positional entropy in the secondary structure. 
The tertiary structure was obtained from RNAcomposer 
webserver. This is the first study to apply the DNN predictive 
abilities using Aptatrans for aptamer sequence generation 
on cervical oncoprotein.
	 The molecular docking has been used as bioinformatics 
tool to predict the RNA aptamer-protein interactions18. 
Recently, the development of apta-sensors performed 
the molecular docking to predict the interaction between 
calcium/calmodulin-dependent serine protein kinase (CASK) 
protein, which propose to be breast cancer screening 
methods, against candidate aptamers19. Therefore, the 
molecular docking is the powerful tools to identify how the 
aptamer interacts with the target before further verification 
with other molecular techniques. In this study, we use 
GRAMM web server for protein docking to predict docking 
poses based on the Fourier transformation of the possible 
interaction sites of macromolecules and proteins20. The 
binding interfaces of the Sq3_16E6 groove can interact 
with the 8GRC protein, which represents a high docking 
score compared to other studied proteins. This interaction 
of Aptamers against proteins involves hydrogen bonding, 
electrostatic interactions, hydrophobic interactions and 
van der Waals forces21. However, the low binding affinity of 
RNA aptamers for HPV18E6 might result from poor shape 
complementarity, which is due to rigid and geometric-based 
scoring. RNA aptamers are highly flexible, and this limitation 
can cause inaccurate or low docking scores. Our result 
noticed that candidate aptamers, which expressed low 
MFE, had high potential interact with E6 oncoprotein.

Limitation
	 This study relies on computational approaches using 
the existing capabilities of the DNN model, which may 
not always accurately predict the complex structures and 
behaviors of aptamers. Next, the experimental validation is 
necessary to confirm these predictions.

Conclusion
	 The computational approach is a powerful tool for 
generating candidate aptamer. The molecular docking 
revealed the potential on the candidate aptamer and 
protein interactions. This study suggests that Sq3_16E6 and 
Sq2_18E6 are appropriate for further evaluation of their 
ability on E6 HPV type 16 and 18 oncoproteins, respectively.
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ABSTRACT

Background: Tuberculosis (TB) still threatens human beings when drug-resistant 
tuberculosis (DR-TB), such as rifampicin-resistant TB, isoniazid-resistant TB, 
multidrug-resistant TB (MDR-TB), pre-extensively drug-resistant TB, and extensively 
drug-resistant TB increases continuously. The drug susceptibility testing (DST) is 
important to detect DR-TB for TB treatment.

Objectives: The study aimed to assess first-line line probe assay (FL-LPA) performance 
of screening MDR-TB and detecting DR-TB on phenotypic drug susceptibility 
testing.

Materials and methods: A laboratory-based study was performed at Cho Ray  
Hospital from August 2023 to August 2024. The sputum samples of presumptive TB 
were inoculated in Mycobacterium growth indicator tube (MGIT). Positive inoculum  
was examined in acid-fast bacilli (AFB) by Ziehl-Neelsen microscope. Cord-forming AFB 
were yielded to FL-LPA to identify Mycobacterium tuberculosis complex (MTBC); 
detect rifampicin-resistant TB, isoniazid-resistant TB, and MDR-TB. The identified 
MTBC was subjected to FL phenotypic DST (performed by BACTEC MGIT 960) with 
SIRE kit, considering gold standard to assess FL-LPA performance. The detected 
multidrug and/or rifampicin-resistant TB (MDR/RR-TB) were subjected to the second- 
line MGIT DST including ethionamide, amikacin, levofloxacin, and linezolid to 
screen pre-extensively drug-resistant TB and extensively drug-resistant TB. 

Results: Among 1853 samples inoculated, 621 positive MGIT tubes seen cord-forming 
AFB on Ziehl-Neelsen smear were performed to FL-LPA. Out of 621 LPA tests, 304 
MTBC (61 isoniazid-resistant TB, 20 rifampicin-resistant TB, and 243 susceptible 
TB) were detected and compared to FL phenotypic DST. The excellent agreements 
between FL-LPA and FL phenotypic DST for detecting rifampicin-resistant TB, isoniazid- 
resistant TB, and MDR-TB were greater than 98%; kappa at 0.89 and above 
(p<0.001); with sensitivity values at 88.9% and above; specificity values at greater 
than 99%. For FL-MGIT DST, 101 (33.2%) were drug-resistant to at least one anti-TB 
agent, 81 (26.6%) to streptomycin, 60 (19.7%) to isoniazid, 20 (6.6%) to rifampicin. 
Among 20 MDR/RR-TB (2 rifampicin mono-resistant-TB and 18 MDR-TB) performed 
second line phenotypic DST, 25% resistance to ethionamide, and 100% susceptibility 
to amikacin, levofloxacin, and linezolid.

Conclusion: The performance of FL-LPA to detect rifampicin-resistant TB, isoniazid- 
resistant TB, and MDR-TB agreed perfectly with phenotypic DST. The reaffirmed 
critical concentration of isoniazid, rifampicin and levofloxacin would be used to 
screen DR-TB on population.
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Introduction
	 TB incidence increased to the highest cases of 7.5 
million since 1995.1 Furthermore, DR-TB such as rifampicin- 
resistant TB (RR-TB), isoniazid-resistant TB (HR-TB), MDR-TB 
(TB resistance to both RIF and INH), pre-extensively drug-
resistant TB (MDR/RR-TB resistance to any fluoroquinolone),2 
and extensively drug-resistant TB (MDR/RR-TB resistance 
to any fluoroquinolone and at least one additional Group 
A drug such as bedaquiline or linezolid) still causes severe 
obstacles to TB treatment. MDR/RR-TB have reported 
410,000 new cases and 160,000 deaths in 2022.1 On the End 
TB strategy, presumptive TB were recommended to receive 
the rapid tests to detect TB and DR-TB from DST playing 
an important role for chemotherapy, treatment response 
and surveillance of emerge drug resistance.3 FL-LPA is also 
recommended as an initial rapid test to detect resistance 
to RIF and INH within 48 hours.4 LPA of Genoscholar NTM 
+ MDRTB Detection Kit (NIPRO Corporation, Osaka, Japan) 
had sensitivity, specificity at 96.5, 97.5 for detecting RR-
TB, and 94.9, 97.6 for HR-TB while Genotype MTBDRplus 
was reported the higher sensitivity, specificity at 98.2, 97.8 
for detecting RR-TB and 95.4, 98.8 for HR-TB.5 Genotype 
MTBDRplus identifies the most significant mutations of 
the rpoB gene (coding for β-sub-unit of the ribonucleic 
acid polymerase); the katG gene (coding for the catalase-
peroxidase) and promoter region of the inhA gene (coding 
for nicotinamide adenine dinucleotide enoyl-acyl carrier 
protein reductase) to detect RR-TB, high and low level 
HR-TB, respectively.6,7 The second-line (SL) LPA test has 
not been recommended for DST due to their detecting 
injectable anti-TB drugs which are not including the 
shorter oral regimen for treating MDR/RR-TB recently.8,9 
Whereas phenotypic culture-based DST with turnaround 
time about 2 weeks as the gold standard which is available 

for new and repurposed Group A drugs to treat MDR/RR-
TB and detect pre-extensively drug-resistant TB (pre-XDR-
TB), and 3.8% as extensively drug-resistant TB (XDR-TB).10 
	 Vietnam was ranked in two of three WHO global 
lists of high-burden countries for TB and MDR/RR-TB with 
9200 MDR/RR-TB incident cases in 2020.1 Wrohan et al. 
reported 88% MDR-TB, 8.2% as pre-extensively drug-
resistant TB, and 3.8% as XDR-TB on high-risk populations 
in Ha Noi and Thanh Hoa, Northern, Vietnam that was 
performed by Xpert MTB/RIF, FL-LPA, and DST in 2022.11 
So, an effort to improve testing and diagnosis of DR-TB is 
the prior challenge worldwide and in Vietnam particularly.
We analyzed data between August 2023 and August 2024 
for a retrospective laboratory-based study to detect drug-
resistant TB at the Microbiology department in Cho Ray 
Hospital. The FL-LPA evaluated the detection performance 
of rifampicin, isoniazid, and multi-drug resistance of TB 
based on the gold standard of phenotypic conventional 
culture-based DST that screened drug resistance, multi-
drug resistance, pre-extensive drug resistance, and 
extensive drug resistance of TB, as well. The data of our 
study reported the practice of screening DR-TB according 
to the updated definition of drug resistance.12

Materials and methods
	 A laboratory-based study was performed at Cho Ray 
Hospital, from August 2023 to August 2024. Positive MGIT 
cultures of sputum were performed by Ziehl-Neelsen 
staining. Smear of inoculum was covered with hot 0.3% 
Carbol Fuchsin-Phenol in 10 minutes, de-colored with 
3% acid alcohol for 3 minutes, and counterstained with 
0.3% Methylene Blue for 1 minute.13 Rinsing slightly was 
performed after each steps before microscopic examination 
for cord formation of AFB (Figure 1).14,15 

Figure 1. Cord-forming acid-fast bacilli in liquid media on Ziehl-Neelsen microscopy.
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	 The inoculum with AFB cord formation was subjected 
to FL-LPA of GenoType MTBDRplus version 2.0 (Hain Life 
science, Nehren, Germany) to identify MTBC and detect 
RR-TB, HR-TB, and MDR-TB according to the procedure 
of manufacture.6 Genolyse DNA extraction prepared with 
1 mL of inoculum from positive MGIT was centrifuged 
for sediment and suspended with 100 µL of Lysis Buffer 
at 95 oC for 5 minutes, centrifuged at 13,000 rpm with 
100 µL Neutralization Buffer for 100 µL of supernatant. 
A mixture including 10 µL of Amplification Mix A, 35 µL 
of Amplification Mix B and 5 µL of extracted DNA was 
amplified on CFX96 Real-Time system (Bio-rad, USA) in 15 
min at 95 oC for denaturation; 10 cycles of 30 seconds at 95 
oC and 2 minutes at 65 oC; 20 cycles including 30 seconds 
at 90 oC, 40 seconds at 50 oC, 40 seconds at 70 oC, and 8 
minutes at 70 oC. Reversed hybridization was performed 
on membrane strip with 20 µL of PCR products with 20 
µL of DEN solution, 1.0 mL of HYB solution, 1.0 mL of STR 
solution, 1.0 mL of RIN solution, 1.0 mL of conjugate and 
1.0 mL of subtract solution for binding to probes targeting 
the most commonly occurring mutations (MUT), and wild-
type (WT) probes. 
	 Results were interpreted based on presence of 
bands for loci of rpoB, katG and inhA genes; presence of 
all WT probe bands for a sensitive classification of gene; 
absence of one or more WT bands indicating the strain 
has resistance to a specific drug and the absence of a 
WT band accompanying by the presence of a MUT probe 
band; presence of bands at both WT and MUT probe 
sites indicating either a heterogeneous test strain with 
partial resistance; or a mixed culture where at least one 
of the strains harbors a mutation. Deviation from the WT 
banding pattern for rpoB, katG and inhA probes indicated 
rifampicin resistance, high- and low-level Isoniazid 
resistance, respectively.
	 Detected MTBC by FL-LPA was yielded to DST 
on the MGIT BACTEC 960 against FL anti-TB agents of 
SIRE kit (Becton Dickinson, USA) considered as gold 
standard to evaluate FL-LPA performance. For preparing 
Mycobacterial suspension from MGIT positive, a tube 
observed positivity of day one to two was inverted and 
stood within ten minutes for sediment. For a positive 
observation of day three to five, tube was diluted five-
fold.16 Each MGIT tube for DST was added 0.8 mL of SIRE 
Supplement, 0.5 mL of inoculum suspension and 100 µL of 
reconstituted drug solution for the critical concentration of 
Streptomycin (STR) 1.0 µg/mL, INH 0.1 µg/mL, RIF 0.5 µg/
mL, Ethambutol (EMB) 5 µg/mL.3,17,2 The growth-control 
tube was added 800 µL of SIRE Supplement and 500 µL 
of inoculum suspension diluted 1:100 ratio (100 µL of 
inoculum : 9.9 mL BACTEC Diluting Fluid) without anti-TB 
drugs. After inoculation, the tube was incubated at 36±1°C 
in BACTEC MGIT 960 where fluorescence is detected 

automatically based on the growth of the bacteria in the 
presence of the drug about 4 to 13 days for both line DST.16 
The result was compared to a growth control (400 growth 
unit) when growth unit value in the drug-containing tube 
was less than 100 as susceptible (S) and greater than or 
equal 100 as resistant (R).
	 Detected MDR/RR-TB were subjected to the second 
line (SL) anti-TB agents (Sigma-Aldrich, Germany) including 
the critical concentration of amikacin (AMK) 1.0 µg/mL, 
ethionamide (EDT) 5.0 µg/mL, linezolid (LZD) 1.0 µg/mL, 
levofloxacin (LVX) 1.0 µg/mL (a later generation 
fluoroquinolone) and one GC tube.2 The rates of drug 
resistance to anti-TB agents were evaluated and interpreted 
RR-TB, MDR-TB, pre-XDR-TB (MDR/RR-TB combined with 
LVX resistance), XDR-TB (MDR/RR-TB combined with both 
resistance to LVX and LZD).2 

Quality assurance
	 The assays in this study including Genotype 
MTBDRplus version 2, first- and second-line MGIT DST 
testing were performed the internal control with negative 
control for each sample and positive control of MTB H37Ra 
for each batch;18 accredited external quality assurance 
performance by Integrated Quality Laboratory Services, 
France; and certified method verification by the laboratory 
center of AIDS Clinical Trials Group and International 
Maternal Pediatric Adolescent AIDS Clinical Trials. 

Statistical analysis
	 STATA 17.0 (StataCorp, College Station, Texas, USA) 
was used in this study. The sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) 
of LPA were evaluated performance assay. The respective 
95% confidence interval (CI) was computed using the 
Clopper–Pearson method. The agreement of resistant 
detection of two assays compared with kappa; p-value < 
0.05 was considered statistically significant.

Results
	 Among 1853 tubes alarmed culture positives from 
MGIT 960 system, 621 were seen with cord formation on 
Ziehl-Neelsen AFB smears and performed to FL-LPA. Out of 
621 LPA tests, 304 MTBC including 61 isoniazid-resistant-
TB, 20 rifampicin-resistant TB, and 243 susceptible TB 
were detected and compared to FL-MGIT DST which was 
subjected to SIRE kit. Among 304 FL-MGIT DST, 203 were 
susceptible whereas 60, 20, and 18 were resistant to INH, 
RIF, and MDR-TB, respectively. A total of 18 MDR-TB and 
2 rifampicin mono-resistant-TB were performed further 
in the SC-MGIT DST. There were only 5 ETD-resistant TB 
whereas AMK-resistant TB, LVX-resistant TB, LZD-resistant 
TB, pre-XDR-TB, and XDR-TB were not found (Figure 2).
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	 LPA was compared to the gold standard of FL-MGIT 
DST for the performance of detecting RR-TB, HR-TB, and 
MDR-TB. All high values of sensitivity at 88.9% and above; 
with specificity values being greater than 99%. HR-TB 
shows the highest values at 98.3% (95%CI, 91.1-99.9) for 
sensitivity, 99.2 (95%CI, 97.1-99.9) for specificity, 96.7% 
(95%CI, 88.7-99.6) for PPV, and 99.6 (95%CI, 99.7-99.9) 
for NPV. While RR-TB showed 90.0% (95%CI, 70.0-97.2) 

for both sensitivity and PPV; and 99.3 (95%CI, 97.5-99.8) 
for both specificity and NPV. MDR-TB was found at 88.9% 
(95%CI, 65.3-98.6), 99.6 (95%CI, 99.7-99.9), 94.1% (95%CI, 
71.3-99.9, and 99.2 (95%CI, 97.1-99.9) for sensitivity, 
specificity, PPV, and NPV; respectively. There were excellent 
agreements at approximately 99% between LPA and MGIT 
DST with kappa values at 0.89, 0.97, and 0.91 (p<0.001) for 
RR-TB, HR-TB, and MDR-TB, respectively (Table 1).

Figure 2. Flowchart of screening drug-resistant tuberculosis by line probe assay and phenotypic drug susceptibility testing.
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	 The mono-resistant and multidrug resistant strains 
were shown the banding pattern by LPA in Table 2. The 
frequency of inferred mutation was rpoB WT3 (2), rpoB 
WT4 (2), rpoB WT7 (4), rpoB WT8 (7) for RR-TB and katG WT 
(2), inhA WT1 (2) for HR-TB. For mono HR-TB, the mutation 

S315T1 associated with katG MUT1 of 39 for high level HR-
TB was higher than mutation C15T associated with inhA 
MUT1 of 19 for low level HR-TB. While the frequency of 
rpoB mutation was D516V (5), H526Y (2), H526D (2), S531 
(1) for RR-TB.

Table 1. Performance of LPA compared with phenotypic DST for detecting TB resistance to Rifampicin, Isoniazid, and multidrug 
in TB.

LPA

Anti-TB 
drugs

Susceptibility First line MGIT DST Sensitivity
(95% CI)

Specificity
(95% CI)

PPV%
(95% CI)

NPV%
(95% CI)

Agreement
%

Kappa
(p value)Resistant Susceptible

RIF
Resistant 18 2 90.0

(70.0-97.2)
99.3

(97.5-99.8)
90.0

(70.0-97.2)
99.3

(97.5-99.8)
98.7 0.89

(<0.001)Susceptible 2 282

INH
Resistant 59 2 98.3

(91.1-99.9)
99.2

(97.1-99.9)
96.7

(88.7-99.6)
99.6

(99.7-99.9)
99.0 0.97

(<0.001)Susceptible 1 242
RIF and INH
(MDR-TB)

Resistant 16 1 88.9
(65.3-98.6)

99.6
(97.7-99.9)

94.1
(71.3-99.9)

99.2
(97.1-99.9)

98.8 0.91
(<0.001)Susceptible 2 240

Note: CI: confidence interval, DST: drug susceptibility testing, INH: isoniazid, LPA: line probe assay, MDR-TB: multidrug-resistant 
tuberculosis, MGIT: mycobacterium growth indicator tube, NPV: negative predictive value, PPV: positive predictive value, RIF: rifampicin.

Table 2. Gene mutation pattern detected in drug resistant Mycobacterium tuberculosis strains by first-line line 
probe assay of Genotype MTBDRplus version 2.
Gene Gene regions or

associated mutations
Band

MUT (mutation)
WT (wild Type)

Rifampicin 
monoresistance

Isoniazid 
monoresistance

Multidrug 
resistance

rpoB
506-509 rpoB WT1

510-513 rpoB WT2

513-517 rpoB WT3 2

516-519 rpoB WT4 2

518-522 rpoB WT5

521-525 rpoB WT6

526-529 rpoB WT7 4

530-533 rpoB WT8 2 5

D516V rpoB MUT1 1 4

H526Y rpoB MUT2A 2

H526D rpoB MUT2B 2

S531L rpoB MUT3 1

katG
315 katG WT 2

S315T1 katG MUT1 28 11

S315T2 katG MUT2 2 1

inhA
0.9375 inhA WT1 2

-8- inhA WT2

C15T inhA MUT1 13 6

A16G inhA MUT2

T8C inhA MUT3A

T8A inhA MUT3B
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	 Among 304 MTBC subjected to MGIT DST against the 
first-line drugs including STR, INH, RIF, and EMB; the overall 
drug resistance to at least one anti-TB agent was 101 
(33.2%). The highest resistance proportion of STR mono-
resistant-TB was 81 (26.6%) whereas 60 (19.7%) to INH, 20 
(6.6%) to RIF and 1 (0.3%) to EMB. INH mono-resistant-TB 
was higher than RIF mono-resistant-TB at 16 (5.2%) and 2 

(0.7%). There were 18 (5.9%) MDR-TB including 1 (0.3%) 
pan-resistance. Of 20 MDR/RR-TB yielded to SL-DST, 75% 
susceptible to panel of AMK, ETD, LVX and LZD were found. 
Only 25% ETD-resistant TB were detected from 5 MDR-TB 
with resistance to STR. MDR-TB was detected resistance to 
neither LVX nor LZD. Among 18 MDR-TB, there was neither 
pre-XDR TB nor XDR-TB found. (Table 3). 

Table 3. Drug resistant tuberculosis detected by the first-and second-line phenotypic drug susceptibility testing.
Resistance classification Number of 

detections
N (%)

First-line MGIT DST
(N=304)

Second-line MGIT DST (N=20) Number of 
detections N 

(%)STR INH RIF EMB AMK ETD LVX LZD

Drug-resistance 101
(33.2)

81
(26.6)

60
(19.7)

20
(6.6)

1
(0.3)

0
(0)

5
(25)

0
(0)

0
(0)

4 pan-susceptible 203 (66.8) S S S S
Rifampicin mono-resistance 2 (0.7) S S R S S S S S 2 (10)
Isoniazid mono-resistance 16 (5.2) S R S S
Mono-resistance, not INH/RIF 38 (12.5) R S S S
Poly-resistance with INH 
resistance

27 (8.9) R R S S

Multidrug resistance

15 (4.9) R R R S S S S S 10 (50)
R R R S S R S S 5 (25)

2 (0.7) S R R S S S S S 2 (10)
1 (0.3) R R R R S S S S 1 (5)

Pre-extensively resistance S/R R R S/R S S R S 0
Extensively resistance S/R R R S/R S S R R 0

Note: MGIT: mycobacterium growth indicator tube, DST: drug susceptibility testing, STR: streptomycin, INH: isoniazid, RIF: rifampicin, 
EMB: ethambutol, AMK: amikacin, ETD: ethionamide, LVX: levofloxacin, LZD: linezolid, R: resistant, S: susceptible.

Discussion
	 The importance of DST for treatment was raised 
globally,10 and reaffirmed the critical concentrations of 
isoniazid (INH) at 0.1 µg/mL, rifampicin (RIF) at 0.5 µg/mL 
and Levofloxacin (a fluoroquinolone) at 1.0 µg/mL for 
MGIT DST to reduce the rate of risk of being misclassified 
susceptibility of anti-TB agents .3,16 Nevertheless, capacity 
of DST for MTB requires sophisticated laboratory 
infrastructure, proficient staff, good practice of quality 
assurance. 
	 The study described the high LPA sensitivity of 90% 
and specificity of 99.3% for detecting RR-TB which are 
comparable to the previous report of Shah et al. in 2009 
in Vietnam and a study in Uganda.19 However, our findings 
were lower than sensitivity but higher than specificity in 
other studies on samples with smear positives in Uganda,20 
Peru,21 India;22 and from South Africa where LJ was used on 
the MDR-TB population;23 Namibia 24 due to differences in 
their high-risk population or previously treated. This study 
showed higher sensitivity and specificity than studies 
reported by Mohamed et al. in 2020, 25 Hussain et al. in 
2024,26 in Ethiopia on popular including positive smear 
and the proportion LJ used as a gold standard.22 Yadav et 
al. reported sensitivity and specificity were greater than 
97% on smear-positive in 2013,22 and compared with 
sequencing testing in 2021.27 The current study described 
the LPA with very high sensitivity and specificity of 
detecting HR-TB of 98.3% and 99.2% which were higher 
than previous studies in South Africa,25 India,28 where LJ 

was considered the gold standard. The LPA sensitivity and 
specificity for MDR-TB of 88.9% and 94.1%, respectively 
seen similarly with studies in Peru.21 However, Meaza 
et al. had a perfect sensitivity and specificity of 100% 
and some previous studies also showed higher values 
in Ethiopia,22, 29 in India on presumptive MDR-TB size,22 
Uganda on smear positives.20 MDR-TB (5.9%) detection 
was lower in Northwest Ethiopia.29 Our study showed 
excellent agreements between FL-LPA and FL-MGIT DST 
at 98.7% (k=0.89), 99% (k=0.97), and 98.8% (k=0.91) for 
detecting RR-TB, HR-TB, and MDR-TB; respectively which 
were higher than a studies Wondale et al. for detecting 
RR-TB (k=0.49) and HR-TB (k=0.66), and lower for MDR-TB 
(k=1).30 
	 The mono-resistant and multidrug resistant strains 
were shown the banding pattern by LPA. The Inferred 
mutation was 19 due to absence of wild type probes. 
The high mutations associated with katG MUT1 and inhA 
MUT1 were 39 and 19, respectively. For mono HR-TB, the 
mutation S315T1 associated with katG MUT1 was higher 
than mutation C15T associated with inhA MUT1. While 
the frequency of inhA mutation was D516V (5), H526Y (2), 
H526D (2), S531 (1). This also seen in the previous studies 
in high TB burden countries where DR strains transmitted 
continuously.19,31

	 Among 304 MTBC were subjected to MGIT DST 
against the first-line drugs including STR, INH, RIF, and 
EMB; The overall drug resistance to at least one anti-TB 
agent was 101 (33.2%), the highest value of resistance to 
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STR at 81 (26.6%) whereas 60 (19.7%) to INH, 20 (6.6%) 
to RIF, at least 1 (0.3%) to EMB and 5.9% for MDR-TB. INH 
mono-resistant-TB was higher than RIF mono-resistant-TB 
at 16 (5.2%) and 2 (0.7%). Our study can be comparable 
with previous studies in South Vietnam which found 
26.3%, 19.4%, 16.6%, 2%, 1.1%, and 1.8% for resistance to 
at least one drug, STM, INH, RIF, EBM, and MDR in 2006;32 
and 19.8%, 3.4%, 2.5% and 3% for resistance to INH, RIF, 
EBM, and MDR in 2022 in Ca Mau province, Vietnam.33 The 
slightly lower prevalence than their study may have come 
from 20 years ago when MDR-TB incident cases had not 
increased at the time of this study and Cho Ray located 
at a more crowded than Ca Mau may have detected a 
higher prevalence. In Ethiopia, RIF mono-resistant-TB, 
pan-susceptible was approximately 0.9% and 66.0% in 
Northwest Ethiopia, 2021.29 Tutik et al. reported high 
proportions of DR-TB at 64.4%, 78%, and 14% for INH, RIF, 
and EMB while STR is the same at 13%.34 This difference 
came from their study on patients diagnosed with DR-TB at 
entry. Their studies yielded SL-LPA, and MGIT to injectable 
anti-TB agents however WHO recommended drug groups 
for the treatment of RR/MDR-TB and all-oral regimens 
based on the susceptible TB and their benefit and harm.35 
	 Proportions of DR-TB in a study in Ethiopia were 
higher than this study at 66%, 16%, and 17.9% for pan-
susceptible, mono-resistance, and poly-resistance; 
respectively for newly diagnosed due to high incidence in 
this country. Nguyen et al. reported that central Vietnam 
(29.2%) was resistant to both antibiotics for phenotypically 
INH-resistant isolates at 46.3% had the Ser315Thr mutation. 
There were 8 different rpoB mutations in 22 (68.8%) of the 
RIF-resistant isolates with resazurin microtiter assay and 
polymerase chain reaction TaqMan.17

	 In this study, there were 18 (5.9%) MDR-TB including 
1 (0.3%) pan-resistance. Of 20 MDR/RR-TB subjected to 
SC MGIT DST, only one quarter detected EDT-resistant TB 
while 100% were sensitive to AMK, LVX, and LZD. Neither 
pre-XDR-TB nor XDR-DR was detected due to LVX/LZD 
resistant-TB not being detected. In 2022, Wrohan et al. 
reported 88% MDR-TB, 8.2% as pre-XDR-TB, and 3.8% 
as XDR-TB in Ha Noi and Thanh Hoa, Northern, Vietnam 
performed by Xpert MTB/RIF, LPA, and DST.11 The difference 
in MDR-TB detected came from the MDR-TB treated 
population and the old definition of pre-XDR-TB, XDR-TB 
used in the 2014 to 2016 period of study while our study 
conducted on presumptive TB and resistance classification 
was in line with WHO updated definitions from 2021. 
Minsk and Copenhagen had higher rates at 26.7% and 
10%, 16.7% and 30.0%, 16.7% and 13.3% for MDR-TB, 
pre-XDR-TB, and XDR-TB detected among Belarusian HIV-
positive patients.36 However, the updated definition of 
pre-XDR-TB, and XDR-TB requires more studies of drugs 
for the TB-treating group A and B.18

Limitation
	 In this study, indirect LPA was only performed from 
inoculum culture of sputum, direct LPA test had not been 
studied from sputum sediment. Moreover, some DST 
discordant samples between LPA and MGIT should be 

detected by target next-generation sequencing. This study 
has not screened on previously treated TB patients yet. 

Conclusion
	 Based on the gold standard of updated phenotypic 
DST, FL-LPA performance was compared in detecting RR-
TB, HR-TB, and MDR-TB perfectly. Pre-XDR-TB and XDR-TB 
had not been found. We would keep practicing phenotypic 
culture-based DST with a diversity of recommended anti-
TB agents and reaffirmed critical concentrations of INH, RIF 
and LVX of INH, RIF in the first line and LFV in the second 
line in screen DR-TB.
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ABSTRACT

Background: CD4+ T cell number is an important marker for assessing immune 
status, differentiating the severity of infections, and monitoring treatment in 
patients infected with human immunodeficiency virus (HIV). The determination 
of the percentage and absolute count of CD4+ T cells plays an essential role in 
treatment decisions and in ongoing patient care. Consequently, this analysis 
must be highly effective, with proper quality control processes. Participation in 
proficiency testing is a key component of the quality system.

Objectives: This study aimed to develop a proficiency testing program for CD4+ T 
cell analysis in Thailand.

Materials and methods: Two proficiency testing materials were prepared and  
assigned the numbers CD4-01, which was low level, and CD4-02, which was normal 
level. PT materials were tested for the four following parameters: %CD3+ cells, 
CD3+ cell count, %CD4+ T cells, and CD4+ T cell count in 39 participating laboratories. 
Performance assessment of the laboratories was shown as a z score according to 
the ISO13528:2022 standard.

Results: Proficiency testing materials met the acceptable criteria for homogeneity 
and stability according to ISO13528:2022. As due to uncertainty of assigned values 
are smaller than 0.3σpt, the performance of participating laboratories was assessed 
using a z score. More than 89 percent of participated laboratories demonstrated  
acceptable performance across all four parameters, while less than six percent 
were classified as within the warning signal range, and less than eight percent were 
deemed unacceptable. The causes of unacceptable performance included inappropriate 
instrument settings, inadequate compensation, and issues with gating techniques.

Conclusion: Proficiency testing materials for CD4+ T cell determination were  
satisfactorily prepared and met the criteria for homogeneity and stability according  
to ISO13528:2022. The results of the pilot study conducted in 39 laboratories 
showed that more than 87 percent of the results were within acceptable range.
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Introduction
	 CD4+ T cell enumeration is important for assessing 
immune status, differentiating the severity of infections, 
and monitoring treatment in patients infected with human 
immunodeficiency virus (HIV). This test plays an essential 
role in treatment decisions and ongoing patient care.1 

Thus, this analysis must be highly effective, with proper 
quality control processes. Moreover, it is essential to conduct  
proficiency testing to compare the results of CD4+ T cell 
enumeration across different instruments to ensure  
consistency. Participation in proficiency testing is a key 
component of the quality system according to the international 
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standard for medical laboratory quality management, ISO 
15189:2022, clause 7.3.7.3, which states that laboratories 
should engage in external quality assessment programs 
that comply with the ISO/IEC 17043 standard.2 

	 CD4+ T cells are reported as both percentage and  
absolute count. The percentage of CD4+ T cells is analyzed 
using flow cytometry. The absolute count of CD4+ T cells 
can be estimated using either the dual-platform or single- 
platform technique. In the dual-platform technique, the 
absolute count is derived by multiplying the lymphocyte 
count (obtained from a blood cell counter) with the percentage 
of CD4+ T cells which is determined by flow cytometry. In 
contrast, the single-platform technique uses only a flow 
cytometer to calculate the absolute CD4+ T cell count.  
This method involves adding a known concentration of 
polystyrene beads to the stained blood sample for analysis.
	 The Associated Medical Sciences, Chiang Mai University  
External Quality Assessment (AMS CMU EQA) unit is  
dedicated to developing proficiency testing (PT) materials  
for laboratory tests that meet user needs, enabling  
participating laboratories to receive evaluation results that 
reflect the accuracy and precision of their laboratory test 
results. This ensures that results are reported effectively and 
uniformly, serving as an indicator for quality development 
and the ongoing maintenance of laboratory standards.
	 This study aimed to develop PT materials for CD4+ T 
cell enumeration to facilitate proficiency testing services 
and subsequently apply for ISO/IEC 17043 accreditation. 
The processes included the development of quality control 
materials, testing appropriate storage conditions, assessing 
the homogeneity and stability of the PT materials, and 
conducting practical trials in at least 30 medical laboratories 
across Thailand. This research was expected to lead to the 
development of PT materials for CD4+ T cell enumeration, 
enabling proficiency testing services in the future and providing 
knowledge for developing PT materials for other tests.

Materials and methods
Proficiency testing material preparation
	 Proficiency testing materials were prepared from 
rejected donor blood bags that did not meet volume 
standards from the Blood Bank Section, Maharaj Nakorn 
Chiang Mai Hospital. The study was reviewed by the 
ethics committee, Faculty of Associated Medical Sciences, 
Chiang Mai University (AMSEC-67EM-005). Fixed and 
preserved whole blood samples were prepared as two 
proficiency testing materials, which were then stored in 
a refrigerator.3-8 The proficiency testing materials were 
assigned the numbers CD4-01, for low level, and CD4-02, 
for normal level of CD4+ T cells. In this proficiency testing 
program, PT materials were tested for the four following 
parameters: %CD3+ cells, CD3+ cell count, %CD4+ T cells, 
and CD4+ T cell count.

Assessment for homogeneity and stability of PT materials
	 For each lot of proficiency testing materials, ten 
tubes were randomly chosen and tested for %CD3+ cells, 
CD3+ cell count, %CD4+ T cells, and CD4+ T cell count in 
duplicate to assess the between-sample standard deviation 

(Ss).9,10 The acceptance criteria for homogeneity, as outlined 
in ISO 13528:2022, involve comparing Ss to the σpt values 
used for laboratory assessment. The proficiency testing 
material was considered adequately homogeneous when 
Ss≤0.3σpt. Additionally, for each lot of proficiency testing 
materials, two tubes were randomly selected and tested in 
duplicate to evaluate stability during transport, and another two 
tubes were tested for stability at the end of the program. 
To evaluate stability during transportation, two tubes of 
each PT material were sent to the participating laboratory  
in Yala province, which was requested to return the materials 
to the PT provider. For stability at the end of the program, 
two tubes of each PT material were stored in a refrigerator 
until reporting deadline. These stability results (y2) were 
compared to those of the homogeneity test (y1). The σpt 
values used for laboratory assessment served as the 
acceptance criteria for the stability test. Proficiency  
materials were considered adequately stable when |ȳ1-ȳ2|
≤0.3σpt, and sufficiently stable when |ȳ1-ȳ2| ≤0.3σpt+2

Operation of the pilot study
	 The proficiency testing materials were packed in 
a box with ice packs and sent to 43 medical laboratories 
in Thailand that participated voluntarily. The laboratories 
were required to return their results to the provider within 
15 days. The %CD3+ cells and %CD4+ T cells parameters 
were designated to be reported with one decimal place, 
while the CD3+ cell count and CD4+ T cell count were required 
to be reported as absolute numbers. The provider then  
assessed laboratory performance using z scores, which 
compared the analytical results to the consensus values 
from all participating laboratories. Assigned values (Xpt) 
and standard deviations (σpt) from the consensus values 
of results submitted by the laboratories were calculated 
using Algorithm A.10 Subsequently, the uncertainties of the  
assigned values (u(xpt)

) were proved to be less than 0.3σpt 
thus validating the use of z scores. The z score was calculated 
using the equation: (participant value - Xpt) / σpt according 
to ISO 13528:2022 standard. For interpretation, the absolute 
value of the z score was considered as follows: |z score| 
≤2.0 indicated that the results were within acceptable  
limits, 2.0<|z score|<3.0 indicated that the results were in 
a warning signal range, and |z score| ≥3.0 indicated that 
the results were unacceptable.

Results
Assessment of homogeneity and stability of PT materials
	 The homogeneity test results of both PT materials in 
all parameters met the acceptance criteria for adequately 
homogeneous according to ISO 13528:2022, confirming 
their suitability for proficiency testing. The results of the 
homogeneity test for PT materials number CD4-01 and 
CD4-02 are shown in Table 1 and 2, respectively.
	 The stability test results indicated that PT materials 
number CD4-01 and CD4-02 remained stable throughout 
the transportation and at the end of the program. The 
results of the stability test for the PT materials were shown 
in Table 3-4.
﻿

√ u2
(y1)+u2

(y2)
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Table 1. Results of the homogeneity test for PT material number CD4-01.

Test Homogeneity 
means

Between-samples 
deviation (Ss)

0.3σpt SS≤0.3σpt Result

%CD3+ cell 64.28% 0.29 0.93 Pass Adequately homogeneous
%CD4+ T cell 1.48% 0.10 0.13 Pass Adequately homogeneous
CD3+ cell 
(cells/ µL) 382.4 0.0 19.5 Pass Adequately homogeneous

CD4+ T cell 
(cells/ µL) 8.8 0.6 0.9 Pass Adequately homogeneous

Table 2. Results of the homogeneity test for PT material number CD4-02.

Test Homogeneity 
means

Between-samples 
deviation (Ss)

0.3σpt SS≤0.3σpt Result

%CD3+ cell 70.31% 0.47 0.68 Pass Adequately homogeneous
%CD4+ T cell 40.03% 0.42 0.45 Pass Adequately homogeneous
CD3+ cell
(cells/ µL) 1,116.8 14.2 39.2 Pass Adequately homogeneous

CD4+ T cell 
(cells/ µL) 635.7 0.0 22.4 Pass Adequately homogeneous

Table 3. Results of the Stability Test for PT material number CD4-01.
Test y1 y2 | ȳ1 - ȳ2 | 0.3σpt Criteria* Expanded criteria+ Result

%CD3+ cell 64.28%
64.53%T 0.25

0.93
Pass Not done Adequately stable

65.95%E 1.68 Not pass Pass Sufficiently stable

%CD4+ T cell 1.48%
1.55%T 0.07

0.13
Pass Not done Adequately stable

1.30%E 0.18 Not pass Pass Sufficiently stable

CD3+ cell
(cells/ µL) 382.4

380.5 T 1.9
19.5

Pass Not done Adequately stable
403.3E 20.9 Not pass Pass Sufficiently stable

CD4+ T cell
(cells/ µL)

8.8 9.0T 0.3
0.9

Pass Not done Adequately stable
7.8E 1.0 Not pass Pass Sufficiently stable

﻿Note: y1: mean of homogeneity test, y2: mean of stability test, Tstability of transportation, Estability at the end of round, *| ȳ1 - ȳ2 | ≤ 0.3σpt,
 +| ȳ1 - ȳ2 | ≤ 0.3σpt + 2

Table 4. Results of the Stability Test for PT material number CD4-02.
Test y1 y2 | ȳ1 - ȳ2 | 0.3σpt Criteria* Expanded criteria+ Result

%CD3+ cell 70.31%
69.05 %T 1.25

0.68
Not pass Pass Sufficiently stable

69.63 %E 0.68 Pass Not done Adequately stable

%CD4+ T cell 40.03%
38.50 %T 1.53

0.45
Not pass Pass Sufficiently stable

38.28 %E 1.76 Not pass Pass Sufficiently stable

CD3+ cell 
(cells/ µL) 1,116.8 

1,103.5 T 13.3
39.2

Pass Not done Adequately stable
1,108.3E 8.5 Pass Not done Adequately stable

CD4+ T cell 
(cells/ µL) 635.7 

615.8T 20.0
22.4

Pass Not done Adequately stable
609.5 E 26.2 Not pass Pass Sufficiently stable

﻿Note: y1: mean of homogeneity test, y2: mean of stability test, Tstability of transportation, Estability at the end of round, *| ȳ1 - ȳ2 | ≤ 0.3σpt, 
+| ȳ1 - ȳ2 | ≤ 0.3σpt + 2√ u2

(y1)+u2
(y2)

√ u2
(y1)+u2

(y2)
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Participating laboratories
	 Proficiency testing materials were sent to 43 medical 
laboratories, and results from 39 of those laboratories 
were returned to the proficiency testing provider. The 
techniques and analytical instruments used in the 39 
laboratories are shown in Table 5.

Statistical data analysis of the participating laboratories
	 The data reported by a total of 39 laboratories 
included 39 data points for %CD3+ cells and %CD4+ T 
cells, but only 35 and 36 data points for CD3+ cell count 
and CD4+ T cell count for PT materials number CD4-01 
and CD4-02 respectively. Four laboratories using the dual-
platform technique did not report CD3+ cell count and 
CD4+ T cell count. Additionally, one laboratory reported 

CD3+ cell count and CD4+ T cell count only for PT material 
number CD4-01 because the differential WBC count for PT 
material number CD4-02 could not be analyzed by blood 
cell counter.
	 The distribution of all data was first analyzed using 
a kernel density plot as recommended by ISO13528:2022 
and all plots showed only one high peak that revealed no 
large difference was enough to warrant a separate group 
of method assessment.9,10 Subsequently, the assessment 
of laboratory performance was presented using z scores, 
which compared the analytical results with the consensus 
values from all laboratories. The number of laboratories in 
each performance score range for the pilot study is shown 
in Table 6.

 Table 5. The techniques and analytical instruments used in participating laboratories.

No Instrument
Number of laboratories (%)

Dual-platform technique Single-platform technique Total
1 Beckman Coulter FC500 10 9 19 (48.7)
2 Beckman Coulter DxFLEX 1 7 8 (20.5)
3 BD FACSCalibur 2 4 6 (15.4)
4 Beckman Coulter Navios 1 2 3 (7.7)
5 BD FACSLyric 2 0 2 (5.1)
6 BD FACSVia 0 1 1 (2.6)

Total 16 (41) 23 (59) 39 (100)

Discussion
	 As stated in ISO 15189:2022, section 7.3.7.3, to 
monitor the performance of the examination methods, 
laboratories should participate in External Quality 
Assessment (EQA) programs that are appropriate to the 
examinations performed. This section also emphasizes 
the importance of selecting EQA programs that are both 
suitable and competent. Where possible, EQA programs 
that meet the requirements of ISO/IEC 17043 should be 
selected. In alignment with this requirement, this study 
was developed in compliance with ISO/IEC 17043:2023. 
Furthermore, the statistical analysis of this study was 
conducted in accordance with ISO 13528:2022, as 

recommended by ISO/IEC 17043:2023 for ensuring the 
validity and reliability of performance evaluation.
	 Both PT materials were adequately homogeneous 
(Ss ≤ 0.3σpt) in all four parameters. The difference in the 
average values of %CD3+ cells and %CD4+ T cells between 
the homogeneity mean (when prepared) compared to 
the stability mean of transportation and stability mean 
at the end of the program did not exceed 2%, and the 
maximum difference for absolute CD3+ cells and CD4+ 
T cells count was only 26.2 cells/µL. Some parameters 
were not classified as adequately stable (as shown in 
Table 3 and Table 4). However, when the uncertainty of 
measurement was considered to apply expanded criteria, 

 Table 6. Number of participating laboratories in each performance level.

 Test PT material number N
Laboratory performance

Number of laboratories (%)
Acceptable Warning signal Unacceptable

%CD3+ cell
CD4-01 39 37 (94.9) 0 (0.0) 2 (5.1)
CD4-02 39 35 (89.7) 1 (2.6) 3 (7.7)

%CD4+ T cell
CD4-01 39 35 (89.8) 2 (5.1) 2 (5.1)
CD4-02 39 34 (87.2) 2 (5.1) 3 (7.7)

CD3+ cell count
CD4-01 35 32 (91.4) 2 (5.7) 1 (2.9)
CD4-02 36 34 (94.4) 2 (5.6) 0 (0.0)

CD4+ T cell count
CD4-01 35 32 (91.4) 1 (2.9) 2 (5.7)
CD4-02 36 34 (94.4) 2 (5.6) 0 (0.0)
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the results were still considered acceptable and classified 
as “sufficiently stable” for the assessment. These data 
shown that both PT materials for all parameters were 
suitable for this proficiency program. 
	 Although around 5-10 percent of the participating 
laboratories assessed z score evaluation results outside 
the acceptable range (absolute z score ≤2.0).
	 Potential causes of analytical errors that laboratories 
with z score evaluation results outside the acceptable 
range should investigate were as follows.11-14

	 First, the voltage settings of the detector and 
compensation settings were inappropriate; this might 
result in the lymphocyte populations not being clearly 
distinguished. Additionally, the placement of the quadrant 
boundaries may not be suitable.
	 Secondly, the gating of lymphocyte populations was 
inadequate. When analyzing CD3 and CD4 in lymphocyte 
populations, the largest group consisted of T cells (CD3+) 
at approximately 61-85%. These cells had a higher CD45 
expression as compared to B and NK cells (CD3-, CD4-), 
with NK cells exhibiting higher SSC properties than T 
cells. If the gating was not comprehensive, it might lead 
to inaccuracies in analyzing %CD3+ cells and %CD4+ T 
cells. Additionally, care should be taken to ensure that the 
proportion of monocytes (CD3-, CD4+) does not exceed 5%.
	 In some cases, the number of lymphocytes analyzed 
in the sub-population was less than 2,500 cells. If using 
an auto-stop setting, it should be set at more than 2,500 
cells (typically set to 3,000 lymphocytes). It was found that 
some laboratories using the single-platform technique 
which set the auto stop at 3,000 for the bead population. 
However, in blood samples with a low cell count, the bead 
population may reach 3,000 events before the lymphocyte 
count reaches 2,500 cells.
	 Moreover, the selection of beads for absolute cell 
count calculation was inappropriate. Beads located at the 
top may represent clusters of more than one bead, while 
those at the bottom may be broken beads or non-bead 
particles.
	 The last cause was the PT materials may not be 
suitable for analyzing differential cell counts using certain 
blood cell analyzers, as there may be discrepancies in 
results across different analytical principles. Additionally, 
some analyzers may not be capable of performing 
differential cell counts. When analyzing the absolute 
count data from all laboratories using a Kernel density 
plot, no distinct peak separation was observed, leading 
to the analysis of z scores from the overall data. This 
may result in some laboratories using the Dual-platform 
technique having z scores for Absolute CD3+/CD4+ T cell 
counts that fall outside the acceptable range. However, 
if a laboratory’s z score for %CD3+/%CD4+ T cell counts 
is within the acceptable range, it indicates that the 
laboratory’s performance in the analysis is considered 
acceptable.

Conclusion
	 PT materials for CD4+ T cell determination were 
satisfactorily been prepared and passed the criteria for 

homogeneity and stability according to ISO13528:2022. 
The results of the pilot study in 39 laboratories were within 
acceptable range more than 87 percent. This study may 
offer valuable insights for evaluating the performance of 
CD4+ T cell determination in clinical laboratories and could 
serve as a framework for developing future proficiency 
testing programs according to ISO17043.
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ABSTRACT

Background: Liver function tests (LFTs) measure the levels of specific enzymes 
and proteins in the blood that can change when the liver is damaged. Bilirubin, 
a byproduct of heme degradation, primarily from red blood cell breakdown 
(approximately 80%), is commonly included in these assessments. Although 
bilirubin and liver enzymes are well-established markers of liver function, they do 
not always indicate the presence of liver lesions. Therefore, for accurate diagnosis, 
changes in liver enzyme and bilirubin concentrations should be interpreted in the 
context of baseline characteristics such as pesticide exposure, alcohol consumption, 
and medication use.

Objectives: To investigate the prevalence of abnormal LFTs and alterations in 
bilirubin concentrations among adults in Mae Ka Subdistrict, Chiang Mai, Thailand.

Materials and methods: A descriptive cross-sectional study was conducted at the 
Department of Medical Technology, Faculty of Associated Medical Sciences, Chiang Mai 
University, from January to March 2024. Adults from Mae Ka Subdistrict participated 
in the study. A total of 102 subjects, aged 23 to 75 years (mean age 56.88±11.26 
years), were included. Liver function tests, including ALT, AST, ALP, ALB, total bilirubin, 
and direct bilirubin, were performed using an automated analyzer (BA 400). The 
ALBI score and Pearson correlation were used to evaluate the relationships between 
liver enzymes, bilirubin levels, and baseline characteristics. A p≤ 0.05 was considered  
statistically significant. Data analysis was performed using SPSS version 17 and  
Microsoft Excel.

Results: A strong correlation was observed between the use of medications for 
diabetes mellitus, hypertension, or hyperlipidemia and abnormal LFTs. Medication 
use was associated with elevations in total bilirubin (TB), ALBI score, ALT, and ALP. 
However, not all individuals with elevated bilirubin levels had abnormal liver enzymes, 
and not all individuals with abnormal liver enzymes had elevated bilirubin levels. 
The ALBI score identified two individuals with normal liver enzyme and albumin 
(ALB) levels who may require closer monitoring and further investigation for potential 
liver disease.

Conclusion: Medication use was associated with abnormal LFTs, potentially serving 
as an early warning sign. The underlying non-communicable diseases (NCDs) that 
necessitate medication use may be the primary contributors. Early diagnosis and 
treatment of liver disease, along with prevention of NCDs and metabolic syndrome, 
may improve health outcomes in this community.
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Introduction
	 Liver disease remains one of the leading causes of 
death in Thailand. In rural areas, the most common causes 
of liver abnormalities include alcohol consumption, 
metabolic syndrome related to overweight and obesity, 
and chronic viral hepatitis B and C.1 Despite medical 
advances, significant challenges remain in the diagnosis 
and management of liver disease. Early and regular 
monitoring through liver function tests (LFTs) is essential 
for preventing or reducing the risk of disease progression.2 
Recent technological developments, such as the application 
of artificial intelligence (AI), have enhanced the diagnostic 
capabilities for liver diseases.3 However, in rural and low- 
to middle-income settings, the adoption of advanced 
healthcare technologies remains limited, primarily due to 
a shortage of trained healthcare professionals.4 As a result, 
routine clinical chemistry tests, including LFTs, continue to 
be a practical and accessible tool for liver disease screening 
in these communities.2 
	 In routine health check-ups, bilirubin testing is often 
not performed unless clinical symptoms such as jaundice, 
dark urine, pale stools, or abdominal pain are present. 
Some studies suggest that elevated total bilirubin could 
serve as a reflex indicator, reducing the need for direct 
(conjugated) bilirubin testing. Specifically, conjugated 
bilirubin measurement may not be necessary in apparently 
healthy males with total bilirubin levels below 21.0 μmol/L 
(<1.23 mg/dL) and females with levels below 17.0 μmol/L 
(1.0 mg/dL).5 Bilirubin testing also has wider diagnostic 
and prognostic applications. For instance, Yamashita et al. 
introduced the albumin-bilirubin (ALBI) score as a simple 
method to assess primary biliary cholangitis in a large 
Japanese cohort. 6 In this context, bilirubin levels less 
than or equal to 0.6 times the upper limit of normal, or 
normal alkaline phosphatase (ALP), were associated with 
the lowest risk of liver transplantation or death.7 Beyond 
its role in liver function testing, the albumin-to-bilirubin 
(ALB/BIL) ratio has been explored as a predictor of disease 
severity in patients with glaucoma.8 Although an isolated 
increase in conjugated bilirubin with normal total bilirubin 
may not always be clinically significant, it can occasionally 
indicate underlying liver disease. Such isolated conjugated 
hyperbilirubinemia is often linked to adverse drug reactions.9

	 Although abnormalities in LFTs can be non-specific 
and occur in a variety of clinical conditions, they may 
represent the earliest indication of potentially serious 
disease in otherwise asymptomatic individuals. It is 
essential that such findings be interpreted within the 
context of the patient’s overall clinical presentation and 
supported by other laboratory investigations. When LFT 
abnormalities are detected, further evaluation may be 
warranted to determine the underlying cause. This may 
include repeat liver function testing, imaging studies, and, 
in some cases, liver biopsy for definitive diagnosis.
	 Monitoring liver function abnormalities at the 
community level is especially important in populations 
with known risk factors such as pesticide exposure in 

agricultural settings or prevalent alcohol consumption. 
Early identification of individuals at risk for advanced  
fibrosis or cirrhosis could enable timely lifestyle interventions 
and treatment, thereby potentially halting disease 
progression and reducing both morbidity and mortality.10 
	 This study aims to investigate the prevalence of 
abnormal LFTs among adults in Mae Ka Subdistrict, Chiang 
Mai, Thailand. The findings may inform public health 
strategies and educational initiatives aimed at reducing 
exposure to liver disease risk factors and promoting liver 
health in the community.

Materials and methods
Study population 
	 A cross-sectional study was conducted with 102  
participants residing in 14 villages within the Mae Ka  
Subdistrict, Chiang Mai Province, Thailand. Mae Ka  
Subdistrict is geographically located at approximately 
19°19′58″N latitude and 98°57′00″E longitude. Inclusion 
criteria included individuals aged 18 years or older who 
were native residents of the selected villages. Individuals 
with a prior diagnosis of liver disease were excluded. Sample 
collection was conducted on Sunday afternoons in February 
2024, and participant interviews were carried out by  
internship Medical Technology students. The purpose of 
the study was explained to all participants in the local  
language, and written informed consent was obtained 
in accordance with the ethical principles outlined in the 
Declaration of Helsinki (1975). The study protocol was  
approved by the Clinical Research Ethics Committee of 
the Faculty of Associated Medical Sciences, Chiang Mai  
University.

Data collection 
	 A structured questionnaire was administered to 
collect information on participants’ demographic and 
health-related characteristics. Data collected included 
age, sex, weight, height, occupation, alcohol consumption, 
exposure to pesticides, family history of disease, known 
medical conditions, and details of current medication use. 
The questionnaire was administered through face-to-face 
interviews conducted by internship Medical Technology 
students.

Blood chemistry analysis
	 A total of 5 mL of non-fasting venous blood was collected 
from each participant. Serum was separated by centrifugation 
at 2,500 rpm for 10 minutes on the same afternoon as the 
sample collection. All liver function tests were performed 
on non-fasting serum samples using an automated chemistry 
analyzer (BA 400). Six biochemical parameters related to 
liver function were assessed in this study: albumin (ALB), 
albumin-bilirubin (ALBI) score, total bilirubin (TB), direct 
bilirubin (DB), alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and alkaline phosphatase (ALP). 
The analytical principles of these assays were summarized 
in Table 1.
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ALBI calculations
	 The ALBI score was calculated using a previously  
established formula: (log₁₀[bilirubin] × 17.1 × 0.66) + (albumin 
× 10 × -0.085), where bilirubin was measured in mg/dL and 
albumin in g/dL. ALBI grade cut-off points were defined as 
follows: a score ≤-2.60 was classified as grade 1; a score >-2.60 
to ≤-1.39 was classified as grade 2; and a score >-1.39 was 
classified as grade 3. 6, 11

Statistical analysis 
	 Liver function test values were presented as mean±SD,  
and baseline characteristics were summarized as percentages. 
The Kolmogorov–Smirnov test was used to assess the 
normality of continuous data. Pearson correlation analysis 
was employed to evaluate associations between LFT 
parameters and questionnaire-derived variables. Group 
comparisons of LFT parameters by baseline characteristics 
were conducted using the independent Student’s t-test 

and the Mann–Whitney U test. All statistical analyses were 
performed using SPSS version 17 (IBM Corp., Armonk, NY, 
USA) and Microsoft Excel (Microsoft Corp., Redmond, 
WA, USA), with p values ≤ 0.05 considered statistically 
significant.

Results
Clinical characteristics of participants
	 The clinical and baseline characteristics of the 102 
participants were summarized in Table 2. The mean age 
at enrollment was 57.6 years for men and 55.8 years 
for women, with men comprising 61.8% of the cohort. 
All participants were asymptomatic for liver disease 
at the time of sampling. Sixty-three percent reported 
regular alcohol consumption, 47% reported occupational 
or environmental pesticide exposure, and 39% were 
receiving medications for diabetes mellitus, hypertension, 
or hyperlipidemia.

Table 1. Assay principles.
Test Principle (BioSystems)
ALP (alkaline phosphatase) Hydrolysis of 4-nitrophenylphosphate to 4-nitrophenol and 2-amino-2-methyl-1-

propanol; absorbance of 4-nitrophenol measured at 405 nm.
ALT (alanine aminotransferase) Transfer of the amino group from alanine to 2-oxoglutarate to form pyruvate and 

glutamate; pyruvate is reduced to lactate by lactate dehydrogenase with concomitant 
oxidation of NADH to NAD⁺; rate of NADH depletion measured at 340 nm.

AST (aspartate aminotransferase) Transfer of the amino group from aspartate to 2-oxoglutarate to form oxaloacetate 
and glutamate; oxaloacetate is reduced to malate by malate dehydrogenase with 
concomitant oxidation of NADH to NAD⁺; rate of NADH depletion measured at 340 nm.

ALB (albumin) Formation of a colored complex between albumin and bromocresol green; 
absorbance measured at 640 nm.

DB (direct bilirubin) Reaction of conjugated bilirubin with 3,5-dichlorophenyl diazonium salt to form a 
diazo complex; absorbance measured at 535 nm.

TB (total bilirubin) Coupling of both unconjugated and conjugated bilirubin with diazonium reagent in 
the presence of cetrimide; absorbance measured at 535 nm.

Table 2. Demographic data (N=102).
Characteristic N (%) BMI (mean±SD)
 Gender
     Male
     Female

63 (61.8)
39 (38.2)

23.7 (±2.8)
24.2 (±4.4)

Male age 
      <50
      51-60
      >60 

16 (15.69)
17 (16.67)
30 (29.41)

24.6 (±2.8)
24.4 (±3.2)
22.7 (±2.2)

Female age
      ≤50
      51-60
      >60 

12 (11.76)
12 (11.76)
15 (14.71)

24.9 (±6.2)
24.1 (±3.4)
23.8 (±3.4)

Behavior characteristics and underlying disease
      Agriculture exposed to pesticide
      Alcohol consumption
      Medication (diabetes mellitus/ hypertension/   
      hyperlipidemia)

46 (45.1)
63 (61.8)
39 (38.2)

-
-
-
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	 Frequency distribution of self-reported alcohol 
consumption among study participants (N=63) was shown 
in Table 3. Most drinkers reported consuming alcohol 
one to three times per week (N=20; 31.7%), followed by 
occasional consumption (N=18; 28.6%). Less frequent 
patterns included three to five times per week (N=10; 
15.9%), daily intake (N=9; 14.3%), and almost daily intake 
(N=6; 9.5%).

Table 3. Alcohol consumption frequency.
Alcohol consumption frequency Count (N)
1-3 times per week 20
Occasionally 18
3-5 times per week 10
Daily 9
Almost daily 6
Total 63

	 The biochemical results for the cohort were 
presented in Table 4. Mean±SD values for each parameter 
were as follows: ALT 29±16 U/L, AST 26±12 U/L, ALP 94 
± 29 U/L, total bilirubin 0.50±0.27 mg/dL, direct bilirubin 
0.22±0.14 mg/dL, and albumin 4.60±0.26 g/dL.

Table 4. Biochemical data of the subjects (N=102).

Parameters
Mean (±SD)

Males Females Total
ALT (U/L) 34 (±18) 21 (±8) 29 (±16)
AST (U/L) 28 (±13) 21 (±6) 26 (±12)
ALP (U/L) 97 (±32) 89 (±24) 94 (±29)
TB (mg/dL) 0.5 (±0.28) 0.4 (0.21) 0.5 (±0.27)
DB (mg/dL) 0.24 (±0.16) 0.17 (± 0.09) 0.22 (±0.14)
ALB (mg/dL) 4.6 (±0.27) 4.6 (±0.24) 4.6 (±0.26)

ALBI calculations
	 ALBI scores were calculated as described previously, 
with a mean score of -8.0535 (Table 5). Most participants 
(98.0%, N=98) were classified as ALBI grade 1 (score 
≤-2.60), whereas two subjects (2.0%) fell into ALBI grade 2  
(score >-2.60 to ≤-1.39). Both grade 2 subjects were male 
and had normal AST, ALT, ALP, and albumin levels but  
elevated total and direct bilirubin.

Table 5. ALBI score of the patients (N=102). 
Parameters Mean (±SD)
ALBI score -8.0535 (±2.4498)
Male ALBI score -7.4288 (±2.2582)
Female ALBI score -9.0625 (±2.4369) 
Minimum -12.8328
Maximum -2.1397

	 The subject with the highest ALBI score (-2.1397) was 
overweight (body mass index [BMI] 26.5 kg/m²), reported 
hypertension and hyperlipidemia but was not on related 
medications, and had histories of alcohol consumption 
and pesticide exposure. The second subject (ALBI -2.5887; 
BMI 22.5 kg/m²) was a 36-year-old male with diabetes 
mellitus who was receiving treatment and exhibited no 
liver enzyme elevations. ALBI grade cut-off values were  
defined as follows: ≤-2.60 (grade 1), >-2.60 to ≤-1.39 
(grade 2), and >-1.39 (grade 3).6   

Correlation between liver function tests 
	 TB exhibited a strong positive correlation with DB, 
with a Pearson correlation coefficient of r=0.937 (p<0.001; 
Figure 1A). Given that the ALBI score was derived in part 
from TB, a similarly strong correlation was observed between 
ALBI score and DB (r=0.935; p<0.001; Figure 1B).

Figure 1. Scatter plots with fitted regression lines illustrating the relationships among total bilirubin (TB), direct bilirubin 
(DB), and albumin-bilirubin (ALBI) score in 102 participants. A: TB versus DB (r=0.937, p<0.0001), B: ALBI score versus DB 
(r=0.910, p<0.0001).
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	 The relationship between serum AST and ALT levels 
in 102 adult participants from Mae Ka Subdistrict, Chiang 
Mai, Thailand was shown in Figure 2. Each point represents 
an individual’s paired AST and ALT values, with the dashed 
line indicating the linear regression fit (r=0.783, p<0.0001). 
The moderate positive correlation suggests that elevations 
in AST tend to coincide with elevations in ALT, although 
several outliers were present at higher values of AST (up 
to approx. 190 U/L) and ALT (up to ~145 U/L). This association 

reflects concurrent hepatocellular enzyme release in response 
to liver injury or stress, reinforcing the utility of assessing 
both enzymes together in clinical screening. 
	 In contrast, weak positive associations were found 
(Figure 3) between DB and AST (r=0.215; p=0.028), DB and 
ALT (r=0.198; p=0.041), ALT and ALP (r=0.184; p=0.053), 
and AST and ALP (r=0.162; p=0.075;). ALB levels were inversely 
related to ALP (r=-0.238; p=0.015) and showed a negligible 
negative association with AST (r=-0.031; p=0.742).

Figure 2. Scatter plot showing the moderate positive correlation between serum AST and ALT levels in 102 participants 
(r=0.783, p<0.0001).

Figure 3. Scatter plots with fitted regression lines illustrating weak positive associations among liver function parameters in 
102 participants. Panel A: DB versus AST (r=0.280, p=0.004), Panel B: DB versus ALT (r=0.337, p=0.001), Panel C: AST versus 
ALP (r=0.311, p=0.001), Panel D: ALT versus ALP (r=0.330, p=0.001).
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Association between baseline characteristics and abnormal 
biochemical data
	 The frequency and distribution of abnormal biochemical 
parameters among the 102 participants were summarized 
in Table 6. Elevated ALT (>41 U/L) was observed in 14.7% 
of participants (N=15), while 6.9% (N=7) had AST levels 
above the reference threshold (>40 U/L). Elevated ALP 
was found in 11.8% of male participants (cut-off >115 
U/L) and 7.8% of female participants (cut-off >105 U/L). 

Additionally, 6.9% (N=7) showed albumin levels exceeding 
5.0 g/dL.
	 For bilirubin parameters, 5.9% (N=6) had elevated 
total bilirubin (>1.0 mg/dL), and 41.2% (N=42) had 
elevated direct bilirubin (>0.2 mg/dL). Notably, 14.7% 
(N=15) of participants showed elevated direct bilirubin 
while their total bilirubin remained within the normal 
range, suggesting a pattern of isolated conjugated 
hyperbilirubinemia. A total of six participants had both 
total and direct bilirubin elevated.

Table 6. Frequency of abnormal biochemical parameters among 102 participants. Cut-off 
values were based on standard laboratory reference ranges. 
Biochemical (cut-off value) N (%)
High ALT (>41 U/L) 15 (14.71)
High AST (>40 U/L) 7 (6.86)
High ALP male (>115U/L) 12 (11.76)
High ALP female (>105 U/L) 8 (7.84)
High ALB (>5.0 mg/dL) 7 (6.86)
High TB (>1.0 mg/dL) 6 (5.88)
High DB (>0.2 mg/dL) 42 (41.18)
High TB & high DB 6 (5.88)
High DB & other parameters & normal TB 15 (14.71)

Note: ALP values were sex specific. “High DB & other parameters & normal TB” refers to participants  
with elevated direct bilirubin and at least one other abnormal parameter, while total bilirubin  
remained within the normal range.

	 Association between baseline characteristics and  
abnormal biochemical data were analyzed. Participants 
were stratified by alcohol consumption, pesticide exposure, 
and use of medications for noncommunicable diseases 
(NCDs: diabetes mellitus, hypertension, or hyperlipidemia). 
No significant differences in any liver function parameters 
were observed between alcohol drinkers and non-alcohol 
drinkers, nor between participants with and without pesticide 
exposure. In contrast, participants receiving NCD medications 

(N=40) exhibited significantly higher total bilirubin (TB), 
ALBI score, ALT, and ALP levels compared with those not 
on such medications (N=62) (Figure 4). Albumin and AST 
were normally distributed, so both the independent Student’s 
t-test (for normally distributed variables) and the Mann- 
Whitney U test (for non–normally distributed variables) 
were applied to assess differences between groups. All 
tests with p≤0.05 considered statistically significant. 
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Discussion
	 The prevalence of asymptomatic abnormal LFTs 
varies by population and the specific assays employed.12 
In the general population, up to 8% may exhibit elevated 
LFTs, with rates increasing with age and in the presence of 
risk factors such as alcohol abuse, obesity, and chronic viral 
hepatitis.2,13 Persistent LFT abnormalities are associated 
with an elevated risk of serious liver complications, 
including cirrhosis and hepatocellular carcinoma,14 as 
well as extrahepatic sequelae such as fluid retention 
and cognitive impairment.15,16 Identification of abnormal 
LFTs is therefore critical to prompt investigation of 
underlying causes and to guide interventions ranging 
from lifestyle modification to pharmacotherapy.17 Notably, 
several commonly prescribed medications including 
antihypertensives (e.g., amlodipine, losartan),18-20 lipid-
lowering agents, and antihyperglycemic drugs,21-23 have 
been implicated in drug-induced liver enzyme elevations. 
In addition, hypertension itself may contribute to increased 
levels of ALT and ALP.24

	 The liver plays a crucial role in processing and eliminating  
bilirubin from the body. Elevated bilirubin levels, known 
as hyperbilirubinemia, can indicate underlying hepatic  
conditions such as hepatitis, inflammation, cirrhosis, biliary 
obstruction, or hemolytic anemia. Occasionally, a paradoxical 
pattern is observed in which conjugated (direct) bilirubin 
is elevated while total bilirubin remains within the normal  
range. Typically, an increase in total bilirubin reflects  

elevations in both unconjugated and conjugated fractions. 
However, in some instances, an isolated rise in direct bilirubin 
may occur despite a normal total bilirubin level.
	 This paradoxical result can be difficult to interpret 
and often requires further investigation. While the exact 
mechanisms are not fully understood, possible contributing 
factors include mild cholestasis, early hepatocellular dysfunction, 
and analytical variability. A previous report described cases in 
which total bilirubin appeared normal while direct bilirubin  
levels were higher than total bilirubin, attributed to assay  
interference by paraproteins in patients with multiple  
myeloma.25 It is important to note that conjugated bilirubin 
is produced within hepatocytes. Previous studies have  
suggested that direct bilirubin may be more useful than 
total bilirubin in predicting clinical outcomes in patients 
with liver cirrhosis.26 In the absence of analytical interference 
such as paraproteins, elevated direct bilirubin may serve 
as an early indicator of liver dysfunction, even when other 
liver enzymes such as ALT, AST, ALP, and albumin remain 
within the reference range.
	 Based on our findings, it is recommended that both 
total and direct bilirubin be included in routine LFT screening, 
particularly in populations with known risk factors such as 
noncommunicable diseases, pesticide exposure, or alcohol 
consumption. In this study, 14.71% of participants showed 
elevated direct bilirubin levels despite having total bilirubin 
within the normal range, reinforcing the clinical value of 
assessing both parameters.

Figure 4. Comparison of liver function parameters between participants receiving medications for diabetes mellitus, 
hypertension, or hyperlipidemia (Medication) and those not receiving such medications (No-med). 
Note: Bars represent mean±SD for ALBI score (top left), total bilirubin (TB; top right), alanine aminotransferase (ALT; bottom left), and 
alkaline phosphatase (ALP; bottom right). p₁ indicates the independent Student’s t-test and p₂ the Mann-Whitney U test. 
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	 In this study, the ALBI score was calculated based 
on a previously established model originally developed 
for grading the risk of hepatocellular carcinoma.27 It has 
also been validated as a prognostic tool in patients with 
primary biliary cholangitis.6,28 At first glance, the ALBI score 
appeared to have limited applicability in this cohort, as all 
participants were asymptomatic for liver disease. However, 
two notable cases were identified with ALBI scores within 
grade 2.
	 The participant with the highest ALBI score was a 
60-year-old male with a score of -2.1397 and a body mass 
index (BMI) of 26.5 kg/m². He showed no elevation in liver 
enzymes, yet his questionnaire responses indicated a history 
of hypertension and hyperlipidemia, though he was not 
receiving any medications. The second case was a 36-year-old 
male with an ALBI score of -2.5887 and a BMI of 22.5 kg/m². 
He also had normal liver enzyme levels but reported having 
diabetes and was on antidiabetic medication. Both individuals 
demonstrated elevated total and direct bilirubin levels. 
These findings highlight the potential utility of bilirubin- 
related markers, such as the ALBI score, in detecting sub-
clinical liver dysfunction, particularly in individuals with 
relevant baseline characteristics, even when traditional 
liver enzyme levels are normal.
	 Furthermore, this study found no significant association 
between pesticide exposure and abnormal LFTs. This may 
reflect effective training and preventive practices promoted 
by Agricultural Extension Officers in the region. Similarly, 
alcohol consumption was not significantly associated with 
abnormal liver function parameters. This could be due to 
variability in alcohol type, quantity, and frequency of intake  
(Table 3), which may have attenuated any observable  
biochemical effects in this cohort.

Limitations
	 This study had several key limitations: its cross‑ 
sectional design offered only a one‑time snapshot and 
could not establish cause and effect; enrolling just 102 
people from one rural subdistrict meant the results had 
limited statistical power and generalizability; reliance on a 
single, non‑fasting blood draw meant enzyme and bilirubin 
levels could vary based on recent meals; self‑reported 
data on alcohol use, pesticide exposure, and medication 
intake were vulnerable to recall bias; and the absence of 
screening for hepatitis, fatty liver, or other liver diseases 
meant undiagnosed conditions could have confounded 
the results. Future studies should employ larger, more 
diverse cohorts, fasting samples, comprehensive health 
screenings, and multivariable analysis. 

Conclusion
	 The use of medications for the treatment of diabetes 
mellitus, hypertension, or hyperlipidemia was the primary 
factor associated with abnormal liver function tests (LFTs) in 
adults residing in Mae Ka Subdistrict, Chiang Mai, Thailand. 
The ALBI score successfully identified two asymptomatic 
cases with elevated bilirubin levels despite normal liver 
enzyme values. Both individuals had underlying metabolic 
conditions, specifically hyperlipidemia in one case and 

diabetes in the other. These findings highlight the potential 
utility of the ALBI score and bilirubin testing in detecting 
subclinical liver dysfunction. A comprehensive clinical 
evaluation and appropriate follow-up investigations 
remain essential to determine the clinical significance of 
such abnormalities in individual patients.
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ABSTRACT

Background: Trypanosoma evansi, the causative agent of surra, poses a major 
veterinary concern in tropical regions, particularly affecting cattle and buffalo. The 
disease leads to reproductive failures, including abortion, and significant economic 
losses. Early and accurate diagnosis is crucial for effective control, especially in 
endemic, resource-limited areas.

Objectives: This study aimed to develop a loop-mediated isothermal amplification 
(LAMP) assay for rapid detection of T. evansi and evaluate its diagnostic performance 
in comparison with conventional polymerase chain reaction (PCR) and the CATT/T. 
evansi card agglutination test.

Materials and methods: Four LAMP primers were designed to target the RoTat 
1.2 variant surface glycoprotein (VSG) gene of T. evansi. Optimal reaction parameters,  
including temperature and incubation time, were established. The LAMP assay, 
conventional PCR, and the CATT/T. evansi card agglutination test were performed 
on 79 blood samples collected from cattle with suspected trypanosomiasis in 
northern Thailand (Lamphun and Chiang Mai). Diagnostic sensitivity, specificity, 
and agreement between tests were statistically analyzed.

Results: The LAMP assay detected T. evansi in 32 (40.5%, 95% CI: 29.8-51.9%) samples,  
slightly outperforming PCR, which detected 30 (37.9%, 95% CI: 27.6-49.0%). However, 
this difference was not statistically significant (McNemar’s test, p=0.724). The CATT/T. 
evansi test yielded 45 (56.9%) positives but lacked the ability to differentiate active 
infection from prior exposure.

Conclusion: The LAMP assay demonstrated high sensitivity, specificity, and rapid  
detection capabilities under simplified conditions, making it highly suitable for 
field applications. When paired with colorimetric or lateral flow readouts, LAMP 
offers a promising point-of-care diagnostic tool for improving trypanosomiasis control 
in endemic regions.
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Introduction
	 Trypanosoma evansi, the causative agent of 
trypanosomiasis (commonly known as surra), represents 
a significant threat to mammalian livestock health and 
is classified as a notifiable pathogen under the Animal 
Epidemic Act B.E. 2499 in Thailand. This extracellular 
hemoprotozoan parasite proliferates within the circulatory 
and lymphatic systems of vertebrate hosts, frequently 
resulting in reproductive complications including abortion 
and breeding failure. The economic impact of T. evansi 
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infection on the veterinary industry is substantial, 
primarily due to its rapid transmission dynamics within 
cattle populations and the subsequent livestock mortality 
and productivity losses.
	 The epidemiological significance of T. evansi has 
expanded beyond traditional endemic regions, with 
documented emergence in previously unaffected 
geographical areas and infection of novel host species.1 
Recent comprehensive reviews have highlighted the 
continued global spread of surra, with new cases reported 
across tropical and subtropical regions, emphasizing the 
ongoing threat to livestock industries worldwide.2 While 
some infected cattle exhibit clinical manifestations, others 
remain asymptomatic carriers, serving as reservoirs for 
transmission to diverse animal species including equines, 
elephants, large felids, canines, and swine.3,4 Although 
human infection with animal trypanosomes is typically 
prevented by trypanolytic factors present in human 
serum, certain T. evansi isolates have demonstrated 
resistance to human plasma under specific conditions, 
raising concerns about potential zoonotic transmission.5 
Molecular characterization has identified two principal 
serotypes of T. evansi based on the presence or absence of 
the RoTat 1.2 VSG gene: serotype A, which expresses this 
gene, and serotype B, which lacks this genetic element. 
Notably, the majority of T. evansi isolates characterized 
in Thailand possess the RoTat 1.2 VSG gene, making this 
target an important diagnostic marker for serotype A 
identification in the region.6 The specificity and prevalence 
of this genetic marker provide an excellent foundation for 
the development of molecular diagnostic assays tailored 
to the Thai epidemiological context.
	 The diagnosis of T. evansi infection encompasses 
various methodological approaches, including direct 
microscopic examination, serological testing, animal 
inoculation, and DNA-based detection techniques.7–9 In 
Thailand, the standard diagnostic protocol relies primarily 
on microscopic examination as the first-line detection 
method. The hematocrit centrifuge technique (HCT), 
commonly referred to as the Woo test, represents a 
simple and cost-effective diagnostic approach for animal 
trypanosomiasis; however, this method is constrained 
by inherently low sensitivity due to its dependence 
on the direct visualization of motile parasites in EDTA-
anticoagulated blood specimens. Multiple factors 
significantly influence the diagnostic performance 
and reliability of microscopic detection methods. Low 
parasitemia levels, particularly during early infection 
stages or chronic disease phases, frequently result in false-
negative outcomes due to insufficient parasite density 
for microscopic detection. Pre-analytical variables also 
critically impact diagnostic accuracy: elevated storage 
and transportation temperatures adversely affect parasite 
viability by accelerating glucose consumption, leading to 
energy depletion and subsequent loss of motility—a key 
criterion for microscopic identification. Transportation 
delays exceeding 24 hours further compromise parasite 
viability and motility, thereby reducing detection 
sensitivity.10 Additionally, examination of Giemsa-stained 

blood films using conventional microscopy frequently fails 
to detect patent infections and chronic manifestations of 
the disease, where parasitemia levels may be below the 
threshold of microscopic detection.11 Serological diagnostic 
approaches, particularly the card agglutination test for T. 
evansi (CATT/T. evansi® kit), represent the current reference 
standard for antibody-based detection as recommended 
by the World Organisation for Animal Health (OIE). This 
assay utilizes a freeze-dried suspension of purified, 
fixed, and stained bloodstream-form trypanosomes 
expressing the variable surface glycoprotein RoTat 1.2 as 
the detection antigen. Despite its recognized diagnostic 
value and international endorsement, the widespread 
implementation of CATT/T. evansi faces significant 
practical limitations, including restricted importation and 
commercialization due to varying national regulatory 
frameworks, usage constraints, and prohibitive costs that 
limit accessibility in resource-constrained settings.
	 DNA-based detection methods, particularly 
polymerase chain reaction (PCR) techniques, demonstrate 
superior sensitivity and specificity for diagnosing active T. 
evansi infections. The stability of parasitic DNA persists for 
24–48 hours post-mortem, allowing reliable detection even 
after parasite death, with conventional PCR turnaround 
times of 3–4 hours. However, PCR methodology remains 
constrained by its requirement for expensive thermal 
cycling equipment, limiting its implementation in 
budget-restricted laboratories and remote geographical 
areas, particularly in developing countries where 
trypanosomiasis is endemic.12 Recent advances in LAMP 
technology have demonstrated successful point-of-care 
applications in veterinary medicine, including rapid 
antimicrobial susceptibility testing for bacterial pathogens 
in dogs13 and multiplex detection systems for swine 
pathogens using microfluidic platforms.14 Contemporary 
developments in LAMP methodology have focused on 
improving field deployability through smartphone-based 
detection systems and colorimetric readouts.15 These 
innovations have shown particular promise for parasitic 
disease detection, with recent studies demonstrating 
successful point-of-care applications for various parasitic 
organisms.16

	 Loop-mediated isothermal amplification (LAMP) 
offers a promising alternative that reduces dependence 
on sophisticated instrumentation by utilizing a single 
amplification temperature of 60–65°C throughout 
the reaction. This technique achieves remarkable 
amplification efficiency, generating 10⁹–10¹⁰ fold increases 
in target DNA within one hour without requiring expensive 
automation or thermal cycling equipment.17,18 LAMP has 
demonstrated versatility across veterinary diagnostic 
applications, including pathogen detection in aquaculture 
species such as shrimp19 and livestock including swine.20 
Furthermore, LAMP methodology has proven successful 
for diagnosing both human and animal trypanosomiasis in 
previous studies.21,22 The implementation of LAMP-based 
diagnostics for T. evansi detection could significantly 
mitigate economic losses in the veterinary sector through 
early pathogen identification, enabling rapid veterinary 
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intervention before widespread epidemic development. 
However, comprehensive comparative studies evaluating 
LAMP performance against established PCR and ELISA 
methodologies for T. evansi diagnosis remain limited 
in the literature. Recent advances in loop-mediated 
isothermal amplification (LAMP) technology have 
included smartphone-based fluorescence detection, 
lyophilized reagent formulations for field deployment, 
and multiplexed assays for simultaneous pathogen 
detection.23,24 However, limited comparative data exists 
for LAMP versus conventional methods specifically for T. 
evansi detection in Southeast Asian cattle populations, 
representing a significant knowledge gap for regional 
disease control strategies.
	 Therefore, the objective of this study was to compare 
the diagnostic efficiencies of conventional PCR and CATT/T. 
evansi test with LAMP technique to determine the most 
suitable method for rapid, field-deployable detection of 
Trypanosoma evansi based on amplification of the RoTat 
1.2 VSG gene target.

Materials and methods
Sample collection and preparation
	 Archived whole blood specimens stored at -20 oC from 
dairy cattle were utilized for this comparative diagnostic 
study. All blood samples represented residual specimens 
from routine annual health surveillance programs 
conducted by veterinarians from The Fifth Regional 
Livestock Office, Chiang Mai, Thailand, during 2020. Due 
to budget limitations, 79 cattle from Lamphun and Chiang 
Mai provinces were selected using convenience sampling 
based on clinical signs suggestive of trypanosomiasis and 
herd owners’ approval for participation. A confirmed 
positive control sample from cattle with microscopically 
confirmed T. evansi infection was included in the study 
design to validate assay performance. For detecting a 15% 
difference in sensitivity between methods (80% vs 65%) 
with 80% power and α=0.05, approximately 74 samples 
per group were required. Our sample of 79 meets this 
minimum requirement for this preliminary evaluation.

Extraction of genomic DNA and PCR amplification using 
TR3/4 primers
	 DNA was extracted from blood samples by using 
Nucleospin blood extraction kit (Macherey-Nagel GmbH & 
Co. KG, Düren, Germany). Briefly, 200 µL EDTA blood was 
mixed with 25 µL of proteinase K and 200 µL buffer. Then, 
the mixture was vortexed vigorously for cell lysis. After that, 
the mixture was incubated at 70°C for 10-15 minutes. A 
total of 210 µL absolute ethanol was added to the mixture 
and vortexed again. Then, the mixture was transferred into 
a Nucleospin Blood Column and centrifuged at 12,000 rpm 
for 2 minutes. After that, the silica membrane was washed 
two times. The dried silica membrane was centrifuged 
in the column at 12,000 rpm for 2 minutes. Then, 100 
µL elution buffer was added, incubated for 1 minute and 
centrifuged in the column at 12,000 rpm for 2 minutes to 
elute pure DNA. For PCR amplification, TR3/4 primers were 
derived from a trypanosome-specific repetitive nucleotide 

sequence fragment that amplified 257 bp amplicon, 
Forward primer (TR3: 5’-GCGCGGATTCTTTGCAGACGA-3’), 
Reverse primer (TR4: 5’-TGCAGACACTGGAATGT-3’). 
Conventional PCR was performed by using 1x Quick Taq HS 
Dye mix reagent (Toyobo Life Science, Tokyo, Japan). The 
PCR conditions were as follows: 30 cycles of denaturation 
at 95 oC for 30 seconds, annealing at 55 oC for 30 second 
and extension at 72 oC for 30 seconds. The PCR products 
were separated by electrophoresis through 2% agarose 
gels containing Redsafe nucleic staining dye, and the PCR 
products were visualized under UV illumination.

LAMP assay
	 LAMP primers recognizing six sections of the T. 
evansi RoTat 1.2 VSG gene (Accession no. AF317914) 
were designed using Primer Explorer version 3 software 
(http:// primerexplorer.jp/lampv3e/index.html), F3 primer
(5’-AATTCTGCCCGCAGTTGC-3’), B3 primer (5’-CCCTCTAG 
GTAGCTGTCTCC-3’), FIP primer GGCTTTGCCCACACAAAA 
CTTGCAGGGGCGATTTCATCG-3’), BIP primer GCACAAATGC 
CGACGGTAACGCCGAGGTGTCATAGTTGG-3’).
	 LAMP was carried out in a total 25 µL reaction mixture 
containing 1x isothermal amplification buffer, 0.8 µM each 
FIP and BIP, 0.1 µM each F3 and B3, 1.4 mM each dNTP,  
8 mM MgSO4, 320 U/ml Bst 2.0 WarmStart DNA polymerase 
(New England Biolabs, MA, USA) and 100 ng of DNA 
template. Thereafter, incubation at 65 oC for 30 minutes 
in Mini Heating Dry Bath incubator and heating at 80 oC 
for 5 minutes to terminate the reaction were performed. 
Aliquots of 2 µL of LAMP products were observed in a 
ladder-like pattern in 2% agarose gels containing Redsafe 
nucleic staining dye and the LAMP products were visualized 
under UV illumination. LAMP products were also detected 
with the naked eye by observing white turbidity in the 
reaction mixture.

Sensitivity of LAMP assay
	 The detection limit of the LAMP assay was determined 
using a 10-fold serial dilution of 100 ng of purified genomic 
DNA from infected cattle and using a 10-fold serial dilution 
of lysed parasite by double-distilled water to determine 
the sensitivity of the analytical assay. The sensitivity of the 
LAMP assay was compared with that of conventional PCR 
by using TR3/4 primers.

Analysis of cattle samples 
	 A total of 79 genomic DNA from cattle with suspected 
trypanomiasis were used. The DNA was prepared and 
stored at -20°C before use. A total of 100 ng of the DNA 
template was added to compose 25 µL of LAMP reaction 
mixture, and amplification was performed as in section 
2.4. 

Serological analysis
	 Serodiagnosis of animal trypanosomosis due to 
T. evansi was performed by using CATT/T. evansi test kit 
(Free University of Brussels and the Institute of Tropical 
Medicine, Belgium). The assay was performed following 
the manufacturer’s instruction. Briefly, 25 µL of plasma 
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or serum were mixed with approximately 45 µL of 
homogenized CATT antigen (variable surface antigen VSA 
common to all T. evansi stocks) in the supplied plastic 
card. A stirring rod was used to mixed and spread out the 
reaction mixture to about 1 mm form the edge of test area. 
The plastic card was rotated on a flatbed orbital rotator 
for 5 minutes at 70 rpm. After rotation the agglutination 
results were compared with the positive control.

Statistical analysis
	 McNemar’s test was used to compare paired 
proportions between diagnostic methods. Cohen’s kappa 
coefficient was calculated to assess agreement between 

methods. Statistical significance was set at p<0.05. 
Sensitivity, specificity, and 95% confidence intervals were 
calculated using PCR as the reference standard. Analyses 
were performed using SPSS version 20 (IBM Corp.).

Results
Detecting T. evansi by conventional PCR and LAMP assay
	 Conventional PCR amplification yielded the expected 
257 bp amplicon from whole-blood genomic DNA, 
confirming the presence of T. evansi infection as shown 
in Figure 1. Among the 79 blood specimens analyzed, 30 
samples (37.9% , 95% CI: 27.6-49.0%) tested positive for T. 
evansi DNA using conventional PCR methodology.

Figure 1. Detection of T. evansi by conventional PCR using TR3/4 primers. Agarose gel electrophoresis showing 257 bp 
amplicons. Lanes 18-22: cattle DNA samples with varying band intensities indicating different parasite loads, Lane P: 
positive control, Lane M: 100 bp DNA marker, Lane No: negative control.

Figure 2. Detection of T. evansi by LAMP assay. LAMP products detected by naked eye. (P) Positive LAMP products; (N) 
Negative LAMP products; (No) No template control.

	 Optimal LAMP reaction conditions were established 
using 0.1 µM of each outer primer (F3 and B3), 0.8 µM 
of each inner primer (FIP1 and BIP1), and 8 mM MgSO₄, 
combined with 1× isothermal buffer, 1.4 mM dNTPs, 320 
U/ml Bst 2.0 WarmStart DNA polymerase, and 100 ng of 
template DNA. The reaction was maintained at 65°C for 
30 minutes, with positive and negative reactions clearly 
distinguishable by visual inspection (Figure 2). Agarose 
gel electrophoresis analysis revealed distinct patterns 
characteristic of LAMP amplification products. Positive 
samples exhibited a DNA ladder-like pattern with multiple 
bands and smear formations, while negative samples 

showed no such ladder-like banding pattern. These 
amplification characteristics were consistent with the 
positive control (PC), whereas the negative control (NC) 
and non-infected blood samples displayed single band 
patterns (Figure 3). Using the optimized LAMP assay, 
32 blood samples (40.5% , 95% CI: 29.8-51.9%) tested 
positive for T. evansi DNA, while 47 samples (59.5%) were 
negative (Table 1). Although LAMP detected 2 additional 
positive samples compared to PCR (40.5% vs 37.9%), 
this difference was not statistically significant (p=0.724). 
The clinical relevance of this minimal difference requires 
evaluation in larger studies.



W. Jansaento et al.  Journal of Associated Medical Sciences 2025; 58(3): 278-287282

	 Statistical comparison between diagnostic methods 
revealed excellent agreement between LAMP and PCR. 
McNemar’s test revealed no statistically significant 
difference between LAMP and PCR detection rates 
(χ²=0.125, p=0.724). Agreement analysis showed excellent 
concordance between methods (κ = 0.89, 95% CI: 0.78-0.95). 
Using PCR as reference standard, LAMP demonstrated 
sensitivity of 96.7% (95% CI: 82.8-99.9%) and specificity of 
93.9% (95% CI: 83.1-98.7%). 

Analytical sensitivity determination
	 To evaluate the analytical performance of the LAMP 
assay, the detection limits of both conventional PCR and 
LAMP methodologies were determined using 10-fold 

serial dilutions of purified genomic DNA extracted from T. 
evansi-infected cattle. Comparative analysis by 2% agarose 
gel electrophoresis demonstrated equivalent analytical 
sensitivity between conventional PCR (Figure 4A) and the 
LAMP assay (Figure 4B), indicating comparable detection 
thresholds for both molecular diagnostic approaches. 
Both methods showed similar detection limits down 
to the 10⁻³ dilution (approximately 0.1 ng/μL genomic 
DNA). However, precise limit of detection in terms of 
parasite equivalents per μL cannot be determined without 
standardized parasite quantification. Visual assessment 
suggests comparable analytical sensitivity, but quantitative 
confirmation using qPCR standards is recommended for 
definitive LOD determination.

Table 1. Detection of Trypanosoma evansi infections in cattle using PCR, LAMP assay, and CATT/T. evansi kit.
Experiment Positive N (%) Negative N (%) Statistical comparison
PCR 30 (37.9%) 49 (62.1%) Reference method
LAMP 32 (40.5%) 47 (59.5%) vs PCR: p=0.724†
CATT/T. evansi 45 (56.9%) 34 (43.1%) vs molecular methods: p<0.001†

Note: †McNemar’s test for paired comparisons agreement between LAMP and PCR, κ=0.89 (95% CI: 0.78–0.95).

Figure 3. LAMP assay results showing characteristic ladder-like pattern in positive samples. Multiple bands and smearing 
indicate successful isothermal amplification. Lane PC: positive control, Lane NC: negative control, Lanes C25-C29: cattle 
samples.



W. Jansaento et al.  Journal of Associated Medical Sciences 2025; 58(3): 278-287 283

Serological analysis
	 Serological testing was performed using the CATT/T. 
evansi kit, which employs a direct agglutination principle 
for detecting anti-T. evansi antibodies in bovine blood 
specimens. The assay involves mixing plasma or serum 
samples with variable surface glycoprotein (VSG) RoTat 1.2 
antigen reagent, with antigen-antibody complexes observed 
as aggregates by naked eye examination within 5 minutes. 
Positive results are characterized by dark-colored clumping 
(agglutination) around the edges of sample drops, as 
compared to the positive control (Figure 5). Among the 
79 specimens tested, 45 blood samples (57.0%) were 

positive by CATT/T. evansi serological testing. Notably, 
seven samples that tested positive by CATT showed 
negative results in both PCR and LAMP molecular 
assays. This discordance may be attributed to several 
factors: (1) previous T. evansi infection with subsequent 
parasite clearance, resulting in persistent antibodies but 
undetectable parasitic DNA; (2) parasitemia levels below 
the analytical detection limits of the molecular assays 
employed; or (3) sampling limitations, as the 200 µL 
sample volume utilized in this study may have contributed 
to false-negative results in specimens with low parasite 
density.

Figure 4. Comparative sensitivity analysis of PCR and LAMP assays for Trypanosoma evansi detection using serial dilutions 
of T. evansi DNA template from cattle. A: conventional PCR products, B: LAMP amplification products.
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Discussion
Trypanosoma evansi represents the most geographically 
widespread pathogenic trypanosome species globally, 
necessitating accurate diagnostic capabilities and effective 
therapeutic interventions for successful disease control, 
particularly in regions characterized by low-intensity 
infections. As the prevalence of trypanosomiasis declines 
through control measures, enhanced diagnostic sensitivity 
and specificity become increasingly critical to prevent 
disease re-emergence from undetected outbreaks 
within animal reservoir populations. Addressing the 
epidemiological significance of T. evansi in Thailand, 
we developed a rapid and simplified diagnostic assay 
capable of detecting T. evansi genomic DNA using loop-
mediated isothermal amplification (LAMP) methodology. 
Comparative analysis of 79 bovine blood specimens 
revealed that 32 samples (40.5% , 95% CI: 29.8-51.9%) 
tested positive by LAMP, compared to 30 samples 
(37.9%, 95% CI: 27.6-9.0%) positive by conventional PCR, 
demonstrating superior sensitivity of the LAMP assay over 
traditional PCR methodology. These findings align with 
previous studies reporting enhanced LAMP sensitivity 
for trypanosome detection.21,25,26  However, the relatively 
small sample size (n=79) may limit the statistical power 
for definitive comparisons between diagnostic methods. 
Future studies with larger sample sizes would strengthen 
the statistical validity of sensitivity comparisons.
	 Recent field applications of LAMP technology have 
demonstrated its practical utility in veterinary diagnostics. 

Pirolo et al. validated a colorimetric LAMP test for 
bacterial pathogen identification in dogs, achieving 
near 100% sensitivity and specificity under laboratory 
conditions, though field performance showed some 
reduction in accuracy.13 Ji et al. developed a microfluidic-
LAMP chip capable of simultaneously detecting multiple 
swine pathogens with 100% specificity and excellent 
stability, demonstrating the potential for multiplexed 
detection systems.14 These developments highlight both 
the promise and practical challenges of implementing 
LAMP technology in real-world veterinary settings. 
The superiority of LAMP over conventional PCR was 
further evidenced by more distinct visualization of 
amplification products on 2% agarose gel electrophoresis, 
facilitating clearer interpretation of results. Our study 
demonstrated a detection limit of 3.125% for the LAMP 
assay, although higher sensitivities have been reported 
in other investigations.25,26,27 The inherent advantages 
of LAMP methodology—including rapid amplification 
kinetics, single-temperature incubation requirements, and 
equipment simplicity—position it as a superior alternative 
to conventional PCR and other amplification strategies 
such as nested PCR and real-time quantitative PCR for 
field-based pathogen detection without sophisticated 
instrumentation requirements.28 

	 The practical advantages of LAMP extend beyond 
sensitivity improvements, with results obtainable within 
30 minutes using standard dry bath incubation. To address 
limitations associated with UV-based result interpretation, 

Figure 5. Serological analysis using CATT/T. evansi kit showing agglutination reactions (characterized by dark-colored 
clumping around the edges of sample drops). Pos: Positive control, Neg: Negative control, B8-B15: cattle plasma samples.
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recently developed colorimetric-fluorometric indicators 
(CFI) enable real-time fluorescence monitoring with 
visible color changes observable by the naked eye. The 
progressive consumption of magnesium ions during 
LAMP amplification causes hydroxynaphthol blue (HNB) 
within the CFI to undergo a characteristic color transition 
from purple to sky blue, eliminating the need for gel 
electrophoresis.29

	 The versatility of LAMP methodology has been 
demonstrated across diverse parasitological applications 
in veterinary diagnostics. Kumagai et al. demonstrated 
LAMP’s capability to detect schistosomal DNA from 
primary infections as early as one day post-infection in 
snails across epidemic areas, establishing it as a robust 
screening method.30 Similarly, Plutzer and Karanis 
successfully applied LAMP for Giardia duodenalis detection 
in fecal specimens.31 Kong et al. reported excellent 
specificity of LAMP for Toxoplasma gondii detection in 
murine blood samples, with no cross-reactivity observed 
against other parasites and positive detection within one 
day of experimental infection. 32 Park et al. demonstrated 
that reverse transcription-LAMP (RT-LAMP) provided 
superior performance compared to conventional LAMP 
for detecting European and North American porcine 
reproductive and respiratory syndrome viruses, with 
reduced turnaround times.20

	 These studies collectively demonstrate the 
expanding application of LAMP methodology for infectious 
disease detection in veterinary medicine over the past 
decade. The enhanced specificity achieved through dual 
primer pairs binding to six distinct regions on target DNA, 
combined with single-temperature amplification using 
strand-displacing Bst DNA polymerase, contributes to 
the method’s robustness, high sensitivity, and specificity 
while maintaining rapid turnaround times. Furthermore, 
the reduced requirement for expensive reagents and 
sophisticated instrumentation significantly decreases the 
cost of T. evansi detection, making it particularly suitable 
for resource-limited settings.
	 Examination of 47 cattle revealed that all animals 
tested negative by LAMP assay. However, serological 
analysis detected antibodies against T. evansi in 13 animals 
(27.7%), indicating previous exposure to the parasite. 
Serological testing was performed using the CATT/T. 
evansi kit, which employs the direct agglutination method 
for detection of anti-T. evansi antibodies in bovine blood 
samples. Test results are interpreted visually by direct 
observation of agglutination patterns on reaction cards, 
with accuracy dependent upon the expertise of trained 
technicians.
	 The CATT/T. evansi kit presents inherent limitations 
that must be considered in diagnostic applications. 
Notably, this serological method cannot differentiate 
between active and resolved infections, rendering it 
unsuitable as a test-of-cure. This limitation stems from 
the persistence of anti-Trypanosoma spp. antibodies, 
which typically appear 4-8 days post-infection and may 
remain detectable for extended periods following parasite 
clearance or therapeutic intervention.33,34

	 In contrast, loop-mediated isothermal amplification 
(LAMP) represents a sensitive and specific molecular 
diagnostic tool particularly suited for early detection of T. 
evansi infection during the acute phase, when antibody 
titers may be low or absent.35 The LAMP assay offers 
several technical advantages over conventional PCR and 
ELISA methodologies, including isothermal amplification 
at a constant temperature of 65 oC, eliminating the 
requirement for expensive thermocycling equipment. 
Furthermore, LAMP demonstrates detection limits 
equivalent to or superior to conventional PCR while 
providing reduced processing time.36 While LAMP offers 
several advantages including rapid results and isothermal 
amplification, certain limitations must be acknowledged. 
The high amplification efficiency of LAMP can increase 
the risk of cross-contamination if strict laboratory 
protocols are not followed. Additionally, LAMP may be 
prone to nonspecific amplification if primers are not 
carefully optimized, potentially leading to false-positive 
results. Future validation studies should include rigorous 
specificity testing and standardized protocols to minimize 
these risks. Despite these considerations, LAMP remains a 
promising tool for field-based diagnosis when appropriate 
quality control measures are implemented. 

Limitation
	 Based on agarose gel visualization, both methods 
showed similar detection limits in this preliminary 
comparison. However, without quantitative measurement 
of amplification products or standardized parasite 
concentrations, we cannot definitively conclude equivalent 
analytical sensitivity. Additionally, all blood samples 
were archived specimens stored at -20°C, and prolonged 
storage may have resulted in DNA degradation, potentially 
affecting the sensitivity of molecular detection methods 
and leading to underestimation of true diagnostic 
performance. Future studies should employ quantitative 
methods (qPCR, fluorescence measurement) for precise 
sensitivity comparison.

Conclusion
	 Based on our findings, the LAMP assay represents a 
viable alternative to conventional PCR-based diagnostic 
methods for T. evansi detection. The technique’s 
inherent advantages—including rapid processing, high 
sensitivity, and isothermal amplification requirements—
make it particularly suitable for field applications. These 
characteristics position LAMP as a promising point-of-care 
testing (POCT) platform for T. evansi diagnosis in clinical 
settings and livestock screening programs, supporting 
broader trypanosomiasis control and elimination 
initiatives. The complementary use of both molecular 
(LAMP) and serological (CATT) methods provides 
comprehensive diagnostic coverage, with LAMP offering 
superior performance for acute infection detection and 
CATT providing epidemiological insights into exposure 
history within populations.
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ABSTRACT

Objectives: The advancement of tumor-targeted drug delivery systems, particularly 
those utilizing hyaluronic acid (HA)-modified nanocarriers, presents a promising 
strategy for enhancing cancer therapy by specifically targeting CD44-overexpressing 
tumor cells. In this study, HA-functionalized liposomes (HA-Lip) were employed to 
deliver the anti-cancer drug icaritin (ICT) to liver cancer cells to overcome its poor 
water solubility and low bioactivity.

Materials and methods: The efficacy of HA-Lip-ICT was evaluated through a  
combination of in vitro assays, including reactive oxygen species (ROS) production 
measurement, cell migration and invasion assays using Huh7 liver cancer cells. RNA 
sequencing and Western blot analysis were used to elucidate the molecular mechanisms 
underlying ICT’s anti-cancer effects.

Results: HA-Lip-ICT significantly increased the production of reactive oxygen species 
(ROS) induced by icaritin and effectively inhibited the migration and invasion of 
Huh7 liver cancer cells in vitro through HA/CD44 interactions. RNA sequencing and 
Western blot analysis revealed that icaritin inhibited liver cancer progression by 
promoting apoptosis, inducing cell cycle arrest, and reducing metastasis. Notably, 
HA-Lip-ICT demonstrated a tumor migration inhibition rate of 55.6% and down-
regulated the metastasis closely related protein ARPC1B. Moreover, it significantly 
upregulated proteins associated with apoptosis and cell cycle regulation, including 
caspase 3a, p53, and p21.

Conclusion: The research highlights that HA-Lip-ICT presents considerable promise 
as a targeted drug delivery system for tumors, particularly in enhancing liver cancer 
treatment by reducing tumor spread and facilitating cell death.
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Introduction
	 Hepatocellular carcinoma (HCC) is the predominant 
form of primary liver cancer, representing around 80% to 
90% of all cases. It is associated with a poor prognosis, 
having significantly low survival rates.1 The main treatments 
are surgery and liver transplantation, but many HCC cases 
advance to inoperable stages, especially in regions like 
China, where HCC rates remain at high levels.1, 2 Even 
after surgical resection, the long-term outlook remains 
poor due to the persistent risk of cancer recurrence or 
metastasis.3-5 Conventional chemotherapies like cisplatin 
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show limited efficacy in advanced HCC, and their long-term 
use is hampered by acquired resistance and side effects.6 
Therefore, it is urgent to explore natural plant-derived 
compounds as potential anti-HCC agents to develop more 
effective cancer therapies.7, 8

	 Icaritin (ICT), a prenylated flavonoid derived from 
Epimedium plants, particularly the Berberidaceae family, 
has shown significant potential in cancer treatment. 
Extracts from Herba Epimedii, traditionally utilized 
in Chinese medicine for their tonic and aphrodisiac 
effects, serve as the source of icaritin.9 Icaritin is 
currently undergoing evaluation in phase III clinical 
trials for advanced hepatocellular carcinoma, bolstered 
by significant preclinical and early-stage clinical data 
showcasing its therapeutic efficacy.10 Icaritin demonstrates 
potent anti-tumor efficacy against HCC by modulating 
multiple signaling pathways and cellular processes, 
including inhibition of CXCR4, NF-κB and STAT3, regulation 
of various microRNAs, induction of ROS production, 
modulation of sphingosine kinase-1, and interaction with 
the RAGE-HMGB1 pathway.10 Icaritin also plays a crucial 
role in modulating the interplay between apoptosis and 
autophagy, leading to significant alterations in the tumor 
microenvironment that promote an immune response.10 
These multifaceted actions make icaritin a promising 
therapeutic option for HCC.10 However, icaritin faces 
challenges in clinical use due to its poor water solubility 
and lower bioavailability. Therefore, developing new 
strategies to increase its aqueous solubility and enhance 
its bioavailability is essential.11,12

	 Nano drug delivery systems have improved the 
efficacy of drugs in the treatment of hepatocellular 
carcinoma. Nanoparticles as drug delivery systems are a 
popular strategy that can effectively deliver poorly soluble 
drugs to target tissues and enhance drug dissolution.13 
These systems allow for lower drug dosages, reducing 
systemic toxicity risk, extending drug release, and improving 
targeted delivery to cancer cells.14 Liposomes are one of 
the most promising nanoparticles for clinical applications, 
enhancing drug dissolution by encapsulating hydrophobic 
drugs within their hydrophobic bilayer and exhibiting 
favorable biodegradability and biocompatibility.15,16

	 Functionalized liposomes with target ligands offer 
additional abilities. Hyaluronic acid (HA) is a natural 
material with strong affinity for CD44 receptors, which are 
overexpressed in cancer cells, allowing targeted delivery 
through HA-CD44 interactions.17 Hyaluronic acid has gained 
considerable attention in the formulation of liposomes, 
primarily due to its unique properties of hydrophilicity and 
biocompatibility.18-20 Therefore, applying an HA layer to 
liposomes provides stability and enhances active targeting 
ability. This modification facilitates its uptake into cancer 
cells via the HA/CD44 ligand-receptor interaction.
	 Studies have shown that CD44 upregulation is closely 
related with poor prognosis of HCC and a shortened 
survival time, highlighting CD44’s role in maintaining cancer 
stem cells and regulating reactive oxygen species (ROS) 
in human HCC cells like Huh7, which are aggressive and 

invasive liver cancer cells.21-23 Leveraging the interaction 
between CD44 and hyaluronic acid presents a promising 
strategy for designing targeted drug delivery systems 
specifically for hepatocellular carcinoma treatment.
	 In our previous study, a cholesterol-tri(ethyleneglycol)-
hyaluronic acid conjugate (HA-Chol) was synthesized and 
used for preparation of HA-functionalized liposomes (HA-
Lip) to enable the precise delivery of icaritin.24 Cholesterol 
was chosen for conjugation with HA to maintain liposome 
fluidity, utilizing its free secondary hydroxyl group for 
chemical modifications.25 It was found that icaritin-loaded 
HA-coated liposomes (HA-Lip-ICT) significantly enhanced 
icaritin uptake by Huh7 cells.24 The HA-modified liposomes 
exhibit several advantageous characteristics that enhance 
their potential for effective drug delivery, particularly for 
encapsulating icaritin.
	 In vitro, HA-Lip-ICT significantly enhanced intracellular 
uptake, increased cytotoxicity, and arrested cell cycle 
compared with Lip-ICT. In addition, HA-Lip-ICT increased 
the apoptotic rate three-fold in Huh7 cells compared 
with Lip-ICT.24 According to our findings, we hypothesized 
that HA-Lip-ICT could address icaritin’s solubility and 
bioavailability challenges, induce cellular apoptosis, and 
enhance its in vitro tumor migration inhibition capability 
on liver cancer cells via CD44-mediated endocytosis. 
Huh7 cells, which are more aggressive and invasive than 
HepG2 cells, were selected for this study because they 
express higher levels of CD44, a key target for hyaluronic 
acid-based drug delivery, as confirmed by previous studies 
and our prior research.23, 24, 26 Thus, we plan to explore the 
potential mechanisms of its anti-metastasis and apoptosis 
induction. We investigated ROS generation by HA-Lip-ICT 
and assessed its metastasis inhibition efficacy on HCC cell 
models overexpressing CD44, evaluating wound healing, 
migration and invasion assays. To address the molecular 
mechanism of icaritin in HA-Lip-ICT, we explored intrinsic 
molecular mechanisms through RNA sequencing and 
performed bioinformatic analysis to understand how HA-
Lip-ICT induced cell cycle arrest, apoptosis and metastasis 
inhibition, confirmed by Western blotting for key protein 
involvement.

Materials and methods
Materials
	 Icaritin was purchased from Plant Origin Biological 
Co. (Nanjing, China; 98% purity). Fetal bovine serum (FBS) 
and trypsin were sourced from Gibco-BRL (New York, USA). 
TRIzol® reagent was obtained from Invitrogen (Carlsbad, 
CA, USA). Antibodies against ARPC1B, p21, caspase-3a, 
GAPDH and p53 were procured from ABclonal Technology 
(Wuhan, China).

Cell culture
	 The human liver cancer cell line, Huh7, was 
obtained from the Chinese Academy of Sciences’ Cell 
Bank (Shanghai, China) and cultured in DMEM medium 
supplemented with 10% FBS, 100 IU/mL penicillin and 100 
μg/mL streptomycin at 37 oC in a 5% CO2 atmosphere.
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ROS generation measurement
	 ROS induced by icaritin has been proven to 
promote Huh7 cell apoptosis and cell cycle arrest.27 
The ROS production induced by icaritin and liposomal 
formulations were measured using the fluorescent dye 
hydroethidine 2’,7’-dichlorodihydrofluorescein diacetate 
(DCFH-DA, Molecular Probes, Beyotime). After treatment 
with various icaritin formulations for 24 hrs, cells were 
incubated with 10 μM DCFH-DA at 37°C for another 30 
mins. Subsequently, the cells were washed with PBS buffer 
and analyzed for ROS levels using flow cytometry (Becton 
Dickinson, NJ, USA).

HA-Lip-ICT inhibits cell migration and invasion in vitro 
	 For the wound healing assay, Huh7 cells were seeded 
in 6-well plates and scratched using a pipette tip after 24 
hrs of incubation. Icaritin (10 μM) formulations were then 
added to the wells. The wound area was then imaged 
under an inverted microscope (Olympus, Tokyo, Japan) at 
0 and 12 hrs post-treatment. For migration assay, Huh7 
cells were treated with icaritin (10 μM) formulations for 24 
hrs. Then, 6×104 pretreated cells in 100 μL of serum-free 
DMEM were placed into the upper chamber of a transwell 
(pore size: 8 μm; Beyotime, China). Simultaneously, 600 μL 
DMEM with FBS was added to the lower chamber. After 
incubation for 24 hrs, cells were washed with PBS and 
the remaining cells on the upper chamber were removed. 
The migrated cells on the lower chamber were fixed with 
paraformaldehyde and stained for 30 mins using crystal 
violet. The stained transwell membranes were observed 
via microscope. Subsequently, the crystal violet stained 
cells were dissolved in 33% acetic acid, and the optical 
density was measured at 570 nm. For cell invasion, 6×104 
pretreated cells were placed into the upper chamber of 
the transwell coated with Matrigel (Beyotime, China) and 
incubated for 24 hrs. The subsequent steps were identical 
to those described for the migration assay.

RNA sequencing and bioinformatic analysis
	 RNA-seq of control and icaritin-treated (10 μM, 24 
hrs) Huh7 cells was performed using the BGISEQ-500 
sequencing system (Beijing Genomics Institute, Shenzhen, 
Guangdong, China). Gene expression was quantified and 
normalized using the RSEM tool. Differentially expressed 
genes (DEGs) between control and icaritin-treated Huh7 
were screened by NOISeq method. Analysis of DEGs 
was conducted using Gene Ontology (GO) function 

classification annotation and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway enrichment.28 

Western blotting
	 After treatment with free icaritin, Lip-ICT and HA-
Lip-ICT at IC50 or IC20 concentrations of free icaritin, RIPA 
buffer was used to prepare whole cell lysates. Protein 
quantification was conducted using the BCA protein assay. 
Samples containing equal protein amounts (30 µg) from 
the lysates were subjected to separation via SDS-PAGE 
and then transferred onto nitrocellulose membranes. 
Following a block with 5% non-fat milk, the blots were 
incubated overnight at 4 oC with primary antibodies against 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH), p21, 
caspase 3a, p53 and ARPC1B, and then with peroxidase-
conjugated secondary antibodies. The membranes were 
stripped and the immunoblot bands were visualized using 
enhanced chemiluminescence (Millipore). GAPDH served 
as a control for protein loading.

Statistical analysis 
	 All results were obtained from three independent 
experiments, and the data are presented as mean±SD. 
Student’s t-test or one-way analysis of variance (ANOVA) 
was used to test the significance of the experiment. 
Statistical differences were considered significant when 
p<0.05 and very significant when p<0.01.

Results 
HA-Lip-ICT enhanced ROS generation in Huh7 cells
	 It has been observed that ROS promoted Huh7 
cell apoptosis and inhibited migration ability.29, 30 ROS 
production was detected after various icaritin formulation 
treatments by using the redox-sensitive fluoroprobe, DCFH-
DA. Flow cytometry was employed for measurement the 
fluorescent signal. As shown in Figure 1, after treatment 
with icaritin formulations for 24 hrs, the ROS levels in 
the Huh7 cells were significantly increased compared 
with control group. However, the HA-Lip-ICT group has 
a significantly higher ROS level than Lip-ICT; this may 
suggest that HA-Lip-ICT enhanced the uptake of icaritin 
by targeting CD44 receptors which has been confirmed by 
our previous study.24 The ROS level in the HA-Lip-ICT group 
was lower than that of the free icaritin group, providing 
an important insight into the mechanism, whereby free 
icaritin had a rapid cellular uptake via passive diffusion.24, 31, 32 
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Figure 1. ROS generation levels by various icaritin formulations and their quantification. Data are shown as mean±SD, N=3. 
*p<0.05 between HA-Lip-ICT and Lip-ICT; #p<0.05, ##p<0.01 vs. control group.

In vitro cell migration and invasion inhibition of HA-Lip-ICT
	 The cell migration was first assessed by wound healing 
assay (Figure 2). In the control group, the wound healing 
was around 50% after 12 hrs, suggesting that Huh7 cells 
had a strong migration ability. The free icaritin group and 
5-Fu as positive control group exhibited the best inhibition 
ability on cell migration. The wound healing ratio for Lip-
ICT and HA-Lip-ICT were 44.6% and 35.5%, respectively, 
implying the higher inhibition of cell migration for HA-
Lip-ICT (Figure 2A and B). These results may be due to the 
HA coated on liposomes, which led to increased cellular 
uptake of HA-Lip-ICT. As for migration assay, the same 
pattern of HA-Lip-ICT inhibition effect was observed. The 

migrated cells in the HA-Lip-ICT group were significantly 
lower than in the Lip-ICT group and the migration ratio 
was 45.5% for HA-Lip-ICT, whereas it reached 74.6% for 
Lip-ICT (Figure 2C). As shown in Figure 2D, the invasion 
of Huh7 cells through the Matrigel-coated membrane 
was notably inhibited by icaritin formulations compared 
with control group. Moreover, the cell invasion rates for 
Lip-ICT, HA-Lip-ICT and free icaritin were 67.3%, 30.1% 
and 8.5%, respectively. The results from the cell migration 
and invasion assays demonstrated that HA-modified 
liposomes loaded with icaritin significantly inhibited the 
migratory and invasive capabilities of Huh7 liver cancer 
cells compared with normal liposomes.
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Figure 2. In vitro inhibitory effects of HA-Lip-ICT on cell migration and invasion abilities of Huh7 cells. A: typical images of 
wound healing, migration and invasion assessments of various icaritin formulations (10 μM) on Huh7 cells, B: quantified 
wound healing inhibitory rate of various icaritin formulations in comparison with negative control (**p<0.01 between HA-
Lip-ICT and Lip-ICT), C: quantified migration, D: invasion inhibitory rates of various icaritin formulations in comparison with 
negative control (**p<0.01 between HA-Lip-ICT and Lip-ICT). ##p<0.01 vs control group. 

Regulation of apoptosis, cell cycle and metastasis in Huh 
7 cells by HA-Lip-ICT
	 In the present study, 1,358 kinds of up-regulated 
genes and 1,092 kinds of down-regulated genes were 
identified based on quantitative genomics, and the 
data were presented as volcano plots (Figure 3A) and 
histograms (Figure 3B). KEGG pathway analysis revealed 
differentially expressed genes. More specifically, the top 
10 genes were enriched in multiple biological processes, 
such as cell cycle, apoptosis, p53 signaling pathway, cellular 
senescence, necroptosis, etc. (Figure 3C). Meanwhile, GO 
enrichment analysis indicated that differential genes were 
involved in the cellular response to the regulation of cell 
cycle, apoptotic process, cellular response to DNA damage 
stimulus, regulation of cyclin-dependent proteins, DNA 

replication, etc. (Figure 3D). 
	 To elucidate the underlying anti-tumor mechanisms of 
HA-Lip-ICT, the expression levels of key markers associated 
with cell cycle arrest (p21), apoptosis activator (caspase 
3) and the tumor suppressor (p53), were examined in 
Huh7 cells treated with different icaritin formulations 
using Western blot analysis. The icaritin formulations 
notably increased the expression of the cyclin-dependent 
kinase inhibitor p21 in Huh7 cells (Figure 3E), as observed 
in the Western blotting. Figure 3F shows that all icaritin 
formulations elevated the expression of activated caspase 
3. Moreover, Huh7 cells treated with HA-Lip-ICT exhibited 
higher levels of p53 expression compared with those 
treated with Lip-ICT (Figure 3G). 
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Figure 3. Regulatory mechanisms of HA-Lip-ICT on the apoptosis and cell cycle process of Huh7 cells. A: volcano map of 
differentially expressed genes, B: histogram displaying the number of differentially expressed genes, C: KEGG pathway 
analysis of differentially expressed genes, D: GO analysis of differentially expressed genes. Western blot analysis of p21 (E), 
active caspase 3 (F), and p53 protein levels (G) in Huh7 cells after treatment for 48 hrs with various Lip-ICT formulations. 
GAPDH was the loading control. Data are shown as mean±SD, N=3. **p<0.01 between HA-Lip-ICT and Lip-ICT; #p<0.05, 
##p<0.01 vs. control group.
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	 KEGG pathway analysis revealed differentially 
expressed genes in the Huh7 migration process. More 
specifically, the top 10 genes were enriched in multiple 
biological processes, with the top gene regulating actin 
cytoskeleton (Figure 4A). Meanwhile, GO enrichment 
analysis indicated that differential genes were involved in 
the cellular response to the regulation of actin filament 
polymerization, actin cytoskeleton organization, positive 
regulation of cell migration, etc. (Figure 4B). In addition, a 
heatmap of differentially expressed genes between icaritin 
and Huh7 cell migration was constructed (Figure 4C). To 
investigate the potential anti-metastasis mechanisms of 

HA-Lip-ICT, the expression levels of key markers associated 
with migration of ARPC1B were examined in Huh7 cells 
treated with different icaritin formulations using Western 
blot analysis. The icaritin formulations notably decreased 
the expression of ARPC1B in Huh7 cells, as observed 
in the Western blotting (Figure 4D). While there was no 
decreased level of ARPC1B in the 5-Fu group, it is possible 
5-Fu inhibited Huh7 cell migration without involving this 
protein.33, 34 In addition, a protein-protein interaction 
(PPI) network of differentially expressed genes connected 
with ARPC1B was constructed using the STRING database 
(Figure 4E).

Figure 4. Regulatory mechanisms of HA-Lip-ICT on the migration process of Huh7 cells. A: KEGG pathway analysis of differ-
entially expressed genes, B: GO analysis of differentially expressed genes, C: heat map of differentially expressed genes, D: 
expression level of ARPC1B and its quantification, E: PPI network of differentially expressed genes connected with ARPC1B. 
Data are shown as mean±SD, N=3. **p<0.01 between HA-Lip-ICT and Lip-ICT; ##p<0.01 vs. control group.

Discussion
	 The higher uptake level of HA-Lip-ICT in Huh7 cells 
can indeed be attributed to the elevated expression of 
CD44 in those cells. Our previous study demonstrated 
that HA-CD44 binding between liposomes and Huh7 
cells promoted increased cellular uptake of HA-Lip-ICT.24 
Previous studies have demonstrated that the presence 
of competing hyaluronic acid in medium can significantly 
reduce the cellular uptake of HA-modified nanoparticles. 
Therefore, a receptor competition group (HA+HA-Lip-ICT) 
was designed.35 In our study, the pre-treatment condition 
with free HA (HA+HA-Lip-ICT) was performed along with 
HA-Lip-ICT treatment. The increase in ROS generation 
induced by HA-Lip-ICT was significantly reduced in the 
presence of free HA, suggesting a competitive interaction 
between free HA and HA-Lip-ICT over binding to the CD44 

receptor. This result suggested that HA-CD44 interaction 
plays a key role in promoting enhanced cellular uptake. 
	 According to our previous findings on apoptosis 
induction, HA-modified liposomes loaded with icaritin 
significantly enhanced the apoptosis-inducing capacity of 
icaritin, particularly by targeting cells that overexpressed 
the CD44 receptor.24 In addition, the apoptosis rate of cells 
in the HA-Lip-ICT group was lower than the free icaritin 
group. This may be due to the fast uptake of free icaritin by 
cells through passive diffusion.31, 32 Our previously reported 
cell cycle distribution indicated that HA-modified liposomes 
loaded with icaritin induced a significant increase in the 
percentage of cells in the G0/G1 phase compared with 
normal liposomes, which is believed to be a result of the 
enhanced internalization of icaritin facilitated by the HA-
CD44 interaction.24 The anti-migration results indicated 
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that HA-Lip-ICT reinforced the metastasis-inhibiting ability 
of icaritin, especially by targeting CD44. 
	 Icaritin has been demonstrated to enhance oxidative 
stress and activate the p53-p21 pathway, which in turn 
inhibits cyclin-dependent kinases (CDKs), causing cell 
cycle arrest and apoptotic induction in tumor cells.36 The 
protein p21 is a pivotal regulator of G1/S phase transition 
and these alterations in p21 expression likely favored 
cell cycle arrest at the G0/G1 phase, corroborating the 
findings from flow cytometry analysis.27 The protein 
results suggested that icaritin possibly induced caspase-
dependent apoptosis and inhibited hepatocarcinogenesis 
through the IL-6/Jak2/Stat3 signaling pathway,37 and the 
well-established tumor suppressor, p53, played pivotal 
roles in both cell cycle arrest and apoptosis regulation.38 On 
the other hand, icaritin and its nanoformulations exhibited 
an anti-metastatic effect by inhibiting the migration and 
invasion capacity of various cancer cell types via signaling 
pathways, including Akt/mTOR, JAK/STAT3 pathways.39-41 
	 It has been reported that the overexpression of 
ARPC1B promoted the migration, invasion and epithelial-
mesenchymal transition in a variety of cancer cells.42-44 The 
ARPC1B gene, along with its closely related gene ARPC1A, 
operates in a regulatory loop to control tumor metastasis, 
with the ARPC1A/B axis being a potential key regulator of 
this process.45 High expression of ARPC1B correlates with 
immune infiltration and poor outcomes in glioblastoma.46 
In this study, both free ICT and HA-Lip-ICT decreased 
ARPC1B expression levels leading to the attenuation of 
HCC migration and invasion. Based on our knowledge, 
this might be the first publication that reported the anti-
metastatic activity of ICT by inhibiting ARPC1B expression 
in HCC. Taken together, these observations strongly 
suggest that HA-Lip-ICT exerts its anti-tumor activity 
by promoting apoptosis, inducing cell cycle arrest, and 
inhibiting tumor metastasis. Additionally, future in vivo 
migration inhibition experiments are necessary to further 
validate these observations and before clinical application, 
systemic stability of the liposomal formulation and the risk 
of immunogenicity or unexpected immune responses in 
vivo should be addressed.

Limitations
	 The study primarily lacks in vivo data to verify the 
systemic stability, pharmacokinetics, long-term toxicity, 
immunogenicity, and anti-metastatic efficacy of the HA-
Lip-ICT formulation. Potential immune responses from the 
liposomal carrier or HA modification remain unassessed, 
so comprehensive in vivo validation and safety evaluation 
are needed to confirm its clinical potential.

Conclusion
	 A novel approach using hyaluronic acid (HA)-
modified liposomal nanoplatforms to boost the absorption 
of an antitumor drug for hepatocellular carcinoma was 
described. In vitro, HA-Lip-ICT significantly improved 
ROS generation, inducing apoptosis and causing cell 
cycle arrest, and inhibited migration compared with Lip-ICT. 
This enhancement could be attributed to hyaluronic 

acid promoting CD44 receptor-mediated endocytosis. 
Liposomes functionalized with HA significantly enhanced 
the ability of icaritin to inhibit Huh7 cell migration and 
invasion. In conclusion, HA-Lip-ICT has promising potential 
as an effective targeted drug delivery strategy to enhance 
the therapeutic effect of liver cancer treatment. However, 
further in vivo studies need to be evaluated like systemic 
stability, potential long-term toxicity, and immunogenicity 
of HA-Lip-ICT before clinical application.
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ABSTRACT

Background: As Thailand’s aging population grows rapidly, frailty status may 
develop and have serious implications. Early detection or prevention can be 
encouraged, especially prior to the emergence of advanced frailty and functional 
deterioration. Pre-frailty and frailty should be identified and investigated.

Objectives: To explore the prevalence of frailty statuses and their associations with 
sociodemographic characteristics among Thai older adults.

Materials and methods: This study was a cross-sectional design. Two hundred 
sixty-eight Thai community-dwelling older adults  aged ≥65 years were recruited. 
Their physical frailty status was determined using the Fried frailty phenotypic criteria, 
which comprise weakness, slowness, low physical activity, weight loss, and exhaustion. 
Multinomial (Polytomous) logistic regression was used to detect associations between 
frailty status and sociodemographics.

Results: Among participants, the prevalences of pre-frailty, frailty, and robustness 
were 38.4%, 42.5%, and 19.0%, respectively. In the multivariate-adjusted model, 
pre-frailty was significantly associated with age (relative risk ratio(RRR)=1.10;  
95% confidence interval (CI)=1.01-1.18, p=0.020), occupation as governor or owner 
(RRR=0.37; 95%CI=0.15-0.92, p=0.032), and housewife (RRR=0.29; 95%CI=0.09-
0.93, p=0.037). Likewise, frailty was associated with age (RRR=1.28; 95%CI=1.18-
1.39, p<0.001), gender (RRR=0.34; 95%CI=0.14-0.85, p=0.021), BMI (RRR=0.88; 
95%CI=0.79-0.98, p=0.019), and education (RRR=0.23l; 95%CI=0.09-0.58, p=0.002). 
Additionally, comorbidity with ≥3 diseases was significantly associated with frailty 
(RRR=16.34; 95%CI=1.64-162.46, p=0.017). 

Conclusion: Our findings reveal comparable prevalence rates of pre-frailty and 
frailty among Thai older adults. While age and occupation were associated with 
pre-frailty, a broader range of factors, including age, gender, BMI, comorbidities, 
and education, showed associations with frailty. These results underscore the  
importance of considering multiple factors collectively when screening or assessing 
an elderly individual’s risk of developing pre-frailty or frailty.
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 Introduction
	 Pre-frailty describes a transitional health state beyond 
normal aging, characterized as a complex, multifactorial 
condition linked to gradual physiological decline.1 Though 
often subclinical, it may present as fatigue or weakness 
and includes distinct bio-psychosocial domains. Pre-frailty 
increases the risk of frailty and adverse health outcomes.1,2 
Previous studies have identified a high prevalence of pre-frailty 
in community-dwelling older adults, highlighting its role as 
a key transitional stage and target for early intervention.3-8
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	 Although pre-frailty has received less research atten-
tion, its prevalence remains consistently higher than that 
of frailty, ranging from 43.1% to 49.5% globally3-6 and from 
50.9% to 57.4% in Thailand,7,8 whereas frailty affects only 
8% to 22% globally3-6 and 13.9% to 15.9% in Thailand.7,8 
The higher prevalence of pre-frailty underscores the risk 
of progression without timely intervention. As a reversible 
stage between robustness and frailty, pre-frailty offers a 
crucial opportunity for preventive action.1,9-11

	 Identifying factors linked to pre-frailty enables early 
detection and prevention. As a reversible stage, pre-frailty 
can be addressed before advanced decline.1 However, 
research on its prevalence and associated factors in Thai 
community-dwelling older adults remains limited. Age, 
education, marital status, and comorbidities are key 
contributors to pre-frailty.4,10,11 A systematic review of 
studies conducted in Europe and China identified several 
risk factors associated with both frailty and pre-frailty, 
including advanced age, female sex, rural residence, 
low educational attainment, poor marital status, living 
alone, financial hardship, and limited access to medical 
reimbursement.4,10

	 Understanding the prevalence of pre-frailty and 
frailty is essential for guiding health policy and planning 
effective responses to the challenges posed by an 
aging population. Accurate prevalence data can assist 
policymakers in evaluating the capacity of health and 
social service systems to manage the growing burden of 
geriatric pre-frailty, particularly in the context of Thailand’s 
rapidly aging society. Furthermore, identifying factors 
associated with these conditions is critical to gaining 
deeper insight into the underlying causes of geriatric 
vulnerability within the Thai population. This knowledge is 
pivotal for developing timely, targeted interventions aimed 
at preventing or delaying the progression to frailty and 
reducing its adverse health outcomes. To support these 
objectives, it is necessary to update existing prevalence 
estimates and reassess contributing sociodemographic 
and health factors.  The prevalence of frailty, as classified 
by the Fried physical frailty criteria, was explored in elderly 
individuals aged 65 years and older who were living in a 
community.9 Therefore, the purpose of this study was 
 to investigate the prevalence of pre-frailty and frailty 
among community-dwelling individuals aged 65 years and 
older. It also aimed to examine the associations between 
frailty status and sociodemographic characteristics in this 
population.

Materials and methods
Study design
	 A cross-sectional study was conducted among 
older Thai adults living in communities in Pathum Thani 
Province, Thailand, from November 2021 to August 
2022. The recruitment location was chosen based on 
potential participants’ willingness to engage in the study 
and the cooperation of the health-promoting hospital, 
which provided space for the assessment station. The 
sample size was determined using population proportion 
estimates from the previous study.7 A sampling error 

fixed at five percentage points, and a 95% confidence 
level (α=0.05) were considered. Due to the potential for 
losses or refusals, the sample size was increased by 10%, 
resulting in a sampling plan of 268 older individuals. This 
study was approved by the Research Ethics Committee of 
Chulalongkorn University, Thailand (COA No. 089/2020) 
and conducted according to the Declaration of Helsinki. 
All participants provided written informed consent before 
starting data collection.

Participants 
	 This study enrolled 268 participants using the 
convenience sampling method. Inclusion criteria were 
age 65 years or older, residence in the home for at 
least 1 year, ability to read and communicate in Thai, 
and no uncorrected hearing or visual impairments. 
Exclusion criteria included a medical history suggestive 
of Parkinson’s or Alzheimer’s disease, identified through 
a standard screening questionnaire administered by the 
main researcher.

Procedures
	 For each eligible participant, personal sociodemographic 
data were recorded, including age, sex, weight, height, 
body mass index (BMI), educational level, occupation, 
marital status, residential status, and health status, such 
as underlying diseases and other medical conditions. 
Participants were then evaluated for physical performance 
and frailty phenotypes based on the 2001 Fried physical 
frailty criteria.9 The assessment included five components; 
gait speed, muscle weakness, unintentional weight loss, 
low levels of physical activity (PA), and self-reported 
exhaustion; and was conducted by a physical therapist 
with 15 years of experience.
	 Gait speed was measured by timing participants as 
they walked at a comfortable speed along a 4.57-meter 
(15 feet) walkway.9 One to two practice trials were 
conducted to help participants acclimate. The assessor 
issued the following instruction to participants: “Ready, 
set, go. When I say go, walk at your comfortable speed 
until I say stop.” To eliminate the effect of acceleration and 
deceleration, walking speed was timed in the middle of the 
walkway. Timing commenced when the participant’s foot 
strike passed the first meter mark and stopped when the 
toe-off passed the last 1-meter mark. Data were recorded 
for three trials and then averaged. If the average walking 
speed was in the lowest 20% (by sex and height), a score 
of one point was recorded.9

	 Muscle weakness was measured by the grip strength 
(Takei Grip Strength Dynamometer, model T.K.K. 5401 
GRIP-D, Japan) of the dominant hand in a standing position. 
Participants were allowed to practice once before data 
collection. The assessor instructed participants to “squeeze 
with as much force as you can.” After two recorded trials, 
the data were averaged. If the average hand grip strength 
fell within the lowest 20% (by sex and BMI), a score of one 
point was assigned.9

	 Weight loss was identified by asking participants 
whether they had unintentionally lost more than 4.5 kg 
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during the past year. They were asked, “How much did 
you weigh last year, and how much do you weigh now?” 
The comparison between their weight on the day of 
data collection and their weight from the previous year 
determined the score. A weight loss exceeding 4.5 kg 
resulted in a score of one point.9

	 The Thai version of the International Physical Activity 
Questionnaire-Short Form (IPAQ-SF) was used to evaluate 
PA level, as it demonstrated strong test–retest reliability 
(intraclass correlation coefficient, ICC=0.69).12 The IPAQ-
SF consists of questions about the amount of time spent 
engaging in PA during the preceding 7 days. The assessor 
administered the questionnaire by reading each item 
aloud to each participant individually, thereby ensuring 
uniform comprehension and minimizing potential 
misinterpretation. Participants were then prompted to 
provide their responses. If the total kcal per week fell in 
the lowest 20% (<383 kcal/week for males or <270 kcal/
week for females), a score of one point was given.9

	 Exhaustion was assessed by participant self-report 
using structured questions administered by the assessor. 
Participants were asked whether they had experienced 
extreme physical fatigue or exhaustion that prevented 
them from participating in activities. Specifically, they 
were asked, “Do you feel so exhausted or extremely 
physically fatigued that you could not perform something 
afterward?” and “Do you feel that all activities are done 
with difficulty?” Responses were rated based on the 
frequency of these feelings during the past week using a 
4-point Likert scale: 0 = rarely or none of the time (<1 day), 
1 = some or a little of the time (1-2 days), 2 = a moderate 
amount of the time (3-4 days), and 3 = most of the time 
(>5 days).13 Participants who responded with a score of 2 
or 3 were classified as meeting the frailty criteria.9

Statistical analysis
	 All statistical analyses were conducted using STATA 
version 17. For continuous variables such as age, BMI, 
walking velocity, grip strength (kg), total PA, and frailty 
score, the mean and standard deviation (SD) were 
presented. Categorical variables, including sex, marital 
status, residential status, educational level, occupation 

before retirement, comorbidities, PA level, and physical 
frailty characteristics (slowness, weakness, low PA, weight 
loss, and exhaustion), were reported as percentages. 
	 Based on data normality, one-way analysis of 
variance (ANOVA) was used to compare continuous 
variables between the pre-frailty, frailty, and robust 
groups. Categorical variables were compared between 
groups using a chi-square or Fisher’s exact test. Univariate 
analyses were used to describe associations between 
frailty status and sociodemographic characteristics (age, 
gender, BMI, marital status, residential status, educational 
level, occupation, and comorbidity). Factors with 
p<0.25 were retained and included as covariates in the 
multivariable analysis.14 Prior to performing multivariable 
logistic regression, age and occupation before retirement 
(labor, governor, owner, and housewife), with labor as the 
reference category, were identified as key variables for the 
pre-frailty model. For the frailty model, relevant factors 
included age, gender, BMI, education, and comorbidity 
(none = no disease, 1-2 diseases, and ≥3 diseases), with 
“none” as the reference category. Because the proportional 
odds assumption for the ordinal logistic regression model 
did not hold, a multinomial logistic regression analysis was 
conducted instead. This method, suitable for modeling 
categorical outcomes with more than two levels (robust, 
pre-frailty, and frailty), with the robust group as the 
reference category, allowed for the estimation of relative 
risk ratios (RRRs) with 95% confidence intervals (CI) for 
each outcome. The significance level was set at p-value < 
0.05.

Results
Prevalence of pre-frailty and frailty
	 The prevalence of each frailty status, along with 
participants’ demographic characteristics, is shown in 
Table 1. Of the participating Thai community-dwelling 
older adults, 19.0% were in the robust group, 38.4% were 
in the pre-frailty group, and 42.5% were in the frailty 
group. There were more females than males in all groups. 
The mean frailty score in the frailty group (3.69±0.78) was 
significantly higher than pre-frailty (1.24±0.43), as shown 
in Table 2.
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Table 1. Participant demographics and characteristics.

   Variables Robust Pre-frailty Frailty p value
for difference

Number of participants (N, %) 51 (19.0%) 103 (38.4%) 114 (42.5%)
Gender (N, %)
	 Women 33 (64.7%) 61 (59.2%) 83 (72.8%)
	 Men 18 (35.3%) 42 (40.8%) 31 (27.2%)
Age (years), mean±SD 69.9±4.1 72.4±5.5 79.0±7.3 <0.001*a

BMI (kg/m2), mean±SD 25.5±3.8 24.5±3.8 23.9±3.9 0.040*a

Marital status (N, %) 0.707 b

	 Single 4 (7.8%) 6 (5.8%) 10 (8.8%)
	 Married/widow/divorce 47 (92.2%) 97 (94.2%) 104 (91.2%)
Living status (N, %) 0.211 b

	 Alone 2 (3.9%) 13 (12.6%) 14 (12.3%)
	 With relatives 49 (96.1%) 90 (87.4%) 100 (87.7%)
Education level (N, %) <0.001*b

	 Elementary or no degree 30 (58.8%) 64 (62.1%) 94 (82.5%)
	 Secondary or higher degree 21 (41.2%) 39 (37.9%) 20 (17.5%)
Occupation before retirement (N, %) 0.009*b

	 Labor 10 (19.6%) 44 (42.7%) 26 (22.8%)
	 Governor/owner 32 (62.7%) 47 (45.6%) 71 (62.3%)
	 Housewife 9 (17.7%) 12 (11.7%) 17 (14.9%)
Comorbidity diseases (N, %) 0.017*b

	 0 = None 6 (11.8%) 8 (7.8%) 1 (0.9%)
	 1-2 diseases 28 (54.9%) 45 (43.7%) 56 (49.1%)
	 ≥3 diseases 17 (33.3%) 50 (48.5%) 57 (50.0%)

Note: BMI: body mass index SD: standard deviation, *significant at p≤0.05, aANOVA, bChi-square test.  

Table 2. Physical pre-frailty / frailty and percentage of positive item in each group.

   Variables Robust Pre-frailty Frailty p-value 
for difference

Frailty score, mean±SD
       Min-max

0
0

1.24±0.43
1-2

3.69±0.78
3-5

<0.001*a

Walking velocity, mean±SD 1.07±0.14 1.02±0.21 0.66±0.27 <0.001*a

   Slowness (N, %) 0 7 (6.8%) 78 (68.4%) <0.001*b

Hand grip strength, mean±SD 27.5±7.5 23.6±6.8 15.8±5.4 <0.001*a

   Weakness (N, %) 0 44 (42.7%) 104 (91.2%) <0.001*b

Total Physical activity, mean±SD 2187.4±2181.0 904.4±984.5 336.5±592.7 <0.001*a

Low Physical activity (N, %) 0 46 (44.7%) 93 (81.6%) <0.001*b

Weight loss (N, %) 0 15 (14.6%) 53 (46.5%) <0.001*b

Exhaustion (N, %) 0 16 (15.5%) 93 (81.6%) <0.001*b

Note: SD: standard deviation, MET.min/week: Metabolic Equivalent of Task in minutes per week, *significant at p≤0.05; 
aANOVA; bChi-square test.
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Sociodemographic characteristics among frailty statuses
	 Table 1 presents participant characteristics  by frailty 
status. Frail individuals were the oldest group (mean 
age: 79.0 years), had the lowest BMI (23.9 kg/m²), and 
showed the highest proportions of low education (82.5%)  
and multiple comorbidities (≥3 diseases: 50.0%). Pre-frail 
individuals showed intermediate characteristics, with 
moderate age (72.4 years), BMI (24.5 kg/m²), and 
comorbidity burden, reflecting a transitional state. Robust 
individuals were younger (69.9 years), had a higher BMI 
(25.5 kg/m²), better education, fewer comorbidities, and 
were more likely to have held professional occupations.

Physical frailty characteristics
	 Table 2 presents physical frailty characteristics and 
the percentage of participants with positive items for each 
frailty status. Frail individuals had the highest frailty scores 
(mean=3.69), significantly slower walking speed (0.66 
m/s), the weakest grip strength (15.8 kg), and the lowest 
PA level (336.5 MET.min/week), with most reporting 
slowness (68.4%), weakness (91.2%), exhaustion (81.6%), 
and weight loss (46.5%) (p<0.001). Pre-frail individuals 
showed intermediate deficits across all measures, including 
moderate walking speed (1.02 m/s), grip strength (23.6 
kg), and PA (904.4 MET.min/week), with 42.7% reporting 
weakness and 44.7% reporting low activity. In contrast, 
robust individuals had no frailty symptoms, demonstrating 
the highest physical performance and PA levels.

Factors associated with pre-frailty and frailty
	 Age and occupation prior to retirement were identified 
as significant predictors in the pre-frailty model, whereas  

age, gender, BMI, educational attainment, and comorbidity 
were relevant factors in the frailty model. Multinomial 
logistic regression analysis revealed that each additional 
year of age was significantly associated with an increased 
risk of pre-frailty, with a RRR of 1.10 (95%CI [1.01, 1.18], 
p=0.020), when compared to the robust reference group 
(Table 3). Furthermore, certain occupations—specifically 
governor, business owner, or housewife—were significantly 
associated with a reduced risk of pre-frailty, by approximately 
63.0% and 71.0%, respectively, relative to the labor group 
(RRR=0.37; 95%CI [0.15, 0.92], p=0.032, and RRR=0.29; 
95%CI [0.09, 0.93], p=0.037).
	 For the frailty outcome, multinomial logistic regression 
analysis demonstrated that each additional year of age 
was significantly associated with a 1.28-fold increase in 
the risk of frailty compared to the robust reference group 
(RRR=1.28; 95%CI [1.18, 1.39], p<0.001). Males exhibited 
a significantly lower risk of frailty, with a 66.0% reduction 
compared to females (RRR=0.34; 95%CI [0.14, 0.85], 
p=0.021). In terms of BMI, a higher BMI was associated 
with a significantly decreased risk of frailty, with an RRR 
of 0.88 (95%CI [0.79, 0.98], p=0.019), indicating a 12.0% 
risk reduction relative to those with lower BMI. Similarly, 
participants with at least secondary education had a 
77.0% lower risk of frailty compared to those with lower 
educational attainment (RRR=0.23; 95%CI [0.09, 0.58], 
p=0.002). Finally, individuals with comorbidities involving 
three or more chronic conditions showed a markedly 
increased risk of frailty—approximately 16.34 times higher 
than those without any chronic conditions (RRR=16.34; 
95%CI [1.64, 162.46], p=0.017), as presented in Table 3.
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Table 3. Associated factors related with pre-frailty and frailty by multinomial logistic regression.
Outcome Variable RRR SE z p-value 95% CI

Robust     (base outcome)
Pre-frailty Age 1.10 0.04 2.33 0.020* 1.01 1.18

Gender
	 Female Ref
	 Male 0.81 0.32 -0.53 0.594 0.37 1.76
Body mass index 0.92 0.04 -1.64 0.101 0.84 1.02
Education
	 Elementary or no degree Ref
	 Secondary or higher degree 0.96 0.38 -0.1 0.922 0.44 2.09
Occupation
	 Labor Ref
	 Governor/owner 0.37 1.17 -2.14 0.032* 0.15 0.92
	 Housewife 0.29 1.72 -2.09 0.037* 0.09 0.93
Comorbidity
	 None Ref
	 1-2 diseases 1.55 0.98 0.7 0.487 0.47 5.14
	 ≥3 diseases 2.50 1.68 1.36 0.173 0.67 9.30
	 Constant 0.05 1.09 -1.08 0.279 0.00 94.98

Frailty Age 1.28 0.54 5.92 0.000* 1.18 1.39
Gender
	 Female Ref
	 Male 0.34 1.58 -2.32 0.021* 0.14 0.85
Body mass index 0.88 0.05 -2.35 0.019* 0.79 0.98
Education
	 Elementary or no degree Ref
	 Secondary or higher degree 0.23 1.08 -3.1 0.002* 0.09 0.58
Occupation
	 Labor Ref
	 Governor/owner 1.42 0.76 0.65 0.514 0.50 4.05
	 Housewife 0.75 1.50 -0.43 0.668 0.21 2.76
Comorbidity
	 None Ref
	 1-2 diseases 9.02 10.32 1.92 0.055 0.96 84.99
	 ≥3 diseases 16.34 19.15 2.38 0.017* 1.64 162.46
	 Constant 0.00 0.00 -4.35 0.000 0.00 0.00

Note: RRR: relative risk ratio, SE: standard errors, z: z-statistics, 95%CI: 95%confidence interval, *significant at 
p<0.05, Ref: reference.

Discussion
	 This study examined pre-frailty and frailty prevalence 
and their links to sociodemographic factors among 
community-dwelling older adults aged 65 years and 
above. Prevalence rates were 38.4% for pre-frailty and 
42.5% for frailty. Pre-frailty was associated with age and 
preretirement occupation, while frailty correlated with 
age, gender, BMI, comorbidity, and education.
	 The pre-frailty prevalence in this study (38.4%) was 
lower than in prior Thai studies (50.9%-57.4%)7,8 and slightly 
below international findings (43.1%-49.5%).3-6 In contrast, 
frailty prevalence (42.5%) was significantly higher than 
reported in both Thai7,8 and global reports (6.3%-24.0%).3-6 

These discrepancies may partly stem from differences 

in participant age, as previous Thai studies included 
individuals aged ≥60 years7,8 while the referenced review 
included individuals aged 50 and higher.3 In contrast, this 
study included only adults aged ≥65 to align with the Fried 
frailty phenotype9 and prior research.3,6-8 This higher age 
threshold likely excluded younger pre-frail individuals 
under age 65, in whom pre-frailty is often first detected.¹⁵ 
Given that frailty increases with age,16 the higher minimum 
participant age in this study likely contributed to a greater 
proportion of older adults who had already developed 
frailty, leading to an increased overall prevalence.
	 This study found high rates of low PA (44.7%) and 
muscle weakness (42.7%) among pre-frail individuals. 
Frail participants exhibited nearly double these rates, 
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with 91.2% muscle weakness, 81.6% low PA, and 81.6% 
exhaustion. The current findings align with Shinohara 
et al., who identified muscle weakness as a precursor 
to frailty,17 and Xue et al.’s framework, which suggested 
that behavioral changes emerge as physiological reserves 
diminish and the ability to meet environmental demands 
declines prior to the onset of frailty.18 Physical inactivity 
accelerates the loss of type II muscle fibers, worsening 
weakness and musculoskeletal deterioration, which 
together drive frailty progression.18 Low PA and muscle 
weakness were the most common components of pre-
frailty, making them key indicators. Promoting regular 
PA and strengthening exercises is essential to maintain 
independence and may slow down the progression from 
pre-frailty to frailty, emphasizing the need for timely 
preventive interventions.
	 The current study found that 14.6% of pre-frail 
individuals experienced weight loss, reflecting age-related 
changes observed in previous research.19 In addition, 
exhaustion was significantly less common in pre-frail 
individuals (15.5%) compared to frail individuals (81.6%). 
Age-related muscle loss and inactivity likely contribute to 
fatigue and slower gait speed, leading to reduced physical 
performance in everyday activities.18 These effects likely 
reflect more comorbidities, lower PA, and greater fatigue 
in the frail group. Age-related sarcopenia further impairs 
mobility, fueling a cycle of physical inactivity and muscular 
deterioration.9 The link between aging, muscle loss, and 
inactivity highlights the need for early detection and timely 
intervention to halt the progression from robustness to 
frailty. 
	 In contrast, although slowness was more prevalent 
among the frailty group, it remained one of the less 
common frailty components. Previous studies have shown 
that slowness strongly predicts longevity²⁰ and future 
disability⁵ in older adults. However, as a cross-sectional 
study, this research identified factors associated with 
frailty but was unable to predict longevity or disability. 
Table 2 shows that slowness was the least common 
characteristic in pre-frailty and the second least common 
in frailty. Previous studies have reported that a gait 
speed less than 0.8 meters per second in those ≥75 
increases frailty risk.21 Based on our findings, promoting 
PA and increasing walking speed should be prioritized for 
individuals with pre-frailty, as physical inactivity and slow 
gait accelerate the loss of fast-twitch muscle fibers and 
contribute to muscle weakness. Therefore, the primary 
focus for individuals with frailty should be active muscle 
contractions and strengthening exercises. 
	 The multivariate-adjusted model showed age and 
preretirement occupation were significantly linked to 
pre-frailty. Consistent with prior studies, frailty increased 
with age.18 Occupations like governor, business owner, 
or housewife had a 63% to 71% lower pre-frailty risk 
compared to labor-intensive jobs. This risk disparity 
may stem from the physical demands of manual labor, 
including heavy lifting, prolonged standing, and repetitive 
tasks, which increase musculoskeletal disorders and pre-
frailty risk.²² One study found those with musculoskeletal 

complaints in three to five bodily regions were 3.77 times 
more likely to be pre-frail or frail.²² Laborers may also be 
more vulnerable due to limited access to preventive care 
and lower participation in health-promoting behaviors.²³ 
The cumulative physical demands of labor-intensive work 
may accelerate the decline of physiological reserves, 
reducing the body’s ability to recover from illness or injury 
and contributing to the onset of pre-frailty. This evidence 
highlights that frail individuals face greater socioeconomic 
and occupational disadvantages. One study reported that 
frail individuals had higher rates of economic hardship, 
outdoor work, longer workweeks, and extended daily 
hours,24 highlighting the need to consider occupational 
and socioeconomic factors when assessing frailty risk.
	 The multivariate-adjusted model identified comorbidity, 
age, BMI, gender, and education as key frailty factors. 
Individuals with ≥3 chronic conditions had a significantly 
higher frailty risk (RRR=16.34) than those without.25 This 
aligns with evidence that age-related physiological decline 
and multiple comorbidities compound to accelerate frailty 
onset.25 Furthermore, participants in this study with ≥3 
comorbidities had a 16.34-fold higher frailty risk than 
those without, consistent with a higher comorbidity rate 
in the frailty group. Conditions like hypertension, diabetes, 
cardiovascular disease, and osteoarthritis impair mobility 
and increase fatigue, contributing to frailty symptoms. 
Multiple chronic conditions were linked to increased 
inactivity, exhaustion, and weakness, indicating that 
comorbidity reflects health burden and accelerates the 
progression from robustness to pre-frailty and frailty.6,26

	 Frailty was more prevalent among women, partly 
due to the hormonal changes that occur after menopause. 
These hormonal shifts contribute to muscle degeneration, 
sarcopenia, and age-related muscle loss, leading to 
reduced physical function.27 Estrogen decline associated 
with menopause exacerbates sarcopenia, which, when 
combined with low activity, fatigue, and weight loss, 
accelerates the development of frailty.28,29

	 Educational level significantly affects frailty 
prevalence.4,7,8,30 Lower education is linked to physical, 
social, and environmental disadvantages, reduced health 
literacy, and difficulty managing medical care.31-33 It also 
correlates with socioeconomic challenges, such as low 
income, poor housing, limited access to nutrition, physical 
inactivity, and delayed treatment, all of which increase the 
risk of chronic disease.26 

	 This study highlights the clinical importance of 
identifying key factors associated with pre-frailty, with an 
emphasis on age and preretirement occupation. While 
age is a well-known risk factor, the impact of occupational 
history represents a significant finding, emphasizing its 
role in screening and prevention measures. These insights 
support the integration of pre-frailty screening into 
geriatric care, particularly for community-dwelling and 
socioeconomically disadvantaged older adults. Assessing 
work history can guide targeted follow-up and educational 
interventions during the preretirement phase. The study 
also found that low PA was the most common frailty 
component among pre-frail participants, underscoring its 
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role as a key modifiable risk factor. Promoting regular PA is 
essential to preserve functional independence and reduce 
the risk of progression to frailty, emphasizing the need for 
early intervention. A key strength of this study is the use of 
the validated Fried frailty phenotype.9 

Limitation 
	 Several limitations should be acknowledged. First, 
the study’s cross-sectional design limits causal inference, 
and the sample drawn from older adults in Pathum Thani 
may reduce generalizability. Future research involving a 
larger and more diverse cohort study is recommended 
to further clarify frailty determinants and guide targeted 
interventions.

Conclusion
	 Among community-dwelling adults aged ≥65, pre-
frailty and frailty prevalence were 38.4% and 42.5%, 
respectively. Pre-frailty was linked to age and labor-
intensive work, while frailty was associated with age, 
gender, low BMI, low education, and comorbidity. These 
findings highlight the need for early detection and targeted 
interventions to prevent frailty progression.
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ABSTRACT
Background: Blood group antigens are a representation of some personal traits. 

Objectives: To determine the frequency of ABO, Rhesus and Kell blood group 
phenotypes among blood donors in the Al-Jouf region, Saudi Arabia.

Materials and methods: 980 donors were included in retrospective study design. 
Data was collected from blood donor records from July 2022 to January 2023 at Al-Jouf 
Central Blood Bank. ABO, Rhesus phenotypes (D, C, E, e, c), and K antigen have been 
detected in the blood bank using the fully automated Bio-Rad IH-500.

Results: Regarding the ABO system, the O phenotype was the most common among 
the donors (approximately 45.7%), and followed by A (25.4%) and B (24.9%), while the 
AB group had the lowest number (4%). Analysis of Rhesus blood group phenotypes 
demonstrated that 89.3% of donors were Rh D positive and 10.7% were Rh D negative. 
Other Rhesus antigens were found in variable percentages; the e antigen was the most 
prevalent among donors (99.2%),followed by the c and C antigens (72.7% and 69.2%, 
respectively), and the E antigen was the least prevalent (22.8%). Only 0.3% of donors 
were positive for Cw. Accordingly, the DCce phenotype (24.9%) was the most common 
Rh phenotype among donors, followed by DCe and Dce (22.8% and 20.2%,respectively). 
CE and CEe phenotypes had the lowest prevalence among donors(0.1%). Out of 980 
donors, 178 donor (18.2%) had the Kell antigen (K).

Conclusion: The most prevalent blood group among donors was O Rh D+ while the most 
prevalent Rhesus antigen was the e antigen. The most common Rhesus phenotype among 
donors was DCce. Reporting Rh phenotypes and Kell antigen (K) is extremely important 
from a clinical standpoint, especially during pregnancy and blood transfusions as it can 
improve maternal and fetal care and enhance safer blood transfusion.
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Introduction
	 So far, 346 Red Blood Cell (RBC) antigens (Ags) 
have been found across 36 blood group systems. In the 
transfusion and transplant fields, the ABO blood group is 
still the most important, followed by Rhesus (Rh) and Kell.1 
According to reports, the frequency of D antigen in Saudi 
Arabia ranges from 84% to 91%.2-5

	 Approximately fifty distinct Rh group antigens have 
been found to date, with D, C, c, E, and e being the 
most clinically significant, creating IgG antibodies when 
transfusing incompatible blood or following abortion, 
and causing hemolytic disease of the newborn (HDN).6,7 
This happens in varied degrees of severity, with D Ag 
being the most immunogenic compared to antigens from 
Rhesus and other systems.88 Similarly, Oladeinde and 
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Table 1. Characteristics of donors age and weight.

﻿ N Minimum Maximum Mean (±SD)

Age (years) 980 18.00 61.00 33.4 (9.3)
Weight (kg) 980 46.00 153.00 86.7(16.1)

colleagues found that D Ag accounts for half of all cases of 
maternal alloimmunization with higher immunogenicity,9 
followed by c, E, C, and e antigens, and that all of these 
antigens mediate hemolytic transfusion reactions (HTR), 
particularly delayed reactions in addition to HDN. (10, 11)

RhCE and RhD encode eight distinct haplotypes of the Rh 
system, denoted as Dce, dce, DCe, dCe, DcE, dcE, DCE, and 
dCE, or in shorter nomenclature: R0, r, R1, r′, R2, r″, Rz, 
and ry. 4,12

	 The Kell blood group system is regarded clinically 
significant after the ABO and Rh systems in transfusion 
medicine due to its immunogenic features. This system 
comprises numerous antigens (Ags), with the most 
common being K and k (previously known as Kell and 
Cellano, respectively), Kpa, and Kpb, all of which have 
immunogenic features. In most ethnicities, the k antigen is 
more frequent than the K antigen; 98% of Blacks and 91% 
of Caucasians have the K-k+ phenotype.10,11,13 The absence 
of any of these antigens may elicit an immunological 
response following blood transfusion or abortion, resulting 
in the development of alloantibodies that cause hemolytic 
transfusion responses (HTR) and hemolytic disease of the 
newborn (HDN).14

	 The first Kell system antibodies found were anti-K1 
(Kelleher) and anti-K2 (Cellano).15 The clinically most 
relevant antigen is K (KEL1). Anti-K antibodies are second 
to anti-D antibodies the most frequently encountered 
antibodies in severe HDFN. K0 (the null phenotype), which 
was identified alongside Kpa, is one of the other antigens 
of the Kell system.  While Kpb (K4) has high frequency 
mutations, Kpa (K3) was shown to have low frequency 
mutations.16 
	 The prevalence of the k antigen in Saudi Arabia 
has been reported to be greater than 99%.14,17,18 The 
heterozygous form (K, k) was found to be around 17% 
in the Riyadh region, which is significantly varied than 
its prevalence in other ethnic groups,19 such as Indians 
(3.5%),20 Africans (24%),21 and Caucasians (9%).22

	 Most cases of abnormal hemoglobin (Hb), particularly 
sickle and thalassemic individuals, were detected that 
12-18% with alloimmunization due to blood type 
incompatibility.23-25 Compared to the RhD antigen, the K 
antigen is approximately 8-10 times less immunogenic.26

	 In general, the incidence of red cell alloimmunization 
due to blood group incompatibility ranges between 2% and 
10%, but it can reach 60% in specific groups of multi-transfused 
individuals. Phenotyping of the ABO, Rhesus, and Kell 
systems can decrease or prevent probable subsequent 
hemolytic transfusion reactions.27 
	 Accurate phenotyping can improve maternal and 
fetal care, patient outcomes and enhance safer blood 
transfusion practices. Identifying the most frequent blood 

phenotypes aids to understand genetic variation in the 
region and provide prediction of allele distribution within 
a community.
	 Our study aimed to determine the frequency of 
red blood cell antigens and phenotypes of ABO, Rh, and 
Kell systems, among donors in  Sakaka city, Al-Jouf, Saudi 
Arabia. 

Materials and methods
	 A retrospective analysis was undertaken on blood 
donors at the Al-Jouf Central Blood Bank in Saudi Arabia. 
A total of 980 records of donors who had matched the 
criteria of donation and had been accepted by the blood 
bank were included in the study excluded repeated donors. 
Concerning demographic and laboratory information of 
ABO, Rh, and Kell system, data from July 2022 to January 
2023 was collected from the blood bank electronic 
database.
	 Fully automated system technique:Bio-Rad IH-500 
analyzer has been used in the blood bank to detect 
blood group antigens. The ID-Card DiaClon ABO/D+ Reverse 
Grouping (Bio-Rad,Switzerland) was used to perform both 
forward and reverse ABO grouping as well as Rh D. The 
presence or absence of the C (RH2), Cw (RH8), c (RH4), E 
(RH3), e (RH5), and K (KEL1) antigens was examined using 
the ID-Card DiaClon Rh- Subgroups+ Cw+ K.
	 The findings of blood groups, including ABO, Rhesus 
phenotypes (D, C, E, e, c), and Kell antigen (K) were 
analyzed using the Statistical Package for Social Sciences 
version 23 to find descriptive statistics as frequencies for 
blood groups and means±SD for age and weight.

Results
	 Donor demographics are listed in Table 1.  Near to 
half of the donors were O blood group while the lowest 
percentage of donors was found in the AB blood group 
Table 2.  
	 As shown in Table 3, the D-antigen, which is 
represented by 875 donors (89.3%), was more common 
in donors of the O blood type and less common in donors 
of the A, B, and AB blood groups. According to Table 4, 
surveillance of the major Rhesus antigens revealed that 
antigen e was the most prevalent (99.2%), followed by 
D (89.3%), C (69.2%), c (72.7%), and E (22.8%). The Kell 
antigen (K) was present in 178 donors (18.2%), while it was 
not present in 81.8% of donors. The DCce was the most 
common Rh phenotype (24.9%) followed by DCe (22.8%) 
and Dce (20.2%) at shown in Table 5. Comparison of the 
Rhesus antigen with other regions in Saudi Arabia shows 
nearly similar distribution of Rhesus antigens in Saudi 
Arabia except for limited regions (Table 6).
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 Table 2. Distribution of ABO Blood group among donors (N=980).

ABO Frequency (%)
A 249 (25.4)
B 244 (24.9)

AB 39 (4)
O 448 (45.7)

Total 980

Table 3. ABO blood group and D antigen coexistence among donors.
TotalRhesus D antigenABO Blood group

PositiveNegative
24922029A
24422024B
39372AB

44839850O
980875105Total

Table 4. Expression of e, D, c, E, C, KELL-antigen expression in donors (N=980).
%FrequencyReactionAntigen

0.80
99.2

8
972

neg
pos

e

10.7
89.3

105
875﻿

neg
pos

D

27.3
72.7

268
712

neg
pos

c

77.2
22.8

757
223

neg
pos

E

30.8
69.2

302
678

neg
pos

C

81.8
18.2

802
178

neg
pos

K

 Note:  neg: abscence of Ag, pos: presence of Ag.

Table 5. The percentage of Rh phenotypes and possible genotypes.
%Fisher-RaceWienerPhenotype

24.9DCe/ceR1rDCce
22.8DCe/DCeR 1R1, R1r-DCe
20.2Dce/DceR0rDce

Dce/ceR0R0
11.5DCE/ceRzrDCEce
4.9ce/cerrce
4.6DcE/ceR2rDcEe

2.35Ce/cer- rCce
2.35DCE/DCERzRzDCE
2.14Ce/Cer-r-Ce
1.7DcE/DcER2R2DcE

1.12Ce/cEr-r--CcEe
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%Fisher-RaceWienerPhenotype
1.02Rzr-, R1ryRzR1DCEe
0.41cE/cer--rcEe
0.2Rzr0, R2ryRzR2CcED
0.1CE/CErYrYCE
0.1Ce/CEryr-CEe

Table 5. The percentage of Rh phenotypes and possible genotypes. (Continued)

Table 6. The percentage of D, C, E, c, and e antigens in this study compared to other regions 
of Saudi Arabia and different ethanities.

Antigens (%)Region/Area
DecEC

89.399.272.722.869.2Our study in Jouf
93.397.9575.3818.9170.97Jazan Province7

93.497.073.029.476.4Women in Hail Province36

8097862159Eastern Region of Saudi Arabia17

84.89574.323.562.3Rhyadh37

87.895.881.731.362.3Taif City2

8598802968In European15

8598802968Caucasian16

9298962227Blacks21

9996473993Asian20

Discussion
	 In terms of demographics, all members of our study 
population were men. Due to a number of social and 
cultural variables, men make up most blood donors. A 
comparable study conducted in central Saudi Arabia found 
that 82.98% of donors were men.28 
	 According to our findings, the most prevalent blood 
group is O (45.7%), while the least common is AB (4.0%). 
This is consistent with a 2011 study conducted in Al-Jouf, 
which found that O was 39.8%, A was 27.5%, B was 25.5%, 
and AB was 7.3%.29

	 Additionally, our study concurred with other studies 
carried out in different Saudi Arabian districts. 
	 O-RhD+ > A-RhD+ > B-RhD+ > O-RhD- > AB-RhD+ > 
A-RhD- > B-RhD- > AB-RhD- was the blood type frequency 
order in Asir.30 The most prevalent blood group in Qassim 
was O+ (42%), which was followed by A+ (23.4%), B+ 
(20.9%), O- (5.45%), AB+ (3.4%), A- (2.8%), B- (2.1%), 
and AB- (0.5%).7 The outcomes in the province of Jazan 
were quite similar in which A accounted for 29.44%, B for 
10.44%, AB for 1.15 percent, and O for 58.97 percent.31 
Only 7.2% of ABO groups in southwestern Saudi Arabia 
were Rh-negative, with O accounting for 56.8%, A for 
33.4%, B for 6%, and AB for 3.8%.32 The frequency of the 
Rh antigens, D, C, E, c, and e is consistent with many studies 
in Saudi Arabia and contrasted to few ethnics worldwide 
(Table 6). The Rh haplotype DCe was most prevalent in 
Caucasians (42%), followed by Asians (70%), and Native 
Americans (44%). Most Black people (44%) have the Rh 
haplotype Dce.33

	 According to our research, DCce (24.3%) is the 
most common Rh phenotype. DCe was represented by 
about 22.8%, and Dce by 20.8%. CEe and CE phenotypes 
had the lowest occurrence among donors, with the 
latter being 0.102%. ce was the most common among 
Rhesus negative donors, accounting for 4.9% of all cases. 
Furthermore, these results are consistent with a study 
done in Hail found that, on average, DCcee was the most 
prevalent phenotype in the community (32.2%), followed 
by DCCee (26.6%), while Ccddee (0.8%) and CCDEe (0.2%) 
were the least prevalent. According to similar screening 
conducted at King Abdulaziz Medical City in Riyadh, DCcee 
was the most common Rh phenotype observed (28.7%), 
DCCee (24.5%), and dccee (13.7%) were the next most 
common Rh phenotypes, and other phenotypes were 
DccEe (11.5%), Dccee (8.0%), DCcEe (6.8%), DccEE (4.0%), 
DCCEE (0.5%) and DEE (0.5%).35 Also, another study in Taif 
City found that DCce was the most prevalent phenotype 
(29.5%).2 The incidence of Rh phenotypes was in line 
with a study in Riyadh that indicated the most prevalent 
phenotypes were R1r (CcDee) (31%) and R1R1 (CCDee) 
(22%).35 Accordingly, it seems that the Rhesus phenotypes 
distribution is approximately similar in different regions 
of Saudi Arabia. Regarding the Cw phenotype, our study 
discovered that just 0.3% of donors were Cw positive, 
whereas 99.7% had a negative Cw phenotype.
	 In the current study, the frequentcy of KEL1 (K) 
antigen expression 178 from total donors 980 (18.2%) 
and this is consistent with other studies in Saudi Arabia 
as in Riyadh (14%),36 Taif city (22.1%) 2 and 18.2% among 
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Saudi Donors at King Abdulaziz Medical City-Riyadh,37 
but this percentage decreased in other regions of the 
country such as the prevalence of K antigen is found to be 
(12.3%) among blood donors in Jeddah city38 and (8%) in 
the eastern region of Saudi Arabia.17 This modest variance 
between regions in Saudi Arabia could be attributed to 
ethnic diversity, consanguinity, or migratory patterns.
	 These findings provide prediction of allelic distribution 
in al-Jouf, Saudi Arabia.

Limitations
	 The study depends on records of the routine blood group 
testing so that phenotyping of Kell blood group was restricted 
to (K) antigen and other antigens not included in the study.

Conclusion
	 According to our findings, O-RhD+ blood types 
are the most common among donors in Al-Jouf, Saudi 
Arabia whereas AB blood types are the least common. 
The e antigen is the most common Rhesus antigen and the 
most common phenotype among donors was DCce. 
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ABSTRACT

Background: A respiratory muscle device was designed in various forms and was 
available at different price ranging. However, financially disadvantaged users may 
find it difficult to afford the device.

Objectives: The objective of the study was to develop a device utilizing readily 
available materials. Subsequently, a pilot study was conducted to evaluate maximal 
inspiratory pressure (MIP) among healthy adult subjects. Furthermore, feedback 
and suggestions regarding the device were collected using a questionnaire.

Materials and methods: The device’s components were evaluated to ensure safety. 
Subsequently, laboratory tests were conducted to assess device performance, 
including measurements of windmill blade rotation and airflow, to determine and 
prescribe the exercise intensity. Healthy subjects aged 18 to 25 years were then 
recruited and randomly assigned into either the control group or the exercise 
group (N=16 per group). Subjects in the exercise group were instructed to use 
the device daily for four weeks, while those in the control group were asked to 
continue their usual daily activities. MIP was measured in all participants on a 
weekly basis throughout the study. Then, subjects in the exercise group were given 
a questionnaire to evaluate their opinions regarding the device.

Results: The result revealed that all components of the device complied with safety 
standards. There was no significant difference in MIP between the exercise group 
and the control group. However, by the third and fourth weeks of the training 
period, the exercise group exhibited a significant improvement in MIP compared 
to their values in the first week. Furthermore, user feedback indicated that the 
device’s size, weight, and usability were very satisfactory.

Conclusion: The study concluded that the modified device did not have a significant 
effect on inspiratory muscle strength, as indicated by MIP, in healthy adult 
subjects. However, further research is warranted to more thoroughly evaluate the 
effectiveness of the device and in relevant clinical populations.
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Introduction
	 A respiratory muscle device is frequently recommended 
for patients with respiratory muscle weakness due to 
various conditions; its aim is to improve respiratory muscle 
strength and enhance lung expansion.1,2 The patient is 
supposed to inhale or exhale through the device, and its 
resistance can be adjusted with various methods.2 For  
a respiratory muscle device to be classified as a medical 
device, several phases must be successfully completed, 
including prototyping, safety testing, and trials in humans. 
Regarding the latter, three types of trials must be conducted 
sequentially. The first one involves testing on a small group 
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of people to assess safety and side effects. The second one 
entails a larger group of subjects to evaluate effectiveness 
and identify possible side effects. The third one involves 
testing on an even larger group of people to confirm 
effectiveness and safety, as well as compare the proposed 
device to existing treatments.3 
	 In Thailand, respiratory muscle devices are sold 
by several companies at different prices. However, the 
Comptroller General’s Department has not included them 
on the list of nondrug medical supplies.4 As a result, patients 
who are advised to use these devices must purchase 
them themselves. This creates a problem of access for 
individuals with financial constraints. In addition, the 
availability of these products may also be limited to certain 
stores, such as those in urban areas. Therefore, patients 
who live in remote areas may face further barriers to 
accessing these devices. Based on these facts, the present 
study was conducted to develop a modified respiratory 

muscle device from readily available materials, and its 
performance was initially assessed in the laboratory. 
Then, a pilot study was conducted on a small group of 
healthy subjects to evaluate the device’s effectiveness on 
respiratory muscle strengthening, which was indicated by 
maximum inspiratory pressure (MIP). The questionnaire 
also collected feedback regarding the device. The data 
thus obtained can help researchers enhance the device 
for optimal performance and inform future trials involving 
relevant clinical populations.

Materials and methods
	 The present study was divided into two stages, 
as illustrated in Figure 1. First, a modified device was 
developed. Then, the impact of the device on inspiratory 
muscle strength was evaluated. Furthermore, participants’ 
feedback regarding the device was collected. 

Figure 1. Consort diagram of the study. MIP: maximum inpiratory pressure.
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Device development
	 The device was developed by modifying a 22-ounce 
plastic cup, a plastic cap, and a plastic windmill (Figure 2). 
Both the cup and the cap were made from food-grade 
polypropylene plastic, while the windmill was a plastic toy. 
All the components were submitted for safety-standard 
testing and assessment of plastic particle release, as 
detailed in Table 1. The test results demonstrated that the 
components complied with the relevant safety standards, 
which confirmed the suitability of the materials used in 
the device.

	 The windmill was installed inside the cup and fixed 
with double-sided adhesive tape (Figure 2A). Then, the cap 
was placed on the cup (Figure 2B). To let the inhaled air 
flow, three holes measuring seven millimeters in diameter 
were made in the bottom of the cup with a soldering iron 
(Figure 2C). The original diameter of the cap hole was 10 
millimeters, which is larger than the typical silicone straw 
available on the market. Therefore, an eight-millimeter 
hole was made in the cap to allow the silicone straw, which 
served as the inhalation tube, to be properly fitted (Figure 2B).

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Components of the modifying device; the ready-to-use device. A: cap with a silicone straw, 

B: three seven-millimeter diameter holes at the cup bottom, C: arrow indicated the original cap's hole.

Table 1. Safety testing results of device components
Parameter (mg/kg) Cup Cap Windmill

Antimony NT NT 54.0B

Arsenic NT NT NDB

Barium NT NT 14B

Cadmium NDA NDA NDB

Chromium NDA NDA <1B

Copper 0.804A 2.079A NT
Lead NDA NDA NDB

Mercury NT NT NDB

Selenium NT NT NDB

Zinc 4.422A 2.324A NT
Diameter sizes of plastic particle (µm)
>10 NDC NDC NDC

>25 NDC NDC NDC

Note: Testing method; A: In-house method based on EPA 3052, B: IEC 62321-5:2013, C: Thai industrial 
standard 531-2558. NT: not tested, ND: not detected.
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	 The next step involved evaluating the device  
characteristics. First, the device resistance was assessed 
using a phlegm suction machine (7E-C Yuwell). This 
assessment included the following steps: 1) marking one 
of the windmill blades with a magic pen and assembling 
the device, 2) connecting the silicone straw to the suction 
tube, 3) mounting a video camera at an angle that enabled 
the rotation of the marked windmill blade to be observed 
through the device’s bottom holes, 4) opening or closing the 
bottom holes with transparent adhesive tape, 5) turning the 
regulator valve for maximum suction pressure, 6) switching 
on the phlegm suction machine and the video camera for 

a duration of five seconds, and 7) counting the number 
of spins of the windmill blades using the iMovie software. 
This procedure was meant to test the number of spins of 
the windmill blades under the same suction pressure but 
with varying conditions (open or closed) for the device’s 
bottom holes. The number of windmill blade spins is 
shown in Table 2. Second, the Biopac Research MP35 Data 
Acquisition System was employed to evaluate the airflow 
measurement, and an offline analysis was conducted using 
the Biopac Student Lab software (Version 4.1). The results 
for the mean airflow are presented in Table 2.

Table 2. General characteristics of the modified device based on laboratory testing.
Condition Number of spinning Mean airflow (L/sec) Level of difficulty
7 7 7 11 0.580 Hardest
7 7 0 18 0.619 Moderate
7 0 7 28 0.622 Easy
7 0 0 34 0.625 Easiest

Note: 7: bottom hole of the modified device is open, 0: the hole has been sealed with transparent 
adhesive tape.

Subjects
	 As the first human trial of the device, a pilot study 
was conducted with healthy subjects. The sample size 
was calculated based on data from the Nepomuceno 
study.5 Then, 32 healthy individuals aged 18-25 years 
were recruited. Next, they were randomly divided into 
two groups: control (N=16) and exercise (N=16). Personal 
information was collected through a self-administered 
questionnaire. No medical or physical conditions affecting 
respiratory mechanics were present, such as scoliosis or 
kyphosis. The subjects’ BMI values ranged from 18.5 to 
22.9 kg/m². Individuals were excluded if they had a history 
of fainting while taking a deep breath or holding their 
breath, syncope of unknown origin, or a clavicle, rib, or 
sternum fracture within the previous six months.

MIP measurement
	 MIP was measured by a physical therapist. Ten samples 
at the same age range were included for intra-rater 
reliability measurement. Test-retest variability was determined 
by an intraclass correlation coefficient (ICC). The ICC value 
for MIP assessed by the therapist was 0.996, which 
indicates high reliability.6 MIP was measured using 
the MicroRPM respiratory pressure meter in accordance 
with its guidelines.7 The subjects were instructed to 
perform their maximum inspiratory efforts in a sitting 
position, with a one-minute break between efforts. Then, 
the maximum value of three efforts that varied by less 
than 10% was reported as the MIP value.

Program
The exercise group.
	 The data presented in Table 2 were used as the basis 
for classifying the levels of device difficulty. Four levels 
were determined, ranging from the easiest to the hardest, 

with the number of windmill blade spins serving as the 
primary criterion. The duration of four weeks for the 
training program was chosen to reflect these four levels. 
All participants in the exercise group began training with 
the easiest level. Then, each week, they were instructed to 
increase the difficulty level by one step, thus progressing 
through all four levels.
	 Transparent adhesive tape was used to close the 
bottom holes in accordance with the difficulty level. 
It was also used to close the original cap hole, as shown 
in Figure 2B. Then, the participants were instructed to use 
the device by taking a slow, deep breath and sustaining a 
maximal inspiratory effort for three seconds. They were 
instructed to use the device at home 10 times per set, 
3 sets per round, with a 2-minute break between sets, and 
2 rounds per day. The training duration was approximately 
20 minutes per day.5 The participants had to keep exercise 
diaries to record their exercise adherence. They were 
also monitored by phone twice a week. In addition, they 
were scheduled to return once a week to have their MIP 
measured. Then, after completing the training program, 
they were asked to rate their satisfaction with the 
device using a questionnaire. This questionnaire elicited 
responses regarding device structure, usability, cleaning, 
and storage, as well as overall satisfaction. The participants 
were asked to rate their satisfaction using a five-point 
Likert scale: 1 (“very dissatisfied”), 2 (“dissatisfied”), 3 
(“neutral”), 4 (“satisfied”), or 5 (“very satisfied”). In the 
questionnaire, there was also space to provide additional 
suggestions or comments. 

Control group
	 The control group was asked to carry out various 
daily routines as usual. They were also scheduled for MIP 
reassessment once a week throughout the study period.
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Statistical analysis
	 Descriptive information (i.e., the general characteristics 
of the two groups and the opinions expressed in the 
questionnaires) is presented in the form of percentages. 
Data are presented in the mean±SD format. Statistical 
analysis was performed using Stata (version 18), with 
a significance level of p<0.05. Because the MIP data 
were not normally distributed, and since the focus was 
on estimating group-averaged effects of device-based 
training on the MIP outcome, rather than subject-specific 
effects, a generalized estimating equation model was used. 
In addition, the Bonferroni test was utilized to compare 
MIP at the second, third, and fourth weeks to MIP at the 
first week in each group.

Results
	 There were no significant differences between the 
general characteristics of the two groups, as shown in 
Table 3. The exercise group had a 100% exercise adherence 
rate, and no adverse events were reported. There was 
no significant difference in MIP between the two groups 

(Table 4). However, in the exercise group, the MIP values in 
the third and fourth weeks were significantly higher than 
in the first week (Table 4). Furthermore, when considering 
the overall effect of training with the device, the MIP 
value in the exercise group increased by 1.77 centimeters 
of water compared to the control group, in which this 
increase was not statistically significant.
	 The exercise group also provided their opinions. 
Almost all the respondents (94%) were very satisfied 
with the device’s size and weight; however, regarding 
the device’s material, strength, and configuration, the 
percentages of very satisfaction were only 69%, 56%, and 
50%, respectively. All the participants were very satisfied 
with the device’s usability due to its simplicity. However, 
the device was difficult to transport, as the following ratings 
were given concerning ease of transportation: 37.5% 
satisfied, 19% neutral, and 6% extremely dissatisfied. They 
were also very satisfied with the device’s ease of cleaning 
(88%) and storage (81%). The rating for overall satisfaction 
was also considerable (81%). Three participants complained 
that the windmill blades spun unevenly.

Table 3. General characteristics of the subjects.
Characteristics Control group

(N=16)
Exercise group

(N=16)
Male: Female (%) 4:12 (25%:75%) 6:10 (37%:63%)
Age (years) 20.8±1.00 (19-21) 20.6±1.15 (18-22)
Body weight (kg) 56.7±8.48 (47.0-68.9) 55.4±7.21 (47.2-69.3)
Height (cm) 165.5±8.95 (153.0-181.0) 165.1±7.87 (155.0-180.0)
BMI (kg/m2) 20.6±1.28 (18.2-22.9) 20.2±1.18 (18.6-22.2)
Waist circumference (cm) 70.5±5.93 (63.4-85.0) 69.3±4.85 (60.5-77.0)
Hip circumference (cm) 89.7±7.91 (73.0-101.0) 90.2±6.38 (80.0-98.0)
Waist-to-hip ratio 0.79±0.07 (0.70-0.90) 0.77±0.08 (0.64-0.90)

Note: Data presented in mean±SD (min-max).

Table 4. The maximum inspiratory pressure measurement.
Control group

(N=16)
Exercise group

(N=16)
Mean difference (95%CI) p value

Overall 1.77 (-6.75, 10.30) 0.684A

At first week 102.31±19.51 113.06±19.62 1.77 (-9.09, 12.63) >0.999B

At second week 101.13±24.21 118.63±23.92 8.52 (-2.34, 19.38) 0.200B

At third week 104.88±29.25 123.94±23.73C 10.08 (-0.78, 20.95) 0.082B

At fourth week 104.69±28.10 124.13±25.82C 10.46 (-0.40, 21.32) 0.065B

Note: Data are presented in centimeters of water as mean ± SD. ABy generalized estimating equations model adjusted for 
baseline values measured at the first visit, BComparison of MIP between the control and exercise groups at the first, second, 
third and fourth week was performed using the Bonferroni test, CComparison of MIP at the second, third, and fourth weeks 
with the first week within each group was performed using the Bonferroni test, with significance set at p<0.05.               
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Discussion
	 The major result of the present study is the development 
of a modified respiratory muscle device (a type of medical 
device). All the components of the device were safe in 
accordance with the relevant standards. Furthermore, the 
findings of the pilot study conducted with healthy subjects 
show no significant differences in respiratory muscle 
strength, as indicated by MIP.
	 The modified device in this pilot study is classified as 
a non-in vitro diagnostic medical device according to the 
Thailand Medical Device Act.8 Furthermore, it is comparable 
to the medical equipment standard number 93/42/EEC, 
class I medical devices.9 As a result, all the components 
were tested to ensure compliance with safety standards 
before conducting the pilot study. The components were 
safe to use. Furthermore, the equipment to build the 
device costs approximately USD 1 per set. The device 
currently holds a petty patent (No. 23538) in Thailand.
	 In the pilot study, the effectiveness of the modified 
device on respiratory muscle strength was assessed using 
MIP. However, the MIP values in the exercise group did 
not increase significantly when compared to the control 
group. Several factors may account for this finding. First, 
the exercise protocol may have contributed to the lack of 
significant improvement. According to previous studies, 
the effective training period for improving respiratory 
muscle strength is typically 4-8 weeks.10,11 Moreover, another 
study suggested that, in healthy individuals, the training 
intensity should exceed 50% of MIP, with a frequency of 
1 to 2 sessions per day, 5 to 7 days per week, to achieve 
significant adaptation of muscle function within 3 weeks.12 
In the present pilot study, the lack of increase in the 
MIP values of the exercise group may be due to the fact 
that the modified device failed to provide sufficient load 
to elicit a training effect.13 Second, in the pilot study, all 
the participants were required to start the exercise at 
the easiest level, without consideration of individual 
respiratory muscle strength. This methodological decision 
might account for the absence of significant changes in 
MIP. However, this approach allowed the participants to 
experience all four difficulty levels, which ensured the 
collection of detailed feedback on the device.
	 Previous studies conducted in young, healthy 
individuals have indicated that increases in diaphragm 
thickness are associated with improvements in MIP.11, 14 They 
have suggested that these improvements are attributable 
not only to diaphragm hypertrophy but also to neural 
adaptations, including improved coordination of synergistic 
muscle contractions and an increased capacity to maximize 
the activation of individual muscles.11,14 Similarly, in the 
present pilot study, the exercise group showed significant 
improvements in MIP at the third and fourth weeks of the 
training period compared to the first week. This finding 
may be attributed to enhanced coordination of synergistic 
muscle contractions through training, which contributed 
to the observed increases in MIP.
	 In a previous study, Das et al. reported an adaptive 
device consisting of a sterile surgical glove firmly tied 
with micropore medical tape to the broad end of a sterile 

injection syringe barrel, with the piston removed.15

To exercise, patients were instructed to take as deep a breath 
as they could and exhale into the device via the free end 
of the syringe. They were encouraged to inhale enough air 
to inflate all the glove’s fingers. The bulging of the gloves’ 
fingers acted as an incentive. This type of device is simple 
to assemble and thus readily available. Its reuse was not 
specified by the authors. Because the device was built 
with medical-grade materials, which are typically designed 
for single use and disposal, the overall cost per unit is likely 
comparable to that of the modified device used in the 
present pilot study. Additionally, since the device in Das 
et al.’s study was used for expiratory breathing, its training 
effects on respiratory muscles may differ from those of the 
modified device in this pilot study, which was employed 
for inspiratory breathing.
	 The BreatheMAX device developed by Jones et al.16,17 
consists of a sealed water bottle and two tubes, a design that 
differs from that of other devices available in Thailand. 
The inlet tube sinks beneath the surface of the water, 
providing an incentive in the form of bursting bubbles and 
a bubbling sound. The BreatheMAX has both incentive 
spirometer (IS) and positive expiratory pressure (PEP) 
functions that adjust resistance based on the water level 
in the bottle. Its effectiveness has been studied to aid 
sputum clearance,16,17 reduce resting blood pressure in 
isolated systolic hypertension patients,18 and increase MIP 
in patients with COPD.19 The training program to increase 
MIP lasted eight weeks at an intensity level of 30% of MIP 
in COPD patients. The authors found a significant increase 
(31%) in MIP.19 This training duration is notably different 
from the one adopted in the present pilot study. The 
modified device examined here offers only four adjustable 
resistance levels; therefore, with a progressive increase 
in difficulty each week, it could be used for a training 
period of only four weeks. Furthermore, the BreatheMAX 
is manufactured using medical-grade plastic, which allows 
for repeated use. However, its retail price is around USD 
23.5 per set, which may create an accessibility barrier for 
patients with limited financial resources.
	 Leelarungrayub et al. demonstrated a simple prototype 
device.20 This was constructed using a PVC plastic water 
pipe and plastic caps. The main tube consisted of 
a 10-centimeter-long PVC water pipe with a diameter of 
2 centimeters, and it featured a flat, 2-centimeter-wide 
mouthpiece at one end. Three plastic caps, each with 
a central hole of different diameters (2, 4, and 6 millimeters), 
were designed to be placed on the opposite end of the 
mouthpiece to provide variable resistance.20 The training 
period with this simple prototype device lasted for three 
weeks, during which the aperture size of the device was 
progressively decreased. Participants began training with 
a 6-millimeter opening in the first week, progressed to a 
4-millimeter opening in the second week, and completed 
the protocol with a 2-millimeter opening in the third week. 
Leelarungrayub et al. did not provide details regarding the 
type of plastic used or the cost per set. However, compared 
to the present pilot study, the study had a shorter training 
duration, corresponding to the number of plastic caps 
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designed by the researchers. Still, they found that their 
device was effective in improving MIP among healthy 
participants aged 20-23 years.20

	 The following aspect concerns the design modifications 
of the device used in the present study. The blades spin 
when air enters the cup through the holes in the bottom, 
which creates a feedback mechanism that encourages users 
to take deep breaths. This mechanism is not influenced 
by gravity, which is required in other respiratory devices, 
such as the BreatheMAX.17 Hence, users can perform 
the exercise in any position with the modified device 
developed in this study. Furthermore, when comparing 
the modified device to the adaptive device created by Das 
et al.15 and the simple prototype by Leelarungrayub et al.,20 
the spinning blades may serve to further motivate users 
to engage in deep breathing exercises or provide visual 
feedback on sustained MIP. Moreover, as the modified 
device was adapted from a windmill toy, its colorful blades 
offer an additional advantage, particularly for use with 
children. However, parameters such as lung volume and 
thoracic expansion were not assessed in this pilot study, 
so further research is needed to investigate these aspects.
	 The questionnaire results show that almost all 
the participants were very satisfied with the device’s 
size and weight, as well as its usability. Moreover, the 
silicone straw can be reused by simply cleaning it with 
dishwasher detergent and thoroughly drying it. As a 
result, the participants were very satisfied with the ease of 
cleaning. However, some of the respondents commented 
on the uneven spinning of the blades. In response to this 
feedback, the researcher carefully inspected each windmill 
before assembling it into the device set. Incorporating 
suggestions from subjects and the data obtained from 
this study into future research will likely help confirm the 
device’s efficacy and may also increase opportunities for 
its application in clinical contexts.

Limitation
	 This pilot study has several limitations. First, it was 
conducted exclusively in healthy subjects; therefore, the 
findings may not be generalizable to other populations. 
Future trials are needed in relevant clinical populations. 
Second, a standard protocol for resistance calibration was 
not available, as the device was modified and adapted 
from other equipment. Consequently, resistance was 
assessed using a modified approach, as detailed in the 
above section on device development. Third, since the 
cup, cap, and windmill were not made from medical-grade 
plastic, the ethics committee permitted their use for only 
one day. As a result, the subjects in the exercise group had 
to change the device daily, which increased the associated 
costs and may have caused variability in windmill blade 
rotation across different sessions. Future scholars should 
consider improving the device design and manufacturing 
it from medical-grade plastic to facilitate repeated use. In 
addition, the tool’s validity and consistency of repeated 
performance for training will be confirmed by the 
technology acceptance model (TAM) of user experience 
(UX), and user interface (UI) for the standardized tool will 

be confirmed. Fourth, because the characteristics of the 
modified device limited the exercise intensity levels in 
this pilot study, the study duration could not be extended 
beyond four weeks. Thus, future study should consider 
determining exercise intensity based on each participant’s 
MIP to ensure appropriate training loads. 

Conclusion
	 The modified device developed in the present study 
did not have a significant effect on inspiratory muscle 
strength, as indicated by MIP, in healthy young subjects. 
However, further research is warranted to evaluate the 
effectiveness of the device more thoroughly. 
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ABSTRACT

Background: One of the main causes of long-term disability in kids and teenagers 
is pediatric traumatic brain injury (TBI), which frequently leads to deficiencies in 
behavioural and social cognition. Rehabilitation helps in enhancing these outcomes.

Objectives: The purpose of this integrative review is to assess the available data 
on how well rehabilitation works to improve behavioral and social cognition in 
children with traumatic brain injury.

Materials and methods: An extensive search of electronic databases and registries 
(PubMed, Scopus, Google Scholar, and Web of Science, among others) was conducted. 
Studies that looked at how rehabilitation therapies affected the social cognition 
and behavioural outcomes of pediatric TBI published between 2010 and 2024 
were included.

Results: Eighteen studies met the inclusion criteria, which encompassed various 
rehabilitation interventions, including family-based interventions, social skills 
training, neurocognitive remediation, and cognitive-behavioural therapy (CBT).  
Overall, both behavioural outcomes, such as emotional regulation and adaptive  
behaviours, as well as social cognition, including theory of mind, emotional recognition, 
and social problem-solving abilities, were shown to improve with rehabilitation.

Conclusion: In children and adolescents with TBI, rehabilitation interventions—
especially those centered on social skills training, cognitive-behavioural methods,  
and neurocognitive remediation—can greatly enhance social cognition and  
behavioural outcomes. The analysis underscores the necessity of customized,  
multidisciplinary rehabilitation programs and identifies research topics for the future, 
such as including neurobiological underpinnings and long-term monitoring to 
gauge how long therapy effects last.
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Introduction
	 Children may be more susceptible to traumatic brain 
injury (TBI) because of the critical brain development 
that takes place between infancy and childhood. Early 
childhood brain injuries have the potential to impede or 
postpone core neurodevelopment.1,2

	 Each year, on average, 634,000 children in the 
US suffer from TBI. Children under the age of four and 
teenagers aged 15 and up have the highest rates of TBI-
related ER visits.3,4 About 40% of head injuries that need 
hospitalization for children under 4 years old may be 
caused by falls, which are a significant cause of TBI in 
young children (<4 years old).3-6 Injuries caused by child 
maltreatment, such as shaken infant syndrome, may be 
the cause of 20-70% of hospitalizations for young children. 
Accidents involving motor vehicles are the most common 
cause of injuries among older children.3
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	 Acquired brain injury (ABI) is often treated during the 
acute phase, which includes ER care, potential inpatient 
hospitalization, outpatient treatment, and ultimately 
reintegration into the home and school setting.7 Children 
who have had brain injuries should be regularly watched 
for unresolved functional deficits since they typically have 
persistent, unmet functional demands across numerous 
domains. Unmet therapy demands, especially in the 
domains of cognition and communication, were linked to 
longer recovery times following an injury and a diagnosis 
of complicated mild TBI.8,9

	 Cognition seems to be significantly compromised in 
moderate-to-severe TBI approximately one month after 
the injury or soon after post traumatic amnesia (PTA) 
resolves.10,11 Patients with slight brain injuries typically 
recover cognitively quickly, returning nearly to “usual 
level performance” in three months.12,13 Effective cognitive 
rehabilitation strategies started after TBI have been shown 
in trials and articles to speed up restoration and reduce 
loss of function.14

	 Adolescents with traumatic brain injuries often 
exceed their learning capacity, therefore, cognitive 
understanding is crucial.15,16 Although the impact and 
manner of the trauma determine the level of impairment, 
intellectual, emotional, and psychological impairments 
might not become apparent for years following the injury.9,17

	 Despite physical recovery after pediatric TBI, 
cognitive and behavioural challenges often go unnoticed 
by caregivers and rehabilitation teams.7 These “invisible” 
impairments significantly impact long-term reintegration 
into daily life and society. Although existing literature 
highlights the importance of cognitive and behavioural 
interventions post-TBI, there remains a critical gap in 
standardized, effective rehabilitation guidelines tailored 
for pediatric populations.18 This integrative review aims 
to gather information from different sources and provide 
a generalized guideline for effective rehabilitation and 
promote the well-being of children with TBI.

Objectives of the study
	 1.	 To understand how rehabilitation can improve 

emotional, social, and psychological outcomes in 
children with traumatic brain injury (TBI).

	 2.	 To evaluate how effective different rehabilitation 
therapies are by reviewing and combining results 
from multiple studies.

	 3.	 To provide evidence-based information that can 
guide researchers, doctors, and caregivers in  
improving rehabilitation for children with TBI.

Rationale
	 This study is needed to comprehend the efficacy 
of comprehensive rehabilitation strategies in improving 
the quality of life in children with TBI by taking into 
consideration the behavioural and cognitive outcomes 
after TBI. It can also help the clinician and rehabilitation 
worker in providing better outcomes by combining various 
approaches to enhance the day-to-day lifestyle of children 
with TBI.

Materials and methods
	 Secondary data analysis is used to study the research 
question. Various databases and registers like PubMed, 
Scopus, Google Scholar, Web of Science, Journals, 
and books were searched for articles relating to the 
rehabilitation of behavioural and psychosocial outcomes 
in pediatric patients experiencing Traumatic Brain Injury. 
Studies published between 2010-2024 in the English 
language were taken into account for this study.

Population
	 Patients diagnosed as pediatrics traumatic brain injury.

Study identification
	 For this study, data were considered from correlational 
studies, systematic reviews, case reports, cross-sectional 
studies, and interventional studies (Figure 1).
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Figure 1. Interventional studies.

Eligibility criteria
	 •	 Studies published between 2010-2024.
	 •	 Studies in the English language.
	 •	 Studies involving pediatric TBI patients.
	 •	 Studies addressing the psychosocial aspect of  

pediatric TBI and its rehabilitation.

Exclusion criteria
	 •	 Studies addressing the physical domain of 

rehabilitation.
	 •	 Studies concerning the medical management of 

pediatric.

Results
	 By enhancing executive function, emotional regulation, 
social cognition, and adaptive behaviours, rehabilitation 

interventions—from cognitive-behavioural therapies and 
metacognitive training to family-centered and game-
based interventions—significantly improve psychosocial 
outcomes in pediatric traumatic brain injury, according to 
the literature. Multiple trial analysis reveals that although 
many rehabilitation techniques (such as Goal Management 
Training, Attention Process Training, and Acceptance and 
Commitment Therapy) are successful in the short term, 
they are not always addressed in the long run, which 
indicates significant gaps in current practices. When taken 
as a whole, these findings provide important, empirically 
supported insights that can help researchers, clinicians, 
and caregivers choose and modify rehabilitation strategies 
that are sensitive to the environment and development of 
children with TBI (Table 1).
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Table 1. Review of literature.
No. Author Sample size Methodology Result 

1 Wang C et al.19 60 children 
aged 6-12 years

The experimental group received a 
metaphorical intervention based on 
children’s games.

The intervention group scored 
higher on the Mini-Mental State 
Examination (MMSE) and Loewenstein 
Occupational Therapy Cognitive 
Assessment (LOTCA) and had lower 
scores on the Child Behaviour 
Checklist (CBCL), depression inventory, 
and emotional disorder screening 
tools compared to the control group.

2 Sood NT et al.20 31 children 
post-TBI

Participants were randomly assigned 
to either the active control group 
(Lexia Reading Core5, N=15) or the 
treatment group (Cogmed, N=16). For 
five weeks, both groups underwent 
computerized instruction with a 
physician’s assistance via an online 
video platform for five weeks.

A significant improvement was 
observed in verbal working memory 
after therapy, but no lasting cognitive 
changes were seen six months later.

3 Sargénius HL21 38 pediatric 
clients and their 
parents

Goal Management Training (GMT) and 
Psychoeducational Control (Pediatric 
Brain Health Workshop, pBHW) were 
used.

Both GMT and pBHW (Pediatric 
Brain Health Workshop) enhanced 
executive functions based on parental 
reports (Behaviour Rating Inventory of 
Executive Function, BRIEF).

4 On ZX et al.22 11 articles 
included 482 
children with 
TBI 

Systematic Review and meta-analysis. Children with traumatic brain injury 
display significant social cognition 
impairments, especially in theory of 
mind and emotion recognition.

5 Polinder S et al.23 Review article Early educational intervention, 
cognitive behavioural therapy (CBT), 
and neuropsychological rehabilitation 
are effective for cognitive symptoms 
following mild TBI in children.

6 Séguin M et al.24 17 children 
post-TBI

Standardized tests for attention 
and executive function, along with 
behavioural checklists, assessed pre- 
and post-intervention in children with 
attention issues randomized to receive 
either Homework Assistance (HWA) or 
Attention Process Training (APT).

The study showed improvements in 
cognitive flexibility, working memory, 
and inhibition.

7 Ryan NP et al.25 78 children with 
TBI, 40 typically 
developing 
children, and 
their parents

Parents completed surveys after one 
or two years regarding their child’s 
social skills and environmental factors.

Recovery over time correlates with 
injury severity; social outcomes 
depend on family environment and 
caregiver coping skills.

8 Barman A et al.14 Review article Advocates for using restorative and 
compensatory methods in cognitive 
rehabilitation.

9 Brown FL et al.26 59 caregivers 
of children with 
ABI

Caregivers were split into two 
groups: one received Acceptance and 
Commitment Therapy (ACT) combined 
with Stepping Stones Triple P (SSTP), 
and the other received usual care 
(CAU).

Post-therapy, the treatment 
group showed small to moderate 
improvements in parental mental 
health, emotional flexibility, 
confidence in managing behaviours, 
family adaptation, and peer-parent 
relationships compared to the CAU 
(care-as-usual) group. 
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No. Author Sample size Methodology Result 
10 Coyne JH et al.27 Children aged 

8-16 post-TBI 
with below-
average 
memory

Three intervention types—massive 
restudy (MR), spaced restudy (SR), 
and retrieval practice (RP)—using 
two stimulus types: verbal paired 
associates (VPAs) and face-name pairs 
(FNPs).

The learning condition significantly 
affected delayed recall; retrieval 
practice yielded higher recall of 
verbal paired associates (VPAs) and 
face-name pairs (FNPs) than massive 
restudy (MR) and spaced restudy (SR).

11 Cook LG et al.28 20 adolescents 
post-TBI

Cognitive training comparing gist 
reasoning versus rote memory, with 8 
sessions of 45 minutes each.

The gist reasoning group (N=10) 
showed notable improvements in 
recall, ability to abstract meaning, and 
generalization to working memory 
and inhibitory control.

12 Krasny-Pacini A 
et al.29

Five children 
with severe TBI 
and significant 
executive 
functioning 
difficulties

1 per week of metacognitive training 
treatment over 5 months

Both prospective memory and 
executive functioning improved.

13 Bower J et al.30 One child with 
severe TBI

Videotaped data from before, during, 
and after music therapy sessions using 
the Agitated Behaviour Scale and 
micro-analysis.

The child displayed behaviours such as 
neutral, acceptance, recruitment, and 
rejection during sessions.

14 Haslam C et al.31 30 participants: 
15 with ABI and 
15 non-injured 
controls

Participants underwent errorless 
learning, self-generated learning, and 
errorful learning.

No significant differences were 
observed between groups or 
methods.

15 Ho J et al.32 15 children with 
ABI

Memory rehabilitation using diary 
training, self-instruction, and case 
examples: six sessions per week.

Significant improvements were seen 
in retrieving information for Activities 
of Daily Living (ADLs).

16 Chan DY et al.15 32 children with 
ABI

Metacognitive problem-solving 
training.

Using education level, IQ scores, and 
baseline data as covariates, significant 
changes were observed in post-test 
scores between the experimental and 
control groups.

17 Feeney TJ33 Two children 
with severe TBI

Documented combined cognitive and 
executive function therapies using a 
variety of standard approaches.

Post-intervention reduced challenging 
behaviours and improved school 
performance were observed.

18 Yeates KO et al.34 19 children 
with severe 
TBI, 56 with 
mild/moderate 
TBI, 99 with 
orthopedic 
injury (OI)

Analyzed the relationship between 
family environment and psychosocial 
outcomes over time using mixed 
model analysis.

Major differences in social behaviour 
were identified between the 
orthopedic injury (OI) and TBI groups. 
Adaptive functioning improved.

Table 1. Review of literature (continued).
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Discussion
	 This integrative review explores various study designs 
to understand the role of rehabilitation in improving 
cognitive and psychosocial functions post-TBI in the 
pediatric population.
	 Wang C. found the use of metaphorical intervention 
relative to pediatrics games as a way to improve 
psychosocial abilities by reducing anxiety and depression 
and significantly improving the cognitive scores in children 
post-TBI.19 Sood NT, et al. studied the effectiveness of 
Cogmed Working Memory Training during cognitive 
rehabilitation of children with TBI and supported the need 
for further studies to govern its efficacy for betterment of 
academic skills and quality of life of children with TBI.20 
Sargénius HL, et al. studied the effectiveness of Goal 
Management Training and pediatric psychoeducative 
control treatment in pediatric ABI using 2 2-year follow-
up of RCT and extended continued executive functioning 
improvement from baseline.21 On ZX, et al. conducted a 
systematic review and meta-analysis and found significant 
impairment in social cognition following TBI in children, 
mainly in 5 dimensions, including emotion recognition or 
perception, theory of Mind (ToM), pragmatic language, 
moral reasoning, and social problem solving.22

	 Polinder S, et al. presented a comprehensive approach 
for TBI using management of post-concussion symptoms. 
For psycho-cognitive management, they advocated the 
use of early educational treatment, CBT, to improve quality 
of life and neuropsychological rehabilitation to improve 
coping and cognitive regulation.23 Seguin M, et al. studied 
the efficacy of an intensive attention training program 
for cognitive remediation following pediatric TBI. They 
supported the use of a combination of insight training and 
process-specific strategies for cognitive remediation.24

	 Ryan NP. found the correlation between social 
problems following pediatric TBI and family environment 
and emphasized improving family dynamics and coping 
strategies to improve socialization after TBI.25

	 Barman A. reported the use of various rehabilitation 
strategies for cognitive remediation following pediatric TBI, 
such techniques included Attention Process Training (APT) 
and compensatory techniques like memory notebook 
for attention, restorative techniques like word list, visual 
imagery, mnemonic strategies for memory, Virtual reality 
games for visuospatial perception and constraint induced 
aphasic treatment and Transcranial Direct Current 
Stimulation (tDCS) for language and communication, 
metacognitive training methods for executive functions. 
They also advocated the role of positive family environment 
on behaviour after pediatric TBI.14

	 Brown FL, et al. found parent skill training and 
acceptance and commitment therapy important to 
improve family bonding following childhood ABI.26 Coyne 
JH. supported the use of retrieval practice to improve 
academic outcomes and learning difficulties following 
TBI.27 Cook LG. compared the top-down gist training and 
bottom-up rote memory learning in adolescents with 
chronic stage TBI, finding the top-down approach better 
than the latter.28 Pacini AG, et al. studied context-sensitive 

Goal Management Training to improve ADL functioning 
following severe TBI; this technique was found significant 
but needed more generalization.29 
	 Bower J, et al. supported the use of familiar music 
therapy to evoke patient’s interest towards intervention 
and further improving the cognitive abilities in the acute 
phase post childhood TBI.30 Haslam C, et al. applied the 
principles of errorless learning techniques to pediatric TBI 
but found no significant results for the application of the 
technique; hence, further studies may be needed to apply 
this technique in practice.31 
	 Ho J, et al. applied diary training, self-instruction 
training, and case examples on children with ABI having 
memory deficits. She found the technique effective in 
improving memory deficits and the mental well-being of 
children with ABI.32 Chan DYK, et al. studied the effect of 
problem-solving skills training to improve ADL functioning 
in students with ABI attending mainstream schools. 
Intervention included paying attention, remembering and 
organising, defining the problem and goal setting, planning 
and monitoring.15 
	 Feeney TJ. suggested the application of a support-
oriented approach that reduces problematic behaviours 
through the integration of positive behaviour therapies 
and reinforcements with adaptable, dependent on context, 
cognitive/behavioural scripts.33 Yeates KO, et al. in their 
study with TBI children and orthopedic injuries reported 
the dynamics of family in moderating psychological and 
social outcomes. They suggested social competence was 
significantly different between both groups, better home 
environments led to safer conditions following TBI, and 
behaviour problems were pronounced with severe TBI, 
irrespective of the parenting styles.34

	 This review of studies highlights that children with TBI 
experience various behavioural and cognitive deficits post-
injury; a positive family environment, along with directed 
cognitive remediation therapy, is needed to provide better 
outcomes for the children as well as improve the well-
being of caregivers. 

Limitations 
	 Variability in study designs, terminology, and 
measurement instruments among included studies may 
be one of the study’s shortcomings, making comparisons 
difficult. Generalizability may be limited by the small 
sample sizes in certain studies and the variety of juvenile 
TBI populations (e.g., age, damage severity). Furthermore, 
many studies only provide short-term follow-ups and lack 
standardized rehabilitation techniques, which may limit 
the capacity to evaluate long-term efficacy. The review 
is made more difficult by reporting bias and the difficulty 
of assessing behavioural outcomes and social cognition. 
These elements emphasize the necessity for larger-scale, 
more regular studies in this field.

Conclusion
	 The substantial influence of rehabilitation on enhancing 
social cognition and behavioural outcomes in children and 
adolescents with traumatic brain injury (TBI) is highlighted 
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in this integrated review. The results imply that specific 
rehabilitation techniques can improve social functioning, 
emotional control, and adaptive behaviours, especially 
those that emphasize cognitive-behavioural therapy, 
social skills training, and neurocognitive therapies. Further 
study is required to refine therapeutic techniques and 
determine the most effective interventions for various 
age groups and severity levels of TBI, even if the evidence 
supports the effectiveness of rehabilitation in this setting. 
Improving long-term results in this population requires 
a multidisciplinary approach and the incorporation of 
tailored, evidence-based treatment strategies.
	 Further research into the neurobiological causes 
of TBI and how it affects social cognition is essential 
to developing rehabilitation strategies and raising the 
standard of living for young TBI patients.

Ethical approval 
	 This self-study was conducted in line with the 
Declaration of Helsinki and ICMJE guidelines. As it 
involved only the researcher’s personal reflections with no 
participant data, formal ethics approval was not required.

Funding 
	 This research received no specific grant from any 
funding agency in the public, commercial, or not-for-profit 
sectors.

Conflict of interest 
	 The author declares no conflicts of interest related to 
this work.

Credit authorship contribution statement 
	 Gupta Bandita: conception and design of the study, 
data collection, initial drafting, and data analysis of the 
manuscript; Upadhyay Ishika: interpretation and critical 
revision of the manuscript for important intellectual 
content. Both authors approved the final version of the 
manuscript and agree to be accountable for all aspects of 
the work.

Acknowledgements 
	 The author would like to express sincere gratitude to 
all those who contributed to the completion of this work. 
Special thanks are extended to colleagues, mentors, and 
peers for their valuable guidance, constructive feedback, 
and encouragement throughout the process. The author 
also acknowledges the support of family and Mr Tarun 
Joshi for their patience and motivation.

References
[1]	 Gardner MT, O’Meara AM, Miller Ferguson N. Pediatric 

traumatic brain injury: an update on management. 
Curr Pediatr Rep. 2017; 5(4): 213-9. doi: 10.1007/
s40124-017-0144-5.

[2]	 Anderson V, Moore C. Age at injury as a predictor of 
outcome following pediatric head injury: a longitudinal 
perspective. Child Neuropsychol. 1995; 1(3): 187-202. 
doi: 10.1080/09297049508400224.

[3]	 Li L, Liu J. The effect of pediatric traumatic brain  
injury on behavioural outcomes: a systematic review. 
Dev Med Child Neurol. 2013; 55(1): 37-45. doi: 
10.1111/j.1469-8749.2012.04414.x.

[4]	 Langlois JA, Rutland-Brown W, Thomas KE. Traumatic 
brain injury in the United States: emergency department 
visits, hospitalizations, and deaths. Atlanta, GA: Centers 
for Disease Control and Prevention, National Center 
for Injury Prevention and Control; 2006. Available 
from: https://stacks.cdc.gov/view/cdc/12294

[5]	 Bechtel K, Stoessel K, Leventhal JM, et al. Characteristics 
that distinguish accidental from abusive injury in  
hospitalized young children with head trauma. Pediatrics. 
2004; 114(1): 165-8. doi: 10.1542/peds.114.1.165.

[6]	 Billmire ME, Myers PA. Serious head injury in infants–
accident or abuse? Pediatrics. 1985; 75(2): 340-2. 
doi: 10.1007/BF00335074 .

[7]	 Laatsch L, Harrington D, Hotz G, Marcantuono J, 
Mozzoni MP, Walsh V, et al. An evidence-based  
review of cognitive and behavioural rehabilitation 
treatment studies in children with acquired brain 
injury. J Head Trauma Rehabil. 2007; 22(4): 248-56. 
doi: 10.1097/01.HTR.0000281841.92720.0a.

[8]	 Fuentes MM, Wang J, Haarbauer-Krupa J, Yeates KO, 
Durbin D, Zonfrillo MR, et al. Unmet rehabilitation 
needs after hospitalization for traumatic brain injury. 
Pediatrics. 2018; 141(5): e20172859. doi: 10.1542/
peds.2017-2859.

[9]	 Laatsch L, Dodd J, Brown T, Ciccia A, Connor F,  
Davis K, et al. Evidence-based systematic review 
of cognitive rehabilitation, emotional, and family 
treatment studies for children with acquired brain 
injury literature: From 2006 to 2017. Neuropsychol 
Rehabil. 2020; 30(1): 130-61. doi: 10.1080/096020 
11.2019.1678490.

[10]	 DeLisa JA, Gans BM, Walsh NE. Physical medicine 
and rehabilitation: principles and practice. 4th Ed.  
Philadelphia: Lippincott Williams & Wilkins; 2005.

[11]	 Köhler R, Wilhelm EE, Shoulson I. Cognitive  
Rehabilitation Therapy for Traumatic Brain Injury: 
Evaluating the Evidence. Washington, DC: National 
Academies Press; 2012. doi: 10.17226/13220.

[12]	 Schretlen DJ, Shapiro AM. A quantitative review of 
the effects of traumatic brain injury on cognitive 
functioning. Int Rev Psychiatry. 2003; 15(4): 341-9. 
doi: 10.1080/09540260310001606728.

[13]	 Vaishnavi S, Rao V, Fann JR. Neuropsychiatric problems 
after traumatic brain injury: unraveling the silent  
epidemic. Psychosomatics. 2009; 50(3): 198-205. 
doi: 10.1176/appi.psy.50.3.198.

[14]	 Barman A, Chatterjee A, Bhide R. Cognitive impairment 
and rehabilitation strategies after traumatic brain  
injury. Indian J Psychol Med. 2016; 38(3): 172-81. 
doi: 10.4103/0253-7176.183086.

[15]	 Chan DY, Fong KN. The effects of problem-solving 
skills training based on metacognitive principles 
for children with acquired brain injury attending  
mainstream schools: a controlled clinical trial.  
Disability and Rehabilitation. 2011; 33(21-22): 2023-



B. Gupta and I. Upadhyay.  Journal of Associated Medical Sciences 2025; 58(3): 321-328328

32. doi: 10.3109/09638288.2011.556207.
[16]	 Hanten G, Bartha M, Levin HS. Metacognition following 

pediatric traumatic brain injury: a preliminary study. 
Dev Neuropsychol. 2000;18(3):383–98. doi: 10.1207/
S1532694206Hanten

[17]	 Popernack ML, Gray N, Reuter-Rice K. Moderate-to- 
severe traumatic brain injury in children: complications 
and rehabilitation strategies. J Pediatr Health Care. 
2015; 29(3): e1-7. doi: 10.1016/j.pedhc.2014.09.003.

[18]	 Resch C, Rosema S, Hurks P, de Kloet A, van Heugten 
C. Searching for effective components of cognitive 
rehabilitation for children and adolescents with acquired 
brain injury: a systematic review. Brain Inj. 2018; 32(6): 
679-92. doi: 10.1080/02699052.2018.1458335.

[19]	 Wang C, Li X, Liu Y. Influence of play-based 
metaphors on negative emotion and behaviour in 
children recovering from brain injury. Chinese J Child 
Health Care. 2024; 32(5): 566-71. doi: 10.11852/
zgetbjzz2023-0742.

[20]	 Sood NT, Godfrey C, Krasts D, Morrison E, Chavez 
Arana C, Hearps SJ, et al. Rehabilitation of Executive 
Function in Pediatric Traumatic Brain Injury (REPeaT): 
outcomes of a pilot randomized controlled trial. 
Neuropsychology. 2024; 38(5): 392-402. doi: 10.1037/ 
neu0000951.

[21]	 Sargénius HL, Andersson S, Haugen I, Hypher R, Brandt 
AE, Finnanger TG, et al. Cognitive rehabilitation in 
paediatric acquired brain injury—a 2-year follow-up 
of a randomized controlled trial. Front Neurol. 2023; 
14: 1173480. doi: 10.3389/fneur.2023.1173480.

[22]	 On ZX, Ryan NP, Konjarski M, Catroppa C, Stargatt R. 
Social cognition in paediatric traumatic brain injury: 
A systematic review and meta-analysis. Neuropsychol 
Rev. 2022;32(4):924-945. doi:10.1007/s11065-022-
09553-1

[23]	 Polinder S, Cnossen MC, Real RGL, Covic A, Gorbunova 
A, Voormolen D, et al. A multidimensional approach 
to post-concussion symptoms in mild traumatic brain 
injury. Front Neurol. 2018; 9: 1113. doi: 10.3389/
fneur.2018.01113.

[24]	 Séguin M, Lahaie A, Matte-Gagné C, Beauchamp MH. 
Ready! Set? Let’s Train!: Feasibility of an intensive 
attention training program and its beneficial effect 
after childhood traumatic brain injury. Ann Phys 
Rehabil Med. 2018; 61(4): 189-96. doi: 10.1016/j.
rehab.2017.05.001.

[25]	 Ryan NP, van Bijnen L, Catroppa C, Beauchamp MH, 
Crossley L, Hearps SJ, et al. Longitudinal outcome and 
recovery of social problems after pediatric traumatic 
brain injury (TBI): Contribution of brain insult and 
family environment. Int J Dev Neurosci. 2016; 49: 23-

30. doi: 10.1016/j.ijdevneu.2015.12.004.
[26]	 Brown FL, Whittingham K, Boyd RN, McKinlay L, 

Sofronoff K. Does Stepping Stones Triple P plus 
Acceptance and Commitment Therapy improve 
parent, couple, and family adjustment following 
paediatric acquired brain injury? A randomised 
controlled trial. Behav Res Ther. 2015; 73: 58-66. doi: 
10.1016/j.brat.2015.07.001.

[27]	 Coyne JH, Borg JM, DeLuca J, Glass L, Sumowski JF. 
Retrieval practice as an effective memory strategy in 
children and adolescents with traumatic brain injury. 
Arch Phys Med Rehabil. 2015; 96(4): 742-5. doi: 
10.1016/j.apmr.2014.09.022.

[28]	 Cook LG, Chapman SB, Elliott AC, Evenson NN, Vinton 
K. Cognitive gains from gist reasoning training in 
adolescents with chronic-stage traumatic brain 
injury. Front Neurol. 2014; 5: 87. doi: 10.3389/fneur. 
2014.00087.

[29]	 Krasny-Pacini A, Limond J, Evans J, Hiebel J, Bendjelida 
K, Chevignard M. Context-sensitive goal management 
training for everyday executive dysfunction in 
children after severe traumatic brain injury. J Head 
Trauma Rehabil. 2014; 29(5): E49-64. doi: 10.1097/
HTR.0000000000000015.

[30]	 Bower J, Catroppa C, Grocke D, Shoemark H. Music 
therapy for early cognitive rehabilitation post-
childhood TBI: an intrinsic mixed methods case 
study. Dev Neurorehabil. 2014; 17(5): 339-46. doi: 
10.3109/17518423.2013.778910.

[31]	 Haslam C, Bazen-Peters C, Wright I. Errorless learning 
improves memory performance in children with 
acquired brain injury: a controlled comparison 
of standard and self-generation techniques. 
Neuropsychol Rehabil. 2012; 22(5): 697-715. doi: 
10.1080/09602011.2012.686820.

[32]	 Ho J, Epps A, Parry L, Poole M, Lah S. Rehabilitation 
of everyday memory deficits in paediatric 
brain injury: self-instruction and diary training. 
Neuropsychol Rehabil. 2011; 21(2): 183-207. doi: 
10.1080/09602011.2010.547345.

[33]	 Feeney TJ. Structured flexibility: the use of context-
sensitive self-regulatory scripts to support young 
persons with acquired brain injury and behavioural 
difficulties. J Head Trauma Rehabil. 2010; 25(6): 416-
25. doi: 10.1097/HTR.0b013e3181fbc0a2.

[34]	 Yeates KO, Taylor HG, Walz NC, Stancin T, Wade SL. The 
family environment as a moderator of psychosocial 
outcomes following traumatic brain injury in young 
children. Neuropsychology. 2010; 24(3): 345-56. doi: 
10.1037/a0018387.



A. A Prabhu and Deepthi KJ.  Journal of Associated Medical Sciences 2025; 58(3): 329-334 329Journal of Associated Medical Sciences 2025; 58(3): 329-334

Scopus Indexed & Thai-Journal Citation Index Centre (TCI)

Journal of Associated Medical Sciences
Journal homepage: https://www.tci-thaijo.org/index.php/bulletinAMS/index

Normative nasalance in Indians speaking Malayalam and Kannada: Influence of 
native language, gender, and vowels
Anjitha A Prabhu and Deepthi KJ*

Nitte (Deemed to be University), Nitte Institute of Speech and Hearing, Mangalore, India.

ARTICLE INFO

Article history:
Received 16 April 2025
Accepted as revised 18 August 2025
Available online 26 August 2025

Keywords:
Malayalam, Kannada, Nasalance 
Normative.

ABSTRACT

Background: Normative nasalance values need to be updated frequently to 
account for dialectal, regional, and linguistic variations across populations. Regular 
updates ensure the data remains relevant and accurate for clinical assessment and 
diagnosis.

Objectives: The primary objective of the current study was to establish normative 
nasalance for adults who are native speakers of Malayalam and Kannada using the 
NasalView system. Furthermore, this study aimed to investigate the influence of 
language, gender, and stimuli on the nasalance scores.

Materials and methods: The study recruited 80 native Malayalam-speaking adults 
(40 males and 40 females) and 80 native Kannada-speaking adults (40 males and 
40 females) between 18 to 24 years of age. The nasalance score were obtained 
with the NasalView system while the participants phonated vowels /a/, /i/, and 
/u/. Three trials were conducted for each vowel. The obtained data were tabulated 
for further analysis.

Results: The study revealed significant differences in nasalance values for the vowels 
/i/ and /u/ between genders and across languages, but not for /a/. The results 
further revealed that /i/ had the highest nasalance, followed by by/u/ and /a/. 
Nasalance was significantly different between /i/ and /a/ and between /i/ and /u/ 
but not between /u/ and /a/.  

Conclusion: The study has been able to establish nasalance normative for two major  
Dravidian languages of India that can be used for the clinical diagnosis and  
management of resonance disorders. Further, it sheds light on the impact of nasalance 
in geographically diverse multilingual situations.
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Introduction 
	 The velopharyngeal (VP) port controls nasality and 
supports clear speech. Its function is commonly evaluated 
perceptually using rating scales for hypernasality and 
hyponasality.1 Perceptual assessment of VP function is 
often supported by objective measures, most commonly 
by NasometerTM (Kay Elemetrics, Lincoln Park, NJ, USA)2 
and NasalViewTM (Tiger Electronics, Seattle, WA, USA), 
developed by Awan.3 Both instruments assess nasalance 
by measuring nasal and oral sound energy. The formula for 
nasalance is as follows: nasalance = (nasal energy / [(nasal 
energy + oral energy)] × 100. This equation provides the 
percentage of nasal acoustic energy in relation to the total 
acoustic energy radiating in the nasal and oral cavities.4,5 
Though both instruments measure nasalance, their values 
aren’t directly comparable due to differences in hardware, 
software, and filter settings.6 
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	 Nasalance estimations using either of these 
instruments have been documented for a few languages 
spoken in India, such as Kannada, Hindi, and Tamil.7-13 
However, only a limited number of studies have reported 
normative data for nasalance, with most of these 
publications being nearly a decade old.9-12, 14 Most of these 
studies used a Nasometer for nasalance measurement. 
Normative data thus established vary, with some studies 
focussing on children and others on adults, making its 
interpretation and application challenging.
	 Although Nasometer and NasalView are the most 
commonly used instruments currently for nasalance 
measurement, however both differ in their signal 
processing algorithms, which may account for differences 
in nasalance scores. The Nasometer employs a bandpass 
filter centered around 500 Hz, analyzing a limited portion 
of the speech spectrum, whereas the NasalView system 
analyzes the full frequency range without such filtering.15 
These methodological differences, along with variations in 
software resolution, affect the sensitivity and comparability 
of measurements across devices, reinforcing the need for 
device-specific normative data.
	 The NasalView system is gaining recognition as a 
cost-effective, reliable tool for measuring nasalance, with 
unique filters setting it apart from the Nasometer. While 
its affordability supports wider clinical use in India, most 
existing norms are based on Nasometer data. The lack 
of normative values for Indian languages in NasalView 
limits accurate interpretation. There is a pressing need to 
establish nasalance norms for different Indian languages. 
Existing values, mainly derived using the Nasometer nearly 
a decade ago, cannot be directly applied to NasalView data 
due to system differences. Nasalance measures are vital for 
diagnosing velopharyngeal dysfunction in individuals with 
cleft, craniofacial anomalies, dysarthria, and hearing loss. 
Hence, developing normative scores using the NasalView 
system is essential to improve diagnostic and treatment 
outcomes. This study aimed to establish language- and 
gender-specific nasalance norms for native Malayalam 
and Kannada speakers aged 18-24, and to compare values 
across languages, genders, and vowels.

Materials and methods
	 The study was initiated after obtaining ethical 
approval from the Institutional Ethics Committee (Ref. No. 
EC/NEW/INST/2022/KA/0174), and all procedures were 
conducted in accordance with the principles outlined in 
the Declaration of Helsinki. A total of 160 participants 
were included; 80 native Malayalam speakers (40 males, 
40 females) and 80 native Kannada speakers (40 males, 
40 females), aged between 18 and 24 years. Participants 
were recruited through convenience sampling from a 
multi-specialty hospital in India between September 
2023 and June 2024. All participants were neurotypical 
and anatomically typical individuals within the specified 
age range. Informed consent was obtained prior to 
participation. Individuals with a history of oral-pharyngeal 
or craniofacial surgeries, recent respiratory infections, or 
syndromic conditions such as hearing loss or cognitive 
deficits were excluded from the study.

Nasometry procedure
Nasalance was measured using NasalView system v1.2 
(DRS Inc.) installed on a personal computer equipped with 
an Intel Pentium IV processor and a PCI-28 sound card. 
Recordings took place in a sound-treated room at a 22.05 
kHz sampling rate and 44,100 Hz frequency. Participants 
were seated upright, and the NasalView headgear was 
fitted as per guidelines. Following hygiene protocols, 
participants sustained vowels /a/, /i/, and /u/ at habitual 
pitch and loudness for as long as possible, with three 
trials per vowel. The mid, stable 5-second segment from 
each trial was analyzed, and mean nasalance values were 
calculated. This process was repeated for all vowels. Final 
data were analyzed using SPSS version 25.16

Results
	 Descriptive statistics were computed for the data, 
as shown in Table 1. Across both genders and languages, 
the vowel /i/ exhibited the highest mean nasalance 
value. The nasalance values for /a/ were similar to those 
of /u/, a pattern consistent across both male and female 
participants and across native speakers of Malayalam and 
Kannada.

Table 1. Mean (and SD) of Nasalance scores (%) for vowels /a/, /i/, and /u/ by language and gender.

Languages Gender N
Age (years) Nasalance /a/ Nasalance /i/ Nasalance /u/
Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Malayalam
Female 40 21.77 (2.52) 26.00 (6.77) 42.10 (7.55) 28.51 (6.16)
Male 40 22.63 (1.75) 26.36 (7.34) 35.16 (5.38) 25.75 (4.10)

Kannada
Female 40 22.78 (1.23) 26.45 (6.10) 38.81 (6.55) 25.88 (3.27)
Male 40 23.54 (1.07) 24.02 (4.99) 31.72 (5.86) 24.63 (4.73)

	 Subsequently, the Shapiro-Wilk test was used to 
assess the normality of the data, which indicated that 
the data did not follow a normal distribution (p<0.05). 
Therefore, the Mann-Whitney U test was used for pairwise 
comparisons of nasalance values across languages and 

genders. The results are presented in Table 2. As shown 
in Table 2, the analysis revealed significant differences in 
the nasalance values for the vowels /i/ and /u/ between 
genders and across languages but not for vowel /a/.
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Table 3. Mean ranks of nasalance values for vowels /a/, /i/, and /u/ based on Friedman test.

Mean rank N 160
Nasalance 1.49 Chi-Square 208.838
Nasalance 2.93 Df 2
Nasalance 1.58 Asymp Sig. 0.000

Note: The Friedman test revealed a statistically significant difference in Nasalance values across vowels, 
χ²(2)=208.838, p<0.001. Higher mean rank indicates higher Nasalance.

Table 2. Results of Mann-Whitney U tests comparing nasalance scores across gender and 
language (Significant values are indicated with asterisks).
Comparison Vowel p value
Gender /a/ 0.141

/i/ 0.000**
/u/ 0.004*

Language /a/ 0.610
/i/ 0.005*
/u/ 0.038*

Note: Significant values are indicated with asterisks).*statistically significant at p<0.05; **statistically 
highly significant at p<0.001.

	 To examine the rank order of nasalance values for 
the vowels, a Friedman test was conducted. The analysis 
revealed that the vowel /i/ had the highest mean rank 
(2.93), vowel /u/ had the second highest mean rank (1.58), 

and vowel /a/ had the lowest mean rank (1.49) as shown 
in Table 3. A significant difference in nasalance values was 
observed among the three vowels (/a/, /i/, and /u/), with 
p<0.001.

	 The Wilcoxon Signed-Rank test was used as a post 
hoc analysis following the Friedman test to maintain 
statistical rationale and clarity. The Wilcoxon Signed-
Rank Test revealed a statistically significant difference in 
nasalance between the vowels /i/ and /a/ (p<0.05), as well 
as between /i/ and /u/ (p<0.05). In contrast, no significant 
difference was found between the nasalance values of /u/ 
and / a/ (p > 0.05).

Discussion 
	 India is a highly multilingual nation, comprising 
22 scheduled languages and approximately 100 non-
scheduled languages, including English. These 22 
scheduled languages collectively encompass 243 distinct 
languages, while languages spoken by fewer than 10,000 
individuals are not included in this enumeration.17 
Although Hindi accounts for a significant proportion of 
speakers (41.03%), Dravidian languages such as Kannada 
and Malayalam—each spoken by around 3-4% of the 
population—exhibit unique phonological characteristics 
of both linguistic and clinical importance. Despite their 
relevance, these languages remain underrepresented 
in nasalance research using standardized tools such as 
the NasalView system. The inclusion of Kannada and 
Malayalam in the present study helps fill a critical gap 
by generating normative nasalance data for linguistically 
diverse, yet underrepresented, Indian languages. Many 
languages within India’s multilingual framework possess 
rich oral traditions that warrant focused empirical inquiry. 
By contributing data from two distinct Dravidian languages, 

this study offers a stepping stone for future nasometric 
research to encompass a wider range of Indian languages, 
supported by evolving speech assessment technologies.

Influence of stimuli and instrument
	 The current study established language- and gender- 
specific nasalance norms for native Malayalam and 
Kannada speakers aged 18-24 using the NasalView system. 
Comparison across languages, genders, and vowels 
showed significant differences for /i/ and /u/, but not 
for /a/. These results differ from the previous studies, 
who found language- and gender-based differences using 
different stimuli and the Nasometer by Kay Elemetrics.8,14 
One study reported higher nasalance in Malayalam 
speakers, while the other found gender differences using 
word and sentence stimuli.8,14 The variation noted between 
the current and these previous studies can be due to 
differences in both stimuli and instruments used by them. 
The two instruments i.e., Nasometer and NasalView, differ 
in their signal processing algorithms, filter settings, and 
calibration procedures, which can impact the magnitude 
and sensitivity of nasalance measurements. Hence, 
instrument-related variability is likely a major contributor 
when comparing results across studies using different 
systems.15

	 The absence of gender differences for the stimuli /a/ 
in the current study may also be attributed to instrumental 
variations. Unlike earlier studies that used the Nasometer, 
this study employed the NasalView, which differs in filter 
settings and analytical algorithms. These hardware and 
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software differences could influence the detection of 
gender-based variations in nasalance.
	 Moreover, physiological variables—such as shorter 
vocal tract length in females, differences in fundamental 
frequency (F₀), and nasal airflow patterns—as well as 
methodological factors like stimulus type, number of 
repetitions, and experimental context, have all been 
shown to influence the sensitivity to gender-related 
differences in nasalance.18-20 Additionally, instrumental 
settings, particularly differences in microphone sensitivity, 
filter algorithms, and calibration between devices like 
the NasalView and Nasometer, may affect nasalance 
measurement outcomes.1,15 
	 In the present study, although gender differences 
emerged clearly for high vowels /i/ and /u/, no significant 
gender effect was observed for the low vowel /a/. This 
null result may be attributed to the open articulation 
and lower inherent vowel height of /a/, which leads 
to less oral constriction and more stable resonance, 
making it potentially less sensitive to subtle variations in 
velopharyngeal activity.21 Furthermore, the NasalView 
system may be less sensitive in detecting such small 
differences compared to the Nasometer, especially for 
acoustically simpler vowels like /a/.1,15 
	 Interestingly, despite Malayalam being nasal-
dominant, it did not significantly affect the nasalance 
of /a/. Further, no measurable difference was found 
between Kannada and Malayalam speakers for this 
vowel. This finding stands in contrast to that of Girish 
and colleagues who reported differing nasalance values 
using the Nasometer.21 In the present study, we propose 
that the lack of significant variation for the vowel /a/ may 
be influenced by India’s unique sociolinguistic context—
particularly macro-level multilingualism and individual-
level (micro) multilingual experiences, which are further 
discussed in the following paragraphs.

Influence of India’s macro-level multilingualism
	 India’s multilingual landscape is globally unique 
and unparalleled. The Constitution of India recognizes 22 
Scheduled Languages, reflecting the nation’s rich linguistic 
diversity. According to the Indian Census of 2001, Kannada 
is the native language of 3.69% of India’s population, 
while Malayalam is spoken by 3.21%.17,22 Among Kannada 
speakers, 28.44% are bilingual, and 12.15% are trilingual, 
whereas 28.75% of Malayalam speakers are bilingual, and 
16.60% are trilingual. A common trend among multilingual 
speakers of Kannada and Malayalam is the preference for 
English and Hindi as additional languages. Studies show 
English is often the first choice, followed by Hindi.17 
	 Participants were primarily university students from 
English-medium schools, and Hindi was typically acquired 
through formal education or media exposure. Additionally, 
India’s multilingual environment likely facilitated informal 
acquisition of other regional languages through family, 
social interactions, and media. This broad language 
exposure may reflect macro-level multilingualism, where 
multiple languages subtly influence each other. In this 
context, it is possible that the native language exerted 

a limited effect on the nasalance of /a/. These findings 
may be consistent with earlier research suggesting that 
multilingualism can influence aspects of a speaker’s 
native language, including phonetic and prosodic features 
such as nasalance.23,24 Thus, we hypothesize that India’s 
macro-level multilingualism could have influenced vowel 
nasalance in our participants, highlighting the fluid and 
dynamic nature of speech production in a multilingual 
society.

Influence of India’s micro-level multilingualism
	 Beyond national-level multilingualism, India’s micro-
level multilingualism may also explain the lack of nasalance 
differences for /a/ between Kannada and Malayalam 
speakers. The study was conducted in Mangalore, a 
linguistically diverse border city where multiple languages 
coexist. Daily exposure to Kannada, Malayalam, Tulu, 
Konkani, Byari, Hindi, and English fosters constant 
language switching across contexts—work, home, and 
social settings.
	 Such multilingual immersion promotes linguistic 
adaptation, influencing diction, prosody, and resonance. 
This ongoing interplay shapes phonetic planning 
and execution, affecting vocal tract resonance and, 
consequently, nasalance. In this study, /a/ showed 
similar nasalance across groups, likely due to its simple 
articulation. Vowels like /i/ and /u/, which demand more 
articulatory precision, may be less sensitive to linguistic 
influence, accounting for their observed variability. Thus, 
the local multilingual environment significantly impacts 
speech production and nasalance.

Limitations
	 One limitation of the present study is the use of 
only three vowels as stimuli. This approach was chosen 
to obtain nasalance measures from acoustically stable 
and coarticulation-free speech samples. While vowels are 
commonly used in nasometric evaluations due to their 
sustained nature and ability to reflect oral-nasal resonance 
more clearly, this limits the generalizability of findings to 
more complex speech. The study did not include words, 
sentences, or paragraphs, as standardized and validated 
linguistic materials in Kannada and Malayalam are currently 
unavailable. As a result, the absence of speech segments 
containing voiced consonants or connected speech may 
have restricted the ability to fully capture nasalance 
characteristics in more naturalistic speaking contexts. 
Larger sample sizes and detailed language background 
profiling in future studies may help strengthen the validity 
and clarity of the results. 

Conclusion
	 The study establishes normative nasalance values for 
vowels /a/, /i/, and /u/ in native Malayalam and Kannada 
speakers across genders. Unlike previous studies, /a/ 
showed no significant variation by language or gender, 
while /i/ and /u/ did. These results highlight that nasalance 
is shaped by more than anatomy or equipment—it’s also 
shaped by linguistic context. Factors like multilingual 
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exposure, gender, instrument used, and stimulus type all 
play a role. Hence, clinicians should adopt an individualized 
approach that considers a speaker’s linguistic and 
environmental background for accurate diagnosis.
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ABSTRACT

Background: Developmental coordination disorder (DCD) manifests with clumsiness 
and affects children’s daily activities, academic achievement, peer acceptance, 
and self-esteem. Early identification and intervention are crucial for improving 
quality of life. There is no screening test for DCD in Thailand. The 2007 revised 
version of the Developmental Coordination Disorder Questionnaire (DCDQ’07) is 
a caregiver-report screening test for 5 to 15-year-old children globally used with 
good sensitivity and specificity.

Objectives: To translate and validate the Thai version of the DCDQ’07 (DCDQ-T), 
assessing its content validity, internal consistency, test-retest reliability, and inter-rater 
reliability.

Materials and methods: After receiving permission from the original questionnaire 
developer, forward and backward translation processes were performed. The  
content validity index (CVI), consisting of item-level CVI (I-CVI) and scale-level CVI, 
universal agreement method (S-CVI/UA), was evaluated by five experts. Reliability 
was examined by internal consistency in 88 caregivers of 6 to 12-year-old students 
without the diagnosis of visual impairment, intellectual disability, and neurologic 
problems that influence movement, in a primary school in Bangkok, Thailand. 
Test-retest reliability was investigated three months apart in 85 caregivers. Inter-rater 
reliability was investigated in 20 pairs of both parents-teachers and parents-parents.

Results: Both the I-CVI and S-CVI/UA of DCDQ-T were 1.0. The internal consistency 
showed a Cronbach’s alpha of 0.888. The intraclass correlation coefficient of 
test-retest reliability was 0.573. Inter-rater reliability between parents and teachers, 
and parents and parents were 0.199, and 0.149, respectively.

Conclusion: DCDQ-T demonstrated an excellent CVI, good internal consistency, 
moderate test-retest reliability, and poor inter-rater reliability. Therefore, DCDQ-T 
could be a useful DCD screening tool for 6 to 12-year-old Thai children. However, 
a study on its repeatability and the degree of agreement among raters is further 
required.

Journal of Associated
Medical Sciences

Corresponding contributor.
Author’s Address: Division of Developmental 
and Behavioral Pediatrics, Department of 
Pediatrics, Faculty of Medicine, Siriraj Hospital, 
Mahidol University, Bangkok, Thailand.
E-mail address: patojung@yahoo.com
doi: 10.12982/JAMS.2025.105
E-ISSN: 2539-6056

*

Volume 58 Number 3 September -December 2025 E-ISSN: 2539-6056

Introduction
	 Developmental coordination disorder (DCD) is a 
neurodevelopmental disorder related to movement 
and coordination presented as clumsiness. The overall 
prevalence of DCD in school-aged children is 5-6%.1,2 
However, there are different results in studies from 
different countries. In the UK, the prevalence of DCD in 
7-year-olds was 3%.3 In Sweden, a study found a 4.9% and 
8.6% prevalence of severe and moderate DCD in 7-year-old 
children, respectively.4 In Thailand, a study found that 
10.83 % of 3- to 6-year-old children were suspected of 
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having DCD.5 In contrast, a study in India showed only 0.8% 
prevalence of DCD.6 DCD is often found to be a coexisting 
condition with other neurodevelopmental disorders.7 
International studies demonstrated that DCD was found 
in 30-50% of children and adolescents with attention-
deficit/hyperactivity disorder (ADHD),8 up to 70% of 
those with language problems,9 17.8% of those with 
learning disabilities,10 and 79% of children with autism 
spectrum disorder.11 A study from Thailand found a 35.3 
% comorbidity of DCD in 6- to 17- year- old children and 
adolescents with ADHD.12

	 Poor coordination and clumsiness in DCD negatively 
affect the child’s academic function, participation in 
activities of the same age group, and acceptance by 
friends.13 Its impacts can be far beyond the motor domains. 
Research found that children with DCD demonstrated 

poorer self-regulation and working memory than typical 
children.14,15 These disadvantages can aggravate the child’s 
academic underachievement and relationship problems 
with peers; and contribute to their psychological and 
behavioral complications including low self competence, 
social isolation, anxiety, depression, and aggressive 
behavior.13 Early diagnosis and prompt intervention 
for DCD are crucial to improve the child’s quality of life 
since it has positive effect on motor function and skill 
performance, which lead to restore self-esteem and 
mental health status.11

	 Currently, DCD is diagnosed by the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) 
criteria (Figure 1) using information from developmental 
history, medical history, physical examination, school 
report together with standard test assessment.1,11  

Figure 1. DSM-5 diagnostic criteria for developmental coordination disorder.

	 The standard tests widely used for the diagnosis of 
DCD are the Movement Assessment Battery for Children, 
3rd Edition (MABC-3)16  which takes 30 minutes to complete, 
and the Bruininks Oseretsky Test of Motor Proficiency, 3rd 
Edition  (BOT-3),17 which takes 50-90 minutes to administer. 
Both tests are limited to certified medical personnel such 
as psychologists, occupational or speech therapists.
	 The Developmental Coordination Disorder Questionnaire 
(DCDQ) is a free online questionnaire developed by Wilson 
BN, et al. in 2000 and was revised in 2007 (DCDQ’07) for 
DCD screening in 5 to 15 years old children.18 This 10- 
to 15-minute parent questionnaire is time-saving and 
accessible. So, it is widely used and was translated into 
many languages such as Turkish,19 French European,20 
French Canadian,21 German,22 and Korean.23 
	 As previously mentioned, DCD is prevalent in Thai 
children; however, the unique cultural context in Thailand—
characterized by lower participation in structured physical 
activities and team sports24—may mask the early signs 
of DCD, thereby delaying necessary interventions. This 
underscores the importance of a culturally adapted 
screening tool that can early and accurately identify DCD 

in Thai children. In addition, the implementation of a 
valid screening instrument tailored to the Thai population 
would facilitate better allocation of healthcare resources, 
promote targeted early interventions, and ultimately 
contribute to improved long-term developmental 
outcomes.
	 The DCDQ’07 contains 15 items in a paper-based 
format that takes caregivers minimal time to complete. It 
is a convenient screening tool which is practical for clinical 
use in Thailand. Therefore, this study aimed to translate 
the DCDQ’07 into Thai language and to test the validity 
and reliability of the DCDQ-Thai version (DCDQ-T). We 
specifically focused on the elementary school children (6 
to 12 years old) because the participants were recruited 
from an elementary school, which comprised students 
within this age range. Although the original DCDQ’07 is 
designed for 5- to 15-year-old children, our sample reflects 
the practical age range in the Thai school system where 
early identification of the DCD is most feasible. This study 
could also serve as a foundation for future research to 
further refine DCD screening and intervention strategies 
in Thai context. 
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Materials and methods
Study design and participants
	 This study was approved by the Ethics Committee 
of the Human Research Protection Unit at the Faculty 
of Medicine of Siriraj Hospital, Mahidol University, COI 
number Si158/2023. Informed consent was signed before 
collecting research data.
	 This questionnaire-based, cross-sectional research 
included caregivers of the students who studied at an 
elementary school (grades 1-6) in Bangkoknoi District in 
Bangkok, Thailand. As this elementary school included 
exclusively grades 1 to 6, the students’ age range in this 
study was 6 to 12 years old. The recruitment period was 
from May to August 2023. Children who were diagnosed 
with intellectual disability, visual impairment that cannot 
be corrected with eyeglasses, neurologic problems such 
as cerebral palsy, muscular dystrophy, and degenerative 
disorders; and caregivers who cannot read Thai were 
excluded. The sample size of 87 was calculated based 
on the Cronbach’s alpha coefficient of the original 2007 
revised version of Developmental Coordination Disorder 
Questionnaire (DCDQ’07), which was 0.94,18 and the 
confidence level of 0.95 with an error of 0.05. To minimize 
bias, students were included by stratified randomization 
from every grade of the school.

Instrument
	 The DCDQ’07 is developed for caregivers of 5- 
to 15-year-old children. It consists of 15 Likert scale 

questions (score of 1 = not at all like your child to score 
of 5 = extremely like your child) comparing children’s 
motor abilities with their equivalent age peers. The 
questionnaire is divided into three parts which are motor 
control during movement such as ball catching (6 question 
items), fine motor/handwriting such as paper cutting (4 
question items), and general condition such as clumsiness 
(5 question items). The range of the score is 15 to 75. 
Lower scores suggest the presence of developmental 
coordination disorder (DCD), while higher scores do not. 
The cutoff points are different between three age groups, 
which are 5 years to 7 years and 11 months, 8 years to 9 
years and 11 months, and 10 years to 15 years. The cutoff 
score increases with increasing age as shown in Table 1. 
The DCDQ’07 shows excellent psychometric properties18 
including strong internal consistency with the Cronbach’s 
alpha of 0.94. Favorable concurrent validity demonstrated 
by its statistically significant correlation with standard 
motor ability test (Movement Assessment Battery for 
Children; MABC, and Test of Visual-Motor Integration)
which are r=-0.55, and r=0.42, respectively. The overall 
sensitivity is 84.6% and the specificity is 70.8%.18  
	 In this study, the original cut-off scores (Table 1) were 
used as a provisional reference to provide basic guidance 
to caregivers whose children scored within the at-risk 
range. These scores were not used for diagnostic purposes 
but rather as an initial indicator for recommending motor 
and coordination skills support.  

Table 1. Interpretation of the cut-off scores of the 2007 revised version of Developmental Coordination Disorder 
Questionnaire. 
Age range (years) Indicative or suspicious of DCD DCD is unlikely
5 years to 7 years 11 months 15-46 47-75
8 years 0 months to 9 years 11 months 15-55 56-75
10 years 0 months to 15 years 15-57 58-75

Note: DCD: developmental coordination disorder.

Procedures
Translation process and validity testing 
	 The DCDQ’07 was translated into Thai language 
after obtaining permission from the original developer. 
The translation process was adapted from standard 
guidelines for cross-cultural adaptation.25 Initially, forward 
translation was independently performed by two bilingual 
translators who are fluent in both Thai and English, one 
being a developmental and behavioral pediatrician who 
expertizes on developmental disorders and experienced 
in medical and psychological instruments; and the other 
being a professional translator experienced in working 
in both Thailand and other countries. Afterward, these 
translators collaboratively reviewed their translations in a 
consensus meeting to synthesize into a single preliminary 
Thai version. An independent bilingual translator, who is 
fluent in both Thai and English and certified for working 
as an international schoolteacher, and who had no prior 
knowledge of the original DCDQ’07, conducted backward 

translation into English. Next, an expert committee 
including pediatricians and occupational therapists 
reviewed and made the consensus to all translated 
versions. Finally, the backward-translated version was 
approved by the original developer to ensure equivalence 
and adherence to the original questionnaire.
	 The content validity was measured by three 
developmental and behavioral pediatricians and two 
occupational therapists. The content validity index (CVI) 
was tested for the item-level content validity index (I-CVI) 
and the scale-level content validity index, universal 
agreement method (S-CVI/UA). The I-CVI was calculated 
from the number of the experts who rated the item as 
“quite relevant” and “highly relevant” for each question 
item divided by the number of all experts. The range of 
the value of I-CVI is 0 to 1. The S-CVI/UA was computed 
from dividing the sum of all question items that I-CVI value 
is 1 by the number of all items. The S-CVI/ UA values also 
range from 0 to 1. 
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Reliability testing process
	 The internal consistency of the questionnaire was 
evaluated by Cronbach’s alpha coefficient. Test-retest 
reliability was performed in the same parent of the entire 
sample at the beginning of the study and three months 
apart. Parents and homeroom teachers of twenty students 
were stratified randomized from three age groups (6 - <8, 
8 - <10, and 10-12 years old) by quota which were 8, 6 and 
6 students, respectively. They were evaluated for inter-
rater reliability between parent-teacher and parent-parent 
pairs. The weight and height of the children were collected 
to calculate BMI and converted to the BMI z score, and 
then categorized as normal (BMI z score between 1SD and 
-2SD), overweight (BMI z score more than +1SD), and thin 
(BMI z score less than -2SD) according to WHO BMI-for-ages 
cut-offs.26 Information was also collected about physician 
diagnoses of underlying medical conditions, learning 
disorder (LD), and attention-deficit/hyperactivity disorder 
(ADHD), as well as parent/teacher reports regarding the 
child’s Thai and English literacy, and behavioral problems, 
including aggression and anxiety. At the end of the study, 
the caregivers of the children identified as potentially 
having DCD, based on the original questionnaire’s cutoff 
point, received guidance in motor and coordination skills 
practice. 

Data analysis 
	 The data was analyzed using IBM SPSS Statistics 
22 (SPSS Inc., Chicago, IL, USA). The participants’ 
characteristics were described by descriptive statistics. 

The numbers and percentage were used to describe the 
categorial variables. Mean and standard deviation were 
used to present normal distributed data. Cronbach’s 
alpha coefficient was analyzed to indicate the internal 
consistency of the questionnaire, which 0.9 and above 
reflects excellent, 0.8 - <0.9 reflects good, 0.7 - <0.8 
reflects acceptable, 0.6 - <0.7 reflects questionable, 0.5 - 
<0.6 reflects poor, and <0.5 reflects unacceptable internal 
consistency, consecutively.27 The intraclass correlation 
coefficient was calculated to indicate the intra-rater (test- 
retest) and inter-rater reliability, which 0.9-1 describes 
as excellent, 0.75 - <0.9 describes as good, 0.5 - <0.75 
describes as moderate, and less than 0.5 describes as poor 
reliability, consecutively.28 Difference of the mean of the 
DCDQ-T scores between boys and girls were analyzed by 
independent T test. 

Results
	 Ninety caregivers completed the Thai version of 
the Developmental Coordination Disorder Questionnaire 
(DCDQ-T). Two children with the diagnosis of intellectual 
disability were excluded. Information from 88 participants 
was analyzed for internal consistency. Demographic data 
from these 88 participants are exhibited in Table 2. Of 
the 88 participants, three were withdrawn because of the 
refusal to fill out the questionnaire 3 months later. As a 
result, a total of 85 were examined for 3-month test-retest 
reliability. Twenty pairs of parents and teachers were 
investigated for inter-rater reliability between two parents 
and between parent and teacher. 
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Table 2. Demographic data of children (N=88).
Characteristics Number (%)
Child’s sex     
	 - Boys 43 (49)
	 - Girls 45 (51)
Child’s age
	 - 6 years 0 months to 7 years 11 months 32 (36.4)
	 - 8 years 0 months to 9 years 11 months 28 (31.8)
	 - 10 years 0 months to 12 years 11 months 28 (31.8)
Term birth
	 Preterm 3 (3.4)
Birth weight (N=71)
	 <2,500 gm 8 (11.3)
	 2,500-4,000 gm 62 (87.3)
	 >4,000 gm 1 (1.4)
BMI (N=61)    
	 - Overweight 20 (32.8)
	 - Normal 37 (60.7)
	 - Thin 4 (6.5)
Underlying conditions     
	 - None 74 (84.1)
	 - ADHD 1 (1.1)
	 - LD 5 (5.7)
	 - Medical illnesses 8 (9.1)
Behavioral problems     
	 - None 83 (94.3)
	 - Aggression 4 (4.6)
	 - Anxiety 1 (1.1)
Learning problems   
	 - None 84 (95.5)
	 - Thai literacy 3 (3.4)
	 - English literacy 1 (1.1)
Caregivers   
	 - Parents 67 (76.1)
	 - Grandparents 19 (21.6)
	 - Others 2 (2.3)

Note: ADHD: attention-deficit/hyperactivity disorder, LD: learning disorder.

	 The content validity index (CVI) of DCDQ-T was 
reported in Table 3. At the first round, all experts rated 
10 question items as “highly relevant”, and 5 as “quite 
relevant” and suggested some minor wording adjustments. 
As a result, the I-CVI at the first round was 1.0. After these 
5 quite relevant items were changed according to experts’ 
suggestion, all of them were rated as “highly relevant”. 
Some items were adapted for Thai culture. For example, 
the example of the activity “building a cardboard or 

cushion fort” in item No.6 was removed because these 
activities are uncommon for Thai children. For item No.14, 
the idiom “a bull in a China shop”, which is not used in 
Thailand, was replaced with “clumsy movement and trend 
to break things” which is more straightforward for Thai 
parents. The final validity indexes of the content were 
1.0, which indicated acceptable validity, for both I-CVI and 
S-CVI/UA (Table 3). 
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	 Cronbach’s alpha coefficient; Cronbach’s alpha if 
item deleted; the intraclass correlation coefficient for test-
retest reliability; and for inter-rater reliability between 
two parents, and between parent and teacher were 
demonstrated in Table 3. The Cronbach’s alpha if each item 
deleted, which was slightly varies from 0.888, indicates 
that no item was needed to be deleted. The mean and 

standard deviation of the DCDQ-T subscale and total scores 
categorized by age group and gender are demonstrated in 
Table 4. Although girls gained significantly higher mean 
fine motor/handwriting subscale scores than boys, there 
were no significant difference of the mean total DCDQ-T 
scores between genders (Table 4).

Table 4. Mean subscale and total scores of the Developmental Coordination Disorder Questionnaire, Thai version of 
each age group, classified by gender.
Age group and DCDQ-T scores All participants 

(N=88)
Boys 

(N=43)
Girls 

(N=45)
 p value

6 years 0 months to 7 years 11 months (N=32)
     Control during movement 21.7+3.6 20.6+3.9 22.6+3.2 0.122
     Fine motor/ handwriting 15.1+3.3 13.7+3.4 16.2+2.8 0.029*

     General coordination 18.1+3.7 17.9+3.3 18.3+4.1 0.798
     Total score 54.8+9.9 52.1+9.9 56.8+9.6 0.193
8 years 0 months to 9 years 11 months (N=28)
     Control during movement 22.3+4.0 22.1+3.4 22.6+4.8 0.704
     Fine motor/ handwriting 14.9+2.5 13.9+2.2 16.3+2.7 0.012*

     General coordination 18.8+3.3 17.8+3.3 20.1+2.9 0.054
     Total score 55.9+8.7 53.6+7.6 59.0+9.5 0.105
10 years 0 months to 12 years 11 months (N=28)
     Control during movement 23.0+4.6 24.5+3.8 21.6+4.9 0.090
     Fine motor/ handwriting 15.9+3.1 15.5+2.3 16.3+3.4 0.541
     General coordination 19.7+3.6 19.2+3.9 20.1+3.4 0.517
     Total score 58.3+9.3 59.1+7.5 57.6+10.8 0.667

Note: Data were presented as mean±SD, *p<0.05.

Discussion
	 This study is the first to translate and validate the 
2007 revised version of Developmental Coordination 
Disorder Questionnaire (DCDQ’07) into Thai, providing 
the first standardized screening tool for developmental 
coordination disorder (DCD) in Thailand. The availability 
of a validated Thai version can facilitate early detection 
and intervention for children at risk, which was previously 
limited due to the lack of culturally adapted tools.
	 To the best of our knowledge, although there were 
plenty of information about construct and concurrent 
validity analyses from the original DCDQ’07,18 and previous 
translation studies of the DCDQ’07,20-22 there was no data 
regarding content validity index (CVI) in prior cultural 
adaptations. The DCDQ-T demonstrated excellent content 
validity (I-CVI and S-CVI/UA=1.0), suggesting strong 
agreement among experts. The perfect I-CVI and S-CVI/
UA values indicate that all five experts consistently judged 
each item as highly or quite relevant to the construct 
of developmental coordination disorder. This suggests 
that the DCDQ-T comprehensively reflects the targeted 
domains of motor control, fine motor skills/handwriting, 
and general coordination, as defined by the DSM-5 criteria 
for DCD and international guidelines. In particular, the 
expert panel—comprising developmental and behavioral 

pediatricians and occupational therapists—ensured that 
the items were culturally and clinically relevant within 
the Thai context. For example, modifications made to 
item examples (e.g., replacing “a bull in a China shop” 
with a culturally understandable phrase) enhanced item 
clarity without altering the underlying construct. This 
process reinforces the content validity by ensuring both 
conceptual and cultural alignment between the original 
and translated versions. Therefore, the DCDQ-T appears 
to be an appropriate instrument for assessing motor 
coordination difficulties among Thai children.
	 The internal consistency was good (Cronbach’s 
alpha=0.888), comparable not only to the original 
DCDQ’07 (α=0.94),18 but also to previous adaptations such 
as the Turkish (α=0.890),19 German (α=0.891),22 and French 
Canadian (α=0.949)21 versions. The test-retest reliability 
was moderate (ICC=0.573), indicating that caregivers provided 
relatively stable responses over time. The test-retest 
reliability ICC of the DCDQ-T is less than those of the French 
Canadian, French European, and Turkish version (0.8-
1.00).19-21 However, the interval for test-retest reliability of 
the DCDQ-T was 3 months apart, while the one of other 
versions was 5-30 days. The inter-rater reliability of the 
DCDQ-T was poor between two parents (ICC=0.149) and 
between parents and teachers (ICC=0.199), which can 
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reflect the difference of Thai parents’ and Thai teachers’ 
perception and interpretation of their children’s motor 
abilities, however, there were no previous studies 
investigated inter-rater ICC of the original DCDQ’07 and 
other adaptations. The low inter-rater reliability of the 
DCDQ-T may be explained by Thai cultural context that the 
children, especially in urban areas, tend to participate less 
in team sports and outdoor physical activities than their 
Western counterparts.24 This may limit exposure to tasks 
assessed by the DCDQ-T, such as throwing or catching a 
ball. Moreover, the noticeability of these tasks may vary 
across settings (e.g., home vs. school) and raters (e.g., 
parents vs. teachers). This underscores the need for 
population-specific cutoff scores and further investigation 
into strategies to improve inter-rater agreement, such as 
rater training or structured observation guidelines.
	 Consistent with the original DCDQ’07,18 the DCDQ-T 
scores showed an increasing trend with age, reflecting the 
natural progression of motor development in children. This 
similar trend suggested that the tool effectively captures 
age-related improvements in motor coordination. There 
was no gender effect on total DCDQ-T score which is 
consistent with the original DCDQ’07,18 French European,20 
and French Canadian21 versions. The finding that the girls, 
whose age group were 6-<8, and 8-<10 years old, gained 
significantly more mean DCDQ-T scores than boys in fine 
motor/ handwriting subscales is compatible with one 
previous study which demonstrated that pre-adolescent 
girls demonstrated better manual performance than 
their same-age boy peers.29 However, there were no 
information regarding gender difference in DCDQ subscale 
scores in the either original English version of DCDQ’07 or 
other translated languages.

Limitations
	 The strengths of this study include an adequate 
sample size for validity testing, which aligns with 
prior DCDQ’07 validation studies. The use of stratified 
randomization reduced selection bias, ensuring balanced 
age representation throughout all grades in the school. In 
addition, the low dropout rate minimized potential bias 
from missing data.
	 Several limitations were acknowledged. Since the 
constraints of our study context, this study was adapted 
from the Beaton’s guideline for cross-cultural adaptation.25 
This led to two main deviations from the guideline. 
The backward translation used only one professional 
translator, and we did not pilot the Thai version with a 
small group of parents before the whole data collection. 
However, the approval of the back-translated version 
from the original developer of the DCDQ’07 questionnaire 
and excellent content validity could imply the quality of 
the translation. This study conducted in an elementary 
school whose students’ age range is 6-12 years, which 
did not fully cover the 5-15 years targeted by the original 
DCDQ’07, and could lead to limiting generalizability. 
Additionally, the sample was drawn from an urban 
school, potentially excluding rural children with different 
activity patterns. Finally, socioeconomic status, which 

may influence parental observations and responses, was 
not assessed. Future studies should expand the sample 
to include younger and older children and consider the 
influence of socioeconomic factors on DCDQ-T responses. 
Moreover, more psychometric properties including 
concurrent and construct validity, sensitivity, specificity; as 
well as culturally appropriate cut-off scores for the DCDQ-T 
should be established.

Conclusion
	 The Developmental Coordination Disorder Questionnaire, 
Thai version could be beneficial to screen for developmental 
coordination disorder in 6- to 12-year-old Thai children due 
to its good validity, good internal consistency, moderate 
test-retest reliability, and poor inter-rater reliability. 
Further studies are required to investigate its repeatability 
and inter-rater agreement.
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ABSTRACT

Background: Dengue fever is a significant public health concern in Thailand, which 
consists of Aedes mosquitoes as a vector. The incidence of dengue fever has 
increased, positioning it among the top 10 infectious diseases affecting health in 
the Southern region of Thailand.

Objectives: This study aimed to examine  serotypes and genotypes of the dengue 
virus causing dengue fever in Trang province in 2024.

Materials and methods: From April to August 2024, a total of 125 acute serum or 
plasma samples were collected from patients with dengue NS1 antigen screening 
test positive results and/or were clinically diagnosed with dengue fever. The samples 
were tested for dengue viral RNA detection and serotyping using real-time RT-PCR. 
Genotype identification was performed using whole-genome sequencing.

Results: Of these, 73 samples (58.4%) were detected for dengue viral RNA. The 
predominant serotype was DENV-3 (N=31, 42.5%), followed by DENV-2 (N=27, 
37.0%), DENV-4 (N=13, 17.8%), and DENV-1 (N=2, 2.7%). By analyzing and comparing 
the whole genome sequence of 3 samples (TR-22, TR-37, and TR-38), all results 
were DENV-4 Genotype I. The percent of identity for genotype classification ranged 
from 95.1% to 99.3%.

Conclusion: The findings would be useful for establishing effective control and  
prevention measures for the outbreaks and could contribute to the development 
of diagnostic tests and vaccines in the future.
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Introduction
	 Dengue fever is a major public health issue in many 
countries worldwide, with the Aedes aegypti mosquito 
serving as the primary vector for transmitting the disease to 
humans.1,2 It is commonly found in tropical and subtropical 
regions of the Americas, the eastern Mediterranean, 
Africa, the western Pacific, and Southeast Asia.3 Globally, 
the World Health Organization (WHO) estimates that more 
than 390 million people are infected with the dengue virus 
annually, with approximately 20,000 deaths attributed to 
the infection. Seventy percent of all cases have occurred in 
countries within Asia. 3,4,5,6

	 Dengue virus (DENV) is a single-stranded RNA virus 
with a genome size of approximately 10.7 kilobases.5 
The viral structure includes a lipid envelope and various 
structural proteins, such as premembrane/membrane, 
capsid and envelope proteins, as well as non-structural 
proteins, including NS1, NS2A, NS2B, NS3, NS4A, NS4B 
and NS5.6  The Dengue virus belongs to genus Flavivirus 
and family Flaviviridae, with four distinct serotypes: 
DENV-1, DENV-2, DENV-3 and DENV-4.5,6 These serotypes 
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are different based on epitopes, which are small units or 
positions on the viral surface that interact with antibodies, 
and genetic differences. Each serotype can be further 
subdivided into multiple genotypes based on nucleotide 
sequences, with no more than  6% variation within a single 
genotype.6 DENV-1 includes six genotypes (genotype I, II, 
III, IV, V and VI), DENV-2 includes five genotypes (Asian 
I, Asian II, Asian/American, American, Cosmopolitan, 
and sylvatic genotypes), DENV-3 includes five genotypes 
(genotype I, II, III, IV and V), and DENV-4 includes five 
genotypes (genotype I, IIA, IIB, III and sylvatic genotypes).7 

All four serotypes are in circulation in Thailand.3 Clinical 
symptoms of dengue fever may range from mild dengue 
fever (DF) to severe dengue hemorrhagic fever (DHF) and 
dengue shock syndrome (DSS). DF presents with fever, 
including headache, bone or joint and muscular pains, 
nausea, vomiting, and small petechial hemorrhages on 
the skin. In severe cases, it can lead to severe fever (DHF 
and DSS), which is a result of circulatory failure, shock, and 
death.8 Individuals who have been infected once develop 
lifelong immunity to the serotype that they were exposed 
to, and short-term immunity (approximately 3 to 12 
months) to other serotypes, which means that they can be 
infected multiple times by different serotypes. Currently, 
rapid diagnostic tests that detect the NS1 antigen protein 
are used for screening dengue virus infections, and real-
time RT-PCR assays are used for detecting viral RNA with 
high sensitivity and specificity, allowing confirmation 
of infection and serotype identification. Additionally, 
antibody testing for IgM and IgG specific to the dengue 
virus using the ELISA method can also confirm the presence 
of infection.9

	 The global incidence of dengue fever has risen, 
making it one of the top 10 global health concerns in 
2019.10. In Thailand, continuous outbreaks of dengue fever 
have occurred, with a major outbreak occurring in 2013, 
when 154,773 cases were reported.11 The high mortality 
rate was recorded in 80 cases, accounting for 0.13% 
in 2018.12 According to the Epidemiology Surveillance 
Report 506 from the Department of Disease Control, the 
dengue situation from fiscal years 2018 to 2023 showed 
a significant outbreak in 2019, followed by a downward 
trend in 2020. However, in 2022, the number of infected 
cases and deaths started to rise again. In 2023, the 
highest number of deaths was reported with an outbreak 
comparable to 2019.13 In 2023, there were 158,620 
reported cases and 181 deaths (0.11%), while these cases 
were 3.5 times higher than in 2022.14 DENV-2 serotype 
was the most predominant, accounting for 31.3% of cases, 
followed by DENV-1 at 29.9%. However, DENV-3 had a 5 
to 16-fold increase compared to the last five years.15 The 
shifting predominant serotypes over the years could be a 
significant factor contributing to the dengue outbreak, as 
patients lack immunity to the changing serotypes. Dengue 
fever exhibits seasonal variation with an increase in cases 
starting in April, peaking between June and August during 
the rainy season. The number of cases tends to decrease 
in September, but if the number of cases remains high 
toward the end of the year, it may lead to continued 

outbreaks in the following year.
	 The Department of Disease Control reported the 
situation for the year 2023 from January 1 to December 20, 
in regional health area 12, which includes seven provinces: 
Songkhla, Satun, Trang, Phatthalung, Pattani, Yala, and 
Narathiwat. The cumulative number of cases was 15,096 
with an incidence rate of 301.64 per 100,000 people and 
resulted in 23 deaths.16 In Trang, there were eight districts 
affected by the outbreak: Mueang Trang, Kantang, Yan Ta 
Khao, Palian, Huai Yot, Wang Wiset, Na Yong, and Ratsada.16 
According to the 2023 surveillance data, the total reported 
number of dengue fever cases in Trang was 1,089 cases. 
However, there is currently lack of data on dengue virus 
serotypes and genotypes of infected patients in Trang. 
Therefore, this study aimed at investigating serotypes 
and genotypes of dengue virus in Trang in 2024, to utilize 
this data for establishing effective control and prevention 
measures for the outbreaks. Additionally, the findings 
could contribute to the development of diagnostic tools 
and vaccines in the future.

Materials and methods
Sample Size
	 Sample size was calculated using Cochran’s formula:
		  no = (Z² × p × q) / e²
		  no = (1.96² × 0.5 × 0.5) / 0.05²

	 Finite Population Correction
		  n = no / (1 + ((no - 1) / N))
		  n = no / (1 + ((no - 1) / 1,089))
    			    = 284.6 ≈ 285
	 Where:
		  n0 = required sample size
		  Z​ =	Z-score corresponding to the desired confidence 

level
		  p = estimated proportion of the population
		  q = 1 − p
		  e = acceptable margin of error
		  n = adjusted sample size
		  N = total population size 

	 According to the 2023 surveillance data, the total 
reported number of dengue fever cases in Trang was 1,089. 
Based on this formula, assuming a confidence level of 95% 
(Z=1.96), an estimated population proportion (p) of 0.5, 
and a margin of error (e) of 0.05, the calculated sample size 
for a one-year study period was 285 participants. Since the 
current study spans only five months, the sample size was 
proportionally adjusted to 119 participants.

Specimen collection
	 From April to August 2024, acute serum or plasma 
was collected from 125 patients in Trang who tested 
positive using the NS1 antigen screening test using the 
careUS Dengue Combo NS1 & IgM/IgG kit (Wells Bio Inc., 
Republic of Korea) and/or those diagnosed with dengue 
fever by physicians. Inclusion criteria were an acute 
illness for 5 days post-symptom, including two or more 
of the following: fever, headache, nausea, vomiting, red 
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eyes, rash, joint pain, muscle pain. The age of patients 
ranged from 8 months to 75 years old. All specimens were 
confirmed to have dengue virus infection by quantitative 
reverse transcription polymerase chain reaction (qRT-PCR) 
at the Regional Medical Sciences Center 12/1 Trang and 
kept at -20°C until further use.

Nucleic acid extraction
	 Following the manufacturer’s instructions, total 
nucleic acids were extracted from 200 μL of each serum 
or plasma using Zybio nucleic acid extraction kit (Magnetic 
bead method) with automated Zybio EXM3000 nucleic 
acid isolation system (Zybio Inc., China) with an elution 
volume of 80 μL. For whole genome sequencing, nucleic 
acids were extracted from 150 μL of each cell culture 
or serum or plasma using QIAamp Viral RNA Mini Kit 
(QIAGEN, Germany) with an elution volume of 30 μL.

Dengue virus serotyping
	 For the detection of dengue virus serotypes, one-
step real-time RT-PCR was performed using a VIASURE 
Real-Time PCR Detection kit (Certest Biotec S.L., Spain) 
that targets the conserved region of the NS5 gene (DENV-1), 
envelope gene (DENV-2), prM gene (DENV-3) and NS2A 
gene (DENV-4) with qTOWER3G Real-Time PCR (Analytik 
Jena, Germany) in 20 µL PCR reaction (5 µL of each 
extracted sample). A result is considered positive when  
the cycle threshold (Ct) value is less than 40, according 
to the manufacturer’s instructions. The remaining serums 
were stored at -20 oC and transported under cold chain 
conditions to the National Institute of Health, Department 
of Medical Sciences.

Dengue virus isolation and amplification
	 Samples that tested positive for dengue virus 
serotyping via real-time RT-PCR with Ct values below 25 
were cultured to propagate the virus for whole genome 
sequencing using next-generation sequencing. Dengue 
virus was cultured from 5 µL of serum or plasma samples 
in C6/36 cells (derived from Aedes albopictus mosquitoes) 
using Leibovitz’s 15 cell culture medium (Life Technologies, 
USA) supplemented with Fetal Bovine Serum (FBS) (Sigma, 
Paraguay), Tryptose Phosphate Broth (TPB) (Himedia, 
USA) and Penicillin-Streptomycin 10,000 units/mL (Life 
Technologies, USA). The culture was incubated at 28±2 oC 
for 7 days. Cytopathogenic effects (CPE) were observed 
every 1-2 days. The culture supernatant containing the 
virus was collected, and the dengue virus serotype was 
confirmed by infecting the cells and performing the in-
house Indirect Immunofluorescent Antibody (IFA) test. 
Positive results were indicated by the presence of green 
fluorescence in the cells under a fluorescence microscope 
(Nikon, Japan).

Library preparation and whole genome sequencing
	 Dengue virus whole genome nucleotide sequencing 
using Next Generation Sequencing (NGS). Five microliters 
of RNA were prepared for cDNA synthesis using the TURBO 
DNA-free™ Kit (Thermo Fisher Scientific Inc., USA). The 

RNA was then combined with one µL of Random Hexamers 
and used for first-strand cDNA synthesis with SuperScript™ 
IV Reverse Transcriptase and dNTP Mix (10 mM each) 
(Thermo Fisher Scientific Inc., USA). Second-strand cDNA 
synthesis was subsequently performed using Sequenase 
Version 2.0 DNA Polymerase (Thermo Fisher Scientific Inc., 
USA), followed by cDNA cleanup using Agencourt AMPure 
XP (Beckman Coulter Inc., USA). Twelve microliters of 
the eluted sample were used to prepare a DNA library 
(DNA preparation) with the Illumina DNA/RNA Prep 
Tagmentation Kit (Illumina, USA) and Illumina DNA/RNA 
UD Indexes Set D. Afterward, the library concentration 
was measured using a Qubit 2.0 fluorometer (Invitrogen, 
USA), and the samples were pooled with 0.2N NaOH and 
diluted with Hyb buffer (Illumina, USA). Finally, 600 µL of 
sample volume was loaded onto MiSeq Reagent Kit v3 
(150 Cycles) and sequenced using the MiSeq sequencer 
platform (Illumina, USA), with single-end 150 bp read 
configuration. The sequenced data were in FASTQ format.

Data analysis of whole genome sequencing
	 The data obtained were analyzed for dengue virus 
genotypes using the BLAST (Basic Local Alignment Search 
Tool) program. The nucleotide sequence results from 
each sample were compared with reported nucleotide 
sequences of dengue virus available in the GenBank 
database, which can be accessed at https://blast.ncbi.nlm.
nih.gov/Blast.cgi. The comparison of the results was based 
on the percent of identity. Additionally, the nucleotide 
sequence relationships based on the phylogeny of the 
dengue virus were constructed using MEGA 12 software 
(https://www.megasoftware.net). The TN+G+I model 
with the Maximum Likelihood method was applied, and 
the robustness of the analysis was evaluated using 1,000 
bootstrap replicates. The nucleotide sequence of Zika 
virus (NC_012532) was designated as the outgroup.

Results
	 Patients who passed the screening using the NS1 
antigen test and/or were diagnosed with dengue fever by 
physicians in Trang were enrolled. The number of suspected 
dengue cases during the study period by month (Figure 1). 
The highest number of patients was recorded in July 
2024. A total of 125 samples were subsequently tested for 
real-time RT-PCR with serotyping. Dengue viral RNA was 
detected in 73 samples using real-time RT-PCR, accounting 
for 58.4%. The most common serotype was DENV-3 (N=31, 
42.5%), followed by DENV-2 (N=27, 37.0%), DENV-4 (N=13, 
17.8%), and DENV-1 (N=2, 2.7%), respectively (Figure 2).
	 It can be observed that the average rainfall has 
been steadily increasing since April, reaching a peak in 
August 2024. The average rainfall from April to August 
2024 in Trang, reported by Trang’s meteorological station, 
which was shown as 61.6, 227.6, 222.5, 238.8, and 514.8 
millimeters, respectively, as illustrated in Figure 1. Due to 
limitations in the available data, statistical analysis of the 
relationship between rainfall and patient numbers was not 
conducted.
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Figure 2. Monthly distribution of dengue cases from April to August 2024.

Figure 1. Correlation between the number of suspected dengue cases and average rainfall during the study period in Trang.
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	 Among the patients, the number of females (N=38) 
was slightly higher than males (N=35), accounting for a 
1.1:1 ratio. Most infected individuals were in the age group 
15-24 years (N=31), followed by the age group 10-14 years 
(N=21) and the age group 25-34 years (N=20), as shown 
in Table 1. The ages of the 73 dengue-infected patients 
ranged from 3 to 72 years old (mean 23.2 years old).
	 A total of 98 samples were screened with the NS1 
antigen test, but only 69 samples showed concordant 
results with the detection of dengue viral RNA and 

serotype classification using real-time RT-PCR, including 
55 samples with NS1 antigen positive and 14 samples 
with NS1 antigen negative. Additionally, 23 patients who 
were diagnosed with dengue fever tested positive for NS1 
antigen but negative by real-time RT-PCR, while 6 patients 
were tested negative for NS1 antigen but positive by real-
time RT-PCR, as shown in Table 2. Dengue NS1 antigen 
detection revealed a sensitivity of 90.2% (55/61) and 
specificity of 37.8% (14/37) when compared to the qRT-PCR 
results.

Table 1. Demographic characteristics of dengue patients, categorized by real-time RT-PCR positive and negative results.

Characteristics
Dengue virus positive, N (%) Dengue virus negative 

N (%)
Total
N (%)DENV-1 DENV-2 DENV-3 DENV-4

Gender

	 Male 0 (0.0) 12 (20.3) 18 (30.5) 5 (8.5) 24 (40.7) 59 (47.2)
	 Female 2 (3.0) 15 (22.7) 13 (19.7) 8 (12.1) 28 (42.4) 66 (52.8)
	 Total 2 (1.6) 27 (21.6) 31 (24.8) 13 (10.4) 52 (41.6) 125 (100.0)

Age (years)

	 <1 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (100.0) 1 (0.8)
	 1-4 0 (0.0) 0 (0.0) 4 (80.0) 0 (0.0) 1 (20.0) 5 (4.0)
	 5-9 0 (0.0) 4 (22.2) 6 (33.3) 1 (5.6) 7 (38.9) 18 (14.4)
	 10-14 0 (0.0) 7 (33.3) 6 (28.6) 4 (19.1) 4 (19.1) 21 (16.8)
	 15-24 0 (0.0) 6 (19.4) 7 (22.6) 3 (9.7) 15 (48.4) 31 (24.8)
	 25-34 1 (5.0) 3 (15.0) 2 (10.0) 2 (10.0) 12 (60.0) 20 (16.0)
	 35-44 0 (0.0) 4 (40.0) 1 (10.0) 3 (30.0) 2 (20.0) 10 (8.0)
	 45-54 0 (0.0) 1 (11.1) 2 (22.2) 0 (0.0) 6 (66.7) 9 (7.2)
	 55-64 1 (25.0) 0 (0.0) 3 (75.0) 0 (0.0) 0 (0.0) 4 (3.2)
	 >64 0 (0.0) 2 (33.3) 0 (0.0) 0 (0.0) 4 (66.7) 6 (4.8)
	 Total 2 (1.6) 27 (21.6) 31 (24.8) 13 (10.4) 52 (41.6) 125 (100.0)

Table 2. Correlation between the NS1 antigen test and real-time PCR detection of dengue virus.

Parameter
Real-time RT-PCR positive, N (%) Real-time RT-PCR 

negative, N (%) Total, N (%)
DENV-1 DENV-2 DENV-3 DENV-4

NS1 antigen positive 2 (2.6) 16 (20.5) 27 (34.6) 10 (12.8) 23 (29.5) 78 (79.6)
NS1 antigen negative 0 (0.0) 4 (20.0) 2 (10.0) 0 (0.0) 14 (70.0) 20 (20.4)
Total 2 (2.0) 20 (20.4) 29 (29.6) 10 (10.2) 37 (37.8) 98 (100.0)

Note: Among the enrolled samples, there was no initial NS1 antigen test data for 27 samples. Of these, 12 samples were real-time 
RT-PCR positive (7 samples for DENV-2, 2 samples for DENV-3, and 3 samples for DENV-4), while 15 samples were real-time RT-PCR 
negative.
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	 Samples that tested positive for dengue virus 
serotyping using real-time RT-PCR with Ct values of less 
than 25 were cultured to obtain the virus for whole genome 
sequencing using NGS. The data was then analyzed and 
compared to determine the dengue virus genotype. A 
total of 12 samples were processed for culturing, but only 
3 samples were cultured positive for further testing: TR-
22, TR-37, and TR-38, all of which were DENV-4 serotype. 

The genotype analysis revealed that all 3 samples were 
identified as DENV-4 Genotype I, with the percent of 
identity ranging from 95.11% to 99.29%, as shown in Table 3.
	 By analyzing and comparing the nucleotide sequence 
data from samples with more than 80% genome coverage 
of the dengue virus using a phylogenetic tree, one sample 
(TR-38) was identified as DENV-4 of Genotype I, supported 
by a bootstrap value of 98%, as shown in Figure 3.

Figure 3. Phylogenetic tree showing genotypic classification of DENV-4 dengue virus.

Table 3. Characterization of dengue virus using the BLAST program.

Sample number Serotype Genotype % Identity Similar GenBank 
Access Number

TR-22 DENV-4 Genotype I 95.11 KY451945
TR-37 DENV-4 Genotype I 98.85 LC410197
TR-38 DENV-4 Genotype I 99.29 LC410196

Discussion 
	 The outbreak of dengue fever often occurs in the 
rainy season. According to an epidemiological survey of 
dengue fever in Thailand between 2000 and 2011, the 
number of cases typically increases from June to August. 
Dengue prevention and control programs in Thailand are 
mainly based on hospital case reports within 24 hours 
in order to prevent transmission by spraying insecticides 
within 100 meters of the patient’s house.17 This study was 

limited to laboratory-confirmed dengue cases, and the 
incompleteness of patient data may have affected the 
accuracy of correlations drawn with provincial average 
rainfall data, particularly in Trang. All serotypes of dengue 
virus were found in the Southern region between 2005 
and 2010, with DENV-1 being the most prevalent from 
2005 to 2009. However, the trend in the epidemiological 
data of dengue serotypes shifted in 2010, and DENV-2 
became the most common.3 This study also found that 
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DENV-2 was the most prevalent, like the findings in 2010. 
The study in other regions of Thailand between 2005 and 
2010 by Kriengsak Limkittikul et al., Central, Northern 
and Northeastern regions reported DENV-1 as the most 
prevalent serotype from 2005 to 2009, with DENV-2 being 
predominant in 2010.3 Only few data of dengue serotype 
distribution in the upper Southern region of Thailand 
during from 2014 to 2021 revealed that 1,220 samples 
were positive accounting for 50.4%. The highest prevalent 
dengue serotype was DENV-1, accounting for 40.3%.18 A 
study by Aranya Pinyorattanachot et al. revealed that 
epidemiological data on dengue fever in Thailand from 
2014 to 2021 showed that the highest incidence rate 
occurred in 2018, followed by 2019, with a subsequent 
decline in 2020 and 2021, potentially due to the impact 
of the COVID-19 pandemic. Data from the Department of 
Medical Sciences on dengue virus serotype surveillance 
between 2005 and 2019 indicated that all four dengue 
virus serotypes (DENV-1 to DENV-4) have been co-
circulating in Thailand. Notably, during the outbreak years, 
a distinct shift in the predominant circulating serotype 
was observed: DENV-3 was predominant in 2013, DENV-3 
again in 2015, and DENV-1 became dominant in 2018.18 
Jacqueline Kyungah Lim et al. showed that dengue 
epidemics occur every 2-4 years in Ratchaburi province, 
Thailand.19

	 The study from other countries in Asia, Jean Claude 
Balingit et al. found an outbreak in Bali, Indonesia in 
2022 where the ratio of female to male patients was 5:3, 
indicating a higher infection rate among females, like 
the findings in this study. Analysis of 48 patient samples 
revealed the following distribution: 28 samples of DENV-
3, 14 samples of DENV-2, 5 samples of DENV-1, and 1 
sample of co-infection between DENV-1 and DENV-3, with 
no cases of DENV-4 reported in this outbreak.20 The study 
of Yu Kie Chem et al. on the molecular epidemiology of 
dengue virus in Malaysia from 2015 to 2021 analyzed 
42,763 patient samples for serotype detection. The study 
found that DENV-2 and DENV-1 were the predominant 
serotypes, with detection rates of 35.9% and 33.4%, 
respectively, while DENV-3 and DENV-4 were also found 
in Malaysia.21 A molecular characterization from dengue 
patients from 2019-2020 in northern Vietnam resulted in 
predomination of DENV-2.22 In the Lao People’s Democratic 
Republic, DENV-1 was predominant in 2010-2011 and 
in 2015, DENV-3 in 2012-2013 and DENV-4 in 2014 and 
2016.23 As previously described, the distribution of 
dengue virus serotypes appears to be influenced by the 
geographic localization of affected populations, correlates 
with variations in clinical disease severity, and is supported 
by laboratory-based diagnostic data. 
	 Clinical symptoms of dengue fever range from mild 
flu-like symptoms to severe conditions, such as bleeding 
or shock, which can lead to death. Laboratory diagnosis 
during the acute phase is crucial for timely identification, 
and molecular techniques for detecting the viral genetic 
materials, such as qRT-PCR and RT-PCR, are the standard 
diagnostic methods. In developing countries with limited 
molecular diagnostic tools, serological tests are often used 

as alternatives, such as methods detecting NS1 antigen and 
antibodies (IgM and IgG) against the virus, including ELISA. 
For diagnosing dengue fever using rapid diagnostic tests, 
detecting the NS1 antigen is also a preliminary screening 
method that is fast and able to identify the NS1 antigen 
in patients with both primary and secondary infections. 
The NS1 protein can be detected up to 9 days after the 
onset of symptoms. However, the study by Mya Myat 
Ngwe Tun et al. in 2024 evaluated the newly developed 
Fujifilm Dengue non-structural antigen diagnostic kit and 
compared it to the SD Bioline NS1 antigen test kit with 140 
samples. The rapid diagnostic test kit showed sensitivity, 
ranging from 88.6% to 94.3% and specificity of 100%. 
Nonetheless, real-time PCR remains the gold standard 
for diagnosis.24 In this study, the careUS Dengue Combo 
NS1 & IgM/IgG kit showed 90.2% sensitivity and 37.8% 
specificity. The timing of sample collection may contribute 
to discrepancies between NS1 antigen and PCR results. 
These results may represent false-positive NS1 antigen 
detections since the samples were negative for DENV RNA. 
However, longitudinal studies show that NS1 antigen can 
persist longer than viral RNA, likely due to its extended 
half-life.25 The study by Danielle Gyurech et al. reported a 
false-positive dengue NS1 antigen test in a traveller with 
an acute Zika virus infection.26 However, this study did not 
include the detection of Chikungunya and Zika viruses, 
which are other co-circulating pathogens; there may have 
been cases of these infections.
	 This study could analyze the full genome nucleotide 
sequence of dengue virus using NGS for only 3 samples, 
probably due to the poor storage and/or transportation 
conditions of the samples. One potential limitation of 
this study is the possibility of viral inactivation during 
specimen transport from the Medical Science Center 12/1 
Trang to the National Institute of Health, Nonthaburi, 
as the considerable distance and transit duration could 
have affected sample integrity. The study by Caio Santos 
de Souza et al. used samples with high viral genomic 
concentration for whole genome sequencing, whereas 
samples with insufficient viral genomic concentration were 
analyzed for the nucleotide sequence of the envelope 
(E) gene.6 Patcharaporn Nonyong et al. suggested that 
the shorter fragments of PCR products have been more 
suitable for sequencing.17 This method is beneficial for 
determining genotypes in future studies. Three samples 
from Trang were found to be DENV-4 Genotype I, while 
DENV-4 Genotype II has been reported in Indonesia.27 In 
the Americas, DENV-4 Genotype IIb has been identified 
in Panama.28 Alejandra Rojas et al. also revealed a DENV-4 
Genotype II outbreak in Paraguay.29 Thus, dengue genotype 
varies by geographical regions. 

Limitation
	 None

Conclusion
	 Dengue fever is considered a significant public health 
issue, particularly in the Southern region of Thailand, 
which experiences substantial rainfall throughout the 
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entire year. It is important to annually monitor trends 
in the changing epidemiological patterns of dengue 
serotypes. By performing the viral RNA detection and 
serotype classification of dengue virus using real-time RT-
PCR of 73 patient samples in Trang in 2024, all four dengue 
virus serotypes were identified, while the proportions of 
DENV-3, DENV-2, DENV-4, and DENV-1 were 42.5%, 37.0%, 
17.8% and 2.7%, respectively. Furthermore, the whole 
genome sequencing of dengue virus from 3 samples using 
NGS revealed DENV-4 Genotype I. However, this study has 
limitations in analyzing genotypes due to the small sample 
size, and further studies are still needed. The findings from 
this study would be useful for establishing effective control 
and prevention measures for the outbreaks, and the data 
could also contribute to the development of diagnostic 
tools and vaccines in the future.
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ABSTRACT

Background: Parkinson’s disease (PD) is a neurodegenerative disorder that 
significantly affects gait parameters. Accurate and reliable gait assessment tools are 
essential for monitoring disease progression and treatment efficacy. The G-Walk ®, 
a wearable inertial measurement device, offers a convenient and portable solution 
for evaluating spatiotemporal gait parameters, but its reliability in individuals with 
moderate-stage PD remains underexplored.

Objectives: This study aimed to evaluate the test-retest reliability of the G-Walk® 
sensor system in assessing gait parameters in individuals with moderate-stage PD.

Materials and methods: Thirteen participants with idiopathic PD completed two 
walking trials on a 14-meter pathway, conducted 3 to 7 days apart. Gait parameters, 
including stride length, cadence, gait velocity, and limb support times, were recorded 
using the G-Walk® system. Intraclass correlation coefficients (ICCs), standard error 
of measurement (SEM), and minimal detectable change (MDC) were calculated.

Results: The G-Walk® system demonstrated excellent reliability for stride length 
(ICC=0.979), cadence (ICC=0.958), and gait velocity (ICC=0.997). Moderate reliability 
was observed for single limb support (ICC=0.699) and double limb support times 
(ICC=0.656). SEM and MDC values further supported the precision of the system 
for clinical applications.

Conclusion: The G-Walk® sensor system is a reliable tool for assessing gait parameters 
in individuals with moderate-stage PD, particularly for stride length, cadence, and 
gait velocity. Its portability and ease of use make it suitable for clinical settings to 
track disease progression and evaluate interventions.
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Introduction
	 Parkinson’s disease (PD) is a progressive neurodegenerative 
disorder primarily affecting individuals over the age 
of 60, with a prevalence estimated at 2%-3% in this 
population.1 The increasing prevalence with age is 
attributed to cumulative exposure to neurodegenerative 
factors, reduced neuronal resilience, and aging-related 
biological changes that exacerbate dopaminergic neuron 
vulnerability.2 The disorder is characterized by the 
degeneration of dopaminergic neurons and α-synuclein 
aggregation in the substantia nigra pars compacta within 
the basal ganglia, leading to dopamine deficiency.1 This 
neurotransmitter plays a critical role in motor control, 
and its depletion results in hallmark motor symptoms 
such as bradykinesia, resting tremor, rigidity, and postural 
instability.3 Among these symptoms, gait disturbances are 
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particularly significant, profoundly impacting the quality 
of life in individuals with PD.4

	 Gait abnormalities in individuals with PD typically 
manifest as reduced stride length, increased cadence, 
decreased gait velocity, reduced single limb support 
time, and increased double limb support time.5 These 
spatiotemporal gait deficits contribute to a heightened risk 
of falls and injuries due to impaired balance and reduced 
stability during walking.6  They also lead to reduced 
physical activity levels as individuals may avoid movement 
to minimize the risk of falling, which in turn exacerbates 
deconditioning and mobility limitations.7 Additionally, 
the cumulative impact of these deficits diminishes the 
quality of life,4 as individuals face increasing challenges 
in performing daily activities and maintaining social 
engagement. Moreover, these impairments are associated 
with increased morbidity, mortality, and economic burdens 
due to higher healthcare costs and social dependencies.8 
Consequently, the ability to accurately assess and monitor 
gait disturbances is crucial for managing the progression of 
PD and evaluating the efficacy of therapeutic interventions.
	 The G-Walk® sensor system, a wearable inertial 
measurement unit, has emerged as a promising tool for 
gait analysis. Unlike traditional optoelectronic systems 
that require extensive setups, fixed laboratory conditions,9 
and are limited by their dependence on walkway-based 
measurements, the G-Walk® offers portability, ease of 
use, and affordability, making it highly suitable for clinical 
applications and enabling gait assessments in more 
diverse and practical settings.10, 11 The device measures 
key spatiotemporal gait parameters, such as stride length, 
cadence, and limb support times, using advanced sensor 
fusion technology.10 This portable device is widely used 
in clinical and research settings to assess spatiotemporal 
gait parameters during walking tests, which are essential 
for assessing gait disturbances in various populations,10, 

12 including those with neurodegenerative diseases 
like PD.13 Comparative studies have demonstrated its 
accuracy in assessing gait, showing comparable results to 
gold-standard tools like optoelectronic systems and the 
GAITRite system.9-11 Despite its widespread use, however, 
there is limited research on its reliability in assessing gait 
parameters in individuals with moderate-stage PD, a group 
characterized by more pronounced gait abnormalities.
	 Reliability is a critical aspect of any measurement 
tool, particularly in clinical settings where consistent 
and accurate data are necessary for decision-making. 
A previous study on the G-Walk® primarily focused on 
populations with mild PD or healthy individuals, where 
the device has demonstrated high test-retest reliability.14 
 In moderate-stage PD, clinical symptoms involve more 
severe gait impairments such as increased postural 
instability, motor variability, higher fall risk, and fluctuating 
motor performance due to Levodopa wearing-off effects.15 
These factors pose challenges for reliable assessment, 
making accurate monitoring in this subgroup essential 
and highlighting the need for further investigation into the 
device’s consistency in this population.

	 This study aims to evaluate the test-retest reliability 
of the G-Walk® sensor system in individuals with 
moderate-stage PD, focusing on key gait parameters such 
as stride length, cadence, gait velocity, and limb support 
times. The findings are expected to inform clinical practice 
by identifying reliable parameters for tracking disease 
progression and tailoring therapeutic interventions. 
 Although clinical assessments such as the MDS-UPDRS III 
and H&Y staging are commonly used, they are limited in 
their sensitivity to gait variability.14 While  the GAITRite® 
system, a pressure sensitive walkway, is considered 
the gold standard in gait parameter measurement and 
analysis, it presents several limitations: the examination 
mat requires a large space, is heavy to handle, and has 
a high initial cost.10 These factors limit its practicality for 
routine clinical use. Additionally, the study incorporates 
the calculation of the standard error of measurement 
(SEM) and minimal detectable change (MDC) to provide 
a comprehensive understanding of the system’s precision 
and clinical utility.
	 This research seeks to establish the G-Walk® as a 
reliable and accessible tool for monitoring gait impairments 
in moderate-stage PD, facilitating improved management 
and intervention strategies.
 
Materials and methods
Study design
	 This prospective study assessed the test-retest 
reliability of the G-Walk® sensor system during walking 
tasks in individuals with moderate-stage PD which defined 
as patients with a modified Hoehn and Yahr (H&Y) stage 
of 2.5 to 3. Stage 2.5 represents a transitional phase with 
bilateral symptoms and early postural instability that does 
not yet require assistance, while stage 3 involves bilateral 
involvement with mild to moderate postural instability, 
with patients remaining physically independent.16 

Participants
	 Thirteen participants with idiopathic PD were 
recruited from King Chulalongkorn Memorial Hospital, The 
Thai Red Cross Society, Bangkok, Thailand. Neurologists 
confirmed the diagnosis based on established clinical 
criteria. Participants were aged 60–75 years and in the 
“ON” phase of their PD medication cycle. Inclusion criteria 
required participants to have a modified H&Y stage of 2.5 
to 3, the ability to walk 10 meters independently without 
assistive devices, and normal cognitive function, defined 
as a Thai Mental State Examination (TMSE) score >23.17 
Exclusion criteria included individuals with severe visual 
impairments that were not correctable with devices, as 
these may interfere with gait assessment. Participants 
with significant musculoskeletal disorders (e.g., arthritis, 
joint deformities), cardiovascular conditions (e.g., heart 
failure, arrhythmias), or neurological conditions (e.g., 
stroke, multiple sclerosis) unrelated to PD that impair 
gait patterns were also excluded. Additionally, individuals 
participating in other clinical trials that might affect gait 
parameters or interfere with study outcomes were not 
eligible.
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Sample size calculation
	 The required sample size was calculated using an 
online sample size calculator for intraclass correlation 
coefficient (ICC) hypothesis testing.18 The minimum 
acceptable reliability (ICC₀) was set at 0.50, and the 
expected reliability (ICC₁) was set at 0.90. A significance 
level (α) of 0.05 and power (1-β) of 80% were used, 
with two repetitions per subject (k=2). Based on these 
parameters, the sample size was calculated to be 11 
participants. To allow for a possible 10% dropout rate, this 
number was increased, resulting in a final sample size of 
13 participants. 

Procedure
	 Relevant demographic and clinical data, including 
age, sex, weight, height, medical history, duration of 
disease, timing of medication intake, and any previous 
injuries or conditions affecting gait, were collected from 
participants with PD. 
	 Test-retest assessments were conducted over 
two sessions, separated by an interval of 3 to 7 days, to 
ensure consistent testing conditions.19 Practice trials 
aimed to reduce variability and ensure participants were 
comfortable with the walking task. Participants were 
instructed to walk at a self-selected, comfortable pace 

along a 14-meter straight path. Excluding the initial and 
final 2 meters minimized errors due to acceleration and 
deceleration, focusing on stable walking performance 
(Figure 1).10 Each participant completed two trials during 
each session. Participants were given a 2-minute rest or 
additional recovery time between trials to ensure accuracy 
and prevent fatigue.
	 The G-Walk® sensor (BTS G-Sensor 2, BTS Bioengineering 
Company, Milan, Italy) was used to collect gait data. This 
portable device features a 4-sensor inertial platform, 
transmitting data via Bluetooth® 3.0 technology with a 
range of up to 60 meters. The accelerometer operates at 
frequencies of 4-1000 Hz, the gyroscope at 4-8000 Hz, and 
the magnetometer up to 100 Hz, with sensor fusion at a 
rate of 200 Hz. The portability of the device is enhanced 
by its compact dimension (70×40×18 mm) and lightweight 
design (37 grams).  For optimal performance, the device 
was placed in a designated belt pocket aligned with the 
participant’s S1 vertebra in a standing position.20, 21

	 Key gait parameters were recorded during the trials, 
including gait velocity (meters per second), cadence (steps 
per minute), stride length (meters), single limb support 
time (% gait cycle; %GC), and double-limb support time (% 
gait cycle; %GC). Averages were calculated from two trials 
for each parameter.

Figure 1. Study setup for gait assessment using the G-Walk®, a wearable inertial sensor system. Participants walked along 
a 14-meter pathway, with gait parameters recorded over the middle 10 meters to minimize acceleration and deceleration 
effects.

Statistical analysis
	 Data analysis was conducted using SPSS version 
29 (IBM Corp., Armonk, NY, USA). The Shapiro-Wilk test 
was used to assess the normality of the data, ensuring 
appropriate statistical tests were applied based on 
the distribution characteristics. Descriptive statistics 
summarized the demographic and clinical characteristics 
of participants, including age, sex, weight, height, medical 
history, duration of disease, modified H&Y stage, and 
TMSE scores.
	 To evaluate test-retest reliability, ICCs were calculated 
for gait parameters, including stride length, cadence, 
gait velocity, single limb support time, and double limb 
support time. The ICC[3,1] model, a two-way mixed effects 
model assessing absolute agreement for a single rater, was 

selected, as measurements were obtained by the same 
rater across multiple sessions. ICC values were interpreted 
according to established guidelines: values less than 0.49 
indicated poor reliability, 0.50-0.74 indicated moderate 
reliability, 0.75–0.89 indicated good reliability, and values 
greater than 0.90 indicated excellent reliability.22

	 Additionally, SEM was calculated to estimate the level 
of error in individual scores, using the formula: SEM = SD 
× √(1-ICC),23 where SD represents the standard deviation 
of the test scores, and ICC is the intraclass correlation 
coefficient. To determine the smallest change in a 
parameter that exceeds measurement error and reflects 
a meaningful change, the MDC was computed using the 
formula: MDC = 1.96 × √2 × SEM.23 
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Results
Participant Characteristics
	 A total of 13 participants with PD were included in 
the study. The demographic and clinical characteristics 
are presented in Table 1. Regarding disease severity, six 
participants were classified as modified H&Y stage 2.5, 
while seven were classified as stage 3. Cognitive function, 
assessed using the TMSE, revealed a mean score of 28.62 
±1.61, indicating preserved cognitive function across the 
cohort.

	 Regarding medical history, 13 participants reported 
comorbid conditions that could potentially affect gait, 
including hypertension (N=2), orthostatic hypotension 
(N=1), and tachycardia (N=1). However, none of these 
conditions were active during the tests. No participants 
reported any previous injuries to the lower limbs or spine. 
 Medication timing varied slightly among participants; 
however, all participants took their dopaminergic 
medication within one hour prior to the gait assessment.

Table 2. Test-retest reliability results for gait parameters assessed using the G-Walk® sensor system.
Gait parameter Test

Mean±SD
Retest

Mean±SD
ICC [3,1]

[95% CI]
SEM MDC

Stride length (m) 1.12±0.16 1.13±0.16 0.979 [0.933-0.993] 0.02 0.06
Cadence (steps/min) 113.04±11.30 112.26±10.67 0.958 [0.871-0.988] 2.25 6.24
Gait velocity (m/sec) 1.04±0.16 1.04±0.16 0.997 [0.991-0.999] 0.01 0.02
Single limb support time (%GC) 38.79±1.82 38.36±1.22 0.699 [0.052-0.907] 0.83 2.31
Double limb support time (%GC) 11.21±1.79 11.66±1.23 0.656 [0.082-0.894] 0.89 2.45

Note: SEM: standard error of measurement, MDC: minimal detectable change, ICC: intraclass correlation coefficient, CI: confidence 
interval, %GC: percentage of the Gait cycle.

Table 1. Demographic and clinical characteristics of participants with Parkinson’s disease (N=13).
Characteristics PD (N=13)
Sex, N (%)
	 Male
	 Female

6 (46.2%)
7 (53.8%)

Age (year)
	 Range
	 Mean±SD

60-75
69.69±5.71

Weight (kg) 59.04±14.20
Height (cm) 160.23±9.13
Duration of disease (year) 6.38±3.07
Modified H&Y stage, N (%)
	 Stage 2.5
	 Stage 3

6 (46.2%)
7 (53.8%)

TMSE scores 28.62±1.61
Note: H&Y: Hoehn and Yahr, TMSE, Thai mental state examination.

Test-retest reliability
	 The test-retest reliability of the gait parameters 
assessed using the G-Walk® sensor system is presented in 
Table 2. ICCs indicated excellent reliability for stride length 
(ICC=0.979; 95% CI [0.933-0.993]), cadence (ICC=0.958; 
95% CI [0.871-0.988]), and gait velocity (ICC=0.997; 95% 
CI [0.991-0.999]). These results demonstrate a high level 
of consistency for these parameters across repeated 
measures.
	 Moderate reliability was observed for single limb 
support time (ICC=0.699; 95% CI [0.052-0.907]) and double 
limb support time (ICC=0.656; 95% CI [0.082-0.894]). The 
wider confidence intervals for these parameters reflect 

greater variability and suggest the need for cautious 
interpretation when assessing temporal support times.

Measurement precision and minimal detectable change
	 The SEM and MDC, as shown in Table 2, provide 
additional insights into the precision and clinical relevance 
of the gait parameter measurements. Stride length 
exhibited the lowest SEM (0.02 m) and MDC (0.06 m), 
followed by gait velocity (SEM=0.01 m/s; MDC=0.02 m/s). 
	 In contrast, single limb support time and double limb 
support time demonstrated higher SEM (0.83% and 0.89%, 
respectively) and MDC (2.31% and 2.45%, respectively), as 
detailed in Table 2. 
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Discussion
	 This study aimed to evaluate the reliability of the 
G-Walk® sensor system in measuring gait parameters 
in individuals with moderate-stage of PD. The findings 
demonstrated excellent test-retest reliability for gait 
parameters such as stride length, cadence, and gait 
velocity. These results align with a previous study that 
reported the reliability of the G-Walk® system in individuals 
with early-stage PD.10 Additionally, a study assessing test-
retest reliability using markerless motion capture systems 
and traditional motion capture systems in individuals with 
moderate-stage PD further supports the G-Walk® system’s 
utility in this population.24

	 The high ICC values observed for stride length 
(0.979), cadence (0.958), and gait velocity (0.997) in this 
study indicate excellent reliability, consistent with prior 
research in the early stages of PD.14   This can be attributed 
to the fact that the measurements were taken while the 
patients were in an “ON” phase of their PD medication, 
allowing them to maintain a consistent walking rhythm. 
Consequently, variations in stride length, cadence, and 
gait velocity were minimal 25, resulting in highly stable 
gait parameters across repeated assessments.    However, 
moderate reliability was observed for single limb support 
time (ICC=0.699) and double limb support time (ICC= 
0.656), which is lower than findings from an earlier study 
conducted with individuals in the early stages of PD.14 A 
possible explanation for this difference is the progression-
related postural instability frequently observed in 
moderate-stage PD.5 Postural instability may introduce 
greater variability in limb support times due to increased 
reliance on compensatory mechanisms or fluctuations 
in motor control. This limitation may contribute to gait 
fluctuations and temporal alterations during walking,26 
thereby affecting the consistency of measurements during 
retesting.  Another explanation involves the selective 
effect of dopamine on gait variability. A previous study 
found that double limb support time was not significantly 
influenced by dopaminergic medication, suggesting that 
dynamic postural control may be more closely associated 
with cholinergic pathways, particularly involving the 
pedunculopontine nucleus.27

	 Although the minimum acceptable reliability (ICC₀) 
for sample size calculation in this study was set at 0.50, it 
is widely recognized that for key clinical gait parameters 
such as stride length, cadence, and gait velocity, a higher 
threshold of ICC (≥ 0.75) is generally recommended to 
ensure clinical utility.28 The rationale for selecting ICC₀ at 
0.50 was to meet statistical requirements for hypothesis 
testing and to ensure sufficient sample size for detecting 
reliability across a range of gait parameters, including 
those expected to have moderate reliability. However, 
the actual ICC values observed for stride length (0.979), 
cadence (0.958), and gait velocity (0.997) in this study 
far exceeded the clinically relevant threshold, indicating 
that the G-Walk® system provides excellent reliability for 
these parameters in individuals with moderate-stage PD. 
This supports the clinical applicability of the device for 
monitoring disease progression and treatment response.

	 The calculated SEM and MDC allowed for a more 
detailed interpretation of measurement variability and 
responsiveness.23 Stride length and gait velocity exhibited 
the smallest SEM (0.02 m and 0.01 m/s, respectively) and 
MDC (0.06 m and 0.02 m/s, respectively), suggesting their 
high sensitivity for detecting clinically meaningful changes. 
These findings reinforce their use as primary indicators 
in clinical settings for tracking disease progression 
and evaluating treatment efficacy in individuals with 
moderate-stage PD. Conversely, the higher SEM and 
MDC values for single and double limb support times 
indicate greater variability and a lack of stability in these 
parameters, potentially limiting their utility for short-
term monitoring in this population.  The SEM and MDC 
values observed in this study tend to be lower than those 
reported in previous research involving children with 
cerebral palsy using the G-Walk® system, which is the only 
other population with published MDC data for this device.12 
This comparison suggests that the G-Walk® system may 
have good sensitivity to detect meaningful changes in 
populations with different motor control impairments. 
However, further studies are needed to establish MDC 
values in other populations such as older adults or stroke 
patients.
	 A notable strength of this study is the use of a 
standardized protocol for test-retest assessments, ensuring 
consistency and minimizing measurement bias. The 
inclusion of individuals with moderate-stage PD provides 
critical insights into the application of the G-Walk® system 
in this specific population, addressing a gap in the existing 
literature. Additionally, the portability and ease of use of 
the G-Walk® system make it highly practical for clinical 
and community-based settings. The availability of detailed 
spatiotemporal gait data supports precise monitoring of 
disease progression and enables timely intervention. From 
a clinical application perspective, the findings highlight 
the potential of the G-Walk® system as a compact device 
for accurately and reliably assessing gait parameters in 
individuals with PD. It can serve as a convenient and 
appropriate tool in clinical settings. The obtained data can 
serve as benchmarks for evaluating and monitoring gait 
changes across different stages of the disease. Moreover, 
it aids physicians and physical therapists in using reliable 
information to plan appropriate treatment and care 
strategies for patients.

Limitation
	 This study has certain limitations, including a 
sample size of 13 participants, which was calculated 
to meet statistical requirements for ICC hypothesis 
testing with adequate power. However, despite being 
statistically adequate, the sample size may still limit the 
generalizability of the findings to broader populations. 
Future studies with larger, more diverse cohorts are 
recommended to further validate these results and 
improve generalizability.  Additionally, this study lacked 
a healthy control group for comparison. The inclusion of 
such a group in future research would provide a valuable 
baseline, allowing for direct comparison of gait parameter 
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reliability between individuals with PD and the general 
population. This addition would enhance the validity and 
clinical relevance of the findings by distinguishing disease-
specific measurement variability from normal variability 
in gait parameters. Furthermore, the selection of 
patients who could walk without assistive devices makes 
the results specific to those with moderate-stage PD. 
Variations in medication timing and individual responses 
to Levodopa may also have influenced gait performance, 
potentially introducing variability into the results. Future 
research should aim to expand the sample size and include 
participants with more advanced stages of PD or severe 
gait impairments to provide more comprehensive and 
generalizable data. Longitudinal studies could also help 
to assess the responsiveness of the G-Walk® system to 
changes in disease severity or therapeutic interventions 
over time. 

Conclusions
	 In conclusion, this study highlights the excellent 
reliability of the G-Walk® sensor system for measuring 
key gait parameters such as stride length, cadence, and 
gait velocity in individuals with PD. In contrast, single 
and double limb support times showed only moderate 
reliability, indicating that these parameters should be 
interpreted with caution in clinical practice.  The analysis 
of SEM and MDC highlights the accuracy and stability of 
repeated measurements, recommending the use of stable 
parameters like stride length and gait velocity as primary 
indicators for tracking changes in clinical settings. Future 
research is crucial for enhancing the utility of G-Walk® in 
evaluating gait parameters in PD.
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ABSTRACT

Background: 3D printing technology is becoming widely popular in the medical 
field, particularly in radiotherapy, where it is used to fabricate immobilization 
masks from thermoplastic materials because it can generate geometric figures and 
produce sophisticated templates eligible for individual patients.

Objectives: This study aims to evaluate the mechanical and dosimetric properties 
of three types of plastic: polylactic acid (PLA), polyethylene terephthalate glycol-
modified (PETG), and acrylonitrile styrene acrylate (ASA) to identify an appropriate 
material for use as a 3D-printed thermoplastic mask in radiotherapy.

Materials and methods: The 3D-printed square plastic samples were designed 
with four infill patterns: triangle, honeycomb, gyroid, and honeycomb-gyroid, and 
were manufactured using fused deposition modeling (FDM) 3D printing technology. 
This study analyzed the characteristics regarding mechanics, uniformity, and radiation 
transmission.

Results: Mechanical testing demonstrated that PETG provided high strength (10.88 
MPa with gyroid pattern) and flexibility (7.36% with honeycomb pattern). The 
mean uniformity across tests ranged from 84.80 to 85.03, with a standard deviation 
between 5.93 and 7.53. All plastic types have Hounsfield units (HU) ranging from 
-774.88 to -620.21. The 3D-printed plate demonstrated radiation transmission 
like the efficiency of a commercial thermoplastic mask, in the range of 99.30% to 
99.91%.

Conclusion: All three types of plastic have proven to be appropriate alternative  
materials for the integration of an immobilization mask. PLA plates displayed  
advantageous results in terms of radiation transmission, while PETG emerged as 
the most balanced performer in terms of mechanical properties, showing high 
strength and flexibility. ASA, a polymer confirmed by FTIR analysis that contains a 
benzene ring, demonstrated that it is more resistant to radiation. The 3D-printed  
masks provide a viable alternative to traditional thermoplastic mask systems.  
Nevertheless, further investigation is required.
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Introduction
	 Radiation therapy for cancer is typically divided into 
multiple doses known as fractionation. In daily irradiation 
treatment, the patient should constantly be positioned in 
the same way. Immobilization devices are used to help set 
up patient placement. The immobilization device aids in 
positioning the patient in a position that remains constant 
during treatment simulation. This allows the tumor to get 
precisely the dose of radiation required. It also decreases 
radiation exposure to adjacent normal tissue areas.
	 The fabrication of products by 3D printing is currently 
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prevalent. This method can generate geometric figures and 
produce sophisticated templates. It is utilized as a material 
for fabricating thermoplastic masks to immobilize patients 
during radiation therapy. Carbon fibers are commonly 
used as the material for these masks. Nonetheless, 
carbon fibers are slightly costly.1 In the last two decades, 
3D printing has been used for medical purposes, such as 
surgical planning, dosimetry devices, and brachytherapy 
applications.2 3D printing of immobilizers has created a 
lot of interest in radiotherapy. The fabrication method 
was revealed to be essentially fused deposition modeling 
(FDM) printing, which continues to develop rapidly and 
seems to hold unlimited possibilities across numerous 
applications. Medical applications have applied the 
layer-by-layer approach of FDM to produce prosthetics, 
medical devices, and organ models. The capabilities of 
this technology are consistently growing due to ongoing 
advancements and findings, especially in the areas of 
materials and printing devices.3 The literature highlights 
several benefits of 3D-printed immobilizers, such as 
enhanced patient experience and comfort compared 
to traditional methods. Additionally, they illustrate high 
accuracy in fitting patients, allow for repeatable setups, 
and exhibit beam attenuation properties comparable to 
those of thermoformed immobilizers. The drawbacks 
included the slow production rate of 3D printing and the 
potential for inaccuracies in digitizing patient geometry.4

	 This study examined three types of plastics: 1) 
polylactic acid (PLA), 2) polyethylene terephthalate glycol-
modified (PETG), and 3) acrylonitrile styrene acrylate (ASA). 
All three sorts of plastics are classified as thermoplastics, 
yet they have different qualities. PLA is a highly potential 
biopolymer because its monomers may be derived from 
non-toxic resources, and it is a naturally produced organic 
acid.  PLA is utilized for several applications in the medical 

industry. PLA as an appropriate material for 3D printing 
in external beam radiotherapy.5,6 PETG is a material that 
is very reliable and flexible, resistant to chemicals, and 
frequently utilized in the medical industry since it can be 
sterilized without deforming the product. ASA material 
has properties like ABS plastic. However, ASA is more 
robust, resistant to UV radiation, and less expensive than 
ABS plastic.7,8

	 The objective of this study is to identify a suitable 
material for a 3D-printed (additive manufacturing) 
thermoplastic mask in radiotherapy. This was assessed 
by looking at the strength and radiation properties of 
three types of plastic: polylactic acid (PLA), polyethylene 
terephthalate glycol-modified (PETG), and acrylonitrile 
styrene acrylate (ASA), using different internal designs like 
triangular, honeycomb, gyroid, and a mix of honeycomb 
and gyroid patterns.

Material and methods
Manufacturing of the samples
	 The sample was designed using Autodesk Fusion 360 
software. The design involved creating samples measuring 
10 x 10 cm2 with a thickness of 2 mm using three types 
of plastics (Ultramo, Thailand) : PLA, PETG and ASA (Table 1). 
All the materials are available in the form of filaments 
with diameters of 1.75 mm. Four internal structures were 
designed for each plastic: triangle, honeycomb (hexagon), 
gyroid, and honeycomb-gyroid, as shown in Figure 1. 
Models were exported to Stereolithography (STL) file 
format and converted to G-code in HP SmartStream 3D 
Build Manager software (HP, Palo Alto, USA). G-code is 
the low-level machine language that controls the printer.9 
A 3D model is created layer by layer using the 3D printer 
(Flashforge, Model: Creator 3, China) based on the Fused 
Deposition Modeling (FDM) technique.
﻿

Table 1. Properties of plastic material and print setting.
Physical property PLA PETG ASA
Chemical formula (C3H4O2)n (C10H8O4)x(C8H16O2)m C18H23NO2

Density (gm/cm3) 1.25 1.27 1.08
Flexibility Low High Medium
Durability Medium High High
Printing temperature (oC) 190-210 190-210 240-260
Print speed (mm/sec) 50-80 40-60 30-50
Nozzle temperature (oC) 200 240 245
Bed temperature (oC) 50-60 50-60 75-95

Note: PLA: polylactic acid, PETG: polyethylene terephthalate glycol-modified, ASA: acrylonitrile styrene acrylate.
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Testing chemical properties
Fourier transform infrared (FTIR) analysis
	 Specimens of the 3D-printed plastic samples 
were investigated by Fourier-transform infrared (FT-IR) 
spectroscopy. The FTIR uses interferometry to encode 
information from a couple of materials placed within the 
IR beam. The profile was generated by the Nicolet iS50 
FTIR Spectrometer (Thermo Scientific, USA) equipped 
with a rapid recovery deuterated triglycine sulfate (DTGS) 
detector. FTIR analysis could be conducted in Attenuated 
Total Reflection (ATR) mode, with a diamond as the 
crystal used. The obtained spectra were analyzed with 
the integrated OMNIC software (Thermo Scientific, USA). 
Spectra were collected between 4000 and 400 cm⁻¹, with 
a resolution of 4.0 cm⁻¹ and 64 co-added scans.

Testing of the mechanical properties
Testing with simulation mode
	 Autodesk Fusion 360 software is used for the 
mechanical simulation step. Stress, tension, and flexibility 
tests were applied to the plastic plates. A force of 10 
Newtons or 1.02 kilograms was applied, based on the 
average force applied to thermoplastic masks for head 
and neck.10 The software requires the specification of 
the sample material to mimic its mechanical properties. 
An attempt was made to reverse the g-code of each 
plate and utilize the STL format to acquire the various 
infills as an initial modeling approach for the plates. This 
approach, however, failed because the STL files lacked 
infill information about gyroid and honeycomb-gyroid.1

Testing with universal testing machine (UTM) 
	 Tensile testing was conducted with universal test 
machines (Lloyd Instruments LS 2.5, United Kingdom). 
All materials and infill patterns were subjected to tension 
testing at a speed of 20 mm/min, with a gauge length of 

30 mm, a thickness ranging from 1.76 to 2.38 mm, and 
a cross-sectional area between 18.3 and 23.8 mm². The 
tensile mechanical qualities, including maximum load and 
machine extension at maximum load, were examined. 
Following testing, the obtained data underwent analysis, 
and the results are provided through ultimate tensile 
strength, strain at maximum load, Young’s modulus, and 
elongation.

Testing of  the uniformity
	 The sample was x-rayed by a general x-ray machine 
(FDR Smart X, Fujifilm Medical System, Japan) with an 
exposure technique of 50 kVp, 3.2 mAs, and a source-
to-image distance of 100 cm. The resulting images were 
examined for uniformity using ImageJ software, which 
included providing five same-size regions of interest (ROIs) 
and calculating both the mean and standard deviation. All 
regions of interest were clearly defined with an area of 
5035-pixel².The measurement of uniformity for 3D-printed 
plastic sheets was illustrated in Figure 2 (A1-A5).

Testing of the density of samples using Hounsfield unit 
(HU) values
	 Samples of 10×10 cm² for Hounsfield unit (HU) 
assessments were scanned applying a Siemens SOMATOM 
Definition AS CT scanner (Global Siemens Healthcare, 
Erlangen, Germany) with 120 kVp tube potential, 270 
mAs tube current and scan time, 500 mm field of view 
(FOV), 1.00 mm slice thickness, 0.4 pitch were used. 
The circular regions designated for measuring HU were 
precisely located at 1 mm² on middle axial slice CT images, 
with average HU values derived from five ROIs for each 
3D-printed plate. The resulting images were evaluated for 
density by comparing the HU values of the sample plastic 
plates with those of a thermoplastic mask. Figure 2 (B1-B4).

 Figure 1. Infill pattern.  A: triangle, B: honeycomb or hexagonal, C: honeycomb-gyroid, D: gyroid.
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Figure 2. The measurement of uniformity and density for 3D-printed plastic sheets. A1-A5: measurement of uniformity for 
3D-printed plastic sheets, B1-B4: testing the density of the samples using Hounsfield unit (HU) values

Testing of the radiation transmission
	 The sample irradiation was performed in the Radiation 
Oncology Center at Thammasat University hospital, Pathum 
Thani, Thailand. TRS-398 guidelines were followed in the 
calibration output, as recommended by the International 
Atomic Energy Agency (IAEA). The radiation dose was 
determined by inserting a 0.6 cm³ Farmer-type ionization 
chamber (PTW 30013, Freiburg, Germany) into a plastic 
slab phantom (Virtual Water™, Med-Cal, Tennessee, USA). 
The dose of radiation was measured at a depth of 5 cm 
from the surface of a 30 cm tissue-equivalent material 
(density was 1.04 gm/cm³, and a 30x30 cm size) or the 
surface-to-ionization chamber distance was 5 cm. The 
field size was 10x10 cm², and the source-to-skin distance 

(SSD) was 95 cm. The radiation was delivered at a dose of 2 
Gy (600 MU/min) using a 6 MV photon beam on the Elekta 
Versa HD linac (Elekta Oncology Systems, Crawley, UK). 
The radiation passing through the object was measured 
using a Farmer-type ionization device with a volume of 
0.6 cm³. The object was placed on the tissue-equivalent 
material. The dose was quantified using an ionization 
chamber, followed by a comparison with a conventional 
immobilization thermoplastic mask of approximately 2 
mm thick. The setup for testing radiation transmission was 
shown in Figure 3. The transmission of radiation emerges 
as it passes each plate, calculated as follows:

	 % of transmitted dose =   dose from control reading
plastics sample measurement x 100

A1. The set-up of uniformity measurement.
B1. The set-up of hounsfield unit measurement.

B2. Hounsfield unit measurement of PLA.

B3. Hounsfield unit measurement of 
thermoplastic mask.

B4. Hounsfield unit measurement of 
PETG with gyroid pattern.

A2. Triangle. A3. Honeycomb.

A5. Gyroid.A4. Honeycomb-gyroid.
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Result
Fourier transform infrared (FTIR) analysis
	 FTIR analysis for PLA, PETG, and ASA filaments is 
given in Figure 4 (A). The FTIR spectra of the 3D printed 
plastics, recorded in the 4000-400 cm-1 wavenumber 
range, are graphically described. 
	 The characteristic stretching peaks of PLA are the 
C-O stretching at 1081.83 cm−1, the C-O-C stretching 
at 1180.49 cm−1, the C-H bending at 1358.90 cm−1 and 
1452.15 cm−1, the C=O stretching at 1747.47 cm−1. The CH3 
asymmetric and CH3 symmetric bending frequencies were 
observed at 2995.13 and 2944.51 cm−1, respectively. 
	 In case of PETG, the characteristic bands of -CH 
were observed at 724.42 cm−1. The peaks at 1016.47 and 
1093.45 cm−1 are related with C-H bond vibrations. The 
peaks at 1407.97 and 1239.95 cm−1 are associated with 

the -CH2 deformation band and C-O-O stretching of ester 
groups, respectively. The peak at 1712.98 cm−1 frequency 
shows C=O ester groups. Asymmetric and symmetrical 
aliphatic C-H stretching are identified at frequencies of 
2855.37 and 2927.41 cm−1, respectively.11,12

	 For investigation of ASA, the apparent peak at 
1732.36 cm-1 was the C=O stretching vibration. The 
appearance of C≡N absorption band at 2236.85 cm-1 gave 
strong supporting evidence that the ASA. The bands with a 
peak value at around 1601.90, 1493.67, and 1452.67 cm-1 
were assigned to stretching vibration peak of the benzene 
ring skeleton. Besides, peaks at 759.16 and 698.42 cm-1 
represented C-H bending.12 Figure 4 (B-D) showed the FTIR 
significant peaks for PLA, PETG, and ASA along with the 
associated assignments.
  

 Figure 3. Equipment setup for measuring the radiation transmission.
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Figure 4. FTIR analysis of 3D printed specimens. A: FTIR analysis for PLA, PETG, and ASA filaments, B: FTIR significant 
wavenumber peaks for PLA, C: FTIR significant wavenumber peaks for PETG, D: FTIR significant wavenumber peaks for ASA.
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Mechanical testing
Simulation-based testing using Autodesk Fusion 360 
	 The mechanical characteristics were evaluated using 
numerical simulation. The outcomes of the mechanical 
test are presented in Table 2. All testing was performed 
utilizing Autodesk Fusion 360 in simulation mode. The 
stress testing, which evaluates the object’s capacity to 
withstand external forces and its flexibility, revealed that 

the PLA plastic sample featuring a honeycomb design had 
the highest strength at 41.46 MPa and a flexibility of 1.46 
mm in the triangular infill pattern. In strain testing, which 
measures the force inducing deformation in an item, the 
ASA-honeycomb sample demonstrated a maximum value 
of 0.037 MPa. Figure 5 demonstrates the normalized 
physical properties of the material manufactured by the 
3D printer.

Table 2. Mechanical properties test
Plastic type Infill pattern Stress Strain Flexibility

Maximum (MPa) Maximum (MPa) Maximum (mm)
PLA Triangle 20.82 0.02 1.46

Honeycomb 41.46 0.04 0.39
Honeycomb-gyroid 0.33 0.00* 0.01
Gyroid 0.44 0.00* 0.07

PETG Triangle 16.84 0.02 0.54
Honeycomb 30.07 0.04 0.54
Honeycomb-gyroid 0.33 0.00* 0.02
Gyroid 0.40 0.00* 0.10

ASA Triangle 20.81 0.02 0.42
Honeycomb 39.56 0.04 0.42
Honeycomb-gyroid 0.32 0.00* 0.01
Gyroid 0.43 0.00* 0.01

Note: *values less than 0.01.

 Figure 5. The mechanical properties, including stress, strain, and flexibility, of each plastic material and infill pattern.
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 Table 3. The mechanical performance of each 3D-printed specimen with four different infill patterns.
Plastic type Infill pattern Ultimate Tensile Strength 

(MPa)±SD
Strain at 

Max load (%)±SD
Young’s Modulus 

(MPa)±SD
Elongation 

(mm)
PLA Triangle 7.79±1.35 3.36±0.67 292±24 1.16

Honeycomb 8.26±0.21 2.96±0.53 336±47 1.07
Honeycomb-gyroid 2.63±0.53 2.48±0.95 160±11 1.05
Gyroid 8.59±1.67 2.48±0.27 461± 9 0.85

PETG Triangle 6.67±0.51 4.13±0.27 192±8 1.34
Honeycomb 9.40±1.49 7.36±1.87 214±7 2.81
Honeycomb-gyroid 5.37±0.45 6.76±1.50 175±10 2.35
Gyroid 10.88±1.55 5.86±0.23 258±41 1.81

ASA Triangle 4.62±0.26 5.09±0.17 151±8 1.58
Honeycomb 8.93±0.75 3.76±0.56 278±10 1.24
Honeycomb-gyroid 4.00±0.14 4.10±0.41 164±7 1.32
Gyroid 9.38±0.40 2.89±0.20 415±15 0.94

Strength and flexibility testing using universal testing 
machine (UTM)
	 Testing was performed utilizing the Lloyd Instruments 
LS 2.5 Universal Testing Machine. PLA exhibited the 
highest ultimate tensile strength with the gyroid pattern 
(8.59±1.67 MPa) and Young’s modulus (461±19 MPa); 
however, the triangle pattern displayed superior flexibility, 
achieving maximum strain at failure (3.36±0.67%). The 
gyroid pattern for PETG had the highest ultimate tensile 
strength (10.88±1.55 MPa), but the honeycomb pattern 
displayed enhanced flexibility with a maximum strain at 

failure of 7.36±1.87%. Furthermore, the gyroid pattern 
demonstrated superior stiffness with a Young’s modulus 
of 258±41 MPa, significantly outperforming other 
patterns. For ASA, The gyroid pattern demonstrated 
superior stiffness (415±15 MPa Young’s modulus) and high 
tensile strength (9.38±0.40 MPa), whereas the triangle 
pattern showed exceptional flexibility (5.09±0.17% strain 
at maximum load). The values of strength and flexibility 
obtained using the universal testing machine (UTM) are 
presented in Table 3 and Figure 6.



K. Phantawong et al.  Journal of Associated Medical Sciences 2025; 58(3): 361-375 369

Figure 6. The mechanical properties of UTM of each plastic material and infill pattern. 
A: ultimate tensile strength, B: strain at max Load, C: Young’s Modulus (stiffness).
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Uniformity and Hounsfield unit (HU) Testing
	 The uniformity assessment of the objects was 
performed by radiography each sample and evaluating 
the resultant images for uniformity utilizing the Image 
J software. The region of interest (ROI) was delineated 
at five spots on the pictures, and the homogeneity of 
each sample together with the thermoplastic mask was 
evaluated. The homogeneity of each plastic type—PLA, 
PETG, and ASA—exhibits the following ranges of mean and 

standard deviation: 80.31-89.13 (5.27-10.33), 79.81-89.76 
(5.44-8.98), and 79.99-88.66 (4.05-8.18), respectively. 
The previous values are presented in Table 4. The density 
of the 3D-printed plastic plates, measured in Hounsfield 
units (HU), was evaluated using the Synapse® PACS 
(Fujifilm Medical System, Japan), as shown in Table 4. The 
HU ranges for PLA, PETG, and ASA are -774.88 to -677.6, 
-730.27 to -649.24, and -757.7 to -620.21, respectively.

 Table 4. Uniformity and Hounsfield unit of 3D-printed samples and standard thermoplastic mask
Plastic type Infill pattern Uniformity (gray values)

Mean±SD
Hounsfield unit (HU)

Mean±SD

Uni-frame® Thermoplastic mask 79.00±7.37 -567.53±40.09

Type-STM Thermoplastic mask 79.90±7.44 -559.17±42.0

PLA Triangle 80.31±10.33 -774.88±12.09

Honeycomb 84.09±6.68 -699.43±22.23

Honeycomb-gyroid 89.13±8.23 -722.48±25.29

Gyroid 85.67±5.27 -677.6±23.27

PETG Triangle 79.81±6.59 -730.27±36.36

Honeycomb 83.98±6.47 -724.29± 20.61

Honeycomb-gyroid 89.76±8.98 -711.25±34.87

Gyroid 86.55±5.44 -649.24±29.10

ASA Triangle 79.99±8.18 -757.7±34.02

Honeycomb 84.22±6.76 -699.5±28.32

Honeycomb-gyroid 88.66±4.05 -702.59±26.68

Gyroid 86.58±4.73 -620.21±27.70

Dosimetric properties
	 As illustrated in Table 5, the percentages of dose 
differences and transmitted radiation are presented. The 
dose difference was determined by reducing the initial 
radiation dose from the dose that passed through the 

Table 5. Radiation transmission in different plastic type plates and infill pattern.
Plastic type Infill pattern % Dose difference % Transmitted dose

No mask (control) - -

Uni-frame® Thermoplastic mask 0.4391 99.56

Type-STM Thermoplastic mask 0.3585 99.64

PLA Triangle 0.0896 99.91

Honeycomb 0.1344 99.87

Honeycomb-gyroid 0.4584 99.54

Gyroid 0.1165 99.88

PETG Triangle 0.5992 99.40

Honeycomb 0.5834 99.42

Honeycomb-gyroid 0.5318 99.47

Gyroid 0.6994 99.30

ASA Triangle 0.4693 99.53

Honeycomb 0.5229 99.48

Honeycomb-gyroid 0.5229 99.48

Gyroid 0.5854 99.41

sample. A standard immobilization thermoplastic mask 
(CIVCO Medical Solutions, Iowa, USA) approximately 
2.4 mm thick, was irradiated to determine a term of 
comparison.
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	 Comparable results were seen when the differences in 
transmission between each plate and the conventional mask 
were below 0.7%. PLA with triangular infill demonstrated 
superior performance compared to other materials for 
6 MV photon energy, exhibiting a lower attenuation of 
0.09% versus 0.4% for the typical thermoplastic mask. 

The analysis of radiation dose transmission through 
3D-printed masks made from PLA plastic (triangle, gyroid, 
honeycomb) reveals a transmission percentage ranging 
from 99.87% to 99.91%. This percentage is notably higher 
than the standard thermoplastic mask, which transmits 
between 99.56% and 99.64%, as illustrated in Figure 7.

 Figure 7. Variation of the transmitted radiation in percentage for different plastic type plates and infill pattern.
(Graph plotted by DATAtab.net, Graz, Austria)

﻿Discussion
	 Surgery, radiotherapy, and chemotherapy are 
widely utilized approaches in the treatment of cancer. 
A significant majority of patients with cancer receive 
treatment through radiotherapy. The primary objective 
in radiotherapy is to achieve optimal dose delivery to the 
tumor while reducing the side effects associated with 
the treatment. Therefore, it is crucial to carefully execute 
the radiation treatment design. While the introduction 
of advanced radiotherapy technologies has minimized 
errors associated with reconstructing the patient’s 
geometry, certain inaccuracies remain in the production 
of accessories. The application of medical devices is not 
appropriate for every patient. Currently, 3D printing 
technology is regarded as a promising approach that 
can efficiently adapt to the treatment of individuals on 
a personalized basis. Consequently, there is significant 
interest in the utilization of 3D printing technology within 
the radiotherapy process.13

	 A variety of materials have been utilized to create 
the intended 3D object using the 3D printer, such as 
polylactic acid (PLA), acrylonitrile butadiene styrene (ABS), 
polyethylene terephthalate glycol (PETG), thermoplastic 
elastomers (TPE), polyamide (PA, commonly referred 
to as nylon), thermoplastic polyurethane (TPU), and 
polyvinyl acetate, all of which have been assessed for 
their application in radiation therapy.14,15

	 FTIR analysis was used to examine the chemical 
characteristics of three different types of filaments that 
were produced for 3D-printed sheets. The transmittance 
bands from 2996–2944 cm−1 correspond to the symmetric 
and asymmetric stretching of the CH3 group. The band 
approximately of 1750 cm−1 (range of 1745-1758 cm-1) 
corresponds to the vibration of the C=O bond of PLA 
because of the presence of the ester. This peak was 
intense due to the concentration of PLA and ester in the 
formulation. The band at 1267 cm−1 is associated with the 
C=O bending vibration, while the bands at 1180 and 1130 cm−1 
correspond to the C-O-C stretching vibration of the ester 
groups in PLA polymer.16

	 The % transmittance at around 1717 cm⁻¹ indicates a 
significant peak of PETG associated with the C=O stretching 
vibration in the ester group, contrasting with PLA, which 
exhibits a band at 1750 cm⁻¹. The PETG spectrum has peaks 
at around 1505, 875, and 730 cm⁻¹, indicative of aromatic 
bond vibrations that are absent in the PLA spectra.17

	 The C≡N stretching band (2236-2238 cm⁻¹) is the 
most significant and characteristic peak of ASA, indicating 
the vibration of the C≡N bond in the nitrile group of the 
acrylonitrile unit. The C=O stretching seen at around 
1733-1735 cm⁻¹ indicates the vibration of the C=O bond 
within the ester group of the acrylate component in 
ASA. The aromatic C=C stretching peaks are observed at 
roughly 1602 and 1493 cm⁻¹, signifying the vibration of the  

% Transmitted dose by plastic type
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C=C bond within the benzene ring, a hallmark of the 
aromatic structure in the styrene component. This verifies 
that ASA is a terpolymer consisting of three primary 
constituents: acrylonitrile, styrene, and acrylate.12

	 FTIR analysis in this experiment revealed that PLA 
corresponded with polylactide at 95.65%; PETG aligned 
with poly (ethylene terephthalate) at 95.11%; and ASA 
matched with copier toner (ether extract) styrene acrylate 
copolymer at 87.40% and poly (styrene: acrylonitrile: 
methyl acrylate) at 83.91%. The matching was conducted 
with the reference spectrum from the OMNIC software 
library.
	 Different materials and filling patterns will yield 
varying outcomes based on mechanical test analysis. In 
Autodesk Fusion 360 simulation testing, the strength 
testing showed that honeycomb patterns are the strongest, 
supporting the results of previous study3, which found that 
hexagons have better stress and strain scores than other 
shapes. Flexural testing indicates that PLA with a triangle 
infill pattern exhibits the greatest flexibility, followed by 
PETG and ASA materials. Most types of thermoplastic 
masks allow deviations of 2 to 5 mm.18 In all plastic plates, 
the displacement (in mm) was less than 1.46 mm. This 
was below the previously reported range of 2 to 5 mm and 
proved to be an excellent result. 
	 While, in universal tensile machine (UTM) testing, 
the gyroid infill pattern revealed the highest ultimate 
tensile strength, closely followed by honeycomb across 
all plastic types. These findings correspond with recent 
studies indicating that complex 3D infill patterns, such as 
gyroid, offer enhanced strength-to-weight ratios owing to 
their isotropic load distribution properties.19,20

	 Our results demonstrate that material-infill 
pattern interactions significantly influence mechanical 
performance. The gyroid infill pattern emerged as the 
optimal choice across all three materials for applications 
requiring high stiffness and strength21,22, which demonstrate 
gyroid’s superior mechanical resistance compared to 
conventional patterns. 
	 For Flexibility, the triangle infill pattern consistently 
provided superior flexibility across PLA and ASA materials, 
achieving strain values of 3.36% (PLA) and 5.09% (ASA) at 
maximum load. This aligns with recent literature indicating 
triangular patterns’ exceptional energy absorption and 
impact resistance capabilities.23

	 While honeycomb patterns showed high theoretical 
strength potential, our analysis revealed significant 
manufacturing consistency challenges, 3D-printed 
plastics sheet with honeycomb has strength less than 
gyroid pattern. This contrasts with some literature 
suggesting honeycomb as the universally strongest 
pattern24, highlighting the importance of material-specific 
optimization and quality control in FDM processing.
	 On material-specific performance characteristics, 
PLA demonstrated exceptional stiffness characteristics, 
achieving the highest Young’s modulus values (up to 461 
MPa with gyroid infill pattern), consistent with literature 
reporting PLA’s superior mechanical properties in controlled 
environments. However, our findings confirm PLA’s brittleness 

limitations, with relatively low strain values and reduced 
performance under environmental stress conditions, 
supporting recent weathering studies.25,26

	 PETG emerged as the most balanced performer, 
achieving the highest ultimate tensile strength (10.88 MPa 
with gyroid) while maintaining excellent flexibility (7.36% 
strain with honeycomb).25 The material’s consistent 
performance across all infill patterns supports its growing 
adoption for functional applications requiring both 
strength and durability.27

	 ASA showed competitive mechanical properties 
with exceptional environmental resistance capabilities, 
achieving high stiffness (415 MPa) comparable to PLA while 
maintaining better flexibility characteristics. However, 
manufacturing inconsistencies, particularly with complex 
infill patterns, highlight processing optimization needs.27

	 Nonetheless, various factors can affect the analysis 
of the mechanical properties of plastic plates: infill density, 
extrusion temperature, infill orientation, layer thickness, 
and even filament color. Consequently, it is essential 
for the printed mask to undergo mechanical testing 
with standard material dimension size to ensure a more 
accurate assessment of its properties and to determine 
the actual displacement.28

	 The plastic plates produced by the 3D printer 
demonstrate consistent quality, as analyzed through the 
ImageJ program, with an average standard deviation 
between 5.93 and 7.63. The thermoplastic mask illustrates 
a value of 7.4, suggesting that the 3D printer has the 
capability of consistently producing each piece.
	 The analysis of sample density through Hounsfield 
unit (HU) revealed that the ASA featuring a gyroid structure 
has a HU of -620.21, which is nearest to the Uni-frame® 
and Type-STM Thermoplastic mask. The HU values for 
all 3D-printed samples range from -774.88 to -620.21, 
indicating a very low radiological density—comparable 
to lung density (-950 to -550)29, which is advantageous 
for radiotherapy applications as it minimizes beam 
attenuation.1,30 The filling pattern may influence the size 
of the air gap and the value of HU. The dimensions of the 
air gap and the HU value were significant factors in getting 
equivalent tissue. 
	 The radiological properties of 3D-printed materials, 
particularly their Hounsfield unit (HU) values, have been 
the subject of extensive research by numerous research 
groups. These studies have revealed substantial variations 
that are dependent on the material composition, infill 
density, and printing parameters. Across various research 
groups, PLA material exhibits the most extensively 
investigated HU characteristics. Fundamental baseline 
values were reported in the previous study, which 
demonstrated a strong infill density dependence with 
HU values ranging from -904 at 10% infill to +61 at 100% 
infill. At the 60% infill density that is frequently employed, 
PLA demonstrated HU values of -530±25, which places 
it within the lung-to-soft tissue equivalent range.30 In 
the fabrication of the anthropomorphic phantom or 
thermoplastic mask of radiation therapy, the infill density 
of 45-55% is equivalent to the HU of lung tissue when 



K. Phantawong et al.  Journal of Associated Medical Sciences 2025; 58(3): 361-375 373

constructed from other materials, such as PETG, ASA, and 
ABS.31,32 This is in accordance with this research that was 
printed with a 40% infill density, and the Hounsfield units 
(HU) of the three varieties of plastic are near the density of 
lung tissue.
	 The triangle structure in PLA allows the highest 
radiation transmission at 99.91%, displaying a minimal 
dose difference of 0.09%. By contrast, the PLA gyroid 
structure attains a 99.88% transmission rate with a 0.12% 
dose difference. The honeycomb-gyroid structure made 
from PETG demonstrates the lowest radiation transmission 
at 99.30%, showing a dose difference of 0.70%. The 
results show that all three types of plastic plates radiation 
similarly to the thermoplastic mask samples, which have 
transmission rates of 99.56% and 99.64%, with dose 
differences of 0.44% and 0.36%. The increased thickness 
in plate manufacture may affect radiation attenuation. 

Limitations
	 The strength and flexibility values tested through 
Autodesk Fusion 360 in simulation mode using a 
compressive force of 10 Newtons (equivalent to 1.02 
kilograms) are only predicted values from the program. In 
simulation mode does not fully support the analysis of the 
strength and flexibility of internal structures like gyroid and 
honeycomb-gyroid as comprehensively as other internal 
structures. Therefore, the strength and flexibility values 
for gyroid and honeycomb-gyroid internal structures may 
deviate from their actual values.
	 The mechanical testing conducted through simulation 
in Autodesk Fusion 360 provides valuable preliminary 
information. The test plastics utilized were flat sheets, 
inadequate to resemble the curvature required for actual 
anatomical patient application. Additional investigations 
will be conducted using 3D models to align with realistic 
patients.
	 The mechanical testing conducted by UTM has been 
limited by factors such as the dimensions of plastic sheets, 
the size of specimens for cross-sectional area assessments, 
the restriction to a single environmental testing setting, 
and the limited number of samples for certain material-
pattern combinations.

Recommendations
	 Strength and flexibility tests of the plastic sheets 
should be conducted using a compressive testing machine 
alongside Autodesk Fusion 360 to increase the accuracy of 
the strength and flexibility values obtained.
	 Perform experiments focused on the production of 
larger components and their fabrication using 3D patient 
models, which are obtained from techniques like computed 
tomography (CT) or magnetic resonance imaging (MRI), 
combined with sophisticated computer-aided design 
(CAD), 3D scanning, and virtual planning software.
	 Subsequent research should address these 
shortcomings by implementing expanded testing matrices 
and consistent specimen preparation techniques for 
tensile testing and comparative investigation in different 
material filament brands.

Conclusion
	 This pilot study  examines Fused Deposition Modeling 
(FDM) technology in 3D printing using the four different 
infill patterns of Polylactic Acid (PLA), Polyethylene 
Terephthalate Glycol-Modified (PETG), and Acrylonitrile 
Styrene Acrylate (ASA) for the fabrication of radiation 
immobilization devices. Based on comprehensive 
property testing, all three types of plastic have proven to 
be appropriate alternative materials for the integration of 
an immobilization mask. As a result, PLA plates displayed 
advantageous results in terms of radiation transmission, 
while PETG emerged as the most balanced performer in 
terms of mechanical properties, showing high strength 
and flexibility. ASA, a polymer containing a benzene 
ring, demonstrated that it is more resistant to radiation. 
Additionally, the Hounsfield unit (HU) value that is related 
to each soft tissue could be varied according to the 
characteristics and % infill pattern density.
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ABSTRACT

Background: Wide pulse pressure (PP) is a significant predictor of cardiovascular 
events.  Isometric handgrip exercise (IHG) is a form of exercise used to manage 
blood pressure (BP). However, research on its effects in individuals with above-
normal pulse pressure remains limited.

Objectives: This study aimed to examine the impact of a home-IHG program on 
arterial stiffness and blood pressure in middle-aged individuals with prehypertension 
or stage 1 hypertension and elevated PP. 

Materials and methods: Twenty-eight participants were randomly assigned to either the 
IHG group (IHG, N=14) or the control group (CON, N=14). The IHG group performed 
IHG at 30% of their maximum voluntary contraction, using a modified mercury  
sphygmomanometer as the exercise device, 3 times/week, for 8 weeks. Brachial-ankle 
pulse wave velocity (baPWV) and BP were assessed at baseline and post-intervention.

Results: The results demonstrated an improvement in vascular function following 
IHG implementation, indicated by a significant decrease in baPWV in the IHG group 
compared with the control group (IHG: 1240±121 cm/s vs CON: 1365±159 cm/s; 
p<0.05). IHG also significantly reduced systolic blood pressure (SBP) compared 
with the control group (IHG: 119.86±5.26 mmHg vs CON: 131.21±3.64 mmHg; 
p<0.05). Moreover, changes in baPWV were positively correlated with changes in 
SBP (r=0.65, p<0.001) and PP (r=0.52, p<0.01).

Conclusion: An 8-week home-based IHG program using a mercury sphygmomanometer 
for training reduced BP and arterial stiffness in middle-aged women with elevated PP.
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Introduction
	 Elevated BP, even at a marginal level, is a significant 
clinical concern and increased cardiovascular morbidity 
and mortality.1 Therefore, appropriate BP control is 
crucial. Age-related changes in BP are characterized by an 
increase in SBP and a stable or mildly decreasing diastolic 
pressure (DBP), resulting in higher PP. Notably, elevated PP 
is related to vascular elasticity and serves as an index of 
arterial stiffness.2 The European Society of Hypertension 
also acknowledges that a widened PP is a distinct risk 
factor, independent of elevated SBP.
	 Guidelines from health organizations recommend 
at least 150 minutes/week of moderate-intensity aerobic 
exercise as a first-line non-pharmacological strategy for the 
prevention, management, and lowering of hypertension 
(HTN).3,4 A recent systematic review and meta-analysis 
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demonstrated that aerobic training reduced SBP and DBP 
by approximately 4 and 3 mmHg, respectively.5 Despite 
the established benefits of regular exercise, in Thailand, 
43% of adults do not meet recommended exercise levels.6 
Lack of time is frequently cited as a barrier to engaging in 
aerobic exercise,7 highlighting the need for time-efficient 
alternative approaches to BP management.
	 IHG has gained attention for its simplicity, short 
exercise duration, and efficacy in reducing BP.8-10 Previous 
studies have demonstrated the anti-hypertensive effects 
of IHG interventions, with durations ranging from 3 to 
12 weeks across diverse populations, with average BP 
reductions comparable to those achieved with standard 
exercise recommendations.8,10 Nevertheless, only a 
limited number of trials have explored the effect of IHG 
on vascular adaptation, yielding inconsistent results.11-13 
Prior IHG implementation typically required specialized 
equipment, potentially impeding exercise accessibility. 
Hence, to overcome this limitation, this research employed 
a modified mercury sphygmomanometer as an accessible 
tool for grip strength exercises.14-16 
	 Therefore, the aims of this study were to investigate 
the effect of an 8-week IHG intervention on vascular 
function BP in middle-aged individuals with pre-HTN and 
stage 1 HTN who exhibited elevated PP. We hypothesized 
that IHG would lead to improved vascular function, with a 
concomitant decrease in BP.

Materials and methods
 Participants
	 Women aged 40-59 years with elevated BP or stage 
1 HTN (resting SBP ≥120-139 mmHg and/or DBP ≥80-89 
mmHg) were recruited from Samliam sub-district Health 
Promoting Hospital and Nong Kung sub-district Health 
Promoting Hospital, Khon Kaen province, Thailand. The 
inclusion criteria were: 1) PP of 50-79 mmHg, 2) body 
mass index (BMI) of 18.5-24.9 kg/m², and 3) sedentary 
behavior, defined as a low level of physical activity 

assessed using the Thai version of the short-form 
International Physical Activity Questionnaire (IPAQ-SF). 
Exclusion criteria included: 1) a diagnosis of heart disease, 
diabetes mellitus, kidney disease, pulmonary disease, or 
neurological conditions;,2) use of regular medications, 
supplements, or hormone replacement therapy within the 
12 months prior to study enrollment, 3) upper extremity 
fracture within the past 6 months, 4) upper extremity 
deformity that could impair IHG, 5) moderate to severe 
pain, 6) current regular smoking or alcohol consumption, 
and 7) participation in any other exercise programs within 
12 months prior to trial enrollment.
	 The sample size was calculated based on a previous 
study17 using the formula for the comparison of two 
independent means. A sample size of 14 participants per 
group was required to achieve a statistical power of 0.80 
with an alpha (α) level of 0.05. Consequently, a total of 28 
participants were randomly assigned to the study groups.

 Modified mercury sphygmomanometer
	 This study employed a modified mercury sphygmo- 
manometer (SPIRIT, CK-101, Germany) for both measurement 
and training device (Figure 1). Previous research has 
demonstrated a correlation between grip strength 
values obtained using mercury sphygmomanometers and  
standard dynamometers in various populations. This 
evidence supports the use of modified sphygmomanometers 
as a reliable and alternative method for assessing handgrip 
strength.14-16 As previously described, the sphygmomanometer 
was adapted using the bag method, which involved folding 
the inflatable bladder cuff into a cylindrical form with an 
approximate circumference of 7 inches and encasing it in a 
soft, non-slip, non-stretch fabric.15,16 The modified mercury 
sphygmomanometer was calibrated and validation prior to 
data collection to ensure accuracy. The calibration results 
confirmed the validity for research application, with high 
measurement reliability at 95% confidence, complying 
with international standards (EA-4/02 and GUM).

Figure 1. Modified mercury sphygmomanometer.
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Procedure
	 The maximal voluntary contraction (MVC) of the
dominant hand was assessed using a modified mercury
sphygmomanometer, consistent with the recommendations 
of the American Society of Hand Therapists.18 All measurements 
were performed by a trained physiotherapist. Following 
a familiarization session, the MVC test was conducted 
with participants in a seated position, maintaining the 
shoulder in a neutral position and elbow flexion at 90°. 
Each participant performed two trials with a minimum 
rest period of 1 minute between attempts. The higher 
value of the two trials, recorded in mmHg, was used as the 
participant’s MVC.
﻿
Isometric handgrip training protocol
	 In the initial 2 weeks, participants performed exercises 
under the closed supervision of a physical therapist and 
received an instructional exercise booklet for continued 
practice. Furthermore, the participants were informed of 
the precautions and the indications for stopping exercise. 
For the subsequent 6 weeks, participants independently 
conducted home-based training. The IHG program, 
performed 3 times/week for 8 weeks, consisted of four 
sets of two-minute contractions using a modified mercury 
sphygmomanometer with the dominant hand, maintaining 
a target pressure at 30% of the participant’s MVC, with 
one-minute rest periods between each set.8 The MVC was 
reassessed every two weeks to adjust the exercise load. 
Throughout the study, participants were asked to maintain 
their routine activities and record each home exercise 
session in an exercise diary. Adherence to the home-based 
exercise program was monitored through weekly phone 
calls and researcher home visits every two weeks. All of 
participants in the IHG group completed all 24 scheduled 
exercise sessions. 

Control group
	 Participants in the control group maintained their 
usual daily activities during the study period and received 
no additional interventions.

Measurements 
	 Before testing, subjects were instructed to avoid 
strenuous exercise for 24 hours and to abstain from 
smoking, alcohol, and caffeine for 4 hours. A minimum 
10-minute rest period was required prior to data collection. 

All assessments were conducted in a quiet, temperature-
controlled environment. Outcome measurements were 
collected at baseline and after the 8-week program. 
Post-intervention assessments were conducted 48 hours 
after the final exercise session to minimize the influence 
of immediate exercise responses. All data were collected 
by the same investigator who blinded to group allocation. 
After a 10-minute rest, brachial SBP and DBP were 
measured using a calibrated, automated device (Masimo, 
WelchAllyn Vonnex Spot Monitor, USA) following a 
standardized protocol.19 The mean of two readings was 
recorded for analysis, PP was then calculated from SBP 
and DBP. 

Vascular function
	 baPWV was determined using a data acquisition 
system (Arterial Compliance Monitor, Bart’s and The 
London School of Medicine and Dentistry, UK) with 
Doppler probes (Dopplex MDII, Huntleigh Healthcare, 
Cardiff, UK).  Two consecutive waveform tracings were 
obtained for each participant, and the mean value was 
used for subsequent analysis. The arterial path length was 
estimated based on participant height.20

Statistical analysis
	 All data are expressed as mean±SD. Statistical 
analyses were performed using Statistical software 
(SPSS version 28.0.1.0 (142)). The Shapiro-Wilk test was 
used to assess the normality of data distribution. For 
within-group comparisons, paired samples T-tests were 
applied to evaluate differences between baseline and 
post-intervention values. Between-group differences in 
outcome variables were analyzed using independent 
samples t-tests. Pearson’s correlation coefficient was 
calculated to assess the relationship between changes 
in vascular function and BP parameters. A <0.05 was 
considered statistically significant for all analyses.

Results  
Baseline characteristics
	 Twenty-eight middle-aged women (age range: 43-
57 years, mean age: 50.57±3.90 years) participated in this 
study. At baseline, there were no significant differences in 
demographic characteristics between the IHG and control 
groups (Table 1).

 Table 1. Participant’s characteristics.  

Variables Control group
(N=14)

IHG group
(N=14)

Age (year) 049.23±4.14 051.24±3.68
Weight (kg) 056.77±5.27 056.55±6.67
Height (cm) 161.14±4.53 158.50±6.37
BMI (kg/m2) 021.84±1.50 022.45±1.52

Note: IHG group: isometric handgrip exercise group, kg: kilogram, cm: centimeter, BMI: body 
mass index, m: meter. Data are expressed as mean±SD.
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Blood pressure 
	 The 8-week IHG program significantly reduced SBP 
by approximately 10 mmHg and PP by approximately 8 
mmHg from baseline. (Table 2). Following the intervention, 
SBP and PP were significantly lower in the exercise group 
compared to the control group (p<0.05). However, DBP did 
not change significantly over the 8-week period.

	 Initial baPWV did not differ significantly between 
the IHG and control groups (p>0.05; Figure 2). After 8 
weeks, baPWV in the IHG group decreased significantly 
by 117 cm/s from baseline values (p<0.05). Furthermore, 
arterial function significantly improved in the IHG group, 
as evidenced by a lower baPWV compared to the control 
group at the post-intervention assessment (p<0.05).

Table 2. Changes in blood pressure before and after 8-weeks of intervention. 

Variables
Control group (N=14) IHG group (N=14)

Baseline 8 weeks Baseline 8 weeks
SBP (mmHg) 130.79±4.89 131.21±3.64 130.75±4.51 119.86±5.26*,#

DBP (mmHg) 076.43±3.13 077.50±5.50 77.57±3.37 075.21±4.9000
PP (mmHg) 054.36±3.82 053.71±7.05 53.18±3.24 044.64±4.57*,#

Note: IHG group: isometric handgrip exercise group, SBP: systolic blood pressure, mmHg: millimeter of mercury, DBP: diastolic 
blood pressure, PP: pulse pressure, *significant different from baseline (p<0.05), #significant different from control group (p<0.05). 
Data are express as mean±SD

Figure 2. Individual changes and mean baPWV before and after 8-weeks of intervention. 
IHG group: isometric handgrip exercise group, baPWV: brachial ankle pulse wave velocity, cm: centimeter, s: second,
* significant different from baseline (p<0.05), # significant different from control group (p<0.05).



W. Usupharach et al.  Journal of Associated Medical Sciences 2025; 58(3): 376-383380

	 Pearson correlation analysis was conducted to 
examine the relationship between changes in arterial 
stiffness and BP parameters. There was a significant 
positive association between changes in baPWV and 

changes in SBP (r=0.65, p<0.001; Figure 3A). Similarly, 
alterations in baPWV were significantly correlated with 
changes in PP (r=0.52, p<0.01; Figure 3B). 

Figure 3.  Relationship between changes in brachial-ankle pulse wave velocity (baPWV) and changes in systolic blood 
pressure (A) and PP (B) all participants.
IHG: isometric handgrip exercise group, Con: control group, baPWV: brachial ankle pulse wave velocity, cm: centimeter, s: 
second, SBP: systolic blood pressure, mmHg: millimeter of mercury, PP: pulse pressure.

Discussion
	 In this cohort of middle-aged women with elevated 
PP an 8-week home-based IHG program demonstrated 
beneficial effects on vascular function and reduced BP. 
Increased arterial stiffness is a recognized characteristic in 
HTN patients. In the present study, baPWV was used to 
assess arterial stiffness. A significant reduction in baPWV 
(approximately 100 cm/s) was observed following the 
implementation of IHG exercise. This magnitude of PWV 
reduction is considered clinically meaningful.21 This finding 
aligns with a study by Patil et al.,22 which demonstrated 
an alleviation of arterial stiffness (both carotid-femoral 
pulse wave velocity: cfPWV and baPWV) following a yoga 
intervention in elderly subjects with elevated PP. Similarly, 
previous research has shown a significant decrease in 
cfPWV after 12 weeks of IHG in elderly hypertensive 
patients. However, they reported no significant change 
in peripheral arterial stiffness, assessed via leg PWV.23 
IHG-induced vascular adaptations may involve several 
mechanisms, including enhanced local endothelium-

dependent vasodilation, vascular remodeling, and/or 
modulation of autonomic vasomotor control.8

	 In the current study, a 8-week IHG training resulted 
in a clinically significant reduction in resting SBP by 
approximately 10 mmHg.24 Following the intervention, 
35% of participants in the handgrip group achieved optimal 
SBP levels (<120 mmHg). Additionally, 85% of participants 
achieved a PP less than 50 mmHg, a level associated with 
reduced cardiovascular risk.25 Our findings align with a 
previous systematic review of low- to moderate-intensity 
IHG training programs which reported a mean reduction in 
SBP of 5 mmHg.26 These findings support the efficacy of IHG 
for lowering BP in pre-HTN and stage 1 HTN middle-aged 
adults with above-normal PP. Indeed, the magnitude of BP 
reduction following IHG exercise appears to be related to 
the participants’ baseline clinical characteristics and the 
IHG exercise protocol. Millar et al.27 reported a positive 
correlation between baseline SBP and the magnitude of 
SBP reduction after IHG training, indicating greater benefits 
in individuals with higher initial SBP levels. Regarding the 
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IHG prescription, prior meta-analyses suggest that IHG 
training durations exceeding 8 weeks may yield larger BP 
reductions.28 
	 The present study found that handgrip training had 
no significant effect on DBP. Our findings are consistent 
with prior research and likely attributed to the baseline 
characteristics of our participants, the majority of whom 
presented with DBP values within the normal range prior 
to the intervention. Therefore, any additional decrease 
in DBP was limited by a physiological floor effect.28,29 This 
lack of a significant DBP change aligns with findings from 
a systematic review and meta-analysis by Almeida et al., 
which also reported no significant diastolic reductions 
following 8-10 weeks of IHG training in individuals with 
normotensive baseline DBP. The researchers proposed 
that IHG training mainly influences SBP by decreasing 
vascular resistance, leading to a greater impact on systolic 
blood pressure.30 Conversely, DBP is primarily determined 
by cardiac output, which appear to be less responsive to 
this form of exercise training.31

	 Elevated BP accelerates structural and functional 
vascular changes, leading to reducing arterial distensibility. 
Conversely, increased arterial stiffness elevates BP by 
enhancing vascular resistance, establishing a bidirectional 
relationship.27,28 In the present study, a positive association 
between reductions in BP and PWV was observed, 
suggesting that BP lowering following IHG training was 
proportional to improvements in vascular function. SBP 
has been demonstrated to be associated with arterial 
stiffness. Supporting this relationship, a large cross-
sectional study (N=12,517) by Tomiyama et al. revealed 
that systolic blood pressure was correlated with baPWV 
among both male (r=0.61, p<0.01) and female participants 
(r=0.75, p<0.01).34  This association has also been observed 
in intervention studies. Prior research in individuals 
with chronic obstructive pulmonary disease reported 
a significant positive association between changes in 
baPWV and changes in SBP (r=0.79, p=0.004) after a 
4-week aerobic exercise program.35 Similarly, Figueroa 
et.al., found correlations between decrease in baPWV and 
reductions in both radial systolic blood pressure (r=0.57, 
p<0.01) and aortic systolic blood pressure (r=0.64, p<0.01) 
following 6 weeks of watermelon supplementation in post-
menopausal women.36 These findings suggest that the 
intervention-induced reductions in systolic blood pressure 
may be accompanied by concurrent decreases in arterial 
stiffness. 
	 The potential mechanisms underlying the BP-
lowering effects of handgrip exercise might be involved an 
attenuation of vascular resistance by enhanced nitric oxide 
(NO)-induced vasodilation.8 Although our study did not 
directly measure NO levels, the assessed flow-mediated 
dilation (FMD) as an indicator of endothelium-dependent, 
NO-mediated vasodilation in response to IHG.  Consistent 
with this, Javidi et al. reported an enhancement in brachial 
artery %FMD in IHG training group, implying increased 
NO bioavailability after the IHG intervention.37 Further 
supporting this mechanism, improvements in endothelial 
function after IHG have been demonstrated by a reduction 

in shear rate area under the curve after occlusion in 
hypertensive patient.23

Limitations
	 This study has several limitations. The absence 
of measurements for nitric oxide, oxidative stress, or 
inflammatory markers limits our ability to fully elucidate 
the mechanisms underlying the BP reductions observed 
following IHG. Further research is needed to explore the 
mechanistic pathways. Additionally, studies with longer 
durations and larger sample sizes are warranted to confirm 
the long-term benefits of IHG training and only specific for 
middle aged women.

Conclusion
	 Moderate-intensity IHG using a modified 
sphygmomanometer significantly reduced BP and arterial 
stiffness, potentially lowering cardiovascular risk. These
findings suggest that IHG exercise may serve as a 
therapeutic adjunct for improving BP control and vascular 
function in middle-aged women with pre-HTN or stage 1 
HTN and elevated PP. 
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