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ABSTRACT

Background: The study of cell migration is one of the most interesting topics in 
cancer research. Wound healing assay is a basic 2D technique used to follow cell 
migration. The area of a wound’s images are measured and calculated to demonstrate 
the percentage of moving cells. Normally, the measurements are estimated by direct 
scaling of observers, which unavoidably involves human error. Moreover, there is 
yet to be a gold standard technique for measurement. Recently, image processing 
tools have been provided to use and easily carry out measurement, such as ImageJ 
software and others.
 

Objectives: This study proposed to take the advantage of the region growing algorithm 
for wound healing measurement. 

Materials and methods: Basic algorithm was used for segmentation of the low contrast 
area of the wound area from the background in each image. Moreover, contrast 
limited adaptive histogram equalisation and edge detection techniques were 
applied in order to improve the quality of images. Program codes were generated 
and conformed to be the finalised program, named the wound healing measurement 
program for the trial version.

Results: The program was compared to ImageJ, with the results showing that there were 
no statistically significant differences (p>0.05, n=3). However, time for all processes 
of this program was fast and not dependent on the shape of the wound. Intra observer 
and inter-observer reproducibility of this study found a correlation coefficient within 
groups close to 1. The average satisfaction of observers for using the program was 
4.45. 

Conclusion: Thus, it was concluded that this study could apply the region growing 
technique for the measurement of cell migration program. However, there were 
problems that occurred during the proceeding in this version. Therefore, we aim to 
resolve and improve the efficiency of this program in future work.
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 Cell migration is one of main subjects that biology 
researchers have been studying, especially those cells 
associated with cancer. For in vitro 2D-study, the wound 
healing assay was performed by scratching the monolayer 
cell with 80-100% confluence. Then, the study followed the 
movement of the healing of wound and calculated in 
percentage of movement. Generally, measurement comprises 
the area of the wound each time by using a ruler or other 
measurement instrument.1-3 Therefore, it is a manual 
technique and the values are approximate, with human 
error definitely possible. Moreover, the captured images in 
the study have appeared in low contrast properties by 
microscopy camera. Somehow, it was difficult to distinguish 
between cells and background, which caused more errors 
in their results. Avoiding errors will provide more accurate 
results. Ideally, it would be nice to have some kind of technique 
or program to measure an area easily and accurately, with 
acceptable error.4 Nowadays, ImageJ software is used globally, 
whether for image adjustment or measurement.5-6 The ROI 
function of ImageJ allows manual drawing along the wound 
area and gives a result in pixel units. However, some observers 
have been unable to get precise results due to the low 
contrast of images, as mentioned before. Moreover, in the 
case of low ability to use a hands-free function to draw an 
area of observes could be one problem for uncertainty in 
the area of the wound. Even though most images are low 
contrast, the wound area is apparently different in texture. 
The wound is a background of the image and almost uniform 
in intensity, while the cell layer part is individual but not 
uniform. To easily measure the wound area, each part must 
be separated from others. The one basic segmentation technique 
in image processing that could be applied for this purpose is 
region growing.7-9 This algorithm can separate the uniform 
and communicated areas. Therefore, this study proposes 
to apply the basic region growing technique to measure 
the wound area in wound healing images. This study aims 
to develop a basic program for measuring the migration 
area in wound healing images to get precise, fast and convenient 
results. Moreover, we will develop a more complete version 
in the future.

Introduction

Materials and methods

Materials 
 In this study, wound healing images were taken by 
a microscope, (Leica DMI6000B, Leica Microsystem AG) 
provided by the laboratory for Molecular Pathology, 
Department of Health Sciences, Università del Piemonte 
Orientale "A. Avogadro", Novara, Italy. All experiments were 
performed on a PC with HP Inter® Core™i3 CPU 3.07 GHz 
and 2.00 GB RAM using MATLAB version R2013a and ImageJ 
Software (freely available at http://imagej.nih.gov/ij/,).  
Thirty observers were students in the Faculty of Associated 
Medical Sciences, Chiang Mai University, during the period 
of study. They were 13 females and 17 males with an average 
age of 20.3 years. 

Algorithm description
Region growing technique for image segmentation
 Region growing is a region or pixel-based image 
segmentation. Its work involves the initial seed point, which 
is selected in the first step. The algorithm will then expand 
to the neighbouring pixels of its initial seed points and 
determine whether the pixel neighbours should be added 
to the region or ignored by using the threshold value. This 
approach to segmentation is used to find data clustering 
the same as general data clustering algorithms. A general 
discussion of the region growing algorithm includes: 
       1)  For image R, let p denote the initial seed, after region 

growing, the region R1 generated from p (p 
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 R1. However, 
the result is paradoxical with the assumption. So,  
the proposition is correct, namely, R1 is connected.

We follow the algorithm to generate the basic software to 
measure the wound area image for users. The basic steps 
are described as below.  
 Step 1. Generate the matrix 1x5 as RG data collection 
to collect the data of only 5 areas in one image. Therefore, 
this software allows a user to select the seed point in 
5 unconnected ROI. Each seed point is determined as the 
centre of each ROI as the queue Q.  
 Step 2. Check all the pixels around the Q, one by one, to 
determine whether they are similar to the seed. Let p denote 
the current seed, and q is one element of p’s neighbouring 
pixel set, I(p) and I(q) denote the intensities of p and q, 
respectively. If |I(p) − I(q)| <1, p and q belong to the same 
region. Otherwise, p and q belong to different regions. 
The segmentation result is denoted by RG after this region 
growing. The region that includes the initial seed is marked 
as “1”, while other regions are marked as “0”. 
 Step 3. Pop the first pixels and add to R1 set. Then 
check whether it is empty set. If not, take the first element 
from the current Q as the seed and repeat Step 2. Otherwise, 
push the elements that are not yet added to R1 to set R2. 
Find the total area of 1 which is connected and add as RG 
data to the RG data collection matrix. The final result of 
region growing is summarised from the RG data. Fig. 1 shows 
an example of region growing based image segmentation.

The wound healing measurement program developed 
and Algorithm framework
 The code was generated and compiled by MATLAB 
program. Considering that wound healing images are 
often taken with low-contrast properties and weak edges 
(shown in Figure 2), it affects traditional region segmentation 
algorithms. Therefore, we added the improvement algorithms, 
the contrast-limited adaptive histogram equalisation10, 11 
and edge detection12-14 to be a qualified image for the region 
growing algorithm. The entire procedure of the algorithm 
follows certain steps. 
 Step 1. Select image I and conduct the contrast-limited 
adaptive histogram equalisation on the image I to be the 
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higher contrast image. 
 Step 2. To avoid taking a long time for processing, 
select only the wound area with 10-20 % of cell layer by 
cropping to obtain Image I selected. 
 Step 3. Obtain the edge image of image I selected by 
the Sobel edge detection algorithm. Then dilate the edge to 
fill and connect all edges together using the dilated gradient 
mask technique. 
 Step 4. Enter the final image in Step 3 to the traditional 
region segmentation algorithms. The result will appear in 
a pop-up window in pixel units. 

Results and discussion

The image results by the wound healing measurement 
program 
 This version of the wound healing measurement 
program enables true and grey scale imaging. We tested 
the proposed program on two set images with different 
format types. The results show the successful measuring 
in wound area for both types (data not shown). Somehow, 
the algorithm in the program is liable to produce isolated 
regions in some images epically, which are not clear or 
have artefacts in the area, as shown in Figure 3. However, 
this program provides the summation connected area 
according to the region growing technique. Therefore, the 
results depend on the appearance of an image. The 
segmentation results and area measurement shown in 
Figure 4 indicate that our propose program obtains satisfactory 

measurement results based on the region segmentation 
and improved image algorithms. Moreover, this program 
is useful for the maximum unconnected area in 5 areas, as 
shown in Figure 2C. 
 

Image evaluation measure for the program results 
 In this section, we consider the performance and 
accuracy of the measurement algorithms, which are the 
important aspects of this program. We test the ability of 
the program for 3 different images with different manner 
of wound area, as shown in Figure 2, and compare the 
results using ImageJ software. The results are shown in Table 1.  
We observed that the results from both programs are similar 
and not statistically significant difference, (p>0.05, n=3). 
Also, both programs show the area measurement related 
to the area. In contrast, the time cost of both programs is 
different. These results indicate that Image J’s proceeding 
time depends on the shape and complexity of the area. In 
the other hand, an uncertainty image, such as in Figure 6C, 
takes longer than others. However, our program shows 
the time cost depends on the size of the wound only. 
Moreover, 3 observers independently measured the 19 
images for both programs two times. The results were 
analysed for intra observer and inter-observer reproducibility. 
The results are shown in Table 2. We found the correlation 
coefficient within groups to be close to 1 for both the intra 
observer and inter-observer reproducibility. These results 
indicated that this study program is reliable. 

Figure 1. The region growing algorithm.

1. Select a seed point    2. Define a growth criteria 3.  Joint all pixel connected to the seed that follow the 
growth criteria

4.  Stop when no adjacent pixel agree with the growth 
criteria 

Figure 2. Wound healing image with low contrast and weak edges.
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Figure 3. Isolated point in the image.

Figure 4. The result of measurement area by program.
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Table 1  Results of measurement for both programs.

Image
ImageJ program This study program

Area (pixels) Time(s) Area (pixels) Time(s)
A 552435±4211 47±6 554137±2746 68±2
B 192371±4008 38±8 189636±1524 17±2
C 81966±2154 41±18 72792±2895 12±2

Table 2  Intra-class correlation coefficient in this study.

Intra observer ICC (intra-class correlation coefficient)

Observer 1 0.998

Observer 2 0.995
Observer 3 0.997

Inter observer ICC (intra-class correlation coefficient)
All 3 observers 0.998

Table 3  Satisfaction of 30 users for WHAM program.

Title Mark

1. Time for proceeding 4.2

2. Steps of use 4.6
3. User interface 4.6
4. Reliability of the program compared to other technique 4.0
5. Reasonable wound healing image compared to other technique 4.8
6. Application for other images compared to other technique 4.5
Average 4.45

Satisfaction of users for the program
 Finally, we provided the program to 30 users. All users 
had different performance using the image processing program 
and computer. The users were advised of the proceeding for 
the wound healing measurement (WHM) program. The 
program included the manual measurement by ruler and 
ImageJ program. Later, we asked all users to measure 3 times 
independently for each image in 3 different techniques, as 
mentioned. At the end, the satisfaction for this program 

was observed. Table 3 shows the results of satisfaction for 
this program. We were pleased that our program had a 
good average of satisfaction for users at 4.45. Moreover, 
we observed the SD data from 3 measurement techniques 
as shown in Table 4. The results showed that the highest SD 
(SD ≥±2.0) and lowest SD (SD ≤±1.0) were the manual techniques 
and this work, respectively. SD resulted can verify that our 
program has less human error, high accuracy and is similar 
to ImageJ.

Table 4  Standard deviation of the percentage of migration from three techniques.

Average Migration (%)
Manual technique ImageJ WHM
T1 T2 T1 T2 T1 T2

30 users  ±2.04 ±2.63 ±1.12 ±1.32 ±0.72 ±0.55
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Conclusion 

 In this work, we proposed a beginning program based 
on the region growing algorithm for measuring the area in 
a wound healing assay. We named this program the wound 
healing measurement (WHM): the trial version program 
2018. The program also introduced another algorithm to 
improve the image, such as the Contras limited adaptive 
histogram equalisation and Edge detection techniques for 
improving the quality of images. The program is able to 
measure in true scale and grey scale without any problem. 
Moreover, we designed an easier user interface for application. 
Briefly, the image needs to be loaded into the program from 
the data storage in a computer. The result is presented in a 
common window of the user interface in pixel units after 
selecting the area for 5 seed points. From our experience, 
we have not seen any wound image that had more than 5 
unconnected areas, unless a region is small enough to ignore. 
That is the reason to set the seed point only 5 times. However, 
our program has a limitation of the maximum unconnected 
area, which has to be resolved in the next version. The 
experimental results show that our work is similar and not 
statistically significant difference to ImageJ, while the manual 
was quite different from both techniques. Moreover, the 
results strongly indicate that the WHM program can obtain 
reliable, satisfactory and reasonable measurement for wound 
images However, this program might depend on whether the 
image has high contrast and a high level of noise included 
in the image. Nevertheless, the program has a relatively 
high time cost depending on the size of the wound and 
the efficiency of the computer. Therefore, improving the 
efficiency of the program is the aim of future work.
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ABSTRACT

Background: After chemo-radiotherapy, most patients with head and neck cancer 
(HNC) commonly show defect in swallowing and coughing function related to various 
weaknesses of oropharyngeal muscles. It is possible that strengthening those muscles 
via an expiratory force device could regain muscle strength. 

Objectives: The aim of this preliminary study was to discover whether a combination 
of expiratory muscle strength training (EMST) together with a simple expiratory 
muscle strength device in conventional exercise could be performed for improving 
submental muscle force and expiratory muscle strength in patients with HNC during 
chemo-radiotherapy.

Materials and methods: The effects of combined EMST with a conventional exercise 
program on submental muscle force and maximal expiratory pressure (MEP) were 
evaluated when compare to a conventional exercise. Conventional exercise composed 
of neck, tongue, oral muscle, and supraglottic swallow exercise. Meanwhile, EMST was 
performed with a resistor at 50% and 70% of MEP. MEP and surface electromyography 
(sEMG) were tested at before and after a 6-week period of intervention. Satisfaction of 
using device was evaluated. Moreover, interviews on swallowing and pain sensation 
were also carried out. 

Results: The results showed that sEMG amplitude decreased significantly in the 
conventional exercise group (n=5, aged 55.80±2.51 years). It was increased significantly 
in the combined EMST with conventional exercise group (n=5, aged 49.20±3.78 years). 
However, sEMG duration from submental contraction increased significantly in the 
conventional exercise group, but decreased significantly in the combined EMST with 
conventional exercise group. In addition, the MEP value decreased non-significantly 
in both groups after the 6-week period when compared to the baseline period. 
Finally, satisfaction of the training device from all of the five patients involved focused 
on comfort and easy-practical use without dyspnea. Moreover, the swallowing or 
food swallowing function was improved and less painful when compared to before the 
device was used.

Conclusion: This preliminary study showed that the combination of EMST with a 
simple expiratory muscle strength device, which was simple and easily developed, 
and a conventional exercise program, could improve the submental force among 
patients with HNC in the clinic, without adverse effects.
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 In 2020, the database of the World Health Organization 
(WHO) reported that the number of new patients with 
nasopharyngeal cancer (NPC) was expected to increase in 
the European Union (EU), United States (US) and Japan.1 

In addition, cancer is the most common cause of death in 
Thailand, with a higher mortality rate (48.4 to 95.2 per 100, 
000) from 1998 to 2011. The age-standardized rate (ASR)  
of incidence for oral, nasopharyngeal and laryngeal cancers is 
15.7 and 10.7 per 100,000 males and females, respectively.2 
General treatments for HNC can be performed with various 
interventions; for example, surgery and radiotherapy 
combined with chemotherapy, which depend on conditional 
variables such as primary site, clinical stage, and tumor 
removable, but most of the patients with HNC undertake 
clinical intervention by using chemo-radiotherapy.3 The 
side-effects of radiotherapy have been reported as mucositis, 
hoarseness, erythema and desquamation3 and those of 
chemotherapy are nausea, vomiting and neutrophenia.4 
Thus, combination of both these interventions presents 
side-effects in the voice, swallowing, nutrition, and quality 
of life (QOL),5 due to swallowing motility being dysfunctional 
from muscle weakness or damage to specific muscles such 
as the hypopharyngeal, laryngeal muscles or cervical esophageal 
function.6,7 Of all clinical problems, swallowing dysfunction 
or dysphagia is the most common, and it diminishes QOL 
profoundly through aspirated pneumonia and malnutrition.8  
 At present, application of swallowing rehabilitation 
in patients with HNC is very necessary both before and after 
chemo-radiotherapy. Previous study reported that risk of 
dysphagia can be prevented,9 by either direct therapy as 
modify food, promotion the swallowing and breathing 
coordination10 or indirect therapy as increases on expiratory 
muscle strength by the expiratory muscle strength training 
(EMST).11

 A systematic review showed that EMST improved 
airway safety during swallowing in dysphagia and increased 
the strength of expiratory muscles in all patient groups.12 

Previous studies reported that EMST enhanced the ability 
to swallow in patients with Parkinson’s disease,13 stroke14 and 
multiple sclerosis15 and also in healthy-elderly people.16 They 
also showed that tongue strengthening exercise improved 
QOL and eating and speech efficiency in patients with 
oropharyngeal cancer, who were treated with radiotherapy 
with or without chemotherapy.17 In addition, EMST increased 
maximal expiratory pressure (MEP) and swallowing safety in 
patients who were chronic radiation-associated aspirators.18 
Similar principle function of EMST device and inspiratory 
muscle trainer (IMT) is resistive pressure during inspiration  
or expiration. There are many commercial products available 
worldwide for IMT such as POWERbreath® (POWERbreathe 
International Ltd.) or the Threshold ® device (Respironcis Inc.), 
as well as the Inspiratory Muscle Trainer (Smiths Medical 
ASD, Inc., USA).19 Although previous study has claimed that 
EMST can be performed with an inexpensive and a comfortable  
device for improving dyspnea and coughing, it is still expensive 
for individual patients and not used widely in Thailand. From 
all these devices, the IMT, which has six different color-coded 
resistors with a central hole of 2-7 mm diameter, is very 

Introduction

Materials and methods

 The protocol in this preliminary study was divided into 
two steps; 1) developing the expiratory muscle strength 
device before calculating the percentage of resistance, and  
2) performing a pilot study on the effect of expiratory muscle 
strength device on submental muscles force and duration 
of pharyngeal swallowing phase in patients with HNC, while 
being treated with chemo-radiotherapy at Maharaj Nakorn 
Chiang Mai Hospital, Chiang Mai University, Thailand. The 
protocol of this study was approved ethically by the Ethic 
Human Committee at the Faculty of Associated Medical 
Sciences, Chiang Mai University (AMSEC-61EX-025) and 
Faculty of Medicine, Chiang Mai University (NONE-2561-
05329), Thailand. It was conducted in accordance with the 
Declaration of Helsinki, and all patients provided written 
informed consent. 

Developing the device and calculating resistance percentage 
 The EMST device was designed by following a previous 
study.20 It was produced by adapting a PVC water pipe (2 cm 
in diameter). Each EMST device comprised a main PVC 
tube 11 cm long and a plastic cap with various resistors 
having centrally placed holes of 1 mm diameter (Figure 1).

 Percentage of resistors was performed in 10 sedentary 
and healthy subjects. All subjects had no hospital history 
of pulmonary conditions such as allergy, rib fracture and 
chest wall deformity, or scoliosis and pleural diseases for 
at least 3 months. They also should have been ex-smokers 
with normal blood pressure and body mass index of 18.50-
22.90 Kg.m2. Resistance of the resistors was determined 
with a MicroRPM device (MicroRPM, Medical Ltd, Kent, UK). 
Resistance percentage of each resistor was determined by 
calculating the MEP between with and without a resistor. 
MEP was evaluated under instruction of the standard 
European Respiratory Society (ERS) statement guideline.21 

All of the participants repeated three trial maneuver of 

interesting. Previous study adapted and modified plastic 
caps with various resistors of 2, 4 and 6 mm diameter in 
polyvinyl chloride (PVC) tubes for training inspiratory 
muscle strength in chronic obstructive pulmonary disease 
(COPD) patients.20 Therefore, the aim of this preliminary 
study was to evaluate the effects of a modified device, i.e. 
an expiratory muscle strength trainer, among patients with 
HNC on swallowing force of submental muscles and duration 
of pharyngeal phase of swallowing.

Figure 1. Pilot expiratory muscle strength training (EMST) device.
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MEP by holding a disposable mouthpiece in their mouth in a 
state of maximum inhalation, and then exhaling maximally 
as strong and as fast as possible.22 Percentage of resistance 
can be calculated by the following formula: [(MEPnon-resistor – 
MEPresistor)/MEPnon-resistor]x100. Finally, the resistors that 
presented 50% and 70% of MEP were selected for training.

Patient recruitments and Programs 
 Ten patients who treated with radiotherapy or 
chemo-radiotherapy were randomized into two groups 
following a randomized controlled trial (RCT) protocol 
(TCTR20180812002). Effectiveness of combined EMST on 
conventional exercise (n=5) was performed compared to a 
conventional exercise (n=5). Patient criteria were appropriate 
for the protocol of this study including good consciousness 
and no problem in lips and mouth closures. Patients with total 
laryngectomy, tracheostomy, oral cavity defect, underlying 
pulmonary diseases, dysphagia or hypertension were excluded. 
For good adherence to the conventional exercise and 
performance in EMST training device, log-book records 
were made daily and kept strictly by patients or close caregiver 
at home, and they were rechecked by the researcher who 
telephoned every two days.

Conventional exercise program
 All ten patients with HNC were educated and well-trained 
on conventional exercise program. The program consisted 
of neck, tongue, oral muscle, and supraglottic swallow 
exercise under previous prescriptions.22, 23 Patients were 
asked to perform each exercise five times per day for a 
six-week period. 

The EMST program
 All five patients in EMST program were educated 
and well-trained by the time it started. A total six-week 
period of training was divided into two steps: 1) the first 
3 weeks of achieving 50% of MEP individually, and 2) the 
second 3 weeks of achieving 70% of MEP. The patients 
used EMST device at home, 5 days per week during the 
6-week training period; performing 5 sets of 5 breaths 
through the device for a total of 25 breaths per day, with 
2-3 minutes of rest between sets.24,-26 Finally, satisfaction 
on use of device regarding sensation in swallowing and 
pain was found by individual interviews after completing 
the 6-week course. 

Evaluation of outcomes
 The main outcomes in this study were the maximal 
expiratory pressure (MEP) and surface electromyography 
(sEMG) on submental muscles before and after 6 weeks of 
complete interventions in both groups. MEP evaluation 
was performed according to the standardized protocol of 
the ERS guideline.21 The protocol was repeated trials in the 
maneuver of exhaling maximally and as fast as possible from 
maximal inhalation.22 The evaluated protocol of surface 
electromyography (sEMG) on submental muscles force was 
followed as detailed below. 

Evaluation of the surface electromyography (sEMG) 
 This study detected the effect of EMST on submental 
muscles that relate to swallowing function or dysphagia by 

surface electromyography (sEMG).27 sEMG of swallowing 
has been confirmed as a non-invasive, simple, and reliable 
method for screening and initially evaluating dysphagia.28 
The 2-channel sEMG device (PowerLab, 4/35 Dual Bio Amp, 
AD Instruments, Australia), with Ag/AgCl electrodes (3M™ 
Red dot™ 2235, United State), was used for examinations. 
Parallel electrodes were placed on skin in the submental 
muscle groups (0.5 cm parallel to the left and right of the 
midline) and performed following previous description29 in 
order to record changes in sEMG potential when having 
swallowed. sEMG signals from swallowing 3 times were 
amplified (1000 x) and filtered (width band: 500-1,000 Hz), 
before reporting the root of mean square values (RMSµV) 
of maximal amplitude and duration of pharyngeal swallowing 
(in seconds).   

Statistical analysis
 Data were represented with median (minimal and 
maximal data). Non-parametric Wilcoxon-Signed Rank Test 
was used within the groups for statistical analysis during 
the 6-week period. Mann-Whitney U test was used to compare 
the groups either before or after the training period. All 
statistical analyses were carried out using the Statistical 
Package for Social Software version 11.0 (SPSS Inc., Chicago, IL, 
USA) for Windows. The significant level was set at p<0.05

Results and discussion

 The pilot study for the percentages of resistance on 
expiratory resistor in 10 healthy patients showed that 2 
sewing needle holes and 1 mm diameter located centrally 
had 57.13±4.90 % and 72.54±2.30 % of resistance. 
 Results of the combined EMST with conventional 
exercise in 5 patients aged 49.20±3.78 (4 males and 1 female) 
and a conventional exercise in 5 patients aged 55.80±2.52 
years (4 males and 1 female) are presented in Table 1. The 
age between groups was not statistically different. From 
various cancer types and stages under the standard cancer 
stage of the American Joint Committee on Cancer Guide-
line, 30 all patients were treated clinically with concurrent 
radiotherapy (CCRT) (9,996 gray weekly) and Cisplatin and 
carboplatin chemotherapy, using the intensity-modulated 
radiation therapy (IMRT) technique. The outcomes of both 
sEMG and MEP at before and after 6-week period individually 
are shown in Table 2. 
 The results of sEMG on submental muscle force showed 
the amplitude and duration during the swallowing test 
(Table 3). The median sEMG amplitude (0.0747 RMSµ) was 
increased significantly compared to those before training 
(0.0547 RMSµV) in a EMST combined with conventional 
exercise group. The significant decrease of sEMG amplitude 
after the 6-week period (0.0505 RMSµV) compared to baseline 
period (0.0605 RMSµV) was shown in the conventional 
exercise group (Figure 2.A). In addition, the median sEMG 
duration decreased statistically from before (1.17 second) 
to after 6-week period in the EMST and conventional exercise 
group (1.05 second) was contrast to a conventional exercise 
group (0.92 to 1.01 second) (Figure 2B).
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Table 1  Characteristics, types & stage of cancer and medical treatments during 6-weeks period in both groups.

Gender Age
(years) Cancer TMN stage Treatment

Radiotherapy Chemotherapy
Technique Dose Type Frequency

Conventional exercise group (n=5)
male 47 NPC T1N1M0 CCRT IMRT 6996 Carboplatin 6
male 55 Unknown primary T0M3M0 CCRT IMRT 6996 Carboplatin 6
male 56 NPC T4N2M1 CMT+CCRT IMRT 6996 Cisplatin 6
male 62 Rt. Base of tongue T2N0Mx CCRT IMRT 6996 Cisplatin 6

female 59 NPC T3N3M0 CMT+CCRT IMRT 6996 Cisplatin+
Carboplatin

6

Expiratory muscle strength training (EMST) with conventional exercise group (n=5)
male 52 NPC T2N2M0 CMT+CCRT IMRT 6996 Cisplatin 6

female 46 NPC T1N2M0 CCRT IMRT 6996 Carboplatin 6
male 57 Glottis T1aN2M0 CCRT IMRT 6996 Cisplatin 6
male 55 Lt. Soft palate T3N3bM0 CMT+CCRT IMRT 6996 Cisplatin 6
male 36 Hypopharynx T2N0Mx CCRT IMRT 6996 Carboplatin 6

Note:  NPC: Nasopharyngeal carcinoma, T: tumor, N: nodes, M: metastasis, CCRT: concurrent radiotherapy,  CMT:  chemotherapy, IMRT:  intensity-modulated 
radiation therapy

Table 2  sEMG and maximal expiratory pressure (MEP) in both groups before and after 6 weeks of intervention.

Gender Age 
(years)

Amplitude (RMSµV) Duration (seconds) MEP (cmH2O)
Before After Before After Before After

Conventional exercise group (n=5)
Male 47 0.069 0.064 0.75 1.00 125 114
Male 55 0.060 0.050 0.95 1.06 106 118
Male 56 0.058 0.040 0.92 1.02 114 79
Male 62 0.052 0.034 0.73 0.91 122 107

female 59 0.081 0.064 1.01 1.01 62 46
EMST with conventional exercise group (n=5)

male 52 0.0611 0.0747 1.06 0.76 150 74
female 46 0.0505 0.0785 1.13 1.05 163 128
male 57 0.0547 0.0671 1.18 1.1 80 82
male 55 0.0459 0.0536 1.18 0.98 96 50
male 36 0.0696 0.084 1.17 1.12 166 127

Table 3  sEMG amplitude and duration of the swallowing maneuver test and MEP between conventional exercise and 
EMST with conventional exercise group.

Data Amplitude (RMSµV) Duration (second) MEP (cmH2O)
Group Before After Before After Before After

Conventional exercise group 
(n=5)

0.0605 0.0505* 0.92 1.01* 114 107
(0.052-0.081) (0.034-0.064) (0.73-1.01) (0.91-1.06) (62-125) (46-118)

EMST with conventional exercise 
group (n=5)

0.0547 0.0747* 1.170# 1.050* 150 82
(0.045-0.069) (0.053-0.084) (1.05-1.17) (0.76-1.12)  (80-166) (50-128)

Note:  Data presents the median (min-max), * p<0.05 compared to pre period within the group by using the non-parametric Wilcoxon Signed Ranks Test, 
# p<0.05 compared between the groups pre period by using the non-parametric Mann-Whitney U test.  EMST: Expiratory muscle strength training, 
RMS: root mean square.
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Figure 2.  Median of amplitude (RMSµV, A) and duration (seconds, B) of sEMG signal from the swallowing test before (white-color bar) and after the 
6-week period (black bar) in the conventional exercise (Con. Exer. Group) and EMST with conventional exercise group (EMST+Con. Exer. Group) 
*p<0.05 when compared to pre period within the group by using the non-parametric Wilcoxon-Sign Rank Test.

Con. Exer. Group         EMST+ Con. Exer. Group Con. Exer. Group         EMST+ Con. Exer. Group

 A  B

 The results showed that median MEP value reduced 
non-significantly in the conventional exercise group from 
114 at baseline to 107 cmH2O after 6 weeks of chemo-ra-
diotherapy. In addition, when EMST and conventional exercise 
were applied together during chemo-radiotherapy, the 
MEP still decreased from 150 at baseline to 82 cmH2O after 
6 weeks of training. 
 Furthermore, five patients who used EMST device 
for 6 weeks were satisfied. It was claimed to be comfortable 
and easy to use with no side effects such as dyspnea. Moreover, 
swallowing or food swallowing after 6 weeks of EMST was 
easier with less painful sensation when compared to before 
using the device.   

Discussion

 This preliminary study evaluated the influence of 
combined EMST with conventional exercise by developing a 
device based on previous study, in which its participants had 
inspiratory muscle strength training with stable COPD.20 

This was interesting because HNC patients had been suffered 
from the side the side effects of chemo-radiotherapy such 
as swallowing and coughing defects5 from oropharyngeal 
swallowing motility dysfunction or weakness.6-8  
 To evaluate the effect of EMST with a simple device 
and very cheap, on submental muscles force or MEP among 
patients with HNC, EMST was designed with 50% and 70% 
of MEP for 6 weeks as in previous studies.24-26 Moreover, 
the target pressure between 50% and 70% of MEP in this 
study also was consistent with a previous research. During 
the first week, the expiratory load was designed to 15% 
of MEP and up to 60% at the end of the first month of 
training.31 Therefore, 50-70% of MEP is possibly suitable 
for training effect. 
 This preliminary study found increasing amplitude 
in the combination of EMST and conventional exercise 
group receiving chemo-radiotherapy for 6 weeks. This result 
was consistent with a previous study that found higher sEMG 
amplitude for swallowing in community-dwelling elderly 
people who performed EMST.16 Therefore, lower amplitude 

reflects the muscle weakness that presented in the 
conventional exercise group, whereas sEMG signal amplitude 
significantly increased in the combination of EMST and 
conventional exercise group. Therefore, EMST possibly 
increased the strength of submental muscles. 
 However, this preliminary study found a significant 
decrease of MEP in both groups, especially in the conventional 
exercise group who received chemo-radiotherapy for 6 weeks. 
The finding was consistent with previous evidence.3, 6, 7 On 
the other hand, MEP decreased in the combination 
of EMST and conventional exercise group who could not 
maintain value of or increase MEP with EMST approach. 
This can be explained by a different protocol of training, in 
which the EMST was divided into two stages: starting with 
a lower load at 50% of MEP for 3 weeks before increasing 
to 70% of MEP for 3 weeks.  However, a previous study was 
performed in 12 community-dwelling elderly people with 
70% of MEP for 4 weeks.16 Its results showed a significant 
increase in strength of the buccinators and orbicularis oris 
muscles. Interesting data of a previous study on EMST at 
75% of MEP for 8 weeks in 23 patients with HNC presented 
significantly increased MEP indicating higher intensity of 
resistance and longer period applied in clinical training.18 

Therefore, the results of non-statistical differences of MEP in 
the combination of EMST and conventional exercise group 
were possibly from lower resistance of the resistor and shorter 
training period. In addition, a previous report suggested 
that impaired laryngopharyngeal function was presented 
dominantly from prolonged local post-radiotherapy and 
possibly reduced the expiratory force.32 Therefore, the MEP 
values were decreased in both groups.    
 The result of sEMG duration in this study was in 
contrast to a previous report that documented a longer 
duration reflected on muscles weakness or dysphagia and 
swallowing when compared to healthy subjects.27, 33 This 
study demonstraed the benefit of combined EMST with 
conventional exercise on submental muscles strength by 
significant higher amplitude and shorten duration of sEMG 
signal. Moreover, the result of swallowing sensation and 
pain showed an improvement after completing 6 weeks of 
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ABSTRACT

Background: Bone marrow transplantation in multiple myeloma patients is one of 
the methods for multiple myeloma therapy. Blood stem cell preservation is very 
important for transplant therapy. Thus, preservative methods of peripheral blood 
stem cells (PBSCs) must be evaluated for successful transplantation. 

Objectives: The aim of this study was to collect and preserve autologous peripheral 
PBSCs (CD34+/CD38-) from multiple myeloma patients at 4 

oC and deep-freezing. 

Materials and methods: PBSCs were collected by leukapheresis before being 
cryopreserved and kept in liquid nitrogen. The number of CD34+/CD45dim cells were 
investigated and subpopulation CD34+/CD38- cells were evaluated by trypan blue 
exclusion method and 7-AAD by flow cytometry before and after cryopreservation.

Results: The result showed that CD34+/CD38- cells constituted 45.08% of total CD34+ 
cells and 0.56% of total nucleated cells (TNCs). After thawing, CD34+/CD38- cell 
number did not show significant differences when compared to pre-storage. The 
CFU recovery after cryopreservation and storage at 4 

oC for 7 days were 93.53±5.83 
and 63.77±12.40%, respectively. Storage at 4  

oC for 7 days showed significant 
decrease when compared to day 1. The remaining of total CFU after deep-freezing 
and storage at 4 

oC confirmed the tolerant and robust recovery of CD34+/CD38- 
cells. The engraftments of deep-freezing cells were 100% successful within 11 days 
without graft failure.

Conclusion: In this present study, we assess the process of storage for high quality 
and recovery of PBSCs at 4 

oC within 3 days and cryopreservation for development 
of autologous hematopoietic stem cell (HSC) transplantation in multiple myeloma 
patients. Moreover, these conditions are important data guideline for HSC preservations 
and applications in the future. 
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 Multiple myeloma (MM) is a malignancy of bone 
marrow, caused by defect or dysfunction of the B-cell in 
various origin of the body. The major characteristics of MM 
represent the hyperproliferation of plasma cells in bone 
marrow and found abnormalities of monoclonal protein or 
M-protein in serum and/or urine may result in end-organ 
dysfunction and patient died later. The incidence of the 
disease over the world approximately 4 cases in population 
of 100,000 persons and a total of 11,300 deaths per year.1,2 
In 2012, multiple myeloma, there are 386 cases in male, 
accounting for 1 per 100,000 population and 379 cases 
in female, accounting for 0.8 per 100,000 population and 
the incidence is between 0.5-2 cases of 100,000 people in 
Thailand.2

 Autologous hematopoietic stem cell transplant 
(autologous-HSCT) has been developed for treatments of 
multiple myeloma,3-5 by destroying the abnormal stem cells 
and replacing with normal patient’s hematopoietic stem 
cells (HSCs). Currently, more advanced treatment regimens 
have been developed, especially hematopoietic stem cell 
transplant (HSCT) treatments. Autologous hematopoietic 
stem cell transplant (autologous-HSCT) and allogeneic 
hematopoietic stem cell transplant (allogeneic HSCT) are 
commonly used in routine treatment. Mobilization of 
autologous-HSCT is performed by chemotherapeutic treatments  
and/or combined with G-CSF to destroy the cancer or leukemic 
cells and stimulate HSCs releasing from bone marrow into 
the bloodstream as peripheral blood stem cells (PBSCs) 
and collected by leukapheresis. PBSCs were cryopreserved 
with dimethyl sulfoxide (DMSO) at concentration of 10% v/v 
is optimal and a common reagent for freezing solution6 before 
storage in deep freezing while pretransplant and later thaws 
before reinfusion to patient for transplantation. PBSCs quality 
assessment depends on target CD34+ cell concentration, 
viability, functional, and recovery. The International Society 
of Hematotherapy and Graft Engineering (ISHAGE) recommend 
to use HSCs at the concentration of 2-5x106 cells/kg body 
weight (BW) for the successful of HSCT,7 CD34+ cell enumeration 
wildly used single-platform ISHAGE protocol measured by 
flow cytometer to detect CD34+/CD45+ cells and viability 
with 7-aminoactinomycin D (7-AAD). The HSC or CD34+ cell 
measurement by flow cytometry was required the ISHAGE7 
and ISCT & EBMT8 guidelines for PBSCs, total nucleated cell 
(TNC) count, CD34+ cell count, cell viability, and % recovery. 
The measurements of cell viability before and after storages 
affect CD34+ cell viability.9,10 Several studies have been found 
that, the cell viability, ability, and engraftment potential 
were decreased after cryopreserved PBSC thawing.11-14 
Moreover, it was reported that PBSCs can be stored at 4 

oC for 
more than 48 h without significantly decreased in CD34+ cell 
number and viability.15-17 
 This study aims to assess the preservation methods of 
PBSCs before and after storage deep freezing cryopreservation 
and storage at 4 

oC. The investigation and quantification of 
CD34+/CD45dim and subpopulation CD34+/CD38- in PBSCs  
were measured by flow cytometry. Cell viability was performed 
by trypan blue exclusion method and flow cytometry (7-AAD). 
Assessed the potency of CD34+ cells by CFU assay in a semi-solid 

Introduction

Materials and methods

Patients
 Seven collections of PBSCs by leukapheresis were 
obtained from 4 patients (1 male and 3 females) with multiple 
myeloma who were receiving autologous-HSCT (Table 1). 
Four multiple myeloma patients (less than 65 years old) 
who achieved at least very good partial response after 
treatments was the inclusion criteria. The stem cell mobilization 
was done with G-CSF alone (10 µg/kg/day) for 5 consecutive 
days before stem cell collection. All multiple myeloma 
patients were collected by random sampling during December 
2017 to September 2018 at the Maharaj Nakorn Chiang Mai 
hospital, Chiang Mai province, Thailand. This study was 
approved by the Ethics Committee of the Faculty of Medicine, 
Chiang Mai University, Chiang Mai, Thailand. The study code 
was NONE-2559-04138/Research ID: 4138, Date of Approval: 
September 23, 2016. The optimal stem cell dose was more 
than 2x106 cells/kg BW. The stem cell collection was done 
in 1-2 days to achieve optimal stem cell dose. PBSCs were 
assessed pre and post cryopreservation within 1-6 months 
after storage. Analysis of PBSCs including volume (mL), TNC 
count (x1010 cells), % recovery, CD34+ cell count (x106 cells/kg 
BW), CD34+/CD38- cell count (x106 cells/kg BW), and % cell 
viability. The potency of CD34+ cells were measured by 
CFU assay. Number of each colony type was counted (x104 cells) 
and calculated into percentage (%). Cell number and viability 
of PBSCs were compared and analysed of each bag before 
and after storage in two conditions.

PBSCs collection, aliquot, storage at 4 
oC, deep freezing, 

and thawing
 Autologous PBSCs (7 blood collection bags) from multiple 
myeloma patients (n=4) were collected by leukapheresis 
(COMTEC, Fresenius, Waltham, MA), target CD34+ yield 
in PBSCs was ≥ 2.0x106 cells/kg BW of patient. PBSC bags 
were centrifuged at 2,000xg, 8 min at 22 

oC (Sorvall RC3, 
Thermo scientific, CA, USA) to concentrate TNC and reduce 
plasma approximately 20%. PBSC samples were immediately 
aliquoted from pre- and post-centrifugation of PBSCs into 
cryotubes (1 mL/tube) and measured for TNC and TNC 
recovery (%). Post-centrifuged PBSCs were aliquoted in 
two vials for pre-storage determination and CFU assay. 

medium to compare the number of total colony-forming 
unit (CFU) and colony type.18-20 In this study, we assess the 
quality of PBSCs and the process of storage methods for 
the development of autologous-HSCT treatment in multiple 
myeloma.

Table 1  Characteristics of autologous PBSCs (n=7) from 4 
autologous-HSCT patients.

Parameter Male Female
Age* (year) 52.00 (29-60)
Weight* (kg) 56.00 (41–80)
Sex 1 (25%) 3 (75%)
Total PBSCs (7 bags) 1 (14.29%) 6 (85.71%)

*Data present as median (range).
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Remaining post-centrifuged PBSCs were diluted with 
cryopreservative solution with the ratio of 1:1 in cryobag. 
Cryopreservative solution was prepared by mixing DMSO and 
plasma with the final concentration of DMSO adjusted to 
20% and then stored at 4 

oC for 15 min. The final concentration 
of DMSO after adding PBSCs was 10%. Cryopreserved PBSCs 
were aliquoted in two cryotubes (1 mL in each) for post-thawing 
determination and CFU assay. Then, cryopreserved PBSCs 
were stored into pre-frozen cassette at -20  

oC for 15 min 
and further deep freezing by controlled-rate freezer to 
-90 

oC. Finally, all samples were stored in a liquid nitrogen 
tank (-180 

oC). Post-thawing samples were thawed at the 
indicated time period at 37 

oC in water bath for 2-3 min. 
Samples were aliquoted into two tubes; the first tube 
was resuspended with EDTA at the sample to EDTA ratio 
of 500:50 for a viable TNC count by trypan blue exclusion 
method and flow cytometry analysis using 7-AAD. The 
second tube was resuspended with heparin at the sample 
to heparin ratio of 500:80 for the CFU assay. Moreover, 
7 PBSC bags were aliquoted approximately 5 mL into sample 
bag and stored at 4 

oC for 7 days. Cold storage sample bags 
were aliquoted in two cryotubes. The first cryotube was 
measured for CD34+ and CD34+/CD38- cell counts by flow 
cytometry. TNC and cell viability were determined by trypan 
blue exclusion method and 7-AAD. The second cryotube 
was assayed for CFU at day 1, 3, 5, and 7.

TNC, CD34+/CD45dim, and CD34+/CD38- cell counts
 TNCs were counted using a cell counter (XE-5000, 
Sysmex, Kobe, Japan). HSC analysis were performed by 
using a modified ISHAGE protocol7. HSCs (CD34+/CD38-) were 
determined by stem cell enumeration kit (BD Bioscience, 
CA, USA). Briefly, samples were diluted to 5x105 cells/100 µL 
with 0.5% BSA in PBS, pH 7.4. Sample (100 µL) was incubated 
with CD45-FITC/CD34-PE antibodies for CD34+ cell or HSC 
identification and anti-CD38 antibody (CD-38-PECy7) for 
subpopulation CD34+/CD38- identification in fluorescent 
bead tube (TruCount, BD Bioscience, CA, USA) followed by 
20 min incubation at room temperature in the dark. After 
that, 2 mL red blood cell lysis buffer (ammonium chloride, 
BD Bioscience, USA) was added and followed by incubation 
for 10 min in the dark and analysis within 1 h. HSCs were 
enumerated using a single platform analysis on a Cytomics 
FC500 flow cytometer (Beckman Coulter, IN, USA) to identify 
target CD34+ cell (CD34+/CD45dim, SSlow) and subpopulation 
of HSCs (CD34+/CD38-).
 CD34+ enumeration was completed by using known 
a fluorescent bead tube, collecting 75,000 of CD45+ events 
in each sample. Calculation of CD34+ or CD34+/CD38- cells/µL 
= (number of CD34+ or CD34+/CD38- events/number of beads 
counted)x(total number of beads in each bead-coated tube)
x(dilution factor/sample volume).

Cell viability test by trypan blue exclusion method
 PBSCs were tested for their viability by trypan blue 
exclusion method. Samples were diluted with PBS, pH 7.4 
with the ratio of 1:10 and then mixed with an equal volume 
of trypan blue vital stain (0.4%) at room temperature for 5 min. 
The dead cells were identified by a blue colour of cytoplasm 
(stained cells as dead cells cannot exclude trypan blue dye). 

Stained and unstained cells were counted under 10X light 
microscope (Olympus, USA) and calculated % viability = 
unstained cells/(unstained cells+stained cells)x100. 

Cell viability test by flow cytometry
 Samples were stained with 7-aminoactinomycin D 
(7-AAD) using stem cell enumeration kit (BD Bioscience, 
CA, USA) and analysed by FC500 flow cytometer (Beckman 
Coulter, IN, USA). Nucleus was stained with fluorescent 
dye 7-AAD, and used to detect the signal of viable cells by 
flow cytometry. This study measured the cell count and cell 
viability by diluting 5x105 cells/100 µL with 0.5% BSA in PBS, 
pH 7.4. A BD-Trucount tube contained fluorescent bead 
that used to calculate the absolute cell count was used. 
Samples (100 µL) were incubated with 7-AAD (5 µL) in 
BD-Trucount tube for 20 min at room temperature in the 
dark. Next, 2 mL of lysing solution (1X ammonium chloride 
(NH4Cl) solution, BD Bioscience, USA) was added into the 
tube, mixed by vortexing and incubated in the dark for 10 min. 
Samples were not fixed or washed before analysis. Finally, 
sample tubes were placed in ice bath and immediately 
analysed within 1 h by flow cytometer (Cytomics FC500, 
Beckman, USA). The results were analysed by Flowjo analysis 
software based on ISHAGE guidelines.

CFU assay
 Colony-forming unit was used for the indirect 
assessment of viability as well as potency of PBSCs. The CFU 
assay represents the clonogenic potential of HSC differentiation  
to mature cells from viable progenitor cell lineages. Red blood 
cells in PBSCs were lysed by NH4Cl solution with the ratio 
of 1:4 followed by suspended and washed 3 times with 2% 
FBS in IMDM (InvitrogenTM, Carlsbad, CA, USA). A final cell  
suspension (1-5x104 cells) was resuspended in methylcellulose 
medium (HSC003, R&D system, MN, USA) supplemented 
with cytokine cocktails (50 ng/mL SCF, 10 ng/mL GM-CSF, 
10 ng/mL IL3, 3 IU/mL EPO) and plated in 35 mm cell culture 
dish in triplicate following the manufacturer’s instruction. 
The colony types from progenitors were identified and 
counted, including CFU-GEMM, CFU-GM, CFU-G, CFU-M, 
CFU-E, and BFU-E. Total colony count (x104 cells) and % CFU 
type were scored. 

Statistical analysis
 All results were expressed as mean±SD with significant 
difference level of p<0.05 and the differences were analysed 
by ANOVA and t-test.

Results

Effects of deep-freezing in cryopreservation and storage 
at 4 

0C on CD34+, CD34+/CD38- cells, and TNC count by flow 
cytometry
 CD34+ cells were collected from multiple myeloma 
patients, acquiring an average number of 12.14±19.62x106 

cells/kg BW. CD34+ cell population in the TNCs after leukapheresis 
was 3.03%. CD34+ cell lost after deep-freezing was 3.29%. 
Pre-storage CD34+/CD38- cells were 7.78±13.59x106 cells/kg 
BW. Thus, CD34+/CD38- cell numbers were 62.74% of total 
CD34+ cells and 1.94% of TNCs. After thawing, CD34+/CD38-  
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cells (7.61±13.36x106 cells/kg BW) constituting 64.82% of 
total CD34+ cells and 2.11% of TNCs were not significantly 
different (p>0.05) when compared to those of pre-storage. 
After 1-6 months (average 3.57±2.43 months) of cryopreservation, 
the number of CD34+ and CD34+/CD38- cells showed no significant 
difference when compared to pre-storage (p>0.05) data. 
However, TNCs showed significant differences after deep 
freezing (p<0.05) with total cell loss of 9.98% (Table 2). 

 CD34+ cells after storage at 4 
oC for 3, 5, and 7 days 

decreased viable cell numbers by 15.6, 38.12, and 67.09%, 
respectively when compared to day 1. Moreover, CD34+/CD38- 
cells decreased by 17.16, 30.08, and 58.20%, respectively 
when compared to day 1 (Table 3). However, there was no 
significant difference of both CD34+ and CD34+/CD38- cell 
number after storage at 4  

oC for 3, 5, and 7 days when 
compared to day 1. 

Table 2  CD34+ stem cells, CD34+/CD38- cells, and TNC count from pre-storage (post-centrifugation) and post-thawing 
cryopreserved PBSCs.

Parameter Pre-storage Post-thawing p value
CD34+ cells (x106 cells/kg) 12.14±19.62 11.74±19.33 >0.05
CD34+ cell loss (x106 cells/kg) 0.39±0.51
CD34+/CD38- cells (x106 cells/kg) 7.78±13.59 7.61±13.36 >0.05
CD34+/CD38- cell loss (x106 cells/kg) 0.16±0.22
TNC count (x108 cells/kg) 4.01±1.88 3.61±2.32* <0.05
TNC count loss (x108 cells/kg) 0.62±0.67
% TNC recovery 85.99±28.59
Volume of PBSC bag (mL) 173.29±64.96        40.29±11.55*  <0.05

All data are shown as mean±SD with significant difference *p<0.05 when compared to the pre-storage, n=7.

Table 3  CD34+ stem cells, CD34+/CD38- cells, and TNC count of PBSCs storage at 4  
OC for 1-7 days. 

Parameter
Day

1 3 5 7
CD34+ cells (x106/kg) 12.14±19.62 11.19±18.05 9.15±14.62 5.53±8.72
CD34+ cells (%) 100 85.40±10.89 61.88±23.39 32.91±18.54
CD34+/CD38- cell (x106/ kg) 7.78±13.59 7.11±12.25 5.72±9.71 3.80±6.49
CD34+/CD38- cell (%) 100 82.84±12.96 69.92±10.10 41.80±19.71
TNC count (x108/kg) 4.01±1.88 3.86±1.91 3.68±1.90 3.49±1.88

All data are shown as mean±SD, n=7.

Percentage of cell viability after deep-freezing in cryo-
preservation and storage at 4 

oC by trypan blue exclusion 
method and 7-AAD by flow cytometry
  Cell viability after deep-freezing in liquid nitrogen 
were determined by trypan blue exclusion method and 
compared to those of 7-AAD by flow cytometer. Pre-storage 
and post-thawing cell viabilities were also determined and 
compared. The results showed that viable cells of pre-storage 
were 96.78±1.45 and 97.96±0.73% by trypan blue and 7-AAD, 
respectively (Table 4). After thawing, the viable cells were 
64.80±6.19 and 70.43±13.48% when determined by trypan 
blue exclusion method and flow cytometry, respectively (Table 4). 
The percentage of cell viabilities were significantly decreased 

by 33.04 and 28.10%, respectively when compared to the 
pre-storage (p<0.05). Cell viability after storage at 4 

oC was 
determined by trypan blue exclusion method and compared 
to those of 7-AAD for 3, 5, and 7 days. The viable cells decreased 
by a time-dependent manner when determined by both 
methods. The percentages of cell viability at day 7 were 
significantly decreased by 17.71 and 14.26%, respectively 
by trypan blue exclusion method and flow cytometer, 
respectively when compared to day 1 (p<0.05). Moreover, 
the percentage of cell viability at day 5 was significantly 
decreased by 12.42% by trypan blue exclusion method when 
compared to day 1 (p<0.05) (Table 5).



B. Shaengkhamnang et al.  Journal of Associated Medical Sciences 2020; 53(2): 14-2218

Table 4  Percentage of cell viability after deep freezing and determining by trypan blue exclusion method and 7-AAD by 
flow cytometry.

Cell viability Pre-storage Post-thawing p value
Trypan blue exclusion (%) 96.78±1.45 64.80±6.19* <0.05
Flow cytometry (7-AAD) (%) 97.96±0.73 70.43±13.48* <0.05

All data are shown as mean±SD with significant difference,*p<0.05, when compared to the pre-storage, n=7. 

Table 5  Percentage of cell viability by trypan blue exclusion and flow cytometry (7-AAD) of PBSCs storage at 4 
OC for 1-7 

days (n=7).

Day 1 3 5 7
Trypan blue exclusion (%) 97.34±0.40 94.70±2.19 87.58±4.55* 79.63±7.44*
Flow cytometry (7-AAD) (%) 98.37±0.73 96.36±2.10 92.36±3.12 84.11±7.61*

All data are shown as Mean±SD with significant p<0.05. *Result was significant difference when compared to day 1.

Effects of deep-freezing cryopreserved and storage at 4 
oC 

on colony forming unit (CFU) of progenitor and committed 
cell growths
 We next evaluated whether deep-freezing cryopreserved 
CD34+ cells in liquid nitrogen had the ability to grow in the 
methylcellulose cultures with cytokine cocktails. CD34+ cells 
gave rise to various types of myeloid colonies including  
CFU-granulocyte/erythrocyte/monocyte/megakaryocyte 
(CFU-GEMM), CFU-granulocyte/monocyte (CFU-GM), 
CFU-granulocyte (CFU-G), CFU-monocyte (CFU-M), 
burst-forming unit erythroid (BFU-E), and CFU-erythroid 
(CFU-E). BFU-E showed the highest colony counts in both 
pre-storage and post-thawing, followed by CFU-G and CFU-GM, 

respectively. Colony counts of post-thawing showed no 
significant difference when compared to the pre-storage 
as shown in Table 6.
 After PBSCs were kept at 4 

oC for 3, 5, and 7 days. 
The CFUs were determined and identified all colonies. Total 
colony number after storage for 3, 5, and 7 days decreased 
by 3.90, 10.39, and 27.27%, respectively when compared 
to the day 1. CFU recovery (%) at day 5 was also significantly 
decreased that indicated in Table 7. However, CFU-GEMM, 
CFU-GM, CFU-G, CFU-M, BFU-E, CFU-E counts of storages in 
day 3, 5, and 7 were not significant difference when compared 
to the day 1 as shown in Table 7.

Table 6  Colony forming unit (CFU) counts of progenitor and committed cell growths before deep-freezing and after 
thawing from cryopreservation.

CFU Pre-storage (%) Post-thawing (%) p value
CFU-GEMM 1.14±0.72 1.10±0.59 >0.05
CFU-GM 10.75±5.11 4.81±5.66 >0.05
CFU-G 26.48±15.89 26.59±25.40 >0.05
CFU-M 1.00±0.75 0.95±0.73 >0.05
CFU-E 0.48±0.38 0.57±0.69 >0.05
BFU-E 38.76±17.44 46.48±6.41 >0.05
Total (colonies/1.0x106 cells) 153.45±208.57 139.83±189.96 0.005
% CFU recovery 93.53±5.83

All data are shown as mean±SD, n=7.
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Figure 1. Colony forming unit (CFU) counts of progenitor and committed cell growths before deep-freezing and after thawing from cryopreservation.

Table 7  CFU counts and identification types of PBSCs storage at 4 
OC for 7 days.

Colony forming unit
Day

1 3 5 7
CFU-GEMM (%) 1.23±0.99 1.24±0.52 1.15±0.44 0.76±0.69
CFU-GM (%) 9.27±4.74 10.95±3.13 9.57±6.93 8.69±7.17
CFU-G (%) 58.67±14.89 52.01±0.17 53.27±11.21 52.19.11±9.71
CFU-M (%) 0.76±0.73 0.75±0.72 1.00±0.76 0.52±0.50
CFU-E (%) 0.61±0.90 0.19±0.50 0.27±0.49 0.32±0.61
BFU-E (%) 44.27±7.80 40.44±7.11 41.07±4.29 44.09±6.26
Total (colonies/1x106 cells) 1.54±2.07 1.48±2.00 138.15±192.32 112.43±161.59
%CFU recovery 100.00 93.93±3.14 83.39±7.24* 63.77±12.40*

All data are shown as mean±SD with significant different *p<0.05 when compared to the pre-storage at day 1, n=7.

Figure 2. CFU counts and identification types of PBSCs storage at 4 
OC for 7 days.
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Evaluation of storage PBSCs by deep-freezing on clinical 
transplantation and engraftment in multiple myeloma 
patients
 This study, storage PBSCs by deep freezing were 
transplanted to multiple myeloma patients. A day after 
stem cell collection, patients underwent autologous-HSCT 
with melphalan 200 mg/m2 in 2 consecutive days. On the 
next day, non-cryopreserved stem cell was transfused. Thus, 
PBSCs were stored for 3 days after collection. To evaluate the 
engraftment, HSCs from 7 samples were transplanted to the 

Table 8  Clinical transplantation and engraftment in multiple myeloma patients after deep-freezing.

Leukapheresis procedures 
(Bag)

Total CD34+ cells
(x106/kg infused)

PBSC infused 
(Bag)

Engraftment
ANC
(Day)

Platelet
(Day)

1.75±0.96 12.14±19.62 2.00±1.15 11.25±0.96 11.50±1.00
All data are shown as mean±SD, n=7.

Discussion

 Storage HSCs is very important for bone marrow 
transplantation. HSC preservation method are based on 
reasonableness of hospitals and doctors. Thus, both deep-freezing 
and storage at 4 

OC have been used for bone marrow 
transplantation of multiple myeloma. Deep-freezing 
cryopreservation is the conventional method for hematopoietic 
stem cell (HSC) storage; it is a critical part of hematopoietic 
stem cell transplantation. Leukapheresis has been used 
to collect the peripheral blood stem cells (PBSCs) from multiple 
myeloma patients and transplant to those patients who 
have been recommended to replace their bone marrow 
with their own HSCs (autologous-HSCT). Cellular therapy 
products such as PBSCs may need to be cryopreserved 
until their use. There are two major methods of cell 
cryopreservation: deep-freezing and storage in liquid nitrogen 
at < -180 

OC and freezing at -80 
OC. Deep-freezing method is 

recommended for long term storage for years while freezing  
at -80 

OC lacks evidence for its safety. However, freezing at 
-80 

OC was reported to be used for storage in a region with 
limited resources.21 The recovery of viable CD34+ cell populations 
after deep-freezing was 91%. This result shows the same  
pattern of previous reports where the recovery of nucleated 
cells and viable CD34+ cells for adult (n=51) stem cell collections 
were 92 and 91%, respectively.22,23 CD34+ cells were commonly  
reported on cell viability. However, CD34+ is a common 
marker of both HSCs and progenitors in bone marrow. There is 
no report that the cell viability and engraftment of CD34+/CD38- 
cells after deep-freezing and thawing. In this study, 
subpopulation of CD34+/CD38- cells (HSCs) was focused 
and observed for total cell number of HSCs in PBSCs before 
and after deep-freezing cryopreservation by flow cytometry. 
Thus, this is a first report to specify the viability of CD34+/CD38- 
cells after preservation. CD34+/CD38- cell number after 
collection was 12.14±19.62x106 cells/kg BW, 3.03% of total  
CD34+ cells, and 1.94% of TNCs. After thawing CD34+/CD38- 
cell number did not show significant difference when compared 
to that of pre-storage (p>0.05). CD34+/CD38- cell loss was 
2.18%. Storage at 4 

OC is a routine method used for multiple 

myeloma patients at the Maharaj Nakorn Chiang Mai hospital, 
Chiang Mai province, Thailand. CD34+/CD38- cells after storage 
at 4 

OC for 3, 5, and 7 days were decreased by a time-dependent 
manner. At day 7 showed significant decrease percentage 
of cell viabilities in both trypan blue exclusion method and 
7-AAD assay. These results related to percentage of CFU 
recovery (Table 7). When CFU types were observed, there 
were no significant different between day 3, 5, and 7 as 
compared to day 1. The viability of collected PBSCs storage 
at 4 

OC was significantly difference from day 1 (data from 
Table 5) therefore it might be suitable for transplant up 
to 3 days with cell viability of 94.70±2.19% by trypan blue 
exclusion method. If cell viability was determined by 7-AAD 
assay, the values would show the cell viability higher than 
that of trypan blue exclusion method at the same day. These 
two methods are popular for cell viability determination. 
Trypan blue exclusion method is the conventional method 
to show a loss of cell permeability that presents unsuitable 
cells for further application in patients. Cell viability of 
CD34+ cells after 7-AAD assay was previously reported with 
values ranging from 58.50-99.48%.24,25 However, the results  
after transplantations showed the good engraftment of HSCT. 
PBSCs were reported to store at 4 

OC for more than 48 h 
without significantly decreased in CD34+ cell number and 
viability.15-17 Moreover, cell viability after deep freezing which 
(performed by trypan blue exclusion and flow cytometry) 
showed significant difference when compared to the 
pre-storage (p<0.05) by the values of 33.04 and 28.10%, 
respectively. This result suggested that other nucleated 
cells (not including the CD34+ or CD34+/CD38- cells) were dead 
after thawing. This phenomenon was observed in TNCs 
after thawing that were significantly decreased (p<0.05) by 
9.98% when compared to the pre-storage. CD34+/CD38- cells 
and CD34+ (HSCs and progenitor cells) cells seem to be 
well adaptable compared to other nucleated cells.26 CD34+ 
cells tolerate up to 60 min exposure to 25% w/w (3.2 M) 
DMSO at +2  

OC with no significant loss in clonogenic 
capacity.6 Different cell types tolerated various ranges of 
solution osmolarities that effect by osmotic shocks, which 

multiple myeloma patients. All bags from leukapheresis 
procedures were infused autologously in each own patient 
(100%). The total CD34+ cells were 12.14±19.62x106 cells/kg  
BW infused (CD34+/CD38- cell number was   1̴1.74x106 cells/kg  
BW). After infusion, absolute neutrophil count (ANC) and 
platelets were engrafted within 11.25±0.96 and 11.50±1.00 
days (Table 8). ANC was more than 0.5x109 cells/L and 
platelet counts were more than 20x109/L in 3 consecutive 
days without transfusion support. There were no graft failures 
in any cases.
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ABSTRACT

Background: Thoracic kyphosis is almost found in the elderly and reduces chest 
expansion which results in decreasing pulmonary function including lung function 
and respiratory muscle strength, then, it leads to dyspnea and exercises intolerance 
in the elderly. 

Objectives: To evaluate thoracic kyphosis measured by flexicurve method in relation 
to pulmonary function in elderly.

Materials and methods: Sixty-six participants aged 65 years and older were recruited 
for the study. All participants received basic health screening and underwent thoracic 
kyphosis measurements using flexicurve method. All subjects went through the lung 
function tests by using spirometer and respiratory muscle strength measurements by 
using maximal voluntary respiratory pressures. Pearson’s correlation coefficient was 
used to analyze the relationships between variables.

Results: Thoracic kyphosis was mild positive correlated with lung functions in 
Forced Vital Capacity (FVC), Forced Expiratory Volume in 1 second (FEV1) and Vital 
Capacity (VC) parameter (r=0.265, 0.303 and 0.322, respectively, p<0.05) but not 
with FEV1/FVC ratio (%) (p>0.05). There was no correlation between thoracic 
kyphosis and respiratory muscle strength (maximal inspiratory pressure (MIP) and 
maximal expiratory pressure (MEP)) (p>0.05).

Conclusion: Thoracic kyphosis measured by the flexicurve method had a mild positive 
correlation with the lung functions. 
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 Elderly population is taking place throughout the 
world.1 The proportion of the elderly population in Thailand 
aged 65 years and older has been increasing with the rising 
estimation from 6.8% in 1994 and 16.7% of the population 
in 2017.2 Therefore, rapidly change in the proportion of a 
population that is elderly result in healthcare professional 
awareness and preparation to deal with elderly changes in 
physical and mental functions, as for a good quality of life.1

Physiological changes occur with elderly in all organ systems 

Introduction contribute to functional limitation that can predict mortality.3 
Changes in the respiratory system include internal and 
external structures such as thoracic wall, spine, and respiratory 
muscles lead to breathing control problem. Besides, 
musculoskeletal system changes in elderly for instance 
collapse wedging of vertebrae resultant in thoracic 
kyphosis with rib cage deteriorated.These changes in 
musculoskeletal system reflect on breathing control problem 
thus lead to respiratory infection4 and increase vertebral 
and extremity fracture.5, 6 Skloot et al.7 suggested lung function 
testing is benefit for the elderly because it is a noninvasive 
technique used for severity assessment and prognosis in 
lung disease including restrictive, obstructive, or mixed 
abnormalities. Spirometry is the most popular in lung function 
testing because it is easy, quick, benefit, and high reliability.8

 Shin et al.9 reported that respiratory muscle strength 
including MIP and MEP variables related to SMI (skeletal 
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Materials and methods

Participants
 This study included 66 elderly, aged 65 years and 
older, living in Chiang Mai, Thailand. Flow chart of sources of 
study participants shows in Figure 2. All subjects underwent 
thoracic kyphosis measurements using flexicurve method 
and cognitive impairment measurements using the 
Montreal Cognitive Assessment-Thai version (MoCA-Thai). 
They were all non-smoker or quit smoking for 1 year and 
longer,20 who walked with or without walking aids, understand 
command and consent to participate in the research, had 
thoracic kyphosis angle more than 40 degrees5, 6, 12, 13 with 
no cognitive impairment (MoCA score≥23 points).21 Subjects 
who had contraindications for spirometry measurements 
such as hemoptysis, 8, 22, 23 contraindications for respiratory 
muscle strength measurements such as aneurysm in thoracic, 
abdominal or brain,24 had musculoskeletal complications 
involving thoracic kyphosis measurements such as leg length 
discrepancy (more than 3 cm)25 or leg deformity which 
involve standing or pain on musculoskeletal system more 
than 5 points (visual analog scale 0-10) or severe scoliosis,26 
had neurological disorder which involve measurements such 
as cerebrovascular accident (CVA) or Parkinson’s disease, 
had uncontrolled underlying disease such as hypertension, 
heart disease or asthma, had diagnosed spinal fracture by 
physician and take medication which involve measurements 
such as opioid or antidepressant27 were excluded from the 
study. G-Power version 3.1 estimated a required sample 
size of 66 participants (effect size=0.32, α=0.05, and 
power=0.8).18 

Thoracic Kyphosis
 Thoracic kyphosis was measured using flexicurve 
method. The subject was instructed to be in standing 
position with comfortable and felt natural. A single trained 
reader used flexicurve ruler. The superior end of the ruler 
was placed at C7 and the inferior end of the ruler at T12. 
The ruler was then placed flat on 10x10 grid paper and 
then ruler position drawn from C7 to T12. The flexicurve 
was printed to the spine 3 times, being flattened between 
each measurement. The thoracic kyphosis angle was later 
calculated using the formula12 displayed in Figure 1. The 
average of the 3 measurements of each subject was used 
for analysis.28 If the calculated angle was greater than 40 
degrees, the participant was considered to be thoracic 
kyphosis and included in this research. The intra-class 

Figure 1.  Thoracic kyphosis measurement by using flexicurve method and 
calculated by using the equation of thoracic kyphosis angle.

muscle mass index) in the elderly. This study expects that 
inspiratory and expiratory muscle strength may be related 
to thoracic kyphosis, which respiratory muscle strength 
are determined by using the maximal voluntary respiratory 
pressures. It is low cost, portable equipment, easy and rapid 
to perform, noninvasive as well. The maximal voluntary 
respiratory pressures has been proved to be a measurement 
determining the MIP and MEP.10, 11

 Thoracic kyphosis affects 20-40% of elderly and can 
be considered as a kyphosis angle which is exaggerated 
anterior curvature of the thoracic spine more than 40 
degrees.5, 6, 12, 13 Furthermore, female tends to be more 
thoracic kyphosis than male, due to losses of estrogen in 
menopausal and postmenopausal period.6 In addition, age 
is also an important factor that relate to thoracic kyphosis. 
The kyphosis angle varies in between 20 to 29 degrees in 
aged under 40 years,53 degrees in aged between 60-74 
years and 66 degrees in aged above 75 years of age.5 As a 
result, thoracic kyphosis can cause restrictive and obstructive 
ventilation. The biomechanics of kyphosis which increases 
the external moment, inducing trunk curvature and chest 
compression lead to limitations in rib cage expansion resulting 
in a restricted amount of oxygen taken in inspiration and 
expiration, additional leading to dyspnea and exercise 
intolerance; and consequently, causing a decrease in activity 
of daily living and an increase in mortality.5, 6 Cobb angle 
measurement of spine from X-Ray images is a gold standard 
to measure thoracic kyphosis, however, it has disadvantages  
including cost, time-spent to interpret, and a requirement 
of specialist and invasive technique to measure.14 In contrast, 
the non-invasive technique which is similar to gold standard 
(r=0.98)15 is flexicurve method. It has a number of advantages 
including with low cost, easy to get, quickly to interpret, high 
validity and reliability (ICC>0.9).16 Few studies have investigated 
the association between thoracic kyphosis and pulmonary 
function in elderly,17-19 however, there are confounding 
factors which have an effect on research result such as history 
of smoking and gender. Lorbergs et al.17 reported that elderly 
woman with thoracic kyphosis tended to decrease pulmonary 
function more than those with erect posture.It was found 
that FEV1 decreased by 100 ml or 6.3 ml/years. However, 
results of research that has developed control confounding 
factor consist of unaware of history of smoking which is 
quit smoking at least 1 year might result in lung recovery 
fully20 and thoracic kyphosis measurements used in previous 
study were invasive technique which is hard to measure in 
community.17, 18 Moreover, at present there is no evidence 
measuring thoracic kyphosis and correlation with pulmonary 
function in elderly.
 This study aimed to evaluate thoracic kyphosis 
measured by flexicurve method in relation to pulmonary 
function in elderly.
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correlation coefficient (ICC) estimating as 0.984 (95% 
confidence interval: 0.939-0.996) for 10 participants, 

chosen at random and measured in duplicate.

Figure 2. A flow chart of the participants in the study.

Lung function tests
 Lung functions including forced vital capacity (FVC), 
forced expired volume in one second (FEV1), FEV1/FVC 
ratio and vital capacity (VC) were measured by CHESTGRAPH 
HI-105 spirometer (Chest MI, Inc, Tokyo, Japan) according  
to the American Thoracic Society (ATS) criteria.29 Measurements 
were made using a closed-circuit spirometer with the subjects 
seated, feet resting on the floor, spine erect and wearing a 
nose clip. Subjects were asked to perform a maximum of 
five forced expiratory maneuvers for measuring FVC, FEV1 
and FEV1/FVC ratio and were asked to perform a maximum 
of slow expiratory maneuvers to measuring VC to obtain 
three acceptable spirogram. Dejsomritrutai equations were 
used to determine the normal values based on age, sex, 
height and race.8, 22, 23

Respiratory muscle strength
 Respiratory muscle strength was assessed by using 
the MicroRPM portable manometer's measurements of 
maximum inspiratory pressure (MIP) and maximum expiratory 
pressure (MEP)30 (MicroRPM, Carefusion, Kent, and United 
Kingdom). Subjects were seated, feet resting on the floor, 
spine erect, wearing a nose clip and then, who were asked 
to perform a maximal expiratory effort after taking a maximal  
inspiration to measure a maximal expiratory pressure (MEP) 
and were instructed to ensure maximal inspiratory effort 
after exhaling a maximal expiration to measure maximal 

inspiratory pressure (MIP). Each participant was allowed 
to hold in 1.5 seconds per time, rest for about one minute 
and then repeat the maneuver 3 times. The highest value 
for MIP and MEP were chosen.10, 11

 The thoracic kyphosis, lung function, and respiratory 
muscle strength measurements were examined by individual 
examiners. Besides, lung function and respiratory muscle 
strength measurements examiners were blinded to clinical 
status and kyphosis angle variables.

Statistical analysis
 Descriptive analyses were presented as a mean±standard  
deviation, according to the results of the Kolmogorov-Smirnov 
test which was used to test the assumption of normality. 
The kyphosis angle, lung function and respiratory muscle 
strength data were normally distribution, thus all parameters 
were analyzed by using Pearson’s correlation coefficient. 
The Correlation coefficient values were interpreted as follows: 
0.00-0.10 negligible, 0.10-0.39 mild, 0.40-0.69 moderate, 
0.70-0.89 strong and 0.90-1.00 very strong. The level of 
statistical significance was considered as p<0.05.31 
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participants had no history of smoking, did not work, and 
had underlying disease with medical supervision including 
hypertension, dyslipidemia, diabetes mellitus type 2, gout, 
and knee osteoarthritis. The percentage of participants in 
the three ranges of kyphosis angle were 57.58% for the 40-50 
degrees, 33.33% for the 50-60 degrees, and 9.09% for the 
60-100 degrees. 

Correlations between the thoracic kyphosis angle and 
lung function
 The correlation results are provided in Table 2 and 
Figure 3. There were mild positive correlations between the 

Table 1  Demographic characteristic of participants (n=66).

Variables Min-Max Mean±SD
Gender, (n%) 77.30
   Male (n)  15 (22.7%)
   Female (n) 51 (77.3%)
Age (years) 68-86 71.09±5.55
Height (cm) 143-172 153.83±5.60
Weight (kg) 39-75 57.62±7.87
BMI (kg/m2) 17.3-35.7 24.66±3.61
Kyphosis angle (°) 40.15-93.04     50.14±9. 19
MoCA (score) 23-30 25.86±2.25

Abbreviation: BMI, body mass index.

Table 2  Correlations between the thoracic kyphosis angle and lung function (FVC, FEV1, FEV1/FVC ratio and VC).

Variables Min-Max Mean±SD r 95% CI p value
FVC (L) 0.43-3.28 1.72±0.58 0.265 0.009-0.434 0.032*
FEV1 (L) 0.33-3.26 1.45±0.49 0.303 0.110-0.458 0.013*
FEV1/FVC ratio (%) 64.56-100.00 85.08±9.03 0.100 -0.116-0.321 0.425
VC (L) 0.66-3.28 1.66±0.55 0.322 0.067-0.523 0.008*

thoracic kyphosis angle and FVC, FEV1 and VC (r=0.265, 
0.303 and 0.322, respectively, p<0.05) (Figure 3A, 3B and 
3D). There was no correlation between thoracic kyphosis 
angle and FEV1/FVC ratio (%) (p>0.05). 

Results

Participant’s demographics
 Demographic characteristic of participants is shown 
in Table 1. Among the 66 elderly participants, 15 (22.7%) of 
them were males and 51 (77.3%) were females. The mean age 
was 71.09±5.55 years. The mean BMI was 24.66±3.61 kg/m2, 
and the mean kyphosis angle was 50.14±9.19 degrees. All 

Data were analyzed using Pearson’s correlation, FVC: Forced vital capacity, FEV1: forced expiratory volume in one second, VC: Vital capacity, 
*p<0.05 showed significance.

Figure 3. The correlations between the thoracic kyphosis angle and lung function. A) FVC B) FEV1 C) FEV1/FVC ratio D) VC.
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Correlations between the thoracic kyphosis angle and 
respiratory muscle strength
 There were no correlation between thoracic kyphosis 

Variables Min-Max Mean±SD r 95% CI p value
MIP (cmH2O) 19-123 61.61±24.37 -0.081 -0.315-0.126 0.518
MEP (cmH2O) 36-175 78.91±26.90 -0.167 -0.362-0.041 0.179

Data were analyzed using Pearson’s correlation, MIP: Maximal inspiratory pressure, MEP: maximal expiratory pressure. *p<0.05 showed 
significance.

Figure 3. The correlations between the thoracic kyphosis angle and lung function. A) FVC B) FEV1 C) FEV1/FVC ratio D) VC.

angle and MIP and MEP (p>0.05). The correlation results 
are provided in Table 3 and Figure 4A and 4B.

Table 3  Correlations between the thoracic kyphosis angle and respiratory muscle strength (MIP and MEP).

Figure 4. The correlations between the thoracic kyphosis angle and respiratory muscle strength. A) MIP B) MEP.
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Discussion

 The aim of the present study was to examine the 
correlation between thoracic kyphosis and pulmonary 
function in elderly. In the present study, we found that thoracic 
kyphosis angle was positive correlated significantly with 
the lung functions (FEV1, FVC and VC) of elderly. However, 
thoracic kyphosis angle was not significantly correlated 
with FEV1/FVC ratio and respiratory muscle strength (MIP 
and MEP).
 In addition, the percentage of participants in the 
ventilatory defects was 34.85% for the normal, 59.09% for 
the restrictive, 1.52% for the obstructive, and 4.55% for 
the mixed lesion.22 The thoracic kyphosis was mildly positive 
correlated with the lung functions in VC, FEV1 and FVC 
parameters. Our results are consistent with the study of 
Mellin G et al.,32 determining the relationship between 
thoracic spinal mobility and kyphosis and lung function. 
Thoracic kyphosis was measured by using an inclinometer 
and thoracic spinal mobility was measured by using a 
goniometer. They found that thoracic spinal mobility was 
significantly positive correlated with lung function (FEV1 
and VC parameters) (r=0.16, p<0.05) which may suggest 
that an increase in chest expansion, thereby an increase in 
lung volume. However, the results were in disagreement 
with the findings of previous studies regardless of thoracic 
kyphosis and pulmonary function.17-19 Rahman et al.18 found a 
significant mild correlation between the thoracic kyphosis 
measured by using electromagnetic motion tracking system 
and lung functions (FEV1 and FVC) in elderly (r=0.232 and 
0.317, respectively, p<0.05). A cross-sectional study of Bari 
et al.19 reported that the worse kyphosis evaluated by using 
occiput to wall distance and standing stature adjusted for 
tibia length was associated with reduced FVC and FEV1. Besides 
Lorbergs et al.17, also found similar results in prospective 
studies and reported that elderly women with thoracic 
kyphosis measured by radiographic examination tended to 
have a decrease in pulmonary function (FEV1) more than 
those with erect posture. Furthermore, thoracic kyphosis  
was found to be mildly positive correlated with vital capacity 
(r=0.322, p<0.05), which is inconsistent with the findings 
of a previous study33 which reported that women with  
osteoporosis-related kyphosis had significantly lower VC 
(p<0.05). These differences in results between the studies 
may be related to the methodology used for the analysis of 
lung functions, the previous study17, 19 used bell spirometer 
which low impact on restrictive ventilatory measurement 
and may result in overestimated. In addition, participants 
characteristics in the previous studied were different.17-19 These 
included no variety in sources of study participants,17, 19  
low physical activity and activity daily living,18 no control 
in respiratory disorder, history of vertebral fracture19 
and history of smoking17, 19 which may cause of low lung 
functions. Hence, this result was inconsistent with other 
studies and resulted in thoracic kyphosis was positive 
correlation with lung functions. Accordingly, the factors 
which may impact on the positive correlation in thoracic 
kyphosis angle with lung functions (FEV1, FVC and VC) in 
this study were healthy elderly (no respiratory disease and 
uncontrol in underlying disease), no diversity in the kyphosis 

angle because the number of participants considered for 
measuring the kyphosis angle almost in 40-50 degrees 
which is the low kyphosis angle result in mildly positive 
correlated. There was no correlation between thoracic 
kyphosis and FEV1/FVC ratio, and also respiratory muscle 
strength (MIP and MEP). Suggestion participants in this 
study were healthy who not had a disease in the nervous 
system or neuromuscular which almost a problem leads to 
respiratory muscle weakness. This result is in accordance 
with a previous study,18 which found that lung functions in 
FEV1/FVC ratio parameter, MIP and MEP were not correlated 
with thoracic curvature. However, MIP and MEP significantly 
correlated with lumbar curvature, since the diaphragm is 
the main inspiration structure and it attaches mainly at the 
lumbar spine.18 The researchers performed analysis into 
subgroups of gender (males and females) and kyphosis 
angles (40-50, 50-60, 60-100 degrees). It was found that 
both gender and kyphosis angles were not correlated with 
lung functions (p>0.05).
 The limitation of the present study was that the 
participants recruited in the study were women more than 
men (77.30% and 22.70%, respectively). In addition, this 
study used medium effect size (effect size=0.32) which lead 
to small sample size (n=66) and had effect on data distribution, 
in which there was no diversity in the kyphosis angles. 
Hence, this study has several strengths. The examiners and 
evaluations were blinded to clinical status and kyphosis 
angle variables. Besides, it was difficulty to select participants 
and noticed that 66 participants from 244 participants who 
passed in screening of inclusion criteria. Almost elderly has 
memory and cognition problem to assess the spirometry and 
maximal voluntary respiratory pressures, therefore, this study 
was used MoCA-Thai testing to assesse memory and cognition 
which is easy to collect data and good reliability tool.  
Additionally, these findings had represented diversity of 
participants including community-dwelling older adults 
living in rural areas, older adults living in residential institutions 
and citizen club at a suburban area. However, this study 
did not assess parameters on chest expansion, thoracic 
spinal mobility, flexibility, and physical activity which may 
impact on lung functions. Further study is needed to focus 
on these parameters. Especially, physical activity may be 
measured by using questionnaires such as the Community 
Healthy Activities Model Program for Seniors (CHAMPS), 
Physical Activity Scale for the Elderly (PASE) or Modified 
Baecke Physical Activity questionnaire. 

Conclusion

 We found that thoracic kyphosis was mildly positive 
correlation with lung functions in elderly, but FEV1/FVC 
ratio parameter, MIP and MEP were not correlated with 
thoracic kyphosis. Thoracic kyphosis measurements using 
the flexicurve method may provide a trend to predict lung 
function associated with thoracic kyphosis. Further study 
is warranty. 
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