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Objectives: The study aimed to translate the Trunk Control Measurement Scale

Keywords:

C/ir):ica/ assessment. trunk control (TCMS) from the original English into a Thai version and demonstrate the reliability
motor disabilities, trunk impairment, and validity of the TCMS-TH among children with spastic CP.

pediatric health.

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.

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.*
The main problem associated with motor disabilities
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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.® Moreover, children with CP have
increased trunk sway during sitting® and standing®® when
compared to typically developing children, reflecting poor
trunk control during upright positions. Heyrman et al.l!
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.*?> 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.1314 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).*>¢ 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 2011%
and was adapted from the Trunk Impairment Scale (TIS).*®
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.' 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,'® German,® and Spanish,? 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 developer'’, 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.? 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
(I0C) from the three expert reviewers. The items that
had 10C equal to or higher than 0.5 were acceptable.?®
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, a=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 | to Level IV. Two children were classified

A. Parameyong et al. Journal of Associated Medical Sciences 2025; 58(3): 204-215

as Level |, seven as Level Il, thirteen as Level Il 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*

| 2(6.9)

I 7(24.1)

Il 13 (44.8)

\Y 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.*
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.?® 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.? The standard error of measurement (SEM)
and minimal detectable change (MDC) were calculated as
SEM =SD x+/1 — ICC and MDC = SEM x 1.96 x /2 . 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.?” 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 I0C
value was 0.84. For each item, the I0C 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 (I0C) of each item of the Thai version
of the Trunk Control Measurement Scale (TCMS-TH).

TCMS-TH items 10C TCMS-TH items 10C
ltem 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
ltem 5 1.00 Item 10b 0.67
Item 6a 1.00 Iltem 11a 0.67
Item 6b 1.00 Item 11b 0.67
Item 7a 1.00 Iltem 12a 0.67
Item 7b 1.00 Item 12b 0.67
Item 8a 0.67 Iltem 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% Cl=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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Table 4. Inter- and intra-rater reliability of the Thai version of the Trunk Control Measurement Scale (TCMS-TH).

TCMS-TH Inter-rater reliability SEM MDC Intra-rater reliability SEM MDC
(95% Cl) (95% ClI)

Static sitting balance (/20) 0.929 0.66 0.94 0.989 0.49 0.70
(0.843-0.968) (0.976-0.995)

Selective movement control (/28) 0.940 1.28 1.82 0.990 0.56 0.79
(0.865-0.973) (0.977-0.995)

Dynamic reaching (/10) 0.837 0.85 1.20 0.918 0.57 0.81
(0.637-0.927) (0.818-0.963)

Total TCMS (/58) 0.955 196 2.77 0.995 0.82 1.16

(0.901-0.980)

(0.989-0.998)

Note: SEM: standard error of measurement, MDC: minimal detectable change.

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 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.®® 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.® 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
English” and Korean-translated version.'* 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.* The core region of the body, encompassing both
thetrunkand pelvis, playsa pivotalrolein maintainingsitting
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.? 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.Y’ 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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Trunk control measurement scale -Thai version (TCMS-TH)
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