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ABSTRACT

Objectives: This study aimed to translate the Trunk Impairment
Scale 2.0 (TIS-2.0) into Thai language and to test its reliability
and validity.

Study design: Descriptive cross-sectional design.

Setting: The Thai Red Cross Rehabilitation Center, Thailand.
Subjects: Forty-seven stroke patients (33 males and 14 fe-
males) who received rehabilitation.

Methods: A cross-cultural adaptation process was used to
translate TIS-2.0 to Thai version (TIS-TH). Four assessors with
differing years of work experience scored the patients using the
TIS-TH, evaluating from the video record 2 times with a 2-week
interval. The results were analyzed by Cronbach’s alpha for
internal consistency. Testing of intra-rater and inter-rater
reliability was analyzed by Intraclass Correlation Coefficient
(ICC). Spearman’s Rank Correlation Coefficient was used to test
validity between the TIS-TH and the Berg Balance Scale (BBS),
the Motor Assessment Scale (MAS, sitting balance subscale),
and the Functional Reach Test (FRT).

Results: The TIS-TH had good internal consistency. Cronbach’s
alpha was 0.823. The reliability of inter-rater and intra-rater were
0.885 (95% CI: 0.763-0.941) and 0.951 (95% CI: 0.927-0.971),
respectively. Spearman’s Rank Correlation Coefficient between
the TIS-TH and the three other measures the BBS, the MAS and
the FRT were 0.800, 0.710 and 0.731, respectively.
Conclusion: The TIS-2.0 Thai version was acceptable, reliable
and valid for evaluating trunk control in stroke patients. It could
be one of disability evaluations that health care personnel in
Thailand can apply in clinical practice.
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evaluation
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Introduction

Stroke is a non-communicable disease which impacts on
health and quality of life. Most stroke survivors suffer from
abnormal gait pattern and impaired functional mobilities.
These problems commonly associate with muscle weakness,
sensory deficit and spasticity of limbs. In addition, trunk
control also plays an important role in gait ability and mo-
bility." Impairment of trunk muscle activities can lead to poor
dynamic balance and falling in patients with stroke.? There-
fore, assessment of trunk performance in post-stroke
patients is valuable and necessary in clinical evaluation.

A systematic review of Sorrentino, et al (2018)° showed
that there are 10 tools which are used to assess trunk per-
formance after stroke. Numerous clinical tools have been
validated to assess trunk performance after stroke, including:
Trunk Impairment Scale (TIS), Trunk Control Test (TCT),
Postural Assessment Scale for Stroke (PASS), Ottawa
Sitting Scale (OSS), Modified Functional Reach Test (MFRT),
Function In Sitting Test (FIST), Physical Ability Scale (PAS),
Trunk Recovery Scale (TRS), Balance Assessment in Sitting
and Standing Positions (BASSP) and Sitting-Rising Test
(SRT). The Trunk Impairment Scale (TIS) is a tool which has
been developed to assess trunk control in a sitting position.
The American Physical Therapy Association Neurology Sec-
tion Task Force recommends this tool be applied in physical
evaluation.* The TIS consists of static and dynamic sitting
balance tests, and a trunk coordination test.® Verheyden,
et al. (2004)° showed that this scale has good intra-rater and
inter-rater reliability, and excellent validity correlation to the
Barthel Index and the Trunk Control Test. Further Verheyden
and Kersten (2010)¢ introduced the TIS version 2.0 (TIS-2.0),
which deleted the static sitting balance item from the origi-

Correspondence to: Jittima Charoenlimprasert, M.Sc. (Movement and Exercise Sciences); Physical Therapy Division, Thai Red Cross
Rehabilitation Center. 199 Moo2, Taiban, Muang, Samutprakarn 10280, Thailand; E-mail:jitima15@gmail.com

Received: 12" June 2020

Revised: 7" July 2020

Accepted: 23" January 2021

ASEAN J Rehabil Med. 2021; 31(2)



nal version because the internal validity this dimension was
unable to be shown. The study demonstrated that dynamic
and coordination domains have shown a relation between
trunk muscle activity and functional performance.

In Thailand, stroke is a major cause of death and dis-
ability.” The use of the TIS in disability evaluation may be
beneficial for treatment planning. However, a language barrier
from using the English version of this tool may lead to mis-
conception in a clinical practice and may cause evaluation
error. Both versions of the TIS have been translated into
other languages, but not yet into Thai. This study aimed to
translate the TIS-2.0 into Thai language, and also to examine
intra-rater reliability, inter-rater reliability and validity of the
TIS in the Thai version in order to apply this measurement in
stroke assessment.

Methods

Study design

This descriptive cross-sectional study was approved by
the Research Ethics Review Committee, Faculty of Medicine,
Chulalongkorn University (IRB No.255/61). There were two
parts of this study. The first part was the process of transla-
tion and cross-cultural adaptation of the TIS-2.0 into Thai,
and the second part was the process of testing its psycho-
metric properties that is, the reliability and validity of the TIS-TH
in Thai patients with stroke.

Participants

Participants were inpatients with subacute and chronic
stroke who were referred to physical therapy services at Thai
Red Cross Rehabilitation Center (TRCR) in Thailand from
September 2018 to July 2019. They were included if they
met the following conditions: 1) between 45 and 80 years
old, 2) able to sit independently for 10 seconds, 3) scored
above 23 on the Mini-Mental State Examination (MMSE)
Thai version, and 4) able to provide informed consent. Those
who did not understand Thai language were excluded. The
calculated sample size of 47 was based on an expected
correlation of 0.4, an alpha value of 0.05 and a power of 80%.

Outcome measures

The TIS was first introduced in 2002 for the purpose of
measuring motor activity of trunk muscles in patients with
stroke, consisted of 3 main dimensions, including static,
dynamic and coordination subscales, and the total score
ranged from 0 to 23.58 Later, a second version of this tool was
developed, which was called the TIS-2.0.8¢ In this version,
the static dimension was removed because its internal validity
could not be demonstrated and the scale consists of 14
items. Therefore, the total score of the TIS-2.0 ranges from
0 to 16, and a higher score indicates better trunk control.®8
The Test-retest reliability and inter-rater reliability (ICC)
were 0.96 and 0.99, respectively.®® There were high correla-
tions between the TIS and the Barthel Index (r = 0.86) and
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the trunk control test (r = 0.83), which showed evidence of
construct and concurrent validity, respectively.®®

The sitting balance subscale of the motor assessment
scale (MAS) is a six-point ordinal scale that ranks tasks by
difficulty.® In the Functional Reach Test (FRT), the recorded
measure (centimeter) is the distance forward that the finger
reaches while the subject lifts his or her arm to 90 degrees
while the subjectis in the most forward leaning positionin order
to avoid the trunk from rotating.* The Berg Balance Scale
(BBS) is a list of 14 items, with each item being measured on
a five-point ordinal scale ranging from 0 to 4, with 0 indicating
the lowest level of function and 4 indicating the highest level
of function.*

Translation and cross-cultural adaptation process

The process was performed following the recommended
guidelines.*' Firstly, permission to translate the TIS-2.0 was
kindly given by the original developer, Verheyden. Secondly,
forward translation of the TIS-2.0 from English to Thai lan-
guage was performed by two native Thai speakers with a
good command of English. One is a clinician who under-
stands the purpose of this instrument, and the other is a
person who does not have a medical background. Each
English expert translation was performed independently. The
two drafts from the translators were identified as T1 and T2
respectively. Thirdly, T1 and T2 were synthesized in order
to reduce bias from the translation. This stage was done
by both translators and one member of the research team
working together. Each sentence of the translated T1 and T2
versions was analyzed and rearranged. A consensus was
reached by both translators for any initial difference in trans-
lation. This “consensus” Thai version was named T12, and
was translated back to English by two bilingual individuals
who use English language in their daily living and who do
not have medical backgrounds. The comparison of the origi-
nal version and all the translated versions were performed
by three reviewers: a physiatrist and two physical therapists
who are expert lecturers in rehabilitation medicine at two
leading universities, and a physical therapist who carries out
daily clinical work with stroke patients. The content validity of
the Thai version was checked by analyzing the index of item-
objective congruence (I0C)."

Next, a pre-test with two experienced physical therapists
was undertaken at the TRCR. The instrument was applied
to thirty patients with stroke who consented to participate in
the study. The objective of this session was to check accu-
racy and language understanding. Lastly, the translation and
cross-cultural adaptation process were sent to the original
developer for consideration.

Testing psychometric properties

Reliability

Four physical therapists (A, B, C and D) with different
years of work experience were trained to score the TIS-TH
by using an instructional video produced by the original



developer."? Participants were able to repeat the video until
they felt completely comfortable with the test administration
and its uniform application. The physical therapists’ assess-
ments were recorded as videos in all studied patients. All stroke
patients were given the same clear instructions regarding the
movements that they had to perform. The starting positions
for all items were the same to prevent any error from the
observation. Then, to assess the inter-rater reliability of this
test, all assessors scored patients from the recorded videos
by using the TIS-TH. For the intra-rater reliability, a second
assessment was performed 15 days after the first observa-
tion to limit the degree to which raters would recall the data
from the initial observations.'? The use of recorded video was
intended to prevent patient fatigue and minimize the error
from each performance which could have an impact on the
scoring of the test.™ Video recordings were kept confiden-
tially at the TRCR, to be deleted one year after completion
of the study.

Validity

The TIS-2.0 was validated with well-established outcome
measurements, including sitting balance subscale of the
MAS, FRT and BBS. Prior to the validity study, Rater A also
received additional training in the use of these tests. The
sequence of the tests was random. The test administration
was performed in the same laboratory setting and all partici-
pants received the same verbal instructions. During the tests,
the patients were allowed to rest as much as they wished."
The whole testing performance was videotaped so that rater
A could score the patients’ test performance from videotape
again in order to verify the accuracy of the scoring.

Statistical methods

Descriptive statistical analysis of demographic and base-
line clinical characteristic of participants was conducted
before proceeding to analyzing reliability and validity. Cron-
bach’s Alpha was used to assess the internal consistency of
the total and sub-total scales. Inter-rater and intra-rater reli-
ability were calculated by Interclass Correlation Coefficient
(ICC). ICC model 2, k was used for inter-rater reliability and
model 3, k was used for intra-rater reliability.”® An ICC value
of 0.75 or above indicates excellent reliability; below 0.40
indicates poor reliability, and results between these two
values indicate moderate to good reliability." The Standard
Error of Measurement (SEM) and Minimal Detectable Change
(MDC) were also calculated. The Pearson and Spearman
rank-order correlations were used to determine the conver-
gent validity of the TIS-TH and other clinical assessments.

Results

In the process of translation from English to Thai, it was
found that some translated words from English to Thai were
too formal, affecting the understanding of patients. There-
fore, a discussion was carried out to adapt some translated
words to be easier to understand while maintaining the same
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meaning as the original tool. In fact, the Thai version of the
TIS has been revised twice. The first revision was made as
per the suggestions given by the experts. After that, a pilot
test was conducted which provides feedbacks from two
assessors, and the addition of footnotes was recommended
in order to clarify the rating criteria. Then, the final draft of
the TIS-TH was completed (see Appendix). An |OC value in
the range from 0.67 to 1.00 indicates good content validity.
The average 10C of TIS-TH was 0.86, as shown in Table 1.

Demographics

Forty-seven stroke patients consented to participate in
the study. The participants consisted of 33 males and 14
females; the mean age was 55.85 (SD 13.85) years. The mean
MMSE score was 25.21 (SD 3.49), which indicates normal
cognitive function. A summary of patient characteristics and
outcome measurement scores is shown in Table 2.

Reliability

The total score of TIS-2.0 ranged from 0 to 9, with an
average of 4.57. The dynamic sub-score of TIS-2.0 ranged
from 0 to 8, with an average of 3.38. The coordination sub-
score of TIS-2.0 ranged from 0 to 3, with an average of 1.19.
The analysis of the floor effect demonstrated that 19.15%
(n =9) received a zero score on the coordination sub-scale.
None of the participants received the maximum score from
the total score, dynamic sub-score or coordination sub-scale.
Cronbach’s Alpha of the total score was 0.823, which indi-
cates good internal consistency. For sub-scores, the dynamic
dimension was 0.808 and co-ordination dimension was 0.328,
which indicates good and poor reliability, respectively (Table 3).

The study showed excellent intra-rater reliability with
regard to the total score and sub-score (dynamic dimension)
of the TIS-TH, with ICC values of 0.951 (95% CI: 0.927-
0.971) and 0.969 (95% Cl: 0.978-0.993), respectively. The
intra-rater reliability of the co-ordination dimension was mod-
erate, with ICC value of 0.638 (95% CI: 0.458 to 0.776). The
standard error of measurement (SEM) of the total TIS-TH
score was more than the dynamic or coordination dimension,
indicating more measurement error on individual results of
this tool when using the two dimensions together. The mini-
mal detectable change, at 95% confidence level (MDC95), of
the TIS-TH was 2.245 (Table 4).

Table 1. Item-objective congruence (IOC) of each item

ltem 10C [tem I0C
Dynamic item 1 1.00 Dynamic item 8 1.00
Dynamic item 2 0.67 Dynamic item 9 0.67
Dynamic item 3 0.67 Dynamic item 10 1.00
Dynamic item 4 1.00 Coordination item 1 1.00
Dynamic item 5 0.67 Coordination item 2 1.00
Dynamic item 6 0.67 Coordination item 3 1.00
Dynamic item 7 0.67 Coordination item 4 1.00

Average I0C 0.86
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Table 2. Demographic characteristics of the participants and outcome measurement

scores
Characteristics N =47
Age (year)' 55.85 (13.85) [14-81]
Sex?
Male 33(70.21)
Female 14 (29.78)
Time since stroke onset (month)’ 9.55 (10.11) [1-36]
Stage of stroke?
Sub-acute 27 (57.45)
Chronic 20 (42.55)
Types of stroke?
Ischemic 33 (70.21)
Hemorrhagic 14 (29.78)
Side of paresis?
Left 27 (57.45)
Right 20 (42.55)
MMSE’ 25.79 (2.37) [23-29]

Bl (total score 100)'
TIS-TH (total score 16)'
BBS (total score 56)'
Forward FRT (cm)’

MAS sitting balance subscale (total score 6)'

78.19 (16.92) [30-100]
4,57 (2.97) [0-9]
29.53 (17.15) [4-53]
15.35 (9.99) [0-34]
3.72 (1.31) [2-6]

'Mean (SD) [range], Znumber (%)

MMSE, mini-mental stage examination; BI, Barthel index; TIS-TH, trunk impairment scale Thai version;
BBS, Berg balance scale; FRT, functional reach test; MAS, motor assessment scale

Table 3. Score of the TIS-TH, floor and ceiling effect, and internal consistency of the test

Number of Floor effect; Ceiling effect;  Cronbach’s
TIS-TH items Mean (SD) ~ Range QR Number (%) Number (%) a
Total score: (/16) 14 4.57 (2.97) 0-9 6 2 (4.26) 0(0) 0.823
Dynamic sub-score: (/10) 10 3.38 (2.55) 0-8 5 6 (12.77) 0(0) 0.808
Co-ordination sub-score: (/6) 4 1.19 (0.68) 0-3 1 9(19.15) 0(0) 0.328
Table 4. Inter-rater and intra-rater reliabilities
Inter-rater reliability Intra-rater reliability

ICC (95% ClI) p-value ICC (95% Cl)  p-value SEM MDC95
TIS-TH 0.885 <0.0001 0.951 <0.0001 0.657 2.245
Total score (0.763-0.941) (0.927-0.971)
TIS-TH 0.911 <0.0001 0.969 <0.0001 0.447 1.850
Dynamic score (0.838-0.951) (0.978-0.993)
TIS-TH 0.538 <0.0001 0.638 <0.0001 0.409 1.772
Coordination score (0.277-0.720) (0.458-0.776)

SEM, standard error of measurement; MDC, minimal detectable change

The inter-rater reliability as a whole was good, with an
ICC value of 0.885 (95% CI: 0.763-0.941). The ICC of the
dynamic and co-ordination dimensions were 0.911 (95% ClI:
0.838-0.951) and 0.538 (95% Cl: 0.277-0.720), respectively
(Table 3).

Validity

Regarding the convergent validity, the TIS-TH showed
high correlation (r > 0.70) with the BBS, the MAS and the
FRT (Table 5). In addition, correlations between the TIS-TH
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and these outcome measurements were all statistically sig-
nificant (p < 0.0001).

Discussion

This study found good reliability of the TIS-2.0 Thai ver-
sion (TIS-TH) (a = 0.823) for measuring trunk performance
in stroke patients that is almost equal to the original English
version (a = 0.89).° Similar results have been reported with
other translations; however, Cronbach’s Alpha and the



Table 5. Relationships between the TIS-TH total scores and other outcome measurements

Outcome measures Dynamic TIS-TH ~ Coordination TIS-TH BBS FRT MAS

Total TIS-TH  0.9817(0.969-0.991) 0.533"(0.309-0.749) 0.800" (0.675-0.981) 0.731"(0.595-0849) 0.710" (0.526-0825)

Dynamic  TIS-TH 1 0.800" (0.675-0.981) 0.743" (0.586-0.870) 0.698" (0.551-0.834) 0.658" (0.448-0.800)

Coordination TIS-TH - 1 0.724° (0.592-0.849) 0.620" (0.355-0.782) 0.666" (0.446-0.798)

BBS - - 1 0.861" (0.767-0.924) 0.868" (0.768-0.919)

FRT - 1 0.826" (0.683-0.906)
‘p <0.0001

BBS, Berg balance scale; FRT, functional reach test; MAS, motor assessment scale

ICC values of the subscale co-ordination in the current
study were lower than have been reported with other ver-
sions.'2™1® Poor internal consistency of the co-ordination
dimension (a = 0.328) might relate to non-correlation between
the questions. It has been demonstrated that the corrected
item-total correlation value of item 2 in the subscale co-ordina-
tion cannot be calculated because all of participants received
a score of zero. In addition, the value of item 4 was less than
0.20, which indicates that this item may need to be revised."
These two items are sequential tasks in the TIS-TH, so the
raters can skip the tasks if patients are unable to perform the
previous item. It has been suggested that the items in the co-
ordination subscale may be too difficult for stroke patients.®
In fact, the floor effect of greater than 15% implies that a
large number of participants were too weak to perform this
item.

The SEM of the TIS-TH total in this study was 0.657. Al-
though this is lower than the SEM in other studies, this result
cannot be compared with those versions because the static
sitting balance dimension was included in their analyses.>®
The SEM of both dynamic and co-ordination subscales of the
Italian version were slightly higher than this research.2’ Only
the study of Cabanas-Valdes et al, (2016) has translated the
TIS-2.0 into Spanish, but there was no presentation of the
SEM in that study.®

The correlation between the TIS-TH and the BBS was
evaluated in this study. It has been shown that the TIS-TH
total and both subscales have high correlation with the BBS (r >
0.70). The study also investigated the convergent validity of
this instrument with the FRT and the MAS, which also demon-
strated high correlation coefficients. There were moderate
correlations between these two tests and both subscales of
the TIS-TH. It has been suggested that moderate convergent
validity may indicate inconclusive results for the measure-
ment tool.2' This might be explained by the fact that perfor-
mance and patient outcomes from these two tests do not
depend solely on trunk activity. The objective of the MAS is
to evaluate motor functions which associate with movement
of extremities in activity of daily living, while the FRT focuses
on mobility based on balance. The original version of the
TIS compared relation with the Barthel Index (BI) and the
Trunk Control Test (TCT), which had high correlation coeffi-
cients.® However, Sullivan, et al, (2013)* suggested that the
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TCT is not recommended for evaluation of motor function for
patients with strokes. Use of gold standard outcome measure-
ment for assessing trunk activity to compare with the TIS is
still required in research area.® Electromyography (EMG)
has been introduced to evaluate trunk muscle activities in
patients with stroke. In the study of Liao et al, (2015),% the
surface EMG demonstrated an impairment of trunk muscle
activities in chronic hemiparesis during performance of sym-
metrical trunk movement. Further study could benefit from
employing the EMG in analysis of the TIS-TH, especially the
co-ordination subscale.

One limitation in this study was the restricted perfor-
mance of the patients. The sample size in the study was
acceptable; however, results showed that a large number of
the participants found it difficult or were unable to complete
the tasks in this tool. The median score of the TIS English
version was 14 and 11 points in subacute and chronic stroke,
respectively. Although the normative data cannot be com-
pared with the original version, the median score in the cur-
rent study was extremely low (4 out of 16 points). In future
studies, additional participants at different stages of motor
recovery may provide a wider range of measurement scores.
To gather patients of varying ability levels, the Brunnstrom
Recovery Stages (BRS) may be considered in future stud-
ies in order to measure and classify levels of motor function
between stroke patients.?”

The TIS-TH requires less than 10 minutes to complete.
The American Physical Therapy Association Neurology Sec-
tion Task Force recommends this tool for use in all stages of
stroke. It is also appropriate for use in research studies. Even
though learning to administer the TIS is not necessary for
physical therapy students, it has been suggested that they
should be exposed to the tool.* Therefore, translation of this
instrument into Thai language is an advantage for students,
clinicians, and researchers in order to provide the best pos-
sible care for patients.

Conclusion

In summary, the translation of TIS-2.0 into Thai language
demonstrated its reliability and validity for use with patients
with stroke. Guidelines for the use and interpretation of the
TIS-TH would be helpful for clinical practice and research.
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