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ABSTRACT 
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Degree MASTER OF SCIENCE 
Academic Year 2020 
Thesis Advisor Assistant Professor Dr. Wanvisa Panichaporn , Ph.D. 
Co Advisor Associate Professor Dr. Rumpa Boonsinsukh , Ph.D. 

  
Cerebral palsy causes impairments of the postural control system, as well as difficulties with 

functional tasks that involved in activities related to daily life. Therefore, the specific tools for evaluating 
postural control problems were an important issue in terms of planning the suitable treatments for patients. 
The purposes of this study were as follows: (1) to translate the Kids-Balance Evaluation Systems Test (Kids-
BESTest) from English into Thai version; (2) to assess the inter- and intra-rater reliability of the Thai version of 
Kids-BESTest (Kids-BESTest-Th) for children with cerebral palsy; and (3) to assess the concurrent validity of 
the Kids-BESTest-Th with the Pediatric Balance Scale (PBS) and the Gross Motor Function Measure (GMFM-
88) in children with cerebral palsy. The translation processes in this study used forward and backward 
translation. The English version of Kids-BESTest was translated by English language professionals and 
physical therapists. Subsequently, the content validity ratio (CVR) was measured in the Kids-BESTest-Th by 
physical therapists and lecturer. After that, the Kids-BESTest-Th was applied for evaluating reliability and 
validity in 30 cerebral palsy patients. Balance systems were measured two periods a week apart for 
reliability. Concurrent validity of Kids-BESTest-Th was correlated with standard measurements of functional 
balance and activity, such as PBS and GMFM-88 (Dimension B, C, D & E). The statistical analysis were 
intraclass correlation coefficient (ICC) for calculating inter- and intra-rater reliability, and Spearman’s 

correlation (ρ) for calculating the concurrent validity of Kids-BESTest-Th. The results were as follows: the 
study showed excellent inter - and intra-rater reliability (ICC > 0.94) of the Kids-BESTest-Th in total and 
section scores. The concurrent validity showed a very high and a high correlation between Kids-BESTest-Th 
with PBS (r=0.93) and GMGM-88 (r=0.86). In conclusion, Kids-BESTest-Th showed excellent reliability and 
concurrent validity, which may be applied to cerebral palsy, in terms of evaluating the balance systems. 
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CHAPTER 1 
INTRODUCTION 

Background 
The incidence of cerebral palsy (CP) was 2 to 3.5 of 1000 people caused by 

brain disorders (1). The development of typical and atypical children focus on physical 
activity, language, speech, social - emotion and cognitive (2). All of children with CP 
showed delay and abnormality of motor development from infancy to early childhood 
such as position of sitting or standing, transition from sitting to standing or lying to 
sitting, and locomotion by crawling or walking (2, 3). The type of CP could be generally 
classified into spasticity 50%, dyskinetic 20%, ataxic 10% and mixed type 20% (2). The 
main impairment of cerebral palsy were symptoms of muscle spasticity, muscle 
weakness, impaired postural balance, impaired postural reaction, impaired muscle 
coordination, impaired weight bearing and shifting. Other common problems are muscle 
disorders, impaired sensation, perception, cognition, communication, abnormal 
behavior and epilepsy (4-6). 

Children with cerebral palsy had been reported to display postural control 
deficits across all system approach components. Systems approach components was a 
theory which described postural control as a complex interaction between seven 
components of neuromuscular synergies, internal representations, adaptive 
mechanisms, anticipatory mechanisms, sensory strategies, individual sensory systems, 
and musculoskeletal components (4, 5). Children with cerebral palsy usually show 
problems in components of anticipatory postural adjustments, reactive postural 
adjustments, sensory and musculoskeletal components of postural control. Treatment of 
postural balance in cerebral palsy was different in individual patient depending on 
causes of disorders such as joint deformity, dislocation, muscle spasticity and muscle 
weakness. Therefore, medical, physical therapy, surgery, and using assistive device 
were the alternative of treatment for improving postural control in children with cerebral 
palsy (4-7). 
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Postural control assessment in cerebral palsy (CP) requires examination of 
performance across all of systems for developing an appropriate rehabilitation program. 
Trunk Control Measurement Scale (TCMS) (8, 9) and Sitting Assessment for Children 
with Neuromotor Dysfunction (SACND) were specifically developed for assessing trunk 
control of cerebral palsy (CP) (10). The Pediatric Reach Test (PRT) was a measurement 
of postural balance during standing and reaching in the front and side directions (11, 
12). The Pediatric balance scales (PBS) was a measurement tool for assessing postural 
stabilization in static and dynamic balance such as sitting to standing, standing to 
sitting, and transfer. PBS had been used to measure the balance functions in children 
with CP who had mild to moderate motor impairment and typical school-age children. 
The result showed good test-retest and inter-rater reliability when the PBS was used in 
CP and typical school-age children (13). However, the balance evaluation of PBS also 
covered only 4 of 7 system approach components of anticipatory mechanisms, sensory 
strategies, sensory systems, and internal representations (13).  

The Gross Motor Function Measure (GMFM) is a standardized measurement of 
gross-motor function in children. The GMFM was designed and validated to measure a 
change in gross motor function over time in children. The GMFM had been applied in 
typical children, children with CP, and children with spina bifida (14, 15). Moreover, 
GMFM had been used as a standardized tool for validating with other measurements 
such as Segmental Assessment of Trunk Control, TCMS, Functional Reach Test, Timed 
up and go (TUG), Berg Balance Scale (BBS), and PBS (14). However, The GMFM could 
evaluate only 4 of 7 system approach components of neuromuscular synergies, 
musculoskeletal components, adaptive mechanisms, and anticipatory mechanisms (16). 
TUG was a test used for assessing a person's mobility and required both static and 
dynamic balance. TUG had been administered in typical children, children with CP, 
children with spina bifida and children with traumatic brain injury (12). The previous 
study showed that the TUG had moderate to strong correlation with GMFM dimension D 
and E scores (12). Although, PBS or GMFM could evaluated some part of system 
approach components, its popular and standard assessment in children (11, 12, 16). 
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PBS and GMFM contain many items which are related to Kid-BESTest. Therefore, 
balance assessment of the Kid-BESTest in children should have correlated with PBS 
and GMFM.  

The Balance Evaluation Systems Test (BESTest) is the only postural control 
assessment that covers all 7 system approach components. The BESTest contains 6 
domains for measuring biomechanical constraints, stability limits/verticality, reactive 
postural responses, anticipatory postural adjustments, sensory orientation, and stability 
in gait. The BESTest had been applied in neurological patients such as subacute stroke, 
chronic hemiparesis, Parkinson disease, and multiple sclerosis (17). The BESTest 
showed good to excellent intra-, inter-rater reliability, and validity with BBS in patients 
with subacute stroke, chronic hemiparesis and elderly (18-21). Moreover, Dewar et al in 
2017 used the BESTest and the Mini-BESTest in school-aged children. There was 
excellent reliability of total scores and poor to excellent reliability of section scores (ICC 
= 0.22 to 0.83) in typical school-aged children, aged between 7 -15 years (22). 
Currently, the BESTest has been modified to be used in children and named it as Kids-
BESTest. Some items of Kids-BESTest have been changed from the BESTest such as 
item 13; standing arm raise, Kids-BESTest reduced weight of lifting from 2 to 1 kilogram, 
item 27; times “get up & go” with dual task, Kids-BESTest reduced the difficulty of 
counting backward from 3 to 2. Dewar et al in 2019 used the Kids-BESTest and Kids-
Mini-BESTest in children with CP. The Kids-BESTest had been evaluated in children with 
CP, aged 8-17 years. It showed excellent of intra-rater reliability in total score 
(ICC=0.99) and section scores (ICC=0.92-0.98) (23). 

The standardized measurement is an important issue for evaluating the specific 
problem and designing the appropriate treatment for individual children with CP.  Kids-
BESTest may be a new assessment tool for evaluating problem of system approach 
components and postural balance in atypical children who have several problems of 
postural balance and functional activities in Thailand. Since the Kids-BESTest is using 
English language, this may pose some difficulty or disagreement in interpreting the 
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language use for Thai clinicians. Therefore, this study will translate the Kids-BESTest into 
Thai language and examine the psychometric properties in term of reliability and validity 
of the Thai Kids-BESTest in children with cerebral palsy.  

Research Question of the Study 
How are the reliability and concurrent validity of the Thai Kids-Balance 

Evaluation Systems Test (Kids-BESTest-Th) in children with cerebral palsy?  

Objective of the Study  
To translate the Kids-Balance Evaluation Systems Test (Kids-BESTest) from 

English into Thai language. 
To assess the inter and intra rater reliability of Kids-BESTest-Th in children with 

cerebral palsy. 
To assess concurrent validity of the Kids-BESTest-Th with PBS and GMFM-88 in 

children with cerebral palsy. 

Hypothesis of the Study 
The Kids-BESTest-Th will have good reliability and concurrent validity with the 

PBS and GMFM-88 that can be used to evaluate the balance ability in children with CP. 

Advantage of the Study 
Information from this study will be used for developing a comprehensive tool for 

assessing postural balance in children with cerebral palsy in the future. This tool will 
guide the clinicians in setting the appropriate goals to manage postural control 
impairments in children with cerebral palsy. 
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CHAPTER 2 
REVIEW OF THE LITERATURE 

Cerebral Palsy 
The incidence of cerebral palsy (Cerebral palsy, CP) was 2 to 3.5/1000 people 

caused by brain disorders (1). Generally, typical children need to develop in dimensions 
of physical, language - speech, social - emotional and cognitive (2). The brain has 
evolved from infancy to early childhood (1, 3). Therefore, children with cerebral palsy 
have developmental delay of all dimensions especially in motor movement and posture. 
Cerebral palsy (CP) can be divided into types of spasticity, dyskinetic, ataxia and mixed 
types. The spasticity type was the most common found to 50% of cerebral palsy. The 
spasticity type was including the diplegia, hemiplegia, and quadriplegia. Hemiplegia is 
disorder on a side of body including arm, leg and trunk muscles. Quadriplegia and 
tetraplegia are severe impairment of all four extremities and trunk. Diplegia is milder 
impairment of all four extremities and trunk, but it has more spasticity in the legs than in 
the arms (1). 

Dyskinetic CP (about 20%) is the second commonly found in cerebral palsy. 
Dyskinetic CP has abnormal movements usually involve all four extremities, face and 
trunk with the upper usually being functionally more involved than the lower extremities. 
The mixed type of cerebral palsy (CP) is the third commonly found, it is combination of 
spasticity and dyskinetic types of CP. The Ataxic CP is the last type, it could be found 
approximately 10% of CP. The symptoms of ataxic was shown typically as hypotonia, 
truncal titubation, dysmetria, cerebellar eye movements, and ataxic gait (1). 

Problems of cerebral palsy (CP) could express in major problems of spasticity, 
weakness, poor coordination of movements, poor balance, and walking ability (3). The 
minor problems could be musculoskeletal disorder, impaired sensation, postural 
reaction, perception, cognition, communication and behavior. Moreover, cerebral palsy 
(CP) often have epilepsy that would be effect to brain disorder. Abnormal occurrences 
could be classified as restrictions on the activities of daily life such as sitting, reaching, 
standing, walking, and eating and improving posture and movements for self-care and 
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social gatherings (24). Several CP were treated by physician, physical therapy, and 
occupational therapy for improving functional activities and motor development (1). 
Moreover, CP have to take care about risk of complication such as deformity of ankle, 
foot and dislocation of hip joint. The treatment of deformity and dislocation often be 
surgery, botulinum toxin injection, orthosis and assistive devices to increase the ability of 
stand and walk (4, 5, 24). 

Postural control  
Postural control involves the control of the body’s position in space to obtain 

stability and orientation. Center of body mass (COM) was a location of the net mass of 
all the body segments in space and stability was the maintenance of the center of body 
mass (COM) within the base of support during static or dynamic activities. Postural 
control was a complex integration of multiple systems, including sensory and motor 
systems (25). Postural control and balance is an important skill in daily activities. People 
who have impairment of postural control may have risk of falling. Therefore, the poor 
performance of postural control in activities of daily living can affect to risk of falling (20).  

Children with cerebral palsy (CP) have been reported to display postural 
control deficits across all Systems Approach components, this theory describes postural 
control as a complex interaction between seven components: (1) neuromuscular 
synergies; (2) internal representations; (3) adaptive mechanisms; (4) anticipatory 
mechanisms; (5) sensory strategies; (6) individual sensory systems; and (7) 
musculoskeletal components (5). 

In systematic review found that exercise interventions such as gross motor task 
training, hippotherapy, treadmill training with no body weight support, trunk-targeted 
training, and reactive balance training can improve postural control in children with 
cerebral palsy (CP) both short and long-term effects. The effect of interventions can be 
explained by improving postural stability, orientation function and postural control 
element according to the system theory approach (4). 
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Neuromuscular synergies 
Several parts of the central nervous system (CNS), which include the spinal 

cord and the brain, become involved in controlling posture. Postural stability was 
controlled by higher centers, such as the brainstem, cerebellum untill the spinal level 
(Figure 1). 
 

 

 

 

 

 

 

Figure 1 The various neural systems to postural control  

https://opentextbc.ca/conceptsofbiology1stcanadianedition/chapter/16-3-the-
central-nervous-system/(26) 

 
Various neural systems to postural control can generate and apply force in a 

coordinated way to control the body position. Higher function is an essential part of the 
action component of postural control.  

Spinal preparation: Ground reaction forces for orientation present though 
diminished, tonically active extensor muscle for antigravity support for postural 
orientation, no lateral stability, somatosensory contributions to postural control 

Brainstem level: Controls level of postural tone in combination with cerebellum, 
circuits for automatic postural synergies (hypothesized), vestibular contribution to 
postural control 

Spinal cord 

https://opentextbc.ca/conceptsofbiology1stcanadianedition/chapter/16-3-the-central-nervous-system/
https://opentextbc.ca/conceptsofbiology1stcanadianedition/chapter/16-3-the-central-nervous-system/
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Basal ganglia/cerebellum: 
Basal ganglia: Control of postural set - ability to quickly change of muscle 

patterns in response to changing task and environmental conditions 
Cerebellum: Control of adaptation - abilities to modify postural muscle 

amplitude in response to changing task and environment conditions 
Intact system: Adaptable postural control system to meet the goals of stability 

and orientation in any environment, visual contribution to postural control (5) 
Internal representations 

Internal representations of postural control consist of postural orientation, 
righting, equilibrium reaction. Internal representations were a complex skill based on 
interaction of static and dynamic sensorimotor processes. A study of postural control in 
children with cerebral palsy by intervention based on dynamics of postural control 
compared with conventional therapy. Before and after the intervention, they were 
evaluated by postural response score sheet. Postural response evaluation included 
righting reaction, protective extension, and equilibrium reaction. After evaluation, it 
showed improvement in both therapy for the postural response score sheet but 
intervention based on dynamics of postural control showed more effective than 
conventional therapy for development/modification of postural reaction in children with 
cerebral palsy (15). 

Adaptive mechanisms 
Adaptive mechanisms related with sensory and motor systems in response to 

changes in the task and environment including postural strategies (Figure 2) such as 
ankle strategy, when perturbations are small, distal to proximal muscle activation is used 
to maintain posture. Hip strategy, when perturbations are large, causing changes in 
body geometry, proximal to distal muscle activity is recruited. Stepping strategy, when 
the external perturbation is too great and limits of stability are exceeded, the individual 
takes a step to maintain the center of mass within the base of support (25). 
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Figure 2 Ankle, hip and stepping strategy in frontal and sagittal plane (25). 

Previous study in children with spastic cerebral palsy (CP) diplegia and 
hemiplegia (GMFCS level I-II) who had intervention of reactive balance control by 
training on a moveable platform during standing. They showed changing of center of 
pressure area and time to stabilization after training 2 days (27). The study in effect of 
hinged ankle-foot orthoses on standing balance in children with bilateral spastic 
cerebral palsy (CP) showed no significant improvement of postural stability during static 
standing. However, the hinged ankle-foot orthoses had tendency to reduce postural 
instability and increase movement of proximal strategy for maintaining a standing 
posture (28). 

Anticipatory mechanisms  
Anticipatory mechanism is the central nervous system (CNS) that prepare to do 

the task. The anticipatory mechanism could improve based on the previous 
experiences. Previous study in CP with spastic hemiplegia and diplegia, they studied in 
specific postural adjustment when CP performed shoulder movement in flexion and 
extension directions during standing. The elector spinae and biceps femoris were 
activated prior bilateral shoulder flexion and rectus abdominis and rectus femoris were 
activated prior bilateral shoulder extension for preserving balance in forward and 
backward movement of the body (29). 

During anticipatory postural adjustments (APA) when CP raise their arms and 
grasp the light and heavy ball with their arms parallel to the floor. The electromyographic 
signals (EMG) of anterior deltoid, neck extensor, sternocleidomastoid and lumbar 
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extensor showed increasing of amplitude when compared with resting position. 
However, decreasing of rectus abdominis was showed in the same conditions as 
compared with the resting in sitting position (30). 

Sensory strategies and Individual sensory systems 
Sensory information from visual, somatosensory, and vestibular system showed 

effect in postural control. Previous study showed that effect of visual stimuli could 
improve standing posture in children with cerebral palsy diplegia (GMFCS level I-III). 
Children with cerebral palsy spastic diplegia stood more flexed body position when they 
were standing without visual stimuli. Body movement ranges were not significant 
change, but muscle activity of rectus femoris and gastrocnemius was increased when 
they were standing without visual stimuli. Conversely, children with CP stood with more 
still of head and knee when they were standing with visual stimuli (31). Wii-based 
balance therapy was used for training of balance in cerebral palsy (GMFCS level I-III). 
The Wii Fit training program used visual perception for improving postural control. After 
Wii Fit training program, the cerebral palsy (CP) showed improvement of balance, 
function and walking (32). 

The summarizes of postural development, sensory aspects of postural control 
include a shift from a predominance of visual control of balance to a somatosensory 
control of balance by age three. The ability to perform dual-task situation is reduced in 
children under seven. Therefore, system theory approach of postural control started 
development from birth to seven years old. In seven years old showed adult-like postural 
control (Figure 3)(5). 
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Figure 3 A systems model of postural development showing the development of postural 
control 

Shumway-Cook A, Woollacott M. Normal Postural Control. In: Motor Control  

Musculoskeletal components 
Musculoskeletal components were a part of postural control, including 

biomechanics of joint range of motion, flexibility and muscle tone. During standing 
posture, muscle tone was activated in the frontal and dorsal muscles such as tibialis 
anterior, soleus abdominal, gastrocnemius, biceps femoris, erector spinae and gluteus 
medius (Figure 4)(5). 
 
 
 
 
 
 

Figure 4 A, The ideal alignment in stand, B, The muscles that were activated during 
static standing. 

Shumway-Cook A, Woollacott M. Normal Postural Control. In: Motor Control.  
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Children with spastic diplegia and spastic hemiplegia were recorded 
tridimensional trunk kinematics, thigh, shank and foot elevation angles, and interjoint 
coordination while walking either barefoot or with ankle-foot orthoses (AFO) before and 
after botulinum toxin. After botulinum toxin, children with spastic diplegia and spastic 
hemiplegia showed increase trunk motion in the frontal and transverse plane during 
walking with and without AFO respectively. Children with spastic diplegia and spastic 
hemiplegia showed increase of the minimal relative phase in the AFO condition after 
botulinum toxin (7). 

Exercise and endurance training can improve physical performance in children 
with spastic diplegia and hemiplegia ages 7-16 years old. Physical performance was 
evaluated using the 6-minute walk test (6MWT), 30-second sit-to-stand test (30sSTST), 
10-meters walk test (10mWT), Timed Up and Go test (TUGT), and a Functional Reach 
Test (FRT). It showed improving after exercise and endurance training (33). 

Measurement tools in children 
There were many tools for assessing the stability in children with cerebral palsy. 

The assessment of static posture would be Seated Postural Control Measure (SPCM) 
that assessed 2 domains of static postural alignment and functional movement during 
sitting. The assessment for spinal alignment, range of motion and muscle extensibility in 
children was spinal alignment and range of motion (SAROMM). The assessment of trunk 
control was segmental assessment of trunk control (SATCo) that was designed to 
approach the assessment of trunk control by considering the many subunits that must 
be coordinated to achieve control when sitting and to include tests of static, active and 
reactive control (34). Moreover, the trunk control measurement could be measured by 
the trunk control measurement scale (TCMS). The trunk control measurement scale 
(TCMS) could evaluate the capability of sustaining both static and dynamic balance a 
sitting position in children with cerebral palsy. The trunk control measurement scale 
(TCMS) was support for the most of the clinical utility dimensions. However, the trunk 
control measurement scale (TCMS) may have limitation in children and youth with 
cerebral palsy (CP) who cannot comprehend and follow the instructions. The trunk 



  13 

impairment scale (TIS) was developed from patients with stroke (8, 9). The trunk 
impairment scale (TIS) assessed selective movements of the trunk in the frontal and 
transversal plane, but children with cerebral palsy (CP) also often have difficulties with 
trunk movements in the sagittal plane (9). The TIS needs the further research for 
validating the results with the cerebral palsy. Another assessment of trunk control in 
children with CP was the sitting assessment for children with neuromotor dysfunction 
(SACND). SACND used wording and scoring criteria illustrations. It showed excellent 
inter-rater and test-retest reliability for all items, but it still lacks validity studies (10). 

In standing position, the pediatric reach test (PRT) were an assessment of 
balance in children with cerebral palsy. Balance would be measured during standing 
while reaching toward the front, left and right sides. The result of the pediatric reach test 
(PRT) in standing balance cannot represent the clinically meaningful change in sitting 
balance (11, 14). The timed up and go (TUG) is a test used to assess a person's 
mobility and requires both static and dynamic balance. The Timed up and go (TUG) had 
been assessed in typical children, children with cerebral palsy, children with spina 
bifida and children with traumatic brain injury. The previous study showed that the TUG 
had moderate to strong correlation with GMFM dimension D and E scores (12). 

The Pediatric balance scales (PBS) was a measurement tool for assessing 
postural stabilization in static and dynamic balance such as sitting, sitting to standing, 
standing, standing to sitting, and transfer. However, the PBS had been used to measure 
the balance functions in children with CP who had mild to moderate motor impairment 
and typical school-age children. The result showed good test-retest and interrater 
reliability when used with mild to moderate motor impairment and typical school-age 
children.  Pediatric balance scales (PBS) contains of 14 items, with each item scored on 
a 5-point ordinal scale ranging from 0 to 4 scale and a total score of 56. The PBS had 
reliability and validity to evaluate the stabilization of posture such as sitting, standing, 
standing to sitting, and transfer. Previous study suggested that the pediatric balance 
scales (PBS) was still lacking an activity of reaching in the directions other than the front. 
Moreover, the pediatric balance scales (PBS) could evaluated only 4 of 7 systems 
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approach components, anticipatory mechanisms, sensory strategies, sensory systems, 
and internal representations (Figure5) (13). 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Systems approach components of Pediatric balance scales (PBS) in the green 
circles 

The Gross Motor Function Measure (GMFM) is a standardized measurement of 
gross-motor function in children that was designed and validated to measure a change 
in gross motor function over time. The GMFM had been applied in typical children, 
children with cerebral palsy, and children with spina bifida (12, 14). Gross Motor 
Function Measure-88 (GMFM-88), consists of 88 items that have been categorized into 
dimensions of gross motor function: (1) lying and rolling (items 1-17, 0-51 points); (2) 
sitting (items 18-37, 0-60 points); (3) crawling and kneeling (items 38-51, 0-42 points); 
(4) standing (items 52-64, 0-39 points); (5) and walking, running, and jumping (items 65-
88, 0-72 points). GMFM had a rating of 4 points of ordinal scales from 0 = does not 
initiate to 3 = completes. The total score was calculated as a percentage of the points 
scored out of 264 total points. GMFM-88 can evaluated only 4 of 7 systems approach 
components, neuromuscular synergies, musculoskeletal components, adaptive 
mechanisms and anticipatory mechanisms (Figure 6) (16). 
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Figure 6 Systems approach components of Gross Motor Function Measure-88 (GMFM-
88) in yellow circles 

The balance evaluation such as trunk assessment tools in sitting, pediatric 
reach test (PRT), Pediatric balance scales (PBS), and Gross Motor Function Measure-88 
(GMFM-88) can be used to evaluate some of systems approach components. Therefore, 
the assessment that can evaluate all of systems approach components will be identify 
issues that specific to each individual and plan treatment according to patient problems 
(12, 14). 

Balance Evaluation Systems Test (BESTest)  
The Balance Evaluation Systems Test (BESTest) was developed to evaluate the 

6 systems of (1) Biomechanical constraints (5 tasks, 0-15 points); (2) Stability 
limits/verticality (7 tasks, 0-21points); (3) Reactive postural responses (6 tasks, 0-18 
points); (4) Anticipatory postural adjustments (6 tasks, 0-18 points); (5) Sensory 
orientation (5 tasks, 0-15points); and (6) Stability in gait (7 tasks, 0-21 points). BESTest 
consisted of 36 items, each of item had 4 points of ordinal scales from 0 (severe 
impairment) to 3 (no impairment). The total score was calculated as a percentage of the 
points scored out of 108 total points (35, 36). Advantages of BESTest was the total and 
section scores can identify the specific problems. Therefore, patients could receive the 
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appropriate treatment for resolving the specific problems. For the disadvantage of the 
BESTest, previous study suggested that BESTest appropriated more with patients who 
had no cognitive impairment, mood disorders and they could be walk (17, 20, 21, 37). 

For the psychometric properties, BESTest had been assessed in patients with 
subacute stroke. The intra- and inter-rater reliability showed excellent at the ICC 0.99, 
and validity showed a high correlation with Berg Balance Scale (BBS) Spearman (r = 
0.96), Postural Assessment Scale for Stroke (PASS) (r = 0.96) Community Balance and 
Mobility Scale (CB&M) (r = 0.91), and Mini-BESTest (r = 0.96). BESTest showed 
excellent comprehensive assessment of balance in subacute stroke patients, as well as 
a separate level of functional ability without a floor and ceiling effects (ICC = 0.99) (17). 
Moreover, BESTest had been evaluated in patients with chronic hemiparesis, BESTest 
showed excellent intra- and inter-rater reliability of total score (ICC = 0.98, 0.93) and the 
section scores (ICC = 0.85 - 0.96, 0.71 - 0.94), respectively. Concurrent validity showed 
excellent with the BBS of total score and showed good to excellent in section scores 
(20). In patients with Parkinson Disease who had Hoehn and Yahr scale stages 1 to 4, 
BESTest showed the good test-retest reliability (ICC = 0.88) and validity (r = 0.87). 
Moreover, BESTest could be used for discriminating between fallers and non-fallers in 
patients with Parkinson Disease (21). BESTest had been evaluated in patients with 
Multiple sclerosis   that showed excellent in test-retest reliability (ICC = 0.94) and good 
construct validity (r = 0.85) (19). The BESTest showed excellent reliability (ICC = 0.77) 
and moderate correlation, convergent validity, (0.46) with activities-specific balance 
confidence (ABC). Moreover, the BESTest can differentiate older people who was living 
in the community with and without a history of falls (18). In summary, BESTest often 
showed good reliability and validity when assessed in neurological patients and elderly. 

BESTest had been used in typically developing school-aged children, aged 7-
15 years. The results showed excellent of intra- and inter-rater reliability of total score 
(ICC = 0.96) and section scores (ICC = 0.80 to 0.90). Moreover, the other results 
showed excellent of inter-rater reliability of total score (ICC = 0.87) and at least fair to 
poor for section scores (ICC = 0.22 to 0.83) (22).    
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Dewar et al in 2017 used the BESTest and the Mini-BESTest in school-aged 
children. They found fair to poor reliability in section scores. Therefore, they modified 
some items of BESTest version to Kids-BESTest version that suitable for children aged 
8–14 years (22). In 2019, The Kids-BESTest and Kids-Mini-BESTest have been 
evaluated in children with CP, aged between 8 and 17 years. The Kids-BESTest of total 
score showed excellent of intra-rater, inter-rater and test-retest reliability (ICC 0.99, 0.97, 
0.97), and excellent intra-rater reliability, good to excellent inter-rater reliability and 
excellent test-retest reliability (ICC 0.92-0.98, 0.70-0.93, 0.77-0.88) for section scores 
(23). 

The Balance evaluation system test (BESTest) can evaluated 7 systems 
approach components of neuromuscular synergies, musculoskeletal components, 
adaptive mechanisms, internal representations, anticipatory mechanisms, sensory 
strategies and individual sensory systems. Each of domain may involve more than 1 
systems approach components (See table 1). 
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Table 1 Show Systems Approach components and Domain of BESTest 
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Cross-cultural translation  
The guidelines described by Beaton and colleagues were currently used by the 

AAOS Outcomes Committee, Mapi Research Institute’s methodology. Since 1995, Mapi 
Research Institute had proposed methods similar to those described by Beaton et al. 
and had labeled the process Linguistic Validation. The process for translation involved 
six stages, which were described below (38, 39). 

Stage I: forward translation, the questionnaires were translated from original 
language into other languages by 2 persons. The first person is a professional English 
language translator (T1) and the second person (T2) is the concepts being covered by 
the questionnaire and should have a medical or clinical background. 

Stage II: synthesis of the translations, the researcher team should work together 
with comparing the other version from the first (T1) and the second (T2) persons and 
compile another version. 

Stage III: back-translation, another professional English language translator (T3) 
who will be blinded to the original version will translate the other version into the original 
version. 

Stage IV: expert committee, the committee should review all the translations 
and reach consensus on any discrepancy by medical or clinical background (T4 and 
T5). If there are items with disagreement, those items will be identified and re-translated 
by another translator. This process will be repeated until the meaning of the translated 
document is mutually agreed. 

Stage V: test of the prefinal version, this stage provides a rough evaluation of 
content validity. 

Stage VI:  This is a process to ensure that all steps have been performed and 
fully documented.  

Quantification of Content Validity 
The content validity of the tool can be determined by using the positions of the 

panel of experts for qualitative content validity. The panel of experts were adopted on 
observing grammar, using appropriate and correct words, applying correct and proper 
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order of words in items and appropriate scoring (40). The formula of content validity ratio 
(CVR) is  

(CVR) = (Ne - N/2) / (N/2) 
Ne = the number of panelists indicating essential. 
N = the total number of panelists. 
Content validity ratio (CVR) will be scored as essential (1) or useful but not 

essential (0) or not necessary (-1) (40-42). The content validity of each items was 
measured by members of the Content Evaluation Panel. The minimum values of the 
content validity ratio (CVR) was determined from Table 2 (41). 

Table 2 Show minimum values of the content validity ratio (CVR) 
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Conceptual framework 
This study emphasizes the evaluation of the tools for postural control in children 

with CP. CP have the impairment of postural control that involves neuromuscular 
synergies, musculoskeletal components, adaptive mechanisms, internal 
representations, anticipatory mechanisms, sensory strategies and individual sensory 
systems. Impairments can affect function activity in daily life such as sitting, standing, 
walking and reaching. The Tools evaluation of postural control in children with CP such 
as GMFM-88 and PBS can be used to evaluate some of systems approach components. 
The Thai-Kids-Balance Evaluation Systems Test (Kids-BESTest-Th) may be a new 
assessment tool for evaluating problem of systems approach components and postural 
balance in children with cerebral palsy (CP). The standardized measurement is an 
important issue for evaluating the specific problem and designing the appropriate 
treatment for individual children with cerebral palsy. Therefore, the assessment that can 
evaluate all of the systems approach components will be identify issues specific to each 
individual and plan treatment according to patient problems (Figure 7). 
 
 
 
 
 
 
 
 
 
 

 

Figure 7 Conceptual framework of this study 
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CHAPTER 3 
METHODOLOGY 

Research Design  
This study was observational study of reliability and validity in the Kids-BESTest-

Th. Research ethics were approval by the Ethical Review Committee for Research 
Involving Human Subjects and/or Use of Animal in Research, Queen Sirikit National 
Institute of Child Health at Bangkok Thailand and Ethical Review Committee for 
Research Involving Human Subjects and/or Use of Animal in Research, Srinakharinwirot 
University. Informed consent forms were signed by participants and parents or care 
givers. 

Sample size 

Sample size was calculated by using N=[
Zα+Zβ

C(r)
]

2
+ 3   (8) which included 

Zα=1.96, Zβ= 0.84 and c=0.5 × ln[
1+r

1−r
]where r=0.5 (35). A sample size in this study 

was forty for reliability study and concurrent validity study (43).  

Similarly, in the COSMIN checklist suggested that sample size for reliability of 
100 was considered as excellent, 50 as good, 30 as fair, and less than 30 as poor (43). 
Therefore, the appropriate sample size in this study was forty. 

Participants 
Participants were male and female children aged between 7 - 18 years old (44), 

diagnosed by physician as cerebral palsy. Participants were classified by Gross Motor 
Function Classification System (GMFCS) in level I, II, and III (See Appendix E) (45). The 
children with Cerebral palsy in this study were recruited from the Queen Sirikit National 
Institute of Child Health; Bangkok, Thailand.  
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The inclusion criteria  

1. Children with cerebral palsy (Gross Motor Function Classification System I-
III) who was diagnosed by physician as congenital and acquired cerebral 
palsy,  

2. aged between 7 -18 years old. 
3. can walk 6 meters independently or using assistive devices. 
4. can understand the test instruction. 
The exclusion criteria  

1. had Orthopedic or neurological surgery that physicians prohibited them to 
stand 

2. had uncontrolled seizures. 
3. had Cerebral palsy with intellectual or behavioral difficulties limiting full 

participation in assessment. 

Outcome Measures 
The Thai Kids-Balance Evaluation Systems Test (Kids-BESTest-Th)  

The original version of Kids-BESTest (See appendix B) was translated into Thai 
version of Kids-BESTest-Th. The Kids-BESTest-Th consisted of 36 items of 6 systems of 
(1) Biomechanical constraints (5 tasks, 0-15 points); (2) Stability limits/verticality (7 
tasks, 0-21 points); (3) Reactive postural responses (6 tasks, 0-18 points); (4) 
Anticipatory postural adjustments (6 tasks, 0-18 points); (5) Sensory orientation (5 tasks, 
0-15 points); and (6) Stability in gait (7 tasks, 0-21 points). An item of Kids-BESTest-Th 
has 4 points of ordinal scales from 0 (severe impairment) to 3 (no impairment). The Kids-
BESTest-Th scores were calculated a total score of 108. Total time for testing and 
scoring were approximately 30-35 minutes (22, 35) (See appendix A).  

Pediatric balance scales (PBS) 
Pediatric balance scales (PBS) contains 14 items of functional balance for 

children, (1) Sitting to standing; (2) Standing to sitting; (3) Transfers; (4) Standing 
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unsupported; (5) Sitting unsupported; (6) Standing with eyes closed; (7) Standing with 
feet together; (8) Standing with one foot in front; (9) Standing on one foot; (10) Turning 
360 degrees; (11) Turning to look behind; (12) Retrieving object from floor; (13) Placing 
alternate foot on stool; (14) Reaching forward with outstretched arm. Each item of PBS 
scored on a 5-point of ordinal scale ranging from 0 (unable to perform) to 4 (able to 
perform task as instructed without difficulty). The PBS scores were calculated a total 
score of 56. Total time for testing and scoring time were approximately 15-20 minutes 
(13) (See appendix C). 

Gross Motor Function Measure - 88 (GMFM-88) 
Gross Motor Function Measure - 88 (GMFM-88), consists of 88 items that have 

been categorized into 5 dimensions of gross motor function. The first function is A 
dimension of lying and rolling (items 1-17, 0-51 points); the second is B dimension of 
sitting (items 18-37, 0-60 points); the third is C dimension of crawling and kneeling 
(items 38-51, 0-42 points); The fourth is D dimension of standing (items 52-64, 0-39 
points); the last is E dimension of walking, running, and jumping (items 65-88, 0-72 
points). GMFM - 88 has a rating of 4 points of ordinal scales from 0 = does not initiate to 
3 = completes. The total score was calculated as a percentage of the points scored out 
of 264 total points. The study selected the GMFM - 88 dimension B, C, D and E for 
measuring the gross motor function of cerebral palsy. The percentage of GMFM - 88 
dimension B, C, D and E were calculated in statistical analysis. Total time of measuring 
and scoring were approximately 45-60 minutes (16) (See appendix D). 

Testing procedures 
Procedure of translation 

The Kids-Balance Evaluation Systems Test (Kids-BESTest) was translated from 
English into Thai language by 2 persons (forward translation). The first person is a 
professional English language translator (T1) and the second person is a physical 
therapist (T2). The researcher team which consisted of 2-3 experienced physical 
therapy lecturers compared the Thai version of Kids-BESTest from the first (T1) and the 
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second (T2) persons and compile a Thai version for backward translation. Then another 
professional English language translator (T3) who was blinded to the original version 
translated the Thai version of Kids-BESTest into the English version (backward 
translation). The backward translation from Thai version into English version was aimed 
for checking the consistency of the Thai translated version with the original version. After 
that, both versions from original and back-translated documents were compared for 
accuracy by 2 physical therapists (T4 and T5). If there were items with disagreement, 
those items were identified and re-translated by another translator. This process was 
repeated until the meaning of the translated document showed mutually agreed. The 
final version of the Kids-BESTest-Th was measured in its content validity ratio by 4 
physical therapists and a lecturer in pediatric subject of physical therapy program (T6-
T10). All 5 raters have experiences in pediatric subject for at least 5 years. The formula 
of content validity ratio (CVR) is  

 (CVR) = (Ne - N/2) / (N/2) 
Ne = the number of panelists indicating essential. 
N = the total number of panelists. 
The scores of Content validity ratio (CVR) were essential (1), useful but not 

essential (0) and not necessary (-1) (40-42). Items in the Kids-BESTest-Th showed 
acceptable agreement at CVR equal to 0.99 and over. If some items in the Kids-
BESTest-Th were not equal to 0.99. Those items were evaluated again from different 
physical therapist experts for their necessity. Then the Thai version of Kids-BESTest-Th 
was ready for reliability and validity testing (Figure 8). 

Procedure of raters and participants preparation 
Three raters were recruited in this study. All raters are physical therapists who 

have experience of clinical training in children with cerebral palsy for at least 1 year. The 
first (R1) and second raters (R2) were trained to use the Kids-BESTest-Th by reading the 
instruction of Kids-BESTest-Th and scoring of the video sample from 
http://www.bestest.us. After that, both raters (R1, R2) measured and scored the Kids-
BESTest-Th in 5 typical children before testing in children with CP. The third rater (R3) 
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had practiced scoring PBS and GMFM-88 (Dimension B, C, D and E) with physical 
therapist at Queen Sirikit National Institute of Child Health at Bangkok Thailand, who has 
experience in using GMFM-88 and PBS for clinical assessment in cerebral palsy.  

Participants were screened by the first rater (R1). Participants who meet the 
inclusion criteria were recruited in this study. After that, the first rater presented 
information of the purposes, advantages, and process of the study to children with CP 
and parents or care givers. They could ask questions until clearly understand before 
signing a consent form. The information about height, weight, activity of daily living and 
functional ability for analyzing the characteristic and baseline data of participants were 
gathered.   

Procedure of measurements 
Before measurement, participants were asked to take off the shoes, socks and 

wear comfortable clothes during testing. Participants were evaluated by the Thai Kids-
Balance Evaluation Systems Test (Kids-BESTest-Th), Pediatric balance scales (PBS) 
and Gross Motor Function Measure - 88 (GMFM-88) (Dimension B, C, D, and E). Kids-
BESTest-Th, PBS and GMFM-88 were used to assess. The sequences of all 
measurements were randomly arranged for preventing the effect of muscular fatigue. 
Participants were evaluated once, and they can rest during testing for avoiding 
exhaustion. If participants cannot complete all measurements within one day, the 
assessment continued within 7 days after the first day. During the process of 
measurement, all participants received the same of standard verbal instructions and 
they were video recorded in the front and side views. Location of 2 cameras had been 
placed in suitable distance to record the whole body of participants.  

Reliability of the Kids-BESTest-Th, PBS and GMFM-88 (Dimension B, C, D and 
E) were examined in 10 children with CP at Queen Sirikit National Institute of Child 
Health at Bangkok Thailand. The first rater (R1) measured and scored Kids-BESTest-Th 
real time. At the same time, the second rater (R2) scored together with the first rater 
(R1). The third rater (R3) measured and scored PBS and GMFM-88 real time. 
Approximately 1 week later, all raters repeatedly scored the participants using the same 
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measure, i.e., Kids-BESTest-Th (R1, R2), PBS and GMFM-88 (Dimension B, C, D and E) 
(R3) through video-recorded performances. Scores of the same raters at real time and 
video-recorded were calculated as intra-rater reliability of Kids-BESTest-Th, PBS and 
GMFM-88 (Dimension B, C, D and E). Real time scores of the first and second raters 
(R1, R2) were calculated as inter-rater reliability of the Kids-BESTest-Th. The intraclass 
correlation coefficient (ICC) of intra and inter-rater reliability were specified with the 
acceptable values at 0.90 and over. If ICC values show lesser 0.90, the reliability 
assessment must perform again (Figure 9).  

Concurrent validity of the Kids-BESTest-Th was examined in 30 CP at Queen 
Sirikit National Institute of Child Health at Bangkok Thailand. Real time scores of the 
Kids-BESTest-Th from the first rater (R1), PBS and GMFM-88 (Dimension B, C, D and E) 
from the third rater (R3) were used for analyzing the concurrent validity (Figure 10). 

Data analysis 
The statistical analysis was performed by SPSS version 24 for window. The 

Shapilo-Wilk test was a statistical analysis for normal distribution of data. Descriptive 
statistical analysis of mean, standard deviation, maximum score, minimum score, 
percent and number of subjects were presented as baseline and characteristic of 
participants. 

 For the reliability, the scores of Kids-BESTest-Th, PBS and GMFM-88 at real time 
and video-recorded of the same rater were used for calculating the intra-rater reliability. 
The scores of Kids-BESTest-Th at real time between the first and the second raters (R1, 
R2) were used for calculating inter-rater reliability. The intraclass correlation coefficient 
model (ICC) 2, 1 and 3, 1 were used for the inter-rater and intra-rater reliability 
respectively. The ICC values > 0.90 were considered as excellent, 0.75–0.90 as good 
and <0.75 as poor to moderate reliability (46). 

For the concurrent validity, the scores of Kids-BESTest-Th at real time from the 
first rater (R1) and scores of PBS and GMFM-88 (Dimention B, C, D and E) at real time 
from the third rater (R3) were used for calculating the concurrent validity. Spearman’s 
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correlation (ρ) was used for checking the correlation of the Kids-BESTest-Th, the GMFM-
88 total of dimensions B, C, D and E, and the total scores of PBS. A correlation 
coefficient between 0.91 – 1, 0.71 - 0.90, 0.51 - 0.70, 0.31 - 0.50 and below 0.30 
indicates very high, high, moderate, low, and little correlation of data respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8 Flow chart of forward and backward translation procedure of Kids-BESTest 
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Figure 9 Flow chart of reliability 
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Figure 10 Flow chart of concurrent validity 
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CHAPTER 4 
FINDINGS 

The first objective of this study was the translation of Kids-Balance Evaluation 
Systems Test (Kids-BESTest) from original (English) to Thai version. After translation 
protocol, the content validity ratio (CVR) of the Thai Kids-Balance Evaluation Systems 
Test (Kids-BESTest-Th) was equal to 0.99 of all items (See Appendix J). In CVR process, 
there were no disagreements between physical therapists who have experiences in 
pediatric subject. Therefore, Kids-BESTest-Th was ready for the next process of 
reliability and validity testing. 

Demographics and characteristics of participants 
The second objective in this study was the investigation of intra and inter-rater 

reliability of the Kids-BESTest-Th in children with cerebral palsy aged between 7 - 18 
years old. 30 children with cerebral palsy (15 males, 15 females) aged between 7 – 17 
years old (Mean ± SD = 11.47 ± 2.56) were recruited from the Queen Sirikit National 
Institute of Child Health at Bangkok, Thailand. The first 10 participants were recruited for 
assessing reliability and validity, the next 20 participants were added in protocol for 
assessing validity. Therefore, this study had 30 participants for validity testing. 
Functional balance and activities were assessed by Kids-BESTest-Th, Pediatric balance 
scales (PBS) and Gross Motor Function Measure - 88 (GMFM-88) (Dimension B, C, D, 
and E). The demographic data of participants for reliability and validity which consisted 
of age, gender, type of cerebral palsy, weight, height, Gross Motor Function 
Classification level (GMFCS) (45) and gait assistive devices had been shown in Table 3. 
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Table 3 Demographic and characteristic of participants for reliability and validity 

Characteristics Participants for reliability 

 (n = 10) 

Participants for validity 

(n = 30) 

Age (years: Mean ± SD) 10.43 ± 1.17 11.47 ± 2.56 

Gender (Male: Female) 5: 5 15: 15 

Weight (kg: Mean ± SD) 34.2 ± 14.48 39.17 ± 16.19 

Height (cm: Mean ± SD) 134.7 ± 9.89 140.77 ± 15.99 

Type of cerebral palsy 

- Spastic diplegia (n, %) 
- Spastic hemiplegia 

(Right, %: Left, %)  
- Ataxic (n, %) 
- Athetoid (n, %) 

 

7, 70% 

2, 20% 

 

1, 10% 

 

14, 46.7 % 

10, 33.33 %: 4, 13.3 % 

 

1, 3.3 % 

1, 3.3 % 

GMFCS-E&R level  

- I (n, %) 
- II (n, %) 
- III (n, %) 

 

6, 60% 

1, 10% 

3, 30% 

 

18, 60 % 

8, 26.7 % 

4, 13.3 % 

Gait assistive devices 

- None (n, %) 
- Posterior walker (n, %) 
- Anterior Walker (n, %) 
- Cane (n, %) 

 

7, 07 % 

3, 30% 

 

26, 86.7 % 

2, 6.7 % 

1, 3.3 % 

1, 3.3 % 

GMFCS level = Gross Motor Function Classification level, SD = standard deviation 

Reliability of Kids-BESTest-Th was assessed in 10 children with cerebral palsy 
by rater 1 and 2. Results of intra and inter-rater reliability of Kids-BESTest-Th had been 
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shown in Table 4. The scores of the Kids-BESTest-Th from both raters at real time and 
video recording were shown in Table 5. Average total scores of the Kids-BESTest-Th 
from both raters at real time and video recording showed 60.2 points (SD = 28.35; min-
max = 12-92) and 60.45 points (SD = 28.45; min-max = 13-92), respectively. None of the 
participants got the lowest or highest possible score, thus no floor or ceiling effect was 
observed. 

Table 4 Reliability of Kids-BESTest-Th (n = 10) 

Kids-BESTest-Th Inter-rater 

(ICC2,1) 

 

95 %CI 

Intra-rater 

(ICC3,1) 

(Rater 1) 

 

95 %CI 

Intra-rater 

(ICC3,1) 

(Rater 2) 

 

95 %CI 

1. Biomechanical 

constraints 

0..0 0.92-0.99 0..7 0.89-0.99 0..0 0.79-0.99 

2. Stability 

limits/verticality 

0..0 0.80-0.99 0... 0.95-0.99 0..0 0.86-0.99 

3. Reactive postural 

responses 

0... 0.97-0.99 0... 0.96-0.99 0... 0.96-0.99 

4. Anticipatory postural 

adjustments 

0..0 0.92-0.99 0... 0.98-0.99 0... 0.95-0.99 

5. Sensory orientation 0... 0.98-0.99 0... 0.98-0.99 0... 0.99-1.00 

6. Stability in gait 0... 0.96-0.99 0... 0.97-0.99 0..8 0.94-0.99 

Total score 0...  0...-1.00 0... 0.99-1.00 0... 0.99-1.00 

ICC = intraclass correlation coefficient; CI = confidence interval; Kids-BESTest-Th = Thai 
Kids-Balance Evaluation Systems Test 
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Table 5 Means, standard deviations and range of Kids-BESTest-Th for rater 1 and rater 
2 at real time and video recording measurement (n = 10) 

 

Kids-BESTest-Th 

Rater 1 Rater 2 

real time video recording real time video recording 

X  SD Range X  SD Range X  SD Range X  SD Range 

1. Biomechanical 

constraints 

8.9 3.3 1-13 9.0 2.8 2-12 8.9 3.5 1-13 8.5 3.6 1-14 

2. Stability 

limits/verticality 

15.1 3.3 9-20 15.5 3.3 10-20 15.6 3.3 9-19 15.4 3.4 9-19 

3. Reactive 

postural responses 

7.8 4.7 0-14 7.4 4.9 0-14 7.7 4.9 0-14 7.8 4.8 0-15 

4. Anticipatory 

postural 

adjustments 

8.9 6.2 0-16 9.2 6.3 0-17 8 

 

6.3 0-15 8.7 4.8 0-16 

5. Sensory 

orientation 

9.2 6.5 0-15 9.2 6.5   0-15 9.3 6.6 0-15 9.1 6.5 0-15 

6. Stability in gait 10.3 5.9 1-18 10.1 6.2 2-19 10.7 5.7 2-18 10.8 6.1 2-18 

Total score 60.2 28.3 12-91 60.6 28.3 13-92 60.2 28.4 13-92 60.3 28.6 13-92 

Kids-BESTest-Th – Thai Kids-Balance Evaluation Systems Test, X =mean, SD = 
standard deviation 

 

10 participants also received assessments using PBS and GMFM-88 
(Dimension B, C, D and E) from rater 3. Results of PBS (total score) and GMFM-88 
(Dimension B, C, D and E) (total and section scores) were collected and calculated as 
intra-rater reliability (Table 6).  
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Table 6 Intra-rater reliability of GMFM-88 (Dimension B, C, D and E) (n=10) 

GMFM-88  

(Dimension B, C, D and E) 

Intra-rater reliability 

(ICC3,1) Rater3 

95 %CI 

Dimension B 0.95 0.77-0.99 

Dimension C 0.95 0.81-0.99 

Dimension D 0.99 0.96-0.99 

Dimension E 0.99 0.98-0.99 

Total score of GMFM (Dimension B, 

C, D and E) 

0.99 0.98-0.99 

Total scores of PBS 0.99 0.99-1.00 

ICC = intraclass correlation coefficient; CI = confidence interval; PBS = Pediatric 
balance scales, GMFM-88 = Gross Motor Function Measure - 88  

Normality of data 
Normal distribution of data from Kids-BESTest-Th, PBS and GMFM-88 

(Dimension B, C, D and E) were tested by the Shapiro-Wilk Test. Significant level was 
set at p-value < 0.05. Data from Kids-BESTest-Th, PBS and GMFM-88 showed non-
normal distribution (p = 0.003, 0.0001 and 0.001, respectively). Therefore, this study 
used Spearman rank correlation for testing concurrent validity in total score of Kids-
BESTest-Th with total scores of PBS and GMFM-88 (Dimension B, C, D and E). 
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 Validity 
Concurrent validity 

The third objective of this study was the assessment of concurrent validity in 
total score of the Kids-BESTest-Th with total scores of PBS and GMFM-88 (Dimension B, 
C, D and E) in children with cerebral palsy. Results showed very high correlations 
between total scores of the Kids-BESTest-Th and PBS (r=0.93), high correlations 
between total scores of the Kids-BESTest-Th and GMFM-88 (Dimension B, C, D and E) 
(r=0.86) (Table 7). 

Average scores of the Kids-BESTest-Th, PBS, and GMFM-88 (Dimension B, C, 
D and E) from rater 1 and 3 at real time were shown in Table 8. Average total score of 
the Kids-BESTest-Th was 68.47 points (SD = 23.48; min-max = 12–94). None of the 
participants showed the lowest or highest possible score, thus no floor or ceiling effect 
was observed. Average total scores for the PBS and GMFM-88 (Dimension B, C, D and 
E) were 44.50 points (SD = 14.14; min-max = 6-56) and 86.75 points (SD = 11.85 min-
max = 53.13-98.67), respectively. Seven participants in this study showed the highest 
possible score of PBS. 

Table 7 Correlation between Kids-BESTest-Th, PBS and GMFM-88 (Dimension B, C, D 
and E). 

 Kids-BESTest-Th PBS       
(p-value) 

GMFM-88 (Dimension B, 
C, D and E) (p-value) 

Kids-BESTest-Th 1 0.93a* 0.86a* 

PBS  0.93a* 1 0.92a* 

GMFM-88 (Dimension B, C, D and E) 0.86a* 0.92a* 1 

Note: aStatistical analysis was performed using the Spearman’s correlation (ρ), 
*Significant p-value ≤ 0.01, Modified Kids-BESTest-Th = Thai Modified Kids-Balance 
Evaluation Systems Test, PBS = Pediatric balance scales, GMFM-88 = Gross Motor 
Function Measure - 88  
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Table 8 Means, standard deviations and range of Kids-BESTest-Th, PBS and GMFM-88 
(Dimension B, C, D and E) from rater 1 and rater 3 at real time measurement (n = 30) 

 

Kids-BESTest-Th 

Rater 1 

real time 

X  SD Range 

1. Biomechanical constraints 9.8 2.52 1-13 

2. Stability limits/verticality 16.37 2.5 9-21 

3. Reactive postural responses 9.6 4.18 0-15 

4. Anticipatory postural adjustments 10.3 6.04 0-18 

5. Sensory orientation 10.2 5.12 0-15 

6. Stability in gait 12.20 5.3 1-18 

Total score 68.47 23.48 12-94 

PBS/GMFM-88 (Dimension B, C, D and 
E) 

Rater 3 

real time 
 

Total score of PBS 44.50 14.14 6-56 

Total score of GMFM-88 (Dimension B, 
C, D and E) 

86.75 11.85 53.13-98.67 

Kids-BESTest-Th = Thai Kids-Balance Evaluation Systems Test, X =mean, SD = 
standard deviation, PBS = Pediatric balance scales, GMFM-88 = Gross Motor Function 
Measure - 88  
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CHAPTER 5 
CONCLUSION AND DISCUSSION 

This chapter presented the discussion of reliability and concurrent validity of 
the Thai version of Kids-Balance Evaluation Systems test (Kids-BESTest-Th) in children 
with cerebral palsy aged between 7-18 years. In addition, this chapter presented clinical 
implication and limitation of this study. 

Reliability of Kids-BESTest-Th  
The purpose of this study was to translate the Kids-BESTest from original 

(English) to Thai version, after that the translated version of Kids-BESTest was applied to 
measure the psychometric property of reliability and concurrent validity.  

The Kids-BESTest was a notable measurement that would be different from 
other standard measurement such as Gross Motor Function Measure-88 (GMFM-88) 
and Pediatric Balance Scale (PBS) (13, 16). Regarding the International Classification of 
Functioning, Disability and Health (ICF), PBS and GMFM-88 can assess dimension of 
activities limitations including static and dynamic balance while the Kids-BESTest can 
assess dimensions of activities limitations and impairments of body functions and 
structures (47). Moreover, the Kids-BESTest can assess reciprocation of motor and 
sensory problems in children with cerebral palsy that cover aspects of postural control 
such as reactive postural responses and sensory orientation. Individual domains of 
Kids-BESTest-Th can represent dysfunction of postural components in children with 
cerebral palsy. Moreover, previous studies of Kids-BESTest had showed lacking floor 
and ceiling effects (23, 48). 

After process of translation, assessment of psychometric properties in term of 
reliability and validity of the Kids-BESTest-Th were the second and third purposes of this 
study. This study found excellent inter-and intra-rater reliability in total and section 
scores (Table 4 ICC 0.94 to 0.99) through real time and video recorded scoring, 
suggesting that the scoring of Kids-BESTest-Th can be performed real time or via VDO 
recorded of children’s performance. Previous studies also showed excellent reliability in 
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original version of Kids-BESTest in children with cerebral palsy and Down syndrome (23, 
48). Excellent reliability of Kids-BESTest-Th could imply that Kids-BESTest-Th can be 
used for measuring postural balance systems in children with cerebral palsy. However, 
this study would like to suggest protocol of measurement when apply Kids-BESTest-Th 
in children with cerebral palsy. Raters should be prepared to use the Kids-BESTest-Th 
by training to read instruction and score through video sample.  

Concurrent validity 
The third purpose of this study was the assessment of concurrent validity of 

Kids-BESTest-Th by using PBS and GMFM-88 as standard measurements. Results 
showed very high correlations between Kids-BESTest-Th and PBS (r=0.93) in total 
scores and showed high correlation between Kids-BESTest-Th and GMGM-88 
(Dimension B, C, D and E) (r=0.86) (Table 7).  PBS is a standard assessment of 
functional balance and GMFM-88 is a standard assessment in functional activities in 
children (13, 16). Therefore, high correlation of Kids-BESTest-Th with both standard 
assessments could support that Kids-BESTest-Th has ability to measure both functional 
balance and functional activities. The PBS and Kids-BESTest-Th have some similar 
items such as sitting to standing, standing with eyes closed, standing on one foot, 
placing alternate foot on stool and reaching forward with outstretched arm (13, 23). PBS 
covers postural balance systems, anticipatory mechanisms, sensory strategies, 
individual sensory systems, and internal representations but Kids-BESTest can cover all 
postural balance systems including neuromuscular synergies, musculoskeletal 
components, and adaptive mechanisms. According to items of PBS, 7 participants in 
this study showed the highest possible score of PBS that denoted ceiling effect. Ceiling 
effect represented high ability of functional balance (13). Conversely, Kids-BESTest did 
not detect evidence of floor and ceiling effects in children with CP (23). GMGM-88 
(Dimension B, C, D and E) measured functional activity in sitting, crawling, kneeling, 
standing, walking, running and jumping. GMFM-88 (Dimension B, C, D and E) and Kids-
BESTest-Th have some similar items such as item 57. Standing: Lifts left foot, arms free, 
10 Seconds, item 58. Standing: lifts right foot, arms free, 10 Seconds, item 59. Sit on 
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small bench: Attains standing without using arms and item 69. Standing: walks forward 
10 steps (16, 23). While GMFM-88 (Dimension B, C, D and E) covers postural balance 
systems, neuromuscular synergies, musculoskeletal components, adaptive mechanisms 
and anticipatory mechanisms, Kids-BESTest has ability to cover all postural balance 
systems. Previous studies of GMFM-88 also showed ceiling effects in children with CP 
(16). 

Limitations, Future studies, and Clinical implications of the study  
The Kids-BESTest-Th might be a new measurement tool for physical therapist in 

Thailand that can evaluate balance problems and detect impairment of balance systems 
in children with cerebral palsy. Results from The Kids-BESTest-Th could guide physical 
therapist to create an appropriate treatment for patients. This study implies that the Thai 
version of Kids-BESTest is a reliable and valid instrument for assessing functional 
balance in children with CP. However, sample population in this study were recruited 
from large number of CP spastic diplegia, spastic hemiplegia and small number of 
ataxic and athetoid, the clinical implication when applies Kids-BESTest-Th on CP should 
be directed to spastic diplegia and hemiplegia aged 7 – 18 years who have ability to 
walk independently or dependently with gait assistive devices (Gross Motor Function 
Classification level I-III) and understand the test instruction. Children with cerebral palsy 
who have age under 7 years old, may have limitation in maturation of sensory systems 
and understanding of test instructions that affect on scores of Kids-BESTest. However, 
future study should recruit younger or adults with CP for expanding the feasibility of 
using the Kids-BESTest in assessment. 

The other implications in this study were educational and cognitive impairments 
of CP that could affect item 27 TIMED “GET UP & GO” WITH DUAL TASK. Many CP in 
this study could not count numbers backward because they were unschooled or had 
cognitive impairment. Even though, Dewar et al in 2017 reduced the difficulty of 
counting number backward from 3 to 2 for children with cerebral palsy in Australia (22), 
this protocol was still too difficult for cerebral palsy in Thailand. Cognitive task was a 
factor that should be studied further for identifying a suitable task for assessment of item 



  41 

27 in Thai cerebral palsy. The psychometric properties regarding the responsiveness 
and optimal cut-off score of the Kids-BESTest-Th for discriminating different severity 
levels of GMFCS in children with CP are also interesting for future study. 

CONCLUSION 
The Kids-BESTest was translated from original (English) to Thai version (Kids-

BESTest-Th) for evaluating balance systems of cerebral palsy in Thailand. The 
psychometric property of reliability and validity were examined in the Kids-BESTest-Th. 
Reliability showed excellent results in total and section scores (ICC = 0.94-0.99). 
Concurrent validity showed high to very high correlations between the total score of 
GMFM-88 (Dimensions B, C, D and E) (r=0.86) and PBS (r=0.93). Therefore, the Kids-
BESTest-Th has reliability and validity when physical therapists applied for assessing 
balance systems in school-age children and adolescence with cerebral palsy. 
Responsiveness of the Kids-BESTest-Th in children with CP is a suggestion for the 
further study. 
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Kids-BESTest Balance Evaluation Systems Test 
แบบประเมินส าหรบัเด็กอาย ุ8-14 ปี 

ช่ือเด็ก     _______________________  ผูท้ดสอบ   _______________________ 
วนั/เดือน/ปี เกิด_______________________  วนัท่ีประเมิน____________________ 
ค าแนะน าและแบบใหค้ะแนนส าหรบัผูท้ดสอบ 
อปุกรณช์่วย - ถา้เดก็ตอ้งใชอ้ปุกรณช์่วยส าหรบัขอ้ไหน ใหล้ดคะแนนขอ้นัน้ต  ่าลงมาหนึ่งระดบั 
การใหค้วามช่วยเหลือ - ถา้เด็กตอ้งการความช่วยเหลือในการท าการเคลื่อนไหวส าหรบัขอ้ไหน ให้
ใสค่ะแนนท่ีต ่าท่ีสดุ (0) ส  าหรบัขอ้นัน้ 
รองเทา้และกายอปุกรณ ์– Kids-BESTest ไดร้บัการทดสอบความเท่ียงในกรณีท่ีไม่ใส่รองเทา้และ
กายอปุกรณ ์ถา้เดก็ไมส่ามารถทดสอบตามเง่ือนไขดงักลา่ว ควรจะใหใ้สร่องเทา้ไมมี่สน้และระบใุน
แบบใหค้ะแนน 

รองเทา้ - ใส/่ไม่ใส ่ ใชก้ายอปุกรณ ์– ใส/่ไม่ใส ่  
รายละเอียด 
แบบใหค้ะแนน        หนา้ 2-8 
ค าแนะน าในการทดสอบ       หนา้ 9-14 
ผลสรุปความสามารถ : ค านวณคะแนนเป็นรอ้ยละ 
 
สว่นท่ี I: _______/15 X 100 = _______ ขอ้จ ากดัทางชีวกลศาสตร ์
สว่นท่ี II:  _______/21 X 100 = _______ ขีดก าจดัความมั่นคง/การอยูใ่นแนวตรง 
สว่นท่ี III:_______/18 X 100 = _______ การเปลี่ยนท่า / การคาดการณ ์
สว่นท่ี IV:_______/18 X 100 = _______ ปฏิกิรยิา 
สว่นท่ี V:_______/15 X 100 = _______ การปรบัตวัการรบัความรูส้กึ 
สว่นท่ี VI:_______/21 X 100 =  _______ ความมั่นคงในการเดิน 
 
รวม:  _______/108 คะแนน =       _______ รอ้ยละคะแนนรวม 
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อปุกรณท่ี์ใชใ้นการตรวจ 
• นาฬิกาจบัเวลา 
• แผ่นปิดตา (ขอ้ 19b และ 19d) 
• แผ่นกระดาษติดบนก าแพงและปากกาท าสญัลกัษณส์ าหรบัทดสอบ Functional Reach 
Test (ขอ้ 7 และ 8) 
• โฟม Tempur® ขนาดประมาณ 60 ซม. × 60 ซม. (2 × 2 ฟุต) ความสูง 4 นิ ้ว ความ
หนาแน่นปานกลาง (ขอ้ 19c และ 19d) 
• ทางลาดเอียง 10 องศาส าหรบัยืน (อย่างนอ้ย 2 × 2 ฟตุ) (ขอ้ 20) 
• กลอ่งสงู 15 ซม. X กวา้ง 100 ซม. X ลกึ 50 ซม. ส าหรบัทดสอบการแตะสลบัเทา้ (ขอ้ 12) 
• ตุม้น า้หนกัหรอืน า้หนกัใสข่อ้มือ 1 กิโลกรมั (2 ปอนด)์ ส  าหรบัทดสอบการยกแขนขึน้อยา่ง
รวดเรว็ (ขอ้ 13) 
• ท่อนไมป้รบัความสงูไดห้รอืกลอ่งรองเทา้ส าหรบัทดสอบสิ่งกีดขวางในการเดิน (ขอ้ 25) 
• เกา้อีท่ี้มั่นคงและมีท่ีพกัแขน (อาจจะถอดท่ีวางแขนได)้ ส  าหรบัทดสอบ TUG (ขอ้ 26 และ 
27) 
• เทปกาวเพื่อท าเครื่องหมายความยาว 6 เมตรบนพืน้ส  าหรบัขอ้การเดิน (สว่นท่ี VI) และ 3 
เมตร ส าหรบัทดสอบ TUG (ขอ้ 26 และ 27) 
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Kids-BESTest Balance Evaluation Systems Test 
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Kids-BESTest Balance Evaluation Systems Test (35) 
Child’s Name: _______________________ Examiner’s Name ______________________  
Date of birth: ___ / ___ / ___    Date of Assessment ___ / ___ / ___  
Administration and scoring notes for examiners  
1. Assistive devices - If a child requires an assistive device for an item, score the child 
one category lower for that item.  
2. Physical assistance - If a child requires physical assistance to perform an item score 
the lowest category (0) for that item. 
 3. Shoes/orthoses - Reliability data for the Kids-BESTest is reported for a shoes AND 
orthoses OFF condition. If children are unable to be tested in this condition, flat heeled 
shoes should be worn and this should be noted on the score sheet below.  

Shoes – on / off  Orthoses – on / off  
SUMMARY OF PERFORMANCE: CALCULATE PERCENT SCORE  
Section I: ________/15x 100 = _______ Biomechanical Constraints  
Section II: ________/21x 100 = _______ Stability Limits/Verticality  
Section III: ________/18x 100 = _______ Transitions/Anticipatory  
Section IV: ________/18x 100 = _______ Reactive  
Section V: ________/15x 100 = _______ Sensory Orientation  
Section VI: ________/21 x 100 =_______ Stability in Gait  
TOTAL: ________/108 points = ________Percent Total Score 
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Assessment tools required  
• Stop watch  
• Eye mask to occlude vision (Items 19b and 19d)  
• Paper mounted on wall and marker for Functional Reach test (Items 7 and 8)  
• 60 cm x 60 cm (2 X 2 ft) 4 inch thick, medium density, Tempur® foam (Items 19c and 
19d)  
• Incline ramp set at 10 degrees and measuring at least 2 x 2 ft) (Item 20)  
• Box measuring H15 x W 100 x D 50 cm (6 x 40 x 20 in) for stair tap (Item 12)  
• 1kg (2lb) free weight or wrist weight for rapid arm raise (Item 13)  
• Adjustable height stick or stacked shoe boxes for gait obstacle (Item 25)  
• Adjustable height chair with arms (may be removable) for TUG test (Items 26 and 27)  
• Masking tape to mark 6 m track for Stability in gait items (Section VI) and 3 m for TUG 
test (Items 26 and 27) 
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Appendix C 
Pediatric Balance Scale 
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Pediatric Balance Scale (13) 
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Appendix D  
Gross Motor Function Measure (GMFM) 
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Gross Motor Function Measure (GMFM) (16) 
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Appendix E  
Gross Motor Function Classification System Expanded and Revised    

(GMFCS -E & R)  
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Appendix F 
Expert assessment form 
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Appendix G  
The Certificate of Ethical Approval 
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THE CERTIFICATE OF ETHICAL APPROVAL 

Research ethics were approval by the Ethical Review Committee for Research 
Involving Human Subjects and/or Use of Animal in Research, Queen Sirikit National 
Institute of Child Health at Bangkok Thailand and Ethical Review Committee for 
Research Involving Human Subjects and/or Use of Animal in Research, Srinakharinwirot 
University. 
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Appendix H  
Pilot Study 
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Pilot study 
Demographics and characteristics of 5 typical children (5 male, 3 female) aged 

between 8 years 8 months to 16 years 2 months.  They were weight from 25 – 60 
kilograms and height from 148 – 168 centimeters. Measuring and scoring the Kids-
BESTest-Th in 5 typical children from rater 1. (Table 9)  

Table 9 Scoring of the Kids-BESTest-Th in 5 typical children 

ID Kids-

BESTest (I) 

Kids-

BESTest (II) 

Kids-

BESTest (III) 

Kids-

BESTest (IV) 

Kids-

BESTest 

(V) 

Kids-

BESTest 

(VI) 

Kids-

BESTest 

(total) 

1 14 18 17 18 15 19 101 

2 15 18 18 18 15 20 104 

3 15 21 18 18 15 20 107 

4 15 18 17 18 15 19 102 

5 15 19 18 18 15 18 103 

Kids-BESTest-Th – Thai Kids-Balance Evaluation Systems Test 
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Appendix I  
Participants Informed Consent Form 
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Appendix J  
Content validity ratio (CVR) 
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Table 10 The summary of measurement for quantification of content validity in the Thai 
Kids-Balance Evaluation Systems Test (Kids-BESTest-Th) by 4 physical therapists and 
one lecturer (T6-T10) 

Item Essential (1)  useful but not essential (0) Not necessary (-1) CVR = (Ne - N/2) / (N/2) 

Item 1    0.99 

Item 2    0.99 

Item 3    0.99 

Item 4    0.99 

Item 5    0.99 

Item 6    0.99 

Item 7    0.99 

Item 8    0.99 

Item 9    0.99 

Item 10    0.99 

Item 11    0.99 

Item 12    0.99 

Item 13    0.99 

Item 14    0.99 

Item 15    0.99 

Item 16    0.99 

Item 17    0.99 

Item 18    0.99 

Item 19    0.99 

Item 20    0.99 

Item 21    0.99 

Item 22    0.99 

Item 23    0.99 

Item 24    0.99 

Item 25    0.99 

Item 26    0.99 

Item 27    0.99 
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