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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 (P) 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).



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).



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



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.



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



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).



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).

Corpus callosum

Cerebral
cortex

Basal
ganglia

Thalamus —

Amygdala &}9{ \Cerebe"um

Brainstem

Spinal cord /

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


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

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-Il) 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-IlI).
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-llI).
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).

lliopsoas (+) — Abdominals (+)
Giuteus
medius (+)
Tensor fascia
atae (+)

Biceps
temonis ()

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 (6BMWT), 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
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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



14

approach components, anticipatory mechanisms, sensory strategies, sensory systems,

and internal representations (Figure5) (13).

Musculoskeleta Neuromuscular

1 components

synergies
Anticipatory
e s Postural Tnternal
control representations
Sensory
Sl Adaptive
LCa mechanisms
SeNsory systems

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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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



16

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 vyears (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).



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
AAQOS 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 |: 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 |l: 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 lI: 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) = (N, - N/2) / (N/2)

N, = 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)

Ma. of Panelists hin. Walue
5 89
53 89
7 89
8 s
9 78
10 62
11 59
12 .56
13 54
14 51
15 A9
20 42
25 37
30 33
35 ey
40 29
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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).

Cerebral Palsy _)[ Impaired postural control J

(GMFCS Level I-l11) l

Dysfunction
Measurement
Sitting, Standing, Walking, Reaching
Function

¥ Gross Motor Function Measure (GMFM)
A: Lying & Ralling ,
B: Sitting ,
C: Crawling & Kneeling ,
D: Standing ,

E: Walking, Running, Jumping

Balance Thai-Kids-Balance Evaluation Systems

Test
# Pediatric balance scales (PBS)

+

(Kids-BESTest-Th)

Figure 7 Conceptual framework of this study



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

Za+Z(3
C(r)

1+r

Z0l=1.96, ZB: 0.84 and c=0.5 x In 1—]Where r=0.5 (35). A sample size in this study

2
Sample size was calculated by using N:[ ] +3 (8) which included

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 Il (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 |-
lll) 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) = (N, - N/2) / (N/2)

N, = 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 (P) 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.

The Kids-BESTest was translated from English into Thai language by professional English

language translator {T1) and a physical therapist (T2}

Researcher team compiled a Thai version for backward translation

The backward translation of Kids-BESTestTh was done by another

professional English language translator (T3)

Two physical therapists (T4 and T5) compared the accuracy between the Kids-

BESTest-Th (back-translated version) and the original version of Kids-BESTest.

The KidsBESTest-Th was measured in content validity ratio by 4 physical

therapists and one lecturer (TG-T10)

The Kids-BESTest-Th was ready for lesling the reliability and concurrent validily.

Figure 8 Flow chart of forward and backward translation procedure of Kids-BESTest
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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

Participants for validity

(n=10) (n =30)
Age (years: Mean * SD) 1043 £ 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, %) 7,70% 14,46.7 %
- Spastic hemiplegia 2, 20% 10, 33.33 %: 4, 13.3 %
(Right, %: Left, %)
- Ataxic (n, %)
1, 10% 1,3.3%
- Athetoid (n, %)
1,3.3%
GMFCS-E&R level
- 1(n, %) 6, 60% 18, 60 %
- 11(n, %) 1,10% 8,26.7 %
_ 0
(. %) 3, 30% 4,13.3 %
Gait assistive devices
- None (n, %) 7, 70% 26, 86.7 %
- Posterior walker (n, %) 3, 30% 2.6.7 %
- 1 0,
Anterior Walker (n, %) 133%
- Cane (n, %)
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 Intra-rater Intra-rater
(Icc2,1) (ICC3,1) (ICC3,1)
95 %ClI 95 %ClI 95 %Cl
(Rater 1) (Rater 2)
1. Biomechanical 0.98 0.92-0.99 0.97 0.89-0.99 0.94 0.79-0.99
constraints
2. Stability 0.94 0.80-0.99 0.99 0.95-0.99 0.96 0.86-0.99
limits/verticality
3. Reactive postural 0.99 0.97-0.99 0.99 0.96-0.99 0.99 0.96-0.99
responses
4. Anticipatory postural 0.98 0.92-0.99 0.99 0.98-0.99 0.99 0.95-0.99
adjustments
5. Sensory orientation 0.99 0.98-0.99 0.99 0.98-0.99 0.99 0.99-1.00
6. Stability in gait 0.99 0.96-0.99 0.99 0.97-0.99 0.98 0.94-0.99
Total score 0.99 0.99-1.00 0.99 0.99-1.00 0.99 0.99-1.00

ICC = intraclass correlation coefficient; Cl = 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)

Rater 1 Rater 2
Kids-BESTest-Th real time video recording real time video recording
X SD | Range X SD Range X SD Range X SD Range
1. Biomechanical 8.9 3.3 1-13 9.0 2.8 2-12 8.9 3.5 1-13 8.5 3.6 1-14
constraints
2. Stability 15.1 3.3 9-20 15.5 3.3 10-20 5.6 | &3 9-19 154 | 34 9-19
limits/verticality
3. Reactive 7.8 4.7 0-14 7.4 4.9 0-14 i 4.9 0-14 7.8 4.8 0-15
postural responses
4. Anticipatory 8.9 6.2 0-16 9.2 6.3 0-17 8 6.3 0-15 8.7 4.8 0-16
postural
adjustments
5. Sensory 9.2 6.5 0-15 9.2 6.5 0-15 9.3 6.6 0-15 9.1 6.5 0-15
orientation
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 | 284 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 Intra-rater reliability 95 %Cl
(ICC3,1) Rater3
(Dimension B, C, D and E)

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, 0.99 0.98-0.99
C,DandE)

Total scores of PBS 0.99 0.99-1.00

ICC = intraclass correlation coefficient; Cl = 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 GMFM-88 (Dimension B,
(p-value) C, D and E) (p-value)
Kids-BESTest-Th 1 0.93% 0.86"
PBS 0.93% 1 0.92%
GMFM-88 (Dimension B, C, D and E) 0.86" 0.92% 1

Note: °Statistical analysis was performed using the Spearman’s correlation (P),
*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)

Rater 1
Kids-BESTest-Th real time

e 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 10.2 512 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 Rater 3
E)

real time

Total score of PBS 44.50 14.14 6-56
Total score of GMFM-88 (Dimension B, 86.75 11.85 53.13-98.67

C,Dand E)

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



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-1ll) 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
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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
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Kids-BESTest Balance Evaluation Systems Test (35)

Child’s Name: Examiner's Name

Dateofbirth: ___ /___/___ 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 Il /21x 100 = Stability Limits/Verticality
Section IlI: /18x 100 = ______ Transitions/Anticipatory
Section IV: /18x100=__  Reactive

Section V: /15x100=___ Sensory Orientation
Section VI: /21 x100=___ Stability in Gait

TOTAL: /108 points = Percent Total Score



0 1 2 3 Score
Item 1. BASE OF SUPPORT

Both feet have Both feet have One foot has Normal
deformities AND deformities OR deformities and/or Both feet have
pain. pain. pain. normal base of

support with no
deformities or pain.

Item 2. COM ALIGNMENT

Abnormal Abnormal Abnormal Normal

AL AND ML COM AP OR ML COM AP OR ML COM AP and ML COM

alignment. alignment alignment alignment and
AND abnormal OR abnormal normal segmental
segmental postural ~ segmental postural postural alignment.
alignment. alignment.

Item 3. ANKLE STRENGTH & RANGE

Both flexors and Impairment Impairment Normal

extensors in both left  in two ankle groups in either foot of either Able to stand on toes
and right ankles (e.g.: bilateral flexors ankle flexors or with maximal height
impaired (i.e. less or both ankle flexors extensors and to stand on

than maximum and extensors in 1 (i.e. less than heels with front of
height). foot). maximum height). feet up.

Item 4. HIP/TRUNK LATERAL STRENGTH

Severe Moderate Mild Normal

Cannot abduct Abducts only one hip Abducts both hips to  Abducts both hips to
either hip to lift a foot ff the floor for 10 sec liff the foot off the lift the foot off the
off the floor for 10 with vertical trunk. floor for 10 sec but floor for 10 sec while
sec with trunk without keeping frunk keeping trunk
vertical or without vertical. vertical.

vertical.

Item 5. SIT ON FLOOR AND STANDUP Time sec

Severe Moderate Mild Normal

Cannot sit on floor or  Uses a chair to sit on  Uses a chair to siton  Independently sits on
stand up, even with  floor AND to stand floor OR to stand up. the floor and stands
a chair, or refuses. up. up.
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0 1 2 3 Score
Item é. SITTING VERTICALITY AND LATERAL LEAN

Item éa. Lean

No lean or falls Very little lean, Moderate lean, Maximum lean, Left
(exceeds limits). or significant subject's upper subject moves upper
instability. shoulder approaches shoulders beyond
body midline or body midline, very
some instability. stable. Right

Item éb. Verticality

Falls with the Failure to realign Significantly over-or  Readligns to vertical Left
eyes closed. to vertical. under-shoots but with very small or no
eventually realigns fo  overshoot.
vertical.
Right
Item 7. FUNCTIONAL REACH FORWARD (Best of two trials) Distance reached: cm/in
No measurable lean Poor Moderate Maximum to limits:
- or must be caught. <16.5cm 16.5cm-32cm (6.5- >32cm
(6.5in). 12.5in). (12.5in).
Item 8. FUNCTIONAL REACH LATERAL (Best of two trials) Distance reached Left cm/in
DistancereachedRight ____ cm/in
No measurable lean, Poor: Moderate: Maximum to limit: > Left
or must be caught. <10cm 10-25.5cm 25.5cm
(4in). (4-10in). (101in).
Right
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0 1

Iltem 9. SIT TO STAND

Comes to stand after
several attempts or
requires minimal
assist to stand or
stabilize or requires
touch of back of leg
or chair.

Item 10. RISE TO TOES (Two trials if required)

Requires moderate
or maximal assist to
stand.

Holds for less than 3
sec.

Unable.

Item 11. STAND ON ONE LEG (Two ftrials if required) Time - Left:

Unable. Stands 2 -10 sec.

Item 12. ALTERNATE STAIR TOUCH

Completes < 8 steps,
even with assistive
device.

Completes < 8 steps
- without minimal
assistance (i.e.
assistive device) OR
> 20 sec for 8 steps.

2

Comes to stand on the
first attempt with the use
of hands.

3 Score

Normal: Comes
to stand without
the use of hands
and stabilizes

independently.
Heels up, but not full Normal:
range (smaller than when Stable for 3sec
holding hands so no with good
balance requirement - height.
OR - slight instability &
holds for 3 sec.
sec Right: sec

Trunk motion Normal: Left
AND/OR other signs of Stable for
instability, OR > 20 sec.
10-20 sec.. Right

# touches: Time: sec
Completes 8 steps Normal:
(10-20 sec) AND/OR Stands
shows instability such as independently
inconsistent foot and safely and
placement, excessive completes 8

trunk motion, hesitation or
arhythmical.

Iltem 13. STANDING ARM RAISE (Two trials if required)

Unable, or needs
assistance for
stability.

Steps to regain
equilibrium/unable to
move quickly without
losing balance.

Visible sway.

stepsin < 10 sec.

Normal: Remains
stable.
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0 1 2 3 Score
Item 14. IN PLACE RESPONSE-FORWARD (Best of two trials)

Would fall if not Takes one step with  Recovers stability Recovers stability
caught OR requires  imbalance or with arm or hip with ankles, no
assist OR will not multiple steps to motion OR takes one added arms or hips
attempt. recover stability. small step. motion.

Item 15. IN PLACE RESPONSE -BACKWARD (Best of two trials)

Would fall if not Takes multiple steps  Recovers stability Recovers stability at
caught OR requires to recover stability. with some arm or hip  ankles, no added
assistance OR will not motion OR takes one arm or hip motion.
attempt. small step.

Item 16. COMPENSATORY STEPPING CORRECTION -FORWARD

No step Takes multiple steps  More than 1 step Recovers

OR would fall if not to recover used to recover independently with a

caught, OR falls equilibrium, or needs equilibrium, but single, large step

spontaneously. minimum assistance  recovers stability (second realignment
to prevent a fall. independently OR 1  step is allowed).

step with imbalance.
Item 17. COMPENSATORY STEPPING CORRECTION -BACKWARD

No step Takes several steps to More than 1 step Recovers

OR would fall if not recover equilibrium,  used, but stable and independently with a
caught, OR falls or needs minimum recovers single, large step.
spontaneously. assistance. independently OR 1

step with imbalance.
ltem 18. COMPENSATORY STEPPING CORRECTION -LATERAL

Falls, or cannot step. Steps, but needs to Several steps used, Recovers Left
be assisted to but recovers independently with 1
prevent a fall. independently. step of normal )

length/width Right
(crossover or lateral
OK).
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0 1 2 3 Score

Iltem 19. SENSORY INTEGRATION FOR BALANCE (MODIFIED CTSIB) (Two frials if required-average
trials)

Item 19a. EYES OPEN, FIRM SURFACE

Trial 1 sec Trial 2 sec
Unable <30 sec 30 sec unstable 30 sec stable
Iltem 19b. EYES CLOSED, FIRM SURFACE

Trial 1 sec Trial 2 sec
Unable < 30 sec 30 sec unstable 30 sec stable
Item 19c. EYES OPEN, FOAM SURFACE

Trial 1 sec Trial 2 sec
Unable <30sec 30 sec unstable 30 sec stable
Item 19d. EYES CLOSED, FOAM SURFACE

Trial 1 sec Trial 2 sec
Unable <30sec 30 sec unstable 30 sec stable

Item 20. INCLINE -EYES CLOSED Toes Up (Two trials if required-average frials)

Unable to stand >10 Requires touch assist  Stands 30 sec Stands
sec OR OR stands without independently with  independently,
will not attempt assist for greater sway thanin steady without
independent stand. 10 - 20 sec. item 19b OR aligns excessive sway, holds
with surface. 30 sec, and dligns
with gravity.



SECTION VI. STABILITY IN GAIT
0 1 2
Item 21. GAIT ON LEVEL SURFACE Time:

Mild:
Walks 20 feet, slower
speed (>5.5 sec), no

sec

Severe: Moderate:
Cannot walk 20 feet  Walks 20 feet,
without assistance, or evidence of

severe gait imbalance (wide-  evidence of
deviations OR severe base, lateral trunk imbalance.
imbalance. motion, step path

inconsistent) - at any

preferred speed.
Item 22. CHANGE IN GAIT SPEED
Severe: Moderate: Changes Mild:

Unable to achieve
significant change in
speed AND signs of
imbalance.

walking speed but
with signs of
imbalance.

Unable to change
walking speed
without imbalance.

Item 23. WALK WITH HEAD TURNS — HORIZONTAL

Mild:

Performs head turns
smoothly with
reduction in gait

Moderate: Performs
head turns with
imbalance.

Severe: Performs
head turns with
reduced speed AND
imbalance AND /OR

will not move head speed.

within available

range while walking.

Item 24. WALK WITH PIVOT TURNS

Severe: Moderate: Mild:

Cannot turn with feet Turns with feet close Turns with feet close
close at any speed at any speed with SLOW

and significant mild signs of (>4 steps) with good
imbalance. imbalance. balance.

Item 25. STEP OVER OBSTACLES Time: sec
Severe: Moderate: Mild:

Cannot step over Steps over object Steps over object at
object AND slows with imbalance or mid shin height but
down with touches object. slows down, with

imbalance OR
cannot perform with
assistance.

good balance.

Normal:

Walks 20 feet, good
speed (£5.5sec), no
evidence of
imbalance.

Normal: Significantly
changes walking
speed without
imbalance.

Normal:

Performs head turns
with no change in
gait speed and
good balance.

Normal:

Turns with feet close,
FAST (<3 steps) with
good balance.

Normal:

Able to step over
object at mid shin
height without
changing speed and
with good balance.
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Score



SECTION VL. STABILITY IN GAIT (continued)
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Item 26.TIMED “GET UP & GO" Get Up & Go: Time secs
Severe: Moderate: Mild: Normal:
Slow (>11 sec) Fast (<11 sec) Slow (>11 sec) Fast (<11 sec) with good
AND imbalance. with imbalance. with good balance.
balance.

Item 27. Timed “Get Up & Go" With Dual Task: Time

Severe: Moderate: Mild: Noticeable

Can't count backward Affects on BOTH the slowing,

while walking or stops  cognitive task AND  hesitation or

walking while talking. slow walking (>10%) errors in counting

in dual task. backwards OR

slow walking
(10%) in dual
task.

secs

Normal:

No noticeable change
between sitting and
standing in the rate or
accuracy of backwards
counting and no
change in gait speed.

SECTION VI Total (maximum 21 points): ——
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Examiner Instructions
Item 1. BASE OF SUPPORT

Closely examine both feet to look for deformities or
complaints of pain such as abnormal pronation/supination,
abnormal or missing toes, pain from plantar fascitis, bursitis,
efc.

Iltem 2. COM ALIGNMENT

Look at the child from the side and imagine a vertical line
through their center of body mass (COM) to their feet. (The
COM is the imaginary point inside or outside the body
about which the body would rotate if floating in outer-
space.) When standing erect, a vertical line through the
COM to the support surface is aligned in front of the
vertebrae at the umbilicus and passes about 2 cm in front
of the lateral malleolus, centered between the two feet.
Abnormal segmental postural alignment such as scoliosis or
kyphosis or asymmetries may or may not affect C)M
alignment.

3. ANKLE STRENGTH & RANGE

Ask the child rest their fingertips in your hands for support
while they stand on their toes has high as possible and then
stand on their heels. Watch for height of heel and toe lift.

4. HIP/TRUNK LATERAL STRENGTH

Ask the child to rest their fingertips in your hands while they
lift their leg to the side off the floor and hold. Count for 10
sec while their foot is off the floor with a straight knee. If they
must use moderate force on your hands to keep their trunk
upright, score as without keeping trunk vertical.

5. SIT ON FLOOR AND STANDUP

Start with the child standing near a sturdy chair (if required).
The child can be considered to be sitting when both
buttocks are on the floor. If the task takes more than 2
minutes to complete, with or without a chair, score 0. If the
patient requires any physical assistance, score 0.

Child Instructions

Stand up with bare feet and tell me if you
currently have any pain in your feet or ankles
or legs.

Stand relaxed, looking straight ahead

Rest your fingers in my hands for support while
you stand on your toes. Stay there for my count
of three. Now stand on your heels by lifting up
your toes. Stay again in that position for my
count of three.

Lightly rest your fingertips in my hands while you
lift your leg out to the side, just off the floor and
hold until | tell you to stop. It is important to try
to keep your body up as tall as you can and
your knee straight while you hold your leg out.

Are you able to sit on the floor and then stand
up, in less than 2 minutes? If you need to use a
chair to help you go onto the floor or to stand
up. go ahead but your score will be affected.
Let me know if you cannot sit on the floor or
stand up without my help.
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Examiner Instructions
6. SITTING VERTICALITY AND LATERAL LEAN

Child is sitting comfortably on a firm, level, armless surface
(bench or chair) with feet flat on floor. Child should place
eye mask on. It is okay to lift ischium or feet when leaning.
Watch to see if the child returns to vertical smoothly

without over or undershooting. Score the worst
performance to each side.

7. FUNCTIONAL REACH FORWARD

A large sheet of paper is taped to a wall. The child holds
a pen in their closed hand closest to the wall. A mark is

made on the paper in the starting position, by the

examiner. The child reaches forward. A second mark is
made by the examiner at the end position. The child may
not lift heels, rotate trunk, or protract scapula excessively.
The child must keep their arms parallel to the floor and

may use less involved arm. The horizontal distance

between these two marks is then measured after two

trials. Record best reach.
8. FUNCTIONAL REACH LATERAL

A large sheet of paper is taped to a wall. The child holds
a pen in their closed hand of the reach arm. A mark is

made on the paper in the starting position, by the

examiner. The child reaches. A second mark is made by
the examiner at the end position. The horizontal distance
between these two marks is then measured after two
trials. Record the best reach. Make sure the subject starts
in neutral. The patient is allowed to lift one heel off the

floor but not the entire foot.

Child Instructions

Place this mask on your eyes. Place feet shoulder
width apart. Cross your arms over your chest and
sit up as tall as you can. I'll be asking you to lean
to one side as far as you can. You'll keep your
body up tall and lean sideways as far as you can
without losing your balance OR using your hands.
Return to your starting position when you've
leaned as far as you can. It's okay to lift your
buttocks and feet. Lean now. (REPEAT other side)

Stand normally. Please lift both arms straight in
front of you, holding this pen in your hand closest
to the wall. | will make a mark on the paper then
you will reach forward as far as you can. Don't lift
your heels. Don't touch the paper or the wall.
Once you've reached, as far forward as you can,
| will make a mark on the paper. Then return to a
normal standing position. | will ask you to do this
two times. Reach as far as you can.

Stand normally with your feet shoulder width
apart. Arms at your sides. Hold this pen in your
hand and lift your arm out to the side. Your arm
should not touch the wall behind you.

Reach out as far as you can. Do not lift your toes
off the floor. Reach as far as you can. (REPEAT
other side).
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Examiner Instructions
Item 9. SIT TO STAND

Note the initiation of the movement, and the use of
hands on the arms of the chair or their thighs or thrusts
arms forward.

Item 10. RISE TO TOES

Allow the patient to try it twice. Record the best score.
(If you suspect that subject is using less than their full
height, ask them to rise up while holding the examiners'
hands.) Make sure subjects look at a target 4 - 12 feet
away.

Item 11. STAND ON ONE LEG

Allow the patient two attempts and record the best.
Record the sec they can hold posture, up to a
maximum of 25 sec. If their legs touch cue them to
keep them apart but keep timing. If excessive trunk
movement, hyperextension of the stance knee,
excessive hip flexion, hover lifted toe or knees touching
persists throughout the first 20 seconds, despite cues
score 2. Stop timing when subject moves their hands
off hips or puts a foot down. Assess trunk movement
and other signs of instability in the first 20 sec only.

Item 12. ALTERNATE STAIR TOUCHING

Use standard stair height of é inches. Count the number

of successful touches and the total time to complete
the 8 touches. It's permissible for subjects to look at
their feet. If they take their hands off their hips cue
them to put them back on.

Item 13. STANDING ARM RAISE

Use 1 Kg (x Ib) weight. Have the child stand and lift
weight with both hands to shoulder height. Subjects
should perform this as fast as they can. Lower score by
1 category if weight must be less than 1 Kg (5lb) +/or
lifts < 75 deg.

Child Instructions

Cross arms across your chest. Try not to use your
hands unless you must. Don't let your legs lean
against the back of the chair when you stand.
Please stand up now.

Place your feet shoulder width apart. Place your
hands on your hips. Try to rise as high as you can
onto your toes. I'll count out loud to 3 seconds. Try
to hold this pose for at least 3 seconds. Look straight
ahead at the target on the wall. Rise now.

Look straight ahead at the target on the wall. Keep
your hands on your hips. Bend one leg behind you
to 90. Don't touch your raised leg on your other leg
or take your hands off your hips. Stay standing on
one leg as long as you can. Look straight ahead.
Lift now. (REPEAT other side)

Place your hands on your hips. Touch the ball of
each foot alternately on the top of the stair, you
must keep your hands on your hips. Continue until
each foot touches the stair four times (8 total taps).
I'll be timing how quickly you can do this. Begin
now

Lift this weight with both hands from a position in
front of you to shoulder level. Please do this as fast
as you can. Keep your elbows straight when you lift
and hold. Hold for my count of 3. Begin now.
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Examiner Instructions
14. IN PLACE RESPONSE - FORWARD

Stand in front of the child, place one hand on each
shoulder and lightly push the child backward until their
anterior ankle muscles contract, (and toes just start to
extend) then suddenly release. Do not allow any pre-
leaning by the child. Score only the best of 2 responses if
the child is unprepared or you pushed too hard.

15. IN PLACE RESPONSE - BACKWARD

Stand behind child, place one hand on each scapula
and isometrically hold against patient's backward push,
until heels are about to be lifted, not allowing trunk
motion. Suddenly release. Do not allow any pre-leaning
by child. Score the best of 2 responses if patient is
unprepared, or you pushed too hard.

16. COMPENSATORY STEPPING CORRECTION - FORWARD

Stand in front to the side of child with one hand on each
shoulder and ask them to push forward. (Make sure there
is room for them to step forward). Require them to lean
until their shoulders and hips are in front of their toes.
Suddenly release your support when the subject is in
place. The test must elicit a step. Be prepared to catch
the child.

17.COMPENSATORY STEPPING CORRECTION - BACKWARD

Stand in back and to the side of the child with one hand
on each scapula and ask them to lean backward. (Make
sure there is room for them to step backward.) Require
them to lean until their shoulders and hips are in back of
their heels. Release your support when the child is in
place. Test must elicit a step.

18. COMPENSATORY STEPPING CORRECTION - LATERAL

Stand behind the patient, place one hand on either the
right (or left) side of the pelvis, and ask them to lean their
whole vertical body into your hand. Require them to lean
until the midline of pelvis is over the right (or left) foot and
then suddenly release your support.

Child Instructions

For the next few tests, I'm going to push against
you to test your balance reaction. Stand in your
normal posture with your feet shoulder width
apart, arms at your sides. Do not allow my hands
to push you backward. When | let go, keep your
balance without taking a step.

Stand with your feet shoulder width apart, arms
at your sides. Do not allow my hands to push you
forward. When | let go, keep your balance
without taking a step.

Stand with your feet shoulder width apart, arms
at your sides. Lean forward against my hands
beyond your forward limits. When | let go, do
whatever is necessary, including taking a step, to
avoid a fall.

Stand with your feet shoulder width apart, arms
down at your sides. Lean backward against my
hands beyond your backward limits. When | let
go, do whatever is necessary, including taking a
step, to avoid a fall.

NOTE: Be prepared to catch the child.

Stand with your feet together, arms down at your
sides. Lean into my hand beyond your sideways
limit. When | let go, step if you need to, to avoid a
fall.

NOTE: Be prepared to catch the child.
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Examiner Instructions

19. SENSORY INTEGRATIONFOR BALANCE (MODIFIED CTSIB)

Do the tests in order. Record the time the child was able to
stand in each condition to a maximum of 30 seconds. Repeat
condition if not able to stand for 30 s and record both trials
(average for category). Use medium density Temper® foam, 4
inches thick. Assist the child in stepping onto foam. Have the
child step off the foam between trials. Include leaning or hip

strategy during a trial as “instability.”

20. INCLINE EYES CLOSE

Aid the child onto the ramp. Once the child closes their eyes,
begin timing. Repeat condition if not able to stand for 30 s and
average both trials/ Note if sway is greater than when standing

on level surface with eyes closed (ltem 15B) or if poor

alignment to vertical. Assist includes use of a walking aide or

light touch any time during the trial.

Child Instructions

For the next 4 assessments, you'll either be
standing on this foam or on the normal
ground, with your eyes open or with this eye
mask in place. Place your hands on your
hips. Place your feet together until almost
touching. Look straight ahead. Each time,
stay as stable as possible until | say stop.

Please stand on the incline ramp with your
toes toward the top. Place your feet
shoulder width apart. Place your hands on
your hips. | will start timing when you close
your eyes.
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VI. STABILITY IN GAIT

Examiner Instructions
21.GAIT - LEVEL SURFACE

Place two markers 20 feet (6 meters) apart and visible to the
patient on a level walkway. Use a stopwatch to time gait
duration. Have the child start with their toes on the mark. Start
timing with the stopwatch when the first foot leaves the ground
and stop timing when both feet stop beyond the next mark.

22. CHANGE IN SPEED

Allow the child to take 2-3 steps at their normal speed, and
then say “fast”, after 2-3 fast steps, say “slow". Allow 2-3 slow
steps before they stop walking.

23. WALK WITH HEAD TURNS — HORIZONTAL

Ask the child to turn their head and hold it so they are looking
over their shoulder until you tell them to look over the opposite
shoulder every 2-3 steps. If the child has cervical restrictions
allow combined head and trunk movements (enbloc).

24. WALK WITH PIVOT TURNS

Demonstrate a pivot turn. Once the child is walking at normal
speed, say “turn and stop.” Count the steps from turn until the
child is stable. Instability is indicated by wide stance width,
extra stepping or frunk and arm motion.

25. STEP OVER OBSTACLE

Place an object (mid shin height) 10 ft. away from where the
patient will begin walking. Use a stopwatch to time gait
duration to calculate average velocity by dividing the number
of seconds into 20 feet. Look for hesitation, short steps,
excessive trunk flexion/extension and touch on obstacle.

26. TIMED “GET UP & GO"

Have the child sit with their back against the chair. Time the
child from the time you say “go" until they return to sitting in
chair. Stop timing when the child's buttocks hit the chair
bottom. The chair should be firm with arms to push from if
necessary. TOOLS: TAPE ON FLOOR 3 METERS FROM THE FRONT
OF THE CHAIR LEGS.

27. TIMED “GET UP & GO" WITH DUAL TASK

Before beginning, practice with the child how to count
backward from a number between 90 and 100 by 2s, to make
sure they can do the cognitive task. Then ask them to count
backwards from a different number and after a few numbers
say GO for the GET UP AND GO TASK. Time the child from when
you say “go" until they return to sitting. Stop timing when the
child's buttocks touch the chair bottom. The chair should be
firm with arms to push from if necessary.

Child Instructions

Walk at your normal speed from here past
the next mark and stop.

Begin walking at your normal speed, when
| tell you “fast” walk as fast as you can.
When | say “slow”, walk very slowly.

Begin walking at your normal speed, when
I say “right”, turn your head and look to
the right. When | say “left" turn your head
and look to the left. Try to keep yourself
walking in a straight line.

Begin walking at your normal speed. When
| tell you to “turn and stop”, turn as quickly
as you can to face the opposite direction
and stop. After the turn, your feet should
be close together.

Begin walking at your normal speed. When
you come to the object, step over it, not
around it and keep walking.

“When | say go, stand up, walk to the line,
turn around, walk back to the starting line,
and sit back down on the chair. Walk,

don'trun. 1, 2, 3, GO." (ltzkowitz et al 2016)

a) Count backwards by 2's starting at 100
OR b) List random numbers and when | say
"GO,"stand up from the chair, walk don't
run across the tape on the floor, turn
around, and come back to sit in the chair
but continue listing numbers.
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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 (Iltems 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 (Iltem 12)

* 1kg (2Ib) free weight or wrist weight for rapid arm raise (ltem 13)

« Adjustable height stick or stacked shoe boxes for gait obstacle (Item 25)

« Adjustable height chair with arms (may be removable) for TUG test (ltems 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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Pediatric Balance Scale (13)

Pediatric Balance Scale

Name: Date;
Location: Examiner:

0-4 optional

Sitting to standing

2. Standing to sitting I
3. Transfers o
4, Standing 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

1. Turning to look behind

||

12, Retrieving object from floor

13, Placing alternate foot on stool

14. Reaching forward with outstretched arm

|

Total Test Score

Pediatric Balance Scale Typical Performance
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Gross Motor Function Measure (GMFM) (16)

GROSS MOTOR FUNCTION MEASURE (GMFM)
SCORE SHEET (GMFM-88 and GMFM-66 scoring)

Child's Name: ID#:
Assessment Date: GMFCS Level"
year / month / day O O O O O
Date of Birth: ! y m v v
year / month / day
Chronological Age: Evaluator's Name:
year / month / day

Testing Condition (e.g., room, clothing, time, others present):

The GMFM is a standardized observational instrument designed and validated to measure change in gross
motor function over time in children with cerebral palsy. The scoring key is meant to be a general guideline.
However, most of the items have specific descriptors for each score. It is imperative that the guidelines
contained in the manual be used for scoring each item.

SCORING KEY 0 = does not initiate
1 = initiates
2 = partially completes
3 = completes
9 (or leave blank) = not tested (NT) [used for the GMAE-2 scoring*]

It is important to differentiate a true score of “0” (child does not initiate) from
an item which is Not Tested (NT) if you are interested in using the
GMFM-66 Ability Estimator (GMAE) Software.

*The GMAE-2 software is available for downloading from www.canchild.ca for those who have purchased the
GMFM manual. The GMFM-66 is only valid for use with children who have cerebral palsy.

Contact for Research Group:

CanChild Centre for Childhood Disability Research, .

Institute for Applied Health Sciences, McMaster University,

1400 Main St. W., Room 408, canchild

Hamilton, ON Canada L8S 1C7 Centre for Childhood Disability Research

Email: canchild@mcmaster.ca Website: www.canchild.ca

'GMFCS level is a rating of severity of motor function. Definitions for the GMFCS-E&R (expanded & revised) are found in
Palisano et al. (2008). Developmental Medicine & Child Neurology. 50:744-750 and in the GMAE-2 scoring software.
http://motorgrowth.canchild.ca/en/GMFCS/resources/GMFCS-ER.pdf

© 2013 Dianne Russell and Peter Rosenbaum, McMaster University. All rights reserved. Page 1 of 6
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Check (3) the appropriate score: if an item is not tested (NT), circle the item number on the right column

TOTAL DIMENSION B

Item A: LYING & ROLLING SCORE NT
1. SUP, HEAD IN MIDLINE: TURNS HEAD WITH EXTREMITIES SYMMETRICAL .......occcessessssersererrrreeees o 40O L0 3O 15
2. SUP: BRINGS HANDS TO MIDLINE, FINGERS ONE WITH THE OTHER o 40O .0 30O 2
3. SUP: uFTsHeAD 45° od 0 0 30 3.
4. SUP: FLEXES R HIP & KNEE THROUGH FULL RANGE od O .0 30O 4
5. SUP: FLEXES L HIP & KNEE THROUGH FULL RANGE od O L0 30 5.
6.  SUP: REACHES OUT WITH R ARM, HAND CROSSES MIDLINE TOWARD TOY.........eccvsnenneevsseseneensesssnmnnes od O .0 30O 6.
7. SUP: REACHES OUTWITH L ARM, HAND CROSSES MIDLINE TOWARD TOY .......vorneereessessssesressesesssnes o 4O L0 30 7
8.  SUP:RoLLs TOPROVER R siDE od 40O L0 30 8.
9. SUP:RoLLS TOPROVER L SiDE od O L0 30 9.

10.  PR: LIFTS HEAD UPRIGHT od O o0 30 10
11. PR ON FOREARMS: LIFTS HEAD UPRIGHT, ELBOWS EXT,, CHEST RAISED...... o O 0 30 1.
12. PR ON FOREARMS: WEIGHT ON R FOREARM, FULLY EXTENDS OPPOSITE ARM FORWARD. od O 0 30 12
13. PR ON FOREARMS: WEIGHT ON L FOREARM, FULLY EXTENDS OPPOSITE ARM FORWARD .............. od O L0 50 13
14.  PR:RoLsTosuP Over R sibe od O L0 30 14
15.  PR:RoLLs TOsuP OVER L sioe od 40O L0 30 15
16.  PR:PnoTsTO R 90° USING EXTREMITIES od 4O L0 30 16
17.  PR:PvoOTS TO L 90° USING EXTREMITIE od 4O .0 0 17
TOTAL DIMENSIONA |
Item B: SITTING SCORE NT
18.  SUP, HANDS GRASPED BY EXAMINER: PULLS SELF TO SITTING WITH HEAD CONTROL........... od 0O -0 30 18
19.  SUP: RoLLS TO R SIDE, ATTAINS SITTING o 4O 0O 3O 19
20.  SUP: RoLLS TO L SIDE, ATTAINS SITTING od O L0 50 2.
21 mﬁs?;ci];PORTED AT THORAX BY THERAPIST: LIFTS HEAD UPRIGHT, o e
2 ?(I)T S(EJCD;NR::\T. SUPPORTED AT THORAX BY THERAPIST: LIFTS HEAD MIDLINE, MAINTAINS Ll D Ll B -
23.  SIT ON MAT, ARM(S) PROPPING: MANTAINS, 5 SECONDS od 0 0 30 2
24.  SIT ON MAT: MAINTAIN, ARMS FREE, 3 SECONDS oOd 40O 0 30 24
25. m Al\,gMAl'R\‘I‘;IleGSMALL TOY IN FRONT: LEANS FORWARD, TOUCHESTOY, RE-ERECTS o O o0 o0 25
26.  SIT ON MAT: TOUCHES TOY PLACED 45° BEHIND CHILD'S R SIDE, RETURNS TO START. od 0O o0 30 26
27.  SIT ON MAT: TOUCHES TOY PLACED 45° BEHIND CHILD'S L SIDE, RETURNS TO START... od O 0 30 2.
28. R SIDE SIT: MAINTAINS, ARMS FREE, 5 SECOND: od O 0 30 28
29. L SIDE SIT: MAINTAINS, ARMS FREE, 5 SECONDS o 4O 0 3O 2
30.  SIT ON MAT: LOWERS TO PR WITH CONTROL od 4O L0 30 30
31.  SIT ON MAT WITH FEET IN FRONT: ATTAINS 4 POINT OVER R SIDE........coeovurueneierecrecninene od O .0 30 31
32.  SIT ON MAT WITH FEET IN FRONT: ATTAINS 4 POINT OVER L SIDE........covvveerereressccccsnnens od 40O L0 L0 32
33, SIT ON MAT: pivors 90°, WITHOUT ARMS ASSISTING o O 0 30 33
34, SIT ON BENCH: MAINTAINS, ARMS AND FEET FREE, 10 SECONDS o 4O .0 30O 34
35.  STD: ATTANS SIT ON SMALL BENCH o0 40O 0O 30O 36
36.  ON THE FLOOR: ATTAINS SIT ON SMALL BENCH od O o0 30 36
37.  ON THE FLOOR: ATTAINS SIT ON LARGE BENCH od O L0 30 37

€ 2013 Dianne Russell and Peter R b McM: University. All rights reserved.
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Item C: CRAWLING & KNEELING SCORE NT

38.  PR: creeps ForwaRD 1.8m (6') od O L0 0 38
* 39 4 POINT: MANTAINS, WEIGHT ON HANDS AND KNEES, 10 SECONDS o i o) sl 38
* 40. 4 POINT: ATTAINS SIT ARMS FREE od O L0 30 40
* 41, PR:ATTANS 4 POINT, WEIGHT ON HANDS AND KNEES od O 0 0 4.

* 42, 4 POINT: REACHES FORWARD WITH R ARM, HAND ABOVE SHOULDER LEVEL ...

od O o0 S0 4
od O .0 30 4

* 43, 4 POINT: REACHES FORWARD WITH L ARM, HAND ABOVE SHOULDER LEVEL

* 44, 4 POINT: CRAWLS OR HITCHES FORWARD 1.8m(6') od 40 L0 R0 4
* 45, 4 POINT: CRAWLS RECIPROCALLY FORWARD1.8m ( 6) od O .0 30 4.
*  46. 4 POINT: CRAWLS UP 4 STEPS ON HANDS AND KNEESIFEET o 4O o0 30 46

47. 4 POINT: CRAWLS BACKWARDS DOWN 4 STEPS ON HANDS AND KNEESIFEET .......ceveeunreessenensssnsenes od 0O 0 30 47

* 48 SIT ON MAT: ATTAINS HIGH KN USING ARMS, MAINTAINS, ARMS FREE, 10 SECONDS o O 0 3O 48
o O 0 30 4

50.  HIGH KN: ATTAINS HALF KN ON L KNEE USING ARMS, MAINTAINS, ARMS FREE, 10 SECONDS ............... od O L0 30 50
* 51.  HIGH KN: kN wALKS FORWARD 10 STEPS, ARMS FREE I o [ R S

49.  HIGH KN: ATTAINS HALF KN ON R KNEE USING ARMS, MAINTAINS, ARMS FREE, 10 SECONDS .

TOTAL DIMENSIONC | |

Item D: STANDING SCORE NT
* 52.  ON THE FLOOR: PULLS TO STD AT LARGE BENCH oIS EIR S E NS E 52
* 53, STD: MANTANS, ARMS FREE, 3 SECONDS o0 O .0 30 58
* 54, STD: HOLDING ON TO LARGE BENCH WITH ONE HAND, LIFTS R FOOT, 3 SECONDS .......veuneerseneessnerenes od 4O L0 L0 54
* 55, STD: HOLDING ON TO LARGE BENCH WITH ONE HAND, LIFTS L FOOT, 3 SECONDS .......ccuuunverenecnsssnsnees od O L0 30 B%.
* 56, STD: MANTANS, ARMS FREE, 20 SECONDS od O .0 50 86
* 57.  STD:urTs L Foor, ARMS FREE, 10 SECONDS o0 O .0 .0 57
* 58.  STD:urrs R FooT, ARMS FREE, 10 SECONDS od O .0 .0 B%8
* 59, SIT ON SMALL BENCH: ATTAINS STD WITHOUT USING ARMS od O 0 L0 %8
* 60.  HIGH KN: ATTAINS STD THROUGH HALF KN ON R KNEE, WITHOUT USING ARMS od O .0 s0 6o
* 61, HIGH KN: ATTAINS STD THROUGH HALF KN ON L KNEE, WITHOUT USING ARMS .....c.ccrevvesssssnsnseeennese o0 O .0 .0 6.
* 62, STD:LOWERS TO SIT ON FLOOR WITH CONTROL, ARMS FREE od O .0 s0 62
*  63.  STD: ATTANS SQUAT, ARMS FREE o0 O .0 ,0 63
* 64,  STD: PICKS UP OBJECT FROM FLOOR, ARMS FREE, RETURNS TO STAND .....ccouuusmsmmssnssssssssensssssssnecess o0 O .0 30 64
TOTAL DIMENSION D I I
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Item E: WALKING, RUNNING & JUMPING SCORE NT
*  65. STD,2HANDS ON LARGE BENCH: cruises 5 sTersTOR.... od O .0 0 65
*  66. STD,2HANDS ON LARGE BENCH: cruises 5 stepsTo ... o0 A EI RN S TE] o[ 66:
*  67. STD, 2 HANDS HELD: waLks FoRwARD 10 STEPS od O .0 30O 67
*  68.  STD, 1 HAND HELD: waiks ForwARD 10 sTEPS oEl Bl SEl o[ 68:
* 69.  STD: waks FORWARD 10 STEPS ol 48 o IE 69
*  70.  STD: waiks FORWARD 10 STEPS, STOPS, TURNS 180°, RETURNS .....couuuuurucnmrsveerrensenees od 440 L0 30 70
*  T1.  STD: waiks BaCKWARD 10 sTEPS ol S [E RN oS S [ 7
*  72.  STD: waiks FORWARD 10 STEPS, CARRYING A LARGE OBJECT WITH 2 HANDS........cvcereeeeeeee ol IR o[]S g ) N 72
*  73.  STD: waks FORWARD 10 CONSECUTIVE STEPS BETWEEN PARALLELLINES 20em (8")aPART o0 40 00 30 73
* 74, STD: wALKS FORWARD 10 CONSECUTIVE STEPS ON A STRAIGHT LINE 2cm (3/4") WIDE ..... ol S [EIRN SIS o[l (N 74
*  75.  STD: STEPS OVER STICKAT KNEE LEVEL, R FOOT LEADING oA EIN R ETR o [E] 75
o 76.  STD: STEPS OVER STICK AT KNEE LEVEL, L FOOTLEADING .......covevsnrresesmmessnsssssesssesssnes =LA EIRNS ST St [ 76
*  77.  STD:RuNs4.5m (15'), STOPS & RETURNS o 4O 0 50 77
*  78.  STD:kicksBALL WITH R Foor £ O I O o I o
* 79.  STD: kicks BALLWITH L FooT. o 4O o [ 78
*  80.  STD: jumps 30cm (12") HIGH, BOTH FEET SIMULTANEOUSLY w.ccvvuvevveunsesmenssnsssssnsessesenees od O .0 30O 8o
¥ 81.  STD: yumps FORWARD 30 CM (12"), BOTH FEET SIMULTANEOUSLY .......oonuvesnrssenesssnessnens olE]IR R ETRR S [S]  g [oi]  81:
2 82.  STD ON R FOOT: Hops oN R Foor 10 TiMes within A 60cm (24") CIRCLE..... oIt EISETR o [ - 82;
* 83, STDONLFOOT: Hops on L Foot 10 TiMes wiTkiN A 60cm (24") ciReLE od O 0 30 83
* 84 STD, HOLDING 1 RAIL: WALKS UP 4 STEPS, HOLDING 1 RAIL, ALTERNATING FEET......... o O 0 30O 84
*  85.  STD, HOLDING 1 RAIL: waks DOWN 4 sTEPs, HOLOING 1 RALL ALTERNATINGFEET ... o[ 40 [0 300 85
*  86.  STD:WALKSUP 4 STEPS, ALTERNATING FEET o0 40 .0 50 86
*  87.  STD: WALKS DOWN 4 STEPS, ALTERNATING FEET ol A [EIRR SIS o[l 87
*  88.  STD ON 15cm (6") STEP: JUMPS OFF, BOTH FEET SIMULTANEOUSLY ..ocvvvusnnnssiresssesnens ol ¢ [EIRR S g ] (1 88
TOTAL DIMENSIONE |
Was this assessment indicative of this child's “regular” performance? ~ YES Ono O
COMMENTS:
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GMFM-88 SUMMARY SCORE
GOAL
DIMENSION CALCULATION OF DIMENSION % SCORES AREA
(indicated with v* check)
i . _ - [
. Lying & Roliing Total Du;lfnsnon A = = x 100 = % A.O
- Total Dimension B = x 100 = % B.O
. Sitting 60 60
i i = = 9
. Crawling & Kneeling Total DlT;snsnon C 5 x 100 % Cc.O0
; Total Dimension D = x 100 = % D.O
. Standing 39 39
E. Walking, Running & Total Dimension E = x 100 = % E.O
Jumping 72 72
TOTAL SCORE = %A +%B + %C + %D + %E
Total # of Dimensions
= = = %
5
GOAL TOTAL SCORE = Sum of %scores for each dimension identified as a goal area
# of Goal areas
= = %
GMFM-66 Gross Motor Ability Estimator Score !
GMFM-66 Score = to
95% Confidence Intervals
previous GMFM-66 Score = to
95% Confidence Intervals
change in GMFM-66 =
' from the Gross Motor Ability Estimator (GMAE-2) Software
£ 2013 Dianne Russell and Peter R b McM: U ity. All rights reserved. Page 5 of 6



TESTING WITH AIDS/ORTHOSES USING THE GMFM-88

Indicate below with a check ( 4) which aid/orthosis was used and what dimension it was first applied. (There may be more than one).

AID Dimension Orthosis Dimension
Rollator/pusher O Hip Control O
Walker 0 — Knee Control B ——
H Frame crutches 1 — Ankle-foot Control 0O ——
Crutches 0 —— Foot Control b —
Quad Cane 0 —— Shoes. B ——
Cane 0 — None O
None O Other B —
Other m] — (please specify)
(please specify)
GMFM-88 SUMMARY SCORE USING AIDS/ORTHOSES
GOAL
DIMENSION CALCULATION OF DIMENSION % SCORES AREA
(indicated with v check)
. Lying & Rolling Total Dir;;ension A = = x 100 = % AO
i Total Dimension B = x 100 = % B.O
. Sitting 60 )
. Crawling & Kneeling Total Dszenslon C = = x 100 = % c.o
: Total Dimension D = x 100 = % D.O
Standing 39 39
. Walking, Running & Total Dimension E = x 100 = % E.O
Jumping 72 72

TOTAL SCORE = %A + %B + %C + %D + %E
Total # of Dimensions
= = = %
5
GOAL TOTAL SCORE = Sum of %scores for each dimension identified as a goal area
# of Goal areas
= = %
£ 2013 Dianne Russell and Peter R b McMaster University. All rights reserved. Page 6 of 6
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. CanChild Centre for Childhood Disability Research
Institute for Applied Health Sciences, McMaster University,
1400 Main Street West, Room 408, Hamilton, ON, Canada L8S 1C7

Tel: 905-525-9140 ext. 27850 Fax: 905-522-6095
E-mail: canchild@mcmaster.ca Website: www.canchild.ca

GMFCS - E &R
Gross Motor Function Classification System
Expanded and Revised

GMFCS - E & R © Robert Palisano, Peter Rosenbaum, Doreen Bartlett, Michael Livingston, 2007
CanChild Centre for Childhood Disability Research, McMaster University

GMFCS © Robert Palisano, Peter Rosenbaum, Stephen Walter, Dianne Russell, Ellen Wood, Barbara Galuppi, 1997
CanChild Centre for Childhood Disability Research, McMaster University
(Reference: Dev Med Child Neurol 1997;39:214-223)

INTRODUCTION & USER INSTRUCTIONS

The Gross Motor Function Classification System (GMFCS) for cerebral palsy is based on self-initiated movement, with
emphasis on sitting, transfers, and mobility. When defining a five-level classification system, our primary criterion has
been that the distinctions between levels must be meaningful in daily life. Distinctions are based on functional
limitations, the need for hand-held mobility devices (such as walkers, crutches, or canes) or wheeled mobility, and to a
much lesser extent, quality of movement. The distinctions between Levels | and Il are not as pronounced as the
distinctions between the other levels, particularly for infants less than 2 years of age.

The expanded GMFCS (2007) includes an age band for youth 12 to 18 years of age and emphasizes the concepts
inherent in the World Health Organization’s International Classification of Functioning, Disability and Health (ICF). We
encourage users to be aware of the impact that environmental and personal factors may have on what children and
youth are observed or reported to do. The focus of the GMFCS is on determining which level best represents the
child’s or youth’s present abilities and limitations in gross motor function. Emphasis is on usual performance
in home, school, and community settings (i.e., what they do), rather than what they are known to be able to do at their
best (capability). It is therefore important to classify current performance in gross motor function and not to include
judgments about the quality of movement or prognosis for improvement.

The title for each level is the method of mobility that is most characteristic of performance after 6 years of age. The
descriptions of functional abilities and limitations for each age band are broad and are not intended to describe all
aspects of the function of individual children/youth. For example, an infant with hemiplegia who is unable to crawl on
his or her hands and knees, but otherwise fits the description of Level I (i.e., can pull to stand and walk), would be
classified in Level I. The scale is ordinal, with no intent that the distances between levels be considered equal or that
children and youth with cerebral palsy are equally distributed across the five levels. A summary of the distinctions
between each pair of levels is provided to assist in determining the level that most closely resembles a child's/youth’s
current gross motor function.

We recognize that the manifestations of gross motor function are dependent on age, especially during infancy and
early childhood. For each level, separate descriptions are provided in several age bands. Children below age 2 should
be considered at their corrected age if they were premature. The descriptions for the 6 to 12 year and 12 to18 year
age bands reflect the potential impact of environment factors (e.qg., distances in school and community) and personal
factors (e.g., energy demands and social preferences) on methods of mobility.

An effort has been made to emphasize abilities rather than limitations. Thus, as a general principle, the gross motor
function of children and youth who are able to perform the functions described in any particular level will probably be
classified at or above that level of function; in contrast, the gross motor function of children and youth who cannot
perform the functions of a particular level should be classified below that level of function.
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OPERATIONAL DEFINITIONS

Body support walker — A mobility device that supports the pelvis and trunk. The child/youth is physically positioned
in the walker by another person.

Hand-held mobility device — Canes, crutches, and anterior and posterior walkers that do not support the trunk during
walking.

Physical assistance - Another person manually assists the child/youth to move.

Powered mobility — The child/youth actively controls the joystick or electrical switch that enables independent
mobility. The mobility base may be a wheelchair, scooter or other type of powered mobility device.

Self-propels manual wheelchair — The child/youth actively uses arms and hands or feet to propel the wheels and
move.

Transported - A person manually pushes a mobility device (e.g., wheelchair, stroller, or pram) to move the
child/youth from one place to another.

Walks - Unless otherwise specified indicates no physical assistance from another person or any use of a hand-held
mobility device. An orthosis (i.e., brace or splint) may be worn.

Wheeled mobility — Refers to any type of device with wheels that enables movement (e.g., stroller, manual
wheelchair, or powered wheelchair).

GENERAL HEADINGS FOR EACH LEVEL
LEVEL | - Walks without Limitations
LEVEL I - Walks with Limitations
LEVEL Il - Walks Using a Hand-Held Mobility Device
LEVELIV - Seli-Mobility with Limitations; May Use Powered Mobility
LEVELV - Transported in a Manual Wheelchair
DISTINCTIONS BETWEEN LEVELS

Distinctions Between Levels | and Il - Compared with children and youth in Level |, children and youth in Level Il
have limitations walking long distances and balancing; may need a hand-held mobility device when first learning to
walk; may use wheeled mobility when traveling long distances outdoors and in the community; require the use of a
railing to walk up and down stairs; and are not as capable of running and jumping.

Distinctions Between Levels Il and Il - Children and youth in Level Il are capable of walking without a hand-held
mobility device after age 4 (although they may choose to use one at times). Children and youth in Level Ill need a
hand-held mobility device to walk indoors and use wheeled mobility outdoors and in the community.

Distinctions Between Levels Ill and IV - Children and youth in Level lIl sit on their own or require at most limited
external support to sit, are more independent in standing transfers, and walk with a hand-held mobility device.
Children and youth in Level IV function in sitting (usually supported) but self-mobility is limited. Children and youth in
Level IV are more likely to be transported in a manual wheelchair or use powered mobility.

Distinctions Between Levels IV and V - Children and youth in Level V have severe limitations in head and trunk
control and require extensive assisted technology and physical assistance. Self-mobility is achieved only if the
child/youth can learn how to operate a powered wheelchair.

© Palisano, Rosenbaum, Bartlett & Livingstan, 2007 Page 2 of 4
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Gross Motor Function Classification System — Expanded and Revised (GMFCS - E & R)

BEFORE 2\0 BIRTHDAY

LEVEL 1: Infants move in and out of sitting and floor sit with both hands free to manipulate objects. Infants crawl on hands and
knees, pull to stand and take steps holding on to furniture. Infants walk between 18 months and 2 years of age without the need for
any assistive mobility device.

LEVEL 11: Infants maintain floor sitting but may need to use their hands for support to maintain balance. Infants creep on their
stomach or crawl on hands and knees. Infants may pull to stand and take steps holding on to fueniture.

LEVEL 111: Infants maintain floor sitting when the low back is supported. Infants roll and creep forward on their stomachs.

LEVEL 1V: Infants have head control but trunk support is required for floor sitting. Infants can roll to supine and may roll to prone.
LEVEL V: Physical impairments limit voluntary control of movement. Infants are unable to maintain antigravity head and teunk
postures in prone and sitting. Infants require adult assistance to roll.

BETWIEEN 212 AND 47 BIRTHDAY

LEVEL 1I: Children floor sit with both hands free to manipulate objects. Movements in and out of floor sitting and standing are
performed without adult assistance. Children walk as the preferred method of mobility without the need for any assistive mobility
device.

LEVEL I11: Children floor sit but may have difficulty with balance when both hands are free to manipulate objects. Movements in and
out of sitting are performed without adult assistance. Children pull to stand on a stable surface. Children crawl on hands and knees
with a reciprocal pattern, cruise holding onto furniture and walk using an assistive mobility device as preferred methods of mobility.
LEVEL I111: Children maintain floor sitting often by "W-sitting" (sitting between flexed and internally rotated hips and knees) and may
require adult assistance to assume sitting. Children creep on their stomach or crawl on hands and knees (often without reciprocal leg
movements) as their primary methods of self-mobility. Children may pull to stand on a stable surface and cruise short distances.
Children may walk short distances indoors using a hand-held mobility device (walker) and adult assistance for steering and turning.
LEVEL 1V: Children floor sit when placed, but are unable to maintain alignment and balance without use of their hands for support.
Children frequently require adaptive equipment for sitting and standing. Self-mobility for short distances (within a room) is achieved
through rolling, creeping on stomach, or crawling on hands and knees without reciprocal leg movement.

LEVEL V: Physical impairments restrict voluntary control of movement and the ability to maintain antigravity head and teunk
postures. All areas of motor function are limited. Functional limitations in sitting and standing are not fully compensated for through
the use of adaptive equipment and assistive technology. At Level V, children have no means of independent movement and are
transported. Some children achieve self-mobility using a powered wheelchair with extensive adaptations.

BETWEEN 4™ AND 6™ BIRTHDAY

LEVEL I: Children get into and out of, and sit in, a chair without the need for hand support. Children move from the floor and from
chair sitting to standing without the need for objects for support. Children walk indoors and outdoors, and climb stairs. Emerging
ability to run and jump.

LEVEL I1: Children sit in a chair with both hands free to manipulate objects. Children move from the floor to standing and from chair
sitting to standing but often require a stable surface to push or pull up on with their arms. Children walk without the need for a hand-
held mobility device indoors and for short distances on level surfaces outdoors. Children climb stairs holding onto a railing but are
unable to pun or jump.

LEVEL I11: Childeen sit on a regular chair but may require pelvic or trunk support to maximize hand function. Children move in and
out of chair sitting using a stable surface to push on or pull up with their arms. Children walk with a hand-held mobility device on level
surfaces and climb stairs with assistance from an adult. Children frequently are transported when traveling for long distances or
outdoors on uneven teprain.

LEVEL 1V: Children sit on a chair but need adaptive seating for trunk control and to maximize hand function. Children move in and
out of chair sitting with assistance from an adult or a stable surface to push or pull up on with their arms. Children may at best walk
short distances with a walker and adult supervision but have difficulty turning and maintaining balance on uneven surfaces. Children
are transported in the community. Children may achieve self-mobility using a powered wheelchair.

LEVEL V: Physical impairments restrict voluntary control of movement and the ability to maintain antigravity head and trunk postures.
All areas of motor function are limited. Functional limitations in sitting and standing are not fully compensated for through the use of
adaptive equipment and assistive technology. At Level V, children have no means of independent movement and are transported.
Some children achieve self-mobility using a powered wheelchair with extensive adaptations.e pagisano, Rosenbaum, Bartiett & Livingsten, 2007 Page 3 of 4
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TH D 12TH AY

Level I: Children walk at home, school, outdoors, and in the community. Children are able to walk up and down curbs without
physical assistance and stairs without the use of a railing. Children perform gross motor skills such as running and jumping but
speed, balance, and coordination are limited. Children may participate in physical activities and sports depending on personal
choices and environmental factors.

Level I1: Children walk in most settings. Children may experience difficulty walking long distances and balancing on uneven terrain,
inclines, in crowded areas, confined spaces or when carrying objects. Children walk up and down stairs holding onto a railing or with
physical assistance if there is no railing. Outdoors and in the community, children may walk with physical assistance, a hand-held
mobility device, or use wheeled mobility when traveling long distances. Children have at best only minimal ability to perform gross
motor skills such as running and jumping. Limitations in performance of gross motor skills may necessitate adaptations to enable
participation in physical activities and sports.

Level 111: Children walk using a hand-held mobility device in most indoor settings. When seated, children may require a seat belt for
pelvic alignment and balance. Sit-to-stand and floor-to-stand transfers require physical assistance of a person or support surface.
When traveling long distances, children use some form of wheeled mobility. Children may walk up and down stairs holding onto a
railing with supervision or physical assistance. Limitations in walking may necessitate adaptations to enable participation in physical
activities and sports including self-propelling a manual wheelchair or powered mobility.

Level 1V: Children use methods of mobility that require physical assistance or powered mobility in most settings. Children require
adaptive seating for trunk and pelvic control and physical assistance for most transfers. At home, children use floor mobility (roll,
creep, or crawl), walk short distances with physical assistance, or use powered mobility. When positioned, children may use a body
support walker at home or school. At school, outdoors, and in the community, children are transported in @ manual wheelchair or use
powered mobility. Limitations in mobility necessitate adaptations to enable participation in physical activities and sports, including
physical assistance and/or powered mobility.

Level V: Children are transported in a manual wheelchair in all settings. Children are limited in their ability to maintain antigravity
head and trunk postures and control arm and leg movements. Assistive technology is used to improve head alignment, seating,
standing, and and/or mobility but limitations are not fully compensated by equipment. Transfers require complete physical assistance
of an adult. At home, children may move short distances on the floor or may be carried by an adult. Children may achieve self-
mobility using powered mobility with extensive adaptations for seating and control access. Limitations in mobility necessitate
adaptations to enable participation in physical activities and sports including physical assistance and using powered mobility.

TH TH

Level I: Youth walk at home, school, outdoors, and in the community. Youth are able to walk up and down curbs without physical
assistance and stairs without the use of a railing. Youth perform gross motor skills such as running and jumping but speed, balance,
and coordination are limited. Youth may participate in physical activities and sports depending on personal choices and
environmental factors.

Level 11: Youth walk in most settings. Environmental factors (such as uneven teerain, inclines, long distances, time demands,
weather, and peer acceptability) and personal preference influence mobility choices. At school or work, youth may walk using a hand-
held mobility device for safety. Outdoors and in the community, youth may use wheeled mobility when traveling long distances. Youth
walk up and down stairs holding a railing or with physical assistance if there is no railing. Limitations in performance of gross motor
skills may necessitate adaptations to enable participation in physical activities and sports.

Level 111: Youth are capable of walking using a hand-held mobility device. Compared to individuals in other levels, youth in Level lll
demonstrate more variability in methods of mobility depending on physical ability and environmental and personal factors. When
seated, youth may require a seat belt for pelvic alignment and balance. Sit-to-stand and floor-to-stand transfers require physical
assistance from a person or support surface. At school, youth may self-propel a manual wheelchair or use powered mobility.
Outdoors and in the community, youth are transported in a wheelchair or use powered mobility. Youth may walk up and down stairs
holding onto a railing with supeevision or physical assistance. Limitations in walking may necessitate adaptations to enable
participation in physical activities and sports including self-propelling a manual wheelchair or powered mobility.

Level 1V: Youth use wheeled mobility in most settings. Youth require adaptive seating for pelvic and trunk control. Physical
assistance from 1 or 2 persons is required for transfers. Youth may support weight with their legs to assist with standing transfers.
Indoors, youth may walk short distances with physical assistance, use wheeled mobility, o, when positioned, use a body support
walker. Youth are physically capable of operating a powered wheelchair. When a powered wheelchair is not feasible or available,
youth are transported in a manual wheelchair. Limitations in mobility necessitate adaptations to enable participation in physical
activities and sports, including physical assistance and/or powered mobility.

Level V: Youth are transported in a manual wheelchair in all settings. Youth are limited in their ability to maintain antigravity head
and trunk postures and control arm and leg movements. Assistive technology is used to improve head alignment, seating, standing,
and mobility but limitations are not fully compensated by equipment. Physical assistance from 1 or 2 persons or a mechanical lift is
required for transfers. Youth may achieve self-mobility using powered mobility with extensive adaptations for seating and control
access. Limitations in mobility necessitate adaptations to enable participation in physical activities and sports including physical
assistance and using poweped mob"i[y. © Palisano, Rosenbaum, Bartlett & Livingstan, 2007 Page 4 of 4
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Institute of Child Health at Bangkok Thailand and Ethical Review Committee for
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University.
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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- Kids- Kids- Kids- Kids- Kids- Kids-
BESTest (I) | BESTest (Il) | BESTest (lll) | BESTest (IV) | BESTest | BESTest | BESTest

(V) (V1) (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 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)

ltem Essential (1) | useful but not essential (0) Not necessary (-1) CVR = (Ne - N/2) / (N/2)
ltem 1 N 0.99
ltem 2 0.99
ltem 3 N 0.99
ltem 4 N 0.99
ltem 5 N 0.99
ltem 6 N 0.99
ltem 7 N 0.99
ltem 8 N 0.99
ltem 9 N 0.99
ltem 10 N 0.99
ltem 11 \ 0.99
ltem 12 N 0.99
ltem 13 N 0.99
ltem 14 N 0.99
ltem 15 N 0.99
Item 16 N 0.99
ltem 17 N 0.99
ltem 18 N 0.99
Item 19 N 0.99
Item 20 N 0.99
ltem 21 N 0.99
ltem 22 N 0.99
Item 23 N 0.99
ltem 24 N 0.99
ltem 25 N 0.99
ltem 26 N 0.99
ltem 27 N 0.99
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