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Purpose: To determine the postural control responses’ differences between children with mild spastic Cerebral Palsy (CP) and
children who are typically developing (TD).

Patients and Methods: Children with spastic CP, Level I-1I (n=20, mean age=9.42+4.59 years, 50% girls, 50% boys) and children
with TD (N=20, mean age=9.65+3.03, 55% girls, 45% boys) were included in the study. All participants were evaluated with
Computerized Dynamic Posturography, Sensory Organization Test (SOT).

Results: There were differences between children with spastic CP and children with TD in visual and composite balance score of SOT
significantly (p<0.05); there were no differences at vestibular and somatosensory scores of SOT. Children with CP had more postural
sway than children with TD (p<0.05).

Conclusion: There were differences between children with mild CP and TD in terms of postural control responses.
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Introduction

Cerebral palsy (CP) is a common non-progressive neurodevelopmental condition resulting from a brain lesion that occurs
before, during, or shortly after birth; causing posture and activity disturbance.' According to the population-based
observational studies as Surveillance of CP in Europe (SCPE) and Australian registry, spastic type is the most common
clinical type and nearly 80% of the total CP population is classified as spastic type.*>

In CP; the clinical features include variable impairments of a wide range of severity that affect daily lives and that
persist through the lifespan,* and postural control (PC) problems are key problems in children with CP and lead to
balance and/or orientation inefficiency in children with CP.>

PC is the ability to maintain control of the body’s position in space for the dual purposes of postural stability and
postural orientation. Postural stability, also described as balance, is the ability to maintain and regain the center of mass
(CoM) within the base of support (BoS).%’

PC is a complicated sensory-motor skill based on interaction between dynamic sensory—motor processes. Sensory
processes, including visual, vestibular, and somatosensory systems, create anticipatory and adaptive components of PC.
The Central Nervous System (CNS) describes the body position in space, organizing data coming from sensory receptors
in the whole body. Each sensor provides specific data about movement and position of the body and creates a reference
frame for PC. Peripheral inputs coming from visual, somatosensory, and vestibular systems provide body position
perception and movement in space related with position and gravity.®

Today, it is known that children with CP have problems with sensory deficits, muscular weakness, and biomechanical
misalignment, all of which lead to problems with PC that adversely affect their performance of daily activities.” This
dysfunction provokes limitations in motor skills that require balance, such as walking, and results in participation
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Figure | Comparison of sensory ratio analysis.
Notes: Blue bars: Children with CP. Orange bars: TD children.

limitation in a wide range of daily living aspects including self-care, education, entertainment, and social relationships.”
Therefore, improvement of PC is one of the ultimate aims in physiotherapy and rehabilitation interventions.®’

Although in assessing the severity of motor impairment seen in CP, a number of scales are used, today the Gross
Motor Function Classification System (GMFCS) is the most common and easy to use, being based on the assessment of
a child’s level of functionality when performing ultimate motor functions, like walking or with hand hold mobility
devices as crutches, walkers, and wheelchairs. Assessment of a child with this system allows us to classify them into five
levels of performance.'®!" According to the GMFCS, children in level I and II walk without and with limitations,
respectively, and are classified together as mild;'? moreover, according to Horber et al, ' children classified as level I-II
without any comorbidity such as hearing or vision loss are defined as low impairment.

According to findings of studies of typically-developing (TD) children, postural stability and PC responses were
related with age and affected by sensory condition. The ability to perform direction adjustments was more evident and
sensory maturation occurred in the visual system first, followed by somato-sensory, and functional maturity of the
vestibular system is almost reached at 9 years of age and, in general, particularity of PC is differentiated at 7 years of
age;'* whereas in children with CP, Rose et al'® indicate that PC in standing is not one of the main problems in the
majority of ambulatory children with spastic diplegia, on the other hand, different studies have shown that children with
spastic unilateral and bilateral CP have to take a step at lower platform displacement velocities than children with TD
peers, stability recovery takes longer time, and center of pressure movement are more at recovery period as well.'”
However, it is not well known if and how PC responses are impaired in children with mild involved spastic CP.

Considering the role of PC in the performance of motor skills it is important to understand how PC responses are
altered in the CP population, while these dysfunctions lead to important functional constraints. Therefore, it becomes
important to assess the balance in these subjects. There are many evaluation protocols, from precise instruments to
observational evaluations, with qualitative and quantitative methods. The most precise way to assess PC is posturo-
graphy, measuring body oscillation during erect posture by means of force platforms.'® Computerized dynamic
posturography (CDP) is the gold standard to differentiate between sensory, motor, and central adaptive impairments
to PC.® However, few studies have used this instrument in children with CP. Moreover, Pavao et al'’ evaluated the use
of sensory information in PC in children with CP and showed that the assessments are mostly static assessments and
a significant part of them focuses on somatosensory and visual senses. Therefore, it is important to evaluate PC in
children with CP under dynamic conditions. Understanding under which static conditions and under which conditions
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the level I-III children differ from their peers who TD in balance parameters is important in the development of
effective PC interventions.

Therefore, the aim of this study was to evaluate the PC in children with mild spastic CP and to compare them to
a group of TD peers. We hypothesized that PC responses are altered in terms of sensory organization, balance, and
postural strategies in children with mild spastic CP, and children with mild spastic CP have a lower sensory ratio than TD
peers. The PC parameters used to detect PC impairments in the current study may potentially have practical clinical
interventions.

Materials and Methods

This study was conducted in accordance with the Declaration of Helsinki. The ethical approval to conduct the study was
gathered from Hacettepe University Non-Interventional Clinical Researches Ethical Committee (permission no: HEK11/
105, 11.08.2011). An informed consent form regarding the aim and methods of the study was explained to every child
and parent and was then signed.

Participants
Children with spastic CP aged 5-8 years who presented to the Hacettepe University, Faculty of Physical Therapy and
Rehabilitation between January and June 2012 were included in the study.

The required sample size was calculated using the G*power 3.1 program based on an effect size of dz % 0.5, an error
probability of 0.05, and statistical power of 0.80. When calculating the effect of the reference article'® 95% confidence (1-a),
95% test power (1-B), d>0.80 (large), the study size was identified as 16 children with CP, but we added 25% to account for
possible data loss and finally 20 children with mild spastic CP and 20 TD children were included.

Ten children were classified as level I and 10 were classified as level II according to GMFCS (10 hemiplegic, 10
diplegic) and there were 20 TD children. Inclusion criteria for children with CP were being able to walk without the use
of any orthotics, GMFCS level I and II, not having cognitive impairment, not having any vision or hearing loss, and not
having undergone Botulinum toxin injections and/or surgical intervention for the musculoskeletal system in the past year.
Children who were using any medication or had a systemic disease in addition to CP were not included in the study.
Children who had any vision or seizure problem according to the medical reports and records were excluded. Twenty
children with TD, without any hearing or vision loss and who participated voluntarily with their parents approved this
study. One child per family included into the study and neither child with CP nor TD were undergone to the
posturographic study before.

Procedure and Measurements

All data were gathered by the same experienced physiotherapist who did not know the study design. Gender, weight
height, and medical history were recorded as demographic characteristics of children. Additionally, spasticity of lower
limbs in children with CP were evaluated with Modified Ashworth Scale including muscles of Gastrocnemius, Soleus,
Hamstrings, Hip Adductors, and Flexors. The MAS is a 6-point rating scale (0—5) which assesses muscle tone by
manually manipulating the joint through its available range of motion and clinically recording the resistance to passive
movements.'’

Computerized Dynamic Posturography Testing

Computerized Dynamic Posturography (CDP) The NeuroCom®™ Balance Master™ EquiTest” (NeuroCom International,
Inc., Clackamas, OR, USA)?° is a system composed of a moveable dual force platform and a moveable visual surround
and was used to evaluate PC of children with CP and TD which is a golden standard evaluation. The Balance Master is
a computerized system which analyzes movement on a force plate at real time and provides an objective and
comprehensive evaluation of PC. Smart Balance Master (SBM) assesses an individual’s ability to use visual, vestibular,
and somatosensory information with dynamic force plate with rotation capabilities to quantify the forces applied
vertically through the individual’s feet to evaluate the position of gravity center (COG) and PC; and a dynamic visual

Pediatric Health, Medicine and Therapeutics 2022:13 https: 369

Dove:


https://www.dovepress.com
https://www.dovepress.com

Ozal et al Dove

environment to evaluate the individual’s use of visual input to keep their balance.?’** In this study, the Sensory
Organization Test (SOT) was used.

Sensory Organization Test

The SOT is a test protocol that evaluates abilities of postural balance under six test conditions in which visual,
somato-sensory, and vestibular inputs differ. Inputs delivered to the individual’s eyes, feet, and joints is eliminated
with “sway referencing” of both the support surface and visual environment, which tilt to directly follow the
individual’s antero-posterior body sway during the test. A balance score determines the amount of the anteroposterior
COG and is compared with maximal limits of sway which was calculated for six conditions. Additionally,
a composite balance score (CBS) is calculated by the system. The scores range from 0-100, higher values indicate
better stability. The six different test conditions were: SOT-1, eyes open on stable surface; SOT-2, eyes closed on
stable surface; SOT-3, sway referenced environment, eyes open; SOT-4, sway referenced surface, eyes open; SOT-5,
sway referenced surface, eyes closed; SOT-6, referenced surface and environment, eyes open. The static conditions
are SOT-1, 2, and 3; while dynamic conditions are SOT-4, 5, and 6. SOT 1 and 2 refer to an individual’s ability to use
input from the somato-sensory system and keep balance. SOT-4 and 1 provide objective information about an
individual’s ability of the visual system to keep balance. SOT-5 and 1 provide vestibular system input.

SOT task values evaluating corporal stability vary from 0% (null stability) to 100% (maximum stability), and the
equilibrium index (EI) is represented by the pondered mean of values obtained during all test conditions with a higher
impact of conditions 3—6, somatosensory analysis: ratio of mean values condition 2/condition 1, visual analysis: ratio
of mean values condition 4/condition 1, vestibular analysis: ratio of mean values condition 5/condition 1, number of
falls (we considered a “fall” to mean the use of arms to support the individual or feet movements to keep balance).?

The SOT consisted of equilibrium score, strategy score, and Center of Gravity Score: Antero-posterior and medio-
lateral scores were calculated for each test condition. In this study, two postural adjustment strategies were examined:
ankle strategy, that defines relative movements of the ankle, or hip strategy, that defines relative movements of the hip.
An equilibrium score is calculated by a software program that identifies the accomplishment of the individual’s sway for
each sensory condition.??

Testing Procedure

Prior to testing, subjects were secured in a harness and their stockinged feet were positioned according to the system
protocol and instructions.'® Subjects were instructed to maintain a static standing position during testing. Every test
condition was repeated three times, and the mean of these trials was used. Each trial lasted 20 seconds. If an individual
moved their feet during testing, the examiner repositioned their feet prior to the next trial. Participants were allowed
a seated rest between tests at their request. All assessments were completed in the same day. Neither children with CP nor
TD children had undergone posturographic assessment before. All tests were performed by the second authors with
standard commands and computerized calculation of results.

Statistical Analysis

The statistical software program SPSS for Windows v.21.0 (SPSS Inc., Chicago, IL) was used for data analysis. The
Kolmogorov Smirnov test was used to test normal distribution of the variables. Descriptive statistics were calculated for
age, height, and body mass index (BMI) and given by the means, standard deviations, were calculated for the SOT scores
for each condition, and SOT composite score. Since parametric conditions were not met, Mann—Whitney U-test was used
to compare means between groups. p<0.05 was accepted as the statistical significance level.

Results

The mean age of participants was 9.42+4.59 years for children with CP, and 9.65+3.03 for TD children. Ten children
with CP were Level I according to the GMFCS and 10 were Level II. There were not any statistically significant
differences in characteristics such as age, height, weight, or body mass index (p<0.05) between the CP and TD
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Table | Participant Characteristics

Characteristics Spastic CP Children | TD Children X2 p*
n=20 n=20
X+SD XtSD
Age (year) MeantSD 9.42+4.59 9.65+3.03 0.354 | 0.838
Gender Girl (n) 10 I - -
Boy (n) 10 9 - -
Height (cm) Mean+SD 129.74£23.91 144.15£19.72 | 3.257 | 0.196
Weight (kg) Mean+SD 32.47+16.80 41.80+16.23 4.057 | 0.132
Body Mass Index (kg/m?) MeanSD | 18.09+3.25 19.17+3.44 1.652 | 0.438

Note: *Kruskal Wallis Test.
Abbreviations: BMI, Body Mass Index; CP, Cerebral Palsy; n, number; SD, Standard Deviation; TD, Typically-
Developing.

Table 2 Distribution of Spasticity in the
Lower Limbs of Children with CP

Spasticity Assessment (MAS 0-5)

Muscle Right Side | Left Side
MeantSD | MeaniSD

M. Gastrocnemius | 2.34£0.65 2.28+0.76

Soleus 1.84£0.93 1.87+£0.91
Hamstrins 1.76+0.38 1.57+0.59
Hip flexor 1.9740.83 1.82+0.71
Hip adductor 1.74+0.75 1.76+0.78

Abbreviations: MAS, Modified Ashworth Scale; SD,
Standard Deviation.

groups, which is shown in Table 1. The higher muscle tone in the lower limbs of children with CP was in
M. Gastrocnemius, in both the left and right sides (Table 2).

Findings of SOT

In equilibrium score, children with TD have statistically higher scores (p<0.0) in Conditions 1-4, but in Conditions 5
(sway referenced surface, eyes closed; p=0.2) and 6 (referenced surface and environment, eyes open; p=0.116) they are
similar with children with CP.

In strategy score, children with TD have statistically higher scores in all conditions (p<0.01) except Condition 2 (eyes
closed on stable surface; p<0.195).

In both antero-posterior and medio-lateral COG alignment, children with CP have statistically higher scores (p<0.05)
than TD children, which reflects more postural sway (Table 3).

According to comparing of sensory ratio analysis of children with CP and TD, visual score (p=0.004) and composite
equilibrium score (p=0.001) were statistically higher in children with TD; however, somatosensory (p=0.321), vestibular
(p=0.261), and visual preference (p=0.28) scores were similar (Figurel; Table 4). These findings show children with mild
CP have less effective equilibrium and have problems with using visual input to maintain balance.

When postural adjustment strategies were examined, 16 (80%) of the children with CP had an abnormal ankle strategy,
three (15%) of them had an abnormal hip strategy, and one child had a normal range of postural adjustment strategy; in
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Table 3 Comparing Findings of Sensory Organization Test of Children with Cerebral

Palsy and Typically-Developing Children

CP Group (n=20) TD Group (n=20) Z value p-value*

MeantSD MeantSD
Equilibrium Score (0-100)
Condition | 83.27+8.00 92.94+2.64 -3.994 <o0.01
Condition 2 82.12+8.42 90.57+3.26 -3.415 <0.01
Condition 3 74.54+17.96 89.01+4.46 —4.401 <0.01
Condition 4 61.98+16.54 80.67+7.52 —4.050 <0.01
Condition 5 43.81%22.13 54.98+11.31 —1.281 0.2
Condition 6 43.69+18.84 53.73+14.22 -1.570 0.16
Strategy Score (0-100)
Condition | 94.25+3.07 97.10%1.14 -3.918 <0.01
Condition 2 94.53+2.88 95.72+2.04 -1.296 0.195
Condition 3 93.04+2.69 95.93+1.54 —3.784 <0.01
Condition 4 85.20+5.76 91.86+3.17 —4.387 <0.01
Condition 5 75.01+9.81 84.50+5.26 —-3.022 0.003
Condition 6 73.96+12.07 85.16%5.16 —-3.205 <o0.0l
Center of Gravity Score — Antero-posterior (deviation from 0)
Condition | 1.11+0.80 0.41£0.32 —-3.783 <0.01
Condition 2 1.19+0.97 0.35+0.40 —4.217 <0.01
Condition 3 1.57+1.29 0.39+0.41 —4.193 <0.01
Condition 4 1.69+1.70 0.33+£0.40 —4.134 <0.01
Condition 5 1.96+1.87 0.51+0.54 —-3.838 <0.01
Condition 6 1.85+1.91 0.52+0.45 -3.196 <0.01
Center of Gravity Score — Medio-lateral (deviation from 0)
Condition | 1.69%1.15 0.47+0.36 —4.358 <0.01
Condition 2 1.69x1.14 0.59+0.42 —-3.350 <0.01
Condition 3 2.58%5.15 0.55+0.49 -3419 <o0.01
Condition 4 1.72+0.88 0.58+0.46 —4.063 <o0.0l
Condition 5 1.74+1.04 0.69+0.40 -3.359 <o0.0l
Condition 6 1.71£0.99 0.73+0.49 -3.374 <o0.0l

Note: *Mann Whitney U-test; bold values indicate p<0.01.

Abbreviations: CBS, Composite Balance Score; CDP, Computerized Dynamic Posturography; CP, Cerebral
Palsy; n, number; SD, Standard Deviation; SOT, Sensory Organization Test Position; TD, Typically-Developing.

children with TD, three (15%) of these children had an abnormal ankle strategy and 17 (85%) of them had a normal
postural adjustment strategy. The abnormal hip strategies show that children with CP use hip flexion instead of an ankle
strategy. When the alignment of COG line was examined, 19 (95%) children with CP had abnormal alignment; regarding
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Table 4 Comparison of Sensory Ratio Analysis of Children with Cerebral Palsy and Typically-
Developing Children

CP Group (n=20) | Control Group (n=20) | Z value | p-value*
MeantSD MeantSD
Somatosensory Ratio (0-100) | 97.70+2.64 97.11£2.69 -0.992 0.321
Visual Ratio (0-100) 70.43+24.46 86.70+6.65 —2.894 0.004
Vestibular Ratio (0—100) 46.16+29.50 59.19£11.96 —1.124 0.261
Visual Preferance (0—100) 95.65+5.46 96.25+6.27 —1.075 0.282
Composite Equilibrium Score | 58.11%14.78 73£6.54 -3.292 0.001

Note: *Mann Whitney U-test; bold values indicate p<0.01.
Abbreviations: CP, Cerebral Palsy; n, number, Position; SD, Standard Deviation; TD, Typically-Developing.

the body mass line of these children, nine (45%) of them were right- anterior, four (20%) of them were frontally-anterior,
three (30%) were left-anterior, one (5%) was right-posterior, and one (5%) was in normal border. In children with TD, 19
(95%) were in normal border and one (5%) was in anterior.

Discussion

As the result of this study that we conducted, we believe that the PC deficiency in children with CP is one of the reasons
of motor dysfunction. Maintaining a stable posture, even during daily functional activities, is challenging because
stability demands complex interactions between the sensory system, central nervous system, and musculo-skeletal
system.” Therefore, participation limitations of these children in daily activities, and a detailed evaluation involving
the postural responses in children with CP should be performed to develop effective treatment approaches and to evaluate
the efficiency of physical therapy and rehabilitation. As a result, we found statistical significance between the children
with CP and their healthy peers in terms of PC.

There was no significant difference between the children with CP and children with TD in terms of somatosensory
data in our study and values close to each other were found in the groups in terms of CDP somatosensory data.
Shumway-Cook and Woollacott** reported that sensory adaptation problems are not often seen in spastic type CP. Visual-
spatial processing and visual kinesthetic integration in CDP has an important role in terms of the continuity of
stabilization.””> The ratio between the balance scores obtained from the SOT-1 and SOT-4 in the SOT represents the
ability of the individual to use the visual input effectively to maintain balance. When individuals with CP were compared
with TD peers in our study, this ratio was found to be significantly lower than in CP patients. The significantly lower
SOT-1 and SOT-4 scores in the CP group reflects a problem in the ability of these children to use visual input effectively.
The difference between the groups in the ability to use visual input effectively in our study suggests a problem in the
processing of vision for PC rather than visual ability itself. It is well documented that visual impairment plays a key role
in psychokinetic development of children with CP. Although in the current study children with CP were checked for
vision problems, the results underline visuo-perceptual assessment that is very important for balance as well. Therefore,
the accurate detection of visual disorders not only leads to a complete clinical diagnosis but also to an appropriate
intervention plan.?

The vestibular system is an important and reliable sense in PC as it controls the acceleration of the head in relation to
gravity in standing posture and it is critical for balance control.>” When the vestibular CDP data of the CP children was
compared with children TD in this study, the vestibular ratio of the CP group was lower compared to children with TD,
but this was not statistically significant. The SOT was used for the evaluation of vestibular responses in this study.
Although the SOT has provided insight on the vestibular system, it is reported that vestibular function tests should be
used to evaluate the contribution of the complex vestibular system to the active postural control.>>*” Steindl et al*®
showed that vestibular function development continues even after the age of 15 in their study where the SOT was used.
The mean age of the participants in the current study was 9.42+4.59 years in the CP group and 9.65+3.03 years in the TD
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group, and it is considered that vestibular development was continuing in both groups. CDP provides significant
quantitative data on vestibular, visual and somatosensory systems and is important for the clinical evaluation of children.
CBS was significantly higher in the TD group than the CP group. Although there was no difference between
somatosensory and vestibular data, this significant difference shows inputs coming from the sensory systems can be
effective cumulatively in ensuring the balance. Donker et al*® found fluctuations of COG in children with CP is larger
than TD children and linked this finding to the balance disorder. We found body sways of the CP group were higher than
the TD children in all test positions in our study. Stins et al>* established a relationship between the pathology and
balance and reported that as the body sways increases the pathology increases. The data in our study are compatible with
this information and the increase in the body swing is characterized with balance disorder. When the CDP, SOT strategy
analyzes’ results were evaluated, the ankle movements in the majority of children with CP were found to be abnormal.
The hip and ankle movements of only one child with CP were within normal limits. The ankle strategy is the first
movement pattern that the body applies to control its perpendicular status while the hip strategy is used for control in
a more unstable state.’’ Our results show that children with CP cannot adapt their body movements to changing
environmental conditions and have poor PC. The use of the hip strategy when the ankle strategy is not effective results
in increasing the risk of falls as it is inadequate in providing balance on unstable surfaces in children and also increases
energy consumption.’’ Additionally, problems in the use of an appropriate strategy cause an inability to fine-tune the
postural activity, which may also explain the reduced capacity to manipulate the center of mass. Furthermore, these PC
aspects are influenced by the difficulty of the motor task. Therefore, functional activities such as walking and, even more
so, running pose an increased challenge for people with CP, potentially making deficits in PC and coping mechanisms
more visible.>

Our results show children with CP have difficulties in maintaining balance in different positions. A significant
proportion of children with CP showed impaired somatosensory information and anomalies in strategies in the SOT 4th
position together with impaired balance between the hip and ankle strategies. Horak™ reported the somatosensory loss
results within CP supports, again supporting our study. The strategy findings in our study conducted with CDP are similar
to the results obtained by Tedroff et al**
separately for each position of CDP. Displacement of COG was significantly more prominent in the CP group compared

with the electromyographic method. Displacements of COG were evaluated

to the TD group in all SOT positions, both in antero-posterior direction and medio-lateral directions. The lateral sway
was larger in the CP group in SOT 3rd position where the ground is stable and visual screen is moving. Supporting these

findings, Donker et al*’ and Hsue et al*

found children with CP had a greater postural sway than children with TD.
Increased postural sway with visual stimuli can be explained as CP patients trusting visual information more than TD
children as in early stages of development. Stins et al** reported that individuals participating in activities including
a combination of balance and intense physical activity had less postural swing. Based on this knowledge, low levels of
physical activity can be among the potential causes of the increased postural sways in children with CP. Moreover,
recently, Krishnaprasad et al* investigated the relationship between postural stability and functional activities, and they
indicated a good association between postural stability and functional abilities in children with spastic CP. Therefore, to
understandthis relationship as well as to develop efficient interventions, it is important to understand how differences in
the postural sway between children with CP and TD is quite important.

Although it is known that PC is one of the key problems in children with CP, there are only a few detailed studies on
why these problems develop. There is a need for further information in this regard so that all treatment approaches and
especially physiotherapy and rehabilitation can be planned efficiently.

Study Limitations

The main limitation of this study was not including children with different types of CP; in the future, beside children with
TD, different types of CP may compare in this framework. Another limitation of the study was not investigating the
factors that may influence PC mechanisms as deformities, range of motion limitations, and muscle tone problems.
Although the current study was based on the golden standard assessment of PC, the lack of assessments during functional
activities such as sitting or hand using is an important limitation. Therefore, it is suggested that research in the future may
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focus on these limitations. The current study has enough samples to compare PC responses between children with CP and
TD; however, to compare different GMFCS levels, a larger sample size is needed, which is another limitation.

Conclusions

According to the results of the current study, children with mild CP differs in terms of PC from their TD peers in
maintaining balance, use of vision for balance and in postural strategies. Children with CP were in the mild group
according to GMFCS, our results have increased in hip strategy even when the ankle strategy can be effective, and that
this is a general problem which shows that PC is still a key problem which may have resulted from difficulties in fine
tuning mechanism during functional activities requiring balance such as walking on different surfaces. Therefore, in
rehabilitation programs it is necessary to include balance and postural strategy training in these children. As the
hypothesis of the current study was to determine the differences of children with and without CP, in clinical settings,
it has been suggested that these findings might be considered. According to results of this study, children with mild CP
differentiate in balance, as well as to using vision for maintenaining balance. Therefore, a comprehensive and objective
assessment is needed for clinical implications.
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