
Faculteit Revalidatiewetenschappen
master in de revalidatiewetenschappen en de
kinesitherapie
Masterthesis

Functional balance, motor competence and their relationship in children with cerebral
palsy compared to typically developing children: A case-control study

Maurene Billen
Laure Fonteyn
Scriptie ingediend tot het behalen van de graad van master in de revalidatiewetenschappen en de kinesitherapie,

afstudeerrichting revalidatiewetenschappen en kinesitherapie bij kinderen

2021
2022

PROMOTOR :

dr. Evi VERBECQUE

BEGELEIDER :

Mevrouw Charlotte JOHNSON



Faculteit Revalidatiewetenschappen
master in de revalidatiewetenschappen en de
kinesitherapie
Masterthesis

Functional balance, motor competence and their relationship in children with cerebral
palsy compared to typically developing children: A case-control study

Maurene Billen
Laure Fonteyn
Scriptie ingediend tot het behalen van de graad van master in de revalidatiewetenschappen en de kinesitherapie,

afstudeerrichting revalidatiewetenschappen en kinesitherapie bij kinderen

PROMOTOR :

dr. Evi VERBECQUE

BEGELEIDER :

Mevrouw Charlotte JOHNSON





 
 

 

 

Functional balance, motor competence and their relationship in children with cerebral palsy 

compared to typically developing children: A case-control study 

To what extent is functional balance affected in children with cerebral palsy between 5 and 

10 years old, with a GMFCS level I-III, compared to their typically developing peers? 

Are functional balance and motor competence interrelated? If yes, how strong is their 

relationship? 

 

Highlights: 

● Children with cerebral palsy (CP) have poorer functional balance compared to their 

typically developing (TD) peers. 

● Children with CP show significantly poorer motor competence than TD children. 

● Significant correlations between domains biomechanical constraints, transitions and 

anticipatory postural adjustments, reactive postural responses and the total score of 

the Kids-BESTest and the subscale locomotion and total score of the TGMD-3 were 

found, indicating it belongs to a distinct but similar construct. 

 

 

Master 2 in Rehabilitation Sciences and Physiotherapy  

2021-2022 

 

 

Supervisor and mentor:  Students: 

dr. Evi Verbecque Maurene Billen 

dra. Charlotte Johnson Laure Fonteyn



 
 



 

Acknowledgement 

The authors would like to express their sincere acknowledgements to a few people. First, 

supervisor dr. Evi Verbecque to guide the authors through the process of accomplishing their 

master’s thesis and mentor dra. Charlotte Johnson for recruiting and testing the participants 

and providing data to the authors. Also, Rehabilitation Research Center (REVAL) of the 

University of Hasselt, University Antwerp and Antwerp University Hospital for providing the 

necessary facilities. Finally, all the children and their family who participated in this study. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wellen (BE), 06/06/2022                   M. B. 

Lommel (BE), 06/06/2022                   L. F.



 



1 
 

Research context 

This duo master’s thesis is part of the research domain of pediatric rehabilitation, which is part 

of REVAL (Rehabilitation Research Center). One of the main research goals of the cluster 

pediatric rehabilitation is to investigate underlying mechanisms of motor development which 

focuses on alignment, balance and postural control. The research project performed by dra. 

Charlotte Johnson (C.J.) fits within the central aim of this master’s thesis. Dra. C.J. investigates 

the heterogeneity of balance control in children with developmental coordination disorder by 

comparing them to children with cerebral palsy (CP) and typically developing (TD) children. 

Balance deficits can lead to limitations during functional tasks in daily life which can impact 

the child’s activity and participation levels of functioning. Therefore, balance control is a 

common request for help in clinical practice. Currently, there are two main problems: 1) 

comprehensive testing is necessary to address the entire construct of balance control, i.e. a 

multi-systemic framework must be included in the testing, 2) targeted testing still does not 

happen routinely in practice. Usually, therapists administer balance tasks that are part of a 

global motor scale, which does not cover the framework sufficiently. Therefore, deficits are 

not always found and the problem is underestimated. This could have implications for 

targeted treatment.  

One aim of this study was to investigate the differences in functional balance in children with 

CP compared to their TD peers, by comparing their performances on the Kids Balance 

Evaluation Systems Test (Kids-BESTest) which has a multisystemic character. The Kids-BESTest 

is a conceptual framework which evaluates all underlying systems of balance control (i.e. 

biomechanical constraints, limits of stability and verticality, anticipatory postural adjustments 

and transitions, reactive postural responses, sensory orientation and stability in gait) and 

therefore approximates its multisystemic nature. This is related to clinical relevance in 

rehabilitation because a specific intervention can be given if one has knowledge of the 

underlying disturbed balance control system. However, little research is done about this 

specific topic. Another aim of this study was to have a closer look at the functional level of the 

children during daily life activities, using the Test of Gross Motor Development, third edition 

(TGMD-3). Because balance control is a prerequisite for motor competence, the relationship 

between the domains of the Kids-BESTest and the subscales of the TGMD-3 is examined in this 

study. In this way it is possible to investigate if these tests belong to a distinct but similar 

construct. 
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This study is part of an ongoing PhD project funded by The Research Foundation - Flanders 

(FWO): “Understanding the heterogeneity of balance control in children with Developmental 

Coordination Disorder and its impact on motor performance: a synergistic approach using 

brain imaging, neuromechanics and functional assessments”. This PhD project is conducted 

by dra. C.J. with assistance of a team of supervisors: prof. dr. Ann Hallemans (UAntwerpen), 

prof. dr. Katrijn Klingels (UHasselt), prof. dr. Pieter Meyns (UHasselt), dr. Evi Verbecque 

(UHasselt). Project ID: 43498.   

The introduction was written by student Maurene Billen (M.B.) and student Laure Fonteyn 

(L.F.) wrote the method. The test protocol was developed by dra. C.J. and her supervising team 

and subsequently the research question was formulated in consensus between M.B. and L.F. 

and their supervisor dr. Evi Verbecque. They also discussed what to do in case of missing data. 

M.B. selected the included participants based on their age and sex. The students thought 

independently about what kind of statistics should be used. Data were analyzed by L.F. using 

IBM SPSS Statistics (Version 28) predictive analytics software. Together they wrote down the 

results and discussion of the study. The conclusion and abstract was written by M.B. 

 



3 
 

Table of contents 
1. Abstract ........................................................................................................................................... 5 

2. Introduction ..................................................................................................................................... 7 

3. Method ............................................................................................................................................ 9 

3.1. Research question ................................................................................................................... 9 

3.2. Study design ............................................................................................................................ 9 

3.2.1. Setting .............................................................................................................................. 9 

3.2.2. Participants .................................................................................................................... 10 

3.3. Outcome assessment ............................................................................................................ 10 

3.3.1. Motor performance tests .............................................................................................. 10 

3.3.2. Balance performance test ............................................................................................. 11 

3.4. Procedure .............................................................................................................................. 12 

3.4.1. Screening ....................................................................................................................... 12 

3.4.2. Assessment .................................................................................................................... 12 

3.5. Data-analysis ......................................................................................................................... 13 

3.6. Statistical analysis .................................................................................................................. 13 

4. Results ........................................................................................................................................... 15 

4.1. Participants ............................................................................................................................ 15 

4.2. Functional balance ................................................................................................................ 15 

4.3. Motor competence ................................................................................................................ 15 

4.4. Relationship between functional balance and motor competence ...................................... 15 

5. Discussion ...................................................................................................................................... 21 

5.1. Reflection on answers on research question ........................................................................ 21 

5.1.1. Balance performance .................................................................................................... 21 

5.1.2. Motor competence and its relationship with balance performance ............................ 24 

5.2. Reflection on the strengths and weaknesses of the study ................................................... 25 

5.3. Recommendations for further research ................................................................................ 26 

6. Conclusion ..................................................................................................................................... 29 

7. References ..................................................................................................................................... 31 

8. Appendices .................................................................................................................................... 37 

8.1. Informed consent and information on the purpose and procedures of the research .......... 37 

8.2. Example of the age-adjusted scoring-criteria of the Kids-BESTest ....................................... 45 

8.3. General questionnaire ........................................................................................................... 46 



4 
 

 

 



5 
 

1. Abstract 

Background: Children with cerebral palsy (CP) demonstrate disturbances in posture and 

movement, causing problems in functional balance (FB). Their FB has not been reported in the 

literature with the help of a comprehensive assessment tool that provides insights into 

deficient balance domains. The link between their FB and motor competence (MC) has not yet 

been investigated. 

Objectives: The purpose of the study was to investigate differences in FB and MC in children 

with CP compared to TD peers and how these performances relate to each other. 

Participants: Seven children with CP and 14 TD children participated. Children with a medical 

diagnosis of CP had a Gross Motor Function Classification System level I or II. Typical 

development was verified with the Movement Assessment Battery for Children - Second 

edition. 

Measurements: All children performed the Kids Balance Evaluation Systems Test (Kids-

BESTest) to investigate FB. MC was measured with the Test of Gross Motor Development, 

third edition (TGMD-3). Differences between groups were assessed with the Independent-

Samples Mann-Whitney U Test and a Spearman’s rho correlation coefficient was calculated to 

assess the relationships between FB and MC. 

Results: Children with CP scored significantly poorer on all TGMD-3 subscales 

(p=]0.001;0.031]) and the total score (p<0.001) as well as all Kids-BESTest domain scores 

(p=[0.002;0.031]) and the total score (p<0.001), except for domain V. Significant correlations 

were found between domain scores I, III, IV and the total score of the Kids-BESTest and the 

subscale locomotion and the total score of the TGMD-3. 

Conclusion: Children with CP perform significantly poorer on FB and MC than TD peers and FB 

and MC are related to each other. There also seems to be a relationship between locomotion 

and biomechanical constraints, anticipatory postural adjustments and reactive postural 

responses. 

Key words: cerebral palsy; CP; balance control; assessment; functional balance; Kids-BESTest; 

motor competence; TGMD-3 
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2. Introduction 

Cerebral palsy (CP) is one of the most common causes of motor impairment in children. This 

nonprogressive disease occurs in two to three out of 1000 live births (Tecklin, 2014). Due to 

brain injury, these children experience permanent disorders in the development of movement 

and posture. These are requirements when performing activities, causing limitations during 

gross motor skills that require balance (Liao & Hwang, 2003; Rosenbaum et al., 2007). 

Disturbed balance control leads to limitations during functional tasks in daily life which 

explains why children with CP experience difficulties at activity and participation level 

(Kembhavi et al., 2002).  

Several frameworks were developed to understand balance control. For example, Shumway-

Cook and Woollacott (2017) describe that there are three control mechanisms (steady-state, 

reactive and proactive balance control) and that it is the interaction between the body, the 

environment and the task that will ensure whether balance is maintained. Another point of 

view is to look at the characteristics of base of support and its predictability (Huxham et al., 

2001). Horak et al. (2009) describe that there are many underlying mechanisms 

(biomechanical constraints, limits of stability and verticality, anticipatory postural 

adjustments and transitions, reactive postural responses, sensory orientation and stability in 

gait) that must be coordinated and work together to ensure adequate balance control, which 

emphasizes that balance is multisystemic.  

CP is a very heterogeneous disorder with a large variety in the level of functioning which may 

also impact the degree to which these children present themselves with balance difficulties 

(Huang et al., 2014; Ju et al., 2010; Katz-Leurer et al., 2009; Soares et al., 2019). Depending on 

the severity of motor deficit, children require more or less aids to move around independently. 

Up to Gross Motor Function Classification System (GMFCS) level III, the children have the 

ability to stand independently without physical support of a caregiver  (Gorter et al., 2009). As 

such, it is possible and plausible that not all children with CP will have a similar degree of 

balance control (Pavão et al., 2014). However, little research is available on functional balance 

in children with CP (Kembhavi et al., 2002; Seyyar et al., 2019). 

In the study of Kiss et al. (2018) exclusively small-sized correlations between types of balance 

performance were revealed, indicating that balance control is task-specific. Therefore they 

recommend therapists to use a test battery rather than a single test for balance assessment. 
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Implementing various balance tasks into functional assessment results in more in-depth  

insights into the extent of the balance deficit (one system versus multiple systems or all 

systems deficient). The Kids Balance Evaluation Systems Test (Kids-BESTest) provides a unique 

opportunity for identifying functional balance deficits in children, covering the multi-systemic 

framework (R. Dewar et al., 2017, 2019). The test enables guidance in therapy and the 

opportunity for the therapist to focus more on the specific deficits in children with CP. The 

result is a therapy that is more efficient and aimed at improving functional balance within the 

specific problem areas of the Kids-BESTest (R. Dewar et al., 2014; Horak et al., 2009).  

Balance control is a prerequisite for motor competence. Kwon and Ahn (2016) found that the 

Pediatric Balance Scale in children with CP had a positive correlation with different items of 

the Gross Motor Performance Measurement such as dissociated movement, alignment and 

stability. The link between fundamental movement skills and balance performance has not 

been established yet. Fundamental gross motor skills are needed for a child to participate in 

gymnastics class, to play on the playground or to engage during sports (Brian et al., 2018; 

Ulrich, 2017, 2020). A potential test for measuring this is the Test of Gross Motor 

Development, third edition (TGMD-3). The differences in motor performance, related to the 

features of the movement disorder in children with CP, have an influence on balance control 

ability to maintain stability (Kwon & Ahn, 2016). 

Although children with CP experience balance deficits in daily activities, little research has 

been done into their functional balance (Kembhavi et al., 2002; Seyyar et al., 2019) and the 

extent to which this is disturbed, as well as the link with their motor competence. This study 

therefore aims to examine potential differences between children with CP and TD children in 

terms of functional balance, motor competence and their relationship. An answer to the 

following research questions will be sought: 1) To what extent is functional balance affected 

in children with CP between 5 and 10 years old, with a GMFCS level I-III, compared to their 

typically developing (TD) peers? and 2) Are functional balance and motor competence 

interrelated? If yes, how strong is their relationship? It is hypothesized that: 1) children with 

CP score significantly poorer on the Kids-BESTest, mainly on the domains that involve complex 

balance tasks such as anticipatory postural adjustments and transitions, reactive postural 

responses and stability in gait and 2) there is a positive correlation between functional balance 

and motor competence i.e. if a child has a poorer balance performance, his gross motor 

function is also poorer. 
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3. Method 

The purpose of this case-control study was to reveal the deficient balance domains and motor 

competence in children with CP in comparison to their TD peers and to investigate a possible 

relationship between functional balance (Kids-BESTest) and motor competence (TGMD-3). 

Approval for this research was given by the Ethics committee of Antwerp University Hospital, 

University Antwerp and the University of Hasselt (B300201941833). Before a child enrolled in 

the study, their parents or guardians gave their written informed consent and the child gave 

written assent. Both child and parents received information on the purpose and procedures 

of the research by letter (Appendix 8.1.).  

3.1. Research question 

1) To what extent is functional balance and motor competence affected in children with CP 

between 5 and 10 years old, with a GMFCS level I-III, compared to their TD peers? 

2) Are functional balance and motor competence interrelated? If yes, how strong is their 

relationship? 

3.2. Study design 

3.2.1. Setting 

Children between 5 and 10 years old were selected for this case-control study. They were 

recruited from schools in the vicinity of Antwerp and Hasselt. The recruitment of the children 

with CP was promoted via confirmed partnerships (Rehabilitation Centre for Children and 

Youth Pulderbos, Cerebral Palsy Reference Centre Antwerp (CePRA), COS Antwerp, Heder, 

Sint-Lodewijk in Wetteren, IEvzw and Sint-Gerardus in Diepenbeek). The children were 

recruited between May 2021 and March 2022 and the data were collected between August 

2021 and March 2022.  

The children were either tested at school, in the Multidisciplinary MOtor CEntre Antwerp 

(M2OCEAN) lab of Antwerp University or in the gait lab of the faculty of Rehabilitation sciences 

of Hasselt University. The location depended on the possibilities of the parents/guardians.  
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3.2.2. Participants 

The group of cases were defined as having a medical diagnosis of CP with a GMFCS level I, II 

or III, being able to stand for one minute and walk independently for six meters and to follow 

instructions given by the researchers. The control group consisted of TD children. Typical 

development was confirmed through a general questionnaire and the child's result on the 

Movement Assessment Battery for Children – Second Edition (MABC-2). Children were 

excluded from the study - in the TD group if they 1) obtained a score on the MABC-2 less than 

percentile 25, 2) had any medical or behavioral disorder that could impede motor functioning 

or balance performance, or 3) were born prematurely (≤ 37 weeks). 

The study population consisted of a convenience sample. To minimize the risk of selection 

bias, the researcher performed a targeted sample strategy to enhance heterogeneity and 

variability within the study sample. 

The choice for a case-control study is because the researchers want to reveal possible 

differences in functional balance and motor competence in children with CP compared to their 

healthy peers (TD). The TD children and children with CP were matched for age and sex 

according to a ratio of 2:1. When multiple controls are used for each case, power increases 

strongly. However, little additional power is gained at ratios higher than 4:1 (Woodward, 

1999). 

To ensure a probability (power) of 80% each group had to consist of 36 children, considering 

a drop-out rate of 20%. The statistical power is based on the request of dra. Charlotte Johnson 

to The Research Foundation – Flanders (FWO). In this study the researchers tried to conduct 

a first analysis of the preliminary results because it was only possible to collect data of 21 

children in the time frame of this master’s thesis. 

3.3. Outcome assessment 

3.3.1. Motor performance tests 

The MABC-2 ascertained typical motor development for the TD group and therefore served as 

a screening tool. The TGMD-3 was applied to assess motor competence in all children.  

3.3.1.1. The MABC-2 

The MABC-2 is a norm-referenced developmental motor scale. The test consists of three 

domains: manual dexterity (3 items), aiming and catching (2 items) and balance (3 items). 
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Each domain consists of age-specific items. There are three age bands defined: 3-6, 7-10 and 

11-16 years old. Component scores and a total score are determined using the raw scores. 

Percentiles at or above 25 are considered to represent typical motor development. The 

reliability and validity of the Dutch version is sufficient to good. Good preparation and 

preferably training of the test administrators is highly recommended (Griffiths et al., 2018; 

Smits-Engelsman, 2010). 

3.3.1.2. The TGMD-3 

To have a closer look at the functional level of the children during daily life activities, the 

TGMD-3 is used. This test focuses specifically on fundamental gross motor skills that a child 

needs to participate in gymnastics class, to play on the playground or to engage during sports. 

This is a standardized observational, process-oriented, norm- and criterion-referenced skill 

assessment tool, evaluating gross motor competence in children from 3 to 10 years old. It 

consists of two subscales: locomotion and ball skills. The test assesses the child’s movement 

patterns regarding running, jumping and throwing. The raw score can be converted to 

standard scores or percentiles rank scores. This assessment is valid and reliable for assessing 

children’s gross motor development (Brian et al., 2018; Ulrich, 2017, 2020; Ulrich & Webster, 

2016; Valentini et al., 2021; Webster & Ulrich, 2017). 

3.3.2. Balance performance test 

Balance performance was assessed with the Kids-BESTest.  

3.3.2.1. The Kids-BESTest 

The Kids-BESTest is a criterion-referenced assessment tool which exists of six domains: 

biomechanical constraints (domain I), limits of stability and verticality (domain II), anticipatory 

postural adjustments and transitions (domain III), reactive postural responses (domain IV), 

sensory orientation (domain V) and stability in gait (domain VI). Each item is scored on a four-

point ordinal rating scale where a score of zero means impossible to perform and a score of 

three equals a perfect performance (Dewar et al., 2017, 2019; R. M. Dewar, Tucker, Claus, van 

den Hoorn, et al., 2021; R. M. Dewar, Tucker, Claus, Ware, et al., 2021). In this study the 

extended, age-specific Kids-BESTest version is used, which consists of 5 age-bands: age 5, 6, 7, 

8-10 and 11-14. The scoring-criteria are age-adjusted to allow for submaximal performance in 

case of TD, increasing the test’s sensitivity in identifying balance deficits. This version is still in 

development and not yet published. Therefore, Appendix 8.2. contains one example of this 
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version. The scores of the Kids-BESTest are presented as raw scores and as percentages of the 

maximum score of corresponding domain or total score. Preliminary unpublished analyses 

show that the extended age-specific version of the Kids-BESTest is reliable. Its validity still 

needs to be established. 

3.4. Procedure 

3.4.1. Screening 

All parents/guardians, regardless of the group that the child belonged to, filled in a general 

questionnaire about the pregnancy, birth, early motor milestones and medical history of their 

child (Appendix 8.3.). The case group was screened for a medical diagnosis of CP, confirmed 

by a neurologist, with a GMFCS level I-III. Children in the control group were screened with 

the MABC-2 to verify typical motor development. 

3.4.2. Assessment 

The generic questionnaire was administered by phone or online, depending on the preference 

of the parents. To minimize the impact of fatigue or reduced attention because of prolonged 

testing, the entire protocol was administered either in one day with sufficient rest periods or 

spread over two days. The latter depended on the setting where the tests were administered 

and/or the preferences of the parents and the child. The protocol consisted of mapping 

demographic characteristics, motor performance tests (MABC-2 and TGMD-3) and a balance 

performance test (Kids-BESTest). The MABC-2 was exclusively administered in TD children to 

ascertain typical motor development. The investigator collected biomechanical 

(accelerometers) and electromyographic data (EMG-sensors) and registered the brain activity 

of the child (fNIRS) during specific items of the Kids-BESTest. Each test, examination or 

questionnaire was administered once, except for EMG, accelerometry and fNIRS which 

contained five trials each to have enough repetitions. 

During the test session only the child, the researcher (C.J.) and one or two students, depending 

on the need, were present in the room to assist the researcher. When a child was giving the 

impression of being less concentrated, the investigator asked if he or she needed a short 

break. A break was allowed at any time during the test administration if requested by the 

child. All examinations and tests were performed by the same researcher.   
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Test administration took place barefoot (Kids-BESTest) and with sports shoes (MABC-2, 

TGMD-3), children were not allowed to wear any orthoses. If a child met the inclusion criteria, 

his height and weight were documented before starting the assessments. 

3.5. Data-analysis 

Students (M.B. and L.F.) were involved in scoring the performances of the Kids-BESTest of the 

children. All performances were scored independently using video recordings. Afterwards, 

consensus was made for the final scoring sheet used for statistical analysis.  

Percentages per domain (Kids-BESTest) and subscale (TGMD-3) were calculated as well as the 

total percentage for all domains and subscales by means of the formula '(number of points 

obtained / maximum number of points to be obtained) * 100)'. Missing data in case of unclear 

video footage that would make scoring unreliable, was corrected by removing the item score 

from the domain score. For example, if one item of ‘domain I’ could not be scored, resulting 

in missing data, the domain score would be 12 instead of 15.  

3.6. Statistical analysis 

To check if the data were normally distributed, the Kolmogorov-Smirnov test was performed 

in IBM SPSS Statistics (Version 28) predictive analytics software. Because only some variables 

were normally distributed and sample sizes were small (CP n = 7; TD n = 14 and thus < 30) 

nonparametric statistics were selected.  

The Independent-Samples Mann-Whitney U Test was applied to compare both baseline 

characteristics (age, body weight, body length, body mass index and gestational age), total 

and domain scores of the Kids-BESTest and total and subscale scores of the TGMD-3 between 

both groups (TD and CP children). The significance level was set at p < 0.05. To investigate the 

relationship between balance performance and motor competence, a Spearman’s rho 

correlation coefficient was calculated. A correlation was (very) strong if the coefficient is 

greater than 0.75, moderate to good between 0.50 and 0.75, fair between 0.25 and 0.50 and 

(very) weak if less than 0.25 (Portney & Watkins, 2015). If a correlation was positive this 

represented a higher score on both the Kids-BESTest and the TGMD-3. 
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4. Results 

4.1. Participants 

Fourteen TD children and seven children with CP were included in this study. The TD children 

were randomly matched from a dataset of 37 participants with the CP children for sex and 

age. Only data for CP children with a GMFCS level I (n = 3) and II (n = 4) were available. One of 

them had diplegia with a more affected left side, two had quadriplegia with a more affected 

right side and four of the CP children had hemiplegia, two of which were left sided and two 

were right sided. 

Details about these demographic characteristics can be found in Table 1. The groups were 

similar except for body length (p = 0.019) and gestational age (p = 0.006) (Table 1). 

4.2. Functional balance 

The children with CP performed significantly poorer on the total score of the Kids-BESTest 

compared to their TD peers (p < 0.001). All domain scores, except for domain V (p = 0.322), 

were significantly (p = [0.002;0.031]) poorer in the group of children with CP. The results are 

presented in Table 2 and Figure 1. 

4.3. Motor competence 

The Mann-Whitney U Test proved that all components of the TGMD-3 were significantly 

different between the CP and TD children: the subscale locomotion (p < 0.001), the subscale 

ball skills (p = 0.031) and the total score of the TGMD-3 (p < 0.001) (Table 3). 

4.4. Relationship between functional balance and motor competence 

A significant correlation was found between the subscale locomotion and domain I (r = 0.63, 

p = 0.002), domain III (r = 0.49, p = 0.025), domain IV (r = 0.61, p = 0.003) and the total score 

(r = 0.72, p < 0.001) of the Kids-BESTest. The correlation analysis demonstrated a significant 

correlation between the total score of the TGMD-3 and domain I (r = 0.62, p = 0.003), domain 

III (r = 0.45, p = 0.042), domain IV (r = 0.45, p = 0.042) and the total score (r = 0.63, p = 0.002) 

of the Kids-BESTest. An overview of the correlation coefficients and their significance is 

presented in Table 4. No significant correlations were found between the results on the 

subscale ball skills of the TGMD-3 and any domain nor the total score of the Kids-BESTest.
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Table 1 

Overview of the Population- and Demographic Characteristics 

 Control group: TD (N = 14) Case group: CP (N = 7) p-value 

 N Median IQR Min Max N Median IQR Min Max  

Age (years) 14 7.51 2.30 5.60 9.30 7 7.75 1.90 5.80 8.70 0.971 

Female 5     2      

Male 9     5      

BMI (kg/m²) 13 15.46 2.80 13.80 18.80 7 14.40 3.20 13.20 20.10 0.351 

Body weight (kg) 14 26.85 5.10 23.00 33.00 7 22.50 8.00 18.50 35.50 0.056 

Body length (cm) 13 133.50 11.00 119.00 144.00 7 125.00 6.50 113.50 133.00 0.019* 

Gestational age (weeks) 14 40.00 1.50 38.10 41.30 7 29.57 10.70 28.00 41.00 0.006** 

Affected side:            

    Hemiplegia L      2      

    Hemiplegia R      2      

    Diplegia L      1      

    Quadriplegia R      2      

GMFCS I      3      

GMFCS II      4      

Note. * p<0.05; ** p<0.01; BMI: Body Mass Index; CP: cerebral palsy; GMFCS: Gross Motor Classification System; IQR: interquartile range; L: 

left; Max: maximum; Min: minimum; R: right; TD: typically developing children 
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Table 2 

Overview of the Child’s Performances (Percentages) on the Kids-BESTest 

Domains Kids-BESTest TD (N = 14) CP (N = 7) p-value 

 Median IQR Min Max Median IQR Min Max  

Biomechanical constraints 
 

93.33 6.67 93.33 100.00 86.67 20.00 60.00 93.33 0.002** 

Limits of stability and verticality 
 

86.19 16.91 55.56 100.00 71.43 9.52 61.90 80.95 0.016* 

Transitions and anticipatory 
postural adjustments 
 

87.78 12.50 80.00 100.00 77.78 22.22 61.11 91.67 0.020* 

Reactive postural responses 
 

94.44 11.11 83.33 100.00 83.33 38.89 50.00 100.00 0.025* 

Sensory orientation 
 

100.00 0.00 100.00 100.00 100.00 6.67 93.33 100.00 0.322 

Stability in gait 
 

100.00 11.25 72.22 100.00 83.33 19.44 61.11 94.44 0.031* 

Total score 93.00 3.36 88.57 97.14 80.39 6.99 74.29 89.29 < 0.001** 

Note. * p<0.05; ** p<0.01; CP: cerebral palsy; IQR: interquartile range; Kids-BESTest: Kids Balance Evaluation Systems Test; Max: maximum; 

Min: minimum; TD: typically developing children 
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Figure 1 

Boxplot of the Children’s Performances on the Kids-BESTest 

 

 

 

 

 

 

 

 

 

 

Note. * p<0.05; ** p<0.01; Kids-BESTest: Kids Balance Evaluation Systems Test   

  

** ** * * * * 
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Table 3 

Overview of the Child’s Performances (Scale Scores) on the TGMD-3 

Subscales TGMD-3 TD (N = 14) CP (N = 7) p-value 

 Median IQR Min Max Median IQR Min Max  

Locomotion 
 

9.00 2.00 7.00 11.00 2.00 4.00 1.00 7.00 < 0.001** 

Ball skills 
 

8.00 3.00 5.00 10.00 6.00 2.00 1.00 8.00 0.031* 

Total score 17.00 4.00 12.00 20.00 9.00 4.00 2.00 12.00 < 0.001** 

Note. * p<0.05; ** p<0.01; CP: cerebral palsy; IQR: interquartile range; Max: maximum; Min: minimum; TD: typically developing children; 

TGMD-3: Test of Gross Motor Development, third edition 
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Table 4 

Correlations Between the Domains of the Kids-BESTest and the Subscales of the TGMD-3 

Domains Kids-BESTest Subscales TGMD-3 

 Locomotion Ball skills Total score 

Biomechanical constraints 
 

0.63** 0.34 0.62** 

Limits of stability and verticality 
 

0.41 0.28 0.38 

Transitions and anticipatory postural adjustments 
 

0.49* 0.22 0.45* 

Reactive postural responses 
 

0.61** 0.01 0.45* 

Sensory orientation 
 

0.34 0.34 0.39 

Stability in gait 
 

0.22 0.16 0.22 

Total score 0.72** 0.31 0.63** 

Note. * p<0.05; ** p<0.01; Kids-BESTest: Kids Balance Evaluation Systems Test; TGMD-3: Test of Gross Motor Development, third edition 
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5. Discussion 

5.1. Reflection on answers on research question 

The aim of the study was to examine potential differences in functional balance (Kids-BESTest) 

and motor competence (TGMD-3) between children with CP and TD children and how these 

performances relate to each other. Our results showed that children with CP performed 

significantly poorer on all domains of the Kids-BESTest, except for domain V (sensory 

orientation) and had poorer TGMD-3 subscale and total scores. These results indicate that 

motor competence and all balance domains, apart from domain V, are deficient in children 

with CP. Furthermore, the children’s motor competence was related to their balance 

performance. Higher scores on the Kids-BESTest indicate better motor competence and vice 

versa. These findings could be a possible explanation for the balance problems that they 

experience during their daily life as good results on all domains of the Kids-BESTest are the 

condition to achieve appropriate functional balance.  

5.1.1. Balance performance 

Domain II (limits of stability and verticality) comprises test items requiring sufficient internal 

representation and perception of verticality (Horak, 2006). Di Vita et al. (2020) showed that 

body structural representation (a topographic map of the different body parts) and body 

scheme (arising from sensory-motor information leading to action planning and execution) 

are poorer in children with CP compared to TD children. This may explain why children with 

CP performed significantly poorer than TD children on this domain. Especially, when reaching 

or leaning too far thereby evoking signs of instability suggests their internal representation is 

insufficient. When they would have reached or leaned without any signs of instability but less 

far, this would indicate that they are aware of their limits of stability but do not have sufficient 

control to go further. This may be caused by insufficient muscular strength or joint mobility or 

the presence of spasticity. Indeed, previous research in children with CP has shown that they 

could have a smaller range of motion in their shoulders and trunk (Soares et al., 2019). It can 

also be due to poor dynamic postural control which could be caused by high levels of co-

activation, abnormal muscle recruitment or a different sequence in muscle recruitment which 

are associated with the upper motor neuron lesion (Bigongiari et al., 2011; Pavão et al., 2013).  
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In domain III (anticipatory postural adjustments and transitions), transitions from one posture 

to the next and anticipatory postural adjustments are assessed, requiring an efficient 

feedforward mechanism. This will help to make an adequate motor plan to prepare our body 

for the movement. As hypothesized, significantly poorer scores were also seen in this domain 

for children with CP compared to their TD peers. In particular, the one leg stance seems to be 

more difficult for children with CP. Only a limited studies have investigated this aspect of 

balance control in children with CP. Nevertheless, they all conclude the same: these children 

do have problems with pre-tensioning the muscles during any task. As a result, a reactive 

correction is required which manifests itself in signs of instability, such as using their arms to 

regain their balance (Bigongiari et al., 2011; Girolami et al., 2011; Liu et al., 2007; Tomita et 

al., 2013, 2016). 

Domain IV (reactive postural responses) evaluates the automatic movement patterns and 

strategies that a child uses when balance is suddenly disturbed. As hypothesized, children with 

CP showed significantly poorer reactive balance than TD children. This was shown by stepping 

responses when a hip strategy was expected (small perturbation) and multiple steps or even 

a need for assistance instead of a single step (large perturbation). These findings suggest that 

their postural emergency back-up system is insufficient, and may explain why falls occur more 

frequently in children with CP. In real-life, when children lose their balance during ADL, they 

need to depend upon their reactive control as well. If this does not work up to standard, they 

will fall. Although no records are available in children with CP on functional assessment of the 

reactive system, several force plate studies have been performed (Burtner et al., 2007; Chen 

& Woollacott, 2007; Woollacott & Shumway-Cook, 2005), all confirming our findings. Chen & 

Woollacott (2007) did a kinetic analysis of the reactive postural adjustments in children with 

CP and TD children. They discovered that children with CP were more likely to show a stepping 

strategy at a slower velocity (force plate) than their TD peers or TD younger children at the 

same velocity. This is confirmed by Burtner et al. (2007). They also found that children with CP 

lose their balance more often (% of the trials). In another study on reactive balance children 

with CP demonstrated less efficiency concerning their reactive balance, evidenced by an 

increased sway while recovering balance, a longer duration until balance is recovered and a 

delayed activation of the ankle muscles (Woollacott & Shumway-Cook, 2005). Apart from the 

insufficient movement strategies, other disease-specific factors may be in play as well, such 
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as spasticity since reactive balance requires a quick and sudden adjustment of movement 

which can be complicated by the spasticity of the child.  

The items in domain VI (stability in gait) are used to assess stability in different walking tasks. 

Walking with head turns, pivot turn and the Timed Up and Go test with a cognitive dual task 

are age-dependent and therefore not performed by all children. All children did perform the 

items level walking, changing gait speed, obstacle crossing and the Timed Up and Go test. As 

hypothesized, children with CP showed significantly poorer stability in gait than TD children. 

The children with CP showed a mildly deviant gait pattern accompanied by occasional, 

repeated or even constant signs of instability. These tasks all require anticipatory postural 

adjustments to some degree, which could serve as a possible explanation as shown by the 

significant differences in domain III scores between both groups. Furthermore, previous 

research into obstacle crossing and changing gait speed indeed showed that children with CP 

can cross obstacles and change gait speed, but do so with increased signs of instability. This 

manifested in a broadened step width, adapted gait visible as altered trunk and pelvis 

movement and smaller steps (Cappellini et al., 2020; Malone et al., 2016; Law & Webb, 2007; 

Davids et al., 2019). Besides, a poorer reactive balance can contribute to the problems with 

gait which is reflected in the results of this study concerning domain IV (reactive postural 

adjustments) and confirmed by Woollacott & Shumway-Cook (2005), who emphasize the 

importance of reactive balance to successfully perform functional tasks such as walking.   

Although domain I (biomechanical constraints) does not assess a balance system, it does play 

an important role as a confounding factor for balance control, since it evaluates the presence 

of biomechanical constraints such as strength, alignment and range of motion (ROM). 

Therefore, this domain can negatively affect the other domains of the Kids-BESTest and may 

be a possible explanation for a poorer score on these domains. Children with CP scored 

significantly poorer on domain I. CP, the disease itself, leads to primary, secondary and tertiary 

problems. Primary problems are related to the neuronal lesion, secondary problems are a 

result of the primary problems (in combination with growth and lack of normal movement) 

and tertiary problems are the coping responses used to overcome the primary and secondary 

problems. For instance, a lack of muscle strength is a primary problem and is tested in domain 

I (A. Van Campenhout, personal communications, November 1 2021). In addition, spasticity, 

weaker muscle strength and passive stiff contractures can also have an impact on the 
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performance (Koman et al., 2004). For these reasons, the degree of a qualitative performance 

may be lesser in a child with CP. These problems are due to the disease and are not present 

in TD children.  

Finally, in contrast to our expectations, domain V scores (sensory orientation) of the Kids-

BESTest did not significantly differ between both groups. A possible explanation is that only 

children with GMFCS level I and II were included in this study whose sensory skills may be less 

severely affected. Nevertheless, a lot of research has been done on sensory processing in 

children with CP. It is proven that they experience disturbances in the processing of sensory 

information. Children with CP have problems with the registration and modulation of sensory 

information and with organizing the afferent inputs to ensure adaptive behavior for 

successfully accomplishing their daily activities (Pavão & Rocha, 2017). Maybe a ceiling effect 

for this domain for the children with a GMFCS level I and II is present, but this is not to be 

expected because all children with CP have sensory problems. However, a more plausible 

explanation is that the foam (AIREX®) on which the children were standing, is not sufficiently 

compressible to provoke balance disturbances as opposed to the NeuroCom® foam pad 

(Verbecque et al., 2016). 

5.1.2. Motor competence and its relationship with balance performance 

The correlation analysis between the results on the Kids-BESTest and TGMD-3 revealed 

significant correlations between domain I (biomechanical constraints), III (transitions and 

anticipatory postural adjustments), IV (reactive postural responses), the total score of the Kids-

BESTest and the subscale locomotion and total score of the TGMD-3. This can be explained by 

the underlying constructs measured with these tests. The Kids-BESTest evaluates functional 

balance and the TGMD-3 evaluates the gross motor skills in children (locomotion and ball 

skills). Balance control is often seen as a requisite for gross motor skill development and has 

been called “the shadow of motor development” (Liao & Hwang, 2003; Pavão et al., 2014; 

Overlock & Yun, 2006; Kwon & Ahn, 2016). The significant correlations were positive indicating 

a relationship between both constructs. To establish whether balance performance can 

predict the degree of motor competence a regression analysis would be required. However, 

the small sample did not allow this type of analysis and could provide additional insights into 

this relationship in future research. Overall balance performance correlates good to motor 
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competence, indicating it belongs to a distinct but similar construct; whereas specific domain 

scores showed less strong correlations, indicating they are still related, but less similar.  

No correlation was found between subscale ball skills of the TGMD-3 and any of the domains 

or total score of the Kids-BESTest, indicating they measure a different construct. However, in 

the study of Van Waelvelde et al. (2014) it was found that the balance subscore of the MABC 

correlates significantly but mildly with the Ball Catching Test (BCT) for mild impaired children 

aged between 7 and 9 years old, none of whom have a specific diagnosis. More detailed, the 

item standing on one leg of the MABC correlates significantly with the BCT in 7-9-year-olds 

and the item balance in walking correlates significantly with the BCT in 9-year-old children. 

There may be stronger correlations between the BCT and MABC in children with CP as they 

have a more severe disability than the participants in the study of Van Waelvelde et al. (2014). 

To investigate this, one should look within the subgroup CP alone and with a larger sample 

size. 

5.2. Reflection on the strengths and weaknesses of the study 

There were missing data for both the demographic characteristics and the items of the Kids-

BESTest. For one child in the TD group there was no data for body length (BL) and consequently 

no BMI could be calculated. The missing data of the Kids-BESTest was only minor (n = 7 data 

points). This can be explained by the filming perspective hampering objective scoring. These 

missing data were not a problem because it is to be expected that if a child generally has 

problems with a certain balance domain, this will be manifested in all item scores of the 

domain and consequently the domain itself. 

Only children with GMFCS level I, II and III were included in this research because a minimal 

requirement was that the child was able to stand and walk without the help of others. A level 

IV on the GMFCS corresponds to a child with CP that has a severely impaired walking ability 

even with assistive devices and uses most of the time a (powered) wheelchair. Thus, children 

with a level IV and V were not able to fulfill this criterion. Only children with a GMFCS level I 

and II participated in this research but this was a coincidence. Consequently, no conclusions 

made in this study are directly applicable to children with CP GMFCS level III (Cerebral Palsy 

Alliance Research Foundation - USA, 2018).  
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This study focused on children between 5 and 10 years of age and a GMFCS level I-III. However, 

no statement can be made about 10-year-olds and children with a GMFCS level III because 

these were not part of the examined data. The age and GMFCS range about which something 

can be said is therefore smaller than the ones in the predetermined research question. 

Children of both groups were matched on age and sex to obtain two homogeneous groups at 

baseline for these characteristics and minimize the risk of bias. The baseline characteristics 

between the children with CP and typical development were the same except for body length 

and gestational age. The CP children were significantly smaller than the TD children and were 

born significantly earlier. The significantly lower gestational age can be explained by the risk 

of CP increasing more in children born (to) early/prematurely than in children born at their 

due date (Himpens et al., 2008). 

The parents of the children with CP were asked if their child was wearing ankle-foot orthoses 

(AFOs) or other orthotic devices while walking during the day but they were not allowed to do 

so during the test sessions. The purpose of the study was to measure the capacity of the 

children with CP concerning functional balance and AFOs could bias this measurement as they 

provide stability to the ankle-foot segment.   

5.3. Recommendations for further research 

Significant correlations were not found for all domains of the Kids-BESTest and the subscale 

locomotion and the total score of the TGMD-3. Some correlations were borderline 

insignificant. There is a suspicion that there could be significant correlations between all 

domains if the sample sizes were larger. To find out which domains would also correlate, this 

should be investigated in future similar studies, but with a larger sample size.  

Unpublished research shows that the severity of the movement disorders tends to affect the 

degree of balance control. Therefore, future research should disentangle the extent to which 

the severity of the functional deficit in children with CP is related to the severity of the 

underlying balance deficit, i.e. difficulties in one or more domains and how they relate to or 

predict each other. 
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In this study correlations between the two tests were examined with data from children with 

CP and TD children combined. It would be interesting to investigate these correlations in the 

subgroups (CP vs TD) as well, but this requires a larger sample. 

  



28 
 

  



29 
 

6. Conclusion 

Children with CP and a GMFCS level I or II perform significantly poorer on functional balance 

tasks and motor competence compared to TD peers. Significant correlations were found 

between overall functional balance and specific balance components of the Kids-BESTest, i.e. 

biomechanical constraints (e.g. range of motion), transitions and anticipatory postural 

adjustments (e.g. alternate stair touch) and reactive postural responses (e.g. compensatory 

stepping correction), and motor competence, i.e. the subscale locomotion and the total score 

of the TGMD-3. Most of these correlations were moderate to good. Future similar studies, 

consisting of larger samples with a larger age range and including GMFCS level III as well, need 

to confirm these findings and should investigate if other domains would also correlate. 
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