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a b s t r a c t
INTRODUCTION: Pediatric physical therapists commonly treat children with postural control deficits. Ideally, pediatric functional postural 
control tests should therefore be able to identify postural control deficits in children with various disorders. Despite a plethora of available tests, 
evidence for their validity – especially known-groups – remains scarce. this review aims to determine the known-group validity of available 
functional postural control tests to differentiate various pediatric pathological groups of different ages from their typically developing (td) peers. 
EVidENcE acQuisitioN: pubMed, Web of science and scopus were systematically searched (last update: february 2023; prospEro: 
crd42023408982). forty case-control studies with a pathological pediatric sample (N.=1331) and td peers (N.=1889) were included and 
selected for data-extraction and -analysis. risk of bias was assessed using the siGN checklist and level of evidence was scored using GradE. 
random-effect meta-analyses were performed to estimate pooled standardized mean differences (sMd) for the various test types and subclas-
sified based on pathology and/or age.
EVIDENCE SYNTHESIS: When compared with TD peers, children with underlying pathologies performed significantly worse on pediatric 
functional postural control test batteries (sMd=-2.21), the timed up and Go test and variants (sMd=2.30), the one leg stance test and variants 
(SMD=-2.14), while the Reach tests showed a smaller difference (SMD=-1.19). Subclassification within the meta-analyses showed that pathol-
ogy was an influencing factor for the test batteries and the one leg stance test and variants. Age was an influencing factor for the reach tests. None 
of the included functional postural control tests exceeded a low level of evidence.
coNclusioNs: pediatric functional postural control tests that assess multiple aspects of postural control (such as test batteries) seem to offer 
higher known-groups validity than single-task tests (e.g. reach tests). the underlying pathology has a larger impact on the validity of these tests 
than age. there remains an overall low level of evidence for the known-groups validity of pediatric functional postural control tests indicating 
the need for research with more homogenous groups and norm reference data.
(Cite this article as: ockerman J, Velghe s, van bladel a, auvinet E, saldien J, Klingels K, et al. checks and balances: a meta-analysis on the known-
groups validity of functional postural control tests in children. Eur J Phys Rehabil Med 2024 Jun 05. DOI: 10.23736/S1973-9087.24.08187-5)
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Introduction

postural control, which helps maintain the body’s up-
right position, move around freely, and protect an in-

dividual from falls and injury, is a fundamental prerequi-
site for independent mobility. Postural control deficits are 
prevalent in different pediatric disorders including, but not 
limited to: developmental coordination disorder (dcd),1 
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a recent systematic review on the psychometric proper-
ties and clinical utility of functional postural control tests 
showed that comprehensive tests which cover a broader 
construct of postural control (e.g. the pediatric balance 
scale [pbs], the fullerton advanced balance scale, etc.) 
are preferred over tests that only account for one aspect of 
postural control (e.g. the one-leg stance, the clinical test 
of sensory interaction on balance, etc.).11 While research-
ers found sufficient levels of reliability, evidence was rated 
very low or low for most tests, except for the Early clini-
cal assessment of balance (Ecab), four square step-
ping test (fsst) and balance Error scoring scale (bEss) 
where medium levels of evidence were found. Measures 
of responsiveness and validity for these functional postural 
control tests were found to be insufficiently investigated. 
although adequate responsiveness is important to measure 
treatment effects and assess the defined treatment plan, a 
test’s validity is even more important, since it provides in-
sights into whether the test actually measures what it in-
tends to measure. one of the vital types of construct valid-
ity is known-groups validity, which assesses the degree to 
which an instrument can demonstrate different scores for 
groups known to vary on the variable being measured.16 
in a clinical context this translates to the degree to which 
a test is able to identify a child with postural control defi-
cits based on their difference to age- or norm-referenced 
data. Known-groups validity can therefore be used to dis-
tinguish between age groups, pathological from typically 
developing (td), or a combination of both. the descrip-
tive, systematic review by Johnson et al., reported a poor 
to very poor level of evidence for the known-groups valid-
ity of most functional postural control tests.11 however, 
the achieved known-groups validity per available test was 
not quantified via a meta-analysis of pooled results.

Moreover, postural control is known to develop with in-
creasing age, starting from infancy, and continuing through 
early childhood up to adolescence.17 the exact time at 
which a child reaches mature levels of postural control is 
still under discussion and depends on the type of task and 
the outcome variable used. for instance, some posturog-
raphy studies suggest maturation to occur within the age 
range between 7 and 10 years old,18, 19 while other studies 
present evidence of an ongoing maturation process dur-
ing puberty (13-15 years old), possibly reaching to the end 
of adolescence.17, 20, 21 functional assessment tools tend to 
have ceiling effects earlier, e.g. maximal performances on 
the pbs have been reported by the age of seven,22 standing 
on a foam pad with eyes closed for 30 seconds by the age 
of eight,23 or reaching forward as far as possible by the age 

down syndrome,2 cerebral palsy (cp),3 vestibular condi-
tions,4 etc. however, the prevalence of the postural control 
deficits differs depending on the type of pathology with 
ranges between 48% for children with cp3 and up to 87% 
for children with dcd.1 depending on the underlying pa-
thology, a variability in the severity and developmental 
progress of postural control deficits has been reported.5 
These deficits can hinder daily tasks, playground activi-
ties, school performance, and learning new motor skills, 
potentially affecting the child’s self-esteem and social in-
teraction at a socio-emotional level. to estimate the se-
verity of the postural control deficits and their impact on 
overall functioning, and evaluate the efficacy of therapeu-
tic interventions, adequate assessment tools are required.

therapists should use standardized assessment tools to 
objectively evaluate a child’s health and establish a physi-
cal therapy diagnosis by identifying movement system 
impairments.6 by allowing therapists to objectively assess 
clinically relevant treatment-induced changes, they also 
facilitate the development of a personalized intervention 
based on evidence, while also enabling ongoing adjust-
ments to optimize health outcomes for the patient.6-8

As defined by Horak,9 postural control assessment in-
struments should be able to identify the presence of a pos-
tural control deficit and determine the underlying cause. 
according to Mancini & horak,10 postural control can be 
assessed using a functional approach, whereby predefined 
motor tasks are rated on ordinal scales often incorporat-
ing performance times or number of correct repetitions. 
although various functional postural control tests are 
available11, 12 they, and standardized measurement instru-
ments in general, are still not systematically implemented 
in clinical practice. While a lack of time and financial or 
organizational incentives are reported as primary bar-
riers to systematic use, recent studies also highlighted 
a lack of knowledge and skill as potential hurdles clini-
cians face.13-15 When it comes to postural control tests, no 
conclusive clinical guidelines exist, partially due to the 
limited evidence regarding the psychometric properties 
of these tests. to select the most suitable functional pos-
tural control test for their patients, they need to know to 
what extent a test is generalizable and applicable in vari-
ous populations, i.e. external validity. Moreover, such a 
test should be able to quantify clinical problems. if a child 
or their parents request help for a specific postural control 
problem (e.g. frequent falls) and a postural control test is 
unable to identify any deficits or quantify them appropri-
ately, that measure would simply be unsuitable for use in 
that specific case.
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the functional postural control tests for which normative 
data already exist, is to pool the results from multiple case-
control studies and establish the known-groups validity of 
these tests in larger samples.

this review aims to investigate the known-groups va-
lidity of pediatric functional postural control tests by per-
forming a systematic review and meta-analysis of study 
results where pediatric pathological groups were com-
pared with td peers. furthermore, this review also aims 
to determine how pathology and/or age affect the known-
groups validity of functional postural control tests.

Evidence acquisition

Protocol registration

the present review was performed following the preferred 
reporting items for systematic reviews and Meta-analyses 
(prisMa) guidelines27 and registered in prospEro 
(crd42023408982).

Study design

a systematic review and meta-analysis of case-control 
studies implementing specific functional postural control 
tests in various pediatric populations was performed.

Search strategy

the electronic database Medline (pubMed interface), sco-
pus and Web of science were searched using the picos-
method (pediatric patient populations (p), functional as-
sessment tools for postural control (i), td children (c), 
numeric values (means and SDs/medians and interquar-
tile range) characterizing performances (o), case-control 
design (s)). We wanted to explore known-groups valid-
ity for all the test of which normative data are available. 
As such, we first searched the literature for new publica-
tions on normative data of pediatric functional postural 
control tests with the search string reported by Johnson 
et al., supplemented with synonyms covering “reference 
values” and “normative data.” since no new assessment 
instruments were identified by this search, the final search 
string included all identified functional postural control 
tests11 separated by the boolean term “or,” followed by 
a combination of free-text and Mesh-terms representing 
the concept “children” (supplementary digital Material 1: 
supplementary text file 1). for a detailed description of 
the selected functional postural control tests see the previ-
ous review.7 the last update of the search was conducted 
on the 6th of february 2023.

of 12.24 a recent study exploring age-related differences in 
performance on functional postural control tests, indicated 
that particularly above the age of 13, all the test items of 
the mini balance Evaluation systems were fully mastered 
except for the tuG with a dual task and the compensa-
tory backward stepping response.25 due to this non-linear 
development of postural control and the task-specificity 
of the developmental progressions, the ability to perform 
functional tasks that require a large amount of postural 
control, will also vary with age.

Abnormal developmental patterns could further influ-
ence this variability in the acquisition of motor skills. a 
summary categorization of abnormal development lists the 
following four categories: 1) normal development, defined 
by a median and normal range; 2) regressive development, 
whereby gained skills are lost over time; 3) plateau effect, 
where no progression is possible past a certain point; and 
4) slow but steady development whereby the gap between
normal and abnormal development becomes larger with
increasing age and thus more apparent over time.26 Most
functional postural control tasks are relatively simple and
more prone to become obsolete once a certain developmen-
tal stage has been reached. While some patterns of abnor-
mal development (plateau and regressive) are easily picked
up by these simple tests, children experiencing a slower
development could still remain undiagnosed when a simple
test lacks the required level of known-groups validity.

Age-specific normative data are available for several, 
but not all, pediatric functional postural control tests.11 
These age-specific normative data indicate that with in-
creasing age, performance in td children changes and that 
these developmental changes should be considered during 
assessment that aims to identify postural control deficits. 
The use of such age-specific normative data is therefore a 
cornerstone in the identification of postural control defi-
cits in children with an underlying pathology. despite the 
availability of these norm data, they have, to the best of our 
knowledge, not yet been used to identify postural control 
deficits in children with underlying pathologies. Rather, 
authors explore the extent to which the functional perfor-
mance of a clinical group (e.g. children with cp) differs 
from age- (and sex-) matched td peers (i.e. case-control 
designs). such group-level results are based on the data of 
subjects of different ages, making a direct comparison to 
age-specific normative data impossible. Nevertheless, the 
insights gained through these case-control study designs 
can add to our knowledge of known-groups validity of the 
functional postural control tests.21 Therefore, a first step to 
determine the generalizability and clinical applicability of 
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high Quality. lower than six positive responses resulted 
in a low-quality score, while studies scoring more than 
eight positive responses received a high-quality score. ar-
ticles with more than two negative scores on statements 
evaluating the comparability of populations, definition 
of cases, quality of measures, or analysis of confounders 
were excluded from this review.28

Data extraction and synthesis

information from each study was extracted into an excel 
sheet, containing information about: the general patho-
logical group (i.e. genetic/neurological/neurodevelopmen-
tal/metabolic/oncological/ sensory disorder); pathology-
specific diagnosis, severity, and classification levels; the 
performance-based test (name, protocol specifics, over-
arching test type category); and the biometric data (mean 
age, weight, height, and bMi) and outcome scores (mean 
or median score and standard deviation or 95% confidence 
interval [ci]) of participants in both the case and control 
groups.

Data-analysis

statistical package for social sciences (spss) version 
28.0 software was used to perform random-effects meta-
analyses to estimate pooled standardized mean differences 
(sMd) for the outcomes. at least three relevant articles 
reporting on one specific functional postural control test 
were required to enable the meta-analysis. random-effects 
meta-analyses were chosen to incorporate the expected 
random variation in the effect across the studies into the 
pooled estimates. all results are presented with 95% ci.

clinical (variability in the participants, assessments, 
and outcomes of the studies), methodological (study de-
sign, risk of bias) as well as statistical diversity were con-
sidered when assessing heterogeneity. the statistical het-
erogeneity was calculated using the i2 test to describe the 
percentage of variation across studies which is due to het-
erogeneity. When heterogeneity values were ≥50%, sub-
group analysis was considered accounting for the clinical 
diversity in the following sequence: underlying pathology 
or age of the participants.

Level of evidence

the quality of evidence of each pediatric functional pos-
tural control test included in this study was assessed using 
the Grading of recommendation, assessment, develop-
ment, and Evaluation (GradE) method.29 Each test un-
derwent a comprehensive evaluation of evidence certainty, 

Eligibility criteria

studies were included in this review if they: 1) reported 
for their study sample a mean age below 13. this cut-off 
was determined based on the fact that pediatric functional 
postural control test often involve simple motor tasks for 
which td children older than 13 are able to obtain maxi-
mum scores.22-25 2) included both a pathological popula-
tion and a td control group; 3) described a performance-
based assessment tool that evaluated postural control; 4) 
reported numerical distributions (mean and standard de-
viation [sd] or median and interquartile range [iQr]) of 
the postural control tests; and 5) were written in English, 
dutch, french, German, or spanish. articles were exclud-
ed if: 1) their samples consisted of pediatric elite-athletes 
or children with acute sport-related traumatic brain injuries 
(e.g., concussion); 2) reported any type of intervention; 3) 
insufficiently reported on the numerical distributions (e.g. 
only mean, median, graph); 4) or reported digital outcomes 
involving specific hardware (e.g. posturography, pressure 
mats, accelerometry etc.). this latter criterion was added 
as, although such hardware may be useful in quantifying 
postural control deficits, they are beyond the scope of this 
review that aimed to summarize the evidence of common-
ly applied functional postural control tests.

Study selection

the selection process was performed by three of the au-
thors (Jo, sV, EV), each screening two thirds of the ar-
ticles to ensure every article was screened by two inde-
pendent reviewers. the reviewers initially screened titles 
and abstracts using the following order of exclusion cri-
teria: population, study design, outcome measures, and 
language. screening of the remaining full texts was per-
formed by the same reviewers. discrepancies at any stage 
were discussed with the second reviewer and when con-
sensus could not be reached, with the third.

Risk of bias assessment

Methodological quality of the individual studies was 
evaluated using the scottish intercollegiate Guidelines 
Network (siGN) Methodology checklist for case-control 
studies.28 after all reviewers completed a trial sample of 
four studies, all remaining studies were independently 
scored by two reviewers. in accordance with the guide-
lines of the siGN checklist, reviewers evaluated aspects 
of each study with the options “yes,” “no” or “can’t say.” 
after a consensus meeting with both reviewers, all articles 
received an overall score referring to low, acceptable or 
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Results

Information sources and search strategy

the literature search resulted in a total of 1612 unique ar-
ticles. after screening on title and abstract, the full texts 
of the remaining 95 studies were screened for eligibil-
ity. Eventually, 42 studies were selected to include in this 
systematic review (figure 1). two studies were excluded 
based on the siGN checklist, leaving 40 studies included 
for data-extraction and -analysis.

Risk of bias assessment

based on the risk of bias assessment, 19 studies showed 
acceptable quality,30-47 22 studies were rated as low qual-
ity2, 48-66 and two studies67, 68 were excluded. details on 
the risk of bias assessment are presented in table i.2, 30-70 
all studies addressed an appropriate and clearly focused 
research question, measured the exposure status in a stan-
dardized, valid, and reliable way and provided confidence 
intervals. The majority of the studies clearly defined cases 
and differentiated them from controls (67.5%) and took 
the main confounding factors into account in the design 

considering factors such as risk of bias, precision, consis-
tency, and directness. precision was evaluated based on 
the 95% CI magnitude, where smaller intervals signified 
higher precision, in combination with an adequate sample 
size. consistency was determined by analyzing variance 
in point estimates across studies, overlap of 95% cis, and 
heterogeneity (i2 value). directness was assessed by ex-
amining differences in population characteristics and vari-
ations in outcome measures.

Each evaluated aspect (risk of bias, precision, consis-
tency, and directness) contributed to an overall judgment, 
categorized as follows: 1) high quality, indicating that fur-
ther research is unlikely to substantially alter our confi-
dence in the effect estimate; 2) moderate quality, suggest-
ing that future research is likely to significantly influence 
our confidence in the estimate and may lead to changes; 3) 
low quality, signifying that future research is highly likely 
to impact our confidence in the estimate and is likely to 
result in changes; 4) very low quality, reflecting a high 
degree of uncertainty about the estimate. two reviewers 
(Jo and EV) independently assessed the quality of the 
evidence assessment, and any discrepancies were resolved 
through discussion.

figure 1.—flow diagram of the selection process.
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taken to prevent knowledge of primary exposure (blinding 
of assessors) (100%). the majority of the studies did not 
make a comparison between participants and non-partici-
pants (92.5%), nor did they clearly establish whether con-
trols were non-cases (70%).

and/or analysis (77.5%). Most studies were unclear about 
whether cases and controls were taken from comparable 
populations (80%), the percentage of cases and controls 
that participated in the study relative to the number of in-
vited participants (85%) and whether measures had been 

Table I.—  Risk of bias assessment.2, 30-70

Authors/SIGN checklist 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 1.10 1.11 2.1
abdul rahman30 + ? + Nr - + - ? + + + acceptable
alkan48 + ? + Nr - + - ? + - + low
bas49 ? - ? Nr - + + ? + - + low
bricout31 + + + Nr - + + ? + + + acceptable
buker32 + + + Nr - + + ? + + + acceptable
coffey50 + - ? Nr - ? ? ? + + + low
de Kegel52 + ? ? Nr - + - ? + + + low
de Kegel51 + ? ? Nr - + - ? + - + low
deforche53 + + ? Nr - ? ? ? + + + low
dewar33 + ? + Nr - ? + ? + + + acceptable
dik34 + - + Nr - + + ? + + + acceptable
franjoine54 + - ? Nr - ? - ? + + + low
Goldman55 + + ? Nr - ? - ? + - + low
Graff68 + ? - Nr - - ? ? ? - + Excluded
haibach69 + - ? Nr - - - ? + ? + low
huang70 + - + Nr - ? - ? + + + low
Jain2 + ? ? Nr - + - ? + + + low
Jayakaran35 + ? + Nr - + + ? + + + acceptable
Kalyani36 + ? + Nr - + + ? + + + acceptable
Karakoc37 + ? + Nr - ? + ? + + + acceptable
Katz leurer58 + ? ? Nr - + - ? + + + low
Katz leurer56 + ? ? Nr - + - ? + + + low
Katz leurer57 + ? ? Nr - + - ? + + + low
Kaya38 + - + Nr - + + ? + - + acceptable
Kembhavi59 + - + Nr - + - ? + - + low
leizerowitz39 + - + Nr - + - ? + + + acceptable
lukacs40 + ? + + + + ? ? + + + acceptable
Marchese60 + ? ? Nr - + ? ? + + + low
Melo41 + + - Nr - + ? ? + + + acceptable
Melo42 + + + Nr - + + ? + + + acceptable
Mohammed61 + ? ? Nr - + ? ? + + + low
Newman43 + ? ? + - + - ? + + + acceptable
Newman62 + ? ? Nr - + - ? + + + low
Nicolini-panison44 + - ? + - - + ? + + + acceptable
pace & bricout45 + ? + Nr - + ? ? + + + acceptable
promsorn & taweetanalarp63 + - ? Nr - ? - ? + + + low
roostaei66 + ? - Nr - ? - ? ? - + low
sanz-santiago46 + + - + + + ? ? + + + acceptable
soares47 + - - + - + ? ? + + + acceptable
tsiros64 + ? + Nr - ? ? ? + + + low
Walowska & bolach67 + - ? Nr - - - ? + - + Excluded
Zaino65 + - ? Nr - ? - ? + + + low
1.1 the study addresses an appropriate and clearly focused question; 1.2 the cases and controls are taken from comparable populations; 1.3 the same exclusion 
criteria are used for both cases and controls; 1.4 What percentage (%) of each group (cases and controls) participated in the study?; 1.5 comparison is made between 
participants and non-participants to establish their similarities or differences; 1.6 Cases are clearly defined and differentiated from controls; 1.7 It is clearly established 
that controls are non-cases; 1.8 Measures will have been taken to prevent knowledge of primary exposure influencing case ascertainment; 1.9 Exposure status is 
measured in a standard, valid and reliable way; 1.10 The main potential confounders are identified and taken into account in the design and analysis; 1.11 Confidence 
intervals are provided; 2.1 how well was the study done to minimize the risk of bias or confounding? “+” yes, the study does this; “?” can’t say whether the study does 
this ; “-“ no, the study does not do this; Nr: not reported.
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applied the pbs2, 30, 35-38, 42, 49, 54, 61, 69, one study the bbs,59 
and one the Kids-bEstest.33

Children experiencing motor difficulties performed 
2sds poorer on postural control test batteries than their 
td peers (sMd=-2.21, 95% ci=[-2.90;-1.52], p<0.001, 
i2=96%; supplementary digital Material 3: supplemen-
tary figure 1). the high heterogeneity suggests the need 
for subclassification, taking into consideration the group 
of underlying deficits.

overall, children with genetic syndromes perform sig-
nificantly poorer than their TD peers on the PBS (SMD= 
-2.31, 95% ci=[-3.09;-1.52], p<0.001, i2=79%).2, 36, 69 the
difference seems to be more marked in younger children
(below age 9), but not enough studies were available to ex-
plore this with a subgroup analysis (supplementary digi-
tal Material 4: supplementary figure 2). children with
neurological disorders (cp33, 54, 59 and traumatic brain in-
jury30) also perform significantly weaker on the PBS, BBS
and Kids-bEstest than their td peers (sMd=-2.58, 95%
ci=[-4.10;-1.06], p<0.001, i2=98%). yet, the level of mo-
tor functioning among children with neurological disor-
ders seems to play an important role in the distribution of
the test results, regardless of the applied test battery (sup-

Participants

postural control was assessed in a total of 1331 children 
with underlying pathologies (mean age [sd]: 8.68 y [3.72]) 
and 1889 controls (mean age [sd]: 9.10 y [4.04]). We dis-
tinguished seven overarching groups related to pathology: 
genetic syndromes (charGE syndrome,69 down syn-
drome,2, 36, 38, 44, 63 genetic variant 16p11.255), metabolic 
disorders (diabetes type i,40 overweight53 and obesity64), 
neurodevelopmental disorders (attention deficit hyperac-
tivity disorder,32, 61 autism spectrum disorder31, 45, 50), neu-
rological disorders (cp,33, 39, 47, 54, 56, 59, 65, 66, 70 acquired/
traumatic brain injury,30, 39, 43, 56-58, 62 duchenne’s muscular 
dystrophy [dMd]48), oncologic disorders,60 respiratory 
disorders (cystic fibrosis,34 asthma46) and sensory disorders 
(visual impairment,49 hearing impairment37, 41, 42, 51, 52). a 
detailed description of the cases and controls participating 
in the original studies can be consulted in supplementary 
digital Material 2, supplementary table i.

Outcome measures

the outcome measures were grouped into seven overarch-
ing categories related to the test type: test batteries (pediat-
ric balance scale [pbs],2, 30, 35, 36, 38, 42, 54, 61, 69 the berg bal-
ance scale [bbs],59 balance Evaluation systems test for 
children [Kids-bEstest]33), reach tests (sitting rt,48 for-
ward rt,2, 37, 47-49, 56-58, 65, 70 lateral rt,2, 58, 70 pediatric rt34 
and multidirectional rt30, 63), timed up and Go test (tuG) 
and variants (classic tuG,37-39, 46, 55-58, 60, 64-66 extended ver-
sions48 and tuG with dual task43, 62, 66), one leg stance and 
variants (timed ols,31, 37, 51, 52, 65 flamingo test,31, 32, 40, 45 
stork balance test50 and y-balance test32), sensory pertur-
bation tests (tandem stance,31 bEss,41 Standing on a beam/
eyes open/eyes closed31, 53), tandem walking (backward31 
and forward31, 53) and other timed measures (four-square 
stepping test39 and timed up and down stairs46, 65). the 
detailed description of these tests can be found in appendix 
d of the systematic review by Johnson et al.11

Differences in performances between cases and controls

differences between cases and controls were analyzed per 
functional postural control test and are presented as such 
in the next paragraphs. figure 2 provides a summary of the 
pooled sMds and subgroup analyses where applicable.

Test batteries

in total, 13 studies investigated performances on test bat-
teries in children with underlying pathologies (N.=518) 
and compared them to td peers (N.=617). Eleven studies 

figure 2.—summary of the pooled standardized mean difference be-
tween cases and controls on functional postural control tests.
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ogies and td peers.31, 32, 37, 40, 45, 49-53, 65 children with vari-
ous pathologies on average perform approximately 2 sds 
poorer than their td peers (sMd=-2.14; 95%ci=[-3.45;-
0.83], p<0.001; i2=99%), (supplementary digital Mate-
rial 11: supplementary figure 9). the large heterogeneity 
seems to result from the different pathological conditions. 
children with neurodevelopmental disorders perform 
significantly weaker than their TD peers (SMD=-0.96; 
95%ci=[-1.18; -0.74], p<0.001; i2=0%; supplementary 
digital Material 12: supplementary figure 10). among the 
group of children with sensory deficits, clear differences 
arise from the type of sensory deficit (SMD=-2.63; 95%CI 
= [-4.57;-0.69], p<0.001; i2=99%), but further subclassifi-
cation was not possible due to too few available data (sup-
plementary digital Material 13: supplementary figure 11).

Sensory perturbations

three studies reported on various postural control tests 
tapping into sensory orientation and/or reweighting: the 
modified Clinical Test of Sensory Interaction on Bal-
ance,49 the balance Error scoring system41 and different 
sustained postures.31 the mean sMd at study level varied 
between -0.4731 to -3.1049 in favor of the control group.

Tandem walk

two studies explored differences in postural control in 
overweight children53 and children with asd31 compared 
to their td peers using the tandem walk backward31 and 
forward.31, 53 Yet, TD children tend to make significantly 
fewer errors than children with asd (p<0.01)31 and take 
more steps than overweight children (p<0.001).53

Other timed measures

three studies applied timed measures other than the tuG 
or ols variants.39, 46, 65 two studies used the timed up 
and down stairs test (tuds), one of which investigated 
children with cp65 and one children with asthma46 and 
one study administered the four square stepping test 
(fsst).39 at an individual study level, the clinical groups 
need significantly more time to complete the TUDS 
(p<0.02)65 and the fsst (p<0.001)39 compared to their 
td peers.

Level of evidence

there was low evidence for the use of test batteries and 
very low evidence for the rt, tuG and variants, and ols 
and variants, due to inconsistency of results, impression, 
and risk of bias. details are listed in table ii.

plementary digital Material 5: supplementary figure 3).
Children experiencing sensory deficits35, 37, 42 perform 

significantly poorer than their TD peers (SMD= -1.20, 
95% ci=[-1.50;-0.89], p<0.001, i2=13%). see supple-
mentary digital Material 6: supplementary figure 4 for 
details on the subgroup meta-analysis.

Reach tests

twelve studies investigated differences in postural 
control between children with various underlying pa-
thologies and their td peers using functional reach 
tests.2, 34, 37, 47-49, 56-58, 63, 65, 70 a large variety of reach tests 
was identified: the sitting reach test,48 the classic functional 
reach test in the forward2, 37, 47-49, 56-58, 65, 70 and lateral direc-
tion,2, 58, 70 the multidirectional reach test63 and the pediatric 
reach test.34 the reach performance in children with under-
lying pathologies was on average 1.2 sd lower than those 
of their td peers (sMd=-1.19, 95% ci=[-1.41;-0.98], 
p<0.001, i2=65%) . in contrast to the test batteries where the 
pathological groups tended to impact the magnitude of the 
difference relative to td peers, this was not the case for the 
reach tests (supplementary digital Material 7: supplemen-
tary figure 5). age on the other hand seems to play a crucial 
role. When children are grouped according to their mean 
group age into 7-9 and ≥10 years old, heterogeneity among 
studies reduces. in the age band 7-9 years old (supplemen-
tary digital Material 8: supplementary figure 6), children 
with underlying motor deficits, reach approximately 1.1 
sd less far when compared to their td peers (sMd=-1.08, 
95%ci=[-1.23;-0.94], p<0.001, i2=0%). in the children 
aged 10 and older, similar results are noted (sMd=-0.91, 
95%ci=[-1.22,-0.6], p<0.001, i2=22%) (supplementary 
digital Material 9: supplementary figure 7).

The TUG and variants

the tuG was applied in 17 studies.37-39, 43, 44, 46, 48, 49, 55-58, 60, 

62, 64-66 children with underlying pathologies need 2.3 sd 
more time to execute the tuG compared to their td peers 
(sMd=2.30, 95%ci=[1.51; 3.10], p<0.001, i2=97%). the 
high amount of heterogeneity among the included studies, 
suggests the need for subclassification. However, none of 
the available grouping variables (pathological group, age 
group and methodological quality) resulted in less hetero-
geneity (supplementary digital Material 10: supplemen-
tary figure 8).

One leg stance and variants

in 11 studies the difference in one leg stance performance 
was investigated between children with underlying pathol-
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‘normal’ range (up to 1 sd below the mean) which is in 
line with the expected clinical variation in postural control 
deficits in children with different underlying pathologies.1-4 
contrarily, the reach tests show a much smaller difference 
between cases and controls (figure 3), with approximately 
50% of the cases performing similarly to td children. al-
though the characteristics of the children performing the 
different functional postural control tests are similar (ge-
netic, neurological, respiratory, and sensory disorders), the 
functional reach tests do not seem to identify the children 
with underlying postural control deficits to the same extent 
as the test batteries. this implies that this isolated task is 
probably insufficiently sensitive and that the assessment of 
multiple aspects of postural control (as is done in test bat-
teries) is required to distinguish between groups.

although the mean sMd promotes the use of the test 
batteries (the tuG and variants, and the ols and vari-
ants), these results need to be interpreted cautiously. the 
very large 95% cis of the sMds indicate large impreci-
sion, which is evidenced by the high amount of hetero-
geneity among studies (i2>50%). Subclassification based 
on the specific overarching pathology groups (e.g. genetic 
or neurological disorders) showed that the children with 
sensory disorders performed significantly lower than their 
age-matched controls on the test batteries, but the magni-
tude was only±1 sd below the mean of the control group. 
Therefore, while subclassification reduced the imprecision 
and the heterogeneity, it also reduced the magnitude of the 
difference between specific cases and controls. A similar 
result was found for children with neurodevelopmental 
disorders regarding the OLS and variants. These findings 
can be explained by the fact that not all children with these 
pathologies present with a postural control deficit.1-4 de-
fining both homogenic groups and mapping the extent to 
which these children actually experience postural control 
deficits, can have a major impact on the known-groups va-
lidity of the test which in turn, affects its sensitivity and 
generalizability.

Discussion

the aim of this systematic review was to gain a better 
understanding of the clinical value of functional postural 
control tests in pediatric populations by determining the 
known-groups validity of these tests when comparing chil-
dren with pathologies and td peers taking type of pathol-
ogy and age into consideration. We identified 40 studies 
that met the criteria, thereby covering 22 different tests. 
We clustered and analyzed these tests in seven overarch-
ing categories. of these categories, only the test batteries, 
the reach tests, the tuG and variants, and the ols and 
variants yielded a sufficient number of studies to perform 
meta-analyses. our results show that while some pediatric 
functional postural control tests are able to differentiate 
children with underlying pathologies from td children, 
some important considerations should be kept in mind.

Known-groups validity

in general, the test batteries, tuG and ols show the 
most promising known-groups validity as they show large 
pooled sMds between cases and controls (figure 2). 
Norm-referenced scales, such as the Movement assess-
ment battery for children, second Edition71 and the bru-
ininks-Oseretsky Test of Motor Proficiency, Second Edi-
tion,72 use percentile rank scores to interpret performances. 
in such tests, scores at or below the 15-17th percentile (i.e. 
1 sd below the mean) indicate a risk for poor performance, 
and a score at or below the 2-5th percentile rank indicates 
a definite problem.71, 72 When using a similar interpretative 
method for the data collected in this review it can be con-
cluded that specifically for the test batteries, the TUG and 
variants, and the ols and variants (figure 3): 1) more than 
50% of all the cases perform below the 5th percentile rank 
of the control group, indicating a definite postural control 
problem and 2) more than 85% of all the cases perform be-
low the 15th percentile. this implies that only a small por-
tion (<15%) of the case group performs within the broad 

Table II.—  Level of evidence.

functional postural control test groups study
limitations

inconsistency 
of result

indirectness of 
evidence imprecision

Quality of the
evidence

(GradE)
test batteries (pbs and Kids-bEstest) ↓ = = ↓ ⨁⨁⊖⊖
reach tests ↓↓ ↓ = = ⨁⊖⊖⊖
tuG and variants ↓↓ ↓ = ↓ ⊖⊖⊖⊖
ols and variants ↓ ↓↓ ↓ ↓↓ ⊖⊖⊖⊖
↓GRADE score downgraded by one point; = No impact on GRADE score.
⊕ Point on final GRADE score awarded; ⊖ Point on final GRADE score not awarded and suggested representations of the quality of evidence; Symbol ⨁⨁⨁⨁ = 
high; ⨁⨁⨁⊖ = moderate; ⨁⨁⊖⊖ = low, and ⨁⊖⊖⊖ or ⊖⊖⊖⊖ = very low
pbs: pediatric balance scale; tuG: timed up and Go test; ols: one leg stance.
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of any underlying pathology, age may be a better explana-
tory variable than pathology for these specific tests. In-
terestingly, the test batteries also include an item with a 
reach task, but their scoring is done based on an ordinal 
rating scale instead of the reach distance, and the total is 
a combination of multiple items, which, all together, may 
conceal the relationship with age. furthermore, although 
the pbs consists of tasks that, in td children are fully 
controlled by the age of seven,22 age is not a primary factor 
to explain the imprecision of these tests when comparing 
children with varying underlying pathologies to their td 
peers (figure 2). as such, it seems that multiple tasks cov-
ering several aspects of postural control and the underly-
ing pathology has a larger impact on the magnitude of the 
difference than age.

similarly to the rts, the ols and variants also empha-
size a single aspect of postural control, i.e. anticipatory 
postural adjustments. among td children, the time a child 
can maintain the ols position increases with age.78 the 
included studies mainly reported the ols in children with 
more mild pathologies such as neurodevelopmental and 
sensory disorders. this stresses the importance of consid-
ering task-complexity when discussing appropriate pedi-

Influencing factors

as hypothesized, both pathology and age, and the inter-
action between them, affected the observed differences in 
known-groups validity, but the degree to which they did, 
was specific to each individual category of functional pos-
tural control test.

due to the non-linear development of postural control, 
it stands to reason that age-related factors would also af-
fect the difference in performance between children with 
underlying pathologies and their td peers. however, the 
results of our meta-analyses seem to indicate that these 
expected age-related effects are not a singular explana-
tion for the reported heterogeneity of results. only for the 
rt category, a stark decrease in heterogeneity was seen 
once a subclassification based on age (mean group age 7-9 
years and ≥10 years) was applied. While both the younger 
and older groups showed similar effect sizes (sMd=-1.08 
and sMd=-0.91 respectively) the level of heterogeneity 
for each group dropped significantly (I2=0% and i2=22% 
respectively). reach distance is known to be related to 
age, anthropometric factors such as height, arm length, 
and weight, and to base of support.24, 73-77 since growth 
and development continues through childhood regardless 

Figure 3.—Visual representations of ‘unidentified’ postural control deficits for the test batteries, TUG tests, OLS tests and Reach Tests.
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allow proper identification. More complex tasks (e.g. the 
y-balance or the stork balance test) might therefore be
more suitable.

With all this in mind, it might be necessary for clini-
cians to have access to usable and relevant reference data, 
specific to either the age or developmental stage of the pa-
tient and their underlying pathology (if present). to reach 
acceptable levels of external validity, functional postural 
control tests and especially their associated reference data 
might need to be re-evaluated for them to be able to ac-
count for these influencing effects. Unfortunately, the cur-
rent data do not yet support specific recommendations for 
age or pathology-specific normative data of pediatric func-
tional postural control tests.

in summary, we can conclude that test batteries have 
the advantage of assessing the construct of postural con-
trol more extensively while boasting large sMds between 
pathological groups and td children, despite low levels 
of evidence. however, the generalizability of the test bat-
teries seems limited to the regressive (e.g. dMd) and pla-
teaued developmental patterns (e.g. cp). the strength of 
the tuG and variants is the inclusion of multiple activi-
ties of daily living in the assessment (standing up, sitting 
down, walking, and turning). however, these tests are not 
as comprehensive as the test batteries and show a very 
low level of evidence which limits their generalizability, 
despite larger sMds. alternatively, both the functional 
reach tests and one leg stance and variants are limited 
to only a single motor task, and show very low levels of 
evidence, hampering their generalizability.

Strengths and limitations of the study

to perform the meta-analyses, data were extracted directly 
from the included case-control studies. Specific categori-
zation was necessary to reduce the overall noise within this 
data set. despite this subgroup analyses, general hetero-
geneity remained, mostly due to different reporting styles 
(mean scores, standard deviations, interquartile ranges) 
and the different level of detail in the descriptions of in-
cluded participants and methodologies. the larger 95% 
confidence intervals of both the pooled SMDs and those 
at the individual study level of the meta-analyses indicate 
heterogeneity between groups. this could be explained by 
heterogeneity both between and within the study samples, 
inducing higher rates of imprecision. furthermore, some 
of the reported results are based on post-hoc subclassifi-
cation of larger groups (e.g. age bands of 7-9 years and 
≥10 years). While these subclassifications could introduce 
some levels of bias, they were defined based on the trends 

atric functional postural control tests. indeed, the severity 
level of a child’s motor disability (e.g. Gross Motor func-
tion Classification System or ‘GMFCS’ levels in CP) im-
pacts the magnitude of the differences between cases and 
controls. When we stratify the results based on the gen-
eral motor classification, we note that cohorts of children 
with higher GMFCS levels perform significantly worse on 
test batteries than their peers with a lower classification 
(supplementary digital Material 3). unfortunately, due to 
the paucity of mean data for the various GMfcs levels, it 
was impossible to perform a meta-analysis based on this 
subclassification.

our meta-analysis also suggested an interaction be-
tween the effects of age and overarching pathological 
group. for example, the heterogeneity of the pbs analysis 
was reduced when stratifying the results for both age and 
pathology. this interaction of both factors should be kept 
in mind when interpreting the results of functional pos-
tural control tests. While the development of motor skills 
in td children is already non-linear and varied, this matu-
ration process in children with an underlying pathology 
shows even more variation.21 furthermore, we can assume 
that the development of motor skills also differs from 
one pathological group to another. a child with cp will 
be faced with different difficulties at different points in 
their development than a child with dcd, hearing loss or 
a genetic disorder. When we consider the principles of the 
dynamic systems theory, these variations in movement 
development will result in different patterns and strategies 
to perform specific motor tasks.21 While task complexity 
clearly impacts performance and improves with age in td 
children, this may not be the case in a child whose motor 
development adheres to an abnormal pattern (i.e. slow but 
steady, plateau or regression). hence, the task choice dur-
ing assessment will depend on whether they are relevant 
for that particular child’s motor repertoire. for instance, 
the pbs can provide valuable information for a 10-year-
old child with a central neurological deficit that is unable 
to walk. hence, despite the fact that the pbs has a ceil-
ing effect for td children starting from the age of seven, 
children who have a plateau in their motor development 
that occurs before this motor age, still benefit from this 
type of assessment. Visa versa, a 10-year-old child with a 
mild motor deficit (slow but steady developmental pattern) 
who experiences postural control deficits during physical 
activity classes, is likely to have no difficulties with the 
pbs. since these children adhere more closely to typical 
developmental patterns, performance variability on simple 
tests might not have sufficient known-groups validity to 
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evaluate the differences between strictly defined homog-
enous groups on postural control tests. this review could 
also act as a first step in constructing and analyzing one 
large dataset which includes all available raw data to en-
able analysis of the specific factors and compare these re-
sults with the available reference data.

there does not seem to be one postural control test 
which is able to differentiate unequivocally whether a pos-
tural control deficit is present or not, irrespective of age 
and pathology. however, given the results from our meta-
analysis, test batteries – and more specifically the PBS – 
show the most promise. these recommendations should 
be made cautiously since only the pbs was implemented 
most and often in those pathological groups where chil-
dren showed more severe levels of postural control defi-
cits. future investigation of the pbs in populations with 
much milder postural control deficits and other test batter-
ies as defined by Johnson et al. (2023) (e.g. Kids-bEstest, 
fullerton advanced balance) in various pediatric popula-
tions are in order. More specifically, our findings reaffirm 
the practical suggestion made by previous authors. When 
pediatric clinicians merely attempt to identify the presence 
of a general postural control deficit, larger test batteries of 
postural control should be favored over single-task tests. 
When they aim to assess one specific subsystem or under-
lying function of postural control, single-task tests could 
still be implemented. however, clinicians should ensure 
the motor task required for the test they selected is suited 
for their targeted patient’s age and underlying pathology.

although we tried to establish known-groups valid-
ity using cases and controls, none of the included stud-
ies compared their groups to normative data nor did they 
map the degree to which case children actually reported 
complaints at the time of the study. future research which 
addresses these issues could provide new insights into the 
validity, sensitivity, and specificity of functional postural 
control tests.

another aspect this study was unable to account for was 
the quality of movement during testing. this may be more 
relevant in milder motor disorders in which the typical 
developmental milestones are met yet, the difference lies 
in subtle motor quality deviations. the scores of simple 
pediatric postural control tests are often purely based on 
objective quantitative results (e.g. time required to com-
plete task, number of repetitions within allotted time, etc.) 
while often neglecting the role of qualitative performance 
markers. the pbs is one of the only tests included in this 
review which incorporates some modicum of qualitative 
assessment. the rts on the other hand are only scored 

and data found in literature. having access to the raw data 
(for example through improved open-science practices) 
from the actual studies would help improve the quality of 
the meta-analyses.

a second limitation is that we excluded articles that 
did not specifically include case-control studies where 
td children were compared to children with pathologies. 
however, this was necessary to assess the known-groups 
validity. furthermore, focusing on only one type of study 
design allowed for more rigorous evaluations of the over-
all methodological quality and risk of bias in the included 
articles through the siGN and GradE assessment scales. 
however, with most of the available data expressed as 
mean performance-based outcomes, it was impossible to 
determine the means of specific age groups.

an important strength of this review is its clinical ap-
proach to the topic of postural control assessment in chil-
dren. With an overabundance of available pediatric postural 
control tests, therapists often have a hard time deciding 
which test is most appropriate for their specific patient. Pre-
vious systematic reviews have already addressed this by re-
porting the psychometric properties of these outcome mea-
sures.11, 12 the fact that the current review builds on these 
previous studies only strengthens the body of evidence con-
cerning these outcome measures and allows therapists to 
make a more informed and evidence-based decision when 
choosing the right performance-based postural control test.

in line with the previous review,11 our review also only 
included those pediatric postural control tests with report-
ed normative or reference data. due to the heterogeneity of 
our available data and the fact that the available reference 
data often spans multiple age groups, reference data was 
not yet included in our analysis. however, future research 
could aim to investigate how the performances of various 
types of children (both td and those with underlying pa-
thologies) compares to these normative datasets. by per-
forming such an analysis, researchers and clinicians alike 
could better gauge the external validity of this reference 
data for diagnostic purposes in a clinical context. that way, 
clinicians would know the usefulness of their available 
tools, while researchers could identify if certain geographi-
cal, cultural, or demographic characteristics influence their 
applicability to differentiate cases from controls.

Implications for clinical practice and future research

as shown by the examples above, heterogeneity within 
the dataset was one of the main obstacles for the meta-
analyses presented in this review. future research should 
thus prioritize sound methodological studies, which aim to 
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search into clinical practice. fifth edition ed. philadelphia: Wolters Klu-
wer; 2017.
22. franjoine Mr, darr N, held sl, Kott K, young bl. the performance 
of children developing typically on the pediatric balance scale. pediatr 
phys ther 2010;22:350–9. 
23. deitz Jc, richardson p, atwater sW, crowe tK, odiorne M. per-
formance of Normal children on the pediatric clinical test of sensory
interaction for balance. occup ther J res 1991;11:336–56.
24. donahoe b, turner d, Worrell t. the use of functional reach as a

using quantitative data. future research should therefore 
investigate how qualitative markers can be implemented 
in existing functional postural control tests. the inclusion 
of this aspect of testing might enable the identification of 
slower abnormal developmental patterns currently missed 
by clinical tests and thereby refine our understanding of 
postural control deficits in pediatric populations.

additionally, technological innovation in both clinical 
practice and research settings may aid in the pursuit of valid 
clinical tests.10, 79 by enabling therapists and researchers to 
pool the data provided by functional postural control tests, 
add images or video recordings to test results, and automate 
specific aspects of testing (e.g. timing, measuring), inter-
pretation of test results may become more efficient. Fur-
thermore, reference data could be constantly and easily col-
lected, updated, and sorted according to gender, age, over-
arching pathology group or even geographical location.

Conclusions

None of the included functional postural control tests ex-
ceeded a low level of evidence, which impacts their use-
fulness in clinical practice for any pediatric population. 
the type of underlying pathology has a larger impact on 
the known-groups validity of these tests than age. thus, it 
is crucial that therapists select postural control tests based 
on both the underlying pathology, the motor repertoire and 
age of their patient and ensure the complexity of the mo-
tor tasks, performed in these tests is suited to differentiate 
performances of their patient and td peers. test batteries 
such as the pbs seem to be more promising than single 
tests as they cover multiple aspects of postural control. 
This systematic review and meta-analysis are a first step 
in determining the clinical applicability of functional pos-
tural control tests for which age-specific normative data 
already exist. due to the low level of evidence, future re-
search should not only strive to expand and homogenize 
the available data, but also to improve the levels of avail-
able evidence in order to establish the sensitivity and spec-
ificity of these tests and their respective reference data. 
these efforts may ensure that future clinicians are able to 
select viable and useful functional postural control tests in 
their daily clinical practice.
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SUPPLEMENTARY DIGITAL MATERIAL 1 

Search Strategy 

Pubmed 

(“Balance Error Scoring System”[Title/abstract] OR “Tandem Stance”[Title/abstract] OR “Flamingo test”[Title/abstract] OR “Stork Balance Stand 

Test”[Title/abstract] OR “Star Excursion Balance 

Test”[Title/abstract] OR “Pediatric Reach Test”[Title/abstract] OR “Functional Reach 

Test”[Title/abstract] OR “Lateral Reach Test”[Title/abstract] OR “Multi-directional Reach 

Test”[Title/abstract] OR “Timed Up and Go test”[Title/abstract] OR “Timed Get up and go 

test”[Title/abstract] OR “Get up and go test”[Title/abstract] OR “Complex Gait Test”[Title/abstract] OR “Balance Beam Walking”[Title/abstract] OR 

“Pediatric Balance Scale”[Title/abstract] OR “Berg Balance Scale”[Title/abstract] OR “Ghent Developmental Balance Test”[Title/abstract] OR 

PREFIT[Title/abstract] OR Eurofit[Title/abstract] OR PERFFIT[Title/abstract]) AND (child[MeSH Terms] OR child[Title/Abstract] OR 

children[title/abstract] OR “preschool child”[Title/abstract] OR preschooler[Title/abstract] OR youth[Title/abstract] OR minor[Title/abstract] OR 

adolescent[Title/abstract] OR adolescents[Title/abstract]) 

 

Web of Science 

(“Balance Error Scoring System” OR “Tandem Stance” OR “Flamingo test” OR “Stork Balance Stand Test” OR “Star Excursion Balance Test” OR “Pediatric 

Reach Test” OR “Functional Reach Test” OR “Lateral Reach Test” OR “Multi-directional Reach Test” OR “Timed Up and Go test” OR “Timed Get up and 

go test” OR “Get up and go test” OR “Complex Gait Test” OR “Balance Beam Walking” OR “Pediatric Balance Scale” OR “Berg Balance Scale” OR “Ghent 

Developmental Balance Test” OR PREFIT OR Eurofit OR PERFFIT) AND (child OR child OR children OR “preschool child” OR preschooler OR youth OR 

minor OR adolescent OR adolescents) 

 

Scopus 

(TITLE-ABS-KEY(“Balance Error Scoring System”) OR TITLE-ABS-KEY(“Tandem Stance”) OR TITLE-ABS- KEY(“Flamingo test”) OR TITLE-ABS-

KEY(“Stork Balance Stand Test”) OR TITLE-ABS-KEY(“Star Excursion Balance Test”) OR TITLE-ABS-KEY(“Pediatric Reach Test”) OR TITLE-ABS-

KEY(“Functional Reach Test”) OR TITLE-ABS-KEY(“Lateral Reach Test”) OR TITLE-ABS-KEY(“Multi-directional Reach Test”) OR TITLE- ABS-

KEY(“Timed Up and Go test”) OR TITLE-ABS-KEY(“Timed Get up and go test”) OR TITLE-ABS- KEY(“Get up and go test”) OR TITLE-ABS-

KEY(“Complex Gait Test”) OR TITLE-ABS-KEY(“Balance Beam Walking”) OR TITLE-ABS-KEY(“Pediatric Balance Scale”) OR TITLE-ABS-KEY(“Berg 

Balance Scale”) OR TITLE-ABS-KEY(“Ghent Developmental Balance Test”) OR TITLE-ABS-KEY(“PREFIT”) OR TITLE-ABS- KEY(“Eurofit”) OR 

TITLE-ABS-KEY(“PERFFIT”)) AND (INDEXTERMS(“child”) OR TITLE-ABS-KEY(“child”) 

OR TITLE-ABS-KEY(“children”) OR TITLE-ABS-KEY(“preschool child”) OR TITLE-ABS-KEY(“preschooler”) 

OR TITLE-ABS-KEY(“youth”) OR TITLE-ABS-KEY(“minor”) OR TITLE-ABS-KEY(“adolescent”) OR TITLE- 

ABS-KEY(“adolescents”) 



SUPPLEMENTARY DIGITAL MATERIAL 2 

 

Supplementary Table I.—Description of the cases and controls participating in the original studies. 

AUTHOR CASES CONTROLS FUNTIONAL TEST 

USED Pathology-specific 

diagnosis 
Age (years) 
(mean, SD, range) 

Sex  
(m/f) 

Height (cm) 
(mean, SD) 

Weight  (kg) 
(mean, SD) 

Age (years) 
(mean, SD, range) 

Sex  
(m/f) 

Height (cm) 
(mean, SD) 

Weight (kg) 
(mean, SD) 

Abdul Rahman 2018 30 TBI 11.6 (2), - 12/2 141 (17) 40.4 (12.5) 11.4 (2.3) 17/4 142 (15) 41.2 (17.1) PBS (score) 
Alkan 2017 48 DMD 8.8 (1.4), - 52/0 123.3 (9.6) 28.1 (6.9) 8.6 (1.6) 17/0 126.4 (11.7) 30.4 (9.8) expanded TUG (s) 
Bas 2020 49 congenital poor vision 7.4 (1.9) n=20 

  
8.2 (1.1) n=20 

  
FRT (cm), TUG (s) 

Bricout 2019 31 ASD 10.7 (1.3), 8-12 22/0 144.7 (8.7) 36.0 (13.3) 10.0 (1.6), 8-12 20/0 141.0 (10.5) 33.3 (7.2) Flamingo balance (s), sustained 

postures (tandem, OLS, s), tandem 

walk backward & forward (errors) 
Buker 2020 32 ADHD 9 (2.75), 7-12 20/4 140.0 (13.0) 37.3 (9.6) 9.0 (3.0), 7-12 15/4 133.0 (16.3) 32.4 (17.4) Flamingo balance (number of falls), Y-

balance (cm) 
Coffey 2021 50 ASD 8.3 (2.1), 4-13 77/15 135.4 (14.1) 37.0 (14.9) 8.3 (2.1), 4-13 70/82 135.9 (15.1) 32.9 (11.6) Stork balance test (s) 
Deforche 2009 53 overweight 9.3 (1.0), 8-10  25/0 140.7 (6.4) 47.2 (7.9) 9.3 (0.8), 8-10 25/0 136.2 (6.8) 30.4 (4.3) heel-to-toe walk (n steps), OLS on a 

beam (non-)dominant leg (s, max 10) 
De Kegel 2010 52, 2011 51 hearing impairment 9.4 (1.9), 6-12 13/10     9.6 (2.0), 6-12 27/22     OLS EC (s), OLS EC (s) 
Dewar 2021 33 CP 11.7 (2.7), 7-16 11/6 146.1 (14.4) 41.1 (15.8) 10.9 (2.3), 7-17 21/20 150.0 (13.9) 38.9 (14.6) Kids-BESTest 
Dik 2020 34 cystic fibrosis 10.7 (2.9), 6-18 7/7     11.4 (3.3), 6-18 10/11     PRT (cm) 
Franjoine 2022 54  CP GMFCS I -, range: 2-4 76/63     -, 2-4 144/114     PBS (score) 

CP, GMFCS II -, range: 2-4 19/16     -, 2-4 144/114     
CP, GMFCS III -, range: 2-4 24/21     -, 2-4 144/114     

Goldman 2019 55 Genetic variant 

16p11.2 
9.3 (5.4), - 10/11     7.6 (7.8), - 9/6     TUG (s) 

Haibach 2013 69 CHARGE syndrome 8.5 (2.09), - 13/9     9.3 (1.8), -  31     PBS (score) 
Huang 2014 70 CP 10.1 (2.1), - 6/7 138.6 (11.2) 32.2 (11.7) 9.0 (1.6), - 11/9 135.6 (9.8) 32.2 (10.4) Pediatric reach test (cm) 



Jain 2022 2 Down syndrome 10.7 (3), - 6/8 136.11 (16.63) 32.93(11.84) 10.71 (3), - 6/8 137.93 (16.04) 37.75 (10.87) Modified FRT, PBS 
Jayakaran 2018 35 SNHL 7.2 (1.8); 5-10 14/7 120 (10) 26.2 (6.7) 7.6 (1.8), - 12/13 130 (10) 26.6 (6.4) PBS 
Kalyani 2021 36 Down syndrome -, range: 3-12 64     -, range: 3-12 80     PBS 
Karakoc 2021 37 SNHL 8.1 (1.1), 6-10 12/8   

-, range: 6-10 11/9   
FRT (cm), PBS, OLS (s), TUG (s) 

Kaya 2021 38 Down syndrome 10.2 (0.67), 9-11 8/7     10.2 (0.67), 9-11 8/7     PBS, TUG 
Katz Leurer 2008 58 TBI 8.7 (3.5), - 16/8 130 (22) 30.5 (15) 8.5 (3.0), - 16/8 135 (18) 31 (11) FRT (cm), TUG (s) 

 Katz Leurer 2009 56 TBI 9 (2), - 10/5 126 (14) 25 (9) 9 (2), - 18/12 130 (17) 29 (11) 
CP 9 (2), - 10/5 124 (14) 24 (8) 9 (2), - 18/12 130 (17) 29 (11) 

Katz Leurer 2010 57 TBI 9.5 (2.2), - 9/6 136 (14) 32.6 (5.8) 9.9 (1.3), - 10/5 142 (10) 32 (9.9) 
Kembhavi 2002 59 CP- spastic 

hemiplegia 
10.4( 1.5), 8.2-13.0 6/8     10.6 (1.4), 8.1-12.9 11/3     BBS 

CP - spastic diplegia  10.7 (1.2), 8.2-11.9 9/3     10.6 (1.4),  8.1-12.9 11/3     BBS 
Leizerowitz 2015 39 ABI 9.5 (6.5- 12.9), - 7/5 140 (110-160) 33.5 (17.5-41) 8.6 (6-12.1), - 15/15 1.4 (1.2 - 1.5)  29.3 (18-47) FSST, TUG (s) 

CP 7.9 (6.7-11.9), - 10/10 120 (140 - 110) 24 (49-16) 8.6 (6-12.1), - 15/15 1.4 (1.2 - 1.5)  29.3 (18-47) 
Lukacs 2012 40 Diabetes type I (8-12) 10.6 (1.5), - 25/27   

10.9 (1.3), - 28/32   18,12 Flamingo balance (n of error) 
Marchese 2021 60 Leukemia survivors 11.52 (3.27). 8.7-

16.5 
3/3 141.5 (19.45) 46.68 (26.43) 10.9 (3.6), 7.1 - 16.1  3/3 145.67 (17.42) 40.83 (13.07) TUG (s) 

Melo 2015 41 SNHL 12.5 (3.5); 7-18 24/24     12.5 (3.5); 7-18 24/24     BESS 
-, range: 7-10 n=16     -,range: 7-10 n=16     
-, range: 11-14 n=16     -,range: 11-14 n=16     

Melo 2018 42 SNHL 12.5 (3.5); 7-18 24/24     12.5 (3.5); 7-18 24/24     PBS 
-, range: 7-10 n=16     -, range: 7-10 n=16     
-, range: 11-14 N=16   

-, range:7-10 N=16   

Mohammed 2019 61 ADHD 5.7 (0.4), - 22/8     5.6 (0.1), - 20/10     PBS 
Newman 2018 43, 2020 62 TBI 10.5 (1.5), - 6/6 148 (15.4) 40.9 (10.3) 10.4 (1.3), - 5/5 147.9 (13.8) 41.1 (8.7) TUG + DT 
Nicolini-Panison 2014 44 Down syndrome  10.6 (4.4)  16/24      10.8 (4.4)  459       
Pace & Bricout 2015 45 ASD 10.1 (1.4), -  10 140 (10) 32.1 (8.3) 10.2 (1.4), -  10 140 (10) 34.8 (10.2) Flamingo balance test 
Promsorn & 

Taweetanalarp 2021 63 
Down syndrome 8.3 (0.6), - 4/11 121.37 (6.72) 25.87 (8.22) 8.3 (0.6), - 4/11 128.61 (4.89) 28.38 (5.43) MDRT (Backward, forward, leftward, 

rightward) 10.8 (1.1), - 7/8 129.6 (6.76) 34.13 (9.86) 10.7 (1.0), - 7/8 143.93 (8.03) 35.55 (5.71) 



Roostaei 2022 66 Hemiplegic CP 8.16 (2.28) 7/5 129 (15.09) 28.62 (9.46) 8.25 (2.26) 7/5 133 (14.10) 30.75 (8.84) TUG, TUG Dual task 

Sanz-Santiago 2021 46 Asthma 11.5 (2.7), -  71 146.7 (16.2) 43.8 (14.4) 10.7 (2.5), -  71 144.9 (14.1) 39.2 (10.8) TUDS, TUG 
Soares 2019 47 Unilateral CP 10.3 (3.3), - 4/2 135 (16) 35.50 (8.96) 9.8 (3.1), - 7/7 140 (19) 36.75 (16.06) FRT 

Bilateral CP 9.6 (2.5), - 3/5 136 (13) 32.66 (12.37) 9.8 (3.1), - 7/7 140 (19) 36.75 (16.06) 
Tsiros 2012 64 Obese 11.8 (0.1), - 56/51 155 (1) 72 (1.4) 12.0 (0.1), - 76/56 154 (1) 43.7 (0.7) TUG 
Zaino 2004 65 CP (GMFCS I) 11.3 (1.4), 8.1 -14.9 0/4 139.9 (5.3), 131.0-155.0 37.8 (7.9), 28.2-61.4 10.4 (0.4), 8.0-14.0 0/14 142 (2.9), 124.5-

160.0 
37 (2.7), 22.7-53.2 TUG (s), TUDS (s), OLS (s), FRT 

(cm) 
10.4 (1.1), 8.3-14.4 5/0 143.5 (7.9), 123.5-167 38.8 (4.7), 28.2 -

52.3 
11.9 (0.8), 8.1-14.11 13/0 154(5.8), 119.5-187.5 45.7 (5.4), 19.1-

82.7 
CP (GMFCS II/III)  10.4 (1.1), 8.0 - 

13.7 
0/5 140 (5.6), 123.5-153.0 40.4 (11), 22.7-82.3 10.4 (0.4), 8.0-14.0 0/14 142 (2.9), 124.5-

160.0 
37 (2.7), 22.7-53.2 

11.4 (0.8), 8.1 -13.6 6/0 149 (6.4), 119.5-166.0 38.7 (5.5), 14.5-51.4 11.9 (0.8), 8.1-14.11 13/0 154(5.8), 119.5-187.5 45.7 (5.4), 19.1-

82.7 
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Supplementary Figure 1.—Differences in performances on test batteries between cases and controls. 

 



Supplementary Figure 2.—Subgroup analysis - Differences in performance on test batteries between children with genetic syndromes and 

controls. 

 



 
 

Supplementary Figure 3.—Differences in performance on test batteries between children with neurological disorders and controls. 

 



 

 

Supplementary Figure 4.—Subgroup analysis - Differences in performance on test batteries between children with sensory deficits and controls. 
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Supplementary Figure 2.—Subgroup analysis - Differences in performance on test batteries between children with genetic syndromes and controls. 
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Supplementary Figure 3.—Differences in performance on test batteries between children with neurological disorders and controls. 
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Supplementary Figure 4.—Subgroup analysis - Differences in performance. 
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Supplementary Figure 5.—Differences in performance on reach test between cases and controls. 

 



 

 

SUPPLEMENTARY DIGITAL MATERIAL 8 
 

Supplementary Figure 6.—Subgroup analysis - Differences in performance on reach test between cases and controls in the age group 7-9 years old. 
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Supplementary Figure 7.—Subgroup analysis - Differences in performance on reach test between cases and controls in the age group 10 years and 
older. 
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Supplementary Figure 8.—Differences in performance on the Timed Up and Go test between cases and controls. 
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Supplementary Figure 9.—Differences in performance on One Leg Stance between cases and controls. 
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Supplementary Figure 10.—Subgroup analysis - Differences in performance on One Leg Stance between children with neurodevelopmental  

disorders and controls. 
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Supplementary Figure 11.— Subgroup analysis - Differences in performance on One Leg Stance between children with sensory deficits and 
controls. 

 
 


