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Abstract
Background The Functional Movement Screen™ (FMS™) is an assessment of human movement that may signal potential 
deficits that could predispose an otherwise healthy person to injury risk. FMS™ scores are well reported in both athletic 
and adult samples. However, to date, there has been no comprehensive systematic review and meta-analysis of FMS™ data 
among school-aged children and adolescents.
Objective We aimed to systematically review and analyse functional movement proficiency of children and adolescents, 
specifically when assessed using the FMS™, and to establish initial normative values for the FMS™ in this population group 
and to further estimate differences in functional movement proficiency between the sexes, by school level (i.e., between 
primary and secondary school-level children and adolescents), and based on differences in child and adolescent body mass 
index (BMI).
Methods In accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines, prospective studies were identified from searches across eight databases (MEDLINE, SPORTDiscus, CINAHL, Web 
of Science, EMBASE, ERIC, PsychINFO and PubMed), without any date restrictions, up to December 2020. The primary 
meta-analysis estimated the overall FMS™ score for school-aged children and adolescents across published studies. An 
additional three subgroup meta-analyses estimated comparisons for FMS™ data with school level, sex, and BMI across 
published studies. FMS™ data were meta-analysed using a number of different meta packages (Schwarzer et al. in Meta-
Analysis with R, 1st ed, Springer International Publishing, Berlin, 2015), available in R Studio.
Results A total of 19 articles were included in the systematic review. Meta-analysis revealed a weighted FMS™ mean 
score of 14.06, with a standardised Tau value of 0.56, signalling a moderate-to-large degree of variability in FMS™ means 
between studies. The difference in FMS™ means between samples of males (weighted FMS™ mean 13.91) and females 
(weighted FMS™ mean 14.56) was compatible with a possible small effect size (standardised mean difference − 0.27). The 
variability in FMS™ means between studies was approximately five times greater in samples of secondary school children 
(factor difference in Tau values 5.16). The final meta-regression identified a negative association between BMI and FMS™ 
scores (r =  − 0.42), which signalled a moderate-to-large difference in FMS™ scores between healthy weight and overweight 
children/adolescents.
Conclusion This systematic review and meta-analysis represents a novel and important synthesis of published FMS™ data 
from groups of children and adolescents. The study signals possible sex- and age-related differences in FMS™ scores, as well 
as a clear negative relationship between BMI and functional movement proficiency. More longitudinal research is needed to 
better understand the developmental trajectory and the effects of maturation milestones on FMS™ proficiency. Additional 
research is also needed to identify the types of interventions that could improve functional movement proficiency among ‘at 
risk’ groups, who are susceptible to functional movement deficiency, and whether changes in body composition mediate the 
relationship between these interventions and the improvement of FMS™ scores.
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Key Points 

Functional movement proficiency, including postural 
control, stability, flexibility, neuromuscular coordination, 
and balance, represents an important building block for 
lifelong engagement and potentially injury-free-engage-
ment in organised sport.

The Functional Movement Screen™ (FMS™) represents 
the pre-eminent assessment tool for evaluating functional 
movement; however, to date, research has been primarily 
focused on FMS™ in the context of athletic populations.

This study is the first to synthesise published FMS™ 
data from samples of children and adolescents, thereby 
providing normative reference values for practitioners 
working in physical activity, physical education, and 
sport settings.

Possible sex- and age-related differences in FMS™ 
scores are evident in children and adolescent samples. 
There is also a clear negative relationship between body 
mass index and functional movement proficiency in this 
population group.

Further longitudinal research is needed to better under-
stand the developmental trajectory and the effects of 
maturational milestones on FMS™ proficiency in chil-
dren and adolescents.

1 Introduction

Functional movement refers to movement of the body that 
is characterised by adequate joint and muscle function, and 
by a movement efficiency that has been shown to minimise 
the risk of injury [2, 3]. Functional movement has been 
theorised as a precursor for higher-order, or more complex, 
forms of bodily movement [4], and assessments typically 
involve the measurement of postural control motion, stabil-
ity, flexibility, neuromuscular coordination, and balance [2, 
3, 5]. These subcomponents of functional movement have 
not only been recognised as enablers of high-quality bod-
ily movement but there is also research evidence to show 
that these subcomponents of functional movement predict 
important markers of health [6–8].

The Functional Movement Screen™ (FMS™) is the 
pre-eminent screening tool for assessing functional move-
ment, with a large body of empirical research conducted and 
synthesised to date on youth athletic populations as well as 
adult populations [2, 9, 10]. FMS™ is comprised of seven 

different movements designed to evaluate mobility, flexion, 
extension and stability [2, 3]. These seven movements and 
their measurement purpose comprise (1) active straight-
leg raise (evaluates hamstring flexibility, core stability, and 
active hip mobility); (2) trunk stability push-up (core and 
spinal stability, some upper body strength); (3) shoulder 
mobility (range of motion of the shoulders and internal and 
external rotation of both shoulders); (4) deep squat (mobility 
and stability of the hips, knees, ankles and thoracic spine); 
(5) rotary stability (neuromuscular coordination and sta-
bility throughout the shoulders and spine); (6) hurdle step 
(bilateral mobility of hips, knees and ankles in a single-leg 
stance); and (7) the in-line lunge (hip, knee ankle mobil-
ity and spinal stability) [2, 3]. The individual FMS™ items 
are scored on a 0–3 ordinal scale (with 3 being the optimal 
score), with five of the seven movements scored bilaterally 
(i.e., both left and right side of the body) and with the lower 
value on the left or right side contributing to the overall, or 
composite, score [2, 3]. The maximum overall composite 
FMS™ score across all seven movement assessments is 21 
[2, 3].

Impaired functional movement as screened by lower 
scores on the FMS™ has been linked to a higher level or risk 
for injury [11, 12]. Previous studies and systematic reviews 
have suggested that a composite score below 14 could be 
a marker of an increased risk of acute and chronic injuries 
[11–13]. Despite caution being applied to this risk threshold 
within the literature [12, 14, 15], there is some established 
consensus that lower FMS™ scores are indicative of poor 
movement competencies and are hence worth monitor-
ing [12, 16–18]. For example, several FMS™ movements 
evaluate thoracic mobility, namely the deep squat, in-line 
lunge, and shoulder mobility exercise [2, 3, 19], and a higher 
level of thoracic mobility may account for the biomechan-
ics required to perform locomotor skills [17]. Moreover, 
numerous studies have found inverse associations between 
FMS™ scores and agility (i.e., as FMS™ scores increase, 
agility tests are performed with greater speed, reducing the 
time spent in activity), repeated sprint ability (higher FMS™ 
scores correlating with lower mean time sprint scores), and 
short-dose anaerobic tasks [20–22]. This suggests that func-
tional movement positively influences running outcome 
capacities [20–22]. Greater functional movement compe-
tency has been linked with improved levels of static and 
dynamic balance in both adolescent and young adult popula-
tions [23, 24]. Therefore, functional movement competency 
and the assessment of such movement patterns could prove 
foundational to lifelong physical activity (PA) by provid-
ing the stability and neuromuscular control that are deemed 
essential to all forms of movement and exercise [6, 21, 25].



39Assessment of Functional Movement in Children and Adolescents

While previous studies have been conducted on the utility 
of the FMS™ as a tool for detecting injury, as well as the 
tool’s sensitivity to predicting athletic performance [11, 20, 
23, 24, 26], to date there has been no attempt by the sport 
science research community to synthesise FMS™ in typi-
cally developing children and adolescent groups (despite the 
tool’s suggested value as an assessment tool in this popu-
lation group) [11, 15, 26]. The primary aim of this paper 
is therefore to systematically review and meta-analyse the 
available published international FMS™ data among typi-
cally developing children and adolescents using the 0–21 
scoring scale. With the exception of one publication, no 
empirical research outputs on the 100-point scale [27] were 
found among typically developing children and adolescent 
groups during the systematic review search. Our primary 
aim was to establish initial normative values for FMS™ 
in this population group for the first time, which will aid 
physical education as well as other recreational activities and 
school sports. Our secondary aim was to explore the extent 
to which these normative values differed between the sexes 
and by school level (i.e., between primary and secondary 
school cohorts) and to estimate whether FMS™ scores dif-
fered significantly for children and adolescents by levels of 
body mass index (BMI). Independent of age and sex associa-
tions for children and youth, few anthropometric correlates 
have been reported across FMS™ studies, with the exception 
of BMI. BMI is an index for one’s weight, relative to their 
height [28]. BMI is commonly used in adult and childhood 
research in relation to PA and health, given its validity as an 
indirect measure of adiposity and weight status [28, 29]. We 
believe such a research synthesis exploration of correlates 
will serve to build up a robust body of research evidence 
that can be used to develop effective strategies for enhanc-
ing functional movement among all school-aged children, 
irrespective of their level of engagement within competitive 
sport.

2  Methods

A systematic search was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [30].

2.1  Search Strategy

Eight databases, MEDLINE, SPORTDiscus, CINAHL, Web 
of Science, EMBASE, ERIC, PsychINFO and PubMed, 
were searched without any date restrictions, up to Decem-
ber 2020, for articles relating to the FMS™ assessment in 
typically developing school-aged children and adolescents. 
The authorship team also searched the reference lists of rele-
vant articles and review articles to identify any other studies 

that might have been missed during the electronic database 
search. The main search group terms in the first seven data-
bases were: (adolescent* OR pupil* OR student* OR youth* 
OR child* OR teenager*) AND (school* OR classroom* OR 
physical education* OR PE*) AND (functional movement 
skills* OR functional movement screen*). The research 
strategy in PubMed was to use Medical Subject Heading 
(MeSH) terms. MeSH is the National Library of Medicine’s 
(NLM’s) controlled vocabulary or subject heading list and 
reflects subject content of journal articles as they are pub-
lished [31]. The main search group MeSH terms in PubMed 
were: (adolescent [MeSH Terms] OR pupil* OR student* 
OR youth [MeSH Terms] OR children* [MeSH Terms] OR 
teenager* [MeSH Terms]) AND (school* [MeSH Terms] 
OR classroom* OR physical education* OR PE* [MeSH 
Terms]) AND (functional movement skills* OR functional 
movement screen*).

2.2  Eligibility Criteria

The population samples in the identified studies under 
review included typically developing school-aged children 
and adolescents (< 18 years of age) from varied socioeco-
nomic backgrounds.

A qualitative synthesis was performed on all the stud-
ies in this review. The following criteria were used for the 
inclusion of a study in this review: (1) the study must have 
a full assessment of the established FMS™ tool [2, 3, 32], 
according to the 0–21 points scoring system; and (2) only 
articles published in English and in peer-reviewed journals 
were considered. Books, reviews, abstracts, commentaries, 
qualitative studies and case studies were excluded.

2.3  Data Extraction

Two authors (LB, CP) independently extracted data in a 
Microsoft Excel spreadsheet (Microsoft Corporation, Red-
mond, WA, USA), which included authors, year of publi-
cation, country in which the study was conducted, sample 
characteristics (size, age and sex), children’s school level 
(primary, secondary), and study design. Any discrepancies 
found were discussed between the authors until agreement 
was reached. Additional data for the meta-analyses (FMS™ 
means and standard deviations [SDs]) were extracted from 
the articles included in this systematic review. If a study did 
not report enough data, the study’s authors were emailed 
for the raw data.

2.4  Criteria for Risk‑of‑Bias Assessment

Three authors (ZK, WOB, LB) independently assessed the 
risk of bias in the included studies. The criteria for assess-
ing the risk of bias in the studies were adapted from the 
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Strengthening the Reporting of Observation Studies in Epi-
demiology (STROBE) statement. The criteria identified as 
relevant to the current review have previously been used in 
a review of a similar area [33] and include the following.

1. Were the participants likely to be representative of 
the population (i.e., country, state/region level)? Were 
schools or students randomly selected or were other data 
provided to indicate population representativeness?

2. Of those who consented to the study, did an adequate 
proportion have complete data for the outcome and all 
correlates of interest (i.e., no more than 20% of data 
were missing from a cross-sectional study and no more 
than 30% for a longitudinal study)?

3. (a) Did the study report the sources and details of func-
tional movement assessment and were valid measures 
of functional movement used (validation in same age 
group published or validation data provided in the manu-
script)? (b) Did the functional movement screen tool 
used report adequate reliability of functional movement 
assessment?

4. Did the study report the sources and details of assess-
ment of potential correlates? Each item on the scale was 
individually considered and coded as either ‘yes’ (tick) 
or ‘no’ (X). Following the review process, articles in 
which disagreements were found were further reviewed 
by the group of six authors, and consensus was reached 
following discussion.

2.5  Screening

Two disciplinary specific reviewers (ZK, LB) with system-
atic review experience worked independently to screen the 
title and abstract of the studies for relevance to the review. 
Authors searched relevant full-text articles and evaluated 
the studies for inclusion considerations, according to the 
aforementioned criteria. The reference lists of the included 
studies were also reviewed for potential papers. In instances 
of disagreements over the inclusion of a certain study or the 
specific data obtained, the matter was resolved through dis-
cussion with a third disciplinary specific reviewer (WOB).

2.6  Statistical Analyses

Sixteen studies provided appropriate data for inclusion 
in a meta-analysis. Four independent meta-analyses were 
performed. The purpose of the first meta-analysis was to 
estimate the overall FMS™ score for school-aged children 
across published studies, while the second and third meta-
analyses were subgroup meta-analyses that investigated the 
differences in these FMS™ means between primary and 
secondary school children, and between males and females, 
respectively. The final meta-analysis provided a pooled 

estimate of the association between BMI and FMS™ scores 
across published studies.

FMS™ data were meta-analysed using a number of dif-
ferent meta packages [1], available in R Studio [34]. For 
the first three meta-analyses, raw FMS™ means were used. 
The FMS™ mean score for each study was entered into the 
model, alongside its respective standard error. The weighting 
factor for the meta-analyses was the inverse of this standard 
error [35]. For the first meta-analysis estimating the overall 
FMS™ mean for school-aged children, data were pooled 
using the metagen function, and a random effects model was 
specifically based on the Hartung–Knapp–Sidik–Jonkman 
adjustment (a method shown to robustly estimate between-
study variance when the number of studies in the meta-
analysis is small and when there is evidence of substantial 
between-study heterogeneity) [36]. To estimate differences 
in FMS™ means between children at different school levels 
(primary and secondary) and between male and female chil-
dren, school-level and sex of the child were coded as binary 
categorical variables. A subgroup meta-analysis function 
was subsequently applied using the dmetar package and the 
source code extensions for the metagen package provided by 
Harrer et al. [34]. This subgroup meta-analysis resulted in an 
estimate of both the FMS™ mean for each group and of the 
standardised difference in FMS™ means between groups. 
These standardised differences were calculated by dividing 
the raw mean difference between groups by the between-sub-
ject SD [37]. Magnitude thresholds for evaluating the effect 
size of these standardised differences were based on the fol-
lowing scale: < 0.2 = trivial; 0.2–0.6 = small; 0.6–1.2 = mod-
erate; 1.2–2.0 = large; and > 2.0 = very large [37]. For the 
final meta-analysis, correlation coefficients representing the 
association between BMI and FMS™ scores from eight pub-
lished studies were pooled using the metacor function, with a 
random effects model specified and a weighting factor based 
on the Fisher r-to-Z transformation [34]. Magnitude thresh-
olds for evaluating the effect size of these correlations were 
based on the following scale: < 0.1 = trivial; 0.1–0.3 = small; 
0.3–0.5 = moderate; 0.5–0.7 = large; and > 0.7 = very large 
[37].

Uncertainty in the pooled estimate for each of the four 
meta-analyses is presented as a 95% confidence interval 
(CI). Between-study heterogeneity is evaluated using the 
I2 statistic, which represents the proportion of variability 
in study effect sizes that is not caused by sampling error. 
The thresholds reported by Higgins et al. [38] were used 
to interpret the magnitude of I2: < 40%, trivial; 30–60%, 
moderate; 50–90% substantial; and 75–100%, considerable. 
Between-study variability was also estimated using the Tau2 
statistic. The magnitude of this Tau2 statistic was assessed 
by calculating its square root, resulting in a value that repre-
sents the effective between-study SD (i.e., Tau). Magnitude 
thresholds for evaluating the effects size of these SDs were 
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(following the suggestion of Hopkins [39]) based on the fol-
lowing scale: < 0.1 = trivial; 0.1–0.3 = small; 0.3–0.6 = mod-
erate; 0.6–1.2 = large; and > 1.2 = very large [37]. Magnitude 
thresholds for evaluating the difference in these SDs were 
based on logarithmic transformation of the SDs expressed 
as factors. Magnitude thresholds for evaluating factor differ-
ences in these SDs were: < 1.12 = trivial; 1.12–1.41, small; 
1.41–2.0, moderate; 2.0–3.2, large; and > 3.2, very large 
[37].

3  Results

The search strategy identified 1799 potentially relevant 
articles, of which 310 were removed as duplicates. Of the 
remaining 1489 articles, 1428 were excluded because they 
did not meet the inclusion criteria. Following screening and 
detailed assessment, a further 42 articles were excluded for 
different reasons (no full FMS™ means provided, different 
scoring system, full text unavailable or language different 

than English, not school-aged population, and athletic popu-
lation), resulting in 19 studies being deemed suitable for this 
systematic review (Fig. 1).

3.1  Overview of Studies

In terms of the 19 studies identified (Fig. 1), all were pub-
lished between 2012 and 2020. One of the authorship team 
extracted the descriptive and demographic data from the 
studies (ZK), and these data were confirmed and checked 
by the principal investigator (WOB). The included studies 
reflected a range of participant ages within the primary and 
secondary school age groups (9–18 years), with four studies 
not specifying the school stage of the participants [40–43]. 
Of the remaining 13 studies that specified the school stage of 
the participants, 7 studies were undertaken with secondary 
school-aged children [44–50] and 6 studies were undertaken 
with primary school-aged children [4, 51–55].

Across the 19 studies, 5 were conducted in Spain [41, 49, 
52, 53, 55], 3 in the US [42, 43, 45], 3 in Ireland [46–48], 

Fig. 1  Studies included in this 
systematic review. FMS™ 
Functional Movement Screen™
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3 in the UK [4, 50, 51], 2 in Croatia [56, 57] and a single 
study each from India [44], Iran [40] and Moldova [54]. 
Fourteen of the study designs were cross-sectional [4, 40, 
44, 46–49, 51–57], and a single study each was a cluster 
randomised controlled trial [45], randomised controlled trial 
[43], quasi-experimental [41], matched pairs experiment 
[50], and a single-arm trial [42]. The sample sizes ranged 
from 20 [42] to > 1000 [44]. Approximately one-third of the 
studies (n = 6) had samples of more than 300 (Table 1).

A total of 13 studies (70%) investigated two (7 studies) 
[4, 46–49, 51, 56] or more (6 studies) [41, 43, 44, 52–54] 
correlates of FMS™. The commonly investigated correlates 
among studies were biological and demographic correlates, 
such as sex (14 studies) [4, 41, 43–47, 49, 52–57], BMI (9 
studies) [4, 41, 43, 49, 51–54, 56] and school level (7 stud-
ies) [43, 44, 46, 48, 52–54]. A total of 6 studies assessed 
other correlates such as maturity, core strength, perceived 
functional movement competence, previous injury, postural 
angel, fitness indicators, fitness components, physical self-
confidence and PA level.

3.2  Overview of Studies’ Risk of Bias

The assessment of the study risk of bias is presented in 
Table 2. Of the 19 included studies, 9 (47%) had samples 
that were considered representative of the study population 
[40, 44, 46–48, 52, 53, 56, 57]. All studies had minimal 
missing data, and all used the FMS™ assessment tool [2, 3], 
which is reported to be both valid and reliable in the assess-
ment of functional movement among the included samples. 
The majority of studies (89%; 17/19 studies) examined 
potential correlates [4, 40, 41, 43–49, 51–57] in a valid and 
reliable manner.

3.3  Meta‑Analysis

Two authors (RN, GT) extracted data for the meta-anal-
ysis. Four meta-analyses were undertaken to estimate (1) 
normative values for the FMS™ in typically developing 
school-aged children and adolescents, differences in these 
normative values between samples of (2) males and females 
and (3) children and adolescents at primary and secondary 
school level, and (4) differences in FMS™ for children and 
adolescents with below and above average levels of BMI. 

Table 1  Characteristics of the included studies

CRCT  cluster randomised controlled trial, CS cross-sectional, MPE matched pairs experiment, QE quasi-experiment, RCT  randomised controlled 
trial, SAT single-arm trial,
FMS™ Functional Movement Screen™, R retrospective, B boy, G girl, N study sample size, NR data not reported
a Ages were reported in studies either as a range or as mean age ± standard deviation

Study Year Country N Sex (B, G) Age,  yearsa School stage Design Live/retrospec-
tive FMS™ 
scoring

Training level of rater(s)

Abraham et al. [44] 2015 India 1005 548, 457 10–17 Secondary CS Unclear Trained
Coker [45] 2018 USA 120 54, 66 13.2 ± 0.4 Secondary CRCT R Trained
Duncan and Stanley [51] 2012 UK 58 29, 29 10.7 ± 0.4 Primary CS Unclear Trained
Duncan et al. [4] 2013 UK 90 38, 52 9.6 ± 1.4 Primary CS Unclear Trained
García-Jaén et al. [55] 2018 Spain 40 20, 20 8.5 ± 0.5 Primary CS R Trained
García-Pinillos et al. [53] 2019 Spain 172 89, 83 9.7 ± 1.6 Primary CS Unclear Trained
García-Pinillos et al. [52] 2018 Spain 333 164, 169 9.7 ± 1.5 Primary CS Unclear Trained
Ghasempoor et al. [40] 2018 Iran 700 350, 350 9–18 Not specified CS Unclear Trained
Karuc et al. [56] 2020 Croatia 652 331, 321 16–17 Secondary CS Unclear Trained
Karuc et al. [57] 2020 Croatia 730 362, 368 16–17 Secondary CS Unclear Trained
Lester et al. [46] 2017 Ireland 181 108, 73 14.4 ± 1.0 Secondary CS R Trained
Mitchell et al. [54] 2015 Moldova 77 39, 38 9.3 ± 0.1 Primary CS R NR
Molina-Garcia et al. [41] 2019 Spain 56 23, 33 8–12 Not specified QE R FMS™ Certified
Nourse et al. [42] 2015 USA 20 11, 9 14.5 ± 2.1 Not specified SAT Unclear NR
O'Brien et al. [47] 2018 Ireland 219 120, 99 14.5 ± 1.0 Secondary CS R Trained
Philpott et al. [48] 2020 Ireland 373 195, 178 12–16 Secondary CS R Trained
St. Laurent et al. [43] 2018 USA 28 13,15 9.3 ± 1.5 Not specified RCT Unclear Trained
Vernetta-Santana et al. 

[49]
2020 Spain 35 11, 24 12.2 ± 0.4 Secondary CS R Trained

Wright et al. [50] 2015 UK 22 NR 13.4 ± 1.0 Secondary MPE R NR
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The outcomes of these four meta-analyses are described in 
the following subsections. Following Hopkins’ recent rec-
ommendations about the use of standardisation to calculate 
and assess effect magnitudes in meta-analyses, a final com-
plementary meta-analysis was also undertaken to estimate a 
between-subject SD for FMS™. This SD was necessary to 
calculate standardised effects representing the difference in 
FMS™ means between samples of males and females, and 
between primary and secondary school-aged children and 
adolescents [i.e., meta-analysis (2) and (3)]. The outcomes 
of this complementary meta-analysis are not central to the 
aims of this study and are therefore described in the online-
only supplementary material.

3.3.1  Normative Values for Functional Movement Screen™ 
(FMS™) Among Typically Developing Children 
and Adolescents

Of the 19 studies that were included in the overall system-
atic review, 16 studies provided sufficient data for 17 sam-
ples that were deemed eligible for inclusion in the meta-
analysis to estimate normative values for FMS™. Figure 2 
provides descriptive statistics, weighted mean values, and 
associated uncertainties for FMS™ for each of the 17 
samples (left of Fig. 2). These study-level weighted mean 
values and their respective 95% CIs are also displayed on a 
forest plot (right) alongside the pooled meta-analytic mean 
(black diamond). Considerable levels of heterogeneity 
were observed for the meta-analytic mean (weighted mean 
FMS™ 14.06, 95% CI 13.48–14.64), with a statistically 
significant Chi-square and an I2 value of 99%. The Tau 
value representing the between-study SD in FMS™ means 
also signalled substantial heterogeneity, with an average 

difference between study means of 1.36 units of the meas-
ure. This average difference between study means, once 
standardised, was a moderate-to-large effect size (0.56).

3.3.2  Difference in FMS™ Means Between Males 
and Females

Of the 16 studies that were eligible for inclusion in the 
meta-analysis, 13 studies provided descriptive data for 14 
independent samples of males and 14 independent samples 
of females. Figure 3 summarises the outcomes of a sub-
group meta-analysis estimating the differences in FMS™ 
means between these samples of males and females. The 
effect size representing the difference in FMS™ means 
between samples of males (weighted mean FMS™ 13.91, 
95% CI 13.30–14.51) and females (weighted mean FMS™ 
14.56, 95% CI 13.85–15.26) was small in magnitude 
(standardised mean difference − 0.27, 95% CI − 0.64 to 
0.10); however, the effect statistic was not statistically 
significant (p = 0.14) and should therefore be considered 
as only possibly compatible with a small difference. The 
subgroup meta-analysis also indicated that differences 
between samples of males and females did not account 
for a substantial proportion of the variability in FMS™ 
means between studies (i.e., a 1% reduction in the I2 value 
to 97%, and a difference in Tau values for samples of males 
and females of less than 1/10th of a unit of the measure, 
representing a trivial effect magnitude).

Fig. 2  Forest plot of FMS™ 
means and 95% CIs from 
samples of typically developing 
children and adolescents. The 
vertical dotted line represents 
the pooled meta-analytic mean. 
FMS™ Functional Move-
ment Screen™, CI confidence 
interval, TE treatment effect, SE 
standard error, IV inverse vari-
ance, df degrees of freedom
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3.3.3  Difference in FMS™ Means Between Primary 
and Secondary School Level

Data for nine independent samples of primary school chil-
dren and eight independent samples of secondary school 
children and adolescents were also reported across the 16 
studies included in the meta-analysis. Figure 4 summarises 
the outcomes of a subgroup meta-analysis estimating dif-
ferences in the pooled means for FMS™ values between 
primary and secondary school-aged children and ado-
lescents. The effect size of the difference in FMS™ val-
ues between primary (weighted mean FMS™ 14.52, 95% 
CI 14.13–14.91) and secondary (weighted mean FMS™ 
13.61, 95% CI 12.39–14.82) school-aged children and ado-
lescents was small in magnitude (standardised mean differ-
ence − 0.36, 95% CI − 0.82 to 0.11); however, the difference 
was not statistically significant (p = 0.12). This subgroup 
meta-analysis indicated that school level accounted for 
a substantial proportion of the variability in FMS™ val-
ues between studies. For example, the I2 value for primary 
school-aged children (73%) was substantially lower than 
the I2 value for secondary school adolescents (99%). Our 

post hoc estimate of the difference in Tau values between 
studies of primary (Tau = 0.32) and secondary (Tau = 1.65) 
school-aged participants revealed that the variability in 
FMS™ means was approximately five times greater for 
samples of secondary school-aged participants (factor dif-
ference in Tau values 5.16, 95% CI 2.40–11.06). This effect 
magnitude represents a very large difference (i.e., factor dif-
ference > 3.2) in the between-study variability between pri-
mary and secondary school-aged children and adolescents.

3.3.4  Association Between FMS™ and Body Mass Index

Of the 19 studies that were included in the systematic 
review, 9 studies provided correlational data with which 
we could meta-analyse the association between FMS™ for 
children and adolescent levels of BMI. Figure 5 summa-
rises the outcomes of this final meta-analysis. The pooled 
correlation coefficient (r) was negative and compatible 
with a moderate-to-large effect size (r =  − 0.42, 95% 
CI − 0.57 to − 0.24). This means that, on average, when 
subjects’ BMI values increased by 1 SD, their FMS™ 
score decreased by approximately 0.4 of an SD. From 

Fig. 3  Forest plot of FMS™ 
means and 95% CIs from 
samples of typically develop-
ing children and adolescents, 
grouped by sex. The vertical 
dotted line connecting to the 
diamond represents the pooled 
meta-analytic mean, with-
out regard for sex. Floating 
diamonds represent subgroup 
meta-analytic means. FMS™ 
Functional Movement Screen™, 
CI confidence interval, TE treat-
ment effect, SE standard error, 
IV inverse variance, df degrees 
of freedom
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these data, we were also able to estimate the differences 
in FMS™ scores between children within the range of 
healthy weight (between the 25th and 50th percentiles) 
and overweight (between the 90th and 95th percentile). 
The resulting difference indicated that FMS™ scores for 
overweight children were approximately 2 units of the 
measure lower (i.e., worse) than FMS™ scores for healthy 
weight children. This too represents a moderate-to-large 
effect size once standardised. Figure 5 suggests consider-
able heterogeneity in correlation coefficients between stud-
ies. There was an I2 value of 90% and a small-to-moderate 
sized Tau value of 0.29. However, despite such heteroge-
neity, Fig. 5 also shows that there was no heterogeneity 
whatsoever in the direction of the effect, i.e., all correla-
tion coefficients were negative.

4  Discussion

Functional movement proficiency represents an important 
building block for lifelong (and potentially even injury-
free) engagement in organised sport and PA. The FMS™ 
is a leading assessment tool for evaluating functional 
movement; however, to date, research has been primarily 
focused on FMS™ in the context of athletic populations 
(with some research in adult populations also). Research 
is lacking on the extent to which primary and secondary 
school-level children and adolescents exhibit functional 
movement proficiency (in particular, as measured by 
prominent assessment tools such as the FMS™).

Fig. 4  Forest plot of FMS™ 
means and 95% CIs from 
samples of typically develop-
ing children and adolescents, 
grouped by school level. The 
vertical dotted line connecting 
to the diamond represents the 
pooled meta-analytic mean, 
without regard for school level. 
Floating diamonds represent 
subgroup meta-analytic means 
for samples of primary and 
secondary school-level children. 
FMS™ Functional Move-
ment Screen™, CI confidence 
interval, TE treatment effect, SE 
standard error, IV inverse vari-
ance, df degrees of freedom

Fig. 5  Forest plot of correla-
tion coefficients ± 95% CIs 
representing the association 
between FMS™ and BMI score 
across studies. The vertical 
line represents a correlation of 
zero. FMS™ Functional Move-
ment Screen™, CI confidence 
interval, BMI body mass index, 
IV inverse variance, df degrees 
of freedom
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This purpose of this study was to review and quantita-
tively synthesise published FMS™ data from such samples 
of children and adolescents, thereby providing normative 
reference values for PA specialists working in physical 
education and other non-competitive or non-elite forms of 
school sports and games. The study signals possible sex- 
and age-related differences in FMS™ scores. Particularly 
noteworthy is the degree of variability in FMS™ means 
between samples of secondary school-aged children. Vari-
ability in FMS™ means were five times greater in samples 
of secondary school-aged adolescents than it was in pri-
mary school-aged children (signalling potential develop-
mental and maturation effects). Also of importance to this 
study was the degree to which the pooled data showed a 
moderate-to-large negative association between BMI and 
functional movement proficiency. While we were unable to 
provide an estimate of the direction of causality between 
BMI and FMS™, this study does consolidate the existing 
research evidence in that BMI and functional movement 
proficiency were interlinked. The substantive contributions 
of this study to the literature on functional movement, and 
FMS™ assessment in particular, are summarised in the 
following sections.

4.1  Normative Scores for FMS™ Among Children 
and Adolescents

The establishment of a normative reference value for FMS™ 
in children and adolescents is an important outcome of this 
systematic review and meta-analysis. While normative val-
ues for adolescents were purported by Abraham et al. [44], 
this meta-analysis synthesises a far more comprehensive set 
of data from Europe, North America, the Middle East, and 
South Asia [44]. In other words, these data can be consid-
ered as a more comprehensive global normative for FMS™ 
scores among children and adolescents.

The meta-analytic mean score (14.06) reported in this 
study indicates that primary and secondary school-aged 
children exhibit potential deficits in functional movement 
and that they might be at risk for developing dysfunctional 
movement patterns over the course of an important period of 
maturation [2, 3]. Dysfunctional movements are character-
ised by a score of ‘1’ on any of the seven movements of the 
FMS™, and these movement patterns have been associated 
with injury risk and potentially damaging musculoskeletal 
health [18, 72]. Dysfunctional movements may contribute to 
low levels of mobility and poor levels of balance in perform-
ing motor tasks [18, 56, 58, 72]. This study signals a direct 
need for further assessment and monitoring of functional 
movement quality among typically developing groups of 
children and adolescents. The FMS™, for example, could 
be a viable addition to assessment within physical education.

4.2  Sex Differences in FMS™

The current systematic review and meta-analysis also sig-
nalled potential sex differences in FMS™ means between 
samples of male and female school-aged children and 
adolescents. The data suggest that, on average, samples 
of females exhibit greater functional movement profi-
ciency (a small but substantial effect magnitude of Cohen’s 
d =  − 0.27) when compared with their male counterparts. 
These findings compare well with the broader research evi-
dence, which illustrates that females exhibit higher levels of 
mobility and flexibility over the lifespan [59–62]. However, 
the difference was not statistically significant, which means 
that there are possible interaction effects, possibly with age. 
For example, the age ranges of samples in this study might 
explain this residual uncertainty in the effect size represent-
ing sex differences in FMS™, particularly because a large 
number of studies included in this study spanned an age 
range of 9–14 years.

It is highly likely that differences in levels of maturation 
explain these findings. Across older samples, females are 
likely to have commenced puberty [63, 64]. In this context, 
females will experience and exhibit strength and neuromus-
cular gains associated with pubertal status, as well as their 
peak height velocity [59, 60]. In short, females and males in 
the age range for these samples naturally differ in flexibil-
ity, strength, and neuromuscular capacity, and this may be 
contributing to their FMS™ scores [60, 65]. In addition to 
this, at this age, males have higher levels of neuromuscular 
change during puberty, which can result in a period punctu-
ated by lower motor control and imprecise bodily actions 
[65, 66]. It should be noted that, similar to FMS™ studies 
among older athletic populations, these sex differences rep-
resent small (but still substantial) differences in functional 
movement performances [67].

Another plausible explanation for this residual uncer-
tainty in the effect size representing sex differences in 
FMS™ is given by close examination of the Ghasempoor 
et al., and Abraham et al., studies [40, 44]. These studies 
are from Iran and India and are the only studies that provide 
data on FMS™ outside of Europe and North America [40, 
44]. This begs the question of whether there are potential 
cultural differences in the assessment of functional move-
ment, which has been observed for PA assessments and other 
movement skills [68, 69]. For example, more conservative 
attitudes to female PA have been documented in studies from 
South Asia and the Middle East, with women and girls in 
these regions typically achieving lower levels of PA than 
their female reference group in Europe [68, 70–72]. Cultural 
differences in South-Asia and the Arabian gulf may also 
contribute to these discussions. Within these cultures, PA 
participation for females can be discouraged and may not 
be prioritised in the same manner as it is for males [73, 74]. 
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Taken together, it is possible that lower levels of PA and 
time afforded to skill development among young females in 
these specific regions could have resulted in males exhibit-
ing higher FMS™ scores. The data used in this systematic 
review and meta-analysis prohibit us from being definitive in 
our interpretation. There is however a fruitful line of trans-
national FMS™ research on the extent to which functional 
movement proficiency is affected by intersectional influ-
ences, such as sex differences that can be linked directly 
to cultural expectations and norms. It should also be noted 
that countries within the Arabian Gulf have documented 
high levels of overweight and obesity in children and youth, 
which may contribute to lower levels of PA and negatively 
impact on FMS™ scores [75, 76]. Female body composi-
tion values within the Arabian Gulf are notably high, with 
previous evidence reporting that over 30% of adolescent 
females are overweight or obese [77]. As females have lower 
documented levels of PA when compared with their male 
counterparts [78] within the Arabian Gulf, these findings 
may also contribute to the existing sex disparity in FMS™, 
as reported in the current meta-analytic mean.

4.3  School Level and FMS™

A particularly novel outcome of our meta-analysis is the 
extent to which we were able to show differences in FMS™ 
variability between samples of primary and secondary 
school-aged participants. Variability in FMS™ mean was 
approximately five times greater in the samples of second-
ary school adolescents. This finding is particularly notewor-
thy, as movement proficiency has often been theorised to 
improve with early aging and maturation [58]. Studies dur-
ing childhood show that FMS™ scores increase with age 
[5, 53]. As with sex differences, it is possible that matura-
tion could be impacting FMS™ performance in secondary 
school. It is plausible that, in the samples of secondary-
school adolescents, participants were at the onset of, or dif-
ferent stages of, their pubertal journey [63, 64]. As adoles-
cents experience substantial physical and hormonal changes, 
particularly changes in limb length, body mass and compo-
sition, and neuromuscular control, they could consequently 
lack the bodily competence and coordination to negotiate 
the demands of FMS™ assessment [79]. Comparatively, 
primary school children are far less likely to be undergoing 
such intense physiological and hormonal changes and this 
means that FMS™ performance in this population group 
will tend towards greater homogeneity [63, 64]. It is possible 
that issues such as sporting experiences and prior injuries 
may also impact on FMS™ performance at different ages 
[11, 80]. However, the data in support of these arguments 
were not reported in the current systematic review and meta-
analyses, given that they do not fit the classification of typi-
cally developing children and adolescents.

4.4  Body Mass Index and FMS™

The final major finding of this systematic review and meta-
analysis is the degree to which we found a negative and 
moderate-to-large association between BMI and FMS™. In 
the literature, weight status has been shown to consistently 
impact functional movement performances during childhood 
and adolescence, with similar evidence found in late ath-
letically determined adolescent populations [81, 82]. How-
ever, BMI is not without criticism, and, in the context of the 
data presented in this systematic review and meta-analysis, 
some caveats may be worth noting. BMI does not distinguish 
between mass and fat-free mass [83]. This differentiation 
is particularly notable, given that many participants across 
these studies have begun puberty, a period punctuated by 
greater fat-free mass accumulation in males and fat mass 
accumulation in females, with much of this build-up occur-
ring in a temporary or fluctuating capacity [84, 85].

The meta-analysis of the association between BMI and 
FMS™ in this study provides a clear corroborating quanti-
tative estimate of this effect, which has mostly been shown 
in smaller, disparate samples. Further evidence of a signifi-
cant association between BMI and FMS™ scores have been 
found in adults, suggesting that high BMI may negatively 
impede functional movement abilities across the lifespan 
[9]. Children and youth who are overweight or obese have 
previously been cited as possessing lower levels of postural 
stability and control, in addition to inconsistent abilities to 
absorb power at the key joints (knee, hip, and ankle) [38, 
86, 87]. As these elements are critical to refined functional 
movement performances, poorer scores in FMS™ among 
those who present with overweight or obesity appears likely. 
It has also been theorised that children and youth who are 
overweight or obese are susceptible to greater musculoskel-
etal disorders, which may reduce their motivation and incli-
nation for participation in PA [88]. As BMI does not distin-
guish between mass (i.e., fat mass, fat-free mass or muscle 
mass), it is also possible that some participants in this study 
may have accumulated more muscle mass, which can result 
in reduced mobility and flexibility performances in specific 
tasks associated with the FMS™ [61, 62].

The development of strong functional movement princi-
ples, such as mobility and stability, could prove highly effec-
tive in efforts to maintain weight status, given the previously 
established associations between BMI and stability [89]. The 
influence of mobility and stability on numerous elements of 
locomotor and stability skills suggests that improving these 
concepts could not only improve FMS™ scores, and pos-
sibly weight status, but also that these may correspond to 
improvements in other non-sporting domains, such as run-
ning and jumping [19, 90]. However, the direction of cau-
sality between BMI and FMS™ remains an open question. 
It is possible that higher levels of BMI deter children and 
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adolescents from regular engagement in PA, thereby result-
ing in fewer opportunities to development functional move-
ment proficiency during a critical developmental period 
[91]. These findings are concerning, given that high levels 
of BMI are often associated with lower levels of motor skills 
and lower PA. High BMI, low FMS™ scores and reduced 
movement abilities could all contribute to reduced levels 
of PA and physical fitness [92–94], alongside an increased 
health risk.

5  Study Strengths, Limitations and Future 
Research Directions

This is the first systematic review and meta-analysis to 
consolidate data from studies of FMS™ in school-aged 
children and adolescents. The study was conducted and 
reported in accordance with the PRISMA statement and 
provides a comprehensive risk-of-bias assessment that sup-
ports the strengthening of quality in future FMS™ research 
designs. In addition to providing normative reference values 
for FMS™ scores and variances for this population group, 
this study also provided estimates of differences in FMS™ 
means between primary and secondary school-aged boys and 
girls. As such, the findings presented in this study directly 
identify population groups from whom FMS™ interven-
tions can be prioritised in future research, namely second-
ary school-aged boys and girls classified as overweight and 
obese. Despite the strengths of this research study and its 
substantive contribution to synthesising a relatively new 
strand of movement competency research, there are a num-
ber of limitations that should be noted and can provide stim-
ulus for the design of new research studies.

First, our estimation of initial norms for FMS™ values in 
this population group is based on a relatively small subsam-
ple of published international data (19 studies of 4911 sub-
jects), relative, that is, to sample sizes from studies of other 
movement competence assessments, such as the assessment 
of fundamental movement skills. The data synthesised in 
the present study can and should be complemented and 
extended by new international population-level studies of 
FMS™ among children and adolescents. This will increase 
the generalisability of the present study’s findings and fur-
ther refine our ability to monitor population-level functional 
movement performances among children and adolescents.

Second, while we were successfully able to estimate dif-
ferences in FMS™ means between primary and secondary 
school-aged children and adolescents, which serves as a 
good proxy for differences in FMS™ at different ages and 
stages of development, the available research evidence was 
almost exclusively cross-sectional. Future research about the 
developmental trajectory of FMS™ requires longitudinal 
research designs, or, at the very least, access to individual, 

rather than study-level, cross-sectional data so that the asso-
ciation between age and FMS™ scores can be more pre-
cisely estimated.

A final limitation of our systematic review and meta-
analysis is the extent to which we were unable to estimate 
and comment on the relative merits of different types of 
interventions aimed at improving FMS™ scores. This is a 
limitation because our meta-analysis of cross-sectional stud-
ies clearly indicates that certain population groups represent 
viable targets for interventions to improve FMS™ scores 
(namely secondary school-aged boys and girls classified 
as overweight and obese). Of the four intervention-based 
studies incorporated into this systematic review and meta-
analysis, only one was adequately designed and powered to 
detect meaningful or beneficial effects [45].

In the discussion outlined above, suggestions for new 
lines of research have been made. Greater focus on the 
biological and maturational mechanisms that explain sex- 
and age-related differences in FMS™ is warranted. Future 
research utilising more stringent and accurate measures 
of mass (e.g. Dexa scan, waist-to-hip circumference) are 
required to further evaluate the role of overweight and obe-
sity on functional movement capacity. Additionally, more 
in-depth reporting on the status (i.e., trained in FMS™, 
certified in FMS™ or untrained) of those administrating 
FMS™ assessments are necessary to improve the quality of 
functional movement research. The associated methods for 
scoring FMS™ data (i.e., live-scoring functional movement 
on the day of data collection, when compared with retro-
spective video scoring at a later stage in university laborato-
ries) should also be detailed within the empirical literature to 
improve researcher and practitioner assessment accountabil-
ity. More challenging but equally important lines of research 
are also required. There is an open question about the influ-
ence of cultural expectations and norms on sex differences 
in FMS™ performance, for example. There is also scope for 
functional movement researchers to now prioritise longitudi-
nal research data collection and to incorporate novel cross-
lagged panel models, which would enable new answers to 
open up the direction of the associations between FMS™ 
performance, BMI and the regularity of engagement in PA. 
Future research on the types of activities that children and 
adolescents can engage in to improve FMS™ scores ought 
to be considered alongside such cross-sectional, longitudinal 
and transnational analysis. Early evidence, for example, sug-
gests that resistance training interventions have been shown 
to benefit FMS™ performance [43, 50, 95]. The degree to 
which changes in body mass and differences in PA level 
mediate the effectiveness of such interventions also repre-
sents an important design for future consideration (i.e., to 
tease out the extent to which simple changes in body mass 
and small differences in PA can lead to improvements in 
FMS™ scores rather than any single activity).



50 W. O’Brien et al.

Declarations 

Funding Open Access funding provided by the IReL Consortium.

Conflict of interest Wesley O’Brien, Zeinab Khodaverdi, Lisa Bolger, 
Giampiero Tarantino, Conor Philpott, and Ross D. Neville declare they 
have no conflicts of interest that are relevant to the content of this sys-
tematic review and meta-analysis.

Availability of data and material All data generated or analysed during 
the study are included in this published article and its supplementary 
information files.

Code Availability Not applicable.

Author Contributions Wesley O’Brien, Ross D. Neville and Zeinab 
Kohadverdi conceived, designed and performed the work. Lisa Bolger, 
Giampiero Tarantino and Conor Philpott analysed the data and con-
tributed to the manuscript writing tasks (alongside assisting in the 
manuscript revisions).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Schwarzer G, Carpenter JR, Rücker G. Meta-Analysis with R,  1st 
ed. Berlin: Springer International Publishing; 2015.

 2. Cook G, Burton L, Hoogenboom B. Pre-participation screening: 
the use of fundamental movements as an assessment of function—
part 1. N Am J Sports Phys Ther. 2006;1(2):62–72.

 3. Cook G, Burton L, Hoogenboom B. Pre-participation screening: 
the use of fundamental movements as an assessment of function—
part 2. N Am J Sports Phys Ther. 2006;1(3):132–9.

 4. Duncan MJ, Stanley M, Leddington WS. The association between 
functional movement and overweight and obesity in British pri-
mary school children. BMC Sports Sci Med Rehabil. 2013;5:11.

 5. Kuzuhara K, Shibata M, Iguchi J, Uchida R. Functional move-
ments in Japanese Mini-Basketball players. J Hum Kinet. 
2018;61:53–62.

 6. Newell KM. What are fundamental motor skills and what is fun-
damental about them? J Mot Learn Dev. 2020;8(2):280.

 7. O’Brien W, Belton S, Issartel J. The relationship between adoles-
cents’ physical activity, fundamental movement skills and weight 
status. J Sports Sci. 2016;34(12):1159–67.

 8. Xu Y, Mei M, Wang H, Yan Q, He G. Association between weight 
status and physical fitness in Chinese mainland children and ado-
lescents: a cross-sectional study. Int J Environ Res Public Health. 
2020;17(7):2468.

 9. Perry FT, Koehle MS. Normative data for the functional move-
ment screen in middle-aged adults. J Strength Cond Res. 
2013;27(2):458–62.

 10. Schneiders AG, Davidsson A, Hörman E, Sullivan SJ. Functional 
movement screen normative values in a young, active population. 
Int J Sports Phys Ther. 2011;6(2):75–82.

 11. Bonazza NA, Smuin D, Onks CA, Silvis ML, Dhawan A. Reliabil-
ity, validity, and injury predictive value of the functional move-
ment screen: a systematic review and meta-analysis. Am J Sports 
Med. 2017;45(3):725–32.

 12. Kiesel K, Plisky P, Butler R. Functional movement test scores 
improve following a standardized off-season intervention pro-
gram in professional football players. Scand J Med Sci Sports. 
2011;21(2):287–92.

 13. Alemany JA, Bushman TT, Grier T, Anderson MK, Canham-
Chervak M, North WJ, et  al. Functional movement screen: 
pain versus composite score and injury risk. J Sci Med Sport. 
2017;20(Suppl 4):S40–4.

 14. Bardenett SM, Micca JJ, DeNoyelles JT, Miller SD, Jenk DT, 
Brooks GS. Functional movement screen normative values and 
validity in high school athletes: can the  FMSTM be used as a pre-
dictor of injury? Int J Sports Phys Ther. 2015;10(3):303–8.

 15. Trinidad-Fernandez M, Gonzalez-Sanchez M, Cuesta-Vargas AI. 
Is a low Functional Movement Screen score (≤14/21) associated 
with injuries in sport? A systematic review and meta-analysis. 
BMJ Open Sport Exerc Med. 2019;5(1):e000501.

 16. Moran RW, Schneiders AG, Mason J, Sullivan SJ. Do functional 
movement screen (FMS) composite scores predict subsequent 
injury? A systematic review with meta-analysis. Br J Sports Med. 
2017;51(23):1661–9.

 17. Mason DL, Preece SJ, Bramah CA, Herrington LC. Reproduc-
ibility of kinematic measures of the thoracic spine, lumbar spine 
and pelvis during fast running. Gait Posture. 2016;43:96–100.

 18. Pfeifer CE, Sacko RS, Ortaglia A, Monsma EV, Beattie PF, Goins 
J, et al. Functional movement  screenTM in youth sport participants: 
evaluating the proficency barrier for injury. Int J Sports Phys Ther. 
2019;14(3):436–44.

 19. Ditcharles S, Yiou E, Delafontaine A, Hamaoui A. Short-term 
effects of thoracic spine manipulation on the biomechanical 
organisation of gait initiation: a randomized pilot study. Front 
Hum Neurosci. 2017;11:343.

 20. Campa F, Semprini G, Júdice PB, Messina G, Toselli S. Anthro-
pometry, physical and movement features, and repeated-sprint 
ability in Soccer players. Int J Sports Med. 2019;40(2):100–9.

 21. Duncan MJ, Lawson C, Walker LJ, Stodden D, Eyre ELJ. The 
utility of the supine-to-stand test as a measure of functional 
motor competence in children aged 5–9 years. Sports (Basel). 
2017;5(3):67.

 22. Lloyd RS, Oliver JL, Radnor JM, Rhodes BC, Faigenbaum AD, 
Myer GD. Relationships between functional movement screen 
scores, maturation and physical performance in young soccer 
players. J Sports Sci. 2015;33(1):11–9.

 23. Kramer TA, Sacko RS, Pfeifer CE, Gatens DR, Goins JM, Stod-
den DF. The association between the Functional Movement 
Screen(TM), Y-balance test, and physical performance test in 
male and female high school athletes. Int J Sports Phys Ther. 
2019;14(6):911–9.

 24. Silva B, Rodrigues LP, Clemente FM, Cancela JM, Bezerra P. 
Association between motor competence and Functional Move-
ment Screen scores. Peer J. 2019;7:e7270-e.

 25. Hulteen RM, Morgan PJ, Barnett LM, Stodden DF, Lubans 
DR. Development of foundational movement skills: a concep-
tual model for physical activity across the lifespan. Sports Med. 
2018;48(7):1533–40.

http://creativecommons.org/licenses/by/4.0/


51Assessment of Functional Movement in Children and Adolescents

 26. Girard J, Quigley M, Helfst F. Does the functional movement 
screen correlate with athletic performance? A systematic review. 
Phys Ther Rev. 2016;21(2):83–90.

 27. Butler RJ, Plisky PJ, Kiesel KB. Interrater reliability of videotaped 
performance on the functional movement screen using the 100-
point scoring scale. Athl Train Sports Health Care. 2012;4:103–9.

 28. Johnson W, Norris T, Bann D, Cameron N, Wells JK, Cole TJ, 
et al. Differences in the relationship of weight to height, and thus 
the meaning of BMI, according to age, sex, and birth year cohort. 
Ann Hum Biol. 2020;47(2):199–207.

 29. Rolland-Cachera MF. Childhood obesity: current defini-
tions and recommendations for their use. Int J Pediatr Obes. 
2011;6(5–6):325–31.

 30. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioan-
nidis JPA, et al. The PRISMA statement for reporting systematic 
reviews and meta-analyses of studies that evaluate health care 
interventions: explanation and elaboration. J Clin Epidemiol. 
2009;62(10):e1–34.

 31. Chapman D. Advanced search features of PubMed. J Can Acad 
Child Adolesc Psychiatry. 2009;18(1):58–9.

 32. Cook G, Burton L, Hoogenboom BJ, Voight M. Functional 
movement screening: the use of fundamental movements as 
an assessment of function—part 1. Int J Sports Phys Ther. 
2014;9(3):396–409.

 33. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, 
Vandenbroucke JP. The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) statement: guide-
lines for reporting observational studies. J Clin Epidemiol. 
2008;61(4):344–9.

 34. Harrer M, Cuijpers P, Furukawa T, Ebert D. Doing meta-analysis 
in R: a hand-on guide. Boca Raton: CRC Press, Taylor and Francis 
Group; 2019.

 35. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Introduc-
tion to meta-analysis. Chichester: Wiley; 2009.

 36. IntHout J, Ioannidis JP, Borm GF. The Hartung-Knapp-Sidik-
Jonkman method for random effects meta-analysis is straightfor-
ward and considerably outperforms the standard DerSimonian-
Laird method. BMC Med Res Methodol. 2014;14:25.

 37. Hopkins W, Marshall S, Batterham A, Hanin J. Progressive statis-
tics for studies in sports medicine and exercise science. Med Sci 
Sports Exerc. 2009;41(1):3.

 38. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring 
inconsistency in meta-analyses. BMJ. 2003;327(7414):557–60.

 39. Hopkins WG. Individual responses made easy. J Appl Physiol. 
2015;118(12):1444–6.

 40. Ghasempoor K, Alizadeh M, Minoonejad H, Akoochakian M. 
The relationships between maturity and functional movement 
screen scores in school-aged girls and boys. J Exerc Rehabil. 
2018;14(4):206–13.

 41. Molina-Garcia P, Migueles JH, Cadenas-Sanchez C, Esteban-Cor-
nejo I, Mora-Gonzalez J, Rodriguez-Ayllon M, et al. Fatness and 
fitness in relation to functional movement quality in overweight 
and obese children. J Sports Sci. 2019;37(8):878–85.

 42. Nourse SE, Olson I, Popat RA, Stauffer KJ, Vu CN, Berry S, 
et al. Live video diet and exercise intervention in overweight 
and obese youth: adherence and cardiovascular health. J Pediatr. 
2015;167(3):533-9.e1.

 43. St Laurent CW, Masteller B, Sirard J. Effect of A Suspension-
Trainer-Based Movement Program On Measures Of Fitness And 
Functional Movement In Children: A Pilot Study. Pediatr Exerc 
Sci. 2018;30(3):364–75.

 44. Abraham A, Sannasi R, Nair R. Normative values for the func-
tional movement screentm in adolescent school aged children. Int 
J Sports Phys Ther. 2015;10(1):29–36.

 45. Coker CA. Improving functional movement proficiency in middle 
school physical education. Res Q Exerc Sport. 2018;89(3):367–72.

 46. Lester D, McGrane B, Belton S, Duncan MJ, Chambers FC, 
O’Brien W. The age-related association of movement in irish 
adolescent youth. Sports (Basel). 2017;5(4):77.

 47. O’Brien W, Duncan MJ, Farmer O, Lester D. Do irish adolescents 
have adequate functional movement skill and confidence? J Mot 
Learn Dev. 2018;6(s2):S301.

 48. Philpott C, Donovan B, Belton S, Lester D, Duncan M, Cham-
bers F, et al. Investigating the age-related association between 
perceived motor competence and actual motor competence in 
adolescence. Int J Environ Res Public Health. 2020;17(17):6361.

 49. Vernetta-Santana M, de Orbe-Moreno M, Peláez-Barrios E, 
López-Bedoya J. Movement quality evaluation through the func-
tional movement screen in 12- and 13-year-old secondary-school 
adolescents. J Hum Sport Exerc. 2020;15(4):918–31.

 50. Wright MD, Portas MD, Evans VJ, Weston M. The effectiveness 
of 4 weeks of fundamental movement training on functional 
movement screen and physiological performance in physically 
active children. J Strength Cond Res. 2015;29(1):254–61.

 51. Duncan MJ, Stanley M. Functional movement is negatively 
associated with weight status and positively associated with 
physical activity in british primary school children. J Obes. 
2012;2012:697563.

 52. García-Pinillos F, Roche-Seruendo LE, Delgado-Floody P, Jerez 
Mayorga D, Latorre-Román P. Is there any relationship between 
functional movement and weight status? A study in Spanish 
school-age children. Nutr Hosp. 2018;35(4):805–10.

 53. Garcia-Pinillos F, Párraga-Montilla J, Roche-Seruendo L, 
Delgado-Floody P, Martínez-Salazar C, Latorre-Román P. Do 
age and sex influence on functional movement in school-age 
children? Retos. 2019;35:97–100.

 54. Mitchell UH, Johnson AW, Adamson B. Relationship between 
functional movement screen scores, core strength, posture, and 
body mass index in school children in Moldova. J Strength Cond 
Res. 2015;29(5):1172–9.

 55. García-Jaén M, Sellés-Pérez S, Manuel Cortell-Tormo J, Férriz-
Valero A, Cejuela R. Assessment of fundamental movement 
patterns in children: a gender comparison on Primary School-
students. Retos. 2018;34:282–6.

 56. Karuc J, Jelčić M, Sorić M, Mišigoj-Duraković M, Marković G. 
Does sex dimorphism exist in dysfunctional movement patterns 
during the sensitive period of adolescence? Children (Basel). 
2020;7(12):308.

 57. Karuc J, Marković G, Mišigoj-Duraković M, Duncan MJ, Sorić 
M. Is adiposity associated with the quality of movement pat-
terns in the mid-adolescent period? Int J Environ Res Public 
Health. 2020;17(24):9230.

 58. Charlesworth R. Understanding child development. 10th ed. 
Boston: Cengage Learning; 2016.

 59. Malina RM, Bouchard C, Bar-Or O. Growth, maturation, and 
physical activity. 2nd ed. Champaign: Human Kinetics; 2004.

 60. Bar-Or O. The child and adolescent athlete. 6th ed. Oxford: 
Blackwell Publishing; 2004.

 61. Catley MJ, Tomkinson GR. Normative health-related fitness val-
ues for children: analysis of 85347 test results on 9–17-year-old 
Australians since 1985. Br J Sports Med. 2013;47(2):98–108.

 62. Tomkinson GR, Carver KD, Atkinson F, Daniell ND, Lewis LK, 
Fitzgerald JS, et al. European normative values for physical fit-
ness in children and adolescents aged 9–17 years: results from 
2 779 165 Eurofit performances representing 30 countries. Br J 
Sports Med. 2018;52(22):1445–14563.

 63. Malina RM, Kozieł SM. Validation of maturity offset in a longi-
tudinal sample of Polish boys. J Sports Sci. 2014;32(5):424–37.

 64. Malina RM, Kozieł SM. Validation of maturity off-
set in a longitudinal sample of Polish girls. J Sports Sci. 
2014;32(14):1374–82.



52 W. O’Brien et al.

 65. Viru A, Loko J, Harro M, Volver A, Laaneots L, Viru M. Criti-
cal periods in the development of performance capacity dur-
ing childhood and adolescence. Phys Educ Sport Pedagogy. 
1999;4(1):75–119.

 66. Quatman-Yates CC, Quatman CE, Meszaros AJ, Paterno MV, 
Hewett TE. A systematic review of sensorimotor function during 
adolescence: a developmental stage of increased motor awkward-
ness? Br J Sports Med. 2012;46(9):649–55.

 67. Anderson BE, Neumann ML, Huxel Bliven KC. Functional move-
ment screen differences between male and female secondary 
school athletes. J Strength Cond Res. 2015;29(4):1098–106.

 68. Babakus WS, Thompson JL. Physical activity among South Asian 
women: a systematic, mixed-methods review. Int J Behav Nutr 
Phys Act. 2012;9(1):150.

 69. Barnett LM, Telford RM, Strugnell C, Rudd J, Olive LS, Telford 
RD. Impact of cultural background on fundamental movement 
skill and its correlates. J Sports Sci. 2019;37(5):492–9.

 70. Mathews E, Lakshmi JK, Ravindran TK, Pratt M, Thankappan 
KR. Perceptions of barriers and facilitators in physical activity 
participation among women in Thiruvananthapuram City. India 
Glob Health Promot. 2016;23(4):27–36.

 71. Amiri Farahani L, Hasanpoor-Azgahdy SB, Taghizadeh Z. Iranian 
women’s perceptions and experiences of barriers to and facilita-
tors of physical activity. Shiraz E-Med J. 2018;19(8):65287.

 72. Benjamin K, Donnelly TT. Barriers and facilitators influencing the 
physical activity of Arabic adults: a literature review. Avicenna. 
2013;2013:1.

 73. Araki K, Kodani I, Gupta N, Gill DL. Experiences in sport, physi-
cal activity, and physical education among Christian, Buddhist, 
and Hindu Asian adolescent girls. J Prev Med Public Health. 
2013;46(Suppl 1):S43–9.

 74. Dagkas S, Benn T, Jawad H. Multiple voices: improving participa-
tion of Muslim girls in physical education and school sport. Sport 
Educ Soc. 2011;16(2):223–39.

 75. Abdul-Rasoul MM. Obesity in children and adolescents in 
Gulf countries: Facts and solutions. Avances en Diabetología. 
2012;28(3):64–9.

 76. Ng SW, Zaghloul S, Ali HI, Harrison G, Popkin BM. The preva-
lence and trends of overweight, obesity and nutrition-related non-
communicable diseases in the Arabian Gulf States. Obes Rev. 
2011;12(1):1–13.

 77. Al-Hazzaa HM, Abahussain NA, Al-Sobayel HI, Qahwaji DM, 
Alsulaiman NA, Musaiger AO. Prevalence of overweight, obesity, 
and abdominal obesity among urban Saudi adolescents: gender 
and regional variations. J Health Popul Nutr. 2014;32(4):634–45.

 78. Kerkadi A, Sadig AH, Bawadi H, Al Thani AAM, Al Chetachi 
W, Akram H, et al. The relationship between lifestyle factors and 
obesity indices among adolescents in Qatar. Int J Environ Res 
Public Health. 2019;16(22):4428.

 79. Faigenbaum AD, Lloyd RS, Myer GD. Youth resistance training: 
past practices, new perspectives, and future directions. Pediatr 
Exerc Sci. 2013;25(4):591–604.

 80. Smith LJ, Creps JR, Bean R, Rodda B, Alsalaheen B. Perfor-
mance of high school male athletes on the Functional Movement 
 ScreenTM. Phys Ther Sport. 2017;27:17–23.

 81. Gribble PA, Terada M, Beard MQ, Kosik KB, Lepley AS, 
McCann RS, et al. Prediction of lateral ankle sprains in football 
players based on clinical tests and body mass index. Am J Sports 
Med. 2016;44(2):460–7.

 82. Karuc J, Mišigoj-Duraković M. Relation between weight status, 
physical activity, maturation, and functional movement in adoles-
cence: an overview. J Funct Morphol Kinesiol. 2019;4(2):31.

 83. Romero-Corral A, Somers VK, Sierra-Johnson J, Thomas RJ, 
Collazo-Clavell ML, Korinek J, et al. Accuracy of body mass 
index in diagnosing obesity in the adult general population. Int J 
Obes. 2008;32(6):959–66.

 84. Bell JA, Carslake D, Wade KH, Richmond RC, Langdon RJ, 
Vincent EE, et al. Influence of puberty timing on adiposity and 
cardiometabolic traits: a Mendelian randomisation study. PLoS 
Med. 2018;15(8):e1002641.

 85. Loomba-Albrecht LA, Styne DM. Effect of puberty on body com-
position. Curr Opin Endocrinol Diabetes Obes. 2009;16(1):10–5.

 86. Mudge AJ, Thilak S, Wojciechowski EA, Burns J, Paget SP. The 
impact of being overweight on the mobility, temporal-spatial and 
kinematic aspects of gait in children with cerebral palsy. Obes Res 
Clin Pract. 2021;15(2):138–44.

 87. Villarrasa-Sapiña I, García-Massó X, Serra-Añó P, Garcia-
Lucerga C, Gonzalez LM, Lurbe E. Differences in intermittent 
postural control between normal-weight and obese children. Gait 
Posture. 2016;49:1–6.

 88. Molina-Garcia P, Migueles JH, Cadenas-Sanchez C, Esteban-Cor-
nejo I, Mora-Gonzalez J, Rodriguez-Ayllon M, et al. A systematic 
review on biomechanical characteristics of walking in children 
and adolescents with overweight/obesity: possible implications 
for the development of musculoskeletal disorders. Obes Rev. 
2019;20(7):1033–44.

 89. Rudd JR, Barnett LM, Butson ML, Farrow D, Berry J, Pol-
man RCJ. Fundamental movement skills are more than run, 
throw and catch: the role of stability skills. PLoS ONE. 
2015;10(10):e140224-e.

 90. Papaiakovou G. Kinematic and kinetic differences in the execution 
of vertical jumps between people with good and poor ankle joint 
dorsiflexion. J Sports Sci. 2013;31(16):1789–96.

 91. Nantel J, Mathieu M-E, Prince F. Physical activity and obe-
sity: biomechanical and physiological key concepts. J Obes. 
2011;2011:650230.

 92. Cairney J, Dudley D, Kwan M, Bulten R, Kriellaars D. Physical 
literacy, physical activity and health: toward an evidence-informed 
conceptual model. Sports Med. 2019;49(3):371–83.

 93. Stodden DF, Goodway JD, Langendorfer SJ, Roberton MA, Rud-
isill ME, Garcia C, et al. A developmental perspective on the 
role of motor skill competence in physical activity: an emergent 
relationship. Quest. 2008;60(2):290–306.

 94. Robinson LE, Stodden DF, Barnett LM, Lopes VP, Logan 
SW, Rodrigues LP, et al. Motor competence and its effect on 
positive developmental trajectories of health. Sports Med. 
2015;45(9):1273–84.

 95. Dexter RR, Renggli CP, May J, Larkins L. The effects of strength 
and conditioning on functional movement  screenTM scores in sec-
ondary school basketball. J Sports Med J Allied Health. 2020;5:3.



53Assessment of Functional Movement in Children and Adolescents

Authors and Affiliations

Wesley O’Brien1  · Zeinab Khodaverdi2  · Lisa Bolger1,3  · Giampiero Tarantino4  · Conor Philpott1  · 
Ross D. Neville4 

 * Wesley O’Brien 
 wesley.obrien@ucc.ie

 Zeinab Khodaverdi 
 sara.khodaverdi@ymail.com

 Lisa Bolger 
 lisa.bolger@cit.ie; lisa.bolger@ucc.ie

 Giampiero Tarantino 
 giampiero.tarantino@ucdconnect.ie

 Conor Philpott 
 114362901@umail.ucc.ie

 Ross D. Neville 
 ross.neville@ucd.ie

1 School of Education, Sports Studies and Physical Education 
Programme, 2 Lucan Place, Western Road, University 
College Cork, Cork, Ireland

2 Department of Motor Behaviour, Faculty of Physical 
Education and Sport Sciences, Kharazmi University, Tehran, 
Iran

3 Department of Sport, Leisure and Childhood Studies, Cork 
Institute of Technology, Cork, Ireland

4 School of Public Health, Physiotherapy and Sports Science, 
University College Dublin, Dublin, Ireland

http://orcid.org/0000-0001-6801-7341
http://orcid.org/0000-0002-6925-5699
http://orcid.org/0000-0001-9577-6095
http://orcid.org/0000-0001-9627-883X
http://orcid.org/0000-0002-9428-0781
http://orcid.org/0000-0002-2064-5952

	The Assessment of Functional Movement in Children and Adolescents: A Systematic Review and Meta-Analysis
	Abstract
	Background 
	Objective 
	Methods 
	Results 
	Conclusion 

	1 Introduction
	2 Methods
	2.1 Search Strategy
	2.2 Eligibility Criteria
	2.3 Data Extraction
	2.4 Criteria for Risk-of-Bias Assessment
	2.5 Screening
	2.6 Statistical Analyses

	3 Results
	3.1 Overview of Studies
	3.2 Overview of Studies’ Risk of Bias
	3.3 Meta-Analysis
	3.3.1 Normative Values for Functional Movement Screen™ (FMS™) Among Typically Developing Children and Adolescents
	3.3.2 Difference in FMS™ Means Between Males and Females
	3.3.3 Difference in FMS™ Means Between Primary and Secondary School Level
	3.3.4 Association Between FMS™ and Body Mass Index


	4 Discussion
	4.1 Normative Scores for FMS™ Among Children and Adolescents
	4.2 Sex Differences in FMS™
	4.3 School Level and FMS™
	4.4 Body Mass Index and FMS™

	5 Study Strengths, Limitations and Future Research Directions
	References




