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ABSTRACT
This systematic review aimed to investigate COVID-19 impacts on motor competence (MC) in 
children and adolescents. SportDiscus, APAPsycInfo, CINAHL, Scopus, PubMed, Web of Science, 
Medline were searched in November 2024. Studies were included if they were in English; from 
2015; measured actual MC pre and post COVID-19; in apparently healthy 3- to 19-year olds. Risk of 
bias assessment used the Effective Public Health Practice Project instrument. Eligible studies were 
synthesised narratively due to heterogeneity, and with Vote Counting to assess pre-post COVID-19 
trend. Of the 568 studies, 278,536 participants, mean ages 5–11 years, took part in 11 eligible 
studies (4 longitudinal, 7 cross sectional): from Europe (7), Asia (2) and South America (2). Ten 
studies found a reduction in MC following the pandemic (Sign Test p = 0.01) with declines in: 
stability (one study, effect size, ES −0.30), locomotor domain (6 studies, ES −0.10 to −0.53), object 
control (3 studies, ES −0.07 to −0.25), composite MC (one study ES −0.65 in boys to −0.88 in girls). 
Seven studies were rated weak for selection bias, 8 for attrition and 6 for data collection methods. 
MC declined post-pandemic but there is a need for more global evidence. Funding: Scottish 
Funding Council. PROSPERO CRD42023467766.
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Introduction

Motor competence (MC) has been defined as ‘an indivi
dual’s degree of proficient performance in a broad range 
of motor skills as well as the underlying mechanisms 
including quality of movement, motor coordination 
and motor control’ and as ‘a person’s proficiency to 
execute fundamental motor skills’ (also known as funda
mental movement skills), especially during childhood’ 
(Utesch et al., 2019). Fundamental movement skills 
(FMS) are needed for successful participation in many 
types of sport and physical activity (Utesch et al., 2019). 
Impacts of MC on a wide range of health outcomes and 
health behaviours during childhood were proposed 
some time ago (Barnett et al., 2009; Stodden et al.,  
2008). Recent systematic reviews have generally sup
ported the concept that MC influences a number of 
health behaviours and health outcomes, and established 
that the influence of MC extends beyond childhood and 
into adolescence (Barnett et al., 2022; Burton et al., 2023; 
Catuzzo et al., 2016; Engel et al., 2018; Figueroa & An,  
2017; Holfelder & Schott, 2014; Tompsett et al., 2017; 
Utesch et al., 2019).

Childhood and adolescent MC seems to be particu
larly influential on health-related fitness (Barnett et al.,  
2022; Burton et al., 2023; Catuzzo et al., 2016; Utesch et 
al., 2019), body fatness/risk of obesity (Barnett et al.,  
2022), and physical activity (Burton et al., 2023; Engel 
et al., 2018; Figueroa & An, 2017). However, evidence 
syntheses on the influence of MC on health outcomes 
are not entirely consistent, our understanding of the 
public health impact of MC is limited by both uncer
tainty over the precise contributions of MC to many 
health outcomes and the population prevalence of low 
MC. A further complication in understanding the public 
health importance of MC is that the concept of MC is 
broad, encompassing distinct domains including loco
motor, object control and stability. It is likely that each 
domain has different influences on health outcomes to 
some extent. For example, locomotor skills are probably 
most influential for cardiorespiratory fitness while object 
control skills seem to be most influential for sport parti
cipation (Barnett et al., 2022).

There is concern that MC of contemporary children 
and adolescents is low (Makaruk et al. 2024) and may be 
lower than in the recent past. There are no specific 
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systematic reviews of secular trends in MC, but the 
systematic review by Bolger et al. (2021) found that 
performance on the Test of Gross Motor Development- 
2 (TGMD-2) was lower in contemporary 3–10-year olds 
than in normative data for the TGMD-2. Secular trends in 
MC are hard to establish, in part due to lack of systematic 
surveillance of MC, but there is some evidence of a 
downward secular trend in motor development prior 
to the COVID-19 pandemic. For example, the achieve
ment of motor development milestones was delayed 
during infancy and toddlerhood in Japan between 
1980 and 2010 (Yoshii et al. 2022); comparisons of MC 
tests in early childhood in China between 2013–2017 
(Rao et al., 2023) and in German children and adoles
cents between 2010 and 2020 (Schlag et al., 2021) sug
gested lower MC in the more recent samples. While the 
causes of pre-COVID-19 declines in MC have not been 
established, chronic secular declines in cardiorespiratory 
and muscular fitness (Tomkinson et al., 2017, 2021) 
might have contributed. Substantial increases in over
weight and obesity prevalence (Lister et al., 2023) in 
children and adolescents in the decades prior to the 
COVID-19 pandemic might also have contributed-obe
sity and higher body fatness tends to reduce MC (Barnett 
et al., 2022; Lima et al., 2022). The likely ‘causes of the 
causes’ of pre-COVID-19 secular declines fitness and 
increasing body fatness are complex and varied, but 
include reduced physical education in schools, increased 
screen time and more urbanised lifestyles which reduce 
physically active outdoor play (Tomkinson et al., 2017), 
plus changes in diet and in other domains of physical 
activity (Lister et al., 2023; Reilly et al., 2022).

COVID-19 mitigation measures such as school clo
sures and restrictions on sport and physically active 
play might have caused acute declines in MC. School 
attendance, for example, is believed to be an important 
positive influence on MC (Gabbard, 2008). Systematic 
reviews of the international evidence showed that dur
ing 2020–2021 there was a 10–20% increase in child and 
adolescent obesity prevalence (Anderson et al., 2023; 
Chang et al., 2021), increases in recreational screen 
time of over 50% (Madigan et al., 2022) and reductions 
in moderate-to-vigorous-intensity physical activity 
(MVPA) of 30–50% (Kharel et al., 2022; Neville et al.,  
2022; Stockwell et al., 2021) which would predict a 
COVID-19-related decline in MC (Barnett et al., 2022).

To the best of our knowledge, no systematic reviews 
have assessed the impact of the COVID-19 pandemic on 
child and adolescent MC. The primary aim of this study 
was therefore to test for a decline in MC post COVID-19. 
Secondary aims included assessment of the magnitude 
of any changes in MC, whether the magnitude varied 
substantially between-populations or within 

populations, and identification of gaps and weaknesses 
in the evidence base.

Methods

Review registration and guidance used

The review was registered with PROSPERO on the 13 
November 2023 (ID number: CRD42023467766). The 
review followed the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) statement 
(Page et al., 2020) and a PRISMA checklist is provided 
(Supplementary File). The review was also informed by 
guidance on reporting of systematic reviews without 
meta-analysis (SWIM; Campbell et al., 2019). Ethical 
approval was not required for this review.

Searching and screening

Having identified the search terms, syntax and databases 
used in other systematic reviews of motor competence 
in children and adolescents, the authors took advice 
from a systematic review methodologist on refinement 
of our initial Population, Intervention, Comparison, 
Outcome (PICO) framework, and advice on the search 
terms and search term combinations, in January 2024. 
Eligible studies were identified using a search of seven 
electronic databases (SportDiscus, APAPsycInfo, CINAHL, 
Scopus, Web of Science, Medline and PubMed). These 
were advised as the most appropriate databases advised 
by a subject librarian. The librarian also advised on 
search syntax and ran the first search and search update 
with the authors present so that search results could be 
discussed; searching was refined as required during each 
search session. The PICO was as follows: Population 
-typically developing children and adolescents aged 
3.0–19.9 years; Intervention -COVID-19 pandemic move
ment restrictions including lockdowns and school clo
sures from 2020; Comparison: change in MC in the pre- 
COVID-19 years (2015–2019) vs those from 2020; 
Outcome- actual (rather than perceived) MC. The com
parison was restricted to pre-COVID-19 studies with data 
collected from 2015 to 2019 to minimise confounding 
from the secular declines in MC observed in earlier dec
ades (Yoshii et al., 2022), ensuring comparability with 
post-COVID-19 measures.

The database search was carried out on 31 January 
2024 and updated on 8 November 2024-it was restricted 
to English language studies due to funding and timing 
constraints. Search terms and syntax in Medline are 
provided in Table 1. After searching was completed, 
retrieved records were imported into Endnote Online 
and duplicates were removed. The titles and abstracts 
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of the studies were screened by two authors indepen
dently. Potentially eligible full-text studies were inde
pendently screened by three authors. Forward and 
backward citation searching of all the eligible studies 
was carried out.

Inclusion and exclusion criteria

Population. To be included in the review, participants 
had to be within the age range of 3.0 to 19.9, any studies 
with participants in a population younger (infants and 
toddlers) or older (adults) than those specified were 
excluded. Clinical samples, those characterised as having 
a chronic disease, intellectual disability or physical dis
ability were excluded as those conditions are likely to 
have affected MC.

Intervention. To be included in the review, studies 
had to include the impact of the COVID-19 pandemic 
on MC. Studies which did not consider the impact of the 
pandemic on MC were excluded.

Comparison. To be included in the review, studies 
had to include measures of MC using the same 
method both before (from 2015, to minimise the influ
ence of any secular trends in MC or the major influ
ences of the chronic secular decline in MC prior to the 
COVID-19 pandemic) and after/during COVID-19 
movement restriction periods. Studies which did not 
report MC data from before and after the pandemic 
were excluded.

Outcome. To be included in the review, studies had to 
include results from any objective/direct measure of 
actual MC (as distinct from perceived MC). Studies 
which only reported subjective or perceived MC were 
excluded. While there is systematic review-level evi
dence that actual MC is related to a number of health 
outcomes, there is less evidence on whether perceived 
MC is related closely to actual MC, limited evidence of 
associations between perceived MC and health out
comes, and concerns about measurement of perceived 
MC (Barnett et al., 2022). Our focus was therefore on 
measured MC rather than perceived MC in order to 
increase the rigour and importance of the review, and 
to increase confidence that any pre-post COVID-19 
changes observed were real.

Study Design. Observational studies which were 
either cross sectional (different samples pre and post 
COVID-19) or longitudinal (same individuals measured 
pre and post COVID-19) were included in the review. 
Intervention studies of any design were also included 
so long as they provided control group (no intervention) 
data from the relevant periods before and after the 
COVID-19 pandemic lockdowns.

Data extraction

Data from the eligible studies was extracted by two 
authors independently using a data extraction template 
table, and tables were compared. A third, more senior 
author, checked the data extraction in all cases. The data 
extracted from the studies included the author, year of 
publication, design of study, country, number of partici
pants and characteristics of participants (e.g., age, sex). It 
also included the domain and type of assessment used 
to measure MC, the date at which the pre and post- 
COVID-19 measures were collected, whether the direc
tion of change was positive, negative or neutral, statis
tical significance and magnitude of any changes 
observed. The information was extracted from the stu
dies and inserted into a data extraction table.

Risk of bias assessment of eligible studies

Two authors assessed the risk of bias independently for 
each of the eligible studies using the Effective Public 
Health Practice Project (Effective Public Health Practice 
Project, EPHPP, 1998), producing an initial assessment of 
each EPHPP domain for every eligible study, discussing 
the independent ratings and referring to a third author 
when required to resolve differences. The third (most 
senior and experienced systematic reviewer) then rated 
each domain for each eligible study as a check and final 
ratings were agreed by all authors by discussion. The 
EPHPP tool includes eight different domains and uses 
four for the overall (‘global’) risk of bias assessment, each 
of which are rated as ‘weak’, ‘moderate’, or ‘strong’ using 
the descriptors and criteria in the tool. These four 
domains are ‘Selection Bias’ (two components- represen
tativeness; the % of the target population which 

Table 1. Search terms and syntax used in Medline.
‘Motor competence’ OR ‘Movement competence’ OR ‘Physical competence*’ OR ‘Motor development’ OR ‘Motor skill*’ OR ‘Motor ability’ OR ‘Movement skill*’ 
OR ‘Motor coordination’ OR ‘Motor proficiency’ OR ‘Fundamental movement skill’ OR ‘TGMD-2’ OR ‘Test of Gross Motor Development’
AND
‘Covid’ OR ‘COVID 19’ OR ‘Coronavirus’ OR ‘Pandemic’ OR ‘Lockdown’ OR ‘Quarantine’ OR ‘Isolation’ OR ‘sars-cov-2’ OR ‘covco19’
AND
‘Child’ OR ‘Adolescent’ OR ‘Youth’ OR ‘Student’ OR ‘Adolescen*’ OR ‘Teen’ OR ‘boy’ OR ‘girl’ OR ‘schoolchild’

Similar terms and syntax were used for the other databases, modified by the requirements of each database. Searches were limited to published studies in 
English, from 2015 to November 2024.
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participated in the study), ‘Study Design’ (in the present 
study, all eligible studies were observational and cross- 
sectional or longitudinal), ‘Data Collection Methods’ 
(two components- validity and reliability of the MC mea
surement methods and whether they were reported in 
each eligible study) and ‘Withdrawals and Dropouts’ 
(two components-reporting of participant numbers 
and withdrawals, plus the number or % completing the 
study protocol).

Overall ‘global’ assessments of risk of bias for each 
eligible study were developed using the rubric provided 
in the EPHPP Dictionary (Effective Public Health Practice 
Project, EPHPP, 1998), as follows: ‘weak’ = 2 or more 
domains rated as weak; ’moderate’ = 1 domain rated as 
weak; ‘strong’ = no domains rated as weak. The two 
more junior authors worked independently to produce 
global ratings for each domain in each eligible study, 
then discussed these to resolve any differences referring 
to the third more senior author when required. The third 
more senior author checked all global ratings and dis
cussed those with the other two authors as required to 
produce consensus global ratings.

A number of alternative tools for assessing the risk of 
bias are available, but the EPHPP was chosen because its 
validated use in public health studies, particularly for 
non-randomised study designs typical of much MC 
research (Thomas et al., 2004).

Synthesis of eligible studies

A narrative synthesis of eligible studies was used. Based 
on our initial searches, we anticipated that eligible stu
dies were unlikely to be suitable for meta-analysis as it 
seemed likely that there was a small and very hetero
genous evidence base. Authors tended to measure dif
ferent domains of MC (locomotor; object control; 
stability; individually or in composite measures), and/or 
operationalised MC differently (e.g., categorical variables 
such as the prevalence of low/concerning MC or low Z 
scores in screening and surveillance studies; continuous 
variables for direct measures in research studies). Even 
when the same domains were measured, different mea
surement methods were used (see Results section 
below). Some studies estimated changes in MC for only 
certain population subgroups, e.g., low and high socio- 
economic status comparisons to test specific hypoth
eses, rather than attempting to describe changes in MC 
for the more general child and adolescent population. 
Study samples also varied substantially by participant 
age in the eligible studies. Finally, differences in lock
down regimes between countries might also have made 
it unwise to combine studies in meta-analysis even if 
other conditions for meta-analysis had been met.

Narrative synthesis and Vote Counting was used in an 
attempt to understand post-COVID-19 changes in MC. 
Vote counting is a simple quantitative method for test
ing the direction of change in a body of heterogenous 
evidence. The Cochrane Handbook (Higgins et al., 2019) 
and SWiM guidance (Campbell et al., 2019) recommends 
use of Vote Counting when there is likely to be substan
tial inconsistency in the effect measures and/or incon
sistency in the effect. As noted above, initial searches 
suggested that eligible studies used very different meth
ods of measuring MC, or operationalising MC, and/or 
measured different domains or combinations of 
domains of MC, in different age groups (with differential 
impacts by age possible). The magnitude of any post- 
COVID-19 changes on MC might also have varied 
between studies due to variation in the stringency and 
duration of lockdowns. Vote Counting was used in the 
present study by scoring each eligible study as having or 
not having evidence of a decline in MC post COVID for 
any subgroup and any domain of MC. For Vote Counting 
we assigned studies as showing evidence of a decline in 
MC if at least one domain (locomotor, object control, 
stability) or composite MC measure demonstrated a 
negative change, ensuring consistency across heteroge
nous measures while reporting domain-specific findings 
narratively. As recommended in the Cochrane 
Handbook the direction of effect for each eligible study 
was used, ignoring statistical significance of effect in 
each individual study, though statistical significance 
and magnitude of changes (effect sizes expressed as 
Cohen’s d, change in prevalence of meeting MC mile
stones) are provided below and used in the narrative 
synthesis. The trend in direction of effect across eligible 
studies was tested for statistical significance using a Sign 
Test in GraphPad (https://www.graphpad.com/quick 
calcs/binomial1/)

Results

Study selection

The PRISMA Flow Diagram (See Figure 1) shows the 
number of studies identified at each stage of the search
ing and screening process. An initial 565 search hits plus 
3 publications identified by citation searching was 
reduced to 174 publications for screening after removal 
of duplicates. A further 122 publications were consid
ered ineligible after title/abstract screening and 41 after 
full-text screening leaving 11 eligible studies included in 
the review in 11 individual publications. Of the 163 
ineligible publications 138 were completely irrelevant 
(e.g., studies of some other COVID-19 related topic), 12 
did not have pre-post COVID-19 comparisons of MC, 11 
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did not have MC data (sometimes data on related vari
ables, notably physical activity or fitness), 2 studies had 
data from ineligible populations.

Study characteristics

Of the eleven eligible studies, four were longitudinal 
(same individuals measured pre- and post-COVID-19 lock
downs) and seven cross-sectional (cohort analytic designs 
with different samples compared before and after the 
pandemic lockdowns). Seven of the studies were from 
Europe (Carballo-Fazanes et al., 2022; Den Uil et al.,  
2023; Drenowatz et al., 2023; Pombo et al., 2021; Rigo & 
Weyers, 2024; Utesch et al., 2024; Wessely et al., 2022), two 
from Asia (Abe et al., 2022; Ito et al., 2021) and two from 
South America (Carcamo-Oyarzun et al., 2023; Vasquez- 
Echeverria et al., 2024). The total sample size of partici
pants in the eligible studies was 278,536.

A wide variety of different MC tests and MC outcomes 
were used in the eligible studies. The outcomes in terms 
of domains of MC were as follows: 1 study measured 
stability; 6 measured the locomotor domain (5 reported 
scores as continuous outcomes, 1 reported prevalence 
of the samples showing concerning locomotor skills); 3 
measured object control; 1 measured a composite of all 
three domains. An overview of the eligible study find
ings is shown in Table 2.

Narrative summary of individual study findings

Abe et al. (2022) assessed differences in MC cross-sec
tionally in 1125 Japanese 3–5-year olds (49% male), 
comparing the object control domain of MC-as mea
sured by softball throw- between samples studied in 
2019 (n 608) and in 2020 (n 517). All age groups scored 
significantly higher before the pandemic.

Table 2. Summary of eligible studies.

Citation
Study Design, 

Country

Participant Age Range and 
Mean or Median Age, 

Sample Size, Sex/Gender 
(% Male)

Motor Competence 
Domains and Test(s) Direction and Magnitude of Change

Abe et al. (2022) Cross- 
sectional 
Japan

3–5 years 
N 1125, 49% male

Object Control 
Softball throw

-ve, significant, ES −0.25

Carballo-Fazanes 
et al. (2022)

Longitudinal 
Portugal

7–12 years, mean age 9; 
N 67, 60% male

Motor Competence 
Assessment (MCA): 
Stability 
Locomotor 
Object Control

-ve. Locomotor Domain fell by 7%iles with both sexes combined, 
significant for boys, ES −0.22

Carcamo- 
Oyarzun et al. 
(2023)

Cross- 
sectional 
Chile

Mean 11 years 
N 523, 53% male

MOBAK 5–6 
Object Control 
Locomotor

-ve, significant declines in Object Control (ES-0.18) and 
Locomotor (ES-0.24) domains

Den Uil et al. 
(2023)

Longitudinal 
Netherlands

5–7 years, mean age 6. 
N 992, 48% male

4-Skills Test: 
Locomotor 
Object Control 
Stability 
Coordination

No significant change

Pombo et al. 
(2021)

Longitudinal 
Portugal

6–9 years, mean age 7. 
N 114, 44% male

MCA: 
Stability 
Locomotor 
Object Control

-ve, significant decline in overall MC score, ES −0.65 in boys, − 
0.88 in girls

Wessely et al. 
(2022)

Cross- 
sectional 
Germany

Mean age 8 years. 
N 1238, 52% male

Locomotor (Lateral 
Jump)

-ve, significant decline, ES-0.53 in lower socio-economic status 
participants; −0.18 in higher socio-economic status 
participants

Drenowatz et al. 
(2023)

Cross- 
sectional, 
Austria

Mean age 8 years. 
N 24,571, 51% male

Object Control: 
Throw and Catch

-ve and significant decline for 2022 vs 2016–2017 ES −0.07; but 
ns for 2022 vs 2018–2018 and 2022 vs 2018–2019

Ito et al. (2021) Cross- 
sectional, 
Japan

6–7 year olds, median age 
7. 
N 110, 50% male

Stability: 
Single Leg Standing 
Task

-ve, significant decline, ES −0.30

Rigo and Weyers 
(2024)

Cross- 
sectional, 
Germany

‘Pre-schoolers’ 
N 19,913, sex/gender 
breakdown not 
reported.

Locomotor: 
Lateral Jumps

-ve, significant increase of 50% prevalence of motor problems 
post-COVID-19

Vasquez- 
Echeverria et 
al. (2024)

Cross- 
sectional, 
Uruguay

5 years 
N 160,887, 51% male

Locomotor: 
Teacher assessed 
Lateral Jumps

-ve significant decline post-COVID in 2020–2021, ES −0.22, but 
recovered and ns change by 2022

Utesch et al. 
(2024)

Longitudinal, 
Germany

Mean age 8 years, range 
6–13 years, 49% male

Locomotor: 
German Motor 
Fitness Test, Lateral 
Jumps

-ve, significant decline, ES-0.10
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Carballo-Fazanes et al. (2022) assessed MC changes in 
a convenience sample (n 67; 60% male) of 7–12 year olds 
longitudinally between 2018 and 2022 in Portugal using 
the Motor Competence Assessment (MCA), with three 
domains of MC included: stability; locomotor; object 
control. Changes in MC pre-post COVID-19 movement 
restrictions were presented by three age groups (7–8.5  
years, 9–10.5 years 10.5–12 years), by sex, and by initial 
level of MC (low, medium, high). Performance in the 
MCA decreased significantly for some domains and 
some subsamples

Carcamo-Oyarzun et al. (2023) assessed changes in 
MC cross-sectionally in Chile with participants of average 
age 11.1 years (53% male), comparing MC data in sam
ples studied in 2018/2019 (n 265) and 2022 (n 258) using 
the MOBAK domains of object control and self move
ment. Post lockdown MC performance was significantly 
lower in the self-movement domain.

Den Uil et al. (2023) examined age-related changes in 
MC longitudinally in four cohorts of 5–7-year olds (48% 
male) in the city of Amsterdam in the Netherlands 
between 2017 and 2021. Two of the cohorts (n 300 and 
n 241) were studied pre-COVID 19 and two post-COVID- 
19 (n 213 and n 238). The study tested for differences in 
longitudinal changes in MC between the pre-lockdown 
and post-lockdown cohorts using the 4-Skills Test, with 
results presented for four domains (locomotion, co-ordi
nation, object control, stability), and reported separately 
for both sexes, four groups defined by MC levels (quar
tiles) and by three levels of socio-economic status. The 
longitudinal development of MC did not differ signifi
cantly between the pre- and post-lockdown cohorts for 
any of the groups or in any of the domains.

Pombo et al. (2021) assessed changes in MC long
itudinally in 114 (44% male) Portuguese 6–9 years olds 
between 2019 and 2020 using the Motor Competence 
Assessment. They compared three domains of MC (sta
bility, locomotor, manipulative) each with two tests giv
ing a total of 12 pre-post COVID comparisons, plus an 
overall change in MC. In 10/12 tests MC was significantly 
worse post-pandemic, the other two tests (jumping side
ways, in boys and girls separately) declined but not 
significantly. Overall MC score declined significantly 
post-pandemic.

Wessely et al. (2022) assessed changes in the locomo
tor domain of MC (Lateral Jump Test) across the COVID- 
19 pandemic cross-sectionally by comparing three sam
ples of German children (52% male) of average age 8.1  
years: pre-COVID sample from 2016 n 471; 2020 Post- 
COVID-19 sample n = 196; 2021 post-COVID sample n =  
571. Performance post-COVID-19 was significantly lower.

Drenowatz et al. (2023) compared throw and catch 
performance (they defined this as object control) in 

three pre-COVID and one post-COVID-19 lockdown per
iods in Austria in 24,571 children mean age 8.4 years 
(51% male). Performance was significantly poorer in 
the post-COVID-19 sample compared to the first of the 
pre-COVID-19 samples (school year 2016–17) but there 
was no significant difference for the other two pre- 
COVID-19 samples (school years 2017–18 and 2018–19).

Ito et al. (2021) compared single-leg standing time 
(they defined that as the stability domain of MC, a mea
sure of static balance) in 56 and 54 6–7-year olds (50% 
male) in Japan pre-post-COVID-19. Performance was sig
nificantly lower in the post-COVID sample.

Rigo and Weyers (2024) compared lateral jump per
formance (locomotor domain, as a measure used for 
population screening) in 19,913 pre-schoolers in 
Germany (sex/gender breakdown not reported). 
Prevalence of motor development problems identified 
post-COVID-19 was significantly higher than pre-COVID- 
19 (6.2% in school year 2018–2019 vs 10.4% in 2021–22 
and 7.5% in the subsequent 2 years).

Vasquez-Echeverria et al. (2024) compared teacher 
assessments of the locomotor domain of MC (Lateral 
Jumps) pre-post COVID-19 as part of school-based 
screening in 160,887 Uruguyan children mean age 5.7  
years (51% male). Prevalence of identified motor devel
opment problems increased significantly between their 
pre-COVID sample and their 2020–2021 sample, but 
recovered in their 2022 sample such that there was no 
significant difference relative to pre-COVID data.

Utesch et al. (2024) compared pre-post COVID-19 mea
sures of the locomotor domain of MC from the Lateral 
Jump Test in 68,996 German children and adolescents 
(49% male) using a longitudinal design. Lateral Jump test 
performance (interpreted by the authors as a measure of 
co-ordination) declined significantly post-COVID-19.

Direction of changes (Vote Counting) and 
magnitude of changes observed

Of the 11 eligible studies 10 reported evidence of 
declines in MC post-COVID-19 lockdowns. This trend 
was statistically significant (Sign Test, p = 0.01).

Of the 11 eligible studies 10 provided effect sizes for 
declines in MC outcomes. For the three studies of object 
control these were −0.07, −0.18, −0.25; for the single 
study of stability −0.30; for the six studies which 
reported on the locomotor domain effect sizes were 
−0.10, −0.13 to −0.18 in subgroups, −0.22, −0.24, −0.18 
to −0.53 in subgroups, one study reported an increase in 
prevalence of concerning locomotor skills of 50%; one 
study reported a composite of all three MC domains and 
reported declines of −0.65 (in boys) and −0.88 (in girls) 
(Table 2).
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Risk of bias assessment

Table 3 shows the risk of bias assessment results for the 
eligible studies included in the review using the EPHPP 
tool. Evidence quality was generally rated as low-mod
erate using the EPHPP method, with samples generally 
not being representative of their wider populations 
(selection bias domain, 7/11 studies rated weak), validity 
and reliability of MC assessment methods not described 
(6/11 studies rated as weak in the data collection 
domain), and sample withdrawal/attrition often not 
described (8/11 eligible studies).

Discussion

The present review suggests that small declines in 
object control, locomotor and stability domains of 
MC occurred in pre-schoolers and primary-school age 
children following COVID-19 pandemic lockdowns in 
parts of Europe, Asia and South America. Two eligible 
studies suggested larger declines in MC, one with a 
composite outcome measure which included all 
domains and the other a national screening pro
gramme for pre-schoolers which reported on the pre
valence of concerning levels of locomotor skills. There 
was very little evidence on post-COVID-19 changes in 
MC of adolescents/high school students, and negligi
ble evidence from many regions of the world, includ
ing both high-income regions (North America) and 
low-middle-income regions (Africa).

Five of the eligible studies also reported increased 
indicators of adiposity (BMI or BMI-for-age or body fat 
percentage) in their post-COVID participants, and in two 
of those studies (Carcamo-Oyarzun et al., 2023; Wessely 
et al., 2022) analyses showed that increased adiposity at 
least partly mediated the observed declines in MC, as 
might be expected (Barnett et al., 2022). In addition to 
increases in adiposity, reduced MVPA and increased 
screen-time (Stockwell et al. 2120, Kharel et al., 2022) 
during lockdowns likely mediated MC declines by 

limiting opportunities for skill practice, warranting 
further investigation into these behavioural factors dur
ing and after societal lockdowns.

Low MC matters- children with low MC struggle to 
engage meaningfully in sports, games and other physi
cal activities (Bardid et al., 2021). and declines in MC 
during the COVID-19 era would predict a number of 
adverse health and other outcomes (Barnett et al.,  
2022; Burton et al. 2023). The present review also 
shows a clear need for better evidence on MC, ideally 
via systematic public health surveillance, if population- 
wide changes, and inequalities (e.g., by age, gender, 
ethnicity, socio-economic status) are to be identified. 
Surveillance is not simply data gathering but provides 
visibility of otherwise invisible public health problems 
and that in turn tends to lead to policy and/or practice 
interventions to address those problems (Reilly et al.,  
2022). School-based physical education programmes 
focusing on fundamental movement skills (e.g., jumping, 
throwing) could be used to reverse MC declines follow
ing pandemic lockdowns, leveraging evidence from 
effective interventions to improve MC and other child 
health outcomes (Lai et al., 2014).

The lack of evidence observed in the present review 
reflects limited inclusion of MC measurement in public 
health surveillance. Surveillance is also limited for a 
number of important health behaviours (e.g., physical 
activity) and health outcomes (e.g., physical fitness) 
related to MC, both in national and international surveys 
(Aubert et al., 2021, 2022). A recent international Delphi 
Study found that more comprehensive and informative 
surveillance requires increased dedicated funding, even 
in high-income countries, greater policymaker and prac
titioner awareness of the public health importance of 
the health behaviours/outcomes, increased human 
capacity, and the availability of standardised measure
ment protocols and tools (Reilly et al., 2025). A good 
recent precedent comes from efforts to standardise con
ceptualisation, measurement and reporting of child and 
adolescent fitness (Ortega et al. 2025). Comprehensive, 

Table 3. EPHPP risk of bias assessment (EPHPP 1998).
CITATION SELECTION BIAS STUDY DESIGN DATA COLLECTION WITHDRAWALS & DROPOUTS GLOBAL RATING

Abe et al. (2022) WEAK MODERATE WEAK WEAK WEAK
Carballo-Fazanes et al. (2022) WEAK MODERATE STRONG WEAK WEAK
Carcamo-Oyarzun et al. (2023) WEAK MODERATE MODERATE WEAK WEAK
Den Uil et al. (2023) WEAK MODERATE STRONG STRONG MODERATE
Pombo et al. (2021) WEAK MODERATE WEAK MODERATE WEAK
Wessely et al. (2022) WEAK MODERATE WEAK WEAK WEAK
Drenowatz et al. (2023) MODERATE MODERATE WEAK WEAK WEAK
Ito et al. (2021) WEAK MODERATE MODERATE WEAK WEAK
Rigo and Weyers (2024) STRONG MODERATE WEAK MODERATE MODERATE
Vasquez-Echeverria  

et al. (2024)
STRONG MODERATE MODERATE WEAK MODERATE

Utesch et al. (2024) MODERATE MODERATE WEAK WEAK WEAK
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standardised, and widely accepted MC measurement 
tools, like the TGMD-2, are available. Such tools could 
be incorporated into national health surveys in future to 
provide standardised and comprehensive MC surveil
lance. For countries which already carry out MC screen
ing, screening data could be reported and used more 
widely for surveillance purposes.

Comparisons of the present study findings with other 
studies are limited by the lack of directly comparable 
evidence. No previous systematic reviews have consid
ered changes in MC post COVID-19. A number of sys
tematic reviews showed clear and consistent evidence of 
changes in children’s MVPA and fatness post-COVID-19 
which would predict declines in MC, as noted above.

Public health responses to the COVID-19 pandemic 
varied between countries, and within countries over 
time. Substantial heterogeneity in changes in MC across 
2020–2022 within and between countries is possible, as 
in the probable heterogeneity of the magnitude of 
COVID-19 impacts on physical activity (Kharel et al.,  
2022). Among the eligible studies in the present review 
Den Uil et al. (2023) reported that COVID-19 movement 
restrictions and school closures were less severe in the 
Netherlands than in many other countries (initial lock
down in 2020 of less than 2 months), while Pombo et al. 
(2021) noted that the restrictions/school closures were 
much more strict in Portugal than in many other coun
tries (initial lockdown of over 6 months, and with a 
number of stringent limits on movement, including 
being outdoors). That difference might explain the dif
ference in findings between the studies of Den Uil et al. 
(2023) which found no statistically significant change in 
MC and Pombo et al. (2021) which found the largest 
decline of all the eligible studies. Future studies of het
erogeneity in the effects of COVID-19 pandemic lock
downs would benefit by stratifying analyses by 
lockdown duration and stringency, e.g., by using the 
Oxford COVID-19 Government Response Tracker (Hale 
et al., 2023).A better understanding of variation in the 
impact of COVID-19 movement restrictions, or future 
pandemic mitigation measures, on MC will require a 
much larger and more homogenous evidence base on 
MC. The evidence base should be more global, cover 
childhood and adolescence, with more standardised 
conceptualisation, measurement and reporting of MC 
domains. In practice this will probably mean more public 
health surveillance of MC in future.

The present study had a number of strengths. Novelty 
of the study was high as this was the first systematic 
review to test for changes in MC among children and 
adolescents post-COVID-19. The study followed PRISMA 
and SWiM guidance, and was registered prospectively. 
Other aspects of good practice in systematic reviewing 

were followed (Muka et al. 2020); e.g., screening, data 
extraction, risk of bias assessment decisions all made in 
triplicate; forward and backward citation searching of 
eligible studies. The review was limited to studies 
which used direct/actual measures of MC in order to 
increase confidence in the findings.

The present study also had a number of weaknesses. 
In particular, the search for published studies, in English 
language only, might have reduced the ability to identify 
eligible studies from some countries and that might 
have contributed to the lack of evidence from some 
regions. Searching for published studies only might 
also have reduced the ability to identify studies in the 
grey literature, but the general lack of public health 
surveillance of MC in most countries may mean that 
there was relatively little relevant evidence among the 
grey literature, particularly among children and adoles
cents from age 3 years, after screening for motor devel
opment in primary care stops in many countries. The 
potential underrepresentation of MC trends in diverse 
populations arising from reviewing studies published 
only in English should be addressed in future reviews 
by including translation resources.

The evidence base on post-COVID-19 changes in MC 
has a number of weaknesses, with none of the eligible 
studies rated high quality (‘strong’ using the EPHPP risk 
of bias assessment tool). Limitations and weaknesses in 
the quality of the evidence means that conclusions 
about declining MC post-COVID-19 should be treated 
with caution. The small number of eligible studies 
mean that the quantity of the evidence is limited, and 
also precluded a meaningful assessment of publication 
bias: studies reporting post-COVID-19 changes in MC 
might well be more likely to be published than those 
not reporting changes, and if that was the case then the 
published evidence base would be a biased representa
tion of the full evidence base. Substantial variation in the 
age groups and MC measures made, and MC domains 
measured, meant that meta-analysis was not possible. 
There was a lack of evidence even in high-income global 
regions which report in English, such as North America, 
suggesting that apparent gaps in the evidence identified 
here do not just derive from the present review being 
restricted to studies in English only. There was also a lack 
of evidence from studies using well-established MC 
assessment methods such as the TGMD-2.

In those populations where MC declined, it would 
be desirable to have longer-term follow-up data 
beyond 2021 in order to test whether and to what 
extent MC recovered to pre-pandemic levels over 
time. The present review found some evidence of pos
sible recovery of post-COVID-19 decline: in one study 
of 5-year olds in Uruguay locomotor skills showed a 
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decline in 2020–2021 but had recovered to pre-pan
demic levels by 2022 (Vasquez-Echeverria et al., 2024). 
The time course of any impacts of pandemic move
ment restrictions is unclear and longer-term outcome 
studies, or surveillance, are necessary to determine to 
what extent any adverse impacts recover post- 
pandemic.

In summary, the main implication of the present 
review for future policy and practice is the need for 
more widespread and systematic surveillance of MC in 
children and adolescents. If the available evidence is 
insufficient to identify with certainty the impact of 
such a transformational event as prolonged societal 
movement restrictions on MC that suggests that sur
veillance of MC is inadequate. Since MC matters to 
child health and development, we should be monitor
ing it (Reilly et al., 2022).

Conclusions

The present study suggests that there was a consistent 
trend to reduced MC, across populations and domains of 
MC, following the COVID-19 pandemic. Evidence gaps (e.g., 
from many global regions and from adolescents), evidence 
heterogeneity (e.g., in MC domains measured and how 
they were measured) and evidence quality limitations 
makes interpreting precise COVID-19 impacts on MC pro
blematic. Declines in MC following future pandemic lock
downs, considered inevitable by the World Health 
Organization, could be understood more fully and with 
greater confidence if nations had comprehensive surveil
lance systems for MC based on standardised measures 
incorporated into nationally representative surveys. 
Improved surveillance could also be used as part of future 
pandemic preparedness.
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