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Abstract

This article comprehensively reviews motor impairments in children with autism spectrum disorder (ASD) to: (1) determine
the prevalence of motor problems in children with ASD; (2) understand the nature of motor difficulties in ASD and whether
they are consistent with developmental coordination disorder (DCD); and (3) determine if the term DCD was used as a co-
occurring diagnosis in children with ASD after publication of the DSM-5 in 2013. The following databases were systemati-
cally searched: MEDLINE, EMBASE, CINAHL, and PsycINFO from 2010 to December 2021. Articles were included if
they: (1) were peer-reviewed and published in a scientific journal; (2) included children with ASD who were between 5 and
12 years; (3) used motor or function measures to assess motor abilities in children with ASD. Studies that included children
with intellectual disabilities were excluded. Two independent reviewers reviewed titles, abstracts, and full-text articles for
inclusion. Twenty-seven studies met the inclusion criteria and were assessed for quality by two independent reviewers using
the Appraisal tool for Cross-Sectional Studies. The majority of articles (92.5%) indicated that 50-88% of children with ASD
had significant motor impairments on standardized motor assessments and/or functional questionnaires. The nature of motor
and function problems in ASD were consistent with DCD; however, only three out of 20 papers (15%) that were published
from 2014 described the motor problems as DCD. One study reported that 15.1% of children with ASD with motor impair-
ments had a co-occurring diagnosis of DCD, suggesting that DCD is under-recognized in this clinical population.

Keywords Autism spectrum disorder - Motor deficits - Developmental coordination disorder - Motor skills disorder -
Children

Autism spectrum disorder (ASD) is a highly heterogenous
and prevalent neurodevelopmental disorder characterized
by permanent impairments in social interactions, com-
munication skills, and restricted and repetitive behaviors
(American Psychiatric Association, 2013). With the excep-
tion of stereotyped and repetitive movements, other motor
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impairments are not considered as a diagnostic criterion for
ASD (American Psychiatric Association, 2013). However,
research has shown the presence of motor deficits in 50-85%
of children with ASD (American Psychiatric Association,
2013). Compared to typically developing (TD) children,
children with ASD show a variety of motor impairments,
including poor bilateral coordination (David et al., 2009),
reduced grip strength (Hardan et al., 2003; Williams et al.,
2006), impaired motor speed (Hardan et al., 2003; Takarae
et al., 2004; Williams et al., 2006), gait abnormalities (Rine-
hart et al., 2006), and poor fine motor control (e.g., manual
dexterity, handwriting, object control) (Berkeley et al., 2001;
Kushki et al., 2011; McPhillips et al., 2014; Sacrey et al.,
2014). Despite these various motor difficulties in children
with ASD, motor problems are under-recognized and rarely
addressed in therapy (Case-Smith & Arbesman, 2008).
Motor problems in children with ASD can profoundly affect
child’s development in academic, social, and communica-
tion domains (Dowd et al., 2010). A better understanding
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of the motor problems in children with ASD will help reha-
bilitation professionals to recognize the issue and provide
evidence-based interventions.

ASD often co-occurs with other neurodevelopmental
disorders, including intellectual disability (Charman et al.,
2011) and attention deficit hyperactivity disorder (ADHD)
(Simonoff et al., 2008). Recognizing that poor motor func-
tion was not a diagnostic criterion for ASD, but that preva-
lence of motor difficulties was high in this population, the
Diagnostic and Statistical Manual of Mental Disorders—
5th edition (DSM-5) published in 2013 allowed for dual
diagnosis of ASD and developmental coordination disor-
der (DCD) (previously not permitted in DSM-1V). DSM-5
defines DCD as a neurodevelopmental disorder marked by
significant impairment in the development of motor skills
that interferes with academic achievement and/or activities
of daily living. The onset of these difficulties is in early
childhood and are not due to another medical condition
(American Psychiatric Association, 2013). Several hypoth-
eses have been raised as to whether the observed motor
problems in ASD are specific to children with ASD or are
in agreement with the diagnostic criteria of DCD. Some
authors believe that children with ASD have discrete motor
problems, particularly a praxis deficit, which is different
from motor problems seen in DCD (MacNeil & Mostofsky,
2012); however, others believe that children with ASD
showed motor difficulties consistent with DCD (Miyahara,
2013). Results from a systematic review showed that the
motor coordination deficits is so prevalent in children with
ASD that might be considered a cardinal feature in this
children (Fournier et al., 2010). Another systematic review
concluded that the children with ASD and DCD shared
similar deficits in motor skills (Cagola et al., 2017).

In this systematic review, our primary research question
was: In children with ASD, what is the nature and preva-
lence of motor problems consistent with DCD? We then
asked: In children with ASD, did a co-occurring diagnosis
of DCD increase after a dual diagnosis of ASD and DCD
was permitted in the latest version of Diagnostic and Sta-
tistical Manual (DSM-5) in 2013?

Methods

In this systematic review [PROSPERO CRD42021237013]
we applied the Preferred Reporting Items for Systematic
Review and Meta-Analyses (PRISMA) guidelines (Moher
et al., 2010). Studies investigating motor or function capa-
bilities that used any standardized motor or functional
performance measures in children with autism spectrum
disorder were considered for inclusion.
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Search Strategy

We systematically searched databases including MEDLINE,
EMBASE, CINAHL, and PsycINFO from 2010 to December
2021. We narrowed down the search to papers after 2010 since
the last systematic review covered papers up to 2010 (Fournier
et al., 2010), and also the DSM-5 published in 2013 allowed
for dual diagnosis of ASD and developmental coordination
disorder (DCD) (previously not permitted in DSM-1V). The
librarian at the University of British Columbia assisted in
designing the search strategies, including controlled vocabu-
lary (e.g., Medical Subject Headings [MeSH]) and keywords,
without setting limits on date or language. Keywords used in
selected articles and systematic reviews were also searched
in Google, including motor skills, motor skills disorders, and
autism spectrum disorder. Terms in each group were linked
with “OR” and groups were linked with “AND”. Supple-
mentary Tables 1 and 2 show the keywords used in each cat-
egory and an example of the search strategy in MEDLINE,
respectively.

Criteria for Inclusion and Exclusion

Prior to the beginning of the study selection, inclusion and
exclusion criteria were set by the two reviewers (MK, JZ).
Studies of children between age 5—12 years old diagnosed with
autism spectrum disorder were included, unless the sample
included children with a co-occurring moderate/severe intel-
lectual disability (IQ cut-off < 70). The papers with a wider
age range were included if they separated results for the age
range of interest. The focus was on the studies that measured
motor skills (with or without function measure) in children
with autism. Longitudinal studies were included only if they
presented the baseline results; results related to the effect of
maturation, medication, or intervention were not included in
this review. Peer-reviewed studies, case reports, and papers
written in English were included; systematic reviews, com-
mentaries, conference proceedings, and animal studies were
excluded. We included all papers that reported baseline results
of motor or function measures, either compared to TD chil-
dren or standardized measures. As we are interested in motor
problems consistent with DCD, studies that solely focus on
motor problems that are considered part of ASD, such as ste-
reotyped or repetitive motor movements or difficulty using ges-
tures, were excluded. Moreover, motor difficulties that can be
explained by other conditions (e.g., genetic conditions affect-
ing movement, cerebral palsy) were excluded.

Study Selection and Data Extraction

We imported the papers from all databases to the system-
atic review software called Covidence (Covidence—Better
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Systematic Review Management, n.d.). All papers were
imported into Covidence, and duplications were removed
automatically. Reviewers (MK and MM) ran two main
stages in the Covidence independently: (a) title and
abstract screening; and (b) full-text screening based on the
inclusion and exclusion criteria. Conflicts were resolved
by third reviewer (JZ) in both steps. Kappa statistics were
used to calculate the level of agreement (Cohen, 1968)
at each step and both reviewers agreed on including each
paper in the systematic review. The level of agreement for
title and abstract screening was almost perfect agreement
(Kappa stat: 0.86), and for full-text screening was sub-
stantial (Kappa stat: 0.77). Figure 1 displays the selection
process as per the PRISMA guideline (Moher et al., 2010).

Data extraction was completed by the first reviewer
(MK) and confirmed by the second reviewer (MM). The
extracted information was organized into two tables: Char-
acteristics of studies (i.e., author, year, demographics of
diagnosis group and control group(s), type of screening
assessments, function and motor measures); and Results
of studies (i.e., study design, effect size, multiple com-
parison type, function results (consistent with Criterion
B of DCD), and motor results (consistent with Criterion
A of DCD).

Quality Assessment

Twenty-seven met our inclusion criteria and were indepen-
dently assessed for quality by two independent reviewers
(MK and MM) using the Appraisal tool for Cross-Sectional
Studies (AXIS) (Downes et al., 2016; Supplementary
Table 3). The AXIS seemed to be the best fit for evaluation
of the included papers, most of which were cross-sectional
studies. This appraisal tool measures the appropriateness
of the study (i.e., aim, study design, sample selection and
justification, non-responders, measurement validity and reli-
ability, statistics, results, confounding, conflict of interests,
and limitations). The overall score classified into three cat-
egories of poor, moderate, and high based on the quality
assessment of key points.

Results
Description of Studies
Of the 4030 papers located in the search, 27 articles were

included in the systematic review (Fig. 1 and Tables 1, 2).
Most study designs were cross-sectional.

Fig. 1 PRISMA flowchart
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Of the 27 included articles, 14 studies compared children
with ASD to TD children (Abu-Dahab et al., 2013; Alsaedi,
2020; Biffi et al., 2018; Bricout et al., 2019; Grace et al.,
2017; Kaur et al., 2018; Mache & Todd, 2016; McPhillips
et al., 2014; Odeh et al., 2020; Sansi et al., 2020; Schurink
et al., 2012; Staples & Reid, 2010; Sumner et al., 2016;
Whyatt & Craig, 2012) and 7 studies compared motor skills
to standardized norms (Bhat, 2020; Bittner et al., 2018;
Emck et al., 2011; Guest et al., 2017; Gustafsson et al., 2014,
Henderson et al., 2016; Liu, 2013). Six studies divided chil-
dren with ASD into two or three groups to investigate the
effectiveness of an intervention; baseline data of the groups
meeting our inclusion criteria were extracted (El Shemy &
El-Sayed, 2018; Hassani et al., 2020; Pan et al., 2017; Rafiei
Milajerdi et al., 2021; Sarabzadeh et al., 2019; Wuang et al.,
2010). Three of these studies included other clinical groups,
such as DCD (Sumner et al., 2016), behavioural disorder and
emotional disorder (Emck et al., 2011), specific language
impairment (McPhillips et al., 2014), and children with ASD
with low IQ (< 70) (Kaur et al., 2018); these data were not
extracted.

The range of sample size was wide, from 6 to 16,994
participants. The most frequently used motor measures were
the Movement Assessment Battery for Children (MABC)
(Schurink et al., 2012) and MABC-2 (n=7) (Grace et al.,
2017; Liu, 2013; McPhillips et al., 2014; Rafiei Milajerdi
et al., 2021; Sarabzadeh et al., 2019; Sumner et al., 2016;
Whyatt & Craig, 2012); Test of Goss Motor Development
(TGMD-2) (n=4) (Emck et al., 2011; Guest et al., 2017,
Henderson et al., 2016; Staples & Reid, 2010); TGMD-3
(n=2) (Bittner et al., 2018; Sansi et al., 2020); Bruininks-
Oseretsky Test of Motor Proficiency (BOTMP) (n=2) (Has-
sani et al., 2020; Wuang et al., 2010); and BOT-2 (n=3)
(Alsaedi, 2020; El Shemy & El-Sayed, 2018; Pan et al.,
2017). Five studies used more than one measure: MABC-2
and BOT-2 (Odeh et al., 2020), TGMD-3 and postural sway
condition (Mache & Todd, 2016), BOT-2 and sensory inte-
gration and praxis test (Kaur et al., 2018), MABC-2 and
Gait Real-time Analysis Interactive Lab (GRAIL) (Biffi
et al., 2018), and MABC, Physical and Neurological Exams
for Subtle Signs (PANESS), and European Physical Fitness
Test Battery (EUROFIT) (Bricout et al., 2019). Two studies
used other specific motor assessments: Dynamometer, Fin-
ger Tapping Test, Grooved Pegboard, Luria-Nebraska test,
and Reitan-Kolve test (Abu-Dahab et al., 2013), and Autism-
Tics, ADHD and other Comorbidities inventory (A-TAC)
(Gustafsson et al., 2014).

The most frequently used functional performance meas-
ures were the Vineland Adaptive Behavior Scale (VABS)
(n=4) (Bricout et al., 2019; Guest et al., 2017; Odeh et al.,
2020; Sumner et al., 2016) and Developmental Coordina-
tion Disorder Questionnaire (DCDQ) (n=2) (Bhat, 2020;
Biffi et al., 2018). One study used the speed subtest of the
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Handwriting Performance Test as a functional measure
(Grace et al., 2017).

Quality of Studies

The majority of papers (22 out of 27) had an overall rating
of high quality (Alsaedi, 2020; Bhat, 2020; Biffi et al., 2018;
Bricout et al., 2019; El Shemy & El-Sayed, 2018; Emck
et al., 2011; Grace et al., 2017; Guest et al., 2017; Gus-
tafsson et al., 2014; Hassani et al., 2020; Henderson et al.,
2016; Kaur et al., 2018; Mache & Todd, 2016; McPhillips
et al., 2014; Odeh et al., 2020; Pan et al., 2017; Rafiei Mila-
jerdi et al., 2021; Sansi et al., 2020; Sarabzadeh et al., 2019;
Schurink et al., 2012; Sumner et al., 2016; Wuang et al.,
2010); and five papers were rated as a moderate-quality
(Abu-Dahab et al., 2013; Bittner et al., 2018; Liu, 2013;
Staples & Reid, 2010; Whyatt & Craig, 2012). All papers
that measured functional performance in ASD were rated as
high-quality papers.

Results of Studies

We reviewed and classified the results based on their agree-
ment with two of the DSM-5 diagnostic criteria for DCD:
criterion A states that motor difficulties are below age-
expectations and criterion B is associated functional per-
formance difficulties. Thus, in the first section of results,
we discuss studies related to criterion A of DCD that used
“Motor Assessments”. All studies except one (Bhat, 2020)
evaluated motor skills in children with ASD. Bhat (2020)
only used a function measure, so the results were reported
in the function measure section.

The second section of results report “Functional Assess-
ments” in children with ASD, consistent with criterion B of
DCD (Alsaedi, 2020; Bhat, 2020; Biffi et al., 2018; Bricout
et al., 2019; Grace et al., 2017; Guest et al., 2017; Kaur
et al., 2018; Odeh et al., 2020; Sumner et al., 2016).

In the last section of results, we reported studies that used
the term DCD in children with ASD (Bhat, 2020; Gustafsson
et al., 2014; Sumner et al., 2016).

Motor Assessments

The most frequently used motor assessments were MABC
(n=8), TGMD (n=6), and BOT (n=5). Five studies used
multi-measures (Biffi et al., 2018; Bricout et al., 2019; Kaur
et al., 2018; Mache & Todd, 2016; Odeh et al., 2020), and
two studies used other specific motor assessments (Abu-
Dahab et al., 2013; Gustafsson et al., 2014). In what follows,
we will summarize results based on the type of motor meas-
ures used. The standard scores of each test were compared
to TD children if the study has TD sample; otherwise, these
scores were compared to normative data.
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Movement Assessment Battery for Children

The original Movement Assessment Battery for Children is
a norm-referenced test designed to identify motor impair-
ments in children aged from 4 to 12 years (Henderson &
Sugden, 1992). The total score on the MABC is reported
as a total impairment score, with higher scores indicating
greater motor impairment.

The second edition of this test, called the MABC-2, was
developed in 2007 and assesses fine and gross motor skills
in 3—16-year-old children in three components (i.e., manual
dexterity, ball skills, and balance) (Henderson et al., 2007).
Raw scores are converted to standard scores (mean=10;
SD =3). Standard scores are converted to percentile scores;
scores in the bottom 5% (standard score of 5 or below) rep-
resent a definite motor problem placing in red zone, and
scores between 5 and 15% suggest a degree of difficulty that
is borderline (amber zone). Scores at the 16" % and above
indicate no motor problem (green zone).

Six high quality papers (Grace et al., 2017; McPhillips
et al., 2014; Rafiei Milajerdi et al., 2021; Sarabzadeh et al.,
2019; Schurink et al., 2012; Sumner et al., 2016) and two
moderate quality papers (Liu, 2013; Whyatt & Craig, 2012)
used the MABC or MABC-2 to measure motor skills in chil-
dren with ASD. Consistent across all of these studies, the
scores of children with ASD were significantly lower than
TD children or normative MABC data, indicating motor
impairment in children with ASD.

Two of the above studies found significantly lower scores
for total score and all three subtests of MABC-2 including
dexterity, ball skills, and balance in children with ASD com-
pared to TD children (Grace et al., 2017; McPhillips et al.,
2014). Around 11% of children with ASD scored between
5th and 15th percentile on the MABC-2 (amber zone), sug-
gesting borderline degree of motor difficulty; 50% of chil-
dren with ASD scored below 5th percentile of a standard-
ized MABC-2 score, indicating a definite motor problem
(McPhillips et al., 2014). Sumner et al. (2016) stated that
the total percentile score and all subtests’ scores were lower
in children with ASD compared to TD children and 53% of
children with ASD scored at or below 16th percentile.

Similarly, Liu (2013) used the MABC-2 to evaluate motor
performance in children with ASD and found that 78% of
these children were in the red zone, suggesting a definite
motor problem; and 6% of them were in the amber zone.
The total standard score and all subtests’ scores were lower
than normative MABC-2 data, with the lowest scores for
manual dexterity and ball skills, compared to balance subtest
(Liu, 2013). Rafiei Milajerdi et al. (2021) reported the simi-
lar results that all subtests’ scores were lower than norma-
tive MABC-2 data (Rafiei Milajerdi et al., 2021). Another
study revealed that the total standard score and all subtests’
scores in children with ASD were lower than TD children,

Communication disorders, DCD Developmental Coordination Disorder, ED emotional disorders, EUROFIT European Physical Fitness Test Battery, GARS-3 Gilliam Autism Rating Scale—3rd
ed., GRAIL Gait Real-time Analysis Interactive Lab, HASD Children with ASD with high IQ, HFA High-functioning autism, LASD Children with ASD with low 1Q, MABC Movement Assess-
PThis study did not have any TD due to nature of the study. They divided children with ASD into two groups to investigate the effectiveness of an intervention. No significant differences were

#This study categorized the sample based on age: young age group (5.00-7.99 years), middle age group (8.00-11.99 years), and older age group (12-21 years). Only the first two groups were
found between the 2 groups in demographic and baseline characteristics, including age and CARS score

ment Battery for Children, PANESS Physical and Neurological Exam for Subtle Signs, SCQ Social Communication Questionnaire, SLI Specific Language Impairment, SRS Social Responsive-
reported here

BD behavioural disorders, BOT Bruininks-Oseretsky Test of Motor Proficiency, CARS Childhood Autism Rating Scale, CRSASSC Clinician-Rated Severity of Autism Spectrum and Social
ness Scale, TGMD Test of Gross Motor Development, 7D typically developing, WISC-1V Wechsler Intelligence Scale for Children—4th ed

ADIR Autism Diagnostic Interview-Revised, ADOS Autism Diagnostic Observation Schedule, ASD Autism Spectrum Disorder, A-TAC Autism-Tics, ADHD and other Comorbidities inventory,

°This study did not have any TD due to nature of the study. They divided children with ASD into three groups to investigate the effectiveness of two types of interventions

"This study did not have any TD due to nature of the study. They divided children with ASD into two groups to investigate the effectiveness of an intervention

dThis was a twin study, and only had two age ranges. There were two groups of twin children with ASD (9 and 12 years old)

*Number of participants who completed tests and whose motor/function results were reported in the study

Results from children with ASD with low IQ were not reported here due our inclusion criteria

£0nly the results of ASD and TD were reported
iOnly the results of ASD and TD were reported

“Only the result of ASD is reported here

Table 1 (continued)

@ Springer
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and the lowest scores were for manual dexterity, ball skills,
and static balance subtests, compared to dynamic balance
(Whyatt & Craig, 2012).

There were two studies that reported the degree of motor
difficulty based on motor impairment score (Sarabzadeh
et al., 2019; Schurink et al., 2012). They used original ver-
sion of MABC and reported the results based on the total
motor impairment score. The total motor impairment score
and all subtests’ scores of children with ASD were higher
than normative MABC data, suggesting motor impairment
in these children (Sarabzadeh et al., 2019). These total
impairment score and all subtests’ scores were also higher
in ASD relative to TD children such that 42.9% of children
with ASD had definite motor problem (scored at red zone)
and 21.4% of them were at risk of motor impairment (scored
at amber zone) (Schurink et al., 2012).

Test of Goss Motor Development (TGMD)

Test of Gross Motor Development—2nd ed. (TGMD-2) is
used to assess fundamental motor skills in locomotor (i.e.,
run, gallop, hop, leap, jump, and slide) and object control
(i.e., strike, dribble, catch, kick, throw, and roll) (Ulrich,
2000). Scoring is based on the presence (1) or absence (0)
of each performance criteria. Raw scores are converted
to standard scores, with a mean of 10 and standard devia-
tion of 3 for both locomotor skill and object control. The
overall gross motor quotient (GMQ) ranges from 0 to 140
(mean:100, SD:15); higher scores indicate greater motor
proficiency. The GMQ less than 89 is below average, indi-
cating below 25" percentile and motor impairment.

Four high quality papers (Emck et al., 2011; Guest et al.,
2017; H. Henderson et al., 2016; Sansi et al., 2020) and
two moderate quality papers (Bittner et al., 2018; Staples
& Reid, 2010) used the TGMD to assess motor difficulties
in children with ASD. All studies except one (Sansi et al.,
2020) showed that children with ASD scored lower than TD
children or normative data.

Results from the TGMD-2 of 13 girls with ASD showed
that all of the girls scored below 25th percentile, indicat-
ing significant motor difficulties (Guest et al., 2017). This
study also found that girls with ASD had higher scores in
the locomotor subtest compared to the object control subtest.
Another study found that the overall gross motor quotient,
locomotor, and object control subtests standard scores in
children with ASD were lower than normative scores, sug-
gesting motor impairment in children with ASD (Henderson
et al., 2016); these results are in consistent with the results of
the two other studies (Bittner et al., 2018; Emck et al., 2011)
that used TGMD-3 and TGMD-2 respectively.

Staples and Reid (2010) compared 25 children with ASD
with 25 TD children and found that the raw scores of loco-
motor and object control subtests in children with ASD were

@ Springer

lower than TD children. Children with ASD had difficulty
coordinating movements involving both sides of the body,
or coordinating upper and lower limbs. The timing of move-
ment was also uncoordinated, since there was no harmony
between each segment of their body when performing loco-
motor subtest (Staples & Reid, 2010). They also found that
children with ASD had difficulty controlling the force and
direction of the ball and rotating their body when performing
control object subtest.

Contrary to these results, a study investigated the effec-
tiveness of specific physical activity program on children
with ASD and TD children and did not find any signifi-
cant differences in total scores and subtests’ score between
children with ASD and their peers at baseline (Sansi et al.,
2020).

Bruininks-Oseretsky Test of Motor Proficiency

The Bruininks-Oseretsky Test of Motor Proficiency is
another standardized test for assessing gross and fine motor
domains and consists of four main components—two assess
fine motor skills (i.e., fine manual control and manual coor-
dination) and two assess gross motor skills (i.e., body coor-
dination, and strength and agility) (Bruininks, 1978). The
second version of BOTMP (BOT-2) is suitable for children
who do not speak English as a native language. The first and
second versions have the same subtests and scoring. There
are only slight differences between these two versions. For
example, the complete version of BOT-2 has a total of 53
items, compared to 46 items in BOTMP. Therefore, a wider
range of motor tasks can be evaluated using this tool, includ-
ing gross motor, fine motor, and balance skills (Bruininks
& Bruininks, 2005). In BOT-2, raw scores are converted to
standard scores ranging from 20 to 80 with the mean of 50
and the standard deviation of 10. This total standard score
can be reported as a categorical variable with five descrip-
tive categories: well above average “>70”, above average
“60-69”, average “41-59”, below average “31-40”, and
well-below average “<30”. The total standard score under
40 indicates motor impairment (Bruininks & Bruininks,
2005).

Five high quality papers (Alsaedi, 2020; El Shemy &
El-Sayed, 2018; Kaur et al., 2018; Odeh et al., 2020; Pan
et al., 2017) reported motor performance in children with
ASD using the BOTMP or BOT-2. All studies, except one
(Pan et al., 2017) found that children with ASD had motor
impairments compared to standardized norms. The study by
Pan et al. (2017) only included boys with high-functioning
autism.

Two studies found that all subtests and total stand-
ard composite scores of BOTMP were below the average
(<30) in children with ASD, suggesting motor impairment
(Hassani et al., 2020; Wuang et al., 2010). Another study
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evaluated gross motor domain scores of BOTMP and found
that children with ASD scored below the average (< 30) (El
Shemy & El-Sayed, 2018).

Alsaedi (2020) found that children with ASD scored
lower than TD children in the total standard composite score
and both fine and motor domains. The majority of children
(88%) scored below the average (31-40). The lowest subtest
score in children with ASD was in strength, whereas the
highest subtest score was in fine motor integration (Alsaedi,
2020). He also found that there was a positive correlation
between age and overall motor performance; older children
with ASD tend to perform better than younger children with
ASD.

A study evaluating motor performance in 22 boys with
high-functioning ASD found that all children scored in the
average range (41-59) for total standard composite score
and in all subtests of fine and gross motor domains (Pan
et al., 2017).

Multi-measures

Five high quality papers used more than one measure to
evaluate motor performance in children with ASD (Biffi
et al., 2018; Bricout et al., 2019; Kaur et al., 2018; Mache
& Todd, 2016; Odeh et al., 2020) and consistently reported
that children with ASD had motor impairment.

One of these studies found that children with ASD scored
lower in all subtests’ scores and total standard composite
score on both the MABC-2 (Henderson et al., 2007), and
BOT-2 (Bruininks & Bruininks, 2005) compared to TD chil-
dren (Odeh et al., 2020). Mache and Todd (2016) found that
children with ASD (compared to TD children) scored lower
on the total score, and locomotor and object control subtest
scores of TGMD-3, and had greater postural sway area in
both solid and compliant conditions. Lower postural sway
area in the solid condition is indicative of better gross motor
skills; children with less postural sway area scored higher on
the TGMD-3 (Mache & Todd, 2016).

Another study compared motor skills, praxis, and coordi-
nation in children with ASD compared to TD children (Kaur
et al., 2018). They found that the total standard composite
scores and three subtests of BOT-2 (body coordination, fine
manual, and manual dexterity) of children with ASD were
lower than TD children. Moreover, the scores from the bilat-
eral motor coordination subtest of the Sensory Integration
and Praxis Test showed that children with ASD had more
praxis errors and needed more time to complete each action
sequence compared to TD children (Kaur et al., 2018).

When compared to TD children, children with ASD
had lower total standard scores and ball skills (aiming and
catching) and balance scores on MABC-2 (Biffi et al., 2018).
They also assessed the kinematics and kinetics gait features
of children with ASD by using Gait Real-time Analysis

Interactive Lab (GRAIL) and found that the steps in TD
children tended to be faster and longer compared to chil-
dren with ASD. The speed and length of steps, and range of
motion of all joints in children with ASD were lower than
TD children, meaning that the gait cycle took a bit longer
than normal for of children with autism (Biffi et al., 2018).

The last study in this section used three measures to
evaluate motor performance in children with ASD. Results
from the MABC test showed that the total motor impairment
score and all subtests’ scores were higher in ASD than TD
children, suggesting definite motor problem in children with
ASD, especially in manual dexterity and ball skills (Bri-
cout et al., 2019). The Physical and Neurological Exam for
Subtle Signs (PANESS) and the European Physical Fitness
Test Battery also demonstrated poorer motor performance
in children with ASD compared to TD children (Bricout
et al., 2019).

Other Motor Measures

There was one high-quality (Gustafsson et al., 2014) and
one moderate-quality (Abu-Dahab et al., 2013) paper that
assessed motor competencies in children with ASD by dif-
ferent motor measures and confirmed motor impairment in
these children. The first paper used the Autism-Tics, ADHD
and other Comorbidities inventory (A-TAC) and found that
52.4% of children with ASD had motor impairment and
might be at risk of DCD (Gustafsson et al., 2014).

The second study used the dynamometer, Finger Tapping
Test, and Grooved Pegboard to measure grip strength, motor
speed, and coordination in children with ASD, respectively
(Abu-Dahab et al., 2013). Children with ASD scored sig-
nificantly lower in all these three motor domains when com-
pared to TD children. They also found that the coordination
skill in ASD was positively correlated with age; however, the
grip strength and motor speed did not significantly improve
with increasing age in children with ASD (Abu-Dahab et al.,
2013).

Functional Assessments

Seven papers used functional measures in addition to motor
measures, with the majority of studies being of high quality
(Biffi et al., 2018; Bricout et al., 2019; Grace et al., 2017,
Guest et al., 2017; Kaur et al., 2018; Odeh et al., 2020; Sum-
ner et al., 2016); only one paper assessed functional compe-
tencies in children with ASD that was ranked as high quality
paper (Bhat, 2020).

Vineland Adaptive Behavior Scales

Four studies used the Vineland Adaptive Behavior Scales
(VABS) to assess function in children with ASD compared

@ Springer
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ASD TD

Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% ClI 1V, Fixed, 95% ClI
Odeh 2020 5.64 1.86 12 9.83 2.76 12 22.4% -4.19[-6.07,-2.31] —a

McPhillips 2014 6.5 3.7 28 9.6 2.3 28 30.4% -3.10[-4.71, -1.49] —

Grace 2017 5.18 2.13 23 10.6 2.19 20 47.2% -5.42[-6.72, -4.12] R 3

Total (95% CI) 63 60 100.0% -4.44 [-5.33, -3.55] ¢
Heterogeneity: Chi? = 4.91, df = 2 (P = 0.09); I = 59% t

Test for overall effect: Z = 9.77 (P < 0.00001)

10 -5 0 5 10
Favours [experimental] Favours [control]

Fig.2 Motor scores on the Movement Assessment Battery for Children—2nd ed

ASD TD

Study or Subgroup  Mean SD Total Mean

SD Total Weight

Mean Difference
1V, Fixed, 95% CI

Mean Difference
1V, Fixed, 95% CI

Alsaedi 2020 37.79 12.25 119 66.13 8.24 30 37.2% -28.34[-32.02, -24.66] —

Kaur 2018 42 3 12 54 5 12 46.2% -12.00[-15.30, -8.70] -
Odeh 2020 36.91 4.09 12 51.5 8.83 12 16.6% -14.59[-20.10, -9.08] —s—
Total (95% CI) 143 54 100.0% -18.50 [-20.75, -16.26] 3
Heterogeneity: Chi? = 44.32, df = 2 (P < 0.00001); 1> = 95%

Test for overall effect: Z = 16.17 (P < 0.00001)

-20 -10 0 10 20
Favours [experimental] Favours [control]

Fig.3 Motor scores on the Bruininks-Oseretsky Test of Motor Proficiency—2nd ed

to TD children. Children with ASD scored lower in all test
domains (i.e., communication, daily living skills, and social-
ization) when compared to TD children (Bricout et al., 2019;
Odeh et al., 2020; Sumner et al., 2016); lower scores in the
daily living domain is more reflective of poor motor skills
in children with ASD.

Another study found that children with ASD had lower
composite score, compared to normative data of VABS, sug-
gesting difficulties in day-to-day functioning, which may in
part be due to motor challenges in this group of children
(Guest et al., 2017). They also found that children with ASD
scored lower than standard norms in Social Skills Improve-
ment System, indicating impaired academic competence.

Developmental Coordination Disorder Questionnaire

Two studies measured function in children with ASD using
the Developmental Coordination Disorder Questionnaire
(DCDQ) (Wilson & Crawford, 2012), and reported poorer
motor function in these children compared to TD children
(Bhat, 2020; Biffi et al., 2018). Findings showed that 86.9%
of children with ASD had definite motor impairment and
were at risk of DCD, and the functional performance of 73%
of children with ASD was lower than their TD peers (Bhat,
2020). She also found that the DCDQ performance is age
related and the proportion of children between 5 and 7 years
of age showed gradual improvement in motor performance,
but the motor performance decreased by 10% at the 8-year
mark, then remained unchanged until 15 years of age.
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Other Function Measures

There was only one study used other function measures to
evaluate functional performance in children with ASD. They
used the speed subtest of the Handwriting Performance Test
and found that children with ASD made more errors in both
speeded and non-speeded conditions compared to TD chil-
dren (Grace et al., 2017).

Meta-analysis

Using Review Manager 5.4.1 (The Cochrane Collaboration,
2020), we completed a meta-analysis to determine the poten-
tial prevalence of DCD in children with ASD. The forest plot
of comparison for both analyses are shown in Figs. 2 and 3.

Meta-analytic Approach

The minimum number of studies to do a meta-analysis is
three. These studies were similar in type and version of
motor/function test and the results were reported in the same
scale. Two separate meta-analysis were conducted compar-
ing motor skills of children with ASD to TD children; one
analysis included three studies that used MABC-2 (Grace
et al., 2017; McPhillips et al., 2014; Odeh et al., 2020), and
the second analysis included three studies used the BOT-2
(Alsaedi, 2020; Kaur et al., 2018; Odeh et al., 2020). One
of the studies measured both MABC-2 and BOT-2 and
included in both meta-analyses (Odeh et al., 2020).

We used a fixed-effect model with 95% confidence inter-
vals. Overall, children with ASD had a standard score of
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4.44 points lower than TD children on the MABC-2, and
they had a standard score of 18.50 points lower than TD
children on BOT-2, indicating significantly higher risk of
DCD in children with ASD.

Dual Diagnosis of ASD and DCD

Despite significant motor and functional impairments in
children with ASD reported by the majority of papers, only
three out of 20 articles from 2014 (15%) used the term DCD
to describe the motor impairments in children with ASD
(Bhat, 2020; Gustafsson et al., 2014; Sumner et al., 2016).
These findings suggest that DCD is under-diagnosed in this
population.

Findings from one study showed that only 15.1% of chil-
dren with ASD with motor impairments had been given a
diagnosis of DCD, and 31.6% of whom were receiving reha-
bilitation services (Bhat, 2020).

Discussion

This systematic review synthesized findings from 27 stud-
ies of children with ASD to understand motor capabilities
in these children relative to TD children. According to our
findings, the majority of papers (n=25) found that 50-88%
of children with ASD had significant motor impairments
on standardized motor assessments and/or functional meas-
ures consistent with DCD (Abu-Dahab et al., 2013; Alsaedi,
2020; Bhat, 2020; Biffi et al., 2018; Bittner et al., 2018;
Bricout et al., 2019; El Shemy & El-Sayed, 2018; Emck
et al., 2011; Grace et al., 2017; Guest et al., 2017; Gustafs-
son et al., 2014; Hassani et al., 2020; Henderson et al., 2016;
Kaur et al., 2018; Liu, 2013; Mache & Todd, 2016; McPhil-
lips et al., 2014; Odeh et al., 2020; Rafiei Milajerdi et al.,
2021; Sarabzadeh et al., 2019; Schurink et al., 2012; Staples
& Reid, 2010; Sumner et al., 2016; Whyatt & Craig, 2012;
Wuang et al., 2010). However, only three articles from 2014
onwards had used the term DCD to refer to motor problems
of children with ASD (Bhat, 2020; Gustafsson et al., 2014,
Sumner et al., 2016).

Only two articles did not report any significant motor
impairment in ASD and demonstrated that motor capabili-
ties in these children were within the average range (Pan
et al., 2017; Sansi et al., 2020). In one of the studies, the
total score, locomotor subscales, and control objects sub-
scales of the TGMD were lower in children with ASD than
TD children, although it was still in the average range and
not statistically different. This could be a result of sampling
bias (e.g., geographical limitation to primary schools of one
city in Turkey) (Sansi et al., 2020). The other study had
a small sample size (n=11) and only included boys with

high-functioning autism, which reduced statistical power
and generalizability of results (Pan et al., 2017).

Motor skills developing throughout childhood is vital for
more advanced and complicated activities, such as self-care,
leisure, social communication, and learning (Barnett et al.,
2009; Garcia-Villamisar et al., 2017; Lubans et al., 2010).
It is believed that motor deficits are highly correlated with
intellectual quotient (IQ) (Westendorp et al., 2014). Some
studies showed a significant positive correlation between
1Q and motor performance in children with ASD (Green
et al., 2009; Papadopoulos et al., 2012); however, findings
from these 27 studies that were systematically reviewed are
not in line with this idea, indicating the presence of motor
impairment in children with ASD with IQs within or above
the average range. The IQ cut-off in this review was above
70, so the motor impairment in children with ASD are not
better explained by intellectual disability which is consistent
with criterion D of DCD in DSM-5.

To further describe motor characteristics of ASD, we will
explain the results in the context of fine and gross motor
difficulties and functional motor problems as assessed by
various motor assessments.

Fine Motor Skills in ASD

Fine motor deficits in children with ASD contribute to
poorer participation at home and school (Barnett et al.,
2009; Garcia-Villamisar et al., 2017). For example, at home,
using a knife for cutting a sandwich, pouring a drink, and
using a finger to complete a maze on a smartboard are more
challenging due to weaker grip strength (Abu-Dahab et al.,
2013), poorer upper limb coordination (Alsaedi, 2020; Grace
etal., 2017; Hassani et al., 2020; Odeh et al., 2020; Schurink
et al., 2012; Sumner et al., 2016; Whyatt & Craig, 2012;
Wuang et al., 2010), and poorer manual dexterity (Alsaedi,
2020; Bricout et al., 2019; Grace et al., 2017; Hassani et al.,
2020; Kaur et al., 2018; Liu, 2013; McPhillips et al., 2014;
Odeh et al., 2020; Sarabzadeh et al., 2019; Schurink et al.,
2012; Sumner et al., 2016; Whyatt & Craig, 2012; Wuang
et al., 2010).

At school, using different utensils for writing (e.g., pen-
cil, marker), printing on different surfaces (e.g., paper or
blackboard), and zipping and buttoning jackets are more
difficult due to lower motor speed of movements (Abu-
Dahab et al., 2013; Grace et al., 2017; Sarabzadeh et al.,
2019; Schurink et al., 2012), weaker fine motor precision
(Alsaedi, 2020; Hassani et al., 2020; Kaur et al., 2018; Odeh
et al., 2020; Wuang et al., 2010), poor eye-hand coordina-
tion (Abu-Dahab et al., 2013; Grace et al., 2017; Odeh et al.,
2020; Sarabzadeh et al., 2019; Schurink et al., 2012; Sumner
et al., 2016; Whyatt & Craig, 2012), and weaker fine motor
integration (Alsaedi, 2020; Hassani et al., 2020; Kaur et al.,
2018; Odeh et al., 2020; Wuang et al., 2010).
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Gross Motor Skills in ASD

Gross motor deficits in children with ASD impact their
social interaction, leisure, and school life (Lubans et al.,
2010). They might experience more challenges in play-
ing sports such as baseball, football, and swimming due to
slower running speed, decreased agility, and poorer motor
coordination (Alsaedi, 2020; Bittner et al., 2018; Bricout
et al., 2019; El Shemy & El-Sayed, 2018; Emck et al.,
2011; Guest et al., 2017; Hassani et al., 2020; Henderson
et al., 2016; Mache & Todd, 2016; Odeh et al., 2020; Sta-
ples & Reid, 2010; Wuang et al., 2010), decreased strength
(Alsaedi, 2020; Bricout et al., 2019; El Shemy & El-Sayed,
2018; Hassani et al., 2020; Odeh et al., 2020; Wuang et al.,
2010), poor ability in horizontal jump (Bittner et al., 2018;
Emck et al., 2011; Guest et al., 2017; Henderson et al., 2016;
Mache & Todd, 2016; Staples & Reid, 2010), weakness in
over/under hand throw, one/two hand strike, and two hand
catch, dribble, and kick (Bittner et al., 2018; Emck et al.,
2011; Guest et al., 2017; Henderson et al., 2016; Mache &
Todd, 2016; Staples & Reid, 2010).

Riding a horse and a bike are more difficult for children
with ASD because of poor bilateral coordination (Alsaedi,
2020; El Shemy & El-Sayed, 2018; Hassani et al., 2020;
Kaur et al., 2018; Odeh et al., 2020; Wuang et al., 2010),
poor balance (Alsaedi, 2020; Biffi et al., 2018; Bricout et al.,
2019; El Shemy & El-Sayed, 2018; Grace et al., 2017; Has-
sani et al., 2020; Liu, 2013; Mache & Todd, 2016; McPhil-
lips et al., 2014; Odeh et al., 2020; Sarabzadeh et al., 2019;
Schurink et al., 2012; Sumner et al., 2016; Whyatt & Craig,
2012; Wuang et al., 2010), and weaker postural control
(Mache & Todd, 2016).

Children with ASD also performed more poorly than TD
children on the playground, for example in sliding, hopping,
skipping (Bittner et al., 2018; Emck et al., 2011; Guest et al.,
2017; Henderson et al., 2016; Mache & Todd, 2016; Staples
& Reid, 2010), walking (Biffi et al., 2018; Bricout et al.,
2019), and galloping (Bittner et al., 2018; Emck et al., 2011;
Guest et al., 2017; Henderson et al., 2016; Mache & Todd,
2016; Staples & Reid, 2010).

Functional Motor Performance in ASD

Evidence suggested the presence of motor deficits (i.e., fine
motor skills and/or gross.motor skills) in children with ASD.
The poor motor performance in children with ASD might
affect their functional performance as shown in several stud-
ies using Vineland Adaptive Behavior Scale (Bricout et al.,
2019; Guest et al., 2017; Odeh et al., 2020; Sumner et al.,
2016), Developmental Coordination Disorder Question-
naire (DCDQ) (Bhat, 2020; Biffi et al., 2018), Handwrit-
ing Performance Test (Grace et al., 2017). Motor problems
in ASD will significantly impact their future social skills
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development, adaptive function, and quality of life (Mac-
Donald et al., 2013a, 2013b).

For example, good grip strength is essential for inde-
pendence in functional tasks in both early childhood
(Héager-Ross & Rosblad, 2002) and adulthood (Hyatt et al.,
1990). The early diagnosis and implementing an appro-
priate therapeutic intervention for motor impairments in
children with ASD may lead to greater independence in
functional performance involving self-care, school, and
socializing and communication. Furthermore, early diag-
nosis of motor problems in ASD and providing evidence-
based rehabilitation methods may decrease risk of cardi-
orespiratory problems (Okely et al., 2001), anxiety and
poor self-esteem (Pan et al., 2009), obesity (Okely et al.,
2004), low physical fitness, and social isolation (Srini-
vasan et al., 2014) in these children and lead to enhance
self-efficacy, self-perception (Babic et al., 2014), self-
confidence, and motivation (Cairney et al., 2019). While
this evidence is for children with DCD, it may also be
applicable to children with ASD.

Relationship Between Motor Performance and Age

Age might be a critical factor in determining the nature of
the motor deficits seen in children with ASD. One study
that used BOT-2 as a motor measure in children with ASD
demonstrated a linear pattern of impairment in fine and
gross motor skills that decreased with age (Alsaedi, 2020).
However, another study reported that motor and function
problems in children with ASD decrease between 5 and
7 years of age and then increase by 10% from age 8 years
and motor problems persist (Bhat, 2020). Findings from
another study showed that motor speed and grip strength
became worse in children with ASD as they got older,
while motor coordination became better with the age
(Abu-Dahab et al., 2013). However, the cross-sectional
nature of these studies imply caution in the interpretation
of age-related phenomena and the relationship between
motor skills and age in children with ASD needs to be
further investigated.

Early diagnosis of children with DCD leads to earlier and
more effective intervention (Lee & Zwicker, 2021; Zwicker
& Lee, 2021), which may also be applicable to children with
ASD. Therefore, it is necessary to increase awareness about
motor problems in children with ASD. Early diagnosis of
these motor deficits and employing evidence-based interven-
tions can shift the overall trajectories of motor development
in children with ASD.

Addressing motor impairments can also improve core
deficits of ASD. Findings suggest that there is a relation-
ship between motor function and core symptoms of ASD
(i.e., language skills, repetitive behaviors, social functioning,
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and cognitive skills) (Fulceri et al., 2018). More specifically,
greater motor skill impairment in children with ASD is asso-
ciated with more language deficits, higher rate of repetitive
behavior, more impaired social skills, and higher cognitive
deficits (Fulceri et al., 2018).

Dual Diagnosis of ASD and DCD

The proportion of children with ASD who showed signifi-
cant motor deficits and who performed below-age in motor
functioning were 50-88% and 73%, respectively (Bhat,
2020; McPhillips et al., 2014); however, few children with
ASD (15.1%) had a co-occurring diagnosis of DCD and
many of children with ASD remained undiagnosed (Bhat,
2020). Findings are consistent with results of another study
that confirmed a high prevalence of motor impairments in
children with ASD which were often over-looked (Licari
et al., 2020). Licari et al. (2020) conducted a cohort study on
2,084 children with ASD aged < 6 years and they found that
over one-third of these children met the criteria for motor
impairment; however, only 1.34% of these children were
clinically diagnosed with motor deficit.

Only 3/19 studies published from 2014 identified motor
impairments in children with ASD as DCD and discussed
a dual diagnosis of ASD and DCD. Evidence suggests that
children with ASD may not be receiving the care they need
to address their motor skill deficits. Despite a large and vast
degree of motor deficits in children with ASD, only 31.6%
of these children with a DCD diagnosis were receiving reha-
bilitation services for their motor deficits (Bhat, 2020).

Clinical Implications

As there are currently very few studies that have used the
term DCD in children with ASD, greater awareness of co-
occurring DCD in ASD is critical. Motor intervention for
children with ASD should be considered a priority in treat-
ment planning due to the high prevalence of motor prob-
lems of ASD and their long-term effect on performance,
self-efficacy (Babic et al., 2014), self-esteem (Pan et al.,
2009), physical fitness (Srinivasan et al., 2014), and social
interaction (Henderson et al., 2016).

Our findings have important implications for clinicians
working with children with ASD—to recognize, assess, and
treat motor deficits and provide assessment data to inform
DCD diagnosis. Because motor difficulties in ASD are con-
sistent with DCD diagnosis, standardized assessments like
MABC-2 and DCDQ can be easily used to identify motor
problems in ASD (Ip et al., 2021).

Recommendations for Research

Due to the lack of consistent evidence, further investigation
about the effect of chronological age on the motor perfor-
mance of children with ASD is recommended. More longitu-
dinal studies that investigate the developmental trajectory of
children with ASD would be helpful to better understand the
role of age in motor development. As the literature suggests,
motor problems are rarely the target of therapy for children
with ASD. One of the recommended treatments for chil-
dren with DCD is called CO-OP (Cognitive Orientation to
Occupational Performance) (Blank et al., 2019), which has
been shown to be beneficial in case studies of children with
ASD (Phelan et al., 2009; Rodger & Brandenburg, 2009).
A randomized controlled trial exploring the effectiveness of
CO-OP intervention is currently underway (NCT04119492).

Study Limitations

ASD is a heterogeneous disorder, meaning that children will
present with a varied range of motor and/or cognitive pres-
entations. Having less homogenous samples may decrease
generalizability of the results to all children with ASD (Abu-
Dahab et al., 2013; Biffi et al., 2018; Bittner et al., 2018;
Emck et al., 2011; Liu, 2013; Mache & Todd, 2016; McPhil-
lips et al., 2014; Sansi et al., 2020), same as the studies
who only worked with one sex (Bricout et al., 2019; Grace
etal., 2017; Guest et al., 2017; Kaur et al., 2018; Pan et al.,
2009), or had small sample sizes (Bittner et al., 2018; Has-
sani et al., 2020; Kaur et al., 2018; Sarabzadeh et al., 2019).
Results of the meta-analyses were also heterogenous. As we
did not include grey literature, protocols, or trials register
records in our review, the risk of publication bias could not
be ruled out.

Another limitation was the wide range of motor deficits
ranging from a prevalence of 50% to 88%, which might be
related to the various motor measures and functional ques-
tionnaires used, or the cut-off scores that were employed.
The nature of cross-sectional studies limited our under-
standing about developmental trajectories in ASD. Findings
from all included studies in this review are not generaliz-
able to children with ASD with a co-occurring intellectual
disability.

Lastly, we inferred from the articles if the children met
criteria A and B for DCD and that criteria C and D were not
explicitly described; thus, the prevalence of DCD we report
may be inflated; however, the prevalence of motor impair-
ments are well documented and need to be addressed.
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Conclusion

The majority of children with ASD show motor impair-
ments, including deficits in various fine and gross motor
skills. Despite the consistent nature of motor problems in
ASD and the significant impact of motor deficits on their
personal, academic, and social life, most children with ASD
were not diagnosed with co-occurring DCD and were not
receiving adequate rehabilitation services for their motor
deficits (Bhat, 2020). As motor skills impairment is not a
core symptom of ASD, a dual diagnosis of DCD is important
to increase awareness and understanding of the motor deficit
for the child, parents, teachers, coaches, and others working
with children with ASD. Therapists can add evidence-based
motor interventions, such as CO-OP, to the child’s treatment
plan to improve their overall functioning.
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