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Abstract
AIM: To summarize research regarding the motor 
abilities of children and adolescents who suffer from a 
common psychiatric condition.

METHODS: In order to outline the current knowledge 
regarding the motor abilities of children and adolescents 
with autism spectrum disorders (ASD), attention deficit 
hyperactivity disorder (ADHD), disruptive behavior 
disorders (DBD) and depression, a comprehensive syste-
matic literature search was carried out using PubMed, 
Medline and ERIC databases. The databases were 
searched for relevant English language articles published 
between January 1990 and April 2014. Only studies that 
conducted a quantitative evaluation of motor ability and 
concerned individuals aged 0-18 years were included. 
A separate search was conducted for each disorder 
(ASD, ADHD, DBD, depression) in conjunction with 
each of the following keywords: (psycho/perceptuo) 
motor/movement skill(s), (psycho/perceptuo) motor/
movement abilities, (psycho/perceptuo) motor/move-
ment impairment, (psycho/perceptuo) motor/movement 
problem(s), motor function, motor coordination, motor 
performance, motor deficit(s). To detect supplementary 
relevant literature, the reference lists of the retrieved 
articles were examined. 

RESULTS: The search strategy yielded 51 studies 
meeting the inclusion criteria. In total, 28 studies were 
included that examined the motor abilities of children 
and adolescents with ASD. All studies indicated that 
they performed below average on various standardized 
motor assessment instruments. The overall prevalence 
rate for impairment in motor abilities ranged from 
33% to 100%. Twenty-seven studies examined the 
motor abilities of children and adolescents with ADHD. 
Depending on the type of motor assessment tool and the 
cut-off points used by different researchers, prevalence 
rates of impairment in motor abilities are highly variable 
and ranged from 8% to 73%. Remarkably, there is 
a paucity of research addressing the motor abilities 
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of individuals with DBD or depression. Furthermore, 
methodological problems, such as measurement and 
comorbidity issues, complicate the generalization of the 
findings. 

CONCLUSION: Research suggests that motor impair-
ment is highly prevalent in some psychiatric conditions, 
particularly ASD and ADHD. However, future work is 
necessary to draw sound conclusions.

Key words: Motor abilities; Autism Spectrum Disorder; 
Attention Deficit Hyperactivity Disorder; Depression; 
Disruptive Behavior Disorder; Children; Adolescent
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Core tip: This systematic review provides a compre-
hensive overview of current available research regarding 
the motor abilities of children and adolescents with 
autism spectrum disorders, disruptive behavior dis-
orders, attention deficit hyperactivity disorder and 
depression. Although motor impairment is not consi-
dered to be a major diagnostic feature of any of these 
psychiatric conditions, the motor ability literature dis-
putes the fact that these individuals possess normal 
motor abilities. However, future work is necessary to 
draw sound conclusion. Based on a critical analysis of 
current evidence, recommendations for future research 
are proposed. 

Van Damme T, Simons J, Sabbe B, van West D. Motor abilities 
of children and adolescents with a psychiatric condition: A sys
tematic literature review. World J Psychiatr 2015; 5(3): 315329  
Available from: URL: http://www.wjgnet.com/2220-3206/full/
v5/i3/315.htm  DOI: http://dx.doi.org/10.5498/wjp.v5.i3.315 

INTRODUCTION
Motor abilities are frequently affected in children and 
adolescents suffering from psychiatric conditions[1-3]. 
Although motor disorders can occur in isolation, many 
researchers have established that co-occurring motor 
problems are very common in pediatric mental health 
disorders, especially Autism Spectrum Disorders 
(ASD)[4-6] and Attention Deficit Hyperactivity Disorder 
(ADHD)[7,8].

A child’s development depends upon the continuous 
interaction of different functional areas, which can be 
described by motor, psychological, cognitive, linguistic 
and social aspects[9]. It is widely accepted that from 
early childhood through adolescence movement plays 
an essential role in several facets of children’s lives. 
A childhood, rich in play and varied motor activities, 
strengthens the foundations for other developmental 
domains and vice versa. Although motor abilities are 
particularly important when performing several activities 

of daily life (including getting dressed, writing, playing, 
sports, etc.), the relation between motor abilities and 
other developmental domains is not trivial. Presence 
of motor impairment can limit the social opportunities 
of children and can result in significant difficulties in 
academic life[10-12]. Moreover, several studies indicate 
that poor motor ability has far-reaching implications 
for psychosocial and emotional functioning[12-22]. Longi-
tudinal research has demonstrated an increased risk of 
psychiatric disorders in children and adolescents with 
motor difficulties, particularly affective disorders such 
as anxiety and depression[17,18,23-25]. Furthermore, the 
association of motor impairment with ADHD seems to 
have a poor prognostic outcome[13,24], thus reflecting 
important clinical consequences. 

In addition to being related to mental health issues, 
motor ability plays an important part in fitness and 
physical activity outcome[26,27]. Studies concerning the 
general population indicated that children with good 
motor skills are more likely to become fit adolescents[28] 
and maintain adequate fitness levels into adulthood[29]. 
Motor ability seems to be an important determinant 
of physical activity and physical fitness[30]. Due to 
the high prevalence of motor impairment in children 
with developmental and emotional disorders, these 
clinical populations are at risk of developing an inactive 
lifestyle[1,26]. Numerous studies have shown that children 
with motor impairment have lower fitness levels 
compared to their peers[27]. Emck et al[2] reported an 
association between certain combinations of impaired 
motor skills and physical fitness levels in children 
with different psychiatric conditions. Results from the 
study of Pan[31] showed that adolescents with ASD had 
significant lower levels of cardiovascular endurance, 
upper-body muscular strength and endurance and lower 
body flexibility is comparison to adolescents without 
ASD. On average, children suffering from developmental 
coordination disorder (DCD) are less physically active 
than others and report lower levels of participation in 
both free and organized active play. Moreover, it has 
been argued that, as a result, these children are at risk 
for obesity and poor health-related fitness in general, 
with potentially serious health consequences in later 
life[1,32]. 

Despite the fact that the specific impact of poor 
motor abilities on mental and physical health is no 
longer under-recognized, it is often assumed that 
children will grow out of their clumsiness. However, 
increasing evidence demonstrates that these problems 
remain relatively stable through adolescence and 
adulthood[11,21]. Therefore, it is essential that motor 
impairment is recognized and assessed. Early detection 
is a prerequisite for early intervention and perhaps 
this can lead to the prevention of secondary adverse 
outcomes of motor impairment, such as physical inacti-
vity and academic difficulties. 

Although consistent definitions of key terms are a 
necessity for discussing and understanding research 
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concerning motor abilities, over the years a wide variety 
of terms have been used by various disciplines. For 
instance, terminologies like motor proficiency, motor 
coordination, motor skills, motor ability, movement 
problems, movement skills, etc., have been used. 
While important differences exist between these con-
ceptualizations, they are not always clearly defined in 
research. Consequently, the variety in nomenclature can 
be somewhat misleading. In this review, the focus lies 
on motor abilities as defined by Burton et al[33]. In their 
taxonomy, motor abilities refer to a person’s potential 
movement competency. Motor abilities are not directly 
observable, but are derived from a set of movement 
tasks. Motor abilities measure the general traits or 
capacities that underlie performance of a wide variety of 
motor skills. For example, balance can be derived from 
a set of tasks, such as walking on a line, standing on a 
balance beam or standing on one leg. 

The area of association between impairment in 
motor abilities and child psychiatric disorders is com-
plex and appears to be, once again, attracting the 
attention of researchers in psychiatry. To date, several 
researchers[1,34-38] have published a review concerning 
motor problems in children with a psychiatric disorder. 
However, these reviews often seem to be confined 
to one psychiatric disorder or a specific motor skill. 
Moreover, a limited age range has often been applied. 
Because motor abilities may differ between childhood 
and adolescence, a completed picture across age 
groups is warranted. To our knowledge, the review of 
Emck et al[1], is the only one covering multiple disorders, 
but only studies concerning gross motor function in 
children were included. Due to the renewed interest 
and on-going debate in this field, we want to provide 
an update on the existing information. With regard to 
the psychiatric conditions outlined in this review, the 
approach of Emck et al[1] was followed. However, we 
extended upon this work by also including adolescents, 
differentiating between ADHD and behavioral disorders 
and including studies investigating both fine and gross 
motor ability. 

In conclusion, the aim of this review is threefold. 
The first objective of the study is to summarize current 
research regarding the motor abilities of four common 
pediatric psychiatric disorders, more specifically ASD, 
ADHD, disruptive behavior disorders (DBD) and 
Depression. The second objective of the study is to 
outline the full spectrum of motor abilities, including 
both fine and gross motor skills in children as well as 
in adolescents. The final objective is to suggest further 
areas of research related to motor abilities in these 
populations.

 
MATERIALS AND METHODS
A comprehensive, systematic literature search was 
carried out using PubMed, Education Resources 
Information Center (ERIC) and Medline databases 
on April 18, 2014. A separate search was conducted 

for each disorder (ASD, ADHD, DBD and depression) 
in conjunction with each of the following keywords: 
(psycho/perceptuo) motor/movement skill(s), (psycho/
perceptuo) motor/movement abilities, (psycho/
perceptuo) motor/movement impairment, (psycho/
perceptuo) motor/movement problem(s), motor func-
tion, motor coordination, motor performance, motor 
deficit(s). 

In order to locate every study that potentially could 
be relevant and to capture a rigorous set of articles, 
we decided to use this broad range of keywords. To 
detect additionally relevant studies, we examined the 
reference lists of the retrieved articles. The following 
inclusion criteria were predetermined: (1) the study 
included children or adolescents diagnosed with one 
or a combination of the following psychiatric disorders: 
ASD, ADHD, DBD and depression; (2) the article was 
published between January 1990 and April 17, 2014; 
(3) the study was published in an English peer-reviewed 
journal; and (4) the study involved a quantitative evalua
tion of motor abilities measured by a reliable stand-
ardized instrument. According to Burton et al[33], each 
motor assessment instrument “that produces composite 
or summary scores for groups of related movement 
tasks can be considered to be a motor ability test when 
the interpretation of the scores are intended to extend 
beyond the specific skills included in the assessment”. 
For this review, only studies compliant with this definition 
were included. As mentioned previously, this variety 
in conceptualizations can be confusing. For instance, 
the Test of Gross Motor Development, 2nd edition 
(TGMD-2[39]) can fulfill the role of either a motor ability 
assessment instrument, or a fundamental movement 
skill assessment instrument, depending on the inferred 
interpretation of the results. 

RESULTS
Data extraction and systematic review process
The initial search, conducted by the first and last author, 
yielded 1422 publications. After screening these titles 
and abstracts and removing duplicates, 97 studies were 
identified as potentially relevant. Other 18 articles, 
retrieved by cross-referencing, were added. A total of 
115 full text articles were independently assessed for 
eligibility by two researchers (first and last author). 
Disagreements were resolved by discussion. Seven 
studies were excluded because the clinical populations 
were not clearly defined. Publications that did not 
meet criteria 3 included eight literature reviews. Other 
seven of the originally selected studies did not conduct 
a quantitative evaluation of motor abilities and were 
excluded. Furthermore, 32 studies were excluded 
because they lacked relevance to the research question, 
focused on motor development or addressed other, 
more specific motor domains such as gait, handwriting 
and postural control. Finally, ten studies were withheld 
because they addressed only populations with DCD. The 
systematic review process is demonstrated in Figure 1.
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With regard to the potential differences between 
several disorders within the autism spectrum, no con-
sensus has been reached. Ghaziuddin et al[41] found 
significant differences in motor abilities of children with 
Asperger Syndrome, Pervasive Developmental Disorder-
Not Otherwise Specified (PDD-NOS) and Autism. 
However, after controlling for IQ, the differences no 
longer yielded significance. In a study of Papadopoulos 
et al[57], children with high functioning autism (HFA) 
performed significantly worse on the Movement ABC 
in comparison to children with Asperger Syndrome. 
Miller et al[45] examined the differences in motor abilities 
between children with autism and HFA. Initially, no 
significant differences were established, but after 
controlling for IQ, a trend towards a larger impairment 
in the autism group emerged.

Whereas Miyahara et al[48] found no relationship 
between intellectual functioning and motor abilities in 
ASD, two studies performed by Hilton et al[5,52] indicated 
a strong association. Moreover, they established a 
relationship between symptom severity and motor 
ability.

In sum, it can be concluded that impairment in 
motor abilities in children and adolescents with ASD is 
more prevalent than in the general population. Additio-
nally, these problems appear at early age and persist 
into adolescence. 

ADHD
In total, 27 studies were included that examined the 
motor abilities of children and adolescents with ADHD. 
Among the studies being reviewed, impairment in 
motor abilities is commonly reported, with most studies 
indicating that individuals with ADHD perform worse 
in comparison to typically developing peers[51,53,56,64-77] 
or norm populations[2,78-84]. Depending on the type of 
motor assessment tool and the cut-off points used by 

Data syntheses
The search strategy and inclusion criteria resulted 
in a total of 51 studies that were acceptable for this 
literature review. The articles were grouped and 
analyzed, according to the four diagnostic categories 
(ADHD, DBD, ASD and depression). An overview of the 
included studies is presented in the Table 1. Because 
some studies addressed more than one diagnostic 
category, the studies are alphabetically organized in  
Table 1.

ASD 
In total, 28 studies were included that examined 
the motor abilities of children and adolescents with 
ASD. All studies indicated that they performed below 
average on various standardized motor assessment 
instruments. Several studies compared the performance 
of individuals with ASD to the population norms of the 
motor assessment instrument[2,4-6,40-50]. These studies 
showed that impairment in motor abilities is highly 
prevalent in this population. Quite a few studies that 
compared the motor abilities of individuals with ASD 
to those of typically developing peers, confirmed these 
results[31,51-63]. Overall prevalence rates for impairment 
in motor abilities ranged from 33% to 100%. However, 
it is essential to keep in mind that these results are 
highly depending on the cut-off scores, diagnoses and 
instruments that have been used. 

Overall results indicate that both fine and gross 
motor skills are affected, as individuals with ASD 
display a range of measurable motor impairments. 
More specifically, problems with coordination, balance, 
ball skills, locomotion, object control, manual dexterity 
and fine and gross motor delays have been identified. 
Although some studies suggest that the area of manual 
dexterity is most impaired[31,52], a specific motor profile 
is yet to be investigated. 
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Articles identified through
PubMed, ERIC and Medline

Articles screened after 
removing duplicates

n  = 936

Articles excluded based on title 
and abstract

n  = 839

Full text articles added
(cross-references)

n  = 18

Full text articles assessed
for eligibility

n  = 97

Full text articles excluded (n  = 64)

Indistinct clinical population (n  = 7)
Literature review (n  = 8)
No quantitative evaluation (n  = 7)
Irrelevant to research question (n  = 32)
Concerned DCD (n  = 10) Full text articles included

n  = 51

Figure 1  Systematic review process. ERIC: Education Resources Information Center; DCD: Developmental coordination disorder.
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Table 1  Characteristics and brief summary of each article reviewed

  Ref. Research population(s) Comparison/control 
group(s)

Motor assessment 
instrument(s)

Main findings

  Berkeley et al[40]

  (2001)
HFA (n = 15)
Age: 6-8 yr

Gender: Male and female 
IQ: Not specified

Norm population TGMD 73% cored in the poor to very poor category, 
illustrating an overall fundamental motor delay. 80% 
scored ≤ -1.5 SD on the locomotor subscale and 53% 
scored in the poor/very poor category on the object 

control subscale
 Beyer[78]

 (1999)
ADHD (n = 56)

Age: 7-12 yr
Gender: Male

IQ > 70

Learning disabilities 
(n = 56)

BOTMP
(Without subscale 

running speed)

Children with ADHD performed worse on bilateral 
coordination, strength, visual-motor integration, 

upper-limb speed and dexterity. Both groups 
performed equally poorly on the subscales balance, 

upper limb coordination and response speed
  Brossard-Racine et al[79]

  (2011)
ADHD (n = 40)

Age: 6-11 yr
Gender: Male and female

IQ > 80

Norm population Movement ABC
VMI-V

50% of the children obtained a score below pc 5 on the 
Movement ABC, another 20% scored below pc 15

An important subset of the population (85%) exhibited 
manual dexterity problems

55% of the children obtained a score < -1.5 SD on the 
VMI

  Brossard-Racine et al[80] 
  (2012)

ADHD (n = 49)
Age: 6-11 yr

Gender: Male and female
IQ > 80

Norm population Movement ABC
VMI-V

Motor difficulties were highly present at baseline 
(73%) but resolved in 18% of the cases after treatment 

with stimulant medication. Motor impairment 
persisted in 55% of the population. The severity of the 

behavioral symptoms was associated with balance 
skills. No significant differences emerged between the 

ADHD subtypes
After controlling for IQ, the ASD group scored 

significantly lower than the other 4 groups. Children 
with DCD and ADHD + DCD also obtained 

significantly lower scores than the children from the 
TD group and the ADHD only group

  Dewey et al[51]

  (2007)
ASD (n = 49)
DCD (n = 46)

ADHD (n = 27)
ADHD + DCD (n = 38)

Age: 5-18 yr
Gender: Male and female

IQ: Full range

TD (n = 78) BOTMP-SF

  Doyle et al[81]

  (1995)
ADHD-C (n = 38)

Age: 7-12 yr
Gender: Male and female

IQ: Full range

Norm population BOTMP-SF 82% of the children with ADHD exhibited gross 
motor skills above the norms of the BOTMP-SF

Less than 10% of the children had significant motor 
skill difficulties. Fine motor skills were considered a 
relative deficit in comparison to gross motor skills

  Emck et al[2]

  (2011)
PDD (n = 39)

Emotional disorders 
(n = 17)

Behavioral disorders
 (n = 44)

Age: 6-12 yr
Gender: Male and female

IQ: Not mentioned

Norm population TGMD-2 All clinical groups differed significantly from the 
norm population. Children from the emotional 

disorders group obtained a higher total score, in 
comparison to children from the PDD and behavioral 
disorders groups. Similarly, these groups differed on 
the locomotion subscale, but no differences emerged 

for the object control scale

  Fliers et al[64]

  (2008)
ADHD (n = 486)

Age: 5-19 yr
Gender: Male and female

IQ > 70

Controls (n = 269) DCD-Q
Groningen motor 
Observation scale

Motor coordination problems were demonstrated in 
one third of children with ADHD (33%-34% boys and 

29% girls)
Fine and gross motor skills, coordination skills and 
motor control were related to the inattentive rather 

than to the hyperactive/impulsive symptoms
  Fliers et al[65]

 (2010)
ADHD (n = 32)

Age: 6-17 yr
Gender: Male and female

IQ > 70

Unaffected siblings 
(n = 18)

Controls (n = 50)

Movement ABC In total, 63% of the children with ADHD 
demonstrated motor impairment (29% < pc 15 and 
34% < pc5). Children with ADHD performed worse 
than the unaffected siblings and controls, especially 

on manual dexterity
  Ghaziuddin et al[41]

  (1998)
Autism (n = 12), AS (n = 
12), PDD-NOS (n = 12)

Age: 8-15 yr
Gender: Male and female

IQ ≥ 60

 Norm population BOTMP Motor problems were present in all groups
 Differences between the subgroups emerged 
(Asperger > PDD-NOS > Autism), but after 

controlling for IQ, the relationship between motor 
scores and diagnosis was no longer significant

  Goulardins et al[66]

  (2013)
ADHD-C (n = 34) 

Age: 7-11 yr
Gender: Male

IQ > 70

Age- and gender 
matched TD (n = 32)

Motor 
Development scale

The motor quotients in all areas were lower in 
the ADHD group in comparison to the TD group 

However, 88% of the ADHD group scored within the 
normal range
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  Green et al[47]

  (2002)
AS (n = 11)
Age: 6-10 yr

Gender: Male
VIQ > 80, TIQ > 70

SDD-MF (n = 9) Movement ABC Children with Asperger syndrome performed worse 
on all subscales in comparison to SDD-MF, but only 

the subscale ball skills yielded a significant difference. 
All the children with Asperger syndrome scored 

below pc 15, of which 82% had a score beneath pc 5
  Green et al[4]

  (2009)
ASD/autism (n = 101)

Age: 9-10 yr
Gender: Male and female

IQ: Full range

Norm population Movement ABC
DCD-Q

In the ASD group, 79% scored below pc 5 and 10% 
scored below pc 15. Only 11% scored in the average 
range (> pc 15). 97% of the children with a low IQ 
scored beneath pc 5 in comparison to 70% of the 

children with a higher IQ. The DCD-Q performed 
moderately well as a screening instrument for motor 

problems
  Harvey et al[82]

  (1997)
ADHD (n = 19)

Age: 7-12 yr
Gender: Male and female

IQ: 80-100

Norm population TGMD Fundamental gross motor performance of children 
with ADHD is substantially below average, as 61.6% 

of the children obtained a score ≤ pc 25

  Harvey et al[67]

  (2007)
ADHD (n = 22)

Age: 6-12 yr
Gender: Male and female

IQ > 70

Age- and gender 
matched TD (n = 22)

TGMD-2 Significant differences on the locomotor and object 
control subscales were revealed between children 

with and without ADHD. The performance of 
children with ADHD was classified in the “poor” and 
“very poor” category, in contrast to the TD children, 
whose performance was categorized as “average”. 

Older children obtained higher scores than younger 
children. No significant effect of stimulant medication 

was found
  Hilton et al[52]

  (2007)
AS (n = 51)
Age: 6-12 yr

Gender: Male and female
IQ ≥ 70

TD (n = 56) Movement ABC Significant differences between children with 
Asperger syndrome (65% < pc5, 25% < pc 15, 10% no 

impairment) and control group (100% no impairment) 
were established. Individuals with Asperger 

syndrome were most impaired on manual dexterity. A 
strong relationship exists between motor impairment 

and severity of the autistic symptoms
  Hilton et al[5]

  (2012)
ASD: Concordant pairs 

(n = 29), Discordant pairs 
(n = 48)

Age: 4-17 yr
Gender: Males and 

females
IQ: Not specified

Norm population BOT-2
DCD-Q

Motor skills of the ASD-affected children were 
substantially impaired, in contrast to the motor skills 

of the unaffected siblings, which were essentially 
normal. 40% of the individuals with ASD scored < 
-1SD and 43% scored < -2SD from the population 
mean. Motor skills highly correlated with IQ and 

autistic severity
  Jasmin et al[42]

  (2009)
ASD (n = 35)
Age: 3-4 yr

Gender: Male
IQ: full range

Norm population PDMS-II In the ASD group, 63% showed a gross motor delay, 
53% a fine motor delay and 57% an overall motor 
delay. In comparison to the population norms, the 

mean gross motor and total motor score were situated 
in the very poor range (-2SD). The mean fine motor 

score was categorized as poor (-1.5SD)
  Kooistra et al[85]

  2005 
ADHD (n = 29), RD (n 

= 63), ADHD + RD (n = 
47), ADHD + ODD (n = 

19), ADHD + RD + ODD 
(n = 21)

Age: 8-16 yr
Gender: Male and female

IQ > 75

TD (n = 112) BOTMP
VMI-III

All groups performed significantly worse on the 
BOTMP (total and subscales) in comparison to the 

control group, except for the children in the ADHD-
only group, whose performance did not differ from 

the control group (apart from their visual-motor 
skills). Motor impairment in children with ADHD 
increased as a function of co-occurring disorders 

  Kooistra et al[68]

  (2009)
ADHD (n = 47)

Age: 7-10 yr
Gender: Male and female

IQ > 80

FASD (n = 30)
Controls (n = 39)

Movement ABC
Clinical 

observations of 
motor and postural 

control 

Significant differences between the groups were 
revealed on all scales, with the exception of the 

subscale Ball Skills. On the Movement ABC both 
children with ADHD and FASD exhibited more motor 

problems than controls. 38% of the ADHD group 
obtained a score below pc5 and 26% obtained a score 

< pc15 on the Movement ABC
  Kopp et al[53]

  (2010)
ASD and/or ADHD 

(n = 100)
Age: 3-18 yr

Gender: Female
IQ: Full range

Age- and IQ matched 
controls (n = 57)

Movement ABC
EB-test

Children with ASD and/or ADHD showed more 
motor coordination problems than controls. 25% of 

the ASD group and 32% of the ADHD group met the 
diagnostic criteria for DCD

  Liu et al[54]

  (2013)
ASD (n = 30)
Age: 3-16 yr

Gender: Male and female
IQ: 70-100

Age-matched TD 
(n = 30)

Movement ABC-2 Children with ASD scored significantly lower than TD 
on all subscales and total motor score. All TD children 
scored within the normal range. In contrast to the TD 

group, 80% of the ASD group scored in the below 
average range, of which 77% obtained a score below 

pc5
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  Liu et al[55]

  (2014)
ASD (n = 21)
Age: 5-10 yr

Gender: Male and female
IQ: Not mentioned

Age–matched TD 
(n = 21)

Norm population

TGMD-2 Significant differences between the ASD and TD 
group were established for all measures. Whereas 96% 
of the TD group scored within the normal range, 81% 
of the ASD group scored in the below average range. 

On the locomotor subscale, 27% of the ASD group 
was categorized as poor and 40% as very poor. On the 
object control scale, 27% were categorized as poor and 

33% as very poor
  Lopata et al[43]

  2007
AS (n = 17) Age: 6-13 yr

Gender: Male
IQ: Within normal range

Norm population BOTMP
VMI-V

The children with AS performed significantly poor, in 
comparison to the norm populations. On the BOTMP, 
the mean composite scores for gross and fine motor 

skills were approximately -2SD below the population 
mean. The mean score on the VMI was -1SD below 

the population mean. No significant differences were 
found between fine and gross motor skills

  Manjiviona et al[44]

  1995
AS (n = 12)
HFA (n = 9)
Age: 7-17 yr

Gender: Male and female
IQ: Normal range

Norm population Test of motor 
impairment-

henderson revision

Approximately 67% of the children with HFA and 
50% of the children with AS showed clinically 

significant deficits in motor skills. No differences 
between the HFA and AS groups emerged

  Meyer et al[69]

  (2006)
ADHD (n = 264): ADHD-
HI = 74, ADHD-PI = 94, 

ADHD-C = 96
Age: 6-13 yr

Gender: Male and female
IQ > 80

Controls (n = 264) Grooved Pegboard 
Test

Maze Coordination 
Test

Finger Tapping 
Test

Children with ADHD performed poorer on the 
Grooved Pegboard Test and the Maze Coordination 
Test, but not on the Finger Tapping Test. Children 

with the ADHD-C subtype were the most impaired. 
The deficiencies in motor control were mainly 

confined to a younger age group (6-9 yr)
  Miller et al[45]

  (2000)
Autism (n = 14)

HFA (n = 26)
Age: 6-12 yr

Gender: Male and female 
IQ > 70

Norm population Movement ABC No significant differences appeared between the 
autism and HFA group. After controlling for IQ, a 

trend towards more motor impairment in the autism 
group emerged.

Mean total motor scores were situated -1.33 SD below 
the population means. After controlling for IQ, the 

HFA group obtained a mean score -1SD and the 
autism group -1.66SD from the population mean

  Miyahara et al[48]

  (1997)
AS (n = 26)
Age: 6-15 yr

Gender: Male and female
IQ > 70

Learning disability 
(n = 16)

Movement ABC 85% of the children with Asperger and 88% of the 
children with learning disabilities obtained a score 
below -2SD from the population mean. No group 

differences were established, except for the subscale 
manual dexterity. No relationship was found between 

intellectual and motor functioning
  Noterdaeme et al[46]

  (2010)
AS (n = 57)

HFA (n = 55)
Age: 6-19 yr

Gender: Male and female
IQ > 80

Norm population Standard 
neurological 
examination 

Motor problems were identified in 53% of children 
with AS and 47% of children with HFA

  Pan et al[56]

  (2009)
ASD (n = 28)

ADHD (n = 29)
Age: 6-10 yr

Gender: Male and female
IQ: Average

Controls (n = 34) TGMD-2 Both the ASD and ADHD group scored significantly 
lower than the control group on overall gross motor 
development as well as on the subscales. The ASD 
group performed worse than the ADHD group on 

both subscales. Only 16% of the children with ASD/
ADHD showed clinical levels of impairment

  Pan[31]

  (2014)
ASD (n = 31): AS = 7, 

HFA = 24
Age: 10-17 yr
Gender: Male

IQ: Within normal range

Controls (n = 31) BOT-2 The ASD group scored significantly lower than 
the control group on all subscales, composites and 
total motor score. The mean manual coordination 

composite was the lowest, followed by the strength 
and agility composite

  Papadopoulos et al[57]

  (2012)
HFA (n = 23), LFA (n = 8), 

AS (n = 22)
Age: 6-13 yr

Gender: Male and female
IQ: Full range

TD (n = 20) Movement ABC Based on the population norms, 63% of the HFA 
group, 100% of the LFA group and 28% of the 

AS group scored below pc 5. Another 18% of the 
HFA group and 5% of the AS group scored in the 

borderline range (< pc15). All the TD children 
obtained a score within the normal range (> pc15). 
Comparisons between the groups revealed that the 
HFA group performed worse than the AS group, 

whereas no difference emerged between the AS en TD 
group

  Papadopoulos et al[86]

  (2013)
ADHD-C without ASD 

(n = 16)
Age: 7-14 yr

Gender: Male
IQ: Within normal range

TD (n = 16) Movement ABC-2 Children with ADHD-C, without comorbidity with 
ASD, did not display motor difficulties. Higher levels 
of inattention, but not hyperactivity/impulsivity were 
associated with poorer total score and performance on 

the field of ball skills
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  Piek et al[70]

  (1999)
ADHD-C (n = 16)
ADHD-PI (n = 16)

Age: 8-11 yr
Gender: Male

VIQ > 80

Age matched controls 
(n = 16)

Movement ABC Children with ADHD performed significantly poorer 
than the controls (ADHD-C = 31% < pc5 and 25% 
< pc15; ADHD-PI = 31% < pc5 and 37% < pc15). 

Children with ADHD-PI showed a poorer result on 
Manual Dexterity, whereas children with ADHD-C 

performed worse on balance
  Pitcher et al[71]

  2003
ADHD-PI (n = 50)
ADHD-C (n = 38)
ADHD-HI (n = 16)

Age: 7-12 yr
Gender: Male

VIQ: Full range

Controls (n = 39) Movement ABC
Purdue Pegboard

In comparison to the control group, the ADHD-PI 
and ADHD-C groups performed significantly worse 

on the subscales Manual Dexterity and Ball Skills 
and total score of the Movement ABC. The ADHD-

HI did not differ significantly from the control 
group. The ADHD-PI group performed worse on 

the Purdue Pegboard in comparison to the controls. 
No differences were established between any other 

groups
  Provost et al[49]

  (2006)
ASD (n = 19)

Age: 21-41 mo
Gender: Male and female

IQ: Full range

DD without motor 
problems (n = 18)
DD with motor 

problems (n = 19)

PDMS-2
BSID-II (motor 

scale)

None of the children with ASD obtained a score 
within the normal range on the PDMS-2 (84% < -2SD, 
16% < -1SD). Motor scores of children with ASD did 

not differ significantly from those of children with DD 
and motor problems

  Schlooz et al[58]

  (2012)
ASD (n = 12)
Age: 9-12 yr

Gender: Male
IQ: Within normal range

TD (n = 12)
Tourette Syndrome (n 

= 12)

VMI-IV The ASD group performed worse than the pooled 
control group on the VMI copy task. Their scores 
on the visual perception and motor coordination 

subscales did not differ from the controls
  Schurink et al[59]

  2012
PDD-NOS (n = 28)

Age: 7-12 yr
Gender: Male and female

IQ > 70

Age- and gender 
matched TD (n = 28)

Movement ABC Compared to the TD group, children with PDD-
NOS obtained poor motor scores. In the PDD-NOS 

group 43% obtained a score below pc 5, 21% showed 
borderline motor problems and 36% showed no motor 

problems
  Sharoun et al[72]

  (2013)
ADHD (n = 58)

Age: 9-11 yr
Gender: Male and female

IQ: Not mentioned

Controls (n = 58) 7 motor skill 
assessments

(fine and gross 
motor tasks)

Children with ADHD showed poorer fine motor skills 
in comparison to the control group. Results indicate 
that impairments were observed in tasks requiring 

more complex motor skills, whereas performance was 
similar in the less complex tasks

  Siaperas et al[60]

  2011
AS (n = 50)
Age: 7-14 yr

Gender: Male
IQ > 70

Age matched controls 
(n = 50)

Movement ABC-2 Children with AS showed significant impairment in 
motor performance. Significant group differences 
were revealed for all three subscales and the total 

score
  Skirbekk et al[73]

  2011
ADHD (n = 39)

Anxiety disorder (n = 41)
ADHD + Anxiety 
disorder (n = 25)

Age: 7-13 yr
Gender: Male and female

IQ > 70

Controls (n = 36) Movement ABC All clinical groups showed similar profiles of motor 
impairment and exhibited a higher total impairment 

score on the Movement ABC in comparison to the 
control group. 46% of the children with anxiety 

disorders, 26% of the ADHD group and 36% of the 
ADHD + anxiety disorder scored below pc5

  Staples et al[61]

  (2010)
ASD (n = 25)
Age: 9-12 yr

Gender: Male and female
IQ: Full range

Chronological age 
matched TD (n = 25)

Movement skill 
matched TD (n = 22)
Mental age matched 

TD (n = 19)

TGMD-2 The movement skills of children with ASD reflect 
deficits, in addition to delays. The group matched on 
chronological age performed significantly better on 
the TGMD-2. Children with ASD perform similarly 
to children approximately half their age. The motor 
skills of children with ASD are more impaired, than 

would be expected, given their cognitive level
  Tseng et al[74]

  (2004)
ADHD-C (n = 42)

Age: 6-11 yr
Gender: Male and female

IQ: (above) average

Age-, gender- and 
handedness matched 

controls (n = 42)

BOTMP Significant differences in fine and gross motor skills 
were revealed between children with and without 

ADHD. Attention, impulse control and parent rating 
of activity level were the best predictors of gross 

motor skills in children with ADHD. Attention and 
impulse control were the best predictors for fine 

motor skills
  Vasserman et al[83]

  (2014)
ADHD-C (n = 48)
ADHD-PI (n = 53)

Age: 5-18 yr
Gender: Male and female

IQ: Full range

Norm population Any Pegboard 
task (Purdue 

Pegboard, Grooved 
Pegboard…)

In total, 51% of the children with ADHD showed 
fine motor deficits. Impairment in fine motor skills 

was more prevalent in the ADHD-PI group (60%) in 
comparison to the ADHD-C group (40%)

  Verret et al[75]

  (2010)
ADHD with stimulant 

medication (n = 24)
ADHD without stimulant 

medication (n = 19)
Age: 7-12 yr

Gender: Male and female
IQ > 70

Controls (n = 27) TGMD-2 Both groups of children with ADHD obtained 
lower scores on the locomotor subscale. 47% of the 

children with ADHD obtained a total score below pc 
25, in comparison to 21% of the control group. No 

differences in performance between the children with 
or without stimulant medication were established
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different researchers, prevalence rates of impairment in 
motor abilities are highly variable, ranging from 8% to 
73%. 

Despite the fact that most studies indicated that 
individuals with ADHD obtained lower scores in 
comparison to their peers; scores of individuals with 
ADHD were often situated within the normal range. 
Moreover, three of the included studies did not find 
any difference in motor ability between children with 
or without ADHD, when including a group of children 
with ADHD only. In order to create such ADHD only 
subgroups, these studies ruled out comorbidity with 
ASD, oppositional defiant disorder (ODD), reading 
disorder (RD) or DCD[51,85,86]. 

In three studies, the influence of stimulant medi-
cation on motor ability was also assessed. Whereas 
Harvey et al[67] found no significant effect of stimulant 
medication, results from the study of BrossardRacine 
et al[80] showed that motor difficulties resolved in 18% 
of the cases, after a three months treatment period. 

Verret et al[75] established no differences in motor ability 
between children who were or were not on stimulant 
medication. 

Six studies examined whether differences in motor 
abilities could be identified within the ADHD subtypes. 
The results from these studies suggest that the type and 
degree of motor impairment differs between subtypes. 
Two studies established an overall larger motor impair-
ment in the ADHD-inattentive subtype (ADHD-I) and 
ADHD-combined type (ADHD-C) in comparison to 
the ADHD-hyperactive impulsive subtype (ADHD-
HI)[71,84]. Furthermore, Fliers et al[64] stated that fine 
and gross motor skills, coordination and motor control 
were related to the inattentive, rather than to the 
hyperactivity and impulsivity symptoms. With regard 
to the type of impairment, there is some evidence 
suggesting that impairment in fine motor skills is more 
prevalent in the ADHD-I subtype[70,71,83]. However, the 
results of the study of Meyer et al[69] contrasted these 
findings, as the ADHDC subtype was most impaired on 
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  Volker et al[62]

  2010
HFA (n = 60)
Age: 6-14 yr

Gender: Male and female
IQ > 70

TD (n = 46)
Matched ASD 

subsample (n = 27)

Bender Gestalt-II
VMI-V

HFA performed worse on all scales in comparison 
to the TD group. After controlling for IQ, only 

differences in performance on scales with a 
pronounced motor component remained significant 

  Watemberg et al[84]

  (2007)
ADHD (n = 96): ADHD 

only = 43, ADHD + DCD 
= 53

Age: 6-12 yr
Gender: Male and female

IQ: Not mentioned

Norm population Movement ABC DCD was detected in 55% of the children with ADHD. 
DCD is most prevalent in children with ADHD-PI 

(63%) and ADHD-C (59%) in comparison to ADHD-
HI (11%)

  Wang et al[76]

  (2011)
ADHD (n = 25)

Age: 4-8 yr
Gender: Male and female

IQ: 61-112

Age- and gender 
matched controls 

(n = 24)

Movement ABC Compared to the control group, children in the ADHD 
group exhibited poorer motor ability on all three 

subscales. In the ADHD group, 36% had significant 
motor problems (< pc5) and 28% were borderline 

cases (< pc15)
  Whyatt et al[63]

  (2012)
ASD (n = 18)
Age: 7-10 yr

Gender: Male and female
IQ > 80

Age-matched 
receptive vocabulary 
control group (n = 19)

Age-matched non 
verbal IQ control 

group (n = 22)

Movement ABC-2 The ASD group showed overall motor impairment 
relative to both control groups. Performance 

comparisons indicate significant impairment in the 
area of ball skills and manual control in the ASD 
group; comparable levels of balance control were 

found in the ASD en control groups
  Wisdom et al[50]

  (2007)
ASD (n = 30)
Age: 3-13 yr

Gender: Male and female
IQ: Full range

DCD (n = 22)
Receptive-expressive 

language disorder
 (n = 30)

Mc Carron 
Assessment of 

Neuromuscular 
Development

Significant group differences emerged for fine and 
gross motor coordination. The language disorder 

group was the least impaired (-1SD). The DCD group 
obtained a mean score of -2SD. The ASD obtained 
the poorest results, with a mean score below -3SD. 
The DCD and ASD groups appear to differ more in 

severity than in kind 
  Yochman et al[77]

  (2006)
ADHD (n = 49)

Age: 4-6 yr
Gender: Male and female
IQ: Within normal range

Age- and gender 
matched TD (n = 48)

Miller Assessment 
for Preschoolers

VMI-IV

The scores of the ADHD group were significantly 
lower than those of the TD group. The group 

differences remained significant, after controlling 
for IQ. 47% of the children with ADHD showed fine 

motor and gross motor problems, 45% showed visual 
motor problems and 22% exhibited problems with 

visuomotor integration

ASD: Autism spectrum disorders; AS: Asperger syndrome; HFA: High functioning autism; LFA: Low functioning autism; PDD-NOS: Pervasive 
developmental disorder - not otherwise specified; ADHD: Attention deficit hyperactivity disorder; ADHD-C: Attention deficit hyperactivity disorder, 
combined type; ADHD-PI: Attention deficit hyperactivity disorder, predominantly inattentive type; ADHD-HI: Attention deficit hyperactivity disorder, 
predominantly hyperactive and impulsive type; DCD: Developmental coordination disorder; SDD-MF: Specific developmental disorder of motor 
function; FASD: Fetal alcohol spectrum disorder; RD: Reading disability; ODD: Oppositional defiant disorder; TD: Typically developing children; DD: 
Developmental delay; TGMD: Test of gross motor development; Movement ABC: Movement assessment battery for children; DCD-Q: Developmental 
Coordination disorder questionnaire; BOTMP: Bruininks-oseretsky test of motor proficiency; BOTMP-SF: Bruininks-oseretsky test of motor profiency, 
short form; BOT-2: Bruininks-oseretsky test of motor proficiency, second edition; BSID–II: Bailey scales of infant development, 2nd edition; PDMS: Peabody 
developmental motor scales; VMI: Developmental test of visual-motor integration.
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Pegboard tasks. 
In conclusion, the literature on this topic supports 

the view that the prevalence of motor impairment is 
substantial in individuals with ADHD. However, some 
inconsistencies have been pointed out. More research is 
needed to draw solid conclusions concerning the motor 
abilities of children and adolescents with ADHD. 

DBD 
There is a paucity of research investigating the motor 
abilities of individuals with DBD. In this systematic 
review, only two studies were included that examined 
the motor abilities of children with behavioral disorders. 
However, these studies did not investigate a group 
solely comprised of children with a DBD. The study of 
Emck et al[2] assessed the gross motor skills of children 
with different psychiatric disorders, including a group of 
behavioral disorders comprised of children with ADHD, 
ODD and conduct disorder (CD). The results showed 
that the scores of these children on the Test of Gross 
Motor Development, 2nd edition (TGMD-2[39]) significantly 
differed from the norm population, reflecting marked 
delays in motor development for about three years. 
Kooistra et al[85] examined to what extent the presence 
of ODD puts a child with ADHD at risk for motor 
impairment. Scores on the bruininks-oseretsky test of 
motor proficiency (BOTMP[87]) of children with ADHD, 
RD, ODD or various combinations of these, were 
compared to scores of typically developing controls. The 
results show that children in the ADHD + ODD group 
and the ADHD + RD + ODD group scored significantly 
lower on the BOTMP than controls.

As no separate analyses were conducted to differen-
tiate between several behavioral disorders, the motor 
abilities of individuals with DBD remain largely unknown. 
Consequently, the prevalence rate of impairment in 
motor abilities in this population could not be estimated.

Depression
Remarkably, little information is available about the 
motor abilities of children and adolescents with a 
depression. Following the search strategy, only one 
study was included that directly examined the motor 
abilities of children with emotional disorders. The 
previous mentioned study of Emck et al[2] also investi-
gated a group of children with emotional disorders. 
Children from this group performed significantly worse 
on the TGMD-2 in comparison to the norm population, 
but performed better in comparison to the other clinical 
groups of children with Pervasive Developmental 
Disorders and children with behavioral disorders. How-
ever, the emotional disorders group was comprised 
of children with anxiety disorders and/or depression/
dysthymic disorder. As no further analyses were con-
ducted to differentiate between these diagnoses and 
only gross motor skills of children were examined, no 
conclusions can be drawn regarding the motor abilities 
of children and adolescents with a depression.

DISCUSSION
The aim of this study was to map out existing research 
documenting motor ability of children and adolescents 
with four common psychiatric disorders. The major 
results of this literature review indicated that: (1) 
Children and adolescents with ADHD or ASD are at 
risk for impairment in motor abilities; (2) evidence 
regarding the motor abilities of children and adolescents 
with DBD or depression is lacking; (3) impairment in 
motor abilities is common in these child psychiatric 
disorders, but not universal; and (4) methodological 
issues complicate the generalization of the findings. 

Although impairment in motor ability is not consi-
dered to be a major diagnostic feature of any of the 
discussed psychiatric disorders, the motor ability 
literature disputes the assumption that these children 
possess normal motor abilities. As motor impairment 
may be an important feature, it is essential that it is 
properly defined and assessed. However, to date, no 
consensus has been reached upon a golden standard, 
not for the motor assessment instruments being used, 
nor for the cut-off scores that are being applied. It is 
very likely that the discrepancies in the findings from 
the above-mentioned studies can largely be explained 
by these methodological variances. 

A wide variety of motor assessment instruments 
have been used across the studies. The Movement ABC 
or Movement ABC2 was administered in the majority 
of the included studies (n = 21). The different versions 
of the BruininksOseretsky Test of Motor Proficiency 
(BOTMP/BOTMPSF/BOT2) were administered in nine 
studies. Other frequently used motor assessment 
instruments included the first or second edition of the 
TGMD (n = 8) and the different versions of the VMI 
(n = 7). Apart from the fact that these instruments 
are valid standardized assessments measuring motor 
abilities, correlations among these instruments are 
only low to moderate[88,89]. Thus indicating that they 
measure different traits or aspects of motor abilities, 
notwithstanding that these instruments are being used 
for the same purposes. 

In addition, the understanding of the field is further 
complicated by the use of different cut-off points. The 
decision of whether or not a person exhibits clinically 
significant impairment in motor ability is often based 
upon a certain percentile cut-off score. Whereas some 
researchers used percentile 5 as a cut-off point[31,42,43

,46,48,53,60,73,84], others have used percentile 15[41,44,51,64

,67,81,83,85]. Some researchers reported more detailed 
information and specified the results using both cutoff 
points[4,5,47,49,52,54,55,57,59,65,66,68,70,71,76,79,80]. Consequently, 
directly comparing the results of studies with a different 
methodology would be inappropriate. 

Each of the motor assessment instruments used in 
the included studies can be described as norm-referenced 
tests. A norm-reference test involves the comparison 
of a child’s individual test results to those obtained by 
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a representative sample of peers. However, the utility 
of an assessment instrument is contingent upon its 
reliability and validity. Tests developed and validated 
in one population, are potentially not appropriate for 
administration in another population. Some studies have 
shown that important cultural differences exist[90,91]. For 
instance, individuals from diverse cultures use different 
strategies when performing the test items from the 
Movement ABC[90]. Just over half of the studies included 
in this review (n = 29) compared the motor abilities of 
a clinical population to those of a control group. Of the 
studies that did not include a control group, the majority 
used a test that provided appropriate population norms. 
Only a few studies compared the motor abilities of a 
clinical population to potentially unsuitable population 
norms without incorporating a control group of typically 
developing peers[48,63,81,84].

From the above outlined overview, it is clear that 
the main focus of the motor ability research is dire-
cted towards children between the ages of 5 and 13 
years old. Of the 51 included studies, 30 evaluated 
motor ability in this age category. Other 15 studies 
investigated a broader age range, of which 13 studies 
included both primary school children and adolescents 
and two studies included both young children and 
primary school children. Other three studies examined 
the motor abilities of individuals across the full age 
range, from early childhood through adolescence. 
Remarkably, only three of the included studies in this 
review specifically addressed the motor abilities of 
young children under the age of 6. Most research for 
this age category focuses on motor development and 
the achievement of motor milestones. A plausible 
explanation for this scarcity can be found in the fact 
that this kind of research fell beyond the scope of this 
review. 

Despite it is relevant and valuable to track the trajec
tory of motor abilities over time, longitudinal research 
is lacking. As a consequence, the natural outcome of 
impairment in motor abilities in the addressed diagno-
stic categories is largely undetermined. Some studies 
investigated the steadiness of motor impairment in 
children with DCD and indicated that the motor status 
of these children is relatively stable[11,21,92]. In a study 
by Van Waelvelde et al[93] the stability of Movement 
ABC scores in children with ASD, ADHD or DCD was 
examined. Their findings indicated that poor motor 
performance at preschool age was not always a stable 
condition, but appeared to be so in children with ASD. 
However, in these studies, the re-examination of motor 
abilities was conducted after a period of 1.5-2 years. 
Consequently, these studies do not provide information 
regarding the course from early childhood into adole-
scence, nor do they offer sufficient information regard
ing the trajectory of motor abilities of individuals with 
different psychiatric conditions. 

In this review, none of the included studies exclu-
sively addressed motor ability in adolescents and no 
longitudinal studies were included. Consequently, it is 

impossible to infer whether or not differences in motor 
ability exist between children or adolescents who suffer 
from a psychiatric condition. 

Several aspects were identified that potentially could 
influence motor ability. Some studies indicated that the 
degree and type of impairment seems to be modified by 
several factors, including symptom severity, medication 
status, subtypes, gender, comorbidity and IQ. However, 
it appears that the role of these factors is neglected in 
the majority of the reviewed studies. 

Only a handful of studies examined differences in 
motor ability between various clinical groups. To date, 
little is known about whether and how motor impairment 
varies in type across distinctive diagnostic categories. 
Identifying motor profiles that are specific to a diagnosis 
serve a clinical purpose. Specifying the nature, degree 
and areas of motor problems can perhaps lead to dis-
tinguishing profiles between several disorders. Although 
there is a need to investigate comprehensive motor 
profiles, only a few studies attempted to differentiate 
between several motor areas. 

Recommendations for future research
Based on the abovediscussed issues, there are several 
reasons to conclude that further research is needed. 
Whereas the motor abilities of individuals with ASD or 
ADHD are quite extensively been investigated, some 
findings are inconsistent, providing mixed results. 
Furthermore, little research is available addressing the 
motor abilities of individuals with DBD or Depression 
and this gap deserves to be filled. Future studies should 
address or account for factors influencing motor ability, 
such as IQ and symptom severity, in a systematic 
manner. Previous research has demonstrated a potential 
beneficial influence of stimulant medication on motor 
abilities[80]. Therefore, it is preferable to use a sample 
that is not on stimulant medication. In addition, 
diagnostic processes and study designs should include 
comorbidity issues, as there is a high probability of 
overlap between different developmental disorders. 
Finally, investigating detailed motor profiles across 
different psychiatric disorders is valuable, as it can 
provide an indication of where unique motor problems 
emerge. However, it is required to administer the same 
motor assessment instrument, in order to be able to 
make comparisons across groups. Moreover, preference 
should go to extensively used instruments, such as 
the BOT2 or the MABC2, that assess a wide range of 
motor abilities. 

Clinical implications
Several researchers suggested that impairment in motor 
abilities is highly prevalent in children and adolescents 
with a psychiatric condition. As discussed previously, 
impairment in motor abilities can have a significant 
influence on physical and mental health. Therefore, it is 
important that all children with a psychiatric condition 
should receive a complete developmental evaluation, 
including the assessment of motor abilities. The choice of 
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a suitable motor assessment instrument is a complex 
matter and depends upon several factors. Age, purpose 
of assessment, cultural similarity between norm 
and test group, number of items in relation to the 
available time, etc., are aspects that should be taken 
into account when deciding upon which instrument to 
use[33,94]. In general, complementary use of different 
assessment instruments is recommended. Moreover, 
knowledge about the frequency and degree of motor 
impairment among individuals with a psychiatric 
condition is important when evaluating the need for 
treatment. Lastly, acknowledging each child’s individual 
capacities is essential to provide parents and teachers 
the opportunity to modify the demands of daily life to a 
level the child is able to cope with.

Limitations
This systematic review has several limitations. To 
minimize bias, multiple databases were searched and 
hand searches were conducted. Although clear research 
questions were addressed, an extensive and sensitive 
search was conducted and predefined eligibility criteria 
for inclusion were used, the possibility of publication 
bias remains. Studies published in languages other 
than English were excluded. As with all systematic 
reviews the findings and interpretations are limited 
by the quality and quantity of the available evidence. 
Therefore, conflicting or inconsistent findings may 
result from differences in population (symptom severity, 
comorbidity, medication status, etc.) and variability in 
the assessments instruments that were used to assess 
motor ability.

COMMENTS
Background
Motor abilities are frequently affected in children and adolescents who suffer 
from a psychiatric condition. The presence of motor impairment can have a 
significant effect on physical as well as mental health. 

Research frontiers
Within the field of child psychiatry, the assessment of motor abilities has 
become increasingly important. In recent years, numerous studies have been 
published addressing motor abilities of children and adolescents suffering from a 
psychiatric condition.

Innovations and breakthroughs
This review provides a comprehensive overview and critically analyzes current 
knowledge regarding the motor abilities of individuals with attention deficit 
hyperactivity disorder (ADHD), autism spectrum disorders (ASD), disruptive 
behavior disorders (DBD) and depression. Particular attention has been paid to 
the full spectrum of motor abilities, including both fine and gross motor skills in 
children as well as in adolescents.

Applications
Several studies indicate that motor impairment is highly prevalent in some pedia
tric mental health disorders. It is important that all children with a psychiatric 
condition receive a complete developmental evaluation, including the assess
ment of motor abilities.

Terminology
Motor abilities refer to an individual’s potential motor competency. Motor abilities 

measure the general traits or capacities that underlie performance of a wide 
variety of motor skills. Consequently, an individuals’ motor ability is not directly 
observable, but is derived from a set of movement tasks.

Peer-review
This is a comprehensive systematyc review aimed to summarize the current 
literature about the motor abilities of children and adolescents suffering from a 
common psychiatric condition. In summary, the authors found that children and 
adolescents with ADHD or ASD are at risk for impairment in motor abilities and 
impairment in motor abilities is common in these child psychiatric disorders. 
They also stated that evidence regarding the motor abilities of children and 
adolescents with DBD or depression is quite lacking. The paper is generally well
written.
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