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Abstract

Context: Despite the roots of stereotypic patterns as motor behavior and pointing out some prevalent motor impairments in
children with autism spectrum disorder (ASD), the assessment of motor development impairments as an introduction to the
incidence of early symptoms of ASD has still been overlooked. Therefore, the present systematic review aims to assess the
relationship between motor impairments and autism symptoms.

Evidence Acquisition: The PubMed, Scopus, ProQuest, Google Scholar, and Web of Science databases were searched by two
individuals separately using the following keywords: Autism spectrum disorder, Motor impairment, Motor delay, Fundamental
movements (jumping, hopping, bounding, manipulating, chewing, and reaching objects), Gross and fine movements, Diagnosis,
and Behavioral symptoms. The searches were performed within 2000 and April 2022.

Results: After completing the search process, a number of 17 articles were entered into the study based on the inclusion and
exclusion criteria. The articles were of low to moderate quality. Given the performed assessments, there is a significant relationship
between motor impairments and behavioral symptoms in children with ASD.

Conclusions: According to the present information, it can be concluded that motor impairment is possibly associated with
the behavioral symptoms of ASD. Further research is required to determine the exact relationship between motor subsets and

behavioral symptoms.
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1. Context

The increased prevalence and the consequences of
autism spectrum disorder (ASD) in the future life of the
child and the family culminate in constant efforts to
better understand the biomarkers and symptoms of ASD
(1) to be able to use their results for timely diagnosis and
subsequently the development of accurate and purposeful
interventions of the neurological motor rehabilitation
type. Autism spectrum disorder is a general term for
a group of neurodevelopmental disorders with clinical
manifestations substantially associated with impaired
“socio-communicative skills and poor social interaction”,
“limited and repetitive” behaviors, and sensory problems
(1). This disorder has increased over the last few years,
and the prevalence rate is currently 1 in 54 children (2).
The economic burden concerning caring for ASD children

is considerable and includes costs such as ASD-related
healthcare services, education, health, and treatment for
families (3).

New studies have paid much attention to the motor
development category to benefit from this category
for early diagnosis. On the one hand, motor disorders
typically appear before socio-communicative symptoms;
therefore, much more attention has been paid to this
area (4, 5). For example, a prospective study on infants
at high risk for ASD indicated that parental worry about
the children’s motor development (the incidence of
motor delay) at 6 months of age could significantly
predict ASD diagnosis; however, parental worry about
socio-communicative issues and stereotyped behaviors
until 12 months of age could not predict ASD (6). A
longitudinal study using standardized developmental
tests on infants at high risk of autism demonstrated
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that gross and fine motor skills at 6 months of age had
a high ability to predict ASD diagnosis at 24 - 26 months
of age (7). The aforementioned findings, along with
growing research evidence, indicate that motor disorders
are among the symptoms that can be used as the first
recognizable symptoms to speed up the early diagnosis
process and denote the need to switch the focus from
socio-communicative impairments to a motor viewpoint
(8-10).

In a cohort study in 2019, Licari et al. investigated
the prevalence of motor problems in autistic children
and showed that motor problems could be regarded as
an important diagnostic criterion in autistic children;
however, this has not happened yet due to the lack
of sufficient studies. Two thousand eighty-four autistic
individuals with a mean age of 6 years participated
in this study. Based on this study, individuals who
have abnormal non-verbal and stereotyped behaviors
also have common motor problems; similarly, these
problems increase with age (11). Motor problems in ASD
children refer to motor development delays, lack of motor
coordination, impaired balance, fine motor problems,
and low motor skills. Barbeau et al. compared motor
problems in autistic children with and without speech
delay. Motor abnormalities are evident in autistic children
in terms of speed, coordination, posture, and walking;
nevertheless, the amount of data is not enough to prove
this issue. In this study, 30 normal children and 30 autistic
children (18 with speech delay and 12 without speech delay)
were investigated in terms of perceptual-motor skills and
motor functioning. Children with speech delay were
slower in the Purdue Pegboard test than their normal
counterparts; nonetheless, visual processing speed was
higher in both groups of autistic children than in normal
children. Autistic children had more difficulties in motor
skills than normal children (12). Therefore, theories are
trying to explain the causes and reasons of behavioral
symptoms in autism using motor problems.

Despite the important articles and research to use the
topics of motor development and motor delay to help
with early diagnosis, this area has not been given special
attention, and a research gap is observed; accordingly,
despite adding sensory problems to the diagnosis of
children with ASD and giving importance to stereotyped
behaviors that show movement, movement issues have
been neglected; that is why new theories seek to explain
the causes of behavioral symptoms in autism disorder
using movement problems. This systematic review
investigated questions such as whether behavioral
symptoms are related to movement problems of children
with ASD and whether movement problems and delay
help the early diagnosis of children with ASD.

Several studies have been conducted concerning the
motor issues of autistic children to date. In this study,
we tried to include the most recent articles that have
not also been used before. In previous studies dealing
with autism diagnosis, no attention was paid to motor
issues. Since early diagnosis greatly helps start treatment
faster and motor problems appear earlier than other
symptoms, the articles seem to seek to explain and use
motor impairments to diagnose autism. Therefore, the
present study aims to assess the relationship between
motor impairments and behavioral symptoms of autism.

2. Evidence Acquisition

The search terms used were as follows: (Autism*
OR “autism spectrum disorder” OR “autism spectrum
condition” OR PDD-NOS OR ASD OR ASC) AND (“motor
impairment OR motor delay OR motor skills OR gross
and fine movements OR fundamental movements OR
diagnosis and behavioral symptoms”) AND (Predictors OR
“risk factors” OR “correlation). PubMed, Google Scholar,
Scopus, ProQuest, and Web of Science were searched
separately. Limiters of English and Persian language and
peer-reviewed studies were set to ensure the quality of the
review. The date of the search is within the 2000 of these
databases to April 2022 (Figure 1. PRISMA).

Based on the PICO model, the research process was
carried out in such a way that the patients were children
diagnosed with ASD. In the intervention part, studies
that have examined the movement topic (no movement
intervention was carried out) in the control topic, with the
normal group or other groups, should be investigated, and
the subject of the results should be to find the relationship
between motor domain and behavioral symptoms of
autism.

2.1. Eligibility Criteria

The criteria for inclusion in the article were cases
in which motor deficits in autistic children were
investigated, cross-sectional research, a control group
exist, and the English and Persian languages of the study.
The age of children should be between 6 months and 14
years.

2.2. Data Extraction

The exclusion criteria were articles in which
movement intervention was carried out, the desired study
did not state the results, and the sample was not a study
of autistic children. To review the article, after reviewing
the title and summary of the article, the full text of the
article was reviewed to measure the quality of the articles.
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Figure 1. PRISMA flowchart demonstrating search strategy for article inclusion.

The CASP scale was used, based on which 11 grades were
used to review the articles; the CASP and the CEBM levels
of evidence scale were used to evaluate the evidence levels
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(Table 1). The three originally described philosophical
dimensions of EBM were (a) the best research evidence, (b)
clinical experience, and (c) patient values; this has been
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the fundamental basis of the EBM. These three dimensions
help cover the areas of research, clinical, and patient care
and help lead toward patient-centered care based on the
best research and clinical expertise.

Table 1. CEBM Level of Evidence Scale (Center for Evidence-Based Medicine)

Type of Study Level
Systematic reviews of randomized controlled trials la
Individual randomized controlled trials 1b
All or no studies 2a
Systematic reviews of cohort studies 2b
Individual cohort studies or low-quality randomized 3a

controlled trials

Systematic reviews of case-control studies/individual 3b
case-control studies

Case series, poorly designed cohorts, or case-control studies 4
Expert opinion without explicit critical, or based on 5

physiology, bench research, or "first principles”

3. Results

After reviewing the articles and based on the inclusion
and exclusion criteria, 17 articles were selected, which are
shown in Figure 1 of the process of reviewing and selecting
articles (PRISMA). The research process was conducted by
theauthorandacolleague separately. A total of 320 articles
were initially reviewed, and 124 articles were included in
the study, of which 75 were fully available. Finally, 17 articles
were selected, and all articles were scored according to the
criteria of CASP et al. They got moderate and had average
quality. Additionally, according to CEBM, the articles had
moderate to weak evidence levels. The results of the
evaluation of the quality of the articles based on the CASP
criteria are reported in Table 2 and Table 3. Additionally,
Table 4 shows details of the results of the articles on the
relationship between movement problems and behavioral
symptoms, such as social interaction, communication,
and speech problems.

4. Conclusions

An important yet neglected aspect of motor
development in ASD is fundamental motor skills (FMS).
Fundamental motor skills are visible motor patterns of
gross motor skills that “involve large muscles of the upper
and lower organs and the trunk” (24) and include “object
control, motor skills, and balance skills” (25). Object
control skills include touching and controlling objects
with hands or feet, for example, throwing, catching,
dribbling, kicking, rolling, and hitting. Moreover, motor

skills engage the body to move in different directions;
these skills encompass jumping, galloping, bounding,
sliding, and leaping. Balance skills aim to control the body
during a specific task and involve maintaining balance on
one leg, balance with ball motor skills, and maintaining
body control during a task (26). In their research, Pan et
al. assessed the FMS in children with ASD and attention
deficit hyperactivity disorder (ADHD) using three groups,
including autism, ADHD, and normal and concluded
that in object control and movement patterns, autistic
children had more problems than ADHD and normal
children (26).

Some researchers believe thatautism can be diagnosed
based on children’s motor problems and even distinct
from other diagnoses, such as learning disorders or
ADHD. Accordingly, Miyahara et al. compared the motor
patterns of autistic children with learning disorders
and observed that autistic children had lower levels
of gross motor skills and ball skills than those with
learning disorders (27). In another study, Green et al.
assessed the motor impairments of ASD children and
concluded that these children had deficits in motor skills
(13). Manjiviona and Prior showed that 50% of children
with Asperger’s syndrome and 67% of children with
autism had impairments in Henderson’s Test of Motor
Impairments (28). Ghaziuddin and Butler observed that
motor problems were shown to be common using the
Bruininks-Oseretsky Motor Skills Test in children with
Asperger’s syndrome, autism, or pervasive developmental
disorders, which had not been specified in other ways
(29). As inferred from the articles, autistic children show
motor problems even when using different motor tests.
In these studies, autistic children were also compared to
children with other disorders, and autistic children were
shown to have more motor problems than those with
other disorders, such as ADHD.

In 2016, May et al. investigated a multidisciplinary
perspective on the motor impairment of autism spectrum
children as a diagnostic criterion. The aforementioned
study was a simple review article that, based on the
review of various articles, showed that autistic children,
compared to normal children in gross movements,
motor coordination, walking, upper limb movements,
and postural stability are problematic. = Movement
problems can show themselves before the occurrence of
disturbances in social interactions and speech. Delay and
movement problems can be of great help as a criterion and
behavioral indicator in the diagnosis of autistic children
(14). In a study, Dyck et al. investigated the relationship
between symptoms and abilities of autistic children.
The samples of this study were 29 children aged 4 to 13
years who had a definitive diagnosis of autism. Autism
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Table 3. CASP Scale *
Authors 1 2 3 4 5 6 7 8 9 10 1 Total
MacDonald et al. 1 1 1 1 0 0 1 1 0 1 1 8
(2014) (5)
Sacrey et al. (2015) (6) 1 1 1 1 0 0 1 1 1 1 0 8
LeBarton and Landa 1 [¢] 1 [¢] 0 1 o] 0 1 1 1 6
(2019)(7)
Fournier et al. (2010) 1 1 1 1 1 1 0 1 0 1 1 9
(8)
Guinchatetal. (2012) 1 0 1 0 0 1 0 0 1 1 1 6
(10)
Green et al. (2009) 1 1 0 1 0 0 0 0 1 1 1 6
(13)
Barbeau et al. (2015) 1 (] ] 1 ] ] 1 (] (] 1 1 5
(12)
Murray et al. (2007) 1 1 1 1 (0] (0] 1 1 (0] 1 1 8
(15)
Lloyd et al. (2011) (22) 1 o] 1 o] 0 1 o] 0 1 1 1 6
May etal. (2016) (14) 1 (0] (0] 1 (0] 1 (0] 1 0 0 1 5
Ohara etal. (2020) 1 1 1 0 o] 0 o] 1 1 1 0 6
(17)
Choi et al. (2018) (18) 1 1 (0] 1 (0] 1 1 1 (0] 1 1 8
Bedford et al. (2015) 1 o] 1 o] o] 1 0 1 1 1 0 6
(16)
Gernsbacher (2008) 1 1 1 0 1 0 1 1 0 1 1 8
(19)
Bricout et al. (2019) 1 1 1 ] ] ] 1 1 0 1 1 7
(23)
Lane et al. (2012) (20) 1 (0] 1 (0] (0] 1 (0] (0] 1 1 1 6
Bugnariu et al. (2013) 1 0 1 1 0 0 1 1 0 1 1 7

(21)

?Yes=1;No=0

symptoms, intelligence, language, motor coordination,
and social cognition were assessed, and children with
autism had low ability in all measures. There were
significant differences between intelligence quotient (IQ)
and theory of mind, fine and gross motor coordination.
The most common difference between IQ scores and
motor coordination was observed in 86% of children.
There was also a significant relationship between social
interactions and motor coordination (15).

May et al. (2016) examined the relationship between
motor development and the severity of stereotyped and
repetitive behaviors in autistic children, and 147 parents
of children and adults (with an average age of 8 years)
answered questions related to motor development and
abnormal motor behaviors. Tip-toe walking) and they
responded stereotypically. In this study, it was observed
that there is a significant relationship between motor
damage and repetitive and stereotyped behaviors, and it

Arch Neurosci. 2024; In Press(In Press):e143284.

indicates the ability to predict the occurrence of repetitive
behavior through motor development delay (14). In 2016,
Ketcheson, Huck, and Ulrich conducted an article entitled
“Effects of Early Movement Interventions on Movement
Skills, Social Interactions, and Movement Activity Levels”.
In this study, which was conducted on 20 autistic children
aged 4 - 6 years, they received movement interventions for
4 hoursaday, 5days aweek for 8 weeks. Based on the results
of the study, motor interventions improved the control
of objects, movements, and gross movements. These
authors considered the importance of implementing
motor interventions in the treatment of autistic children
(30).

Provost et al. investigated the comparison of motor
delay in children with autism spectrum and motor delay
of 21 to 41 months. In this study, 56 children (42 male and
14 female) participated, and motor development between
these two groups was investigated. Children with autism
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Table 4. Results of Article Relationship Between Motor and Behavioral Symptoms *

Authors Communication  Social Ssymptoms Speech Explain

MacDonald et al. (2014) (5) + + Not tested Gross motor skills can predict the severity of autism

Sacrey et al. (2015) (6) + + + Sensory and motor problems at 6 months can predict autism.

LeBarton and Landa (2019)(7) + + + Emphasizing the examination and monitoring of the motor function

Fournier et al. (2010) (8) + + + Movement problems can be used as a diagnostic criterion

Guinchat et al. (2012) (10) + + Nottested  Attention should be paid to the movement

Green et al. (2009) (13) + + + Motor damage is related to the degree of mental retardation and the
severity of the symptoms of autism.

Barbeau et al. (2015) (12) + + + Emphasizing the examination and monitoring of the motor function

Dycketal. (2007) (15) + + + Receptive language tested

Lloyd et al. (2011) (22) + Not tested Not tested Motor impairment is important

May et al. (2016) (14) + + Not tested Movement problems can be used as a diagnostic criterion

Ohara etal. (2020)(17) Not tested + Not tested Relationship between movement and social problem

Choi et al. (2018) (18) Not tested Not tested i Fine skills at the age of 6 months can predict speech at the age of 3
years.

Bedford et al. (2015) (16) + Not tested + The age at which they start to walk is related to the beginning of speech.

Gernsbacher et al. (2008)(19) + Not tested + Oral motor skills, manual manipulation, and fluency of speech have a
significant relationship with communication.

Bricout et al. (2019) (23) + + + Distinguish between children with motor impairment.

Lane et al. (2012) (20) + + + Delay in fine and gross motor skills at a young age is one of the

Bugnariu et al. (2013) (21) - -

characteristics of infants referred to the ASD clinic.

- Movement problems are not considered the main feature of autism

Abbreviation: ASD, autism spectrum disorder.
? (+) Positive relationship with motor; (-) Negative relationship with motor.

and motor delay were delayed in motor development;
however, there was no difference between these two
groups in terms of the amount of this delay (31).

Hedgecocketal. investigated the relationship between
gross motor development delay and the behavior and
quality of life of autistic children. In this study, 3253
autistic children aged 2 to 6 years were included in the
study. The quality of life of autism spectrum children has
a significant relationship; for this reason, these children
should be evaluated as soon as possible in terms of gross
motor development (32).

Dowd et al. wrote in 2010 in an article entitled
"Can motor skills impairment in autistic children be the
main criterion for autism diagnosis”. According to the
aforementioned article, there is a relationship between
motor skills and social communication skills in autistic
children (33). In 2018, Choi et al. conducted a study to
investigate the relationship between fine motor skills and
expressive speech in children with high and low risk of
autism. In this study, 71 normal children, 30 children with
a high risk of autism, and 69 children with a low risk of
autism were selected. Based on the linear hierarchical
model, children with a high risk of autism develop slower

in fine skills than normal children between the ages of
6 and 24 months, and fine motor skills at 6 months can
predict expressive speech at 3 years old (18). In 2008,
Ozonoff et al. investigated motor development, motor
abnormalities, and warning signs of autism spectrum. In
the aforementioned study, autistic, normal, and motor
delay children in terms of motor development (grasping,
rolling, sitting, crawling, and walking) were evaluated
using home videos. Noticeable differences were observed
in palmar, archer, and walking patterns, and movement
abnormalities and delays in protective skills were not
observed (34).

In a review article, Downey and Rapport examined the
movement activity of autistic children. Physiotherapists
should use movement activity as a main measure of
autistic children. In this article, 49 studies were included,
and it was observed that the amount of research carried
out in this field is very limited and incomplete. Autistic
children have problems in the field of movement, and
appropriate interventions should be implemented in
this field (35). In 2019, Bricout et al. investigated
motor capacities in autistic boys. The purpose of the
aforementioned study was to determine the specific motor

Arch Neurosci. 2024; In Press(In Press):e143284.
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profile of autistic male children and to determine the most
appropriate motor test. In the aforementioned study, 22
autistic children with an average age of 10 years and 20
healthy children with an average age of 10 years were
selected. Additionally, 42 movement tests were taken
from them. These children had problems with flexibility,
strength, endurance, manipulation, and ball skills (23).

In 2012, Lane et al. wrote an article entitled the motor
characteristics of autistic children. In the aforementioned
study, 30 children with an average age of 32 months were
tested using the Bailey test, version 3, and 8 months are
delayed compared to normal children from the point of
view of fine motor development. Therefore, gross and
fine motor development can be used as an early diagnosis
criterion (20). Gabis et al. showed that motor delay is
a common danger alarm in female children compared
to boys. In the aforementioned study, 467 children with
an average age of 3.5 years were included in the study.
According to the study, 60% and 47% of female and male
children have motor delays, respectively. In addition, 49%
and 36% of female and male children show general delay,
respectively. Female children’s walking delay can be used
as a diagnostic criterion (36).

In 2013, Bugnariu et al. investigated motor
performance in children with autism. In this study, 7
autistic children and 7 normal children aged 2 to 12 years
were evaluated in terms of walking, standing balance,
reaching, pointing, and dynamic tasks. Autistic children
have problems in walking, reaching, and balancing
compared to normal individuals. According to the
authors, although movement problems are not a
diagnostic criterion, they can be a useful help in this
field (21).

Jansiewicz et al. investigated the distinguishable
motor signs between autistic, Asperger’s, and normal
children. In the aforementioned study, 40 autistic male
children and 55 normal children aged 6 to 17 years
were included. According to the results of the study of
these children in terms of movement problems, autistic
children were distinguishable from normal children
(37). In a study involving 162 autistic children aged 12
to 36 months, Liyod, MacDonald, and Lord examined
movement issues, and it was shown that autistic children
are delayed in gross and fine movements, compared to
normal children (22).

In 2007, Ming et al. conducted a study on the
prevalence of movement problems in twins of the autism
spectrum. In the aforementioned study, 154 children
were evaluated using the cohort method in terms of
movement disorders, such as hypotonia, walking on the
toes, movement apraxia, and reduced flexibility. Ankle and
gross motor delays were evaluated. Hypotonia was the

Arch Neurosci. 2024; In Press(In Press):e143284.

most common motor symptom (38), which improved with
time, followed by motor apraxia (23), toe walking (29), and
gross motor delay (9). It was observed in these children,
according to the authors, that movement injuries are
common in these children and require timely therapeutic
interventions (38).

Bhat et al investigated motor delay with
communication problems in twin infants at risk of
autism spectrum. In this study, 24 high-risk twins and 24
low-risk twins with autism at the ages of 3 and 6 months
and then 36 months were studied based on the cohort
method. Most of the twins with a high risk of autism had a
motor delay, compared to children with low risk, and had
more communication problems (67-73%) (39).

Holloway et al. investigated the relationship between
gross movements and social skills of autistic male
children. In the aforementioned study, 21 autistic
children were evaluated based on Peabody Test 2, Miller’s
participation scale, and social skills improvement scale.
The highest correlation was observed between general
gross movement skills and social skills. Moreover, stability
was central to these skills. Specifically, stability, movement
accuracy, and manipulation of objects can predict social
skills (40).

Paying attention to early symptoms and interventions
in autistic children has received much attention from
researchers in recent years. Due to the rapid growth
of the brain at lower ages and attention to the golden
growth time for performing proper treatment, most
researchers seek early diagnosis. The motor domain
of autistic children has been overlooked in the past
years; however, the stages of motor development and
motor delay have recently received much attention from
researchers. According to studies performed by Bedford
et al. (16), Ohara, et al. (17), Dowd, et al. (33), motor
symptoms are associated with behavioral symptoms of
autistic children. This motor developmental delay does
not improve with time. This association might be sought
in brain circuits where, based on research, the cerebellum
and basal nuclei are injured and related to motor delay.
Some studies even regard frontostriatal circuit (conscious
planning of movement) and cerebellum (unconscious
planning of movement) injuries as significant issues
(31). Even in some cases, these children benefit from
the frontostriatal area to compensate for the impaired
cerebellum; this circuit also requires increased attention
and motor control, making it difficult for the child.

Finding more specific relationships between motor
and social skills might help in designing effective motor
skill interventions for improved social functioning
among individuals with ASD. Among studies of gross
motor skills, object control/faiming and catching skills,
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which include ball throwing, catching, and kicking, were
observed to be most likely to be related to social skills,
based on repeated findings of these links in previous
research. Previous studies have reported that lower-level
object control/aiming and catching skills are prominent
characteristics of individuals with ASD (17).

Unfortunately, many ASD children do not receive
an early diagnosis, and the diagnosis is delayed until 3
years of age. This delay hinders performing specialized
and accurate treatments on these children; however,
by benefitting from motor problems and topics, early
diagnosis can be achieved. The research literature
on autistic children has shown that motor problems
are significantly associated with socio-communicative
symptoms and school-related problems; accordingly, Van
Waelvelde et al.’s study showed that the existence of motor
problems and injuries led to autistic children’s reduced
quality of life (41). The existence of these problems has
caused motor issues to be controversial as even the central
nucleus of the problems of autistic children. Rinehart
N and McGinley | even recognized the motor problems
of autism as the central nucleus of this disorder, which
occupational therapists and physiotherapists should
maneuver more in this section (42).

Articles have not yet investigated the behavioral
symptoms and motor problems. According to the present
information, it can be concluded that motor impairment
is possibly associated with the behavioral symptoms
of ASD. Further research is required to determine the
exact relationship between motor subsets and behavioral
symptoms. Among the limitations of this study were the
age of the studied samples and the lack of specialized
articles on communication and movement problems that
require further investigation and research. Considering
the limited research conducted in the field of behavioral
and motor symptoms, it is suggested that research be
conducted in some fields, including communication and
sensory problems.

Footnotes

Authors’ Contribution:  Study concept and design:
E.P; Acquisition of the data: V.SH and S.A.H; Analysis and
interpretation of data: E.P; Drafting of the manuscript:
V.SH and S.AH; Critical revision of the manuscript for
important intellectual content: E.P and S.A.H; Statistical
analysis: V.SH; Administrative, technical, and material
support: V.SH and S.A.H; Study supervision: E.P.

Conflict of Interests: There is no conflict of interest.

Data Availability: The dataset presented in the study
is available on request from the corresponding author

during submission or after publication.

Funding/Support: The authors had no financial support
for this project.

References

1. American Psychiatric Association. Diagnostic and Statistical Manual of
Mental Disorders. Washington, DC: American Psychiatric Association;
2013. https://doi.org(10.1176[appi.books.9780890425596.

2. Maenner MJ, Shaw KA, Baio ], Washington A, Patrick M; EdS, et al.
Prevalence of Autism Spectrum Disorder Among Children Aged 8
Years - Autism and Developmental Disabilities Monitoring Network,
11 Sites, United States, 2016. MMWR Surveill Summ. 2020;69(4):1-12.
[PubMed ID: 32214087]. [PubMed Central ID: PMC7119644]. https://doi.
org[10.15585/mmwr.ss6904al.

3. Lavelle TA, Weinstein MC, Newhouse JP, Munir K, Kuhlthau KA, Prosser
LA. Economic burden of childhood autism spectrum disorders.
Pediatrics. 2014;133(3):e520-9.  [PubMed ID: 24515505]. [PubMed
Central ID: PMC7034397]. https://doi.org/10.1542/peds.2013-0763.

4. Harris SR. Early motor delays as diagnostic clues in autism spectrum
disorder. Eur | Pediatr. 2017;176(9):1259-62. [PubMed ID:28660313].
https://doi.org[10.1007/s00431-017-2951-7.

5. MacDonald M, Lord C, Ulrich DA. Motor skills and calibrated autism
severity in young children with autism spectrum disorder. Adapt Phys
Activ Q. 2014;31(2):95-105. [PubMed ID: 24762385]. https:|/doi.org|10.
1123/apaq.2013-0068.

6. Sacrey LA, Zwaigenbaum L, Bryson S, Brian ], Smith IM, Roberts W,
et al. Can parents’ concerns predict autism spectrum disorder?
A prospective study of high-risk siblings from 6 to 36 months
of age. | Am Acad Child Adolesc Psychiatry. 2015;54(6):470-8.
[PubMed ID: 26004662]. https://doi.org/10.1016/j.jaac.2015.03.014.

7. LeBarton ES, Landa R]. Infant motor skill predicts later expressive
language and autism spectrum disorder diagnosis. Infant Behav
Dev. 2019;54:37-47. [PubMed ID:30557704]. https://doi.org/10.1016/j.
infbeh.2018.11.003.

8. Fournier KA, Hass CJ, Naik SK, Lodha N, Cauraugh JH. Motor
coordination in autism spectrum disorders: a synthesis
and meta-analysis. | Autism Dev Disord. 2010;40(10):1227-40.
[PubMed ID: 20195737]. https://doi.org/10.1007/s10803-010-0981-3.

9. Gowen E, Hamilton A. Motor abilities in autism: a review using
a computational context. | Autism Dev Disord. 2013;43(2):323-44.
[PubMed ID: 22723127]. https://doi.org/10.1007/s10803-012-1574-0.

10. Guinchat V, Chamak B, Bonniau B, Bodeau N, Perisse D, Cohen D,
et al. Very early signs of autism reported by parents include many
concerns not specific to autism criteria. Res Autism Spectr Disord.
2012;6(2):589-601. https://doi.org[10.1016[j.rasd.2011.10.005.

1. Licari MK, Alvares GA, Varcin K, Evans KL, Cleary D, Reid SL,
et al. Prevalence of Motor Difficulties in Autism Spectrum
Disorder: Analysis of a Population-Based Cohort. Autism Res.
2020;13(2):298-306. [PubMed ID:31625694]. https://doi.org/10.1002/
aur.2230.

12. Barbeau EB, Meilleur AA, Zeffiro TA, Mottron L. Comparing Motor
Skills in Autism Spectrum Individuals With and Without Speech
Delay. Autism Res. 2015;8(6):682-93. [PubMed ID: 25820662]. [PubMed
Central ID: PMC5008150]. https:|/doi.org[10.1002/aur.1483.

13. Green D, Charman T, Pickles A, Chandler S, Loucas T, Simonoff E,
et al. Impairment in movement skills of children with autistic
spectrum disorders. Dev Med Child Neurol. 2009;51(4):311-6.
[PubMed ID:19207298]. https://doi.org[10.1111/j.1469-8749.2008.
03242.X.

14. May T, McGinley ], Murphy A, Hinkley T, Papadopoulos N, Williams
K], et al. A Multidisciplinary Perspective on Motor Impairment as
an Early Behavioural Marker in Children with Autism Spectrum

Arch Neurosci. 2024; In Press(In Press):e143284.


https://doi.org/10.1176/appi.books.9780890425596
http://www.ncbi.nlm.nih.gov/pubmed/32214087
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7119644
https://doi.org/10.15585/mmwr.ss6904a1
https://doi.org/10.15585/mmwr.ss6904a1
http://www.ncbi.nlm.nih.gov/pubmed/24515505
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7034397
https://doi.org/10.1542/peds.2013-0763
http://www.ncbi.nlm.nih.gov/pubmed/28660313
https://doi.org/10.1007/s00431-017-2951-7
http://www.ncbi.nlm.nih.gov/pubmed/24762385
https://doi.org/10.1123/apaq.2013-0068
https://doi.org/10.1123/apaq.2013-0068
http://www.ncbi.nlm.nih.gov/pubmed/26004662
https://doi.org/10.1016/j.jaac.2015.03.014
http://www.ncbi.nlm.nih.gov/pubmed/30557704
https://doi.org/10.1016/j.infbeh.2018.11.003
https://doi.org/10.1016/j.infbeh.2018.11.003
http://www.ncbi.nlm.nih.gov/pubmed/20195737
https://doi.org/10.1007/s10803-010-0981-3
http://www.ncbi.nlm.nih.gov/pubmed/22723127
https://doi.org/10.1007/s10803-012-1574-0
https://doi.org/10.1016/j.rasd.2011.10.005
http://www.ncbi.nlm.nih.gov/pubmed/31625694
https://doi.org/10.1002/aur.2230
https://doi.org/10.1002/aur.2230
http://www.ncbi.nlm.nih.gov/pubmed/25820662
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5008150
https://doi.org/10.1002/aur.1483
http://www.ncbi.nlm.nih.gov/pubmed/19207298
https://doi.org/10.1111/j.1469-8749.2008.03242.x
https://doi.org/10.1111/j.1469-8749.2008.03242.x

Uncorrected Proof

Shiri Vet al.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

20.

Disorder. Aust Psychol. 2016;51(4):296-303. https://doi.org/10.1111/ap.
12225.

. Dyck M], Piek JP, Hay DA, Hallmayer JF. The Relationship Between

Symptoms and Abilities in Autism. ] Dev Phys Disabil. 2007;19(3):251-61.
https:|/doi.org[10.1007/s10882-007-9055-7.

Bedford R, Pickles A, Lord C. Early gross motor skills predict
the subsequent development of language in children with
autism spectrum disorder. Autism Res. 2015;9(9):993-1001.
[PubMed ID: 26692550]. [PubMed Central ID: PMC5031219].
https://doi.org/10.1002/aur.1587.

Ohara R, Kanejima Y, Kitamura M, Izawa KP. Association between
Social Skills and Motor Skills in Individuals with Autism Spectrum
Disorder: A Systematic Review. Eur | Investig Health Psychol Educ.
2020;10(1):276-96. [PubMed ID:34542485]. [PubMed Central ID:
PMC8314246]. https:|/doi.org[10.3390/ejihpe10010022.

Choi B, Leech KA, Tager-Flusberg H, Nelson CA. Development of fine
motor skills is associated with expressive language outcomes in
infants at high and low risk for autism spectrum disorder. ] Neurodev
Disord. 2018;10(1):14. [PubMed ID:29649977]. [PubMed Central ID:
PMC5898056]. https://doi.org[10.1186/s11689-018-9231-3.

Gernsbacher MA, Sauer EA, Geye HM, Schweigert EK, Hill Goldsmith
H. Infant and toddler oral- and manual-motor skills predict later
speech fluency in autism. J Child Psychol Psychiatry. 2008;49(1):43-50.
[PubMed ID:17979963]. [PubMed Central ID: PMC4123528]. https://doi.
0rg(10.1111/.1469-7610.2007.01820.X.

Lane A, Harpster K, Heathcock J. Motor characteristics of young
children referred for possible autism spectrum disorder. Pediatr
Phys Ther. 2012;24(1):21-9. [PubMed ID: 22207461]. [PubMed Central ID:
PMC8112076]. https://doi.org/10.1097/PEP.0b013e31823e071a.

Bugnariu N, de Weerd C, Young C, Longnecker R, Garver C, van
Loon E, et al. Motor function in children with Autism spectrum
disorders. 2013 International Conference on Virtual Rehabilitation (ICVR).
Philadelphia, PA, USA,. IEEE; 2013. p. 51-6.

Lloyd M, MacDonald M, Lord C. Motor skills of toddlers
with autism spectrum disorders. Autism. 2011;17(2):133-46.
[PubMed ID: 21610184].  [PubMed Central ID: PMC3188325].
https://doi.org/10.1177/1362361311402230.

Bricout VA, Pace M, Dumortier L, Miganeh S, Mabhistre Y,
Guinot M. Motor Capacities in Boys with High Functioning
Autism: Which Evaluations to Choose? ] Clin Med. 2019;8(10).
[PubMed ID:31546634]. [PubMed Central ID: PMC6832130].
https://doi.org/10.3390/jcm8101521.

Gabbard C. 8th edition, editor. Lifelong Motor Development.
Philadelphia, USA: Lippincott Williams & Wilkins; 2021. 460 p.
Gallahue DL, Ozmun JC, Goodway ]D. Understanding Motor
Development: Infants, Children, Adolescents, Adults. New York, USA:
McGraw-Hill Education; 2011. 480 p.

Pan CY, Tsai CL, Chu CH. Fundamental movement skills in children
diagnosed with autism spectrum disorders and attention deficit
hyperactivity disorder. ] Autism Dev Disord. 2009;39(12):1694-705.
[PubMed ID:19588236]. https://doi.org[10.1007/s10803-009-0813-5.
Miyahara M, Tsujii M, Hori M, Nakanishi K, Kageyama H,
Sugiyama T. Brief report: motor incoordination in children with
Asperger syndrome and learning disabilities. | Autism Dev Disord.
1997;27(5):595-603. [PubMed ID: 9403374]. https://doi.org/10.1023/a:
1025834211548.

Manjiviona |, Prior M. Comparison of Asperger syndrome and
high-functioning autistic children on a test of motor impairment.
Autism Dev Disord. 1995;25(1):23-39. [PubMed ID: 7608032]. https:|/doi.
0rg[10.1007/BF02178165.

Ghaziuddin M, Butler E. Clumsiness in autism and Asperger
syndrome: a further report. | Intellect Disabil Res. 1998;42 (

Arch Neurosci. 2024; In Press(In Press):e143284.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Pt 1):43-8. [PubMed ID: 9534114].
2788.1998.00065.X.

Ketcheson L, Hauck ], Ulrich D. The effects of an early motor
skill intervention on motor skills, levels of physical activity, and
socialization in young children with autism spectrum disorder: A
pilot study. Autism. 2016;21(4):481-92. [PubMed ID: 27354429]. https:
[/doi.org[10.1177/1362361316650611.

Provost B, Lopez BR, Heimerl S. A comparison of motor delays in
young children: autism spectrum disorder, developmental delay,
and developmental concerns. | Autism Dev Disord. 2007;37(2):321-8.
[PubMed ID: 16868847]. https://doi.org/10.1007/s10803-006-0170-6.
Hedgecock |B, Dannemiller LA, Shui AM, Rapport M], Katz T.
Associations of Gross Motor Delay, Behavior, and Quality of Life
in Young Children With Autism Spectrum Disorder. Phys Ther.
2018;98(4):251-9. [PubMed ID:29325143]. https://doi.org/10.1093/ptj/
pzy006.

Dowd AM, Rinehart NJ, McGinley ]J. Motor function in children
with autism: Why is this relevant to psychologists? Clin Psychol.
2010;14(3):90-6. https://doi.org/10.1080/13284207.2010.525532.
Ozonoff S, Young GS, Goldring S, Greiss-Hess L, Herrera AM, Steele
], et al. Gross motor development, movement abnormalities, and
early identification of autism. ] Autism Dev Disord. 2008;38(4):644-56.
[PubMed ID:17805956]. [PubMed Central ID: PMC4405234]. https://
doi.org/10.1007/s10803-007-0430-0.

Downey R, Rapport M]. Motor activity

https://doi.org/10.1046/j.1365-

in children with

autism: a review of current literature. Pediatr Phys Ther.
2012;24(1):2-20.  [PubMed ID: 22207460].  https:|/doi.org[10.1097/
PEP.0bo13e31823db95f.

Gabis LV, Attia OL, Roth-Hanania R, Foss-Feig ]. Motor delay - An
early and more common "red flag” in girls rather than boys
with autism spectrum disorder. Res Dev Disabil. 2020;104:103702.
[PubMed ID:32570001]. https:|/doi.org[10.1016/j.ridd.2020.103702.
Jansiewicz EM, Goldberg MC, Newschaffer CJ, Denckla MB, Landa
R, Mostofsky SH. Motor signs distinguish children with high
functioning autism and Asperger’s syndrome from controls.
J Autism Dev Disord. 2006;36(5):613-21. [PubMed ID:16609826].
https://doi.org/10.1007/s10803-006-0109-y.

Ming X, Brimacombe M, Wagner GC. Prevalence of motor impairment
in autism spectrum disorders. Brain Dev. 2007;29(9):565-70.
[PubMed ID:17467940]. https://doi.org[10.1016/j.braindev.2007.
03.002.

Bhat AN, Galloway JC, Landa R]. Relation between early motor
delay and later communication delay in infants at risk for autism.
Infant Behav Dev. 2012;35(4):838-46. [PubMed ID: 22982285]. [PubMed
Central ID: PMC3538350]. https://doi.org/10.1016/j.infbeh.2012.07.019.
Holloway JM, Long TM, Biasini F. Relationships Between
Gross Motor Skills and Social Function in Young Boys With
Autism Spectrum Disorder. Pediatr Phys Ther. 2018;30(3):184-90.
[PubMed ID: 29727358]. [PubMed Central ID: PMC6013349].
https://doi.org/10.1097/PEP.0000000000000505.

Van Waelvelde H, Oostra A, Dewitte G, Van Den Broeck C,
Jongmans MJ. Stability of motor problems in young children
with or at risk of autism spectrum disorders, ADHD, and or
developmental coordination disorder. Dev Med Child Neurol.
2010;52(8):e174-8. [PubMed ID: 20132135]. https://doi.org/10.1111/j.1469-
8749.2009.03606.x.

Rinehart N, McGinley ]. Is motor dysfunction core to autism
spectrum disorder? Dev Med Child Neurol. 2010;52(8):697.
[PubMed ID: 20345958]. https://doi.org[10.1111/j.1469-8749.2010.
03631.X.


https://doi.org/10.1111/ap.12225
https://doi.org/10.1111/ap.12225
https://doi.org/10.1007/s10882-007-9055-7
http://www.ncbi.nlm.nih.gov/pubmed/26692550
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5031219
https://doi.org/10.1002/aur.1587
http://www.ncbi.nlm.nih.gov/pubmed/34542485
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8314246
https://doi.org/10.3390/ejihpe10010022
http://www.ncbi.nlm.nih.gov/pubmed/29649977
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5898056
https://doi.org/10.1186/s11689-018-9231-3
http://www.ncbi.nlm.nih.gov/pubmed/17979963
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4123528
https://doi.org/10.1111/j.1469-7610.2007.01820.x
https://doi.org/10.1111/j.1469-7610.2007.01820.x
http://www.ncbi.nlm.nih.gov/pubmed/22207461
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8112076
https://doi.org/10.1097/PEP.0b013e31823e071a
http://www.ncbi.nlm.nih.gov/pubmed/21610184
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3188325
https://doi.org/10.1177/1362361311402230
http://www.ncbi.nlm.nih.gov/pubmed/31546634
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6832130
https://doi.org/10.3390/jcm8101521
http://www.ncbi.nlm.nih.gov/pubmed/19588236
https://doi.org/10.1007/s10803-009-0813-5
http://www.ncbi.nlm.nih.gov/pubmed/9403374
https://doi.org/10.1023/a:1025834211548
https://doi.org/10.1023/a:1025834211548
http://www.ncbi.nlm.nih.gov/pubmed/7608032
https://doi.org/10.1007/BF02178165
https://doi.org/10.1007/BF02178165
http://www.ncbi.nlm.nih.gov/pubmed/9534114
https://doi.org/10.1046/j.1365-2788.1998.00065.x
https://doi.org/10.1046/j.1365-2788.1998.00065.x
http://www.ncbi.nlm.nih.gov/pubmed/27354429
https://doi.org/10.1177/1362361316650611
https://doi.org/10.1177/1362361316650611
http://www.ncbi.nlm.nih.gov/pubmed/16868847
https://doi.org/10.1007/s10803-006-0170-6
http://www.ncbi.nlm.nih.gov/pubmed/29325143
https://doi.org/10.1093/ptj/pzy006
https://doi.org/10.1093/ptj/pzy006
https://doi.org/10.1080/13284207.2010.525532
http://www.ncbi.nlm.nih.gov/pubmed/17805956
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4405234
https://doi.org/10.1007/s10803-007-0430-0
https://doi.org/10.1007/s10803-007-0430-0
http://www.ncbi.nlm.nih.gov/pubmed/22207460
https://doi.org/10.1097/PEP.0b013e31823db95f
https://doi.org/10.1097/PEP.0b013e31823db95f
http://www.ncbi.nlm.nih.gov/pubmed/32570001
https://doi.org/10.1016/j.ridd.2020.103702
http://www.ncbi.nlm.nih.gov/pubmed/16609826
https://doi.org/10.1007/s10803-006-0109-y
http://www.ncbi.nlm.nih.gov/pubmed/17467940
https://doi.org/10.1016/j.braindev.2007.03.002
https://doi.org/10.1016/j.braindev.2007.03.002
http://www.ncbi.nlm.nih.gov/pubmed/22982285
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3538350
https://doi.org/10.1016/j.infbeh.2012.07.019
http://www.ncbi.nlm.nih.gov/pubmed/29727358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6013349
https://doi.org/10.1097/PEP.0000000000000505
http://www.ncbi.nlm.nih.gov/pubmed/20132135
https://doi.org/10.1111/j.1469-8749.2009.03606.x
https://doi.org/10.1111/j.1469-8749.2009.03606.x
http://www.ncbi.nlm.nih.gov/pubmed/20345958
https://doi.org/10.1111/j.1469-8749.2010.03631.x
https://doi.org/10.1111/j.1469-8749.2010.03631.x

Shiri Vet al.

Uncorrected Proof

Table 2. Results of the Evaluation of the Quality of the Articles Based on the CASP Criteria

Authors Test and Age Method Conclusion CASP CEBM
Control
Group
MacDonald et al. 110 ASD; 26 14to33M Mullen scales and the Autism Based on this study, fine and gross 8 1b
(2014)(5) NL; 23 DL Diagnosis Observation Schedule. motor skills can predict the
severity of autism. Children with
poor motor skills have more social
communication deficits.
Sacrey etal. (2015) (6) 69; LRASD; 6;24;36 M Mullen’s Early Learning Scale, the Sensory and motor problems at 6 8 2b
168 HRASD; Early Learning Composite, the months can predict autism;
18 NL Vineland Adaptive Behavior Scales, however, repetitive behaviors and
the Adaptive Behavior Composite, social and communication skills
the Autism Symptoms Scale, and after 12 months cannot predict
the Autism Diagnosis Interview autism symptoms.
Scale.
LeBarton and Landa 140 ASD 6;24;36; M The Peabody Developmental Motor The findings of this study indicate 6 3b
(2019)(7) Scales-2, Mullen’s Early Learning that there is damage to the motor
Scale, Early Learning Collection, function of autistic infants. The
and Autism Diagnostic findings emphasize the
Observational Questionnaire. examination and monitoring of
the motor function of infants with
a high risk of autism.
Fournier et al. (2010) 83 ASD; 51 Meta-analysis Based on this study, movement 9 l1a
(8) NL problems in autistic children are
diverse and remain throughout
their lives, which can be used as a
diagnostic criterion.
Guinchat et al. (2012) 459 ASD 6to12M Mullen Scales of Early Learning and Based on the results of this study, it 6 3b
(10) the Autism Diagnosis Observation was determined that to diagnose
Schedule. and determine the danger signs of
autistic children, attention should
be paid to the movement,
emotional problems, and activity
level of the child.
Barbeau et al. (2015) 39 ASD;30 24to36 M Peabody Developmental Motor The findings of this study indicate 5 1b
(12) NL Scales-2, Mullen’s Early Learning that there is damage to the motor
Scale, Early Learning Collection, function of autistic infants. The
and Autism Diagnostic findings emphasize the
Observational Questionnaire. examination and monitoring of
the motor function of infants with
a high risk of autism.
Green et al. (2009) 101ASD 10 Mto Mullen’s Early Learning Scale, the Motor damage is caused as a result 6 3b
(13) 14[3M Early Learning Composite, the of brain damage, which is related
Vineland Adaptive Behavior Scales, to the degree of mental retardation
Adaptive Behavior Composite, and the severity of the symptoms
Autism Symptoms Scale, Autism of autism disorder.
Diagnosis Interview Scale
May et al. (2016) (14) - Simple review Based on the results of this study, 5 4
movement problems and delays
occur before social and
communication symptoms.
Movement problems can be used
as a diagnostic criterion; however,
further studies are required to
draw better conclusions.
Dycketal. (2007) (15) 29 ASD; 20 4t013y Social communication In this study, it was observed that 8 1b
NL questionnaire, autism diagnosis developmental abnormalities are

interview, Wechsler Intelligence
Scale for Children, clinical
assessment of basic language
skills, the McCarron Social and
Developmental Recognition Scale
questionnaire

related to most abilities, and social
communication symptoms have a
significant relationship with
movement problems and received
language skills.
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Table 2. Results of the Evaluation of the Quality of the Articles Based on the CASP Criteria (Continued)

Bedford et al. (2015)
(16)

Oharaetal. (2020)
(17)

Choi etal. (2018) (18)

Gernsbacher etal.
(2008)(19)

Lane et al. (2012) (20)

Bugnariu et al. (2013)

(21)

Lloyd et al. (2011) (22)

Bricout et al. (2019)
(23)

209 ASD

16 study

30 HRASD;
69 LRAS; 71
NL

115 ASD; 46
NL

30 ASD

7ASD;7NL

162 ASD

22 ASD; 20
NL

2,5,7and 9
y

36 M

6to24M

32M

2to12y

12t036 M

1tolly

Weiland’s adaptive behavior scale,
Mullen’s early learning scale, and
observational autism diagnosis
scale

Systematic review

Observational autism diagnosis
scale, social communication
questionnaire, and autism
developmental disorder screening

Study1investigated the oral and
hand-motor skills of infants; Study
2 confirmed the early predictions
of infants and toddlers with
historical home video; Study 3
evaluated the relationship between
the speech-motor skills of autistic
children and their speech fluency.

Bayley Scales of Infant
Development.

In child-friendly interactive virtual
environments, motor performance
was assessed while children
performed dynamic tasks, such as
pointing, reaching, standing
balance, and walking.

Weiland Adaptive Behavior Scale
and MSEL

European Physical Fitness Test
Battery, the Physical and
Neurological Exam for Subtle
Signs, and the Movement
Assessment Battery

According to the parents’ report,
the age of starting to walk is
related to the beginning of speech;
however, the time of gross motor
development, non-verbal
language, and severity of autism
are not related to speech; however,
the development of gross
movements can predict verbal and
non-verbal communication.

Of the 16 studies, 12 studies
confirmed the existence of a
significant relationship between
movement and social problems,
and 3 studies confirmed the
existence of a strong relationship
between fine movements and
social problems.

Children with a high risk of autism
between the ages of 6 and 24
months showed more motor
development delay, and fine skills
at the age of 6 months can predict
speech at the age of 3 years.

Based on this study, oral motor
skills, manual manipulation, and
fluency of speech have a significant
relationship with communication
skills, and this relationship
challenges new diagnostic criteria
to consider these skills.

Delay in fine and gross motor skills
atayoung age is one of the
characteristics of infants referred
to the ASD clinic. Furthermore, the
BSID-III may not be sensitive
enough to distinguish between
children referred to with and
without ASD.

The findings show that although
movement problems are not
considered the main feature of
autism, growing evidence shows
that the developmental trajectories
of balance, walking, and reaching
have a different slope (slower
speed) than the control group.

According to the results of this
study, children’s fine and gross
movements are defective in
movement scale and Wayland, and
movement interventions in these
children should be taken seriously.

Principal component analysis and
cumulative hierarchical cluster
analysis allow the classification of
children based on movement tests,
correctly distinguishing clusters
between children with and
without movement disorders.

3b

2a

3b

1b

3b

1b

Abbreviations: ASD, autism spectrum disorder; CEBM, center for evidence-based medicine; CASP, critical appraisal skills programme.
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