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Abstract  

Background:  Autism is a multisystem neurodevelopmental  
disturbance characterized by stereotyped behaviors, restricted  
interests, as well as impaired communication and social  
interactions.  

Aim of Study:  The current study examined the relationship  
between upper limb coordination, as measured by Bruininks-
Oseretsky Test of Motor Proficiency 2nd  Edition (BOT-2),  
and autism severity, as measured by the Childhood Autism  
Rating Scale (CARS).  

Subjects and Methods:  Thirty (30) children with a diag-
nosis of Autism Spectrum Disorder (ASD) were evaluated  

using the CARS and then tested for upper limb coordination  
using (BOT-2), Statistical analysis was then conducted to  
examine the relationship between autism severity and upper  
limb coordination.  

Results:  The results of the present study showed that there  
was a negative correlation between CARS score and upper  
limb after adjustment for age, weight, height, gender and year  

of birth.  

Conclusion: Evidence suggests that upper limb coordina-
tion in children with ASD is related to the severity of the  
disorder. Further research is needed to determine the extent  
and consistency of the motor impairments and possible treat-
ments.  

Key Words:  Autism spectrum disorder – Childhood Autism  
Rating Scale – Bruininks-Oseretsky Test of Motor  
Proficiency – Motor impairment.  

Introduction  

IN  recent years concern has risen about the increas-
ing prevalence of neurodevelopmental disorders.  
A striking example is Autism Spectrum Disorders  
(ASD). This condition is reported to affect 1 in 68  
children [1] . Autism spectrum disorder is a condi-
tion defined by its core features [2] . The diagnostic  
and statistical manual of mental disorders, fourth  
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edition, text-revised (DSM-IV-TR), published by  
the American Psychiatric Association for the clas-
sification of mental disorders, is used to diagnose  
the autistic disorder. The DSM-IV-TR criteria for  
autistic disorder includes: Qualitative impairment  
in social interaction, qualitative impairments in  
communication and restricted repetitive and stere-
otyped patterns of behaviour, interests, and activ-
ities. Although ASD is considered a psychiatric  
disorder, other features, more physical or systemic  

in nature, are associated with autism.  

It is characterized by a range of social and  
communicative impairments as well as repetitive  
behaviours. Although language, social, and cogni-
tive differences are characteristics of ASD, motor  
difficulties have also been noted [3] . Motor impair-
ment is not a part of the diagnostic criteria for  
children with ASD, however, the abundance of  
research literature reporting significant delays in  
gross and fine motor skill performance [4-6] .  

Some autistic children are well coordinated,  
but others have varied motor deficits. Previous  
researches has identified deficits in coordination  
and general motor function [7] , and the planning  
and execution of movement in children with ASD.  
The motor development of toddlers and preschool  
age children with ASD has emerged as an area of  

interest due, in part, to the increased need for early  
diagnosis and the increasing evidence that children  
with ASD exhibit atypical motor characteristics  
[8] . Early detection of motor developmental disor-
ders in autism spectrum disorders children will be  
of greater value for critical intervention of devel-
opmental delay.  

Studies that examined balance, coordination,  
movement or motor planning, and fine and gross  
motor skills in ASD, found problems in those areas.  
Although research is limited, anecdotal reports  
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suggest that some children with autism have lower  
muscle strength as compared to typically develop-
ing children [9,10] . It remains unclear how important  
muscle weakness is in autism and how muscle-
strength may contribute to the movement, balance,  

and coordination problems. Furthermore, no studies  

have examined the relationship between upper  

limb coordination and autism severity. The current  

study examines the relationship between upper  
limb coordination as measured by Bruininks-
Oseretsky Test of Motor Proficiency 2 nd  Edition  
[11] and autism severity as measured by the Child-
hood Autism Rating Scale (CARS) [12] .  

Subjects and Methods  

The present study carried out in the duration  

from November 2017 till April 2018, included  
thirty autistic children of both sexes; they were  

recruited from institutes of handicapped children  
and schools of special needs and some private  
clinics in Mansoura city.  

Study design:  

This study used a bivariate correlational re-
search design (pearson rank correlational coeffi-
cient). It examined the relationship between autism  
severity and motor impairment in children between  

age 8 and 10 years. Descriptive statistics were used  

to describe the motor impairment levels and sever-
ity. Research procedures to assure the safety and  

privacy of the subjects and to prevent unnecessary  

risk for them were included as part of this study  
in accordance with Institutional Review Board  
Protocol.  

Subjects:  

Children with a diagnosis of ASD were recruited  

from the community to participate in the study.  
After explaining the study and obtaining informed  
consent from the parent(s), each child was evaluated  

using the CARS [12] , and then tested for upper  
limb coordination subtest of Bruininks-Oseretsky  

Test of Motor Proficiency 2 nd  Edition [11] . Statis-
tical analysis was then conducted to examine the  

relationship between autism severity and upper  

limb coordination. Thirty children with autism  
their age was ranged from 8-10 years, who were  
full-term, had an overall IQ of at least 70, had no  

history of cerebral palsy or any other diagnosed  

major neurological condition, had no history of  
hearing problems, and had no hearing or sight  

problems that were not correctible. Diagnostic  

categories were based on physician diagnosis per  
parent report on the data form and confirmed by  

the DSM-IV-TR [2] .  

None of the study participants had any change  
in therapy or treatment (including medications)  
within one month prior to the study in order to  
limit possible confounding factors, such as prob-
lems from medication changes. None of the study  
participants had previously received carnitine-
based therapy or previous methionine or lysine  
supplementation. This study was designed to ex-
clude children who had a history of Fragile X  
disorder, tuberous sclerosis, phenylketonuria  
(PKU), Lesch-Nyhan syndrome, seizure disorder,  
cerebral palsy, fetal alcohol syndrome, or any  
history of maternal illicit drug use. Detailed infor-
mation was collected on each participant regarding  

age, gender, weight, height and year of birth. Table  

(1) summarizes the demographic information for  

the subjects examined in the present study.  

Assessment measures:  

1- Childhood Autism Rating Scale (CARS):  

Study participants were evaluated using a CARS  

test conducted only by a single study investigator  

who observed the participants and interviewed the  

parent(s). The CARS was completed just prior to  

upper limb coordination testing.  

The CARS test is a 15-item behavioural rating  

scale developed to identify autism as well as to  

quantitatively describe the severity of the disorder  
[12] . For CARS evaluation, a total score of about  

25 is considered to be the minimum cut-off for an  
ASD diagnosis [13] . The CARS is a well-established  
measure of autism severity. The internal consistency  

reliability alpha coefficient is 0.94; the inter-rater  

reliability correlation coefficient is 0.71; and the  

test-retest correlation coefficient is .88. CARS  
scores have high criterion-related validity when  
compared to clinical ratings during the same diag-
nostic sessions, with a significant correlation of  
0.84 [12] .  

2- Bruininks-Oseretsky test of motor proficiency-
2nd  edition (BOT-2):  

BOT-2 is a reliable and valid measure of fine  
and gross motor performance in individuals be-
tween 4 and 21 years of age [11] . We used upper  
limb coordination subtest to assess motor perform-
ance in the children. We are reporting scale scores  

for the upper limb coordination subtest.  

Data analysis procedures:  

All data were analysed using SPSS for Win-
dows, Version 23. Data cleaning and validation  
were completed prior to data analysis. Scatter plot  
analyses were undertaken for each set of data to  

examine for the presence of a linear relationship  
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and for data entry error. Data entry errors were  

corrected using verification from original data  

forms. A descriptive analysis of the demographic  
data was completed on the aggregate of the subjects  

including the frequencies of gender, age, weight,  

and height. Pearson correlation coefficient analysis  
was used to examine the correlation between the  

severity levels and motor impairment levels.  

Results  

The results of the present study showed that  

there is a negative correlation between CARS score  

and upper limb coordination indicated that CARS  

score is a significant predictor of upper limb coor-
dination level (r=–0.41 1 & p=0.024) after adjust-
ment for age, gender, height and year of birth.  

Table (1): General characteristics of the participants.  

Demographic data  

Gender**  
Age 
 Weight 

 

Height 
 

(number and frequency)  
(years) (kg) (cm)  

Male Female  

Mean  ±  SD* 
 

9.34± 
 

12.0± 
 

135.15± 20 10  
0.60 1.3 8 4.90 (66.66%) 

 

(33.33%)  

* : Data are expressed as mean ±  SD.  
**: Data are expressed as number and frequency.  

Table (2): Correlation between difference in CARS score and  

upper limb coordination.  

coordination subtest  
Upper limb 

CARS Score  

Mean ±  SD 2.43±2.30 34.50±5.50  
r-value –0.411  
p-value 0.024*  

r :  Pearson correlation coefficient.  
*: p<0.05 = Significant.  

Discussion  

The more severely affected a child with ASD  
was, the weaker the child's upper limb coordination.  
The apparent relationship between autism severity  

and upper limb coordination has interesting impli-
cations. First, it suggests that ASD may not be just  
a mental disorder, but a medical condition that  
may also include physical disability. Studies in  
ASD suggest a motor coordination component,  

impairments in motor development, hypotonia,  

and poor sensory-motor functioning in ASD  [8-10,  
14-16] .  

A second implication from the apparent rela-
tionship between autism severity and upper limb  

coordination is that treatments in autism may need  

to address the physical or medical disabilities [17] .  

The relationship between the upper limb coor-
dination and the autism severity level indicates  
that motor impairment is related to severity in ASD  
and has significant importance for understanding  

the neurobiology of ASD.  

Recruitment of a larger number of subjects with  

mild to moderate severity for future examination  
would help to substantiate the lack of differentiation  
between the motor skill impairment levels of mild  

to moderately severe and severe subjects. Replica-
tion of this study in a larger and more ethnically  

and geographically diverse population would help  
to strengthen the results of this study and to examine  
for ethnic differences in motor impairment.  

Further expansion of the underlying causes of  

motor impairment in children with ASS would also  
add an important dimension to what is currently  

known about motor impairments. Another valuable  
direction of inquiry would be to examine the rela-
tionship between motor skills and participation  
patterns by these children. This would allow better  

understanding and interpretation of the findings  

from this study regarding the relative value of  
motor skills for actual participation [18] .  

The impact of various interventions addressing  

the motor performance with children who have  

ASD would add depth to the understanding of this  
group. Examination of other factors correlated with  

the presence or lack of motor impairment could  

expand our understanding of this complex condi-
tion.  

Limitation:  

This study was limited by small sample size  
due to time bounded study. However, measuring  

upper limb coordination using BOT-2 in children  
with autism is more difficult because their level  

of awareness and ability to cooperate can present  

as confounding factors. How much the child's  

ability to follow directions and willingness to  
cooperate contributed to the variability is unknown.  

Conclusion:  

This current study suggests that upper limb  
coordination in children with ASD was related to  
the severity of the disorder. There is a paucity of  

research that examines motor impairment in ASD  

and possible underlying reasons. Conceivably,  
motor impairment contributes to other physical  

limitations, such as the movement, balance, and  
coordination problems. Understanding the extent  

of each child's muscle weakness, may provide  
more insight into the child's physical limitations  

and plan of care.  
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