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Abstract

Background: Motor impairment is common in children with autism that can be manifested as a gross and fine
motor coordination deficit, motor stereotype, gait disorder, postural and balance disorder or dyspraxia. Children with
autism are at risk for decreased bone mineral density (BMD). Aim: to assess gross motor skill performance and bone
mineral density in children with autism and to determine the difference between children with autism and age-
matched typically developing children (TDC) in gross motor performance and BMD. Methods: Thirty children with
autism and thirty typically developing children, their age ranged from 7-10 years, assessed by TGMD-2 for
evaluating gross motor skills and bydual energy x-ray absorptiometry scan for assessing bone mineral density of
whole body, spine and neck of femur. Results: There was a significant decrease in BMD and Z score of the whole
body, spine and left femur in children with autism compared with that of TDC (p < 0.05). Also, there was a
significant decrease in raw and standard scores of locomotor and object control and in sum of standard scores and
gross motor quotient of children with autism compared with that of TDC (p < 0.001). A positive correlation was
found between gross motor skills and BMD. Conclusion: it could be concluded that children with autism present
deficits in gross motor performance in the aspects assessed (locomotor and object control abilities). Also, they had
lower BMD Z-scores at the lumbar spine, femoral neck, and whole body than TDC.
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INTRODUCTION

Autism spectrum disorders (ASD) are complex, highly heritable neurodevelopmental diseases characterized
by individuals with a combination of behavioral and cognitive impairments. These include impaired or diminished
social communication skills, repetitive behaviors, and restricted sensory processing or interests (1).

When compared to typically developing children, children with ASD show poor gross motor skills. Gross
motor deficits impact 20% of children with ASD, especially affecting abilities requiring sophisticated coordination.
There is a propensity among children with ASD who have gross motor impairments to have lower socialization
abilities (2).

Motor impairment is common in children with ASD, and it can manifest as a gross and fine motor
coordination deficit (3), motor stereotype, gait disorder, postural and balance disorder (4), or dyspraxia (5). It was
found that found that 59 % and 79 % of ASD children had impaired motor skills, respectively(6, 7).

Some children with autism or ASD may have suboptimal bone growth as a result of their behavioural
problems or associated co-morbid disorders, similar to children with other physical or developmental disabilities that
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affect eating behaviour, nutritional intake, and activity levels (8, 9). At the spine, femoral neck, and total hip, bone
mineral density is decreased in males with ASD compared to healthy youngsters (10).

Poor nutrition (e.g., low dietary calcium and vitamin D consumption) combined with repetitive or limited
dietary intakes could put children with ASD at risk for suboptimal bone growth (11, 12). Physical inactivity and/or a
lack of sunlight exposure (poor endogenous vitamin D) are likely to have led to activity limitation and motion
problems. Physical activity and mechanical stress have a direct impact on bone mineral density (BMD) in children,
and children with ASD may have lower BMD early in life than normally developing children (TDC) due to lower
levels of physical activity (13).

MATERIALS AND METHODS

Thirty children with autism and thirty age-matched TDC from both sexes were enrolled in this study. Their
ages ranged from 7 to 10 years. The study was conducted during the period from February 2021 to August 2021 to
assess gross motor skill performance and BMD in children with autism and to determine the difference between
children with autism and age- matched TDC in gross motor performance and BMD. Children with autism have mild
to moderate autistic symptoms with a score ranging from 30 to 36.5 according to the childhood autism rating scale
(CARS) (14). Exclusion criteria included children with visual or auditory disorders, structural abnormalities in the
spine or upper and lower limbs and severe autistic features.

This study was approved by Research Ethical Committee of the Faculty of Physical Therapy, Cairo
University (P.T.REC/012/003123). The purpose and the protocol of this work were explained to all children and
their parents before conducting the study. Informed consent was obtained from all the participant's caregivers before
starting the study

Each child was assessed individually, and all assessments were conducted in a quiet environment to avoid
distracting the children.

Assessment of gross motor performance

The TGMD-2 was administered to all children participated in this study. Each child was assessed for 12
gross motor skills under 2 subtests: locomotor and object control subtests. The locomotor subtest contains run,
gallop, hop, leap, jump, and slide skills, while the object control subtest includes strike, dribble, catch, kick, throw,
and roll skills. Raw scores from each subtest can be converted to standard scores from the standardized norms. The
sum of the standard scores yields the overall gross motor quotient scores (a combination of all 12 gross motor
skills).
Assessment of bone mineral density

Dual energy x-ray absorptiometry was used for all children participated in this study to assess BMD for
hip, spine and total body that presented as bone mineral content (BMC) (g/cm2). Z score generated by the number of
standard deviations (SDs) from the predicted mean, these results are compared to reference values from healthy kids
of same age and sex.

RESULTS:

All statistical analysis was conducted through the statistical package for social studies (SPSS) version 25
for windows (IBM SPSS, Chicago, IL, USA). Normal distribution of data was checked using the Shapiro-Wilk test
for all variables. Levene’s test for homogeneity of variances was conducted to test the homogeneity between groups.
Unpaired t-test was conducted for comparison of subject characteristics between groups and to compare the mean
values of BMD, Z score and TGMD-2 between children with autism and TDC. Pearson Correlation Coefficient was
conducted to determine the correlation between BMD, Z score and TGMD-2. The level of significance for all
statistical tests was set at p < 0.05.

Table (1) showed the subject characteristics of children with autism and TDC. There was no significant
difference in age, weight, height, BMI and sex distribution between groups (p > 0.05).

Table 1. Comparison of subject characteristics between children with autism and TDC:

Mean = SD

glllltiilsdl:;en with TDC MD t-value p-value
Age (years) 8.66 +0.54 8.43+0.93 0.23 1.18 0.24
Weight (kg) 314+533 33.03+5.99 -1.63 -1.11 0.27
Height (cm) 130.83 = 6.42 132.1+7.95 -1.27 -0.67 0.5
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BMI (kg/m?) 18.22 +1.64 18.78 £2.15 -0.56 -1.13 0.26
Sex, n (%)
Girls 4 (13%) 7 (23%)

(* = 1.002) 0.51

Boys 26 (87%) 23 (77%)
SD: standard deviation; MD: mean difference; x?: Chi squared value; p-value: probability value

Table 2 showed that there was a significant decrease in BMD and Z score of whole body, spine and left

femur of children with autism compared with that of TDC (p < 0.05). Tables 3 showed that there was a significant
decrease in raw and standard scores of locomotor and object control subtests in children with autism compared with
that of TDC (p < 0.001). Also, there was a significant decrease in sum of standard scores and gross motor quotient
of children with autism compared with that of TDC (p < 0.001).

Table 2. Comparison between bone mineral density and Z score in children with autism and TDC

Children with autism TDC
Mean = SD Mean + SD MD t- value p value
BMD (gm/cm?)
Whole body 0.54+0.09 0.6 +0.03 -0.06 -3.31 0.002*
Spine 0.52 +£0.03 0.55+0.05 -0.03 -2.17 0.03*
Left femur 0.81+0.13 0.88+0.12 -0.07 -2.44 0.01*
Z-score
Whole body 0.66+1.16 1.85+1.08 -1.19 -4.07 0.0001*
Spine -0.34 £ 0.55 0.34+0.95 -0.68 -3.37 0.001*
Left femur 0.54+1.23 1.63 +1.24 -1.09 -3.41 0.001*

BMD: bone mineral density; SD: standard deviation; MD: mean difference; p-value: probability value; *
significant
Table 3. Comparison between raw, standard scores of locomotion and object control subtests and gross motor
quotient in children with autism and TDC

Children with autism TDC

Mean = SD Mean = SD MD t- value p value

Raw score

Locomotor 28 +8.29 4476 £2.31 -16.76 -10.66 0.001%*

Object control 27.7+4.17 45.73+£2.93 -18.03 -19.34 0.001*
Standard score

Locomotor 3.86 +1.88 11.43 +1.63 -7.57 -16.59 0.001*

Object control 2.83+1.44 12.06 = 1.72 -9.23 -22.53 0.001%*
Sum of standard scores 6.7 +2.96 23.46 + 2.63 -16.76 -23.16 0.001*
Gross motor quotient 60.7 £ 8.49 1104=7.9 -49.7 -23.45 0.001*

SD: standard deviation; MD: mean difference; p-value: probability value; * significant
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Table 4 showed that the correlation between locomotor standard score and whole body and spine BMD in
children with autism was moderate positive significant correlation with(p = 0.024, 0.001) respectively, while weak
positive non-significant correlation was found with left femur BMD (p = 0.309). The correlation between locomotor
standard score and whole body and spine Z score was moderate positive significant correlation (p = 0.025, 0.001)
respectively, while weak positive non-significant correlation was found with left femur Z score (p = 0.471).

The correlation between object control standard score and whole body BMD was weak positive non-
significant correlation (p = 0.823), moderate positive significant correlation with spine BMD (p = 0.042) and
moderate positive non-significant correlation was found with left femur BMD (p = 0.088).The correlation between
object control standard score and whole body Z score was weak positive non-significant correlation (p = 0.505),
moderate positive significant correlation with spine Z score (p = 0.013) and weak positive non-significant
correlation was found with left femur Z score (p = 0.216).

The correlation between sum standard scores and whole body BMD was weak positive non-significant
correlation (p = 0.260), moderate positive significant correlation with spine BMD (p = 0.034) and weak positive
non-significant correlation was found with left femur BMD (p = 0.222). The correlation between sum standard
scores and whole body Z score was moderate positive non-significant correlation (p = 0.178), moderate positive
significant correlation with spine Z score (p = 0.015) and weak positive non-significant correlation was found with
left femur Z score (p = 0.279).

The correlation between gross motor quotient and whole body and spine BMD was moderate positive
significant correlation (p = 0.009, 0.007) respectively, and weak positive non-significant correlation was found with
left femur BMD (p = 0.319).The correlation between gross motor quotient and whole body and spine Z score was
moderate positive significant correlation (p = 0.005, 0.003) respectively, and weak positive non-significant
correlation was found with left femur Z score (p = 0.648).

Table 4. Correlation between gross motor performance and bone mineral density and Z score in children
with autism

Locomotor Object control Sum standard Gross motor
standard score standard score scores quotient
r value p value r value p value r value p value r value p value
Whole body 0.410 0.024* 0.043 0.823 0.212 0.260 0.466 0.009*
BMD Spine 0.614 0.001* 0.373 0.042* 0.389 0.034* 0.481 0.007*
Left femur 0.192 0.309 0.317 0.088 0.230 0.222 0.188 0.319
Whole body 0.408 0.025* 0.127 0.505 0.253 0.178 0.496 0.005*
Zscore  Spine 0.563 0.001* 0.449 0.013* 0.438 0.015* 0.529 0.003*
Left femur 0.137 0.471 0.233 0.216 0.204 0.279 0.087 0.648

BMD: Bone mineral density; r value: Pearson correlation coefficient, p value: Probability value, * significant

DISCUSSION:

The purpose of this study was to assess gross motor skill performance and BMD in children with autism
and to determine the difference between children with autism and age- matched TDC in gross motor performance

and BMD.

Motor impairments are very important in ASD because they are possible early clinical markers and their
possible pathogenetic contribution to the development of social communication deficits in children with ASD. This
can be due to the basic role played by the motor system for exploring and knowing the surrounding environment

(15).

The results of the present study revealed that there was a significant decrease in the BMD of whole body,
spine and left femur in children with autism compared with that of TDC. The Z-scores of the whole body, spine, and
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left femur of children with autism were significantly lower than those of TDC. Also, , the locomotor and object
control raw scores, standard scores, sum of standard scores, and gross motor quotient in children with autism were
significantly lower than children with TDC.

The significant decrease in BMD in children with autism when compared with TDC could be explained by
previous studies who found that physical activity and mechanical loading can directly impact BMD in children, and
children with ASD may be at risk for lower BMD than TDC early in life because of lower levels of physical
activity(13, 16, 17). It was reported thatexercise can have an important impact on bone health and boys withASD
had lower activity levels than controls (16).This difference can be attributed to restricted diets and decreased
physical activity as risk factors for low BMD in children with ASD (10, 18).

It was reported that adequate vitamin D intake is essential for optimal bone mineralization and pubertal
bone accrual and a lower vitamin D intake in boys with ASD associated with lower serum 25(OH) D levels in the
long-term may have important deleterious effects on bone health (19).

The results of the current study come in agreement with previous studies that reported that lower BMD in
peripubertal boys with ASD compared to TDC at the spine, hip, and femoral neck (10, 13). Also, it was found that
low BMD Z-scores and low bone cortical thickness in children with ASD (20, 21, 22).

The significant differences between children with autism and TDC in gross motor performance related to
locomotor and object control abilities could be explained by the findings of previous study who studied 734 children
from the general population with the possible association of the polygenic risk score for ASD (representing an
estimate of the genetic liability to ASD) with neurodevelopmental progress. It was found that the link between
autism and motor delay is suggested not only by clinical data, but also by genetic data. They reported that genetic
risks for ASD might be related to delays in the gross motor domain as well as in the receptive language domain (23).

Significant differences between children with autism and TDC in gross motor performance could be
attributed to the fact that the origin of motor dysfunction in ASD infants might be an early impairment of long-range
brain connectivity causing failure in multisensory integration negatively affecting motor development, and not a
defined focal lesion of the central nervous system. In fact, the neurological examination of these individuals almost
never shows focal signs (24).

The gross motor dysfunction in children with autism concerning locomotor and object control abilities
come in agreement with previous study who evaluated children with ASD between 7 and 10 years of age, using the
MABC-2 scale. They found that children with ASD presented deficits in motor performance, evidenced by deficits
in balance skills and ball skills (25). Also, it was found that in comparison to TDC, children with ASD show poor
gross motor skills in throwing a ball, using stairs, jumping/hopping/skipping, catching a ball, and riding a tricycle or
bicycle (26). Previous studies found that children with ASD have difficulty with movements that require postural
control, bilateral coordination, or upper-lower body coordination, such as jumping forward and controlling speed
and direction when throwing or kicking a ball (27, 28, 29).

It was found that clinical experience and literature data suggest the presence of early heterogeneousmotor
dysfunctions in ASD patients that may even precede the onset of the core signs ofautism (30).It was reported that
79.2 percent of children with ASD who were tested with the M-ABC2 had motor impairments that required
remediation (7).

The results of the present study showed significant differences in gross motor quotient scores in children
with autism when compared with TDC. This comes in consistent with previous study who found that overall gross
motor quotient scores revealed a significant performance difference between children with ASD and age-matched
typically developing children, as well as significant performance differences in object control standard scores and
locomotor subtest scores (31).

According to the results of this study, a positive correlation was found between motor performance and
BMD. This comes in agreement with previous studies who reported that poor motor competence in childhood is
associated with reduced PA levels in adolescence which is known to affect bone strength (32, 33). Also, it was
found that low bone strength has been seen in adolescents with motor issues, as well as children, adolescents, and
adults with low motor competence (34, 35). It was reported that poor motor skill in childhood was linked to lower
bone strength in adolescence (36).

CONCLUSION:

It could be concluded that children with autism present deficits in gross motor performance in the aspects
assessed (locomotor and object control abilities). A comparison of motor performance of the autism group with their
peers in the control group made the discrepancy in their motor skills even more evident. Also, they had lower BMD
Z-scores at the lumbar spine, femoral neck, and whole body than TDC. Moreover, gross motor performance
including locomotor and object control abilities was associated positively with BMD measures. This study may
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provide more insight into the child's physical limitations and plan of care as itemphasizes the necessity of pay
attention to the motor performance of children with autism and monitoring bone development in those children to
identify effective strategies for ensuring bone health.
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