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Abstract

The purpose of this study was to determine the effect of a period of selected exercises over
soft and hard surfaces on the static balance of children with autism spectrum disorder
(ASD). Twenty children with ASD (age 7.8+2.81 years) were selected through
convenience sampling from the Ordibehesht Autism Center of Isfahan. Then, they were
matched for age, sex, height, weight and autism index as well as assigned into two groups
of 10 persons doing exercise on a soft surface and hard surface. They participated in a
period of selected balance exercises for 24 sessions (three times a week). Static balance of
these children was evaluated in the pretest and post-test by assessing the amount of
displacement of the center of pressure in the anteroposterior and mediolateral directions
while standing on the Foot Scan for 18 seconds. To analyze the data, the mixed (2 x 2)
variance analysis was used (p <0.05). The results showed that static balance with open
eyes of both groups improved significantly after the intervention. However, there was no
significant difference between the two groups of exercise on the soft and hard surfaces.
Exercise on surfaces with different stiffness improves the balance of children with ASD
by reinforcement of the proprioceptors.
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Extended Abstract

Background and Purpose

Autism spectrum disorders (ASDs) are a group of neurodevelopmental disorders
diagnosed based on impairments in communication, reciprocal interaction and
stereotypic behavior (1). In addition to the core symptoms of ASD, impaired
movement is commonly observed in individuals with ASD (2). Minshew et al.
(2004) reported that the autistic subjects reduced postural stability (3). The ASD
children produced greater (438%) normalized mediolateral sway than their age-
matched controls. Similarly, the magnitude of the anteroposterior sway was 104%
greater in the ASD group (4). Since children with autism have developmental
delays or problems in the central nervous system as well as the clinical features
associated with ASDs, they experience greater levels of postural sway. The review
of the literature indicates poor postural control in children with ASD; however,
there is insufficient research regarding the use of balance training programs in
ASD children. Therefore, the purpose of this study was to determine the effect of
a period of selected exercises over soft and hard surfaces on the static balance of
children with ASD.

Materials and Methods

In this study, 20 ASD children with a mean age of 7.8+2.81 years were selected
via convenience sampling from Ordibehesht Autism Center of Isfahan. Then, they
were matched based on age, sex, height, weight and autism index and assigned
into two groups of 10 persons who exercised on a soft surface and hard surface.
The autism index was evaluated using Gilliam Autism Rating Scale-2 (GARS-2).
The GARS-2 is a 42-item norm-referenced screening instrument used for the
assessment of individuals aged 3-22 who have severe behavioral problems that
may be a sign of autism. For the intervention, the participants attended three
balance training sessions per week for 24 sessions. Each session lasted
approximately 45 min and was supervised by a licensed and certified athletic
trainer. During each session, one group of participants performed a set of balance
training exercises on hard surface and the other group on soft surface. Each
exercise had progression levels through which participants could advance.

Static balance of these children was evaluated with open and closed eyes in the
pre-test and post-test by assessing the amount of displacement of the center of
pressure in the anteroposterior and mediolateral directions while standing on the
Foot Scan for 18 seconds. The center of pressure displacement was calculated
based on the raw data including anteroposterior range, mediolateral range, mean
velocity (MV), MV anteroposterior, MV mediolateral, MV total, root mean square
(RMS), RMS anteroposterior, RMS mediolateral, RMS total, sway area (SA) and
mean frequency (MF). These measurements were done with open and closed eyes.
The Shapiro-Wilk test and Levene’s test were used to secure the normal
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distribution and equality of variance assumptions, respectively. To analyze the
data, the mixed (2 x 2) variance analysis was used (p <0.05).

Results

Table 1 shows the descriptive statistics of the variables regarding the center of pressure in
the anteroposterior and mediolateral directions when static balance is performed on
two legs with the open and closed eyes in pre- and post-tests.

Table 1- Descriptive Statistics of the Variables Related to COP

Closed Eyes Open Eyes Closed Eyes Open Eyes
. (hard surface) (hard surface) (soft surface) (soft surface)
Variables
Mean + SD Mean + 8D Mean + 8D Mean + 8D
Post Test ~ Pre-Test  Post Test Pre-Test  Post Test  Pre-Test  PostTest Pre-Test
APrange(cm) 636273 6/62+3/59 4181065 T/M13+37 T27+4/23 TM46+4/28 6/23+3/76 8/19+3/63
MLrange(cm)  5/81+3/97 5097+£2/77 4/63+£2/19 6/57+2/82 501+£225 6/84+£3/22 422+2/64 841+6/71
MV_ . 306+£1/93 295+1/36 206+078 312+1/64 32922  309+1/87 256137 4/01+£2/28
Anteropostertor (cm/s)
MV f it f /5 / / / J i} B5+1/
Mediolateral (cau’s) 329184 279£1/51 254£124  32+17 0 32£17  340£205 285+1/65 365178
MV Total (cm/s)  4/92+£2/59 4/42+£2/12 3/55+1/53 4/94+£2737 497277 5124334 4/24+218 5/88+2/59
RMS US4£0/9] 1S0+0084 098£0063 USTHOTS 49094 US2E082 166127 180£112
Anteroposterior (cm)
. +1f + + 0/ £ £/ 10 £/ /49 £
D el 138=1/14 1/30+0/61 0/98+0/66 142063 0B4+£036 1/47+£0/96 092+0/54 1/49+0/85
RMS Total (cm)  2/19=126 1/93+£0/9% 141£0/90 2/03+0/84 175£0095 223+£1/02 198+125 21740/87
SA (cm?fs) S02£28/2 53/5+283 396+ 1414  49/5221 53/T£26/8 37064454 47+25  66/5£32/4
MF (Hz) 0/025 =0/014 0/020 £ 0/0100/017 £ 0/007 0/025 + 0/013 0/025 £0/0150/024 £ 0/014 0/021 £ 0/0110/03 £ 0/014

There were significant differences between pre-test and post-test in COP variables with
open eyes. When the measurement was performed with closed eyes, there were no
significant differences between pre- and post-tests.

The distribution of data was normal, and the results of Levene’s test showed that the
variance was equal among groups. There were not significant differences between COP
variables with closed eyes. Anteroposterior range (P=0.015), mediolateral range
(P=0.025), MV of anteroposterior direction (P= 0.012), total MV (P= 0.016), RMS of
mediolateral direction (P= 0.013), SA (P= 0.025) and MF (P=0.039) improved
significantly after intervention with open eyes. The intervention of group x time and the
effect of group were not significant. However, there was no significant difference between
the two groups of exercise on the soft and hard surfaces.

Discussion

Interestingly, the worsened balance skills have been linked to anxiety, as evidenced by
behavioral and neurological studies, the anxiety, in turn, can lead to activity avoidance.
Moreover, the anxiety can alter basic sensory processing, thereby affecting the manner in
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which sensory input is used to regulate balance (5). Therefore, the participation of the
ASD children in 18-session balance training as well as the continuous interaction and
communication between both subgroups and their trainers can alleviate the experienced
anxiety, their shortcomings in communication and social conditions and consequently, the
amount of postural sway (2). After the balance training, an increase in balance
performance could be expected, presumably based on a training effect on the reflex control
of muscle activity induced by exercising in the closed kinematic chain with known
proprioceptive effects. The strength gain may be explained by an improved intramuscular
and intermuscular coordination as well as by a more economic activation of agonists,
achieving a stabilization of the extremities (6).

Exercise on surfaces with different stiffness improves the balance of ASD children
through reinforcing the proprioceptors.
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Table2- Descriptive characteristics of center of pressure variables
g e A e
(S pebas) (S pela) (pF pla) (p 7 pelas)
Closed eyes Open eyes Closed eyes Open eyes e
(hard surface) (hard surface) (soft surface) (soft surface) Variable
M=+ SD M+ 5D M+ 5D M+ 5D
Posttest Pretest Posttest Pretest Posttest Pretest Posttest Pre test
636+2.73 6.6243.59 4.18+1.65 T7.13£3.7 727423 746428 6.23+3.76 8.19+£3.63 AP range (cm)
581397 597277 4.63£2.19 6.75£282 501£225 6.84£322 4224264 §41£6.71 ML range (cm)
MV
306£193 295£136 2062078 3.12+164 32942 3094187 256+137 4.01£228 .
Anteroposterior (cm’s)
3295184 279151 2542124 32517 3217 342205 2.85:165 3.65:178 wr‘éﬁf,‘;iamrﬂ
492+259 4424212 355£1.53 494£237 497277 5124334 4244218 5.88£2.59 MV Total (cm/s)
RMS
£0.92  1.500. 980 370 490 524082  1.66£1. 841, .
1542092 150084 098£0.63 137x0.75 149094 152+08 1.66£127 1.8+1.12 Anteroposterior (cim)
138+1.14 130061 098+0.66 142+0.63 0.84x036 147096 092+0.54 149085 - S
Mediolateral (cm)
2.1=12 1.9+09 14209 2+0.8 1.7£09 2241 19+12 2.1=0.8 RMS Total (cm)
50+28 53428 39+14 49421 53+26 57+44 47425 6632 SA (em?fs)
0.02£0.01 0.02£0.01 0.02+0.01 0.02+0.01 0.02+0.01 0.02+0.01 0.02+0.01 0.03£0.01 MF (Hz)
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Table3- Results of mixed ANOVA with open eyes

Ef]_‘ect P F df Mean Resource Variables
size square
0.30 *0.01 737 1 57.09 Time
0.01 059 029 1 2.29 Time x Group AP range
0.08 022 158 1 2291 Group
0.26 *0.02 6.03 1 88.91 Time
0.04 0.38 080 1 11.91 Time x Group ML range
0.01 0.61 025 1 4.88 Group
0.31 *0.01 793 1 14.82 Time MV
0.01 0.66 019 1 0.36 Time x Group Anteroposterior
0.07 026 130 1 4.55 Group
0.29 *0.01 7.08 1 21.73 Time
0.03 0.83 040 1 0.13 Time x Group MV Total
0.05 035 092 1 6.28 Group
0.31 *0.01 766 1 243 Time RMS
0.01 074 011 1 0.03 Time x Group Mediolateral
0.01 098 001 1 0.01 Group
0.26 *0.02 605 1 2.36 Time
0.01 088 002 1 0.01 Time x Group MF
0.05 0.33 1 1 0.03 Group
0.23 *0.03 497 1 2064 Time
0.03 047 052 1 217 Time x Group SA
0.09 0.19 180 1 1408 Group
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