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Abstract

Background: Individuals diagnosed with Autism Spectrum Disorder
(ASD) exhibit some type of motor control impairment, for instance,
motor apraxia and history of gross motor delay that could lead to
increased risk of fall. This pilot research was designed to assess and
characterize static postural stability and create a starting point to
better understand and describe postural control in children with mild
autism.

Method: We measured static postural control with center of pressure
(COP) displacement in 10 children with mild autism during eight
sensory conditions that challenge and cancel the visual,
proprioceptive and vestibular systems.

Results: Our results showed that children with autism demonstrated
increased postural sway in response to challenges to the
proprioceptive and vestibular systems.

Conclusion: Therefore, under appropriate, challenging conditions,
static postural control instability can be detected in children with mild
autism.
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Introduction

Autism is a developmental disorder characterized by deficits in
language, social skills, environment interaction and motor func-
tion development; although the latter has not been thoroughly
researched (Mari er al., 2003) (Fournier et al., 2010a). Accord-
ing to the “Diagnostic and Statistical Manual of Mental Disor-
ders” (DSM-1IV), classic autism, as well as Asperger’s disorder,
infantile disintegrative disorder and generalized not specified
developmental disorder is now all classified under the Autism
Spectrum Disorder (ASD) (American Psychiatric Association,
2013).

Individuals diagnosed with Autism Spectrum Disorder (ASD)
have been shown to have deficiencies in motor control such as
motor apraxia, clumsiness, reduced ankle movement, history of
gross motor delay, and toe-walking (Ming er al., 2007; Teitelbaum
et al., 1998). These deficiencies could lead to a risk of falls and
lower quality of life in these individuals.

Kohen-Raz er al. (1992) found that children with autism have
more difficulty maintaining postural control due to the gait pat-
tern (walk on tip-toes) that they exhibit regularly. Also, children
with ASD have difficulty in the integration of sensory informa-
tion. Specifically, deficits may exist in the processing of vestibular
and proprioceptive information when compared to children with
normal development (Blanche er al., 2012; Fournier et al., 2010b;
Shumway-Cook & Woollacott, 2001a).

The literature shows concurrent limitations and consensus in
which sensory system specifically alter postural control in chil-
dren with autism. Nevertheless, problems in motor control may be
caused by some deficit in postural control mechanisms (visual,
proprioceptive and vestibular systems) or problems in the integra-
tion/adaptation of these systems (Blanche er al., 2012; Fournier
et al., 2010a; Fournier et al., 2010b; Kern et al., 2007; Kohen-Raz
et al., 1992; Molloy et al., 2003; Shumway-Cook & Woollacott,
2001b).

Consequently, it is necessary to study and describe how the sen-
sory systems relate to postural control in children with ASD. The
primary purpose of our research project is to identify postural
deficiencies that may exist and to describe postural control in
children who have autism with the objective to ascertain how
these systems react when challenged or altered. Therefore, we
hypothesized that when standing still (double legged), children
with ASD will exhibit the following: 1) increased sway in one or
more of the balance conditions, 2) challenges of the vestibular
and proprioceptive systems will increase center of pressure (COP),
and sway in a mediolateral (M-L) direction.

The long term goals of this pilot study are to provide the
foundation to enhance the understanding of postural control, create
new inquiry projects to help comprehend postural control in the
different categories of autism and aid in developing targeted
interventions for fall prevention in children with autism.
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Materials and methods

Parents of children diagnosed with mild ASD who were inter-
ested in the study called the number on the recruitment flyer. The
PI spoke with the parent to assess whether their child qualified
for the study based on the following inclusion and exclusion cri-
teria. The inclusion criteria were: (1) children from 7-12 years
of age, male or female, (2) mild ASD diagnosis (as determined
by a medical doctor (3) (5) capable of ambulating independently.
Exclusion criteria were: (1) children with additional neurological
problems, (2) children with visual problems, (3) children unable
to tolerate walking or standing barefoot, (4) children who have
fallen three or more times in the last three months, and (5) chil-
dren with vestibular problems. We assessed the vestibular system
utilizing the Fukuda Stepping Test (Fukuda, 1959). After
hearing the qualifications, if the parent wished to volunteer their
child for the study, an appointment was made for them to come
to the Biomechanical Laboratory.

Ten children, diagnosed with a mild ASD that fulfilled the inclu-
sion criteria participated in this study (Table 1). This project
was conducted in the Biomechanical Laboratory of the Medical
Science Campus of the University of Puerto Rico. The
recruitment of participants was performed by posting flyers at
the University of Puerto Rico, Medical Science Campus and
other Centers in the Metropolitan Area.

After parents and children had given written consent, the fol-
lowing steps were followed: (1) A preparatory protocol was
performed to familiarize the children with the study protocol, the
staff and the children spent 5 minutes watching photos related
to the materials, equipment, workplace, and team members. (2)
Anthropometric measurements were taken (weight and height) as
descriptive measures and to calibrate the pressure mat, MatScan.
(3) The Fukuda test was performed to rule out vestibular system
impairment (Fukuda, 1959).

Balance assessment protocol

To assess balance, we used a MatScan TM pressure mat (TekS-
can, Boston, MA). This mat contains sensors that measure body
sway in centimeters (cm), anteriorly (forward), posteriorly
(backward) (A-P), or laterally (sideways) (L-R). The mat pro-
vides information about the direction and amount of sway as well

Table 1. Demographic and Anthropometric
Information of Participants.

Mean = SD
Gender . .
Weight (kg) Age (years) Height (m)
M=8 3826+6.12 89+ 1.36 1.41+£0.08
F=2 225+411 7.0+0.00 1.26 £ 0.09
Total 10 3511 +867 85143 1.38 £ 0.10

kg: kilogram; m: meter; SD: standard deviation
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as area or center of pressure (COP). The data collected with the
pressure mat, center of pressure (cm?) and sway (cm), was
analyzed with Tekscan Sway Analysis Module (SAM) software
designed for this purpose. This test was used to determine the
effectiveness of an individual’s ability to use different sensory
stimuli to examine the balancing of the body while standing
under different conditions. The MatScan has an intra-rater
reliability of .96-1.0 (Zammit et al., 2010).

The balance assessment procedure included the following;
each subject was instructed to stand on both feet for 15 seconds
on the pressure MatScan under eight different conditions. The
first four conditions were executed over a stable surface and
consisted of the following: (1) eyes open (EO) -evaluates visual,
vestibular and proprioceptive systems, (2) eyes closed (EC) -
eliminates visual input, evaluates vestibular and proprioceptive
system, (3) eyes open while moving head up and down (at 60 beats
per minute) (EO HUD) -evaluates visual and proprioceptive sys-
tem and alters vestibular input, (4) eyes closed while moving the
head up and down (EC HUD) -evaluates the effect of removing
visual information, and the vestibular input being altered. The
subjects then performed the same four tasks, this time standing
on an unstable platform (high quality closed cell foam 19 inches
long x 15 inches width x 2.25 inches) with the purpose of alter-
ing the proprioceptive input and increasing dependence on the
visual and vestibular systems. (1) eyes open (EO MAT) -evaluates
visual and vestibular system while the proprioceptive system is
challenged and, (2) eyes closed (EC MAT) -removes visual input,
evaluates the vestibular system and alters the proprioceptive
system. (3) eyes open while moving the head up and down (EO
MAT HUD) -evaluates visual system modifying the input of
proprioceptive and vestibular systems, (4) eyes closed while
moving the head up and down (EC MAT HUD) -evaluates altered
proprioceptive and, vestibular systems in the absence of visual
system.
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Data analysis

The software used to analyze all the information was the
statistical package for the social science version 19 (SPSS).
P values <.05 were accepted as statistically significant. This
study’s focus was to identify postural control deficiency in children
diagnosed with mild ASD. We assessed how participants reacted
when exposed to a stable and unstable surface and how altered
proprioceptive information impacts postural control. We used
a ANOVA analyses to compare differences in COP and sways
(AP and ML) within the eight balance sensory conditions.
A Bonferroni post hoc analysis was used to identify the specific
variables or parameters to which significant differences could
be attributed.

Results

We recruited ten children diagnosed with mild ASD, eight male
and two female with an age average of 8.58.5+ 1.433 (anthropomet-
ric information are in Table 1).

We compared postural control between firm (stable) and foam
(unstable) surface to identify postural instability. In detail, we
used eye open on a firm surface test as a baseline and compared
to the other three (eyes closed, eyes open head up and down, and
eyes closed head up and down) conditions. Likewise, we exam-
ined eyes open on foam (unstable) to the other three conditions
on the foam.

Results of the comparison of average COP and sway move-
ment under four different conditions (EO, EC, EO HUD, and
HUD EC) on a stable surface and the mean excursion of the
COP and sways under the same four conditions on an unstable
surface are shown in Table 2. In our study, the most significant
results were that children showed significantly more oscillations
(instability) on the comparison of unstable surface versus the stable
condition.

Table 2. Mean and Standard Deviation of COP and AP & ML sways of the Stable and Unstable Surfaces Comparisons.

TESTS Mean = SD
Stable 2
S COP (cm?) AP (cm) ML (cm)
EO (6.30 + 5.63) vs. p=.44 EO (5.70 + 1.94) vs. p=.55 EO (4.40 = 2.00) vs. p=.07
EC (4.86 + 3.35) EC (4.38 £ 2.03) EC (2.73 £ 1.26)
EO (6.30 + 5.63) vs. p=.10 EO (5.70 + 1.94) vs. p=.82 EO (4.40 = 2.00) vs. p=.79
EOHUD (13.07 = 7. 19) EOHUD (6.21 + 2.97) EO HUD (4.88 = 3.21)
EO (6.30 + 5.63) vs. p=.17 EO (5.70 + 1.94) vs. P=.67 EO (4.40 + 2.00) vs. p=.79
EC HUD (16.23 + 13.69) EC HUD (6.59 + 2.42) EC HUD (3.96 + 2.01)
Unstable o
Surface COP (cm?) AP (cm) ML (cm)
EO MAT (41.72 + 39.42) vs. p=.63 EO MAT (6.29 + 4.50) vs. p=.48 EOMAT(11.04 £+552)vs. p=.07
EC MAT (39.84 + 38.10) EC MAT (4.94 + 3.38) EC MAT (11.84 + 3.60)
EO MAT (41.72 £ 39.42)vs. p<.05 EOMAT(6.29+450)vs. p=.06 EOMAT(11.04+5.52)vs. p=.79
EO MAT HUD(102.41 = 79.12) EO MAT HUD(11.25 + 5.88) EO MAT HUD(14.85 + 5.38)
EO MAT (41.72 £ 39.42)vs. p<.05 EOMAT(6.29+450)vs. P<.05 EOMAT(11.04+552)vs. p=.79

EC MAT HUD (99.01 + 55. 32)

EC MAT HUD (12.11 + 4.77)

EC MAT HUD (14.76 + 5.42)

COP: Center of Pressure; EO: Eyes Open; EC: Eyes Close; HUD: Head Up and Down; MAT: Pressure Mat; AP: antero-posterior; ML: medio-lateral;

SD: standard deviation; ecm: centimeters
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Dataset 1. Standing Postural Control Pressure Data
http://dx.doi.org/10.5256/f1000research.14179.d197064

Pressure data collected was CoP, center of Pressure displacement
in centimeters squared and sways. Antero-posterior (AP)

and laterally sideways data was measured in centimeters. All
measurements were collected during the 8 sensory balance
conditions. Eyes open, eyes closed, eyes open head movements
and eyes closed head movements. Same as the previous test were
analyzed, however on standing on a foam/unstable surface.

Discussion

The purpose of our study was to identify postural control defi-
ciency, compare how participants react when exposed to a stable
and unstable surface, and to describe how each system responds
when altered. We identified postural instability and the systems
that might be responsible for these alterations in these children
with mild autism. Therefore, we discussed our findings in the
following working hypothesis.

Hypothesis: children with ASD will exhibit altered postural
instability in one or more of the balance conditions. Under sta-
ble and unstable conditions, we identified postural instability on
unstable condition. Similar to Molloy and colleagues (2003) we
found that children with ASD exhibited increased oscillations
when standing on the foam, or unstable surface, compared to a
stable platform, thus showing postural alterations (Molloy er al.,
2003). Therefore, our hypothesis is accepted.

Participants showed increased COP excursion (postural instabil-
ity) on the stable surface under EC HUD condition (when the pro-
prioceptive is the only unaltered system, however not significant
at this point. It is possible that the proprioceptive system could
not compensate correctly when the input of the visual was can-
celed, and when altering the vestibular input, to maintain postural
control.

During stable surface under all conditions, AP oscillations pre-
dominated. Usually, this is expected because human oscilla-
tions occur in AP axis due to knee and ankle joints, similar to an
inverted pendulum, thus allowing slight medio-lateral movements
(Shumway-Cook & Woollacott, 2001b). However, when these
oscillations exceed the stability limits, it might be due to weakness
in the muscles of the lower extremities or delay of the integration
or adaptation of the proprioceptive system (Shumway-Cook &
Woollacott, 2001b).

Postural control on an unstable surface shows that our partici-
pants exhibit greater COP excursion during the EO MAT HUD
and EC MAT HUD condition. This condition was designed to
evaluate the role of the visual system input. Therefore, we believe

F1000Research 2018, 7:305 Last updated: 31 MAR 2022

that the visual system was not capable helping to maintain proper
balance when the vestibular and proprioceptive were stimulated.
However, we believe that the visual system was not affected;
it is just not enough to compensate for the other two tested sys-
tems. While the participants moved their heads up and down (in a
coordinated fashion), they were requested to gaze at a fixed point
during the entire task. Because of their low capability of concen-
tration, it was not possible for these children to stare at a fixed
point during the whole task. Our participants (when challenging
the proprioceptive system) exhibited a trend of movements to the
right and anterior directions showing further instability in each
one of the tests. Similarly, when altering the visual and vestibular
inputs, it was observed a tendency to move anterior and to the right.
These results lead us to believe that proprioceptive input in chil-
dren with autism could interfere with the ability of this system to
send the correct information to maintain proper postural stabil-
ity. (Blanche er al., 2012; Fournier et al., 2010b; Hansson et al.,
2010; Shumway-Cook & Woollacott, 2001b). Contrary to a sta-
ble surface, ML oscillations predominated under all conditions
on the unstable surface (Table 2). One possible explanation for
this event may be that the alteration of the proprioceptive system is
responsible for the adjustment of the activation of the musculature
of the trunk, thus causing instability in the ML direction (Blanche
et al., 2012; Fournier et al., 2010b; Hansson et al., 2010). Another
possible justification might be related to balance control in the ML
direction, mainly occurring due to weakness at the hip and trunk
areas. Therefore, we believe that weakness in the trunk and hip
muscles and deficits in weight bearing distribution might cause an
increase in ML oscillations (O’sullivan, 2007; Shumway-Cook &
Woollacott, 2001b).

In conclusion, children with mild autism spectrum disorder
showed postural instability on the stable and unstable surfaces.
Our study established that these children exhibited an increase in
oscillations both for the AP and ML directions; however, the direc-
tion varied depending on what systems were altered. Thus, under
controlled test conditions, children with autism exhibit dimin-
ished postural control or postural instability due to vestibular and
proprioceptive alteration and postural instability in an ML
direction.

Data availability

Standing postural control pressure data

Pressure data collected was CoP, center of Pressure displace-
ment in centimeters squared and sways. Antero-posterior (AP)
and laterally sideways data was measured in centimeters. All
measurements were collected during the 8 sensory balance con-
ditions. Eyes open, eyes closed, eyes open head movements and
eyes closed head movements. Same as the previous test were
analyzed, however on standing on a foam/unstable surface. 10.5256/
f1000research.14179.d197064 (Rosario et al., 2018)
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?

Amit Bhattacharya
University of Cincinnati, Cincinnati, OH, USA

This pilot study with 10 subjects (8 males and 2 females) provided assessment of postural balance
in children with mild autism using a Matscan pressure mat. Since the purpose of pilot study is to
keep minimal variability among subjects’ demographics, what was the rationale of having only two
female subjects? This small sample size of female subjects needs to be justified.

Since COP measured with MatScan pressure mat sensors provides area (cm*cm) of pressure
distribution under the sole, the results cannot be comparable to sway area measured by the “gold
standard” force plate which is a measure of area contained within x-y distribution of center of
pressure sway positions of whole body during the balance test. The discussion section needs to
address the issues of concerns about the differences in measures of COP with a MatScan
pressure mat vs with a Force Plate. Recent 2018 article by Goetschius et. al' reports that the
pressure-mat COP measurements are smaller than those of the force-plate, and the differences
between devices appeared to increase as the measurement magnitude increased. Goetschius et.
al (2018) also reported that data collection period longer than 10 sec (15 sec test was used in the
current manuscript) may demonstrate an even greater discrepancy in time dependent metrics
between a MatScan pressure mat and Force plate devices. In other words, while a MatScan
pressure mat data may be correlatable to those reported with a Force platform, the absolute
values of postural balance outputs cannot be compared between two measurement systems.
Therefore, measurements by a MatScan pressure mat and Force Plate should not be used
interchangeably. Is it possible that under the feet pressure distribution pattern (instead or in
addition to COP) captured by a MatScan pressure mat provides a unique signature of
discrimination between mild autism and advanced autism? These issues need to be added as a
limitations, as well as possible future utility of MatScan pressure mat metrics for quantifying
proprioception feedback by the autism associated changes in pressure-receptors distribution
patterns under the sole of feet.
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