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Graphical abstract Abstract

Autism Spectrum Disorder is a lifelong neurodevelopmental impairment that affects
brain growth and individual functional capabilities that associates with unusual

’ movement and gait disturbance. The aim of this study is to investigate the significant
features of EMG signals for lower limbs and arms muscle between Autism Spectrum
o Disorder (ASD) and Typical Development (TD) Children during walking. In this study, 30

‘The Man Whitney U-test

ASD and 30 Typical Development (TD) children aged between 6 to 13 years old were
asked to walk on the walkway naturally. The Electromyography (EMG) signals of Biceps
Femoris (BF), Rectus Femoris (RF), Tibialis Anterior (TA), Gastrocnemius (GAS), Biceps
Brachii (BB) and Tricep Brachii (TB) muscles of the ASD and TD children were recorded
by using surface EMG sensors. The BF muscle is located at the posterior compartment
of the thigh whereas the RF muscle located in the anterior compartment of the thigh.
On the other hand, the TA muscle originates within the anterior compartment of the
leg, and Gas muscle originates at the posterior compartment of the calf. Meanwhile,
the BB muscle is in the front of the upper arm between shoulder and elbow, and TB
muscle is a large muscle on the back of the upper arm limb. The data consists of 42
features from 7 walking phases of 6 muscles during one gait cycle were obtained from
the data collection. Firstly, the data will be normalized to one gait cycle to standardize
the length of EMG signals used for all subjects. Then, the feature selection method
using Mann-Whitney Test is applied to find the significant features to differentiate
between ASD and TD children from the EMG signals. Out of 42 features, 5 were found
to be the most significant features of EMG signals between ASD and TD children, there
are TA muscle at 30% of gait cycle, Gas muscle at 50% and 60% of gait cycle, and BB
muscle at 10% and 80% of gait cycle with significant values of 0.017, 0.049, 0.034, 0.021
and 0.003, respectively. These findings are useful to both clinicians and parents as the
lower limbs and arm muscles can be valuable therapeutic parameter for ASD
children’s rehabilitation plan. The findings of this research also suggest that the
significant difference of EMG signals obtained can be a parameter to differentiate
between ASD and TD children.

Keywords: Electromyography (EMG), Autism Spectrum Disorder (ASD), gait

Abstrak

Gangguan Spektrum Autfisme (ASD) adalah kerosakan perkembangan neuro
sepanjang hayat yang menjejaskan pertumbuhan otak dan keupayaan fungsi
individu yang berkait dengan pergerakan luar biasa dan gangguan gaya berjalan.
Tujuan kajian ini dijalankan adalah untuk menyiasat ciri-ciri penting dalam isyarat
Electromyography (EMG) bagi otot anggota bawah badan dan juga otot lengan
diantara kanak-kanak ASD dan TD semasa berjalan. Dalom kajian ini, seramai 30
orang kanak-kanak ASD dan 30 orang kanak-kanak TD yang berumur antara 6 hingga
13 tahun diminta untuk berjalan atas walkway secara semulajadi. Isyarat EMG bagi
ofot Biceps Femoris (BF), Rectus Femoris (RF), Tibialis Anterior (TA), Gastrocnemius
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(GAS), Biceps Brachii (BB) dan Tricep Brachii (TB) pada kanak-kanak ASD dan TD telah
direkodkan menggunakan sensor EMG jenis permukaan. Ofot BF terletak pada
bahagian belakang paha manakala ofot RF terletak pada bahagian depan paha.
Sebaliknya, ofot TA berada di bahagian hadapan kaki dan otot GAS berada di
bahagian belakang betis. Manakala, otot BB berada di bahagian depan lengan atas
di antara bahu dan siku, dan otot TB ialah otot yang besar terletak pada bahagian
belakang lengan atas. Terdapat 42 data terdiri daripada 7 fasa berjalan dan 6 otot
dalam satu kitaran berjalan telah diperolehi daripada pengumpulan data. Pertama,
data akan dinormalisasikan kepada satu kitaran berjalan untuk menyeragamkan
panjang isyarat EMG yang digunakan unfuk semua subjek. Kemudian, kaedah
pemilihan menggunakan ujian Mann-Whitney telah diaplikasikan untuk mencari ciri
isyarat EMG yang penting bagi membezakan antara kanak-kanak ASD dan TD.
Daripada 42 data tersebut, 5 data merupakan ciri paling penting bagi isyarat EMG
antara kanak-kanak ASD dan TD, icitu otot TA pada 30% kitaran berjalan, otot Gas
pada 50% dan 60% kitaran berjalan, dan ofot BB pada 10% dan 80% kitaran berjalan
dengan nilai masing-masing 0.017, 0.049, 0.034, 0.021 dan 0.003. Dapatan ini sangat
berguna kepada doktor dan ibu bapa kerana otot anggota bawah dan otot lengan
boleh menjadi parameter terapeutik yang berharga kepada rancangan pemulihan
kanak-kanak ASD. Dapatan kajian ini juga mencadangkan bahawa perbezaan
isyarat EMG yang jelas di antara kanak-kanak ASD dan TD yang diperolehi ini boleh
menjadi parameter untuk membezakan antara kanak-kanak ASD dan TD.

Kata kunci: Electromyography (EMG), Gangguan Spektrum Autisme (ASD), gaya
berjalan

© 2020 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Autism  Spectrum Disorder (ASD) is a complex
neurodevelopment disorder characterized by social
impairments, communication difficulties as well as
restricted, repetitive and stereotyped patterns of
behavior [1]. The impairment in ASD children is often
developed from the early childhood, continues info
adulthood. The sign of ASD begins as early as 6
months old manifested by difficulties in oral motor
coordinator and muscle tone [1]. During the second
half of the first year, the ASD children continue to
demonstrate  difficulties in  sensorimofor  and
diminishing oral motor control. Beyond their one-year-
old of age, the children with ASD usually meet the
diagnostic criteria for aufism  through  Autism
Diagnostic Tools such as Modified Checklist for Autism
in Toddlers (M-CHAT). The ASD children can be
diagnosed  through  behavioral  development
observations including social abnormalities. Each of
the behaviors associated with ASD children may
range from mild to severe. These behaviors are
common among those on the spectrum, but some of
the behaviors may change according to the
spectrum [2].

Moreover, ASD is also defined as having nerve
problems on gross motor behaviors including motor
coordination, gait, postural stability, arm movement
and muscle tone. Numerous studies have been
conducted on gait disturbance in ASD children.
Provost et al. (2007) in their study claimed that ASD
children have motor delay in their gross motor skills or
fine motor skills [3]. Generally, ASD children suffer an
unusual gait, whereby their gait is subtle, clumsy and
wide-based [4]. While, Nobile ef al. (2011) had

revealed that the body posture of individual with ASD
seems odd and unnatural, appearing floppy and
rigid. They also experience difficulty in maintaining a
straight line that may be caused by the abnormalities
in frunk posture [5]. Some findings showed the ASD
children had suffered an irregular locomotion
difficulty when changing from one floor surface to
another. This is manifested by high variables in
oscillations of the head, shoulders and frunk [6].

The human body engages with body muscles
including lower limb muscles and arm muscles.
Activities of the lower limb muscles are salient in daily
human movements such as walking, sitting and
standing. On the other hand, muscular system of the
legs and feet is for propelling, supporting and
balancing the human body. The whole body is
involved in locomotion, but the hip and leg muscles
are the main actuators when walking [7]. Arm swing
is a natural motion when humans are walking and
running. During walking, the arm movement may
influence the stride characteristics and activation
patterns of the lower limb muscle [8]. A normal arm
swing involved in human walking should shorten the
contfraction of the arm’s muscles [?]. According to
Meyns et al. (2013), there are two purposes of arm
swing. The first is to optimise stability and the second
is fo minimise energy consumption during gait [10].
The arm swing also greatly affects the gait pattern
depending on the speed of the human while walking
and the pattern of the arm swing [11].

Electromyography is an experimental technique
concerned with the development, recording and
analysis of myoelectric signals. In the present day,
EMG signals is well establish application in enormous
area of rehabilitation and human movement
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detection. To the best of the authors’ knowledge,
most of the previous researchers using EMG on ASD
children to investigate the emotional behavior,
grasping action and facial expression [12]. Also, there
are widely available clinical reports that mentioned
that EMG signals is the best technique used to
identify appropriate rehabilitation and therapy plan
[13-15]. In addition, motor impairment in ASD
constitutes a core characteristic which distinct for
diagnosis autism sympfom [16-17]. llias ef al. (2016)
had classify the ASD and TD children based on the
gait parameters of temporal spatial, kinetic and
kinematic by using Neural Network (NN) and Support
Vector Machine (SVM) [18]. Their finding showed that
the fusion of temporal spatial and kinematic for NN
classifier and the fusion of temporal spatial, kinetic
and kinematic for SVM classifier capable to
discriminate between ASD and TD children with
accuracy of 95% and 95.8%, respectively. Therefore,
motor function in ASD children can be one of the
discriminating features to differentfiate the individual
with autism from TD children [5 17, 19].
Consequently, this study will use surface EMG, as it is
a modern electronic device with new technique in
signals processing and easy to conduct during
experiment without hurting the subjects. The EMG
signals of lower limbs and arms muscle of ASD and TD
children will be acquired and analyzed to find the
significant features of ASD children that differ from TD
children during walking.

2.0 METHODOLOGY

The experimental workflow of the proposed system is
illustrated in Figure 1. It consists of three stages which
include EMG data acquisition, pre-processing and
feature selection statistical analysis.

Data acquisition by
using EMG Works
Acquisition software

v

Normalize the EMG
signals fo one gait cycle

v

Feature selection using
Mann-Whitney test

v

Figure 1 Overview of the proposed system

A group of 60 children consisting of 30 ASD and 30 TD
children, with age ranging between 6 to 13 years old
have participated in this study. The approval of the
local ethics committee was obtained from the
Research Ethics Committee of the Universiti Teknologi
MARA (UiTM) Shah Alam, Malaysia on 29 May 2015.
The ASD subjects are from National Autism Society of
Malaysia (NASOM) centre in Klang, Selangor, and
through personal approach by the main author via
social media network. On the other hand, the TD
children were recruited from the local community
neighborhood near UiTM Shah Alam. Both groups of
participants must be able to walk independently
without any lower extremity injuries or musculosketal
disorders. Both group of participants must also be
capable to follow verbal instruction given by the
researcher. For the ASD children, they must be
accompanied by parents or guardians during the
experimental process. The parent or guardian were
explained about the procedures for conducting the
experiments and all the subjects’ guardians need to
complete the informed consent form before
participating in this study.

Before the experiment, all the subjects were
required to wear special clothing that was provided
in the laboratory for data capturing. The purpose of
changing the cloth is to ease the process of sensor
placement. General measurements such as body
mass and height were recorded. Four simple steps
were adopted during placing the EMG sensors to the
skin in order to optimize the signal detection [20].
Firstly, the subjects were advised to remove all
jewelries or other metal objects that are attached on
the body as these may interfere with the experiment
procedure. The second step is by cleaning the
subject’s skin and drying it before EMG sensors are
aftached. An alcohol wipe was applied on the
subject’s skin to remove dead skin cells which may
produce high impedance, and to clean the skin from
sweat and dirt [21]. Afterwards, the Delsys adhesive
tape was used to attach the sEMG sensor on the
subject’s skin. Lastly, the Delsys surface EMG sensor
was attached to the subject’s skin. Lastly, the Delsys
surface EMG sensor was attached to the subject’s
skin according to the SENIAM guidelines [22].
According to SENIAM guideline, the surface EMG
sensors must be placed parallel to the muscle fibers
of each tested muscle. There are 12 EMG sensors
have been placed on the subject’s skin to capture
EMG signals from the muscles of BF, RF, TA, GAS, BB
and TB as shown in Figure 2 (a) and (b).

In this study, the recording of EMG signals is
performed by using EMG Works Acquisition software.
This software is designed for aftaining simulfaneous
data recording and real time monitoring of EMG. The
desired sample rate used for this recording purpose is
2000Hz. During data collection, a video camera was
placed to record the walking frials from the frontal
view for reference purpose. The EMG Works
Acquisition software and the video camera will work
simultaneously for the purpose of EMG signals
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recording of lower limbs and arms muscle activity
throughout the data collection.

L

Tibialis

(a) Anterior

Triceps Brachii Musck
(TE)

Biceps Fermons Muscle
(BF)

—_— »Gastrocnemms Muscle
(GAS)

=
(b) Posterior

Figure 2 Sensors placement

Subsequently, the EMG signals data for each
muscle were normalized to one gait cycle to obtain
the standardize EMG signals. This is due to the
varieties of walking speed and different step length
between subjects. One complete gait cycle is
determined by the initial contact of the left foot until
the terminal swing of the same foot. According to
Romkes et al. (2015), there is no significant difference

Biceps
Brachii
Muscle (BB)

Rectus
Femoris
Muscle (RF)

Anterior

between left and right leg in gait parameters during
normal walking process [23]. Therefore, in this study
only left limbs of muscles are tested. With
normalization, the foot contact event corresponded
to 0% and the foot-off event corresponded to 100%
of the stance phase. The normalization of gait data
was computed in Microsoft Excel.

The next process was the selection of the most
significant gait features between ASD and TD
children by employing the statistical analysis
methods. Generally, it was conducted in 2 steps.
Firstly, the normality test was employed for all muscles
to check the distribution of EMG signals for both
groups. The normality of all normalized data was
verified by using Shapiro-Wilks test as the number of
subjects were small. The results from Shapiro-Wilks test
obtained reveal that the EMG signals data of BF, RF,
TA, GAS, BB and TB muscles have the significant value
less than 0.05 (p<0.05), thus the distribution of the
EMG signals were not normally distributed or called
non-parametric. In general, Shapiro-Wilks test is more
accurate and is a great test as it has revealed
whether the scores are normally distributed or not
[24]. From the normality test results, the EMG signals
distribution was not normally distributed or called
non-parametric, thus the Mann-Whitney test was
implemented. The Mann-Whitney tfest with 95%
confidence interval was performed fo examine the
significant difference of EMG signals distribution from
BF, RF, TA, GAS, BB and TB muscles that possibly
distinguish both ASD and TD children. All statistical
computations were performed by using the IBM SPSS
Stafistics. Whereas, the significant difference of the
height and weight between 2 samples was check by
using independent sample T-test. In this study, seven
phases of gait patterns were considered for analysis
of the tested muscles, which are loading response
(LR), mid-stance (MST), terminal stance (TST), pre-
swing (PSW), inifial swing (ISW), mid-swing (MSW), and
terminal swing (TSW). The gait phases employed is
shown in Table 1 below.

Table 1 Gait Phase in one Gait Cycle

Gait LR MST TST PSW ISW MSW SW
cycle

Gait 0%- 10%- | 30%- 50%- 60%- 70%- 90%-
phases 10% 30% 50% 60% 70% 920% 100%

3.0 RESULTS AND DISCUSSION

The demographic data for both groups of
participants of ASD and TD children were presented
in Table 2. The age range between ASD and TD
children was comparable with mean age is 8.10 and
9.40, respectively. The standard deviation of age for
TD and ASD children are 2.76 and 2.20 respectively.
TD children has greater mean of height and weight
compared to ASD children which the differences are
4 cm and 2.5kg respectively. The range of height for
TD children is varies from 95 cm to 159.5 cm (SD 18.07)
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compared to ASD children which is range between
95cm to 149.7cm with SD of 13.26. However, the
variation of weight for ASD and TD children are
almost similar with the standard deviation of 11.14
and 11.60 respectively. Nonetheless, the findings from
the T-test showed that there are no significant
differences in height and weight (p-value more than
0.05) for ASD and TD children, which are 0.33 and
0.39, respectively, showed that the tested parameter
of lower limbs and arms muscle in this study was
comparable. An enormous number of the ASD
participants are boys. There are 36 boys and 24 girls
are participated. Boys are almost five times more
common suffered with autism than girls [25]. Thus, the
diagnosis of ASD for boys is easier than girls.

Table 2 Demographic Data of ASD and TD Children

Variable ASD i)
Age Mean 8.10 9.40
(years) SD 2.20 2.67
Height Mean 124.5 128.5
(cm) SD 13.26 18.07
Weight Mean 27.5 30.0
(kg) SD 11.14 11.60

In this work, the mean amplitude of EMG signals of
the fested muscles of ASD and TD children were
presented (Figure 3 — Figure 8). Figure 3 below shows
the mean amplitude of EMG signals of BF muscle for
ASD and TD children in one gait cycle.

BICEPS FEMORIS (BF) MUSCLE

2.50E-05
Heel shike Heel Off

Initial Swing Terminal Swing

2.00E-05

1.50E-05

Volts (V)

1.00E-05

5.00E-06

0.00E+00

Gait Cycle Phases (%)

ASD

Figure 3 Mean Amplitude of EMG Signals for BF Muscle for
One Gait Cycle

In the phase of loading response, it was observed
that there is disparity pattern of mean amplitude of
EMG signals between ASD and TD children. It was
increased for ASD children, showed that the muscle
of BF was extended. Whereas, for TD children, the
mean amplitude of EMG signals of BF muscle during
loading response was decreased, shows that the
muscle of BF was in the flexed condition. Meanwhile,
at 40% of gait cycle, the mean amplitude of EMG
signals was increased for ASD and TD children,
showed that the BF muscle was in the extended
condition. However, throughout 70% of gait cycle, it

can be seen that the BF muscles for TD children were
in the extended condition but BF muscles of ASD
children are flexed as mean amplitude of EMG
signals was decreased. Nonetheless, at 90% of the
gait cycle, the BF muscle of ASD and TD children was
extended before it was flexed upon approaching
100% of the gait cycle.

RECTUS FEMORIS (RF) MUSCLE

1.50E-04
Toe Off

1.00E-04
5.00E-05

0.00E+00 [p#~s —~
0 Temmope TN T Nasg

Volts (V)

~
Vel BN e
.

65

-5.00E-05
-1.00E-04

-1.50E-04
Gait Cycle Phases (%)

ASD

Figure 4 Mean Amplitude of EMG Signals for RF Muscle for
One Gait Cycle

Figure 4 shows the mean amplitude of EMG
signals for RF muscle in one gait cycle. From the
figure, it has been observed that the mean
amplitude of EMG signals of RF muscle of ASD
children was gradually decreased starting from
loading response phase until inifial swing phase,
means that the RF muscle was in flexed condition for
all this phases while for TD children the amplitude of
EMG signals of RF muscle has slight contraction
intermittently starts from terminal-stance phase unfil
ferminal swing phase.

TIBIALIS ANTERIOR (TA) MUSCLE

1.50E-04

1.00E-04

Terminal Stance
5.00E-05

0.00E+00

————————

-5.00E-05

Volts (V)

-1.00E-04

-1.50E-04

Heel shike
-2.00E-04

-2.50E-04
Gait Cycle Phases (%)

ASD

Figure 5 Mean Amplitude of EMG Signals for TA Muscle for
One Gait Cycle

Figure 5 above shows the mean amplitude of
EMG signals of TA muscle for ASD and TD children for
one gait cycle. During loading response phase, the
mean amplitude of EMG signals of ASD children was
increased to the maximum point, revealed that this
muscle was in the extended state. Then, the mean
amplitude of EMG signals of TA muscle was gradually
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decreased to the minimum point at 45% of gait
cycle. However, it was then increased gradually until
terminal swing phase. Contrary with TD children, the
mean amplitude of EMG signals of TA muscle showed
slight confraction intermittently from loading
response phase unfil terminal swing phase.

The mean amplifude of EMG signals for GAS
muscle is shown in Figure 6 below. For TD children,
mean amplitude of EMG signals of GAS muscle was
decreased and reach minimum point at terminal
stance phase, revealed this muscle was in flexed
condition. However, it was gradually increased to the
maximum point at 90% of gait cycle. Nonetheless, for
ASD children, the GAS muscle was only showed slight
contraction throughout the gait cycle.

GASTROCNEMIUS (GAS) MUSCLE

5.00E-04

4.00E-04 S
Terminal Stance =

3.00E-04
2.00E-04
1.00E-04
0.00E+00
-1.00E-04
-2.00E-04
-3.00E-04 N\ o Terminal Swing
-4.00E-04 N
-5.00E-04

Volts (V)

Gait Cycle Phases (%)

ASD

Figure 6 Mean Amplitude of EMG Signals for GAS Muscle for
One Gait Cycle

Figure 7 shows the mean amplitude of EMG
signals of BB muscle for ASD and TD children in one
gait cycle. From the figure, the mean amplitude of
EMG signals of BB muscles for ASD children was at the
maximum point during loading response phase, then
it was gradually decreased to the minimum point at
the initial swing phase. Contrary with TD children, the
mean amplitude of EMG signals of BB muscle was
confract intermittently flex and extend start from
loading response phase until 40% of gait cycle.

BICEPS BRACHII (BB) MUSCLE

3.00E-05 - -
Heel Off Initial, Swing Mid-swing

2.50E-05
2.00E-05
1.50E-05
1.00E-05

Volts (V)

5.00E-06
0.00E+00

-5.00E-06
-1.00E-05

Figure 7 Mean Amplitude of EMG Signals for BB Muscle for
One Gait Cycle

Then, the mean amplitude of EMG signals of BB
muscle for ASD and TD children was increased,
showed that this muscle was in extended condition
at the phase of 65% until 80% of gait cycle. However,
the confraction for ASD children observed is higher
than TD children during 65% until 80% phases of gait
cycle.

The mean amplitude of EMG signals of TB muscle
for ASD and TD children in one gait cycle is shown in
Figure 8. During loading response phase, the mean
amplitude of EMG signals for TB muscle for TD
children was increased, showed that this muscle was
in extend condition, confrary with ASD children, the
TB muscle was in flexed condition, observed by
decreasing of mean amplitude of EMG signals of TB
muscle.

TRICEP BRACHII (TB) MUSCLE

1.60E-05 : I
Heelshike Mid-stance Mid-swing

1.40E-05
1.20E-05
1.00E-05
8.00E-06
6.00E-06
4.00E-06
2.00E-06
0.00E+00

Volts (V)

20 40 60 80 100
Gait Cycle Phases (%)

Figure 8 Mean Amplitude of EMG Signals for TB Muscle for
One Gait Cycle

Also, the same confraction of TB muscle occurred
during end of mid-stance phase where the TB muscle
for TD children was extended and for ASD children
this muscle was in flexed condition. However, the
mean amplitude of EMG signals of TB muscle for both
ASD and TD children was decreased from 80% of gait
cycle until terminal swing phase, showed that this
muscle was in flexed condition.

Statistical analysis of Mann-Whitney test used had
obviously revealed that there are significant features
of the tested muscles between ASD and TD children.
The significant features were identified for the p-
value that is less than 0.05. The results showed that,
out of 42 data, there were 5 significant features
between ASD and TD children, there are TA muscle
during 30% of gait cycle, GAS muscle during 50% and
60% of gait cycle, and BB muscle during 10% and 80%
of gait cycle as shown in Table 2. During 10% and 80%
of gait cycle, the p value for BB muscle was seen
equal fo 0.021 and 0.018, respectively, while at 30%
of gait cycle, the p value for TA muscle was observed
equal to 0.017. Meanwhile, for GAS muscle during
30% of gait cycle, the p value showed 0.049.
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Table 2 Mann-whitney Test of the Tested Muscles

Gait LR MST TST PSW ISW MSW TSW
cycle 10% 30% 50% 60% 80% 90% 100%
BF 0.687 0.495 0.496 0.442 0.416 0.322 0.540
RF 0.926 0.804 0.751 1.000 0.652 0.636 0.234
TA 0.975 *0.017 0.274 0.535 0.478 0.853 0.690
GAS 0.137 0.163 *0.049 *0.034 0.308 0.183 0.520
BB *0.021 0.402 0.174 0.865 *0.003 0.830 0.492
B 0.476 0.278 0.965 0.859 0.574 0.684 0.287

*Significant difference (p value<0.05)

This study sought to determine whether there are
differences in muscle activity of lower limb and arm
muscles between ASD and TD children during
walking. It was inferred that there are significant
differences of lower limb and arm muscles between
ASD and TD children during mid-stance phase.
Meanwhile throughout mid-swing phase, the arm
muscle showed a significant difference. This is in line
with the function of BB muscles as the prime movers
during the concentric phase as investigated by
Dickie et al. (2017). Interestingly, the muscle of TA
indicated significant occurrence activation between
ASD and TD children [26]. The result in this paper is
consistent with that of previous findings where the
muscle activity of TA muscle was significantly
enhanced when the body movement was
accompanied by an arm swing movement [27].
Generally, all the muscle activation patterns are
affected by the individual’'s walking style. Therefore,
the body muscles are salient in contributing to body
support approximately 50% to 95% of the vertical
ground reaction force [28].

The findings also revealed that the arm swing
throughout walking in ASD children was differed from
TD children, it should thus influence the gait pattern
of ASD children. It was shown from the disparities of
BB muscle contraction between ASD and TD children
during mid-stance and mid-swing phases. During this
period, the foot began to leave the ground and
confinued as the body weight fravels along the
length of the foot until it was aligned over the
forefoot, causing the body to be supported by only
one leg [29]. The walking gait of ASD children might
affect their walking cadence and arm swing pattern,
just like hemiplegia children who use theirs arms less
during fast walking compared to TD children [30]. The
previous report sustained that normal arm swing will
contribute to gait stability [31] and performing arm
movements during walking, which may influence
stride characteristics and patterns of lower limb
muscle activation [8]. The muscle activation of BB
and TB also showed obvious fluidity in EMG signals
reading in mid-stance and mid-swing phases.
Besides, the observation from the video taken in this
stfudy exposed that most of the ASD children were
fidgeting during walking and their movement were
perceived as clumsy and uncoordinated. A vigilant
gait was apparently shown during the experiment. A
few of the ASD children also had over-focused
attention to the instruction given. The over-focused

pattern of attention in ASD children occurred due to
the difficulty in shifting attention [32].

The results obtained in this study were inclined to
the number of subjects involved and the average of
demographic data including body mass and height.
These factors may influence the variability in stride
length as reported by Rinehart et al., and the
difficulty of ASD children in walking will reduce the
stride regularity [33]. This study also did not address
the specific EMG signals reading as indicators to
distinguish both groups, as its goal is to investigate if
there are significant differences on the lower limbs
and arm muscles between ASD and TD children
during walking. This study is not without limitations.
Studies focusing only on EMG signals in identifying
parameters that affect gait in ASD children are
insufficient. In addition, other gait parameters such as
temporal spatial, joint kinematics, joint kinetics and
3D GRF gait patterns would also provide valuable
information of gait impairment in ASD children.
Recommendations for future studies should increase
the size of subjects to gain higher validity.

4.0 CONCLUSION

The distinction of lower limbs and arm muscles
between ASD and TD children based on the EMG
signals have been observed in this study. Out of 6
muscles fested, 3 muscles have showed significant
difference between ASD and TD children, which are
the TA muscle, GAS muscle and BB muscle. It can be
concluded that EMG signals during walking can be
used as one of the techniques to distinguish between
ASD and TD children. This prove that the ASD children
can be pre-diagnosed through a muscle activation
test throughout the walking process. Five significant
features of EMG signals were verified to be different
between ASD and TD children, there are TA muscle
at 30% of gait cycle, Gas muscle at 50% and 60% of
gait cycle, and BB muscle at 10% and 80% with
significant values of 0.017, 0.049, 0.034, 0.021 and
0.003, respectively.

Acknowledgement

This research was funded by the Ministry of Higher
Education (MOHE) Malaysia through the Niche



120

Mohammed Hassan Jabal et al. / Jurnal Teknologi (Sciences & Engineering) 82:2 (2020) 1-7

Research Grant Scheme (NRGS), project file: 600-
RMI/NRGS 5/3 (8/2013) and Supervision Initiatives
Grant (GIP), project file: 600-IRMI 5/3/GIP (072/2018).
The authors wish to thank the Human Motion Gait
Analysis Laboratory, IRMI Premier Laboratory, Institute
of Research Management and Innovatfion (IRMI),
Universiti Teknologi MARA (UiTM) Shah Alam, Malaysia
for the instrumentation and experimental facilities
provided. The authors also wish to acknowledge the
Nafional Aufism Society of Malaysia (NASOM), all
participants and their families, and colleagues for
their priceless contributions to the study.

References

[

[2]

3]

[4]

1]

[

[7]

18]

191

[10]

[

2]

3]

[14]

[19]

G. Dawson, J. Osterling, A. N. Meltzoff, and P. Kuhl 2000.
Case Study of the Development of an Infant with Autism
from Birth to Two Years of Age. Journal of Applied
Developmental Psychology. 21(3): 299-313.

Autism Spectrum Disorder. 2018. [Online]. Available:
https://www.nimh.nih.gov/health/topics/autism-spectrum-
disorders-asd/index.shtml.

B. Provost, B. R. Lopez, and S. Heimerl. 2007. A Comparison
of Motor Delays in Young Children: Autism Spectrum
Disorder, Developmental Delay, and Developmental
Concerns. Journal of Autism and Development Disorder.
37(2): 321-328.

M. Shefreat-Klein, S. Shinnar, and |[|. Rapin. 2014.
Abnormalities of Joint Mobility and Gait in Children with
Autism Spectrum Disorders. Brain Development. 36(2): 91-
96.

M. Nobile et al. 2011. Further Evidence of Complex Motor
Dysfunction in Drug Naive Children with Autism using
Automatic Motion Analysis of Gait. Autism. 15(3): 263-83.
N. Martin, A. Vernazza, M. Rufo, J. Massion, and C.
Assaiante. 2005. Goal Directed Locomotion and Balance
Control in Autistic Children. Journal of Autism and
Development Disorder. 35(1): 91-102.

C. Anders, H. Wagner, C. Puta, R. Grassme, A. Petrovitch,
and H.-C. Scholle. 2007. Trunk Muscle Activation Patterns
during Walking at Different Speeds. J. Electromyography
&. Kinesiology. 17(2): 245-52.

J. L. Stephenson, S. J. De Serres, and A. Lamontagne. 2010.
The Effect of Arm Movements on the Lower Limb during
Gait after a Stroke. Gait Posture. 31(1): 109-15.

J. P. Kuhtz-Buschbeck and B. Jing. 2012. Activity of Upper
Limb Muscles during Human Walking. J. Electromyography
&. Kinesiology. 22(2): 99-206.

P. Meyns, S. M. Bruijn, and J. Duysens. 2013. The How and
Why of Arm Swing during Human Walking. Gait Posture.
38(4): 555-62.

Eke-Okoro, S. T., G. M, and Larsson L. E. 1997. Alterations in
Gait Resulting from Deliberate Changes of Arm-swing
Amplitude and Phase. Clinical Biomechanics. 12(718): 516-
521.

P. Bourgeois and U. Hess. 2008. The Impact of Social
Context on Mimicry. Biol. Psychol. 77(3): 343-352.

M. Calhoun, M. Longworth, and V. L. Chester. 2011. Gait
Patterns in Children with Autism. Clin. Biomech. 26(2): 200-
206.

D. Kindregan, L. Gallagher, and J. Gormley. 2015. Gait
Deviations in Children with Autism Spectrum Disorders: A
Review. Autism Research and Treatment.

N. J. Rinehart, B. J. Tonge, J. L. Bradshaw, R. lansek, P. G.
Enticott, and J. McGinley. 2006. Gait Function in High-
functioning Autism and Asperger’s Disorder : Evidence for

[16]

(7]

(8]

(9]

(20]

(21]

[22]

[23]

[24]

(23]

[26]

[27]

[28]

[29]

[30]

[31]

(32]

[33]

Basal-ganglia and Cerebellar Involvement. Eur. Child
Adolesc. Psychiatry. 15(5): 256-264.

E. M. Jansiewicz, M. C. Goldberg, C. J. Newschaffer, M. B.
Denckla, R. Landa, and S. H. Mostofsky. Jul. 2006. Motor
Signs Distinguish Children with High Functioning Autism
and Asperger’s Syndrome from Controls. Journal of Autism
Dev. Disord. 36(5): 613-621.

C. L. Hilton, Y. Zhang, M. R. Whilte, C. L. Klohr, and J.
Constantino. 2012. Motor Impairment in Sibling Pairs
Concordant and Discordant for Autism Spectrum
Disorders. Autism. 16(4): 430-441.

S. llias, N. M. Tahir, R. Jailani, C. Z. C. Hasan. 2016.
Classification of Autism Children Gait Patterns Using Neural
Network and Support Vector Machine. 2016 IEEE
Symposium on Computer Applications & Industrial
Electronics (ISCAIE). 52-56. Doi:
10.1109/ISCAIE.2016.7575036.

i. Ariana, P. De Moraes, T. Massetti, T. B. Crocetta, and T.
Dias. 2017. Motor Learning Characterization in People with
Autism Spectrum Disorder. Dement. Neuropsychol. 11(3):
276-286.

S. Arlot, A. Celisse. 2010. A Survey of Cross-validation
Procedures for Model Selection. Statistics Surveys. 4: 40-79.
C. M. Wall-Scheffler, E. Chumanov, K. Steudel-Numbers,
and B. Heiderscheit. 2010. EMG Activity Across Gait and
Incline: The Impact of Muscular Activity on Human
Morphology. American Journal of Physical Anthropology.
143(4): 601-611.

H. J. Hermens, B. Freriks, C. Disselhorst-Klug, and G. Rau.
2000. Development of Recommendations for sEMG
Sensors and Sensor Placement Procedures. Journal of
Electromyography and Kinesiology. 10: 361-374.

J. Romkes and K. Schweizer. 2015. Immediate Effects of
Unilateral Restricted Ankle Motion on Gait Kinematics in
Healthy Subjects. Gait Posture. 41(3): 835-840.

A. Field. 2005. Discovering Statistics Using SPSS. University of
Sussex, UK. Sage.

E. N. Hines. Report of Rates of Autism Spectrum Disorder
Diagnosis by Age and Gender. Indiana. Riley Child
Development Centre (RCDC). Available:
https://www.aucd.org/docs/EHines%20Rates%200f%20AS
D%20Diagnosis%20by%20Gender%20and%20Age.pdf.

F. Di Nardo, A. Mengarelli, E. Maranesi, L. Burattini, and S.
Fioretti. 2015. Gender Differences in the Myoelectric
Activity of Lower Limb Muscles in Young Healthy Subjects
during Walking. Biomed. Signal Process. Control. 19: 14-22.
T. Ogawa, T. Sato, T. Ogata, S. Yamamoto, and K.
Nakazawa. 2015. Rhythmic  Arm Swing Enhances
Patterned Locomotor-ike Muscle Activity in Passively
Moved Lower Extremities. 3(2008): 1-10.

F. C. Anderson and M. G. Pandy. 2003. Individual Muscle
Contributions to Support in Normal Walking. Gait Posture.
17:159-69.

J. C. Wall and J. Crosbie. 1996. Accuracy and Reliability of
Temporal Gait Measurement. Gait and Posture. 4: 293-296.
P. Meyns, L. Van Gestel, F. Massaad, and K. Desloovere.
2011. Arm Swing during Walking at Different Speeds in
Children with Cerebral Palsy and Typically Developing
Children. Res. Dev. Disabil. 32(5): 1957-1964.

J.D. 0. A L. A Fehiman, and C. T. Farley. 2008. Effects of
Aging and Arm Swing on the Metabolic Cost of Stability in
Human Walking. Journal of Biomechanics. 41(16): 3303-
3308.

M. Liss. 2006. Sensory and Aftention Abnormalities in
Autistic Spectrum Disorders. Autism. 10(2): 155-172.
Rinehart, N. J., Tonge, B. J., lansek, R., McGinley, J.,
Brereton, A. V., Enticott, P. G. and Bradshaw, J. L. 2006.
Gait Function in Newly Diagnosed Children with Autism:
Cerebellar and Basal Ganglia Related Motor Disorder.
Dev. Med. Child Neurol. 48(10): 819-24.



