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Introduction: Autism Spectrum Disorder (ASD) is among the most common childhood 
disorders. The current study aimed to investigate the effect of Kangoo Jump (KJ) exercises on 
dynamic balance and overall postural oscillations in children with ASD.

Materials and Methods: This was a quasi-experimental study. Among children with ASD in the 
Autism Association and Autism Schools in Tehran City, Iran, 20 subjects were selected using 
screening tests; after assessing the dynamic balance and general postural sway as a pretest, 
they were randomly divided into two groups of experimental and control. The experimental 
group performed KJ exercises for 8 weeks; eventually, all individuals were tested for dynamic 
balance and postural control as a posttest. The obtained data were analyzed using Analysis of 
Covariance (ANCOVA).

Results: This study suggested that performing KJ significantly improved the dynamic balance 
in children with an ASD disorder. There was a significant difference between the mean scores 
of the control and experimental groups in the posttest stage in dynamic equilibrium (P<0.001); 
however, no difference was observed between the study groups in postural control.

Conclusion: Using KJ to improve dynamic balance in children with ASD is beneficial. Therefore, 
these interventions can improve various aspects of development and balance in children with ASDs.
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Introduction

utism Spectrum Disorder (ASD) is among 
the neurodevelopmental disorders char-
acterized by impaired social relation-
ships, impaired communication, and 
repetitive behaviors [1]. The term “spec-
trum” reflects vast differences in the 

challenges and characteristics of an individual with au-
tism [2]. The symptoms of ASD usually appear between 
the ages of 2 and 3 years. Besides, in some cases, it can 
be diagnosed as early as 18 months. The US Centers for 
Disease Control and Prevention estimates the preva-
lence of ASD as one in 68 children. This includes one in 
42 boys and one in 189 girls. However, ASD is recognized 
as a social disorder [3].

Studies reported that children with ASD experience 
significant delays in developing motor skills [4]. Move-
ment disorders in children with ASD affect their lives 
and cause problems with daily tasks, interaction with 
the physical environment, controlling fine movements, 
such as tying shoes and writing, increasing body com-
position, and elevated risk of diseases [5]. According to 
research, individuals with ASD manifest lower balance 
functions than normal children [6]. Maintaining a prop-
er and natural balance of the body is critical in multiple 
daily activities and during exercise; it requires the inter-
action of sensory systems (visual, atrial, & sensory body) 
and motor systems by the central nervous system. Ap-
plying appropriate intervention methods to improve it 
in individuals with disabilities is of significance [3].

Despite all deficiencies in children with ASD, relevant 
research suggested that appropriate interventions can 
positively affect these deficiencies. These interventions 
include physical activity. Schmitz et al. in a study of phys-
ical activity, concluded that such interventions could be 
useful for children with ASD [7].

One of the physical interventions that researchers 
have recently considered is the Kangoo Jump (KJ) exer-
cise. KJ is a different practice whose challenge is balanc-
ing, and because it is fun and accompanied by music, it 
is a very attractive sport for children. Children are gen-
erally interested in jumping on springboards and tram-
polines. The KJ allows children to instill the same mo-
tor enthusiasm with the help of a special pair of shoes, 
without the need for complex and special tools. These 
shoes have numerous advantages. Among them, we 
can mention reducing the impact effect up to 87%, the 
correction of the posture, and better coordination and 
apparent balance. Fluctuations in Kangoo shoes are per-

manent jumps, and the body needs to cope with these 
fluctuations to maintain balance. This balance inactivity 
results from the body’s balance system, sensory system, 
and visual system [8]. Additionally, accompanying music 
with KJ can accelerate balance in children with ASD.

Therefore, exploring these indicators by motor activi-
ties can be significant. There is insufficient research in 
this field and research that has examined physical ac-
tivity in children with ASDs. Improvements in social re-
lationships, communication, repetitive behaviors, and 
social interactions were less addressed in other develop-
mental aspects, such as postural sway and balance [9].

The need to pay attention to the biopsychological 
health of children with special needs requires the plans 
and programs to improve their treatment and general 
rehabilitation. This is because they are always problem-
atic for themselves, their parents, and school. Therefore, 
the necessary treatment strategies can help parents and 
educators in the rehabilitation of these children; one of 
which is to pay attention to the role of physical activity 
in the improvement and treatment of specific behav-
ioral disorders in children. The mentioned materials are 
essential. There exists a lack of interventional research 
in this field in Iran. Furthermore, the prevalence of this 
disorder is on the rise. Thus, this study aimed to deter-
mine the effect of KJ on dynamic balance and general 
postural sway in children with ASDs.

Materials and Methods

This was a quasi-experimental study with a pretest-
posttest and a control group design. The present study’s 
statistical population consisted of children (girls & boys) 
with ASD in Tehran City, Iran. The research sample was 
selected by purposive sampling method based on the 
inclusion and exclusion criteria among children who 
were referred to the Autism Association of Tehran. The 
inclusion criteria of the research included the following: 
A subjects with ASD at the discretion of a psychologist 
based on the Gilliam 2-7 index, the age range of 7 to 12 
years, with ASD, completing the consent form by par-
ents, no medical prohibition to participate in the activ-
ity, and the absence of orthopedic and cardiorespiratory 
disorders. Among the exclusion criteria was not partici-
pating in the pretest and posttest stages and missing >3 
training sessions.

Then, among all eligible children, 20 were randomly 
selected as the statistical sample. In this sampling meth-
od, each member of the statistical community has an 
equal chance of being selected. Prior to the interven-
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tion, all children were individually examined respecting 
dynamic balance by heel-to-toe test and postural sway 
by the force plate. The study participants were then 
randomly divided into the following groups: experi-
mental (age: 9.80+1.31 y) and control (age: 9.78+1.20 
y). Before entering the research, in a session for parents 
and children in both groups, videos, movements were 
explained and illustrated by KJ instructors. The study 
sample received explanations on how to perform the 
movements used with KJ shoes during the course. Then, 
the parents and children who were still willing to partici-
pate in the research with full knowledge of the exercises 
and research method filled in the consent form and the 
research entry form and prepared to participate in the 
research (Table 1).

In the present study, the training protocol was planned 
and implemented with international trainers and KJ in-
structors. The protocol used in the study was experi-
mentally performed on a small group of children; it was 
prepared and processed for the study. The KJ Exercise 
Protocol includes KJ Exercise Protocol for eight weeks, 3 
sessions per week, and 40 minutes per session. The type 
of exercise and the difficulty of each exercise changed 
every two weeks, after 6 sessions of each exercise. Each 
movement in the main part of the program consisted of 
3 difficulty levels. Thus, at the end of the eighth week, 
8 exercises were practiced by the research participants. 
A group of KJ trainers designed this program, and the 
previous source is unavailable. In the present program, 
the ratio of rest to exercise was considered three to one.

The tools used in this study were as follows

1. The Gilliam Autism Rating Scale - Second Edition 
(GARS-2) [3]: The Gars test is a checklist that helps di-
agnose individuals with an ASD. Gars test is suitable for 
individuals aged 3 to 33 years. The Gars test consists 
of 4 subscales, and each subscale contains 14 options. 
These subscales include stereotyped behaviors, com-
munication, social interactions, and developmental dis-
orders, i.e., completed based on direct observation and 
interviews with parents and teachers of children with 
ASD and used in educational and research programs. 

In the present study, prepared scores and tests were 
taken in the archives of the Tehran Autism Association 
were used. The reliability of the Gars-2 internal stability 
is determined using Cronbach’s alpha coefficient. Stud-
ies indicated an alpha of 84% for stereotyped behaviors, 
86% for communication, 88% for social interaction, and 
94% for ASDs [10]. In Iranian society, based on the study 
of Ahmadi et al., Cronbach’s alpha coefficient in stereo-
typed behavior was measured to be 74%, communi-
cation as 92%, social interactions as 73%, and growth 
issues as 80%. Cronbach’s alpha coefficient of the test 
was computed to be 89%. This coefficient indicates the 
high reliability of the Gars scale, which can be used for 
diagnostic and therapeutic purposes [11].

2. Force plate: Kistler force plates (Kistler, Switzerland; 
500x600 mm, model SA 960) was used to test the pos-
tural sway in the AP and ML plates. For this purpose, the 
force plate device was first calibrated and tested at a fre-
quency of 120Hz. Additionally, before testing, the device 
was filtered with a frequency of 10Hz to pick up noise. 
During the standing tests, the position of the foot was 
determined and used for all subsequent tests. To mea-
sure postural stability, the study subjects were request-
ed to stand barefoot on the force plate for 60 seconds. 
The children were instructed to stand comfortably with 
their hands on the body and look at the lab wall quietly. 
The test was repeated twice; between each repetition, 
the examined subjects were rested on a chair already 
installed in the test site for 30 seconds. Then, because 
the centre of pressure (CoP) moves a lot in the first 15 
seconds, also to eliminate the effect of possible fatigue 
created in the last 15 seconds, the middle 30 seconds 
were used as the test result. Therefore, 1800 frames 
(15s×120Hz=1800) to 5400 frames (45s×120Hz=5400) 
were used for COP analysis. Accordingly, 3600 frames 
(30s×120Hz=3600) in each iteration were examined. In 
the analysis, the parameters of COP motion length, COP 
oscillation rate, total COP motion length, and total COP 
oscillation rate were used in AP and ML plates [12].

3. Heel-to-toe walking test (tandem gait): To assess 
dynamic balance, a heel-to-toe walk test was used. In 
this test, the ability of individuals is measured in a di-

Table 1. Research plan

Groups Pretest Intervention Posttest

Experimental Balance measurement and postural sway Kangoo Jump Balance measurement and postural sway

Control Balance measurement and postural sway School routine 
exercise Balance measurement and postural sway
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rect path from heel to toe. Individuals were requested 
to walk from heel to toe on a specific path 15 feet long. 
If the explored individuals deviated or deviated from 
the path before completing the 15 steps, the test would 
be stopped and the number of steps recorded as their 
score. This test was performed twice, and the best score 
was considered as a record [13]. The reliability of this 
test was calculated by Salar et al. as 0.91% [14].

The obtained data were analyzed using descriptive sta-
tistics (Mean±SD) and inferential statistics Analysis of Co-
variance (ANCOVA) in SPSS at a significance level of 0.05.

Results

First, in the descriptive statistics section, demographic 
characteristics were examined. Table 2 presents the val-
ues related to the descriptive indicators of the partici-
pants, such as the Mean±SD age, height, and weight of 
all participants in the research groups.

According to Table 2, the mean age of the experimen-
tal and control groups was 9.78 and 7.10 years, respec-
tively. The mean height in the experimental group was 
129.22 cm, and in the control group, it was 131.60 cm; 
the mean weight of the experimental group was 27.11 
kg, and in the control group it equaled 29.60 kg. Accord-
ing to the Independent Samples t-test (Table 3), there 

was no significant difference between the study groups 
in the mentioned variables.

To determine the intergroup differences in the dy-
namic equilibrium test and the general postural sway, 
ANCOVA was used; the results of which are indicated in 
Tables 4 and 5.

As per Tables 4, the ANCOVA results revealed a statis-
tically significant difference between the study groups 
in the posttest step after removing the pretest effect 
(P<0.001). Therefore, the intervention of KJ exercises 
has affected the dynamic balance.

As per Table 5, the ANCOVA results indicated no sig-
nificant difference between the study groups after re-
moving the pretest effect. Therefore, the intervention 
of KJ exercises did not affect the overall sway of posture.

Discussion

The present study investigated the effects of KJ ex-
ercises on dynamic balance and postural sway in chil-
dren with ASD. The present study results suggested 
that following KJ exercises, dynamic balance improved 
in children with ASD. Thus, exercise and physical activ-
ity provide a great impact on the motor skills of these 
children and can improve motor performance in these 

Table 2. Pretest and posttest data of the research variables and the characteristics of participants

Variables
Mean±SD

t P
Experimental Group (n=9) Control Group (n=10)

Age (y) 9.80±1.31 9.78±1.20 0.136 0.900

Height (cm) 131.60±3.77 129.22±4.14 0.940 0.361

Weight (Kg) 29.60±4.55 27.11±5.44 0.311 0.763

Table 3. Descriptive indices of dynamic balance variables and overall postural sway 

Variables Groups
Mean±SD

Pretest Posttest

Dynamic balance/Heel to toe
Experimental 8.11±1.36 9.88±1.26

Control 7.70±1.15 7.60±1.42

Postural Sway/Force plate
Experimental 4.79±1.11 4.59±1.09

Control 4.49±1.17 4.87±1.27
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children. Children with ASDs are prone to impaired bal-
ance, postural stability, and postural abnormalities. The 
symptoms of this disorder appear in the first 3 years of 
life. As mentioned, ASD is also a developmental disor-
der that can potentially affect cognitive-motor abilities 
as well as motor skills [15].

According to research conducted over the last 2 de-
cades, the percentage increase in ASD was associated 
with significant growth. However, these children can be 
helped with early diagnosis, greater awareness, newer 
treatment options, and special educational methods. 
Pharmacological interventions for individuals with ASD 
are mainly used to reduce autism-related symptoms, 
such as inattention, impulsivity, hyperactivity, anxiety, 
sleep disorders, irritability, and self-harm [15]. There is 
currently no approved drug to treat the symptoms of 
ASD. Numerous research groups worldwide are focused 
on finding the best safe medicine for individuals with 
ASD. According to past research, children with ASD are 
increasingly sedentary [16]; therefore, recognizing ef-
fective interventions can help to improve the body’s 
metabolism, cardiovascular, and cognitive health [17].

Numerous daily motor activities are facilitated by the 
repetition and practice of basic skills in childhood; thus, 
it is necessary for the child to freely explore the envi-
ronment and interact with others [18]. The symptoms 
of children with ASD include less interaction with their 
peers and no participation in group games, compared 
to the typically-developing children. Therefore, because 
children with autism are less present in the community 
and have fewer motor experiences, it is obvious that 
they have poor motor skills [19].

KJ is a different sport whose challenge is balancing. 
Moreover, because it is fun and accompanied by mu-
sic, it is a very attractive sport for children. Children are 
generally interested in jumping on springboards and 
trampolines. The KJ allows children to instill the same 
motor enthusiasm with the help of a special pair of 
shoes, without the need for complex and special tools. 
These shoes have multiple advantages. Among them, 
we can mention reducing the impact effect up to 87%, 
the correction of the posture, and better coordination 
and apparent balance. Fluctuations in Kangoo shoes are 
permanent jumps, and the body must cope with these 
fluctuations to maintain balance. This balance inactivity 
results from the body’s balance system, sensory system, 
and visual system [8]. Considering that balance requires 
more attention than other motor skills, it requires fur-
ther practice to progress and improve. The impact of 
the KJ protocol with music, i.e., tailored to the needs 
of the subjects, could be among the main reasons why 
children with ASD develop balance skills in this study, 
according to Kim et al. [20] is also presented.

One of the possible mechanisms for the success of 
the present study’s training protocol in improving chil-
dren’s balance with ASDs was the KJ training protocol 
on movements that required balance. Other reasons 
for increasing the balance of children with ASD in this 
study include improving physical fitness factors, such 
as muscle strength, balance, coordination, and flexibil-
ity due to these exercises. Moreover, in most of these 
children, walking on the toes causes muscle shortening. 
Muscle stretching and relieving shortness will improve 
the child’s condition is performed with the right exer-
cises and at the right time. Practicing KJ with music may 
have helped overcome this defect and increase balance. 
This finding was consistent with those of Dorunjic [21], 

Table 4. Results of ANCOVA to compare the post-test of the mean scores of the dynamic balance variables

Source F P Partial Eta-Squared

Dynamic balance_pre 17.183 0.001 0.518

Group 18.941 0.001 0.542

Table 5. ANCOVA results compare the posttest of the mean values of postural sway variables

Sources F P Partial Eta-Squared

Postural sway_pre 38.623 0.001 0.707

Group 0.048 0.829 0.003
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indicating that physical activity positively affects motor 
function in children with ASDs.

Mateos et al. [22], in a study as a combination of mu-
sic and exercise on individuals with ASD, found that the 
association of music with motor activities is a kind of 
motor training and functional balance with more neu-
romuscular function, i.e., enjoyable for individuals. At 
the same time structure of music, including rhythmic 
sounds in a stable pattern, facilitates body movements, 
improves motor skills, increases eye-hand coordina-
tion, strengthens and controls movements, as well as 
improves joint range of motion. As a result, it improves 
motor skills, like balance in children with ASD [23]. The 
use of music, as mentioned earlier, during physical activ-
ity in most cases improves and increases participation 
in the learning and social interactions of children with 
ASD; thus, it improves their functional independence 
helps, which these factors can also play a significant role 
in improving the motor skills of these children [24]. Ex-
ercise with music is associated with improved balance 
and gait in individuals with ASD.

Neurophysiological studies revealed that defects in 
cortical and subcortical areas such as the motor cortex, 
the complementary motor cortex, basal ganglia, and cer-
ebellum can cause motor design defects, sensory-motor 
integration, and movement performance. Qiu et al. [24] 
concluded that motor, social, and communication defi-
cits are associated with the basal ganglia’s abnormal 
shape. Defects in the atrial and visual systems can also 
limit the connection between the visual and atrial sens-
es’ afferent systems; ultimately, the imbalance in pos-
ture [24]. KJ, as an activity that requires learning skills, 
motor control, and social engagement, may be related 
to cerebellar function and cortical and subcortical areas. 
Numerous studies revealed improved motor skills after 
long-term and regular intervention of various physical 
activities in children with ASD. In general, motor activi-
ties can help improve these children’s motor skills. This 
result was in line with those of the present study; as it 
was observed, KJ exercises could improve balance func-
tion in children with ASD.

In addition to the dynamic balance examined in the 
present study, postural sway was also examined. The 
obtained results suggested no significant difference 
between the control and experimental groups. Thus, 
KJ exercises did not significantly affect postural sway in 
individuals with an ASD. Since KJ is a new sport both in 
Iran and worldwide, the sport is still not part of public 
sports, and there has not been many studies on that. 
Due to the limited availability of studies in this area, it 

is impossible to speak confidently in this regard. As a re-
sult, further research is necessary to conclude a defini-
tive conclusion in this area.

Conclusion

The present study results indicated that following a 
course of KJ, dynamic balance improves in children with 
ASD. Thus, exercise and physical activity provide a great 
impact on the motor skills of these children and can 
lead to improved motor performance in them. There-
fore, such interventions can improve various aspects of 
development and balance in children with ASD.

Despite the significant positive results, some limitations 
of the study should be considered when generalizing the 
present study results. Dynamic balance improvement was 
inferred using a comparison of posttest session measure-
ment with a pretest. Therefore, no judgment can be made 
about the continuity of the results over time. These ef-
fects may diminish over time and may not be permanent.
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