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ABSTRACT 

Autism represents a disorder of neural development characterized by 3 features including deficit 

in social communication, inflexibility of speech and behavior, and stereotyped movements. The 

prevalence of this disorder has been reported about 1.5 per 100 individuals in Iran. Individuals with 

ASDs are susceptible to weakness in balance and stability and also postural deformities. Thus, the 

purpose of this study was to determine the relationship between core strength and balance in 

children with autism. The subjects included 32 boys with ASDs aged 6-10 (mean and standard 

deviation of 8.16 ± 1.16 years, 124.81 ± 11.56 cm in height, 33.02± 7.72 kg weight and body mass 

index 21.12 ± 3.14 kg/m2). They were selected according to available sampling method. In order 

to assess the maximum isometric strength of hip abduction and external rotation, manual muscle 

test dynamometer was used. Static and dynamic balance were also tested by modified stork 

standing test and walking heel to toe test, respectively. The results showed that there is no 

correlation between core strength and static balance in dominant and non-dominant leg, but there 

is a significant correlation between dynamic balance and core strength. According to the results, it 

is recommended that development of parameters related to the core body strength to be emphasized 

for improving balance in such children.  
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INTRODUCTION 

Autism spectrum disorder (ASD) is a 

lifelong neuropsychiatric disorder which falls 

into the category of pervasive developmental 

disabilities. This disorder, which is often 

mistakenly thought to be identical with 

mental retardation, was firstly described by 

Leo Conner in 1943. These disorders include 

autism, Asperger, and pervasive 

developmental disabilities not otherwise 

specified (PDD-NOS), the first two ones are 

of the main forms of autism spectrum 

disorders (1). 75 to 80 percent of children 

with pervasive developmental disorders are 

boys, while the severity of autism and 

possibility of mental retardation are higher in 

girls. The majority of such individuals are 

mentally retarded and about 20% of them 

have a normal intelligence (2, 3). Initial 

studies have estimated the prevalence of ASD 

to be less than 10 persons per 10 thousand 

people. However, current studies have 

demonstrated a significant increase in the 

prevalence of ASD (110 persons per 10 

thousand people) (4). Ghanizadeh (2008) 

reported that the prevalence of ASD in Iran is 

equal to 250 persons in 10000 people (5). 

Although autism is considered as a mental 

disorder, it is often associated with physical 

and systematic disorders. These disorders 

include sensory differences, sensorimotor 

disorders, motor growth, walking, joints 

mobility, motor skills, physical fitness, 

balance, muscle weakness, and hypotonia (6). 

Children and adolescents with ASD suffer 

from poor coordination of the upper limbs 

during the performance off visual-motor 

tasks and hand dexterity and poor 

coordination of lower limbs during activities 

requiring balance, agility, and speed (7). In 

addition, autistic children have low levels of 

physical fitness which prevents them from 

participating in recreational and social 

activities and causes them to lead inactive and 

sedentary life (8). The results of a study also 

showed that there is a significant difference 

between children with ASDs and healthy 

ones in terms of all physical fitness 

parameters such as 600-yard running, sit-up, 

muscle strength and endurance, static and 

dynamic balance, flexibility, kyphosis, 

lumber scoliosis, and genu valgus (9). 

Weakness of autistic children in basic motor 

skills, mobility skills, objects control, and 

gross and fine motor skills has been 

mentioned in many studies (7, 8). Ming, 

Brimacombe, and Wagner (2007) studied the 

prevalence of motor impairment in 

individuals with autism and fond that motor 

impairment is common in children afflicted 

with ASDs (1). Also, it has been reported that 

motor impairment occurs in 50% of children 

with Asperger and 65%of them with autism 

(3). Molloy, Dietrich, and Bhattacharya 

(2003) studied postural stability in children 

with ASDs and concluded that this groups of 

children show higher fluctuations in all states 

of test compared with healthy children (10). 

Engel (2011) showed that autistic children 

often show an apparent unusual posture and 

center of gravity (11). Although few studies 

have been conducted on muscular strength of 

autistic individuals, it has been reported that 

some children with autism have less muscle 

strength than their healthy peers. Kern et al. 

(2011) stated that children suffering from 

ASDs have a poor muscle strength, which is 

related to the severity of their disorder (6). 

Core stability is the capability of lumbar-

pelvic-hip complex to avoid instability of the 

spine and return to equilibrium after a 

perturbation (12). The core of body can be 

assumed as a box in which abdominal 

muscles, paraspinal and gluteal muscles, 

diaphragm muscle, and thigh muscles are 

located in the front, back, top, and floor (13). 

It has been shown that the muscles in the core 

of body are activated before the extremities 

perform a motion (14). These muscles serve 

as a bridge between the upper and lower 

limbs and this way power is produced in the 

core of body and transferred to organs. 
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Primarily, stability requires maintaining the 

neutral state of backbone but it should also 

exists in the case that backbone is out of the 

neutral state (12). 

According to the results of previous 

research and review studies, a set of core 

strength, core endurance, and lumbar-pelvic 

muscle control structure forms core stability. 

Therefore, it is necessary to describe different 

aspects of core stability components (12, 15). 

Strength is the maximum force that a muscle 

or a group of muscles can produce at a 

specific rate. Hence, core strength is 

attributed to the ability of muscle contraction 

of core muscle structure and stabilizing the 

backbone. Core strength in controlling the 

stability of backbone through regulation of 

surrounding muscles force. Thus, core 

strength is essential for core stability (16). 

Studies have shown that reduced strength in 

the muscles of the core of body increases 

body fluctuations and may disrupt the body 

balance (17). According to the theory of 

closed kinetic chain, thigh muscles strength is 

effective in performance of lower extremities, 

controlling the lower segments, and 

prevention of injuries and if one of the joints 

of lower extremities has a poor performance, 

other joints will be involved. The results of a 

study showed that athletes with stronger 

abductor and rotator muscles did not face 

lower extremities injuries at the of a sports 

season (14, 17). 

In addition, the importance of balance 

control can be discusses in three field of 

motor and sports skills, injuries, and 

rehabilitation. Biomechanically, balance is 

the ability to maintain the body's center of 

gravity in the range of base of support with 

the minimum fluctuation and the maximum 

stability. Factors affecting the maintenance of 

balance involve sensory information that is 

obtained from somatic sensory, vestibular, 

and visual systems and is influenced by 

coordination, joint range of motion, and 

muscular strength (10). 

Studies have generally shown the role of 

core stability in improving athletic 

performance and preventing the injuries. 

Some researchers have studied the 

relationship of balance with strength and 

endurance of core muscles for promoting 

athletic performance, finding the talents, 

preventing the falling and injuries among the 

elderly, improving the processes of 

rehabilitation, and reducing the treatment 

costs of injuries caused by loss of balance (18, 

19). Hence, given the importance of balance 

and core stability (and its components) as a 

key factor in maintaining the posture and as 

the majority of studies in this regard have 

been conducted on healthy individuals, 

athletes, and individuals with back pain and 

paucity of such studies on individuals with 

special disabilities, the present paper aims to 

study the relationship between the strength of 

core muscles and balance in order to identify 

the factors affecting impaired balance and 

postural stability in autistic children.  

 

MATERIALS AND METHODS 
Participants. Statistical population 

included all boys with autism spectrum 

disorder in Tehran in 2014, 32 of them were 

selected as the sample by accessible sampling 

method. Mean and standard deviation of 

subjects’ age, height, weight, and Body Mass 

Index (BMI) were equal to 8.16 ± 1.16 years, 

124.81 ± 11.56 cm, 33.02 ± 7.72 kg, and 

21.12 ± 3.14 kg/m2, respectively. After 

filling out the parental consent form, 

information such as classification based 

on GARZ scale and cardiovascular, 

pulmonary, and musculoskeletal conditions 

of subjects were obtained from their medical 

records. No visual impairment and lack of 

orthopedic, cardiovascular, vestibular system, 

and somatic sensory system problems were the 

entry criteria. In addition, eye screening was 

done and those with obvious abnormalities 

were excluded from the study. 

Data Collection. The tests were performed 

in the morning at the Behara Training and 
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Rehabilitation Center for Autistic Children. In 

order to determine the dominant foot, the 

subjects were asked to shoot a ball. Maximum 

isometric hip abduction strength and maximum 

isometric hip external rotation strength tests 

were used for evaluation of core muscles 

strength (19). Static and dynamic balance were 

also measured by modified stork standing test 

and walking heel to toe test, respectively (8, 9). 

Before the test, while the subject was getting 

ready, he was asked to do three submaximal 

isometric contractions as a warm-up and for 

getting familiar with the test. Instead of 

simulation of manual resistance by the 

examiner, stabilizer straps were used in these 

tests for creating resistance in the desired site. 

These modifications to the resistance simulation 

method minimize the errors caused by 

variability in the examiner’s hand strength and 

improve the clinical advantages of manual 

dynamometers (14). 

Maximum Isometric Hip External 

Rotation Strength Test. To perform this test, 

subjects were asked to sit down on the edge 

of a bed as their thighs are flexed to an angle 

of 90 degrees. To prevent the activity of hip 

adductors, a small cushion was put between 

the thighs and the subjects were asked to put 

their hands stretched on the edge of the bed. 

The center of handheld dynamometer pad 

force at a distance of 5 cm to the medial 

malleolus proximal was fixed by a strap 

(Figure 1). In addition, another strap was 

fastened around the foot of subjects and the 

bed base in order to fix the body position. 

Subjects were asked to perform the hip 

external rotation motion and hold the 

contraction for 5 seconds. This test was 

repeated 3 times with 15 seconds rest between 

each attempt. The mean of three attempts 

scores were recorded as the score of subjects 

on this test. Maximum isometric hip external 

rotation strength test was done for both 

dominant hand and non-dominant hand (19). 

 

 
Figure 1. Maximum isometric hip external rotation 

strength test. 

 

Maximum Isometric Hip Abduction 

Strength Test. For this test, the subjects 

were asked to laterally lie down on 

examination bed and a small cushion was 

put between their hips, so that the upper 

hip is in a normal 10-degree abduction 

position. A strap fastened on top of iliac 

crest and the bed was used for fixing the 

body position. The center of handheld 

dynamometer pad force was fixed directly 

on the determined sign at a distance of 5 

cm to the proximal of knee joint lateral line 

(Figure 2). Another strap was also fastened 

around the dynamometer and the bed. 

While relying on the forearm of one hand 

and putting the other hand on the chest, the 

subject was asked to do the motion of 

moving the hip upward with maximum 

effort and hold the contraction for 5 

seconds. This test was repeated 3 times 

with 15 seconds rest between each attempt. 

Maximum hip abduction strength in 3 

successive isometric contraction was 

recorded as the final score of subjects. 

Maximum isometric hip abduction strength 

test was done for both dominant hand and 

non-dominant hand (19).
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Figure 2: Maximum isometric hip abduction strength test 

 

 

After the core strength tests, the length 

of the lever arm of hip and knee joints in 

dominant foot was measured. The proximal 

sign of lever arm in hip and knee joints was, 

respectively, in line with the greater 

trochanter and the center of the knee joint 

and its distal end was considered as the 

place where the center of dynamometer 

head is put. Then, the torque was calculated 

for each muscle group and normalized 

based on height and weight of the subjects 

(20). 

 
Force (Newton) = Mass (kg) × 9.8 

Torque (Nm) = Force (N) Lever × length (m) 

Normalized torque (%) = [Torque (Nm) / Weight 

(N) × Height (m)] × 100 

 

Measurement of Static Balance. Modified 

stork standing test was used for evaluation of 

static balance. In this test, the subjects were 

asked to stay one flat surface with one leg (the 

fulcrum leg), raise the free leg to the ankle of 

the fulcrum leg, and put their hands besides 

the body. When the free leg was back to the 

floor, the time was stopped and recorded. 

This test was done 2 times for each leg and 

the maximum time was considered as the 

record of each subject (8, 9). 

Measurement of Dynamic Balance.  To 

assess the dynamic balance, walking heel to 

toe test was applied. In this test, the ability of 

subjects to walk in a straight line from heel to 

toe is measured. The subjects were asked to 

walk in a specified path with a length of 15 

steps from heel to toe. If the subjects stray 

from the path before completing the 15 steps, 

the test is stopped and the number of steps is 

recorded as their score. This test was 

performed two times and the best score was 

considered as the record of subjects (8, 9). 

Statistical Analysis. SPSS 19 software 

was used for data analysis. Normality 

distribution of variables was examined by 

Kolmogorov-Smirnov test. Since the 

distribution of data was normal (p<0.05), 

Pearson correlation test was used for studying 

the relationship between all factors and 

variables of the present paper. 

 

RESULTS 
Table 1 present the descriptive 

information. 

 
Table 1. Mean and standard deviation of the measured variables 

Test type Mean SD 

Total hip abductor strength 3.58 1.45 

Total hip external rotation 4.55 2.05 

Total abduction strength and external rotation (Core strength) 8.09 3.37 

Static balance (second) 9.40 5.26 

Dynamic balance (step) 7.93 3.77 
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According to the results of the Pearson 

correlation test, there is a significant 

(P<0.01) relationship between dominant 

and non-dominant leg abduction strength, 

dominant and non-dominant leg external 

rotation, and core strength and dynamic 

balance. By contrast, there is no 

relationship between the components of 

core strength and static balance and only a 

significant relationship can be observed 

between hip abduction strength and static 

balance (Table 2).

 
Table 2. The results of Pearson correlation test 

 

Dominant 

hip 

abduction 

strength 

Non-

dominant 

hip 

abduction 

strength 

Total hip 

abduction 

strength 

Dominant 

hip external 

rotation 

strength 

Non-

dominant 

hip external 

rotation 

strength 

Total hip 

external 

rotation 

strength 

Total core 

strength 

Dominant 

leg static 

balance 

r = 0.285 

p = 0.114 

r = 0.333 

p = 0.063 

r = 0.311 

p = 0.083 

r = 0.161 

p = 0.373 

r = 0.277 

p = 0.125 

r = 0.223 

p = 0.221 

r = 0.336 

p = 0.6 

Non-

dominant 

static 

balance 

r = 0.401 

p = 0.023* 

r = 0.419 

p = 0.017* 

r = 0.427 

p = 0.015* 

r = 0.208 

p = 0.254 

r = 0.287 

p = 0.124 

r = 0.248 

p = 0.171 

r = 0.328 

p = 0.67 

Dynamic 

balance 

r = 0.471 

p = 0.042* 

r = 0.541 

p = 0.007** 

r = 0.512 

p = 0.001** 

r = 0.545 

p = 0.001** 

r = 0.556 

p = 0.001** 

r = 0.566 

p = 0.001** 

r = 0.564 

p = 0.001** 

*: Significant level at p<0.05.  **: Significant level at p<0.01. 

 

 

DISCUSSION AND CONCLUSION 
According to the results of the present 

study, there is a significant relationship 

between all components of core strength and 

dynamic balance, while there is no 

relationship between core strength and static 

balance in dominant and non-dominant leg 

and only a significant relationship was found 

between non-dominant leg static balance and 

dominant hip abduction strength. In addition, 

no significant relationship was observed 

between non-dominant and dominant hip 

external rotators strength and static balance. 

In recent years, there has been much 

emphasis on developing the strength and 

endurance of trunk or core body, because it is 

the origin of body movements and an 

essential component of the kinetic chain. For 

sports and many other functional tasks, the 

core body is a key chain in the beginning-to-

end sequence in the transmission path from 

the ground to the upper limbs. Inefficiency in 

the central part of the body may affect 

individual performance and facilitate the 

occurrence of injuries (21). Both athletes and 

sedentary individuals are at the risk of hip 

joint damages. Slight weakness of the hip can 

cause changes in the biomechanics of the 

lower extremity and cause pain in the legs and 

knees. For example, a person who is suffering 

weakness in hip muscle strength show over-

bending of back when performing the motion 

Scott. If the incorrect movement patterns are 

repeated over time, such people will be at risk 

of injury (22).  

In a research conducted by Bazgirinejad, 

Noraste, and Banparvari (2013), Star 

Excursion Balance Test was used for 

measuring the dynamic balance and core 

muscle strength was measured by step down, 

hip abductor strength isometric, and hip 

external rotation strength tests. They found a 

significant positive relationship of core 

muscle strength, dominant leg external 

rotators strength, non-dominant leg external 

rotators strength, dominant leg abductors 
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strength, and step down with dynamic 

balance (23). This is consistent with the 

findings of the present study. Naseri et al. 

(2012) performed two sets of tests for core 

stability (isometric hip abduction and 

external rotation test, moving downward two 

lower limbs simultaneously, extension-

flexion endurance and lateral flexion tests) 

and lower extremity function (Star Excursion 

Balance Test in three directions, vertical 

jump, one single-foot leaps, three single-foot 

leaps, leap running at the staircase, 6-meter 

single-foot leap, and reciprocating running) 

on 40 female athletes. Their results showed 

that hip abductors isometric strength has a 

significant direct relationship with star 

excursion balance in the direction of 

extension. They also found that most tests of 

core stability have a weak or moderate and 

even inverse relationship with lower 

extremity function tests (24). Ghotbi, 

Khodabakhshi, and Jalaei (2012) applied 

Berg’s Scale and the Motricity Index in order 

to assess balance and muscle strength of 

organs in 63 patients with MS. For evaluation 

of strength, hip flexion, knee extension, and 

ankle dorsiflexion motions were tested. The 

results showed that there is a significant 

relationship between balance and muscle 

strength of lower and upper limbs in patients 

with impaired balance, but such a relationship 

was not observed in patients without impaired 

balance (25). Ringsberg et al. (1999) studied 

the relationship between muscle strength and 

balance in elderly women. They evaluated 

balance by force plate and clinical test of 

standing on one leg. Maximal isometric knee 

extension and flexion and ankle dorsiflexion 

were also measured by Biodex dynamometer. 

The results showed that there is no 

relationship between the simple balance test 

of standing on one leg and balance tests (26), 

which is in consistent with the findings of the 

present study. Thorpe and Ebersole (2008) 

studied the relationship of SEBT and lower 

extremity muscle strength and concluded that 

lower extremity muscle strength has no 

relationship with SEBT (27). This is 

inconsistent with the results of the present 

study. This discrepancy can be attributed to 

the type of tests used and characteristics of 

subjects in terms of age, physical fitness, and 

physiological and psychological issues.  

In regard to the core strength, Saunders 

(2007) reported that exercises of abductor 

muscles and hip external rotators are often 

desirable in the core stability programs for 

improving the control of lumber-pelvic 

motion in the frontal plane. This is of 

importance in slow walking to running, as 

reduced hip strength leads to poor control of 

lumber-pelvic posture and thereby 

insufficiency of the lower extremity. In 

addition, as muscular structural of hip is very 

important in communicating with the lower 

extremities and transmission of force from/to 

the center, it should be taken into account and 

discussed when speaking about the core 

stability (28).  

In the present study, muscle strength of 

abductors and hip external rotators were 

measured. According to what has been 

extracted from previous studies and the 

theory of closed kinetic chain, hip muscle 

strength is essential for controlling the lower 

segments of the body and increased hip 

abductors strength causes increased ability of 

controlling the direction of the lower limbs 

and reduced load on the lower limb joint 

during increasing body movement in sports 

activities (15, 29).  

Therefore, it can be generally stated that 

the core stability is a platform for effective 

biomechanical function of extremities which 

increases force generation and reduces joint 

loads in all activities from running to 

throwing. It is not exactly known that the core 

part is consisted of what anatomical and 

physiological components (15, 30), that’s 

why physical assessment of the core stability 

seems to be complicated and different. 

Kibler, Press, and Sciascia (2006) stated that 

assessment of the core stability should be 

dynamic and such an assessment can involve 
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special functions such as postural control and 

its movements in three motor plats during an 

activity (30). In the present and similar 

studies, isometric tests have been used for 

evaluation of the core stability. Isometric 

tests assess the muscles only at a certain 

length and so cannot represent the actual 

performance of muscles. However, due to the 

complexity of mechanisms involved in creating 

the core stability, it seems that the actual 

capacity of the core body cannot be estimated 

based on the results of such test (14, 30). 

The results of the present study suggest a 

significant relationship between dynamic 

balance and the core strength, while such a 

relationship was not found between static 

balance and the core strength. This 

insignificance can be attributed to particular 

circumstances of the subjects, different 

measurement tools, weakness of subjects in 

static balance, and low strength of their lower 

limbs. The type of tests used for measuring 

the balance can be mentioned as another 

reason for conflict between the results of the 

present study and other ones. In many studies, 

Biodex isokinetic device or other functional 

tests are used (29). Age, gender, and number 

of subjects, specific characteristics of the 

subjects in terms of physical and postural 

weaknesses, their poor physical fitness, 

neuropsychological problems, and different 

responses of the central nervous system in 

autistic individuals (8) are some other 

constraints of the present research. According 

to the paucity of studies on the core stability 

and strength in children with autism, it is 

recommended that further studies to be 

conducted on girls with more number of 

subjects, more advanced tools, and also in 

comparison with other groups of individuals 

with disabilities. 

In addition, according to the findings of 

the present study, it is recommended that core 

strength components such as dominant leg 

external rotators strength, non-dominant leg 

external rotators strength, dominant leg 

abductors strength, and non-dominant leg 

abductors strength to be seriously taken into 

account in order to improve balance. We hope 

that the results of the present study would be 

a helpful and effective guide for coaches and 

sports professionals, therapists, and 

physiotherapists who are somehow in contact 

with this group of children. 
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 در کودکان اتیسم ارتباط قدرت مرکزی با تعادل ایستا و پویا
 

 حسین نظری شریف4، زاده اردکانیمحمد کریمی 3، حسن دانشمندی ،2سروین سالار1

 

 .، ایرانرشت، گیلان دانشگاهتربیت بدنی و علوم ورزشی، دانشکده  ،اصلاحی حرکات و ورزشی شناسی آسیبکارشناسی ارشد دانشجوی  .1

 .، ایرانرشت، گیلان تربیت بدنی و علوم ورزشی، دانشگاهدانشکده  اصلاحی، حرکات و ورزشی شناسی آسیب گروهدانشیار  .2

 .، ایرانتهران، تهران تربیت بدنی و علوم ورزشی، دانشگاهدانشکده  ،اصلاحی حرکات و ورزشی شناسی آسیبتخصصی  . دانشجوی دکتری3

 .، ایرانرشت، گیلان علوم ورزشی، دانشگاه تربیت بدنی ودانشکده  ،اصلاحی حرکات و ورزشی شناسی آسیبکارشناسی ارشد . 4
 
 

 چکیده

 حرکات و ،رفتار و گفتار نبودن پذیرانعطاف اجتماعی، ارتباطات در نقص مشخص ویژگی سهرشد عصبی با  اختلال نوعی بیانگر اتیسم اختلال

 خود در و فعالیت عدم دلیل به کودکان است. اینایران تخمین زده شده  در نفر 100 هر از نفر 5/1 حدود باشد. شیوع این اختلالمی ایکلیشه

باشند، بنابراین هدف پژوهش حاضر تعیین ارتباط میان تعادل با می پاسچرال هایو ناهنجاری تعادل، ثبات وضعیتی در ضعف مستعد بودن مانده

 سال 6-10 سنی رده در اوتیسم طیف اختلال یدارا پسر 32 تعداد پژوهش این آماری باشد. نمونهقدرت ناحیه مرکزی بدن در کودکان اتیسم می

 02/33±72/7 وزن و سانتیمتر،81/124±56/11 قد سال، 16/8±16/1 استاندارد انحراف و میانگین با) دسترس در گیرینمونه صورت به که بوده

های ایزومتریک مرکزی از آزمونشدند. به منظور ارزیابی قدرت  انتخاب (کیلوگرم بر مترمربع 12/21 ±14/3 بدنی توده شاخص و کیلوگرم

بداکشن ران و چرخش خارجی ران به وسیله دینامومتر دستی استفاده شد و تعادل ایستا و پویا نیز به ترتیب با آزمون اصلاح شده آحداکثر قدرت 

ایستا در پای برتر و غیربرتر رابطه  ها نشان داد که میان قدرت مرکزی با تعادلیافته گیری شد.لک لک و آزمون راه رفتن پاشنه به پنجه اندازه

توان پیشنهاد نمود که برای اما میان تعادل پویا با قدرت مرکزی رابطه معناداری برقرار است. با توجه به این ارتباط می ،معناداری وجود ندارد

 .بهبود تعادل در این کودکان بر توسعه فاکتورهای قدرت ناحیه مرکزی بدن تمرکز کرد

 .اختلال اتیسم، قدرت مرکزی، تعادل، ابداکشن ران، چرخش خارجی ران ی:واژگان کلید
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