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Abstract

The purpose of the present study was to determine how the fatigue exercise affects the balance
performance of individuals with mental disability, to evaluate the changes in their balance performance
and electromyogram (EMG) during exercise, and to compare their values with those of healthy
individuals. Educable mentally disabled individuals (n=14) and healthy sedentary individuals (n=14)
were included in the study. Group 1: Included healthy balance and EMG control group, Group 2:
Included the healthy individuals who were directed to perform fatigue exercise and from which EMG
results were taken by means of balance scores, Group 3: Included the mild mentally disabled balance
and EMG control group, and Group 4: Included the mild mentally disabled group who were directed to
do fatigue exercises and from which balance and EMG results were taken. The subjects did the fatigue
exercise only once for a period of 3 minutes at the submaximal intensity on the bicycle ergometer. While
no differences were found within the pairs of groups, differences were found between the groups of
healthy individuals and groups of mentally disabled individuals in terms of the balance parameter. On
the other hand, no significant difference was found in the EMG changes in the Vastus Lateralis and
Rectus Femoris muscles. When the EMG data and the heart rates recorded during the 3-minute exercise
carried out with bicycle ergometer were examined, while no significant difference was found between the
groups, significant differences were found between the distance, power and work values of these groups.
Consequently, it was determined that there was a difference between the mentally disabled individuals
and the healthy individuals of the same age group in terms of balance parameters; that physical exercise
noticeably decreased the balance performance; and that mentally disabled individuals could get
exhausted more quickly than their peers.
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Introduction
Cogitanti Fatigue is a rather complex concept having a very
effective role in the central nervous system and the muscles
and it contains physiological as well as psychological factors
[1]. Muscle fatigue is expressed as a decrease in the maximal
strength production of the muscle and a drop in its capacity of
carrying out work [2]. Fatigue also causes the strength and
power produced by muscles to decrease. The failure in
maintaining the maximal power can have an effect on fatigue
and the central fatigue, which prevents the voluntary
contraction of muscles. The central muscle fatigue affects the
control in an adverse way. Fatigue takes place especially at the
muscle level and is affected by two mechanisms each of which
occurs at different times. The first level of the emergence of
fatigue results from the lack of ATP and the decrease in the pH
level, which are related to the metabolic changes in muscles.
This effect is a short-term one, disappearing in a few minutes
following the termination of the exercise. In the second level,
however, a muscle fatigue resulting from the failure of the
contraction mechanism takes place, which results from the

central nervous system. Here, a central fatigue resulting from
the decreased nervous transmission to the muscles is in
question [3] and it is usually caused by prolonged exercise [4].
Balance is accepted to be a complex situation obtained by
means of the coordination of a number of biomechanical,
sensory and motor components. Although balance is often
thought as a static process, in fact it is a highly integrated
dynamic process including many neurological paths [5].
Balance, which affects the functions and performance, requires
the coordinated activation of the joints, muscles and visual and
audial receptors in order to maintain the stability of the centre
of gravity of the body. Skin, joint capsules, ligaments and
muscle fibres all contribute to the maintenance of balance
[6,7]. The physical fitness levels of the individuals with mental
disability are accepted to be lower comparing to their healthy
peers [8]. Disabled individuals face an extra health risk due to
their sedentary life style as well [9]. According to some
researchers, the sedentary lifestyle among children with mental
disability might result from inadequate motor activity and
physical fitness. It has been stated that the competence in
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movement is important in participation in activities [10]. Being
able to maintain the daily life activities and being able to move
without the help of other people are important, and it has been
reported that the incidence of walking and balance problems
are common among the individuals with mental disability [11].

The purpose of the present study is to determine how fatigue
exercise affects the balance performance of the individuals
with mental disability and to evaluate the changes in balance
performances and the electromyogram (EMG) during exercise
and the differences with the healthy individuals.

Materials and Methods

Study group
A total of twenty-eight people, including 14 educable mentally
disabled individuals and 14 non-disabled healthy sedentary
individuals, who do not get regular exercise in an active way,
who had accepted to take part in the study on a voluntary basis,
having no missing or damaged organs, with the same feeding
habits in general, not using alcohol, drugs or similar narcotic
substances, and not having any vestibular-visual disease or any
serious lower or upper extremity injuries within the last six
months were included in the study.

The individuals taking part in the study, as well as their
families, were informed in detail about the content, objectives,
methods place, time and duration of the study. Consent forms
were sent to the families of all participants and their written
approval about the participation of their children in the study
were received. The families were also informed that their
children’s participation was on a voluntary basis and they
could leave at any stage of the study if they wanted.

The study is a descriptive one limited with the data obtained
from these individuals, having a cross-sectional quality. The
study was carried out after the approval of the Scientific
Research and Publications Ethical Committee of Dumlupınar
University had been obtained.

Study protocol
The individuals were divided into 4 groups by random
selection within the categories (n=7):

Group 1: The Healthy balance and EMG Group who do not
get regular exercise;

Group 2: The Healthy Exercise Group who do not get regular
exercise, who are subjected to a 3-minute fatigue exercise and
from which balance parameters and EMG results are taken at
the end of the exercise;

Group 3: The Mildly Mentally Disabled Balance and EMG
Group who do not get regular exercise;

Group 4: The Mildly Mentally Disabled Exercise Group who
do not get regular exercise, who are subjected to a 3-minute

fatigue exercise and from which balance parameters and EMG
results are taken at the end of the exercise (Table 1).

Table 1. Physical Properties of the Groups.

Groups Age (years) Height (cm) Weight (kg) Body-Mass Index

Group 1 17.00 ± 0.01 173.00 ± 0.03 63.08 ± 8.93 21.67 ± 2.57

Group 2 17.28 ± 0.48 175.86 ± 0.08 68.37 ± 11.94 22.24 ± 4.44

Group 3 16.71 ± 0.95 163.00 ± 0.10 63.15 ± 17.87 24.04 ± 8.13

Group 4 17.20 ± 1.30 169.20 ± 0.05 57.48 ± 7.07 19.40 ± 2.56

Body measurements
Body measurements were carried out by means of the Jawon
Make body composition analyser (Model IOI-353). The device
is a system which carries out a leg-to-leg analysis with 5, 50
and 250 KHz frequency and which have a clean steel surface
on which bare feet contact [12]. The weights were measured
when the participant were wearing light clothes and
barefooted, and with a precision ratio of 0.1.

Intelligence level
Before starting the study, Weschler Intelligence Scale test was
applied by the Guidance and Research Centre. Participants’
scores in the intelligence tests have not been given due to
ethical reasons and, instead, educational diagnoses have been
given. The results of these diagnoses showed that the disabled
individuals participating in the study were at the educable
intelligence level.

EMG measurement protocol
A literature review was carried out about the leg region and the
Vastus Lateralis (VL) and Rectus Femoris (RF) muscles were
included in the research. Before the electrodes were placed on
the muscles, the surface of the skin had been cleaned with
alcohol. The electrodes were placed towards the middle section
of the muscle for the RF muscle, and to the lateral section of
the muscle for the VL muscles. The reference electrode was
placed on the soleus muscle. The vibration was applied for 1
minute. The electrode pair was placed away from each other
approximately 2 cm. The electrode size was 5 × 5 cm. The
resting myoelectrical activity was expressed as microvolt (μV).
It was measured using a surface EMG device (NeuroTrac,
Verity Medical, UK. EMG range: 0.2 to 2000 μV RMS,
sensitivity: 0.l μV RMS, Notch filter: 50 Hz, Common mode
rejection ratio: 130 dBs). Vibrations generated peculiar, non-
negligible motion artefacts on skin electrodes, resulting in an
over estimation of muscular activity. An appropriate filtering
has been suggested to obtain artefact free signals from muscle.
Therefore, the selected band pass filter was 100-370 Hz [13].

Balance test
Balance ability was evaluated through the balance test using
the Libra board (Easytech, Prato, Italy). This instrument (42 ×
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42 cm, weight 2.7 kg) consists of a balancing board with a
wide antisliparea. A moderate degree of difficulty was set, with
the board plug placed at 40 cm. A Libra board is connected to a
personal computer, and Balance ability can be assessed with
appropriate software (Libra software). Subjects were asked to
fixate on a point on the wall, in the eye plane, at a distance of 3
m. The Libra board software returns the outcomes in arbitrary
units. The scores range between 0 and 100, and the better
results are closer to 0. The same instrument and the same
protocol have been used in other studies [14].

The performance of the fatigue exercise
The Groups 2 and 4 got the fatigue exercises on a bicycle
ergometer in the form of a 3-minute aerobic submaximal
exercise. During the performance of the submaximal exercise,
it was ensured that the heart rate values of the Group 2 and
Group 4 were equal. All cycle testing was performed on an air-
braked cycle ergometer (Watt bike Ltd, Nottingham, UK). The
Watt bike calculates power output by measuring the chain
tension over a load cell (sampled at 100 Hz) and the angular
velocity of the crank arms (twice per revolution). The
reliability of the Watt bike cycle ergometer has been reported
previously over a range of power outputs (50-300 W), with a
CV of 2.6% (95% CI 0.7-2.0%) in trained cyclists [15]. During
the exercise test, heart rate was recorded continuously using a
RS300X heart-rate monitor (Polar Electro Oy, Kempele,
Finland).

Statistical analysis
In the statistical evaluation, the arithmetic mean and standard
deviations of the data were calculated. The obtained
parameters were applied to a homogeneity test. The one-way
analysis of variance was used in the comparison of the
parametric data. In the cases where significant differences were
found, LSD (Least Significant Difference) test was used to
determine the differences between the groups. The EMG
results of the groups performing the fatigue exercise were
evaluated by means of the Independent Samples T-Test. IBM
SPSS 21.0 “Statistical Package for the Social Sciences”
packaged software was used in the analyses, and the
significance level was found to be p ≤ 0.05.

Results
In the present study, when the balance and the EMG variations
during the balance were examined, it was seen that the best
balance scores were obtained by the healthy balance group
(Group 1), the second best balance scores were obtained by the
health group performing the fatigue exercise (Group 2), but
there was no statistically significant difference between these
two groups. While the lowest balance score belonged to the
control group (Group 3) among the disabled groups, it was
found that there was a statistically significant difference
between the balance score of this group and that of the health
balance group (p<0.05), that the fatigue exercise increased the
balance score, however there was no statistically significant
difference between them (between Group 2 and Group 4)

(p>0.05). On the other hand, significant differences were found
between the groups getting fatigue exercise/Group 2 and Group
4 (p<0.05). No significant differences were found between the
EMG variations in the VL and RF muscles measured during
the balance (p>0.05) as shown in Table 2.

In the present study, when the EMG data and heart rates
recorded during the 3-minute exercise performed with the
bicycle ergometer were examined, no significant differences
were found between the groups (Groups 2 and 4) (p>0.05),
while a significant difference was found between the Distance,
Power and Work values of these groups (p<0.05) as shown in
Table 3.

Table 2. The balance values of groups and their EMG values during
the balance.

Groups Group 1 Group 2 Group 3 Group 4 F p

Balance 19.92 ±
2.86a

23.05 ±
3.81ab

27.25 ±
4.22bc

30.16 ±
6.94c

6.36
2

.
003*

EMG/VL (μV) 51.88 ±
30.21

47.27 ±
19.30

33.94 ±
24.63

34.31 ±
17.54

1.00
3

0.40
9

EMG/RF (μV) 65.48 ±
38.59

58.57 ±
23.47

41.77 ±
25.89

43.41 ±
17.81

1.17
6

0.34
1

p<0.05*       

Table 3. The EMG, power, work and heart rate values of the groups
during exercise.

Groups Group 2 Group 4 t p

EMG/VL
(μV) 130.64 ± 40.51 104.40 ± 28.37 1.328 0.211

EMG/RF
(μV) 201.85 ± 101.32 173.26 ± 64.62 0.593 0.565

Distance 1680.71 ± 103.03 1496.33 ± 101.27 3.242 .008*

Power 158.38 ± 25.73 122.83 ± 21.50 2.673 .022*

Work 160.02 ± 18.65 134.33 ± 15.16 2.692 .021*

Heart Rate 163.00 ± 6.50 166.33 ± 5.88 -0.961 0.357

*p<0.05     

Discussion
In terms of motor development, individuals with mental
disability follow their healthy peers from far behind. The
balance performance, which is supposed to develop depending
on the age, is also lower among the individuals with mental
disability than the normal level. The balance is of great
importance for all people whether they are individuals with
mental disability or healthy normal individuals, and it serves as
the foundation for all movements. Performing all the
movements of daily life is possible only through the proper
posture and the balance [16]. The results of the present study
showed that the best balance scores were obtained in the
healthy balance group (Group 1), the second best balance
scores were obtained by the healthy group performing fatigue
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exercise (Group 2), however there was no statistically
significant difference between them. While the best balance
score obtained by the control group (Group 3) among the
disabled groups, it was found that there was a statistically
significant difference between this group and the healthy
balance group (p<0.05), that the fatigue exercise negatively
affected the balance score (Group 4), however there was no
statistically significant difference between these two groups
(Group 2 and Group 4) (p>0.05). On the other hand, a
statistically significant difference was found between the
groups which performed fatigue exercise (Group 2 and Group
4) (p<0.05). This is an indication of the fact that there is a
significant difference between the healthy individuals and the
educable individuals with mental disability of the same age
group in terms of the parameter of balance and though
statistically not significant, balance is affected by fatigue
exercise when considered on the basis of scores. In fact,
previous studies have emphasized that a lack of dynamic
balance is in question among the individuals with mental
disability and that development of balance skills is of great
importance for these individuals [17]. It has also been reported
in similar studies that the children with mental disability
perform more poorly in terms of physical and motor fitness
skills such as power, agility, balance, running and speed.
Research has shown that the individuals with disability cannot
develop in terms of their balance performance in parallel with
the increase in their age and are affected by that; displaying
losses mostly in their coordination, balance and speed skills
[18,19]. Although no significant difference was found when
the EMG values was measured during the balance performance
of the groups, a significant difference in terms of muscle
activities has been observed among them as shown in Table 2.
This difference has been observed during the fatigue exercise
as well shown in Table 3. When the previous studies were
reviewed, it was seen in a clear way that normal individuals
and the individuals with mental disability had similar muscle
transmission and power, and that similar results had been
obtained in these studies as well [20,21]. However, the most
notable results obtained in the present study are the ones
concerning the Distance, Power and Work. When these
parameters were examined, significant differences were found
between the healthy individuals and the individuals with
mental disability (p<0.05) as shown in Table 3. Although equal
loads were applied to the individuals with mental disability and
the healthy individuals at the same heart rate, it was found that
the individuals with disability were behind the healthy
individuals in terms of Distance, Power and Work, and that
they had higher heart rates in spite the fact that they had lower
values of power and distance. This means that less workloads
cause higher heart rates and earlier fatigue among the
individuals with mental disability comparing to the healthy
individuals. Fatigue weakens the proprioceptive and
kinaesthetic properties of joints and increases the threshold of
muscle fibre discharge, and thus, joint sensitivity develops and
feedback is disrupted [22,23], resulting in a decrease in the
ability to maintain the balance [24,25].

Consequently, it has been determined that there are differences
between the individuals with mental disability and the healthy
individuals of the same age group in terms of their balance
parameters, and that tiring physical exercises noticeably
decrease the balance performances of both health individuals
and the individuals with mental disability. Moreover, the
individuals with mental disability displayed signs of
exhaustion earlier comparing to their healthy peers. Early
exhaustion is a factor adversely affecting the balance.
Performing the daily activities in a controlled way is closely
associated with the balance. The functional independence of
individuals is possible only with the systematic and proper
working of all body parts. In this context, it is considered that
the people dealing with children with mild mental disability
should consider the parameters constituting the balance in
detail and add more balance-promoting exercises into their
programs. Since overloads during the exercises performed by
disabled individuals may cause a decline in their ability of
balance, they can increase the risk of injury. Thus, while
getting the individuals with mental disability to perform
exercises, the exercises intended to increase the ability of
balance should also be included in their training planning.
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