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Abstract

Background: Studies indicate that balance disorder, motor development problems, and weak postural control are likely to occur
in children with severe to profound hearing deficits. Children with hearing deficits also indicate behavioral problems related to
impulse control, distraction, and disability to maintain attention in the visual modality.
Objectives: The present study, therefore, aimed to investigate the effect of balance exercises on balance performance, motor coor-
dination, and attention in children with hearing deficits.
Methods: In this experimental study, 36 children aged 7 to 12 years with severe to profound hearing deficits were randomly divided
into two control and experimental groups using permuted block randomization. The experimental group performed a 12-session
balance and vestibular sensory, motor exercise program. Assessments were performed as pretest and posttest by four subtests of
the Bruininks-Oseretsky test of Motor Proficiency and Continuous Performance test. Then, the mean scores were compared between
the pretest and posttest phases and between control and experimental groups by the paired t-test, Wilcoxon signed-rank test, two-
sample t-test, and Mann-Whitney U test.
Results: The results indicated a significant difference between the control and experimental groups in the pretest and posttest
scores of balance (P = 0.000), upper limb coordination (P = 0.000), bilateral coordination (P = 0.004), and visual-motor control (P =
0.023) subtests of Bruininks-Oseretsky test and Continuous Performance test (P = 0.017) in children with hearing deficits.
Conclusions: Balance training including vestibular sensory and motor exercise program can simultaneously affect balance perfor-
mance, motor coordination, and attention in children with hearing deficits.
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1. Background

Hearing deficit is the third most common chronic dis-
order that affects the health status largely and seriously,
leading to stress in the patient and the family (1). The preva-
lence of moderate to profound hearing deficits in children
(including sensorineural and conductive impairments) is
one to six per 1,000 children. Moreover, 440 million chil-
dren worldwide are estimated to suffer from over 85 deci-
bels hearing deficit and when the threshold is decreased to
50 decibels, it amounts to about 800 million (2).

Hearing deficit is mostly defined as a communication
deficit. Although the communication deficit is an impor-
tant disorder, hearing deficit co-occurs with other physi-

cal impairments such as vestibular disorders (3). Rine et
al. (4) believe that as labyrinths and cochlea are anatom-
ically and developmentally interrelated, there is a poten-
tiality for vestibular impairment when the hearing mech-
anism is impaired. In a study using Barany Rotary test and
caloric stimulation, Arnvig (5) found that 82% of 89 chil-
dren with severe acquired hearing deficits and 34% of 129
children with hereditary hearing deficits had abnormal re-
sponses to vestibular tests.

Since the vestibular system activates vestibular reflex
mechanisms trying to stabilize the eyes, head, and body
in the space, impairment of this mechanism may affect
postural sensitivity. Contemporary literature adheres that
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deaf people show lower dynamic and static balance than
people with normal hearing (6). Lindsey and O’Neal (7)
found that deaf children had a very weaker performance
in static and dynamic balance skills than hearing children.

Development and control of the posture are important
prerequisites for skill motor function (8). Crowe and Ho-
rak (9) found that children with hearing deficits and im-
paired sensory organization had weak balance and motor
efficiency in many fields. Various studies on motor skills
in deaf children have reported deficits in balance, general
dynamic coordination, visual-motor skills, ball catching
ability, and some disturbances in reaction time and speed
of movements (10). Teachers of children with hearing
impairment often complain of non-coordination, clumsi-
ness, and balance deficit in such children, preventing the
child from the desired function (3).

Deaf children are also reported to show behavioral
problems related to impulse control, distractibility, and
sustained attention disability in the visual system. Re-
cently, some impairments have been reported in contin-
uous visual function tasks in deaf children. On the other
hand, younger deaf children are more distracted by the
information existing in their peripheral visual field unre-
lated to their tasks (11). In recent years, the most impor-
tant instructions used for learning and teaching motor
skills are attentional instructions that direct the attention
of learners to different aspects of movement (12).

Cochlear implantation is the common treatment cur-
rently considered for children with hearing deficits. Many
researchers question the effect of cochlear implants on bal-
ance and motor development (3). The effect of this method
on the motor ability of deaf children was investigated by
Gheysen et al. (10), who found that children with cochlear
implants did not have better motor function than other
children. On the other hand, another study indicated that
almost three-fourth of adults undergoing such a surgery
experienced vertigo and imbalance (13). Furthermore, the
effect of a program including only static balance exercise
on the static balance ability of deaf children was assessed
in a 10-day period, which indicated no significant effect (6).
However, in another study, by using a balance program to-
gether with body awareness, Lewis et al. (14) found im-
provements in the balance skills of children aged 6 to 8
years. But, the above-mentioned study was conducted as
a pilot study with a limited number of patients, which can-
not represent the population with hearing deficit (14). In
addition, Majlesi et al. (15) performed an interventional
program for static balance and gait in deaf children. This
program, which was merely based on proprioceptive train-
ing, improved static balance, but had no significant effect
on the speed of gait (15)

In spite of the above facts, motor and balance impair-

ment assessments have not yet been included in common
assessments of deaf children; also, occupational therapy
and physical therapy have not yet been introduced into
training and rehabilitation programs of such children (2).
Interventional programs focusing on motor impairments
in children with hearing deficits should consider vestibu-
lar and motor function with an emphasis on the improve-
ment of visual and somatosensory effects (3). Despite the
growing evidence of the benefits of exercise for health, the
available literature lacks clinical evidence that supports ex-
ercise guidelines to improve cognitive and motor abilities
(16). On the one hand, effective rehabilitation methods are
not used to improve balance impairment, as well as motor
coordination and the attention of children with hearing
deficits. On the other hand, there are a few studies on mo-
tor function, attention, and balance impairment of such
children.

2. Objectives

Thus, the current study aimed to investigate the effect
of an exercise program based on balance and vestibular
sensorimotor stimuli on balance function, motor coordi-
nation, and attention in children with hearing deficits.

3. Methods

3.1. Participants

This experimental interventional study was conducted
on a statistical population including 36 children aged 7
to 12 years with severe to profound hearing deficits, as re-
ported in the patients’ files. The children were studying
in elementary schools for the deaf in Ghom Province, and
obtained the standard score below 12 for the balance sub-
test of Bruininks-Oseretsky test of motor proficiency (indi-
cating lower than average balance function according to
the instructions of the test). These children had normal in-
telligence quotient and did not take medications affecting
the central nervous system; they also did not have ortho-
pedic and neurological impairments. They were excluded
from the study in the case of being absent from more than
two sessions, non-cooperation of the family, and the oc-
currence of orthopedic accidents and if diseases prevented
the patient from participation. The Ethics Committee of
Shahid Beheshti University of Medical Sciences approved
the study (ethical code IR.SBMU.REC.1396.103).

The children participated in this study after obtain-
ing the parents’ consent, fully explaining the objectives
and the procedure of the study to the parents, and com-
pleting a demographic data form. The subjects were as-
signed to experimental or control groups by using per-
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muted block randomization and considering the homog-
enization of the groups for age, sex, and balance perfor-
mance. Therefore, 18 subjects were assigned to the control
group and 18 subjects to the experimental group. Then,
pretests were implemented in both groups. Thereafter, in
addition to regular educational programs of the school, a
balance, vestibular, sensory, and motor exercise program
was implemented for the experimental group. During this
period, the control group performed regular educational
programs of the school. At the end of the intervention
period, posttests were implemented for both control and
experimental groups and the obtained results were com-
pared between the pre- and post-intervention phases and
between the control and experimental groups. It is nec-
essary to mention that the tests were implemented by an
Occupational therapist working in the school who was not
aware of group allocation. The intervention program was
accomplished by the investigator.

3.2. Intervention Program

This program was compiled from the subject-related
research plans. The items of the program were selected as
follows: first, 90 exercises were selected from the relevant
articles and literature (6, 17-22) and were presented to the
experts who were asked to select the exercises they thought
to fit. Then, by summing their comments on the type and
difficulty level of exercises, finally, 33 exercises at difficulty
levels of A, B, and C were selected. They were presented for
final approval to six other experts with work experience
in the pediatric field. Next, the researcher selected the ex-
ercises of each session from the prepared exercise pack-
age from easy to difficult by considering the ability level of
each child. The exercises began at level A; any exercise that
was not challenging for each person in two consecutive ses-
sions was replaced with a more difficult one. On average, 14
exercises were performed in each session.

The program was implemented in three 45-min ses-
sions per week for four weeks in the Occupational Therapy
Department of Ababasir School of Ghom. Moreover, three
exercises were assigned as home exercises between the ses-
sions; to make sure that the program was performed at
home, the family was asked to film the exercise implemen-
tation. Such a session structure has previously been used
in the study by Majlesi et al. (15), except that home exercise
was not considered in that study.

Since the obtained results proved the hypotheses, the
exercise program was offered to the occupational thera-
pists working in elementary schools for the deaf in Ghom
Province to implement on the control group.

3.3. Assessments and Tests

In this study, the following tests were used in the
pretest and posttest for the assessment purpose.

For the assessment of balance performance, we used
the balance subtest of the Bruininks-Oseretsky test of mo-
tor proficiency. For the assessment of motor coordination,
we used the upper limb coordination, bilateral coordina-
tion, and visual-motor control subtests of the Bruininks-
Oseretsky test of motor proficiency. For the assessment of
attention, we used the Continuous Performance test.

In this study, the scores of the subtests were obtained
according to the test instruction and used for comparing
the results of the Bruininks-Oseretsky test of motor pro-
ficiency. The number of correct responses, calculated by
the subtraction of omission errors and commission errors
from the total number of stimuli, was used for comparing
the results of the Continuous Performance test. It is neces-
sary to note that the tests were performed by the occupa-
tional therapist working at the Ababasir School of Ghom,
and the results were recorded by the researcher.

The Bruininks-Oseretsky test of motor proficiency is
one of the most common tools for children aged 4.5 to 14.5
years. The full set of this test includes 46 items that are cat-
egorized into eight subtests (23). In this test, four subtests
assess gross motor skills, three subtests assess fine motor
skills, and one subtest assesses both. Bruininks standard-
ized this test on a sample of 756 children. The test-retest
reliability coefficient and the validity of the test were re-
ported to be 0.78 and 0.84, respectively (24). The validity
and reliability of this test were examined by Mousavi et al.
in Iran, with the validity coefficient of 0.78 (25).

The Continuous Performance test is a special assess-
ment test with the potential of objective evaluation of at-
tention. The available versions of the Continuous Perfor-
mance test are performed by personal computers. Accord-
ing to Kelly and Garfinkle, the Continuous Performance
test has the potential to examine sustained attention (26).
In this study, we used the Persian form of the Continuous
Performance test developed by Hadianfard et al. (27). This
form has 150 Persian digits as stimuli, from which 30 are
target stimuli. The time interval between the presentation
of two stimuli is 500 thousandth of a second and the dura-
tion of the presentation of each stimulus is 150 thousandth
of a second. The above-mentioned researchers obtained
reliability coefficients ranging from 0.59 to 0.93 for differ-
ent parts of this test through retesting at the interval of 20
days in a sample of 43 elementary school boys, calculating
all the coefficients at a significance level of 0.001. Further-
more, the above-mentioned researchers reported a desir-
able validity for this test through criterion validation (27).
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3.4. Statistical Analysis

The Shapiro-Wilk test was used for assessing the nor-
mality of data distribution. For the data with normal distri-
bution, paired and independent samples t-tests were used
for within and between-group comparisons, respectively.
For the data with non-normal distribution, we used the
Wilcoxon signed-rank test and the Man-Whitney test.

4. Results

The results of this study indicated that 20 (55.6%) par-
ticipants were females, including 10 subjects in the exper-
imental group and 10 in the control group, and 16 (44.4%)
participants were males, including eight subjects in the ex-
perimental group and eight in the control group. Further-
more, the mean age was 9.72 years and 9.67 years in the ex-
perimental and control groups, respectively, indicating no
significant difference. Given the results of Table 1, the con-
trol and experimental groups were homogenous with re-
spect to age and sex.

Table 1. Distribution of Participants by Sex and Comparison of Mean Age of
Participantsa

Experimental Group Control Group P Value

Gender

Female 10 (55.6) 10 (55.6)

Male 8 (44.4) 8 (44.4)

Age 9.72 ± 1.742 9.67 ± 1.879 0.859

aValues are expressed as mean ± SD or No. (%).

Based on Table 2, there were significant differences be-
tween the mean pretest and posttest scores of balance, up-
per limb coordination, bilateral coordination, and visual-
motor control subtests of the Bruininks-Oseretsky test in
the experimental group (P = 0.000, P = 0.000, P = 0.000,
and P = 0.008, respectively). On the other hand, there were
no significant differences between the mean pretest scores
of these subtests between the control and experimental
groups (P = 0.956, P = 0.477, P = 0.481, and P = 0.622, re-
spectively). In addition, the mean difference in the posttest
and pretest scores were compared between the control and
experimental groups, which indicated a significant differ-
ence between them (P = 0.000, P = 0.000, P = 0.004, and P
= 0.023, respectively).

There were significant differences between the mean
pretest and posttest scores of the Continuous Performance
test in the experimental group (P = 0.002). On the other
hand, the mean pretest scores of the Continuous Perfor-
mance test showed no significant difference between the
control and experimental groups (P = 0.537). In addition,

the mean differences between the posttest and pretest
scores were compared between the control and experi-
mental groups, which indicated a significant difference be-
tween them (P = 0.017).

As indicated in Figure 1, the differences between the
mean pretest and posttest scores were higher in the exper-
imental group than in the control group in all tests.

5. Discussion

The results of the present study indicated that the ap-
plication of 12 sessions of balance and vestibular exercise
protocol, as used in this study, combined with three ex-
ercises done under the supervision of the family between
the sessions, results in the significant improvement of bal-
ance, motor coordination, and attention in children with
severe and profound hearing deficit.

The balance process emphasizes on the integration
of information from proprioceptive, vestibular, and vi-
sual systems in order to produce appropriate muscular re-
sponses for postural adaptation so as to keep the center of
gravity on the base of support of the body (28). Due to the
involvement of these sensory systems in the balance pro-
cess and the special attention paid to the sensory systems,
especially the vestibular system, the exercises are expected
to improve the static and dynamic balance, as proved by
the results of this study.

Furthermore, three items of upper limb coordination,
bilateral coordination, and visual-motor control were con-
sidered for the investigation of motor coordination. For
postural control, two mechanisms are considered: feed-
back control that corrects balance perturbation and feed-
forward control that is predictive. The start of a movement
with good coordination requires postural adaptations that
predict the imbalance resulting from that movement (29).
Studies suggest that balance disorders may have a negative
effect on such motor skills as general dynamic coordina-
tion and eye coordination (15). In a study by Butterfield and
Ersing (30), it was revealed that dynamic and static balance
affected the ball catching ability in deaf students. Consid-
ering the foregoing, we expect that by the improvement of
balance performance, an improvement is observed in mo-
tor coordination items in children with hearing deficits.
Such a result was observed for all the three studied items,
but the improvement was higher in upper limb coordina-
tion than in the other two items.

On the other hand, it is suggested that the integra-
tion of the information from different senses is a neces-
sary component for the normal development of attention
function in each sensory modality of the individual (11). In
another theory on attention-deficient, it is also suggested
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Table 2. Results of the Testsa

Test Pretest Posttest P Valueb Difference (Posttest-Pretest)

Balance

Experimental 13.94 ± 5.724 20.72 ± 6.285 0.000b 6.7778 ± 2.263

Control 14.06 ± 6.207 15.22 ± 6.195 0.085b 1.1667 ± 2.706

P valuec 0.000c

Upper Limb Coordination

Experimental 12.44 ± 2.812 15.94 ± 2.235 0.000b 3.50 ± 1.248

Control 11.56 ± 4.409 11.94 ± 4.385 0.441b 0.388 ± 2.090

P valuec 0.000c

Bilateral Coordination

Experimental 7.61 ± 1.461 10 ± 2.425 0.000b 2.388 ± 1.377

Control 7.11 ± 2.587 7.83 ± 3.365 0.108b 0.722 ± 1.808

P valuec 0.004c

Visual Motor Control

Experimental 19.44 ± 3.959 20.94 ± 3.058 0.008b 1.50 ± 2.093

Control 18.61 ± 4.791 18.39 ± 4.667 0.631b -0.222 ± 1.864

P valuec 0.023c

Continuous Performance

Experimental 136.06 ± 9.321 143.33 ± 5.303 0.002b 7.277 ± 8.470

Control 130.72 ± 17.428 130.78 ± 17.421 0.906b 0.055 ± 8.768

P valuec 0.017c

aValues are expressed as mean ± SD.
bWithin-group comparisons.
cBetween-group comparisons.

that deaf children spread their attention over a broad vi-
sual field in a non-concentrated manner (31). Since vestibu-
lar, proprioceptive, and visual senses are integrated to cre-
ate and keep balance in balance exercises and since the vi-
sual field is limited to a specific point in some exercises
in the protocol, improved attention was expected by per-
forming such balance exercises, as proved by the results of
this study.

The results of the present study are comparable to the
results obtained by Horn et al. (32), Yucel and Derim (33),
Shin et al. (34) for attention and the results obtained by
Lewis et al. (14), Effgen (6), Majlesi et al. (15), Fotiadou et
al. (35), and Rajendran et al. (36) for balance disorders and
motor skills.

Horn et al. (32) conducted a retrospective longitudinal
study on continuous performance in deaf children under-
going cochlear implantation. Such children had weak sus-
tained attention and showed a little improvement as the
years of using a cochlear implant increased. The results of
the present study indicated that a cochlear implant led to
improved performance on a test of sustained visual pro-

cessing of numbers over two or more years (32). The above-
mentioned results are consistent with those of the present
study, except that improved sustained attention was ob-
served in a much shorter period in the present study. In
another study, Yucel and Derim (33) reported that deaf chil-
dren with cochlear implants had higher attention deficit
and irritability than the control group with no hearing
deficit and deaf children with cochlear implants after the
age of four had weaker performance than children with
implants at lower ages. However, since within-group com-
parisons were not made in this study and since sustained
attention was not assessed before cochlear implantation,
the effect of this method may not be judged accurately. In
addition, in a study on children aged 6 - 7 years, Shin et
al. (34) reported that attention deficit and irritability in-
creased after cochlear implant surgery. The whole results
of these studies do not prove the positive effect of cochlear
implants on the attention of deaf children. However, in the
present study, after using the balance and vestibular exer-
cise protocol, there was a significant increase in sustained
attention, which was assessed based on the number of cor-
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Figure 1. Results of the tests

rect responses in the Continuous Performance test.

Lewis et al. (14) found that participation in body aware-
ness and balance program could lead to improved balance
skills in children with hearing deficits. This report is con-
sistent with the results of the present study, but Lewis et
al. (14) considered a significance level of 0.1 for changes
in that pilot study and like the present study, the balance
subtest of Bruininks-Oseretsky test of motor proficiency
was used for the assessment of dynamic and static balance;
this is while in the present study, a significant increase was
observed in the mean balance scores after using the bal-
ance and vestibular exercise protocol by considering the
significance level of 0.05. In another study, Effgen (6) ex-
amined the effect of a 10-day exercise program on static bal-
ance activities in severe deaf children, and found no signif-
icant change in the amount of sway in spite of the improve-
ment in standing time, which is indicative of no change in
standing quality. This study, in which force platform was
used for the investigation of balance, is consistent with the
present study with respect to changes in standing quan-
tity, but since no tool was used for the investigation of the
amount of sway in static states in the present study, no
special comment may be made on the comparison of the

amount of sway between the two studies. On the other
hand, unlike the study by Effgen (6), the assessment tool
in the present study showed simultaneous improvement
in both static and dynamic balance. Furthermore, the re-
sults of the present study are consistent with part of the
results by Majlesi et al. (15), who investigated the effect of
an intervention program focusing on proprioception on
static balance and gait of deaf children. The results of that
study indicated improvement in the amount of sway in
static states, while there was no improvement in the accel-
eration of gait. Among the reasons stated for such a lack
of improvement in that study, we can point to the ineffec-
tiveness of the type of exercises performed on the gait of
deaf children and the short duration of exercise program
(15). Fotiadou et al. (35) also studied the effect of a rhyth-
mic gymnastics program on the dynamic balance ability
of a group of deaf children. The results of this study, which
indicated a significant improvement in dynamic balance
ability after rhythmic gymnastics program in deaf chil-
dren, are consistent with the results of the present study
(35). However, only one aspect of balance was considered
in this study, in such a way that all exercises included dy-
namic exercises and only dynamic balance was assessed,
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which gave no information on static balance. In one of the
few studies that assessed the effect of vestibular neuromus-
cular training simultaneously on motor skills and balance
in six weeks, Rajendran et al. (36) obtained the results sim-
ilar to those of the present study.

5.1. Limitations

The presence of a large number of dependent vari-
ables led to the extension of assessment times and con-
sequently the study duration, and also made difficult ho-
mogenization of the control and experimental groups. On
the other hand, due to a large number of variables that
should be homogenized in the control and experimental
groups, some conditions of the participants such as hear-
ing aid use and/or cochlear implant surgery history were
disregarded in the homogenization of the control and ex-
perimental groups.

5.2. Conclusions

The results obtained from the present study indicate
that:

(1) Balance exercises lead to improved balance per-
formance in children with severe and profound hearing
deficits; (2) balance exercises lead to improved motor co-
ordination (upper limb coordination, bilateral coordina-
tion, visual-motor control) in children with severe and pro-
found hearing deficits; and (3) balance exercises lead to
improved attention in children with severe and profound
hearing deficits.

These results reveal the necessity of the application of
balance exercise programs, especially those focusing on
the vestibular system, for improvement of the mentioned
fields in children with hearing deficits.

Using the present exercise package is suggested for
other groups of patients with problems in balance, motor
coordination, and attention, as well as for other age groups
of deaf children.

Footnotes

Authors’ Contribution: Study concept and design:
Mehdi Rezaee and Mohammad Hedayatjoo. Acquisition
of data: Mohammad Hedayatjoo. Analysis and interpreta-
tion of data: Mehdi Rezaee, Mohammad Hedayatjoo, and
Alireza Akbarzadeh Baghban. Drafting of the manuscript:
Mohammad Hedayatjoo, Zahra Hedayatjoo, and Razieh
Mokhber Dezfoly. Critical revision of the manuscript for
important intellectual content: Mehdi Rezaee, Mehdi Al-
izadeh Zarei, Navid Mirzakhany, and Ahmadreza Nazeri.

Statistical analysis: Alireza Akbarzadeh Baghban. Study su-
pervision: Mehdi Rezaee. Development of treatment pro-
tocol: Mohammad Hedayatjoo, Mehdi Rezaee, and Mehdi
Alizadeh Zarei.

Conflict of Interests: The authors declare that there is no
conflict of interest in this study.

Ethical Approval: The Ethics Committee of Shahid Be-
heshti University of Medical approved the study by the eth-
ical code of IR.SBMU.REC.1396.103.

Funding/Support: This study was supported by grant
code 10185 from the Physiotherapy Research Center, Shahid
Beheshti University of Medical Sciences.

Informed Consent: The children participated in this
study after obtaining their parents’ consent.

References

1. Rajendran V, Roy FG, Jeevanantham D. Postural control, motor
skills, and health-related quality of life in children with hear-
ing impairment: A systematic review. Eur Arch Otorhinolaryn-
gol. 2012;269(4):1063–71. doi: 10.1007/s00405-011-1815-4. [PubMed:
22057941].

2. Rajendran V, Roy FG. An overview of motor skill performance
and balance in hearing impaired children. Ital J Pediatr. 2011;37:33.
doi: 10.1186/1824-7288-37-33. [PubMed: 21756300]. [PubMed Central:
PMC3143087].

3. Rajendran V, Roy FG, Jeevanantham D. Effect of exercise interven-
tion on vestibular related impairments in hearing-impaired chil-
dren. Alexandria J Med. 2019;49(1):7–12. doi: 10.1016/j.ajme.2012.10.001.

4. Rine RM, Cornwall G, Gan K, LoCascio C, O’Hare T, Robinson E,
et al. Evidence of progressive delay of motor development in
children with sensorineural hearing loss and concurrent vestibu-
lar dysfunction. Percept Mot Skills. 2000;90(3 Pt 2):1101–12. doi:
10.2466/pms.2000.90.3c.1101. [PubMed: 10939054].

5. Arnvig J. Vestibular function in deafness and severe hard-
ness of hearing. Acta Otolaryngol. 1955;45(4):283–8. doi:
10.3109/00016485509124281. [PubMed: 13275292].

6. Effgen SK. Effect of an exercise program on the static balance of deaf
children.Phys Ther. 1981;61(6):873–7. doi: 10.1093/ptj/61.6.873. [PubMed:
7243886].

7. Lindsey D, O’Neal J. Static and dynamic balance skills of eight year old
deaf and hearing children. Am Ann Deaf. 1976;121(1):49–55. [PubMed:
1251782].

8. Foudriat BA, Di Fabio RP, Anderson JH. Sensory organization of bal-
ance responses in children 3–6 years of age: A normative study with
diagnostic implications. Int J Pediatr Otorhinolaryngol. 1993;27(3):255–
71. doi: 10.1016/0165-5876(93)90231-q.

9. Crowe TK, Horak FB. Motor proficiency associated with vestibu-
lar deficits in children with hearing impairments. Phys Ther.
1988;68(10):1493–9. [PubMed: 3262878].

10. Gheysen F, Loots G, Van Waelvelde H. Motor development of deaf
children with and without cochlear implants. J Deaf Stud Deaf Educ.
2008;13(2):215–24. doi: 10.1093/deafed/enm053. [PubMed: 17965453].

11. Dye MW, Hauser PC. Sustained attention, selective attention and cog-
nitive control in deaf and hearing children.HearRes. 2014;309:94–102.
doi: 10.1016/j.heares.2013.12.001. [PubMed: 24355653]. [PubMed Cen-
tral: PMC3928356].

12. Ansari O, Zarezade M, Saberi Kakhaki A. Effect of distance increase
of external focus of attention on tracking task learning under sec-

Arch Neurosci. 2020; 7(1):e84869. 7

http://dx.doi.org/10.1007/s00405-011-1815-4
http://www.ncbi.nlm.nih.gov/pubmed/22057941
http://dx.doi.org/10.1186/1824-7288-37-33
http://www.ncbi.nlm.nih.gov/pubmed/21756300
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3143087
http://dx.doi.org/10.1016/j.ajme.2012.10.001
http://dx.doi.org/10.2466/pms.2000.90.3c.1101
http://www.ncbi.nlm.nih.gov/pubmed/10939054
http://dx.doi.org/10.3109/00016485509124281
http://www.ncbi.nlm.nih.gov/pubmed/13275292
http://dx.doi.org/10.1093/ptj/61.6.873
http://www.ncbi.nlm.nih.gov/pubmed/7243886
http://www.ncbi.nlm.nih.gov/pubmed/1251782
http://dx.doi.org/10.1016/0165-5876(93)90231-q
http://www.ncbi.nlm.nih.gov/pubmed/3262878
http://dx.doi.org/10.1093/deafed/enm053
http://www.ncbi.nlm.nih.gov/pubmed/17965453
http://dx.doi.org/10.1016/j.heares.2013.12.001
http://www.ncbi.nlm.nih.gov/pubmed/24355653
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3928356
http://archneurosci.com


Hedayatjoo M et al.

ondary task condition. Int J Sport Stud Health. 2018;1(2). doi: 10.5812/in-
tjssh.82043.

13. Steenerson RL, Cronin GW, Gary LB. Vertigo after cochlear im-
plantation. Otol Neurotol. 2001;22(6):842–3. doi: 10.1097/00129492-
200111000-00021. [PubMed: 11698805].

14. Lewis S, Higham L, Cherry DB. Development of an exercise pro-
gram to improve the static and dynamic balance of profoundly
hearing-impaired children. Am Ann Deaf. 1985;130(4):278–84. doi:
10.1353/aad.2012.1020. [PubMed: 4072857].

15. Majlesi M, Farahpour N, Azadian E, Amini M. The effect of in-
terventional proprioceptive training on static balance and
gait in deaf children. Res Dev Disabil. 2014;35(12):3562–7. doi:
10.1016/j.ridd.2014.09.001. [PubMed: 25241115].

16. Taheri M, Irandoust K. The effect of balance exercises and comput-
erized cognitive training on psychomotor performance in elderly. J
Phys Ther Sci. 2017;29(12):2097–9. doi: 10.1589/jpts.29.2097. [PubMed:
29643582]. [PubMed Central: PMC5890208].

17. Corna S, Nardone A, Prestinari A, Galante M, Grasso M, Schieppati
M. Comparison of Cawthorne-Cooksey exercises and sinusoidal sup-
port surface translations to improve balance in patients with unilat-
eral vestibular deficit. Arch Phys Med Rehabil. 2003;84(8):1173–84. doi:
10.1016/s0003-9993(03)00130-8. [PubMed: 12917857].

18. Herdman SJ, Clendaniel R. Vestibular rehabilitation. Philadelphia: FA
Davis Company; 2014.

19. Herdman SJ, Schubert MC, Tusa RJ. Strategies for balance rehabili-
tation: fall risk and treatment. Ann N Y Acad Sci. 2001;942:394–412.
[PubMed: 11710480].

20. Khan F. Neurological rehabilitation. In: Darcy AU, editor. . St Louis,
Mo: Mosby; 2006. 1257 p.

21. Rine RM, Braswell J, Fisher D, Joyce K, Kalar K, Shaffer M. Improve-
ment of motor development and postural control following inter-
vention in children with sensorineural hearing loss and vestibu-
lar impairment. Int J Pediatr Otorhinolaryngol. 2004;68(9):1141–8. doi:
10.1016/j.ijporl.2004.04.007. [PubMed: 15302144].

22. Seidler RD, Martin PE. The effects of short term balance training on
the postural control of older adults.Gait Posture. 1997;6(3):224–36. doi:
10.1016/s0966-6362(97)00012-x.

23. Venetsanou F, Kambas A, Aggeloussis N, Fatouros I, Taxildaris K.
Motor assessment of preschool aged children: A preliminary in-
vestigation of the validity of the Bruininks-Oseretsky test of mo-
tor proficiency - short form. Hum Mov Sci. 2009;28(4):543–50. doi:
10.1016/j.humov.2009.03.002. [PubMed: 19443065].

24. Kosari S, Hemayat-Talab R, Arab-Ameri E, Keyhani F. The effect of phys-
ical exercise on the development of gross motor skills in children
with attention deficit/hyperactivity disorder. Zahedan J Res Med Sci.
2013;15(2):74–8.

25. Branch A. Description of gross and fine motor skills for 9 and 10 years
old children of Golestan Province and comparison to each other.
Middle-East J Sci Res. 2011;8(2):401–6.

26. Whitten Campbell J, D’Amato RC, Raggio DJ, Stephens KD. Con-
struct validity of the computerized continuous performance test
with measures of intelligence, achievement, and behavior. J Sch Psy-
chol. 1991;29(2):143–50. doi: 10.1016/s0022-4405(05)80006-8.

27. Hadianfard H, Najarian B, Shokrkon H, Mehrabizadeh HM. Construc-
tion and validation of the Farsi version of the continuous perfor-
mance test. J Psychol. 2001;4(16):388–404.

28. Mickle KJ, Munro BJ, Steele JR. Gender and age affect balance perfor-
mance in primary school-aged children. J SciMed Sport. 2011;14(3):243–
8. doi: 10.1016/j.jsams.2010.11.002. [PubMed: 21276751].

29. Jelsma D, Geuze RH, Mombarg R, Smits-Engelsman BC. The impact
of Wii Fit intervention on dynamic balance control in children with
probable developmental coordination disorder and balance prob-
lems. Hum Mov Sci. 2014;33:404–18. doi: 10.1016/j.humov.2013.12.007.
[PubMed: 24444657].

30. Butterfield SA, Ersing WF. Influence of age, sex, hearing loss and bal-
ance on development of catching by deaf children. Percept Mot Skills.
1988;66(3):997–8. doi: 10.2466/pms.1988.66.3.997. [PubMed: 3405722].

31. Mitchell TV, Quittner AL. Multimethod study of attention and be-
havior problems in hearing-impaired children. J Clin Child Psychol.
1996;25(1):83–96. doi: 10.1207/s15374424jccp2501_10.

32. Horn DL, Davis RA, Pisoni DB, Miyamoto RT. Development of visual
attention skills in prelingually deaf children who use cochlear
implants. Ear Hear. 2005;26(4):389–408. doi: 10.1097/00003446-
200508000-00003. [PubMed: 16079634]. [PubMed Central:
PMC3472625].

33. Yucel E, Derim D. The effect of implantation age on visual at-
tention skills. Int J Pediatr Otorhinolaryngol. 2008;72(6):869–77. doi:
10.1016/j.ijporl.2008.02.017. [PubMed: 18395272].

34. Shin MS, Kim SK, Kim SS, Park MH, Kim CS, Oh SH. Compari-
son of cognitive function in deaf children between before and
after cochlear implant. Ear Hear. 2007;28(2 Suppl):22S–8S. doi:
10.1097/AUD.0b013e318031541b. [PubMed: 17496640].

35. Fotiadou E, Giagazoglou P, Kokaridas D, Angelopoulou N, Tsimaras V,
Tsorbatzoudis C. Effect of rhythmic gymnastics on the dynamic bal-
ance of children with deafness. Eur J Spec Needs Educ. 2010;17(3):301–9.
doi: 10.1080/08856250210162211.

36. Rajendran V, Roy FG, Jeevanantham D. A preliminary randomized
controlled study on the effectiveness of vestibular-specific neuro-
muscular training in children with hearing impairment. Clin Re-
habil. 2013;27(5):459–67. doi: 10.1177/0269215512462909. [PubMed:
23076993].

8 Arch Neurosci. 2020; 7(1):e84869.

http://dx.doi.org/10.5812/intjssh.82043
http://dx.doi.org/10.5812/intjssh.82043
http://dx.doi.org/10.1097/00129492-200111000-00021
http://dx.doi.org/10.1097/00129492-200111000-00021
http://www.ncbi.nlm.nih.gov/pubmed/11698805
http://dx.doi.org/10.1353/aad.2012.1020
http://www.ncbi.nlm.nih.gov/pubmed/4072857
http://dx.doi.org/10.1016/j.ridd.2014.09.001
http://www.ncbi.nlm.nih.gov/pubmed/25241115
http://dx.doi.org/10.1589/jpts.29.2097
http://www.ncbi.nlm.nih.gov/pubmed/29643582
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5890208
http://dx.doi.org/10.1016/s0003-9993(03)00130-8
http://www.ncbi.nlm.nih.gov/pubmed/12917857
http://www.ncbi.nlm.nih.gov/pubmed/11710480
http://dx.doi.org/10.1016/j.ijporl.2004.04.007
http://www.ncbi.nlm.nih.gov/pubmed/15302144
http://dx.doi.org/10.1016/s0966-6362(97)00012-x
http://dx.doi.org/10.1016/j.humov.2009.03.002
http://www.ncbi.nlm.nih.gov/pubmed/19443065
http://dx.doi.org/10.1016/s0022-4405(05)80006-8
http://dx.doi.org/10.1016/j.jsams.2010.11.002
http://www.ncbi.nlm.nih.gov/pubmed/21276751
http://dx.doi.org/10.1016/j.humov.2013.12.007
http://www.ncbi.nlm.nih.gov/pubmed/24444657
http://dx.doi.org/10.2466/pms.1988.66.3.997
http://www.ncbi.nlm.nih.gov/pubmed/3405722
http://dx.doi.org/10.1207/s15374424jccp2501_10
http://dx.doi.org/10.1097/00003446-200508000-00003
http://dx.doi.org/10.1097/00003446-200508000-00003
http://www.ncbi.nlm.nih.gov/pubmed/16079634
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3472625
http://dx.doi.org/10.1016/j.ijporl.2008.02.017
http://www.ncbi.nlm.nih.gov/pubmed/18395272
http://dx.doi.org/10.1097/AUD.0b013e318031541b
http://www.ncbi.nlm.nih.gov/pubmed/17496640
http://dx.doi.org/10.1080/08856250210162211
http://dx.doi.org/10.1177/0269215512462909
http://www.ncbi.nlm.nih.gov/pubmed/23076993
http://archneurosci.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Participants
	3.2. Intervention Program
	3.3. Assessments and Tests
	3.4. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Figure 1

	5. Discussion
	5.1. Limitations
	5.2. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

