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Abstract: Researchers and clinicians have considered rebound therapy exercise as a new training method that
causes mechanical stimulation of the neuromuscular system. With regard to the relationship between
neuromuscular system performance and balance as integral part of everyday sport activities, the aim of this
study was to examine the impact of rebound therapy on postural control of hearing-impaired people. In this
study, 32 hearing-impaired students with mean and standard deviation (Age: 16.22 + 1.641 years, weight:
52,88 £ 10.070 kg, height: 158.09 + 7.239 cm) were voluntarily participated in this study and were randomly
divided into two groups: control (n = 16) and experimental (n = 16) groups .Before applying training program,
static and dynamic balance was measured using stork balance test and balance Y test. Experimental group
performed rebound exercises that involved aerobic, strength, resilience, and safe jumping in eight weeks and
three sessions per week for 30 to 45 minutes. After the end of the period, two experimental and control groups
underwent post-test. ANOVA test was used for duplicate data to analyze the data. The findings showed that
rebound therapy exercises have significant effect in three directions (anterior, posterior internal, posterior-
external) of dynamic balance test and stork balance test. According to the findings of the study, rebound
exercises can be recommended to improve postural control and improvement of the balance hearing-impaired
people.
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INTRODUCTION

Hearing-impaired people problems are often considered merely from communicative aspect. Communicative
problem is the main defect caused by hearing loss, but hearing loss is also associated with other health issues.
In this regard, balance deficit with damage to sensory integration and motor development is one of the defects
seen in hearing-impaired people (1). According to the general system theory, the sensory systems that include
the vestibular system of the inner ear, visual sense, and somatosensory sense play an important role in
maintaining physical stability and balance. Damage to parts of the cochlear-atrial nerve not only causes
sensorineural hearing loss, but also due to damage to vestibular branch of this nerve, it might be associated
with balance problems, and this is a reason why about 40% of deaf people are faced with the problem of
balance (2). In various studies, the balance deficit in hearing-impaired people compared to normal people has
been discussed. Moresh (1963) compared the vestibular performance of hearing-impaired people and normal
people at high school level. He observed that hearing-impaired people compared to normal people showed
weaker performance (3). Gill (1990) compared the static and dynamic balance of hearing-impaired children
and normal children and concluded that hearing-impaired children have less dynamic balance compared to
normal people, but there was no significant difference between them in terms of static balance (1). Balance is
one of the integral parts of all the daily activities and a key part for performance of athletes (4). For postural
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control, the person should maintain his body in space and produce appropriate force to maintain or correct the
position of his body, which it requires a complex relationship between the sensory, musculoskeletal, nervous
systems (5). To stand, central and peripheral components of nervous system act in interaction with each other
in an appropriate way, and muscles and nervous system processes peripheral data, and they selects the most
appropriate muscle response for postural control (6). Balance in a closed kinetic chain is maintained and it is
impaired as result of dysfunction in sending afferent sensory information or dysfunction in mechanical
strength and power of each joint or lower limb structures (7). In addition, the lowest part of this chain is the
foot that provides small range of reliance level for maintaining the balance. Therefore, it is logical that its
small biomechanical changes to affect the balance control (8). During the daily activities and properly
performing of sports skills, maintaining the postural status of the body is essential and its measurement in
laboratory clinical environment is used as a tool to assess sustainability and neuromuscular control in healthy
people and patient people (9). The control of postural status has been defined as controlling and maintaining
the body status in space to achieve sustainability and the orientation of body (10). The control of postural
status of body can be classified as maintaining a situation with minimal motion (static balance), maintaining
a situation while the level of reliance is displaced (semi-dynamic balance) and maintaining the stability
reliance level while a described motion is implemented (dynamic balance) category (11, 12). In this regard,
maintaining static postural status can be defined as a functional task without getting involved of a part of the
reliance level (13) observed in most of skills such as backhand hit in tennis or shoot in football. This type of
control of the postural status of the body is maintained using data collected by the mechanical receptors found
in the inferior limbs, trunk, and combination of visual, vestibular, and sensory-motor data in order to create
the appropriate motor responses to control the status of the center of mass in the range of reliance level (12).
Some studies have been conducted on rebound therapy as a training method which its main component is
rebounder (mini trampoline) (14). Many of the studies have reported the positive effects of rebound therapy on
human body in physical therapy and therapeutic environments. Rebounds therapy exercises are among the
plyometric exercises, which include jumping up and down, landing on two feet, landing on one foot, and
diverse movements of the shoulders, arms, hands, torso, thighs, knees and feet (14). Although trampoline is
used since 1950 in various trainings, the concept of rebound therapy was defined and used by Anderson et al
for the first time in 1970, while working on children with physical and learning disabilities (15-16). Lawrence
(2004) introduced mini-trampoline as a safe and useful means for practicing all parts of the body, by
combining the principles of jumping exercise and plyometric exercises, providing health and safety framework
for all ages and with all levels of ability to achieve the benefits of health. They believe that rebound therapy
exercises performing using simple jumping exercises on trampolines body fat reduces, legs, thighs, abdomen,
arms and hips are strengthened, and agility increases, and muscles become powerful (18-17). In rehabilitation
environments, rebound therapy used in training and rehabilitation programs, since rebound therapy has been
considered as positive practice to increase muscle strength, vertical jump, balance of body, mechanical
functionality of the bones, bone mineral density, as well as raising levels of health, and even injury recovery
(20-19). Smith and Cook (2007) named advantages of this method as muscle stretching change, relaxation,
stimulating balance reactions, status mechanism and facilitating the movement of the movements. They
believed that this type of exercises stimulate the paths related to cardiovascular and respiratory functions.
Therefore, the use of trampolines in rebounds therapy increases the awareness of patients with neurological
disorders and it increases cardiovascular and respiratory function and activates movements during sensory
systems stimulation (21-15). It has been proven experimentally that the gravitational forces of the jump in
rebounds therapy help lymph flow. In addition, any physical activity, especially low-impact activities such as
jumping, is useful in rebound therapy, since lymphatic system requires muscle contraction to return to liquid
lymph around the body (18). According to Smith and Cook (1990), rebound therapy can improve balance and
coordination (21). According to what was said above, assessing the balance situation of hearing-impaired
people plays major role to be aware of the type of potential disruption and providing required consulting to
them and their families in the field of environmental and recreational experiences. Therefore, the aim of this
study was to examine the effect of rebound exercises on controlling the postural control of hearing-impaired
people.

Methodology
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This study is a quasi-experimental study in which the effect of rebound therapy exercises on postural
control was measured through pre-test and post-test. Subjects of study included 32 female hearing -
impaired students less than 30 dB with mean and SD (Age: 16.22 + 1.641 years, weight: 52.88 = 10.070 kg,
height: 158.09 + 7.239 cm). In all sports, the ability to maintain body balance and stability in a balanced
status are very important, especially in sports such as basketball, gymnastics, martial arts and
maintaining a body position without additional movement is a great privilege, and obtaining a balanced
status is an essential (23-22). Hence, subjects of the study who were studying in Mir high school of
Isfahan city were selected using available sampling, and they randomly divided into two groups: control
(n = 16) experimental (n = 16) groups.

Balance Y test: This test is based on the test adopted from stars balance test that Gribble considers it as a
valid test for the evaluation of dynamic balance. In this test, three directions (anterior, posterior-internal, and
posterior-external) are placed in the form of Y and at angles of 135, 135 and 90 degrees relative to each other.
In order to run this test, the actual length of the leg, from anterior-upper iliac spine to inner ankle is
measured (26-25-24). After explaining the implementation of test by tester, each participant practiced the test
four to learn its procedure. In addition, before starting the test, dominant leg of subjects was determined so
that if the right foot is dominant, test to be done in counter clockwise way (Figure 1) (26-25-24).

ANEEO0r anterior

posterior-external posterior-internal posterior-internal posterior-external

standing on left leg standing on right leg

Figure 1- general view of dynamic balance test

The subjects with the dominant leg (single leg) were placed at the center of the star, and until they make no
mistake, (leg does not move from center of the stars, does not rely on the leg performing the access action, or
the person does not fall), he moved toward in line with the current line. Then, he backed to normal status on
two legs. The distance of free leg contact place to center is the access distance. Each of the subjects performed
each of the directions three times, and finally their mean was calculate, and it was divided into length of the
leg (by CM) and multiplied by number 100 so that the access to be obtained by percentage of the leg length
size (27).

Stork balance test: this test involves a constant position in which the subject stands on a flat surface without
shoes. He lays hands on hips. Then, he puts the non-anchor leg (dominant leg) adjacent to knee of the anchor
leg (non-dominant leg). Subjects practice this situation for a certain period. Then, he lifts the hill to establish
the balance on his fingers. The time that subjects lift the hill from ground, chronometer starts working. The
length of time that subject can maintain this status is considered as privilege and when he does an error,
chronometer stops. Errors in this test include lifting hands from the thighs, swinging anchor leg in any
direction, separation of non-anchor leg from the knee and touching the ground by the heel of the anchor leg
(Figure 2) (28-29).
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In order to apply rebound therapy exercises, the standard protocol defined by Grubel (2006) was used. This
exercise protocol includes safe jump, aerobic jump, strength jumps, resistance jumps, which experimental

Figure 2- view of Stork balance test

group performed these exercises at eight weeks, three sessions per week for 30 to 45 minutes.

Table 1. Training programs rebounds experimental group

Table 1- the program of rebound exercises in experimental group

Sessions Movements Minute
. Organizational and physical readiness (Changing clothes, observing hygiene
First . . . . 10
week and safety tips, slow walking, stretching and stationary movements)
Movements related to be familiar with the device (such as standing, walking, 95
etc.)
Return to initial position (Walking, stretching, dressing, collect belongings) 5
Organizational and physical readiness (Changing clothes, observing hygiene 10
Second and safety tips, slow walking, stretching and stationary movements)
week Movements in a sitting position 25
Return to initial position (Walking, stretching, dressing, collect belongings) 5
Organizational and physical readiness (Changing clothes, observing hygiene 10
Third and safety tips, slow walking, stretching and stationary movements)
ir
week Movements in a sitting and interstitial position 25
Return to initial position (Walking, stretching, dressing, collect belongings) 5
Organizational and physical readiness (Changing clothes, observing hygiene
. . . . 10
and safety tips, slow walking, stretching and stationary movements)
Fourth
week Movements in standing position in elementary form 25
Return to initial position (Walking, stretching, dressing, collect belongings) 5
Organizational and physical readiness (Changing clothes, observing hygiene 10
Fifth and safety tips, slow walking, stretching and stationary movements)
week Jerking and jumping movements 30
Return to initial position (Walking, stretching, dressing, collect belongings) 5
Sixth Organizational and physical readiness (Changing clothes, observing hygiene 10
week and safety tips, slow walking, stretching and stationary movements)
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Jerky and jumping movements with high intensity 30
Return to initial position (Walking, stretching, dressing, collect belongings) 5
Organizational and physical readiness (Changing clothes, observing hygiene 10

Seventh and safety tips, slow walking, stretching and stationary movements)
week Jerky and jumping movements 30
Return to initial position (Walking, stretching, dressing, collect belongings) 5
Organizational and physical readiness (Changing clothes, observing hygiene 10

Eighth and safety tips, slow walking, stretching and stationary movements)
week Jerky and jumping movements 30
Return to initial position (Walking, stretching, dressing, collect belongings) 5

A day before the rebound therapy exercises, two groups subjects underwent pre-test after 10 minutes warm
up (slow walking, stretching the muscles of the hamstring, quadriceps, the muscles of the gluteal, twin,
soleus). In the next day, the experimental group subjects after a 10-minute warm-up (stretching) started
rebound therapy exercises. This issue caused that they can use their feet bones better during the program.
After the end of the exercises period, two groups of experimental and control underwent post-test. In order to
summarize and classify data, descriptive statistics in the form of mean average and standard deviation were
used. Analysis of variance for duplicate data in SPSS version 19 software was used for the analysis of data
and the significant level in all analyses was considered 0.05.

Results

Demographic information on age, height, weight of the subjects is given in Table 2. Demographic
characteristics indicated no significant differences between the experimental and control groups in any of the
variables. Therefore, experimental and control groups can be considered homogeneous at the beginning of the
study.

Table 2. Demographic characteristics of subjects

mean + SD

A rebound 15/56+1/31
SCl 39 B -2/436 0/436

Control 16/88+1/70

Hei rebound 155/9446/51
}flg 3o frrmrmemmemememamamems 7739 0/422

t Control 160/25+7.47

Wei rebound 49/87+6/22 )

h 32 T T T T T B0 R R O RF 1/739 0/109

ght Control 55/88+12/31

p= significance level *significance at the level of 0.05

According to information shown in Table 3, the mean record of static balance in pre-test in both of the
experimental and control groups was respectively 7.43 and 14.83 seconds, and it was 32.43 and 3.5 seconds in
post-test, respectively. The mean of these differences was statistically significant (F=16.030 and P=0.001). In
other words, inter-group differences between different research groups during two stages of test taking were
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matched (P<5%). In Figure 3, we see that the slope of the line in the experimental group is more than that in
the control group. This means that there is significant interaction between the two groups (F=53.643 and
P=0.001). In other words, by separately considering of score changes in each of the two groups, internal
changes pattern significantly differs between the two groups. Inter-group comparison showed significant
progress or regress in total scores of two groups (F=7.622 and P=0.001).
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Figure 3- linear diagram of static balance test

The mean record of dynamic balance in anterior part in pre-test in two experimental and control groups
was respectively 101.64 and 73.71 steps, and it was 115.84 and 72.04 steps in post-test, respectively. The
mean of these differences was statistically significant (F=6.532 and P=0.001). In other words, inter-group
differences between different research groups during two stages of test taking were matched (P<5%). In
Figure 4, we see that the slope of the line in the experimental group is more than that in the control group.
This means that there is significant interaction between the two groups (F=88.367 and P=0.001). In other
words, by separately considering of score changes in each of the two groups, internal changes pattern
significantly differs between the two groups. Inter-group comparison showed significant progress or
regress in total scores of two groups (F=55.089 and P=0.001).
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Figure 4- Linear diagram pf changes in dynamic balance test (anterior part)

The mean record of dynamic balance in internal part in pre-test in two experimental and control groups
was respectively 123.82 and 94.51 steps, and it was 137.84 and 93.67 steps in post-test, respectively. The
mean of these differences was statistically significant (F=32.788 and P=0.001). In other words, inter-group
differences between different research groups during two stages of test taking were matched (P<5%). In
Figure 5, we see that the slope of the line in the experimental group is more than that in the control group.
This means that there is significant interaction between the two groups (F=54.670 and P=0.001). In other
words, by separately considering of score changes in each of the two groups, internal changes pattern
significantly differs between the two groups. Inter-group comparison showed significant progress or

regress in total scores of two groups (F=43.005 and P=0.001).
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Figure 5- Linear diagram of changes in dynamic balance test (internal part)
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The mean record of dynamic balance in external part in pre-test in two experimental and control groups
was respectively 121.74 and 102.22 steps, and it was 134.71 and 100.80 steps in post-test, respectively. The
mean of these differences was statistically significant (F=21.862 and P=0.001). In other words, inter-group
differences between different research groups during two stages of test taking were matched (P<5%). In
Figure 6, we see that the slope of the line in the experimental group is more than that in the control group.
This means that there is significant interaction between the two groups (F=75.021 and P=0.001). In other
words, by separately considering of score changes in each of the two groups, internal changes pattern
significantly differs between the two groups. Inter-group comparison showed significant progress or

regress in total scores of two groups (F=48.275 and P=0.001).
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Figure 5- Linear diagram of changes in dynamic balance test (external part)

By determining the difference between two groups and finding that performance of two groups in rebound
therapy exercises was different, determining the better performance value of the subjects in dynamic and

static balance is reported in Thale 3.

Table 3. Information related to variables in the pre-test, post-test, and results of analysis of variance for

duplicate data
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Facto Pre-test Post-test Inter- Group Intra-
v Group Mean + SD Mean + SD group | interaction group
Rebou
; 7/43 + 5/01 32/43 + 13/75
it?tlc nd F=16/030 | F-53643] F=17/622
il O *P=0/000 | *P=0/000 | *P=0/010
ce . 14/81 + 14/52 3/5 + 1/86
Anter Rebou
101/64 £19/05 115/84 £18/00
ior nd F=26/532 | F=88/367] F=55/089
balan | Contr *P=0/000 | *P=0/000] *P=0/000
v 73.71 + 20/72 72/04 +21/37
ce ol
Inter | Rebou
123/82 £11/97 137/84 + 11/39
nal nd F=32/788 | F=54/670 | F=43/005
bal *P=0/431| *P=0/000] *P=0/000
e Lot 94/51 + 23/06 93/67+ 23/34
ol
Exter | Rebou 121/74 +11/69 134/71 +11/12
nal nd F=21/862 F=75/021 F=48/275
balan | Contr *P=0/431| *P=0/000| *P=0/000
o Y . 102/22 +20/35 100/80 £19/79

p= significance level *significance at the level of 0.05
Discussion and conclusion

The objective of this study was to examine the impact of rebound therapy exercises on postural control (static
and dynamic balance) in hearing-impaired people. The results showed significant differences between
dynamic balance in all three directions of anterior, posterior internal, posterior-external, and static balance
(postural control) in subjects of experimental and control group after participating in rebound therapy
exercises. The results of this study are in line with the results of Anderson et al., Graham (2006) and Reese
(2005) who reported rebound therapy exercises as factor improving balance status. During the access action,
contraction of hamstring and quadriceps muscles occurs in all directions (30). Quadriceps in the anterior
direction has the highest activity since to perform this test in the anterior part, subject should lean backward
and trunk should be in the extension status so that the person can maintain his balance (30). In this
situation, the gravity force acting on the upper part of body causes high torque of knee flexion and it should
be controlled by extension torque (eccentric contractions) generated by the quadriceps muscle (30). Broad
external muscle activity in internal and posterior-internal directions is higher. This probably due to muscular
consolidation occurs against muscular forces that are active in these directions to do access action. According
to these findings, it can be concluded that an increase in the power and eccentric control of quadriceps,
balance control can be improved in these directions. Therefore, probably the effect of the rebound therapy
exercises on strength of muscles controlling torque produced in these directions, the sensitivity of
somatosensory receptors and contractile receptors of active muscles was in three directions led to improved
access performance (30). While performing the access action, of the femoral biceps muscle is active and it has
the maximum activity in the posterior —external direction. This can be explained according to the effect of
gravity force acting on trunk that causes hip flexion torque (31). To act in posterior-external direction, the
person should have flexion in trunk so that he can open the leg backwards and in this situation, hamstring
muscles should be contracted eccentrically to resist against hip flexion torque. In addition, at act in external
direction requires external rotation of thigh. Therefore, it leads to activity above the femoral biceps muscle. As
a result, the power of muscles surrounding and acting on muscle and their contraction to stabilize the joints of
lower extremity, the activity of depth receptors and neuromuscular control in order to maintain the balance
during action and obtaining the maximum distance from the access action in the dynamic test have special
importance. According to the results of the research, it can be said that the rebound therapy exercises will
lead to improving the dynamic balance (31). It is perceived that the main cause of the increased strength in
the first few weeks of exercises compliance in nervous system. The strength of muscles surrounding acting on
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joint to stabilize the joints of the lower extremities, deep receptors activity and neuromuscular control in
order to maintain balance when performing the action and obtaining the maximum distance have special
importance. In addition, it has been stated that one of the prerequisite of trampoline exercises is dynamic
balance. In the trampoline exercises, the individual should maintain his balance when landing, and this need
increases as the intensity of the exercises increases. Therefore, in successful implementation of trampoline
exercises, neuromuscular system is forced to maintain balance and this can be a factor in enhancing the
dynamic balance (31). Balance of people is obtained by the interaction of sensory components such as
vestibular, visual, and sensory-deep system, which coordinate the contractions that stabilize the leg muscles.
As a result, it is obviously seen that balance process is based on two factors of good sense and the performance
of the muscles. The performance of muscles is improved by strengthening them (32). However, it seems only
balance exercises can enhance sensory —deep system (33). Enoka believes that increased muscle strength due
to related exercises might be due to changes in neural mechanisms such as increased output of spinal nerve,
the neural pathway change, increased activity of common muscles or effective communication among neuron
pathways (34). Therefore, in explaining the results of the study, we can say that improving static balance
according to the lack of manipulation of visibility has been due to strengthening of muscles .Therefore, results
of this study indicate that rebound therapy exercise can have a positive and significant impact on static
balance. Rebound therapy exercise can affect the motor part of balance control and thereby improve the static
balance. However, to manipulate the sensory-control part of balance, that is, system of sensory-depth, other
exercises such as balance exercises are required (33). According to the results of the research, it can be said
that as long as the effect of different protocols rebound therapy exercises and the effect of various types of
exercise variables as well as its bio-chemical effects have not been identified, we should reflect on its
prescription as completely safe exercise method for hearing-impaired people. However, these exercises can be
recommended as exercise method to achieve balance quickly that is a factor in improving the sport
performances, due to effects of these exercises in a short time.

Recommendations

Considering the results of this study and the importance of balance for hearing-impaired people, it is
suggested that coaches, parents, and officials of exceptional schools and centres to use regular rebound
exercises in their rehabilitation program for hearing-impaired children.
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