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Purpose: Sensory systems play an essential role in motor control. The lack of information about
each of these systems can affect postural sway. This study aimed to assess balance recovery
during the manipulation of somatosensory, visual, and vestibular systems in deaf persons.
Methods: Thirty healthy and deaf subjects were selected as samples. Balance recovery strategies
in various situations were recorded by 6 high-speed cameras after a sudden movement of the
treadmill. The Independent t-test was used for data analysis (P≤0.05).
Results: The results of this study showed that the mean of hip and ankle swings in different
conditions was significantly higher in the deaf group than the healthy group except for the
reference position, both in the anterior-posterior and posterior-anterior perturbations. However,
there was no significant difference between the ratios of hip-to-ankle swings in all situations
except for the third position.
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Conclusion: The findings of this study showed that the effectiveness of all sensory systems
involved in balance recovery in healthy people was significantly better than the deaf persons. The
dominant sensory system for restoring balance in healthy people is the visual, somatosensory,
and vestibular systems, respectively. While deaf people have a greater reliance on somatosensory
information and, then, the visual system. The negative effect of the weakness of visual information
in the process of staring can be useful in reducing the effectiveness of the visual system in balance
control of the deaf persons.
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Highlights
● The dominant sensory system for restoring balance in healthy people is the visual system.
● The dominant sensory system for restoring balance in deaf people is the somatosensory system.

Plain Language Summary
The weak balance can result in irrecoverable damages. Deaf people are more vulnerable in maintaining balance and
postural control than healthy people so that it can reduce the chance of successful recovery in these individuals. Thus,
this study aimed to assess balance recovery in deaf people. The result showed that the dominant sensory system for
restoring balance in healthy people is the visual, somatosensory, and vestibular systems, respectively. However, deaf
people rely more on their somatosensory system, and then, their visual system.

O

1. Introduction

ne of the most critical factors in communicating with others is hearing, and any
disruption in this system isolates the deaf
and hearing-impaired people from the
community and, consequently, prevent
them from development in personality
and other aspects of their growth [1]. Over 120 million
people suffer from hearing impairments worldwide [2].
The most hearing-impairment incidents were reported in
Asian children at 2.6 per 1000 births and 0.7 per 1000
births for non-Asian children [3]. In Iran, out of every
1000 births, five or six children suffer from hearing impairment [4].
Hearing-impairment problems are often addressed
only in terms of communication. The communication
problem is the primary defect of hearing impairment
[3]. though other physical problems may also be associated In this regard, by damaging the sensory integrity
and motor growth, balance impairment is one of the
defects that often occurs in hearing-impaired people.
These disorders may affect learning other motor skills,
visual development, perceptual-motor development,
and sensory integrity [5, 6].
Posture balance or stability is the ability of the body to
maintain the center of gravity within the base of support
or the ability to maintain a position for a movement or
in response to the application of an external perturbation. As one of the controversial concepts of the sensorymotor system, equilibrium investigates the mutual and
complex relationship among sensory data and motor responses required for maintaining or modifying postures
and plays an essential role in preventing people from
falling while walking or standing [1, 7].
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Numerous biomechanical, sensory, and motor factors
work to maintain physical stability and balance, among
which the vestibular system, the position, and vision
senses should be considered more. Information obtained
from these systems is involved in forming a reference
framework, and their combination leads to a standard
that measures sequential changes in posture. In other
words, it creates the general schema of the body and enables the nervous system to be permanently aware of the
state of the body in space and the state of the body parts
towards each other.
Clinically, upright (direct) postural stability requires
the coordination of afferents of each of the visual, vestibular, and somatosensory systems that act simultaneously and in synchronization, all necessary for postural
corrective responses. Disorder in each of these systems
is usually compensated by the two remaining systems.
One of the systems often generates false or inadequate
information, and in this situation, it is crucial that the
remaining senses provide correct and sufficient information to maintain balance.
For example, in the case of somatosensory controversy
(in moving cases or softness of the support), the balance
with closed eyes is significantly reduced compared with
open eyes. Somatosensory inputs provide information
about the orientation of different parts of the body relative to each other and also to the base of support. The
visual sense measures the eyes and the head orientation
towards the peripheral objects and plays a vital role in
maintaining balance. At a constant level, closing eyes
cause a slight postural fluctuation in a healthy person;
however, if the somatosensory input is disrupted because
of ligament damage or other factors, closing eyes will
significantly increase the postural fluctuation [8].
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If the above coordination is well shaped, the body will
be able to help maintain a center of gravity within the base
of support by continuing a proper strategy for postural
control and maintaining balance in different situations.
The previous research determined that each strategy used
to retrieve the balance has a definite pattern of synergistic
muscle activity. These motion patterns pertain to compensatory mechanisms that are used both in forward and backward motions as predictive behaviors for maintaining and
retrieving equilibrium. These mechanisms include fixed
support such as ankle and hip, in which the relocation of
the center of pressure is controlled without a change in the
base of support, and change in support strategies such as
stepping and gripping, where the center of pressure is controlled by changing the base of support. These strategies
help prevent the center of gravity from leaving the base of
support, as well as preventing people from falling so that
they can retrieve the postural stability [9, 10].
Based on the previous studies, because of the defect in
the vestibular system, absolute and profound congenital
deaf people are weaker in maintaining balance and postural control than healthy people so that it can reduce
the chance of successful recovery in these individuals
[11, 12]. Moreover, research on the postural stability of
people with vestibular disorder shows that when both visual and somatosensory data are properly sent, they will
have normal postural deviation. Conversely, when visual
and somatosensory data were inadequate, it was difficult
for them to maintain their posture [13]. But, there is still
ambiguity about the effectiveness and priority of the data
of each of the sensory systems involved in postural control to select a strategy for obtaining balance.

In other words, to what extent are the deaf people dependent on different sources of afferents to recover balance to compensate for the lost sensory inputs? Besides,
it has not yet been determined that what kind of balance
recovery strategy is used when manipulating sensory systems involved in balance in the face of perturbation?
Therefore, the present study aims at investigating the
contribution of sensory, visual, and vestibular systems
in balancing strategies. We try to provide evidence and
suggestions for designing rehabilitation and training interventions, focusing on reducing the risk of falling in
deaf people.

2. Materials and Methods
This research was a quasi-experimental study, in which
the subjects were selected among 110 healthy and deaf
women after initial evaluations. The authors selected 15
subjects from both groups by purposeful sampling method according to the inclusion and exclusion criteria. The
most important criteria were the rate of hearing impairment (absolute or profound and congenital) with deafness greater than 90 dB (demographic information and
medical records of the deaf persons were collected from
their medical records), non-history of pathology, and apparent postural anomalies considered in the selection of
samples. Because of their inability to speak and listen,
a deaf interpreter accompanied at all stages of working
with deaf people along with a researcher in the lab.
At the beginning of the study, a summary of the research design was explained to all subjects. After obtaining consent from the volunteers, these subjects were examined for medical history and general health (general

Figure 1. 2D analyzer with 6 infrared optoelectronic cameras
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health questionnaire) to check the lack of neurological
disease, dizziness, surgery, and previous damage, especially in the lower extremities. Balance recovery strategies in this study were investigated as a two-dimensional
kinematic through a motion analysis system with six
high-speed cameras (ICC ≥0.79) (Figure 1).
To this end, five spherical reflective markers with 51 mm
in diameter were mounted on the right side of the body.
As the subject’s movement is needed to be recognized
by the cameras, five sphere-shaped reflective markers
were installed on anterior superior iliac spine projection,
great trochanter in the thigh bone, external epicondyle in
thigh, external ankle, and the fifth metatarsal. As a result,
a two-dimensional model was defined with four sections,
including leg, shin, thigh, and pelvis, for calculating the
sways of ankle joint and hip joint while imposing perturbations in the sagittal plane (Figure 2).
The ankle joint was assumed as an angle between foot
and shin, but the hip joint was considered as an angle between thigh and pelvis. In the following of the test, every
subject stood on the treadmill with bare feet, their hand
being crossed on the chest, and the right side of the body
being directed to the cameras. The positioning was left
at the subjects’ discretion, depending on the leg place to
find their normal and comfortable position.
The subjects were asked to stand on the treadmill,
once in front of the treadmill monitor, and once back to
treadmill monitor, to do movements under the planned
movement directions and the imposed anterior-posterior
perturbations while maintaining their straight posture
despite the imposed abrupt velocity. It is worth mentioning that the monitor screen was covered with medical
tape to control further visual confounders.
Next, the treadmill was abruptly started to run without any warning to the subject, and the perturbations
were imposed in the anterior or posterior directions to
the posture of the subject. The subjects were requested
to resist the imposed perturbation without stepping, and
when their feet were moved, the movement would be
required to repeat. The speed of the treadmill was set at
1.1 m/s according to the pilot project (performing the test
by the subjects before the initial testing) for all subjects
that made a 40 cm movement in the treadmill. The cameras installed at distance of 2 m from treadmill recorded
the sways of the hip and ankle joints for 5 s after imposing perturbation; the recorded information was, then,
analyzed, using Cortex software. Every subject did each
movement in triple time, and the mean of these repeated
movements was evaluated to calculate parameters and
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study variables. Thirty seconds was considered for the
rest between each repetition.
In the last stage, the recorded information in the software was extracted as a file in Excel format, and it was
studied further for calculating the kinematic changes in
the range of motion of ankle and hip. The subjects were
secured with a supporting belt hanged from the roof to
the middle of treadmill. The above-mentioned perturbations (anterior-posterior perturbations) are studied in different positions.
The above perturbations (anterior and posterior perturbation) were performed in 4 different sensory states,
each representing a test as follows:
State 1. Reference state or applying perturbations without sensory interference; State 2. Applying perturbations
simultaneously with interfering vestibular and vision
system; State 3. Applying perturbations simultaneously
with interfering vision and proprioception; State 4. Applying perturbations simultaneously with interfering the
vestibular system and proprioception
It is worth noting that in state 1, no manipulation of
vestibular, vision systems, and proprioception was conducted. In state 2, the vestibular system (head hyperextension motions) and the vision system (closing eyes
using a blindfold) were disrupted, and only sensory
data were received without the disorder. In state 3, the
somatosensory system data (putting foam under the subject’s feet) and vision were disrupted, and the dominant

Figure 2. The schematic diagram of reflective markers attached to the skin
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system for restoring the balance was the vestibular system. Finally, in state 4, the somatosensory and vestibular data systems were disrupted, and vision system data
was used to restore balance.
The descriptive statistics were used to present the characteristics of the subjects, as well as the research variables. The Independent t-test was used to compare the
scores of the subjects in the two groups. All statistical
tests had a 95% confidence interval, and the alpha was
smaller than or equal to 0.05, using SPSS V. 24.

3. Results
Table 1 presents the characteristics related to age,
height, weight, and Body Mass Index (BMI) of subjects.
The results show no significant difference between age,
height, weight, and BMI of the groups, and the groups
were homogeneous in these variables.
The following tables present information related to the
swings of the ankle and hip joints in different states in the

group after the anterior-posterior and posterior-anterior
perturbations. To assess the superiority of each ankle or
hip strategy in subjects, the ratio of was used, i.e. the
higher the ratio, the more support on hip strategy, and
smaller values suggest more use of ankle strategy to restore balance.
Based on the analysis of the results, the mean of hip
and ankle swings in different states except for the first
one was significantly higher in the deaf group compared to the healthy group both in the anterior-posterior
perturbations and the posterior-anterior perturbations
(P<0.05). However, there was no significant difference
between the ratios of hip-to-ankle swings (the dominant
strategy for balance recovery) in all states except for the
third state (P>0.05).
In state 1, there was no significant difference between
the hip and ankle swings in the two groups; however, the
number of swings in the joints was higher in response
to anterior-posterior and posterior-anterior perturbations
in the deaf persons than in the healthy subjects (Table

Table 1. Demographic characteristics of the deaf and healthy groups
Mean±SD

Variable

T

df

Sig.

28.93±2.25

0.192

28

0.849

1.58±6.64

1.56±6.46

-0.835

28

0.411

Mass (kg)

58.40±7.27

58.06±7.91

-0.120

28

0.905

BMI (kg/m2)

23.35±2.50

23.74±3.75

0.313

28

0.756

Healthy Group

Deaf Group

Age (y)

28.80±1.47

Height (m)

Table 2. Comparison of ankle and hip joint swings in the deaf and healthy groups in state 1
Perturbation
A/P perturbation
Hip sway
P/A perturbation
A/P perturbation
Ankle sway
P/A perturbation
A/P perturbation
Hip sway/ ankle sway
P/A perturbation

Group

Mean±SD

Deaf

1.47±1.15

Healthy

1.41±0.88

Deaf

2.62±1.34

Healthy

2.23±0.70

Deaf

1.78±1.04

Healthy

1.46±0.95

Deaf

2.57±1.40

Healthy

1.97±1.16

Deaf

0.90±0.63

Healthy

0.87±0.95

Deaf

0.92±0.29

Healthy

0.89±0.44

T

df

Sig.

0.178

28

0.862

1.000

28

0.324

0.872

28

0.391

1.261

28

0.214

0.771

28

0.939

0.196

28

0.846

A/P: Anterior-Posterior; P/A: Posterior-Anterior
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Table 3. Comparison of ankle and hip joint swings in deaf and healthy groups in state 2
Perturbation

A/P perturbation
Hip sway
P/A perturbation

A/P perturbation
Ankle sway
P/A perturbation

A/P perturbation
Hip sway/ ankle sway
P/A perturbation

Group

Mean±SD

Deaf

2.01±0.97

Healthy

2.31±1.05

Deaf

2.23±0.80

Healthy

1.95±0.73

Deaf

2.57±1.58

Healthy

1.94±1.13

Deaf

2.05±1.31

Healthy

1.84±1.27

Deaf

0.88±0.56

Healthy

0.87±0.39

Deaf

0.89±0.36

Healthy

0.88±0.59

T

df

Sig.

0.178

28

0.862

1.000

28

0.324

0.872

28

0.391

1.261

28

0.214

0.771

28

0.939

0.196

28

0.846

A/P: Anterior-Posterior, P/A: Posterior-Anterior

2). The results also indicated no significant difference
between the hip-to-ankle swing ratios and for balance
recovery in both groups. Also, in the anterior-posterior
perturbation and posterior-anterior perturbations, ankle
strategy was the dominant strategy (based on statistical
results if the ratio is less than 1, the dominant strategy

is the ankle strategy). In this state, the swings of the
joints were lower than those of the other states. In state
2, despite differences in joint swings of the hip and ankle
between two groups, there was no significant difference between the hip/ankle ratio in the two groups, and

Table 4. Comparison of ankle and hip joint swings in the deaf and healthy groups in state 3
Perturbation

A/P perturbation
Hip sway
P/A perturbation

A/P perturbation
Ankle sway
P/A perturbation

A/P perturbation
Hip sway/ankle sway
P/A perturbation
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Group

Mean±SD

Deaf

4.73±2.80

Healthy

2.70±1.45

Deaf

4.03±1.11

Healthy

2.87±0.87

Deaf

2.61±0.90

Healthy

1.98±0.80

Deaf

2.56±0.73

Healthy

1.87±0.64

Deaf

1.99±1.27

Healthy

1.09±0.55

Deaf

1.73±0.87

Healthy

1.08±0.65

T

df

Sig.

2.489

28

0.019

3.179

28

0.004

2.011

28

0.054

2.741

28

0.012

2.497

28

0.019

2.464

28

0.020
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Table 5. Comparison of ankle and hip joint swings in the deaf and healthy groups in state 4
Perturbation

A/P perturbation
Hip sway
P/A perturbation

A/P perturbation
Ankle sway
P/A perturbation

A/P perturbation
Hip sway/ankle sway
P/A perturbation

the dominant strategy for the balance recovery in both
groups was the ankle strategy (Table 3).
In the state 3, there was a significant difference between
the hip and ankle joint swings in the subjects, as well
as the hip/ankle ratio to the two groups, and the results
indicated that the support of the individuals on the hip
swings increased for restoring the balance. In this state,
the hip/ankle ratio swings were higher than the other
three states (Table 4). In the state 4, despite the difference
in hip and ankle swings between the two groups, there
was no significant difference in the hip/ankle ratio to the
two groups, and the dominant strategy for the balance
recovery in both groups was the ankle strategy (Table 5).

4. Discussion
Maintaining and restoring body balance depends on the
accurate and precise information sent to the central nervous system by the visual, somatosensory, and vestibular systems. These systems inform the central nervous
system of the state and movements of various organs in
the body. After processing this information, they send
the required motion command to the involved muscles.
Previous research has shown that sensory information
related to the posture is multiple, and visual, somatosensory, and vestibular systems comprise the most important ones. In certain circumstances, the role of one

Group

Mean±SD

Deaf

3.47±1.11

Healthy

1.74±2.31

Deaf

2.90±1.23

Healthy

1.45±1.08

Deaf

3.19±1.66

Healthy

1.42±1.45

Deaf

2.83±1.14

Healthy

1.27±0.92

Deaf

0.92±0.63

Healthy

0.85±0.52

Deaf

0.94±0.43

Healthy

0.82±0.47

T

df

Sig.

2.818

28

0.009

2.254

28

0.032

2.199

28

0.036

2.596

28

0.015

0.025

28

0.980

0.363

28

0.719

of them may be more prominent. For instance, in the
darkness, the role of other senses other than vision becomes more important. In other words, these systems
overlap, meaning that if the information of one of the
systems is incomplete, the central nervous system issues the necessary command, using the information of
the other two systems.
In the present study, the data of two other sensory systems were disrupted to obtain the efficiency of each system in balancing the recovery. For example, by closing
the eyes and hypertension of the head, the central nervous system will have its support to restore balance by
the information obtained from sensory receptors [7, 14].
The results of this study indicated that in the first state
(reference state), where there was no manipulation in the
vestibular, vision, and proprioception systems, the rate
of hip/ankle joints swing in response to anterior-posterior and posterior-anterior perturbations was more common in the deaf group than the healthy people, but there
was no significant difference between the two groups.
In state 2, with disrupted vestibular and vision systems and proper somatosensory data, there was a substantial difference between the two groups in the rates
of hip/ankle joints swings. In state 3, with the impaired
somatosensory and vision system data and where the
dominant system for retrieving the balance was the
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vestibular system, there was a significant difference
between the two groups in the rate of hip and ankle
joint swings and the individuals’ support to hip swings
increased for restoring balance.
Eventually, in state 4, when the somatosensory and
vestibular systems were disrupted, and visual data were
used to restore balance, there was a significant difference
between the two groups in the number of joint swings.
The degree of swing in the first state existing in all 3 sensory systems is lower than the other states. In the third
state, with disrupted vision and proprioception and the
vestibular system as the dominant system to restore balance, the swings were more than other states. In general,
in all states, the amount of hip/ankle swings of the deaf
group was higher than the healthy subjects.
These results were consistent with the reports of Malek
Abadi Zadeh, Kegel et al. Melo et al. Rine et al. Jafari et
al. and Rajendran [14-20]. The above studies reported
that damage to the vestibular system had a negative effect on postural control in people with hearing impairment, and postural swings in these individuals are more
than healthy people and suffer from a poorer balance,
reducing the chances of successful recovery in these individuals. Based on the previous study, it plays an essential role in maintaining and restoring the balance of
sensory systems, including the vestibular portion of the
inner ear, visual sense, and proprioception. Because of
the dependence of the balance system on sensory inputs,
if one of the sensory inputs reduces or stops, the swings
of the body increases and, as a result, the muscle activity
increases to maintain the balance [21, 22].
In general, according to the results obtained from the
research, increasing the hip and ankle swings in the
deaf group to restore the balance created in the abovementioned states increases the center of gravity within
the base of support and reduces the ability to control the
posture of individuals against the disturbances imposed
on the body.
The results of the present study also indicated that in
all states, except for the third state, where the vestibular system was the dominant system for balance recovery, there was no significant difference between the two
groups in hip and ankle ratios. Generally, the mean swing
ratio in the healthy group was less than the deaf group.
Also, the mean swings of the joints studied were lower
in the first state and higher in the third state compared to
the other states. Also, the strategy used to restore balance
in all states in both groups was the ankle strategy, except for the third state, where the subjects in both healthy
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and the deaf groups had greater support on hip swings to
restore balance. These subjects should use one of the visual, sensory, and vestibular systems to restore balance.
According to a research report on the balance of the deaf
persons, they can perform equilibrium activities without
any problem in spite of a malfunction in the vestibular
data in the absence of impairment in the visual and sensory system data [13, 23-25].
In the present study, the subjects indicated higher
swings in the absence of interference in the systems and
lower swings and showed more swings when the vestibular system was dominant. By investigating the vestibular and motor skills in children with hearing impairment,
Horak et al. found that children with hearing impairment
had a defect in the vestibular system and had a problem
when the vestibular system data were the only sensory
source available. In deaf people, compensatory mechanisms have grown in response to vestibular defects. It
is likely that in the event of visual or somatosensory
impairment, i.e. damage to compensatory mechanisms,
there will be signs of a disorder in balance performance.
Based on the results of this study, when the vision system was the dominant system for balance recovery, the
rate of swing and the ratio of the hip to ankle swings
in healthy people were lower compared to the situation, where the somatosensory system was dominant.
However, in deaf people, when the somatosensory system was the dominant system for balance recovery, the
rate of swings and the ratio of hip to ankle decreased
compared to the situation, where the vision system
was dominant, probably emphasizing the role of the
somatosensory system in restoring the balance of the
deaf group. Preserving the body posture depends on
interacting with the visual, vestibular, and somatosensory systems [23]. In a study on balance, Assaiante et
al. found that in healthy people, the vision system plays
a key role before the age of seven.
At age seven, the role of the vision system is negligible,
but after the age nine, the role of vision becomes more
essential again [25]. Moreover, Bardy and Laurent stated
that when tasks for non-athletic subjects gradually become more complicated, the role of vision is emphasized
in their postural control [26]. This point is significant in
the balance and vision topics, with approximately 20%
of the neural fibers of the eyes associated with the vestibular system, and vision problems are sometimes owing
to vestibular disorders [27].
The sudden spins of the head occur because of the
semicircular duct signals causing the same amount of
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eye rotation but in the opposite direction of the head
rotation. This is because of the reflexes are directed to
the oculomotor nuclei through the vestibular nuclei and
the median longitudinal nucleus [1]. Consequently, we
observe that vestibular system is vital to gaze stabilization (gazing ability). Hence, damage to the vestibular
system causes impairment in balance and gazing performance [28].
Since congenital deaf people are weak and defective
in the vestibular system and, as stated, the vestibular
system data are vital for gaze stabilization, the visual system efficiency of them is lower than that of the
healthy people and this factor may reduce the efficiency
of the visual system compared to the somatosensory system in the deaf group [1]. In this regard, the results of
Khanna’s research shows that in normal conditions, the
individual relies more on his somatosensory system to
correct body swings rather than the visual inputs [29].
In addition, Szymczyk expresses that the proprioception and skin receptors are sufficient in the deaf group
to the extent that they can compensate for any interference in receiving other data from the sensory systems
controlling the balance [13].
In general, the results of the present study indicated
that in the absence of manipulation of vestibular, vision, and proprioception systems, the swing rates of the
hip and ankle joints were lower, and both the deaf and
healthy groups used ankle strategy to restore balance.
Moreover, by creating disorder in sending sensory impulses from feedback resources to the central nervous
system to restore the balance, more improper correction commands were created resulting in higher hip and
ankle swings [30].
By and large, the deaf people, in the face of sensory
disturbances and immediate perturbations, are more
likely to rely on body somatosensory systems to restore
balance as a superior equilibrium system. In this regard,
the roles of the visual and the vestibular systems are in
the next priorities, while healthy people rely primarily
on vision system information to regain balance as the supreme balance system. In other words, they rely on the
visual system and, then, on the vestibular system.
The results of this study can be used to design deaf rehabilitation programs. The results indicate that muscular
neural training that improves the somatosensory system
may have more effect on improving the balance of deaf
persons. Therefore, such exercises are suggested to be
considered more in sports programs and rehabilitation of
deaf people to prevent them from falling by providing

the necessary measures to improve the balance power
and control the body posture to restore balance.
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