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Abstract

Background Cochlear implantation (Cl) surgery has become a prevalent method of hearing rehabilitation, since

it has been acknowledged that it impacts effectively on the vestibular system. However, there is still no consensus
among clinicians on the most appropriate age and area (lateral/bilateral) of Cl surgery in terms of postural control. The
present study aimed to assess the postural control in late lateral Cl adolescents with different visual (eyes opened(EO)/
eyes closed(EC)) and auditory (Cl activated/deactivated) conditions and to build a theoretical model of postural
control based on sensual compensatory mechanisms that are predominant in late Cl individuals. It was hypothesized
that kinesthetic sensation and exteroceptors of the superficial sensation are critical for neuromuscular control after
late CI.

Methods A quasi-experimental study protocol was used in this study to assess the postural stability performance
in the studied adolescents with different visual and auditory perceptions. 27 adolescent students with hearing loss
participated in the study. A force plate (Accu Gait AMTI) with computer software (NetForce) was used in the study to
assess the postural stability with four different conditions(EO)/EC), Cl activated/deactivated).

Results vCOP was found to have a significant growing tendency within the conditions of Cl activated/deactivated.
No statistically significant relationships were noted between the range of the displacement of feet pressure (Area)
and both the visual and auditory conditions. Hearing loss etiology was statistically significantly related to the values
of vCOP, within the conditions of EQ, Cl activated/deactivated (p <0.01), what did not occure with the condition of EC
(p>0.05). Neuromuscular control with the condition of EC x Cl deactivated was found to be based on the kinesthetic-
tactual compensatory model.

Conclusions Kinesthetic sensation and exteroceptors of the superficial sensation seem to be the predominant
source of information to maintain postural control in late Cl adolescents, regardless of the visual and auditory
conditions. The etiology of hearing loss (congenital/acquired) can be a predictor of the values of the vCOP. In order to

*Correspondence:
Eliza Gawet
e.gawel@awf katowice.pl

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0002-4284-8697
http://orcid.org/0000-0001-8609-5036
http://orcid.org/0000-0001-8447-4251
http://orcid.org/0000-0001-8081-8854
http://crossmark.crossref.org/dialog/?doi=10.1186/s13102-024-00950-1&domain=pdf&date_stamp=2024-7-21

Zwierzchowska et al. BVIC Sports Science, Medicine and Rehabilitation

(2024) 16:159 Page 2 of 10

improve neuromuscular control in this population, it is recommended that the patients perform physical activity tasks,
especially to develop core muscles, based on direct stimulation and rotational stability.

Keywords Postural control, Hearing loss, Vestibular disorders, Deafness, Auditory apparatus

Background

In the last decade, cochlear implantation (CI) surgery has
become a more prevalent method of hearing rehabilita-
tion since it has been acknowledged that it impacts effec-
tively on the vestibular system both in deaf newborns and
older adults with progressive sensorineural hearing loss,
enabling them to properly stimulate the auditory system
[1]. However, some studies indicated potential risks for
the vestibular system related to CI surgery [2, 3], mainly
due to an intrinsic intervention that includes inserting an
electrode into the cochlea [4]. Nevertheless, the proper
function of the vestibular system is known to be the key
factor not only for receiving auditory stimulation but also
for maintaining gaze stabilization and postural control
of the human body [5]. Therefore, the role of CI surgery
seems to be of predominant importance for people with
deafness.

Even though the benefits of CI are well known, there is
still no consensus among clinicians on the most appro-
priate age and area (lateral/bilateral) of CI surgery. For
instance, some studies suggest that bilateral CI can result
in a decrease in postural balance compared to lateral
implantation [6, 7], while Wolter et al. [8] indicated a
positive effect of bilateral CI on postural control. How-
ever, Buhl et al. [9] concluded that CI surgery does not
affect dynamic postural stability. Similar inconsistencies
in the results can be found for the age of CI. However, the
data regarding neuromuscular control are limited. For
example, Louza et al. [10] and Mujdeci et al. [11] found
that the age of participants with CI did not impact the
postural balance performance, while Hocevar-Boltezar
et al. [12] suggested that neuromuscular control can be
significantly improved in children after CI. On the other
hand, CI surgery can also be related to the incidence of
post-surgery balance disorders, but they may result from
factors other than surgery intervention [13, 14]. This can
be mainly due to the activation of different compensa-
tory auditory mechanisms, in which the strength of the
kinesthetic, visual, and tactual senses, is related to several
clinical and environmental factors [15].

Although CI has been the subject of previous stud-
ies, the data on postural control in late CI individuals in
terms of different visual and auditory perceptions have
been, to the authors’ knowledge, documented in only
three studies [11, 16]. These studies allow, to some extent,
for the identification of the variables related to postural
control in CI individuals, but at the same time, they
indicate the need for further and deeper analysis. More-
over, to the best of the authors’ knowledge, no study has

evaluated postural balance in late lateral CI adolescents
in terms of compensatory mechanisms of the auditory
system. Given the above and the gap in the scientific lit-
erature, it seems justified to perform additional studies
with the participation of individuals in the developmen-
tal period to evaluate the impact of late lateral CI surgery
on neuromuscular control and to simultaneously iden-
tify determinants of the effectiveness of postural con-
trol. Therefore, the present study aimed to (1) assess the
postural control in late lateral CI adolescents with differ-
ent visual (eyes opened (EO)/eyes closed (EC)) and audi-
tory (CI activated/deactivated) conditions and (2) build
a theoretical model of postural control based on sensual
compensatory mechanisms that are predominant in late
CI individuals. It was hypothesized that kinesthetic sen-
sation and exteroceptors of the superficial sensation are
critical for neuromuscular control after late CI.

Methods

Study design

A quasi-experimental study protocol was used in this
study in which the participants were theirs own controls
in order to assess the postural stability performance with
different visual and auditory perceptions.

Participants

Twenty-seven adolescent students (nF=13; nM=14) with
hearing loss from Polish special education schools and
centers were purposively selected to participate in the
study with the following inclusion criteria: (1) profound
hearing loss in both ears, (2) hearing loss due to con-
genital or acquired impairment, (3) at least above 3 years
old at the time of CI surgery, (4) lateral hearing appara-
tus (HA) in the opposite ear than CI, (5) at least 2 years
after CI surgery, (6) females and males (aged 14-20 years
old), (7) free from musculoskeletal or neuromuscular dis-
orders, (8) satisfactory self-reported health status. The
exclusion criteria were as follows: (1) participants with
other impairments than hearing loss or mixed impair-
ments, (2) males and females>14 years old and/or <20
years old, (3) the occurrence of musculoskeletal injury in
the last three months, (4) no parental consent for partici-
pation in the study or withdrawal from the study.

In the majority of the study participants, hearing loss
occurred at the age of up to 1 year (74%). In 19% of them,
hearing loss was diagnosed at up to 2 years old, while
only in 7%, it occurred after the age of 3 years. Similarly,
the vast majority of both females (92%) and males (100%)
were characterized by a congenital hearing impairment.
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Moreover, in 66.6% of study participants, CI surgery was
performed after the age of 6 years, while 33.3% had it
before the age of 6 years. Detailed characteristics of the
study participants are presented in Table 1.

The measurements were carried out in the laborato-
ries of the Academy of Physical Education in Katowice,
Poland, Institute of Sport Sciences, and in specially
adapted rooms of the special education schools and cen-
ters that the study participants attended. Before start-
ing the examinations, study participants were informed
of the experimental procedures, benefits, and potential
risks of the study and were instructed to maintain their
normal dietary and sleeping habits for 24 h before the
examination. Moreover, the participants were allowed to
withdraw from the experiment at any time without giving
a reason. Additionally, informed consent was obtained
from all participants and from the legal guardians of
the participants who were below 16 years of age. The
research protocol was approved by the Bioethics Com-
mittee for Scientific Research of the Academy of Physical
Education in Katowice, Poland (No. 9/2012) and met the
ethical standards of the Declaration of Helsinki 2013.

Procedures

All examinations were conducted in the morning (8-11
a.m.). At first, an interview in a form of a survey ques-
tionnaire was conducted to collect information about

Table 1 Detailed characteristics of the study participants
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the participant’s health status and medical history of the
hearing loss and cochlear implantation surgery (see Sup-
plementary file). The questionnaire was fulfilled by study
participant or his legal quardian (adequately to individual
needs and participant’s age) and always with the presence
of an experienced researcher (AK). Moreover, if study
participant or legal guardian were deaf questions were
asked in the sign language. Next, anthropometric exami-
nations and postural stability testing were performed. All
measurements were taken using the same research tools,
temperature conditions, and the number and order of the
measurements (including postural stability tests).

Anthropometric measurements

The research protocol included the assessment of several
qualities and indices of body build and posture. A wall-
mounted stadiometer with a centimeter scale (accuracy
of 1 cm) was used to measure body height (BH). The
measurement of body mass (BM) was performed using
a body composition analyser (TANITA TBF-300 M,
accuracy of 0.1 kg). TANITA BC-420 MA Bioelectri-
cal Impedance Analysis was used to calculate FM, FFM,
and TBW. HC, WC, CC, and FL were assessed with an
anthropometric tape, with an accuracy of 1 cm. A stan-
dard formula proposed by Zwierzchowska et al. [17] was
used to calculate BMI. All measurements were performed

Variables SG

Lateral Cl and lateral HA

SG SG
Females vs. Males Females vs. Males

(n=27;nF=13,nM=14) Females (n=13) Males (n=14) P value
Mean+SD Mean+=SD

Age (years) 169+1.8 170£19 166+1.7 p<0.05
BH (cm) 168.8+9.6 1633+74 1750+87 p>0.05
BM (kq) 592+10.7 5761102 618+11.8 p>0.05
WC (cm) 74774 73.6+82 759+7.8 p>0.05
HC (cm) 945+85 914+97 90.5+82 p>0.05
BMI 20.8+35 216+38 20.0+£3.1 p>0.05
FM (%) 0.2+0.1 262+74 16.6+6.0 p>0.05
FM (kg) 129+6.5 155+66 109+59 p>0.05
FFM (kg) 46.0+74 416+£5.1 50.8+£69 p>0.05
FFM (%) 0.8+0.1 0.7+0.1 0.8+0.1 p>0.05
TBW (kg) 343+6.3 305+3.7 37.7+56 p>0.05
TBW (%) 0.6+0.1 05%0.1 0.6+0.1 p>0.05
CC - repose (cm) 86.3+9.1 86.3+9.1 833+9.0 p>0.05
CC - inspiration (cm) 89.5+89 89.5+8.9 87.6+89 p>0.05
CC - expiration (cm) 84.4+9.1 84.4+9.1 812+89 p>0.05
FL (cm) 408+26 386+1.2 431+£15 p>0.05
Efficiency of the respiratory muscles 0.1+£0.1 0.01+0.01 0.1+£0.0 p>0.05
Age of Cl surgery (years) N/A 89+39 9.2+32 p<0.05
Duration of using of the hearing device (years) N/A 84+32 9.2+32 p<0.05

SG - study group; Cl - cochlear implantation; HA - hearing apparatus; n-total number of participants; nF- number of females; nM- number of males; SD - standard
deviation; N/A - not applicable; BH - body height; BM — body mass; WC - waist circumference; HC - hips circumference; BMI - body mass index; FM - fat mass; FFM

- fat free mass; TBW - total body water; CC - chest circumference; FL - foot length
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by the same researcher (AK) with expertise in anthropo-
metric evaluations.

Postural stability testing and procedure

A force plate (Accu Gait AMTI, sampling frequency of
50 Hz, no filtering signal) with computer software (Net-
Force) was used in the study to assess the postural stability
by evaluating three force components i.e., Fx, Fy, Fz, and
the moment of force about the center of the force plate and
around all three axes i.e, Mx, My, Mz. The center of feet
pressure in the anteroposterior and lateral directions was
calculated based on the values obtained for COP-Y, COP-
AP (anteroposterior), and COP-X, COP-ML (lateral). More-
over, a methodology proposed by Zatsiorsky et al. [18] was
used to assess the postural balance.

The postural stability testing protocol consisted of
4 trials that lasted 60 s each and were repeated twice.
Each measurement was performed on a force plate to
determine the velocity of the center of the foot pres-
sure (vCOP) and the area of the ellipse (Area) by the
same two researchers with expertise in postural stability
(KS, AK) and with the presence of participant’s parents/
legal guardians. The vCOP is known as a critical mea-
sure according to the evaluation of postural control and
stability. Simultaneously, vCOP quantifies the speed at
which the COP shifts within the base of support. Given
that insights into the dynamic aspect of balance is pro-
vided. According to the present research, vCOP enables
to detect the potencial deficiencies in the mechanisms of
the postural control.

Before the evaluation, study participants were informed
(also in sign language) about the study protocol (see Fig. 1),
and their main testing task was to keep the most motion-
less position as long as possible while standing on the force
plate. The trial started with a verbal instruction ‘PLEASE
ENTER THE PLATFORM’ and ended with PLEASE GET
DOWN FROM THE PLATFORM,; after which study par-
ticipant took a short rest (up to 60 s, adjusted individually)
and entered the force plate once again to begin the next trial.
A hand-held timer was used by the same researcher (KS)
to measure all breaks between study trials, while the time
of all trials was recorded by computer software (NetForce).
Because of difficulties with performing a full continuous
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trial, it was decided that only a selected part of the trial
which was performed correctly (16 s) would be used in the
statistical analyses. The study used the following 4 trials that
were conducted twice, both with EO and EC.

1. Standing in the habitual position (arms along the
trunk) with equal loading of the feet, looking straight
ahead, EO, CI activated (trial time =60 s).

2. Standing in the habitual position (arms along the
trunk) with equal loading of the feet, looking straight
ahead, EC, CI activated (trial time =60 s).

3. Standing in the habitual position (arms along the
trunk) with equal loading of the feet, looking straight
ahead, EO, CI deactivated (trial time =60 s).

4. Standing in the habitual position (arms along the
trunk) with equal loading of the feet, looking straight
ahead, EC, CI deactivated (trial time =60 s).

Statistical analysis

All statistical analyses were performed using the STATIS-
TICA 13.3 computer software (TIBCO Software Inc., Tul-
ska, OK, USA). The sample size was calculated using the
following formula: fpc=sqrt((N-n)/(N-1)), where (i) fpc is
the finite population correction factor, (ii) N is the popula-
tion size, and (iii) n is the sample size. Kolmogorov-Smirnov
test was used to verify distributions, homogeneity, means,
and standard deviations (SD) with 95% confidence intervals
of the anthropometric variables and participant’s character-
istics (age, age of CI, duration of using the hearing device).
An adjustment for the variables vCOP and Area and Tukey’s
post-hock test were used to calculate the time of the mea-
surement, which differed between the trials. The variety
between vCOP (adjusted), Area (adjustment) and CI acti-
vated/deactivated was verified with the Mann-Whitney
U Test with a Bonferroni correction. A multiple regres-
sion analysis with different visual and auditory conditions
was performed in order to verify the impact of the selected
clinical (age, gender, age of CI, hearing loss ethicology, par-
ticipant’s age) and somatic (FL, BH, BM, WC, HC, CC, FM,
FFT, TBW, BMI) variables on the postural stability. Corre-
lations were evaluated as follows: trivial (0.0-0.09), small
(0.10-0.29), moderate (0.30-0.49), large (0.50—0.69), very

1= trial 2™ trial

EO x Cl activated

Trial (60 sec) x passive
rest (upto 60 sec)x 2
repetitions

Trial (60 sec) x passive
rest (upto 60 sec)x 2
repetitions

EC x Cl activated ' EO x Cl deactivated ' EC x Cl deactivated

3" trial 4™ trial

Trial (60 sec) x passive
rest (upto 60 sec)x 2
repetitions

Trial (60 sec) x passive
rest (upto 60 sec)x 2
repetitions

Fig. 1 Schematic representation of the quasi-experimental design
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large (0.70-0.89), nearly perfect (0.90-0.99), and perfect
(1.0) (Frost et al., 2020).

Results

Figure 2 shows the summary of the differentiation of
the vCOP (adjusted) (p<0.05) in study participants
with late lateral CI with the condition of EO x CI acti-
vated/deactivated and EC x CI activated/deactivated.
The Mann-Whitney U Test with Bonferroni correction
revealed a significant growing tendency for the values of
vCOP (adjusted) both in the conditions of CI activated
and deactivated. Furthermore, a change of the vCOP
(adjusted) with different visual conditions (EO/EC) was
found but statistical analysis did not confirm the statisti-
cal significance (p>0.05).

Figure 3 presents the differentiation of the Area
(adjusted) (»<0.05) in study participants with late lateral
CI with the condition of EO x CI activated/deactivated
and EC x CI activated/deactivated. No statistically signif-
icant relationships were noted between the range of the
displacement of feet pressure (Area) and both the visual
(EO/EC) and auditory (CI activated/CI deactivated)
conditions.

The differentiation of the vCOP(adjusted) (»<0.05) in
study participants with late lateral CI with the condition

1,4 T T
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of EO x CI activated/deactivated is shown in Fig. 4. The
multiple regression analysis indicated that hearing loss
etiology was statistically significantly related to the values
of vCOP (see Fig. 4). It was found that the greater the val-
ues of the velocity of vCODP, the greater the impact of the
hearing loss etiology was within the conditions of EO and
CI activated/deactivated (p<0.01). Moreover, this depen-
dency did not occur with the conditions of EC and CI
activated/deactivated (p>0.05).

The summary of the differentiation of the Area
(adjusted) (p<0.05) in study participants with late lateral
CI with the condition of EO x CI activated/deactivated is
shown in Fig. 5. It was found that no statistically signifi-
cant differences occurred for changes in the Area due to
different visual (EO/EC) and auditory (CI activated/deac-
tivated) conditions.

A theoretical model of postural control in hearing and
deaf population based on sensual compensatory mecha-
nisms is presented in Fig. 6. The flow of the diagram
includes division on the hearing individuals and those
who are deaf, simultaneously indicating the primary
sense that seems to be primarly to maintain the postural
control in the abovementioned populations. Moreover,
the diagram was expanded by the results of the present
study, including the crucial senses that seem to be related

12}

10

0°9r

08} =

v COP adjustement [cm/s]
h\

I -5 ClI

ACTIVATION DEACTIVATION

EO

ACTIVATION DEACTIVATION

EC

Fig. 2 The differentiation of the vCOP (adjusted) (p < 0.05) in study participants with late lateral Cl for the condition of EO x Cl activated/deactivated and
ECx Cl activated/deactivated. Higher vCOP values indicate greater speeds of center of pressure movement, which may suggest reduced postural stability
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Fig. 3 The differentiation of the Area (adjusted) (p <0.05) in study participants with late lateral Cl with the condition of EO x Cl activated/deactivated and

EC x Cl activated/deactivated

to the postural control in adolescents who use CI an HA
in everyday life. Given the obtained results of the vCOP
and Area, it was found that the neuromuscular control
with the condition of EC x CI deactivated seems to be
based on the kinesthetic-tactual compensatory model.

Discussion

The data on the sensual compensatory mechanisms in the
deaf population remain limited. Therefore, this study aimed
to evaluate postural control in late lateral CI adolescents
within different visual and auditory perceptions and to
simultaneously build a theoretical model of compensatory
mechanisms related to the reception of auditory stimuli in
late CI individuals. As was assumed in the initial hypothesis,
this study found that within the conditions of EC x CI deac-
tivated, neuromuscular control is regulated mainly by the
kinesthetic sensation and exteroceptors of the superficial
sensation (kinesthetic-tactual compensatory model). Thus,
this result indicates that kinesthetic sensation has a signifi-
cant impact on the magnitude of vCOP and Area in deaf
individuals with late CI (see Fig. 6). This also suggests that to
improve postural balance performance in this population, it
is recommended that the patients perform physical activity

tasks, especially to develop core muscles, which are based
on direct stimulation and rotational stability.

To the best of the authors’ knowledge, although many
studies have evaluated postural balance in different per-
ceptual and/or visual conditions [10, 12, 19], only three
studies have directly compared their impact on postural
control performance in late CI individuals [11, 16, 21].
Although in the case of enhancement of the neuromus-
cular control, the most commonly recommended inter-
vention is currently early CI [20], no study to date has
considered the effect of varied visual and auditory condi-
tions on the vCOP and Area in adolescents with late lat-
eral implantation.

The results of our study are partially in line with the find-
ings of Suarez et al. [21] who indicated the primary role of
visual and somatosensory information for maintaining
postural control in deaf children with unilateral CI, as they
found an increase in the values of vCOP for the condition of
EC x CI activated, which was also confirmed by our study.
However, our analysis suggested that kinesthetic sensitiv-
ity seems to be primary compared to visual stimulus (see
Fig. 6). This thesis can be explained by the different sensory
compensatory mechanisms models that are activated due
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Fig. 4 The differentiation of the vCOP(adjusted) (p <0.05) in study participants with late lateral Cl with the condition of EO x Cl activated/deactivated
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Fig. 5 The differentiation of the Area (adjusted) (p <0.05) in study participants with late lateral Cl with the condition of EO x Cl activated/deactivated
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THEORETICAL MODEL OF THE POSTURAL CONTROL
BASED ON
SENSUAL COMPENSATORY MECHANISMS
(HEALTHY VS. DEAF POPULATION)
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HEALTHY INDIVIDUALS DEAF INDIVIDUALS
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‘ VISUAL 1 AUDITORY { KINEST=ETIC TACTUAL ’ VISUAL ’ KINESTHETIC TACTUAL ‘
THEORETICAL MODEL OF THE POSTURAL CONTROL
IN LATE C1 ADOLESCENTS
BASED ON
SENSUAL COMPENSATORY MECHANISMS (4 CONDITIONS)
DEAF INDIVIDUALS DEAF INDIVIDUALS
WITH LATE C1 (EO x Cl ACTIVATED) WITH LATE CI {(EC x CI ACTIVATED)
COMPENSATORY MODEL COMPENSATORY MODEL
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Fig.6 A theoretical model of the postural control in healthy and deaf population and in late Cl adolescents based on sensual compensatory mechanisms
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to different visual and auditory perceptions. Furthermore,
based on the comparison of the values of vCOP and Area
that differ due to testing conditions, it seems that postural
control is dependent primarily on kinesthetic sensation.

On the other hand, information from stimulus is not
the only source that impacts the postural balance as our
regression analysis found that vCOP can be predicted by
the etiology of hearing loss (congenital/acquired). This
was also confirmed in a study by Cushing et al. [22], who
found that vestibular and balance dysfunction in unilat-
eral CI children is highly dependent on deafness etiol-
ogy. However, Suearez et al. [21] concluded that deafness
etiology is not related to the reception of the somatosen-
sory information to maintain postural control, simul-
taneously indicating the predominant role of visual and
somatosensory systems in regulating postural balance.
The inconsistency in the cited studies can be explained by
the neurophysiological factors [15] arising from the acti-
vation of different sensory compensatory mechanisms
models, which are mainly related to (a) time of disability
(years), (b) etiology of hearing loss (congenital/acquired),
and (c) age at hearing loss.

Saurez et al. [21] examined the problems of sensory com-
pensatory mechanisms and found an increase in the values
of vCOP for the absence of visual perception and CI acti-
vated. Similar results were obtained in our study. Further-
more, the increase in the vCOP was even higher within the
condition of EC x CI deactivated, while the values of Area
showed a decreasing tendency. Thus the findings of our
study can in some way explain the diversity of the values of
vCOP and Area that could be a consequence of an increase
in the foot pressure by activation of the kinesthetic-tactual
compensatory model when excluding visual perception (see
Fig. 6). However, as indicated by Swamy Suman et al. [23]
central vestibular compensation should also be taken into
consideration as it’s related to reduction of the vestibular
symptoms and can also contribute to improvement of the
balance in individuals with vestibular disfunction. Never-
theless, to fully understand the complexity of the sensory
compensatory models in the deaf population, including
people with CI, further studies are needed, also to assess
and compare different age groups and hearing devices i.e.,
bilateral CI and auditory apparatus. This may enable to
explain the intrinsic differences that can possibly occure in
the postural balance between adolescents with CI and those
who use only HA. Such attitude will also allow for general
interference about the main model of sensual compensatory
mechanisms, that can be diverse due to hearing devices (CI/
HA) that are used by individuals with hearing impairments.

Limitations

The present study has several limitations that need to be
addressed. First of all, we did not include a control group
of healthy non-deaf adolescents that would enable us to

(2024) 16:159 Page 9 of 10

compare the diversity of the vCOP and Area. Thus, our
results cannot be generalized to the healthy popula-
tion. However, the studied group was homogeneous and
almost perfectly equal in terms of the number of males
(n=14) and females (n=13), which is the strength of the
present paper. Secondly, the study was performed on
inactive adolescents, thus the results may differ in active
unilaterally implanted populations. Lastly, we did not
include other study groups of bilateral CI adolescents
and adolescents with bilateral auditory apparatus, which
would allow for better understanding of the complexity
of the neuromuscular responses to different visual and
auditory perceptions.

Conclusions

The results of this study indicated that kinesthetic sensa-
tion and exteroceptors of the superficial sensation seem to
be the predominant source of information to maintain pos-
tural control in late CI adolescents, regardless of the visual
and auditory conditions. Moreover, the etiology of hearing
loss (congenital/acquired) can be a predictor of the values of
the vCOP. The practical implication of the present study is
that direct stimulation in the form of core muscle exercises
and rotational stability tasks should be recommended to
improve neuromuscular control.
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