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Although children and adolescents with hearing impairment are at risks of falls from balance
problems, reliable information on effects of interventions are scare. Therefore, the purpose of
this review is to systematically summarize studies on the evidence of interventions to improve
balance ability in children and adolescents with hearing impairment. A systematic literature
search was conducted on five major electronic databases. Studies were included if: 1)
interventions or trials focusing on improving balance in chidren and adolescents with
hearing impairment; 2) research targeting children with hearing impairment (samples with a
mean age below 18 years); 3) studies were published in English peer-reviewed journals due to
language barriers and resource limitations; and 4) study designs were randomized controlled
trial or quasi-experiment. A nine-item tool adapted from the Consolidated Standards of
Reporting Trials Statement was used to assess the quality of the studies. Through the
search strategy, 373 articles were identified, and 15 studies published between 1981 and
2021 met the inclusion criteria. Most of the studies reviewed were categorized as medium or
low quality, and only three were identified as high quality. Exercise interventions were adopted in
80% of the included studies, whereas studies that employed music + vibration, motor, and
game as the intervention modalities accounted for the remaining 20.0%. The results of this
review showed that the included trials with exercise interventions had a positive influence on the
balance among children and adolescents with hearing impairment (the post-intervention scores
were significantly higher than the pre-intervention or the control group scores). In addition, the
interventions with duration of 8-16 weeks were more effective than those with less than
8 weeks. However, due to most of the reviewed studies were of low methodological quality, the
trials results analyzed by this systematic review should be interpreted with caution. Further
investigations of high-quality studies are therefore needed to prove the effectiveness of
interventions on improving balance performance in children and adolescents with hearing
impairment.

Systematic Review Registration: [https://www.crd.york.ac.uk/PROSPERO/,

PROSPERO [308803].
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INTRODUCTION

Balance is an essential prerequisite for most daily life activities in
children (Melo et al., 2020). It is the complex ability to maintain,
achieve, or restore the state of balance of the body while a
child stands still, prepares to move in movement, or prepares
to stop moving (Pollock et al., 2000). Balance requires the
integration of several sensory, motor, and biomechanical
inputs (Nashner et al., 1982). However, changes in some of
these sensory systems (e.g., visual, somatosensory, and
vestibular) can trigger disturbances in the body balance
(Melo et al., 20205 Paillard, 2017). The capability of balance
can be examined in static (the body remains motionless) or
dynamic (the body can react to perturbations or is in
movement) conditions, as well as in both conditions
(Paillard, 2017). For children and adolescents, maintaining
balance is an essential prerequisite to competently perform
most activities of daily living and is important for the
proficient performance of fundamental movement skills
(Mickle et al., 2011). Studies have shown that the most
significant transitions in motor development occur in the
first decade of life with balance control usually established
at 7-10 years old (Ferdjallah et al., 2002; Roncesvalles et al.,
2001). Therefore, addressing characteristics in the balance
ability of children and adolescents is important for
interventions in many practical fields.

Hearing impairment refers to the complete and partial loss
of the ability to hear (Mathers et al., 2000). According to the
World Health Organization, over 5% of the world’s
population are suffering from some form of hearing
impairment and it is estimated that by 2050, over 700
million people (one in every 10 people) will have hearing
impairment.' Childhood hearing impairment is a significant
public health problem, which is associated with long term
academic and communicative difficulties (Davis et al., 2001)
and other physical deficits (e.g., vestibular-related
impairments) (Pajor and Jozefowicz-Korcxynska, 2008;
Siegel et al., 1991). The previous studies have proved that
children and adolescents with hearing impairment are at
increased risks of motor and balance problems due to their
balance and/or motor deficits related to damage to the
vestibular system (Fellinger et al., 2015; McPhillips, 2015).
Furthermore, studies have shown that hearing impairment is
associated with an increased risk of all-cause mortality (Karpa
et al., 2010), possibly via physical activity-related parameters,
such as mobility function and balance (Lin and Ferrucci, 2012;
Loprinzi, 2015).

Over the decades, a few intervention studies have been
conducted to improvise balance in children and adolescents
with hearing impairment on different outcome measures
(Ebrahimi et al., 2017; Effgen, 1981; Rine et al, 2004). Only
one review conducted by Fernandes et al. (2015) analyzed three
trials on the management of vestibular and balance functions in
children with hearing impairment and concluded that vestibular

'https://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss.
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rehabilitation has a positive influence on balance outcomes.
Numerous works examined effects of interventions on balance
improvements in this population since 2015 and have not been
summarized and reviewed. Therefore, the purpose of our review
is to systematically summarize studies on the evidence of
interventions to improve balance ability in children and
adolescents with hearing impairment until 2021. Our findings
can provide insights for clinical practice and future studies on
balance improvement among children and adolescents with
hearing impairment.

METHODS

This systematic review was conducted while adhering to the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement (Moher
et al., 2009).

Search Strategy

The researchers systematically searched studies with the
following databases from inception to December 2021:
PubMed, PsycINFO, Scopus, Education Resources Information
Centre (ERIC), and Web of Science (WoS) Core Collection.
The search strategy included four groups of keywords: 1)
hearing impairment* OR hearing disability* OR deaf OR
hard of hearing; 2) child* OR adolescent* OR teenager* OR
youth* OR youngster* OR student* OR pupil*; 3) motor
ability* OR motor skill* OR balance OR posture control OR
postural stability; 4) intervention OR trial OR experiment. In
addition, the snowballing technique was used to identify
potential studies by scanning the references of all the
included articles.

Inclusion and Exclusion Criteria

Studies meeting the following criteria were included in this
review: 1) interventions or trials focusing on improving
balance in children and adolescents with hearing
impairment; 2) research targeting children with hearing
impairment (samples with a mean age below 18 years); 3)
studies were published in English peer-reviewed journals
due to language barriers and resource limitations; and 4)
study designs were randomized controlled trial (RCT) or
quasi-experiment (QE). Studies were excluded if they 1)
were pertaining to other topics; 2) participants’ mean age
was above 18; 3) were unpublished articles, comments,
conference proceedings, reviews, and dissertations; and 4)
failed to report the detailed outcomes of trials. Two authors
independently screened the returned articles according to the
inclusion and exclusion criteria. Any disagreements between
authors were resolved through discussion.

Quality Assessment

To determine the methodological quality of the included studies,
the researchers used a nine-item tool adapted from the
Consolidated Standards of Reporting Trials Statement (Schulz
et al., 2010), which has been used to assess the methodological
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TABLE 1 | Risk of bias checklist.

Balance of Children With Hearing Impairments

Item Description

1 Randomization (generation of allocation sequence, allocation concealment and implementation) clearly described and
adequately completed

2 Valid measures (validation data were provided by the author)

3 Blinded outcome assessment (assessor blinding)

4 Participants analyzed in group they were originally allocated to, and participants not excluded from analyses because of
noncompliance to treatment or because of missing data

5 Covariates accounted for in analyses (e.g., baseline score and other relevant covariates when appropriate such as age
or sex)

6 Power calculation reported for main outcome

7 Presentation of baseline characteristics separately for treatment groups

8 Dropout was described, with a <20% dropout for studies with follow-up of<6 months and <30% dropout for studies with
follow-up>6 months

9 Summary results for each group + estimated effect size (difference between groups) + its precision (e.g., 95% Cl)

quality of previous systematic reviews in similar areas (Healy
et al, 2021; Morgan et al, 2013) (Table 1). Two authors
independently assessed all studies. Each item was scored as 1
(the assessed item was explicitly described and presented) or 0
(the assessed item was inadequately described or absent). If
consensus could not be reached, then agreement was obtained
through discussion between the authors. The score for each study
was summed, and the median score for all included study scores
was calculated. Articles were determined of high quality when
they scored above the median score, medium quality when they
scored equal to the median score, and low quality when they
scored below the median score (Zeng et al., 2017).

Data Extraction and Analysis

The first author completed the data extraction and then the
second author verified the data. Discrepancies were resolved
through a consensus discussion. The researchers extracted the
following information: the first author, publication year,
geographic location, and intervention detail.

Given the heterogeneity of the included studies, meta-analysis
was not conducted. Instead, the intervention characteristics of
each study were first summarized and analyzed and then
recorded on a standardized form created by the authors. The
effective rate of the interventions was calculated using the
following equation: effective trials (the post-intervention scores
were significantly higher than the pre-intervention or the control
group scores)/(total number of trials). Similarly, data analysis was
performed by the first author and then verified by the second
author.

RESULTS

Search Results

The initial search identified 373 studies (ERIC, n = 15; WoS
Core Collection, n = 179; PubMed, n = 106; PsycINFO, n = 55;
Scopus, n = 373). Of these articles, 186 duplicates were
removed. An additional article was identified from a
citation search of relevant published literature reviews.
After screening the titles and abstracts, 126 studies were
excluded. The remaining full-text articles were read, and 45

Records identified through
database searching (n = 728)
(ERIC = 15, Web of Science

Core Collection= 179,
PubMed = 106, PsycINFO =
55, Scopus = 373)

Additional
records
identified
through other
sources

(m=1)

N

Records after duplicates
removed (n = 186)

Records excluded based on
title or abstract (n = 126)

Full-text articles excluded
based on full text review, with
reasons (n =45):

v - Outcomes not pertaining to

balance (n = 35)
Non-applicable age range
(n=5)

Review articles (n = 3)
Not published in English
(n=2)

Full-text articles assessed
for eligibility >
(n=60)

y

Studies included in
qualitative synthesis
(n=15)

[ Included ] [ Eligibility ] [ Screening ] [ Identification ]

FIGURE 1 | Study selection process.

others were excluded. Therefore, a total of 15 studies were
included in this review. The PRISMA flowchart is shown in
Figure 1.

Methodological Quality

Table 2 outlines the results of the assessment of methodological
quality. Overall, three out of the 15 included studies (20%) were
categorized as high quality, and three (20%) and nine (60%) other
studies were of medium and low quality, respectively. The weak
components among the included studies were randomization,
assessor blinding and result precision. Specifically, only 20% of
the included studies described participant randomization, the
blinded outcome assessment, and the outcome precision (e.g.,
95% Confidence Interval).
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TABLE 2 | Results of study quality evaluation of included studies.

First Item 1
Author (year)

Item 2 Item 3 Item 4

Effgen (1981)

Fotiadou et al. (2002)
Rine et al. (2004)
Borowiec (2011)
Rajendran et al. (2013)
Shah et al. (2013)
Majlesi et al. (2014)
Karbunarova (2016)
Ebrahimi et al. (2017)
Vernadakis et al. (2018)
Ilkim and Akyol (2018)
Demirel (2018)

Soori et al. (2019)

Zarei and Norasteh (2020)
Zarei et al. (2021)

4 400000000 —+00O0O0
G
-~ 4 0000000000 =00
OO =+ = =+ =4 4O = =% 4 %2 2O

Study Characteristics

Table 3 presents the study characteristics. The included studies
were published between 1981 and 2021; those published before
2000, 2001-2010, and 2011-2021 accounted for 6.7, 13.3, and
80.0%, respectively. These studies were from seven countries and
most of which were from Asian countries, including Iran (5,
33.3%), India (2, 13.3%), and Turkey (2, 13.3%). Eleven studies
(73.3%) were quasi-randomized trials, and the remaining (26.7%)
were RCT designs. The samples included children (73.3%) and
adolescents (26.7%), majority of which reported gender
composition. Ten studies (66.7%) involved sample sizes
between 20 and 40, whereas 20.0 and 13.3% had sample sizes
less than 20 and more than 40, respectively. In addition, 66.7% of
the included studies failed to report specific types of hearing
impairment. Among the trials that reported the degree of hearing
loss, 72.7% had moderate to severe hearing loss (with a hearing
loss of 56-90dB) and 27.3% had profound loss (hearing
loss>90 dB).

Intervention Characteristics
Table 4 presents the intervention characteristics.

Intervention Modality

Exercise interventions were adopted in most studies (12, 80.0%),
whereas studies that employed music + vibration, motor, and
game as the intervention modalities accounted for the remaining
20.0%. Exercise intervention mainly used a series of structured
course or training, such as vestibular-specific neuromuscular
training (Rajendran et al., 2013), exercise balance program
based on proprioception (Majlesi et al., 2014) and so on.
High-frequency music and vibration equipment were used
in music + vibration intervention. In motor intervention, the
15-min of standing movements in different positions were chosen
(Effgen, 1981). While Nintendo Wii-Fit Plus interactive games
were selected for game intervention (Vernadakis et al., 2018).

Duration and Frequency
The total duration of interventions ranged from 10 days to
16 weeks, 80% of which opted for a duration of 8-16 weeks. In

Item 5

Balance of Children With Hearing Impairments

Item 6 Item 7 Item 8 Item 9 Score Quality

low

low
medium
low

high
low
medium
low

low
medium
low

low

low
high
high

4 4 1T 00000000000
-4 41000+ 00 2020000
O N < S C S G Y
OO = = = = 4 44
4 1 00000000 —+00O0O0
NNAODROWOOONANDOEN

terms of intervention frequency, 66.7% of the included studies
performed their experiments three times a week, whereas 20.0
and 6.7% conducted their experiments twice and once a week,
respectively. Sessions of 30-45 min per time were selected by
46.7% of the trials, whereas sessions of more than 45 min and less
than 15 min per time accounted for 26.7 and 13.3%, respectively.
However, 13.3% of the trials failed to report the duration of each
session.

Outcome Measure

A total of 10 studies evaluated the static balance, among which
the most common assessment was one-leg standing test, such
as One-leg Standing Balance Test, Stork Balance Test,
Flamingo Balance Test, and Single-limb Standing Test. Six
studies tested dynamic balance, two of which used Y Balance
Test. Five other studies tested subjects’ postural stability, and
another one measured overall balance using the Pediatric
Balance Scale.

Intervention Effect

Overall, 13 out of 15 trials (86.7%) showed a positive effect on
improving balance among children and adolescents with hearing
impairment (the post-intervention scores were significantly
higher than the pre-intervention or the control group scores).
Interventions with a total duration of 8-16 weeks were more
effective than those with less than 8 weeks (91.7 vs. 75.0%). And
trials in children with hearing impairment were more effective
than adolescents with hearing impairment (91.7 vs. 75.0%).
Besides, among 10 studies that measured static balance, the
effective rate was 90%, whereas the efficiency of six studies
that assessed dynamic balance was 100%. Five studies that
evaluated postural stability had an effective rate of 80%,
whereas the effective rate of one study that measured overall
balance was 100%.

Method of Statistics

Nearly half of the studies (46.7%) conducted independent t-test
or paired t-test, and 20.0% of which performed U-test. Repeated-
measures ANOVA and its combination with t-test accounted for
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TABLE 3 | Characteristics of included studies.

First Author
(year, country)

Effgen (1981,
United States)

Fotiadou (2002,
Greece)

Rine (2004,
United States)

Borowiec (2011,
Poland)

Rajendran
(2013, India)

Shah (2013,
India)

Majlesi (2014,
Iran)

Karbunarova
(2016, Ukraine)

Ebrahimi (2017,
Iran)

Demirel (2018,
Turkey)

Vernadakis
(2018, Greece)

Design/Sample
Characteristic

QE n =49 (29 male)

M age: 9.1 hearing
impairment type: NR
Hearing loss >75dB
QE n =29 (15 male)
M age: 7.9/8.0 hearing
impairment type:
SNHL

Hearing loss >70dB
RCT n = 21 (9 male)
M age: 5.6/5.7 hearing
impairment type:
SNHL + VI

Hearing loss:
moderate to profound

QE n =25 (12 male)
age range: 10-13
hearing impairment
type: NR

Hearing loss: NR

RCT n =21 (14 male)
M age: 7.5/8.1 hearing
impairment type: NR
Hearing loss >90dB

QE (Pre-post test) n =
10 (6 male)

M age: 7.6 hearing
impairment type:
SNHL

Hearing loss: NR
QE n = 20 (20 male)
M age: 10.4/11.3
hearing impairment
type: NR

Hearing loss >75dB
QE n =20 (16 male)
age range: 6-10
hearing impairment
type: NR

Hearing loss: NR
QE n =24 (18 male)
M age: 9.8/10.1
hearing impairment
type: SNHL + VI
Hearing loss>90dB
QE n =18 (12 male)
M age: 7.4 hearing
impairment type: NR
Hearing loss: NR
QE n =20 (10 male)
M age: 18.3 hearing
impairment type:
SNHL

Hearing loss >70dB

Modality

Motor

Exercise

Exercise

Music +
vibration

Exercise

Exercise

Exercise

Exercise

Exercise

Exercise

Game

Intervention

10 days. @ 15 min/day, Standing
activities of static balance; @
Normal classroom activity (free
play).

16 weeks. @ 3 x 40 min/week,
Rhythmic gymnastics activities; @
3 x 40 min/week, Physical
education activities.

12 weeks. @ 3 x 30 min/week,
Exercise intervention focused on
substitution, including eye hand
coordination, general coordination
activities, visual motor training, and
balance training; @ 3 x 30 min/
week, Language development
training.

16 weeks. @ 1 x 45 min/week,
Physical exercise performed to the
music with enhanced high
frequencies and vibration devices;
@ 1 x 45 min/week, Traditional
dancing classes using every day
hearing aids.

6 weeks. @ 3 x 45 min/week,
Vestibular-specific neuromuscular
training, including training of
balance retraining, Eye-hand
coordination and FMS; @ Regular
school activities.

12 weeks. 3 x 45 min/week,
exercise sessions including eye-
hand and general coordination
exercises, visual motor training,
balance training.

4 weeks. @ 3 x 45 min/week,
Exercise balance program based
on proprioception training; @ NR.

10 weeks. @ 2 times/week,
Swimming classes; @ 2 times/
week, Soccer, volleyball and
basketball classes.

8 weeks. @ 3 x 45 min/week,
Progressive exercise program
including adaption, eye-head
coordination and substitution
exercises; @ NR.

10 weeks. @ 2 x 50-75 min/
week, Special movement training
program; @ NR.

8 weeks. D 2 x 15 min/week,
Interactive games Wii-Fit Plus of
the Nintendo Wii console; @
Traditional adapted physical
education balance training
program.

Balance of Children With Hearing Impairments

Instruments
(outcomes)

Force platform (Static balance
and stability)

Stabilometer (Dynamic balance)

PSCT (Stability)

Balancing Backward
Test (Dynamic balance)

One Leg Standing Balance Test/
Postural sway meter and
Pediatric Reach Test (Static
balance and stability)

Pediatric Balance Scale (Overall
balance)

Force platform (Static balance
and stability)

Romberg and Bondarevsky’s
difficult test/Walking on balance
beam test (Static and dynamic
balance)

PSOT (Static balance and
stability)

Gross motor development tests
(Dynamic balance)

Flamingo Balance Test (Static
balance)

Method of
Statistics

independent t-test

independent t-test;
paired t-test

independent t-test;
Wilcoxon signed rank
tests

Mann-Whitney
U-test

Mann-Whitney
U-test

paired t-test

independent t-test;
repeated-measures
ANOVA

independent t-test;
paired t-test

independent t-test;
paired t-test

Mann-Whitney
U-test

independent t-test;
repeated-measures
ANOVA

Effect

@ > @ (Time
of standing on
one leg)

@ ~ @ (Sway

degree)

>0

®>0

>0

®>0

®>0

>0

>0

®>0

®>0

(Continued on following page)
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TABLE 3 | (Continued) Characteristics of included studies.

First Author Design/Sample Modality Intervention Instruments Method of Effect
(year, country) Characteristic (outcomes) Statistics
IIkim (2018, QE n =60 (NR) Exercise 14 weeks. @ 3 times/week, Flamingo Balance Test (Static independent t-test; D >0
Turkey) M age: 12.4/12.8 Athletic exercises; @ 3 times/ balance) paired t-test
hearing impairment week, Gymnastic exercises.
type: NR
Hearing loss:
90-110 dB
Soori (2019, Iran)  QE n =20 (20 female)  Exercise 8 weeks. @ 3 x 60 min/week, Stork balance test/Y Balance independent t-test; >0
M age: 9.35 hearing Perceptual-motor training (such as ~ Test (Static and dynamic paired t-test
impairment type: NR balance training, running between  balance)
Hearing loss >61dB obstacles); @ Daily routine works.
Zarei (2020, Iran)  RCT n = 20 (20 male)  Exercise 8 weeks. @ 3 x 60 min/week, Single-limb standing test (Static  repeated-measures >0
M age: 16.4/16.9 Proprioception training without balance) ANOVA
hearing impairment visual input; @ Daily activities.
type: NR
Hearing loss >75dB
Zarei (2021, Iran) RCTn=19(19female) Exercise 8 weeks. @ 3 x 60 min/week, Balance Errors Test/Y Balance  repeated-measures D >0
M age: 16.7 hearing Pilates training program; @ Daily ~ Test (Static and dynamic ANOVA
impairment type: NR activities. balance)

Hearing loss >75dB

Note. QE, quasi-experiment; RCT, randomized controlled trial; M age, mean age; dB, decibel; SNHL, sensorineural hearing loss; ®, intervention group; @, control group; In the Pre-post
test, @ post-test evaluation, @ pre-test evaluation; VI, vestibular impairment; PSCT, Posturography sensory conditions testing; PSOT, posturography sensory organization testing; FMS,
fundamental motor skill; NR, not reported.

TABLE 4 | Summary of intervention characteristics of included studies.

Description Category n (%) Effective Rate (%) Description Category n (%) Effective Rate (%)
Year of publication <2000 1(6.7%) 50.0% Duration <8 weeks 3 (20.0%) 75.0%
2001-2010 2 (13.3%) 100.0% 8-16 weeks 12 (80.0%) 91.7%
2011-2021 12 (80.0%) 91.7% 1 time/day 1(6.7%) 50%
Country Iran 5 (33.3%) 100.0% Frequency 1 time/week 1(6.7%) 100%
India 2 (13.3%) 100.0% 2 times/week 3 (20.0%) 66.7%
Turkey 2 (13.3%) 100.0% 3 times/week 10 (66.7%) 100%
United States 2 (13.3%) 66.7% Session (min) <15 2 (13.3%) 33.3%
Greece 2 (13.3%) 50.0% 30-45 7 (46.7%) 100%
Poland 1(6.7%) 100.0% >45 4 (26.7%) 100%
Ukraine 1(6.7%) 100.0% NR 2 (13.3%) 100%
Design RCT 4 (26.7%) 100.0% Instruments  One-Leg Standing Balance Test 5 (26.3%) 80%
QE 11 (73.3%) 83.3% Y Balance Test 2 (10.5%) 100%
Sample size <20 3 (20.0%) 100.0% — Pediatric Balance Scale 1(5.3%) 100.0%
20-40 10 (66.7%) 90.0% Force Platform 2 (10.5%) 66.7%
>40 2 (13.3%) 66.7% Other instrument 9 (47.4%) 100.0%
Mean age (year) 6-12 11 (73.3%) 91.7% Outcomes Dynamic Balance 6 (27.3%) 100%
13-18 4 (26.7%) 75.0% Static Balance 10 (45.5%) 90%
hearing impairment type SNHL 5 (33.3%) 80% — Overall Balance 1(4.5%) 100%
NR 10 (66.7%) 90.9 Stability 5 (22.7%) 80%
Hearing loss (dB) 56-90 8 (563.3%) 77.8 - - — —
>90 3 (20.0%) 100.0 — — —
NR 4 (26.7%) 100.0 - — -
Modality Exercise training 12 (80.0%) 100.0 — — — -
Music + vibration 1(6.7%) 100.0 — — —
Motor intervention 1(6.7%) 50.0 — — —
Game intervention 1(6.7%) 0 - - -

Note. NR, not reported.
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13.3% of the total, whereas t-test combined with Wilcoxon signed
rank tests accounted for 6.7% of the studies.

DISCUSSION

For this review, we identified 15 studies that used the
intervention program to improve the balance of children
and adolescents with hearing impairment. The results of
methodological quality assessment showed that most of the
studies reviewed were categorized as medium or low quality,
and only three were identified as high quality. Most research
used QE designs, being one of the reasons that reduce the
methodology quality. Even in the RCT designs reviewed, the
random assignment, allocation concealment, and assessor
blinding procedures were not fully described. RCT designs
pose methodical, practical, and ethical challenges to
researchers (Hein & Weeland, 2019), especially in
populations with social or cognitive impairments, such as
children and adolescents with hearing impairment (Mulhall
et al., 2018). Nevertheless, randomized trials and their
systematic reviews can provide the most reliable evidence
about the effects of healthcare interventions (Higgins et al,,
2011).

One area that must be pointed in the reviewed trials is
the relatively small sample sizes. Most studies (86.7%)
had sample sizes less than 40, and none of the authors
specified if they used calculations to establish such
sample sizes. Theoretically, sample size depends on three
aspects: the main measurement variable, the variance in the
primary variable, and the acceptable error. Bartlett et al.
(2001) described the procedures for determining the
appropriate sample sizes for different types of variables,
which may provide some methodological references for
researchers. Moreover, budget and experiment feasibility
are other aspects that must be considered in determining
sample sizes.

Another shortcoming of some trials analyzed in this review
is not controlling the types of hearing impairment. According
to the American Speech-Language-Hearing Association,
hearing loss has three basic types: conductive hearing loss,
sensorineural hearing loss (SNHL), and mixed hearing loss
(Fernandes et al., 2015). However, only 33.3% of the included
studies reported a type of hearing impairment, that is, SNHL.
The remaining works failed to report a specific type. SNHL is
the most common type of permanent hearing loss, which is
caused by functional problems in the cochlea or the auditory
pathway to the brain (McPhillips, 2015). It has been reported
that children with SNHL as opposed to conductive hearing
loss, have progressive developmental delay, and is related to
concomitant damage to vestibular structure (Rine et al., 2004).
Thus if the trials included children with and without SNHL
and the results were not reported separately or did not control
the vestibular dysfunction among the subjects with SNHL, this
may underestimate the effect size of the interventions.
Controlling the type of hearing impairment in future trials
may guide rehabilitation strategies specifically, help easily
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obtain comparison results, and synthesize pieces of trial
evidence.

In terms of the instruments for the evaluation of the outcomes,
future studies should fully consider the applicability of
measurement tools to children and adolescents with hearing
impairment. The use of unvalidated instruments would reduce
the reliability of the evidence (Melo et al., 2020). Romberg test, for
example, which was proposed for the evaluation of the elderly
balance, may not be suitable for balance assessment in children
and adolescents with hearing impairment.

The results from this review showed that the included trials
with exercise interventions had a positive influence on the balance
among children and adolescents with hearing impairment (the
post-intervention scores were significantly higher than the pre-
intervention or the control group scores). Given that most studies
employed structured exercise training with an emphasis on
balance and coordination that present wide displacements of
the gravity center, the experimental group therefore may obtain
further practice on the balance ability (Melo et al., 2020).
Moreover, some exercise interventions focused on improving
substitution (Ebrahimi et al., 2017; Rajendran et al., 2013; Rine
et al.,, 2004; Shah et al.,, 2013). The neuromuscular control on
balance was improved as a result of enhancing substitution
through the development of visual and somatosensory
awareness and incorporation of fundamental motor skills.
Even so, we still need to look further into the neurological
basis of balance and to design programs to improve the
psychomotor integration of all factors that affecting the
balance ability of children and adolescents with hearing
impairment.

Another important finding of this review showed that the
balance interventions were more effective in participants with
an average age of 6-12 years than those with an average age of
13-18 years. This finding expanded, as well as affirmed,
previous studies, that the most critical period in motor
development occur in the first decade of life with balance
control usually established at 7-10 years old (Ferdjallah et al.,
2002; Roncesvalles et al., 2001). However, due to the processes
that are responsible for resolving multi modal sensory conflict
of postural stability are not fully developed before the age of
7 years old (Shumway-Cook and Woollacott, 1985), the future
studies should categorize age groups when include children
under 7 years old, in order to observe the results of the
interventions in children with postural stability mature or
in development (Melo et al., 2019).

Regarding the duration of training, interventions with
duration of 8-16 weeks were more effective than those with
less than 8 weeks. Short-duration programs may not suffice to
support the physical and cognitive integration of new skills to
achieve the long-term modification of balance ability (Maiano
et al,, 2019). Planning an exercise program of appropriate
duration to promote full realization of each child’s balance
potential therefore may be more helpful. Meanwhile, it should
also be noted that the experimenter or assistant can maintain
effective non-verbal communication with the subjects.

Studies that employed music + vibration, motor, and game as
the intervention modalities had an effective rate of 100, 50, and
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0%, respectively. Considering that each of these three modalities
was adopted by only one study, drawing a conclusion on the
effectiveness of these interventions on enhancing balance among
children and adolescents with hearing impairment is difficult.
Additional studies are needed to confirm the results of
interventions adopting these modalities.

CONCLUSION

Based on our findings, we conclude that the exercise interventions
were effective on improving balance in children and adolescents with
hearing impairment. In addition, the interventions with duration of
8-16 weeks were more effective than those with less than 8 weeks.
However, most of the reviewed studies were of low methodological
quality; thus, the trial results analyzed in this systematic review should
be interpreted with caution. Further investigations of high-quality
studies are therefore needed to prove the effectiveness of interventions
on improving balance performance in children and adolescents with
hearing impairment.

LIMITATIONS

Two limitations inherent within the current review should be noted.
First, although we conducted an extensive literature search on five
major databases to identify potential studies, a few published studies
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