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ABSTRACT

Background: One of the greatest difficulties of the hearing impaired is understanding speech, especially in the
presence of competitive noise. Speech perception issues are acommon difficulty for those who have hearing loss.
Poor speech perception is the most frequent cause of seeking hearing treatment. The most extensively used
treatment to enhance speech perception is hearing aids or other assistive devices.

Aim: To evaluate the effect of hearing aid methods on the speech perception of patients with hearing loss.

Methods: We conducted our study based on PRISMA recommendations and guidelines. We searched Cochrane,
PubMed, Scopus, and Web of Science for relevant clinical trials and prospective observational studies. Clinical
trials were assessed according to Cochrane’s risk of bias tool, while observational studies were evaluated
according to the National Heart, Lung, and Blood Institute. We involved the following outcomes: speech
recognition thresholds, word recognition score (WRS) in noise, and WRS in quiet.

Results: Six studies met the eligibility criteria for our meta-analysis. We found that hearing aids can cause an
increase in WRS in noise (mean difference [MD]=18.32 [3.08, 33.55], p=0.02) and WRS in quiet (MD=45.13 [7.79,
82.46], p=0.02). In addition, hearing aids lead to a decrease in speech recognition thresholds (MD=45.13 [7.79,
82.46], p=0.02).

Conclusions: Hearing aids are an effective treatment for patients with hearing loss. They can significantly improve
speech perception (WRS) in quiet and noisy environments and provide other benefits, such as improved
communication, increased safety, and better cognitive function. If you or someone you know has hearing loss, it
is essential to speak with a healthcare professional about the benefits of using hearing aids.
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breakdown in communication, making daily functions more

INTRODUCTION

Cognitive and language development are delayed and
disrupted due to hearing loss. Oral communication is
necessary for social engagement; however, those with hearing
loss have worse speech comprehension than those with good
hearing [1-3]. Additionally, the ability to perceive noise in the
environment is impaired. Adults are more likely to acquire
sensorineural hearing loss (SNHL), while children are more
likely to develop conductive hearing loss (CHL) [4, 5]. Children’s
CHL may develop as a result of inherited or acquired defects
and can be unilateral or bilateral [6]. The verbal, educational,
and psychological development of children with various sorts
of hearing problems may be impaired. Early hearing
restoration is crucial for appropriate speech and language
development [7, 8].

One of the most common and rapidly developing
disabilities affecting people’s quality of life is hearing
impairment [9]. In general, hearing loss may cause a

challenging. The effect on verbal communication and other
crucial parts of life will increase as hearing loss progresses [10,
11]. The degree and the cause of the hearing loss determine
how people with CHL should be managed. Children who have
CHL may benefit from surgical or medical treatments. The
external auditory canal or middle ear surgical repair is still
challengingin infants with congenital CHL[12, 13]. Implants for
the middle ear and bone conduction hearing are an alternative
to surgical repair. The deformity, preoperative imaging, and
patient age all play a rolein the choice of implant type. All kinds
of implants can improve directional hearing, signal-to-noise
ratio, and speech perception [14, 15].

In individuals with unilateral hearing loss, including SNHL,
mixed hearing loss, and CHL types, bone conduction devices
(BCDs) have been employed as effective tools for hearing
rehabilitation [16, 17]. When conventional BCD was first
created in the early 20" century, it was transcutaneous [18].
Regardless of the degree and type of hearing loss, all implant
patients display a broad range of speech perception abilities,
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with various variables discovered to determine clinical
performance [19].

Our systematic review and meta-analysis aim to evaluate
the effect of hearing aid methods on the speech perception of
patients with hearing loss.

METHODS

We conducted our study on PRISMA recommendations and
guidelines [20].

Search Strategy & Information Sources

We developed a search strategy by combining these
keywords: (“speech perception”) AND (“speech audiometry”)
AND (“hearing aid” OR “hearing loss”). Concerning data
sources, we utilized Cochrane, PubMed, Scopus, and Web of
Science databases until May 2023 for articles that matched our
inclusion criteria in the search process.

Study Selection

First, we performed both title and abstract screenings.
After that we conducted a full-text screening. Finally, we
selected the eligible articles according to the following
eligibility criteria:

+ Population: Individuals suffering from unilateral or

bilateral hearing loss who require hearing aid devices.

+ Intervention: After the hearing aid parameters of the
involved patients.

+ Comparator: Before hearing aid parameters of the
involved patients.

+ Outcomes: Speech recognition thresholds, word
recognition score (WRS) in noise (five dB), and quiet.

« Study design: We included clinical trials and
prospective observational studies and excluded
retrospective observational studies, meta-analyses,
surveys, abstracts, and reviews.

Quality Assessment

Since we involved clinical trials and prospective
observational study designs, we used two quality assessment
tools to assess the articles’ bias risk. Regarding the clinical
trials, we utilized Cochrane risk of bias tool, which depends on
assessing eight domains in each clinical trial [21]. Each domain
could be categorized as having a high, unclear, or low risk of
bias. Concerning evaluating the quality of observational
studies, we used the National Heart, Lung, and Blood
Institute’s (NHLB) quality assessment tool [22].

Data Extraction

We extracted three types of data from involved articles: the
first category is the characteristics of the involved articles and
the demographic characteristics of the involved patients, such
as gender, age, study design, and follow-up period. The second
category was extracting data for the following outcomes for
analysis: speech recognition thresholds, WRS in noise (five dB),
and WRS in quiet. The last category was quality assessment
data in both trials and observational studies. The process of
data collection was conducted using Microsoft Excel [23].
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Figure 1. PRISMA flow chart of our literature search process
(Source: Authors’ own elaboration)

Data Synthesis & Analysis

We used review manager software [24], which we used to
conduct the meta-analysis for this research. We used
continuous outcomes in our investigation. We used mean
difference (MD) and 95% confidence interval to analyze
continuous data.

When the data were homogenous, the fixed-effects model
was employed; when the data were heterogeneous, the
random-effects model was utilized. We utilized the value of 12
and p-value of the Chi-square tests to assess the degree of
consistency across the studies [25]. The existence of
heterogeneity was significantly indicated by values of p=0.10 or
12>50%. Using Cochrane’s leave-one-out technique, we
attempted to resolve the inconsistency of the results [25].

RESULTS

Summary of Involved Studies

Figure 1 shows PRISMA flow chart of our literature search
process. A total of six trials [26-31] were involved in our meta-
analysis. Our meta-analysis involved 96 hearing-loss patients
requiring hearing aid devices. The mean age of the involved
patients was 27.9 years. Our study involved 57 (59%) males and
39 (41%) females.

Results of Risk of Bias Assessment

According to Cochrane’s tools, the risk of bias evaluation of
randomized clinical trials indicated that they were at low risk
of bias as each domain of Cochrane’s tools was at low risk [31]
(Figure 2). NHLB assessed the remaining studies’ quality
assessments [26-30]. The observational studies’ average rating
was 10.6 out of 14.
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Figure 3. Analysis of WRS in quite (Source: Authors’ own elaboration)
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Figure 4. Analysis of SRT outcome (Source: Authors’ own elaboration)

Analysis of Outcomes
Word recognition score in quiet

The studies in [26, 27] reported this outcome. The analysis
revealed that WRS was higher after the hearing aid than before
(MD=45.13 [7.79, 82.46], p=0.02). The estimated analysis
showed heterogeneity (12=97%, p<0.001) (Figure 3).

Word recognition score in noise

WRS in noise outcome was reported by four studies [26, 27,
30, 31]. The overall mean difference proves that WRS in noise
was higher after the hearing aid than before (MD=18.32 [3.08,
33.55], p=0.02). The analysis showed heterogeneity (12=94%,
p<0.001) (Figure 3).

Speech recognition thresholds

Five studies [27-31] reported SRT outcome. The overall
mean difference revealed that SRT after the hearing aid was
lower than before (MD=19.15 [12.54, 25.75], p<0.0001). The
analysis showed heterogeneity (12=94%, p<0.001) (Figure 4).

DISCUSSION

In this meta-analysis, we evaluated the efficacy of hearing
aid devices on speech perception in patients with hearing loss.
Hearing loss is a common problem among people of all ages,
and it can significantly impact their daily lives. One of the most
common treatments for hearing loss is the use of hearing aids.
Hearing aids are small electronic devices that amplify sound
and improve speech perception in patients with hearing loss.
In this article, we will discuss the efficacy of hearing aids on
speech perception in patients with hearing loss [32]. Hearing
aids can significantly improve speech perception in patients
with hearing loss. Our analysis showed that hearing aids could
significantly improve WRS in quiet and noisy environments.
Besides, it significantly improved SRT.

It was examined the effectiveness of a new adhesive bone
conduction hearing aid (ADHEAR) system for patients with CHL
[27]. The results showed significant improvement in
audiological outcomes, as well as high satisfaction rates and
improved auditory performance, according to patient surveys.
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The system caused no pain or skin irritation for most users.
Overall, the study demonstrates the efficacy of using this
system as a hearing rehabilitation option for young patients
and those who do not wish to undergo surgery for implantable
hearing aids.

ADHEAR audio processor is a new bone-conduction hearing
aid system that has recently gained attention for its
effectiveness in treating CHL. Unlike traditional implantable
hearing aids, ADHEAR system uses an adhesive attachment to
transmit sound waves through the skull bone directly to the
inner ear, bypassing any blockages in the outer or middle ear.
This innovative approach has shown promising results in
improving audiological outcomes and patient satisfaction,
making it a viable option for those who are not candidates for
surgery or prefer a non-invasive solution. In this article, we will
explore the efficacy of ADHEAR audio processor as a hearing
rehabilitation option and its potential benefits for patients with
CHL.

It was aimed to assess the effectiveness of the ADHEAR
system as a treatment option for children with CHL, both
unilateral and bilateral, over a three-week period [28]. The
study also compared ADHEAR system to a traditional bone
conduction hearing aid on a softband. Additionally, the study
aimed to evaluate the improvement in quality of life and
patient satisfaction with ADHEAR system. ADHEAR audio
processor has been found to be an effective treatment option
for children with CHL, according to a short-term study. The
device has shown significant improvements in hearing
thresholds, speech perception in silence, and quality of life.
Although subjective experience should be considered,
especially for children with unilateral CHL, the device has a fast
adaptation time and reliable results over time. The
improvements seen with ADHEAR are comparable to those of a
bone conduction hearing aid on a softband, making it a
valuable alternative for children with CHL.

Identifying combined impacts of electrocochleography,
angular insertion depth, and array design on speech
perception outcomes was goal of the current investigation [33].
The study found that measuring the total response before
cochlear implant (Cl) insertion significantly predicted speech
perception outcomes for adult Cl recipients. However, the total
response did not accurately predict performance for all types
of Cl arrays. A model that involved the total response, array
design, and the interaction between array design and the
auditory periphery accounted for a large portion of the
variance in postoperative speech perception scores. These
results suggest that the relationship between insertion depth
and speech perception may vary depending on the type of Cl
array used and highlight the important role of the auditory
periphery in speech perception for adult Cl recipients.

It was reported that after examining the mapping strategy
for Cls at various target thresholds, the researchers discovered
that optimal speech recognition occurred when the target
threshold was set between 25 and 35 dB [34]. When the target
threshold was raised, there was an increase in dynamic range
and better speech recognition. The key to achieving the best
perception is finding a balance between reducing the hearing
threshold and maximizing the dynamic range, which allows for
appropriate speech recognition.

It was evaluated the speech perception of adult CI
recipients as a result of residual speech and auditory loss [35].
They examined the effects of residual hearing, speech
perception, and auditory deprivation on post-Cl word

recognition performances and found that patients who
experienced shorter periods of auditory deprivation as well as
measured speech perceptions and residual hearing may have
performed better with CIl. Individual speech perception
abilities should be considered while choosing ears in unilateral
Cl instances.

Limitations

One of our main limitations is the heterogeneity of the
analysis. However, we managed to trace out the attributing
factors, which are the use of different types of aid devices and
different study designs.

CONCLUSIONS

Hearing aids are an effective treatment for patients with
hearing loss. They can significantly improve speech perception
(WRS) in both quiet and noisy environments, as well as provide
other benefits such as improved communication, increased
safety, and better cognitive function. If you or someone you
know has hearing loss, it is important to speak with a
healthcare professional about the benefits of using hearing
aids.
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