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Abstract

Background: Hearing impairment represents a significant global health issue, affecting more
than 400 million people worldwide, with projections exceeding 1 billion by 2030. Accurate
audiological diagnosis is essential for early rehabilitation and improved social integration of
individuals with hearing loss. While speech audiometry is commonly used to evaluate speech
intelligibility, it may be difficult to perform in certain populations such as children and elderly
individuals due to technical limitations, lack of equipment, and long testing times.

Objective: This study aimed to improve the effectiveness of audiological diagnostics by
proposing a simpler and faster method to predict the maximum speech intelligibility score
based on tonal audiometry parameters.

Methods: The study included 70 adult patients with bilateral sensorineural hearing loss and a
control group of 18 adults with normal hearing (aged 18-59 years). Clinical evaluation included
ENT examination, phonic acumetry, pure tone audiometry (PTA), and speech audiometry
(SA). Air conduction thresholds were measured between 125-8000 Hz and bone conduction
thresholds between 250-6000 Hz. Speech audiometry was performed by presenting speech
stimuli at 20-30 dB above the hearing threshold, with 5 dB increments. Statistical analysis
included regression analysis, discriminant analysis, Student’s t-test, and Fisher’s test to
determine the relationship between tonal audiometry parameters and maximal speech
intelligibility scores.

Results: The findings demonstrated significant correlations between pure tone audiometry
parameters and speech intelligibility scores. Changes in hearing thresholds across frequencies
were observed in all degrees of hearing loss, with statistically significant differences (p < 0.001).
Regression analysis enabled the development of a predictive formula for estimating maximal
speech intelligibility scores based on tonal audiometry results.

Conclusion: The proposed method allows prediction of maximal speech intelligibility without
performing speech audiometry, reducing examination time and eliminating the need for
additional equipment. This approach may facilitate faster diagnosis and rehabilitation planning
for patients with hearing impairment, particularly in settings where speech audiometry is
difficult to perform.
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Introduction

The efficient diagnosis of deafness presents an important physical-clinical and technical
problem, since adequate rehabilitation leads to the involvement of patients suffering from
hearing impairment in social activity. In some cases, speech audiometry presents difficulties
in performing, primarilyin children and the elderly, due to thelack of specialized audiometers,
calibration equipment, dialect-specific vocal audiometry tests, and the long investigation
time. The proposed method allows specific diagnosis tests without vocal audiometry, not
require additional devices, takes less time which is important to initiate faster medication
and rehabilitation program for the hearing impaired. The advantage is in objectifying the
prediction of the maximum speech intelligibility score.

Currently, there are over 400 million people in the world who suffer from deafness and
this number is growing. According to estimates, in 2030, the number of people with hearing
disabilities may exceed 1 billion. Hearing impairment (especially severe and profound forms)
leads to a change in the position of the individual in society, to loss of working capacity,
and in the case of deafness that appeared in early childhood - to deaf-muteness, mental
retardation [1].

The state of residual hearing in deafness people is characterized by the following clinical
and audiological indices: the results of the ENT examination, etiology, clinical diagnosis,
the nature of the hearing impairment, especially the degree of hearing loss in the right and
left ear, the configuration of the audiometric curve, the ratio between the tonal hearing
threshold and air conduction at the frequencies of the speech area, the threshold of auditory
discomfort, the dynamic range of hearing, the presence or absence of tinnitus [2,3].

The efficient diagnosis of deafness presents an important physical-clinical and technical
problem, since adequate rehabilitation leads to the involvement of patients suffering from
hearing impairment in social activity [4,5]. Therefore, establishing the differential diagnosis
of the forms of sensorineural deafness is a crucial moment in the audiological study.

Pure tone audiometry (PTA) is the most accurate method of determining hearing
thresholds based on the frequency spectrum. However, it has limitations: premature infants
and adults who are unconscious or mentally ill. Although PTA is the oldest audiometric test
performed with electronic equipment, it remains the most important and accurate method
of determining hearing impairment and the type of hearing loss [6,7].

Speech audiometry (SA) is a method of measuring the patient’s ability to understand words,
i.e. what percentage of speech elements are correctly recognized at a given intensity. SA is a
method of metrological study of hearing, which uses a certain phonetic material (verbal or
vocal) for its tests, and examines hearing in a global manner [8,9]. PTA provides information
about the sensitivity of hearing, but in terms of the interpersonal communication capacity
that SA provides - only limited information. SA does not provide information about hearing
sensitivity as a function of intensity-frequency. However, thresholds obtained by transmitting
vocal stimulus via air provide information about hearing sensitivity as a whole, and those
obtained by bone conduction - information about the neurosensory status. There are studies
that predict SA indices (intelligibility score) based on PTA parameters [3, 4, 6].

In some cases, SA presents difficulties in performing, primarily in children and the
elderly, due to the lack of specialized audiometers, calibration equipment, dialect-specific
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vocal audiometry tests, and the long investigation time [10,11]. At the same time, in order to
establish the topographic diagnosis of auditory pathologies and the appropriate individual
selection of hearing aids, it is important to establish the maximum intelligibility score of
vocal tests. Thus, it becomes appropriate to use new principles for determining the respective
index [12,13,14].

The aim of the study:

Increase the effectiveness of audiological diagnostics, thanks to a more operative
and simple method of prognosis of the maximum speech intelligibility score.

Material and methods

The investigations were carried out on a group of 70 patients, adults with bilateral
sensorineural deafness, control group with normal hearing - 18 adults (18-59 age). Primary
clinical examination (including ENT status), phonic acumetry, pure tone audiometry,
and speech audiometry were used. The method proposes to predict this index based on
anamnesis data and pure tone audiometry (it is easier to perform). The material of this
study included the analysis of anamnesis, clinical, instrumental data, the informativeness of

various audiometric investigation methods and the selection of hearing aids.

PTA was performed by determining air conduction at 125-8000 Hz (herz) and bone
conduction at 250-6000 Hz [7, 15]. SA began with the presentation of intensity of 20-30 dB
(decibel) above the auditory threshold. The intensity changed in increments of 5 dB. The
main components of the curve representing the maximum word recognition score were
studied: undifferentiated voice threshold 20%, 50%, 80%, 100% [6,7,16]. To determine the
paradoxical drop in the maximum recognition score, the investigation was performed at 100
dB intensity. The investigation was performed separately for right ear (AD) and left ear (AS).

The maximum voice intelligibility score was determined both by performing the voice
audiometry [2,7,17] described above (the average time for performing voice audiometry was
25-30 min), and by evaluating the following indices of tonal audiometry: the aspect of the PTA
audiometric curve (AC), the average hearing threshold (AH) established in PTA, the average
level of deafness (LD) established in PTA, the average discomfort threshold (DT) established
in suprathreshold PTA, the articulation index (IA) calculated based on PTA results [8].

The statistical processing of quantitative values was preceded by the calculation of the
arithmetic mean (M) and the arithmetic mean error (m). The comparison of variables in
different groups was carried out according to the Student criterion. The discriminant
analysis method, being an integral part of the theory of mathematical methods of image
identification, allows, through retrospective analysis, the establishment of prognostic
regularities. Discriminant analysis consists in constructing the linear function (Fj) of the
vector X [6,8].

The method was deduced allowed determining the maximum intelligibility score
parameter in dB following the results of the threshold and suprathreshold pure tone
audiometry. The use of regression analysis in the processing of statistical data on the
investigated patients allowed us to deduce the formula proposed below, which is the essence
of the diagnostic method. Deriving the regression equation from the data tonal audiometry
(PTA) was performed [8]. Continuous variables were expressed as mean + SD (standard
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deviation) and for the comparison between groups of continuous variables the t-student and
Fisher tests were applied. The differences between the statistically significant mean values
(p<0.05) and their 95% confidence interval were calculated. The calculation of the Odds Ratio
(OR) and the 95% confidence interval (CI) was used to evaluate the ability of the parameters
to group subjects into groups with normal or pathological values. The p value < 0.05 was
considered as a criterion of statistical significance, and 0.05-0.1 was considered a statistical
trend.

Favorable opinions of the Research Ethics Committee of the Nicolae
Testemitanu State University of Medicine and Pharmacy No. 16 of 14.11.2016.

Results and Discussion

The results of determining the parameters of pure tone audiometry depending on the
threshold value of hearing performed at frequencies of 125-12500 Hz for air conduction are
shown in (Table 1). It was found that at all degrees of deafness there is a change in the hearing
threshold at frequencies in the entire range studied. A statistically significant veracity of the
results of pure tone audiometry in accordance with the degree of deafness is highlighted
(P<0.001).

Age (year) 1. Mild deafness Moderate deafness | Severe deafness | Profound deafness
n % n % n % n %
18 — 59 21 30 24 35 15 21 10 14

Table 1. Distribution of patients in the base group by degree of deafness (PTA)

SA was performed on 18 people from the control group and 70 patients from the base group
(Table 2). In the control group, AV indices characteristic of normal hearing were recorded
(detection threshold 10.44 dB; vocal recognition threshold - 30.44 dB; maximum recognition
score - 44.56 dB). In patients with deafness, 2 types of curves were determined. In most
patients, upon reaching a certain threshold of clarification (80%, 100%, sometimes even a
lower level), the subsequent increase in sound intensity leads to a paradoxical decrease in
speech intelligibility. Another type of SA is characterized by a “steep” increase. The level
of intelligibility reaches 100%, but the range of clarification is reduced, with increasing

Figure 1: Speech Audiometry Curve

=Normal hearing ——Mild deafness.
——Severe deafness Profound deafness
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intensity of vocal sounds the intelligibility threshold decreases. The maximum recognition
score for severe and profound deafness was not recorded in any case (Figure 1).

A statistically significant correlation is found between the degree of hearing loss and
all components of SA: simultaneously with the increase in deafness, the percentage of
intelligibility decreases. SA has an undeniable importance in subjective testing of the
auditory analyzer [18].

According to the data of tonal audiometry, the articulation index of A. Pavlovi¢ [7, 16]
was established. A statistical correlation was established between the mild-moderate and
moderate-severe forms of deafness and the IA data (Table 3). With a low articulation index,

The percentage of Type of deafness in (dB) P,
speech ineligibility [ o Normal [ 1. Mild 2. Moderate 3.Severe | 4.Profound | p
hearing deafness deafness deafness deafness 2
P2-3
M £ m|M + m M £ m M £+ m M £ m 34
Detection 10,44 +0,65 | 28,60+1,34 41,87 £1,42 66,20 +2,26 |78,46+3,46 | <0,001
threshold <0,001
n (ears) 36 25 67 35 13 <0,001
<0,01
20% 21,62 0,75 | 44,40+1,76 55,29 +1,31 78,03 £1,38 | 90,00+1,64 | <0,001
Intelligibility <0,001
n 36 25 67 33 8 <0,001
<0,001
50% 30,44 +0,68 | 54,00+2,36 68,18 £1,34 87,29 +1,13 | 105,00 - |<0,001
Intelligibility <0,001
n 36 25 66 24 3 <0.001
<0,001
80% 38,24 +0,71 | 64,00 +2,31 77,58 £1,01 92,85 +1,49 |- <0,001
Intelligibility <0,001
n 36 25 60 7 <0.001
100% 44,56 +0,57 | 68,24 1,54 78,90 + 2,23 - - <0,001
Intelligibility <0,01
n 36 17 32 <0,01
50% 28,97 £1,09 | 39,80 +1,72 48,33 +0,80 - - <0,001
Intelligibility <0,001
Bone conduction <0,05
n 36 25 60 )
% la 100 dB 100 + -|7440+3,19 63,46 £ 2,75 35,00 £3,98 | - <0,001
intenstate <0,05
36 25 65 16 <0,001
n

Table 2: Speech Audiometry Results
Nota: n — the number of ears for which the percentage of intelligibility was determined

YellowMark

Sergiu Parii


https://yellowmark.org/journal/ym-journal-of-biomedical-research

J. Biomed. Res - Page - 06

VYellow Mark

Level of deafness Articulation Index (%) P

M m
0. Normal hearing (30) 100 -
1. Mild deafness (33) 38,03 2,92 P0-1<0,001
2. Moderate deafness (101) 13,81 0,91 P1-2<0,001
3. Severe deafness (57) 1,36 0,57 P2-3<0,001
4. Profound deafness  (31) 0 0 P3-4>0,05

Table 3: Articulation Index calculated based on PTA results

the effectiveness of hearing aids also becomes low. Based on the IA values, it can be stated
that with different forms of deafness, the auditory verbal capacity changes and decreases
retroafferently in proportion to the degree of deafness.

The essence of the proposed method consists in selecting the criteria for determining
the maximal speech intelligibility score (MSII) based on the results of pure tone
audiometry (when we can not do the speech audiometry) according to the formula, which
includes the following parameters [8].

MSII=0,784 x AH+0.23x DT -1,192x AC- 0,214 xIA - 0,59 x LD + 51,055 (constant index dB)
Where:

AC - aspect of the audiometric curve determined at the threshold audiometry descending -
1, steep descending - 2, flat - 3, ascending - 4 bell-shaped - 5;

AH - average hearing threshold established at the PTA;

(100-6000 Hz), measured in dB;

LD - average degree of deafness established at the PTA;

(500, 1000,2000 Hz) measured in dB;

DT- average discomfort threshold established at the PTA (500-4000 Hz), measured in dB;

IA articulation index, established on the basis of threshold audiometry (%).

A maximum speech intelligibility score recorded up to and including 40 dBis characteristic
of normal hearing. A maximum score recorded at values higher than 40 dB is characteristic
of hearing loss. The difference between the predicted maximum intelligibility score and the
real one (the difference between the real and the predicted value) determined within the
limits between 0-5% - being considered excellent; >5 -10% good; 10% - low.

The control of the proposed model on real data allowed us to find that an error that does
not exceed 5% of the real value constitutes 54.9%, and an error that does not exceed 10% of
the real value - 94.1% of the number of ears investigated.

The coefficient of determination (R2) for the model in question, in the tested patients,
being quite high: R2 = 0.7255.

The coefficient of determination R2 with values between 0-0.2999 being unsatisfactory;
0.3000-0.6999 satisfactory; 0.7000- 1 high.

The result is an increase in the effectiveness of audiometric diagnostics by a more
effective, operative and inexpensive method.

Example of use: Patient N., 37 years old, diagnosed with moderate bilateral sensorineural
deafness. Pure tone audiometry was performed within 15 minutes, vocal audiometry was
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performed within 25 minutes. The analysis of the liminal and supraliminal pure tone
audiometry performed automatically established the following indices: the aspect of the AC
- descending; the average hearing threshold (AH) established by PTA - 45 dB; the level of
deafness (LD) established by PTA - 48 dB; the average discomfort threshold (DT) - 101.25
dB, the articulation index (IA) - 23%. The maximum intelligibility score established within
the 100% speech audiometry was set at the intensity of 75 dB, characteristic of hearing loss.

When using the developed mathematical formula for predicting the maximum
intelligibility score, we obtained the value 75.19 dB, the difference between the actual and
predicted value being 0.25%, which represents a favorable indication.

Analysis allowed to calculate that an error not exceeding 5% of the real value constitutes
54.9%, and an error not exceeding 10% of the real value - 94.1% of the number of ears
investigated. An indication for the use of this method is the audiological diagnosis of patients
with deafness for the purpose of subsequent preparation of the treatment protocol and
electroacoustic rehabilitation of hearing.

The advantage of the developed method is the objectification of the maximum speech
intelligibility score. The developed method allows diagnosis in the absence of specific
voice audiometry tests, does not require additional equipment, takes less time, which is
subsequently important in the faster initiation of the treatment and rehabilitation program
for people with hearing disabilities. The method facilitates the diagnosis of auditory
pathologies and the individual prosthetic recovery program.

The indication for using this method is the audiological diagnosis in patients
with deafness for the purpose of the subsequent preparation of the drug treatment
protocol and electroacoustic hearing rehabilitation. There are no contraindications.
The proposed method for predicting the maximum speech intelligibility score,
which includes the analysis of PTA investigations allows for the establishment of an
adequate diagnosis in the absence of specific voice audiometry tests and equipment,
and can be used if the audiological office is not equipped with such equipment.

Conclusions

Was obtained increase the effectiveness of audiological diagnosis, thanks to a method for
predicting the maximum speech intelligibility score. The advantage is in objectifying the
prediction of the maximum speech intelligibility score.

The proposed method allows establishing the diagnosis in the absence of speech audiometry
tests, which is subsequently important in the rehabilitation and, as a result, in the integration
into society of people with hearing disabilities.

Audiometry examination is performed by setting the following parameters: appearance
audiometric curve, the average hearing threshold, degree (level) of deafness, the average
threshold of discomfort, articular index, then the results are used to calculate the speech
intelligibility score.
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