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ABSTRACT

Objective: The chronicity of the problem of conductive pathologies, the lack of improvement with treatment, and the progression of hearing
loss are seen as important criteria for using hearing aids. The aim of this study was to investigate the effect of conductive pathologies and the
use of hearing aids on temporal processing.

Methods: In this study, 68 adults (aged 19-58 years [mean 38.26 years]) with mild to moderate bilateral conductive hearing loss were included
in the study: 23 bilateral hearing aid users, 22 unilateral hearing aids users, and 23 patients with no use of amplification, and 31 healthy adults
(aged 22-60 years [mean 34.13 years]) were included as a control group. After the complete audiological test battery, gaps in noise threshold,
total percentage score, duration pattern, and frequency pattern tests were performed for temporal processing.

Results: The results of frequency pattern test, duration pattern test, and total percentage score were obtained from high to low, respectively, as
normal hearing, bilateral hearing aid users, aided ear of unilateral hearing aid group, unaided ear of unilateral hearing aid group, and no hearing aid
group. Ranked from highest to lowest, gaps in noise threshold threshold results were the reverse of total percentage score results, as expected.
Finally, the results of patients with long-term conductive hearing loss who had never used hearing aids were significantly lower when compared
with the hearing aid users group and the control group.

Conclusion: As a result of this study, although the cochlea and auditory nerve are intact in long-term conductive pathologies, the existing
hearing loss may lead to auditory deprivation and affect temporal processing. Early intervention with appropriate amplification in conductive
pathologies on the other hand may contribute to temporal processing.

Keywords: Gaps in noise, temporal auditory processing, conductive pathologies, hearing aid use

Introduction

Chronic conductive hearing loss (CHL) is characterized by a
long-lasting and persistent decrease in hearing due to outer
and/or middle ear disorders. Many researchers have noted that
this prolonged sensory deprivation can produce irreversible
changes in the anatomical and functional integrity of central
auditory structures, such as changes in the relative size of neu-
ron dendrites in subcortical nuclei or synaptic and spike adap-
tation disruptions in the auditory cortex."® Moore et al” (2003)
stated that CHL may affect the correct processing of the
acoustic signal’s time structure (e.g. delaying low frequency
sounds entering the inner ear for up to 150 ps).” Auditory tem-
poral processing (ATP), which is shown as one of the supra-
liminal auditory processing mechanisms, refers to the ability

of the hearing system to process the temporal properties of
a sound stimulus in a certain period of time."®#° Studies have
indicated that ATP may be an essential component of many
auditory processing abilities, such as being a prerequisite for
language and speech acquisition in the processing of speech
transitions and sound information.”'° It is extremely important
to recognize the location, duration of sound, and the differ-
ence between other stimuli and to collect and combine all this
information in understanding speech. Speech understanding
depends on the listener’s ability to notice temporal changes in
the stimulus." Evaluating temporal processing requires a com-
bination of temporal resolution and temporal sequence tests.
There are studies in the literature that examine the relation-
ship between gap detection performance and aging, matura-
tion, sensorineural and CHL, and cochlear implant use,'>"'® but
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Table 1. Descriptive Statistics for Hearing Thresholds of the CHL Group

(500-4000 Hz mean =+ SD)

Groups Air ConductionThresholds Bone Conduction Thresholds WDS% (Mean + SD)
Ear Right Left Right Left Right Left
Bilateral HA (n=46) 55.97 (9.26) 5820 (8.34) 21.75(6.42) 18.80(7.55)  94.09(6.25) 94.78 (5.31)
Unilateral HA (n=44) 53.40(11.22) 54.60(9.42) 18.18(8.84) 16.28(10.61) 93.27 (7.13) 94.18 (6.01)
No HA (n=486) 56.30 (10.42) 59.25(11.32) 17.28(8.68) 19.72 (9.22) 83.83(7.86) 84.52(7.93)

CHL, conductive hearing loss group; SD, standard deviation; HA, hearing aid.

there is no comprehensive study showing the effect of hearing
use on temporal processing, especially in long-term conduc-
tive pathologies. This study was created considering that long-
term medical and surgical treatment processes and patients’
loss of hearing during this period have a negative effect on
temporal processing. Therefore, the purposes of the present
study were to (1) investigate the effects of CHL on ATP abil-
ity, (2) evaluate the effect of hearing aid (HA) use on ATP in
conductive pathologies, and (3) determine whether unilateral
or bilateral HA use differs in ATP results in conductive patholo-
gies. For this purpose, gaps in noise (GIN) test, duration pat-
tern test (DPT), and frequency pattern test (FPT) were used to
evaluate temporal processing ability in CHL patients.

Methods

The study was approved by Marmara University Medical
School Clinical Studies Ethics Committee (March 2, 2018-
09.2018.239), and informed consent was obtained from all
participants

Participants

The study population included 2 different groups of conduc-
tive pathologies, namely 43 patients with chronic otitis media,
25 patients diagnosed with otosclerosis, and 31 normal-hear-
ing healthy adults as a control. All subjects showed normal
scores on the mini-mental state examination. In the selec-
tion of the patient group, attention was paid to ensure that
the 4 frequency averages of the bone conduction thresholds
should not be worse than 35 dB so that the cochlear function
does not come into play. The inclusion criteria for the hearing
loss group were as follows: (1) bilateral mixed (10 patients) or
conductive (58 patients) hearing loss, (2) stable hearing level
for the previous year, (3) individuals who did not use HA must
have had hearing loss for a minimum of 5 years, (4) at least 2
years of regular use of HA in the group using HAs, (5) no active
middle ear effusion, and (6) good speech discrimination score;
better than 70%.

Main Points

Hearing loss should not be ignored in conductive pathologies.
The importance of evaluation with temporal processing tests
in addition to standard pure tone audiometry and speech
audiometry in revealing the central effect of conductive
hearing loss.

Determination and implementation of rehabilitation options
in conductive pathologies without wasting time.

Conductive and Mixed Hearing Loss (CHL-MHL) group (n =
68; 136 ears): This group had bilateral symmetrical (differ-
ence between the pure tone averages [500, 1000, 2000, and
4000 Hz] of 2 ears is less than 15 dB) mild to moderate con-
ductive and mixed type hearing loss. This group consisted of
33 males and 35 females (aged 19-58 years [mean 38.26
years]). Pure tone air conductive averages (500, 1000, 2000,
and 4000 Hz) ranged from 26 dB HL to 65 dB HL and bone
conductive averages (500, 1000, 2000, and 4000 Hz) ranged
from 9 dB HL to 32 dB HL. The distribution of the audiomet-
ric results of the CHL group is shown in descriptive statistics
for the hearing thresholds of the group in Table 1. This group
was divided into 3 groups: bilateral HAs users (n = 23, 46
ears), unilateral HA users (n = 22, 44 ears), and no HA users (n
= 283, 46 ears). Participants using unilateral HAs were divided
into 2 groups because a statistically significant difference
was found between the scores of the ear with and without a
HA (P < .05).

Control Group (n=31; 62 ears): This group was composed of
healthy subjects (17 males, 14 females aged 22-60 years
[mean 34.13 years]) without a history of otitis media and
showed a threshold of 20 dB HL or less for octave frequencies
between 250 Hz and 8000 Hz, bilaterally. None of the subjects
had any major medical, neurological, or psychiatric histories.
Transient evoked otoacoustic emissions were performed and
must show 6 dB SPL SNR for at least 3 frequencies to be con-
sidered normal. Normal middle-ear function was assessed by
acoustic immittance testing.

Procedures

Hearing tests were carried out in a sound-isolated booth using
GSI 61 clinical audiometers (Grason-Stadler, Eden Prairie,
Minn, USA) and TDH-39 supra-aural headphones (Telephonics,
Farmingdale, NY, USA). Air conduction thresholds were mea-
sured from 250 Hz to 8 kHz (in half-octave steps).

Bone-conduction thresholds were determined from 500 Hz
to 4000 Hz using a bone vibrator (Radioear B-71). When the
bone conduction threshold differed by more than 10 dB at
each frequency from the air conduction threshold in the same
ear, masking was performed by introducing a narrowband
noise to the untested ear. Speech reception threshold in quiet
and word recognition tests were performed on the same audi-
ometry equipment. Acoustic immitancemetry was performed
with the GSI Tympstar tympanometer (Grason-Stadler) using
a 226 Hz probe tone. Gaps in noise, duration pattern, and
frequency pattern tests were used to evaluate auditory tem-
poral processing. The entire test battery lasted for a total of
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approximately 120 minutes, with rest breaks when the patient
needed it.

Gaps in Noise (GIN) Test: The test is a behavioral test used
when it is necessary to detect gaps in a continuous auditory
stimulus to assess auditory temporal processing. In the test,
there are 4 different test lists containing 60 gaps with 2, 3, 4,
5,6, 8,10, 12, 15, and 20 ms durations, and each test is ran-
domly sorted 6 times. The number of these gaps embedded in
the 6 seconds white noise segments ranges from 0 to 3 and
the interstimulus interval (segment) is 5 seconds. Test stimuli
are applied to the patient at 30 dB SL level with a calibrated
audiometer through a supra-aural headset through the com-
pact disc.'® A random list of tests was selected for each sub-
ject, and practice samples were given to all subjects to ensure
understanding of the task before administering the test. The
moment they heard a small gap in the noise, they were asked
to press the answer button on their hands. Pressing the answer
button during the gap was considered as positive response, not
pressing the button when a gap occurred as incorrect response,
randomly pressing the button when there was no gap was
counted as a false-positive response. The result of the test
yielded 2 scores: GIN threshold and total percentage score
(TPS). Gaps in noise threshold are the shortest gap time with at
least 4 out of 6 correct definitions, and the TPS was calculated
as total number of gaps identified/total number of gaps in the
list) x 100.

Duration Pattern Test (DPT): The test included 2 tones of dif-
ferent duration, short (S 250 ms) or long (L 500 ms), and stim-
uli were randomly presented to each patient at 30 dB SL level
with supra-aural headphones.!” The patients were asked to
verbally state the stimulus sequences in three phrases such as
“short, long, short.” The frequency of the tones was 1 kHz with
a 300-ms interval between successive tones in the sequence.

Frequency Pattern Test (FPT): The test is used to assess the
temporal ordering and sequencing that are responsible for most
auditory processing skills and speech perception.' For standard
assessment, stimuli were presented to each patient at 30 dB
SL. Subjects were asked to verbalize the perceived frequencies
in the order of the given 3-tone series, such as "high, low, high.”
Ten exercises were given to all subjects to ensure that the task
was understood. The test result was determined by calculating
the percentage of correct answers. In the triple tone series in
the test, 2 frequency tones, low (L 880 Hz) and high (H 1122
Hz), were used and 30 trials were conducted. The duration of
each tone was 300 ms (10 ms rise—fall time), with a 300-ms
interval between successive tones in the sequence.

All tests were performed in unilateral and bilateral HA users
who participated in the study, and the right and left ears of
these patients were tested separately with supra-aural head-
phones. During the test, the HAs were taken-off and the tests
were performed at a hearing intensity that they could hear
comfortably through the supra-aural headphones.

Statistical Analysis

Categorical variables were summarized using frequencies and
percentages. Distributions of numerical variables (TPS, FPT,
DPT, and GIN thresholds) were assessed using Kolmogorov—
Smirnov test QQ and PP plots, boxplots, and skewness and
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kurtosis values. Homogeneity of variances was tested using
Levene's test. For normally distributed variables, the Welch
analysis of variance (ANOVA) test was employed when the
homogeneity of variances assumption was not met, whereas,
for non-normally distributed variables, Kruskal-Wallis test was
employed to test differences between groups. For all-pairs
comparisons in a one-factorial layout with normally distributed
residuals but unequal groups variances, Tamhane's T2 test was
performed. The Sidak-adjusted P values were given in the mul-
tiple comparisons tables. A P-value less than .05 is considered
statistically significant. Jamovi, R version 4.1.2 (2021-11-01)
and Statistical Package for the Social Sciences were used for
statistical analysis.

An exact Wilcoxon-signed rank test was performed to distin-
guish whether there was a significant difference between the
scores of the ear with and without a HA in the unilateral HA

group.

Analysis of variance test was used to analyze whether there
was a significant difference between the age values between
the groups, and the Tamhane T2 post hoc test was performed,
no significant difference was found between the groups
(P> .05).

In order that the hearing loss of the subjects would not make
a difference in the research design, the right-left ear air and
bone conduction hearing thresholds of the bilateral, unilat-
eral HA group, and the group that no HAs were analyzed with
one-way ANOVA analysis and Tamhane test as post hoc test.
As a result, no significant difference was found in the hearing
thresholds of these groups (P > .05).

Results

Frequency Pattern Results

The mean FPT scores of the no HA group, bilateral HA group,
normal hearing, aided and unaided ear of unilateral HA group
were 69.65% (11.93), 86.87% (6.28), 88.61% (4.84), 82.73%
(7.74), and 81.27% (8.01), respectively (Table 2). Ranked from
highest to lowest, the results of FPT analysis were as follows:
normal hearing, bilateral HA users, unilateral HA group aided
ear, unilateral HA group unaided ear, and no HA group. The FPT
results of the no HA group were significantly lower than the
results of all other groups (P < .001; Table 3). No significant
differences were identified between the FPT scores of the
bilateral HA group and other groups except for no HA group
(P> .05; Table 3). Further, no significant difference was found
between aided and unaided ears of the unilateral HA group in
terms of FPT scores (P > .05; Table 3).

Duration Pattern Test Results

The mean DPT scores of the no HA group , bilateral HA group,
normal hearing, aided and unaided ear of unilateral HA group
were 70.59% (11.07), 86.67% (5.27), 87.58% (4.14), 84.36%
(6.61), and 82.14% (7.30), respectively (Table 2). Ranked from
highest to lowest, the results of DPT analysis were as follows:
normal hearing, bilateral HA users, unilateral HA group aided
ear, unilateral HA group unaided ear, and no HA group. The DPT
results of the no HA group were significantly lower than the
results of all other groups (P < .001; Table 4). The DPT scores
of the bilateral HA group showed no statistically significant
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Table 2. Descriptive Statistics for Each Group
Groups Results Mean (SD) Minimum-Maximum n (ear)
No hearing aid TPS, % 77.76 (6.68) 65.00 90.00 46
GIN threshold 474 (1.18) 3.00 6.00
DPT score, % 70.59 (11.07) 46.00 86.00
FPT score, % 69.65 (11.93) 45.00 88.00
Age 40.00 (8.67) 25.00 55.00
Bilateral hearing aid TPS, % 89.13 (4.65) 76.00 96.00 46
GINthreshold 2.61(.71) 2.00 5.00
DPT score, % 86.67 (5.27) 76.00 96.00
FPT score, % 86.87 (6.28) 75.00 98.00
Age 40.13 (10.65) 19.00 58.00
Normal hearing TPS, % 91.52 (4.18) 84.00 100.00 62
GINthreshold 2.65 (.66) 2.00 4.00
DPT score, % 87.58 (4.14) 75.00 95.00
FPT score, % 88.61 (4.84) 78.00 97.00
Age 34.13 (10.24) 22.00 60.00
With HA ear of unilateral HA group TPS, % 86.50 (5.38) 71.00 93.00 22
GINthreshold 2.95 (1.00) 2.00 5.00
DPT score, % 84.36 (6.61) 64.00 94.00
FPT score, % 82.73 (7.74) 62.00 94.00
Age 38.23 (11.09) 20.00 55.00
Without HA ear of unilateral HA group TPS, % 84.27 (5.64) 68.00 92.00 22
GINthreshold 3.05 (1.09) 2.00 5.00
DPT score, % 82.14 (7.30) 60.00 93.00
FPT score, % 81.27 (8.01) 62.00 95.00
Age 38.23 (11.09) 20.00 55.00

SD, standard deviation; TPS, total percentage score; DPT, duration pattern test; GIN, gaps in noise; FPT, frequency pattern test.

differences from those of the normal hearing group (P > .05)
and aided ear of the unilateral HA group. No statistically signifi-
cant differences were found between aided and unaided ears
of unilateral HA group in terms of DPT scores (P > .05; Table 4).

Gaps in Noise Test Results
The mean TPS of the no HA group, bilateral HA group, normal
hearing group, aided and unaided ear of unilateral HA group

were 77.76% (6.68), 89.13% (4.65), 91.52% (4.18), 86.50%
(5.38), and 84.27% (5.64), respectively (Table 2). The TPS of
the no HA group was significantly lower than that of all other
groups (P <.001; Table 5). There were no significant differences
in TPS between the aided and unaided ears of the unilateral
HA group (P > .05; Table 5). However, significant differences
were revealed among the bilateral HA group, no HA group, and
unaided ear of the unilateral HA group (P < .05; Table 5).

Table 3. Pairwise comparisons of FPT between groups

Groups No HA Bilateral HA Normal Hearing Unilateral Aided Unilateral Unaided
No HA - <0.001* <0.001* <0.001* <0.001*
Bilateral HA <0.001* - 0.724 0.303 0.066
Normal hearing <0.001* 0.724 - 0.024* 0.004*
Unilateral aided <0.001* 0.303 0.024* - 1.000
Unilateral unaided <0.001* 0.066 0.004* 1.000 -

The cells in the table represent Tamhane multiple comparisons P values, *The mean difference is significant at the .05 level. (2-tailed). No HA, no hearing aid group;
Bilateral HA, bilateral hearing aid group; Unilateral aided, with hearing aid ear of unilateral HA group; Unilateral unaided, without hearing aid ear of unilateral HA group.

HA, hearing aid; FPT, frequency pattern test.
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Table 4. Pairwise Comparisons of DPT between groups

Groups No HA Bilateral HA Normal Hearing Unilateral Aided Unilateral Unaided
No HA - <0.001* <0.001* <0.001* <0.001*
Bilateral HA <0.001* - 0.984 0.826 0.129
Normal hearing <0.001* 0.984 - 0.346 0.027*
Unilateral aided <0.001* 0.826 0.346 - 0.970
Unilateral unaided <0.001* 0.129 0.027* 0.970 -

The cells in the table represent Tamhane multiple comparisons P values, *The mean difference is significant at the .05 level. (2-tailed). No HA, no hearing aid group;
Bilateral HA, bilateral hearing aid group; Unilateral aided, with hearing aid ear of unilateral HA group; Unilateral unaided, without hearing aid ear of unilateral HA group.

DPT, duration pattern test; HA, hearing aid.

Table 5. Pairwise Comparisons of TPS between groups

Groups No HA Bilateral HA Normal Hearing Unilateral Aided Unilateral Unaided
No HA - <0.001* <0.001* <0.001* <0.001*
Bilateral HA <0.001* - 0.069 0.441 0.012*
Normal hearing <0.001* 0.069 - 0.004* <0.001*
Unilateral aided <0.001* 0.441 0.004* - 0.874
Unilateral unaided <0.001* 0.012* <0.001* 0.874 -

The cells in the table represent Tamhane multiple comparisons P values, *The mean difference is significant at the .05 level. (2-tailed). No HA, no hearing aid group;
Bilateral HA, bilateral hearing aid group; Unilateral aided, with hearing aid ear of unilateral HA group; Unilateral unaided, without hearing aid ear of unilateral HA group.

TPS, total percentage score; HA, hearing aid.

The mean GIN threshold of the no HA group, bilateral HA group,
normal hearing group, aided and unaided ear of unilateral
HA group was 4.74 ms (1.18), 2.64 ms (0.71), 2.65 ms (0.66),
2.95 ms (1.00), and 3.05 ms (1.09), respectively (Table 2).
Ranked from highest to lowest, GIN threshold results were the
reverse of TPS results, as expected (Table 2). The GIN thresh-
old of the no HA group was significantly higher than that of all
other groups (P < .001; Table 6). No significant differences in
GIN threshold were discovered between the bilateral HA group
and other groups except for no HA group (P > .05; Table 6).
Moreover, there were no significant differences between the
aided and unaided ears of the unilateral HA group (P > .05;
Table 6).

Discussion

Amplification is one of the main intervention methods for
hearing rehabilitation. Understanding the functional conse-
quences of hearing loss requires understanding the effects
on central auditory processing (CAS), as well as process-
ing at the cochlea and auditory nerve level. Decreases in the

sound-evoked activity of the auditory nerve due to hearing loss
also reduce the input signal transmitted to the brain and the
neural activity in the CAS.

In some studies with adult animals, it was reported that
increases in spontaneous and stimulus-induced nerve fir-
ings were observed in the auditory system following cochlear
lesion.’®-2" It has been suggested that it may be due to homeo-
static plasticity to regulate neural excitability.??

In other studies, the effects of conductive hearing impair-
ment on sound-evoked neural activity have been evaluated to
understand whether this effect is due to sensorineural depri-
vation or sensorineural pathology, and it has been shown that
conductive hearing impairment causes increased neural firing
in subcortical pathways.#2%27 It is thought to be important to
investigate the effects of CHL in order to evaluate changes in
supraliminal auditory processing. In our study, we examined
the effect of auditory deprivation in conductive pathologies on
temporal processing with behavioral tests. As a result, the GIN,
DPT, and FPT results of patients with conductive pathology

Table 6. Pairwise Comparisons of Gaps in Noise Threshold Between Groups

Groups No HA Bilateral HA Normal Hearing Unilateral Aided Unilateral Unaided
No HA - <0.001* <0.001* <0.001* <0.001*
Bilateral HA <0.001* - 0.1000 0.815 0.641
Normal hearing <0.001* 0.1000 - 0.874 0.027*
Unilateral aided <0.001* 0.815 0.874 - 1.000
Unilateral unaided <0.001* 0.641 0.027* 1.000 -

The cells in the table represent Tamhane multiple comparisons P values, *The mean difference is significant at the .05 level. (2-tailed). No HA, no hearing aid group;
Bilateral HA, bilateral hearing aid group; Unilateral aided, with hearing aid ear of unilateral HA group; Unilateral unaided, without hearing aid ear of unilateral HA group.
HA, hearing aid.
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were worse when compared to those with normal hearing. In
addition, the difference in the use of bilateral and unilateral
HAs in the test scores indicates that binaural stimulation is
important in conductive pathologies. As we know, conductive
pathologies typically result in reduced sound energy reach-
ing the cochlea, while the cochlea and CAS remain largely
intact.?® A number of studies have evaluated CHL to investi-
gate neural gain changes. In an adult study to investigate cen-
tral gain changes, they occluded 1 ear for 30 hours and then
evaluated the ipsilateral acoustic reflex threshold (ART). As
a result, a non-significant reduction was obtained compared
to the initial ART test. A significant reduction in ART of the
occluded ear was noted after 1 week of unilateral earplug-
ging with prolonged duration.?® The results of these stud-
ies are indirect evidence of an increase in neuronal response
acquisition in the subcortical auditory pathways and a change
in neuronal processing in the CAS after prolonged sensory
deprivation.?’2%-3! Glrses et al®2 who conducted research on a
group of 30 adults with unilateral deafness (SNHL) obtained
the temporal processing result measured using the duration
pattern and random gap detection tests with lower perfor-
mance. They noted that this result may be due to some degree
of deficiencies in temporal processing of difficulties in speech
recognition in noise and that asymmetric inputs due to uni-
lateral hearing loss will affect sound processing at the inferior
colliculus level, which plays a critical role in signal integration
(e.g., encoding amplitude modulation and spatial localization
cues, etc.). In our study, the effects of auditory temporal pro-
cessing in conductive pathologies using unilateral HAs showed
results compatible with those found in the literature. Although
the difference was not statistically significant in our study, the
performance of the hearing-aid side of the unilateral HA group
was better than the no-hearing-aid side.

Additionally, Tucci et al* showed that the relative sizes of neu-
ron dendrites in the medial superior olive innervated by axons
derived from each ear in animals change after a unilateral
conductive loss, and they associated this with the fact that
long-term CHL can change the anatomy and physiology of
the central auditory system. Moore et al’ stated that bilateral
CHL had a negative effect on temporal resolution and auditory
backward masking in ferrets. In the same study, they stated
that after the hearing returned to normal, the BM thresholds
of all ferrets returned to normal, but this process took about
2 years for some. In our study, we determined that patient with
long-term conductive pathologies using HA performed better
in temporal processing than those who did not use HA. This,
in line with our study results, emphasizes the importance of
rehabilitating conductive pathologies as quickly as possible.

In alignment with our study, Bayat et al'? examined the effects
of conductive pathology alone on GIN results without HA
effects and compared with normal hearing. In line with our
study, they obtained higher GIN thresholds and significantly
lower total percentage scores from those with conductive
pathology than from those with normal hearing.

In addition to conductive pathology, there are studies indicat-
ing that many factors such as sensorineural hearing loss, use of
cochlear implants, and aging also affect auditory processing.
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Musiek and Chermak?® stated in their study that the DPT was
insensitive to pathologies at lower levels than the auditory cor-
tex, but evidence is still lacking on whether long-term periph-
eral hearing loss affects the perception of duration pattern
sequences.

Okada et al** in their retrospective study found that patients
with chronic CHL had lower speech recognition scores on
the side of pathology when compared with the healthy side.
Animal studies showed prolonged adult-onset CHL causes
cochlear synaptopathy.®53¢ These results show that long-term,
adult-onset CHL causes cochlear synopathy and that at least
moderate unilateral conduction pathologies have worse word
recognition scores on the affected side, even if the bone con-
duction thresholds are bilaterally symmetrical and within nor-
mal limits as predicted in a dated animal study. This study also
supports the idea that patients with unilateral chronic conduc-
tion pathologies where hearing cannot be medically improved,
should benefit from either conventional amplification, or an
osseointegrated device. In our study, although the word dis-
crimination scores of patients with conductive pathology were
good in silence, it was observed that their auditory temporal
processing was affected due to insufficient amplification. This
makes us think that in addition to the speech recognition test
in silence, speech recognition tests in noise in conduction
pathologies will contribute to this field of research.

As a result, in accordance with the literature, our study indi-
cates that individuals without HAs need a longer duration to
detect gaps in the GIN test than individuals with normal hear-
ing and HAs in bilateral CHL. Similar results were observed in
DPT and FPT test performances. These results show that con-
ductive pathologies affect temporal processing when they are
not rehabilitated. As a result, in patients with CHL, the auditory
deprivation that occurs as the insufficient auditory stimula-
tion continues affects temporal processing, even at the level
of intensity they feel comfortabe. Although there are studies
in the literature examining the effects of CHL on auditory pro-
cessing, the HA effect has not been examined. In this respect,
our study will contribute to the literature.

A number of methodological limitations specific to patient
selection must be accepted in studies of conductive patholo-
gies. In our study, the duration of hearing loss and the duration
of HA use were not analyzed because the patients were not
certain when their CHL started. We used information obtained
from patient medical records to estimate the duration of hear-
ing loss, and the inclusion criteria were as follows: minimum of
5 years of chronic CHL.

Conclusion

Conductive pathologies can have a long-term effect on tem-
poral processing, causing mild to moderate hearing loss with-
out treatment or rehabilitation, but this negative impact can
be reversed with early intervention. Auditory verbal training, as
well as effective amplification methods, can improve listening
performance and speed recovery. The results show the neces-
sity of evaluating temporal resolution in long-term conductive
pathologies and that GIN, DPT, and FPT tests are a practical
tests that can be used specifically for these patients.
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