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Background: Chronic suppurative otitis media (CSOM) is a common otolaryngology disease, and 
cholesteatoma is the most aggressive type of CSOM. CSOM with and without cholesteatoma both result in 
a certain level of sensorineural damage, which can be categorized as air conduction (AC), bone conduction 
(BC), or air-bone gap (ABG), and AC, BC, and ABG are affected by many factors. Further analyses and 
comparisons of factors affecting sensorineural damage in CSOM with and without cholesteatoma were 
conducted in this study.
Methods: A comparative study was conducted of 79 patients with CSOM (39 with cholesteatoma and 40 
without cholesteatoma) whose diagnoses were mainly based on chronic middle ear infections and hearing 
loss (HL), typical computed tomography (CT) and surgical findings. Audiological evaluation included AC, 
BC and ABG, and sensorineural damage was defined as mixed and sensorineural HL (SNHL).
Results: In relation to the types of HL, there were no significant differences between both groups. The 
CSOM with cholesteatoma group had significantly greater AC (P=0.000) and a significantly greater ABG 
(P>0.05) than the CSOM without cholesteatoma group, but BC did not differ significantly between both 
groups (P>0.05). The average AC-middle frequency (MF), AC-high frequency (HF), ABG-MF and ABG-
HF of CSOM without cholesteatoma were smaller than these of CSOM with cholesteatoma (P<0.05). The 
degree of HL differed significantly between both groups (P=0.000). The CSOM with cholesteatoma group 
showed a higher level of HL than the CSOM without cholesteatoma group. The presence of cholesteatoma 
was presented a protective factor associated with sensorineural damage (P<0.05), while higher degrees of 
hearing and aging were risk factors (P<0.05), respectively.
Conclusions: Our direct comparisons showed that HL progressed more rapidly in the CSOM with 
cholesteatoma group, which had higher frequencies in relation to AC, the ABG, and severity. However, 
in relation to BC, there were no significant differences between both groups, which was in line with the 
similar proportions of the types of HL in both groups. The logistic regression showed that the presence of 
cholesteatoma was a protective factor, and the degree of hearing and aging were risk factors associated with 
sensorineural damage.
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Introduction

Chronic suppurative otitis media (CSOM) is one of the 
most common otolaryngological diseases with a wide range 
of prevalence from 0.5% to 33.3% in both developing and 
developed countries (1-3). CSOM is defined as inflammation 
of the middle ear cavity, eustachian tube, and mastoid air cell 
system caused by aerobic and anaerobic bacteria (4), leading 
to typical irreversible tympanic membrane perforation, 
which presents with ear discharge (5). Additionally, due to 
the irreversible inflammatory damage, CSOM can progress 
from tympanic membrane retraction and middle ear 
effusion to tympanic membrane perforation, and possibly to 
the formation of cholesteatoma, which can be defined as the 
squamous epithelial type of CSOM (6). The entire process 
can be detected in the contralateral ear (7).

In CSOM, perforation of the tympanic membrane and 
erosion of the ossicular chain can cause defective middle 
ear function, which always results in conductive hearing 
loss (HL) (1). In CSOM with cholesteatoma, where 
ossicular-chain erosion frequently occurs as a result of 
chronic inflammation and pressure necrosis induced by 
the cholesteatoma mass (8), conductive HL is a typical 
symptom. It has been reported that the prevalence of 
conductive HL caused by CSOM ranges from 13.8% to 
36.2% (9), which shows the progression of CSOM and the 
damage that CSOM can cause.

In previous studies, the bone conduction (BC) threshold 
was also shown to be elevated (2,10), which is a sign 
of sensorineural damage, in CSOM, with and without 
cholesteatoma, and to have a maximum prevalence of 
52.00% (11). In relation to this phenomenon, due to 
labyrinthitis, toxic materials penetrate the middle ear 
through the round window membrane into the inner 
ear (12), which is caused by a part of the inner ear being 
exposed to the environment of the affected middle ear 
through the lateral semicircular canal (13).

HL in CSOM with and without cholesteatoma, 
especially over long disease durations, should be taken 
seriously regardless of the degree and type because of its 
negative effects on language, speech, educational progress, 
and socialization (1,14).

The degree of HL is dependent on injuries to different 
structures, such as the tympanic membrane, ossicular 
chain, and inner ear (1). CSOM with cholesteatoma, 
which is the most aggressive type of CSOM (15), results in 
approximately 80% partial or total ossicular erosion (15), 
and its audiological parameters are comparable to those of 

CSOM without cholesteatoma. A previous study found no 
significant difference in sensorineural HL (SNHL) between 
CSOM without and with cholesteatoma (16).

Notably, studies (17-19) have shown that a long disease 
duration should be seen as a risk factor for sensorineural 
damage in CSOM with and without cholesteatoma. 
Additionally, other significant factors associated with 
sensorineural damage including sex, age, the degree of HL, 
and the presence or absence of cholesteatoma should be 
taken into consideration.

This study sought to compare audiological data (of 
levels and types of HL between CSOM with and without 
cholesteatoma), to analyze the factors causing sensorineural 
damage in CSOM with and without cholesteatoma to 
extend understandings of the audiological differences 
between CSOM with and without cholesteatoma, and to 
enable the earlier diagnosis and the implementation of 
appropriate treatment, including medications, operations, 
and hearing aids, to improve the quality of life of qualifying 
patients. We present the following article in accordance with 
the STROBE reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-2606/rc).

Methods

Our clinical research design was firstly to search the medical 
record system and the audiometry system for CSOM 
patients either with or without cholesteatoma, who had 
complete audiological data and medical records, then to 
summarize the descriptive data and compare audiological 
data between CSOM without cholesteatoma group and 
CSOM with cholesteatoma group.

Participants

A total of 79 patients with unilateral and bilateral CSOM 
(39 with cholesteatoma and 40 without cholesteatoma), who 
underwent pure-tone audiometry between January 2019 
and January 2022 at The First Affiliated Hospital of Jinan 
University, Jinan University, China, were included in this 
study. The CSOM diagnoses were based on the history 
of middle ear infections over 12 weeks, HL, and typical 
computed tomography (CT) findings of high-density 
inflammatory and bone-destruction imaging. For the 
diagnoses of CSOM with cholesteatoma, in addition to the 
aforementioned criteria, the typical surgical findings and a 
diagnosis of middle ear cholesteatoma were added.

Patients were excluded from the study if they met any 

https://atm.amegroups.com/article/view/10.21037/atm-22-2606/rc
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of the following exclusion criteria: (I) were in an acute 
stage; (II) had previously undergone ear surgeries; (III) had 
traumatic head or ear injuries; (IV) had a malformation of 
the ossicular chain or cochlea; (V) had a history of chronic 
noise exposure; (VI) had sudden HL; and/or (VII) had 
missing or incomplete medical records.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by institutional ethics board of The First Affiliated 
Hospital of Jinan University (No. KY-2022-080). Informed 
consent was not required because this was a retrospective 
study, and all data were collected after the patients were 
discharged.

Audiological measurements

The audiological evaluation was carried out using pure-
tone audiometry. Air conduction (AC) could be detected 
at all 0.125 to 8 kHz frequencies, while BC could only 
be detected at 0.5 to 8 kHz frequencies, as the sense of 
vibration caused by the BC vibrator at lower frequencies 
would have interfered with the accuracy of BC values.

At every frequency, there was a noise threshold, above 
which a sense of vibration was caused that interfered with the 
accuracy of AC and BC values, and which was thus marked as 
undetectable. In AC, these values were 80 dB at 0.125 kHz, 
100 dB at 0.250 kHz, 115 dB at 0.5 kHz, 120 dB at 1.0 kHz, 
115 dB at 2.0 kHz, 115 dB at 4.0 kHz, and 105 dB at 8.0 kHz. 
In BC, these values were 70 dB at 0.5 kHz, 75 dB at 1.0 kHz, 
80 dB at 2.0 kHz, 70 dB at 4.0 kHz, and 45 dB at 8.0 kHz.

The air-bone gap (ABG) was calculated as AC minus BC. 
Low frequency (LF) referred to 0.125 and 0.25 kHz; middle 
frequency (MF) referred to 0.5, 1.0, and 2.0 kHz, and high 
frequency (HF) referred to 4.0 and 8.0 kHz. The pure-tone 
average (PTA) referred to 0.5, 1.0, 2.0, and 4.0 kHz.

The degrees of HL were divided into the following six 
categories: (I) normal (<25 dB); (II) mild (26–40 dB); (III) 
moderate (41–55 dB); (IV) moderately severe (56–70 dB); 
(V) severe (71–90 dB); and (VI) profound (>90 dB).

Conductive HL referred to AC >25 dB and BC <25 dB; 
SNHL referred to AC and BC >25 dB and ABG <10 dB; 
mixed HL referred to AC and BC >25 dB and ABG >10 dB, 
which also represented both conductive HL and SNHL.

Medical records

Patients’ medical records included their name, sex, age, main 
complaint, and history of disease. These were also analyzed.

Statistical analyses

The statistical analyses were performed using SPSS v26.0. 
First, we verified that our audiological data of the two 
groups were normally distributed using normality test. 
Then, associations between the hearing outcomes and 
clinical data were analyzed using independent-sample t-tests 
(for comparisons of the audiological parameters), Mann-
Whitney tests, Chi-square tests (for comparisons of the 
composition of types of HL and the proportions of the 
degree of hearing) and logistic regression (for the protective 
and risk factors associated with mixed HL and SNHL). 
The data are expressed as the mean, standard deviation of 
the mean, and percentages. A P value ≤0.05 was considered 
statistically significant, and P<0.05 was two-sided. In 
addition, an odds ratio ≤1.00 was considered as a protective 
factor, and an odds ratio >1.00 was considered as a risk factor. 
Bar charts and logistic regression graphs were generated 
using SPSS v26.0 and GraphPad v9.0, respectively.

Results

In total, the audiological data of the 79 patients with CSOM 
were collected and analyzed (see Table 1). Incomplete 
descriptive and audiological data were not collected. A 
total of 40 patients had CSOM without cholesteatoma, of 
whom 14 (35.00%) had right ear CSOM, 18 (45.00%) had 
left ear CSOM, and 8 (20.00%) had bilateral CSOM. Of 
the 48 affected ears, 22 (45.83%) were right ears, and 26 
(54.17%) were left ears. Additionally, 43 (89.58%) of the 48 
affected ears had symptoms of ear discharge, 47 (97.92%) 
had tympanic membrane perforation, and 31 (64.58%) had 
sensed tinnitus. Female patients accounted for 55.00% [22] 
of the CSOM without cholesteatoma cohort, and male 
patients accounted for 45.00% [18]. The mean age of the 
CSOM without cholesteatoma cohort was 40.58 years.

A total of 39 patients had CSOM with cholesteatoma, 
of  whom 20 (51.28%) had r ight  ear  CSOM with 
cholesteatoma, 18 (46.15%) had left ear CSOM with 
cholesteatoma, and 1 (2.57%) had bilateral CSOM with 
cholesteatoma. Of the 40 affected ears, 21 (52.50%) were 
right ears, and 19 (47.50%) were left ears. Additionally, 
30 (75.00%) of the 40 affected ears had symptoms of 
ear discharge, 34 (85.00%) had tympanic membrane 
perforation, and 11 (27.50%) had sensed tinnitus. Female 
patients accounted for 48.72% [19] of the CSOM with 
cholesteatoma cohort, and male patients accounted 
for 51.28% [20]. The mean age of the CSOM with 
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cholesteatoma cohort was 43.64 years.
Figure 1 displays the types of HL in the CSOM without 

cholesteatoma group and the CSOM with cholesteatoma 
group. In the CSOM without cholesteatoma group, 19 
patients had conductive HL (39.58%), 0 patients had 
SNHL, and 29 patients had mixed HL (60.42%). In 
the CSOM with cholesteatoma group, 18 patients had 
conductive HL (45.00%), 2 patients had SNHL (5.00%), 
and 20 patients had mixed HL (50.00%). The results of 
the Chi-square tests showed that there were no significant 
differences between the groups (χ2=2.977; P=0.226).

Figure 2 displays the degree of hearing (dB) of the 
CSOM without cholesteatoma group and the CSOM with 
cholesteatoma group. In the CSOM without cholesteatoma 
group, 4 patients had normal hearing (8.33%), 21 patients 

had mild HL (43.75%), 12 patients had moderate HL 
(25.00%), 11 patients had moderately severe HL (22.92%), 
and no patients had severe or profound HL. In the CSOM 
with cholesteatoma group, 1 patient had normal hearing 
(2.50%), 4 patients had mild HL (10.00%), 14 patients 
had moderate HL (35.00%), 10 patients had moderately 
severe HL (25.00%), 7 patients had severe HL (17.50%), 
and 4 patients had profound HL (10.00%). The results 
of the Chi-square tests showed that there were significant 
differences between the groups (χ2=24.003; P=0.000).

Table 2 displays the averages of PTA audiological 
parameters and the comparative measures for both types 
of CSOM. In the CSOM with cholesteatoma group, 2 ears 
had undetected AC-PTA and BC-PTA parameters. Between 
the two groups, AC-PTA (CSOM without cholesteatoma: 
42.03±13.10 dB; CSOM with cholesteatoma: 57.67±17.65 dB)  
and ABG-PTA (CSOM without cholesteatoma: 22.45±8.40 dB;  
CSOM with cholesteatoma: 34.56±11.22 dB) differed 
significantly (P=0.000); however, there were no significant 
differences in relation to BC-PTA (P>0.05).

Table 3 displays the averages of the AC parameters of 
different frequencies and the comparative measures for both 
types of CSOM. In the CSOM without cholesteatoma group, 
1 ear had undetected AC-LF parameters, and in the CSOM 
with cholesteatoma group, 9 ears had undetected AC-LF, 
AC-MF, and AC-HF parameters. Between the two groups, 

Table 1 Descriptive data of the 79 patients

Types of CSOM
CSOM without 
cholesteatoma

CSOM with 
cholesteatoma

Gender, n (%)

Female 22 (55.00) 19 (48.72)

Male 18 (45.00) 20 (51.28)

Age (years), mean 40.58 43.64

Affected side, n (%)

Right 14 (35.00) 20 (51.28)

Left 18 (45.00) 18 (46.15)

Bilateral 8 (20.00) 1 (2.57)

Number of ears, n (%)

Right 22 (45.83) 21 (52.50)

Left 26 (54.17) 19 (47.50)

Total 48 40

Ear discharge, n (%)

Positive 43 (89.58) 30 (75.00)

Negative 5 (10.42) 10 (25.00)

Perforation, n (%)

Positive 47 (97.92) 34 (85.00)

Negative 1 (2.08) 6 (15.00)

Tinnitus, n (%)

Positive 31 (64.58) 11 (27.50)

Negative 17 (35.42) 29 (72.50)

CSOM, chronic suppurative otitis media.
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Figure 1 Bar chart of the types of HL in the CSOM without 
cholesteatoma group and the CSOM with cholesteatoma group. 
CSOM, chronic suppurative otitis media; HL, hearing loss.
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AC-MF (CSOM without cholesteatoma: 41.60±13.80 dB;  
CSOM with cholesteatoma: 52.63±15.21 dB) and AC-HF 
(CSOM without cholesteatoma: 43.24±17.85 dB; CSOM 
with cholesteatoma: 55.81±17.82 dB) differed significantly 
(P<0.05); however, there were no significant differences in 
relation to AC-LF (P>0.05).

Table 4 displays the averages of BC and ABG parameters 
of different frequencies and comparative measures for both 
types of CSOM. In the CSOM without cholesteatoma 
group, 6 ears had undetected BC at 8 Hz, and in the 
CSOM with cholesteatoma group, 13 ears had undetected 
AC-MF, AC-HF parameters, and BC at 8 Hz. Between 
the two groups, ABG-MF (CSOM without cholesteatoma: 
21.03±10.15 dB; CSOM with cholesteatoma: 31.98±10.74 dB)  
and ABG-HF (CSOM without cholesteatoma: 23.87±8.80 dB;  
CSOM with cholesteatoma: 34.17±11.07 dB) differed 
significantly (P=0.000); however, there were no significant 
differences in relation to BC-MF and BC-HF (P>0.05).

Figure 3 displays the logistic regression of the prognostic 
factors for mixed HL and SNHL. To reduce the collective 
bias, we did not include the data of patients with bilateral 
CSOM. Of all the factors considered, the presence of 
cholesteatoma was shown to be a protective factor (P<0.05) 

with an odds ratio (OR) of 0.230 [95% confidence interval 
(CI): 0.056–0.937], while higher degrees of hearing and 
aging (minimum: 13 years; median: 45 years; maximum: 
80 years; average: 42.8 years) were shown to be risk factors 
(P<0.05) with ORs of 2.696 (95% CI: 1.363–5.334) and 
2.055 (95% CI: 1.164–3.626), respectively. Other factors, 
such as sex (P=0.768) (female: 41, male: 38) and the 
duration of disease (P=0.825) (minimum: 3 months; median: 
36 months; maximum: 600 months; average: 104.5 months) 
were not found to be associated with sensorineural damage.

Discussion

SNHL can be observed in CSOM with and without 
cholesteatoma, and its prevalence ranges from 2.01% to 
52.00% (1,2,11,20), showing different proportions of types 
of HL in CSOM with and without cholesteatoma. In the 
present study, the types of HL did not differ significantly 
between the two groups (P=0.226). In both groups, mixed 
HL comprised the largest proportion of HL. Notably, while 
no patients in the CSOM without cholesteatoma group had 
SNHL, 2 patients in the CSOM with cholesteatoma group 
had SNHL. Shariff (1) reported 87.5% conductive HL and 
12.5% mixed HL in CSOM, which is consistent with the 
findings of Islam et al. (2), who reported 80.8% conductive 
HL, 17.17% mixed HL, and only 2.01% SNHL. Unlike 
in our study, in Shariff’s (1) and Islam et al.’s (2) studies, 
conductive HL took up the largest proportions, and in Islam 
et al.’s study (2), SNHL took up the smallest proportion.

Notably, a previous study has shown that in CSOM with 
and without cholesteatoma, in addition to increases in BC, 
there are also increases in the ABG in SNHL, and patients 
with CSOM with cholesteatoma have a significantly greater 
ABG than patients with CSOM without cholesteatoma, 
and lower frequencies are more compromised than higher 
frequencies (21).

Our study also showed significantly greater AC and a 
significantly greater ABG in the CSOM with cholesteatoma 
group than the CSOM without cholesteatoma group in 
terms of PTA, MF, and HF, while AC-LF, BC-PTA, BC-MF 
and BC-HF did not differ significantly between the groups. 
Additionally, the average of ABG-MF was lower than that 
of ABG-HF in both groups. Kaur et al. (22) reported a 
mean AC-PTA of 41.16±14.92 dB, a mean BC-PTA of 
16.98±8.74 dB, and a mean ABG-PTA of 24.17±10.34 dB in 
CSOM, while Weiss et al. (23) reported a mean AC-PTA of 
47.1±22.7 dB, a mean BC-PTA of 24.1±21.0 dB, and a mean 
ABG-PTA of 23.0±11.7 dB in CSOM with cholesteatoma.

Nor
m

al 
he

ar
ing

Nor
m

al 
he

ar
ing

M
ild

 he
ar

ing
 lo

ss

M
ild

 he
ar

ing
 lo

ss

M
od

er
at

e h
ea

rin
g 

los
s

M
od

er
at

e h
ea

rin
g 

los
s

M
od

er
at

ely
 se

ve
re

 he
ar

ing
 lo

ss

M
od

er
at

ely
 se

ve
re

 he
ar

ing
 lo

ss

Sev
er

e h
ea

rin
g 

los
s

Sev
er

e h
ea

rin
g 

los
s

Pro
fo

un
d he

ar
ing

 lo
ss

Pro
fo

un
d he

ar
ing

 lo
ss

P
er

ce
nt

ag
e,

 %

50

40

30

20

10

0

χ2=24.033, P=0.000

Degree of hearing (in decibels)

CSOM without cholesteatoma 

CSOM with cholesteatoma

8.33%

43.75%

25.00%
22.92%

2.50%

17.50%

10.00%

35.00%

25.00%

10.00%
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group. CSOM, chronic suppurative otitis media.
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Table 2 Averages of PTA audiological parameters and comparative measures for both types of CSOM

Audiological parameter CSOM without cholesteatoma (n=48) CSOM with cholesteatoma (n=37) t P

AC-PTA (dB) 42.03±13.10 57.67±17.65 4.69 0.000

BC-PTA (dB) 19.58±7.84 23.11±13.23 1.44 0.156

ABG-PTA (dB) 22.45±8.40 34.56±11.22 5.69 0.000

The results are shown as the mean ± standard deviation. PTA, pure-tone averages; CSOM, chronic suppurative otitis media; AC, air 
conduction; BC, bone conduction; ABG, air-bone gap; t, t-score.

Table 3 Averages of AC parameters of different frequencies and comparative measures for both types of CSOM

Audiological parameter CSOM without cholesteatoma (n=47) CSOM with cholesteatoma (n=31) t P

AC-LF (dB) 59.04±11.40 58.48±13.96 0.20 0.843

AC-MF (dB) 41.60±13.80 52.63±15.21 3.32 0.001

AC-HF (dB) 43.24±17.85 55.81±17.82 3.04 0.003

The results are shown as the mean ± standard deviation. AC, air conduction; CSOM, chronic suppurative otitis media; LF, low frequency; 
MF, middle frequency; HF, high frequency; t, t-score.

Table 4 Averages of BC and ABG parameters of different frequencies and comparative measures for both types of CSOM

Audiological parameter CSOM without cholesteatoma (n=42) CSOM with cholesteatoma (n=27) t P

BC-MF (dB) 20.32±7.40 17.84±6.52 1.42 0.160

BC-HF (dB) 15.48±9.21 16.02±6.62 0.26 0.792

ABG-MF (dB) 21.03±10.15 31.98±10.74 4.27 0.000

ABG-HF (dB) 23.87±8.80 34.17±11.07 4.28 0.000

The results are shown as the mean ± standard deviation. BC, bone conduction; ABG, air-bone gap; CSOM, chronic suppurative otitis 
media; MF, middle frequency; HF, high frequency; t, t-score.
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Figure 3 Logistic regression of the prognostic factors for mixed HL and SNHL. OR, odds ratio; HL, hearing loss; SNHL, sensorineural 
hearing loss.

Our study showed increasing AC across all frequencies, 
and Weiss et al. (23) showed an increasing mean ABG-PTA 
in CSOM with cholesteatoma; however, it should be noted 

that while cholesteatoma can cause the erosion of ossicles, 
leading to a certain level of HL, it can also bridge the 
ossicular gap and then transmit sound, leading to a reduced 
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HL threshold (24,25). Thus, consideration must be given to 
the accuracies of AC and the ABG in CSOM patients with 
cholesteatoma.

Additionally, the ABG values may not only be a predictor 
of advanced cholesteatoma (10) but may also be a predictor 
of the erosion of ossicles. The erosion of each ossicle could 
lead to an increase in the ABG, and the status of the incus 
was the most effective factor of ABG gain (26).

A previous research (27) has shown that simple drumhead 
perforation, ossicular-chain damage, and ossicular-chain 
discontinuity could cause 15 to 60 dB of conductive HL. More 
importantly, the incus, especially the long process of the incus, 
was most commonly necrosed in CSOM patients both with 
and without cholesteatoma (27). The erosion of the ossicles 
and the discontinuity of the ossicular chain caused by CSOM 
with or without cholesteatoma could be a plausible explanation 
for the wide range of HL levels across different studies (28).

In the present study, the degree of hearing different 
significantly between the groups (χ2=24.003; P=0.000). 
Notably, 4 patients in the CSOM without cholesteatoma 
group had normal AC-PTA hearing (8.33%), while only 
1 (2.50%) in the CSOM with cholesteatoma group had 
normal AC-PTA hearing. Most patients in the CSOM 
without cholesteatoma group had mild HL (43.75%). 
Conversely, most patients in the CSOM had moderate 
HL (35.00%). None of the patients in the CSOM without 
cholesteatoma group had severe or profound HL; however, 
11 patients (27.50%) in the CSOM with cholesteatoma 
group had severe or profound HL. Patients in the CSOM 
with cholesteatoma group had a higher level of HL than 
those in the CSOM with cholesteatoma group. Shariff (1) 
found 40.6% moderate HL and 14.1% moderately severe 
HL in their study of CSOM patients, which is in line with 
our findings. Additionally, de Azevedo et al. (29) observed 
21.7% of normal AC threshold and 37.4% of mild HL in 
CSOM patients.

However, in relation to the BC threshold (the most 
essential parameter for determining SNHL), our study 
demonstrated that BC thresholds did not differ significantly 
between the CSOM with and without cholesteatoma  
groups (20). Detectable BC thresholds at all three frequencies 
did not show significant differences between the CSOM with 
and without cholesteatoma groups in our study; however, 
there were more patients with undetectable BC thresholds 
at all 3 frequencies in the CSOM with cholesteatoma group 
than the CSOM without cholesteatoma group.

In our study, the BC thresholds at every frequency that 
could be detected remained under 25 dB in both groups. 

Kaur et al. (22) and Weiss et al. (23) also had mean BC-
PTA thresholds under 25 dB in CSOM with and without 
cholesteatoma. However, other studies have demonstrated 
that BC thresholds could be elevated at different frequencies 
in CSOM with and without cholesteatoma, which might be 
due to toxic products from the middle ear passing into the 
inner ear, causing biochemical changes in the perilymph 
and endolymph and gradually damaging the organ of Corti, 
and eventually leading to changes in the mechanics of sound 
transmission (2,10).

In relation to the BC thresholds, it should be noted that 
other studies have also mentioned that BC thresholds could 
be elevated without actual cochlear damage, as ossicular-
chain fixation caused by functional masses and fluids and 
semisolid material that can take over the place of normal 
gas could directly limit the mobility of the oval window 
and inner ear fluids. Additionally, the skull can resolve the 
energy of sound waves through its transmission (2,17,30).

In summary, in CSOM with and without cholesteatoma, 
many factors could alter the BC thresholds that define 
SNHL. Consistent with our findings, multiple risk 
factors were mentioned in other studies associated with 
sensorineural damage, including age (29,31), the presence of 
cholesteatoma, and the severity of HL (2). Additionally, in 
our study, sex, and the duration of disease were not found to 
be significantly associated with sensorineural damage. Jesic 
et al. (15), Samantaray et al. (20), de Azavedo et al. (29), and 
Khatri et al. (4) also reported that the duration of disease was 
not a risk factor for sensorineural damage. Conversely, other 
studies have found that the presence of cholesteatoma (10)  
and the duration of the disease (17) are risk factors, but that 
the degree of HL remains questionable (18,32).

In summary, controversy remains as to whether the 
duration of disease, absence or presence of cholesteatoma, 
and severity of HL are risk and protective factors associated 
with sensorineural damage. It is reasonable to assume that 
the progress of infections could be much more severe due to 
prolonged exposure of the round window membrane, through 
which toxic materials and substances can pass into the inner 
ear, especially with the presence of cholesteatoma (14),  
and that recurrent infections together with ear discharge 
could increase the permeability of bacterial toxins of the 
round window (18,19).

However, others have contended that cholesteatoma 
could cause middle ear mucosal thickening and make it 
difficult for bacteria to access the inner ear (29). Naveen  
et al. (6) also noted that CSOM can make the round window 
membrane 3 to 5 times thicker over time.
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The duration of disease was not found to be significantly 
correlated with sensorineural damage in our study; however, 
the wide range of our discrete duration data must be noted.

Our study was limited by the small number of samples 
due to the lack of complete audiological data. To expand the 
number of research samples and to create a more detailed 
and statistic plan will be needed for further study.

Conclusions

Our study showed worse HL in CSOM with cholesteatoma, 
especially at higher frequencies in relation to AC, the ABG, 
and severity, while BC did not differ significantly between 
the groups with or without cholesteatoma, which is in line 
with similar findings on the proportions of types of HL 
between the two groups. Based on the logistic regression 
analysis, the presence of cholesteatoma was found to be 
a protective factor, and the degree of hearing and aging 
were shown to be risk factors associated with sensorineural 
damage. Factors such as sex and the duration of disease 
were not found to be associated with sensorineural damage.
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