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Abstract

Objective: The aim of this study is to evaluate any possi-
ble effects of chronic otitis media (COM), with or with-
out accompanying cholesteatoma, on bone conduction 
thresholds (BCT).

Methods: A total of 112 cases who underwent surgery for 
unilateral COM between 2006 and 2014 were enrolled in 
the study. Eighty cases had no cholesteatoma (Group 1). 
Thirty-two cases did have cholesteatoma (Group 2). Prior 
to surgery, the temporal bone was evaluated radiolog-
ically by use of high resolution computed tomography. 
The presence of a clinically and radiologically normal 
contralateral ear was the principal selection criterion for 
the cases. BCT at 0.5, 1, 2, 4 kHz and their averages were 
evaluated with pure tone audiogram (PTA) and the nor-
mal and diseased ears in each group were compared. This 
comparison was also made between the diseased ears in 
Groups 1 and 2.

Results: There was a statistically significant difference ob-
served between the mean BCT scores obtained by PTA for 
the normal/diseased ears in Group 1 (9.78±0.98/17.34±1.71 
dB) and in Group 2 (9.10±0.99/17.58±2.59 dB). This statis-
tically significant difference was observed for each of the 
four different frequencies (p<0.0001). However, there 
was no statistically significant difference observed be-
tween the mean BCT scores obtained by PTA for the dis-
eased ears in Groups 1 and 2 (17.34±1.71/17.58±2.59 dB). 
Similarly, in the comparison between the diseased ears, 
the differences of BCT at all four different frequencies 
(0.5, 1, 2, 4 kHz) lacked statistical significance (p>0.05).

Conclusion: As a result of this study, we can say that COM 
may lead to sensorineural hearing loss. However, we ob-
served that the presence of cholesteatoma does not exert 
an additional negative effect on cochlear function.

Keywords: Chronic otitis media, cholesteatoma, sensori-
neural hearing loss.
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Introduction
Chronic otitis media (COM) is a highly prevalent disease 
worldwide. Its prevalence in developing countries is as 
high as 72 cases per 1000 inhabitants. Although hearing 
loss is the main health issue in COM, the complications of 
the disease may lead to death.[1]

Whilst COM is usually associated with conductive 
hearing loss, it may also cause sensorineural hearing loss 
(SNHL).[2-5] Conductive hearing loss due to COM is ex-
tensively discussed in the literature, but the relationship 
between SNHL and COM remains controversial.[1] In-
flammatory mediators and lytic enzymes produced by 
the reactive middle ear epithelium are thought to be 
the main reason for SNHL in cases of COM. These 
molecules pass through the round window mem-
brane and cause destruction of hair cells.[6-8] COM 
with accompanying cholesteatoma is a more destruc-
tive process than COM on its own. Thus, it is hypoth-
esized that cochlear damage might be more evident in 
cases involving cholesteatoma.[9,10]

The aim of this study, then, is to evaluate the relation-
ship between COM and the bone-conduction threshold. 
We also investigate whether the presence of cholesteatoma 
may have an additional negative effect on cochlear function.

Material and Methods
The files of patients undergoing surgery between 2006 and 
2014 for either unilateral COM without cholesteatoma 
(Group 1) (n=80), or unilateral COM with cholesteatoma 
(Group 2) (n=32), were retrospectively reviewed. Ethical 
approval was first obtained from the hospital ethics com-
mittee (Necmettin Erbakan University Meram Medical 
Faculty, Ethics Committee Decision - 017/777). In all cas-
es, the temporal bone had been evaluated radiologically by 
high resolution computed tomography prior to surgery. The 
key selection criterion for inclusion in the study was that 
patients should have a clinically and radiologically normal 
contralateral ear (Figure 1). Previous ear surgery, a history 
of severe head or acoustic trauma, the presence of an otic 
capsule erosion revealed either radiologically or intraoper-
atively, or perilymphatic fistula resulted in exclusion from 
the study. Age, sex, otoscopic findings and audiograms 
were examined within each patient’s file. Bone conduc-
tion thresholds (BCT) obtained on pure tone audiogram 
(PTA) at four different frequencies (0.5, 1, 2, 4 kHz), and 
their averages, were evaluated and compared, between the 
normal and diseased ear for the individuals in each group. 
This comparison was also made between the diseased ears 

in Groups 1 and 2. The data were analysed statistically 
using the Independent-Samples Kruskal-Wallis Test con-
tained within the software (SPSS FW, SPSS Inc. Chicago, 
IL, USA).

Results 
Group 1 (n=80) consisted of 33 men and 47 women, where-
as there were 19 men and 13 women in Group 2 (n=32). 
The mean age of individuals in Group 1 was 27.60±11.77 
(range:11-60) years and in Group 2 was 26.50±13.03 
(range:10-60) years. 

There was a statistically significant difference between 
the mean BCT obtained on PTA of the normal/diseased 
ears in Group 1 (9.78±0.98/17.34±1.71 dB) and Group 2 
(9.10± 0.99/17.58±2.59 dB). This statistically significant 
difference was observed for each of the four different fre-
quencies (p<0.0001) (Table 1, Table 2). However, there was 
no statistically significant difference observed between the 
mean BCT scores obtained by PTA for the diseased ears in 
Groups 1 and 2 (17.34±1.71 vs 17.58±2.59 dB). Similarly, 
in the comparison between the diseased ears, the differ-
ences of BCT at all four different frequencies (0.5, 1, 2, 4 
kHz) lacked statistical significance (p>0.05) using the In-
dependent-Samples Kruskal – Wallis Test (Table 3). These 
findings are summarized in Figure 2.

Figure 1. Axial temporal CT, unilateral COM (right).
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Table 1. BCT-PTA at 4 frequencies for normal and diseased ears in Group 1.

Group 1 (n=80) 0.5 kHz 1 kHz 2 kHz 4 kHz Mean kHz

BCT-PTA Normal ears 10.50±3.61 dB 8.94±3.62 dB 8.94±4.48 dB 10.75±7.68 dB 9.78±0.98 dB

BCT-PTA Diseased ears 19.10±9.18 dB 15.88±8.99dB 18.56±7.92 dB 15.88±9.44 dB 17.34±1.71 dB

p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

BCT: bone conduction thresholds, kHz: kiloHertz, PTA: Pure tone audiogram

Table 2. BCT-PTA at 4 frequencies for normal and diseased ears in Group 2.

Group 2 (n=32) 0.5 kHz 1 kHz 2 kHz 4 kHz Mean kHz

BCT-PTA Normal ears 8.75±4.92 dB 8.13±4.71 dB 9.06±4.30 dB 10.47±7.11 dB 9.10±0.99 dB

BCT-PTA Diseased ears 19.69±8.51dB 14.38±6.32 dB 19.69±9.58 dB 16.56±8.18 dB 17.58±2.59 dB

p <0.0001  <0.0001 <0.0001  <0.0001  <0.0001

BCT: bone conduction thresholds, kHz: kiloHertz, PTA: Pure tone audiogram

Table 3. BCT-PTA at 4 frequencies for diseased ears in Group 1 and Group 2.

Diseased Ears in 
Group 1 and Group 2

0.5 kHz 1 kHz 2 kHz 4 kHz Mean kHz

BCT-diseased ears Group 1 
(n=80)

19.10±9.18 dB 15.87±8.99 dB 18.56±7.92 dB 15.88±9.44 dB 17.34±1.71 dB

BCT-diseased ears Group 2 
(n=32)

19.69±8.51 dB 14.38±6.32 dB 19.69±9.58 dB 16.56±8.18 dB 17.58±2.59 dB

p >0.05 >0.05 >0.05 >0.05 >0.05

BCT: bone conduction thresholds, kHz: kiloHertz, PTA: Pure tone audiogram

Discussion 
Chronic otitis media may cause a clinically significant 
SNHL without eroding the otic capsule.[10,11] Although the 
explanation for this phenomenon remains controversial, 
it has been suggested that inflammatory mediators, lytic 
enzymes and toxins may penetrate the inner ear via 
the round-window membrane and cause destruction 
of the hair cells, especially in the basal turn of the 
cochlea where the higher frequencies are represented.
[5,7,9,12,13] The permeability of the round window membrane 
increases due to chronic inflammation.[11,14] This patho-

genic mechanism may explain the early appearance of an 
interaural difference in BCT obtained on PTA at higher 
frequencies (4 kHz) in patients with unilateral COM.[9,13] 
Cureoglu et al [7] found a statistically significant loss of both 
inner and outer hair cells in the basal turn of the cochlea in 
diseased temporal bones. They also demonstrated the de-
struction of t h e  stria vascularis and spiral ligament.

Blunt or penetrating otologic trauma, an occult peri-
lymphatic fistula, drilling and ossicular manipulation from 
previous otologic surgery may also produce negative ef-
fects on cochlear function.[2,8,10] In this study, in order to 
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focus on the effects of COM alone, individuals with poten-
tial SNHL from other causes, as mentioned above, were 
excluded.

The duration of disease and the existence of accompany-
ing cholesteatoma may be risk factors for the development 
of SNHL in adult patients with COM. Cochlear damage 
and SNHL may be more apparent when cholesteato-
ma co-exists, because of the destructive nature of chole-
steatoma.[8,9] Walby et al [12] reviewed case notes relating to 
the temporal bone of 87 patients with unilateral COM, 
to ascertain the effects of the disease on the cochlea. 
They report a decrease in BCT obtained on PTA in dis-
eased ears. However, they failed to find any evidence for 
inflammatory penetration through the round-window 
membrane. There was no difference in BCT obtained on 
PTA between cases of COM with cholesteatoma and those 
without, in their study. Paparella et al [6] noted an elevation 

in BCT obtained on PTA at 1, 2 and 4 kHz in 279 COM 
cases. According to the authors of that study, penetration 
by inflammatory cells and mediators via the round-win-
dow membrane of the inner ear was the principal cause of 
cochlear dysfunction. The presence or absence of chole-
steatoma did not feature among the variables considered 
by the study. 

Levine et al [8] reported that SNHL was greater in the 
diseased ear at all frequencies than in the contralateral ear 
in patients with unilateral COM. The difference in mean 
BCT obtained on PTA in 161 cases was reported to be 9.1 
dB (range:5.6-12.8 dB). In that study, the frequencies where 
the greatest effect was seen were 2 and 3 kHz. The authors 
also investigated the potential effects of varying middle ear 
disease severity and patient age on SNHL. They reported 
that 64% of the 161 cases enrolled in the study consisted 
of COM with cholesteatoma, and the presence of choleste-

Figure 2. Mean BCT obtained on PTA for normal and diseased ears in Group 1 and Group 2. 
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atoma had additional adverse effects on cochlear function. 
However, this observed difference was only statistically 
significant at a frequency of 0.5 kHz. It was also reported 
that there was a small, but statistically significant, effect of 
age on increasing the BCT.

Papp et al [13] notes a strong correlation between patient 
age and BCT in COM cases. SNHL has been reported as 
more pronounced at higher frequencies. According to the 
authors, due to the proximity of the round window to the 
basal turn of the cochlea, inflammatory mediators, lytic en-
zymes and toxins which arise from the middle ear may be 
present at higher concentrations. Thus SNHL will occur 
at high frequencies first. 

Azevedo et al [15] retrospectively reviewed case notes 
from 115 patients with COM. Neither the presence of 
cholesteatoma nor the duration of disease were found to 
affect SNHL, however, the patient’s age was identified as 
a significant factor. Kolo et al [16] observed a significant de-
gree of SNHL in diseased ears compared to normal ears. 
However, they did not identify any correlation between 
the patient’s age or duration of disease and the degree of 
SNHL. Amali et al [4] report that a statistically significant 
difference in mean BCT was obtained on PTA between 
normal and diseased ears at all frequencies. The authors 
found that there was a significant correlation between age 
and SNHL, but that the duration of the disease did not 
have a significant effect on SNHL. Furthermore, they re-
port that there is no relationship between the presence of 
cholesteatoma and the degree of SNHL. 

In the present study, a statistically significant difference 
in BCT obtained on PTA between the normal and the dis-
eased ears in both groups was found for all 4 frequencies 
tested (p<0.0001). However, in the comparison between 
the diseased ears, the differences of BCT at all four dif-
ferent frequencies (0.5, 1, 2, 4 kHz) lacked statistical sig-
nificance (p>0.05). Ninety percent of our patient sample 
was under 50 years of age, and the duration of COM was 
similar, therefore the data were unsuitable for investigating 

any potential effect of patients’ age and duration of disease 
on BCT.

Our study suffers from certain limitations. The possible 
effects of age and disease duration on BCT were not eval-
uated. Moreover, the number of patients included in the 
study was relatively small.

Conclusion
According to the results obtained in this study, it can be 
stated that COM may cause SNHL. However, the presence 
of cholesteatoma does not result in a statistically significant 
additional negative impact on cochlear function. Surgical 
management of COM should be routinely recommended 
to patients in order to circumvent serious complications of 
COM, such as SNHL.
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