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ABSTRACT Objective: The relationship between chronic otitis media
(COM) and inner ear function is a contentious issue in current research.
The purpose of this study is to add to the existing knowledge on the
subject by analyzing bone conduction hearing levels in a large series of
cases involving patients with unilateral COM. Material and Methods:
Bone conduction levels at frequencies of 500 Hz to 4 kHz in pure tone
audiometry of all patients were recorded separately for the affected ear
and the normal ear, and the results of both ears were compared. Re-
sults: The study included 514 patients who underwent surgery for
COM pathologies, including cholesteatoma in 94 (18.2%) cases, adhe-
sive otitis in 87 (16.9%) cases, dry perforation in 325 (63.2%) cases,
and tympanosclerosis in 8 (1.5%) cases. The mean four-frequency bone
conduction was 15.8 dB+13.8 in the total of 514 operated ears, and 11.0
dB+£11.0 in the contralateral ear with a normal ear membrane. There
was found to be a statistically significant difference between the aver-
age frequency values on the COM side and the frequency values on the
normal side. The mean bone conduction four-frequency values in
cholesteatoma were significantly worse than those of all the other
groups (p<0.001). Conclusion: This study provides evidence that COM
can cause not only conductive hearing loss but also affect the inner ear.
Cholesteatoma was found to cause the most profound bone conduction
hearing loss among these pathologies. These findings underscore the
importance of considering inner ear involvement in evaluating and
managing patients with COM.

Keywords: Otitis media; cholesteatoma;
sensorineural hearing loss; audiometry

OZET Amag: Kronik otitis medianimn (KOM) i¢ kulak fonksiyonu iize-
rindeki etkisi literatiirde tartismalidir. Bu ¢alismanin amaci, tek tarafli
KOM hastalarinda kemik iletim isitme seviyelerinin degerlendirilmesi
yoluyla genis bir vaka serisi ile bu konuya katkida bulunmaktir. Gereg
ve Yontemler: Tiim hastalarin 500 Hz ile 4 kHz frekanslarindaki kemik
iletim seviyeleri ayr1 ayri kaydedilerek etkilenen kulagin ve kontrala-
teral normal kulagin sonuglart karsilastirildi. Bulgular: Caligmaya,
KOM patolojileri nedeniyle opere edilen 514 hasta dahil edildi. Bu has-
talar arasinda, 94 (%18.2) vakada kolesteatom, 87 (%16.9) vakada ade-
ziv otit, 325 (%63.2) vakada kuru perforasyon ve 8 (%1.5) vakada
timpanoskleroz tespit edildi. Toplam 514 opere kulakta, dort frekan-
sli kemik iletim ortalamasi 15,8 dB£13,8, normal timpanik membran
olan karsi taraf kulakta 11,0 dB£11,0 idi. KOM tarafindaki ortalama
frekans degerleri ile normal taraftaki frekans degerleri arasinda ista-
tistiksel olarak anlamli bir fark bulundu. Kolesteatomdaki dort fre-
kansli kemik iletim degerleri, tiim diger gruplarinkinden anlamli olarak
daha kotiiydii (p<0,001). Sonu¢: Bu ¢alisma, KOM nedeniyle ortaya
¢ikan isitme kaybinin sadece iletim tipi degil, ayn1 zamanda i¢ kulakta
da etkilenmenin olabilecegine dair kanitlar sunmaktadir. Kolesteato-
mun bu patolojiler arasinda en derin kemik iletimi isitme kaybina neden
oldugu belirlenmistir. Bu bulgular, KOM hastalarinin degerlendirilmesi
ve yonetilmesinde i¢ kulagin tutulumunun dikkate alinmasinin 6nemini
vurgulamaktadir.

Anahtar Kelimeler: Otitis media; kolesteatom;
sensorindral isitme kaybi; odyometri

Chronic otitis media (COM) is a polymicrobial
infection of the middle ear and mastoid cavity, which
lasts longer than 3 months and progresses with ear
discharge and tympanic membrane perforation. In de-
veloping countries, it is a frequent cause of illness
and hearing impairment.! The two most important
findings are ear discharge and conductive hearing

loss (CHL) because of middle ear pathologies. In ad-
dition, some studies which have examined this pa-
tient group have determined sensorineural effects in
audiometric measurements. However, this subject is
controversial in literature as different results have
been presented related to the long-term effect of
COM on the inner ear.!?
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COM may present in the form of different
pathologies such as dry perforation, cholesteatoma,
tympanosclerosis, and adhesive otitis. The most ag-
gressive of these is cholesteatoma, which can cause
bone destruction with the release of proteolytic en-
zymes expressed from granulation tissue rich in
macrophages. A study that aimed to compare ears
with cholesteatoma with the contralateral normal
ears determined greater sensorineural hearing loss
(SNHL) in the ears with cholesteatoma.’ There is a
scarcity of studies in the literature that have compared
the cochlear function between cases of COM with
and without cholesteatoma.*® Therefore, it is still not
fully understood whether the cause of SNHL in COM
is chronic inflammation or cholesteatoma. Moreover,
the number of cases is low in studies related to the
effects on the cochlear function of other middle ear
pathologies such as adhesive otitis and tympanoscle-
rosis.* This study aimed to determine if the effect on
bone conduction hearing levels differs based on the
specific pathology present, by evaluating various
types of COM.

The effect of perforation size is a subject with
conflicting results in studies that have investigated
cochlear damage in COM. In a previous study on this
subject, it was shown that the greater SNHL in large
and subtotal perforations than in other perforations
could be related to greater exposure of the round win-
dow to inflammatory mediators.! Therefore, it was
also aimed in the current study to examine the effect
of perforation size.

I MATERIAL AND METHODS

This study was conducted at Necmettin Erbakan Uni-
versity Meram School of Medicine, Department of
Otorhinolaryngology in Konya, Tiirkiye, and it was
approved by Necmettin Erbakan University Ethics
Committee (date: November 4, 2022, no:
2022/4035). The study was conducted in compliance
with the principles outlined in the Declaration of
Helsinki. The study included patients diagnosed with
unilateral COM between January 2012 and January
2022. A retrospective examination was made of the
preoperative findings and operating records. A con-
trol group was formed of the contralateral ears to
eliminate the effects on hearing of systemic diseases
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such as diabetes mellitus, environmental factors such
as smoking, metabolic disorders affecting both ears
and age-related effects such as presbyacusis.

Patients were excluded from the study if they
had bilateral COM, acoustic trauma, sudden hear-
ing loss, traumatic tympanic membrane perforation,
or a history of ear surgery, and patients with
cholesteatoma who were determined with labyrinth
destruction during the operation. The control ears
were confirmed as healthy on examination of tempo-
ral computed tomography and the otoscopic exami-
nation in the preoperative records. Demographic data
(age, gender) and information about the operated
side, tympanic membrane status, pathologies, and
perforation size were obtained from the patient
files.

The patients included in the study were only
those who underwent preoperative pure tone au-
diometry at our institution. The audiometry tests were
performed by three audiometrists with similar train-
ing and experience in this field. Bone conduction
thresholds were measured for both ears at frequen-
cies of 500, 1000, 2000, and 4000 Hz, and the mean
values for these frequencies were calculated. As the
study was retrospective, all the data were obtained
from patient records.

The COM patients were classified as COM with
dry perforation, tympanosclerosis, adhesive otitis,
and cholesteatoma. The dry perforation patients were
defined as those with a tympanic membrane perfora-
tion and no discharge in the last 3 months. Tym-
panosclerosis patients were identified as individuals
who had a CHL of at least 20 dB with no perforation
in the tympanic membrane, as well as those who were
diagnosed with tympanosclerosis during surgery. The
adhesive otitis patients were defined as patients with
a retraction pouch of varying size and tympanic
membrane location with no perforation of the tym-
panic membrane. The cholesteatoma group included
patients with the presence of epithelial clusters/sac-
cules accompanying the retraction pouch and perfo-
ration in the tympanic membrane, who were
histopathologically diagnosed with cholesteatoma.
Cases in the dry perforation group were separated
into 3 subgroups according to perforation size as
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cases with small, moderate, or total perforation.
Small perforations were defined as a perforation up to
25% of the tympanic membrane, moderate as those
between 25% and 75%, and total as those >75%.

STATISTICAL ANALYSIS

The data analysis in this study was performed using
SPSS version 22 software (SPSS, Chicago, IL, USA).
Descriptive statistics were used to summarize the
data, with parametric continuous variables presented
as mean=+standard deviation, non-parametric contin-
uous variables as median and interquartile range, and
categorical variables as number and percentage. Stu-
dent’s t-test was used to compare the mean values of
the 4 frequencies and bone conduction thresholds at
500, 1000, 2000, and 4000 Hz frequencies between
the ears with COM and the control group ears. The
One-Way ANOVA test was used to compare pathol-
ogy and perforation size groups. To compare multi-
ple groups, the One-Way ANOVA test was followed
by the post hoc Tukey’s test. A statistically signifi-
cant result was defined as having a p-value less than
0.05.

I RESULTS

A total of 514 patients were evaluated in this study,
with 259 (50.3%) males and 255 (49.6%) females,
and a mean age of 36.3+14.8 years (range, 9-77
years). The patients were divided into four groups
based on the reason for the operation, with 94
(18.2%) in Group 1 (COM with cholesteatoma), 87
(16.9%) in Group 2 (adhesive otitis), 325 (63.2%) in
Group 3 (dry perforation), and 8 (1.5%) in Group 4
(tympanosclerosis). The average age of the patients in
the four groups was 39.0+£16.0 (9-77), 36.2+14.3 (11-
68),35.6+14.5 (10-73), and 36.2+£14.3 (11-68) years,
respectively. There was no statistically significant
difference in the mean age of the groups (p=0.266).

The mean 4 frequency bone conduction was 15.8
dB=13.8 in the total 514 operated ears, and 11.0
dB=£11.0 in the contralateral ear with normal ear
membrane. A statistically significant difference was
determined between the mean bone conduction fre-
quency values of the COM side and the normal side
(p=0.001).
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The mean 4 frequency bone conduction ac-
cording to the separate pathologies in the ear were
determined to be 22.9 dB+2.0 for cholesteatoma,
14.9 dB=1.0 for adhesive otitis, 13.9 dB+0.6 for
dry perforation, and 18.5 dB+5.6 for tympanoscle-
rosis. The mean bone conduction 4 frequency val-
ues in the cholesteatoma group were determined to
be significantly worse than those of all the other
groups (p<0.001). The mean bone conduction 4 fre-
quency values were seen to be similar in the
tympanosclerosis

cholesteatoma and

(p=0.786).

groups

Of the patients in the dry perforation group, a
small perforation was observed in 51 (9.9%) patients,
a moderate perforation in 212 (41.2%), and total or
almost total perforation in 62 (12.0%). The bone con-
duction 4 frequency mean values of these subgroups
were determined to be 12.4 dB+10.8, 14.3 dB+12.2,
and 14.0 dB+£11.7, respectively. The effect of the per-
foration sizes on SNHL was seen to be similar
(p=0.576).

The threshold values at varying frequencies of
each pathology and the bone conduction threshold
values of the contralateral normal ears are shown
in Table 1. A statistically significant difference was
determined at each frequency in the cholesteatoma
and dry perforation groups compared to the normal
ears (p<0.05). As the frequency increased, an in-
crease in the difference compared to normal ears
was observed in the cholesteatoma group, while in
the dry perforation group, an increase was observed
independently of the frequency increase. In the ad-
hesive otitis group, a significant difference was
found at 1000 and 2000 Hz compared to the nor-
mal ears, and in the tympanosclerosis group, a sig-
nificant difference was determined only at 1000 Hz
(p<0.05).

When comparisons were made within the
pathology groups at each frequency (Figure 1), it was
determined that the cholesteatoma group was more
affected at all the frequencies than the adhesive otitis
group and the dry perforation group (p<0.05). The
tympanosclerosis group was seen to be affected at a
similar level to the cholesteatoma group at all 4 fre-
quencies (p>0.05).
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TABLE 1: The threshold values at varying frequencies of each pathology and the bone conduction threshold values of the contralateral
normal ears.
Group 500 Hz 1000 Hz 2000 Hz 4000 Hz
Cholesteatoma (n=94) 18.6 dB+16.6 20.2 dB+20.6 238dB£21.7 28.9 dB+24.1
Contralateral normal ear (n=94) 10.9dB+12.0 11.0 dB+13.1 13.1 dB+15.9 17.2dB£18.3
(p=0.000) (p=0.000) (p=0.000) (p=0.000)
Adhesive ofitis (n=87) 12.0 dB+9.1 12.5dB+10.5 16.0 dB+12.3 19.0 dB+15.4
Contralateral normal ear (n=87) 9.4 dB+9.1 9.1dB+9.6 10.6 dB+10.5 15.5dB+15.4
(p=0.063) (p=0.028) (p=0.002) (p=0.136)
Dry perforation {(n=325) 11.9 dB+10.8 11.5 dBx11.0 14.9 dB+13.6 17.5 dB£17.0
Contralateral normal ear {(n=325) 8.8 dB+9.3 8.7 dB£9.8 10.6 dB+11.9 13.9 dB£15.7
(p=0.000) (p=0.001) (p=0.000) (p=0.006)
Tympanosclerosis (n=8) 16.2 dB+13.2 17.5dB+13.8 19.3 dB+15.4 21.2dB+24.4
Contralateral normal ear (n=8) 8.1 dB+7.5 6.2 dB+4.4 8.7 dB+6.4 11.2dB+15.9
(p=0.155) (p=0.047) (p=0.094) (p=0.349)
Total (n=514) 13.2 dB£12.1 13.4 dB+13.6 16.7 dBx15.6 19.9 dB+18.8

35
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= 14.9
2 15
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0
500 Hz 1000 Hz frequency (Hz) 2000 Hz 4000 Hz
M cholesteatoma adhesive otitis M dry perforation B tympanosclerosis
FIGURE 1: Comparison between pathology groups at each frequency.
I DISCUSSION tion pathway. Many studies have examined the rela-

tionship between COM and SNHL and no consensus
COM is a frequently encountered cause of hearing has been reached. With the large case series of the
loss in developing countries. Previous studies have current study, it was aimed to contribute to this sub-
reported that mixed-type hearing loss can be caused  ject. The results of the study demonstrated that COM
by delayed treatment of COM, lack of education, has an effect on cochlear functions, and of the pathol-
poor hygiene, and insufficient follow-up.® The mech- ogy subgroups, cholesteatoma was determined to
anisms causing CHL can be simply explained by have the most profound effect on the bone conduc-
COM pathologies damaging the middle ear conduc- tion pathway.
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There are studies in the literature about COM
and the sensorineural effect, and conflicting results
have been presented. In a study of pediatric patients
by Kaplan et al., which included a total of 127 ears
with COM, 40 of which were bilateral, COM was
shown to have very little effect on cochlear function.’
Dumich et al. evaluated 200 unilateral COM patients
and reported that SNHL was not at a level that was re-
flected clinically in patients with COM.® In a study
conducted by Singer et al. on 200 patients, it was
found that 10% of the patients with COM had SNHL,
and this result was in line with the findings of a study
by Blakley and Kim which had a sample size of 123
patients."” The results of our study were in the same
direction and caused sensorineural involvement in-
dependent of the clinical presentation of chronic oti-
tis.

The main physiopathology blamed for the effect
on the inner ear is inflammatory mediators populating
the inner ear through the round window, and there-
fore it has been claimed that the inner ear remains de-
fenseless in COM.!? In other studies in the literature,
it has been reported that the negative effect of COM
is more profound at high frequencies.®!! Similarly in
the current study, the effect was seen to be greater at
high frequencies than at low frequencies, with the
greatest effect at 2000 Hz and 4000 Hz. These data
can be explained by studies that have revealed that
COM causes loss in inner and outer hair cells and
stria vascularis areas, especially in the basal rotation
of the cochlea.>!*!>!3 According to the same theory,
it can be thought that the significant sensorineural ef-
fect at 1000 and 2000 Hz in the adhesive otitis ears in
our study is associated with chronic otitis with effu-
sion secondary to eustachian dysfunction.

Few studies have separately examined the effect
of COM subgroups on the cochlea. In a study of 158
patients by Dobrianskyj et al., patients with chronic
ear discharge were compared with patients with dry
perforation, and it was stated that dry perforation did
not affect sensorineural thresholds, and the basis of
SNHL could originate from suppuration.’ da Costa
et al. examined 150 patients with and without
cholesteatoma, and a significant difference was de-
termined in the sensorineural hearing thresholds only
at 500 Hz." In studies by Amali et al., MacAndie and
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O’Reilly, and de Azevedo et al., the presence of
cholesteatoma was not associated with SNHL.!!:15:16
In contrast, in a retrospective study of 159 patients
by Gulustan et al., a sensorineural effect was seen in
ears with cholesteatoma compared to the normal con-
tralateral ears, but the cholesteatoma group was not
compared with other chronic otitis subgroups.® In the
current study, the ears of the patients with
cholesteatoma were determined to be affected more
at all frequencies compared to the dry perforation
group, and this effect increased towards higher fre-
quencies.

Of the very few studies conducted related to
tympanosclerosis, Jesic et al. determined that ty-
manosclerosis affected SNHL only at 1000 Hz when
accompanied by a retracted tympanic membrane, and
the findings of the tympanosclerosis group in the cur-
rent study were consistent with this.* At this point, it
should be considered that SNHL may be pseudoper-
ceptive deafness of middle ear conduction origin.!”!*
However, as with the present study, the number of
patients in previous studies was also limited, making
it difficult to draw a definitive conclusion. Therefore,
there is a necessity for further research on this spe-
cific topic with larger sample size.

In studies that have compared patients with
chronic otitis dry perforation according to the size of
the perforation, it has been shown that wide and
subtotal tympanic membrane perforations cause
higher losses, especially at higher frequencies. These
studies have supported a correlation between the sen-
sorineural effect and perforation size.'* To compare
the change in perforation size in the current study, the
data of 325 patients with dry perforation were used,
and in this context, the amount of data was much
greater than in other studies. The results of the current
study showed that perforation size created no differ-
ence in the cochlear effect.

The strength of this study was that in contrast to
studies that have generally compared COM or COM
with cholesteatoma with the normal ear, four differ-
ent middle ear pathologies were compared with the
normal ear. The limitations of the study include its
retrospective design, the unknown duration of infec-
tion, and the inclusion of only operated patients, re-
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sulting in a small number of patients with adhesive
otitis and tympanosclerosis.

I CONCLUSION

COM not only leads to hearing loss in the middle ear
but also affects the inner ear. Among the different
types of COM, cholesteatoma results in the most se-
vere bone conduction hearing loss, followed by ad-
hesive otitis and dry perforation. Tympanosclerosis
can sometimes cause a false sensorineural loss due to
resonance.
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