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Abstract Introduction Tinnitus is experienced by a significant part of the patients suffering
from otosclerosis.
Objective To assess the prevalence of tinnitus in otosclerosis, its main features, and
the impact on the daily life.
Methods Patients diagnosed with otosclerosis in 2019 in a tertiary hospital were
enrolled in the study. Demographic data were retrieved and, besides a regular
audiometric evaluation, the patients underwent acuphenometry to assess the psycho-
acoustic measurements (pitch and loudness), and the Tinnitus Handicap Inventory
(THI).
Results In total, 66 patients fulfilled the inclusion criteria, with a female predomi-
nance (63.6%; n¼42), and a mean age of 48.7 years. The mean air-bone gap was of
26.3 dB. A total of 72.7% complained of tinnitus; it was mostly unilateral, identified in
the low frequencies, namely 500Hz, with median loudness of 7.5 dB. The median score
on the THI score was of 37; most patients had amild handicap (33.3%, n¼16), followed
by those with a severe handicap (22.9%; n¼11). The female gender had a statistically
significant association with the presence of tinnitus. The THI scores were higher in
middle-aged patients (age groups: 40 to 49 and 50 to 59 years), which was statistically
significant. No correlation was found between audiometry results and the prevalence
of tinnitus or score on the THI. On the other hand, high-pitched tinnitus, compared to
low pitched-tinnitus, was associated with larger air-bone gaps.
Conclusion The prevalence of tinnitus in our population was in line with the
prevalences reported in the literature. It caused a catastrophic handicap in 22.9% of
the patients. High-pitched tinnitus was associated with higher handicap. Nonetheless,
the existence of tinnitus and its severity were not associated with the degree of hearing
loss.
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Introduction

Otosclerosis is a disease of the otic capsule and footplate of
the stapes inwhich several changes happen that lead to bony
remodeling.1

Clinically, this disorder usually presents with hearing loss
(HL) complaints, and the audiometry usually shows conduc-
tive HL, but sensorineural or mixed HL may occur. However,
other clinical signs and symptoms may be associated with
the disease, such as tinnitus. Besides being common, tinnitus
may be present before hearing loss, and might be the
patient’s primary complaint.2

The reportedprevalenceof tinnitus inpatients suffering from
otosclerosis varies between 65% and 91.6%.3–12 The pathophysi-
ology of this symptom is still obscure, but there are some
possible explanations: from toxic metabolites derived from
the otosclerotic process to alteredbloodflow to thepathological
vascularization, nerve irritation resulting from bone remodel-
ing, and reduction in vibration of the inner-ear fluid.9

The definition of tinnitus implies the perception of a sound
originated in theearwithout an actual external source of sound
stimulus.13 It is a symptom that can be present in a myriad of
otologic and non-otologic pathologies. The former include
presbycusis, chronic otitis media, arteriovenous malforma-
tions, middle-ear paragangliomas, otosclerosis, amongst
others; and the latter include metabolic, cardiovascular, psy-
chiatric, neurological, aswell as temporomandibular disorders.
Its incidence increases in older patients, andwith hearing loss.

Tinnitus is usually described by the following character-
istics: unilateral or bilateral; pulsatile or nonpulsatile; persis-
tent or intermittent; and by psychoacoustic measurements.
Regarding the latter, there is still a lot of controversy on the
subject, but tinnitus is usually classified by its pitch and
loudness. Acuphenometry is an exam that aims to find the
frequency and intensity that match the pitch and loudness of
the tinnitus respectively.13,14Nonetheless, it isnotwidelyused
in the audiology routine given the high variability of the
tinnitus itself: some patients have two or more tinnitus
sounds, and it is not always easy for the patient to establish
thepredominantone; it canvaryover the timein termsofpitch
and loudness; low-pitched tinnitus is easily masked by daily
sounds, which makes pitch matching difficult.14

On the other hand, tinnitus with the same features may
generate different feelings and sensations in different patients,
and the assessesment of its subjective impact is also an impor-
tant evaluation. Understanding the impact of this symptom in
the patient’s daily life is crucial. There are a few validated
patient-reported outcome measures (PROMs) regarding this
symptom.Oneof themostwidelyused is the TinnitusHandicap
Inventory (THI), which has been translated and validated to
Portuguese.15,16 This instrument is divided into 25 questions,
with the items grouped in 3 subscales, namely the functional
(THI-F), emotional (THI-E), and catastrophic (THI-C) subscales.
Amaximumof 100 pointsmay be scored on the THI, and higher
scores represent higher impairment in daily life. A grading
system was proposed by McCombe et al.17 (2001) and recom-
mended for research purposes: a score between 0 and 16
indicates a slight handicap; from 18 to 36, mild; between 38

and 56, moderate; from 58 to 76, severe; and btween 78 and
100, a catastrophic handicap. The scores on the THI-F vary
between 0 and 48; on the THI-E, between 0 and 32; and, on the
THI-C, between 0 and 20.

Objective

The purpose of the present study is to evaluate the preva-
lence and features of tinnitus in patients suffering from
otosclerosis, through acuphenometry, its association with
hearing thresholds and other individual characteristics, and
to verify its impact in daily life and its severity through a
validated PROM, namely, the THI.

Material and Methods

After obtaining approval from the institutional Ethical Com-
mittee (Reference 96/2020), the patients whowere diagnosed
with otosclerosis, and with an indication for stapes surgery
between the January 1st and December 31st, 2019, were
included and prospectively enrolled in the present study.
The exclusion criteria were the following: age<18 years;
previous otologic surgery (including stapes surgery); comput-
ed tomography findings suggesting another middle/inner-ear
disorder; and incapability to complete the whole assessment.

The following datawere obtained: demographics (age and
gender); pure-tone audiometry (PTA, which included air
conduction [AC] and bone conduction [BC] in the frequencies
of 250Hz, 500Hz, 1,000Hz, 2,000Hz, 4,000Hz, and 8000Hz
), and air-bone (AB) gap; presence or absence of tinnitus and
its features (unilateral or bilateral, persistent or intermittent,
and psychoacoustic measurements, namely pitch and loud-
ness); the total score on the THI; and the individual scores on
the subscales THI-F, THI-E, and THI-C.

The psychoacoustic measurements were evaluated
through acuphenometry, in which matching of the pitch
and loudness the patient’s tinnitus was performed. Clear
information was provided to the patient, namely an explain-
ation that the sound should match in the most accurate way
the usual tinnitus after different sounds were offered to the
patient.Whenever the tinnitus was unilateral, the soundwas
offered to the contralateral ear; if the tinnitus was bilateral,
the sound was offered to the ear with the best hearing.

Regarding the audiometric findings, the pure-tone average
was calculated using themean hearing level in the frequencies
of 500Hz, 1,000Hz, 2,000Hz, and 4,000Hz. Concerning the
psychoacoustic measurements, the pitch of the tinnitus was
further classified as low (< 1,000Hz) or high (> 2,000Hz).

Statistical Analysis
The statistical analysis was performed using the Statistical
Package for the Social Sciences (SPSS, IBM Corp., Armonk, NY,
US) software, version 23.0 for macOS. Values of p<0.05 were
used to reject the null hypothesis.

The continuous variables with normal distribution were
described asmeans and standard deviations (SDs); and those
without normal distribution were described as medians and
interquartile ranges (IQRs).
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The Chi-squared (χ2) test was used to evaluate the corre-
lation between two categorical variables. To comparemeans,
the t-test was performed; the non-parametric Mann-
Whitney U test was used to compare medians. The Krus-
kal-Wallis H test was used to compare medians between
more than two independent samples. The Pearson correla-
tion coefficient (r) was used to assess the correlation be-
tween continuous variables with normal distribution, while
the Spearman correlation coefficient (rs) was used for con-
tinuous variables without normal distribution.

Results

Demographic Features
A total of 66 patients fulfilled the inclusion criteria (►Table 1).
There was a female predominance (63.6%; n¼42). The mean
age of thepatientswas 48.7� 9.1 years (range: 35 to 66years).
There was no statistically significant difference in mean age
between male and female patients (male: 50.7� 8.8 years;
female: 47.6� 9.2 years: t (64)¼1.314; p¼0.194).

Audiometric Thresholds
An audiometric evaluation of these patients showed a PTA of
23.1� 8.2 dB for BC, 49.4� 12.1 dB for AC, and ameanAB gap
of 26.3� 8.6 dB (►Fig. 1).

We did not verify a statistically significant difference in
gender regarding the PTA for BC, AC, and the AB gap: t
(63.9)¼1.297, p¼0.199; t (64)¼1.553, p¼0.125; and t
(64)¼1.072, p¼0.288 respectively.

We verified a correlation between age and the PTA for BC
and AC (r [66]¼0.334, p¼0.006; and r [66]¼0.347,
p¼0.004 respectively), which means higher thresholds
with increasing age. Nonetheless, we did not find a statisti-
cally significant correlation between age and the AB gap (r
[66]¼0.168, p¼0.179).

Tinnitus Features
Tinitus was a complaint of 72.7% (n¼48) of the patients.
Most of them had unilateral tinnitus (83.3%, n¼40), while
only 16.7% (n¼8) reported bilateral tinnitus.

Regarding the psychoacoustic measurements (►Table 2),
most patients (62.5%; n¼30) identified their tinnitus in the
low frequencies, mainly 500Hz (37.5%; n¼18). The median
for loudness was of 7.5 dB (IQR¼5).

We found a statistically significant association between
gender and the existence of tinnitus complaints (χ2 [1,
n¼66]¼9.821; p¼0.002), with a higher prevalence among
the female gender (86% versus 50% among themale patients).
We did not find an association between gender and laterality
or pitch of the tinnitus (p¼1.000 and p¼0.302 respectively).

A statistically significant difference in the age of the
patients with and without tinnitus complaints was found,
with amean age of 51� 10.6 years in the former and 45� 4.9
years in the latter (t [61]¼ -3.138; p¼0.003). No difference
was found regarding the mean age between patients with
high- or low-pitched tinnitus (t [46]¼ -0.336; p¼0.739).

We did not verify a statistically significant difference in
PTA for BC, AC, and the AB gap between patients who
complained and did not complain of tinnitus (t-test:
p¼0.544, p¼0.862, and p¼0.885 respectively). On the other

Fig. 1 Mean results of the audiometry.

Table 1 Demographics of the study sample

Total
population

Male Female

Gender – %(n) � 36.4%
(n¼24)

63.6%
(n¼42)

Age (years; mean�
standard deviation)

48.7� 9.1 50.7� 8.8 47.6� 9.2

Table 2 Presence of tinnitus and features evaluated through
acuphenometry (subjective pitch and subjective loudness)

% n

Patients with tinnitus complaints 72.7% 48

Subjective pitch

125 Hz 4.2% 2

250 Hz 12.5% 6

500 Hz 37.5% 18

1,000 Hz 8.3% 4

2,000 Hz 18.8% 9

4,000 Hz 14.6% 7

6,000 Hz 4.2% 2

Subjective loudness

5 dB 50% 24

10 dB 29.2% 14

15 dB 20.8% 10

Patients with no tinnitus complaints 27.3% 16
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hand, regarding the pitch of the tinnitus, a statistically
significant differencewas found regarding the AB gap, which
was higher in high-pitched tinnitus compared to low-pitched
tinnitus (30.2� 9.4 dB in the former, and 23.7� 7dB in the
latter; t [28.275]¼ -2.561; p¼0.016); no statistically signifi-
cant diference was found concerning the mean PTA for BC
and AC between patients with high- or low-pitched tinnitus.

Severity of the Tinnitus – THI Scores
The median THI score (►Table 3) among the patients who
complained of tinnitus was of 37 (IQR¼45). Most patients
had a mild handicap (33.3%; n¼16), followed by a severe
handicap (22.9%; n¼11) (►Table 4).

Regarding gender (►Table 5), we found a statistically
significant difference between male and female patients
regarding the THI-C (U test; p¼0.03), with higher scores
among male patients. The male patients also scored higher
on the THI, THI-F, and THI-E, but this difference was not
statistically significant.

We found no correlation between age and tinnitus severity
(rs¼ -0.109, p¼0.459 for the THI; rs¼ -0.164, p¼0.265 for the
THI-F; rs¼0.031, p¼0.834 for the THI-E; and rs¼0.026,
p¼0.858 for the THI-C; ►Table 6). We further subdivided our
population according to age groups, and verified that higher
scoreswere found among those aged 40 to 49 years, followed by
those aged 50 to 59 year; the difference among age groups was
statistically significant for the THI (H [48]¼16.223; p¼0.001),
the THI-F (H [48]¼10.836; p¼0.013], THI-E (H [48]¼21.417;
p<0.001), and the THI-C (H [48]¼11.359; p¼0.010).

No correlation was found regarding BC, AC, or the AB gap
and the scores on the THI, THI-F, THI-E, or THI-C.

When evaluating tinnitus severity according to the psy-
choacoustic measurements, we found that patients with
high-pitched tinnitus scored higher on the THI and all of
its subscales, but only statistically significant differences

were only found for the THI, THI-E, and THI-C. Moreover,
we found a correlation between the reported pitch of the
tinnitus (►Table 7) and the THI, THI-E, and THI-C, which
means that higher pitches correlated with higher scores
(rs¼0.355, p¼0.013; rs¼0.334, p¼0.020; and rs¼0.537,
p<0.001 respectively). On the other hand, there was no
correlation concerning the scores on the THI, THI-F, THI-E, or
THI-C and subjective tinnitus loudness.

Discussion

Despite being awell-known symptom related to otosclerosis,
tinnitus has not beenwidely addressed in the literature.Most
of the few studies that analyze this symptom do it on a
retrospective basis, relying on clinical records or question-
naires after surgery regarding preoperative symptoms,
which might influence the results.

The present study showed a prevalence of 72.7% of tinni-
tus in otosclerosis patients. This finding is within the range
reported in the the literature. Gristwood and Venables3

(2003), in a study on tinnitus in otosclerosis patients with
the large sample, reported a slightly lower prevalence (the
lowest reported in the literature), of 65%, but their data was
based on a retrospective analysis of medical records. On the
opposite side, a higher prevalencewas reported byBast et al.9

(2013), of 82% (although this study was based on a question-
naire regarding tinnitus applied after surgery), and Sobrinho
et al.11 (2004), of 91.6%.

Regarding the features of tinnitus, including the psycho-
acoustic measurements, among the sample of the present
study, tinnitus was most commonly reported on the side of
the disease; low-pitched tinnitus was more frequent than
high-pitched tinnitus; it was identified with a median loud-
ness of 7.5 dB. On the other hand, Ismi et al.8 (2017) and
Ayache et al.6 (2003) found that high-pitched tinnitus was
the most frequent among patients with otosclerosis.

As for theseverityof the tinnitus,we found that 48.5%of the
patients with otosclerosis had a moderate to catastrophic
handicap. This percentage is slightly higher than the one found
in the study by Skarżyński et al.5 (2019), of 40%, but signifi-
cantly lower than the 83% found by Rajati et al.12 (2012).

The data of the present study indicated an association of
the prevalence of tinnitus with the female gender. Other
authors3,5,18 also found higher rates of tinnitus complaints
among female patients. Only one study11 found the opposite,

Table 3 Scores on the Tinnitus Handicap Inventory (THI) and
its subscales

Median Interquartile range

THI 37 45

THI-Functional 16 22

THI-Emotional 9 16

THI-Catastrophic 8 8

Table 4 Distribution of the Tinnitus Handicap Inventory
through categories

% n

Slight handicap (0-16) 16.7% 8

Mild handicap (18-36) 33.3% 16

Moderate handicap (38-56) 16.7% 8

Severe handicap (58-76) 22.9% 11

Catastrophic handicap (78-100) 10.4% 5

Table 5 Scores on the Tinnitus Handicap Inventory (THI) and
its subscales divided by gender

Male Female p-value�

THI 60 (IQR¼44) 34 (IQR¼34) 0.146

THI-Functional 29 (IQR¼24) 16 (IQR¼21) 0.159

THI-Emotional 18 (IQR¼ 16) 6 (IQR¼13) 0.302

THI-Catastrophic 12 (IQR¼6) 6 (IQR¼18) 0.030

Abbreviation: IQR, interquartile range.
Note: �Mann-Whitney U test for independent samples.
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namely a male predominance in tinnitus complaints. The
literature regarding tinnitus in general (and not specifically
in otosclerosis) is also consensual, stating that the female
gender has a higher prevalence of subjective tinnitus.3On the
other hand, the correlation between the severity of the
tinnitus and gender is even more divisive in the literature:
despite a statistically significant difference regarding higher
scores on the THI-C in male patients in the present study,
most authors5,6,11,12 did not find any association between
gender and the severity of the tinnitus.

Regarding age, we found a statistically significant differ-
ence in the mean age between patients with and without
tinnitus complaints, with older patients complaining more
often of this symptom; on the other hand, we did not find a
correlation between age and severity of the tinnitus, al-
though middle-aged patients (those aged 40 to 49 and 50
to 59 years) scored higher on the THI, which was statistically
significant. Skarżyński et al.5 also found that the prevalence
and severity of the tinnitus increase with age among female
patients, but not among male patients.5 Other studies3 did
not find any significant difference.We thenmay hypothesize
that, although older patients with otosclerosis complain
more of tinnitus, middle-aged patients have more difficulty
coping with this symptom; therefore, its subjective severity
is worse. On the other hand, younger and older patients do
not value this symptom so much.

Our results showed no statistically significant correlation
between the degree of hearing loss (PTA for BC, AC, or the AB
gap) and the existence of tinnitus, nor with the severity of
tinnitus evaluated through the THI. Axelsson and Ringdahl19

(1989) reported higher rates of tinnitus complaints among
patients with different types and causes of hearing loss
compared to patients without hearing loss, but failed to
prove the existence of a correlation between the

different degrees of hearing loss and tinnitus severity. On
the contrary, more recently, Moon et al.20 (2018) found that
severe hearing loss was a predictive factor for higher im-
pairment in quality of life regarding tinnitus. Concerning
only patients with otosclerosis, the literature is also contro-
versial: Gristwood and Venables3 (2003), and Skarżyński
et al.5 (2019) found that the prevalence of tinnitus com-
plaints initially increased with increasing AB gap, but fell
when the AB gap became larger, with no correlation to
tinnitus severity; on the other hand, authors such as Rajati
et al.12 (2012), Sobrinho et al.11 (2004), and Ayache et al.6

(2003) found no correlation between preoperative hearing
levels and tinnitus complaints and severity.

There was no statistically significant association re-
garding the psychoacoustic measurements and gender
or age. Despite the absence of correlation between audi-
ometry results and the existence of tinnitus, our data
indicate that the psychoacoustic measurements of tinni-
tus in patients with otosclerosis correlate with its severi-
ty: those with high-pitched tinnitus have significantly
higher scores on the THI, THI-E, and THI-C; moreover,
there is a positive correlation between pitch and THI
scores, with higher pitches usually associated with higher
scores on the THI. High-pitched tinnitus also was associ-
ated with a higher AB gap: this means that more severe
otosclerosis is associated with this type of pitch, which, in
turn, is associated with higher impairment related to the
associated tinnitus. Contrarily, subjective loudness did not
correlate with the THI scores. Flores et al.21 (2016), who
evaluated patients with noise-induced hearing loss, did
not find any correlation between the pitch of the tinnitus
and audiometric results, but found an inverse correlation
between loudness and audiometric results (the greater the
hearing loss, the lower the loudness). Psychoacoustic
measurements have not been widely applied in patients
suffering from otosclerosis, which makes other compar-
isons impossible.

Advantages and Limitations of the Study

The present study was performed with a standardized eval-
uation protocol, in which the patients were prospectively
enrolled, which makes our results more accurate than those
of some of the previously-published studies. On the other
hand, the present study included only patients diagnosed
with otosclerosis who had a surgical indication, excluding
patients with mild forms of the disease and those who did
not want to undergo surgery.

Table 6 Scores on the Tinnitus Handicap Inventory (THI) and its subscales divided by age group

Age group (years) n THI THI-Functional THI-Emotional THI-Catastrophic

30-39 8 25 (IQR¼ 25) 14 (IQR¼ 24) 4 (IQR¼ 5) 6 (IQR¼2)

40-49 19 56 (IQR¼ 42) 28 (IQR¼ 18) 20 (IQR¼12) 12 (IQR¼12)

50-59 12 35 (IQR¼ 24) 16 (IQR¼ 22) 8 (IQR¼ 12) 12 (IQR¼6)

60-69 9 18 (IQR¼ 53) 8 (IQR¼ 29) 6 (IQR¼ 15) 5 (IQR¼6)

Abbreviation: IQR, interquartile range.

Table 7 Scores on the Tinnitus Handicap Inventory (THI) and
its subscales divided by pitch of the tinnitus (low versus high)

Subjective
low-pitched
tinnitus

Subjective
high-pitched
tinnitus

p-value�

THI 26 (IQR¼34) 62 (IQR¼47) 0.030

THI-Functional 16 (IQR¼20) 30 (IQR¼24) 0.236

THI-Emotional 6 (IQR¼ 13) 16 (IQR¼15) 0.034

THI-Catastrophic 6 (IQR¼7) 14 (IQR¼10) < 0.001

Abbreviation: IQR, interquartile range.
Note: �Mann-Whitney U test for independent samples.
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Although tinnitus is a subjective symptom, its evaluation is
difficult and controversial. It can present in numerous forms,
and can vary throughout time in the same patient. Measuring
tinnitus through pitch and loudness, therefore, can be an
overly-simplified way to assess its true characteristics, al-
though the most frequently used. The fact that we chose an
approved and widely used PROM, the THI, to evaluate the
impact of the symptom in daily life is also an advantage, by
making future comparisons with studies regarding otosclero-
sis and other causes of hearing loss and tinnitus easier.

Finally, the present study only addresses the preoperative
complaints of tinnitus; although surgery is associated with
improvement of the tinnitus, it is still controversial which
factors influence the resolution of the symptom.4,22,23Regard-
ing the subject, these same patients were prospectively en-
rolled in a follow-up protocol to complete the second phase of
thestudy: toevaluatetheexistenceandseverityof thetinnitus,
the relationship with the improvement in hearing after the
surgical approach, and the impact of the different techniques
and prostheses (stapedotomy versus stapedectomy; Teflon
versus titanium prostheses, as well as length and diameter).

Conclusions

In our population suffering from otosclerosis, tinnitus had a
prevalence of 73.7%, with a significantly higher prevalence in
the female gender and older patients. This symptomwas the
source of a moderate to catastrophic impairment in daily life
in 50% of these patients. Despite the fact that most of the
patients identified their tinnitus in the low frequencies,
high-pitched tinnitus correlated with a higher handicap in
daily life. No statistically significant correlation was found
between tinnitus and the degree of hearing loss.
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