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 Background: A Carhart notch in the pure tone audiogram can be an indicator of stapes fixation in otosclerosis. This retro-
spective study of 157 patients with otosclerosis aimed to evaluate the association between the presence of a 
Carhart notch on the preoperative bone-conduction audiogram and postoperative hearing and balance evalu-
ated by the Vestibular Disorders Activities of Daily Living scale.

 Material/Methods: Patients with suspected otosclerosis based on medical history and audiometric tests were considered. The anal-
ysis included 157 consecutive patients who underwent surgery in the years 2016 to 2019, in whom the diag-
nosis of otosclerosis was confirmed during surgery. Carhart notch was defined as an impairment in the bone 
conduction threshold of ³7.5 dB for 2000 Hz frequencies above the mean thresholds at higher and lower ad-
jacent frequencies. The Vestibular Disorders Activities of Daily Living subjective scale was used in the preoper-
ative period and 4 and 12 months after surgery.

 Results: The preoperative presence of Carhart notch and progressive sensorineural hearing loss were statistically sig-
nificantly correlated with more common onset of tinnitus and then dizziness (P=0.006). Preoperative vertigo 
was observed in patients who had Carhart notch observed in the preoperative audiometric test. This vertigo 
more commonly coexisted with profound sensorineural hearing loss and minor or no improvement in average 
values of bone conduction after surgery (P=0.002).

 Conclusions: Preoperative Carhart notch on audiogram and the severity of sensorineural hearing loss were associated with 
tinnitus and vertigo. However, preoperative Carhart notch was not associated with persistent postoperative 
tinnitus in patients with cochlear otosclerosis.
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Background

Otosclerosis is characterized by an initial presentation of uni-
lateral progressive hearing loss that can progress into bilater-
al hearing loss, tinnitus, and, in some cases, vertigo. Abnormal 
metabolism of bone tissue occurs, consisting of initial resorp-
tion and subsequent recalcification of the endochondral layer 
of the temporal bone. This leads to bone remodeling and con-
sequently the immobilization of the stirrup in the oval window. 
In this way, the physiological oscillatory motion of the ossi-
cle is hindered or suppressed, leading to the deterioration of 
sound conduction to the inner ear. The most common site of 
otosclerotic foci formation is the area in front of the niche of 
the oval window, also known as the fissula ante fenestram. 
However, otosclerotic changes are also observed in the struc-
tures of the inner ear, such as the semicircular canals, utricle, 
saccule, and even within the inner ear canal [1].

A clear cause responsible for the development of otosclero-
sis has not been proven. In the etiology of the disease, genet-
ic, hereditary, and infectious factors, and hormonal disorders, 
ethnicity, and sex are considered [2].

In the diagnosis of otosclerosis, the following are used: a char-
acteristic clinical interview, audiological diagnostics, including 
tuning fork tests, pure tone, and impedance audiometry, and, 
in selected cases, high resolution computer tomography of 
the temporal bones. To illustrate cases of otosclerosis involv-
ing the oval window, Figure 1 shows conductive hearing loss 
in the absence of other hearing problems with a normal oto-
scope image. The presence of an air-bone gap in pure-tone 

audiometry and the absence of the stapedius muscle reflex in 
impedance audiometry with normal tympanometry are typical. 
Involvement of the inner ear with the disease process results 
in the clinical picture of sensorineural hearing loss, which re-
quires differentiation from other diseases that disturb bone 
conduction. In the natural course of otosclerosis, initially dis-
turbing air conduction, with the progression of the disease pro-
cess, the sensorineural component of hearing loss is added, 
giving a clinical picture of mixed hearing loss [2,3].

According to the available literature, otosclerosis is the cause of 
5% to 10% of all cases of hearing impairment and 18% to 22% 
of all cases of conductive hearing impairment [4]. Noticeable 
hearing loss impeding everyday activities is defined at the air 
conduction threshold of 25 to 30 dB. Another characteristic com-
ponent of pure tone audiometry in otosclerosis is the Carhart 
notch, described in 1950 by Raymond Carhart. The Carhart notch 
is described as an impairment in the bone conduction threshold 
(BC) by 10 to 20 dB for 2000 Hz frequencies above the mean 
thresholds at higher and lower adjacent frequencies (Figure 1) [5].

The presence of Carhart notch results from the disappearance 
of the resonance properties of the ossicles at this frequency. 
The occurrence of Carhart notch in the literature is reported to 
be between 31% to 80% [6,7]. In cases in which otosclerotic 
lesions are limited to the inner ear, the observed hearing loss 
has a sensorineural character, clinically presenting as cochle-
ar otosclerosis (observed in 15% of cases).

Treatment of otosclerosis consists of the use of a prosthesis 
suspended on the long process of the incus and placed in the 
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Figure 1.  An example of an audiogram showing a Carhart notch (red arrow) in the right ear. Carhart notch as an impairment in the 
bone conduction threshold (BC) for 2 kHz frequency above the mean thresholds at higher and lower adjacent frequencies 
(green arrows). BC – bone conduction threshold; AC – air conduction threshold; Hz – hertz; dB – decibel. Prepared using 
CorelDraw9, Corel Corporation.
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orifice created in the stapes footplate immobilized by the disease 
process. In this way, air conduction is improved, restoring the 
mobility of the ossicular chain. There is no effective treatment 
for sensorineural hearing loss caused by the development of 
otosclerotic foci within the inner ear (cochlear otosclerosis) [8].

Tinnitus is the phenomenon of perceiving sound when the 
hearing organ is not stimulated by an external acoustic stim-
ulus. Tinnitus can occur on one or both sides, constantly or 
periodically, and it is assumed that it arises as a consequence 
of disorders of the nervous system in various sections of the 
auditory pathway [9]. Almost 60% of patients with otosclero-
sis report persistent high- and low-frequency tinnitus, which 
significantly reduces their quality of life [10]. In otosclerosis, 
tinnitus is most often described as a high-frequency noise [11].

The etiopathogenesis of tinnitus in otosclerosis is not yet fully 
understood. Over the last few years, there have been a num-
ber of theories trying to explain the reasons for this patho-
genesis. The etiology of tinnitus takes into account the dis-
turbance of circulation and vibration of the inner ear fluids, 
pathological vascularization of the newly formed otosclerot-
ic bone, and the toxic activity of metabolites released during 
the otosclerotic process. Reduction or complete remission of 
tinnitus is observed in approximately two-thirds of patients 
after surgical treatment of otosclerosis [12].

Other symptoms that significantly affect patient quality of life 
with otosclerosis include vestibular disorders such as vertigo 
and balance impairment. According to the available literature, 
a subjective feeling of imbalance occurs in approximately 32% 
of patients. Objective analysis, confirmed by a videonystag-
mography test, shows vertigo affecting approximately 26% of 
patients with otosclerosis. Vestibular disorders can result from, 
among other things, changes in the biochemical composition 
of the perilymph and an increase in the pressure of the inner 
ear fluid. The clinical manifestation of vestibular symptoms 
depends on the severity of the disease [13].

Among the available methods of assessing balance disorders, 
attention should be paid to subjective tests that can be per-
formed after middle ear surgery and at the same time assess 
the quality of life of patients, such as the Vestibular Disorders 
Activities of Daily Living (VADL) scale. The VADL scale measures 
the ability to independently and safely perform 28 daily activi-
ties assessed according to a 10-point Likert scale. The assessed 
activities were divided into 3 categories: functional, ambula-
tory, and instrumental. Selecting 1 point on an activity means 
independent performance of the task, while 10 points indicate 
great difficulty in performing the activity independently [14,15]

Shifts in the BC curve (the Carhart effect) are observed in the 
course of various diseases of the middle ear. In otosclerosis, 

the Carhart effect (also known as the Carhart notch) is most 
often observed at 2000 Hz, which is associated with the im-
mobilization of the stapes plate. According to Yasan, the pres-
ence of a 1000 Hz notch in the course of middle ear diseas-
es indicates that the mobility of the stapes is preserved [16]. 
In the course of chronic or exudative otitis media, the Carhart 
effect is often observed at 4000 Hz. The prognostic value of 
the Carhart effect after surgical treatment of middle ear dis-
eases in terms of air-bone gap closure and the effect of treat-
ment on BC values is widely discussed [3].

The objective of this study is a postoperative analysis of au-
diometric test results in patients with otosclerosis in associa-
tion with factors influencing quality of life, such as the occur-
rence and intensity of vertigo and tinnitus.

Therefore, this retrospective study of 157 patients with oto-
sclerosis aimed to evaluate the association between the pres-
ence of a Carhart notch on the preoperative bone-conduction 
audiogram and postoperative hearing and balance evaluated 
by the VADL scale.

Material and Methods

Ethics Statement

The approval of the bioethics committee for the study was 
obtained (no. 122.6120.206.2016). All analyzed patients gave 
their written informed consent for treatment and participa-
tion in the study.

Material

A retrospective analysis was conducted involving 157 consec-
utive patients aged 18 to 50 years (average age 41.3 years) 
who underwent surgery for otosclerosis for the first time from 
2016 to 2019. A total of 90 women and 67 men were qualified 
for the study. Patients up to 50 years of age were analyzed to 
eliminate the factors related to the ageing of hearing organs.

Inclusion and Exclusion Criteria

The inclusion criteria for this study were as follows: (1) age 
between 18 and 50 years; (2) informed consent for the treat-
ment; (3) clinically diagnosed otosclerosis; (4) history of sta-
pedotomy; and (5) exclusion of other factors causing vertigo 
and/or tinnitus.

The exclusion criteria for this study were as follows: (1) age be-
low 18 years old and above 50 years old; (2) lack of informed 
consent for the treatment; (3) coexistence of other diseas-
es affecting the ear; (4) other factors causing vertigo and/or 
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tinnitus; (5) history of stapedectomy; and (6) patients with 
onset of vertigo/tinnitus directly after the surgical treatment 
persist over time, which can indicate a connection to the sur-
gical treatment.

Groups of Patients

Depending on the presence of Carhart notch in the operat-
ed ear, which was determined by pure-tone audiometry be-
fore and after the surgery, 4 groups of patients were formed. 
Based on the observations of other authors, Carhart notch was 
defined as an impairment in the BC of ≥ 7.5 dB for 2000 Hz 
frequencies above the mean thresholds at higher and lower 
adjacent frequencies. It was assumed that the Carhart notch 
frequency threshold had to be higher than the adjacent fre-
quency thresholds [3].

The analyzed group of patients was characterized by a large 
differentiation in the magnitude of the Carhart notch. Due to 
the necessity to distinguish a large number of statistically in-
significant subgroups, the influence of the Carhart notch mag-
nitude on the obtained results was not discussed.

Group 2 was divided into 2 subgroups (2a and 2b) with a cri-
terion of average BC of <30.65 dB and >30.65 dB. At this val-
ue, a Carhart notch could be observed in preoperative audi-
ometry in group 1.

The following groups of patients were created: group 1 (n=39), 
Carhart notch observed before and absent after surgery; group 
2 (n=87), Carhart notch not observed before and after sur-
gery; subgroup 2a (n=41), average BC <30.65 dB; subgroup 2b 
(n=46), average BC >30.65 dB; group 3 (n=10), Carhart notch 
absent before surgery and present after surgery; and group 
4 (n = 21), Carhart notch observed before and after surgery.

Note that group 3 had few patients that could not be includ-
ed in a meaningful statistical analysis. Therefore, group 3 was 
omitted from further statistical analysis of the data.

Material and Methods

Audiometric tests were performed before surgical treatment 
and at 4 and 12 months after surgery.

The tonal audiometry results were analyzed, with particular 
care given to the average values of BC in the operated ear be-
fore surgery, approximately 120 days after surgery and approx-
imately 12 months after surgery.

Within the groups, the effectiveness of the otosurgery and 
its impact on the function of the inner ear were assessed by 

analyzing the average value of BC and the change in the av-
erage value of BC at fixed time intervals at the frequencies of 
500 Hz, 1000 Hz, 2000 Hz, and 3000 Hz, based on the current 
recommendations [17].

The tinnitus matching test, a subjective test measuring the lev-
el of tinnitus, was used to study the frequency and intensity 
of tinnitus. The Tinnitus Handicap Inventory scale was used 
to assess the severity of tinnitus and its impact on the daily 
functioning of the patient [18]. Determination of the loudness 
and frequency type of tinnitus was conducted using a clini-
cal audiometer, performing the test first for octave and then 
at inter-octaval frequencies, by narrowing the tinnitus to half 
an octave [19,20]. Tinnitus was assessed before surgery and 
12 months after ear surgery for otosclerosis.

The air and bone conduction values were measured by a 
Madsen MIDIMATE® 622 audiometer equipped with TDK 39 

headphones. The audiometer met the ISO standards for both 
air (ISO0389-1985) and bone conduction (ISO7566-1987).

The understanding of speech test was carried out using the 

AAD80 type audiometer and the Technics amplifier and CD 
player.

The VADL subjective scale was used to evaluate vestibular dis-
orders [21]. This questionnaire uses 28 basic daily activities to 
assess the patient’s ability to independently, safely, and com-
fortably perform activities on a scale from 1 to 10. The choice 
of the subjective VALD scale was dictated by the inability to 
perform a safe objective assessment of vestibular disorders 
in electronystagmography in the early phase of postoperative 
otosclerosis treatment.

Statistical Analysis

Statistical analysis was carried out using the STATISTICA 13 
suite (StatSoft Polska, Cracow, Poland). The following tests were 
used: chi-squared test, Pearson’s linear correlation, t test, and 
one-way analysis of variance with small group adjustments. 
The Tukey’s test was used to test post hoc statistically signif-
icant results of the analysis of variance.

Statistically significant results were considered when P<0.05.

Results

The evaluation of the average BC values for 500 Hz, 1000 Hz, 
2000 Hz, 3000 Hz, in association with the occurrence of bal-
ance disorders and tinnitus, was carried out in the immedi-
ate preoperative period, as well as at 4 and 12 months after 
the surgical treatment.
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Preoperative Analysis

When analyzing the average preoperative BC value in an aggre-
gation of groups with a preoperative Carhart notch (groups 1 
and 4), a statistically significant correlation was found between 
the average BC values and the occurrence of tinnitus and verti-
go. In the group of patients with preoperative Carhart’s notch, 
tinnitus was the first symptom to occur, with the deteriora-
tion of sensory hearing loss (with an average BC of 25.3 dB). 
A greater degree of hearing loss coincided with vertigo (with 
an average BC of 32.6 dB). At an average BC value of 44.0 dB, 
tinnitus coexisted with vertigo (P<0.001; Table 1).

In cases of a preoperative lack of a Carhart notch (groups 2a 
and 2b), no statistically significant correlation was found be-
tween the average values of BC and the occurrence of tinni-
tus and vertigo (P=0.879).

The occurrence of Carhart notch was used as a divider for pa-
tient groups during the postoperative evaluation of the ob-
tained results. Analyses of the results obtained from groups 
1 and 4 were performed separately.

In the early postoperative evaluation, performed 4 months af-
ter surgery, the relationship between the occurrence of verti-
go and the values of average postoperative BC was analyzed. 
In the later evaluation at 1 year after surgery, the relation-
ship between average BC values and occurrence of both ver-
tigo and tinnitus was analyzed.

Analysis 4 Months After Surgery

At the 4-month post-surgery follow-up, a statistically signifi-
cant correlation was found with the occurrence of vertigo when 
analyzing the variance of the average BC value in the group 
of patients without the Carhart notch after surgery (group 1). 
During early observation, vertigo was observed with an aver-
age BC value of 37.8 dB. The observed correlation was statis-
tically significant (P=0.002; Table 2).

Group 1 demonstrated vertigo coinciding with a deterioration 
in average BC values when compared with measurements per-
formed before surgery. The change in average BC (DBC) was 
-5.69 dB. Group 1 patients without vertigo, assessed 4 months 
after surgery, displayed an improvement in average BC values 
(DBC 4.82 dB), as outlined in Table 2. Six patients in group 4 
(with persistent Carhart notch) demonstrated vertigo (54.5% 
of the group) during early postoperative observation and an 
average BC of 29.4 dB in postoperative observation. However, 
this result was not statistically significant (P=0.445).

Analysis of the 4-month postoperative average BC values in the 
operated ears of patients in groups without preoperative Carhart 
notch yielded a statistically significant correlation in group 2a with 
the occurrence of vertigo. In this group, vertigo was observed in 
patients with an average BC threshold value of 24.1 dB, higher 
than in patients without early vertigo. Similar to in group 1, the 
presence of vertigo correlated with a lack of improvement in av-
erage BC values, as opposed to patients in whom vertigo was 
absent, in which average BC values improved by nearly 3.5 dB.

Preoperative BC – average bone conduction thresholds before surgery; BC – bone conduction threshold; dB – decibel; SD – standard 
deviation; Me – median; min – minimum; max – maximum; n – number of patients; Hz – hertz.

Groups 1+4 (considered together) Preoperative BC (dB)

Before surgery n Average SD Me Min Max

Tinnitus 13 25.3 7.7 23.8 15.0 36.4

P<0.001Disturbance of balance 35 32.6 8.4 33.8 16.3 45.0

Tinnitus and disturbance 
of balance

11 44.0 2.5 43.8 42.5 51.3

Table 1.  Variance analysis of average bone conduction thresholds (as an average for 500 Hz, 1000 Hz, 2000 Hz, 3000 Hz) and presence 
of the tinnitus and disturbance of balance before surgical treatment in group1 and group 4 considered together.

Symptoms/average BC (dB)
Tinnitus Disturbance of balance

Tinnitus	and	disturbance	of	
balance

BC=25.3 BC=32.6 BC=44.0

Tinnitus/BC=25.3 0.044 <0.001

Disturbance of balance/BC=32.6 0.044 0.006

Tinnitus and disturbance of 
balance/BC=44.0

<0.001 0.006
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In the 4-month postoperative follow-up of group 2b, ver-
tigo was observed with an average BC value of 38.8 dB. 
This value was higher than that in the group without ver-
tigo (the average BC value in this group of patients was 
30.7 dB). The result was statistically significant at P<0.05. 
Additionally, postoperative vertigo was accompanied by a lack of  
improvement in average BC values.

Analysis 12 Months After Surgery

During the 12-month follow-up, in analyzing the postoperative 
average BC value in the operated ear in the groups without the 
Carhart notch, a statistically significant correlation was observed 
between the mean BC value and persistence of vertigo in group 
2a. The average postoperative BC value in this group was 23.5 dB, 
and, similar to the observation of early vertigo up to 4 months 
after surgery, it was higher than the mean BC value in patients 
without vertigo (amounting to 11.6 dB). Compared with the as-
sessment in the period immediately after the surgical treat-
ment, the number of patients with dizziness was lower (Table 3).

It is worth noting that in group 2a, there were patients who had 
improvements in average BC values who did not experience 

vertigo, whereas other patients in this group had vertigo in 
conjunction with persistent sensorineural hearing loss.

In groups 1 and 2b, no statistically significant correlation was found 
between the average postoperative BC values and the persistence 
of vertigo in the long-term follow-up. In group 4, no patients ex-
perienced vertigo in the late 12-month postoperative follow-up. 
The average postoperative BC value in this group was 26.6 dB.

During the 12-month follow-up, when analyzing the postop-
erative variance of average BC values in the operated ear in 
group 4, a statistically significant correlation was found be-
tween the mean postoperative BC value and the persistence 
of tinnitus (P<0.05). The average value of the postoperative BC 
was 37.1 dB. Increased tinnitus coexisted with profound sen-
sorineural hearing loss, with slight improvement in average BC 
values (Table 4). This correlation was not found in the group 
of patients without postoperative Carhart notch (group 1). 
Increased tinnitus coexisted with profound sensorineural hear-
ing loss, with slight improvement in mean BC values.

During the 12-month follow-up, when analyzing the postop-
erative average BC in the groups without Carhart notch, a 

Group
Disturbance  
of balance

n
Postoperative BC at 4 months (dB)

P
BC preop

(dB)
DBC
(dB)Average SD Me Min Max

Group 1
Absent 29 26.3 8.8 25.0 10.0 46.3

P=0.002
31.12 4.82

Present 10 37.8 10.4 36.9 21.3 53.8 32.11 -5.69

Group 2a
Absent 31 19.3 7.7 16.9 10.0 32.5

P<0.05
22.6 3.3

Present 10 24.1 7.4 26.3 10.0 37.5 22.7 -1.4

Group 2b
Absent 32 30.7 10.5 31.3 16.3 63.8

P<0.05
38.5 7.8

Present 14 38.8 8.8 40.0 26.3 51.3 40.3 1.5

Table 2.  Variance analysis of average bone conduction threshold and presence of balance disturbance in early 4-month follow-up after 
surgical treatment in groups 1, 2a, and 2b.

Postoperative BC – average bone conduction thresholds after surgery; BC – bone conduction threshold; BC preop – average bone 
conduction threshold before surgery; DBC – change in bone conduction; dB – decibel; SD – standard deviation; Me – median; 
min – minimum; max – maximum; n – number of patients; Hz – hertz.

Disturbance  
of balance

n
Postoperative BC at 1 year (dB)

P
BC preop

(dB)
DBC
(dB)Average SD Me Min Max

Absent 33 11.6 0.9 10.6 10.0 11.3
P<0.05

21.3 9.7

Present 2 23.5 7.4 23.8 10.0 37.5 22.8 -0.7

Table 3.  Variance analysis of average bone conduction thresholds and presence of balance disturbance in late 1-year follow-up after 
surgical treatment in group 2a.

Postoperative BC – average bone conduction thresholds after surgery; BC – bone conduction threshold; BC preop – average bone 
conduction threshold before surgery; DBC – change in bone conduction; dB – decibel; SD – standard deviation; Me – median; 
min – minimum; max – maximum; n – number of patients.
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statistically significant correlation was found with the per-
sistence of postoperative tinnitus in group 2a (P<0.05). The 
mean postoperative BC value was 25.6 dB. Tinnitus coexisted 
with no improvement in average BC values at the 1-year fol-
low-up after surgery.

In groups 1 and 2b, no statistically significant correlation was 
found between the persistence of tinnitus at the 12-month 
follow-up after surgery and average BC values.

The conducted analysis showed that the mean BC value as-
sessed 4 and 12 months after surgery was statistically signif-
icantly dependent on the group (P<0.01; Table 5).

Post hoc testing showed statistically significant differences 
in BC values in the control 12 months after surgery between 

groups 2a and 1 (P=0.018) and 2b and 2a (P<0.001). There 
were no significant differences between groups 1 and 2b, 1 
and 4, 2a and 4, and 2b and 4.

The post hoc testing also indicated the presence of statistical-
ly significant differences in the BC values in the postoperative 
control after 4 months between groups 2a and 1 (P=0.023), 
as well as between groups 2b and 2a (P<0.001). There were 
no significant differences between groups 1 and 2b, 1 and 4, 
2a and 4, and 2b and 4.

The values of postoperative BC in the established groups 
showed time consistency in the follow-up 4 and 12 months 
after surgery.

Group Tinnitus n
Postoperative BC at 1 year (dB)

P
BC preop

(dB)
DBC
(dB)Average SD Me Min Max

Group 4

Absent 7 23.0 4.6 22.5 13.8 27.5

P<0.05

27.5 4.5

Quiet 4 17.5 12.5 11.3 11.3 36.3 35.0 17.5

Loud 7 37.1 4.1 36.3 35.0 46.3 43.35 6.25

Group 2a

Absent 13 19.2 7.5 18.8 10.0 28.8

P<0.05

22.5 3.3

Quiet 17 25.6 6.2 26.3 16.3 37.5 23.6 -2.0

Loud 11 23.1 8.6 21.3 11.3 33.8 21.4 -1.7

Table 4.  Variance analysis of average bone conduction threshold and presence of tinnitus in late 1-year follow-up after surgical 
treatment in groups 4 and 2a.

Postoperative BC – average bone conduction thresholds after surgery; BC – bone conduction threshold; BC preop – average bone 
conduction threshold before surgery; DBC – change in bone conduction; dB – decibel; SD – standard deviation; Me – median; 
min – minimum; max – maximum; n – number of patients.

Follow-up Group n
Postoperative BC (dB)

P
Mean SD Me Min Max

12 months after 
surgery

1 39 29.2 10.4 26.3 10.0 53.8

P<0.001
2a 41 22.9 7.6 23.8 10.0 37.5

2b 46 33.2 10.6 31.9 16.3 63.8

4 21 27.5 9.7 28.8 11.3 46.3

4 months after 
surgery

1 39 29.5 10.3 26.0 11.0 54.5

P<0.001
2a 40 23.4 7.5 24.1 10.0 38.5

2b 46 33.6 10.6 32.3 16.5 64.0

4 21 28.0 9.8 29.0 12.0 46.3

Table 5. Average bone conduction thresholds in the established groups 4 months and 12 months after surgery.

Postoperative BC – average bone conduction thresholds after surgery; BC – bone conduction threshold; SD – standard deviation; 
Me – median; min – minimum; max – maximum; n – number of patients.

e939255-7
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Job K. et al: 
Senses of hearing and balance in the course of otosclerosis
© Med Sci Monit, 2023; 29: e939255

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

DATABASE ANALYSIS



At a later stage, the presence of tinnitus in the analyzed groups 
was assessed in the preoperative period, with particular at-
tention to the maintenance of symptoms after 12 months of 
follow-up following surgery. In the preoperative period, no 
statistically significant differences were observed in the inci-
dence of preoperative tinnitus between the established groups 
of patients. Most of the patients had high-frequency tinni-
tus of moderate intensity (grade 2 according to the Tinnitus 
Handicap Inventory).

Postoperative improvement in tinnitus incidence (complete 
resolution or significant reduction in intensity) observed in 
patients with tinnitus in the preoperative period was statisti-
cally significant (P=0.040) in the analyzed groups. In group 1 
and in group 2b, there was a comparable percentage of pa-
tients with improvement (68%). The lowest percentage of pa-
tients with improvement (28.57%) was in group 4.

Discussion

This study showed a relationship between the depth of sen-
sorineural hearing loss observed after surgery in patients with 
otosclerosis and its tendency to coexist with symptoms of in-
ner ear damage.

In individuals with preoperative Carhart notch and progres-
sive sensorineural hearing loss, there was a statistically signif-
icantly more common onset of tinnitus and then dizziness. In 
cases of profound bone conduction impairment, tinnitus and 
dizziness could be observed at the same time. This finding 
can be explained by the severity of the cochlear otosclerosis.

Despite the disappearance of Carhart notch after surgery, 
which is an audiometric manifestation of the restoration of 
vibrations for the resonant frequency of the ossicular chain, 
vertigo was observed during the early follow-up as a manifes-
tation of deep sensorineural hearing loss. As the disease pro-
gressed in patients from this group, vertigo and tinnitus were 
less severe, depending on the depth of sensorineural hearing 
loss. This can be explained by the progressive degradation of 
the sensory cells of the inner ear in the course of otosclerosis 
and the ongoing process of compensation [22].

In our study, persistent Carhart notch predisposed for the per-
sistence of tinnitus in patients with profound sensorineural 
hearing loss. This relationship was not observed in group 1 
(individuals without Carhart notch after surgery). The lack of 
restoration of vibrations for the resonant frequency (as seen 
in group 4) begs consideration of the performed surgical treat-
ment as a possible factor underlying the ailments. Persistent 
Carhart notch does not correlate with the tendency to expe-
rience vertigo in early and late follow-up.

In more than half of the analyzed patients (group 2), the clin-
ical picture suggested a predominance of cochlear otosclero-
sis, with less immobilization of the stirrup in the course of the 
otosclerotic process and no Carhart notch in the preoperative 
evaluation. The obtained results showed that the progressive 
damage to the inner ear functions was a factor predispos-
ing to dizziness and vertigo in the long-term observation, the 
presence of which correlated with the minor improvement of 
sensorineural hearing loss after performed surgical treatment.

In this study, preoperative vertigo was observed in patients 
in groups 1 and 4, those who had Carhart notch observed in 
the preoperative audiometric test. This vertigo more common-
ly coexisted with profound sensorineural hearing loss and mi-
nor or no improvement in average values of BC after surgery. 
The above observation indicates the preoperatively observed 
Carhart notch as a factor predisposing to the presence of pre-
operative vertigo in patients with accompanying profound sen-
sorineural hearing loss. This group consisted of 60 patients, 
which constituted 38% of all patients included in the study.

Dizziness at the early 1-month follow-up occurred in groups 1, 
2a, and 2b, which concerned patients without postoperative 
Carhart notch. In these patients, symptoms may have been as-
sociated with the opening of the inner ear space in the course 
of surgical treatment.

In a long-term follow-up, vertigo persisted only in group 2a. In this 
group, a statistically significant persistence of postoperative tinni-
tus was also observed in long-term follow-up. Over time in these 
patients, the symptoms of cochlear otosclerosis with deepening 
sensorineural hearing loss and a tendency for headaches and tin-
nitus were present in the foreground of the clinical picture [23].

Surgical treatment of otosclerosis is focused on reducing the 
air-bone gap, thus reducing hearing loss in the affected ear. 
Otosclerotic foci can occur in any part of the temporal bone 
and involve the niche of the round window, cochlear laby-
rinth, the base of the stirrup, posterior part of the oval win-
dow niche, internal auditory canal, the cochlear and vestibu-
lar aqueduct, or the semi-circular canals [2,8].

Apart from the typical clinical presentation with the presence of 
conductive hearing loss, the disease can remain asymptomatic or 
lead to dysfunction of the inner ear, which is responsible for the 
clinical presentation of cochlear otosclerosis with the presence 
of sensorineural hearing loss and vestibular symptoms. In addi-
tion to progressive hearing loss, the disease can cause tinnitus 
and balance disturbances that are troublesome for the patient.

Considering the natural progression of otosclerosis in pa-
tients whose symptoms in the first stage of the disease re-
sulted only from the disturbance of the mobility of the stapes, 
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other symptoms related to dysfunction of the inner ear were 
observed over the years.

In the final assessment of the results of surgical treatment, 
one should also consider the symptoms reported immediately 
after ear surgery and those resulting from the treatment. This 
is especially relevant in the early postoperative period and is a 
result of the surgical methodology during stapedectomy and 
placement of the prosthesis [24].

This study is consistent with the observations of other authors on 
the influence of the mechanics of the middle ear on the function 
of the inner ear. The level of bone conduction in otosclerosis is in-
fluenced by several factors: cochlear otosclerosis, the Carhart ef-
fect, possible damage in the operated ear to the inner ear during 
surgery, and the occurrence of complications after surgery [16].

Opinions are consistent regarding the improvement of bone con-
duction in the early period after uncomplicated stapes surgery. 
In the available studies, an improvement in bone conduction is 
noted after the surgical treatment of otosclerosis, even in 60% of 
those operated on up to 15 dB in the speech frequency range [25].

Based on the conducted research, Lamblin et al presented an 
improvement in the average values of BC in the operated ear 
in the early follow-up (4-12 months after surgery) [3]. However 
Szymański et al noticed hearing deterioration in the long-term 
period (average 10-year follow-up) [26]. This can be associat-
ed with the progression of cochlear otosclerosis, in the course 
of which the inner ear is damaged due to the formation of ab-
normal otosclerotic bone in the endosteum of the cochlea bony 
sheath many years after ear surgery due to otosclerosis [27,28].

According to reports by other authors, vertigo occurs in approx-
imately 30% of patients with otosclerosis. Otosclerotic chang-
es, typically located in the fissula ante fenestram, can also be 
observed in the structures of the inner ear. In the studies of 
Hizli et al, examination of the anatomical pathological struc-
ture of the temporal bones of deceased patients suffering from 
otosclerosis revealed a decrease in the density of type I and II 
atrial hair cells when compared with the image of bones un-
changed by the otosclerotic process. Abnormalities were ob-
served in the upper semicircular canal, lateral semicircular 
canal, utricle, saccule, and posterior semicircular canal [29].

A study by Saka et al of vestibular-evoked myogenic potentials in 
response to bone-conducted sound in patients with otosclerosis 
indicated that 20% to 37% of patients with otosclerosis devel-
op tinnitus and vertigo over the course of the disease. The au-
thors investigated the causes of dizziness in patients with oto-
sclerosis using vestibular-evoked myogenic potential in response 
to bone-conducted sound (BC-VEMP). Patients with otosclero-
sis who had not been treated before were analyzed, comparing 

the data from their medical history with the results of BC-VEMP. 
Disturbed vestibular function was found in 90% of patients with 
a history of vertigo. Saccule dysfunction was indicated as the 
main cause of vertigo in patients with otosclerosis [30].

The presented observations justify the necessity of research 
on the variability of Carhart notch occurrence and its relation-
ship with the postoperative improvement in the quality of life 
of patients in terms of the impact on the function of the hear-
ing organ and balance system.

Conducting an objective assessment of the vestibular organ 
with the use of caloric tests is often contraindicated after sur-
gery on the middle ear. The limitation of the conducted anal-
ysis was the use of subjective tests in the assessment of bal-
ance disorders without caloric tests.

Our intention was to indicate whether balance disorders ap-
peared in patients after surgery for otosclerosis and whether 
they hinder everyday functioning. The collection of informa-
tion about imbalances in the preoperative period indicates a 
relationship between the treatment performed and the change 
(severity/reduction) of these symptoms. The assessment of the 
impact of balance disorders on the quality of life was analyzed 
in terms of the subjective feeling of dizziness and its impact 
on the daily functioning of patients (VADL scale).

A further difficulty in conducting the research was the pres-
ence of transient dizziness in the immediate postoperative pe-
riod, which resulted from the opening of the inner ear space 
at the stage of prosthesis insertion.

Considering the factors that can have a negative impact on the 
final result of otosclerosis treatment, we should also mention 
factors including the wrong length of the prosthesis, its de-
fective attachment on the long process of the incus, and in-
correct sealing of the hole in the stapes plate.

Conclusions

The findings from this retrospective study from a single cen-
ter showed that the presence of a preoperative Carhart notch 
on audiogram and severity of sensorineural hearing loss were 
associated with tinnitus and vertigo. However, preoperative 
Carhart notch was not associated with persistent postopera-
tive tinnitus in patients with cochlear otosclerosis.
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