Characterization of the vestibular
function in an otosclerosis population
- a pilot case-control study
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Miguel Campos Lopes function in an otosclerosis population, and its
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Study Design: Case-control studly.
Material and Methods: Patients with clinical/
audiological suspicion of otosclerosis (surgically
confirmed) and healthy controls matched for
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Conclusion: It is possible to verify a subjective
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Introduction

Otosclerosis is one of the most common
otologic diseases, with an estimated
prevalence of 0.3-0.4%. It affects the female
sex predominantly and typically presents
in the third and fourth decades of life. Its
clinical course is characterized by progressive
conductive hearing loss secondary to
otosclerotic footplate fixation, which can
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vestibular involvement is scarce. Recent
studies have suggested that there may be
some degree of involvement of the vestibular
system in patients with otosclerosis, which
may be detected through a comprehensive
vestibular evaluation—through the video
head impulse test (vHIT), caloric tests,
and cervical and ocular vestibular evoked
myogenic potentials (c(VEMPs and oVEMPs).%%
Nevertheless, there is no consensus on the
etiology and pathophysiology of vestibular
involvement or the best method to assess it.
This study aimed to characterize the vestibular
function in patients with otosclerosis who
had not been operated on, using the vHIT
and quality of life questionnaire related to
vestibular symptoms using the Dizziness
Handicap Inventory (DHI) and compare this
sample with a healthy population.

Materials and Methods

Sample

This was a cross-sectional observational case-
control study. The participants were recruited
between October 2022 and February 2023
and divided into two groups. The first group
(cases) comprised patients with otosclerosis
referred from the otorhinolaryngology clinic
of a tertiary hospital (Centro Hospitalar de
Entre o Douro e Vouga) who were recruited
using consecutive sampling.

The inclusion criteria were as follows: clinical
and audiological suspicion of otosclerosis
(evidence of conductive hearing loss with
an intact tympanic membrane); unilateral or
bilateral disease in unoperated ears; diagnosis
confirmed intraoperatively a posteriori. The
exclusion criteria were as follows: presence of
vestibular disease; previous history of otologic
surgery; chronic otitis media; absence of
surgical confirmation of the diagnosis.

The second group comprised controls—
healthy patients recruited at the hospital
through convenience sampling—who had
no previous history of otologic or vestibular
disease; they were matched for age and sex.
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Vestibular evaluation
Vestibularfunctionwasassessedpreoperatively
using the vHIT system (ICS Impulse System,
GN Otometrics). After the initial evaluation for
the presence of spontaneous nystagmus, the
device was calibrated. The examination was
performed with the acquisition of 20 head
impulses in each direction in each of the three
vestibular planes—horizontal, RALP (right
anterior/left posterior), and LARP (left anterior/
right posterior). The criteria used to establish
the dysfunction of the semicircular canal
were gains lower than 0.8 (in the horizontal
semicircular canals) or 0.7 (in the vertical
semicircular canals), asymmetry greater than
15%, and the presence of corrective saccades
(overt and covert), defined as pathological
according to the system’s software, after visual
inspection of the graph to exclude artifacts.”
The examinations were performed by a trained
physician or audiologist.

Additionally, the DHI guestionnaire—
the version that has been translated and
validated in Portuguese®—was administered.
It comprises 25 items (scored from O to 4) on
the subjective evaluation of vestibular and
balance symptoms and, consequently, the
quality of life associated with these symptoms.
This questionnaire is subdivided into three
domains: physical, functional, and emotional.

Statistical analysis

Descriptive analysis was used to document the
characteristics of the study sample. Normal
distribution was assessed through visual
analysis of the histogram. Categorical variables
are expressed as frequencies and percentages
(n, %), and normal continuous variables are
expressed as means * standard deviation (SD).
The non-parametric Mann-Whitney, Wilcoxon,
and Kruskal-Wallis tests were used to compare
the mean gain of the vestibulo-ocular reflex
(VOR) of the semicircular canals between the
groups, and the Mann-Whitney test was used
to compare the scores obtained in the DHI.
Fisher's exact test was used to compare the
presence of corrective saccades in the vHIT
between the groups.



All data were processed and analyzed using
the IBM SPSS Statistics software , version 27,
and statistical significance was set at p<0.05.

Informed consent

All procedures in this study were performed
according to the regulations established by
the institution’s Clinical Research and Ethics
Committee and the Declaration of Helsinki
of 1964 of the World Medical Association
and its later revisions. The study received
a positive opinion and approval from the
aforementioned ethics committee, with
CES no. 57_2022. All participants signed the
informed consent form for the study.

Results

Sample characterization

The final sample contained 24 participants—I12
each in the otosclerosis and control groups.
Twenty-two participants (91.6%) were women,
and the mean age of the two groups was 44
+ 8 years. Six patients (50%) in the otosclerosis
group were under clinical and audiological

Table 1

suspicion of having bilateral disease at
the time of diagnosis, and none showed
evidence of cochlear otosclerosis® (defined
as sensorineural or mixed hearing loss
attributable to the disease).

Table 1 shows the clinical and demographic
characteristics of the sample.

Comparative analysis of VHIT results

The mean VOR gains of the horizontal
semicircular canals in the otosclerosis
and control groups were 097 and 1.04 for
the right ear and 090 and 0.97 for the left
ear, respectively. This difference was not
statistically significant (Man-Whitney p=0.89
onthe right and p=0.76 on the left). The results
obtained for the other semicircular canals and
presence of corrective saccades were also not
statistically significant (Fisher p=0.32). These
results are shown in Table 2.

Subsequently, subgroup analysis was
performed to compare the VOR gains of the
three pairs of semicircular canals among
the control, unilateral otosclerosis, and

Clinical and demographic characteristics of the sample (n=24)

| Otosclerosis(n-) Control (n=12)

Female (n, %) 11 (91.6) (91.6)
Age (mean * SD) 444 +776 440+79
Bilateral disease (n, %) 6 (50) -
Cochlear otosclerosis (n, %) 0 (0) -

The results are expressed as (n, %) for the categorical variables and (mean + SD) for the continuous variables.

Table 2
Comparative analysis of VHIT results

| Otosclerosis(n=i2) | Control(n=1) | _p

VOR Gain Horizontal SCC (R) 0.97 + 0.07 1.04 + 0.22 0.89
VOR Gain Horizontal SCC (L) 0.90 = 0.07 0.97 + 0.20 0.76
VOR Gain Anterior SCC (R) 1.05 + 0.33 0.91+ 0.09 0.32
VOR Gain Anterior SCC (L) 0.85 + 0.13 0.91+ 0.08 0.30
VOR Gain Posterior SCC (R) 0.80 + 0.09 0.86 + 0.08 0.06
VOR Gain Posterior SCC (L) 0.86 + 0.22 0.83+0.10 0.21
Presence of corrective saccades 4 (33.33) 2 (16.67) 0.32

VHIT - Video Head Impulse Test; VOR - vestibulo-ocular reflex; SCC — semicircular canal; R - right; L - left; The gain values are expressed
as (mean + SD), and the presence of corrective saccades is expressed as (n, %).
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Table 3
Comparative analysis of DHI results

| otosclerosis(n=1) | Control(n=1) | p |

Mean Total Scores
Physical Domain
Functional Domain

Emotional Domain

24.08 6.25 0.007*
6.25 2.33 0.02*
8.42 267 0.006*
9.42 1.25 0.003*

DHI - Dizziness Handicap Inventory; The presented values correspond to simple arithmetic means; * significantly different values
between the groups, assuming a cutoff of p<0.05 to define statistical significance.

bilateral otosclerosis subgroups. There was
no significant difference in the mean gains
among the three subgroups for any of the
canals (Kruskal-Wallis p>0.05) or between each
pair of two subgroups (Man-Whitney p>0.05).
The comparison of the mean gains between
the right and left semicircular canals of the
sample showed significantly higher values on
the right side (Wilcoxon p<0.001); no analysis
was performed at the level of the affected ears.

Comparative analysis of the DHI results
Regarding the DHI, there was a statistically
significant difference between the mean total
score of the otosclerosis group and that of
the control group (24.1 vs. 6.3; Mann-Whitney
p<0.01). A similar finding was obtained for
the three components of the DHI (physical,
functional, and emotional). The results of the
comparative analysis of the DHI scores are
shown in Table 3.

Discussion

Otosclerosis is one of the most common
causes of progressive hearing loss in the adult
population.? Despite its apparent relationship
with vestibular symptoms, the objective
evidence for vestibular involvement is, per se,
scarce, and this has recently been the focus of
clinical investigation.**®
Therelationshipofotosclerosiswithvertigoand
balance symptoms has been described in the
literature.®'2 One proposed etiology of these
symptoms is the otosclerotic involvement of
the vestibular organ itself, which is supported
by some histopathological evidence®
Another theory is that this involvement
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occurs at the level of the vestibular Scarpa’s
ganglion. However, the reported symptoms
may correspond to a concomitant vestibular
disease.” The literature has reported isolated
cases of benign paroxysmal positional vertigo
(VPPB) that may be related to the location and
extension of otosclerosis,'® and that appear to
be more common in the early postoperative
period of surgical trauma."”

In the context of more recent studies on this
topic, Catalano et al.* prospectively analyzed
a sample of patients with otosclerosis
and compared them to a control group
by performing pre- and postoperative
evaluations. Although the authors did
not report significant differences in the
parameters of the VHIT between the two
groups, they suggested the role of cVEMPS in
the assessment of postoperative vertigo and
indicated a possible saccular dysfunction of
traumatic etiology due to its proximity to the
oval window.

Moreover, Satar et al® presented a similar
hypothesis after comparing patients with
otosclerosis (previously operated and non-
operated groups) with a control group. They
found a significant reduction in the gains
of the horizontal semicircular canals and a
higher prevalence of corrective saccades in
the otosclerosis groups.

More recently, Rajati et al.® studied this topic
more comprehensively using a larger sample.
They observed vestibular dysfunction in the
otosclerosis group caused by the involvement
of the otolithic system, as shown by abnormal
oVEMPs and cVEMPs results, as well as the
involvement of the semicircular canals, as



demonstrated by the caloric test and vHIT
results (in which the gains were significantly
lower in the otosclerosis group than in the
control group). To the best of our knowledge,
no study thus far has performed a subjective
assessment of the quality of life related
to vestibular symptoms in patients with
otosclerosis by comparing them to healthy
individuals. In this study, no significant
difference was found in the results of the VHIT
between the otosclerosis group (unilateral
and bilateral disease) and control group—
in the gains calculated for the VOR of the
semicircular canals and the presence of
corrective saccades (Table 2).

Moreover, there was a statistically significant
difference inthetotal score obtained inthe DHI
guestionnaire and the partial scores obtained
in its three domains (physical, functional, and
emotional) between the two study groups
(Table 3).

Thus, the data suggest a relationship between
otosclerosis and a higher prevalence of
vestibular symptoms, which does not appear
to be explained by the results of the VHIT.
These findings are in line with the results of
Catalano et al.4, who reported that there was
no effect of otosclerosis on the function of the
semicircular canals, as measured by the vHIT.
However, these findings diverge from those of
two more recent studies on the topic>¢, which
reported the involvement of this system.

The main limitation of this study was the
small sample size, which led to a reduction in
the capacity to measure effects. Further, the
analysis was performed on individuals rather
than the affected ears, and this may have
affected the statistical analysis—the inclusion
of healthy ears in the unilateral otosclerosis
group. The determining factor for this
limitation was the fact that the device used in
the study (ICS Impulse System, GN Otometrics)
is a system of monocular acquisition that
tends to overestimate the gains on the side
where the camera is positioned (right side).
The use of a system with binocular acquisition
would circumvent this limitation.

A limitation regarding the vHIT was the fact

that the exams were performed by more
than one operator, with potential technical
bias. Another important limitation, which
is common to all studies in which answers
to questionnaires are evaluated, was the
high subjectivity of their interpretation and
potential exceptional uncontrollable factors
that may influence the responses at the time
of completing the questionnaire.

In the future, this issue should be addressed
by using larger samples and conducting
comprehensive studies on all components
of vestibular function to obtain an overall
assessment of these patients. Comparative
pre- and postoperative evaluations should
also be performed to understand the impact
of stapedotomy on vestibular function and
determine the presence of modifying factors.

Conclusions

In  this study, subjective functional
impairment of balance was observed in
patients with otosclerosis (as was shown in
the DHI questionnaire) who did not appear
to be associated with a dysfunction of the
semicircular canals, as shown by the VvHIT.
Further studies should be conducted with
larger samplesto evaluate thisissue and assess
the remaining components of vestibular
function in patients with otosclerosis—
through VEMPs and caloric tests.
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