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Objective: Evaluating postural function in patients with otosclerosis by assessing otoneurological function and
balance-related quality of life before and 6 weeks after surgical treatment. Correlations between and clinical features were
investigated.

Methods: Thirty-three patients affected by otosclerosis underwent otoneurological examination, video Head Impulse Test
(vHIT), and static posturography before and after stapedotomy. Quality of life and dizziness-related handicap were screened
by means of validated questionnaires. Correlation analysis was performed in order to discover possible relations with audio-
logical pre- and postoperative parameters.

Results: A significant improvement in posturographic parameters was found. Correlation analysis yielded a negative correla-
tion between preoperative bone conduction auditory threshold and both vHIT scores and postural performance improvement, evalu-
ated by spectral analysis. Moreover, a positive correlation was also found between improvements in posturographic scores and
quality-of-life questionnaires.

Conclusion: The study results demonstrated an improvement in postural function and self-reported measures in a
cohort of patients with otosclerosis 6 weeks after stapedotomy. The inverse correlation with preoperative auditory levels
may reflect lesser chance for balance restoration in cases with worse sensorineural function. Possible implications for
daily activities and overall quality of life were suggested by improved self-report questionnaire results.
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INTRODUCTION
Vestibular symptoms may occur in patients with oto-

sclerosis both before and after surgery. Up to 30% of otoscle-
rosis cases are accompanied by complaints such as episodes
of unsteadiness, dizziness, or recurrent attacks of vertigo.1,2

According to some authors, vestibular symptoms seem to be
rare before surgery, limited to far-advanced forms or cases
with otosclerotic foci involving the labyrinth.3,4 Moreover, it
is not clear whether vestibular functional tests, performed
preoperatively, correlate with progression of the disease.5

On the contrary, vestibular symptoms are quite common
after surgery, ranging between 12% and half of cases.1,6

Usually these symptoms resolve in less than a week, with
long-term, recurring, or disabling vertigo apparently limited
to a very small percentage of patients.4,7

Previous studies aimed at delineating the extent of ves-
tibular peripheral impairment in otosclerosis, especially with

respect to surgical treatment, focusing on functional tests
such as vestibular-evoked miogenic potentials (VEMPS) and
caloric testing6,8–11; results showed various degrees of abnor-
malities but did not explore the relation between objective
vestibular peripheral impairment, when present, and patient
self-reported, balance-related quality of life. Vestibular disor-
ders and dizziness are highly associated with postural imbal-
ance and increased body sway, especially in challenging
situations represented by visual and somatosensory con-
flicts.12,13 In this light, static posturography—especially
when implemented with power spectra analysis—has been
reported to be a useful method of assessing the extent of bal-
ance impairment and the relative impact of different sensory
domains to postural dysfunction; previous experiences have
shown posturographic parameters to well correlate with
objective measurements of vestibular function such as
vestibulo-ocular reflex (VOR) gain and also to reflect self-
reported patient well-being in relation to balance.14,15 To our
knowledge, an evaluation of postural sway coupled with its
impact on daily functioning has never been performed in
patients with otosclerosis.

Thus, the aim of this study was to evaluate postural
function in a cohort of patients with otosclerosis by
assessing VOR gain, posturography parameters, and val-
idated quality-of-life questionnaires, before and after
surgical treatment. Correlation analysis was performed
in order to investigate possible relations with clinical
features.
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MATERIALS AND METHODS

Patient Selection and Study Design
Thirty-six patients (24 females, 12 males, mean age 51.2

years) with a clinical diagnosis of otosclerosis, recruited between
September 2017 and January 2019, were included in the study.
Diagnosis was based on clinical history of progressive hearing
loss, normal otoscopy, an audiogram showing a mean conductive
hearing loss greater than 20 dB nHL in the range of 0.5 to
4 kHz, the absence of cochleo-stapedial reflexes, and radiological
evaluation using high-resolution computed tomography excluding
other middle ear alterations. All patients had clinically relevant uni-
lateral involvement; in the occurrence of bilateral disease, the most
affected ear was included in data analysis. Only patients who never
underwent stapes surgery were included. Patients with history of
malignancy; head trauma; and neuropsychiatric, metabolic, cardio-
vascular, endocrine, infectious, and neuro-otological illnesses were
excluded from the study. The common peripheral blood parameters
were checked; no patient was pregnant or breastfeeding, and no par-
ticipants on medications influencing neuro-otological functions were
included.

The study adhered to the principles of the Declaration of
Helsinki, and all the participants gave written informed consent
after receiving a detailed explanation of the protocol, which was
approved by the Independent Ethical Committee of Tor Vergata
University Hospital.

Patients underwent a comprehensive otoneurological evalua-
tion in a time frame between 2 and 3 weeks before surgery; theywere
then re-evaluated 6 weeks after the procedure. Clinical examination
included binocular electro-oculography analysis with positional
manoeuvres, Head Shaking Test, Clinical Head Impulse Test, and
bithermal caloric testing—as well as limb coordination, gait observa-
tion, and Romberg stance test. All surgical procedures were per-
formed, with the stapedotomy technique, by the same surgical team.

Audiological Evaluation
According to the guidelines of the Committee on Hearing and

Equilibrium of the American Academy of Otolaryngology,16 pure
tone average was calculated as the averaged hearing threshold from
four frequencies (500; 1,000; 2,000; and 4,000 Hz) for both bone-
conduction (BC) and air-bone gap (ABG, the difference between
bone-conduction and air-conduction auditory thresholds). Both pre-
and postoperative measurements were included in the study.

Otoneurological Testing
Video Head Impulse Testing (vHIT). The

EyeSeeCam System, Interacoustics, Middelfart, Denmark17 and
the technique used in previous protocols18,19 were used for VOR
evaluation; the ear affected by otosclerosis and due to surgical
treatment was considered for data analysis. Outcomes were
defined as abnormal if two conditions were encountered: abnormal
VOR gain with regard to normative data and presence of refixation
saccades (revealed by visual inspection, according to Blodow
et al.18). From the manufacturer’s software (OtoAccess, Inter-
acoustics, Middelfart, Denmark) version Otoaccess®Database,
median values registered at 60 ms were transferred onto .xls files
for analysis. In line with previous studies,18–20 the gain-reference
range (mean normal �2 (standard deviations [SD]) was equal to
0.91 � 2 (0.04) and 0.90 � 2 (0.03) for right and left side, respec-
tively), incorporating 95% of healthy population, age- and gender-
matched with the current population of patients,19,20 and including
32 normal volunteers in our laboratory.20

Static Posturography Testing. Each subject was
trained by means of sham testing to maintain an upright position
with the knees slightly apart and heels together but not touching,
the feet forming an angle of 30� on a stiff posturography platform
(ED800, MEDI-CARE SOLUTIONS S.r.l. EUROCLINIC, Bologna,
Italy).21 The recording period then started with an interval of 60 sec-
onds for each test (eyes closed or open), and the sampling frequency
in the time domain set at 25 Hz.19,20 The center of pressure (CoP)
was monitored during the test. Measurements evaluated for the
study were CoP trace length (length), surface of its ellipse of confi-
dence (surface), and the fast Fourier transform (FFT) processing of
sway on both the right–left (x) and forward–backward (y) planes.19,20

Time–domain oscillations outputs (x and y) were moved from the
original software into.txt format, and the FFT was processed by
means of a MatLab (MathWorks, Natick, MA), version r2108b func-
tion.22 Spectral values (power spectra [PS]) of body oscillations were
estimated on an .xls file for every frequency included in the range
between 0.0122 to 4.9927 Hz.19,20 Spectral analysis has been fre-
quently implemented in the field of posturography, trying to sepa-
rate numerous physiological contributions to static balance.23,24

Several authors proposed different kinds of frequency char-
acterization, usually with the lowest frequency interval associ-
ated with visuo-vestibular inputs, a middle frequency band
related to proprioceptive and cerebellar cues, and higher frequen-
cies representing central causes of imbalance.23,25 Although some
range distribution discrepancies exist,23,24 previous studies con-
ducted on both healthy and diseased subjects showed consistency
in discriminating such components.19,20,26 Thus, the frequency
spectrum was divided into three groups: 1) 0.0122 to 0.6958 Hz
(low-frequency interval), 2) 0.708 to 0.9888 Hz (middle-frequency
interval), and 3) 1.001 to 4.9927 Hz (high-frequency interval).
Inside each group of intervals, the spectral intensity was
assessed by adding the relative PS of the single frequency and
the group mean PS (� SD).19,20

Self-Report (SRM) and Performance
Measures (PM)

Before and after surgical treatment all the patients
underwent:

1. The Italian Dizziness Handicap Inventory (DHI) version in-
cludes 25 questions conceived to evaluate a patient’s functional
(DHI-F; 9 questions), emotional (DHI-E; 9 questions), and physi-
cal (DHI-P; 7 questions) limitations on a 3-point scale.27

2. The Activities-specific Balance Confidence scale (ABC) was used
to assess the patient’s subjective level of balance confidence expe-
rienced in 16 daily living activities ranging from 0% to 100%.28,29

3. The Dynamic Gait Index (DGI), which scores the subject’s
competence to accomplish diverse gait activities (e.g., walking
with head turned and avoiding obstacles).29,30 The scale
includes eight questions, with a score ranging from 0 to 3.28–30

Data Handling and Statistical Analysis
Mean and SDs of all variables were calculated. In order to ver-

ify that data were of Gaussian distribution, the D’Agostino
K-squared normality test was adopted (where the null hypothesis is
that the data are distributed normally). A within-subjects analysis
of variance was performed for pre- and postoperative otoneurological
variables as well as for SRM-PM. The significant cutoff level (α) was
fixed at a P value of 0.05. Bonferroni correction for multiple compari-
sons was applied to test post hoc significant main effects.

Spearman’s rank correlation was performed between auditory
threshold measurements (both pre- and postoperative BC and ABG
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thresholds) and significant pre- and posttreatment differences (Δ)
in otoneurological and SRM-PM scores. A significant cutoff level (α)
was set at a P value of 0.05 (Statistica version 7 for Windows).

TABLE I.
PTA Results and Demographic Data for Our Study Patients (n = 33).

Age 50.7 � 10.8

Gender 21 F; 12 M

Disease side (most affected ear) Left ear: n = 18
Right ear: n = 15

Preoperative Postoperative

Mean SD Mean SD

BC 22.6 6.8 19.2 8.3

ABG 26.8 8.7 11.4 4.9

Preoperative and postoperative demographic data and PTA results for our cohort of patients. All audiological data in dB nHL.
ABG = air-bone gap; BC = bone conduction auditory threshold; F = female; M = male; PTA: pure tone audiometry; SD = standard deviation.

Fig. 1. Significant changes in classical posturographic parameters,
surface and length, between pre- and postoperative examination,
for both eyes open and closed conditions.

Fig. 2. Significant changes between pre- and postoperative low-
frequency power spectra values, for eyes closed and eyes open
conditions, in the mediolateral (x) and anteroposterior (y) axis.

TABLE II.
Pre- and Postoperative Results for Otoneurological and

Self-Report/Performance Measures.

Preoperative Postoperative

Mean SD Mean SD P Value

vHIT gain 0.94 0.11 0.96 0.12 NS

Surface: EO 584.58 233.34 417.56 244. 77 P < 0.05

Surface: EC 1285.50 465. 58 901.24 438.43 P < 0.05

Length: EO 589.30 107. 69 515.15 104. 27 P < 0.05

Length: EC 838.32 169.06 741.77 152.79 P < 0.05

Low-frequency
PS x: EO

6.55 1.01 5.38 1.08 P < 0.05

Low-frequency
PS y: EO

5.47 0.71 3.84 0.98 P < 0.05

Low-frequency
PS x: EC

7.96 1.00 6.31 1.08 P < 0.05

Low-frequency
PS y: EC

7.03 0.71 4.97 0.99 P < 0.05

Middle-frequency
PS x: EO

0.31 0.09 0.32 0.08 NS

Middle-frequency
PS y: EO

0.22 0.07 0.21 0.07 NS

Middle-frequency
PS x: EC

0.28 0.06 0.3 0.05 NS

Middle-frequency
PS y: EC

0.18 0.05 0.2 0.06 NS

High-frequency
PS x: EO

0.99 0.21 0.96 0.22 NS

High-frequency
PS y: EO

0.81 0.18 0.84 0.2 NS

High-frequency
PS x: EC

1.07 0.3 1.02 0.28 NS

High-frequency
PS y: EC

1.02 0.24 1.04 0.26 NS

DHI: Total Score 52.42 4.66 40.06 5.56 P < 0.05

DHI: P 10.48 2.79 8.30 2.70 P < 0. 05

DHI: E 21.21 3.28 16.42 3.35 P < 0.05

DHI: F 20.73 3.77 15.33 3.63 P < 0.05

DGI 17.94 5.46 18.10 3.50 NS

ABC 75.52 2.63 78.70 4.88 P < 0.05

Pre- and postoperative results for vestibulo-ocular reflex gain analysis
by means of vHIT, posturographic variables, and validated self-report/perfor-
mance measures.

ABC = Activities-specific Balance Confidence scale; DGI = Dynamic Gait
Index; DHI = Dizziness Handicap Inventory; E = emotional; EC = eyes closed;
EO = eyes open; F = functional; NS = nonsignificant; P = physical; PS = power
spectra; SD = standard deviation; vHIT = Video Head Impulse Test.
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RESULTS

Patients
Of the 36 patients recruited for the study, three

dropped out before postoperative follow-up due to logistical
difficulties; thus, 33 subjects (21 females, 12 males; mean
age 50.7 years) completed both pre- and postoperative
evaluation and therefore were included in data analysis.
See Table I for audiological results and demographic data.

Otoneurological Testing
Clinical otoneurological examination did not show any

evident abnormality for all study subjects. In the field of
classical posturography parameters, within-subject analysis
showed a significant decrease in surface and length values
for both closed and open eyes conditions (Fig. 1). Regarding
FFT results, a significant decrease in PS values within the
low-frequency domain, both on x and y planes in open and
closed eyes conditions, was found between pre- and postop-
erative values (Fig. 2). There were no significant differences
between pre- and postoperative VOR gain scores, calculated
by means of vHIT.

SRM-PM
A significant within-subject effect was found for both

ABC and DHI, with increased postoperative scores with
respect to pretreatment values (Table II). In particular,
DHI scores significantly improved in all three subsections.

Correlation Analysis
Spearman’s rank correlation analysis yielded a nega-

tive correlation between preoperative BC auditory threshold
and vHIT scores (r = −0.79) for the affected ears (Fig. 3A).
Moreover, a negative correlation between preoperative audi-
tory BC levels andΔPSvalues for the low-frequency domain,
in closed eyes conditions, for both x and y planes, was found
in our study group (r = −0.81 for x axis, r = −0.78 for y axis,
respectively) (Fig. 3B). Finally, a positive correlation was
also found between ΔPS values for the low-frequency
domain, with eyes closed, and the improvement in ABC
scores (ΔABC, r = 0.75 for x axis, r = 0.76 for y axis) (Fig. 3C).
No significant correlation was found in our study cohort
between otoneurological parameters, other SRM-PM mea-
sures, and pre- and postoperative ABG or postoperative BC
hearing level.

DISCUSSION
In the present study, a significant postoperative

improvement in posturographic parameters—and especially
within the vestibular-related domain power spectra—in
patients affected by otosclerosis, evaluated 6 weeks after
stapedotomy,was demonstrated. Such improvementwas pre-
sent also inDHI andABCquestionnaire scores, reflecting bet-
ter patient quality of life with regard to balance function after
surgical treatment.

Postural function and its impact on quality of life have
been scarcely investigated in patients with otosclerosis:
A study by Ozmen et al.31 evaluated patients at baseline,
1 week, and 1 month after surgery by using computerized
dynamic posturography,with study subjects showing a reduc-
tion in balance function 1 week after surgery, returning to
preoperative values in a 1-month span. Similar results were
obtained by Molony and Marais32 by using postural sway
analysis. In our study cohort, both classical parameters and
low-frequency PS showed an improvement with respect to
preoperative values (Figs. 1 to 2).

Fig. 3. Significant correlations between otoneurological and perfor-
mance measures: (A) negative correlation between VOR gain and
preoperative BC threshold, (B) negative correlation between preop-
erative BC threshold and improvement in ΔPS for both x and
y axis, (C) positive correlation between ΔABC questionnaire score
and ΔPS for both x and y axis. ΔPS = low-frequency power spec-
tra; ABC = Activities-specific Balance Confidence Scale; BC = bone
conduction; PS = power spectra; VOR = vestibulo-ocular reflex.

Laryngoscope 00: 2019 Alessandrini et al.: Improved Postural Control After Stapedotomy

4



These aspects represent an interesting insight into the
role of stapes surgery in improving overall balance. From a
physiological standpoint, it could be speculated that the res-
toration of efficient sound transmission may partially influ-
ence postural function, possibly providing subjects with
additional information about the surrounding environment
to better control body movements; sound may act as a spa-
tial landmark helping integrating other sensory inputs, thus
improving overall balance control.33,34 In this light, it has
been proposed that a sound-induced vestibular activation
would evoke a vestibulo-postural reflex, influencing bal-
ance;35,36 indeed, previous works highlighted various
effects of sound on posture from increased oscillation on the
mediolateral (x) plane35 to reduced sway in the same axis37

and beneficial effects on anteroposterior (y) oscillations.38 In
our study population, a reduction in postural sway was
found in both x and y planes with eyes open as well as closed
(Fig. 2). Such results confirm previous experiences showing
an increased positive effect of sound stimulation, especially
when other sensory inputs, such as vision, are neglected.34,39

To this end, it is worth noting that some authors have dem-
onstrated an increase, or even the reappearance, of VEMPS
signal in operated ears after stapedotomy.40,41 Hypotheses
involving saccular overstimulation, due to proximity to the
stapes prosthesis, have been proposed, whereas other stud-
ies involving VEMPS found contrasting evidence.6,42 In this
vision, considering low-frequency spectral signal as an indi-
rect estimate of the vestibulo-spinal reflex output,35,43,44 it
could be speculated that the increase in posturographic per-
formance after stapedotomy in our study population could
represent a manifestation of the same underlying phenom-
ena, with a possible increase in vestibular end organ affer-
ents being responsible for reduction in postural oscillations.

Interestingly, the negative correlation between preoper-
ative BC hearing and improvement in FFT values (Fig. 3B)
may reflect reduced boundaries for balance improvement in
patients with worse auditory function. This hypothesis is cor-
roborated by studies showing an increase of center of pressure
oscillations in people with sensorineural hearing loss33 and
cochlear implant users with the implant turned off.37

Although previous studies evaluating postural function in oto-
sclerosis failed to show relations between vestibular testing
and both pre- and postoperative hearing,31,32 it could be
hypothesized that an increase in intralabyrinthine disruption
due to disease progression, as shown by increased sensorineu-
ral hearing loss, could subclinically affect peripheral vestibu-
lar function in a way that could hamper the possibility of
complete balance restoration. However, no correlations were
found regarding postoperative hearing modifications (ΔBC
and ΔABG) and posturographic improvement or question-
naire scores. This is in line with previous studies failing to
show connections between postoperative vestibular function,
or presence of symptoms, and hearing improvement.8,45

Extending these aspects, several studies have investigated
whether otosclerosis impairs vestibular function along its nat-
ural course; the majority of authors focused on objective mea-
surements with no definite findings about the extent of the
relation between VEMP scores,5,46 caloric response,10,47 and
auditory threshold orABG inpatients not undergoing surgical
treatment. A possible link between otosclerosis and anatomo-
physiological impairment in the vestibular end organs has

been postulated by postmortem studies on temporal bones,
depicting interesting findings such as higher incidence of
cupular deposits,3 lower Scarpa’s ganglion cell count,48

and vestibular nerve atrophy.46 It has also been hypothesized
that the release of toxins or inflammatory mediators from
otosclerotic foci into the membranous labyrinth could contrib-
ute to both acute and chronic symptoms reported in
patients.49,50 In our study cohort, preoperative otoneurological
evaluation by means of clinical examination and vHIT analy-
sis did not show any abnormality; however, baseline vHIT
scores were shown to be negatively correlated with preopera-
tive BC auditory threshold (Fig. 3A), thus suggesting a link
between the extent of involvement of labyrinthine structures
and VOR output. Moreover, SRM-PM yielded scores that
could reflect a subclinical impairment of postural function.

Previous works also focused on vestibular function
after stapes surgery; approximately half of the patients
complain of short-lasting symptoms such as rotatory vertigo
or floating sensation. It is rare, however, that such distur-
bances persist, and they usually are due to complications
such as perilymph aspiration, perilymphatic fistula, or
benign paroxysmal positional vertigo.4,51 Several studies
have demonstrated vestibular function to return within pre-
operative levels, as measured by VEMPS and caloric test-
ing, in a time span ranging from 1 to 6 months, varying on
different study design.6,41,45 In our study, patients were
evaluated 6 weeks after surgery; otoneurological examina-
tion showed no evident clinical sign, whereas vHIT scores
for the operated ear showed a mild improvement, although
not statistically significant (Table II). This result is consis-
tent with a study by Catalano et al.6 who evaluated
20 patients before and after surgery and did not find any
significant vHIT score change.

Taken together, the present study confirms the useful-
ness of posturography as a monitoring tool for postural func-
tion due to consistent and reliable correlations with other
objective measures. It is noteworthy that only low-frequency
PS values reported significant modifications after surgery
because these oscillations are mainly under vestibular
control,14,20,23,24 and previous works demonstrated modifica-
tions of such range in various conditions associated with ves-
tibular impairment.14,19,22 This strengthens the hypothesis of
neural streams involving vestibular signaling being responsi-
ble in the improvement in balance observed in this study.

Finally, the significant change in ABC and DHI
scores after surgery (Table II) reflects an improvement in
patient-reported dizziness and global life functioning, also
reinforced, with respect to ΔABC, by a positive correla-
tion with modifications in low-frequency PS (Fig. 3C).
This new evidence could represent a beneficial role played
by stapes surgery in terms of daily performances and per-
ceived disability. It is particularly interesting that ABC
scores showed significant improvement because such a
self-report questionnaire is a reliable index of global risk
of fall in everyday activities with regard to other clinical
questionnaires such as DHI and DGI, respectively, focus-
ing on perceived dizziness and gait analysis evaluation.52

This study suffers from some limitations. First, the
sample size needs to be increased in order to reach more
reliable conclusions about the relation between stapes
surgery and improvements in balance and daily life
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outcomes. Moreover, a population naïve for stapes surgery
was considered; thus, our conclusions could not be applied
to patients undergoing a second procedure and/or revision
surgery. It could also be of interest to analyze a population
of patients undergoing conservative treatment with hearing
aid application using the same tests and a similar time
frame to further investigate the role of enhanced acoustic
stimulation in balance improvement. Finally, with respect
to PS analysis, most of the spectral power in postural oscil-
lation is represented within the low-frequency interval53,54;
cutoff points between frequency ranges are debated among
different groups,14,23,24 indicating that results could not be
attributed solely to a change in vestibular function but may
represent the effect of multiple neural circuits influencing
balance.

CONCLUSION
The present study demonstrated an improvement in

postural function and self-reported measures in a cohort of
patients with otosclerosis 6 weeks after stapedotomy. The
extent of this effect showed an inverse correlation to preop-
erative auditory BC status, reflecting lesser chance for bal-
ance restoration in cases with sensorineural impairment.
Our results add up to the knowledge about the effects of
surgical treatment in otosclerosis, with possible implications
for patients’ daily activities and overall quality of life.
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