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Introduction

Otosclerosis is a two stage, metabolic bone remodelling
process of the otic capsule characterized by bone resorption
(otospongiosis) and recalcification (otosclerosis). The term
otosclerosis was coined by AdamPolitzer in 1894.1Anson and
Bast etiologically related the histologically unstable cartilage
in the fissular region to the development of otosclerosis. A
mass of newly formed bone remodels itself and becomes an

active focus of otosclerosis.2–4 Malleoincudal dislocation may
occur when there is regrowth of otosclerotic bone above the
oval window. Secondary torsional stresses on the stapes
pulling the incus down is believed to be responsible for
Malleoincudal dislocation, which can be diagnosed by High
Resolution Computed Tomography (HRCT) temporal bone
imaging.5 After stapes surgery, the biologically remodeled
incus would revert back to its original position due to the
absence of torsional forces of stapes and subsequent pull by
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Abstract Introduction Observing the obliquity of stapes by closely scrutinizing the HRCT
temporal bone in otosclerosis revealed a reliable and consistent finding. This finding
can add to the existing radiological criteria in diagnosis of otosclerosis.
Objective The objective of this study is to establish the obliquity of stapes in
otosclerosis by radiological measurements using HRCT temporal bone by comparing:
(a) the distance between the horizontal (tympanic) segment of facial nerve and stapes
head in otosclerotic ears (study group) with non-otosclerotic ears (control group); and
(b) the angle subtended by stapes with promontory in the study and control groups.
Methods This is a prospective study performed after the institutional Ethics Commit-
tee clearance (IEC 3/2013).
Results An increased mean distance between the horizontal segment of facial nerve
and stapes head in otosclerotic patients (i.e., 2.49mm þ/� 0.24mm SD), when
compared with the non-otosclerotic patients (i.e., 1.46mm þ/� 0.16mm SD) is noted.
There is a change in angle (i.e., 64.550 þ/� 7.190 SD) subtended by the stapes toward
the promontory in otosclerotic ears when compared with that of controls (i.e.,
99.700 þ/� 40 SD). We applied the Mann-Whitney U non-parametric test and consid-
ered p value of < 0.0001 highly significant.
Conclusions Obliquity of stapes in otosclerosis referred to as a “Pisa” sign by the senior
author has diagnostic value as a new radiological sign in imaging of otosclerosis. This
obliquity explains the torsional effect of otosclerosis on the ossicular chain. The findings
correlate with late complications and failures in stapes surgery.
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the superior incudal ligament. This can lead to late compli-
cations in stapes surgery. The purpose of this study is to
objectively evaluate the obliquity of stapes toward promon-
tory and the torsional effect of otosclerosis on the stapes and
rest of the ossicular chain by radiological imaging. Though
observed by surgeons, no radiological study has been done to
evaluate and utilize this critical information.

Objectives

The objectives of this study are to document the obliquity and
inferior displacement of stapes observed during stapedotomy
surgery for otosclerosis. We performed a radiological evaluation
to a) calculate the distance between the tympanic segment of
facial nerve and stapes head and b) to establish the torsional
effect of otosclerosis on stapes and ossicular chain bymeasuring
the change in angle subtended by the stapes with the promon-
tory in both the study and control groups.

Method

This is a prospective study done in our center from January
2013 to December 2014. This study was comprised of 20
patients divided into two groups. The study group
consisted of 10 otosclerotic patients and the control group
of 10 non-otosclerotic patients who presented to us with
sudden sensorineural hearing loss. All patients with
sudden sensorineural hearing loss (SSNHL) underwent
tympanometry with reflex study. Only those with either
ipsilateral or contralateral reflex positive were selected to
exclude any otosclerosis in this group. After getting
informed consent from patients and clearance from insti-
tutional ethics committee (IEC 3/2013), we examined
patients radiologically by HRCT temporal bone imaging.
The scans were obtained with identical protocols. With the
patient lying in the neutral position, we performed HRCT
temporal bone imaging in both axial and coronal planes
with 1 mm slice thickness with table feed of 1mm, perpen-
dicular to the orbito meatal line using Siemens Somotome
Duo (Siemens, Erlangen, Germany). We took high resolu-
tion temporal bone CT scans of 1mm contiguous coronal
sections with no gap between two slices at the level of
lateral semicircular canal. The same radiologist read the
images. Measurement of the length and also the angle were
done only in the coronal plane using syngo software.

Length
A straight line was drawn to measure distance between the
mid horizontal (tympanic) segment of facial nerve and stapes
head in coronal sections using syngo software in both the
study and control groups (►Fig. 1).

Angle
The angle subtended by the stapes with promontory in the
otosclerotic and non-otosclerotic patients was measured
using syngo software between two lines, one from the oval
window to head of stapes and second line from the promon-
tory to stapes head (►Fig. 2).

Result

Wecompared the radiologicalmeasurements obtained in the
otosclerotic and non-otosclerotic patients (i.e., SSNHL) and
ran a statistical analysis with SPSS 17.0 software using the
Mann-Whitney U non-parametric test. The mean distance
between the facial nerve and the stapes head in High
resolution CTscans, 1 mmcontiguous coronal sections, taken
at the level of the lateral semicircular canal was 2.49 mm
þ/� 0.24 mm SD in otosclerotic ears and 1.46 mm þ/� 0.16
mm SD in non-otosclerotic ears. In the otosclerosis subjects,
the mean angle measured was 64.55° þ/� 7.19° SD, whereas
in the non-otosclerotic ears it was 99.70° þ/ � 4° SD. The
Man-Whitney U non-parametric test showed that the test
statistic value was greater than the table value for length and
angle measurements in both the groups and the p value was
highly significant at level < 0.0001. This indicates a torsional
effect and downshift of the stapes toward the promontory
(►Tables 1, 2, 3 and ►Figs. 3–8).

Fig. 1 Illustration showing the increase in length from facial nerve to
stapes head due to obliquity of stapes in otosclerosis (dotted line).

Fig. 2 Illustration showing change in angle due to obliquity of stapes
in otosclerosis (dotted line).
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Discussion

Histologically, otosclerosis is characterized by a wave of
abnormal bone remodelling with resorption of the otic
capsule bone and replacement with a hyper cellular woven
bone that, over a long time, undergoes further remodelling,
resulting in sclerotic mosaic architecture.6 Themost common
area of stapes fixation is the anterior crus in the region of the
embryonic fissula antefenestram.7–9 Fissula antefenestram is
unique to humans.10 Because of the metamorphosis of the
lining cartilage, fissulae in general and large fissulae in
particular are areas of histological instability.2 An underlying
genetic defect of COL1A1 gene in collagen metabolism results
in the generation of an unstable extracellular matrix with a
high propensity for remodelling.11 It is quite clear from the
above that biological remodelling is the norm in oval window
area in otosclerosis.

Other researchers have observed that, in otosclerosis,
differences in the tilt of stapes superstructure and malposi-
tion of the incus are common.12 The obliquity of the stapes
toward the promontory and the torsional effect of otosclerosis

on the ossicular chain is understood by comparing the
distance between the stapes and facial nerve canal as well
as the angulations of stapes with promontory in both study
and control groups in this study. The torsional effect of
otosclerosis, leading to the obliquity of stapes, also affects
the incus and rest of the ossicular chain. These observations
have not yet been objectively evaluated and documented.

Radiology of Otosclerosis
The usual radiological findings in case of otosclerosis is low
attenuation in fissula antefenestram, thickening of the oval
windowmembrane, plaqueornewbone formation, and reduced
surface area of the stapes.5 The mean Hounsfield unit (HU)
values in the area anterior to the oval window (A-OW) are
significantly lower in otosclerosis than in others. Based on
receiver operating characteristic (ROC) analysis, the cut-off HU
value in A-OWwas 2,187.3 HU.13 Malleoincudal dislocation can
occur, secondary to torsional stresses, particularly when there is
growth of otosclerotic bone above the oval window, which is
diagnosed by CT criteria.5 In addition to these, there is increased
distance between the stapes head and thehorizontal segment of

Table 1 HRCT temporal bone measurements in otosclerotic
patients

Serial Distance (in mm) Angle (in degrees)

1 2.90 52.95°

2 2.40 69°

3 2.40 64.18°

4 2.90 69°

5 2.23 65.399°

6 2.22 55.60°

7 2.40 72°

8 2.60 65°

9 2.33 57.55°

10 2.60 74.845°

Table 2 HRCT temporal bone measurements in non-
otosclerotic patients

Serial Distance (in mm) Angle (in degrees)

1 1.30 103°

2 1.20 99°

3 1.72 100.029°

4 1.52 93.729°

5 1.60 101°

6 1.40 101°

7 1.59 93.217°

8 1.54 97.369°

9 1.48 105.325°

10 1.30 103.45°

Table 3 Mann-Whitney U Test

i) Ranks

Group� N Mean
Rank

Sum of
Ranks

CT.OTO.L 1 10 15.50 155.00

CT.NON-OTO.L 2 10 5.50 55.00

Total 20 – –

OTO.ANG 1 10 5.50 55.00

NON-OTO.ANG 2 10 15.50 155.00

Total 20 – –

ii) Test Statisticsa

Test Distance
statistic
value for
both
groups

Angle statistic
value for
both groups

Mann-Whitney U 0.000 0.000

Wilcoxon W 55.000 55.000

Z -3.790 -3.782

Asymp. Sig. (2-tailed) 0.000 0.000

Exact Sig. [2�(1-tailed
Sig.)]

0.000b 0.000b

Exact Sig. (2-tailed) 0.000 0.000

Exact Sig. (1-tailed) 0.000 0.000

Point Probability 0.000 0.000

Abbreviations: CT. OTO.L, CT otosclerosis length; CT.NON-OTO, CT non-
otosclerosis length; OTO.ANG, otosclerosis angle; NON.OTO ANG, non-
otosclerosis angle; Asymp., asymptomatic; Sig., signal.
� Group 1, Otosclerosis; Group 2, Non-otosclerosis.
aGrouping Variable: group.
bNot corrected for ties.
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facial nerve in otosclerosis when compared with the non-
otosclerotic patients. There is also a difference in the angle
subtended by the stapes with promontory between otosclerotic
andnon-otosclerotic patients. Thesefindings documented in our
study after HRCT temporal bone imaging can be used as new

radiological sign in the diagnosis of otosclerosis. The normal
non-protruding middle portion of the facial canal runs superior
to the oval window and inferior to the lateral SCC. Only 1mm of
bone separates the tympanic segment of the facial nerve canal
from the vestibule.5

Fig. 3 HRCT Temporal bone coronal image showing length and angle
measured in Otosclerotic patient.

Fig. 4 HRCT Temporal bone coronal image showing angle measured
in otosclerotic patient.

Fig. 5 HRCT Temporal bone length measured in non-otosclerotic patient.

Fig. 6 HRCT Temporal bone showing angle measured in non-oto-
sclerotic patient.

Fig. 7 Graph showing (Scatter dot) HRCT length between stapes head
and facial nerve in otosclerosis and non-otosclerosis patients.

Fig. 8 Graph showing (Scatter dot) angle subtended by stapes with
promontory in otosclerosis and non-otosclerosis patients.
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In a study by Zhu F. et al, the distance between head of stapes
and facial nerve is 1.18 (� 0.42 mm).14 In a study by Nicoleta
Maru et al on intra temporal course andmorphometric features
of the facial nerve, the distancebetween the tympanic portion of
the facial nerve and the stapes head is 1.58 mm.15

In our study, the mean distance between stapes head and
facial nerve in non-otosclerotic control group is 1.46mm
(� 0.16 mm SD), which correlates with the literature. How-
ever, in otosclerosis we found that there is an increase in
mean distance between the facial nerve and the stapes head
(i.e., 2.49 mm � 0.24 mm SD). The mean angle subtended by
the stapes with the promontory in otosclerotic patients is
around 66.55° when compared with the non-otosclerotic, for
which it is around 99.70°.

New Radiological Sign in Otosclerosis
Imaging plays an important role in conductive deafness cases for
anatomical detailing, differential diagnosis, surgical planning,
and assessment of post-operative complications.8 High-resolu-
tion CT (HRCT) of the temporal bone using 1-mm (or less) thick
sections is the modality of choice for assessment of the labyrin-
thine windows and cochlear capsules.16 High-resolution CT can
detect an otosclerotic focus in up to 85% of patients with clinical
otosclerosis.17OnCT, thedetectionofotosclerosis canbedifficult
to the inexperienced eye because the spread of the disease is
often symmetrical. A small lucency at the fissula antefenestram
is typical for otosclerosis, although diagnosis of otosclerosis is
based on clinical and audiological criteria. CT scan is useful to
differentiate Pagets’ disease, superior semicircular canal dehis-
cence,middle earmalformations, congenital stapesfixation, and
tympanosclerosis.18–20 The mean HU value alone in the area
anterior to the oval window (A-OW) is not very reliable in early
detection of otosclerosis. Distances between horizontal segment
of facial nerve and stapes head, along with stapes-promontory
angle in HRCT as described will further improve radiologic
diagnosis of otosclerosis especially to differentiate other similar
conditions.

The senior author suggested that, for this description of
obliquity of stapes in otosclerosis, the term “Pisa” eluding to
the notion of the leaning tower of Pisa is ubiquitous. The
“Pisa” sign, as described here, can be used in preoperative CT
assessment of otosclerosis without using specialized instru-
ments like telemanipulator systems used in other studies.18

Conclusion

The obliquityof stapes increases the distancebetween the stapes
andhorizontal portionof facial nerve andalso causes a change in
the angle subtended by stapes with promontory in otosclerosis.
This obliquity, referred to as the “Pisa” sign, has a diagnostic
value as a new radiological sign in otosclerosis imaging. It helps
to understand the torsional effect of otosclerosis on the ossicular
chain and to analyze late complications and failures in stapes
surgery and ways to avoid them. Our objective assessment and
documentation of “Pisa” sign is a simple and reliable method,
using existing CT scan technology and software.
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