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Numerical study of Hough technique in surgery of otosclerosis,
using the finite element method
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Purpose: Otosclerosis is a metabolic bone disease of the otic capsule that can cause the stapes fixation, resulting in conductive hear-
ing loss or, in a profound sensorineural deafness threshold. Surgery is one of the possible treatments for the otosclerosis. To repair small
focus of otosclerosis in the anterior crus of the stapes, in 1960, Hough suggested the implementation of a technique in which part of the
anterior crus is fractured and the stapes turned. As a result, the posterior crus of the stapes is the only connection with the inner ear. In
this work, the outcome of Hough’s surgical technique was simulated. Methods: Based on computerized images, a finite element model of
middle ear ossicles and tympanic membrane was created, as well as a model where the stapes has changed. The discretization of the
tridimensional solid model was made using the ABAQUS software. The mechanical properties used were taken from the literature and
adequate boundary conditions were applied. Results: The results obtained with the Hough technique simulation were compared with
a representative model of the normal ear, taking into account the displacements obtained on the central part of the stapes footplate and
the maximum principal stress in the stapes crus. Conclusions: The results obtained are closer to the normal ear model, therefore Hough

technique stands out as a good option to correct small focus of otosclerosis.
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1. Introduction

The ears are sensory organs of the auditory system,
involved in the detection of sound. Three ossicles
(malleus, incus, and stapes) are attached in a chain to
the tympanic membrane and transform sound waves
into mechanical vibrations that pass to the inner ear,
where they are converted into electrical impulses which
the auditory nerve sends to the brain. The stapes, the
smallest bone in the human body, is the third compo-
nent in the tympano-ossicular chain of the middle ear.

Otosclerosis is a disease that can cause stapes fixa-
tion, resulting in different kinds of hearing loss. It is
a disorder that involves the growth of abnormal bone
around stapes footplate. The most common clinical pres-
entation of otosclerosis is a patient with 15-45 years
(more in women) with progressive deafness, bilateral

(80%), and tinnitus (75%) [19]. The tonal and vocal
audiometry, tympanometry, and acoustic reflexes, are
the most used diagnostic tests. Hearing aids are an ac-
ceptable option for patients with otosclerosis. However,
surgery is the more effective solution.

When the surgical procedure, stapedectomy, with
interposition of a stapes prosthesis was introduced by
Shea (1956) [21], a new period in the surgical treat-
ment of otosclerosis started [9], [22]. Since then,
a great effort has been made to improve the properties
of biomaterials used in surgery, as well as the surgical
technique itself. Stapedectomy, involving the com-
plete removal of the stapes, has been the initial surgi-
cal technique, but nowadays it has been largely re-
placed by stapedotomy [23]. The stapedotomy is
thought by many otologic surgeons to be safer and
reduce the chances of post-operative complications.
Decision to perform total or partial stapedectomy ver-
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sus stapedotomy depends on the extent of stapes fixa-
tion and other characteristics of the stapes footplate,
and on the surgeon preference [11]. The most com-
mon area of stapedial fixation in otosclerosis is the
anterior crus of stapes. To correct small focus of oto-
sclerosis, Hough, in 1960, suggested the implementa-
tion of a technique in which part of the stapes anterior
crus is breached and the posterior one is rotated, get-
ting only the connection between the stapes footplate
and the inner ear made through the posterior crus [8],
[12]. The anterior crus of the stapes is cut using
a microdrill. The anterior part of the stapes footplate,
with the otosclerotic focus, is lifted out of the oval
window using a 45° microhook, and is removed. The
posterior part is transposed towards the middle of the
oval window, using a hook, pushing the posterior crus
of the stapes in an anterior direction. The oval window
is covered with a gelfoam plate [18]. This procedure
allows for removal of the pathologic portion of the
stapes footplate and normal reconstruction of mucous
membrane and endosteum at the oval window [13].
The technique can be developed without cutting the
stapedius tendon. This has a potential advantage in
patients who work around loud noises. In this proce-
dure, the stapes footplate, the incudoestapedial joint
and the stapes posterior crus are preserved. The poste-
rior crus is placed on a graft of perichondrium, which
covers the oval window, thus allowing the passage of
sound. However, it is crucial to know the level of
stress that the posterior crus is subjected and also if it
has sufficient strength to support that level of efforts.
In this work, the simulation of Hough’s surgical tech-
nique was carried out and the results compared with
the ones achieved using a model representative of the

normal ear, taking into account the displacements that
occur in the central part of the stapes footplate and the
maximum principal stress in the stapes crus.

2. Material and methods

The first step of this work was the creation of the
tympano-ossicular chain of the middle ear, tympanic
membrane and ossicles (malleus, incus and stapes) in-
cluding ligaments and muscles based on computerized
tomography images. A finite element model was created
[5] by using the ABAQUS software [10]. The ossicles
are modelled by tetrahedral elements (C3D4), assumed
to have isotropic behaviour, and with elastic properties
obtained from literature [20]. The tympanic membrane is
modelled by hexahedral (C3D8) elements and it was
divided into pars flaccida, on its upper and pars tensa
(membrane itself). Three layers of elements were created
with different characteristics, simulating the behaviour of
tympanic membrane. The pars flaccida was considered
isotropic, with only one layer. Internal and external lay-
ers of pars tensa were considered isotropic and the fi-
brous intermediate layer was considered orthotropic with
the tangential and radial Young's modulus as described
in the literature [2], [6], [7].

The ligaments and muscles were modelled using
linear elements of type T3D2. The hyperelastic non-
linear behaviour for the ligaments was modelled using
Yeoh material model [6], [3], [17], [24]. Hill model
was used for the muscles [7], [16]. Fluid elements, of
type F3D3, were used to simulate the cochlear fluid.
The incudomaleolar joint (connection between the

¢)

Fig. 1. Normal model (a); normal stapes (b); transformed stapes with Hough technique (c)
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malleus and the incus) and incudostapedial joint (con-
nection between the stapes and the incus) were simu-
lated using contact formulation. The basic Coulomb
friction model available in ABAQUS software [10]
was used, with friction coefficient equal to 0.7 [4].

Boundary conditions include tympanic sulcus,
ligaments (the superior, lateral and anterior ligaments
of the malleus; posterior and superior ligaments of the
incus and the stapes annular ligament) and muscles
(the tensor tympanic muscle of the malleus and the
stapedius muscle of the stapes) [6].

Based on Hough technique, the existing stapes was
modified, and a new model was created (Fig. 1). The
stapes footplate was kept unmodified and a “Abaqus
*tie” boundary condition was applied between the
base of the crus and the footplate.

3. Results

A dynamic study was made for a frequency range
between 100 Hz and 10 kHz (human audible frequency
range). A sound pressure level of 80 and 105 dB SPL
(0.2 Pa and 3.557 Pa, respectively) was applied at the
tympanic membrane. In Fig. 2, the stapes footplate dis-
placements are shown, when the sound pressure level of
80 dB SPL is applied at the tympanic membrane.

The graphic shows the results for the model repre-
sentative of the normal ear and for the model simu-
lating Hough technique, no highlighting significative
differences.

The experimental results obtained by Lee [15] and
computational results of Prendergast [20] are shown in
the same figure and we can see that are closed of other
results.

Displacermant (m)

Freguency (Hz)

Fig. 2. Stapes footplate displacements for 80 dB SPL
applied at the eardrum

For a sound pressure level of 105 dB SPL, the re-
sults for the normal ear were compared with the ex-
perimental study of Kurokawa [14] (Fig. 3). The simu-
lation results of the stapes footplate displacements are
in accordance with the results obtained by the other
author, for both sound pressure levels, with the Hough
technique providing the closest results to the normal
model.
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Fig. 3. Stapes footplate displacements for 105 dB SPL
applied at the eardrum
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Fig. 4. Maximum principal stress (in Pa) in the stapes crus, for 100 Hz, 1 kHz and 8 kHz
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In order to better understand the stress distribution
in the stapes crus, between the two models, an analysis
of the maximum principal stress was made, (Fig. 4),
applying a pressure of 80 dB SPL at the eardrum and
getting results for 100 Hz (low frequency), 1 kHz
(middle frequency) and 8 kHz (high frequency). The
greater stress was found for low frequencies and is
created in the beginning of the crus near the stapes
body; in the normal model this stress is distributed
between two crus (5.24E+04 Pa) and in the model
with only one crus this stress is greater (6.83E+04 Pa),
although of the same order of magnitude. For mid-
dle frequencies the maximum principal stress ap-
pears in the posterior crus of the stapes, near its
body; in the normal stapes 4.89E+03 Pa and the
other 2.94E+04 Pa. For higher frequencies the maxi-
mum principal stress occurs near the stapes footplate,
in the anterior crus for the normal model and in the
posterior crus for other model.

4. Discussion

Although otosclerosis is considered one of the best
known and manageable causes of hearing loss, there is
a need for further scientific research that can provide
surgical improvements. Decision to perform stape-
dectomy versus stapedotomy depends on the extent of
stapes fixation and other characteristics of the foot-
plate. Hough in 1960 suggested performing a partial
anterior stapedectomy for small anterior foci of oto-
sclerosis. He performed this technique by fracturing
the middle of the footplate and anterior crus and ex-
tracting the anterior half of the stapes. He did this
without cutting the stapedius tendon. This has a po-
tential advantage in patients who work around loud
noises [19].

Despite the efforts of introducing several other
therapeutic options, the treatment of otosclerosis is,
undoubtedly, surgical, being the stapedotomy the most
accepted scientifically. The introduction of new meth-
ods that raise the opportunity of decreasing the dura-
tion and technical difficulties of surgery, allowing best
audiological results and fewer postoperative compli-
cations constitute clinically significant contributions.
In cases of small focus of otosclerosis, the outcome of
the current work indicates that whenever the Hough
technique can be applied, it is a good surgical option,
since in addition to the audiological results being of
good prognosis, this technique carries fewer post-
surgical complications for the patient. This technique
has given excellent long-term results in a large num-

ber of patients. In over 90% of the cases reported the
air-bone gap has closed to within 10 decibels, and in
65% of the cases, the air-bone gap was over closed.
Although some patients have been followed as long
as seven years, there has been threshold regression of
10 decibels or more from the point of highest postop-
erative gain in only 1.5% of cases. Reported results
recommend this technique as a step toward a more
physiologic solution to the problem of stapedial an-
kyloses [13].

To point out the advantages obtained by this tech-
nique in relation to stapedectomy, only a limited part
of the vestibule is exposed to possible trauma, and the
risk of elevation of the endosteum of the vestibule
during removal of the entire footplate is eliminated.
The simplicity of using a portion of the native stapes
itself, instead of a prosthesis, has both an aesthetic
appeal and practical advantages. All the tissues
needed for reconstruction are readily available in the
same surgical field. Exposure of the stapes footplate
is significantly enhanced while the long process of
the incus is distracted laterally and there is no need
to measure, manipulate, or crimp a prosthesis. These
factors can simplify the stapedectomy operation,
minimize the number of variables facing the surgeon,
and perhaps even reduce the operating time and costs
incurred [1].

With the numerical study presented in this work,
one can observe that the movement of the stapes foot-
plate obtained with the model representing a normal
ear are similar to the one obtained with the model that
simulates the Hough technique. In respect to the
maximum principal stress, obtained in the stapes crus,
it presents greater values for low frequencies and near
the stapes body. For higher frequencies the maximum
value is obtained near to the stapes footplate. Once
that with the Hough technique, the stapedius tendon is
not cut, it is expected that for the high frequencies, the
stapes footplate stress decreases, protecting the inner
ear from harmful sounds. Additionally, it may be con-
cluded that the Hough technique can be a good option
to treat small focus of otosclerosis.
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