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Introduction
Stapes surgery is described as “the most challenging and rewarding procedure in
otology”, that achieved a “stage of perfection” and still remains an “elegant but
precarious” operation.1-3 Advances in understanding of the nature of otosclerosis
were followed by refinements in treatment that started as empiric attempts of
hearing improvement and evolved into precise surgical technique employing state-
of-the-art technology. Medical treatments failed to restore hearing or to prevent
deterioration of hearing impairment to date. Incomplete knowledge of biological
mechanisms triggering otosclerotic process limited effective prevention of its
disabling clinical effects. In this chapter we will review the evolution of otosclerosis
studies and summarize the current knowledge of etiopathogenesis, patho-
morphology and molecular biology of the disease.

Definition
Otosclerosis is a unique form of bony dysplasia exclusively affecting human
temporal bone. The pathologic process is characterized by an abnormal bone
remodeling in specific sites of predilection confined to the endochondral layer of
otic capsule. Once started, the otosclerotic focus is usually progressed through
three consecutive histopatological phases - spongiotic, fibrotic and sclerotic bone
formation. Otosclerotic involvement of the vestibulo-stapedial joint, cochlea or
vestibule defines an actual pattern of clinical presentation.4-9

History
When did the history of otosclerosis studies begin? The credit of the first
description of stapes ankylosis as a cause of deafness is traditionally given to
Antonio Valsalva, who related this condition to a “dry catarrh of the middle ear”.
Giovanni Morgagni, Valsalva’s student, edited his writings and published it in the
“Treatise of the human ear” in 1740, 17 years after Valsalva’s death.10 In 1864 Von
Troltsch first used the term “sclerosis” to differentiate bony stapes ankylosis from a
common middle ear catarrh.11 Joseph Toynbee in his pathologic studies of
temporal bones published in 1868 noted “that those disturbances of hearing, which
formerly were classed under the name of nervous deafness, are caused in the
majority of cases by ankylosis of the stapes with the oval window”.12 Adam Politzer
coined the term “otosclerosis” as a primary disorder of the bony labyrinthine
capsule in 1893.13 This was a fundamental step in understanding the histo-
pathology of stapes ankylosis, previously seen as a result of chronic catarrhal
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inflammation of middle ear mucosa. Defying beliefs that stapes fixation cannot be
diagnosed in living patient, Politzer applied interpretation of tuning fork tests and
patients’ history of progressing hearing loss to a clinical diagnosis of oto-
sclerosis.14,15 Hermann Schwartze and Friedrich Bezold made an important
contribution to clinical recognition of this condition, describing “Schwartze sign”
and “Bezolds’ triad”, which became a basis for clinical diagnosis of otosclerosis in
the pre-audiometry era. Friedrich Siebenmanns continued studies of histopatho-
logy of progressive hearing loss and suggested the term “otospongiosis” as more
correctly reflecting osseous changes in the labyrinthine capsule.16 Another
proposed amendments to terminology included “ostitis chronica metaplastica” by
Manasse, “osteitis rareficans stapedio-vestibulare” by Heimann, “capsulitis
labyrinthica osteomalacia” by Ferreri and “otitis chronica metaplastica
circumscripta” used by Bruhl, Denker and Kahler.17 Currently the term
“otosclerosis” is universally adopted in the English language world literature.18

Classification
The terminology used to refer to otosclerosis is variable hence diverse aspects
have been considered in the proposed classifications.
Guild19 differentiated histologic and clinical otosclerosis. The histologic form is
defined as an asymptomatic disease that can be identified only by histo-
morphological examination. The clinical otosclerosis is characterized by a typical
history of progressive conductive hearing loss due to otosclerotic involvement of
vestibular-stapedial joint leading to stapes ankylosis. In 1985 Schuknecht and
Barber20 elaborated on the histologic variants and introduced grading system
based on size, extent and histologic activity of otosclerotic lesion.
Politzer21 distinguished typical tympanic and severe form of the disease based on
its clinical course. The typical form is characterized by the gradual worsening of
hearing over several years. In severe form hearing impairment progresses rapidly,
leading to profound deafness.
Two clinical types of otosclerosis have been described according to the
audiometric classification.22 Type I is an equivalent of tympanic form according to
Politzer and Siebenmann and concerns the patients with mild to moderate
conductive hearing loss across all tested frequencies. Type II corresponds to
cochlear or Lermoyez form and refers to patients with severe to profound mixed
or sensorineural hearing loss with down-sloping type of audiometric curve.
Cochlear otosclerosis has been recognized as a separate entity to classify the
cases of histologic involvement of the cochlea without stapes fixation that presents
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with a clinical picture of progressive pure sensorineural hearing impairment and
radiological findings of areas of demineralization encroaching cochlear endo-
steum, recently demonstrated by the high resolution CT of temporal bone.23-25

The term “Far-advanced” otosclerosis has been introduced by House and Sheehy
and is used to describe cases that clinically present with severe or profound
deafness and demonstrate extensive otosclerotic involvement of the temporal
bone intraoperatively. The histopathologic findings usually show massive oto-
sclerotic process completely obliterating oval window and often involving round
window and cochlea.26-32

 The term “Juvenile” otosclerosis refers to the cases of early presentation of
progressive conductive hearing loss during first or second decade of life and
confirmed by intraoperative findings of massive involvement of stapedial footplate
leading to ankylosis in absence of congenital ear malformations 33-35.
Karosi 36 recently suggested classification of stapes ankylosis that defined true
otosclerosis as an inflammatory disease caused by persisted measles infection
and referred to a non-specific degenerative stapes fixation as a pseudo-
otosclerosis.
The radiologic classification has been proposed when the high resolution CT of the
temporal bone has been incorporated into the investigation of hearing loss.37

Fenestral and retro-fenestral or labyrinthine types of otosclerosis have been
described.38-40 The fenestral type refers to hypodence lesions of demineralized
bone adjacent to the oval window area and /or impinging the stapes footplate.41, 42

The retro-fenestral or labyrinthine/cochlear type is radiologically diagnosed in the
presence of lucent areas of demineralization surrounding the cochlea`, described
as a “double ring” or a “fourth turn” sign.43-46

Prevalence and Demographics
The reported prevalence of otosclerosis varies substantially. Toynbee, in one of
the earliest large series of temporal bones dissections, found 136 cases of stapes
ankylosis out of 1149 temporal bones (11.8%).47  Other authors investigated 4080
skulls of ancient Europeans and identified only 8 (0.19%) cases of otosclerosis.48

In the study of 1452 temporal bones by Hueb49, the incidence of otosclerosis in
Caucasians was 12.8%. The prevalence reported by Declau et al.50, however, was
only 2.5% in the series of 236 temporal bone specimens. The differences in
histologic definition of otosclerosis and in inclusion criteria for temporal bone
specimens were possible reasons of broad variations in the reported prevalence
rates.



Chapter 1.1

14

The importance of distinguishing between histologic and clinical findings was
emphasized by Guild19 in 1944. Guild found that histologic otosclerosis was about
ten times more common than its clinical manifestations. While histologic form is
clinically asymptomatic and can be diagnosed only by histomorphological
examination of temporal bone, clinical otosclerosis is characterised by progressive
conductive hearing impairment due to the stapes fixation. Summarizing
observations of several authors who studied the demographics of otosclerosis, this
condition predominantly affects Caucasian population with estimated prevalence
of clinical otosclerosis 0.2% to 1%, male to female ratio about 1:2 and bilateral
involvement in 70-80% of patients51-60. A correct interpretation of the prevalence
requires distinguishing between histopathologic and clinical studies and attention
to differences in race and gender distribution in the reported series.

Etiology
The current knowledge on otosclerosis allows to state that this is a heterogeneous
disease with multiple plausible etiologies.18,61,62 Several theories were proposed to
explain its origins but the exact cause remains unknown. Review of the past
theories helps to appreciate the progress made in understanding etiologic factors
of this condition. Thus, such prominent otologists as Bezold, Korner and
Schwabach related development of otosclerosis to inflammation caused by
syphilis or tuberculosis. Citelli and Lermoyez noted similarities in bone histo-
pathology between otosclerosis and rickets and gout and postulated a role of
these diseases in the etiology of otosclerosis Traumatic etiology was suggested in
two of his case reports by Politzer and was supported by Sercer63 and later by
Polanski.64 None of these theories however, have passed the test of time and are
remembered today to acknowledge the diversity of otosclerosis studies in the past.
The major putative theories at present consider genetic factors, immunologic
factors and viral infection.

Genetic factors in etiology of otosclerosis
The role of heredity has been originally inferred from demographic and
epidemiologic observations and more recently investigated with DNA analysis
techniques. Toynbee in 1861 was among the first investigators to notice a familial
pattern of hearing loss.65. Family history has been also demonstrated in 52% of
otosclerosis patients by Bezold, in 40% by Hammerschlag and Korner, and in 35%
by Siebenmann.17. In more modern studies the similar distribution of inheritance
has been demonstrated in 36% of females and 20% of males’ offspring of parents
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with otosclerosis66. During a pre-DNA analysis era, research of mode of
inheritance based on the Mendel’s laws enabled to conclude that otosclerosis is
autosomal dominant disease with incomplete penetrance of 30-40%. No evidence
of association has been found between otosclerosis and eyes or hair color, or
blood type group67,68 .
The systematic screening of the human genome during the past decade enabled a
significant progress in more than a century-old history of investigation of the
heredity of otosclerosis. In 1998 Tomek et al.69, described the first link between
clinical otosclerosis and chromosome 15q, suggesting that the region in 15q25-26
could contain an otosclerosis gene. In 2001 the second gene has been localized
on chromosome 7q34-36 by Van Den Bogaert et al.70 In 2002 an existence of at
least three genes has been predicted by these authors, based on the significant
genetic heterogeneity revealed in nine families with otosclerosis.71 Shortly after in
2002 Chen et al.72 from the same group of Van Camp and Smith described the
localisation of third gene (OTSC3) on chromosome 6p21-23. The OTSC3 area
has been found to overlap the HLA region, adding the evidence basis to
previously reported association between otosclerosis and HLA system. In 2004
Van Den Bogaert et al.73 reported the fifth locus for otosclerosis, OTSC5, localised
on chromosome 3q22-24, while fourth locus, OTSC4, has been reserved by the
Human Genome Organisation Nomenclature Committee. Two years later in 2006
Brownstein et al.74 identified new locus on chromosome 16q21-23 which has been
designated OTSC4. Description of the sixth autosomal dominant locus on 6q13-16
region named OTSC7 has been published by Thys et al. in 2007.75

Although six different loci have been published to date, the identified intervals
include several genes and no causative genes for otosclerosis have been cloned
yet. Genetic studies of otosclerosis are hindered by a rarity of monogenic families
segregating otosclerosis and by incomplete mode of penetrance, which varies
from 25 to 40%18, 67, 68. Iliadou et al.76 reported results of linkage analysis in a large
pedigree with monogenic inheritance and excluded linkage to known loci (OTSC1,
OTSC2, OTSC3 and OTSC5, as well as COL1A1 and COL1A2), suggesting that
several otosclerosis susceptibility genes can be involved in the sporadic cases of
otosclerosis representing multifactorial form of disease. Declau et al.77 and Pauw
et al.78,79 outlined clinical findings in OTSC2, OTSC5 and OTSC7 families,
demonstrating phenotype variations in each of these genotypes. Further insight in
genetic factors influencing otosclerosis phenotype has been provided by Thys et
al.80 In this study transforming growth factor 1 (TGF- 1) gene was chosen as a
primary candidate gene because of it involvement in chondrogenesis of otic
capsule. TGF- 1 inhibits osteoclasts differentiation and therefore bone resorbtion
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caused by osteoclasts carrying CD61 surface antigen. The T2631 variant of TGF-
1 gene has been found to be under-represented in otosclerosis patients,

supporting a hypothesis that it is protective against the disease. A variability of
phenotypic expression of genetic forms of otosclerosis and a high proportion of
sporadic cases imply the contribution of environmental factors in etiology of
otosclerotic stapes fixation.
A genetic link to connective tissue disorders has been considered as a possible
etiologic factor since the publication of electron microscopic findings of disrupted
interwoven pattern of collagen bundles in active otosclerotic foci in 1970.81. Gene
defect in the COL1A1, gene for type I collagen - the major collagen of the bone
matrix, has been hypothesized contributing to the etiology of otosclerosis.82. The
histopathologic and certain clinical similarities between otosclerosis and
osteogenesis imperfecta (OI) have also stimulated an interest in the investigation
of possible common genetic origins of these diseases. Mutations in genes for
either type I or type II collagen (COL1A1 or COL1A2) have been found associated
with dominantly inherited OI.83. The demonstration of association between the
genes for type I collagen (COL1A1) and clinical otosclerosis led to the hypothesis
of shared genetic etiology between otosclerosis and mild forms of OI.84. In 2002
McKenna et al.85 noted that although similar COL1A1 expression has been found
in fibroblasts cultured from patients with clinical otosclerosis and OI, COL1A1
mutations accounted only for a small proportion of otosclerosis cases, while the
majority was related to other causes. In the most recent study in 2007 Chen et
al.86 reported that different regulatory regions of COL1A1 were found to be either
protective or associated with the higher susceptibility to otosclerosis. The definitely
causative otosclerosis genes still have not been cloned. While phenotype of mild
forms of OI may mimic clinical otosclerosis, no conclusive evidence of shared
genetic basis between otosclerosis and OI has been demonstrated to date.87 The
immunohistochemical analysis for five known types of collagen revealed high
expression of collagen IV in the mucoperiosteal layer of otosclerotic bone and
intense staining of otosclerotic foci with collagen I. These findings are in
agreement with inflammatory reaction but distinctive from lesions in OI.88

Auto-immunity in etiology of otosclerosis
The otic capsule is a unique structure, being the only bone of human skeleton
retaining remnants of cartilage tissue, known as “globuli interossei” in its
endochondral layer. During the course of embryogenesis, 14 centers of
ossification have been detected in the temporal bone starting from the sixteen
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week and completing development at the 24th week. Unlike other mature bones,
otic capsule contains cartilaginous cells throughout life.89

Auto-immune response to collagen in the cartilaginous remnants of otic capsule
as the etiopathogenetic mechanism of otosclerosis has been initially hypothesized
in1984 based on the animal model.90 In  1987 Yoo et  al.91 postulated the role of
autoimmunity to type II collagen following detection of high levels of collagen II
antibodies in serum and in perilymph of patients with otosclerosis. In 1988
Sorensen et al.92, however, found no difference in circulating antibody
concentrations between otosclerosis patients and normal controls. In the studies
published from 1993 to 2002 several authors have confirmed the presence of
serum antibodies against collagen II in patients with otosclerosis, supporting the
hypothesis of collagen-targeting auto-immune mechanism.93-97 Moreover, Lolov et
al.94 found that antibodies titres were related to the duration of clinical otosclerosis,
in agreement with the pattern of auto-immune response to antigenic stimulation.
Bujia et al.95-97 documented high titres of antibodies to collagen II and IX, and
chondrocytes in patients with otosclerosis, supporting that cartilage-specific
autoimmunity against cartilaginous remnants in otic capsule plays a role in
pathogenesis of otosclerosis.
An association between specific human leukocyte antigen (HLA) genotypes and
several autoimmune diseases motivated studies of possible contribution of the
HLA to the etiology of otosclerosis. In several case-control studies significant
differences in levels of various HLA types have been detected between patients
with otosclerosis and normal controls.99-102 Gregoriadis et al.98 demonstrated that
patients with a family history of otosclerosis have significantly elevated levels of
the HLA A11, Bw35 and B14. Similar findings were demonstrated by Miyazawa et
al.99, who found significantly higher frequency of HLA-Aw33 in otosclerosis
patients compared with control group. Dahlqvist et al.100 identified significantly
lower frequencies of B40 antigen in 74 patients with otosclerosis. Similar results
were reported by Svatko101 who investigated 85 otosclerosis patients and found
less frequent occurrence of B40, as well as B27 and Cw1 antigens. Singhal et
al.102  studied the relationship of HLA typing in 100 cases of surgically confirmed
otosclerosis and detected significantly higher values of HLA types A9, A11 and
B13 in otosclerosis patients compared with age and sex matched controls.
Although several authors independently concluded that the presence of specific
HLA may be related to an increased susceptibility to otosclerosis, other studies
generated inconsistent results. Chobaut103 and Majsky104 demonstrated no
difference in distribution of HLA-A, -B and –C in patients with otosclerosis and
normal controls. Pedersen105 reported similar results, noting however that they are
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not excluding the possibility that the errors in HLA system may be associated with
a higher susceptibility to otosclerosis.

Viral infections
Inflammatory response to measles106, mumps and rubella107 viruses have been
well studied since immuno-histochemical techniques made identification of specific
viral antigens within active otosclerotic lesions possible. Lately, polymerase chain
reaction enabled detection of measles virus genome in the otic capsule and
footplate of patients with clinical otosclerosis.108,109 In addition, elevated levels of
anti-measles IgG in perilymph of patients with otosclerosis have been reported.110

The testing of serum levels of anti-measles IgG has been reported to be highly
specific and sensitive and was proposed for serologic diagnosis of otosclerotic
stapes fixation in patients with conductive hearing loss.111 While presence of
measles antigens have been repeatedly demonstrated by several authors112-114,
the question of the cause of viral organotropism to otic capsule remains
unresolved. Abundance of the receptors to measles virus antigen in otic capsule
has been suggested as a possible explanation of the sole predilection of the otic
capsule to persistent measles infection.115 The lack of human cellular receptors of
measles virus (the measles-binding protein (CD46)) in other mammals may explain
the absence of animal model of otosclerosis, which is unique to a human temporal
bone. Comparison of CD46 expression in otosclerotic and normal stapes footplates
demonstrated increased numbers of osteoclasts with strong CD46 expression in
active otosclerotic foci. Moreover, newly described defective CD46 isoforms
detected in otosclerotic otic capsule, which may be responsible for the smooth
virus replication, could further elucidate the organotropism of measles virus to the
otic capsule.116 Although numerous findings of measles virus in otosclerotic
temporal bones prompted some authors to designate otosclerosis as “measles
virus associated inflammatory disease”107,117, others were unable to find evidence
of this infection in stapes specimens from patients with otosclerosis.118 The
epidemiologic observations of decreasing incidence of otosclerosis since the
introducing of measles vaccination programs in North America and Europe added
an argument to viral etiology theory suggesting that the persistent measles virus
infection is at least one of the triggering factors for the development of
otosclerosis.120

Pathology
A very low rate of bone turnover in the otic capsule is the unique feature of a
normal temporal bone, distinguishing it from the rest of the human skeleton. Unlike
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other mature bones, it contains remnants of unresorbed cartilaginous tissue,
known as globuli interossei. In postcartilaginous development the otic capsule
demonstrates a progressive inhibition of bone resorbtion toward inner ear spaces,
forming a separate functional unit with almost completely absent growth and
plasticity.121,122 The areas of lack of osteoclastic and osteoblastic activity are
centrifugally distributed around the oval and round windows and in proximity to
perilymphatic spaces.123 In patho-morphologic sense otosclerosis is a process of
disinhibition of active bone remodeling localized to the area of otic capsule leading
to resumption of arrested endochondral ossification in globuli interossei.

Once started, otosclerotic lesion evolves through spongiotic, fibrotic and sclerotic
stages.124,125 This sequence of events and their morphologic features are
corresponding to the normal repair mechanism of compact bone. The earliest
changes in otosclerotic process are believed to originate in globuli interossei with
osteocyte-mediated lysis disrupting the interwoven collagen bundles.126 This active
or “spongiotic” stage of otosclerosis is characterized by sharply demarcated area
of osteoclastic bone resorbtion with formation of large marrow spaces and
intensive neovascularization. Hyperaemic blood vessels of the adjacent
promontory mucosa can be observed through the tympanic membrane as a red
blush known as the “Schwartze sign”. An objective increase in the blood flow to
promontory in patients demonstrating Schwartze sign has been recently
demonstrated using laser Doppler flowmetry127. The pronounced vascularity of
active otosclerotic lesion is associated with a vigorous angiogenesis spreading
through the newly formed marrow spaces. A new data from the microvessel
density analysis of otosclerotic lesions has demonstrated that the extent of
angiogenesis is the highest in clinical otosclerosis and is lower in histological
otosclerosis and in the normal temporal bone.128

The histology of early otosclerosis is characterized by recruitment and activation of
osteolytic osteocytes and osteoclasts. At the initial stage otosclerotic lesion
expands to surrounding bone in serrated or finger like projections trough pre-
existing vascular channels. Lysosome-containing histiocytes, found in the
advancing edge of lesion, form characteristic basophilic zones showing an affinity
to hematoxylin. This basophilic staining known as “blue mantles” has been first
described by Manasse129 in 1912 and is thought to be the earliest manifestation of
otosclerosis130,131. With the expansion of otosclerotic focus a central resorbtion
space is formed, rich with a cellular content of monocytes, macrophages,
multinucleated osteoclasts and osteoblasts. Osteoblastic activity leads to formation
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of new spongiotic bone with woven trabecular pattern, distinctive from a lamellar
structure of the surrounding normal bone.
Fibrotic stage represents a healing phase following resorbtion cessation. The
extracellular matrix containing disoriented collagen fibrils undergoes progressive
fibrosis and calcification. This reorganization of spongiotic trabecular bone leads to
formation of relatively avascular and acelullar dense sclerotic bone.
Sclerotic stage is characterized by scarcity of marrow spaces in inactive focus
providing chalky-white gross appearance to remodelled otosclerotic bone.4-9,132

Specific areas most commonly affected by the otosclerotic process have been
recognized as sites of predilection20,49,133,134. Initial otosclerotic foci within a
temporal bone have been hypothesized to develop in proximity to the fourteen
embryonic ossification centers in temporal bone, to the endolymphatic spaces and
to the sources of blood supply89, 135-137. Fissula antefenestrum on the anterior rim of
the oval window is the most common site of involvement. The second most
common location is the round window niche. Apex and medial wall of cochlear
labyrinth adjacent to the posterior wall of the internal auditory canal are sharing the
third most common place of otosclerotic involvement. Other sites of primary
involvement include stapedial footplate, posterior to the round window, anterior
wall of the internal auditory canal and around the cochlear aqueduct20, 49,133,134.
The expansion of otosclerotic focus from the fissula antefenestrum posteriorly
toward the stapedial footplate causes gradual immobilization of the vestibulo-
stapedial joint due to fibrosis and ossification of the annular ligament. This
mechanism of stapedial ankylosis is responsible for the “on-off effect” seen on the
impedance testing.138,139 The degree of stapedial fixation is directly proportional to
the severity of conductive hearing loss.140-142 Anterior spread of prefenestral
otosclerotic focus leads to invasion of cochlear endosteum affecting stria
vascularis and annual ligament, subsequently contributing to sensorineural hearing
impairment.23,143-146 Studies that explored the association between a stage of
histologic changes and clinical findings confirmed the correlation between the
histologic stage and cochlear involvement.49,51 Advancement of otosclerotic focus
in medial direction affects partition between the basal turn of cochlea and vestibule
and underlying otolitic organs, supposingly causing vestibular symptoms in
otosclerosis.147-149

The biological mechanisms controlling remodeling of bone tissue include a system
of genetically coded proteins, which are influenced by biochemical and hormonal
stimuli. Major mediators of bone remodeling include cytokines, grown factors,
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leikotrienes, prostaglandins and neuropeptides62,137,150-152. Bone  plasticity  is  a
result of osteoclastic and osteoblastic activity maintaining continuous bone
resorbtion and reformation. The balance between the osteoclastic and osteoblastic
activity is regulated by a cascade of promoters and inhibitors. Tumor necrosis
factor  (TNA ) and interleukins1  and 1  (IL1  and IL1 ) have been recently
recognized as osteoclasts activators.153 TNA  acts on osteoclasts precursors to
produce macrophage colony-stimulating hormone (MCSF) and osteoprotegerin
ligand (OPGL), leading to the formation and activation of osteoclasts.154

Osteoprotegerin (OPG) and transforming growth factor- 1 (TGF- 1) inhibit bone
resorbtion by impairing osteoclasts differentiation and activation.62,80, 55 Recent
research has established that the cytokine system of osteoprotegerin (OPG),
receptor activator of nuclear factor kB (RANK) and RANK ligand (RANKL) controls
local bone remodeling.156-159 RANK-RANKL interaction acts on osteoclasts
precursors resulting in osteoclasts maturation and initiation of bone resorbtion.
OPG competes for RANKL receptors on osteoclasts precursors, thereby inhibiting
bone remodeling. A recent study demonstrated that OPG was produced in
extremely high levels by type I fibrocytes of the spiral ligament and was secreted
into the perilymph. Normal otic capsule has been found to contain levels of OPG
by factor of 20 higher than other bones.160 Moreover, the animal model of OPG
deficiency exhibited features resembling histologic otosclerosis within the otic
capsule.161 Insight into the final common pathway of bone metabolism therefore
brings contemporary knowledge of otosclerosis to the edge of understanding of
biological mechanisms underlying this unique pathology of the human temporal
bone.
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Introduction
The contemporary state of the art of stapes surgery evolved during the 150 years
of vigorous attempts of seeking the ways to restore an impaired hearing in
otosclerosis patients. This eventful history has illustrated how the chance and
coincidence shaped the minds of pioneers of otology, leading to the different
methods of surgical restoration of hearing.
The actual ear surgery in humans was preceded by animal experiments and
thoughtful observation of occasional traumatic events resulted in hearing
improvement. In 1841 Joseph Toynbee described the case of short-lived restoration
of hearing following loud noise exposure.1 A first reference to the attempts of stapes
mobilization for hearing improvement was mentioned by Prosper Meniere in 1842.2

In 1878 Johannes Kessel reported the case of hearing improvement after severe
head trauma, with post-mortem confirmed temporal bone fracture through the
horizontal semicircular canal.4 As a Docent of the University of Gratz, Kessel
demonstrated that the removal of columella in pigeons does not cause permanent
labyrinthine impairment.5 Later, being a Professor of the University of Jena, Kessel
performed stapes mobilisation and also tried removing the stapes, reporting “some
improvement of hearing and no serious complications”.6 These early reports have
been followed by publications of Boucheron7, Miot8, Moure9 and Pottier10 in France,
Schwartze11, Passow12 and Lucae13 in Germany and Faraci14 in Italy, contributing to
the collective experience in stapes mobilization gathered in Europe by the end of
XIX century. At the same period of time, series of stapes surgeries have been
reported in North America. Frederick Jack15,16 carried out first stapes operation at
the Massachusetts Eye and Ear Infirmary in June 1891. This was followed by series
of 70 surgeries performed by Blake17,18 who coined the term “stapedectomy” and
used “incudostapedectomy” in cases requiring incus removal. Early enthusiasm
from the occasional postoperative hearing improvement has been hampered
however by overall poor surgical results and unfortunate cases of fatal
complications. These inevitable failures have been caused by the limited knowledge
of ear pathology causing hearing loss and crude surgical technique available at the
time. The re-fixation of previously mobilized stapes prompted lack of the lasting
hearing improvement. The absence of the proper grafting resulted in oval window
fibrosis after stapes extraction and doomed early attempts of stapes removal to
fiasco. Moreover, the dangers of violating of the inner ear space in pre-antibiotic era
shaped an opinion against surgical treatment of otosclerotic stapes fixation. In 1900
at the International Congress of Otolaryngology, Siebenmann19 was supported by
Politzer and Moure in declaring stapes surgery as dangerous and useless. As
Adam Politzer wrote further in 1901 “the unfavourable opinion as to the value of
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extraction of stapes in non-suppurative middle ear process, and in otosclerosis, has
been confirmed by many authors”, therefore providing his enormous authority
against this procedure.20

Summarizing the overview of early stages of surgical treatment of otosclerosis, the
two main branches in the evolution of surgical approaches can be recognized
(Figure 1).

Mobilization Fenestration

                          1842 Meniere
                          1878 Kessel
                          1888-90 Boucheron, Miot , Schwartze
                          1891-93 Jack, Black

                                                                                        1913  Jenkins
                                                                                        1923 Holmgren
                                                                                        1937 Sourdille
                                                                                        1938 Lempert
                                                                                        1942-49 Shambaugh
                          1952-55 Rosen

Figure 1. Evolution of early methods of surgical treatment of otosclerosis.

The idea of stapes mobilization could be possible originate in the observations of
temporary hearing improvement due to direct tapping of the stapes with golden
rods2,3 by Meniere or Toynbee’s description of accidental restoration of hearing
following acute exposure to loud noise.1 The concept of fenestration could possible
emerge from the observation of improved hearing in case of traumatic temporal
bone fracture through the labyrinth reported by Kassel.6 The rudimentary knowledge
of sound amplification function of the middle ear and vague understanding of
mechanisms of hearing loss in otosclerosis until the beginning of XX th century
precluded emerging of effective method of surgical correction of hearing loss in
otosclerosis at the time. The growing body of knowledge concerning mechanisms of
hearing loss in otosclerosis stimulated a new generation of otologists seeking
another ways allowing sound stimulation of inner ear by by-passing an immobile
stapes. It was not before 1913, when Jenkins21 introduced fenestration operation,
creating an opening in the horizontal semicircular canal and covering it with the skin
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flap from the external auditory meatus. Professor Gunnar Holmgren in 1923
modified the fenestration technique by using mucoperiosteal flap for the covering of
fenestra in the horizontal semicircular canal, allowing substantial, although
temporary, improvement of hearing.22 Holmgrens’ introduction of binocular surgical
microscope23, which replaced the first operational monocular microscope used by
Nylen24,25 was his another invention which has opened a new era in otologic
surgery.26 Retro auricular incision used by Jenkins, Holmgren and Nylen for
creation of closed fenestration operation proved subsequent burying of the fenestra
to the exterior, therefore limiting lasting maintenance of hearing gain. Maurice
Sourdille recognized shortcomings of Holmgren’s’ technique and developed a three-
stage exteriorized fenestration operation, called  “tympanolabyrinthopexy”, which he
presented to the Otolaryngology Section of the New York Academy of Medicine in
1937.27 Julius Lempert in 1938 made his contribution to the history of stapes
surgery by introducing his one-stage fenestration procedure, first employing dental
electrical burr for creation of the fenestra.28 Lempert’s innovative endaural approach
for exteriorization of the ampulla of horizontal semicircular canal was based on his
technique of endaural radical mastoidectomy, described in 1928 29. In 1945 Lempert
published further modification of his technique, introducing the mobile cartilaginous
stopple which was intended to simulate the movement of normal stapedial footplate
and to prevented involvement of the perilymphatic space in postoperative
inflammation of the tympano-meatal flap.30 Lemperts’ surgical skills and innovations
used in his one-stage fenestration technique conquered the minds of finest
otologists of the time, prompting wide acceptance of this technique as an effective
treatment of otosclerosis which was previously deemed incurable.31,32,33 Thus the
opinion of uselessness of surgical treatment of otosclerosis held since the verdict of
Siebenmann and Politzer in 1900 has shifted toward general acknowledgement of
possibility of surgical correction of hearing loss. Although the fenestration technique
enabled hearing improvement in otosclerosis, it never resulted in complete closure
of air-bone gap. In addition, the life-long need for a management of radical mastoid
cavity irreversibly affected patients’ postoperative quality of life. The change of state
of the mind concerning surgery as the preferred treatment of otosclerosis was
probably the most important impact of the fenestration era on future developments
in stapes surgery.
As history of science showed in the past, many scientific discoveries have
happened by chance. Thus, re-introduction of the stapes mobilization followed the
observation of accidental hearing improvement in the patient who underwent stapes
palpation by Samuel Rosen.34 The results of mobilization technique published by
Rosen in 1953 seemed promising to otologists familiar with the typical outcomes of
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fenestration procedures.35-37 Normal hearing often immediately achieved by stapes
mobilization rendered popularity of this relatively simple procedure, performed
under local anaesthesia via endaural approach. Hearing results of stapes
mobilization were negatively affected by recurrent stapes ankylosis that made
immediate hearing improvement unsustainable in a long term.
John Shea revolutionized stapes surgery by not only extracting ankylosed stapes,
but also first performing immediate reconstruction of middle ear sound-conductive
mechanism in 1955. This technique, evolved from the method of stapes
mobilization re-introduced by Rosen36,37 and early attempts of stapedectomy
reported by Jack38, has been presented at the Triological Society Meeting in
Montreal in 1956, opening the modern era of stapes surgery.39-41 The concept of
stapedectomy with the immediate reconstruction of middle ear sound-conductive
mechanism turned this method to the new operation of choice for otosclerosis
rather than stapes mobilization or fenestration of bony labyrinth. In following
decades massive body of information concerning complications42-51 and long term
results of stapedectomy52-57 has been published. This enormous collective
experience along with the publications of clinical and morphological findings at
revision surgeries58-63 resulted in numerous modifications to the original
technique.3,35,64-68 Every stage of the procedure has been revised and refined. A
complete or nearly-complete removal of the stapedial footplate (the formal or “total
stapedectomy”) has been replaced by “partial stapedectomy”69,70 or “partial
platinectomy”.71 In pursuit of minimizing loss of perilymph and subsequent cochlear
damage leading to sensory-neural deafness, a “small fenestra” stapedotomy
technique has been advocated by Gordon Smyth in 1978.72 The concept of “small
hole” stapedotomy has been described earlier by Shea41 in 1962 and gradually
become a common practice following publications of Smyth73, McGee74, Bailey75,
Fisch76, House77 and others.78,79

 A discussion concerned with the size of stapedotomy has been closely interwoven
with the ongoing evolution of stapes prostheses. The prostheses of different
materials, shapes, weights and dimensions have been painstakingly compared with
scrupulous attention to their intra-operative handling properties, long-term stability
and physical characteristics affecting postoperative hearing80-88. In the extensive
study of phylogeny of the stapes prosthesis by Fritsch and Naumann89 as many as
105 different prostheses have been reviewed and this number continues to grow
following the evolution of the surgical technique. The problems of biocompatibility
encountered with early designs and materials of prostheses gave rise to the
“stapedotomy minus prosthesis technique” originated in the method of “anterior
crurotomy mobilization” described by Fowler in 1960.90 Silverstein further developed
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a “minimally invasive stapes surgery” approach without employment of artificial
prosthesis, using mobilized posterior stapedial crura and preserved stapedial
tendon in selected cases of mild otosclerosis.91-93

Technological advances have been continuously enhancing otologic surgical
armamentarium and have been applied in the most critical steps of the surgical
procedure. Thus, opening in the footplate which was originally made with sharp
perforators has been recognized as one of the most traumatic steps of stapes
surgery, associated with the risk of footplate fracture, floating footplate and
excessive bleeding or perilymphatic leak.94 This former cold steel stapedotomy has
been replaced by use of microdrills95 and later by laser beam application96-102,
allowing relatively atraumatic creation of stapedotomy with better preservation of
high frequency hearing.103,104

Introduction of self-crimping prostheses and laser-assisted evaporation of stapedial
superstructure allowed to revise and to reverse the order of surgical steps73 which
have been used in traditional stapedectomy.41 With this modification, prosthesis is
placed before removal of the stapes crura: by removing the posterior crus and
stapedius tendon, access to the footplate is similar to that obtained during
conventional stapedotomy, while the retained anterior crus provides better stability
to the footplate and incus, reducing the risk of incus dislocation and providing
additional protection against inadvertent footplate fragmentation.105,106

Exceptional hearing results of modern stapedotomy technique inspired Howard
Houses’ declaration in 1993 that “stapes surgery now reached a stage of
perfection”.35 Rephrasing Joseph Sullivans’ quotation of the speech before the
Canadian Medical Association in 194233, it can be repeated although, that “Every
good surgical technique undergoes continual stages of improvement and
development. Why should the stapes surgery procedure be any exception to this
fundamental principle of surgery?” The future directions in further refinement of
stapedotomy technique will probably involve a laser-assisted endoscopic surgery107

and robot-assisted technologies.108 Although these high technologies can be helpful
in overcoming technical difficulties of stapes surgery, progressing sensory-neural
hearing loss in otosclerosis will limit abilities of surgical treatment and will require
development of gene therapy to allow prevention and possible reversal of
otosclerotic process.
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The rationale of this thesis emerged from a daily otology practice of preoperative
patients counseling based on personal experience rather than averaged statistics
published elsewhere. The ability to predict technical results of stapedotomy and to
estimate the achieved benefit of surgery as close as possible to patient’s
perception required diverse methods of evaluation of surgical outcomes. In outset
of this thesis, we aimed to answer the following questions concerned with the
multi-dimensional evaluation of the results of stapes surgery:
1.  What are the technical results of modified laser-assisted stapedotomy

technique evaluated according to the AAO-HNS guidelines?
2.  What are the results of each individual case in the large series of

stapedotomies evaluated with the Amsterdam Hearing Evaluation Plots?
3.  What are the functional results of unilateral stapes surgery evaluated with the

Glasgow Benefit Plot?
4.  What are the benefits of bilateral stapedotomy in achievement of normal and

symmetrical hearing?
5.  How the preoperative hearing status affects the surgical outcomes?
6.  What are the technical results and the functional benefits of stapes surgery

performed for the correction of severe and profound hearing loss?
7.  What are the technical results and the functional benefits of stapes surgery

performed for the correction of congenital conductive hearing loss?
8.  What are the results of malleo-vestibulopexy technique used for correction of

complex middle ear pathology?
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Abstract
Aims
To evaluate the hearing results of a large series of primary stapedotomies,
according to American Academy of Otolaryngology, Head and Neck Surgery
guidelines and Amsterdam hearing evaluation plots.

Study design
 Retrospective chart review.

Methods
The charts for 1369 consecutive stapedotomy cases were reviewed; 1145 cases
of primary stapedotomy were included. Raw data from the audiometric database
were evaluated using Amsterdam hearing evaluation plots. The effect on
outcomes of using different audiological parameters was analysed.

Results
A significant improvement was demonstrated in mean post-operative air
conduction and speech reception thresholds, with no change in bone conduction.
Air–bone gap closure of 10 dB or more was achieved in 82 per cent of cases. A
‘dead ear’ occurred in one patient (0.1 per cent).

Conclusion
This study reports the largest series of primary stapedotomies evaluated with
Amsterdam hearing evaluation plots. This method enables visual identification of
successful and unfavourable results, providing more accurate and detailed
presentation of surgical outcomes.
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Introduction
Surgical correction of conductive hearing loss in cases of otosclerosis is one of the
most successful procedures in otology. Early reports on large series of
stapedectomies demonstrated excellent results, with air–bone gap (ABG) closure
of 10 dB or more in greater than 90 per cent of patients.1–3 Since the introduction
of stapedectomy by Shea in 1956, the procedure has been significantly refined. In
addition to evolution of the surgical technique, the criteria for reporting the
outcome of stapes surgery have been revised.
Closure of the ABG was initially considered to be themainmeasure of success for
stapes surgery. Historically, ABG closure was calculated by comparing
postoperative pure tone average (PTA) thresholds for air conduction with pre-
operative bone conduction thresholds at only three frequencies (0.5, 1 and 2 kHz).
This method has a number of flaws, in that post-operative deterioration in bone
conduction at 0.5–2 kHz was missed, as was sensorineural hearing loss at high
frequencies; it could also result in an artificially improved post-operative ABG by
inclusion of overclosure in the calculation. In order to overcome these limitations,
in 1995 the American Academy of Otolaryngology, Head and Neck Surgery
committee on hearing and equilibrium recommended inclusion of the higher
frequency of 3 kHz in the calculation of PTAs, and the use of post-operative bone
conduction thresholds when calculating the post-operative ABG.4 However,
despite committee recommendations to report the change in bone conduction at 3
kHz for each case, this parameter remains underreported. The new guidelines
also recommended reporting raw data along with summary datawhenever
possible.While most of the literature on stapes surgery has been concerned with
reporting summary statistics of surgical results, a few publications have provided
detailed, raw data representing individual cases.5,6

In 2001, DeBruijn et al.7 proposed awayof reporting results fromindividual cases –
the Amsterdam hearing evaluation plots method. This innovation aimed to present
results for each operated ear separately, with regard to pre- and post-operative
bone conduction thresholds and the relationships between pre-operative ABG and
gain in post-operative air conduction thresholds. Browning et al.8 also introduced
the Glasgow benefit plot for evaluation of bilateral hearing function in each
individual case of middle-ear surgery. To the best of our knowledge, no large
series of stapedotomies evaluated by these methods have been reported in the
indexed, English language medical literature.
The objective of this study was to analyse the outcomes of 1145 stapedotomies,
according to the current guidelines of the American Academy of Otolaryngology,
Head and Neck Surgery committee on hearing and equilibrium for the evaluation
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of conductive hearing loss treatment, and simultaneously to evaluate these results
using Amsterdam hearing evaluation plots. Results for the analysis of binaural
hearing function by Glasgow benefit plots have been reported in a separate paper.
A detailed analysis of hearing thresholds at 4 kHz has been performed in order to
evaluate surgical trauma to the cochlea, since bone conduction thresholds at this
frequency have been found to be the most sensitive indicator of inner-ear
damage.9

Materials and methods
The charts for 1369 consecutive stapedotomy cases performed by one surgeon
(JH, the senior author) from 1991 to 2006 were reviewed. Of these 1369 cases, 89
were revision stapedotomies and 48 were performed for congenital stapes fixation.
Eightyseven cases were excluded from the study due to incomplete data. The
audiometric results of 1145 primary stapedotomies for otosclerosis were included
for evaluation. Six hundred and ninety-five patients (61 per cent) were women and
450 (39 per cent) were men. The mean age was 45 years (standard deviation (SD)
12 years), with a range of 16 to 84 years. The mean follow up was 16.4 months
(SD 19.2 months), with a range of 0.25 to 117 months.
Stapedotomy was performed using the reverse order technique10,11 via a per
meatal approach. A modified Cawthorne (0.3 mm diameter) prosthesis was used
until 2002, in 756 cases. Thereafter, a modified Causse (0.4 mm diameter)
prosthesis was used, in 376 procedures. A 0.4 mm (for Cawthorne prostheses) or
0.5 mm (for Causse prostheses) fenestra was made in the footplate using Halik
graduated perforators. Adjunctive use of an Argon beam laser (wavelength 512
nm), delivered via an EndoOtoprobeTM (Lumenis,  inc.  Salt-Lake  City,  UT,  USA),
was introduced in 2000. The laserassisted procedures were performed on 516
patients. A modification of the reverse order technique was made in conjunction
with introduction of the laser: the Argon laser was used to vaporise the stapedial
tendon and posterior crus of the stapes, prior to footplate fenestration. The laser
was also used to begin the footplate fenestration by providing a ‘set-hole’ for the
perforators. Fenestration was completed with graduated perforators. The laser
also proved useful in dealing with adhesions.
Hearing outcomes were analysed according to the 1995 American Academy of
Otolaryngology, Head and Neck Surgery committee on hearing and equilibrium
guidelines.4 Air conduction thresholds at 0.5, 1, 2, 3, 4, 6, 8 and 12 kHz and bone
conduction thresholds at 0.5, 1, 2, 3 and 4 kHz, for operated and non-operated
ears, were tabulated in a computer database. Mean pre-operative values for air
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and bone conduction pure tone averages and for ABG, at 0.5, 1, 2 and 3 kHz,
were compared with corresponding post-operative values. The beginning of this
study period pre-dated the 1995 American Academy of Otolaryngology, Head and
Neck Surgery guidelines, and therefore 3 kHz results were not available for all
patients. In such cases, 3 kHz air and bone conduction values were estimated by
averaging results for 2 and 4 kHz. Post-operative bone conduction values were
used to calculate the post-operative ABG. Postoperative ABGs were also
calculated for the frequencies 0.5, 1 and 2 kHz and the frequencies 0.5, 1, 2 and 4
kHz, in order to evaluate the effects of these different audiometric parameters on
the success rate. Mean pre- and post-operative air and bone conduction
thresholds at 4 kHz were also assessed separately, in order to evaluate the impact
of stapedotomy on hearing at high frequencies. Preand post-operative speech
reception thresholds were also evaluated. The mean pre-operative hearing level,
calculated as a PTA at the frequencies 0.5, 1, 2 and 3 kHz, was 54 dB (SD 15 dB),
and the mean pre-operative ABG was 28 dB (SD 9 dB). One hundred and forty-
four (13 per cent) patients were treated for severe or profound hearing loss (pre-
operative hearing levels >71 dB).
In addition to reporting averaged results prepared from the mean values of several
audiometric parameters, we also utilised Amsterdam hearing evaluation plots7 to
produce a visual presentation of the operative course of each individually operated
ear. Pre-operative bone conduction PTAs were plotted against corresponding
post-operative bone conduction PTAs, and pre-operative ABG values were plotted
against air conduction gains, for each individual case, allowing data for individual
patients to be recognised as plot points on a graph. Data were analysed with the
statistical software program Statistica 6.0 (StatSoft, Tulsa, Oklahoma, USA).
Statistical analysis was carried out for comparisons between pre- and post-
operative values, using the paired t-test for the evaluation of air and bone
conduction pure tone averages, speech reception thresholds and ABGs. The
criterion selected for statistical significance was p < 0.05.

Results and analysis
Pure tone thresholds
A frequency-specific analysis of pre- and postoperative air and bone conduction
levels demonstrated statistically significant improvement at all frequencies, except
for bone conduction thresholds at 4 kHz and air conduction thresholds at 12 kHz
(Table I). Figures 1 and 2 demonstrate pre- and post-operative audiograms
reconstructed as box and whisker plots showing mean air and bone conduction
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values. This method allowed graphical presentation of a large amount of raw data,
without hiding unsuccessful cases.

Table 1. Pre- and post-operative air and bone conduction by frequency.

Pre-op (dB) Post-op (dB)Frequency
(kHz) Mean (SD) Mean (SD)

p

AC
0.5
1
2
3
4
8
12

58.4
57.0
49.6
50.2
50.8
56.1
72.4

14.7
14.9
17.0
18.4
21.4
24.5
22.8

27.1
28.2
30.1
31.0
36.7
50.4
75.9

13.1
13.7
14.8
16.5
19.3
24.6
20.8

<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

BC
0.5
1
2
3
4

21.2
23.2
30.5
27.1
23.9

10.9
12.0
12.8
13.8
16.3

19.3
21.1
25.8
25.7
25.3

10.5
11.6
13.3
14.7
16.3

<0.05
<0.001
<0.001
<0.05

NS
Preop - pre-operative; post-op - postoperative; SD - standard deviation; AC - air
conduction; BC - bone conduction; NS - not significant

Figure 1. Reconstruction of pre-operative audiogram using mean air and bone conduction
threshold at 0.5, 1, 2 and 3 kHz.
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Figure 2. Reconstruction of post-operative audiogram using mean air and bone
conduction thresholds at 0.5, 1, 2 and 3 kHz

Air and bone conduction, air–bone gap and speech reception thresholds
Figure 3 summarises the pre- and post-operative air and bone conduction
thresholds and ABGs as box and whisker plots. Govartes et al.12 have proposed
combining, in one graph, box and whisker plots of several variables in order to
enable detailed representation of a large amount of audiometric data. The median
value is depicted as a central dot, the dispersion as a box and the range as
whiskers. Outliers are depicted by separate dots beyond the whiskers. The post-
operative, four-frequency average ABG was 7 dB (SD 6 dB), compared with 28 dB
(SD 9 dB) pre-operatively (p < 0.0001). The mean postoperative speech reception
threshold was 27 dB (SD 12 dB), compared with 51 dB (SD 14 dB) preoperatively
((p < 0.0001). The mean post-operative bone conduction threshold was 25 dB (SD
11 dB), compared with 24 dB (SD 11 dB) pre-operatively (p < 0.0001).
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Figure 3. Main audiometric parameters presented as box and whisker plot. BC = bone
conduction; AC - air conduction; ABG - air-bone gap.

Figure 4. Hearing results at 4 kHz. Improved = >10 dB; unchanged = <10 dB; worse = >10
dB; AC - air conduction; BC - bone conduction
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Air and bone conduction at 4 kHz
Detailed analysis of hearing results at 4 kHz is shown in Figure 4. Air conduction
thresholds improved in 793 (68 per cent) patients, remained unchanged in 288 (26
per cent) and worsened in 64 (6 per cent). Bone conduction thresholds improved
in 160 (14 per cent) patients, remained unchanged in 744 (65 per cent) and
worsened in 241 (21 per cent).

Air–bone gap at 0.5–2, 0.5–3 and 0.5–4 kHz
Inclusion of higher frequencies in the calculation of post-operative ABG did not
influence ABG closure within 20 dB (Table II). Air–bone gap closure within 20 dB
was achieved in about 97 per cent of cases, for any frequency combination. When
4 kHz was included in the ABG calculation, the success rate of closure to less than
10 dB fell from 82 to 75 per cent. Calculation of ABG at 0.5–2 kHz resulted in only
a marginal increase in closure to less than 10 dB, rising to 83 per cent.

Table 2. Post-operative air-bone gap for the three common frequency combinations

ABG (dB) 0.5, 1 & 2 kHz 0,5, 1, 2 & 3 kHz 0.5, 1, 2 & 4 kHz

<10
11-20
20

942 (82.3%)
173 (15.1%)
   30 (2.6 %)

937 (81.8%)
178 (15.6%)
   30 (2.6  %)

861 (75.2 %)
248 (21.7 %)
   36 (3.1  %)

Hearing results assessment with Amsterdam hearing evaluation plots Plotting the
pre- versus post-operative bone conduction thresholds, calculated according to the
American Academy of Otolaryngology, Head and Neck Surgery guidelines as a
four-frequency average at 0.5, 1, 2 and 3 kHz, enabled visualisation of each
individual case at a glance (Figures 5 and 6). In Figure 5, every point below the
lower diagonal line represents one of the 57 (5 per cent) patients who
demonstrated a post-operative bone conduction threshold improvement of 10 dB
or greater. Every point above the upper diagonal line represents one of the 35 (3
per cent) patients who demonstrated a post-operative bone conduction thresholds
worsening of 10 dB or greater. In Figure 6, pre-operative ABG values are plotted
against post-operative air conduction gain. Points below the lower diagonal line
represent the 132 successful results with overclosure. Points above the upper
diagonal line represent the 56 cases with unsuccessful outcomes caused by
negative changes in air conduction thresholds or ABG > 20 dB.
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Figure 5. Amserdam hearing evaluation plot. Preoperative BC plotted against
postoperative BC. BC - bone conduction

Figure 6. Amserdam hearing evaluation plot. Postoperative gain in AC plotted against the
preoperative ABG. AC - air conduction; ABG - air-bone gap

Discussion
In the current era of evidence-based medicine, standardisation in reporting the
outcomes of surgical intervention has become especially relevant. Adequate
comparison of post-operative results requires uniform criteria of success.13 Since
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the first reports of stapes surgery results, both the surgical technique and the
audiometric criteria of success have undergone significant modification.14,15

In an attempt to avoid erroneous conclusions based on comparisons of different
audiological parameters, two levels of guidelines were recommended by the
American Academy of Otolaryngology, Head and Neck Surgery committee on
hearing and equilibrium in 1995: summary statistics and raw data.4 The
recommendation to report summary statistics in terms of mean, SD and range was
based on the assumption that these parameters are normally distributed.
Audiometric data, however, are often not normally distributed.12 Reporting the raw
data along with the summary statistics, therefore, aims to avoid errors in the
interpretation of the effects of intervention and to allow more detailed presentation
of individual cases.7 The parameters considered as summary statistics include the
post-operative ABG and the number of decibels of ABG closure (both considered
measures of technical success), as well as the post-operative air conduction
thresholds (which correlate better with clinical success). In order to standardise
reporting of the post-operative ABG, the use of post-operative rather than
preoperative bone conduction thresholds has been recommended. In the past, the
ABG was calculated by subtraction of pre-operative bone conduction thresholds
from post-operative air conduction thresholds. This practice resulted in an
underestimation of the post-operative ABG because of the phenomenon of
overclosure.16,17 Another weakness of this method is the inability to recognise
postoperative changes in bone conduction; therefore, worsening in bone
conduction thresholds caused by surgical trauma was underreported.18,19

Post-operative improvement in bone conduction thresholds in patients with
otosclerosis was first described by Carhart.20 The cause of this phenomenon was
hypothesised to be a reduction of ossicular chain inertia as a result of stapes
fixation. The range of the ‘Carhart effect’ has been estimated by different authors
as 5–10 dB at 0.5 kHz, 10–20 dB at 1 kHz, 15–30 dB at 2 kHz and 5–20 dB at 4
kHz.21,22 Blayney et al.,23 in their dynamic model of stapedectomy, demonstrated a
maximal response to sound stimuli of between 1.7 and 2.5 kHz. Stenfelt24 recently
investigated middle-ear ossicular motion with air and bone conduction stimulation,
and also found that the inertia of the ossicular chain contributes to the perception
of bone-conducted sound mostly between 1.5 and 3.5 kHz.
Bone conduction at 4 kHz seems to be less influenced by the inertia of the
ossicular chain, and represents the highest frequency reliably measured by current
audiometric equipment. These findings of middle-ear acoustic transfer provide the
experimental basis for the frequencies chosen when reporting the results of stapes
surgery. Improvement of bone conduction thresholds at 0.5, 1 and 2 kHz may be
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presumed to be influenced by the Carhart effect, and unchanged bone conduction
at 4 kHz can be considered as primarily reflecting the effect of restored ossicular
chain mobility, while worsening of bone conduction thresholds indicates sequelae
of surgical trauma to the inner ear. Smyth and Hassard,25 in their analysis of 18
years’ experience in stapedectomy, found that success in ABG closure was highly
frequency-dependent, being most prominent at low frequencies and disappearing
at 4 kHz. In our series, bone conduction thresholds improved statistically
significantly at 0.5, 1, 2 and 3 kHz, and worsened slightly (but statistically
insignificantly) at 4 kHz.
These results are in agreement with those of other recently published, large
series.26,27 Other reports also found worsening of bone conduction thresholds
following stapes surgery at 4 kHz.28,29 Therefore, reporting changes in bone
conduction at 4 kHz allows inter-series comparison of the degree of surgical
trauma sustained.
Bone conduction thresholds based on averages might bias interpretation of
surgical outcomes. In our study, detailed analysis of hearing results at 4 kHz
demonstrated substantial differences between improvement rates for air
conduction and bone conduction (Figure 3). Similar changes in pre- and post-
operative bone conduction at 4 kHz were also reported by Coker et al.30 Although
the inclusion of 4 kHz data when calculating the PTA has been demonstrated to
negatively affect success rates,27 our results suggest that inclusion of high
frequencies in PTA calculation, and reporting peri-operative changes in both air
and bone conduction at all frequencies from 0.5 to 4 kHz, enables more accurate
comparison of success rates and interpretation of reported outcomes.
The choice of frequencies for the calculation of PTA and ABG has been
extensively debated. Historically, only the lower frequencies of 0.5, 1 and 2 kHz
were used, because: (1) the ABG found in otosclerosis is most prominent at these
frequencies; (2) these frequencies were considered the most important speech
frequencies; and (3) the audiometer had technical limitations in achieving bone
masking.31,32

Recognition of the importance of the higher frequencies for speech
comprehension resulted in the American Academy of Otolaryngology, Head and
Neck Surgery committee on hearing and equilibrium recommending, in 1995, the
inclusion of 3 kHz for the calculation of air conduction and bone conduction PTAs.
This committee recognised the method of direct comparison between PTAs
calculated using three (0.5, 1 and 2 kHz) or four (0.5, 1, 2 and 4 kHz) frequencies
and PTAs calculated using 0.5, 1, 2 and 3 kHz, based on the findings of
Goldenberg and Berliner.33 Monsell,14 referring to the same publication, also
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concluded that the difference between averages of the three frequencies versus
averages of the four frequencies would not significantly alter the results.
It is important to mention that Goldenberg and Berliner’s study assessed the
results of ossicular reconstructions and paediatric tympanoplasties, while
audiometric data on bone conduction were available at all frequencies for only 228
patients. The difference between pre- and post-operative bone conduction
thresholds in these authors’ series was not statistically significant. Accordingly, the
authors concluded that the definition of criteria for success had the greatest effect
on the success rates of surgery, compared with the choice of frequency
combinations. In a study which evaluated audiological data from 240 cases of
stapes surgery, Berliner et al.27 found the differences between pre- and
postoperative bone conduction thresholds to be statistically significant at all
frequencies, with the exception of 4 kHz. Inclusion of 4 kHz instead of 3 kHz in the
ABG calculation resulted in lower rates of success (defined as an ABG closure
within 10 dB). The difference between tympanoplasty and stapes surgery which
involved inner-ear opening was suggested as an explanation for these contrasting
findings. Similar results are demonstrated in our study in a larger group of patients:
ABG closure was achieved in 937 (82 per cent) patients using a PTA calculated at
0.5–2 kHz, and in 861 (75 per cent) patients using a PTA calculated at 0.5–4 kHz.
Therefore, comparisons of data sets using 0.5, 1 and 2 kHz or 0.5, 1, 2 and 3 kHz
with data sets using 0.5, 1, 2 and 4 kHz appears to be more appropriate for
evaluation of the results of tympanoplasty rather than stapes surgery.
The percentage of patients who demonstrate postoperative ABG closure to within
10 dB is most commonly used for reporting the technical success of stapes
surgery. A review of recent studies that included higher frequencies for ABG
calculation demonstrated that ABG closure to within 10 dB was achieved in 62 to
94 per cent of patients (Table III).7,29,34,35

Table 3. Results for ABG closure to within 10 dB in recent, comparable studies

Study Pts (n) ABG < 10 dB (%) Year
Vincent et al.29

Quaranta et al.34

Current study
De Bruijn et al.26

Berliner et al.27

Banjerjee et al.35

3050
2134
1145
473
240
100

94
85
82
71
68
62

2006
2005
2009
2001
1996
2002

It appears that the number of cases in any series affects the success rate. Several
studies have demonstrated the existence of a learning curve for stapes surgery.36–
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38 Independent reports by Hughes39 and Yung et al.40 found that 50 to 80 cases
were required in order to achieve an ABG of 10 dB or better in 90 per cent of
patients, and that rates of inner-ear damage appeared proportionally higher in their
first 50 cases. A higher success rate reported in a larger series supports these
findings. Therefore, ensuring that study numbers are appropriately large
contributes to adequate interpretation of surgical outcomes, providing that the
results were calculated for sequential data with no exclusion of unfavourable
cases.
When summary statistics are presented in terms of means, the individual cases
with poor outcomes have less influence on overall results.41 Presentation of
audiometric results using Amsterdam hearing evaluation plots enables the display
of each individual stapedotomy outcome in a large series, with visual identification
of successful and unsuccessful results. Schematically, every point below the upper
diagonal line represents a successful outcome, and every point above this line
represents an unfavourable result. As shown in Figure 6, the majority of the points
are below the upper diagonal line representing 1052 (97.4 per cent) patients with a
post-operative ABG within 20 dB. An improvement in post-operative bone
conduction of more than 10 dB occurred in 57 of these cases (5 per cent) and is
shown below the lower diagonal line. These results are similar to those reported
by Vincent et al.,30 who found overclosure in 98 out of 1672 (4 per cent) patients.
The poor hearing outcomes indicated by either a post-operative bone conduction
worsened by more than 10 dB (seen in 35 (3 per cent) patients), (figure 5) or a
post-operative ABG of 20 dB or more (figure 6) (seen in 30 (2.6 per cent) patients),
or both, are represented by points above the upper diagonal line. Different
indicators of unfavourable outcomes, such as deterioration of bone conduction
thresholds, negative changes in air conduction thresholds or an ABG of 20 dB or
more, can be recognised by the specific area on the plot, enabling more detailed
communication of hearing results.

This study reports the largest series of primary stapedotomies evaluated with
Amsterdam hearing evaluation plots.
The study demonstrates successful hearing results with a low rate of
complications. These results are comparable to those of studies using the
same audiometric criteria.
When reporting pre- and post-operative air and bone conduction thresholds,
the inclusion of higher frequencies is important to enable adequate
evaluation of hearing results and surgical trauma.
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The technical limitation of Amsterdam hearing evaluation plots appears to be the
resolution of the figure while presenting large series. In the Amsterdam hearing
evaluation plots presented in De Bruijn and colleagues’ study,7 audiometric data
from 451 stapedotomies can be clearly visualised.
In our series of 1145 cases, overlapping of points inevitably occurred due to the
large number of cases involved.

Conclusion
This study reports the largest series of primary stapedotomies evaluated with
Amsterdam hearing evaluation plots to date. It demonstrates successful hearing
results with a low rate of complications. These results are comparable to those of
other reports which applied the same audiometric criteria. When reporting pre- and
post-operative thresholds, the inclusion of higher frequencies for air and bone
conduction measurement is important in order to enable adequate evaluation of
hearing results and surgical trauma. The use of Amsterdam hearing evaluation
plots to display otological data allows visual presentation of unfavourable
outcomes and therefore enhanced recognition of such data, compared with
presentation as summary statistics alone. Amsterdam hearing evaluation plots
represent a valuable adjunct to standard methods of evaluation of hearing
outcomes following middle-ear surgery.
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Abstract
Aims
To evaluate bilateral hearing function after primary unilateral stapedotomy
according to the 1995 American Academy of Otolaryngology, Head and Neck
Surgery (AAO-HNS) guidelines and the Glasgow Benefit Plot (GBP). To analyze
the effect of types of preoperative hearing impairment on postoperative hearing
after stapedotomy.

Study design
Retrospective chart review.

Methods
The charts of 1369 stapedotomies performed by senior author (J.H.) from 1991 to
2006 were reviewed. 751 cases of primary unilateral stapedotomy were included.
The hearing results were evaluated according to the 1995 AAO-HNS Committee
on Hearing and Equilibrium guidelines and the Glasgow Benefit Plot criteria.
Subgroups with preoperative unilateral, bilateral symmetric and bilateral
asymmetric hearing loss were separately analysed.

Results
The most successful results in achievement of bilateral socially serviceable
hearing were demonstrated in the group with unilateral hearing loss with 78% of
patients having postoperative normal hearing. The achievement of bilateral
socially serviceable hearing is highly correlated with the type of preoperative
hearing impairment (r=0.74). A normal postoperative hearing levels are correlated
with preoperative bone conduction (r=0.61).

Conclusion
This study represents the largest series of primary stapedotomies evaluated with
the GBP. The bilateral postoperative hearing function depends on the type of
preoperative hearing impairment. Preoperative bone conduction thresholds
corrected for Carhart’s effect are useful for the prognosis of achievable post-
operative air conduction.
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Introduction
Since the introduction of the stapedectomy technique by Shea in 1956, the air-
bone gap (ABG) closure and the improvement of air conduction (AC) thresholds in
the operated ear were considered as main measures of success. Publications
from early stapedectomy series reported success rates of more than 90 percent
for ABG closure within 10 dB.1,2,3 The aforementioned reports assured recognition
of stapes surgery as a treatment of choice for the conductive hearing loss in
otosclerosis and contributed to high expectation rate these patients. With the
experience gathered over the three decades of modern stapes surgery, questions
about the functional benefit of this procedure to patients started to arise. In 1985
Gordon Smyth4 was the first otologist to question whether the patients and
surgeons agreed on the benefits of stapedectomy. Smyth mentioned that the
technical success of surgery did not necessarily translate to the improvement of
patients’ auditory status. Postoperative AC thresholds below 30 dB and an
interaural difference less than 15dB were found to be more significant for patient
satisfaction than the degree of ABG closure. Based on these findings, Toner and
Smyth5 coined the “15/30 dB rule of thumb” collectively known as the “Belfast rule
of thumb” method for evaluation of the bilateral postoperative hearing. In 1991
Browning6 suggested a new method for reporting benefits from middle ear surgery,
based on plotting the preoperative and postoperative AC thresholds in both
operated and non-operated ears. The proposed method, called the Glasgow
Benefit Plot (GBP), employs patient groupings into the three major categories
according to their preoperative hearing impairment (HI): unilateral (UHI), bilateral
asymmetric (BAHI) and bilateral symmetric (BSHI) (Figure 1). The achievable aims
of surgery are different in each group; therefore presentation of combined results
would be misleading. Meaningful comparisons between different series are
possible only if audiometric data of each group are evaluated separately.6,7,8

Bilateral hearing status remains rarely discussed in the reports on stapes surgery.9

Our search of the indexed medical literature in Medline® and PubMed® databases
demonstrated that among 3412 publications on the surgical treatment of
otosclerosis to date, binaural hearing function as a keyword was used in only 83
(2%). The hearing in the non-operated ear was purposefully evaluated only in 21
out of these 83 studies; the remaining 62 publications were primarily focused on
the results of bilateral surgeries.
In scarce publications that used the GBP for presenting results of middle ear
surgery there is a contradicting distribution of surgical success among the groups.
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Figure 1. Potential changes from preoperative impairment group to postoperative
impairment category. Group 1- unilateral HL, group 2- bilateral asymmetric HL, group 3-
bilateral symmetric HL. Category a - bilateral serviceable hearing, b – unilateral
serviceable hearing, c – bilateral asymmetric hearing impairment with operated ear
converted to the better hearing ear, d – bilateral symmetric hearing impairment.

The adding up unilateral and bilateral cases, as well as results of primary and
revision surgeries, or reporting results based on averages for whole series might
be the sources of these inconsistencies. In this study we included only unilateral
primary stapedotomy cases evaluating separately the three preoperative
categories of UHI, BAHI and BSHI to avoid discrepancy. The results of 394
bilateral stapedotomies are analyzed in a separate study.
The aims of this study are twofold: a) to evaluate both technical and functional
results of a large series of stapedotomies using the GBP and the AAO-HNS
Committee on Hearing and Equilibrium guidelines10 for reporting results of
treatment of CHL, and b) to analyze the effect of types of preoperative hearing
impairment on postoperative hearing levels after stapedotomy.

Patients and Methods
The charts of 1369 consecutive stapedotomies performed by one surgeon (senior
author J.H.) from 1991 to 2006 were reviewed. Of the 1369 surgical cases, 89
were revision stapedotomies and 46 were performed for congenital stapes fixation.
Eighty nine cases were excluded from the study due to incomplete data. The 1145
operations were primary stapedotomies in patients with otosclerosis. The audio-
metric results of 751 unilateral stapedotomies were included in this study. 437
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patients (58%) were women and 314 (42%) were men. The mean age was 46
years (SD 12 years).

The mean preoperative hearing levels calculated as a pure tone average (PTA) at
frequencies 0.5, 1, 2 and 3 kHz was 54 dB (SD 14 dB), mean preoperative ABG
was 29 dB (SD 9 dB). One hundred forty four (19%) patients were treated for
severe or profound hearing loss (defined as preoperative hearing levels  71 dB).

Stapedotomy was performed using the reverse order technique11,12 via a per-
meatal approach. A modified Cawthorne (0.3mm diameter) prosthesis was used
until 2002 in 409 cases. Thereafter, a modified Causse (0.4 mm diameter)
prosthesis was used in 342 procedures. A 0.4 mm (for Cawthorne) or 0.5 mm (for
Causse) fenestra was made in the footplate using Halik graduated perforators.
Adjunctive use of the Argon beam laser (Lumenis Inc, Salt Lake City, Utah, USA),
delivered via an EndoOtoprobe™ (Iridex Corp, Mountain View, California, USA),
was introduced in 2000. The laser assisted procedures were performed on 343
patients. A modification of the reverse order technique was made in conjunction
with the introduction of the laser: the Argon laser was used to vaporize the
stapedial tendon and posterior crus of the stapes prior commencing the footplate
fenestration. The laser was also used to initiate the footplate fenestration by
providing a ‘set-hole’ for the perforators. The fenestration was completed with the
graduated perforators.

The hearing outcomes were analyzed according to the 1995 AAO-HNS Committee
on Hearing and Equilibrium guidelines.10 Frequency specific AC thresholds at 0.5,
1, 2, 3, 4, 6, 8 and 12 kHz and bone conduction (BC) thresholds at 0.5, 1, 2, 3 and
4 kHz in operated and non-operated ears were tabulated in a computer database.
As the beginning of this study period pre-dates the 1995 AAO-HNS guidelines, 3
kHz results  were  not  available  for  all  patients.  In  these  cases  3  kHz AC and BC
was estimated by average between 2 and 4 kHz allowing a uniform presentation of
audiometric data in compliance with AAO-HNS guidelines. The mean preoperative
PTA of AC, BC and ABG at 0.5, 1, 2 and 3 kHz were compared with
corresponding postoperative values. Postoperative BC values were used to
calculate postoperative ABG. In addition to reporting the results as mean values of
AC, BC, ABG and AC gain, we utilized the GBP for visual presentation of bilateral
hearing status in each individual case. Normal hearing was defined as an AC
threshold  30 dB according to the original description by Browning11 who adopted
the “Belfast Rule of Thumb” for definition of socially acceptable hearing.
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Symmetrical hearing was defined as the interaural difference between the
operated and non-operated ear  10 dB as proposed by the GBP method. Based
on these criteria, patients were grouped into three major categories according to
their preoperative hearing impairment: group 1 (481 patients)-unilateral hearing
impairment (UHI), group 2 (166 patients) - bilateral asymmetric hearing impairment
(BAHI) and group 3 (104 patients)-bilateral symmetric hearing impairment (BSHI).
Pre- and postoperative AC PTAs in operated ear were plotted on the vertical axis
against corresponding AC thresholds in non-operated ear on the horizontal axis.

The database was analyzed with a statistical software program STATISTICA 6.0,
StatSoft, Inc., Tulsa, OK, USA. Statistical analysis was carried out for comparisons
between pre- and postoperative values using paired t-test for the evaluation of AC,
BC, PTA, ABG, AC gain. The effects of type of preoperative hearing impairment
and preoperative BC on achievement of postoperative symmetric and socially
acceptable hearing of correlation were evaluated with Pearson test of correlation.
The criterion selected for statistical significance was p <0.05.

Results
Conventional Methods of Assessing Surgical Success
I. Closure of air-bone gap

Pre- and postoperative ABG for all the series, percentage of ABG closure for
all the series, and separately for UHI, BAHI and BSHI are summarized in
Table 1. A mean postoperative ABG of 7.5 dB was achieved in each group
despite preoperative differences between the groups with the largest
preoperative ABG of 32 dB in Group 2.

Table 1. Closure of air-bone gap

    ABG All unilateral               Group 1          Group 2          Group 3
n=751                     n=481             n=166 n=104

  10 dB 602 (80%)              391 (82%)        134 (81%)       71 (74%)
  20 dB 728 (97%)              469 (98%)        160 (96%)       99 (95%)
Preop 29( SD 9)                28 (SD 9)         32 (SD 10)     28 (SD 9)
Postop 7 (SD 6)                   7 (SD 5)            8 (SD 6)        8 (SD 7)

 ABG - air-bone gap, dB - decibel, SD - standard deviation,
 Group 1 - unilateral hearing impairment,
 Group 2 - bilateral asymmetric hearing impairment,
 Group 3 - bilateral symmetric hearing impairment.
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II. Improvement in air conduction thresholds
Postoperatively, significant improvement of AC thresholds was demonstrated
in all groups (p<0.001). The group with  BAHI had the most severe
preoperative hearing loss, with average AC thresholds of 65 dB in operated
ear and 40 dB in non-operated ear. Postoperative AC thresholds in this
group were also poorer than in the UHI and BSHI groups, despite a greater
AC gain of 27 dB, compared with 24 dB and 21 dB in UHI and BSHI groups,
respectively (Table 2).

Table 2. Improvement in air-conduction (AC) PTAs (at 0.5, 1, 2 and 3 kHz).

All unilateral Group 1 Group 2 Group 3
AC

N=751 N=481 N=166 N=104

Preop dB 54 (SD 14) 50 (SD 12) 65 (SD 15) 54 (SD 14)

Postop dB 29 (SD 13) 26 (SD 10) 38 (SD 15) 33 (SD 14)

Gain dB 25 (SD 12) 24 (SD 11) 27 (SD 12) 21 (SD 12)

Unoperated ear 26 (SD 18) 13 (SD 8) 40 (SD 10) 53 (SD 15)
  n - number of patients, dB - decibel, SD - standard deviation

III. Preoperative and postoperative BC
Preoperative BC thresholds were analyzed for identification of cases for
which normal hearing is achievable. The highest proportion of normal
cochlear reserve was found in UHI group  in 411 (85%) of cases. The
highest proportion of mixed hearing loss was found in BAHI group: 123
(74%) patients had BC thresholds  25 dB (Table 3).

Table 3. Pre- and postoperative bone conduction (BC) PTAs (at 0.5, 1, 2 and 3 kHz).

All unilateral Group 1 Group 2 Group 3
Preoperative BC

N=751 N=481 N=166 N=104

 30 dB 567 (75%) 411 (85%) 81 (49%) 75 (72%)

 25 dB 293 (39%) 123 (26%) 123 (74%) 47 (45%)

Preoperative dB 25 (SD 10) 22 (SD 8) 33 (SD 11) 26 (SD 10)

Postoperative dB 22 (SD 11) 20 (SD 8) 30 (SD 13) 25 (SD 11)
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IV. The proportion of postoperative normal hearing is presented in Table 4.
Analysis of correlation (Pearson test) have demonstrated that normal
postoperative AC (Table 4) was found to be highly correlated withnormal
preoperative BC (Table 3 ) , Pearson correlation coefficient r=0.7.

V.  The distribution of postoperative symmetrical hearing is demonstrated in
Table 5.
The type of preoperative hearing impairment was found to be highly
correlated with postoperative symmetric hearing, Pearson correlation
coefficient r =0.75.

Table 4. The proportion of postoperative normal hearing.

All unilateral Group 1 Group 2 Group 3Postoperative
AC N=751 N=481 N=166 N=104

 30 DB 507 (68%) 377 (78%) 71 (43%) 49 (57%)

% of achievable
(pre BC  30 dB)

89% 92% 88% 65%

Table 5. Postoperative bilateral symmetrical hearing.

All Group 1 Group 2 Group 3Interaural
difference N=751 N=481 N=166 N=104

Operated become
better hearing ear

311 (41%) 106 (22%) 105 (63%) 100 (96%)

  10 dB 351 (47%) 220 (46%) 91 (55%) 19 (18%)

  15 dB 507 (68%) 262 (55%) 127 (77%) 37 (36%)

Glasgow Benefit Plot
Figures 2, 3 and 4 demonstrate the preoperative and postoperative AC PTA for
the three preoperative hearing impairment groups.

1. Postoperative normal hearing
Postoperative AC PTA at 0.5,1,2 and 3 kHz less than 30 dB in operated ear
was achieved in  507(68%) of all unilateral stapedotomies. It comprises 89%
of patients with preoperative BC thresholds  30 dB allowing achievable
serviceable hearing. Best results were demonstrated in the group with
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unilateral hearing impairment (group 1). The less successful results for
normal hearing levels were found in the group with bilateral asymmetric
hearing impairment (group 2) (Table 4).

2. Postoperative symmetrical hearing
 Postoperative bilateral hearing PTAs are summarized in Table 5. The

operated ear became the better hearing ear in 41% of cases in this series but
became the better hearing ear in 96% of the subgroup of patients with
preoperative bilateral symmetric hearing impairment. Symmetrical hearing
was obtained in 47% of all patients. For comparison, if the inter-aural
difference of 15 dB or less is regarded as symmetrical hearing it was achieved
in 68% of all patients. The most striking difference was found in BSHI group -,
where a two-fold increase in postoperative symmetrical hearing was
observed., In UHI group - postoperative hearing is found to be symmetric in
only 55%; at the same time it is bilaterally normal in 78% of cases (Table 4).
This apparent discrepancy can be explained by the fact that the mean AC
PTA for the non-operated ear in this group was 13 dB(Table 2), therefore
patients with postoperative hearing thresholds of 28< PTA AC 30 dB have
bilateral normal hearing despite an interaural difference formally exceeding 15
dB.

 preoperative AC dB HL
 postoperative AC dB HL
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Figure 2. Results of preoperative group 1 (n = 481)
(Unilateral impairment with asymmetric thresholds).
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Figure 3. Results of preoperative group 2 (n =166)
(Bilateral impairment with asymmetric thresholds).
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Figure 4. Results of preoperative group 3 (n =104)
(Bilateral impairment with symmetric thresholds).

Discussion
Stapes surgery is generally considered the most successful middle ear procedure
for correction of a conductive hearing loss. This reputation is based on
publications reporting stapedectomy success rates approaching 85-95% of
cases.1-3,13-15 In these studies, success is defined as the improvement of AC
thresholds and ABG closure in the operated ear. This technical approach to the
assessment of surgical outcomes does not consider overall hearing status based
on bilateral auditory input. The GBP, created with the patient’s bilateral hearing in
mind, is considered a functional method for reporting benefits of middle ear
surgery. This study employs the GBP in addition to technical methods for
evaluation the results of stapedotomy. Preoperative and postoperative BC and AC
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PTAs for both the operated and non-operated ear were calculated to  evaluate the
effect of types of preoperative hearing impairment on surgical success, as defined
by GBP criteria for normal and symmetrical hearing.

To date, the GBP has been utilised in 19 studies indexed in Medline® and
PubMed® database. Ten publications employed the GBP to analyse surgical
success in chronic otitis media, tympanosclerosis, and otitis media with effusion.
Nine studies used the GBP to investigate stapes surgery. The results of unilateral
procedures were evaluated in four reports,16-19 and results of bilateral surgeries in
three.20-22 Combined data from unilateral and bilateral cases were presented in
one study;23 and one publication discussed revision stapedectomy.24

The outcome of revision stapes surgery is usually less successful than that of
primary stapedectomy.25-27 In the case of bilateral disease, it is customary to
operate first on the ear with worse hearing thresholds. Therefore, the chances for
bilateral normal hearing in unilateral and bilateral surgery are substantially different
and functional results between primary and revision, or unilateral and bilateral
procedures cannot be compared directly. As Browning emphasised in his original
paper6, reporting the average results of an entire surgical series would make it
impossible to calculate the differences between different patient populations within
the series. Despite this, some authors use the GBP to evaluate the success of
mixed series, thereby combining overall results of different patient populations. In
order to circumvent the ambiguity that may arise from this method of evaluation,
the present study considered outcomes of each preoperative group separately.
This method is consistent with Browning’s position, and uses the GBP as it was
originally designed to be applied.

Technical results of previous unilateral stapedotomy series, assessed by
conventional means, demonstrated ABG closure within 10 dB in 50% of cases in
Browning’s series6, 65% in Huangs’ series16, and 74% of 509 cases reported by
Persson et al.23. The recovery of AC PTAs demonstrated less variability: an AC
gain of 28 dB was found by Browning6, 27 dB by Persson23, 29 dB by Huang16,
and 24 dB by Caces19. Results from this study indicate closure of the ABG within
10 dB in 80% of cases, and an AC PTA gain of 25 dB (SD 12 dB); which is equal
or superior to other series evaluated by the same criteria. ABG closure within 10
dB was demonstrated in 82% of cases in UHI group, in 81% in BAHI group and in
74% in BSHI group (Table 1). Postoperative AC PTAs were better in UHI group
(26 dB, SD 10 dB) than in BAHI group (38 dB, SD 15 dB) and BSHI group (33 dB,
SD 14 dB)(Table 2). As was previously reported, clinical improvement correlates



Bilateral hearing function after unilateral stapedotomy evaluated with Glasgow Benefit Plot

77

better with postoperative AC levels than with postoperative ABG values28. The
present study establishes that the probability of normal postoperative AC
thresholds is directly related to the type of preoperative hearing impairment, as
defined by the GBP criteria. Superior outcomes are demonstrated in UHIgroup, in
which 78% of patients achieved normal hearing in the operated ear. Forty three
percent of BAHIgroup patients achieved postoperative thresholds better than 30
dB. A similar distribution of success rates, as evaluated by the GBP, was found by
Szymanski17, with 79% and 46% postoperative normal hearing in UHI group and
BAHI group, respectively. Our findings are also consistent with Persson23, who
found normal hearing in 70% of UHI group and only in 36% of BAHI group.
Similarly, Lundman et al.28 reported severe postoperative hearing disability in
about one third of otosclerosis patients with bilateral hearing loss, despite good
results from unilateral surgery.  The preoperative AC thresholds and proportion of
mixed hearing loss is highest in BAHI group, intermediate in BSHI group, and
lowest in UHI group. Therefore, knowledge of success rates in different hearing
impairment groups may be helpful in preoperative counselling.

Pre-operative BC thresholds are usually considered the limiting factor for the
achievable postoperative AC improvement.29 The postoperative changes of BC
thresholds in otosclerosis were initially described by Carhart30 and Davis31. More
recent reports demonstrated better postoperative results in patients with good
preoperative cochlear reserve.32  Moscillo evaluated variation in bone conduction
thresholds following stapedectomy, and found greater improvement in bone
conduction thresholds in younger patients; he concluded that normal BC
thresholds are a prerequisite for successful surgical outcomes.33 Ramsay found
also that a preoperative mixed hearing loss resulted more frequently in profound
SNHL postoperatively.34 However, the controversy of using preoperative BC for
prognostic purposes remains. The 1995 AAO-HNS guidelines, which use post-
operative BC thresholds for ABG calculation, have been criticized because BC
thresholds can change unpredictably.35 For example, BC thresholds could either
improve due to Carhart’s effect, as a result of successful mobilization of the
ossicular chain, or worsen, as a result of surgical trauma.36-39 Limitations may exist
for bone conduction audiometry owing to difficulties with masking, especially in
cases of severe bilateral conductive hearing impairment.40

Results of our study demonstrated the best preoperative and postoperative BC
thresholds in UHI group and the worst parameters in BAHI group, which more
likely will require postoperative hearing aids (Table 3). This is in agreement with
the highest proportion of mixed hearing loss in BAHI group and the highest
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proportion of postoperative normal hearing in UHI group. Therefore, the
combination of quantifying the Carhart’s effect based on preoperative BC36 with
known incidence of SNHL in this series allows for reasonably accurate prediction
of postoperative results. Further investigation of the predictive value of
preoperative BC thresholds, using the GBP, is ongoing in our department. This
study will compare potentially achievable and actual results of stapedotomy.
Many authors have tried to identify prognostic factors for success in middle ear
surgery by analyzing preoperative audiometric data and operative findings.
Gerard41 reported the outcomes of 147 primary stapedotomies, with ABG closure
within 10 dB in 60% of cases, but did not detect any factor that was predictive for
postoperative hearing thresholds. Blakley found improved outcomes in patients
with less severe preoperative hearing loss, and concluded that preoperative
hearing thresholds predict postoperative hearing.42 Ueda43 investigated the
preoperative ABG, and determined that smaller preoperative ABG results in better
postoperative ABG closure. Therefore, if technical success in the operated ear
only is the only consideration, better preoperative AC thresholds and smaller
ABGs are associated with more successful surgical outcomes.

The patients’ estimation of the benefits of surgery may not always match that of
the surgeon. For example, a patient with the most severe hearing loss may have
the largest functional benefit from surgery. Browning concluded that the magnitude
of AC threshold change is more important for patient satisfaction than
achievement of normal hearing in the operated ear. Patients with preoperative
bilateral hearing impairment report greater benefit than those with unilateral
hearing impairment provided the hearing thresholds of the operated ear are better
relative to the non-operated ear. Following the analysis based on patients’ reports
of surgical benefit, Browning removed the horizontal 30dB line from the modified
GBP.44 Further modification of the GBP was recently reported by Schmerber22,
who proposed the Quartile Benefit Plot (QBP). The QBP includes the additional
criteria of ABG closure within 10 dB, and absence of postoperative SNHL; which
provides a more sensitive measurement of both technical and functional benefits
of stapes surgery. From an historical perspective, increasingly comprehensive
assessments of audiometric outcomes resulted in shrinking success rates. From
85-95% in series reported by the “fathers of stapes surgery”1-3,13-15, to 78% when
evaluated by the “Belfast rule of thumb”, to 62% when assessed with the GBP5,
and finally to 39% when calculated by the QBP.22 The imposition of more stringent
criteria for evaluation of surgical results leads to lower success rates.
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The definitions of technical success used by current methods, however, are limited
by focusing on achievement of certain number of decibels of hearing level in one
or two ears. Evaluation of the benefit of treatment is more complex and additional
methods concerning quality of life aspects are needed to provide more balanced
final answers.45 Ramsay noted that even patients with excellent audiometric
results frequently presented with symptoms of noise intolerance and sound
distortion, negatively affecting their subjective estimate of surgical benefit.46 This
observation is also supported by Hall, who demonstrated that some patients with
normal pure-tone thresholds after stapedotomy continue to experience significant
hearing disability, due to abnormal binaural hearing function.47 A recent study on
quality of sound following stapedotomy found that audiometric improvement does
not always correlate with an improvement in sound perception.48 The study also
determined that patients with postoperative AC PTAs <30dB demonstrated better
handicap scores than those with AC PTAs >30dB. This is in agreement with the
results of other studies, which demonstrated that improvement of postoperative
thresholds resulted in better speech recognition scores and, subsequently, in
better QOL.49,50 Therefore, using a patient’s preoperative impairment to predict
their outcome, allows for more patients expectations oriented counselling. For
practical purposes, the combination of conventional methods and preoperative BC
PTAs in the GBP provides a working tool for the reasonably accurate prediction of
postoperative hearing. This combination of technical and functional criteria allows
also meaningful comparison of surgical techniques, and contributes to improved
quality of future research.

Conclusions
In this study the largest group of 751 primary unilateral stapedotomies was
simultaneously evaluated according to 1995 AAO-HNS guidelines and the GBP
criteria. The addition of the GBP to conventional parameters provides detailed
presentation of bilateral hearing in each individual case and visual identification of
successes and failures. The best functional results are demonstrated in the group
of unilateral hearing impairment. Socially acceptable hearing can be achieved in
78% of patients with unilateral CHL. Patients with bilateral symmetric hearing loss
are more likely to benefit from second ear surgery for achievement of bilaterally
serviceable and symmetrical hearing. Patients with bilateral asymmetric mixed HL
will more likely require postoperative rehabilitation with hearing aids. The bilateral
postoperative hearing function depends on the type of preoperative hearing
impairment. Preoperative BC thresholds corrected for Carhart’s effect can be used
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for the prognosis of achievable postoperative AC thresholds. Prospective study of
preoperative audiometric parameters as prognostic factors will be of value.
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Abstract
Aims
To evaluate results of 394 bilateral stapedotomies according to the American
Academy of Otolaryngology - Head and Neck Surgery (AAO-HNS) guidelines and
with the Glasgow Benefit Plot (GBP). To analyze the benefit of a second-ear
stapedotomy in achievement of normal and symmetrical hearing.

Study design
Retrospective chart review.

Methods
The charts of 1369 stapedotomies performed by senior author (J.H.) from 1991 to
2006 were reviewed. Results of 394 bilateral stapedotomies were included. The
hearing results were evaluated according to the 1995 AAO-HNS Committee on
Hearing and Equilibrium (CHE) guidelines and the GBP criteria. Success rates
after 1 st and 2 nd ear surgery were separately analysed.

Results
ABG closure  20dB was demonstrated in 98 % of cases after both 1st and  2nd

procedure. Postoperative AC gain was higher in the 1st ear surgery compared with
the 2nd ear surgery in all groups of preoperative hearing impairment.  As a result of
1st ear surgery, 142 (72%) patients changed into the category of unilateral hearing
loss. As a result of 2nd ear surgery, 125 (64%) patients changed into the category
of normal and symmetric hearing.

Conclusion
n this study the largest group of 394 primary bilateral stapedotomies was
simultaneously evaluated according to AAO-HNS guidelines and GBP criteria. 1st

ear surgery was more successful in achievement of normal hearing in the
operated ear. 2nd ear surgery was more beneficial in providing symmetric hearing.
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Introduction
Bilateral stapes surgery has been a source of controversy since the early
implementation of a stapedectomy technique. Abnormal histopathological findings
following bilateral stapedectomy and stapes mobilization have been well
documented.1-3 Immediate postoperative deafness and/or delayed sensori-neural
hearing loss (SNHL) remain the most feared complications.4,5 The prospect for
doubling the risk of these complications is amongst the arguments against second
ear surgery. Detrimental effects of bilateral vestibular loss also added to the case
against second ear stapedectomy.6 While technical results of stapedectomy have
been evaluated in numerous studies, functional benefits of bilateral intervention
were rarely reported. To date, the Glasgow Benefit Plot (GBP)7 has been
employed in three studies which evaluated results of bilateral stapedotomies in
small groups of patients.8-10 The aims of the present study were 1) to evaluate the
results of a large series of 394 bilateral stapedotomies according to the 1995
American Academy of Otolaryngology - Head and Neck Surgery (AAO-HNS)
guidelines criteria11 and with the GBP and 2) to assess the benefits of a second-
ear stapedotomy in achievement of binaural and symmetrical hearing.

Patients and methods
The charts of 1369 consecutive stapedotomies performed by one surgeon (senior
author J.H.) from 1991 to 2006 were reviewed. Of the 1369 surgical cases, the
1145 operations were primary stapedotomies in patients with otosclerosis. Forty-
eight stapedotomies were performed for congenital stapes fixation and 89 were
revision stapedotomies. Eighty- seven cases were excluded from the study due to
incomplete charts. Results of 751 unilateral cases are reported in a separate
paper.12 The audiometric results of 394 stapedotomies (197 patients) were
included in this study. One hundred twenty three patients (62%) were women and
74 (38%) were men. The mean age was 43 years (SD 11 years) at 1st ear surgery
and 45 years (SD 10 years) at 2nd ear surgery.

Stapedotomy was performed using the reverse order technique via a per-meatal
approach.13,14 A modified Cawthorne (0.3mm diameter) prosthesis was used until
2002 in 133 cases in 1st ear and in 95 in 2nd ear. Thereafter, a modified Causse
(0.4 mm diameter) prosthesis was used in 60 procedures in 1st ear and in 98
procedures in 2nd ear. In eight cases different prostheses, other than Cawthorne or
Causse, were used. A 0.4 mm (for the Cawthorne) or 0.5 mm (for the Causse)
fenestra was made in the footplate using Halik graduated perforators. Adjunctive
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use of the Argon beam laser (wavelength 512 nm) delivered via an EndoOtoprobe
™ was introduced in 2000. The laser assisted procedures were performed in 134
1st ear surgeries and in 163 2nd ear surgeries.

The hearing outcomes were analyzed according to the 1995 AAO-HNS Committee
on Hearing and Equilibrium (CHE) guidelines.11 Frequency specific AC thresholds
at 0.5, 1, 2, 3, 4, 6, 8 and 12 kHz and BC thresholds at 0.5, 1, 2, 3 and 4 kHz in
operated and non-operated ears were tabulated in a computer database. As the
beginning of this study period pre-dates the 1995 AAO-HNS guidelines, 3 kHz
results were not available for all patients. In these cases 3 kHz AC and BC was
estimated by average between 2 and 4 kHz. Mean preoperative pure tone average
(PTA)  of  AC,  BC  and  ABG  at  0.5,  1,  2  and  3  kHz  were  compared  with
corresponding postoperative values. Postoperative BC values were used to
calculate the postoperative ABG. In addition to reporting the results as mean
values of AC, BC, ABG and AC gain, we used the GBP for visual presentation of
bilateral hearing status in each individual case. The normal hearing was defined as
an AC threshold  30 dB according to the original description by Browning7 who
adopted the “15/30 dB Belfast Rule of Thumb”15 for definition of socially
acceptable hearing. Symmetrical hearing was defined as an interaural difference
between the operated and non-operated ear  10 dB as proposed in GBP method.
Based on these criteria, patients were grouped into three major categories
according to their preoperative hearing impairment: group 1 – unilateral hearing
impairment (UHI), group 2 - bilateral asymmetric hearing impairment (BAHI) and
group 3 -bilateral symmetric hearing impairment (BSHI). Before 1st ear surgery 8
patients had only a unilateral hearing impairment. These patients were treated with
bilateral stapedotomy resulting from the development of hearing loss in the second
ear during audiometric follow up after the 1st ear surgery. The BAHI group
comprised 38 patients and BSHI group comprised 151 patients. Before 2nd ear
stapedotomy, there were now 142 patients in UHI group, 45 patients in BAHI
group and 10 patients in BSHI group. Pre- and postoperative AC PTAs in the
operated ear were plotted on vertical axis against corresponding AC thresholds in
the non-operated ear on horizontal axis.

The mean preoperative hearing levels (so called “threshold hearing”) calculated as
a PTA at frequencies of 0.5, 1, 2 and 3 kHz were 54 dB (SD 14 dB) in operated
ear and 51 dB (SD 14 dB) in the non-operated ear at 1st ear surgery and 51 dB
(SD 14 dB) and 29 dB (SD 11 dB) respectively at 2nd ear surgery. The mean
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preoperative ABG was 27 dB (SD 9 dB) at 1st ear surgery and 25 dB (SD 8 dB) at
2nd ear surgery.

The database was analyzed with a statistical software program STATISTICA 6.0,
StatSoft, Inc., Tulsa, OK, USA. Statistical analysis was carried out for comparisons
between pre- and postoperative values using paired t-test for the evaluation of AC,
BC, PTA, ABG and AC gain. The criterion selected for statistical significance was
p <0.05.

Results
Conventional Methods of Surgical Success Assessment

I. Closure of air-bone gap
The pre- and postoperative ABG and percentage of ABG closure were calculated
for each series of 1st and 2nd  ear stapedotomies as a whole and separately for the
unilateral hearing impairment group (group 1,UHI), the  bilateral asymmetric
hearing impairment group (group 2, BAHI) and the bilateral symmetric hearing
impairment group (group 3, BSHI)
(Tables 1, 2). The technical success in ABG closure  10dB was significantly
higher in 1st ear surgeries (90% compared with 80% in 2nd ear, p<0.05). ABG
closure  20dB was demonstrated in 98 % of cases after both 1st and  2nd

procedure.

Table 1. Air-bone gap (ABG) closure at 0.5, 1, 2 and 3 kHz after 1st ear stapedotomy.

All 1st ear
stapedotomies

Group 1
UHI

Group 2
BAHI

Group 3
BSHI

n=197 n=8 n=38 n=151

Postop
ABG  10 dB 177 (90%) 8 (100%) 32 (84%) 137 (91%)

Postop
ABG < 20 dB 195 (99%) 8 (100%) 36 (95%) 151 (100%)

Preop ABG (dB)
Mean SD 27 (+9) 29 (+6) 34 (+6) 26 +8)

Postop ABG (dB)
Mean (SD) 5 (+4) 7 (+2) 7 (+6) 5 (+4)

Group 1 - unilateral hearing impairment,
Group 2 - bilateral asymmetric hearing impairment,
Group 3 - bilateral symmetric hearing impairment.
n - number of patients, dB - decibel, SD - standard deviation.
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Table 2. Air-bone gap (ABG) closure at 0.5, 1, 2 and 3 kHz after 2nd ear stapedotomy.

All 2nd ear
stapedotomies

Group 1
UHI

Group 2
BAHI

Group 3
BSHI

n=197 n=142 n=45 n= 10

ABG  10 dB 157 (80%) 110 (78%) 37 (82%) 10 (100%)

ABG  20 dB 193 (98%) 142 (100%) 41 (91%) 10 (10%)

Preop ABG (dB)
Mean (SD)

25 (±8) 24 (±7) 31 (±9) 18 (±3)

Postop ABG  (dB)
Mean (SD)

7 (±5) 7 (±4) 7 (±6) 5 (±3)

Group 1 - unilateral hearing impairment,
Group 2 - bilateral asymmetric hearing impairment,
Group 3 - bilateral symmetric hearing impairment.
 n - number of patients, dB - decibel, SD - standard deviation.

II. Postoperative improvement in air conduction thresholds
Postoperatively, significant improvement of AC thresholds was demonstrated in all
groups (p<0.001). The mean postoperative AC threshold in the operated ear was 
30dB after both 1st and 2nd ear surgery, meeting the criteria of  socially serviceable
hearing (Table 3). Postoperative AC gain was better in the 1st ear surgery
compared with the 2nd ear surgery in all groups of preoperative hearing
impairment.  Within the groups, the best mean postoperative AC thresholds were
demonstrated in the category of unilateral hearing impairment (group 1) - the
largest category in 2nd ear surgery.

Table 3. Improvement in air-conduction (AC) thresholds at 0.5, 1, 2 and 3 kHz.

n - number of patients, dB - decibel, SD - standard deviation.
AC thresholds in unoperated ear shown for comparison with postoperative AC thresholds.

All bilateral cases Group 1 Group 2 Group 3
AC (dB)
Mean (SD) 1st ear

n=197
2nd ear
n=197

1st ear
n=8

2nd ear
n=142

1st ear
n=38

2nd ear
n=45

1st ear
n=151

2nd ear
n=10

Preop 54 (14) 51 (14) 53 (6) 47 (9) 62 (11) 67 (16) 52 (14) 52 (19)

Gain 25 (9) 21 (10) 29 (6) 20 (9) 33 (8) 28 (11) 23 (9) 16 (5)

Postop 29 (11) 30 (12) 24 (3) 27 6) 29 (12) 29 (12) 29 (12) 36 (17)

Unoperated
ear

51 (14) 29 (11) 23 (4) 24 (5) 44 (9) 41 (12) 52 (14) 45 (19)
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Postoperative BC thresholds
Preoperative BC thresholds were analyzed for identification of cases with
achievable socially acceptable hearing. Patients with unilateral hearing impairment
have the most favourable proportion of normal cochlear reserve with BC levels 
30 dB: 8 patients (100% of cases) in the 1st ear surgery and in 130 patients (92%
of cases) in the 2nd ear surgery. The most unfavourable preoperative conditions
with the highest proportion of mixed hearing loss and BC thresholds above 30 dB
were found in patients with bilateral asymmetric hearing impairment (group 2)
(Table 4). Postoperatively BC thresholds significantly improved in all groups
(p<0.05), by 4 dB after the 1st ear surgery and by 3 dB after the 2nd ear surgery.

Table 4. Bone conduction (BC): mean pre- and postoperative thresholds at 0.5, 1, 2 and 3
kHz, proportion of patients with mixed hearing loss (preop BC  25dB) and preoperative
cochlear reserve with achievable socially serviceable hearing (preop BC < 30 dB).

All bilateral cases Group 1 Group 2 Group 3
BC (dB)
Mean (SD) 1st ear

n=197
2nd ear
n=197

1st ear
n=8

2nd ear
n=142

1st ear
n=38

2nd ear
n=45

1st ear
n=151

2nd ear
n=10

Preop 27  (11) 26 (11) 23  (5) 22  (6) 27 (12) 36 (14) 26 (11) 35 (19)

Postop 23  (11) 23 (11) 18  (5) 19  (5) 23  (8) 33 (15) 24 (11) 31 (19)

Preop BC

< 30 dB

145

74%

158

80%

8

100%

130

92%

24

63%

22

48%

113

75%

6

60%

Preop BC

  25dB

87

  44%

134

 68%

4

 50%

99

 41 %

16

 43%

29

  64%

67

  44%

6

  60%
n - number of patients, dB - decibel, SD - standard deviation

Glasgow Benefit Plot
Figure 1 demonstrates schematic changes that can occur postoperatively
according to the GBP criteria. Figures 2 and 3 demonstrate the AC thresholds
change after 1st and 2nd ear stapedotomies. The most common type of hearing
impairment among patients who were treated with bilateral stapedotomy was a
bilateral symmetric hearing loss (77% of cases, 151 / 197). As a result of 1st ear
surgery, 142 (72%) patients changed into the category of unilateral hearing loss.
As a result of 2nd ear surgery, 125 (64%) patients changed into the category of
normal and symmetric hearing.
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Figure 1. Potential changes from preoperative impairment group to postoperative
impairment category.
Group 1- unilateral HL, 2- bilateral asymmetric HL, 3- bilateral symmetric HL.
Category a - bilateral serviceable hearing, b – unilateral serviceable hearing, c – bilateral
asymmetric hearing impairment with operated ear converted to the better hearing ear, d –
bilateral symmetric hearing impairment.
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Figure 2. Results of first ear stapedotomy
   postoperative AC PTA

+   preoperative AC PTA
dB-decibel, AC-air conduction, PTA-pure tone average
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Figure 3. Results of second ear stapedotomy.
   postoperative AC PTA

+   preoperative AC PTA
dB-decibel, AC-air conduction, PTA-pure tone average

1. Postoperative normal hearing
Postoperative AC PTA at 0.5,1,2 and 3 kHz  30 dB was achieved in 144 (73%) of
1st ear stapedotomies and in 125 (64%) of 2nd ear stapedotomies. The first surgery
was more successful in achievement of socially serviceable hearing than the
second ear procedure in all groups (Table 5). Ninety nine percent of patients with
normal cochlear reserve (preop BC < 30 dB) achieved normal AC thresholds after
the 1st ear stapedotomy and 79% of patients after the 2nd ear procedure.

Table 5. The proportion of postoperative normal hearing within the groups and proportion
of cases with normal cochlear reserve (preop BC < 30 dB, Table 3) who actually achieved
socially serviceable hearing

All bilateral Group 1 Group 2 Group 3
Postop AC (dB)
Mean (SD) 1st ear

n=197
2nd ear
n=197

1st ear
n=8

2nd ear
n=142

1st ear
n=38

2nd ear
n=45

1st ear
n=151

2nd ear
n=10

Postop AC < 30 dB
% of group

144
73 %

125
64%

8
100%

104
73%

28
74%

17
38%

108
72%

4
40%

% of preop BC<30dB  99 %
144/145

 79%
125/158

100%
 8/8

80%
104/130

117%
28/24

77%
17/22

96%
108/113

66%
4/6
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2. Postoperative symmetrical hearing
Postoperative bilateral hearing results are summarized in Table 6.
According to the GBP criteria requesting an interaural difference of less than 10
dB, symmetric hearing was achieved in 80% of cases after the 2nd ear
stapedotomy. Using the “Belfast Rule of Thumb“and a less strict criteria for an
interaural difference of less than 15 dB, symmetrical hearing was achieved in 95%
of bilateral stapedotomies. The operated ear became the better hearing ear in
97% of cases after the 1st ear  surgery  and  in  46%  of  cases  after  the  2nd ear
procedure. This finding is not surprising given the mean AC thresholds of 50 (±15)
dB in non-operated ear at 1st ear surgery and 29 (±11) dB at 2nd surgery.

Table 6. Postoperative symmetrical hearing: interaural difference ( ) < 10 dB according to
the GBP criteria of symmetrical hearing, interaural difference ( ) < 15 dB according to the
“Belfast Rule of Thumb “.

All bilateral Group 1 Group 2 Group 3
Interaural
difference 1st ear

n=197
2nd ear
n=197

1st ear
n=8

2nd ear
n=142

1st ear
n=38

2nd ear
n=45

1st ear
n=151

2nd ear
n=10

 < 10 dB
% of group

18
9%

157
80%

8
100%

120
85%

2
5%

31
69%

8
5%

6
60%

 < 15 dB
% of group

 36
18%

187
95%

8
100%

136
96%

8
21%

41
91%

20
13%

10
100%

Operated side
became
the better hearing ear

191
97%

91
46%

4
50%

56
39%

36
95%

25
56%

151
100%

10
100%

Complications
In 1st ear surgery intra-operative complications were encountered in 9 cases. TM
tears occurred in 4 patients and were repaired intra-operatively; stapedial footplate
cracks or mobilization occurred in another 4 patients and the long process of incus
was fractured in one patient.
In  2nd ear procedure 8 complications took place: stapedial footplate cracks or
mobilization in 6 patients, a perilymphatic gusher repaired intra-operatively in one
patient and an incidental incus mobilization occurred in one patient.
None of these complications resulted in immediate or delayed SNHL or persistent
vestibular symptoms.
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Discussion
Stapes surgery is currently considered the treatment of choice for otosclerosis.
This technique has been proven to be highly successful in correction of the
conductive component of hearing loss in an operated ear. The reputation of
stapedectomy has been largely based on reports of high technical success
measured by ABG closure in an operated ear. Otosclerosis, however, is a bilateral
disease in the majority of cases.16,17 Typically patients present with a slowly
progressive hearing loss that is usually bilateral and often asymmetric.18 Over the
patients’ lifetime the hearing loss inevitably evolves to mixed type due to combined
effect of aging and progression of the disease itself. The adequacy of surgical
management in this type of bilateral hearing loss in otosclerosis remains
controversial.

The dilemma to operate or not on a second otosclerotic ear arises from difficulties
in the assessment of benefit from a second ear procedure as well as the danger of
unpredictable and potentially devastating complications. Early reports on the high
technical success of stapedectomy were followed by descriptions of surgical
complications.19-21 The histopathological findings following bilateral stapedectomy
included suppurative labyrinthitis, perilymphatic fistula, fibrous adhesions in utricle,
bony fragments in saccule, and cholesteatoma formation.6,22,23

Risks of bilateral deafness or complete loss of vestibular function as delayed
complications have driven opinion against a second ear stapedectomy.23,25

Refinements of surgical technique however allowed for a reduction of complication
rates reported in total stapedectomies with fat-wire prosthesis and Gelfoam
sealing.26,27,28 The currently preferred small fenestra stapedotomy, reverse order
of surgical steps and laser-assisted fenestration has converted stapes surgery to a
much safer procedure in experienced hands.29-31

Prevention of complications and improvement of postoperative hearing have been
the main benefits from the numerous refinements in stapedectomy technique.
While intra-operative complications appear better controlled, hearing improvement
remains more difficult to interpret. Standard audiometry is helpful in documentation
of changes in postoperative air and bone conduction in a operated ear, but its
ability to describe bilateral hearing function in real life conditions appear limited.32-

34
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Historically, the literature on stapedectomy results was focused on technical
success, measured as the degree of ABG closure. In the studies reporting 95-97%
rates of ABG 10 dB, postoperative hearing function was rarely mentioned.35-37

Notably, in one study the technical results of 1800 bilateral stapedectomies and
the degree of ABG closure in relation to various operative findings was described
in great details. No comments were found, however, on hearing thresholds
following surgery.38 In turn, in studies on the functional benefit of stapes surgery,
ABG closure rates were not mentioned.8,9

 In only a small number of publications have both technical and functional
outcomes been reported. In these studies, an ABG  10 dB was achieved in 50%7

to 74%39 of cases. Unfortunately technically successful stapes surgery is not
always beneficial in the patients’ perception. Smyth39 found that a post-operative
hearing threshold below 30 dB or an interaural difference less than 15 dB are
more important for patients’ satisfaction than the actual ABG closure. Not
withstanding the patients’ main expectation from stapedectomy is an ability to hear
equally well in both ears. A recognition that technically flawless stapedotomy will
not necessarily result in increased patient satisfaction requires more functional
measures of success. Smyth and Toner15 coined the “15/30 dB Belfast Rule of
Thumb” as a measure of benefit of the middle ear surgery. According to 15/30 dB
rule, the aim of surgery should be postoperative AC thresholds within 30 dB and
interaural difference less than 15 dB.

Emphasizing the importance of bilateral hearing for patient benefit from middle ear
surgery, Browning7 proposed the Glasgow Benefit Plot (GBP) - a new method for
evaluation of hearing as a bilateral function. The GBP includes evaluation of AC
PTA in both the operated and non-operated ear. A 30dB criterion of socially
serviceable hearing, adopted from the “Belfast Rule of Thumb”, was set as a
desirable goal of surgery. The definition of symmetric hearing was set as 10 dB of
interaural difference. The concept of grouping patients to three major categories of
unilateral, bilateral symmetric and bilateral asymmetric hearing impairment allows
for the preoperative assessment of chances for achieving symmetric or normal
postoperative hearing.

The results of unilateral and bilateral stapedotomies evaluated with the GBP are
vary according to audiometric parameters used in the calculations. In some
studies PTA values used for plotting the GBP were calculated on a three
frequency average of 0.5,1 and 2 kHz8,9, while others40, including our study, used
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four-frequency average according to the AAO-HNS CHE guidelines for reporting
results of middle ear surgery. Inclusion of the 3 kHz frequency in the calculation of
PTA has been demonstrated to decrease the percentage of patients achieving
postoperative normal hearing41, and subsequently, the success rate evaluated with
the GBP. Another difference in the methodology is the definition of symmetric
hearing. In the original description of the GBP7 Browning used an interaural
difference of 10 dB as a criterion of symmetric hearing. Other authors15,18 used a
15 dB difference criteria whereas some studies defined symmetrical hearing as an
interaural difference of 20 dB.9 To evaluate the effect of these different criteria of
symmetrical hearing on a success rate, we calculated the percentage of patients
with a postoperative interaural difference of 10 dB and 15 dB (Table 5). After 1st

ear stapedotomy symmetrical hearing was achieved in 9% of patients if GBP
criteria were used and in 18% according to the “Belfast Rule of Thumb”. 2nd ear
stapedotomy provided 80% of patients with symmetrical hearing by the GBP
definition and 95% of patients according to the “Belfast Rule of Thumb”.

Unilateral surgery has been found to be satisfactory in providing postoperative
normal and symmetric hearing in patients with unilateral hearing impairment.42,43

Success rates within 71-79% have been reported in studies using the GBP in the
assessment of unilateral stapedotomies.44,45

The results from our series12 of 751 unilateral stapedotomies in patients with
unilateral or bilateral hearing loss demonstrated that bilateral normal and
symmetric hearing was achieved in 78% of 481 cases with unilateral hearing
impairment compared with 70% of 509 cases reported by Persson40 and 80.5 % of
80 cases in De Bruijn’s study.9 In patients with bilateral symmetric hearing
impairment in our series12, serviceable hearing in the operated ear was achieved
in only 43% of cases, while postoperative thresholds were symmetric in 77% of
cases in this group. In cases with asymmetric impairment, symmetric
postoperative hearing was achieved in only 36% of cases, even though the
operated ear was converted to better hearing ear in 96% of these cases.
Lundman46 also found that unilateral surgery was insufficient in providing normal
and symmetric hearing function in patients with bilateral impairment.
The results of the present study demonstrate that following 1st ear surgery the
operated ear was converted to the better hearing ear in 97% of cases and
serviceable hearing in operated ear was demonstrated in 99% of patients with
achievable normal thresholds (preoperative BC 30 dB) (Tables 2, 4). As
aforementioned, however, symmetrical hearing was achieved in only 9-18% of
cases after 1st ear surgery (Table 5). The 2nd ear procedure provided symmetric
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hearing within 15 dB in 95% and normal hearing in 64% of cases. Second ear
surgery nevertheless appears to be less successful in achievement of
postoperative thresholds below 30 dB. The results seem to be affected by a higher
proportion of mixed hearing loss in the second otosclerotic ear: 67% of patients
had mixed hearing loss before 2nd ear surgery compared with 44% before 1st

surgery (Table 3).
Our results indicated that preoperative BC thresholds and the type of preoperative
hearing impairment define whether a bilateral normal hearing can be achieved
postoperatively. In patients with mixed and asymmetric hearing loss, bilateral
stapes surgery remains beneficial in facilitating postoperative fitting of bilateral
hearing aids. The results of our study support the conclusions based on the
evaluation of smaller series8,47 in  that  2nd ear stapedotomy contributes to
achievement of bilateral serviceable hearing in patients with bilateral hearing
impairment.
The low rate of intra-operative complications, similar in 1st and  2nd ear surgery,
with no detrimental postoperative effect on cochlear and vestibular function,
appears reassuring and speaks to the safety of bilateral stapes surgery. The
complication rate in our series is similar to results recently reported by Albrecht48

and Kujala.49 These findings have lead some authors to suggest even performing
simultaneous bilateral stapes surgery in selected patients.50.

Conclusions
In this largest study of 394 primary bilateral stapedotomies results has been
simultaneously evaluated according to AAO-HNS guidelines and GBP criteria. The
addition of the GBP to conventional parameters allowed comparison of the
benefits of 1st and 2nd ear surgeries in the achievement of bilateral socially
serviceable and symmetric hearing. We conclude that in our experience first ear
surgery was more successful in the achievement of normal hearing. Second ear
procedure was more beneficial in providing symmetric hearing in this series.
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Abstract
Objective
To evaluate the technical and functional results of 144 stapedotomies in patients
with severe to profound hearing loss (SPHL) and to compare the success rate in
this group with that of 1001 primary stapedotomies for mild to moderate hearing
loss (MMHL).

Study design
Retrospective chart review.

Setting
Tertiary referral center.

Methods
The charts of 1369 consecutive stapedotomy cases were reviewed. One hundred
twenty-seven patients (144 stapedotomies) with SPHL were included. The
outcomes were analyzed according to the 1995 American Academy of
Otolaryngology – Head and Neck Surgery (AAO-HNS) Committee on Hearing and
Equilibrium guidelines and evaluated with the Amsterdam Hearing Evaluating
Plots (AHEP) and the Glasgow Benefit Plot (GBP).

Results
The magnitude of hearing improvement was greater in patients with SPHL
compared with the patients with MMHL. The mean gain in air conduction in
patients with SPHL was 32 (± 13) dB compared with 23 (± 11) dB in the series of
1001 primary stapedotomies for MMHL. Air-bone gap closure  10 dB was
achieved in 63% of cases and  20 dB in 90% of patients with SPHL, compared
with 82% and 97% respectively in patients with MMHL.

Conclusions
SPHL in otosclerosis is not infrequent, comprising 13% of all primary
stapedotomies in this series. The magnitude of hearing improvement post
stapedotomy is greater in SPHL compared with MMHL. Symmetric hearing could
be achieved in two-thirds of patients, and normal hearing can be achieved in
selected cases.
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Introduction
Surgical intervention for severe to profound hearing loss (SPHL) owing to oto-
sclerosis is controversial as a higher proportion of these patients have a mixed
hearing loss, with insufficient cochlear reserve to allow them to dispense with the
use of a hearing aid post-operatively.1-6

Poor cochlear reserve in this group of patients is also felt to increase the risk of
post-operative sensorineural hearing loss and poor speech discrimination.7 In
addition, the inclusion of patients with severe hearing loss in the calculation of
audiometric results of stapedotomy has been found to negatively affect the
success rate in these series.8 As a result, knowledge of the pre-operative hearing
levels and the proportion of patients with SPHL in reported series is important for
the adequate interpretation of surgical outcomes. The aims of this study were to
evaluate the technical and functional results of 144 stapedotomies in patients with
SPHL and to compare the success rate in this group with that of 1001 primary
stapedotomies for mild to moderate hearing loss (MMHL).

Patients and methods
The charts of 1369 consecutive stapedotomies performed by one surgeon (J.J.H.,
the senior author) from 1991 to 2006 were reviewed. Of these 1369 procedures,
1145 were primary stapedotomies in patients with otosclerosis, 89 were revision
stapedotomies and 48 were performed for congenital stapes fixation. Eighty-seven
cases were excluded from the study owing to incomplete data. Of 1145 primary
procedures, 144 were performed on 127 patients who had SPHL with pre-operative
air conduction (AC) pure-tone average (PTA)  71dB. The audiometric results of
these 144 stapedotomies were included in this study. Sixty-nine patients (54%) were
women and 58 (46%) were men. The mean age was 55 years (SD 12 years; range
from 25 to 84 years). A bimodal age distribution is demonstrated in Figure 1. Fifty-
one patients (40%) had a family history of conductive hearing loss due to
otosclerosis. Fifty patients had other complaints: 40 patients (31%) had tinnitus, 6
patients (5%) complained of occasional dizziness and 4 patients (3%) had both.
Stapedotomy was performed using the reverse order technique via a per meatal
approach.9,10 A modified Cawthorne (0.3 mm diameter) prosthesis was used until
2002 in 100 cases. Thereafter, a modified Causse (0.4 mm diameter) prosthesis
was used in 44 procedures. A 0.4 mm (for the Cawthorne prosthesis) or 0.5 mm
(for the Causse prosthesis) fenestra was made in the footplate using Halik
graduated perforators.
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Figure 1. Age distribution in the group of 144 cases with severe to profound hearing loss.
Data represent number of ears.

As part of practice-based learning of the senior author, adjunctive use of the Argon
beam laser (Lumenis Inc, Salt-Lake City, UT, wavelength 512 nm), delivered via
an EndoOtoprobe, was introduced in 2000. Laser-assisted procedures were
performed in 77 cases. A modification of the reverse order technique was made in
conjunction with the introduction of the laser: the Argon laser was used to vaporize
the stapedial tendon and posterior crus of the stapes prior to footplate fenestration.
The laser was also used to begin the footplate fenestration by providing a ‘set-
hole’ for the perforators. The fenestration was completed with the graduated
perforators. This reduced surgical trauma and technical difficulties related to
manual fenestration. The hearing outcomes were analyzed according to the 1995
American Academy of Otolaryngology - Head and Neck Surgery (AAO-HNS)
Committee on Hearing and Equilibrium (CHE) guidelines.11 Frequency-specific AC
thresholds at 0.5, 1, 2, 3, 4, 6, 8, and 12 kHz and bone conduction (BC) thresholds
at 0.5, 1, 2, 3 and 4 kHz in operated and nonoperated ears were tabulated in a
computer database. The beginning of this study period predated the 1995 AAO-
HNS CHE guidelines; therefore, 3 kHz results were not available for all patients. In
such cases, 3 kHz AC and BC values were calculated as an average of 2 and 4
kHz, allowing a uniform presentation of audiometric data according to the AAO-
HNS guidelines. The mean pre-operative PTAs of AC, BC and air-bone gap (ABG)
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at 0.5, 1, 2, and 3 kHz were compared with corresponding post-operative values.
Post-operative BC values were used to calculate post-operative ABG.

The mean pre-operative parameters are summarized in Table 1. The mean AC
hearing level was 82 dB (SD 10 dB) in the operated ear and 51 dB (SD 24 dB) in
the non-operated ear. The distribution of the severity of hearing loss is
demonstrated in Figure 2. There were 115 ears (80%) with severe hearing loss (71
dB  PTA < 90 dB) and 29 ears (20%) with profound hearing loss (91 dB  PTA <
120 dB).

Table 1. Comparative pre-operative parameters in the group with severe to profound
hearing loss (SPHL) and the group with mild to moderate hearing loss.

Severe/profound
HL

(n = 144)

Mild/moderate
HL

(n = 1001)
Mean (SD) Mean (SD)

Age (yr) 55 (± 12) 43  (± 11)
AC PTA (dB) 82 (± 10) 49   (± 9)
BC PTA (dB) 46 (± 14) 23   (± 7)
BC PTA  30 dB 91 %  (131/144) 15%  (147/1001)
ABG (dB) 36 (± 11) 26  ( ± 9)
SRT (dB) 76 (± 12) 48  (± 10)
ABG - air-bone gap; AC - air conduction; BC - bone conduction; HL - hearing loss; PTA - pure tone
average; SRT - speech reception threshold.

Figure 2. Pre-operative distribution of ears according to severity of hearing loss (HL).
71-90 dB = severe hearing loss; 91-120 = profound hearing loss.
dB - decibel;HL - hearing loss; n - number of ears
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In addition to reporting averaged results prepared from the mean values of AC,
BC, ABG, and speech reception thresholds (SRTs) in the operated ear, we used
the Glasgow Benefit Plot (GBP)12 to evaluate bilateral post-operative hearing
function. Although, technically, there was no control group that did not undergo
intervention, audiometric data from the nonoperated ear were gathered, analyzed,
and reported to allow comparison with the operated ear and to appreciate the
benefits of surgical treatment. The GBP was also useful in assessing the type of
pre-operative hearing impairment. Normal hearing was defined as an AC threshold
 30 dB according to the original description by Browning and colleagues, who

adopted the “15/30 dB Belfast Rule of Thumb” for the definition of socially
acceptable hearing.13 Symmetric hearing was defined as an interaural difference
between the operated and non-operated ear  15 dB.
Based on these criteria, the ears of patients were grouped into three major
categories according to their pre-operative hearing impairment: group 1 (n = 26),
unilateral hearing impairment (UHI); group 2 (n = 81), bilateral asymmetric hearing
impairment, and group 3 (n = 37), bilateral symmetric hearing impairment. Pre-
and post-operative AC PTAs in the operated ear were plotted on the vertical axis
against corresponding AC thresholds in the non-operated ear on horizontal axis.
The Amsterdam Hearing Evaluation Plots (AHEP)14 was used for evaluation of
post-operative changes in BC and visual presentation of AC gain in each case.
Pre-operative PTAs of BC were plotted against corresponding post-operative BC
thresholds, and pre-operative ABG values were plotted against AC gains, allowing
data for each individual patient to be recognized as plot points on a graph. This
addition of the GBP and AHEP meets AAO-HNS level I and level II guidelines for
the uniform reporting of both summary and raw data.

Data were analyzed with the statistical software program Statistica 6.0 (StatSoft,
Inc., Tulsa, OK). Statistical analysis was carried out for comparisons between pre-
and post-operative values using the paired t-test  for  the  evaluation  of  AC,  BC,
PTA, ABG, and AC gain. The criterion selected for statistical significance was p <
0.05.

Results
Conventional Methods of Assessing Surgical Success
Mean AC, BC, SRT
Significant improvement in all audiometric parameters (AC and BC thresholds,
ABG, and SRT) was demonstrated post-operatively (p < 0.001) (Table 2). Even
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though the mean post-operative AC level was 51 (± 17) dB, the magnitude of
hearing improvement was greater in patients with SPHL compared with patients
with MMHL. The mean gain in AC in patients with SPHL was 32 (± 13) dB
compared with 23 (± 11) dB in MMHL.

Table 2. Mean (SD) pre- and post-operative air conduction and bone conduction
thresholds, air-bone gap, speech reception threshold, and air conduction gain at 0.5, 1, 2
and 3 kHz.

AC BC ABG SRT AC gain
Mean (SD)

Pre-operative (dB) 82 (±10) 46 (±14) 36 (±11) 76 (±12) -
Post-operative (dB) 51 (±17) 41 (±13) 10  (±8) 44 (±16) 32 (±13)

ABG - air-bone gap; AC - air conduction; BC - bone conduction; SRT - speech reception thresholds

AC improvement
Although all operated ears had SPHL pre-operatively, normal or socially
acceptable hearing (mean AC  30 dB) was achieved post-stapedotomy in all 13
cases (13 of 144 or 9%) with the potential to achieve normal hearing (pre-
operative BC PTA  30 dB). Post-operative MMHL in the operated ear was
demonstrated in 114 (79%) cases whereas 17 (12%) ears remained in category of
SHL (Figure 3).

Figure 3. Air conduction (AC) threshold shift from pre-operative severe to profound
hearing loss to  post-operative mild to moderate and normal hearing.
AC - air conduction; dB - decibel.
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ABG Closure
Pre- and post-operative ABG and percentage of ABG closure was calculated for
the group with SPHL and compared with the group with MMHL (Table 3). The
mean postoperative ABG of 10 (± 8) dB was demonstrated in the group with SPHL
compared with 7 (± 5) dB in the group with MMHL. ABG closure  10 dB was
achieved in 63% of cases and  20 dB in 90% of patients with SPHL, compared
with 82% and 97% respectively, in the patients with MMHL.

Table 3. Comparative rates of air bone gap closure in the groups with severe to profound
hearing loss and mild to moderate hearing loss.

Post-operative
ABG (dB)

n of ears
with SPHL

% of ears
with SPHL

% of ears
with MMHL

 10 dB 90 63 82
 20 dB 130 90 97
 20 dB 14 10 3

ABG - air-bone gap; MMHL - mild to moderate hearing loss; SPHL - severe to profound hearing
loss.

Hearing results assessment with AHEP.
Pre- and post-operative BC
BC thresholds remained within 10 dB of pre-operative value in 79 (55%) ears.
These cases are represented by dots situated between two diagonal lines on
Figure 4.
Improvement in BC > 10 dB was demonstrated in 63 (44%) ears represented by
dots below the lower diagonal line. Worsening by more than 10 dB was observed
in two cases (1%) and is represented by dots above the upper diagonal line.

AC gain and ABG closure  20 dB.
Successful results with ABG closure  20 dB were demonstrated in 130 (90%)
ears. These cases are represented by dots situated below the upper diagonal line
on Figure 5.
Overclosure, with gain in AC thresholds exceeding pre-operative ABG, was
achieved in 34 (24%) of these cases, represented by dots below the lower
diagonal line. Unfavourable results, with ABG > 20 dB, were demonstrated in 14
(10 %) ears and are represented by dots above the upper diagonal line.
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Preoperative ABG
(dB)

Figure 4. Pre-operative (x-axis) and post-operative (y-axis) bone conduction (BC)
thresholds evaluated with the Amsterdam Hearing Evaluation Plots.

Figure 5.  Evaluation of the gain in air conduction (AC) thresholds compared with pre-
operative air-bone gap (ABG) with the Amsterdam Hearing Evaluation Plots.

Glasgow Benefit Plot
The most common type of pre-operative hearing impairment was a bilateral
asymmetric HL in 81 cases (56%), followed by a bilateral symmetric hearing loss
in 37 cases (26%) and a unilateral hearing loss in 26 cases (18%) (Figure 6). Post-

Post operative
BC (dB)

Pre operative BC
(dB)

n=130 (90%)

Gain in AC (dB)
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operatively, the operated ear was converted into the better hearing ear in 65 (46%)
cases.  In the interpretation of these results, AC thresholds in the non-operated
ear should be taken in consideration. The mean post-operative AC in the operated
ear was 51 (± 17) dB and mean AC thresholds in the nonoperated ear were also
51 (± 24) dB. Symmetric hearing with an interaural difference of  15 dB was
achieved in 63 (44%) cases. Normal or socially acceptable hearing (post-operative
AC  30 dB) was achieved in the operated ear of 13 patients, that is, all those who
had the potential to achieve normal hearing, with pre-operative BC thresholds  30
dB. Seventeen cases of 82 cases remained in a category of bilateral asymmetric
hearing loss post-operatively (Figure 7).

Glasgow Benefit Plot (GBP)
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Figure 6.  Pre-operative pure-tone average (PTA) of air conduction (AC) thresholds in
operated (y-axis) and non-operated (x-axis) ears evaluated with the Glasgow Benefit Plot.

Additional post-operative symptoms
Nonauditory complaints are summarized in Table 4. Ten patients (7%) noticed
temporary taste alteration; five patients (3%) reported occasional dizziness; and
one patient complained of post-operative tinnitus. Tinnitus improved in seven
patients, and pre-operative dizziness resolved in two patients.

dB
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Figure 7.  Post-operative pure-tone average of air conduction (AC) thresholds in operated
(y-axis) and non operated (x-axis) easr evaluated with the Glasgow Benefit Plot.

Table 4. Additional symptoms.

Pre-operative,
n (%)

Improved,
n (%)

New post-operative,
n (%)

Tinnitus 40 (28%) 7 (18% 7/40) 1 (1%)

Vertigo 6 (4%) 2 (33% 2/6) 5 (3%)

Tinnitus and vertigo 4 (3%) 0 0

Taste alteration 0 0 1 (7%)
Data represent number of patients.

Discussion
Management of severe hearing loss in otosclerosis is challenging. The pre-
operative diagnosis, choice of treatment and evaluation of surgical benefit remain
controversial.
Audiometric presentation of advanced disease differs substantially from the typical
audiologic characteristics of patients with early otosclerosis. The interpretation of
the audiogram is difficult when there is a combination of SNHL in the better
hearing ear and a mixed hearing loss in the second ear or a bilateral mixed
SPHL.15 Difficulties in bone masking in cases of bilateral asymmetric hearing loss
often hinder the estimation of the actual ABG.16,17 In patients with nonmeasurable
AC thresholds or BC thresholds beyond the maximal output of audiometer, an
ABG also cannot be reliably established.

AC operated ear (dB)

AC non operated ear (dB)
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The lack of typical audiometric signs of otosclerosis in these patients with a severe
hearing loss requires additional diagnostic clues. Sheehy proposed several clinical
diagnostic criteria, including a positive family history, a progressive pattern of
hearing loss, a history of use of BC hearing aids, and evidence of an ABG from
previous audiograms.18 Shea and colleagues stated that the diagnosis of far-
advanced otosclerosis, for the most part, could be easily made from the history
and examination.19 However, others have argued that the diagnosis of otosclerosis
can only be confirmed by surgical exploration.17,20

Options for surgical treatment of advanced otosclerosis include stapedotomy or
cochlear implantation (CI). Use of the middle ear implants in severe mixed hearing
loss in otosclerosis has also been reported recently.21 Decision making in the
choice of treatment is often hindered by difficulties in diagnosis, quantification of
sensorineural reserve and the controversies of treatment outcomes.
To help in the accuracy of the pre-operative assessment, Keith and colleagues
reported the value of electrocochleography and promontory responses for
confirmation of preserved cochlear function. 22

Whereas Glasscock and colleagues noted that CI is too often discussed prior to
consideration of its relevance,23 Ramsden and colleagues suggested that CI may
be the only effective treatment in cases of otic capsule involvement from the
otosclerotic process.24 Calmels and colleagues reported that objective and
subjective results in the cochlear implant group were statistically better than in the
stapedectomy group.25 To the contrary, Khalifa and colleagues found that
outcomes of stapes surgery are superior to CI. 26 Several other publications have
suggested stapedectomy as a simpler, safer, and less extensive intervention with
better chances for auditory rehabilitation compared with CI surgery.19,23,27

Previously, stapes surgery in advanced otosclerosis was believed to have a poorer
prognosis than in the earlier stages of the disease. Several factors were reported
as contributing to unfavourable outcomes. Shea and Farrior found that an
obliterative footplate was frequently associated with bony round window closure.28

Amedee and Lewis reported that advanced otosclerotic changes of the oval and
round windows often required extensive drilling and were more frequently
associated with excessive bleeding and post-operative SNHL.29 Ramsay and
Linthicum demonstrated that the presence of a mixed hearing loss at surgery
increased the risk of profound cochlear loss.6 The incidence of obliterative
footplate in our series was two times higher in the group with SPHL compared with
the group with MMHL (0.7% and 0.3%, respectively), but it was not accompanied
by the higher complication rate that was reported in earlier studies. As mentioned
by Glasscock and colleagues, who discussed the similar differences between the



Chapter 3.1

116

stapedectomy series from 1970 and 1994, the first and most important possible
reason for improved outcomes is a superior surgical technique that was refined
over time.23

Difficulty in measuring the benefit of surgery is one of the continued sources of
controversy in the evaluation of treatment outcomes. Since unaided serviceable
hearing was rarely achieved in previous reports, Sheehy stated that usual criteria
for technical success reported as the degree of ABG closure are not feasible for
evaluation of surgical results in advanced otosclerosis.18 Keith and colleagues
suggested that the purpose of stapedectomy in severe hearing loss is not
necessarily the achievement of normal hearing, but in allowing a serviceable aided
hearing.22 The practical aim of surgery in this condition is to diminish the hearing
impairment and facilitate post-operative amplification, rather than normal hearing,
which is unattainable in the majority of these patients.22 Glasscock and colleagues
chose the post-operative ability to use a hearing aid as one criterion of success
and concluded that a patient’s satisfaction from restored ability using hearing aids
is a more adequate measure of successful stapes surgery in profound hearing
loss.23

Unaided serviceable hearing has rarely been achieved in previous reports. In the
only study with a published detailed distribution of pre-operative BC thresholds,
AC levels < 30 dB were reported in five of eight patients who had pre-operative BC
thresholds < 30 dB, or 63% of what was potentially achievable.27 Results from our
series have demonstrated normal post-operative AC thresholds in 13 of 13
patients with pre-operative BC levels < 30 dB, or 100% of what was potentially
achievable. Even though achievement of normal hearing is often impossible owing
to poor pre-operative BC thresholds, 88% of patients in our series were converted
from the category of SHPL to MMHL, or better, considerably facilitating their post-
operative rehabilitation with hearing aids (Figure 3).
Amplification with hearing aids as an alernative to stapes surgery in otosclerosis
was extensively debated in audiologic and otologic literature. The results of
numerous studies can be summarized in the concise conclusion that the worse the
hearing loss is, the more problems occur with fitting of hearing aids.30-32. This
consensus, based on benefit surveys and quality of life studies, is also in
agreement with extensive research underlying the latest advances in digital
hearing aid technology. As was established, gain differences between nonspeech
and speech signals are more pronounced in higher degrees of hearing loss.
Attempts to achieve better speech recognition in patients with SPHL results in



Results of stapedotomy in otosclerosis

117

overamplifcation, which, in turn, is associated with greater loudness discomfort
and poor sound quality, evaluated on 50, 65, and 85 dB input levels. Therefore,
patients with 44 dB hearing levels poststapedotomy gain significant benefit in
further hearing rehabilitation.33,34 The unresolved challenges in hearing
rehabilitation of SPHL with hearing aids also include greater feedback and
occlusion effect.35 Numerous disadvantages of this difficult for fitting hearing aids
population resulted in agreement that for severe hearing losses, especially in the
high frequencies, amplification is often ineffective.36 Addressing the dilemma of
use of hearing aids post-stapes surgery, Smyth and Hassard found that patients
after small fenestra stapedotomy will require amplification on average 21 years
postoperatively.37 Frattali and Sataloff, discussing the management of profound
deafness in the era of cochlear implants, advocated that otolaryngologists should
not hesitate to offer stapes surgery to patients with far-advanced otosclerosis.38 In
our experience, patients with SHPL converted to MMHL by successful stapes
surgery enjoy significant advantage of a better quality of hearing rehabilitation in
general and speech recognition in particular. Postoperative gain in AC calculated
for the four-frequency average was found to correlate with improvement in the
SRT; therefore, better AC thresholds help fitting hearing aids and improve speech
recognition in patients who still require postoperative amplification.39

Lippy and colleagues considered better speech understanding one of the main
aims of stapes surgery for advanced otosclerosis.40 The improvement of SRT’s
from 76 dB pre-operatively to 44 dB post-operatively in our group of patients can
be seen as further evidence of the success of stapedotomy in the treatment of
advanced otosclerosis. In studies concerning the results of stapedectomy for
treatment of otosclerosis in the elderly, a high proportion of mixed hearing loss
was found to correlate with age and advanced disease.41-43 In our series, the
mean age of patients with SPHL was 55 years, that is, 12 years older compared
with the mean age of 43 years in the MMHL group (Table 1). The success rate in
ABG closure in our study was also found to be lower in SPHL compared with
MMHL (Table 3), in agreement with the similar findings reported by Persson and
colleagues, Palva and Palva, Zaghis and colleagues.8,20,44 However, Salvinelli and
colleagues reported that despite greater post-operative ABG and AC thresholds in
older patients with severe hearing loss, satisfaction from surgery in this group is
higher when compared with younger patients with moderate hearing loss.45 The
differences in the surgical technique are that conventional stapedotomy with
Cawthorne prosthesis(1991-1999), laser-assisted stapedotomy with Cawthorne
prosthesis and laser-assisted stapedotomy with Causse prosthesis (2000-2001)
have no significant effect on technical success.
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 Despite the higher proportion of mixed hearing loss and the older age of patients,
only minor intraoperative complications were encountered in our series. No patients
suffered severe cochlear damage. Post-operatively, 5 patients reported occasional
dizziness; 10 patients noticed temporary taste alteration and 1 patient complained of
new post-operative tinnitus. At the same time, pre-operative tinnitus improved in
seven patients and pre-operative dizziness resolved in two patients (Table 4). Owing
to the limitations of retrospective design, postoperative taste disturbance and
dizziness may not be reported if they were not emphasized in the records. The
dependence on clinical records is a common shortcoming of the lterature on
advanced otosclerosis because a majority of publications that reported the results of
stapedectomy are retrospective studies.8,19,23,25,28,29,40-43,45

The success rate in our series and low rate of complications supports other reports
that stapes surgery is an effective treatment of severe hearing loss in otosclerosis.

Conclusions
Severe hearing loss in otosclerosis is not infrequent, comprising 13% of all primary
stapedotomies in our series. The magnitude of hearing improvement post-
stapedotomy is greater in SPHL when compared with MMHL. Improvement from
SPHL to MMHL is possible in up to 88% of patients. Symmetric hearing could be
achieved in two-thirds of patients, and even normal hearing can be achieved in
selected cases. We conclude that, in our experience, the modified stapedotomy
technique is a safe and effective treatment for advanced otosclerosis.
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Introduction
Conductive hearing loss (CHL) caused by middle ear pathology can be
successfully treated by surgical correction in many cases. The most common
causes of CHL are chronic otitis media and otosclerosis. Congenital anomalies of
ossicular chain and trauma to the middle ear are relatively rare. The potential for
hearing improvement is dependent on the pathology impeding sound conduction.
Stapes surgery for isolated stapes fixation is generally considered the most
successful in correction of CHL.1-4 The success rates of ossiculoplasty are greatly
affected by the degree of middle ear pathology and can vary substantially.5-8 The
long process of incus and the incudo-stapedial joint have been shown to be the
least robust region of the ossicular chain owing to their thin structure and poor
blood supply.9-11 Various surgical techniques and types of prostheses have been
designed for incus interposition or replacement and applied with favourable
results.12-14 However, when more than one ossicle is missing or immobile, surgical
outcomes are less successful.15-16 Reported results of total ossicular replacement
are rarely as good as those of primary stapedotomy and are less stable in the long
term.17-20 In a situation in which the stapes footplate is fixed and the incus is
missing or abnormal, reconstruction of conductive mechanism is particularly
challenging. The aims of this study were to analyze the hearing results of the
malleovestibulopexy technique in the special situations encountered in revision
stapedotomies and congenital middle ear malformations.

Patients and Methods
The charts of 1369 consecutive stapedotomies performed by one surgeon (senior
author J.J.H.) from 1991 to 2006 were reviewed. Of the 1369 surgical cases, 89
were revision stapedotomies and 48 were performed for congenital stapes fixation.
The diagnosis of congenital stapes fixation was based on a history of non-
progressive CHL from early childhood and an intraoperative finding of hypoplastic
or malformed stapes, incus and/or incudostapedial joint in the absence of an
otosclerotic focus.  A malleovestibulopexy (MVP) technique was employed for
restoration of ossicular chain function in 24 cases. In 16 patients (1 bilateral case),
MVP was used in revision stapes surgery, and in 7 patients MVP was employed
for treatment of congenital middle ear anomalies. The combination of a missing or
eroded incus with immobile footplate was found in 17 of 89 (19%) revision
stapedotomies and in 7 of 48 (15%) of congenital anomalies. The audiometric
results of 24 MVP procedures were included in this study. Sixteen patients (75%)
were women and seven (25%) were men. The mean age was 44 years (SD 13



Chapter 3.2

124

years), with a range from 13 to 71 years. The mean follow-up was 20 months (SD
18 months), with a range of 2 to 65 months. Three patients had a follow–up less
than 12 months. One patient, with a follow-up of 2 months, was diagnosed intra-
operatively with a combined congenital ossicular anomaly involving the hypoplastic
incus, malformed stapes and incudostapedial joint. Postoperative audiometry
demonstrated worsening of the Air Bone Gap (ABG) in this case. These results
have been included to report all MVP cases without concealing unfavourable
outcomes. Eighty-seven cases out of 1369 cases were excluded from the analysis
as audiometric follow up was not available. The majority of these patients were
referred from distant locations and have continued follow-up with their referring
physician. MVP was not performed in any of these cases.

MPV was performed via a per meatal approach. A posterior tympanomeatal flap
was elevated from 12 o’clock to the 6 o’clock position beginning approximately 5 to
7 mm from the tympanic annulus and reflected anteriorly. The chorda tympani was
identified, mobilized and displaced inferiorly. Using a bone curette, the posterior-
superior aspect of the bony tympanic annulus was curetted back to provide
adequate exposure of the pyramidal process and gain access to the footplate, if
not done previously, and strict haemostasis was secured. The ossicular chain was
then inspected to identify incus erosion or malformation and palpated to ensure
that the assumption of stapes fixation was correct. The tympanomeatal flap was
extended anteriorly to gain exposure to the manubrium of the malleus. The
tympanic membrane was dissected from the midportion of the handle of the
malleus.
For congenital malformations, an argon laser (Lumenis Inc, Salt Lake City, UT)
was used in conjunction with a 0.2 mm Otoprobe fibre-optic delivery system (Iridex
Corp, Mountain View, CA) for stapedial tendon and superstructure removal and
initiating the footplate fenestration. In revision stapedotomies, laser was beneficial
in dealing with adhesions. Beginning with an initial power setting of 2000 mW and
a pulse duration of 0.2 seconds, the stapedius tendon was vaporised. A series of
laser pulses was then delivered to the posterior crus of the stapes, causing it to
turn to ash and crumble easily. With the stapedius tendon and posterior crus of the
stapes thus removed, wide access was gained to the stapes footplate. The laser
power was adjusted to1500 mW and the pulse duration reduced to 0.1 seconds. A
laser pulse was then delivered to the posterosuperior quadrant of the stapes
footplate and repeated until perilymph just began to ‘sweat’ through the laser burn.
The laser burn on the footplate provided a set-hole for a series of hand
perforators. The stapedotomy was gently widened, beginning with a 0.3 mm
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perforator and increasing in 0.1 mm steps to a 0.6 mm perforator, which provided
a final stapedotomy diameter of 0.5 mm. Suction on the open footplate was strictly
avoided. A 6 x 0.4 mm Causse large-loop Teflon prosthesis or 5 X 0.3 mm
Cawthorne prosthesis, modified such that the shaft length is reduced to 4 to 5 mm
and with a small wedge cut from the ring, was then placed on the handle of the
malleus with the distal end articulating through the fenestra in the stapes (Figure
1). Malleus manipulation was minimal and in no cases was the malleus dislocated
or subluxed. The tympanic membrane was then replaced and a dressing was
placed into the external auditory canal to be removed at the outpatient clinic the
following day.

Figure 1. Prosthesis position on the footplate (FP) and malleus handle (MH). M/E I-
malformed/eroded incus; P = modified Cawthorne-Causse prosthesis; TM – tympanic
membrane

The hearing outcomes were analyzed according to the 1995 American Academy
of Otolaryngology - Head and Neck surgery Committee on Hearing and
Equilibrium guidelines (AAO-HNS CHE).21 Frequency-specific air conduction (AC)
thresholds at 0.5, 1, 2, 3 and 4 kHz and bone conduction (BC) thresholds at 0.5, 1,
2, 3 and 4 kHz in operated and nonoperated ears were tabulated in a computer
database. As the beginning of this study period predates the 1995 AAO-HNS
guidelines, 3 kHz results were not available for all patients. In these cases, 3 kHz
AC and BC was estimated by average between 2 and 4 kHz, allowing a uniform
presentation of audiometric data in compliance with AAO-HNS guidelines.  The
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mean preoperative pure-tone average (PTAs) of AC, BC and ABG at 0.5, 1, 2 and
3 kHz were compared with corresponding postoperative values. The archived
charts of all consecutive stapes surgery cases were reviewed. Audiograms were
accessed by the first and by the senior authors. The ABG was calculated by
subtracting the postoperative BC PTA at the frequencies 0.5, 1, 2 and 3 kHz from
postoperative AC PTA at the same frequencies. CHL was defined as ABG > 10 dB
and a PTA BC 25 dB. Mixed hearing loss was defined as an ABG > 10 dB and a
PTA BC 25 dB. Pre- and postoperative speech reception thresholds (SRT) were
also evaluated.
The mean preoperative AC calculated as a PTA at frequencies 0.5, 1, 2 and 3 kHz
was 54 dB (SD 14 dB), and for the mean preoperative BC was 21 dB (SD 11 dB).
The mean preoperative ABG was 33 dB (SD 11 dB). One patient presented with
severe hearing loss (preoperative PTA 84 dB) and one patient with profound
hearing loss (preoperative PTA 95 dB). Mixed hearing loss with BC  25 dB was
demonstrated in five patients, two with congenital ossicular malformations and
three with revision surgery. In four patients, preoperative BC was worse than 30
dB. It is customary to define socially serviceable hearing as a PTA AC of  30dB.
The BC thresholds provide the limit for possible improvement of AC; therefore BC
thresholds >30dB preclude the possibility of postoperative socially serviceable
hearing.
The database was analyzed with a statistical software program STATISTICA 6.0,
(StatSoft, Inc., Tulsa, OK). Statistical analysis was carried out for comparisons
between pre- and postoperative values using a paired t-test for the evaluation of
AC, BC, SRT, and ABG. The criterion selected for statistical significance was p <
.05.

Results
Air Conduction, Bne Cconduction, Air Bone Gap, Speech Reception Threshold
Significant (p < .001) improvement was demonstrated postoperatively in all
audiometric parameters, including AC, BC, ABG and SRT (Table 1). One patient
showed worsening of ABG; he was lost for follow-up 2 months after the surgery.
Frequency-specific results are demonstrated in Table 2.
ABG closure  20 dB  and  10 dB was achieved in 61% and 33% of all cases,
respectively.
The mean ABG in a group (n = 20) with a follow-up of more than 12 months was
18.6 dB compared with 20.7 dB in a group of four patients with follow-up of less
than 12 months.
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Table 1. Pre- and postoperative AC, BC, ABG, and SRT at 0.5, 1, 2, and 3 kHz.

AC BC ABG SRT
Preoperative 54 (14)   21 (11) 33 (11) 53 (13)
Postoperative 39 (19) 19 (8) 20 (14) 35 (19)

ABG - air-bone gap;  AC- air conduction; BC - bone conduction; SRT - speech reception  threshold.

Table 2. Pre- and post-operative air and bone conduction by frequency.

Frequency (kHz)
Pre-op

Mean (SD)
Post-op

Mean (SD)
AC (dB) 0.5

1
2
3
4

57.7 (14.1)
55.0 (13.9)
49.7 (16.7)
52.5 (16.6)
55.9 (18.9)

37.7 (23.8)
37.5 (21.6)
37.0 (18.9)
42.9 (16.1)
47.5 (18.1)

BC (dB) 0.5
1
2
3
4

18.8 (10.1)
17.0 (12.3)
24.5 (12.0)
23.4 (12.4)
20.4 (12.7)

18.8 (12.3)
15.4   (8.9)
20.6 (11.1)
21.8 (10.1)
22.9 (11.7)

AC - air conduction; BC - bone conduction.

Table 3. Postoperative Air-Bone Gap in revision and congenital groups.

Postoperative ABG (96)
Group Mean (SD)  10 dB  20 DB
Revision 21.0 (13.1) 29% 53%
Congenital 16.6 (16.3) 57% 72%

ABG - air-bone gap.

The technical success of surgery measured by postoperative ABG closure was
higher in a group of seven patients with congenital middle ear anomalies
compared with a group that underwent revision surgery. ABG  10 dB was
achieved in 57% of congenital anomalies and in 29% of revision procedures
(Table 3).

Complications
None of the patients suffered sensorineural hearing loss (SNHL) postoperatively.
One patient complained of transient vertigo spells induced by Valsalva
manoeuvre; these symptoms resolved spontaneously after 1 month.
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Nine patients complained of tinnitus preoperatively. Two patients reported
resolution of tinnitus following postoperative hearing improvement. None reported
it worsening.

Discussion
The main reasons for abnormal sound conduction are impaired mobility or loss of
integrity of middle ear structures. Surgical methods for treatment of CHL are aimed
at restoring the middle ear mechanism of impedance matching.
Restricted mobility of middle ear conductive mechanism is most commonly caused
by otosclerosis. Surgical treatment of otosclerosis has evolved from initial attempts
at stapes mobilization through fenestration techniques to stapedectomy and, more
recently, to small fenestra stapedotomy. Current techniques of stapes surgery are
highly successful in correction of the CHL caused by otosclerosis. Closure of an
ABG < than 20 dB has been reported in 95 to 98% of cases.22,23 Stapedotomy for
tympanosclerotic stapes fixation is less successful than in otosclerosis and allows
ABG closure within 20 dB in 58 to 70% of cases.24-26 Success of stapes surgery in
tympanosclerosis is dependent on the extent of tympanosclerotic ossicular
involvement. Evaluating results of surgical treatment of tympanosclerosis, Tos and
colleagues found that the best results were achieved in the group with stapes
mobilization and an intact ossicular chain compared with any combinations of
stapes mobilization or stapedectomy with ossiculoplasty. 27

Otitis media (OM) with or without cholesteatoma is the most common cause
affecting continuity of the ossicular chain. Historically, the surgical treatment of OM
was intended to control chronic ear discharge and to prevent complications, and
no attempts were made to reconstruct the deficit caused by destructive disease or
surgery. Tympanoplasty as a method to restore the integrity of the middle ear
conductive mechanism was first reported by Zollner in 195128 and by Wullstein in
195229. Numerous modifications in ossiculoplasty techniques have been made
with the aim of better and stable hearing results. Incus interposition with an auto-
or homograft allowed ABG closure within 20 dB in two-thirds of cases30,31 but has
a failure rate of 15 to 20%.32 To overcome the tendency to refixation of
interimposed ossicles and to improve the stability of the assembly, Shea and
Homsy in 1974 introduced the alloplastic Plastipore prosthesis for partial ossicular
replacement (PORP) and total ossicular replacement prosthesis (TORP).33 Trials
of different prosthesis materials, including plastics, ceramics, and metals, have
been attempted during the past decades. With the technological advances
employed in ossicular prosthesis design and materials, the success of middle ear
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reconstruction remains mainly dependent on the extent of ossicular damage.
Thus, Sasaki and colleagues found that the results of type III tympanoplasty were
significantly superior to those of type IV. 34 In other studies of prognostic factors in
ossiculoplasty, only absent malleus was found to be a significant unfavourable
factor affecting postoperative ABG, regardless of the type of prosthesis.35,36

As a rule, given similar Eustachian tube function and condition of the middle ear
mucosa, better hearing results were reported when only one ossicle was replaced
compared with multiple ossicles or total ossicular chain reconstruction. Jackson
and colleagues in 1983 achieved ABG closure within 20 dB in 49% of cases using
PORP compared with 43% of cases when TORP was used. 37 A similar proportion
between success rates of PORPs and TORPs was reported recently by Truy and
colleagues38, Yung17 and Schmerber and colleagues.18 According to these recent
studies, ABG closure within 20 dB was achieved in 77 to 61% of cases with
PORPs and in 38 to 52% of cases with TORPs.
Established surgical methods for treatment of common middle ear diseases meet
with much less success in cases of combined middle ear pathologies. The
situation in which one segment of the ossicular chain is missing and another is
immobile requires considerable creativity and remains challenging, even for the
experienced otologist. Revision stapedotomy is generally less successful than
primary stapes surgery, not least because of the frequent combination of incus
erosion with an immobile footplate.39-41 Incus erosion was the second most
common cause of failure of primary stapedectomy (after prosthesis malfunction) in
series of revision stapedectomies reported by Farrior and Sutherland42, Glasscock
and colleagues43 and Derlacki44 and the most common finding in the series of
revision stapedectomies published by Langman and Lindeman.45 In addition to
erosion, incus dislocation or fracture of the long process may also happen during
either primary or revision surgery.46 Otosclerotic involvement of the incus itself has
also been reported.47 When no useful incus is present, application of the standard
technique of stapes prosthesis placement is impossible. Chronic otitis media can
also result in a similar combination of ossicular erosion and fixation caused by
tympanosclerosis.25 In addition, congenital stapes ankylosis associated with
ossicular chain anomalies has been described in Klippel-Feil syndrome48, Pfeiffer’s
syndrome49, lacrimoauriculodentodigital syndrome50, osteogenesis imperfecta51,
dyschondrosteosis52, and a more recently recognized autosomal dominant
inherited syndrome with congenital stapes ankylosis.53 Many authors have
emphasized that multiple sites of ossicular pathology present a perplexing surgical
problem that is difficult to solve.37,54,55
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Several methods have been reported for reconstruction of the sound conductive
mechanism in cases in which the incus is absent or inadequate and the stapes
footplate is fixed. Shea proposed two-stage stapedectomy and ossiculoplasty in
1976 and later a one-stage technique using a malleus attachment piston
prosthesis.56,57 Sheehy in 1982 described stapedectomy with an incus
replacement prosthesis.58 Feldman and Schuknecht in 1970 introduced a malleus
to oval window prosthesis placement in revision stapedectomies.59 Schuknecht
and Barley later modified this in 1986 using a malleus grip prosthesis.60  Although
the details of the surgical techniques differ, the common aim of these proposed
methods was achievement of connection between the malleus handle and the
vestibule exposed by stapedectomy or stapedotomy, or malleovestibulopexy
(MVP), also known as malleostapedotomy. In the case of more extensive
pathology, where both the incus and the malleus are missing, Berenhoilz and
Lippy proposed total ossiculoplasty with footplate removal,61 whereas Cremers
described a method of myringochorda-vestibulopexy.62 Evaluating the results of
MVP in revision stapes surgery, Fisch and colleagues reported an ABG closure
within 20 dB in 63% of cases and within 10 dB in only 14% of cases.63 Similarly,
Farrior and Sutherland found that the hearing results of revision stapedectomy are
not as good in the case of malleus-incus erosion as they are in case of a displaced
prosthesis.42 Huttenbrink suggested that MVP techniques potentially carry more
risk of inner ear damage because of large amplitude of pressure-induced
displacement of the malleus.64  Tange, however, was able to demonstrate ABG
closure within 20 dB in 88% of cases in which the incus was inadequate after
previous stapedectomy or owing to congenital malformations, using  a malleus
attachment piston Teflon prosthesis.54 Hashimoto and colleagues also found that
the outcomes of malleostapedotomy are superior to those of total stapedectomy
with ossiculoplasty in the treatment of incudostapedial joint discontinuity with
stapedial fixation.65 In a small series of five patients treated with a malleus to oval
window wire piston technique, Kohan and Sorin reported ABG closure within 20
dB in all cases.66 ABG reduction from 36 dB to 13 dB after surgery has been
reported in six patients treated with MVP by Dalchow and colleagues.67 Follow-up
in this report, however, was limited to 3 months only.
Analysis of the results in our study demonstrated success rates similar to those
reported in other compatible series.17,18 These short–term audiometric results of
MVP in our series are equal or superior to results of TORP ossiculoplasty reported
in literature37,38, in which a comparable degree of ossicular pathology has been
described. This study is weakened owing to the relatively small number of cases,
which diminishes the power of the statistical analysis. Isolated congenital ossicular
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chain anomalies requiring the use of MVP are rare. As the number of primary stapes
surgery procedures declines worldwide, revisions with MVP are also becoming less
frequent. This limits the potential for mastering this technique and reporting surgical
results to few highly specialized otology centres. The size of recently published
series reporting variation of this technique varies from 6 to 10 patients in some
studies40,61,67 to 82 patients reported by Fisch and colleagues.63  Therefore,
reporting early postoperative results of a particular modification of the MVP
technique, employing laser-assisted stapedotomy with a modified self-crimping
prosthesis, provides data enabling further comparisons with other studies. No cases
of SNHL (“dead ear”) were associated with this technique in our series. One patient
demonstrated short-term vestibular symptoms. In our opinion, MVP offers another
useful procedure in the armamentarium of the otologist dealing with complex and
ossicular pathology.

Conclusions
Complex ossicular chain pathology is not uncommon, comprising 19% of revision
stapedotomies and 15% of congenital middle ear malformations in our series.
When surgical options for middle ear reconstruction are limited owing to stapes
immobility combined with an absent or eroded incus, MVP offers a useful
alternative, enabling good hearing results. In our experience, the laser-assisted
MVP technique is associated with low risk of postoperative SNHL and vestibular
symptoms. Therefore, MVP is a valuable surgical option in cases for which
traditional ossiculoplasty is not feasible. Further follow-up is required to test the
long-term stability of MVP assembly.
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Abstract
Aims
To analyze hearing results of surgical treatment of hearing loss associated with
the congenital stapes ankylosis with or without malformations of ossicular chain.

Study design
Retrospective chart review.

Methods
The charts of 1369 stapedotomies performed by senior author (JH) from 1991 to
2006 were reviewed. In 40 cases operative findings were consistent with isolated
congenital stapes fixation or associated with middle ear malformations. The
modified stapedotomy technique was employed in 33 cases and malleo-vestibulo-
pexy was used in 7 cases. Operative findings were standardized according to
Cremers’ classification. The outcomes of 40 surgeries were analyzed according to
the 1995 AAO-HNS Committee on Hearing and Equilibrium guidelines. High
frequency hearing results on 4, 8 and 12 kHz were reported in addition to standard
frequencies. Results of stapedotomies and malleo-vestibulopexies were calculated
separately. Surgical complications were described.

Results
The mean postoperative air conduction (AC) was 33 dB, bone conduction (BC) 22
dB and speech reception thresholds (SRT) 31 dB. Closure of the air-bone gap
(ABG) to within 10 dB was achieved in 24/40 (60%) of cases. Lack of improvement
was observed in 3/40 (8%) patients. In 26/32 (81%) of cases with potential for
bilaterally serviceable hearing it was achieved. In 24/40 (60%) of cases
symmetrical hearing with interaural difference of less than 10 dB was
demonstrated.

Conclusion
Significant hearing gain in patients with congenital stapes ankylosis makes
surgical treatment a valuable adjunct or an alternative to hearing aids in selected
cases.
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Introduction
Conductive hearing loss secondary to isolated congenital middle ear
malformations is rare. The reported occurrence varies from 0.5 to 1.2%.1,2 Its
clinical and audiometric presentation frequently mimics more common middle ear
pathology, such as otosclerosis and fixation or discontinuity of ossicular chain
caused by ear infections. Therefore, preoperative recognition of congenital nature
of conductive hearing loss can be difficult.3

Even if congenital cause is properly diagnosed, the decision to operate on the ear
with ossicular malformation is controversial. Indications for surgical treatment of
congenital conductive hearing loss are diverse and no uniform criteria are
universally accepted. Concerns regarding increased risk of cerebrospinal fluid
otorrhea or sensory-neural hearing loss were discussed by several authors.4-6

Multiple concomitant pathologies of the middle ear and malformed ear canal or otic
capsule may negatively affect postoperative hearing. Reported results of surgery
for congenital conductive hearing loss vary significantly from 15% to 76% of ABG
closure to within 10 dB.7-9 It has been a common practice to report the surgical
outcomes as percent of ABG closure calculated for four–tone average of 0.5, 1, 2
and 3 kHz. Surgical trauma, however, is most likely to cause threshold elevation in
the higher frequencies.10 To the best of our knowledge, no reports have been
published in the indexed otologic literature regarding the effects of surgery on high
frequency hearing in congenital middle ear pathology.

The aim of this study was evaluation of outcomes of surgical treatment of hearing
loss caused by congenital ossicular malformations with special focus on effects of
class of malformation and of type of surgery on hearing results, post-operative
high frequencies hearing and post-operative symmetrical hearing.

Patients and methods
 The charts of 1369 consecutive stapedotomies performed by one surgeon (senior
author JH) from 1991 to 2006 were reviewed. Of the 1369 surgical cases, 1145
primary stapedotomies were performed for otosclerosis, 89 were revision
stapedotomies, 40 surgeries were performed for congenital stapes ankylosis and 8
for osteogenesis imperfecta. In 87 cases out of 1369 post-operative audiometric
follow-up was not available. These were the charts of patients referred from distant
locations, which have continued being seen by their referring physicians post-
operatively and have not been returned for post-operative audiometry in our
institution. In none of these cases congenital problems have been identified,
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therefore they have been excluded from the study due to incomplete data. Forty
cases with operative findings consistent with isolated congenital stapes fixation or
combined ossicular chain malformations were included. There were 21 female and
17 male patients; bilateral surgery was performed on 3 patients. In one case of
bilateral stapedotomy post-operative results from one ear were missing and the
results of this surgery were excluded from the analysis. The patients’ age ranged
from 6 to 71 years with the mean age 39 (S.D. 14.6).
Stapedotomy was performed in 33 cases and malleo-vestibulopexy technique was
employed in 7 cases. The diagnosis of congenital stapes ankylosis was based on
a history of non-progressive conductive hearing loss from early childhood and an
intra-operative finding of hypoplastic or malformed stapes, incus and/or incudo-
stapedial joint in the absence of an otosclerotic focus.
The severity of pre-operative hearing loss and type of ossicular abnormalities were
evaluated. Intra-operative findings were tabulated and reported according to
Cremers’ classification.11 A correlation between class of congenital anomaly and
hearing results was examined. Intra- and post-operative complications were
described.

The hearing outcomes were analyzed according to the 1995 American Academy
of Otolaryngology-Head and Neck surgery (AAO-HNS) Committee on Hearing and
Equilibrium guidelines.12 Means of pre-operative pure tone average of air
conduction (AC), bone conduction (BC) and air-bone gap (ABG) at 0.5, 1, 2 and 3
kHz were compared with corresponding post-operative values. As the beginning of
this study period pre-dates the 1995 AAO-HNS guidelines, 3 kHz results were not
available for all patients. In these cases 3 kHz AC and BC was calculated as
average between 2 and 4 kHz, allowing a uniform presentation of audiometric data
in compliance with AAO-HNS guidelines. Post-operative BC values were used to
calculate postoperative ABG. Mean pre- and post-operative AC thresholds at 4, 8
and 12 kHz were studied separately. Pre- and post-operative speech reception
thresholds (SRT) were also analyzed. Post-operative AC thresholds were
compared with non-operated ear for the evaluation of symmetrical hearing.
The surgical intervention included endo-meatal elevation of the tympano-meatal
flap, curettage of postero-superior bony overhang for adequate exposure of the
incudo-stapedial joint and oval window area, inspection of ossicles and
assessment of ossicular chain mobility. Upon the confirmation of stapes fixation
the reverse order technique for small fenestra stapedotomy was employed. This
was consisted of creating 0.5 mm fenestra in the footplate using graduated hand
perforators. The prosthesis was then placed on the incus with the distal end



Chapter 3.3

140

articulated through the fenestration. The stapedial tendon than was cut, the
incudo-stapedial joint was separated, posterior crus was cut and anterior crus with
capitulum of stapes down fractured and removed. Since 2000 an argon laser
(Lumenis Inc., Salt Lake City, Utah, USA) used in conjunction with a 0.2-mm
OtoProbe  fiber-optic delivery system (Iridex Corp, Mountain View, California,
USA) has been employed in the procedure. The argon laser was used for
vaporizing the stapedial tendon, posterior crus of the stapes and commencing the
footplate fenestration. The fenestration was completed with the graduate
perforators. The laser also proved useful in dealing with adhesions. In one patient
with stapes fixation combined with malleal head fixation early in the series stapes
mobilization with stapedotomy was attempted to divide the bone between the
incudo-malleolar complex and the epitympanic bone. This was replaced by a
malleo-vestibulopexy with excision of the malleus had from the level superior to
the insertion of the tensor tympani. Tympanic membrane was elevated off the
malleal neck, tensor tympani was divided and malleal neck was cut then with
nipper. A modified Cawthorne (0.3 mm diameter) or modified Causse (0.4 mm
diameter) prosthesis (Medtronic Xomed Jacksonville, FL, USA) was used in
stapedotomy procedure.
Eighteen patients underwent laser-assisted stapedotomy and 15 were treated prior
to the year 2000 without the laser. Twenty-five ears received the modified
Cawthorne prosthesis and 8 ears the modified Causse prosthesis. All Causse
prostheses recipients underwent a laser-assisted procedure. Among Cawthorne
prostheses recipients, 15 ears were treated by conventional stapedotomy and 10
ears underwent laser-assisted surgery.
Statistical analysis was carried out for comparisons between pre- and post-
operative values using paired t-test for the evaluation of air and bone conduction
pure tone averages, SRT and ABG. The influence of type of surgery and piston
were evaluated with ANOVA multiple regression test. The criterion selected for
statistical significance was p <0.05.

Results
Intra-operative findings were tabulated according the Cremers classification of
congenital middle ear anomalies.11 An isolated stapes fixation (Class 1) with
superstructure deformity was found in 22 cases. Class 2 anomaly associated with
incudo-malleal deformation was demonstrated in 15 cases. A malformed ossicular
chain with mobile stapes footplate (Class 3) was found in two cases: one patient
had discontinuity of incudo-stapedial joint due to hypoplastic incus and one patient
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had malleus epitympanic fixation. Class 4 anomaly was encountered in one case:
the facial nerve canal was found completely dehiscent with the nerve resting
against the stapedial crura (Table 1).

Table 1. Intra-operative findings according to Cremers’ classification* of congenital middle
ear anomalies.

Class Anomaly Number of
cases

Sub classification

1 Stapes fixation 22
2 Stapes fixation with associated

incudo-malleal anomaly
15

3 Anomaly of ossicular chain but
mobile stapes footplate

2 Ossicular discontinuity n=1
Epitympanic fixation n=1

4 Congenital aplasia/dysplasia of the
OW or RW

1 Abnormal Facial canal n=1

* Teunissen E, Cremers C. Classification of congenital middle ear anomalies. Report on 144 ears.
Ann Otol Rhinol Laryngol 1993; 102:606-11.

Table 2. Summary of audiometric outcomes.

Mean pre-operative values (dB) Mean post-operative values (dB)
PTA ABG HF PTA SRT PTA ABG HF PTA SRT

Category n AC BC AC AC BC AC
Primary stapedectomy 1145 54 24 28 59 51 29 25 7 53 27
All Congenital anomalies 40 53 23 30 61 52 33 22 11 55 31
Stapedotomy group 33 54 24 30 59 52 32 22 9 53 30
Malleo-vestibulopexy group 7 51 22 31 69 53 39 21 17 65 35

PTA - pure tone average (0.5, 1, 2, 3 kHz); AC - air conduction; BC - bone conduction; ABG - air-
bone gap; HF - high frequencies (4, 8, 12 kHz); SRT - speech reception thresholds; dB - decibel; n
- number of ears

AC, BC, ABG, SRT
The main pre-operative and post-operative audiometric parameters of the group of
primary stapedotomy for otosclerosis, whole group with congenital malformations
and separately calculated audiometric data for the group of stapedotomy for
congenital malformations and malleo-vestibulopexy (MVP) are summarized in
Table 2. The mean post-operative AC PTA in congenital group as whole was 33
dB (S.D. 17.1) compared with 53 dB (S.D. 16.9) pre-operatively (p<0.001). Mean
post-operative SRT have been also improved significantly (p<0.001) from 52 dB
(S.D. 14) pre-operatively to 31 dB (S.D. 15) post-operatively post-operative BC
thresholds were 22 dB (S.D. 12), not significantly changed when compared with
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pre-operative BC of 23 dB (S.D. 11.7). A strong correlation was found between AC
PTA and SRT pre- (r 0.89) and post-operatively (r 0.92).
While no statistically significant difference was found in pre-operative hearing
between the group of stapedotomy and MVP, technical results measured by post-
operative ABG and AC gain were significantly better (p<0.001) after stapedotomy
compared with MVP.

Percentage of ABG closure
In the congenital ankylosis group, the post-operative ABG closure to within 10 dB
was achieved in 24/40 (60%) of cases compared with 82% in the 1145 cases of
primary otosclerosis (Table 3). The post-operative ABG of 20 dB or less was found
in 34/40 (85 %) of congenital cases and ABG > 20 dB in 6/40 (15%). The mean
post-operative ABG was 11 dB compared with 30 dB pre-operatively.

The separate analysis of surgical success between stapedotomy group and MVP
group, measured as a percent of ABG closure, demonstrated significantly higher
success rate in the stapedotomy group (Table 4).

Table 3. Success rates in ABG closure in congenital stapes ankylosis group compared
with the primary stapedotomy group.

ABG
Primary stapedotomy
for  otosclerosis
group, n = 1145

Congenital  stapes
ankylosis
group, n = 40             Significance

 10 dB       82%  (937) 60% (24/40) p < 0.05
 20 dB       97% (1115) 85% (34/40) p < 0.05

>20 dB         3%  (30) 15% (6/40) p < 0.001
ABG - air-bone gap; n - number of ears; dB - decibel

Table 4. Success rates in ABG closure in stapedotomy group compared with the malleo-
vestibulopexy group.

ABG
Stapedotomy
group, n = 33

Malleo-vestibulopexy
group group, n = 48 Significance

 10 dB           20/33 (60% ) 4/7 (57%) p < 0.05
10dB<ABG  20 dB            9/33 (27%) 1/7 (14%) p < 0.001

>20 dB            4/33 (12%) 2/7 (28%) p < 0.001
ABG - air-bone gap; n - number of ears; dB - decibel

High frequencies hearing results
The mean pre-operative high frequencies average (HF PTA) at 4, 8 and 12 kHz in
whole congenital group was 61 dB. The mean post-operative HF PTA was 55 dB.
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While the mean post-operative gain at high frequencies was 6 dB, it decreased
toward the higher frequencies from 13 dB at 4 kHz to 3 dB at 12 kHz (Table 5).
The separate analysis of high frequencies hearing results in stapedotomy group
and MVP group demonstrated significantly higher gain at 4 kHz in the
stapedotomy group with no statistically significant difference in HF PTA gain
(Table 6).

Table 5. High frequencies hearing results in congenital group as whole.

4 kHz 8 kHz 12 kHz HF PTA
Pre-operative    (dB) 56 60 69 61
Post-operative    (dB) 43 55 72 55
Gain (dB) 13 5 3 6

HF PTA - high frequencies pure tone average at 4, 8 and 12 kHz; dB - decibel

Table 6. High frequencies hearing results in stapedotomy group and  malleo-vestibulo-
pexy group.

4 kHz 8 kHz 12 kHz HF PTA
 Stapedotomy group
 Pre-operative  (dB) 56 58 61 59
 Post-operative(dB) 42 53 66 53
Gain (dB) 14 5 -5 6
Malleo-vestibulopexy
group
Pre-operative (dB) 51 72 89 69
Post-operative (dB) 43 67 88 65
Gain (dB) 8 5 1 4

HF PTA - high frequencies pure tone average at 4, 8 and 12 kHz; dB - decibel

Laser versus non-laser stapedotomy
Post-operative hearing results were compared between laser-assisted and non-
laser stapedotomies. The mean post-operative AC threshold in laser stapedotomy
was 33 dB compared with 36 dB without the use of the laser. The mean post-
operative BC was 21 dB in laser stapedotomy compared with 26 dB in the non-
laser group (p 0.04). Post-operative ABG was 9 dB and 12dB respectively in laser
versus non-laser group (not significant). Post-operative SRT were 31 dB in laser
and 32 dB in non-laser group (not significant). HF PTA at 4, 8 and 12 kHz in laser
stapedotomy was 54 dB compared with 60 dB in case of mechanical fenestration
(p 0.044). Therefore, the advantage of laser assisted technique seems to be the
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better preservation of BC thresholds and better post-operative high frequencies
hearing.

Hearing results by class of malformation
The pre-operative and post-operative audiometric data separately calculated for
each class of malformation are summarized in Table 7. While the absolute values
of mean post-operative AC, BC and SRT were better in cases with Class 3
malformation, the difference in pre-operative hearing status between the groups
resulted in higher AC, SRT and ABG gains in the case with Class 4 malformation.
A small number of cases with Class 3 and Class 4 malformations, however, hinder
a meaningful comparison of surgical results with Class 1 and 2 malformations. No
statistically significant difference in hearing outcomes was found between the
groups with Class 1 and Class 2 malformations.

Table 7. Hearing results by class of malformation.

PTA AC - pure tone average on 0.5,1,2 and 3 kHz air conduction; HF - high frequencies average
on 4, 8 and 12 kHz; BC - bone  conduction; ABG - air-bone gap; SRT - speech reception
thresholds.

Post-operative serviceable hearing
Thirty-two out of 40 32/40 (80%) patients had pre-operative BC PTA  30 dB. In
case of complete post-operative closure of air-bone gap this parameter provided
potential to achieve a serviceable hearing without amplification, defined as AC
PTA 30dB.13 Twenty-six out of these 32 (81 %) patients actually achieved this
hearing level.

Post-operative symmetrical hearing
Evaluation of post-operative binaural hearing demonstrated that symmetrical
hearing with  interaural difference of less than 10 dB was achieved in 24/40 (60%)
patients and less than 20 dB in 34/40 (85%) patients. In 21/40 (53%) of cases an
operated ear became a better hearing ear.

Mean pre-operative values (dB) Mean post-operative values (dB)
N PTA

AC
 HF 4,8,12

kHz
BC ABG SRT PTA

AC
 AC      HF 4,8,12
gain kHz

BC ABG SRT

Total 40 53 61 23 30 54 33  20         55 22 11 31
Class 1 22 53 57 23 30 52 35  18         52 23 11 32
Class 2 15 52 64 22 30 58 34  18         60 21 13 34
Class 3 2 46 68 18 29 48 16  30         53 13 3 18
Class 4 1 85 95 50 35 75 48  37         75 44 4 35
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Surgical failures
While the results of a whole group demonstrated significant improvement of
hearing post-operatively, surgical failure was observed in three patients. In one
case, obliterative otosclerosis and congenitally malformed stapes superstructure
was encountered in 41-year-old female patient. Post-operative hearing test
demonstrated no significant change in air and bone conduction thresholds and CT
scan showed an ossified vestibule. In the second case, a remnant of persistent
stapedial artery was present in 26-year-old male patient. A failed attempt to
remove a rigidly fixed malformed superstructure led to elevated post-operative
bone conduction thresholds. In the third case, a 51-year-old male patient
presented with a class 2 malformation. His stapes footplate was rigidly fixed, the
malleus handle was foreshortened and long process of incus was thread-like in
calibre. A malleo-vestibulopexy was performed on awaked sedated patient under
local anaesthesia and upon the placement of the 5 x 0.3 mm Cawthorne
prosthesis patient noted immediate improvement of hearing. Post-operative
audiometric follow-up, however, demonstrated increased air and bone conduction
thresholds compared with pre-operative audiograms.

Discussion
Isolated middle ear malformations as a cause of congenital hearing loss are rare.
The reported occurrence of middle ear anomalies varies from 0.5 to 1.2 %.1,2 In
our series of 1369 stapedectomies, 40 cases with congenital stapes ankylosis
represent 3% of all patients. This occurrence is similar to the 4% of occurrence
rate reported by other authors.14

The pre-operative diagnosis of congenital conductive hearing loss is a difficult
diagnostic task. Bilateral hearing loss and associated dysmorphic syndromes are
usually extensively investigated due to a high suspicion index for congenital
anomalies. In case of unilateral isolated conductive hearing loss, however, other
more common middle ear pathologies are frequently assumed as the etiologic
factor. A serous otitis media or recurrent acute otitis superimposed on underlying
congenital middle ear malformation often contributes to misdiagnosis. Moreover,
attempts of surgical management by ventilation tube placement without middle ear
exploration may further delay the diagnosis. The dynamics of hearing loss (non-
progressive versus progressive), history of ear infections or family history of
conductive hearing loss should be considered in differential diagnosis of
congenital stapes ankylosis, tympanosclerotic ossicular fixation or juvenile
otosclerosis.1,3,6-8



Chapter 3.3

146

The perplexing results of pre-operative assessment, especially significant
conductive hearing loss with normal stapedial reflex should raise a suspicion for
possible third window lesions, like X-linked gusher syndrome (also called DFN-3),
large vestibular aqueduct syndrome, branchio-oto-renal syndrome.15-17 Pre-
operative high-resolution CT scan is required to rule out these potentially
detrimental to hearing conditions. Temporal bone imaging may alert the surgeon, if
it reveals dilated lateral portion of the internal auditory canal or abnormal
communication between inner ear and intracranial space.18

The ability to predict the chances for post-operative hearing improvement and the
risks of surgical complications is crucial for a decision to opt for ear surgery.
Welling et al.9 demonstrated in series of 66 pediatric stapedectomies, that surgical
outcomes correlated significantly with diagnostic category.
In his series the best hearing results were achieved in the otosclerosis group
(mean post-operative ABG 13 dB), closely followed by the group with isolated
congenital stapes ankylosis (ABG 16 dB), while tympanosclerotic footplate fixation
was associated with post-operative ABG of 25 dB and stapes ankylosis combined
with other pathology with ABG of 32 dB.9 De La Cruz19 also found slightly poorer
results in cases of congenital stapes fixation, when compared with otosclerosis.
He attributed lower success rate in congenital group to higher incidence of
coexisting middle ear anomalies.
The interpretation of intra-operative findings and their subsequent classification is
often hindered by the diversity of descriptions found in surgical records.6-9 The
classification system introduced by Cremers11 allows reliable inter-class
comparisons of the surgical results. Of interest, the distribution of different classes
of middle ear malformations in our series differs from the original group of 144
ears described by Cremers. A relatively smaller proportion of Class 2 anomalies in
our series may be caused by the retrospective nature of our review of surgical
reports. It is possible that some ears were erroneously classified as Class 1
malformations if associated incus anomaly was not emphasized in the medical
chart. The limitations of a retrospective nature of this study may explain the fact
that no syndromal etiolgy was detected in reported cases.

The results in our series with mean post-operative ABG 11 dB in Class 1 and 13
dB in Class 2 malformations (Table 7) demonstrate that good technical results can
be achieved either in cases of isolated or combined congenital stapes fixation
employing small fenestra stapedectomy or MVP techniques. The distribution of
hearing outcomes according to the class of malformation, however, showed that
the better post-operative hearing levels and higher gains in post-operative AC,
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SRT and ABG were achieved in Class 3 anomalies. Our results are approaching
those of Cremers20 who reported a mean gain of 31 dB after ossiculoplasty in a
group with discontinuity of the ossicular chain. Funsaka21 also achieved the best
surgical results in a group of congenital incudo-stapedial joint separation
compared with stapes ankylosis or ossicular chain fixation. A sensory-neural
component of hearing loss (pre-operative BC > 20dB), which was found in 24/37
(65%) of Class 1 and 2 malformations, is a possible factor limiting the achievement
of normal hearing in these cases. Since BC levels in Classes 1 and 2 remained
unchanged post-operatively, they reflect a true sensory-neural component and not
an artefact in BC measurement.

Class 4 malformation was identified in only one case in our series. Although a
facial nerve canal was found completely dehiscent with a nerve resting against the
stapedial crura, the performance of stapedotomy was found possible and resulted
in significant hearing gain without surgical complications. Although in this case
results were encouraging, Class 4 anomaly is considered by many as a class
where no surgery should be performed. The decision to proceed with intervention
depends on specific findings of complete oval window aplasia versus abnormal
facial canal or persistent stapedial artery.

Cremers classification based on the largest number of ears with congenital
malformations and refers to different surgical techniques available for middle ear
reconstruction.11 It allows reliable comparison between various surgical methods.
We used the degree of ABG closure as a traditional measure of technical success
of surgery. This enabled comparison between the results stapedotomy and MVP
employed in our series (Table 4). Although technical results of stapedotomy seem
to be superior to MVP, it should be mentioned that MVP was used in class 2 and 3
malformations only, as opposed to stapedotomy mostly used in isolated stapedial
ankylosis. Therefore, the extent of ossicular pathology in MVP cases was
negatively affecting hearing results.  Historically, stapedotomy gained a reputation
of the most successful technique for closure of ABG. According to the recent
publications, it allows ABG closure to within 10 dB in 82-94% of patients with
otosclerosis.22,23 The reported success rate of ossicular chain reconstruction is
usually lower than that of stapedectomy and varies widely between series (ABG
closure to within 10 dB in 44-67%).24,25 Ossiculoplasty for combined ossicular
anomalies yields an ABG of less than 30 dB in about 70% of patients.26 These
variations are explained by large spectrum of ossicular chain pathology and



Chapter 3.3

148

subsequent different types of surgery and prostheses employed in middle ear
reconstruction.

In case of congenital middle ear defects, diverse combinations of ossicular
anomalies lead to even more variations in treatment outcomes. Some publications
reported hearing results equal or approaching outcomes of stapedectomy for
otosclerosis.8,27 In these reports, however, pre-operative BC thresholds were used
for calculation of post-operative ABG, thus underestimating real values of ABG in
the case of post-operative improvement of bone conduction. We found that the
percentage of patients achieving postoperative ABG to within 10 dB in our study is
equal or superior to other congenital series where ABG was calculated using post-
operative BC and AC levels (Table 8).

Table 8. The comparative success rate measured as a percent of ABG closure to within
10 dB.

Reference Author Year N ABG 10dB
16 Cremers 1993 44 49%
15 De La Cruz 1999 50 59%
9 Welling 2002 21 24%

28 Massey

Present study

2006

2009

25

40

48%

60%
8 House* 1980 13 76%

27 Lippy* 1998 47 91%
ABG - air-bone gap; dB - decibel; N - number of cases in series
*  series that used pre-operative BC for calculation of post-operative ABG

The comparison of the surgical results in our group of congenital middle ear
anomalies with those of stapedotomy for otosclerosis (Table 3) demonstrated
superior outcomes in the later group. These finding are in agreement with the
results reported by Massey et al.28, who found that hearing outcomes of 25
stapedectomies performed for congenital stapes ankylosis were significantly worse
when compared with the results of stapedectomy for otosclerosis. The mean post-
operative ABG in this group was 12 dB and ABG closure to within 10 dB was
achieved in 12 (48%) of cases. Bachor et al29 investigated the correlation between
surgical outcomes and pathological findings in a group of 12 children with stapes
fixation. According to his findings, the difference in surgical outcome was related to
the degree of footplate abnormality. Best hearing results were achieved in patients
with juvenile otosclerosis when compared with combined ossicular malformations.
The hearing results in our series are also similar to those reported by Albert et
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al.30, who achieved mean post-operative AC thresholds of 15 dB and ABG of 10
dB in series of 28 stapedectomies and stapedotomies for congenital stapes
ankylosis.

While post-operative AC PTA and the degree of ABG closure are important
measures of technical success of surgery, the improved ability to understand
conversation speech is the most important factor in patient’s perception of surgical
benefit.13,31 The importance of high frequencies hearing for speech recognition and
understanding speech in noise is well recognized.32,33 The post-operative changes
in high frequencies thresholds, along with BC levels, provide a sensitive measure
of iatrogenic cochlear damage.34,35 Historically, a cautious approach to surgical
intervention in congenital stapes anomalies was based on high rates of reported
surgical failures and increased risk of post-operative SNHL.10,36,37 To the best of
our knowledge, no perioperative hearing thresholds at 8 and 12 kHz or 4,8 and 12
kHz HF PTA have been previously reported in the results of surgery for congenital
stapes ankylosis. The evaluation of pre-operative hearing status at higher
frequencies demonstrated that the common pattern of audiometric configuration
was a down sloping curve starting at 4-6 kHz with the mean PTA at 0.5,1,2 and 3
kHz 53 dB and mean HF PTA at 4,8,12 kHz 61 dB. Post-operative gain of HF PTA
was 6 dB, although frequency specific analysis reveals decreased gain toward
higher frequencies (Table 5, 6). Bearing in mind that despite of  pre-existing
sensory-neural component of HL in 25/40 (67%) of cases  pre-operatively, BC
levels on speech frequencies were preserved post-operatively; we feel that
surgical treatment is a safe alternative to hearing aids in selected cases. Hearing
gain achieved at high frequencies along with the closure of large ABG suggest
also that even in cases requiring post-operative amplification surgical treatment
offers a valuable adjunct to hearing aids.
The evaluation of postoperative bilateral hearing revealed that symmetrical
hearing with interaural difference 10 dB was achieved in 60% of cases. In our
opinion, these findings, along with the low complication rate, are encouraging to
consider a second ear surgery in cases with bilateral asymmetric hearing
impairment.

Conclusions
The outcomes of surgery for congenital stapes fixation are highly rewarding for
patients, even though they are not as successful as the surgical results in
otosclerosis. Isolated stapes fixation and ossicular discontinuity are associated
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with better surgical outcomes when compared with complex ossicular pathology.
Preservation of cochlear reserve and improvement of high frequencies hearing is
achievable in selected cases. It is possible to fulfil a potential for serviceable
hearing in 81% of cases in this series. Significant hearing improvement in properly
selected patients makes surgical treatment a valuable adjunct or alternative to
hearing aids.
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Introduction
The evolution of modern stapes surgery, from stapedectomy through stapedotomy
to step reordering, and more recently to the adjunctive use of laser has been
driven by a desire to maximize technical success and minimize complications. The
most serious complications of stapes surgery are sensorineural hearing loss
(SNHL) or “dead ear”, most commonly from excessive footplate manipulation1, and
incus dislocation ,which may occure during prosthesis placement 2. Prosthesis
malfunction has been reported as the most common cause of delayed failure of
primary stapedectomy.3,4 Prosthesis-related failures can be corrected by a revision
procedure; however, damage to the inner ear or the malleo-incudal joint is often
irreversible. This article presents a surgical method that aims to  minimize
operative trauma. The surgical technique combines a modification of the reverse
order technique 5,6, with the adjunctive use of argon beam laser and modified self-
crimping prosthesis. In our experience, this technique provides better access to
the footplate during fenestration than the reverse-order technique,while
maintaining the advantage of better stability of the footplate and incus.
Modification of the prosthesis facilitates placement without compromising hearing
results.7 Laser-assisted fenestration minimizes cochlear damage enabling
preservation of high frequency hearing.7,8

Surgical method
I.  Middle Ear Exposure and Confirmation of a Diagnosis.

Middle ear exposure is gained through the standard endo-meatal approach.
The ossicular chain is inspected and gently manipulated to ensure the
diagnosis of stapes fixation is correct, and to rule out malleus fixation.
(Figure 1).

Figure 1. LPI: long process of incus; CT: chorda tympani; ST: stapedial tendon.



Chapter 4.1

158

II. Approach to footplate: partial reverse order technique
An argon laser (Lumenis Inc, Salt Lake City, Utah, USA) is used in
conjunction with a 0.2 mm OtoProbe  fiber-optic delivery system (Iridex
Corp, Mountain View, California, USA). Beginning with an initial power
setting of 2000 mW and pulse duration of 0.2 seconds the stapedius tendon
and the posterior crus are vaporized. Removal of the only the posterior crus
of the stapes enable  the same wide access to the footplate as by the
conventional stapedotomy procedure whilst retaining the anterior crus
provides stability to the footplate and incus, reducing the possibility of
subluxation.

III.  Creation of a fenestra: combination of Argon laser with manual perforators
The laser power is adjusted to1500 mW and the pulse duration reduced to
0.1 seconds. A laser pulse is then delivered to the postero-superior quadrant
of the stapes footplate and repeated until perilymph just begins to ‘sweat’
through the laser burn (Figure 2). This provides a set-hole for a series of
hand perforators. The stapedotomy is gently widened, beginning with a 0.3
mm perforator and increasing in 0.1 mm steps to a 0.6 mm perforator,
providing a final stapedotomy diameter of 0.5 mm (Figures 3,4).

Figure 2. SH: set-hole, FP: footplate.
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Figure 3. FP: footplate; HGP: Halik graduated perforator.

Figure 4. SF: small fenestra.

IV. Prosthesis modification and placement.
A modified Causse Teflon (0.4 mm diameter) prosthesis (Medtronic Xomed
Jacksonville, FL, USA) is employed in this technique. The prosthesis is
modified by creating a notch at 3 o’clock that allows an easy click-on
attachment to the long process of incus, which provides a tight hold without
crimping (Figure 5). This secure grip cannot always be achieved by the
“memory“ of the Teflon after the stretching of the prosthesis ring. The
prosthesis is cut to an appropriate length, and is aligned with small middle
ear alligator forceps while maintaining direct visualization of its distal and
proximal ends. The prosthesis ring is maintained at a 90° angle to the long
process of the incus to eliminate any distortion of the ring during application.
The prosthesis is placed so that it simultaneously enters the footplate
fenestra and engages the long process of incus (Figure 6). This reduces the
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risk of incus luxation and provides additional stabilization against the
displacement of the footplate during the down fracture of the anterior crus.

V.  Superstructure removal.
The incudo-stapedial joint is separated using a small right angle hook,
anterior crus is down fractured toward the promontory. The superstructure is
then gently removed, avoiding contact with the incus and prosthesis.

VI.  Closure
Confirmation of restored mobility and continuity of the ossicular chain is
achieved by gentle incus palpation, and any loose prosthesis attachment can
be corrected by an adjustment of the ring position on the long process of
incus. A secure position of the shaft within the fenestra is tested by gentle
lateral pressure on the prosthesis with a small hook.

A B

Figure 5. A: original and B: modified Causse prosthesis.

Figure 6. LPI: long process of incus; MCP: modified Causse prosthesis; FP:
footplate.
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Slight bending of the shaft ensures secure purchase within the fenestra. A
precise fit of the fenestra to the diameter of the prosthesis reduces material
used for the prevention of perilymph leak, and the natural blood clot around
the shaft provides an adequate seal preventing postoperative fistula. The
tympano-meatal flap is returned to its original position. The external auditory
canal is lined with a strip of surgical rayon dressing and packed with a gauze
ribbon soaked in Cortisporin ointment (Neomycin sulphate 3.5 mg,
Polymyxin B sulphate 10.000U, Hydrocortisone acetate 5mg; Alcon Ltd,
Hunenberg, Switzerland)) External ear canal packing is removed on the next
postoperative day.

Discussion
Reviews of intra-operative complications and findings at revision surgery have
driven the evolution from the original stapedectomy technique.3,4,9-13 Footplate
manipulation and prosthesis placement have been shown to occasion the most
complications of surgical procedure.2,3,14 Analysis of experience-based differences
in surgical performance has led to a reduction in the surgeons’ reliance on hand–
held instruments during precise manipulations.15-17 The employment of both laser
assisted fenestration18-21 and the development of self-crimping prostheses have
reduced surgical trauma and technical difficulties of both manual fenestration and
prosthesis crimping, respectively.22-24 Recently, the advantage of reversed order
technique in reducing operative complications rate has been demonstrated.25,26

The procedure described in this article combines the strengths of a number of
previously described techniques.5,6,19,24 and has emerged from practice-based
learning of the senior author (JH).
This technique involves a modification of the reverse steps order technique, in
which the prosthesis is placed before removal of stapes crura and incudo-
stapedial joint disarticulation. By removing the posterior crus and stapedius
tendon, access to the footplate is similar to that obtained during conventional
stapedotomy; yet the retained anterior crus provides the same stability to the
footplate and incus as provided by the reverse-order technique. In our experience,
keeping the incudo-stapedial joint and anterior crus intact appears to provide
additional protection against inadvertent footplate fragmentation or incus
mobilization.



Chapter 4.1

162

Initiating the fenestra with hand perforators or a microdrill can result excessive
pressure in the vertical plane, which may carry the risk of inadvertent footplate
mobilization or fracture. Lasers  offer an advantage in this step, as the
fenestration can be created without pressure on the footplate .Our preference for
the Argon laser that the laser energy is delivered via a hand-held probe that has a
similar feel to other middle ear instruments such as the Rosen’s needle. Many
surgeons perform laser-assisted stapedotomy with laser alone to fashion the
stapedotomy; however, there have been concerns that this risks heating the
perilymph and creating injury to structures of the membranous labyrinth.27-30 The
use of laser to simply attenuate the footplate so perilymph just begins to seep
through obviates this risk to the labyrinth, while providing a set-hole for the
perforators. The use of graduated perforators prevents both overheating of the
vestibule and overexposure of the inner ear to laser heat or vibration from a micro
drill. Another advantage is preventing contamination of the vestibule with char or
bone dust created by the laser beam applied to the “rosette” area, or footplate
drilling. This less traumatic opening of a vestibule, without the need for fragments
removal, has been shown to reduce the risk of inner ear trauma and  subsequent
SNHL.7,8

The modification of the Causse Teflon prosthesis described in this article has
provided reliable results and a low rate of piston-related failures. Normally, the ring
of the piston would be stretched to allow it to be placed over the long process of
the incus, which relies on elastic recoil of the material to secure the attachment.
This technique may be problematic if elastic recoil has drawn the ring closed
before it can be placed upon the stapes, or if the ring is over-stretched and it
remains loose or falls off. Cutting a small wedge from the ring, such that the entire
inner circumference of the ring is maintained, provides means for the ring to key
into the long process of the incus without pre-stretching, while still maintaining a
circumferential hold on the long process of the incus. The length of the piston shaft
has been another source of controversy. Some authors assert that measurements
should be made whilst other use a standard length, typically 4.5 mm. Our own use
of a 5 mm prosthesis length was borne of advice given to the senior author from
the late Gordon Smyth, who had switched to the use of a 5 mm prosthesis later in
his career feeling that there may be a degree of late lateralization of the incus long
process subsequent to division of the stapedius tendon (Gordon Smyth, personal
communications). In our experience, this has not been associated with increased
postoperative vertigo.7,8 Traditionally, the results of stapes surgery were reported
in relation to hearing thresholds at 0.5, 1 and 2 kHz and, more recently, this has
been extended to include 3 KHz. It is well recognized, though perhaps not well
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publicized, that hearing at higher frequencies ( 4  KHz)  may  remain  poor  after
stapes surgery. Anatomically, the basilar region of the cochlea, which provides
high frequency hearing, is the closest to the operative site during stapedotomy and
it may be more susceptible to surgical trauma.1,31-33 Thus, high frequency sensori-
neural hearing loss following stapedotomy may provide a measure of operative
trauma. Evaluation of hearing results using this technique has demonstrated good
preservation of high frequency hearing preservation and a low complications
rate.7,8 Technical success measured by air-bone gap closure is equal or superior
to other recently published series.6 The technique described in this article has
been also proven useful in training of stapedotomy surgery, allowing the operation
to be attempted in a series of controlled and increasingly difficult steps.
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The possibility of surgical correction of impaired hearing in otosclerosis has
inspired generations of otologists to seek better ways of achieving this goal.1,2 A
vast experience gathered during the modern history of stapes surgery enables
implementation of the most refined technique, which evolved through numerous
amendments made to the original stapedectomy.3-7 The rising standards of care
demanded critical appraisal of the traditional measures of surgical success.8-10 An
approach valuing the patient’s satisfaction, rather than audiometric improvement,
lead to development of more detailed and patient-oriented criteria of successful
outcomes.11-14 Concurrently, declining volume of stapes surgery over the past
decades resulted in limited number of reports presenting a large series of patients.
Only three reports concerning with the series of more than 1000 patients have
been published in the indexed world medical literature during the past twenty
years.15-17 Moreover, diverse criteria used in reporting hearing results hinder valid
comparison between the recently published small sets of otosclerosis patients.18-21

The aim of this thesis was to evaluate functional hearing results of 1369
stapedotomies performed by a single surgeon in the period from 1991 to 2006.
This extensive database allowed a separate analysis and comparison of hearing
outcomes of unilateral22,23 and bilateral24 stapes surgery, as well as evaluation of
the benefits of primary stapedotomy in patients with severe and profound hearing
impairment25, the magnitude of post-stapedotomy hearing improvement in
congenital conductive hearing loss26 and hearing results of malleo-vestibulopexy
technique employed in special cases.27 The distinctive feature of our
methodological approach was an application of various tools of post-operative
hearing assessment including Amsterdam Hearing Evaluation Plots13, Glasgow
Benefit Plot14 and American Academy of Otolaryngology, Head & Neck Surgery
guidelines for reporting results of the middle ear surgery28, with the aim to achieve
a more balanced and multi-dimensional comprehension of treatment outcomes.

In chapter I an introduction to the current concept of otosclerosis was presented.
Review of pathologic and clinical studies of otosclerosis provided historical
perspective for the contemporary state of knowledge of this unique pathology
confined to human temporal bone. Evolution of the otosclerosis definition and
classification linked to progress in understanding of the pathomorphologic changes
was presented. Review of recent advances in genetics and immuno-
histochemistry of otosclerosis enabled insight into its multi-factorial etiology,
including role of heredity, auto-immune mechanisms and viral infection. Moreover,
updated synopsis of molecular biology, pathomorphology and etiopathogenesis
prepared for a discussion of current and future treatment options. In a second part
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of the introduction the evolution of surgical treatment of otosclerosis was
presented. Refinements in surgical technique that resulted in various modifications
were reviewed with a special emphasis on the changing vision of goals of
treatment. A complete air-bone gap closure, considered by pioneers of stapes
surgery as the main measure of successful surgery, has been recently
incorporated in a broader system of criteria of success, focused on patient’s
perception of quality of sound and his ability to communicate, as a function of post-
operative bilateral hearing. A pursuit of more inclusive approach to the evaluation
of the surgical outcomes has inspired the studies, which were reported in the
following chapters.22-27

In chapter II (2.1) the outcomes of 1145 primary stapedotomies were presented.22

The objective of this study was to analyze the hearing results of stapes surgery
reported according to the current (1995) guidelines of the American Academy of
Otolaryngology, Head & Neck Surgery (AAO-HNS) Committee on Hearing and
Equilibrium for the evaluation of results of treatment of conductive hearing loss28,
and simultaneously to evaluate these results with the Amsterdam Hearing
Evaluation Plots (AHEP).13 The effects of using different audiologic parameters on
outcomes were analyzed. A detailed analysis of preoperative and postoperative
hearing thresholds at 4 kHz was performed for evaluation of surgical trauma to
cochlea assuming that BC thresholds at this frequency were the most sensitive
indicator of the iatrogenic inner ear damage.29-32 The audiometric results reported
according to the AAO-HNS guidelines demonstrated significant improvement in
mean postoperative air conduction (AC) and speech reception thresholds (SRT)
with no change in BC in this series. A frequency-specific analysis of pre- and post-
operative AC levels demonstrated statistically significant improvement at all
frequencies, except AC thresholds at 12 kHz. The post-operative four-frequency
average air-bone gap (ABG) was 7 dB (SD 6 dB) compared with 28 dB (SD 9 dB)
preoperatively (p<0.0001). Closure of the ABG  10 dB was achieved in 82% of
cases. The mean post-operative SRT was 27 dB (SD 12 dB) compared with 51 dB
(SD 14 dB) preoperatively (p<0.0001).  “Dead ear” occurred in one patient (0.1 %).
In addition to reporting the averaged results according to the mean values of
several audiometric parameters, raw data from the audiometric database were
evaluated with the AHEP for a visual presentation of each individually operated
ear. Addition of the Amsterdam Hearing Evaluation Plots (AHEP) to the
assessment tools of large series of stapedotomies allowed graphic presentation of
each individual case, enabling visual identification of successful and unfavorable
results. As showed in AHEP graphs, the majority of the points lied below the upper
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diagonal line representing 1052 (97.4 %) patients with postoperative ABG within
20 dB. Postoperative improvement of BC > 10 dB occurred in 57 of these cases
(5%). The poor outcomes caused by worsening of post-operative BC by more than
10 dB were observed in 35 (3%) patients.  An adjunct of AHEP allowed also a
graphical identification of outliers providing more informed interpretation of
summary statistics. Therefore, the application of the AHEP to large otologic
database enabled easy identification of outliers and unfavorable outcomes that
may not be recognized in the reports presenting audiometric data as summary
statistics alone.
This study reported the largest series of primary stapedotomies evaluated with
AHEP to date.

In chapter III (2.2) a bilateral hearing function following unilateral stapes surgery
has been evaluated in the series of 751 primary stapedotomies.23 A necessity of
analysis of bilateral hearing function in interpretation of the results of unilateral
stapes surgery has been emphasized by several authors.11,14,42 Inclusion of
preoperative and postoperative AC thresholds in both operated and non-operated
ears in the assessment of benefit of surgery, as suggested by the Glasgow Benefit
Plot (GBP) method14, allows analysis of post-operative auditory improvement from
the point of view of patients. The aims of this study were twofold: a) to evaluate
both technical and functional results of a large series of stapedotomies using the
Glasgow Benefit Plot (GBP)14 criteria and the AAO-HNS Committee on Hearing
and Equilibrium guidelines28, and b) to identify prognostic factors for postoperative
hearing levels after stapedotomy. For this purpose pre- and post-operative
audiometric data calculated according to the guidelines of the AAO-HNS were
analyzed using the GBP of normal and symmetrical hearing. Normal hearing was
defined as an AC PTA threshold  30 dB, adopting the “Belfast Rule of Thumb”12

for the definition of socially acceptable hearing. Symmetrical hearing was defined
as an interaural difference of  10 dB, as proposed by the GBP method. Based on
these criteria patients were grouped into three major categories according to their
preoperative hearing impairment: unilateral, bilateral symmetric and bilateral
asymmetric hearing impairment. The effects of type of preoperative hearing
impairment and preoperative BC on achievement of postoperative normal and
symmetric hearing were analyzed. The highest proportion of normal cochlear
reserve was found in the group of unilateral hearing impairment. The highest
proportion of mixed hearing loss was found in group with bilateral asymmetric
hearing impairment. Postoperative symmetric hearing was found to be highly
correlated with the type of preoperative hearing impairment. Normal postoperative
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AC was found to be highly correlated with normal preoperative BC. The operated
ear became the better hearing ear in 41% of all cases in this series but became
the better hearing ear in 96% of the subgroup of patients with preoperative
bilateral symmetric hearing impairment. Symmetrical hearing was achieved in 47%
of all patients. Grouping of patients to categories of unilateral, bilateral symmetric
and bilateral asymmetric hearing impairment has been found helpful for
prognostication of postoperative hearing. Glasgow Benefit Plot, therefore, is a
useful tool for establishing indications for a second ear stapedotomy. This study
reported a largest series of primary stapedotomies evaluated with GBP up to the
present time.

In chapter IV (2.3) the results of 394 bilateral stapedotomies were presented.24

The aims of this study were to assess the benefits of a second-ear stapedotomy in
achievement of binaural and symmetrical hearing. For this purpose the hearing
results were evaluated using the GBP criteria and the success rates after 1st and
2nd ear surgery have been separately analyzed. A multi-dimensional approach in
the reporting and the interpretation of surgical outcomes has been applied by
using the AAO-HNS guidelines and GBP definitions of the types of pre-operative
hearing impairment. A controversy regarding whether to operate or not on the
second ear has been aroused from the concerns of doubling the risks of potentially
detrimental to hearing complications33-37,  as  well  as  from  the  difficulties  in  the
assessment of benefits of a second ear procedure.38-40 A rationale for bilateral
stapedotomy, on the other hand, has been driven by pursuit of improving patient’s
quality of life, especially in the most crippled patients with bilateral mixed hearing
loss, in whom a full rehabilitation after unilateral surgery or with hearing aids alone
was not achievable.41,42 The analysis of the results of bilateral stapes surgery
demonstrated that the technical results after both 1st and  2nd procedure were
identical with ABG closure  20dB achieved in 98 % of all cases. Evaluation of
post-operative bilateral hearing function with the Glasgow Benefit Plot revealed
that as a result of 1st ear surgery, 142 (72%) patients changed into the category of
unilateral hearing loss, and as a result of 2nd ear surgery, 125 (64%) patients
changed into the category of normal and symmetric hearing. Second ear surgery
nevertheless appears to be less successful in achievement of postoperative
thresholds below 30 dB. The results seem to be affected by a higher proportion of
mixed hearing loss in the second otosclerotic ear: 67% of patients had mixed
hearing loss before 2nd ear surgery compared with 44% before 1st surgery. Our
results indicated that preoperative BC thresholds and the type of preoperative
hearing impairment define whether bilateral normal hearing can be achieved
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postoperatively. In patients with mixed and asymmetric hearing loss, bilateral
stapes surgery remains beneficial in facilitating postoperative fitting of bilateral
hearing aids. The results of our study support the conclusions that 2nd ear
stapedotomy contributes to achievement of bilateral serviceable hearing in
patients with bilateral hearing impairment. The low rate of intra-operative
complications, similar in 1st and 2nd ear surgery, with no detrimental postoperative
effect on cochlear and vestibular function, appears reassuring and speaks to the
safety of bilateral stapes surgery.
The GBP used for the analysis of gains of 1st and 2nd ear stapedotomy appeared
to be a helpful tool rendering preoperative identification of patients who will
potentially benefit from the bilateral surgery. Comprehensive assessment of
bilateral post-operative hearing, however, was a more complex task, which
included parameters that could not be measured by the traditional audiometric
tests alone. The scope of our further studies will be directed toward the functional
aspects of speech intelligibility, using calculation and evaluation of Articulation
Index (AI) as a prognostic tool for the achievable socially acceptable hearing.
Recognition of importance of high frequency hearing for sound localization and
understanding speech in noise will also require a separate study, which will be
specifically focused on effects of stapes surgery on post-operative high and ultra-
high frequencies thresholds.

In chapter V (3.1) the study was further focused on the most difficult for hearing
dispensing patients with severe and profound hearing loss (SPHL).25 Among 1369
stapedotomy cases reviewed, 144 surgeries had been performed on patients with
pre-operative hearing thresholds of 71 dB or worse. The aims of this study were to
evaluate the technical and functional results of 144 stapedotomies in patients with
SPHL and to compare the success rate in this group with that of 1101 primary
stapedotomies for mild/moderate hearing loss (MMHL). The outcomes were
analyzed according to the 1995 AAO-HNS guidelines28, and evaluated with the
Amsterdam Hearing Evaluating Plots (AHEP)13 and the Glasgow Benefit Plot
(GBP).14 In our series, severe and profound hearing loss in patients treated with
primary stapedotomy was not rare comprising 13% of all cases. It appeared that
the magnitude of hearing improvement post stapedotomy was greater in SPHL
when compared with the MMHL. Even though achievement of normal hearing was
often impossible due to poor pre-operative bone conduction thresholds, 88% of
patients in this series were converted from the category of a severe or profound
hearing loss to a mild or moderate hearing loss, or better, considerably facilitating
their post-operative rehabilitation with hearing aids. Despite the higher proportion
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of mixed hearing loss and the older age of patients, only minor intra-operative
complications were encountered, supporting our opinion that stapes surgery was a
valuable adjunct to hearing aids for severe hearing loss in otosclerosis. When
benefits of stapedotomy are weighted against the risks of this intervention in
otosclerosis patients with severe or profound hearing loss (SPHL), it appears that
more profound preoperative hearing impairment is associated with greater auditory
improvement; therefore potential for post-operative gain seems to overweigh the
risk. The mean gain in AC in patients with SPHL was 32 (± 13) dB compared with
23 (± 11) dB in the series of 1101 primary stapedotomies for MMHL. Even though
the technical success in ABG closure in this group was lower, the change from
SPHL to MMHL in this group of patients allows successful rehabilitation with
hearing aids, which is probably more important for the improvement of quality of
life than the degree of ABG closure. Analysis of the results using the Glasgow
Benefit Plot demonstrated that symmetric hearing could be achieved in two thirds
of patients, and even normal hearing can be achieved in select cases.

In chapter VI (3.2) the hearing results of the malleo-vestibulopexy (MVP)
technique were presented.27 This study reported special situations encountered in
revision stapedotomies and congenital middle ear malformations, in which the
reconstruction of conductive mechanism was particularly challenging since the
traditional ossiculoplasty technique was not feasible. Correction of conductive
hearing loss caused by complex ossicular pathology, encountered in congenital
middle ear malformations or in revision stapedotomy, required flexible approach
when standard ossiculoplasty techniques were not feasible. MVP has been used
in cases of particularly unfavourable combination of the fixed stapes footplate with
missing or abnormal incus. Despite the unfortunate preoperative middle ear
situation, the short–term audiometric results in this series were equal or superior to
results of ossiculoplasty or malleo-stapedotomy reported in literature, in which a
comparable degree of ossicular pathology has been described.43-52 In our
experience, MVP technique was a valuable surgical option in cases with complex
ossicular pathology, when standard ossiculoplasty could not be implemented.
More research is required to evaluate the long-term stability of the malleo-
vestibulopexy assembly.

In chapter VII (3.3) results of stapes surgery for conductive hearing loss
secondary to congenital stapes fixation were reported.26 Since the isolated
congenital middle ear malformations were rare, we pursued a broad spectrum of
research questions in order to maximize a scientific output of this study. Forty
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patients with operative findings consistent with isolated congenital stapes fixation
or combined with ossicular chain malformations were included. Pre-operative
factors, which have been evaluated, included severity of hearing loss, type of
ossicular abnormalities and surgical technique used. Intra-operative findings were
reported according to Cremers’ classification.53 The influence of the different types
of ossicular pathology on hearing outcomes was examined aiming to recognize an
association, if any, between the class of congenital anomaly and hearing results.
Effects of surgery on the high- frequency hearing were also analyzed. Surgical
failures were described. Assessment of postoperative bilateral hearing function
with the Glasgow Benefit Plot demonstrated that 26/40 (65%) of patients achieved
normal bilateral hearing and 24/40 (60%) had symmetrical hearing. From this
analysis it appeared that even though postoperative normal hearing could not be
achieved in all the cases, stapes surgery for congenital stapes fixation could be
highly rewarding for patients. Nonetheless, it was not as successful as in the
treatment of otosclerosis.

In chapter VIII (4.1) an evolution of surgical technique of stapedotomy employed
in treatment of our patients from the year 1991 to present was described.54 This
method has been designed with the aim to minimize inner ear trauma. The
surgical technique combined a modification of the reverse order technique3,7,55-57

with the adjunctive use of argon beam laser4,6,58-64 and modified self-crimping
prosthesis.64-68 Therefore, the procedure described in this thesis combines the
strengths of several previously described techniques.1-5,55,69-71 The employment of
both laser assisted fenestration and the modification of self-crimping prostheses
have reduced surgical trauma and technical difficulties relating to manual
fenestration and prosthesis crimping. Furthermore, the advantage of reversed
order technique in reducing operative complications rate has also been
demonstrated.7,22,56,63 In our experience, this technique provided better access to
the footplate during fenestration than was traditionally enjoyed during the reverse-
order technique, whilst maintaining the advantage of better stability of the footplate
and incus. It appeared that keeping the incudo-stapedial joint and anterior crus
intact during prosthesis placement provided additional protection against
inadvertent footplate fragmentation or incus mobilization. The modification of
prosthesis described in this paper facilitated placement without compromising
post-operative hearing, thus providing reliable results and a low rate of piston-
related failures. In addition, laser-assisted fenestration minimized cochlear
damage enabling preservation of high frequency hearing.22,63 The described
technique has been also proven useful in training of stapedotomy surgery,
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allowing the operation to be attempted in a series of controlled and increasingly
difficult steps. Although we fully appreciated the advantages of this method, we
also acknowledged its limitations, in particular a limited control during the fracture
and removal of anterior stapedial crura. An employment of flexible middle ear
endoscopy would possibly minimize the weakness of this step of the procedure.
At present time the stapes surgery as a method of hearing rehabilitation in
otosclerosis competes with other technologies unseen at the time of emerging
stapedectomy technique. The current alternative options include sophisticated
hearing aids, implanted middle ear devices and cochlear implants.72-77 This
contemporary variety of different treatments required to reconsider the question
whether stapedotomy is a too risky procedure to recommend as a first choice of
treatment or as a bilateral procedure. The concerns regarding potential surgical
complications are even sounder now considering a declining number of cases
worldwide and consequent shrinking numbers of matured stapes surgeons.78 An
existence of a “learning curve” in mastering stapes surgery has explained the
higher complications rate in hands of “occasional surgeons” reported by several
authors.79-83 Furthermore, the observed linear correlation between the hearing
outcomes and the number of cases in published large series15,16,22 supported the
observation derived from a general surgical literature confirming that the large
surgical volumes are associated with better operative outcomes.84-89 The
experience learned from the stapedotomy series presented in this thesis
demonstrates very low incidence of severe complications: a “dead ear” occurred in
one patient (< 0.1 %). The other complications encountered include a relatively
mild and reversible balance disturbances and post-operative tinnitus, which did not
affect overall patients’ satisfaction from the surgical results. In this aspect our
outcomes are compatible with the other reported large series of stapedotomies15-17

and support the view that stapes surgery is indeed a good option for correction of
hearing impairment in otosclerosis especially if performed in a large volume
otology center.
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Summary
This thesis is focused on the evaluation of the effectiveness of surgical
management of otosclerosis and congenital stapes ankylosis. The design of this
thesis has been shaped by the realities of the state of the art of contemporary
otology: the demographical changes in otosclerosis population and the evolution of
clinical and audiological management of otosclerosis. In demographical aspect,
the declining volume of stapes surgery has resulted in scarce publications
reporting a large series of patients and in shrinking numbers of experienced
stapes surgeons. At the same time, the recent technological advances and the
vast clinical experience have fostered emerging refined surgical technique and
enabled highly successful technical results with a low rate of surgical
complications. Considerable experience accumulated in our high-volume
specialized otology center, with more than a thousand otosclerosis patients treated
over the past decade, created a unique opportunity for a series of diverse
retrospective studies united by a multi-dimensional methodological approach. At
the outset of this thesis, we aimed to provide a multi-dimensional analysis of
hearing results of the modified stapes surgery technique, incorporating both
technical, surgeon-oriented parameters of success and more functional, patient-
oriented criteria related to patients satisfaction. The pursuit to answer these
scientific questions was driving the interest to perform this specific retrospective
study.
An actual investigation of our surgical results has been preceded by an extensive
literature search of the past and present of otosclerosis research. The overview of
the history of otosclerosis and the evolution of stapes surgery has been
summarized in chapter I “Introduction”, providing a historical background to the
clinical and audiological aspects of contemporary otosclerosis management
presented in this thesis. The scope and the extent of the “Introduction” was
designed as a chapter of the textbook “Pathology of the ear” (Hawk M, Rutka J.
edit. BC Decker Inc, in preparation) dedicated to otosclerosis.
The first part of the thesis (chapters 2.1, 2.2, 2.3) was concerned with the
outcomes of primary stapedotomy. The second part of the thesis (chapters 3.1,
3.2, 3.3) has been dedicated to the evaluation of hearing results of stapes surgery
in special situations. In the third part of the thesis (chapter 4.1) the modified
surgical technique of reverse order laser-assisted stapedotomy has been
described.

In Chapter 2.1 the hearing results of a large series of primary stapedotomies have
been presented. The charts of 1369 consecutive stapedotomies performed from
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1991 to 2006 were retrospectively reviewed and 1145 cases of primary
stapedotomy were included. Six hundred and ninety-five patients (61%) were
women and 450 (39%) were men. The mean age was 45 years (SD 12 years),
with a range from 16 to 84 years. The hearing outcomes were analyzed according
to the 1995 AAO-HNS Committee on Hearing and Equilibrium guidelines.
Frequency specific AC thresholds at 0.5, 1, 2, 3, 4, 6, 8 and 12 kHz and BC
thresholds at 0.5, 1, 2, 3 and 4 kHz in operated and non-operated ears were
tabulated in a computer database. Mean preoperative pure tone average of AC,
BC and ABG at 0.5, 1, 2 and 3 kHz were compared with corresponding
postoperative values. Postoperative ABGs were also calculated also for
frequencies combinations of 0.5, 1, and 2 kHz and 0.5, 1, 2 and 4 kHz to evaluate
the effects of these different audiometric parameters on success rate. Mean pre-
and post-operative AC and BC thresholds at 4 kHz were also studied separately to
evaluate the impact of stapedotomy on high frequency hearing. In addition to
reporting the averaged results according to the mean values of several
audiometric parameters, the raw data from the audiometric database were
evaluated with the Amsterdam Hearing Evaluation Plots (AHEP) for visual
presentation of each individually operated ear.  The results of this study
demonstrated significant improvement in mean postoperative air conduction (AC)
and speech reception thresholds (SRT) with no change in BC. Closure of the air-
bone gap (ABG)  10 dB was achieved in 82% of cases. “Dead ear” occurred in
one patient (<0.1 %). An addition of AHEP enabled easy identification of outliers
and unfavorable outcomes, providing detailed representation of surgical outcomes
in each individual operated ear.

In Chapter 2.2 bilateral hearing function in patients operated unilaterally for
otosclerosis has been evaluated. 751 cases of primary unilateral stapedotomy
were included in this retrospective study. The hearing results were evaluated
according to the 1995 AAO-HNS Committee on Hearing and Equilibrium
guidelines and criteria of symmetric and normal hearing of Glasgow Benefit Plot
(GBP). Both operated and non-operated ears were tested at 0.5, 1, 2, 3, 4, 6, 8,
and 12 kHz for air conduction (AC), and .5, 1, 2, 3 and 4 kHz for bone conduction
(BC). The mean preoperative PTA for AC, BC, and ABG values at 0.5, 1, 2, and 3
kHz were compared with their corresponding postoperative values. Postoperative
BC thresholds were used to calculate postoperative ABG values. In addition to
reporting the results of AC, BC, and ABG gain, we utilized the GBP for evaluation
of bilateral hearing status in each individual case. Normal hearing was defined as
an AC PTA threshold  30 dB, symmetrical hearing was defined as an interaural
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difference of  10 dB, as proposed by the GBP method. Based on these criteria,
patients were grouped into three major categories according to their preoperative
hearing impairment: Group 1- unilateral hearing impairment (481 patients), Group
2 - bilateral asymmetric hearing impairment (166 patients), and Group 3- bilateral
symmetric hearing impairment (104 patients). The technical results of
stapedotomy were highly successful in all groups despite of the differences in
preoperative hearing status. A mean postoperative ABG of 7.5 dB was achieved in
all groups, as well as a significant (p<0.001) improvement of AC thresholds.
Evaluation of bilateral postoperative hearing with the GBP demonstrated that
achievement of bilateral normal hearing was most successful in the group with
unilateral hearing impairment, with 78% of patients having postoperative normal
hearing. The achievement of normal hearing has been found highly correlated with
the type of preoperative hearing impairment (r=0.74) and with the preoperative
bone conduction (r=0.61).

In Chapter 2.3 the benefits of a second-ear stapedotomy have been analyzed
based on the results of 394 bilateral stapedotomies evaluated with the GBP. The
audiometric data from 197 patients have been reported according to the 1995
AAO-HNS Committee on Hearing and Equilibrium guidelines and the success
rates after 1 st and 2 nd ear surgeries were separately analyzed. One hundred
twenty three patients (62%) were women and 74 (38%) were men. The mean age
was 43 years (SD 11 years) at 1st ear surgery and 45 years (SD 10 years) at 2nd

ear surgery. The mean preoperative hearing levels  calculated as a PTA at
frequencies of 0.5, 1, 2 and 3 kHz were 54 dB (SD 14 dB) in operated ear and 51
dB (SD 14 dB) in the non-operated ear at 1st ear surgery and 51 dB (SD 14 dB)
and 29 dB (SD 11 dB) respectively, at 2nd ear surgery. The mean preoperative
ABG  was  27  dB  (SD  9  dB)  at  1st ear surgery and 25 dB (SD 8 dB) at 2nd ear
surgery. Statistical analysis was carried out for comparisons between pre- and
postoperative values using paired t-test for the evaluation of ABG, AC, BC, PTA,
and AC gain. The technical success in ABG closure  10dB was significantly
higher in 1st ear surgeries (90% compared with 80% in 2nd ear, p<0.05). ABG
closure  20dB was demonstrated in 98 % of cases after both 1st and 2nd

procedure. Normal postoperative hearing was achieved in 73% of 1st ear
stapedotomies and in 64% of 2nd ear stapedotomies. Postoperative BC thresholds
improved by 4 dB after the 1st ear surgery and by 3 dB after the 2nd ear surgery.
Symmetric hearing (interaural difference of less than 10 dB, according to the GBP
criteria) was achieved in 80% of cases after the 2nd ear stapedotomy. The
operated ear became the better hearing ear in 97% of cases after the 1st ear
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surgery and in 46% of cases after the 2nd ear procedure. The results of this study
indicated that 2nd ear stapedotomy contributed to providing bilateral symmetrical
hearing, when achievable, and that it was beneficial in facilitating postoperative
rehabilitation with hearing aids in patients with mixed and asymmetric hearing loss.
The low rate of intra-operative complications, similar in 1st and  2nd ear surgery,
with no detrimental postoperative effect on cochlear and vestibular function,
appears reassuring and speaks to the safety of bilateral stapes surgery in properly
selected patients.

The Chapter 3.1 was concerned with the evaluation of the results of stapes
surgery in patients with severe or profound hearing loss (SPHL), defined as pre-
operative AC PTA  71dB. This group was the most challenging for hearing
rehabilitation due to the higher proportion of mixed hearing loss associated with
poor cochlear reserve. Among 1369 charts retrospectively reviewed in this study,
127 patients (144 stapedotomies) have been identified and included in statistical
analysis. The technical and functional results of 144 stapedotomies in patients with
SPHL have been compared with the success rate of 1101 primary stapedotomies
for mild/moderate hearing loss (MMHL). There were one hundred and fifteen ears
(80%) with severe hearing loss (71 dB PTA< 90 dB) and 29 ears (20%) with
profound hearing loss (91 dB PTA< 120 dB). Sixty-nine patients (54%) were
women and 58 (46%) were men. The mean age was 55 (SD 12) years; range from
25 to 84 years. Fifty patients had other than hearing loss complaints: forty patients
(28%) had tinnitus, six patients (4%) complained of occasional dizziness and four
patients (3%) had both. The audiometric data were presented according to the
1995 AAO-HNS Committee on Hearing and Equilibrium guidelines, and evaluated
with the Amsterdam Hearing Evaluating Plots (AHEP) and the Glasgow Benefit
Plot (GBP). The results of this study revealed that the magnitude of hearing
improvement was greater in patients with SPHL when compared to the patients
with MMHL. The mean gain in AC in patients with SPHL was 32 (± 13) dB
compared with 23 (± 11) dB in MMHL. The mean postoperative ABG of 10 (± 8)
dB was demonstrated in the group with SPHL compared with 7 (± 5) dB in the
group with MMHL. ABG closure  10 dB was achieved in 63% of cases and  20
dB in 90% of patients with SPHL, compared with 82% and 97% respectively in the
patients with MMHL. Despite the higher proportion of mixed hearing loss and the
older age of patients in SPHL group, only minor intra-operative complications were
encountered in this series and it was concluded that stapes surgery is a safe and
highly rewarding treatment for patients with advanced otosclerosis.
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In Chapter 3.2 the results of twenty-four malleo-vestibulopexy procedures (MVP)
employed in revision stapedotomies or in cases of congenital conductive hearing
loss were presented. The archived charts of all consecutive stapedotomy cases
were reviewed. Of the 1369 surgical cases, 89 were revision stapedotomies and
48 were performed for congenital stapes fixation. The combination of missing or
eroded incus with immobile footplate was found in 17/89 (19%) of revision
stapedotomies and in 7/48 (15%) of congenital anomalies. The surgical options of
traditional ossiculoplasty in these cases were limited and MVP technique has been
employed. The hearing outcomes were analyzed according to the 1995 American
Academy of Otolaryngology - Head and Neck surgery Committee on Hearing and
Equilibrium guidelines. Frequency specific air conduction (AC) thresholds at 0.5, 1,
2, 3 and 4 kHz and bone conduction (BC) thresholds at 0.5, 1, 2, 3 and 4 kHz in
operated and non-operated ears were tabulated in a computer database. ABG
closure, AC gain and SRT improvement have been chosen as main treatment
outcome measures. ABG closure  20 dB was achieved in 61% and  10 dB in
33% of all cases. ABG 10 dB was achieved in 4/7(57%) of congenital anomalies
and in 5/17(29%) of revision procedures. Significant (p<0.001) improvement was
demonstrated postoperatively in all audiometric parameters: AC threshold
changed from 54 (SD 14) dB preoperatively to 39 (SD19) dB postoperatively, SRT
changed from 53 (SD 13) dB preoperatively to 35 (SD19) dB postoperatively. No
cases of SNHL (“dead ear”) were associated with this technique in our series. One
patient demonstrated short-term self-limited vestibular symptoms. In our
experience, MVP is a valuable surgical option in cases when traditional
ossiculoplasty is not feasible. Further follow up will be required to test the long-
term stability of MVP assembly.

In Chapter 3.3 the results of stapes surgery for correction of congenital conductive
hearing loss were presented. A retrospective review of 1369 consecutive
stapedotomies revealed that 40 surgeries were performed for congenital stapedial
anomalies. The diagnosis of congenital stapes fixation was based on a history of
non-progressive conductive hearing loss from early childhood and an intra-
operative finding of hypoplastic or malformed stapes or incudo-stapedial joint in
the absence of an otosclerotic focus. Intra-operative findings were tabulated
according the Cremers classification of congenital middle ear anomalies. The
hearing outcomes were analyzed according to the 1995 AAO-HNS Committee on
Hearing and Equilibrium guidelines. Means of preoperative pure tone average of
air conduction (AC), bone conduction (BC) and air-bone gap (ABG) on 0.5, 1, 2
and 3 kHz were compared with corresponding postoperative values. Postoperative
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bone conduction values were used to calculate postoperative air-bone gap.
Hearing results demonstrated significant (p<0.001) improvement of AC thresholds
from 56 dB (SD 16.9) preoperatively to 34 dB (SD 17.1) postoperatively. BC
thresholds remained unchanged: 24 dB (SD 11.7) and 23 dB (SD 12) respectively.
Mean postoperative SRT was 31 dB (SD 15) compared with 53 dB (SD 14)
preoperatively. The postoperative ABG closure to within 10 dB was achieved in
24/40(60%) of congenital cases compared with 82% of 1145 primary
stapedotomies performed for otosclerosis. Overall better operative results were
achieved in class 1 malformations. Postoperative mean AC PTA, high frequencies
thresholds, BC and SRT were better in class 1 anomalies compared with class 2
and 4 combined. However, the differences between the groups did not reach
statistical significance due to a small number of classes 2, 3 and 4 populations.
Considering the rarity of isolated middle ear malformations causing a pure
conductive hearing loss, the results of this series supplied valuable information on
treatment outcomes of stapes surgery in this specific hearing impaired population.

In Chapter 4.1 the modified surgical technique of reversed order laser–assisted
stapedotomy was described. This chapter was prepared in “How I Do It” format,
corresponding with the “Introduction” part which discussed the history and
evolution of stapes surgery. A step-by-step description of the procedure was
illustrated by intra-operative micro-photographs of the most important details,
providing better appreciation of described modifications. In our experience, the
presented technique enabled better access to the footplate during fenestration,
whilst maintaining the advantage of better stability of the footplate and incus.
Modification of the prosthesis facilitated placement without compromising hearing
results. Laser-assisted fenestration minimized cochlear damage enabling
preservation of high frequency hearing. The technique described in this chapter
has been also proven useful in training of stapedotomy surgery, allowing the
operation to be attempted in a series of controlled and increasingly difficult steps.
Based on the results of presented large series, we arrived to the conclusion that
modified stapedotomy technique provides a valuable tool for safe and effective
correction of hearing loss caused by stapes fixation. In experienced hands it
allows achievement of very low rate of surgical complications, therefore supporting
the suggestion that centralization of stapes surgery in the high volume otology
centers might result in most beneficial outcomes for patients. The complexity of
the comprehensive assessment of effects of stapes surgery is related to
involvement of not only audiometric characteristics in operated ear, but also by
dynamics of hearing impairment and non-auditory variables. Future research of
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postoperative quality of life and speech and sound perception will help to find more
balanced answers related to these complex questions.
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Samenvatting
Dit proefschrift is gericht op de evaluatie van de chirurgische behandeling van
otosclerose en de resultaten van stijgbeugelvervangende chirurgie in andere
bijzondere situaties. De opzet van deze proefschriftstudie wordt mede bepaald
door de omstandigheden van de hedendaagse oorheelkunde, te weten: de demo-
grafische veranderingen in de otosclerose populatie, de ontwikkelingen in de
audiologische mogelijkheden en de chirurgische mogelijkheden om otosclerose te
behandelen. Het demografisch aspect is dat de geleidelijke afname in aantallen
van stijgbeugelvervangende chirurgie er toe heeft geleid dat er nog maar zelden
over grote series publicaties over de resultaten van stijgbeugelvervangende
chirurgie verschijnen. Tegelijk neemt het aantal oorartsen af, dat een grote
ervaring heeft met stijgbeugelvervangende chirurgie. Anderzijds hebben recente
technieken ervoor gezorgd, dat de resultaten van de stijgbeugelvervangende
chirurgie verder verbeterd zijn met een zeer laag percentage van complicaties. In
ons oorheelkundig centrum zijn de afgelopen tien jaar tezamen meer dan 1000
otosclerose patiënten geopereerd. Dit verschafte een unieke mogelijkheid om een
serie verschillende retrospectieve studies verricht met dezelfde methoden uit te
voeren. De opzet van deze studies is om een analyse van de resultaten voor het
gehoor van een gemodificeerde stijgbeugelvervangende operatie te verrichten,
waarbij gelet werd op technische en aan de chirurg georiënteerde parameters die
het succes kunnen beïnvloeden.

Voordat deze retrospectieve studies naar de uitkomsten van
stijgbeugelvervangende chirurgie werden begonnen, werd de oude en meer
hedendaagse literatuur over otosclerose bestudeerd. Een overzicht van de
geschiedenis van otosclerose en van de ontwikkeling van de stijgbeugel-
vervangende chirurgie in de tijd wordt beschreven in Hoofdstuk I Inleiding. Dit
plaatst de klinische en audiologische aspecten van de hedendaagse behandeling
van otosclerose, zoals die in dit proefschrift beschreven zijn, tegen een historische
achtergrond.

Het eerst deel van dit proefschrift (Hoofdstuk 2.1, 2.2, 2.3) is gericht op het
beschrijven van de resultaten van de eerste stijgbeugelvervangende operatie in
een patiënt. Het tweede deel van dit proefschrift (Hoofdstuk 3.1, 3.2, 3.3) gaat
over de evaluatie van de resultaten van stijgbeugelvervangde chirurgie voor het
gehoor. In het derde deel van dit proefschrift (Hoofdstuk 4.1) wordt een
gemodificeerde chirurgische techniek voor de stapedotomie met behulp van een
laser voorgesteld, waarbij de volgorde van de chirurgische stappen is veranderd.
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In Hoofdstuk 2.1 worden de resultaten voor het gehoor na een eerste
stapedotomie operatie voor een grote serie operaties gepresenteerd.
Retrospectief werden de gegevens van 1369 elkaar opvolgende stijgbeugel-
vervangende operaties, verricht tussen 1991 tot 2006, uit de medische statussen
verzameld. In 1145 gevallen ging het om een eerste stapedotomie in een patiënt.
Zeshonderdvijfennegentig patiënten (695/1145 = 61%) waren vrouw en
vierhonderdvijftig (450/1145 = 39%) waren man. De gemiddelde leeftijd was 45
jaar (SD 12 jaar) met een variatie in leeftijd van 16 tot 84 jaar. De evaluatie van de
resultaten voor het gehoor werden verricht volgens de in 1995 uitgevaardigde
richtlijnen van het AAO-HNS Committee on Hearing and Equilibrium. De resultaten
van toonaudiometrie in het geopereerde en in het niet geopereerde oor werden in
een computer data base opgeslagen. Voor de luchtgeleiding ging het om
drempelwaarden gemeten bij 0.5, 1, 2, 3, 4, 6, 8 en 12 kHz. Voor de beengeleiding
ging het om drempelwaarden bij 0.5, 1, 2, 3, 4 kHz. De gemiddelde preoperatieve
luchtgeleidingsdrempels, de preoperatieve beengeleidingsdrempels en de
luchtbeengeleidingscomponent voor 0.5, 1 en 3 kHz werden vergeleken met de
postoperatieve uitkomsten. De postoperatieve luchtbeengeleidingscomponent
werd evenzo berekend voor andere combinaties van toonhoogten te weten 0.5, 1
en 2 kHz en 0.5, 1, 2 en 4 kHz om het effect van deze verschillende parameters
op het succes van deze operaties te leren kennen. De gemiddelde preoperatieve
en postoperatieve luchtgeleiding- en beengeleidingsdrempels bij 4 kHz werden
ook afzonderlijk bestudeerd om de betekenis van een stapedotomie voor deze
hogere frequentie te leren kennen. In aanvulling op de beschrijving van de
gemiddelde resultaten voor de eerder genoemde audiometrische parameters,
werden de oorspronkelijke audiometrische gegevens uit de databank geëvalueerd
met behulp van de Amsterdam Hearing Evaluation Plots (AHEP) om een visuele
presentatie te verkrijgen voor elk geopereerd oor. De resultaten van deze studie
toonden een opmerkelijke verbetering van de gemiddelde postoperatieve
luchtgeleidingsdrempels en spraakverstaan resultaten zonder een verandering in
de beengeleidingsdrempel. Het sluiten van de luchtbeengeleidingsdrempel binnen
een waarde van 10 dB of kleiner werd in 82% van de geopereerde oren bereikt.
Een volledig uitgevallen gehoor trad slechts na één operatie op (<0.1%). De
toevoeging van de Amsterdam Hearing Evaluation Plot (AHEP) maakte het
mogelijk de ooroperaties met een ongunstige uitkomst voor de luchtgeleiding of
beengeleiding snel te herkennen, omdat voor elke operatie afzonderlijk deze
resultaten grafisch apart worden weergegeven.
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In hoofdstuk 2.2 is de bilaterale postoperatieve functie van het gehoor na een
stapedotomie op een van beide oren geëvalueerd. In deze retrospectieve studie
werden 751 personen na een eerste eenzijdige stapedotomie betrokken. Deze
gehoorresultaten werden volgens de 1995 AAO-HNS Committee on Hearing and
Equilibrium richtlijnen en de criteria van de Glasgow Benefit Plot (GBP) voor een
symmetrisch en een normaal gehoor gepresenteerd. Het gehoor van het
geopereerde en het niet geopereerde oor werd gemeten voor de luchtgeleiding bij
0.5, 1, 2, 3, 4, 6, 8 en 12 kHz en voor de beengeleiding bij 0.5, 1, 2 en 3 kHz. De
gemiddelde toonaudiometrische bevindingen voor de luchtgeleiding, de been-
geleiding en voor de luchtbeengeleidingscomponent bij 0.5, 1, 2 en 3 kHz werden
vergeleken met de daarmee overeenkomende postoperatieve waarden.
 Postoperatieve beengeleidingsdrempels werden gebruikt om het postoperatieve
luchtbeengeleidingsverschil te berekenen. In aanvulling op het beschrijven van de
uitkomsten voor de luchtgeleiding en de beengeleiding alsook de lucht-been-
geleidingscomponent werd de Glasgow Benefit Plot (GBP) gebruikt om het
bilateraal functioneren van beide oren te evalueren voor iedere persoon
afzonderlijk. Een normaal gehoor werd gedefinieerd als een verschil in de
gemiddelde waarde voor de luchtgeleiding (Pure Tone Average) op beide oren
beter of gelijk aan 30 dB. Een symmetrisch gehoor werd, conform de richtlijnen
van de Glasgow Benefit Plot (GBP), gedefinieerd als een verschil van 10 dB of
kleiner tussen de luchtgeleidingswaarden (PTA) voor beide oren. Conform deze
criteria werden de patiënten ondergebracht in drie groepen in overeenstemming
met hun preoperatieve gehoorverlies:

Groep 1: een eenzijdig gehoorverlies (481 personen)
Groep 2: een beiderzijds asymmetrisch gehoorverlies (166 personen)
Groep 3: een beiderzijds symmetrisch gehoorverlies (104 personen)

De resultaten voor de verbetering van het gehoor bleken zeer succesvol voor elk
van deze 3 groepen, ondanks het verschil in de preoperatieve gehoordrempels.
Een gemiddelde postoperatieve luchtbeengeleidingscomponent van 7.5 dB werd
in alle drie deze groepen bereikt. Een significante verbetering van de
luchtgeleidingsgehoordrempel (p  0.001) werd bereikt. Evaluatie van het gehoor
voor wat betreft het bereiken van beiderzijds een normaal gehoor volgens de
criteria van de Glasgow Benefit Plot (GBP) toont dat dit, met een percentage van
78%, het best gelukt is in Groep 1 met alleen een eenzijdig gehoorverlies. Het
bereiken van een normaal gehoor blijkt in hoge mate gecorreleerd te zijn met het
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preoperatieve gehoorverlies (r = 0.74) en met de preoperatieve beengeleidings-
drempel (r = 0.61).

In hoofdstuk 2.3 worden de resultaten, geanalyseerd met de Glasgow Benefit
Plot (GBP), beschreven van een stapedotomie op het andere tweede oor. De
audiometrische bevindingen bij 197 personen zijn bewerkt volgens de richtlijnen
van de 1995 AAO-HNS Committee on Hearing and Equilibrium. De mate van
succes van de stapedotomie op het eerst geopereerde oor en op het andere
tweede oor werden afzonderlijk geanalyseerd. Honderddrieentwintig van de 197
personen (123/197= 62%) waren vrouw en 74 van de 197 (38%) waren man. De
gemiddelde leeftijd was 43 jaar (SD 11 jaar) bij de eerste stapedotomie en 45 jaar
(SD 10 jaar) bij de tweede stapedotomie op het andere oor. De gemiddelde
preoperatieve luchtgeleidingsgehoordrempels berekend voor 0.5, 1, 2 en 3 kHz
waren 54 dB (SD 14 dB) in het geopereerde oor en 51 dB (SD 14 dB) in het niet
geopereerde tweede oor ten tijde van de chirurgie van het eerst oor. Ten tijde van
de operatie op het tweede oor waren deze waarden respectievelijk 51 dB (SD 14
dB) en 29 dB (SD 11dB). De gemiddelde preoperatieve luchtbeengeleidings-
component was 27dB (SD 9dB) ten tijde van de chirurgie op het tweede oor. Een
statistische analyse werd uitgevoerd om een vergelijking te maken tussen de
preoperatieve en de postoperatieve uitkomsten. De paired t-test werd hierbij
gebruikt voor de evaluatie van de luchtbeengeleidingscomponent, de lucht-
geleiding, de beengeleiding, het berekende gemiddelde voor de luchtgeleiding
(Pure Tone Average) en de winst voor de luchtgeleidingsdrempel. Het bereikte
resultaat voor het sluiten van de luchtbeengeleidingscomponent (  10 dB) was
significant hoger voor de stapedotomie op het eerst geopereerde oor (90%)
vergeleken met 80% (P< 0.05) voor het als tweede geopereerde oor. Sluiting van
de luchtbeengeleidingscomponent (  20dB) werd bereikt in 98% van de operaties
zowel voor de stapedotomie op het eerste oor als voor de stapedotomie op het
tweede oor. Een normaal postoperatief gehoor werd bij 73% van de
stapedotomieën op het eerste oor en bij 64% van de stapedotomieën op het
tweede oor bereikt.
De postoperatieve beengeleidingsdrempels verbeterden 4 dB na de eerste oor
stapedotomieën en 3 dB na de tweede oor stapedotomieën. Een symmetrisch
gehoor (volgens de GBP criteria een verschil tussen de gehoordrempels van beide
oren van  10 dB) werd in 80% van de gevallen na een tweede oor stapedotomie
bereikt. Het geopereerde oor werd het beste horende oor in 97% van operaties op
het eerst geopereerde oor en in 46% van de operaties op het tweede oor met een
stapedotomie. Deze resultaten tonen dat stapedotomie op het tweede oor bijdroeg
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aan het verschaffen van een binauraal horen zo bereikbaar en dat de tweede
stapedotomie heeft bijgedragen aan het beter postoperatief kunnen revalideren
van patiënten met (eerder) een gemengd en asymmetrisch gehoorverlies.
Het lage percentage van intra-operatieve complicaties zonder ernstige post-
operatieve effecten op de functie van het binnenoor-cochlea en het evenwichts-
orgaan, zowel bij een eerste als bij een tweede oor stapedotomie, is geruststellend
en ondersteunt de opvatting dat een stapedotomie op het tweede oor een veilige
en goede behandeling is in preoperatief goed geselecteerde patiënten.

In hoofdstuk 3.1 worden de resultaten van stapedotomieën geëvalueerd bij
patiënten met preoperatief een ernstig of zeer ernstig gehoorverlies, te weten een
gemiddelde preoperatieve luchtgeleidingsdrempel (PTA) groter of gelijk aan 71
dB. Deze groep patiënten met grote gemengde gehoorverliezen en daarmee
ernstige binnenoorverliezen is moeilijk te revalideren vanwege hun zo ernstige
gehoorverlies. Voor 127 patiënten met 144 stapedotomieën uit de oorspronkelijke
groep van 1369 stapedotomieën geldt dat zij preoperatief aan deze criteria voor
een ernstig gehoorverlies voldeden. Een statistische analyse vond plaats.

De gehoorresultaten van deze 144 stapedotomieën werden vergeleken met de
bereikte resultaten in de groep van 1101 eerste oor stapedotomieën voor
milde/matige gehoorverliezen (MMHL). Er waren 115 oren (80%) met een ernstig
gehoorverlies (71 dB  PTA < 90 dB) en 29 oren (20%) met een zeer ernstig
gehoorverlies (91 dB  PTA <120 dB). Negenenzestig (69) van deze patiënten
waren vrouw (69/115=54%) en 58 van deze patiënten (58/115=46%) waren man.
De gemiddelde leeftijd was 55 jaar (SD12) ; de leeftijd varieerde van 25 tot 84 jaar.
In totaal 50 van deze personen hadden ook andere klachten: veertig
(40/115=28%) hadden oorsuizen, zes (6/115=4%) hadden zowel oorsuizen als af
en toe duizeligheid. De audiometrische gegevens werden gepresenteerd volgens
de richtlijnen van 1995- AAO-HNS Committee on Hearing and Equilibrium en
verder geëvalueerd  met de Amsterdam Hearing Evaluating Plots (AHEP) en de
Glasgow Benefit Plot (GBP). De analyse van de operatieresultaten toont dat de
grootte van de gehoorwinst groter was (32 ±13 dB) voor de groep met de ernstige
gemengde gehoorverliezen (SPHL) vergeleken met de groep met de matige
gehoorverliezen (MML). De gemiddelde luchtbeengeleidingscomponent was in de
SPHL-groep 10 (±8) dB en in de MMHL-groep 7 (±5) dB. In de SPHL-groep werd
een sluiten van de luchtbeengeleidingscomponent met  10 dB bereikt bij 63% en
met  20dB in 90% van oren. Voor de MMHL-groep was dit respectievelijk  82%
en 97%. Ondanks het hogere percentage gemengde gehoorverliezen en de
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hogere leeftijd in de SPHL-groep werden alleen matige/geringe peroperatieve
complicaties in deze serie ervaren en de conclusie was dat stijgbeugel-
vervangende chirurgie een veilige en een zeer succesvolle behandeling is voor
patiënten met een vergevorderd stadium van otosclerose.

In hoofdstuk 3.2 worden de resultaten voor 24 malleo-vestibulopexy operaties
(MVP) uitgevoerd bij revisie stapedotomieën of in geval van een congenitale
ketenanomalie. Deze gevallen werden verkregen uit de serie elkaar opvolgende
stijgbeugelvervangende operaties.

Bij de 1369 geanalyseerde stijgbeugelvervangende operaties ging het in 89
gevallen om een revisie stapedotomie en in 48 om een aangeboren
stapesankylose. De combinatie van een ontbrekend lange been van de incus met
een immobiele voetplaat werd in 17/89 (19%) van de revisiestapedotomieën en in
7/48(15%) van de congenitale ketenanomalieën gevonden. De chirugische
mogelijkheden van een ketenreconstructie bij een gefixeerde stijgbeugel cq
stijgbeugelvoetplaat zijn zeer beperkt, zodat de malleovestibulopexie methode,
ook wel malleostapedotomie genoemd, werd toegepast. De gehoorresultaten
werden geanalyseerd volgens de richtlijnen van de 1995 AAO – HNS Committee
on Hearing and Equilibrium. De luchtgeleidingsdrempels voor 0.5, 1,2,3 en 4 kHz
en de beengeleidingsdrempels voor 0.5, 1,2,3 en 4 kHz in de geopereerde en niet
geopereerde  oren werden opgeslagen in het gecomputeriseerde databestand.
Sluiting van de luchtbeengeleidingscomponent, de winst met de luchtgeleidings-
drempel en de verbetering in het spraakverstaan werden gekozen als methoden
om de resultaten van de gehoorverbeterende chirurgie te meten. Een
luchtbeengeleidingscomponent  10 dB werd in 29/89 (33%) en van  20 dB in
54/89 (61%) van de 89 gevallen bereikt.

In de congenitale serie van 48 geopereerde middenooranomalieën werd bij zeven
ooroperaties met behulp van een malleovestibulopexie een luchtbeengeleidings-
component   10 dB bereikt bij 4/7 (57%) oren en  20 dB bij 5/7 (72%)
ooroperaties.
De luchtgeleidingsdrempel verbeterde van 54 dB (SD 14) preoperatief naar 39 dB
(SD19) postoperatief. De 50% spraakverstaanbaarheidswaarde verbeterde van 53
dB (SD 13) naar 35 dB (SD 19) postoperatief. In deze serie operaties werden als
complicatie postoperatief geen dove oren vastgesteld.
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Na een operatie werden eventuele vestibulaire klachten genoteerd, welke
spontaan verdwenen. Naar onze mening is de malleovestibulopexie een
waardevolle chirurgische optie in gevallen waarin een meer traditionele vorm van
ketenreconstructie zoals de incudostapedotomie niet uitvoerbaar is. Over een
langere tijd zijn vervolgcontroles nodig om de lange termijn resultaten van de
malleostapedotomie te kunnen leren kennen.

In Hoofdstuk 3.3 zijn de resultaten van stapesvervangende chirurgie vanwege
een aangeboren gehoorverlies gepresenteerd. In 41 van de 1369 elkaar
opvolgende stapesvervangende operaties was sprake van een congenitale
stapesankylose. De diagnose congenitale stapesankylose was gebaseerd op de
voorgeschiedenis van een niet progressief conductief gehoorverlies vanaf de
eerste kinderjaren en de peroperatieve bevinding van een hypoplastische of
misvormde stapes of een afwijkend incudostapediaal gewricht met het ontbreken
van een otosclerotische focus. De intraoperatieve bevindingen werden ingedeeld
volgens de Cremers classificatie voor congenitale middenooranomaliën. De
resultaten van pre- en postoperatieve audiometrie werden geanalyseerd volgens
de 1995 richtlijnen van het AAO-HNS Committe on Hearing and Equilibrium. De
gemiddelden van de preoperatieve toonaudiometrie (AC), de beengeleiding (BC)
en de luchtbeengeleidingscomponent (ABG) bij 0.5, 1, 2 en 3 kHz werden
vergeleken met dezelfde postoperatieve metingen.

De postoperatieve beengeleidingswaarden werden gebruikt om de postoperatieve
luchtbeengeleidingscomponent te berekenen. De uitkomsten van de post-
operatieve luchtgeleidingsdrempels toonden een verbetering van de gemiddelde
preoperatieve luchtgeleidingsdrempel van 56 dB (SD16.9) naar 34 dB (SD12)
postoperatief. De preoperatieve en de postoperatieve beengeleidingsdrempels
bleven onveranderd met respectievelijk 24 dB (SD 11.7) en 23 dB (SD 12). De
gemiddelde postoperatieve 50% spraakverstaanbaarheidswaarde was pre-
operatief 53 dB (SD 14) en postoperatief 31 dB (SD 15). Een postoperatieve
luchtbeengeleidingscomponent kleiner dan 10 dB werd bij 58% van de 41
congenitale middenoren bereikt, terwijl dit percentage 82% was bij de primaire
otosclerose operaties. Over het geheel genomen werden de beste resultaten
bereikt bij de klasse 1 malformaties met alleen een geisoleerde stapes ankylose.
De gemiddelde postoperatieve luchtgeleidingsdrempels, evenals de lucht-
geleidingsdrempels voor de hogere frequenties, de beengeleidingsdrempels en
voor het spraakverstaan waren beter voor de klasse 1 anomalieën in vergelijking
met klasse 2 en klasse 4 anomalieën . Gezien de geringe aantallen in elk van
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deze groepen is er geen statistische significantie. Gepubliceerde series met een
congenitale stapesankylose met beschrijving van de resultaten van stapes-
vervangende chirurgie zijn zeldzaam, zodat deze bijdrage toch een welkome
aanvulling op de huidige literatuur is.

In Hoofdstuk 4.1 wordt de gemodificeerde techniek van de stijgbeugel-
vervangende chirurgie met behulp van de laser beschreven. Immers bij deze
techniek wordt de volgorde van de verschillende chirurgische stappen aangepast.
Dit hoofdstuk is ingericht volgens de “How I do it” schrijfstijl en het correspondeert
met de 2 hoofdstukken in het Hoofdstuk 1 Inleiding over “de geschiedenis van
Otosclerose” en “de ontwikkleing van de stijgbeugelvervangende chirurgie”. Een
stap voor stap beschrijving van deze operatietechniek is geillusteerd met intra-
operatieve foto’s van de belangrijkste momenten in de operatie om de lezers te
helpen bij het begrijpen van de beschreven volgorde in de verandering van deze
techniek. Het is onze ervaring dat deze nieuwe techniek een ruimere toegang tot
de voetplaat verschaft ten gunste van een optimale plaatsing van de stapedotomie
opening in de voetplaat, terwijl de stabiliteit van de voetplaat en de incus
gewaarborgd is. Een aanpassing van de toegepaste stijgbeugelvervangende
prothese vergemakkelijkt de uitvoering van de operatie zonder nadelen voor de te
bereiken gehoorverbetering. Stijgbeugelvervangende chirurgie met een laser om
de stapedotomie opening te maken maakt de kans op binnenoorschade nog
kleiner en is gunstig voor de gehoordrempel in de hoge tonen. De hier beschreven
chirurgische techniek kan ook van nut zijn bij het opleiden van anderen in de
techniek van stapedotomie, omdat de operatie hiermee weliswaar in een aantal
moeilijke maar dan toch zeer gecontroleerde stappen ingedeeld wordt. Gebaseerd
op de hier gepresenteerde resultaten van toch een zeer grote operatieserie zijn wij
tot de conclusie gekomen dat deze gemodificeerde stapedotomie techniek een
goede en veilige techniek is om een goede en effectieve verbetering van de
gehoordrempel te bewerkstelligen. In ervaren handen leidt dit tot een zeer laag
percentage operaties met binnenoorschade. Omdat een grote ervaring van de
oorchirurg met stijgbeugelvervangende chirurgie leidt tot een grotere
oorchirurgische vaardigheid, met als uitkomst minder oorchirurgische complicaties
en betere resultaten voor het gehoor, wordt er hier voor gepleit om nog meer dan
voorheen deze operaties te gaan concentreren in centra met een groot aantal van
dergelijke operaties om aldus voor de patiënten de allerbeste resultaten te kunnen
gaan bereiken.
Het op een passende en goede manier analyseren van de resultaten van
stijgbeugelvervangende chirurgie is een complexe aangelegenheid. Aan die
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complexiteit wordt bijgedragen door de vele audiometrische bevindingen in het
geopereerde en het andere oor, door een mogelijke progressie van het
gehoorverlies in de tijd en nog andere niet audiometrische variabelen.
 Toekomstige studies naar de waarde van stijgbeugelvervangende operaties
zullen zich niet beperken tot de technische toonaudiometrische resultaten, maar
zich meer en meer gaan richten op de verbetering van geluidswaarneming en het
spraakverstaan in stille en geconditioneerde rumoerige situaties. Het meten van
de verbetering van de kwaliteit van leven wordt een ander item. Dergelijke
uitkomsten kunnen in de toekomst invloed hebben op de preoperatieve selectie
van de al of niet te opereren oren.
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AC Air Conduction
AHEPs Amsterdam Hearing Evaluation Plots
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