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      Preoperative Diagnosis 
of Otosclerosis                     

     Tamás     Karosi       and     István     Sziklai   

3.1           Introduction 

 Otosclerosis is a special infl ammatory bone dys-
crasia of the human otic capsule, which is quite 
diffi cult to diagnose preoperatively [ 1 ,  2 ]. 
However, it is a very important question from the 
clinical point of view, since there are several dif-
ferential diagnostic problems. Furthermore, 
about one-third of stapes fi xations can be consid-
ered as non-otosclerotic stapes ankylosis [ 3 ]. 
This point time, preoperative diagnosis of oto-
sclerosis is not resolved completely. Preoperative 
consensus-based diagnostic protocols are also 
not available. It is reasonable to say that preop-
erative diagnostic methods and tools only focus 
on stapes fi xation or other middle ear pathologies 
[ 4 ,  5 ]. Therefore, in the clinical nomenclature, it 
is recommended to use the terms of stapes fi xa-
tion or stapes ankylosis for the cases with air- 
bone gap (ABG) and intact tympanic membranes 
[ 3 ]. Nevertheless, stapes surgery and precise 
intraoperative fi ndings might not really modify 

this recommendation, because exact diagnosis of 
otosclerosis is still based on the histopathologic 
examination of the removed stapes footplates 
[ 1 – 3 ]. 

 Furthermore, there are several other middle or 
inner ear disorders that must be distinguished 
from stapes fi xations to avoid unnecessary stapes 
surgery or serious intraoperative complications, 
such as large vestibular aqueduct, enlarged 
cochlear canaliculi, superior semicircular canal 
dehiscence syndrome (SSCCD), embryonic dis-
orders of the hearing ossicles, stapes malforma-
tions, persisting stapedial artery, or prolapsing 
facial nerve into the oval window niche [ 6 – 8 ]. 
These are both differential diagnostic problems 
and ethical-legal issues. It can be envisioned that 
in the future and also today, more and more rigor-
ous legal restrictions will apply [ 9 ,  10 ]. This situ-
ation requires a quick reaction from ear surgeons 
and a rather distinct and consensus-based preop-
erative diagnostic protocol or recommendation 
from the otologic societies [ 9 ,  10 ]. Precise preop-
erative examinations may help to avoid “blind 
surgery,” i.e., explorative tympanotomy [ 10 ]. We 
should accept and understand that most of the 
patients want to know the background of their 
hearing loss before signing an informed consent 
for stapes surgery [ 9 ]. 

 Finally, a question arises: why is it so impor-
tant to diagnose otosclerosis itself? The answer is 
hiding in the characteristics and consequences of 
the disease. Otosclerosis is a progressive disease 
of young patients with female dominancy. It can 
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lead to serious sensorineural hearing loss in con-
trast to the successful stapes surgery [ 1 ,  2 ]. 
Usually, the infl ammatory bone remodeling disor-
der affects both ears. Female patients have serious 
contraindications for the usage of oral anticon-
cipients and also for sexual hormone substitution 
[ 11 ,  12 ]. The pregnancy and family planning is 
another and a rather diffi cult question. In conclu-
sion, the diagnosis of otosclerosis has a great 
prognostic value, which can modify patient’s 
future and quality of life in several points [ 11 ,  12 ].  

3.2     Preoperative 
Diagnostic Tools  

 It should be established that there are no 
otosclerosis- specifi c preoperative diagnostic eval-
uations, which might reach enough high levels of 
specifi city or sensitivity for the disease. However, 
combination of various examinations may be help-
ful in the differential diagnosis and can provide a 
rather strong clinical suspicion for otosclerosis. 

 Clinical diagnosis of stapes fi xation is based 
on case history (progressive hearing loss, tinni-
tus, dizziness, paracusis, familial aggregation, 
etc.), normal otoscopic fi ndings, negative Rinne’s 
test, conductive and/or mixed hearing loss, type-
 As tympanograms, and increased resonance fre-
quency (>1100 Hz) confi rmed by multifrequency 
tympanometry [ 13 ,  14 ]. The most exact diagno-
sis of otosclerosis is still based on the postopera-
tive histopathologic analysis of the removed 
ankylotic stapes footplates [ 3 ,  15 ,  16 ]. However, 
there are several limitations: most ear surgeons 
prefer stapedotomy or partial stapedectomy by 
piston technique, which are not suitable methods 
to obtain whole stapes footplate specimens [ 17 ]. 
Furthermore, in some cases of early otosclerosis, 
the stapes footplate is not affected by spongiotic 
lesions (e.g., ligament fi xation), which can lead 
to misdiagnosis [ 1 ,  3 ,  12 ]. 

3.2.1     Otomicroscopy 

 During the physical examination, otomicroscopy 
has the most important role in the fi rst medical 

visit. In case of otosclerosis, we can fi nd a normal 
and intact tympanic membrane. Calcifi cation of 
the  annulus fi brocartilaginous  or small calcifi ed 
patches on the tympanic membrane are not those 
fi ndings which would exclude the diagnosis of 
otosclerosis. In some cases, active otosclerosis 
might be associated with Schwartze’s sign (fl a-
mingo symptom) as a consequence of hypervascu-
larization of the promontorial mucosal lining 
(Fig.  3.1 ). It can be rarely observed, because it pre-
sumes a thin and transparent tympanic membrane 
[ 18 ]. This fi nding, however, is not specifi c, and its 
absence does not exclude existing otosclerosis.

3.2.2        Audiological Examinations 

 Spongiotic new bone formation in otosclerosis 
can result in conductive – (CHL) – and sensori-
neural hearing loss (SNHL) due to stapes ankylo-
sis and pericochlear bone lesions [ 1 ,  2 ]. Fenestral 
otosclerosis is characterized by aberrant bone 
apposition at the  fi ssula ante fenestram , which 
tends to grow toward the annular ligament (e.g., 
ligament fi xation) and also the stapes footplate 
(stapes ankylosis) [ 1 ]. Retrofenestral otosclerosis 
can cause pure SNHL due to fi ne architectural 
changes in the modiolar and in the pericochlear 
bone (both apical and basal) resulting in decreased 
elasticity of the spiral ligament [ 1 ,  2 ,  19 ]. 

  Fig. 3.1    Schwartze’s sign (otomicroscopic photograph, 
left ear). The  white arrow  indicates the promontorial 
hyperemia as a consequence of hypervascularization due 
to the reactivated bone remodeling. It is a.k.a fl amingo 
symptom       
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 Complex audiologic evaluation serves as the 
basis of the diagnosis of CHL, mixed hearing loss 
(MHL), or SNHL. Subjective or objective audio-
logical examinations, however, are not specifi c for 
otosclerosis. In contrast, they can confi rm the 
diagnosis of stapes ankylosis or ossicular chain 
fi xation. Nevertheless, these examinations are not 
suitable for the exclusion of large vestibular aque-
duct or SSCCD syndrome [ 6 ]. Negative Rinne’s 
test (C3, 1024 Hz tuning fork) on the affected ear 
might confi rm the diagnosis of ossicular chain 
fi xation. It is so sensitive method that a well-expe-
rienced stapes surgeon can make a decision for 
surgical intervention observing this phenomenon 
[ 20 ,  21 ]. However, indication for stapes surgery is 
based on 30 dB ABG at 1000 Hz on pure tone 
audiometry (PTA) [ 2 ]. The presence of ABG is 
very important; however, in some cases, we can 
fi nd moderate or severe sensorineural component 
in the hearing impairment [ 2 ]. Stapes fi xation is 
usually associated with the presence of Carhart’s 
notch at 2000 Hz, which is a characteristic bone 
conduction threshold shift (Fig.  3.2 ). Its origin is 
not exactly known; however, it usually disappears 
after a successful stapes surgery [ 22 ]. 
Characteristics of ABG are also very important: 
toward the higher frequencies, it shows a 

 decreasing level indicating the elastic rigidity of 
ossicular chain, which is sine qua non for stapes 
ankylosis (Fig.  3.2 ). PTA is seemingly a simple 
examination; however, it always requires adequate 
masking with white noise, which can be performed 
only by well-experienced audiologist [ 23 ]. Speech 
audiometry may be helpful and can provide valu-
able information about speech understanding, but 
it is not an obligatory audiologic examination in 
the preoperative diagnosis of otosclerosis. 
However, it is recommended in case of bone con-
duction threshold shift (MHL, SNHL) in order to 
exclude or confi rm roll-over recruitment phenom-
enon [ 24 ]. On the other hand, speech audiometry 
is a mandatory examination, if hearing deteriorates 
after stapes surgery and we have to choose and fi t 
hearing aid [ 24 ]. Preoperative tympanometry usu-
ally reveals type- As tympanograms in the affected 
ears. Its positivity varies between 44.18 % and 
93.02 % [ 5 ,  14 ,  25 ,  26 ]. Stapedial refl exes show 
quite similar upper values, since stimulus-evoked 
stapedial refl ex responses usually missing in the 
affected ears due to the immobilized stapes foot-
plate. Multifrequency tympanometry (MFT) is 
much more sensitive for stapes fi xation. It usually 
reveals 1100 Hz or higher resonance frequency in 
95.34 % of the affected ears [ 5 ,  14 ,  25 ,  26 ]. 
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  Fig. 3.2    Characteristic audiograms of clinically active and inactive (far advanced) otosclerosis. ( a ) Pure CHL, with 
Carhart’s notch. ( b ) MHL with severe sensorineural hearing impairment       
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Transient-evoked otoacoustic emission (TEOAE) 
or distortion product otoacoustic emission 
(DPOAE) measurements do not help the diagnosis 
[ 5 ]. Stapes fi xations are characterized by the 
absent of vestibular-evoked myogenic potential 
(VEMP) responses triggered by air-conduction 
stimuli [ 27 ]. Zhou et al. have reported that abnor-
mally low VEMP thresholds were found in 71 of 
73 ears with inner ear anomalies, such as SSCCD 
syndrome and enlarged vestibular aqueduct [ 28 ]. 
According to their results, VEMP test failed to 
provide accurate diagnosis in only three cases 
[ 28 ]. These authors have stated that VEMP test is 
useful during clinical evaluation of various middle 
and inner ear pathologies, which is characterized 
by higher sensitivity than tympanometry or acous-
tic refl exes [ 28 ]. As a fi nal conclusion, authors 
have recommended the routine application of 
VEMP test in the differential diagnosis of these 
disorders to avoid unnecessary middle ear surgery 
for ABGs with unknown causes [ 28 ].

3.2.3        Anti-measles IgG Serology 
(ELISA, Enzyme-Linked 
Immunosorbent Assay) 

 Otosclerosis can be considered as a persisting 
measles virus infection-associated infl ammatory 
bone remodeling disorder [ 29 – 34 ]. The exact 
role of measles virus is still not clarifi ed in the 
pathogenesis of otosclerosis [ 1 ,  2 ,  12 ]. Measles 
virus can be an infl ammatory trigger (“hit and 
run” hypothesis) and also can be a chronic 
antigen- presenting factor (autoimmune hypothe-
sis), which lead to several immunologic or 
 autoimmune responses in the otic capsule and 
also in the stapes footplate [ 1 ,  2 ,  12 ]. 

 In 2006, Karosi et al. have performed a pro-
spective case-controlled study including audio-
logic and histopathologic examinations and 
measles virus-specifi c RT-PCR (surgically 
removed whole stapes footplates) and anti- 
measles IgG serology in four patient groups [ 35 ]. 
Patient groups consisted of (1) histologically con-
fi rmed otosclerosis cases, (2) histologically con-
fi rmed non-otosclerosis cases, (3) patients with 
non-operated CHL, and (4) patients without 
 otological disorders [ 35 ]. The serum levels of 

anti-measles IgG showed a statistically signifi cant 
difference between the patients with virus- positive 
otosclerotic stapes footplates, virus-negative non-
otosclerotic stapes footplates, and the control 
group (negative controls and patients with non-
operated conductive hearing loss) [ 35 ]. It has 
been reported that anti-measles IgG levels were 
signifi cantly lower in the sera of patients with 
measles virus-positive stapes footplate 
(median = 4 IU/ml) compared to the control 
groups [ 35 ]. In contrast, anti-measles IgG serum 
levels were normal in the controls (patients with 
virus-negative stapes footplates, median = 70 IU/
ml; patients without hearing disorder, 
median = 40 IU/ml; and patients with non- 
operated CHL, median = 87 IU/ml) [ 35 ]. Analysis 
of anti-measles IgG serum levels in virus-positive 
stapes fi xations and in virus-negative stapes fi xa-
tions resulted an ROC curve (receiver operating 
characteristics) demonstrating diagnostic quality 
of anti-measles ELISA (area under curve = 0.979, 
 p  < 0.001, standard error = 0.01) (Fig.  3.3 ). 
Authors have found that specifi city and sensitivity 
of anti-measles serology were 90 % and 96.2 % 
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  Fig. 3.3    ROC curve (receiver operating characteristics) 
analysis of anti-measles IgG levels of patients having 
measles virus-positive and virus-negative stapes foot-
plates. Specifi city and sensitivity of anti-measles ELISA 
were 90 % and 95.5 % by establishment of 12 IU/ml anti-
measles IgG concentration in the serum as diagnostic level 
(area under curve = 0.968;  p  < 0.001; standard error = 
0.013; asymptotic 95 % confi dence interval, 0.943–0.993; 
positive predictive value, 96.5 %; and negative predictive 
value, 91.1 %) [ 35 ]       
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with 96.5 % positive and 91.1 % negative predic-
tive values, when anti-measles IgG serum concen-
tration was established at 12 IU/ml as a diagnostic 
threshold [ 35 ]. Interestingly, low levels of anti-
measles IgG in case of CHL might confi rm the 
preoperative diagnosis of otosclerosis [ 35 ,  36 ].

3.2.4        High-Resolution Computed 
Tomography (HRCT) 
and Cone-Beam Computed 
Tomography (CBCT) 

 Modern imaging techniques introduced new 
insights into the preoperative evaluation of vari-
ous osseous disorders of the human temporal 
bone, which have been described by several stud-
ies in otosclerosis [ 37 – 39 ]. High-resolution com-
puted tomography (HRCT) scans having 
0.3–0.5 mm power of resolution could detect very 
fi ne architectural changes in the otic capsule and 
surrounding bone structures [ 40 ] (Fig.  3.4 ). 

HRCT has also been reported as an important tool 
in the differential diagnosis of various middle and 
inner ear diseases causing conductive hearing 
loss, i.e., malleus head fi xation, otosclerosis, and 
SSCCD syndrome [ 6 ,  38 ,  41 ]. Furthermore, 
HRCT is the main imaging method of choice in 
the evaluation of structural disorders in the petrous 
bone in cases of conductive and mixed hearing 
loss with normal tympanic membranes [ 42 ,  43 ]. 
HRCT is characterized by 70.5 % up to 84.2 % 
sensitivity levels in the detection of otosclerosis-
like hypodense lesions in the otic capsule [ 43 – 45 ]. 
The specifi city values of HRCT for otosclerosis, 
however, are not confi rmed, since there are few 
systematic studies correlating HRCT scans to the 
postoperative histopathologic fi ndings of anky-
lotic stapes footplates [ 46 – 48 ]. The diagnostic 
capability of HRCT is continuously developing 
due to the advent of more precise and higher reso-
lution CT techniques. Preoperative detection of 
otosclerosis-specifi c hypodense lesions has great 
clinical signifi cance, since it might correspond to 

  Fig. 3.4    Regions of interest (ROI) at HRCT scans. ( a ) Facial nerve and vestibular aqueduct. ( b ) Oval window niche. 
( c ) Semicircular canals. ( d ) Round window       
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the type, severity, and progression of hearing loss 
[ 42 – 45 ]. Furthermore, it might be a real prognos-
tic factor in the assessment of surgical success 
rates according to the extension and location of 
otosclerotic foci [ 45 ].

   Cone-beam computed tomography (CBCT) is 
a relatively new imaging method that is widely 
used in the fi elds of endodontics and orthodontics, 
respectively [ 49 ,  50 ]. The diagnostic capability of 
CBCT is continuously developing due to the 
advent of more precise and higher resolution CT 
techniques and new analyzer software [ 49 ,  50 ]. 
During a CBCT scan, the single scanner and the 
detector rotate around the patient’s head working 
by a cone-shaped X-ray source that results in up 
to 1200–2400 distinct images [ 49 ]. The special-
ized scanning software collects data and produces 
a digital volume that can be reconstructed as 
three-dimensional voxels containing axial-, coro-
nal- , and sagittal dimensions [ 49 ]. The emitted 
X-ray dose of CBCT is about 1 % of the conven-
tional temporal bone HRCT scans [ 38 ,  39 ,  50 ]. 
The scanning procedure (20–40 s) and the recon-
struction time (2 min) are signifi cantly shorter 
than those in HRCT [ 38 ,  50 ]. There are only three 
papers in the literature that assessed the use of 
CBCT in the diagnosis of otosclerosis [ 47 ,  48 , 
 51 ]. In their prospective study, Redfors et al. have 
compared the diagnostic values of CBCT and 
HRCT in patients with otosclerosis, who under-
went stapedectomy 30 years ago [ 51 ]. The authors 
have reported that CBCT is a valuable and robust 
imaging method for the detection of otosclerosis-
like hypodense lesions in the otic capsule, which 
is equivalent to HRCT in many ways [ 51 ]. 

 There is no widely accepted HRCT grading 
system in the assessment of severity and exten-
sion of otosclerosis in the otic capsule [ 41 , 
 52 – 55 ].  Valvassori  proposed a grading system for 
cochlear otosclerosis based on the size and loca-
tion of hypodense lesions [ 41 ]. Later, Shin et al. 
reported a location-based classifi cation for the 
otosclerotic foci into fenestral and pericochlear 
groups [ 43 ]. Pericochlear lesions were divided 
into two subgroups (groups 1 and 2) depending on 
the endosteal involvement of the cochlea [ 43 ]. 
Kiyomizu et al. classifi ed the lesions into fi ve 
groups as follows:  Group A , no pathological CT 
fi ndings;  Group B1 , demineralization localized in 

the region of the fi ssula ante fenestram;  Group B2 , 
demineralization extending toward the cochleari-
form process from the anterior region of the oval 
window;  Group B3 , extensive demineralization 
surrounding the cochlea; and  Group C , thick ante-
rior and posterior calcifi ed plaques [ 52 ]. Rotteveel 
et al. introduced the terms of “ double ring effect ,” 
“ narrowed cochlear turns ,” and “ aberrant chan-
nels ” [ 53 ]. Marshall et al. and Lee et al. proposed 
a clinically valuable grading system for cochlear 
implantation in otosclerosis, which rates fenestral 
and cochlear lesions together (Fig.  3.5 ) [ 54 ,  55 ]. 
They found signifi cant correlation between the 
extent of the disease and facial nerve stimulation 
after activation of the cochlear implant [ 54 ].

   Révész et al. performed a prospective case- 
controlled study on 43 patients with histologically 
confi rmed stapedial otosclerosis, who underwent 
unilateral stapedectomies [ 48 ]. Preoperative tem-
poral bone CBCT and HRCT scans were per-
formed in all cases. Both CBCT and HRCT 
imaging were characterized by a slice thickness of 
0.4–0.625 mm and multiplanar image reconstruc-
tion. Histopathologic examination of the removed 
stapes footplates was performed in all cases. 
Findings of CBCT and HRCT were categorized 
according to the modifi ed Marshall’s grading sys-
tem (fenestral or retrofenestral lesions). 
Histopathologic results were correlated to multi-
planar reconstructed CBCT and HRCT scans, 
respectively [ 48 ]. Negative control groups for 
CBCT and HRCT examinations consisted of 
patients, who underwent CBCT imaging due to 
various dental disorders or HRCT analysis due to 
idiopathic sudden sensorineural hearing loss. 
Histologically active foci of otosclerosis ( n  = 31, 
72 %) were identifi ed by both CBCT and HRCT 
in all cases with a sensitivity of 100 %. However, 
CBCT could not detect histologically inactive 
otosclerosis ( n  = 12, 23 %; sensitivity = 0 %) [ 48 ]. 
In contrast, HRCT showed inactive otosclerosis 
with a sensitivity of 59.3 % [ 48 ]. According to 
CBCT results, no retrofenestral lesions were 
found, and the overall sensitivity for hypodense 
lesions was 61.37 % [ 48 ]. They concluded that 
CBCT could be used only in the detection of his-
tologically active fenestral hypodense foci of oto-
sclerosis with high sensitivity and radiologic 
specifi city (Figs.  3.6  and  3.7 ) [ 48 ].
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  Fig. 3.5    Marshall’s HRCT grading system. ( a )  Grade 0  
otosclerosis without manifest signs of hypodense lesions 
in the otic capsule (right ear). ( b )  Grade 1  otosclerosis 
with solely fenestral lesion at the anterior pole of the sta-
pes footplate ( white arrow ). Focus of otosclerosis has a 
well-defi ned border at the fi ssula ante fenestram (right 
ear). ( c )  Grade 2a  otosclerosis is featured by both fenes-
tral ( white arrow ) and basal cochlear turn lesions ( black 
arrow ), (left ear). ( d )  Grade 2b  otosclerosis is presented 
by both fenestral ( white arrow ) and apical cochlear turn 

foci ( white empty arrow ), (right ear). ( e )  Grade 2c  oto-
sclerosis with characteristic hypodense lesions located 
into the anterior pole of the stapes footplate ( white arrow ), 
and both apical ( white empty arrow ) and basal ( black 
arrow ) cochlear turn of the otic capsule (left ear). ( f ) 
 Grade 3  otosclerosis is characterized by severe cochlear 
disintegration with multiple hypodense fenestral and peri-
cochlear foci ( white arrows ). Disruption of the cochlear 
architecture is represented by  black arrows  (left ear) [ 46 ]       

  Fig. 3.6    HRCT scans of histologically confi rmed oto-
sclerosis patients. ( a ) Several hypodense lesions indicated 
by  white arrows  (right ear). ( b )  White arrow  shows the 

thickened stapes footplate and calcifi ed, bulky anterior 
pole (right ear) [ 46 ]       
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3.3          Discussion 

 Otomicroscopic examination is the fi rst and most 
important step in the preoperative diagnosis of 
stapes fi xation. It is obligatory in all cases [ 18 ]. 
The main purpose is the exclusion of other types 
of middle ear disorders, which can cause CHL 
(chronic mesotympanic otitis, cholesteatoma, or 

otitis media with effusion) [ 18 ]. As we have men-
tioned previously, complex audiologic evaluation 
serves as the basis of the diagnosis of CHL, 
MHL, and SNHL [ 26 ]. Subjective or objective 
audiologic examinations, however, are not 
 specifi c for otosclerosis [ 26 ]. In contrast, they 
can confi rm the diagnosis of stapes fi xation or 
ossicular chain fi xation. Nevertheless, these 

  Fig. 3.7    CBCT scans of histologically confi rmed oto-
sclerosis patients. ( a ) Axial, coronal, and sagittal recon-
structions of CBCT images.  White arrow  indicates a 
hypodense lesion at the anterior part of the oval window 
niche.  Yellow rectangles  show the region of interest (ROI). 
The  upper right  insert represents a three-dimensional 

reconstruction of volume rendering (left ear). ( b ) CBCT 
scans in histologically inactive otosclerosis (right ear). 
Axial, coronal, and sagittal reconstructions of CBCT 
images.  Grade 0  otosclerosis with no signs for hypodense 
lesions at the oval window niche (axial reconstruction, 
 white arrow ) [ 48 ]         

a 
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b

Fig. 3.7 (continued)

examinations are not suitable for the exclusion of 
special disorders of the inner ear that might lead 
to CHL [ 5 ,  14 ,  24 ,  26 ]. 

 Middle ear pathologies, such as stapes fi xa-
tions and otosclerosis, are characterized by the 
absent of VEMP responses triggered by air- 
conduction stimuli. VEMP seems to be a useful 
test during clinical evaluation of various middle 
and inner ear pathologies that has been reported 
to have higher sensitivity than tympanometry or 
acoustic refl exes [ 27 ,  28 ]. Routine application 

of VEMP test is recommended in the differen-
tial diagnosis of large vestibular aqueduct or 
SSCCD syndrome in order to avoid unnecessary 
middle ear surgery for ABGs with unknown 
causes [ 28 ]. The exact diagnostic role of VEMP 
test requires further systemic examinations in 
the future. 

 According to our previous results, ELISA- 
based anti-measles serology is highly recom-
mended in the preoperative evaluation of patients 
with suspected otosclerosis [ 35 ,  36 ]. The humoral 
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immune response of patients with otosclerosis 
should be permissive to persisting viral replica-
tion, because anti-measles IgG level is signifi -
cantly decreased in these cases [ 35 ,  36 ]. This 
permissive feature of humoral immune reaction 
may be characteristic for otosclerosis that can be 
determined genetically [ 56 ,  57 ]. However, it is 
not likely that persistently infecting measles virus 
could directly impair the humoral immune 
response [ 56 ,  57 ]. Vaccination against measles 
could decrease the incidence of otosclerosis in 
the future; however, in spite of worldwide vacci-
nation, measles virus circulates in the population 
and can induce subclinical infections in the upper 
respiratory tract with primary viremia [ 58 ]. Note 
the new measles cases in the United States [ 59 ]. 
Combination of decreased anti-measles IgG 
serum level (<12 IU/ml) and CHL with ABG at 
lower frequencies has a great specifi city (90 %) 
and sensitivity (96.2 %) as a diagnostic method in 
the preoperative evaluation of otosclerosis [ 35 ]. 
This serologic method might provide the preop-
erative diagnosis of otosclerosis and serves as a 
differential diagnostic tool distinguishing non- 
otosclerotic stapes fi xations [ 35 ]. Genetic back-
ground of the organotropism of measles virus to 
the otic capsule without eliciting systemic 
immune response remains to be elucidated 
[ 56 ,  57 ]. 

 The most interesting question is the role and 
reliability of different imaging methods in the 
preoperative diagnosis of otosclerosis. Since, in 
some cases, otosclerosis might appear as the clin-
ical picture of idiopathic sudden sensorineural 
hearing loss (ISSNHL), imaging is absolutely 
indicated in order to exclude retrocochlear lesions 
[ 60 ]. If we follow this train of thought, preopera-
tive imaging is recommended in all cases of CHL 
with unknown origin [ 47 ,  48 ,  51 ]. Révész et al. 
have demonstrated various statistical associa-
tions between CBCT and HRCT scans and audio-
metric fi ndings in patients with histologically 
confi rmed otosclerosis [ 48 ]. In contrast to the 
relatively low number of subjects, the paper rep-
resented a comprehensive imaging and histologic 
study that could assess the sensitivity and speci-
fi city levels of CBCT and HRCT scans in histo-
logically confi rmed otosclerosis [ 48 ]. 

 Sensitivity levels of HRCT scans have been 
reported as 70.5–84.5 % in patients with stapes 
fi xation [ 44 ,  46 ]. In histologically confi rmed 
cases, specifi city levels were estimated as 100 % 
[ 46 ]. Redfors et al. have reported 85 % sensitivity 
of CBCT scans in patients with clinical otoscle-
rosis [ 51 ]. According to our previous observa-
tions, in the group of histologically confi rmed 
otosclerosis, CBCT showed 61.37–65.62 % over-
all sensitivity, which was lower, than that of pre-
vious reports [ 46 – 48 ]. In case of otosclerosis, 
HRCT showed 76.29 % overall sensitivity, which 
is more robust, compared to the sensitivity levels 
of CBCT [ 48 ]. Révész et al. have reported that 
CBCT was less sensitive for non-symptomatic 
otosclerotic foci revealing bilateral otosclerosis 
as 48.83 %, in contrast to the 58.14 % prevalence 
revealed by PTA [ 48 ]. In contrast, HRCT showed 
a good correspondence (55.81 %) with audio-
logic fi ndings in the clinical assessment of bilat-
eral cases [ 48 ]. 

 As a replication of previously published data, 
a statistically signifi cant association was found 
between the ABG averages and CBCT grades 
including the location of hypodense lesions in 
patients with histologically confi rmed otosclero-
sis [ 47 ,  48 ]. This association followed an inverse 
function: histologically active otosclerosis with 
less ABG averages was characterized by positive 
CBCT fi ndings; however, histologically inactive 
cases with larger ABG averages displayed nega-
tive CBCT scans [ 47 ,  48 ]. CBCT grades did not 
present statistically signifi cant association with 
BC averages that was independent from the his-
tologic activity of otosclerosis. On the contrary, 
HRCT grades (fenestral or retrofenestral) showed 
a statistically signifi cant association with ABG 
and BC averages in the contralateral ears and also 
in the histologically confi rmed group of stapes 
footplates depending on the histologic activity of 
otosclerosis. Regarding to HRCT fi ndings, in 
case of inactive otosclerosis, the sensorineural 
component of hearing impairment shows a strong 
correlation with the severity and extension of 
otosclerosis. However, it cannot be confi rmed by 
CBCT [ 48 ]. 

 Previous studies have reported signifi cant 
association between HRCT grades and the 
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severity of preoperative ABG [ 42 ,  44 ,  45 ]. Other 
reports have confi rmed that extension of 
cochlear otosclerosis estimated by HRCT cor-
relates with the severity of SNHL [ 43 ,  46 ]. 
Similar observations, however, are not available 
in case of CBCT application for the preopera-
tive diagnosis and severity assessment of oto-
sclerosis [ 47 ,  51 ]. Preoperative evaluation of the 
extension of otosclerosis by combined applica-
tion of HRCT and audiometry has a great clini-
cal signifi cance, since patients with far advanced 
cochlear otosclerosis may have benefi t from 
cochlear implantation rather than from stape-
dectomy [ 54 ]. The risk of facial nerve stimula-
tion or mispositioning of the electrode increases 
in this group of patients [ 54 ,  55 ]. 

 The main predictors of SNHL are the endos-
teal involvement and cochlear wall disruption 
that can be well evaluated by the simple applica-
tion of HRCT [ 46 ,  54 ,  55 ]. The term of  histologic 
otosclerosis  without hearing impairment can be 
explained by this phenomenon: the numbers and 
the location of retrofenestral otosclerotic foci are 
not independent predictors for the severity of 
SNHL [ 3 ,  15 ,  16 ]. Regarding to our previous 
reports, CBCT grades did not present statistically 
signifi cant association with BC averages in the 
group of ears with different histopathologic activ-
ity of otosclerosis [ 48 ]. Therefore, CBCT seems 
to be an ineffective imaging method in the assess-
ment of exact disease extension and in the evalu-
ation of progression of SNHL [ 48 ]. 

 In histologically inactive cases of otosclerosis, 
CBCT displayed 0 % sensitivity, which signifi -
cantly differs from that of active otosclerosis and 
from that of HRCT showing 59.3 % sensitivity 
levels [ 46 ,  47 ,  51 ]. Inactive otosclerosis is char-
acterized by dense and calcifi ed osteoid sub-
stance [ 1 ,  16 ,  61 ]. Since HRCT has signifi cantly 
higher sensitivity for spongiotic osseous lesions, 
the prevalence of sclerotic foci may be underesti-
mated [ 47 ,  49 – 51 ]. This underestimation employ-
ing HRCT does not seriously affect the diagnosis 
of otosclerosis itself due to the multifocal 
 characteristics of disease with coexisting of 
active and inactive foci [ 1 ,  37 ,  38 ]. CBCT is 
much more different: it is almost blind for retro-
fenestral lesions and for inactive otosclerosis 

[ 48 ]. In case of a solely histologically inactive 
fenestral otosclerotic lesion, this feature of CBCT 
might cause a serious diagnostic problem [ 6 ,  46 , 
 47 ,  50 ,  51 ]. In the lack of histologic diagnosis, 
inactive fenestral otosclerosis, retrofenestral oto-
sclerosis, and non- otosclerotic stapes fi xations 
may occur as differential diagnostic diffi culties 
during CBCT imaging [ 3 ,  16 ,  46 – 48 ]. Audiometry 
may be helpful in differentiation, since non-oto-
sclerotic stapes fi xations usually do not associate 
with SNHL [ 26 ,  37 ,  46 ,  47 ]. 

 According to our previous fi ndings, CBCT 
scans have very low sensitivity for retrofenestral 
otosclerosis [ 46 – 48 ]. Our previous study has 
concluded the following as a potential explana-
tion for this blind phenomenon: “we do think that 
these are distorted fi ndings, since our patients 
were not characterized by signifi cant 
SNHL. These audiologic fi ndings might reveal 
that our patients were not affected by cochlear 
otosclerosis” [ 47 ]. This conclusion must be with-
drawn, since in the newest study, there were sev-
eral patients suffering from signifi cant SNHL 
[ 48 ]. Furthermore, HRCT scans of the individual 
patients revealed 13 retrofenestral and 2 round 
window lesions caused by otosclerosis [ 48 ]. 

 In the light of these results, preoperative 
HRCT scan may serve as a valuable imaging 
method in the planning of stapes surgery [ 46 ]. It 
helps to avoid serious complications and unnec-
essary stapes surgeries by the detection of several 
abnormalities in the middle or inner ear [ 6 ,  38 , 
 46 ,  47 ]. In contrast, Redfors et al. have reported 
that selected anatomic structures ( n  = 16) were 
clearly reconstructed by CBCT and no discrepan-
cies were found compared to HRCT fi ndings 
[ 51 ]. These results indicate that CBCT may also 
serve as a choice of temporal bone imaging in 
case of CHL with normal tympanic membranes 
[ 51 ]. Nevertheless, CBCT is a cheap, easy, and a 
rapid imaging method that is characterized by 
considerably lower radiation dose than HRCT 
[ 47 ,  49 – 51 ]. 

 In conclusion, temporal bone HRCT is a use-
ful imaging method in the preoperative evalua-
tion of different types of stapes fi xations and 
may serve as a reliable tool in the assessment of 
disease extension. Its sensitivity is much higher 
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for retrofenestral lesions and for inactive oto-
sclerosis than that of CBCT. Therefore, it can be 
stated that HRCT must be the fi rst choice of tem-
poral bone imaging. Temporal bone CBCT is a 
reliable imaging method in the preoperative 
evaluation of histologically active fenestral oto-
sclerosis. Its overall sensitivity falls away from 
that of HRCT and histologic analysis, however; 
it continuously improves due to the introduction 
of more powerful analyzer software. CBCT has a 
doubtful correlation with hearing thresholds that 
depends on the histopathologic activity, the 
grading system, and the size of subject group. 
Finally, further studies are necessary to assess 
the precise diagnostic values of these imaging 
techniques.  

3.4     Recommended Preoperative 
Diagnostic Protocol 

 This is a subjective, however, experience-based 
recommendation of the authors, which requires 
consensus by the national otologic societies. This 
recommendation considers the clinical, surgical, 
and also legal conditions and questions [ 9 ,  10 ] 
(Fig.  3.8 ).

     1.    Obtain a correct and precise patient’s history 
(note the familial aggregation).   

   2.    Perform otomicroscopy.   
   3.    Perform subjective and objective audiologic 

examinations (tuning fork tests, PTA, speech 
audiometry, tympanometry, MFT, and VEMP).   

  Fig. 3.8    Schematic representation of recommended diagnostic protocol for preoperative evaluation of otosclerosis       
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   4.    Analyze the anti-measles IgG serum level of 
the patient suspected for otosclerosis (whole 
blood sample without anticoagulant – ELISA).   

   5.    Perform preoperative imaging (HRCT or 
CBCT) and analyze precisely the regions of 
interest.   

   6.    Communicate with the radiologist/neuro-
radiologist.    

       Acknowledgments   Some parts of this chapter are based 
on previous publications of the authors. According to sci-
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