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Chapterr 1 

1.. OTOSCLEROSIS 

1.11 Definition 
Otosclerosiss is a term used to describe a localised disease of the bone derived from the otic 
capsulee and characterised by alternating phases of bone resorption and formation. Mature 
lammelarr bone is removed by osteoclasts and replaced by osteoblasts into bone of a greater 
thickness,, cellularity and vascularity. The characteristic lesion is a deposit of new bone with a 
differentt fibrillar and cellular pattern which is laid down at certain sites in the temporal bone. 
Thee site of predilection of otosclerotic foci is the region of the otic capsule, located between 
thee cochlea and vestibule and just anterior to the footplate of the stapes. This region is associ-
atedd with the globuli interossei or so-called embryonic rests. 
Thee term "otosclerosis" , introduced by Politzer in 18942, refers to the final inactive stage of 
thee process where the bone is sclerotic or hardened. The term "otospongiosis", first used by 
Siebenmannn in 19123, refers to the active and vascular stage of the process and is more accu-
ratee from a pathological point of view as it indicates that an active lesion may be present. 
Thee term "otospongiosis" was initially widely used in Europe. However, the term "otosclero-
sis""  was used in the UK and in North America and is at present adopted in the English 
languagee world literature to define the pathological changes. 

1.22 History 
Itt has been credited to Vasalva who, in 1741, has been the first to report a description of 
ankylosiss of the stapes revealed during autopsy on the body of a patient who was believed to 
bee deaf.4 In his textbook of 1868, Toynbee confirmed the link between unilateral deafness 
andd ankylosis of the stapes in his pioneering studies of the ear when he found 136 specimens 
off  ankylosis of the stapes footplate out of a total 1149 dissections of diseased ears.5 Politzer 
gavee the first account of the histopathology of the condition in 1894.2 In his temporal bone 
sectionss through the stapes and oval window niche and adjacent labyrinthine wall, he 
showedd that clinical otosclerosis did not present a diseased condition of the mucosa of the 
tympanicc cavity, as had been previously held, but was a primary disease of the labyrinthine 
capsulee with circumscribed bony deposits and tissue changes, leading to a progressive 
ankylosiss of the stapes in the oval window niche and a progressive conductive deafness. 
Politzer'ss work was of fundamental importance as he demonstrated, for the first time, that 
thee stapedial ankylosis was not secondary to "chronic middle ear catarrh", but was the result 
off  a primary disease of the labyrinthine capsule.2 

Ass Politzer, Siebenmann did also a lot of work on temporal bone sections, which led him to 
realisee that the underlying pathological condition of stapes ankylosis is not a sclerosis but a 
growthh process of the labyrinthine bone. Therefore, instead of otosclerosis, he proposed the 
namee otospongiosis in 1912, which referred to the active and vascular stage of the process. ' 
However,, it was not until 30 years later, when the fenestration operations were performed on 
aa wider scale allowing direct inspection of the oval window in the living patient, that the 
conceptt of a "chronic catarrhal condition", causing secondary fixation of the stapes footplate, 
wass finally abandoned. 
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1.33 Aetiology 
Manyy theories about the aetiology have been postulated. However, despite intensive research, 
thee true nature about the origin of otosclerosis remains unclear. The theories that are 
currentlyy considered as relevant, are concerned to more than one cause but it is not fully 
understoodd how they are related with each other. Several of these aetiological theories are 
relatedd to the presence of the numerous embryonic cartilaginous rests (globuli interossei) 
scatteredd through the enchondral layer of the otic capsule. 
Causse8,9,, Chevance10 and their co-workers suggested that an auto-immune response forms 
aa trigger for otospongiotic changes by enzymatic processes in these embryonic rests of 
cartilage.. According to this theory, also named the enzymatic concept, a disequilibrium 
betweenn certain enzymes and anti-enzymes in the microfoci of otosclerosis gives rise to 
variablee clinical features. Conductive hearing loss occurs when the focus has a localisation in 
thee region of the stapes footplate. When proteolytic enzymes reach the inner ear, 
sensorineurall  hearing loss may develop, and even vertigo may occur. 
Causativee factors from auto-immune responses are supported by studies which find elevated 
antibodyy levels to type II collagen (present in the embryonic cartilage rests) in patients with 
otosclerosis.11-133 Elevated levels of antibodies to type II collagen were also found in 
perilymfe. . 
Anotherr indication for an auto-immune process being a factor in the aetiology of 
otosclerosis,, is that certain human leucocyte antigen (HLA) determinants are more 
frequentlyfrequently found in patients with otosclerosis. The HLA is that region in the chromosomal 
systemm which plays an important role in the immunological response. It is well known that 
ann association exists between the presence of certain HLA genotypes and certain 
autoimmunee diseases. Several studies have shown different HLA antigens in a higher or 
lowerr frequency in patients with otosclerosis compared to normal individuals.15-18 However, 
despitee these findings, there are also studies showing no relation between otosclerosis and 
HLAA antigens.19-21 

AA genetic component in the aetiology has been found by several studies, and, at present time, 
theree is more or less consensus about the way otosclerosis is inherited; autosomal dominant 
withh incomplete penetrance.22-24 At present, efforts are made with genetic linkage to find the 
genee on which otosclerosis is located. Tomek et al.25 studied a multi generational family and 
completedd a genetic analysis. The results indicate strong evidence that chromosome 15q is 
involvedd in the development of otosclerosis. 
Severall  studies found a relation between the onset or progression of conductive hearing loss 
andd pregnancy.26,27 Therefore, endocrine factors have been suggested to play a role in the 
accelerationn of the pathological changes and in the preponderance of females over males in 
clinicall  otosclerosis. 
AA viral participation in the aetiology of otosclerosis has been suggested by several 
investigatorss who found a possible relationship between prior infection with the measles 
viruss and subsequently the development of clinical otosclerosis.28-31 With the more recently 
introduced,, sensitive technique of polymerase chain reaction (PCR), Niedermeyer and 
Arnold300 found evidence for viral measles RNA sequences in active otosclerotic foci. 
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Furthermore,, IgG anti-measles virus antibodies were detected in the perilymph of 
otoscleroticc subjects supporting the hypothesis that a local immune response within the 
innerr ear would be provoked by these viruses. 

1.44 Epidemiology 
InIn describing the prevalence of otosclerosis a distinction has to be made between clinical 
(withh symptoms) and non-clinical otosclerosis, or histological otosclerosis. The latter form is 
aa common condition in white adults and occurs in about 5 to 12 % 32~36 Clinical otosclerosis 
iss less common than the asymptomatic histologic form. Several studies are undertaken in the 
pastt to obtain prevalence and incidence figures. Altmann et al.37 combined the data of 
Engström388 and Guild32 which showed that 6 out of 601 white individuals of 10 years and 
olderr whose temporal bones had been obtained at autopsy had stapedial ankylosis from 
otosclerosis.. This prevalence of stapes fixation of 1 % has generally been accepted as the 
prevalencee of clinical otosclerosis among those of white European population.39 

Hinchcliffe400 found a prevalence of 1.1 % on the basis of otological and audiometric 
examinationn in 2 random samples of the British population. More recently, a large 
populationn study of adults in the UK reported a prevalence for presumptive clinical 
otosclerosiss of 2.1 %.41 Presumptive clinical otosclerosis in this study was defined as an ear 
withh a normal appearance of the ear drum and with an air-bone gap (ABG) of 15 dB or 
greaterr over 0.5, 1, and 2 kHz. Several other prevalence studies showed lower figures. 
Gristwoodd and Venables found an overall prevalence of 4.70/1000 in the age category 30-49 
yearss and a figure of 6.89/1000 in the age category 50-69 years among whites in South 
Australia.. These prevalence figures are in agreement with the prevalence figures among 
Caucasoidss in the USA found by Pearson et al.42 who reported a prevalence of 3.44/1000 and 
7.70/10000 in the age groups of 30-49 and 50-69 years, respectively. Recently, Sakihara and 
Parving433 found an overall prevalence of 1.41/1000 in Denmark with an increase in the 
prevalencee as a function of age from 0.22/1000 to 3.53/1000 in the eldery. However, it should 
bee noted that these prevalence figures must be considered as underestimates of the true 
prevalence,, as not all clinical otosclerosis in the area was included. 

InIn clinical practice, otosclerosis is seen more often in women than men, and a sex ratio of 2;1 
hass been noted by many authorities.39,41,42 It has been suggested that the prevalence is 
probablyy the same in both sexes, although, due to hormonal influences, otosclerosis is likely 
too advance more rapidly in women. This is confirmed in histological reports where bilateral 
otosclerosiss is more frequent in women and in clinical population reports where the 
incidencee was similar but women were three times more likely to have an ABG of 30 dB or 

344 41 

greater.. ' 
Theree is general agreement that the prevalence of otosclerosis varies enormously in different 
raciall  groups and populations. Otosclerosis is most frequently encountered in the Caucasian 
races.. It appears to be uncommon among Mongoloid races44,45 and extremely rare in 
Negroidd races.37,46 
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1.55 Clinical features 
Thee typical clinical features of otosclerosis are gradually increasing hearing losses at both 
sites,, most frequently occurring between the third and fifth decade, and often associated with 
thee presence of paracusis and tinnitus. Although usually both ears are affected by 
otosclerosis,, often there is an asymmetry in hearing loss with one ear showing a greater 
conductivee hearing impairment, and this ratio is usually maintained. Unilateral otosclerosis 
occurss in approximately 15 to 30 % of patients.47 The deafness can remain confined to one 
ear,, or the second ear may become affected later. Tinnitus is a common symptom which may 
disappearr spontaneously. However, in many cases it continues unabated and may become 
louderr as the hearing loss progresses. The origin of tinnitus is not clear but it may be the 
resultt of cochlear degeneration or an abnormal degree of vascularity within the labyrinthine 
capsule.477 Vertigo is not a prominent feature although some patients may experience a slight 
andd transitory giddiness. Causse suggested that they are possibly the result of the action of 
toxicc enzymes, which are liberated by the lesion, on the vestibular labyrinth.8'9 

Thee typical appearance during otoscopic examination is that of an intact ear drum. The 
"flamingoo flush", or "Schwartze sign" is the result of vascular bone on the promontory, or 
prominentt blood vessels in the submucosal layer of the mucous membrane of the 
promontory.. It is an uncommon phenomenon, but when it is seen, it may indicate active 
diseasee which might progress rapidly.48 

Tuningg fork tests are of help in establishing the type of hearing loss. However, audiometric 
testingg is the most important method for hearing evaluation. Basic audiologic tests include 
thee determination of pure tone thresholds for air-conduction (AC) and bone-conduction 
(BC),, the assessment of the speech reception threshold (SRT) and the maximum speech 
discriminationn score (MSDS) for a list of phonetically balanced words. The hearing 
thresholdss measured with pure-tone audiometry depends on the stage of the otosclerotic 
changes.. In the earliest stages, stiffness of the annular ligament produces a low frequency 
conductivee hearing loss with normal BC thresholds. The AC curve shows a stiffness til t 
slopingg upward to the higher frequencies, and there is a minor ABG in the lowest 
frequencies.. As stapedial fixation develops the ABG becomes more pronounced, the AC 
beingg elevated over all frequencies to produce a flat curve at about 50 to 60 dB. The BC curve 
noo longer accurately depicts the level of cochlear reserve but suffers a mechanical distortion 
knownn as the Carhart notch, which was first reported by Carhart in 1950.49 Gatehouse and 
Browning500 define this phenomenon as "an alteration in BC thresholds due to a decrease in 
thee external and middle ear components of BC transmission leading to a depression of BC 
thresholds".. The depression of BC thresholds is maximal at 2 kHz, and has therefore 
conventionallyy been labelled as "Carhart notch". However, because the phenomenon occurs 
overr the whole frequency range from 0.5 to 2 kHz, Gatehouse and Browning50 consider the 
termm "Carhart effect" as more appropriate. 
Inn many cases of stapedial otosclerosis, a sensorineural hearing loss (SNHL) increases gradu-
ally,, develops coincidentally with, or develops after the conductive hearing loss. A mixed or 
combinedd hearing impairment develops with elevation of both AC and BC thresholds, the 
ACC curve more than the BC, so that the BC curve of the patient lies between the AC curve 
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andd the normal threshold level. The AC curve represents the sum of the hearing losses 
producedd independent by the stapedial fixation and by the cochlear lesion. 
Acousticc impedance measurements using an electroacoustic impedance meter can provide 
valuablee clinical information including assessment of middle ear pressure, shape and height 
off  the tympanogram, and middle ear muscle reflexes. The typical shape of a tympanogram in 
ann ear with otosclerosis is that of a normal ear type A configuration but with a reduced 
maximumm compliance within the normal middle ear pressures of between -100 mmH20 
andd + 50 mmH20 (type As). Stapedial reflex measurements show the absence of ipsilateral 
andd contralateral reflexes for measurements with the probe in the otosclerotic ear.51 

Highh resolution computerized tomography (CT-scan) has proved its value by establishing 
thee so-called cochlear otosclerosis.52,53 Fenestral otosclerosis is essentially a clinical diagnosis 
andd only when it is severe, with complete obliteration of the oval window niche, it may be 
visiblee on CT-scans. 

Thee differential diagnosis includes conditions having a normal or near normal tympanic 
membranee in association with a conductive or mixed hearing impairment. This includes 
congenitall  stapedial fixation, stapedial fixation from tympanosclerosis, osteogenesis 
imperfectaa and Paget's disease, traumatic ossicular discontinuity, the fixed malleus-incus 
syndromee and congenital cholesteatoma. 

1.66 Non-surgical treatment of otosclerosis 

1.6.11.6.1 Hearing aids 
Althoughh nowadays the choice of treatment in cases of otosclerotic deafness is stapes surgery, 
theree are circumstances that surgery is not desirable or possible and sometimes patients do 
nott give informed consent for surgical treatment. In those cases the prescription of a hearing 
aidd forms a good alternative. In the majority of patients with conductive or mixed hearing 
lossess due to otosclerosis, the modern hearing aid, currently also available with digital 
technique,, gives good results. The profoundly deaf may be assisted by high-powered bone 
conductorss or vibrotactile devices that provide additional clues for speech reading. In those 
casess in which normal rehabilitation with hearing aids is not possible due to recurrent otitis 
externa,, and also in the rare cases of bilateral fenestration cavities, a bone anchored hearing 
aidd (BAHA) can be considered.54 

Althoughh a more natural hearing can be obtained after stapes surgery, the advantages of sur-
geryy always have to be related to the disadvantages, and especially in bilateral cases the risk of 
severee SNHL, which can occur many years after surgery, has to be taken into consideration. 

1.6.21.6.2 Treatment with sodiu m fluoride 
Thee thought that sodium fluoride, given in moderate to high dosis, might influence favour-
ablyy the otosclerostic bone lesions, was first presented by Shambaugh and Scott in 1964.55 

Thee idea was that sodium fluoride might promote the change of actively expanding otoscle-
roticc lesions to more dense, inactive lesions. This stimulation of the natural tendency of oto-
scleroticc lesions to become recalcified and inactive would result in a stabilisation of the 
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progressivee sensorineural deafness, a reduction of tinnitus and an improvement of mild 
vestibularr symptoms.55 

Severall  concepts are published in the last 35 years about the mode of action of sodium fluo-
ride.. In animal experimental studies, Petrovic and Shambaugh56 demonstrated the influence 
off  sodium fluoride on bone metabolism, reducing osteoclastic bone resorption as its major 
effect,, and at the same time promoting osteoblastic bone formation. Bretlau et al.57 reported 
onn an evaluation of sodium fluoride treatment using scanning transmission electron micros-
copyy (STEM) together with an energy dispersive x-ray element analyser. The results showed 
thatt using the calcium/phosphorus ratio as an indication for bone maturity, sodium fluoride 
couldd stabilise otosclerotic lesions, particularly the spongiotic type with unstable mineralisa-
tion,, in retaining calcium relative to phosphorus. The results supported the view that sodium 
fluoridefluoride promotes recalcification and reduces the activity of otospongiotic bone. 
Caussee and co-workers suggested an antienzymatic action of sodium fluoride.58'59 When the 
balancee between trypsin and o^-antitrypsin is disturbed in favour of trypsin, this results in 
ann increase of trypsin values that damage the hair cells, leading to cochlear deterioration. It 
wass shown that sodium fluoride can act directly on trypsin and reduces the levels of protease 
inhibitors,, such as OCj -antitrypsin and a2-macroglobulin. Causse et al.59stated that the over-
alll  reduction of enzymatic rates by inhibition favours the stabilisation of the otosclerotic 
processs and consequently arrest or slowing down the cochlear deterioration caused by an 
alterationn of Corti cells attributable to active proteases. These findings were supported by 
otherr authors.60 In a clinical report on a large series of over 5000 patients treated with 
sodiumm fluoride, Causse et al.58 found that medical treatment with sodium fluoride results in 
aa stabilisation of cochlear deterioration in the majority of cases having a progressive cochlear 
component.. Only a few patients showed an improvement in sensorineural hearing. Further-
more,, it was found that sodium fluoride seems to slow conductive hearing loss by stapedial 
fixationn but cannot release stapedial fixation. 
Despitee these findings, the administration of sodium fluoride remains a matter of contro-
versy,, partly due to the unknown toxic effect of long-term medication with sodium fluo-
ride.. Furthermore, most studies showing favourable results are not randomised and only a 
feww studies are carried out as double-blind randomised, placebo-controlled trials.62'63 

2.. STAPES SURGERY FOR OTOSCLEROSIS 

2.11 Evolution of otosclerosis surgery 

2.1.12.1.1 The first stapes surgery era (1876-1900) 

Thee historical development of surgery for conductive hearing losses due to otosclerosis is 
fascinating.. The first attempts to correct hearing losses have to be interpreted in relation with 
thee limited and confused knowledge the pioneers had of the physiology and pathology of the 
ear.. There was no accurate way to measure hearing loss or to examine the ear adequately 
before,, during, and after operation. The diseases of the ear, especially chronic otitis media 
andd otosclerosis, were not well understood. 

17 7 



Chapterr 1 

Itt was Professor Kessel of Jena who was one of the first otologists to use animal experimen-
tationn to gain information to guide treatment in humans in the mid 1800's. In 1876, Kessel 
mobilisedd the stapes in a young woman with inactive chronic suppurative otitis media with 
noo drum, malleus, and incus. There was some immediate hearing improvement. Subse-
quently,, Kessel removed the stapes in humans, with, according to him, "some improvement 
inn hearing and no serious complications" The first mobilisations of the stapes and stape-
dectomyy operations by Kessel were soon followed by other leading otologists of those days. 
Despitee the initial enthusiasm and advances in stapes surgery, the inevitable happened. 
Becausee of the many failures, together with some serious complications, like meningitis, and 
evenn death, leading otologists of those days, like Politzer and Siebenmann, condemned stapes 
surgeryy for otosclerosis as useless and dangerous. Professor Kessel, nowadays contemplated 
ass the father of stapes surgery, had fallen into disrepute and in 1900 he was publicly censured 
forr unscrupulousness. 

2.1.22.1.2 The fenestration era (1910-1960) 
Thee fenestration era began as conditions started to improve for otologic microsurgery. The 
pathologyy of otosclerosis was better understood by the establishment of temporal bone 
pathologyy laboratories in otologic centres in Europe and the United States. Progress was 
madee with the magnification and electrical illumination of the operation field . 
Thee term "fenestration" was used by Jenkins in 1913. He suggested that it would be better 
too detour the sound vibrations around the obstruction in the oval window by making an 
openingg in the bony lateral semicircular canal and covering it with a skin flap from the ear 
canal.. Initially, Holmgren from Sweden gave great impulse to the fenestration technique by 
introducingg the operation microscope.67 He continued with the closed fenestration tech-
niquee of Jenkins but he covered the fenestra with mucoperiosteum.68 Sourdille, a French 
studentt of Holmgren, developed the three-stage procedure named "tympano-labyrin-
thopexy".64'699 At the first stage a mastoidectomy was performed, at the second stage an exter-
nall  ear canal skin flap was created and at the third stage a fistula was made in the horizontal 
canall  which was subsequently covered with the canal skin flap. This alteration of technique 
wass an important improvement over the closed fenestration operation of Jenkins and 
HolmgrenHolmgren as sound could enter the perilymph space directly without the obstruction of the 
earr drum and bony canal wall. 

Itt was Lempert who modified the three stage technique into a one stage technique, and who 
performedd the operation with the electric drill rather than hammer and chisel. He published 
hiss results in 1938 in a famous paper entitled "Improvement in Hearing in Cases of Otos-
clerosis:: A New One Stage Surgical Technic". Later, Shambaugh Jr., the first pupil of 
Lempert,, published his results with the fenestration operation.71 Soon the procedure gained 
worldd wide acceptance. The results with the Lempert modification of the fenestration opera-
tionn were better, with a lasting hearing improvement to the 20 to 25 dB level in approxi-
matelyy 50 % of the patients in expert hands. 
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2.1.32.1.3 The second stapes surgery era (1952 - present) 
InIn 1952 Rosen72 published a preliminary report to describe a simple method of palpation of 
thee stapes to determine whether it was partially or completely fixed. Rosen found that rock-
ingg palpation of a fixed stapes rendered the footplate more mobile with improvement of 
hearing.. Sequentially, Rosen developed a procedure based on the premise that ankylosis was 
nott necessarily permanent or irreversible. His relatively simple procedure, which resulted in 
betterr maintained hearing, could easily be followed by fenestration, should success not be 
achievedd by stapes mobilisation. In 1953 Rosen published his results in a series of patients, 
onn whom he performed mobilisation of the stapes, with improved hearing. After some time, 
thee mobilisation technique became generally accepted and the fenestration became reserved, 
moree or less, for those in whom mobilisation has failed.74,75 

Inn 1954, the first bypass procedures were begun. This type of surgery for otosclerosis was 
basedd on the concept that the otosclerotic focus of bone might be bypassed entirely, rather 
thann being mobilised and left free to reankylose. It was Shea Jr. who rediscovered the 
stapedectomyy procedure and reconstructed the transmission system with a prosthesis. In 
19566 he did his first stapedectomy operation with insertion of a prosthesis with the same 
shapee and size of a normal human stapes.64 This stapes replica was made out of a newly 
discoveredd material named tetraflur ethylene or Teflon which was believed to be inert in the 
body.. Shea used this Teflon prosthesis over a vein graft in a 54 year-old woman with extensive 
ovall  window otosclerosis. The woman's hearing immediately improved. 
Shea'ss contribution to otosclerosis surgery soon proved to be a start of a new revolution in 
thee surgical treatment of otosclerosis, much as Lempert's fenestration has done many years 
before.. Numerous modifications in the stapedectomy technique have been made over the 
yearss by numerous contributors. Furthermore the era of pistons had arrived, and soon many 
surgeonss modified their techniques from total stapedectomy to partial stapedectomy and to 
stapedotomyy using a wide range of different prostheses. 

2.22 Current techniques of stapes surgery 
Currentlyy stapes surgery consists of the traditional stapedectomy in which the footplate is 
totallyy or near-totally removed, and stapedotomy in which a small fenestra is made through 
thee central portion of the footplate. Another technique is to remove a part of the footplate 
whichh is also called partial stapedectomy76 or partial platinectomy.77 Some surgeons use a 
softt tissue graft, like vein, perichondrium or fascia, to cover or fill  the oval window in order 
too limit the loss of perilymph and prevent subsequent fistula formation. Either operation can 
bee performed under general or local anaesthesia, depending on availability and the surgeon's 
choice.. An increasing number of surgeons prefer local anaesthesia supplemented by 
intravenouss sedation because, with the patient awake, immediate hearing improvement can 
bee noted intraoperatively as well as vestibular and other pathology reflected by complains of 
dizziness. . 
Thee standard approach for surgery is endaural. More exposure can be obtained by an endau-
rall  incision. After a tympanomeatal flap is created the middle ear can be exposed. In most 
casess bone from the posterior-superior scutum has to be removed, until the oval window can 
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bee inspected with the facial nerve superiorly and the pyramidal process posteriorly. After the 
ankylosiss of the stapes is confirmed, one of the three above mentioned techniques can be 
applied.. Many surgeons believe that a small hole (the so called safety hole) should be placed 
inn the centre of the footplate prior to removal of the suprastructure to avoid a negative suc-
tionn effect on the vestibule if the footplate is removed with the suprastructure. Furthermore, 
iff  a stapes gusher is encountered, the preserved suprastructure can help support connective 
tissuee over the central hole. 

Withh regard to the indication for surgery, many surgeons feel that the ABG should be at least 
155 dB and there should be a SDS of 60% or more for a good hearing improvement. 
Previously,, there was some concern regarding the performance of stapes surgery in children. 
Itt is clear now that stapes surgery in children can be accomplished quite safely.78'79 

2,33 Stapes replacement prostheses 
AA variety of different prostheses are available today for reconstruction, although a few 
surgeonss prefer to use autolog material for reconstruction, like the posterior crus over a 
tissuee sealed oval window after total removal of the footplate. All prostheses differ in size, 
shapee and weight.80 The mass of the implant is important, because it will affect the 
transmissionn of lower and higher frequencies. Most of the prostheses consists of a piston or 
cylinderr that projects into the oval window. The main difference in the design of stapes 
replacementt prostheses are at the point of connection with the incus. The attachment to die 
incuss consists of either a loop that surrounds the incus or a cup into which the lenticular 
processs fits. Most loops are made of thin stainless steel or platinum ribbon that hooks onto 
thee incus. Some prostheses have a ring composed of Teflon that require opening the ring 
priorr to placement. Most prostheses are available in a variety of different lengths. Some 
prosthesess are manufactured at a standard length and require the surgeon to trim them to 
thee desired length. The shaft diameter of most prostheses ranges from 0.3 to 0.8 mm at the 
attachmentt of the oval window. 
AA stapes replacement prostheses must be composed of a biomaterial which is well tolerated 
byy the middle ear with no reactions at both the oval window and the incus. The biomaterials 
currentlyy most often used are a Teflon type polymer, stainless steel, and platinum.81 Some 
prosthesess contains a combination of materials, like the combination of a Teflon piston shaft 
withh a stainless steel loop in the Fisch piston or Schuknecht piston or the combination of a 
platinumm shaft and a stainless steel loop in the McGee piston.80 

Iff  the incus is not available for reconstruction, an incus replacement prosthesis can be used 
likee the Shea malleus handle prosthesis.82'83 

3.. EVALUATION OF HEARING RESULTS 

3.11 History of assessing hearing 
InIn the days of the first stapes surgery era (1876-1900) mechanical acoumeters were developed 
too produce controlled quantifiable stimuli in order to establish hearing in a more reliable way 
beforee and after surgery. Of these the best known were those of Itard (1821) and of Politzer 
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(1877).. The first electrical audiometers stemmed from the invention of the telephone by 
Alexanderr Graham Bell in 1876, which opened the way for the development of sound 
generatorss with variable output intensities.85 Of the first electrical audiometers there were 
twoo which have attracted most attention; that of Hartmann (1878) and that of Hughes 
(1879).. The latter was the first who made the audiometer commercially available.86 

However,, despite the technical improvements in establishing the amount of hearing loss, 
initiallyy the first electrical audiometers were not well adopted in the relatively new speciality 
off  otology which was more concerned with the more urgent and widespread problems of ear 
infectionss and their often fatal consequences.87 

Afterr World War I, the invention of electronic valves was the next major advance in the 
developmentt of electrical audiometers. During the late 1920s a lot of work had been 
conductedd on BC vibrators by a variety of researchers, and from the early 1930s most 
audiometerss were fitted with both AC and BC transducers.88 These modifications helped to 
facilitatee the acceptance among otologists. From that time the basis principles, embodied in 
thee new design of the standard clinical audiometer, have remained essentially unchanged to 
thee present day. 
Att the time that the fenestration procedure was promoted by Lempert, the three frequencies 
off  0.5, 1, and 2 kHz were selected for hearing evaluation because they were the prime fre-
quenciess involved in hearing conversational speech. In those days, BC measurement above 2 
kHzz was unreliable due to technical limitations of the audiometers; therefore, higher fre-
quenciess could not be used in computing the ABG. Subsequently, when speech audiometry 
wass developed, it was found that these pure tones correlated well with SRTs. 
Later,, in the 1950s the electronic valves were replaced by transistors and integrated circuits in 
audiometerss were widely used in the 1970s. In the late 1970s the microprocessor was intro-
ducedd in the audiometry devices and it has evolved to the present state of audiometry with 
thee fully computer controlled audiometer. 

3.22 Methods for  hearing evaluation 
Howw should hearing results be reported following stapes surgery? This is a question that 
everyy author who wants to report about hearing outcome after this type of surgery has to 
deall  with. By reviewing the literature, a wide diversity of methods, criteria and parameters 
cann be found used in the reports to summarise the audiologic results as well as many differ-
entt statistical tests for their analysis. What method to be used depends on the primary pur-
posee of the study. If technical factors are being evaluated, such as surgical procedure, type of 
prosthesis,, use of a specific biomaterial, or surgical skill, closure of the ABG is probably most 
important.. The comparison of pre- and postoperative BC, including higher frequencies, 
allowss postoperative cochlear damage to be assessed. In addition speech discrimination tests 
aree also good indicators of cochlear reserve.89 If the interest is in absolute hearing function, 
ACC threshold levels are critical, although they will depend upon patient selection as much as 
technicall  skill. In general, pure-tone AC thresholds at speech frequencies correlate well with 
thee SRT assessed by speech audiometry.89 

InIn reporting the hearing results also other factors have to be taken into account with regard 
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too the patient's perspective as the aim of stapes surgery is to reduce auditory disability. In 
general,, the degree of disability is determined by the status of the better hearing ear. The ideal 
off  bilateral normal hearing is not always attainable, and so, in advising patients regarding 
surgeryy for hearing gain, it is important not forget the contribution of the other ear. 
Smythh and Patterson assessed the requirements for patient's benefit by drafting the "Belfast 
Rulee of Thumb". They concluded that for significant benefit to be achieved the postopera-
tivee AC average over the speech frequencies must be close to 30 dB or the interaural differ-
encee reduced to less than 15 dB. The "Glasgow Benefit Plot" devised by Browning et al.91 is a 
valuablee elaboration of the forenamed requirements. The degree of auditory disability can be 
assessedd with the criteria of the American Medical Association. 

3.33 Standardisation in reporting hearing results s 
Att the time that stapes surgery was performed on a larger scale, many otologists realised that 
theyy needed generally accepted recommendations in order to report audiologic data in a 
moree uniform way. Why is standardisation in the reporting of hearing results so important? 
Shea933 summarised the problem when he discussed 30 years of stapes surgery. He noted that 
"thee diversity of techniques and lack of uniformity of reporting results make it difficult to 
agreee on the best method to reconstruct the sound conducting mechanism after the stapes 
hass been removed. Technique, materials, patient selection, type of procedure, type of pros-
thesis,, and pathological condition are all factors that may affect results of middle ear recon-
struction,, but particularly the lack of standardisation in reporting hearing results has made 
comparisonn across studies difficult in the past." 
Initially ,, the standard classification system, developed by a committee of the American Acad-
emyy of Ophthalmology and Otolaryngology94 for surgery of chronic ear infection in 1965, 
wass embedded for the evaluation of hearing results after stapes surgery. It required an 
observationn period for at least 1 year and thresholds at the speech frequencies 0.5, 1, and 2 
kHzz were involved in computing ABG. Although it was not clearly stated in the classification 
system,, it was a common use at that time to calculate the postoperative ABG by taking the 
differencee between the postoperative AC and preoperative BC. This method of computing 
postoperativee ABG was also recommended by The Committee on Nomenclature in Chronic 
earr Disease and the Otosclerosis Study Group in 1971. 
Independentlyy from the American otological working groups, the Committee of Nomencla-
turee of the Japan Society of Clinical Otology developed there own guidelines in 1987. 
Accordingg to these guidelines the average should be taken over the frequencies at 0.5,1, and 2 
kHzz either by the "dividing by three method" or the "dividing by four method". In the former 
methodd the hearing level at each frequency is counted equally, while in the latter method the 
hearingg level at 1 kHz is counted twice to stress the importance of this frequency in speech 
recognition.. The observation period should be at least 6 months and a successful result was 
obtainedd if one of the following was achieved: (1) an ABG closure of 20 dB or less, (2) a post-
operativee AC threshold within 40 dB, or (3) a gain in AC of more than 15 dB. The guidelines 
off  the Japan Society of Clinical Otology (currently The Otological Society of Japan) did not 
givee definite recommendations about how to establish postoperative ABG either with preop-
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erativee BC or postoperative BC. 

Moree recently, the Committee on Hearing and Equilibrium of the American Academy of 

Otolarygologyy - Head and Neck Surgery97 published guidelines to evaluate hearing results 

afterr ossiculoplasty and stapes surgery. The guidelines have been established for two levels: 

levell  1 provides for the uniform reporting of summary data and level 2 provides for the uni-

formm reporting of raw data. The Committee encourages to report raw data from each indi-

viduall  case to enable more detailed analytical studies and meta-analyses in the future. With 

regardd to level 1, the Committee recommended guidelines that had and still have an impor-

tantt impact in many otological societies. One of the major change in the recommendations is 

thatt the mean of thresholds at the frequencies 0.5, 1, 2, and 3 kHz should be used to form a 

four-frequencyy PTA in stead of the traditionally three-frequency PTA at 0.5, 1, and 2 kHz. 

Anotherr important change is that the Committee advises to compute postoperative ABG by 

thee method of taking the postoperative AC and BC thresholds instead of the traditionally 

methodd by taking the postoperative AC and preoperative BC. The latter method commonly 

resultss in a higher success rate after stapes surgery because ABG overclosure due to the 

Carhartt effect is taken into account.98 In this study we wil l evaluate different methods for 

hearingg evaluation for a large set of clinical data. 
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1.. PATIENTS 

1.11 Data collection 
Thiss thesis describes data retrieved from patients who were subjects to stapes surgery for 

clinicallyy confirmed otosclerosis during the period from 1983 to 1998. During this period 

5766 stapes operations were performed by one surgeon (R.A. Tange, MD, PhD) in the 

Academicc Medical Center, University of Amsterdam. Relevant data with reference to 

preoperativee symptoms, clinical findings, intraoperative findings, complications, and follow-

upp were recorded. Eventually, data were stored in a data base by making use of a card system. 

Later,, data were collected in a computer database. Since 1987 data from audiological tests 

weree stored automatically in a hospital computer system directly after testing. 

Off  the total amount of operated ears there were 5 cases (0.9 %) in which we did not 

succeededd to trace the clinical data. The remaining 572 cases concerned 515 patients. In 42 

patientss stapes surgery was performed on both sides at separate surgical settings. There were 

766 patients who received revision surgery; 11 patients had their initial surgery performed by 

Dr.. Tange, while 65 patients were referred from other physicians. Of the revision cases who 

hadd their primary operation performed by Dr. Tange, there was 1 patient who needed a sec-

ondd revision and in another patient it was necessary to do a third revision. In the group of 65 

patientss with primary surgery performed by another surgeon, there was one patient who 

receivedd revision surgery at both sides. 

Inn the whole group of patients there were 340 females and 175 males. Figure 1 shows the age 

distributionn for males and females in 10 years intervals. The average age for the whole group 

off  patients was 40.4 years (range 12 - 74, SD  11.5) There were 5 patients below the age of 15 

andd there was one female patient of 74 years of age. None of the patients had an age below 10 

years.. The distribution between left and right ears was approximately even; 292 right ears 

andd 280 left ears. 

1.22 Symptoms and clinical findings 
Forr describing the symptoms and clinical findings, only the 386 ears were taken into account 

thatt received primary stapes surgery during the period from 1987 to 1997 and in which we 

hadd complete clinical and audiological data. These ears concerned 346 patients; in 40 

patientss surgery was done on both sides. 

Al ll  patients suffered from hearing loss in the affected ear and the presence of otosclerosis was 

confirmedd during surgery. In the female patient group 7 % (17/244) indicated that the hear-

ingg was deteriorated during pregnancy. A hearing aid was used by 2.3 % (8/346) of the 

patientss before surgery. Mil d tinnitus was a preoperative symptom in 6.9 % (24/346) at the 

sidee with otosclerosis, and it was indicated as severe in 1.4 % (5/346) of the patients. Attacks 

off  mild vertigo occurred in 3.8 % (13/346) of the patients. Both tinnitus and mild vertigo 

weree present in 0.6 % (2/346). There were two patients who had complaints of ipsilateral 

otalgiaa before surgery. However, ear pain in these patients were most likely due to Costen's 

syndrome. . 
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Duringg otological examination an intact eardrum was present in 98.4 % (380/386) of the 

cases.. One ear (0.3 %) had a small perforation in the anterior part of the pars tensa and 5 ears 

(1.33 %) showed an atrophic tympanic membrane. Small plaques of tympanic membrane 

calcificationss were revealed in 2 % (8/386). A small retraction pocket in the pars flaccida, 

withoutt any signs of cholesteatoma, was found in 1 % (4/386). The "Schwartze sign" was 

presentt in 3.9 % (15/386) of the cases. 
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Fig.. 1. Age distribution of males and females in 10 years intervals. 

1.33 Audiological findings 

1.3.11.3.1 Audiometric testing and analyses 

Al ll  patients who were considered for surgery had complete audiological examination at least 

onee week before surgery. Postoperative audiological testing is performed 2 to 3 months after 

surgeryy in all cases and about 1 year after surgery in the majority of cases. Audiometric test-

ingg include the determination of pure-tone thresholds for air-conduction (AC) and bone-

conductionn (BC), and the assessment of speech reception threshold (SRT) and the maximum 

speechh discrimination score (SDS) for a list of phonetically balanced CVC-words.1 

Inn our clinic the AC thresholds are routinely measured at the octave intervals from 0.125 to 8 

kHzz and the BC thresholds at the octave intervals from 0.25 to 4 kHz with adequate masking. 

Forr most subjects who were considered for analysis both AC and BC thresholds at the above 

mentionedd frequency ranges were available before and after surgery. However, in some sub-

jectss the hearing loss was very severe resulting in hearing thresholds which were beyond the 

maximumm output of the audiometer. In these cases the pure tone thresholds at certain fre-

quenciess were impossible to determine and this is marked in the audiogram with an arrow 

pointingg down. It is important to consider these limitations of the capacity of the audiome-

ter,, because pre- or postoperative data of unmeasurable hearing thresholds could wrongly be 

excludedd from analysis. Severe postoperative hearing loss as a consequence of an unfavour-

ablee operation would then not be taken into account. Conversely, ears with unmeasurable 

hearingg thresholds before operation as a consequence of severe hearing loss but with measur-

ablee hearing thresholds after operation could also be rejected. To avoid this problem in these 
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casess thresholds were assumed to be just beyond the audiometer limits. If AC or BC was not 
measurablee at a certain frequency a value of 10 dB above the limit for that frequency was 
given.. All audiograms were performed by classified personnel according to the ISO-389 
(1975)) standard.1 

1.3.22 Hearing toss due to otosclerosis 
Forr describing the hearing loss caused by otosclerosis in our patient group, again only the 
3866 ears were taken into account that underwent primary stapes surgery in the period from 
19877 to 1997. From all cases complete preoperative and postoperative audiometric data 
couldd be retrieved and in every case the audiogram was indicated as reliable by the audiolo-
gistt who performed the test. 
Inn the whole group of ears the mean preoperative AC and BC values were 50.6 dB (SD
13.2)) and 20.6 dB (SD  9.3) for the pure-tone average (PTA) at 0.5, 1, and 2 kHz, and they 
weree 50.0 dB (SD  13.9) and 21.9 dB (SD  9.6) for the PTA at 0.5, 1, 2, and 4 kHz. The 
meann AC and BC thresholds for each octave interval measured before surgery and classified 
accordingg to age groups are shown in figures 2 and 3, respectively. As expected the AC and 
BCC thresholds deteriorated with increasing age. The differences in mean AC thresholds at 
0.5,1,, 2, and 4 kHz between the age groups 40-49 years, 50-59 years, and > 60 years are statis-
ticallyy significant (Mann Whitney test, p < 0.05). Furthermore, the differences in mean BC 
thresholdss at 0.5, 1, 2, and 4 kHz between each age group are statistically significant (Mann 
Whitneyy test, p < 0.01), except for the difference between the age group 20-29 years and 30-
399 years. However, when the influence of normal physiological ageing on cochlear function is 
correctedd using correction figures from the International Standard ISO 7029 , only the dif-
ferencee in mean preoperative BC levels at 0.5, 1, 2, and 4 kHz between the age group < 20 
yearr and 20-29 year is statistically significant (Mann Whitney test, p < 0.001). Correlation 
analysiss shows that, although there is a significant correlation between age and the BC 
thresholdss corrected for age, this correlation is weak (Spearman r - 0.169, p < 0.0001). The 
meann BC thresholds corrected for age are shown for the different age groups in figure 4. 
Thee "Carhart notch" caused by otosclerosis is a depression of BC thresholds due to the 
reducedd transmission function of the middle ear and is maximal at 2 kHz4 Although it is 
moree appropriate to use the term "Carhart effect" to define the alterations in BC thresholds5, 
thiss effect can only be assessed appropriately when pre- and postoperative BC thresholds are 
comparedd for several frequencies. Because this section is meant to describe the (preopera-
tive)) audiological findings caused by otosclerosis, only the notch values at 2 kHz are analysed 
inn relation to the BC values at 1 and 4 kHz. To define the Carhart notch at 2 kHz we used the 
methodd described by Naunton and Valvassori6, who calculated the notch values by taking the 
differencee between the BC thresholds at 2 kHz and the average losses at 1 and 4 kHz. This 
calculationn may be expressed as follows: 

"Carhartt Notch Value = BC at 2 kHz - [(BC at 1 kHz + BC at 4 kHz) / 2] dB". 
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Fig.. 2. Mean preoperative air-conduction (AC) thresholds classified by age groups. 
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Fig.. 3. Mean preoperative bone-conduction (BC) thresholds classified by age groups. 

Carhartt notch values were calculated in the whole group of ears for the BC thresholds not 

correctedd for age and corrected for age (ISO 7029)3 showing average notch values of 6.6 dB 

(SDD  8.3, n 386) and 7.5 dB (SD  8.4, n 386), respectively. In the whole group of ears, 66.3 

%% (256/386) had a notch value > 5 dB, and 39.6 % (153/386) had a notch value of > 10 dB 

withh BC thresholds not corrected for age. When the BC thresholds were corrected for age, 

thesee percentages were 67.9 (262/386) and 40.9 158/386), respectively. The notch values with 

BCC corrected for age were weakly but statistically significant correlated with age (Spearman 

correlationn test, r = 0.23, p < 0.0001). 
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Fig.. 4. Mean preoperative bone-conduction (BC) thresholds classified by age groups and corrected for age 
usingusing the ISO 7029 standards. 

Thee mean air-bone gap (ABG) in the whole group of patients was 30.0 dB (SD  10.4) and 

28.00 dB (SD  9.9) for the frequency range 0.5,1, 2 kHz and 0.5, 1, 2, and 4 kHz, respectively. 

Thee mean ABG has its greatest value at the frequency 0.25 kHz (48.8 dB, SD  14.5) and its 

smallestt value (18.2 dB, SD  11.2) at the frequency 2 kHz. An ABG < 20 dB was exceptional 

att 0.25 kHz (1.3 %) but occurred in 36 % and 40 % of the cases at 2 kHz and 4 kHz, respec-

tively. . 

Theree were no statistically significant differences in the preoperative ABG between the differ-

entt age groups for separate frequencies and for the PTA at 0.5, 1, 2, and 4 kHz. The correla-

tionn between the Carhart notch values and the ABG for the PTA 0.5 and 1 kHz was analysed 

andd this shows no significant correlation (Spearman correlation test). The ABG value at 2 

kHzz was not included in this analysis because the notch values and ABGs are based on the 

samee BC values for this frequency (cq. notch values and ABG values are not independent for 

thiss frequency). 

22 SURGICAL APPROACH 

2.11 Development of stapes surgery 
Dataa about the type and number of operations performed in the University Hospital of 

Amsterdamm for otosclerosis are known from 1950. Figure 2 shows the type and number of 

operationss for each 5-years period from 1950 to 1999. Unfortunately data of the years 1975 

too 1978 are missing. In the early fifties the fenestration technique, modified by Lempert, was 

mainlyy done in cases with hearing loss due to otosclerosis. Later this technique was changed 

byy the relatively simple mobilisation procedure according to Rosen. An important improve-

mentt in the surgery for otosclerosis was when the Zeiss-Opton microscope became commer-
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dailyy available in 1953. This microscope was especially developed for surgery purposes and 

wass able to reach a magnification power of x 63 which was far more than previous models of 

microscopes.. Professor Jongkees, at that time head of the Department of Otorhinolaryngol-

ogy,, University Hospital of Amsterdam (in those days named "Wilhelmina Gasthuis"), was 

thee first who used this microscope for ear surgery in the Netherlands and gave great impulse 

too the further expansion of this indispensable instrument within and even outside the 

Netherlands.. ' The first stapedectomy procedures were performed in 1958, shortly after 

Sheaa introduced this technique in 1956. In 1982 the first small fenestra stapedotomy proce-

duress were done and this technique is today the surgical treatment of first choice for otoscle-

rosiss in our hospital. 
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5.. Type and number of operations performed in the University Hospital of Amsterdam for otosclerosis 
inin 5-years periods from 1950 to 1999. Data from the years 1975-1978 are missing. 

2.22 Current standard surgical technique 
Althoughh stapes surgery can be performed well either under general or local anaesthesia, the 

policyy in our clinic is to do stapes surgery under general anaesthesia. Both methods have 

advantagess and disadvantages as already mentioned in Chapter 1. Oral antibiotics is given 

perioperativelyy (Doxycyclin). The surgical approach to the middle ear is transcanal. To gain 

moree exposure, an intercartilaginous incision similar to the Heermann A incision is carried 

out.. After this procedure, two retractors can be put in place. After preparation and elevation 

off  a tympanomeatal flap, the incudostapedial joint is visualised. The chorda tympani is sepa-

ratedd from the incus and sometimes slightly stretched. The bonee of the superoposterior bony 

annuluss is removed using Heermann chisels and a curette, until the whole oval window 
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regionn can be inspected and the presence of otosclerotic lesions can be noticed. The exten-

sionn of otosclerosis is estimated using the classification system according to Portmann. 

II  II  in 1 IV v 

Fig.. 6. Classification of otosclerotic lesions according to Portmann. Type I: normal aspect (ankylosis of 
annularannular ligament); Type II:  focus involves the anterior quarter of the footplate; Type III:  focus 
involvesinvolves the anterior half of the footplate; Type IV: focus involves the entire footplate; Type V: 
completecomplete obliteration of the oval window niche. 

Thee next steps are division of the incudostapedial joint and dissection of the stapes tendon, 

followedd by cutting of the posterior crus with crurotomy scissors and removal of the stapes 

arch.. The mobility of the malleus and incus is assessed by palpation. The footplate is 

inspectedd and the length of the piston is determined by making use of the Fisch malleable 

measuringg rod. 

AA stapedotomy procedure is done according to the Marquet microhook technique. A small 

fracturee in the posterior part of the footplate is performed with a microhook, which is then 

placedd under the posterior edge of the fracture. Small bony fragments are gently removed 

withh the microhook, until the hole with the desired diameter is created. Microdrill or lasers 

aree not used in our clinic to create a stapedotomy hole. Furthermore, in most cases no soft 

tissuee grafts are used to cover or fill  the oval window for sealing purpose. 

Thee piston, with the appropriate length, is introduced with a small alligator forceps holding 

thee loop. In the same action the distal end of the shaft is put into the footplate opening and 

thee loop of the piston is placed onto the incus. In the case of a gold piston or wire piston, the 

loopp is crimped to the long process of the incus, using a large alligator forceps. After checking 

thee mobility and position of the piston, sometimes small pieces of gelfoam are placed onto 

thee footplate. Finally the tympanomeatal flap is replaced, and the endaural incision is closed. 

Smalll  pledgets of gelfoam are used to cover the tympanic membrane. The external ear canal 

iss packed with a strip of gauze impregnated with antibiotic ointment (Terracortril , Pfizer, 

Neww York). This procedure is repeated one week after surgery. After the operation patients 

remainn hospitalised for three days with a careful mobilisation schedule. Water in the external 

earr canal must be avoided. 
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33 AIM OF THIS THESIS 

Att present time, there is general agreement that stapes surgery is the treatment of first choice 
inn patients with a conductive hearing loss due to otosclerosis. As elaborated in Chapter 1, 
theree unfortunately exists a lack of uniformity with regard to the reporting of hearing results, 
despitee the guidelines drafted by several otologic working groups.13'14'15 Uniformity is 
necessaryy to make comparison of studies in the literature possible. 
Thiss thesis is concerned with the efficacy of using different methods, criteria and parameters 
inn the evaluation of hearing results after stapes surgery. Furthermore, this thesis goes into the 
findingss and results of revision stapes surgery and the comparison of two different prosthesis 
usedd in stapes surgery. 
Inn chapter 3 the hearing results of 451 stapes operations were analysed in order to get a better 
understandingg to what extent the use of different audiologic criteria affects success rates in 
ourr material. The influence of choice of frequencies in accounting PTAs is described with ref-
erencee to the impact on success rates. In addition, these results are related to the results 
obtainedd with speech audiometry. Furthermore, the differences in ABG reduction are 
describedd by the use of postoperative and preoperative BC in computing postoperative ABG. 
Inn this chapter we also analysed to what degree success rate is affected by the choice of success 
criteria. . 
Inn chapter 4 a new method is described in which the effects of stapes surgery on hearing can 
bee deduced for each operated ear individually using two plots, which we named the 
"Amsterdamm Hearing Evaluation Plots" (AHEPs). In evaluating hearing results most often 
thee mean values of specific audiologic parameters are considered. However, for a good 
impressionn of differences between patient groups or between certain surgical techniques, it is 
illustrativee to present results of each operated ear separately. The audiometric results of the 
samee stapes operations from chapter 3 are used to demonstrate the AHEPs. 
Inn chapter 5 the audiologic results of a Teflon piston (type Causse) and of a gold piston (K-
piston),, both with a shaft diameter of 0.4 mm, are compared. An important difference 
betweenn both prostheses is the difference in mass: the gold piston is three times heavier than 
thee Teflon piston. For data analysis the mean values of several audiologic parameters are 
takenn into account as well as the hearing results of each ear individually in separate analyses 
(withh the AHEPs) for the ears that received a gold piston or a Teflon piston. 
InIn chapter 6 the effects of stapes surgery on several parameters retrieved from speech audi-
ometryy are evaluated with special reference to factors involved when either an increase or 
decreasee in speech discrimination occurs after surgery. Therefore, several data from speech 
audiometryy were related to pure-tone audiometric data in order to examine whether post-
operativee loss in speech discrimination can be predicted from the shapes of pure-tone audio-
grams. . 

Inn chapter 7 the results are reported of stapes surgery in patients with bilateral otosclerosis 
withh regard to auditory disability. In this approach the criteria of die American Medical 
Associationn in the Guides to the Evaluation of Permanent Impairment16 were used in order 
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too assess the decrease of hearing handicap after subsequently first and second ear stapes sur-

gery. . 

Inn chapter 8 the benefit of second ear stapes surgery is assessed by making use of the Glasgow 

Benefitt Plot.17 This way of analysing audiometric data is a method to evaluate hearing results 

off  each individual ear after stapes surgery in a more functional way rather than from a tech-

nicall  standpoint. 

Inn chapter 9 the intraoperative findings and causes of failure revealed during revision stapes 

surgery,, together with the audiometric results are reported. Furthermore, a review of the 

literaturee was performed to compare the findings and results with those of other reports. 
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ABSTRACT T 

Thee Committee on Hearing and Equilibrium of the American Academy of Otolaryngology -
Headd and Neck Surgery (AAO-HNS) proposed guidelines to provide more uniformity in 
reportingg hearing results after middle ear surgery. One of the proposals was to include the 
hearingg thresholds at 0.5,1, 2, and 3 kHz in a four-frequency pure-tone average (PTA) and to 
usee postoperative bone-conduction (BC) levels rather than preoperative BC levels in 
describingg postoperative air-bone gap (ABG). The hearing results of 451 stapes operations 
weree evaluated to analyse to what extent the choice of different audiological criteria affects 
successs rates. It appeared that choice of PTA significantly affects postoperative gain in air-
conductionn (AC) thresholds and ABG levels. If one takes the improvement in speech 
receptionn threshold (SRT) as "the golden standard", the gain in AC correlates best with the 
gainn in SRT if a higher frequency, like 3 or 4 kHz, is included in a four-frequency PTA. Also 
choicee of preoperative BC or postoperative BC in computing postoperative ABG had a 
significantt effect on the mean postoperative ABG levels showing more favourable results 
withh the use of preoperative BC thresholds. 

INTRODUCTION N 

Inn the last four decades the surgical treatment for hearing losses caused by otosclerosis has 
evolvedd extensively and it has, according to many prominent otologists, obtained a position 
ass treatment of first choice. The surgical techniques have been refined and still new 
developmentss are going on, especially in the field of stapes replacement prostheses. In this 
respect,, it is a necessity that uniformity exists in reporting hearing results after stapes surgery 
forr a fair comparison between several surgical techniques or between various patient 
populations. . 
Duringg review of the literature on stapes surgery it appears unfortunately that a great 
variationn exists in audiologic parameters and criteria used to establish success rates. Often 
thee consequences of using different audiologic criteria on hearing outcome are under-
estimatedd and therefore it is difficult to make an accurate comparison of results reported in 
thee literature. Furthermore, it appears that the results from speech audiometry are seldom 
takenn into consideration, whereas one of the most important goals of stapes surgery is 
improvementt of speech reception. Several efforts have been made in the past to advance 
moree uniformity in reporting hearing results. In many proposals for guidelines the pure-tone 
averagee (PTA) at 0.5, 1, and 2 kHz was the most important because these frequencies are 
involvedd in speech reception. However, in 1994 the Committee on Hearing and Equilibrium 
off  the American Academy of Otolaryngology - Head and Neck Surgery (AAO-HNS)1 

proposedd guidelines in which the Committee recommended the use of mean of thresholds at 
frequenciess 0.5,1, 2 and 3 kHz to form a four frequency PTA in reporting results from stapes 
surgeryy or ossiculoplasty. Berliner et al.2 showed in their material that including a higher 
frequency,, like the 3 or 4 kHz, in a four frequency PTA had a substantial influence on success 
ratee in stapes surgery. Another guideline from the Committee was to use postoperative bone-
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conductionn (BC) rather than preoperative BC in computing postoperative air-bone gap 
(ABG).. With respect to this point, Berliner et al.2 found that the use of postoperative BC 
insteadd of preoperative BC in computing ABG after surgery had an unfavourable influence 
onn success rates. 
Thee purpose of this study was to get a better understanding to what extent the use of differ-
entt audiologic criteria affects success rates after stapes surgery in our material in which hear-
ingg results of 451 stapes operations were analysed. Our study focuses on the following 
questions:: (1) Does choice of frequencies in accounting PTAs influence reported success 
rates?? (2) How do these results relate to results from speech audiometry? (3) To what extent 
iss ABG reduction affected by the use of postoperative instead of preoperative BC thresholds? 
(4)) To what degree is success rate affected by the choice of success criteria? 

PATIENTSS AND METHODS 

Dataa were retrieved from every consecutive patient who underwent stapes surgery for 
otosclerosiss during an eleven year period from January 1987 to December 1997. During this 
periodd 473 stapes operations were performed by the second author. Of the total amount of 
patientss we had to exclude 22 cases (4.7 %) from analysis; in 18 cases data were incomplete, 
inn 3 cases the audiologist had indicated that the test was not reliable and in 1 case there was a 
deadd ear caused by an infection two weeks postoperatively. The remaining 451 cases that 
weree considered for analysis concerned 397 patients. In 40 patients the operation was 
performedd on both sides at separate surgical settings. There were 61 patients who underwent 
revisionn surgery; 10 patients had their initial surgery performed by the second author, while 
511 patients were referred from other physicians. Of the revision cases who had their primary 
operationn performed by the second author, there was 1 patient who needed a second revision 
operation,, while in another patient it was necessary to do a third revision. In the group of 51 
patientss with primary surgery performed by another surgeon, there was one patient who 
neededd revision surgery at both sides. Furthermore, there were 3 cases who already had one 
revisionn operation, 4 cases who had a revision operation twice and there was 1 patient who 
hadd a revision operation for the third time prior to surgery in our clinic. The intraoperative 
findingss revealed during revision as well as the postoperative hearing results are described in 
anotherr study.3 

Thee patient group consisted of 261 women and 136 men with a mean age of 39.9 years 
(rangee 12 - 74) at the time of their operation in our hospital. The distribution between left 
andd right ears was approximately even. 
Inn the majority of patients a small fenestra stapedotomy was performed (98.4 %) and in only 
aa few cases a stapedectomy technique was used (1.6 %). A variety of stapes replacement pros-
thesess was implanted. The most frequently used prostheses were the Causse Teflon piston 
(633 %), the gold K®-piston (19 %) and the Cawthorne® Teflon piston (12 %). Several other 
prosthesess were used in a minority of the patients. Although the diversity of prostheses is an 
influentiall  factor in hearing outcome, we did not subdivide the population on the basis of 
implantedd prostheses, because this study concerns only with the relative differences in 
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methodss of reporting results. 
InIn our clinic the air-conduction (AC) thresholds are routinely measured at the octave inter-
valss from 0.125 to 8 kHz and the BC thresholds at the octave intervals from 0.25 to 4 kHz 
withh adequate masking. For most subjects who were considered for analysis both AC and BC 
thresholdss at the above mentioned frequency ranges were available before and after surgery. 
However,, in some subjects the hearing loss was very severe resulting in hearing thresholds 
whichh were beyond the maximum output of the audiometer. In these cases the pure tone 
thresholdss at certain frequencies were impossible to determine and this is marked in the 
audiogramm with an arrow pointing down. It is important to consider these limitations of the 
capacityy of the audiometer, because data of pre- or postoperatively unmeasurable hearing 
thresholdss could wrongly be excluded from analysis. Severe postoperative hearing loss as a 
consequencee of an unfavourable operation would then not be taken into account. 
Conversely,, ears with unmeasurable hearing thresholds before operation as a consequence of 
severee hearing loss but with measurable hearing thresholds after operation could also be 
rejected.. To avoid this problem in these cases thresholds were assumed to be just beyond the 
audiometerr limitations. If AC or BC was not measurable at a certain frequency a value of 10 
dBB above the limit for that frequency was given. 

Thee AC and BC thresholds at 3 kHz are not routinely measured in the Dutch audiological 
centres.. To obtain values for the four frequency PTA at 0.5, 1, 2 and 3 kHz, a Active hearing 
levell  at 3 kHz was interpolated by taking the average of the thresholds measured at 2 and 4 
kHz. . 
Inn 93.8 % (n = 423) of the cases speech audiometry was available before and after surgery. 
Forr each subject complete speech audiometry was carried out at different levels, using lists of 
phonetically-balancedd CVC-words.4 From these tests the pre- and postoperative SRTs could 
bee derived. All audiograms were performed by classified personnel according to the ISO-389 
(1975)) standard. The mean time of audiometric testing after surgery was 2.1 months (range 
0.6-12.1;; SD  2.4). Ninety-four percent of the subjects had postoperative audiometric 
testingg within 3 months. 
Alll  data were entered into a computer database and analysed with a spreadsheet program. In 
analysingg our data the postoperative results are presented using four different PTA 
combinationss at 0.5, 1, and 2 kHz, at 0.5, 1, 2, and 3 kHz, at 0.5, 1, 2, and 4 kHz and at 1, 2 
andd 4 kHz. The last named frequency combination was also analysed because it is has been 
suggestedd to be a sensitive measure of overclosure or cochlear damage to hearing.1 ABG 
closuree data are reported using postoperative BC thresholds as well as preoperative BC 
thresholdss for the four different PTA combinations in computing postoperative ABG. For 
speechh audiometry, data are presented with regard to improvement in speech reception 
thresholdss (SRTs). 
Audiometricc data in this study did not show a normal distribution established with normal-
ityy tests. Therefore nonparametric statistical analyses were performed (GraphPad Prism®). 
Thee Wilcoxon signed rank test was used for independent data, whereas the Spearman test 
wass used for correlation analysis. Our criterion for statistical significance was set at p-values 
off  less than 0.05 (two-tailed). 
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RESULTS S 

Tablee 1 shows data with regard to mean pre- and postoperative AC and BC levels (with 
standardd deviations). A statistically significant improvement in AC is reached for every 
frequency,, except at 8 kHz. Postoperatively there was an improvement in the mean BC levels 
att all frequencies. The most obvious improvement was achieved at 2 kHz which was 6.1 dB. 
Thee differences between pre- and postoperative BC thresholds were statistically significant 
forr the individual frequencies at 0.5, 1, and 2 kHz. At 4 kHz there is only a small improve-
mentt and it was not statistically significant. 

Influencee choice of frequencies in computing PTA 
Figuree 1 shows graphically the gain in AC, BC and ABG for the four PTA combinations. For 
reasonss of comparison also the mean gain in SRT has been reported. Choice of frequencies in 
computingg PTA has a relatively small influence on improvement in BC. However, PTA 
frequencyy combination does have a significant (p < 0.001) influence on improvements in AC 
andd ABG. The differences between the traditional three-frequency (0.5, 1, 2 kHz) and high-
frequencyy (1, 2,4 kHz) PTA were the largest being 4.9 dB and 4.5 dB for the gains in AC and 
ABG,, respectively. The high frequency PTA combination gives overall a smaller gain in AC 
andd ABG. The gain in AC for the frequency combination 0.5, 1,2 and 4 kHz is 21.2 dB (SD
12.2)) and corresponds on average best with the gain in SRT which is 20.2 dB (SD  12.1). 
Choicee of PTA frequency combination has some influence on the preoperative ABG (Fig. 2). 
Postoperativelyy it has littl e influence on the remaining ABG computed either with pre- or 
withh postoperative BC. These differences are not statistically significant. In addition, Figure 3 
showss that PTA frequency combination has also littl e influence on the percentage ABG 
closuress < 10 and higher categories when using either postoperative BC or preoperative BC. 
Thee relations between postoperative improvement in SRT at one side and improvements in 
ACC and ABG for the four different PTA combinations at the other side were explored by cor-
relationn analysis (Table 2). As expected a stronger correlation exists between gain in AC and 
gainn in SRT in comparison with gain in ABG and gain in SRT. Furthermore, choice of fre-
quenciess in computing PTA does have influence on correlation coefficients. In this respect 
gainn in AC for the two four-frequency combinations at 0.5, 1, 2, and 3 kHz and at 0.5, 1, 2, 
andd 4 kHz correlates better with gain in SRT in comparison with the traditional three-
frequencyy or high-frequency combination. 

Influencee choice of pre- or  postoperative BC in computing postoperative ABG 
Figuree 2 shows that the overall results with regard to postoperative ABG are more favourable 
usingg preoperative BC. The differences are 3.5 dB, 3.4 dB, 2.5 dB and 3.0 dB for the PTA 
combinationss at 0.5, 1, 2 kHz, at 0.5, 1, 2, 3 kHz, at 0.5,1, 2,4 kHz and at 1, 2,4 kHz, respec-
tively.. These differences are statistically significant (p < 0.001) for all four PTA combinations. 
Usingg preoperative BC gives also more favourable results with regard to percentage ABG 
closuress < 10 dB (Fig. 3). In this respect the largest differences are 6.6 %, 4.9 % and 3.4 % for 
thee PTA combinations 0.5, 1, 2 kHz, 0.5,1, 2, 3 kHz and 1, 2, 4 kHz respectively, but only 1.5 
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%% for the PTA combination 0.5, 1, 2, 4 kHz. Using pre- or postoperative BC does not sub-

stantiallyy affect the results on percentage ABG closures for the higher categories. 

Tablee 1. Pre- and postoperative air-conduction and bone-conduction thresholds. 

Frequencyy {kHz) 

Air-conduction n 

0.125 5 

0.25 5 

0.5 5 

1 1 

2 2 

3* * 

4 4 

8 8 

Bone--

0.25 5 

0.5 5 

1 1 

2 2 

3* * 

4 4 

conduction n 

Preop p 

58.7 7 

57.5 5 

54.4 4 

51.3 3 

47.2 2 

48.3 3 

49.5 5 

54.9 9 

8.6 6 

16.5 5 

17.3 3 

28.5 5 

27.5 5 

26.4 4 

SD D 

14.9 9 

15.2 2 

14.1 1 

14.3 3 

15.9 9 

17.1 1 

21.1 1 

50.6 6 

9.0 0 

10.7 7 

10.4 4 

12.9 9 

13.0 0 

15.8 8 

Postop p 

31.8 8 

30.0 0 

27.4 4 

25.4 4 

27.0 0 

32.1 1 

37.2 2 

53.0 0 

8.1 1 

15.3 3 

14.3 3 

22.4 4 

24.4 4 

26.3 3 

SD D 

13.5 5 

13.0 0 

13.5 5 

13.6 6 

15.5 5 

16.9 9 

20.8 8 

25.3 3 

9.1 1 

11.3 3 

11.6 6 

14.4 4 

14.4 4 

16.9 9 

Difference e 

26.9 9 

27.5 5 

27.0 0 

25.9 9 

20.2 2 

16.2 2 

12.3 3 

1.9 9 

0.5 5 

1.3 3 

3.0 0 

6.1 1 

3.1 1 

0.1 1 

SD D 

16.6 6 

16.4 4 

14.9 9 

14.4 4 

12.3 3 

12.8 8 

15.4 4 

46.2 2 

8.1 1 

9.4 4 

9.5 5 

10.3 3 

8.0 0 

9.7 7 

Statisticall sign. 

pp < 0.0001 

pp < 0.0001 

pp < 0.0001 

pp < 0.0001 

pp < 0.0001 

pp < 0.0001 

pp < 0.0001 

NS S 

NS S 

pp = 0.001 

pp < 0.0001 

pp < 0.0001 

pp < 0.0001 

NS S 

Forr each frequency the preoperative (preop) and postoperative (postop) air-conduction (AC) and 
bone-conductionn (BC) thresholds with standard deviations (SD) are shown. Statistical significance 
(Wilcoxonn test) of the reduction of AC and BC levels are indicated in the right column. 
**  The hearing level at 3 kHz is an interpolated value by taking the average of the hearing thresholds 
measuredd at 2 and 4 kHz. 
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... . 
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Fig.. 1. Mean gain in air-conduction (AC), bone-conduction (BC) and air-bone gap (ABG) are shown for 
fourfour different pure-tone average (PTA) combinations. Values for ABG improvement were based on 
postoperativepostoperative ABG computed with postoperative BC. For comparison the mean gain in speech 
receptionreception threshold (SRT) is given as the "golden standard". 
******  The brackets indicate that for AC and ABG all PTA combinations yield significantly different 
resultsresults (Wilcoxon test, p < 0,001). 

Tablee 2. Correlation analysis with gain in speech reception as the "golden standard". 

Cainn in AC 

0.5,, 1, 2 kHz 0.5,1,2,33 kHz 0.5,1,2,4 kHz 1,2,, 4 kHz 

Cainn in SRT R = 0.808; p < 0.001 R = 0.888; p < 0.001 R = 0.884; p < 0.001 R = 0.796; p< 0.001 

Gainn in ABC 

0.5,, 1,2 kHz 0.5,1,2,33 kHz 0.5,1,2,4 kHz 1,, 2,4 kHz 

Gainn in SRT R = 0.608; p < 0.001 R = 0.637; p< 0.001 R = 0.653; p< 0.001 R = 0.642; p< 0.001 

Gainn in speech reception threshold (SRT) vs. gain in air-conduction (AC) and air-bone gap (ABG) 
exploredd by correlation analysis (Spearman test) for four different frequency combinations. 
#Valuess based on postoperative air-bone gap computed with postoperative bone-conduction. 
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DO.5,, 1,2kHz(PTA) 

 0.5, 1,2, 4 kHz (PTA) 

D0,5,, 1, 2, 3 kHz (PTA) 

 1, 2, 4 kHz (PTA) 

preopp ABG postop ABG using postop postop ABG using preop 
BCC BC 

Fig.. 2. Preoperative mean air-bone gap (preop ABG) and postoperative mean air-bone gap (postop ABG) 
areare shown for four different pure-tone average (PTA) combinations. Postoperative BC (postop BC) 
valuesvalues and preoperative BC (preop BC) values are used in accounting postoperative air-bone gap. 

GO.5,, 1,2 kHz (PTA) 

 0.5, 1, 2, 4 kHz (PTA) 

O0,5,, 1, 2, 3 kHz (PTA) 

 1, 2, 4 kHz (PTA) 

MOO dB <=20dB <=30dB <= 40 dB 

usingg postop BC 

<=10dBB <=20dB <=30dB <=40dB 

usingg preop BC 

Fig.. 3. Cumulative percentage of postoperative air-bone gap (ABG) for four different pure-tone average 
(PTA)(PTA) combinations. Postoperative bone-conduction (postop BC) values and preoperative bone-
conductionconduction (preop BC) values are used in accounting postoperative ABG. 
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Influencee choice of success criteri a 
Figuree 4 shows graphically the success-rates according to different success-criteria. The per-

centagess AC thresholds and the percentages ABG closures within several levels are calculated 

forr the four different PTA combinations. Postoperative ABG has been computed with post-

operativee BC. Also the percentages of ears with SRTs within several levels are presented. The 

curvee from AC thresholds for the traditional three-frequency PTA at 0.5, 1, and 2 kHz corre-

spondss best with the curve from SRTs. Fig. 4 shows clearly the effect of the choice of PTA on 

successs rate with regard to percentages ears with AC levels within different categories. If nor-

mall  hearing, defined as an AC threshold < 20 dB, is taken as a measure of success, the success 

ratee wil l be ~ 8 % higher for the traditional three-frequency PTA at 0.5, 1, and 2 kHz than for 

thee four-frequency PTA at 0.5, 1, 2 and 4 kHz. This difference wil l be even more ( - 10 %) if 

onee defines success as "socially acceptable" hearing with an AC level < 30 dB. 

<=10dBB <=20dB <=30dB <= 40 dB <= 50 dB <= 60 dB 

Criteriaa of success 

Fig.. 4. Success rates are shown for air-conduction (AC) thresholds and air-bone gap (ABG) values within 
severalseveral categories for four different pure-tone average (PTA) combinations. Postoperative ABG was 
computedcomputed with postoperative bone-conduction. In addition, success rates are shown for speech 
receptionreception threshold (SRT) levels within several categories. 

Thee most important differences are between the percentages ABG closures and AC or SRT 

levelss within certain criteria. A much higher success rate (~ 30 %) wil l be achieved if one 

considerss the percentage of ears with ABG closure < 10 dB as criterion for success in stead of 
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thee percentage of normal hearing ears with AC or SRT levels < 20 dB. However, less striking 
differencess will be obtained if one compares ABG closure < 10 dB with AC or SRT levels < 30 
dBB as criteria for "socially acceptable" hearing. 

DISCUSSION N 

InIn the evolution of surgical treatment of hearing loss caused by otosclerosis initially the 
frequenciess 0.5, 1, and 2 kHz were considered for accounting PTAs in evaluation of hearing 
results,, because they were mostly involved with conversational speech reception. During 
developmentt of speech audiometry it appeared that the traditional three-frequency PTA (the 
soo called "Fletcherian index") for AC thresholds correlate well with SRTs. Also later, after 
introductionn of the stapedectomy technique by Shea,6 the hearing thresholds at 0.5, 1, and 2 
kHzz remained the most important in evaluation of hearing results. Hearing levels at the same 
frequenciess were also recommended in the guidelines of reporting hearing results after 
surgeryy of chronical ear infections by the Committee on Conservation of Hearing of the 
Americann Academy of Ophthalmology and Otolaryngology in 1965.7 More recently the 
abovee mentioned frequencies were recommended according to the guidelines drafted by the 
Committeee on Nomenclature of the Japan Society of Clinical Otology.8 To stress the 
importancee of the hearing threshold at 1 kHz in SRT, this Committee recommended 
additionallyy a "dividing by four method" in which the hearing threshold at 1 kHz is counted 
twice. . 

Inn 1994 new guidelines were proposed by the Committee on Hearing and Equilibrium of the 
AAO-HNS11 to report hearing data in a simple and uniform way after tympanoplasty and 
stapess surgery. One of the guidelines was to include also the hearing threshold at 3 kHz in a 
four-frequencyy PTA. Another guideline was to use AC and BC thresholds of the same 
postoperativee audiogram rather than using postoperative AC and preoperative BC levels in 
computingg postoperative ABG. Goldenberg and Berliner5 found in their material that when 
aa higher frequency (3 or 4 kHz) was used in a four-frequency PTA, it had not a significant 
influencee on success rate after tympanoplasty surgery in comparison with the traditional 
three-frequencyy PTA. A year later Berliner et al. showed that including the hearing 
thresholdss at 3 or 4 kHz in a four-frequency PTA had a significant effect on success rate after 
stapess surgery. 
Ourr results confirm the findings of Berliner et al.2 that choice of PTA does affect the 
percentagee of normal hearing ears with AC levels < 20 dB; in this study the differences were 
6.00 % and 8.0 % in the advantage of thee traditional three-frequency PTA at 0.5, 1, and 2 kHz 
inn comparison with the four-frequency PTAs at 0.5, 1, 2, 3 kHz and 0.5, 1, 2, 4 kHz, 
respectively.. Choice of PTA had littl e effect on postoperative ABG levels (Fig. 2) which is also 
inn agreement with the findings of Berliner et al.2 Furthermore, it appeared that it had also 
littl ee effect on the percentage of ears with ABG closure < 10 dB or higher categories (Figs. 3 
andd 4). 

Thee most important goal of stapes surgery is improvement of hearing and consequently 
improvementt of the ability for reception of conversational speech. In this perspective we also 
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analysedd the improvements in SRTs and used it as the "golden standard" for comparison with 
gainss in AC and ABG for the four different PTAs examined (Fig. 1). It appeared that the 
meann postoperative gain in SRT corresponds on average best with the mean gain in AC for 
thee PTA combination 0.5,1,2, and 4 kHz, although there are no significant differences with 
thee other PTA combinations after correlation analysis (Table 2). To our surprise, it appeared 
thatt after comparison between the percentages ears with a SRT within a certain level (for 
examplee 20 dB or 30 dB) and the percentages ears with an AC threshold within a certain 
level,, these success percentages are best in agreement with the traditional PTA combination 
att 0.5,1, and 2 kHz (Fig. 4). This may be caused by the fact that SRTs have been measured in 
quiett and not with background noise. For speech reception in noise the higher frequencies 
havee been shown to be more important. 
Itt is logical that in many studies the surgical success is related to the improvement of ABG, 
becausee it is supposed that gap reduction represents repair of the conductive system of the 
middlee ear which shows the technical success of surgery. In establishing postoperative ABG 
oftenn studies9,10 are using the method by taking the differences between postoperative AC 
andd preoperative BC levels while more recently published studies3'11 are using the method in 
whichh the differences between postoperative AC and BC thresholds are taken into account. In 
somee studies12,13 it is not possible to trace which method has been used. Occasionally, 
postoperativee ABG is computed by taking the best BC level.14'15 

Initially ,, the first mentioned method by using preoperative BC levels was, according to the 
literature,, used more often and an ABG closure within 10 dB was considered as a technical 
success.. This method of computing postoperative ABG was also recommended by the 
Committeee on Nomenclature in Chronic Ear Disease and the Otosclerosis Study Group15 in 
1971.. It is however well known that BC thresholds can substantially improve after surgery as 
alreadyy described after fenestration surgery by Carhart in 1950 and is known as the Carhart 
effect.166 Postoperatively the inertial component of bone conducted sound transmission is 
restoredd and therefore postoperative BC thresholds may correspond better with the true 
functionn of the cochlea. This supports the use of postoperative BC thresholds for computing 
postoperativee ABG. Harder17 found in his study that the gap between postoperative AC and 
preoperativee BC was dependent on the level of preoperative BC thresholds but the gap to 
postoperativee BC seemed to be independent of the preoperative BC thresholds level. 
Furthermore,, he found that gaps to postoperative BC showed less variation than the gaps to 
preoperativee BC and it was stated that postoperative BC thresholds may serve as a more 
stablee and natural reference when calculating postoperative ABG. 
Inn our results choice of preoperative or postoperative BC most obviously affected the mean 
postoperativee ABG levels for all four PTAs with larger improvements relative to preoperative 
BCC (Fig. 2). It had also an effect on the percentage ABG closure < 10 dB with the largest 
differencee for the PTA combination 0.5,1, and 2 kHz which was 6.6 % more favourable when 
usingg preoperative BC. The use of pre- or postoperative BC did not have a substantial 
influencee on the percentage ABG closure < 20 dB or higher levels for all four PTAs (Fig. 3). 
Berlinerr et al. did not find large differences in percentages ABG closures < 10 dB and several 
higherr levels by using preoperative or postoperative BC in computing postoperative ABG. 
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Duringg review of the literature, it appears that several criteria are used to establish success. 
Studiess which report results with regard to improvement of AC thresholds, often take the 
traditionall  speech frequencies (PTA 0.5,1,2 kHz) into account,18,19 although sometimes the 
gainn for individual frequencies are reported as well.19'20 Less often results with regard to 
improvementt of AC thresholds are reported with four-frequency PTAs as recommended by 
thee AAO-HNS.1 Sometimes authors12 are relating surgical success with the percentage ears 
withh AC thresholds within a certain level like 20 dB or 30 dB. Only a few studies12'19 have 
analysedd speech audiograms and report results with regard to improvement in SRTs. Just 
becausee a variety of success criteria are being used in the literature, it is difficult to compare 
studiess with regard to hearing improvement after surgery. In our material it makes, as 
expected,, a big difference when taking the percentages of ears with ABG closure within a 
certainn level as a measure of success, or when taking the percentages of ears with an AC 
thresholdd within a certain level. If one takes the percentage of ears in which normal hearing 
wass obtained after surgery, defined as an AC threshold < 20 dB as a measure of success, there 
wil ll  be a difference of -35 % from the percentage of ears with an ABG closure < 10 dB 
postoperatively.. The difference will be less when success is defined as the percentage of ears 
withh "socially acceptable" hearing (AC threshold < 30 dB). The effects of choice of PTA on 
thee extent of this difference has been clearly illustrated in this study (Fig. 4). 
Althoughh it was not strictly necessary for this study to subdivide the cases with primary 
surgeryy from revision surgery, it is well known from the literature3 that revision surgery 
yieldss less favourable results with regard to hearing improvement as is the case in this study: 
successs rates, defined as an ABG closure < 10 dB (postoperative ABG computed with 
postoperativee BC for the four-frequency PTA at 0.5, 1, 2, and 4 kHz), was 71 % for the 
primaryy cases while it was 58 % for the revision group. 

CONCLUSIONS S 

Thee aim of this study was to establish to what extent choice of different audiological criteria 
affectss success rates following stapes surgery. This study provides the following answers to 
thee questions mentioned in the introduction: 
1.. Choice of PTA significantly affects postoperative gain in AC thresholds and ABG levels 

(Fig.. 2). It has however littl e influence on the remaining postoperative ABG and on the 
percentagee of ears with ABG closures < 10 dB or higher categories. 

2.. If the improvement in SRT is regarded as the "golden standard" the gain in AC does corre-
latee best with the gain in SRT if a higher frequency, like the 3 or 4 kHz, is included in a 
fourr frequency PTA. 

3.. Choice of pre- or postoperative BC in computing postoperative ABG had a significant 
effectt on the mean postoperative ABG levels showing more favourable results when pre-
operativee BC thresholds were used. In our results using preoperative BC levels gives also 
moree favourable results with regard to ABG closure < 10 dB with the largest difference for 
thee PTA combination 0.5,1, and 2 kHz which was 6.6 %. It has less effect on the percent-
agee of ears with an ABG closure to higher categories. 

48 8 



EffectsEffects of Audiological Parameters and Criteria on Success Rates 

4.. Success rate is mainly dependent on definition and criteria as a measure of success (Fig. 

4).. In this perspective, the percentage ears with "socially adequate" hearing, defined as an 

ACC threshold < 30 dB, does compare best with the percentage ears with ABG closure < 10 

dB.. In our opinion the achievement of "socially adequate" hearing is a more realistic 

measuree of success than the achievement of "normal" hearing defined as an AC level < 20 

dB. . 

Onn the basis of our results we agree with the conclusions of Berliner et al.2 and the AAO-

HNSS recommendations1 to use AC and BC levels from the same audiogram in computing 

ABG.. Because in many audiology departments in Europe the 3 kHz is not routinely 

measured,, a four-frequency PTA wil l be an average at 0.5, 1, 2 and 4 kHz in most situations 

andd is preferred for reporting results after stapes surgery with regard to mean values of 

audiologicall  parameters. 
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ABSTRACT T 

Too standardise the reporting of hearing results after middle ear surgery, the Committee on 
Hearingg and Equilibrium of the American Academy of Otolaryngology-Head and Neck 
Surgeryy proposed two levels of guidelines. Level 1 for reporting summary data and level 2 for 
reportingg raw data. The Committee encourages to report raw data from each individual case. 
However,, in studies where the examined population is too large this can yield difficulties. 
Withh respect to this point we designed a method for a simple visual presentation of hearing 
resultss in an attempt to provide data from each individually operated ear in a patient group. 
InIn this method (1) the relation between the pre- and postoperative bone conduction levels is 
evaluatedd to assess overclosure and iatrogenic cochlear damage and (2) the relation between 
postoperativee gain in air-conduction and the preoperative air-bone gap is evaluated as a 
measuree of technical success rate. This results in two plots, which we named the "Amsterdam 
Hearingg Evaluation Plots" (AHEPs). Audiometric data from 451 stapes operations were used 
too demonstrate the use of the AHEPs. 

INTRODUCTION N 

Inn evaluating the effect of different surgical techniques on hearing, or to compare hearing 
resultss from various patient populations, most often the mean values of specific audiologic 
parameterss are considered. Less often the hearing results in each individually operated ear are 
surveyed.. However, for a good impression of differences between patient groups or between 
certainn surgical techniques, it is illustrative to present results of each operated ear separately. 
Althoughh reporting raw data from individual cases is also encouraged by the Committee on 
Hearingg and Equilibrium of the American Academy of Otolaryngology - Head and Neck 
Surgeryy (AAO-HNS),1 often the number of operated ears is too high to report all data from 
eachh individually operated ear. In an attempt to accommodate with this problem we 
developedd a new method of data analysis in which the effects of operation on hearing can be 
deducedd for each individual ear using two plots, which we named the "Amsterdam Hearing 
Evaluationn Plots" (AHEPs). In the first plot the results with regard to postoperative bone-
conductionn (BC) thresholds are related to preoperative BC thresholds to evaluate the effect 
off  surgery on bone conduction. In the second plot the preoperative air-bone gap (ABG) 
levelss are related to postoperative gain in air-conduction (AC) to establish the degree of 
successs with regard to restoration of middle ear hearing transmission function. One of the 
greatt advantages of reporting data with these plots is that favourable and unfavourable 
resultss with regard to technical success can easily be identified and in addition ears with 
cochlearr damage due to surgery can be recognised. 

Thee aim of this study was to report audiometric results of 451 stapes operations with the 
AHEPss as an attempt to present operation results of individual ears in a simple but clarifying 
way. . 
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PATIENTSS AND METHODS 

Amsterdamm Hearing Evaluation Plots (AHEPs) 
Thee purpose of these plots is to give a visual representation of hearing results of each 
individuall  ear after middle ear surgery. In this study we applied the AHEPs on the 
audiometricc results of stapes surgery, although this method of analysing data could easily be 
usedd in other middle ear interventions. One of the potential risks in the case of stapes surgery 
iss sensorineural hearing loss and especially hearing sensitivity at the higher frequencies are at 
risk.. On the other hand it is known that in some ears the BC improves due to the Carhart 
effect.22 To visualise the effect of surgery on BC the pre- and postoperative BC thresholds are 
plottedd in the first graph (Fig. 1A). The gain in AC after surgery is largely dependent upon 
thee preoperative gap between AC and BC levels: the greater the ABG the more gain one may 
expectt in AC after a technically successful operation. To show the relationship between these 
twoo parameters the second graph was designed in which the postoperative gain in AC is 
plottedd against the preoperative ABG of each individually operated ear (Fig. IB). 
Inn the first graph (Fig. 1A), the two dotted diagonal lines enclose the area within BC did not 
changedd over more than 10 dB. Iatrogenic cochlear damage was defined as a postoperative 
decreasee of BC threshold of more than 10 dB and it is indicated by every point above the 
upperr dotted diagonal line, while every point below the lower dotted diagonal line can be 
consideredd as an improvement of the BC due to the Carhart effect. 
Inn the second graph (Fig. IB), the horizontal axis represents the postoperative change in AC 
andd the vertical axis represents the preoperative ABG. The solid diagonal line indicates total 
closuree of the gap between preoperative AC and BC. Consequently, every point below the 
solidd diagonal line indicates a gain in AC which is larger than one may expect from preoper-
ativee ABG and such a result can be regarded as a "successful result with overclosure". We 
definedd an unsuccessful operation result as a negative change in AC threshold or a change in 
ACC which was not enough to close the gap between postoperative AC and preoperative BC to 
200 dB or less. Every point above the dotted diagonal line in Figure IB indicates such an 
"unsuccessfull  result". In contrast, every point below the dotted diagonal line can be consid-
eredd as a "successful result". 
Forr reporting the AC, BC and ABG values several PTA combinations as well as individual 
frequenciess can be used. To demonstrate the AHEPs a few examples are given which have 
beenn listed in Table 1 and have been visualised in Figures 1A and IB. 
Inn the first graph (Fig. 1A), the two dotted diagonal lines enclose the area within BC did not 
changedd over more than 10 dB. Iatrogenic cochlear damage was defined as a postoperative 
decreasee of BC threshold of more than 10 dB and it is indicated by every point above the 
upperr dotted diagonal line, while every point below the lower dotted diagonal line can be 
consideredd as an improvement of the BC due to the Carhart effect. 
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Fig.1.. The "Amsterdam Hearing Evaluation Plots" (AHEPs). A, Preoperative bone-conduction plotted 
againstagainst postoperative bone-conduction for each operated ear. The two diagonal lines enclose the 
areaarea within bone-conduction did not changed over more than 10 dB. B, Postoperative gain in air-
conductionconduction plotted against the preoperative air-bone gap for each operated ear. The solid diagonal 
lineline indicates total closure of the gap between preoperative air-conduction and bone-conduction. 
EveryEvery point below this line is defined as overclosure. An unsuccessful operation result with regard to 
air-conductionair-conduction is defined as a negative change in air-conduction or a change in air-conduction 
whichwhich was not enough to close the gap between postoperative air-conduction and preoperative 
bone-conductionbone-conduction to 20 dB or less. This is indicated by the dotted diagonal line. 
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Inn the second graph (Fig. IB), the horizontal axis represents the postoperative change in AC 
andd the vertical axis represents the preoperative ABG. The solid diagonal line indicates total 
closuree of the gap between preoperative AC and BC. Consequently, every point below the 
solidd diagonal line indicates a gain in AC which is larger than one may expect from 
preoperativee ABG and such a result can be regarded as a "successful result with overdosure". 
Wee defined an unsuccessful operation result as a negative change in AC threshold or a change 
inn AC which was not enough to close the gap between postoperative AC and preoperative BC 
too 20 dB or less. Every point above the dotted diagonal line in Figure IB indicates such an 
"unsuccessfull  result". In contrast, every point below the dotted diagonal line can be 
consideredd as a "successful result". 

Tablee 1. Examples to demonstrate the use of the AHEPs. 

Examplee 1: 

Examplee 2: 

Examplee 3: 

Examplee 4: 

Pree AC 60 

PreBCC 20 

Pree ABG 40 

Pree AC 60 

PreBCC 20 

Pree ABG 40 

Pree AC 60 

PreBCC 10 

Pree ABG 50 

Pree AC 60 

PreBCC 10 

Pree ABG 50 

Successfull result 

Postt AC 30 

PostBCC 20 

Postt ABG 10 

Gainn AC 30 

Gainn BC 0 

Gainn ABG 30 

Successfull result with overdosure 

Postt AC 10 

PostBCC 5 

Postt ABG 5 

Unsuccessfull result 

Postt AC 50 

PostBCC 10 

Postt ABG 40 

Unsuccessfull result 

Postt AC 35 

PostBCC 35 

Postt ABG 0 

Gainn AC 50 

GainBCC 15 

Gainn ABG 35 

Gainn AC 10 

Gainn BC 0 

Gainn ABG 10 

Gainn AC 25 

Gainn BC -25 

Gainn ABG 50 

Forr reporting the AC, BC and ABG values several PTA combinations as well as individual fre-
quenciess can be used. To demonstrate the AHEPs a few examples are given which have been 
listedd in Table 1 and have been visualised in Figures 1A and IB. 
Examplee 1: "Successful result". Point (1) in Figures 1A and IB is a fictitious ear with an AC 
thresholdd of 60 dB and a BC threshold of 20 dB before operation. Postoperatively the AC 
improvedd to a threshold of 30 dB while the BC remained at 20 dB. It is clear that such an out-
comee can be considered as successful. 
Examplee 2: "Successful result with overdosure". Point (2) in Figures 1A and IB is a fictitious 
earr with preoperatively the same AC and BC values as in example 1. However this time the 
ACC improved to a threshold of 10 dB whilee the BC improved to 5 dB. Such a result can be 
regardedd as an "overdosure" of the ABG as the BC improved with 15 dB. 
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Examplee 3: "Unsuccessful result". Point (3) in Figures 1A and IB is a fictitious ear with pre-
operativelyy an AC threshold of 60 dB and a BC threshold of 10 dB. Postoperatively the AC 
improvedd only with 10 dB while the BC did not changed. An unsuccessful result can be 
causedd by two reasons: it did not succeed in restoring middle ear transmission function as is 
thee case in this example and/or cochlear damage occurred due to surgery. The last named 
situationn is demonstrated in the next example. 
Examplee 4: "Unsuccessful result". Point (4) in Figures 1A and B is a fictitious ear with the 
samee AC and BC values as in example 3 before operation. After surgery the AC improved 
withh 25 dB while the BC deteriorated with 25 dB. If postoperative ABG is conducted with 
postoperativee BC, the ABG after surgery would be 0 dB and could wrongly be interpreted as 
successful. . 

SUBJECTSS AND MATERIALS 

Too demonstrate the use of the AHEPs in reporting audiometric results after stapes surgery, 
thee same set of data were used as described in Chapter 3 concerning 451 operations in 374 
patients.3 3 

RESULTS S 

InIn Figure 2A the preoperative BC thresholds have been plotted against the postoperative BC 
thresholdss while in Figure 2B the postoperative hearing gains in AC are plotted against the 
preoperativee ABGs for every single ear that underwent stapes surgery. For reporting AC and 
ABGG levels in Figure 2B a four frequency average at 0.5, 1, 2, and 3 kHz was used as 
recommendedd by the Committee on Hearing and Equilibrium of the AAO-HNS.1 Because it 
hass been stated byy the Committee that the preoperative minus the postoperative BC levels for 
thee pure-tone high frequency combination at 1, 2, and 4 kHz is a sensitive measure of 
overclosuree or cochlear damage to hearing, the BC levels in Figure 2A have been calculated 
forr the high frequency PTA. As explained in "Patients and Methods" every point above the 
upperr dotted diagonal line in Figure 2A was regarded as a cochlear damage > 10 dB due to 
surgeryy and every point below the lower dotted diagonal line indicates a postoperative gain 
inn BC > 10 dB. From the total group of ears in Figure 2A 373 (82.7 %) had postoperative BC 
thresholdss which are  10 dB from preoperative BC levels. The number of ears in Figure 2A 
withh an improvement of BC threshold > 10 dB was 68 (15.1 %). 

Inn Figure 2B every point below the solid diagonal line indicates "overclosure" and every 
pointt above the dotted diagonal line indicates an "unsuccessful" result. According to the 
AHEPs,, the number of successfully operated ears with regard to AC is 402 (89.1 %). From 
thiss total group of ears 306 ears had a "successful result without overclosure" while 96 ears 
hadd a "successful result with overclosure" (Fig. 2B). All ten ears (2.2 %) with cochlear 
damagee > 10 dB in Figure 2A could also be defined as an "unsuccessful result" in Figure 2B. 
Off  all ears in Figure 2B 311 (68.9 %) had postoperative AC thresholds which were  10 dB 
fromm preoperative BC levels. 
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Fromm Figure 2B 49 (10.9 %) cases could be defined as an "unsuccessful" result with regard to 

AC.. In this failure group the amount of revision surgeries was relatively high; from the whole 

groupp of revision cases (n=65) eleven had an "unsuccessful" hearing result. Figures 2A and B 

visualisee one failure with extreme values regarding to the gain in AC and the postoperative 

BC. . 

70 0 

6 0 . . 

50 0 

40 0 
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-10 0 100 20 30 40 50 

preoperativee bone-conduction 

-100 0 10 20 

gainn in air-conduction 

30 0 40 0 50 0 60 0 

Fig.. 2. Audiometric results of 451 stapes operations visualized with the Amsterdam Hearing Evaluation 
PlotsPlots (AHEPs). A, Preoperative bone-conduction and postoperative bone-conduction plotted for 
individualindividual ears. Pure-tone average (PTA) was calculated for the high frequency combination at 1, 
2,2, and 4 kHz. B, Postoperative gain in air-conduction plotted against preoperative air-bone gap for 
individualindividual ears. PTA was calculated for the frequency combination at 0.5, 1, 2, and 3 kHz. 

57 7 



Chapterr 4 

Thiss is an ear with a preoperative BC value of 20 dB and a postoperative BC value of 65 dB 
(Fig.. 2A) while the gain in AC value was - 50 dB and the preoperative ABG value was 15 dB 
(Fig.. 2B). This patient had revision surgery for the second time. 
Partt I of this study showed that choice of PTA significantly affects postoperative gain in AC 
thresholdss and ABG levels after stapes surgery. Choice of PTA has also some effect on the 
numberss of "successful results" "successful results with overclosure", and "unsuccessful 
results""  according to the AHEPs in our material. If values for AC and ABG in Figure 2B were 
calculatedd for the traditional PTA combination at 0.5,1, and 2 kHz, the numbers of ears with 
aa "successful result without overclosure" and with a "successful result with overclosure" 
increasee with 9 and 12, respectively. The number of ears with an "unsuccessful result" 
decreasess with 8. If PTA values taken at 0.5, 1,2, and 4 kHz are compared with PTA values at 
0.5,, 1, 2, and 3 the number of ears with overclosure decrease with 3 while the failure rate 
increasess with 4 ears. 

DISCUSSION N 

Thee reporting of hearing results in middle ear surgery is not yet standardised. Many authors 
usee different parameters for reporting the audiologic results which makes comparison of 
differentt studies very difficult. In 1995 new guidelines were proposed by the Committee on 
Hearingg and Equilibrium of the AAO-HNS1 to report hearing data in a simple and uniform 
wayy after tympanoplasty and stapes surgery. The Committee drafted guidelines for the 
uniformm reporting of audiologic results at two levels: level 1 provides for summary data and 
levell  2 provides for raw data. The Committee encourages to report raw data permitting more 
precisee statistical treatment and meta-analyses. With regard to reporting summary data, the 
Committeee recommends that the postoperative ABG, the number of decibels of closure of 
thee ABG, and the change in high-tone BC level be reported in terms of mean, standard 
deviation,, and range. However, Govaerts et al.4 has already mentioned the shortcomings of 
reportingg results in this way because choice of mean and standard deviations suggests a 
normallyy distributed population, while audiometric data are often not normally distributed. 
Furthermore,, the mean and the standard deviations are very sensitive to variations at the 
extremee end of the population. To obviate these criticism Govaerts et al.4 proposed to add 
thee use of multiple box and whisker plots in which the population is described by five 
parameters:: median, lower and upper extremes, and lower and upper quartiles. 
Too comply with level 2 in reporting raw data, the Committee recommends to report AC 
thresholdss for each octave interval from 0.5 to 8 kHz inclusive 3 kHz, and to report BC 
thresholdss for each octave interval from 0.5 to 4 kHz inclusive 3 kHz. The pre- and postoper-
ativee values should be reported for each ear operated on. However, reporting results in this 
wayy could enhance difficulties when the population examined is too large to show all data. 
Forr this reason we designed the AHEPs in an attempt to give a visual presentation of audio-
metricc results after middle ear surgery. Although data are not represented according to level 2 
off  the guidelines, we feel that this way of analysing data can add valuable information to the 
evaluationn of audiometric results in a larger population when it is desired to report data from 
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eachh case. The plots show the individual results and visualise the amount of "overclosures" 
(Fig.. 2B) which is especially of interest in reporting results of stapes surgery. In addition the 
unfavourablee hearing results can easily be recognised with regard to cochlear damage (Fig. 
2A)) and residual conductive hearing loss (Fig. 2B). 
Althoughh definitions of good» moderate or unfavourable outcome are arbitrary issues, we 
choosee to define an "unsuccessful result" as a negative change in AC threshold or a remaining 
gapp of more than 20 dB between postoperative AC and preoperative BC levels and this was 
indicatedd by the dotted diagonal line in Figure 2B. Actually, this is the same measure for suc-
cesss rate as when success is defined as an ABG closure to 20 dB or less used in Part I of this 
studyy provided that postoperative ABG is conducted with preoperative BC for the PTA com-
binationn 0.5,1,2, and 3 kHz. According to this criterion 89.1 % of the cases in our stapes sur-
geryy series had a "successful result". This percentage is more favourable when compared to 
otherr criteria as measures of success like for instance ABG closure < 10 dB or postoperative 
ACC level < 30 dB as shown in Part I of this study. In this perspective criteria for success can 
easilyy be changed in the AHEPs if necessary. 
Wee have evaluated the "unsuccessful results" in our material separately in an attempt to get a 
betterr understanding of thee reasons why those surgical performances had failed. It appeared 
thatt every ear with a postoperative deterioration of BC level of more than 10 dB in Figure 2A, 
definedd as an iatrogenic cochlear damage, could also be identified as an "unsuccessful result" 
inn Figure 2B. Furthermore, the percentage of revision cases in the unsuccessful group was 
relativelyy high (11/49) underlining that revision surgery is an unfavourable factor with 
regardd to hearing results which is well known from the literature.5'6 

Ass shown in part I of this study it appeared that choice of PTA significantly affects 
postoperativee gain in AC thresholds and ABG levels after stapes surgery. In demonstrating 
thee AHEPs with the audiometric results of stapes surgery we have chosen to use two different 
PTAA combinations as recommended by the Committee of the AAO-HNS.1 Choice of PTA 
hass also some effect on the amount of "successful results" and "unsuccessful results" 
accordingg to the AHEPs in our material with more favourable results using the traditional 
three-frequencyy PTA at 0.5,1, and 2 kHz. 
Evaluationn of hearing results with the AHEPs is a refined method to determine technical 
successs after surgery and to compare the spread in individual results for different 
populations.. However, it must be emphasised that it is not a method to obtain an impression 
off  the benefit a patient derives from surgery as patient's disability is also dependent on the 
hearingg thresholds of the not operated ear. More disability-oriented methods of data analysis 
aree described by Smyth et al.7 and Browning et al.8 as well as by de Bruijn et al.9,10 

CONCLUSION N 

Thee AHEPs form an easily understood visual presentation of audiometric results of each 
individuall  case after stapes surgery or other middle ear interventions. In our opinion the use 
off  the AHEPs would gain additional information when it is combined with the guidelines of 
thee Committee on Hearing and Equilibrium of the AAO-HNS in reports of audiometric 
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results.. Another advantage of presenting data with the AHEPs is that outliners with extreme 

valuess of audiometric results are visualised clearly. These values would influence summary 

statisticss but are not always recognisable when presenting summary data with means and 

standardd deviations. 
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ABSTRACT T 

Thiss study evaluates the hearing results after implantation of a Teflon piston (type Causse; 
Xomedd Surgical Products, Jacksonville, FL, USA) and of a pure gold piston (K-piston; Heinz 
Kurzz GmbH Medizintechnik, Dufilingen, Germany), both with a shaft diameter of 0.4 mm 
inn cases of otosclerosis requiring stapedotomy. An important difference between both pros-
thesess is the difference in mass: the gold piston is three times heavier than the Teflon piston. 
Retrospectivee analyses were carried out of the presurgery and postsurgery audiologic results 
obtainedd after primary stapedotomy by implantation of 62 Teflon pistons and 66 gold 
pistons.. The results were compared according to mean values of several audiometric param-
eters.. Furthermore, individual audiometric results have been evaluated with the "Amsterdam 
Hearingg Evaluation Plots" (AHEPs) as a method for visual presentation of hearing results 
fromfrom each operated ear. With this method "unsuccessfully" and "successfully" inserted pros-
thesess can be recognised easily and a more realistic comparison between prostheses is possi-
ble. . 
Itt was found that in the overall group the heavier gold prosthesis gives a significantly larger 
gainn in air-conductive hearing at 2 kHz (p < 0.05) and in the speech frequency range 0.5 to 2 
kHzz (p < 0.05). There were no significant intergroup differences with regard to change in 
bone-conductionn and air-bone gaps. Analysis of the hearing results of the subgroup that 
includedd only the "successfully" implanted prostheses according to the criteria of the AHEPs 
hadd mainly consequences for improvement of air-conduction thresholds: none of the inter-
groupp differences were statistically significant. 
Thiss study concluded that for a fair comparison between prostheses, it is necessary to take 
onlyy the prostheses into account that are inserted properly and that are functioning under 
normall  conditions with regard to transmission of sound vibrations. After analysis of the 
hearingg results of these "successfully" implanted prostheses, a trend was noticed that the 
heavierr gold piston gives more gain in the low- and mid- frequency range and the light-
weightedd Teflon piston gives more gain in the high- frequency range, although none of the 
differencess were significant. 

INTRODUCTION N 

Duringg the evolution of otosclerosis surgery many stapes replacement prostheses have been 
developed.. All these implants differ in size, shape, and weight. Various materials have been 
usedused for composing the prostheses. The available prostheses are most commonly composed 
off  three materials: fluoroplastic (Teflon-type polymer), stainless steel, or platinum.1 Of these 
materials,, Teflon remains the most frequently used material placed into the oval window as a 
stapess prosthesis. Teflon is well-tolerated in the middle ear because it is not reactive with 
tissue. . 
Recently,, a new prosthesis composed of gold became available on the market. Gold has the 
samee advantage of being unreactive with tissue. One of the most important differences 
betweenn Teflon and gold is the specific gravity of the material. The difference in mass of the 
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implantss is important because it will affect the transmission of lower and higher frequencies 
inn a different way. 
Inn our clinic, the Teflon piston has been used most frequently. However, since the golden 
pistonn became available in 1995, the second author started to use this prosthesis for 
implantationn and the first results with this prosthesis were promising.2 

Thee purpose of this study is to analyse retrospectively the audiologic results of the heavier 
goldd piston in comparison with the lighter Teflon piston. For data analysis, most often mean 
valuess of several audiologic parameters are taken into account, and we analysed our results in 
thiss way as well. However, it is also illustrative to evaluate the hearing results of each 
individuall  ear in separate analyses for the ears that received a gold piston or a Teflon piston. 
Therefore,, we used the "Amsterdam Hearing Evaluation Plots" (AHEPs)3 as a method for a 
simplee visual representation of audiometric results from each individually operated ear. In 
thiss method, the relation between the preoperative and postoperative bone conduction (BC) 
levelss is evaluated in the first plot to assess overclosure and iatrogenic cochlear damage, 
whereass in the second plot the relation between postoperative gain in air-conduction (AC) 
andd the preoperative air-bone gap (ABG) is evaluated as a measure of technical success rate. 
Presentingg results with the AHEPs opens the possibility to interpret and analyse audiometric 
dataa in any desirable way. 

SUBJECTSS AND METHODS 

Inn the 2-year period from January 1994 to December 1995, a Teflon stapes replacement pros-
thesiss was the first choice to be used in primary stapes surgery. In the next 2-year period 
fromm January 1996 to December 1997, a gold stapes replacement prosthesis was the first 
choicee to be used. To prevent selection bias, 14 ears that received a Teflon piston in the sec-
ondd period and 2 ears that received a gold piston in the first period were excluded from anal-
ysis.. All operations were done by one experienced surgeon (second author) who had 
performedd more than 500 stapes operations before the period enclosed by this study. There-
fore,, selection bias caused by a learning curve resulting from the surgeon being more experi-
encedd during the second set of surgeries, may be expected to play no significant role. 
Everyy ear that underwent revision stapes surgery and received a Teflon piston (n = 10) or 
goldd piston (n = 9) were excluded from analysis. Eventually, the stapes replacement prosthe-
sess that were considered for further analysis consisted of the remaining 62 Teflon pistons 
thatt were implanted in 60 patients in the period from January 1994 to December 1995 and 66 
goldd pistons that were implanted in 65 patients in the period from January 1996 to December 
1997.. One patient received at both sides a gold piston and two patients received a Teflon pis-
tonn at both sides. Two patients received at one side a Teflon piston and at the other side a gold 
piston.. The patients who received a Teflon piston included 21 men and 39 women with a 
mediann age of 40.7 years (range 16-68; SD  12.0) at the time of surgery. The patients who 
receivedd a gold piston included 25 men and 40 women with a median age of 43.9 years (range 
21-74;; SD  10.9) at the time of their operation. 
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Thee surgical approach to the middle ear was in all cases transcanal. In all cases the micro-

pickk technique described by Marquet4 was used to create a small fenestra in the stapes 

footplate.. The pistons were inserted directly into the opening of the stapes footplate. No soft 

tissuee grafts have been used to cover or fill  the oval window for sealing purpose. Oral 

antibioticc prophylaxis was given during surgery in all cases. 

Figuree 1 shows the gold and Teflon pistons that have been implanted. Table 1 gives the data 

concerningg several properties of both prostheses. The weight of the pistons was measured 

withh a Mettler Toledo MT5 microbalans (accuracy 1 ugr). The length of both prostheses was 

dependedd on the distance between the long process of the incus and stapes footplate. 

Tablee 1. Data of both prosthese. 

Alternativee name 

Material l 

Shaftt diameter (mm) 

Weightt (ug) 

Attachmentt to incus 

Coldd piston 

(n(n = 66) 

K-piston n 

puree gold (99,9%) 

0.4 4 

10192.0* * 

loop p 

Teflonn piston 

(n(n = 6 2 ) 

Caussee piston* 

fluoroplastic c 

0.4 4 

3199.0* * 

ring g 

**  Designed for Jean Bernard Causse, MD, Béziers, France. 
**  Weight of piston both with a length of 5.0 mm. 

Fig.. 1. The prostheses to be compared in this study. Above the gold K-piston and below the Causse Teflon 
piston. piston. 

Everyy patient had audiometric testing of both AC thresholds (0.125-8 kHz) and BC thresh-

oldss (0.5-4 kHz) before and after operation. The mean time of audiometric testing after 

surgeryy was 1.8 months (range 0.6-3.4; SD  0.5) in the gold piston group and 1.7 months 

(rangee 0.8-12.0; SD + 1.4) in the Teflon piston group. Al l audiograms were performed by 
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classifiedd personnel according to the ISO-389 (1975) standard. The mean follow-up time 
afterr surgery was 16.2 months (range 5-27; SD  7.8) in the gold piston group and 22.4 
monthss (range 10-42, SD  9.4) in the Teflon piston group. 
Differentt studies5'6 have shown that the inclusion of 4 kHz in establishing the AC and BC 
pure-tonee average (PTA) influences the success rate for hearing outcome. To allow compari-
sonss with other studies, we present our results by accounting the three frequency PTA (0.5,1, 
22 kHz) and the four frequency PTA (0.5, 1, 2, 4 kHz). To analyse the influence of both pros-
thesess on the BC thresholds, a third PTA combination was computed by using 1,2 and 4 kHz 
becausee the difference in preoperative versus postoperative values of this particular fre-
quencyy combination has been suggested as a sensitive measure of overclosure or cochlear 
damagee to hearing.5 For evaluation of effects on ABG, we used the AC and BC of the same 
testt session (i.e. postoperative audiogram) in computing the postoperative ABG as recom-
mendedd by the AAO-HNS.5 

Alll  data were entered into a computer database and analysed with a spreadsheet program. 
Inferentiall  statistics (paired f-tests) were used to study hearing changes per group. To test the 
intergroupp differences, a repeated measures analysis of variance was used to test and estimate 
frequency-specificc differences in AC, BC and ABG with respect to changes in preoperative 
andd postoperative hearing. The model assumptions used for statistical analysis were checked 
byy normal probability between and within patient residuals and by comparing frequency-
specificc standard deviations. P-values for effects with >1 numerator degree of freedom were 
basedd on the Huynh-Feldt corrections for nonsphericity. Our criterion for statistical signifi-
cancee was set at p-values < 0.05. 

RESULTS S 

Resultss are presented with regard to mean postoperative changes in BC, ABG and AC. 
Furthermore,, hearing results of each ear were analysed for the gold piston group and Teflon 
pistonn group separately. 

Bone-conduction n 
Preoperatively,, there were no clear differences in BC thresholds between both groups. Post-
operatively,, there was an average improvement in the mean BC levels at every frequency for 
bothh prostheses with exception at 0.25 kHz for the Teflon piston. The most obvious improve-
mentss in mean BC thresholds were at 2 kHz being 8.4 dB (SD  10.1) for the gold piston and 
7.44 dB (SD ) for the Teflon piston (Table 2). 
Inn the gold piston group, the mean improvements in BC hearing were statistically significant 
(pairedd t-test) for the individual frequencies in the range from 0.5 to 2 kHz and for all three 
PTAA combinations, whereas the mean improvement in the Teflon piston group was statisti-
callyy significant (paired f-test) for the frequency 2 kHz and for the PTA combinations 0.5, 1, 
22 and 1, 2, 4 kHz (Table 2). However, none of the inter-group differences according to the 
repeatedd measures analysis of variance were statistically significant for each of the frequen-
ciess or frequency combination. 
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Air-bon ee gap 

Thee mean postoperative reduction of ABG for each single frequency and for the three 

frequencyfrequency PTA (0.5, 1, 2 kHz) and four frequency PTA (0.5, 1, 2, 4 kHz) are presented in 

Figuree 2. Before surgery, the mean ABG for the three frequency PTA was 31.2 dB (SD  9.5) 

inn the gold piston group and 29.3 dB (SD  11.2) in the Teflon piston group. Postoperatively, 

thesee values were 6.8 dB (SD  4.7) and 7.6 dB (SD  5.9), respectively. Including 4 kHz in 

computingg a four frequency PTA, the mean preoperative ABG was 28.1 dB (SD  9.3) in the 

goldd piston group and 26.5 dB (SD  10.3) in the Teflon piston group, which reduced 

postoperativelyy to 7.7 dB (SD  5.1) and 7.1 dB (SD  5.6), respectively. After a repeated 

measuress analysis of variance, there was no evidence of a significantly better ABG reduction 

betweenn both prostheses groups. 

Tablee 2. Postoperative gains averages and standard deviation in bone-conduction thresholds of the 
goldd piston in comparison with the Teflon piston for each individual frequency and three dif-
ferentt PTA frequency combinations. 

Freque e 
(kHz) ) 

0.25 5 

0.5 5 

1 1 

2 2 

4 4 

0.5,, 1, 

0.5,, 1, 

1,2,4 4 

>ncy y 

2 2 

2,4 4 

Gold d 

meann gain 
(dB) ) 

1.4 4 

3.4 4 

3.8 8 

8.4 4 

1.9 9 

5.2 2 

4.4 4 

4.7 7 

pistonn (n 

SD D 

7.0 0 

9.0 0 

8.2 2 

10.1 1 

8.4 4 

7.1 1 

6.3 3 

6.6 6 

== 66) 

St.. sign. 

NS S 

p-0 .023 3 

pp = 0.020 

p << 0.001 

NS S 

p=p= 0.001 

p=p= 0.006 

p-0 .011 1 

Teflon n 

meann gain 
(dB) ) 

-0.4 4 

1.2 2 

2.7 7 

7.4 4 

1.0 0 

3.8 8 

3.1 1 

3.7 7 

pistonn (n 

SD D 

6.2 2 

8.1 1 

8.2 2 

9.1 1 

8.7 7 

6.4 4 

6.0 0 

6.4 4 

== 62) 

St.. sign. 

NS S 

NS S 

NS S 

pp = 0.001 

NS S 

p=0.014 4 

NS S 

pp = 0.046 

Intergroupp diff. 

St.. sign 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

St.. sign. - statistical significance; NS = not significant; inferential statistics (paired t-test) was used for 
statisticall  significance within the gold and Teflon piston group; repeated measured analyses of variance 
wass used for statistical significance for inter- group differences (Intergroup diff.). 

Tablee 3 presents data of postoperative ABG closures for both PTA combinations against the 

cumulativee percentages of subjects in 10 dB increments. Taking ABG closure within 10 dB as 

aa measure of success, the gold piston has a small advantage for the three frequency PTA; the 

intergroupp difference was 4% (Table 3). However, there was practically no difference in ABG 

closuree within 10 dB for the four frequency PTA. 
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Tablee 3. Postoperative air-bone gap (ABG) computed with postoperative bone-conduction levels for 
twoo different PTA combinations against cumulative percentage of patients in 10 dB incre-
ments. . 

ABG G 

<10dB B 

<20dB B 

<30dB B 

<40dB B 

Goldd (n = 

%% (n) 

86.33 (57) 

98.55 (65) 

100(66) ) 

100(66) ) 

0.5, , 

66) ) 

,, 2 kHz (PTA) 

Teflonn (n = 

%% (n) 

82.3(51) ) 

96.88 (60) 

100(62) ) 

100(62) ) 

62) ) Goldd (n = 

%% (n) 

80.33 (53) 

95.44 (63) 

98.55 (65) 

100(66) ) 

0.5, , 

66) ) 

1,2,, 4 kHz (PTA) 

Teflonn (n = 62) 

%% (n) 

79.00 (49) 

98.4(61) ) 

100(62) ) 

100(62) ) 

Air-conduction n 
Beforee operation there were no clear differences in the mean AC thresholds between both 
groups.. Postoperatively, there were statistically significant (p < 0.001; paired Mest) improve-
mentss of AC thresholds at each frequency for both prostheses except at 8 kHz. The mean pre-
operativee AC hearing loss for the three frequency PTA in the gold piston group was 52.1 dB 
(SDD  11.1) and in the Teflon piston group this was 49.0 dB (SD  12.6). This improved after 
thee operation to 22.1 dB (SD  9.2) in the gold piston group and to 23.5 dB (SD  9.4) in the 
Teflonn piston group. The mean preoperative AC levels for the four frequency PTA were 51.9 
dBB (SD ) in the gold piston group and 48.0 dB (SD  12.6) in the Teflon piston group. 
Postoperatively,, this improved to 26.1 dB (SD  10.6) in the gold piston group and to 25.6 dB 
(SDD  10.7) in the Teflon piston group. 
Afterr repeated measures analysis of variance the intergroup differences between both pros-
thesess were statistically significant for 2 kHz and for the PTA combination 0.5, 1 and 2 kHz 
(Tablee 4). 

Analysiss hearing results for  each individual ear 
Wee used the AHEPs3 as a method for visual presentation in reporting hearing results from 
eachh individually operated ear which received a gold and a Teflon piston. To visualise the 
effectt of surgery on BC, the pre- and postoperative BC thresholds for the PTA combination 1} 

2,, and 4 kHz are plotted in Figures 2A and 3A for the gold and Teflon piston, respectively. In 
thesee graphs the two dotted diagonal lines enclose the area within BC did not change more 
thann 10 dB. Iatrogenic cochlear damage was defined as a postoperative decrease of BC 
thresholdss of more than 10 dB and it is indicated by every point above the upper dotted 
diagonall  line, whereas every point below the lower dotted diagonal line can be considered as 
ann improvement of the BC due to the Carhart effect. In the gold piston group, 21.2 % (14/66) 
showedd 10 dB or more improvement of BC thresholds (Fig. 2A) against 17.7 % (11/62) in the 
Teflonn piston group (Fig. 3A). A deterioration of BC thresholds of more than 10 dB was not 
foundd in the Teflon piston group (Fig. 3A), whereas one patient in the gold piston group 
showedd a deterioration of 13 dB (Fig. 2A). 
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Tablee 4. Postoperative gains averages and standard deviations in air-conduction thresholds of the gold 
pistonn in comparison with the Teflon piston for each individual frequency and two PTA fre-
quencyy combinations. 

Frequt t 
(kHz) ) 

0.125 5 

0.25 5 

0.5 5 

1 1 

2 2 

4 4 

8 8 

0.5,, 1, 

0.5,, 1, 

>ncy y 

2 2 

2,4 4 

Gold d 

mean n 
(dB) ) 

33.0 0 

33.0 0 

32.9 9 

31.5 5 

25.5 5 

13.3 3 

-3.9 9 

30.0 0 

25.8 8 

pistonn (n = 66) 

gain n SD D 

13.8 8 

13.5 5 

12.3 3 

11.3 3 

11.3 3 

15.2 2 

16.4 4 

10.2 2 

10.2 2 

St.. sign. 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

NS S 

p<p< 0.001 

pp < 0.001 

Teflon n 

mean n 
(dB) ) 

28.5 5 

30.5 5 

28.5 5 

27.6 6 

20.4 4 

13.3 3 

-0.3 3 

25.5 5 

22.4 4 

pistonn (n = 62 

gain n SD D 

16.0 0 

17.2 2 

16.4 4 

12.7 7 

13.3 3 

14.6 6 

17.2 2 

12.8 8 

12.4 4 

) ) 

St.. sign. 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

pp < 0.001 

NS S 

pp < 0.001 

pp < 0.001 

Intergroup p 
diff. . 

St.. sign 

NS S 

NS S 

NS S 

NS S 

pp = 0.020 

NS S 

NS S 

pp = 0.034 

NS S 

St.. sign. = statistical significance; NS = not significant; inferential statistics (paired Mest) was used for 
statisticall  significance within the gold and Teflon piston group; repeated measures analyses of variance 
wass used for statistical significance for intergroup differences (Intergroup diff.). 

Thee gain in AC after surgery largely depends on the preoperative gap between AC and BC 
levels:: the greater the ABG the more gain one may expect in AC after a technically successful 
operation.. To show the relation between these two parameters, the AC for the PTA combina-
tionn 0.5, 1, 2, and 4 kHz is plotted against the preoperative ABG of each operated ear in 
Figuress 2B and 3B for the gold and Teflon piston, respectively. In these graphs the solid diag-
onall  line indicates total closure of the gap between preoperative AC and BC. Consequently, 
everyy point below the solid diagonal line indicates a gain in AC that is larger than one may 
expectt from preoperative ABG and such a result can be regarded as overclosure. The number 
off  overdosures can be seen easily from the plots being 25 (37.9%) in the gold piston group 
(Fig.. 2B) and 16 (25.8%) in the Teflon piston group (Fig. 3B). All ears that were considered 
ass a technically "successful" operation (i.e., all points below the dotted diagonal line) had 
ABGG closure to 20 dB or less between postoperative AC and preoperative BC levels but also 
betweenn postoperative AC and postoperative BC thresholds. We defined an "unsuccessful" 
operationn result as a negative change in AC threshold or a change in AC that was not enough 
too close the gap between postoperative AC and preoperative BC to 20 dB or less. Every point 
abovee the dotted diagonal line in Figures 2B and 3B indicate such an "unsuccessful result" 
(markedd by A-symbol and Arabic numeral). There was one "unsuccessful" operation result 
inn the gold piston group (Fig. 2B) against four in the Teflon piston group (Fig. 3B). 
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Fig.. 2. Audiometric results after implantation of 66 gold pistons visualized with the "Amsterdam Hearing 
EvaluationEvaluation Plots" (AHEPs). A: Preoperative bone-conduction and postoperative bone-conduction 
plottedplotted for individual ears. Pure-tone average (PTA) was calculated for the high frequency 
combinationcombination at 1, 2, and 4 kHz. The two diagonal lines enclose the area within the bone-
conductionconduction did not change over more than 10 dB. B: Postoperative gain in air-conduction plotted 
againstagainst preoperative air-bone gap for individual ears. PTA was calculated for the frequency 
combinationcombination at 0.5, I, 2, and 4 kHz. The solid diagonal line indicates total closure of the gap 
betweenbetween preoperative air-conduction and bone-conduction. Every point below this line is defined as 
overclosure.overclosure. An unsuccessful operation result with regard to air-conduction (marked by A-symbol) 
isis defined as a negative change in air-conduction (indicated by the dotted vertical line at 0 dB gain 
inin air-conduction) or a change in air-conduction that was not enough to close the gap between 
postoperativepostoperative air-conduction and preoperative bone-conduction to 20 dB or less (indicated by the 
dotteddotted diagonal line). Each unsuccessful operation result from Figure 2B is also marked by a A -
symbolsymbol in Figure 2A, and each failure-case can be identified by the same Arabic numeral. Some 
pointspoints in the graph may coincide when they have the same audiometric values. 
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Tablee 5, Inter-group differences of postoperative change in air-conduction between the gold piston 
groupp and the Teflon piston group for each individual frequency and two frequency combina-
tions. . 

Intergroupp diff. with inclusion of 
"unsuccessful"" operation results 

Intergroupp diff. with exclusion of 
"unsuccessful"" operation results 

Frequencyy (kHz) A AC Gold - A AC Teflon St. sign. A AC Gold - A AC Teflon St. sign. 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

NS S 

0.125 5 

0.25 5 

0.5 5 

1 1 

2 2 

4 4 

8 8 

0.5,, 1, 

0.5,, 1 

2 2 

2,4 4 

4.5 5 

2.5 5 

4.4 4 

3.9 9 

5.1 1 

0 0 

-3.6 6 

4.5 5 

3.4 4 

NS S 

NS S 

NS S 

NS S 

pp = 0.020 

NS S 

NS S 

pp = 0.034 

NS S 

2.8 8 

2.3 3 

2.5 5 

2.8 8 

4.1 1 

-1.2 2 

-5.4 4 

3.1 1 

2.0 0 

Statisticall  significance (St. sign.) for intergroup differences (Intergroup diff.) of postoperative gain in 
air-conductionn (A AC) between the gold piston group and the Teflon piston group was based on 
repeatedd measures analyses of variance; NS = not-significant. 

Alll  failures were based on a remaining postoperative ABG of more than 20 dB while none of 
thee failures were caused by a severe sensorineural hearing loss as can be seen from Figures 2A 
andd 3A (failures from Figures 2B and 3B can be recognised in Figures 2A and 3A by the same 
A-symboll  and Arabicc numeral). 
AA second repeated measures analysis of variance has been performed on the hearing results 
off  the "successfully" operated ears to establish if there were significant differences between 
bothh prostheses groups after exclusion of technically "unsuccessful" results identified with 
thee AHEPs. Analysing the results in this way did not substantially affect improvement in BC 
norr in ABG for both groups; there was still no evidence of an overall intergroup difference 
forr both audiological parameters. However, such an analysis had consequences on the gain in 
ACC as shown in Table 5. 
Inn the frequency range 0.125 to 2 kHz the gold piston gives better hearing improvement and 
forr the frequencies 4 and 8 kHz the Teflon piston shows an advantage. However, the differ-
encess are small and none of the intergroup differences were statistically significant for all 
individuall  frequencies nor for both frequency combinations. 

70 0 



ComparisonComparison of a Gold and a Teflon Piston in Stapedotomy 

60 0 

50 0 

/ / 
..-" " 

' ' 
 --'

AA 2  y 

 A"A. 7

_.-' ' 

KK  40 -

55 20 

00 10 20 30 40 50 60 70 

preoperativee bone-conduction (dB HL) 

00 10 20 30 40 50 60 70 

gainn in air-conduction (dB HL) 

Fig.. 3. AHEPs as in Figure 2, but for 62 Teflon pistons. 

DISCUSSION N 

Sincee Shea demonstrated in 1956 that removing the stapes, opening the inner ear, and 

replacingg the stapes with a prosthesis could be performed safely and with immediate 

improvementt of hearing, the search for the ideal stapes replacement prosthesis began. The 

ideall  prosthesis has to meet several requirements. It must be biocompatible, it must be easy 

too manipulate, and it must fit  securely on the incus to transmit the vibrations towards the 

ovall  window. Teflon and gold have the qualities of being nonreactive with host tissue, but 

theyy differ in weight. Gold has the advantage of being soft and malleable and thus the 
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prosthesiss can easily be shaped to the individual conditions in the middle ear. For the 
attachmentt to the incus, the gold piston has a ribbon form loop that permits close contact to 
thee long process of the incus after closing the loop with the McGee wire crimper. The Teflon 
pistonn has a loop that requires expanding the ring prior to placement. The ring will remain 
openn for several minutes and the plastic memory will cause the ring to close securely around 
thee incus. If necessary, gentle crimping is possible to close the ring more tightly. 
Ourr study focused on a comparison of the hearing results for the two prostheses in a short-
termm follow-up study. It is important that other aspects as incus necrosis and other pros-
thesis-relatedd complications that are relevant during revision surgery are examined in 
anotherr long-term follow-up study. Although our follow-up is relatively short, it was neces-
saryy to perform revision surgery 7 months postoperatively in one patient who received a gold 
piston.. During the revision operation, there was a dislocation of the gold piston that appar-
entlyy was bent because of many adhesions in an ear with active otosclerosis. A Teflon piston 
couldd be placed with success. In the patient group that received a Teflon piston, we did not 
performm revision surgery within the follow-up interval covered by this study. 
Comparisonn of stapes replacement prostheses in the literature is difficult because different 
audiologicall  criteria are used to establish success. Some studies report preoperative and 
postoperativee AC results with three or four frequency PTAs.8'9 Other studies used 
postoperativee ABG to evaluate success.10"12 Another problem is that some studies12 do not 
mentionn if the preoperative BC or postoperative BC thresholds are used in composing the 
postoperativee ABG. Using preoperative BC thresholds rather than postoperative BC 
thresholdss in computing ABG artificially improves hearing results after stapes surgery 
becausee ABG overclosure caused by the Carhart effect is included. In our results, this 
improvementt turned out to be 4.5 % for the gold piston and 3.3 % for the Teflon piston for 
thee closure rate within 10 dB, averaged at 0.5,1,2 and 4 kHz. 

Too evaluate the hearing results in each operated ear we used the AHEPs. The plots show the 
individuall  results and visualise the amount of overclosures (Figs. 2B and 3B), which is espe-
ciallyy of interest in reporting results of stapes surgery. In addition, the unfavourable hearing 
resultss can be recognised easily with regard to cochlear damage (Figs. 2A and 3A) and resid-
uall  conductive hearing loss (Figs. 2B and 3B). 
Inn comparing audiometric results after implanting different prostheses and especially in 
examiningg the effects of differences in weight, it is important to take only the prostheses into 
accountt that are functioning normally with regard to sound transmission function. Not 
excludingg "unsuccessfully" performed operations (Le., all points above the dotted diagonal 
linee in Figures 2B and 3B) could easily lead to misleading results as these pistons do not 
transmitt sound vibrations under normal conditions. In these cases the pistons were incor-
rectlyy inserted, became dislocated some time after surgery, or there were other reasons result-
ingg in a remaining conductive hearing loss. The reason why a substantial ABG still exists 
postoperativelyy can only be detected by performing revision surgery. Although definitions of 
good,, moderate or unsuccessful results are arbitrary issues, we choose to define an "unsuc-
cessful""  result as a negative change in AC threshold or a remaining gap of more than 20 dB 
betweenn postoperative AC and preoperative BC levels. 
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Inn our opinion, analysing audiometric data with the AHEPs forms a valuable com-
plementaryy method to determine technical success after surgery and offers the possibility to 
comparee the spread in individual results for different populations. However, the AHEPs do 
nott give an impression of the benefit a patient derives from surgery as patient's disability is 
alsoo determined by the hearing thresholds of the nonoperated ear. More disability-oriented 
methodss of data analysis are described by Browning et al.13 and de Bruijn et al..14 

Whichh influence upon hearing can be expected from the differences in weight between both 
prostheses?? From a theoretical point of view one may expect a difference in hearing 
improvementt on the basis of the "Impedance Formula" as already described by Johansen15 

inn 1948. The impedance is defined by the following equation: 

1== V[r2 + (m.f-s/ f )
2] 

wheree r, s and m indicate friction, stiffness and mass, respectively. If it is taken for granted 
thatt the sound conduction system of an ear may be equalised to a simple vibrating system, 
thee proportion between force and rate can be expressed by an impedance or resistance. The 
higherr the impedance, the more difficult it will be for the vibrations striking the tympanic 
membranee to be transmitted to the sensory epithelium, and this means a decrease in hearing. 
Fromm the "Impedance Formula" it can be converted that increased mass of the vibrating sys-
temtem will increase the impedance for higher frequencies. The converse effect will happen for 
thee lower frequencies. Thus, from a theoretical point of view one may expect that the lighter 
Teflonn piston will give more hearing gain in the higher frequencies and the heavier gold pis-
tonn will give more gain in the lower frequencies, although some precautions have to be made 
withh this theoretical approach because it was assumed that difference in stiffness and friction 
wouldd not be influential factors. The approach, however, is in agreement with our findings 
afterr performing a second analysis on hearing results in which we took only the pistons into 
accountt that were implanted "successfully" according to the AHEPs. Although differences 
weree small and not statistically significant, it appeared that the heavier gold piston showed a 
largerr gain in hearing for the lower and mid frequencies, while the lighter Teflon piston 
showedd an advantage in the higher frequencies (Table 5). 
Somee experiments have been done on the effects of mass on middle ear function. Brenkman 
ett al.16 found in human temporal bones that loading the stapes with a magnet with a weight 
off  3.66 mg affected stapes amplitude measured with a SQUID magnetometer method. A 
higherr amplitude was reached in the lower frequencies and a lower amplitude in the higher 
frequencies.frequencies. The crossover frequency was between 3 and 4 kHz. However, this effect was 
onlyy evident if the mass was large enough; loading the stapes with magnets with a lower mass 
(1.05,1.5,, 2.16 mg) did not have a substantial effect on stapes amplitude. These results from 
experimentall  studies are to a certain extent in agreement with our findings. The gold piston 
iss approximately three times heavier than the Teflon piston, whereas the weight of the Teflon 
pistonn is about the same as the weight of an average human stapes (3.02 mg)17 Thus, one 
mayy expect that the mass added on the vibrating system of the middle ear after insertion of a 
goldd piston is enough to have an effect on amplitude. The increased mass will give a higher 
amplitudee in the low frequencies and a lower amplitude in the high frequencies. 
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Consequently,, one may expect that increased mass will give more gain in hearing for the 
lowerr frequencies and less gain in hearing for the higher frequencies with the crossover 
frequencyy between 3 and 4 kHz as is the case in our results. 
Loadingg experiments in animals were done by Cottle and Tonndorf.18 They put drops of 
mercuryy on the stapes footplate of cats and measured the cochlear microphonics. It was 
foundfound that if 1.14 mg of mercury was loaded on the stapes footplate, the cochlear 
microphonicc response increased with about 3 to 4 dB at 1 kHz, but a loss occurred at the 
higherr frequencies. In this case the stapes mass in the cat (normal weight 0.58 mg) was 
increasedd with a factor of approximately three. 
Robinson122 performed a clinical comparative study between two prostheses with a difference 
inn weight. He compared the hearing results obtained after stapedectomy by implantation of 
thee Robinson stainless steel prosthesis (weight 12.5 mg) and the Robinson Teflon prosthesis 
(weightt 3.3 mg). Better hearing results were obtained with the heavier stainless steel 
prosthesiss in the low frequency ranges and in the high frequency ranges. Furthermore, he 
foundd that the rate of overclosures was much higher with the heavier stainless steel 
prosthesis.. In our results there was also a higher overclosure rate with the heavier gold piston 
(37.33 %) in comparison with the lighter Teflon piston (25.8%). However, if the criterion 
ABGG closure to within 10 dB is taken as a measure of success, the success rates do not differ 
muchh between both prostheses and are in agreement with other studies dealing with hearing 
resultss after implantation of stapes replacement prostheses.10'19. 

Althoughh changing the weight of the prosthesis in stapes surgery may have only a relatively 
smalll  effect on the final hearing result, this effect may be significant if it contributes to 
approximatelyy 5 dB more gain over other prostheses. It can be an influential factor in 
detrminingg the type of prosthesis to be used in patients with mixed hearing losses because 
suchh a gain can be critical in changing the result from a non-serviceable hearing level to a 
serviceablee hearing level. In our results, the mean hearing gain in the speech frequencies at 
0.5,, 1 and 2 kHz (PTA) differs 4.5 dB in favour of the gold piston and was statistically signifi-
cantt in the whole group of "successfully and "unsuccessfully" implanted prostheses after 
repeatedd measured analysis of variance. However, analysing the results after exclusion of 
"unsuccessful""  operations identified with the AHEPs, the intergroup difference was 3.1 dB 
andd not statistically significant (Table 5). 
InIn this study we were mainly interested in the differences of the hearing results after opera-
tion.. Although the overall hearing results were in favour of thee gold piston, it must be stated 
thatt our follow-up is relatively short; therefore, it is necessary to perform a revaluation in 
thee future to establish the differences in long-term hearing. 
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ABSTRACT T 

AA retrospective, nonrandomized review of 363 cases undergoing primary stapes surgery for 
otosclerosiss was undertaken to evaluate the effects of surgery on several parameters obtained 
byy pre- and postoperative speech audiometry in quiet. Therefore, the change in speech 
receptionn thresholds (SRT), the maximum speech discrimination score (MSDS), the slope of 
thee speech reception curve (SRC), and the occurrence of a slope decay of the SRC were 
analysed.. Several data from speech audiometry were related to pure-tone audiometric data in 
orderr to examine whether postoperative loss in speech discrimination can be predicted from 
thee shapes of pure-tone curves. 

Itt appeared that stapes surgery had neither significant effect on the slope of the SRC, nor on 
thee slope decay. Phonemic regression (slope decay > 0.5 %/dB) was not found before surgery, 
butt occurred in 15 cases after surgery. In 96 % of the cases the SRT improved and correlation 
analysiss showed that the change in SRT correlates well with the change in AC levels for the 
pure-tonee average at 0.5,1, 2, and 4 kHz. 
AA postoperative loss in MSDS > 10 % occurred in 8 cases, while 13 cases showed an improve-
mentt > 10 % in MSDS. Factors involved with an increase or a decrease in MSDS were elabo-
rated.. On the basis of the results it was concluded that loss in speech discrimination can not 
bee predicted from the shape of the curves from preoperative pure-tone audiometry as either 
aa Carhart effect or cochlear damage can occur. Cochlear damage resulting in sensorineural 
hearingg loss is often associated with a reduction in speech discrimination. When the preop-
erativee pure-tone hearing loss is severe and there is a preoperative loss in discrimination, 
theree is a chance that speech discrimination improves in those cases having a successful 
closuree of the air-bone gap and an obvious increase in bone conductive hearing due to the 
Carhartt effect. 

INTRODUCTION N 

Sincee the introduction of the stapedectomy technique for restoring impaired middle ear 
transmissionn function due to otosclerosis, many reports are published dealing with the bene-
fitsfits of this type of surgery. Most reports are establishing postoperative hearing results by 
makingg use of parameters retrieved from pure tone audiometry. However, the most impor-
tantt purpose of stapes surgery is to improve speech reception. In this respect, it is especially 
importantt to be informed about the effect of stapes surgery on speech discrimination. A 
goodd technical result (gap-closure < 10) is only relative when at the same time a deterioration 
inn speech discrimination occurs after surgery. A few articles have reported such reductions of 
speechh discrimination which were found after successful closure of the air-bone gap 
(ABG).1'2'33 Nevertheless, on the whole only sporadically postoperative outcome is described 
inn terms of speech audiometric parameters. 

Onee of the mechanisms of a decrease in speech discrimination after successful stapes surgery 
iss a masking effect of high frequency features of speech by the low frequency components. 
Thiss phenomenon has been studied by Huizing5, who related loss in speech discrimination 
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too an increase in the steepness of the air-conduction (AC) threshold after stapes surgery. 
Suchh a decline of the AC curve can occur postoperatively in those patients showing a mixed 
typee of hearing loss which is not an infrequent occurrence in otosclerosis, and, due to 
physiologicall  ageing on cochlear function, it is often seen in middle aged and elderly patients. 
Thee hearing loss in these patients is usually made up of a high tone sensorineural hearing loss 
(SNHL)) and a conductive loss that mainly concerns the lower and middle frequencies. 
Successfull  stapes surgery in these situations leads to a low and middle-frequency hearing 
gain.. As a consequence the original horizontal or slightly declining AC threshold is 
transformedd into a more or less steeply declining curve. The decline of the curve can be even 
moree obvious when at the same time SNHL occurs in the higher frequencies due to cochlear 
damage,, which is a well known risk factor of stapes surgery. Huizing5 observed a loss in 
speechh discrimination when the postoperative pure tone audiogram showed a decline of the 
ACC curve within defined criteria. 

Anotherr factor which has an effect on postoperative speech discrimination is that in the 
surgicall  treatment of otosclerosis often the stapedius tendon is sectioned and not 
reconstructed.. This consequently results in a loss of the attenuation of middle-ear sound 
transmissionn at higher intensities by stapedius muscle contraction. This attenuation of sound 
transmissionn is termed stapedial reflex, or acoustic reflex, and is thought to be protective to 
thee cochlea when loud sounds are presented.6 Furthermore, the stapedial reflex plays an 
importantt role in improving the intelligibilit y of speech at higher sound intensities.7'8 An 
intactt stapedial reflex attenuates sound energy in the low frequency portion of the speech 
spectrum.. It therefore reduces the undesirable upward spread of masking of low frequency 
soundss and preserves the transmission of information for higher frequencies. In this respect, 
wee may expect in our patients an effect after stapes surgery on speech discrimination with 
increasingg sound intensities as the standard surgical technique in our hospital is to sacrifice 
thee stapedius tendon without reconstruction. This negative effect of sectioning the stapedius 
tendonn on speech discrimination is found by several authors.9'10 

Thee purpose of this study is to evaluate the effects of stapes surgery on several parameters 
obtainedd by speech audiometry with special reference to the following questions: (1) Which 
factorss are involved when either a substantial deterioration or improvement in speech dis-
criminationn occurs after stapes surgery? (2) Is it possible to identify patients before surgery 
whoo are at risk for loss in speech discrimination after surgery? 

PATIENTSS AND METHODS 

Dataa were retrieved from every consecutive patient who underwent primary stapes surgery 
forr otosclerosis during an eleven years period from January 1987 to December 1997. During 
thiss period 386 primary stapes operations were performed by the second author. Pre- and 
postoperativee speech audiometry was available in 363 cases (94.0 %) These cases were con-
sideredd for further analysis and concerned 323 patients; 40 patients had surgery at both sides. 
Thee patient group consisted of 230 women and 93 men with a mean age of 40.7 years (range 
122 - 74, SD  11.2) at the time of their operation in our hospital. The distribution between 
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leftt and right ears was approximately even. 
InIn the majority of patients a small fenestra stapedotomy was performed (98.9 %) and in only 
aa few cases a stapedectomy technique was used (1.1 %). A variety of stapes replacement pros-
thesess was implanted. The most frequently used prostheses were the Causse® Teflon piston 
(644 %), the gold K®-piston (26 %) and the Cawthorne® Teflon piston (9 %). Several other 
prosthesess were used in a minority of the patients. 
InIn our clinic the AC thresholds are routinely measured at the octave intervals from 0.125 to 8 
kHzz and the BC thresholds at the octave intervals from 0.25 to 4 kHz with adequate masking. 
Forr each subject complete speech audiometry was carried out at different levels, using lists of 
phonetically-balancedd CVC-words.11 All audiograms were performed by classified personnel 
accordingaccording to the ISO-389 (1975) standard. The mean time of audiometric testing after 
surgeryy was 2.1 months (range 0.6-12.1; SD  2.4). Ninety-four percent of the subjects had 
postoperativee audiometric testing within 3 months. 
Alll  data were entered into a computer database and analysed with a spreadsheet program. In 
analysingg our data from pure tone audiometry, the pure tone average (PTA) at 0.5, 1, 2, and 4 
kHzz were taken for AC and BC levels. As a measure of overclosure or SNHL due to cochlear 
damagee the change in BC was used for the PTA at 1, 2, and 4 kHz. ABG closure data are 
reportedd using postoperative ABG computed with AC and BC from the same postoperative 
audiogram. . 
Dataa retrieved from speech audiometry were analysed with Matlab®. In all patients the pre-
andd postoperative speech reception threshold (SRT) could be derived as well as the maxi-
mumm speech discrimination score (MSDS). Furthermore, the pre- and postoperative maxi-
mumm slope and slope decay of the speech reception curve (SRC) were analysed, both 
expressedd in %/dB. The maximum slope is the maximum steepness of the curve in its 
ascendingg part. The slope decay is the average steepness of the curve in its descending part 
afterr it has reached maximum speech discrimination (Fig. 1). Phonemic regression is defined 
ass a slope decay > 0.5 %/dB. 
Forr statistical analysis nonparametric tests were used for independent variables (Graphpad 
Prism®).. The Wilcoxon signed rank test was performed for paired data, whereas the Mann-
Whitneyy test was used for unpaired data. Correlation analysis was done with the Spearman 
test.. Our criterion for statistical significance was set at p-values < 0.05 (two-tailed). 
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Fig.. 1. Analysis of maximum slope and slope decay of a speech reception curve (SRC). The maximum 
slopeslope represents the maximum steepness of the SRC in its ascending part and is expressed in %/dB. 
TheThe slope decay is the average steepness of the SRC in its descending part after it has obtained its 
maximummaximum speech discrimination score, and is also expressed in %/dB. 

RESULTS S 

Overalll  effects of stapes surgery upon speech reception 

Inn the whole group of patients the average SRT before surgery was 68.8 dB (SD  13.1 dB) 

whichh improved to 48.8 (SD  12.3 dB) after surgery. Ninety-six percent of the ears showed 

ann improvement in SRT. Figure 2 shows the change in SRT as a function of the change in AC 

forr the PTA at 0.5, 1, 2, and 4 kHz. The change in SRT correlates well with the change in AC 

forr this frequency combination (Spearman r = 0.89, p < 0.0001). 

Tablee 1 presents the number of ears with MSDS within certain categories before and after 

surgery.. Before operation there were 342 ears within the category 91-100 %, while 21 ears 

hadd a score of < 90 %. Analysis of the slopes of the preoperative AC for these 21 ears revealed 

thatt only 3 cases showed a rather steep pure-tone audiogram: two ears with an average audi-

ometricc slope > 20 dB/octave in the frequency range 0.5 - 8 kHz with a cut-off frequency of 1 

kHzz and one ear with an average slope decay > 10 dB/octave in the frequency range 0.5 - 8 

kHzz with a cut-off frequency of 0.5 kHz. The average preoperative AC threshold (PTA at 0.5, 

1,, 2, and 4 kHz) in the group of ears with a preoperative MSDS < 90 % differed highly signif-

icantt from the group of ears with MSDS > 90 % (Mann Whitney test, p < 0.0001): in the cat-

egoryy < 90 % MSDS the mean preoperative AC value was 71.3 dB (SD  15.5 dB) and in the 

categoryy 91-100 % MSDS it was 48.2 dB (SD  12.0 dB). Furthermore, also the difference in 

averagee BC values was highly significant (Mann Whitney test, p < 0.001) between these two 

categoriess with values of 34.1 dB (SD  10.1) and 21.1 dB (SD + 8.7 dB), respectively. The 
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threee ears with a preoperative MSDS < 80 % had AC values exceeding 90 dB (PTA at 0.5, 1, 2, 

andd 4 kHz), suggesting far advanced otosclerosis. The average age in the category 91-100 % 

MSDSS was 39.6 years (SD  10.5, range 12 - 67) and differed significantly (Mann Whitney 

test,, p < 0.01) from the average age in the category < 90 % SDS, which was 54.1 years (SD

12.8,, range 32-70). 

Afterr surgery there were 349 ears with a MSDS in the category 91-100 % and 14 ears in the 

categoryy < 90 % (Table 1). Overall, the average MSDS before surgery was 97.9 % (SD  4.5 

%)) which improved to 98.6 % (SD  4.2 %) after surgery. 

Thee effect of stapes surgery on the slope and slope decay of the SRCs was not significant. 

Beforee surgery the average slope was 6.0 %/dB (SD 5 %/dB) and it was 5.7 %/dB (SD

1.66 %/dB) after surgery. The average preoperative slope decay was 0.02 %/dB and impaired 

slightlyy after surgery to 0.09 %/dB. None of the ears showed preoperatively a regression 

(slopee decay > 0.5 %/dB), while 15 ears showed a regression of the SRC after surgery. No sig-

nificantt relations were found between the occurrence of postoperative phonemic regression 

andd either postoperative change in BC or age. 

x x 
CD D 
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Fig.. 2. Change in speech reception threshold (SRT) as a function of the change in air-conduction (AC) for 
thethe pure-tone average (PTA) at 0.5, 1, 2, and 4 kHz. The change in SRT correlates well with the 
changechange in AC for this frequency combination (Spearman r = 0.89, p < 0.0001) as is also shown by 
thethe regression line. 
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Fig.. 3. Preoperative (preop) and postoperative (postop) median speech reception curve for the 8 ears with 
aa decrease > 10 % in maximum speech discrimination score. 

Tablee 1. Number of ears categorised by maximum speech discrimination scores (MSDS) before and 
afterr surgery. 

Preoperativee MSDS (%) Postoperativee MSDS (%) 

91-100 0 81-90 0 71-80 0 < 7 0 0 

91-100 0 

81-90 0 

71-80 0 

< 7 0 0 

342 2 

18 8 

1 1 

2 2 

332 2 

15 5 

1 1 

1 1 

6 6 

2 2 

--

1 1 

2 2 

1 1 

--
_ _ 

Factorss involved when loss in discrimination occurred 

Becausee we were interested in identifying the patients who had postoperatively a MSDS that 

wass markedly lower compared to the preoperative percentage, we analysed the findings for 

thee 8 patients who had a reduction > 10 % in MSDS after surgery. Table 2 shows the age, gen-

der,, the pre-and postoperative MSDS, and the postoperative change in MSDS, AC and BC for 

thesee 8 patients. The mean age in this group of patients was 48.9 years and differs not signifi-

cantlyy from the rest of the population. The average loss in MSDS for this group of patients 

wass 20.1 % (SD  12.2 %). Figure 3 shows the median pre- and postoperative SRC for this 

groupp of patients. For each of the 8 ears, there were no significant changes in the pre- and 

postoperativee maximum slope of the SRCs and phonemic regression did not occur. 

Itt was found that before surgery a great variety existed in the AC and BC values (PTA at 0.5, 

1,, 2, and 4 kHz) in this group of patients. However, statistical analysis revealed that the aver-

agee preoperative AC and BC levels (PTA at 0.5, 1, 2, and 4 kHz) in this group of patients do 

nott significantly differ from the average levels in the rest of the population. The values were 

52.66 dB (SD  20.2 dB) and 24.1 dB (SD  14.0 dB), respectively. 
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Tablee 2. Patients with a postoperative reduction > 10 % in maximum speech discrimination score 
(MSDS). . 

Age e 
(years) ) 

57 7 

59 9 

36 6 

38 8 

30 0 

44 4 

65 5 

62 2 

Gender r 

Female e 

Female e 

Male e 

Female e 

Female e 

Male e 

Male e 

Female e 

Preopp MSDS 
(%) ) 
100 0 

100 0 

100 0 

100 0 

100 0 

96 6 

91 1 

100 0 

Postopp MSDS 
(%) ) 
67 7 

88 8 

53 3 

83 3 

90 0 

80 0 

79 9 

86 6 

AA MSDS 
(%) ) 
-33 3 

-12 2 

-47 7 

-17 7 

-10 0 

-16 6 

-12 2 

-14 4 

AA AC 
(dBB HL) 

5 5 

14 4 

-51 1 

3 3 

-4 4 

6 6 

31 1 

23 3 

ABC C 
(dBB HL) 

-23 3 

3 3 

-42 2 

-27 -27 

3 3 

-15 5 

2 2 

3 3 

AA MSDS = postoperative change in maximum speech discrimination score. 
AA AC = postoperative change in air-conduction calculated for thee PTA at 0.5,1, 2, and 4 kHz. 
AA BC = postoperative change in bone-conduction calculated for the PTA at 1, 2, and 4 kHz. 

Inn three ears a good improvement in AC was achieved (patient 2, 7, and 8; Table 2). The 
preoperativee BC curves in these ears were steep with a slope decay > 15 dB/octave in the 
frequencyy range 0.5 - 4 kHz (Fig. 4. B). Because of the good technical result with gap closure 
<< 10 dB, the AC thresholds in these ears turned into rather steep curves (Fig. 4. A). Patient 7 
andd 8 had an average slope decay > 10 dB/octave in the frequency range 0.5 - 8 kHz, while 
patientt 2 had an average slope decay > 20 dB/octave in the frequency range 1-8 kHz. In these 
threee ears the possible explanation of a reduction in MSDS could be in fact a masking effect 
off  the higher frequency elements of speech by low frequency elements, due to the increased 
steepnesss of the AC curves as mentioned in the Introduction. 
Inn 4 ears (patient 1, 3, 4, and 6; Table 2) SNHL occurred with a decrease in BC levell  > 10 dB 
inn the high-frequency PTA at 1, 2, and 4 kHz. The preoperative AC curves in these ears 
showedd a flat configuration which did not change after surgery (average slope decay < 10 dB/ 
octavee in the frequency range 0.5 - 8 kHz). In none of these cases closure of the ABG < 10 dB 
wass achieved and the operations performed in these cases can be considered as technical 
failuress without repair of transmission function but with the occurrence of cochlear damage. 
Inn one ear (patient 5; Table 2) it was not succeeded to restore transmission function, while no 
substantiall  change in the postoperative BC threshold was observed. However, MSDS showed 
aa reduction of 10 % after surgery for which we have no explanation. Test error could be a 
possibility. . 

Factorss involved when gain in discrimination occurred 
Theree were 13 ears (3.6 %) with an increase > 10 % in MSDS after surgery. For each of these 
patientss the age, gender, pre-and postoperative MSDS, as well as the change in MSDS, AC, 
andd BC are shown in Table 3. The average age in this group of patients was 52.2 years and was 
significantlyy higher compared to the population who showed no change in MSDS > 10 % 
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(Mannn Whitney test, p < 0.01). A Carhart effect, defined as an improvement in BC > 10 dB 
forr the PTA at 1, 2, and 4 kHz, was noticed in 7 ears (Table 3). Figure 5 shows the median 
pre-- and postoperative SRC for this group of patients. The mean improvement in MSDS for 
thiss group of patients was 14.5 % (SD  4.0 %). For each of the 13 ears, there were no 
significantt changes in the pre- and postoperative maximum slope of the SRCs and phonemic 
regressionn did not occur. 
Beforee surgery the average preoperative AC and BC thresholds (PTA at 0.5,1, 2, and 4 kHz) 
inn this group were 73.4 dB (SD  18.3) and 34.9 dB (SD  12.4), respectively. These values 
aree significantly worse than the average preoperative AC and BC thresholds in the rest of the 
populationn (Mann Whitney test, p < 0.0001 for AC; p < 0.01 for BC). Only one ear had an 
ACC threshold that was above the average threshold of the total population. 
Inn the group of 13 ears with improvement in MSDS > 10 % both the AC and BC levels (PTA 
0.5,1,, 2, and 4 kHz) improved significantly (Wilcoxon test, p < 0.0001 for AC, p < 0.001 for 
BC)) after surgery with values of 36.8 dB (SD  7.5) and 8.3 dB (SD  6.2), respectively. These 
valuess are also significantly larger compared to the average gain in AC and BC for the rest of 
thee population (Mann Whitney test, p < 0.0001 for AC, p < 0.01 for BC). 
Analysiss of the steepness of the pre- and postoperative BC and AC curves showed that before 
surgeryy 2 ears (patient 5 and 9; Table 3) had a steep BC curve with an average audiometric 
slopee > 15 dB/octave in the frequency range 0.5 - 4 kHz. After surgery, both ears showed an 
improvementt in BC for the PTA at 1, 2, and 4 kHz and the BC curves turned into rather flat 
curvess with average audiometric slopes not exceeding 10 dB/octave. In the whole group of 13 
earss none of the cases had an AC curve with an average slope decay > 15 dB/octave in the 
frequencyy range 0.5-8 kHz before and after surgery. 

DISCUSSION N 

Thee aim of this study is to evaluate the effect of stapes surgery on several parameters derived 
fromm speech audiometry in quiet. Therefore, the change in SRT, the slope of the SRC, the 
MSDSS and the presence of regression were analysed. We were especially interested in factors 
relatedd with the occurrence of a deterioration or improvement in speech discrimination after 
surgery. . 
Thee occurrence of a substantial decrease in speech discrimination after surgery is a serious 
matter.. Several factors can be related to a decrease in postoperative MSDS. One of the factors 
iss that after successful stapes surgery the steepness of the AC curve increases when 
preoperativelyy there exists a rather steep BC curve. This leads to a masking effect of the low 
frequencyy on the high frequency components of speech as already mentioned in the 
Introduction.. The amount of acoustic energy contained in the frequencies below 1 kHz is 
muchh greater than the energy contained in the frequencies above 1kHz for a speech signal at 
aa given decibel level. However, more of the key-information necessary for the understanding 
off  speech is contained in the frequencies above 1 kHz. 
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Fig.. 4. Preoperative (Preop) and postoperative (Postop) pure tone air-conduction thresholds (A) and 
bone-conductionbone-conduction thresholds (B) for 3 ears with postoperatively a good improvement in air-
conductiveconductive hearing but with a postoperative reduction > 10 % in speech discrimination score 
(SDS). (SDS). 
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Tablee 3. Patients with a postoperative improvement > 10 % in maximum speech discrimination score 
(MSDS). . 

Patientt nr. 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 

AA MSDS = 

Age e 
(years) ) 

49 9 

32 2 

70 0 

57 7 

56 6 

59 9 

50 0 

35 5 

68 8 

57 7 

37 7 

69 9 

40 0 

Gender r 

Male e 

Male e 

Female e 

Female e 

Female e 

Female e 

Female e 

Male e 

Female e 

Female e 

Female e 

Male e 

Male e 

Preopp MSDS 

(%) ) 
70 0 

83 3 

70 0 

83 3 

88 8 

82 2 

90 0 

88 8 

82 2 

83 3 

88 8 

90 0 

79 9 

Postopp MSDS 

(%) ) 
95 5 

100 0 

82 2 

100 0 

100 0 

100 0 

100 0 

100 0 

94 4 

100 0 

100 0 

100 0 

94 4 

AA MSDS 

(%) ) 
25 5 

17 7 

12 2 

17 7 

12 2 

18 8 

10 0 

12 2 

12 2 

17 7 

12 2 

10 0 

15 5 

postoperativee change i n m a x i m u m speech d iscr iminat ion score. 

AA AC 
(dBB HL) 

24 4 

35 5 

26 6 

51 1 

33 3 

33 3 

46 6 

40 0 

35 5 

44 4 

31 1 

38 8 

43 3 

ABC C 
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AA AC = postoperative change in air-conduction calculated for the PTA at 0.5, 1, 2, and 4 kHz. 
AA BC = postoperative change in bone-conduction calculated for the PTA at 1, 2, and 4 kHz. 
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Fig.. 5. Preoperative (preop) and postoperative (postop) median speech reception curve for the 13 ears with 
anan improvement's. 10 % in maximum speech discrimination score. 
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Thiss masking effect resulting in loss in speech discrimination has been studied by Huizing. 
Hee related the maximum speech discrimination obtained by speech audiometry in quiet to 
thee shape of the postoperative AC pure-tone thresholds of patients who had successful gap 
closuree after stapes surgery for otosclerosis. 
AA loss in speech discrimination was observed when the postoperative pure-tone audiogram 
showedd either an AC curve with a cut-off frequency of about 1 kHz and a slope that exceeded 
200 dB per octave, or an AC curve with a cut-off frequency of about 0.5 kHz and a slope that 
amountedd to 10 dB per octave or more. The loss in discrimination was more severe if the cut-
offf  frequencies were more in the range of 0.5 kHz and the slope showed a sharp decline. In 
thee same study, comparable results were found in young persons with normal hearing and 
otologicallyy normal ears in whom speech discrimination was established with high-
frequencyy filtered speech as a function of various combinations of cut-off frequencies and 
slopes.. The results of this study pretend to give a general indication as to when a post-
operativee speech discrimination loss is to be expected if stapes surgery increases the slope of 
thee audiogram. 

InIn another study, carried out by Owens et al.3, the speech discriminations obtained by speech 
audiometryy in quiet were also related to the postoperative AC configurations in patients with 
otosclerosiss who had gap closures <= 10 dB after stapes surgery. In this study it was found 
thatt loss in discrimination occurred when the postoperative AC curve showed a decline of > 
155 dB/octave. On the basis of the preoperative pure-tone audiogram several declines in BC 
weree defined which were typically associated with reductions in speech discrimination after 
surgery.. Owens et al.3 could identify a group of patients who were at risk for loss in speech 
discrimination.. These were patients 60 years of age or older, with a preoperative BC loss of 25 
dBB or more, and BC curves showing several defined declines in the frequency range 0.5 - 2 
kHz.. Although it was not mentioned in this study, the principle of the reduction in speech 
discriminationn in these patients were probably the same as described by Huizing.5 

InIn our population a masking effect was probably the reason for a reduction in speech 
discriminationn in three patients (Patients 2, 7, and 8; Table 2). Two of these patients were 
indeedd over 60 years of age and all three ears showed preoperatively rather steep BC curves 
withh slope decays > 15 dB/octave (Fig. 3. B). The preoperative AC thresholds had flat config-
urationss (Fig. 3.A) and each patient had a successful gap closure < 10 dB. Consequently, the 
ACC thresholds turned into rather steep curves with an average decline > 15 dB/ octave in the 
frequencyy range 0.5 - 8 kHz and it was found that all three patient had a loss in MSDS > 10 
%. . 

Thee question rises whether the loss in speech discrimination could be predicted from 
preoperativee pure-tone audiograms. In the above mentioned three patients we could 
retrospectivelyy presume that a loss in speech discrimination could occur when a good 
technicall  result was obtained without substantial change of the BC level. However, the slope 
off  the postoperative AC threshold is not always to be predicted from the preoperative BC 
thresholds,, even when technical success is achieved with ABG closure < 10 dB. The reason is 
thatt after surgery there is a chance that either a SNHL due to cochlear damage or a Carhart 
effectt occurs. A SNHL will mainly impair hearing in the higher frequencies and consequently 
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thee steepness of the AC curve will increase in most cases. The Carhart effect results in an 
improvementt of the BC and is most pronounced at 2 kHz in the majority of cases but can 
improvee the BC levels in the whole frequency range 0.5 - 4 kHz.13 Most of the patients in our 
studyy who improved in speech discrimination > 10 % showed a Carhart effect with a 
markedlyy improvement in BC for the PTA at 1,2, and 4 kHz (Table 3). We could identify two 
patientss (patient 5 and 11; Table 3) who had preoperatively rather steep BC curves with a 
decayy > 15 dB/octave. When the BC levels in these patients would not have changed after 
surgery,, this could lead to steep AC curves after surgery and consequendy a masking effect 
couldd occur with a possible reduction in MSDS. However, the BC levels in these two patients 
showedd a Carhart effect and BC curves turned into rather flat curves (average slope decay < 
100 dB/octave in the frequency range 0.5 - 4 kHz). Speech discrimination improved in both 
patientss and we presume this is possibly related to the good technical result with overclosure 
off  the ABG and a markedly improvement in air-conductive hearing. The improvement in 
speechh discrimination in these two ears demonstrates that either improvement or 
deteriorationn of speech discrimination can not always be predicted from the shapes of the 
preoperativee pure-tone thresholds. This is also supported by the finding that in the whole 
populationn of 386 ears we could identify 7 ears having BC curves with an average slope decay 
>> 15 dB/octave in the frequency range 0.5 - 2 kHz. Six of them had gap closure < 10 dB and 
showedd postoperatively an increase in the steepness of the AC curve (average decline > 10 dB 
inn the frequency range 0.5 - 8 kHz). Only three ears (patient 2, 7, and 8; Table 2) showed a 
reductionn in discrimination. The other 3 patients had a MSDS of 100 % which did not 
changee after surgery. Furthermore, in four cases (patient 1, 3, 4, and 6; Table 2) a reduction 
inn speech discrimination was found which was related to technical failure with cochlear 
damage. . 

Anotherr factor which plays a role in the reduction of speech discrimination is the absence of 
thee stapedial reflex when sectioning the stapedius tendon without reconstruction. An intact 
stapediall  reflex attenuates sound energy in the low frequency portion of the speech 
spectrum.. It therefore reduces the undesirable upward spread of masking of low frequency 
soundss and preserve the transmission of information with higher frequencies. The absence 
off  the stapedial reflex results in phonemic regression, also called "roll-over", and is best 
examinedd with speech audiometry in noise.10'12 However, the consequences of an absent 
stapediall  reflex have also been demonstrated clearly in patients with Bell's palsy and a 
paralysedd stapedius muscle using speech audiometry in quiet.15 The effects of an absent 
stapediuss reflex on speech discrimination have led to a change of the stapes surgery 
techniquee with reconstruction of the stapes tendon by several authors.9'10'16 

Inn this study we defined "phonemic regression" as a slope decay > 0.5 %/dB of the SRC after 
MSDSS has been obtained with increasing sound intensity. With this definition we found only 
155 ears (3.9 %) with regression after surgery, while none of the ears showed regression before 
thee operation. This low occurrence of postoperative regression is most likely due to the test 
circumstancess in quiet. Probably we would find a higher incidence of postoperative regres-
sionn when speech audiometry is done in noise. 
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CONCLUSIONS S 

Inn general, the overall results of primary surgery were good in the ears included in this study. 

Ann ABG closure < 10 dB was obtained in 76 %, while in 93 % it was closed to < 20 dB. On 

averagee the conductive hearing improved with 21.6 dB (SD  11.7 dB), and, as expected, the 

changee in AC threshold (PTA 0.5,1,2,4 kHz) correlates well with the change in the SRT (Fig. 

2)) which was also found in a previous study.17 Stapes surgery has littl e effect on the slope of 

thee SRC; no significant postoperative changes were found, neither in the general population 

norr in the group of ears with a either a deterioration or improvement in MSDS > 10 %. 

Fromm the results in this study it appears that we could not identify a group of patients who is 

att risk for loss in speech discrimination because it is not possible to predict the shape of the 

postoperativee pure-tone curves as either a Carhart effect or cochlear damage can occur. 

Severee SNHL (deterioration in bone conductive hearing > 10 dB) is often associated with 

discriminationn loss. On the other hand, when before surgery a loss in discrimination exists 

withh AC and BC levels showing markedly impaired hearing, there is a chance that speech 

discriminationn improves in those cases having a successful closure of the ABG and with an 

obviouss increase in bone conductive hearing due to the Carhart effect. 
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ABSTRACT T 

Thiss study reports the evaluation of the results of 80 stapedotomies in patients with bilateral 
otosclerosis.. All preoperative and postoperative audiologic data, together with all relevant 
informationn of the operations, were stored in a database and analysed retrospectively. A new 
approachh has been developed in order to evaluate the benefit of second ear stapes surgery in 
aa more disability-orientated way using the criteria of the American Medical Association 
(AMA)) in the Guides to the Evaluation of Permanent Impairment. In all patients the per-
centagee of Binaural Hearing Impairment (BHI) and the percentage of Impairment of the 
Wholee Person (IWP) were determined according to the AMA-criteria. In patients who had 
bothh operations at the Academic Medical Center it was found after the first operation that 
theree was an important decrease for the BHI-percentage (from 26% to 10%) as well as for the 
IWP-percentagee (from 9% to 4%). In addition, the percentages dropped significantly after 
thee second operation (from 11% to 7% and from 4% to 2%, respectively). During follow-up 
theree were no serious complications. It is concluded that bilateral stapedotomy is a safe pro-
ceduree with good results. 

INTRODUCTION N 

Theree is still controversy regarding the decision to perform bilateral stapes surgery in 
patientss with significant bilateral conductive hearing losses due to otosclerosis. There is, of 
course,, a risk of immediate or delayed sensorineural hearing loss (SNHL) which can, very 
rarely,, be bilateral. This problem can occur even many years after the operation. The policy of 
thee Academic Medical Center is to offer a second operation on the contralateral side to 
patientss who had a good result after the first stapes operation without any specific technical 
problems.. Patients are fully counselled about the potential risks of bilateral surgery. 
Usuallyy the surgical success has been described with reference to the improvement in air-
conductionn (AC) thresholds, closure of the air-bone gap (ABG) and achieving socially 
acceptablee hearing in the operated ear. It is well recognised that the patient's disability is 
mainlyy determined by the hearing thresholds in the better hearing ear. However, thee patient's 
disabilityy is also influenced in a positive way by an improvement of the hearing in the poorer 
hearingg ear after a second stapes operation. To gain a better understanding of the benefits of 
aa second stapes operation the authors determined the percentage of Binaural Hearing 
Impairmentt (BHI) and the percentage Impairment of the Whole Person (IWP) according to 
thee international AMA-criteria1 in order to study the impairment of binaural hearing and 
thee degree of disability caused by the hearing loss before and after stapes surgery. In this way 
thee authors hope to achieve a more disability-orientated method to evaluate the benefit of 
secondd side surgery. 
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SUBJECTSS AND METHODS 

Fromm 1983 to 1996 80 operations were performed in 44 patients with bilateral otosclerosis at 
thee Academic Medical Center by the second author. Of these 44 patients, 8 had their first 
stapess operation at another hospital. All clinical information from these first operations was 
traced.. The patient group consisted of 17 men and 27 women with a median age of 33 years 
(rangee 12-65) at the time of their first operation. The surgical approach to the middle ear was 
inn all cases transcanal. In all cases the micro-pick technique described by Marquet2 was used 
too create a small fenestra in the stapes footplate. During the operation the clinical 
otosclerosiss grade was estimated by the surgeon (according to the grade system of M. 
Portmannn & Y. Guerrier3) and a choice was made of different prostheses depending on the 
anatomicall  situation and grade of otosclerosis. Oral antibiotic prophylaxis was given during 
surgeryy to all patients. 
Conventionall  air-bone pure tone and speech audiometry was performed before every opera-
tionn and 2 to 3 months after the operation in all patients who underwent surgery in our hos-
pital.. In some patients additional audiological data were available 12 months or more after 
thee second operation. All audiograms were performed by classified personnel according to 
thee ISO 1975 standard. 
Inn order to analyse the percentage BHI according to the Guides to the Evaluation of 
Permanentt Impairment1 a modification was applied to determine the "Decibel Sum of the 
Hearingg thresholds Levels (DSHL)". Originally the DSHL was determined by totalling the 
decibell  hearing levels at the following frequencies: 0.5, 1, 2 and 3 kHz. Because the AC 
thresholdd at 3 kHz is not routinely measured in The Netherlands, we interpolated between 2 
kHzz and 4 kHz. In this way the MDSHL (Modified DSHL) was determined by totalling the 
ACC thresholds at 0.5, 1,2 and the mean thresholds at 2 and 4 kHz. The same guide lines from 
thee AMA were used to determine the percentage of monaural hearing loss. To determine the 
percentagee BHI the following formula was used: 

binaurall  hearing loss (%) = 
((( 5 x % hearing loss better ear) + % hearing loss worse ear) / 6. 

Accordingg to the AMA-criteria the IWP index can be derived as different categories of 
percentagee of BHI are corresponding to a certain percentage of IWP. In this way an 
impairmentt percentage is intended to represent an informed estimate of the degree to which 
ann individual's capacity to carry out daily activities has been diminished. 
Alll  data were stored into a database (Microsoft Access*). These data, together with the 
audiologicall  data, were further analysed using a spreadsheet program (Microsoft Excel*). 
Forr statistical analysis the Student Mest for independent variables was used as well as analysis 
off  variance tests. All tests carried out were two-tailed. P-values of less than 0,05 were 
consideredd as statistically significant. 
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RESULTS S 

Forr analysis of the results the patient population was divided into two cohorts of patients: (1) 
groupp A: those who had both operations at the Academic Medical Center (n = 36); and (2) 
groupp B: those who had the first operation in another clinic but the second operation in our 
institutionn (n=8). 
Tablee 1 shows the data regarding the number of right and left ears, the degree of otosclerosis, 
thee type of prosthesis that has been used, and the mean, minimum, and maximum duration 
off  follow-up in months. The mean time between the operation on the first side and the 
secondd side was 27 months (range 7-123) in group A and 34 months (range 11-96) in group 
B.. In group A there were five revision operations in patients who had the first operation 
elsewhere.. Of these five patients three had a poorly fitting prosthesis and this had to be 
replacedd by a new prosthesis. In one patient who was operated elsewhere the attempt to 
insertt a prosthesis was not successful because of a protruding facial nerve. In another patient 
aa mobilisation of the incus/stapes joint was performed without inserting a prosthesis. In 
bothh these patients a prosthesis could be placed successfully. In group B there were two 
patientss who had an operation on both ears elsewhere. In one of these two patients a 
dislocationn was found of the prosthesis in one of the ears, while in another patient a 
prosthesiss could not be placed because of unknown technical reasons. A new prosthesis was 
alsoo placed successfully in these two patients. 

Tablee 1. Data of patient population. 

Affectedd side 
Leftt ear 
Rightt ear 

Degreee of otosclerosis 

Gradee 1 
Gradee 2 
Gradee 3 
Gradee 4 
Unknown n 

Typee prosthesis 
Teflonn loop 0.4 mm 
Teflonn loop 0.3 mm 
Teflonn loop 0,6 mm 
K-piston n 

Sheaa cup small 

Follow-upp in months 
Mean n 
Minimum m 
Maximum m 

Firstt side* 
{nn = 36) 

20 0 
16 6 

7 7 
12 2 
14 4 
1 1 
2 2 

25 5 
4 4 
3 3 
1 1 

3 3 

52 2 
15 5 

147 7 

Secondd side* 

(nn = 36) 

16 6 
20 0 

5 5 
17 7 

13 3 
1 1 

--

25 5 
3 3 

--
8 8 

--

28 8 
6 6 

99 9 

Secondd sid 

(nn = 8) 

3 3 
5 5 

--
4 4 
3 3 

--
1 1 

3 3 
2 2 

--
3 3 

--

34 4 

6 6 
63 3 

**  = Group A patients (who had both operations at our institution; **  = Group B patients (who had 
theirr first operation elsewhere). 
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Inn the group of patients who had both operations in our clinic (group A) the state of 
otosclerosiss was known for both operations. There were no clear differences in the grade of 
otosclerosiss between the first and the second operation. First operation: average grade 2,26; 
SDD 0,8; second operation: average grade 2,27; SD 0,7 (grade 2: small focus of ankylosis; grade 
3:: large focus of ankylosis, > 50% of footplate). 
Off  all the evaluated patients it was necessary to perform revision surgery 7 months after the 
operationn on the second side in one patient from group A because of persistent conductive 
hearingg loss which occurred 5 months after operation. During the revision operation there 
wass a dislocation of a golden K-piston which apparently was bent due to many adhesions in 
ann ear with active otosclerosis. A 0,4 mm Teflon piston was placed successfully and this 
resultedd in a clear improvement in hearing. During evaluation of the audiological data for 
thiss patient only the pre- and postoperative audiograms from the second operation in which 
aa golden K-piston was placed were taken into account and not the pre- and postoperative 
audiogramss of the revision operation. 

 group A, first side 

 group A, second side 

 group B, second side 

pree op postt op >11 year 

Fig.. 1. Mean air-conduction thresholds at frequencies 0.5, 1, and 2 kHz (PTA) preoperatively and 
postoperativelypostoperatively and more than I year after stapedotomy. 

Forr evaluation of the audiological data the hearing losses were averaged. In patients from 
groupp B, who had their first operation elsewhere, the pre- and postoperative audiograms 
weree not complete. All patients in group A had an audiogram more than 1 year after the 
operationn on the first side (often this was the preoperative audiogram of the operation on the 
secondd side), while in 11 patients audiological data were present more than 1 year after the 
operationn on the second side. The mean time of these audiograms after the first and second 
operationn in group A was 38 months (range 12-144) and 21 months (range 12-82), 
respectively.. In group B there were 6 patients whose audiological data was available more 
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thann 1 year after the operation on the second side. The mean time of these audiograms after 
thee second operation was 23 months (range 14-63). 
Figuree 1 gives the results of the mean AC thresholds at 0.5, 1 and 2 kHz (PTA) pre- and 
postoperativelyy and at least 1 year after the operation on the second side. There was no 
seriouss SNHL (dead ear) in either group A or group B and there was no decline in speech 
discrimination.. However, in one of the patients in group A, there was a SNHL of 25 dB 
directlyy after the revision operation. Postoperatively the ABG was closed from 42 to 5 dB and 
thee mean AC thresholds at 0.5, 1, and 2 kHz (PTA) in this patient improved from 55 to 42 
dB.. No patients suffered from persistent vertigo. 

Tablee 2 shows the results with regard to the ABG closure. In group A a closed ABG (conduc-
tivee component of less than 10 dB) was achieved in 86,1% (31/36) after the first operation 
andd in 80,5% (29/36) after the second operation. In group B this result was achieved in 
62,5%% (5/8). After more than 1 year of follow-up a closed ABG was retained in 83,3% (30/36) 
afterr the first operation and in 72,7% (8/11) after the second operation in group A, while in 
groupp B this was in 66,6% (4/6). 
Afterr the first operation 80,5% of patients (29/36) had normal hearing (defined as mean AC 
thresholdss at the frequencies 0.5, 1, and 2 kHz of < 30 dB) on the operated side, and after the 
secondd operation this was also true of 80,5% (29/36) in the contralateral ear in group A. 
Afterr bilateral stapedotomy socially acceptable hearing in both ears was achieved in 75% (27/ 
36)) of the patients in group A. In group B, 87,5% (7/8) had normal hearing after the opera-
tionn on the second side, while 75% (6/8) had socially acceptable on both sides. 

Tablee 2. Pre- and postoperative air-bone gap after the operations on the first and second side. 

Air-bone e 
gapp (dB) 

0-10 0 

11-20 0 

21-30 0 

31-40 0 

41-50 0 

51-60 0 

pre e 
(n=36) ) 

--
4 4 

14 4 

12 2 

5 5 

1 1 

Firstt side* 

post t 
(n=36) ) 

31 1 

4 4 

1 1 

--
--
--

>11 year 
(n=36) ) 

30 0 

6 6 

--
--
--
--

pre e 
(n=36) ) 

--
7 7 

13 3 

10 0 

6 6 

--

Secondd side* 

post t 
(n=36) ) 

29 9 

6 6 

1 1 

--
--
--

>11 year 
(n=11) ) 

8 8 

3 3 

--
--
--
--

Secondd side** 

pre e 
(n=8) ) 

--
--
4 4 

2 2 

1 1 

1 1 

postt >1 year 
(n=8)) (n=6) 

55 4 

33 2 

--
--
--
--

== Group A patients (who had both operations at our institution); **  = Group B patients (who had 
theirr first operation elsewhere). 

Inn all patients the percentage BHI and the percentage IWP according to the AMA criteria 
couldd be determined before and after the operation. Figure 2 shows the reduction of the 
meann percentages of BHI and IWP at different times during follow-up. There was an obvious 
reductionn in both BHI and IWP after the first operation in group A (from 26% to 10% and 
fromm 9% to 3%, respectively). These differences were highly significant (p < 0,001 for BHI 
andd p < 0,01 for IWP; 2-tailed Student f-test). Between the first and second operations the 
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BHII  and IWP increased slightly (differences were not significant). After the second operation 

theree was a further decline in both BHI and IWP (from 11% to 5% and from 4% to 2%, 

respectively).. These differences were also significant for both parameters (p < 0,05). The 

samee percentages increased slightly at the time of audiometry more than 12 months after the 

secondd operation in group A (differences not significant). Also in group B there was a clear 

reductionn of both BHI and IWP after the second operation (from 17% to 9% and from 6% to 

3%,, respectively). These differences were, however, not significant. 

<D D 

3 3 !z !z 
a> a> 
o o 
V _ _ 

01 1 
Q. . 

* —— group A BHI 

-- - - group A IWP 

-AA group B BHI 

A-- - - group B IWP 

pree op 1 postt op 1 pree op 2 

Follow-up p 

postt op 2 >11 year 

Fig.. 2. Percentages Binaural Hearing Impairment (BHI) and Impairment of the Whole Person (IWP) 
accordingaccording to the AMA criteria. 
******  = p < 0,001; **=ƒ> < 0,01; * = p < 0,05 (two-tailed Student t-test). 

DISCUSSION N 

Itt is important that the surgeon be aware of his individual results so that he can obtain truly 

informedd consent to the patient especially when he considers a procedure in which serious 

complicationss can occur. The purpose of this study was the evaluation of the results in 

patientss after bilateral stapes surgery. On both sides there was an obvious hearing improve-

mentt in every frequency except 8000 Hz. This improvement of the hearing was also meas-

uredd greater than one year postoperatively for the same frequencies in both ears. 

Whetherr one should offer a second operation to patients with bilateral otosclerosis remains a 

pointt of discussion. There is a risk of immediate or delayed SNHL, which in the case of 

bilaterall  surgery can occur at both sides. Vestibular damage can also occur with permanent 

losss of balance. The advantages of bilateral stapes surgery, if it is successful, are the 

improvementt of binaural hearing and consequently the ability to localise the direction from 

whichh sound is coming. Different publications on this subject are in favour of7'11'12 or 
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againstt ' the policy of performing a second stapes operation. Zeittoun et al.4 established by a 
questionnairee that 41 % of British consultants perform bilateral stapes operations, while 58% 
doo not. Many surgeons, especially those who do not specialise in the surgical treatment of 
otosclerosis,, feel that the patient should be allowed the safeguard of being able to wear a 
hearingg aid in the second ear if necessary.10 

Sociallyy acceptable hearing after stapes surgery depends of course on the preoperative 
cochlearr hearing loss which can be severe in otosclerosis. It is therefore clear that in these 
casess of severe cochlear hearing loss even a technically perfect operation can appear 
unimpressivee in outcome. Nevertheless 75% of our patients achieved socially acceptable 
hearingg in both operated ears. This means that these patients have more symmetrical hearing 
whichh also improves the directional hearing ability. Porter et al.12 described in a series of 
bilaterall  operated patients in whom 35% had a BC threshold above 30 dB which resulted in 
65%% socially acceptable hearing in both operated ears. These patients achieved a so-called 
categoryy "a" result according to the criteria of the Glasgow Benefit Plot (category "a" result 
meanss socially acceptable hearing defined as an AC threshold of < 30 dB in both ears). 
Thee AMA-criteria are widely used by law in worker's compensation cases. The growing 
emphasiss on worker's compensation claims and litigation makes it important to use more 
objectivee criteria to establish the degree of impairment. Disability in this way is defined as an 
alterationn of an individual's capacity to meet personal, social or occupational demands 
becausee of an impairment of a human organ system. Even though rating or estimating 
impairmentss cannot be totally objective, use of the "Guides to the Evaluation of Permanent 
Impairment""  from the AMA increases objectivity and enables physicians to evaluate and 
reportt medical impairment in a standardised manner, so that reports from different 
observerss are more likely to be comparable in content and completeness. 
Thee BHI and the degree of disability due to the hearing loss (IWP) declined significantly 
afterr the first operation in patients who had both operations in our hospital. The benefit of a 
secondd stapes operation appears from a further statistical significant decline of both the BHI 
andd the degree of disability. Because it was not possible to determine the DSHL in all patients 
aa modified DSHL (MDSHL) was calculated as an alternative by taking the mean AC thresh-
oldss at the frequencies 2000 and 4000 Hz in to account instead of the threshold at 3000 Hz. 
Theree were no statistical differences (2 tailed Student-t test) if the AC threshold at 4000 Hz 
hadd been taken into account to determine the MDSHL in stead of the mean thresholds at 
20000 and 4000 Hz at any measured point during follow-up in figure 2. Our approach of data 
analysiss is a useful method to gain a better impression of the patients benefit after such a pro-
ceduree of bilateral surgery. 

Duringg the follow-up period it was necessary to do revision surgery in one patient out of a 
totall  of eighty operations and it appeared that there was a dislocated prosthesis which had to 
bee replaced (see results). During the same follow-up period there were no perilymph fistulas 
orr serious SNHL (dead ears). 
Thee results from this study justify our policy of offering a second operation to patients with 
bilaterall  otosclerosis. It appears that this procedure improves the chance of achieving nor-
mall  and symmetrical hearing and that patients who had a good result from the first opera-
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tionn almost always may expect a good result from their second operation. An important 

factorr in achieving good results is extensive surgical experience in performing stapes surgery 

andd therefore we think that some centralisation of these operations is appropriate. 

REFERENCES S 

1.. American Medical Association. Ear, nose, throat and related structures. In: Doege ThC, Houston 
TP,, eds. Guides to the Evaluation of Permanent Impairment. 4th ed. Chicago: AMA, 1993:223-
234. 234. 

2.. Marquet JFE. Technique of stapedotomy. In: Filipo R, ed. Otosclerosis. Amsterdam: Kugler & 
Ghedini,, 1990:83-87. 

3.. Portmann M, Guerrier Y. Traite de Technique Chirurgicale. ORL et Cervico-Faciale 1975:108-109. 
4.. Zeitoun H, Porter MJ, Brooks JB. Current practice of stapedectomy in Great Britain. Clin 

Otolaryngoll  1993;18:392-395. 
5.. Causse J, Causse JB. Eighteen-year report on stapedectomy. I. Problems of stapedial fixation. Clin 

Otolaryngoll  1980;5:49-59. 
6.. Sergeant RJ, Wadsworth PV. Second ear stapedectomy. J R Soc Med 1980;73:505-507. 
7.. Brookler KH. Otosclerosis: Reassessment of its value in 1978. Laryngoscope 1979;89:725-729. 
8.. Ludman H, Grant H. The case against bilateral stapedectomy and problems of post-operative fol-

low-upp from the King's College Hospital series. J Laryngol Otol 1976;87:833-843. 
9.. Hammond V. The indications for stapedectomy. J Laryngol Otol 1976;90:23-29. 
10.. Smyth GDL. Otosclerosis. In: Kerr AG, ed. Scott-Brown's Otolaryngology. 6th ed. London: But-

tersworth,, 1997: 3/14/1-3/14/35. 
11.. Somers T, Govaerts PJ, Marquet T, Offeciers FE. Statistical analysis of otosclerosis surgery per-

formedd by Jean Marquet. Ann Otol Rhinol Laryngol 1994;103:945-951. 
12.. Porter MJ, Zeitoun H, Brookes GB. The Glasgow benefit plot used to assess the effect of bilateral 

stapedectomy.. Clin Otolaryngol 1995;20:68-71. 

101 1 





Chapterr  8 

Evaluationn of Second-Ear  Stapedotomy with the 
Glasgoww Benefit Plot. 

A.J.G.. de Bruijn 
R.A.. Tange 

W.A.. Dreschler 

JournalJournal for Oto-Rhino-Laryngology and Its Related Specialities 1999;61;92-97 



Chapterr 8 

ABSTRACT T 

Thiss study reports the evaluation of the results after 72 stapedotomies in patients with 
bilaterall  otosclerosis. All pre- and postoperative audiological data, together with all relevant 
informationn of the operations, were stored in a data base and analysed retrospectively. The 
Glasgoww Benefit Plot is a useful method to evaluate the hearing results of each individual ear 
afterr stapes surgery in a more functional way rather than from a technical standpoint. 
Therefore,, it has been used to assess the benefit obtained after second-ear stapedotomy. From 
thee results it appears that a second operation on the contralateral side increases the chances 
off  achieving at least one "normal"-hearing ear, and it makes symmetrical "normal" hearing 
possiblee in the majority of the cases. 

INTRODUCTION N 

Thee decision to perform second-ear stapes surgery in patients with significant bilateral con-
ductivee hearing losses due to otosclerosis is still controversial. There is a risk of immediate or 
delayedd sensorineural hearing loss (SNHL), and patients operated on both sides are exposed 
too the risk twice. The policy of our institution is to offer a second operation on the contralat-
erall  side to patients who had a good result after the first stapes operation without any specific 
technicall  problems which might increase the risk of immediate or delayed complications. 
Patientss are fully counselled about the potential risks of bilateral surgery. 
Mostt often evaluations of the hearing results after stapes surgery have been described with 
referencee to improvement in air-conduction (AC) thresholds, closure of air-bone gap (ABG) 
andd achieving socially acceptable hearing in the operated ear. These methods are relevant in 
thatt they assess the technical success of the operation, but they do not take account of the 
hearingg in the contralateral ear and, therefore, do not necessarily assess the functional benefit 
thee patient obtains from the surgical procedure. 

Recently,, de Bruijn et al.1 have published a more disability-oriented method of evaluating the 
benefitss of second-side stapes surgery using American Medical Association-criteria. It was 
shownn that the percentage of binaural hearing impairment and the percentage of 
impairmentt of the whole person declined significantly after the first-ear operation. The 
benefitt of a second-ear stapes operation appeared from a further statistically significant 
declinee of both the binaural hearing impairment and the degree of disability. 
Thee reported results in the above-mentioned study were mean values of several audiological 
parameterss including binaural hearing impairment and impairment of the whole person. It 
is,, however, also illustrative to report the hearing results of each individual ear after the first-
andd second-side surgery. Browning et al.3 introduced in 1991 the Glasgow Benefit Plot 
(GBP)) which provides an analysis of hearing results of each ear separately. This method takes 
alsoo the hearing in the nonoperated ear into consideration which makes it a useful 
instrumentt for assessing functional benefit a patient can achieve after surgery. 
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Thee aim of this study was to obtain impression of the benefit of second-ear stapedotomy of 
eachh individual ear by plotting the AC thresholds of each patient after their first-ear and next 
afterr their second-ear stapes operation according to the criteria of the GBR 

PATIENTSS AND METHODS 

Forr this retrospective study, all important data from 72 operations in 36 patients were stored 
inn a data base. We took the same patients into account as previously reported1 who had both 
operationss in our hospital. All these patients were operated by the second author. The patient 
groupp consisted of 14 men and 22 women with a median age of 34 (range 12 - 65 ) years at 
thee time of their first-ear operation. The surgical approach to the middle ear was in all cases 
transcanal.. In all cases the micro-pick technique described by Marquet4 was used to create a 
smalll  fenestra in the stapes footplate. 
Conventionall  pure-tone audiograms were available before every operation and 2-3 months 
afterr the operation in all patients. All audiograms were performed by qualified personnel 
accordingg to the ISO 1975 standard. From the audiograms the mean AC thresholds were 
takenn over 0.5, 1 and 2 kHz. Also the mean bone-conduction (BC) thresholds over the same 
frequenciess were calculated. 
Inn our study we used the GBP as described in 1997.5 In this plot the vertical axis represents 
thee mean AC threshold in the ear to be operated on, and the horizontal axis represents the 
meann AC threshold in the nonoperated ear (Fig. 1). Thus for each patient there is a vector 
joiningg the pre- and postoperative co-ordinates. "Normal hearing" has been defined as an 
ACC threshold of < 30 dB, and for the GBP this definition is represented graphically by the 
verticall  and horizontal lines. "Symmetrical hearing" has been defined as an intra-aural 
differencee in AC of < 20 dB, and the two diagonal lines in the GBP enclose the area within 
whichh the hearing is regarded as symmetric. 
Thee concept of the GBP is to group patients into different pre- and postoperative categories, 
ass the potential benefits from stapes surgery are not the same in each group. Browning dis-
tinguishess six categories: category 1: bilateral "normal" hearing; categories 2 and 3: unilateral 
"normal""  hearing; categories 4 and 6: bilateral hearing impairment with asymmetric thresh-
olds;; category 5: bilateral hearing impairment with symmetric thresholds. 
Figuree 2 illustrates the seven different audiometric changes of categories after surgery. To 
preventt overcrowded and unclear plots, we choose to make a plot for each category after the 
firstt operation and next to make a second plot to evaluate to what postoperative categories 
thee hearing of the same patients changed after the operation at the second side. 
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RESULTS S 

Inn reporting our data, the starting point is the hearing level prior to the operation at the first 
side,, and we could group patients either into category 6,5, or 4. From each category the pre-
andd postoperative hearing thresholds after the first and second operation are shown in fig-
uress 3-5, respectively.. Table 1 shows the results with regard to the number of patients in each 
preoperativee category prior to the first-ear operation against the number of patients who 
changedd into each potential postoperative category after the first- and second-ear operation. 
Thee mean time between the operation at the first side and the second side was 27 (range 7-
123)) months. There were 5 cases of revision surgery in patients who already had a stapes 
operationn before in another hospital. These are patient "7" in figure 3, patients "1" "14" and 
"17""  in figure 4 and patient "4" in figure 5; all these patients had revision surgery on the side 
operatedd first. 
Off  the twelve patients in preoperative category 6, ten patients changed into category 3 after 
thee operation on the first side (Fig. 3a). Bilateral "normal" hearing (category 1) was achieved 
inn nine patients after the second-ear operation (Fig. 3b). The mean hearing improvement in 
alll  twelve patients was 35.7 dB (SD  9.5) after the first-ear operation and 21.0 dB (SD  6.8) 
afterr the second-ear operation. 
Beforee the first-ear operation, there were twenty patients in category 5 with bilaterally 
impairedd but symmetrical thresholds, and sixteen patients changed into category 3 after first-
sidee surgery (Fig. 4a). Eventually fifteen patients achieved a category 1 result after their sec-
ond-sidee operation (Fig. 4b). The mean gain in hearing was 28.0 dB (SD  13.4) after the 
first-sidefirst-side and 27.3 dB (SD  10.3) after the second-side operation in all twenty patients. 
Fourr patients were grouped in category 4 who had their first operation at the best-hearing 
ear.. After the operation on the first side three patients changed into category 3 (Fig. 5a), and 
thee same three patients obtained bilateral "normal" hearing levels after second-ear surgery 
(Fig.. 5b). The hearing improved with 24.5 dB (SD  5.4) after the first-ear operation and 
withh 39.0 dB (SD  9.4) after the second-earr operation. 
Patientt "12" in figure 3, patients "18" and "20" in figure 4 and patient "4" in figure 5 are 
patientss who had mixed impairments with BC thresholds >30 dB, and it was, therefore, not 
possiblee to achieve socially acceptable hearing without overclosure of the ABG. All of these 
patientss had a closure of the ABG within 10 dB both in the first and second operated ear. 
Patientt "17" in figure 4 had a SNHL of 25 dB directly after the operation on the first side. 
Thiss patient had been operated before on this side in another hospital and was considered for 
revisionn surgery because of a poorly fitting prosthesis. Postoperatively the ABG was reduced 
fromfrom 42 to 5 dB, while the mean AC thresholds at 500, 1000 and 2000 Hz (PTA) in this 
patientt improved from 55 to 42 dB. In our series there were no other patients with SNHL 
exceedingg 10 dB. None of the patients complained of persistent vertigo. 
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Fig.. 3. Pre- ) and postoperative ) AC thresholds for every patient grouped into preoperative category 
66 before first-side surgery. Each patient is indicated by an Arabic numeral. A, Results after 
stapedotomystapedotomy on the first side. B, Results after stapedotomy on the second side. 
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Fig.. 4. Pre- ) and postoperative (A) AC thresholds for every patient grouped into preoperative category 
55 before first-side surgery. Each patient is indicated by an Arabic numeral. A, Results after 
stapedotomystapedotomy on the first side. B, Results after stapedotomy on the second side. 
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Tablee 1. Number of patients in each preoperative category against the number of patients who changed 
intoo each potential postoperative category after operation on the first and second side. 

Pre--
operative e 
Category y 

6 6 

5 5 

4 4 

No.. of 
Patients s 

12 2 

20 0 

4 4 

Firstt Side 

11 2 3 

10 0 

16 6 

3 3 

Postoperative e 

44 5 

11 1 

4 4 

1 1 

Category y 

Secondd Side 

1 22 3 4 5 

9 - 1 - 2 2 

155 1 1 1 2 

33 - - - 1 

DISCUSSION N 

Otosclerosiss is characterised by a slowly progressive hearing loss which initially affects one 
ear,, but later affects both ears in most patients. Nowadays stapes surgery has established its 
positionn as the primary treatment of conductive hearing losses in otosclerosis. The patient 
whoo has had a successful stapes surgery with hearing improvement on one side will often ask 
thee surgeon to perform an operation in the second ear. The low risk of delayed SNHL after 
stapedotomyy appears to support the policy of performing a second-ear operation for 
optimumm auditory rehabilitation. 
Conventionally,, the results of stapes surgery are reported in terms of improvement in AC 
thresholdss and postoperative closure of the ABG. These methods are appropriate for the 
purposee of assessing the surgical success. It is, however, also important to be aware of the 
benefitt a patient will obtain after stapes surgery, especially when considering second-ear sur-
gery.. In this respect the GBP can be a useful instrument because it allows a prediction of the 
potentiall  functional gain a patient will obtain from surgery. In doing so, it is important to 
establishh the preoperative category of every patient because the benefit will be different for 
eachh category. The maximal feasible result can be derived from the preoperatively measured 
BCC threshold in the ear to be operated on. Thus, it is possible to predict into which postoper-
ativee category the patient will change after a technically successful operation. 
Itt was originally stated that if an ear shows sensorineural hearing with a threshold above the 
"normal""  border of 30 dB, it is questionable whether an operation should be performed in 
suchh a case. This certainly applies to patients who have normal hearing in the first operated 
earr and who are under consideration for a second operation in an ear with a BC threshold of 
>300 dB. The hearing would stay impaired in the second operated ear, possibly necessitating a 
hearingg aid. On the other hand, it is known that stapes surgery can substantially improve the 
BCC threshold due to the Carhart effect11, and in these cases an overclosure can be achieved 
resultingg in "normal" hearing. 
Becausee the GBP is a valuable method to evaluate the benefit a patient derives from stapes 
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surgery,, we used this method for our bilaterally operated patients to judge if it was worth-
whilee to perform second-ear surgery, and consequently expose patients to potential surgical 
riskss for a second time as mentioned in the Introduction. 
Afterr the operation on the first side 80.5 % (29/36) changed to category 3 and had "normal" 
hearingg in the operated ear. Prior to second-ear surgery, these patients were grouped into 
preoperativee category 2, and in only one patient (indicated as patient "10" in figure 4) it was 
nott succeeded to achieve bilaterally "normal" hearing. Postoperatively this patient had an AC 
thresholdd of 32 dB in the second operated ear, while the ABG was closed to within 10 dB. The 
hearingg was practically symmetrical in this patient, and he was not dependent on a hearing 
aid.. In the total group of patients, "normal" hearing in both ears was achieved in 75 % (27/ 
36)) after bilateral surgery. Of the bilaterally operated patients reported by Porter et al.12, 35 
%% had a BC threshold above 30 dB, and eventually 65 % achieved "normal" hearing. Also in 
thiss study the GBP was used to assess the benefit of bilateral stapes surgery. 
Itt is important to realise that a good result in the opinion of the surgeon with regard to 
benefitt is not always a good result in view of the patient, as Browning5 has shown in his 
recentt study. In this study the opinion of the patient about benefit was compared with that of 
thee surgeon after unilateral surgical procedures with the aim to improve hearing. It was 
foundd that patient's benefit is related to the magnitude of improvement in the AC threshold, 
andd in addition the preoperative category was more important than the achievement of 
"normal""  hearing with a threshold of <30 dB. Consequently, Browning5 adjusted the GBP by 
removingg the horizontal 30-dBHL line and retaining the vertical 30-dBHL line for 
preoperativee categorisation purposes. 

Anotherr finding of Browning's study was that in the patients' opinion benefit after unilateral 
surgeryy is twice as great in those with bilateral hearing impairment as those with unilateral 
hearingg impairment, provided that the operated ear is made the better hearing ear. This sug-
gestss that in our series the majority of the bilaterally operated patients experienced more 
benefitt from their first-ear operation than from their second-ear operation. The GBP keeps 
hiss value especially for identifying bilaterally impaired patients in whom it is not possible to 
makee the operated ear the better-hearing ear because the preoperative BC thresholds are no 
betterr than the AC thresholds in the nonoperated ear. In our series we had a patient (indi-
catedd as patient "12" in figure 3) who had a category 5 result after the first-side operation; the 
hearingg in the operated ear was not substantially improved in comparison with the contralat-
erall  ear, although the ABG was reduced to <10 dB. Also a second-ear stapedotomy in this 
patientt was less beneficial. There was a technical good result of the operation (ABG closure 
withinn 10 dB), but this patient remained in category 5. In retrospective, it is questionable 
whetherr it was worthwhile to perform a second-ear stapedotomy in this patient. 
Inn our opinion, it is important to relate improvement of hearing after stapes surgery to the 
possibilitiess of hearing aid fitting, as the latter can profit from the gain in sensitivity due to 
stapedotomy.. Postoperatively, we can use less powerful hearing aids (e.g. in-the-ear aids), 
andd the problems of acoustical feedback will be reduced. In the case of patient "20" in figure 
44 a technically successful second ear stapedotomy (the ABG was closed to within 10 dB) had 
changedd this patient into postoperative category 5. So, in this situation stereophonic fitting 
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off  hearing aids is possible, and we may expect that this wil l result in improved hearing in 

backgroundd noise and less hindrance of reverberation. A second-ear stapedotomy in the case 

off  patient "12" in figure 3 was also less beneficial with regard to hearing rehabilitation, 

becausee this patient remained in postoperative category 5 which indicates not a substantial 

improvementt of stereophonic fitting of hearing aids. 

Thee functional benefit of stapes surgery is more complicated than we initiall y thought of, 

andd evaluation of the benefit of second ear stapes surgery makes it not easier. However, using 

thee GBP helps one to identify the patients who wil l have less benefit of stapes surgery and 

particularlyy of second-ear stapes surgery. In some cases the effects of wearing a hearing aid 

shouldd be included in the decision to perform stapes surgery. From the results of this study it 

wass concluded that a second-ear stapedotomy improves the chance of achieving "normal" 

andd symmetrical hearing and that patients who had a good result from the first-ear opera-

tionn may expect a good result from their second-ear operation. 
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ABSTRACT T 

AA retrospective, nonrandomized chart review of 79 cases undergoing revision stapes surgery 
wass undertaken to identify causes of failure after prior otosclerosis surgery, to assess whether 
thesee are different based on source of initial surgery, and to evaluate results with regard to 
hearingg outcome. Preoperative symptoms, intraoperative findings, causes of failure, surgical 
techniques,, complications, and repeated revisions were recorded. Pre- and postoperative 
audiometricc data from pure-tone and speech audiometry were analysed and related to sev-
erall  operative findings and techniques. Most common causes of previous stapes surgery fail-
uree included dislocated prosthesis (27 %), incus erosion (13 %), inadequate prosthesis length 
(111 %), and fibrous adhesions (10 %). Postoperative air-bone gaps were computed using the 
conventionall  method (i.e. postoperative air conduction minus preoperative bone conduc-
tion)) as well as using the guidelines from the American Academy of Otolaryngology - Head 
andd Neck Surgery (postoperative air conduction minus postoperative bone conduction), 
withh success rates of air-bone gap closure to within 10 dB after revision surgery of 64 % and 
600 %, respectively. Sensorineural hearing loss (decline of more than 10 dB in bone pure-tone 
average)) occurred in 1.3 %. Hearing results were analysed for subgroups showing no statisti-
call  differences with regard to number of revisions and the absence of a usable incus for 
reconstruction.. Revision surgery for persistent conductive hearing loss after initial surgery 
hadd a less beneficial hearing outcome compared to surgery for those cases that initially 
improved,, then developed recurrent conductive losses. Findings and results in this study are 
discussedd and related to the findings and results from other studies revealed in literature 
review. . 

INTRODUCTION N 

InIn spite of many improvements and refinements that have been accomplished in stapes 
surgeryy over the past four decades, there continues to be short-term and long-term failures. 
AA wide range of causes can be identified in the failure of primary stapes cases for otosclerosis, 
andd even in the hands of the most experienced otologic surgeons, a stapes operation can 
resultt in a less satisfactory outcome. According to the literature, frequently mentioned causes 
off  failure with respect to the restoration of conductive hearing loss, are prosthesis 
malfunction,, long process resorption and fibrous adhesions.1'20 In many cases multiple 
factorss are involved in the recurrence of hearing loss. Also the occurrence of perilymph 
fistulae,fistulae, leading to symptoms like vertigo and sensorineural hearing loss (SNHL), are reasons 
too consider a revision procedure.l~20 It is well recognised that, overall, postoperative hearing 
resultss after revision surgery are not as good as in the primary cases, and furthermore, due to 
innerr ear trauma, SNHL is more likely to occur. In the literature, successful results, defined as 
aa postoperative air-bone gap (ABG) closure to within 10 dB, have been reported in 17 % to 
800 % of cases, with a mean of approximately 50 % in most series.1"20 In the same series, the 
postoperativee SNHL, defined as a decline in bone conduction threshold of more than 10 dB, 
wass found in the range of 0 % to 12 % of cases. 
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Reportss dealing with revision stapes surgery are valuable for the otologic surgeon, as they can 
leadd to adaptations of the techniques to perform otosclerosis surgery. Sheehy and House were 
thee first to report about failures in stapes surgery and the need for revision surgery.21 The 
mostt common cause of their series was a displaced polyethyleen strut. Slippage of the strut 
intoo the vestibule were associated with SNHL and vertigo. These complications were also 
frequentlyy reported in later published series which led to the virtual abandonment of the 
polyethyleenn strut. Later, the wire Gelfoam prosthesis was abandoned because of the 
reportedd association with fistula of the oval window.3 An adaptation introduced in the 
eightiess and nineties is the use of laser surgery in revision cases.8,12,16 

Too highlight the problems encountered in revision stapes surgery, as well as to allow us to 
betterr counsel our revision candidates with respect to the potential risks and rewards of revi-
sionn surgery, a retrospective study was undertaken of our revision operation files. The 
presentt study reports the type of the initial procedure used, the alleged cause of failure, the 
appliedd surgical solutions and the audiometric results. Furthermore, a review of the litera-
turee was performed to compare our findings and results with those of other reports. 

MATERIAL SS AND METHODS 

Dataa were retrieved from every consecutive patient who underwent revision stapes surgery 
forr otosclerosis during a twelve years period from January 1987 to December 1998. During 
thiss period 80 revision operations were performed by the second author. Of the total amount 
off  patients we had to exclude one case from analysis because data were missing. The remain-
ingg 79 cases which were considered for analysis concerned 75 patients. In one patient revi-
sionn surgery was done at both sides. Two patients needed a second revision operation, of 
whomm one patient needed revision surgery for the third time. The patient group consisted of 
488 women and 27 men with a mean age of 39.9 years (range 13-76) at the time of their oper-
ationn in our hospital. The distribution between left and right ears was approximately even. 
Alll  revision procedures were performed under general anaesthesia via a standard transcanal 
approach.. Detailed intraoperative findings and surgical techniques were recorded as opera-
tivee notes as well as postoperative diagrams. 
Preoperativee audiometric data were obtained from the most recent audiogram prior to sur-
geryy which was within 3 months of the operation in every case. In 85% the audiograms of 
moree than 1 year postoperatively were available. The average postoperative time was 16.2 
(rangee 12-72) months and audiometric data of these audiograms were used for analysis. In 
thee other 15 % audiometric data were used from the audiograms between 6 weeks and 6 
monthss following revision surgery with an average postoperative time of 2.8 (range 1.8-5.2) 
months.. All audiograms were performed by classified personnel according to the ISO-389 
(1975)) standard. 
Thee guidelines of the Committee on Hearing and Equilibrium of the American Academy of 
Otolaryngology-Headd and Neck Surgery22 advocates the use of a four frequency pure-tone 
averagee (PTA) at 0.5, 1, 2, and 3 kHz for evaluation of hearing results. However, in our clinic 
thee air-conduction (AC) thresholds are routinely measured at the octave intervals from 0.125 
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too 8 kHz and the bone-conduction (BC) thresholds at the octave intervals from 0.25 to 4 kHz 
withh adequate masking. The PTA at 3 kHz is measured only when the difference between the 
thresholdss at 2 kHz and 4 kHz exceeds 20 dB. Therefore, the threshold at 4 kHz was used 
insteadd of at 3 kHz to calculate PTA in this study. In reporting our audiometric data we used 
thee method by taking the difference of the AC and BC thresholds of the same postoperative 
audiogramm for accounting postoperative ABG as recommended by the Committee on 
Hearingg and Equilibrium.22 To make comparison with other studies possible we also report 
thee results using the former practice of comparing the postoperative AC thresholds with 
preoperativee BC thresholds for the frequency range 0.5, 1, and 2 kHz. Postoperative 
overclosuree or SNHL was calculated by subtracting preoperative from postoperative high 
pure-tonee BC average at 1, 2, and 4 kHz. Overclosure is defined as an improvement of more 
thann 10 dB in BC while SNHL is defined as a decline of more than 10 dB in BC. 
Forr most subjects who were considered for analysis both AC and BC thresholds at the above 
mentionedd frequency ranges were available before and after surgery. However, in some sub-
jectss the hearing loss was very severe resulting in hearing thresholds which were beyond the 
maximumm output of the audiometer. In these cases the pure-tone thresholds at certain fre-
quenciess were impossible to determine and this is marked in the audiogram with an arrow 
pointingg down. It is important to consider these limitations of audiometer capacity, because 
dataa of pre- or postoperatively unmeasurable hearing thresholds could wrongly be excluded 
fromm analysis. Severe postoperative hearing loss as a consequence of an unfavourable opera-
tionn would then not be taken into account. Conversely, preoperatively severe hearing with 
measurablee hearing thresholds after operation would also be rejected. To avoid this problem 
inn these cases, thresholds were assumed to be just beyond the audiometer limitations. If AC 
orr BC was not measurable at a certain frequency a value of 10 dB above the limit for that fre-
quencyy was given. 

Inn 92.4 % (n = 73) of the cases speech audiometry was available before and after surgery. For 
eachh subject complete speech audiometry was carried out at different levels, using lists of 
phonetically-balancedd CVC-words. From these tests the pre- and postoperative speech recep-
tionn threshold (SRT) as well as the speech discrimination score (SDS) could be derived . 
Demographicc data, otologic history, intraoperative findings, details of procedure, complica-
tions,, and audiometric data were entered into a computer database and analysed with a 
spreadsheett program. 
Forr statistical analysis nonparametric tests were used for independent variables (GraphPad 
Prism®).. The Wilcoxon signed rank test was performed for paired data, whereas the Mann-
Whitneyy test was used for unpaired data. Our criterion for statistical significance was set at p-
valuess of less than 0.05 (two-tailed). 

RESULTS S 

Off  the 79 cases reviewed, 13 had their initial surgery performed by the second author, and 66 
weree referred from other physicians. Of the revision cases who had their primary operation 
performedd by the second author, there was one patient who needed a second revision opera-
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tion,, while in another patient it was necessary to do a third revision. In the group of 66 cases s 
withh primary surgery performed by another surgeon, there were 5 cases who already had one 
revisionn operation, 4 cases who had a revision operation twice and there was 1 patient who 
hadd a revision operation for the third time prior to surgery in our clinic. Time from previous 
too revision surgery ranged from 2 weeks to 35 years with an average of 5.4 years. Nineteen 
percentt had revision surgery within 1 year after their initial surgery, while 64 percent had 
theirr revision surgery within 5 years. 
Indicationss for revision surgery included recurrent conductive hearing loss in 62 cases (78.5 
%)) and persistent conductive hearing loss in 11 cases (13.9 %). In 6 cases (7.6 %) a revision 
operationn was performed because of the suspicion of a perilymph fistula: two patients had a 
SNHLL with vertigo and tinnitus within the period of three months following previous sur-
gery,, three patients complained primarily of postoperative vertigo, and one patient experi-
encedd severe tinnitus with vertigo in an ear which was already deaf for several years as a 
complicationn that occurred a few months after previous primary surgery in another clinic. 
Thee follow-up periods ranged from 6 weeks to 122 months with an average of 18.8 months. 
Eighty-fourr percent had a follow-up period of more than 1 year. 

Intraoperativ ee findings and causes of failure. 
Thee intraoperative findings at the time of revision surgery are summarised in Table 1. In 
somee cases more than one finding was identified that could have lead to the failure of the 
previouss operation. In such cases we selected the factor that in our opinion was the most 
likelyy cause of failure. For example in an ear with many adhesions but also with necrosis of 
thee long process of the incus, we selected the incus necrosiss as the major factor for recurrence 
off  conductive hearing loss. 
Problemss with the prosthesis were the most common cause of failure in 41.8 %. Table 2 sum-
marisess the variety of prostheses found during revision in relation to the time of revision sur-
gery,, to the cause of failure, to the condition of the incus, and to the number of replaced 
prostheses.. Full Teflon pistons, Teflon-wire pistons and metal wire pistons were the most fre-
quentlyy detected prostheses. Dislocation occurred in 11 cases at the level of the oval window, 
inn 4 cases at the long process of the incus and in another 6 cases both at the incus and oval 
windoww (Table 1). An inappropriate prosthesis length was the cause of failure in 9 cases. A 
prosthesiss that was too loose was found in 3 cases. 

Anotherr important cause of failure is a severe erosion of the long process of the incus in 12.7 
%% of the revision cases (Table 1). This problem occurred most frequently between 1 and 10 
yearss after insertion of a metal wire prosthesis and a Teflon wire prosthesis in 2 and 8 cases, 
respectivelyy (Table 2). Incus necrosis was also more frequendy seen in multiple revision 
cases;; 4 ears had previously one or more revisions. 
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Tablee 1. Intraoperative findings of revision surgery. 

% % 
Conditionn cavum tympani & tympanic membrane (n - 79) 

Fibrouss adhesions in middle ear cavity 

Tympanicc membrane perforation 

Tympanicc membrane retraction 

Chlolesteatoma a 

Anatomicall obstacles (n= 79) 

Faciall nerve overhang 

Massivee oval window otosclerosis 

Conditionn chorda tympani (n = 79) 

Intact t 

Nott intact 

Afterr revision surgery intact 

Afterr revision surgery not intact 

Conditionn of incus (n = 79) 

Intact t 

Necrosiss of long process 

Subluxation n 

Fixed d 

Missing g 

Prosthesiss related problems (n = 79) 

Noo prosthesis present 

Displacedd at incus 

Noo attachment to incus because of necrosis long process 

Displacedd at oval window 

Displacedd at incus and oval window 

Tooo short 

Loose e 

Fixed d 

Conditionn of ova! window and footplate (n = 79) 

Intactt stapes but fixed after previous mobilisation 

Reobliterationn of otosclerosis in oval window 

Fibrouss tissue in oval window 

Granulomaa tissue in oval window 

Inadequatee removal of footplate/Inadequate hole 

Depressedd footplate in vestibule 

Perilymphh fistula/leak 

43 3 

1 1 

2 2 

2 2 

2 2 

1 1 

66 6 

13 3 

62 2 

17 7 

61 1 

10 0 

1 1 

4 4 

3 3 

15 5 

4 4 

10 0 

11 1 

6 6 

9 9 

3 3 

6 6 

6 6 

5 5 

17 7 

5 5 

7 7 

1 1 

3 3 

54.4 4 

1.3 3 

2.5 5 

2.5 5 

2.5 5 

1.3 3 

83.5 5 

16.5 5 

78.5 5 

21.5 5 

77.2 2 

12.7 7 

1.3 3 

5.1 1 

3.8 8 

19.0 0 

5.1 1 

12.7 7 

13.9 9 

7.6 6 

11.4 4 

3.8 8 

7.6 6 

7.6 6 

6.3 3 

21.5 5 

6.3 3 

8.9 9 

1.3 3 

3.8 8 
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Tablee 2. Initial prostheses, timing to revision, cause of failure, and eventual prostheses replacement. 

Initiall Prosthesis 

Fulll Teflon piston 

Goldd piston 

Platinumm piston 

Teflonn Cup piston 

Teflon-Wiree piston 

Metall wire piston 

Fat-wiree piston 

Stainlesss steel 
piston n 

Polyethyleenn tube 

Totals s 

No o 

20 0 

3 3 

1 1 

4 4 

18 8 

13 3 

1 1 

3 3 

1 1 

64 4 

Time e 

<< 1 
year r 

5 5 

1 1 

--
1 1 

2 2 

2 2 

1 1 

--

--
12 2 

too Revision 

1-10 0 
years s 

14 4 

2 2 

1 1 

1 1 

14 4 

6 6 

--
3 3 

--
41 1 

>10 0 
years s 

1 1 

--
--
2 2 

2 2 

5 5 

--
--

1 1 

11 1 

Prosthesiss prob 

DP P 

4 4 

2 2 

--
3 3 

3 3 

4 4 

1 1 

2 2 

1 1 

21 1 

SP P 

4 4 

--
--
1 1 

1 1 

2 2 

--
1 1 

--
9 9 

ems s 

Loo o 

1 1 

--
--
--
2 2 

--
--
. . 

--
3 3 

Incus s 

erosion n 

--
--
--
--
8 8 

2 2 

--
. . 

--
10 0 

Prothesis s 

replaced d 

16 6 

2 2 

1 1 

4 4 

17 7 

13 3 

1 1 

3 3 

1 1 

58 8 

DPP = displaced prosthesis, SP = short prosthesis, Loo = loose prosthesis 

Adhesionss in the middle ear cavity were a common finding in 54.4 % of the cases. However, 
inn only 8 cases (10.1 %) it was considered as the main cause of failure because many dens 
fibrouss adhesions were adherent to the prostheses which lead apparently to a fixation of the 
prosthesiss in 6 cases and to a displacement in 2 cases. Cholesteatoma was found in the mid-
dlee ear cavity of two ears, and was the main cause of failure in one case. One ear showed a 
smalll  tympanic membrane perforation, while in two cases a severe retraction of the tym-
panicc membrane was present. An intact chorda tympani was identified in 66 ears and it 
remainedd intact in 62 cases after revision surgery. 
Inn 2 cases an extreme facial nerve overhang appeared as an anatomical obstacle, restraining 
thee previous surgeon to insert a prosthesis. In one case the previous surgeon caused a sublux-
ationn of the incus which was the reason for not inserting a prosthesis at that moment. Previ-
ouslyy unidentified epitympanic fixation of the incus and malleus was encountered in 4 cases. 
Duringg revision surgery the oval window region was thoroughly examined. An intact but 
fixedd stapes was found in the 6 ears that previously underwent a mobilisation procedure of 
thee stapes. An intact oval window niche without markedly pathology was found in 29 cases: 
144 with the prosthesis in the right position and 15 with a displaced prosthesis at the oval win-
dow.. A profuse reobliteration of the oval window region was seen in 5 cases and it was con-
sideredd as the main cause of failure in 2 cases. In one case the overgrowth of otosclerotic foci 
wass extremely severe causing an anatomical obstacle for making a fenestra in the stapes foot-
platee by the previous surgeon. Fibrous tissue covering the oval window niche was a common 
findingg (21.6 %) but in itself would not cause conductive hearing loss. Granuloma tissue in 
thee oval window niche was seen in 5 cases. In 3 cases an inadequate hole in the stapes foot-
platee was encountered which precluded a satisfactory hearing improvement. In one case a 
depressedd footplate in the vestibule was identified. In the group of 5 patients who were con-
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sideredd for revision because of the suspicion of a perilymph fistula, there were three cases 
withh a leakage of perilymph through the fenestra in the footplate while in 2 cases a leakage 
couldd not be detected. 

Operativee solutions. 
Severall  operative techniques were used to restore the transmission function of the middle ear 
dependingg on the situation found during revision surgery. When present, middle ear adhe-
sionss were lysed carefully with microscissors. The initial stapes prosthesis was carefully 
examinedd and the displaced or malfunctioning prosthesis was removed. The mobility of the 
malleuss and incus was assessed by palpation. The oval window niche was explored and the 
previouss fenestra in the stapes footplate inspected. Fibrous tissue in the oval window niche 
wass carefully removed with conventional instruments. Laser surgery was not performed in 
thiss series. If necessary, the fenestra in the stapes footplate were enlarged or a new hole was 
created.. If a perilymph fistula was revealed, it was covered with fat tissue and fibrin glue to 
stopp the leakage. 
InIn the group of 64 ears with a prosthesis present during revision, the prosthesis was replaced 
byy a new one in 58 cases. When the incus was usable for repair, the prostheses used for 
reconstructionn were a full Teflon piston (type Causse® in 44 cases and type Cawthorne in 4 
cases),, or a pure gold piston (K-piston® in 15 cases) and a Teflon-wire prosthesis (type 
Schuknecht®® in 1 case) . In the 15 cases with a severe erosion of the incus, a malleus handle 
attachmentt piston (type Shea®) has been inserted.23 Prosthesis size ranged from 4 to 6 mm in 
lengthh and 0.3 to 0.6 mm in diameter. 
Inn one case with a severe erosion of the long proces of the incus, ionomer bone cement has 
beenn used to enlarge the eroded inadequate incus to allow placement of a new Teflon piston 
ass previously described by Tange. 

Hearingg results. 
Inn the whole group of 79 patients there were two cases with severe vertigo and tinnitus with-
outt any hearing perception before revision surgery. After the revision operation the com-
plaintss of vertigo and tinnitus declined, although the hearing did not improve. Because these 
twoo cases were considered as dead ears preoperatively, they were excluded from analysis of 
audiometricc data. In the remaining group of 77 ears, 92.2 % had an improvement in hearing. 
Thee mean AC for the PTA at 0.5, 1, 2, and 4 kHz was preoperatively 55.9 dB (SD  14.0 dB) 
whichh improved to 33.3 dB (SD  15.0 dB) after surgery. The preoperative ABG for the same 
frequencyy range was on average 31.4 dB (SD 8 dB) and postoperatively improved to 
11.88 dB (SD  8.5 dB). 
Tablee 3 shows the number of cases with ABG values within different categories, calculated for 
thee method recommended by the Committee on Hearing and Equilibrium22 as well as for 
thee traditional method to make comparison with other studies possible. Using the new 
methodd (i.e. taking the difference of postoperative AC and BC values), 46 ears (59.7%) had 
ABGG closure to within 10 dB. A postoperative ABG within 20 dB was obtained in 65 cases 
(84.44 %). In two cases, postoperative ABG was greater than 30 dB (incidence, 2.6 %). Using 
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thee traditional method for accounting postoperative ABG (i.e. substracting preoperative BC 
fromfrom postoperative AC) an ABG closure to 10 dB or less was obtained in 49 ears (63.6 %), 
andd it was closed to within 20 dB in 64 ears (83.1 %). In our study the difference between the 
twoo methods with regard to mean postoperative ABG was statistically significant (Wilcoxon-
test,p<< 0.001). 

Tablee 3. Postoperative air-bone gap (ABG) using the revised and traditional calculation methods. 

Hearingg level (dB) 0.5,1, 2, 4 kHz* 0.5, 1, 2 kHz* 

<10dB B 

11-200 dB 

21-300 dB 

>30dB B 

n n 

46 6 

19 9 

10 0 

2 2 

% % 
59.7 7 

24.7 7 

13 3 

2.6 6 

n n 

49 9 

15 5 

8 8 

5 5 

% % 
63.3 3 

19.5 5 

10.4 4 

6.5 5 

Postoperativee ABG computed withh postoperative AC and postoperative BC. 
**  Postoperative ABG computed with postoperative AC and preoperative BC. 

Inn 80.5 % of the revision cases the BC threshold (1,2,4 kHz PTA) did not change more than 
100 dB. Overclosure was obtained in 18 cases (23.4 %) while serious SNHL occurred in one 
earr (1.3 %) that underwent revision surgery for the first time. The decline of 11.7 dB for BC 
inn this ear, however, did not affect SDS which remained at 100 %. Overall, the mean 
improvementt in BC was statistically significant (Wilcoxon-test, p < 0.001) being 3.5 dB (SD 

 6.9 dB, n = 77). 

Postoperativee SRT and SDS were available in 73 patients for comparison to preoperative 
scores.. Before revision the hearing measured by SRT on average was 74.9 dB (SD  13.8 dB) 
andd after revision the average was 54.3 dB (SD  16.0 dB) showing an average improvement 
off  20.6 dB (SD  16.8 dB). This value is in agreement with the mean improvement in AC for 
thee frequency range 0.5-4 kHz, which is 22.6 dB (SD  15.9 dB). The average SDS preopera-
tivelyy was 97 % (SD  7.6 %) which improved after revision to the average of 98.3 % (SD
5.22 %) for the same ears. SDS did not changed over more than 10 % in most of the revision 
cases.. One ear developed a dramatic improvement of its SDS; there was an increase from 42 
%% preoperatively to 79 % postoperatively. A decline in SDS of more than 10 % occurred in 2 
casess (2.7%). One ear with a decline of 17 % in SDS had revision surgery for the fourth time, 
andd postoperatively a decrease of 5.0 dB in BC occurred while the ABG improved to 16.3 dB. 
Thee other case, who had revision surgery for the first time, showed a decline of 15 % in its 
SDS,, with a decrease of 8.3 dB in BC and a remaining ABG of 30 dB. Overall, the changes in 
SDSS were not statistically significant. 

Wee have analysed the audiometric results also for subgroups. The mean postoperative ABG 
inn the first revision group was 11.4 dB (SD  8.8, n = 65) and not statistically different 
(Mann-Whitneyy test, p = 0.199) from the mean postoperative ABG of 13.6 dB (SD  6.9, n = 
12)) in the multiple revision group with one or more prior revisions. The percentages of ears 
withh ABG closure to within 10 dB are comparable for first and second revisions which were 
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55.44 % and 57.1 %, respectively (Table 4). However, none of the ears that underwent revision 
forr the third or fourth time had ABG closure to within 10 dB. 

Tablee 4. Number of revisions and postoperative hearing results*. 

Hearingg level (dB) 

<10dB B 

11-200 dB 

21-300 dB 

>30dB B 

First t 

n n 

41 1 

14 4 

8 8 

2 2 

revision n 

% % 
55.4 4 

29.2 2 

13.8 8 

1.5 5 

Second d 

n n 

4 4 

3 3 

--
--

revision n 

% % 
57.1 1 

42.9 9 

--
--

Third d 

n n 

--
3 3 

2 2 

--

revisionn or more 

% % 
--

60.0 0 

40.0 0 

--

**  Postoperative ABG computed with postoperative AC and BC averaged at 0.5,1,2, and 4 kHz 

Thee ability to obtain ABG closure was in some extent dependent on the availability of a usa-
blee incus. When the incus is usable for repair, a Teflon piston or gold piston was inserted, and 
inn those cases an ABG closure to within 10 dB was achieved in 61.0 %. No significant differ-
encess were present between the Teflon and gold pistons. If the incus was not usable for repair, 
aa malleus attachment prosthesis was used for repair, and an ABG closure to within 10 dB was 
seenn in only 46.7 % (Table 5), while in 26.6 % it was not possible to close the gap to within 20 
dB.. The remaining ABG in the group with a not usable incus was on average 11.2 dB (SD
7.6),, which is not significantly (Mann-Whitney test, p = 0.136) lower than the average value 
off  15.5 dB (SD  11.6, n = 15) in the group with a usable incus. . 

Tablee 5. Type of prosthesis and hearing results*. 

Hearing g 
levell (dB) 

<10dB B 

11-200 dB 

21-300 dB 

>30dB B 

Teflon n 

n n 

31 1 

9 9 

7 7 

--

pistonn (n = 47) 

% % 
66.0 0 

19.1 1 

14.9 9 

--

Goldd piston (n 

n n 

8 8 

6 6 

1 1 

--

== 15) 

% % 
53.3 3 

40.0 0 

6.7 7 

--

Malleuss handle piston 

n n 

7 7 

4 4 

2 2 

2 2 

(nn = 15) 

% % 
46.7 7 

26.7 7 

13.3 3 

13.3 3 

**  Postoperative ABG co 

Hearingg results were also analysed with regard to the primary indication for revision. In the 
subgroupp of ears with recurrent conductive hearing loss and persistent conductive hearing 
losss as the indications for revision, the postoperative ABG was on average 11.0 dB (SD  7.8 
dB,, n = 62) and 18.2 dB (SD  18.2 dB, n = 11), respectively. This difference is statistically 
significantt (Mann-Whitney test, p = 0.035). Furthermore, only 36.4 % of the cases with 
persistentt hearing loss had ABG closure to within 10 dB (Table 6). The postoperative ABG in 
thee group with vertigo as the operative indication was on average 6.3 dB (SD  3.8, n = 3). 
However,, the number of cases with vertigo was too small for statistical comparison. 
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Tablee 6. Indication for revision surgery and postoperative hearing results" 

Hearingg Recurrent chronic Persistent chronic hearing Vertigo 
levell (dB) hearing loss loss 

%% n % n % 

^100 dB 38 61.3 4 36.4 2 66.7 

11-200 dB 17 27.4 2 18.2 1 33.3 

21-300 dB 6 9.7 4 36.4 

>30dBB 1 1.6 1 9.1 

**  Postoperative ABG computed with postoperative AC and BC averaged at 0.5,1,2, and 4 kHz. 

DISCUSSION N 

Althoughh many articles have been written about primary stapes surgery, publications dealing 
withh revision stapes surgery are less numerous. From 1980 to 1998 about 20 articles 
evaluatingg revision surgery have been appeared in the English language literature. An 
importantt review of the literature was provided by Han et al.17 For the present study more 
detailedd data about intraoperative findings have been collected and the review was updated 
withh the reports that appeared in 1997 and 1998. The most common intraoperative findings 
fromm these reports are summarised in Table 8. The number of reviewed revision operations 
variess between the studies from 35 to 337 cases. The incidence of the findings encountered in 
thiss study were comparable to this series.1"20 Some reports have stressed a single major cause 
off  failure, while others have recognised that several factors may contribute to deterioration of 
hearingg or to vestibular symptoms. 
Sincee revision surgery presents more pathological variables, the surgeon must master less 
stereotypedd surgery as the method of repair is almost always dictated by the pathological 
findingss at the time of the revision. Therefore, revision stapes surgery is more technically 
challengingg in comparison with primary stapes surgery. Consequently, hearing results of 
revisionn stapes procedures are less predictable compared with those of primary surgery. Fac-
torss which may interfere with successful results include the initial cause of failure leading to 
revision,, revision number, the type of prosthesis previously used and the presence of a usable 
incuss for repair. Audiometric outcomes of the reviewed studies are summarised in Table 7. 
InIn most reports a dislocated prosthesis is the most common cause of failure with an 
incidencee ranging from 4.8 % to 82 %, which encompasses our incidence of 26.6 %.1 20 The 
mostt common type of displacement is a dislocation from oval window area, followed by a 
detachmentt from the incus in combination with a dislocation from the oval window. 
Prosthesiss displacement probably was not related to prosthesis type, since there was an 
equivalentt incidence of this complication for the various prosthesis types. The rate of 
extrusionn or displacement for each type of prosthesis is difficult to determine from 
previouslyy published series. We could confirm the finding of Somers et al.19 that a 
dislocationn at the oval window is more frequently seen after a previous total stapedectomy 
thann after small fenestra stapedotomy technique. In our series a dislocation of the prosthesis 
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att the oval window occurred in 46 % (6/13) after previous total stapedectomy while it was 
encounteredd in 29 % (15/51) of the stapedotomy revisions. Probably this difference can be 
explainedd by the fact that after total removal of the footplate, the lower end of the prosthesis 
iss not restrained by the rim of the fenestra created in the footplate as is the case after 
stapedotomyy procedures. 
Longg process resorption was reported in every series, with an incidence ranging from 4.4 % 
too 41 % of cases.1"20 It occurred in various degree of severity in 12.7 % of the revision cases in 
presentt study and was more often associated with multiple revisions. In every case with incus 
erosion,, it was found after insertion of a wire-type prosthesis. Incus necrosis is most 
probablyy to be ascribed to devascularization of the mucosa over the lenticular process by the 
repetitivee movements of the prosthesis wire, a more likely event if the crimp is not perfect. A 
greaterr risk of incus erosion with a wire-type prosthesis was also found in other reports. ' 
Thee ear with a severe erosion of the long proces that was reconstructed with ionomer bone 
cementt to allow placement of a new Teflon piston (see Results), had a good short term 
postoperativee hearing result with ABG closure within 10 dB.24 However, it unfortunately 
appearedd that a recurrence of conductive hearing loss occurred after 3 years without 
extrusionn of the prosthesis. 

Thee presence of fibrous adhesions is a common finding during revision but it could be 
identifiedd as the main cause of failure in only 8.9 % in this study. Adhesion fixing the ossicles 
andd prosthesis have also been reported in previous series.2"4'7,14,16'17,19'20 Our approach to 
thiss problem is conventional by cutting away the adhesions with microscissors and, if 
necessary,, replacing the prosthesis. To avoid new adhesions the surgical procedure must be 
performedd with the least trauma possible. 
Thee most common oval window finding was a fibrous tissue obliterating the oval window 
niche,, present in 21.5 % of our cases. However, in none of the cases it was identified as the 
mainn cause of precluding a satisfactory result. Several studies advocate the use of laser 
surgeryy with KTP, C02, or argon lasers, by vaporizing fibrous tissue obliterating the oval 
windoww to minimize the risk of trauma to the inner ear.8,12,16 In our experience, fibrous 
tissuee covering the oval window can be carefully and safely removed with conventional 
instrumentss and the low incidence in our series of severe SNHL (1.3 %) did not motivate us 
forr changing our conventional policy. 
Bonyy regrowth was encountered in 6.3 % of our cases but was recognised as the main factor 
off  failure in only two cases (incidence 2.6 %). This prevalence is lower than in other reported 
series.1"200 When re-fixation of the stapes after a previous mobilization procedures is 
included,, the incidence would be 14 % which is in the median of the reported range of 1.2 % 
too 24.3 % by the previous reports. Perilymphatic fistula was discovered in 3.8 % of patients, 
whichh is on the lower side of the reported range of 1.6 % to 12.5 %. Perilymphatic fistula 
havee been associated with postoperative hearing loss as was the case in two patients in our 
series. . 
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Tablee 7. Review of the literature: intraoperative findings. 

Authorr (year) 

Crabtreee et al .1 (1980) 

L ippyetal .2 (1980) ) 

Sheehyy e ta l . 3 (1981) 

Pearmanetal.44 (1982) 

Derlacki55 (1985) 

Glasscockk e ta l . 6 (1987) 

Bhardwajj e t a l / ( 1 9 8 8 ) 

Lesinskii e ta l . 8 (1989) 

Farr ioretal .99 (1991) 

Vartiainenn etal .1 0 (1992) 

Prasadd e ta l . 1 1 (1993) 

McGeee e ta l . 1 2 (1993) 

Langmanetal .1 33 (1993) 

Pedersen14(1994) ) 

Cokkeseretal .1 55 (1994) 

Silversteinn e ta l . 1 6 (1994) 

Hann etal .1 7(1997) 

Magliuloo e ta ! . 1 8 (1997) 

Somerss e ta l . 1 9 (1997) 

Hammerschlagg et a l . 2 0 

(1998) ) 

Presentt series 

n n 

35 5 

63 3 

258 8 

95 5 

217 7 

79 9 

120 0 

59 9 

109 9 

45 5 

66 6 

77 77 

66 6 

186 6 

56 6 

72 72 

74 4 

63 3 

226 6 

250 250 

79 9 

Host t 
response e 

FA A 

(%) ) 

--
4.8 8 

3 3 

7.4 4 

--
--

18.3 3 

--
--
--
--
--
--

28.0 0 

--
29.22 <)> 

--
--

12.8 8 

13.6 6 

8.9(|» » 

IE E 

(%) ) 
17.1 1 

31.7 7 

5 5 

25.3 3 

30.0 0 

19 9 

5.0 0 

16.9 9 

27.5 5 

4.4 4 

31.8 8 

11.7 7 

40.9 9 

11.3 3 

17.9 9 

29.2 2 

43.2 2 

14.6 6 

28.3 3 

14.0 0 

12.7 7 

Ovall window 

PF F 

(%) ) 
8.6 6 

1.6 6 

9 9 

3.2 2 

9.7 7 

9 9 

1.6 6 

11.9 9 

11.9 9 

--
--
--

6.1 1 

3.2 2 

3.6 6 

12.5 5 

5.4 4 

5.6 6 

6.6 6 

2.0 0 

3.4 4 

BR R 

(%) ) 

11.4 4 

3.2 2 

9 9 

5.3 3 

9.7 7 

8 8 

14.1 1 

--
8.3 3 

13.3 3 

21.2 2 

14.3 3 

9.1 1 

16.1 1 

14.3 3 

12.5 5 

24.3 3 

6.7 7 

4.9 9 

1.2 2 

6.3 3 

FT T 

(%) ) 

--
--
--

6.3 3 

2.3 3 

6 6 

--
--
--
--
--

20.8 8 

--
--

23.2 2 

8.3 3 

44.6 6 

15.7 7 

--

--

21.5 5 

Prosthesis s 

DP P 

(%) ) 
45.7 7 

4.8 8 

41 1 

32.6 6 

82.0 0 

30 0 

30.8 8 

62.7 7 

43.1 1 

13.3 3 

59.1 1 

42.9 9 

48.5 5 

28.5 5 

32.1 1 

52.8 8 

58.1 1 

28.0 0 

9.7 7 

24.4 4 

26.6 6 

SP P 

(%) ) 
--

7.9 9 

9 9 

4.2 2 

. . 

8 8 

6.6 6 

13.6 6 

--
--
. . 

5.2 2 

--

9.1 1 

8.9 9 

5.6 6 

--

10.1 1 

2.7 7 

14 4 

11.4 4 

»problems s 

Loo o 

(%) ) 

14.3 3 

. . 
--

3.2 2 

. . 

. . 

6.6 6 

3.4 4 

. . 

. . 

. . 
--
. . 

7.0 0 

--

8.3 3 

9.5 5 

--

16.4 4 

--

3.8 8 

Lon n 

(%) ) 
--

1.6 6 

. . 

. . 

. . 

2.5 5 

11.6 6 

. . 
--
_ _ 
. . 
--
. . 

2.2 2 

3.6 6 

4.2 2 

1.4 4 

7.9 9 

4.0 0 

0.8 8 

0 0 

(j>> Adhesions fixing the prosthesis or ossicles. 
nn = number of cases the calculation was based on; FA = fibrous adhesions; IE = incus erosion; PF = per-
ilymphh fistula; BR = bony regrowth; FT = fibrous tissue; DP = displaced prosthesis; SP = too short 
prosthesis;; Loo = loose prosthesis; Lon = too long prosthesis. 

Thee general consensus from reports dealing with revision stapes operations is that the 
audiometricc outcome after revision is less successful than after primary surgery. A successful 
resultt is defined as closure of the ABG to within 10 dB and in the previously reported series, 
thiss was achieved in 18% to 80% of the cases.1"20 Our success rate of 64 % is quite favourable 
comparedd to other series. The postoperative hearing was considered to be improved when 
thee ABG is closed to within 20 dB. This was reported in the range of 54% to 92% by various 
authors.1"200 In our series this was achieved in 83 % of the cases. When postoperative ABG is 
computedd with AC and BC thresholds of the same postoperative audiogram (as 
recommendedd by the Committee on Hearing and Equilibrium22) using a four frequency PTA 
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att 0.5, 1, 2, and 4 kHz, the success rate is somewhat poorer: 60 % for successful result. 

However,, improved hearing was still obtained in 84 % of the cases. 

Tablee 8. Review of the litarature: hearing results*. 

Air-bonee gap closure SNHL Dead ear 

Authorr (year) N n < 1 0 d B < 2 0 d B (%) (%) 

Crabtreee et al.1 (1980) 35 35 46 - - 14.3 

Lippyy et al.2 (1980) 92 63 49 54 - -

Sheehyetal.3{1981)) 258 214 448 718 

Pearmann et a l .4 (1982) 95 83 53 

Derlacki5(1985)) 217 217 60 72 

Glasscockk etal.6 (1987) 82 79 39 64 

Bhardwajetal .7(1988)) 120 100 44(p 

Lesinskii e ta l . 8 (1989) 59 59 66u 89u 

Farriorr e ta l . 9 (1991) 109 102 57 84 

Vartiainenn e ta l . 1 0 (1992) 45 44 46 70 

Prasadd eta l . 1 1 (1993) 66 41 46u 78u 

McGeee eta l . 1 2 (1993) 185 77 81 92 

Langmann e ta l . 1 3 (1993) 66 62 618 848 

Pedersen14(1994)) 186 163 

Cokkeseretal .1 55 (1994) 56 49 17n 60TI 

Silversteinn e ta l . 1 6 (1994) 72 61 46 62 

Hann e ta l . 1 7 (1997) 74 60 52 82 

Magliuloo e ta l . 1 8 (1997) 63 63 24rc 5 9 * 

Somerss e ta l . 1 9 (1997) 332 232 40 64 

Hammerschlagetal .2 00 (1998) 337 250 80X 85X 

Presentt series 79 77 64 83 

7 7 

2.4 4 

4.1 1 

2.5 5 

12.0 0 

0 0 

4.4 4 

7.6 6 

2.6§ § 

3.2 2 

1.2 2 

10.2 2 

10 0 

4.1 1 

--
1.3 3 

0.8t t 

1.3 3 

3.3 3 

--
1.4 4 

1.3 3 

2.0 0 

0 0 

2.2 2 

0 0 

0 0 

0 0 

1.6 6 

4.1 1 

1.6 6 

1.3* * 

3.2 2 

0 0 

0 0 

0 0 

**  Using postoperative AC minus preoperative BC average at 0.5,1,2 kHz, unless otherwise noted. 
88 Using best BC threshold for accounting postoperative ABG. 
<pp ABG closure to within 15 dB. 
\i\i  Using a four frequency PTA at .5,1, 2, and 3 kHz. 
KK Using a four frequency PTA at .5, 1,2, and 4 kHz. 
XUsingg postoperative AC and BC for accounting postoperative ABG. 
%% Delayed sudden SNHL after 13 months of hearing improvement. 
tt SNHS defined as a drop in SDS of more than 25 %. 
§§ SNHL defined as drop in AC of 10 dB or more at 4 kHz. 
NN = total number of cases in the study; n = number of cases the calculation was based on 

Thee wide range of successful outcomes in the literature must be interpreted as a result of the 

largee variation of the studied population and surgical techniques. These are depending on 

thee primary surgical technique, the selection criteria for revision, the relative number of 
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casess with primary surgery performed by another surgeon and the relative number of second 
orr more revisions. Therefore, some caution is necessary for direct comparison of the 
percentagess of successful results in different studies. In this context, another influencing 
factorr is that only recently published articles reviewing revision surgery have analysed their 
resultss using the guidelines of the Committee on Hearing and Equilibrium22, while the other 
studiess were published before calculating method for hearing results was standardised. In 
thiss study the difference with regard to mean postoperative ABG computed with the two 
methodss was statistically significant. In another study we have analysed our audiometric data 
off  451 stapes operations (primary and revision cases) revealing that choice of pre- or 
postoperativee BC in computing postoperative ABG had a significant effect on the mean 
postoperativee ABG levels, showing more favourable results when preoperative BC thresholds 
weree used. However, choice of PTA (0.5, 1, 2 kHz vs. 0.5, 1, 2, 4 kHz) has no significant 
influencee on the remaining postoperative ABG, and on the percentage of ears with ABG 
closuress to within 10 dB.25 

Reviewingg the literature several factors have been reported associated with a less beneficial 
resultt with regard to hearing improvement. In this study we could confirm the findings of 
Hann et al.17 that when revision is performed for cases with a lack of hearing improvement 
afterr primary surgery, a significant poorer outcome was obtained compared to cases with a 
recurrentt conductive hearing loss. Multiple revisions were not significantly associated with a 
poorerr hearing outcome compared to first revisions in the present study, which is in 
agreementt with other reports.17,20 Several authors report less satisfactory hearing results in 
revisionn surgery in cases with incus necrosis.13,19 When the incus is not available, several 
incuss bypass techniques can be considered for reconstruction. We used a malleus Teflon 
pistonn prosthesis resulting in a success rate of 46.7 %. When the incus was usable for repair, a 
fulll  Teflon piston or pure gold piston was inserted and a successful result was obtained in 61 
%% of the cases. This is significantly lower than when a Causse Teflon piston or a gold piston is 
usedused in primary operations; ABG is closed to within 10 dB in 80.3 % and 79 %, 
respectively.266 Overall, in this study we could not find significant differences in hearing 
outcomee between the presence or absence of a usable incus with regard to the mean 
postoperativee ABG. 

Thee incidence of SNHL varies between 0 % to 12.0 % in the literature.1"20 However, SNHL is 
nott always defined in the same manner. In some studies a significant drop in SDS was 
consideredd as SNHL12'15, while in other studies the percentage with worse postoperative 
hearingg is reported without specification of the ears with a decline in BC.1,2,9 In our study, 
onee patient (1.3 %) had postoperative decrease in the BC PTA of more than 10 dB. This was 
aa patient referred from another hospital who previously underwent total stapedectomy. 
Duringg revision it was found that the prosthesis was too short. After removing the prosthesis, 
aa profuse perilymph leakage occurred necessitating some suction in the oval window niche 
whichh was probably related to the postoperative drop in BC of 11.7 dB. A complete loss of 
hearingg following revision surgery was not observed in the ears of this series. It occurred in 0 
%% to 14.3 % in the reviewed studies.1"20 
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CONCLUSION N 

Ass in the reviewed series, we found the most common causes for recurrent or persistent con-

ductivee hearing loss to be prosthesis displacement, inadequate prosthesis length, incus ero-

sion,, and fibrous adhesions. Multiple revisions and the absence of a usable incus for 

restorationn did not correlate with poorer hearing results. Revision surgery for recurrent hear-

ingg loss had significantly better results than surgery for ears that demonstrated a lack of 

improvementt at the primary operation. Overall, success rates of post-revision stapes surgery, 

expressedd as an ABG closure to within 10 dB and 20 dB, were 60 % and 84 %, respectively, 

usingg postoperative AC and postoperative BC PTA's. SNHS occurred in 1.3 % of the cases, 

whereass none of the ears showed a total loss of hearing. There is general consensus that revi-

sionn stapes surgery is more technically challenging and less likely to achieve optimal postop-

erativee hearing results. Therefore, we have the opinion that centralisation of these operations 

shouldd be aimed at to guarantee the best results. 
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Chapterr 10 

Summary y 

Thiss thesis concerns the clinical and audiological aspects of stapes surgery performed in 
patientss with clinically confirmed otosclerosis. The procedures were done at the Department 
off  Otorhinolaryngology - Head and Neck Surgery, Academic Medical Center, University of 
Amsterdam,, in the period from 1983 to 1998. 

Inn chapter 1 a general introduction is presented. Firstly the definitions and several historical 
factss of the disease "otosclerosis" are reviewed. Subsequentlyy aetiology, epidemiology, clinical 
features,, and the non-surgical treatment are discussed. More extensively the fascinating his-
toryy of the surgical treatment of hearing losses due to otosclerosis is described, and a short 
revieww of the current surgical techniques with the application of several prostheses is 
described. described. 
Furthermore,, this chapter goes into the several aspects related to the evaluation of the hear-
ingg results after stapes surgery. Reviewing the literature about stapes surgery, it appears that 
theree exists a considerable diversity in the use of audiological parameters and criteria to 
establishh success rates. This renders the comparison of different studies very difficult. In this 
contextt several guidelines have been drafted by various committees in order to make the 
reportingg of hearing results more standardised. 

InIn chapter 2 the patient group with otosclerosis is presented who had a surgical treatment in 
ourr clinic. The acquisition of data is briefly reviewed, and subsequently the symptoms and 
clinicall  findings are discussed of the patient group who underwent primary stapes surgery. 
Audiometricc testing of patients and analysis of audiometric data are described. Several 
aspectss considering the hearing loss caused by clinically confirmed otosclerosis are discussed 
forr the patient group who had primary surgery in our hospital. It appears that when the 
influencee of physiological ageing on cochlear function is corrected according to the ISO 7029 
standards,, there exists a weak but significant correlation between age and the degree of BC 
hearingg loss. When the bone-conduction (BC) thresholds are not corrected for age, a Carhart 
notchh > 5 dB was found in 66.3 % and a notch value > 10 dB was found in 39.6 % of the 
cases.. The air-bone gap (ABG) has its maximum value at 0.25 kHz ( 48.8 dB, SD  14.5) and 
itss minimum value at 2 kHz (18.2 dB, SD  11.2). 
Afterr a short review of the development of surgical treatment of otosclerosis in the past 50 
yearss at the Academic Medical Center, University of Amsterdam (previously "Wilhelmina 
Gasthuis"),, the standard surgical technique is described which is applied in our hospital at 
present. . 
Additionallyy the aims of this thesis are discussed in this chapter. The main purpose of this 
retrospectivee study is to evaluate clinical and audiological results in a large series of patients 
withh special reference to several methods of analysing audiometric data. 
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InIn chapter 3 the consequences of choice in using several audiological parameters and criteria 
too establish success rates are discussed. It appears that choice of different frequencies in the 
pure-tonee average (PTA) results in important differences in the evaluation of hearing results 
afterr stapes surgery. When the traditional three frequency PTA at 0.5,1, and 2 kHz (so called 
Fletcheriann index) is compared with a four frequency combination in which a higher fre-
quency,, like the 3 or 4 kHz, is included, significant differences were found in the postopera-
tivee improvement of the mean air-conduction (AC) level and ABG. Furthermore, it appears 
thatt the postoperative change in AC, calculated for a four frequency combination with a 
higherr frequency, correlates best with the change in speech reception threshold (SRT). 
Becausee the improvement in speech perception is the most important goal in stapes surgery, 
thee change in SRT is taken as the gold standard. Also choice of using pre- or postoperative 
BCC in computing postoperative ABG results in significant differences when analysing the 
meann postoperative ABG values. Using preoperative BC results in better overall ABG values 
ass ABG overdosure due to the Carhart effect is included. However, because the inertial com-
ponentt of bone conducted sound transmission is restored after surgery, the postoperative BC 
levell  corresponds better with the true cochlear function and should therefore be preferred to 
bee used in computing postoperative ABG. Finally, the success rates are dependent on how to 
definee success. In this perspective, the percentage of ears with a postoperative AC threshold < 
300 dB, also called "socially acceptable hearing" does compare best with the percentage of ears 
withh an ABG closure < 10 dB, and is a more realistic measure of success than the achievement 
off  "normal hearing" defined as an AC threshold < 20 dB. 

InIn chapter 4 a method is presented in which the individual results can be deduced from two 
plots,, which we have named the "Amsterdam Hearing Evaluation Plots" (AHEPs). The first 
plott provides information for the effect of surgery on cochlear function, which is of special 
interestt in reporting results after stapes surgery. A Carhart effect can occur resulting in an 
improvementt in BC. However, because the inner ear is opened during surgery, there is also a 
chancee of iatrogenic cochlear damage resulting in a postoperative deterioration of BC. The 
secondd plot gives information on the change in AC related to the preoperative ABG. In this 
perspective,, a few definitions are drafted with reference to a "successful result", a "successful 
resultt with overclosure", and a "not-successful result". The number of ears with one of these 
threee possible results can easily be deduced from the second plot. 
InIn our opinion, the AHEPs form an easily understood visual presentation of audiometric 
resultss of individual cases and would gain additional information when it is combined with 
thee guidelines of the Committee on Hearing and Equilibrium of the American Academy of 
Otolaryngologyy - Head and Neck Surgery. Another advantage of using the AHEPs is that 
hearingg results with extreme audiometric values are visualised clearly. These values would 
influencee summary statistics but are not always recognisable when presenting data with 
meanss and standard deviations. 

InIn chapter 5 two different stapes replacement prostheses are compared: a Teflon piston (type 
Causse;; Xomed Surgical Products, Jacksonville, FL, USA) and a gold piston (K-piston; Heinz 
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Kurzz GmbH Medizintechnik, Dufilingen, Germany). Both pistons have the same shaft diam-
eterr of 0.4 mm. An important difference between prostheses is the difference in weight: the 
goldd piston is three times heavier that the Teflon piston. In this chapter it is emphasised that 
forr a fair comparison of thee transmission function of prostheses, it is important to take only 
thee prostheses into account that are functioning normally with regard to sound transmission 
function.. To identify the normal functioning prostheses, the "Amsterdam Hearing Evalua-
tionn Plots" can be of help. In a retrospective analysis of audiometric results obtained after 
implantationn of 62 Teflon pistons and 66 gold pistons, it appeared that in the whole group of 
earss the gold piston gives a significant larger gain in AC for the frequency combination 0.5,1, 
andd 2 kHz and for the individual frequency at 2 kHz. However, there were no significant 
inter-groupp differences with regard to the change in BC and ABG. 
Whenn an analysis is done for the "normally" functioning prostheses, identified with the 
AHEPs,, a trend was noticed that the heavier gold piston gives more gain in the lower fre-
quenciess and the lighter Teflon piston gives more gain in the higher frequencies. On theoret-
icall  grounds (e.g. Impedance formula) one would expect this trend. 

Inn chapter 6 pre- and postoperative data from speech audiometry were analysed of ears 
receivingg primary stapes surgery, in order to evaluate the effect of surgery on speech recep-
tion.. Therefore, the change in SRT, the maximum speech discrimination score (MSDS), the 
slopee of the speech reception curve (SRC), and the occurrence of a slope decay of the SRC 
weree examined. 
Itt appeared that stapes surgery had no significant effect on the slope, nor on the slope decay 
off  the SRC after MSDS has been achieved. Phonemic regression (slope decay > 0.5 %/dB) 
wass not found before surgery, but occurred in 15 cases after surgery. This low incidence of 
postoperativee regression was probably related to the test circumstances in quiet. In 96 % of 
thee cases the SRT improved and correlation analysis showed that the change in SRT corre-
latess well with the change in AC levels for the PTA at 0.5, 1, 2, and 4 kHz. 
AA postoperative reduction in MSDS > 10 % occurred in 8 cases, while 13 cases showed an 
improvementt > 10 % in MSDS. Factors involved with the occurrence of a deterioration or 
improvementt in speech discrimination were further elaborated. Therefore, the change in 
speechh discrimination were related to the slopes of the preoperative pure-tone thresholds in 
orderr to examine whether postoperative loss in speech discrimination can be predicted from 
thee configurations of preoperative pure-tone curves. In three cases a reduction in postopera-
tivee speech discrimination was thought to be related to a masking effect of the high frequen-
ciess by the low frequency elements of speech, due to an increase of the steepness of the AC 
curve.. The increase in the steepness of the AC curve could retrospectively be predicted from 
thee steepness of the preoperative BC curve. However, it was found that the slope of the post-
operativee AC threshold is not always to be predicted from the preoperative BC curve, even 
whenn technical success is achieved with gap-closure < 10 dB. The reason is that either a 
Carhartt effect or cochlear damage can occur. Therefore, it is not possible to predict a reduc-
tionn in speech discrimination from the shape of the preoperative pure-tone thresholds. 

136 6 



SummarySummary and Conclusions 

Inn chapter 7 results of bilaterally performed stapes surgeries are evaluated with the criteria of 
thee "Guides to the Evaluation of Permanent Impairment" of the American Medical Associa-
tionn (AMA) . On the basis of these criteria the degree of auditive impairment and the degree 
off  general impairment in all patients with bilateral otosclerosis were established. Analysing 
resultss in this way gives a more disability-orientated approach, rather than a technical evalu-
ationn of results. 
Inn order to establish the degree of auditive impairment, expressed in the percentage "Binau-
rall  Hearing Impairment" (BHI), a modification was applied to determine the "Decibel Sum 
off  the Hearing threshold Levels" (DSHL). The "Modified DSHL" (MDSHL) was determined 
byy totalling the AC thresholds at 0.5,1,2 and the mean thresholds at 2 and 4 kHz. According 
too the AMA criteria the general impairment, expressed in the percentage "Impairment of the 
Wholee Person", can be derived as different categories of percentage of BHI are corresponding 
too certain percentages of IWP. 
Analysingg the pre- and postoperative values, either the BHI percentage and the IWP percent-
agee showed an important decrease after the first operation. The justification to offer second-
sidee surgery to patients with bilateral otosclerosis appears from a further significant decline 
inn both the percentages BHI and IWP after the second operation. During follow-up there 
weree no serious complications and it was concluded that bilateral stapedotomy is a safe pro-
ceduree which improves the chance of achieving normal and symmetrical hearing. 

Inn establishing the indication to perform stapes surgery, it is important to realise that a good 
resultt from a technical point of view is not always a good result in the opinion of the patient. 
Thee Glasgow Benefit Plot, designed by Browning et all, can be a valuable instrument to 
determinee the potential functional benefit a patient can achieve from hearing improvement 
surgery.. In doing so, the Glasgow Benefit Plot takes the hearing at both sides into considera-
tion.. In chapter 8 we used the Glasgow Benefit Plot to judge retrospectively if it was worth-
whilee to perform stapes surgery in patients with bilateral otosclerosis, and particularly if it 
wass worthwhile to do second-ear surgery at the contralateral side and consequently expose 
patientss to the potential risk related to this type of surgery for a second time. From analysis 
off  the bilaterally operated patient group it appears that the GBP is a valuable instrument to 
identifyy those patients in whom it is not possible to make the operated ear the better-hearing 
ear,, because the preoperative BC thresholds are no better than the AC thresholds in the con-
tralaterall  ear. In these situations the functional gain of a (n) (second) operation will be less 
beneficial. . 

InIn chapter 9 a retrospective study on 79 revision stapes operations is presented. The preoper-
ativee symptoms, intraoperative findings, and surgical techniques as well as the occurrence of 
eventuall  complications are discussed. Most common causes of failures of previous stapes 
surgeryy were a dislocated prosthesis, incus erosion, inadequate prosthesis length, and fibrous 
adhesions.. Several surgical solutions are described. The hearing results were established by 
computingg postoperative ABG with the conventional method (postoperative AC minus pre-
operativee BC) and with the method according to the guidelines of the American Academy of 
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Otolaryngologyy - Head and Neck Surgery (postoperative AC minus postoperative BC). The 
overalll  hearing results were favourable with an ABG closure < 10 dB in 64 % and in 60 % for 
thee first and second method, respectively. Iatrogenic sensorineural hearing loss occurred in 
1.33 % of the cases. In this chapter the intraoperative findings as well as the hearing results 
weree compared with those found in the literature. 

CONCLUSIONS S 

Basedd on the results of this study, the following can be concluded. 
1.. The overall results of stapes surgery in the Academic Medical Center, University of 

Amsterdamm are comparable with the results reported by other authors in the literature. 
Thee use of different parameters and criteria in the evaluation of hearing results after 
stapess surgery can result in significant differences and should therefore not be underesti-
mated.. In this respect it is to be recommended to calculate PTAs for four-frequency com-
binationss at 0.5, 1, 2, and 3 or 4 kHz. For computing postoperative ABG it is to be 
recommendedd to use postoperative BC, as the postoperative BC threshold represents the 
truee cochlear function. For the definition of success rate, the percentage of ears with ABG 
closuree < 10 dB appears to be a good measure of technical success. 

2.. The application of the "Amsterdam Hearing Evaluation Plots" (AHEPs) in the evaluation 
off  hearing results, gives an easily understood visual presentation of the technical result of 
eachh ear operated on. The plots can be used for stapes surgery, but likewise for other 
typess of hearing improvement surgery. 

3.. Implantation of the Teflon piston (type Causse) and the gold piston (K-piston) gives com-
parablee good results. The use of the heavier gold piston tends to give better sound trans-
missionn in the lower frequencies and on the other hand insertion of the lighter Teflon 
pistonn tends to result in a better transmission function in the higher frequencies, with the 
cross-overr frequency between 3 and 4 kHz. 

4.. Speech audiometry should be involved more frequently in the evaluation of hearing 
resultss after stapes surgery. It is especially important to be informed about the change in 
maximumm speech discrimination. From our study it appears that preoperatively it is not 
possiblee to identify a group of patients who are at risk for a loss in speech discrimination 
afterr surgery. 

5.. To obtain a more handicap orientated evaluation of hearing results after stapes surgery, 
thee application of the criteria of the American Medical Association (AMA) forms a useful 
method.. The AMA-criteria are internationally used to establish auditive handicap and 
thiss is expressed in a percentage. 

6.. The use of the Glasgow Benefit Plot forms a useful method to establish patient's benefit of 
stapess surgery. Therefore, it can be of value to establish the indication for stapes surgery 
andd particularly in establishing the indication for second-ear surgery in the contralateral 
earr in cases of bilateral hearing losses due to otosclerosis. 

7.. Revision surgery goes along with more pathological variables, and, therefore, a greater 
expertisee of the surgeon is necessary. The results of revision stapes surgery in our clinic 
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aree in agreement with the results of other experienced surgeons, although less good 
comparedd to primary surgery. They give support to continue the policy to offer revision 
surgeryy to patients, even when previous revision surgeries have been performed. 
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Samenvatting g 

Inn dit proefschrift worden klinische en audiologische aspecten beschreven van stapes chirur-
giee uitgevoerd bij patiënten met klinisch bewezen otosclerose. De ingrepen werden uitge-
voerdd in de periode van 1983 tot 1998 op de afdeling Keel-, Neus- en Oorheelkunde / 
Heelkundee van het Hoofd-Halsgebied van het Academisch Medisch Centrum, Universiteit 
vann Amsterdam. 

Inn hoofdstuk 1 wordt een algemene inleiding gegeven. Allereerst wordt ingegaan op de defi-
nitiee en enkele historische feiten met betrekking tot de aandoening otosclerose. Vervolgens 
wordenn achtereenvolgens de etiologie, de epidemiologie, de klinische kenmerken en de niet 
chirurgischee behandeling van otosclerose beschreven. Uitgebreider wordt ingegaan op de fas-
cinerendee geschiedenis van de chirurgische behandeling van gehoorverliezen door otoscle-
rose,, waarbij tevens een kort overzicht wordt gegeven van de huidige chirurgische technieken 
mett gebruik van verschillende prothesen. 
Verderr wordt in dit hoofdstuk ingegaan op de verschillende aspecten gerelateerd aan het eva-
luerenn van gehoorresultaten na stapes chirurgie. Bij het doornemen van de literatuur over 
stapess chirurgie blijkt dat er een aanzienlijke diversiteit bestaat in het gebruik van audiologi-
schee parameters en criteria voor het analyseren van de succespercentages, waardoor het zeer 
moeilijkk wordt om de verschillende studies met elkaar te vergelijken. In dit verband zijn er in 
hett verleden verschillende richtlijnen opgesteld door diverse commissies met als doel om tot 
eenn meer gestandaardiseerde rapportage te komen van gehoorresultaten. 

Hoofdstukk 2 beschrijft de patiëntengroep met otosclerose die een chirurgische behandeling 
hebbenn ondergaan in onze kliniek. Kort wordt ingegaan op de wijze van data acquisitie en 
vervolgenss worden de symptomen en klinische bevindingen van de patiëntengroep beschre-
venn die een primaire stapes operatie hebben ondergaan. Het audiometrisch testen van de 
patiëntenn en het analyseren van de audiologische data worden behandeld. Verschillende 
aspectenn m.b.t. het gehoorverlies veroorzaakt door klinisch bewezen otosclerose worden 
beschrevenn voor de patiëntengroep die een primaire stapes operatie hebben ondergaan in 
onzee kliniek. Daarbij blijkt dat wanneer de invloed van de fysiologische veroudering op de 
functiee van de cochlea wordt gecorrigeerd volgens de ISO 7029 standaarden, een zwakke 
maarr significante correlatie bestaat tussen de leeftijd en de beengeleidingsdrempels. Indien 
dee beengeleidingsdrempels niet worden gecorrigeerd voor de leeftijd, wordt een Carhart 
notchh van > 5 dB gevonden in 66.3 % en een Carhart notch van > 10 dB in 39.6 %. De air-
bonee gap heeft zijn grootste waarde bij 0.25 kHz (48.8 dB, SD  14.5) en zijn kleinste waarde 
bijj  2 kHz (18.2 dB, SD  11.2). 
Naa een kort overzicht van de ontwikkelingen van de chirurgische behandeling van otoscler-
sosee in de afgelopen 50 jaar in het Academisch Medisch Centrum, Universiteit van Amster-
damm (voorheen "Wilhelmina Gasthuis"), wordt vervolgens de huidige standaard techniek 
beschrevenn zoals die tegenwoordig in onze kliniek wordt toegepast. 
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Tott slot worden in dit hoofdstuk de doelen beschreven van dit proefschrift. Over het geheel is 
hett doel van deze retrospectieve studie de klinische en audiologische resultaten te evalueren 
inn een grote groep patiënten met speciale aandacht voor verschillende methoden voor het 
analyserenn van audiometrische data. 

InIn hoofdstuk 3 worden de consequenties van de keuze van het gebruik van verschillende 
audiologischee parameters en criteria op succespercentages geëvalueerd. Het blijkt dat de 
keuzee van verschillende frequenties in de pure-tone average (PTA) belangrijke verschillen 
kunnenn opleveren bij de beoordeling van de verbetering van het gehoor na stapes chirurgie. 
Indienn de traditionele frequentiecombinatie bij 0.5,1 en 2 kHz (zogenaamde Fletcher-index) 
wordtt vergeleken met een frequentiecombinatie waarbij een hogere frequentie, zoals de 3 of 4 
kHz,, is inbegrepen, levert dat significante verschillen op voor het berekenen van de verbete-
ringg in de luchtgeleiding en air-bone gap. Verder blijkt dat de verbetering in luchtgeleiding, 
berekendd voor een vier-frequentiecombinatie waarin de 3 of 4 kHz is inbegrepen, het beste 
correleertt met de verbetering in de speech reception threshold (SRT). Aangezien de verbete-
ringg in spraakverstaan het belangrijkste doel is van stapes chirurgie, wordt de verbetering in 
dee SRT beschouwd als de gouden standaard. Ook de keuze van de pre- of postoperatieve 
beengeleidingg in het berekenen van de postoperatieve air-bone gap levert een significant ver-
schill  op bij het analyseren van de postoperatieve gemiddelde air-bone gap waarden. Het 
gebruikk van de preoperatieve beengeleiding resulteert over het algemeen in betere air-bone 
gapp waarden, omdat oversluiting van de air-bone gap door het Carhart effect wordt meege-
teld.. Echter, omdat na chirurgie de inertiële component van geluidstransmissie via de been-
geleidingg is hersteld, correspondeert de postoperatieve beengeleiding beter met de werkelijke 
functiee van de cochlea en is daarom te prefereren bij het berekenen vann de postoperatieve air-
bonee gap. Tot slot is het succespercentage afhankelijk van hoe men succes definieert. In dit 
opzichtt komt het percentage oren met een postoperatieve luchtgeleidingsdrempel < 30 dB, 
ookk wel "sociaal aanvaardbaar gehoor" genoemd, het meeste overeen met het percentage 
orenn met een air-bone gap sluiting < 10 dB en is dit een meer realistische maat voor succes 
dann het bereiken van een "normaal gehoor" met een luchtgeleidingsdrempel < 20 dB. 

InIn hoofdstuk 4 wordt een methode beschreven waarbij de individuele gehoorresultaten kun-
nenn worden herleid vanuit een tweetal plots, die wij de "Amsterdam Hearing Evaluation 
Plots""  (AHEPs) hebben genoemd. Daarbij geeft de eerste plot informatie over de invloed van 
chirurgiee op de cochleaire functie, wat met name bij stapes chirurgie van belang is. Een 
Carhartt effect kan optreden, zich uitend in een verbeterde beengeleidingsdrempel. Echter, 
doordatt tijdens de ingreep het binnenoor wordt geopend, bestaat er ook een kans op iatro-
genee cochleaire schade, zich uitend in een verslechterde beengeleidingsdrempel na de 
ingreep.. De tweede plot geeft informatie over de verandering in de luchtgeleidingsdrempel in 
relatiee met de preoperatieve air-bone gap. Hierbij zijn een aantal definities opgesteld die 
betrekkingg hebben op een "succesvol resultaat", een "succesvol resultaat met oversluiting van 
dee air-bone gap" en een "niet succesvol resultaat" Het aantal oren met een van deze drie 
resultatenn kan makkelijk worden herleid uit de tweede plot. 
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Inn onze opinie resulteert het gebruik van de AHEPs in een inzichtelijke en eenvoudig te 
begrijpenn grafische weergave van de individuele gehoorresultaten, die, indien gecombineerd 
mett de richtlijnen van de "Committee of Hearing and Equilibrium" van de American 
Academyy of Otolaryngology - Head and Neck Surgery, veel additionele informatie kunnen 
verschaffen.. Een ander voordeel van het gebruik van de AHEPs is dat gehoorresultaten met 
extremee audiometrische waarden duidelijk worden gevisualiseerd. Deze resultaten hebben 
invloedd op de statistiek, maar zouden minder duidelijk aan het licht komen indien data wor-
denn gepresenteerd met behulp van gemiddelden en standaard deviaties. 

InIn hoofdstuk 5 worden twee verschillende stapes vervangingsprothesen met elkaar vergele-
ken,, namelijk een Teflon piston (type Causse; Xomed Surgical Products, Jacksonville, FL, 
USA)) en een gouden piston (K-piston; Heinz Kurz GmbH Medizintechnik, DuSlingen, Ger-
many).. Beide pistons hebben een schachtdiameter van 0.4 mm. Een belangrijk verschil tus-
senn beide prothesen is het verschil in gewicht: de gouden piston is drie keer zwaarder dan de 
Teflonn piston. In het hoofdstuk wordt benadrukt dat wanneer men een eerlijke vergelijking 
will  uitvoeren naar de transmissiefunctie van prothesen, het belangrijk is om alleen de pro-
thesenn in de analyse te betrekken die op normale wijze functioneren met betrekking tot de 
transmissiee van geluidstrillingen. Voor het bepalen van de "normaal" functionerende prothe-
senn kunnen de AHEPs van dienst zijn. Bij retrospectieve analyse van de audiometrische 
resultatenn verkregen na het implanteren van 62 Teflon pistons en 66 gouden pistons, bleek 
datt in de gehele groep van oren de gouden piston een significant grotere winst geeft in lucht-
geleidingg voor de frequentiecombinatie 0.5,1 en 2 kHz en voor de individuele frequentie bij 
22 kHz. Er werden echter geen significante inter-groep verschillen gevonden met betrekking 
tott de verandering in de beengeleiding en air-bone gap. 

Wanneerr een analyse wordt uitgevoerd bij de "normaal" functionerende prothesen, geïdenti-
ficeerdficeerd m.b.v. de AHEPs, blijkt een trend waarneembaar waarbij de zwaardere gouden piston 
meerr winst geeft in de lagere frequenties en de lichtere Teflon piston meer winst geeft in de 
hogeree frequenties. Op theoretische gronden (o.a. de Impedantieformule) zou men deze 
trendd ook kunnen verwachten. 

InIn hoofdstuk 6 worden de pre- en postoperatieve data van spraakaudiometrie geanalyseerd 
bijj  oren die een primaire stapes operatie voor otosclerose hadden ondergaan, om zo de 
invloedd van stapes chirurgie op spraakverstaan te evalueren. Daartoe werden de veranderin-
genn in de speech reception threshold (SRT), de maximale spraakdiscriminatie score, en de 
steilheidd van de spraakverstaan curve onderzocht, alsmede het optreden van een afname van 
dee spraakverstaan curve bij toenemende geluidsintensiteit. 
Hett bleek dat stapes chirurgie geen significante invloed had op de steilheid van de spraakver-
staann curve, alsook niet op de afname van de spraakverstaan curve nadat maximaal spraak-
verstaann was bereikt. Fonemische regressie (afname van de curve > 0.5 %/dB) werd in geen 
vann de gevallen gevonden voorafgaand aan de operaties, maar kwam bij 15 oren voor na chi-
rurgie.. Deze lage postoperatieve incidentie van regressie was waarschijnlijk gerelateerd aan 
hett feit dat spraakaudiometrie in stilte werd uitgevoerd. In 96 % trad er een verbetering op 
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vann de SRT en uit correlatie analyse bleek dat deze verandering goed correleert met de veran-
deringg in de luchtgeleidingsdrempel voor de frequentiecombinatie 0.5, 1, 2 en 4 kHz. Een 
postoperatievee afname in maximale spraakdiscriminatie > 10 % trad op bij 8 oren, terwijl 
133 oren een toename > 10 % lieten zien. Factoren die mogelijk een rol spelen bij het optreden 
vann een verlies of winst in de maximale spraakdiscriminatie werden nader onderzocht. De 
veranderingg in de maximale spraakdiscriminatie werd gerelateerd aan de steilheid van de 
afnamee van de preoperatieve drempels van toonaudiometrie als een functie van de frequen-
tie.. Op deze wijze werd onderzocht of het optreden van discriminatieverlies kan worden 
voorspeldd op grond van de vorm van deze toonaudiometrie drempels. In drie gevallen werd 
eenn afname in spraakdiscriminatie verweten aan het maskeringseffect van lagere frequentie 
opp hogere frequenties in het spraaksignaal. Dit zou kunnen zijn ontstaan doordat de steilheid 
vann de luchtgeleidingsdrempel is toegenomen na de ingrepen. Deze toename van de steilheid 
konn in retrospectie worden voorspeld op grond van de steilheid van de preoperatieve beenge-
leidingsdrempel.. Echter, uit de resultaten van de studie bleek dat de vorm van de postopera-
tievee luchtgeleidingsdrempel niet altijd kan worden voorspeld vanuit de vorm van de 
preoperatievee beengeleidingsdrempel, ook niet wanneer een technisch goed resultaat wordt 
verkregenn met sluiting van de air-bone gap < 10 dB. Dit komt omdat een Carhart effect dan-
well  cochleaire schade kan optreden. Het is daarom niet mogelijk om een verlies in spraakdis-
criminatiee te voorspellen op grond van de vorm van de preoperatieve drempels bij 
toonaudiometrie. . 

InIn hoofdstuk 7 worden de resultaten beoordeeld van dubbelzijdig uitgevoerde stapedoto-
mieënn met behulp van de criteria van de "Guides to the Evaluation of Permanent Impair-
ment""  van de American Medical Association (AMA) . Op basis van deze criteria werden bij 
allee patiënten het percentage van de auditieve invaliditeit, alsmede het percentage algemene 
invaliditeitt bepaald. Het op deze wijze analyseren van resultaten geeft een meer handicap 
georiënteerdee benadering in plaats van een technische benadering van de gehoorresultaten. 
Omm de mate van auditieve invaliditeit, uitgedrukt in het percentage "Binaural Hearing 
Impairment""  (BHI), te bepalen werd er een modificatie toegepast om de "Decibel Sum of the 
Hearingg threshold Levels" (DSHL) te berekenen. De "Modified DSHL" (MDSHL) wordt 
daarbijj  berekend door de luchtgeleidingsdrempels bij 0.5, 1, 2 en de gemiddelde waarde bij 
22 en 4 kHz te totaliseren. De algemene invaliditeit, uitgedrukt in het percentage "Impairment 
off  the Whole Person (IWP), kan volgens de AMA criteria worden herleid doordat verschil-
lendee categorieën percentages van de BHI overeenkomen met verschillende percentages van 
dee IWP. 

Uitt analyse van de pre- en postoperatieve waarden bleek dat zowel het BHI percentage als het 
IWPP percentage belangrijk afnamen na de eerste operatie. De rechtvaardiging van het aan-
biedenn van een tweede operatie aan de contralateral zijde bij patiënten met bilaterale oto-
sclerose,, bleek uit verdere significante afnamen van beide percentages na de tweede operatie. 
Err traden gedurende de follow-up geen serieuze complicaties op en er werd geconcludeerd 
datt een bilateraal uitgevoerde stapedotomie een veilige procedure is welke de kans op het 
bereikenn van een normaal en symmetrisch gehoor vergroot. 
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Bijj  het vaststellen van de indicatie tot uitvoeren van een stapes operatie is het van belang te 
beseffenn dat een goed resultaat vanuit chirurgisch standpunt niet altijd hoeft te betekenen dat 
hett resultaat gunstig is vanuit de optiek van de patiënt. De Glasgow Benefit Plot, ontworpen 
doorr Browning et al., kan een waardevol hulpmiddel zijn bij het beoordelen van de poten-
tiëlee functionele winst die een patiënt kan verkrijgen na een gehoorverbeterende operatie. De 
Glasgoww Benefit Plot houdt daarbij rekening met het gehoor aan beide zijden. In hoofdstuk 
88 hebben we gebruik gemaakt van de Glasgow Benefit Plot om retrospectief te beoordelen of 
hett waardevol was om een stapes operatie uit te voeren bij patiënten met bilaterale otoscle-
rosee en in het bijzonder of het waardevol was om een tweede stapes operatie uit te voeren aan 
dee contralateral zijde met als consequentie dat de patiënt voor een tweede keer wordt bloot 
gesteldd aan de potentiële risico's die zijn verbonden aan deze vorm van chirurgie. Uit de eva-
luatiee van de bilateraal geopereerde patiëntengroep blijkt dat de Glasgow Benefit Plot een 
belangrijkk hulpmiddel kan zijn bij het identificeren van patiënten met een gehoorsverminde-
ringg bij wie het niet mogelijk is om van het te opereren slechthorende oor het beter horende 
oorr te maken, omdat de preoperatieve beengeleiding van dit oor niet beter is dan de luchtge-
leidingsdrempell  van het contralaterale oor. In zulke situaties zal de functionele winst van een 
(tweede)) operatie voor de patiënt niet groot zijn. 

Inn hoofdstuk 9 wordt een retrospectieve studie uitgevoerd van 79 revisie stapes operaties. 
Daarbijj  worden de preoperatieve symptomen, de intraoperatieve bevindingen en de chirur-
gischee technieken, alsmede het optreden van eventuele complicaties beschreven. De meest 
voorkomendee oorzaken voor het falen van de eerder verrichte stapes operatie waren een 
gedisloceerdee prothese, erosie van de incus, een inadequate lengte van de prothese en 
fibreuzee adhaesies. Verschillende chirurgisch technische oplossingen worden beschreven. De 
gehoorresultatenn werden beoordeeld waarbij de postoperatieve air-bone gap wordt berekend 
volgenss de conventionele methode (postoperatieve luchtgeleiding min preoperatieve beenge-
leiding)) en de methode volgens de richtlijnen van de American Academy of Otolaryngology 
-- Head and Neck Surgery (postoperatieve luchtgeleiding min postoperatieve beengeleiding). 
Dee overall gehoorresultaten waren gunstig met een air-bone gap sluiting < 10 dB van 64 % en 
600 % voor respectievelijk de eerste methode en de tweede methode. Een iatrogene cochleaire 
gehoorverliess trad op in 1.3 % van de gevallen. In dit hoofdstuk worden de intraoperatieve 
bevindingenn alsook de gehoorresultaten vergeleken met die van de literatuur. 

CONCLUSIES S 

Opp basis van de resultaten van deze studie kan het volgende worden geconcludeerd. 
1.. De overall resultaten van stapes chirurgie in het Academisch Medisch Centrum, Univer-

siteitt van Amsterdam zijn overeenkomstig met andere gerapporteerde resultaten in de 
literatuur. . 

2.. Het toepassen van verschillende parameters en criteria bij het evalueren van gehoor-
resultatenn na stapes chirurgie kan belangrijke verschillen opleveren en moet derhalve niet 
wordenn onderschat. Daarbij is het aan te bevelen om voor het berekenen van het gemid-
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deldee toonaudiometrisch verlies een vier-frequentie combinatie te nemen bestaande uit 
dee 0.5, 1, 2, en de 3 of 4 kHz. Voor het berekenen van de postoperatieve air-bone gap is 
hett aan te bevelen om de postoperatieve beengeleiding te nemen, omdat de postopera-
tievee beengeleidingsdrempel de beste schatting geeft van de ware cochleaire functie. Voor 
hett definiëren van succes blijkt het percentage oren met een air-bone gap sluiting < 10 dB 
eenn goede maat voor technisch succes. 

3.. Het gebruik van de "Amsterdam Hearing Evaluation Plots" (AHEPs) bij het evalueren van 
gehoorresultatenn resulteert in een inzichtelijke visuele presentatie van het technische 
resultaatt van ieder afzonderlijk geopereerde oor. De plots kunnen worden gebruikt bij 
stapess chirurgie maar ook bij andere typen gehoorverbeterende operaties. 

4.. Implantatie van de Teflon piston (type Causse) en de gouden piston (K-piston) levert 
vergelijkbaarr goede resultaten op. Het gebruik van de zwaardere gouden piston lijk t te 
resulterenn in een betere geluidstransmissie van de lagere frequenties en daarentegen lijk t 
toepassingg van de lichtere Teflon piston een betere transmissie in de hogere frequenties te 
geven,, waarbij het omslagpunt zich tussen de 3 en 4 kHz bevindt. 

5.. Spraakaudiometrie zou vaker moeten worden betrokken bij het evalueren van gehoor-
resultatenn na stapes chirurgie, waarbij vooral van belang is om geïnformeerd te worden 
overr de verandering in de maximale spraakdiscriminatie. Uit onze studie bleek dat het 
niett mogelijk is om preoperatief een risicogroep te identificeren die meer kans heeft op 
verliess van spraakdiscriminatie na de ingreep. 

6.. Voor een meer handicap-georiënteerde evaluatie van gehoorresultaten na stapes chirurgie 
vormenn de criteria van de American Medical Association (AMA) een geschikte methode. 
Dee AMA-criteria worden internationaal gebruikt voor het vaststellen van de auditieve 
handicapp en deze wordt uitgedrukt in een percentage. 

7.. Toepassing van de Glasgow Benefit Plot vormt een geschikte methode om de baten van 
stapess chirurgie voor de patiënt vast te stellen. Derhalve kan het van waarde zijn bij het 
stellenn van de indicatie voor stapes chirurgie en in het bijzonder voor het stellen van de 
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8.. Revisie stapes chirurgie gaat gepaard met meer gevarieerde pathologie en vereist derhalve 
eenn grotere expertise van de operateur. De resultaten van revisie stapes chirurgie in onze 
kliniekk zijn in overeenstemming met andere resultaten van ervaren operateurs, hoewel 
minderr goed in vergelijking met die van primaire chirurgie. Ze geven ondersteuning om 
hett beleid te continueren revisie chirurgie aan te bieden aan patiënten, ook als reeds eer-
deree revisie operaties zijn uitgevoerd. 
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1.. Bij het beschrijven van de gehoorresultaten na stapes chirurgie is 
hett aan te bevelen om voor het berekenen van het gemiddelde 
toonaudiometrischee verlies een vier-frequentie combinatie te 
nemenn bestaande uit de 0.5,1,2, en de 3 of 4 kHz. 

2.. Bij stapes chirurgie geeft de postoperatieve beengeleiding de 
bestee schatting van de ware cochleaire functie. Derhalve is het 
aann te bevelen om bij het beschrijven van de gehoorresultaten, 
dee postoperatieve air-bone gap te berekenen door het verschil te 
nemenn tussen de postoperatieve luchtgeleiding en de 
postoperatievee beengeleiding. 

3.. Het evalueren van gehoorresultaten met behulp van de 
"Amsterdamm Hearing Evaluation Plots" (AHEPs) is een verfijnde 
methodee om het chirurgische succes te bepalen en om de 
spreidingg van individuele resultaten van verschillende populaties 
mett elkaar te vergelijken. 

4.. Bij het vaststellen van de indicatie tot uitvoeren van een stapes 
operatiee is het van belang te beseffen dat een goed resultaat 
vanuitt chirurgisch oogpunt niet hoeft te betekenen dat het 
resultaatt goed is vanuit de optiek van de patiënt. 

5.. Wil men de invloed van gewicht of andere eigenschappen van 
stapess vervangingsprothesen met betrekking tot de 
transmissiefunctiee onderzoeken, dan is het van belang dat de 
prothesenn optimaal zijn gepositioneerd. 



6.. Spraak audiometrie zou vaker moeten worden betrokken bij het 
evaluerenn van gehoorresultaten na stapes chirurgie. 

7.. Communicatie heeft niet genoeg aan woorden, het verdient 
verklanktt te worden. Die klank hoort opgevangen te worden en 
tee worden geïnterpreteerd. (WA. Dreschler, Zoals het hoort, 
Oratie,, 1995). 

8.. Aangaande reconstructieve oorchirurgie: het is wenselijk om 
naastt het beste resultaat ook het gemiddelde maar vooral ook 
hett slechtste resultaat te publiceren. 

9.. Bij het verrichten van wetenschappelijk onderzoek naast de 
opleidingg tot medisch specialist, is het niet zo dat je de draad 
weerr oppakt daar waar het de vorige keer geëindigd is. Vaak ben 
jee tijden bezig dit stukje draad weer te vinden. 

10.. Een patiënt met een rhinophyma neem je snel bij de neus. 

11.. Een hedendaags zorgwekkend probleem in de zorgsector is dat 
dee duur betaalde bestuurder voor die ene daadwerkelijke 
beslissingg per jaar waarvoor hij is aangenomen een nog duurder 
betaaldee consultant inhuurt van een organisatie- en 
adviesbureau. . 

12.. Dat we tweemaal zo lang leven als een eeuw geleden, is niet aan 
dee dokter maar aan de loodgieter te danken. (Midas Dekker, 
Dee Vergankelijkheid) 






	Cover
	Titlepage
	Contents
	Abbreviations
	Chapter 1 General Introduction.
	Chapter 2 Stapes Surgery for Otosclerosis in the Academic Medical Center, University of Amsterdam.
	Chapter 3 Efficacy of Evaluation of Audiometric Results after Stapes Surgery in Otosclerosis. Part I: The Effects of Using Different Audiological Parameters and Criteria on Success Rates.
	Chapter 4 Efficacy of Evaluation of Audiometric Results after Stapes Surgery in Otosclerosis. Part II: A Method for Reporting Results From Individual Cases.
	Chapter 5 Comparison of Stapes Prostheses. A Retrospective Analysis of Individual Audiometric Results Obtained After Stapedotomy by Implantation of a Gold and a Teflon Piston.
	Chapter 6 Effects of Stapes Surgery on Speech Reception.
	Chapter 7 Bilateral Stapedotomy in Patients with Otosclerosis: A Disability-Orientated Evaluation of the Benefit of Second Ear Surgery.
	Chapter 8 Evaluation of Second-Ear Stapedotomy with the Glasgow Benefit Plot.
	Chapter 9 Evaluation of Revision Stapes Surgery in Otosclerosis and Review of the Literature.
	Chapter 10 Summary and Conclusions.
	Dankwoord
	List of publications
	Curriculum Vitae
	STELLINGEN
	Cover

