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INTRODUCTION 

Otosclerosis is one among the indications for endoscopic stapes 

surgery.It is a progressive disease of the otic capsule that clinically 

presents with conductive hearing loss (CHL) with an intact tympanic 

membrane. 

Since the disease description by Valsalva in 1704
(1)

 , There were 

several techniques described in the management of patients with 

otosclerosis . These techniques have evolved to great diversity of 

options. In this effort, new modifications have been introduced time to 

time. These include removal of ossicles by Kessel, mobilization of the 

stapes by Rosen, fenestration, stapedectomy to modern day smal l 

fenestra stapedotomy by Ugo Fisch. 

All these procedures have traditionally been performed with 

microscope. Recent advances in optics have revolutionized the surgeries 

in otology with the concept of minimally invasive surgical techniques. 

One such advancement in otology is the use of endoscopes in middle ear 

surgeries. 

The instrumentation for stapedotomy has undergone change from 

perforators to skeeter drill to LASER and from microscopes to 

endoscope. 
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In this study, we aim to analyse the audiological and surgical 

outcomes of endoscopic stapes surgery and also highlighting the 

advantages and disadvantages of using endoscopes in the stapes surgery.  



 3 

AIMS AND OBJECTIVE 

PRIMARY AIM 

1.Evaluate the audiological and surgical outcomes following 

endoscopic stapes surgery in otosclerosis . 

2.To highlight the advantages of endoscopic stapes surgery in 

otosclerosis . 

SECONDARY AIM 

1.To determine the factors affecting the audiological outcomes of 

the endoscopic stapes surgery. 

2.To determine the sensititvity and specivity of immitence 

audiometery.  

3.Role of speech audiometry in predicting the outcomes of 

surgery . 

4.To determine the average time taken for endoscopic stapes 

surgery in otosclerosis and its effect on outcomes of surgery .  

5.Incidence of tinnitus in otosclerosis and role of stapedotomy in 

symptom relief . 
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REVIEW OF LITERATURE 

In the study by Sarkar, S., et al
(2)

 , titled Endoscopic stapes 

surgery: Our experience in thirty two patients, 32 patients with Hearing 

impairment, normal otoscopic findings, PTA showing conductive 

hearing loss with AB gap of 30 dB, normal bone-conduction threshold at 

frequencies of 500, 1000, 2000 and 4000 Hertz(Hz), absent stapedius 

reflex, and normal temporal bone CT Scan were included. The potential 

of endoscopic stapes surgery as a substitute for microscopic stapes 

surgery was assessed using 0° and 45° pediatric nasal endoscopes (2.7 

mm diameter) under local anesthesia. They concluded that endoscopic 

stapes surgery was a cost-effective alternative to microscopic stapes 

surgery, in areas with limited resources.  93% of the patients in the 

study had an air-bone gap of 15 dB or less in the postoperative follow 

up. 

In the study Primary Endoscopic Stapes Surgery: Audiologic and 

Surgical Outcomes done by Ashley M. Nassiri et al
(3)

, where in 81 cases  

with etiology suggestive of otosclerosis, stapedial ankylosis and 

congenital stapes fixation were included in the study outcomes 

following primary endoscopic stapes surgery were evaluated and 

concluded that endoscopic stapes surgery was an effective approach to 

stapes fixation, with a median postoperative air-bone gap of 6.25 dB. 

When implemented by experienced surgeons, endoscopic stapedotomy 
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and stapedectomy have no significant differences in audiologic and 

surgical outcomes.And the endoscope may prove especially useful in 

cases of complex anatomy that prevent adequate visualization of the 

ossicular chain or oval window with a microscopic approach.  

Ahmad Daneshi Hesam Jahandideh
(4)

 published a paper titled 

“Totally endoscopic stapes surgery without packing: novel technique 

bringing most comfort to the patients” in which 34 Patients diagnosed 

with otosclerosis who had normal otoscopy; pure tone audiometry with 

conductive hearing loss; absent stapedius reflex were included in the 

study. The effectiveness of endoscopes in stapes surgery with regard to 

the operative time and  Audiometric results  were evaluated and the 

patients‟ satisfaction as measured by visual analog scale were studied. 

They showed that it was possible to perform stapes surgery using 

endoscopes in much shorter time without major difficulties .And the 

comparable audiologic outcomes and more patients‟ satisfaction 

reflected the efficiency of endoscopic technique as a good alternative to 

the microscopic technique to stapes surgery.  

Ahmed A. Omrana,b, Ahmed S. Habib
(5)

 published a paper titled 

Trans canal totally endoscopic stapes surgery: step-by-step Procedure 

where in the role of otoendoscopy was evaluated in performing 

stapedotomy in 20 patients with normal otoscopy, audiometry showing 

CHL with an air-bone gap (ABG) of at least 25 decibels (dB), type A 
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tympanometry, speech discrimination score greater than 60%, and 

absent stapedial reflex. 

Trans canal totally endoscopic stapes surgery is a feasible and 

safe technique for the surgical management of CHL associated with 

otosclerosis. It provides crystal clear images that could be used in 

teaching purpose. 

João Flávio Nogueira Júnior et al
(6)

 published Fully endoscopic 

stapes surgery (stapedotomy): technique and preliminary results . In this 

study they Investigated the feasibility of using Sino-nasal endoscopes in 

stapedotomies, focusing on the visualization of important structures and  

discussed the possible advantages and disadvantages of this instrument. 

Retrospective analysis of 15 stapedotomies were done and concluded 

that Stapes surgeries using endoscopes were technically feasible, safe 

and promising. The main advantages quoted were, no trauma to the 

chorda tympani nerve and excellent view. And that the disadvantages 

noted were the  lack of stereoscopic vision, and  the long learning curve 

for single handed surgery . 

Ignacio Javier Fernandez et al
(7)

 published “ The role of 

endoscopic stapes surgery in difficult oval window niche anatomy and 

the role of endoscopic stapes surgery in cases with difficult anatomy.” 

In which Out of 205 patients who underwent stapes surgery, 18 patients 

were selected who satisfied the criteria of difficulty anatomy of oval 
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window niche for performing stapes surgery with microscope. The 

Intraoperative endoscopic view of the details of the anatomical 

structures and surgical difficulties were analyzed through the review of  

the operative videos and concluded that the endoscopic approach 

provided an optimal visualization and showed to be feasible, safe and 

effective. The endoscopic approach to stapes surgery can be considered 

a viable option in case of a predicted difficult oval window niche 

anatomy. 

Jacob B. Hunter
(6)

 published “ The Surgical and Audiologic 

Outcomes in Endoscopic Stapes Surgery across 4 Institutions”, and 

investigated the intra- and postoperative outcomes of endoscopic stapes 

surgery. This was a report from 4 tertiary care otologic referral centers 

that was one of the largest studies on the experience of endoscopic 

stapes surgery. A retrospective chart review of all endoscopic stapes 

surgeries was performed at 4 tertiary care otology centers. Audiologic 

outcomes were analyzed based on 3 major surgical variations: 

endoscopic laser stapedotomy, endoscopic drill stapedotomy, and 

endoscopic stapedectomy. The primary outcome measured was air -bone 

gap, while secondary outcomes included scutum removal; chorda 

tympani manipulation and or transection; intraoperative complications, 

including tympanic membrane tears and floating footplate; and 

postoperative complications, including the presence of dizziness, facial 

nerve weakness, tympanic membrane perforation, and dysguesia. The 
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results of the study reinforced that endoscopic stapes surgery was an 

effective technique for the management of otosclerosis with a median 

postoperative ABG of 9.0 dB HL. 

Emmanuel Sara Kolo, R. Ramalingam
(8)

 published “Hearing 

results in adults after stapedotomy” This study was aimed to assess the 

short-term hearing results in adults after  stapedotomy, and find, if any, 

the effects of some variables on post-operative and concluded that 

Primary stapedotomy was effective In improving short term hearing 

outcome in adults with clinical otosclerosis. And that the Post -operative 

hearing outcomes were not affected by the duration of the disease; but 

by an Increase in the patient‟s age.  

Dhooge Ingeborg
(9)

“Long-term hearing results of stapedotomy: 

analysis of factors affecting outcome”. This study Evaluated the long -

term hearing results following stapedotomy and analyzed the influence 

of patient-, disease-, and procedure- related variables. 230 ears were 

included in the study and underwent stapedotomy for otosclerosis. All 

cases had early postoperative follow-up at 4weeks post op and 181 cases 

had late postoperative follow-up. The Air-bone gap closure within 20 dB 

was obtained in 95.7. The factors like Age, gender, primary versus 

revision surgery, the presence of preoperative tinnitus and preoperative 

vertigo did not significantly influence the postoperative audiological 

outcome. Their series confirmed excellent hearing results achieved in 
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stapedotomy surgery, also in long-term follow-up. On the long-term no 

patient-, disease-, or procedure-related variables were identified as 

predictors of surgical success. 

Daniele Marchionni
(10)

 published a study “Stapes malformations: 

the contribute of the endoscopy for diagnosis and surgery”. The aim of 

this study was to investigate the role of the endoscopes in exclusive 

transcanalicular approaches for the management of stapes 

malformations. A retrospective chart review was made at their tertiary 

referral centers. 17 patients with stapes malformations underwent 

surgery with endoscopes. A complete assessment of audiological  and 

radiological factors was done before and after the surgery.  The 

endoscopic approach results were very adequate for the diagnosis and 

treatment of stapes malformations. 

Waleed Moneir et al
(11)

 published “Endoscopic stapedotomy: 

Merits and demerits” .This study was a comparative analysis of patients 

with conductive hearing loss who underwent stapedotomy. The patients 

were randomly divided into 2 groups. Group A -microscopic surgery and 

group B -endoscopic surgery and highlighted that it was feasible to 

perform stapedotomies with 0- and 30-degree endoscopes with great 

ease. The main merits were good quality panoramic viewing and 

visualization of the middle ear structures, and minimal manipulation of 
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the chorda tympani nerve, with practically very minimal need for 

curettage of bony wall. 

P.B.Kameswara Rao and  S.Ramesh
(12)

 published  Endoscopic 

stapedotomy- our experience and analyzed whether Endoscopic 

Stapedotomy is safer and less traumatic. The study included 40 patients 

who underwent Endoscopic Stapedotomy for otosclerosis. The 

Preoperative and postoperative PTA thresholds and air -bone gaps were 

recorded and compared and the complications were noted. They 

concluded that Endoscopic stapes surgeries were technically feasible, 

safe and promising. And that the advantages were no injury to the 

chorda tympani nerve and excellent visualization of middle ear 

structures. The disadvantages were the lack of stereoscopic vision, 

having to work with one hand and long learning curve.  

Engin Dursun et al
(13)

 published  Endoscopic trans canal stapes 

surgery: our technique and outcomes, which evaluated the outcomes of 

endoscopic stapes surgery in terms of ABG closure and complications. 

In this study, the mean preoperative and postoperative pure tone bone 

conduction, ABG, postoperative ABG closure, the duration of surgery 

and complications were evaluated. The mean postoperative air -bone gap 

was statistically significant. The study concluded that endoscopy was a 

safe method which can be used in stapes surgery. 
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Chetana Naik et al 
(14) 

published  “Endoscopic stapedotomy: our 

view point to present a case series of endoscopic stapedotomies” and 

analyzed the operative findings and Discussed the merits and demerits 

of the same. 20 patients were included in the study. Visualization of 

middle ear structures, surgical steps, the operative time, hearing results 

and the complications were analyzed. And concluded that Performing 

endoscopic stapedotomy using 4mm endoscope was a feasible option 

that gave excellent visualization with good results.  

Brandon Isaacson et al
(15)

 published Endoscopic Stapes Surgery in 

Clinics of North America that Trans canal Endoscopic Ear Surgery  is a 

viable alternative for managing stapes fixation. The main advantages of 

TEES are the magnified, wide-field of view and improved illumination 

as compared with that provided with a microscope using a speculum. 

Single-handed instrumentation, and prosthesis placement, as well the 

lack of depth perception, were some of the disadvantages of endoscopic 

stapes surgery that were discussed. 

Kojima H et al
(16)

 published  Comparison between endoscopic and 

microscopic stapes surgery in which they investigated if endoscopic 

stapes surgery was a safer and less invasive than doing conventional 

stapes surgery with an operating microscope. They concluded that there 

were no differences of operating time or the postoperative hearing 

between endoscopic and microscopic groups. Endoscopic stapes surgery 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kojima%20H%5BAuthor%5D&cauthor=true&cauthor_uid=23670854
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can even be done in patients with unfavorable external auditory canal. 

And it was also suitable for education since the surgical anatomy can be 

understood easily and both the surgeon and assistants can observe the 

procedure on the same monitor. 

Giannicola Iannella and Giuseppe Magliulo
(17)

 published 

“Endoscopic Versus Microscopic Approach in Stapes Surgery: Are 

Operative Times and Learning Curve Important for Making the 

Choice?” in this study they  analyzed the surgical outcomes of 

endoscopic stapes surgery, compared the results with a conventional 

microscopic stapes surgery. And concluded that there was no difference 

in the incidence of intraoperative findings and postoperative 

complications between endoscopic and microscopic techniques. And the 

audiological outcomes achieved by endoscopic surgery were similar to 

the results obtained through a microscopic approach.  

 



 13 

ANATOMY OF MIDDLE EAR 

The middle ear cavity is an air filled space which is situated 

between external and the inner ear. The width of the middle ear is 2mm 

at the centre, 6mm superiorly in the attic and 4mm inferiorly in the 

hypotympanum. Height is about 15mm. 

The middle ear cavity is 6 walled: the lateral wall, the inferior 

called the floor or the jugular wall, the posterior called the mastoid wall 

, the superior wall also called as the roof or the tegmen , the medial wall 

called the cochlear wall. 

 

Fig-1 : Middle Ear Cavity 
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LATERAL WALL: 

Partly bony and partly membranous. bony – the attic outer 

wall/scutum 

Membranous – tympanic membrane. 

INFERIOR WALL: 

It consists of thin plate of bone that separates the middle ear from 

the jugular bulb posteriorly and internal carotid artery anteriorly  

POSTERIOR WALL: 

Highest wall of the middle ear. It measures about 14mm, and it 

separates the middle ear from the mastoid. At the area of aditus ad 

antrum , where it is deficient and it permits communication between the 

attic and the mastoid antrum .It has 3 eminences directed anteriorly , 5 

bony ridges and 4 sinuses delimiting the retro tympanic spaces.  

EMINENCES: 

Pyramidal eminence: situated at the center of posterior wall, 

immediately behind the oval window. It lodges the body of the stapedial 

tendon. 

Chordal eminence: it is situated lateral to the pyramidal eminence 

and 1 mm medial to the tympanic membrane. This eminence shows a 

foramen: the iter chordae postericus through which the chorda tympani 

nerve gains access to the middle ear cavity.  
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Styloid eminence: otherwise called as politzer eminence, 

represents the base of the styloid process .  

RIDGES: 

 Chordal ridge  

 Pyramidal ridge 

 Styloid ridge  

 Ponticulus  

 Subiculum  

SPACES : 

2 medial spaces which lie medial to the vertical part of the facial 

nerve  

 Posterior tympanic sinus  

 Sinus tympani 

2 lateral space which lie lateral to the vertical part of the facial 

nerve . 

 Facial sinus  

 Lateral tympanic sinus  
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SUPERIOR WALL  

Tegmen is a thin bony plate that forms the roof of the middle ear 

cavity and separates it from the temporal lobe. it has 3 parts: tegmen 

tubari, tegmen antri,tegmen tympani.  

ANTERIOR WALL 

It separates the middle ear from the petrous part of the carotid 

artery canal. it houses the tympanic orifice of the eustachian tube, the 

canal for tensor tympani muscle. 

MEDIAL WALL  

Mainly formed by cochlear promontory in addition to several 

important structures: the tympanic segment of the facial nerve, the oval 

and round windows , the cochleariform process and the lateral semi-

circular canal. 

 

Fig-2: endoscopic anatomy of middle ear 
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 OVAL WINDOW NICHE  

Otherwise called as fenestra vestibuli. it is located in the medial 

wall of the posterior part of the mesotympanum behind and above the 

promontory, inferior to the facial nerve canal.  

It is a kidney shaped opening leading to the vestibule of the inner 

ear. The long diameter of the oval window is horizontal and its convex 

border is directed upward . it is closed by the foot plate of the stapes 

which is rounded by the annular ligament .  

 The dimensions of the oval window average 3.25mm long and 

1.75mm wide. 

FISSULA ANTE FENESTRUM  

It is considered as an appendage of the peri lymphatic labyrinth ; 

it is a strip of periotic connective tissue extending from the vestibule 

just anterior to the oval window through an irregular still  like space in 

the bony otic capsule to join the mucoperiosteum of the tympanic cavity 

below the pulley of the tensor tympani muscle .usually it is obliterated 

by fibrous tissue and immature cartilage .  

FISSULA POST FENESTRUM  

This is an invagination of the periotic capsule just posterior to the 

oval window at a point about one third of the way between the window 

and the non-ampullated end of the lateral semi-circular canal. 
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Fig-3 :CT image of otosclerotic foci 

 

STAPES  

It is the smallest of all the bones in the human body; 3.25 mm in 

height and 1.4mm in width, it weighs about 3-4 mg. And it is situated in 

an almost horizontal plane between the lenticular process of incus and 

the oval window and below the facial canal.  

The stapes consists of a head, neck, an anterior and a posterior 

crura, and an oval shaped footplate. The posterior crura is longer, 

thicker, and more curved than the anterior one. The area between the 

concave arches of the crura is called the obturator foramen, and it is 

sometimes bridged by mucous membrane. 

The foot plate is thin and oval lamella of the bone whose length is 

about 3mm; width 1.5mm, thickness is about 0.25mm.  
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The distance from the long process of the incus to the tympanic 

surface of the footplate is about 4mm. 

The medial surface of the foot plate is lined by endosteum of the 

otic capsule. the saccule is 1mm deep from the anterior part of the 

vestibular surface of the footplate, and the utricle is at 1.5mm deep from 

its posterior part. 

 

Fig- 4: diagram representing the relationship of stapes and the 

vestibule 
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ANNULAR LIGAMENT 

The annular ligament of the stapes is a ring of elastic fibres that 

attaches the cartilaginous margin of the footplate to the border of the 

oval window. 

The fibres of the annular ligament fuse with the periosteum and 

endosteum all around the oval window borders. The ligament is thinner 

anteriorly than posteriorly and more mobile anteriorly. Because of the 

differential thickness between its anterior and posterior aspects, the 

annular ligament works as a hinge-like attachment of the stapes into the 

oval window. This type of attachment allows a rocking oscillation of the 

footplate in the oval window, which is the essential movement for the 

transmission of high-frequency sounds. Low frequency sound 

transmission depends on piston like movements of the stapes that 

necessitates elasticity of the whole annular ligament.  

INCUDOSTAPEDIAL JOINT 

The incudostapedial articulation is a synovial diarthrodial 

articulation; it joins the convex lenticular process of the incus  and the 

concave surface of the head of the stapes. An interarticular cartilage is 

not usually present. This joint is fragile.  

STAPEDIUS 

The stapedial muscle is the smallest skeletal muscle in the body 

measuring only 1 mm. It lies in a bony cavity in the posterior wall of the 
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tympanic cavity to emerge from the pyramidal eminence. The fibers of 

this muscle converge into a tendon which variably attaches to the head 

and/or posterior crus of the stapes. The stapedial muscle is innervated by 

the stapedial branch of the facial nerve. Its contraction provokes a tilting 

of the stapes by moving the anterior border of the footplate laterally and 

the posterior border medially. This tilting of the stapes stretches the 

annular ligament, thus fixing the footplate and dampening its 

movements. It protects the inner ear from damage caused by loud 

noise.Lack of action of this muscle from nerve section or facial nerve 

palsy induces hyperacusis. 

 

Fig-5 : endoscopic anatomy of otosclerotic foci  
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EMBRYOLOGY  

OVAL WINDOW: 

The oval window is derived from the lateral surface of the otic 

capsule. The rudimentary stapes grows medially, then contacts and 

indents the developing otic capsule at the future oval window during the 

7th week. The mesenchyme in this depression fuses with the stapedial 

ring to form the stapes footplate.  (19) Dedifferentiation of the oval 

window cartilage occurs, and a rim of  fibrous tissue forms to produce 

the annular ligament , once the base of stapes is formed.  

FISSULA ANTE FENESTRUM: 

The  fissula ante fenestrum is part of the peri lymphatic labyrinth. 

It is first apparent in the 9th week , (20) as a strip of precartilage in the 

lateral wall of the cartilaginous otic capsule anterior to the oval window. 

During the next 3 weeks, the extension of periotic tissue stretches as a 

connective tissue ribbon from the vestibule to the middle ear. The fissula 

continues to grow until mid-fetal life about 21st week, by which time 

the ossification of the otic capsule is almost completed. The cartilage 

border that separates the connective tissue of the   fissula from the bone 

of the otic capsule is replaced by an intrachondral bone. Later in life the 

new bone forming process may be enhanced and expand to become an 

active focus of otosclerosis.(21) 
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STAPES 

The stapes, which is the first auditory ossicle to appear, develops 

from an independent anlage derived from the cranial end of the cartilage 

of the 2nd branchial arch. The stapedial anlage gets connected to the 

remaining Reichert‟s cartilage by forming the interhyale , the internal 

part of which gives rise to the tendon of the stapedial muscle. The 

stapedial anlage will be crossed by the stapedial artery during 

embryonic period, giving the stapes its characteristic ring  shape.  

 

Fig- 6: destination of 1
st

 and 2
nd

 branchial arches 

FOOTPLATE DEVELOPMENT: 

The development of footplate is characterized by a progressive 

replacement of Undifferentiated mesenchyme by the chondroblasts, and 

differentiation of the peripheral mesenchyme into the annular ligament 

around the presumptive footplate, which was demonstrated by Jacksoll 

in the chick embryo (22) . 
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THEORIES OF FOOT PLATE ORIGIN: 

Classical theory: 

According to this theory, the footplate has two origins: the 

tympanic side derived from the stapedial ring and the  vestibular side  

from the lamina stapedialis of the otic capsule   (23). The medial border 

of the stapedial ring comes in contact with a facing depression in the 

lateral wall of the otic capsule. This depression is called the lamina 

stapedialis which would be the future oval window. The medial border  

of the stapedial ring fuses with the lamina stapedialis to form the 

stapedial footplate. 

Alternative theory: 

According to this theory the otic capsule is not involved in the 

formation of the base of the stapes and the entire stapes is derived from 

the stapedial anlage of the Reichert‟s cartilage.(24)(25) 

ANNULAR LIGAMENT: 

At the beginning, the footplate is attached to the otic capsule by a 

band of mesenchyme, it then transforms into the annular ligament. The  

stapediovestibular  joint , stapes and the inner ear being decoupled, 

shows its definitive characteristics at 12th week.  

 

 



 25 

STAPES OSSIFICATION:  

From a single ossification center Stapes endochondral ossification 

starts at the end of 4th month. The ossification extends to the two 

branches and then to the head of the stapes. 

 

Fig- 7: Development of stapes 

PHYSIOLOGY OF HEARING-ROLE OF MIDDLE EAR 

Each component of middle ear is important for sound from remote 

source to transmit to cochlea and be heard. If sound waves of given 

pressure were to directly  stimulate the cochlea, the resulting velocity of 

vibration would be poor, as most of the energy would get reflected back 

into the air. This does not happen as outer and middle ear act as 

impedance matchers so that all or most of acoustic energy is transmitted 

to the cochlea without attenuation. 
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The middle ear apparatus- tympanic membrane, malleus-incus-

stapes and middle ear muscles provide the critical modifications and 

mechanical advantages to acoustic energy as sound travels from air 

medium (middle ear) to fluid medium (inner ear perilymphatic and 

endolymphatic fluid). Therefore, acoustic energy is transferred from 

low-impedance, high-velocity medium to high impedance low-velocity 

medium without much loss in a well-functioning middle ear. 

 

Fig-8 : physiology of hearing 
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Fig-9: Frequency specification in cochlea 

This „impedance matching‟ as described above is mainly done by 

the ratio of surface area of tympanic membrane to stapes foot plate. The 

ratio is about 18: 1. This disproportionality is important for overcoming 

the acoustic impedance mismatch at the air-fluid interface. 

The incident sound from the external auditory canal hits the 

membrane and sets up a wave, which is mainly collected at the rim of 

the membrane. This is then conducted to the umbo and coupled to the 

manubrium of the malleus and further transmitted. The reflectance of the 

tympanic membrane has been found to be lowest between 1kHz and 

4kHz which means that between these frequencies maximum energy is 

delivered to the cochlea and the middle ear is most efficient in this range 

at sound conduction. At very low and very high frequencies, the 

reflectance is much reduced suggesting that it is the middle ear that is 

instrumental in not propagating those sounds. It goes without saying that 
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structural integrity of tympanic membrane is crucial for the middle ear 

impedance matching mechanism. 

ROLE OF EUSTACHIAN TUBE: 

Eustachian tube opens into the middle ear and also plays a role in 

hearing mechanism. 

The tubal opening is best demonstrated at 6–8 kHz, i.e. at high 

frequency sounds. Since high-frequency sounds are the most important 

consonant-containing sounds, the middle ear must act in the most 

efficient way to conduct these sounds. This appears to be an 

evolutionary development. Maximum air entry from the Eustachian tube 

needs to occur at high frequencies to facilitate sound conduction.  

In Eustachian tube dysfunction where the middle ear cavity is 

deprived of air, as in early stages of otitis media with effusion (OME), 

the stiffness of the system is augmented, which leads to a low-frequency 

hearing loss. With further progression, fluid collection in the middle ear 

cavity increases the mass of the system, which generates a high-

frequency hearing loss. This demonstrates the role of Eustachian tube  in 

hearing mechanism. 

ROLE OF TYMPANIC CAVITY AND MUCOSAL FOLDS 

The reflections of the acoustic signal from the walls of the middle 

ear cavity may contribute to pressure differences across the tympanic 

membrane and may provide an additional drive to the membrane 
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function in the hearing mechanism. The mucosal folds in the middle ear 

thicken in some regions to form ligaments and separate the middle ear 

cavity into epitympanum and mesotympanum. The ligaments in this 

epitympanic diaphragm are formed by malleal folds, with the lateral 

malleoincudal fold posteriorly and the tensor fold anteriorly. The 

connection between the mesotympanum and the epitympanum is the 

tympanic isthmus, which is the only conduit for air in the Eustachian 

tube to reach the epitympanum. 

Congenital defects in the folds, or folds affected by inflammatory 

processes (e.g. mucosal disease or cholesteatoma), can block the narrow 

isthmus, leading to loss of air from the epitympanum and provoking 

further inflammation and causing hearing loss.  

ROLE OF MIDDLE EAR MUSCLES 

There are two muscles in middle ear and both contribute to 

hearing. Tensor tympani, is less efficient but more active and stapedius. 

The middle ear muscles modulate this acoustic signal so that the ear is 

protected from one‟s own voice. 

The tensor tympani supplied by the Vth nerve has very low 

electrical activity in response to sound. It attaches to the malleus 

manubrium and pulls the malleus anteriorly. it is active in the following 

situations: tactile stimulation of the EAC and face, pneumatic pressure 

on the eyelids, sudden forced opening of closed eyelids or forced 
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closing of the eyelids, swallowing, head movements, anticipation of 

loud sounds and a startle. 

The stapedius muscle supplied by the VIIth nerve is the dominant 

muscle in the middle ear and attaches to the stapes neck. Its contraction 

pulls the annular ligament in the footplate. The stapedius responds 

primarily to high-intensity low-frequency sounds – about 0.8 kHz. 

Stapedius contraction is responsible for the stapedial reflex which 

moves the stapes about 50 microns, increases the stiffness of the 

ossicular chain and can attenuate the sound transmission to the inner ear 

by as much as 30 dB. 

ROLE OF OVAL AND ROUND WINDOWS - 

There are two natural windows between the middle and the inner 

ear. The oval window articulates with the stapes footplate and the round 

window is covered by the secondary tympanic membrane. The pressure 

difference between the oval and the round windows is essential for the 

cochlear travelling wave which drives cochlear function. The middle ear 

maximises this pressure difference. 

This occurs by three mechanisms- 1) Tympano-ossicular chain 

preferentially increases sound pressure at oval window via Stapes. 2) 

Intact tympanic membrane reduces sound pressure in middle ear by 10-

20dB thereby shielding the round window. 3) Air in middle ear allows 

for good mobility of round window. 
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ROLE OF OSSICLES- 

The three ossicles (the malleus, the incus and the stapes) are 

connected together by synovial joints for transmitting the acoustic 

stimulus from the tympanic membrane. The geometric length of the 

malleus is approximately 2.1 times that of the incus and thus the lever 

action multiplies by 2.1 times. The net mechanical advantage or 

impedance ratio is therefore 4.4. Further, the lever action changes with 

frequency with it being most efficient at 2 kHz.  

Malleus and incus are tightly bound and move in unison. The 

incus transmits the sound vibrations to Stapes. Stapes amplifies and 

transforms sound energy into mechanical energy. 

 

Fig -10 : lever action of ossicles 
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The malleus and the incus rotate around an anterior– posterior 

axis of the malleus–incus complex that passes through the centre of 

gravity of the ossicles. At low frequencies there is relatively less motion 

between the malleus and the incus; however, at higher frequencies the 

motion becomes more complex, allowing some slippage between the two 

to conduct higher-frequency sounds more efficiently. The stapes shows a 

similar pattern of movement. simple piston-like movements at low 

frequencies and more complex spatial movements in higher frequencies 

along the long and short axes of the footplate.  

The tympanic membrane gathers force over its entire surface and 

transmits this force into the smaller footplate of Stapes. In an ideal 

condition, the sound pressure applied to inner ear by Stapes is 20 times 

ie 26 dB larger than the sound pressure at level of tympanic membrane.  

 

Fig- 11: lever mechanism in ossicles 
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Another „transformer‟ within the middle ear is at the ossicular 

level by „lever action‟. The lever action results from different lengths of 

rotating malleus and incus arm around an axis of rotation. However, in 

humans, the ratio of Malleus to Incus is only 1.3, therefore the increase 

in sound pressure by this lever action is only 2dB. Hence the total 

theoretical sound pressure gain from tympanic membrane to Stapes is 

26+2=28dB (the actual measured gain is 20dB).  

OTOSCLEROSIS 

Otosclerosis is a localized hereditary disorder of bone metabolism 

of otic capsule enchondral bone that is characterized by disordered 

resorption and deposition of bone. It is thought to result from increased 

and pathologic bone remodelling and the basic lesion consists of areas 

of bone resorption by osteoclasts and new bone formation by 

osteoblasts, accompanied by vascular proliferation and tissue stroma.  

In 1704 , Italian anatomist Antonio Valsalva (1)who , on a post-

mortem examination of a deaf patient , described ankylosis of the stapes 

to the margins of the oval window . 

In 1893 , politzer (26) applied the term otosclerosis. 

In 1912, siebenmen proposed a change in nomenclature from 

otosclerosis to otospongiosis. 
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1950, Raymond Carhart, an audiologist reported the notching in 

the bone conduction in stapedial otosclerosis.  

The hallmark of this disease is stapes fixation with resultant 

conductive loss. Otosclerosis is the most common cause of conductive 

hearing loss in adults with normal appearing tympanic membrane.  

EPIDEMIOLOGY 

Otosclerosis was classified by Schuknecht and barber as clinical 

and histological. 

 Histological otosclerosis: refers to a diseases process 

without clinical symptoms or manifestations that can only 

be discovered by routine sectioning of the temporal bone at 

autopsy. 

 Clinical otosclerosis: it refers to the presence of 

otosclerosis at a site where it causes conductive hearing 

loss by interfering with the motion of the stapes or of the 

round window membrane. 

          Types : 

o Stapedial otosclerosis-involves footplate of stapes and 

stapediovestibular joint. 
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o Cochlear otosclerosis-involves cochlear endosteum 

without affecting the stapes or stapediovestibular joint.only 

sensorineural hearing loss without conductive component .  

o Combined otosclerosis- characterised by mixed hearing 

loss. 

o Maliganant otosclerosis- severe type of cochlear 

otosclerosis with starts early in life and progress rapidly.  

FAR-ADVANCED OTOSCLEROSIS (FAO) 

Far-advanced otosclerosis (FAO) was first described by House 

and Sheehy in 1961 as a patient with otosclerosis with average air -

conduction of over 85 dB and boneconduction unmeasurable due to 

limits of audiometric equipment.(39) 

These patients are beyond the help of conventional air -conduction 

aids alone and can be managed in one of three ways: stapedectomy and 

subsequent 

conventional hearing aids, cochlear implantation or the new direct 

acoustic cochlear stimulation (DACS) device.(40) 

The incidence of clinical otosclerosis varies worldwide with the 

highest rate reported in south Indians and the lowest in the west Africa 

.(27) 
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Overall prevalence of histological otosclerosis is 10 %. 1% is the 

overall prevalence of clinical otosclerosis.  

Family history is reported in almost half of the affected patients. 

Women are more frequently affected than males with ratio of 

2:1(f:m).(28) 

The most common age group of presentation 25 -45 years. 

ETIOPATHOGENSIS: 

There are several factors involved in the etiopathogensis of otosclerosis 

like Genetic background, Viral infection, Autoimmunity, Inflammation, 

Hormonal factors, Environmental factors. 

 

Fig 12 : Etiology of otosclerosis 
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BIOLOGY OF OTIC CAPSULE: 

The bone of the otic capsule is unique: it exhibits 2 main features 

not found in other bones of human skeleton: 

1) Very low remodeling rate because of its special 

OPG/RANK/RANK-L system . 

2) It contains small regions of immature cartilaginous tissue called 

globuli interossei. 

These 2 unique features may explain why otosclerosis is exclusive to the 

otic capsule (organotropism) 

 

OPG/RANK/RANK-L SYSTEM: 

Bone remodelling is regulated by this opg /rank /rankl system .(29) 

OPG – osteoprotegrerin is an anti-resorptive cytokine, by binding 

to RANKL , OPG prevents the RANK – mediated NFKB activation 

which is central for osteoclast activation and bone resorption . OPG is 

expressed in high levels (>1000 x normal bone level) by the otic capsule 

to inhibit remodelling. 
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Fig 13: difference in OPG levels in otic capsule and femur 

 

This OPG/RANK/RANKL system could be dysregulated in 

genetically predisposed individuals by measles viral infection or 

pregnancy hormones mainly by prolactin .(30)(31) 
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Fig14 : factors affecting the OPG /RANK L system 

GLOBULI INTEROSSEI  

The Otic capsule consists of inner endosteal, an intermediate 

endochondral layer , and an outer periosteal layer .  

The otic capsule has endochondral ossification, a bone formation 

process in which first a cartilage model is made, which is replaced by 

bone. during this process, cartilaginous remnants are often not removed 

when the lacunae of degenerating cartilage cells are being replaced by 

primary bone. these remnants are called globuli interossei, and are 
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located in the intermediate endochondral layer. Globuli interossei 

represents a layer which demonstrates embryonic immature cartilage 

remnants. The otic capsule is the only organ of the human skeleton that 

contains such a layer. It is assumed that these interosseous globules 

could be the site of the earliest otosclerotic foci. And this could explain  

why otosclerosis is limited only to otic capsule.(32)(33) 

   

Fig 15: histology of otic capsule 

Histopathologically , 2phases of otosclerosis;  

Active phase: characterised by bone resorption (spongiosis)  

Stabilizes phase: characterised by bone deposition (sclerosis)  
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SITES OF LOCALIZATION OF OTOSCLEROSIS  

Two types: Fenestral and retrofenestral  

FENESTRAL OTOSCLEROSIS: 

Oval window: 

Most common type .Site of predilection is fissula ante -fenrstram  

Round window : 

Occurs in 40% histopathologically .13% clinicoradiologically  

RETROFENESTRAL OTOSCLEROSIS: 

Called as pericochlear otosclerosis .Spares the foot plate and 

invades the cochlear endosteum and manifests only as pure sensory 

neural hearing loss without any conductive component. 

TYPES OF FOOT PLATE -MICROSCOPIC APPEARANCE  

Type 1 Minimally fixed in the oval window niche  

Type 2 Thin footplate having a milky opalescence  

Type 3 Thick chalky and opaque footplate  

Type 4 Very thick and tightly fi xed (obliterative otosclerosis ) 
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Fig 16:types of foot plate in otosclerosis 

In the figure 16 , (a)anterior focus (most common); (b)posterior 

focus;(c)circumferential;(d)biscuit type;(e)obliterative type  

CLINICAL MANIFESTATIONS: 

Hearing loss, tinnitus are the main complaints with otosclerosis, 

although vertigo have also been reported in few .  

Tinnitus : subjective tinnitus – reported in 65 – 92% .(34) 

It usually disappears when the lesion matures. when the interaural 

difference is greater than 15 db , tinnitus will be localised to the poorer 

ear in more than 75 % of patients .  
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Theories involved in genesis of tinnitus in otosclerosis ; (35) 

Toxicity theory  

There is high amount of cytotoxic enzymes and cytokine 

mediators and complement fragments are released from otosclerotic foci 

.these substances flow into the perilymph and change the electromotility 

of outer hair cells . 

Modulatory theory  

The efferent auditory pathway could have a modulatory effect on 

outer hair cells; the pathway could buffer or amplify the message in 

response to the suffering outer hair cells.  

PURE TONE AUDIOMETRY: 

It is the single most necessary test that needs to be performed.  

AIR CONDUCTION: 

In early stages, there is a gradually progressive low-frequency 

conductive hearing loss. This kind of rising audiogram configuration has 

been referred to as the “stiffness tilt”.  

As the footplate becomes completely fixed, the low-frequency 

hearing loss appears to stabilize. but the hearing loss progresses in the 

high frequencies and there is a gradual widening of the air -bone gap. 

The audiogram configuration now changes to a flat pattern from the 

upward sloping pattern hat it had in the early stages.  
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In case of cochlear otosclerosis, The typical pattern in the early 

stages is he “cookie bite “pattern where the greatest degree of hearing 

loss occurs in the midfrequency hearing range and is characteristically a 

mixed hearing loss.(36) 

BONE CONDUCTION: 

Carhart‟s notch is an dip at 2kh in bone conduction, it is  an 

audiological artefact; and  it is not a true representation of cochlear 

reserve and usually disappears after a successful stapes surgery.it occurs 

because 2 kHz is the normal resonance frequency of human ossicles, the 

bone to middle ear to ochlea pathway is very prominent at this 

frequency. (37) 

 

Fig 17 : PTA  and impedence in otosclerosis 
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IMPEDENCE: 

Most common type of curve is As or A Curve .  

STAPEDIAL REFLEX 

Stapedial reflex testing is a part of the standard audiometric 

evaluation in atients with conductive hearing loss. In otosclerosis, there 

occurs 2 types of pattern. At the early stages of disease, the acoustic 

reflex may show diphasic pattern (on-off phenomenon). 

In advanced stage of the disease, the stapedial reflex is absent.  

 

Fig 18 : stapedial reflex in otosclerosis 
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STAPES SURGERY  

Stapes surgery is a perfect example of elegant combination of art 

and science . 

It is a precision demanding surgery, and it is highly rewarding to 

both the patient and the doctor when performed successfully.  

There had been evolution different eras of stapes surgeries since 

Antonio Valsalva described fixation of stapes.  

INDICATIONS 

1) conductive hearing loss of at least 25 dB with a negative Rinne at 

512 Hz is the minimum requirement to propose a stapes surgery. 

If both ears are involved, generally the poorer hearing ear is 

operated first. 

2) Mixed hearing loss with favourable discrimination score 

represents an indication of stapedotomy with or without a 

postoperative hearing aid. Speech discrimination score should be 

more than 60% in order to obtain a favourable hearing outcome.  

3) Patients with far advanced otosclerosis and severe to profound 

hearing loss in the 90–100 dB range and no measurable bone 

conduction may still be candidates for stapes surgery, as an 

attempt for hearing rehabilitation with a postoperative hearing aid 

prior to cochlear implantation. 
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CONTRAINDICATIONS OF STAPES SURGERY 

1) Stapes surgery for an only-hearing ear is almost always 

contraindicated. One exception may be the case of a profound 

mixed hearing loss, which is beyond the level of benefit of a 

conventional hearing aid. Such a patient would be candidate for 

stapes surgery as an attempt prior to cochlear implant 

rehabilitation. 

2) Stapes surgery is contraindicated in cases of chronic otitis media 

or chronic otitis externa. 

3) Stapes surgery should be postponed in the presence of vertigo 

with a clinical evidence of labyrinthine hydrops.  

4) Stapes surgery is contraindicated in case of unfavorable systemic 

medical conditions. 

5) Relative contraindication for patients above 70 years old: there is 

a 40% chance(38) 

6) of worsening the discrimination, also a greater risk for peri 

lymphatic fistula complication because of poor wound healing in 

elderly. 

7) During pregnancy. 
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Most commonly performed surgery now a days is stapedotomy. 

off late laser assisted stapedotomy is more popular . 

Assessing the disease and proper selection of the type of the 

surgery is necessary. 

INTRAOPERATIVE CHALLENGES: 

Malleus ankylosis 

High jugular bulb 

Facial nerve over hang 

Floating or depressed foot plate 

Obliterative otosclerosis of oval window 

Incidental disarticulation of incus 

Round window otosclerosis 

Perilymph gusher 

Persistent stapedial artery 

COMPLICATION OF STAPES OTOSCLEROSIS: 

Taste disturbances 

Perilymphatic fistula 

Reparative granuloma 
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Facial nerve palsy 

Otitis media 

Post stapes surgery retraction or cholesteatoma 

PISTONS -TYPES: 

 

Fig 19: types of stapes piston 
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MATERIALS AND METHODS 

STUDY DESIGN  

Prospective 

STUDY PERIOD: 

December 2018 to September 2019 

STUDY SETTING:  

Upgraded Institute Of Otorhinolaryngology, Rajiv Gandhi 

Government Medical College And Hospital Chennai 

SAMPLE SIZE: 

30 

INCLUSION CRITERIA  

1) Age 16 to 60 years. 

2) Patients with otosclerosis satisfying the following conditions: 

(1) Normal external ear canal and tympanic membrane;  

(2) Normal otoscopy; 

(3) Audiograms showing conductive or mixed hearing loss with, 

absent stapedius reflex; 

(4) Absent history of past middle ear infection diseases.  
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EXCLUSION CRITERIA: 

1) Age less than 16 and more than 60 

2) Patients with only hearing ear. 

3) Patients with history of vertigo /clinical evidence of labyrinthine 

hydrops in recent months. 

4) Poor cochlear reserve. 

5) Active stage of otosclerosis. 

6) Patients with otitis externa / tympanic membrane perforation  

7) Poor eustachian tube function. 

8) Patients with CSOM. 

9) Patients not satisfying the inclusion criteria.  

ETHICAL COMMITTEE APPROVAL 

 

PATIENTS SATISFYING INCLUSION CRITERIA 

 

INFORMED CONSENT 

 

THOROUGH CLINICAL HISTORY AND ENT EXAMINATION 

 

RELEVENT CLINICAL TESTS - PTA, IMPEDENCE, SPEECH 

AUDIOMETRY 
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CLINICAL DIAGNOSIS OF STAPES FIXATION 

 

ENDOSCOPIC STAPES SURGERY 

 

INTRAOPERATIVE FINDINGS 

 

POST OPERATIVE FOLLOW UP AND AUDIOLOGICAL 

ASSESSMENT 

 

DATA COMPILATION 

 

STATISTICAL ANALYSIS 

 

CONCLUSION 

A written and informed consent to be included in the study was 

obtained in the patient‟s own language. A proforma was prepared fo r 

each patient and all their details were recorded in the same.  

A detailed history of the patient was obtained after getting 

consent ;thorough ENT examination was done .tuning fork tests , 

vestibular function tests were done .pure tone audiometry , impedance, 

stapedial reflex, speech audiometry were done .clinical diagnosis of 

stapes fixation was done and were subjected to endoscopic stapes 

surgery after routine investigation , anesthetists fitness and consent for 
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surgery . intraoperatively Need for scutum removal, Chorda tympani 

manipulation  ,Type and size of piston used , Operative time 

,perioperative Complications were noted and recorded . postoperatively 

Length of hospital stay, Complications, Tinnitus reduction, Dysgeusia 

were recorded. after discharge the patient was followed up and follow 

up PTA was done after 4 weeks preoperative ABG and post -operative 

ABG were compared for audiological outcome .after data compilation , 

statistical analysis was done . 

TECHNIQUE OF ENDOSCOPIC STAPES SURGERY  

All cases except one was done in local anesthesia.In case of local 

anesthesia,premedication (1cc pentazocine,2cc  promethazine ,1cc 

glycopyrrolate) intramuscular injection was given 30mins prior to the 

surgery.patients positioned supine with head turned away from the 

surgeon . Local infiltration of external auditory canal was done with 

mixture of 2% xylocaine with 1 in 100000 adrenaline . Adrenaline (1: 

2000)-soaked cottonoids were placed in the external auditory canal for 5 

minutes after infiltration. 0 degree Hopkins rod endoscope ,18cm long 

with 4mm diameter was used in all the cases . High definition cameras 

and monitors were used for the surgery .Light source used was halogen 

type which was kept at optimum level of illumination to avoid the 

thermal injury to the inner ear. Savlon was used as antifog solution 

.preoperatively one dose of antibiotic was given .  
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After external auditory canal was inspected ,classical Rosen 

incision is made, and tympanomeatal flap gently elevated towards the 

annulus .The modern day endoscopes and camera  aids in better 

visualization of the middle ear structures.After middle ear is entered, 

round window reflex is elicited to confirm the fixity of the foot 

plate.The advantage of using endoscope is that there is minimum need 

for curetting the posterosuperior bony overhang .  

After curetting , stapes ,the foot plate of stapes , pyramid, 

stapedial tendon indentified.Scutum removal was done with curette 

mostly and in few cases skeeter was used.  Intra operative finding like 

promontory blushing ,type of foot plate with respect to otosclerotic foci 

, presence of facial nerve overhang , persistant stapedial artery , malleus 

ankylosis noted . In case of classical stapedotomy ,the next step is 

cutting of stapedial tendon , then incudostapedial joint d islocation is 

done and stapes suprastructure is removed after fracturing the posterior 

and anterior crura . With the help of house measuring rod , the distance 

between the footplate  and the medial aspect of the incus is measured 

and 0.25mm is added to the value as this is the appropriate protrusion of 

prosthesis into the vestibule. 

With the help of hand perforator or skeeter with 0.6mm diameter 

fenestra is made in the stapes footplate  posterioinferiorly.  Teflon stapes 

prosthesis (diameter 0.5mm, length cut according to the size measured) 
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is inserted and crimped the the long process of Incus. Ear lobule fat or 

gelfoam was used as soft tissue seal for the fenestra .Tympanomeatal 

flap repositioned . gelfoam placed . mastoid dressing was done . 

Reverse stapedotomy consists of making the fenestra first 

,inserting the piston and then removing the suprrastructure of 

stapes.Now a days most of the surgeons prefer reverse stapedotomy . In 

our study most of the cases were reverse stapedotomy.This reversal of 

steps stapedotomy offers better results in terms of lesser complications , 

compared to conventional technique . but the audiological outcomes of 

both techniques are  comparable  and same .  

Postoperative instructions and precautions were given to the 

patients. That they should avoid lifting heavy objects or weights, 

coughing, sneezing, blowing nose, flying airplanes, swimming and 

exposure to loud sounds. It is also important to avoid water entry into 

ears by plugging the ear with cotton ball soaked in Vaseline when taking 

shower. 

Postoperatively patients were adviced to come for follow up after 

1 month then every 3 months . Postoperatively PTA was done at end of 

1 month . And the values were collected ,compared and statistical 

analysis was done . 



 56 

RESULTS AND ANALYSIS 

30 patients were included in the study. And data were collected 

with regards to Age, sex, side of the surgery, chief complaints, presence 

or absence of family history of otosclerosis, PTA threshold, pre-

operative air bone gap, impedance ,Stapedial reflex, speech reception 

threshold, intraoperative factors like type of anaesthesia, intra operative 

findings, chorda tympani manipulation present or absent, instrument 

used for fenestration ,location of fenestration ,piston size and type of 

piston, sealing material used ,intra operative complication ,duration of 

the surgery ,post-operative complications, pain score in the immediate 

post op,duration of hospital stay, post-operative PTA threshold, post-

operative Airbone gap, follow up complaints .  

PATIENT DETAILS: 

AGE: 

Table 1: Descriptive analysis of Age in study population (N=30)  

Parameter Mean ± SD Median Min Max 
95% C.I 

Lower Upper 

Age 31.43 ± 9.94 30.00 16.00 50.00 27.72 35.15 

The overall mean age was 31.43. in males the mean age was 30.27 

and in females it was 32.10. 
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Out of 30 patients , most of the patients were in the age group of 

37 to 46 years  . and the second most common age group was 17 to 26 

years. The mean age group was 31.43 .  

Table 2: Descriptive analysis of age group in study population (N=30) 

Age group No. of patients  Percentage 

 16 years 2 6.7% 

17 to 26 9 30% 

27 to 36 7 23.3% 

37 to 46 10 33.3% 

47 and above 2 6.7% 

Total 30 100% 

Figure 20: Bar chart of age group distribution in study population 

(N=30) 

 

SEX: 
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Out of the study population ,63.3% were females i.e 19 out of 30 

patients were females . 

Table 3: Descriptive analysis of gender in study population (N=30)  

Gender No. of patients  Percentage 

Male 11 36.7% 

Female 19 63.3% 

Total 30 100% 

 

Figure 21: Pie diagram of gender in study population (N=30) 

 Out of 19 females , 7 were unmarried and 12 were married .Out 12 

married females , 8 cases presented after second pregnancy and in 4 

cases presented after first pregnancy .  
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PRESENTING COMPLAINTS: 

Out of 30 cases 2 cases had unilateral complaints and 28        

patients had bilateral complaints .All 30 had hard of hearing as the 

presenting complaint.11 patients 36.7 % had tinnitus. And none of them had 

dizziness . 

Table 4: descriptive analysis of side of disease 

 No.patients  Percentage  

Unilateral  2 6% 

Bilateral  28 94% 

Total  30 100% 

 

Fig 22: Bar diagram of tinnitus in study population (N=30)  
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FAMILY HISTORY: 

Out of 30 patients, 8 patients (26.7%) had a positive family 

history for otosclerosis. 

Fig 23: Descriptive analysis of Family history in study population 

(N=30) 

 

AUDIOLOGICAL EVALUATION: 

PTA THRESHOLD: 

 Table 5: Descriptive analysis of hearing loss (right side) in study 

population (N=30) 

Right Hearing loss No. of patients Percentage 

26 to 40 5 16.7% 

41 to 55 18 60% 

56 to 70 7 23.3% 

Total 30 100% 
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Table 6 :Descriptive analysis of hearing loss (right side) in study 

population (N=30) 

Left Hearing loss No. of patients Percentage 

<26 2 6.7% 

26 to 40 2 6.7% 

41 to 55 22 73.3% 

56 to 70 4 13.3% 

Total 30 100% 

 

PRE OPERATIVE AIRBONE GAP : 

Table 7 :Frequency specific Descriptive analysis of Right and left ABG 

in study population (N=30) 

Frequency  Mean ± SD Median Min Max 
95% C.I 

Lower Upper 

Right ABG 

500Hz 32.5 ± 9.07 30.00 15.00 55.00 29.11 35.89 

1000Hz 32.17 ± 6.91 30.00 20.00 45.00 29.59 34.75 

2000Hz 28 ± 8.26 27.50 10.00 45.00 24.91 31.09 

Average 30.89 ± 6.88 30.00 18.33 48.33 28.32 33.46 

Left ABG 

500Hz 33.67 ± 11.14 32.50 0.00 60.00 29.51 37.83 

1000Hz 30 ± 10.99 30.00 0.00 55.00 25.90 34.10 

2000Hz 26.83 ± 10.21 30.00 0.00 45.00 23.02 30.65 

Average 30.33 ± 9.25 30.83 0.00 53.33 26.88 33.79 
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Table 8 :Descriptive analysis of pre operative Airbone gap in study 

population (N=30) 

Pre-operative Airbone gap No. of patients Percentage 

10 to 20 0 0 

21 to 30 13 43.3% 

>/=31 17 56.7% 

Total 30 100% 

 

Fig 24 -descriptive analysis of pre operative air bone gap 
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IMPEDENCE AUDIOMETRY : 

In our study ,As curve was the most common type with 56.7% in 

the right ear and 53.3% in the left side.  

Table 9 :Descriptive analysis of Impedance Audiometry in study 

population (N=30) 

Impedance Audiometry No. of patients Percentage 

Curve Right 

A 8 26.7% 

Ad 3 10% 

As 17 56.7% 

B 2 6.7% 

Total 30 100% 

Curve Left 

A 8 26.7% 

Ad 3 6.7% 

As 16 53.3% 

B 3 10% 

C 1 3.3% 

Total 30 100% 

SPEECH AUDIOMETRY: 

All our patients underwent speech audiometry. the mean SRT on 

the right side was 43.5 and on the left was 48.5. The mean SIS on the 

right was 81.73 and on left was 86.39. 
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Table 10 :Descriptive analysis of speech audiometry in study 

population (N=30) 

speech 

audiometry 
Mean ± SD Median Min Max 

95% C.I 

Lower Upper 

SRT 

RightA 43.5 ± 10.76 40.00 30.00 65.00 39.48 47.52 

LeftA 48.5 ± 14.21 42.50 30.00 65.00 43.19 53.81 

SIS 

RightB 81.73 ± 22.82 90.00 0.95 100.00 73.21 90.25 

LeftB 86.39 ± 23.66 95.00 0.90 100.00 77.56 95.23 

INTRAOPERATIVE FACTORS 

SIDE : 

Right side was operated in 16 ears (53.3 %) and 14 ears on the left 

(46.7%). 

Table 11: Descriptive analysis of laterality of the operated ear in study 

population (N=30) 

Side No. of patients Percentage 

Left 14 46.7% 

Right 16 53.3% 

Total 30 100% 

 

TYPE OF ANESTHESIA: 

All most all patients i.e 29 out of 30 (96.7%) underwent surgery 

under Local anaesthesia . Only one patient was taken up under GA 

3.3%. the advantage of local anesthesia is that the surgeon can assess the 

hearing improvement on table , all 29 patients were assessed 
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intraoperativly , out of which 20 cases had on table improvement , rest 9 

patients couldnot tell the difference on table .we suppose it could be 

because of anxiety or the background noise . 

Fig 25 :Descriptive analysis of Anaesthesia in study population (N=30)  
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Table 12 :Intraoperative Findings: 

 

INTRAOPERATIVE FINDINGS 

ABSENT ROUND WINDOW REFLEX 30 

NEED FOR SCUTUM REMOVAL  30 

PROMONTARY BLUSHING 1 

FACIAL NERVE OVER HANG 1 

HIGH JUGULAR BULB 0 

OBLITERATIVE OTOSCLEROSIS 1 

MALLEUS ANKYLOSIS 0 

PERSISTANT STAPEDIAL ARTERY  0 

PERILYMPH GUSHER 1 

CHORDA TYMPANI SACRIFICE 0 

FLOATING FOOT PLATE 0 

FACIAL NERVE INJURY  0 

 

SURGICAL TECHNIQUE: 

Intra operatively there were 2 cases with chorda tympani 

manipulation 6.7% 

Fisch hand perforator was used in 26 cases ,86.7% and in 4 cases 

skeeter was used (13.3%). 
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The material used for sealing the fenestration after the insertion of 

piston was mostly fat Which was taken from ear lobe in 27 cases (90%) 

and gelfoam in 3 cases (10%). 

Table 13 :Descriptive analysis of Technique in study population 

(N=30) 

Technique No. of patients Percentage 

Chorda Tympani Manipulation 

Yes 2 6.7% 

No 28 93.3% 

Fenestration method 

Perforator 26 86.7% 

Skeeter 4 13.3% 

Fenestration  seal 

Gelfoam 3 10% 

Fat 27 90% 

PISTON SIZE: 

4.5 mm size piston were used in 10 cases 33.34% and in 20 cases 

4.25mm size piston were used. 

Table 14 :Descriptive analysis of type of piston used in study 

population (N=30) 

Size of the piston No. of patients Percentage 

4.25mm 20 66.66 

4.5mm 10 33.34 
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DURATION OF SURGERY: 

The duration of surgery was calculated from the time of stating 

the infiltration to the time of repositioning the tympanomeatal flap.  

The max duration of the surgery was found to be 120mins, with 

minimum duration of surgery was 35 mins .the mean duration of surgery 

was found to be 51.50 mins . 

Table 15 :Descriptive analysis of duration of surgery in study 

population (N=30) 

Parameter 
Mean ± 

SD 
Median Min Max 

95% C.I 

Lower Upper 

Duration of 

surgery 

51.5 ± 

16.57 
47.50 35.00 120.00 45.31 57.69 

DURATION OF POST OP HOSPITAL STAY: 

The mean hospital stay after the surgery was 7.9 days. minimal 

duration of stay was 6 days and maximum duration of stay was 14. 

Table 16 :Descriptive analysis of Post-operative Duration of Stay in 

study population (N=30) 

Parameter Mean ± SD Median Min Max 
95% C.I 

Lower Upper 

Duration of Stay 7.9 ± 2.19 7.00 6.00 14.00 7.08 8.72 

POST OPERATIVE COMPLICATIONS AND FOLLOW UP: 

Of the patients who underwent surgery, around 6.7% had 

giddiness and nystagmus  in the immediate post op , and 20 % 

developed dysgeusia.  
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Table 17 :Descriptive analysis of Post-operative complications in study 

population (N=30) 

Post operative complications 
No. of 

patients 
Percentage 

Giddiness 

Yes 2 6.7% 

No 28 93.3% 

Dysguesia 

Yes 6 20% 

No 24 80% 

SNHL 

HF slope 0 6.7% 

No 28 93.3% 

POST OPERATIVE AIRBONE GAP: 

The postoperatively after 4 weeks, pure tune audiogram was done. 

And Air bone gap was calculated. categorized into 3 groups. GRADE A 

, B, C .It was found that 21 cases (72.4 %) had air bone gap closure <10 

db which implies success of the surgery. 6 cases (20.7%) had ABG 

closed to 10 to 20 db which denotes improvement, and in 2 cases the air 

bone closure was >20 db which denotes failure.  
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Table 18: Descriptive analysis of post-operative Airbone gap in study 

population (N=29) 

Airbone gap No. of patients Percentage 

Grade A ( ≤10 ) 22 73.3% 

Grade B (11-20) 6 20% 

Grade C (≥20) 2 6.7% 

Total 30 100% 

Fig 26 : Descriptive analysis of post-operative Airbone gap in study 

population (N=29) 
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FACTORS AFFECTING THE POST OPERATIVE HEARING OUT 

COME: 

AGE : 

When the mean age was compared with the postoperative airbone 

gap , found that it was not significant .  

Table 19 :Comparison of age group with Post-operative Airbone gap 

Age group 
Post-operative Airbone gap 

Grade A GradeB Grade C 

    16 years 1 (4.5%) 1 (16.7%) 0 (0%) 

17 to 26 7 (31.8%) 2 (33.3%) 0 (0%) 

27 to 36 5 (22.7%) 2 (33.3%) 0 (0%) 

37 to 46 7 (31.8%) 1 (16.7%) 2 (100%) 

47 and above 2 (9.1%) 0 (0%) 0 (0%) 

Total 22 6 2 

Chi square 6.465 

P value 0.595 

GENDER 

When the gender was compared with the post-operative air bone 

closure , using chi square , it showed a p value of 0.445. which was not 

significant. 

Table 20 :Comparison of gender with Post-operative Airbone gap 

Gender 
Post-operative Airbone gap 

Grade A Grade B Grade C 

Male 8 (36.4%) 3 (50%) 0 (0%) 

Female 14 (63.6%) 3 (50%) 2 (100%) 

Total 22 6 2 

Chi square 1.618 

P value 0.445 
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FAMILY HISTORY  

When family history and postoperative ABG was compared using 

chi square test , the p value turned out to be 0.687  which was not 

significant .  

Table 21:Comparison of Family history with Post-operative Airbone 

gap 

Family history 
Post-operative Airbone gap 

Grade A Grade B Grade C 

No 17 (77.3%) 4 (66.7%) 1 (50%) 

Yes 5 (22.7%) 2 (33.3%) 1 (50%) 

Total 22 6 2 

Chi square 0.752 

P value 0.687 

HEARING LOSS : 

The preoperative hearing loss was compared to post-operative air 

bone gap closure. 

Table 22:Comparison of hearing loss with Post-operative Airbone gap 

Hearing loss 
Post-operative Airbone gap 

Grade A Grade B Grade C 

26 to 40 5 (22.7%) 0 (0%) 0 (0%) 

41 to 55 12 (54.5%) 4 (66.7%) 2 (100%) 

56 to 70 5 (22.7%) 2 (33.3%) 0 (0%) 

Total 22 6 2 

Chi square 3.232 

P value 0.520 
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TINNITUS : 

When presence of tinnitus and postoperative ABG was compared 

using chi square test , the p value turned out to be 0.711  which was not 

significant .  

Table 23:Comparison of Tinnitus with Post-operative Airbone gap 

Tinnitus 
Post-operative Airbone gap 

Grade A Grade B Grade C 

No 15 (68.2%) 3 (50%) 1 (50%) 

Yes 7 (31.8%) 3 (50%) 1 (50%) 

Total 22 6 2 

Chi square 0.835 

P value 0.659 

TYPE OF ANEASTHESIA 

Type of anaesthesia under which the patient underwent the 

surgery was compared with post-operative hearing outcome which was 

not found to be significant . 

Table 24:Comparison of Anaesthesia with Post-operative Airbone gap 

Anaesthesia 
Post-operative Airbone gap 

Grade A Grade B Grade C 

GA 1 (4.5%) 0 (0%) 0 (0%) 

LA 21 (95.5%) 6 (100%) 2 (100%) 

Total 22 6 2 

Chi square 0.376 

P value 0.829 
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TECHNIQUE OF FENESTRATION 

The technique of fenestration i.e if it was done with either skeeter 

of Fisch perforator  was compared with post-operative hearing outcome  

Table 25:Comparison of Technique Fenestration method with Post-

operative Airbone gap 

Technique  

Fenestration method 

Post-operative Airbone gap 

Grade A Grade B Grade C 

Perforator 20 (90.9%) 5 (83.3%) 1 (50%) 

Skeeter 2 (9.1%) 1 (16.7%) 1 (50%) 

Total 22 6 2 

Chi square 2.727 

P value 0.256 

PISTON SIZE: 

The piston size was compared with postoperative air bone gap, 

and it was not found to be significant.  

Table 26:Comparison of Piston size with Post-operative Airbone gap 

Piston size 
Post-operative Airbone gap 

Grade A Grade B Grade C 

4.25mm 13 (59.1%) 6 (100%) 1 (50%) 

4.5 mm 9 (40.9%) 0 (0%) 1 (50%) 

Total 22 6 2 

Chi square 3.818 

P value 0.148 
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DURATION OF SURGERY 

The duration of surgery was compared with post-operative hearing 

outcome , and was found to be significant by using chi square test.  

 

Table 27:Comparison of duration of surgery with Post-operative Airbone gap 

Duration of surgery 

Post-operative Airbone gap 

Grade A Grade B Grade C 

<60 19 (86.4%) 4 (66.7%) 0 (0%) 

≥60 3 (13.6%) 2 (33.3%) 2 (100%) 

Total 22 6 2 

Chi square 8.063 

P value 0.018 
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Table 28 :Pre And Post Operative ABG : 

Frequency  

ABG 

Paired t test  

(P value) Pre 

Mean ± STD 

Post 

Mean ± STD 

Right 500Hz 34.71 ± 8.922 12.65 ± 5.894 <0.001 

Right 1000Hz 34.41 ± 7.263 12.06 ± 5.018 <0.001 

Right 2000Hz 30.88 ± 9.055 11.76 ± 4.309 <0.001 

Right Average 32.50 ±7.76 12 ± 4.88 <0.001 

Right Hearing loss 49.11 ± 9.10 32.49 ± 14.06 <0.001 

Left Hearing loss 47.87 ± 10.62 33.36 ± 13.30 <0.001 

Left 500Hz 34.50 ± 8.32 12 ± 3.50 <0.001 

Left 1000Hz 28.50 ± 10.29 11.50 ± 2.42 <0.001 

Left 2000Hz 27.50 ± 7.91 11.50 ± 3.38 <0.001 

Left Average 31.06 ± 5.74 11.91± 2.66 <0.001 

 

TINNITUS OUTCOME: 

Table 29:Descriptive analysis of tinnitus outcome in study population 

(N=30) 

Tinnitus outcome preop Post op 

Tinnitus present 

11 

absent 7 

Present 4 

Tinnitus absent 

19 

absent 18 

present 1 
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DISCUSSION 

The history of otosclerosis dates back to 1704 when Antonio 

Maria Valsalva described the fixation of stapes. The evolution of stapes 

surgery , is best described into 4 eras; the pre-antibiotic era, the 

fenestration era, the mobilization era , and the modern stapedectomy era.  

THE PRE-ANTIBIOTIC ERA 

Johannes kessel is considered the first to describe stapes surgery 

in 1876, where in he reported trans tympanic mobilization and removal 

of stapes. Boucheron and Miot reported their experience with patients 

who underwent similar procedures. 

THE FENESTRATION ERA 

After half a century , in 1930  Gunnar Holmgren and then 

Sourdilles did a 3 stage fenestration procedure on the lateral semi -

circular canal. Lempert “single-stage” endaural fenestration operation 

provided significant  hearing improvement .  

THE MOBILIZATION ERA: 

Rosen in the year 1952, reintroduced stapes mobilization .  

Rosen‟s procedure was performed under local anaesthesia through 

transcanal approach. Patients had immediate results on the operating 

room table and the recovery period was quick. The surgery was 
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relatively simple when compared with Lempert‟s fenestration operation 

and was easy to teach. This procedure gained vast popularity.  

THE MODERN STAPEDECTOMY ERA: 

Shea in 1956, with the new technology of binocular operating 

microscope, performed stapedectomy and ossicular reconstruction  with 

the help of Teflon prosthesis supported by vein graft.  Within a decade, 

Shea‟s stapedectomy procedure became the standard operation for the 

treatment of otosclerosis. Modern stapes surgery is still evolving, and 

the laser has become the tool of choice to create an opening in the 

footplate that is small enough to fit a piston prosthesis and reduce injury 

to the vestibule. 

AGE  

In the study by Waleed et al (11) The patients included were from 

16 to 58 years (mean 36.68 years) at the time of surgery with the 

average age of 36.86 years.(41) 

In our study the mean was 31.43 with minimum age of 16years 

and maximum age of 50 years which consistent with other studies in the 

literature . 

In the study by Salvinelle et al ,(42) divided the patients into 5 

groups according to age ,in each patient pre and post op ABG  was 

assessed  and their study showed the audiological outcomes of older age 
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groups were comparable with those in younger groups without any 

increase in complication.  

In the study by Robert Vincent et al ,(43) Stapedotomy was done 

in patients with otosclerosis and they reported that results in the elderly 

and in children are comparable with those obtained in patients of other 

groups of age . 

In our study too the age was not a factor which determined the 

postoperative hearing outcome , since the p value was not <0.05, when 

age was compared with the postoperative ABG. 

SEX: 

In the study by Sarkar et al ,(2) Of the 30 patients studied , the 

male/female ratio was 12:18. 

In our study out of 30 patients, male to female ratio was 11:19. 

In the study by Marchese et al ,(44) the ABG gain did not differ 

between the two groups (male and female ).  

But in the study by Vaishali shah (45) ABG closure was 

significantly better in females (Mean = 8.89 dB) compared to male 

patients (Mean = 13.75 dB) as p value was 0.022.  

We also observed that ,Despite the homogeneous mean age 

(females 42.68 years vs. males 45.86 years) of the two groups, the 
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postoperative AC-PTA and ABG were significantly better in female 

cases in the study by Marchese et al (44).  

Nevertheless, our statistical analysis indicates that gender does 

not predict audiological outcome in stapes surgery.  

PRESENTING COMPLAINTS 

The most common clinical features with which patients with 

otosclerosis presents are hard of hearing, tinnitus, dizziness.  

In our study all 30 patients had hard of hearing, 11 patients 36.7 

% had tinnitus. And none of them had dizziness.  

FAMILY HISTORY  

Around two thirds of otosclerotic patients had positive family 

history. 

Ophir Handzel has reported that positive family history in 

otosclerosis represents 50% of all clinical cases. (Handzel O, McKenna 

MJ (2010) Surgery for otosclerosis. 

In our series 26.7% i.e 8 patients had positive family history.  

As with literature a family history of otosclerosis did not play a 

predictive role in audiological outcome after stapedotomy in our study 

since the p value was larger than 0.05. (44). 
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while in the study by Vaishali et al (45), 22.6% of all clinical 

cases had positive family history and a family history of otosclerosis did 

not affect the functional results after stapedotomy.  

CLINICAL EXAMINATION 

On examination all the patients had intact tympanic membrane 

and none of them had Schwarts sign. vestibular function test was normal 

in all patients. 

PURE TONE AUDIOMERY AND AIR BONE GAP 

In the study by Vaishali et al (45) , AC Gain was significantly 

better in >50 dB hearing loss cases  with p value = 0.013.  

In the study by , Marchese et al , (44) the patients with a 

preoperative AC-PTA greater than 50 dB revealed a significantly greater 

ABG gain after surgery than those with <50 dB preoperative AC-PTA (p 

= 0.034). Upon univariate analysis, 

there appeared to be a statistically significant correlation between 

preoperative AC-PTA and ABG improvement (the poorer the AC-PTA, 

the better the ABG gain). But this is not confirmed after adjustment for 

age and ABG, this was probably because the majority of patients that 

had a >50 dB AC-PTA also had  >30 ABG, which had a strongest 

correlation to functional outcome on multivariate analysis. And hence 

they concluded that the AC-PTA was not a predictive factor of 

functional results following stapes surgery .In our study ,  AIR BONE 
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GAP was calculated as  BONE CONDUCTION (46) THRESHOLD – 

AIR CONDUCTION THRESHOLD . 

And was categorised into 3 groups , group 1(10 to 20 );group 2 

(21 to 30 );group 3 (>30 ) .In our study  50 % of the patients had  air 

bone gap more than 30 db . when individual frequencies were analysed, 

in 500 hz the ABG was greater 32.5 ± 9.07(right side) and 33.67 ± 

11.14(left ). 

 

Fig 27  PTA in otosclerosis 
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IMPEDANCE AUDIOMETRY 

Even though otosclerosis more typically associated with As type of 

Jerger curve, in our study not all the patients presented with As curve. More 

than 50% of them presented with As curve. Around 90% presented with A 

type of curve(including A, As or Ad). In the study by GG Browning (47) in 

1985, in a paper titles „The Doubtful Value of Tympanometry in the 

Diagnosis of Otosclerosis‟, only 38% were below the lower 90
th

 percentile 

of normal compliance of 0.2ml and additionally 10% of the normal ears had 

a compliance of 0.2ml, thus concluding that tympanometry was not 

necessarily helpful to arrive at a diagnosis is otosclerosis.And thus the 

clinical role of tympanometry in the diagnosis of otosclerosis is doubtful. In 

our study all patients had absent stapedial reflex. 

    

Fig 28 : impedence in otosclerosis 
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SPEECH AUDIOMETRY : 

All our patients underwent speech audiometry. the mean SRT on 

the right side was 43.5 and on the left was 48.5. The mean SIS on the 

right was 81.73 and on left was 86.39. when SRT and SIS were 

compared with postoperative ABG ,it was not significant and we could 

report that pre-operative SRT and SPEECH audiometry did not predict 

the post-operative ABG closure . 

TYPE OF ANAESTHESIA: 

In the study by Inge Wegner(48) 2015 , assessed the hearing 

results following stapes surgery in the patients with otosclerosis and 

compared the local and 

general anaesthesia with the postop ABG. The difference in 

postoperative air-bone gap between local and general anaesthesia was 

minimal in the study with statistically not significant. And reported that 

the percentage of sensorineural hearing loss in both groups was similar. 

And they concluded that there was no difference in the audiological or 

surgical outcomes between the patients who underwent primary stapes 

surgery in GA and LA. 

In the study by Vaishali shah et al in 2018 (45) , the type of 

anaesthesia did not affect the audiological outcome of the stapes surgery 

. 
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In our study also there was no effect of type of anaesthesia on the 

postoperative airbone gap closure with p value more than 0.05.  

INTRA OPERATIVE FINDINGS: 

Intraoperatively all cases had absent round window reflex .out of 

30 patients, one case had promontory blushing, one case had facial nerve 

over hang and one case of obliterative otosclerosis. 

  

Fig 29 a: obliterative otosclerosis fig b : facial nerve overhang 

In our study there were no cases with malleus ankylosis, 

persistent stapedial artery , perilymph gusher or facial nerve injury .  

In our study 86.7% of patients were operated with Fisch 

perforator of size 0.5mm , and in 13.3% patients skeeter was used to 

perforate the foot plate. 

In the study by Yavuz(49)  comparison between microdrill and 

pick stapedotomy techniques were done and the study revealed that the 
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microdrill and pick stapedotomy techniques produced similar 

audiological outcomes and complication rates .  

  

Fig 30 a: skeeter b : hand perforator 

But In the study by Mangham Jr.(50), they reported that hearing 

results were better after fenestration of the footplate with a microdrill 

compared to results to that  with a hand perforator. 

 

Fig 31 : Fenestrated footplate 

https://www.sciencedirect.com/topics/medicine-and-dentistry/fenestration
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TYPES OF FOOT PLATE: 

In the study by Giuseppe Malafronte et al(51) , they categorised 

the colour of the visible portion of stapes footplate and  formulated a 

new classification of otosclerosis: blue otosclerosis (blue footplate), 

white otosclerosis (white footplate), and obliterative otosclerosis 

(nonvisible footplate) and found that the  degree of difficulty faced 

during surgery was lowest with blue type and highest with obliterative 

type . In our study 70 % were blue otosclerosis , 27 % were white 

footplate and 3% were obliterative otosclerosis /non visible footplate .  

STAPEDOTOMY VS STAPEDECTOMY 

In the study by Nassiri et al ,(3) it was noted that there were no 

significant differences in audiologic outcomes when endoscopic 

stapedotomy and stapedectomy were compared and the air-bone gap was 

closed to within 10 dB in 84.61 and 83.3% of patients for stapedotomy 

and stapedectomy, respectively with ( p>0.9999).  

But In the study by Husban et al , (52) Out of 25 patients with 

stapedotomy, 22 (88%) developed complete closure (≤10 dB) of the air -

bone .On the other hand, in patients with stapedectomy, only 16 patients 

(64%) developed complete closure of the air-bone gap (≤10 dB) .And 

the results of this study clearly indicated that stapedotomy gives better 

audiological outcomes and fewer complications than stapedectomy.  
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Our study was based on endoscopic stapes surgery where all 30 

cases underwent endoscopic stapedotomy. Post-operative ABG was <10 

db in 73.3% which denotes the success of the surgery . 

REVERSE STAPEDOTOMY: 

Ugo Fisch in the year 1978, began to reverse the steps of 

stapedotomy. 

This procedure consisted of first making a fenestration over the 

footplate then introducing and fixing stapes piston after which the 

stapedial tendon is cut and supra structure of stapes is removed.  

PISTON: 

In the study by Qusim Husain (53)  there was no statistical 

difference in hearing outcomes using a range of prosthesis from 

measuring 3.75 mm to 4.75 mm. 

In the study by Poonam et al(54) Results show an identical 

outcome in terms of audiological outcome with the two kinds of 

prosthesis. There was no significant difference in the postoperative ABG 

(P < .23). In our study only 2 sizes where used i.e. 4.25mm in 20 cases 

and 4.5mm in 10 cases. piston size was compared to post op ABG ,found 

that it was not significant than the size of the piston was did not affect 

the hearing outcome . 
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The piston diameter used was 0.5mm in all our cases , in the study 

by Goode and Hato(55) in 2000 they reported that pistons with larger 

diameter gave better hearing results .  

 

Fig 32 : Placement of piston 

SEALING MATERIAL : 

The use of connective tissue seals is to increase the surface area 

to transmit energy, to prevent perilymph leakage, and to restore the 

stiffness of the annular ligament .  

In the study by Vaishali et al (45) mostly gelfoam or fat was used 

as  sealing material. There was no significant difference in the hearing 

outcome among the two groups. 
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In the study by  Mohammad Faramarzi (56)et al compared  

Gelfoam vs. fat as a sealing material in stapedotomy;  Which was a 

prospective double blind randomized clinical trial , where in they 

concluded that found similarity between hearing outcome in the 

Gelfoam and fat as sealing materials in stapedotomy.  

In our study mostly fat was used as sealing material, fat was used 

in 27 cases (90%) and gelfoam in 3 cases (10%) , and when compared it 

was not a significant factor which determined the audiological outcome 

following stapes surgery . 

DURATION OF SURGERY: 

The mean duration of surgery was found to be 51.50 mins. when 

the duration of the study was compared to postoperative audiological 

outcome, it was significant with p value 0.018. 

POST OPERATIVE FOLLOW UP : 

In the immediate post-operative period two patient had 

giddiness(6.6%) , other than that there were no other complaints 

recorded. The mean pain score postoperatively was 3.13.  

After discharge , Post-operative follow up was done at the end of 

1month, 6 patients had dysgeusia (20%), none of them had vertigo .PTA 

was performed . And post op air bone gap was calculated, when pre -

operative and post-operative ABG were compare, it was significant 

which denotes success or improvement of the surgery. 
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When Tinnitus was concerned out of 11 cases who had tinnitus 

positive , 7 patients had absent tinnitus and 4 patient did not have any 

improvement . 

Out of 19 patients who did not have any tinnitus preoperatively, 

one patient developed tinnitus postoperatively .  

On followup visits after 2 months, the dysgeusia improved in all 6 

patients and there were no other specific complaints.  

ENDOSCOPE VS MICROSCOPE: 

In the study by Waleed Moneir (11), where in he randomly 

divided patients into 2 groups. Of which one group underwent 

endoscopic stapes surgery and the other group under went microscopic 

stapes surgery. The mean pre-operative air-bone gap was 30 dB in group 

A and 32.5 dB in group B (endoscopic). On the other hand, the mean 

post-operative air-bone gap was 12.5 dB  in group A and 10 dB in group 

B. 

The two techniques showed similar audiological outcomes when 

pre- and postoperative air conduction thresholds (at different 

frequencies) were compared. Curetting the postero-superior canal wall is 

usually needed for better exposure of the visualization suprastructure of 

stapes. Consequently, this causes unwanted trauma to the chorda 

tympani resulting in taste disturbances.Also, due to excessive curettage, 

postero-superior retraction pockets may occur later(2) 
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The endoscope offers help during this stage of the procedure. 

Minimal removal of the postero-superior meatal wall was only needed 

for visualisation and  appropriate fenestration of the footplate and 

insertion of the prosthesis. 

In our study all patients minimal curettage or drilling was needed 

to expose the stapes footplate .  

With the microscope even with the highest degree of magnification 

,anterior crus of the stapes will not be seen by the surgeon, which would 

result in blind removal the suprastructure  (16) 

Nogueira Júnior and others, in 2011 (41) stated that a “with the 

endoscope better view of the anterior crus was provided ,which 

enhanced the fracturing under direct visualization and avoided blind 

manoeuvres, thus bringing chances to fracture the foot plate into nil”.  

with regard to the postoperative air-bone gap ,Other studies show 

that there is no statistically significant audiological difference between 

primary endoscopic and microscopic stapedotomy. (57); (4) ;(58) (59) . 

In the study by Ianella (17)in 2016 , In The endoscopic approach 

the percentage of ears with a postoperative air bone gap >20 dB was 

95%, this shows that it was not different from the percentage of the 

microscopic group (90%)with  ( p>0.05).  
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In the study by kojima et al (16)in 2014 , The postoperative air-

bone gap was favorable in the endoscopic group, being >10 dB in 13 

(86.7%) of the 15 

Ears,but When 1 ear (6.7%) with an air-bone gap of 11–20 dB was 

included, the percentage of ears with a postoperative air bone gap >20 

dB was 93.3%, it was not different from the percentage in the 

microscopic group (97.5%). In our study , the audiological outcome 

were comparable to those in the endoscopic and microscopic stapes 

surgery literatures . 

 

Fig33 :Surgical exposure of vital structures involved in stapes surgery 

with microscope (left ) and endoscope (right)  

 

Analyzing these risks, Dundar and colleagues(60) measured oval 

window temperature changes during endoscopic stapedotomy in a guinea 

pig model. They concluded that the greatest risk comes with the use of a 

xenon light source in a 4-mm endoscope, whereas the least temperature 

elevation was found with the LED light source with a 3-mm endoscope. 
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ADVANTAGES OF ENDOSCOPES: 

 Moniter view surgey ,hence Wider angle of vision and good 

panoramic view 

 Excellent visualization of middle ear structures,transmeatal 

surgery is easier with endoscopes due to its panaromic view ,when 

compared to microscope , hence it‟s a good tool for doing 

transmeatal middle ear surgeries especially stapes surgeries .  

 Minimal scutum removal for visualization of foot plate of stapes  

 Minimal stretching or damage to chorda tympani 

 Good demonstration and teaching tool for trainees in institutes  

DISADVANTAGES OF ENDOSCOPES 

 One handed surgery 

 Loss of stereopsis or depth of perception , which is overcome only 

by palpation . 

 Risk of thermal injury to inner ear structure causing post-

operative SNHL and vestibular dysfunction .  

 At the time of hemorrhage , one has to switch over to microscope 

in order to have both the hands free to control the bleed .  
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CONCLUSION 

To conclude, in our study air bone gap of <15db was achieved in 

93.3% which denotes the success of the surgery. And factors like 

gender, sealing material , fenestration technique and type of anaesthesia 

did not significantly affect the outcome of the surgery .  

We would like to propose that the stapes surgery with endoscopes 

are safe ,feasible and with similar audiological outcomes of that of 

microscopic stapes surgeries as mentioned in the literature.  

Though microscopes are age old and time tested, endoscopes have 

carved its niche in the modern era of otology . Endoscope proves to be a 

better alternative to microscopes with added advantages of a good 

panoramic view , excellent visualisation of vital structures involved in 

stapes surgery , minimal handling of chorda tympani ,it‟s a good 

teaching tool in the institutes and also cost effective since both ear and 

nose surgeries can be done with the same endoscopes with fewer 

disadvantages . 

Nonetheless ,larger sample size and longer follow up are 

mandatory to emphasize the importance of the endoscopes in stapes 

surgery which are the limitations in this study. 
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Title of the Project : “A COMPREHENSIVE STUDY ON ENDOSCOPIC STAPES 

SURGERY IN OTOSCLEROSIS“ 

Institution  :Upgraded Institute of Otorhinolaryngology, 

  Madras Medical College 

Chennai – 600003. 

 

Name :     Date   : 

Age  :     IP No. : 

Sex :     Project Patient No. : 

 

 The details of the study have been provided to me in writing and explained to me in 

my own language. 

 

 I confirm that I have understood the above study and had the opportunity to ask 

questions. 

 

 I understood that my participation in the study is voluntary and that  

I am free to withdraw at any time, without giving any reason, without the medical care that 

will normally be provided by the hospital being affected. 

 

 I agree not to restrict the use of any data or results that arise from this study provided 

such a use is only for scientific purpose(s). 

 

I have been given an information sheet giving details of the study. 
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We are conducting a study on 

“A COMPREHENSIVE STUDY ON ENDOSCOPIC STAPES SURGERY IN 

OTOSCLEROSIS “ 

at the Upgraded Institute of Otorhinolaryngology, Madras Medical College & Rajiv 

Gandhi Government General Hospital, Chennai – 600003. 

Endoscopic stapes surgery is done for stapes fixation.stapes is one of the three bones 

found in the ear . 

Stapes fixation causes hearing loss .This surgery consist of removing the stapes and 

replacing it with a piston (prosthesis) and thus  improve hearing of the patient . 

This surgery includes the complications like any other . post operatively  follow up 

audiological evaluation will be done .  

At the time of announcing the results and suggestions, name and identity of the 

patients will be confidential.  



Taking part in this study is voluntary. You are free to decide whether to participate in 

this study or to withdraw at any time; your decision will not result in any loss of 

benefits to which you are otherwise entitled.  

 

 

The results of the special study may be intimated to you at the end of the study period 

or during the study if anything is found abnormal which may aid in the management 

or treatment  

 
 

Signature of Investigator:   Signature of Participant: 
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A COMPREHENSIVE STUDY ON ENDOSCOPIC STAPES SURGERY IN 

OTOSCLEROSIS 

 

 பாஜீவ் காத்ி அபசு நருதத்ுவநனயி் மநம குறி்பிடட் ஆன்வு 

டதத்்ட இருகக்ி்து. 
 

 ஸ்மட்ஸ் அறுனவ சிகிசன்ச எ்து ஸ்மட்ஸ் பிகம்சஷ் எ் 

மான் காண சிகிசன்ச . 

 

 ஸ்மட்ஸ் எ்து காதி் உ் இருகக்ுந் ஒரு சிறின எலுந்பு. 

 

 இத் எலுந்பி் பிபசச்ன ஏ்டட்ா் காது மகானந  வப கூடுந் . 

 

 இத் அறுனவ சிகிசன்சயி் ஸ்மட்ஸ் எ்னுந் எலுந்ன 

அக்றிவிடட்ு அத்கு திாக சசன்னக கருவி ஒ்று 

சாருதத்்டுந் . 

 

 இதா் காது மகடக்ுந் தி் மந்டுதத்்டுகிது 

 

 மவ ஏதுந் அறுனவ சிகிசன்ச மா் இத் அறுனவ சிகிசன்சகக்ுந்  

பி்வினவுக் உ். 

 

 முடிவுகன அ்து கருதத்ுகக்ன சவிடுந்மாமதா அ்து 

ஆபான்சச்ி் மாமதா தங்கது சனமபா அ்து 

அனடனாங்கனமனா சவியிடநாடம்டாந்  எ்னத 

சதபிவிதத்ுசகா்கிமாந். 

 

 இத் ஆபான்சச்ியி் ங்மக்து தங்களுனடன 

விரு்தத்ி்மபி்தா் இருகக்ிது . மநலுந் ீங்க் எத் மபமுந் 

இத் ஆபான்சச்ியி் இருத்ு பி்வாங்காந் எ்தயுந் 

சதபிவிதத்ுகச்கா்கிமாந். 

 

 இத் சி்பு பிமசாதனகி் முடிவுகனயுந் மாயி் த்னந 

்றியுந் ஆபான்சச்ியி்மாது  அ்து ஆபான்சச்ியி் 

முடிவி்மாது தங்களுகக்ு அறிவி்மாந் எ்னதயுந் 

சதபிவிதத்ுகச்கா்கிமாந். 

 

 

 

ஆபான்சச்ினாப ்னகசனா்ந்                                        ங்மக்வப ்

னகசனா்ந்     

 

 

ா்  

இடந் 



Rinne Weber ABC Rinne Weber ABC
Hearing 

loss

500Hz 1000Hz 2000Hz Avg

1 Soundari 36 F 12137 R Y 2Y Y 2Y N NA NO N WNL BC>AC R NR AC>BC R NR WNL 36.6 25 25 25 25

2 Suganya 40 F 52494 L Y 1Y N NA N NA NO N WNL BC>AC R NR BC>AC R NR WNL 46.6 30 35 25 30

3 Poongodi 25 F 13000 R Y 2Y N NA N NA NO N WNL BC>AC R NR BC>AC R NR WNL 51.6 35 35 35 35

4 Vasanthi 42 F 134011 L Y 3Y Y 3Y N NA NO N WNL BC>AC R NR BC>AC R NR WNL 68.3 50 45 40 45

5 Shakira 23 F 116282 R Y 5M Y 5M N NA NO N WNL BC>AC NL NR BC>AC NL NR WNL 50 35 35 30 33.33333333

6 Priyanka 24 F 22650 R Y 7Y N NA N NA NO N WNL BC>AC NL NR BC>AC NL NR WNL 45 25 35 25 28.33333333

7 Rasool Bee 40 F 58259 R Y 6Y Y 6Y N NA NO N WNL BC>AC NL NR BC>AC NL NR WNL 51.6 25 25 25 25

8 Satish Kumar 18 M 70078 R Y 2Y N NA N NA YES N WNL BC>AC NL NR BC>AC NL NR WNL 53.3 30 35 35 33.33333333

9 Suji 16 F 65475 R Y 10Y Y 10Y N NA NO N WNL BC>AC R NR BC>AC R NR WNL 60 55 45 45 48.33333333

10 Amudha 24 F 96032 R Y 4Y N NA N NA YES N WNL BC>AC R NR BC>AC R NR WNL 38.3 30 20 20 23.33333333

11 Neelakandan 28 M 56604 L Y 4M Y 4M N NA YES N WNL BC>AC NL NR BC>AC NL NR WNL 48.3 30 30 20 26.66666667

12 Arun Kumar 20 M 20503 L Y 6M Y 6M N NA YES N WNL BC>AC L NR BC>AC L NR WNL 38.3 25 30 30 28.33333333

13 Abidha 16 F 57811 L Y 2Y N NA N NA NO N WNL BC>AC L NR BC>AC L NR WNL 45 35 30 30 31.66666667

14 Vijayalakshmi 38 F 57390 R Y 4Y N NA N NA YES N WNL BC>AC R NR BC>AC R NR WNL 53.3 45 40 40 41.66666667

15 Senthamarai 37 F 67789 L Y 2Y N NA N NA NO N WNL BC>AC NL NR BC>AC NL NR WNL 51.6 30 30 15 25

16 Fathima 31 F 84383 L Y 3Y N NA N NA YES N WNL BC>AC NL NR BC>AC NL NR WNL 42.6 25 25 30 26.66666667

17 Soumya Narayanan 48 M 101901 R Y 3Y Y 3Y N NA NO N WNL BC>AC NL NR BC>AC NL NR WNL 51.3 40 40 10 30

18 Manjula 45 F 70009 L Y 10Y Y 10Y N NA NO N WNL BC>AC L NR BC>AC L NR WNL 57.6 30 25 25 26.66666667

19 Logeshwari 19 F 56054 R Y 4Y N NA N NA NO N WNL BC>AC R NR BC>AC R NR WNL 68.6 35 45 40 40

20 Surya 27 M 131156 R Y 1Y N NA N NA NO N WNL BC>AC R NR AC>BC R NR WNL 43.3 30 30 25 28.33333333

21 Jagan 30 M 77047 L Y 5Y N NA N NA YES N WNL BC>AC NL NR BC>AC NL NR WNL 44.6 40 40 20 33.33333333

22 Ragulan 24 M 34769 R Y 2Y N NA N NA NO N WNL BC>AC NL NR BC>AC NL NR WNL 57.6 35 30 40 35

23 Vijayalakshmi 50 F 21680 R Y 3Y N NA N NA NO N WNL BC>AC NL NR BC>AC NL NR WNL 47.6 40 30 35 35

24 Satish Kumar 40 M 24850 R Y 3Y N NA N NA NO N WNL BC>AC R NR BC>AC R NR WNL 57.6 30 35 30 31.66666667

25 Dharanipathi 45 M 72811 R Y 7M N NA N NA NO N WNL BC>AC NL NR BC>AC NL NR WNL 46.6 25 35 25 28.3

26 Maheshwari 40 F 93724 L Y 2Y N NA N NA NO N WNL BC>AC L NR BC>AC L NR WNL 58.6 50 35 30 38.33333333

27 Parthiban 23 M 64834 L Y 4Y Y NA N NA NO N WNL BC>AC L NR BC>AC L NR WNL 45 30 30 30 30

28 Gowrishankar 30 M 22454 L Y 1Y Y NA N NA NO N WNL BC>AC L NR BC>AC L NR WNL 51.3 20 25 20 21.66666667

29 kanchana 37 f 92552 L Y 2 Y N NA N NA NO N WNL BC>AC L NR BC>AC L NR WNL 31.6 15 20 20 18.33333333

30 karpagam 27 f 91444 L Y 2Y N NA N NA YES N WNL BC>AC L NR BC>AC L NR WNL 31.6 25 25 20 23.33333333
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Hearing 

loss

500Hz 1000Hz 2000Hz Avg

18.3 10 10 10 10 B B Ab Ab 40 65 80 95 LA Ab Ab Ab yes no perforator post 4.5mm teflon fat min none 50 mins N

51.6 30 20 20 30 A A Ab Ab 35 40 80 90 LA Ab Ab Ab yes no perforator post 4.5mm teflon fat min none 40 mins N

51.6 40 35 35 35 As As Ab Ab 40 40 90 90 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 45 mins N

50 35 35 35 35 As As Ab Ab 40 35 80 90 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 40 mins N

46.6 30 30 30 30 As As Ab Ab 40 40 80 80 LA Ab Ab Ab yes no Skeeter post 4.5mm teflon fat min none 40 mins N

46.6 30 35 25 30 As As Ab Ab 30 65 100 90 LA Ab Ab Ab yes no perforator post 4.5mm teflon fat min none 50 mins N

46.6 30 30 30 30 As As Ab Ab 40 65 80 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 60 mins N

51.6 30 30 35 31.66666667 As C Ab Ab 55 30 90 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 45 mins N

60 60 55 45 53.33333333 Ad A Ab Ab 30 65 100 90 GA Ab Ab Ab yes YES Skeeter post 4.5mm teflon gelfoam min none 120 mins N

36.6 30 20 20 23.33333333 As As Ab Ab 40 40 80 80 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 50 mins N

51.6 30 40 15 28.33333333 As As Ab Ab 55 30 90 95 LA Ab Ab Ab yes no Skeeter post 4.25mm teflon gelfoam min none 40 mins N

45 35 5 30 23.33333333 A A Ab Ab 55 30 90 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 35 mins N

48.3 40 40 25 35 As As Ab Ab 65 65 90 90 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 60 mins N

46.6 35 35 35 35 Ad Ad Ab Ab 30 65 100 90 LA Ab Ab Ab yes yes skeeter post 4.5mm teflon gelfoam min vertigo 90 mins Y

53.3 35 30 10 25 As As Ab Ab 40 65 80 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 50mins N

46.3 30 30 30 30 A A Ab Ab 55 35 90 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 40 mins N

48.6 40 35 10 28.33333333 As As Ab Ab 35 60 95% 90% LA Ab Ab Ab yes no perforator post 4.5mm teflon fat min none 45 mins N

63.6 30 30 35 31.66666667 As As Ab Ab 35 60 95% 90% LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 45 mins N

52.6 35 30 35 33.33333333 As As Ab Ab 35 40 80 90 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 60 mins N

15 0 0 0 0 A A Ab P 60 35 90 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 60 mins N

45 45 40 20 35 Ad Ad Ab Ab 50 45 90 90 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 45 mins N

51.3 35 25 35 31.66666667 A A Ab Ab 40 65 80 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min
perilymph 

gusher
60 mins N

51.3 45 30 35 36.66666667 B B Ab Ab 55 35 90 100 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 45 mins N

47.6 30 25 25 26.66666667 A A Ab Ab 55 35 90 100 LA Ab Ab Ab yes no perforator post 4.5mm teflon fat min none 50 mins N

50 30 35 20 28.3 A As Ab Ab 60 35 90 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 45 mins N

63.6 55 40 35 43.33333333 A A Ab Ab 35 60 90 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 50 mins N

51.3 35 30 30 31.66666667 As As Ab Ab 55 30 90 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 50 mins N

57.6 30 35 35 33.33333333 As As Ab Ab 30 55 90 95 LA Ab Ab Ab yes no perforator post 4.25mm teflon fat min none 45 mins N

55 45 40 35 40 As As Ab Ab 40 65 80 95 LA Ab Ab Ab yes no perforator post 4.5mm teflon fat min none 50 mins N

33 25 25 25 25 As B Ab Ab 30 60 90 90 LA Ab Ab Ab yes no perforator post 4.5mm teflon fat min none 40min N
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500Hz 1000Hz 2000Hz Avg 500Hz 1000Hz 2000Hz Avg

N no no 4 14 N N N AC>BC L NR BC>AC L NR 13.3 <10 <10 <10 <10 21.6 ~ Tinnitus Reduced

N no no 3 7 N N N BC>AC NL NR BC>AC NL NR 31.6 ~ 43.3 10 10 10 10 no

N no no 4 6 N N N AC>BC L NR BC>AC L NR 11.6 <10 <10 <10 <10 31.6 ~ no

N no no 3 10 N N N AC>BC NL NR BC>AC NL NR 18.3 18.3 10 10 10 10 Tinnitus reduced

N no no 3 10 N N N AC>BC L NR BC>AC L NR 18.3 <10 <10 <10 <10 40 ~ Tinnitus reduced

N no no 3 14 N N N BC>AC R NR BC>AC R NR 21 <10 <10 <10 <10 55 ῀ no

N no no 3 6 N N N BC>AC NL NR BC>AC NL NR 33.3 25 25 25 25 41.6 ~ tinnitus not reduced

Y no no 3 6 N Y N AC>BC L NR BC>AC L NR 25 15 15 15 15 21.6 ~ no

Y no no 3 7 N Y N BC>AC L NR BC>AC L NR 30 10 10 10 10 56 ~ tinnitus not reduced

N no no 3 8 N N N AC>BC L NR BC>AC L NR 18.5 10 10 10 10 38 ~ no

Y no no 3 8 N Y N BC>AC R NR AC>BC R NR 50 ~ 28.3 15 tinnitus present

N no no 4 7 N N N BC>AC R NR AC>BC R NR 31.6 ~ 11.6 <10 <10 <10 <10 tinnitus absent

Y no no 4 8 N Y N BC>AC R NR AC>BC R NR 46.6 ~ 23 20 15 10 15 no

Y no no 3 10 Y Y Post OPTinnitus BC>AC R NR BC>AC R NR 48.3 30 25 20 25 35 ~ tinnitus present

N no no 3 7 N N N BC>AC R NR AC>BC R NR 51.6 ~ 23 10 10 10 10 no

Y no no 3 7 N Y N BC>AC R NR AC>BC R NR 40.6 ~ 23 10 10 10 10 no

N no no 3 9 N N N AC>BC L NR BC>AC L NR 25 <10 <10 <10 <10 48 ~ tinnitus reduced

N no no 3 6 N N N BC>AC R NR BC>AC R NR 56 ~ 48.3 15 15 20 16 tinnitus not reduced

N no no 3 12 N N N BC>AC L NR BC>AC L NR 28 15 10 10 11 46.7 ~ no

N no no 3 6 N N N AC>BC NL NR AC>BC NR 18 <10 <10 <10 <10 15 ~ no

N no no 3 6 N N N BC>AC R NR AC>BC R NR 45 ~ 20.3 10 10 10 10 no

N no no 3 7 Y N N BC>AC L NR AC>BC L NR 11.6 <10 <10 <10 <10 45.6 ~ no

N no no 3 7 N N N AC>BC L NR BC>AC L NR 35 10 10 10 10 53.6 ~ no

N no no 3 7 N N N BC>AC L NR BC>AC L NR 30.3 10 10 10 10 43.3 ~ no

N no no 3 7 N N N AC>BC L NR BC>ACL NR 18 10 10 10 10 50 ~ no

N no no 3 7 N N N BC>AC R NR AC>BC R NR 61 ~ 25.6 10 10 10 10 no

N no no 3 7 N N N BC>AC R NR AC>BC R NR 46.7 ~ 18.3 10 10 10 10 no

N no no 3 7 N N N BC>AC R NR AC>BC NR 49 ~ 27 15 15 15 15 no

N no no 3 7 N N N AC>BC NL NR AC>BC NL NR 30 ~ 28.3 10 10 10 <10 no

N no no 3 7 N N N BC>ACR NR AC>BC R NR 31.6 ~ 20 15 15 15 15 no
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