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INTRODUCTION 

Chronic otitis media is defined as the permanent abnormality in the pars 

flaccida or tensa. It is highly prevalent in the developing countries like India. It is 

classified into 

 Healed COM -Tympanosclerosis; healed perforation 

 Inactive (mucosal) COM- perforation 

 Inactive (squamous) COM- retraction pocket 

 Active (mucosal) COM 

 Active (squamous) COM- cholesteaoma 

  Chronic otitis media leads to significant conductive hearing loss when it 

causes erosion ossicles or ossicular chain discontinuity. The surgery in chronic 

otitis media should be aimed at removal of the middle ear disease and 

restoration of hearing mechanism which is achieved by ossicular reconstruction.  

 Tympanoplasty is the surgical procedure which involves the reconstruction 

of the middle ear and the sound conducting system. 

The first myringoplasty was performed by Marcus Bancer in 1640 even though 

the term Myringoplasty was coined by Berthold in 1878. In 1952 Wullstein 

published a method of closing perforations with a split thickness skin graft. One 

year later Zollner described his experiences with a similar graft. Wullstein and 
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House then advised a full thickness graft taken from behind the ear. Later on 

Zollner and Wullstein devised a classification for tympanoplasty based on the 

type of ossicular chain reconstruction
[1]

. The main aims of the tympanoplasty 

include:  

 eradication of the disesase 

 improve hearing 

 establish ventilation  of the middle ear 

TYPES: 

Type I tympanoplasty (myringoplasty) involves reconstruction of a tympanic 

membrane defect with a completely intact ossicular chain 

Type II tympanoplasty is performed when there is malleus erosion. The graft is 

place over the incus(incudopexy). 

Type III tympanoplasty in case of absence of both malleus and incus. The graft is 

placed over an intact mobile stapes.which results in shallow middle ear 

myringostapedopexy or collumella tympanoplasty 

Type IV tympanoplasty done in erosion of stapes suprastructure. The foot plate of 

stapes is exposed to sound waves. The graft is placed to shield the round window. 
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Type V Here the stapes footplate is fixed. A window is created in the lateral 

semicircular canal and covered with graft. It is called as fenestration operation. 

The sound waves reach the inner ear through the lateral semicircular canal. 

There are many work discussing the prognostic factors and results of hearing 

outcome in ear surgery. Many studies have considered pre and intraoperative 

findings as risk factors. Bellucci suggested four discrete stages of prognosis based 

on the status of the ear discharge at presentation
(2)

. Black introduced the Surgical, 

Prosthetic, Infection, Tissues, and Eustachian tube (SPITE) system
(3)

. Wullstein 

proposed a five‑part system to aid in determining the prognosis of hearing 

impairment based on residual ossicular remnants and how they may be 

reconstructed
(4)

. Austin subsequently developed a system that included the residual 

ossicular remnants. Kartush has divided these into intrinsic factors: eustachian tube 

function, disease severity, and status of the residual ossicular chain and extrinsic 

factors which are within the surgeon’s control. Extrinsic factors included, surgical 

technique, staging, design, and composition of the graft and prosthesis. The MERI 

stratifies these factors into prognostic categories. The MERI has been revised in 

2001.  Smoking is added as a middle ear risk and is given 2‑risk points
[5]

. 

Significant granulation tissue or effusions added 2‑risk points. Furthermore, 

cholesteatoma risk value had been increased to 2‑risk points. 
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 Thus the factors included in the study are otorrhea, perforation, presence or 

absence of cholesteatoma, middle ear effusion or granulation, ossicular chain 

status, history of previous surgery and smoking. Scoring is done for each factor 

and patients are grouped into 3 categories based on total score from mild 

disease (1-3), moderate disease (4-6), severe disease (7-12). MERI score has 

found to predict outcome of surgery in terms of hearing improvement. It also 

helps in deciding the type of surgery whether to do primary or secondary 

ossicular chain reconstruction.  

TRANSCANAL ENDOSCOPIC TYMANOPLASTY  

Today tympanoplasty has become the most common surgery performed in the 

ear. In microsurgery of the ear the view is limited by the narrow parts of the EAC. 

The use of transcanal endoscopy gets beyond the narrow parts of the ear canal to 

give a wider view that enables surgeons to look around the corner owing to its 

excellent visualization of structures and better illumination. The attic is in line with 

the with an axis line drawn through the ear canal which ends in the attic rather than 

the mesotympanum. This provides transcanal access to the attic which is a 

common site for cholesteatoma. The removal of scutum provides wide and open 

access to the attic. The wide view provided by the endoscopes enables transcanal 

access to all areas even facial recess and sinus tympani with minimal invasion and 
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facilitates the complete removal of disease without the need for a post auricular 

incision and is cosmetically more appealing
[6]

.  

It is important to predict hearing outcome of the surgery and to explain the 

patient to avoid untoward expectations from them. 

The aim of our study is to group the patients based on the MERI index and 

assess the hearing outcome of endoscopic tympanoplasty. In our study the hearing 

outcome is evaluated by pure tone audiometry based on preoperative and 

postoperative air-bone gap. 

 

 

 



14 
 

 

 

45` ENDOSCOPE 0` ENDOSCOPE 



15 
 

MIDDLE EAR RISK INDEX 

RISK FACTORS FINDING RISK VALUE 

Otorrhea Dry 0 

 Occasionally wet 1 

 Persistently wet 2 

 Wet with cleft palate 3 

   

Perforation Absent 0 

 Present 1 

   

Cholesteatoma Absent 0 

 Present  2 

   

Ossicular chain Malleus,incus and stapes 

present 

0 

 Defect of incus 1 

 Defect of incus and 

stapes 

2 

 Defect of incus and 

malleus 

3 

 Defect of malleus incus 

and stapes 

4 

 Ossicular head fixation 2 

 Stapes head fixation 3 

   

Middle ear granulation/ 

effusion 

No 0 

 Yes 2 

   

Previous surgery None  0 

 Staged 1 

 Revision 2 

   

Smoker No 0 

 Yes 2 
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AIMS AND OBJECTIVES 

 To determine the middle ear risk index in patients undergoing endoscopic 

tympanoplasty 

 

 To categorize the patients into mild, moderate and severe disease based on 

the MERI scoring 

 

 To study the relation between the MERI and hearing benefit following 

endoscopic tympanoplasty.   
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EMBRYOLOGY AND ANATOMY 

 The tympanic cavity of the middle ear is of endodermal origin and is derived 

from the first pharyngeal pouch, an outpocketing of the pharynx, which 

grows laterally in the direction of the external acoustic meatus. The pouch, 

lined with epithelium of endodermal origin, appears in embryos at about 

week 4. 

 The pouch grows rapidly in a lateral direction and at about the end of month 

6 of gestation, its external wall comes into contact with the floor of the first 

ectodermal cleft (deep end of the external auditory meatus). 

 A thin mesodermal plate persists between the ectodermal and endodermal 

epithelial structures, and thus the tympanic membrane is formed from the 

combination of all 3 layers ectoderm, endoderm and mesoderm. 

 The distal part of the pharyngeal pouch, the tubotympanic recess, widens 

and gives rise to the primitive tympanic cavity. The proximal portion forms 

the Eustachian tube. The tube's pharyngeal orifice is surrounded by a 

considerable amount of lymphoid tissue, the tubal tonsil  

 During late fetal life, the tympanic cavity expands dorsally and posteriorly to 

form the tympanic antrum. Its walls are covered with epithelium of 

endodermal origin. 
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 After birth, the bone of the developing mastoid process is invaded by the 

epithelium of the tympanic cavity and epithelial-lined air sacs are created 

(pneumatization). 

The ossicles of the middle ear: 

By the end of week 7, the mesenchyme above the primitive tympanic cavity 

demonstrates a number of condensations caused by proliferation of the dorsal tips 

of pharyngeal arches I and II 

The condensations become the cartilaginous precursors of the auditory 

ossicles, the malleus, the incus, and the stapes 

The malleus and incus are derived from pharyngeal arch I (Meckel's 

cartilage) and the stapes is derived from arch II (Reichert's cartilage) 

THE OSSICLES appear during the first half of fetal life but remain 

embedded in mesenchyme until month 8, when the surrounding tissue dissolves. 

When the ossicles are entirely free from the surrounding mesenchyme, the 

endodermal epithelium connects them in a mesentery like manner to the cavity 

wall. The supporting ligaments of the ossicles develop in these mesenteries. Since 

the malleus is derived from pharyngeal arch I, its muscle, the tensor tympani, is 

innervated by the mandibular branch of the trigeminal (V) nerve. Since the stapes 
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is of pharyngeal arch II, its muscle, the stapedius, is innervated by the facial (VII) 

nerve.
[7] 
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ANATOMY OF THE MIDDLE EAR CLEFT 

The middle ear cleft consists of  

1. The tympanic cavity 

2. The Eustachian tube  

3. The mastoid air cell system. 

The tympanic cavity is an irregular, air-filled space within the temporal bone 

between the tympanic membrane laterally and the osseous labyrinth medially. It 

contains the auditory ossicles and their tendons that attach them to the middle ear 

muscles. Other structures, including the tympanic segment of the 7
th

 nerve, run 

along its walls to pass through the cavity.
[8] 

Tympanic membrane: 

 It is a trilaminar oval membrane pearly white in colour, placed obliquely 

(55`) with the floor of the external auditory canal. Its dimensions are 10 mm high 

and 8 mm along the horizontal axis. 



21 
 

 

 

NORMAL TYMPANIC MEMBRANE 

 

 

 

 

 

 



22 
 

Layers are: 

1. Outer epithelial layer- continuous with the skin of the external ear. 

2. Middle fibrous layer- it has collagen fibres in three patterns:  

radial, circular and oblique. The radial fibres arise from the umbo and is inserted 

into the fibrous annulus 

3. Inner mucosal layer 

The tympanic membrane is divided into pars flaccida (Sharpnell’s membrane) 

and pars tensa. 

 The periphery of pars tensa is thickened and forms the fibrocartillagenous 

annulus, lodged in the bony sulcus of the tympanic part of temporal bone. This 

sulcus is incomplete superiorly and forms the notch of Rivinus
[9]

. From this notch 

two folds of mucosa attaches to the lateral process of the malleolus namely the 

anterior and posterior malleolar folds. The thin and lax pars flaccida gets attached 

to the squama above these folds. The medial surface of the membrane is attached 

to the manubrium of the malleus, thus the membrane is concave in the lateral 

surface. The centre of concavity is the umbo. 

The lamina propria of the pars tensa has radially oriented fibres in the outer layers 

and circular, parabolic and transverse fibres in the deeper layer 

Vascular supply: 
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 Medial surface: Anterior tympanic branches of the maxillary artery, the 

stylomastoid branch of the posterior auricular artery  

Lateral surface: supplied by the deep auricular branch of internal maxillary 

artery  

Nerve supply: 

 Branches of the auriculotemporal nerve (Vc) 

The auricular branch of the vagus  

The tympanic branch of the glossopharyngeal nerve. 
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ENDOSCOPIC VIEW OF MIDDLE EAR 
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The tympanic cavity is notionally divided into three compartments: the 

epitympanum (upper), the mesotympanum (middle) and hypotympanum (lower). 

BOUNDARIES OF MIDDLE EAR: 

THE LATERAL WALL: 

The lateral wall of the tympanic cavity is formed by the bony lateral wall of 

the epitympanum superiorly, the tympanic membrane centrally and the bony lateral 

wall of the hypotympanum inferiorly. The lateral epitympanic wall is wedge-

shaped in section and its sharp inferior portion is also called the outer attic wall or 

scutum. It is thin and easily eroded by cholesteatoma. 

The petrotympanic fissure is a slit about 2 mm long. It receives the anterior 

malleolar ligament and transmits the anterior tympanic branch of the maxillary 

artery to the tympanic cavity. The chorda tympani, enters the medial surface of the 

fissure through a separate anterior canaliculus (canal of Huguier) and enters the 

posterior canaliculus, then runs obliquely downwards and medially through the 

posterior wall of the tympanic cavity until it reaches the facial nerve 

THE ROOF: 

The roof of the epitympanum is the tegmen tympani, a thin bony plate that 

separates the middle ear space from the middle cranial fossa. Both the petrous and 

squamous portions of the temporal bone form it; and the petrosquamous suture line 
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does not close until adult life, can provide a route of access for infection into the 

extradural space in children. 

THE FLOOR: 

It consists of compact or pneumatized bone that separates the 

hypotympanum from the dome of the jugular bulb.. Occasionally, the floor is 

deficient and the jugular bulb is then covered only by fibrous tissue and a mucous 

membrane. 

 At the junction of the floor and the medial wall of the cavity there is a small 

opening that allows the entry of the tympanic branch of the glossopharyngeal nerve 

into the middle ear.  

THE ANTERIOR WALL  

The anterior wall of the tympanic cavity is narrow. The lower-third of the 

anterior wall consists of a thin plate of bone covering the carotid artery as it enters 

the skull. This plate is perforated by the superior and inferior caroticotympanic 

nerves carrying sympathetic fibres.  

The middle-third comprises the tympanic orifice of the Eustachian tube, 

which is oval and 5 x 2 mm in size. Just above this is a canal containing the tensor 

tympani muscle that subsequently runs along the medial wall of the tympanic 

cavity enclosed in a thin bony sheath. The upper-third is usually pneumatized and 



27 
 

may have the anterior epitympanic sinus, a small niche anterior to the ossicular 

heads. 

THE MEDIAL WALL  

It separates the tympanic cavity from the internal ear. The promontory is a 

rounded elevation that covers part of the basal coil of the cochlea there are small 

grooves on its surface containing the nerves which form the tympanic plexus. 

Behind and above the promontory is the oval window; a nearly kidney-shaped 

opening that connects the tympanic cavity with the vestibule closed by the 

footplate of the stapes of size 3.25 mm long and 1.75 mm wide and its surrounding 

annular ligament.  

The round window niche lies below and behind the oval window niche from 

which it is separated by a posterior extension of the promontory called the 

subiculum. Another ridge of bone - the ponticulus - leaves the promontory above 

the subiculum and runs to the pyramid on the posterior wall of the cavity. 

triangular in shape, with anterior, posterosuperior and posteroinferior walls. The 

latter two meet posteriorly and lead to the sinus tympani. 

The facial nerve canal (or Fallopian canal) runs above the promontory and 

oval window in an anteroposterior direction. It is marked anteriorly by the 

processus cochleariformis, a curved projection of bone, which houses the tendon 

of the tensor tympani muscle as it turns laterally to the handle of the malleus. 



28 
 

The dome of the lateral semicircular canal forms the posterior portion of the 

epitympanum, lying posterolateral to the facial canal. 

THE POSTERIOR WALL  

The posterior wall in its upper part a large irregular opening - the aditus ad 

antrum that leads back from the posterior epitympanum into the mastoid antrum. 

Below the aditus is a small depression, the fossa incudis, which houses the short 

process of the incus and its suspensory ligament. Below the fossa incudis and 

medial to the opening of the chorda tympani nerve is the pyramid, a small hollow 

conical projection which houses the stapedius muscle and tendon. 

The facial recess is a groove which lies between the pyramid and facial 

nerve and the annulus of the tympanic membrane 

The sinus tympani is a posterior extension of the mesotympanum and lies 

deep to both the promontory and the facial nerve. This is probably the most 

inaccessible site in the middle ear and mastoid. The sinus can extend as far as 9 

mm into the mastoid bone when measured from the tip of the pyramid. 

The contents of the tympanic cavity  

The tympanic cavity contains the ossicles, two muscles, the chorda tympani 

and the tympanic plexus.  

OSSICLES: 
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THE MALLEUS  

The malleus is the largest ossicle of 9 mm in length. It has a head, neck and 

handle or manubrium. The head lies in the epitympanum and is suspended by the 

superior ligament. The head of the malleus articulate with the body of the incus by 

a synovial joint. The lateral process is a prominent landmark on the tympanic 

membrane.The chorda tympani crosses the upper part of the malleus handle on its 

medial surface. The anterior ligament arises from the anterior process to insert into 

the petrotympanic fissure. 
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THE INCUS  

The incus has a body and two processes. The body lies in the epitympanum 

and is suspended by the superior incudal ligament that is attached to the tegmen 

tympani. The short process projects backwards from the body to lie in the fossa 

incudis to which it is attached by a short suspensory ligament. The long process 

descends into the meso tympanum behind and medial to the handle of the malleus, 

and at its tip is a small medially directed lenticular process. The lenticular process 

articulates with the head of the stapes. 

THE STAPES  

The stapes is stirrup shaped and consists of a head, neck, the anterior and 

posterior crura and a footplate. The head points laterally and has a small cartilage-

covered depression for a synovial articulation with the lenticular process of the 

incus. The stapedius tendon inserts into the posterior part of the neck and upper 

portion of the posterior crus. The anterior crus is thinner and less curved than the 

posterior one. The two crura join the footplate. Its  dimensions are 3 mm long-and 

1.4 mm wide, and it lies in the oval window where it is attached to the bony 

margins by the annular ligament. 
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THE TENSOR TYMPANI MUSCLE 

This muscle is arising from the walls of the bony canal lying above the 

Eustachian tube. It also arise from the cartilaginous portion of the Eustachian tube 

and the greater wing of the sphenoid. It takes a turn around the processus 

cochleariformis. Inserted into medial aspect of handle of malleus. Supplied by 

Mandibular Nerve. 

THE STAPEDIUS MUSCLE  

The stapedius arises from the walls of the conical cavity within the pyramid 

and inserts into the stapes. Supplied by facial nerve. 

THE MUCOSA OF THE TYMPANIC CAVITY  

The middle ear mucosa is mucus-secreting respiratory mucosa bearing cilia 

on its surface. Three distinct mucocilary pathways can be identified - epitympanic, 

promontorial and hypotympanic. Each of these pathways coalesces at the tympanic 

orifice of the Eustachian tube. The mucous membrane lines the bony walls of the 

tympanic cavity, and it extends to cover the ossicles and their supporting ligaments 

and the tendons of the two middle ear muscles and carry the blood supply to and 

from the contents of the tympanic cavity. These folds separate the middle ear space 

into compartments. The only route for ventilation of the epitympanic space from 

the mesotympanum is via two small openings; the anterior and posterior isthmus 
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tympani. Likewise, Prussak's space is found between the pars flaccida and the 

neck of the malleus, bounded by the lateral malleolar fold.  

THE BLOOD SUPPLY OF THE TYMPANIC CAVITY  

 Arteries supplying the walls and contents of the tympanic cavity arise 

from both the internal and external carotid system.  

 Anterior tympanic branch supplies - Tympanic membrane; malleus 

and incus; anterior part of tympanic cavity 

 Stylomastoid branch- Posterior part of tympanic cavity; stapedius 

muscle 

 Mastoid branch- mastoid air cells 

 Petrosal- Roof of mastoid; roof of epitympanum 

 Inferior tympanic and Branch from Tympanic arches- Meso- and 

hypotympanum 

The Eustachian tube: 

The Eustachian tube is a dynamic channel that links the middle ear with the 

nasopharynx. In adults, it is about 36 mm in length. It runs downwards from the 

middle ear at 45° and is turned forwards and medially. The lateral third is bony and 

arises from the anterior wall of the tympanic cavity. This joins a medial 

cartilaginous part, which makes up two-thirds of the tubal length, its narrowest 
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portion, called the isthmus. The tube is lined with respiratory mucosa containing 

goblet cells and mucous glands, with ciliated epithelium on its floor. A thin plate 

of bone forms the roof, separating the tube from the tensor tympani muscle above. 

The carotid canal lies medially. In cross section, the tube is triangular or 

rectangular with the horizontal diameter being the greater. The cartilaginous part of 

the tube is about 24 mm long and consists of a fibrocartilaginous skeleton to which 

attached the peritubal muscles. The cartilage is fixed to the base of the skull in a 

groove between the petrous part of the temporal bone and the greater wing of the 

sphenoid, which terminates near the root of the medial pterygoid plate. Thus, the 

back (posteromedial) wall is composed of cartilage and the front (anterolateral) 

wall comprises cartilage and fibrous tissue. The apex of the cartilage is attached to 

the isthmus of the bony portion, while the wider medial end protrudes into the 

nasopharynx, lying directly under the mucosa to form the torus tubarius. In the 

nasopharynx, the tube opens 1-1.25 cm behind and a little below the posterior end 

of the interior turbinate. The salpingopharyngeal fold stretches from the lower part 

of the torus downwards to the wall of the pharynx. 

THE MASTOID AIR CELL SYSTEM  

The mastoid antrum is an air-filled sinus within the petrous part of the 

temporal bone. It communicates with the middle ear by way of the aditus and has 

mastoid air cells arising from its walls. The antrum is well developed at birth. The 
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roof of the mastoid antrum and mastoid air cell space form the floor of the middle 

cranial fossa, while the medial wall relates to the posterior semicircular canal. 

More deeply and inferiorly is the dura of the posterior cranial fossa and the 

endolymphatic sac. Posterior to the endolymphatic system is the sigmoid sinus, 

which curves downwards only to turn sharply upwards to pass medial to the facial 

nerve and then becomes the dome of the jugular bulb in the middle ear space. The 

posterior belly of the digastric muscle forms a groove in the base of the mastoid 

bone. It is a useful landmark for finding the nerve. 

MacEwen's triangle is a direct lateral relation to the mastoid antrum and is 

formed by a posterior prolongation of the line of the zygomatic arch and a tangent 

to this that passes through the posterior border of the external auditory meatus. 
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PHYSIOLOGY OF HEARING 

Role of ear drum in sound conduction: 

The ear drum conducts sound from the external ear to the middle ear. 

Bekesy postulated that the ear drum moved like a stiff plate up to frequencies of 2 

kHz. He also suggested that the inferior edge of the drum is flaccid and moves the 

most. At frequencies above 6 kHz the vibrating pattern becomes more complex and 

chaotic. This reduces the efficiency of sound transfer mechanism. The handle of 

the malleus is attached to the centre of the ear drum.This allows sound vibrations 

on any portion of the ear drum to be transmitted to the ossicles. 

Role of Middle ear in sound conduction: 

The middle ear couples sound energy to the cochlea. It also acts as an 

acoustic transformer, facilitating impedance matching between the external and 

internal ear structures.The impedance of cochlear fluids is much higher when 

compared to that of air. Middle ear is an efficient impedance transformer. This will 

convert low pressure, high displacement vibrations into high pressure of the air 

into, low displacement vibrations suitable for driving cochlear fluids. Middle ear 

also protects the cochlea from the deleterious effects of environmental agents. The 

middle ear apparatus couples sound preferentially to only one window of the 

cochlea thus producing a differential pressure between the round and oval 

windows. This differential pressure causes movement of cochlea fluid. 
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The movement of cochlear fluid is perceived by the hair cells of the cochlea. 

The ossicles of middle ear are suspended by ligaments in such a way that the 

combined malleus and incus acts a single lever, having its fulcrum approximately 

at the border of the ear drum. 

Components of impedance transformer: 

1.The surface area of ear drum is about 60 mm
2
 whereas the surface area of 

the stapes is about 3.2mm
2
. 

The difference between these surface areas works out to be 18.75 fold
[9]

. This 

causes an increase in the pressure at the level of foot plate of stapes. The forces 

collected over the ear drum are concentrated on a smaller area, so that the pressure 

at the oval window is increased. 

2. Ossicular lever ratio (4.4 times). The incus is shorter than that of malleus. 

This is the reason for the lever action of the ossicles. This lever action increases the 

force and decreases the velocity at the level of stapes. 

3. Buckling effect of ear drum: The ear drum curves from its rim to its 

attachment to the manubrium. The buckling effect causes greater displacement of 

the curved ear drum and less displacement for the handle of the malleus. This 

causes high pressure low displacement system. 

The middle ear transformer mechanism ensures that up to 50% of the  
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incident sound energy is transmitted to the cochlea. This value is applicable for one 

frequency only i.e. 1 KHz
[10]

. At other frequencies additional factors come into 

play. The malleus incudal joint is fixed in contrast to incus Stapedial joint which is 

flexible. The incudomalleolar joint moves as a single unit, whereas the foot plate of 

stapes rocks in and out of oval window.  

FREQUENCY RESOLUTION EFFECT OF MIDDLE EAR CAVITY: 

Low frequency transmission in the middle ear is affected by the elastic 

stiffness of various components of the middle ear cavity. The elastic stiffness of 

middle ear cavity is contributed by various ligaments holding the ossicles in place. 

One important ligament which contributes the maximum to the middle ear stiffness 

component is the annular ligament. This ligament fixes the circumference of the 

foot plate of the stapes in the oval window. This ligament has been found to cause 

stiffness of the system to sound waves below 500 Hz. Presence of air in the middle 

ear cavity also adds to the stiffness component. When the ear drum moves in 

response to sound waves, air inside the middle ear cavity is compressed thereby 

reducing the movement of the ear drum. This in effect reduces conduction of low 

frequency sounds. If grommet is inserted, it improves low frequency sound wave 

conduction. Mass effect is important in limiting ossicular movements in high 

frequencies. Above 2 kHz frequency the motion of ear drum breaks up into 

separate zones. As the frequency raises this break up becomes more pronounced 
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causing a reduction in the coupling of vibrations of ear drum to the malleus. It is 

largest around 2 kHz to fall progressively at higher frequencies. At high 

frequencies a relative motion occurs between the malleus and incus there by 

causing a reduction in the ossicular chain lever ratio. 

 

Role of middle ear muscles in sound transmission of middle ear: 

Two muscles are found in the middle ear cavity: Tensor tympani and the 

Stapedial muscle. The tensor tympani muscle inserts onto the top of the handle of 

malleus. When it contracts, it pulls the malleus medially and anteriorly. This is 

nearly at right angles to the normal direction of vibration of the ossicles. It 

increases the stiffness of the middle ear cavity. Contraction of these middle ear 

muscles reduces the conduction of low frequency sound
[11]

. It also decreases the 

patient’s hearing sensitivity to his / her speech. Contraction of these muscles also 

changes the direction of vibration of ossicles so that the movement is less 

effectively coupled to the cochlea. Contraction of Stapedius muscle occurs 

reflexively to loud noises. This reflex protects the inner ear from deleterious effects 

of loud noise to the inner ear. The latency of Stapedial reflex is about 6 –7 ms 

Stapedius contractions can reduce transmission by up to 30 dB for frequencies less 

than 1 –2 kHz. 
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Physiology of bone conduction: 

It maintains some level of residual hearing in patients with conductive 

hearing losses. Cochlea is embedded in a bony cavity in the temporal bone. 

Vibrations of the entire skull can cause fluid vibrations within the cochlea itself. 

Vibrations of the skull could vibrate the CSF. Vibrations from CSF can be 

transmitted via the cochlear aqueduct causing movement of cochlear fluids. Bone 

vibrations may also be transmitted by the air inside the external canal which in turn 

could cause vibrations of the ear drum. Direct vibration of osseous spiral lamina 

can excite the hair cells of the cochlea. The centre of inertia of middle ear ossicles 

does not coincide with their attachment points. Translational vibrations of skull 

will cause rotational vibration of bones, which can be coupled to the internal ear. 

The middle ear acts like a broadly tuned filter with peak transmission of sound 

waves of frequencies 1 –2 kHz. If the resonance of middle ear is hampered by 

fixation of foot plate of stapes, main loss would be seen in this frequency. 
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PATHOPHYSIOLOGY 

A variety of pathological changes occur in the tympanic membrane and 

middle ear as a result of chronic suppurative otitis media such as tympanic 

membrane perforation, retraction pocket, cholesteatoma, granulation, middle ear 

effucion, ossicular necrosis, polyps, etc. 

MIDDLE EAR MUCOSA 

There is mucosal thickening due to edema, submucous fibrosis and 

infiltration with inflammatory cells. The height of ciliated cells and number of 

mucous secreting cells increases with more mucous glands in submucosa. Thus the 

thick mucus causes obstruction of Eustachian tube orifice which leads to negative 

pressure and retraction pockets. Also, the inflammatory process reduces the 

distance between the blood vessels and the mucosa further due to an increase in 

both the number and size of the blood vessels in the posterosuperior part than 

anteroinferior part. Hence tympanosclerosis is common in anteroinferior part. 
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PERFORATION: 

Perforations arise secondary to acute otitis media or trauma. Sometimes deepening 

of retraction pocket and contact with edematous mucosa or granulation tissue can 

cause perforation. In recurrent attacks of acute otitis media, the tympanic 

membrane undergoes necrosis due to ischaemia secondary to endarteritis
[12]

. Also, 

enzymes in granulation tissue break down collagen in the tympanic membrane 

increasing the size of perforation. There are several factors which prevent healing 

of the perforation. If the patient has persistent infection and discharge, the 

perforation serves as the drainage pathway of the discharge. Eustachian tube 

obstruction prevents closure of the perforation for ventilation of middle ear. Large 

perforations cannot close spontaneously due to the ingrowth of cells from the 

margins of the perforation. The squamous epithelium on the lateral aspect can 

grow medially. Once it is epithelialized completely, it does not close and becomes 

a permanent perforation. 

A dry perforation can occur in pars tensa or pars flaccida. The middle ear 

mucosa is normal. The margins of perforation may be epithelialized or thickened 

due to proliferation of fibrous tissue. Sometimes the epithelial cells in the margin 

of perforation can migrate into middle ear and cause formation of cholesteatoma. 

Also, a perforation in pars flaccida is always associated with cholesteatoma. If a 
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polyp or granulation tissue protrudes from attic perforation, presence of an infected 

cholesteatoma should be suspected. 

EAR DISCHARGE 

The discharge can be continuous or intermittent. Routes of infections are 

from the external auditory canal or through the Eustachian tube. Persistent 

discharge which does not reduce after antibiotic therapy may be due to mastoid 

reservoir with inflammation of the entire middle ear cleft. The most commonly 

isolated organisms from COM are Pseudomonas aeruginosa, Proteus and 

Staphylococcus aureus. The mucous secreted by middle ear serves as a culture 

medium for the bacteria. In patients with craniofacial anomalies such as cleft palate 

the discharge is persistent as the tensor veli palatini muscle is not well developed. 

This causes Eustachian tube dysfunction leading to infection. 

 RETRACTION POCKETS 

Retraction pockets develop due to negative pressure in middle ear secondary 

to Eustachian tube dysfunction. The chronic inflammation process can lead to 

adhesions between the retraction pocket and middle ear structures such as ossicles 

and promontory resulting in adhesive otitis media. They also lead to cholesteatoma 

formation. Retraction pockets are common in the posterosuperior quadrant. The 

ventilation of attic is only through isthmus tympani anticus and isthmus tympani 
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posticus
[13]

. When one of these is blocked retraction pocket arises from the 

poserosuperior part of the pars tensa. When both are blocked, retraction pocket 

arises from pars flaccida. Hence an atticotomy should be done in case of impaired 

ventilation to the poserosuperior part. In some cases, the middle ear mucosa is 

replaced by keratinising squamous epithelium but there is no accumulation of 

keratin debris. However it does not lead to cholesteatoma formation and is not an 

indication for surgery.  

CHOLESTEATOMA 

Cholesteatoma is accumulation of trapped squamous epithelium along with 

the desquamated keratin debris. Its central core consists of keratin material. The 

matrix is formed by squamous epithelium
[14]

. The subepithelial connective tissue 

surrounding it has inflammatory cells, fibroblasts and blood vessels. It has a 

tendency to erode the surrounding structures most commonly the ossicles and 

scutum. It damages the lining mucosa and causes inflammatory cell infiltration 

with osteoclastic bone resorption. The enlarging choleseatoma exerts pressure on 

bone leading to ischemia and erosion. Bacterial biofilms are implicated in 

cholesteatoma formation. The bacterial cell wall has lipopolysaccharide, which 

triggers osteoclastic proliferation
[15]

. Hence cholesteatoma with infection causes 

more ossicular necrosis than cholesteatoma without infection. 
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Cholesteatoma is classified as congenital and acquired cholesteatoma. 

Acquired cholesteatomais further classified as primary and secondary. Primary 

acquired cholesteatoma is not associated with middle ear infection. Secondary 

acquired cholesteatoma is associated with perforation and infection of the middle 

ear cleft. 

There are various theories of formation of acquired cholesteatoma. 

Metaplasia theory of Sade states that cholesteatoma is due to squamous metaplasia 

of middle ear mucosal epithelium. Immigration theory states that squamous 

epithelium from the edge of perforation migrates into the middle ear. Basal 

hyperplasia theory proposed by Ruedi states that, due to inflammation, activity of 

basal cells increases and this cellular proliferation breaks past the intact tympanic 

membrane in to the middle ear. Iatrogenic or implantation theory proposed by 

Wullstein and Mckennan and Cole states that, due to trauma or surgery, 

cholesteatoma in canal skin is accidentally implanted into the middle ear. 

According to retraction pocket theory, there is retraction of tympanic membrane 

due to Eustachian tube malfunction. This weakens the middle fibrous layer, which 

causes hyperplastic epidermal growths into the middle ear leading to development 

of cholesteatoma.  
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The most common site of cholesteatoma is the attic. It develops secondary to 

retraction of pars flaccida with accumulation of squamous cells within the 

retraction pocket leading to cholesteatoma formation. It can extend into the antrum 

via the aditus, facial recess, sinus tympani and posterior mesotympanum. 

Cholesteatomas arising from pars flaccida region cause erosion of scutum and 

medialise the malleus and incus. But pars tensa cholesteatomas (arising from 

poserosuperior quadrant) causes erosion of long process of incus and stapes and 

lateralise the malleus and incus. They can spread into round window niche, sinus 

tympani and facial recess. The main complications of cholesteatoma are erosion of 

the bony canal of facial nerve, the dura of middle and posterior cranical fossa and 

horizontal semi-circular canal. 

Cholesteatomas are commonly found in children with cleft palate (probably 

due to Eustachian tube dysfunction). Cholesteatoma occurs in children with well 

pneumatised mastoid. They tend to be more aggressive in children than in adults. 

Immature Eustachian tube function can lead to retraction pocket and hence 

cholesteatoma formation. Children have greater levels of growth factors than 

adults. This accelerates growth of cholesteatomas.  
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Cholesterol granuloma is due to accumulation of multinucleated giant cells 

in response to cholesterol crystals from degraded blood. It is formed when the 

mastoid air cells are blocked due to inflammation of mucosa. 

GRANULATION 

Chronic inflammation causes the edematous hyperemic middle ear mucosa 

to form polyps. The polyps can be limited to middle ear or protrude through 

perforation into external auditory canal. Polyp is usually lined by ciliated columnar 

epithelium. Rarely this epithelium can undergo squamous metaplasia. 

Bacterial toxins and other inflammatory mediators act on the oedematous 

middle ear mucosa leading to rupture of basement membrane. This causes prolapse 

of the underlying lamina propria. Infiltration of inflammatory cells in this tissue 

causes angiogenesis and further growth of granulation tissue. The most common 

sites of granulation tissue formation are attic and round window niche. Sometimes 

the granulation tissue can block the aditus and impair ventilation of mastoid. 

OSSICLES 

The pathology affecting the bony structures ie, ossicles, mastoid and bony 

labyrinth is termed osteitis. The chronic inflammation causes osteoclastic bone 

resorption. This can cause discontinuity of ossicles, labyrinthine fistula and vital 
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structures such as dura may be exposed. There is hyperaemia, angiogenesis and 

histiocytic infiltration in the ossicles. The most commonly eroded ossicle is incus, 

followed by stapes and malleus. The lenticular process at incudostapedial joint is 

more vulnerable to undergo ossicular resorption due to its sparse blood supply. 

Bony resorption and new bone formation in mastoid due to osteitis can cause 

formation of sclerotic mastoid. 

Ossicular fixation is the result of tympanosclerosis of ossicles. It commonly 

involves malleus head or body of incus in the epitympanum or the footplate of 

stapes. It can also occur due to adhesions between ossicles and tympanic 

membrane. Also osteitis may be associated with neo-osteogenesis which causes 

fixation.  

SMOKING 

Smoking (both passive and active) affects healing after tympanoplasty
[16]

. It 

has local and systemic effects. It affects mucociliary clearance in middle ear 

mucosa. Nicotine causes vasoconstriction and promotes thrombosis. It also reduces 

oxygen carrying capacity of blood which reduces oxygenation to the graft. Thus 

there is impaired blood supply to the graft. It also causes Eustachian tube 

dysfunction. It increases susceptibility to infection. Smoking is associated with 
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diseases like bronchitis, asthma, etc. Chronic cough due to these diseases can 

disturb the graft. 

 

HEARING IN A DISEASED MIDDLE EAR 

In the absence of perforation when the tympanic membrane is intact, with 

erosion of ossicles, ossicular coupling does not occur and sound is transmitted by 

acoustic coupling. The difference between ossicular coupling and acoustic 

coupling is 60 dB. So the patient has 60 dB loss of the conductive type. Sometimes 

the gap between the ossicles is bridged by connective tissue or cholesteatoma. In 

such cases the patient has loss less than 60 dB. But when there is perforation in 

addition to erosion of malleus and incus, the sound waves can directly reach the 

oval window via the perforation. Hence the loss is around 40 dB and not 60 dB. 

Fixation of footplate of stapes causes a variable degree of conductive 

hearing loss based on the degree of fixation. Similarly, fixation of malleus affects 

hearing to a variable extent. Anterior malleal ligament fixation causes loss less 

than 10 dB. But malleus fixation associated with fibrous tissue deposition in attic 

can cause greater hearing loss. 
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Perforation of tympanic membrane affects hearing  depending on the site 

and size of perforation. Perforation causes loss of difference in sound pressure 

across the two sides of tympanic membrane, which in turn affects ossicular 

coupling. Hearing loss due to perforation mainly affects low frequencies. Larger 

perforation causes greater loss. Perforations in patients with sclerotic mastoid 

cause greater hearing loss than those with well pneumatised mastoid. Also, during 

active infection, the volume of air in middle ear and mastoid is greatly reduced 

than in a dry ear. Hence hearing is worse during active infection. Posterior 

perforations are said to cause more loss than anterior perforations. This is due to 

direct exposure of the round window to the sound waves which reduces the phase 

difference between the two windows. On the other hand, a small anterior 

perforation may not produce hearing deficit. 

Middle ear effusion (otitis media with effusion) is due to chronic 

inflammation and Eustachian tube dysfunction. The tubal dysfunction causes 

negative pressure in middle ear which causes outpouring of transudate from the 

mucosa. This fluid does not drain due to block in the Eustachian tube and hence 

accumulates. But recent studies show that the main cause of effusion is chronic 

inflammation secondary to infection
[17]

. The bacteria produce biofilms and survive 

on the surface of mucosa and hence the cultures are negative. They trigger 

infiltration of inflammatory cells in the submucosa. This causes increased mucous 
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secretion and also increases in the number of goblet cells which produce thick 

tenacious mucous. It can cause hearing loss of the conductive type with loss upto 

35dB. This affects the ossicular coupling by two mechanisms. First it causes mass 

loading of the surface of tympanic membrane by fluid. Second, it reduces the 

middle ear air space. 

Adhesive otitis media and atelectasis of tympanic membrane in the presence 

of an intact ossicular chain can cause a loss up to 50 dB. Here, tympanic membrane 

mobility is affected which causes lesser transmission. Also, if there is severe 

atelectasis causing tympanic membrane to invaginate into round window niche, 

there is greater loss. It can cause pressure necrosis of ossicles
[18]

. 

Third window lesions can cause dissipation of sound away from the cochlea 

and hence hearing loss. It can be due to dehiscence of superior or other semi-

circular canals, large vestibular aqueduct, Paget’s disease, etc. The location of the 

third window is significant in pathogenesis of hearing loss. A window on the scala 

vestibule side causes loss. But a window on the scala tympani side does not cause 

loss. In fact, it can improve hearing. Patients with CSOM can also have 

sensorineural hearing loss. This is due to absorption of bacterial toxins across the 

round window membrane into the inner ear which causes inner ear damage. 

REVISION SURGERY 
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Revision surgery has poorer chance of success than primary repairs. The 

failure of the primary surgery is due to chronic disease process which in turn can 

affect the outcome of revision surgery also. Controlling the infection and 

restoration of ventilation of middle ear are necessary before the revision procedure. 

Hence staging the surgery if there is extensive disease is a better option to improve 

the outcome. The decision for staging the procedure is taken at the time of initial 

surgery if the disease is extensive. During the second stage surgery, ossicular 

reconstruction is done and the main sites of disease recurrence such as facial nerve. 

Stapes and sinus tympani are examined for recurrence
[19]

. 

HEARING PATHOPHYSIOLOGY 

When there is extensive middle ear granulation or cholesteatoma eroding all 

ossicles along with perforation, the entire middle ear mechanism is lost. Both the 

ova and round windows are equally exposed to the sound waves. Such a patient 

will have a hearing loss of around 60 dB. Some hearing is still preserved because 

the round window niche is deeply situated. Also, the labyrinthine vessels can yield 

more in scala vestibule than scala tympani. This difference helps in movement of 

hair cells. If the tympanic membrane, malleus and incus are absent, good amount 

of hearing still exists if the round window is protected from direct exposure to 

sound. This causes sound to be conducted preferentially to the oval window. Thus 
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phase difference between the two windows is maintained. The loss here is only 25 

DB instead of 40 to 60 dB. This is the principle of hearing reconstruction in type 4 

tympanoplasty. It is called round window baffle effect. 

If the malleus and incus are absent and the tympanic membrane is direct 

contact with stapes the lever ratio is lost but the areal ratio is maintained. This 

preserves considerable hearing. Similarly when stapes is also eroded, if we place a 

synthetic rod between tympanic membrane and oval window, good hearing s 

maintained. This mimics the ‘columella’ or the isngle ossicle in birds. Hence it is 

called columella effect. In case of fixation of footplate of stapes, sound conduction 

mainly occurs by round window. 

PATHOPHYSIOLOGY OF GRAFT UPTAKE 

A variety of grafts are used for reconstruction of tympanic membrane 

perforations, most commonly temporalis fascia. Postoperatively, middle ear 

mucosa lines the graft on the medial aspect and squamous epithelium on the lateral 

aspect. The graft itself forms the middle fibrous layer. Though there is no such 

arrangement of radial and circular fibres in graft as in normal tympanic membrane, 

it can still function well. The tympanic membrane repair starts 12 hours after 

surgery while the granulation tissue starts appearing after 36 hours. 
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Grafts used for ossicular reconstruction are autograft ossicles, bone from 

mastoid cortex, cartilage, synthetic materials, etc. In autograft ossicles, the 

nonviable bone is postoperatively gradually replaced by new bone creeping 

substitution. Creeping substitution occurs slowly in cortical bone grafts compared 

to ossicles. Cartilage grafts are not very stiff and undergo resorption over time. 

Synthetic graft materials stimulate a foreign body giant cell reaction that helps in 

graft survival
[20][21][22]

. 

 

 

 

 

 

 

 

 

 

 

 

 

 



57 
 

 

 

 

 

 

HISTORICAL REVIEW 

Banzer was the first to attempt repairing a perforated tympanic membrane. 

In 1640 he used a pig’s bladder
[23]

 stretched across an ivory tube and placed in the 

ear and obtained hearing improvement temporarily 

Toynbee in 1853 placed a rubber disc attached over a silver wire over a perforation 

Blake in 1877, placed a paper patch on a tympanic membrane perforation and 

observed hearing improvement in a number of patients
[24]

. 

 The first true tympanoplasty is said to be performed by Berthold in 1878. 

He de-epithelialized the tympanic membrane remnant by applying plaster against it 

for 3 days. Then removing it along with the underlying epithelium, and then 

placing a skin graft over the defect. 

After Wullstein  and Zollner introduced tympanoplasty in early 1950s, 

overlay graft was being used in all surgeries 

Austin and Tabb  working independently also employed vein as an 

undersurface graft to repair tympanic membrane perforations in 1959 
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In 1964 Ned Chalat was the first to perform tympanoplasty with homograft 

tympanic membrane in US. Various grafts include loose areolar tissue, 

perichondrium, cartilage fat and periosteum has been uses to close the perforation. 

But fascia has scored over all of them because of its internal structure and its 

abundance in the operative field. 

Various factors in the middle ear has been studied for the outcome in 

surgery. Bellucci classified patients based on ear discharge and nasopharyngeal 

anomalies. If there is persistent suppuration then the outcome of surgery is poor. 

Austin classified based on the ossicular chain status into four groups from 

A-D depending on the erosion or absence of ossicles. Kartush in 1994 added 2 

groups based on ossicular head and stapes foot plate fixation namely E and F. 

Other grading systems are Black introduced SPITE System which had 12 

factors grouped into 5 categories. They are SURGICAL, PROSTHETIC, 

INFECTION, TISSUE, EUSTACHIAN TUBE DYSFUNCTON. OOPS (Ossicular 

Outcome Parameters Staging) proposed by Dornhoff
[25]

 which includes ear 

discharge, ossicular status, status of middle ear mucosa and type of surgery. 
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REVIEW OF LITRATURE 

Khan Feroze et al did a prospective study of 104 patients were included in 

the study during 2004-2010 of which 69 had unilateral disease and 35 had bilateral 

disease. Out of the 113 ears which underwent myringoplasty, 95(84.1%) had 

successful graft uptake For 69 cases with unilateral disease and 44 ears with 

bilateral disease, the success rate were 61(88.4%) and 35(77.3%) respectively. 

Factors indicating good outcome were inactive stage, unilateral disease, male 

gender, middle age group, cellular mastoids and no evidence of infection in the 

paranasal sinuses
[26]

. 

Viktor Chrobok
[27]

  et al did a retrodpective study of 155 patients surgically 

treated for chronic otitis media between 1996 and 2004 and concluded that highly 

significant pre-op negative prognostic factors included the presence of 

cholesteatoma, the presence of perforation of the tympanic membrane, ossicular 

status, previous surgery, and the overall sum of the MERI. Smoking was a less 

significant negative factor. Minor prognostic factors included the presence of 
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middle ear granulations and otorrhea. Patients with a higher overall MERI had a 

more severe impairment of air and bone conduction hearing threshold pre-op and 

post-op compared to patients with a lower MERI. 

 

 

Nishant kumar et al
[28]

 studied that 50 patients in whom Pre operative and 

post operative audiometric pattern of 40 patients with healed graft were compared 

and the amount of air bone gap closure achieved was noted. It was observed that 

maximum number of ears 33 (82.5%) achieved air bone gap closure of 0–10 dB. 

There was clear correlation between the low MERI score and graft uptake and 

hearing gain 

Nayeon Choi  et al did a retrospective comparative study of 73 patientswho 

underwent type I tympanoplasty from April to December 2014. The subjects were 

classified into two groups; endoscopic tympanoplasty (ET, n=25), microscopic 

tympanoplasty (MT, n=48). Demographic data, perforation size of tympanic 

membrane at preoperative state, pure tone audiometric results preoperatively and 3 

months postoperatively, operation time, sequential postoperative pain scale (NRS-

11), and graft success rate were evaluated . Mean operation time of MT was longer 

than that of the ET with a statistical significance. External auditory canal (EAC) 

width was shorter in the ET group than in the MT group. However, EAC widening 
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was not necessary in the ET group and was performed in 33.3% of patients in the 

MT group. Graft success rate in the ET and MT group were 100% and 95.8%, 

respectively. 

Khalid Almazrou et al
[30]

 did study on Forty‑four children who underwent 

ossicular reconstruction using autologous or alloplastic prostheses from January 

1995 to January 2005. They found that children have poor hearing outcome in 

ossiculoplasty than adults and MERI was not a reliable tool for predicting the 

hearing results of ossicular reconstruction in children. 

Yi-Chiao Lin et al
[31]

 followed 62 patients who underwent tympanoplasty 

from 2008-2010. Using multivariate analysis, sex, age, size of perforation, side of 

perforation, and the presence of diabetes mellitus and external auditory canal 

otomycosis did not affect the success. Smoking was the only independent factor for 

the prognosis of surgical outcome. 

Yasuo Mishiro  et al
[32]

 did a retrospective study of Seven hundred twenty 

patients who underwent ossiculoplasty performed by a single surgeon were 

followed up for longer than 1 year. Hearing outcomes were successful in 505 

patients(70.1%).Presence of the stapes superstructure, presence of the malleus 

handle, normal mucosa, normal stapes mobility, and use of local anesthesia were 

significantly favorable predictive factors. 
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. Robert C et al
[33]

  did a review of 137 patients who underwent 

ossiculoplasty using autologous or homologous sculpted incus interposition. 

Sculpted autologous or homologous incus interposition provided hearing success 

comparable with current allograft prosthesis studies, had a very low extrusion rate, 

and remains stable over time and were not able to demonstrate an association 

between the middle ear risk index and hearing results in this subset of patient. 

Ercan Pinar
[34] 

 et al  did a retrospective study on 231 patients who 

underwent tympanoplasty and studied various prognostic factors. Among those 

Size of the perforation(50%), healthy opposite ear, absence of myringosclerosis, 

more than 3 months dry period, and low middle ear risk index were found to be 

significant independent prognostic factors.  

Muaaz Tarabichi
[35]

 studied One hundred sixty-five middle ear procedures 

were performed with an endoscope states that the greatest promise in 

tympanoplasty and cholesteatoma surgery and should increase the utilization of 

transcanal over postauricular procedures. 

Daniele Marchioni et al
[36]

 did endoscopic management of retraction pocket 

in 27 patients.  In all patients, the mastoid bone and the epitympanic–mastoid 

mucosa was preserved by performing a transcanal endoscopic approach. In total, 

21 of 27 (77.7%) subjects presented no recurrence of the disease at 20.1 months 

mean follow-up. 
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Yadav S et al
[37]

 did endoscopic tympanoplasty in 50 patients. 40 out of the 

50 patients had an intact tympanic membrane in the eighth postoperative week, 

accounting for an 80% success rate. 47 patients had an air-bone gap < 20 dB 

postoperatively (94%). Endoscopic myringoplasty was found to be equally 

effective, less morbid and very cost effective in small central perforations. 

Becvarovski et al studied 74 smokers and non-smokers who underwent over-

under tympanoplasty were reviewed. Smokers having a higher incidence of 

otorrhea preoperatively and requiring a more extensive surgical procedure. All 

patients had full take of the tympanic membrane graft at 6 months; however, 

delayed surgical failure was seen in 20% of nonsmokers compared with 60% of 

smokers. 
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MATERIALS AND METHODS OF STUDY 

This study is a prospective study conducted in the department of 

otorhinolaryngology and head and neck surgery, government Stanley medical 

college, Chennai, Tamilnadu from the year 2016 to 2017. This study group consists 

of 50 patients with chronic otitis media. 

Inclusion criteria: chronic otitis media – with or without cholesteatoma, traumatic 

perforations, retraction pockets, adhesive otitis media 

Exclusion criteria:  

 Nasal and nasopharyngeal pathologies 

 Middle ear tumours 

 Complications of chronic otitis media like meningitis, lateral sinus 

thrombosis 

 Dead ear or only hearing ear 
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 Systemic diseases 

 Patients age <15 and > 60 yrs 

Detailed history was obtained from the patients ear discharge, hearing loss, 

previous surgery, smoking habits, other medical illness. Otoscopic examination 

was done to determine the perforation, discharge, cholesteatoma and granulation. 

Tuning fork test was dine to find the hearing loss. Examination of nose and throat 

was also done to rule out focus of sepsis.  

Investigations: 

 Basic blood investigations like complete blood counts were done. X-ray 

mastoid was taken in all and HRCT temporal bone was taken in selected cases. 

Pure tone audiometry was done based on Hughson and Westlake method. The type 

and degree of hearing loss in each patient was documented. The bone and air 

conduction averages calculated as the mean of the thresholds at 0.5, 1, 2, and 

4 kHz. in accordance with the guidelines delineated by the Committee on Hearing 

and Equilibrium of the American Academy of Otolaryngology–Head and Neck 

Surgery for the evaluation of results for treatment of conductive hearing loss. The 

patients are grouped based on the MERI score into mild(1-3), moderate(4-6) and 

severe(7-12). 

Procedure: 
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The type of tympanoplasty was decided intraoperatively. Patients with persistent 

discharge and cholesteatoma underwent mastoidectomy to remove granulation, 

effusion or cholesteatoma. Temporalis fascia graft was used in all patients. Eroded 

ossicles and cartilage were used in ossiculoplasty. Temporalis fascia graft was 

placed by underlay technique. Postoperatively intravenous antibiotics, analgesics 

and antihistamines were given. Suture removal was done on 7
th
 postoperative day. 

Patients were advised to take steam inhalation and to avoid straining and head bath 

and are prescribed antibiotics, analgesics and antihistamines 

Patients were followedup once in 15 days for first 3 months and once ina month for 

another 3 months. 

The outcome of the surgery is assessed in terms of hearing improvement ie the 

closure of air-bone gap in postoperative audiogram. Pure tone audiometry was 

done at the end of one month and 3 months after surgery. The mean air-bone gap 

was calculated at frequencies of 0.5, 1. 2, 4kHz. Comparing the preoperative and 

postoperative air-bone gaps hearing benefit is calculated. 

  



67 
 

 



68 
 

 



69 
 

RESULTS AND OBSERVATIONS 

This study was conducted in the department of ENT AND HEAD AND NECK 

SURGERY,STANLEY MEDICAL COLLEGE AND HOSPITAL, CHENNAI, 

TAMILNADU FROM FEB 2016- SEPTEMBER 2017. The study group consists 

of 50 patients with chronic otitis media of both mucosal and squamous disease. 

The collected data were analysed with IBM.SPSS statistics software 23.0 

Version. To describe about the data descriptive statistics frequency analysis, 

percentage analysis were used for categorical variables and the mean & S.D were 

used for continuous variables. To find the significant difference in the multivariate 

analysis the Kruskal Walli's test was used and for repeated measures the Repeated 

measures of ANOVA  was used with Bonferroni correction to control the type I 

error on multiple comparison. To find the significance in categorical data Chi-

Square test was used. In all the above statistical tools the probability value .05 or 

less is considered as significant level.  
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AGE GROUP NO OF PATIENTS Percent 

15 – 20 7 14 

21 – 30 16 32 

31 – 40 16 32 

41 – 50 6 12 

51 – 60 5 10 

In this study, the most common age group affected is 20-40 years, followed 

by 15 to 20 years.  

      NO OF PATIENTS PERCENT 

FEMALE 33 66 

MALE 17 34 

 

This study comprises of 17 males and 33 female patients. Thus females constitute 

66 percent of the study population. 
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 Left ear is more affected than the right ear and bilateral disease is seen only in 5 

patients. 

 

Most of the patients had occasionally wet ear according to Bellucci’s classification. 

 

5 

24 

21 

Side 

B/L LEFT RIGHT

30% 

60% 

8% 2% 

BELLUCCI CLASSIFICATION 

DRY

OCCATIONALLY WET

PERSISTENTLY WET

WET WITH CLEFT PALATE
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Among the 50 patients 39 were chronic otitis media tubotympanic disease, 

followed by 5 posterosuperior retraction pockets, 4 traumatic perforations, one 

congenital cholesteatoma and one adhesive otitis media 

 

Perforation is present in almost all case cases except 3 patients. Among the 3 one 

had congenital cholesteatoma. Cholesteatoma was present in 5 cases. effusion and 

granulation was present in 21 and 9 cases respectively and absent in 20 patients. 
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The following chart shows ossicular chain status according to  Austin and Kartush 

classification. 

 

There were 7 smokers in the study group and no case of previous or staged ear 

surgery. 

 

x-axis- MERI score, y-axis- No. of patients. 
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conclusion as follows. 

 

 

 

NO OF 

PATIENTS PERCENT 

MILD 35 70 

MODERATE 13 26 

SEVERE 2 4 

 

[PERCENTA
GE] 

[PERCENTA
GE] 

[PERCENTA
GE] 

Score category 

Mild

Moderate

Severe

SCORE FREQUENCY PERCENT 

1 8 16 

2 13 2 

3 14 2 

4 8 1 

5 4 8 

6 1 2 

7 2 4 
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The above chart shows the air-bone gap closure in the 1
st
 month and 3

rd
 month in 

comparison with preoperative air-bone gap. Patients with mild disease have better 

hearing benefit in their 3
rd

 postop month than the moderate and severe diseases. 
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df SIGNIFICANCE 

POSTOP-1 2 0.653 

POSTOP-3 2 0.05 

 

The p-value is 0.05 for 3
rd

 postop month, which means there is a significant 

association between the MERI score and hearing benefit in 3
rd

 postop month. 
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DISCUSSION 

 Chronic otitis media is a very common problem worldwide, especially in 

the developing countries like India. Roughly 7.8% of Indians are suffering 

from this condition. Inspite of many development in antibiotics and surgical 

techniques the outcome of surgery is not very satisfactory. The extent of 

disease affects the outcome of the surgery. Hence the factors affecting the 

outcome are summarized into MERI score. This study was done to find out 

whether MERI index can be used as predictor of hearing benefit among the 

com patients undergoing endoscopic tympanoplasty. 

 According to the study conducted by Shrikrishna et al 
[45]

, chronic otitis 

media is common among the age group of 10-30 years. In our study the 

common age group affected was 20-40 years. Also trauma is common 

among young adults which leads to COM if not healing. 

 Females are more commonly affected than males in our study. About 66% 

of all cases are females. Lack nutrition and reduced of proper literacy 

among female pose them at high risk of infection. 

 Among the 50 patients 39 were CSOM- Tubotymapnic disease, 5 

posterosuperior retraction pockets with cholesteatoma, 4 traumatic 

perforation, one adhesive otitis media and one congenital cholesteatoma 

patients. Mucosal disease constitutes 78% of the total cases. 
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 Most of the patients came under Bellucci type ii; ie occasionally wet ear. 

One of the patient had cleft lip and palate. Bellucci states that persistent 

otorrhea can be caused by either eustachian tube malfunction or a reservoir 

of chronic infection in the mastoid cavity. A mastoidectomy often controls 

the infection in the mastoid cells and a tympanoplasty may be done as a 

secondary procedure when the cavity is stable. Classification of cases also 

aids in the selection of cases for surgery by identifying preoperatively those 

cases that will be successful from those that may not have a good result. 

With this information at hand it is possible to more accurately inform the 

patient preoperatively regarding hearing improvement and control of 

infection following a tympanoplasty. 

 Perforation was present in 47 patients ie, 97%. Cholesteatoma was found in 

5 patients only. 

 According to Austin- Kartush classification for ossicular status no defect of 

malleus , incus and stapes was found in 39, defect of incus alone in 8, defect 

of  incus and stapes in 2 and defect of malleus and incus in 1 patient. Many 

studies state that presence of intact ossicles especially handle of malleus and 

stapes have better long term hearing outcome. In our study ossicular head 

and stapes foot plate fixation is absent. In this study 7 were smokers and 

none of the patients had underwent previous ear surgery. 
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 Middle ear effusion was found in 21 patients and granulation in 9 patients. 

20 patients had no effusion or granulation in the middle ear. 

 The MERI score distribution among the patients was mild disease(1-3)-35 

patients, moderate(4-6)- 13 patients and severe disease(7-12)- 4 patients. 

All the patients underwent endoscopic guided tympanoplasty. Some patients 

in addition to tympanoplasty underwent inside out mastoidectomy to clear 

the disease. Temporalis fascia graft was used to reconstruct the tympanic 

membrane in all cases except 4 were tragal cartilage was used along with 

temporalis fascia. For ossicular reconstruction eroded ossicle and tragal 

cartilage were used.  

 Proper ventilation of middle ear is essential for the graft uptake. So the 

patients are advised to take steam inhalation, Valsalva manoeuvre and 

bubble gum chewing to ensure middle ear ventilation. 

 In our study the success of surgery is defined by good hearing outcome 

postoperatively that is the postoperative air-bone gap with in 20 dB. In our 

study we measured the average air-bone gap at speech frequencies 500 HZ, 

1 KHZ, 2 KHZ, and 4 KHZ.  

 In the first month followup there was 29% better outcome in mild disease 

group, 15% in moderate disease group and 0% in severe disease group.in 

the third month follow up the air-bone gap closure upto 20dB was found in 
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74% in mild disease group, 53% in moderate disease group and 0% in 

severe disease group. The probable(p) value in the third month follow up 

air-bone gap according to chi-square test  was 0.055 which is significant. 
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CONCLUSION 

 Middle Ear Risk Index which incorporates the factors like otorrhea, 

perforation, cholesteatoma, ossicular chain status, middle ear granulation or 

effusion, previous surgery and smoking has been used to stratify the study 

population of 50 patients. The patients were grouped into mild, moderate, 

and severe based on their MERI score. At the end of the study we conclude 

that MERI is a useful measure of severity of middle ear disease. 

 MERI can be used as a prognostic indicator for hearing benefit after 

endoscopic tympanoplasty. The patients with low MERI SCORE (1-3) have 

better hearing outcome than those with high MERI SCORE (above 7) which 

means the disease is severe. 

 Based on MERI score the goals of surgery and extent to which surgical 

success and hearing benefit can be obtained can be explained to the patient. 

 Preoperative factors like otorrhea, granulation and smoking can be addressed 

and treated accordingly in order to reduce the MERI score which in turn 

improve the outcome of surgery. 
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CASE SHEET PROFORMA 

Name: 

 

 

Age: 

 

 

Sex: 

 

 

Occupation: 

 

 

Address: 

 

 

Chief complaints & Duration: 

 

 

History of present illness: 

 

History of past illness: 

 

Personal History: 

 

Family History: 

 

Treatment History: 

 

General Examinations: 

 

Systemic Examinations: 
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EXAMINATION OF EAR 

 

                     RIGHT EAR                          LEFT EAR 

Pre auricular region Pre auricular region 

Pinna Pinna 

Post auricular region Post auricular region 

External auditory canal External auditory canal 

Tympanic membrane Tympanic membrane 

Tragal sign Tragal sign 

Three finger test 

           Middle finger 

           Index finger 

           Thumb 

Three finger test 

            Middle finger 

            Index finger 

            Thumb 

 

Fistula test  Fistula test 

Tuning fork test 

       Rinne 

       Weber 

       Absolute Bone Conduction test 

Tuning fork test 

        Rinne 

        Weber 

        Absolute Bone Conduction test 

Facial nerve function tests 

 

Facial nerve function tests 

Vestibular function tests Vestibular function tests 

 

EXAMINATION OF NOSE: 

 

External contour of the nose: 

 Root 

 Dorsum 

 Supratip 

 Tip 
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 Ala 

 Nasolabial groove 

 Naso alveolar groove 

 Naso maxillary groove 

Vestibule of the nose 

 

Anterior rhinoscopy 

 

Medial wall 

Nasal septum 

Lateral wall 

Inferior turbinate 

Inferior meatus 

Middle turbinate 

Middle meatus 

 

Floor 

Nasal cavity 

Colour of the Nasal mucosa 
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Posterior rhinoscopy 

 

Air-way patency test: 

 Cold spatula test 

 Cotton wool test 

 Cottles test 

 

Examination of Paranasal Sinuses 

 

 

EXAMINATION OF THROAT 

 

Examination of oral cavity: 

 Upper and lower lips 

 Angle of the Mouth 

 Gingivo labial sulcus 

 Gingivo buccal sulcus 

 Gums 

 Teeth 

 Hard palate 
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 Anterior two third of tongue 

 Floor of the mouth 

 Vestibule of mouth 

 Cheek mucosa 

 Retromolar trigone 

 

Examination of oropharynx 

 Bilateral Anterior pillar 

 Bilateral Tonsils 

 Bilateral Posterior pillar 

 Posterior pharyngeal wall 

 Soft palate 

 Uvula 

Indirect laryngeal mirror examination 

 

EXAMINATION OF NECK 

 

 

INVESTIGATIONS: 

 Urine: albumin, sugar, deposits 
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 Blood: 

Complete Haemogram: 

Total count 

Differential count 

Absolute eosinophil count 

Haemoglobin 

ESR 

Platelet count 

Bleeding time 

Clotting time 

Blood grouping and typing 

Cross matching 

 Blood sugar 

 Renal function test: Urea, Creatitine 

 X ray: chest (PA view) 

 ECG in all leads 

SPECIFIC INVESTIGATIONS 

  Pure tone audiometry 

 X- ray mastoids both ear 

 HRCT temporal bone 
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CONSENT FORM: 

 

சுன ஒ்புத் டிவந் 

ஆபான்சச்ி ிலனந்    : காது, மூக்கு, ததாண்லை பிபிவு 

ஸ்ைா்லி அபசு தாது நருத்துவநல 

ந்றுந்   நருத்துவ க்லூபி 

ங்கு தறுவபி் தனப்: 

ங்கு தறுவபி் எண் : 

 நருத்துவ ஆன்வி் விவபங்க் எக்கு 

விக்க்ைட்ு்து. எது 

நான்                                                                     ந்றுந் அத் ில 

ததபின்டுத்த்ைை்து. எது நான் ்றின 

ச்நதகங்கல நகை்கவுந் அத்கா தகு்த 

விக்கங்கல தவுந் வான்்ிக்க்ை்ைது. இ்த 

நாலன குண்டுத்த்டுந் அறுலவ சிகிசல்ச முலக் 

எக்கு                                விக்க்ைட்ு்து.      அறுலவ 

சிகிசல்ச                                   

      , இ்த                     தசவித்தி் 

மு்ந்த்லத                         

                                   

          . குருததலுந்பி் ஒைட்ுசச்ில    

நைந்நாபலிஸ் சலத ஒைட்ுசில     எது அறுலவ 

சிகிசல்சம் நாது ன்டுத்த  சுனிலவுை் 

சந்நதிக்கிந்.          இ்த அறுலவ சிகிசல்சம் 

விலவுகல ஆன்வி் ன்டுத்தவுந் த்ிசல்சனாக 

சந்நதிக்கிந். எக்காபணத்திாலுந் எ்தக் கை்ைத்திலுந் 

எ்த சை்ை சிக்கலுக்குந் உை்ைாந் இவ்வான்வி் இரு்து 

விகிக்தகா்ாந் எ்றுந் அறி்து தகாண்நை். 
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 இ்த அறுலவ சிகிசல்சம் மூந் கிலைக்குந் 

தகவ்கலயுந் ந்றுந் முடிவுகலயுந் நருத்துவப் 

நந்தகா்ளுந் ஆன்வி் ன்டுத்திக் தகா்வுந் 

அலத பிபசுபிக்க நதலவ்ை்ைா் எ்லயுந் எக்கு 

ைக்குந் அறுலவ சிகிசல்ச முலலனயுந் புலக்ைந் 

எடுக்கவுந் ா்  முழு நதுை் சந்நதிக்கிந். 

ங்நக்வபி் லகதனா்ந்:                                 ா்: 

கை்லை விப் ஒ்ந்                                           இைந்: 

ங்நக்வபி் தனப் ந்றுந் விாசந்: 

ஆன்வாபி் லகதனா்ந்:                                    ா்: 

ஆன்வாபி் தனப்:                                            இைந்: 
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தகவ் டிவந் 

 தங்களுக்கு தசன்த பிநசாதலக் மூந் 

தங்களுக்கு.                                                                                                                                                                                         

நான் உ்து ததபினவ்து்து. இலத குண்டுத்த 

வலக சிகிசல்ச முலக் உ் எ்லதயுந் 

நநலுந் இ்த முலம் மூந் ஏ்டுந் விலவுல 

ஒ்பிை ஆன்வுந் நந்தகா்்ை உ்து. இது குறித்த 

உங்கி் நான் ந்றுந் அத் விவபங்கல ஆன்வி் 

ன்டுத்த விருந்புகிநாந். தாங்க் விருந்பிா் 

நருத்துவ ஆன்விலிரு்து எ்தாழுது நவண்டுநாாலுந் 

விகிக் தகா்ாந். எ்த சை்ைசிக்கலுக்குந் 

இைமி்ாந் எ்தாழுது நவண்டுநாாலுந் தங்க் 

ஆன்விலிரு்து விகிக் தகா்ாந். இ்த ஆன்வி்மூந் 

கிலைக்குந் தகவ்களுந் பிநசாதல முடிவுகளுந் 

தங்கி் ஒ்புதலி்மூந் நைட்ுந் ஆன்வி் 

ன்டுத்த்டுந். 

ஆன்வாபி் லகதனா்ந்:                          

ஆன்வாபி் தனப்: 

இைந்: 

ா்: 
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1 MYTHILI 23 F 117249 RIGHT 1 1 0 YES NO M+I+S+ EFFUSION 0 NO 37.5 32.5 17.5 

2 PUSHPALATHA 49 F 518590 RIGHT 1 1 1 YES NO M+I+S+ GRANULATION 0 NO 33.75 30 22.5 

3 SHANTHI 51 F 173323 LEFT 1 1 1 YES NO M+I+S+ EFFUSION 0 NO 32.5 23.75 16.25 

4 MUNUSAMY 60 M 543643 LEFT 1 2 1 YES NO M+I+S+ GRANULATION 0 YES 28.75 17.5 11.25 

5 AJITHA 52 F 550995 RIGHT 1 3 1 YES NO M+S+ EFFUSION 0 NO 46.25 41.5 38.75 

6 KANCHANA 31 F 241105 LEFT 1 1 0 YES NO M+I+S+ NONE 0 NO 27.5 20 12.5 

7 ESHWARAN 57 M 513047 B/L 1 2 2 YES NO M+I+S+ GRANULATION 0 NO 25 21.5 12.5 

8 SATHIYA 34 F 460547 RIGHT 1 1 0 YES NO M+I+S+ EFFUSION 0 NO 38.75 30 21.25 

9 SHASAR 33 F 512743 RIGHT 1 3 1 YES NO M+S+ EFFUSION 0 NO 46.25 33.75 23.75 

10 LAKSHMI 31 F 251103 LEFT 1 1 0 YES NO M+I+S+ NONE 0 NO 28.75 21.25 15 

11 VINOTH 25 M 180625 RIGHT 1 1 1 YES NO M+I+S+ NONE 0 NO 30 20 15 

12 SARANYA 23 F 504138 LEFT 1 1 1 YES NO M+I+S+ EFFUSION 0 NO 26.25 20 13.75 

13 GANGAMAL 42 F 27143 RIGHT 2 4 1 YES YES M+S+ GRANULATION 0 NO 35 32.5 30 

14 ANNAPOORANI 45 F 117426 RIGHT 1 1 1 YES NO M+I+S+ NONE 0 NO 30 22.5 13.75 

15 ALIM 22 M 606379 LEFT 1 2 1 YES NO M+I+S+ EFFUSION 0 NO 21.25 17.5 16.25 

16 MUNUSAMY 22 M 545057 RIGHT 4 4 0 NO YES S+ GRANULATION 0 YES 56.25 50.25 43.75 

17 SATHISH KUMAR 26 M 40664 RIGHT 3 1 0 YES NO M+I+S+ EFFUSION 0 NO 17.5 12.5 7.5 

18 JAYAPRIYA 33 F 25741 B/L 1 1 1 YES NO M+I+S+ EFFUSION 0 NO 33.75 28.75 27.5 

19 SHALIMA 19 F 190483 LEFT 1 1 1 YES NO M+I+S+ NONE 0 NO 45 36.25 22.5 

20 RAJENDRABABU 60 M 611033 RIGHT 2 4 1 YES YES M+S+ GRANULATION 0 NO 31.25 23.75 18.75 

21 NANDHINI 33 F 41485 LEFT 1 1 1 YES NO M+I+S+ EFFUSION 0 NO 26.25 18.75 8.75 

22 SELVI 35 F 133177 RIGHT 1 4 1 YES NO M+ NONE 0 NO 32.5 28.75 17.5 

23 HARIBABU 22 M 148180 LEFT 1 1 1 YES NO M+I+S+ NONE 0 YES 35 27.5 18.75 

24 PAVITHRA 17 F 55913 LEFT 2 4 2 YES NO M+I+S+ EFFUSION 0 NO 25 15 8.75 

25 POONGAVANAM 45 M 478947 LEFT 1 1 1 YES NO M+I+S+ EFFUSION 0 YES 33.75 23.75 17.5 

26 PARAMESHWARI 19 F 185200 RIGHT 1 1 0 YES NO M+I+S+ EFFUSION 0 NO 32.5 23.75 16.25 

27 LALITHA 38 F 158575 LEFT 1 1 1 YES NO M+I+S+ EFFUSION 0 NO 33.75 25 13.75 

28 BARKATHNISHA 31 F 179469 LEFT 1 1 1 YES NO M+I+S+ EFFUSION 0 NO 36.25 31.25 20 

29 BILLANDA 40 F 146980 LEFT 1 4 1 YES NO M+S+ GRANULATION 0 NO 33.5 31.25 23.75 

30 SYED IBRAHIM 30 M 2E+06 B/L 1 1 1 YES NO M+I+S+ EFFUSION 0 NO 25 23.75 18.75 

31 KOMALA 48 F 606922 LEFT 3 1 0 YES NO M+I+S+ NONE 0 NO 38.5 37.25 28.5 

32 RAMYA 14 F 750439 RIGHT 2 4 3 YES NO M+S+ EFFUSION 0 NO 53.75 28.75 18.3 

33 
INDIRA 
PRIYADHARSHINI 14 F 2E+06 RIGHT 5 3 2 NO YES M+ GRANULATION 0 NO 50 42.5 27.5 

34 ANBALAGI 42 F 45291 RIGHT 1 1 0 YES NO M+I+S+ EFFUSION 0 NO 41.25 35 27.5 

35 DINESH 16 M 365481 B/L 1 3 1 YES NO M+S+ NONE 0 NO 40 36.25 28.75 

36 ILAVARASAN 21 M 537292 LEFT 1 2 2 YES NO M+I+S+ GRANULATION 0 YES 30 28.75 21.25 

37 LATHA 36 F 564521 RIGHT 1 1 0 YES NO M+I+S+ NONE 0 NO 35 22.5 17.5 

38 SUGUMAR 31 M 537220 LEFT 1 1 0 YES NO M+I+S+ NONE 0 NO 30 22.5 13.75 

39 GEETHA 40 F 123882 RIGHT 1 1 1 YES NO M+I+S+ EFFUSION 0 NO 36.25 23.75 17.5 

40 RUTHU 20 F 439381 LEFT 1 1 0 YES NO M+I+S+ NONE 0 NO 22.5 20 13.75 

41 PARTHIBAN 34 M 158961 LEFT 1 1 1 YES NO M+I+S+ NONE 0 NO 40 23.75 20 

42 SASIKUMAR 21 M 560842 LEFT 3 1 0 YES NO M+I+S+ NONE 0 NO 25 21.25 16.25 

43 ASHWINI 21 F 567680 LEFT 1 1 1 YES NO M+I+S+ NONE 0 NO 32.5 30 23.75 

44 FATHIMA 24 F 501467 RIGHT 1 1 1 YES NO M+I+S+ NONE 0 NO 36.25 30 20 

45 MARY 39 F 425662 RIGHT 2 4 1 NO YES M+S+ EFFUSION 0 NO 36.25 31.25 26.25 

46 PRADEEP 26 M 554730 LEFT 1 1 0 YES NO M+I+S+ EFFUSION 0 YES 37.5 31.25 22.5 

47 RAJESH 27 M 520220 RIGHT 1 1 1 YES NO M+I+S+ NONE 0 YES 25 21.25 18.75 
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48 NIRMALA 29 F 519200 LEFT 3 1 0 YES NO M+I+S+ NONE 0 NO 30 25 16.25 

49 ANUSHYA 21 F 274879 LEFT 1 1 1 YES NO M+I+S+ NONE 0 NO 23.75 20 16.25 

50 SELVI 32 F 199596 B/L 1 1 1 YES NO M+I+S+ NONE 0 NO 38.75 33.75 18.75 

 

LEGEND: 

 

DIAGNOSIS: 

1-CSOM-TTD 

2-CSOM-PSRP 

3-TRAUMATIC PERFORATION 

4-CONGENITAL CHOLESTEATOMA 

5- ADHESIVE OTITIS MEDIA 

SURGERY 

1-MYRINGOPLASTY 

2-CARTILAGE TYMPANOPLASTY 

3-TYMPANOPLASTY 

4-INSIDE OUT MASTOIDECTOMY WITH TYMPANOPLASTY 
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