
Introduction

Tympanosclerosis is an abnormal connective tissue

reaction with hyaline degeneration and calcification in

the tympanic membrane and submucosa of the middle

ear. It is an irreversible, non-spesific end-result

chronic inflammation or infection of the middle ear.

The process occurs in the lamina propria layer of

submucosa. A homogenous mass takes place by

thickening and fusion of the collagenous fibrils in

lamina propria layer. An accumulation of calcium and

phosphorus gradually takes place, leading to

crystallization and tympanosclerosis [1].

Tympanosclerotic degeneration may damage the

middle ear both anatomically and functionally.

Tympanosclerotic masses may assume clinical

importance by interfering with the transmission of

sound vibrations across the middle ear structures and

may also affect the hearing results of middle ear

surgical operations.

In temporal bone, mastoid air cells constitute the

biggest air cell group. Controversy still exists

concerning the relation between the mastoid

pneumatization and the middle ear diseases. There are

two basic theories on this fact. According to

“environmental theory”, the pneumatization process is

reduced by inflammation of the middle ear or tubal

dysfunction [2]. Because of this, middle ear diseases in

the later periods of life are the cause of the reduced

pneumatization in infancy and childhood. According

to “genetic theory”, the extent of pneumatization is
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Objective: To evaluate the importance of the degree of mastoid pneumatization in the pathogenesis of tympanosclerosis. 

Study Design: Prospective study.

Materials and Methods: Mastoid pneumatization of 20 patients with tympanosclerosis were compared to 33 patients with
chronic otitis media without tympanosclerosis and 100 ears of 50 normal subjects. 

Results: The mean volume of mastoid pneumatization was 7,9 cm³ (4,0-14,0 cm³) in normal subjects, 2,3 cm³ (0,3-6,4 cm³) in
tympanosclerotic patients and 0,2 cm³ (0,0-0,8 cm³) in patients with chronic otitis media without tympanosclerosis. The
differences were statistically significant. 

Conclusion: Tympanosclerotic patients had larger mastoid air cell system than the patients with chronic otitis media without
tympanosclerosis. The difference of the volume of the mastoid pneumatizations may be the cause of the tympanosclerotic
degeneration. Production of free oxygen radicals may be the cause of the predisposition to tympanosclerosis. In the situation
of well-pneumatized mastoid air cell system, there may be an increase of the production of free oxygen radicals because of
hyperoxidation if there is an infection / inflammation in middle ear. The findings of this study point out the importance of free
oxygen radicals in the pathogenesis of tympanosclerosis.
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genetically determined. Reduced pneumatization

predisposes to acute or chronic otitis [3]. It is well

documented that the relation between the middle ear

infections and the mastoid pneumatization. The extent

of the mastoid air cell system is smaller in patients

with chronic suppurative otitis media (CSOM) and

chronic otitis media with effusion (COME) than the

normal population. Mastoid pneumatization was

discussed as a valuable indicator in middle ear

infections [4-5].

Mastoid air cell system is now believed an important

contributor to the physiology of the middle ear but it has

never been studied in tympanosclerotic patients. The

cause leading to sclerotic degeneration in

tympanosclerosis is still unknown. The purpose of this

study is to find out the effect of mastoid pneumatization

in the pathogenesis of tympanosclerosis by comparing

the extent of mastoid air cells in tympanosclerotic

patients and normal population. The results may help in

understanding in the pathogenesis of tympanosclerosis.

Materials and Methods

The subjects were subdivided into three groups and

written informed consents were obtained from all

subjects before taking CT images. During all stages of

the study, the current ethics standarts were taken into

account. All individuals have axial temporal high

resolution computed tomography (HRCT) scans

reconstructed with three-dimensional multiplanar

volume rendering technique (3D-MPVR) described

earlier [6]. In Group 1, fifty patients (100 ears) with

“normal” mastoid pneumatization were studied (figure

1 and 2). These are the patients referred to Haseki

Education and Research Hospital otology policlinic

with the complaints of tinnitus, otalgia, sensorineural

hearing loss and investigated with HRCT in Marmara

University Hospital Radiology Department. These

patients do not have any otitis media or perforation of

tympanic membrane. In group 2, 20 patients with

chronic otitis media (COM) with tympanosclerosis (20

ears) have axial HRCT scans (figure 3 and 4). These

patients have sclerosis over 25 % of the tympanic

membrane or obvious middle ear tympanosclerosis

seen from the perforation. In Group 3, 33 patients (33

ears) with COM without tympanosclerosis in tympanic

membrane or middle ear have axial HRCT scans

(figure 5 and 6).

Results

Of 50 patients in Group 1, 32 were female and 18 were

male, while the mean age was 39 (15-72). In this

group, the mean volume of mastoid pneumatization

was 7,9 cm³ (4,0-14,0). Of 20 patients in Group 2, 13

were female and 7 were male, and the mean age was 28
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Figure 1 and 2) axial high resolution computerized tomographic images of mastoid air cell system of a subject with normal mastoid

pneumatization.
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Figure 5 and 6) axial high resolution computerized tomographic images of mastoid air cell system of a subject with chronic otitis media

without tympanosclerosis.

Figure 3 and 4) axial high resolution computerized tomographic images of mastoid air cell system of a subject with chronic otitis media

with tympanosclerosis.



(19-54). The mean volume of mastoid pneumatization

was 2,3 cm³ (0,3-6,4). Of 33 patients in Group 3, 19

were female and 14 were male, the mean age was 33

(22-59). The mean volume of mastoid pneumatization

was 0,2 cm³ (0,0-0,8) (Table 1).

Discussion

There is a general agreement that tympanosclerosis is

an end-result of chronic inflammation, but the

pathogenesis is still unknown. Controversy focused on

whether tympanosclerosis is a spesific inflammation or

a non-spesific terminal stage of different inflammatuar

conditions. Tympanosclerosis is an irreversible end-

result process, leading to anatomical and functional

damage in middle ear. It’s usually because of

inflammation, but rarely may appear after trauma or

surgery. There is not any spesific inflammation leading

to tympanosclerosis, nevertheless any non-treated

inflammatory process may cause it [7]. Hypothesis on

the development of tympanosclerosis are: 1) infection

followed with necrosis and granulation, 2) ischemic

alterations, 3) stasis of infected materials. One

hypothesis suggets that tympanosclerosis is caused by

immunologic reaction. According to this hypothesis,

connective tissue components are stimulated with

infection, inflammation or trauma and damaged to

connective tissue initiates the local immunological

reaction. Immune reaction is initiated in the

submucosa by the materials which located in middle

ear effusion coming through the mucosa [8]. It’s

believed that otitis media episodes which take place in

the history of tympanosclerotic patients, induce the

local tissue respond leading to tympanosclerosis.

Infection is accused of stimulating the fibroblastic

activity and tympanosclerotic degeneration [9]. In rats,

tympanosclerosis was evoked during the course of a

sterile otitis media, induced by Eustachian tube

obstruction [10]. Other causes are allergic reaction,

hemorrhage in middle ear mucosa and effusion in the

middle ear space. The causes leading to

tympanosclerosis are well-known, but the underlying

mechanism is stil unknown.

It is believed that mastoid pneumatization have a very

important part in middle ear physiology. It is an

argument that mastoid air cell system is an air-

reservoir for middle ear and plays a role in middle ear

pressure regulation [11]. Holmquist stated that the

success of the middle ear surgery depends on the

degree of mastoid pneumatization [12]. It was reported

that poor pneumatization have a part in development of

atelectasis [2]. The greater part of the ears with

cholesteatoma is the ears with poor mastoid

pneumatization. Sade reported that in his patients with

cholesteatoma, 82,2 % have poor or non-pneumatized

mastoid [13]. Postoperative atelectasis is seen very often

in ears with cholesteatoma. The ears with atelectasis

and cholesteatoma are poor-pneumatized ears in the

majority. This situation points out the direct

relationship between functions of the middle ear and

mastoid pneumatization.

The predisposition for otitis media with effusion

(OME) in the ears with low mastoid pneumatization

and the advance of OME episodes to COME or

atelectasis point out that mastoid air cell system is a

structure which regulates and buffers the irregularities

in the middle ear pressure. In different forms of otitis

media, there is negative pressure in middle ear and the

regulation of this pressure can not be done in case of

low-pneumatized ears. Sade reported the rate of

COME as 52,2 % in low-pneumatized ears and 20 %

in well-pneumatized ears in 72 adult patients who were
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Group 1: 50 patients (100 ears) 32 female, 18 male 7,9 cm³

(COM (-), Ts (-)) (mean age 39 (15-72)) (4,0 – 14,0)

Group 2: 20 patients (20 ears) 13 female, 7 male 2,3 cm³

(COM (+), Ts (+)) (mean age 28 (19-54)) (0,3 – 6,4)

Group 3: 33 patients (33 ears) 19 female, 14 male 0,2 cm³

(COM (+), Ts (-)) (mean age 33 (22-59)) (0,0-0,8)

COM: Chronic otitis media, Ts : Tympanosclerosis

Table 1. Characteristics and mean mastoid pneumatization volume of patients.



followed up to 33 months [5]. Clinical studies

emphasized that the response of OME to treatment is

better in well-pneumatized ears [14]. Nakano stated that

if volume of mastoid air cell system of children with

OME is large or it shows an increase with treatment,

then the prognosis becomes more favourable [15]. It was

reported by Lindeman and Shea that the volume of air

cell system was smaller in children with long-lasting

OME that healthy children [16]. All of these studies

emphasize that the level of mastoid pneumatization is

an important prognostic factor in the prognosis of

OME.

Normal mastoid air cell system is an air reservoir and

also an active cavity which has gas exchange

capability independent from Eustachian tube [17]. Air

cell system is capable of gas exchange by submucosal

capillary network. Because gas exchange occurs in

cellular mucosa, total area of mucosal surface affects

gas exchange rate. Mastoid cavity buffers the effects of

pressure changes in the middle ear by supplying air to

the middle ear. The capacity of this system is its

volume. Increased mastoid pneumatization enhances

the ability of regulating middle ear pressure. It was

reported that in case of large mastoid pneumatization,

there is a decreasing risk of middle ear barotrauma in

SCUBA (self contained underwater breathing

apparatus) divers [18].

Numerous different methods have been described for

the measurement of mastoid pneumatization: water-

weight method, pressure transducer method,

planimetric method and computerized tomography

(CT) [19-20]. Andreasson and Flisberg measured the

volume of the mastoid air cells as between 5,8 and

12,2 ml (21-22). Turgut measured the air cell system

volume as 7,32 cm2 in 60 fresh frozen adult temporal

bones with x-ray, CT and surgical dissection in his

planimetric studies [23]. Park reported the mean volume

of mastoid pneumatization as 10,43 cm³ (6,25-20,52)

in normal population with CT [19]. Isono measured the

volume as 5,97 ml with CT [24]. Akdas et al. measured

the mean mastoid volume in healthy persons as 9,04

cm³ (right ears) and 8,95 cm³ (left ears) by CT [25]. It is

a well-known process that mastoid pneumatization is

smaller in ears with CSOM, COME and ears with

cholesteatoma. Sade reported the rate of poor-

pneumatized mastoids (sclerotic and diploic) as 96,3

% in adult patients with cholesteatoma (183/190) and

57,8 % in pediatric patients with cholesteatoma

(63/109) (4). Turgut and Tos found out that in temporal

bones with obvious middle ear pathology, the mastoid

and temporal pneumatizations are smaller [23]. In this

study, it was measured the mastoid pneumatization as

0,2 cm³ (0,0-0,8) in non-tympanosclerotic patients

with CSOM with or without cholesteatoma. This result

emphasized that mastoid pneumatization in patients

with COM is smaller than mastoid pneumatization of

normal subjects (p=0,001, One Way Anova test). It

was measured the mastoid pneumatization as 2,3 cm³

(0,3-6,4) in tympanosclerotic patients. This

measurement is smaller than the mean volume of

normal subjects (p=0,007, One Way Anova test), but

greater than the patients with COM without

tympanosclerosis (p=0,047, t test). The differences

between the groups are statistically significant.

In this study, tympanosclerotic patients have

perforated tympanic membrane, obvious sclerotic

degeneration in tympanic membrane and/or middle ear

mucosa and a history with at least one episode of

middle ear infection. In these subjects, the factor

leading to tympanosclerosis is previous middle ear

infection. These patients have smaller mastoid

pneumatization than normal subjects and this may

explain the predisposition to middle ear infections. In

patients with COM without tympanosclerosis,

pneumatization is smaller and this separate these two

patient groups. The degree of pneumatization explains

the difference of having tympanosclerosis in these two

groups. Mastoid pneumatization is larger in

tympanosclerotic patients (Group 2) than the patients

with COM without tympanosclerosis (Group 3). In

these patients, there must be a reason for the

tympanosclerotic end-result of infection. It may be

genetically determined, or the anatomical differences

in temporal bones, the abnormal reaction in middle

ear/mastoid air cell mucosa, differences in

vascularization or different immune reaction [26]. The

differences of the volume of mastoid pneumatization

as it was found out in this study, may be the cause of

the tympanosclerotic degeneration. Why the ears with

greater pneumatization have a tendency to sclerotic

degeneration ?. The cause of this predisposition may

be production of “free oxygen radicals” (FOR).
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Middle ear gases have an equilibrium with blood

gases[27-28]. The oxygen concentration in middle ear is

smaller than atmosphere. The oxygenization of the

tissues increases when the oxygen concentration of the

middle ear rises. Following this, the production of

FOR increases and this starts the fibrosis and hyaline

degeneration. Fibrosis and hyaline degeneration are

the histopathological findings of tympanosclerosis.

The increased production of FOR may be the first step

of the accumulation of calcium and phosphate. FOR

may irreversibly damage the cells [29-30]. The

degeneration may lead to cell necrosis. FOR are

unstable molecules, their volume may be determined by

measuring the protective antioxidative enzymes [31-35].

Superoxide dismutase is the most analyzed between

these enzymes[36]. It has been shown that ventilating

tube insertion cause relative hyperoxidation in middle

ear cavity [37]. With these findings, we can say that, the

patients with insertion of a ventilating tube are

subjected to two factors producing FOR:

inflammation and hyperoxidation. It is well known

process that the most frequent complication from the

use of a ventilating tube is tympanosclerosis[38-41]. FOR

produced by hyperoxidation may be the cause of the

development of tympanosclerosis in these children.

To elucidate possible role of the FOR in the

development of tympanosclerosis, Mattsson

developed sclerotic lesions in rats with perforated

tympanic membranes exposed to oxygen

concentrations of 40%. Mattsson stated that FOR play

a significant role in development of

tympanosclerosis[42]. Because of fenspiride (an anti-

inflammatory agent) has capacity to block FOR,

Mattsson tested the capability of fenspiride to block

the development of myringosclerosis. Using topical or

intraperitoneal fenspiride to rats by 12 days, he

observed that topical fenspiride prevented the

development of sclerotic lesions [43]. Similarly, it was

shown that some free radical scavengers like ascorbic

acid, selenium, vitamin E (α-tokoferol), N-

acetylcysteine prevent the development of

myringosclerosis in rats because of their anti-

oxidative properties [44-48].

These studies show us the role of FOR in the

development of tympanosclerosis. Hyperoxidation,

production of FOR and sclerotic degeneration are

observed after the insertion of ventilation tubes. If

there is an infection / inflammation in middle ear /

mastoid cells, in the situation of well-pneumatized

mastoid cell system, there may be an increase of FOR

beacuse of hyperoxidation. This may cause

tympanosclerosis. In ears with well-pneumatized

mastoids, this may explain the relative frequency of

sclerotic degeneration. In this study, it was observed that

the mastoid air cell volume is larger in tympanosclerotic

patients that the patients without tympanosclerosis as

supporting these findings. Submucosal vascularization is

excess in ears with well-pneumatized mastoid because of

the excess of submucosal area. In inflammatory process,

excess vascularization leads to increase in blood

perfusion, and the migration of inflammatory cells. The

increase in inflammatory cells causes the increase in rate

of the development of tympanosclerosis. It is a well

known situation of the existence of inflammatory cells in

tympanosclerotic tissues [1,6-8]. Increased perfusion causes

the increased production of FOR. All these findings

point out the importance of FOR in the pathogenesis of

tympanosclerosis. As our knowledge about the

pathogenesis of tympanosclerosis increase, the success

of surgery for tympanosclerosis increase. Because of

this, the points which we investigated must be studied

with larger subject/patient groups for more definite

results.

Confliet of Interest: None

References

1. Gibb AG, Pang YT: Current considerations in the

etiology and diagnosis of tympanosclerosis. Eur Arch

Otorhinolaryngol 1994; 251: 439-451.

2. Tos M: Mastoid pneumatization, a critical analysis

of the hereditary theory. Acta otolaryngol 1982; 94:

73-80.

3. Schulter-Ellis FP: Population differences in cellularity

of the mastoid process. Acta Otolaryngol (Stockh) 1979;

87: 461-465.

4. Sade J, Fuchs C: A comparison of mastoid

pneumatization in adults and children with cholesteatoma.

Eur Arch Otolaryngol 1994; 251: 191-195.

5. Sade J, Fuchs C: Secretory otitis media in adults: II.

The role of mastoid pneumatization as a prognostic

factor. Ann Otol Rhinol Laryngol 1997; 106: 37-40.

431

The Role of Mastoid Pneumatization in the Pathogenesis of Tympanosclerosis



6. Koç A, Ekinci G, Bilgili MA, Akpinar IN, Yakut H,

Han T: Evaluation of the mastoid air cell system by

high resolution computed tomography: three-

dimensional multiplanar volume rendering technique.

J Laryngol Otol 2003; 117(8): 595-598.

7. Ferlito A: Histopathogenesis of tympanosclerosis. J

Laryngol otol 1979; 93: 25-37.

8. Schiff M, Poliquin JF, Catanzaro A, Ryan AF:

Tympanosclerosis: A theory of pathogenesis. Ann Otol

Rhinol Laryngol 1980; 89: 1-16.

9. Schiff M: Tympanosclerosis: clinical implications

of the theory of pathogenesis. Ann Otol Rhinol

Laryngol 1983; 92: 635-639.

10. Wielinga EW, Kuijpers W, Tonnaer EL, Jap PH:

An experimental model for tympanosclerosis: a

preliminary report. Acta Otolaryngol (Stockh) 1988;

105: 537-542.

11. Sade J: The correlation of middle ear aeration with

mastoid pneumatization. The mastoid as a pressure

buffer. Eur Arch Otorhinolaryngol 1992; 249: 301-304.

12. Holmquist J: Aeration in chronic otitis media. Clin

Otolaryngol 1978; 3: 279-284.

13. Sade J: Treatment of cholesteatoma and retraction

pockets. Eur Arch Otorhinolaryngol 1993; 250: 193-199.

14. Bayramoğlu I, Ardic FN, Kara CO, Ozuer MZ,

Katircioglu O, Topuz B: Importance of mastoid

pneumatization on secretory otitis media. Int J Pediatr

Otorhinolaryngol 1997; 40 (1): 61-66.

15. Nakano Y, Sato Y: Prognosis of otitis media with

effusion in children, and size of the mastoid air cell

system. Acta Otolaryngol (Stockh) 1990; (Suppl): 471:

56-61.

16. Lindeman P, Shea J: Size of the mastoid air cell

system in children with middle ear effusion.

Laryngoscope 1980; 90: 1840-1844.

17. Ikarashi F, Nakano Y, Okura T: Pneumatization of

the tympanic bulla after blockage of the ventilation

route through the eustachian tube in the pig. Ann Otol

Rhinol Laryngol 1996; 105: 784-790.

18. Uzun C, Adali MK, Koten M, Yagiz R, Aydin S,

Cakir B et al: Relationship between mastoid

pneumatization and middle ear barotrauma in divers.

Laryngoscope 2002; 112 (2): 287-291.

19. Park MS, Yoo SH, Lee DH: Measurement of

surface area in human mastoid air cell system. J

Laryngol Otol 2000; 114: 93-96.

20. Ensari C, Cekic A, Kosar U, Çelikkanat S, Turgut

S: Pneumatization in otosclerosis. Acta Otolaryngol

1999; 119 (4): 459-461.

21. Andreasson L: Correlation of tubal function and

volume of mastoid and middle ear space as related to

otitis media. Ann Otol Rhinol Laryngol 1976; 85: 198-

203.

22. Flisberg K, Zsigmond M: The size of mastoid air

cell system. Planimetry: direct volume determination.

Acta Otolaryngol 1965; 60: 23-29.

23. Turgut S, Tos M: Correlation between temporal

bone pneumatization, location of lateral sinus and

length of the mastoid process. J Laryngol Otol 1992;

106: 485-489.

24. Isono M, Murata K, Azuma H, Ishikawa M, Ito A:

Computerized assessment of the mastoid air cell

system. Auris Nasus Larynx 1999; 26(2): 139-145.

25. Akdas D, Kutlu R: The relationship between

traumatic tympanic membrane perforations and

pneumatization of the mastoid. ORL J

Otorhinolaryngol Relat Spec 2000; 62(6): 311-315.

26. Koc A, Uneri C: Genetic predisposition for

tympanosclerotic degeneration. Eur Arch

Otorhinolaryngol 2002; 259: 180-183.

27. Sade J, Luntz M: Dynamic measurement of gas

composition in the middle ear. II: Steady state values.

Acta Otolaryngol (Stockh) 1993; 113: 353-357.

28. Hergils L, Magnuson B: Human middle ear gas

composition studies by mass spectrometry. Acta

Otolaryngol (Stockh) 1990; 110: 92-99.

29. Southorn PA, Powis G: Free radicals in medicine.

I. Chemical nature and biologic reactions. Mayo Clin

Proc 1988; 63(4): 381-389.

30. Ward PA, Warren JS, Johnson KJ: Oxygen

radicals, inflammation and tissue injury. Free Radic

Biol Med 1988; 5(5-6): 403-408.

31. Takoudes TG, Haddad J: Lipid peroxides in the

middle ear fluid after acute otitis media in guinea pigs.

Ann Otol Rhinol Laryngol 1999; 108: 564-568.

432

The Journal of International Advanced Otology



32. Haddad J: Lipoperoxidation as a measure of free

radical injury in otitis media. Laryngoscope 1998; 108:

524-530.

33. Takoudes TG, Haddad J: Free radical production

by antibiotic-killed bacteria in the guinea pig middle

ear. Laryngoscope 2001; 111: 283-289.

34. Takoudes TG, Haddad J: Hydrogen peroxide in

acute otitis media in guinea pigs. Laryngoscope 1997;

107: 206-210.

35. Parks RR, Huang CC, Haddad J: Evidence of

oxygen radical injury in experimental otitis media.

Laryngoscope 1994; 104: 1389-1392.

36. Ovesen T, Börglum JD: Superoxide dismutase in

middle ear fluid from children with secretory otitis media.

Acta Otolaryngol (Stockh) 1992; 112: 1017-1024.

37. Felding JU, Rasmussen JB, Lildholdt T: Gas

composition of the normal and the ventilated middle ear

cavity. Scand J Clin Lab Invest (Suppl) 1987; 186: 31-41.

38. Maw AR:Development of tympanosclerosis in

children with otitis media with effusion and ventilation

tubes. J Laryngol Otol; 1991: 105 614-617.

39. Slack R, Maw AR, Capper JW, Kelly S:

Prospective study of tympanosclerosis developing

after grommet insertion. J Laryngol Otol 1984;98:

771-774.

40. Tos M, Bonding P, Poulsen G: Tympanosclerosis of

the drum in secretory otitis after insertion of

grommets. A prospective, comparative study. J

Laryngol Otol 1983;97: 489-496.

41. Koc A, Uneri C: Sex distribution in children with

tympanosclerosis after insertion of a tympanostomy

tube. Eur Arch Otorhinolaryngol 2001; 258: 16-19.

42. Mattsson C, Marklund SL, Hellström S:

Application of oxygen free radical scavengers to

diminish the occurence of myringosclerosis. Ann Otol

Rhinol Laryngol 1997; 106: 513-518.

43. Mattsson C, Hellström S: Inhibiton of the

development of myringosclerosis by local

administration of fenspiride, an anti-inflammatory

drug. Eur Arch Otorhinolaryngol 1997; 254(9-10):

425-429.

44. Spratley JE, Hellström SO, Mattsson CK, Pais-

Clemente M: Topical ascorbic acid reduces

myringosclerosis in perforated tympanic membranes.

A study in the rat. Ann Otol Rhinol Laryngol 2001;

110(6): 585-91.

45. Gorur K, Ozcan C, Polat A, Unal M, Tamer L,

Cinel I: The anti-oxidant and anti-apoptotic activities

of selenium in the prevention of myringosclerosis in

rats. J Laryngol Otol 2002; 116(6): 426-429.

46. Ozcan C, Gorur K, Cinel L, Talas DU, Unal M,

Cinel I: The inhibitory effect of topical N-

acetylcysteine application on myringosclerosis in

perforated rat tympanic membrane. Int J Pediatr

Otorhinolaryngol 2002; 15; 63 (3): 179-184.

47. Ozcan C, Polat G, Gorur K, Talas DU, Bağdatoğlu

O, Cinel I: The effect of local administration of N-

acetylcysteine in perforated rat tympanic membrane:

an experimental study in myringosclerosis. Pharmacol

Res 2002; 45(1): 5-9.

48. Polat S, Ozturk O, Uneri C, Yüksel M, Haklar G,

Bozkurt S et al: Determination of reactive oxygen

species in myringotomized tympanic membranes:

effect of vitamin E treatment. Laryngoscope 2004;

114: 720-725.

433

The Role of Mastoid Pneumatization in the Pathogenesis of Tympanosclerosis


