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SUMMARY: Tegmen level and mastoid bone thickness are important parameters of surgical risk in middle ear and mastoid
region surgeries. This retrospective cohort study was conducted to provide a risk classification for the mastoid and regidiesear
The study population comprised of 300 patients who underwent multidetector computed tomography (MDCT) for various indications.
Patients with no pathology that disrupted the structure of the temporal region were included in the study. A risk classédiatio
generated by analyzing the data obtained from mastoid and tympanic tegmen depths and the mastoid bone thickness by MDCT. The
mastoid and tympanic tegmen were lower on the right side than on the left. In women, the right-sided mastoid bone thickness and
mastoid tegmen were lower, and low-level tympanic and mastoid tegmen on the left and thin right mastoid bones were more common.
According to the risk classifications for mastoid and middle ear region surgeries, women demonstrated a higher risk than men. |
addition, as the thickness of the mastoid bone increased, the levels of the mastoid and tympanic tegmen increased.stindypresent
provides a proper risk classification that may be helpful for preoperative risk assessment prior to middle ear and noassoid ezgi
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INTRODUCTION

The tegmen is a thin bony plate separating the middéé the need for adequate bone, cartilage, and fascia support,
ear and mastoid cavities from the dura mater in the middbe placement of composite grafts. Such complications may be
cranial fossa (Weber, 2005; Makét al, 2011; Luers & repaired by transmastoid surgery or a more complicated middle
Huttenbrink, 2016). The tegmen plate is the superior limdranial surgical approach (Neely & Kuhn, 1985; Kuhweide &
for certain surgical procedures, and its variable shape make&ssselman, 1999; Weber, 2005; Egilraeal, 2014). Whether
it a critical point for otolaryngologists and neurosurgeonsurgery is undertaken to treat the aforementioned conditions
It can be subdivided into three parts: the roofingr iatrogenic complications, the essential point to prevent
epitympanicum (tegmen tympany), the mastoid antrumegative outcomes in patients is proper knowledge of the
(tegmen antri), and the mastoid cavity (mastoid tegmeapatomy and preoperative radiological evaluation.

(Singhet al,, 2020). However, in most studies, it is typically
evaluated as a single structure. The mastoid bone, which consists of air cells, is
connected to the tympanic cavity via the aditus ad antrum.

Tegmen defects may result from congenital skull basehe antrum is the first air cell visible at 21-22 weeks of
defects, chronic otitis media (COM), neoplasms, and fractgestation. Pneumatization is completed by the development
res, or may present as surgical complications (Egihet, of the last air cells in the petrous apex during puberty.
2014; Singtet al, 2020). Any damage to the tympanic platéMastoid size is determined by the pneumatization process,
can lead to otorrhea and meningoencephaloceles. Repaimdfich is influenced by heredity and the environment
tegmen dehiscence requires complicated treatment beca(@mamon, 2009Karataget al, 2014). Literature regarding
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the relationship between mastoid size and tegmen levelnamerically minus values while those above the ‘'C line’ were
limited (Piromchaket al, 2015). expressed as plus. The deeper mastoid tegmen and tympanic
tegmen, which have greater absolute numerical values, are
In the present study, the mastoid and tympanic tegmaitso termed low mastoid tegmen and low tympanic tegmen,
were handled separately, as discussed in the relevaaspectively. Shallower mastoid tegmen and tympanic
literature. In addition, the link between the mastoid size anegmen with lower absolute numerical values are termed high
tegmen level was analyzed. The mastoid size, tympanic amastoid tegmen and high tympanic tegmen, respectively, in
mastoid tegmen levels, and differences related to sex, siddéferent sections of this paper (Figs. 1b-d).
and age are also presented. These structures, which cannot
be considered separately in terms of surgical practice, should  The patients were classified into high-, moderate-,
be evaluated together, and the relationship between thémw-, and risk-free groups according to the above
should be clarified. Unlike previous studies done so far, ttreasurements.
present study aimed to gather all of these variables and their
relationships with each other under the same roof. Risk classification for operations performed only in the
mastoid bone (Risk 1):
High mastoid tegmen + thick mastoid bone = low risk
MATERIAL AND METHOD High mastoid tegmen + thin mastoid bone = moderate risk
Low mastoid tegmen + thick mastoid bone = moderate risk
Low mastoid tegmen + thin mastoid bone = high risk
All procedures of the present study were approved
by the Ankara Yildirim Beyazit University Medical FacultyRisk classification for operations including the tympanic
Clinical Research Ethics Committee (Decision numbetegmen (Risk 2):
2022/03-22). The study population consisted of 300 patienfthick mastoid bone + high mastoid tegmen + high tympanic
who underwent multidetector computed tomographiegmen = no risk
(MDCT) imaging for various indications between July and hick mastoid bone + high mastoid tegmen + low tympanic
December 2020 at the Ankara City Hospital (Table I).  tegmen = low risk
Thick mastoid bone + low mastoid tegmen + high tympanic
Patients who had a history of head trauma, neoplastagmen = moderate risk
or fracture in the temporal bone; previous ear and cranibhick mastoid bone + low mastoid tegmen + low tympanic
surgery; COM; and those younger than 18 years were riegmen = moderate risk
included in this study. Mastoid tegmen depth, tympanithin mastoid bone + high mastoid tegmen + high tympanic
tegmen depth, and mastoid thickness were measured in ttsgmen = moderate risk
coronal plane. Age-, sex-, and side- related changes wa@ai@n mastoid bone + high mastoid tegmen + low tympanic
statistically analyzed for each measure. tegmen = moderate risk
Thin mastoid bone + low mastoid tegmen + high tympanic
The mean value of the mastoid bone thickness wésgmen = moderate risk
0.73+ 0.18 mm in the right temporal bone and QtM@L18 Thin mastoid bone + low mastoid tegmen + low tympanic
mm in the left temporal bone. Mastoid bone thickness bela@gmen = high risk
the mean values on either sides were classified in the “thin
mastoid bone” group and those above it were classified $tatistical Analysis:All statistical analyses were performed
the “thick mastoid bone” group (Fig. 1a, Table II). using SPSS software (version 25.0, IBM SPSS Statistics 25
software; Armonk, NY, IBM Corp.). Continuous variables
In women, the right tympanic tegmen depth was -O.@ean+ standard deviation, median (min-max) and
+ 0.14, the right mastoid tegmen depth was -8.827, the categorical variables were expressed as numbers and
left tympanic tegmen depth was -042.16, and the left percentages. The distribution of the measurements was
mastoid tegmen depth was -088.28. In men, the right examined using the Shapiro—Wilk test. When the parametric
tympanic tegmen depth was -0410.15, the right mastoid test assumptions were met, an independent sample t-test was
tegmen depth was -0.380.25, the left tympanic tegmen used to compare independent-sample differences. When
depth was -0.1% 0.16, and the left mastoid tegmen deptiparametric test assumptions were not met, the Mann—
was -0.36+ 0.24. Values below the average were classified/hitney U test was used to compare independent sample
in the ‘low’ group, whereas those above the average wetdferences. The dependent t-test was used to analyze the
classified in the ‘high’ group (Table II1). In depth dependent sample differences. Spearman’s correlation
measurements those below the ‘C line’ were indicated lanalysis was used to examine the relationships between
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numerical variables. The Chi-square test was used to analyze RESULTS
differences between categorical variables. Statistical
significance was set at P < 0.05. significant.

Three-hundred individuals were
examined, of whom 50 % (n=150) were men
and 50 % (n = 150) were women. The overall
median age was 446 14 (min-max: 18—
82) years (Table I).

There was no statistically significant
difference in mastoid bone thickness between
the right and left measurements. The right
mastoid and tympanic tegmen were deeper
than the left mastoid and tympanic tegmen
(Table II).

There was no significant difference
between men and women in terms of age.
When clinical measurements were examined,
the right mastoid bone thickness values of
women were significantly lower than those
of men, and the right mastoid tegmen of
women were deeper than those of men.
Differences in mastoid bone thickness values,
which are the differences between the right
and left sides, were significantly lower in
women than in men (Table 1l1).

Fig. 1. Coronal MDCT images. (a) Mastoid thickness. (b) Mastoid tegmen and tympanic  \\/hen the classification according to
tegmen depths. (c) Example of measurements. (d) Tympanic tegmen and mastoid t Vas examined. the incidence of a thin
were found above the C line in some individuals. Line A: transverse line between.t% . ’ . .

, o Tk fgf t mastoid bone was found to be higher in
scutum and lateral end of bony cortex. Line B (mastoid thickness): vertical line between han i | | b dth
the midpoint of line A and lowermost point of mastoid tegmen. Line C: transverse li enthan in men. tW"’_‘S also observed that
at the arcuate eminence level. Line D: mastoid tegmen depth. Line E: tympanic te§#Ren had lower mastoid tegmen on the left

depth. side than men. Women had lower tympanic
tegmen than men. In addition, it was

Table I. Demographic information determined that men were mostly in the low-
N % risk group according to the Risk 1 right classification. In the

Sex w 150 50,0 Risk 1 difference classification, men were mostly in the
M 150 50,0 middle-risk class and women were in the high-risk class. In

Age AM £ SD. 44,6+1491 the Risk 2 classification, a statistically significant difference
Med (min- max) 45(18-82) was found on the right side according to sex. Women were

A.M £ S.D.: Arithmetic mearx Standard Deviation; Med (min- max):

Medi . more common in the middle- and high-risk classes than were
edian (min-max)

men (Table V).

Table II. The comparison of mastoid bone thickness. mastoid tegmen. tympanic tegmen between right and left side.

Right Left P-vdues Difference
Mastoid bone thickness 0.73+0.18 0.74 +0.18 0.258 -0.01+0.14

0.72 (01810 0.27) 0.75 (0.18t0 0.28) t=-1133 -0.02 (0.14 t0 -0.35)
Mastoid tegmen depth -0.41+0.26 -037+0.26 0.025 -0.03+0.26

-0.4 (0.26t0 -1.47) -0.39 (0.26 to-1.24) t=-2249 0 (0.26 to -0.9)
Tympanic tegmen depth -0.18+0.14 -013+0.16 0.0001" -0.05+0.18

-0.21 (0.14 to -0.61) -0.17 (0.16 to -0.59) t=-5123 0(0.18 to -0.6)

*p<0.05 statistically significant difference; Descriptive statistics are shown ax/AM.: Arithmefic meat Standard Deviafion and Med (min - max):
Median (smallest - largest values); t: dependent sample t-test
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Table Ill. Comparison of mastoid bone thickness. mastoid tegmen. tympanic tegmen measurements between men and women

Women Men

AM=£SD. Med (min - max) AO+S.S. Med (min - max) P- value
Age 4341 £14.7 44 (18-76) 45.8+15.07 46 (19 - 82) 0.165 (t=-1.393)
Right mastoid 0.71+0.18 0.7 (0.27 to 1.27) 0.76 £0.18 0.75(0.35t0 1.27) 0.003* (z=-3.009,
bone thickness
Right mastoid -0.43+0.27 -0.43 (-1.21 t0 0.53) -0.38+0.25 -0.38 (-1.47t0 0.15) 0.033* (z=-2.134)
tegmen depth
Right tympanic -02+0.14 -0.22 (-0.61 t0 0.1) -0.17+0.15 -0.21 (-0.49t0 0.27) 0.149 (z=1.442)
tegmen depth
Left mastoid 0.73+0.19 0.73(0.28 to 1.29) 0.75+0.18 0.76 (0.29 to 1.16) 0.288 (t=-1.065)
bone thickness
Left mastoid -0.38 +0.28 -0.4(-1.22t00.57) -036+0.24 -0.36 (-1.24 t0 0.15) 0.106 (z=1.614)
tegmen depth
Left tympanic -0.12+0.16 -0.18 (-0.48 t0 0.41) -0.13+0.16 -0.15 (-0.59 t0 0.27) 0.815 (z=0.234)
tegmen depth
Difference ~ mastoid -0.03+£0.13 -0.03 (-0.32t0 0.41) 0.01 +£0.15 -0.01 (-0.35 t0 0.45) 0.045* (t=-2.015)
bone thickness
Difference mastoid -0.05+0.27 -0.04 (-0.79t0 0.61) -0.02+0.25 0 (-0.9 t0 0.57) 0.289 (t=-1.063)
tegmen depth
Difference tympanic -0.07 +0.19 -0.04 (-0.6 to 0.45) -0.03+0.17 0 (-0.57 to 046) 0.062 (z=1.865)
tegmen depth

*p<0.05 statistically significant difference; A:©S.S.: Arithmetic meath Standard Deviation; Med (min - max): Median (smallest - largest values); t: t
test in independent groups; z: Mann Whitney U test

There was a statistically significant positive and higheommon diseases, some of which require surgical treatment
level correlation between the right mastoid bone thickneéé/eber, 2005; Luers & Hittenbrink, 2016). Ear surgery
values and right mastoid tegmen height, as well asnaay lead serious complications such as facial paralysis
statistically significant positive and moderate correlatiotegmen dehiscence, cerebrospinal fluid leak, sigmoid sinus
between the right mastoid bone thickness and right tympa@iod carotid artery injuries, ossicular disruptions,
tegmen height. In addition, a statistically significanintracranial infections, pneumocephalus and semicircular
difference was observed. A strong positive correlation wasinal dehiscence (Neely & Kuhn, 1985; Wormald &
observed between the heights of the right mastoid tegmiiissen, 1997; Migirowet al, 2004; Bennettt al, 2006;
and the right tympanic tegmen. Furthermore, there wasAgrawalet al, 2007; Mahmutog’let al, 2013; Luers &
statistically significant positive and moderate correlatiokltttenbrink, 2016; Idrigt al, 2018; Husaiet al, 2020).
between left mastoid bone thickness and left mastoid tegmEhis region presents many pitfalls for surgeons.
height; a statistically significant difference was als®tosurgeons are always in a great dilemma regarding the
observed. There were also positive and weak correlatioesadication of disease and prevention of complications.
between the left mastoid bone thickness and left tympanic
tegmen height. In addition, there was a statistically significant Mastoidectomy is a common surgical option in
positive and moderate correlation between the left mastgatients with COM. In some cases, surgeons prefer to leave
tegmen height and left tympanic tegmen height (Table Vhe posterior canal wall intact and enter the tympanic and

mastoid cavities independently (canal wall-up procedure),
whereas others open the posterior canal wall without
DISCUSSION entering the tympanic cavity (canal wall-down procedure)
(Goycoolea, 1999; Garap & Dubey, 2001; Yatesal,
2002; Aslaret al, 2004). The mastoid tegmen, tympanic

The mastoid cavity is the diverticulum of thetegmen levels and mastoid size should be considered in
tympanic cavity. Because of their common embryologiboth procedures. Congenital aural atresia (CAA) is another
origin and close anatomical relationship, both cavities aseirgical indication, accompanied by smaller mastoids and
simultaneously influenced in the case of COMa lower-level tegmen. Jet al (2014) indicated that the
Inflammation in the tympanic cavity manifests in theextent of displacement of the mastoid tegmen is correlated
mastoid cavity and the Eustachian tube. Tympanto the severity of CAA. Pneumatization and mastoid bone
membrane perforation, tympanosclerosis, COM with arize have been discussed along with hereditary and
without cholesteatoma, and mastoiditis are the moshvironmental theories in the literature. Regardless of
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Table IV. The comparison of according to the classification of mastoid bone. mastoid tegmen. tympanic tegmen between men.and wo

Sex Total
Women Men p-values
Right mastoid Thin 97 (64.67 %) 71 (47.33 %) 168 (56 %) 0.002* (x2=9.145)
bone thickness Thick 53 (35.33 %) 79 (52.67 %) 132 (44 %)
Right mastoid Low 81 (54 %) 66 (44 %) 147 (49 %) 0.083 (x*=3.001)
tegmen height High 69 (46 %) 84 (56 %) 153 (51 %)
Right tympanic Low 99 (66 %) 87 (58 %) 186 (62 %) 0.153 (x*=2.037)
tegmen height High 51 (34 %) 63 (42 %) 114 (38 %)
Risk 1 for right Low risk 36 (24 %) 64 (42.67 %) 100 (33.33 %) 0.003* (x2=1 1.957)
Medium risk 50 (33.33 %) 35(23.33 %) 85 (28.33 %)
High risk 64 (42.67 %) 51 (34 %) 115 (38.33 %)
Risk 2 for right Risk free 25 (16.7 %) 44 (29.3 %) 69 (23 %) 0.008* (x2=11.896]
Low risk 11 (7.33 %) 20(13.33 %) 31(10.33 %)
Medium risk 56 (37.3 %) 40 (26.7 %) 96 (32 %)
High risk 58 (38.67 %) 46 (30.67 %) 104 (34.67 %)
Left mastoid Thin 77 (51.33 %) 72 (48 %) 149 (49.67 %) 0.564 (x*=0.333)
bone thickness Thick 73 (48.67 %) 78 (52 %) 151 (50.33 %)
Left mastoid Low 89 (59.33 %) 70 (46.67 %) 159 (53 %) 0.028+ (x2=4.831)
tegmen height High 61 (40.67 %) 80 (53.33 %) 141 (47 %)
Left tympanic Low 85 (56.67 %) 80 (53.33 %) 165 (55 %) 0.562 (x2:0.337)
tegmen height High 65 (43.33 %) 70 (46.67 %) 135 (45 %)
Risk 1 for left Low risk 48 (32 %) 54 (36 %) 102 (34 %) 0.085 (x*=4.935)
Medium risk 38 (25.33 %) 50(33.33 %) 88(29.33 %)
High risk 64 (42.67 %) 46 (30.67 %) 110 (36.67 %)
Risk 2 for left Risk free 31 (20.7 %) 43 (28.7 %) 74 (24.7 %) 0.136 (x2=5.547)
Low risk 17 (11.33 %) 11(7.33 %) 28(9.33 %)
Medium risk 50 (33.3 %) 57 (38 %) 107 (35.7 %)
High risk 52 (34.67 %) 39 (26 %) 91 (30.33%)
Difference mastoid Thin 82 (54.67 %) 75 (50 %) 157 (52.33 %) 0.418 (x*=0.655)
bone thickness Thick 68 (45.33 %) 75 (50 %) 143 (47.67 %)
Difference mastoid Low 78 (52 %) 64 (42.67 %) 142 (47.33 %) 0.105 (x*=2.621)
tegmen height High 72 (48 %) 86 (57.33 %) 158 (52.67 %)
Difference tympanic Low 67 (44.67 %) 49 (32.67 %) 116 (38.67 %) 0.033* (x2=4.554)
tegmen height High 83 (55.33 %) 101 (67.33 %) 184 (61.33 %)
Risk 1 difference Low risk 49 (32.67 %) 50(33.33 %) 99 (33 %) 0.022* (x2=7.597)
Medium risk 42 (28 %) 61 (40.67 %) 103 (34.33 %)
High risk 59 (39.33 %) 39 (26 %) 98 (32.67 %)
Risk 2 difference Risk free 37 (24.7 %) 43 (28.7 %) 80 (26.7 %) 0.07 (x2:7.074)
Low risk 12 (8 %) 7 (4.67 %) 19 (6.33 %)
Medium risk 65 (43.3 %) 79 (52.7 %) 144 (48 %)
High risk 36 (24 %) 21 (14 %) 57 (19%)

*p<0.05 statistically significant differencg? Chi-square test.

whether the cause is environmental or hereditary, soroerrelation was observed among mastoid thickness,
individuals have insufficient mastoid bone developmenipastoid tegmen, and tympanic tegmen levels. To the best
and mastoid bone thickness is linked to tegmen locatiof our knowledge, this is the first study to evaluate the
(Karataget al, 2014). Any study at the tegmen level shoultink between mastoid size and tegmen levels (Table III).
not be planned without mastoid size examination. In our

opinion, mastoid size and tegmen levels should be Idris et al. (2018) examined the height of the
evaluated together during the treatment of inflammatotympanic tegmen in patients with sensorineural hearing
or congenital diseases to prevent surgical complicatioriess. They measured the distance between the lowest point
In the present study, a statistically significant positivef lateral semicircular canal and the tympanic tegmen in
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Table V. Correlation between mastoid bone thickness. mastoid tegmen heightgocdmpanied by low-lying dura mater. No

tympanic tegmen height. attributes of sex and side-related differences
Right mastoid ~ Right mastoid Right tympanic were encountered in this study

bone thick ¢ height  t height = .
one thickness _ tegmen heig cemen hetg Additionally, only the dura mater overlying

Right mastoid r 1.000 0.650" 0.449" the mastoid tegmen was considered
bone thickness p 0.000 0.000, (Piromchaiet al, 2015). In the present
Right mastoid r 1.000 0.667 study, the right mastoid and tympanic
ifigzlf?yﬁliﬁc P ?-888 tegmen were found to be lower than the left
o ggmen heIi)ght 5 : ones (Tables Il and IlI). It was also observed
Left mastoid Left mastoid Left tvmpani that female had lower mastoid tegmen on
ympanic .
Left mastoid . 1.000 0510 0384 the left side than men, and female had lower
bone thickness p 00.000 0.000 tympanic tegmen than male (Table V).
Left mastoid r 1.000 0.598"
tegmen height p 0.000 The Henle’'s spine (spina
Left tympanic r 1.000 suprameatica) is a variative structure with
tegmen height p triangular and crest types. It is absent in 20
*p<0.05 statistically significant relationship; r: Spearman correlation coefficient. % of the specimens in the osteological study

of Aslanet al (2004). Karatagét al measured tegmen

height from Henle’s spine to the lowest level of the tegmen
both coronal and sagittal planes and proposedad one point in their study (Karatag al, 2014). The
classification system iwhich tympanic tegmen heights difficulty in identifying the Henle’s spine on CT images
are considered as “low” (type A) and “high” (type B)limited the sample size of their study. In addition, because
However, for mastoidectomy or the transmastoid surgicaf the slope and irregular tegmen shape, measurements
approach, not only the level of the tympanic tegmen bahould be performed at more than one point. Numerous
also that of the mastoid tegmen is important (ldtial, studies have measured the tegmen depth. The reference
2018). Husairet al (2020) measured the tegmen heighpoints in radiologic studies should be chosen from well-
in 60 patients with COM using the lateral semicirculaidentified ones in the radiologic scans. The arcuate
canal as the reference point. Based on their results, tleginence and scutum were identified as radiological
concluded that preoperative radiological evaluation landmarks in the present study (Figs. 1a,b).
important for preventing dural injury. However,
measurements taken at one point are insufficient for proper ~ We present three new classifications for surgical
preoperative risk evaluation of structures such as thisk assessment: thick-thin mastoid process, high-low
tegmen, which has an irregular anatomical structureastoid tegmen, and high-low tympanic tegmen. These
(Husainet al, 2020). In our opinion, the mastoid andoarameters were individually evaluated for operations on
tympanic tegmen should be handled separately, bilne mastoid and tympanic tegmen. Moreover, sex- and
evaluated together for preoperative risk assessmesitle-based risk assessments concerning the measurements
Studies in the literature are insufficient in terms o&nd operation types were analyzed. Preoperative predictive
preoperative risk analysis because of their small sampisk assessment was performed along with the
sizes and insufficient one-point measurements. The presgrgasurements, and the patients were classified into high-
study, which includes strong statistics, multiple moderate-, low-, and risk-free groups. According to the
parameters, and a large sample size, is based on tis& classification made for the surgeries concerning the
shortcomings of previous literature. mastoid and middle ear cavity with the values of mastoid

bone thickness, mastoid tegmen level, and tympanic

Piromchaiet al. (2015) studied the relationshiptegmen level values, the highest rate among women was

between the external and internal features on MDC8een in the high-risk group on both sides (42.67 %) for
images of 112 temporal bones. They evaluated tiisk 1 and in the medium-risk group on the right side
correlation from the perspective of a surgeon, which th€@7.3 %) for Risk 2. The highest rate among men was
named ‘operating room view’, and from the perspectivgeen in the low-risk group on the right side (42.77 %)for
of a cadaver dissection practitioner, which they namdRisk 1 and in the medium-risk group on the left side (38
the ‘temporal bone laboratory view’. A strong correlatio®) for Risk 2. Women were more common in the middle-
was observed between the height of the dura and thed high-risk classes than were men (Table 1V). This
distance from the inferior external auditory canal to théassification, which has not been encountered in previous
mastoid tip. They found that a shorter mastoid tip wasgudies, provides a novel approach to ear surgeries.

942



SEVER, S. N.; CETIN, H.; CALISKAN, S. & AKKASOGLU, S. Anatomical and clinical evaluation of tympanic tegmen and mastoid bone with multidetector computed tomography.
Int. J. Morphol., 41(3p37-943, 2023.

CONCLUSION Egilmez, O. K.; Hanege, F. M.; Kalcioglu, M. T.; Kaner, T. & Kokten, N.
Tegmen tympani defect and brain herniation secondary to mastoid
surgery: case presentati@ase Rep. Otolaryngol., 207456280, 2014.
) ) ) ) Garap, J. P. & Dubey, S. P. Canal-down mastoidectomy: experience in 81
Preoperative radiological assessment guided by the casesOtol. Neurotol., 22(4%51-6, 2001.
data presented in this study prevents complications afidycoolea, M. V. Mastoid and tympanomastoid procedures in ofitis me-
provides positive patient outcomes. Advanced radiological dia: classic mastoidectomy (simple, modified, and radical) and current

di | d f issing inf . __adaptations; open-cavity, closed-cavity, and intact-bridge
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