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Abstract

The mastoid portion of the temporal bone has a variety of anatomical and
physiological functions, including maintaining the balance of the middle ear pressure
and protecting the inner ear. It has also attracted the interest of many investigators as a
valuable tool in gender differentiation.

In this study, we examined the mastoid measurements, volume and the degree of
pneumatization in relation to age and gender

A cross-sectional study was conducted using computed tomography (CT) scans
obtained from the radiology departments of the Military and Al Ragi Hospitals. Six
measurements were taken from the mastoid process, the volume was calculated and the
pneumatization was assessed on the axial plane at the level of the Sigmoid sinus, three
parallel lines were drawn in relation to the sinus to classify the degree of pneumatization
into four categories.

The study exhibited that the average mastoid volume in the female was 7.14 mm?®
and 6.62 mm? on the right, and the left sides respectively, while in males it was 11.65
mm?3and 11.63 mm? on the right and the left sides respectively. No significant bilateral
differences in all measurements were observed in either males or females (P > 0.05),
except for the oblique coronal diameter (OCD) in male, where a significant difference
was found (P < 0.05). Male mastoid measurements were significantly greater than those
in females (P < 0.05), except for the OCD, where no statistically significant difference
was found between sexes (P > 0.05)

A highly significant inverse association was found between age and the degree of
pneumatization (P<0.05) indicating a decrease in pneumatization with age. No
significant gender differences were observed in degree of pneumatization (P > 0.05).

CT scans was proved essential in evaluating the temporal bone’s pneumatization.
The level of the pneumatization can be assessed by examining the air cells around the
sigmoid sinus in axial CT images. Sexual dimorphism was observed in all mastoid
process measurements.
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Introduction

The mastoid process is a crucial anatomical structure with
high significance for radiologists, otolaryngologists,
anthropologists, neurosurgeons, anatomists, and forensic
specialists. It develops gradually and exhibits a high degree of
sexual dimorphism in adulthood [1, 2]. The mastoid process is
a part of the temporal bone, and it is grooved on the deep aspect
of its base by the digastric notch, which serves as the
attachment site for the posterior belly of the digastric muscle
[3]. As the mastoid process grows, the cortex is gradually
infiltrated by epithelial cells, leading to the formation of air
cell chambers lined by these cells; this process is referred to as
pneumatization [4].

Developmentally mastoid air cells can be classified into
three types: Well-pneumatized (cellular), where the mastoid
cells are fully developed with thin intervening septa between
them; Diploic, where the mastoid contains fewer air cells; and
sclerotic, where no air cells are present [5]. According to the
environmental theory, middle ear infections have an impact on
mastoid pneumatization, particularly in youngsters, where
they may result in inflammatory changes to the ear mucosa that
subsequently affect the temporal bone growth. In contrast, the
genetic hypothesis suggests that the pneumatization level is
primarily dictated by genetics, though it can also be influenced
by childhood illnesses [4].

Surgically, the degree of pneumatization of mastoid air
cells (MACs) is closely related to postoperative complications
following microvascular decompression (MVD) surgery. It
has been reported that well-pneumatized MACs increase the
risk of cerebrospinal fluid (CSF) leakage and intracranial
infection. At the same time, insufficient pneumatization raises
the risk of facial paralysis and hearing loss [6]. Clinically, the
degree of mastoid pneumatization has also been found to serve
as a prognostic indicator in secretary otitis media, with a poor
prognosis associated with the sclerotic mastoid [7].

Functionally, the normal air cell system is capable of
performing gas exchange independently of the Eustachian
tube. The total volume of the air cell system influences the rate
of gas exchange [8].

The mastoid process develops as a part of the temporal
bone. The petro-squamosal suture may persist as a bony plate
(Korner’s septum), which separates the superficial squamosal
cells from the deep petrosal cells [9]. The normal cell system
helps maintain a stable temperature environment, preventing
excitation of the vestibular sensors by external temperature
changes. Additionally, the gas-to-fluid exchange across the
large convoluted mucosal surface of the air cells aids in
regulating middle-ear pressure. The volume available for gas
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within the cell system is not fixed. It can be replaced by fluid
in an equal volume, and vice versa, while maintaining the
pressure within physiological limits [10].

Middle ear ventilation is an essential factor in determining
the functional outcomes after middle ear reconstruction, as it
functions as a buffer to minimize pressure changes and serves
as an air reservoir [11]. Assessing the size and degree of
pneumatization of the mastoid bone appears to be a valid and
straightforward method for predicting surgical success,
particularly in terms of tympanic membrane closure during
tympanoplasty [12].

The degree of pneumatization plays a critical role in
surgical ~ procedures and the  management  of
pathophysiological conditions affecting the temporal bone
[13]. The degree of temporal bone pneumatization has been
shown to be related to otitis media, with chronic otitis media
associated with poorly pneumatized bones and acute otitis
media linked to fully pneumatized bones [14].

The mastoid process, one of the sexually dimorphic aspects
of the skull, has been used in research on sex differentiation
[2, 15, 16]

Mastoid measurements and its degree of pneumatization
can vary significantly among individuals and their
development changes with age. In Sudan, there is a need for
more research and studies focused on these measurements.
Such investigations could help prevent complications during
mastoid and ear surgeries and assist Otolaryngologists in
understanding anatomy-related pathologies in this area.
Additionally, correlating these measurements with age and
gender could provide valuable insights for forensic and
anatomical anthropology.

The lack of specific studies on mastoid measurements and
pneumatization for the Sudanese population promoted us to
conduct this study, which aimed to investigate these variations
and correlate the findings for potential clinical and surgical
applications.

Material and Methods

This cross-sectional study was conducted at Omdurman
Military Hospital in the radiology department in Khartoum,
Sudan, a tertiary healthcare centre, and Al Ragi University
Hospital in Khartoum, Sudan, a private tertiary healthcare
facility, during a period from 22" of January to 2" April 2023.
The National University Research Ethics Committee (NU-
REC) approved the study on date 02.01.2022 by the number
NU-REC 2022/10. The study population consisted of patients
attending both hospitals for head and neck CT scans, referred
for indications other than mastoid diseases, mainly from
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Khartoum state. A total of 101 CT scan images from the
normal Sudanese population were collected and analyzed.

The study included Sudanese individuals aged 18-80 with
no mastoid pathology affecting their normal appearance.
Participants were also required to have no history of head or
neck trauma, head or neck tumours, previous temporal bone or
skull base surgery, or any positive mastoid pathology.
Individuals who had any of these conditions or were aged over
80 or under 18 were excluded from the study.

Demographic Characteristics of The Study Population

The current study uses CT scans of normal Sudanese
subjects aged between 18 and 80. The study was carried out on
101 subjects, consisting of 50 males and 51 females, who
underwent head CT scans for indications unrelated to mastoid
disease. The mean age of male and female participants was 45
and 44 years, respectively.

Data Collection Technique and Equipment

In Omdurman Military Hospital, the CT images were
obtained using a General Electric 16-slice machine, following
the CT brain helical protocol. The slice thickness was 0.625
mm, with a radiation dose of 120 KV, and the field of view
(FOV) was 25 cm. A bone window setting was used for
optimal imaging. The patient was positioned supine, with the
head first and arms at the sides. In AL Ragi Hospital, the
images were taken using a Siemens Scanner, which followed
the CT brain helical protocol. The slice thickness was 0.625
mm, with a radiation dose of 130KV, and the field of view was
25 cm. A bone window was used, with the patient positioned
in the supine position.

Mastoid Measurements and Degree of Pneumatization

Six measurements were conducted on the bilateral mastoid
processes of both sexes. The first, Conventional Mastoid
Height (CMH), was measured as a vertical line from the
mastoid tip to the Frankfort plane on a 3D image (Fig 1). The
second, True Mastoid Height (TMH), was measured on the
coronal plane as a vertical line from the mastoid tip to the
tegmen mastoidium (Fig. 2). The third measurement, Oblique
Sagittal Diameter (OSD) (Fig 3B) was taken on the axial plane
at the level of the mastoid groove, using anteroposterior line.
The fourth, Oblique Coronal Diameter (OCD) (Fig 3B), was
also taken on the axial plane at the level of the mastoid groove,
using a transverse mediolateral line. The fifth, Maximal
Oblique Sagittal Diameter (OSDmax) (Fig 3A), was measured
on the axial plane at the level of the proximal end of the styloid
process using the maximal anteroposterior line. Finally, the
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sixth measurement, Maximal Oblique Coronal Diameter
(OCDmax) (Fig 3A), was taken on the axial plane at the level
of the proximal end of the styloid process, using the maximal
mediolateral line. Mastoid volume was calculated using the
following formula: (TMH X OSDmax X OCDmax x 0.52)
[17], where TMH represents the true mastoid height, OSDmax
is the maximal oblique sagittal diameter, and OCDmax is the
maximal oblique coronal diameter. Note that all measurements
were performed in millimetres, as in Figures 1. 2, and 3.

P . W S

vk

AL

NS s
3 o IR
- 21 \ Lo
RIZ 1074
W2 VAN

Dis3 ‘9{
A D

5 mm (20)

43

3

Figure 1. Measurement of the CMH

Figure 2. Measurement of the TMH on the coronal plane.

76



Mastoid Process Measurement and Pneumatization

M

(it '
i ‘,.n

| H‘““ ‘1"‘1

25,9 rrhv) ’ B

-l 32.3 mm
m i, ]A"””"

,’ H

Ir"l
Mty
“ M s

AN

Figure 3. A: Measurement of the OSDmax and OCDmax on axial plane. B: Measurement of the OSD and OCD on axial plane.

Three parallel lines are drawn on the axial plane in relation
to the sigmoid sinus [18, 19] (Fig 4): through the anterior
margin, through the maximal convexity directed medially, and
through the posterior margin of the sinus. The degree of
mastoid pneumatization is classified into four groups based on
the position of the mastoid cells relative to these lines. Degree
1 (hypo pneumatization) is characterized by mastoid cells
lying anteromedial to the most anterior line. Degree 2
(moderate pneumatization) is represented by mastoid cells
extending between the first (anterior) line and second (middle)
line lines. Degree 3 (good pneumatization) is indicated by
mastoid cells extending to the third (posterior) line. Finally,
Degree 4 (hyper pneumatization) is represented by mastoid
cells extending posterior to the third (posterior) line.

The study variables included gender and age as
independent variables, while the degree of pneumatization and
mastoid volume were considered dependent variables. Gender
and age were analyzed to assess their potential influence on
the degree of pneumatization and mastoid volume, with the
degree of pneumatization and volume serving as the outcomes
to be examined.

Data Analysis

Statistical analysis was conducted using the Statistical
Package for Social Sciences (SPSS) version 25 and Microsoft
Excel. A p-value of <0.05 was considered statistically
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significant. The students' t-test was used to compare the right
Pearson’s correlation coefficient
was applied to examine the relationship between age and
mastoid volume. MANOVA with Wilks' Lambda test was
used to assess the correlation between gender and mastoid
volume. Spearman's test was applied to determine the
correlation between age and the degree of pneumatization.
Additionally, the Chi-square test was used to evaluate the
association between gender and the degree of pneumatization.

and left mastoid volumes.

”1|W"mmh1|mmmm

Figure 4. Axial view showing the degree of pneumatization. Anterior
line 1, Middle line 2 and Posterior line 3
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Results

The study investigated the mastoid parameters in CT
images belonging to male and female Sudanese individuals.
The research looked at the measurements and volume of the
right and left mastoid processes, the relationship between age
and mastoid measurements and volume, the relationship

Mastoid Process Measurement and Pneumatization

between gender and mastoid measurements, and the
association between age and pneumatization level. The study
found significant gender differences in mastoid volume
measurements, with males having larger measurements than
females. No significant correlation was found between age and
mastoid measurements, but a significant gender correlation

Table 1. Means of Right and Left Mastoid Measurements in Males and Females

Gender Means Right | Means Left Degree of
Measurements Mastoid+SD | Mastoid+SD Significance
. . . Female 24.45+3.97 23.75+4.70 0.60
Conventional Mastoid Height (CMH)
Male 29.85+4.36 29.00+5.90 0.13
. . Female 29.5245.61 28.98+5.78 0.14
True Mastoid Height (TMH)
Male 39.85+5.45 39.51+£5.91 0.30
. . . Female 14.90+3.01 14.79+3.74 0.77
Oblique Sagittal Diameter (OSD)
Male 16.87+2.99 16.27+2.92 0.11
. . Female 11.024+2.11 10.93+2.84 0.92
Oblique Coronal Diameter (OCD)
Male 11£1.93 10.68+2.02 0.02*
. . . . Female 24.46+43.59 23.16+4.97 0.20
Maximal Oblique Sagittal Diameter (OSDmax)
Male 27.47+4.50 26.55+4.87 0.14
. . . Female 18.434+4.50 18.3243.76 0.93
Maximal Oblique Coronal Diameter (OCDmax)
Male 19.86+3.43 20.06+4.35 0.71
Female 7.144£3.98 6.624+3.21 0.22
Volume
Male 11.65+4.09 11.63+4.81 0.52

Table 2. Correlation Between Age and Mastoid Measurements and Volume

Age Pearson Correlation 0.173 0.062 -0.128 0.033 0.134 0.155 -0.045 0.051
Sig. (2-tailed) 0.083 0.539 0.202 0.74 0.178 0.119 0.654 0.611

**_ Correlation is significant at the 0.01 level (2-tailed).
*_Correlation is significant at the 0.05 level (2-tailed).

CMH: Conventional Mastoid Height; OSD: Oblique Sagittal Diameter; OCD: Oblique Coronal Diameter

Table 3. Comparison of gender and the degree of pneumatization

Gender Degree of pneumatization

Hypo- moderate Good Hyper-
pneumatization pneumatization  pneumatization pneumatization
Count 8 10 14 19
Female Expected Count 8.6 10.1 11.11 21.21
Count 9 10 8 23
Male Expected Count 8.4 9.9 10.9 20.8
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was observed
pneumatization.

in terms of age and the degree of

Right and Left Mastoid Measurements and VVolume

The mean mastoid volume for the right and left sides in
males was 11.65 mm? and 11.63 mm?3, respectively, while for
females, it was 7.14 mm? on the right side and 6.62 mm?3on the
left side (Table 1). No significant bilateral differences were
found in all measurements in either sex (P > 0.05) except for
the OCD in males, where a significant difference was observed
(P <0.05) as indicated by (*) in (table 1).

The Correlation Between Age and Mastoid Measurement
and Volume

There was a weak positive correlation between age and
all mastoid measurements and volume; this correlation was not
statistically significant (P>0.05), except for OCD on both
sides, where a weak inverse correlation with age was observed;
this correlation was also not statistically significant, with the
value of P > 0.05 for the right side and P > 0.05 for the left side
(Table 2).

The
Measurements and Volume

Male mastoid measurements were higher than females
on both sides, except for the OCD, where values were nearly
equal. A significant gender difference was observed, with
males showing higher values (P<0.05), but no significant
difference was found between genders for OCD (P > 0.05).

Correlation Between Gender and Mastoid

Correlation Between Age and The Degree of
Pneumatization

A Spearman's rho Correlation was conducted to assess
the relationship between age and the degree of pneumatization.
It was found that the degree of pneumatization decreases with
age, showing a highly statistically significant inverse

correlation (r = -.621; P< 0.05).

The Correlation Between Gender and The Degree of
Mastoid Pneumatization

In contrast to age, no significant difference was found
between males and females in relation to the degree of mastoid
pneumatization (P > 0.05) (Table 3).

Discussion

One of the most significant landmarks on the skull is the
mastoid process. It is a component of the temporal bone and
has spaces called mastoid air cells that are filled with air. From
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the perspective of surgeons, a normal measurement of the
mastoid process is crucial. The purpose of this study was to
evaluate the normal dimensions of the mastoid process in the
Sudanese population. A multidetector computed tomography
(MDCT) study conducted on adult Egyptian individuals
reported that the mastoid process volume and all dimensions
were higher in males than females, except for the mastoid
angles, which were smaller in males than in females. These
findings are consistent with our study, as we found that all
mastoid measurements and volume were greater in males than
in females, with the exception of the OCD, which was almost
equal in both sexes [17]. Another CBCT study conducted at
the Faculty of Dentistry in Gaziantep reported that mastoid
height measured in the coronal sections, as well as the OSD
and OCD measured in the transverse sections, were higher in
males than in females. These findings are consistent with the
results of our study [1]

A CBCT study conducted in India evaluated various
measurements of the mastoid process, including length, width,
height, angle, area, and intermastoid distance. The findings
regarding mastoid height are consistent with our study, as
males exhibited greater height than females [20]. A study
conducted on adult crania of North Indian subjects measured
eight parameters of the mastoid region, including mastoid
height. The results revealed significant sexual dimorphism in
all evaluated parameters, which is consistent with the findings
of this study [2]. A study conducted on normal skulls of both
male and female Thais was used for sex determination. The
mean mastoid dimensions and mastoid triangular area in males
were significantly larger than those in females. These findings
are consistent with the results of our study [21].

Another study conducted on CBCT images of Jordanian
individuals for osteometric assessment of the mastoids in
gender determination found that male measurements were
significantly higher than female measurements across all
variables, including height, surface area, and
anteroposterior diameter [28]. These findings are consistent
with the results of this study, where males also exhibited
higher values than females across all measurements. The
larger measurements of the mastoid process in males could be
attributed to the attachment and stronger action of muscles,
such as the sternocleidomastoid muscle. This may explain the
irregular and rougher surface of the mastoid process in males
compared to females.

The current study found a significant inverse correlation
between age and the degree of pneumatization, with
pneumatization decreasing as age increased. However, no
significant sex differences were found, which aligns with a

size,

79


https://www.sciencedirect.com/topics/materials-science/tomography

CBCT study conducted in the Department of Radiology at
Manipal College of Dental Sciences, which also found no
significant association between the grade of pneumatization
and sex. However, while their study reported no association
between the grade of pneumatization and age, we observed a
significant negative correlation between age and the grade of
pneumatization [22]. Another CBCT study conducted in the
Department of Dentomaxillofacial Radiology at Gazi
University's Faculty of Dentistry found no significant
relationship between the degree of pneumatization and either
age or gender. This finding is consistent with our study in
terms of gender but differs regarding age, as we observed a
significant negative correlation [23]. A CT study conducted to
assess mastoid pneumatization found that mastoid
pneumatization was greater in men than in women. This
finding is inconsistent with our study, as we observed no
significant gender differences [24]. A study conducted on 3D
reconstructed CT images of mastoid pneumatization and
volume variation across different age groups found that the
mastoid pneumatization volume rises quickly from birth until
the beginning of the second decade. Afterwards, the rate of
increase slows, peaking in the third decade. Following the third
decade, there is a slight decrease in volume, with a more
significant decline occurring after the seventh decade. These
findings highlight the substantial impact of age on
pneumatization in older individuals, which is consistent with
the results of our study, as it also observed a decline in
pneumatization with advancing age; additionally, no
significant differences were observed between sides (bilateral)
or between sexes, and the findings regarding gender
differences are consistent with this study [25].

This is in contrast to a study conducted in Korea [19],
which found that mastoid pneumatization increases with age
and peaks in the third decade of age, then decreases
dramatically in the seventh decade, which is in agreement with
the findings of our current study. Magnuson B. [10], on the
other hand, it was reported that temporal bone pneumatization
correlated poorly with age and that the number of air cells
varied substantially, which might be attributed to ethnic
differences.

Moreover, the mastoid process plays a crucial role in
clinical practice; its size and pneumatization may be
influenced by otitis media where the study demonstrated that
Otitis media with effusion may impact the development of
mastoid in children [26]. Another study evaluated the function
of mastoid pneumatization in terms of maintaining important
temporal bone structures during direct lateral trauma. It
showed that the mastoid portion of the temporal bone
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influences the dispersion and absorption of kinetic energy
during direct lateral trauma to the temporal bone, lowering the
risk of fracture associated with direct trauma [18]. It has been
suggested that the mastoid portion of the temporal bone has a
pneumatic structure similar to that of the paranasal sinuses and
protects important structures like the facial nerve, blood
vessels, and central nervous tissue by dispersing energy [27].

Limitations of The Study

Since the primary aim of this study was to evaluate mastoid
process measurements and the degree of pneumatization, it did
not focus on using these features for age estimation. As a
result, we were unable to assess the accuracy or potential
impact of the mastoid process in determining age.
Additionally, the study focused exclusively on individuals
from Khartoum, which may not fully represent the diversity of
Sudanese populations. Therefore, findings related to gender
differences and pneumatization may not be generalizable to
other ethnic groups in Sudan.

Conclusion

The current study concluded that males have significantly
greater mastoid process measurements and volume compared
to females. In contrast, no statistically significant variation in
mastoid measurements was observed with age. Additionally,
the study found no significant difference in the degree of
pneumatization between males and females. However, the
degree of pneumatization, was found to decrease with age. All
measures in both sexes showed no discernible bilateral
variations, with the exception of the oblique coronal diameter
in males. CT scans are an essential and effective tool for
evaluating and measuring bone structures. This study provides
a preliminary reference for mastoid measurement in the
Sudanese population. However, it is important to view these
results as exploratory, as further extensive studies are needed
to support these findings.
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