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ABSTRACT

Background:

Mastoid pneumatization is an important determinant of middle ear physiology and is influenced by both
developmental and inflammatory factors. Chronic otitis media has been associated with impaired mastoid
aeration; however, the relationship between mastoid pneumatization, disease type, age of onset, and duration
remains incompletely understood. High-resolution computed tomography (HRCT) provides a reliable method for
evaluating mastoid morphology.

Objectives:

To evaluate mastoid pneumatization patterns using HRCT of the temporal bone and to correlate them with
different types of otitis media, age of onset, and duration of disease.

Methods:

This cross-sectional study was conducted in a tertiary care centre over a period of one year and included 88 patients
aged 10-65 years with otitis media. Patients were categorized into mucosal chronic otitis media, squamosal
chronic otitis media, squamosal disease with complications, and otitis media with effusion (OME). HRCT
temporal bone scans were analyzed to assess mastoid pneumatization (classified as good, moderate,
hypopneumatized, and hyperpneumatized), mastoid cellularity, and air cell volume. Statistical analysis was
performed to determine associations between variables.

Results:

Hypopneumatization was the most common pattern, observed in 56.82% of patients. Squamosal otitis media was
the predominant diagnosis (46.59%) and showed a strong association with hypopneumatization, whereas mucosal
otitis media demonstrated a mixed pattern and OME showed relatively preserved pneumatization. A statistically
significant association was found between the type of otitis media and mastoid pneumatization (p < 0.05), as well
as mastoid cellularity (p < 0.01). Early onset of disease (<10 years) and longer duration (>5 years) were
significantly associated with hypopneumatization. Mean mastoid air cell volume was lowest in squamosal otitis
media and highest in mucosal disease, with a significant difference across groups (p = 0.006).

Conclusion:

Mastoid pneumatization is significantly influenced by the type, duration, and age of onset of otitis media.
Hypopneumatization is strongly associated with squamosal disease, early onset, and prolonged duration, reflecting
greater disease severity. HRCT is an essential tool for evaluating mastoid morphology, assessing disease extent,
and facilitating surgical planning.

Keywords: Mastoid pneumatization, High-resolution computed tomography, Otitis media, Squamosal disease,
Mucosal disease, Hypopneumatization.
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INTRODUCTION

The mastoid air cell system forms an important
component of the temporal bone and middle ear
cleft. It plays a role in pressure regulation, gas
exchange, and buffering against sudden pressure
changes. The extent of mastoid pneumatization
varies considerably between individuals and has
important clinical implications in the pathogenesis,
progression, and surgical management of middle ear
disease [1,2]. Well-pneumatized mastoids facilitate
effective middle ear ventilation, whereas
hypopneumatized or sclerotic mastoids are often
associated with chronic middle ear pathology.
Mastoid pneumatization begins in late fetal life with
the development of the mastoid antrum and
continues through infancy and childhood, reaching
near completion around puberty. The process
involves mucosal extension into the temporal bone
and osteoclastic bone resorption, resulting in the
formation of mastoid air cells. The final pattern of
pneumatization is influenced by both hereditary and
environmental factors, particularly middle ear
ventilation and inflammatory disease during
childhood [3,4]. Disturbance during this
developmental period may result in permanent
hypopneumatization or sclerosis.

Otitis media includes a spectrum of inflammatory
middle ear disorders such as acute otitis media, otitis
media with effusion (OME), and chronic otitis
media (COM). Chronic otitis media may be
classified into mucosal and squamosal disease, with
the latter frequently associated with cholesteatoma,
ossicular erosion, and bony destruction [5,6].
Despite their differing clinical manifestations, these
conditions share common mechanisms of
Eustachian tube dysfunction, impaired middle ear
ventilation, and persistent mucosal inflammation.
The relationship between mastoid pneumatization
and otitis media is complex and bidirectional. Earlier
theories proposed that poorly pneumatized mastoids
predispose to middle ear disease. However, current
evidence suggests that chronic inflammation itself
inhibits mastoid development. Early childhood is a
critical period for mastoid growth, and recurrent or
persistent infections during this time can interfere

with mucosal function and osteoclastic activity
necessary for air cell formation. As a result, early
onset and prolonged duration of otitis media are
associated with reduced mastoid air cell volume and
hypopneumatization, whereas early restoration of
ventilation may permit more normal mastoid
development [7,8,9].

Several factors influence mastoid pneumatization,
including chronicity of disease, eustachian tube
dysfunction, genetic  predisposition, and
environmental factors. Among these, persistent
middle ear inflammation in early life remains the
most significant acquired cause of poor mastoid
development [2].

High-resolution computed tomography (HRCT) of
the temporal bone is the preferred imaging modality
for evaluating mastoid pneumatization. It provides
excellent spatial resolution and allows assessment of
the mastoid air cell system, middle ear cleft,
ossicular chain, and adjacent structures. HRCT also
facilitates classification of mastoid pneumatization
into well-pneumatized, diploic, and sclerotic types,
while helping to determine disease extent and
identify anatomical variations important for surgical
planning [10].

Previous studies have shown that hypopneumatized
or sclerotic mastoids are more commonly associated
with chronic otitis media, especially squamosal
disease, while well-pneumatized mastoids are more
often seen in normal ears or milder disease [11].
However, the exact relationship between mastoid
pneumatization, early onset otitis media, and
different forms of middle ear disease remains
incompletely understood, particularly in the Indian
population. Therefore, the present study aimed to
evaluate mastoid pneumatization patterns on HRCT
temporal bone and correlate them with different
types of otitis media, with special emphasis on age
of onset and disease duration.

METHODS AND MATERIALS
This cross-sectional study was conducted in the
Department of Otorhinolaryngology and Head and
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Neck Surgery at a tertiary care centre , over a period
of one year.

. Study design: Cross-sectional study.

. Study duration: One year.

. Sample size: 88 patients.

Inclusion Criteria

. Patients aged 10-65 years.

. Patients  undergoing  high-resolution

computed tomography (HRCT) of the temporal bone
for evaluation of otitis media.
Exclusion Criteria

. Patients below 10 years of age.

. Previously operated cases of chronic otitis
media.

. Patients with traumatic perforation of the

tympanic membrane.
Clinical Evaluation

. All patients underwent detailed clinical
examination.

. Patients were categorized into the
following diagnostic groups:

o Mucosal chronic otitis media.

o Squamosal chronic otitis media.

o Otitis media with effusion with
mastoid tenderness

o Adbhesive otitis media.

Imaging Methodology

. HRCT scans of the temporal bone were

obtained in the caudal-to-cranial direction.

. Images were reconstructed in axial and
sagittal planes.

. The acquired images were analyzed using
the RadiAnt DICOM Viewer for accurate
visualization and assessment

The degree of pneumatization of the temporal bone
was evaluated using the classification system
described by Han et al. Mastoid pneumatization was
assessed with reference to the sigmoid sinus on axial
sections. The malleoincudal complex was taken as
the reference point, and three parallel lines oriented
at 45 degrees in the anterolateral direction were
drawn. These lines intersected the most anterior
point of the sigmoid sinus at its junction with the
petrous bone, the most lateral aspect along the
transverse plane of the sigmoid groove, and the most
posterior point of the sigmoid sinus, respectively.
Based on these anatomical landmarks, mastoid
pneumatization was categorised.

It was defined as

1. Hypopneumatization when the pneumatization
pattern did not cross the anterior most line,

2.Moderate pneumatization when pneumatization
pattern extended between the anterior point of the
sigmoid sinus and the most lateral aspect along the
transverse plane of the sigmoid groove .

3. Good pneumatization when it extends upto the
posterior point of sigmoid sinus

4. Hyperpneumatization when it crosses the lateral

aspect of the transverse plane of sigmoid groove.

AN -
Fig:1-HRCT Temporal Bone image showing the
classification of pneumatization!?
RESULTS
A total of 88 patients with otitis media were included
in the study. The majority of patients belonged to the
30-50 years age group (approximately 28%),
followed by >51 years (around 22%). There was a
male predominance, with males accounting for
56.82% (n = 50) and females 43.18% (n = 38).
Squamosal otitis media was the most common
diagnosis, observed in 46.59% of patients (n = 41),
followed by mucosal otitis media in 36.36% (n =
32). Otitis media with effusion (OME) accounted for
10.23% (n = 9), while squamosal otitis media with
complications constituted 6.82% (n = 6).
With respect to laterality, right ear involvement was
most common (46.59%, n = 41), followed by left ear
(31.82%, n = 28) and bilateral disease (21.59%, n =
19).

Table 1: Distribution according to diagnosis

Diagnosis Numbe | Percentag
r e (%)
Diagnosi | Mucosal 32 36.36
s
Squamosal 41 46.59
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Squamosal 6 6.82

with

complicatio

ns

OME 9 10.23
Side Right 41 46.59

Left 28 31.82

Bilateral 19 21.59

Mastoid Pneumatization

Assessment of mastoid pneumatization revealed that
hypopneumatization was the predominant
pattern, observed in 56.82% (n = 50) of patients.
Moderate pneumatization was seen in 22.73% (n =
20), good pneumatization in 17.05% (n = 15), and
hyperpneumatization in 3.41% (n = 3).

Table 2: Mastoid pneumatization pattern

Pneumatization | Number | Percentage (%)
Good 15 17.05
Moderate 20 22.73
Hypo 50 56.82
Hyper 3 341
Association Between Diagnosis and
Pneumatization

A statistically significant association was observed
between the type of otitis media and mastoid
pneumatization pattern (p < 0.05). Squamosal otitis
media demonstrated a strong predominance of
hypopneumatization, while all cases with
complications showed predominantly
hypopneumatized mastoids. In contrast, mucosal
otitis media exhibited a mixed distribution, and
OME showed relatively preserved pneumatization.

Table 3: Association between diagnosis and
mastoid pneumatization

Diagnosis | Go | Moder | Hy | Hyp | Tot
od | ate po |er al

Mucosal 8 10 12 2 32

Squamosa | 5 7 29 0 41

1

Squamosa | 0 1 5 0 6

1 with

complicat

ions

OME 2 2 4 1 9

Total 15 20 50 3 88

p <0.05

Mastoid Cellularity

A significant association was observed between
types of otitis media and mastoid cellularity (p <
0.01). Squamosal  disease = predominantly
demonstrated a sclerotic mastoid, whereas mucosal
otitis media and OME more commonly showed
diploic or cellular patterns.

Table 4: Association between diagnosis and
mastoid cellularity

Diagnosis Cellular | Diploic | Sclerotic
Mucosal 11 15 6
Squamosal 7 12 22
Squamosal 1 1 4
with
complications
OME 4 5 0

p <0.01

Age of Onset and Duration

A clear relationship was observed between the age
of onset of otitis media and mastoid pneumatization
pattern. Early onset (<10 years) was predominantly
associated with hypopneumatization. Patients with
onset between 10-30 years demonstrated relatively
preserved pneumatization, while onset beyond 30
years again showed a predominance of
hypopneumatization.

Similarly, disease duration showed an inverse
relationship with mastoid pneumatization. Shorter
duration (<5 years) was associated with moderate
pneumatization, whereas longer duration (=5 years),
especially  beyond 10 years, showed
hypopneumatization.

Table 5: Age of onset and duration vs mastoid
pneumatization

Predominant Pattern

Age of | <10 Hypopneumatized
onset years
10-30 Moderate
years
>30 Hypopneumatized
years

Duration <5 years | Moderate

>5 years | Hypopneumatized
>10 Marked
years Hypopneumatized
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Mastoid Air Cell Volume

Quantitative analysis demonstrated a statistically
significant difference in mastoid air cell volume
across diagnostic groups (p < 0.01). The highest
mean volume was observed in mucosal otitis media,
while the lowest was seen in squamosal otitis media.

Table 6: Mastoid air cell volume according to
diagnosis

Diagnosis Mean SD
(cm?)
Mucosal 2.60 2.10
Squamosal 1.20 1.55
Squamosal with | 1.50 2.10
complications
OME 2.25 1.35
p =0.006
DISCUSSION

The present study demonstrates a clear
predominance of hypopneumatization in patients
with otitis media, observed in 56.82% of cases. This
finding is consistent with earlier studies and
reinforces the widely accepted concept that chronic
middle ear inflammation adversely affects mastoid
development. Azmat et al. reported that
hypopneumatized mastoids were significantly more
common in ears affected by chronic otitis media,
whereas well-pneumatized mastoids were more
frequently seen in unaffected contralateral ears [13].
Similarly, Kuppusamy et al. (2024) demonstrated a
significantly higher incidence of sclerotic mastoids
and reduced pneumatization in patients with chronic
otitis media compared to controls [14]. These
observations collectively support the environmental
theory of mastoid pneumatization, wherein chronic
inflammation interferes with normal mucosal
function and osteoclastic activity, leading to reduced
air cell formation.

Among the diagnostic subgroups in the present
study, squamosal otitis media showed the strongest
association with hypopneumatization, with the
majority of cases (29 out of 41) demonstrating
reduced mastoid aeration. Additionally, nearly all
cases of squamosal otitis media with complications
exhibited hypopneumatized mastoids, suggesting a
strong correlation between disease severity and
impaired pneumatization. These findings are in
agreement with Rao et al. (2025), who reported that
sclerotic mastoids were most commonly associated
with unsafe chronic otitis media, reflecting

prolonged disease duration and more aggressive
pathology [15]. The underlying mechanism may
involve persistent mucosal inflammation, osteitis,
and fibrosis, ultimately leading to obliteration of
mastoid air cells and failure of normal
pneumatization.

A significant association was also observed between
mastoid cellularity and disease type in the present
study. Squamosal otitis media predominantly
demonstrated a sclerotic pattern (22 out of 41 cases),
whereas mucosal otitis media and otitis media with
effusion (OME) more commonly exhibited diploic
or cellular mastoid patterns. These findings are
comparable to those reported by Khan et al. (2022),
who observed that poorly pneumatized or sclerotic
mastoids are more frequently associated with
chronic inflammatory middle ear disease, while
better pneumatization is seen in less severe or
reversible conditions [16]. This further supports the
concept that mastoid morphology is not solely
genetically determined but is significantly
influenced by environmental and inflammatory
factors during the critical period of mastoid
development.

The relationship between the type of otitis media and
mastoid pneumatization was found to be statistically
significant in the present study (p < 0.05).
Squamosal disecase demonstrated a marked
predominance of hypopneumatization, whereas
mucosal disease exhibited a mixed pattern of
pneumatization, and OME showed relatively
preserved mastoid aeration. These findings align
with those of Rohit et al. (2024), who emphasized
the utility of high-resolution computed tomography
(HRCT) in assessing mastoid pneumatization
patterns and correlating them with disease severity
and extent [17]. HRCT thus remains an
indispensable imaging modality for evaluating
mastoid anatomy, identifying disease extent, and
assisting in preoperative planning.

An important observation in the present study was
the influence of age of onset of otitis media on
mastoid pneumatization. Early onset of disease,
particularly before 10 years of age, was consistently
associated ~ with  hypopneumatization.  This
highlights the importance of early childhood as a
critical period for mastoid development, during
which recurrent or persistent middle ear infections
can arrest normal pneumatization. Fernandez-Reyes
et al. (2025) similarly reported that chronic otitis
media during childhood leads to delayed growth of
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the mastoid air cell system and reduced mastoid
volume [18]. The present findings therefore support
the concept that early inflammatory insult results in
permanent  structural changes in  mastoid
architecture.

In contrast, patients with disease onset between 10
and 30 years demonstrated relatively preserved or
moderate pneumatization, likely because mastoid
development is largely complete by this stage.
However, patients with onset beyond 30 years again
showed a tendency toward hypopneumatization.
This may be attributed to the cumulative effects of
chronic inflammation, leading to progressive
sclerosis and loss of previously formed air cells.
Thus, both developmental arrest due to early disease
and acquired changes due to chronic inflammation
contribute to reduced mastoid pneumatization.
Disease duration was also found to have a significant
inverse relationship with mastoid pneumatization.
Patients with shorter disease duration (<5 years)
predominantly exhibited moderate pneumatization,
whereas those with longer duration (=5 years),
particularly beyond 10 years, showed marked
hypopneumatization. This finding is consistent with
the observations of Azmat et al. (2025), who
reported that prolonged inflammation leads to
decreased mastoid pneumatization due to chronic
osteitis, fibrosis, and obliteration of air cells [13].
These findings underscore the progressive nature of
mastoid involvement in chronic otitis media and
highlight the importance of early diagnosis and
management.

Quantitative analysis of mastoid air cell volume
further substantiated these observations. In the
present study, squamosal otitis media demonstrated
the lowest mean mastoid air cell volume (1.20 cm?),
while mucosal otitis media and OME showed
relatively higher volumes (2.60 cm? and 2.25 cm?,
respectively).  Fernandez-Reyes et al. also
demonstrated an inverse relationship between
mastoid air cell volume and disease severity,
indicating that more advanced disease is associated
with reduced mastoid volume [18]. Mastoid air cell
volume may therefore serve as an objective
radiological parameter reflecting both disease
severity and chronicity.

The clinical implications of these findings are
significant. Poorly pneumatized or sclerotic
mastoids are associated with altered surgical
landmarks, reduced middle ear ventilation, and
increased technical difficulty during mastoid

surgery. These anatomical changes may also
influence disease clearance and postoperative
outcomes.  Therefore, preoperative = HRCT
evaluation plays a crucial role in identifying mastoid
pneumatization patterns, assessing disease extent,
and anticipating surgical challenges. Jackler and
Schindler have similarly emphasized the importance
of mastoid anatomy in the pathophysiology and
surgical management of chronic otitis media [19].
Despite its strengths, the present study has certain
limitations. It was conducted at a single centre with
a moderate sample size, which may limit
generalizability. Additionally, mastoid air cell
volume was assessed using two-dimensional
measurements rather than more accurate three-
dimensional volumetric analysis. Future studies
incorporating larger sample sizes and advanced
imaging techniques may provide more precise
insights into mastoid morphology and its clinical
implications.

In summary, the present study demonstrates that
mastoid pneumatization is strongly influenced by
both  developmental factors and chronic
inflammatory processes. Hypopneumatization is the
predominant pattern in otitis media, particularly in
squamosal disease, and is associated with increased
disease severity, longer duration, and early onset.
These findings highlight the importance of early
intervention and the role of HRCT in comprehensive
evaluation and management planning.

CONCLUSION

In conclusion, mastoid morphology in otitis media is
influenced by both developmental and disease-
related factors, with hypopneumatization being the
predominant pattern, particularly in squamosal
disease. Reduced mastoid pneumatization is
associated with greater disease severity, decreased
mastoid cellularity, and lower air cell volume on
HRCT. Early onset of otitis media may arrest normal
mastoid development during the critical growth
period, while prolonged disease duration contributes
to sclerosis and loss of previously pneumatized air
cells. In contrast, mucosal otitis media and otitis
media with effusion tend to preserve mastoid
architecture. Contralateral mastoid changes further
suggest the influence of early bilateral disease.
HRCT temporal bone imaging is valuable for
assessing mastoid pneumatization, defining disease
extent, detecting anatomical variations, and
anticipating surgical difficulties. Despite limitations

1JDDT, Volume 16 Issue 42s, 2026 Page 579



Correlation Of Mastoid Pneumatization Pattern On High Resolution Computed
Tomography In Various Types Of Otitis Media

such as small sample size, single-center design, and
lack of volumetric analysis, the study provides
important evidence on the effects of early onset and
chronicity of otitis media on mastoid architecture.
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