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Comparison of mastoid air cell volume in patients with or without a pneumatized articular
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ABSTRACT

Purpose: The aim of this study was to compare mastoid air cell volumes in patients with or without a pneumatized
articular tubercle (PAT) on cone-beam computed tomography (CBCT) images.

Materials and Methods: The CBCT images of 224 patients were retrospectively analyzed for the presence of PAT.
The Digital Imaging and Communications in Medicine data of 30 patients with PAT and 30 individuals without PAT
were transferred to 3D Doctor Software. Mastoid air cell volumes were measured using semi-automatic segmentation
on axial sections. Data were analyzed using SPSS version 20.0.

Results: The patients with PAT and those without PAT had a mean mastoid volume of 6.31 +2.86cm’ and 3.25+1.99
cm’, respectively. There were statistically significant differences in mastoid air cell volumes between patients with and
without PAT regardless of sex and mastoid air cell side (P <0.05).

Conclusion: The detection of PAT on routine dental radiographic examinations might be a potential prognostic factor
that could be used to detect extensive pneumatization in the temporal bone. Clinicians should be aware that there may
be widespread pneumatization of mastoid air cells in patients in whom PAT is detected. Advanced imaging should be
performed in these cases, and possible complications due to surgical interventions should be considered. (Imaging Sci
Dent 2022; 52: 27-32)
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Introduction

Pneumatization refers to the development of air-filled
cavities in bone. These accessory air cells, which are com-
mon in paranasal sinuses, are observed in many bones,
including the temporal bone.' The presence of air cells in
the zygomatic extension of the temporal bone is referred
to as a zygomatic air cell defect or a pneumatized articular
tubercle (PAT).” PAT is defined as an asymptomatic radio-
lucent defect that does not extend beyond the zygomatico-
temporal suture and is not associated with any bony growth
or cortical destruction. However, it structurally weakens the
roof of the glenoid fossa, resulting in a fragile temporoman-
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dibular joint (TMJ),3 in which infections, tumors, or frac-
tures may progress more easily.* Any surgical intervention
affecting the articular eminence may also have an increased
risk of perforation.” It is important to recognize the presence
of PAT in this area, as it may imitate some pathologies such
as vascular malformations, eosinophilic granuloma, aneurys-
mal bone cyst, metastatic lesions, and early stages of fibrous
dysplasia.6

Panoramic radiography is frequently used to detect PAT
on imaging, and this method has been used in most studies of
the prevalence of PAT. The detection of PAT on routine den-
tal radiographs may be a prognostic factor that can be used
to detect extensive pneumatization of mastoid air cells; there-
fore, a tomographic examination is recommended before
surgical procedures.” However, no volumetric research has
been conducted on this subject.

Cone-beam computed tomography (CBCT) is used as a
reliable technique in volume measurement research because
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it eliminates the disadvantages of 2-dimensional conven-
tional imaging methods (e.g., magnification and superposi-
tion) and has advantages, including a low radiation dose
compared to computed tomography, low costs, and a short
scanning time.® The aim of this study was to compare the
mastoid air cell volume in patients with or without PAT on
CBCT images.

Materials and Methods

The CBCT images of 654 patients admitted to the Depart-
ment of Oral and Maxillofacial Radiology of Faculty of
Dentistry of Kirikkale for various indications (impacted tooth
localization, implant planning, evaluation of growth and
development, etc.) between July 2016 and June 2019 were
retrospectively analyzed. The retrospective study plan was
approved by the faculty administration (E.6818). Ethical
approval for the study was given by the Non-Interventional
Research Ethics Committee of Kirikkale University (deci-
sion no. 2019/17-10/15). Patients with an undetectable zygo-
matic extension due to technical errors and those with a
history of trauma, infection, or anomalies in the maxillo-
facial region were not included in the sample. Small field-
of-view (FOV) images that did not present mastoid air cells
were also excluded from the sample. Ultimately, images
from 224 patients (98 males, 126 females) aged 17-65 years
were analyzed. The images were taken by an X-ray techni-
cian with 10 years of experience using an I-CAT apparatus
(Imaging Sciences International, Hatfield, PA) using 23
cm X 17 cm FOV set at 18.54 mA, 120 kVp, and 89s. An
oral maxillofacial radiologist evaluated the images over the
course of a month. The diagnosis of PAT was based on the
presence of air cells in the articular eminence in the anterior
mandibular condyle on sagittal and coronal cross-sections.

In total, PAT was detected in 39 patients on scanned

CBCT images. Nine of these patients were excluded from
the study group due to insufficient image quality and/or not
showing the entire mastoid cell area in the imaging dataset.
As aresult, a study group was formed with 30 PAT patients.
The Digital Imaging and Communications in Medicine
(DICOM)) data of 30 patients with PAT and 30 patients
without PAT were transferred to 3D Doctor Software (Able
Software Corp., Lexington, MA, USA) (Fig. 1). The 2
groups were set to be homogeneous in terms of age and
sex by matching patients without PAT to those with PAT by
age and sex. To calculate the mastoid air cell volumes, a
region of interest was drawn in the axial sections and the
thresholding value was determined (Fig. 2). As a result, the
3-dimensional images of the right and left mastoid air cells
and the numerical values of the volume measurements were
automatically calculated by the program (Fig. 3). In the
semi-automatic segmentation method that was used, the
operator interactively outlined the mastoid air cells in the
axial sections, determined the thresholding range of the
region of interest, and manually changed the threshold for
different datasets in advancing axial sections. Meanwhile,
the program automatically provided segmentation of the
relevant area, for which the operator determined the density
range, and volumetric data were obtained. Second measure-
ments of all images were performed at a 1-month interval
under the same conditions to assess intra-observer reliability.
Data were analyzed using SPSS version 20.0 (IBM Corp,
Armonk, NY, USA.). The independent-sample t-test was
used. The Cronbach alpha test was used to evaluate intra-
observer reliability.

Results

The patients ranged in age from 17 to 65 years, with a
mean age of 27.8 + 11.2 years. The intra-observer reliability

Fig. 1. Axial cone-beam computed
tomographic image of a patient with
a pneumatized articular tubercle (A)
and without a pneumatized articular
tubercle (B).
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Fig. 2. Semi-automatic segmenta-
tion of axial sections on 3D Doctor
software. External boundaries of the
mastoid air cells are determined on
axial sections. The threshold value is
adjusted, and the volumes are mea-
sured.
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was high for repeated measurements (Cronbach alpha >

0.88). The experimental and control groups had a mean
mastoid volume of 6.31£2.86 cm’ and 3.25+1.99 cm’,
respectively. The mean volume of the mastoid air cells in
patients with PAT was 6.14 £2.84 cm’ on the right side and
6.48+2.91 cm’ on the left side. In patients without PAT, the
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Fig. 3. A. Three-dimensional image
of mastoid air cells in a patient with-
out a pneumatized articular tubercle.
B. Three-dimensional image of mas-
toid air cells in a patient with a pneu-
matized articular tubercle.
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mean volume of mastoid air cells was 322+ 1.98 cm’ on the
right side and 3.28 +2.03 cm’ on the left side. The male
patients with and without PAT had a mean mastoid volume
of 5.77+2.16 cm’ and 3.27+1.91 cm’, respectively. The
female patients with and without PAT had a mean mastoid
volume of 7.55+3.83cm’ and 3.16 £231 cm’, respectively.
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Table 1. Comparison of mastoid air cell volumes in patients with or without pneumatized articular tubercle (unit: cm’)

Patients with pneumatized articular tubercle

Patients without pneumatized articular tubercle

Range Mean Range Mean
Sex  Male 2.08-11.84 5.77+2.16 0.73-9.97 327+£191%
Female 1.68-13.94 7.55+383 0.75-8.86 3.16+231*
Side  Right 2.08-13.64 6.14+2.84 0.73-9.97 322+1.98*
Left 1.68-13.94 648+291 0.75-9.7 3.28+2.03*
Total 1.68-13.94 6.31+2.86 0.73-9.97 325+1.99*
*P<0.05

There were statistically significant differences in mastoid air
cell volumes between patients with and without PAT regard-
less of sex and mastoid air cell side, as shown in Table 1
(P<0.09).

Discussion

Temporal bone pneumatization is divided into 5 compart-
ments: accessory air cells in the 1) middle ear; 2) mastoid;
3) peri-labyrinth; 4) petrous apex; and 5) squamous, zygo-
matic, occipital, and styloid fragments. These air cells reduce
the weight of the skull, provide sound resonance during
phonation, and control and moisturize the air inhaled during
respiration. The mastoid air cells also serve as a gas reser-
voir that compensates for changes in pressure in the middle
ear and provides insulation against heat changes.9 Lima et
al.'"” stated that the volumetric analysis of mastoid air cells
plays a key role in understanding the mastoid physiology
and pathogenesis and that computed tomography (CT) is
the best way to determine mastoid pneumatization. Due
to its low dose of radiation and rapid imaging, CBCT has
recently emerged as an alternative to CT to evaluate anato-
mical structures in the maxillofacial region." Demirel et
al."” used a grading system of CBCT images to evaluate
pneumatization in the mastoid and TMJ regions in terms
of age and sex. Grade 0 was defined as pneumatization
limited to the mastoid process, grade 1 as pneumatization
between the mastoid process and the glenoid fossa, grade 2
as pneumatization between the deepest point of the glenoid
fossa and the tip of the articular eminence, and grade 3 as
pneumatization extending beyond the crest of the articular
eminence. The authors reported a 12.2% prevalence of
pneumatization (grade 2 and 3) in the articular eminence
and concluded that defining the grading system in TMJ
procedures was of paramount importance. Demirel et al.”?
also reported no significant correlation between pneumati-

zation grade, age, and sex. However, Khojastepour et al.”
found significant correlations between the pneumatization
grade and PAT lacunarity. The multilacunar and unilacunar
types of PAT were significantly less frequent in patients
with grade 3 pneumatization than in patients with grade 1
or 2 pneumatization.

In this study, CBCT images were used to measure mastoid
air cell volumes. Based on the literature, this was the first
study to use CBCT images to measure the volume of mas-
toid air cells. However, similar studies have measured mas-
toid volume. Swarts et al.'* used Schuller’s projection radio-
graphs and CT images to measure the width of mastoid air
cells in 20 patients and found a strong correlation between
2-dimensional radiography width measurements and CT
volume measurements (r =0.77). The authors reported that
patients with otitis media (left: 2.9+ 1.6 cm’; right: 3.7+
3.1 cm3) had a smaller mastoid volume than those without
otitis media (left: 6.6+5.5cm’, right: 6.2+3 .6 cm’).

The mean mastoid air cell volumes on CT images have
been reported to range from 1.3 to 22.67 cm’.” The patients
in the current study with and without PAT had a mean mas-
toid air cell volume of 6.31£2.86cm” and 3.25+1.99 cm’,
respectively, which was within the range of what has been
reported by previous studies.

Some studies have analyzed the relationship between
mastoid pneumatization and other air cells. Hindi et al.'®
used CT images to examine the distribution of mastoid air
cells and temporal bone, ethmoid sinus, and sphenoidal
sinus pneumatization across ethnic groups. A positive cor-
relation between sphenoid sinus and mastoid cell pneuma-
tization was reported. It was stated that this relationship
may be caused by the close proximity of these 2 anatomic
regions to the nasal cavity, as well as exposure to similar
repulsive forces and pathological events affecting the pneu-
matization process. In addition, the longer-lasting develop-
ment of the sphenoid sinus and mastoid air cells than other
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paranasal sinuses can also cause this condition. Kim et al.

analyzed the relationship between paranasal sinuses and
mastoid air cells and reported a positive correlation between
the sphenoidal sinus and mastoid air cells.

Sistani et al."® conducted a study based on the theory that
every factor that changes middle ear pressure affects the
pneumatization of mastoid air cells. In their study, they inve-
stigated the relationship between nasal septum deviation,
mastoid air cell volume, and chronic otitis. Although their
study reported no relationship between the severity of nasal
septum deviation and the incidence of mastoid pneumatiza-
tion, the volume of mastoid air cells on the deviation side
was found to be lower in patients with moderate or severe
nasal septum deviation. In addition, there was a positive
correlation between the severity of nasal septum deviation
and chronic otitis. Patients with septum deviation were not
included in the present study.

Pneumatization of the mastoid air cells depends on gene-
tic and environmental factors. Pneumatization begins at the
end of the fetal period and develops until the age of 15 years
in both boys and girls. Childhood infections may prevent
or stop pneumatization in the mastoid bone, which might
result in sclerosis.'® In the literature, it has been reported
that the mastoid length was shorter in individuals with patho-
logical eardrum and middle ear adhesions, and that pneu-
matization was lower in subjects with short mastoid pro-
cesses. However, it is not clear whether reduced temporal
bone pneumatization is the effect or cause of middle ear
infections.”*' In the present study, these factors were con-
sidered; therefore, it included patients older than 17 years
of age and excluded patients with a history of infection or
anomaly in the craniofacial region (otitis media).

The mastoid absorbs and disperses the impacts of kinetic
energy. Ilea et al.”® showed that mastoid pneumatization and
architecture play a role in the mechanical preservation of
temporal bone structures in direct lateral trauma. This was
similar to the findings of the demonstrative study done by
Kellmann and Schmidt,” according to whom the task of the
paranasal sinuses is to protect the eyeball from impacts to
the eye. As a result of the presence of the paranasal sinuses,
when a direct blow to the eyeball occurs, the eyeball remains
intact while the orbital floor breaks. Ilea et al.” also reported
that mastoid sinuses with hyperpneumatization had a higher
sensitivity to fracture than mastoids with good pneumatiza-
tion. Pneumatization in the temporal bone protects the sur-
rounding vital organs such as the cochlea, vestibule, facial
nerves, and carotid artery in temporal bone fractures. Kang
et al.” investigated the relationship between the degree of
pneumatization and clinical findings after temporal bone
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fracture. The clinical sequelae evaluated included hearing
loss, facial nerve paresis or paralysis, and vestibular dis-
orders. In patients with a high degree of pneumatization in
the temporal bone, the incidence of otic capsule fractures and
the severity of hearing impairment decreased in temporal
bone fractures. The potential protective effect of pneuma-
tization in temporal bone fractures was confirmed by that
study.

Some studies have used panoramic radiography, CT, and
CBCT to measure the prevalence of PAT. The prevalence of
PAT on panoramic radiographs has been reported to range
from 1.03% to 6.2%. Bhalchim et al.’ reported the preval-
ence of PAT as 1.96% on panoramic radiography and 12.5%
on CBCT. In addition, unlike the unilaterally located and
unilocular PAT type seen on panoramic radiography, the
bilaterally located and multilocular PAT types were also
observed on CBCT.

PATs are usually asymptomatic air-cell cavities but are
more common in individuals with TMJ disease and dys-
function.” Bronoosh et al.” argued that large pneumatization
might be observed in mastoid air cells and that PAT could
be a prognostic factor for the likelihood of pneumatization.
Based on this suggestion, this study compared patients
with and without PAT in terms of mastoid cell volume and
found a significant difference between the 2 groups. The
results showed that patients with PAT had larger mastoid air
cells than patients without PAT. This information is espe-
cially important for surgical interventions on the tempo-
ral bone. Perforation of the mastoid air cells due to a sur-
gical intervention in this region might lead to a potential
pathway for the propagation of pathological events such as
infection, tumor, and fracture A5 Moreover; numerous com-
plications such as air leakage into the glenoid fossa, cere-
brospinal fluid leakage, facial paralysis, and TMJ ankylosis
might develop 2627

In conclusion, mastoid air cells were found to have a larger
volume in patients with PAT. Therefore, the possibility of
widespread pneumatization of mastoid air cells should be
recognized in patients with PAT detected on panoramic
radiography. Advanced imaging should be performed in
these cases, and potential complications due to surgical inter-
ventions should be considered.
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