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Objectives: The purpose of this study was to determine the prevalence and characteristics of
patients with pneumatized articular eminence (PAT) in a group of Turkish children in order to make
a contribution to pneumatization phenomenon in childhood.
Methods: 1049 panoramic radiographs were retrospectively evaluated. PAT was defined as non-
expansile, non-destructive cyst-like radiolucency in the zygomatic process of the temporal bone,
which appears similar to the mastoid air cells. It was classified as unilocular or multilocular on the
radiograph. Statistical comparison of gender, age and localization was performed using a chi-square
test (P , 0.05).
Results: Twenty-four pneumatized articular eminences were found in 17 patients, representing a
prevalence of 1.62%. Patients with pneumatized articular eminence had a mean age of 11.2 (SD
3.13) years with a range of 7–16 years. Eight cases (47.1%) occurred in girls and nine cases (52.9%)
occurred in boys. The results of statistical tests showed no statistically significant differences among
the groups with respect to gender, age and localization (P , 0.05).
Conclusions: Pneumatization of accessory air cells begins before puberty, contrary to the general
opinion and statements. Knowledge about these structures is helpful for the interpretation of imaging
such as panoramic radiographs and provides valuable information to understand the spread and
differential diagnosis of pathological entities in this region.
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Introduction

Pneumatization refers to the development of air-filled
cavities in bone. In addition to the major paranasal sinuses,
accessory air cells may arise in numerous locations in the
skull, including the temporal bone, either singly or in
cluster.1–3 The phrase of pneumatized articular eminence
(PAT) was coined by Tyndall and Matteson4 in 1985 to
describe accessory air cells which occur in the root of the
zygomatic arch and in the articular eminence of the
temporal bone that is similar to air cells in the mastoid
process and ethmoid bone. Carter et al5 in 1999 re-
emphasised the occurrence of this phenomenon and

named these air cells as zygomatic air cell defect (ZACD)
in a similar fashion. Tyndall and Matteson4 identified the
common characteristics of the pneumatic articular emi-
nence of the temporal bone as (1) an asymptomatic
radiolucent defect in the zygomatic process of the temporal
bone with the appearance similar to mastoid air cells,
(2) extension of the defect anteriorly as far as the articular
eminence, but not beyond the zygomaticotemporal suture,
and (3) no enlargement or cortical destruction of the
zygoma.6

Studies about the mastoid air cell system and temporal
bone pneumatization have been discussed and the
distribution of temporal bone pneumatization has pre-
viously been described in the literature.1–24 Previous
studies have stated that the pneumatization of the mastoid
process is almost complete when a patient reaches the age
of 5 years, but air cells may continue to develop through
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adulthood. Pneumatization of the zygomatic process of the
maxilla does not begin until the age of 9 years, although it
is unknown at what age air cells within the articular
eminence begin to develop.7,21 According to several
studies, the accessory air cells begin to pneumatize after
puberty and achieve full size several years later, as with
mastoid air cells proper.3,6,7,20 It has been designated that
the puberty period commences at 12–13 years of age.25–27

However, Hofmann et al19 and Orhan et al20 detected cases
of PAT in children 7 years and 11 years of age.

Hence, it was considered worthwhile to determine the
prevalence and characteristics of PAT in a group of
Turkish children in order to make a contribution to studies
about pneumatization in childhood.

Materials and methods

Panoramic radiographs were evaluated retrospectively
from files of 1049 children and adolescents, 510 boys
(48.6%) and 539 girls (51.5%), who were referred to
Pediatric Dental Clinic at Ankara University Faculty of
Dentistry from January 2001 to January 2005. All
participants were normal healthy children and adolescents.
Selection criteria for patients included third molar
evaluation, need for extensive restorative dental pro-
cedures, swelling, asymmetry, missing or supernumerary
teeth, severe generalized caries, mixed dentition analysis
and examination for temporomandibular joint (TMJ)
disorders. Cases in which the zygomatic arch was not
adequately seen for technical or anatomic reasons and
cases with history of maxillofacial fracture or maxillofacial
anomalies were not included in the study.

All radiographs were taken with a film-based PM 2002
CC Proline (Planmeca, Helsinki, Finland) panoramic
radiography imaging unit at machine settings of 62 kVp,
5 mA, and a half-value layer of 2.47 mm of aluminium,
using a T-Mat G/Lanex medium film/screen combination
(Eastman Kodak Co., Rochester, NY). Exposed films were
processed according to manufacturer’s recommendations
using an automatic film processor (XR 24; Dürr Dental
GmbH& Co.KG, Bietigheim-Bissingen, Germany) with
Kodak ReadyMatic chemistry. Blind to the clinical status of
the patient, an oral and maxillofacial radiologist examined
the radiographs on a standard viewing box in a darkened
room. The age and sexwere recorded for all patients and, for
the cases of PAT, gender, age, localization and radiographic
appearance were noted as well. Diagnosis of PAT on the
radiographs was made only if unequivocal pneumatization
of the articular eminence could be seen or if the defect was
located in the articular eminence posterior to the zygoma-
ticotemporal suture as a well-defined unilocular or multi-
locular radiolucency. PAT was classified as unilocular or
multilocular as in the study by Tyndall and Matteson.6

Unilocular PAT was identified as single radiolucent oval
defect with well-defined bony borders. Multilocular PAT
was identified as numerous radiolucent small cavities.

Statistical comparison of gender, age (before puberty and
after puberty) and localization in patients with PAT was
performed using the chi-square test and the null hypothesis

for comparing two proportions. P , 0.05 was considered
significant. Statistical analyses were performed using the
SPSS 11.0 program (SPSS Inc, Chicago, IL) for Windows.

Results

The average age of the 1049 patients was 10.9 (SD 3.33)
years and age range 4–16 years. There were 510 boys
(48.6%) and 539 girls (51.5%) in the study population. The
mean age of the boys was 10.6 (s.d. 3.38) years with a range
of 4–16 years, whilst that for the girls was 11.2 (SD 3.26)
years with a range of 4–16 years. The age distribution of the
study population is presented in Figure 1.

Twenty-four PATs were found in 17 patients, repre-
senting a prevalence of 1.62%. Patients with PAT had a
mean age of 11.2 (SD 3.13) years with a range of 7–16
years (Figure 2). All cases were located in the zygomatic
process of the temporal bone, did not extend anteriorly
beyond the zygomaticotemporal suture, and lacked expan-
sile or destructive characteristics. Eight cases (47.1%)
occurred in girls and nine cases (52.9%) occurred in boys.
The mean age of boys was 11.3 (SD 2.54) years with a
range of 7–15 years while mean age of girls was 11.2 (SD
3.9) years with a range of 7–16 years. Unilateral PAT was
found in 10 patients, with 5 cases on the right and 5 cases
on the left. Bilateral PAT was found in 7 (41.1%) patients
and an example of this finding is shown in Figure 3.

Two subgroups of PAT were examined. Unilocular
PAT was identified as single radiolucent oval defect with
well-defined bony borders (Figure 4). Ten (41.6%) of the
PATs were unilocular type. Multilocular PAT was
identified as numerous radiolucent small cavities, which
resemble mastoid air cells (Figure 5). Fourteen (58.3%) of
the PATs were multilocular type.

In this study, the youngest patients with PAT were a 7-
year-old boy and two 7-year-old girls (Figure 6). The
number of patients with PAT before puberty was nine
(52.9%) with a mean age of 8.8 (SD 1.76) years and an age
range of 7–11 years, while the number of patients after
puberty was 8 (47.1%) with a mean age of 14 (SD 1.77)
years and an age range of 12–16 years. The chi-square
tests showed no statistically significant differences with
respect to gender (P ¼ 0.719), localization (P ¼ 0.593)
and age (before puberty and after puberty) (P ¼ 0.761).

Discussion

The development of air cells is preceded by the formation
of bone cavities, a normal physiological process related to
periosteal activity. Primitive bone marrow in these cavities
dedifferentiates into a loose mesenchymal connective
tissue. Epithelium invaginates into this connective tissue,
producing a mucous membrane which then undergoes
atrophy, leaving a thin residual lining membrane attached
to the periosteum. Recession of the lining membrane and
subepithelial bone resorption then further enlarge air
cells.5,7 –9,20 The development of complete adult pneuma-
tization can be divided into three stages: the infantile, from
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birth to 2 years of age; the transitional, from 2 years to
5 years; and thereafter the adult. In the infantile stage, air
cells begin to appear and are readily visible by 2 years.
In the transitional stage, the mastoid (squamomastoid)
undergoes gradual enlargement, with migration of air cells
toward the periphery. The air cells, which vary in size and

shape, become more distinct with time because of
progressive calcification of their walls. Pneumatization
ceases during the adult stage.7,28 The classification of
temporal bone pneumatization is complex. It can be
divided into five regions, which in turn are subdivided
into areas. The primary regions consist of the middle ear,

Figure 2 Age distribution of 17 patients with pneumatized articular eminence (PAT)

Figure 1 Age distribution of study population of 1049 patients

Pneumatized articular eminence in childrenPneumatized articular eminence in children
K Orhan et al 367

Dentomaxillofacial Radiology



mastoid (squamomastoid), perilabyrinthine, petrous apex,
and accessory. The squamomastoid region is comprised of
two key areas of pneumatization, the mastoid antrum
(including the central tract) and the periantral area. The
tegmental periantral cells lie superior to the mastoid
antrum and may pass upward into the squamotemporal
region or extend into the zygomatic arch producing the
PAT.5,7

After the first report of extended large mastoid air cell
by Roser13 in 1976, cases and prevalence studies of PAT
have been reported in the literature.4–6,9,10,12–24 Only five
series have reported the prevalence of PAT in the general
population. Tyndall and Matteson6 provided the first
detailed data on population distribution and radiographic
appearance of pneumatized articular eminence. In a series
of 1061 panoramic radiographs, PAT was found in 28
(2.6%) patients with a mean age of 32.5 years and an age
range of 15–74 years. Kaugars and colleagues10 reported
another study on the prevalence of patients with PAT. They
apportioned the patients into one of three groups (children,
adolescents and adults). The study group consisted of 100
children with a mean age of 7.2 years, ranging from 4 years
to 14 years and 200 adolescents with a mean age of
12.7 years, ranging from 7 years to 15 years, and the rest of
the group were adult patients. They described 8 (1%) cases
of PAT in 784 patients. All eight patients were from the
adult group.10 Carter et al5 reported a detailed and wide
coverage paper about pneumatized articular eminence.
They examined 2734 panoramic radiographs of patients
who were admitted to a dental medicine school. Of the

2734 patients, 179 were children under the age of 10 years
with a mean age 7.2 years and ranging from 4 years to 9
years. PAT was found in 40 cases (1.5%). The youngest
patient reported in their study with PAT was 17 years old.
Hofmann et al19 reported a study on the prevalence and
characteristics of PAT. 1084 panoramic radiographs of the
patients who admitted to a dental school in Germany were
examined for the presence of PAT. The average age of the
1084 patients was 41.9 years and an overall range of 2–96
years. Of all the 1084 patients, 48 were child patients
ranging from 2 years to 9 years. PAT was found in 20
(1.85%) cases. The youngest patient with PAT was 7 years
old. Orhan et al20 also reported a study about the
prevalence and characteristics of PAT in a series of
panoramic radiographs. They described PAT in 19 (1.88%)
out of 1006 panoramic radiographs reviewed. Patients with
PAT had a mean age of 36.6 years with a range of 11–90
years. The youngest patient with PAT in their study was 11
years of age.

Among these reports, there is not a child-only
population presented. In our study, 1049 panoramic

Figure 3 Panoramic radiograph of bilateral pneumatized articular
eminence of the temporal bone in a 14-year-old boy

Figure 4 Cropped panoramic images showing unilocular pneumatized
articular eminence

Figure 5 Portion of panoramic radiographies showing extensive multi-
locular pneumatization of the articular eminence. C, the mandibular
condyle

Figure 6 Cropped panoramic images showing pneumatized articular
eminence (a) in a 7-year-old boy, (b) a 9-year-old boy and (c,d) 7-year-old
girls
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radiographs of children were examined with a mean age of
10.9 (SD 3.33) years and age range 4–16 years. The
youngest patients with PAT were a 7-year-old boy and two
7-year-old girls. Hollingshead3 pointed out that the
accessory air cells begin to pneumatize after puberty and
achieve full size after several years, as with mastoid air
cells proper. In contrast to this statement, Hofmann et al19

and Orhan et al20 detected cases of PAT in 7 years and
11 years of age before the second half of the second decade
of life. In this study the aim is to ascertain whether
accessory pneumatization can occur before puberty or not.
PAT was found in nine patients (0.85%) before puberty
with a mean age of 8.8 (SD 1.76) years, and an age range of
7–11 years, which can be interpreted as the pneumatiza-
tion of accessory air cells beginning before puberty,
opposing of the general opinion and statements. Similar
studies have to be conducted in order to support this
finding.

Temporal air spaces have been recognized as an
important contributor and path in suppuration of various
pathological processes. Tumours of the mastoid process
and ear may extend into the TMJ whereas otitis media or
otomastoiditis may involve the TMJ and can even result in
ankylosis.29– 35 The very young are most at risk for
suppurative otologic infections due to immature Eusta-
chian tube function, and they have not yet undergone
complete bony development of the temporal bone, glenoid
fossa and TMJ.33,36 Because of these factors, this age group
is at high risk for spread of infections between these two
anatomically distinct regions. Acute otitis media (AOM) is
one of these infections and remains the most common
infection in childhood for the mastoid area. It is estimated
that 30 million cases occurred in 1996.37,38 Acute

otomastoiditis is an infrequent complication of AOM
with potentially life-threatening consequences.39–41 The
classic description of acute otomastoiditis involves a child
with antecedent AOM who develops high fever, severe
otolgia, post-auricular erythema, and tenderness.39 – 44

Because of the close anatomic relationship between middle
ear mastoid cavity, glenoid fossa and TMJ, it is critical that
this relationship be appreciated in order to correctly
diagnose otomastoiditis when the presenting symptoms,
physical examination or radiographic evaluation implicate
TMJ disorders (TMD).33 TMD was generally presumed to
be a condition affecting adults; however, epidemiological
studies have reported signs and symptoms in children to be
as frequent as in adults.45–48 Among the more common
signs and symptoms of TMD, TMJ sounds, impaired
movement of the mandible, limitation in mouth opening,
pre-auricular pain, facial pain, headache and earache
(otalgia) have been reported alone or in combi-
nation.46,47,49 – 51 Therefore, professionals have to be
aware of this disease and should keep in mind that children
who are admitted for TMJ symptoms can be affected with
otitis media or otomastoiditis. Hence, certain patients with
ear symptoms have to be examined by an otolaryngologist
meticulously in order to avoid misdiagnosis and mistreat-
ment.46

In conclusion, this study shows that the pneumatization
of accessory air cells begins before puberty, contrary to the
general opinion and statements. Knowledge about these
structures is helpful for the interpretation of imaging such
as panoramic radiographs and provides valuable infor-
mation to understand the spread and differential diagnosis
of pathological entities in this region.
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