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A normal temporal bone has variably complex development
of air cells, which can develop to the squamous and
mastoid parts, and also the other parts of temporal bone,
and even occipital bone or adjacent skull bones [1, 2]. The
pneumatization of temporal bone on computed tomography
(CT) could be divided into four blocks of (1) squamous
part, (2) mastoid part, (3) peri-labyrinthine part, and (4)
petrous apex. The squamous, mastoid and peri-labyrinthine
parts are lateral to bony labyrinth while the petrous apex
is medial to bony labyrinth in temporal bone. The pneumatization
lateral to bony labyrinth in temporal bone is
commonly referred to as squamomastoid pneumatization.
Currently, the pneumatization lateral to bony labyrinth
is known to be closely related with otomastoiditis and its
related complications [1, 2]; besides, bilaterally asymmetric
pneumatization or at least one side hypo-pneumatization
in an adult (20 years old) may be attributable to the late
sequela of otomastoiditis and its related complications when
young [2]. Although the pneumatization also exists medially
to the bony labyrinth in temporal bone, it has been less
mentioned in the literature. Herein we studied the relationship
among the age, the pneumatization lateral to bony
labyrinth and that medial to bony labyrinth.
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ABSTRACT
The pneumatization medial to bony labyrinth in temporal bone has been less mentioned in the literature. Herein
we studied the relationship among the age, the pneumatization lateral to bony labyrinth and that medial to bony
labyrinth. During August to October 2013, 3,169 persons received a total of 3,599 brain computed tomography (CT)
scans at a medical center in the middle region of Taiwan. After those younger than 20 years old (n=232) and those
with unknown age (n=8) were excluded, 2,929 persons, including 1,589 men and 1,340 women, were enrolled. They
had an average age of 59.4 with SD of 19.2 (range: 20-94). We reviewed the brain CT scan with a window center of
400 HU and width of 2,000 HU. In either side temporal bone, there was a significant correlation between the age and
the pneumatization scoring lateral or medial to bony labyrinth while there was a significant correlation between the
pneumatization scoring lateral to bony labyrinth and that medial to bony labyrinth. The pneumatization medial to the
bony labyrinth was related with that lateral to the ipsilateral bony labyrinth. As persons younger, the pneumatization
scoring either lateral or medial to bony labyrinth increased.
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MATERIALS AND METHODS
Study design and setting
This research is a retrospective study involving a
review of brain CT scans stored in a digital medical imaging
reading system (INFINITT PACS, INFINITT Healthcare,
Korea) at a medical center in the middle of Taiwan.
Brain CT
During CT scanning, all patients were asked to tidally
respired and lay supinely, the helical scan range (120 kVp)
was performed from the level of the skull base to the vertex,
and then a series of coronal and axial images (5.0-mm
slice thickness and 5.0-mm interval) were created with a
standard brain parenchyma window setting (window centre
40 HU, window width 140 HU). The image data of all scans
were stored in the digital medical imaging reading system.
Data collection
In the digital medical imaging reading system, we
searched for the warrant data by setting the conditions listed
below: the equipment “CT”, the description “brain”, and the
date “2013/08/01~2013/10/31”. Eventually, we got a warrant
patient list. Furthermore, in order to protect the privacy
of the patients, we only received their chart number, age
and gender rather than name, telephone number, ethnicity,
registered birth place or address.
Study participants and size
From August to October 2013, a total of 3,169 persons
(1,736 men and 1,433 women) had received 3,599 brain
CT scans at the hospital, including 2,873 persons with one
scan, 203 patients with two scans, 65 patients with 3 scans,
20 patients with 4 scans, 4 patients with 5 scans, 3 patients
with 6 scans and one patient with 7 scans.
The pneumatization scoring
The coronal and axial views of brain CT films were all
set with a window centre of 400 HU and window width of
2,000 HU. The temporal bone was divided into four blocks,
including (1) squamous part, (2) mastoid part, (3) perilabyrinthine
part, and (4) petrous apex (Fig. 1). Pneumatization
of each block was scored from 0 to 2; 0 represented no
visible pneumatization; 1 represented partial development
of pneumatization, which not yet occupied the whole block
or reach the margin; and, 2 represented full development of
pneumatization, which occupied the whole block and reach
the margin (Fig. 2). The mal-developed air cells might be
secondary to blood, fluid or soft tissue of inflammation or
trauma. The scores of the (1), (2) and (3) blocks were afterward
summed from 0 to 6, which represented the pneumatization
scoring lateral to bony labyrinth. The score of the
(4) block represented the pneumatization scoring medial to
the bony labyrinth.
Figure 1
Figure 1. After the coronal and axial CT views were set window centre of 400 HU and window width of 2,000 HU, the
temporal bone could be individualized with four blocks of (1) squamous part (dotted circle 1), (2) mastoid part (dotted
circle 2), (3) peri-labyrinthine part (dotted circle 3), and (4) petrous apex (dotted circle 4). The squamous, mastoid and perilabyrinthine
parts are lateral to bony labyrinth (black circle) while the petrous apex is medial to bony labyrinth in temporal
bone. White circle: tympanic cavity, consisting of epitympanum and mastoid antrum.
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In order to avoid any misinterpretation between the
different physicians, the first author (J.J.C.) and the second
author (H.F.C.) evaluated all pneumatization at the same
time. If both the first and second authors did not agree the
pneumatization scoring, the third author (D.L.C.) and the
4th author (Y.A.T.) evaluated again and arbitrated the result.
Statistical methods
All the data were collected and analyzed using the
Microsoft Excel 2000. The correlation among patient’s
age, the pneumatization scoring lateral to bony labyrinth
and the pneumatization scoring medial to bony labyrinth
was analyzed with ANOVA test. An F test were respectively
used to exam the correlation coefficient of linear
regression analysis between two of the three items of age,
pneumatization scoring lateral to bony labyrinth and that
medial to ipsilateral bony labyrinth. All above tests had α
value of .01.
RESULT
Those younger than 20 years old (n=232) and those
with unknown ages (n=8) were excluded. The 2,929 patients
enrolled included 1,589 men and 1,340 women, with age
of 59.4±19.2 years (average±SD) (range, 20-94 years). It is
unrealistic to thoroughly review the clinical histories and
neuroimaging indications of the 2,929 enrolled patients
so those with skull or temporal bone fractures were not
excluded. The pneumatization scoring lateral to right and
Figure 2
Figure 2. a. The block pneumatization is scored 2 in the peri-labyrinthine, squamous and mastoid parts (dotted circle). The
pneumatization scoring lateral to bony labyrinth (hollow arrow) is 6. The block pneumatization of petrous apex is scored
1 (double-line dotted circle). The pneumatization scoring medial to bony labyrinth is 1. b. The block pneumatization is
scored 2, 1, 2 in the per- tympanic, squamous and mastoid parts (dotted circle). The pneumatization scoring lateral to bony
labyrinth is 5. The block pneumatization of petrous apex (double-line dotted circle) is scored 0. The pneumatization scoring
medial to bony labyrinth is 0. c. The block pneumatization is scored 2 in the peri-labyrinthine part, 2 in the squamous part,
and 1 in the mastoid part (dotted circle). The pneumatization scoring lateral to bony labyrinth is 5. Besides, the block pneumatization
(double-line dotted circle) of petrous apex is scored 2. The pneumatization scoring medial to bony labyrinth is 2.
d. There is only mastoid antrum (dotted circle M) and epitympanum (dotted circle E) rather than any other pneumatization
in the temporal bone. The pneumatization scores medial and lateral to bony labyrinth are both 0.
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left bony labyrinth was both 4.70 ± 1.62 and 4.73 ± 1.60,
respectively. The pneumatization scoring medial to right
and left bony labyrinth was .45 ± .75 and .48 ± .77, respectively.
The pneumatization scoring lateral to the bony labyrinth
in either temporal bone among the all age groups is
listed in Table 1.
Among the 2,929 patients enrolled, in either right
or left temporal bone, there was a significant correlation
between the age and the pneumatization scoring lateral
or medial to bony labyrinth while there was a significant
correlation between the pneumatization scoring lateral to
bony labyrinth and that medial to bony labyrinth (Table 2).
Besides, in either side temporal bone, there was a significant
difference (p< .001) of age among each pneumatization
scoring medial to ipsilateral bony labyrinth; and, in either
side temporal bone, there was also a significant difference
(p< .001) of pneumatization scoring lateral to bony labyrinth
in each pneumatization scoring medial to bony labyrinth
(Table 3). As the pneumatization scoring medial to
bony labyrinth increased, the persons younger, and also the
pneumatization scoring lateral to bony labyrinth increased.
Therefore, the pneumatization scoring medial to bony
labyrinth was related with the ipsilateral pneumatization
scoring lateral to bony labyrinth. As the persons younger,
the pneumatization scorings either medial or lateral to bony
labyrinth increased.
DISCUSSION
Although the pneumatization could be scaled from 1 to
4 in one “best” section view of temporal bone high-resolution
CT (HRCT) which slice thickness and interval are both
0.625-mm [2], it is impossible to apply the method to brain
CT, which slice thickness and interval were all confined
to both 5.0-mm so the coronal or axial views were not as
clear as HRCT. However, HRCT is indicated to temporal
bone fracture, ossicular chain abnormality, other temporal
bone diseases or the pre-operative evaluations of middle ear
surgery so such a study result could not be generalized to
the general population [3-6]; furthermore, patients would
be exposed to more ionizing radiation during temporal bone
HRCT than brain CT so it is unethical to expose a normal
healthy person to ionizing radiation by receiving HRCT if
there is not any clinical indication; hence, no satisfactory
study has yet been performed due to this ethical consideration.
Thus, patients who undergo brain CT scanning may
be good candidates for enrollment in this study, and the
number of study participants was large enough (n=2,929)
during the selected three months.
In this article, we used a method derived from the Lund-
Mackay scoring system, which has been generally applied
to evaluate the severity of rhinosinusitis in CT [7]. After the
coronal and axial CT views were set on window width of
2,000 HU, the temporal bone could be individualized with
Table 1. The pneumatization scoring lateral to the
bony labyrinth in either temporal bone among the all
age groups (N=2,929)
Average ± SD
Age range Right Left
20-29 (n=269) .92 ± .88 .93 ± .91
30-39 (n=275) .76 ± .87 .79 ± .88
40-49 (n=336) .63 ± .85 .66 ± .84
50-59 (n=490) .44 ± .72 .47 ± .74
60-69 (n=492) .33 ± .66 .39 ± .69
70-79 (n=562) .24 ± .58 .26 ± .59
80-89 (n=442) .27 ± .60 .28 ± .61
90-99 (n=63) .38 ± .74 .40 ± .77
Table 2. The linear regression analysis of age, unilateral
pneumatization scoring medial (M) and lateral
(L) to bony labyrinth (N=2,929)
Right temporal bone Linear regression analysis
independent
variable
dependent
variable
Correlation
coefficient
F value
(p value)
Age M .2762 120.85 (< .001)
Age L .2577 104.05 (< .001)
L M .4032 284.07 (< .001)
Left temporal bone
Age M .2739 118.62 (< .001)
Age L .2482 96.04 (< .001)
L M .4060 288.68 (< .001)
Table 3. The ANOVA test of the age, unilateral pneumatization
scoring medial (M) and lateral (L) to
bony labyrinth (N=2,929)
Right M Age (average±SD) L (average±SD)
0 (n=2,065) 62.7±17.9 4.7±1.7
1 (n=398) 54.4±19.5 5.6± .6
2 (n=466) 49.0±19.7 5.8± .8
F value (p value) 128.487 (< .001) 313.52 (< .001)
Left M
0 (n=2,018) 62.8±18.1 4.3±1.7
1 (n=418) 55.3±18.5 5.6± .7
2 (n=493) 49.2±19.8 5.8± .5
F value (p value) 118.954 (< .001) 314.22 (< .001)
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four blocks, and the each block pneumatization could be
afterward scored from 0 to 2. Those with skull or temporal
bone fracture might have haemomastoid, which might
confound the evaluations of pneumatization because the CT
number of coagulated blood (30-80 HU) overlaps the bone
matrix (50-1,000 HU); however, the pneumatization was
evaluated with the spread of air cells so a haemomastoid
state did not interfere.
Mastoid antrum is the earliest pneumatization in
temporal bone. It develops at 21-22 weeks of gestation and
is fully organized at 34 weeks of gestation, but it begins
to grow and develop after birth. From 2 to 5 years old, the
squamomastoid part begins to grow, and then gradually
enlarges with the migration of air cells toward the peripheral
and clearness of the mesenchymal tissue until the adult
stage [2, 8]. During the above progress, if an inflammation
occurs, the pneumatization development would be blocked
[2]; in other words, if the otomastoiditis and its complications
occur in a non-adult, the pneumatization development
would be influenced, and hence a hypo-pneumatization
temporal bone could remain in the adult stage, whereas
if the otomastoiditis and its complications just occur at
the adult stage, it would present with soft tissue or fluid
accumulating in the good pneumatization [1]. Because the
pneumatization developments of children or adolescents are
in process, we confined the enrolled participants to adults
in this study.
We selected those with brain CT scans as the study
participants because brain CT films contain several
coronal or axial views covering the whole temporal bone;
furthermore, brain CT is the most common neuroimaging
performed, and could unselectively include every type of
persons. Therefore, the study result could be inferred to
the general populations. Aged persons have a longer period
of time or more chances to expose their ears to infection,
inflammation or other etiologies, such as radiotherapy
or chemotherapy, which can contribute to pathological
changes of temporal bone; besides, the otomastoiditis and
its complication were more prevalent in the past era; therefore,
aged persons were expected to have a higher incidence
of poor pneumatization than younger persons so that the
pneumatization medial to bony labyrinth was inversely
related to the age in the our study. However, young persons
are less likely to have brain diseases and need fewer brain
CTs than the aged so this may contribute to a deviation in
the study results.
The pneumatization of petrous apex has been known
the continuous extension of the peri-labyrinthine pneumatization,
no wonder that the pneumatization medial to bony
labyrinth was proven related with that lateral to bony
labyrinth in the our study although this issue has been
never mentioned in the literature. We hope the above results
provide a thorough understand of the air cell development
and a useful survey of the epidemiology of otomastoiditis
and its complication.
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