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Abstract. The aim of this study was to determine the relationship between the degree
of mastoid pneumatization and the presence of persistent foramen of Huschke (FH).
Temporal computed tomography images of 714 patients (1428 ears) who applied to
the Otorhinolaryngology Department of Karabuk University Training and Research
Hospital between January 2016 and June 2018 were retrospectively analysed. We
compared the mastoid pnomatization levels of 95 patients (74 females, 21 males,
mean age 53.18 � 15.09 years) who had persistent FH and 135 patients (103
females, 32 males, mean age 54.29 � 15.82 years) with no FH who had similar age
and gender. FH was found to be unilateral (right: 23, left: 45) in 68 (71.5%) out of 95
patients with FH, and FH was bilateral in 27 (28.4%) patients. The degree of
mastoid pnomatization of the patients with FH was significantly higher than the
patients without FH (p = 0.015). The degree of pneumatization of the mastoid bone
may lead to persistent FH by affecting the ossification process of the tympanic
segment, which has a close anatomical relationship with it.
Key words: computed tomography; external
auditory canal; Huschke; foramen tympanicum;
mastoid pneumatization; temporomandibular
joint.
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Persistent Foramen Huschke (FH) is the
dehiscence in the bone lamella that sepa-
rates the external auditory canal (EAC)
and the temporomandibular joint (TMJ).
This bone lamella is formed by the tym-
panic segment of the temporal bone. FH,
which is also known as foramen tympa-
nicum, is considered an anatomical varia-
tion of the tympanic segment1. FH, which
is formed during the development of the
EAC, gets considerably smaller as the
tympanic plate is ossified. The ossification
process continues after birth and FH closes
at around 5 years of age. When bone
fusion is not complete, FH remains persis-
ons. Published by Elsevier Ltd. All rights reserved.
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tent. Genetic factors may play a role in
persisting FH, but there are also factors
affecting ossification of the tympanic bone
after birth. Maxillofacial and tympanic
bone continues to develop after birth
and is shaped according to the pressure
effect of actions such as mastication, de-
glutition and respiration2.
The preoperative determination of the

presence of FH is of great importance for
physicians who perform ear and TMJ sur-
gery. During TMJ arthroscopy, endo-
scopes with a diameter less than 3 mm
may result in tympanic membrane perfo-
ration, incus, malleus, and facial nerve
damage by passing through this fora-
men3,4. Ear tumors may spread to the
infratemporal region through this fora-
men. In addition, TMJ may cause otologic
symptoms as herniated to the EAC from
this foramen5,6.
The pneumatization process of the mas-

toid bone begins in the last weeks before
birth and continues to develop after birth
until puberty. Although it varies between
individuals, the pneumatization process is
completed approximately at 15 years of
age in men and at about 10 years of age in
women7. Considering the location of the
mastoid bone, pneumatization of the mas-
toid bone may affect the development of
other temporal bone segments or vice
versa.
While genetic and developmental fac-

tors are accused, the aetiology of FH is not
definite. To the best of our knowledge, the
relationship between the degree of pneu-
matization of the mastoid bone and the
presence of persistent FH has not been
previously investigated. The purpose of
this study was to determine whether there
is a relationship between the degree of
mastoid pneumatization and the presence
of persistent FH.
Fig. 1. Computed tomography imaging of the tem
the presence of the foramen of Huschke).
Materials and Methods

Patient selection

omography images of 714 patients (1428
ears) over 15 years of age who had under-
gone high-resolution temporal tomogra-
phy (HRCT) imaging for various reasons
such as tinnitus, dizziness, otalgia, and
hearing loss in the otorhinolaryngology
outpatient clinic between January 2016
and June 2018 were retrospectively ana-
lysed. The patients who underwent ear or
TMJ surgery, temporal or maxillofacial
fractures, cholesteatoma, and congenital
anomalies were excluded from the
study. Ninety-five patients (74 women,
21 men, mean age 53.18 � 15.09 years)
who had persistent FH and 135 patients
(103 females, 32 males, mean age
54.29 � 15.82 years) with similar age
and gender characteristics who had no
FH were included in the study. Age
and sex distribution of both groups were
compared. The mastoid pneumatization
degrees were compared according to sex
and age. The mastoid pneumatization
degrees were compared in patients with
and without persistent FH. Ethical approv-
al for the study was obtained from the ethics
committee of our institution (2018-3/4).
The study was performed in accordance
with principles of Helsinki Declaration.

Computed tomography imaging and

analysis of images

HRCT was performed using Toshiba
Alexion ADV (Toshiba Medical Systems,
Otowara, Japan) 120 kVp, 150 mAs, high-
resolution, 0.5-mm slice thickness,
256 � 256 matrix and 210-mm field of
view. Coronal and sagittal reformats of
the images on the axial plane were created
poral bone. (A) Axial section, (B) sagittal sectio
by the three-dimensional feature of the
imaging program Akgun PACS viewer
version 3 B (Akgun Software, Ankara,
Turkey) for all patients.
All images were examined by an expert

radiologist. In the axial tomography
images, bone dehiscence in the anterior
wall of EAC was considered as the pres-
ence of FH (Fig. 1A). The presence of FH
was confirmed by examining the sagittal
(Fig. 1B) and coronal (Fig. 1C) sections.
The FH localization was determined
(right, left, bilateral). The classification
of the degree of pneumatization of the
mastoid bone was based on the method
where Han et al.8 used the sigmoid sinus as
the reference structure. According to this
method, in the axial section where the
malleoincudal complex is seen as an
ice-cream-cone shape in the temporal to-
mography, three lines were drawn at the
most anterior, the most lateral aspect and
the most posterior points of the sigmoid
sinus and extending anterolaterally at 45
degrees. The patients were divided into
four groups according to the degree of
pneumatization. The pneumatization
degrees were evaluated as group 1 (hy-
po-pneumatizated) if they were located in
the anteromedial of the line passing
through the most anterior point of the
sigmoid sinus; as group 2 (moderate-pneu-
matized) if they extended to the lines
passing through the most anterior and
the most lateral points of the sigmoid
sinus; as group 3 (good-pneumatized) if
they extended to the lines passing through
the most lateral and the most posterior
points of the sigmoid sinus; and as group
4 (hyper-pneumatized) if they extended
posterolateral to the line passing through
the most posterior point of the sigmoid
sinus (Fig. 2). Han et al.8 compared these
four groups, which were formed when
n, (C) coronal section (the arrowheads indicate
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Fig. 2. Grouping of pneumatization in relation to the sigmoid sinus. (A) Group 1 (hypo-pneumatization group): if pneumatizated cells were
located in the anteromedial of the line passing through the most anterior point of the sigmoid sinus. (B) Group 2 (moderate pneumatization group):
if pneumatizated cells extended to the lines passing through the most anterior and the most lateral points of the sigmoid sinus. (C) Group 3 (good
pneumatization group): if pneumatizated cells extended to the lines passing through the most lateral and the most posterior points of the sigmoid
sinus. (D) Group 4 (hyper-pneumatization group): If pneumatizated cells extended posterolateral of the line passing through the most posterior
point of the sigmoid sinus.
they considered the sigmoid sinus as a
reference structure, with the volumetric
measurements of mastoid pneumatization
and found that this classification correlat-
ed with volumetric measurements.

Statistical Analysis

We used IBM SPSS Statistics for Windows,
version 21.0 (IBM Corp., Armonk. NY,
USA) to perform our analyses. For the
descriptive statistics, the values of frequen-
cy, percentage, mean, standard deviation
(SD), median, minimum, and maximum
were presented. The t-test was used to
compare age distribution between patients
with and without FH, and Pearson’s x2- test
was used to compare sex distribution. Pear-
son’s x2- test was used for the relationship
between sex and degree of pneumatization.
One-way analysis of variance (ANOVA)
test was used for the relationship between
age and pneumatization degree, and the
Tukey test was used as the post hoc test.
Pearson’s x2- test test was used for the
relationship between the degree of pneu-
matization and the presence of FH.

Results

Of the 714 patients, 95 (13.3%) had persis-
tent FH. Out of 95 patients with FH, 68
(9.5%) had FH unilaterally (right: 23, left:
45) and 27 (3.8%) had FH bilaterally. There
was no significant difference in age
(p = 0.549) and gender (p = 0.777) distri-
bution in patients with and without persis-
tent FH. Age and sex distribution of the
patients are given in Table 1. There was no
significant difference in both sex and age
with degrees of pneumatization on both the
right and left sides. The degree of mastoid
pneumatization of the patients with FH was
significantly higher than the patients with-
out FH (p = 0.015). So, as the degree of
pneumatization increased, the presence of
FHincreased significantly. The relationship
between the degree of pneumatization and
presence of FH is given in Table 2.

Discussion

In this study, we investigated the relation-
ship between the degree of mastoid pneu-
matization and the presence of persistent
FH. We compared the degrees of mastoid
pneumatization in patients with and with-
out persistent FH. We found that mastoid
pneumatization was significantly higher in
patients with persistent FH compared to
non-FH patients.
The FH is located at the anteroinferior

aspect of the EAC, posteromedial to the
TMJ. Computed tomography and dry skull
studies have been performed for FH prev-
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Table 1. Age and sex distribution of patients.

Presence of FH No FH p

Age 0.549a

Mean � SD 53.18 � 15.09 54.28 � 15.82
Min–max 15–89 15–94

Sex 0.777b

Female 74 (41.80%) 103 (58.19%)
Male 21 (39.62%) 32 (60.37%)

FH, foramen of Huschke; SD, standard deviation.
a t-test.
b Pearson’s x2test.

Table 2. The relationship between the degree of pneumatization of the mastoid bone and the
presence of Foramen of Huschke.

Degree of mastoid pneumatization
Presence of FH No FH

p
n % n %

1 21 17.07 99 29.37 0.015a

2 22 17.88 72 21.36
3 32 26.01 74 21.95
4 48 39.02 92 27.29
Total 123 100 337 100

FH, Foramen of Huschke.
a Pearson’s x2test.
alence and rates of FH between 1.5% and
38.2% have been reported in these
studies1,9–12. In our study, this rate was
found to be 13.3%. These differences may
be due to inclusion criteria of patients,
racial and genetic characteristics of
patients, or thickness of the section of
the tomography used in imaging. Al-
though prevalence studies on the presence
of FH have been performed, the factors
affecting the ossification process of these
foramens have not been elucidated.
Whether there is a relationship between

age and FH incidence has been investigated
in a number of studies10–12. Afghari et al.10

did not find a relationship between age and
persistent FH incidence in the study they
conducted. Hashimato et al.11, in their dry
skull study, found that the incidence of
persistent FH decreased significantly after
10 years of age and they argued that the
foramen continues to close after childhood.
Ertugrul and Keskin12 found that the prev-
alence of persistent FH increased signifi-
cantly with aging, and argued that the
presence of persistent FH could be not only
congenital but also acquired. They stated
that increased osteolysis with aging and
repeated chewing movements over the
years may cause thinning of the anterior
wall of EAC and subsequent reopening of
closed FH. In studies investigating the rela-
tionship between gender and the incidence
of persistent FH, it has been reported
that persistent FH is more common in
females12–14. The more frequent occur-
rence in females is attributed to the differ-
ences in growth and development of bone
structures between two genders1,10,13.
During the embryological development

of the tympanic ring, EAC prevents migra-
tion of the ectodermal tissue into the middle
ear. In the mechanism of congenital cho-
lesteatoma formation, a theory has been
suggested that migration of EAC ectoder-
mal tissue can not be stopped by the tym-
panic ring as a result of a developmental
anomaly in the tympanic ring15. In the same
way, the bone fusion defect that occurs as a
result of an anomaly during the embryolog-
ical development of the tympanic bone may
also be effective in persisting FH.
The degree of mastoid pneumatization

varies between individuals. Two theories
have been proposed for this difference
between individuals. The first theory is
that the degree of mastoid pneumatization
is genetically determined. According to
this theory, low mastoid pneumatization
degree is thought to prepare the ground for
middle-ear pathologies. According to the
second theory, normal middle ear mucosa
is required for a natural mastoid pneuma-
tization process. According to this theory,
increased middle ear pathologies during
childhood cause a low mastoid pneumati-
zation degree. Some researchers have in-
vestigated the relationship between
genetic diseases and the degree of mastoid
pneumatization. Sade et al.16 found that
patients with otosclerosis had more mas-
toid pneumatization than the healthy con-
trol group and their finding supports the
first theory. In many studies, it has been
found that an inflammatory process in the
middle ear was associated with a low
degree of mastoid pneumatization. It has
been observed that mastoid pneumatiza-
tion decreased in patients with otitis media
with effusion, chronic otitis media, and
cholesteatoma17,18. Shim et al.19 found
that the degree of mastoid pneumatization
was significantly lower in patients with
superior semicircular canal dehiscence
than patients with temporal bone fracture
or otosclerosis. Given these two theories,
adjacent structures may influence the de-
gree of mastoid pneumatization or vice
versa. Considering the location of the
mastoid bone, the degree of mastoid pneu-
matization is also likely to affect bone
fusion in the tympanic bone. To our
knowledge, the relationship between the
degree of pneumatization of the mastoid
bone and the presence of persistent FH has
not been previously investigated.
The fusion in the tympanic bone may also

be genetically determined, as in the theory
that the mastoid bone pneumatization is
genetically determined. However, consid-
ering that the mastoid bone pneumatization
and the fusion in the tympanic bone contin-
ue after birth and they have a close anatom-
ical relationship, it is possible that these two
temporal bone segments affect each other.
The limitation of this study was that a

computerized volumetric measurement of
the degree of mastoid pneumatization
could not be performed. In addition, be-
cause the people whose temporal comput-
ed tomography images were evaluated
were the patients who applied to the
otorhinolaryngology department, the
results could not fully reflect the general
population.
In conclusion, the present study is thus

the first to analyse the relationship be-
tween the degree of mastoid pneumatiza-
tion and the presence of FH. We found that
the degree of mastoid pneumatization was
significantly higher in patients with per-
sistent FH compared with those who did
not have persistent FH. The degree of
mastoid pneumatization and whether or
not FH will be closed by ossification
may be genetically determined. However,
when it is considered that the mastoid
segment and the tympanic segment are
two adjacent structures of the temporal
bone and the two bone segments continue
to develop after birth, the pneumatization
of the mastoid bone may affect the ossifi-
cation of the tympanic bone and thus the
presence of FH, or vice versa.
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