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Abstract 

Background:  Foramen of Huschke has been presented as an unusual developmental defect in anteroinferior aspect 
of external auditory canal. It can be associated with significant otologic complications. The purpose of this study was 
to determine the association between existence of foramen of Huschke and temporomandibular joint disorders in 
Cone Beam Computed Tomography (CBCT) images.

Methods:  Of an initial sample of 465 patients, we retrospectively evaluated the CBCT images of 118 individuals with 
clinical signs and symptoms of temporomandibular joint disorders as case group and 256 individuals as control group. 
The presence, size and localization of foramen of Huschke were assessed in the axial and corrected sagittal images. 
The sex and age distribution were determined. Fisher’s exact test, T-test and Pearson’s Chi-square were applied to 
assess the relationship between foramen of Huschke and temporomandibular joint disorders in the case and control 
groups considering age and sex.

Results:  The foramen of Huschke prevalence was slightly higher in patients with temporomandibular joint disorders 
(3.4%) than patients without temporomandibular joint disorders (0.8%). However, the difference was not statistically 
significant (P = 0.082). foramen of Huschke was found in five females and one male. There was no significant differ-
ence between case and control groups considering the age of patients with foramen of Huschke (P = 0.683). There 
was no significant difference between the case and control groups, considering the right and left ears in distribution 
of foramen of Huschke (P = 0.099) (P = 0.183).

Conclusions:  Higher prevalence of foramen of Huschke in patients with temporomandibular joint disorders may 
suggest possible mechanism for temporomandibular joint disorders development that can be affected by presence 
of foramen of Huschke.
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Background
The foramen of Huschke (FH) is an anatomical varia-
tion of the anteroinferior portion of the external audi-
tory canal (EAC) which is located posteromedial to the 
temporomandibular joint (TMJ) [1, 2]. This structure 
is involved in embryonic development of the tympanic 
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portion of the temporal bone and serves as an anatomical 
separator between EAC and TMJ. The EAC closure com-
monly occurs at 5 years of age, whereas FH may not be 
closed after this age [3]. FH is also described as an abnor-
mal structure that developed due to defective ossification 
of the tympanic bone and joining the anterior and poste-
rior prominences of the tympanic ring [4].

In 1987, the first case of the TMJ herniation into the 
EAC through a patent foramen of Huschke was described 
[5]. Trauma, inflammation, and a mass effect are well-
known causes of herniation of the TMJ into the EAC [1, 
3, 4]. Spontaneous herniation of the TMJ soft tissue into 
the EAC through the foramen of Huschke is extremely 
rare, with approximately 30 cases reported in the lit-
erature [1, 6–8]. The symptoms of FH include conduc-
tive hearing loss, otalgia, otorrhea, and clicking tinnitus; 
although it may be asymptomatic [5–7].

Preoperative detection of the foramen of Huschke is 
of high importance for clinicians, especially those who 
perform ear and TMJ surgery for patient suffer TMJ dis-
orders. During TMJ arthroscopy, endoscopes smaller 
than 3 mm in diameter may cause tympanic membrane 
perforation, incus dislocation, and facial nerve tym-
panic segment damage by penetrating into the foramen 
[9]. So far, few studies have focused on synchronization 
between TMJ disorders and the presence of FH [1, 5–9]. 
Nevertheless, the literature lacks studies about presence 
of FH in patients with TMJ disorders, and the relation-
ship between this abnormality and the TMD is unclear. 
So, awareness about the presence of FH in TMD can be 
of high significance.

Recent guidelines recommend Cone-beam computed 
tomography (CBCT) as the modality of choice for eval-
uation of temporomandibular joint osseous changes 
because of lower radiation dose, higher spatial resolution 
and the growing availability of CBCT than conventional 
CT [10–12]. Due to the superimposition of temporal 
bone structures, including the tympanic portion, iden-
tification of FH is very challenging or even impossible 
by conventional methods, such as conventional linear 
tomography and panoramic radiography. CBCT has been 
successful in identifying FH [13–15].

Given this background, this study aimed to evaluate 
the association between the presence of FH and TMD 
and to compare the presence of FH in patients with and 
without TMD on CBCT images. The null hypothesis in 
this research was that patients with TMD presented same 
prevalence of FH as the control group.

Methods
 This case-control study was approved by the ethics com-
mittee of Shiraz University of Medical Sciences, Shiraz, 
Iran (#IR.SUMS.DENTAl.REC.1399.064). This study was 

in compliance with the Helsinki Declaration. Informed 
contest was taken from all patients or their guardians at 
the time of the radiographic examination. Patients, data 
were extracted from their records from the archive of the 
Department of Maxillofacial Radiology at Shiraz Dental 
School. In our department, all TMD patients were exam-
ined by maxillofacial postgraduate students under the 
supervision of maxillofacial radiologists with at least 8 
years’ experience. Clinical signs and symptoms that were 
examined were joint pain, muscle pain, mouth-opening 
limitation, joint noise (click or crepitation), and nonhar-
monic movements of the joint. CBCT was required for 
those patients who were suspected of osseous deformi-
ties of the jaws such as degenerative joint disease.

Of an initial sample of 465 patients, referred to our 
department between June 2018 and June 2020, a total of 
118 patients with TMD were recruited as a case group 
and 256 patients without TMD were considered as a con-
trol group. Patients with a history of inflammation, cho-
lesteatoma, and trauma or surgery in the TMJ region, as 
well as those under 5 years of age, were not included in 
this study.

The CBCT images were obtained, using a flat panel 
detector (FPD) scanner (New Tom VGi, QR s.r.l., Italy). 
All images were acquired within a total exposure time of 
1.8 s at 110 kVp, using a field of view of at least 15 × 12 
cm2; the electrical current (mA) was adjusted automati-
cally for each patient. All CBCT images were obtained 
in a standardized head posture (the Frankfurt plane 
parallel to the floor). The CBCT images were reviewed 
in NNT viewer version 8.0. CBCT images were viewed 
and reported in a dimly lit, quiet room, using a medical 
grade diagnostic display device (Barco monitor, Model: 
MDRS-2122, Belgium). Image adjustments such as zoom, 
brightness, and contrast were also permitted. The CBCT 
images were analyzed by two observers, one 6th year 
dental student and one maxillofacial radiologist with 8 
years experience. The level of intra- and inter-examiner 
agreement was assessed.

The anteroinferior aspect of EAC were assessed at a 
slice thickness of 1  mm and a slice interval of 1  mm to 
assess the presence of FH. The presence of FH was evalu-
ated in the axial plane. The corrected sagittal images were 
examined for verification (Fig. 1). In patients with FH, we 
measured the size of the foramen in the axial and refor-
matted sagittal planes in millimeter (Fig.  2). Moreover, 
we determined the FH localization (left and right), age, 
and sex distribution.

Statistical analysis
Statistical analysis was performed using SPSS version 
26.0 (SPSS Inc., Chicago, IL, USA). The level of signifi-
cance was set at P < 0.05. Fisher’s exact test was applied to 
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assess the relationship between FH and TMD in the case 
and control groups. For descriptive statistics, frequency, 
percentage, mean, standard deviation (SD), minimum, 
and maximum values were determined in both groups. 
T-test was used to compare the age distribution with 
presence of FH in the case and control groups. Moreover, 
Pearson’s Chi-square test was exploited to compare the 
sex distribution between the groups.

Results
There was an almost perfect intra-observer and inter-
observer agreement (ICC = 0.87, 0.89 respectively). A 
total of 55 male and 63 female patients, with the mean 
age of 35.43 years (SD = 15.11), were included in the case 

group, while 123 male and 133 female patients, with the 
mean age of 33.24 years (SD = 14.06), were included in 
the control group. The minimum age of the control and 
case subjects was 7 and 11 years, respectively, while 
their maximum age was 74 and 73 years, respectively. 
The patients’ age and sex distributions are presented in 
Table  1. There was no significant difference considering 
sex (P = 0.824) or age (P = 0.172) between the case and 
control groups.

Overall, we found FH in 6 (1.6%) out of 374 patients. 
FH was present in 4 (3.4%) cases and 2 (0.8%) controls. 
Of six patients with FH, one patient showed bilateral FH, 
and five patients showed unilateral FH. FH was located 
on the left side in 4 (1.1%) patients and on the right side 
in 2 (0.5%) patients (Table 2). The shape of the foramen 
was considered oval, as its dimensions were slightly 

Fig. 1  FH (white arrow) in the sagittal image (A), in the axial image (B)

Fig. 2  The dimension of FH in the sagittal image (A) and axial image 
(B)

Table 1  Sex and age distribution of patients with and without 
FH

Groups Sex Mean age

Female N (%) Male N (%) Years (± SD)

  Case 63 (53.4) 55 (46.6) 35.43 (± 15.11)

  Control 133 (52.0) 123 (48.0) 33.24 (± 14.06)

  Total 196 (52.4) 178 (47.6) 33.93 (± 14.41)

Table 2  Laterality and size distribution of patients with and 
without FH

Groups Laterality Mean Size

Left
N

Right
N

Axial (mm) Sagittal (mm)

  Case 3 2 3.28 2.94

  Control 2 0 4.7 3

  Total 5 2 3.68 2.95
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different in the two planes. The mean size of the fora-
men was 3.28 mm (range: 2.7–4.8 mm) in the axial plane 
and 2.94  mm (range: 2.6–3.4  mm) in the sagittal plane. 
There was no significant difference between the case and 
control groups, considering the right (P = 0.099) and left 
(P = 0.183) ears.

The prevalence of FH in patients with TMD (3.4%) was 
slightly higher than that of subjects without TMD (0.8%); 
however, the difference was not significant (P = 0.082). 
FH was found in five females and one male. The mean 
age of patients with FH was 38.66 years (SD = 21.51), 
there was no significant difference between case and 
control groups considering the age of patients with FH 
(P = 0.683).

Discussion
FH is a developmental defect, positioned posteromedial 
to TMJ in the tympanic portion of the temporal bone. It 
is normally closed during growth before 5 years of age. 
However, it may not close in some cases and may remain 
present during life. The prevalence of FH ranges from 1.5 
to 43% in different studies [3, 7, 8, 16]. Factors, such as 
inflammation, tumor, and trauma, may lead to TMJ pro-
trusion into the EAC. Also, FH may be associated with 
herniation of soft tissues from TMJ to EAC and may 
predispose individuals to TMD [17–20]. Mandibular 
pressure on the tympanic bone during activities, such as 
deglutition, mastication, and respiration may result in the 
lack of FH closure [1, 21].

Presence of FH may be asymptomatic, and therefore, 
patients with this variation may be overlooked. The signs 
and symptoms of FH include middle ear inflammation, 
tinnitus, hearing loss, otalgia, and TMJ pain [22, 23]. Few 
studies have reported TMJ herniation through FH into 
the EAC. However, they only reported this finding and 
did not describe any relationship between TMD and FH 
[9, 24–29]. The present study is the first to evaluate the 
relationship between TMD and the presence of FH.

CBCT delivers a lower dose of radiation than con-
ventional CT for imaging anatomical landmarks in the 
maxillofacial region. The quality of CBCT images of 
maxillofacial structures is comparable to that of conven-
tional CT [19, 20]. However, CBCT is distinct from con-
ventional CT, as complete data can be obtained during a 
single scan. Also, the exposure phase is usually less than 
20 s. Although soft tissue resolution of CBCT is inferior 
to medical CT, CBCT can produce images of bony struc-
tures with higher resolution and lower amount of radia-
tion [23].

Some studies have used CBCT to investigate the 
prevalence and characteristics of FH with different slice 
thicknesses and exposure conditions in healthy popu-
lations and people with disorders. In cadaveric studies, 

the prevalence of FH ranged from 4 to 43% [30, 31]. 
Although in radiological studies, the prevalence of FH 
is between 1.5 and 23% [7, 32], according to a meta-
analysis by Pekala et  al. [33]  FH was more prevalent 
in cadaveric studies (21.2%) than radiological studies 
(8.8%). In the present study, the prevalence of FH was 
1.6%; it was bilateral in one patient and unilateral in five 
patients. In line with our study, Park et  al. found that 
the prevalence of FH was 1.5% in all examined cases [7].

Moreover, in previous studies, the shape of the fora-
men was found to be oval, owing to different sizes of 
the foramen in axial and sagittal images. In agreement 
with studies by Hasani et al. and Lacout et al. [1, 16, 17] 
we found that the shape of FH is oval due to slightly dif-
ferent dimensions in the two planes.

The causes and primary pathophysiology of TMD 
have been controversial subjects over the years. 
Researchers mentioned possible association between 
occlusal factors (grinding and clenching), psychologi-
cal factors (depression and anxiety), hormonal factors 
(estrogen receptors in female’s TMJ), trauma, and pres-
ence of the FH [12, 34, 35]. The signs and symptoms 
of TMD include pain in TMJ or mastication muscles 
which may radiate to local and distant structures, pop-
ping, clicking, or crepitus of TMJ on movement, with 
or without locking the joint; and headache and otal-
gia or tinnitus (or both) in the absence of aural disease 
[11, 12, 34]. Choi et al. and Lim et al. reported cases of 
clicking tinnitus with clenching teeth, while there was 
no history of trauma or surgery in the TMJ region. The 
CT scan of the temporal bone indicated a bony defect 
in the posteromedial wall of glenoid fossa, and the oto-
scopic examination indicated TMJ herniation through 
FH into EAC [28, 36].

Till now researches have focused on synchronization 
between temporomandibular joint herniation and the 
presence of FH. Preoperative detection of FH in patients 
with TMD has clinical significance and can affects treat-
ment plan for these patients.

According to the present study, the prevalence of 
FH was 3.4% in subjects with TMD and 0.8% in sub-
jects without TMD. The data analysis indicated that 
the prevalence of FH was slightly higher in subjects 
with TMD, compared to those without it; however, the 
difference was not statistically significant (P = 0.082). 
From six patients with FH, five patients showed unilat-
eral FH and one patient showed bilateral FH. FH was 
located on the left side in four (1.1%) patients and on 
the right side in two (0.5%) patients. FH was found in 
five females and one male. The mean age of patients 
with FH was 38.66 years (SD = 21.51), considering the 
age of patients with FH there was no significant dif-
ference between case and control groups (P = 0.683). 
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Regarding P value of our study (0.082), we suggest 
higher sample sizes to scrutinize this relationship more 
reliably.

Overall, we compare the presence of FH in subjects 
with and without TMD. Due to the limitations of CBCT 
data collection, we recommend similar studies with a 
larger sample size.

Conclusions
Although prevalence of FH was higher in subjects with 
TMD than in subjects without TMD. However, there 
was no significant difference in the prevalence of FH 
between the case and control groups. The results of this 
study should to be validated with larger sample sizes in 
future studies.
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