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BACKGROUND: There is a general idea that the external auditory canal (EAC) is wide in patients with otosclerosis. However, as far as we know, 
there is no objective measurement of the EAC of patients with otosclerosis. In this study, we aimed to measure objectively the dimensions of the 
osseous EAC (OEAC) in otosclerosis, using high-resolution computed tomography (HRCT).

METHODS: High-resolution CT images of cranial bones were obtained from 66 patients with otosclerosis and 48 control individuals using a 256-
slice CT scanner with a thickness of 0.67 mm. The dimensions and shape of the OEAC from the end of the cartilaginous portion of the EAC to the 
annulus of the middle ear were then measured.

RESULTS: A total of 228 ears were analyzed using CT images. The osseous external ear canal was most commonly conical in both groups. The 
width of OEAC was not significantly different in the otosclerosis group. The length of the osseous external ear canal was 6.69 ± 1.49 mm in the 
control group, and 5.96 ± 1.07 mm in the otosclerosis group. It was significantly shorter in the otosclerosis group (P = .001).

CONCLUSION: We measured the OEAC in otosclerosis using an objective method. Contrary to what is known, the OEAC tends to be short bilater-
ally in the ears of patients with otosclerosis, rather than wider.
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INTRODUCTION
The human ear is composed of 3 portions: the external ear, the middle ear, and the inner ear. The external ear consists of the auricula 
and the external auditory canal (EAC). The EAC connects the auricula with the middle ear and primarily comprises cartilaginous and 
bony tissues. The cartilaginous portion is located laterally and comprises one-third of the EAC, while the bone surrounds the medial 
two-thirds of the canal.

The shape and dimensions of the EAC are important for examining the EAC and tympanic membrane, fitting the molds of hearing 
aids, and performing transcanal ear surgeries. A range of studies has used cadavers and radiologic images to measure the dimen-
sions of the EAC in detail.1-3 Mahboubi et al4 (2012) have described a “mesh” model with 6 different dimension points to measure the 
dimensions of the OEAC and compared them between different age groups using high-resolution computed tomography (HRCT). 
Moreover, in a few studies, disease-related changes in the dimensions and shape of the EAC have also been examined.5-7

Otosclerosis is an autosomal dominant disorder marked by pathological enhancement of bone remodeling in the otic capsule, 
namely aberrant destruction and rebuilding. This may manifest to different extents, from fixing the stapes footplate to bone resorp-
tion around the cochlea.8,9 It can cause conductive or sensorineural hearing loss.8,10 There is no curative treatment, but stapedotomy 
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for palliative treatment or hearing aids for supportive treatment may 
be suggested to improve hearing. For both treatment choices, the 
shape and dimensions of the EAC gain importance. After the revi-
sion article by Frank Wojniak in 1945, including observational stud-
ies, a general idea that the EAC is wide in patients with otosclerosis 
was established.11 However, as far as we know, there is no objective 
measurement of the EAC of patients with otosclerosis. Therefore, we 
aimed in this study to measure the dimensions of the OEAC in cases 
of otosclerosis using HRCT.

METHODS
This investigation was carried out in the department of otorhino-
laryngology of Prof. Dr. Cemil Tascioglu Hospital, Health Sciences 
University, a tertiary referral clinic. Preoperative cranial bone HRCT 
images were obtained for 66 patients with otosclerosis, with fixation 
of the footplate of the stapes bone confirmed with a tympanoscope, 
alongside 48 control patients who underwent septoplasty surgery 
devoid of ear disease. In the otosclerosis group, only patients uni-
laterally verified for otosclerosis through both audiological tests and 
surgery were included. The participants were between 18 and 65 
years old. Patients who presented with chronic otitis media (COM), 
any defect in the EAC, such as exostosis, osteoma, or congenital canal 
atresia, and any history of otologic surgery or temporal bone trauma 
were excluded. Moreover, patients who were bilaterally operated on 
for otosclerosis were excluded.

The present study was designed in accordance with the Helsinki 
Declaration on ethical principles for medical research. The Local 
Ethics Committee of Prof. Dr. Cemil Tascioglu Hospital, Health 
Sciences University approved it with protocol number 383 on 
November 8, 2021.

All individual participants who were enrolled in the investigation 
provided informed consent.

Radiological Evaluation of External Auditory Canal
All the images were acquired with a 256-slice SOMATOM Definition 
Edge CT scanner (Siemens Medical Solutions, Malvern, PA, USA). 
The images were displayed on an image archiving and communica-
tion system (PACS)® (INFINITT Healthcare, Seoul, South Korea) with 
a window width of 1600 Hounsfield units and a window center of 
400 Hounsfield units. Using the multi-planar reformation software 
system, the axial, sagittal, and coronal planes were reformed with a 
thickness of 0.67 mm on an orthogonal plane. The dimension of the 
rebuilt matrix was 0.2 mm.

Measurements were performed by 2 independent neuroradiologists. 
If the measurement difference was 1 mm or less, an average of the 2 

sizes was accepted; if it was more than 1 mm, a third radiologist veri-
fied the measurement.

After assessing these images, the best views of the osseous portion 
of EAC were selected according to criteria set out by Mahboubi et al.4 
The osseous portion of EAC was identified from the end of the car-
tilaginous portion of the EAC to the annulus of the middle ear. The 
first slice where the EAC was closed with bone was marked as the 
beginning of the OEAC (Figure 1A). The OEAC concludes medially at 
the annulus of the tympanic cavity through the opening situated at 
the superior edge of the tympanic cavity called the notch of Rivinus 
(Figure 1B). The middle of the OEAC was defined as the mid-canal 
section, as determined by the median slice of the total slices of the 
canal (if the number of slices was even, 2 middle slices were aver-
aged). The length of the OEAC was calculated using the multipli-
cation of the total number of slices and the thickness of 1 slice (in 
millimeters) in the CT images.

Elliptical cross-section dimensions of the OEAC were measured using 
the “mesh” method described by Mahboubi et al.4 Six distinct dimen-
sion points were measured at the beginning, mid-canal, and annu-
lus parts of the OEAC using the mesh method: maxSI represents the 
maximum superior-inferior height, midAP represents the maximum 
anterior-posterior width perpendicular to maxSI, midS represents 
the maximum anterior-posterior width at the midpoint of the supe-
rior half of maxSI, midI represents the maximum anterior-posterior 
width at the midpoint of the inferior half of maxSI, midA represents 
the maximum superior-inferior height at the midpoint of the anterior 
half of midAP, and midP represents the maximum superior-inferior 
height at the midpoint of the inferior half of midAP (Figure 2).

Additionally, the shape of the OEAC was determined according to 
its maximum superior-inferior diameters (Figure 3). According to the 
MaxSI diameter at the sections (beginning, mid-canal, and annulus), 
the shape of the OEAC was classified. If the MaxSI diameter had a 
decreasing trend from the beginning section to the annulus one, 
it would have been classified as “conical” (Figure 3A). If it were the 
largest one in the mid-canal, it would have been classified as “ovoid” 
(Figure 3B). If it were the smallest one in the mid-canal, it would have 
been classified as “hourglass” (Figure 3C). If it had an increasing trend 
from the beginning section to the annulus one, it would have been 
classified as “reverse conical” (Figure 3D). If there were no change 
between the 2 sections, it would have been classified as “cylindrical” 
(Figure 3E).

Mastoid sclerosis was also analyzed in the CT sections. If there wasn’t 
any “pneumatized air cell (low attenuated = dark image on CT)” in 
the mastoid cavity, it was accepted as “yes” for mastoid sclerosis. If 
there was any pneumatized air cell in the mastoid cavity (grade 1-4, 
as described in the study of Virapongse et al, 1985),12 it was accepted 
as “no” for mastoid sclerosis.

Statistical Analysis
The data were assessed using descriptive statistical techniques. The 
quantitative variables’ normal distribution was evaluated using the 
Shapiro–Wilk test and graphics. In the internal comparison of each 
group, the paired samples t-test was applied for quantitative vari-
ables that were normally distributed; in cases where distributions 
departed from the normal, the Wilcoxon test was applied instead. 

MAIN POINTS

•	 Computed tomography images were used to examine the dimen-
sions of the osseous external auditory canal (OEAC) in 228 ears of 
otosclerosis and control patients.

•	 Unlike the literature, the width of OEAC was not large in otosclero-
sis patients.

•	 The length of the OEAC was short in otosclerosis patients (P = .017)
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Pearson’s chi-squared test was used to compare the qualitative 
variables.

The Student t-test was used to compare 2 groups whose quantitative 
variables were normally distributed; the Mann–Whitney U test was 
applied in cases where the distributions were not normal. Statistical 
alpha significance was accepted as P < .05.

RESULTS
In this study, a total of 228 ears were analyzed using CT images. The 
mean age was 38.27 ± 12.20 in the otosclerosis group, and 35.21 ± 
9.72 in the control group. The control group consisted of 48 patients 
(female : male = 26 : 22), while the otosclerosis group contained 66 
patients (female:male = 41:25). Descriptive analyses did not reveal 
any statistically significant differences in gender or age among the 
two categories (P = .165, Mann–Whitney U test, and P = .394, Pearson’s 
chi-square test, respectively).

About 3.7% of the measurements differed by more than 1 mm 
between the 2 radiologists, so in those cases, a third radiologist’s 
view was considered.

A conical shape was the most common form of the OEAC in both 
groups, followed by an hourglass shape. There was no significant dif-
ference in the shape of the OEAC between the groups and the bilat-
eral sides of the ears of the groups (Table 1).

Each group was also assessed for sclerosis of the mastoid cavity. 
Mastoid sclerosis was seen in 26.04% of the ears in the control group 
(n = 96 ears) and 24.24% of the operated ears of the otosclerosis 
group (n = 66 ears). There was no significant difference between the 
groups (P = 0.669, Table 1).

The length of the OEAC was 6.69 ± 1.49 mm in the control group 
and 5.96 ± 1.07 mm in the operated ears of the otosclerosis group 
(Table 1). When comparing the groups, the OEAC length was sig-
nificantly shorter in both the operated and contralateral ears of 
the otosclerosis group than in the control group (P = .001, P = .002, 
respectively; Student t-test).

In both the otosclerosis and control groups, 6 different dimension 
points at the beginning, mid-canal, and annulus parts of the OEAC 
were measured. There was no statistical difference in dimensions 
between OEACs in the operated ears and contralateral ears of the 
otosclerosis group, or even between both ear sides of the control 
group. Additionally, there was no statistical difference in dimensions 
between OEACs of the otosclerosis and control groups (Table 2).

DISCUSSION
The current study presents the dimensions of the OEAC in patients 
with otosclerosis using the techniques developed by Mahboubi et al4 
to assess HRCT images. To our knowledge, no study has evaluated 
the OEAC in otosclerosis using HRCT.

The anatomy of the OEAC has been examined by researchers using 
different techniques. In some studies, the dimensions of the OEAC in 
temporal bone specimens from cadavers were measured using both 
tomography and histology.1,13 Virapongse et al1 researched the anat-
omy of the temporal bone from cadavers and said that the length 
of the EAC is about 2-3 cm. However, these measurements may be 
shorter than the sizes in living patients due to the shrinkage of tissue 
specimens caused by formaldehyde.14,15 In 1983, Virapongse et  al2 
studied the EAC in patients using HRCT at 1.5-2.0 mm thickness and 
showed that the length of the EAC is about 25 mm and the length of 
the OEAC is almost 15 mm.

Mahboubi et  al4 (2012) described a novel method using HRCT at 
0.6-1 mm slice thickness to measure the OEAC, comparing healthy 
ears by age and gender. In their study, they grouped patients into 
the age ranges of 5-8 years, 9-12 years, 13-18 years, and >18 years. In 
the 5-8-year-old group, the length and the dimensions of the begin-
ning section were different than in other age groups. We also used 

Figure 1.  A, B. Reconstructed CT slices show that (A) the beginning of the osseous external ear canal, first slice where the external ear canal with bone; (B) 
ending of the osseous external ear canal, annulus of the tympanic cavity with Rivinus’ notch.

Figure 2.  Reconstructed CT slice shows the points of the “mesh” technique: 
AB line for maxSI, CD line for midAP, EF line for midS, GH line for midI, IJ line for 
midA, KL line for midP.
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Figure 3.  The illustration shows the shapes of the osseous external ear canal: (A) conical, (B) reverse conical, (C) ovoid, (D) hourglass, and (E) cylindrical.

Table 1.  Characteristics of the Ears in the Groups

​
Control Group

(n = 96)

Otosclerosis Group P

Operated ears
(n = 66)

Contralateral ears
(n = 66)

Control/Operated 
Ears

Control/
Contralateral Ears

Length of the OEAC (mm) 6.69 ± 1.49 5.96 ± 1.07 6.04 ± 1.08 .001* .002*

Shape of the OEAC (%) Cone 84.38 87.69 81.54
.653** .539**

Hourglass 15.62 12.31 18.46

Mastoid sclerosis (%) Yes 73.96 75.76 83.34
.795** .158**

No 26.04 24.24 16.66

OEAC, osseous external ear canal.
*Student t-test. **Pearson’s chi-square test.
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the technique of Mahboubi et al4 to measure the sizes of the OEAC 
using HRCT at 0.67 mm slice thickness. In our study, the age of the 
groups was between 18 and 65 years old; there were no significant 
differences by age or gender.

In the study by Mahboubi et al,4 the dimensions of the OEAC of 
120 healthy ears were measured using HRCT. They reported that 
the length of the OEAC was 9.8 ± 3.4 mm (mean ± SD; range, 4.0-
17.4 mm) in the ears of patients older than 18 years (n = 62 ears). 
The range was 18-85 years. In our study, the mean value of the 
length of the OEAC in 96 healthy ears was 6.69 ± 1.49 mm (mean 
± SD; range, 4.6-10.8 mm). The age range in the present study was 
18-65 years. Although we used a similar technique, the lengths of 
the OEAC in our study differ considerably from those in the study 
by Mahboubi et  al.4 This discrepancy may be because of differ-
ences in the age, gender, or race of the samples. Since there are 
few studies in the literature about the length of the OEAC, the 
average size of the OEAC is still unclear. For example, Lee et  al5 
also used Mahboubi’s method in their study, but they didn’t mea-
sure the length of the OEAC. More studies should be conducted to 
average the sizes of the OEAC.

There are some studies on measuring the EAC in different otologic 
diseases. Kimberley and Fromovich16 (1999) declared that the EAC 
is narrow and should be drilled for canaloplasty in COM patients. In 
another study, the relationship between COM and the dimensions of 
the OEAC was explored using the technique adopted by Mahboubi 
et al4 for HRCT images. They reported that there was no relationship 

between COM and the dimensions of EAC.5 Van Spronsen et al6 have 
studied the relationship between the shape of the OEAC and chronic 
external otitis but did not measure the dimensions of the EAC. As an 
alternative technique to radiology, Dy and Lapena7 measured the 
diameter of the EAC in patients with Down syndrome using variable 
diameters of ear speculum.

In our study, we measured the dimensions of the OEAC in patients 
with otosclerosis. There are a few early studies that mention 
aspects of the EAC in cases of otosclerosis, which were summa-
rized in a review by Frank Wojniak11 in 1945. In that review, he also 
included his observations of 100 patients with otosclerosis. He 
noted that in terms of the EAC, the auditory meatus was wide, 
straight, dry, shiny, and wax-free, and the cartilaginous canal was 
narrow in children.

As far as we know, there is no existing study on the dimensions of the 
OEAC in otosclerosis patients using HRCT. We analyzed the images of 
patients who had been diagnosed with otosclerosis after a fixed foot-
plate was seen in stapedotomy surgery. We measured the dimen-
sions of the OEAC. Although there was no difference in the width and 
shape of the OEAC, its length was shorter in both ears of patients 
with otosclerosis. Since it was seen in both ears of the patients with 
otosclerosis, this may be a genetically obtained anatomical variation 
in otosclerosis.

In 1980, Eckerdal et  al17 studied cadaveric temporal bones and 
organized the OEAC into 3 types based on shape, in the following 
order of incidence: conical, hourglass-shaped, and ovoid-shaped. 
Mahboubi et al4 similarly categorized the shape of the OEAC into 5 
groups using the maximum superior and inferior diameter (MaxSI): 
conical, ovoid, hourglass, reverse conical, and cylindrical. They 
showed that 64% of the patients had a conical OEAC. Lee et al5 also 
studied the shape of the OEAC in patients with COM using the tech-
nique of Mahboubi et al4 They declared that the most common type 
of OEAC shape was cylindrical, which accounted for about 36% of 
their COM group. In our study, the shape of the OEAC in otoscle-
rosis and control groups was either conical or hourglass-shaped, 
in that order of frequency. There was no change according to the 
pathology.

Mahboubi et  al4 also analyzed participants for sclerosis of the 
mastoid cavity, as this often presents in cases of COM, which may 
narrow the EAC.16 They reported that 33% of ears had mastoid 
sclerosis.4 In our study, 26.04% of the healthy ears had mastoid 
sclerosis. Similarly, 23.08% of the operated ears of the otosclerosis 
group had mastoid sclerosis, and there was no difference with the 
control group.

Our study had some limitations. The most significant limitation 
was the limited number of subjects in the study. Additionally, 
although there were no extremely tilted canals in our study, in 
addition to Mahboubi’s method to measure the length of the 
OEAC, we could measure not only linear lengths but also para-
bolic lengths with tilted canals. However, our software had no 
suitable format for measuring tilted canals. Another limitation 
was that only a few studies were available to compare the results 
for otosclerosis. Moreover, we could measure only the bony por-
tion of the OEAC without the skin layer.

Table 2.  Comparisons of the Dimensions of the OEAC

Sections Dimensions

Control 
Group

(Total Ears)
(n = 96)

Mean ± SD

Otosclerosis 
Group

(Operated Ears)
(n = 66)

Mean ± SD

P*

Beginning Max-SI 10.71 ± 1.47 10.25 ± 1.44 .051

Mid-AP 6.15 ± 0.95 5.9 ± 0.84 .095**

Mid-S 5.38 ± 0.87 5.33 ± 0.80 .737

Mid-I 4.70 ± 0.95 4.79 ± 0.77 .545

Mid-A 8.45 ± 1.25 8.17 ± 1.42 .190

Mid-P 8.07 ± 1.14 7.77 ± 1.28 .065**

Midcanal Max-SI 8.69 ± 1.23 8.69 ± 1.30 .954

Mid-AP 5.10 ± 0.93 4.96 ± 0.79 .326

Mid-S 4.56 ± 0.87 4.51 ± 0.81 .742

Mid-I 4.09 ± 0.77 4.04 ± 0.64 .640

Mid-A 7.37 ± 1.16 7.25 ±1.19 .509

Mid-P 6.73 ± 0.95 6.79 ± 1.15 .989

Annulus Max-SI 8.01 ± 0.89 8.15 ± 1.03 .336

Mid-AP 4.52 ± 0.91 4.58 ± 0.77 .631

Mid-S 3.64 ± 0.75 3.76 ± 0.66 .216

Mid-I 3.89 ± 0.78 4.01 ± 0.58 .274

Mid-A 6.94 ± 0.92 6.99 ± 0.98 .680

Mid-P 6.10 ± 0.72 6.01 ± 0.85 .461

SD: standard deviation.
 *Student t-test. **Mann–Whitney U test.
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CONCLUSION
In conclusion, using an objective method, we measured the OEAC. 
The length of the OEAC in healthy ears is approximately 6.7 mm. 
Contrary to what is known, the OEAC tends to be short bilaterally 
in the ears of patients with otosclerosis, rather than wider. The exact 
width of the canal is needed to perform any manipulation through 
the canal in different ear diseases, so skin thickness should also be 
measured histologically and radiologically.
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