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Introduction

The external auditory canal (EAC) has a unique anatomy that
is adapted for its auditory and nonauditory functions. The
auditory functions of EAC are related to sound transmission

to the tympanic membrane (TM), while its nonauditory
functions are related to protection of the middle and inner
ear from trauma or environmental changes.1 Anatomically,
the EAC is approximately 2.5 cm in length. Its outer third is
cartilaginous and directed upward and backward, while its
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Abstract Introduction Computed tomography (CT) details of the external auditory canal (EAC)
are not fully covered in the literature, so building up base for the CT evaluation and
description is important. Preoperative details of the EAC are mandatory before any
approach or procedure involving the canal.
Objective To determine the different dimensions, measurements, and grading of the
EAC by CT scan that were not previously published.
Methods The CTscans of 100 temporal bones (200 sides) were included. Axial images
were acquired with multiplanar reformates to obtain delicate details in coronal and
sagittal planes for all subjects.
Results At the EAC entry, the mean vertical length (height) was 7.75�1mm, and its
mean horizontal length (width) was 6.1� 0.8. At the bony cartilaginous junction of the
EAC, the mean vertical length was 7.88�1mm, and its mean horizontal length was
6.22�0.9. At the EAC isthmus, the mean vertical length was 6.8�0.97mm, and its
mean horizontal length was 5.2�0.76. At the medial end of the EAC, themean vertical
length was 7.1�0.9mm, and its mean horizontal length was 5.4� 0.85. There were no
reported significant differences between right and left sides in all dimensions. Males
showed significantly longer vertical and horizontal dimensions of the EAC entry,
vertical dimension of the isthmus, and vertical dimension of the medial end of the
EAC than females.
Conclusion This study improves otologists and radiologists’ awareness of EAC
variations in the ear field and can be of help to residents in training.
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medial two thirds are osseous and directed downward and
forward.2 However, the diameter of the EAC is not well
described in anatomic literature.

Regarding the surgical point of view, EAC plays a pivotal
role during the selection of the surgical approach for the
middle ear or TM surgery. Thewidth of the EAC represents an
important determining factor for the feasibility of the trans-
canal approach in themiddle ear surgery.3With the advent of
endoscopic ear surgery (EES), transcanal endoscopic ap-
proach becamemore popular between otosurgeons. Howev-
er, EES through a narrow EAC remains a challenging surgical
situation.4 Therefore, evaluation of the diameter of the EAC
should be considered before ear surgeries.

The width of the EAC can be roughly evaluated by using
binocular microscopy and aural speculums.5 Also, it can be
roughly evaluated by using endoscopy through grading the
endoscopic visibility of the TM.6 However, both these meth-
ods do not accurately measure the diameter of the EAC,
especially at the level of the isthmus.

Computed tomography (CT) is usually considered before
ear surgery, not only to define the nature and extent of the
current pathology, but also to provide more detailed infor-
mation on the anatomical landmarks and variations that
might affect the surgical procedure.4,7 However, to the best
of our knowledge, the details and normal dimensions of the
EAC as seen by CTscans are not well covered in the literature.

Therefore, this study aimed to determine the different
dimensions,measurements, andgradingof the EAC, based on
CT, that were not previously published. The results of the
study may influence the otologists and neurotologists’
approaches, especially for the endoscopic approach.

Material and Methods

This retrospective analysis was conducted on 100 CTscans of
the temporal bone (200 sides) at University Hospitals, during
the period between July 2020 and May 2021. Informed
written consent was signed by all subjects to share in the
study after explanation of its purposes and the study was
approved by the University’s Institutional Review Board
(IRB; 2019–66). Exclusion criteria were patients younger
than 18 years, history of surgery or trauma in the ear or
the skull base, and congenital anomalies, malignancies,
and/or fibro-osseous lesions of the ear.

The CT examinations were performed for all the included
patients with the Philips Ingenuity Core128 CT scanner
(Koninklijke Philips N.V., Amsterdam, Netherlands). The
protocol of 128-slice multidetector CT (MDCT) was per-
formed with a 0.625mm detector width, a 1.5mm section
width, and a 0.5mm interval reconstruction.

Axial images were made covering the EAC. Examinations
were conductedwithwindowsetting of 4000windowwidth,
centered at 700 window level. A high resolution algorithm
was utilized to enhance appearance of the delicate bony
details.

Multiplanar reconstructions with delicate details in coro-
nal and sagittal planes were obtained for all subjects
at a dedicated postprocessing workstation Volume

Share 4 / Advantage Workstation4.5 (GE Medical System,
Milwaukee, WI, USA). Films were reviewed in a routine
standardized manner in order not to miss small details.

The EAC evaluation was performed in all patients along
the axial, coronal, and sagittal planes (►Figs. 1, 2). Vertical
and horizontal dimensions were measured at entry, bony
cartilaginous junction, isthmus, and atmedial end of the EAC
(►Figs. 1, 2). Statistical analysis was conducted using the
Statistical Package Social Sciences (SPSS, Inc., Chicago, IL,
USA) software, version 25.0. A p-value of<0.05 was consid-
ered statistically significant.

Results

A total of 100 CTs (200 sides) were included in the current
study, for 43males (49%) and 57 females (51%). Themean age
was 36.83� 13.3 years (range: 18–64 years).

At the entry of the EAC, the mean vertical length (height)
was 7.75�1mm (range: 5–10.9mm), which was

Fig. 1 Axial CT scan showed measurements of the horizontal
dimensions (width) at EAC entry, bony cartilaginous junction, isth-
mus, and medial end.

Fig. 2 Coronal CT scan showed measurements of the vertical
dimensions (height) at EAC entry, bony cartilaginous junction, isth-
mus, and medial end.
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significantly longer (t¼18.2212, p<0.0001) than its mean
horizontal length (antroposterior dimension, width) of
6.1�0.8mm (range: 4.2–7.8mm).

At the bony cartilaginous junction of the EAC (beginning
of the bony EAC), the mean vertical length was 7.88�1mm
(range: 5.5–10.6mm), which was significantly longer
(t¼17.1041, p<0.0001) than its mean horizontal length of
6.22�0.9mm (range: 4.4–9.2mm) (►Table 1).

At the isthmus of the EAC (narrowest point of the bony
EAC), the mean vertical length was 6.8�0.97mm (range:
4.5–9.8mm), which was significantly longer (t¼18.1041,

p<0.0001) than its mean horizontal length of
5.2�0.76mm (range: 3.6–7.3mm).

At the medial end of the EAC (drum), the mean vertical
length was 7.1�0.9mm (range: 4.2–9.2mm), which was
significantly longer (t¼20.563, p<0.0001) than its mean
horizontal length of 5.4�0.85mm (range: 3.9–8.3mm).
Therefore, the EAC (entry, bony cartilaginous junction, isth-
mus, and medial end) is oval in shape (►Table 1).

There were no reported significant differences between
right and left EAC in all the CT dimensions (p>0.05)
(►Table 2).

Table 2 Measurements of the EAC dimension (mm) at its entry, at bony cartilaginous junction, isthmus, andmedial end of the EAC
at right and left sides

Range Range Mean

18-64 36.83þ 13.3 36.83þ 13.3 Age

43 males (49%) and 57 females (51%) Sex

5.1-10.6 7.77þ1 Vertical Right Entry

4.2-7.8 6.17þ0.8 Horizontal

5-10.9 7.73þ1 Vertical left

4.3-7.4 6.1þ 0.8 Horizontal

5.5-10.3 7.89þ1 Vertical Right Bony cartilaginous junction

5-9.1 6.24þ0.8 Horizontal

5.6-10.6 7.88þ1 Vertical Left

4.4-9.2 6.2þ 0.89 Horizontal

4.5-9.8 6.785þ0.99 Vertical right Isthmus

3.9-7.2 5.187þ0.75 Horizontal

4.6-9.7 6.77þ0.96 Vertical left

3.6-7.3 5.2þ 0.76 Horizontal

4.2-9.1 7.1þ 0.93 Vertical Right Medial end of EAC

3.9-8.2 5.4þ 0.84 Horizontal

5-9.2 7.12þ0.9 Vertical Left

4-8.3 5.4þ 0.86 Horizontal

Abbreviations: EAC, external auditory canal.

Table 1 Measurements (mm) of EAC dimensions (vertical and horizontal) at canal entry, bony cartilaginous junction, isthmus, and
medial end of the EAC in 100 patients (200 ears)

Mean Range p-value t test

Age 36.83� 13.3 18–64

Entry Vertical 7.75� 1 5–10.9 <0.0001 18.2212

Horizontal 6.1� 0.8 4.2–7.8

Bony cartilaginous junction Vertical 7.88� 1 5.5–10.6 <0.0001 17.4495

Horizontal 6.22� 0.9 4.4–9.2

Isthmus Vertical 6.8� 0.97 4.5–9.8 <0.0001 18.1041

Horizontal 5.2� 0.76 3.6–7.3

Medial end of EAC Vertical 7.1� 0.9 4.2–9.2 <0.0001 20.563

Horizontal 5.4� 0.85 3.9–8.3

Abbreviations: EAC, external auditory canal.
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There was no significant difference in age between the
study’smales and female participants (p¼0.8744). However,
at the entry of the EAC, themeanvertical length inmaleswas
7.9�1.1mm, which was significantly longer (t¼2.0869,
p¼0.0382) than in females (mean: 7.6�0.93mm); further-
more, the mean horizontal length in males was
6.28�0.87mm, significantly longer (t¼2.5213, p¼0.0125)
than in females (mean: 6�0.7mm).

At the bony cartilaginous junction of the EAC, the mean
vertical length in males was 8�1mm, which was not
significantly longer (t¼1.4327, p<0.1535) than its mean
in females (7.8�0.96mm). While the mean horizontal
length in males was 6.2�0.88, it was near to that in females
(mean: 6.2�0.9mm).

At the isthmus of the EAC, the mean vertical length in
males was 6.97�0.9mm, which was significantly longer
(t¼2.72, p¼0.0071) than its mean in females
(6.6�0.99mm); and the mean horizontal length in males
(5.12�0.75mm)was not significantly different from the one
in females (range: 5.25�0.76mm).

At the medial end of the EAC, the mean vertical length in
males was 7.3�0.85mm, which was significantly longer
(t¼3.1033, p¼0.0022) than its mean in females. While
the mean of horizontal length in males (5.4�0.87mm) did
not significantly differ from that in females (5.4�0.84mm)
(►Table 3).

The EAC diameters were categorized at its narrowest site
(isthmus) into grades. For vertical diameter at isthmus, the
EAC was classified into grade 1 (from 4 to 6mm), detected in

35 sides (17.5%); grade 2 (from 6 to 8mm), detected in 143
sides (71.5%); and grade 3 (more than 8mm), detected in 22
sides (11%). For the horizontal diameter (width) of the
isthmus, the EAC was graded into grade 1 (from 3 to
5mm), detected in 60 sides (30%); grade 2 (from 5 to
7mm), detected in 138 sides (69%); and grade 3 (more
than 8mm), detected in 2 sides (1%).

Discussion

The width of the EAC is an important factor in the feasibility
and easiness of middle ear surgery, particularly the endo-
scopic transcanal approach.3 Because of the advancement of
the EES and its extensions, its anatomy and variations
represent an increasing clinical and surgical significance.4,6

Therefore, the study of EAC determines that using CT should
be considered prior to ear surgery. However, the accurate
reference data its anatomy is still not fully detailed in the
current literature.

Using a binocular microscopy and four sizes of aural
speculum, from 4 to 7mm, is considered the simplest
method to measure the width.5 However, this method
reflects roughly the diameter of its cartilaginous part and
the entry of the bony EAC. In our study, we provided more
accurate measurements of these diameters, as well as of its
remaining parts.

On a cadaver study, Ahmad et al.8 found that the mean
dimension of the EAC isthmus was 5.7 and 8.2mm for the
horizontal and vertical diameters, respectively. The mean

Table 3 Differences in measurements (mm) of EAC dimensions in females (114 ears in 57 patients) and males (86 ears in 43
patients)

Gender Mean� SD p-value t test

Age Males 37� 14.8 0.8744
NS

0.1582

Females 36.7� 12

Entry Vertical Males 7.9� 1.1 0.0382
S

2.0869

Females 7.6� 0.93

Horizontal Males 6.28� 0.87 0.0125
S

2.5213

Females 6� 0.7

Bony cartilaginous junction Vertical Males 8� 1 0.1535
NS

1.4327

females 7.8� 0.96

Horizontal Males 6.2� 0.88 1.00
NS

0.0

Females 6.2� 0.9

Isthmus Vertical Males 6.97� 0.9 0.0071
S

2.72

Females 6.6� 0.99

Horizontal Males 5.12� 0.75 0.2299
NS

1.2044

Females 5.25� 0.76

Medial end of EAC Vertical Males 7.3� 0.85 0.0022
S

3.1033

Females 6.9� 0.94

Horizontal Males 5.4� 0.87 1.00
NS

0.0

Females 5.4� 0.84

Abbreviations: EAC, external auditory canal; SD, standard deviation.
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measurements of the dimension of the EAC isthmus in our
study were 5.26 and 6.8mm for the horizontal and vertical
diameters, respectively. The different may be caused by
changes in the cadavers.

Using CT scan in measurement of the diameter of the EAC
is rarely covered by the literature. Yu et al.9 designed a three-
dimensional ear canalmodel using CTscan. However, in their
study, they focused on the length of the EAC, aiming to study
the best design of protective ear plugs for both male and
female workers in noisy environments. However, our study
aims tomeasure thewidth of the EAC in four areas of surgical
importance.

Li et al.5 used CT scan in measurement of EAC diameter in
children with congenital aural atresia; they measured the
diameter in the narrowest segment of the EAC. Ito et al.10

measured the diameters along the osseous EAC and com-
pared the data collected between the pediatric and adult
patient groups; they measured the maximum and minimum
Feret diameter along the whole length of the EAC, with the
help of software for image processing. In our study, we
measured the diameter of EAC in a healthy adult population
in four points of surgical importance without the need of
image processing.

Mahboubi et al.11 have invented six different standardized
anatomic dimensions for measurements of the width of
osseous EAC. However, in our study, we used only two
dimensions, vertical and horizontal, which is more practical
to be measured in accuracy.

Çalışkan et al.12 measured the horizontal and vertical
diameter of EAC in three points: the entry, isthmus, and
medial end. We included these measurements and extended
ours to include the cartilaginous part of the EAC, which has a
clinical significance during ear examination. Additionally, it’s
worth mentioning that our study focuses on normal ana-
tomical variations in the Arab population.

It was clear from the current study results that the EAC, in
cross section, is oval in shape, not rounded. Therefore, prepa-
ration of an oval ear cone could bemore beneficial on different
ear maneuvers. It was also clear that the isthmus is the
narrowest area of the EAC on its vertical or horizontal diam-
etersand, so, shouldbeevaluatedpreoperatively for transcanal
approach and endoscopic surgery of the middle ear.

In the current study, there were no reported significant
differences between right and left EAC in all the CT dimen-
sions, so a difference between both sides might indicate a
pathology in the EAC or encroaching it. While in many
dimensions, such as the vertical and horizontal dimensions
of the EAC entry, vertical dimension of the isthmus, and
vertical dimension of the medial end of the EAC; in males
were significantly longer than in females, which may indi-
cate the need for different approaches or diameters of the ear
endoscopes in females.

It was also noted that the different EAC dimensions showed
wide variations reaching more than 2-folds between the
shortest and longest dimensions, Therefore, we presented a
newclassification (grades) of the narrowest EAC diameter that
could help the choice between microscopic and endoscopic
approaches, as well as help in predicting the need for bone

removal during ear surgery. We think that grade 1 classifica-
tion will be feasible for endoscopic approaches, while grade 3
will be challenging. However, the clinical significance of these
grades needs to be further investigated in more detailed
studies in different ear surgeries.

Thus, the current study provides basic data for detailed
description of the EAC through CT scans, updating the
knowledge regarding its dimensions to improve otologists
and radiologists’ awareness of EAC in the endoscopic field for
optimum and safe surgeries. Studying the presented CT
measurements might help improve operative planning and
ear approaches, and preparation for the instrument set
required in each case.

Conclusion

The current work updates the knowledge of EAC from a CT
perspective to improve otologists and radiologists’ aware-
ness of EAC and might help the endoscopic ear surgery field
for optimum and safe surgeries.
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