HEAD & NECK IMAGING
Iran J Radiol. 2014 August; 11(3): e9400.

DOI: 10.5812/iranjradiol.9400
Research Article

Published online 2014 August 10.

Temporal Bone Measurements; A Comparison Between Rendered Spiral CT
and Surgery
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Background: Accurate radiological assessment of the anatomical features of the temporal bone is crucial to prevent damage
to vital elements in this area during surgery. Knowing the approximate location of specific temporal bone related landmarks in
advance is very important for planning surgery.
Objectives: This study compared findings from computed tomography images with those observed directly during ear surgery.
Patients and Methods: Patients with various pathologies of the ear who needed surgery were referred to an imaging center for
a spiral CT scan of the temporal bone. The following parameters were measured by a radiologist and also later recorded by the
surgeon during surgery: 1) The distance between the postero-superior border of the outer ear canal and the sigmoid sinus; 2) The
distance between the dome of the lateral semicircular canal and the mastoid cortex; and 3) The distance between the external
surface of the incus and the mastoid cortex.
Results: Twenty cases were included. In the three measurements performed in this study, only the first parameter (distance
between the canal and the sigmoid sinus) was significantly different between the direct measurement made during surgery
and that obtained from CT scans. There was no significant difference in the measurements of the distance between the dome of
the lateral semicircular canal and the bone cortex, and the distance between the external surface of the incus and the surface
of the bone cortex.
Conclusions: Our study shows in terms of figures that measurements of features of the temporal bone made from spiral CT
scan images and those directly obtained during surgery are similar to an adequate extent.
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1. Background
The temporal bone is a complex anatomical space that
houses the middle ear and its ossicles, as well as the inner
ear, which includes the vestibule, cochlea, and the semicircular canals. It also contains the facial and vestibulocochlear nerves and several blood vessels and muscles.
Diagnosis and surgical intervention in this area require
sufficient clinical information and a thorough knowledge of the anatomy of the temporal bone (1-3). Highresolution CT scanning is the best method for examining
the anatomy and disorders of the skeletal system. The
introduction of multi-slice helical (spiral) CT scanning
brought about a breakthrough in CT technology. This
technique yields sub-millimeter spatial resolution in the
x, y, and z axes and provides more detailed anatomical
features in the images (4-6). Multi-planar CT scans produce isotropic voxels, which can be rendered in every sectional plane. This technique has made it possible to accurately observe the anatomical structures of the middle

and inner ears. In addition, a high contrast between the
bony structures and air chambers can be obtained using
the surface-rendering technique in a virtual endoscopy
of the middle ear. The 3D volume-rendered CT images can
provide a better understanding of the complex anatomy
of the temporal bone. The images can be rotated in space
and viewed from every plane and hence, enable the evaluation of morphologic views of certain structures, such
as the ossicles of the middle ear and the components of
the inner ear. In view of the intricate structures involved,
proper CT images are invaluable in temporal bone surgeries (7, 8). The ultimate goal of these technological
breakthroughs is to offer useful information to the clinicians in order to make optimal decisions. During ear
surgery, the otologist comes up with several vital structures imbedded in the bone that should be meticulously
exposed by microdrills. Mastoid cortex is the first part to
be drilled out so that the antrum, sigmoid sinus, incus
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Figure 1. Measurement 1; the distance between the postero-superior border of the outer ear canal and the sigmoid sinus. A, Coronal view; B, Axial view; C,
Surgical view; H: Spine of Henle; S: Anterior surface of the sigmoid sinus

Figure 2. Measurement 2; the distance between the dome of the lateral semicircular canal and the bone cortex. A, Coronal view; B, Axial view; C, Surgical
view; H: Spine of Henle; LC: Dome of the lateral semicircular canal.

and lateral semicircular canal are identified (9). Knowing
the approximate location of these landmarks in advance
is very helpful in planning surgery. CT provides useful
information about the overall anatomy of the temporal
bone and also the extent of the pathologies.

2. Objectives

In this paper, the accuracy of CT findings in terms of
measurements of distances between certain temporal
bone structures with those obtained during surgery is
compared. The aim is to understand how reliably CT image findings may help otologists in planning temporal
bone surgery. Previous studies have shown a good correlation between CT related measurements in patients and
those obtained from published cadaver data and direct
observation during surgery (10, 11). In this paper, the measurements in the same cases are compared so that the accuracy of CT is determined.

3. Patients and Methods

The study included patients with various ear pathologies for whom surgery (at least mastoidectomy) had been
indicated by an otologist (including chronic infections of
the ear with or without cholesteatoma, and fractures of
the temporal bone). The patients were referred to an imaging center for a spiral CT scan. Imaging was performed
using a GE multi-detector spiral CT scan (General Electric,
USA) in axial sections (KV = 120, mAs = 180, matrix = 512
× 512, field-of-view = 70 × 70 mm, reconstruction interval
= 0.5 mm, slice thickness = 1 mm, window width = 4000
HU, collimation = 1 mm with two detectors). Rendering of
2

the images was performed using the eFilm Workstation,
which enabled multi-planar evaluation. The measurements included in the study were as follows:
Measurement 1: The distance between the postero-superior border of the bony external ear canal and the sigmoid
sinus (from the anterior limit of the sigmoid sinus to the
canal, just superior to the spine of Henle). The exact location of the spine of Henle was marked as the postero-superior border of the outer ear canal in coronal sections, and
labeled the H spot. Then, using eFilm Workstation software,
H was shown in axial sections and the shortest distance between H and the anterior surface of the sigmoid sinus (S)
was measured in the axial sections and recorded (Figure 1).
Measurement 2: The distance between the dome of the
lateral semicircular canal and the bone cortex. The exact
location of the dome of the lateral semicircular canal was
marked in axial sections, and labeled the LC spot. The exact location of the spine of Henle (as the landmark of the
outer surface of the cortex) was marked in coronal sections
and labeled the H spot. Then, using eFilm Workstation, and
rotating around the H spot, semi-coronal sections were obtained and the distances measured and recorded (Figure 2)
Measurement 3: The distance between the outer surface
of the incus short-process and the mastoid cortex. As with
the previous two measurements, the exact location of the
spine of Henle was labeled in coronal sections as the H
spot. Then the exact location of the incus was identified
in axial sections and its outer surface was labeled the I
spot. Using eFilm Workstation and rotating around the I
spot, semi-axial sections were rendered, and in whichever section both spots were present, the distance between
them was measured and recorded (Figure 3).
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Figure 3. Measurement 3; The distance between the external surface of the incus and the mastoid cortex. A, Coronal view; B, Axial view; C, Surgical view;
H: Spine of Henle; I: Outer surface of incus short process

Table 1. Indications for Surgery, Number of Patients and Types of Surgery
Indication for Surgery
Chronic Otitis Media

Traumatic Facial Paralysis

Total

Number of Patients

Type of Surgery

12

Mastoidectomy + Tympanoplasty

5

17

Mastoidectomy + Facial Nerve Decompression

Table 2. Comparison Between the Measurements Performed by CT Scan and Directly Through Surgery a
Type of Measurement
Measurement Results
Surgery

CT Scan

P Value

The distance between the postero-superior border of the outer ear canal and the sigmoid sinus 15.71 ± 2.39 14.56 ± 2.64 < 0.05
The distance between the dome of the lateral semicircular canal and the bone cortex
15.6±1.5 15.25 ± 1.48 > 0.05
The distance between the external surface of the incus and the mastoid cortex
15.23±1.74 15.08 ± 1.42 > 0.05
a Data are presented as Mean ± SD.

The first step in the surgery was to drill out the mastoid
air cells. Upon removal of the sufficient cortical bone,
the mastoid antrum appeared and the lateral semicircular canal and incus came into sight. The direct measurements were then taken by a single surgeon (the second
author) using a ruler, with the surgeon unaware of the
measurements by the radiologist. All the measurements
were done by a single surgeon and also a single radiologist to minimize the inter-observer variability. These
parameters are the basic items that should be known
to the otologist doing the mastoid surgeries and are
implemented in every case. There are several other landmarks, such as the fallopian canal distances from the
cortex or sigmoid sinus, but the surgeons infrequently
get involved with them in the routine mastoid surgeries.
All participants signed written informed consent. The
results are presented as mean ± standard deviation and
the differences between the pairs of measurements were
analyzed using Student’s paired t-test. A p value of less
than 0.05 was considered to be significant. In addition,
Bland-Altman plot method was used to assess agreement
between the two methods of clinical measurement. The
intraclass correlation coefficient (ICC) was used for quantification of intraobserver reliability. ICC values close to 1
(ICC more than 0.75) indicate satisfactory reliability.

4. Results

In this study, 17 temporal bones were examined. These
17 patients included 12 (70%) chronic otitis media and
Iran J Radiol. 2014;11(3):e9400

five traumatic facial paralyses (Table 1). The youngest
patient was 16 years old, and the oldest 69, with a mean
age of 28 years. Of those patients, 12 (70%) were male
and five (30%) were female. Using a two-sided paired ttest and considering a power equal to 100% and a significance level of 0.05 to detect a difference of 0.854
yielded a sample size of 17. For measurement 1, the
mean distance between the postero-superior border of
the external ear canal and the sigmoid sinus measured
during surgery was 15.71 ± 2.31 mm, while it was 14.56 ±
2.64 mm when measured using CT imaging. These two
measurements were significantly different (P< 0.05)
(Table 2). For measurement 2, the distance between the
dome of the lateral semicircular canal and the surface
of the bone cortex, the mean figure obtained during
surgery was 15.6 ± 1.5 mm, which was not significantly
different from that obtained through CT imaging (15.25
± 1.48 mm). The mean distances measured through direct observation and CT scanning for measurement 3,
the distance between the incus and the cortex, were
15.23 ± 1.74 mm and 15.08 ± 1.42 mm, respectively, which
were also not significantly different. Bland-Altman
plots also showed that the mean of the differences in
measurement 1-3 were 1.10, 0.30, and 0.47, respectively
(Figure 4). It is close to zero for measurements 2 and 3,
so the two clinical methods are in agreement. The intraclass correlation coefficient (ICC) for measurements 1,2
and 3 were 0.923, 0.853 and 0.866, respectively, which
indicates satisfactory reliability.
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Figure 4. Bland-Altman plots for the three measurements. A, The distance between the ear canal and the sigmoid sinus; B, The distance between the
lateral semicircular canal and cortex; C, The distance between the incus and cortex.

5. Discussion
Since the early 1980s, CT scanning has assumed an important role in the imaging of the temporal bone. Conventionally, low resolution CT scanning in axial and coronal
sections was employed. With the advent of spiral CT scanning, minute structures, which had not previously been
accurately visualized, could be clearly examined. Now
the surgeons have a better understanding of the related
anatomy and can assess various pathological conditions
such as congenital anomalies, inflammatory, neoplastic,
and traumatic diseases of the temporal bone. Pre-operative knowledge of the anatomical relationships of structures with fixed landmarks as the spine of Henle and the
semicircular canal can contribute to a safe operation (4,
8, 12-15). In this paper, the basic landmarks of mastoidectomy (spine of Henle, sigmoid sinus, lateral semicircular
canal and incus) were studied from an imaging aspect.
The necessity of using multi-detector spiral CT scanning
4

and multi-planar rendering is supported by several studies showing that the technique produces higher quality images than conventional axial and coronal scans.
For example, a study by Alexander et al. compared conventional axial and coronal sections against axial helical
CT images in 19 patients, which were also rendered in
coronal sections. The detail of the anatomical structures
was observed by three independent observers who were
unaware of the imaging method. In most cases, the helical CT images were rated higher (1). In another study by
Jager et al. the findings of single-detector spiral CT and
those of multi-detector spiral CT were compared, and it
was concluded that the multi-detector spiral CT images,
including the renderings, provided better images of the
temporal bone anatomy (4). Jun et al. evaluated the usefulness of multi-planar rendering of images in determining
the anatomy and the topographic relationships between
important structures. In their study, spiral CT scanning
was used to image 40 ears affected by different diseases,
Iran J Radiol. 2014;11(3):e9400
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and the results showed that the rendered images provided accurate anatomical details and helped the surgeon
significantly in understanding the spatial relationships
between the temporal bone structures (5). The results of
our study are similar to those observed by Tomura et al.
(2007), in a study that compared different multi-slice CT
imaging methods in 80 patients in order to determine
the best method for examining the middle ear in various
diseases. The values from the original CT images and the
2D and 3D renderings of the components of the tympanic
chamber were compared with those of the surgical findings. The results indicated that multi-planar renderings
were more useful in the evaluation of skull-base traumas,
skull-base tumors, and chronic inflammation of the middle ear (16). In another study by Zhen et al. (2007), images
rendered from millimeter and sub-millimeter scale scans
were shown to be as good as, and sometimes even better
than direct observation and photography for gaining an
understanding of the anatomy of the temporal bone (15).
Rajati et al. reported the sensitivity and specificity of the
temporal bone CT in detecting the fine fracture lines as
77.5 and 77.7 %, respectively in cases of traumatic facial paralysis (17). Mahmutoglu et al. studied the CT of 71 patients
and reported the reliability of the scans in diagnosing cholesteatoma and its extension and possible accompanying
complications (18). In a study by Rodt et al. (2006), spiral
CT scanning was performed on 20 normal individuals, six
temporal bones from cadavers, and 213 patients with middle-ear complaints, and different views of the middle ear
and the ossicles were examined. On comparing the virtual
views rendered from images and real views from the dissected bones, the image quality was evaluated and it was
concluded that the information obtained from rendered
spiral CT scan images helped in the radiological diagnosis
and the selection of the surgical approach in complicated
diseases of the middle ear (8). The findings revealed that
there is a wide variety of anatomical differences in the dimensions of the temporal bone, and that it would be useful to make preoperative plans/maps in order to render
the images in the desired sections. The protocol employed
in this study was based on recommendations from reference books and can easily be used. During ear surgeries
when mastoid drilling is indicated, the surgeon exposes
the mastoid cortex and begins drilling in the area between the posterior ear canal and sigmoid sinus; the drilling goes on to expose the sigmoid sinus, antrum, lateral
semicircular canal and the incus. These structures are important landmarks of every mastoid surgery and the surgeon must be aware of their anatomic correlation. In the
three measurements performed in this study, the only significant difference between the figures obtained directly
during surgery and those obtained from the CT scan images was noted in the measurement of the distance between
the postero-superior border of the outer ear canal and the
sigmoid sinus. This can be justified by the fact that during
surgery, exposure of the sigmoid sinus is suboptimal and
there is no need, and maybe even minor risk, in totally
Iran J Radiol. 2014;11(3):e9400

uncovering the sinus and often a thin layer of bone is left
over the sinus. In the other two cases, i.e. the distance between the semicircular canal from the cortex and the distance between the incus from the cortex, no significant differences were observed. Moreover, the semicircular canal
and the incus are fairly distinct structures and more consistent in regard to the exact point used for measurement.
This variability has also been reported by Vlastarakos et
al. who compared CT scan and surgical findings in 50 patients, and found that that the reliability of the preoperative CT scans was different in various areas (19). To reduce
the inter-observer variability, a single surgeon has done all
the measurements; however, the sigmoid plate measurement point in the CT scan and surgical field probably were
not precisely the same. This study confirms the findings
of previous studies on the high level of accuracy of spiral
CT scans for the evaluation of the temporal bone, and also
shows that the measurements obtained from spiral CT
images are comparable with those obtained from direct
observation during surgery. This finding is invaluable to
surgeons, and in certain cases will give important information that can be used to ensure a more safe surgery.
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