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Abstract

Background Selecting the correct imaging technique for critical anatomical structures is essential in descriptive
studies and for supporting clinical applications. Facial canal dehiscence poses a significant risk for iatrogenic

facial nerve injuries during middle ear surgeries. Accurate imaging is critical for surgical planning and minimizing
complications. Detection of facial canal openings in the clinic is performed using imaging methods such as high-
resolution computed tomography (HRCT). Studies have shown that the sensitivity of this method is approximately
66%. A high-resolution, 3D imaging method was used to measure the sensitivity of HRCT in the most accurate way.

Aims/Objectives This study aimed to compare two radiological methods for measuring facial canal dehiscence.
Specifically, we compared cone-beam computed tomography (CBCT) with high-resolution micro-computed
tomography (micro-CT).

Materials and methods Thirty-six temporal bone specimens without external defects were used. The specimens
were scanned using both CBCT and micro-CT. The presence of facial canal dehiscence in the tympanic segment of
the facial nerve (FN) was evaluated. A paired sample t-test was used for statistical analysis, with significance set at
p<0.05.

Results Facial canal dehiscence was detected in 10 bones on micro-CT images, while 26 bones appeared intact.

In contrast, CBCT images showed dehiscence in 25 bones, with 11 bones intact. Additionally, the mean dehiscence
width was 3.469 mm (range: 1.577-8.921 mm) in micro-CT images, compared to 1.279 mm (range: 0.670-9.354 mm)
in CBCT images. In the 10 bones where dehiscence was identified by both methods, the average width of the
dehiscence measured 5.347 mm (range: 1.840-9.354 mm) in the CBCT images. The difference in measurements
between CBCT and micro-CT was statistically significant (p < 0.05).

Conclusions and significance The low resolution of CBCT was insufficient for visualizing the thin bony tissue lining
the facial canal. These findings suggest that the frequency of facial canal dehiscence measured in preoperative CBCT
images may be overestimated compared to actual anatomical conditions. These findings provide critical insights for

preoperative evaluation and surgical planning in middle ear procedures.
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Introduction

The facial nerve (FN), an important anatomical structure
in the head and neck region, has a long course within the
temporal bone and plays a critical role in facial expres-
sion, speech, and eye closure. A dehiscence in the bony
canal within the middle ear can render the facial nerve
vulnerable to injury during middle ear surgery, posing
significant risks to both functional and aesthetic out-
comes for patients. Iatrogenic facial nerve injury is a
well-recognized complication with potentially severe
consequences, including permanent facial paralysis and
incomplete eye closure leading to vision loss. FN injuries
during middle ear surgeries are relatively common, and
the incidence is significantly higher in patients with facial
canal dehiscence [1]. The integrity of the bony canal sur-
rounding the FN is critical for protecting the nerve from
the destructive effects of cholesteatoma and injury dur-
ing surgery [2].

Facial canal dehiscence can be congenital, due to ossi-
fication deficiencies, or it may develop as a result of
diseases such as cholesteatoma. Ossification or calcifi-
cation, plays a critical role in the development of these
conditions. Abnormal ossification patterns can result
in structural changes in the facial canal, making it more
prone to dehiscence and increasing the risk of iatrogenic
facial nerve injuries. A cartilage frame forms around the
facial nerve in the fetus at the 16th week. This cartilage
structure covering the facial nerve begins to ossify in
the 24th week and turn into a bone canal covering this
nerve. This development of the facial canal continues
after birth. 83% of the development of the facial canal is
completed in intrauterine life, and the remaining 17% is
completed after birth. Anomalies in intrauterine life are
mostly effective in developmental disorders of the facial
canal [3-5]. Congenital hearing loss, Turner syndrome,
Treacher-Collin syndrome, congenital stapes fixation,
congenital aural atresia, CHARGE syndrome, congeni-
tal microtia, Klinefelter syndrome, trisomy 13, Antley-
Bixler Syndrome and DiGeorge syndrome are some of
the diseases that cause intrauterine anomalies that affect
bone development in the facial canal [6]. Cholesteatoma
is a cystic lesion containing squamous epithelium that
forms in the middle ear. As cystic and tumorous struc-
tures enlarge, they damage surrounding structures in the
middle ear, potentially leading to complications such as
EN palsy. The dehiscence of the facial canal and the ero-
sion of the middle ear ossicles share the same patho-
genesis, explaining the frequent co-occurrence of these
two events. A previous study suggested that facial canal
dehiscence is relatively common even in the absence of
middle ear disease [7].

Iatrogenic nerve injuries during surgery can cause sig-
nificant problems for both patients and clinicians, includ-
ing irreversible damage and the potential for malpractice
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lawsuits. Injuries to the FN can result in facial deformi-
ties and complications, and also social or psychologi-
cal distress for patients. Sharp et al. [8] identified the
EN as one of the most frequently injured nerves during
head and neck surgeries, particularly in the inner ear and
cheek. They reported a 13.1% incidence of EN injury after
inner ear operations. Yetiser’s study reported that one in
ten patients has a dehiscence in the facial canal, making
the FN more prone to injury during middle ear surger-
ies. In this study conducted on 144 patients who had
middle ear surgery for various reasons, it was determined
that 16 patients had dehiscence in the facial canal. Facial
nerve paralysis occurred in 4 of these 16 patients, which
resolved within two weeks after surgery [9]. Similarly, Lin
et al. [10] found that the incidence of facial canal dehis-
cence increases to 33% in patients with cholesteatoma.
In this study, which included 117 patients who under-
went tympanoplasty, it was observed that 87.2% of the
dehiscences were only in the tympanic segment, 7.7%
were only in the vertical segment, and 5.1% were in both
tympanic and vertical segments. Although clinical stud-
ies report facial canal dehiscence rates of up to 33%, ana-
tomical studies show rates as high as 57%, likely due to
the more detailed examination methods used. Likewise,
histological studies tend to report higher rates than clini-
cal studies [7]. Facial canal dehiscence is usually acquired,
but it can also be congenital, and it is most commonly
located in the tympanic segment [11].

Accurate preoperative assessment of dehiscence is
essential to minimize surgical risks and improve patient
outcomes. The detection and measurement of facial canal
dehiscence are typically performed using imaging modal-
ities like high-resolution computed tomography (HRCT).
Several studies comparing HRCT data with intraopera-
tive findings have demonstrated a sensitivity of 66% for
HRCT [12-14]. In a 2019 study, Johnson et al. [1] found
that cholesteatoma (42%) and chronic suppurative oti-
tis media (33%) were the most common causes of facial
canal dehiscence. In the same study, HRCT detected
facial canal dehiscence in 34% of cases, with the authors
attributing the low observation rate to the thinness of
the FN in the tympanic region, which makes it difficult
to visualize. Yu et al. [15] analyzed HRCT images from
76 ears in 72 patients with chronic otitis media and cho-
lesteatoma. Their study showed that the HRCT findings
were consistent with surgical observations in 67 of the 76
ears.

In this study, we aimed to assess the reliability of cone-
beam computed tomography (CBCT) for measuring
facial canal dehiscence, using high-resolution micro-
computed tomography (micro-CT) as the reference
standard. Although micro-CT is limited to small speci-
mens and is not applicable in clinical practice, its excep-
tionally high resolution makes it ideal for the detailed
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Fig. 1 (a) CBCT view of the facial canal with intact bone structure. (Arrows show the bone structure covering the facial canal). (b) Micro-computed to-
mography image of the facial canal with intact bone structure of the same sample. (Arrows show the bone structure lining the facial canal)

Fig. 2 (a) CBCT view of the facial canal with dehiscence (Arrow show the bone structure covering the facial canal). (b) Micro-computed tomography
image of the facial canal with intact bone structure of the same sample. (Arrow show the bone structure lining the facial canal)

examination of anatomical structures in the temporal
bone [16]. The null hypothesis (H,) of this study was
that there would be no significant difference between
CBCT and micro-CT in the identification rates and
measurements of facial canal dehiscence. By exploring
the strengths and limitations of these imaging modali-
ties, we aim to provide clinicians with practical insights
for improving surgical planning and reducing the risk of
complications.

Materials and methods

Bones

The study was approved by the Ethics Committee of
Ankara Yildinm Beyazit University (Approval number:
08/891). A total of 36 dry temporal bones (18 right, 18
left) were obtained from the Anatomy Department. The
inclusion criteria were that the bones were free from
any physical damage. The presence of facial canal dehis-
cence in the tympanic segment of the facial nerve (FN)
was assessed using both micro-computed tomography
(Micro-CT) and cone-beam computed tomography
(CBCT) (Figs. 1 and 2).

Micro-CT

All bone specimens were positioned in the Micro-CT
device (SkyScan 1275, Kontich, Belgium) according to
their anatomical orientation in the human body and
scanned in this position. All measurements were per-
formed in the axial plane. The scanning parameters were
as follows: 1-mm aluminum filter, 80 keV, 125 pA, 10 um
resolution, 47 ms exposure time, 180° rotation, and a
rotation step of 0.400°. Three-dimensional reconstruc-
tion was performed using NRecon reconstruction soft-
ware (version 1.6.9.4; Bruker Micro-CT). Measurements
were made using CTAn software on reconstructed 2D
images (version 1.17.7.2; Bruker Micro-CT), and three-
dimensional images were generated with CT Vol software
(version 2.3). The separations detected in the two-dimen-
sional cross-sectional images were confirmed as present
or absent with 3D reconstructions. However, distance
measurements were made on two-dimensional sections
due to the software constraints (Fig. 3).

CBCT

Bone specimens were positioned in the CBCT device
(Planmeca Promax 3D Max, Helsinki, Finland) in their
anatomical orientation and scanned under the following
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Fig. 3 (a) Visualization of the dehiscence in the fascial canal in the axial axis. (The arrow indicates dehiscence in the fascial canal) (b) Visualization of the
dehiscence in the fascial canal in the coronal axis. (The arrow indicates dehiscence in the fascial canal) (c) Visualization of the dehiscence in the fascial
canal in the sagittal axis. (The arrow indicates dehiscence in the fascial canal) (d) Measurement of the opening in the fascial canal in the axial axis

parameters: 96 kVp, 10 mA, 575x575 mm image field,
and a section thickness of 0.4 mm.

Statistical analysis

The data were analyzed using SPSS statistical soft-
ware (v.23; IBM Corp., Armonk, NY). The normality of
the data distribution was assessed using the Shapiro-
Wilk test, and the homogeneity of variances was evalu-
ated using Levene’s test. Both tests confirmed that the
assumptions for performing the paired-sample t-test
were met. Statistical analysis was conducted using
paired-sample statistics, with statistical significance set
at p<0.05. A paired-samples t-test was used to assess
whether the differences in the arithmetic means between
the two groups were statistically significant.

All measurements were performed by a single, blinded
researcher to avoid bias. Repeated measurements were
conducted one week apart to ensure consistency and
minimize variability caused by external factors. The reli-
ability of repeated measurements was assessed using the
intra-class correlation coefficient (ICC), and results from
both repeated and independent measurements were sta-
tistically compared.

Results
The intra-class correlation coefficient (ICC) for the con-
sistency of the researcher’s measurements ranged from
0.94 to 0.97, indicating high reliability. Overall, the con-
sistency of all measurements fell within the confidence
interval.

Comparative data on facial canal dehiscence mea-
surements are presented in Table 1. Through micro-CT
analysis, the average length of the facial canal was mea-
sured as 11.303 mm (range: 8.387-13.809 mm). It was
observed that 28% (10 bones) of the specimens had
facial canal dehiscence, while 72% (26 bones) did not.
The dehiscences were small areas located above the
bony canal, with an average width of 3.469 mm (range:
1.577-8.921 mm).

In the CBCT analysis, the average length of the facial
canal was measured as 12.884 mm (range: 11.168—
13.993 mm). Dehiscence was absent in 31% (11 bones)
of the specimens, whereas 69% (25 bones) showed dehis-
cence. In most cases, the bony structure of the facial canal
was not clearly visible. The mean width of the facial canal
dehiscence was 1.279 mm (range: 0.670—9.354 mm).
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Table 1 Comparison of Micro-CT and CBCT measurements for facial canal dehiscence

Measurements Micro-CT CBCT PValue
Mean £SD (n) Range (Min-Max) Mean£SD (n) Range (Min-Max)

Facial canal length (mm) 11.303+1.428 (36) 8.387-13.809 12.884+0.667 (36) 11.168-13.993 <0.001*

Dehiscence width (mm) 346943229 (10) 1.577-8.921 1.279+2.850 (25) 0.670-9.354 0.056

*P<0.001.SD, standard deviation; mm, milimeters; min, minimum; max, maximum; micro-CT, microcomputed tomography; CBCT, cone beam computed tomography

All bones with dehiscence detected via micro-CT also
showed dehiscence in the CBCT images. However, in
15 bones where micro-CT showed an intact facial canal,
CBCT indicated missing bony tissue, resulting in false-
positive findings for facial canal dehiscence on CBCT.
Conversely, none of the specimens with dehiscence
detected by micro-CT appeared intact in the CBCT
images, meaning that no false negatives were observed
in the CBCT images when compared to micro-CT for
detecting dehiscence.

Regarding dehiscence measurements, CBCT consis-
tently reported larger dehiscence widths compared to
micro-CT. However, the average facial canal length was
smaller in CBCT. This discrepancy occurred because
bones with no dehiscence on micro-CT (recorded as
0) were found to show dehiscence on CBCT, and these
measurements were included in the average calculation.
The average width of dehiscence was 2.862 mm (range:
0.80-8.12 mm) in the 15 samples where dehiscence was
not detected on micro-CT but was observed on CBCT.

In the 10 bones where dehiscence was detected using
both methods, the average width was 3.469 mm (range:
1.577-8.921 mm) on micro-CT and 5.347 mm (range:
1.840-9.354 mm) on CBCT. A paired-samples t-test
showed a positive correlation of 0.620 between these
measurements, but the statistical significance was greater
than 0.05 (p =0.056).

Discussion

The aim of this study was to assess the reliability of
CBCT in measuring facial canal dehiscence by com-
paring it with high-resolution micro-CT. Our findings
revealed that, although CBCT identified a higher rate of
facial canal dehiscence compared to micro-CT, it also
produced a significant number of false positives. This dis-
crepancy is likely due to the lower resolution of CBCT,
which hinders the accurate visualization of the thin bony
tissue covering the facial canal.

In this study, a voxel size of 400 um was selected for
CBCT imaging to reflect routine clinical settings, where
this resolution is commonly used for anatomical evalua-
tions. It is acknowledged that utilizing a higher-definition
mode (75 um) would likely yield results more compa-
rable to micro-CT due to enhanced visualization of fine
structures. However, such high-resolution modes are
not routinely employed in clinical settings, limiting their
applicability for widespread use. Additionally, 400 pum

aligns with the typical diagnostic capabilities of CBCT in
preoperative imaging, ensuring clinical relevance.

The rate of facial canal dehiscence reported in ana-
tomical studies ranges from 29 to 74%, while in studies
conducted with a microscope during surgery, this rate
varies between 6% and 43%. In 2019, Johnson et al. [1]
compared radiological images with intraoperative find-
ings in 70 patients, evaluating HRCT data. The study
reported a false positive rate of 30% and a false negative
rate of 65% for HRCT. In our study, all discrepancies in
CBCT data were due to false positives in the diagnose
of dehiscence, with no false-negative findings observed.
This can be attributed to the thinness of the bony struc-
ture covering the facial canal, which was often not dis-
cernible on CBCT images, leading to false detections
of dehiscence. In the absence of bony coverings, HRCT
images are unlikely to falsely depict the presence of bone.
We hypothesize that false-negative results in other stud-
ies may be due to limitations in the evaluation of radio-
logical data.

Kharel et al. [7] reported a facial canal dehiscence rate
of 12.7% based on HRCT images from 158 patients.
Furthermore, when comparing clinical and histological
studies, it has been noted that the incidence of dehis-
cence is higher in histological studies, potentially due
to the destruction of the bony tissue covering the facial
canal during sample preparation. The rates of facial canal
dehiscence observed in our study for both micro-CT and
CBCT were higher than those reported in previous stud-
ies. False positives in histological studies may result from
the disruption of the bony tissue during sectioning, yet
there is still the possibility of false positives in radiologi-
cal images, even in the absence of bone damage. A com-
parative study between histological and radiological data
could provide valuable insights into the margin of error
associated with each method.

In a study by Arias-Marzan et al. [11], preoperative CT
data from 57 patients scheduled for surgery were com-
pared with intraoperative findings. They reported that
facial canal dehiscence was detected at a significantly
higher rate during surgery than on preoperative CT
images, indicating the presence of false negatives in CT
assessments. The detection rate of dehiscence on preop-
erative CT images was reported to be 50%, likely due to
the thinness of the bony canal covering the facial nerve,
making it challenging to assess the canal’s integrity on
CT images. Similarly, in our study, the thinness of the
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bony tissue covering the facial canal complicated accu-
rate evaluation using conventional radiological images.
However, unlike their findings, all errors in our study
were false positives, where intact bony canals were misin-
terpreted as dehiscent on CBCT images.

Hernandez-Trejo et al. [17] identified facial canal
dehiscence in 51% of cases based on CT images of 184
temporal bones from patients without a history of tem-
poral bone or middle ear disease. Although their findings
were not confirmed by surgical data, the observation of
facial canal dehiscence in a significant proportion of indi-
viduals without middle ear pathology may explain the
high positive detection rate observed in our study. Previ-
ous research has demonstrated that micro-CT is highly
effective in imaging complex structures within the mid-
dle ear due to its superior resolution. Similarly, our study
confirms that micro-CT is more reliable than clinical CT
for imaging this region. Although micro-CT is not typi-
cally used in clinical practice, we believe that it can sig-
nificantly contribute to the anatomical literature on bone
and tissue samples [18].

Conventional radiology offers several advantages in
diagnosing clinical pathologies such as cholesteatoma.
However, interpretation is challenging with traditional
radiology due to its reliance on a single plane. Conse-
quently, clinical diagnosis often requires the combined
evaluation of comparative radiographs and clinical data.
In a retrospective study involving 580 cholesteatoma
patients (2003-2023), Popescu et al. [19] reported that
diffusion-weighted MRI (DWI) demonstrated higher
diagnostic accuracy for detecting recurrences not vis-
ible on standard CT scans compared to traditional imag-
ing techniques. The study emphasized the importance of
developing standard imaging protocols and highlighted
that incorporating DWI with conventional methods
could facilitate early detection, improve surgical out-
comes, and reduce postoperative complications. Our
findings suggest that integrating advanced techniques
such as 3D imaging and MRI may enhance diagnostic
and treatment success. Specifically, 3D reconstructions
provide a more comprehensive assessment of facial canal
dehiscence compared to two-dimensional (2D) sections.
Unlike 2D images, which are constrained by slice orienta-
tion and thickness, 3D imaging enables multi-angle visu-
alization of the entire facial canal, minimizing the risk of
overlooking small or irregular dehiscences.

Despite the contributions of this study to understand-
ing the anatomy of the facial canal, it has several limita-
tions. First, the use of cadaveric temporal bones may
not fully reflect in vivo conditions, as the absence of
soft tissue can influence the visualization of dehiscence.
Additionally, while micro-CT provides high-resolution
images, its application is limited to research due to its
small sample size and high radiation dose, making it
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impractical for clinical use. The higher dehiscence rate
observed in CBCT images can likely be attributed to its
lower resolution, resulting in potential false positives,
as observed in our findings. Clinically, it is important to
interpret preoperative CT findings cautiously, as CBCT
may overestimate the presence of facial canal dehis-
cence. Therefore, intraoperative confirmation is essential
to avoid unnecessary surgical risks when dehiscence is
suspected.

Conclusion

This study demonstrated a statistically significant differ-
ence (p<0.05) between CBCT and micro-CT in measur-
ing facial canal dehiscence, rejecting the null hypothesis.
CBCT was found to overestimate the presence of dehis-
cence due to its lower resolution, leading to false-positive
results. These findings highlight the limitations of CBCT
in accurately visualizing thin bony structures and empha-
size the superiority of micro-CT for detailed anatomical
evaluation. Clinicians should interpret CBCT findings
with caution, as they may not reflect actual anatomical
conditions. Intraoperative verification is recommended
to ensure accurate clinical decisions.
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