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ABSTRACT

Purpose: This study assessed the diagnostic performance of stitched and non-stitched cross-sectional cone-beam
computed tomography (CBCT) images of non-displaced ovine mandibular fractures.

Materials and Methods: In this ex vivo study, non-displaced fractures were artificially created in 10 ovine mandibles
(20 hemi-mandibles) using a hammer. The control group comprised 8 hemi-mandibles. The non-displaced fracture
lines were oblique or vertical, <0.5 mm wide, 10-20 mm long, and only in the buccal or lingual cortex. Fracture lines
in the ramus and posterior mandible were created to be at the interface or borders of the 2 stitched images. CBCT
images were obtained from the specimens with an 80 mm X 80 mm field of view before and after fracture induction.
OnDemand software (Cybermed, Seoul, Korea) was used for stitching the CBCT images. Four observers evaluated
56 (28 stitched and 28 non-stitched) images to detect fracture lines. The diagnostic performance of stitched and
non-stitched images was assessed by calculating the area under the receiver operating characteristic curve (AUC).
Sensitivity and specificity values were also calculated (alpha=0.05).

Results: The AUC was calculated to be 0.862 and 0.825 for the stitched and non-stitched images, respectively
(P=0.747). The sensitivity and specificity were 90% and 75% for the non-stitched images and 85% and 87% for the
stitched images, respectively. The inter-observer reliability was shown by a Fleiss kappa coefficient of 0.79, indicating
good agreement.

Conclusion: No significant difference was found in the diagnostic performance of stitched and non-stitched cross-

sectional CBCT images of non-displaced fractures of the ovine mandible. (Imaging Sci Dent 2023; 53: 375-81)
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Introduction

Cone-beam computed tomography (CBCT) is essential
in diagnosis, treatment planning, and the assessment of
treatment outcomes.'> Such a wide range of applications
requires various sizes of field of view (FOV) and voxel size
(resolution) S FOV dimensions depend on the detector size,
beam geometry, and beam collimation. Since the detector
accounts for a large proportion of the fabrication cost of
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CBCT scanners, an efficient approach is required to scan
a larger area without requiring a larger detector.”® CBCT
scanners are classified according to their maximum size of
FOV, composed of 1 or more scans.

One suggested strategy to scan a region of interest (ROI)
larger than the detector FOV is to collect data from 2 or
more individual scans and superimpose and overlap the vol-
umetric CBCT data by using reliable reference landmarks.
This process is known as bioimage registration or mosaick-
ing. Software programs can be used to stitch or blend adja-
cent volumetric images and compile larger volumes of data
in horizontal or vertical dimensions. Stitching can be per-
formed both vertically (to increase height) and horizontally
(to increase width) J

According to Kopp and Ottl J surgeons often prefer to use
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CBCT scanners with a large FOV, while general dentists
are more interested in multipurpose systems with higher
resolution; however, such systems cannot image both jaws
due to their small FOV. This limitation becomes particu-
larly problematic in the fields of maxillofacial surgery and
implant placement. A potential solution to this issue is to
stitch or fuse 2 or more smaller volumes to create a larger
volume.

Stitching can be performed either manually, using third-
party software, or automatically with a specific CBCT
software program.'” Stitching enables the evaluation of a
larger volume with optimal resolution. However, it still has
limitations, such as longer scanning time, higher risk of
motion artifacts, double exposure, and overlapping of scan-
ned areas.®’? Although automatic stitching is independent
of the operator, patient movement during exposures can
affect the results. This means that the production of a com-
posite image does not necessarily ensure dimensional sta-
bility, due to potential motion artifacts between exposures.

A noteworthy issue is that successful treatment requires
accurate information obtained from 2-dimensional and
3-dimensional images, especially for linear measurements.
Therefore, a previous study evaluated the accuracy of linear
measurements made on stitched CBCT images, and the re-
sults showed that linear measurements were accurate and
reliable.” Moreover, evidence shows that the object posi-
tion affects the diagnostic accuracy; specifically, the diag-
nostic accuracy at the center of the FOV is higher than that
in peripheral areas.'” This issue may also affect stitched
images. According to the literature, the accuracy of CBCT
for detecting bone fractures may change the treatment plan
in some cases. Moreover, aside from treatment planning,
CBCT plays a critical role in detecting the cause of pain in
many patients.”’12

Considering the extensive applications of CBCT in maxil-
lofacial assessments and the detection of bone fractures,
such as non-displaced fractures (i.e., linear fractures in
which the proximal segment maintains its normal anatomi-
cal relation to the distal segment),"” and the existing infor-
mation gap regarding the diagnostic performance of stitched
images for detecting non-displaced mandibular fractures,
this study investigated the diagnostic performance of stitched
and non-stitched cross-sectional CBCT images of non-dis-
placed ovine mandibular fractures.

Materials and Methods

The protocol of this ex vivo experimental study was ap-
proved by the ethics committee of Guilan University of

Medical Sciences (IR.GUMS.REC.1401.424).

The minimum sample size was calculated to be 28 in each
group according to a previous study,' assuming alpha=
0.05,90% study power, and the area under the receiver oper-
ating characteristic curve (AUC) to be 0.567 for stitched and
0.833 for full-FOV images using MedCalc version 20.026
software.

Non-displaced oblique or vertical fractures were artifi-
cially created in the right and left quadrants of 10 ovine
mandibles (20 hemi-mandibles as an experimental group)
using a hammer. The mandibles crushed by the hammer
impact were excluded and replaced by others. The remain-
ing 8 hemi-mandibles were used as the control group and
remained sound with no fracture.

The non-displaced fracture lines were horizontal, had a
width of <0.5 mm and a length of 10-20 mm, and were
only in the buccal or lingual cortex (Fig. 1). Fracture lines
in the ramus and posterior mandible were created such that
they were located at the interface or borders of the 2 stitched
images. A CBCT scanner (Vatech, Hwaseong, Korea)
was used to image the mandibles. The exposure settings
were adjusted to an 80 X 80 mm FOV, a 0.2-mm standard
voxel size, 5.2 mA, and 95 kVp. The CBCT images were
taken in 2 sets, before and after stitching the images. All
mandibles were coated with 2 layers of 2-mm-thick dental
wax ' for soft tissue simulation. The FOV and exposure

A

Fig. 1. An artificial fracture induced on the buccal (A) and lingual
(B) aspects of the ovine semi-mandibles.
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Fig. 2. Superimposition of 2 parts of the mandible in axial, sagittal, and 3-dimensional sections using OnDemand software to stitch the cone-

beam computed tomographic images.

parameters were the same in both scan series to eliminate
the effect of confounders (FOV and exposure settings) on
image reconstruction.

In the non-stitched series, the entire length of mandibles
was imaged in an 80 X 80 mm FOV. In the second series, 2
scans were obtained from each mandible to create stitched
images. The first scan of the stitched image included the
condyle to half the distance between the crest and the infer-
ior border of the mandible. The second scan included the
bone crest to the inferior border of the mandible. The images
were stitched using OnDemand software (Cybermed, Seoul,
Korea). For stitching the images, 3 points in the mandible
were superimposed, including (1) the mandibular crest adja-
cent to the distal surface of the last tooth, (2) the mandibular
crest adjacent to the mesial surface of the first series of pos-
terior teeth, and (3) the most posterior part of the posterior
ramus border (Fig. 2). Then, cross-sectional views with a
1 mm slice thickness and 1 mm slice interval were recon-
structed. Next, the selected cross-sectional views were
extracted for assessment by the observers (Fig. 3). Notably,
the same methods were chosen for the reconstruction and
selection of the cross-sectional views from non-stitched

images. Figure 4 shows 2 series of non-stitched and stitched
cross-sectional images of the ovine mandible with fracture.

Subsequently, 4 observers with 6-8 years of experience
in their specialties, including 2 assistant professors of oral
radiology and 2 assistant professors of oral and maxillofa-
cial surgery for detecting fracture lines. The observations
were done under standard lighting conditions on a 21-inch
monitor (LG, Seoul, Korea). The CBCT scans were asses-
sed again by the same observers after a 4-week interval to
calculate intra-observer reliability.

The Fleiss kappa coefficient of agreement was calculated to
assess intra-observer and inter-observer reliability. The diag-
nostic performance of the stitched and non-stitched images
was assessed by calculating the AUC. Sensitivity and spec-
ificity values were also calculated. The method of DeLong
et al. was used to calculate the standard error. The binomial
exact method was used to calculate the confidence interval
for the AUC, and the method of DeLong et al.'® was applied
to compare the stitched and full-FOV images. Data were
analyzed using SPSS version 28 (IBM Corp., Armonk, NY,
USA) and MedCalc version 20.026 (MedCalc Software
Ltd., Ostend, Belgium) at a 0.05 significance level.
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Fig. 3. Cross-sectional reconstruction images of non-stitched images of the ovine mandible with a 1 mm slice thickness and 1 mm slice interval.

Results

The inter-observer reliability was shown by a Fleiss kappa
coefficient of 0.79 (range: 0.68-0.89; P <0.05), indicating
good reliability according to Cohen’s classification. The co-
efficient for intra-observer reliability was 1 for all 4 obser-
vers, indicating excellent intra-observer reliability.

Table 1 shows the diagnostic performance of the stitched
and non-stitched images for the detection of non-displaced
fractures of the ovine mandible. The sensitivity of the non-
stitched and stitched images for detecting fracture lines was
90% and 85%, respectively, but the specificity of the non-
stitched images was less than that of the stitched type. As
shown in both image types, based on the calculated speci-
ficity and sensitivity, the AUCs of non-stitched (0.825) and
stitched (0.862) images for detecting non-displaced fracture
lines had a significant difference from an AUC of 0.50
(P<0.05) (Fig. 5). Although the AUC of the stitched images
was slightly higher than that of the non-stitched images, the
difference in diagnostic performance between the stitched
and non-stitched images was not statistically significant
(P=0.747).

Discussion

This study assessed the diagnostic performance of
stitched and non-stitched cross-sectional CBCT images of
non-displaced ovine mandibular fractures. In the present
study, the AUC was found to be 0.825 for the non-stitched
images, which was significantly different from an AUC
of 0.50. Furthermore, the sensitivity and specificity of the
non-stitched images for detecting non-displaced ovine
fractures were 90% and 75%, respectively. These values
were 85% and 87%, respectively, for stitched images. The
present study’s finding of higher specificity for the stitched
images indicates fewer false positive diagnoses than with
the non-stitched images. The AUC for the stitched images
was 0.862, indicating higher diagnostic performance than
for the non-stitched images, although this difference did not
reach statistical significance. Thus, the present results showed
an equivalent diagnostic performance of non-stitched and
stitched CBCT images for detecting non-displaced ovine
fractures.

Eskandarlou et al.' evaluated the detection of maxillofa-
cial fractures by using a small and a large FOV and found
that the small FOV had a higher diagnostic accuracy than
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Fig. 4. Cross-sectional views of 2 similar areas of an ovine mandible with a fracture. A. Stitched image. B. Non-stitched image. A fracture

line is observed in the lower third of the mandible.

Table 1. Diagnostic performance of non-stitched and stitched images for the detection of non-displaced fractures of the ovine mandible

Standard

95% confidence

Group AUC error’ interval® P value Sensitivity Specificity
Non-stitched 0.825 0.089 0.94-0.63 <0.05 0.90 0.75
Stitched 0.862 0.075 0.96-0.68 <0.05 0.85 0.87

AUC: area under the receiver operating characteristic curve, a: DeLong et al.’s method, b: Binomial exact test

the large FOV. Many other studies have confirmed that a
reduction in the size of FOV increases diagnostic accu-
racy.”"2l In the present study, a small FOV (80 X 80 mm)
was used for all scans to eliminate the effect of this con-
founder on the results.

A potential source of inherent artifacts exists in peripheral
parts of volumetric CBCT scans due to the cone-beam geo-
metry. In the present study, the ROI in the stitched images
was not at the center of the image - instead, part of it was

in the lower part of the FOV, and part of it was in the upper

part of the FOV of the second scan, and the images over-
lapped. Nonetheless, no significant difference was found in
diagnostic accuracy between the stitched and non-stitched
images.

Hamed et al."® and Kim et al.” compared the diagnostic
accuracy of linear measurements made on stitched images
with direct measurements made on the samples. They repor-
ted no significant difference between the measurements,
and the magnitude of the difference ranged from —0.25 to
0.5mm (0.2% to 1.8%) in the study by Hamed et al."® Fur-

118
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Fig. 5. Area under the receiver operating characteristic curve for
stitched and non-stitched images, showing a slightly higher value

for the stitched images.

thermore, Ozemre and Gulsahi'” found a close correlation
between the measurements made on stitched images and
the actual values. They did not use any radiopaque marker
for the measurable landmarks to prevent metal artifacts.
Egbert et al.® used gutta-percha markers to identify anatom-
ical points and found a significant difference between the
2 groups, which could have been due to the effect of radio-
paque materials and metal artifacts on the diagnostic accu-
racy of the images. No metal restoration or marker was pre-
sent in the present study conducted on ovine mandibles. Con-
sidering the usual presence of metal restorations in the oral
cavity, further investigations are warranted in this regard.
The present study found good interobserver reliability
(79%) among the 4 observers who evaluated the images.

-beam computed tomography images of a non-displaced fracture...

et al.” used an ovine cadaver; therefore, movement during

12
image acquisition was not a problem in their study, similar

to the present study.
Nonetheless, immobilization of trauma patients is a chal-

lenge in the clinical setting. Because non-displaced fractures
are not visible on CBCT scans, the high diagnostic accu-
racy of stitched images can positively influence treatment
planning, helping to detect the cause of pain and reassure
patients.”” Nonetheless, 2 main challenges remain in the
use of stitched images - namely, immobilization of patients
during the prolonged imaging period, particularly in trauma
patients, and the effect of metal artifacts in the clinical setting.
These issues warrant further clinical investigations on the
effects of metal artifacts and the magnitude of motion arti-
facts on the diagnostic accuracy of stitched CBCT images.
In conclusion, no significant difference was found in the
diagnostic performance of stitched and non-stitched cross-
sectional CBCT images of non-displaced ovine mandibular
fractures. Thus, considering the sufficiently high accuracy
of stitched CBCT images, images from CBCT scanners
with small FOVs may be reliably used after stitching if
CBCT scanners with large FOVs are unavailable.
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