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Abstract

Introduction: Diagnosis of lesions and bone defects is very important and there is a lack of
substantial studies on the most appropriate method for bone defect measurement. Hence, the aim
of this study is to evaluate the accuracy of multi-slice computed tomography (MSCT) and cone-
beam computed tomography (CBCT) in the diagnosis of mandibular bone defects present in sheep.
Material & Methods: This in vitro study was performed on 15 sheep's mandibular bones. Some
defects were created in cortical and spongy bone using high-speed hand piece at the buccal and
lingual cortical bone of the lower jaw. Totally, 75 mandibular bone defects with a depth of 1-3 mm
were created. The mandibular bone samples were scanned using MSCT and CBCT scanners, and
these scans were evaluated by two oral and maxillofacial radiologists. The positive and negative
predictive values, sensitivity and specificity were calculated for both methods.

Results: The sensitivity of MSCT and CBCT were 78% and 96.5%, and Specificity of MSCT and
CBCT were 90% and 92% respectively. The positive and negative predictive values were 97.5%
and 89.5 % for CBCT, and 90% and 92% for MSC respectively. The negative and positive
likelihood ratios (LR-) and (LR+) were 0.035 and 13.04 for CBCT as well as 0.245 and 7.82 for
MSC respectively.

Conclusion: The study results demonstrated a higher accuracy of CBCT, compared to MSCT, in
the diagnosis of bone defects.

Keywords: Bone, Cone-beam computed tomography, Diagnosis, Mandible

Citation for article: Moudi E, Haghanifar S, Kazemian K, Foroughi R, Nabahati M, Bijani A. A
comparative evaluation of cone-beam computed tomography and multi-slice computed tomography
in the diagnosis of sheep mandibular bone defect: an in vitro study. Caspian J Dent Res 2018; 7:24-9.

http://www.CJDR.ir


mailto:moudi@mubabol.ac.ir
http://dx.doi.org/10.22088/cjdr.7.2.24
https://dor.isc.ac/dor/20.1001.1.22519890.2018.7.2.1.1
https://cjdr.ir/article-1-227-fa.html

[ Downloaded from cjdr.ir on 2025-12-19 ]

[ DOR: 20.1001.1.22519890.2018.7.2.1.1]

[ DOI: 10.22088/cjdr.7.2.24

Cone-beam computed tomography and multi slice computed tomography
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Introduction

he use of various computed tomography (CT)
scans for the evaluation of oral and dental diseases is
increasing. This diagnostic method resulted in the
creation of high-resolution images, and it has become
one of the most widely used devices due to being highly
applicable in different anatomical regions.[” A cone-
beam computed tomography (CBCT) technique is a
common imaging method in dentistry that is capable of

Caspian J Dent Res-September 2018: 7(2): 24-29

producing images with a resolution of less than 1 mm in
size and high detection capability .*! Computerized
tomography with multiple cutting is capable of
producing images of pathologic changes in the bone
surface by creating multiple-thin and overlapping cuts."!
In order to overcome the limitations of the general
application of multi-slice computed tomography
(MSCT), volumetric tomography systems have been
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introduced for maxillofacial applications based on the
idea of CBCT. ¥ In addition, shorter scan time and
radiation dose reduction are further advantages of
CBCT over MSCT. ! Several studies have focused on
the evaluation and comparison of different CBCT
devices and MSCT technology. !"* ®*! Today, there are
few studies on appropriate methods to choose the most
accurate computed tomography in the diagnosis of the
bone defects. The aim of this study is to compare the
accuracy of MSCT and CBCT in the diagnosis of bone
defects created in the sheep mandible.

Materials & Methods

This in vitro study was performed on 15 dry
mandibles of sheep. Totally, 75 mandibular bone
defects were created. First, the bones were immersed in
0.5% formalin solution for 10 days. Then, the soft tissue
was dissected by a cutter (surgical blade NO.15).
Defects were created in cortical and spongy bone using
round burs 0.5, 1 (Switzerland, Juta) and a high-speed
hand piece (NSK, Tokyo JAPAN). This procedure led
to defects with different sizes and shapes on buccal and
lingual cortical bone of the mandible. In some cases, bur
only reached the cortical bone, and in other cases, it
even penetrated into the cancellous bone. Totally, 75
mandibular bone defects were created with a depth of 1-
3 mm and measured using Williams probe ( Hu-Friedy,
Chicago IL, USA). Seven and five samples had
unilocular and multilocular defects respectively, while
three were flawless. Multilocular defects had two or
three holes.

The dry sheep mandibles were completely covered
by thin layers of wax (Betadent-Iran) to simulate the
soft tissue layers and were placed in the standard
condition in the CBCT and MSCT devices. Required
axial scans were taken from the mandibular bone to the
condyle. In addition, the gantry angle varied according
to the angle of the mandibular bone (Figures 1-4).
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Figure 1. MSCT images of buccal (A) and lingual (B)
bone defects
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Figure 2. CBCT images of buccal (A) and lingual (B)
bone defects

Figure 3. Placement of the mandibular bones of
sheep in the MSCT devices

SAGITTALS

Figure 4. Evaluation of mandibular bone defects in
sheep on MPR plane in the CBCT device

The mandibular bone was investigated under the
following conditions: For the CBCT scanner (Newtom 5
G, Verona, Italy): Scanning Time = 15s, Voxel Size =
75 um, FOV = 16*18, mA = 1-20 mA, KVP=110

For the MSCT devices (16 slice Somatom Sensation,
Siemens Germany): Collimation = 0.6, Rotation = 600
ms, Pitch = 0.75, Option = H70s/H60s, KVP 120, mA
90, Scanning Time = 20s, Pixel resolution = 0.28/0.48.

The original data was extracted from MSCT via
Signora Software, and from CBCT by NNT Viewer
software. The axial and cross-sectional planes were
extracted by two softwares in these devices. CBCT
images were observed in a dim room by brilliance 225B

Caspian J Dent Res-September 2018: 7(2): 24-29
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LCD monitor with the resolution of 0.282*0.282 mm,
while MSCT images were observed by Fujitsu B19-6

Table 1. KAPPA coefficient of two observers in
MSCT and CBCT on the buccal and lingual surfaces
LED with 0.294 mm pixel. The observers including two

oral maxillofacial radiologists were separately asked to Device CBCT MSCT

determine different features of the cavities. These Side Observer 1  Observer2  Observerl Observer2

features include unilocularity and multilocularity in Right  0.889+0.48  0.93310.38  0.646+0.079  0.589+0.083

three planes of axial, coronal and multiplanar
reconstruction (MPR), and the presence or absence of
defects in each plane. During the analysis of the images

Table 2. The ability to accurately detect various sizes
of defects by observers byMSCT and CBCT

on the screen, only one of the protocols was shown to

the interactive effects on observers' interpretation. The Device CBCT MSCT
general consensus between observers was measured by
KAPPA coefficient according to the gold standard.
SPSS 20 and chi-square test were used to calculate the 2 95.5% 100% 86.4% 81.8%

Size(mm) Observerl  Observer2  Observer 1  Observer2

sensitivity, specificity as well as positive and negative
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predictive values of final correct ratios with 95% CI.

Results

In this study, the observers had an agreement in
comparison between CBCT and MSCT for diagnosis of
defects on the buccal and lingual surfaces (Table 1).
Another interesting point was the ability to detect
various sizes of defects by both devices (Table 2).

Table 3. Indices of diagnostic test accuracy for CBCT and MSCT by observers

CBCT
Observer 1

Sensitivity (CI195%) %97 (%94-%100) %96 (%92-%100)

Observer 2

In this study, the mean sensitivity was 78% and
96.5%. and the mean specificity for MSCT and CBCT
is 90% and 92% respectively. The mean for positive and
negative predictive values are 97.5% and 89.5% for
CBCT, and 85% and 85.5% for MSCT respectively.
The mean of negative and positive likelihood ratios
(LR-) and (LR+) were 0.035 and 13.04 for CBCT, and
0.245 and 7.82 for MSCT (Table 3) respectively.

MSCT
Observer 1 Observer 2
%79 (%69-%88) %77 (%68-%87)

PPV' (CI95%) %87 (%80-%94)

LR+ (CI95%)

Kappa+SE 0.85+0.04

1. PPV: Positive predictive value
3. LR+: Likelihood Ratio+

Discussion

The results of this study demonstrated higher
sensitivity but similar specificity of CBCT compared to
MSCT. In the present study, the diagnostic capability of
CBCT device for the defects with a depth of 1 mm was
more than that of MSCT device. By increasing the
diameter to 2 mm, the diagnostic capability of MSCT
increases and gets closer to that of CBCT. This trend for
defects continues up to 3 mm depth; however, the
diagnostic capability of MSCT will still be less than that

Caspian J Dent Res-September 2018: 7(2): 24-29

%92 (%86-%98)

%86 (%77-%94) %84 (%75-%93)

9.29 (5.30-16.27)  16.80 (7.71-36.59)  8.26 (4.53-13.07) 7.38 (4.16-13.08)

0.90+0.03 0.70+0.05 0.68+0.06

2. NPV: Negative Predictive value
4. LR-: Likelihood Ratio -

of CBCT. Perella et al. (2007) investigated and
compared two protocols with different thickness in a
MSCT 16 Slice and concluded that the helical CT had a
low sensitivity (72% in protocol 1 and 50% in protocol
2) and high specificity (97%, 99%) in the diagnosis of
bone defects smaller than 1mm."" This is consistent
with our finding. Other studies have also suggested the
lower sensitivity and higher specificity of MSCT 16
Slice compared to CBCT for detecting bone defects.
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(289 1 van Cann et al. (2008) compared MSCT and
several other imaging modalities for evaluation of small
cancer-micro-induced bone destructions in mandibular
and reported 58% of sensitivity and 95.7% of specificity
for MSCT. "% Dreiseidler et al. (2011 )" indicated that
both MSCT and CBCT are capable of diagnosis of
small bony encroachment on average malignant lesions.
The reported sensitivity and specificity were 0.92% and
0.96% for CBCT Galileos, and 0.8% and 100% for
MSCT 16, respectively. These results are in agreement
with those of our current study. However, in contrast to
the present study in which CBCT showed a slightly
higher specificity compared to MSCT, the study of
Dreiseidler et al. represented higher specificity for
MSCT (1 vs. 90%).”) This may be due to the smaller
voxel size of CBCT in our study.

In a study (2008), Van Cann et al. illustrated that the
CBCT compared to MSCT had better performance in
the diagnosis of periapical defects and their
differentiation from bone destruction caused by
malignant tumors. Although this study reported that the
use of CBCT may avoid unnecessary tests like single
photon emission computed tomography (SPECT) and
magnetic resonance imaging (MRI),'"?! Jones et al.
showed that CBCT images may be less reliable and
accurate for the diagnosis of small defects.!"

In our study, the positive and negative predictive
values of CBCT more than those of MSCT for both
observers. These findings are consistent with those of
Dreiseidler et al. " which demonstrated higher accuracy
of diagnosis using CBCT.

The higher sensitivity of CBCT in the present study
goes against the results of Gaia et al. ) who reported
similar sensitivity and specificity for MSCT and CBCT.
They compared CBCT i-CAT and MSCT Aquiline 64 in
two para-sagittal and MPR/axial sections and no
significant difference was found between the devices.
This may be due to the voxel size of 0.25 mm of CBCT
device in Gaia et al.’s study * compared to that of
75um in the present study. Another possible reason for
this contradiction can be due to the difference between
thickness of slices in MSCT16 slice Somatom and
Aquiline 64 Slice.

Conclusion

The results of this study have demonstrated that
CBCT and MSCT have almost the same specificity;
however, CBCT has higher sensitivity compared to
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MSCT. Specifically, CBCT has higher sensitivity and
specificity compared to MSCT for defects with a depth
of less than 0.5 mm. Moreover, MSCT diagnostic
capability increases for defects of higher depth. Overall,
the use of CBCT has priority over MSCT.
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