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ABSTRACT

Aim: The objective of this study was to evaluate the accuracy of cone beam computed tomography (CBCT) in detection
of cancellous bone lesions.

Materials & Method: Five dry mandibles were used. CBCT imaging was performed. Buccal and lingual plates of
mandibles were separated and well-defined lesions with three different sizes under 4mm were produced by milling into
the cancellous bone. After fixing the two parts together CBCT imaging was repeated. Cotton pellets moistened with 5%
formic acid were put on the lesions and the two parts were fixed together. Presence or absence of lesions on images was
recorded by 2 observers. Using SPSS 16, compatibility level and ROC analysis were determined for each observer.

Results: AUC also was low in three sizes of defects. The AUC before acid stages was significantly higher for both
observers [0.827 (CI: 0.774-0.892) vs. 0.621 (CI: 0.336-0.607) for first observer and 0.662 (CI: 0.559-0.764) vs. 0.536
(CT: 0.329-0.0.544) for second observer]. There were no statistically significant differences in the accuracy of CBCT
among different sizes of defects or among different sizes of defects in the three acid stages.

Conclusion: Detection of small ill-defined lesions not related to teeth within cancellous bone on CBCT images requires

experience and great skill.
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Introduction

Conventional radiographic techniques are important tools
in the diagnosis and follow-up of intraosseous lesions of
the jaws. However, the radiographs achieved do not have
adequate accuracy due to their inherent limitations. The
two-dimensional nature of these radiographic images
prevents observation of the third dimensions of these
lesions. The distortion produced in these images might also
affect the diagnosis and determination of the size and
location of the lesions. On the other hand. jaw lesions are
surrounded by mandibular and maxillary bones. Therefore,
superimposition of these anatomic structures on the lesions
in two-dimensional images results in problems in the
diagnosis, the severity of which is different based on lesion
size, its location in the jaws and involvement of cortical
plates.’? Several studies have been carried out on the
subject, based on some of which the lesions produced in
cancellous bone cannot be diagnosed on periapical
radiographs if erosion does not occur at the junction of
cancellous and cortical bone.** However, some studies
have not confirmed this.>® Three-dimensional imaging
techniques, such as CT and CBCT scans, have several
advantages over conventional imaging techniques. Apart
from the fact that they provide the opportunity to visualize
the third dimension of the area involved, they eliminate the
superimposition of anatomic structure and make it possible
to diagnose and monitor lesions more accurately. Given the
advantages of CBCT over CT, including availability, lower
radiation dose and lower costs, at present CBCT techniques
are more extensively used in maxillofacial imaging as a
substitute for CT techniques in medicine.’

To date, various in vivo and ex vivo studies have evaluated
the efficacy of CBCT technique in the diagnosis of
intraosseous lesions and have shown higher accuracy of the
technique in the diagnosis of these lesions. In some of these

studies the lesions have been located in the cortical bone.®®

In some others, lesions within the cancellous bone have
been evaluated. Except one study.'® in all other studies on
cancellous bone, in vivo™ and in vitro'*™® alike, the
lesions evaluated have been of the periapical type and
associated with teeth.

Considering the fact that no studies have been carried out
on the diagnosis of well-defined and ill-defined lesions in
the cancellous bone, which are not associated with teeth,
the aim of the present study was to compare in vitro
diagnostic agreement of well-defined and ill-defined
lesions within cancellous bone.

Materials & Method

Considering In the present study five edentulous dry human
mandibles were used. All the mandibles were sound and
without any cracks.

Preparation of the control group

The mandibles were sectioned into three segments using a
diamond disk with 30 mm diameter in a Kavo handpiece;
one segment consisted of the canine-to-canine area and two
others consisted of the posterior areas of the mandible. To
simulate soft tissues, the osseous segments were separately
placed in a water-filled box made of 3-mm-thick
Plexiglass, measuring 3x10 cm; each sample was fixed
inside the box parallel to the long axis of the box using a
piece of tape stick. Promax 3D (Planmeca, Helsinki,
Finland) machine was used to capture CBCT images. All
samples were fixed on the machine in a manner to direct
the laser beam through the center of the long axis of the
box.

Preparation of well-defined lesions

Each osseous segment was sectioned into two buccal and
lingual segments using the T 118A Bosch jig saw blade in a
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manner to leave more cancellous bone on the buccal
segment. Lesions were produced artificially within the
osseous bone using a round bur; #V bur was used to
produce round lesions measuring 1.6 mm in diameter and
oval lesions measuring approximately 1.6x3 mm and #XI
bur was used to randomly create lesions measuring
approximately 4 mm in diameter in the anterior and
posterior regions. The lesion sizes were approximate due to
great porosity of the dry bone, especially in the posterior
region, and brittleness of the bony trabeculae. Of course,
the approximate sizes of the lesions had no negative effect
on the diagnosis due to great differences in lesion sizes.
Subsequent to creation of the lesions, the lingual plate was
fixed adjacent to the buccal plate and CBCT images were
captured similar to the method used for the control group.

Preparation of Ill-Defined Lesions

An acid was needed to produce ill-defined lesions, which
would not change the sizes of the lesions. Therefore, 5%
formic acid was selected. A cotton pellet impregnated with
5% formic acid was placed within the lesions and the
lingual plate was again fixed adjacent to the buccal plate.
CBCT imaging was repeated 1 and 2 weeks after
application of formic acid.

Visualization of CBCT images

The images were visualized by two oral and maxillofacial
radiologists with one-year experience, who worked as
assistant professors at the university and received similar
instructions in relation to the diagnosis of the lesions. The
images visualized in a room with the lights dimmed with no
time limitation. The CT images submitted to the observers
on a CD and visualized on a 19-inch LED monitor (LG
FLATRON E1940sv Seoul, Korea), with a resolution of
1440x900. All the three observers were oral and
maxillofacial radiologist,

Interpretation of Images

The observers reported the presence or absence of lesions
with different sizes on intra-oral images based on a 5-point
confidence rating scale as follows: 1. definitive presence of
a lesion; 2, possible presence of a lesion; 3, no definitive
decision; 4, possible absence of a lesion; 5. definitive
absence of a lesion.

The CBCT images were visualized using the Romexis
software at a resolution of 0.16. The images were divided
in two quadrants at MPR (Multiplanar reconstruction).
Posterior sections were divided into quadrants of superior
to and inferior to the canal; in the anterior regions, first, the
curve or the convexity of the bone was placed facing
downward and the right half was assigned to quadrant 1
and the left half was assigned to quadrant 2.

In order to diagnose the lesions, in the first stage the image
in the axial view was placed on the middle section and the
sagittal axis of the image was placed in the direction of the
sagittal axis of the software. In the next stage, the image in
the sagittal view was evaluated by moving the mouse from
the buccal bone toward the lingual bone; if the possible

lesion was observed, the junction of the sagittal and coronal
planes were placed at the center of the lesion and the lesion
was evaluated on the coronal view in the next stage. If the
lesion was visualized on the coronal view, its presence was
confirmed. The process was repeated for each quadrant. In
anterior views, adjustment of the sagittal and coronal
planes of the bone on the axial view was separately carried
out for each quadrant.

Statistical Analysis of Data
Data were analyzed with SPSS 16 statistical software.

The accuracy [(true positive + true negative) + total
observations] of both observers was measured and
compared with the AUC (Area Under Roc Curve) and the
related confidence intervals: in this context, the following
accuracy levels were defined: I. <0.65: low accuracy;
11.0.65-0.75: moderate accuracy: III. 0.75-0.85: good
accuracy; IV.0.85-1: excellent accuracy.

Results

Total accuracy without considering acid stages and size of
defects for both observers was low (AUC<0.65) (Figure 1).
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Figure 1: Receiver
separately for observers.

operating characteristic curves

According to table 1, AUC also was low in three sizes of
defects.

Size 1 Size 2 Size 3
Observer 1 0.543 0.660 0.613
Observer 2 0.638 0.492 0.632

Table 1: AUC of two observers with regard to size

The AUC before acid stages was significantly higher for
both observers [0.827 (CI: 0.774-0.892) vs. 0.621 (CIL:
0.336-0.607) for first observer and 0.662 (CI: 0.559-0.764)
vs. 0.536 (CI: 0.329-0.0.544) for second observer, Table 2].

AUC before scid | AUC | week after AUC 2 wecks
n acid (CDH after acid (C1)
0527 anll 050
Observer 1
(774089 (LA36.0607) 0L129.007%)
LY 0530 0374
Observer 2
10 559.0.764) N300 74 (LIR4.0555)

Table 2: Areas under curve (AUC) of two observers with
regard to acid stages
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There were no statistically significant differences in the
accuracy of CBCT among different sizes of defects or
among different sizes of defects in the three acid stages.
[Table 3]

ALC Before ALC 1 week after | ALC 2 weeks after
ackiCn acid(CTy acid(Cn)
0,575 0.547 041
Size 1
1D4700.681) (0.399.0.694) (0,253.0.569)
062 1.588 0,380
Size 2
10.514.0.727) (0.21L0.966) (0.203,0,.543)
.62l Nn.659 043
Size 3
0.5160.726) (0.480.0.839) (0,190.0.589)

Table 3: AUC irrespective of observers and with regard to
size

Discussion

Early diagnosis of intraosseous lesions in many diseases
with periodontal and endodontic origins has a great role in
the course of such conditions. In addition, early diagnosis
of inflammatory diseases, such as osteomyelitis and
malignant metastasis, which are more prevalent in
advancing age, can contribute to the treatment of these
diseases and increase the life expectancy of the elderly.

Dry mandibles used in this study to imitate such conditions
to create not related to teeth, well and ill-defined early
intaosseous lesions.

A study by Patel ef al. showed a high accuracy rate (ROC,
AUC=1) for the diagnosis of periapical lesions on CBCT
images.”

Liang et al. reported the positive and negative predictive
values and accuracy for CBCT in diagnosing periapical
lesions were all 1, compared with 1, 0.64 and 0.79 for PA
diagnosis.'® Sogur et al.. too. reported a high accuracy rate
(0.74<AUC<0.93) for the diagnosis of chemically produced
periapical lesions."”

A systematic review of Diagnostic Accuracy of CBCT and
Conventional Radiography on Apical Periodontitis, showed
high accuracy values (AUC=0.96) for CBCT imaging,
0.73 and 0.72 for conventional periapical radiography, and
digital periapical radiography respectively.”!

According to table 1, AUC was low in three sizes of defects
and showed that the AUC before acid stages was
significantly higher; unfortunately, created lesion sizes
were not determined after acid stages: however according
to table 3 the size of these defects had no effect on the
accuracy of the diagnosis. Furthermore, it can be concluded
that the lesion outlines had resulted in the differences
observed.

It can be concluded that diagnosis of small lesions which
are not associated with teeth within the cancellous bone on
CBCT images is not recommended.

Shulze ef al. reported good diagnostic accuracy of CBCT
images in patients with clinical signs of osteomyelitis.”> A
study by Hendrikx ef al. showed a high success rate of
CBCT for the evaluation of bone invasion by SCC and
concluded that CBCT can be considered a new diagnostic
tool in screening for oral SCC in order to predict invasion
or absence of invasion of the mandible. Fullmer ef al.
provided CBCT images from patients suspected of having
osteomyelitis and described osteomyelitis views on CBCT
images. Differential diagnosis was made between these
lesions and malignancies. A study by Momin et al. showed
a higher rate of accuracy (Az=0.918) for CBCT in
determining the involvement of the mandible in the
carcinoma of mandibular gingiva. The difference between
the studies which have shown a high rate of CBCT
accuracy in the evaluation of malignant lesions and the
present study is the fact that all the selected patients had
clinical signs, and the evaluated lesions were not
completely circumscribed within cancellous bone.
Therefore, differential diagnosis of these lesion with bone
marrow spaces was not difficult, finally the lesions in vivo
might have other initial radiographic signs such as
periosteal reactions, sclerotic bone in the periphery etc.

Therefore, it is not possible to conclude that the results
achieved through in vitro studies are thoroughly applicable
to in vivo conditions due to differences between in vivo and
in vitro conditions.**

Conclusion

In conclusion diagnosis of small lesions within the
cancellous bone on CBCT images in the elderly for
inflammatory and malignant lesions in early stages in cases
in which there are no clinical signs are not recommended.
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