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Abstract
Aim: This study assesses if the size of periapical lesions has an effect on the bone immediately peripheral to an apical lesion.

Methods: Cone-beam computed tomography (CBCT) images of 271 periapical lesions were analyzed using Mimics Research™
to determine the CBCT periapical lesion volume index (CBCTPAVI) score, along with the radiodensity of the lesion, lesion
border, and surrounding bone in 0.5 mm increments up to 2.0 mm peripheral to the apical lesion. The one-way analysis of
variance was used to assess for significant differences in the radiodensity of the lesion, border, and peripheral bone, as well as

differences among CBCTPAVI scores.

Results: The radiodensity of bone peripheral to the apical lesion increased significantly up to 1.0 mm around the lesion’s
perimeter. In addition, lesions with higher CBCTPAVI scores showed a significantly greater difference in the radiodensity from
the lesion to the lesion border and the peripheral bone, compared to lesions with smaller CBCTPAVI scores.

Conclusions: This study for the first ime shows the influence of periapical lesion size on the radiodensity of bone peripheral to
an apical lesion. Variations in radiodensity at the perimeter of a periapical lesion can be influenced by the size of the lesion,
possibly indicating differences in defense response. Knowledge of these phenomena may provide information on bone healing

and enhance our understanding of bone peripheral to a periapical lesion.
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INTRODUCTION

Radiographic images permit the visualization and
assessment of the teeth and their supporting apparatus,
the periodontal ligament, and surrounding bone." This
imaging further allows for the evaluation of the radiodensity
of these structures.?” Radiodensity varies based on the
density of the tissue being assessed and is measured in
Hounsfield units (HUs), which represent the degree of X-ray
attenuation.’! The denser the tissue, the more the X-rays
are attenuated, the more radiopaque the object appears
radiographically, and the larger the HU value associated
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with the tissue, whereas less dense tissues appear more
radiolucent and have a lower HU value.”

Radiographic radiodensity assessment of bone allows
evaluation of the degree of bone mineralization.® This has
multiple applications in dentistry, including in the fields
of endodontics and implantology. Evaluating the bone
density of the implant site is an important step in implant
treatment planning as it has implications on surgical,
healing, and prognostic aspects related to the treatment;
hence, this is why a categorization system known as Misch
bone density classification is used.®” In endodontics,
bone healing following root canal therapy is monitored
over months and years using follow-up radiographs, with
cone-beam computed tomography (CBCT) providing rich
information.?®° Healing is perceived if there is an increase
in the radiodensity of a radiolucent lesion."” Evaluating
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the changes in radiographic radiodensity is important
in assessing changes in bone mineralization in the
periapical area, and thus, may provide valuable prognostic
information on the healing of periapical lesions.? Alagl et
al." indicated that an increase in bone radiodensity in the
region of the periapical lesion may be useful in detecting
bone growth and thus healing.

CBCT provides a more accurate method of assessing
periapical changes compared with the two-dimensional
radiograph, as it permits assessment of the true,
three-dimensional (3D), size of the lesion by means of
volume measurement.'"? Volume of periapical lesions
can be classified using the CBCT periapical volume
index (CBCTPAVI).'>" Periapical lesion volume has been
correlated with endotoxin levels and healing outcomes post
endo-microsurgery.''l In addition, changes in periapical
lesion volume have been used to evaluate postoperative
healing.I">! Thus, assessment of volume and bone density
could provide information on the status of bone and allow
for assessment of healing in three dimensions, enhancing
treatment planning and the assessment of prognosis and
endodontic therapy success.?'” Importantly, investigating
the effect of lesion size on the surrounding periapical
bone may allow for assessment of the body’s response to
different-sized lesions, possibly allowing for assessment of
the lesion’s activity. With the uptake of artificial intelligence
(Al) in the assessment of radiographs,'® these data could
possibly aid the clinician in the diagnosis and development
of techniques to ensure better management of bone during
periapical surgery.

Currently, there are no studies that have assessed the
quality of bone around the margins of a periapical
lesion. Therefore, the aim of this study was to assess the
radiodensity of periapical lesions, the lesion border, and
peripheral bone within a cone-beam image and its relation
to the CBCTPAVI.

METHODS

Ethical clearance for this study was obtained from the
Griffith University Human Research Ethics Committee
(EC00162). For the purpose of testing the aim of the
study, 271 periapical lesions, along with the border and
surrounding bone, were three dimensionally segmented
and assessed for variations in bone radiodensity.

Cone-beam computed tomography selection

CBCT images included in this study were obtained from
the Griffith University CBCT archive. For standardization,
all images included were acquired using the same CBCT
scanner (Carestream CS 9600 CBCT Scanner, Carestream
Dental LLC, Georgia, USA), with the following parameters.
Teeth with periapical radiolucency were included in the
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study; however, cases where two or more adjacent teeth
had periapical lesions that coalesced were excluded. The
tooth number, as well as the patient’s age and gender, was
recorded.

Lesion volume and CBCTPAVI score

3D medical imaging analysis software, Mimics Research
(v21.0.0.406, Materialise NV, Leuven, Belgium), was used
to determine the lesion volume and CBCTPAVI score,
following Boubaris et al.’s" methodology. The semi-
automatic segmentation technique was used to segment
out each periapical lesion from the CBCT data using a
mask, which is an adjustable highlighted area on the image
slices [Figure 1a]. The segmented mask was converted into
a standard tessellation language (STL) file of the lesion to
allow visualization in three dimensions. The volume of the
lesion was then recorded and a corresponding CBCTPAVI
score was assigned to each lesion [Table 1].

™

Radiodensity

Mimics™ (Materialise, Leuven, Belgium) was then used to
determine the radiodensity of the lesion, lesion border,
and bone 0.0-0.5 mm, 0.51-1.0 mm, 1.01-1.5 mm, and
1.51-2.0 mm peripheral to the apical lesion. Rescaling of
the lesion, mask subtraction process, and radiodensity
measurement were the steps developed in this methodology
to permit radiodensity assessment.

Rescaling the initial lesion

Rescaling indicates that the STL of the lesion was either
expanded (to include surrounding structures) or contracted
(to remove internal structures) at specified distances around
the perimeter of the lesion. The initial STL of each lesion
was expanded uniformly by 0.5 mm, 1.0 mm, 1.5 mm, or
2.0 mm using the rescale 3D object tool [Figure 2, step 1] to
create STLs of the lesions that included a 0.5 mm, 1.0 mm,
1.5 mm, or 2.0 mm perimeter. In addition, the STLs of the
lesions were contracted uniformly by 0.1 mm to create an
STL of the lesion without a 0.1 mm border. A mask of each
rescaled STL was then created using the “create mask from
3D object” tool [Figure 2, step 2].

Mask subtraction process

Using the initial lesion masks and the newly created masks,
mask subtraction was performed whereby one mask was
subtracted from another to create a new resultant mask.
This was done using the subtractive “Boolean operations”
tool [Figure 2, step 3]. This then allowed the border of the
lesion as well as the areas 0.0-0.5, 0.51-1.0, 1.01-1.5, and
1.51-2.0 mm peripheral to the lesion to be analyzed as
separate masks.

Radiodensity measurements
The masks of the area surrounding the lesion were
evaluated by two calibrated assessors, and irrelevant
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Figure 1: (a) Mask of the segmented periapical lesion in the coronal slice. Masks of lesion border (yellow), bone 0.0-0.5 mm
(blue), 0.51-1.0 mm (red), 1.01-1.5 mm (purple), and 1.51-2.0 mm (green) peripheral to the lesion for radiodensity measurements

in (b) coronal, (c) sagittal, and (d) axial slices

Table 1: Cone-beam computed tomography periapical
lesion volume index scores!

CBCTPAVI score

Volume, V (mm3)

0
0.01-0.20
0.21-0.70
0.71-8.00
8.01-70.00
70.01-100.00
100.01+

CBCTPAVI: Cone-beam computed tomography periapical lesion volume index

ouhWwWNHO

structures, including the maxillary sinus, inferior alveolar
nerve, adjacent teeth, or air spaces, were removed
manually to ensure that only bone was included in the mask
[Figures 1b-d and 2 step 4]. The radiodensities of the initial
lesion, lesion border, and bone 0.0-0.5 mm, 0.51-1.0 mm,
1.01-1.5 mm, and 1.51-2.0 mm peripheral to the apical
lesion were then recorded in HUs utilizing the automated
features in the software.

Change in radiodensity

The radiodensity measurements recorded in the previous
step were then used to determine the change in
radiodensity from the lesion to the border and the bone
peripheral to the lesion. This was done in Microsoft®
Excel® (Microsoft®, Washington, USA) by subtracting
the radiodensity measurement of the lesion from the
radiodensity measurement of the border or bone peripheral
to the lesion to determine the change in radiodensity
between the two locations.

Analysis of results

Data analysis was conducted using SPSS Statistics
(v26.0.0.1, IBM, New York, USA). The data for radiodensity
and change in radiodensity were assessed for normality
using the Kolmogorov-Smirnov test. The one-way analysis
of variance (ANOVA) was used to assess for differences
in the radiodensities of periapical lesions compared to
the radiodensities of the lesion border and peripheral
bone, as well as differences in the change in radiodensity

from the lesion to the lesion border and peripheral bone
among CBCTPAVI scores. Post hoc testing was conducted
using the Tukey test where equal variance was observed,
and the Games—Howell test where equal variance was not
observed. The level of significance used for the inferential
statistics conducted was P < 0.05.

Misch bone density classification

To relate these radiodensity values to a clinically relevant
scale for the purpose of communication, assessment,
and treatment delivery, the average radiodensity of the
periapical lesion, lesion border, and peripheral bone
was categorized according to the Misch bone density
classification: D1, dense cortical bone (>1250 HUs); D2,
dense-to-thick, porous cortical and coarse trabecular
bone (850-1250 HUs); D3, thin, porous cortical and fine
trabecular bone (350-850 HUs); D4, fine trabecular bone
(150-350 HUs); and D5, immature, nonmineralized bone
(<150 HUs).l57

RESULTS

The lesions included in this study were associated with
the following teeth: sixty (22.14%) mandibular molars,
91 (33.58%) maxillary molars, 15 (5.54%) mandibular
premolars, 35 (12.92%) maxillary premolars, 4 (1.48%)
mandibular canines, 11 (4.06%) maxillary canines, 16 (5.90%)
mandibular incisors, and 39 (14.39%) maxillary incisors.
The mean age of the patients included in this study was
56 years (standard deviation [SD], 15), of which 67 (57.26%)
were female and 50 (42.74%) were male.

Radiodensity

The results from the one-way ANOVA test [Table 2]
showed that there were significant differences among
the radiodensity of the lesion, border, and peripheral
bone (F = 82.976, P < 0.001). Specifically, it was found
that the lesion was significantly less radiodense than the
border and the bone 0.0-0.5, 0.51-1.0, 1.01-1.5, and
1.51-2.0 mm peripheral to the lesion. Furthermore, the
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Mask of lesion (mask A)

%

Create STL

A A Y

Radiodensity measurement

Figure 2: Flowchart of methodology showing creation and use of three-dimensional masks of the periapical lesion, lesion border,
and surrounding bone to determine radiodensity. The methodology involved the creation of rescaled standard tessellation
language (STL) files of the lesions (step 1), the creation of masks from the rescaled STL files (step 2), mask subtraction process
(step 3), and manual adjustments to the masks (step 4). STL: Standard tessellation language

border had a significantly lower radiodensity than the bone
0.0-0.5, 0.51-1.0, 1.01-1.5, and 1.51-2.0 mm peripheral
to the lesion; and the bone 0.0-0.5 mm peripheral to the
lesion was significantly less radiodense than the bone
0.51-1.0, 1.01-1.5, and 1.51-2.0 mm peripheral to the
lesion. Moreover, when applying the Misch bone density
classification to the results in this study, the average
radiodensity of the lesion, lesion border, and bone
0.0-0.5 mm peripheral to the lesion could all be classified
as D3 [Table 2]. In addition, the average radiodensity of
the bone 0.51-2.0 mm peripheral to the lesion could be
classified as D2.

Change in radiodensity and CBCTPAVI

Significant differences were observed in radiodensity
changes among CBCTPAVI categories [Table 3]. The results
showed that in all situations where statistical significance
was observed, lesions with higher CBCTPAVI scores showed

a significantly greater difference in the radiodensity from
the lesion to the lesion border and the peripheral bone,
compared to lesions with smaller CBCTPAVI scores. The
most notable differences were observed between the lesion
and lesion border. Small lesions classified as CBCTPAVI 1
or 2 showed an increase of only 10.39 HU (SD, 12.28 HU)
and 28.21 HU (SD, 27.76 HU) from the lesion to the border,
respectively, while large lesions classified as CBCTPAVI 5
or 6 showed increases of 187.09 HU (SD, 76.08 HU) and
249.65 HU (SD, 90.48 HU), respectively.

DISCUSSION

Significant differences were observed between the
radiodensity of the lesion, border, and bone peripheral to
the apical lesion. When radiodensities of bone peripheral
to the lesion were assessed at 0.5 mm increments around
the perimeter of the lesion, an increase in radiodensity
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. x was noted only up to 1.0 mm. This could suggest that the
ZL\ fﬁi inflammatory processes of periapical lesions effect the
8 b mineralization of the periapical bone up to 1.0 mm around
i E the perimeter of a lesion. There is a demineralization of
b nmooaA p
€ |14y the bone in this area before the bone radiodensity and
mineralization return to its normal, unaffected, level at
= 1.0 mm away from the lesion.
o
Q
N :v: The CBCTPAVI, first introduced by Boubaris et al.,"* allows
v for an accurate representation of the 3D size of periapical
E lesions. When assessing the relationship of CBCTPAVI
@ scores to the change in radiodensity from the periapical
lesion to the lesion border and peripheral bone, greater
£ |3 increases in radiodensity were observed with lesions
Eala of higher CBCTPAVI scores than with lesions of smaller
29 % a CBCTPAVI scores. The greatest differences were observed
&S 3 - between the lesion and lesion border. For example, lesions
SR § classified as CBCTPAVI 6 showed a 24 times greater increase
& in radiodensity than those classified as CBCTPAVI 1, and a
T |ls 5 9-fold increase compared to lesions classified as CBCTPAVI
E.’: :2 z 2. In addition, lesions classified as CBCTPAVI 5 showed
® Ec’ﬁ s B B an 18 times greater increase in radiodensity than those
§ j = 5 *E classified as CBCTPAVI 1, and a 7-fold increase compared to
=2 |2 3 lesions classified as CBCTPAVI 2. All differences observed
E g among CBCTPAVI scores in the radiodensity change
£ s |a g between the lesion and peripheral bone were only up to
&l -l2 i a maximum of 3-fold differences. The greater increase in
T E E g 12 mineralization associated with larger lesions may indicate
g ;’ e e é the body’s increased preparedness for and resistance to
ﬁ I N H larger infections, as the body may have increased time
8|° < 5 to pick up defenses against larger lesions. Czelej-Gorski
g ﬁ < et al'! observed similar increased defenses by the body
FICEE i to chronic lesions when investigating root densities. They
% EQ § £ indicated that the root density of teeth associated with
Sla s a § chronic periapical changes was increased compared with
-5 I3 & the root density of healthy teeth or those associated with
gle |3 ;; acute apical inflammation. In addition, the greater increase
g" g in radiodensity from larger lesions may also indicate that
2 _ § 2 larger lesions have reduced radiodensity and thus greater
% E‘Eﬁ 3 2 demineralization in comparison to smaller lesions. This
a g9 E a ° might be explained by the work of Cardoso et al.'' who
2R3 % indicated that lesions of larger volume had increased levels
a @ 5 of endotoxins and bacterial counts. As endotoxins and
B 5 bacteria are responsible for initiating osteoclastic bone
:E’ S % resorption, larger lesions that have increased levels of
g <3|g = endotoxins and bacterial counts may have reduced bone
E s 'ﬁ e a8 ;‘ mineralization due to increased resorption.!’81!
EIEE §
% 5 2‘ The bone demineralization that occurs in the periapical
‘é’ Z area is due to an immune response in that region triggered
= = HE by bacteria." Osteoclastic bone resorption is initiated by
‘q;, z 5 S numerous factors, including bacterial lipopolysaccharides,
o 2 2 ; prostaglandins, and pro-inflammatory cytokines.!"*?’l The
c;l; @ é@ S|z demineralization effect that the periapical lesion has on
=€ |25 é S the peripheral bone, observed in this study, likely indicates
SlS |88 =] b osteoclastic activity in the bone adjacent to the lesion due
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to inflammatory mediators in the area. Immunological
studies could assess the cells and mediators present at the
interface between the periapical lesion and the peripheral
bone as analysis of the cells and mediators present in such
areas may provide useful information on the processes
responsible for the demineralization of the peripheral
bone.?

Peri-radicular curettage is a surgical procedure to remove
diseased or reactive tissue from the alveolar bone in the
peri-radicular or lateral region surrounding a pulpless
tooth.?' While there is evidence that the inflamed
soft tissue in the peri-radicular region does not have
to be entirely removed,?? there is no evidence of the
consequences of leaving remnants of cystic epithelium
behind, and because of the inability of a clinician to
histologically distinguish tissue, there is a general tendency
to ensure that all tissue is removed. This process could lead
to unwanted removal of alveolar bone. From a clinical point
of view, the use of novel technology (e.g. Piezotronics),
that comes with presets to remove specific densities of
tissue, may assist in managing tissues more efficiently
and carefully at the lesion boundaries during apical
surgery, thus enhancing endodontic microsurgery and
limiting damage to bone.”” While the Misch bone density
classification provides a method to classify bone into
five categories (D1-D5) according to bone quality and
radiodensity in HUs,®” the current classification, with its
large HU variations, does not allow differentiation between
the lesion, border, and bone 0.0-0.5 mm peripheral to the
apical lesion, as it classifies all three regions as D3. Misch
classification could be modified to better define the quality
of bone in the periapical area when using CBCT and this
may be useful in the assessment of healing, communication
between clinicians and radiologists, and in developing
piezoelectric systems with presets for apical surgeries.
Further studies, however, would be needed to identify
ideal HU boundaries to modify the Misch classification for
the radiographic assessment of periapical healing.

Previous studies have made attempts to investigate
periapical lesion radiodensity in HUs, pre- and post-
treatment, to assess healing using CBCT. Kaya et al.”
examined periapical lesions in the anterior maxilla and
Alagl et al." analyzed periapical lesions in immature teeth.
Both studies found that the radiodensity of 80%-100% of
periapical lesions could be classified as D5 before treatment
and that the radiodensity of 88%-90% of periapical lesions
could be classified as D3 1-2 years posttreatment. There
are numerous methodological differences between the
present study and those conducted by Kaya et al.” and
Alagl et al." that make it difficult to draw comparisons
between the results. First, the present study considers the
average radiodensity of the entire periapical lesion, while
the previous studies have considered the radiodensity from
a 2.25 or 3.5 mm? region of interest where bone density

was lowest. This may account for the large percentage of
D5 radiodensity areas observed pretreatment. In addition,
the previous studies only considered large periapical
lesions, 810 mm in diameter or 4-8 mm in diameter,
respectively, versus the present study which only excluded
cases where two or more adjacent teeth had periapical
lesions that were joined. In addition, the previous studies
had small sample sizes of 16 and 10 periapical lesions,
respectively, compared with the much larger sample size
of 271 in the present study. Furthermore, the previous
studies differentiated the radiodensity of periapical lesions
pre- and posttreatment, compared to the present study
where the samples used represented a mixture of treated
and untreated lesions. While this is a limitation of the
present study, the results still provide valuable information
on the effect of periapical lesions on the surrounding bone.

Several authors have reported that HU measurements
obtained from different CBCT scans may show variations. 223!
However, the radiodensity measurements for each sample
in this study were taken from the same CBCT scan and
were used primarily as a method of comparing the tissue
densities within the same image, to evaluate the effect of
periapical lesions on the surrounding bone. In addition, all
scans used in this study were acquired with the same CBCT
machine and exposure factors.

Further studies correlating the current data with
histological and immunological data will provide further
information regarding the biological processes occurring
around lesions of different sizes and may help in validating
the results observed in this study. This would contribute
to the knowledge obtained from this study regarding the
characteristics of periapical lesions and the demineralization
effect they have on the peripheral bone up to 1.0 mm
away from the lesion. This knowledge may also be useful
in developing methods to ensure better management of
bone when undertaking periapical curettage. It may also
allow for further assessment of lesion activity and healing
properties associated with different-sized lesions. From a
radiographic reporting point, these data points (volume
and radiodensity) could be captured with the development
of Al, for example, Diagnocat™ (Diagnocat Inc., San
Francisco, CA, USA). The use of Al would drastically reduce
the segmentation time and allow clinicians to have a better
understanding of the lesion that they may be treating and
the characteristics of the surrounding periapical bone.

This study showed for the first time the existence of variations
in the bone radiodensity around the perimeter of an apical
lesion. This understanding is important as aggressive
curettage of the lesion during surgery could not only remove
partially demineralized bone but also healthy tissue. In
addition, it was observed that lesions of higher CBCTPAVI
scores were associated with greater increases in radiodensity
around the lesion, possibly indicating an increased defense
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mechanism associated with larger lesions. Assessment of
radiodensity of the periapical lesion and its surroundings
also allows for assessing changes in bone mineralization,
providing valuable prognostic information for assessing the
healing of periapical lesions after endodontic therapy.
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