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A novel volume based cone beam computed tomography periapical index

Abstract

Introduction: The purpose of this study was to evaluate the variations in volume of
periapical lesions scored using cone beam computed tomography periapical index

(CBCTPAI) and develop a new volume based periapical index.

Methods: Cone beam computed tomography images were obtained from InteleViewer ™.
Teeth with a periapical radiolucency or with a history of endodontic treatment were included
in this study. Using three-dimensional medical imaging processing software (Mimics
Research™), the maximum diameter of 273 periapical lesions and their corresponding
CBCTPAI score was determined. The software was then used to determine the volume of the

lesions using a semi-automatic segmentation technique.

Results: There was a substantial variation in the volume for CBCTPAI scores 3, 4 and 5,
which was demonstrated by the variance and range, thus making it difficult to use the current
CBCTPAI as a method to predict volume and treatment outcomes. A new index, cone beam
computed tomography periapical volume index (CBCTPAVI), was developed using partition
classification analysis. The results for the new index demonstrated high levels of sensitivity,
specificity, precision, and area under the curve, all at 0.90 or more, except one sensitivity for
CBCTPAVI 1 at 0.875. Overall, the accurate classification rate was 98.169% and root mean

square error rate was low at 0.07.

Conclusions: The proposed CBCTPAVI will allow clinicians to classify lesions based on
their true three-dimensional size, accurately assess healing of lesions, and predict treatment

outcomes.

Keywords: Cone beam computed tomography; Periapical index; Volume index;

Endodontics; Dental radiograph



Introduction

Radiographic imaging is used in endodontics for detection of pathology, diagnosis, treatment
planning, working length determination, assessment of the quality of a root filling and
assessment of healing of periapical lesions (1). Periapical imaging is the most commonly
used intraoral imaging technique for root canal treatment (RCT) due to it being readily
available, easy to use, and having a low radiation dose (2). However, periapical radiographs
(PAs) are a two-dimensional (2D) representation of a three-dimensional (3D) object. Inherent
to this is a loss of spatial information which can lead to difficulties in assessing 3D features
such as the canal anatomy within roots (3). Studies have found that PAs may lead to
underdiagnosing, as radiographic changes may not be visible until significant pathology has
occurred (4-6). Though not routine in RCT, panoramic imaging has applications in
endodontics in the detection of root-treated teeth and apical periodontitis, as well as
assessment of bony tissue healing post-treatment (7, 8). Orthopantomograms (OPGs) have
similar limitations to PAs in that they suffer from loss of 3D spatial information, low

resolution, anatomical superimposition, and experience issues with distortion (9-11).

Cone beam computed tomography (CBCT) has advantages over conventional radiographs as
it displays images as cross-sections in axial, sagittal and coronal planes which allows
visualisation of teeth and their associated pathology in three-dimensions (3, 12-15). Several
studies have assessed the ability of 2D imaging techniques and CBCT in diagnosing
periapical pathology (6, 16, 17). 2D radiographs may only detect periapical lesions when
significant bone loss has occurred due to superimposition of structures such as the cortices
(18). As aresult, CBCT is reported to have a better accuracy in diagnosing periapical lesions
than 2D radiographs (6, 16, 17). Lofthag-Hansen et al. (17) analysed 46 teeth using small
field of view (FOV) CBCT and two angled PAs. CBCT diagnosed approximately 30% more
teeth with periapical lesions when compared to PAs. Similar findings have also been reported
by Liang et al. (16) who reported CBCT was more accurate in detecting periapical lesions in
mandibles when compared to PAs, that 33% of the lesions with volumes of 6.7 mm® —41.3
mm?3were not identified on PAs, and that the identification of lesions with PAs was greatly

influenced by lesion volume and tooth position rather than lesion shape.

Sensitivity and specificity of CBCT and 2D radiographs have also been investigated. Studies
presumed that the findings from CBCT represented the true status of the periapical region,
meaning that it was considered the gold standard in identifying periapical lesions with a



sensitivity of 1.0. Sensitivity of CBCT is twice as high as other conventional imaging
techniques (4, 19, 20).

Balasundaram et al. (21) reported that there was no difference in treatment plan when using
PAs and CBCTs, and that the number of treatment options (non-surgical RCT, periapical
surgery, combination of both RCT and periapical surgery, and no treatment) remained the
same. However, the additional accuracy and information obtained from CBCT may help
practitioners plan their treatments differently. For example, practitioners may plan a

periapical surgery differently when they have access to a CBCT as opposed to a PA.

The cone beam computed tomography periapical index (CBCTPALI) is a scoring system for
apical periodontitis developed by Estrela et al. (22). This index assesses quantitative
alterations in periapical bone by measurement of the largest diameter of the periapical
radiolucency in three-dimensions. CBCTPAI also considers expansion and destruction of
cortical bone. This index, however, does not consider the 3D volume of the lesion.

Alteration in size of a periapical lesion is a commonly used measure to determine RCT
success. With growing use of CBCT in endodontics, many recent studies are using changes in
lesion volume to gauge periapical healing (23-25). Cardoso et al. (26) reported that lesion
volume is positively correlated with endotoxin levels in primary root canal infections.
Huumonen and @rstavik (27) have previously investigated rates of change of PAI score, and
thus healing for endodontically involved teeth, and reported that smaller lesions, with lower
PAI scores, heal faster and more predictably than lesions with higher PAI scores, however,
there is no index for 3D imaging based on volume to classify lesions. A way to correctly
classify lesions according to their volume is thus becoming more relevant and this has
applications in pre- and post-operative assessment, treatment planning, communication

between clinicians, as well as predicting treatment outcomes.

Therefore, the aim of this study was to examine the variation in the volume of periapical
lesions for each CBCTPAI score and determine the need for a new periapical index based on

volume.



Methodology

The study conducted was a retrospective patient data analysis. Ethical clearance for this study
was obtained from Griffith University Human Research Ethics Committee, Australia
(EC00162).

Acquisition and Selection of CBCTs

CBCT images used in this study were sourced from InteleViewer™ (v.4.18.1.P260, Intelerad
Medical Systems Incorporated, Montreal, Canada). The CBCTs were taken for patients
referred to Qscan Radiology Clinics by Endodontists and Oral Surgeons at Griffith University
Dental Clinic, Australia, between December 2017 and July 2020. To be included in the study
teeth had a radiolucency at the periapical region or a history of endodontic therapy. The
exclusion criterion was cases where two or more adjacent teeth had periapical lesions that
appeared joined on radiographic images. The patient’s age and gender were recorded, along

with the tooth number.
Size Measurements from CBCTs

The CBCT Digital Imaging and Communications in Medicine (DICOM) files were opened in
3D medical imaging processing software, Mimics Research™ (v21.0.0.406, Materialise NV,
Leuven, Belgium) and the size measurements, lesion volume and CBCTPAI, were completed

using this software.
Lesion Volume

Lesion volume was determined using the semi-automatic segmentation process. A mask,
which is an adjustable highlighted area on the image slices, was used as a tool to segment out
each periapical lesion slice by slice. Initially, a mask was created for each periapical lesion by
estimating the greyscale thresholds of each lesion. The mask was then cropped in the coronal,
sagittal, and/or axial planes to remove the bulk of the unrelated areas. Manual adjustments
were made to the mask to allow both the addition of any areas of interest to the segment or
the subtraction of any unrelated areas from the segment. These adjustments were performed
slice by slice in the images from all three planes to ensure that both an accurate boarder of the
lesion was established and that each slice of the lesion was segmented out (Fig. 1A, B, C).
The volume of a lesion that perforated the external bone surface was assessed by extending
the boarder of the mask to the external margin of the bone. The segmented mask of the
periapical lesion was then removed from the remainder of the CBCT data and converted into



a stereolithography (STL) file (Fig. 1D). This STL file allowed for the visualisation of the
periapical lesion in three-dimensions and was used to check for the presence of any voids or
irregularities. If such voids or irregularities were found, they were adjusted manually in the
image slices, by means of addition or subtraction to the mask, and then a new STL file was
created for verification. The volume, determined by the Materialise Mimics™ (Materialise,
Leuven, Belgium) software, was then recorded utilising the automated features in the

software.
CBCTPAI

Following the methodology of Estrela et al. (22), the maximum diameter of the lesion from
the three-dimensions (buccopalatal, mesiodistal, and diagonal) was measured using the ruler
tool in Materialise Mimics™ (Materialise, Leuven, Belgium) software (Fig. 2) and recorded.
A CBCTPAI score was then assigned to each lesion based on the maximum diameter of the
lesion. According to Estrela et al. (22), a lesion with score O represents an intact periapical
structure. Scores 1, 2, 3, 4 and 5 have an increasing maximum diameter starting with > 0.5

mm —1 mm, then>1mm—-2mm,>2 mm—4 mm, >4 mm—-8 mm and > 8 mm.
Analysis of results

Data was analysed using SPSS Statistics (v26.0.0.0, IBM, New York, USA). Descriptive
statistics were carried out to determine the median volume, range score and variance in

volume for each CBCTPAI score.
Creation of a volume based CBCTPAI

The partition classification analysis, which is a part of the machine learning approach, was
used to create a new CBCTPAI based on volume. The partition platform recursively classifies
data according to a relationship between the independent variables and CBCTPALI, creating a
decision split. The partition algorithm chooses optimum splits from a large number of
possible splits, such that each split based on lesion volume becomes a rule to determine the
CBCTPAI. This was done using JMP®, Version 15 (SAS Institute Inc., Cary, NC, 1989-
2019). Using partition classification analysis, accuracy of classification, sensitivity,
specificity, precision, and area under the curve (AUC) were provided to assess the accuracy

of the index of CBCTPAI volume score to classify lesions.



Results

A total of 273 roots met the inclusion criteria. The roots involved were: 61 (22.34%)
mandibular molars, 87 (31.87%) maxillary molars, 24 (8.79%) mandibular premolars, 38
(13.92%) maxillary premolars, 5 (1.83%) mandibular canines, 14 (5.13%) maxillary canines,
12 (4.40%) mandibular incisors and 32 (11.72%) maxillary incisors. The mean age of the
patients included in this study was 55 years (SD, 15), of which 52 (57.14%) were female and
39 (42.86%) were male.

Variation in Volume for CBCTPAI

It was expected that each CBCTPAI score corresponded to a specific volume range.
However, a substantial variation in the volume for CBCTPAI scores 3, 4 and 5 was seen and
this is shown by both the variance and the range (Table 1). For example, CBCTPAI score 4
had a volume range of 1.76 mm3 — 94.93 mm?,

Creation of a volume based CBCTPAI

Due to the large variations observed in volume among the CBCTPALI scores, it was decided
to use the partition classification analysis, which is a part of the machine learning approach to
determine a new index based on volume. The results showed that the optimised number of
rules (index scores) was five and these rules are seen in Table 2. The machine learning

method used the entropy method to optimise the cut-offs for each rule.

This initial index was developed based on the following rules (Table 2). If the volume is <
0.07 mm?, then the likelihood of the lesion being classified as CBCTPAI 0 is 98.54%. If the
volume is 0.07 mm? — 0.68 mm?3, then the likelihood of the lesion being classified as
CBCTPAI 1 or CBCTPAI 2 is 31.40% and 47.10% respectively. If the volume is 0.69 mm? —
8.18 mm?, then the likelihood of the lesion being classified as CBCTPAI 3 is 86.43%. If the
volume is 8.19 mm® — 67.73 mm?3, then the likelihood of the lesion being classified as
CBCTPAI 4 is 89.94%. If the volume is > 67.74 mm?3, then the likelihood of the lesion being
classified as CBCTPAI 5 is 90.21%.

Further analysis was conducted to differentiate rule 2 as when volume is 0.07 mm3— 0.68
mm?3there is a 31.40% or 47.10% likelihood of the lesion being classified as either CBCTPAI
1 or CBCTPAI 2 respectively. This led to the addition of two new rules for development of
the cone beam computed tomography periapical volume index (CBCTPAVI). If the volume
is 0.07 mm? — 0.20 mm?, then the lesion is classified as CBCTPAVI 1 and if the volume is



0.21 mm?® —0.68 mm?, then the lesion is classified as CBCTPAVI 2 (Table 3). Further, rule 5
showed an extremely large range (67.74 mm?® — 722.81 mm?) and this was similarly modified
using the partition classification analysis (Table 3). If the volume is 67.64 mm?® — 97.08 mm?,
then the lesion is classified as CBCTPAVI 5, and if the volume is > 97.09 mm?, then the
lesion is classified as CBCTPAVI 6. The final CBCTPAVI in Table 3 represents an index

based on the modified index where cut-off scores have been adjusted for simplicity.

Statistical analysis of the final model demonstrated there were high levels of sensitivity,
specificity, precision, and AUC, all at 0.90 or more, except one sensitivity for CBCTPAVI
score 1 at 0.875 (Table 4). The overall accurate classification rate was 98.169% and the root

mean square error rate was low at 0.07.

Discussion

A substantial variation in the volume for CBCTPAI scores 3, 4 and 5 was observed as shown
by both the variance and the range (Table 1). This indicates that there is a great variation in
the way lesions spread and that lesions of similar maximum diameter, and thus CBCTPAI
score, may have different volumes. As a result, it would be difficult to use the current index
to predict volume and treatment outcomes, as it may be unpredictable and result in

misclassifications.

Kazemipoor et al. (28) analysed periapical lesions on anterior teeth in an Iranian population,
and Sukegawa et al. (29) analysed periapical cysts in all positions of the mouth. They both
suggested that periapical lesions do not maintain circularity as they spread and that they do
not spread uniformly throughout the jaws, but rather, take the path of least resistance in bone.
The results from this study corroborate these findings, as this study has found large variations

between volumes and CBCTPAI scores.

Salceanu et al. (30) indicated that the Estrela et al. (22) CBCTPAI can be used in the
assessment of periapical lesion healing post-treatment. However, the study only had a short-
term follow up of 3 months and a small sample size of 10 periapical lesions. Furthermore,
Salceanu et al. (30), assigned a CBCTPALI score for each anatomic plane at the pre- and post-

treatment interval. This represents a deviation from the methodology of Estrela et al. (22) for



the CBCTPAI which only considers the maximum diameter of the lesion in the largest plane

rather than all three anatomic planes. This justifies the need for a volume based index.

Several other papers have also demonstrated the importance of periapical lesion volume in
predicting treatment outcomes and used changes in periapical lesion volume to gauge healing
(23-25, 31). The partition analysis method, which was used to determine the proposed index,
represents a novel approach. Importantly, it can provide a more accurate estimation of

CBCTPAI with high levels of precision, sensitivity, and specificity.

The proposed CBCTPAVI contains 7 indices (0-6) through which lesions can be classified by
volume. In addition, the CBCTPAVI score may be modified to highlight the relation of the
lesion to the external cortical plate through the addition of the letter D to represent
destruction of the external cortical plate or E to represent expansion of the cortical bone (22).
Thus, the new index that has been proposed, maintains the advantages of the work done by
Estrela et al. (22), but will result in a reduction in misclassifications. These misclassifications
represent lesions that have been classified into a higher index level, relative to their true size
(volume), due to having an elongated shape and thus increased maximum diameter. The
proposed CBCTPAVI will allow clinicians to accurately classify periapical lesions according
to their volume allowing for better prediction of treatment outcomes in teeth. The method
described here is a valid option for scientific inquiry, thus the continuing development of
existing imaging softwares will allow for automation of the extraction of volume data from
cone beam images. Further studies with large sample sizes, assessing healing intervals for
lesions in each of the proposed index scores, should help increase the validity of the proposed

index.
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Figures and Tables

Figure 1. Calculation of lesion volume. (A) Coronal view. (B) Axial view. (C) Sagittal view.

(D) 3D representation of the lesion in the STL format.

Figure 2. Determining maximum diameter of a lesion. (A) Coronal view. (B) Axial view. (C)

Sagittal view. (D) 3D representation of the lesion in the STL format.
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Table 1. CBCTPAI scores (22) in volume (mm?3, n = 273)

CBCTPAI CBCTPAI  CBCTPAI
0 (n=53) 1 (n=10) 2 (n=15)

CBCTPAI  CBCTPAI  CBCTPAIS
3 (n=57) 4 (n=88) (n=50)

Median 0.00 0.14 0.38
(Min, Max) (0.00,0.00) (0.07,0.29) (0.21,0.57)
Variance 0.00 0.01 0.02

2.60 18.71 129.12
(0.27,10.18) (1.76,94.93) (31.97, 722.81)

6.88 449.14 23260.60

Table 2. Rules to determine CBCTPAI based on volume (initial rules)

Rules based on Volume, V (mm?3)

Then

Rule 1if V <0.07
Rule 2 if V is 0.07 — 0.68

Rule 3if Vis 0.69 — 8.18
Rule 4 if V is 8.19 — 67.73
Rule 51fVis > 67.74

Then classify as CBCTPAI 0 (98.54%)
Then classify as CBCTPAI 1 (31.40%) or
CBCTPAI 2 (47.10%)

Then classify as CBCTPAI 3 (86.43%)
Then classify as CBCTPAI 4 (89.94%)
Then classify as CBCTPAI 5 (90.21%)

Table 3. Development of CBCTPAVI

Volume, V (mm?3)

CBCTPAVI Score* Initial Index Modified Index Final Index

0 <0.07 <0.07 0

1 0.07-0.68 0.07-0.20 0.01-0.20

2 0.69 - 8.18 0.21-0.68 0.21-0.70

3 8.19-67.73 0.69-8.18 0.71-8.00

4 >67.74 8.19-67.73 8.01-70.00

5 67.64 —97.08 70.01 - 100.00
6 >97.09 100.01+

* The CBCTPAVI score may be modified with

the addition of the letter D to represent

destruction of the external cortical plate or E representing expansion of the cortical bone.

14



Table 4. Partition classification model results

Sensitivity Specificity Precision AUC CBCTPAVI
Score
1 1 1 1 0
0.875 1 1 0.938 1
0.958 0.996 0.958 0.977 2
0.982 0.995 0.982 0.989 3
0.988 0.995 0.988 0.992 4
0.929 0.996 0.929 0.962 5
1 0.996 0.971 0.998 6

Total accurate classification level is 98.169%
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