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Abstract

Objectives: To evaluate the accuracy of estimating furcation-defect volume obtained from

cone beam computed tomography (CBCT) images in a clinical setting.

Methods: Six periodontitis patients with buccal degree II furcation involvement of
maxillary molars that required additional surgical therapy were recruited, and CBCT was
performed. CBCT images of the defects were analyzed, and their volumes were estimated
using the Cavalieri principle (CBCT-based volume). Open flap surgery was performed at
the furcation area and, following debridement, the silicone impression material (Silagum®
[light body]) was used to take an impression of each defect. The volume of each impression
(impression volume) was calculated using the relationship between the mass, volume, and
density of the material. For each defect, the CBCT-based volume was compared to the
impression volume using a paired ¢-test with p<0.05. Two raters analyzed and estimated
the CBCT-based volume. The intra- and inter- rater reliability were determined by the
intraclass correlation coefficient statistics (ICC).

Results: The intra- and inter-rater reliability of the assessing method showed excellent
results (ICC=0.99 and 0.965, respectively). There was no statistically significant difference
between the CBCT-based-volume and the impression-volume groups (p=0.831).

Conclusions: Based on the findings of our study, the volume of the furcation defect can

be accurately estimated clinically by means of CBCT images using the Cavalieri principle.

Keywords: accuracy, cavalieri principle, cone beam computed tomography (CBCT),
furcation-defect volume, volume measurement
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Introduction

The most common cause of tooth loss is periodon-
titis. Especially in molars, as the disease progresses to the
furcation areas, resulting in furcation bone loss. Due to
the complexity of furcation anatomy, it is very difficult to
treat and maintain this area. Proper treatment, along with
effective supportive periodontal therapy, allows furca-
tion-involved molars to be preserved for a longer period
with a better long-term prognosis.(!®

There are a variety of approaches to treating molars
with furcation involvement, depending on the treatment
decision of the dentist. A variety of parameters must be
considered, including the severity of the furcation involve-
ment, furcation-defect morphology, tooth-related factors,
and patient-related factors, such as smoking habits.®) The
regenerative method, however, is considered the optimal
goal of periodontal therapy.

Several studies have demonstrated that moderately
severe furcation involvement (classified as degree I fur-
cation involvement by Hamp et al.'?) can be effectively
treated with regenerative periodontal treatment, resulting
in an improved tooth prognosis.(!") The morphology of
the defect is one of the most important factors in deter-
mining how to treat molars with furcation involvement.
Determining the morphology of these furcation areas
using clinical examination and conventional radiographs
is more accurate in mandibular molars with two roots than
in maxillary molars with three roots. The detection of fur-
cation involvement in the maxillary molars using clinical
examination and conventional radiography is challenging
due to the complexity of the furcation morphology, espe-
cially in moderate to severe furcation-involved maxillary
molars.(!>!3) This results in misdiagnosis and inappropri-
ate treatment planning.

CBCT (cone beam computed tomography) is increas-
ingly used in dentistry as dental 3D-imaging technology
has evolved. CBCT accurately displays 3D details of
lesions in the jawbone that are comparable to the actual
lesions under surgical exploration.!*'®) The new gener-
ation of CBCT machines has been developed so that the
radiation exposure is significantly lower than previous
CBCT machines.(!”-!® CBCT effectively reveals the mor-
phology of the maxillary molar furcation area, allowing
for the evaluation of severity and providing the precise
measurement of the lesion in three dimensions com-

parable to that achieved by direct access using surgi-
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cal exposure.1*2D) Accurate assessment of the furcation
anatomy leads to the correct diagnosis and proper treat-
ment plan to correct furcation-involved lesions. In ad-
dition to enabling the correct diagnosis that leads to an
appropriate treatment plan, CBCT is also very beneficial
in assessing the success of treatment and providing con-
tinuous evaluation of treatment’s effectiveness.?? In par-
ticular, in regenerative periodontal treatment, identifying
the changes of the defects after treatment in three dimen-
sions is more accurate and more informative than con-
ventional measurement. CBCT allows the generation of a
reconstructive image of the interested area without having
to perform reentry surgery that helps to reduce the risk of
surgical complications, such as bleeding and infections.
CBCT does not interfere with the healing process in the
same way that surgical exploration does.

The volumetric value based on the change in volume
after treatment is suitable for use in assessing the 3D chang-
es of the lesion. A study by Gantes ez al. in 1988 was the first
to describe and employ furcation volume to evaluate the
effectiveness of regenerative periodontal therapy on man-
dibular molars with degree II furcation involvement.>®)
However, due to the procedure’s complexity and high risk
of error, it was not widely used as an indicator for evalua-
ting regeneration therapy. Using a specific algorithm,
it was discovered that the dataset obtained from CBCT
could be used to compute the volume of anatomical struc-
tures or lesions.?>?% As a result, new regeneration studies
are beginning to employ furcation volume as an addition-
al measure of success and/or as a comparative value of
the efficacy of different regenerative procedures.*>27
However, with the Cavalieri principle of the stereological
method, the volume of an arbitrarily shaped object can be
easily estimated by a mathematical method using the sum
of the cross-sectional areas from parallel and equal-thick-
ness sections of the desired object.?®3)) This method’s
accuracy has been demonstrated in vitro using simulated
lesions in the model®?); however, no clinical trials have
been undertaken to evaluate this method on furcation
defects that are arbitrary, tiny, and complex.

The purpose of this study was to evaluate the accuracy
of the furcation-defect volume of class II furcation-
involved maxillary molars acquired from CBCT images
using the Cavalieri principle compared to the volume

acquired from surgical exploration.
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Materials and Methods

Six subjects were recruited from patients at the
Department of Restorative Dentistry and Periodon-
tology of our institution. The patients in this study had the
following characteristics: 1) They were over the age of 20,
and 2) they had been diagnosed with generalized chronic
periodontitis with at least one degree II buccal furcation
involvement on a maxillary molar that required perio-
dontal surgery. Patients with root caries at the furcation
area, with metal crowns or cervical amalgam filling on
the tooth under study, or in the midst of a pregnancy or
systemic condition for which surgery was notadvisable were
excluded from the study.

A curved scaled Nabers probe (PQ2N; HU-Friedy)
was used to examine the severity of furcation involve-
ment, and the degree Il furcation involvement was
described as horizontal loss of periodontal supporting
tissue surpassing 3 mm, but not “through and through”
destruction, according to the classification system of
Hamp et al.'9) The details of the study were explained
to all patients, and they all volunteered to participate and
completed an informed consent form. The protocol and
consent form were authorized by the Faculty of Dentistry
Human Experimentation Committee of our institution
(No. 72/2019), and this trial was registered with the Thai
Clinical Trials Registry (TCTR20220208004).

The hygienic phase of periodontal treatment was
completed, followed by periodontal reevaluation. Prior to
surgery, CBCT images of the posterior maxillary molars
were obtained using NewTom Giano HR (Quantitative
Radiology, Verona, Italy) with the following parameters:
a FOV (field of view) of 4x4 c¢m, a tube voltage of 90 kV,
a tube current of 4-6 mA, a scan time of 8 sec, and a voxel
size 0of 0.125 mm.

Estimation of defect volume using the Cavalieri prin-
ciple

Volumetric data were reconstructed, and each section
was measured using a setting of 0.15 mm thickness. The
Cavalieri principle was used for calculating the furca-
tion-defect volume. Initially, the planimetry method was
used to measure the surface area of each section using the
ImagelJ program, which was created by Wayne Rasband
and the National Institute of Health. For each plane of
cutting, an imaginary line was drawn to connect the two

dots designated for the outermost radiopaque position
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surrounding the radiolucent area of the furcation defect.
The sum of the areas was used to estimate the volume
using the following formula, which has been described in

previous reports. 231

V=tx YA,

Where t is the section thickness of consecutive sec-
tions, and Y A is the total sectional area of the consecutive
sections.

The CBCT volumetric estimated value of each defect
was done in triplicate. The final value was the average
value of the three volumes calculated from the three sets
of CBCT image series.

To determine the intra- rater reliability, examiner I
who was a post-graduate student in the residency training
program in periodontology with some training in mea-
suring simulated defect volume in models using CBCT
analyzed and estimated the CBCT volumes of all samples
in 2 occasions with a time interval of 1 week. To deter-
mine inter- rater reliability, examiner I who was a board
certified periodontist with experience in measuring defect
volume in this study analyzed and estimated the CBCT

volume of all samples.

Evaluation of defect volume under surgical exploration

Open flap surgeries were performed on all targeted
furcation-involved maxillary molars to gain access for
cleaning. During periodontal surgery, the operator cleaned
the furcation areas and made impressions of the buccal
furcation defects by injecting a low-viscosity silicone-
impression material into the furcation areas. After the
material had set, the impression was cut along the
reference line with surgical blade No.15¢ and set as the
outer border by placing the blade across the prominence
of both roots, beginning at the furcation phoenix and
finishing at the crest of bone. The reference line was the
imaginary line from the highest contour of the mesio-
buccal root to the highest contour of the disto-buccal root.
A marking pencil could be used to delineate the defects'
apertures if the line of highest contour of the roots was
not clarified, resulting in the cutting of an imprint not
extending over or under the boundary. During surgery,
the operator made three impressions of each furcation
defect to create the molds that were used to measure defect

volume. The impression mold was created using low-vis-
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cosity silicone impression material (Silagum®) with a
density of 1.37406 g/cm’. The impression molds were
weighed using an analytical balance, and the volume of
each furcation lesion was then calculated using average
data from the three molds. Weighing the model with an
analytical balance yielded the model’s average mass. The
relationship between density, mass, and volume was then

used to calculate the volume of the model.

Statistical analysis

A power analysis (based on the study of Kayipmaz
et al.%?) indicated that 6 defects were the minimum
sample size required to detect a difference of less than
5% between the impression-volume and CBCT-based-
volume groups. The data set was well-modeled by a nor-
mal distribution after performing the Shapiro-Wilk test
to examine the differences between groups. As a result, a
paired sample #-test was utilized to test whether there was
a statistically significant difference between the volume
obtained from CBCT and the volume received from the
impressions during the surgical procedure. To measure the
volume using CBCT, the Intraclass correlation coefficient
(ICC) was utilized to establish intra- and inter-exam-
iner reliability. The level of significance was set at 5%
(»<0.05). All of the analyses were performed with SPSS
statistics (IBM Corp. IBM SPSS for Windows, Version
22.0. Armonk, NY, USA)

Results

In this study, overall furcation-defect morphology
was investigated. All the defect samples in this study
were degree II furcation involvement defects according
to Hamp’s classification criteria.'?) Hamp’s class II fur-
cation involvement is defined as the horizontal loss of
periodontal supporting tissue surpassing 3 mm but not
“through and through” destruction as measured perpen-
dicular to the long axis of the tooth, and into the deepest
point of the furcation defect. In the axial plane of the
CBCT radiographic examination, there was no bone
covering the wall of the defects for either the mesio-
buccal root surface or the disto-buccal root surface within
the lesions. However, all samples had bone covering the
palatal root surface within the lesions except for sample
no. 4, which had no remaining bone. The example CBCT
cross-sectional images in the axial plane of samples no.

1I’s and no. 4’s defects are presented in Figure 1.
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The calculation of the six furcation-defect volumes
from the CBCT image series, all of which were buccal
degree II furcation involvement of maxillary molars, is
shown in Table 1, and an example of finding the cross-sec-
tional area of sample no. 1’s defect using ImagelJ program
is shown in Figure 2.

Table 2 shows the mean impression weights and the
results of computing the furcation-defect volumes of the
six defect samples, and Figure 3 illustrates an example
impression model of the defect from sample no. 1 in this
study.

Examiner I’s and examiner II’s measurement of
CBCT volume are presented in Table 3. The intra-rater
reliability of each examiner was found to be excellent
(Table 4), as was the agreement between the examiners
(Table 5).C39

The differences between the impression volumes
and the CBCT-based volumes ranged from 0.00826
to 0.1698 mm> with a mean of 0.0079 mm? (standard
deviation=0.0863 mm?>) as shown in Table 6.

Because the different data between the estimated vol-
ume and actual volume group had a normal distribution,
a pair sample ¢-test was used to examine the statistical
significance of the difference between the CBCT-based
volume and the impression volume. The tests demonstrat-
ed that the CBCT volumes from the Cavalieri estimates
did not significantly differ from the actual impression vol-
umes of the defects received from the surgical assessment
(p=0.831) (Table 7).

Figure 1: Example CBCT cross-sectional images in the axial plane
of (left) sample no. 1’s defect showing remaining bone covering
the palatal root surface within the lesion and (right) sample no. 4’s

defect showing no remaining bone.
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Figure 2: Using ImagelJ program to analyze the cross-sectional area  Figure 3: An example impression model of sample no. 1’s defect.

of the CBCT image series in the axial plane of sample no. 1’s defect.

Table 1: Examiner I’'s CBCT estimated furcation-defect volumes in triplicate at the same occasion.

1 18.4998 18.3099 18.5985 18.4694
2 3.6641 3.7571 3.7362 3.7191
3 10.9149 10.9133 10.8995 10.9092
4 17.6067 17.2326 17.1257 17.3217
5 9.2543 9.2762 9.2237 9.2514
6 7.6320 7.6277 7.5551 7.6049

Table 2: The mean impression weights and the results of computing the furcation-defect volumes of the six defect samples.

1 0.0251 0.0255 0.0254 0.0253 18.4377
2 0.0052 0.0052 0.0050 0.0051 3.7361
3 0.0149 0.0149 0.0151 0.0150 10.8928
4 0.0237 0.0245 0.0239 0.0240 17.4915
5 0.0127 0.0126 0.0128 0.0127 9.2431
6 0.0103 0.0103 0.0104 0.0103 7.5206

Table 3: CBCT-based defect volumes estimated by examiners I and II.

1 18.4694 18.5732 17.5372
2 3.7191 3.7965 2.8676
3 10.9092 10.9023 12.8227
4 17.3217 17.4667 20.5589
5 9.2514 8.9251 6.3184
6 7.6049 7.8599 10.1036
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Table 4: The results of intra-rater reliability verification in the estimation of furcation-defect volumes from CBCT images using the ICC

statistic.

0.999
1.000

0.996
0.998

Single Measures

Average Measures

Table

statistic.

Single Measures 0.933

0.965

0.620

Average Measures 0.765

1.000
1.000

2786.949 5
2786.949 5 5

0.000
0.000

5: The results of inter-rater reliability verification in the estimation of furcation- defect volumes from CBCT images using the ICC

0.990
0.995

25.277 5 5
25.277 5 5

0.001
0.001

Table 6: The defect volumes of six samples measured by two different methods (mm?).

1 18.4694
2 3.7191
3 10.9092
4 17.3217
5 9.2514
6 7.6049

Table

18.4377 0.0317
3.7361 0.0170
10.8928 0.0165
17.4915 0.1698
9.2431 0.0083
7.5206 0.0843

7: The statistical significance of the difference between CBCT-based volume and the actual impression volume.

Pair 1 Impression — 0.0079000  0.0862635

CBCT

Discussion

The success of periodontal regenerative treatment
depends mostly on selecting the proper treatment for
morphology of the specific defect. However, in some chal-
lenging areas, such as the furcation area, where clarifica-
tion of defects using standard examination is difficult due
to the complexity of their anatomies, CBCT has proven to
be the best solution for improving and facilitating the pro-
cedure.'>) CBCT is a highly accurate tool for evaluating

0.0352169

—0.0826279 0 0984279 0.224 0.831

bone abnormalities in linear measurement.'*3% However,
there has never been a study examining the accuracy of
CBCT as a tool for providing volumetric measurement
in the furcation defect. If its efficacy were established,
CBCT would be used in treatment planning and to assess
changes following regenerative treatment of the furcation.

In this study, we employed cross-sectional CBCT
images of the defects from the axial plane to determine
the furcation-defect volumes, unlike prior studies by
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Kayipmaz ef al.®? and Sezgin et al. 33 Since those studies
used the plaster index to determine the outer extent, the
defect boundaries were then cleared in all planes of the
CBCT images, allowing defect volumes to be calculated
using the cross-sectional surface area of either the coronal
plane, sagittal plane, or axial plane. In our study, because
the actual furcation defects we examined could not iden-
tify the extent of the supra-bony part of the defects in the
buccal aspect, an imaginary line connecting the highest
contour of the mesio-buccal root and the disto-buccal root
of the tooth needed to be used to determine the volume.
Because the highest contour of the root varies in position
along the root, the furcation-defect volume could not be
computed using cross-sectional images from both the cor-
onal and sagittal planes. According to studies conducted
by Sahin ef al. in 2003 and 2008, which suggested that
a plane worked by stereological methods has no adverse
effect on quantitative measurement,3%®) the axial plane
used in our study is assured to produce reliable volumetric
estimations utilizing stereological methods.

In our study, there was no statistically significant
difference between the furcation-defect volumes derived
from CBCT images and those from surgery, indicating
that this Cavalieri method, which is non-invasive and does
not require additional software support for estimating the
furcation-defect volume using CBCT images, is effective
and practicable. However, the volume estimations of four
defect samples in our study using CBCT images were
overestimated compared to the actual volumes derived
from the impression, while the other two defect samples
were underestimated. The findings were comparable to
those of a prior study published in 2011 by Kayipmaz
et al., which revealed that CBCT-based volume was not
significantly different from the actual volume and was
likely overestimated.*?) This study showed a result that is
in contrast to other studies that found a lower estimation
tendency of the CBCT-based volume when compared to
the actual volume.*”® They explained that the cause of
this condition was a partial volume effect arising from
attenuation in imaging the tissue with different intensities
within the same voxel, but that by setting the sections as
thin as feasible, this influence could be minimized and a
more realistic CBCT-based volume would be achieved.
However, because the number of defects in our study
was the minimal number calculated for the sample size
which showed the CBCT-based furcation-defect volumes

39

estimated by the Cavalieri principle yielded more value
than realistic-the tendency of overestimated volume cal-
culation in our study is not yet conclusive and requires
additional confirmation with more defect samples.

When considering the effect of slice thickness on
the accuracy of calculating furcation-defect volume from
CBCT images, our study selected the CBCT machine’s
minimum slice thickness of 0.15 mm. This was because
previous results by Ko¢ and Kaya in 2021 showed that a
slice thickness of less than 0.75 mm would yield a CBCT-
based volume not significantly different from the actual
volume, and that the smallest slice thickness was likely
to yield radiographic volume calculation with the most
accurate values.®%) Despite the fact that the size range
of lesions used by Ko¢ and Kaya®”) was vast and the
mean volume was larger than the volume of our study, the
minimum size of defects (37.6 mm®) is relevant and close
to the volume of our study, which ranged from 3.73605
mm3 to 18.4377 mm?>, and the vertical defect height,
the distance used to create cross-sectional radiographs
for calculating furcation-defect volumes, was between
1.65 mm and 4.2 mm. The results of our study were not
significantly different from the actual volume. Thus, it
may be assumed that the CBCT slice thickness of 0.15
mm is also suitable for calculating small actual furcation
defects with a vertical defect height of only 1.65 mm. The
findings are similar to those of a 2011 study by Kayipmaz
et al., which found that a slice thickness of 0.2 mm can
be used to determine volume from CBCT images of a 2
mm diameter artificial lesion correctly.3% Previously, the
volume derived from the impression of the actual lesion
was used as the standard reference; however, the accuracy
of the value is dependent on the details that can be picked
up with each impression material. Our study worked on
lesions that were much smaller and more realistic than
those developed in the models. As a consequence, when
compared to the prior study, the findings of our study
provided more practical information.

Furthermore, our study was undertaken to assess
the intra- and inter-examiner reliability of furcation-
defect-volume estimation in order to increase confidence
in its practical application. Unlike the study by Kayip-
maz et al., which did not calculate method reliability, >
our findings demonstrate that the method we used was
highly reliable. Emirzeoglu ef al. conducted a study in

2005 to assess volume measurement of the liver using the
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Cavalieri principle, and their findings were similar to our
results, concluding that there was no difference between
observers for measurements acquired from CBCT volume
rendering.*?)

In our study, we considered reducing the amount of
radiation given to patients by carefully adjusting exposure
factors and limiting the exposed region to the smallest
but sufficient dimension in accordance with the ALARA
principle. Based on the radiation protocol employed in
this study, the effective radiation dosage received by
the patient is estimated to be around 50 microsieverts,
which is only about 2 times higher than the mean effective
dose of panoramic examinations (22.9 microsieverts).!
Despite the fact that CBCT has a higher radiation dose
than conventional radiography, the advantages of a pre-
cise defect-volume assessment and additional informa-
tion, which is unavailable in both intra-and extra-oral
conventional radiography, outweigh the risks of a higher

radiation dose.

Conclusions

Based on the findings of our study, the volume of
the furcation defect can be accurately estimated clinically
by means of CBCT images using the Cavalieri principle.
However, more studies using larger samples with a variety
of defects should be performed to confirm validity in

clinical application.
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