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Abstract

Objective: to verify the accuracy of cone beam compu-
ted tomography (CBCT) for measuring dentin thickness
in the danger zone of mandibular molars in order to va-
lidate this method to be used as a clinical auxiliary. Ma-
terials and method: dentin thickness of the distal wall of
mesial canals was measured at 2 mm of furcation area
in ten mandibular molars before and after preparation of
cervical and middle thirds. CBCT (0.25 mm voxel size)
and stereomicroscopy images were acquired twice for
each sample. CBCT axial images and stereomicroscope
images were evaluated by a calibrated examiner. Statis-
tical analysis was performed using Mann-Whitney test
in order to investigate whether CBCT images provided
trusted values. Results: mean values of initial (1.23 ver-
sus 1.24 mm) and final measurements (0.88 versus 0.87
mm) obtained with, respectively, CBCT and stereomi-
croscope methods did not show statistical differences
(P> 0.5). Conclusion: CBCT images provide high accu-
racy for measuring dentin thickness in the danger zone
of mandibular molars.

Keywords: Cone beam computed tomography. Endo-
dontics. Root canal preparation.

Introduction

Cone beam computed tomography (CBCT) is
currently indicated to improve the diagnosis of com-
plex root canal systems (RCS)'2. However, to our
knowledge, there is no specific mention regarding
the evaluation of the danger zone at the furcation
area, neither any study validating the use of CBCT
for this purpose. The need of this investigation is
justified by the high prevalence of strip perforation
accidents at the furcation area, reported by several
articles®®, suggesting that the understanding of the
danger zone may be an important step during endo-
dontic treatment planning. Preparation of the cer-
vical and middle thirds provides countless advan-
tages for endodontic treatment, enabling free and
direct access for the entire actual working length.
Additionally, it promotes greater removal of conta-
mination at the cervical third, greater penetration
of the irrigating solution, lower possibility of steps
formation and fracture of the endodontic instru-
ment, lower extrusion of necrotic debris and micro-
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organisms to the apex, and more precise determina-
tion of the initial apical instrument length"8.

Several methods have been used to evaluate
RCS, which could assess the risk of tearing and
perforation at the furcation area, such as histologi-
cal sections?, serial sections!’, clearing!, scanning
electron microscopy'?, stereomicroscope!?, radio-
graphs!4, silicone impressions of the root canal®,
CBCT*% and micro computed tomography (micro-
-CT)®8. Among clinical methods, which can be used
in vivo, CBCT is a promising one, since it allows
tridimensional evaluation!®?. For in vitro studies,
both micro-CT and stereomicroscope images are
used for gold standard references in RCS evalua-
tions?-23,

On daily clinic, CBCT scans are normally re-
quested to settle doubts regarding the presence
of strip perforations, which, sometimes, are not
conspicuous only by clinical means, or to evaluate
dentin thickness after root canal modeling, if the
patient complains of pain or discomfort to chewing
after tooth restoration!’. However, no study has va-
lidated CBCT images for the danger zone investiga-
tion. Therefore, the present study aimed to inves-
tigate the accuracy of CBCT for measuring dentin
thickness in the danger zone of mandibular molars,
comparing the measurements performed on CBCT
images to the direct measurements of dentin thick-
ness obtained with the stereomicroscope, in order
to validate this method to be used as a clinical au-
xiliary.

Materials and method

This investigation was approved by the Resear-
ch Ethics Committee of Santa Maria Federal Uni-
versity (No 09686112.7.0000.5346). Teeth were pro-
vided by a tooth bank of the same institution. The
sample size was estimated considering the stan-
dard deviation reported for the dentine thickness in
mesial roots of mandibular molars'?, the voxel size
used (0.25 mm), a significance level of 5%, and a
power test of 80%.

Sample preparation

Ten permanent first mandibular molars with
complete root formation, measuring from 19 to 21
mm length!®, without endodontic treatment, root
fractures, and/or perforations were used. After co-
ronal opening, the working length was determined
reducing 1 mm after the file tip became visible at
the apical foramen of the mesio buccal (MB) canal.
Crown-furcation length was measured with a digi-
tal caliper (Starret 727-2001, Itu, Brazil), and the
section length line was calculated by adding 2 mm
to crown-furcation length, and marked using red
nail polish (Figure 1, a).
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The teeth roots were included into acrylic test
tubes of 25 mm isolated with petroleum jelly and
filled with polyester resin (Redealase, Sdo Paulo,
Brazil). Before resin polimerization, two cylindrical
metallic guidewires were inserted into the tube to
allow repositioning the teeth halves after sectioning
(Figure 1, b). After 24 hours, specimens (resin blo-
ck with the inserted tooth) were removed from the
test tubes and sectioned at 2 mm from the furcation
area using a diamond disc (Dhpro-Rhadarte, Para-
nagud, Brazil) of 0.2 mm thickness.

Figure 1 — Sequence used for sample preparation

Notes: a) determination of the distance between crown and furcation with
a caliper; b) tooth included in the acrylic muffle with the section line,
2 mm bellow furcation, determined.

Source: authors.

CBCT acquisitions

In order standardize the position of the teeth
for CBCT acquisitions before and after preparation,
the specimens were enclosed into specific cocoons in
a plaster guidewire. CBCT scans were taken with
an i-Cat unit (Imaging Sciences International, LLC,
Hatfield, PA), field of view (FOV) of 16 cm (diame-
ter) x 8 cm (height), with a 0.25 mm voxel size proto-
col (120 kVp, 5 mAs, and 26 s). Images were stored
on a computer for subsequent analysis. The same
protocol of CBCT acquisition was repeated after the
cervical and middle thirds preparation.

Stereomicroscope images

Specimens’ halves were separated, and the coro-
nal portion was placed so that the canal at the fur-
cation area was facing the stereomicroscope (Stereo
Discovery V20, Carl Zeiss, Germany) objective, allo-
wing the measurements at the danger zone. A pic-
ture with 40x magnification was taken and stored
on a computer for subsequent analysis. The same
protocol for stereomicroscope images acquisition
was repeated after the cervical and middle thirds
preparation.

Cervical and middle thirds preparation

Cervical and middle thirds of the teeth were
prepared using CPDrill™ (Helse Industria e Co-
mércio Ltda., Santa Rosa, Brazil) instruments. In
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order to ensure that the preparation was performed
at the region of interest (i. e., 2 mm below bifurca-
tion), the minimum length of drill penetration was
determined based on the working length. Drilling
was performed by the same trained operator, using
a TC 3000 motor (Nouvag, Goldach, Switzerland) at
10.000 rpm/min.

After preparation, the specimens were re-enclo-
sed into the plaster guidewires for the second CBCT
scan. For the second stereomicroscope image, the
coronal portion was separated and evaluated using
the same methodology described before.

Image evaluation

One calibrated examiner assessed all CBCT and
stereomicroscope images. The distance between the
distal wall of the MB root canal to the furcation
area (corresponding to the danger zone thickness)
was measured.

CBCT images were evaluated with i-CAT vi-
sionTM software (Imaging Sciences International,
LLC, Hatfield, USA). Using the multiplanar mode,
the tooth was oriented with its long axis perpen-
dicular to the ground, a line measuring 2 mm was
traced on the coronal plane, and the axial plane was
oriented bellow that line so the dentin thickness
measurements at the danger zone were performed
(Figure 2, a). Images acquired before and after the
cervical and middle thirds preparation were evalu-
ated at the same time, using two computers, to en-
sure standardization?.

Stereomicroscope images were measured using
Image Tool software, version 3.0 (University of Te-
xas Health Science Center, San Antonio, USA) (Fi-
gure 2, b).

Three measurements were performed for each
method (CBCT axial images and stereomicroscope
images), and the mean among these measurements
were used for subsequent analysis.

Notes: a) coronal and axial planes orientation for tomographic measurement;
b) stereomicroscope measurement in the danger zone of the mesio
buccal canal.

Source: authors.
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Statistical analysis

Statistical analysis was performed with Mi-
crosoft Excel 2010 software (Microsoft Corp., Red-
mond, WA, USA), and STATA 13 software (Philadel-
phia, PA, USA). The level of statistical significance
was P < 0.05.

Data was first analyzed using Shapiro-Wilk test
to assess normality. In view of the non-normal dis-
tribution of data, a non-parametric Mann-Whitney
test for independent samples was used to compare
both methods.

Results

Table 1 shows the dentin thickness (in mm) ob-
tained with CBCT and stereomicroscope images.
Mean values between methods were not statisti-
cally significant different (P > 0.5) both before and
after the cervical and middle thirds preparation.

Table 1 — Dentin thickness measurements (in mm) obtained with
CBCT and stereomicroscope images before and after cer-
vical and middle thirds preparation

. Before After
Specimen
CBCT stereo CBCT Stereo

1 0.95 0.89 0.76 0.59
2 1.30 1.35 0.86 0.92
3 1.06 1.02 0.75 0.74
4 1.32 1.38 0.86 0.88
5 1.43 1.38 0.94 0.99
6 1.82 1.79 1.39 1.37
7 0.97 0.93 0.74 0.70
8 1.42 1.44 0.96 0.98
9 1.02 1.02 0.71 0.70
10 1 1.02 0.79 0.82
Mean (SD) 1.23(0.28)| 1.22(0.29)| 0.88 (0.20) | 0.87 (0.22)
P 0.9698 0.8798

Notes: CBCT, cone beam computed tomography; stereo, stereomicroscope;
SD, Standard deviation.

P value for Mann-Whitney test.

Source: present research.

Discussion

The present study aimed to evaluate the accu-
racy of CBCT for the assessment of dentin thick-
ness in the danger zone of mandibular molars, whi-
ch had not been throughout validated. Clinically,
for many years, radiographic examination was the
only available method. However, although widely
used, these images have some drawbacks, such as
distortions and/or amplifications, due to errors in
the horizontal and/or vertical angles of X-ray, and
overlapping of anatomic structures, which may in-
fluence imaging interpretation and diagnostic accu-
racy. In order to overcome these limitations, CBCT
images are increasingly being used in endodontics!.
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In clinical practice, CBCT has been shown to be
useful in the differential diagnosis among endodon-
tic pathologies, diagnosis of alveolar and root frac-
tures, evaluation of root canal morphology, analysis
of internal and external resorption, pre-surgical
endodontic planning, and detection of bone le-
sions™1724%_ Additionally, CBCT provides good cost-
-benefit for both patients and professionals, mostly
due to two factors. First, patients are exposed to
reduced doses of radiation?. Second, CBCT images
allow the dentist to obtain submillimeter images
with high-quality spatial resolution in a short time
of acquisition and multiple possibilities of virtual
assessment of maxillary regions and printed ima-
ges in a rate of 1:1%,

There is evidence that CBCT is valuable in the
investigation of the exact location access, anatomy
and exploration of the root canal system?” %, mea-
suring dentin thickness, and evaluation of root ca-
nal modeling before and after instrumentation!%.
However, no study has compared CBCT images,
taking care on sample acquisition and evaluation,
to a gold standard method. A study performed by
Flores et al.’® (2012) sugested that CBCT was an
effective method to measure dentin thickness at the
danger zone. Nevertheless, the former study does
not have a gold standard. Therefore, the present
study compared the measurements performed on
CBCT images to stereomicroscope images (direct
measurement). The measurements found in this
study corroborate the results of other studies using
diverse methodologies to assess the danger zone
2 mm below furcation area!®43°21, The absence of
differences between the two methods suggests that
CBCT is an imaging diagnostic tool that may be
used clinically (in patients), allowing professionals
to control the risk of tearing due to excessive wear
during root canal preparation.

Some limitations of the present study should
be considered: the evaluated teeth had no source of
noise and artefacts, such as patient motion or dense
materials®2. Images were evaluated by only one exa-
miner; however, this attempt was made to restrict
the source of error to the imaging methods, and not
to the variance among different examiners. Besi-
des, only one CBCT unit (i-Cat) and one voxel size
(0,25 mm) was tested; nevertheless, considering the
absence of differences between the methods using
this acquisition protocol, probably smaller voxel si-
zes would also allow to investigate the danger zone
thickness.

Conclusion

Axial CBCT images provide high accuracy for
measuring dentin thickness in the danger zone of
permanent first mandibular molars, and so can be
employed as an adjunct clinical imaging method.

RFO, Passo Fundo, v. 23, n. 1, p. 12-16, jan./abr. 2018

Resumo

Objetivo: avaliar a acuracia da tomografia computado-
rizada de feixe conico (TCFC) para mensurar a espessu-
ra dentindria na zona de risco de molares inferiores e
validar este método, a fim de usa-lo como um auxiliar
clinico. Materiais e método: a espessura dentinéria da
parede distal dos canais mesiais foi medida a 2 mm da
area de furca em dez molares inferiores, antes e apds a
preparacdo dos tercos médio e cervical. Foram adquiri-
das imagens por TCFC (tamanho do voxel de 0,25 mm)
e estereomicroscopia. Um examinador treinado e cali-
brado avaliou as tomografias no plano axial e as ima-
gens de estereomicroscopia. A analise estatistica foi re-
alizada com o teste Mann-Whitney, para verificar se as
imagens tomograficas forneceram valores comparaveis
a estereomicroscopia. Resultados: a média dos valores
obtidos, respectivamente, apds as mensuragdes iniciais
(1,23 versus 1,24 mm) e finais (0,88 versus 0,87 mm)
das imagens de TCFC e estereomicroscopia ndo mos-
traram diferenga estatisticamente significativa entre os
métodos (P > 0,5). Conclusao: a TCFC produz imagens
acuradas para a mensuragao da espessura dentindria na
zona de risco de molares inferiores.

Palavras-chave: Endodontia. Preparo de canal radicu-
lar. Tomografia computadorizada de feixe conico.
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