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Accuracy of Cone-Beam Computed
Tomography in Measuring the
Thickness of Radicular Dentin

Daiana Lopes Bunn'", Marcio Corréa’™, Kamile Leonardi Dutra’™, Tamer
Ferreira Schimdt'™, Cleonice da Silveira Teixeira'*, Lucas da Fonseca Roberti
Garcia'™”, Eduardo Antunes Bortoluzzi'

The purpose of this study was to evaluate the accuracy of Cone-Beam Computed
Tomography (CBCT) in measuring radicular dentin thickness focused on intraradicular
post placement planning treatment. Ten single-rooted human premolars were selected.
The teeth were divided into three segments (cervical, middle and apical). The coronal
face of the apical and middle sections was selected for the dentin thickness assessment;
which was measured from the external root surface to the root canal wall, on the buccal,
lingual, mesial, and distal surfaces of each tooth. In situ anatomical measurement was
the reference standard, and the corresponding axial CBCT imaging were evaluated by the
i-CAT software. The one-way ANOVA test and the Bonferroni post hoc test were applied
to compare the groups (p>0.05). CBCT imaging measurements (p=0.003) overestimated
the radicular dentin thickness compared to the reference standard. Descriptive analysis
showed that the greatest difference between the reference standard and the tomographic
measurement means were 0.20 mm. One-way ANOVA test found the statistical significant
difference among group's measurements. Bonferroni correction demonstrated statistically
significant difference only related lingual surface for the CBCT imaging measurements.
CBCT imaging measurements overestimated the radicular dentin thickness. However, the
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measurement difference was clinically acceptable.

Introduction

Endodontically treated teeth often present significant
loss of structure that may require the use of intraradicular
posts for their restoration (1). However, the post space
preparation leads to additional tooth structure removal,
which directly decreases the fracture resistance of the
tooth (2); and accounts for the risk of root perforations
during its execution (3).

The fracture resistance of restored endodontically
treated teeth decreases as the amount of dentin removed
increases (2). Correspondingly, the internal stress rises as
the post's diameter expands (1). To minimize these effects,
some principles should be followed regarding the post's
placement, as well as the type, length, width, and taper
of the post (4,5). In general, the post's width should not
exceed one-third of the overall root's width; and at least,
1 mm of the remaining dentin wall should be maintained
(4,5). Additionally, the post should be as long as possible,
in order to avoid its displacement, consisting of an apical
segment of 4 to 5 millimeters packed with gutta-percha
to ensure adequate apical sealing (4,5). Ideally, the post
should be longer than the tooth crown, ending halfway
between the crestal bone and the root apex (6).

The management of an endodontically treated tooth

dentin, diagnostic accuracy.

restoration requires a radicular dentin thickness assessment
before attempting to place a post into the root canal; as the
remaining radicular dentin is a relevant aspect associated
with the long-term outcome and integrity of the tooth
(7). For this reason, conventional radiography (CR) remains
the most prevalent method; despite only presenting a
two-dimensional (2D) view, lacking the buccal-palatal
dimension, and possibly hiding curvatures and thin dentin
walls on these surfaces through superimposition (8). Studies
have also revealed that CR could overestimate the thickness
of the dentin walls, mainly in the proximal region (8,9).
Therefore, CR may not always be considered a reliable
method for this task (9).

Currently, the use of Cone-Beam Computed Tomography
(CBCT) imaging has enabled evaluation of anatomic
structures in 3D, with a higher accuracy and greater
resolution than CR (10,11). CBCT imaging is not indicated
as a standard method for demonstration of root canal
anatomy (10,12). However, it may be recommended for
selected cases where CR provides misleading or inadequate
information for planning treatment (10,12). As a result,
some recent studies have introduced the CBCT imaging
to evaluate dentin thickness before or after the removal
of a fractured instrument (7,13). However, an assessment
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focused on the intraradicular post placement planning
treatment has yet to be done.

The aim of this study was to evaluate the accuracy
of CBCT imaging in measuring radicular dentin thickness
focused on post placement planning treatment.

Material and Methods
Specimen Selection

Following prior approval from the Research Ethics
Committee (1072/11), and according to the ethical standards
of the Declaration of Helsinki (1964), a prospective sample
of ten single-rooted human premolars were selected, which
were extracted for orthodontic reasons from patients aged
13-17 years. The sample size was calculated using the
Sealed Envelope software (Sealed Envelope Ltd., https://
sealedenvelope.com/), with a minimum number of ten
specimens for a power of 80% and type | error (level of
significance) of 5%. Inclusion-criteria consisted of teeth
with straight or slightly curved root canals, completed root
development, only one root canal with apical diameter
compatible with a size 10 K-file, and no signs of intrapulp
calcification or fracture. Radiographic examination was
performed in the buccal-lingual and mesial-distal directions
to confirm the anatomic findings necessary for inclusion
of the teeth in the final sample.
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Specimen Preparation

Coronal opening to access the root canal was performed
with a spherical diamond-coated bur No. 1015 (KG
Sorensen, Sdo Paulo, SP, Brazil) in a high speed handpiece
(Model 605, Kavo, Joinvile, SC, Brazil) under copious water
cooling. Next, the root canal length was determined by
inserting a size 10 K-file (Dentsply Maillefer, Ballaigues,
Switzerland) into the canal until the tip was seen in the
apical foramen. Root canal cleaning was performed with
a size 15 K-file throughout its entire length, with smooth
movements and irrigation with 5.25% sodium hypochlorite
solution (Rio Quimica, Sdo José do Rio Preto, SP, Brazil),
using a 30-gauge needle coupled to a 5 mL plastic syringe
(NaviTip, Ultradent Products Inc., South Jordan, UT, USA).

Crosssections which divided the root into three segments
(cervical, middle and apical) were made by drawing three
perpendicular lines on the outer root surface. The first line
crossed the cementoenamel junction; the second crossed
exactly 5 mm from the root apex; and the third crossed
right in the middle of the first two lines (Fig.1A). After,
the teeth were embedded in polystyrene resin (ComFibras,
Floriandpolis, SC, Brazil) until the cementoenamel
junction using a conical gypsum mould to ensure samples
standardization (Fig. 1B and 1C). The resin-embedded
samples were then coupled to a metallographic cutter
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Figure 1. A: Three perpendicular lines on the outer root surface sectioning the root into three segments (cervical, middle and apical). B: Conical
gypsum model. C: Teeth embedded in polystyrene resin. D: Resin-embedded samples horizontally sectioned in the previously created lines, showing
tiny cavities filled with gutta-percha corresponding to the buccal, lingual, mesial and distal surfaces
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(Isomet 1000, Buehler, Lake Bluff, IL, USA), and sectioned
horizontally using a double-faced diamond disk (Buehler)
of 0.5 mm thickness in the previously created lines (Fig.
1D). This procedure allowed the visualization of the teeth
through the resin transparency, enabling the reassembly
of the root sections in their original position, and serving
as a guide for the imaging acquisition.

Anatomical Measurements (Reference Standard)

The coronal face of the apical and middle sections were
selected for the dentin thickness assessment. On those
faces, tiny cavities were created in the resin, corresponding
to the buccal, lingual, mesial and distal surfaces, with
the aid of a size 06 K-file (Dentsply Maillefer). Next, the
cavities were filled with gutta-percha. The created cavities
allowed orientation lines to be created, connecting buccal-
lingual and mesial-distal points, thus standardizing the
measurement. The thickness of the radicular dentin was
measured from the external root surface to the root canal
wall, on the buccal, lingual, mesial and distal surfaces of
each tooth. This anatomical measurement was performed
from each coronal face of the apical and middle sections of
each tooth along with a digital micrometer (Starrett, 727,
Itu, SP, Brazil), by two previously calibrated examiners, with
agood average level of inter-rater agreement (kappa=0.82),
and it was used as a reference standard.

CBCT Imaging Measurements

In order to perform the CBCT imaging measurements, the
teeth sections were reassembled and adapted to the table
of the CBCT scanner (i-CAT Cone Beam 3D, Dental Imaging
System, Salt Lake City, UT, USA) set at 120kVp, valve current
37.07 mA, and an exposure time of 26.9s. AFOV of 5.6 cm in
height x 16 cm in diameter was applied, and a voxel size of
0.2 mm was generated. The images obtained were converted
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into a Digital Imaging and Communications in Medicine
(DICOM) format and rendered into avolumetric image using
the equipment software itself (i-CAT view software, Imaging
Sciences International, USA) (Fig. 2). The corresponding
axial imaging of the previous anatomical measurements
were evaluated 3 times with a 1-week interval using the
i-CAT software by a blinded and previously calibrated
dental radiologist, with experience in dentomaxillofacial
tomographicimaging. The calibration consisted of measuring
05 sections of a pilot study tooth in triplicate at 2-time
intervals of 30 days between them. The average results after
the 2 periods were evaluated by using kappa statistics to
check for intraobserver reproducibility. The value obtained
for kappa was 0.87, considered almost perfect.

Moreover, in the first period, the tomographic
measurements performed by the examiner were compared
with the anatomical measurements (gold standard)
previously performed, resulting in a hit rate of 98%,
encompassing the four surfaces of each section.

Statistical Analysis

The data had a normal distribution (The Shapiro-Wilk
test, p>0.05) and homogeneity of variance (The Levene
test, p>0.05). The radicular dentin thickness assessment
was compared between the reference standard and CBCT
imaging measurements. Additionally, the radicular dentin
thickness measurements of the four anatomical surfaces
(buccal, lingual, mesial, and distal) in each radicular section
(middle and apical third) were compared. The one-way
ANOVA test was initially applied to the data and the
Bonferroni post hoc test was used to identify which of
the pair groups differed (p>0.05).

Results
In generall, the CBCT imaging measurements (p=0.003)

Figure 2. CBCT images obtained with the i-CAT software. A: The coronal plane. B: The axial plane. C: The radicular dentin thickness measurements
of the four anatomic surfaces (buccal, lingual, mesial, and distal) in apical radicular section assessed by the iCAT software. Different lowercase
letters in the columns mean statistically significant difference. Different uppercase letters in the rows mean statistically significant difference.
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overestimated the radicular dentin thickness compared
to the reference standard (Table 1). However, when the
different anatomical surfaces were considered, CBCT
significantly overestimated the reference standard only
in the lingual surface (p=0.008), while the buccal, mesial,
and distal surfaces did not demonstrate statistically
significant difference (Table 2). For the apical third,
regardless of the radicular surface evaluated, the CBCT
imaging measurements did not demonstrate statistically
significant difference in comparison with the reference
standard (p=0.120) (Table 3).

With respect to the comparison of the radicular dentin
thickness measurements among the anatomical surfaces
(buccal, lingual, mesial, and distal) in each radicular section
(middle and apical third), the results demonstrated that,
in the middle third, the thickness of the buccal and lingual
walls were statistically similar between them, and the
thicknesses of the mesial and distal walls were statistically
similar when compared to the buccal and lingual walls,
regardless of the measurement method used (Table 2).
In the apical third, the lingual wall was thicker than the
others, however, there was a statistical difference only in
the comparison with the mesial (p=0.000194) and distal
(p=0.000093) walls (Table 3).

The mean values of radicular dentin thickness for each
of the four anatomic surfaces evaluated (buccal, lingual,
mesial, and distal) in each radicular section (middle and
apical third) were detailed in Table 4.

Table 1. Radicular dentin thickness (mm) comparison between the
different measurement methods performed

Method N Minimum Maximum Mean Stal-’ldi'll’d
deviation

Reference o, 0.98 286 17115 a  0.42475

standard

CBCT 80 1.00 3.20 1.7925 b 0.49447

N=sample size. Different lowercase letters mean statistically significant
difference.

Table 2. Radicular dentin thickness (mm) comparison between the
measurement methods performed, considering the different anatomical
surfaces

Radicular Root Reference

section surface standard CBCT
Buccal 2.043 aA 2.140 abA
Lingual 2.324 aB 2.520 aA
Middle
Mesial 1.475 aA 1.540 bA
Distal 1.396 aA 1.380 bA

Different lowercase letters in the columns mean statistically significant
difference. Different uppercase letters in the rows mean statistically
significant difference.
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Discussion

The accuracy of CBCT imaging was investigated in this
study with respect to measuring radicular dentin thickness,
primarily focused on intraradicular post-placement
planning treatment. The post-placement should be
cautiously planned in order to avoid root perforations or
excessive root weakening, which may compromise tooth
longevity (2,3,14). Consequently, the preparation of the
post space requires previous accurate measurements of the
remaining radicular dentin thickness (4-6,15).

In thisstudy, the radicular dentin thickness of mandibular
premolars was measured in the middle and apical thirds
(5 mm from the apex). For the reference standard, cross-
sections of the tooth were measured in situ by a millimeter-
scale. Tomographic images of the same regions were
evaluated by the i-CAT software itself. By comparing the
tomographic measurements with the reference standard,
an overestimation of 4.7% was observed. In particular, only
onesurface (lingual of the middle third) was overestimated
by the CBCT imaging measurement. Given the results, the
CBCT imaging measurement method displayed a proper
performance; establishing that the use of the software
indicated by the tomograph manufacturer seems to be an
adequate tool to assess the dentin thickness.

As for the thickness overestimation detected, the
mean values shown in Table 4 revealed that the greatest
difference between the reference standard and the
CBCT imaging measurement means was 0.20 mm. These
differences in measurements may have occurred for two
reasons. Firstly, there may have been an overestimation
of the lingual surface due to the partial volume artifact
as a function of the size of the voxel used, noting that
the CBCT back-projection reconstruction process is not
distorted, and thisimaging modality hasa 1:1 measurement
in all circumstances (18). Second by the inaccuracy of the

Table 3. Radicular dentin thickness (mm) comparison of each
measurement method and anatomical surface obtained in the apical third

Radlvcular Measurement Methods Mean
Section

Reference standard 1.614 a
CBCT 1.690 ab
Apical Buccal 1.759 ab
Lingual 2.097 a

Mesial 1.440 b

Distal 1.406 b

Different lowercase letters mean statistically significant difference.
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examiner using the computer mouse; which has been
previously demonstrated that the average precision error
between the on-screen cursor and the mouse displacement
was 0.018 mm2 (16-18). This measurement error may
not be suitable for precise control applications, however,
this may be precise enough for a successful CBCT linear
measurements, as representing less than a voxel size
currently used (13,16-18). Further studies are needed to
clarify the clinical relevance of these narrow ranges, using
another CBCT scanner with a smaller voxel size may allow
a more accurate measurement (18).

On the other hand, previous studies reported that when
the radicular dentin thickness of upper and lower premolars
was assessed using CR, overestimations of 25% and 35%
were observed, respectively (9,19). Further studies should
attempt to assess the accuracy of CR and CBCT using the
same sample, enabling reliable comparisons among them.

To date, conventional radiography (CR) remains the
most used method for post placement planning treatment;
even with a significantly known overestimation of the
dentin thickness due to its 2D nature overlapping the
anatomicsurfaces (8). Moreover, lacking the buccal-palatal

Table 4. Detailed descriptive analysis of radicular dentin thickness (mm)

dimension, CR possibly hides curvatures and thin dentin
walls on these surfaces, which may be a substantial risk for
the post place (7,19). Accordingly, the use of CBCT imaging
may be considered to achieve more reliable measurements
of radicular dentin thickness due to its 3D nature with
images of higher accuracy and resolution than CR (10,11).
Despite that, CBCT imaging is not recommended as a
standard method for demonstration of root canal anatomy;
it may be recommended only for selected cases where CR
provides misleading or inadequate information for planning
treatment (12). Although, patients who already have the
exam for other treatment reasons can benefit, increasing
the performance of treatment options through extracting
more information from CBCT imaging.

Currently, some studies have introduced CBCT imaging
to evaluate dentin thickness before and after fractured
instrument removal (7,13), or before and after root canal
preparation (20,21). However, no comparisons with a
reference standard were reported, which preventsaccuracy
from being determined. Aside from Asgary et al. (22), which
assessed the diagnostic accuracy of CBCT in measuring
the thickness of canal walls and found a high correlation

Root Section Root Surface Methods N Mean SD SEM Minimum Maximum
Buccal Reference standard 10 2.04 0.28 0.08 1.66 2.49
CBCT 10 2.14 0.34 0.11 1.60 2.60
. Reference standard 10 2.32 0.26 0.08 1.87 2.86
Lingual
CBCT 10 2.52 0.32 0.10 2.20 3.20
Middle
Mesial Reference standard 10 1.48 0.54 0. 17 0.98 2.86
CBCT 10 1.54 0.19 0.60 1.20 1.80
Distal Reference standard 10 1.40 0.18 0.06 1.16 1.65
CBCT 10 1.38 0.26 0.08 1.00 1.80
Buccal Reference standard 10 1.66 0.28 0.09 1.06 1.99
CBCT 10 1.76 0.31 0.10 1.20 2.20
. Reference standard 10 1.98 0.46 0.15 1.27 2.86
Lingual
CBCT 10 2.16 0.42 0.13 1.40 2.80
Apical
Mesial Reference standard 10 1.43 0.18 0.06 0.98 1.67
CBCT 10 1.46 0.21 0.07 1.20 1.80
Distal Reference standard 10 1.40 0.18 0.06 1.16 1.65
CBCT 10 1.38 0.26 0.08 1.00 1.80

N: sample size; SD = standard deviation; SEM = standard error mean.
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existed between CBCT and the measurements obtained
using a stereo-microscope as the reference standard. These
authors established CBCT as an acceptable diagnostic tool
for the measurement of canal wall thickness (22).

It is important to point out that, in this study, the
samples were not submitted to mechanical preparation
of the root canal before the imaging acquisition, thus the
radicular dentin was not worn out. Although, minimum
values of thickness were revealed as equal to 1.0 mm or
less. This raises the attention of clinicians, as in a real-
clinical situation, even lower values should be expected in
endodontic treated teeth (23,24); and the post-placement
principle of maintenance with at least 1 mm of the
remaining dentin should be unfeasible (6,15).

In endodontic practice, many cases that require CBCT
are endodontically treated teeth (25) According to Dutra
et al. (25), the presence of filling material (gutta-percha/
sealer) generates a low-beam hardening artifact which
do not compromise the proper assessment of anatomical
features, as vertical root fractures. Conversely, Vizzotto et
al. (10) reported that root canal filling removal prior to
CBCT analysis consistently eliminates artefact production,
allowing the use of the 0.3-mm voxel protocol, which has
an adequate diagnostic performance with lower radiation
dose to patient. Prior to post-placement planning using
CBCT analysis, clinicians should consider the removal of the
entire root canal filling, or part of it (2/3), to perform a
more accurate analysis of the thickness of radicular dentin
(10). For this reason, in the present study, non-filled root
canals were used to perform the CBCT analysis.

Considering the limitations of this study, it can
be concluded that CBCT overestimated the radicular
dentin thickness by 0.20 mm (8%). Nevertheless, such
measurement difference was clinically acceptable and
demonstrate a proper performance of CBCT diagnostic
accuracy before intraradicular post-placement. In addition,
itis feasible to state that further studies are needed using
a limited FOV and a smaller voxel size.

Resumo

O objetivo deste estudo foi avaliar a precisdo da Tomografia
Computadorizada de Feixe Conico (TCFC) na mensuragio da espessura
da dentina radicular no planejamento de tratamento envolvendo
a cimentacdo de pinos intrarradiculares. Dez pré-molares humanos
unirradiculares foram selecionados. Os dentes foram divididos em trés
segmentos (cervical, médio e apical). A face coronal dos tercos apical
e médio foi selecionada para a avaliacdo da espessura da dentina; que
foi medida a partir da superficie externa da raiz até a parede do canal
radicular, nas superficies vestibular, lingual, mesial e distal de cada dente.
A medida anatdmica in situ foi o padrdo de referéncia, e a imagem de
TCFC axial correspondente foi avaliada pelo software i-CAT. O teste de
1-fator ANOVA e o teste post hoc de Bonferroni foram aplicados para
comparar os grupos (p>0,05). As medidas de imagem da TCFC (p=0,003)
superestimaram a espessura da dentina radicular em comparacdo a
referéncia padrdo. A analise descritiva mostrou que a maior diferenca
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entre a referéncia padrdo e a medida tomografica foi de 0,20 mm. O
teste ANOVA encontrou a diferenca de significancia estatistica entre
as medidas do grupo. A correcdo de Bonferroni demonstrou diferenca
estatisticamente significante apenas relacionada as medidas de imagem da
TCFC. A medida de imagem da TCFC superestimou a espessura da dentina
radicular. No entanto, a diferenca de medicao foi clinicamente aceitavel.
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