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ABSTRACT

Obijective: Three-dimensional cone-beam computed tomography is gaining popularity as an imaging modality aiding the performance of
difficult endodontic treatment procedures. For this reason, we assessed the visualization of bioactive furcal perforation repair materials in an

ex vivo study using CBCT with different voxel sizes and determined which voxel size yielding the best images with least artefacts. Visualization of
endodontic restorative material is affected by the appearance of various artifacts. This study was conducted to evaluate the CBCT visualization

of three perforation repair materials using five different voxel sizes.

Methods: This study was performed with 84 mandibular molars that had been extracted for various reasons. All samples were measured
with a digital caliper (Digimess, S3o Paulo, Brazil), marked at 3 mm above the cementoenamel junction, and decoronized at this line. The root
segments were amputated at 3 mm below the furcation site using diamond discs under water cooling. The openings of the pulp chamber
created, following the furcation defects formed. Biodentine, MTA, and EndoSequence were mixed following the manufacturers’ instructions
and applied to the perforation sites. Five image sets were obtained: 75 micron, 100 micron, 150 micron, 200 micron, and 400 micron. 2
examiners were evaluated the images independently.

Results: The best image quality for all repair materials obtained in 100 micron. Image clarity of repair materials showed no significant difference
among voxel sizes of 75 and 150 micron. Image quality was significantly reduced at 200 and 400 micron voxel sizes, and the worst quality was
obtained at 400 micron voxels in all groups.

Conclusions: CBCT imaging can be used to examine endodontic repair materials with adjustment of the effective radiation dose rate and
selection of the appropriate voxel size.
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1. INTRODUCTION

Perforations and defects in the furcation region affect
prognoses following endodontic treatment. Furcation
perforations are iatrogenic gaps between the pulp chamber
and periodontal ligament; they can cause complications
during endodontic treatment and subsequent periodontitis-
related lesions (1). Defects on the floor of the pulp chamber
lead to periodontal ligament and bone destruction, followed
by an inflammatory process that can lead to tooth loss (2).
The success of endodontic treatment of a tooth with a
furcation perforation depends on furcal defect size, location,

Maillefer, Ballaigues, Switzerland) (4). MTA is commonly used
as a repair material, but it has several limitations (5).

Biodentine (Septodont, Niederkassel, Germany),
EndoSequence Materials (Brasseler USA, Savannah, GA,
USA) are newly developed bioactive materials. Bioceramics
are biocompatible ceramic compounds obtained in situ and
in vivo through various chemical processes (6). They are
resistant to irrigation and antibacterial, with osteogenetic
effects and short application times (7). Biodentine was stated
to be improved behaviour properties and takes less time to

the time spent closing it, and the properties of the materials
used (3). Many repair materials have been developed and
used for perforation closure, including calcium silicate-based
cements, such as mineral trioxide aggregate (MTA; Dentsply

prepare than MTA. Its physical properties are very similar to
dentine and the risk of tooth discoloration is low (8). Recently,
EndoSequence was designed for use as root repair material.
This premixed material is provided as a condensed mass or
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pre-filled syringe and is easy to manipulate; it has excellent
biological and mechanical properties and a high degree of
biocompatibility. In addition, it is hydrophilic, radiopaque,
osteogenic, and insoluble. It is used for pulp capping and root
repair procedures (9). Our understanding of the radiological
properties of bioceramic materials is limited by numerous
factors (10). Two-dimensional x-rays are inadequate for
the analysis and handling of furcation defects. Cone-beam
computed tomography (CBCT) is used for endodontic
identification, management, prognosis, as it enables the
three-dimensional (3D) identification of bony margins and
defect sites (11). Voxel size has important effects on CBCT
evaluation quality. A voxel is the smallest element of a 3D
image. In CBCT imaging, voxels are usually isotropic and range
from 75 — 400 micron. The isotropic geometry of the voxels
allows for identical image resolution on different planes (2).
Visualization of endodontic restorative material is affected
by the appearance of various artifacts. Although these image
defects cannot be eliminated using current technology, the
quality can be improved by changing constraints such as the
FOV and voxel sizes (12). Thus, this study was conducted to
evaluate the CBCT visualization of three perforation repair
materials using five different voxel sizes.

2. METHODS

2.1. Sample Selection

84 mandibular molars were used for this study that had been
extracted for various reasons. Ankara University Local Ethical
Committee (IRB approval number: 07/10) approved the study.
Included teeth were intact or with minimal caries, also had
closed apexes and separate roots. Radiographs of all teeth
were taken from different directions and examined; teeth
with calcified pulp chambers or pulp stones were excluded.
Residual debris and soft tissue on the teeth were removed
using a periodontal curette, and the teeth were keptin distilled
water containing 0.1% thymol crystal at room temperature
until use. All samples were measured with a digital caliper
(Digimess, Sdo Paulo, Brazil), marked at 3 mm above the
cementoenamel junction, and decoronized at this line. The
root segments were amputated at 3 mm below the furcation
site using diamond discs under water cooling. The openings
of the pulp chamber created. Necrotic pulp tissue removed
and the cavities were rinsed with sodium hypochlorite.
Dentin thickness in the furcation area was measured using
a calliper, and teeth with dentine thicknesses of 2.0-2.5 mm
were included in the study. The perforations were formed
in the furcation areas using a long round drill with water
cooling. The perforation areas were irrigated using saline to
remove residual dentin. To simulate clinical conditions, the
samples were placed in sponges soaked in saline in plastic
cylinders. The teeth were then divided randomly into three
groups. Biodentine, MTA-Angelus (Angelus Industria de
Produtos Odotontoldgicos S/A, Londrina, PR, Brazil), and
EndoSequence Root Repair Material were mixed according
to manufacturer directions and placed over the perforation

sites for respective groups using a plugger and dental loupe.
The materials were condensed by applying a small amount
of pressure. Excess filling material was removed with a thin
probe, and a damp cotton pellet was then placed into pulp
to harden the material. The samples left at 37°C with 100%
moisture for 7 days to allow the materials to harden.

2.2. Scanning Protocol

Each tooth positioned on molar tooth sockets in a dry human
mandible. The mandible was properly covered with wax
to simulate soft tissue. The mandible then scanned using
Planmeca ProMax 3D CBCT (Planmeca Oy, Helsinki, Finland).
The scanner offers multiple fields of view, allowing the dentist
to select the optimum scan on a case-by-case basis. Images
were obtained using a 5 x 5.5 cm FOV (75 micron and 100
micron), a 5 x 5.5 cm FOV (150 micron), a 10 x 5.5 cm FOV
(200 micron and 400 micron) with isotropic voxels. All scans
were taken at pre-settings of the machine; 90 kVp, 10 mA, 17
sand 90 kV, 10 mA, 15 s for (75, 100, and 150 micron), 96kVp,
12mA, 18 s for (200 micron and 400 micron) voxels.

2.3. CBCT Evaluations

Each scan was evaluated by 2 observers with a mean of 10
years of experience using the unit’s software (Planmeca
Romexis 4.2). Before evaluations, the observers were
pretrained on for the usage of the software in a special
session. The observers were calibrated for the study. The
images were anonymized during evaluation of the materials.
Observers scored clarity of the image of the materials. They
were also asked to grade overall image quality on a 1-to-5
point scale based on the visibility of perforation repair
materials of different voxel sizes (1: very low, 2: low, 3:
moderate, 4: high, 5: very high quality).

The images evalautions were made within one week again,
and all images again re-evalueted after 2 months.

2.4. Statistical Analysis

The data analyzed with SPSS (ver. 22; Chicago, IL, USA).
Receiver operating characteristic (ROC) curves were used
for each observers’ evaluations. A p value less than 0.05
was considered as significant. Inter-examiner reliability
evalauted with Kappa Cohen’s statistical analysis. Weighted
kappa coefficients were calculated to assess both intra —
and interobserver agreements for each image set. Weighted
kappa values were interpreted according to the guidelines of
Landis and Koch, as adapted by Altman (k <0.20, very low; k =
0.20-0.40, low; k = 0.41-0.60, moderate; k = 0.61-0.80, high;
and k = 0.81-1.00, very high quality). The normality of the
variables was analysed using the Shapiro-Wilk test. Moreover,
three-way ANOVA was used with Bonferroni correction.
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3. RESULTS

The inter-examiner reliability showed a high agreement of
90.4% (95% ClI 0.773-0.846) between the two observers
(KO, BC) which showed no significant difference between
observers.

Three-way analysis of variance revealed significant effects of
the voxel and material factors. The voxel and material factors
had significant effects (p<0.05). No interaction between
factors was observed.

The best image quality for all repair materials obtained at
100 micron. There was no significant difference among 75
micron and 150 micron for visualization of repair materials.

Image quality of repair materials was significantly reduced at
200 and 400 micron and the worst quality was obtained at
400 micron voxels in all groups (Table 1).

Table 1. Showing the mean values and standard deviation of the
endodontic repair materials according to voxel sizes.

Restorative Materials
Endosequence Biodentine | MTA-Angelus
Voxel sizes

75 micron 4,16740,637°*  4,04210,624**® 3,917+0,503*
100 micron 4,417+0,653% | 4,375:0,575%  4,000£0,0*
150 micron 4,000£0,417%¢ 3,958+0,690**®  4,000%0,0°*
200 micron 3,250+0,442° | 3,542+0,883* | 3,583+0,503*
400 micron 1,833+0,481* 1,625+1,134*¢ 1,500£0,510°®

*Different superscript letters indicate statistically difference at 5%
significant level (p<0.05). (a, b, c for rows and A,B,C for columns)
Comparing the image quality of repair materials, no difference
was observed among the repair materials (p>0.05). Estimated
marginal means are shown in Figure 1.
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Figure 1. Estimated marginal means of scores according to voxel
sizes.

4. DISCUSSION

Clinicians should be able to manage the case well when the
perforation, which is an undesirable complication occurs. In
addition to choosing the most appropriate material to be
used, post-treatment radiographic control is also important.
Therefore, the present study investigated which voxel setting
would be necessary to get the best visual for imaging the
material. Conventional periapical radiographs have limitations

for evaluation of repair material quality. CBCT is used in many
areas in endodontics and has been shown to have the greatest
accuracy among imaging modalities for perforation detection
(13). Although it has many clinical advantages, including 3D
visualization, CBCT has some limitations. The most important
limitation is the radiation exposure. The goal is to obtain the
best image with a minimum radiation dose. Effective dose
differs between CBCT scanners; depending on the size of
the FOV, it may be similar to panoramic radiography, but
significantly less than medical CT. Image acquisition with a
larger voxel size followed by reconstruction at a smaller voxel
size may yield similar quality with a reduced radiation dose
(14).

Few studies evaluated voxel sizes for furcation perforations.
Tomographic image quality is related directly to the
acquisition protocol, and particularly the voxel size. Junqueira
et al. (15) used voxels of the least thicknesses available (250
and 125 micron) because a lesser slice thickness generates
greater spatial resolution, which can directly affect the
diagnostic capability. Although they found no significant
difference between examinations, the sensitivity and
accuracy were less with larger voxels, supporting the results
described by Silveira et al. (16), Melo et al. (17) and Brito-
Junior et al. (18). Filling materials were evaluated on images
acquired with 200 micron voxels. Properties of all filling
materials were similar on images obtained with a 76 micron
voxel size. Properties differed among voxel sizes only for
Sealer 26 and Endofill, with more artifacts observed with 200
micron voxel resolution (18). Similarly, in our study, image
quality was low and artifacts were observed with 200 and
400 micron. Liedke et al. (19) and Silveria et al. (16) assessed
the performance for external root resorption, found that the
300 micron voxel size yielded the best outcomes, with less
exposures. In our study, the best image quality for furcation
defects was achieved with 100 micron voxels. In a previous
study in which mandibular molar morphology was examined
using CBCT, the best voxel size was determined to be 100
micron (20). Other in vitro studies have demonstrated that
CBCT is more reliable than conventional radiography for the
diagnosis of endodontic pathologies, such as root fracture,
root perforation, and resorption (21). Venskutonis et al. (22)
stated in their study for the detection of root perforations
the reduction of the voxel size increased the diagnostic value.

Another major disadvantage of CBCT is the appearance of
restorative material artifacts, which can be caused by most
materials used in endodontics. The restorative materials have
specificdensities can create artifacts such as blooming, scatter
streaks, which can consequence for false-positive results.
Thus, the accuracy of CBCT evaluation of root-filled teeth can
be compromised by the presence of artifacts such as noise,
scattering, missing values due to motion, and rings, as well
as beam-hardening and streaking artifacts, which complicate
image interpretation (12). Despite these disadvantages, CBCT
is the chosen imaging modality for root canal perforations,
furcation perforations, and other pathologies. In this study,
the visibility of furcation perforations and were evaluated on
CBCT images (Figure 2).

Clin Exp Health Sci 2021; 11: 654-658

DOI: 10.33808/clinexphealthsci.954463



CBCT Visualization of Perforation Repair Materials

| Original Article |

Figure 2. a, b and c: CBCT images show cross section, sagittal, and
axial of 75 micron furcation defects with sealing material. d, e and
f: CBCT images show cross section, sagittal, and axial of 100 micron
furcation defects with sealing material. g, h and I: CBCT images show
cross section, sagittal, and axial of 150 micron furcation defects
with sealing material. k, | and m: CBCT images show cross section,
sagittal, and axial of 200 micron furcation defects with sealing
material. n, o and p: CBCT images show cross section, sagittal, and
axial of 400 micron furcation defects with sealing material. r, s and
t: CBCT images show 3D representation of furcal defects from buccal
cross section and lingual slides.

A perforation — an iatrogenic, mechanical, or compulsive
communication between the root canal system and
external tooth surface — should be sealed with a
biocompatible material. Jeevani et al. (23) reported that
MTA is now considered to be the material of choice for
perforation sealing because of its biocompatibility.
However, MTA has shortcomings like trouble of handling
and slow setting, which may subsidize to leakage, surface
disintegration, loss of marginal adaptation, and disruption
of the material. As stated before, during image evaluation
of various materials, Brito-Junior et al. (18) assessed
streaking artifacts produced by Sealer-26, Endofill, and
MTA FillApex. They found Sealer-26 and Endofill produced
more artifacts than did MTA FillApex at a voxel size
of 200 micron. Biodentine is a calcium silicate—based
material that has a polycarboxylate-based hydrosoluble
polymer and contains Calcium cilicate. The latter has high
compressive and flexural strength. Helvacioglu et al. (12)
reported that Biodentine created the fewest artifacts and
showed the best performance among materials evaluated.
EndoSequence was developed to overcome the difficulty
of handling of MTA. No previous study has explored the
CBCT visualization or artifact formation of EndoSequence.
No significant difference in image clarity was found among
materials in this study. Of five voxel sizes, 100 micron
yielded the clearest images.

The limitation of this study was in clinical practice detection
of furcal defects in CBCT machines may be less accurate owing
metallic or other artifacts. Moreover, patient movement
should also be taken into consideration which in this study
did not taken into account because of the in vitro nature of
the study. Thus, further studies should be done with CBCT
optimization filters.

5. CONCLUSION

As a consequence of this study CBCT imaging can be used
to examine endodontic repair materials. A voxel size of 150
micron was recognized as the cut-off point for exposure of
furcal defects repairing materials.
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