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ABSTRACT

Objectives: The present study aimed to evaluate, by three-dimensional analysis, root canal fillings performed by
undergraduate students using different methods.

Materials and Methods: Sixty resin-based maxillary central incisors were prepared and randomly assigned to six
experimental groups (n = 10) based on sealer type (AH Plus, BioRoot RCS, Dia-Root Bio Sealer) and obturation technique
(cold lateral condensation, single-cone). After training, ten senior undergraduate dental students performed one obturation
for each combination. All samples were scanned with cone-beam computed tomography pre- and post-obturation (CBCT).
The Mimics medical software was used to calculate the pre-obturation canal volume and the post-obturation filling volume.
The percentage of the obturated volume (POV) was calculated for all samples. Data were analyzed using two-way ANOVA
with Tukey and Bonferroni post hoc tests (o = 0.05).

Results: The type of sealer had a significant effect on POV (p < 0.001), whereas the obturation technique did not (p = 0.247).
AH Plus showed significantly higher POV values compared to both BioRoot RCS and Dia-Root Bio Sealer (p < 0.05), while no
significant difference was observed between BioRoot RCS and Dia-Root Bio Sealer. However, a significant interaction was
found between the type of sealer and the obturation technique (p = 0.008). Dia-Root Bio Sealer achieved higher POV when
used with the single-cone technique than with cold lateral condensation (p = 0.033).

Conclusions: AH Plus demonstrated high filling percentages when applied using both SC and CLC techniques in root canal
fillings performed by undergraduate students. The lower filling percentages observed with BioRoot RCS and DiaRoot Bio
Sealer highlight the need for enhanced training and supervision during the educational process.
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Amag: Bu galismanin amaci, dis hekimligi 6grencileri tarafindan farkl yontemlerle yapilan kok kanal dolgularini tig boyutlu
analizle degerlendirmektir.

Gereg ve Yontemler: Altmig adet rezin esasl maksiller santral dis hazirlanarak rastgele alti gruba (n = 10) ayrimistir. Gruplar
kanal pati tirtine (AH Plus / BioRoot RCS / Dia-Root Bio Sealer) ve obturasyon teknigine (soguk lateral kondensasyon / tek
kon teknigi) gore olusturulmustur. On adet son sinif dis hekimligi 6grencisi, egitim aldiktan sonra her kombinasyon igin bir
obturasyon gergeklestirmistir. TUm ornekler obturasyon oncesi ve sonrasi konik isinli bilgisayarli tomografi (CBCT) ile
taranmigtir. Mimics Medical yaziimi kullanilarak obturasyon oncesi kanal hacmi ve obturasyon sonrasi dolgu hacmi
hesaplanmigtir. Her 6rnek igin dolgu hacmi ytizdesi (POV) hesaplanmigtir. Veriler iki yonli ANOVA ve Tukey ile Bonferroni
post-hoc testleri kullanilarak analiz edilmistir (a = 0,05).

Bulgular: Kanal pati tiirti, POV Uzerinde anlamli bir etkiye sahiptir (p < 0,001), ancak obturasyon teknigi tek basina anlaml
degildir (p = 0,247). AH Plus, hem BioRoot RCS hem de Dia-Root Bio Sealer’a gére anlamli derecede daha yiiksek POV
degerleri gostermistir (p < 0,05). BioRoot RCS ile Dia-Root Bio Sealer arasinda anlamli fark gézlenmemistir. Ancak kanal pati
turd ile obturasyon teknigi arasinda anlaml bir etkilesim bulunmustur (p = 0,008). Dia-Root Bio Sealer, tek kon teknigi ile
uygulandiginda soguk lateral kondensasyona gére daha yiiksek POV elde etmistir (p = 0,033).

Sonuglar: AH Plus, dis hekimligi 6grencileri tarafindan gergeklestirilen kok kanal dolgularinda hem tek kon hem de soguk
lateral kondensasyon tekniklerinde yiiksek dolum yiizdeleri gostermistir. BioRoot RCS ve Dia-Root Bio Sealer ile elde edilen
daha dustk dolum yiizdeleri, egitim suirecinde ek uygulama ve gézetimin 6nemini ortaya koymaktadir.

Anahtar Kelimeler: Kok kanal dolgusu, konik isinli bilgisayarli tomografi, kalsiyum silikat bazl pat, rezin bazl pat
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Introduction

The Association for Dental Education in Europe (ADEE)  performing root canal treatment effectively upon
emphasizes that dental students should be capable of graduation.! Similarly, the undergraduate curriculum
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guidelines of the European Society of Endodontology
(ESE) state that students should acquire the clinical skills
necessary to perform high-quality root canal treatments
during their education.? The primary aim of root canal
treatment is to eliminate or prevent pulpal and periapical
diseases. The quality of the root canal filling is vital for
ensuring the long-term success of the treatment.?
Hermetic sealing of the root canal system prevents
recontamination of the obturated canals and the
penetration of microorganisms and their metabolic
products into the periapical tissues.* Therefore, the
quality of the root canal filling has a direct impact on the
treatment outcome.?

Various types of sealers are used for root canal
obturation. AH Plus (Dentsply Maillefer, Ballaigues,
Switzerland), an epoxy resin-based endodontic sealer, is
widely considered the gold standard because of its
longstanding use and extensive supporting research.’
However, concerns about the cytotoxic effects of resin-
based sealers have prompted researchers to develop new
biocompatible and biologically active materials.® BioRoot
RCS, a hydraulic powder—liquid sealer developed by the
French company Septodont, has garnered significant
attention due to its notable bioactive properties. The
powder component consists of tricalcium silicate,
povidone, and zirconium oxide, while the liquid
component consists of an aqueous solution of calcium
chloride and a polycarboxylate. This material
demonstrates bioactivity through calcium ion release, a
highly alkaline pH, apatite-forming potential, and
adequate radiopacity.” Recently, Dia-Root Bio Sealer
(Diadent, South Korea), a premixed and injectable
bioceramic-based root canal sealer, has been introduced
to the dental market. However, few studies have
evaluated the physical properties of Dia-Root Bio Sealer.?

Previous studies have reported an association
between undergraduate education in root canal
procedures and the quality of root canal fillings performed
after graduation.® Evaluating the quality of root canal
treatment performed by students provides valuable
insights into the development of future endodontic
education programs. In this context, it is important to
introduce students to new materials and assess their
ability to apply various root canal filling techniques. This
study aims to evaluate, in three dimensions, root canal
fillings performed by dental students using three sealers
with the cold lateral compaction (CLC) and single-cone
(SC) techniques.

Materials and Methods

Study Design

This was a controlled in vitro educational study with a
repeated-measures design, in which each student
performed all combinations of sealer type and obturation
technique under standardized conditions.

Sample Preparation

The total sample size for this study was calculated
using G*Power software based on the effect size reported
in a previous study.'' To ensure adequate statistical power
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for group comparisons, 10 samples were assigned to each
group, resulting in a total of 60 samples. This study has
been approved by the Ethics Committee of Lokman Hekim
University (Decision No. 2025194). Also, the present study
was conducted in accordance with the PRILE-2021
guidelines  for reporting laboratory studies in
Endodontology.

Sixty standardized 3D resin-based maxillary central
incisor models were included in this study. The resin teeth
were single-rooted and exhibited a single canal
configuration from the coronal region to the apex. The
crowns of the samples were sectioned to leave a
standardized root length of 13 mm. All roots were
measured using a digital caliper. The root canal
instrumentation of the samples was completed by an
experienced endodontist. The working length was
determined to be 12.5 mm. Irrigation was performed with
2.5% sodium hypochlorite between each file and the root
canal preparation was completed with the SU (25/0.06)
file of the Revo S system (Micromega, Besangon, France).
All canals were rinsed with distilled water and then dried.
All samples were labeled with a number before initial
imaging.

Pre-Obturation Volumetric Assessment of Root Canal
Systems Using CBCT

All roots were placed into the CBCT unit in sequence
using a silicone-based jaw model. Pre-obturation images
were taken with a Newtom 7G CBCT system (Quantitative
Radiology, Verona, Italy) using the following settings: 120
kVp, 23.7 mA, 4.2 seconds, and 90 um voxel resolution. All
data were obtained in DICOM format and transferred to
Mimics Medical software (version 21.0; Materialise NV,
Belgium). The entire root canal was measured and
recorded as the pre-obturation volume in mm?3 (X). All
scans were performed by the same operator using
identical imaging parameters to eliminate device-related
variability.

Root Canal Obturation

The previously prepared teeth were randomly
allocated to six experimental groups based on the sealer
type and canal obturation technique:
1. AH Plus sealer / Cold Lateral Compaction technique
2. AH Plus sealer / Single Cone technique
3. BioRoot RCS / Cold Lateral Compaction technique
4. BioRoot RCS / Single Cone technique
5. Dia-Root Bio Sealer / Cold Lateral
technique
6. Dia-Root Bio Sealer / Single Cone technique

This study was designed as an in vitro educational
laboratory model to simulate the performance of senior
undergraduate students under standardized conditions.
Ten volunteer final-year undergraduate dental students
were included in the study to ensure that each could apply
both obturation techniques and three types of sealants.
All participating students had successfully completed their
clinical endodontic training and had prior hands-on
experience with conventional root canal obturation
techniques.

Compaction
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Each student was assigned to perform six root canal
fillings: one for each combination of sealer and obturation
technique. In total, 60 root canal obturations were
performed (10 students x 6 obturations each), ensuring an
equal number of samples (n = 10) for each experimental
group. The obturation techniques and the root canal
sealers were theoretically introduced to the
undergraduate students by a specialist endodontist in a
one-hour presentation, which followed a two-hour hands-
on training session, before conducting the experiments.

Each sealer was prepared by students following the
manufacturer's instructions. The working length and
master cone size were kept constant for all specimens to

minimize procedural variability. Root canal obturation
was performed using gutta-percha cones with either the
CLC or the SC technique. The sealer was introduced into
the canal by coating the master gutta-percha cone prior to
insertion into the prepared canal.

Finally, the coronal access cavities of the samples were
cleaned with 70% alcohol and sealed with glass ionomer
cement. The specimens were kept at 37°C in a fully
humidified environment for 15 days to allow the sealer to
set thoroughly before the second imaging. Figure 1 shows
a root model after endodontic treatment and the
placement of the root together with a jaw model within
the CBCT unit.

b

Figure 1. (a) Endodontically treated root specimen. (b) Placement of the treated root within the jaw model inside the
CBCT unit for scanning.

Post-Obturation Volumetric Assessment of Root Canal
Fillings Using CBCT

Following the obturation procedure, a CBCT scan was
performed using the initial imaging parameters to assess the
volume of the filling materials. The entire root canal volume
was measured in mm? and defined as the post-obturation
volume (Y). Using the segmentation features of Mimics
Medical, each area filled with radiopaque material within the
canal was identified. A threshold-based segmentation
method was used to segment root canal fillings in the images.
Based on the selected threshold values, the voxels
representing the root canal fillings were converted into a
binary mask and reconstructed as a 3D structure.
Segmentation accuracy was verified by visual inspection in
each cross-sectional plane. Manual adjustments were
applied as required. To ensure consistency, the same
predefined threshold range was applied to all specimens, and
the segmentation protocol was standardized before data
collection. The total volume of the root canal fillings (in mm3)
was calculated using the software's automatic volume
calculation tool based on the generated segmentation mask.
These values were recorded separately for each sample.
Figure 2 shows the stages in the analysis of CBCT images.

To assess the percentage of obturated volume (POV),
calculations were conducted individually for each canal using
the formula below:

POV (%) = [Post-obturation Volume (Y) / Pre-obturation
Volume (X)] x 100

All measurements and calculations were independently
performed by a maxillofacial radiologist for each root canal in
all experimental groups according to previously established
methodologies.’>*3 The radiologist who performed the

volumetric measurements was blinded to the group
allocation of the samples. Intra-observer reliability was
assessed by repeating all segmentations after a two-week
interval.

Statistical Analysis

Statistical analyses were performed using SPSS Statistics
(version 27; IBM Corp., Armonk, NY, USA). The intra-observer
reliability was assessed using a two-way mixed-effects model
for absolute agreement. Normality of the data was assessed
using the Shapiro-Wilk test. A significance threshold of
p<0.05 was used. Two-way ANOVA was used to analyze
differences between groups, with Tukey's and Bonferroni
tests employed for post hoc multiple comparisons.

Results

The intraclass correlation coefficient was 0.986,
indicating excellent intra-observer reliability between the
two measurements. Two-way ANOVA test was revealed a
statistically significant effect of the root canal sealer type on
the percentage of the filling volume (p < 0.001). The filling
techniques used had no significant effect (p = 0.247).
However, a significant interaction was observed between
root canal sealers and filling techniques (p = 0.008). It was
showed that the effect of the root canal sealer on filling
volume differs according to the filling technique used. Table
1 indicates the results of Two-way ANOVA.

Table 2 presents the results of post-hoc comparisons
between groups using Tukey and Bonferroni tests. AH Plus
exhibited a significantly higher root canal filling volume than
both BioRoot RCS and DiaRoot Bio Sealer. However, no
significant differences were found between the BioRoot RCS
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and DiaRoot Bio Sealer groups. The filling technique did not
significantly affect the percentage of the root canal filling,
regardless of the type of root canal sealer used.

Table 3 shows the mean, minimum, and maximum root
canal filling volume percentages observed in the
experimental groups. There was no significant difference
between the SCand CLC techniques when AH Plus was used;
both groups exhibited high filling volume percentages (p =

0.788). There was no significant difference between the use
of BioRoot RCS with SC and CLC techniques (p = 1.000).
BioRoot RCS groups had lower filling percentages than the
AH groups when both SC and CLC techniques are used (p <
0.05). DiaRoot Bio Sealer showed a significantly higher canal
filling volume when used with the SC technique compared to
the CLC technique (p = 0.033).

Figure 2. (a) CBCT image of a filled root (coronal section). (b) Automatic segmentation of the obturated canal. (c)
Three-dimensional reconstruction of the root canal filling.

Table 1. Results of Two-Way Anova test

Sum of Squares df Mean Square F p
Root canal sealer 9748 2 4874 19.31 <.001*
Filling technique 346 1 346 1.37 0.247
Root canal sealer *k filling technique 2719 2 1359 5.38 0.008*
*Asteriks indicates statistical significance at p < 0.05 in each line.
Table 2. Post-hoc comparison results using Tukey and Bonferroni tests
Mean Difference SE df t Ptukey Pbonferroni
Root canal sealer
AH Plus—BioRoot RCS 29.08 5.02 50.0 5.788 <.001* <.001*
AH Plus—DiaRoot Bio Sealer 25.17 5.33 50.0 4,723 <.001* <.001*
BioRoot RCS—DiaRoot Bio Sealer -3.91 5.33 50.0 -0.734 0.745 1.000
Filling technique
Single cone-cold lateral condensation 5.00 4.27 50.0 1.17 0.247 0.247

*Asteriks indicates statistical significance at p < 0.05 in each line.

Table 3: Mean, min, and max values of root canal filling volume percentages observed in experimental groups

Root canal sealer Filling technique n Mean Std. Deviation min max
AH Plus Single cone 10 75.9° 18.3 40.9 96.5
Cold lateral condensation 10 85.0° 14.1 60.3 97.3
BioRoot RCS Single cone 10 51.0° 18.2 344 83.9
Cold lateral condensation 10 51.7° 16.5 27.9 82.3
DiaRoot Bio Sealer Single cone 10 67.7% 14.1 45.6 88.6
Cold lateral condensation 10 42.9° 121 31.1 65.4

*Different superscript letters indicate statistically significant differences between groups according to post-hoc comparisons of the interaction between

root canal sealer and filling technique at the p < 0.05 level.

Discussion

The present study evaluated the adequacy of root
canal fillings performed in vitro by senior dental students
using 3D volumetric analysis. Undergraduate endodontic
education offers dental students a valuable opportunity to
develop clinical competence and to perform root canal
treatment.' Insufficient root canal obturation may result
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in endodontic treatment failure and potentially tooth
loss.*® Therefore, acquiring proficiency in root canal filling
is an essential component of endodontic education.® The
methods and tools employed within the undergraduate
educational framework should facilitate the achievement
and maintenance of the specified level of proficiency,
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while also fostering the development of students' self-
efficacy.?”

The current findings indicate that the sealer used in
root canal fillings performed by the participants
significantly affected filling volume. The AH Plus groups
exhibited the highest POV values. There was no significant
difference between the BioRoot RCS and DiaRoot Bio
Sealer groups. Previous studies have demonstrated that
AH Plus provides an effective root canal filling owing to its
viscosity and high adaptability to the dentin walls.’®° The
present study demonstrated that undergraduate students
achieved higher POV in canal fillings when using AH Plus.
The lower POV values of BioRoot RCS and DiaRoot Bio
Sealer can be attributed to their calcium silicate-based
nature, which results in a naturally porous structure, and
to their setting time.?° Similar in vitro studies have
observed reduced filling volumes with bioceramic-based
sealers compared to epoxy resin-based materials,
highlighting the impact of material properties on
obturation quality.>” Consequently, these factors may
have influenced the students' manual dexterity during
root canal filling.

Recent in vitro studies have demonstrated that void
formation within root canal fillings can vary substantially
depending on the sealer—technique combination used.
Alkahtany et al. reported that using a bioceramic sealer
with the single-cone technique resulted in significantly
higher void volumes, which may serve as niches for
residual microorganisms and contribute to microleakage
over time.?! Similarly, Gharechahi et al. demonstrated
that different obturation techniques used with bioceramic
sealers produced distinct void distributions at various
levels of 3D-printed canals, highlighting that obturation
quality is influenced not only by sealer properties but also
by operator skill, technique selection, and adaptability to
canal anatomy.?? Consistent with these findings, recent
clinical evidence indicates that voids may negatively affect
long-term endodontic success.?* The lower POV values
observed with bioceramic sealers in the present study
may have clinical significance and underscore the need for
more structured training, repetition, and supervision
when teaching students to work with these materials.

In contrast, the filling technique (SC or CLC) alone had
no significant impact. However, a significant interaction
was observed between the filling material and the
technique. When used with the SC technique, DiaRoot
achieved better root canal filling than when used with the
CLCtechnique. Pre-mixed and injectable root canal sealers
can facilitate the formation of a monoblock when used
with the SC technique.?* The present finding supports the
notion that the premix formulation of this material may
be more compatible with this technique. A previous study
comparing AH-Plus and a premixed bioceramic sealer
using SC and CLC reported that the SC technique provided
obturation quality comparable to the CLC technique.?

As part of our faculty's curriculum, students routinely
use resin-based sealers in preclinical and clinical
treatments. However, they had no prior experience with
BioRoot RCS and DiaRoot Bio Sealer. For students in

training, choosing materials that are easy to apply and
have a high tolerance for error can positively affect
treatment quality. On the other hand, bioceramic
materials remain clinically desirable due to their bioactive
properties in endodontics.?® Therefore, increasing student
familiarity with mixing, placement, and application
techniques for these materials may positively impact
performance.

In line with the goals set by ADEE and ESE, it is
important for students to become familiar with both
traditional and new-generation materials and acquire
practical skills. In this study, the lower POV values
obtained with bioceramic-based sealers suggest that
using these materials requires additional practice and
guidance during training. Repeated hands-on practice in
simulated root canal models can help students overcome
material-specific challenges, improving both manual
dexterity and confidence. Incorporating self-assessment
and structured feedback during preclinical training may
enhance students’ self-efficacy and result in higher quality
obturations.?’

Previous studies evaluating the technical quality of
root canal fillings performed by students have used two-
dimensional periapical radiographs.?®3! However, the in
vitro nature of our current study allowed evaluation of the
root canal filling volume using a more realistic three-
dimensional analysis. The segmentation and thresholding
tools use density-based methods to calculate the root
canal volume accurately, providing detailed volumetric
data.?? Previous studies using 3D volumetric methods to
investigate different root canal obturation techniques
have shown that CBCT provides high-resolution, reliable
data on the extent of canal filling and the presence of
voids.?® Therefore, the use of CBCT in this study
strengthens the validity of the findings and supports the
interpretation that differences in obturation quality are
influenced by both sealer properties and techniques,
rather than by limitations in measurement accuracy.

Collectively, these findings highlight the interplay
between sealer properties and obturation technique in
determining the volume of root canal fillings. They further
emphasize the importance of providing undergraduate
students with repeated hands-on practice, exposure to
diverse materials, and structured feedback to enhance
manual dexterity, self-efficacy, and the overall quality of
root canal obturation.?6:27:33

Certain limitations should be considered when
interpreting the study's results. The in vitro design of the
current study and the use of standardized 3D resin-based
models may limit the direct transferability of the findings
to clinical practice because these models cannot fully
replicate patient-specific anatomical variations, moisture
conditions, and mechanical stresses.3*3* This may have
positively influenced student performance because
factors such as patient-related anatomical differences,
salivary contamination, and practitioner-related stress
were absent. The number of students participating in the
study and differences in manual dexterity among them
may limit the generalizability of the findings. Future
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studies with larger sample sizes, incorporating clinical

scenarios and

long-term follow-up, are crucial for

evaluating endodontic teaching methods and providing
students with evidence-based education.

Conclusions

AH Plus demonstrated high filling percentages when

applied with both SC and CLC techniques in root canal
fillings performed by undergraduate students. The lower
filling percentages observed with BioRoot RCS and
DiaRoot Bio Sealer highlight the need for enhanced
training and supervision during the educational process.
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