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Evaluation of Different Obturation Techniques in Two
Types of Vertucci Classification

SUMMARY Zehranur Bilgin', Fatma Nur Yavuz!, Ziihre
Objectives: This study aimed to evaluate and compare the effectiveness of Hale Cimllt',
Idil Ozden'

three different obturation techniques in 3D printed resin blocks with Vertucci Type
V and Type VI canal morphology. Methods: Three-dimensionally produced 66 resin
blocks with Vertucci Type V and Vertucci Type VI canal morphology (n=33) were
prepared.The blocks were divided into three subgroups;, Group 1: Cold Lateral
Condensation(CLC), Group 2: Continuous Wave Obturation(CWO), Group 3: Core
Carrier Technique(CCT) and obturation techniques were applied (n=11). The total
area and gaps were calculated as a percentage ratio on the periapical radiographs
taken after obturation by using the Image J software.The groups were compared
using Mann-Whiney U and Kruskal Wallis H tests (p< 0.05). Results: When the
ratio of the gap areas for Vertucci Type V blocks were analyzed, CLC has showed
a significant difference at the coronal part of the deep split (p<0.017). Each groups
showed a significant difference in paired comparisons at the apical part of the deep
split (p<0.017). For Vertucci Type VI blocks, CLC showed a significant difference
at the coronal part of the isthmus and isthmus(p<0.017).Each groups showed
a significant difference in paired comparisons at the apical part of the isthmus
(p<0.017). Conclusions: Our study showed that none of the obturation techniques
provided a complete filling. At the apical region, it can be stated that the CLC
method is insufficient in complex anatomies such as Vertucci Type V and Type VI.
Therefore the use of the CCT or CWO methods may be recommended for these type of
anatomies.
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Introduction

The aim of root canal treatment is to remove pulpal
tissue and necrotic residues with chemomechanical
preparation, to disinfect the root canal system and to fill
the canal without gaps. These stages should be applied
completely for the success of endodontic treatment!->.

There are several factors that make the successful
application of root canal treatment difficult. One of the
most important factor is the anatomical variations of the
root canal system. Especially the presence of extra canals,
anatomical structures such as lateral and accessory canals
or apical delta can make disinfection and filling of the
canal system difficult®’. It is known that highly variable
canal variations are seen in premolar teeth particularly3-19.
Although many classifications have been made over the
years to understand the root canal configuration, the most
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widely used classification today is the classification made
by Vertucci in 1984!!. This classification helps clinicians
to understand the diversity of root canal configurations,
however it should be kept in mind that canal shape and
anatomical differences can be challenging at every stage
of endodontic treatment'?.

One of the critical stages of root canal treatment in
teeth with anatomical differences is the hermetic filling
of the root canal system'3. Various methods have been
proposed in the literature to provide a hermetic filling,
each method has its own advantages and disadvantages'®.
For this reason, the clinician should choose the most
appropriate filling technique in each case. For example,
the cold lateral condensation technique, which is the most
commonly used filling technique in clinical practice,
has the advantage of ease of application; however, it is
insufficient in completely filling irregularities within
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the canal and achieving a homogeneous filling>!'%-18. On
the other hand, warm filling techniques, which allow
for a more homogenecous filling of canal irregularities,
pose challenges in terms of dimensional stability!'%22,
The literature presents successful treatments performed
using different filling techniques in teeth with various
root canal configurations>3-2%. However, there is no gold
standard or consensus on which filling technique is ideal
for which configuration. Therefore, the aim of this study
is to evaluate the filling efficiency of the cold lateral
condensation technique, continuous heat condensation
technique, and core-carrier obturation system in
Vertucci Type V and Type VI canal morphologies.
The first hypothesis of the study is that warm filling
techniques evaluated in Vertucci Type V and Type VI
canal morphologies will yield more successful results
than the cold lateral condensation technique. The second
hypothesis is that the evaluated filling techniques will
provide higher-quality fillings in Vertucci Type VI group.

Material and Methods

In this study, three-dimensional standardized
resin blocks with Vertucci Type V and Type VI canal
morphologies, designed using the AutoCAD LT2024
program, were used (Edududent, Istanbul, Turkey). The
sample size was determined based on the methodology
of previous similar studies. The existing literature
indicates that similar in vitro studies typically use 8 to 10
samples per group?®28, Accordingly, this study adopted
a similar approach to ensure methodological consistency
with previous research. The Vertucci Type V model was
designed with a 1:2 canal morphology, where the canal
bifurcates in the apical one-third, as described in the
classification. The Vertucci Type VI model was designed
with a 2:1:2 canal morphology, where the canals merge
in the middle one-third (Figures 1,2). In the prepared
samples, the apical diameter was set to 0.15 mm, and the
canal length was adjusted to 16 mm.

Figure 1: Vertucci Type V Blocks

Figure 2: Vertucci Type VI Blocks

All experimental procedures were performed by a
single experienced operator. All samples were shaped
using the ProTaper Universal (Dentsply Maillefer,
Germany) rotary file system at a setting of 250 rpm/2N.
The final file, F3 (30.09), was applied at a setting of
300 rpm/3N. Irrigation with physiological saline was
performed between each file. The canals were dried using
ProTaper F3 (30.04) paper points (Dentsply, Germany).
After completing root canal shaping, the samples with
Vertucci Type V and Type VI morphologies were
randomly divided into three subgroups, with 11 samples in
each group (Table 1).

Table 1: Experimental Groups

Group la: Cold Lateral Condensation (CLC)
(n=11)

Group 1: . .
o Group 1b: Continuous Wave Obturation (CWO)
Vertucci Tip V
33 (n=11)
(n=33) Group lc: Core Carrier Technique (CCT)
(n=11)
Group 2a: Cold Lateral Condensation (CLC)
Group 2: (0=11)

. Group 2b: Continuous Wave Obturation (CWO)
Vertucci Tip VI

13 (n=11)
(n=33) Group 2c: Core Carrier Technique (CCT)

(n=11)

In the groups where cold lateral condensation was
applied (Group la, Group 2a), a 0.02 taper master cone
(Gutta-percha, Dentsply Maillefer, Ballaigues, Germany)
appropriate for the apical constriction was placed into the
canal, 0.5 mm short of the prepared working length, and
checked for proper fit. After verification, the master cone
was placed into the canal with Adseal root canal sealer
(MetaBiomed, South Korea). Cold lateral condensation
was performed by creating space in the canal using #20
and #25 hand spreaders, positioned 1 mm short of the
working length. This process was repeated until the filling
material reached the coronal 1 mm region.

In the groups where continuous heat obturation was
applied (Group 1b, Group 2b), the master cone was placed
into the canal 0.5 mm short of the prepared working
length and checked for proper fit. After verification, the
master cone was placed into the canal with Adseal root
canal sealer. Subsequently, the gutta-percha cone was
placed into the canal. The coronal portion of the gutta-
percha was severed using the Fast Pack device (Eighteeth,
China) and then condensed with a hand plugger. The
remaining canal space coronal to the isthmus area was
incrementally filled using thermoplasticized gutta-percha
injection technique with the Fast Fill device (Eighteeth,
China) until the gutta-percha was visible at the canal
orifice. Vertical condensation was performed with a hand
plugger every 3—4 mm to ensure proper compaction of the
filling material.
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In the groups where the core-carrier system was
used for obturation (Group lc, Group 2c), Adseal root
canal sealer was applied to the canal using an appropriate
master cone. Subsequently, the core-carrier-based
GuttaCore ProTaper Next X3 (Dentsply, Germany) was
heated in the ThermaPrep 2 Oven (Dentsply, Germany)
according to the manufacturer’s instructions and then
inserted into the canal. The carrier was separated by
bending it at the canal orifice level.

To ensure calibration in total area and void
measurements, grooves were created at the beginning
and end of the blocks using a 1 mm diameter fissure bur
(SF40(107), Mani, Japan). These grooves were then filled
with Glass Liner (WP Dental, Germany), a radiopaque
material composed of resin-modified glass ionomer
cement (Figure 3).

Subsequently, standardized periapical radiographs
(60 kVp, 6.4 mA) were taken for each sample from the
same angle and distance. The obtained images were
transferred to the ImageJ software for measurement
analysis. After calibrating the bur diameter in the images
with the actual bur diameter, the total canal filling area
and the void areas within the canal were calculated for
each sample (Figure 4). Voids were regionally classified
into two separate groups for Vertucci Type V as ‘Coronal
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Figure 3: Radiopaque material composed of resin-modified glass
ionomer cement.

Results

In this study, the filled area, void area, and total area
of the root canal were calculated for each block. When
analyzing the percentage of void areas in Vertucci Type
V blocks (Group 1), pairwise comparisons in the coronal
portion of the deep split revealed that CLC (Group
la) differed significantly from both groups (p<0.017).
However, no statistically significant difference was found
between CWO (Group 1b) and CCT (Group 1¢) (p>0.017).
The median void percentages were 8%, 2%, and 1%,
respectively (Table 2).

to the deep split’ and ‘Apical to the deep split.” For
Vertucci Type VI, voids were categorized into three
groups as ‘Coronal to the isthmus,’ ‘Isthmus,’ and ‘Apical
to the isthmus.” The comparative analysis of the data was
performed by calculating percentage ratios, obtained by
dividing the void area by the total area.

Statistical Analysis

All analyses in this study were conducted using
the SPSS IBM 30.0 statistical software package with a
95% confidence interval (p=0.05). Descriptive statistics,
including median and interquartile range (IQR; Q3-Ql)
values, were calculated. Normality testing was performed
using the Shapiro-Wilk test (n<50) and graphical
assessments. Since the data did not follow a normal
distribution, pairwise group comparisons were performed
using the nonparametric Mann-Whitney U test, while
comparisons among three groups were conducted using
the Kruskal-Wallis H test. Post-hoc analyses for three-
group comparisons were carried out using the Bonferroni
correction, whereas pairwise comparisons were performed
using the Mann-Whitney U test. The Bonferroni-adjusted
p-value (p = 0.05/3) was set at 0.017.
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Figure 4: Calculation of total area and gaps on Image J program

In pairwise comparisons conducted for the apical
region of the deep split in Vertucci Type V blocks, a
statistically significant difference was observed among the
three groups (Group la, 1b, and 1c) (p<0.017). The median
void percentages were 6%, 1%, and 0%, respectively.
In pairwise comparisons of total void percentages, a
statistically significant difference was found between CLC
(1la) and CWO (1b), as well as between CLC (la) and
CCT (Ic) (p<0.017). However, no statistically significant
difference was observed between CWO (1b) and CCT
(1c) (p>0.017). The median void percentages were 14.4%,
3.4%, and 1.9%, respectively (Table 2).

Table 2: The median void percentages of Vertucci Type V'

Vertucci Type V
CLC (n:11) | CWO(:11) | CCT (n:11) p pl p2 p3
Deep Split's Coronal 0,08(0.09) 0,01(0,02) 0,02(0,02) p<0.001 p<0,001 p<0,001 0,743
Deep Split's Apical 0,06(0,04) 0,01(0,03) 0(0,01) 0,001 p=0.,001 p=0,001 0,009
Ratio of the Gap
Areas 0,144(0,073) | 0,034(0,037) | 0,019(0,03) p=0.001 p=<0,001 p<0,001 0412

(p:Kruskal-Wallis H test, pl:CLC-CWO, p2:CLC-CCT, p3:CWO-CCT Mann-Whitney U Test with Bonferroni Correction p=0,05/3=0,017)
Cold Lateral Condensation(CLC), Continuous Wave Obturation(CWO), Core Carrier Technique(CCT)
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When analyzing the void area percentages in
Vertucci Type VI blocks (Group 2), pairwise comparisons
for the coronal portion of the isthmus and the isthmus
region revealed that CLC (2a) showed a statistically
significant difference compared to the other two groups
(p<0.017). However, no statistically significant difference
was observed between CWO (2b) and CCT (2¢) (p>0.017)
(Table 3).

For Group 2, pairwise comparisons evaluating the
apical filling efficiency of the obturation techniques
revealed a statistically significant difference among the
groups (p<0.017). In pairwise comparisons of total void
percentages, a significant difference was found between

CLC (2a) and CWO (2b), as well as between CLC
(2a) and CCT (2c) (p<0.017). However, no significant
difference was observed between CWO (2b) and CCT
(2¢) (p>0.017). The median void percentages were 10%,
1.8%, and 1.1%, respectively (Table 3).

As comparing Group | and Group 2, a statistically
significant difference was observed between the groups
for CLC (la and 2a) (p=0.028). However, no statistically
significant difference was found between the groups
for CWO (1b and 2b) or CCT (lc and 2c¢) (p>0.05).
Additionally, comparing the void area percentages, no
statistically significant difference was observed (p>0.05)
(Table 4,5).

Table 3: The median void percentages for Vertucci Type VI

Vertucci Type VI
CLC (n:11) | CWO(n:11) | CCT (mn:11) P pl p2 p3
isthmus's Coronal 0,04(0,03) 0,01(0,02) 0,01(0,02) p=<0.001 0,001 0,002 0,718
isthmus 0,02(0,01) 0(0) 0(0.01) p<0.001 p=<0,001 0,004 0,968
isthmus's Apical 0,05(0,04) 0,01(0,01) 0(0) p=0.,001 0,002 p=0.001 0,004
Ratio of the Gap
Areas 0,1(0,062) | 0,018(0,012)| 0,011(0,03) p=<0,001 p=0,001 p=0.001 0,526

(p:Mann Whitney U Test)

Cold Lateral Condensation(CLC). Continuous Wave Obturation(CWO). Core Carrier Technique(CCT)

Table 4: Comparing the void area percentages of obturation techniques
Ratio of the Gap Areas

Type V (n:11) Tvpe VI (n:11) p
CLC 0,14(0,7) 0,10(0,06) 0,028
CWO 0,03(0,04) 0,02(0,01) 0,324
CCT 0,02(0,03) 0,01(0,03) 0,511

(p:Mann Whitney U Test)

Cold Lateral Condensation(CLC), Continuous Wave Obturation(CWQO), Core Carrier Technique{CCT)

Median and IQR values (Values in the parentheses indicate the IQR)

Tablo 5: Comparing the void area percentages of Vertucci Types

Type V (n:33)

Type VI (n:33) p

Ratio of the Gap Areas 0,05(0,09)

0,03(0.07) 0,256

(p:Mann Whitney U Test) Median and IQR values

(Values in the parentheses indicate the IQR)

Discussion

In this study, which aimed to evaluate the success
of different obturation techniques in various canal
morphologies, none of the assessed techniques achieved
a completely void-free filling. However, in both
morphologies, warm obturation techniques demonstrated
significantly higher filling quality compared to the cold
lateral condensation technique. Notably, in the apical
region, warm obturation techniques provided an almost
void-free filling. Based on these findings, the first
hypothesis of the study was accepted.

In the present study, three different obturation
techniques were used. The first technique employed was
the cold lateral condensation technique, which is the most
commonly used and cost-effective method in clinical
practice (29,30). The other selected techniques were warm
obturation techniques, chosen for their superior ability
to completely fill canal irregularities and achieve a more
homogeneous obturation’!-32,

There are studies evaluating different obturation
techniques in complex anatomies in the literature. These
studies have frequently focused on inclined canals and
C-shaped canal morphologies. Da Silva et al. (2002)
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compared the lateral condensation technique with the
core-carrier system in inclined canals using a digital
radiography system. The voids in the core-carrier system
group (Thermafil) were statistically significantly lower
compared to the lateral condensation group. In the core-
carrier system group (Thermafil), no voids were detected,
whereas small voids were observed in some canals
where the lateral condensation technique was applied®.
However, in our study, a statistically significantly higher
number of voids were detected in the lateral condensation
group compared to the other groups. This discrepancy
is thought to be due to the variability of anatomical
variations assessed in different studies.

Similarly, in a study conducted by Alim et al., cold
lateral condensation, single cone technique, core-carrier
system, and continuous heat method were evaluated in
severely curved canals using the Micro-CT technique
at three different sections: 2 mm, 5 mm, and 8§ mm3*.
According to the study results, contrary to our findings,
the filling success was reported to be higher in the coronal
region and lower in the apical region. Additionally, no
statistically significant difference was found among
the cold lateral condensation, core-carrier system, and
continuous heat method in the apical 2 mm region. In
our present study, in the group with Vertucci Type VI
morphology where cold lateral condensation was applied,
the coronal portion was found to be more successful than
the apical portion.

In another study conducted by Karatekin et al., cold
lateral condensation and the continuous heat method
were compared in artificial blocks with C-shaped canal
systems of different morphologies, produced using 3D
printing technology?®. This study generally observed that
the continuous heat method provided a more effective
filling compared to cold lateral condensation. However,
in the apical 2 mm section of the C1 type, this result was
reversed, with the cold lateral condensation technique
found to be more successful. This finding is noteworthy as
it highlights that even minor differences in canal anatomy
can significantly impact filling efficiency.

On the other hand, Silva-Herzog et al. compared
lateral condensation, GuttaCore, and continuous
wave condensation techniques in terms of apical
microleakage®®. According to the results obtained,
GuttaCore and continuous wave condensation methods
demonstrated statistically lower microleakage values
compared to the lateral condensation technique. However,
no statistically significant difference was reported
between GuttaCore and the continuous wave condensation
technique. These findings suggest that, particularly in
complex or multi-canal anatomies, thermoplastic-based
systems or core-carrier techniques may be beneficial in
reducing microleakage.

In summary, while studies addressing different
obturation techniques in complex anatomies, such as
inclined or C-shaped canals, are available in the literature,

comprehensive research focusing on the types within the
Vertucci classification remains limited. Existing data
suggest that variations in canal anatomy have a significant
impact on the success of the obturation technique.
Therefore, a detailed analysis of morphology is crucial for
determining the most appropriate obturation approach.

There are no studies in the literature specifically
evaluating the Vertucci classification; instead, successful
obturation techniques for such variable morphologies
are typically presented through case reports. Therefore, a
direct comparison of our findings with previous studies
was not possible. Both canal morphologies examined
in our study present unique anatomical challenges in
achieving a void-free root canal filling. For Type V, the
main challenge is adequately filling the apical region of
the deep split, whereas for Type VI, it is effectively filling
the isthmus region. When comparing Vertucci Type V and
Type VI, no significant difference in filling quality was
observed. Consequently, the second hypothesis of the
study was rejected.

This study fills a significant gap in the literature as
the first research to comprehensively evaluate the filling
quality of different obturation techniques specifically
within the context of Vertucci anatomy. While the findings
of our study provide a new perspective to the field, certain
limitations should be acknowledged.

The results obtained from blocks produced using 3D
printing technology do not always correlate with those
obtained under natural tooth conditions. For instance, a
study by Aminsobhani et al. compared different obturation
techniques (Modified Continuous Wave Compaction,
Continuous Wave Compaction, Lateral Compaction, and
Warm Vertical Compaction Techniques) applied to both
natural teeth and acrylic blocks using digital radiography.
While no significant differences were observed among
obturation techniques in natural teeth, in acrylic blocks,
the cold lateral condensation group demonstrated weaker
adaptation of the filling material to the canal walls and
a higher presence of voids compared to other groups?’.
The findings obtained from artificial teeth are consistent
with our study. Although the use of natural teeth aims to
better simulate clinical conditions, the variability in canal
anatomy makes the interpretation and reproducibility of
findings more challenging®®-3°. In contrast, the use of resin
blocks allows for the control of these potential variations,
ensuring adequate sample size and standardization.

Another limitation of our study is that the
evaluations were conducted using two-dimensional
images due to cost constraints. The use of three-
dimensional imaging techniques would allow for a more
in-depth analysis of anatomical details and consequently
provide more comprehensive data. Therefore, further
studies incorporating advanced imaging techniques are
needed to evaluate different Vertucci classifications in
greater detail.
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Conclusion

Within the limitations of this study, it was determined

that in teeth with complex anatomy, the apical filling
quality was higher in continuous heat obturation and core-
carrier systems. Cold lateral condensation was found to
be the technique with the highest void percentage across
all evaluated regions in both groups. Therefore, the use of
warm obturation techniques may be recommended over
cold lateral condensation for teeth with Vertucci Type
V and Type VI morphologies. Further studies utilizing
advanced imaging techniques are required to evaluate
different Vertucci classifications in greater detail.

References

10.

Vertucci FJ. Root canal anatomy of the human permanent
teeth. Oral Surg Oral Med Oral Pathol. 1984;58(5):589-99.
doi:10.1016/0030-4220(84)90085-9.

Sundqvist G, Figdor D, Persson S, Sjogren U.
Microbiologic analysis of teeth with failed endodontic
treatment and the outcome of conservative re-treatment.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod.
1998;85(1):86-93. doi:10.1016/31079-2104(98)90404-8.

De Moor RJ, Martens LC. Apical microleakage
after  lateral  condensation,  hybrid  gutta-percha
condensation and Soft-Core obturation: an in vitro
evaluation. Endod Dent Traumatol. 1999;15(6):239-43.
doi:10.1111/5.1600-9657.1999.tb00788.x.

Schifer E, Dammaschke T. Development and validation of a
new scoring system for the quality of root canal fillings with
regard to treatment outcome. J Endod. 2012;38(3):296-302.
doi:10.1016/j.joen.2011.11.003.

Gok T, Capar ID, Akgay I, Keles A. Evaluation of
different techniques for filling simulated C-shaped
canals of 3-dimensional printed resin teeth. J Endod.
2017;43(12):2102-2107. doi:10.1016/j.joen.2017.07.017.
Dinger E, Bodrumlu E. Treatment of anatomic canal
variations in premolar teeth: Five case reports. Int Dent
Res  2021;11(Suppl.1):279-84.  https://doi.org/10.5577/
intdentres.2021.voll1.suppll.41

Khan D, Ahmed A, Haq S, Sajid K, Rizwan Z, Zahid
A. Endodontic treatment of upper first premolar with 3
canals: Case report. J Rawalpindi Med Coll. 2024;28(2).
doi:10.37939/jrmc.v28i2.2209

England MC Jr, Hartwell GR, Lance JR. Detection and
treatment of multiple canals in mandibular premolars.
J Endod.  1991;17(4):174-178.  doi:10.1016/S0099-
2399(06)81772-1.

Slowey RR. Root canal anatomy: road map to successful
endodontics. Dent Clin North Am. 1979;23(4):555-573.
PMID: 294389.

Ingle JI, Bakland LK. Endodontics. 5th ed. Hamilton: BC
Decker; 2002.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gok T, Capar ID, Akcay I, Keles A. Evaluation of
different techniques for filling simulated C-shaped
canals of 3-dimensional printed resin teeth. J Endod.
2017;43(9):1559-1564. doi:10.1016/j.joen.2017.04.029.
PMID: 28756962.

Saber SEDM, Ahmed MHM, Obeid M, Ahmed HMA
(2018). “Root and canal morphology of maxillary premolar
teeth in an Egyptian subpopulation using two classification
systems: A cone beam computed tomography study”. Int
Endod J. 51 (2): 152-160. doi:10.1111/iej.13016. PMID
30225932.

Whitworth J. Methods of filling root canals: principles
and practices. Endod Top. 2005;12:2-24. doi:10.1111
/j.1601-1546.2005.00198.

Ozden 1, Sazak Ovegoglu H. Evaluation of filling quality
of obturation techniques in internal resorption cavities
created with a novel methodology. Bezmialem Science.
2024;12(1):71-77. doi:10.14235/bas.galenos.2023.59480.
Cailleteau JG, Mullaney TP. Prevalence of teaching
apical patency and various instrumentation and obturation
techniques in United States dental schools. J Endod.
1997;23(6):394-6. doi:10.1016/S0099-2399(97)80413-1.
Al-Dewani N, Hayes SJ, Dummer PM. Comparison of
laterally condensed and low-temperature thermoplasticized
gutta-percha root fillings. J Endod. 2000;26(12):733-8.
doi:10.1097/00004770-200012000-00012.

Gilhooly RM, Hayes SJ, Bryant ST, Dummer PM.
Comparison of cold lateral condensation and a warm
multiphase gutta-percha technique for obturating curved
root canals. Int Endod J. 2001;34(2):102—11. doi:10.1046
/j.1365-2591.2001.00355.

Wu MK, Wesselink PR. A primary observation on the
preparation and obturation of oval canals. Int Endod J.
2001;34(2):137-141. doi:10.1046/j.1365-2591.2001.00361.
Gilhooly RM, Hayes SJ, Bryant ST, Dummer PM.
Comparison of cold lateral condensation and a warm
multiphase gutta-percha technique for obturating curved
root canals. Int Endod J. 2001;34(2):102—11. doi:10.1046
/j.1365-2591.2001.00355.

Wu MK, Wesselink PR. A primary observation on the
preparation and obturation of oval canals. Int Endod J.
2001;34(2):137-41. doi:10.1046/j.1365-2591.2001.00361.
Schmalz G, Horsted-Bindslev P. Biocompatibility of Dental
Materials. Berlin: Springer; 2009.

Peng L, Ye L, Tan H, Zhou X. Outcome of root canal
obturation by warm gutta-percha versus cold lateral
condensation: a meta-analysis. J Endod. 2007;33(2):106—
109. doi:10.1016/j.joen.2006.09.010.

Goker S, Can G, Kaplan T, Tiirkaydin D. Farkli anatomik
varyasyonlara  sahip mandibular  premolar dislerin
endodontik tedavisi: Ug vaka raporu [poster presentation].
13th International Scientific Congress of the Turkish
Endodontic Society; 2016.

Singh A, Abraham D, Kohli T, Garima, Sharma A. 3D
obturation: A case report. Dent Lamina J Dent Sci.
2018;5(1):34-37.

Eskibaglar M, Kaya S, Karaagac Eskibaglar B (2020).
“Farkli kok kanal anatomisine sahip mandibular premolar
dislerin kok kanal tedavileri: Olgu serisi”. Selcuk Dent J.
8(3):839-844. doi:10.15311/selcukdentj.740803.



Balk J Dent Med, Vol 29, 2025

Obturation in Two Vertucci Types 163

26.

27.

28.

29.

30.

31.

32.

33.

34.

Torres-Carrillo, Angelo JS, et al. “Evaluation of Different
Techniques and Materials for Filling in 3-dimensional
Printed Teeth Replicas with Perforating Internal Resorption
by Means of Micro-Computed Tomography.” Journal of
Endodontics 50.2 (2024): 205-212.

Gharechahi M, Hoseinzadeh M, Moradi S, Mehrjouei M.
Evaluation of various obturation techniques with bioceramic
sealers in 3D-printed C-shaped canals. BMC Oral Health.
2024;24(1):554. doi:10.1186/s12903-024-04334-2.

Mathew Al, Lee SC, Rossi-Fedele G, Bogen G,
Nagendrababu V, Ha WN. Comparative evaluation of
mineral trioxide aggregate obturation using four different
techniques—a  laboratory study. Materials (Basel).
2021;14(11):3126. doi:10.3390/ma14113126.

Abarca AM, Bustos A, Navia M. A comparison of apical
sealing and extrusion between Thermafil and lateral
condensation techniques. J Endod. 2001;27(11):670-2.
doi:10.1097/00004770-200111000-00004.

Anantula K, Ganta AK. Evaluation and comparison of
sealing ability of three different obturation techniques:
Lateral condensation, Obtura II, and GuttaFlow: An
in vitro study. J Conserv Dent. 2011;14(1):57-61.
doi:10.4103/0972-0707.80748.

Gilhooly RM, Hayes SJ, Bryant ST, Dummer PM.
Comparison of cold lateral condensation and a warm
multiphase gutta-percha technique for obturating curved
root canals. Int Endod J. 2001;34(2):102—11. doi:10.1046
/j.1365-2591.2001.00355.

Wu MK, Wesselink PR. A primary observation on the
preparation and obturation of oval canals. Int Endod J.
2001;34(2):137-41. doi:10.1046/j.1365-2591.2001.00361.
Da Silva D, Endal U, Reynaud A, Portenier I, Orstavik
D, Haapasalo M. A comparative study of lateral
condensation, heat-softened gutta-percha, and a modified
master cone  heat-softened  backfilling technique.
Int Endod J. 2002;35(12):1005-1011. doi:10.1046
/j.1365-2591.2002.00610.

Alim BA, Berker YG. Evaluation of different root canal
filling techniques in severely curved canals by micro-
computed tomography. Saudi Dent J. 2020;32:200-2005.
doi:10.1016/j.sdentj.2019.08.009.

35.

36.

37.

38.

39.

Karatekin AO, Keles A, Gengoglu N (2019). “Comparison
of continuous wave and cold lateral condensation filling
techniques in 3D printed simulated C-shape canals
instrumented with Reciproc Blue or Hyflex EDM”. PLoS
One. 14(9):¢0224793. doi:10.1371/journal.pone.0224793.
PMID: 31751375.

Silva-Herzog D, Ramirez-Salazar M, Gutierrez-Perez O,
Flores-Reyes H, Pozos-Guillén A. Fluid-transport evaluation
of lateral condensation, GuttaCore™ and continuous wave
of obturation techniques. RSBO Rev Sul-Bras Odontol.
2016;13(3):171-176.

Aminsobhani M, Ghorbanzadeh A, Sharifian MR, Namjou
S, Kharazifard MJ. Comparison of obturation quality
in modified continuous wave compaction, continuous
wave compaction, lateral compaction, and warm vertical
compaction techniques. J Dent. 2014;12(2):99-108. PMID:
26056519.

Vahid A, Roohi N, Zayeri F. A comparative study of four
rotary NiTi instruments in preserving canal curvature,
preparation time and change of working length. Australian
Endodontic Journal 2009; 35(2): 93-7.

Elsherief SM, Zayet MK, Hamouda IM. Cone-beam
computed tomog raphy analysis of curved root canals after
mechanical preparation with three nickel-titanium rotary
instruments. J Biomed Res 2013; 27(4): 326-35.

Received on: April 30, 2025
Revised on: November 03, 2025
Accepted on: November 06, 2025

Conflict of Interests: Nothing to declare.
Financial Disclosure Statement: Nothing to declare.

Human Right Statement: None required.

Animal Rights Statement: None required.

Correspondence

Zehranur BILGIN
Basibuyuk Road Marmara University, Health Campus 9/3, 34854
Maltepe/Istanbul/ TURKIYE

+905350396955





