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ABSTRACT
Aim of the study: This study evaluated the effect of obturation technique on the fracture
resistance of endodontically treated teeth obturated with bioceramic sealers compared to resinbased sealers.
Methods: Ninety-one (n=91) freshly human extracted single rooted teeth were selected. The
samples were biomechanically prepared and classified according to the obturation technique and
type of the sealer used into five groups as follows: Group 1 (n=21) obturated with cold lateral
compaction technique using gutta-percha and AD-seal sealer (Meta Biomed, Korea). Group 2 (n=21)
obturated with warm vertical compaction technique using gutta-percha and AD-seal sealer. Group
3 (n=21) obturated with cold lateral compaction technique using gutta-percha and MTA filapex
sealer (Angelus, Brazil). Group 4 (n=21) obturated with warm vertical compaction technique using
gutta-percha and MTA filapex sealer. Group 5 (n=7) Control group (unobturated). The samples
were further classified according to the observation time into: subgroup A (n=7) evaluated after
one week, subgroup B (n=7) evaluated after two weeks and subgroup C (n=7) evaluated after
one month. Samples were loaded vertically after obturation using Universal Testing Machine until
fracture.
Results: MTA filapex group showed higher fracture resistance values than the other groups with
no significant difference. No significant difference was found between the subgroups evaluated at
different time intervals.
Conclusion: The technique of root canal obturation didn’t significantly affect tooth fracture
resistance at different time intervals.
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INTRODUCTION
Cold lateral condensation (CLC) is widely
applied obturation technique with advantages of
controlled placement of gutta-percha (GP) in the
root canal (1). Unfortunately, clinicians complained
of high risk of root cracking and fracture with
forceful use of spreaders in CLC. Warm vertical
condensation (WVC) of GP allows the placement of
a homogeneous filling into the root canal system (2).
This technique is more effective in filling lateral and
accessory canals than CLC (3). However, the main
disadvantage of WVC is difficult length control.
Rapid insertion can cause overextension, whereas
slow insertion may result in underfilling (1).
Vertical root fracture is more common in endodontically treated teeth than vital teeth. This can
be due to extensive caries, access cavity design and
root canal preparation (4,5). Bioceramics are thought
to reinforce root structure. However, the effect of
sealers on fracture resistance after endodontic treatment is questionable. Uzunoglu-Özyürek (6) concluded that root canal sealers can increase fracture
resistance of endodontically treated teeth. On the
other hand, Kim et al (7) concluded that methacrylate
resin-based sealers were not able to strengthen dentin after endodontic treatment.
The purpose of this study was to compare
fracture resistance of roots after obturation with
Ad-seal and MTA-Fillapex sealers, using CLC and
WVC techniques.
MATERIALS AND METHODS
Ninety-one extracted human single rooted teeth
with no signs of internal or external resorption were
used. Teeth were decoronated using diamond disc
mounted in a low-speed hand piece under water
coolant to standardize roots length at 13 mm. Size 15
K file was used to assure patency of the canal and the
apical foramen. The working length was established
by subtracting 1 mm from the length obtained when
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the file tip just appeared at the apical foramen. Root
canals were instrumented using ProTaper Universal
rotary files (Dentsply, Maillefer, Switzerland) up to
F4. Irrigation was made with 2.5 % NaOCl (Clorox,
Egypt) during the instrumentation. At the end of
the preparation, each canal received final flush with
5ml of 2.5% NaOCl irrigation, 5 ml of 17% EDTA
(Meta Biomed, Korea), and 3 ml of saline (Novartis,
Egypt), to the remove smear layer.
The samples were classified according to the
obturation technique and type of the sealer used into
five groups as follows; Group 1 (n=21) obturated
with cold lateral compaction technique using guttapercha and AD-seal sealer (Meta Biomed, Korea).
Group 2 (n=21) obturated with warm vertical
compaction technique using gutta-percha and ADseal sealer. Group 3 (n=21) obturated with cold
lateral compaction technique using gutta-percha
and MTA filapex sealer (Angelus, Brazil). Group
4 (n=21) obturated with warm vertical compaction
technique using gutta-percha and MTA filapex sealer.
Group 5 (n=7) Control group (unobturated). WVC
was made using E & Q obturation system (Meta
Biomed, Korea) according to the manufacturer’s
instructions. Quality of obturation was confirmed
radiographically, where specimens containing voids
have been excluded. All roots were kept in 100%
humidity at 37°C for 24 hours to ensure complete
setting of sealers. Roots were covered with siliconbased impression material up to 4 mm apical to the
coronal margin to simulate periodontal ligaments.
The samples were further classified according to the
observation time into: subgroup A (n=7) evaluated
after one week, subgroup B (n=7) evaluated after
two weeks, and subgroup C (n=7) evaluated after
one month. Then each root was mounted as follows:
A plastic syringes (10 cm3) were used to form the
sample block which consisted of a tooth imbedded
perpendicularly in self-cure acrylic resin. The
acrylic blocks including the samples were mounted
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on the lower fixed compartment of Instron testing
machine (Model 3345, England) with a load cell
of 5 KN and then secured by tightening screws.
A cylindrical steel rod with round tip 2 mm in
diameter attached to the upper part of the universal
testing machine was used to apply force on the root
at a crosshead speed of 1mm/min until fracture
occurred. The load of failure was defined by an
audible crack and confirmed by sharp drop at load
deflection curve recorded using computer software
in Newtons (>25%).
Numerical data were presented as mean,
standard deviation (SD) values. Data were explored
for normality by checking the data distribution,
calculating the mean and median values and using
Kolmogorov-Smirnov and Shapiro-Wilk tests and
showed parametric distribution. Homogeneity of
variance was tested using Levene’s test. One-way
ANOVA followed by Tukey’s post hoc test was
used for intergroup comparisons. The significance
level was set at p ≤0.05 within all tests. Statistical
analysis was performed with R statistical analysis
software version 4.0.4 for windows (R Core
Team (2021). R: A language and environment for
statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. URL https://www.Rproject.org).

RESULTS
Mean and Standard deviation (SD) values for
intergroup comparison of fracture resistance values
were presented in table (1) and figure (1).
Within Ad-seal groups, WVC technique showed
higher values for fracture resistance than CLC technique. Meanwhile, both techniques showed close
values within the MTA filapex groups. No statistically significant difference was found between CLC
and WVC techniques neither at Ad-seal groups nor
MTA filapex groups. WVC+MTA filapex subgroup
C showed the highest mean value (689±65), while
CLC+Ad-seal subgroup A showed the least mean
value (640±57). Statistically, there was no significant difference between the four groups at different
observation periods (p<0.05).

Fig. (1): Column chart showing mean fracture resistance (N) in
different subgroups.

TABLE (1): Descriptive statistics and comparison of fracture resistance between groups (ANOVA).
Group 1

Group 2

Group 3

Group 4

Group 5

(CLC + AD-seal)

(WVC + AD-seal)

(CLC + MTA filapex)

(WVC+ MTA filapex)

control

Subgroup A (1 week)

640 ± 57 a

655 ± 50 a

670 ± 75 a

660 ± 61 a

Subgroup B (2 weeks)

635 ± 80 a

670 ± 63 a

685 ± 80 a

680 ± 68 a

Subgroup C (1 month)

645 ± 73 a

662 ± 54 a

687 ± 61 a

689 ± 65 a

Group
Subgroup

Significance level p<0.05 (Kruskall Wallis: P=.237)
Mean values with the same letter are insignificantly different

579 ± 69 a
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DISCUSSION
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