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ndodontically treated teeth are more prone to fracture than vital teeth.1

Conclusion is the dentin losses occurring due to the endodontic treat-
ment, and the vertical and/or lateral pressures applied during obturation

procedures.2 The cavity preparation, root canal shaping, post space preparation,
and root canal filling within the scope of endodontic treatment make the teeth
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more prone to fracture.3,4 Bender and Freedland re-
ported that the vertical fractures are mostly seen in
endodontically treated teeth.5

The studies investigating the fracture resist-
ances of teeth mainly focused on the root canal
shaping systems and techniques, irrigation agents,
root canal filling materials and techniques, and the
coronal restorations’ effects.6-8 These studies re-
ported that the micro-cracks that were seen espe-
cially in the apical region occurred due to the
weakening in the dentin structure.9,10 In studies
carried out on the canal filling materials and the
techniques applied after the root canal shaping, it
was emphasized that the root canal filling enhances
the teeth’s fracture resistance.11,12

The first method to be employed in order to
eliminate the inflammation or symptoms observed
after an unsuccessful endodontic treatment is the re-
treatment procedure. The objectives of retreatment
procedure are to completely remove the root canal
filling material, to disinfect the canal, and then to
hermetically obturate it again.13 The retreatment
procedure decreases the teeth’s fracture resistance
because of the increased level of dentin loss.14,15

It was seen in the studies carried out on the
teeth’s resistance to fracture that the root canal shap-
ing and filling techniques and materials and the
coronal restoration methods were compared to each
other.12,16 But, to our knowledge, no study compar-
ing the effects of the phases of endodontic treatment
and retreatment procedures on the fracture resist-
ances of teeth was found. For this reason, the aim of
present study is to comparatively examine the effects
of procedures, which are performed during the root
canal treatment and retreatment, on the fracture re-
sistance of the teeth. The null hypothesis of the pres-
ent study is that the procedures performed during
the root canal treatment and retreatment would
have no effect on the fracture resistance of the teeth.

MATERIAL AND METHODS

SPECIMEN PREPARATION 

Upon the Ondokuz Mayıs University ethical com-
mittee approval (No: 2016/107), 120 mandibular

premolar teeth extracted due to periodontal rea-
sons were included in the present study. The peri-
apical radiographic images of the teeth were taken,
and the teeth with straight (<5°) and single canal,
mature apex, which have no resorption or calcifi-
cation within the canal and no previous root canal
filling, were selected.17 In order to ensure that roots
with standardized dimensions and weights were
used, the buccolingual (BL) and mesiodistal (MD)
dimensions of the root canals were measured using
a digital caliper. The weights of the roots were
measured with a sensitive precision balance scale
(Want Balance Instrument, Jiangsu, China). Simi-
lar ones were selected for the standardization of the
specimens using a method similar to that of Çapar
et al. The crowns of teeth were removed from the
cemento-enamel junction in a way ensuring the
standard root length was 14 mm.18 And then, the
specimens were assigned to numbers and randomly
divided into 6 groups (n: 20) using www.ran-
dom.org. Following this step, the procedures ex-
plained below were performed;

GROUP 1

Twenty specimens were assigned to the positive
control group, and no procedure was performed.

GROUP 2

The canals of specimens in this group were shaped
using ProTaper Next (PTN; Dentsply Maillefer,
Ballaigues, Switzerland) X1 (17/.04), X2 (25/.06),
X3 (30/.06) and X4 (40/.06) files, respectively, by
employing torque-controlled endodontic motor (X-
Smart; Dentsply Maillefer) at 300 rpm speed and 2
Ncm torque. During shaping the root canals, 2 ml
of 5% NaOCl was used. The canals were then irri-
gated using 5 ml of 17% EDTA, 5 ml of 5% NaOCl,
and 5 ml of distilled water, for 1 minute each.

GROUP 3

Following the procedures that were performed in
Group 2, the canals were obturated using warm
vertical compaction (System B, Kerr, Charlotte,
USA) method with AH Plus canal sealer (Dentsply
DeTrey, Konstanz, Germany) and gutta-percha
(40/.02) (Diadent Group International, Chong-
chong BukDo, Korea). The excess filling material
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was removed by cutting the gutta-percha from the
canal orifice in the way to ensure a 12 mm of fill-
ing depth. The canal orifice was restored using the
temporary filling material (Cavit G; 3M ESPE,
GmbH, Seefeld, Germany). Then, the specimens
were kept at 37°C and 100% humidity for 14 days
for the setting of the canal sealer.

GROUP 4

In addition to the procedures in Groups 2 and 3,
ProTaper Universal Retreatment (Dentsply Maille-
fer) rotary file system were used to remove the root
canal filling by employing the crown-down tech-
nique using endodontic motor (X-Smart). D1 (30/.09)
and D2 (25/.08) files were used in coronal and mid-
dle third at 550 rpm speed and 2 Ncmtorque, and D3
(20/.07) file was used at working length of 250 rpm
speed and 1.5 Ncm torque for removing the filling
material. During the removal of the root canal filling
material, 2 ml of 5% NaOCl was used and then 5 ml
of 17% EDTA was employed as the final irrigation
for 1 minute. Then, 5 ml of 5% NaOCl for 1 minute
and finally 5ml of distilled water were utilized.

GROUP 5

In addition to the procedures in Groups 2, 3, and 4
PTN X5 (50/.05) file was used to enlarge the apical
diameter as the final procedure. During the prepa-
rations, 2 ml of 5% NaOCl was used and then 5 ml
of 17% EDTA was employed for 1 minute. Then, 5
ml of 5% NaOCl was applied for 1 minute and fi-
nally 5 ml of distilled was applied.

GROUP 6

Following the procedures performed in Groups 2,
3, 4, and 5, the canals were obturated by using
warm vertical compaction method with AH Plus
canal sealer (Dentsply DeTrey, Konstanz, Ger-
many) and gutta-percha (50/.02) (Diadent Group
International, Chongchong BukDo, Korea). The ex-
cess filling material was removed by cutting the
gutta-percha from the canal orifice to ensure a 12
mm of filling depth. The canal orifice was restored
using temporary filling material (Cavit G; 3M
ESPE, GmbH, Seefeld, Germany). Then, the speci-
mens were kept at 37°C and 100% humidity for 14
days for setting of canal sealer.

After the 14 days, the specimens were embed-
ded into an acrylic resin with the coronal third ex-
posed (5 mm). The roots were kept wet by using a
wet towel in order to prevent the dehydration until
they were ready for strength testing. The fracture
resistances of the specimens were tested by em-
ploying a universal testing machine (Instron Corp,
Norwood, MA) and this device running at a
crosshead speed of 1 mm/min was used in order to
fracture the roots. A steel conical tip (tapered at
60°) was mounted on and aligned with the center of
the canal orifice in parallel to the long axis of each
specimen. The load necessary to fracture was
recorded and expressed in Newton.

STATISTICAL ANALYSIS

The BL and MD dimensions, multiplication of the
BL-MD diameter, and weights were subjected to a
Shapiro-Wilk statistical test in order to examine
the normality of these continuous variables. One-
way ANOVA and post hoc Tukey tests were used
in evaluating the differences between the BL and
MD dimensions, multiplication of the BL-MD di-
ameter, and the weight of the specimens. The frac-
ture load data were statistically analyzed using
One-way ANOVA and post-hoc Tukey tests. The
correlations between the fracture data and BL and
MD dimensions, multiplication of the BL-MD di-
ameter, and weights were examined using the
Pearson correlation test. The testing was performed
at the 95% level of confidence (p<.05).

RESULTS

The correlations between the teeth’s fracture re-
sistance and the weight of teeth, and BL, MD and
BL-MD diameter are presented in (Table 1). The
fracture resistance of teeth increased as the teeth
weights increased.
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BL MD BL-MD 

dimension dimension multiplication Weight

Fracture +0.035 +0.002 +0.809 -0.180

p value 0.705 0.979 0.809 0.049

TABLE 1: Correlation between the Fracture,
BL and MD dimensions, multiplication BL-MD, weights.

BL: Buccolingual; MD: Mesiodistal.
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The fracture loads of the roots and other vari-
ables in 6 groups are shown in (Table 2). 

All of the roots were fractured vertically in the
labio-lingual direction during testing. The highest
resistance to fracture was found in the Group 1
(control group; where no endodontic intervention
was performed). No statistically significant differ-
ence was found between the fracture resistances of
the teeth in Group 1 (control group), Group 3
(where the canal filling was applied following the
first canal treatment), and the Group 6 (where the
canal filling was applied following the retreatment
procedure) (p<.05). 

The lowest resistance to fracture was observed
in Group 5 (apical enlargement following the re-
treatment procedure) (p<.05). No statistically sig-
nificant difference was found between the teeth in
Group 2 (only first canal shaping), Group 4 (re-
moval of canal filling) and Group 5 (p>.05).

DISCUSSION

In general, the endodontic treatment is accepted to
weaken the structure of teeth through different
mechanisms and to decrease their resistance to
fracture.1,19 The success of any endodontic treat-
ment depends on the careful execution of every
phase of the therapy in accordance with certain
principles. After the root canal shaping and filling,
the residual bacteria colonies within the canal may
negatively influence the success of treatment and
may require a non-surgical retreatment procedure.13

The objective of retreatment is to successfully re-
move the root canal filling and to mechanically and

chemically eliminate the persistent bacteria
colonies from the dentin walls.20,21 Previous studies
showed that the aggressive shaping during retreat-
ment procedures led to excessive loss of dentin and
it negatively affects the fracture resistance of
teeth.19,22 From this aspect, it is very important how
the phases of initial canal treatment and retreat-
ment procedures affect fracture resistance of teeth.
For these reasons, the present study aims to com-
paratively examine the effects of the phases of ini-
tial canal treatment and retreatment procedures on
the fracture resistance of teeth.

In studies, where the mechanical test setups
are utilized, the standardization of specimens is
very important. It was reported that the anatomic
variations of teeth, extraction times, and storage
conditions might affect the results.19 In many stud-
ies examining the fracture resistance of teeth, the
BL and MD dimensions were measured and the
teeth having similar characteristics were involved
in the study but the weight of teeth was not taken
into account.3,23,24 However, in their study, Çapar
et al. and Ertaş et al. weighed the teeth and found
moderate correlation between the weight and re-
sistance to fracture. In present study, mid-level cor-
relations were found between the teeth’s BL, MD
and BL-MD dimensions and fracture resistance, be-
sides the low-level correlation with weight.18,25

These results are in corroboration with the results
of the other studies in literature.18,25

In the present study, the mandibular premo-
lar teeth were employed because they have similar
anatomical characteristics.26 As in previous studies,
the fracture resistances of teeth were tested under

Group N BL MD Multiplication of BL and MB Weight (g) Fracture (N)

1 20 6.96±0.41 4.91±0.31 34.20±3.31 0.42±0.03 1409.92±237.97a

2 20 7.16±0.63 4.99±0.41 35.77±4.62 0.43±0.05 922.63±135.24b

3 20 7.50±0.77 4.89±0.24 36.66±4.31 0.39±0.03 1208.18±250.10a

4 20 6.68±0.76 4.97±0.38 33.18±4.26 0.43±0.03 948.00±95.02b

5 20 7.08±0.80 4.92±0.33 34.70±3.82 0.41±0.03 870.13±95.45b

6 20 7.42±0.75 5.06±0.44 37.64±5.88 0.41±0.04 1201.92±175.34a

p-value > .05 > .05 > .05 > .05 < .05

TABLE 2: Cross-sectional diameters, multiplication of the BL-MD diameters, weights, and fracture loads of the roots.

*Different superscripts indicate significantly difference (p<.05).
BL: Buccolingual; MD: Mesiodistal.
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constant vertical load.27-29 According to the results
of present study, no statistically significant differ-
ence was found between the fracture resistances of
the teeth in Group 1 (no endodontic intervention),
Group 3 (initial canal treatment and canal filling),
and Group 6 (retreatment procedure and canal fill-
ing) (p>.05). Moreover, the fracture resistances of
teeth in Group 2 (only the root canal shaping),
Group 4 (root canal filling was removed from the
canal), and Group 5 (apical enlargement following
the removal of root canal filling) were found to be
statistically significantly lower than those of the
teeth in other groups (p<.05). On the contrary with
the present study results, Ganesh et al.  reported
the fracture resistance of teeth, which received
canal treatment for the first time, to be higher than
the retreated teeth.14 The researchers emphasized
that this may be because of the decrease of dentin
amount due to root canal reshaping in order to re-
move root canal material from the canal and the
apical enlargement during retreatment procedure.14

Tavanafar et al. reported that the shaping proce-
dures performed during canal treatment and re-
treatment caused dentin losses and decreased the
fracture resistance of teeth.7 In same study, the re-
searchers also emphasized that the reciprocating
files cause the stress accumulation in teeth during
the shaping procedures, and that they also lay the
foundation for the micro-cracks. Moreover, they
also reported that the reciprocal file systems cause
less stress accumulation.7 Despite that, some of the
researchers reported that the extra enlargement
and increase of the apical diameter during the re-
treatment procedure positively contributed to the
better removal of root canal filling material from
the canal.30,31 In some of the studies, it was reported
that the different levels of root canal shaping and
the increase of apical diameter did not affect the
resistance to fracture.18,27 Similarly, Sathorn et al.
emphasized that the decreasing dentin thickness
was not the sole factor influencing the resistance
to fracture but the anatomic and structural charac-
teristics of the roots were also important.32 Ac-
cording to the present results, a certain level of
decrease in the teeth’s resistance to fracture was

observed following the retreatment procedures and
increase in apical diameter, but this decrease was
statistically non-significant. These different results
obtained in studies can be attributed to the differ-
ences between NiTi file systems used in the canal
shaping procedures and between the irrigation
agents, because both of the NiTi file systems and
irrigation agents may influence the fracture resist-
ance of teeth. Many studies were carried out on this
subject.6,7,33,34

Consistent with the present results, Karapınar
Kazandağ et al. reported the fracture resistance of
teeth that have been exposed to a root canal filling
to be higher than that of teeth exposed only to
shaping procedure.35 In different studies, re-
searchers emphasized that the mono-block filling
of root canal improved the fracture resistance of
teeth.16,36

CONCLUSION

The obturation after preparation and retreatment
procedures increased the resistance of teeth to frac-
ture.
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