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Objective: The aim was to evaluate the resistance to vertical root fracture (VRF) of retreated roots using
rotary and hand instrumentation.
Methods: Forty five extracted maxillary incisor teeth had their crowns removed to standardize the root
lengths to 16 mm. The root canals of the specimens were prepared using ProTaperUniversal (PTU) rotary
instruments and obturated using the cold lateral condensation technique with gutta-percha and AHPlus sealer. Teeth were randomly allocated into three groups (n=15). The first group was not retreated
and served as a control group. The other two groups were retreated using either PTU retreatment instruments or hand-files, followed by obturation. The periodontal ligament of the filled roots was simulated.
Specimens were embedded into self-curing acrylic and subjected to a vertically applied loading force
(1.0 mm/min) in a universal testing machine until the root fractured. The data were recorded in Newtons
and statistically analyzed (Kruskal-Wallis and Dunn multiple comparison tests, p<0.05).
Results: Retreated groups revealed had lower fracture resistances when compared with the control
group (p<0.05). However, the difference in the median values among the rotary and hand instrumentation groups was not significant.
Conclusion: Within the limitations of this study, VRF risk increases in retreated teeth regardless of the
instrumentation technique used.
Keywords: Fracture resistance; retreatment, root canal theraphy; tooth fractures.

T

he diagnosis and management of vertical root fracture (VRF) presents a challenge in clinical dentistry.
[1]
The prognosis of endodontically treated teeth having
VRF is poor. Post-endodontic tooth fractures might occur
due to loss of tooth structure and induced stresses caused
by endodontic and restorative treatment procedures, to
include: access preparation, root canal preparation, irriga-

tion, compaction of filling materials, post-space preparation, post selection and coronal restoration.[2] Excess removal of sound tooth structure during instrumentation
may increase the susceptibility to VRF.[3] Retreatment procedures, on the other hand, might cause more damage to
the root canal wall and weaken the root canal with further
biomechanical preparation.[4] Furthermore, the alterations
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in the mechanical features of dentin, such as: stiffening,
low plasticity due to dehydration, decreased strength and
toughness due to microbe-induced degradation, or modification of collagen, predispose endodontically treated
teeth to fracture.[5]

faces. The teeth were decoronated to standardize the root
lengths to 16 mm and the specimens were then stored in
0.1% thymol solution.

An in vitro fracture resistance test can be used to investigate the strength of teeth and is an easy to handle and
comparable outcome parameter. This test subjects teeth
to continuous forces until fracture and the forces at failure
are recorded.[6,7]

A #10 K-file (Mani Inc., Tochigi-Ken, Japan) was placed
passively in each root canal until it reached the apical foramen. The working length was recorded as 0.5 mm shorter
than the measured length. Root canals of specimens were
prepared using the ProTaper Universal (PTU) rotary instruments up to size 30 (F3), operated with a torque-limited motor (VDW silver, VDW, Munich, Germany). The
root canals were irrigated with 2 mL of 1% NaOCl solution after each instrument change using a syringe and a
27-gauge needle. Following instrumentation, each canal
was irrigated with 5 mL of 17% EDTA, 5 mL of 1% NaOCl and a final rinse of 5 mL distilled water. The root canals
were dried with paper points (Diadent, Seoul, Korea). AH
Plus sealer (DeTrey Dentsply, Kontanz, Germany) was
mixed according to the manufacturer’s instructions and
introduced into the canal by using a lentulo spiral (Mani
Inc., Tochigi-Ken, Japan). Main #30 gutta-percha cones
with a taper of 0.02 (Diadent, Seoul, Korea) were coated
with sealer and placed into the root canal, up to the working length. Root canals were obturated using the cold lateral condensation technique with accessory gutta-percha
cones and #25 finger spreaders (Mani Inc., Tochigi-Ken,
Japan) until the canal was completely obturated. Excess
root filling in the coronal portion was removed 1 mm below the cementoenamel junction and vertically condensed
with a heated plugger. The canal openings were sealed
with temporary filling material (Cavit; 3M ESPE, Seefeld,
Germany). Teeth were stored at 37°C with 100% humidity for one week to allow the sealer to set.

Non-surgical retreatment is the preferred treatment
option for most cases with signs of disease after the initial
root canal filling.[8] Efficient removal of the existing root
canal filling materials is essential for optimal non-surgical
retreatment. Some Ni-Ti rotary instruments have been
developed for these retreatment procedures. The application of rotary Ni-Ti instruments for retreatment has been
shown to be safe, efficient and time saving.[9,10] The Protaper Universal retreatment (PTU-R) system consists of
three instruments: D1 with a 30 tip, taper of 0.09 and a
length of 16 mm, D2 with a 25 tip, taper of 0.08 and a
length of 18 mm and D3 with a 20 tip, taper of 0.07 and
a length of 22 mm. The files have a convex, triangular
cross section and the D1 instrument has an active tip that
penetrates into the root filling material, facilitating the removal of the material.
Most of current literature contains studies about the
effect of various nickel-titanium rotary files on root dentin and fracture formation. Some studies have reported an
increased risk for dentin defects and reduced root fracture
resistance when compared with using hand files.[2] Ni-Ti
retreatment systems provide minimal dentin loss of root
canals during filling removal. However, there are not sufficient studies on Ni-Ti retreatment systems and their effect on the fracture resistance of roots. Therefore, the aim
of this study was to assess the resistance to vertical root
fracture (VRF) of roots retreated using rotary and hand
instrumentation. The null hypothesis was that there would
be no significant difference in the resistance to VRF between these treatment modalities.

Materials and methods
Preparation of samples
Ninety freshly extracted maxillary anterior teeth with single, straight roots and intact root apices were obtained
from the collections of the Department of Oral and Maxillofacial Surgery Kocaeli University. One observer, using a light microscope (IX70, Olympus Optical Co. Ltd,
Tokyo, Japan) under 15-40X magnification, selected 45
teeth with no cracks or fractures on the external root sur-

Instrumentation and obturation

Retreatment
Teeth were randomly allocated into three groups (n=15).
The first group was not retreated to serve as a control
group. The other two groups were retreated, as follows:
In the Protaper Universal retreatment (PTU-R) group,
the root canal filling was removed using PTU-R files (D1,
D2, D3) by the crown down technique until the working
length was reached. The final apical preparation was then
completed using the F2, F3 and F4 PTU instruments.
The instruments were used with a torque-limited electric
motor in the “PTU” mode. The rotational speed and the
torque limit of the instruments was programmed in the
file library of the motor.
In the hand instrumentation group, the coronal root
filling was removed using size 2 and 3 Gates-Glidden burs
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(Mani Inc., Tochigi-Ken, Japan). Hand instrumentation
was carried out using size 25, 30, 35 and 40 Hedström
files (Mani Inc., Tochigi-Ken, Japan) in a circumferential
quarter-turn push-pull filling motion.
The canals were constantly irrigated with 1% NaOCl
during root canal re-treatment. The removal of the root
filling was judged to be complete when the working
length was reached and no filling material was detected on
the instrument surfaces when withdrawn from the canal.
All canals were finally irrigated with 5 mL of 17% EDTA,
5 mL of 1% NaOCl and 5 mL distilled water. The root
canals were dried with paper points.
Root canals were obturated using the cold lateral condensation technique with gutta-percha and AHPlus sealer
as previously described. The coronal access was sealed using glass ionomer cement (Ketac, 3M, ESPE Dental AG,
Seefeld, Germany) and specimens were stored in 100%
humidity at 37 °C for one week. One operator performed
all of the root canal cleaning, shaping, obturation and retreatment procedures to avoid inter-operator variability.

Mounting of roots and mechanical testing
The filled roots were covered with a 0.2 mm-thick layer of
a polyether material (Impregum Garant L Duosoft, 3M
ESPE, Seefeld, Germany) to simulate the human periodontium. Each sample was embedded 1.0 mm apical to
the cementoenamel junction in a self-curing acrylic resin
block (Meliodent, Heraeus Kulzer, Hanau, Germany).
Artificial tooth mobility was evaluated in horizontal and
(a)

Fig. 1.
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vertical directions using a periotest instrument (Periotest,
Siemens AG, Bensheim, Germany). Periotest values of the
embedded teeth were standardized at a value of <7 to
simulate the natural dentition. Teeth were subjected to
a loading force (1.0 mm/min) using a plunger with a 2
mm diameter rounded tip applied vertically in a universal testing machine (Instron Corp., Canton, MA) until
the root fractured (Figure 1). The data were recorded
in Newtons. The pattern and direction of fractures were
also noted.

Statistical analysis
The statistical analyses were performed using SPSS 20
(IBM, Armonk, NY, USA) pocket program. The Kolmogorov-Smirnov test revealed that the data was not normally distributed. The Kruskal-Wallis test was applied to
compare the groups, followed by Dunn’s multiple comparison test to compare subgroups, both at a significance
level of 5%.

Results
The Kruskal-Wallis test revealed a significant difference
between the groups (H=28.81, p>0.001). The mean and
median forces required to vertically fracture the roots
and standard deviation values for the three groups are
presented in Table 1. The lowest mean force to fracture
was found in the hand instrumentation group (718.2 N).
When a multiple comparison procedure was used, retreated groups revealed significantly lower fracture resistance
(b)

(a) Fracture strength test (b) Circled area: Test specimen mounted on the universal testing machine prior
to loading.
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Table 1.

Mean, median and standard deviation values of force required for fracture of each group after retreatment

Groups

Median (25%–75% Percentage)

Mean force for vertical fracture (N)±SD

742 (678–770)
760 (701.25–831)
905 (872.50–942.50)

718.2±58.23
765.47±68.09
921.33±87.42

Retreatment with hand files (n=15)
Retreatment with rotary files (n=15)
No retreatment (n=15)

Table 2.

Discussion

Multiple comparison test of groups

Dunn’s multiple comparison test

Difference of ranks

Group 1/Group 2
Group 1/Group 3*
Group 2/Group 3*

24.095
19.067
5.029

*p<0.05

of roots compared with the control group (p<0.05).
However, the difference in the median values between the
rotary and hand instrumentation groups was not significant (Table 2).
Two fracture patterns (split and comminuted) and
three directions of fracture lines (bucco-lingual, mesiodistal and combined) were detected. The distribution of
fracture patterns and directions are shown in Figure 2.
Combined fracture occurred more commonly than did
the bucco-lingual and mesio-distal fractures in all groups.
None of the roots in the hand file group fractured in the
bucco-lingual direction. In 25 of 45 roots, the comminuted fracture pattern was observed, whereas 20 of 45 roots
displayed split fractures.
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The incidence of VRF is higher in root canal treated teeth.
[11]
This is mostly attributed to localized stresses along the
inner dentin walls relating to endodontic treatment procedures or further clinical treatments such as post placement.[12] Mechanical instrumentation may contribute to
VRF formation by initiating cracks which can cause potential stress areas. Retreatment procedures, on the other
hand, are more destructive to dentin with the additional
widening of the root canal to remove the previous filling material.[13] Moreover, the removal of posts or fractured instruments may weaken the structural integrity of
a tooth, making it more susceptible to fracture. Hence,
excessive and aggressive instrumentation of a root canal
should be avoided during retreatment procedures.[14] To
date, there are a limited number of studies on the effect of
re-instrumentation techniques on the fracture resistance
of retreated roots.[14,15] Two retreatment techniques have
been compared in the present study and no significant difference was found between them. Hence, the null hypothesis is accepted. However, the retreated groups revealed
decreased fracture resistance when compared with the
control group. The higher risk of VRF of retreated roots
when compared with root canal treated or not treated
teeth is in agreement with previous studies.[4,16]
Resistance to fracture is an important consideration in
endodontics and in subsequent restoration and function.
The load required to fracture the root provides an indication of fracture susceptibility of the root when subjected
to forces encountered during restoration and clinical function. Destructive testing predominantly uses static loading to test the maximum load capability. The crosshead
speed is a crucial parameter of static loading.[17] The fracture resistance increases as crosshead speeds decreases,[18]
and speeds up to 150 mm/min[19] are an approximation of
traumatic effects. Therefore, a crosshead speed of 1 mm/
min was recommended.[6] The relevance of this in vitro
test to predict the clinical performance of retreated teeth
using different instrumentation techniques lies in its ability to validate with respective controlled clinical trials.
Necrotic tissue or bacteria covered by remaining filling
material in the root canal might be responsible for periapical inflammation or pain. Moreover, remnants of the
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root filling materials can potentially impair disinfection by
preventing direct contact of chemical disinfectants with
persisting microorganisms.[20] As much filling material as
possible should be removed to allow for adequate root
canal preparation, disinfection, and subsequent re-filling
of the entire root canal system.[21] This task usually can be
accomplished with hand files or Ni-Ti rotary instruments.
The use of hand files can be a time-consuming process,
especially when removing a well-condensed root filling.
[22]
Ni-Ti rotary instruments, on the contrary, might be
more effective and time saving during retreatment.[23] The
PTU-R technique has been proposed for removing root
filling material and performing effective debridement and
shaping of the root canal. The D1 instrument has been
designed to facilitate the initial penetration into the filling
material with the aid of its active tip.
In ex vivo retreatment studies, root canals are prepared
and filled under standardized conditions, thus eliminating variables, such as: different working lengths or different final apical sizes.[24,25] It has also been reported that
the instrument size used during retreatment should be at
least one size more than initial preparation size in order
to achieve effective filling removal, especially in the apical
part of the canal.[26–28] In the present study, the root canal
was enlarged using instruments one size bigger than the
first instrumentation size.
VRF is predominantly attributed to increased stress
concentration within the root canal. The anatomical factors, such as: canal shape, root shape, and dentin thickness, affects the root strength as well as the direction of
possible root fracture. Lertchirakarn et al.[29] reported
that, when the proximal dentin thickness has been reduced, greater stress will be generated bucco-lingually.
It has been demonstrated that a round canal shape has
minimal stress concentration areas, distributing the stress
uniformly.[29,30] Therefore, the pattern of fracture might be
less predictable in round canals, although cracks can be induced anywhere around a smooth round canal surface.[31]
In the present study, bucco-lingual fractures were the least
common among all groups. On the other hand, combined
fractures were the most common detected fractures. This
may be attributed to the round canal shape of maxillary
anterior teeth and the uniformly distributed stresses on
the root canal surface.
The current results demonstrated that roots prepared
using PTU-R and hand instrumentation showed similar
fracture resistance. Nevertheless, both groups were significantly less resistant to fracture when compared to the
control group. This finding was in agreement with Wilcox
et al.,[32] who demonstrated that roots are more likely to
fracture when more root dentin was removed. Ganesh et

5

al.[14] evaluated the fracture resistance of teeth retreated
using rotary instruments. Those authors’ findings demonstrated that endodontically retreated teeth were less
resistant to fracture.[14] Topçuoğlu et al.[33] and Shemesh
et al.[4] found that the number of dentinal defects in retreatment groups were higher than those found in filled or
unreatreated groups. In the present study, the finding of
lower fracture resistance in both retreatment groups when
compared to the control group is in agreement with all
these studies, suggesting that additional mechanical procedures or increased dentin removal leads to teeth that are
more prone to fracture.

Conclusion
Within the limitations of this study, the fracture resistance
of retreated roots was lower when compared to the fracture resistance of the non-retreated roots, regardless of the
instrumentation technique used.
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