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a b s t r a c t

Objective: The aim of this study was to compare the impact of treatment procedures on roots

previously treated with resorcinol–formaldehyde resin and analyze the effectiveness of dye

and magnification for the detection of dentin cracks.

Materials and methods: Distal roots of 80 permanent first mandibular molars with a single

canal were sectioned at 3 mm and 9 mm from the anatomical apex. Two groups were formed

according to the method used for root canal penetration: group 1 (K-file and Pro Taper

instruments) and group 2 (Ultrasound with Pro Ultra and Pro Taper files). Before and after the

completion of procedures, photographs of the roots were taken for examination for cracks

or/and infraction lines with two levels of magnification and with or without a dye.

Results: In groups 1 and 2, either with dye or without it, there were statistically significant

differences (P < 0.001) with more fractures observed in the coronal than in the apical part of

specimens. Statistically significant proportional differences regarding the location of frac-

tures were observed at both magnifications.

When the dye was used, there were no statistically significant differences between the

two magnifications in the detection of cracks. In the specimens where the dye was not used,

differences between the groups were statistically significant at both magnifications with

more complete and intra-dental fractures observed in group 2.

Conclusions: Retreatment methods had a damaging effect on the root dentin of teeth

previously treated with resorcinol–formaldehyde resin. At magnification �16, the efficacy

of using the dye for the detection of cracks was higher than detection without the dye.
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1. Introduction

Dentin cracks can occur due to root canal treatments and tooth
restorative procedures. It has been shown that use of a high
concentration sodium hypochlorite rinse [1], long-term calci-
um hydroxide therapy [2], root canal preparation and filling [3],
and post-placement [4] might impact the strength of the root
dentin and promote formation of dentin cracks that may
further develop into complete root fractures. Previous studies
mainly focused on primary endodontic cases, while formation
of dentin cracks during retreatment procedures was not
widely researched.

In Eastern Europe, including other post-Soviet countries,
resorcinol–formaldehyde resin has been used since 1960 and
retreatment of roots previously treated with this material has
been difficult [5]. Endodontists in Western countries face
similar challenges when treating teeth of immigrant popula-
tions. As teeth treated with resorcinol–formaldehyde resin
show staining of the dental hard tissues, such teeth in
scientific literature have been described as ‘‘red teeth’’, ‘‘pink
teeth’’ or ‘‘Russian red teeth’’ [6].

The resorcinol–formaldehyde resin method was mainly
recommended and used for the treatment of narrow and
curved root canals [5,7]. Formaldehyde (liquid) and resorcinol
(powder) are two main components and their polymerization
occurs after adding 10% sodium hydroxide (catalyst). In the
scientific literature, few mixing techniques of this material
have been described [5]. In addition, mixing proportions while
preparing this material were not accurately followed by
dentists, therefore different levels of polymerization of this
material in the root canal system can be found. Unsurprisingly,
retreatment of roots filled with resorcinol–formaldehyde resin
is unpredictable; consequently, depending upon the material
consistency different approaches to gain root canal patency
need to be used.

There is no previous evidence about how dentin previously
treated with resorcinol–formaldehyde resin reacts to ma-
chine-driven instruments or ultrasonic devices.

Thus, the aim of the present study was to compare the
impact of different endodontic retreatment methods on root
dentin previously treated with resorcinol–formaldehyde resin
and analyze how a dye or different levels of magnification may
aid the detection of dentin cracks in such roots.

2. Materials and methods

Eighty permanent first mandibular molars with mature apices
previously filled with resorcinol–formaldehyde resin were
chosen. Such categories as patient age, sex and the condition
of periradicular tissues were unknown. After extraction, all
teeth were gently cleaned with a gauze to avoid any damage to
the root surfaces and immediately placed into distilled water
to avoid dehydration. Distal roots were sectioned from the
tooth's crown using a water-cooled diamond bur and only
roots with a length of 12 mm or more were selected. Only teeth
with one canal in a distal root were included. The number of
canals was evaluated clinically and radiographically. Radio-
graphs were taken in the buccolingual and mesiodistal
directions with a 3 cm distance between the X-ray tube and
the root with a 0.08-ms exposition (Planmeca Only, Helsinki,
Finland). Roots were coded.

2.1. Preparation of specimens

For the stability, 2 mm of a root's coronal part was fixed in a
resin and then sectioned horizontally at 3 mm and 9 mm
distances from anatomical apices using a water-cooled low-
speed saw (Leica SP 1600, Wetzlar, Germany). Flat surfaces of
the specimens were observed and photographs were taken
under �10 and �16 magnifications (Zeiss Stemi SV6, Carl Zeiss,
Jena, Germany). Two observers independently inspected all
specimens in order to exclude the ones with cracks prior to
retreatment procedures. Images of the specimens prior to the
procedures (no cracks) served as the controls. Buccolingual
and mesiodistal diameters of the apical and coronal sections
were measured three times and an average estimate was
calculated. The degree of polymerization and the consistency
of a filling material were also evaluated. If a root canal patency
could be gained with a #15 K file (Dentsplay Maillefer,
Bellaigues, Switzerland), the filling material was considered
soft and if no patency was gained, the filling material was
considered hard.

2.2. Preparation of specimens (Groups 1 and 2)

Specimens were divided into two groups according to the
instruments used for the penetration of root canals. Group 1
contained those specimens where a filling material was soft,
i.e. a canal patency was easy to gain with a #15K file; the Pro
Taper rotary system with a full sequence of rotary files was
used following the manufacturer's recommendations (Dens-
play Maillefer, Ballaigues, Switzerland). For this root prepara-
tion, an electric motor (Densplay Maillefer, Ballaigues,
Switzerland) with a torque control at a constant speed of
300 rpm and gentle in-and-out motions were employed.

Group 2 contained those specimens where the filling
material was hard and patency could not be gained with a
#15 K file; therefore the Pro Ultra tip #4 (Densplay Maillefer,
Ballaigues, Switzerland) and Master Piezon Scaler (EMS) were
used to remove the filling material. Subsequently, the Pro
Taper instruments were used to enlarge all canals as it was
done for specimens in Group 1.

All treatment procedures were completed by the same
operator (EN). In order to simulate periodontal ligament space
and to mimic the mechanisms of stress distribution, a silicon
impression material (Panasil, Kettenbach, Gmbh and Co,
Germany) was used as matrix around roots during their canal
preparation procedures. A 2 mL 2% sodium hypochlorite rinse
prior to each subsequent instrument was used and after the
completion of procedures, canals were rinsed with 2 mL of
distilled water.

2.3. Evaluation of specimens

After canal preparation, images of apical and coronal flat
surfaces were examined under both magnifications �10 and
�16 (Zeiss Stemi SV6, Carl Zeiss, Jena, Germany). In order to
evaluate the use of dye as an aid for the detection of dentin



Fig. 3 – Incomplete (partial) root dentin fracture.
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cracks, the coronal and apical flat surfaces of slices of root
dentin were stained for two minutes with a 2% methylene blue
dye and subsequently rinsed with water. Similarly to undyed
specimens, the stained images were also examined under
magnification �10 and �16 (Zeiss Stemi SV6, Carl Zeiss, Jena,
Germany).

Three observers blinded to a retreatment method evaluated
microphotographs twice with a two week interval in-between
these evaluations. The number and type of dentin defects
observed after the procedures (after intervention) were
compared with the same specimen prior to the procedures
(control condition). In cases of discrepancy among the three
examiners, the images were re-inspected and consensus was
reached.

2.4. Classification of dentin defects

The following scheme for recording root defects was used: no
defect – root dentin devoid of any cracks or lines (Fig. 1). In
complete fractures, the line extended from an inner root canal
wall to an outer root surface (Fig. 2). In incomplete (partial)
fractures, the line started from an outer or inner root surface
but it did not extend throughout the whole dentin surface
(Fig. 3). In intradental fractures, the line was localized inside
the dentin without reaching the outer or inner surface of a root
(Fig. 4).
Fig. 4 – Intradental fractures.

Fig. 2 – Complete root dentin fracture.

Fig. 1 – Root dentin devoid of any cracks or lines.
2.5. Statistical analysis

For the comparison of defects identified after employing two
different methods (ProTaper versus ProTaper + Ultrasound)
and for the evaluation of the effectiveness of magnification to
aid the crack identification, chi-square or Fisher exact tests
were used.

Data analysis was performed employing the IBM SPSS,
Version 21.0 statistical software and the threshold for
statistical significance for all tests was set at P < 0.05. Risk
Ratios (RR) and their 95% CI were used to compare findings
between ProTaper and ProTaper + Ultrasound preparation
systems.

3. Results

After the root canal preparations, cracks were observed in both
groups. In the Pro Taper group, no complete and intradental
cracks were observed and only a single case of fracture was
observed at the apical root surface under magnification �16
that was aided by a methylene blue dye.
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3.1. Bivariate comparisons

Table 1 compares total numbers of root fractures after two
different root preparation techniques. The crack identification
was compared under two levels of magnification (�10 vs. �16),
in two different locations (coronal vs. apical) and crack
identification was compared between the groups with or
without the use of dye.

3.2. Crack identification – aid of magnification

Overall, the use of higher magnification (�16) did not aid
significantly the identification of cracks as compared to lower
magnification (�10), e.g., at the coronal location in the
ProTaper group when methylene was used 37.5% of the cracks
were found at magnification �10 as compared to 40.0% of the
cracks at magnification �16 (P = 0.818). Similar nonsignificant
differences between the two magnifications were observed in
the ProTaper + Ultrasound group.

3.3. Dentin cracks in different root locations

An overall statistically significant trend was that more cracks
were observed in the coronal as compared to the apical
location of the roots. This finding was consistent in both the
ProTaper + Ultrasound groups.

3.4. The influence in methylene dye in aiding crack
identification

The use of a dye to aid crack identification presented
differently for the two preparation techniques (Protaper vs.
Table 1 – Distribution by root fracture and magnification betwe

Any root fractures 

No 

ProTaper Coronal Without Methylene 32 (80.
With Methylene 25 (62.

Apical Without Methylene 40 (100
With Methylene 40 (100

Comparisons ProTaper: Coronal vs. Apical:
w/o Methylene (P = 0.003)
with Methylene (P < 0.001)

ProTaper + Ultrasound Coronal Without Methylene 21 (52.
With Methylene 19 (47.

Apical Without Methylene 37 (92.
With Methylene 35 (87.

Comparisons ProTaper + Ultrasound:
Coronal vs. Apical
w/o Methylene (P < 0.001)
with Methylene (P < 0.001)
ProTaper vs. ProTaper + Ultrasou
Coronal: w/o Methylene (P = 0.00
with Methylene (P = 0.178)
Apical: w/o Methylene (P = 0.078
with Methylene (P = 0.021)

Values are number (percentage). Chi-square test or Fisher exact test.
ProTaper + Ultrasound) as well as for different root locations
(coronal vs. apical). In the ProTaper group at the coronal
location, there were statistically significantly more cracks
identified at the coronal location when methylene was used as
compared to similar samples but without the use of dye. This
finding was consistent for both magnifications. Concomitant-
ly, the use of dye did not significantly aid crack identification at
the apical location of roots.

In the Protaper + Ultrasound samples, use of the dye did not
help to identify more cracks at any of root locations or at any
magnification levels.

Table 2 compares more specifically different types of root
fractures after two different preparation techniques.

In both samples with or without methylene blue under both
magnifications, there were statistically significantly more
complete fractures after ProTaper + Ultrasound preparation
as compared to the numbers of complete fractures after
ProTaper preparation.

When comparing the occurrence of intradental fractures, in
both samples with or without dye and under both magnifica-
tions, there were statistically significantly more intradental
fractures in the ProTaper + Ultrasound group (Table 2).

Similar, although non-significant findings were reported
when incomplete fractures from the outer root surfaces or
incomplete fractures from the root canal were compared
between the ProTaper and the ProTaper + Ultrasound groups
(Table 2).

Table 3 presents risk ratios among different types of
fractures between the two preparation methods (ProTaper vs.
ProTaper + Ultrasound). Under magnification �10, two sta-
tistically significant differences were found regarding com-
plete fractures with (RR = 0.2) or without (RR = 0.1) using
en the ProTaper and ProTaper + Ultrasound methods.

Magnification �10 Magnification �16

Yes P No Yes P

0) 8 (20.0) 0.008 35 (87.5) 5 (12.5) <0.001
5) 15 (37.5) 24 (60.0) 16 (40.0)
.0) 0 (0.0) 1.000 40 (100.0) 0 (0.0) 0.314
.0) 0 (0.0) 39 (97.5) 1 (2.5)

ProTaper: Coronal vs. Apical:
w/o Methylene (P = 0.021)
with Methylene (P = <0.001)

5) 19 (47.5) 0.655 20 (50.0) 20 (50.0) 0.654
5) 21 (52.5) 18 (45.0) 22 (55.0)
5) 3 (7.5) 0.456 39 (97.5) 1 (2.5) 0.025
5) 5 (12.5) 33 (82.5) 7 (17.5)

ProTaper + Ultrasound:
Coronal vs. Apical
w/o Methylene (P < 0.001)
with Methylene (P = 0.001)

nd
9)

)

ProTaper vs. ProTaper + Ultrasound
Coronal: w/o Methylene (P < 0.001)
with Methylene (P = 0.179)
Apical: w/o Methylene (P = 0.315)
with Methylene (P = 0.025)



Table 2 – Distribution by the type of root fracture and magnification between the ProTaper and ProTaper + Ultrasound
methods.

Fracture type Magnification �10 Magnification �16

ProTaper ProTaper +
Ultrasound

P ProTaper ProTaper +
Ultrasound

P

Complete Without Methylene No 39 (58.2) 28 (41.8) 0.001 40 (58.8) 28 (41.2) <0.001
Yes 1 (7.7) 12 (92.3) 0 (0.0) 12 (100.0)

With Methylene No 35 (57.4) 26 (42.6) 0.020 35 (58.3) 25 (41.7) 0.010
Yes 5 (26.3) 14 (73.7) 5 (25.0) 15 (75.0)

P, with vs. without
methylene

0.090 0.633 0.021 0.478

Intradental Without Methylene No 40 (58.8) 28 (41.2) <0.001 40 (61.5) 25 (38.5) <0.001
Yes 0 (0.0) 12 (100.0) 0 (0.0) 15 (100.0)

With Methylene No 40 (55.6) 32 (44.4) 0.003 40 (60.6) 26 (39.4) <0.001
Yes 0 (0.0) 8 (100.0) 0 (0.0) 14 (100.0)

P, with vs. without
methylene

1.000 0.302 1.000 0.816

Incomplete from
the outer root
surface

Without Methylene No 35 (54.7) 29 (45.3) 0.093 38 (55.9) 30 (44.1) 0.012
Yes 5 (31.3) 11 (68.8) 2 (16.7) 10 (83.3)

With Methylene No 30 (54.5) 25 (45.5) 0.228 32 (55.2) 26 (44.8) 0.133
Yes 10 (40.0) 15 (60.0) 8 (36.4) 14 (63.6)

P, with vs. without
methylene

0.152 0.340 0.043 0.329

Incomplete from
the root canal

Without Methylene No 38 (53.5) 33 (46.5) 0.077 37 (50.7) 36 (49.3) 0.692
Yes 2 (22.2) 7 (77.8) 3 (42.9) 4 (57.1)

With Methylene No 37 (52.9) 33 (47.1) 0.176 33 (49.3) 34 (50.7) 0.762
Yes 3 (30.0) 7 (70.0) 7 (53.8) 6 (46.2)

P, with vs. without
methylene

0.064 1.000 1.000 0.500

Values are number (percentage). Chi-square test or Fisher exact test.
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methylene blue. An additional significant difference for the
incomplete fractures from the outer root surface (RR = 0.2) was
found under magnification �16.

4. Discussion

Retreatment procedures typically make up a large portion of a
dentist's daily work load. Despite the prohibition by both the
European Union Directive [8] and the European Society of
Endodontists [9], on the use of resorcinol–formaldehyde resin
as root canal filling material, roots filled with this material still
constitute a substantial part of retreatment cases in clinical
dental practice. Consequently, it is important to know the
Table 3 – Location of root fractures – a comparison between th

ProTaper vs. ProTaper + Ultrasound
Location: Root's Coronal Third

Complete fractures Without Methyle
With Methylene 

Incomplete fractures from the outer root surface Without Methyle
With Methylene 

Incomplete fractures from the root canal Without Methyle
With Methylene 

RR, risk ratio. Chi-square test or Fisher exact test.
outcomes of treating roots previously treated with resorcinol–
formaldehyde resin. Therefore, the present study compared
the impact of different treatment procedures on root dentin
previously treated with resorcinol–formaldehyde resin and
analyzed the effectiveness of dye and different levels of
magnification for detection of dentin cracks in such roots.

The important findings of the present in vitro study were
that both ProTaper and ProTaper combined with ultrasound
preparation techniques had detrimental effects on root dentin,
as both techniques led to crack development in roots
previously treated with resorcinol–formaldehyde resin. Most
of the cracks were observed in the coronal rather than in the
apical location of roots. Seemingly the ProTaper combined
with ultrasound preparation technique is more damaging to
e ProTaper and ProTaper + Ultrasound methods.

Magnification �10 Magnification �6

RR (95% CI) P RR (95% CI) P

ne 0.1 (0.0; 0.6) 0.033 0.1 (0.0; 0.6) <0.001
0.2 (0.1; 0.5) 0.011 0.3 (0.1; 0.8) 0.009

ne 0.5 (0.2; 1.2) 0.081 0.2 (0.1; 0.9) 0.018
0.7 (0.3; 1.3) 0.167 0.6 (0.3; 1.2) 0.105

ne 0.3 (0.1; 1.3) 0.077 0.8 (0.2; 3.1) 0.499
0.4 (0.1; 1.5) 0.155 1.2 (0.4; 3.2) 0.500
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roots as compared to the ProTaper alone. To identify cracks in
such roots, two types of aids were considered; the use of higher
magnification and the use of dye. Seemingly, there was no
benefit in using higher levels of magnification to identify the
cracks. On the other hand, the use of dye assisting in better
crack identification at least in identifying cracks in the coronal
locations after root preparation of teeth previously treated
with resorcinol–formaldehyde resin. It is likely that resorcinol–
formaldehyde resin weakens the root dentin that is at a further
risk of needing further root preparation.

It is known that components of resorcinol–formaldehyde
resin may lead to allergic reactions after endodontic treat-
ments [10] and they even could provoke the sequestration of
the bone [11]. However the scientific data about the retreat-
ment of teeth previously treated with resorcinol–formalde-
hyde resin is scarce. A few studies evaluated the quality and
success of retreatment of the teeth previously treated with this
material [12–14].

It has been proposed that treatment procedures alter the
surface of root canal in ways that depend on the root canal
anatomy and the chemicals used and this effect ranges from
displacement and/or deformation of soft and/or hard tissue
components, in the biological, mechanical, and chemical
properties of the root canal dentin surface. These changes may
have a profound effect on survival of the tooth [15].

A recent study attempted to mimic the technical procedure
of the root canal mechanical preparation as it is done in a
clinical setting, i.e. in order to simulate stress absorption
during the present experiment a silicon layer surrounding the
specimen was used [16]. Although we followed this recom-
mendation in the present study, no artificial material could
reproduce accurately the viscoelastic properties of periodontal
ligament [17]. We also considered that the storage of speci-
mens throughout all phases of an experiment may affect
results, particularly when mechanical properties of specimens
are investigated [18]. Therefore, in the present study teeth
were kept in distilled water as a storage medium in order to
evade relative dehydration during setting of resin, polymeri-
zation of silicone, preparation and image recording.

It is also important to emphasize that irrigation with NaOCl
can significantly decrease the elastic modulus and flexural
strength of dentin [1]. In order to mimic the clinical situation
where 2% NaOCl is commonly used the solution of the same
concentration was used in this study. Although performing the
root canal preparation after removing the crown and the apical
portion of the root leaving 6-mm samples does not wholly
reflect clinical conditions accurately, but this sectioning
method allows us to evaluate the impact on root dentin by
a direct inspection of a quality of root dentin before and after
the root canal preparation. The advantage of our study was
that we examined both the inner and outer surfaces of roots in
contrast to other studies where only the outer surfaces of roots
were inspected [3,19].

In addition to the experimental in vitro nature of the
present study, another limitation was that the age of the teeth
in our sample was unknown. It is known that aging can
provoke microstructural changes in dentin that may influence
the number of micro-cracks that can be detected, therefore
results acquired from experiments involving older teeth
should not be used to generalize how similar operations
and conditions would influence young dentin [20]. It is also
important to acknowledge that forces during tooth extraction,
pre-existing occlusal dysfunctions, trauma, or other factors
might potentially influence the results [21].

In the present study, a machine-driven system for
mechanical preparation of the root canal was chosen because
this type of preparation is frequently used in many countries.
It has been reported in in vitro studies that the instrumenta-
tion of root canals alone substantially reduces the resistance of
teeth and consequently contributes to their fracture [22]. The
machine-driven system has progressively varying taper and
removes relatively more of the dentin coronally as compared
to other systems [23]. Thus, the taper preparation could be a
contributing factor in the generation of dentin cracks [24]. It
was concluded that the remaining volume of the dentin after a
root canal preparation was most relevant to the tooth strength
[25], while other studies showed that presence of the thicker
dentin did not necessarily lead to higher resistance to fractures
[26].

Recent studies have shown that using various rotary
instruments contributes to a higher potential of dentinal
cracks. During canal preparation, the canal is shaped via
contact between the instrument and the dentinal walls,
creating a momentary stress concentration in the dentin
which may lead to dentinal defects [23,27,28]. On the other
hand, it has been demonstrated that the use of hand files leads
to less damage to the root dentin due to their less aggressive
movements [3] and less taper [29]. Evidence shows that not
only instruments, but also a number of procedures can
influence the development of dentinal cracks. Shemesh
et al. found that the retreatment groups developed more
defects than the primary treated groups [30]. Retreatment
procedures require more mechanical manipulations in the
root canal, consequently in retreatment cases more dentin
tissue is removed from root canal walls.

Ultrasonic action can also result in roughening of the canal
walls [31]. When the ultrasonic retrograde preparation was
introduced to endodontics, it was associated with increased
crack formation following endodontic root preparation [32].

Methylene blue was recommended as the dye to use when
looking for cracks due to the small dye molecules that allow
deeper penetration than other dyes [33]. The present study
confirmed that this may aid to identify cracks in laboratory
studies.

However, staining alone should only be seen as aid as it
may not enhance the detection of dentin defects due to the fact
that dye cannot flow into crazy lines unless there is a break on
the surface [34]. The age of tooth and permeability of dentin
which is dependent on the configuration of the intertubular
dentin also could influence the dye penetration [35].

5. Conclusions

The use of machine-driven or ultrasonic instruments during
retreatment procedures showed a damaging effect on the root
dentin of teeth previously treated with resorcinol–formalde-
hyde resin. The use of methylene dye aided the crack
detection, but the benefits of using higher �16 magnification
for the crack identification were minimal at best.
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