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Root canal treatment of primary teeth offers advan-
tages such as maintaining teeth until physiological 

exfoliation and ensuring phonation and aesthetic.[1,2] The 
objective of root canal treatment of primary teeth is to 
remove most of the infected material and contaminated 
dentin by shaping the root canal system using endodon-
tic instruments, to ensure disinfection of the root canal, 
and to hermetically obturate the canal.[3,4] The mechani-
cal preparation of root canals of primary teeth might 

be performed using manual and nickel–titanium (NiTi) 
rotary files.[5] When manually preparing the root canal, 
the incidence of complications such as zip formation, 
perforation, apical debris extrusion, and file fractures in-
creases.[6] Root canal preparation using NiTi rotary de-
vices takes less time than that using manual files.[7] Rapid 
preparation, which can be performed using NiTi rotary 
instruments without compromising on quality reliability, 
allows the completion of root canal treatment in pedi-

Objective: To compare the dentinal cracks caused by Reciproc, WaveOne Gold, and ProTaper Next NiTi 
rotary file systems during root canal preparation in primary molars.

Methods: Eighty mandibular primary molars with two separate and straight mesial canals were includ-
ed in this study. The teeth were randomly divided into the following four groups: control, Reciproc, 
WaveOne Gold, and ProTaper Next. The 80 specimens were cut perpendicular to the tooth axis at 3-, 6-, 
and 9-mm distance from the apex, and using stereomicroscope, they were examined to determine the 
presence of any crack. Data were statistically analyzed by chi-square test using the SPSS 21.0 software.

Results: Statistically significantly more dentinal cracks were found in the Reciproc, WaveOne Gold, and 
ProTaper Next groups than in the control group (p<.05). A statistically lesser dentinal cracks were ob-
served in the WaveOne Gold and ProTaper Next groups than in the Reciproc group in terms of observed 
total dentin crack (p<.05). More dentinal cracks in the apical region were observed in the Reciproc group 
than in the WaveOne Gold and ProTaper Next groups (p<.05).

Conclusion: Within the limitations of the study, statistically significantly more dentinal cracks were ob-
served in the tested nickel–titanium file system groups than in the control group.
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atric dentistry before the patient and physician become 
fatigued.[8]

Various NiTi rotary file systems are commercially avail-
able for root canal preparation purposes. ProTaper Next 
(PTN; Dentsply Maillefer, Ballaigues, Switzerland) is a 
file system that has horizontal square cross-sections and 
is made of M-Wire alloy. The single-file systems made of 
M-Wire alloy and has reciprocation motion became widely 
popular at the present time. Reciproc (RPC; VDW, Mu-
nich, Germany) and WaveOne (WO; Dentsply Maillefer, 
Baillagues, Switzerland) files are well-known single-file 
NiTi systems with reciprocating motion and have the same 
tip diameter and taper angle (size 25 tip and size 0.08 
taper).[9] The tapers are fixed at 3 mm from the apex of 
the files and decrease in the middle and coronal sections.
[10] The RPC file is S-shaped with two cutting edges, and 
the WO file features a modified convex triangular cross-
section in the apex, with a convex triangular cross-section 
in the middle and coronal sections.[11,12] Both RPC and 
WO files are made of M-Wire alloy.[13]

The WO NiTi single-file system was recently modified 
to WO Gold (WOG). While maintaining the reciproca-
tion movement of file, its cross-section, dimensions, and 
geometry were changed. The cross-section of the file was 
altered to a parallelogram with two cutting edges. More-
over, the off-center design that PTN files have is also used 
in WOG files. The most significant change in files is the 
production utilizing Gold heat treatment method. Gold 
heat treatment is based on reversing the M-Wire technol-
ogy, which employs pre-production heat treatment and by 
heating the file after production and then slowly cooling 
it. The manufacturer company claims that this new heat 
treatment increases the flexibility of files.[14]

The root canal preparation may cause dentinal stress 
and consequently dentinal cracks. The emerging dentinal 
fractures may transform into vertical root fractures under 
functional loads.[2] The physical and mechanical proper-
ties of NiTi rotary file systems may affect the incidence of 
cracks on the dentinal surface.[3] Many studies have exam-
ined dentinal crack formation caused by NiTi files during 
root canal preparation in permanent teeth.[15,16] A com-
prehensive literature review revealed that no study ex-
amined the dentinal crack in primary molars, which were 
caused by NiTi rotary files. Therefore, this study aimed to 
compare the dentinal crack caused by RPC, WOG, and 
PTN NiTi rotary file systems during root canal prepara-
tion in primary molars. The null hypothesis of the study 
was that there was no difference among the tested NiTi 
rotary file systems in terms of the frequency of dentinal 
cracks.

Materials and methods
Specimen selection

In this study, 80 primary mandibular molars that were ex-
tracted owing to periapical pathology and preventive orth-
odontic treatment were used. Bucco-lingually and mesio-
distally radiographs of the teeth were taken to rule out any 
aberrant canal morphology and to confirm two separate 
mesial canals with <5° of canal curvature.[17] Soft and hard 
tissues around the teeth were mechanically removed using 
a periodontal curette. The selected teeth were kept in dis-
tilled water at 4°C for the experimental procedures.

The roots of teeth were wrapped with aluminum foil 
and then embedded into acrylic resin (Imicryl, Konya, Tur-
key).[18] After setting the teeth in acrylic resin, they were 
taken out from the resin, and the foils were removed. To 
simulate the periodontal ligament, the resin blocks were 
filled with viscous silicon impression material (Express XT 
Light Body Quick; 3M ESPE, Neuss, Germany), and the 
specimens were then placed into the resin blocks again.

Root canal preparation

The teeth were randomly divided into four groups (n=20 
teeth/group). In experimental groups, the canals of teeth 
were penetrated using #10 K-file (Dentsply Maillefer) 
until the tip of file is seen from the apex. The working 
length was set to 1 mm shorter than this length. The glide 
path was created ensuring an apical diameter of 0.20 mm. 
Then, the following procedures were performed.

Group 1: RPC

In this group, according to the manufacturer’s instruc-
tion, root canals of the teeth were prepared using the RPC 
R25 (25/.08) file and the torque-controlled endodontic 
motor (VDW Reciproc GOLD; VDW) in the “Reciproc 
ALL” program.

Group 2: WOG

In this group, according to the manufacturer’s instruction, 
root canals of the teeth were prepared using the WOG Pri-
mary (25/.07) file and the torque-controlled endodontic 
motor in the “WaveOne ALL” program.

Group 3: PTN

In this group, according to the manufacturer’s instruction, 
root canals of the teeth were prepared using the PTN X1 
(17/.04) and X2 (25/.06) files at 300 rpm and 3 Ncm 
torque and the torque-controlled endodontic motor (X-
Smart; Dentsply Maillefer). 

Özyürek et al. Effect of NiTi files on dentinal crack formation 39



Group 4: Negative control
In this group, the teeth were left unprepared and main-
tained as the negative control group.

In the experimental groups, 20 ml of 1% sodium hy-
pochlorite (NaOCl) was used during the preparation. The 
entire procedure was executed by the same endodontist 
who had 5 years of experience. 

Sectioning and microscopic examination
Using a water-cooled, low-speed saw (Isomet; Buehler 
Ltd, Lake Bluff, IL, USA), the roots of 80 teeth were cut 
perpendicular to the tooth axis at 3-, 6-, and 9-mm dis-
tance from the apex, and three slices were obtained from 
each specimen. The digital images of the obtained slices 
were taken using a digital camera connected to a stereo-
microscope (Olympus BX43, Olympus Co., Tokyo, Japan) 
with x25 magnification. In total, 240 digital images (60 
images/group) were examined for the presence of any 
crack. To define crack formation, two different categories 
were established (i.e., “no crack” and “crack”) to avoid 
confusing descriptions of root cracks. “No crack” was de-
fined as root dentin without cracks or craze lines either 
at the internal surface of the root canal wall or the exter-
nal surface of the root. “Crack” was defined as all lines 
observed on the slice that either extended from the root 
canal lumen to the dentin or from the outer root surface 
to the dentin (Figure 1).[19]

Statistical analysis
To assess the intergroup incidence of dentinal cracks, chi-
square test was performed. The level of statistical signifi-
cance was set at 5%. Statistical analyses were performed 
using the SPSS 21.0 (IBM-SPSS Inc., Chicago, IL, USA) 
software. 

Results
In this study, 240 tooth slices were examined. The dis-
tribution of dentinal cracks caused by the tested NiTi file 
systems among the apical, middle, and coronal regions is 

presented in Table 1. Statistically significantly more den-
tinal cracks were observed in the RPC, PTN, and WOG 
groups than in the control group in terms of the total 
number of dentinal crack (p<.05). Statistically lesser den-
tinal cracks were observed in the WOG and PTN groups 
than in the RPC groups in terms of observed total dentin 
crack (p<.05). More dentinal cracks in the apical region 
were observed in the RPC group than in the WOG and 
PTN groups (p<.05).

Discussion
The vertical root fracture in endodontically treated teeth 
is an undesired condition and usually results in the extrac-
tion of involved teeth.[20] Thus, this study aimed to exam-
ine dentinal cracks caused by RPC, WOG, and PTN NiTi 
rotary file systems, which have different kinematics, during 
root canal preparation in primary molars. According to the 
study results, the amount of dentinal cracks observed was 
statistically higher in the RPC, WOG, and PTN groups 
than in the control group. Thus, the null hypothesis was 
rejected. 

Mandibular primary molar teeth were used in this 
study. Before the study, the teeth were examined using a 
stereomicroscope for the presence of any fracture or crack. 
However, although there may be cracks in some teeth, 
they may not be externally observed. The absence of any 
dentinal crack in the negative control group indicated that 
the teeth were free of cracks and is in corroboration with 
that reported in other studies.[21,22]

Fig. 1.	 The specimens showing dentinal defects after root canal prepa-
ration.

Table 1.	 The number and percentage of tooth slices with defects at each region (n=20)

Group	 3 mm	 6 mm	 9 mm	 Total number of specimens with defects
	 n (%)	 n (%)	 n (%)	 n (%)

Control	 0 (0)a	 0 (0)a	 0 (0)a	 0 (0)a

Reciproc 	 8 (40)b	 11 (55)b	 8 (40)b	 15 (75)b

WaveOne Gold 	 5 (25)c	 10 (50)b	 7 (35)b	 10 (50)c

ProTaper Next	 4 (20)c	 8 (40)b	 7 (35)b	 10 (50)c

P value	 <.05	 <.05	 <.05	 <.05

*Different superscript letter indicates statistically difference at p=.05.
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In this study, the teeth were perpendicularly cut along 
the long axis and analyzed using a stereomicroscope. Al-
though the slicing method damaged specimens, no den-
tinal crack was observed on the specimen in the negative 
control group. Shemesh et al.[23] examined the efficiency 
of optical coherence tomography in detecting vertical root 
fractures. Researchers reported that optical coherence to-
mography was useful in detecting vertical root fractures 
and that it successfully showed the point at which verti-
cal root fractures were localized. De-Deus et al.[24] exam-
ined dentinal cracks caused by various NiTi file systems 
using computed microtomography. Researchers reported 
that computed microtomography is a very useful and con-
servative method for detecting dentinal cracks. However, 
the capability of computed microtomography in detect-
ing small dentinal cracks remains unclear. If the resolution 
of computed microtomography is larger than that of the 
dentinal crack, then it cannot detect the crack. Thus, the 
slicing method was used in this study, similar to previous 
studies.[22,25,26]

NiTi file manufacturers generally recommend using 
the file on a single tooth. Thus, in this study, to prevent 
the effects of file deformation on the results, a new set of 
file was used to prepare only one sample’s root canals (two 
canals). Previous studies have reported that high concen-
trations of NaOCl solution decreased the elastic module 
and hardness level of dentin.[27,28] In this study, 1% NaOCl 
solution was used as the irrigation solution for protecting 
the microstructure of dentine to ensure that the dentinal 
cracks were mainly related to the mechanical preparation. 

Because no study has examined dentinal cracks caused 
by NiTi rotary file systems during root canal prepara-
tion in primary molars, the results of this study cannot be 
directly compared with those of other studies. Previous 
studies stated that the characteristics of NiTi files, such as 
the tip design, cross-section, or variable or constant taper, 
might have an effect on the formation of dentinal cracks.
[9,21] Moreover, files with a high taper caused higher stress 
levels on canal walls.[29] In corroboration with this find-
ing, our study revealed that the RPC file with a high taper 
caused statistically significantly more dentin cracks. Fur-
thermore, despite having the same movement kinemat-
ics, WOG files caused statistically significantly less dentin 
cracks than RPC files; this is believed to originate from 
the low taper of WOG files, in addition to the use of gold 
alloy, which has no shape memory, in the manufacturing 
process of WOG files. 

According to our study results, no statistically signifi-
cant difference was found between the PTN and WOG 
files in terms of causing dentin cracks. PTN files have a 
rectangular cross-section, whereas WOG files have a simi-

lar parallelogram cross-section. Moreover, both PTN and 
WOG files have an off-center design that allows dentinal 
debris to move coronally by decreasing the contact with 
canal walls during preparation. These similar design char-
acteristics are believed to influence the efficiencies in caus-
ing dentin cracks. In parallel with our study results, Karataş 
et al.[30] reported that there was no statistically singificant 
difference between PTN and WO files in terms of creating 
dentin cracks on mandibular incisor teeth.

Although simulating the clinical conditions in the 
laboratory environment is critical, external factors such as 
the storage of teeth after extraction until slicing might af-
fect study results, particularly in studies that examine the 
mechanical properties of teeth.[19] Considering the ana-
tomical, histological, and chemical differences between 
permanent and primary dentitions, such as increased min-
eralization of permanent teeth and morphsological chang-
es owing to the presence of physiological or pathological 
root resorption, results obtained in permanent teeth can-
not be transposed to primary teeth.[8]

Conclusion
Within the limitations of this study, statistically significant-
ly more dentinal cracks were observed in the RPC, WOG, 
and PTN groups than in the negative control group. In 
addition, more dentinal cracks were observed in the RPC 
group than in the WOG and PTN groups.
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