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Abstract

Introduction: The endodontic success is attributed to a variety of factors, but
one of the most important is canal preparation. Among causes of endodontic
failures is vertical root fracture, which may result from gradual propagation
of initial dentinal defects. Radicular canal preparation with hand instruments
or with rotary systems seems to play an important role in initiation of dentin
defects which later can propagate to vertical root fractures. Aim: The aim of
this study was to compare the incidence of dentinal microcracks after
instrumentation with Neolix, SCpro and hand instrumentation. Materials and
method: 40 freshly extracted human maxillar centrals were collected and
stored in formalin solution for two weeks. 40 samples collected were divided
into four groups with ten teeth in each. Group 1 - unprepared root canal
shaping group (control group), group 2 - hand instrumentation, group 3 -
prepared by Neolix and group 4 - prepared by SCpro (SOCO). All teeth were
cut by diamond disc in cervical one third of root and inspected under XJM300
KOZO microscope. Results: The highest number of microcracks was found in
root canals prepared with SCpro and only one was found in a root canal
prepared with Neolix. No cracks were observed in the control group and hand
instrumentation group. Conclusion: Rotary instruments caused dentin defects
compared to hand instrumentation which didn’t cause any defects in radicular
dentin. SCpro rotary system caused more dentinal damage compared to
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Neolix. Considering the extent of dentinal microcracks, Neolix rotary system
can be considered a safe alternative to hand instrumentation.
Keywords: Dentin microcracks, rotatory system, hand instrumentation, defects, root
fracture

Introduction

Root canal preparation is an important step in the successful treatment of
endodontically involved teeth. According to the American Association of Endodontics,
this procedure assures the debridement and disinfection of the root canal providing
space for the placement of obturation materials. The main goals of this procedure are
to preserve the natural dentition for the lifetime of the patient and to prevent apical
periodontitis [1]. It is very important that this procedure preserves the natural shape
of the root canals in order to achieve the goals mentioned above. The sufficient
amount as well as the quality of the remaining radicular dentin is crucial for the long-
lasting life of the affected tooth.

Root canal instrumentation involves the use of files which can be manipulated
manually or by rotary systems. Each of the techniques has their strengths and
weaknesses. The latest uses nickel-titanium (NiTi) files, which possess two important
properties like super elasticity and high resistance to cyclic fatigue, which seem to
have decreased common canal instrumentation problems like formation of blocks,
ledges, or perforation [2]. Although, use of rotary systems reduces the time of canal
preparation respecting the original shape of the canals [3], it seems that rotary
instrument can cause damages in the dentin walls. High number of rotations of the
instruments inside the root canal may cause more friction between the files and the
dentin walls which can lead to craze lines, microcracks or vertical root fractures.

The aim of this study was to compare dentin microcracks formation between hand
instrumentation and rotary instrumentation with two different types of rotary
systems, Neolix and SCpro (SOCO).

Methodology

This in vitro experimental study was conducted on 40 freshly extracted maxillary
incisors. The teeth had been extracted due to periodontal reasons. The teeth were
stored in formalin before experiment. For this study, the teeth were randomly divided
into four groups, control group, hand instrumentation, Neolix and SCpro (SOCO). No
preparation was made in the control group. Root canal preparation in the last two
groups was performed according to the manufacturers’ instructions (for Neolix 500
rpm and 1.5 Ncm and for SCpro 350 rpm and 1.5 Ncm). The working length was set 1
mm short of the apical foramen and enlargement was performed at the working
length with K files #15. The preparation of all the teeth was performed by the same
operator, to prevent discordances in technique of instrumentation or dexterity. After
enlargement up to file #25 teeth were stored in blue methyl for a week.

After one week, sections of all specimens were obtained at coronal 1/3 region of root
using a diamond disk. The sections were evaluated under XJM300 KOZO microscope
and images were captured with digital camera (S/N: T800045 8.0MP). Images were
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then analyzed and compared visually for eventual cracks or craze lines present in
dentin, on the interior and exterior surface of the root. Data were elaborated in Excel
and presented in percentages of teeth with dentinal defects for each of the groups.
Data Collection

No defects were noted in the first group (control group) and second group (hand
instrumentation) referred to the images (Figure 1.a, 1.b). Two other groups (Neolix
and SCpro) showed cracks in dentin thickness (Figure 1.c, 1.d). The highest number
of cracks was found in root canals prepared with SCpro (Figure 1.d) and only one
defect was found in a root canal prepared with Neolix (Figure 1.c).

a. No instrumentation  b. Hand instrumentation c. Neolix d. SCpro

Figure 1. Photos of samples of each group

Teeth with dentin cracks
Instrumentation  Nr of teeth (coronar 1/3)
Nr Y
No [ 10 [ 0 | 0
instrumentation
Hand 10 0 ]
instrumentation
Neolix | 10 [ 1 | 10
SCpro 10 10 100

Table 1. Distribution of dentinal cracks among groups
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Graphic 1. Percentage of teeth with/no dentinal defects
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Average of dentinal cracks for group prepared with SCpro was 3 cracks for root and
one for Neolix. All dentinal cracks were partial.

Discussion

The appearance of dentinal micro cracks at the level of radicular canals of teeth with
endodontic treatment is a frequent finding evidenced by numerous in vitro studies.
The force exerted during mechanical preparation, especially with rotary instruments,
speed of rotations, typology of movements of the instruments, etc. are some of the
factors that are believed to induce their appearance. In this study we evaluated and
compared the aspect of radicular dentin walls in one third of coronal region between
no preparation group (control group) and three groups of extracted teeth
endodontically instrumented by hand and two different rotary instrument systems
(Neolix and SCpro SOCO).

In our study, all teeth in control group showed no evidence of any dentinal defects.
Also, hand instrumented teeth did not present any damage in dentinal root wall, being
in accordance with other similar studies conducted previously to compare hand
instrumentation with other types of rotary instruments [4,5,6,7].

Presence of microcracks in dentin walls is a common conclusion of numerous in vitro
studies regarding Ni-Ti rotary systems [4,6,8,9], which can also be confirmed in the
present study. The two experimental groups instrumented with rotary instrument
systems showed dentinal defects observed as partial cracks starting from the internal
surface of radicular dentin that didn’t end up at the outer surface. Preparation of root
canals with Neolix and ScPro Systems both created lines in the dentin thickness of the
coronal one third of the root.

In our study teeth were sectioned only at the coronal one third. It has been shown by
other studies [6,8,13] that most of the cracks occur in the coronal region of the root
and we wanted to observe their occurrence in an area so vulnerable to
instrumentation. This observation can be explained, as Versluis et al [10] indicate in
their study, by the fact that stresses distributed within canals increased three times
more in coronal one-half of the canal, compared to apical region. This could be the
result of increased taper of the instrument toward the coronal dentinal walls [8].

As mentioned above, we evaluated the presence of dentin defects in the coronal
region, and teeth were analyzed under the stereomicroscope only after sectioning.
This method is considered a destructive technique according to Valle et al, which
doesn’t take into consideration the potential injury caused by interaction of different
sources of stress on root canal dentin, among others the mechanical preparation itself,
the sectioning methodology or inherent dehydration caused by the difficulty of
maintaining an adequate condition during procedure execution [11]. Stringheta et al,
also consider that this cross-sectioning method limits the assessment to only a few
levels of the root canal and produces irreversible changes to the specimen [12].
However, in our study, all groups (unprepared group, hand instrumented group,
Neolix group and ScPro group) were assessed after sectioning and the presence of
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dentinal defects was observed only in the instrumented group with rotary systems.
We can assume that this is a consequence of instrumentation factor.

Although both experimental groups in this study showed presence of dentin cracks,
the difference between them was important (10% presence of defects for Neolix
system and 100% presence of defects for ScPro SOCO), Graphic 1. From our literature
research, studies about Neolix systems are not numerous, whereas for ScPro we
couldn’t identify any previous study. When compared to other rotary systems the
results about Neolix are not consistent. Several studies [8,13,14] have shown that
Neolix system creates more damage in dentin walls resulting in cracks ranging from
40%, 43%, to 70% respectively, compared to only 10% observed in our study,
whereas other studies refer to Neolix systems as a suitable alternative to other rotary
systems since use of this single-file system saves time and cost and minimizes trauma
to dentinal walls [15,16]. On the other hand, when it comes to comparing shaping
characteristics in curved root canals, canal transportation, separation rate, debris
extrusion, time of preparation, effect on Peri Cervical Dentin (PCD), Neolix seems to
perform better than other rotary systems: Protaper - Forghani et al, [3]; One
Shape™.- Kuzekanani et al. [17]; Reciproc, - Mohammadi et al., Singbal et al. [19,20];
Reciproc, Oneshape, WaveOne - Zinge et al. [21], or the same (EdgeGlidePath, One-G
- Shojaeian et al.[18]. The latest characteristics derive from the fact that Neolix files
(according to the manufacturer) have a rough surface and abrasive properties which
can lead to faster canal preparation [3] as well as to the fact that Neolix files do not
the usual metallic memory and have tendency to rapidly return to straight position
due to the use of a newly developed machining process and an appropriate heat
treatment which causes the special progressive flexibility of the files [21].
Conclusion

With all the limitations of this in vitro study, we conclude that rotary instruments
show more dentin defects that hand instrumentation. Preparation with SCpro SOCO
created more microcracks in internal coronal third of dentin walls compared to
Neolix. Also time of preparation with Neolix System was shorter and the procedure of
root preparation was comfortable for the operator.
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