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Influence of Rotary and Reciprocating Glide Path Techniques on the
Incidence of Dentinal Crack Formation– an in vitro study
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ABSTRACT
Introduction: Creating a reproducible glide path was shown to
be the first step for safer use of nickel titanium rotary instruments.
Various mechanical glide path management systems have been
introduced so as to secure a reproducible glide path. The aim of
this present study was to compare the incidence of dentinal crack
formation by using rotary and reciprocating glide path systems.
Material and Methods: Sixty extracted mandibular molars with
10°- 40° mesial root curvature were selected. In group I (n=20):
control group no instrumentation was done, group II (n=20):
glide path was achieved using stainless steel ISO 8, 10, 15 K-files
in reciprocating handpiece, group III (n=20): glide path was
achieved using ProGlider. Then shaping was done with ProTaper
Next rotary system. The roots were sectioned perpendicular to
long axis at 1mm, 2mm, 3mm 4mm, 6mm, 8mm from apex. The
sections were observed under stereomicroscope. The presence
or absence of cracks was recorded. The data was statistically
analyzed using chi-square test (P<0.05).
Results: No cracks were observed in control group.
Instrumentation with ProGlider followed with ProTaper Next
caused few cracks (23.3%) compared to stainless steel hand
K-files in reciprocating handpiece followed by instrumentation
with ProTaper Next (27.6%) with no significant difference
between them (P>0.05).
Conclusion: Glide path with Proglider and reciprocating stainless
steel K-files created cracks with no significant difference between
them. So glide path management with stainless steel K-files
inserted in reciprocating handpiece can be an alternative to
achieve endodontic glide path in curved canals.
Keywords: Dentinal cracks, glide path, ProGlider, ProTaper
Next, reciprocating hand piece.

INTRODUCTION
Schilder in 1974, has outlined the revolutionary concepts of
biological objectives for optimally shaping and debriding
root canal systems.1 So technical protocols have been evolved
to achieve the objectives outlined by Schilder1 and to reduce
the occurrence of procedural errors. An important step for
the safety of this cleaning and shaping procedure, is the
achievement of endodontic glide path. A glide path is defined
as a smooth, though possibly narrow, tunnel or passage from
the coronal orifice of the canal to the radiographic terminus or
electronically determined portal of exit.2 If this smooth passage
is reproducible by files used successively in the canal indicates
the maintenance of a glide path.3 By the achievement of glide
path before the use of nickel-titanium rotary instruments of
greater taper (NTRIGT), the canal diameter becomes at-least
equal to file tip used for shaping4 so that the apical end of file
acts as a pilot reducing the torsional stress, binding, structural
fatigue and failure rate thereby improving efficacy and safety of
cleaning and shaping procedures especially in curved canals.5,6

Several authors have recommended using stainless steel (SS)
K-files by hand for preparing the glide path.7-10 Creation of
glide path manually with SS K-files though time consuming
has some advantages of understanding original canal anatomy
thereby eliminating anatomic problems and interferences.5,6 In
contrast creating glide path with nickel-titanium (NiTi) rotary
instruments is faster with better maintenance of the original
canal anatomy, less modification of canal curvature, fewer canal
aberrations and lower prevalence/severity of postoperative
pain, compared with manual glide path performed with SS
K-files.11,12 Of different path-finding rotary systems available
for creating of glide path, recently introduced was the ProGlider
(PG) by Dentsply Maillefer. It is single file rotary instrument
manufactured from heated M-Wire NiTi alloy to enhance
flexibility and cyclic fatigue resistance as claimed by the
manufacturer13 and has variable progressive taper (from 0.02 to
0.08).
But creating glide path with NiTi rotary instruments showed
reduced resistance to buckling during exploration of curved
canals as they might not be able to advance in the apical
direction beyond constrictions and anatomic impediments.14 So
an alternative to overcome this could be the use of SS K-file
in a reciprocating hand piece for glide path management. The
stiffness of SS hand K-files aids in path-finding by negotiating
blockages and calcifications8,15 and movements of reciprocating
handpiece can be considered the mechanical expression of the
balanced force motion.16 According to the manufacturer, this
watch-winding motion keeps the file loose inside the canal,
reduces torsional stress and cyclic fatigue and can be safe for the
endodontic glide path preparation.17 It is of interest to evaluate
to what extent SS instruments can benefit from a reciprocating
motion while creating an endodontic glide path.
Numerous studies have investigated the dentinal damage
associated with different NiTi rotary instruments.18-21 But there
is no research dealing with the effect of glide path on creating
dentinal damage during root canal preparation with rotary NiTi
instruments. Therefore, the aim of this study was to investigate
the dentinal crack formation after using ProTaper Next (PTN)
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system with the newly introduced rotary single file system PG
used in continuous rotation and SS K-files used in a reciprocating
handpiece for glide path preparation.

MATERIAL AND METHODS
In this in vitro study sixty extracted human mandibular
molars were selected. The teeth were extracted for reasons not
related to the study and were stored in purified distilled water
until use. Radiographic evaluation was performed to exclude
presence of resorption defects and root canal obliteration.
Teeth with mesial root canal curvature of 10° - 40° according
to the method introduced by Schneider22 were selected. Teeth
were examined under a stereomicroscope (Lynx, Lawrence and
Mayo) at 12× magnification to confirm the absence of cracks/
fractures. Access cavity was prepared and then the distal root
with respective part of the crown was sections at the furcation
level using a low speed saw (Isomet; Buehler Ltd, Lake Bluff,
IL) under water-cooling. To ensure standardization, the mesial
half of the teeth were sectioned 16 mm from the apex. Then size
10 K-file (Dentsply Maillefer) was progressed through the root
canal until it was visible at the apex, and the working length
of the canal was determined to be 1 mm short from this point.
The roots were covered with a fine layer of silicon impression
material simulating the periodontal ligament (PDL) and were
then embedded in acrylic blocks. And randomly divided into
three groups (n=20).
Experimental groups
In groups I (n=20) the teeth were left unprepared (control
group).
In group II (n=20), a glide path was prepared with SS K files
mounted to reciprocating M4 handpiece (SybronEndo,Orange,
Calif., USA) (4:1 reduction, 30 o CW/30 o CCW), mounted on
the electric motor TCM III (SybronEndo, Orange, Calif., USA)
with a speed of 900 rpm. An ISO size 8 K-file was used first
to negotiate the canal to working length by hand before being
attached to a reciprocating hand piece. After negotiation to
working length M4 hand piece connected to TCM III electric
motor was attached to plastic handle of hand K-file which was
already in the canal which was then moved vertically up and
down, with an amplitude of 1mm to 3mm until the file was
loose in canal for approximately 15 to 30 seconds in each root
canal.23 Sequentially larger size ISO 10, 15 K-files were inserted
in similar manner. Glide path preparation was completed as 15
K-file meets no resistant and moves easily in the canal. Then root
canals were shaped with PTN (Dentsply Maillefer, Ballaigues,
Switzerland) in the sequence of X1 and X2 at a rotational speed

of 300 rpm and 2 Ncm torque according to the manufacturer’s
instructions.
In group III (n=20), a glide path was prepared with PG
instrument. Then root canals were instrumented with ProTaper
Next files (Dentsply Maillefer, Ballaigues, Switzerland) in the
sequence of X1 and X2 at a rotational speed of 300 rpm and
2Ncm torque according to the manufacturer’s instructions.
All the instruments were used up to the working length. The
rotary file systems were used with an electrical motor (X-Smart,
Dentsply Maillefer) and a 16:1 reduction handpiece. Each
instrument was used in 3 canals. The root canals were irrigated
with 2 mL of 1% sodium hypochlorite solution (Vishal Dento
Care Pvt. Ltd.) after each instrument change. After preparation,
the specimens were rinsed with 5 mL of distilled water. The roots
were horizontally sectioned at 1, 2, 3, 4, 6, and 8 mm from the
apex using a low-speed saw under water-cooling. To avoid any
artifacts by dehydration, the teeth were kept moist in distilled
water during all the experimental procedures. All slices were
observed under a stereomicroscope at 24× magnification and
pictures were taken. All root canal preparations were performed
by one operator and the assessment of each cross section was
performed by another examiner who was blinded in respect to
all experimental groups. In each group, a total of 120 slices were
examined for cracks. To define crack formation, two categories
were made as ‘no crack’ and ‘crack’. ‘No crack’ was defined as
root dentine without cracks either at internal or external 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 into the dentin (Figure-1).24

STATISTICAL ANALYSIS
The data was analyzed using the Chi-square and Fisher’s exact
tests and the level of significance was set at 0.05. Statistical
analyses were performed using SPSS 18.0 software (SPSS, Inc.,
Chicago, IL, USA).

RESULTS
The number of roots with cracks observed for all groups
at different sections and percentage of cracks are shown in
Table-1 and Figure-2. In group I (control group) no cracks
were observed. When considering the crack formation in total
sections, it was found to be 23.3% in group III, while 26.7% in
group II. However, there were no significant differences between
the two experimental groups (P > 0.05). Regarding the different
section levels (1, 2, 3, 4, 6, and 8 mm), no significant difference
was found between the experimental groups at any level.

Figure-1: Representative stereomicroscopic images of the root cross-sections. (a) ‘no crack’; (b) and (c) ‘crack’ formation
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DISCUSSION
In the present study, PG in continuous motion and SS K-files
in reciprocation motion were used to create glide path. Of this
PG is a new single NiTi rotary file system manufactured from
heated M-Wire NiTi alloy to enhance flexibility and cyclic
fatigue resistance.13 It has square cross section with variable
progressive taper (from 0.02 to 0.08) by which preliminary
pre-flaring of middle and coronal portion of canal occur during
glide path management. The PG instrument has tip size 16 with
a taper of 0.02 at the tip of the file. Whereas SS K-files has
rectangular cross section with 0.02 constant taper and in the
present study it was used to size of ISO 15 in M4 handpiece with
reciprocating motion oscillating 30o in both clockwise (CW)
and counterclockwise (CCW) directions which plays significant
role in determining resistance to cyclic fatigue. A previous study
revealed that SS K-files used in reciprocation motion showed
greater resistance to cyclic fatigue compared to 0.02 tapered
NiTi rotary glide path instruments used in continuous rotation
and were safe for endodontic glide path preparation.17
After achievement of glide path, shaping was done with PTN
rotary file system. Results of the present study indicated that
dentinal cracks occurred in both groups independent of glide
path systems used. The incidence of dentinal cracks observed
was 23.3% in group III and 26.7% in groups II with no
significant between them (P = 0.551). Less incidence of cracks
noticed when glide path was performed with PG might be due
to its M-Wire technology which enhanced flexibility and cyclic
fatigue resistance13 and its variable progressive taper (from 0.02
to 0.08) by which preliminary pre-flaring of middle and coronal
portion of canal occur during glide path management so that it
reduced stress on the further used NTRIGT. SS K file is made
of SS alloy and it is well known that this SS alloy has inherent
rigidity.14,25 But in the present study SS K files of size ISO 15
were used for creation of glide path, to this size the rigidity
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Figure-2: Number of specimens with cracks at different cross-section
levels

might be negligible disadvantage. SS files are harder and
permits more efficient cutting action26 and improved torsional
resistance14,25 which are the important properties for glide
path instruments to negotiate and pre-enlarge mainly small,
narrow and curved canals. In the present study reciprocating
SS K-files showed no significant difference with that of PG in
dentinal crack formation, it might be due to the reciprocating
motion which allows the file to be more centered in the canal27
and also reduces the flexural and torsional stresses acting on
the dentin by its repeated 30o CW and 30o CCW rotation which
allows continuous release of the file when it is engaged in the
inner surface of root canal during cutting and shaping thereby
reduces stress despite of its low mechanical properties. West
and Roane describe the “watchwinding” motion as a back and
forth oscillation of a file (30 to 60 degrees) CW and CCW as the
instrument is pushed downward into the canal. It is a definite
inward progression of the instrument in a filing motion. An
“envelope of motion” occurs when a precurved file is advanced
into the canal short of maximum resistance, then the file is
removed while it is simultaneously rotated in a clockwise
direction.2,28 The “envelope of motion” created by the rotation of
the curved file as it is withdrawn from the canal scribes the side
walls of the canal at random contact points, gradually widening
and evolving the root canal shape to allow larger files to follow.
PTN was used to shape the canals after glide path achievement.
PTN files exhibit an off-centered rectangular cross-sectional
design for superior strength and generates an exceptional
asymmetric rotary motion i.e snake like swaggering motion,
which decreases the screw effect, dangerous taper lock, and
torque on any given file by minimizing the contact between
the file and the dentin.30 Innovative M-Wire Ni-Ti technology
provides greater flexibility and greater resistance to cyclic
fatigue for the system.29 It can be speculated that as a result
of this exceptional asymmetric rotary motion there will be
reduction in the contact area between the file and canal system
so lower defects may occur as lower frictional forces to canal
walls.
Capar et al. reported cracks in 28%, Karataş et al. reported
cracks in 33.3%, whereas Cicek et al. reported in 64.44% of
roots instrumented with the PTN system.30-32 The conflicting
results of present study compared to previous studies might be
due to, in the present study curved mesial roots of mandibular
molars were selected as sampling to assess the dentinal
damage and instrumentation was done in both mesiobuccal and
mesiolingual canals thereby having more chance of defect rate
due to repeated instrumentation compared to previous studies
where single rooted teeth were selected as samples. Moreover,
Capar et al. performed a glide path via a size 15 K type file
before instrumentation with ProTaper Next files in mandibular
premolar teeth, whereas Karataş et al. And Cicek et al. did

n
1mm†
2mm†
3mm‡
4mm†
6mm‡
8mm‡
Total number of cracks‡
Group -1
20
0
0
0
0
0
0
0
Group-2
20
3
5
6
5
5
8
32 (26.7%)
Group-3
20
3
4
5
4
6
6
28 (23.3%)
p-value
>0.99; NS
>0.99; NS
0.723; NS
>0.99; NS
0.723; NS
0.507; NS
0.551; NS
† Fishers exact test; ‡ Chi-Square test; Numbers in the parentheses are the percentages of the specimens with cracks out of 120 total samples
in each group.
Table-1: Number of specimens with cracks at different cross-section levels and their percentages within each group
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not mention any glide path preparation before instrumentation
in mandibular central incisors and mandibular molars,
respectively.30-32

CONCLUSION
Within the limitations of this in vitro study, glide path with
PG showed less incidence of cracks formation compared with
reciprocating SS K-files but with no significant difference
between them. Present results demonstrated that with specific
reciprocating motion small size SS instruments can be an
alternative method to create glide path in curved canals.
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