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ABSTRACT

Purpose: The current investigation was carried out to estimate the influence
of single and multiple NiTi rotary file systems on prevalence of postoperative pain
following root canal instrumentation using mechanical or manual glide path techniques.
Materials and methods: Forty participants with a sympotomatic irreversible pulpitis
of mandibular molars were contributed in this randomized, controlled, clinical double
blinded study. The participants were assigned into two main groups according to the
gliding path system used then further subdivided into two subgroups according to the
shaping system used. After access cavity preparation and working length determination,
the glide path was prepared using either the PathFiles or the K-Files then the canal
shaping was carried out using either the WaveOne Gold or ProTaper Next systems
then the root canals were obturated. The postoperative pain was assessed by means of
the modified visual analogue scale following 6, 12, 24, 48, 72 hours and 7 days then
the data were collected and analyzed. Results: Postoperative pain was significantly
higher after using the WaveOne Gold and the K-Files. Conclusions: Although all
systems caused postoperative pain, the mechanical glide path along with the multi-file
continuous rotational systems could be considered as a promising and reliable approach

in preparing the root canals with less postoperative pain.

e Paper extracted from thesis titled: ** The Influence of Single and Multiple NiTi Rotary File Systems on Apical Extrusion of
Debris and Incidence of Postoperative Pain after Root Canal Instrumentation”
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INTRODUCTION

Proper root canal treatment noticeably decreases
the incidence and intensity of pain, though the
severity of the instantaneous postoperative pain may
possibly surpass to some extent the pretreatment
condition V. Postoperative inflammatory response
and pain could be triggered by the extrusion of
dentin chips and debris apically in the course of
canal debridement and irrigation @.

New advances are present nowadays in kinemat-
ics of canal shaping either rotation or reciprocation
file systems, where many studies have assessed the
properties of the instruments. The ProTaper Next
multi-file system is made up of a Nickel Titanium
alloy with M-Wire technology. Each instrument
was designed with variable taper and an asymmetric
continuous rotation movement. A swaggering wave
of motion is created a long the active portion of the
file that aid the dentin chips and debris to be ex-
truded coronary outside the root canal ©®.

The WaveOne Gold (WOG) is a super-elastic
NiTi single-file system executing reciprocation
movement that minimizes torsional and flexural
stresses, in addition to the screw effect and taper lock
inside the canal®. In spite of its advantages, some
studies reported significant increase in the extruded
debris and jeopardy of post treatment pain with the
reciprocating instruments when compared to a con-
tinuous rotation instrumentation technique®.

Root canal preflaring and scouting are the
primary stages of canal debridement and they are
necessary for the securer usage of rotary files. NiTi
rotary PathFiles (PF) have been introduced for
mechanical preflaring demonstrating less technique
sensitivity and invasiveness In comparison to the
manual method ©.

Therefore, this study was designed to assess
the influence of single and multiple NiTi rotary
files on prevalence of postoperative pain following
root canal instrumentation using the mechanical or
manual glide path techniques.
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MATERIAL AND METHODS

Ethical considerations:

The study was certified by the Research Ethics
committee, Faculty of Dental Medicine for Girls,
Al-Azhar University (REC code 16/014) and a
signed informed consent form with approval was
obtained from each participant.

The patients were selected to fulfill the following
criteria:

e Inclusion and exclusion criteria

Inclusion criteria involved, patient’s age be-
tween 15-40 years with no sex predilection, patients
have a non-contributory medical history, restorable
mandibular molar teeth diagnosed clinically and ra-
diographically as asymptomatic irreversible pulpi-
tis with no evidence of apical periodontitis, patients
not receiving any palliatives or analgesics before
the treatment by 24 hours, and affirmative patient’s
approval for contribution in the research study.

The exclusion criteria were: pregnant, lactating
female patients or patients with psychological distur-
bance or systemic disease, patients with a positive his-
tory of pain, palliatives or analgesics intake, antibiotic
use or need antibiotic premedication for dental treat-
ment, patients with periodontal disease, apical abscess,
facial swelling or systemic infection, patients with his-
tory of allergy to any medication used in the study,
teeth with complex anatomy, too narrow or calcified
canals and teeth requiring retreatment.

*  Randomization, allocation concealment and
blinding:

Random Sequence Generator was used to make
the computerized sequence generation for the pa-
tient’s numbers. The patients were engaged from
the outpatient clinic of Endodontic Department,
Faculty of Dental Medicine for Girls, Al-Azhar
University, Egypt. For the allocation concealment
mechanism, 40 papers, (each were eight folded with
a number from 1 to 40) were placed inside opaque
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sealed envelopes. Before the treatment, each patient
was asked to pick up an envelope with a number
inside it deciding the type of instrument system that
would be utilized for that participant. This research
was a double-blinded study, where the participant
and the assessor did not know the intervention done.
Only the operator knew which intervention ‘the sys-
tem of instrumentation’ was done at the time of the
endodontic procedures.

* Diagnostic procedures:

Demographic data including, medical,, dental his-
tories and clinical examination data were obtained
from every single participant. Chief complaint
was recorded in the patient’s own words. Overall
extra-oral and intra-oral clinical examination was
performed. Asymptomatic irreversible pulpitis was
diagnosed and detected clinically and radiographi-
cally in patients with deep carious lesions reach-
ing the pulp following excavation with the absence
of preoperative symptoms. Pulp status either vital
or necrotic was assessed and confirmed clinically
thereafter by presence or absence of bleeding after
opening the access cavity respectively.

e Interventions:

Strict infection control protocol was performed
throughout the whole procedures. Each tooth was
anaesthetized (Mepecaine-L Carpule, Alexandria
Company for Pharmaceuticals and Chemical
Industries, Egypt), upon caries removal the pulp
was exposed, and then a straight line access was
obtained. The tooth was isolated using rubber
dam. A composite build-up restoration was carried
out when needed. Then, the working length (WL)
was measured using an electronic apex locator
(Dentaport ZX; Morita Co, Kyoto, Japan) and then
confirmed radigraphically and adjusted to be 0.5-1
mm shorter than the radiographic apex.

The root canal orifice was flared using SX file
(19/.04) from the Pro-Taper Universal SX (Dentsply
Tulsa Dental, Tulsa, OK) in a brushing manner on
the outstroke after checking the patency with #10 K
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file followed by canal irrigation using 2 mL of 2.5%
Sodium hypochlorite solution (Clorox, Household
Cleaning Products Company of Egypt Ltd, Egypt).

Forty Participants were randomly allocated to
one of the two main groups (I&Il) according to
the glide path technique used and two subgroups
(A&B) according to the shaping system used.

Group I/Subgroup A: (n=10)

The gliding path was done mechanically
in the root canals using NiTi rotary PathFiles
(PF) (Dentsply Maillefer, USA), followed by
instrumentation using the reciprocating single file
WaveOne Gold system (WOG) (Dentsply Maillefer,
USA). PF #1 ‘purple’ (13/0.02) then PF #2 ‘white’
(16/0.02) and PF #3 ‘yellow’ (19/0.02) were used
at WL by using an endodontic engine ‘X-Smart
Plus’ (Dentsply Maillefer, USA) with 16:1 contra
angle at the suggested setting ‘300 rpm on display,
5 Ncm’. The PFs were used in continuous rotation
with an outward brushing motion. Then the root
canals were instrumented using the reciprocating
single file system WaveOne GOLD (25/.07), in a
pecking motion, by a dedicated reciprocating motor
(X-Smart Plus) that was used with the manufacturer
configuration set-up. Based on the initial apical
binding file, the master apical file tip size for WOG
was standardized at #25 for narrow canals and
WOG Medium (35/.06) for wide canals.

Group I/Subgroup B: (n=10)

The gliding path was done manually in the root
canals using the stainless steel (St.St.) hand K-type
File (KF) #15, #17, #20 (Mani Inc Utsunomiya,
Tochigi, Japan), followed by instrumentation using
the reciprocating single file WaveOne Gold system
(WOG). KF #15 (15/0.02) was used, then KF
#17 (Medium sized K-file) (17/0.02) and KF #20
(20/0.02) with an initial watch winding motion to
the point of resistance and then are gently pulled out
to remove restricted dentin and debris then followed
by a vertical motion till the dentin wall wear away
and the file advanced to the working length. Then
the root canals were instrumented using the WOG.
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Group II/Subgroup A: (n=10)

The gliding path was done mechanically in
the root canals using NiTi rotary PathFiles (PF),
followed by instrumentation using the rotating multi-
file system the ProTaper Next (PTN) (Dentsply
Maillefer, USA). The ProTaper Next (PTN) system
was used according to manufacturer instructions
with crown down technique. PTN system was used
in full sequence rotation with lateral brushing using
a torque-controlled endodontic motor (X-Smart
Plus) at 300 rpm and a torque of 2.6 Ncm. Based on
the initial apical binding file, the master apical file
tip size for PTN was standardized at #25 for narrow
canals and PTN X4 (40/.06) for wide canals.

Group II/Subgroup B: (n=10)

The gliding path was done manually in the
root canals using the K-type Files, followed by
instrumentation using the rotating multi-file system
the ProTaper Next.

Upon removing any mechanical shaping file
from any canal, the canals were irrigated using two
milliliters of 2.5% Sodium hypochlorite solution
as an irrigant after each instrument withdrawal for
cleaning. Then canals were recapitulated with a size
10 file to break up debris and the glide path was
re-confirmed, and then canals were-irrigated. Apical
patency was confirmed using a small file (# 10
k-file) throughout the procedure. A lubricant (Glyde
file prep) (Dentsply Maillefer, USA) was used with
each file. All the instrumentation systems strictly
followed manufacturer’s instructions.

Finally, Sml of 2.5% Sodium hypochlorite, 5 ml
of 17% EDTA (ethylenediaminetetraacetic acid)
solution (Prevestdenpro, India) for smear layer
removal, and 10 ml of distilled water were used
as a final flush of the canals. The root canals were
obturated using the modified single cone technique.
The corresponding sized gutta-percha master
cone (Dentsply, Dentsply Maillefer, USA) and the
ADSEAL resin root canal sealer (META BIOMED
CO., LTD. Chungbuuk, Koriea) were used for
obturation.
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e Pain assessment and outcomes

The patients received postoperative instructions
andapainscale formtorecord the presence orabsence
and level of the postoperative pain. Pain assessment
was done pre and postoperatively using the modified
Visual Analogue Scale (VAS) after 6, 12, 24,48, 72
hours and 7 days. The modified VAS scale expressed
pain numerically, verbally and visually. Numerical
description represented a 10-point scale, ranging
from no pain (score 0) to extreme pain (score 10).
Verbal description represented as; No pain (0), Mild
pain (1-3), Moderate pain (4-6) and Severe pain
(7-10). Visual description represented as graphical
logo. Time, number of analgesic tablets intake and
degree of pain were recorded. During the follow
up periods, there was no loss to follow up (n=0).
The patient’s collected data from the modified VAS
were evaluated by an assessor ‘another partner’ who
wasn’t informed which intervention was received.
The data of all patients were analyzed.

Statistical analysis

Numerical data were explored for normality by
checking the distribution of data and using tests
of normality (Kolmogorov-Smirnov and Shapiro-
Wilk tests). Age data showed normal (parametric)
distribution while pain scores showed non-normal
(non-parametric) distribution. Data were presented
as mean, standard deviation (SD), median and range
values. For parametric data, one-way ANOVA
was used to compare between all groups. Mann-
Whitney U test was used to compare between the
two shaping systems as well as the glide path files.
Friedman’s test was used to study the changes by
time within each group. Dunn’s test was used for
pair-wise comparisons between the time periods.
Qualitative data were presented as frequencies
and percentages. Fisher’s Exact test was used for
comparisons between two shaping systems as well
as the glide path files. Friedman’s test was used to
study the changes by time within each group. The
significance level was set at P < 0.05. Statistical
analysis was performed with IBM® SPSS® Statistics
Version 20 for Windows.
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RESULTS

There was no statistical significant difference
regarding mean age values (P-value =0.943), gender
distributions (P-value = 0.715) and the number of
root canals in the different groups (P-value =0.689).

Regarding the VAS pain scores; using the Path-
Files, the WOG showed statistically significantly
higher mean pain scores than PTN after 6, 12,24&48
hours. While using the K-Files, the WOG showed
statistically significantly higher mean pain scores
than PTN after 6, 12, 24, 48 & 72 hours (Table 1).

The results revealed that using the WOG; the Path-
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Files showed statistically significantly lower mean
pain scores than the K-Files after 6, 12, 24 & 48 hours.
Moreover, using the PTN; the PathFiles showed sta-
tistically significantly lower mean pain scores than the
K-Files after 6, 12 & 24 hours (Table 1).

Regarding the changes by time in VAS scores
for the different groups, there was a pattern
characterized by a gradual increase in the VAS pain
scores after 6 hours reaching its peak after 12 hours
followed by a gradual decrease in pain scores after
12, 24, 48 and 72 hours reaching no pain at day 7
(Table 1).

Table (1): Descriptive statistics and results of Mann-Whitney U test for comparison between pain scores of

the two shaping systems using PathFiles and K-Files

Using PathFiles Using K-Files
. WOG PTN WOG PTN
Time P-value P-value
(n=10) (n=10) (n=10) (n=10)
Pre-operative
Mean (SD) 0(0) 0(0) 1.000 0(0) 0(0) 1.000
Median (Range) 0(0-0) 0(0-0) 0(0-0) 0(0-0)
6 Hours
Mean (SD) 3.4 (0.7) 1.2 (0.4) <0.001* 6.9 (0.3) 2.2(0.4) <0.001*
Median (Range) 3(3-9) 1(1-2) 7(06-7) 2(2-3)
12 Hours
Mean (SD) 5.6 (1.1) 2.6 (0.5) <0.001* 7.5(0.5) 4.5(0.5) <0.001*
Median (Range) 5@4-17 3(2-3) 7.5(7-29) 4504 -5)
24 Hours
Mean (SD) 3.2 (0.6) 1.0 (0.7) <0.001* 6.1(0.7) 3.8(1.1) <0.001*
Median (Range) 32-4) 1(0-2) 6(5-17) 352-9)
48 Hours
Mean (SD) 2.0 (0.8) 0.5 (0.8) 0.002* 4.1(0.7) 1.2 (0.8) <0.001*
Median (Range) 2(1-3) 0(0-2) 4(3-5) 1(0-2)
72 Hours
Mean (SD) 0.3 (0.5) 0(0) 0.067 0.9 (1.2) 0(0) 0.030%*
Median (Range) 00-1) 0(0-0) 0(0-3) 0(0-0)
Day 7
Mean (SD) 0(0) 0(0) 1.000 0(0) 0(0) 1.000
Median (Range) 0(0-0) 0(0-0) 0(0-0) 0(0-0)

*: Significant at P < 0.05
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Regarding the severity of pain; using the
PathFiles,the WOG showed statistically significantly
higher pain severity levels than PTN after 12 & 48
hours. On the other hand while using the K-Files,
the WOG showed statistically significantly higher
pain severity levels than PTN after 6, 12, 24 & 48
hours (Table 2).

The results revealed that using the WOG; the
PathFiles showed statistically significantly lower
pain severity levels than the K-Files after 6, 12, 24
& 48 hours. Also it revealed that while using the
PTN; the PathFiles showed statistically significantly
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lower pain severity levels than the K-Files 12,24 &
48 hours (Table 2).

Regarding changes by time in the levels of
pain severity for the different groups, there was a
pattern characterized by a gradual increase in the
pain severity levels after 6 hours reaching its peak
after 12 hours followed by a gradual decrease in
pain scores after 12, 24, 48 and 72 hours reaching
no pain at day 7 (Table 2).

There was no statistical significant difference
regarding the medication intake in the different
groups.

Table (2): Descriptive statistics and results of Fisher’s Exact test for comparison between pain severity

levels after using the two shaping systems with PathFiles and K-Files

Using the PathFiles Using the K-Files
Time WOG PTN WOG PTN P-value
(n=10) (n=10) P-value (n=10) (n=10)
n % n % n % n %
Pre-operative
No pain 10 100 10 100 NC** 10 100 10 100 NC**
6 Hours
Mild pain 7 70 10 100 0211 0 0 10 100
Moderate pain 3 30 0 0 1 10 0 0 <0.001*
Severe pain 0 0 0 0 9 90 0 0
12 Hours
Mild pain 0 0 10 100 <0.001* 0 0 0 0
Moderate pain 7 70 0 0 0 0 10 100 <0.001*
Severe pain 3 30 0 0 10 100 0 0
24 Hours
No pain 0 0 2 20 0 0 0 0
Mild pain 7 70 8 80 0.102 0 0 5 50 0.016*
Moderate pain 3 30 0 0 7 70 5 50
Severe pain 0 0 0 0 3 30 0 0
48 Hours
No pain 0 0 7 70 0.003* 0 0 2 20
Mild pain 10 100 3 30 20 8 80 0.001*
Moderate pain 0 0 0 0 80 0 0
72 Hours
No pain 7 70 10 100 0.211 6 60 10 100 0.087
Mild pain 3 30 0 0 40 0 0
Day 7 NC#*
No pain 10 100 10 100 10 100 10 100 NC**

*: Significant at P < 0.05, NC**: Not Computed because the variable is constant
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DISCUSSION

Obtaining clean, sterile and three dimensionally
obturated root canals are the main goals to be
attained following the endodontic therapy. In the
course of root canal debridement and irrigation;
debris as necrotic tissue, bacteria, dentinal chips, and
irrigating solutions might be extruded throughout
the apex to periapical area 7. The apically extruded
infected debris is possibly a principle source of
postoperative pain and could have the tendency of
disturbing the equilibrium between the defense of
the body and the violence of bacteria, ending with
incidences of acute pain and flare ups ®.

The purpose of the current study was to assess
the influence of single and multiple Nickel Titanium
rotary file systems on prevalence of post-endodontic
pain following the root canal instrumentation using
the mechanical or manual glide path.

In the current study, the analytical results of
demographic data revealed no significant difference
regarding the mean age value that was in agreement
with another study that deduced no age correlation
with the prevalence of postoperative pain while
that was in disagreement with a recent study which
revealed that, old age patients are a high risk group
©-19_Also, the current analysis revealed that gender
has no influence on the postoperative pain and
complications that coordinated with another study,
while it contradicted with another study which
reported that female patients are more susceptible
to postoperative pain and flare-ups °-'V. There was
not one variance as well regarding the number of
the treated root canals between groups that coincide
with a recent study, but conflict with another one in
which the higher postoperative pain associated the
teeth with complex root canal anatomy - '2.

In the present study the VAS pain scores revealed
that postoperative pain severity was significantly
more intense in participants experiencing canal
shaping using WaveOne Gold reciprocating single
system when compared with the ProTaper Next
rotary multi-file system. The significant difference
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in POP among the test groups could be due to
the apical debris extrusion that is most properly
dependent on the instrumentation technique and
design 19,

A worm of debris might be extruded during root
canal instrumentation periradiculary through the
apex. Extrusion of these irritants could provoke
an inflammation process as a result of tissue injury
U9 There is a straight correlation associating the
severity of the inflammation and the severity of
tissue injury 9. Activation or release of chemical
substances could take place subsequent to tissue
injuries that could mediate the inflammation
process later on including an increase in vascular
permeability and vasodilation etc. Nevertheless,
pain may be provoked by thru effect of some
mediators on sensory nerve fibers 9.

The increase in vascular permeability is considered
to be one of the most important inflammatory con-
sequences that develop postoperative pain. Such in-
crease in vascular permeability could readily promote
exudation and edema formation producing hydrostatic
pressure that eventually could induce compression on
nerve endings and generation of pain %,

Furthermore,an in vivo study thatdetected greater
release of calcitonin gene-related peptide in the
human’s periodontal ligament along with substance
P subsequent to the usage of the reciprocating system
compared with the rotary system . It was proposed
that the reciprocating system geometrical design
promoted more apical extrusion and limited coronal
transportation of dentin debris leading to greater
neuropeptide concentration. These neuropeptides
could lead to neuron’s activation or sensitization
and peripheral sensitization expressed in the state of
spontaneous pain and hyperalagesia“”.

These findings were consistent with those ob-
tained by others "® who reported greater postop-
erative pain after utilizing the reciprocating single-
file when judged against the multi-file continuous
rotation system, while contrasting with former
reports1-20-21),
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The variances in debris extrusion may be also
attributed to the dissimilarities in the movement
kinematics and instruments cross-sectional design
of each system. The WOG was used in reciproca-
tion movement that is made up of a greater cutting
angle (150°CCW) and a smaller releasing angle
(30°CW)¥; as a consequence, the flutes might not
be able to remove the debris out in a coronal direc-
tion but forced them apically ®». On the other hand,
the PTN system was used in continuous rotation
movement that was reported to enhance the coronal
carriage of dentine debris and chips via acting as a
screw conveyor *¥. Besides, the WOG has a paral-
lelogram cross section ¥, while PTN has a rectan-
gular cross section ¥,

As regards to the influence of the files number
in-vivo, a contemporary systematic review and me-
ta-analytic investigation 19, verified that the inflam-
matory response provoked in vivo is not affected by
the files’ number ‘single, multiple’. However, the
movement type and the instrument design have a
greater impact on neuropeptide expression in the
periodontal ligament *>. These deductions provided
an explanation to our findings that exhibit less POP
associated with the PTN system ‘rotating multi-file
system’ than the WOG system ‘reciprocating single
file system’.

Moreover, the VAS pain scores also revealed
that, creating a glide path mechanically using the
PathFiles induced less postoperative pain when
compared with creating it manually using the
K-type files.

The significant variance in the postoperative
pain could be due to the extruded debris®?®. The
rotary glide path files were found to extrude smaller
amount of debris in relation to the manual system®@®.

These outcomes coordinated with other investi-
gation® in which it was proposed that using hand
instrumentation to perform a glide path could ex-
hibit a major influence on the life quality of individ-
uals regarding post-endodontic pain, and proposed
that utilizing Nickel Titanium rotating instruments
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to create a glide path might be quite favorable. The
possible explanation is that, the manual K-file acts
as a piston extruding the debris apically throughout
the apex as limited space is available to urge debris
out the canal in a coronal direction ?”. While, using
rotary PathFiles in continuous rotation and outward
brushing motion resembles the act of a screw con-
veyor by transporting the dentin debris and chips
coronary ©,

As regards to the pain intensity experienced by
patients within the groups, a pattern was noticed in
the present study. The pattern was characterized
by an increase of the postoperative pain intensity
6 hours post operatively reaching its peak 12 hours
after the therapy, Afterwards, it diminished steadily
with no pain at day 7 in all groups. These findings
are harmonious with those obtained by other
investigators ?0-2%,

The present results revealed that the WaveOne
Gold system was associated with longer pain dura-
tion than that with the ProTaper Next system that
was consistent with those obtained by another re-
searcher'®. Also, the K-Type Files were associated
with longer pain duration than the PathFiles. This
coordinated with another study which reported that,
the mechanical glide path showed shorter pain dura-
tion than the manual glide path ©. On the contrary,
it has been reported that, rotary instruments had sig-
nificantly longer duration of pain than manual in-
struments 9.

Regarding pain severity, the current study
exhibited statistically significant difference in the
pain intensity among the groups at the various
periods. Patients treated with the reciprocating
system using WaveOne Gold and the manual K-type
file system as well exhibited significantly greater
postoperative pain severity at the different time
intervals when compared with those treated with the
continuous rotation systems using ProTaper Next
and the mechanical PathFile system respectively.
These findings could be as a result of the greater
apical extrusion of debris 730,
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Furthermore; the current analysis revealed no
significant difference between the test groups re-
garding medication intake, which indicates no effect
on the primary outcome in agreement with a con-
temporary research ®¥, but it was in disagreement
with a recent study that publicized more analgesic
consumption with manual glide path instruments'®.

CONCLUSIONS
Within the limitation of this study, the
subsequent deductions could be considered:

Although all systems caused postoperative pain,
the mechanical glide path along with the multi-file
continuous rotational systems could be considered
as a promising and reliable approach in preparing
the root canals with less postoperative pain.
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