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The Effect of Root Canal Preparation Using Single Versus Multiple
Endodontic Rotary Files on Post-operative Pain, a Randomised
Clinical Trial
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ABSTRACT
Objective: The purpose of this randomised clinical trial study was to compare the incidence and intensity of
post-operative pain following the use of single-file and multi-file rotary instruments with continuous rotational motion for root canal preparation in asymptomatic permanent human teeth.
Methods: A total of 105 healthy consenting patients who fulfilled specific inclusion criteria and had premolar or molar teeth diagnosed with asymptomatic irreversible pulpitis without periapical pathosis requiring
endodontic treatment participated in this study. The patients were randomly allocated by stratification into
five groups of 21 according to the instruments and systems used for root canal preparation: (a) Neoniti A1
(#25) single file, (b) RaCe #25/.06 single file, (c) Mtwo #25/.06 single file, (d) Easy RaCe, (e) and Mtwo multifile. Endodontic treatment was carried out in a single appointment. The severity of post-operative pain was
assessed by numerical rating scale scores until complete pain relief was achieved. Analgesic consumption
and the incidence of pain were also evaluated. Data were analysed by one-way ANOVA and Tukey HSD tests.
Results: When comparing different instruments and systems for canal preparation, the analgesic consumption, incidence and intensity of post-operative pain did not differ (p>0.05). The highest levels of post-operative pain were experienced after 6 h in all groups.
Conclusion: The post-operative pain did not differ between the single and multi-file root canal preparation
techniques evaluated in this study.
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INTRODUCTION
Post-operative pain after endodontic
• The greatest intensity and incidence of
treatments is a major concern for papost-operative pain was seen after 6 h in all
tients and can be a deterrent for seeking
experimental groups.
treatment. Endodontic treatment reduces
the pain experienced by patients before
• No significant difference was seen between
treatment; however, many studies have
the intensity of post-operative pain when
reported a high incidence of post-operacomparing different instrumentation types.
tive pain after these treatments (1-3). Sev• Patients in the Neoniti group had the lowest
eral mechanical, chemical, and microbial
and the Easy RaCe group had the highest anfactors influence post-operative pain and
algesic consumption, although these differflare-ups experienced by patients (4). The
ences were not statistically significant.
instrumentation process has been claimed
to have significant relevance for post-operative pain and flare-ups, for instance, by
influencing debris and bacterial extrusion (5-7). Controversy exists regarding the apical extrusion of
debris induced by different instrumentation techniques such as single-file instrumentation systems,
which are becoming popular among endodontists and general practitioners performing endodontic therapy (5-7). De-Deus et al. demonstrated that ProTaper Universal multi-file rotary instrumentation extruded significantly more debris than the Wave-One reciprocating single-file instrumentation
technique (8). Küçükyilmaz et al. showed that the OneShape continuous rotational single-file instruHIGHLIGHTS
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mentation system produced the least extruded debris while
the Reciproc single-file reciprocating instrumentation system
produced the greatest amounts (9). Bürklein et al. also showed
more debris extrusion from Reciproc, a reciprocating single-file
instrumentation system, while no significant difference was
noted between F360 and OneShape single-file rotary systems
and the Mtwo multi-file rotary system (10). However, Mittal et
al. evaluated the apical bacterial extrusion and concluded that
ProTaper multi-file rotary systems exhibited significantly more
bacterial extrusion than OneShape single-file rotary systems
(11).
Neoniti (Neolix, Châtres-la-Forêt, France) is a nickel-titanium
(NiTi) rotary system manufactured by a wirecut electrical discharge machining process. The manufacturer claims that it
has controlled memory and a rough surface, resulting in abrasive properties, satisfactory shaping and no screwing effect.
This system is used in continuous rotation and consists of the
following files:
A1: provided in three tip sizes (#20, #25 and #40).
C1: with a tip size of #25 and 0.12 taper used as an optional
orifice shaper.
Because the use of the C1 file is optional, this system can be
used as a single-file technique.
Studies have suggested that routine rotary instrumentation
systems such as Mtwo or RaCe be used in a single-file continuous rotational technique because they have found no difference in the efficacy of root canal preparation of Mtwo and
RaCe rotary files when used as a single-file technique versus
multiple-file technique (12, 13).
There is a lack of evidence regarding the direct correlation
between post-operative pain and apical bacterial and/or debris extrusion subsequent to the use of different instrument
systems. Therefore, conducting clinical research regarding the
relation between single rotary file instrumentation systems
and post-operative pain and comparing these with multi-file
rotary instrumentation systems is of high clinical significance.
The purpose of this study was to compare the incidence and
intensity of post-operative pain following the use of single-file
(Neoniti A1 #25, #25/.06 RaCe and Mtwo) and multi-file (Mtwo
and Easy RaCe) rotary instruments for root canal preparation
in asymptomatic permanent human teeth (12). The null hypothesis was that there is no significant difference between
the incidence and intensity of post-operative pain following
root canal preparation with single-file and multi-file rotary instruments in asymptomatic permanent human teeth.
METHODS
This randomised clinical trial was approved by the Ethics Committee of AJA University of Medical Sciences (Reg.

No. IR.AJAUMS.REC.1394.12) and registered at www.irct.ir
(IRCT201506167963N2).
The sample size calculation, which was based on an error of
alpha=0.05 and a power of 0.8, indicated that ideally a sample
size of 21 in each group would be required.
One hundred and five healthy consenting patients between
the ages of 15 and 55 years who were referred to the Department of Endodontic of AJA University of Medical Sciences participated in this study. All of these patients required endodontic treatment for maxillary or mandibular premolars or molars
diagnosed with asymptomatic irreversible pulpitis without
periapical pathosis. The patients experienced no symptoms
prior to treatment initiation.
The exclusion criteria were consumption of any type of medication before treatment, presence of root resorption, apical
pathosis, sinus tracts, pulpal obliteration, periodontal scoring
index less than 3, systemic disease, history of trauma, pregnancy, traumatic occlusion, TMJ problems, bruxism or clenching, history of intolerance of NSAIDs and previous endodontic
treatment.
The patients were randomly allocated by stratification into
five groups of 21 according to gender, the type of tooth and
jaw (Table 1). Allocation was done by a person other than the
operator performing the root canal procedure. After evaluations, the information of each patient and the instrumentation
technique assigned to the patient was written and sealed in
an envelope and given to the operator.
All teeth were treated in one appointment by the same operator. A 2% lidocaine solution with 1/80000 epinephrine
(Persocaine-E®, Daroupakhsh Co., Tehran, Iran) was applied to
achieve profound local anaesthesia. Afterwards, the access
cavity was prepared and the tooth was isolated using a rubber dam. The initial working length was determined with an
electronic root canal measurement device (Root ZX, J Morita,
Tokyo, Japan) and then confirmed by radiographic imaging.
Subsequently, root canal preparation was accomplished by
using a limited-torque electric motor (Endo e class, Marathon
Saeyang Microtech, Daegu, Korea) and one of the following
instruments and systems:
a. Neoniti A1#25 (Neolix, Châtres-la-Forêt, France) single file
b. RaCe #25/.06 (FKG Dentaire, La-Chaux-de-Fonds, Switzerland) single file
c. Mtwo #25/.06 (Sweden and Martina, Padua, Italy) single
file
d. Easy RaCe up to #25/.06
e. Mtwo multi-file up to #25/.06
The protocol used for single-file systems was as follows. After
preparation by #10 and #15 stainless steel K-files, the root ca-
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TABLE 1. Baseline demographic and clinical characteristics of patients in each group
Gender		
Instrumentation

Male

Jaw		

Female

Maxilla

Tooth type

Mandible

Premolar

Molar

Neoniti single file (n=21)

9

12

8

13

10

11

RaCe single file (n=21)

10

11

8

13

8

13

Mtwo single file (n=21)

10

11

8

13

8

13

Easy RaCe (n=21)

8

13

8

13

9

12

Mtwo multi-file (n=21)

12

9

9

12

7

14

TABLE 2. Mean±SD and minimum and maximum analgesic
consumption in each experimental group.
Instrumentation type

Mean±SD

Minimum

Maximum

Neoniti single file

1.9±1.1

0

5

RaCe single file

1.9±1.1

1

4

Mtwo single file

1.8±1.3

1

5

Easy RaCe

2.3±1.1

1

4

Mtwo multi-file

1.9±1.1

1

4

of 17% EDTA (Calasept, Nordiska Dental AB, Angelhilm, Sweden) was administered for 1 min to remove the smear layer,
and 2% chlorhexidine (Calasept, Nordiska Dental AB, Angelhilm, Sweden) was used as the final irrigant. Subsequently, the
root canals were obturated with gutta-percha (Meta biomed,
Cheongju, Korea) and AH26 (Dentsply DeTrey, Konstanz, Germany) sealer using a lateral compaction technique. Teeth
were temporarily restored with reinforced zinc oxide eugenol
cement (Zoliran, Golchai, Tehran, Iran).
At the end of the appointment, patients were provided with 10
capsules of 400 mg Ibuprofen (Gelofen®, Jabberebne Hayyan,
Tehran, Iran) and advised to take one analgesic every 6 h if
experiencing pain (after recording their level of pain). Levels
of pain were recorded by the nurse who was unaware of the
instrumentation technique appointed to the patients (14, 15).
A numerical rating scale (NRS) was used for recording pain levels. For the first 24 h after treatment, patients were contacted
by phone every 6 hours. If necessary, depending on the intensity of pain, the patients were allowed to take a dose of
analgesic. Afterwards, further NRS scores were recorded every
24 h until complete pain relief was achieved (16). The number
of analgesics taken by each patient was also recorded.

Figure 1. Numerical rating scale (NRS) scores of different experimental
groups.
nals were prepared using the respective file with active lateral
force in an anti-curvature in-and-out brushing motion until
the file reached the working length. After every three in-andout motions, irrigation and patency was achieved (12).
Easy RaCe preparation was carried out with a crown-down
technique starting with the #40/.10 instrument and followed
by the #35/.08 and #25.06 files. Mtwo multi-file preparation
was carried out with a single-length technique using the following sequence: 10/.04, 15/.05, 20/.06 and 25/.06 with each
used until reaching the working length (12). For adequate
preparation in root canals with wider dimensions, files were
applied with active lateral force with respect to anti-curvature
for a longer time until glassy smooth dentinal walls were attained.
During instrumentation, 5.25% sodium hypochlorite was used
for irrigation. After the completion of instrumentation, 1 mL

In cases associated with very severe pain, after recording the
amount of pain the patient would be advised to use the alternative method of pain control consisting of 400 mg Ibuprofen
and 325 mg Paracetamol alternatively every 2 h. Those experiencing side effects of NSAIDs would be excluded from further
analysis.
Data were analysed with Statistical Package for the Social Sciences software version 22 (IBM Corp.; Armonk, NY, USA) using
one-way ANOVA and Tukey HSD tests. Differences were considered statistically significant at P<0.05 when a 95% confidence interval level was obtained.
RESULTS
Table 2 shows the number of analgesics taken by the patients in each group. The Neoniti group had the lowest and
the Easy RaCe group had the highest analgesic consumption, although these differences were not statistically significant (P=1.00). None of the patients participating in this
study experienced severe enough pain to use the alternative
method of pain control.
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TABLE 3. Incidence of post-operative pain in different experimental groups.
		
Instrument (n=21 each)

Incidence of post-operative pain Number (per cent)

6h

12 h

18 h

24 h

48 h

Neoniti single file

12 (57.1%)

7 (33.3%)

1 (4.7%)

1 (4.7%)

0

RaCe single file

9 (42.8%)

7 (33.3%)

4 (19%)

0

0

Mtwo single file

7 (33.3%)

6 (28.6%)

3 (14.3%)

1 (4.8%)

1 (4.8%)

Mtwo multi-file

11 (52.4%)

6 (28.6%)

3 (14.3%)

0

0

Easy RaCe

15 (71.4%)

11 (52.4%)

4 (19%)

0

0

Figure 1 shows the mean post-operative pain (NRS scores)
experienced by patients in each instrumentation group after
the evaluated time intervals. The highest NRS scores were recorded at 6 h post-operation in all experimental groups. Only
patients in the Neoniti and Mtwo single-file groups exhibited
pain at 24 h post-operation, and in the case of patients in the
Mtwo single-file group the pain continued up to 48 h post-operation. It should be noted that the pain experienced was mild.
No significant difference was seen between the intensity of
post-operative pain when comparing different instrumentation types (P=0.56) (Table 3).
DISCUSSION
Endodontic treatment is performed to manage pain, but
post-operative pain after this treatment has been reported
to occur in 1.9%-48% of cases (1-3). Post-operative pain can
cause anxiety in patients and is a deterrent factor for patients
that might prohibit them from seeking treatment. Therefore,
finding techniques leading to less post-operative pain is of
clinical significance. Practitioners have a tendency to utilise
easier instrumentation techniques requiring less chair time.
Aminsobhani et al. found no significant difference in the
canal-centring ability, apical transportation, or amount of
cleaned root canal walls between specimens prepared with
Mtwo and RaCe rotary files when used in single-file versus
multi-file techniques (12, 13). Currently, no study has evaluated the post-operative pain experienced by patients subsequent to root canal instrumentation with Neoniti, RaCe and
Mtwo rotary files used in a single-file technique. Therefore,
the aim of the current study was to compare post-operative
pain experienced by patients after root canal reparation with
Neoniti and RaCe and Mtwo rotary files used in a single or
multiple-file technique in a continuous rotational motion.
To limit the effect of confounding variables, factors such as the
presence of pre-operative pain, symptomatic cases and apical
pathosis, which have been clearly shown to significantly affect the intensity and incidence of post-operative pain were
excluded in this study (1, 17, 18). Considering the limitations
in sample collection, allocation by stratification was done according to gender, the type of tooth and jaw because these
factors have been shown to be significantly associated with
higher post-operative pain (19, 20). The operator was not
blinded in this trial but was not aware of the instrumentation

system until the moment of cleaning and shaping (allocation
concealment). This step helped to reduce operator-dependent variations.
When using single rotary file systems, root canal preparation
will be achieved through a crown-down technique and using
a crown-down technique for preparation has been shown to
be associated with less debris extrusion compared with other instrumentation techniques (21). On the other hand, when
using single-file systems, a piston effect may be created
when the instrument reaches the apical portion of the root
canal thus leading to debris extrusion through a patent apical foramen (22). The amount of apical bacterial and debris
and neuropeptides released from C-type nerve fibres present in the periodontal ligament (PDL) have been suggested
to be the main reasons for post-operative pain experienced
by patients (5-7, 23). Differences between the amount of apical bacterial and debris extrusion between instrumentation
techniques have been evaluated by several researchers (5, 8,
11, 24). Bürklein et al. (5) demonstrated that continuous rotation of files may improve coronal transportation of dentin
chips and debris by acting like a screw conveyor, thus resulting in reduced apical debris extrusion. Another factor influencing apical debris extrusion is the design of the files. For
instance, files with effective cutting ability, such as Neoniti
and Mtwo, remove a greater amount of dentin in a relatively
shorter period of time and are incapable of coronally displacing debris (10). Mittal et al. (11) compared apical bacterial extrusion subsequent to rotary instrumentation with ProTaper
multi-file and OneShape single-file systems and concluded
that apical bacterial extrusion was significantly greater in
multi-file compared to single-file rotary systems. Therefore,
differences were expected in the post-operative pain experienced subsequent to instrumentation with multi-file and
single-file rotary systems. Interestingly, the results of the
current study revealed that the instrumentation type had
no significant influence on post-operative pain. In addition,
the intensity of pain experienced by patients did not affect
their choice of analgesics because none of the patients required the use of alternative pain control methods. Thus, the
various aforementioned factors influencing debris extrusion
in different techniques evaluated in this study may tend to
counteract each other resulting in no significant difference.
Another explanation for these results can be that periapical
tissues might serve as a natural barrier providing a physical
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backpressure thus limiting the apical extrusion of debris and
irrigants as shown in in vivo studies (25).
The greatest intensity and incidence of post-operative pain was
seen after 6 h in all experimental groups. This trend was seen in
previous studies (16, 26) and might be attributed to the expression of pro-inflammatory mediators and neuropeptides such as
substance P and calcitonin gene-related peptide in the periodontal ligament subsequent to root canal preparation (16, 23, 26, 27).
CONCLUSION
Under the limitations of this study, it can be concluded that root
canal preparation using a single file with continuous rotation did
not influence the incidence or intensity of post-operative pain
experienced by asymptomatic patients with no apical pathosis.
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