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ABSTRACT

Objectives: The purpose of this study was to conduct a systematic review and meta-analysis
of in vitro studies regarding the effectiveness of reciprocating and rotary instrumentation on
microbial reduction in root canals.

Materials and Methods: PubMed, Scopus, Web of Science, the Cochrane Library, and the
gray literature were searched through December 2019. Studies comparing the influence

of reciprocating and rotary instrumentation on the removal of microorganisms from root
canals that quantified the antimicrobial effect were included. Data extraction was completed
using a systematic form for data collection. The risk of bias of the studies was evaluated.
Standardized mean differences (SMDs) and confidence intervals (CIs) were calculated using a
random effects meta-analysis.

Results: Seventeen in vitro studies were included in this systematic review, of which 7
provided adequate data for inclusion in the meta-analysis. Both reciprocating and rotary
systems were similarly effective in reducing the microbial load in infected root canals (SMD
[95% CI], 0.0481 [-0.271, 0.367]). Three studies showed a low risk of bias, whereas most of
the studies (82%) presented a medium risk.

Conclusions: Although both techniques decrease the microbial content (with reductions

0f 23.32%—88.47% and 23.33%—-89.86% for reciprocating and rotary instrumentation,
respectively), they are not able to provide complete disinfection of root canals.

Keywords: Bacteria; Reciprocation; Removal; Rotation; Systematic review

INTRODUCTION

The removal of microorganisms and their byproducts from the root canal system is

one of the main goals of root canal treatment, since the remaining infection is an
important predisposing factor for persistent apical periodontitis [1]. To achieve this goal,
chemomechanical preparation is a critical step in root canal treatment, and is performed by
using irrigants and instruments to eliminate microorganisms [2].

Mechanical instrumentation of the root canal system is commonly performed using nickel-
titanium (NiTi) rotary files because they shorten the treatment time, create more centered
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preparations, and produce less debris extrusion than hand files [3-6]. Chemomechanical
preparation using antimicrobial irrigants and rotary NiTi files can provide an endotoxin load
reduction of more than 90% in infected root canals [7]. However, especially if the anatomy
is complex, many areas of the root canal system may remain untouched and microorganisms
may remain lodged in such areas [8]. New instruments and techniques have been introduced
to achieve more effective instrumentation and disinfection. Most NiTi systems operate
using a rotary motion and involve a large number of files; thus, the root canal preparation
requires several steps and an extended time when the full sequence is used [9]. Recently,
reciprocating motion in root canal instrumentation was introduced to increase the cyclic
fatigue resistance of instruments compared with rotary systems, reducing the incidence of
instrument fracture [10]. Reciprocating systems, including WaveOne (Dentsply Maillefer,
Ballaigues, Switzerland) and Reciproc (VDW, Munich, Germany), are designed to enable
instrumentation of the entire root canal with only 1 instrument [4,8].

In several studies, the effectiveness of reciprocating systems has been compared with rotary
systems in terms of microorganism removal from infected root canals, with promising results
[3,4,9]. In a recent systematic review of in vivo studies, the effects of reciprocating and rotary
instrumentation on the reduction of microbial load were compared, and similar microbial
reduction was found for both types of motion [11]. However, only 3 studies could be included
in that review, and those studies presented a high risk of bias. Although systematic reviews

of in vivo studies should provide a higher level of evidence, if the number of studies is low

and the risk of bias is high, they do not provide concrete evidence and do not allow a meta-
analysis to be performed. Therefore, the analysis of a number of current in vitro studies
published in the literature on this subject may reveal important data and shed light on the
methodological design of future studies. Thus, the purpose of this study was to systematically
review in vitro studies regarding the effectiveness of reciprocating and rotary instrumentation
on microbial load reduction in infected root canals.

MATERIALS AND METHODS

The protocol of the present study was registered in the PROSPERO international prospective
database of systematic reviews. This systematic review was performed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines [12].

Data sources and search strategy

The research question was as follows: “In extracted teeth undergoing root canal treatment,
is reciprocating instrumentation more effective than rotary instrumentation for the removal
of microbial content from experimentally infected root canals?” For the structured review
question, the population, intervention, comparison, and outcome strategy was used. The
population included extracted teeth experimentally contaminated with microorganisms
following a sterilization procedure. The intervention was endodontic treatment using
reciprocating instrumentation. The comparison was endodontic treatment using rotary
instrumentation, and the outcome included the effect of the instrumentation technique on
the removal of microorganisms from infected root canals.

The search was performed using electronic databases to identify articles published through
December 2019. No limit was set on language or publication year. The electronic databases
searched were PubMed (MEDLINE), Scopus, Web of Science (all databases) and the Cochrane

https://doi.org/10.5395/rde.2021.46.e19 2/12


https://orcid.org/0000-0001-5023-1454
https://orcid.org/0000-0001-5023-1454
https://orcid.org/0000-0001-5032-9996
https://orcid.org/0000-0001-5032-9996
https://orcid.org/0000-0002-8692-7266
https://orcid.org/0000-0002-8692-7266

Effect of motion on bacteria removal

Restorative
Dentistry
& Endodontics

Table 1. Example of the search strategy (PubMed)

No. Search strategy Results

1 bacteria OR microbial OR microorganism OR microorganisms OR microbiota OR antibacterial OR antifungal OR antimicrobial OR CFU OR 6,358,577
colony forming unit OR colony forming units OR PCR OR faecalis OR polymerase chain reaction OR toxin OR toxins OR infection

2 reciproc OR reciprocating OR reciprocal OR waveone 59,954

3 root canal OR root canals OR endodontic OR endodontics OR canal OR canals OR tooth OR teeth OR endodontology 350,001

4 #1 AND #2 AND #3 216

https://rde.ac

Library. GreyLit (http://www.greylit.org) and OpenGrey (http://www.opengrey.eu) were
used to search the gray literature. The main search terms were “WaveOne,” “Reciproc,”

“microorganism,” “bacteria,”
and “toxin.” These keywords were chosen from articles published in the International Endodontic
Journal, Journal of Endodontics, and Australian Endodontic Journal, and enriched during the database

searches. To identify additional articles, a hand search of the reference lists of eligible articles

was also performed. The search strategy used is presented in Table 1.

” « ” o«

polymerase chain reaction,” “colony forming unit,” “infection,”

Screening and selection of the studies
Two reviewers first independently scanned the titles identified in electronic and hand
searches and decided whether they were relevant to the topic. If the title showed the potential
for inclusion, the abstract was reviewed. If there was any doubt, the full text of the article was
read. The full text of all eligible studies was obtained and further examined independently by
each reviewer to determine whether they were eligible for this study based on the following
inclusion criteria:
1. In vitro studies performed on fully formed human permanent teeth
2. Teeth that had not received any endodontic treatment previously
3. Teeth contaminated with microorganisms
4. Studies comparing the efficacy of reciprocating and rotary instrumentation for the
removal of microorganisms from root canals
5. Studies that quantified the antimicrobial effect and reported the outcome as reduction
in microbial load

The inclusion of each study was determined based on consensus between the 2 reviewers.
Studies failing to meet any of the above criteria, including studies that analyzed microbial
load reduction during retreatment, studies that examined the apical extrusion of bacteria,
and studies that evaluated microorganism removal qualitatively, were excluded.

Data extraction

Data were extracted independently from the included studies by the 2 reviewers using a

data collection form designed to summarize each study. Any disagreements were resolved
through consensus between the reviewers. All aspects of interventions that could potentially
influence the study outcomes were identified and included in the form. The data collection
form was composed of specific details about the populations, interventions, study methods,
and outcomes. The details extracted from studies are shown in Tables 2 and 3 [3,4,8,9,13-25].

Quality assessment (risk of bias)
The quality of each study was assessed according to the following parameters:
1. Was the calculation of the required minimum sample size performed before
experiments?
2. Were the samples randomly distributed to groups?
3. Was specimen sterilization confirmed after the sterilization procedures?
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4, Was specimen contamination confirmed after the procedure of root canal
contamination with microorganisms?

5. Were the root canal preparation procedures performed by a single operator?

6. Was the total irrigant volume standard in all groups?

7. Were the analyses performed by evaluators blinded to the groups?

8. Were one or more outcomes of interest reported incompletely?

The 2 reviewers assessed the studies independently according to the above criteria
and classified the included studies as having a low, moderate, or high risk of bias. Any

Table 2. Summary of the main characteristics of the included in vitro studies

Studies Tooth type No. Sterilization  Preparation Smear layer Microorganism type Incubation Confirmation of
procedure before removal before period contamination
contamination contamination following
contamination
Alves et al. Mandibular incisors and 34 Autoclave 25 K-file 17% EDTA and  E. faecalis strain (ATCC 30 days SEM
[3] maxillary second premolars with 2.5% NaOCl 29212)
single root canals

Alves et al. Distobuccal canals of maxillary 43 Autoclave Rotary 17% EDTA E. faecalis strain (ATCC 30 days Culture
[13] molars instrument, size 29212) technique and

10/0.04 SEM
Basmaci et Mandibular premolars with 81 Autoclave 20 K-file NM E. faecalis strain (ATCC 24 hours Culture
al. [14] single root canals 29212) technique
Dagna et al. Single-rooted teeth 60 Autoclave 20 K-file 10% EDTA E. faecalis strain (ATCC 120 hours Culture
[15] 19433) technique
de Brito et al. Mandibular premolars 100  Autoclave 20 K-file NM E. faecalis strain (ATCC 28 days Culture
[16] 29212) technique
de Oliveira et Mandibular premolars 60  Autoclave NM NM E. faecalis (ATCC 6057), P. 48 hours Culture
al. [17] aeruginosa (ATCC 27853), technique

S. aureus (ATCC 29213) and
C. albicans (ATCC 10231)
Ferrer-Luque Single-rooted mandibular 76  Autoclave 925 K-file 17% EDTA and  E. faecalis strain (ATCC 4 weeks Culture
etal. [18] premolars then irrigated 29212) technique
with 1% NaOCl
followed by bW

Guillen et al. Distobuccal canals of maxillary 56  Ethylene 15 K-file 17% EDTA E. faecalis strain (ATCC 21 days Culture
[19] molars oxide 29212) technique
Karatas et al. Mandibular incisor teeth 70  Autoclave 20 K-file NM E. faecalis strain (ATCC 48 hours Culture
[20] 29212) technique
Krokidis et al. ~ Canines, lower incisors and 50 Autoclave 925 K-file 17% EDTA and  E. faecalis strain (ATCC 30 days Culture
[21] premolars with single root canals 2.5% NaOCl 29212) technique
Machado et  Distobuccal canals of maxillary 65  Ethylene 15 K-file 17% EDTA and  E. faecalis strain (ATCC 921 days Culture
al. [4] molars oxide DW 29212) technique
Marinho et Mandibular premolars 40 Gamut 15 K-file 17% EDTA,  E. coli strain (ATCC 25922) 921 days Culture
al. [9] radiation 5.25% NaOCl technique and
and and DW SEM
autoclave
Nabeshima et Distobuccal canals of maxillary 51 Ethylene 15 K-file 17% EDTA and  E. faecalis strain (ATCC 21 days Culture
al. [22] molars oxide DW 29212) technique
Nakamura et Mandibular premolars 50 Autoclave 30 K-file 17% EDTA-T, E. faecalis strain (ATCC 28 days Culture
al. [23] 5.25% NaOCl 29212) technique and
and DW SEM
Siqueira et Mesial canals of mandibular 36  Autoclave 20 K-file 17% EDTA and E. faecalis strain ATCC 30 days Culture
al. [8] molars 2.5% NaOCl 29212 technique and
SEM
Ureyen Kaya Mandibular premolars 74  Autoclave NM NM E. faecalis 4 weeks Culture
et al. [24] technique and
SEM
Vasconcelos Mandibular incisors 84  Autoclave 20 K-file 1% NaOCl, 17%  E. faecalis strain ATCC 5 days Culture
et al. [25] EDTA and saline 29212 technique and
SEM

EDTA, ethylenediaminetetraacetic acid; SEM, scanning electron microscopy; DW, distilled water; NM: not mentioned.
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Table 3. Details extracted from the included studies regarding methodology and main outcomes
Studies Instrumentation systems tested Irrigation techniques Sampling time Evaluation Main findings
(final apical diameter/taper) and irrigants method
Alves et al. [3] Reciproc (40/0.06), BioRace 2.5% NaOCl and 17% S1and S2 CFU, qPCR  No difference was found between the
(40/0.04) EDTA instrumentation systems.
Alves et al. Reciproc (25/0.08), XP-endo Shaper  Saline S1and S2 gPCR XP-endo Shaper resulted in higher bacteria
[13] (30/0.04) reduction.
Basmaci et al. SAF (1.5 mm), Reciproc (25/0.08), a) PBS S1and S2 CFU No difference was found among the
[14] ProTaper Universal (30/0.09) b) 5% NaOCl and instrumentation systems.
15% EDTA
¢) 5% NaOCl and 7%
maleic acid
Dagna et al. Mtwo (30/0.05), Revo-S (25/0.06), 5.25% NaOCl and S1and S2 CFU No difference was found among the
[15] Reciproc (25/0.08), OneShape 17% EDTA instrumentation systems.
(25/0.06)
de Brito et al. ProTaper Next (40/0.06), ProTaper a) 2.5% NaOCl and Sland S2 CFU WaveOne resulted in a lower level of
[16] Universal (40/0.06), WaveOne Large ~ 17% EDTA bacterial reduction when saline solution was
(40/0.08) b) Saline used. No difference was found among the
instrumentation systems when NaOCl and EDTA
were used.
de Oliveira et  ProTaper Universal (30/0.09), a) 1% NaOCl S1and S2 Presence/  ProTaper Universal showed the best results
al. [17] Reciproc (40/0.06) b) Saline Absence when NaOCl was used.
Ferrer-Luque  Mtwo (40/0.04), Twisted File a) DW S1and S2 and CFU No difference was found among the
etal. 18] (40/0.04), WaveOne (40/0.08) b) 5.25% NaOCl S3 (after 60 instrumentation systems after S2. Mtwo showed
days) the best results when NaOCl was used at 60
days (S3).
Guillenetal.  WaveOne Gold (25/0.07), WaveOne DW S1and S2 and CFU WaveOne Gold and One Shape New Generation
[19] (25/0.08), One Shape New S3 (after 7 promoted higher bacterial reduction than
Generation (25/0.06), One Shape days) WaveOne and One Shape systems.
(25/0.06)
Karatas et al.  ProTaper Next (25/0.06), Twisted DW S1and S2 CFU No difference was found between the rotary
[20] File Adaptive (25/0.06), SAF (1.5 and reciprocating instrumentation.
mm), WaveOne (25/0.08), Reciproc
(25/0.08), OneShape (25/0.06)
Krokidis et al. BT-Race (40/0.04), WaveOne 2.5% NaOCl and 17% S1and S2 CFU BT-RaCe resulted in higher bacteria reduction.
[21] (40/0.08) EDTA
Machado et WaveOne (25/0.08), Reciproc DW S1and S2 and CFU No difference was found among the
al. [4] (25/0.08), ProTaper Universal S3 (after 7 instrumentation systems.
(25/.08), Mtwo (25/0.06), K-file days)
(35/0.02)
Marinho et Reciproc (25/0.08), Mtwo (25/0.06), Endotoxin-free water S1and S2 CFU, LAL assay No difference was found among the
al. [9] ProTaper Universal (25/0.08), Race (LAL water) (for endotoxin instrumentation systems.
(25/0.04) reduction)
Nabeshima et WaveOne (25/0.08), One Shape DW S1and S2 CFU No difference was found among the
al. [22] (25/0.06), K-file (35/0.02) instrumentation systems.
Nakamura et  K-file (50/0.02), Mtwo (50/0.04), 2.5% NaOCl and 17% S1and S2 CFU No difference was found among the
al. [23] Reciproc (50/0.05) EDTA instrumentation systems.
Siqueira et Reciproc (25/0.08), SAF (1.5 mm), 2.5% NaOCl and 17% S1and S2 CFU, PCR No difference was found among the
al. [8] Twisted File (25/0.06) EDTA instrumentation systems.
Ureyen Kaya ~ WaveOne Gold (25/0.07), Hyflex Saline S1and S2 CFU Hyflex EDM and XP-endo Shaper resulted in
et al. [24] EDM One File (25/variable), XP-endo significantly greater bacteria reduction than
Shaper (30/0.04) WaveOne Gold.
Vasconcelos  ProTaper Universal (25/0.08), Saline S1and S2 CFU ProTaper Universal was the most effective

et al. [25]

BioRaCe (25/0.06), Reciproc
(25/0.08)

system in bacteria reduction.

CFU, colony forming unit; DW, distilled water; EDTA, ethylenediaminetetraacetic acid; NM, not mentioned; NaOCl, sodium hypochlorite; PBS, phosphate-
buffered saline; SEM, scanning electron microscopy; qPCR, quantitative polymerase chain reaction; S1: Sampling after cavity preparation immediately before
root canal preparation; S2, Sampling immediately after root canal preparation; S3, Sampling after a period of time following root canal preparation (for regrowth

evaluation).

https://rde.ac

disagreements were resolved based on consensus between the reviewers. Studies that failed
to report 2 items or fewer were classified as low risk, studies that failed to report 3 to 5 items

were classified as moderate risk, and studies that failed to report 6 items or more were
classified as high risk.
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Meta-analysis
Quantitative data synthesis was carried out as a meta-analysis to combine comparable

results using a software program (MedCalc Statistical Software version 19.0.5, MedCalc
Software, Ostend, Belgium). Microbial reduction was selected as the outcome. The number
of specimens in each group and the mean and standard deviation for microbial content at the
initial sampling before root canal preparation (S1) and sampling immediately after root canal
preparation (S2) were extracted from the studies. The standardized mean difference was
calculated for each study.

Statistical heterogeneity between studies was analyzed using the P value, with low, medium,
and high heterogeneity indicated by values of 25%, 50%, and 75%, respectively [26]. If the
P score was closer to 0%, a fixed-effects model was used, whereas a random-effects model
was used if the P score was closer to 100%. The results of the comparisons are shown with a
forest plot.

RESULTS

The search strategy is depicted as a flow diagram in Figure 1. The main characteristics of
the included studies are shown in Tables 2 and 3. All specimens in the included studies
were sterilized either with an autoclave or ethylene oxide before contamination with the

PubMed | | Web of Science | | Scopus | | Cochrane Library
(n =216) (n=16) (n=101) (n=21)

l l l l

Records identified through database searching
(n = 454)

v

Records excluded
because of duplicates

Additional records identified
through cross-reference analysis
(n=0)

Identification

%D (n=254)
c
- !
3 Records screened Records excluded for not meeting
> the inclusion criteria
(fn=250) (n=183)

2 Full-text articles assessed ) .

=2 for eligibility N Full-text a(rrtllflgs; excluded
o (n=17) -

w

Studies included in qualitative
synthesis for systematic review
(n=17)

'

Studies included in quantitative synthesis that allowed
adequate data to be combined for meta-analysis
(n=7)

e
)
°
=
3]
c

Figure 1. Diagram of study flow [12].
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Table 4. Risk of bias of individual studies

chosen microorganisms [3,4,8,9,13-25]. Sterilization was generally confirmed with the
cultures of specimens serving as negative controls. This procedure was not mentioned in

5 studies [3,8,14,20,21]. Enterococcus faecalis was the most commonly used bacterium for the
contamination of root canals [3,4,8,13-16,18-25]. In 1 study, Escherichia coli was used [9], while
a mixture of microorganisms was used in another study [17]. Contamination was confirmed
by either scanning electron microscopy or culture techniques such as Gram staining
[3,4,8,9,13-25]. The specimens were incubated with microorganisms for periods ranging
between 24 hours and 30 days [3,8,13,14,21]. The number of colony-forming units (CFUs)
was the most commonly assessed outcome measure [3,4,8,9,14-25]. Rotary motion was
superior to reciprocating motion for removing microorganisms in 5 studies [13,17,21,24,25]
while there were no significant differences in 11 studies regardless of the irrigant used during
instrumentation [3,4,8,9,14,15,18-20,22,23]. In 1 study, there was no significant difference
between the motions in terms of bacteria reduction when NaOCI was used as an irrigant,
whereas rotary motion was superior to reciprocating motion when saline solution was

used [16]. In all studies, samples were collected before and immediately after root canal
preparation. In addition, a third collection was performed after a period of time following
root canal preparation in 3 studies [4,18,19]. The tested tooth type, final apical diameter, and
type and amount of irrigant used were different among the studies.

Risk of bias and meta-analysis

The methodological risk of bias of the included studies is presented in Table 4. Three
studies presented selective reporting bias due to a lack of information on initial CFU values
[15,20,25]. Three studies showed a low risk of bias, whereas most of the studies (82%)
presented a medium risk (Table 4).

Seven studies were included in the meta-analysis as they provided adequate data to be
combined [4,9,14,16,18,22,23]. Significant heterogeneity was found (P = 53.36%, p < 0.05).
Therefore, a random-effects model was used to perform the meta-analysis. No significant
difference was found in the amount of microbial reduction between reciprocating and rotary
motion (with reductions of 23.32%—-88.47% and 23.33%-89.86% for reciprocating and rotary
instrumentation, respectively) (p > 0.05) (Figure 2).

Studies Sample size Teeth Confirmation of Confirmation of  Single Standardization Blinding of the Complete Risk of bias

calculation randomization  sterilization contamination operator of totalirrigant  evaluator  outcome

volume reporting

Alves et al. [3] N N N Y N Y N Y Moderate
Alves et al. [13] Y Y Y Y N Y N Y Low
Basmaci et al. [14] N Y N Y N N N Y Moderate
Dagna et al. [15] N Y Y Y Y Y N N Moderate
de Brito et al. [16] N Y Y Y Y Y N Y Low
de Oliveira et al. [17] N Y Y Y Y N N Y Moderate
Ferrer-Luque et al. [18] N N Y Y N Y N Y Moderate
Guillen et al. [19] Y Y Y Y N Y N Y Low
Karatas et al. [20] N Y N Y N Y N N Moderate
Krokidis et al. [21] N Y N Y Y Y N Y Moderate
Machado et al. [4] N N Y Y N Y N Y Moderate
Marinho et al. [9] N Y Y Y N Y N Y Moderate
Nabeshima et al. [22] N Y Y Y N Y N Y Moderate
Nakamura et al. [23] N Y Y Y N Y N Y Moderate
Siqueira et al. [8] N Y N Y N Y N Y Moderate
Ureyen Kaya et al. [24] N Y Y Y N Y N Y Moderate
Vasconcelos et al. [25] N Y Y Y Y N N N Moderate
https://rde.ac https://doi.org/10.5395/rde.2021.46.e19 7/12
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Study Rotation Reciprocation SE Weight Mean difference

(%) IV, (random) 95% CI
Basmaci et al. [14] 27 27 0.269 15.60 0.183[-0.356, 0.723] —t i
de Brito et al. [16] 60 30 0.224 17.93  0.470 [0.0238, 0.916] ——
Ferrer-Luque et al. [18] 48 24 0.254 16.38 -0.669 [-1.175, -0.163] ———
Machado et al. [4] 24 24 0.284 14.85 -0.138 [-0.711, 0.434] ——
Nabeshima et al. [22] 15 15 0.356 11.77  0.225[-0.505, 0.955] —_—
Marinho et al. [9] 30 10 0.358 1.7 0.0557 [-0.669, 0.780] —_—
Nakamura et al. [23] 15 15 0.357 11.75  0.275[-0.456,1.006] —_——
Total (95% CI) 219 145 0.162 100 0.0481[-0.271, 0.367] -
Heterogeneity Q =12.8635, DF = 6, p = 0.0453, I? = 53.36%
Test for overall effect Z =0.297, p = 0.767

-1.0-05 0 05 1.0

Favors Favors
reciprocation rotation

Figure 2. Forest plot of standardized mean differences with 95% confidence intervals (Cls) in microbial reduction
as an outcome measure for in vitro studies.
SE, standard error.

DISCUSSION

The complete elimination of microorganisms from the root canal system before obturation
has been reported as a factor significantly related to successful treatment outcomes

[27,28]. Thus, it is important to identify more effective cleaning and shaping protocols in
order to improve treatment outcomes. In this review, the effect of reciprocating and rotary
instrumentation on the removal of microorganisms from infected root canals was evaluated.
Based on the present findings, both rotary and reciprocating systems were equally effective in
reducing the microbial load during root canal treatment. However, neither system resulted in
complete eradication of microorganisms in root canals.

Single-file reciprocating techniques have become popular, since it has been claimed

that they simplify and shorten the instrumentation process [3,8]. The only concern with

this technique is its ability to clean the root canal due to the shorter contact time of the
instruments with dentin walls. Moreover, the preparation of the root canals in a shorter
time may lead to the use of disinfecting solutions at lower amounts or with shorter contact
times [3]. According to previous studies, the shaping capability of reciprocating systems is
comparable with that of rotary systems using a full range of instruments [8,29]. However,

as different numbers of instruments are used with each system, it is difficult to standardize
the duration of irrigation and volume of irrigant in the root canal. When the duration of
irrigation and volume of irrigant are similar, the cleaning efficacy of reciprocating systems

is also comparable with that of rotary systems [3]. Irrigation protocols, especially in terms
of irrigant type and volume, varied among the studies included in the present review. Some
studies used only saline solution or distilled water to directly compare the mechanical effects
of the instrumentation systems and eliminated the influence of an antimicrobial solution
[4,13,19,20,22,24,25]. Although the total irrigant volume was kept similar among the groups
in the majority of the studies, there were some differences in the final irrigation protocols
due to the different number of instruments. There were also differences in the diameter

and taper of the final instruments used among the groups. The majority of these studies
reported similar microbial reductions in root canals with both instrumentation techniques.
Thus, the final taper or diameter of instrumentation may not be significantly associated with
antimicrobial efficacy.
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All studies included in the present review performed microbiological sampling using paper
points. This technique has some limitations; for example, only the microorganisms in

the root canal can be detected by sampling, while those inside the dentin tubules cannot

be sampled [30]. Despite the significant reduction of microorganisms with the tested
instrumentation systems, regrowth might have occurred in the root canals due to the
remaining microorganisms in dentin tubules. Three studies evaluated regrowth and found
that bacterial regrowth took place after instrumentation with all systems [4,18,19]. The most
commonly tested microorganism type was E. faecalis, and it was incubated in root canals for
different time periods (between 24 hours and 30 days). In a previous study, it was reported
that E. faecalis entered the growth phase after 3 hours of incubation, the stationary phase at 12
hours, and finally the starvation phase, the most resistant phase, at 48 hours [31]. Therefore,
the incubation period chosen in in vitro studies can also affect the removal of microorganisms
from root canals.

The included studies also analyzed some other variables. The most commonly applied
technique to evaluate the microbial content was CFU calculation using culturing

techniques, followed by molecular methods based on DNA detection. Molecular methods
such as polymerase chain reaction exhibit higher sensitivity and can detect uncultivated
microorganisms, unlike culture techniques [32]. However, microorganisms that are no
longer viable in the root canal can also be detected with molecular methods. This may pose a
problem when investigating samples taken immediately after treatment procedures [33]. It is
well known that primary endodontic disease involves several Gram-negative bacteria species,
the cells of which contain lipopolysaccharide (also known as endotoxin) [34]. Because
endotoxin plays a role in the initiation and maintenance of disease, it is also important to
assess endotoxin reduction in the root canal system; however, only 1 study included in this
review did so [9]. Although no significant difference was found between the groups, there
was a significant reduction in the amount of endotoxin after root canal preparation.

The present review revealed that the specimens were randomly distributed among groups in
most studies, although the details of how random sequencing was performed unclear. Proper
randomization should ensure that the chances of allocation to different groups are the same
for all samples [35]. Allocation concealment is important and ensures that the operator does
not have information about which group the specimen will be placed in [35]. It is assumed
that the blinding of the operator could not be achieved in these studies due to the inherent
differences in the instrumentation techniques; therefore, it was not considered an important
factor. However, the blinding of outcome evaluators is important because ensuring that the
evaluator does not know which intervention group a sample belongs to avoids a potential
source of bias in the outcome measurement [35]. In most of the studies, blinding of the
evaluator and sample size calculation were not performed and the procedures were not carried
out by a single operator, all of which increased the risk of bias. The quality assessment of the
included studies revealed that the studies had a low or moderate risk of bias. The results of the
present review were obtained from in vitro studies, so it is difficult to draw direct conclusions
regarding clinical applications. Although the highest level of evidence is provided by
randomized controlled clinical trials, well-designed in vitro studies could also produce useful
solutions for clinical problems and guide future research by identifying areas with knowledge
gaps meriting further study and by revealing the limitations of previous studies [30].

Meta-analysis is a research tool designed to analyze and combine the results of randomized
clinical trials in particular. This method can also be used to analyze in vitro studies. In the
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present review, only 7 in vitro studies could be combined for a meta-analysis due to the

high level of heterogeneity in reporting the treatment outcomes. Variations in sample size,
tooth type, irrigation protocol, tested microorganism type, and incubation period may have
been the reason for statistical heterogeneity. Publication bias could not be evaluated due to
the small number of studies included in the meta-analysis. Despite these limitations, the
findings of this meta-analysis indicate that reciprocating and rotary instrumentation had
similar efficacy for microbial load reduction.

For future in vitro studies evaluating microbial reduction in root canals, power analysis

should be performed to determine the minimum sample size required before starting the
experiments, and the randomization procedure should be described clearly. The irrigation
protocol throughout root canal preparation should be kept similar in all groups when
comparing the effects of preparation techniques. To make sure that the test set-up is working
properly, specimen sterilization and contamination should be confirmed after the procedures
of sterilization and contamination of root canals with microorganisms, respectively. The
procedures including root canal preparation, irrigation, and sample collection from root canals
should be performed by a single operator to avoid interoperator variability. Furthermore, the
evaluator should be blinded to groups during the analysis to avoid detection bias. Such aspects
of standardization would increase the quality of results reported in future studies.

CONCLUSIONS

Based on the findings of this review, reciprocating and rotary instrumentation are equally
effective for microbial load reduction in infected root canals. Although both techniques
decrease the microbial content, they cannot provide complete disinfection of root canals.

ACKNOWLEDGEMENTS

This review was registered in the PROSPERO database with the number of CRD42018089555.

REFERENCES

1. Siqueira JF Jr, Rogas IN. Clinical implications and microbiology of bacterial persistence after treatment
procedures. ] Endod 2008;34:1291-1301.e3.
PUBMED | CROSSREF

2. SiqueiraJF Jr, Rogas IN, Santos SR, Lima KC, Magalhies FA, de Uzeda M. Efficacy of instrumentation
techniques and irrigation regimens in reducing the bacterial population within root canals. ] Endod
2002;28:181-184.
PUBMED | CROSSREF

3. Alves FR, Rocas IN, Almeida BM, Neves MA, Zoffoli ], Siqueira JF Jr. Quantitative molecular and culture
analyses of bacterial elimination in oval-shaped root canals by a single-file instrumentation technique. Int
Endod ] 2012;45:871-877.
PUBMED | CROSSREF

4. Machado ME, Nabeshima CK, Leonardo MF, Reis FA, Britto ML, Cai S. Influence of reciprocating single-file
and rotary instrumentation on bacterial reduction on infected root canals. Int Endod J 2013;46:1083-1087.
PUBMED | CROSSREF

5. ShortJA, Morgan LA, Baumgartner JC. A comparison of canal centering ability of four instrumentation
techniques. ] Endod 1997;23:503-507.
PUBMED | CROSSREF

https://doi.org/10.5395/rde.2021.46.e19 10/12


http://www.ncbi.nlm.nih.gov/pubmed/18928835
https://doi.org/10.1016/j.joen.2008.07.028
http://www.ncbi.nlm.nih.gov/pubmed/12017176
https://doi.org/10.1097/00004770-200203000-00009
http://www.ncbi.nlm.nih.gov/pubmed/22452547
https://doi.org/10.1111/j.1365-2591.2012.02045.x
http://www.ncbi.nlm.nih.gov/pubmed/23566213
https://doi.org/10.1111/iej.12108
http://www.ncbi.nlm.nih.gov/pubmed/9587320
https://doi.org/10.1016/S0099-2399(97)80310-X

Effect of motion on bacteria removal

Restorative
Dentistry
& Endodontics

https://rde.ac

6. De-Deus G, Brandido MC, Barino B, Di Giorgi K, Fidel RA, Luna AS. Assessment of apically extruded
debris produced by the single-file ProTaper F2 technique under reciprocating movement. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2010;110:390-394.

PUBMED | CROSSREF

7. Martinho FC, Chiesa WM, Marinho AC, Zaia AA, Ferraz CC, Almeida JF, Souza-Filho FJ, Gomes BP.
Clinical investigation of the efficacy of chemomechanical preparation with rotary nickel-titanium files for
removal of endotoxin from primarily infected root canals. ] Endod 2010;36:1766-1769.

PUBMED | CROSSREF

8. Siqueira JF Jr, Alves FR, Versiani MA, Rogas IN, Almeida BM, Neves MA, Sousa-Neto MD. Correlative
bacteriologic and micro-computed tomographic analysis of mandibular molar mesial canals prepared by
self-adjusting file, reciproc, and twisted file systems. ] Endod 2013;39:1044-1050.

PUBMED | CROSSREF

9. Marinho AC, Martinho FC, Gongalves LM, Rabang HR, Gomes BP. Does the Reciproc file remove root
canal bacteria and endotoxins as effectively as multifile rotary systems? Int Endod ] 2015;48:542-548.
PUBMED | CROSSREF

10. De-Deus G, Moreira EJ, Lopes HP, Elias CN. Extended cyclic fatigue life of F2 ProTaper instruments used
in reciprocating movement. Int Endod J 2010;43:1063-1068.

PUBMED | CROSSREF

11. Siddique R, Nivedhitha MS. Effectiveness of rotary and reciprocating systems on microbial reduction: a
systematic review. ] Conserv Dent 2019;22:114-122.
PUBMED | CROSSREF

12. Moher D, Liberati A, Tetzlaff], Altman DGPRISMA Group. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. ] Clin Epidemiol 2009;62:1006-1012.
PUBMED | CROSSREF

13. Alves FR, Paiva PL, Marceliano-Alves MF, Cabreira L], Lima KC, Siqueira JF Jr, Ré¢as IN, Provenzano JC.
Bacteria and hard tissue debris extrusion and intracanal bacterial reduction promoted by XP-endo shaper
and reciproc instruments. ] Endod 2018;44:1173-1178.

PUBMED | CROSSREF

14. Basmaci F, Oztan MD, Kiyan M. Ex vivo evaluation of various instrumentation techniques and irrigants in
reducing E. faecalis within root canals. Int Endod J 2013;46:823-830.
PUBMED | CROSSREF

15. Dagna A, Arciola CR, Visai L, Selan L, Colombo M, Bianchi S, Poggio C. Antibacterial efficacy of
conventional and single-use Ni-Ti endodontic instruments: an in vitro microbiological evaluation. Int ]
Artif Organs 2012;35:826-831.

PUBMED | CROSSREF

16. de Brito PRR, Lima PM, Leal Silva EJN, Rivera Fidel S, Fidel RAS, Sassone LM. Effectiveness of ProTaper
Next, ProTaper Universal and WaveOne systems in reducing intracanal bacterial load. Endod Pract Today
2016;10:167173.

17.  DE Oliveira BP, Aguiar CM, Camara AC, DE Albuquerque MM, Correia AC, Soares MF. Evaluation of
microbial reduction in root canals instrumented with reciprocating and rotary systems. Acta Stomatol
Croat 2015;49:294-303.

PUBMED | CROSSREF

18. Ferrer-Luque CM, Bejarano I, Ruiz-Linares M, Baca P. Reduction in Enteroccocus faecalis counts - a
comparison between rotary and reciprocating systems. Int Endod J 2014;47:380-386.
PUBMED | CROSSREF

19. Guillén RE, Nabeshima CK, Caballero-Flores H, Cayon MR, Mercadé M, Cai S, Machado MEL. Evaluation
of the WaveOne Gold and One Shape New Generation in reducing Enterococcus faecalis from root canal. Braz
Dent ] 2018;29:249-253.

PUBMED | CROSSREF

20. Karatas E, Giiltekin E, Arslan H, Kirici DO, Alsancak M, Topgu MGC. Evaluation of instrumentation
systems in reducing E. faecalis from root canals: TF adaptive and ProTaper next versus single file systems.
Int J Artif Organs 2015;38:161-164.
PUBMED | CROSSREF

21. Krokidis A, Bonfanti C, Cerutti AC, Barabanti N, Panopoulos P. Rotary versus reciprocating shaping files
in bacterial elimination from long oval canals. Aust Endod J 2018;44:240-244.
PUBMED | CROSSREF

22. Nabeshima CK, Caballero-Flores H, Cai S, Aranguren J, Borges Britto ML, Machado ME. Bacterial
removal promoted by 2 single-file systems: Wave One and One Shape. J Endod 2014;40:1995-1998.
PUBMED | CROSSREF

https://doi.org/10.5395/rde.2021.46.e19 11/12


http://www.ncbi.nlm.nih.gov/pubmed/20727500
https://doi.org/10.1016/j.tripleo.2010.04.020
http://www.ncbi.nlm.nih.gov/pubmed/20951284
https://doi.org/10.1016/j.joen.2010.08.019
http://www.ncbi.nlm.nih.gov/pubmed/23880274
https://doi.org/10.1016/j.joen.2013.04.034
http://www.ncbi.nlm.nih.gov/pubmed/25070009
https://doi.org/10.1111/iej.12346
http://www.ncbi.nlm.nih.gov/pubmed/21080616
https://doi.org/10.1111/j.1365-2591.2010.01756.x
http://www.ncbi.nlm.nih.gov/pubmed/31142978
https://doi.org/10.4103/JCD.JCD_523_18
http://www.ncbi.nlm.nih.gov/pubmed/19631508
https://doi.org/10.1016/j.jclinepi.2009.06.005
http://www.ncbi.nlm.nih.gov/pubmed/29861066
https://doi.org/10.1016/j.joen.2018.04.007
http://www.ncbi.nlm.nih.gov/pubmed/23441862
https://doi.org/10.1111/iej.12067
http://www.ncbi.nlm.nih.gov/pubmed/23080217
https://doi.org/10.5301/ijao.5000160
http://www.ncbi.nlm.nih.gov/pubmed/27688413
https://doi.org/10.15644/asc49/4/4
http://www.ncbi.nlm.nih.gov/pubmed/23980811
https://doi.org/10.1111/iej.12158
http://www.ncbi.nlm.nih.gov/pubmed/29972450
https://doi.org/10.1590/0103-6440201801910
http://www.ncbi.nlm.nih.gov/pubmed/25867700
https://doi.org/10.5301/ijao.5000397
http://www.ncbi.nlm.nih.gov/pubmed/29034579
https://doi.org/10.1111/aej.12229
http://www.ncbi.nlm.nih.gov/pubmed/25149120
https://doi.org/10.1016/j.joen.2014.07.024

Effect of motion on bacteria removal

Restorative
Dentistry
& Endodontics

https://rde.ac

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

Nakamura VC, Candeiro GT, Cai S, Gavini G. Ex vivo evaluation of three instrumentation techniques on E.
faecalis biofilm within oval shaped root canals. Braz Oral Res 2015;29:29.
PUBMED | CROSSREF

Ureyen Kaya B, Erik CE, Sesli Cetin E, Kéle M, Maden M. Mechanical reduction in intracanal Enterococcus
faecaliswhen using three different single-file systems: an ex vivo comparative study. Int Endod J 2019;52:77-85.
PUBMED | CROSSREF

Vasconcelos LR, Midena RZ, Minotti PG, Pereira TC, Duarte MA, Andrade FB. Effect of ultrasound
streaming on the disinfection of flattened root canals prepared by rotary and reciprocating systems. J
Appl Oral Sci 2017;25:477-482.

PUBMED | CROSSREF

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ
2003;327:557-560.
PUBMED | CROSSREF

Sjogren U, Figdor D, Persson S, Sundqvist G. Influence of infection at the time of root filling on the
outcome of endodontic treatment of teeth with apical periodontitis. Int Endod J 1997;30:297-306.
PUBMED | CROSSREF

Molander A, Warfvinge J, Reit C, Kvist T. Clinical and radiographic evaluation of one- and two-visit
endodontic treatment of asymptomatic necrotic teeth with apical periodontitis: a randomized clinical
trial. ] Endod 2007;33:1145-1148.

PUBMED | CROSSREF

Biirklein S, Hinschitza K, Dammaschke T, Schifer E. Shaping ability and cleaning effectiveness of two
single-file systems in severely curved root canals of extracted teeth: Reciproc and WaveOne versus Mtwo
and ProTaper. Int Endod J 2012;45:449-461.

PUBMED | CROSSREF

Alves FR, Siqueira JF Jr, Carmo FL, Santos AL, Peixoto RS, Rdcas IN, Rosado AS. Bacterial community
profiling of cryogenically ground samples from the apical and coronal root segments of teeth with apical
periodontitis. ] Endod 2009;35:486-492.

PUBMED | CROSSREF

Portenier I, Waltimo T, Qrstavik D, Haapasalo M. The susceptibility of starved, stationary phase, and
growing cells of Enterococcus faecalis to endodontic medicaments. ] Endod 2005;31:380-386.

PUBMED | CROSSREF

Siqueira JF Jr, Rocas IN. Diversity of endodontic microbiota revisited. ] Dent Res 2009;88:969-981.
PUBMED | CROSSREF

Rdcas IN, Siqueira JF Jr. Identification of bacteria enduring endodontic treatment procedures by a
combined reverse transcriptase-polymerase chain reaction and reverse-capture checkerboard approach. J
Endod 2010;36:45-52.

PUBMED | CROSSREF

Nair PN. Pathogenesis of apical periodontitis and the causes of endodontic failures. Crit Rev Oral Biol
Med 2004;15:348-381.

PUBMED | CROSSREF

Higgins JPT, Green S. Cochrane Handbook for Systematic Reviews of Interventions. Version 5.1.0.
London: The Cochrane Collaboration; 2011.

Uzunoglu-Ozyiirek E, Kiigiikkaya Eren S, Karahan S. Effect of root canal sealers on the fracture resistance
of endodontically treated teeth: a systematic review of in vitro studies. Clin Oral Investig 2018;22:2475-2485.
PUBMED | CROSSREF

https://doi.org/10.5395/rde.2021.46.e19 12/12


http://www.ncbi.nlm.nih.gov/pubmed/25627890
https://doi.org/10.1590/1807-3107BOR-2015.vol29.0027
http://www.ncbi.nlm.nih.gov/pubmed/29985531
https://doi.org/10.1111/iej.12984
http://www.ncbi.nlm.nih.gov/pubmed/29069144
https://doi.org/10.1590/1678-7757-2016-0358
http://www.ncbi.nlm.nih.gov/pubmed/12958120
https://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/9477818
https://doi.org/10.1111/j.1365-2591.1997.tb00714.x
http://www.ncbi.nlm.nih.gov/pubmed/17889679
https://doi.org/10.1016/j.joen.2007.07.005
http://www.ncbi.nlm.nih.gov/pubmed/22188401
https://doi.org/10.1111/j.1365-2591.2011.01996.x
http://www.ncbi.nlm.nih.gov/pubmed/19345792
https://doi.org/10.1016/j.joen.2008.12.022
http://www.ncbi.nlm.nih.gov/pubmed/15851934
https://doi.org/10.1097/01.don.0000145421.84121.c8
http://www.ncbi.nlm.nih.gov/pubmed/19828883
https://doi.org/10.1177/0022034509346549
http://www.ncbi.nlm.nih.gov/pubmed/20003934
https://doi.org/10.1016/j.joen.2009.10.022
http://www.ncbi.nlm.nih.gov/pubmed/15574679
https://doi.org/10.1177/154411130401500604
http://www.ncbi.nlm.nih.gov/pubmed/29951975
https://doi.org/10.1007/s00784-018-2540-9

	Influence of reciprocating and rotary instrumentation on microbial reduction: a systematic review and meta-analysis of in vitro studies
	INTRODUCTION
	MATERIALS AND METHODS
	Data sources and search strategy
	Screening and selection of the studies
	Data extraction
	Quality assessment (risk of bias)
	Meta-analysis

	RESULTS
	Risk of bias and meta-analysis

	DISCUSSION
	CONCLUSIONS
	REFERENCES


