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Abstract

Background: The aim of this study was to compare the cleaning ability of rotary NiTi systems with different
kinematics: ProTaper Next (PTN) (continuous rotation motion), WaveOne Gold (WOG) (reciprocating motion), and
Twisted File Adaptive (TFA) (adaptive motion).

Methodology: Sixty mesiobuccal roots from extracted mandibular molars were divided into three groups (n = 20):
PTN, prepared by ProTaper Next; WOG, prepared by WaveOne Gold system; and TFA, prepared by Twisted File
Adaptive systems. Teeth were longitudinally split into two halves for evaluation by scanning electron microscope.
Images were analysed for debris and smear layer scores using the scoring system described by Hülsmann et al. (J
Endod 23:301–6, 1997).

Results: No significant difference was found between the three groups in the coronal one third (P = 0.071).
However, the TFA group recorded a significantly higher percentage of debris in the middle and apical thirds (P <
0.001 and P < 0.001, respectively)

Conclusions: Under the conditions of this study, adaptive motion produced more debris than the reciprocating
and the continuous rotating motions.
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Introduction
Successful root canal treatment depends on a significant
reduction of microorganisms through chemo-mechanical
instrumentation of the root canal system (Averbach &
Kleier, 2006; Hülsmann et al., 2005). Canal preparation is
considered one of the critical factors that are directly
related to efficient disinfection and subsequently the treat-
ment outcome. Root canal preparation using rotary
nickel-titanium instruments has become popular over the
past two decades. However, currently, no instrument is
capable of complete cleaning of the entire root canal
system (Hülsmann et al., 1997; Gambarini & Laszkiewicz,
2002; Schafer & Schlingemann, 2003; Usman et al., 2004;
Haapasalo et al., 2005; Arvaniti & Khabbaz, 2011). Initially,
the progress of nickel-titanium (NiTi) systems has been
focused on variations in file design together with the
simplification of the instrumentation sequences (Peters &
Paque, 2010; Shen et al., 2013). More recently, novel heat

treatment approaches together with manufacturing
procedures have been introduced to improve the cyclic
fatigue resistance of the rotary files (Plotino et al., 2017;
Gambarini et al., 2008; Rodrigues et al., 2011).
Another approach adopted by the manufacturers to

improve the performance of the instruments is changing
the rotation kinematics during root canal preparation
(Çapar & Arslan, 2016). Reciprocation motion was
presented to reduce stress values achieved by the instru-
ment during rotation through travelling to a shorter
angular distance than rotation motion does (Silva et al.,
2016; Plotino et al., 2015). Additionally, the adaptive
motions are composed of both continuous and reciproca-
tion motion (Marks Duarte et al., 2018). To our knowledge,
the current literature is lacking the effect of different
kinematics on the cleaning efficiency of the rotary systems.
The aim of the present study was to compare the effect

of different kinematics on the cleaning efficiency of
ProTaper Next (Dentsply Sirona, Ballaigues, Switzerland),
WaveOne Gold (Dentsply Sirona, Ballaigues, Switzerland),
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and Twisted File Adaptive (SybronEndo, Orange, CA,
USA)

Materials and methods
Sample preparation
Based on the data from previous studies (Bürklein et al.,
2011; Bürklein et al., 2012), a power calculation was per-
formed using G*Power 3.1 software (Faul et al., 2007)
(Heinrich Heine University, Dusseldorf, Germany). The
calculation indicated that the sample size for each group
should be a minimum of 20 files. A total of 60 mesio-
buccal roots from the extracted mandibular molars with
curvatures ranging from 25 to 35° were selected for this
study. Only roots with completely formed roots and
closed apices were included. Canal patency was con-
firmed by size 10K file. The working length (WL) of the
canal was established 1 mm short of where the file tip
exits onto the root canal surface.

Root canal instrumentation
The roots were randomly divided into three groups (n =
20): PTN, prepared by ProTaper Next system; WOG,
prepared by WaveOne Gold; and TFA, prepared by
Twisted file Adaptive systems. Homogeneity of the
groups with respect to the degree of the curvature and
radii was ensured using ANOVA (Table 1). All samples
were prepared by the same operator using a gentle peck-
ing up and down motion with an electric and torque-
controlled endodontic motor (X-Smart plus; Dentsply
Sirona, Ballaigues, Switzerland) following the manufac-
turers’ recommendations for each system.
In the PTN group, ProTaper Next files were used in

the sequence X1, X2, and X3 corresponding to sizes 17/
04, 25/06, and 30/07, respectively, in a rotation motion.
In the WOG group, a primary reciprocating WaveOne

Gold file having a size of 25 and a taper of 0.07 was used
in a reciprocating, slow in-and-out pecking motion
according to the manufacturer’s instructions in a recip-
rocating motion.
In the TFA group, the instruments were operated by

the Elements Motor (SybronEndo, Orange, CA, USA);
file #25.08 was used to prepare the cervical third; file
#25.06 was used up to 2mm short of the working length,
and files #20.04, #25.06, and #25.08 were used up to the
working length.
Intracanal irrigant used after each file was 3 mL of

2.25% sodium hypochlorite (NaOCl) delivered by means

of a 27-gauge needle and dried with absorbent paper
points.
All root canal preparations were completed by one op-

erator whereas the evaluation was carried out by a sec-
ond operator who was blinded with respect to the
experimental groups. Roots were split longitudinally and
prepared for scanning electron microscope (SEM) inves-
tigation. Samples were examined under the SEM
(Quanta 250 FEG, FEI Corporate, Hillsboro, OR, USA)
at × 500–1500 magnification. Separate evaluations were
recorded for debris and smear layer. The cleanliness of
each root canal was evaluated in three areas (apical,
middle, and coronal third of the root) by means of a
numerical evaluation scale (Hülsmann et al. 1997). The
following scoring system was followed:

1. Debris (dentine chips, pulp remnants, and particles
loosely attached to the canal wall): scoring of debris
was performed using a × 500 magnification.
(a) Score 1: clean canal wall, only very few debris

particles
(b) Score 2: few small conglomerations
(c) Score 3: many conglomerations, 50% less debris

than of the canal wall covered
(d) Score 4: more than 50% of the canal wall

covered
(e) Score 5: complete or nearly complete covering

of the canal wall by debris
2. Smear layer (dentine particles, remnants of vital or

necrotic pulp tissue, bacterial components, and
retained irrigant): scoring of smear layer was
performed using a × 1500 magnification.
(a) Score 1: no smear layer, orifice of the dentinal

tubule patent
(b) Score 2: small amount of smear layer, some

open dentinal tubules
(c) Score 3: homogenous smear layer along almost

the entire canal wall, only very few open
dentinal tubules

(d) Score 4: the entire root canal wall covered with
a homogenous smear layer, no open dentinal
tubules

(e) Score 5: a thick, homogenous smear layer
covering the entire root canal wall

The data recorded were analysed by the nonparametric
Kruskal–Wallis test followed by the Mann–Whitney
post hoc test. Statistical analysis was performed using
statistical analysis software SPSS (Statistical Packages for
the Social Sciences 20.0; IBM, Armonk, NY). Significant
value was set at P = 0.05.

Results
Representative samples are shown in Fig. 1

Table 1 homogeneity of curved root canals (n = 20)

PTN WOG TF P value

Curvature 30.4 ± 3.67 30.6 ± 3.48 31.2 ± 3.53 0.76

Radius 6.13 ± 1.45 6.21 ± 1.43 6.15 ± 1.38 0.98
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Debris results (Table 2)
For the coronal groups
There was no statistically significant difference between
PTN, TFA, and WOG files where P = 0.071.
The highest debris mean value was found in TFA

(2.20 ± 0.77) followed by PTN (1.66 ± 0.72) while the
least mean value of debris was found in WOG
(1.60 ± 0.73).To PO: Please advise us on how to
proceed regarding Author's response in Q7.

For the middle groups
There was a statistically significant difference between
PTN, TFA, and WOG files where P ≤ 0.001.
A statistically significant difference was found between

PTN and TFA where P ≤ 0.001. While no statistically
significant difference was found between PTN and
WOG files where P = 0.741.
A statistically significant difference was found between

TFA and WOG where P = 0.001.
The highest debris mean value was found in TFA

(2.80 ± 0.94) followed by WOG (1.53 ± 0.63) while

the least mean value of debris was found in PTN
(1.46 ± 0.63).

For the apical groups
There was a statistically significant difference between
PTN, WOG, and TFA files where P ≤ 0.001
A statistically significant difference was found between

PTN and TFA where P = 0.001. While no statistically
significant difference was found between PNT and
WOG files where P = 0.602.
A statistically significant difference was found between

TFA and WOG where P = 0.001.
The highest debris mean value was found in TFA

(3.93 ± 1.09) followed by WOG (2.40 ± 1.05) while
the least mean value of debris was found in PTN
(2.20 ± 1.01).

Smear layer results (Table 3)
For the coronal groups
There was no statistically significant difference between
PTN, TFA, and WOG files where P = 0.655.
The highest smear layer mean value was found in

PTN (1.33 ± 0.48) and TFA (1.33 ± 0.48) while the
least mean value of smear layer was found in WOG
(1.20 ± 0.41).

For the middle groups
There was no statistically significant difference between
PTN, TFA, and WOG files where P = 0.314.
The highest smear layer mean value was found in WOG

(1.53 ± 0.51) and TFA (1.46 ± 0.51) while the least mean
value of smear layer was found in PTN (1.26 ± 0.45).

For the apical groups
There was a statistically significant difference between
PTN, TFA, and WOG files where P = 0.006
A statistically significant difference was found between

PTN and TFA where P = 0.011. While no statistically
significant difference was found between PTN and
WOG files where P = 0.391.
A statistically significant difference was found between

TFA and WOG where P = 0.005.

Fig. 1 Representative samples of scanning electron micrographs of
the dentin surface at coronal, middle, and apical zones for the
evaluation of smear layer (magnification, × 1500)

Table 3 Mean score for smear layer at the coronal, middle, and
apical thirds and overall of the canals

System Coronal Middle Apical Overall

PTN 1.33 ± 0.48a 1.26 ± 0.45a 2.20 ± 0.77a 1.60 ± 0.71a

WOG 1.33 ± 0.48a 1.46 ± 0.51a 3.06 ± 1.03b 1.95 ± 1.06a

TF 1.20 ± 0.41a 1.53 ± 0.51a 1.93 ± 0.88a 1.55 ± 0.69a

P value 0.655ns 0.314ns 0.006* 0.206 ns

Different superscript letters in the same column indicate statistically
significance difference; “*” indicates significant (P < 0.05)
ns non significant

Table 2 Mean score for debris at the coronal, middle, apical
thirds and overall of the canals

System Coronal Middle Apical Overall

PTN 1.66 ± 0.72a 1.46 ± 0.63a 2.20 ± 1.01a 1.77 ± 0.84a

WOG 1.60 ± 0.73a 1.53 ± 0.63a 2.40 ± 1.05a 2.97 ± 1.17b

TF 2.20 ± 0.77a 2.80 ± 0.94b 3.93 ± 1.09b 1.84 ± 0.90a

P value 0.071ns ≤ 0.001* ≤ 0.001* ≤ 0.001*

Different superscript letters in the same column indicate statistically significant
difference; “*” indicates significant (P < 0.05)
ns non significant
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The highest smear layer mean value was found in TFA
(3.06 ± 1.03) followed by PTN (2.20 ± 0.77) while the
least mean value of smear layer was found in WOG
(1.93 ± 0.88).

Discussion
The removal of the remaining pulp tissue, infected
dentine, and most of the microorganisms from the root
canal system is still one of the most important objectives
during root canal instrumentation (Löst, 2006).
The aim of this study was to compare the cleaning

efficiency of three rotary nickel-titanium systems using
different kinematics in curved root canals of extracted
human molar teeth.
Instrumentation of curved root canals always remains

challenging not only for uniform canal shaping, but also
for the proper cleaning of the root canal dentin. The
teeth were balanced with respect to the angle and the ra-
dius of the canal curvature in which the homogeneity of
the three groups was examined using analysis of variance
(ANOVA) and post hoc Tukey test (Table 1).
The selected systems in this study represent three dif-

ferent kinematics: ProTaper Next, continuous rotation;
WaveOne Gold, reciprocation; and Twisted File Adap-
tive, adaptive motion.
Debris and smear layer have been examined as the cri-

teria to assess the cleaning efficiency because debris
comprises dentine chips and residual vital or necrotic
pulp tissue attached to the root canal wall that is consid-
ered to be infected in many cases (Hülsmann et al.,
1997). Whereas the smear layer is the thin film consist-
ing of predominantly inorganic material produced by
canal instrumentation (Grandini et al., 2002). Therefore,
the uninstrumented areas display no smear layer.
To avoid any impact of the irrigating solution, only

NaOCl was used for its outstanding antibacterial effect and
exclusive organic tissue-dissolving properties (TüRKüN &
CENGIZ, 2007). The cleaning efficiency was assessed using
SEM evaluation on the basis of a numerical score for debris
and smear layer of the coronal, the middle, and the apical
parts of the canals (Hülsmann et al., 1997).
It has to be mentioned that area selection might be

biassed, as cleaner sections might be preferred for scor-
ing. This was overwhelmed by blinding the evaluator for
the tested groups.
Adaptive motion recorded significantly higher scores

than both rotation and reciprocating motions. This
might be attributed to the continuously changing mode
of operation which helps in packing of debris on the
dentin walls rather than its clearance. This is very clear
in the apical portion and not evident as we proceed cor-
onally as the coronal areas are wide enough for debris
removal via the mechanical action of irrigant. This is in
agreement with many previous studies (Wu &

Wesselink, 1995; Jiang et al., 2012; Siqueira et al., 2010).
Other factors that might influence the amount of debris
are the cutting efficiency of the instrument which de-
pends on the file design, surface treatment, and heat
treatment of the alloy (Baumann, 2004; Blum et al., 2003;
Plotino et al., 2014). Further studies are necessary to in-
vestigate the influence of these factors on the remaining
canal debris. On the other hand, both rotation and recip-
rocation motions showed comparable results of debris
which was in agreement with other previous studies (Plo-
tino et al., 2015; Bürklein et al., 2012; de Carvalho et al.,
2016).

Conclusion
Under the conditions of this study, adaptive motion pro-
duced more debris than the reciprocating or the rotating
motions.
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