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Featured Application: The influence of brushing motion on root canal anatomy preservation after
shaping with NiTi single file reciprocating instruments was evaluated. The brushing movement
may accentuate canal transportation especially in the coronal third.

Abstract: Brushing motion has been proposed for endodontic single-file reciprocating systems to
eliminate coronal interferences, but it may hesitate in a less conservative root canal shaping. The aim
of the study was to compare the maintenance of the original root canal anatomy using the WaveOne
Gold (WOG) technique with or without a brushing motion. Sixty extracted human mandibular first
molars were selected. Manual canal scouting and mechanical glide path were performed. Samples
were randomized into two groups (n = 30): WOG Primary was used to shape the mesio-lingual canals
without (NB group) or with (B group) an intentional brushing motion. Specimens were scanned
with micro-computed tomography (micro-CT) before and after instrumentation in order to match the
volumes. Increases in canal volume and surface area were measured. Centroid shift and thickness
of removed dentine from the inner curvature were assessed at the furcation, 1.5 mm and 3 mm
apically from the furcation, and in relation to the point of maximum curvature. Data were analyzed
by one-way ANOVA and post-hoc Student–Newmann–Keuls tests (p < 0.05). No brushing technique
resulted in being significantly associated with a better maintenance of the canal anatomy, especially
in the coronal third (p < 0.05). When using the WOG system, a no-brushing technique resulted in less
invasive shaping, reducing the risk of stripping.

Keywords: brushing motion; WaveOne Gold; reciprocating instruments; root canal transportation;
micro-CT

1. Introduction

Root canal shaping is essential to achieve optimal results in the subsequent cleaning and filling
procedures [1,2]. This process aims to create an adequate space for irrigation while preserving the
original anatomy [3].

Maintaining the original canal shape through the use of a minimally invasive technique is
associated with better endodontic outcomes [1,4,5]. Nickel–titanium (NiTi) rotary systems have been
shown to reduce shaping time, operator fatigue, and root canal transportation [6,7]. A reciprocating
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single instrument approach has been introduced to simplify root canal shaping [8–10]. This technique
uses only one file after the initial canal scouting and glide path to create a continuous tapered
preparation [11,12]. The reciprocating movement limits the torsional stress placed on the shank of the
single file during shaping, reducing the risk of instrument fracture [9,10,13,14]. Recently, the WaveOne
Gold (WOG) reciprocating system has been introduced. The evolved parallelogram cross section
and the Gold-Wire technology are claimed to optimize root canal centering ability and fracture
resistance [15,16]. This WOG directions of use suggest utilizing a brushing motion on the outstroke to
eliminate coronal interferences and to enhance shaping results [17].

Therefore, brushing motion is widely suggested to remove restrictive coronal dentine using
a painting movement towards the outside of the canal curvature. It was clinically adopted for
multi-file shaping systems to improve the efficiency of the finishing files after deleting coronal
constriction, especially for mesial canals of mandibular molars [18]. However, brushing motion was
also proposed for single-file reciprocating systems to eliminate coronal interferences before filling
with a warm gutta-percha technique, or to improve shaping outcomes in canals that exhibit irregular
cross-sections [19]. There is currently insufficient information regarding the shaping ability and the
maintenance of the original canal anatomy of reciprocating single-file instruments when used in a
brushing motion.

Micro-computed tomography (micro-CT) has emerged as a powerful device for the in vitro
evaluation of root canal shaping outcomes. It enables the analysis of volume changes, cross-sectional
shape, taper, and proportion of prepared surface by matching reconstructed sample volumes of
pre-operative and post-operative canal systems [20,21].

The aim of this study was to evaluate the ability of reciprocating WaveOne Gold single files to
maintain the original root canal anatomy when used with or without an intentional brushing motion.
The correct clinical use of the reciprocating instrumentation could improve the maintenance of the
sound tooth structure, reducing the risk of root canal transportation and positively influencing the
long-term prognosis of the endodontic treatments. The null hypothesis is that both instrumentation
techniques will equally maintain the original root canal anatomy.

2. Materials and Methods

Mandibular first permanent molars with a fully formed apex and extracted for periodontal
disease were considered. The patients signed an informed consent for the treatment and for the
use of the extracted tooth for research purposes, and the local scientific committee authorized the
in-vitro study. Only teeth free of caries, cracks, and artificial alterations were included in the study.
After root surface debridement to remove periodontal debris, plaque, and calculus, specimens were
dipped in a 0.01% NaOCl solution at 4 ◦C and then, after 24 h, were stored in saline solution at the
same temperature. A sample size of 30 molars per group was calculated with G*Power 3.1.4 (Kiel
University, Kiel, Germany) to set the study power at 80%. A custom-made support was created in
order to scan the specimens. Low-resolution preliminary micro-CT scans were performed to ensure
that inclusion criteria were met (SkyScan 1172, Bruker micro-CT, Kontich, Belgium). Preliminary scans
were conducted with the following parameters: a total of 450 projections throughout a 225◦ rotation
(180◦ plus cone angle of the X-ray source) using a 1.0 mm-thick aluminum filter, voltage = 100 kV,
current = 80 µA, source-to-object distance = 80 mm, source-to-detector distance = 220 mm, pixel
binning = 8 × 8, and exposure time/projection = 0.2s. Morphological parameters of the mesial canals
were obtained. Mesio-lingual separated canals, 12 ± 2 mm in length from canal orifice to apical
foramen, with moderate curvature (10◦–30◦), and 2 < r ≤ 6 curvature radius were selected to ensure
sample homogeneity.
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Out of 72 teeth assessed for inclusion, 12 teeth not meeting the inclusion criteria or with prominent
intracanal isthmus or significant calcifications were excluded. Sixty samples were randomly assigned
to two groups by a blinded operator through random number tables: WaveOne Gold Primary with
no brushing technique (NB group) (n = 30) and WaveOne Gold Primary with brushing technique
(B group) (n = 30).

A blinded operator performed randomization, allocation, and statistical analysis, and a single
expert operator with over ten years of experience in endodontics and blinded to the objectives of the
study prepared the samples. After access cavity preparation, canal scouting was performed with #10
K-file at working length (WL) using Glyde (Dentsply Sirona) as a lubricating agent (0.80 mg). WL was
determined under 10X magnification (OPMI Pro Ergo, Carl Zeiss) by subtracting 0.5 mm from the
length at which the tip was visible at the apical foramen. In both groups, glide path was performed
with a Proglider single file (size 0.16, taper 0.02 to 0.085) (Dentsply Sirona) using an X-Smart Plus motor
(Dentsply Sirona) (300 rpm, 4 Ncm) at WL.

In the NB group, root canal shaping was performed with a WaveOne Gold Primary single file (size
0.25, taper 0.07) (Dentsply Sirona) using X-Smart Plus (reciprocating movement settings as suggested
by the manufacturer) at WL with an in-and-out motion and no intentional brushing effect. In the B
group, root canal shaping was performed with a WaveOne Gold Primary single file (size 0.25, 0.07)
using X-Smart Plus (reciprocating movement settings as suggested by the manufacturer) at WL with
a brushing motion consisting of four strokes towards the root canal wall opposite to the furcation.
Instruments were removed from the canal and cleaned after three pecking motions until WL was
reached. Slow in-and-out pecking motions (amplitude less than 3 mm) were used in both groups,
and new instruments were employed for each specimen.

Irrigation was performed with a 30-gauge needle syringe alternating 5% NaOCl with 10% EDTA
during instrumentation for a total of 6 mL of NaOCl and 4 mL of EDTA for each specimen.

The selected samples were scanned at a higher spatial resolution before and after root canal
preparation (SkyScan, Bruker-microCT). The microCT scanning parameters were 100 kV, 100 µA, 16 µm
resolution, Au filter and 360◦ rotation, for a total of 2400 projections. The images were reconstructed
with NRecon (Bruker-microCT) using standard parameters for beam hardening (60%) and ring artefact
correction (7%). Each root canal path was analyzed with high-resolution three-dimensional (3D)
rendering and orthogonal bidimensional (2D) cross sections. Reconstructed volumes were analyzed
with CTAn (Bruker-microCT), and the measurements were performed. The increase in canal volume and
surface area were calculated for each group through the superimposition of the pre- and post-operative
scanned volumes. The centroid shift and the amount of removed dentine up to the furcation in the
middle and coronal third of the canals were measured using ImageJ 1.43u 64-bit software (National
Institute of Health, Bethesda). A minimum threshold algorithm was set to avoid manual errors [22].
Root sections orthogonal to the canal axis were set at 4 different levels: at the furcation (F), 1.5 mm
apically from the furcation (1.5F), 3 mm apically from the furcation (3F), and in correspondence to the
point of maximum curvature (M).

Results were analyzed by one-way ANOVA and post-hoc Student–Newmann–Keuls test (p < 0.05)
using SPSS (version 12.0).

3. Results

3.1. Geometrical Analysis

Canal volumes, surface areas, and mean apical diameters at baseline are presented in Table 1.
Pre-operative values displayed homogeneity between groups (p > 0.05).
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Table 1. Sample baseline characteristics in the no-brushing and brushing groups (mean ± STD).
Statistical significance indicated by p < 0.05. *Apical diameters (mean ± STD) at 1 mm from the
apical foramen. B = brushing group; NB = no-brushing group; STD = standard deviation.

NB B p

Canal volume (mm3) 2.21 ± 0.92 2.35 ± 0.65 0.12
Canal surface area (mm2) 17.36 ± 3.61 18.41 ± 4.15 0.10
Apical diameters * (mm) 0.17 ± 0.08 0.19 ± 0.06 0.24

The mean curvature of the specimens was 21.2◦ ± 2.3◦ and 19.8◦ ± 3.1◦ in the NB and B groups,
respectively, with no statistical difference between the groups (p = 0.12). There was no incidence of
instrument fracture during canal preparation.

The mean increases in canal volume and surface area after shaping are reported in Table 2.
Brushing technique led to a significant increase in canal volume (p = 0.026) and surface area (p = 0.019)
compared to no-brushing technique. The differences in centroid shift and dentinal removal from the
furcation at each level of analysis are presented in Table 2. Both 2D parameters showed significant
differences for all levels of analysis (p < 0.05), except at the point of maximum curvature (M) (p > 0.05).

Table 2. Variations in 3D and 2D parameters in both groups after shaping (mean ± STD). Statistical
significance indicated by p < 0.05. Superscript letters in the same column indicate significant differences
between groups (p < 0.05). For 2D parameters, significance was compared for the same level of analysis.
(1.5F = 1.5 mm from the furcation; 2D = two-dimensional; 3D = three-dimensional; 3F = 3 mm from the
furcation; B = brushing group; F = furcation; M = point of maximum curvature; NB = no-brushing
group; STD = standard deviation; IQR = interquartile range). Different superscript letters (a, b) in the
same column indicate significant differences between groups (p < 0.05).

Group ∆ Volume
(mm3)

∆ Surface
Area (mm2)

Level of
Analysis

Centroid Shift (mm−1) Dentin Removal (mm)

Range Median
(IQR)

Mean ±
STD Range Median

(IQR)
Mean ±

STD

NB 0.91 ± 0.58 a 2.81 ± 1.54 a

F 0.20–1.40 0.59 (0.64) 0.68 ± 0.41 a 0.10–0.50 0.24 (0.31) 0.27 ± 0.16 a

1.5F 0.40–1.50 0.68 (0.77) 0.84 ± 0.36 a 0.10–0.60 0.27 (0.28) 0.31 ± 0.14 a

3F 0.60–1.80 0.75 (0.85) 0.95 ± 0.22 a 0.10–0.40 0.19 (0.15) 0.26 ± 0.21 a

M 0.10–1.30 0.49 (0.76) 0.51 ± 0.18 a 0.10–0.30 0.12 (0.11) 0.18 ± 0.12 a

B 1.35 ± 0.79 b 3.49 ± 1.95 b

F 0.30–1.60 0.83 (0.97) 0.86 ± 0.44 b 0.20–0.70 0.51 (0.36) 0.46 ± 0.23 b

1.5F 0.50–1.90 1.19 (0.78) 1.24 ± 0.47 b 0.30–0.80 0.51 (0.29) 0.55 ± 0.29 b

3F 0.90–2.30 1.81 (1.19) 1.79 ± 0.58 b 0.40–0.90 0.74 (0.22) 0.68 ± 0.33 b

M 0.40–1.40 0.90 (0.62) 0.78 ± 0.62 a 0.10–0.40 0.30 (0.13) 0.28 ± 0.17 a

3.2. Images Matching

Figures 1 and 2 represent 2D and 3D matching of pre-operative (green) and post-shaping (red)
sections at the four levels of analysis in both groups.
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Figure 2. Micro-CT scan matching of pre- and post-shaping volumes from a coronal (a) and lingual 
(b) projection. Note the difference between pre-operative (green) and post-shaping with WaveOne 
Gold Primary (red) volumes. In this representative sample the mesial root was shaped with (ML) and 
without (MB) brushing motion in the two different root canals. Note the wear at the furcation level 
“danger zone” especially in the ML canal. 
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apically from the furcation (3F), and in correspondence with the point of maximum curvature (M).
B = brushing group; NB = no-brushing group.
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Figure 2. Micro-CT scan matching of pre- and post-shaping volumes from a coronal (a) and lingual
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without (MB) brushing motion in the two different root canals. Note the wear at the furcation level
“danger zone” especially in the ML canal.

4. Discussion

Brushing movement can be adopted after glide path to carry tapered files against the outer wall of
the coronal curvature in order to obtain straight access to the apical third. It may be especially useful
for the mesial canals of mandibular molars where it is intentionally directed against the outer side of
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the curvature where the dentine is thicker. This procedure should ease the use of shaping instruments
up to WL and subsequent root canal filling, when using the continuous wave technique [18,23].
However, the instrument’s cutting action is not perfectly selective, and more aggressive shaping may
lead to a weakening of the inner dentine walls [23,24]. The dentine in the mesial root of mandibular
molars is thinner at the distal surface of the root, 1.5 mm below the furcation, which is generally only
1.2 mm thick [25–27]. Therefore, preservation of the original canal anatomy, without weakening the
radicular structure, may lead to more favorable outcomes, in particular for the mesial root of the lower
molars [4,24]. Moreover, the use of carrier-based techniques or single cones with bioceramic sealers
could allow three-dimensional (3D) filling, even with low-tapered preparations [28,29].

This study evaluated the cutting efficiency and centering ability of WaveOne Gold Primary
reciprocating single files used with or without brushing motion. Intentional brushing movement
during shaping with the WaveOne Gold single-file technique led to a higher centroid shift and greater
dentine removal from the inner aspect of the root canal, especially in the coronal third.

The evaluation of post-instrumentation geometrical variations is a reliable assessment of the
ability of a shaping technique to preserve the canal anatomy [21]. An extracted tooth model is generally
considered transferable to the clinical situation due to the similarity of the experimental conditions [30].
Homogeneity of pre-operative characteristics among selected samples is essential to ensure adequate
standardization [24,31]. Micro-CT scans enable the identification of morphological changes associated
with different biomechanical preparations, including canal transportation and dentine removal [20].
Moreover, the overlapping of pre- and post-operative root canal volumes allows for 3D quantitative
analysis [1].

This study considered four levels of analysis in relation to the furcation area of the mesial root of
mandibular molars where the dentine is thinner [27]. The limited amount of dentine at the furcal side
of the mesial root of mandibular first molars means that this can be considered a “danger zone” [25,27].
Previous studies have reported that centering ability of the instruments is influenced by their design,
the type of alloy, and the root canal anatomy [31,32], but no information is available about the effect of
brushing motion on the shaping outcomes of single-file reciprocating instruments. The reciprocating
motion helps to keep the instrument centered, promoting equal cutting force on the inner and external
sides of the curvature [9,10,33]. Moreover, it allows the use of a single-file approach due to a reduction
in the instrument’s torsional stress and wedging action [8,34]. Nevertheless, accomplishing glide
path may reduce the number of pecking motions required to reach the full WL with the reciprocating
instrument [5].

However, the significant increase in canal dimensions and the higher centroid shift and dentine
removal from the inner curve suggests that increasing the number of brushing strokes could lead to a
significant reduction in dentine wall thickness in both directions.

5. Conclusions

Within the limits of this study, the use of a brushing movement while shaping with WaveOne
Gold Primary reciprocating instruments seemed to negatively impact the maintenance of the original
root canal anatomy.
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