
applied  
sciences

Article

Postoperative Quality of Life after Single-Visit Root Canal
Treatment Performed with Reciprocating Shaping Systems:
An Observational Study

Stefania Multari 1,* , Mario Alovisi 1 , Elio Berutti 1, Stefano Corbella 2,3,4, Silvio Taschieri 2,3,4 ,
Giorgia Carpegna 1 , Nicola Scotti 1, Allegra Comba 1 and Damiano Pasqualini 1

����������
�������

Citation: Multari, S.; Alovisi, M.;

Berutti, E.; Corbella, S.; Taschieri, S.;

Carpegna, G.; Scotti, N.; Comba, A.;

Pasqualini, D. Postoperative Quality

of Life after Single-Visit Root Canal

Treatment Performed with

Reciprocating Shaping Systems: An

Observational Study. Appl. Sci. 2021,

11, 273. https://doi.org/10.3390/

app11010273

Received: 17 November 2020

Accepted: 24 December 2020

Published: 30 December 2020

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional clai-

ms in published maps and institutio-

nal affiliations.

Copyright: © 2020 by the authors. Li-

censee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Surgical Sciences, Dental School, Endodontics, University of Turin, 10126 Turin, Italy;
mario.alovisi@unito.it (M.A.); elio.berutti@unito.it (E.B.); giorgia.carpegna@unito.it (G.C.);
nicola.scotti@unito.it (N.S.); alle_comba@yahoo.it (A.C.); damiano.pasqualini@unito.it (D.P.)

2 Department of Biomedical, Surgical and Dental Science, Università degli Studi di Milano, 20122 Milan, Italy;
stefano.corbella@unimi.it (S.C.); silvio.taschieri@unimi.it (S.T.)

3 IRCCS Istituto Ortopedico Galeazzi, 20161 Milan, Italy
4 Department of Oral Surgery, Institute of Dentistry, I.M. Sechenov First Moscow State Medical University,

119435 Moscow, Russia
* Correspondence: Stefania.multari@unito.it; Tel.: +39-(0)11-6331569; Fax: +39-(0)11-6331570

Featured Application: Root canal shaping techniques influence patients’ postoperative quality
of life after a primary root canal treatment. The introduction of more flexible reciprocating in-
struments with different alloy and geometry could lead to a general improvement of the post-
operative symptoms. Patient-centered outcomes are crucial to evaluate the quality of the root
canal treatment.

Abstract: Postoperative pain is a frequent complication of root canal treatment. It could worse
patients’ quality of life (QoL) and it may be associated to several factors, including the shaping
technique. The aim of the study was to compare the impact of WaveOne Gold (WOG) and WaveOne
Classic (WOC) reciprocating instrumentation on postoperative QoL after single-visit primary root
canal treatment. Healthy subjects with pulp necrosis on multirooted teeth were observed. Canal
shaping was performed with WaveOne Gold Primary (n = 25) or WaveOne Classic Primary (n = 29)
and canal filling was completed with a carrier-based technique. Mean and maximum scores for
postoperative pain were assessed through a Visual Analogue Scale (VAS) and QoL indicators were
evaluated with a self-assessment questionnaire based on a Likert scale. Postoperative pain curves
were similar in both groups (mean pain p = 0.43; maximum pain p = 0.27) and quality of life indicators
showed no significant differences (p > 0.05). There was a more favourable trend of QoL values in
the WOG group, reaching statistical significance on day six posttreatment (p = 0.021). Within the
limitations of the study, reciprocating instrumentation may have an impact on patients’ QoL, but
the innovative geometrical and alloy properties of the WaveOne Gold seemed to induce a faster
resolution of the postoperative symptoms.

Keywords: patient outcome assessment; postoperative pain; quality of life; root canal shaping;
reciprocating instruments

1. Introduction

The World Health Organization (WHO) defines the Quality of Life (QoL) as “an
individual’s perception of their position in life in the context of the culture and value
systems in which they live and in relation to their goals, expectations, standards and
concerns” [1]. The chronic oral diseases have been shown to negatively influence patients’
QoL [2]. QoL can be analyzed and measured with self-assessment questionnaires [3,4],
and it can be considered as the overall result of several aspects, such as the difficulty in
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eating, sleeping, speaking, carrying out daily functions, and relating with other people
as well as perceived pain [5,6]. Previous studies evaluated the relationship between the
root canal treatment and patient QoL and showed that several patients perceive it as a
negative event, being frequently associated with pain [3,7]. There is a growing interest in
patients’ treatment perceptions, and postoperative QoL could be considered as an indicator
of the overall quality of the endodontic therapy [4,5]. Root canal treatment aims to resolve
pulpal and periradicular diseases and to improve long-term tooth prognosis [8]. However,
postoperative pain is a possible complication, and it can worsen patient QoL [9]. Pain
can be caused by a phlogistic reaction following the root canal shaping [10–13] and can
be influenced by operator experience, preoperative status, and shaping techniques [14].
In particular, the postoperative pain is frequently caused by debris extrusion beyond
the apex during root canal shaping, such as dentinal chips, pulp debris, bacteria, and
irrigants [9,15,16] and it has a great impact on patients’ QoL [9]. The Nickel-Titanium
(NiTi) reciprocating shaping instruments are associated with high cyclic fatigue resistance
and respect of the canal anatomy [17–19]. However, they are claimed to promote greater
debris extrusion and postoperative pain prevalence compared to rotary systems, negatively
affecting patients’ QoL [20–22]. Recently, the reciprocating WaveOne Gold (WOG) system
was introduced with substantial improvements in alloy, taper, and section. The gold NiTi
alloy is thermically treated in order to enhance flexibility and shape memory. Moreover,
a reduced variable taper compared to WaveOne Classics (WOC) and an off-centered,
parallelogram cross-section provides one single contact point between the instrument and
the canal walls, leaving more space for debris removal. The new features are supposed to
lead to an improved conservative shaping, with a consequent less debris extrusion and
a better postoperative trend, if compared to other reciprocating mechanical files. Several
studies reported that rotary shaping is associated to better postoperative quality of life,
probably due to a lesser amount of debris extrusion beyond the apex during the canal
instrumentation [22,23]. However, there are no studies considering instruments with the
same type of motion but different design and alloy properties.

The aim of this preliminary observational study was to evaluate patients’ postopera-
tive QoL after root canal treatments performed with two different reciprocating shaping
systems and the impact of the instrument design and alloy properties on postoperative pain.

2. Materials and Methods

This observational study was performed according to the principles of the last update
of the Helsinki Declaration [24]. The study was authorized by Local Ethics Committee and
Review Board (Acceptance protocol no. 0000184, Appendix A). Root canal treatment was
carried out with the patients’ informed consent to participate in the study.

Fifty-four healthy subjects who received a diagnosis of pulp necrosis with or without
symptomatic or asymptomatic apical periodontitis in a multirooted tooth were observed
after primary root canal treatment. Clinical cases in which sinus tract, facial cellulitis, or
acute periapical abscesses meant as exacerbation of apical periodontitis and manifesting
with swelling were detected were excluded from the analysis, due to the possibility of
confounding QoL records, regardless of the treatment received. Patients with physical or
psychological disabilities or an inability to understand study instructions were excluded,
as well as those who received emergency treatments.

2.1. Sample Size Calculation

The sample size was calculated assuming the aim of detecting a between-group
difference of 5% (0.5 on visual analogue scale, VAS scale) in postoperative pain (alpha = 0.05,
power = 80%) [14]. The required sample was 23 patients for each group. Hypothesizing a
loss of 15% subjects to follow-up, a minimum of 29 subjects per group was enrolled.
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2.2. Clinical Intervention

Medical and dental anamneses were collected for each patient prior to intra-oral
examination and assessment of periodontal status with a periodontal chart.

The pulpal and periradicular status of each tooth was clinically verified with palpation,
percussion, and thermal and electric pulp tests (Diagnostic Unit, Sybron, Orange, CA, USA).

Radiographic analyses were performed with periapical radiographs using phosphor
storage imaging plates (Comfort OcclusalTM OpTime Soredex, Tuusula, Finland) and Rinn
XCP devices (Rinn Corp., Elgin, IL, USA). The data were processed and archived with a
dedicated scanner and software interface (OpTime Soredex, Tuusula, Finland). For each
tooth, the loss of lamina dura and periodontal ligament enlargement (>2 mm) were verified
using periapical radiography and eventually classified as lesion of endodontic origin (LEO).
Radiographic images with periapical index (PAI) 1 or 2 were classified as no LEO, while
those corresponding to PAI 3, 4, or 5 were catalogued as LEO. Three endodontists with at
least 10 years of experience analyzed clinical and radiological status. When opinions were
not unanimous, consensus agreement was reached through discussion. Examiners were
calibrated to the evaluation criteria through a case series presentation and concordance
was analysed by the Fleiss’ K score until inter-examiner reliability (K > 0.70) was expected.

Moreover, before starting root canal treatment, the American Association of Endodon-
tists (AAE) Endodontic Case Difficulty Assessment was filled in to classify each treatment
as minimal, moderate, or high difficulty [25]. All treatments were performed by the same
experienced operator who had completed a postgraduate course in Endodontics and had
more than 10 years of experience. All the clinical procedures are summarized in Table 1.

Table 1. Root canal treatment.

Group 1 Group 2

Canal Scouting K-File #10 K-File #10
Mechanical Glide Path Proglider #16.02 Proglider #16.02

Irrigants NaOCl 5%
EDTA 10%

NaOCl 5%
EDTA 10%

Root Canal Shaping WaveOne Classic Primary (25.08) WaveOne Gold Primary (25.07)
WL Measurement Electronic and Radiographic Electronic and Radiographic
Root Canal Filling Thermafil Technique Thermafil Technique

Root canal treatment protocol for each group. EDTA, ethylenediaminetetraacetic acid; NaOCl, sodium hypochlorite; WL, working length.

After local anaesthesia and rubber dam isolation, access cavity preparation and en-
dodontic pretreatment restoration were performed.

Canal scouting was accomplished with a size #10 stainless steel K-file (Dentsply
Sirona) and mechanical glide path was achieved with ProGlider (Dentsply Sirona) using an
endodontic motor (X-Smart Plus, Dentsply Sirona) and a 16:1 contra angle at the suggested
settings (300 rpm and 4 Ncm) up to the working length (WL).

Root canal shaping was performed with WaveOne Classic Primary (WOC) (tip size
#25, taper 0.08) (Dentsply Sirona) (n = 29) or WaveOne Gold Primary (WOG) (tip size #25,
taper 0.07) (Dentsply Sirona) (n = 25) reciprocating files.

Instruments were removed from the root canal every three pecking motions to clean
the blades and remove dentinal debris, as recommended in the manufacturer’s instructions.
The manufacturer’s configuration setup was used to determine the dedicated reciprocating
settings of the endodontic motor (X-Smart Plus, Dentsply Sirona).

Apical patency was established two times, at the end of glide path and root canal
shaping, with a size #10 K-file 0.5 mm beyond the apex.

Electronic WL was recorded with an apex locator (Diagnostic Unit, Sybron, Orange,
CA, USA) three times:

(1) During canal scouting with a size #10 stainless-steel K-file,
(2) At the end of glide path with a size #15 stainless-steel K-file, and
(3) 3 mm before reaching the WL during shaping with a size #15 stainless-steel K-file.



Appl. Sci. 2021, 11, 273 4 of 13

At the end of the glide path, a radiographic check of WL was performed using a size
#15 stainless steel K-file.

Irrigation was accomplished with 5% NaOCl (Niclor 5, OGNA, Muggiò, Italy) and
10% EDTA (Tubuliclean, OGNA, Muggiò, Italy), for a total of 20 mL for 30 min using a
30-G endodontic needle.

Before root canal filling, canals were dried with fine or medium sterile paper points.
During the same session, root canal filling was completed with an endodontic sealer (Pulp
Canal Sealer EWT, Kerr Endodontics, Orange, CA, USA) and Thermafil (Dentsply Maillefer)
technique. The access cavity was sealed with a temporary filling (IRM, Dentsply Interna-
tional Inc., York, PA, USA) and patients were scheduled for subsequent postendodontic
restoration. No occlusal adjustments were performed.

2.3. Outcomes

Patients were dismissed with postoperative instructions and a prescription for optional
analgesics. Each patient received a questionnaire (Appendix B) to evaluate QoL at the
same time every day for seven days posttreatment. A Likert scale from 0 (none) to 10
(the worst ever perceived) was used to evaluate difficulty in chewing, speaking, sleeping,
carrying out daily functions, social relations, and overall QoL. Mean and maximum scores
for postoperative pain were assessed through a Visual Analogue Scale (VAS) made of a
10-cm line, where 0 = no pain and 10 = unbearable pain. At the time of the delivery of the
questionnaire, it was explained to the patient how to fill it in, being careful to separate each
aspect from the other, explaining the differences between postoperative pain and quality of
life, in order to avoid bias in the results.

Preoperative status was collected, recording also prevalence and entity of preoperative
pain and clinical diagnosis. The number of analgesic tablets taken during the postoperative
period and the number of days necessary to reach a complete resolution of pain after
treatment were recorded.

Also, clinician had to fill in a form for each clinical case, in order to record diagnosis,
operating times, and eventually difficulties or mistakes that occurred during the root canal
treatment and that could influence postoperative trend.

2.4. Statistical Methods

Mean and standard deviation (SD) statistics were calculated for each variable at
baseline and for each posttreatment day. The normality of variable distribution was
assessed through the Kolmogorov–Smirnov test. Repeated-measures, two-way analysis of
variance (ANOVA) was used to evaluate any differences over time between QoL indicators
reported by each group. To analyze the continuous variables normally distributed, the
Student’s t test was adopted (i.e., analgesics’ intake and pain stop values). The baseline
variables for each group were compared using the Mann–Whitney U-test, and the chi-
squared test was used to evaluate categorical variables (diagnostic and clinical variables,
prevalence of postoperative pain). The level of statistical significance was set, a priori,
at p < 0.05. The analyses were made using SPSS for Windows 17.0 software (SPSS, Inc.,
Chicago, IL, USA).

3. Results

Data from 29 subjects in the WOC group and 25 in the WOG group were statistically
analysed (Figure 1). Baseline characteristics and demographics did not significantly differ
between the groups (Tables 2 and 3).
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Figure 1. Observational study flowchart divided for each group.

Table 2. Baseline patient demographics and characteristics.

Pre-Operative Status Group 1 (n = 29) WOC Group 2 (n = 25) WOG p

AAE difficulty (minimal/moderate/high) (n) 8/20/1 6/18/1 NS
Type of tooth (maxillary molars/mandibular molars) 18/11 10/15 NS

Pulp necrosis 100% 100% NS
Symptomatic apical periodontitis 54.2% 48.0% NS

LEO prevalence 25.0% 20.0% NS
Pain prevalence 83.3% 80.0% NS

Mean pain score (VAS) 3.84 ± 3.12 2.90 ± 2.51 NS
Maximum pain score (VAS) 5.24 ± 3.76 4.28 ± 3.30 NS

Quality of life (LS) 2.92 ± 2.60 2.10 ± 2.92 NS

WOC, WaveOne Classic; WOG, WaveOne Gold; AAE, American Association of Endodontists; LEO, lesion of endodontic origin with
periapical radiolucency > 2 mm; VAS, Visual Analogue Scale; LS, Likert Scale Values; NS, not statistically significant (p > 0.05).

Table 3. Patient age and gender.

Group 1 (n = 29)
WOC

Group 2 (n = 25)
WOG p

Age (<30/30–45/45–60/>60) 9/10/7/3 8/9/6/2 NS
Gender (M/F) 12/17 10/15 NS

NS, not statistically significant (p > 0.05).
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3.1. Postoperative Pain, Analgesic Intake, and Pain Stop Value

Changes in mean and maximum postoperative pain (Figures 2 and 3) over time were
not significantly different between the two groups (p values are presented in figure legends).
Mean (±SD) pain stop values were 4.3 ± 2.3 days for the WOC group and 3.9 ± 1.8 days for
the WOG group (p = 0.44). The mean analgesic intake did not significantly differ between
the groups (5.1 ± 4.4 for subjects in the WOC group and 4.6 ± 3.8 for those in the WOG
group; p = 0.66).
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3.2. Postoperative Qualty of Life Indicators

QoL indicators following the root canal treatment for both groups are presented in
Figure 4. There was a more favorable trend of patient QoL in the WOG group, reaching
statistical significance on day six (p = 0.021). No differences were found in eating (p = 0.5),
carrying out daily functions (p = 0.78), speaking (p = 0.81), sleeping (p = 0.79), and social
relating (p = 0.91) between groups.

3.3. Number of Pecking Motions

Fewer pecking motions were required to reach the full WL in the WOG group
(p = 0.041). The mean number (±SD) of pecking motions was 8.3 ± 1.8 for the WOG
group and 9.8 ± 2.1 for the WOC group.
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4. Discussion

This study evaluated the impact of two different reciprocating shaping systems on
patients’ postoperative QoL using systematic postoperative surveys. Patients’ perspectives
should be considered during the analysis of the endodontic clinical outcomes [3,4,26]
and standardized assessment methods are extensively reported [27]. Postoperative pain
can be influenced by occlusion, preoperative pain, periapical radiolucency, type of tooth,
and previous emergency intervention [28]. However, the factors related to the chemo-
mechanical root canal debridement are the main contributors to postoperative pain due to
the extruded dentinal debris that could induce periradicular inflammation [15,16].

This study considered only teeth with a diagnosis of pulp necrosis in order to achieve
similar baseline characteristics [29]. Only multirooted teeth were selected, since it has been
reported that molars experienced postoperative pain more frequently [28,30]. A systematic
balance between maxillary and mandibular molars was investigated and no significant
differences were found between groups. During the clinical examination, the presence
of periapical radiolucency was recorded, due to the correlation with the severity of the
infection. A higher bacterial load increases the possibility of infected debris extrusion,
with a subsequent inflammatory periapical reaction and worse postoperative trend [9].
Moreover, the preoperative pain at baseline could moderately influence postoperative
pain [9]. Although some studies have reported no significant differences in terms of
postoperative pain after root canal treatment completed by generalists or endodontics
specialists, this study employed a single expert operator to perform all clinical cases [3,31].
Previous studies reported that NiTi reciprocating single-file systems may be correlated to
a stronger postoperative pain than rotary instruments [19,22,23]. Although they may be
associated with a more conservative root canal preparation, reciprocating single-file systems
may cause greater debris extrusion and, consequently, a higher degree of postoperative
pain [17,21]. It has been shown that the number of files used to reach the working length,
the type of motion, and the instrument design can modulate the expression of neuropeptide
in the periodontal ligament [29,32].

In the present study, a core carrier obturation technique was performed for all clinical
cases, with the aim of adopting a predictable method and avoiding bias linked to the root
canal filling technique. The choice was supported by a systematic review and metanaly-
sis, reporting that a core carrier obturation does not influence negatively postoperative
symptoms, even if compared with cold lateral condensation [33]. However, thermafil
technique has been associated to a more frequent incidence of overfilling, causing more
intense postoperative symptoms [31]. In this observational study, for each clinical case the
operator had to record in the relevant form (Appendix C) any complication, mistake, or
difficulty. All the root canal treatments were performed by the same expert operator and
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no overfilling was recorded. Nevertheless, to prevent this complication, the Thermafil core
carrier size was chosen based on the diameter of the apical foramen and an X-ray confirma-
tion was performed. Moreover, each Thermafil was adjusted in order to standardize a small
amount of gutta-percha beyond the carrier. Apical patency was performed twice during
each root canal treatment, in order to standardize the clinical protocol and to ensure the
right detection of the working length. This procedure seems not to increase postoperative
pain since it can promote the correct cleaning of the apical portion of the root canal walls,
preventing the creation of blocks, ledges, perforations, or apical transportation. Rather,
it has been reported that apical patency is associated with less postoperative pain after
primary root canal treatments performed in multirooted necrotic teeth. [28] In addition,
a systematic review reported that single-visit root canal therapy has a slightly negative
influence on postoperative pain [34], even if Manfredi et al. demonstrated that there is
no difference in terms of postoperative pain between single- and multiple-visit root canal
treatment [35]. Furthermore, previous studies reported that the use of single-file reciprocat-
ing instruments in a multiple- or single-visit approach is related to a significantly higher
use of analgesics [19,22,23].

In the present study, there were no significant differences in terms of postoperative
pain between two different single-file reciprocating systems. As no control group was
established, it cannot be concluded that reciprocating instrumentation has a positive
outcome on postoperative pain and patients’ QoL. The WOG group showed a faster
improvement of the postoperative conditions, associated with a better QoL value in the
first days posttreatment compared with the WOC group, probably due to less debris
extrusion. This section may provide a larger room for debris removal and an improved
cutting efficiency, resulting in less debris extrusion [36]. Moreover, the new Gold-Wire
technology-enhanced instrument flexibility may reduce the amount of dentinal debris
created during shaping with a subsequent reduction of postoperative pain and a greater
respect of the root canal anatomy [37]. This aspect may be correlated also to a reduced
number of pecking motions required to complete the shaping, and this parameter could
reduce the operating time, positively influencing patients’ apprehension [16,30].

5. Conclusions

Within the limitations of this study, both reciprocating systems showed a similar
postoperative patients’ experience after a single-visit root canal treatment., The WaveOne
Gold geometrical and alloy properties seemed to induce a more favorable patients’ QoL
trend, although a significant difference between the two groups was detected only on
day six after treatment. The limitations of this observational study can be correlated to
the psychological status of the patients, their subjective quantification of pain, and their
perception of root canal treatment. Moreover, a greater sample should be investigated to
confirm the present preliminary results.
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