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Editorial
Perspectives  
of endodontic biomaterials

A
fter a full year of worldwide pandemic, the start of 2021 marks the desire 
for a strong rebirth and need of new perspectives. 
One of the main discussed topic in endodontics is represented by the chance 
to “regenerate” the pulp tissue of necrotic tooth. The maintain of tooth vi-
tality is of paramount importance to guarantee the long-term tooth surviv-

al. In this light, vital pulp therapy has gaining more and more interest, not only in the treatment 
of permanent immature teeth but also in mature ones. The possibility to preserve over time 
the pulp vitality of permanent teeth presenting inflammatory response represents a new 
challenge in endodontic field that, however, is not yet supported by strong scientific evidence.
Calcium-silicate based cements had provided successful results when applied to preserve 
tooth vitality and are promising involved in total or partial pulp regeneration. Thanks to their 
biocompatibility and sealing ability, bioceramic cements are effectively used as perforation 
repair materials, endodontic sealers, root-end fillings (apical plug) and pulp dressing materi-
als in vital pulp therapy. Nowadays, available evidence recommends MTA and calcium hy-
droxide as the gold standard materials for vital pulp therapy, even though other available 
calcium-silicate based cements provided comparable results.
In the present issue are collected several scientific articles that assess calcium-silicate based 
cements, particularly MTA, in distinct area of endodontics. Specifically, the improvement of 
physical-chemical properties and effectiveness of sealing ability in terms of bacterial leakage 
were evaluated. In addition, an interesting comparison of MTA and platelet-rich fibrin applied 
in direct pulp capping was conducted, providing preliminary but very interesting results. 
Therefore, the future trends will be represented by the improvement of traditional endodontic 
treatment, namely removal of inflamed or necrotic pulp tissue, and the introduction of alter-
native approaches of pulp tissue repair/regeneration using newly developed biomaterials and 
innovative technologies. Naturally, the evolution of latest materials should strictly respect the 
biological principles that represent the basis of tissue response.

10.32067/GIE.2020.35.01.30
Società Italiana di Endodonzia. Production and hosting by Ariesdue.  This is an open access article under the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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ABSTRACT

Aim: The case report presents the management of two different pathologies, exter-
nal cervical resorption (ECR) and cemental tear, in two different central incisors, 
owing to the same predisposing factor i.e. trauma from occlusion. 
Summary: A 53-year-old man was referred to the University Dental Clinic complain-
ing of a pink spot that he noticed on his right maxillary central incisor. After thorough 
clinical and radiographic examination, including (FOV) cone-beam computed tomog-
raphy (CBCT), revealed ECR classified as class 3Bp in tooth 11 and a probable ce-
mental tear on tooth 21. A root canal treatment was performed on tooth 21 using 
a bioceramic sealer (Bioroot™ RCS).  Subsequently, a modified papilla preservation 
flap was raised over the ECR lesion of tooth 11, followed by a complete rubber dam 
isolation, and blocking the root canal with a single gutta-percha cone. The defect 
was then restored with a resin modified glass ionomer cement (Geristore®). A sim-
plified papilla preservation technique was then extended to treat the cemental tear 
on tooth 21, after which the root canal treatment for tooth 11 was completed. A 
10-months follow-up examination showed a successful outcome with clinically stable 
gingival margins and no further evidence of ECR recurrence. 
Key learning points
• ECR and cemental tear can occur together owing to the same predisposing factor.
• CBCT proves to be an indispensable tool in the detection and extent of ECR and 

cemental tears.
• The case report also confirms the easy handling, favorable physical and biological 

properties of Geristore® cement to restore ECR cavities. 

CASE REPORT

Multidisciplinary management of an external 
cervical resorption and cemental tear

KEYWORDS cemental tear, external cervical resorption, invasive cervical resorption, occlusal trauma
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Introduction 

E
xternal cervical resorption (ECR) 
is a pathology that is often mis-
diagnosed as internal resorption 
or subgingival caries leading to 
tooth loss or incorrect treatment 

(1, 2). Heithersay classified ECR lesions 
from class 1 to class 4 based on two-di-
mensional (2D) radiography, according to 
the extent of the lesion (3). He also demon-
strated that after a 3-year follow-up, the 
success rate of a class 1 lesion was 100% 
and a mere 12.5% for the class 4 category (3, 
4). Patel et al. (2018) recently categorized this 
type of lesion using three-dimensional (3D) 
cone beam computed tomography (CBCT), 
according to the height, circumferential 
spread and proximity of the lesion to the 
root canal (5). This classification allows 
clinicians to perceive the extent of the lesion 
and plan an appropriate treatment (6).  
The main predisposing factors for ECR are 
orthodontics, previous traumatic injury, 
poor oral health, and malocclusion (7). 
Some predisposing factors of ECR are also 
shared by cemental tears, such as previous 
traumatic injury, malocclusion, and even 
occlusal overloading. Cemental tear most-
ly affects the maxillary and mandibular 
incisors, is common in men aged over 60 
years, and is only detected radiographical-
ly in 56.3% of the cases, although its de-
tectability using CBCT is still questionable 
(8). In most cases its apicocoronal location 
makes accessibility difficult non-surgical-
ly and is a factor that usually inclines 
clinicians to choose a surgical approach 
to remove cemental tears.

The occurrence of external cervical resorp-
tion and cemental tear together is a rare 
entity and according to the authors limit-
ed knowledge has not been reported yet in 
the literature. This case report describes 
the successful multidisciplinary manage-
ment of two maxillary central incisors, one 
that presented with an external cervical 
resorption and the other with cemental 
tear, both most probable due to occlusal 
trauma. 

Case Report 

A 53-year-old male was referred to the 
Department of Endodontics (University 
dental clinic at the International Univer-
sity of Catalunya) complaining of a pink 
spot in his maxillary front tooth. Intraoral 
examination revealed probing depths of 7 
mm with profuse bleeding on probing 
(BOP) on the buccal aspect of tooth 11 
(Figure 1). Tooth 21 had probing depths of 
7 mm on the buccal aspect with a gingival 
recession of 4 mm, resulting in a clinical 
attachment loss of 11 mm. Both teeth did 
not respond to neither cold nor electric 
vitality tests and had a Miller grade 1 
mobility (9). Tooth 11 was negative to per-
cussion/palpation while tooth 21 was 
positive to vertical percussion and palpa-
tion. Radiographic evaluation revealed a 
significant radiolucent area in the cervical 
portion of tooth 11 while tooth 21 had 
periapical radiolucency (Figure 2). A CBCT 
scan, taken with a limited field of view 
(FOV) of 5 x 8 cm (Planmeca Oy, Helsinki, 
Finland) at 0.8 mA and 85 kV, revealed an 
external cervical resorption with tooth 11.
As the lesion was extending into the mid-
dle third of the root, with a circumferential 
spread between >90 to <180 degrees and 
seemed to have probable pulpal involve-
ment, it was classified as 3Bp, according 
to Patel et al. (2018) (5). Tooth 21 also 
showed a radiopaque chip separated along 
the root that was presumed to be a cemen-
tal tear (Figure 2). Based on the radiograph-
ic and clinical examination, tooth 11 was 
diagnosed as a necrotic tooth with asymp-
tomatic apical periodontitis with an exter-
nal cervical resorption (classification 3Bp), 
and tooth 21 as necrotic pulp with symp-

Figure 1  A pre-operative clinical picture showing patients general oral health and a pink spot over the cervical third of tooth 11.

Figure 1
A pre-operative clinical 

picture showing patients 
general oral health and a 

pink spot over the cervical 
third of tooth 11.
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tomatic apical periodontitis with recurrent 
periodontal abscess due to a probable ce-
mental tear. From a periodontal point of 
view the diagnosis was periodontitis stage 
III grade B, given the attachment loss of  
≥5 mm and no teeth lost; and since the 
percentage of bone loss to age was between 
0.25 and 1.0. The patient also presented 
gingival recessions classified as RT2 and 
RT3 according to Cairo et al. 2011 (10); as 
well as generalized secondary occlusal 
trauma due to the loss of periodontal sup-
port.
The treatment plan was explained and an 
informed consent was obtained from the 
patient.
The treatment plan consisted of an initial 
phase I periodontal therapy (hygienic 
phase) with simultaneous occlusal adjust-
ment. This was followed by an endodontic 
treatment of tooth 21 which was performed 
using absolute rubber dam isolation 
(Hu Friedy, Chicago, IL). After the access 

opening, a 10-k file (Mani, Inc, Shioya, 
Japan) with an electronic apex locator 
(Root ZX mini, J Morita Corp, Tokyo, Japan) 
was used to achieve patency and deter-
mine the working length. A radiograph 
was performed using a 15 k-file to confirm 
the working length and the canal was 
inst rumented with Reciproc 25 
(VDW GmbH, Munich Germany) using 
intermittent irrigation with 4.25% sodium 
hypochlorite (NaOCl) and 17% EDTA 
solution. Apical enlargement was per-
formed using a 35.04 Profile instrument 
(Dentsply Maillefer, Ballaigues, Switzer-
land).
Final irrigation was performed with 96% 
alcohol and the root canal was dried and 
filled using a single master gutta-percha 
cone calibrated at 35.04 (Autofit, Sybron 
Endo, Kerr, USA) and a bioceramic sealer 
(Bioroot™ RCS, Septodont, France) accord-
ing to manufacturer instructions. The tooth 
was immediately restored using a nano 
hybrid composite (Filtek™ Z250 XT, 3M, 
ESPE).
Due to the extent of the ECR lesion (Figure 
2) on tooth 11 and the position of the ce-
mental tear on tooth 21, an external and 
internal treatment approach was planned 
such that within a single intervention both 
lesions could be treated simultaneously. 
This plan also included orthodontic treat-
ment to align and correct the malocclu-
sion. A modified papilla preservation 
technique (Cortellini et al. 1995) (11) was 
performed over tooth 12 and 11 to expose 
the resorptive lesion. The granulation 

Figure 2 
(A) Pre-operative periapical 

radiograph showing a 
radiolucent cervical lesion 

with tooth 11 and apical 
lesion with tooth 21. 

(B) Axial CBCT cross-section 
showing the circumferential 

extent of the resorption with 
tooth 11.

(C) Sagittal CBCT cross-sec-
tion showing the apico-coro-
nal extent of the resorption 

with tooth 11 and apical 
radiolucency with tooth 21. 

(D, E) Coronal CBCT 
cross-section showing the 
proximity of the resorption 

with the pulp space with 
tooth 11 and a cemental tear 

on the middle third of the 
root with 21.

Figure 3 An absolute isolation of the resorptive cavity after excavation of the resorptive tissues. 

Figure 4 A gutta-percha cone used to block the root canal and the application of the bonding agent to receive the restorative 
material. 

Figure 3
An absolute isolation of the 

resorptive cavity after 
excavation of the resorptive 

tissues.

A B C D E
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tissue was removed using small excavators 
and absolute rubber dam isolation was 
performed (Figure 3, see supplementary 
video). An access cavity was made and 
reciprocating instrumentation using 
Reciproc 25 up to the middle third was 
performed to temporarily block the canal 
using a gutta-percha cone as an aid in 
endodontic treatment following surgery 
(Figure 4). A cotton pellet impregnated 
in 90% trichloroacetic acid was applied 
to the cavity intermittently for 5 minutes. 
Thereafter, the cavity was irrigated with 
saline and etched with 35% phosphoric 
acid for 15s. A dual cure adhesive (Ex-
ciTE® F DSC, Ivoclar Vivadent, Ellwan-
gen, Germany) was rubbed over the 
cavity for 10 seconds and then air-dried 
for 2 s. The cavity was then sealed with 
a dual-cure cement (Geristore, DEN-MAT 
Corporation, Santa Maria, CA), applied 
directly with its mixing tip. It was then 

light-cured for 40 s and polished using 
Perio-set (Intensiv SA) and Soflex discs 
(3M ESPE, St Paul, MN, USA). As already 
planned, the flap was then extended to 
the tooth 21 using also the simplified 
papilla preservation technique between 
tooth 21 and 22. Deep scaling and root 
planning were performed with ultrason-
ic and manual scalers, and cemental tears 
were carefully removed (Figure 5 and 6, 
see supplementary video).
After a thorough cleaning, the flap was 
repositioned and sutured. After 7 days 
the sutures were removed and root canal 
treatment was completed for tooth 11, 
which was then filled using warm verti-
cal condensation (Elements Free, 
SybronEndo; Orange, CA). At the 11-day 
post-surgery control visit, the patient was 
completely asymptomatic. The patient 
refused orthodontic treatment, opting 
instead for a more aggressive prosthetic 
treatment. A 10-month follow-up radio-
graph showed that both the teeth were 
healing (Figure 7) and were clinically 
asymptomatic (Figure 8). A flow chart 
demonstrated the summary of the treat-
mnets performed (Figure 9). 

Discussion

The effectiveness of CBCT for planning 
and treating ECR has been shown previ-
ously (12). One study demonstrated the 
use of CBCT-generated digital models of 
ECR to help evaluate the tooth structure 

Figure 3 An absolute isolation of the resorptive cavity after excavation of the resorptive tissues. 

Figure 4 A gutta-percha cone used to block the root canal and the application of the bonding agent to receive the restorative 
material. 

Figure 4
A gutta-percha cone used to 
block the root canal and the 

application of the bonding 
agent to receive the 
restorative material.

Figure 5 An intra-operative picture demonstrating complete removal of cemental tears from the root surface of tooth 21. 

Figure 6 An image of the cemental tears removed from the root surface of tooth 21. 

Figure 5 An intra-operative picture demonstrating complete removal of cemental tears from the root surface of tooth 21. 

Figure 6 An image of the cemental tears removed from the root surface of tooth 21. 

Figure 5
An intra-operative picture demonstrating complete removal of 

cemental tears from the root surface of tooth 21.

Figure 6
An image of the cemental tears removed from the root surface of 

tooth 21.
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and plan a more conservative treatment 
(13). The recent 3D classification by Patel 
et al. (5) overcomes the limitations of the 
previous 2D classification by Heithersay 
(4) while also allowing clinicians to plan 
an effective and more conservative treat-
ment. While radiographically cemental 
tears are only detected half of the time 
(8), in this case report it was only detect-
ed through CBCT. Although, a small chip 
on the apical third along the root surface 
of tooth 21 was observable on the CBCT 
scan, during the surgical intervention it 
became clear that more incomplete sep-
arated chips were present. This might 
indicate the low sensitivity of CBCT to-
wards cemental tear in this case, but is 

still a better alternative to periapical 
radiography.
Heithersay recommended glass-ionomer 
cement as the material of choice for the 
restoration of ECR defects, although in 
this case Geristore®, a resin-modified 
glass ionomer cement was used. This 
material, compared to mineral trioxide 
aggregate (MTA) and glass-ionomer ce-
ment (GIC), has demonstrated to have 
enhanced biological behavior in human 
periodontal ligament cells and superior 
biocompatibility (14). Its fluoride-releas-
ing properties and low shrinkage make 
this material a more reliable choice (15, 
16).
The mechanism of cemental tear is un-
known, but it has been linked with some 
predisposing factors such as >60 years 
of age, occlusal trauma, occlusal over-
loading, thicker or higher fragility of 
cementum, or also previous periodontal 
treatment. It largely affects the middle 
and apical third of the root and is related 
to recurrent periodontal abscesses (8). 
Hsueh-Jen Lin et. al. (8) had a success 
rate of 51.5% in 33 teeth treated for ce-
mental tears. Almost half of the teeth 
(57.7%) were treated surgically, as was 
performed in the present case report. Lin 
et al. 2011 (8) considered cemental tear 
to be one of the reasons for the exposure 
of dentin that initiates ECR, however in 
this case it was not evident with tooth 11.
External cervical resorption and cemen-
tal tear maybe difficult to diagnose 
clinically, although in this case report 
CBCT proved to be very helpful in de-
tecting both the pathologies (6, 17). Some 
predisposing factors like occlusal trau-
ma, occlusal overloading and even pre-
vious periodontal treatment are common 
for both the pathologies, which might be 
the reason of development of ECR in one 
and cemental tear in the other tooth. More-
over, neither the coexistence of ECR and 
cemental tear due to the same predisposing 
factor nor any protocol to treat the same 
has been published in the literature. A 
multidisciplinary approach should be 
considered and the elimination of the 
predisposing factor is as necessary for the 
complete resolution of similar lesions. 

Figure 7
A comparison of (A) 
pre-operative and (B) 
10-months post-operative 
periapical radiograph images 
demonstrating stability with 
no evidence of resorption 
recurrence.

Figure 7 A comparison of  (A) pre-operative and (B) 10-months post-operative periapical radiograph images 
demonstrating stability with no evidence of resorption recurrence. 

Figure 8 A 10-month follow-up clinical picture demonstrating soft tissue stability with no evidence of resorption  recuurence.  

Figure 8
A 10-month follow-up clinical 
picture demonstrating soft 
tissue stability with no 
evidence of resorption 
recurrence.  

A B
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Conclusions

The simultaneous occurrence of two dif-
ferent pathologies, ECR and cemental tear, 
in this case report had developed due to 
the same predisposing factor of trauma 
from occlusion. CBCT is an essential tool 
to diagnose cemental tear, although it 
cannot be relied on completely. An exten-
sive evaluation of the restorability and the 
treatment outcome with the help of appro-
priate tools and knowledge should always 
be considered before treating such complex 
pathologies.
 
Clinical Relevance

Although occurrence of ECR and cemental 
tear is rare, a multidisciplinary approach 
with the correct use of CBCT is inevitable 
in such cases. 
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ABSTRACT

Aim: The purpose of the present case report is to document the root canal retreat-
ment of two mandibular first molars with a previously unnoticed MMC.
Summary: Mandibular molars may present a third root canal in the mesial root, 
defined as middle mesial root canal. This challenging anatomical variation should 
not be disregarded by the clinicians in order to minimize the possibility of an endo-
dontic failure. This paper reports two cases of non-surgical endodontic retreatment 
of the mandibular first molar in which this complexity of the root canal system was 
missed in the first treatment, which may help to explain the treatment failure result-
ing in a periapical diagnosis of asymptomatic and symptomatic apical periodontitis 
in the first and second case, respectively. 
Key learning points
• The use of magnification, with the dental operating microscope, and of ultrasonic 
tips was of the utmost importance in locating this additional root canal orifice.
• Both cases were able to achieve a successful outcome only after a correct chem-
ical-mechanical disinfection and three-dimensional obturation of all identifiable 
anatomy.

CASE REPORT

Mandibular first molar root canal retreatment 
with the presence of a missed middle mesial 
root canal: a report of two cases 

KEYWORDS anatomy, case reports, endodontic treatment, endodontics, middle mesial canal, molar
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Introduction

I
n order to achieve the best root canal 
treatment prognosis, the root canal 
system space should be properly 
scouted, debrided, disinfected and 
obturated so the occurrence, or con-

tinuity, of periapical periodontitis can be 
minimized (1, 2, 3, 4).
Due to its small prevalence and small di-
ameter, root canals such as maxillary 
molars third mesiobuccal (MB3) (5) or 
mandibular molars middle mesial canal 
(MMC) (3the incidence of MMC was 18.6% 
(48 out of 258 molars), may go unnoticed, 
which may compromise the root canal 
treatment.
The presence of an MMC in the mandibu-
lar molars was first reported by Vertucci 
et al. (6) and Barker et al. (7), both in 1974. 
Pomeranz et al. (8), has classified the MMC 
into three categories. According to the 
author, the MMC may be presented as:  
“fin”, when an instrument can pass freely 
between the mesiobuccal (MB) or mesio-
lingual (ML) canal and the MMC; “conflu-
ent”, when the MMC starts as an independ-
ent pulp chamber orifice and joins apical-
ly with the MB or ML root canal; and 
“independent” when the MMC starts as a 
separate pulp chamber orifice and ends in 
an independent apical foramen. Moreover, 
and according to the same author, a broad 

single mesial canal in which three master 
cones could be cemented to the apex si-
multaneously can also be described as an 
independent MMC (8).
According to a clinical study from Wein-
berg et al. (4), an MMC prevalence of 13.7% 
may be expected, whereas the proportion 
of an ambiguous isthmus may reach the 
52.9%, both assessed clinically and on 
cone-beam computed tomography (CBCT) 
imaging. However, and among the studies 
that have reported it, the MMC prevalence 
may range from 0.3% (9) to 46.2% (10) 
depending on the study criteria. Further-
more, Azim et al. (10) concluded that re-
gardless of the reports of a higher preva-
lence of intercanal communications in 
mandibular molars mesial root (up to 
83.0%), success in locating and accessing 
an MMC ranges from 1.0% to 25.0%, and 
failure to locate it may jeopardize the 
therapy.
The purpose of the present case report is 
to document, following the PRICE guide-
lines (11), the root canal retreatment of two 
mandibular first molars with a previously 
unnoticed MMC.

Case report 

Case #1 
A 47-year-old female patient was referred 
to the Endodontics Postgraduation clinic 
at University of Lisbon School of Dentist-

Figure 1 
Pre-operative radiograph 

of tooth 46.

Figure 3 
Working length radiography after 

identifying the MMC.

Figure 2
After endodontic access, two mesial obturated root canals 

were identified.
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ry (FMDUL), in order to perform a non-sur-
gical endodontic retreatment of tooth 46 
(mandibular right first molar). Clinically 
a large restoration filling was present, and 
probing was within normal depths in all 
surfaces except distolingual, where a lo-
calized 7 mm pocket was observed. The 
tooth was asymptomatic and no pain to 
percussion was noted. Upon radiographic 
examination, a previous root canal treat-
ment was observed, which was associated 
with a periapical lesion (Figure 1). Accord-
ing to the patient, the endodontic treatment 
had been performed a few years ago. A 
diagnosis of previous endodontic treat-
ment and asymptomatic apical periodon-
titis was made. The root canal retreatment 
was suggested and accepted.
The treatment was performed under a 
Leica M320 dental operating microscope 
(M320, Leica Microsystems, Wetzlar, Ger-
many), in multiple visits without using 
any intracanal medication in between 
visits. After proper anesthesia and rubber 
dam isolation, the access cavity was es-
tablished (Figure 2) with round burs and 
improved with Start-X ultrasonic tips 
(Start-X, Dentsply Maillefer, Baillagues, 
Switzerland). The ultrasonics exploration 
of the isthmus connecting both mesiobuc-
cal and mesiolingual canals, as previous-
ly documented (12), revealed an MMC. In 
addition two distal root canals were also 
observed. The root canals were negotiated 
with 0.10 and 0.15 stainless-steel K-files 
(Ready Steel, Dentsply Maillefer, Bail-
lagues, Switzerland), and the working 

length determination was performed with 
a Root ZX electronic apex locator (Root 
ZX, Morita, Komuro, Japan) and confirmed 
radiographically (Figure 3). All root canals 
were shaped with R25 and R40 Reciproc 
files (Reciproc, VDW, Munich, Germany) 
according to the manufacturer’s instruc-
tions (Figure 4). Copious irrigation with 
5.25% sodium hypochlorite (Denta Flux, 
J. Ripoll SL, Murcia, Spain) using a 5 ml 
syringe and a 27G notched needle (Canal-
Pro Slotted-End Tips, Coltene, Lezzenes, 
France) was performed throughout all the 
root canal treatment. In the last appoint-
ment, the root canals were dried with 
Zipperer paper points (Zipperer, VDW, 
Munich, Germany) and filled with gut-
ta-percha and epoxy resin based sealer 
(AH Plus, Dentsply DeTrey, Konstanz, 
Germany) with a continuous wave of ob-
turation technique (B&L, Biotech, Seoul, 
Republic of Korea) (Figures 5 and 6). The 
canals were sealed with a flowable com-
posite resin (Supraflow, R&S CFPM, Trem-
blay-en-France France) and the crown was 
subsequently restored with a direct com-
posite resin. At 12 months follow-up, the 
patient was completely asymptomatic and 
periapical radiography showed resolution 
of the periapical lesion (Figure 7).

Case #2
A 37-year-old female was observed in an 
endodontic appointment reporting perma-
nent pain on tooth 36 (mandibular left first 
molar). Clinically it was possible to observe 
a large crown filling with no visible sec-

Figure 4 
Pulp chamber view of the root canals instrumented.

Figure 6
Final disto-angulated 

radiograph of tooth 46.

Figure 5 
Pulp chamber view of the root canals obturated.

Figure 7 
12-month follow-up radio-

graph of tooth 46.
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ondary decay or fractures. The mobility 
and periodontal probing were within 
normal limits and the tooth was tender to 
percussion. Tooth 35 presented normal 
response to the cold sensitivity test (Endo 
cold spray, Henry Schein, Langen, Germa-
ny). The radiographic examination re-
vealed a previous root canal treatment 
with an associated periapical lesion (Figure 
8). A diagnosis of previous endodontic 
treatment and symptomatic apical perio-
dontitis was made. The root canal retreat-
ment was proposed and accepted by the 
patient.
The treatment was performed in two ap-

pointments. The tooth was anaesthetized 
with a buccal infiltration using 4% artic-
aine with 1:200.000 epinephrine (Artinib-
sa, Inibsa, Barcelona, Spain), and a proper 
rubber dam isolation was achieved. After 
initial occlusal reduction, the proper ac-
cess cavity was achieved using a round 
diamond and endo-z high speed burs. The 
main root canals (mesiobuccal, mesiolin-
gual and distal) were identified and the 
previous gutta-percha filling removed with 
the help of chloroform solvent. The root 
canals were negotiated with 0.10 stainless 
steel K-files (Ready Steel, Dentsply 
Maillefer, Baillagues, Switzerland), and 

Figure 8 
 Pre-operative radiograph of tooth 36.

Figure 9
 Pulp chamber view of the root canals instrumented.

Figure 10
Master cone fit radiograph of tooth 36.

Figure 11 
Pulp chamber view of the root canals obturated.
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the working length determined by both 
radiograph and electronic apex locator 
(Root ZX, Morita, Komuro Japan). The 
identified root canals were shaped using 
the ProTaper Universal NiTi rotary system 
(ProTaper Universal, Dentsply Maillefer, 
Baillagues, Switzerland), according the 
recommendations of the manufacturer, up 
to F2 file in the mesial canals and F3 in 
the distal. Under the magnification of a 
dental operating microscope (Opmi Pico, 
Carl Zeiss, Jena, Germany) a groove in 
between mesial canals was explored using 
#2 ProUltra ultrasonic tip (ProUltra, Dent-
spy Maillefer, Baillagues, Switzerland), as 
recommended (12), and an MMC identified 
(Figure 9). This canal was shaped as pre-
viously mentioned for the others up to an 
F2 instrument. A continuous irrigation of 
5.25% sodium hypochlorite was performed 
during the procedure. The root canals were 
dried and a calcium hydroxide paste (Ul-
tracal, Ultradent, South Jordan, USA) was 
used as medication in between appoint-
ments. In the second visit the tooth was 
asymptomatic. A final irrigation protocol 
was performed with 17% EDTA and 5.25% 
sodium hypochlorite. The root canals were 
dried with paper points (ProTaper Univer-
sal, Dentsply Maillefer, Baillagues, Swit-
zerland) and the final root canal filling was 
performed with gutta-percha and an epoxy 
resin based sealer (AH Plus, Dentsply De-
Trey, Konstanz, Germany) using the con-

tinuous wave of obturation technique ac-
complished with a System B unit (System 
B, Sybron Endo, West Collins, USA) and 
with an Obtura II unit (Obtura II, Obtura 
Spartan, Chicago, USA) (Figures 10, 11 and 
12). The crown was provisionally restored 
with Cavit (Cavit W, 3M ESPE, Seefeld, 
Germany). The tooth was sent to proper 
crown rehabilitation in the Oral Rehabil-
itation appointment. A radiographic 32 
months follow up showed periapical 
healing and the patient remained asymp-
tomatic (Figure 13).

Discussion 

Although several factors have already been 
shown to be associated with higher prev-
alence of periapical lesion (13, 14), missed 
anatomy is one of the main causes for root 
canal treatment failure 15). Cantatore et al. 
(1) stated that missed canals resulted in 
high percentage of apical periodontitis and 
failed endodontically treated teeth. More-
over, the prevalence of post treatment 
disease was more commonly found in 
multirooted molars where the chance of 
missing an extra canal was higher (1, 16).
Traditionally, mandibular molars are de-
scribed as presenting two roots with two 
root canals on the mesial root and one or 
two canals in the distal one  (17). Howev-
er, the mesial root internal anatomy can 
be highly variable and complex. Anatom-

Figure 12
Final mesial-angulated radiograph of tooth 36.

Figure 13 
32-month follow-up radiograph of tooth 36.
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ic features such as branching, accessory 
or dividing and rejoining main root canals, 
isthmuses and fins, at different levels, can 
be found on this particular root. Therefore 
locating an existing MMC, in order to de-
crease the microbial load in it, is of the 
outmost importance when aiming to max-
imize the root canal treatment success (2, 
3, 18, 19). Regarding retreatment cases of 
mandibular molars a pooled success rate 
of 85.0% has been reported by Ng et al. (20), 
who also stated that the presence of pre-op-
erative periapical lesion, apical extension 
of root canal filling and quality of coronal 
restoration, were significant prognostic 
factors that would, in fact, compromise the 
retreatment outcomes (20).
Methods of studying the tooth internal 
anatomy include the clearing technique (6, 
8), plastic resin injection (21), histology (22), 
radiography (10, 17, 23), scanning electron 
microscopy (23), CBCT imaging (15, 22, 24), 
micro-computed tomographic (micro-CT) 
(16, 23, 25), micro-computed tomographic 
(micro-CT) imaging (2, 3, 26) or simply 
clinical findings (10, 17, 27). Each one of 
them presenting their own MMC propor-
tions. When using magnification, such as 
loupes or microscope, the MMC percent-
ages vary from 12.0% (8) to 46.2% (10). The 
results from populations assessment by 
using CBCT range from 0.3% in Korea 
(n=1952) (9) to 27.0% in Brazil (n=44) (28), 
although the sample size used in the latter 
was quite low. A large sample size screen-
ing on a Portuguese subpopulation con-
firms the lower MMC prevalence of 5.5% 
(n=450) (25). Regarding the micro-CT in-
vestigations, Versiani et al. (3) reported an 
MMC proportion of 18.6% (48 out of 258 
mandibular first molars). A condition 
which was significantly higher in the Bra-
zilians (22.1%) when compared to Turkish 
(14.8%) samples. Keles & Keskin (2), in a 
Turkey study, found 32 MMC in 106 man-
dibular first molars (30.2%) with 8 cases 
showing two MMC simultaneously. Such 
differences between methodologies might 
have origin on different sensitivity of the 
methods, the nature of the sample or dif-
ferent concepts of morphology (3, 10, 17). 
Clinically, adequate coronal access and the 
use of the dental operating microscope are 

both crucial to overcome this challenge 
(28). Azim et al. (10) suggested troughing 
in the mesial root pulp chamber floor level, 
by 2-mm depth using a 1-mm-diameter 
round Munce bur head as a depth guide 
under a dental operating microscope vis-
ualization. However, this may result in 
iatrogenic mishaps while attempting to 
locate extra root canal orifices. The use of 
ultrasonic tips to clean the cervical isth-
mus, as performed on both presented 
cases, enables the identification of the 
majority of MMC (28), allows a more precise 
troughing and avoids iatrogenic procedur-
al errors such as perforations or unneces-
sary weakening of the dentinal walls (3). 
On the other hand, and according to Keles 
& Keskin (19), 77.4% of the MMC orifices 
were located at the cemento-enamel junc-
tion level between the mesiobuccal and 
mesiolingual canal orifices, which means 
that troughing is not always mandatory in 
order to locate these extra canals. 
The instrumentation of MMC with endo-
dontic files is able to provide access and 
space for irrigating solutions into, otherwise 
inaccessible, isthmuses, reducing the bac-
terial load which can be suspected to be 
present in the initial radiographs of both 
presented cases (Figure 1 and 8) which 
presented apical radiolucencies. Choosing 
the right instrument to clean and shape the 
root canal space is as important as any 
other step, and in the present case report 
both reciprocation and rotary systems were 
use. It is known that the presence of the 
tissue remnants may affect the quality of 
canal filling and became a substrate for 
bacterial growth in unprepared areas (29), 
therefore several studies have been made 
comparing reciprocation and rotary instru-
ments in regards to volume changes, in-
creased surface area, and also the remain-
ing unprepared areas (29).  A recent system-
atic review on micro-CT studies concluded 
that both kinematics leave unprepared 
areas and produce changes in volume and 
surface area, and while reciprocating sys-
tems had higher volume and surface areas, 
the rotary ones left less unprepared surface 
areas (29). Having this into consideration 
both kinematics are apparently valid.
In the first case, the MMC was independent 
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at the orifice of the pulp chamber floor and 
confluent to the mesiobuccal canal at its 
apical third, such as presented by Wein-
berg et al. (4) in 85.7% of their assessed 
sample. As for the second case, all the 
three canals started independently and 
joined in a single one at the apical third, 
which in the available literature was also 
documented by Azim et al. (10) and Ak-
barzadeh et al. (18) in 78.3% and 76.0% of 
their cases, respectively. The finding by 
Versiani et al. (3) that in the case of spec-
imens with independent root canal orific-
es, MMC opening was found at the same 
mean distance between the mesiobucal 
and mesiolingual orifices, can be applied 
in our cases too.

Conclusions 

Complex morphologies such as MMC may 
interfere with treatment prognosis. None-
theless, as long as an effective chemo-me-
chanical disinfection and a three-dimen-
sional obturation are achieved, the endo-
dontic treatment outcome may turn out 
predictable and favorable.
This case reports highlights the impor-
tance of magnification and illumination 
when less common anatomic configura-
tions are encountered. The clinician needs 
to be aware of the existence of this anato-
my in order to achieve the best possible 
outcome.

Clinical Relevance

Mandibular molars may present a third 
root canal in the mesial root, defined as 
middle mesial root canal. The use of mag-
nification, with the dental operating mi-
croscope, and of ultrasonic tips was of the 
utmost importance in locating this addi-
tional root canal orifice.
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ABSTRACT

Aim: This ex vivo study aims to compare the accuracy of two electronic apex locators, 
Wirele-X (Forum Engineering Technologies Ltd., Israel), tested in two modalities, 
alone and connected to the display screen and Dentaport ZX (J. Morita, Tokyo, Japan) 
in determining the working length.
Methodology: 15 single-rooted teeth were selected for this study. The actual micro-
scopic working length was measured using a size 10 K-file that was advanced until 
the tip of the file could be visualized just within the apical foramen under a stereo-
microscope. Then each tooth was placed into the alginate to simulate the clinical 
conditions. Wirele-X and Dentaport ZX were used according manufacturer’s instruc-
tions. Three measurements were performed for each tooth and each apex locator 
and modality and differences between the electronic and actual working lengths 
were calculated. Positive values indicated measurements that extruded beyond the 
apical foramen, while negative values indicated measurements that were short of 
the apical foramen. Means and standard deviation were calculated and the statis-
tical analysis was performed using One-way ANOVA and Tukey tests (P<0.05).
Results: The difference between electronic and actual working length was 0.05±0.34 
mm for Wirele-X alone, 0.003±0.37 mm for Wirele-X connected to the display screen 
and 0.08±0.35 mm for Dentaport ZX. No statistical differences were found among 
Wirele-X alone, Wirele-X connected to the display screen and Dentaport ZX (p>0.05).
Conclusions: Wirele-X in both modalities and Dentaport ZX showed a high accuracy 
in determining working length and were accurate to within ±0.5 mm, without any 
statistical differences among them.
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Introduction

T
he outcome of root canal treat-
ment depends on shaping, 
cleaning and disinfection, re-
moving the microorganisms 
from the entire root canal 

space, followed by an homogenous root 
canal filling (1).
The ideal end-point of a root canal therapy 
have been debated by many authors (2, 3). 
The cemento-dentinal junction is credited 
to be the ideal limit of a root canal therapy 
(4, 5), but this position is usually variable 
and cannot be clinically detected (3, 6). 
Clinically, the success rate of a root canal 
therapy increase when the shaping, clean-
ing and filling are located within 2 mm 
from the radiographic apex, in the region 
of the apical constriction (7, 8). However, 
the apical constriction, usually the nar-
rowest part of the root canal, is also not 
easily identified (6). 
Different methods have been used to es-
tablish the working length: radiography, 
tactile sensation, the anatomical average 
length of teeth and moisture of a paper 
point (5). The measuring of working length 
using radiographs has been used for many 
years and it had the limit of providing a 
two-dimensional image of a three-dimen-
sional complex structure. ElAyouty et al. 
showed that the use of radiographs alone 
in working length determination led to an 
overstrumentation in 33% of molars and 
56% of premolars (9). The introduction of 
electronic apex locators (EALs) has ena-
bled, in addiction to appropriate radio-
graphs, to determine a more predictable 
and accurate working length (10,11) and 
led to a reduction of the patient x-ray radi-
ation exposure (12). In the last decades, 
different generations of EALs have been 
developed. The first generation measured 
the electrical resistance while the last 
generations measure alternating current 
impendance using one or more frequencies 
(13). Several studies have been conducted 
on different EALs to evaluate their accu-
racy in different conditions (14-17). Denta-
port ZX (J. Morita, Tokyo, Japan) is a third 
generation EALs based on dual frequencies 
(8 and 0.4 kHz) and it is considered the 

gold standard EAL to which any new de-
vice should be compared. In fact, several 
studies have clearly demonstrated ex vivo 
(18) and in vivo (19) its precision. Among 
these studies, as an example, Puri et al. 
(2013) showed that Dentaport ZX had an 
accuracy in 93.3% of the samples and 
found a difference of the electronic meas-
urement with the actual working length 
of 0.05±0.25 mm (20). 
Wirele-X (Forum Engineering Technologies 
Ltd., Israel) is a new wireless EAL that can 
be used alone or in association with a 7” 
high-resolution touch display screen. The 
measurements are performed utilizing 
alternating current signals at two frequen-
cies (500 Hz and 8 kHz) and are transmit-
ted from the EAL to the display unit using 
Bluetooth technology. The manufacturer 
claims that the frequencies are alternated 
and not mixed, thus canceling the need 
for signal filtering and eliminating the 
noise caused by non-ideal filters. The signal 
measuring method utilized in Wirele-X 
has been patented (US Patent No. 6,425,875). 
To calculate file tip position, the RMS (Root 
Mean Square) level of the signal is used 
and not signal amplitude or phase. The 
RMS value, representing the energy level 
of the signal, is much more immune to 
various kinds of electromagnetic noises 
then other parameters of the measured 
signal.
To our knowledge, scientific data on this 
new EAL are still not available in the lit-
erature. Thus, the aim of this ex vivo study 
was to compare the accuracy of two EALs, 
Wirele-X in two modalities, alone and 
connected to the display screen and Den-
taport ZX in determining working length 
in extracted teeth.

Materials and Methods

15 freshly extracted single-rooted teeth 
were selected for this study. Teeth were 
collected, debrided and disinfected in 
5.25% sodium hypochlorite (NaOCl) for 2 
hours and then stored in normal saline 
(0.9% NaCl) until used.
Two digital radiographs were taken in a 
bucco-lingual and mesio-distal direction 
to exclude samples with two canals, open 
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apices, amalgam or composite fillings and 
previous root canal treatments. An access 
cavity was performed and size 10 and 15 
K-files were inserted until the apex to 
confirm patency. When a size 20 K-file 
reached the apex, the tooth was excluded 
and replaced.
The actual microscopic working length 
(AWL) was measured using a size 10 K-file 
that was advanced until the tip of the file 
could be visualized just within the apical 
foramen under a stereomicroscope Zeiss 
Axiophot (Carl Zeiss Jena Gmbh, Zeiss 
Group, Jena, Germany) connected with a 
digital camera (Moticam Pro SMP) at a 20X 
microscopic magnification (Figure 1). 
Double stoppers were positioned for all 
measurements taken to decrease the pos-
sibility of stopper movement during all 
measurements.
Then each tooth was placed in a contain-
er filled with alginate that was obtained 

mixing the alginate powder with physio-
logical solution to replicate the electric 
conductivity and simulate the oral envi-
ronment. The teeth were inserted leaving 
5 mm of the coronal root surface exposed 
(21). The lip clip was placed into the algi-
nate and the wire of the EAL was connect-
ed to the file (Figure 2). 
Wirele-X and Dentaport ZX were used 
according to the manufacturer’s instruc-
tions. When the Wirele-X was used alone 
without the Bluetooth connection with the 
display unit, the size 10 K-file was insert-
ed gently until the last red bar appeared 
on the device and then retracted until the 
apical position was reached (orange bar at 
the mark “0.0”) (Figure 3). When the Wire-
le-X was used connected via Bluetooth 
with its display unit, the size 10 K-file was 
gently advanced until the red “blood drop” 
icon appeared on the screen and warning 
sound designated that the file has passed 
the Apex and then withdrawn to the red 
bar at the mark “0” and reading “APEX” 
(Figure 4). For Dentaport ZX the size 10 
K-file was inserted until the apex reading 
was reached at the first red bar and then 
withdrawn to the last green flashing bar 
on display (Figure 5). Measurements were 
considered as valid if the reading remained 
stable for at least 5 seconds. Each meas-
urement was repeated three times for each 
tooth and each EAL and modality and all 
working lengths were measured on the file 
using a digital caliper. 
Differences between the electronic work-
ing length (EWL) and the AWL were cal-
culated. Positive values indicated meas-
urements that extruded beyond the apical 
foramen, while negative values indicated 
measurements that were short in the api-
cal foramen. Means and standard devia-
tion were calculated for each group and 
the statistical analysis was performed 
using One-way ANOVA and Tukey tests 
with a significant difference set at P<0.05.

Results

Considering the margin of accuracy ±1 
mm, all the EALs showed an accuracy of 
100%. When considering the margin of 
accuracy ±0.5 mm, Wirele-X alone, Wire-

Figure 1 
The determination of the 

actual working length (AWL) 
under stereomicroscope at 

20X magnification. The file is 
visible through the major 

apical foramen.

Figure 2
Image showing the experi-

mental set-up.
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le-X/Display and Dentaport ZX showed an 
accuracy of 88.8 %, 82.2% and 86.6% re-
spectively. The main difference between 
EWL and AWL was 0.05±0.34 mm for 
Wirele-X, 0.003±0.37 mm for Wirele-X/
Display and 0.08±0.35 mm for Dentaport 

ZX (Figure 6). No statistical differences 
were found among Wirele-X alone, Wire-
le-X/Display and Dentaport ZX (p>0.05).

Discussion

The goal of this study was to evaluate ex 
vivo the accuracy of the new Wirele-X EAL 
in two modalities, alone and connected to 
the display screen and compare it to the 
Dentaport ZX. Many authors have evalu-
ated the accuracy of EALs considering the 
apical constriction (22) or the major fora-
men (23), which seems to be more repro-
ducible (24).
Several materials have been proposed by 
many authors to simulate periodontal 
ligament to test in vitro EALs: gelatin (25), 
agar-agar (26), saline (27), flower sponge 
soaked in saline (28) or alginate (21). Alg-
inate as a substitute for periodontal liga-
ment was investigated by Lipski et al. who 
showed a 100% rate of correct measure-
ment (29). On the contrary, gelatin, agar-
agar, saline and flower sponge soaked in 
saline showed a rate of 96.7%, 76.7%, 
73.4% and 63.4% respectively (28). For this 
reason, alginate was used in the present 
study to ensure the best medium possible 
for testing the EALs ex vivo.
In the present study, single-rooted teeth 
with narrow root canals were selected to 
standardise the samples and a size 10 K-file 
was used to obtain all the AWLs and EWLs. 
In fact, Ebrahim et al. reported that, when 
the diameter of a root canal increased, the 
electronic measurement with a small K-file 
become shorter (30).
The accuracy of the majority of the latest 
generations of EALs is not affected by ir-
rigants within the root canal (31). Çınar et 
al. compared in vivo the accuracy of Propex 
Pixi, Mini Root ZX, Raypex 5 in determin-
ing working length in presence of blood-
pulp tissue or sodium hypochlorite using 
micro-computed tomography. There were 
no differences among working lengths 
measured in different conditions. In a 
systematic review and meta-analysis Tse-
sis et al. similarly stated that the presence 
of vital or necrotic pulp has not effect on 
the precision of EALs (32). In the present 
experiment, conducted in normal condi-

Figure 3 
The orange bar at the mark “0.0” of Wirele-X device that appears when the file 

reached the apical position.

Figure 4
The display unit connected 

via Bluetooth to Wirele-X 
device with the screen 

showing the red bar at the 
mark “0”.  

Figure 5
Dentaport ZX showing the 
last green flashing bar on 

display.

https://pubmed.ncbi.nlm.nih.gov/?term=%C3%87%C4%B1nar+F&cauthor_id=33353910
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tions, the EWL measurements have been 
very accurate for both Wirele-X, alone or 
connected to the display screen, and Den-
taport ZX.
Regarding the accuracy of Dentaport Zx, 
the results of the presence study are gen-
erally consistent with previous in vivo and 
in vitro investigations. Saatchi et al. in 
vivo found that Dentaport ZX showed an 
accuracy within ±0.5 mm of 93.8% and 
93.3% in presence, or not, of apical perio-
dontitis (33). Piasecki et al. showed in vivo 
that the apical foramen was accurately 
located by Root ZX II within ±0.5 mm in 
83% of the teeth with apical periodontitis 
and in 100% of vital teeth (34). Comparing 
working length determination in vivo and 
in vitro, Duran-Sindreu et al. reported that 
Root ZX was accurate 74% of the time to 
±0.5 mm in vitro and 78.3% of the time to 
±0.5 mm in vivo (35). Connert et al., using 
Micro-CT to calculate the distance be-
tween the K-file and the minor and the 
major foramen, found an accuracy of 
Dentaport ZX of 99% and 100% in detect-
ing  major foramen, within a tolerance of 
±0.5 mm or ±1 mm respectively (14). Stöber 
et al., under in vivo clinical conditions, 
measured a mean distance from the AWL 
to the file tip of 0.146 ± 0.43 mm and an 
accuracy of 72% within ±0.5 mm and 
100% of the time within ±1 mm (36). Pas-
con et al. reported, within a tolerance of 

±0.5 mm or ±1 mm, an accuracy of Denta-
port ZX of 39% or 90% respectively (18). 
The results obtained in the present study 
are in agreement with most of the men-
tioned studies. The different percentages 
obtained in all these studies for the accu-
racy of Dentaport XZ could be explained 
by the method used to establish the actual 
working length (AWL).
Wirele-X was tested for the first time in 
the present study as no previous scientific 
literature has been published on this EAL, 
which has obtained comparable results 
with Dentaport ZX in both modalities 
tested (p>0.05). Wirele-X/Display showed 
the best results concerning the difference 
between EWL and AWL, demonstrating 
that the connection via Bluetooth has not 
affected the accuracy of this EAL. Possible 
advantages in the use of Wirele-X EAL can 
be the notably small size of the EAL unit 
and the possibility to attach it to the dental 
dam for a more comfortable and ergonom-
ic use. The Wirele-X shows the movement 
of the file inside the canal from the begin-
ning of the measurements to the end, 
providing uninterrupted feedback. Propri-
etary software algorithms are used for 
calculations of file tip position and file 
movement in different parts of root canal. 
Clearly distinguished graphical readings 
in the apex region accompanied by audio 
signals enable better control over the file 

Figure 6
Distribution of positive and 
negative values of electronic 
working length (EWL), 
standard deviation and the 
actual working length (AWL).
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advance. In case of over-instrumentation a 
red “blood drop” icon and warning sound 
designate that the file has passed the Apex. 
Numerical values changing from +0.1 to 
+0.5 indicate relative depth of over-instru-
mentation, a useful feature for patency 
testing. If the file tip penetrates deeper, the 
“OVER” reading appears.

Conclusions

Under the limitations of this ex vivo study, 
Wirele-X, alone and connected via Blue-
tooth with its display, and Dentaport ZX 
showed high accuracy in detecting the 
working length and were accurate to with-
in ± 0.5 mm, without any statistical differ-
ences among them. 

Clinical Relevance

All apex locators tested in this study can 
be recommended for clinical practice.
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ABSTRACT

Aim: This study aimed to compare the effects of mineral trioxide aggregate (MTA) 
and platelet-rich fibrin (PRF) on histological results of direct pulp capping (DPC) in 
dogs. 
Methodology: In this animal study, 36 class V cavities were prepared in the incisors 
of adult healthy mixed-breed dogs. The teeth were then randomly divided into three 
groups. No material was placed in the control teeth. MTA and PRF were placed on 
the exposure site in groups 2 and 3, respectively. After two months, the teeth were 
extracted under general anesthesia and were histological analyzed regarding inflam-
mation, calcified bridge formation and necrosis. Data were analyzed using non-par-
ametric Kruskal-Wallis test. Pairwise comparisons were made using the Mann-Whit-
ney U test.
Results:  There are no statistically significant differences in terms of pulp inflamma-
tion, dentinal bridge formation and necrosis among the treatment groups capping 
with MTA and PRF. (P Value>0.05), however, PRF and MTA were the same in all 
parameters, these groups were both significantly superior to the control group.
Conclusions: Within the limitations of this study, PRF can be used for DPC as an 
alternative to MTA.
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Introduction 

T
he viability of dentin-pulp 
complex is imperative for tooth 
vitality and is therefore a pri-
ority in clinical control strate-
gies. Vital pulp therapy is 

performed aiming to preserve the vitality 
of the residual healthy pulp tissue for 
structural and functional regeneration of 
dentin-pulp complex (1). Vital pulp thera-
py is commonly used for carious teeth or 
those with traumatic injuries (2). Vital 
permanent teeth with no sign of irrevers-
ible pulpitis or apical periodontitis may be 
good candidates for vital pulp therapy (3) 
since they have the potential for regener-
ation and healing of the remaining radic-
ular tissue, and the materials used for this 
purpose, have to be biocompatible (4). 
Vital pulp therapy requires biomaterials 
to cover the exposed pulp tissue as a pro-
tective barrier in direct pulp capping or 
pulpotomy (2, 4). 
Novel biological treatments are required 
to resolve the pulpal inflammation and 
induce dentinogenesis by the pulp tissue 
in order to increase the success rate of 
vital pulp therapy. 
The pulp capping agents should have 
bio-interactivity (release of biological ions) 
and also be able to produce apatite crystals 
(2, 5). The pulp capping agents should 
provide a suitable environment for regen-
eration of dentin-pulp complex. Moreover, 
they have to be non-toxic and possess 
antibacterial activity to induce the differ-
entiation of odontoblast-like cells (2, 6). 
Calcium hydroxide and its derivatives have 
been the gold standard for preservation of 
pulp vitality in pulp capping treatments 
since the 1920. However, high solubility 
and early loss are among the drawbacks of 
calcium hydroxide (1). A previous study 
evaluated different formulations of calci-
um hydroxide and indicated the formation 
of dentinal bridge in 50% to 87% of the 
cases (7). Also, teeth pulp capped with 
calcium hydroxide have shown its limited 
efficacy for pulp tissue healing and regen-
eration. Thus, research is ongoing to find 
biocompatible materials inducing pulp 
tissue regeneration in clinical studies. 

Despite the numerous applications of cal-
cium hydroxide, it has shortcomings such 
as creation of tunnel-like defects in the 
induced dentinal bridge, poor adhesion to 
dentin and absence of permanent seal. 
Calcium-silicate based cements, the most 
important of which being mineral trioxide 
aggregate (MTA), are promising alterna-
tives to calcium hydroxide for this purpose 
since they have shown favorable properties 
in animal models (8). 
Following the hydration of MTA in pres-
ence of blood and other biological fluids, 
calcium hydroxide is formed. Moreover, 
MTA biologically induces the pulp cells 
(2, 8). MTA provides a long-term seal and 
is biocompatible. Freshly mixed MTA is 
relatively cytotoxic due to its high pH; 
however, it has applications in vital pulp 
therapy, and increased durability of teeth 
pulp capped with MTA has been report-
ed (9).  
Recently, platelet concentrates are increas-
ingly used to enhance wound healing and 
cause soft and hard tissue regeneration 
after different surgical procedures. Blood 
clots after surgical procedures initiate the 
process of repair and regeneration of the 
hard and soft tissues. Use of platelet con-
centrate is one strategy to enhance natural 
wound healing mechanisms. A natural 
blood clot mainly includes red blood cells, 
around 5% platelets and less than 1% 
white blood cells. In fact, platelets not 
only participate in forming clot but also 
release important growth factors that ini-
tiate and support wound healing (10). 
Assessment of the mechanisms of actions 
of growth factors and their extraction from 
platelets led to the increasing use of plate-
let-rich plasma (PRP) in different fields of 
oral surgery. 
Platelet-rich fibrin (PRF) is obtained by 
eliminating the middle layer of a centri-
fuged blood sample. PRF was first de-
scribed by Choukran et al. (2006) and is 
known as the second-generation platelet 
concentrate. Also, PRF has numerous ad-
vantages over PRP including easy prepa-
ration and absence of blood manipulation, 
which indicates the obligation for it to be 
autologous (11). 
PRF clot forms a strong natural fibrin 
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matrix, which includes all the platelets 
and growth factors of the blood sample 
and has a complex structure, which can 
best serve as a matrix for regeneration and 
healing. It possesses some favorable me-
chanical properties that other platelet 
concentrates do not have. PRF can serve 
as a biomaterial with a natural fibrin ma-
trix to enhance micro-vascularization and 
guide cell migration towards the wound 
site. Thus, PRF has been recommended as 
a pulp capping agent for formation of re-
parative dentin or as a biomaterial for pulp 
regeneration (12). 
This study aimed to assess the effects of 
application of MTA and PRF on the suc-
cess rate of DPC in incisor teeth of dogs. 

Materials and Methods 

This animal study was conducted in line 
with the guidelines for the care and use 

of laboratory animals. In order to prepare 
PRF, 10 mL of blood was collected from 
the jugular vein of dogs. Healthy, mixed-
breed adult dogs weighing 18±3 kg were 
chosen for this study. The dogs were re-
frained from eating for 8 hours prior to the 
surgical procedure. The blood was collect-
ed in tubes without anticoagulant agents 
such as EDTA. After 1 minute, the tube 
containing the blood was centrifuged for 
10,000 cycles for 12 minutes. The white 
buffy coat (Figure 1) above the clot, which 
was PRF, was collected. General anesthe-
sia was then induced using 0.01 mg/kg 
acepromazine as premedication. A com-
bination of ketamine and diazepam with 
8.5 mg/kg and 0.2 mg/kg dosage, respec-
tively was administered intravenously for 
anesthesia induction. Anesthesia was 
continued by inhalation of isoflurane in 
oxygen following intubation. 
Oral cavity was rinsed with 1.2% chlor-
hexidine, and infiltration anesthesia was 
administered using lidocaine plus epi-
nephrine. Cervical cavities were prepared 
in nine maxillary and mandibular incisor 
teeth using an inverted conical bur. As 
soon as the pink shadow of the pulp tissue 
was observed through a thin layer of den-
tin, the teeth were isolated with cotton 
rolls and the pulp chamber was exposed 
using a #2 dental explorer. The cavities 
were rinsed with saline. Cervical cavities 
were prepared in a total of 36 incisor teeth 
(Figure 2). The teeth were then randomly 
divided into three groups. In the control 
group, no pulp capping agent was placed 

Figure 1 
White buffy coat above the clot (PRF).

Figure 3 
Restoring the cavities with Zonalin.

Figure 2
Cavity preparation using an inverted bur and 

pulpal exposure.
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on the exposure site. In groups 2 and 3, 
MTA and PRF were applied on the expo-
sure site, respectively. Then entire cavity 
in all groups, was restored with Zonalin 
(Zinc oxide eugenol, Purton, Wiltshin, 
Sweden) (Figure 3). The teeth were evalu-
ated in terms of discoloration and inflam-
mation on a weekly basis. 
After 2 months, the teeth in all three 
groups were extracted under general an-
esthesia (13). The teeth were fixed in 10% 
buffered formalin, decalcified and subject-
ed to histological analysis. Tissue sections 
were embedded in paraffin blocks and 
stained with hematoxylin and eosin (14). 
The stained slides were observed under a 
light microscope at x10 and x40 magnifi-
cations. One pathologist observed the 
slides and scored them according to the 
degree of inflammation, formation of hard 
tissue and dentinal bridge and occurrence 
of necrosis. The pathologist was blinded 
to the group allocation of specimens and 
type of pulp capping agent used. Inflam-
mation was scored as follow.
0: Absence of inflammatory cells
1: Small number of neutrophils and mono-
nuclear inflammatory cells 
2: Moderate infiltration of inflammatory 
cells, neutrophils and leukocytes
3: Severe infiltration of inflammatory cells, 
neutrophils and leukocytes such that they 

occupied more than two/thirds of the pulp 
chamber. 
Hard tissue and dentinal bridge formation 
in the samples was scored as follow.
0: No formation of dentinal bridge
1: Slight deposition of hard tissue beneath 
and at the margins of the pulp capping 
agent
2: Moderate deposition of hard tissue be-
neath and at the margins of the pulp 
capping agent
Presence of denatured and autolyzed pro-
teins in the pulp tissue indicated the 
presence of necrosis. 

Statistical analysis 
Data were analyzed using SPSS version 21. 
The frequency and percentage of scores for 
degree of inflammation, formation of den-
tinal bridge and presence/absence of ne-
crosis in the three groups were calculated 
and reported. The non-parametric Krus-
kal-Wallis test was used to compare the 
three groups in terms of degree of inflam-
mation, dentinal bridge formation and 
presence/absence of necrosis. Pairwise 
comparisons were carried out using 
non-parametric Mann Whitney U test. 
Considering the significance of the topic, 
the mean and standard deviation of degree 
of inflammation and dentinal bridge for-
mation scores were separately calculated 

Table 1

Degree of inflammation in the control, MTA and PRF groups

inflammation 
Degree  
Group

0× 1×× 2××× 3×××× Total

Control 0 2 
(16.07%)

5 
(41.07%)

5  
(41.07%)

12 
(100%)

MTA 7  
(58.03%)

4 
(33.03%)

1 
(8.03%) 0 12 

(100%)

PRF 3  
(25.00%)

9 
(75.00%) 0 0 12 

(100%)

Total 10 (27.08%) 15 (41.07%) 6  
(16.07%)

5  
(13.09%)

36 
(100%)

 
× Absence of inflammatory cells
×× Mild inflammation
××× Moderate inflammation
×××× Severe inflammation
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in the control and PRF groups and were 
compared using the Mann Whitney U test. 
Level of significance was set at 0.05. 

Results 

Inflammation
Three groups were significantly different 
in terms of degree of inflammation. Sig-
nificant differences were noted between 
the MTA and control (P<0.0001) and also 
between the PRF and control (P<0.002) 

groups in terms of degree of inflammation 
but the difference between the MTA and 
PRF groups (P=1.0) was not significant in 
this regard. 
Table 1 shows the degree of inflammation 
in the three groups. Figures 4 to 6 indicate 
different degrees of inflammation and 
angiogenesis in the PRF and control 
groups. 

Dentinal bridge formation
The results showed that the MTA and PRF 
groups had equal performance with regard 
to hard tissue and dentinal bridge forma-
tion (P=1) when used as pulp capping agent 
and their efficacy was significantly higher 
than that of the control group (P=0.0001). 
Table 2 shows the degree of hard tissue 

Figure 4
Moderate inflammation 

in the PRF group.

Figure 5
Severe inflammation and pulp necrosis 

in the control group (x40 magnification).

Figure 6
Angiogenesis and fibroplasia in the PRF group 

(x40 magnification).

Table 2

Hard tissue and dentinal bridge formation in the control,  
MTA and PRF groups

Dentinal bridge 
formation 

Group
0× 1×× 2××× Total

Control 12 
(100%) 0 0 12 

(100%)

MTA 0 4 
(33.03%)

8 
(66.03%)

12 
(100%)

PRF 0 4 
(33.03%)

8 
(66.07%)

12 
(100%)

Total 12 
(33.03%)

8 
(22.02%)

16 
(44.04%)

36 
(100%)

 
× No dentinal bridge formation
×× Slight deposition of hard tissue
××× Moderate deposition of hard tissue

Figure 7
No dentinal bridge formation in pulp in the 

control group (x10 magnification).
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and dentinal bridge formation in the three 
groups. Figures 7 to 9 show hard tissue 
and dentinal bridge formation in different 
groups. 

Necrosis
MTA and PRF had equal efficacy (P=1) in 
prevention of necrosis when applied as 

pulp capping agents and their efficacy was 
significantly higher than the control group 
(P=0.0001). Table 3 shows presence/absence 
of necrosis in the three groups. Figure 10 
shows necrosis in the control group. 

Discussion 

In the recent years, attempts have been 
made to find a material to directly cap the 
exposed vital pulp and enhance regener-
ation (1). In this study, different histologi-
cal parameters (dentinal bridge formation, 
degree of inflammation and presence of 
necrosis) were compared to assess the ef-
ficacy of MTA and PRF for pulp capping 
in dogs. 
In this study, the incisor teeth of dogs were 
selected because the anatomy of dog teeth 
has some similarities to that of human 
teeth. Thus, they are commonly used in 
experimental models, yielding favorable 
results (15). 
The current results showed that inflam-
mation occurred in all groups; however, 
degree of inflammation in the control 
group was higher than that in the MTA 
and PRF groups. The MTA and PRF groups 
showed almost equal degrees of pulpal 
inflammation. Also, dentinal bridge for-
mation was the same in both MTA and 
PRF groups and significantly higher than 
that of the control group. 
The ability of MTA in dentinal bridge 
formation is related to its excellent sealing 
ability and polymerization. Thus, when 
applied as a pulp capping agent, it is not 
disseminated into the adjacent tissues and 
decreases subsequent microleakage (16). 
MTA releases hydroxyl and calcium ions 
when in contact with water and tissue 
fluids and can induce proliferation of pulp 
fibroblasts. Takita et al. (2006) evaluated 
the effects of MTA and calcium hydroxide 
on human dental pulp stem cells in vitro 
and showed that MTA, compared with the 
control group, induced cell proliferation 
within 12 days. However, calcium hydrox-
ide did not show such results (17). The 
optimal properties of MTA are responsible 
for its favorable results when used as a DPC 
agent. These properties include insolubil-
ity, minimal toxicity, excellent marginal 

Figure 8
Islands of deposited hard 

tissue (initiation of dentinal 
bridge formation) in the MTA 

group (x40 magnification).

Figure 9
Thick dentinal bridge 

formation in the PRF group 
(x40 magnification).

Table 3

Presence/absence of necrosis in the control, MTA and PRF groups

Necrosis 
Group

absence× presence×× Total

Control 0 12 
(100%)

12 
(100%)

MTA 12 
(100%) 0 12 

(100%)

PRF 10 
(83.03%)

2 
(16.07%)

12 
(100%)

Total 22 
(63.01%)

14 
(38.09%)

36 
(100%)

× Absence of necrosis
xx Presence of denatured and autolyzed proteins in the pulp tissue
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adaptation, high setting pH after 3-4 hours 
and induction of cytokine production by 
human osteoblasts (16). Shi et al. (2016) 
evaluated the pulpal reactions to DPC with 
MTA and another biomaterial in dog teeth 
and showed that the majority of teeth in 
both groups demonstrated evidence of 
calcified bridge formation and did not have 
pulpal inflammation (18). These observa-
tions are in agreement with our results 
regarding MTA.
Li et al. (2015) in a meta-analysis intro-
duced MTA as a suitable alternative to 
calcium hydroxide for DPC considering 
insignificant inflammatory reactions, 
formation of dentinal bridge and high 
success rate (19). 
Considering all the above and the current 
results, MTA seems to bring about optimal 
outcomes when used for DPC. Comparison 
of PRF and MTA in our study had adequate 
methodological reliability and considering 
the similar histological findings in the PRF 
and MTA groups, it may be concluded that 
PRF can be used for DPC. 
PRF is a non-homogenous biomaterial, on 
which cells are cultured. It contains plas-
ma, cytokines, leukocytes and different 
proteins trapped in a very dense fibrin 
membrane. The fibrin matrix has signifi-
cant effects on differentiation of osteo-
blasts (20). Also, growth factors/PRP fibrin 
matrix may be responsible for dual actions 
of osteoblasts. Huang et al. (2010) evaluat-
ed the biological effects of PRF on human 
dental pulp cells based on histological 
observations and showed that PRF stim-
ulates the proliferation and differentiation 
of human dental pulp cells by up-regula-

tion and expression of alkaline phospha-
tase (21). 
Moreover, PRF can cause controlled re-
lease of growth factors over time such that 
the level of tumor growth factor B1 and 
platelet-derived growth factor-AB increas-
es to day 14 and decreases afterwards. PRF 
contains a dense fibrin matrix along with 
leukocytes, cytokines, glycoproteins and 
growth factors. Leukocytes in PRF are 
mainly responsible for the release of 
growth factors and anti-inflammatory 
activity (22). This explains the presence of 
moderate inflammation following DPC 
with PRF.
Pathak et al. (2014) confirmed the clinical 
and radiographic success of pulpotomy 
with PRF in immature human permanent 
molars in a case report (23). This finding 
was in agreement with our results. Yang 
et al. (2013) evaluated the effects of PRF 
on proliferation and chemotaxis of autoge-
nous dental pulp cells and evaluated the 
results following its application as a DPC 
agent in vital pulp therapy. They reported 
that PRF was biocompatible with human 
dental pulp cells and use of adequate 
concentration of PRF exudate enhanced 
the proliferation and migration of pulp 
cells. These parameters play a role in pulp 
healing in vital pulp therapy (24).
In a case report, Lee et al. (2013) reported 
that pulpotomy with PRF is a biocompat-
ible treatment and PRF in direct contact 
with the pulp tissue can enhance root 
development due to its growth factor con-
tent (25).
Hiremath et al. (2012) showed that PRF 
serves as a physiological structure and 
supports root development. In total, pul-
potomy with PRF can replace pulpotomy 
with MTA or other biomaterials in perma-
nent molars with pulpitis (26).
The current results revealed that dentinal 
bridge did not form in any of the control 
samples due to high degree of inflamma-
tion. Moreover, PRF and MTA showed 
similar degrees of dentinal bridge forma-
tion. Evidence shows that growth factors 
present in PRF are released within 1 to 4 
weeks after the application of PRF. 
The regenerative properties of PRF are 
evident in its application as a DPC agent. 

Figure 10
Complete pulp necrosis in 

the control group (x40 
magnification).
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Also, the expected time for pulp regener-
ation is the first 3 weeks following appli-
cation, which was also reported in our 
study (27).
Thus, observation of reparative dentin in 
pulp tissue is a sign of pulpal regeneration, 
which was reported in the MTA and PRF 
groups after DPC in our study. Huang et 
al. (2010) demonstrated that PRF can in-
duce proliferation of human dental pulp 
cells, increase the expression of osteopro-
tegerin proteins and increase the alkaline 
phosphatase activity. Thus, in presence of 
a small number of vital pulp cells, odon-
toblast-like cells are produced and den-
tin-pulp complex is formed (28). On the 
other hand, Wang et al. (2010) showed that 
cells present in dental pulp may be stem 
cells and play a role in regeneration of 
dental pulp (29). Similar results were re-
ported in our study.
Dentinal bridge formation is imperative 
for pulp vitality. Reparative dentin is 
formed in the pulpal remnants. Thus, in 
absence of bleeding, PRF provides growth 
factors and a potential network for pulp 
regeneration (27). The present study 
showed mild to moderate inflammation 
and slight to moderate deposition of hard 
tissue beneath and at the margins of the 
pulp capping agent in incisor teeth of dogs 
following DPC with PRF and MTA.
Dentinal bridge formation at the interface 
of pulp tissue-DPC agent is a debated top-
ic because presence of dentinal bridge does 
not necessarily indicate a healthy pulp 
status and does not protect the pulp tissue 
against bacterial penetration. However, it 
may be a sign of recovery or reaction to 
stimulation. Dentinal bridge was not 
formed in any of the control samples in 
our study. On the other hand, dentinal 
bridge formation has been noted in ex-
posed pulps without applying a biomate-
rial (30).
The extracellular matrix on the surface of 
wound is comprised of healing connective 
tissue, which is physiologically formed in 
exposed pulp tissues following deposition 
of osteodentin or fibrodentin. In this re-
gion, odontoblast-like cells produce repar-
ative dentin and eventually show evidence 
of normal pulp function (31).

Since dental pulp has adequate viable 
tissue, it seems that DPC treatments can 
be successful in asymptomatic pulp expo-
sures. A clinical study stated that teeth 
with asymptomatic pulp exposures remain 
vital for averagely 12 years following DPC 
treatment (32). 
The efficacy of PRF for enhancement of 
wound healing has been evaluated and 
confirmed in different tissues. Growth 
factors are highly important in signaling, 
formation and regeneration of dentin-pulp 
complex. On the other hand, recapitulation 
of these procedures may lead to pulpal 
regeneration. Also, micron-scale angiogen-
esis in PRF fibrin network causes cell 
migration (26). 
As expected, the exposed and uncapped 
pulp tissue led to necrosis in the control 
group. Necrosis was also noted in the MTA 
and PRF groups in lower rate. This can be 
due to organization of inflammation and 
pulpal infection following inflammation. 
If pulp tissue inflammation overcomes the 
existing infection, subsequent regeneration 
would occur. Since infection was limited 
in the MTA and PRF groups, the inflam-
mation overcame it and regeneration oc-
curred in the pulp tissue. 
In the present study, PRF was prepared 
using blood collected from dogs and ap-
plied at the site of pulpal exposure. The 
process of PRF preparation is simple and 
fast and it does not require activation by 
bovine thrombin as does the PRP. On the 
other hand, PRF is an autologous materi-
al and risk of transmission of infection 
and other diseases is insignificant com-
pared with the use of other allografts, 
xenografts and biomaterials used for DPC 
(26, 33). 
Further in vitro and clinical studies are 
required to accurately determine the 
mechanism of action of PRF in pulp tissue 
regeneration. In vitro studies are highly 
effective to determine the biological effects 
of PRF; however, generalization of their 
results is limited since they cannot well 
simulate the clinical setting. Future stud-
ies are required to assess the effects of PRF 
and MTA on expression of differentiating 
odontoblastic markers and dentin matrix 
proteins. 
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Conclusions

Comparison of the effects of treatment with 
MTA and PRF when used as DPC agents 
in incisor teeth of dogs based on histo-
pathological observations revealed that 
MTA and PRF both had equal performance 
with regard to degree of inflammation, 
dentinal bridge formation and necrosis 
when used as DPC agents and were supe-
rior to the control group.
Considering the optimally equal results of 
application of PRF and MTA as DPC agents, 
and easy preparation of PRF compared 
with PRP, it seems that PRF can bring 
about optimal results when used for DPC. 
However, long-term clinical studies are 
required on this topic. 

Clinical Relevance
 
Knowledge about tissue responses to dif-
ferent pulp capping materials is essential 
for improving the outcome of direct pulp 
cap (DPC) treatment. Clinical success of 
DPC results in more longevity of tooth.
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ABSTRACT

Aim: To assess the amount of apically extruded debris during root canal shaping 
using various nickel-titanium single-file systems.
Methodology: Seventy-two extracted single-rooted human mandibular incisors were 
assigned randomly to six groups (n=12). The canals were instrumented with the 
following nickel-titanium single-file systems 25 diameter at the tip: WaveOne (Dent-
sply Sirona Endodontics), WaveOne Gold (Dentsply Sirona Endodontics), Reciproc 
(VDW, Munich, Germany), Reciproc Blue (VDW, Munich, Germany), OneShape (Mi-
cro-Mega, Besançon Cedex, France) and Hyflex EDM (Coltene/Whaledent AG, Swit-
zerland). Apically extruded debris during root canal shaping were collected into 
pre-weighed Eppendorf tubes stored in an incubator at 70 °C for five days. The 
weight of the dry extruded debris was established by subtracting the pre-instrumen-
tation and post-instrumentation weight of the Eppendorf tubes for each group. Data 
were analyzed using one-way analysis of variance (ANOVA) and Tukey’s post hoc 
tests.
Results: All the tested files were associated with apical extrusion of debris. There 
was no significant difference between examined files regarding the amount of debris 
extruded during canal shaping (P>0.05).
Conclusions: Single-file tested systems produced debris extrusion, and the amount 
of debris was independent of the used instrumentation technique. 
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Introduction

O
ne of the most fundamental 
aspects of root canal treat-
ment is the chemo-mechan-
ical preparation that includes 
mechanical cleansing with 

instruments and the use of irrigant solu-
tions. However, dentinal chips, pulpal 
fragments, necrotic debris, and microor-
ganisms may be accidentally pushed out 
from the root canal into periapical tissues 
during canal preparation. Extrusion of 
these elements into periradicular space 
may cause undesired consequences such 
as induction of inflammation, postopera-
tive pain, and delayed periapical healing 
(1, 2). Both manual and rotary Nickel-Tita-
nium (NiTi) preparation sequences are 
demonstrated to be inevitably associated 
with extrusion of debris (3).
In the last years, instrument sequence 
simplification has been proposed through 
single-file systems as canal preparation 
may be reliable and faster than that obtain-
able with conventional multi-file sequenc-
es (4, 5). 
Improved mechanical properties of sin-
gle-file NiTi systems achieved through 
various thermomechanical treatments 
aimed to optimize the microstructure of 
the alloys (6) and different kinematics such 
as reciprocating motion (7) have been 
proposed as an alternative to the conven-
tional continuous rotation for single-file 
NiTi systems.
OneShape (MicroMega, Besançon, France) 
was launched on the dental market in 2011 
as the first single-file shaping system con-
ceived for a continuous rotation movement. 
Made of a conventional austenite 55-NiTi 
alloy, the design consists of a size 25/.06 
file with a passive tip and three different 
cross-section zones; the first with a 3-cut-
ting-edge design. The second changes from 
3 to 2 cutting edges, and the last (coronal) 
is provided with two cutting edges (8). 
In 2011, Dentsply Tulsa Dental (Tulsa, OK, 
USA) developed the first NiTi endodontic 
instrument with a molecular structure 
altered by heat treatment. There are now 
Gold and Blue heat-treated NiTi systems 
used in a reciprocating motion (WaveOne 

Gold, Dentsply Sirona Endodontics; Recip-
roc Blue, VDW). They are considered as 
the improved version of the precursors 
WaveOne and Reciproc, respectively. 
WaveOne Gold files are manufactured 
using gold heat treatment performed by 
heating and then slowly cooling the file 
after production (9). The reciprocating 
motion of WaveOne was maintained, but 
their geometry was altered. The cross-sec-
tion of the WaveOne Gold was modified 
to a parallelogram, having two cutting 
edges and the off-center design. As Recip-
roc file, Reciproc Blue has an S-shaped 
cross-section, two cutting edges, and a 
noncutting tip. However, Reciproc Blue 
files are manufactured by altering the 
molecular structure through a new heat 
treatment that creates a blue-colored tita-
nium oxide layer to increase the cyclic 
fatigue resistance (9). 
Hyflex EDM (Coltene/Whaledent) is man-
ufactured through an innovative patented 
treatment that is the electro-discharge 
machining (EDM) process. HyFlex EDM 
OneFile 25/.~ has a constant 8% taper in 
the apical 4 mm; the taper decreases to 4% 
toward the coronal region. Throughout the 
entire working part of the file, the horizon-
tal cross-section changes from quadratic 
in the apical region to trapezoidal in the 
middle region, and almost triangular in 
the coronal region (10).
This ex vivo research aimed to compare 
the amount of apically extruded debris 
after the preparation of straight root canals 
in extracted human teeth using four recip-
rocating single-file systems (Reciproc, 
Reciproc Blue, WaveOne, WaveOne Gold) 
compared with two rotary single-file sys-
tems (OneShape, Hyflex EDM).

Materials and Methods

Sample size calculation
A previous study (5) was used to identify 
an effect size of 0.50 required to calculate 
the total sample size for this study. a-type 
error=0.05 and power b=0.80 were also 
input. A total of 72 samples were indicat-
ed as the minimum to observe differences 
between the systems (F test family, ANO-
VA, G*Power for Mac).
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Selection of teeth
The Research Ethics Committee approved 
this study’s protocol of the Faculty of 
Dentistry, Ain Shams University, Egypt. 
Seventy-two mandibular incisors were 
selected from a collection of teeth extract-
ed for reasons unrelated to this study. 
Specimens were stored in 4 °C distilled 
water until use. Soft tissue and calculus 
were removed mechanically from the 
root surfaces with a periodontal scaler. 
Teeth were radiographed form the facial 
and proximal aspects. The exclusion 
criteria were a tooth having more than 
one root canal and apical foramen, pre-
vious root canal treatment, internal/ex-
ternal resorption, immature root apices, 
caries/cracks/fractures on the root sur-
face, root canal curvature more than 10 
degrees, and/or teeth in which the apical 
minor constriction was gauged larger 
than a size 20 hand file. 

Preparation of teeth
An access cavity was prepared in each 
tooth using a high-speed handpiece and a 
round bur under water cooling. Canal 
patency was achieved using a size of 10 
K-file. The tooth length (TL) was deter-
mined by introducing a size 15 K–file into 
the canal until the tip of the file was vis-
ible from the apex. The working length 
(WL) was determined by subtraction of 1 
mm from TL. The incisal edges were 
slightly flattened to obtain comparable 
working lengths 21±1mm. A mechanical 
glide path was established for all groups 
using the R Pilot file (12.5 /.04) (VDW, 
Munich, Germany) before shaping with 
the respective single-file system.
The experimental model described by 
Myers & Montgomery (11) was used. The 
stoppers were separated from Eppendorf 
tubes, and their initial weight was deter-
mined using an analytical balance with 
an accuracy of 10-4 g. Each tube was 
weighed five times, and the mean value 
was calculated. Each tooth was inserted 
up to the cementoenamel junction (CEJ), 
and a 27-gauge needle was placed along-
side the stopper to balance the air pressure 
inside and outside. Then, each stopper 
with the tooth and the needle was attached 

to its Eppendorf tube, and the tubes were 
fitted into the vials.
The samples were assigned randomly to 
six experimental groups (n=12) as follows.
Group 1: prepared with WaveOne (size 25/ 
08 taper) reciprocating instruments. 
Group 2: prepared with WaveOne Gold 
(size 25/.07 taper) reciprocating instru-
ments. 
Group 3: prepared with Reciproc (size 
25/.08 taper) reciprocating instruments. 
Group 4: prepared with Reciproc Blue (size 
25/.08 taper) reciprocating instruments. 
Group 5: prepared with One Shape (size 
25/.06 taper) rotating instruments. 
Group 6: prepared with Hyflex EDM (size 
25/.08 taper) rotating instruments.
All instruments were used in a slow in-and-
out pecking motion with an amplitude of 
about 3 mm. The instruments’ flutes were 
cleaned after three in-and-out movements 
(pecks) by insertion into a sponge. Each root 
canal was irrigated with a total volume of 
8 mL of distilled water for 4 min divided 
into four phases (2 mL /1 min each) as fol-
lows: before instrumentation, after reaching 
one-third WL, after reaching two-thirds 
WL, and after reaching full WL using a 
30-gauge needle (NaviTip; Ultradent, South 
Jordan, UT, USA). Apical patency was main-
tained using a size 10 K-file. Once the in-
strument had negotiated to the end of the 
canal and had rotated freely, it was removed. 
Each instrument was used to prepare four 
canals only. To avoid inter-operator varia-
bility, a single experienced operator (SS) 
performed all preparations under 2.5x 
magnification and LED illumination (Heine, 
Herrsching, Germany). 

Evaluation of apically extruded debris
After instrumentation, stopper, needle, 
and tooth were separated from the Eppen-
dorf tube, and the debris adhering to the 
root surface was collected by washing the 
root with 1 mL distilled water while in 
the tube. The tubes were stored in an in-
cubator at 70 °C for five days to evaporate 
the distilled water, and the weight calcu-
lation was performed by a second exam-
iner (TM) who was blinded to the group 
assignment. The Eppendorf tubes, includ-
ing the extruded debris, were weighed 
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again in the same way to obtain the final 
weights of the tubes. Each of the tubes was 
weighed five times, and the mean value 
was calculated. The amount of the extrud-
ed debris was calculated by subtracting 
the initial weight from the final weight.

Statistical analysis
Data assumed normal distribution. Hence 
it was analyzed by parametric tests using 
a one-way analysis of variance (ANOVA) 
followed by Tukey’s post hoc test for mul-
tiple comparisons. The level of significance 
was set at P<0.05. All statistical analyses 
were performed with SPSS version 16.0 
for Windows (SPSS Inc., Chicago, IL, USA).

Results

Apical extrusion of debris was observed 
in all the tested groups. The mean values 
and the standard deviation data of each 
experimental group are shown in Table 1. 
Statistical analysis of the results showed 
the differences between the single-file 
systems used for root canal shaping were 
non-significant (P>0.05). 
 
Discussion

Concern has been raised regarding the 
extrusion of debris using different instru-

mentation systems and how it impacts the 
patient’s postoperative comfort level and 
treatment outcome. It has been suggested 
that techniques that minimize apically 
extruded debris should be sought (12, 13). 
Therefore, this ex vivo study was per-
formed to quantify the amount of extrud-
ed debris associated with root canal 
shaping using six different single-file 
systems. Up to our knowledge, they were 
not compared all together before. Their 
manufacturers claim that most of these 
instruments have improved clinical per-
formance following their modified design 
features and the proprietary thermome-
chanical treatment (14).
All methodologies for evaluating the 
apical extrusion of debris are based on 
the quantitative measurement of debris, 
liquid, or bacteria. The generally accept-
ed method of Myers & Montgomery (11) 
was used to collect apically extruded 
debris. Some limitations in this experi-
mental model could affect the results, 
such as the absence of apical backpres-
sure, lack of control of dentine micro-
hardness, sensitivity of the analytical 
balance, and hydration of samples due to 
humidity (15). Also, the implications of 
a vital or necrotic pulp and the presence 
of a lesion of endodontic origin in the 
apical extrusion of debris remain not 
clear (16). In the present study, straight 
single-rooted teeth were used to eliminate 
possible complications, such as WL loss 
or nonstandard preparation and irrigation 
in the curved root canals (17). The incis-
al edges were also slightly flattened to 
obtain comparable working lengths for 
the specimens. The results of the current 
investigation revealed that all the sin-
gle-file systems caused apical extrusion 
of debris during canal shaping. This is 
consistent with other apical extrusion 
studies (14, 18-20) and reinforces that this 
shaping sequela is unavoidable.
Apical extrusion of debris is the conse-
quence of the interplay amongst several 
variables, including the shaping tech-
nique, movement kinematics, and instru-
ment design. The results of our study 
imply that adhering to a strict shaping 
protocol is the most critical variable. A 

Table 1
The mean and standard deviation (SD) values for the amount of apically 

extruded debris in each study group expressed in milligrams

File type Amount of debris (mean ± SD)

Wave One .0002 ± .00007a

Wave One Gold .0001 ± .00003a

Reciproc .0002 ± .00011a

Reciproc Blue .0002 ± .00009a

One Shape .0002 ± .00010a

Hyflex EDM .0001 ± .00003a

P-value .217

Similar superscript letters in the same column indicate a non-significant difference 
among groups.



45

Pirani C*, Saber SM, Abdelaziz TM

Giornale Italiano di Endodonzia (2021) 35

standardized mechanical glide path was 
established in our study before shaping 
to minimize the incidence of procedural 
errors and reduce the amount of apically 
extruded debris (21). The crown down 
technique was used with all file systems, 
as suggested by manufacturer recommen-
dations.
Moreover, the apical diameter of all teeth 
was standardized to a size 25 after in-
strumentation. In all canals, a standard 
volume of distilled water was used as an 
irrigation solution to avoid any possible 
crystallization of sodium hypochlorite 
that could alter the weight of dentine 
debris and compromise the results (13). 
The impact of movement kinematics on 
the apical extrusion of debris is contro-
versial. Bürklein & Schäfer (5) stated that 
reciprocal movement might enhance 
debris transportation towards the apex 
and that continuous rotation may improve 
the coronal transportation of dentine 
chips and debris by acting as a screw 
conveyor. A similar finding was reported 
by Topcuoglu et al. (22), who found that 
Reciproc produces more debris extrusion 
than continuous rotation files as One-
Shape single rotary files.
Contradicting findings were reported (17) 
on reciprocating WaveOne files that ex-
truded significantly less debris than the 
ProTaper Next rotary system because of 
the reciprocating action act as a type of 
mechanized balanced forced pres-
sure-less technique (7, 23). Other re-
searches (24) reported that WaveOne and 
Reciproc systems extruded fewer bacteria 
than the multifile rotary system BioRaCe; 
that Reciproc and WO extruded signifi-
cantly less debris compared to ProTaper 
with no differences between them (16), 
and that Reciproc instruments extruded 
less debris when used in reciprocating 
motion than in continuous rotation (25). 
The present study reported a similar 
amount regarding apical extrusion of 
debris irrespective of the selected rotary 
or reciprocating instrumentation system, 
corroborating previous findings (26).
With the limits of this study that did not 
evaluate different NiTi alloys as an inde-
pendent variable, present research did 

not find any statistically significant dif-
ferences concerning different heat-treat-
ed wires. Gold thermal treatment of the 
WaveOne Gold and electro-discharge 
machining process of Hyflex EDM instru-
ments were associated with less debris 
extrusion (14, 27) during treatment pro-
cedures; however, these differences were 
not significant. Recently (28) it was re-
ported that Reciproc Blue extruded sig-
nificantly less debris than M-Wire Recip-
roc during retreatment procedures. In-
strument flexibility and alloy microhard-
ness (10, 28-30) were altered by propri-
etary thermal treatments, which might 
explain the reduced amount of debris 
extrusion herein found. All the evaluat-
ed single-file systems (except OneShape) 
are characterized by different regressive 
taper values from the tip to the shank. 
Although the instrument taper of the 
tested files was slightly different, this 
aspect did not result in significant differ-
ences between systems. The cross-section 
design of the files is different, with a 
non-identical number of cutting-edge 
contacts against the canal wall and dif-
ferent symmetrical or off-centered sec-
tion. Further investigations are needed 
to confirm the present findings.

Conclusions

Based on the results of this study, sin-
gle-file tested systems produced debris 
extrusion; the amount of debris was inde-
pendent of the kinematics or file design.

Clinical Relevance

All the single-file systems caused apical 
extrusion of debris during canal shaping. 
This  reinforces  the concept that shaping 
sequela is  unavoidable.
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ABSTRACT

Aim: This study has evaluated the residual effect of NaOCl on resin-pulp chamber 
dentin bond strength after 7 and 14 days, using a three-step etch-and-rinse adhesive 
system. 
Methodology: Forty pulp chamber dentin from bovine incisors crowns were random-
ly allocated to one of the following groups: G1, immersion in 0.9% saline solution 
for 30 minutes (control); G2, immersion in 5.25% NaOCl for 30 minutes; G3, immer-
sion in 5.25% NaOCl for 30 minutes and stored for 7 days; and G4, immersion in 
5.25% NaOCl for 30 minutes and stored for 14 days. After restoration, the dentin/
resin interface was tested by microtensile bond strength, and failure mode was 
analyzed by Scanning Electron Microscopy. Data were analyzed by ANOVA followed 
by Tukey. 
Results: G1 had higher bond strength than the rest of the groups. There were no 
statistically significant differences among G2, G3, and G4 (p>0.05). 
Conclusions: The adverse effect of NaOCl on bond strength persisted even after 14 
days following exposure.
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Introduction

A 
major goal of endodontic 
therapy is to eliminate mi-
croorganisms from the root 
canal system to create an 
environment that is most 

favorable for healing (1). This is accom-
plished as a result of mechanical cleaning 
and shaping along with irrigation using 
antibacterial agents (2). In order to keep 
the root canals free of contamination after 
endodontic treatment, a final restoration 
of the involved tooth should be performed 
with a careful technique (3). The infiltra-
tion of oral microorganisms in the root 
canal filling is favored by the lack of a 
proper coronary restoration, which impairs 
the prognosis of endodontic treatments (4). 
Likewise, restoration is important to pre-
serve the remaining dental structure, 
avoiding fractures that could lead to tooth 
loss (5). Moreover, the restoration of endo-
dontically treated teeth is critical for 
clinical success achievement (6-10).
One of the reasons for loss of adhesion of 
adhesive restorative materials and conse-
quently an improper restoration may be 
the chemical substance used during the 
endodontic treatment irrigation (11-13). 
Sodium hypochlorite (NaOCl) is a widely 
used chemical irrigant for the biomechan-
ical preparation of root canals due to its 
antimicrobial properties and capacity to 
dissolve organic matter (14). However, 
NaOCl can affect the structure of the den-
tin surface and degrade collagen fibers (12, 
15). Sodium hypochlorite liberates chlorine 
in its cleavage (Cl2) and oxidizing com-
pounds; Cl2 generates dissolution of colla-
gen fibers and the oxidizing compounds 
interfere with the closing of the polymer-
ic chain of the resin during the set time, 
causing incomplete polymerization and 
reduced adhesion to dentin. Once the bond 
of adhesive systems is due to the infiltra-
tion of resin monomers in the collagen 
layer, this degradation of the organic ma-
trix will be a detrimental factor (16-19).
NaOCl is one of the most used substances 
for irrigation and decontamination during 
root canal treatment. Composite resin 
restorations have been used more and more 

worldwide. However, residual sodium 
hypochlorite in porosities of mineralized 
dentin may give rise to uncured resin 
polymerization, and thus undermine bond 
strength (20). The latter may explain a 
reduction in adhesive bond strength after 
its use. The aim of this study was to eval-
uate the residual effect of NaOCl on res-
in-pulp chamber dentin bond strength 
after 7 and 14 days, using a three-step 
etch-and-rinse adhesive system. There is 
a hypothesis that waiting 7 or 14 days to 
restore the teeth would not interfere in the 
reestablishment the bond strength between 
composite resin and pulp chamber dentin.

Materials and Methods 

Forty bovine incisors were stored in 0.5% 
thymol and used within 2 months of ex-
traction. Methods were performed by a 
single operator. The teeth were cut to ex-
pose the pulp chamber dentine of the 
middle third of the buccal part of the 
crown (3). Five mm was cut horizontally 
from the incisal portion of the crown with 
a double-sided diamond disc (KG Sorensen, 
Barueri, SP, Brazil) under refrigeration. 
Next, the middle third of the crown was 
removed at a height of approximately 8 mm 
corresponding to the double-sided dia-
mond disc radius (KG Sorensen, Barueri, 
SP, Brazil), which then drilled into the 
middle third of the incisal border aligned 
to the long axis of the tooth, removing the 
buccal surface of the crown fragment. Once 
the samples were acquired, the pulp tissue 
was cautiously taken out with a spoon 
excavator. After, the intracoronary dentin 
was polished for 30 seconds with wet 180- 
and 600-grit silicon carbide abrasive paper 
under running water (Struers, Abramin, 
Copenhagen, Denmark) to plane and create 
a standardized smear layer. Forty rectan-
gular dentin pieces were acquired.
Specimens were randomly allocated into 
four groups, with ten specimens in each 
group, according to the chemical irrigants 
used and time of storage, as follows: G1, 
immersion in 0.9% saline solution for 30 
minutes (control); G2, immersion in 5.25% 
NaOCl for 30 minutes; G3, immersion in 
5.25% NaOCl for 30 minutes and stored 
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for 7 days; and G4, immersion in 5.25% 
NaOCl for 30 minutes and stored for 14 
days.  During immersion, the samples were 
kept shaking, and the chemical substance 
was renewed every 10 minutes.  Sample 
storage was done at 37 °C in a 100% hu-
midified environment. After 14 days, 7 
days, or immediately after immersion, 
according to each group, the adhesive 
system followed by composite resin 
(Scotchbond Multi Purpose and Filtek 
Z250, 3M ESPE, St Paul, MN, USA) were 
applied in the pulp chamber of all samples 
at the same day to avoid variants. Before 
the bonding procedures, all specimens 
were dried with absorbent papers and 
etched with 37% phosphoric acid for 15 
seconds, rinsed for the same time, and 
dried with cotton balls. A total etching 
adhesive system was applied to the surface 
of the pulp chamber dentin according to 
the manufacturer’s instructions. Three 
layers with 1 mm of a resin composite were 
incrementally added to the bonded dentin 
(21), and each one was light-cured for 20 
seconds by using a halogen light-curing 
unit operating at 1200 mW/cm2 (Optilight 
Max; Gnatus, Ribeirão Preto, SP, Brazil). 
After the composite filling of dentin, the 
blocks were stored in distilled water at 37 
°C for 24 hours.
After 24 hours, specimens were removed 
from the water, dried, and fixed to an 
acrylic plate to allow the creation of serial 
cross-sections using a diamond saw oper-
ating at 300 rpm (Isomet; Buehler, Lake 
Bluff, IL). Twenty-five rectangular sticks 
(1±0.1 mm2) were obtained from each 
group from the middle portion of the 
crown portion to ensure the existence of 

a linear resin/dentin interface. The sticks 
were individually attached to a testing 
apparatus [ie, the Geraldeli’s device (22)], 
with a cyanoacrylate adhesive (Super-
bonder Gel, Loctite Adesivos, Itapevi, SP, 
Brazil), and the dentin/resin interface was 
submitted to microtensile bond test in a 
universal testing machine (EZ Test, Shi-
madzu Co., Kyoto, Japan) at a crosshead 
speed of 1 mm/min until failure with 500N 
load cell adjustment.
The sticks cross sections were measured 
using a caliper (Vonder Digital Electronic 
Caliper, Curitiba, PR, Brazil) for calculat-
ing the bond area. The microtensile bond 
strength was determined and analyzed 
applying the analysis of variance and the 
Tukey test for post-hoc comparisons 
(α=0.05) using the BioEstat 2.0 program 
(CNPq 2000, Brasília, DF, Brazil). The 
failure modes were examined under a 
scanning electron microscopy (Figure 1) 
and classified into one of four types: ad-
hesive (interfacial failure), adhesive/cohe-
sive (mixed), cohesive in resin, and cohe-
sive in dentin. The specimens were 
sputter-coated with gold in a Denton 
Vacuum Desk II Sputtering device (Denton 
Vacuum, Cherry Hill, NJ, USA) and ob-
served by scanning electron microscopy 
(JSM/5600 LV - JEOL Ltd., Tokyo, Japan) 
operating at 15 kV. 
 
Results

The microtensile bond strength means and 
standard deviations are presented in Table 
1. Statistical analysis of the data revealed 
significant differences between pairs of 
means (P<0.05). The control group had the 

Figure 1
Scanning electron

microscopic images of the 
different fracture patterns 

taken at 15 kV under x250 
magnification. In A, a mixed 

fracture is noticed; it exhibits 
adhesive area (ad) and 

dentin (d). In B, it is shown 
the characteristic of two 

aspects of cohesive fracture 
in dentin (d1, d2), and the 
fracture line (f). And in C, 

both tags (tg) and fractured 
tags can be seen inside the 

adhesive matrix (ad), illustrat-
ing the adhesive failure. 

A B C
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highest bond strength compared to the 
other groups, although no statistically 
significant difference was observed be-
tween irrigation with 0.9% saline solution 
or 5.25% NaOCl in the immediately re-
stored group (P>0.05). Moreover, no statis-
tically significant differences were ob-
served in irrigation among groups with 
5.25% NaOCl (P>0.05).
Table 1 shows the failure modes observed 
in each group. All groups studied pre-
sented two or more failure modes and the 
predominating failure is the adhesive. 
The control group had a higher percent-
age of fractures in cohesive in resin than 
others, while the group irrigated with 
NaOCl and stored for 14 days was the 
only group with failure in dentin.

Discussion

The bond of therapeutic materials to dentin 
is a critical factor as it would avoid micro-
leakage, favoring the results of the endo-
dontic treatment (6). There are different 
restoration materials, such as amalgam, 
glass ionomer, and composite resin. Amal-
gam has been less used over time, as it has 
non-aesthetic characteristics, in addition 
to containing mercury in its composition. 
Composite resin has been the material of 
choice to restore endodontically treated 
teeth because of its hardness in comparison 
to glass ionomer, avoiding fracture of the 
teeth (23).
The use of chemical substances during 
endodontic treatment may interfere with 

the adaptation of the restorative material. 
A well-known interaction is the use of 
sodium hypochlorite with adhesive resto-
rations (24). Sodium hypochlorite can 
decrease the bond strength of the adhesive 
materials to the dentin because it liberates 
oxidizing compounds and further degra-
dation of the collagen fibers (20). However, 
it was unknown until the present study if, 
with time, this bond strength could be 
restored.
In this in vitro study, the coronal part of 
bovine teeth was used as a replacement for 
human teeth (25). The methodology was 
adapted (12) in order to analyze the bond 
strength of adhesive materials to the intra-
coronary dentin, where it is affected by 
chemical substances used during endo-
dontic treatment. This is a unique study 
aimed to evaluate the bond strength of 
composite resin to the pulp chamber den-
tin after the use of sodium hypochlorite 
immediately, 7, and 14 days. We failed to 
reject the null hypothesis, which held that 
waiting 7 or 14 days to restore the teeth 
would not interfere to re-establish the bond 
strength between composite resin and pulp 
chamber dentin.
The results have shown there was no sta-
tistically significant difference between 
G1 and G2. We suggest there was not suf-
ficient time to degrade the collagen fibers. 
However, G1 has had more cohesive in 
resin failures than the other groups, sug-
gesting the control group as the one with 
the strongest bond strength.
There was also no statistically significant 

Table 1

Bond strength mean and standard deviations (in MPa) and failure mode (%) according to the experimental groups

Group Mean (Standard  
Deviation)

Failure Mode

Adhesive Mixed Cohesive in resin Cohesive in dentin

Control 62.42 (37.74)a 44.1 14.7 41.2 0

0 days 48.10 (32.49)a,b 76.5 17.6 5.9 0

7 days 35.17 (26.66)b 54.3 37.1 8.6 0

14 days 35.57 (25.37)b 71.0 18.4 8.0 2.6

Same superscript letters in the column are not statistically significant (P>0.05).
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difference among G2, G3, and G4 and it 
reveals the decreased bond strength gen-
erated by the sodium hypochlorite in ac-
cordance with the literature (24). Sodium 
hypochlorite can alter the mechanical 
features of the dentin, such as diminishing 
the flexural strength, elastic modulus, and 
hardness (26). Indeed, sodium hypochlorite 
is an oxidizing chemical substance that 
causes solid restraint of the interfacial 
polymerization of adhesive restorative 
materials (27). In this context, the reactive 
residual-free radicals from the sodium 
hypochlorite in the dentin compete with 
the propagating vinyl-free radicals from 
the resin light activation system, and con-
sequently, a premature chain termination 
is formed along with an unfinished polym-
erization (18, 28).
We suggest that oxygen is not the only 
factor of this adverse effect on dentin since 
this effect would be restored after 14 days. 
Another study used 35% hydrogen perox-
ide bleached teeth, another oxidant agent, 
and was restored immediately and, also, 
after a week; they did not find a difference 
between the groups (29), which is in ac-
cordance with our study.  Indeed, it could 
be that degradation of the collagen fibers 
also contributes to decreased bond 
strength, which because of the chlorine 
content, it breaks the bonds of the collagen 
fibers (15). The adverse effect of sodium 
hypochlorite continued to affect the dentin 
with time; this is believed by the type of 
fracture found in G4, cohesive in dentin, 
showing a weakness in the dentin struc-
ture. Hence, G1 and G2 have not shown a 
significant difference. 
EDTA (ethylenediaminetetraacetic acid) is 
a chelating agent used in the field of En-
dodontics (30). It is able to demineralize 
the dentin and to rearrange the collagen 
structure after its use (31). However, after 
some time of the use of the EDTA, remin-
eralization can occur (31). When EDTA is 
used after NaOCl, it is able to improve the 
bond strength (18, 32). EDTA might increas-
es bond strength due to its anti-oxidant 
power via redox reaction, allowing for free 
radicals polymerization without premature 
chains or failures (18).
Alteration of the adhesive system to the 

sodium hypochlorite could prompt in 
higher bond strength. However, in this 
research, the adverse effect of this irrigat-
ing solution persisted even after 14 days. 
It should be due to the slow liberation of 
the oxidizing agents released by the sodi-
um hypochlorite, persisting in a high 
amount at the dentinal structure. The 
degradation that occurred in the dentin is 
not re-established by the time. The litera-
ture demonstrates that sodium thiosulfate 
is able to restore the dentin bond strength 
after the use of sodium hypochlorite, al-
lowing the restoration of the tooth imme-
diately after the irrigation protocol (24). 
Researches seeking to restore collagen 
fibers or a deep investigation in the anti-
oxidant agents are needed since it would 
be more favorable to restore the tooth 
immediately after endodontic treatment.
 
Conclusions

Within the limitations of this study, the 
adverse effect of NaOCl on bond strength 
persisted even after 14 days of its exposure.
 
Clinical Relevance

The restoration of endodontically treated 
teeth is critical for clinical achievement. 
This study showed that restoring the teeth 
immediately after NaOCl irrigation result-
ed in not significantly different bond 
strength than irrigating with saline.  How-
ever, restoring the teeth 7 or 14 days after 
NaOCl irrigation resulted in significantly 
reduced bond strength. 
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ABSTRACT

Aim: This study evaluated the cyclic fatigue resistance of XP-Endo Finisher (XPF), 
associated with two different irrigation solutions: sodium hypochlorite 6% (NaOCl) 
or chlorhexidine digluconate gel 2% (CHX) in a dynamic model. The null hypothesis 
tested was that there was no statistically significant difference.
Methodology: 30 new files were divided into three groups (n=10) based on the irri-
gation solution used. Group 1: XPF using CHX as an irrigation solution; Group 2: XPF 
using NaOCl as an irrigation solution; Group 3 (control group): XPF using lubricating 
oil (LO). The artificial canal was manufactured measuring 1.5 mm wide, 20 mm long 
and 3.5 mm deep with a straight cervical segment measuring 14.29 mm. A curved 
apical segment 4.71 mm with 3 mm radius and 90° of curvature and an ending with 
straight apical portion measuring 1 mm long. Resistance to cyclic fatigue was de-
termined by recording time to fracture, and the file surface was examined under 
scanning electron microscopy.
Results: Data were tabulated and subjected to statistical analysis of variance. Stu-
dent-Newman-Keuls test for multiple comparisons, with a significance level of 5%. 
The average time took for file fracture was 306.7 seconds for 2% chlorhexidine and 
67,6 for 6% sodium hypochlorite. 2% CHX was significantly different from the NaO-
Cl and LO groups (P<.001).
Conclusions: XPF presented the best results of fracture time and number of cycles 
to fracture when used along with 2% chlorhexidine in canals with severe apical 
curvature, and there was no statistical difference on fragment size.
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Introduction

T
he improvement of new thermal 
treatment of conventional NiTi 
alloy, corroborate with better 
execution of chemical mechan-
ical preparation stages of the 

root canal, as well as its completion, im-
proving fracture resistance. Thus, this 
evolution provided a higher index of 
success, improving the technique speed 
and rate of file fracture within the root 
canal (1). However, although advances have 
been achieved with the development of 
technological innovations in endodontics, 
nickel-titanium instruments fracture still 
occur and can be caused in two ways: 
torsional or bending fracture (2). XP-Endo 
Finisher (3) is a new instrument presented 
as a final step in the disinfection of the 
root canal system and finishing protocol. 
It is an instrument made of MaxWire alloy, 
triangular cross-section, which offers 
flexibility, cyclic fatigue resistance, and 
ability to penetrate the canals easily and 
quickly. With ISO #25 diameter and initial 
taper of .00, the XP-Endo Finisher expands 
when inserted into the root canal, at body 
temperature, respecting the original anat-
omy and effectively clearing irregular 
areas due to its greater flexibility (3). Sev-
eral studies have been carried out in the 
search for irrigants that have better prop-
erties, including antimicrobial activity, 
low periapical toxicity, solubility and the 
ability to dissolve organic tissues (4). Of 
all the substances currently used, sodium 
hypochlorite (NaOCl) seems to be ideal 
because it covers more requirements for 
endodontic irrigator than any other known 
solution. Pitome et al. (5) evaluated con-
centrations of NaOCl as an irrigator in 
endodontics and showed that one of the 
characteristics of this substance is its 
ability to dissolve organic tissues, although 
this has been questioned. The antibacteri-
al efficacy and tissue dissolution ability of 
NaOCl are related to concentration (6).
Chlorhexidine is a cationic compound, 
with excellent antibacterial properties, just 
like 5.25% NaOCl, and has a better resid-
ual effect because it shows substantivity 
(up to twenty-four hours), although it 

cannot dissolve the pulp tissue (7). The use 
of chlorhexidine in contact with vital 
tissues reveals biocompatibility. As an 
endodontic irrigant, it is used in concen-
trations of 2% and also presents excellent 
clinical performance and rheological ac-
tion. Its lubricating action promotes a more 
significant intensification of the canal 
cleaning since it acts to reduce the friction 
of the file with the canal interface, reduc-
ing the fracture rate (8).
After immersion in chlorhexidine, no 
data were reported on the fatigue behavior 
of XPF instruments. Therefore, the aim of 
this study was to evaluate cyclic fatigue 
resistance of XPF-file in simulated canals 
with two different types of auxiliary chem-
ical substances. The null hypothesis 
tested was that there was no statistically 
significant difference between NaOCl and 
CHX gel 2% in the dynamic cyclic fatigue 
resistance.
 
Materials and Methods

In this experiment, thirty new endodontic 
NiTi files XP-Endo finisher, with 0.25 mm 
tip diameter and 25mm length were divid-
ed into 3 groups (n=10) according to the 
auxiliary chemical substance used.
Group 1: XPF instruments using 2% chlor-
hexidine gel as an irrigation solution; 
Group 2: XPF using 6% sodium hypochlo-
rite as an irrigation solution;
Group 3 (control group): XPF instruments 
using lubricating oil (WD-40, Milton 
Keynes, UK). 
For resistance to cyclic fatigue a stainless 
steel plate, with one artificial groove meas-
uring 1.5 mm wide, 20 mm long and 3.5 
mm deep with a straight cervical segment 
measuring 14.29 mm, with an arc length 
of curvature of 4.71 mm, with a radius of 
curvature of 3 mm, and ending in a linear 
apical segment of 1 mm simulating root 
canals was used according to Figure 1. 
The purpose of these measurements is for 
the file to rotate freely in the same position 
in the canal. An acrylic plate was attached 
to the stainless-steel plate so that the sep-
arate fragment would not be lost and to 
contain the solution within the artificial 
canal.
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Fatigue resistance test 
The files were placed within the simulat-
ed canals and triggered by VDW recipro-
cating motor (VDW GmbH Munich, Ger-
many) following the manufacturer’s rec-
ommendations of programming, where 
the speed is 900 RPM and torque 1 Ncm. 
The oil that was used as a control and the 
different chemical substances were used 
in the canals.
The files were inserted in the simulated 
canals until the length of 20 mm, using a 
stop to register this length. All files were 
dynamically driven until a visual fracture 
occurred. The irrigant was taken to the 
artificial canal with Navi tip plastic nee-
dles, with a 21 mm long flexible tip pene-
trating 1 mm into the cervical region of 
the simulated canal with the needle tip 
without touching the moving file, main-
taining the canal filled with the solution.
All file rotation time within the simulated 
canal was recorded with iPhone 6s mobile 
device, (Apple Cupertino, California, USA) 
from the beginning of the rotational test 
until its fracture, to enable the timing of 
the fracture. The analysis was performed 
in movie maker program of Microsoft 

Corporation (Redmond, Washington, USA).
The mathematical formula calculated the 
number of cycles for the fracture (NCF) is

NCF=Time to fracture (seconds) 
x Rotation speed (RPM)/60

Evaluation of the fracture pattern under 
scanning electron microscopy
After collecting the samples, all fragments 
were cleaned in an ultrasonic vat and 
dried in an incubator at 37 °C for 24 hours, 
being separated in glass tubes containing 
the group identification and instrument 
number. Subsequently, they were analyzed 
under scanning electron microscopy. The 
fractured files were positioned on their 
long horizontal axis to verify if there was 
any plastic deformation; after the file was 
placed in a vertical position to observe the 
area of the fractured segment to verify if 
there was any fracture pattern between the 
endodontic files of each group (Figure 2). 

Evaluation of the length of the file 
fragments
The fragments were measured with digital 
caliper 150 mm, with an accuracy of ±0.03 

Figure 1 
Artificial canal: 

A) Schematic drawing; 
B) Simulated stainless 

steel root canal.
Source: Private Clinic in 
Rio Branco Laboratory, 

AC, place of tests.
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mm/0.001. Fracture length patterns of the 
files of each group and the location of the 
maximum point in both artificial canals 
of the test were analyzed.

Statistical analysis 
After collecting the fracture times of 
the files in each of the three groups, the 
data were tabulated and submitted to 
statistical analysis undergoing variance 
test and Student-Newman-Keuls test for 
multiple comparisons, with a signifi-
cance level of 5%
The Kolmogorov Smirnov normality test 
(P<0.05) confirmed the normality of the 
data, thus using parametric tests to com-
pare the means. The ANOVA test, fol-
lowed by the Post-Hoc, Tukey, was used 

to compare the time means, cycle number 
until file fracture according to the type 
of irrigation substance (k groups=3).
 
Results 

The mean and standard deviations of the 
variables studied, such as time and num-
ber of cycles to fracture (NCF) for each 
group, are shown in Table 1. 
In the chlorhexidine group, the time 
ranged from 3.06 to 8.39 min and NCF from 
2,790 to 7,785. With sodium hypochlorite 
group, the time ranged from 0.25 to 3.22 
and NCF from 375 to 3,030. For the oil 
group, the time ranged from 0.23 to 1.45 
and the NCF from 345 to 1,575.
The time and number of cycles until frac-

Figure 2
SEM images showing the 

cross-section of the fractured 
instrument. (A, B, C) CHX, 

(D, E, F) NaOCl, (G, H, I) LO. 
(A, D, G) Absence of plastic 

deformation in the helical 
shaft of all instruments.

(B, E, H) ductile morphologic 
characteristics on fractured 
surfaces. (C, F, I) Magnified 

area of (B, E, H). 

A B C

D E F

G H I
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ture (NCF) for chlorhexidine were statis-
tically different from the other groups 
(P<.001). There was no significant differ-
ence between hypochlorite and oil in time 
(P=0.876), and also in NCF (P=0.913).
There were no significant differences 
among the groups in terms of the mean 
fracture length (4.5 mm) regardless of 
conditions (P>.05) (Table 2).

Discussion

This study was designed to compare cyclic 
fatigue resistance of the XPF instrument 
using two different substances (CHX or 
NaOCl) as irrigants. Lubricating oil was 
used as a control because it is a well-estab-
lished substance that has been used in 

other experiments (9). The obtained fatigue 
tests results were evaluated according to 
the type of substance used. CHX was more 
effective in improving the instruments 
resistance to cyclic fatigue, so, the null 
hypothesis was rejected. Current findings 
might be explained by the corrosive effect 
of NaOCl on endodontic NiTi instruments 
(10), that may negatively affect their phys-
ical properties (11). Although NaOCl is the 
irrigation solution of choice for clinicians, 
CHX emerges as a new perspective in En-
dodontics, and when it is used in gel form 
facilitates root canal instrumentation (7).
Dynamic evaluation of a NiTi rotary files 
during root canal instrumentation is often 
recommended and could be performed 
evaluating the instrument shaping ability 
(12). The dynamic test was conducted in a 
standard metal canal to ensure the stand-
ardization of the experiment (13), such as 
the entire length of the canal, the length of 
the curvature ratios and the length of the 
arc (14). In the dynamic test, the instrument 
moves axially along within the canal, 
which allows stresses to be distributed 
along the instrument shaft, extending the 
fatigue life of the file (15). The fatigue life 
of the XPF was significantly higher when 
the CHX was used as opposed to NaOCl. 
Although comparing to static models, the 
dynamic model enhances fracture resist-
ance (1), and could reproduce a clinical up 
and down motion (9) none of which influ-
enced fracture morphology (15).
Files breaking in the root canal can influ-
ence treatment prognosis and is a challenge 
faced by clinicians, so reducing the risk of 
instrument fracture is critical to clinical 
success (16). The different pH of NaOCl 
could influence metal corrosion (17) and 
can explain the better results for the CHX.
The instruments were exposed to the 
solutions at body temperature throughout 
the experiment to ensure better clinical 
condition, although this condition reduc-
es fracture resistance (18) NaOCl is the 
irrigating substance most used for root 
canal irrigation in endodontics due to its 
properties. Despite this, the substance may 
cause micro cratering by removing nickel 
from the instrument surface (19), decreas-
ing the resistance to cyclic fatigue. CHX 

Table 1
Mean and standard deviation (SD) of time (minutes) to fracture  

and NCF for each type of irrigation substance

Irrigating
 solution

Time
Mean (SD)

NCF
Mean (SD)

CHX 4.99 (1.62)a 4558.5 (1495.33)a

NaOCl 0.92 (0.91)b 1014.00 (795.34)b

Oil 0.67 (0.41)b   832.50 (354.42)b

P-value <.001 <.001

Note: Vertical, for columns, different lowercase letters indicate statistical difference, ANOVA test, 
with Post-hoc Tukey’s test, P<0.05.

Table 2 
Mean and standard deviation (SD) of file fragments  
fracture size for each type of irrigation substance

Fragments (mm)
Mean (SD)

CHX 3.90 (0.188)

NaOCl 4.05 (0.236)a

LO 3.82 (0.187)

P valor <.05

Note: Vertical, for columns, lowercase letters indicate statistical difference, ANOVA test, with 
Post-hoc Tukey’s test, P<0.05.
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is a substance that has also been used in 
canal treatments, up to this moment no 
study has evaluated the effect of immersion 
in these substances in the cyclic fatigue 
resistance of XPF. 
NaOCl, when compared with water, nega-
tively affect the fatigue resistance of NiTi 
instruments (20), especially at higher 
concentrations. On the contrary, Cheung 
et al. (21) found that the immersion of in-
struments in NaOCl before cyclic fatigue 
testing for 3 to 5 minutes did not affect the 
cyclic fatigue of NiTi endodontic instru-
ment. However, they do not reflect the 
real clinical condition of root canal prepa-
ration in that it is performed in the pres-
ence of the irrigants in the root canal. 
Fatigue failure can be caused initially by 
cracking on the surface of the instrument, 
and this may be due to concentration of 
chloride ions in corrosion under a titanium 
gap (22), influencing fatigue resistance. 
The radius and the angle of canal curva-
ture are known to have a significant role 
in cyclic fatigue failure, so in this study, a 
severely curved at the apex artificial canal 
was used. The mean lengths of fractured 
segments were recorded to evaluate the 
correct positioning of the tested files inside 
the canal curvature. There was no signif-
icant difference between the groups re-
gardless of the lengths of the broken 
pieces (≈3,92 mm). This matches with the 
location of the file at the maximum curva-
ture (4.0 mm from the tip). The point of 
maximum stress was similar in each 
condition, suggesting the standardization 
of the experiment (23). 
Two mechanisms are involved in the frac-
ture of NiTi rotary files: cyclic fatigue and 
torsional failure. The morphological char-
acteristics of the fracture surface can be 
characterized by a smooth, shiny, or duc-
tile surface, with presenting hemispheric 
dimples (24, 25). 
The use of different lubricants during 
testing may be responsible for inconsistent 
results (26). Our result may be due by the 
fact that CHX acts as an anti-corrosive 
agent, which can increase the cyclic fatigue 
resistance. Moreover, it has superior lubri-
cation quality, reducing friction of the 
instrument with the surface of the artificial 

canal (27). Additionally, CHX did not cause 
surface damage to the NiTi alloy, in con-
trast, NaOCl and EDTA endodontic irrig-
ants caused alterations in the surface of 
instruments (28).
In conclusion, results showed that XPF 
had a long fatigue life when CHX was used 
as an irrigant. The enhanced resistance 
may be associated with lubricant and 
non-corrosive properties of CHX gel. Al-
though CHX increases cyclic resistance, 
it does not comply with all the require-
ments of an endodontic irrigant (no dis-
solving action). Further studies are re-
quired to evaluate other irrigation solutions 
and their influence on the cyclic fatigue 
behavior of XPF instruments.
 
Clinical Relevance

The present study has shown that XP-En-
do Finisher exhibited higher dynamic 
cyclic fatigue resistance when used in 
association with 2% chlorhexidine gel as 
an irrigation solution in a severe curved 
simulated canal.
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ABSTRACT

Aim: Root canal instrumentation might lead to extrusion of debris and irrigants, lead-
ing to postoperative pain and compromised outcomes. Several factors might impact 
extrusion during root canal instrumentation, including the flow rate in which the irrig-
ant solution is applied inside the root canal. The aim of this study was to assess the 
extrusion of irrigants and debris with different flow rates of 0.9% saline solution.
Materials and Methods: Thirty mandibular premolars presenting single roots and 
straight root canals were used in this study. The roots were standardized in 17 mm 
and inserted in Eppendorf tubes. A 1.5% agar gel was placed inside the tube that 
involved the roots, while the coronal part of the roots was kept visible. The combination 
of tube and agar gel was weighted. Then, the specimens were randomly distributed 
to 3 different groups (n=10) according to the flow rate of the irrigation: Control Group 
(CG) 5 mL/min, High Flow rate Group (HG) 10 mL/min, and Ultra-High flow rate (UG) 
60 mL/min. The canals were instrumented with a Reciproc Blue instrument size 25.08 
up to the length of the root, following the manufacturer guidelines. After the instru-
mentation, the roots were removed and the tube and agar were weighted again. The 
difference between the final weight and the initial weight represented the total amount 
extruded beyond the apex. For statistical analysis, the ANOVA test (post-hoc Bonfer-
roni) was used at P>0.05.
Results: The mean weight of the extruded debris and irrigants for CG, HG, and UG 
was respectively 0.0079 ± 0.0087, 0.0110 ± 0.0093, and 0.0083 ± 0.0091. There 
were no statistically significant differences among the groups. 
Conclusions: Within the limitations of this study, it can be concluded that the flow rate 
of irrigants does not impact the extrusion of debris and irrigants.
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Introduction 

R
oot canal therapy involves the 
removal of vital or necrotic 
pulp tissue, bacteria, and its 
by-products. Root canal instru-
mentation using different in-

struments and irrigants is the most com-
mon method for the removal of such 
contents. While irrigation is of major im-
portance in the reduction of bacterial load 
and removal of pulp tissue coronally, there 
is a risk of extrusion of debris and/or irri-
gants into periapical area.
Sodium hypochlorite has been largely 
applied for root canal irrigation for several 
years (1). The main benefits of NaOCl are 
the disinfection and tissue dissolution 
inside the root canal. However, NaOCl 
might impose severe damage in case of 
extrusion beyond the apex; for many years, 
there have been reports of accidents due to 
NaOCl extrusion (2-4). Therefore, different 
irrigants have been proposed for replace-
ment of or in combination with NaOCL (5).
Chlorhexidine (CHX) has been demonstrat-
ed to be comparable to NaOCl in regards 
to root disinfection. The use of 2% CHX 
gel proved more efficient than 5% NaOCl 
in a previous study (6). However, CHX gel 
alone is not able to properly remove the 
contents from the root canal system. There-
fore, it is used in combination with saline 
solution or distilled water, with adequate 
flow rate is necessary for a better cleaning 
of the root canal system (7).
Several factors might contribute to the 
extrusion of irrigants: volume used, type 
and position of the needle, and flow rate 
of the irrigation (8-10). While different 
studies have assessed the impact of such 
variables on the extrusion of debris, the 
effects of different flow rates have scarce-
ly been assessed in recent literature (8). 
Therefore, the aim of this study is to assess 
the extrusion of debris and irrigants with 
different flow rates of saline solution.
 
Materials and Methods

This study was reviewed and approved by 
the Ethical Committee of the Faculdade 
de Odontologia São Leopoldo Mandic (# 

2.973.441). This ex vivo study comprised 
30 first or second mandibular premolars 
extracted for reasons not related to this 
study. Only single rooted teeth presenting 
a single canal as well as fully formed api-
ces were included. The teeth were radio-
graphed in both bucco-lingual and me-
sio-distal direction in order to select only 
teeth presenting curvatures smaller than 
5°, following Schneider ś method (11). The 
teeth with cracks or fractures, caries, cal-
cification, resorption, or any sign of previ-
ous root canal therapy were excluded from 
the experiment.

Sample Size Calculation
The sample size calculation was based on 
a previous study by Lu et al. (12) that com-
pared three different systems in regards 
to apically extruded debris. For achieving 
an alpha-type error of 0.5 and study pow-
er of 95% were input to test using a G*Pow-
er 3.0 for Mac statistical package. The re-
sults indicated a total of 10 teeth per group 
in order to observe differences in apically 
extruded debris and irrigants.

Preparation of the Specimens
After the selection, the teeth were decor-
onated with a diamond bur and the length 
of the roots was standardized in 17 mm. 
The content of the canals was gently re-
moved with a size 10 k-file under 5% 
NaOCl irrigation. Then, a size 15 k-file was 
inserted up to the major foramen (MF) in 
order to assure the selection of specimens 
with MFs of 0.15 mm in diameter. 
The roots were covered with a teflon tape, 
allowing only 1 mm of the apical third to 
be exposed. The lids of the Eppendorf tubes 
(Eppendorf do Brasil, São Paulo, SP, Brazil) 
were perforated with a diamond bur, the 
roots were inserted in these lids, and the 
margins were sealed with cyanoacrylate 
glue and a layer of gingival dam. Each set 
of root and lid was weighted 3 times on a 
scale with 10-4 precision (Nowak, São José 
do Rio Preto, Brasil), and the mean weight 
was registered in a spreadsheet. Then, 
1.5% agar gel (Kasvi, São José dos Pin-
hais-PR, Brasil) was placed inside the 
Eppendorf tubes, and each set of root and 
lid was inserted in the flasks in order to 
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have the roots completely involved in the 
agar gel. After 24 hours of setting, the 
whole set was weighted 3 times and the 
mean weight was calculated. The initial 
considered weight of the tooth-free flask 
with agar was the difference between the 
2 means.

Root Canal Preparation
The root canals were prepared using a 
Reciproc Blue (VDW, Munich, Germany) 
reciprocating instrument (25.08) in the 
VDW Silver motor (VDW) in the “Reciproc 
ALL” setting. The instrument moved to 
the WL in an in-and-out fashion of three 
movements with an amplitude of 3-4 mm. 
After each set of movements, the instru-
ment was removed and cleaned with an 
alcohol-soaked gauze. The canal was again 
irrigated and the apical patency checked 
with a size 10 k-file. These movements 
were repeated until the instrument 
reached the WL that was previously de-
termined (at the MF), assuring the instru-
mentation of the whole length of the root.

Irrigation Protocols
The specimens were randomly assigned to 
three different groups, according to the 
irrigation protocol. The canals were irri-
gated with 0.9% saline solution at different 
flow rates, controlled by a peristaltic pump 
(LPD 101-3, MS Tecnopon, Piracicaba, 
Brazil). In the CG, the irrigation was done 
at 5 mL/min, in the HG at 10 mL/min, and 
in the UG at 60 mL/min. The same volume 
(8 mL) of saline solution was used for each 
specimen. The gauge 31 endo-eze (Ul-
tradent, South Jordan, UT) side-vented 
needle, placed as close as possible to the 
WL, was used in all samples. All proce-
dures were carried out by a single operator.

Post-Instrumentation Analysis
After the root canal instrumentation, the 
lids with the roots were removed and the 
set of Eppendorf tubes with the agar gel 
was weighted three times. Then, the mean 
weight was calculated. The final weight 
that included both irrigants and debris 
extruded was the difference between this 
final weight and the previously calculated 
weight of the whole content. All weighting 

measures were conducted by a operator 
blinded to the group of the specimen.

Statistical Analysis
The data was submitted to the Kolmogor-
ov-Smirnov test that assumed the normal-
ity of the results. Therefore, the ANOVA, 
post-hoc Bonferroni, was used for statis-
tical analysis for differences among the 
groups. The Statistical Package for Social 
Sciences (SPSS 20.0 for Windows) was 
chosen and the P<0.05 was considered for 
statistical differences.
 
Results

The mean weight of the extruded debris 
and irrigants for CG, HG, and UG was re-
spectively 0.0079 ± 0.0087, 0.0110 ± 0.0093, 
and 0.0083 ± 0.0091. There were no statis-
tically significant differences among the 
groups P>0.05.

Table 1
Mean and standard deviation 

 of the amount of extruded debris  
in each group

Group n Mean (g) SD

Control 10 0.0110 0.0093

High Flow Rate 10 0.0083 0.0091

Ultra-High Flow 
Rate

10 0.0079 0.0087

P value .719

Discussion

The traditional methodology for assess-
ment of apically extruded debris is based 
on the collection of extruded material in 
an empty flask (13). Then, the flask is dried, 
the irrigant evaporates, and the remaining 
debris can be properly weighted. The 
major drawback in this methodology is 
that the amount of extruded irrigants 
cannot be assessed. The methodology 
herein adopted uses a 1.5% agar gel for 
collecting the apically extruded material 
(12). The advantage of this methodology is 
the possibility of collecting not only debris, 
but also irrigants pushed beyond the apex. 
Moreover, the agar gel promotes a better 
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simulation of the counter pressure promot-
ed by the periapical tissues (5, 12). The 
characteristics of the gel also prevent the 
observation of the extruded debris, dimin-
ishing the risk of bias.
Different technologies were proposed and 
demonstrated to diminish the risk of api-
cally extruded debris, including negative 
apical pressure (NAP) irrigation, and lasers 
(14). Contrary to suggested, there are stud-
ies and meta-analysis that shows the lasers 
have the potential for extrusion of fluid 
from the apex (5), and there has been no 
evidence yet if NAP prevents the extrusion 
of debris (15). It was also observed that all 
the irrigant activation devices, including 
sonics and ultrasonics, extruded debris 
and irrigants from the apex (16). Due to all 
of these contradictory results, in this study 
investigating the effect of different flow 
rates on debris and irrigant extrusion, any 
irrigant activation devices were not used 
and only the side-vented needle was used 
to deliver the solution into the canal. 
The WL adopted in the present study al-
lows preparation in the whole extension 
of the canal, rather than only up to the 
apical constriction. By doing so, a larger 
preparation of the apical third is achieved, 
aiming the reduction of the bacterial load 
(17, 18). The use of 2% CHX gel in associa-
tion with 0.9% saline was proposed to 
avoid the harmful effects of extruded 
NaOCl. However, a gel does not possess the 
proper surface tension to effectively flush 
the entire root canal system; therefore, 
saline solution is used for the removal of 
the entire contents of the root canal. In this 
study, the needle was positioned at the WL, 
aiming to ensure a better disinfection (19); 
the increase in flow rate theoretically could 
improve the cleaning effects. One might 
infer that the combination of foraminal 
enlargement and active irrigation leads to 
painful postoperative results; however, the 
effects on postoperative pain are contro-
versial (20, 21). A previous study showed 
fewer irrigant extrusions when a side-vent-
ed needle was used (5); the results of the 
present study suggest that preparation at 
the MF associate with high flow rate irri-
gation does not increase apical extrusion.
Boutsioukis et al. (22) demonstrated that a 

higher flow rate of 0.26 mL/s (15.6 mL/min) 
increased the amount of extruded irrigants 
when compared to 0.14 mL/s (8.4 mL/min) 
in both open-vented and side-vented nee-
dles. A recent study also demonstrated that 
a flow rate of 6 mL/min is related to high-
er amounts of irrigant extrusion than 3 
mL/min (23). In that study, both open- and 
side-vented needles were used. In both 
aforementioned studies, only the extrusion 
of irrigants was assessed, while in the 
present study the combination of irrigants 
and debris extrusion could be evaluated. 
In disagreement with those findings, the 
present study showed no difference in 
apical extrusion when 5 mL/min, 10 mL/
min, or 60 mL/min were used. It seems 
clear that the extrusion of irrigants increas-
es when a higher flow rate is applied. The 
findings of the present study suggest that 
the total combination of irrigants and 
debris extruded seems to be unaltered 
when a high flow rate (60 mL/min) is used 
with side-vented needles. 
In the present study, the instrumentation 
was performed at the MF, promoting the 
disruption of the constriction. While this 
maneuver presents controversial results, 
our findings need further investigation (20, 
21). Further studies should investigate the 
impact of high flow rate with different nee-
dle types in addition to the effects of the 
variation in flow rate in the cleaning effects.
 
Conclusions

Within the limitations of the present study, 
it can be concluded that a higher irrigant 
flow rate did not impact apical extrusion 
of debris and irrigants.

Clinical Relevance

Extrusion of debris and irrigants might 
increase inflammation and promote post-
operative pain, especially in necrotic teeth. 
The different flow rates applied during 
irrigation might impact the extrusion, 
therefore resulting in increased postoper-
ative pain. This study aimed to evaluate 
the impact of different flow rates on the 
extrusion of irrigants and debris.
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ABSTRACT

Aim: This study compared the efficacy of three reciprocating systems with different 
heat treatments in removing obturator material from lower molar mesial canals.
Methodology: The mesial canals of 18 lower molars were instrumented with ProTa-
per Next 25/0.06 and filled with gutta-percha and AHPlus. The teeth were random-
ly divided into three groups (n=6) according to the system used to remove the filling 
material: Reciproc (REC R25), Reciproc Blue (RECB R25) and Wave One Primary 
(WO). The desobturation was considered complete when the working length was 
reached, and remnants of obturator material were no longer found in the instrument 
and also in the canal walls, observed through the dental operating microscope.
Results: The results were analyzed using Biostat 4.0 software. Shapiro-Wilk and 
ANOVA (Tukey) tests with a significance level of 5% were applied. The volume of 
obturator material decreased in the cervical and middle thirds after the use of REC, 
RECB and WO systems (P<.01), but there was no significant difference between the 
three systems (P>.05). In the apical third, there was no significant reduction in the 
remaining obturator material independent of the operating system (P>.05).
Conclusions: REC, RECB and WO systems showed similarity in the removal of obtu-
rator material and were inefficient specifically in the apical third, showing the limi-
tation of these systems in removing obturation material from curved canals.
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with different thermal treatments
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Introduction

A
lthough endodontic treatment 
has high success rates (1, 2), 
failures can occur, requiring 
reintervention. The percent-
age of success and survival 

of root canal treatment over 2-10 years 
ranged between 86% and 93% (3). Conven-
tional retreatment is the first option for the 
removal of the filling material (4).
Some rotary Ni-Ti systems, such as Mtwo 
Retreatment (VDW, Munich, Germany) and 
ProTaper Retreatment (Dentsply Maillefer, 
Ballaigues, Switzerland) have been devel-
oped for the retreatment of root canals. 
Although Reciproc (WDW, Munich, Ger-
many), Reciproc Blue (Munich, Germany) 
and WaveOne (Dentsply Maillefer, Ballai-
gues, Switzerland) reciprocating instru-
ments have not been designed for root 
canal retreatment, studies have demon-
strated their efficacy for the removal of the 
filling material (5-7).
The REC and RECB reciprocating systems 
are S-shaped cross-sections, the first with 
M-Wire alloy and the second with blue-
Wire alloy. The WO system has a triangu-
lar cross-section and an M-Wire alloy. 
Researches performed on rotary and/or 
reciprocating instruments for retreatment 
has shown that these are not effective for 
the removal of gutta-percha from the canal 
system, especially in the apical region (8-
10). Therefore, it is important to study 
whether blue heat-treated systems can 
effectively remove all the obturator mate-
rials from the root canals.
This study aimed to evaluate the volume of 
filling material remaining in mesial root 
canals of human lower molars after the use 
of Reciproc (REC), Reciproc Blue (RECB), and 
WaveOne (WO) reciprocating systems. The 
null hypothesis was that the type of instru-
ments, with different thermal treatments of 
the alloy, would not interfere with the re-
maining volume of the obturator material in 
the mesial canals of lower molars.

Materials and Methods

The study protocol was approved by the 
Institutional Research Ethics Committee 

(register No. 2.332.674) because it is a study 
involving biological material/humans. 
Eighteen first and second molars were 
selected and maintained in 0.1% thymol 
solution. The sample calculation was 
performed using the ANOVA test that 
indicated a total of 6 samples per group as 
the ideal size required to notice significant 
differences among the groups. The sample 
had the alpha type error of 0.05 and a test 
power of 80%.
Teeth with mesial roots with two canals 
and independent foramina, complete 
rhizogenesis, and angle of curvature be-
tween 20º and 40º were included in the 
study and measured with Image J program 
(National Institutes of Health, Maryland, 
USA) according to the method of Schnei-
der (11).
Teeth were excluded with a previous end-
odontic treatment, pulp calcifications, re-
sorptions, root fractures, and canals whose 
patency was not obtained after the access 
surgery. The teeth were washed in running 
water, and the root surface was cleaned by 
ultrasound and kept hydrated in saline 
until the beginning of the experiment. The 
size of the teeth was standardized at 18 mm 
by cutting the occlusal surfaces using a 
diamond disk (FKG Dentaire, La Chaux-
de-Fonds, Switzerland).
The working length (WL) was defined by 
placing a size 15 K-file (Dentsply Maillefer, 
Ballaigues, Switzerland) inside the canal 
until its tip was visible at the apical fora-
men, subtracting 1 mm. The patency was 
maintained with the use of a size 10 K-file 
(Dentsply Maillefer), passing 1 mm beyond 
the WL. All treatments were performed 
using the dental operative microscope 
(Alliance, São Carlos, São Paulo) with the 
magnification of 8x. Each instrument was 
used in four canals (12) and then discard-
ed. Irrigation was performed with 20 mL 
of 2.5% sodium hypochlorite (NaOCl). The 
smear layer was removed at the end of 
instrumentation with 5mL of 17% eth-
ylenediaminetetraacetic acid (EDTA) for 
3 minutes.
The canals were instrumented by a single 
qualified specialist in endodontics with 
ProTaper Next (Dentsply Maillefer) X3 files 
(30/.07) in the cervical and middle thirds 



67

Limoeiro AG*, Braitt AH, Machado AS et al.

Giornale Italiano di Endodonzia (2021) 35

and X2 files (25/.06) in the apical third, 
with the aid of an electric motor with 
torque control, 300 RPM and 2 N (X-Smart, 
Dentsply/Maillefer).
The teeth were dried with absorbent paper 
and sealed by the single cone technique 
(X2, Dentsply Maillefer) and AHPlus 
sealer (Dentsply Maillefer). The sealer was 
placed in the cone and inserted into the 
canal with a single movement. The excess 
cone was cut with Touch’n Heat ther-
mo-compactor (SybronEndo, Orange, CA), 
and then vertical cold condensation was 
performed. Crowns were sealed with 
temporary Coltosol cement (Coltene,  
Whaledent, Cuyahoga Falls, OH) and 
stored at 100% humidity at 37° C for 30 
days (13). The teeth were radiographed 
mesiodistally and buccolingually to eval-
uate the quality of the obturation, which 
was confirmed by the micro-CT examina-
tions. All of the root canal fillings were 
adequate without presence of underfilling 
or overfilling. The teeth were divided 
into 3 groups (n=6): REC R25, RECB R25, 
and WO Primary.

Removal of obturator material
The removal of the filling material was 
accomplished using a endodontic motor 
(VDW Silver; VDW GmbH, Munich, Ger-
many). Reciproc and Reciproc Blue in-
struments with the Reciproc ALL program 
and the WaveOne instruments with the 
Wave One ALL program. Each instrument 

was used only once and discarded. The 
instruments were used with in-and-out 
movements against the walls of the canals 
until the WL was reached. The foraminal 
patency of the canals was maintained 
with a size 15 K-file to remove the com-
plete obturator material. The filling re-
moval procedure was considered complete 
when the WL was reached, and the rem-
nants of the obturator material were no 
longer found on the instrument and the 
canal walls were seen through the dental 
operative microscope (16x). Irrigation was 
performed with 5 mL of 2.5% NaOCl be-
tween each file, after three in-and-out 
movements with a total volume of 20 mL.
The final irrigation protocol was per-
formed with 5 mL of 2.5% NaOCl, fol-
lowed by 5 mL of EDTA, using a 31 G 
NaviTip (Ultradent, South Jordan, UT, 
USA).

Micro-CT Scans
Preoperative and postoperative microto-
mographic examinations were performed 
for the non-destructive evaluation of the 
volume of obturator material remaining 
in the entire canals and also in the apical, 
middle, and cervical thirds. For this step, 
a SkyScan 1173 X-ray Microtomography 
(Bruker microCT; Bruker, Aartselaar, 
Belgium) was used.
The specimens were scanned with a pow-
er of 90 KV and 278 μA, rotated 360º with 
0.5º of rotation step, producing an image 
with voxel size to be defined (from 6 to 
20μm). The filter used was 0.1 mm copper. 
The images were analyzed with the pro-
gram CTAn v.1.15 (Bruker microCT), and 
the volumes of obturator material (mm 3) 
after the obturation and the filling remov-
al procedures were calculated. Then, the 
3D models were created and visualized 
through the program CTVol v.2.3 software 
(Bruker microCT).

Statistical analysis
The results were analyzed using the Bio-
stat 4.0 Program. The Shapiro-Wilk nor-
mality test was applied. The sample pre-
sented normal behavior. The ANOVA 
(Tukey) test was applied with a signifi-
cance level of 5%.

Figure 1
Superimposed pre- and post 

retreatment micro-CT images 
of a representative sample of 

each group. Green corre-
sponds to the initial root 

canal filling and red to the 
filling remaining after using 

the reciprocating instru-
ments. REC (A) three-dimen-
sional model of a tooth after 

filling and retreatment 
procedure with Reciproc;  

RECB (B) three-dimensional 
model of a tooth after filling 
and retreatment procedure 
with Reciproc Blue; and WO 

(C) three-dimensional model 
of a tooth after filling and 

retreatment procedure with 
Wave One.

A B C
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Results

None of the complications had occurred 
during instrumentation nor than retreat-
ment procedure. The volume of obturator 
material decreased in the cervical and 
middle thirds after the use of WO, REC and 
RECB systems (P<.01), but there was no 
significant difference (Figure 1) between 
the three systems (P>.05). In the apical third 
(Table 1) there was no significant reduction 
in the remaining obturator material inde-
pendent of the operating system (P>.05).

Discussion

Removal of all the obturator material from 
the root canal system in cases of retreatment 
is essential for effective action of irrigation 
solutions and instruments, as the remaining 
gutta-percha and sealer can shelter micro-
organisms, which will lead to failure (14-17).  
This study aimed to evaluate, by micro-CT, 
the amount of filling material remaining in 
curved canals after the use of three recip-
rocating instruments. The null hypothesis 
was accepted as there were no differences 
between the groups in the volume of obtu-
rator material removed. It is a consensus in 
the literature that no technique can com-
pletely remove the obturator material from 
the root canal system (18-20).

The reciprocating instruments REC, RECB, 
and WO were developed to perform the 
instrumentation of the root canals, present-
ing similar shaping ability (21). Although 
the reciprocating instruments used in this 
study were not designed for retreatment, 
these have already been tested for this 
purpose in other studies (7, 22) with con-
troversial results. Notably, procedural er-
rors may occur in curved root canals (20); 
however, no instrument presented defor-
mation or fracture in this study. The recip-
rocating systems are as efficient as the ro-
tary in retreatment, regardless of the 
morphology of the canals (14).
Several methodologies, such as cleavage 
(5, 24), radiographs (25), and diaphanization 
(26), were already used to evaluate the 
amount of remaining obturator material; 
however, in this study, micro-CT was used 
as a 3D method, non-destructive and accu-
rate (27).
In this study, there were no significant 
differences between the systems in the 
quantity of initial and final remaining 
obturator material in the apical third of the 
studied groups. This can be justified by the 
fact that the instruments used in the re-
moval of root canal obturator material have 
the same tip (0.25) as the last instrument 
used during the preparation of the root 
canals. Also, moderately curved root canals 

Table 1
Arithmetic means, standard deviations, and statistical analysis of ANOVA (Tukey)  

of the total volume of filling material and the remaining amount in the apical, middle, and cervical thirds after  
using Reciproc (REC), Reciproc Blue (RECB) and WaveOne (WO)

Filling Material  
Total

Filling Material  
Apical 

Filling Material 
Middle

Filling Material 
Cervical 

WO-I 7.43 (3.09)A 1.14 (0.79)A 4.00 (1.24)A 2.29 (1.06)A 

WO-F 2.15 (2.15)B 0.70 (0.68)A 0.58 (0.63)B 0.87 (0.84)B 

REC-I 7.47 (1.47)A 1.03 (0.39)A 4.31 (0.82)A 2.13 (0.26)A 

REC-F 1.48 (1.22)B 0.41 (0.26)A 0.61 (0.61)B 0.46 (0.35)B

RECB-I 5.95 (0.85)A 0.80 (0.25)A 3.35 (0.37)A 1.80 (0.23)A

RECB-F 0.87 (0.81)B 0.24 (0.21)A 0.37 (0.37)B 0.26 (0.23)B

(P-value) <.01 >.05 <.01 <.01
 
I: initial, F: final, different uppercase letters in the vertical direction: statistically significant differences.
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were used in this study. The use of more 
tapered instruments than the last instru-
ment used in the preparation of the canals 
would be ideal for promoting more signif-
icant apical enlargement and consequent-
ly higher removal of the gutta-percha (28, 
29). Furthermore, Rodig et al. (20) used the 
R25 file followed by R40 file (40/.06) in WL, 
and this may have contributed to the high-
er percentage of gutta-percha removal. 
Although Bernardes et al. (30) have shown 
that reciprocating systems with larger ta-
pers are more efficient than rotary ones, 
the Twist File Adaptive (TFA) and PUR 
provided the most significant removal of 
filling material then REC (31). Ozyurek et 
al. (32) have shown that ProTaper Next and 
PUR rotational systems were superior to 
REC and TFA. Other studies (9, 14, 19, 20), 
found that rotary and reciprocating instru-
ments are effective in removing the filling 
material, regardless of canal morphology. 
Comparing REC and RECB, De Deus et al. 
2019 (7) found no differences; however, 
Bago et al. (22) have shown that REC was 
superior than RECB in the removal of the 
gutta-percha from the root canal system. 
RECB and K-manual files were able to re-
move great part of Thermafil and AH Plus 
fillings (33).
The single cone technique was used in 
this study as one of the most commonly 
used techniques. Higher volume of re-
maining sealing material was found in 
the canals filled by the Continuous Con-
densation Wave Technique than in those 
in which the Lateral Condensation Tech-
nique (29). 
Although Cavenago et al. (34) reported that 
the use of xylene improved the removal of 
gutta-percha remnants, the solvent was not 
used in this study because of cytotoxicity 
(35) and the increase in retreatment time, 
without much efficacy. It can also increase 
the adhesion of the gutta-percha to the 
walls of the canals (29). Another study (6) 
reported the agitation of xylene with ultra-
sonic tips after the use of reciprocating 
instruments, which slightly increased the 
removal of the remaining obturator mate-
rial, but it was not statistically significant. 
Complementary techniques to improve the 
removal of the remaining filling material, 

such as XP-Endo Finisher (36), have been 
studied with satisfactory results. Although 
the Passive Ultrasonic Irrigation has not 
been sufficient for the removal of gutta-per-
cha in maxillary molars (19), it was useful 
when used in mandibular oval incisors 
after the use of REC 50 (30).

Conclusions

No protocol could effectively remove all 
the gutta-percha and sealer from the root 
canal system. There was no significant 
reduction of the remaining obturator ma-
terial in the apical third in the three sys-
tems studied, which shows that these 
systems were equivalent but not efficient 
for the removal of the gutta-percha in 
curved canals in mandibular molars. More 
studies are needed to evaluate the best 
instrument for gutta-percha removal during 
root canal retreatment, as well as the need 
for additional techniques to increase root 
canal cleansing (36, 37).

Clinical Relevance

The present study aims to help clinicians 
understand the ability of different recipro-
cating instruments in the removing of 
sealer material from curved canals.
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ABSTRACT

Aim: To assess the bacterial leakage of two bioceramic sealers and compare them 
to an epoxy resin-based sealer.
Methodology: A sample of 94 one-rooted premolars was obtained and separated 
into three experimental groups of 30 teeth; two samples were used for negative 
controls and two for positive controls. The experimental groups were obturated 
using the hydraulic compaction technique: Group 1 AH Plus® sealer, Group 2 Bioroot® 
RCS and Group 3 TotalFill® BC Sealer. The teeth were mounted on bacterial leakage 
devices and incubated at 37 °C for 30 days in a bilin esculin agar culture with En-
terococcus Faecalis.
Results: Leakage occurred in 27 roots (30%) of the entire sample. Group 1 (AH® 
Plus) showed the highest percentage of leaked samples (40%) and also took the 
least average days to leak (16,9) compared to Bioroot® (19,7) and TotalFill® (19,5), 
but the differences found were not significant (p>0,05).
Conclusions: None of the sealers analyzed in this study produced an effective 
apical seal in which no bacterial leakage occurred. A third of the total sample pre-
sented leakage, but the differences between groups were not significant.
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Introduction

O
ne of the main objectives of 
root canal treatment is the 
three-dimensional stable 
seal of the root canal system 
to avoid fluid, bacteria, and 

bacterial byproducts filtration (1, 2). This 
obturation is usually obtained through a 
gutta-percha core and an endodontic sea-
ler that improves wall adaptation and fills 
irregularities and spaces inside the core 
(1). There is no endodontic sealer that al-
lows a fluid-tight seal of the root canal 
system, and that also presents the ideal 
qualities of insolubility, biotolerability, 
fluidity, and physicochemical stability (3). 
Epoxy resin sealers are widely used in 
clinical endodontics (4), and they are con-
sidered the gold standard to compare new 
sealers (5), mainly because they present 
favorable qualities such as low solubility, 
adequate radiopacity (6) and dimensional 
stability (7). However, they have the di-
sadvantage of producing a high initial 
inflammatory response (8).
Since biocompatibility and sealing ability 
of traditional sealers should be improved 
(3), bioceramic cements were developed 
few year ago to overcome these drawbacks. 
These sealers present several advantages 
over epoxy resin sealers, including bioac-
tivity and biotolerability. Bioactivity refers 
to the stimulation of mineralization 
through the deposit of apatite crystals over 
the dentinal walls, generating a chemical 
bond between dentin and obturation ma-
terial (9); and good biotolerability refers to 
the fact that, when compared to others 
sealers, they induce less citotoxicity (10, 
22). They are hydrophilic, which allows 
setting in the presence of humidity, and 
they also present a significant rise of pH 
during the first few weeks after the initial 
setting (6, 9, 11).
TotalFill® BC Sealer (FKG Dentaire, SA, 
La-Chaux-de-Fonds, France) is amongst 
the most frequently used bioceramic sea-
lers. It is a premixed calcium silicate-based 
sealer, composed of zirconium oxide, 
calcium silicate, monobasic calcium pho-
sphate (CaH4P2O8), calcium hydroxide, 

tantalum peroxide (9) and thickening 
agents. Its reported properties are adequa-
te radiopacity, good fluidity because it is 
nanoparticulated, and a high pH of 11-12 
for several days after its initial setting (9), 
giving the sealer an antibacterial effect. 
However, it has been reported that it pre-
sents higher solubility, porosity and water 
absorption than other sealers, possibly 
because of its longer setting time and 
hydrophilia (9); this factor may affect its 
capacity to produce a fluid-tight seal (12).
Bioroot® RCS (Septodont, Saint-Maur-des-
Fosses, France) is a calcium silicate-based 
endodontic sealer presented commercial-
ly as a powder-liquid material. The powder 
comprises of tricalcium silicate, zirconium 
oxide as an opacifier, and excipients; the 
aqueous solution is composed of calcium 
chloride and excipients (6, 7). It is a hydro-
philic sealer that presents a pH rise of up 
to 11-12 during the first 14 days after the 
initial setting (6). It has an antibacterial 
property (13) given by a sustained pH of 10 
for up to six months (11). Moreover, it has 
good biotolerability (8, 14, 15) adequate 
radiopacity and excellent capacity to rele-
ase calcium ions and apatite formation, 
but has higher solubility than other sealers 
such as AH Plus® and MTA Fillapex® (6). 
This high solubility has also been observed 
in TotalFill® BC Sealer (9); it is proposed 
for both cements that the sealing capacity 
could be unaffected by this solubility, 
because the apposition of apatite could 
mitigate it (11).
A treated root canal must be adequately 
sealed to prevent microleakage, because 
this could lead to the development of an 
apical pathology (16), mainly because 
bacteria, cell wall components and soluble 
byproducts of bacterial metabolism can 
easily penetrate inside the root canal (5). 
One of the methods used to evaluate the 
effectiveness of materials and obturation 
techniques is to verify the leakage of fluid, 
bacteria, or chemical substances through 
the interphase between the radicular wall 
and the obturation material or through the 
spaces inside the material itself (5).
This study aimed to evaluate the sealing 
ability through the bacterial leakage of two 
bioceramic sealers: TotalFill® BC Sealer 
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and Bioroot® RCS and compare them to 
an epoxy resin-based endodontic sealer: 
AH Plus® (Dentsply-Sirona, Ballaigues, 
Switzerland). 

Materials and Methods

An experimental ex vivo study was con-
ducted on extracted human one-rooted 
lower premolars obtained on the public 
dental services of Curicó province, Chile, 
with the previous approval of the ethics 
committee of the San Sebastian Universi-
ty (resolution Nº 2019-53). The teeth were 
cleaned of organic residue with a Scaler 
(NSK Varios 570, Japan), stored in saline 
solution, and a periapical x-ray was taken. 
Inclusion criteria consisted of roots with 
small curvatures (according to the Schnei-
der Method), the presence of only one 
canal, no intracanal calcifications, com-
plete radicular formation, and absence of 
resorptions.
The obtained sample consisted of 94 teeth, 
which were then decrowned 1 mm coronal 
to the cemento-enamel junction. Working 
length was obtained through introducing 
a K10 File until it was visualized through 
the apical foramen, and 1 mm was sub-
tracted of this length. Canal shaping was 

performed with WaveOne® Primary files 
(Dentsply-Sirona, Ballaigues, Switzerland) 
and frequent irrigation and aspiration, of 
5% Sodium Hypochlorite.
The final irrigation protocol was performed 
with 17% EDTA for 60 seconds, followed 
by 5% Sodium Hypochlorite and Saline 
Solution. Canals were dried with paper 
points and then distributed randomly in 
three different experimental groups of 30 
samples each, to be obturated with the 
Synchronized Hydraulic Condensation 
Technique with WaveOne® Primary gutta-
percha cones (Dentsply-Sirona, Ballaigues, 
Switzerland). Group 1: AH Plus® sealer 
(Dentsply-Sirona, Ballaigues, Switzerland); 
Group 2: Bioroot® RCS® (Septodont, Saint-
Maur-des-Fosses, France); Group 3: Total-
Fill® BC Sealer® (FKG Dentaire SA, La 
Chaux-de-Fonds, Switzerland). After root 
canal obturation, each root’s coronal end 
was sealed with a glass ionomer self-cur-
ing cement (Chemfill® Superior, Dentsply, 
Germany) and exteriorly sealed with 
methacrylate varnish leaving the most 
apical two millimeters uncovered. Two 
roots were sealed entirely with glass 
ionomer cement after obturation, and 
were used as negative controls. One root 
was not obturated and was covered only 
with methacrylate varnish, and used as 
positive control. 
According to the bacterial leakage model, 
the roots were mounted on a device built 
specifically for this study (Figure 1). The 
device consisted of two chambers connect-
ed by the endodontically treated tooth (17) 
(De Deus, 2007): the superior chamber was 
an Eppendorf tube (Biologix Research 
Company, USA) cut to a capacity of 1.5 ml 
of volume with a hermetic seal lid, and 
the inferior chamber was a 5ml glass bot-
tle with a plastic lid. The union between 
the tube and the tooth was sealed with 
industrial silicone (Silicon Seal, Lanco, 
Orlando, Florida, USA). After that, the 
Eppendorf tubes were fixed to the glass 
chambers with cyanoacrylate incorpora-
ting a 30G Luer type needle, which allo-
wed both the entry of fresh broth and the 
liberation of gases (Figure 1).
The devices were left to settle for 24 hours 
and then were sterilized with Ethylene 

Figure 1 
Bacterial leakage device 

composed of two chambers 
connected by the endodonti-

cally treated tooth.
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Oxide; they were posteriorly opened in a 
sterile environment obtained through the 
use of three burners, and Bile Esculin Agar 
broth (Becton Dickinson and Co. Sparks, 
USA) was loaded into the superior 
chamber.
The inferior chamber was loaded with an 
Enterococcus Faecalis suspension in bile 
esculin agar broth, adjusted to 0,5 McFar-
land (1,5x108 CFU/ml) (Probac do Brasil, 
Sao Paulo, Brasil) leaving the root apex 
submerged in the contaminated broth. 
Then all the samples were incubated for 
four weeks at 37 oC in a Binder culture 
incubator (Tuttlingen, Germany), with 
frequent introduction of fresh nutritional 
broth. Bacterial growth was determined 
through the appearance of turbidity in the 
superior chamber. The number of days in 
which turbidity occurred was registered 
according to the group, and the data was 
analyzed with IBM SPSS 24.0 statistics 
program. A sample was taken of each broth 
that presented turbidity and again cultured 
in bile esculin in 6.5% NaCLO agar to 
confirm the bacterial strain.
A Shapiro-Wilk test was applied determin-
ing that data distribution was non-normal 
(p<0,05), proceeding then to the application 
of Kruskal-Wallis non-parametric test to 
analyze independent samples.

Results

Out of the 90 experimental samples obser-
ved, 27 presented bacterial leakage, which 
corresponds to 30%. Table 1 shows leakage 
results per group, including the average 
day in which turbidity occurred. Group 1 
(AH Plus®) showed the highest bacterial 
leakage with 12 samples (40%), Group 3 
(TotalFill® BC Sealer) presented eight 
samples with leakage (27%), and Group 2 
(BioRoot® RCS) presented seven leaked 
samples (23%). The group that took the 
least amount of days to leak was Group 1 
(AH Plus®) with 16,9 average days, fol-
lowed by Group 3 (TotalFill® BC Sealer) 
with 19,5 days average and Group 2 (Bio-
root® RCS) with 19,7 days. No turbidity 
was observed on the negative controls, and 
on the positive controls, turbidity was 
observed on the third day for both samples. 

The differences within the samples were 
not statistically significant (p>0.05). 

Discussion

Endodontic sealers should ideally produce 
a long-term fluid and bacteria-tight seal of 
the root canal system, but this has not 
been achieved in the past with the availa-
ble sealers. One of the objectives of obtu-
ration is the entombment of remaining 
bacteria, which cannot occur if there is 
apical filtration. To overcome these 
limitations, new materials and obturation 
systems are continuously developed.
In the present study, leakage was observed 
in all groups with no statistical differences 
between them; 30% of all samples presen-
ted bacterial leakage, which in general 
terms means that none of the sealers pro-
duced an effective seal. These results 
agreed with Yanpiset et al. were leakage 
was observed in 20 to 45% of all studied 
groups (18).
The group that presented the highest 
amount of leaked samples was the AH 
Plus® group (Group 1). It also showed the 
shortest median time to leak, without si-
gnificant differences compared to the other 
groups. These results matched with what 
was observed by Viapiana et al. who eva-
luated the sealing ability of BioRoot® RCS 
and AH Plus® through fluid transportation 
and microsphere leakage, and obtained 
similar results in both groups (4). Zhang 
and Yanpiset et al. compared Bioceramic 
Sealers to AH Plus® sealer, and they also 
did not found any significant differences 
between groups (1, 18).
Contrary to the results obtained in this 
study, Pawar et al. observed that the bioc-
eramic cement’ sealing ability was better 
than AH Plus® sealer (19). But the method 
they used to measure leakage was Blue 
Methylene dye, which has a low molecular 
weight, and has a different penetration 
pattern (5). El Sayed et al. found that lea-
kage was significantly less in a Bioceramic 
sealer (Endosequence BC Sealer, Brasseler, 
USA, Savannah, GA) when combined with 
a hydrophilic gutta-percha C-point (Bras-
seler, USA, Savannah, GA). However, when 
they used bioceramic sealers with conven-
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tional gutta-percha, they registered no 
significant difference between them and 
epoxy resin sealers (20). Muedra et al. (21) 
found higher sealer penetration for Endose-
quence BC sealer when compared to Bio-
root and AHPlus sealer, although the dif-
ference was not significant. They attributed 
the difference between the syringe sealer 
and the powder/liquid sealer, possibly to 
particle size, presentation and fluidity. 
Leakage occurred on average at 16 to 19 
days for all groups, which is earlier than 
what was observed in other studies in 
which leakage occurred mainly after the 
fifth week of observation (5) and after nine 
weeks for 30% of the resin sealer samples 
(17). This early leakage may have occurred 
because the synchronized hydraulic tech-
nique uses just one tapered gutta-percha 
cone and a considerable amount of sealer, 
which could compromise the obturation 
if and when some parts of the sealer con-
tracts or dissolves.
The mentioned studies used lateral com-
paction technique for their samples (5, 17), 
which might require further evaluation, 
because lateral compaction would be a 
more favorable technique for bioceramic 
sealers. A study conducted by Yanpiset et 
al. used a similar obturation protocol, but 
filtration occurred on days 42 to 52 on 
average (18). The difference with the out-
comes reported in the present study could 
be due to the use of distobuccal roots in-
stead of one-rooted premolars, which have 
a more irregular transversal shape.
There are different methods to measure 
leakage, such as dye penetration and dif-
fusion, bacterial and endotoxins leakage, 
fluid, glucose, caffeine, and radioisotope 
filtration (2). The methods that use bacte-

rial or bacterial byproduct penetration are 
considered more clinically and biological-
ly relevant than the dye penetration me-
thod (16). Enterococcus Faecalis could be 
even more appropriate because it is one of 
the microorganisms related to apical pe-
riodontitis in previously treated teeth (13). 

Conclusions

Under the conditions of this study, it is 
possible to conclude that none of the ma-
terials used in this study offer a 100% ef-
fective seal. All groups presented leakage, 
without significant differences between 
them, but with slightly better behavior for 
bioceramic sealers.

Clinical Relevance

The use of Bioceramic Sealers is wide-
spread because of their biocompatibility. 
This study shows that their sealing ability 
is similar to resin sealer AH Plus, which 
is the gold standard to measure endodon-
tic sealers. This result gives more confi-
dence to use these relatively new sealers.
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 Bacterial leakage results per group and average day in which turbidity occurred with standard deviation

       Bacterial Leakage Average days to leak
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Group 2 (Bioroot) 7 (23%) 23 19,7 d (9,5 SD)

Group 3 (Totalfill) 8 (27%) 22 19,5 d (7,3 SD)
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ABSTRACT

Aim: To investigate the association of pain perception of inferior alveolar nerve (IAN) 
block injection and access cavity preparation with psychological factors in patients 
undergoing endodontic treatment. 
Methodology: In this observational study, out of 208 patients who had lower molar 
with symptomatic irreversible pulpitis, 165 patients completed the study. Psychologi-
cal factors comprising anxiety, depression and personality traits were evaluated by 
Hospital Anxiety and Depression scale and short form of NEO Five-Factor Inventory. 
Procedural pain comprising needle insertion and anesthesia solution deposition dur-
ing IAN block injection as well as access cavity preparation was rated based on the 
Heft-Parker visual analog scale. Binary logistic regression was used to determine odd 
ratio (OR) with 95% confidence interval (CI). 
Results: The mean (standard deviation) age of patients was 34.63 (12.42) in which, 
females comprised 72.7% (n=120). Considering the psychological factors, the anxious 
and depressed individuals constituted 38.8 % and 32.7% of the participants, respec-
tively. By adjusting the socio-demographic factors, depression score during needle 
injection and anesthetic solution deposition were the risk factors for higher levels of 
pain (OR=1.12; 95% CI=1.03_1.29 and OR=1.13; 95% CI=1.05_1.32 respectively). 
Among the personality traits, just neuroticism at needle insertion and anesthetic 
solution deposition associated with higher levels of pain (OR=1.11; 95% CI=1.02_1.28 
and OR=1.09; 95% CI=1.01_1.20 respectively). 
Conclusions: Coupling with the effect of physiological aspects (depression and neu-
roticism) on the perception of pain at the needle insertion and anesthetic solution 
during IAN block injection, a multidisciplinary effort both by dentists and by psycholo-
gists might improve dental services for some patients.
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Introduction

P
erceptions of pain related to 
dental treatment may be variat-
ed not only by procedural is-
sues, but also by many environ-
mental and psychological fac-

tors (1-4). Gender, age, education, anxiety, 
fear, depression (2, 3) as well as former 
experiences, expectancy level of control 
(1) are some of the factors which may affect 
the perceptions of pain in dental setting.
Dental-related anxiety, which is likely to 
affect 10 % of people, is one of the chiefs 
impediments for dental treatment and can 
adversely affect the patient-practitioner 
interaction (5). Likewise, depression, a 
psychiatric condition that harms behav-
ioral patterns, satisfaction and temper over 
the time, is related to a wide-range of 
dental diseases (6) and may be associated 
with dental pain (3, 7). However, the role 
of anxiety and depression on the pain 
perception has not been comprehensively 
studied in the field of Endodontology.
 Although the effect of personality traits, 
behavioral patterns affecting the way of 
thinking about oneself and the surround-
ings, on the dental belief (8) and dental 
anxiety (9, 10) have been evaluated, the 
role of personality characters in pain per-
ception still remains a mystery in the field 
of dentistry. 
Owing to lack of evidence regarding asso-
ciation among psychological factors, par-
ticularly personality characters with 
perception of pain in the field of Endodon-
tology, the present study aimed to investi-
gate the association of anxiety, depression 
and personality traits with pain perception 
during inferior alveolar nerve (IAN) block 
injection and access cavity preparation for 
patients with symptomatic irreversible 
pulpitis undergoing endodontic treatment.

Materials and Methods 

This observational study was performed 
from January, 2016, to January, 2017. 208 
patients attending the Department of En-
dodontic at Dentistry School, Isfahan 
University of Medical Sciences, who had 
at least one mandibular molar tooth with 

symptomatic irreversible pulpitis entered 
the study. Inclusion criteria included par-
ticipants being able to complete the ques-
tionnaires, no sign of periodontal disease 
or apical radiolucency (except periodontal 
ligament widening), no history of allergic 
reaction and systemic diseases that con-
traindicate lidocaine injections, no medi-
cation history that may alter pain percep-
tion or interact with lidocaine. Exclusion 
criteria included confronting a necrotic 
pulp after access cavity preparation and 
no sign of successful anesthesia after 15 
minutes. 
The study was performed after ethical and 
scientific approval of the Regional Bioeth-
ics Committee of Isfahan University of 
Medical Sciences (IR.MUI.REC.1395.3.375). 
This research was done in complete agree-
ment with the World Medical Association 
Declaration of Helsinki. Information about 
this study was given to patients in waiting 
room and they were asked to sign the in-
formed consent. In order to maintain the 
privacy of the patients and confidentiality 
of the research, questionnaires were given 
to them in sealed packs.
All eligible patients with the history of 
pain were tested with a Frisco spray 
(ad-A rz tbeda r f  GmbH, French, 
Deutschland) and Gentle Pulse electrical 
pulp tester (Parkell Inc., Farmington, NY), 
to confirm symptomatic irreversible pul-
pitis diagnosis.
Using the standard IAN block injection 
(11), a cartridge of 2% lidocaine hydrochlo-
ride with 1:80,000 epinephrine (Darou 
Pakhsh, Tehran, Iran) with 27-gauge 
1¼-inch needle (Septoject, Septodont, 
Saint-Maur-des-fosses cedex, France) at-
tached to an aspirating syringe (Aspirating 
Dental Injection Syringe, Novocol Ontario, 
Canada) was administrated for each pa-
tient. All IAN blocks were injected at the 
same manner and location by an endodon-
tist (A.Kh). 0.2 mL of anesthetic solution 
was deposited during the advancement of 
needle toward the bone at 1cm higher than 
occlusal plan. After contacting needle to 
the bone, it was drawn back for 1 mm and 
after negative aspiration, the rest anesthet-
ic solution was deposited in 60 seconds. 
The second IAN block was immediately 
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injected again using second cartridge in 
the same manner. 
If the lip numbness was not obtained 
within 15 minutes after the injection, the 
block would be considered missed and 
patients dismissed and reappointed. In 
cases with profound lip numbness achieve-
ment, the tooth would be tested again with 
cold spray to confirm pulp anesthesia. 
Then access cavity would be prepared (12). 
Socio-demographic factors, depression and 

anxiety, personality traits, and pain per-
ception of participants were obtained by 
questionnaires. Socio-demographic factors 
including age, gender, educational years 
and marital status (widowed, divorced, 
married or unmarried) were recorded. The 
Hospital Anxiety and Depression scale 
comprising two subscales, each of which 
included seven items which were ranked 
according to a four-point rate was used for 
measuring the participants’ anxiety and 
depression. Each subscale had a range 
from 0 to 21 and scores equal or higher 
than 11 were considered as clinically 
anxious and depressed (13, 14). To study 
personality traits, the short form of NEO 
Five-Factor Inventory  scale which is made 
of 60 questions (12 items for each person-
ality) was used and each question was 
scored from 1 for agreeing strongly to 5 for 
disagreeing strongly (15). If a score of each 
personality trait was higher than the me-
dian, the patient would be associated with 
that trait. The five personalities studied in 
this questionnaire were extraversion; 
neuroticism; agreeableness; openness to 
experience; conscientiousness.  
Before the procedure, the patients were 
instructed to rate pain at three phases of 
procedure; needle insertion, anesthetic 
solution deposition as well as access cav-
ity preparation according to the 170-mm 
Heft-Parker visual analogue scale (HPS) 
(16). This scale was rated 0 to 54-mm and 
55 to 170-mm corresponding with low pain 
and high pain respectively (17). The needle 
insertion and anesthetic solution deposi-
tion pain were recorded immediately after 
injection. In addition, after the access 
cavity was prepared, the pain of entering 
the dentin was recorded.  
For describing continuous variables, mean 
with standard deviation (SD) was used. 
Comparison between groups’ means was 
performed by t-test. Association between 
pain perception and psychological factors 
was analyzed with the use of a binary 
logistic regression test. Corresponding 
confidence interval (CI) of 95% was used 
for reporting odd ratio (OR). The depend-
ent variable was the level of pain (low/
high) and the independent variables were 
socio-demographic factors including sex, 

Table 1
Socio-demographic characteristics, psychological variables and level of 

pain of study population (n=165)

Variables Mean  (SD) Frequency (%)

Age 34.63 (12.42)

Educational year 11.72 (4.21)

Gender 
Female 
Male

 
120 (72.7) 
 45 (27.3)

Marital status 
Married 
Widow 

Divorced 
Single

 
111 (67.3) 

1 (0.6) 
7 (4.2) 

44 (26.7)

Type of tooth 
First molar 

Second molar 
Third molar

 
93 (56.4) 
49 (29.7) 
23 (13.9)

Depression score 6.18 (3.21)

Depressed individual 54 (32.7)

Anxiety score 6.83 (3.40)

Anxious individuals 64 (38.8)

NEO Five Factor Inventory 
Neuroticism 
Extraversion 
Openness 

Agreeableness 
Conscientiousness

 
22.15 (3.44) 
28.56 (5.77) 
25.19 (6.76) 
29.94 (5.49) 
31.37 (6.51)

Level of pain at T1  
Low 
High

 
102 (61.8) 
63 (38.2)

Level of pain at T2 
Low 
High

 
96 (58.2) 
69 (41.8)

Level of pain at T3  
Low 
High

 
113 (68.5) 
47 (28.5)

Abbreviations: T1, time of needle insertion; T2, time of anesthetic solution deposition; T3, time 
of access cavity preparation. 
Pain according to Heft-Parker visual analog scale.
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age, educational and marital status as well 
as depression (yes/no), anxiety (yes/no) 
and personality traits (yes/no). Analysis 
was performed using SPSS, version 21 
(IBM Corp, Armonk, NY) and P<0.05 was 
considered as the level of significance.

Results

A total of 208 individuals were eligible to 
be included in this study. The profound 
lip numbness was not achieved in 17 pa-
tients, 2 teeth were diagnosed as partially 
necrotic pulp after access preparation, and 
24 patients failed to fill the questionnaires 
completely (participants who failed to 
answer more than 10% of questions). Fi-
nally, the mean (SD) age of 165 patients 
who completed the study was 34.63 (12.42) 
years ranging from 19 to 70 years. Females 
comprised 72.7% (n=120) of the sample. 
The distributions of anxious and depressed 
individuals were 38.8% and 32.7%, respec-
tively. Based on HPS, 41.8%, 38.2%, and 
28.5% of patients reported high levels of 
pain for anesthetic solution deposition, 
needle insertion, and access cavity prepa-
ration respectively (Table 1).
Higher levels of pain at needle insertion 
and anesthetic solution deposition phase 
were associated with depression score and 

neuroticism traits (P<0.05, t-test). There 
was no association between higher pain 
of access cavity preparation with any 
psychological factors (P≥0.05, t-test, 
Table 2). 
After adjusting the socio-demographic 
factors, binary logistic regression model 
demonstrated that by increasing a unit of 
depression score, the odd of pain percep-
tion at high level would be 1.12 and 1.13 
times greater during needle injection and 
anesthetic solution deposition respective-
ly (OR=1.12; 95% CI=1.03_1.29 and OR=1.13; 
95% CI=1.05_1.32 respectively). Moreover, 
neuroticism during needle insertion (low-
er median VS. upper median: OR=1.11; 95% 
CI=1.02_1.28) and during anesthetic solu-
tion deposition (lower median VS. upper 
median: OR=1.09; 95% CI=1.01_1.20) were 
the risk factors associated with feeling 
higher levels of pain (Table 3). 

Discussion

The etiology, persistence and perception 
of pain, which is common in dental envi-
ronment, is a multifaceted agenda (18). 
Beside the neurobiological aspects of pain 
perception, many psychological factors 
comprising attention, feeling either posi-
tive or negative, social interaction and 

Table 2
Comparison of mean (SD) of psychological variables between levels of pain perception (low or high)  

at different time of intervention

Level of pain at T1 Level of pain at T2 Level of pain at T3

Low High P-value2 Low High P-value2 Low High P-value2

Depression 
score1 5.98(2.19) 6.88(2.26) 0.04 5.74(2.29) 6.78(2.80) 0.04 6.20(3.29) 6.26(3.22) 0.94

Anxiety score1 6.75(4.71) 6.91(3.92) 0.82 6.66(4.01) 6.94(4.68) 0.69 6.19(4.56) 7.16(4.44) 0.74

NEO Five Factor 
Inventory1 

Neuroticism 
Extraversion 
Openness 

Agreeableness 
Conscientiousness

 
 

21.05(2.04) 
28.59(5.56) 
25.22(6.07) 
30.36(6.83) 
32.36(6.89)

 
 

23.74(3.17) 
28.57(6.14) 
25.15(5.28) 
29.80(5.70 
30.78(6.83)

 
 

0.04 
0.98 
0.93 
0.64 
0.15

 
 

21.21(3.30) 
28.71(5.76) 
25.88(4.72) 
29.90(5.80) 
31.68(6.61)

 
 

23.46(3.69) 
28.33(5.81) 
26.62(4.80) 
29.90(5.04) 
30.93(6.40)

 
 

0.03 
0.71 
0.37 
0.91 
0.49

 
 

22.37(4.55) 
28.78(5.83) 
25.52(5.01) 
30.45(5.51) 
31.42(6.82)

 
 

22.64(3.43) 
27.37(5.34) 
24.51(4.76) 
29.56(5.35) 
30.79(5.66)

 
 

0.78 
0.21 
0.26 
0.28 
0.59

 
Abbreviations and notes: SD, standard deviation; T1, time of needle insertion; T2, time of anesthetic solution deposition; T3, time of access cavity prepara-
tion. 1Mean (SD), 2t-test.

Pain according to Heft-Parker visual analog scale.
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seeing the other agony may modify it in 
dental setting (19).
Notwithstanding controversies with re-
spect to the role of psychological factors 
of patient in pain perception in dental 
environment, the present study demon-
strated that depression and neuroticism 
trait were risk factors for feeling higher 
levels of pain at either needle insertion 
or solution deposition. The consequence 
of depression on the feeling of pain in 
dentistry has not been thoroughly under-
stood yet. Although pain perception after 
dental implant insertion was not modified 
by the level of depression of patients (20), 
the post-operative oral sugary pain was 
found to be influenced by depression and 
distress (3).
Moreover, the Korea National Health and 
Nutrition Examination Survey revealed 

that depressed individuals indicated high-
er dental related pain, particularly allied 
to pulpits (7).
Similarly, the present study also indicated 
the depression score influenced the pain 
at two stages of injection.
These contrary findings related to the as-
sociation between depression and pain 
perception may be attributed to different 
methodologies and time of measuring pain 
or as well as diverse dental procedures. 
Notably, although some models were in-
troduced to explain the co-occurrence of 
pain and depression, the direct relation 
remained uncertain (7).
In general, contrary findings observed 
about the impact of anxiety on pain per-
ception in dental setting mostly concluded 
the anxiety may alter the dental-related 
pain (1, 2, 18, 20-23). Notably, in the field 

Table 3
Estimated odds ratio from binary logistic regression model predicts the probability of level of pain (low or high) at T1, 

T2 and T3 as a dependent variable of psychological variables in 165 patients undergoing endodontic treatment

T1 T2 T3

OR (95% CI) OR (95% CI) OR (95% CI)

Depression score 1.12 (1.03_1.29) 1.13 (1.05_1.32) 1.01 (0.93_1.11)

Anxiety score 1.01 (0.98_1.10) 1.02 (0.91_1.07) 1.01 (0.92_1.10)

NEO Five Factor Inventory 
Neuroticism 

Lower median 
Upper median

Extraversion 
Lower median 
Upper median 

 
Openness 

Lower median 
Upper median 

 
Agreeableness 
Lower median 
Upper median

    
Conscientiousness 

Lower median 
Upper median

Ref 
1.11 (1.02_1.28)

Ref 
1.00 (0.94_1.06)

Ref 
1.00 (0.91_1.10)

Ref 
1.01 (0.94_1.08)

Ref 
0.98 (0.95_1.09)

Ref 
1.09 (1.01_1.20)

Ref 
0.99 (0.93_1.07)

Ref 
1.07 (0.97_1.18)

Ref 
1.01 (0.94_1.08)

Ref 
1.00 (0.94_1.06)

Ref 
1.02 (0.94,1.09)

Ref 
0.93 (0.85_1.00)

Ref 
0.99 (0.89_1.13)

Ref 
1.00 (0.93_1.08)

Ref 
1.00 (0.94_1.07)

 
Abbreviations: CI, Confidence interval; OR, Odd ratio; T1, time of needle insertion; T2, time of anesthetic solution deposition; T3, time of access cavity 
preparation.  
The outcome variable: level of pain at T1, T2 and T3 (low=0 and high=1). Adjusted based on age, gender and type of tooth.
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of Endodontology, a moderate association 
between pain level and anxiety were found 
(24) the main sources of which were cog-
nitive conditioning and parental pathways 
(25). The present study also indicated that 
the anxiety was not a risk factor for pain 
perception at any phase, which was differ-
ent from previous studies due to the dif-
ferent dental procedures, population, scale 
and time of pain rating (2, 21). Considering 
the high rate of dental anxiety in dental 
setting, endodontists should know how to 
recognize and manage anxious patients. 
Both subjective and objective check would 
benefit a dentist to recognize an anxious 
patient and consequently apply psycholo-
gy intervention or medication administra-
tion or multifaceted approaches (26).
It is worthy to mention that even the use 
of anxiety control protocols alone may not 
always result in endodontic pain avoid-
ance. The present study discovered that 
just neuroticism characteristic is associ-
ated with both needle insertion and solu-
tion deposition pain during the IAN block 
injection. Feinmann et al. (27) determined, 
beside anxiety, neuroticism was a risk 
factor for feeling higher levels of post-op-
erative pain in patients undergoing minor 
dental surgery. On the other hand, Abu 
Alhaija et al. (28) reported personality 
traits did not affect patients’ way of think-
ing about orthodontic therapy and pain. 
A critical review also releveled the modest 
association of neuroticism with pain, 
predominantly with regard to alteration 
of chronic pain (29), which may be attrib-
uted to the fact that neuroticism is corre-
lated with the trait of harm avoidance (30). 
Additionally, personality parameters may 
act as moderators for the dental beliefs, 
fear and anxiety in dental setting (8), hence 
may causes pain perception indirectly. 
Above all, the neuroticism traits may be 
related to the pain perception in dental 
setting, more studies are recommended.
The use of a self-administered question-
naire for assessing pain without examining 
any biomarkers, not evaluating other so-
cio-demographic factors as well as merely 
investigated the procedurals pain can be 
considered as limitations of the present 
study.

Conclusions

Depression and neuroticism might be re-
lated to higher levels of pain perception at 
needle insertion and solution deposition 
during IAN block injection. Therefore, 
bearing in mind the physiological aspects 
of pain during endodontic treatment, pro-
moting awareness of endodontists about 
the identification and managing of physi-
ological factors related to pain as well as 
informing them about the appropriate time 
to refer their patients suffering from high 
pain to psychologists is encouraged to 
improve dental services.
 
Clinical Relevance

Depression and neuroticism were associ-
ated with a higher level of pain perception 
during the inferior alveolar nerve block 
administration.
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ABSTRACT

Aim: Most authors have recognized that coronal pre-flaring has several advantages 
and it provides accordance with the objectives of endodontic treatment. Together 
with glidepath, it constitutes the most appropriate work sequence for the success 
of canal shaping. The purpose of this study was to compare the influence of glidepath 
on canal transportation and centring ability, using the WaveOne Gold with and 
without glidepath.
Methodology: 40 standard clear resin “S” shaped Endo Training Blocks (Dentsply, 
Maillefer, Switzerland) divided into two groups of 20 blocks were used in this study. 
The first group was prepared using WaveOne Gold Glider and WaveOne Gold while 
the second group was prepared with WaveOne Gold only. After the preparation, the 
amount of canal transportation, centring ratio, angle and radius of curvature, were 
measured on superimposed photos taken with an optical microscope. The two 
groups were statistically compared with analysis of variance, Kolmogorov-Smirnov 
and Student significant difference test. The level of significance was set at 
P<0.05.
Results: Less transportation and better centring ability occurred when using glidepath 
before root canal preparation (P<.0001). In these two groups there was a signif-
icant variation in the angles and radius of curvature compared to the initial 
values   and this variation was found to be reduced when using glidepath.
Conclusions: Canal modifications seem to be significantly reduced when previous 
glide path was performed before using the WaveOne Gold. The use of glidepath 
reduced significantly the root canal transportation, minimized the curvatures 
straightening after the preparation and revealed a better centring ability.
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Introduction 

T
he objectives of root canal 
treatment are the elimination 
of irritants from the canal sys-
tem, multidimensional obtura-
tion in order to block the entry 

and the exit doors of bacteria and to pro-
mote bacterial entombing after canal dis-
infection, prevention of the recontamina-
tion of the canal systems and preservation 
of the initial canal trajectory (1). Canal 
transportation is a common error to all 
canal preparation techniques. It is direct-
ly related to canal curvature as well as 
variations in the centre of gravity (2). Ac-
cording to the AAE (American Association 
of Endodontics), canal transportation is 
the concept according to which the instru-
ments tend to regain their initial shape at 
the level of the external curvature of the 
apical third, and this by eliminating the 
canal wall (3). Centring ability preserves 
the initial canal trajectory and reduces the 
risk of canal transportation, thus minimiz-
ing errors such as ledges, straightening of 
curvatures and apical enlargement (4). 
According to West 2010 (5), canal prepa-
ration consists of three stages: the initial 
canal negotiation, therefore scouting and 
pre-flaring which is always necessary 
when the canal is not wide enough, the 
creation of glidepath and finally canal 
shaping. The glidepath is a smooth canal 
tunnel from the orifice of the canal to the 
foraminal constriction. The glidepath must 
be discovered if it is already present in the 
canal anatomy or it must be prepared if it 
is not. The original canal anatomy can 
influence the glide path creation (5). Cor-
onal pre-flaring and glidepath minimize 
errors during canal preparation, since they 
prevent taper lock, broken instruments 
and aberrations.
The introduction of nickel-titanium (NiTi) 
instruments’ super elastic alloy which 
provides great flexibility for shaping the 
root canal, improved the effectiveness of 
endodontic treatment, thus reducing 
preparation time and iatrogenic errors (6). 
These instruments are associated with 
lower canal transportation than manual 
stainless steel files because of their ability 

to maintain the original curvature of the 
canal and because of their memory shape 
(7). However, the resistance of these instru-
ments when it comes to fracturing, is 
lower and remains disadvantageous com-
pared to manual files (8). The reciprocating 
movement could reduce the continuous 
fatigue caused by the rotation of the NiTi 
instruments, relatively to the continuous 
motion. The WaveOne Gold which is a 
unique instrumentation system, intro-
duced by Dentsply Maillefer, is composed 
of four single-use files: Small (ISO 20 tip 
and 7% cone) for fine root canals; primary 
(ISO 25 tip and 7% tapered) for most of the 
canals; and large (ISO 35 and 6% cone-ISO 
45 and 5% cone) for large canals. The files 
are made of Gold-Wire NiTi alloy. The 
WaveOne Gold glider (ISO 15 tip and 2 to 
6% tapered), introduced by Dentsply 
Maillefer also, is a single instrument that 
works in reciprocating motion and is made 
of gold-Wire, designed in order to be used 
before the WaveOne Gold system. 
The aim of the study was to compare the 
shaping ability of WaveOne Gold and its 
impact on the modification of the canal 
curvature and axis in artificial resin 
blocks, with and without glidepath.
 
Materials and Methods 

The protocol was approved by the Ethics 
Committee of Saint Joseph University on 
March 20. 
Forty ISO 15,0.02 taper S-shaped Endo 
Training Blocks (Dentsply, Maillefer. Bal-
laigues, Switzerland) were used. Green ink 
(Pelikan, Hannover, Germany) was inject-
ed with a syringe into each of the blocks. 
Holders were made with putty (ZETAPLUS, 
Zhermax) and ice cube tray for each of the 
blocks (Figure 1) in order to organize the 
blocks during work. Each block was pho-
tographed with an optical microscope 
(Olympus, E330-ADU1 2X, Japan) at 
1.25x/0.04/FN 26.5 magnification preop-
eratively and postoperatively while main-
taining the same photography conditions 
in order to superimpose the photos during 
the analysis (Figure 2). An opaque slide 
was chosen to improve the brightness of 
the photo and therefore increase the accu-
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racy of the analysis. Distilled water was 
used to remove the ink and the blocks were 
randomly divided into two groups (n=20). 
Group A: Catheterization with K file #10 
(Dentsply, Sirona) and determination of 
the working length (WL) and mechanical 
glidepath using WaveOne Gold Glider 
(Dentsply, Sirona, Ballaigues, Swizer-
land). The system consists of a single file 
with a parallelogram shaped cross-sec-
tion, 1 size glider 15, and variable taper 
2% to 6, used in reciprocating motion 
with WaveOne Gold settings. The glider 
was used at the WL. Each canal was 
shaped with the WaveOne Gold Primary 
(Dentsply, Sirona, Ballaigues, Swizer-
land) according to the sequence of peck-
ing motion with parietal support and 

vertical back and forth to allow the 
progression of the instrument apically 
with a light pressure, use of the instru-
ment about three times in average in this 
group, cleaning of the instrument with 
a compress soaked in sodium hy-
pochlorite (NaOCl, 2.5%) after each 
movement, irrigation using half a sy-
ringe 3cc of distilled water and per-
meabilization using K file #10, brush-
ing motion for the elimination of 
coronary interference and finally, ar-
rival of the instrument at the WL.
Group B: Catheterization with K file #10 
(Dentsply, Sirona) and determination of 
the working length, no glidepath per-
formed and final shaping with the Wa-
veOne Gold Primary (Dentsply, Sirona) 
using the same sequence as group A. For 
both groups, the motor used was the 
E-Connect PRO Endo Motor (Eighteeth 
medical) in mode: Fwd 30° and Rev 150° 
according to the manufacturer’s recom-
mendations. All procedure was done by 
the same operator.

Measurements 
Pre and post-operative images were over-
laid using CS4 extended Adobe Photoshop 
Program software (San Jose, CA, USA) 
(Figure 3). The width and angle measure-
ments were made using AutoCAD software 
(Autodesk Inc, San Rafael, California). 
Twelve defined measurement points were 
traced over the entire length of each block 
and perpendicular to the axis of the root 
canal. 
These levels were designed according to 
the method described by Madureira et al. 
(9) (Figure 4): level 1 at the beginning of 
the root canal and level 3 at the end of the 
coronal zone before the first curvature, 
level 2 in the middle between level 1 and 
level 3 while level 12 is at the apex. In 
addition, seven more equidistant levels 
were drawn between levels 3 and 12 and 
numbered 4, 5, 6, 7, 8, 9 and 10. Level 11 
was halfway between 10 and 12. Finally, 
the images were evaluated in three areas: 
coronal area (CZ) of level 1-3, area of   first 
curvature of level 4-7 (FCZ) and area of   
second curvature or apical curvature (AZ) 
of level 8-12 (Figure 5).

Figure 1
Preparation of the blocks in 

holders made with putty and 
ice cube tray.

Figure 2
 Olympus optical microscope 

at 1.25x/0.04/FN 26.5 
magnification.
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The comparison between the two groups 
in pre and post-operative was obtained 
according to the following factors: the 
quantification of the canal transport, the 
quantity of resin eliminated, the centring 
ratio, the variation of the angles of curva-

ture and the variation of the radius of 
curvature. The canal was divided into two 
sides: the first defined as the external as-
pect of the apical curvature and the inter-
nal aspect of the coronal curvature while 
the second side defined by the opposite 
(10). To facilitate the measurements and 
their analysis, the first side was designat-
ed by the letter R and the second by the 
letter L indicating the right and left sides 
(Figure 6).
The widths of resin removed was calcu-
lated at each of the 12 levels divided ac-
cording to the technique of Madureira 
described above. The amount of canal 
transportation is the difference between 
the widths of resin removed from both 
sides of the canal while resin removal was 
calculated by summing the widths of 
resin removed from both sides of the canal 
and the centring ratio was calculated by 
dividing the narrowest width of resin re-
moval by the widest at each sides (11).  
For the measurement of the angles of cur-
vature a line A along the axis of the coro-

Figure 4 
Madureira’s technique to 

divide the entire canal into 
12 sections perpendicular to 

the axix of the root canal.

Figure 5 
Measurements of the widths 

of resin removed from both 
sides of the canal.

Figure 3
 Pre- and post-operative 

images of resin blocks with 
(Group A) and without 

glidepath (Group B).
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nary part of the canal was drawn passing 
through the canal entrance and by point 
A marking the end of the straight coronal 
part and the beginning of the first curva-
ture. A point B at the start of the deviation 
of the first curvature and thus forming the 
first point of inflection. Point C at the be-
ginning of the second curvature and 
therefore forming the second point of in-
flection, Point D at the apex.
The inflection points were the exact loca-
tions of the change of the direction of the 
canal. Lines joining A to B, B to C and C 
to D were also drawn. The angle α of the 
first curvature represented the intersection 
of line A with the line AB with vertex the 
point A. The angle β of the second curva-
ture the intersection of lines BC and CD 
with the vertex the point C. The measure-
ment of these angles was carried out pre-
operatively by obtaining: α is 16˚ and β is 
20 .̊ Post-operative measurements were 
performed on each of the canals of the two 
study groups (Figure 7).
For the measurement of the radius of cur-
vature the hypothetical circle of centre O 
of the first curvature represents the circle 
passing through the points A and B and 
whose radius is: Radius 1=AB/2sinα. 
Whereas the hypothetical circle of centre 

O’ of the second curvature is the circle 
passing through points C and D and whose 
radius is: Radius 2=CD/2sinβ.
It should be noted that the more the amount 
of the initial angle decreases and the more 
the radius of curvature increases, the more 
the curvature is straightened. The varia-
tion of the distances between points A and 
B, C and D plays an essential role in the 
variation of the radius of curvature and it 
must be taken into consideration (Figure 
7).

Statistical analyses
The IBM SPSS Statistics (version 25.0) was 
used for statistical analyses. The level of 
significance was set at p≤0.05. Repeat-
ed-measure analyses of variance with one 
between-subjects factor (with or without 
glidepath) and one within-subjects factor 
(coronal, first and second curvature zones) 
were used to compare the canal transpor-
tation, resin removal and centring ratio 
between groups; they were followed by 
univariates analyses and Bonferroni mul-
tiple comparisons tests.
Student t-tests were also used to compare 
the mean angle and radius of curvature 
variations between groups (with and with-
out glidepath). One Sample t-tests were 

Figure 6
Right and left sides of the 

canal.

Figure 7
Measurements of the angles 

and radius of curvatures.
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used to compare the mean angles and ra-
dius variations with the theoretical values 
which indicate the absence of a significant 
variation.

Results

Canal transportation
The mean canal transportation was signif-
icantly smaller when using glidepath 
(p<0.001). Without glidepath, the mean 
canal transportation was significantly 
smaller at the coronal zone (p=0.002), and 
the difference was not significant between 
the first and the second curvature zone 
(p=0.243). However, with glidepath, the 
canal transportation was not significantly 
different within levels (p =0.504) (Table 1).

Centring Ratio
The mean centring ratio was significantly 
greater with glidepath at the apical level 
(p<0.001). The centring ratio was signifi-
cantly smaller on the apical zone, inter-
mediate on the middle zone and elevated 
on the coronal zone for specimen shaped 

with (p<0.001) or without glidepath 
(p<0.001) (Table 1).

Resin removal
The mean resin removal was significantly 
greater on specimen shaped without glide-
path (p<0.001). Moreover, the amount re-
moved was smaller on the apical zone and 
greater on the coronal or middle zone 
(p<0.001) (Table 1).

Angles and radius curvature variations 
The variation of alpha and beta angles, 
the variation of distances and radius 
curvature were significantly greater in 
group shaped without glidepath (p<0.001). 
All these measurements were different 
significantly compared to the reference 
values (p<0.001) (Table 2). 

Discussion

A technique advocated by Pr. G. Yared 
used a single instrument without the 
glidepath only by using a K-file 08 for the 
canal scouting (12). Therefore, this tech-

Table 1 
Canal transportation, centring ratio and resin removal of the groups

Canal transportation (mm)

Coronal zone First curvature Second curvature p

With glidepath 0.1374±0.0302 0.1362±0.0257 0.1236±0.0277 0.504

Without glidepath 0.1725±0.0430a 0.2343±0.0743b 0.2077±0.0505b 0.002

p 0.005 <0.001 <0.001

Centring Ratio

Coronal zone First curvature Second curvature p
With glidepath 0.6147±0.0817c 0.4952±0.0752b 0.4007±0.0748a <0.001

Without glidepath 0.6276±0.0681c 0.4343±0.1200b 0.2994±0.0717a <0.001

p 0.591 0.062 <0.001

Resin Removal (mm)

Coronal zone First curvature Second curvature p

With glidepath 0.535±0.0508b 0.503±0.0250b 0.435±0.0617a <0.001

Without glidepath 0.669±0.0504b 0.713±0.0679b 0.575±0.0962a <0.001

p <0.001 <0.001 <0.001

a, b, c: different letters indicate the presence of a significant difference according to Bonferroni multiple comparisons.
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nique encourages shaping without the 
preliminary creation of a manual or rota-
ry glidepath, an idea subject to several 
controversies (13).
However, studies have shown that when 
the tip of an instrument faces a part of the 
canal that is smaller than its diameter, it 
locks up and quickly reaches a high torque. 
If the latter reaches a very high level, the 
instrument will cause structural deforma-
tions (14). Therefore, according to a study 
by Berutti and Pasqualini in 2004, it is 
necessary and crucial to carry out a 
pre-flaring in order to reduce the friction 
forces and the damage on the instruments 
(15). Berutti et al also demonstrated in 2009 
that the use of Pathfiles to secure the path 
of the shaping instruments is an essential 
condition (14). Peter et al in 2003 (16) and 
Patino et al. in 2005 (17) demonstrated that 
the canal must be widened with a K 15 
lime at least before any use of rotary in-
struments, regardless of what technique 
they used. 
The main goal of this experimental re-
search was to demonstrate the impact of 
glidepath on the shaping ability of Wa-

veOne Gold and compliance with the in-
itial canal trajectory. An instrument spe-
cially designed with the properties as the 
WaveOne Gold was used: the WaveOne 
Gold Glider. This instrument works in 
reciprocating motion and is made of gold-
Wire, it is designed by the same company 
specially to assist the WaveOne Gold 
system. In fact, it has been shown that an 
ideal endodontic treatment begins with a 
coronal pre-flaring, followed by the reali-
zation of a glidepath, preferably rotary and 
in reciprocating motion, to finally move 
on to shaping (6,18). In our study, we en-
sured these conditions in order to be able 
to compare as accurately as possible the 
two groups A and B.
We have chosen to use simulated curved 
S-shaped canals to compare the shaping 
ability of this system based on the tech-
nique of superimposing the contours of 
the pre- and post-operative root canals, 
which allowed a direct visual comparison 
of the changes. However, the blocks were 
photographed using an optical microscope 
in order to make sure of the precision of 
its overlay, unlike several other studies 

Table 2

Angle curvature (degree), radius curvature (mm) and distance (mm) in different groups

Reference values With glidepath Without glidepath p

Angle alpha=16 degrees
14.725±0.2918

-1.275 degrees

13.965±0.3573

-2.035 degrees
<0.001

Angle Beta=20 degrees
13.535±0.4771

-6.465 degrees

11.990±0.4327

-8.01 degrees
<0.001

Distance AB=2.486 mm
3.764±0.2096

+1.278 mm

4.424±0.4813

+1.938 mm
<0.001

Distance CD=3.298 mm
3.38± 0.1208

+ 0.086 mm

3.583±0.2757

0.285 mm
0.005

Radius 1=4.509 mm
7.403±0.3678

+2.894 mm

9.175±1.0569

+4.666 mm
<0.001

Radius 2=4.821 mm
7.241±0.4094

+2.42 mm

8.627±0.6231

+3.806 mm
<0.001
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which have used digital photography, in-
cluding the studies of Yilmaz et al. (11), 
Keskin et al. (18), Nazarimoghadam et al. 
(19).
For other authors, the evaluation criteria 
is mainly based on the quantification of 
canal transport, canal centring, the inci-
dence of aberrations and the amount of 
resin removed (11, 18) who proved that 
glidepath promotes the maintenance of the 
initial canal trajectory, minimizes the 
modifications of the canal curvature as 
well as the occurrence of iatrogenic errors. 
However, the modification of canal trajec-
tory is defined by the involuntary deviation 
of the path of the initial canal which 
generates the modification canal curvature, 
the decrease in angle of curvature, leading 
to the straightening of the canal base. In 
order to increase the precision of compar-
ison, the straightening of the curvature 
must be added as an evaluation parameter. 
In this perspective, we have studied the 
variation of the angle of curvature as well 
as the radius of curvature, in addition to 
other criteria subjects present in several 
studies.
Our results confirm the initial problem 
and demonstrate that glidepath is an es-
sential step which increases the success 
of canal preparation and promotes the 
maintenance of the initial canal trajectory. 
Indeed, there was a significant difference 
between the two groups of studies showing 
that glidepath reduced canal transporta-
tion and resin removal and increased the 
centring ratio especially at the apical third 
(p value<0.001). A considerable variation 
of the radius and the angle of curvature is 
found in the two groups of study. Glidepath 
reduced the amount of variation. In a study 
by Yilmaz (11) in which the shaping abil-
ity of WaveOne was evaluated with or 
without the use of Pathfiles, the results 
showed that no significant difference 
concerning canal transportation and resin 
removal between the two groups. Centring 
ratio has been shown to be better with the 
glidepath. Burklein et al. (20), in 2014, 
demonstrated that glidepath had no influ-
ence on transportation or canal centring. 
This difference may be explained by the 
experience of the operator which differs 

between studies, or by the use of a recip-
rocating glidepath instrument shown to 
be better compared to the continuous 
glidepath (18). Coelho et al. (21) and Vorst-
er et al. (22) showed, as well, that glidepath 
did not reduce canal transportation. This 
difference can be explained by the use of 
extracted teeth instead of resin blocks.
Berutti et al. (23) studied the influence of 
glidepath on canal curvature and the 
modification of the axis using the Wa-
veOne. They found a significantly greater 
alteration in canal curvature in the absence 
of glidepath, and the results of the present 
study were in agreement with these results. 
However, it should be noted that straight-
ening was observed even with glidepath, 
and this was in agreement with the results 
of  Berutti et al. (24) who reported a con-
sequent reduction in the working length 
of curved root canals. A second check of 
the working length is recommended after 
the pre-flaring and before the preparation 
of the apical part in particular with the 
WaveOne system. Lim et al. (25) reported 
that the WaveOne and Reciproc systems 
remain more centred after the glidepath 
at the apical third, while Nazarimoghadam 
et al. (19) showed a significant reduction 
in canal transportation in the apical third 
in the presence of glidepath. Their results 
support the results of this study which 
showed significantly higher values   for 
canal centring with glidepath.
However, in this study, resin simulators 
were used and it is well proved that resin 
differs from dentin in terms of hardness 
or surface texture (26), as it can be softened 
due to the heat of friction of mechanical 
instruments (23). The extracted teeth, on 
the other hand, reflect better the clinical 
conditions since two root canals are never 
identical to each other, they cannot be 
standardized anatomically, and they can 
include different variables which can in-
fluence the results of the study (27). For 
this reason, artificial resin canals were 
used in the present study in order to be 
able to standardize the sample and get 
accurate results. Further research on ex-
tracted teeth and using CBCT (Cone Beam 
Computerized Tomography) or Micro-CT 
(Microcomputed tomography) should be 
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considered in order to increase the preci-
sion of the study parameters and reproduce 
the specific factors of teeth including the 
variation of the canal anatomy and the 
dentin properties.
 
Conclusions

Under the conditions of our study and 
within its limitations, the canal prepara-
tions with the WaveOne Gold enabled 
better compliance with the canal trajecto-
ry in the apical, middle and coronary ar-
eas of the double curvature canals with 
the use of the reciprocating file, WaveOne 
Gold glider. The use of the mechanical 
reciprocating glidepath seems to increase 
the shaping ability of WaveOne Gold by 
reducing modifications in canal curvature 
and trajectory. This concept, studied by 
many authors, remains subject to several 
controversies influenced by factors that 
should probably be better explored.

Clinical Relevance

Highlights of the study: Glidepath reduces 
canal transportation and resin removal 
and increases centring ratio while reduces 
canal straightening. Angles of curvatures 
have higher values in the presence of 
glidepath and radius of curvature are 
smaller.
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ABSTRACT

Aim: This study aimed to evaluate in vitro the antibacterial activity of trans-trans 
farnesol (tt-farnesol) associated with Sealapex sealer against Enterococcus faeca-
lis. 
Methodology: Initially, the minimum bactericidal concentration (MBC) of tt-farnesol 
was determined by microdilution technique. The sealer was associated with 350 
µg/g tt-farnesol (GS+0.35f); 1,750 µg/g tt-farnesol (GS+0.175f); or only Sealapex 
(GS). For antimicrobial activity test, E faecalis suspension was added in tubes con-
taining the sealer samples and incubated for 24, 48, 72, 96, 120 and 144 h. After 
each time point, two blinded and calibrated evaluators performed the CFU count. 
Data were analyzed statistically by one-way ANOVA and Tukey post-hoc tests (signif-
icance level P<0.05). 
Results: It was observed difference in the CFU count between G

S
, GS+0.35f and 

GS+0.175 after 48 and 72 h, and between GS for the other groups in 96, 120 and 
144 h (P<0.05). The CFU count was lower in GS+0.35f than in GS+0.175f after 48 
and 72 h (P<0.05). In GS+0.35f, there was a decrease in CFU count after 48 h and 
in GS+0.175f after 72 h (P<0.01). 
Conclusions: The association of tt-farnesol with Sealapex decreased E faecalis 
growth in vitro after 48 h of incubation. The MBC of 0.35 and 0.175 mg/mL of 
tt-farnesol reduced the CFU count after 48 and 72 h, respectively.
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Introduction

T
he presence of microorganisms 
is one of the main conditions 
for the maintenance of peria-
pical pathologies, after endo-
dontic treatment (1). Therefore, 

the effectiveness of disinfection and 
preparation of root canals are crucial, to 
avoid secondary endodontic infections (1, 
2). In addition to the chemical and mechan-
ical preparation, the use of an intracanal 
dressing and an adequate filling of the root 
canal are necessary to eliminate pathogen-
ic microorganisms and achieve more 
success (2).
The root canal filling is the final stage of 
endodontic treatment and requires a 
three-dimensional filling for the success 
of the treatment (3). It was performed using 
a material, usually of thermoplastic origin, 
in combination with an endodontic sealer 
(3). The filling materials should promote a 
great sealing of the pulp cavity, avoiding 
recontamination or proliferation of micro-
organisms that eventually survive the 
endodontic preparation (3, 4). Besides, it is 
interesting that endodontic sealers have 
an antibacterial effect against microorgan-
isms that remain in isthmuses, dentinal 
tubules and apical deltas (3, 5). There are 
endodontic sealers of different bases, such 
as zinc oxide-eugenols, calcium hydroxide, 
epoxy resins and bioceramics (6-8).
Enterococcus faecalis is a Gram+ bacteria 
commonly found in cases of secondary 
endodontic infections (9-12), with a prev-
alence of 24% to 80% (10, 11), correspond-
ing to 9-99.8% of the total bacterial count 
(12). It can invade and survive inside 
dentinal tubules, where it forms a resistant 
biofilm, which is difficult to eliminate 
during the root canal preparation (13, 14). 
The persistence of this bacteria in hostile 
environments and its resistance to endo-
dontic dressings that raise the pH of the 
dentin (such as calcium hydroxide) can 
contribute to damage the periapical tissues, 
which can be considered a possible cause 
of post-treatment apical periodontitis (14-
16). Also, E. faecalis produces several 
virulence factors, such as surface adhesins 

and gelatinase, which contribute to bacte-
rial adhesion, colonization, biofilm forma-
tion and tissue damage (17-19). Therefore, 
the elimination of this resistant microor-
ganism is essential to prevent root canal 
reinfection.
Propolis has been used in Dentistry since 
the 1990s and consists of an association of 
wax, oils and bioactive compounds known 
as bioflavonoid or terpenoid, such as trans-
trans farnesol (tt-farnesol), which has an-
timicrobial activity (20-22). The association 
between different therapies and bioactive 
compounds of propolis has been studied. 
One example is the tt-farnesol that has 
been associated with fluoride, dental ad-
hesives and glass ionomer cement in an-
ti-caries therapy, and recently used in 
primary teeth endodontic therapy (21, 23, 
24). Combination therapy negatively influ-
enced the virulence of Streptococcus 
mutans biofilms, being effective in con-
trolling the growth of cariogenic bacteria 
(25-29). However, few studies have attempt-
ed to evaluate tt-farnesol action against E 
faecalis. Therefore, this study aimed to 
evaluate the antibacterial activity of 
tt-farnesol associated with an endodontic 
sealer against E faecalis.

Material and Methods

Minimum bactericidal concentration de-
termination
Initially, the minimum bactericidal con-
centration (MBC) of tt-farnesol ( ‎C15H26O 
96% Aldrich Chemistry INC; St. Louis, 
USA) was determined through the mi-
crodilution technique (30). The diluent was 
made of 20% 92.8° alcohol (Alcool Santa 
Cruz; São Paulo, Brazil), 0.75% dimethyl 
sulfoxide (DMSO, Rio de Janeiro, Brazil) 
and 79.25% distilled water, totaling 100 
mL.
For dilution, 10 ml of diluent was added 
to tt-farnesol (28 mg), which resulted in a 
final concentration of 2.800 µg/mL. The 
weight of tt-farnesol solution was deter-
mined using an analytical balance. Then, 
tt-farnesol was diluted successively, ob-
taining final concentrations of 1.4, 0.7, 0.35, 
0.175, 0.0875, 0.043, 0.021, 0.010 and 0.0054 
mg/mL.
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For the inoculum preparation, 100 μL of 
E faecalis (ATCC 10542) was transferred 
to a tube containing 5 mL of brain heart 
infusion (BHI) broth (DIFCO, São Paulo, 
Brazil) and incubated at 37 ºC in 5% CO2 
for 18 h. An aliquot was grown on BHI agar 
plates and incubated at 37 ºC in 5% CO2 
for 24 h, to obtain isolated colonies and 
confirm the uniform growth of E faecalis. 
The purity of the inoculum was confirmed 
by optical microscopy (x1000). The BHI 
agar plates provided five isolated colonies 
of E faecalis that were replicated, in a tube 
containing 5 mL of BHI, which was further 
incubated at 37 ºC in 5% CO2 for 18 h.
After bacterial growth, the test tubes (n=18) 
were filled with 100 μL of the diluted 
solutions. Subsequently, it was filled with 
the inoculum and standardized using a 
spectrophotometer (330 model Metrolab, 
Buenos Aires, Argentina) with a wave-
length of 625 nm and absorbance of 0.09. 
The cultures were adjusted to 0.5 Mc 
Farland standard (an approximation of 
1.5x108 colony forming units - CFU/mL).

To test the antimicrobial activity of 
tt-farnesol, the wells of a 96 ELISA tray 
were filled with 100 μL of BHI. The wells 
(n=7) received 100 μL of each diluted 
solution and added with the inoculum. 
Then it was incubated at 37 ºC in 5% CO2 
for 24 h. Positive control (BHI + inoculum), 
negative control (BHI + inoculum + 0.12% 
chlorhexidine), buffer solution control 
(DMSO 100 μL + BHI 100 μL) and culture 
medium control (BHI) were also performed 
in the wells (n=7).
An aliquot from each well was grown on 
BHI agar plates. Two blindly calibrated 
evaluators (Kappa test=1.0) performed the 
CFU count and the mean values   are shown 
in Table 1. The solution was considered 
effective when 99.9% growth of the inoc-
ulum was inhibited. The concentrations 
of 0.35 and 0.175 mg/mL of tt-farnesol were 
those chosen, as they were the borderline 
results between inhibiting or not bacteri-
al growth.
 
Sealer preparation 
The sealer used is this study was Sealapex 
(Kerr, Washington, EUA). This sealer is an 
endodontic sealer calcium hydroxide-based 
and its mechanism of action is obtained 
through ionic dissociation of Ca2+ and OH- 
ions (31). The addition of calcium hydrox-
ide in root canal sealers improves physi-
co-chemical properties, mainly due to a 
decrease in the flow rate of the sealer (31).
The sealer and tt-farnesol were weighed 
with a precision scale (Ohaus Corporation 
Pine Brook, New Jersey, USA). The sealer 
was prepared by mixing 0.025 g of Seala-
pex paste and 0.025 g of Sealapex catalyst 
associated with different proportions of 
tt-farnesol: only Sealapex (GS); Sealapex 
+ 350 µg/g tt-farnesol (GS+0.35f); Sealapex 
+ 1750 µg/g tt-farnesol (GS+0.175f). The 
sealer was mixed following the manufac-
turer’s instructions. Then, it was dispensed 
in 2 mm-diameter and 6 mm-long poly-
ethilene tubes (n=108) with a Centrix sy-
ringe (DFL, Rio de Janeiro, Brazil), to avoid 
bubbles inside the sealer. The end of the 
tubes was sealed with plastic tape to pre-
vent the material from overflowing. Once 
the initial hardening time was reached, 
the polyethilene tubes were cut with a 

Table 1
CFU count (mean) in different concentrations of tt-farnesol  

and controls in the incubation times

Solution concentration E faecalis (CFUx106)

tt-farnesol (mg/mL)

1.4

0.7

0.35

0.175

0.0875

0.043

0.021

0.010

0.0054

0

0

0

9

50

Uncountable

Uncountable

Uncountable

Uncountable

Positive control Uncountable

Negative control 0

Buffer solution control 0

Culture medium control 0
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was performed with the aid of SPSS 20 
Software for Windows (IBM SPSS Statis-
tics, Chicago, Il, USA).

Results

The mean of CFU count by the group at 
incubation times are shown in Table 2. It 
was observed a statistically significant 
difference in the CFU count between the 
groups after 48 h (one-way ANOVA, P0.01). 
The post-hoc test revealed differences 
between GS, GS+0.35f and GS+0.175 after 
48 and 72 h, and between GS and all oth-
er groups in 96, 120 and 144 h of incuba-
tion (Tukey HSD, P<0.05). The CFU count 
was lower in GS+0.35f than in GS+0.175f 
after 48 and 72 h (Tukey HSD, P<0.05). In 
GS+0,35f, there was a decrease in CFU 
count after 48 h, in GS+0.175f after 72 h 
and in GS only after 120 h of incubation 
(one-way ANOVA P<0.01, Tukey HSD 
P<0.05).

Discussion

Secondary endodontic infection occurs 
due to the presence of microorganisms that 
resist to chemical and mechanical prepa-
ration of root canal (1, 2). E faecalis is a 
microorganism associated with the appear-
ance or maintenance of periapical pathol-
ogies after endodontic treatment (9-12). The 
use of irrigation solution and intracanal 
dressing contributes to the root canal dis-
infection, but it is not always able to elim-
inate E faecalis (16). The use of an endo-
dontic sealer with antibacterial activity 
can favour the elimination of microorgan-
ism that can survive in isthmuses, dentin-
al tubules and apical deltas, prolonging 
this effect even after root canal filling and 
preventing the recontamination (13, 14).
An ideal endodontic sealer must have 
antimicrobial activity, good sealing ability, 
be highly penetrating, have good fluidity 
and be able to stimulate the repair of peri-
apical tissues (3-5). In this study, Sealapex 
was the endodontic sealer chosen for 
presenting good sealing capacity and flow 
(32, 33). Also, it is calcium hydroxide-based, 
which is favorable for repairing the peria-
pical tissues (32-34). However, previous 

scalpel blade (15C model Swann-Morton, 
Sheffield, United Kingdom) and the sam-
ple size was confirmed with the help of a 
calliper. 
Each group was placed in a previously 
identified 3 mL Eppendorf tubes and in-
cubated at 37 °C for 7 days. Thus, the 
setting could be attained and, as a result, 
by-products could be released during the 
setting reaction.

Inoculum preparation
E faecalis culture was prepared in Muel-
ler-Hinton broth (BD, New Jersey, USA) and 
adjusted to a concentration of 106 CFU/mL 
simulating body fluid (SBF). The adjustment 
was performed in a spectrophotometer. The 
absorbance was measured at 660 nm.

Antimicrobial activity test of sealer
The bacterial suspension was then added, 
in a 1:10 ratio (weight/volume), into the 
Eppendorf tubes containing the samples. 
Therefore, at the initial time, all tubes had 
the same concentration of bacteria. In 
specific times, 100 μL of each group were 
removed and twofold serial dilution (dec-
imal dilution) were prepared in saline 
solution, to obtain a concentration of 106 

CFU/mL. Subsequently, the aliquots were 
immediately seeded in BHI agar (Isofar 
Indústrias Comércio de Produtos Quími-
cos, Rio de Janeiro, Brazil) and incubated 
at 35°C for 24, 48, 72, 96, 120 and 144 h. 
After each time, they were removed and 
two blindly calibrated evaluators (Kappa 
test=1.0) performed the CFU count by 
group (n=10), under an x25 magnification 
with the aid of stereomicroscopic analysis. 
The mean values obtained were consid-
ered for each group at different times.
All manipulations were carried out in 
aseptic conditions and a laminar flow 
cabinet, to minimize the risks of contam-
ination.

Statistical Analysis
Statistical difference between the groups 
was tested by the Analysis of Variance 
(one-way ANOVA). Tukey HSD multiple 
comparison post-hoc test was used to 
complement the analysis. The level of 
significance was set at 5%. The analysis 
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studies have shown that this endodontic 
sealer was not able to eliminate E faecalis, 
because its antibacterial activity occurs 
through ionic dissociation of calcium hy-
droxide, which increases the pH but is 
unable to reach deeper into the dentinal 
tubules, where microorganisms may be 
located (35-37). Therefore, to improve Seal-
apex antibacterial activity, this study 
proposed an association with the bioactive 
compound known for tt-farnesol.
Tt-farnesol is a terpenoid responsible for 
the antibacterial activity of propolis. Its use 
in Dentistry is safe, because of its pharma-
cological characteristics such as low cyto-
toxicity and genotoxicity, which allows it 
to be used as an active or adjuvant medi-
cation (38-40). Rezende et al. (24) evaluated 
two pastes containing propolis extract 
associated with calcium hydroxide for root 
canal filling of primary molars. The agar-
well diffusion technique showed that the 
association between propolis and calcium 
hydroxide promoted greater inhibition 
zones of bacterial growth, being effective 
in the control of dental infections in vitro. 
These findings corroborate with this study, 
which showed that the association of the 
Sealapex sealer with tt-farnesol, a compo-
nent of propolis, promoted inhibition of E 

faecalis growth in vitro, which could 
contribute to prolonging the disinfection 
of the root canals after filling. Studies show 
that tt-farnesol was effective in dental 
caries control and inhibition of S mutans 
growth (21, 23, 25, 37). Thus, the application 
Sealapex sealer associated with tt-farnesol 
in endodontic therapy has great impor-
tance, mainly because it is an original 
combination. A methodological advantage 
of this study was the use of simulated body 
fluid (SBF) as the medium for sealer and 
bacterial inoculum interaction (25, 26). SBF 
is a medium that favors the dissolution of 
the sealer and has similarity to the human 
body fluid, which resembles the real con-
ditions of the root canal. It is different from 
studies that use only the agar culture me-
dium (25, 26).
In this study, there was a decrease in CFU 
count in GS+0.175f after 72 h and GS+0.35f 
after 48 h of incubation. In the GS group, 
which has no association with tt-farnesol, 
CFU count was higher after 48 h, compared 
to the other groups. The association of 
tt-farnesol with Sealapex sealer seemed to 
inhibit bacterial growth. This result can be 
explained by the study by Schäfer and 
Zandbiglari (32) which demonstrated that 
Sealapex sealer presents low solubility in 

Table 2

CFU count by groups in the incubation times

Incubation time
CFU count – mean (±SD)

GS GS+0.35f GS+0.175f P

0 h 1.36x107 (±3.2x106)Aa 1.38x107 (±1.6x106)Aa 1.7x107 (±4x106)Aa 0.069

24 h 5.4x107 (±8x106)Aa 2.8x107 (±1.6x107)Aa 5.2x107 (±1.4x107)Aa 0.055

48 h 4x107 (±1x107)Aa 1.7x107 (±4x106)Bb 8x106 (±3.7x106)Ca <0.01

72 h 4.3x107 (±1.8x107)Aa 7x105 (±4x105)Bb 3.2x106 (±1.4x106)Cb <0.01

96 h 2.6x106 (±1.2x106)Aa 1.96x104 (±1.5x104)Bb 0 (±0)Bb <0.01

120 h 3.5x105 (±1x105)Aa 0 (±0)Bb 0 (±0)Bb <0.01

144 h 4.3x105 (±1.4x105)Aa 0 (±0)Bb 0 (±0)Bb <0.01

P <0.01 <0.01 <0.01

SD Standard Deviation. 
Same lower letter indicate statistically similarity between groups in lines and same capital letter represents statistically similarity between groups in 
columns (Tukey’s test, P>0.05).
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the first hours, but increase its solubility 
over time, reaching 10% after 28 days. 
In this study, CFU count decreased in GS 
only after 120 h of incubation. This can be 
explained by the ability of E faecalis to re-
main viable, even after raising the medium 
pH (14-16). The association between Seala-
pex and tt-farnesol seems to improve the 
action of the sealer against E faecalis. The 
action mechanism of tt-farnesol (as well as 
other terpenoids) is in its ability to act on 
the bacterial membrane, promoting the lysis 
of the microorganism (22, 26). Koo et al. (26) 
demonstrated that tt-farnesol promoted a 
visible rupture of the membrane of Strepto-
coccus in phase-contrast microscopy.
The anti-inflammatory activity of propolis 
was associated with its ability to remove 
free radicals through its bioactive com-
pounds, which favors tissue regeneration 
and repair, stimulating the formation of 
hard tissue (22). Based on the results of the 
present study and considering tt-farnesol 
as an anti-inflammatory agent that favors 
histological repair, it seems essential to 
develop further research to understand 
the mechanism of action of this substance, 
particularly to provide fundamentals for 
combinatorial therapy. This would provide 
this therapy with stronger biological sup-
port, thereby allowing it to be clinically 
tested in the future.

Conclusions

From this study, we can conclude that the 
association of tt-farnesol with Sealapex 
sealer decreased E. faecalis growth in 
vitro after 48 h of incubation in compari-
son to the group that used only the sealer. 
The MBC of 0.35 and 0.175 mg/mL of 
tt-farnesol reduced the CFU count after 48 
and 72 h, respectively.

Clinical Relevance

An adequate endodontic treatment with a 
substance that promote microbial control 
mainly against E. faecalis strains can re-
sults in the greatest success of the treat-
men.

Conflict of Interest
 
None.
 
Acknowledgements

None.

References

1  Barbosa-Ribeiro M, De-Jesus-Soares A, Zaia AA, Ferraz 
CC, Almeida JF, Gomes BP. Quantification of lipoteicho-
ic acid contents and cultivable bacteria at the different 
phases of the endodontic retreatment. J Endod 
2016;42:552-6. 

2  Haapasalo M, Qian W, Portenier I, Waltimo T. Effects 
of dentin on the antimicrobial properties of endodon-
tic medicaments. J Endod 2007;33:917-25.

3  Meirinhos J, Martins JNR, Pereira B, Baruwa A, Gouveia 
J, Quaresma SA, Monroe A, Ginjeira A. Prevalence of 
apical periodontitis and its association with previous 
root canal treatment, root canal filling length and type 
of coronal restoration - a cross-sectional study. Int 
Endod J 2020;53:573-84.

4  Mello FW, Miguel AFP, Ribeiro DM, Pasternak B 
Jr, Porporatti AL, Flores-Mir C, Andrada AC, Garcia 
LDFR, Dutra-Horstmann KL. The influence of apical 
extent of root canal obturation on endodontic ther-
apy outcome: a systematic review. Clin Oral Inves-
tig 2019;23:2005-19.

5  Mickel AK, Nguyen TH, Chogle S. Antimicrobial activity 
of endodontic sealers on Enterococcus faecalis. J 
Endod 2003;29:257-8.

6  Donnermeyer D, Urban K, Bürklein S, Schäfer E. Phys-
ico-chemical investigation of endodontic sealers ex-
posed to simulated intracanal heat application: epoxy 
resins and zinc oxide-eugenols. Int Endod J 
2020;53:690-7.

7  Chisnoiu R, Moldovan M, Chisnoiu A, Hrab D, Rotaru 
D, Păstrav O, Delean A. Comparative apical sealing 
evaluation of two bioceramic endodontic sealers. Med 
Pharm Rep 2019;92:S55-60. 

8  Candeiro GTM, Lavor AB, Lima ITF, Vasconcelos 
BC, Gomes NV, Iglecias EF, Gavini G. Penetration of 
bioceramic and epoxy-resin endodontic cements into 
lateral canals. Braz Oral Res 2019;33:e49.

9  Bouillaguet S, Manoil D, Girard M, Louis J, Gaïa N, Leo 
S, Schrenzel J, Lazarevic V. Root microbiota in prima-
ry and secondary apical periodontitis. Front Microbiol 
2018;9:2374. 

10  Stuart CH, Schwartz SA, Beeson TJ, Owatz CB. Ente-
rococcus faecalis: its role in root canal treatment 
failure and current concepts in retreatment. J Endod 
2006;32:93-8.

11  Keskin C, Demiryurek EO, Onuk EE. Pyrosequencing 
analysis of cryogenically ground samples from prima-
ry and secondary/persistent endodontic infections. J 
Endod 2017;43:1309-16. 

12  Antunes HS, Rôças IN, Alves FRE, Siqueira JF Jr. Total 
and specific bacterial levels in the apical root canal 
system of teeth with post-treatment apical periodon-
titis. J Endod 2015;41:1037-42.

13  Ran S, Wang J, Jiang W, Zhu C, Liang J. Assessment 
of dentinal tubule invasion capacity of Enterococcus 

https://www.ncbi.nlm.nih.gov/pubmed/31001687
https://www.ncbi.nlm.nih.gov/pubmed/31001687


100

Antimicrobial activity of tt-farnesol

Giornale Italiano di Endodonzia (2021) 35

faecalis under stress conditions ex vivo. Int Endod J 
2015;48:362-72.

14  Dioguardi M, Di Gioia G, Illuzzi G, Arena C, Caponio 
VCA, Caloro GA, Zhurakivska K, Adipietro I, Troiano 
G, Lo Muzio L. Inspection of the microbiota in endo-
dontic lesions. Dent J 2019;7:e47.

15  Yang J, Park OJ, Kim J, Baik JE, Yun CH, Han SH. Lipo-
teichoic acid of Enterococcus faecalis. Inhibits the 
differentiation of macrophages into osteoclasts. J 
Endod 2016;42:570-4.

16  Portenier I, Waltimo T, Orstavik D, Haapasalo M. The 
susceptibility of starved, stationary phase, and grow-
ing cells of Enterococcus faecalis to endodontic me-
dicaments. J Endod 2005;31:380-6.

17  Barbosa-Ribeiro M, De-Jesus-Soares A, Zaia AA, Ferraz 
CC, Almeida JF, Gomes BP. Antimicrobial susceptibility 
and characterization of virulence genes of Enterococ-
cus faecalis isolates from teeth with failure of the 
endodontic treatment. J Endod 2016;42:1022-8.

18  Beomidehagh M, Rezaee MA, Ganbarov K, Jafari 
F, Hasani A, Alizadeh N, Tanomand A, Kafil HS. Effect 
of acidic and alkali shocks on the expression of efaA 
gene in Enterococcus faecalis, isolated from root 
canal infection. Cell Mol Biol 2018;64:1-5.

19  Xu J, He J, Shen Y, Zhou X, Huang D, Gao Y, Haapasa-
lo M. Influence of endodontic procedure on the ad-
herence of Enterococcus faecalis. J Endod 
2019;45:943-9.

20  Koru O, Toksoy F, Acikel CH, Tunca YM, Baysallar 
M, Uskudar Guclu A, Akca E, Ozkok Tuylu A, Sorkun 
K, Tanyuksel M, Salih B. In vitro antimicrobial activ-
ity of propolis samples from different geographical 
origins against certain oral pathogens. Anaerobe 
2007;13:140-5.

21  de Castilho ARF, Rosalen PL, de Souza Araújo IJ, Ki-
tagawa IL, Costa CAGA, Janal MN, Alves MC, Alves 
MC, Duarte S, Lisboa Filho PN, Stipp RN, Puppin-Ron-
tani RM. Trans trans-farnesol, an antimicrobial nat-
ural compound, improves glass ionomer cement 
properties. PLoS One 2019;14:e-0220718.

22  Khurshid Z, Naseem M, Zafar MS, Najeeb S, Zohaib 
S. Propolis: a natural biomaterial for dental and oral 
healthcare. J Dent Res Dent Clin Dent Prospects 
2017;11:265-74. 

23  André CB, Rosalen PL, Galvão LCC, Fronza BM, Am-
brosano GMB, Ferracane JL, Giannini M. Modulation 
of Streptococcus mutans virulence by dental adhe-
sives containing anti-caries agents. Dent Mater 
2017;33:1084-92. 

24  Rezende GPSR, Costa LRRS, Pimenta FC, Baroni DA. 
In vitro antimicrobial activity of endodontic pastes 
with propolis extracts and calcium hydroxide: a pre-
liminary study. Braz Dent J 2008;19:301-5. 

25  Rocha GR, Florez Salamanca EJ, de Barros AL, Lobo 
CIV, Klein MI. Effect of tt-farnesol and myricetin on 
in vitro biofilm formed by Streptococcus mutans 
and Candida albicans. BMC Complement Altern Med 
2018;18:61. 

26  Koo H, Rosalen PL, Cury JA, Park YK, Bowen WH. Ef-
fects of compounds found in propolis on Streptococ-
cus mutans growth and on glucosyltransferase activ-

ity. Antimicrob Agents Chemother 2002;46:1302-9.
27  Jeon JG, Rosalen PL, Falsetta ML, Koo H. Natural 

products in caries research: current limited knowledge, 
challenges and future perspective. Caries Res 
2011;45:243-63. 

28  Koo H, Schobel B, Scott-Anne K, Watson G, Bowen 
WH, Cury JA, Rosalen PL, Park YK. Apigenin and 
tt-farnesol with fluoride effects on S. mutans biofilms 
and dental caries. J Dent Res 2005;84:1016-20. 

29  Koo H, Hayacibara MF, Schobel BD, Cury JA, Rosalen 
PL, Park YK, Vacca-Smith AM, Bowen WH. Inhibition 
of Streptococcus mutans biofilm accumulation and 
polysaccharide production by apigenin and tt-farnesol. 
J Antimicrob Chemother 2003;52:782-9. 

30  NCCLS. Methods for dilution antimicrobial suscepti-
bility tests for bacteria that grow aerobically: approved 
standard. USA, 6th ed. NCCLS document M7-A6; 2003. 

31  Araújo VL, Souza-Gabriel AE, Cruz Filho AM, Pécora 
JD, Silva RG. Volume of sealer in the apical region of 
teeth filled by different techniques: a micro-CT analy-
sis. Braz Oral Res. 2016;30:S1806-83242016 
000100234.

32  Schäfer E, Zandbiglari T. Solubility of root-canal 
sealers in water and artificial saliva. Int Endod J 
2003;36:660-9. 

33  Oliveira ACM, Tanomaru JMG, Faria Junior N, Tanoma-
ru Filho M. Bacterial leakage in root canals filled with 
conventional and MTA-based sealers. Int Endod J 
2011;44:370-5. 

34  Estrela C, Holland R. Calcium hydroxide: study based 
on scientific evidence. J Appl Oral Sci 2003;11:269-82. 

35  Poggio C, Trovati F, Ceci M, Colombo M, Pietrocola G. 
Antibacterial activity of different root canal sealers 
against Enterococcus  faecalis. J Clin Exp Dent 
2017;9:e743-8. 

36  Rezende GC, Massunari  L, Queiroz IO, Gomes Filho 
JE, Jacinto RC, Lodi CS, Dezan Junior E. Antimicrobial 
action of calcium hydroxide-based endodontic sealers 
after setting, against E. faecalis biofilm. Braz Oral Res 
2016;30:S1806-83242016000100228. 

37  Zhang H, Shen Y, Ruse ND, Haapasalo M. Antibacte-
rial activity of endodontic sealers by modified direct 
contact test against Enterococcus faecalis. J Endod 
2009;35:1051-5.

38  de Araújo Delmondes G, Bezerra DS, de Queiroz Dias 
D, de Souza Borges A, Araújo IM, Lins de Cunha 
G, Bandeira PFR, Barbosa R, Melo Coutinho HD, Fe-
lipe CFB, Barbosa-Filho JM, Alencar de Menezes IR, 
Kerntopf MR. Toxicological and pharmacologic effects 
of farnesol C

15
H

26
O: a descriptive systematic review. 

Food Chem Toxicol 2019;129:169-200. 
39  Chávez-Andrade GM, Tanomaru-Filho M, Rodrigues 

EM, Gomes-Cornélio AL, Faria G, Bernardi MIB, Guer-
reiro-Tanomaru JM. Cytotoxicity, genotoxicity and an-
tibacterial activity of polyvinyl alcohol-coated silver 
nanoparticles and farnesol as irrigating solutions. 
Arch Oral Biol 2017;84:89-93.

40  Evans M, Davies JK, Sundqvist G, Figdor D. Mecha-
nisms involved in the resistance of Enterococcus 
faecalis to calcium hydroxide. Int Endod J 
2002;35:221-8.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Khurshid Z%5BAuthor%5D&cauthor=true&cauthor_uid=29354255
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naseem M%5BAuthor%5D&cauthor=true&cauthor_uid=29354255
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zafar MS%5BAuthor%5D&cauthor=true&cauthor_uid=29354255
https://www.ncbi.nlm.nih.gov/pubmed/?term=Najeeb S%5BAuthor%5D&cauthor=true&cauthor_uid=29354255
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zohaib S%5BAuthor%5D&cauthor=true&cauthor_uid=29354255
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zohaib S%5BAuthor%5D&cauthor=true&cauthor_uid=29354255


101

Corresponding author 
Tiago André Fortoura de Melo | Federal University of Rio Grande do Sul | Brazil
Phone: +55 (51) 3308-5430 | email: tafmelo@gmail.com

Giornale Italiano di Endodonzia (2021) 35

Available online at www.giornaleitalianoendodonzia.it

10.32067/GIE.2021.35.01.18
Società Italiana di Endodonzia. Production and hosting by Ariesdue.  This is an open access article under the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer review under responsibility of Società Italiana di Endodonzia

Bruna Neves Portugal

Vicente Castelo Branco 
Leitune

Tiago André Fontoura de 
Melo*

Federal University of Rio Grande do 
Sul, Brazil

ABSTRACT

Aim: To evaluate the influence of the type of photosensitizing agent and the number 
of photodynamic therapy (PDT) sessions on the resistance of cemented fiberglass 
posts to displacement within the root canal.
Methodology: Fifty bovine primary incisors were randomly divided into five experi-
mental groups according to the type of photosensitizing agent and to the number 
of PDT sessions: CG without PDT (control); GF1M one PDT session with methylene 
blue; GF2M two PDT sessions with methylene blue; GF1T one PDT session with 
toluidine blue; and GF2T two PDT sessions with toluidine blue. Exacto® fiberglass 
posts were cemented with RelyX U200® in the root canal and kept for 15 days in 
distilled water. The specimens were sectioned with an average thickness of 1.56 
mm at the cervical, middle, and apical root thirds and subjected to the push-out 
test. After the test, the fractured specimens were analyzed under a stereomicroscope 
to determine the fracture pattern. The data obtained were treated by one-way ANO-
VA (α=0.05).
Results: There was no statistical difference in the comparison of the proposed 
treatments and the analyzed root thirds (P>0.05).
Conclusions: The type of photosensitizing agent used and the number of PDT sessions 
do not influence the resistance of cemented intraradicular fiberglass posts to dis-
placement.
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Introduction

T
wo objectives are essential for 
achieving clinical success in 
endodontic treatment: control 
over root canal disinfection and 
placement of long-lasting resto-

rations. The correct planning of the restor-
ative treatment has provided high surviv-
al and restoration success rates of approxi-
mately 85% (1, 2). According to the degree 
of impairment of the dental crown struc-
ture, fiberglass posts have shown to be 
commonly used in direct restorative 
treatment, providing adequate support and 
retention for the restorations (3). However, 
the success of this procedure depends on 
dentin morphology, on the materials used 
during endodontic treatment, and on the 
adhesive cementation of intraradicular 
posts. Most of the failures occur in the 
adhesion between the root canal walls and 
the resin cement (4).
An attempt is usually made at eradicating 
bacteria from the root canal using chemo-
mechanical preparation (5) associated with 
intracanal medication (6). However, these 
procedures cannot guarantee complete 
disinfection since the complex anatomy of 
the root canal system and the organization 
of microorganisms in highly complex bio-
films contribute a lot to the persistence of 
the infectious process, with regions not 
accessible to instrumentation and irrigation 
(7). Thus, changes in therapeutic approach-
es with the associated use of other auxil-
iary resources, e.g. photodynamic therapy 
(PDT), have been tested to improve the 
treatment of endodontic infections.
PDT is performed with the aid of a low 
power laser at a wavelength between 630 
and 980 nm and of a non-toxic photosen-
sitizing agent that can eliminate endodon-
tic pathogens through the formation of 
reactive oxygen species (8). Photosensitiz-
ers are heterocyclic light-absorbing mole-
cules. They must have a resonant absorp-
tion band with the wavelength of the light 
source to be used (9). Photosensitizers de-
rived from phenothiazines are the most 
widely used in PDT (10). Phenothiazines 
are tricyclic heteroaromatic compounds, 

such as toluidine blue and methylene blue.
Photosensitizing agents absorb photons 
from the radiation source and conduct their 
electrons to an excitatory state. In the pres-
ence of oxygen, the energy transfer from 
the photosensitizing agent generates reac-
tive oxygen molecules, such as singlet 
oxygen and free radicals, which cab dam-
age cellular components such as lipids and 
nucleic acids through irreversible oxida-
tion, causing bacterial death (11). PDT has 
shown to be a promising auxiliary resource 
for eradication of oral pathogenic bacteria 
that cause endodontic diseases, and peri-
odontitis (12). On the other hand, as pho-
tosensitizing agents are viscous substanc-
es used in aqueous solutions, they can 
adhere to the root canal walls and dentin-
al tubules, forming a chemical smear layer, 
as described by Souza et al (13), which 
could influence the bond strength of intr-
aradicular posts. It creates a favorable en-
vironment for microbial microleakage and 
inadequate adhesion of the root filling 
material to root canal dentin (14). Accord-
ing to Lima et al (15) and Akman et al (16), 
the photosensitizing chemical agents 
present a negative effect on the hybrid 
layer formation and on the adhesive inter-
face between the fiber post cementation 
system and root dentin.
Therefore, the present study aims to assess 
whether the type of photosensitizing agent 
and the number of PDT sessions influenc-
es the resistance of cemented intraradicu-
lar fiberglass posts to displacement. The 
null hypothesis is that photosensitizers and 
the number of PDT sessions do not cause 
changes in the bond strength of fiberglass 
posts within the intraradicular dentin.

Materials and Methods

Sample selection and preparation
Fifty primary bovine incisors were select-
ed and standardized to the initial apical 
diameter of the root canal, equivalent to a 
K-type #20 endodontic instrument (Dent-
sply/Maillefer Instruments S.A., Ballaigues, 
Switzerland). The root canals had circular 
sections. After cleaning, the dental crowns 
were sectioned at the cementoenamel 
junction with the aid of a low-speed silicon 
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carbide disc. The length of the root rem-
nant was standardized to 17 mm and the 
working length (WL) was 1 mm below this 
standardized measurement (WL=16 mm).
The apical foramina were previously sealed 
with composite resin to prevent leakage of 
the irrigating and photosensitizing agents. 
The restorative procedure was performed 
with the use of 37% phosphoric acid (FGM, 
Joinville, SC, Brazil) and Single Bond Uni-
versal® adhesive system (3M ESPE, St Paul, 
MN, USA), with later placement of Filtek 
Z250® composite resin (3M ESPE, St Paul, 
MN, USA).

Experimental groups
The teeth were divided into five experi-
mental groups (Table 1) by the simple 
random sampling using Excel (Microsoft 
Excel, Microsoft, USA).

Endodontic preparation of samples
All samples were prepared manually with 
first and second series K-type stainless steel 
endodontic instruments (Dentsply/
Maillefer Instruments S.A., Ballaigues, 
Switzerland). Chemomechanical prepara-
tion was carried out in the following se-
quence of K-type instruments: #20, #25, 
#30, #35, #40, and #45 (Dentsply/Maillefer 
Instruments S.A., Ballaigues, Switzerland). 
All instruments were used along the WL.
At each instrument change, the canals 
were irrigated with the aid of a plastic 
syringe (BD Solumed, São Paulo, SP, Brazil) 
and 25 mm 30-gauge NaviTip needles 
(Ultradent, Indaiatuba, SP, Brazil), contain-
ing 2.5% sodium hypochlorite (Iodontec 
Indústria e Comércio de Produtos 
Odontológicas Ltda., Porto Alegre, RS, 
Brazil) in a standard amount of 2 mL.

After the preparation, the final toilet was 
made with 17% trisodium EDTA (Biodi-
namica, Ibiporã, PR, Brazil) for three 
minutes and with agitation of #45 instru-
ment. The canals were then washed with 
distilled water (Iodontosul, Industrial 
Odontológica do Sul LTDA, Porto Alegre, 
RS, Brazil) and dried with absorbent paper 
points (Tanari Indústria Ltda., Manaus, 
AM, Brazil).
For the endodontic filling, the canals were 
filled with gutta-percha cones and AH 
Plus® epoxy resin-based cement (Dentsp-
ly/Maillefer Instruments SA, Ballaigues, 
Switzerland), using Tagger’s hybrid tech-
nique and #60 McSpadden® compactor 
(Dentsply/Maillefer Instruments SA, Bal-
laigues, Switzerland).
After filling, all samples were provision-
ally restored with Cimpat® restorative 
material (Septodont, Saint Maur des Foss-
es, France) and immersed for two days in 
a flask containing distilled water, at 37 °C 
and 100% relative humidity, for complete 
setting of the endodontic sealer. 
After that, the canals were cleared to pre-
pare the space needed for the post to be 
cemented. The root canal filling was re-
moved along 13 mm with the bur provided 
with the post kit and which corresponds 
to the diameter of the used post, leaving 3 
mm of apical sealing.

Photodynamic therapy (PDT)
A flexible optical fiber with a diameter of 
500 μm (MMOptics Ltda., São Carlos, SP, 
Brazil) coupled to the Duo® laser device 
(MMOptics Ltda., São Carlos, SP, Brazil) 
was used for PDT.
Initially, the dry canals were filled with 
the photosensitizing agent. The photosen-
sitizing agents used were aqueous solutions 
of 0.01% methylene blue (Sigma-Aldrich, 
Sigma-Aldrich Brazil, SP, Brazil), 0.1 mg/
mL, (Groups GF1M and GF2M) and tolui-
dine blue (Sigma-Aldrich, Sigma-Aldrich 
Brazil, SP, Brazil) at 0.01%, 0.1 mg/mL, 
(Groups GF1T and GF2T). The teeth were 
filled with the photosensitizing agent, 
which was kept in the canal for 5 minutes 
(pre-irradiation period).
After the pre-irradiation period, the pho-
tosensitizing agent was activated by red 

Table 1 
Experimental groups

Group n Photodynamic therapy

GC 10 Without PDT

GF1M 10 One PDT session+methylene blue

GF2M 10 Two PDT sessions+methylene blue

GF1T 10 One PDT session+toluidine blue

GF2T 10 Two PDT sessions+toluidine blue
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visible light at 660 nm, 18 J of energy, for 3 
minutes, with the aid of a flexible optical 
fiber, advanced 2 mm below the WL. The 
fiber was introduced in helical movements 
in the apical-cervical direction for uniform 
diffusion of light along the root canal 
length. The movements were repeated 
approximately 10 times/minute. Immedi-
ately after PDT, the root canals were final-
ly irrigated with 10 mL of deionized water 
to remove the photosensitizing agent and 
subsequently dried with an aspiration 
cannula and absorbent paper points. In 
groups GF1M and GF1T, PDT was per-
formed in a single session. This session 
took place after the final rinse and before 
the endodontic filling procedure. In spec-
imens from groups GF2M and GF2T, PDT 
was performed in two sessions. The sec-
ond session was carried out after unblock-
ing and preparing the canal for post ce-
mentation.

Post cementation and specimen 
preparation
After the canals were cleared, the place-
ment of Exacto® #1 or 2 fiberglass posts 
(Angelus, Londrina, PR, Brazil) followed 
the cementation protocol and the 
manufacturer’s instructions. The posts 
were disinfected with 70% alcohol (Icarai, 
São Paulo, SP, Brazil) prior to use and 
subsequently dried. Single Bond Univer-
sal® adhesive was applied for 20 seconds 
and then dried with air jets for 5 seconds.
The posts were luted with self-adhesive 
cement (RelyX U200®, 3M ESPE, St. Paul, 

MN, USA). The resin cement was applied 
to the root canal with the aid of a centrix 
syringe (DFL, Rio de Janeiro, RJ, Brazil) 
with a fine metal tip. The post was insert-
ed into the root canal and filled with ce-
ment to the most coronal portion to her-
metically seal the entrance and photoac-
tivated with the aid of an EC450 device 
(ECEL, Ribeirão Preto, SP, Brazil), with 
light intensity greater than 400 mW/cm2, 
for 20 seconds, and chemical polymeriza-
tion for 6 minutes.
After 15 days of cementation and storage 
in distilled water, the roots were sectioned 
perpendicularly to the long axis, and three 
thick slices (1.56 mm±0.37 mm) were 
obtained with the aid of a cutting machine 
(Labcut 1010, Extec Corp., Enfield, CT, 
USA). The slices were obtained in a stan-
dardized manner at 4 mm (cervical third), 
8 mm (middle third), and 12 mm (apical 
third) away from the cervical edge of the 
root (Figure 1), identified, and stored in 
an oven at 37 °C and 100% relative 
humidity for 7 days.

Push-out test
The specimens were placed on a stainless 
steel metal support with a 2 mm central 
hole. Given the conical shape of the posts, 
the load was applied in the apical-cervical 
direction from the apical surface, so that 
the post could be pushed towards the 
widest portion of the root canal.
The load was applied only on the post 
surface with a tip of approximately 1 mm 
in diameter coupled to the EZ-SX (Shi-
madzu Corp., Kyoto, Kyoto, Japan) univer-
sal testing machine. The selected load cell 
was 500 kg (50 N) and the loading speed 
was 0.5 mm/min. The values were record-
ed in N and displacement resistance in 
MPa.
To measure the area of the canal and cal-
culate resistance, the diameter of the upper 
and lower circle of the canal and the thick-
ness of the section (area of a cone trunk) 
were measured. After the push-out test, the 
fractured specimens were analyzed under 
an X20 stereomicroscope (Stemi 2000, Karl 
Zeiss, Germany) to determine the adhesive, 
cohesive, or mixed failure pattern. 

Figure 1
Schematic diagram 

of root slices.



105

De Melo Fontoura TA*, Neves Portugal B, Branco Leitune VC

Giornale Italiano di Endodonzia (2021) 35

Statistical analysis
The Shapiro-Wilk test was used to assess 
the normality of the data. One-way ANOVA 
was used to assess bond strength. The 
level of significance was set at 5% (P≤0.05). 
Statistical analysis was performed using 
GraphPad Prism 7 (GraphPad Software Inc., 
San Diego, CA, USA).

Results

The means of displacement resistance 
(MPa) for the different experimental groups 
in different regions of the canal are shown 
in Table 2. There was no statistical differ-
ence between the groups regarding the 
different root positions analyzed, that is, 
the number of PDT sessions and the type 
of photosensitizing agent used did not in-
fluence the bonding of the intraradicular 
post.
Graph in Figure 2 shows a homogeneous 
distribution of fracture patterns among the 
experimental groups in the different re-
gions analyzed, with a higher rate for the 
adhesive pattern in the most apical region 
of the root canal.

Discussion

Intracanal preparation prior to cementation 
of an intraradicular retainer requires par-
tial removal of the endodontic filling ma-
terial. During this procedure, there could 
be breaches of the aseptic field, compro-
mising endodontic success and/or rehabil-
itation treatment (17). Some substances, 
such as sodium hypochlorite and chlor-
hexidine digluconate, are used to clean and 
disinfect the dentin space prepared for the 
retainer. However, negative effects on the 
bond strength of resin cements to root 
dentin under these conditions have been 
described in the literature (15, 18, 19). Ac-
cordingly, the present study sought to 
analyze the behavior of PDT, used as an 
auxiliary resource for intraradicular dis-
infection, in the adhesive bond strength of 
fiberglass post on the dentinal wall. In the 
present study, only methylene blue and 
toluidine blue were tested, as they are 
commonly used in association with red 
low-intensity lasers, also used in our study, 

Figure 2 Failure patterns (%) after tested protocols.

Cervical third

Middle third

Apical third
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and because these associations with PDT 
have antimicrobial effects that have already 
been confirmed in the literature (20). The 
push-out test, one of the main resources for 
quantification of the bond strength between 
different materials and structures (21), 
according to the literature, was applied. A 
disadvantage of the push-out test is that 
voltage is not distributed evenly. To over-
come this problem, sections should be 
prepared with a thickness of approximate-
ly 1 mm (22). The push-out test is still the 
most reliable and reproducible method 
when compared to microtensile, shear, and 
traction tests (22).
According to the results obtained, the null 
hypothesis of the present study was accept-
ed, as PDT and the number of sessions did 
not influence the bond strength of the 
fiberglass post to the dentinal wall. These 
findings are consistent with the study by 
Ramos et al (23) who, regardless of the root 
third assessed, observed that PDT did not 
affect the bond strength of fiberglass posts 
cemented with the RelyX U200® self-ad-
hesive system. On the other hand, in the 
study by Ramos et al (24), PDT negatively 
affected the bond strength of the cemented 
post with the conventional Relyx ARC® 
system. According to Konopka and Goslin-
ski (25), the use of PDT within the root 
canal promotes the release of reactive ox-
ygen species, mainly singlet oxygen, which 
have negative effects on the formation of 
the hybrid layer and on the polymerization 

and bonding of the adhesive system on the 
dentin surface. It is believed that the result 
obtained with RelyX U200® cement was 
different because of its bonding to the 
dentin substrate. For Pisani-Proença et al 
(26), the acidic monomers of RelyX U200® 
demineralize and infiltrate the dentin 
substrate, providing micromechanical re-
tention. Simultaneously, the reaction 
between the acidic monomers of the ce-
ment and the hydroxyapatite of the den-
tal substrate also leads to chemical reten-
tion. This, to some extent, explains our 
results. Another factor that might have 
influenced the results obtained in the 
study by Ramos et al (24) was the use of 
the optical fiber in a static position for 30 
seconds; consequently, the irradiation 
might have been concentrated in only one 
region (cervical root third). Garcez et al 
(27) reported that light distribution and 
oxygen formation are uniformly generat-
ed when the optical fiber is used in spiral 
and non-static movements.
The type of photosensitizing agent also did 
not interfere with the adhesive bond 
strength of the posts to the root canal. 
According to Di Hipólito et al (28), methyl-
ene blue is a cationic substance that binds 
to anionic molecules, such as the phosphate 
present in hydroxyapatite. This reaction 
results in the formation of a precipitate that 
acts as a physical barrier and can thus 
influence the interaction between the res-
in cement and the dentin surface. Howev-

Table 2 
Bond strength in root segments in the push-out test

Experimental
Group

Root thirds

P
Cervical Middle Apical

MPa (±SD) MPa (±SD) MPa (±SD)

GC 8.61Aa ± (4.32) 7.53Aa ± (5,23) 6.87Aa ± (4.30) P=0.707

GF1M 10.39Aa ± (7.68) 8.96Aa ± (7.17) 7.15Aa ± (5.21) P=0.574

GF2M 11.07Aa ± (4.92) 9.39Aa ± (3.27) 8.27Aa ± (3,56) P=0.302

GF1T 10.52Aa ± (5.22) 9.83Aa ± (5.78) 6.96Aa ± (2.90) P=0.230

GF2T 14.04Aa ± (5.32) 9.67Aa ± (5.65) 8.52Aa ± (7.05) P=0.117

P P=0.311 P=0.890 P=0.901

Means followed by different uppercase letters in the row and means followed by different lowercase letters in the row differ significantly in the analysis of 
variance at the 5% significance level.
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er, it is believed that because methylene 
blue and toluidine blue are hydrophilic 
compounds, the type of cement used (Relyx 
U220®) exhibits the same behavior which, 
in a way, may have led to the favorable 
results obtained in our study.
The failure pattern was also an interesting 
finding. Failures (adhesive, cohesive, or 
mixed) occurred homogeneously at the 
cervical and middle thirds. Only at the 
apical third did a higher percentage of 
adhesive-type failures occur, regardless of 
the group analyzed. The dentinal wall has 
a smaller amount of dentinal tubules in 
the most apical regions of the root canal 
when compared to the middle and cervical 
thirds (29), and cementation poses some 
challenges in regions closer to the apex of 
the tooth (30). Other studies, such as that 
by Rengo et al (31), found that this is due 
to the greater probability of cement accu-
mulation in this area. Another factor that 
may be correlated with this type of failure 
is the difficulty in removing the photosen-
sitizing agent from deeper regions of the 
root canal. Although deionized water was 
used with the aid of a plastic syringe cou-
pled to a 30-gauge needle to remove meth-
ylene blue or toluidine blue from the root 
canal, the dentin surface still exhibited 
some pigmented areas at the apical thirds. 
According to Lima et al (15), the pigmen-
tation of these chemical agents can have 
negative effects on the formation of a hy-
brid layer and on the adhesive interface 
between the fiberglass post and the root 
dentin surface. Ethylenediaminetetraacet-
ic acid (EDTA) is considered the most ef-
fective chelating agent in endodontic 
therapy, showing the ability to very effec-
tively remove the inorganic component, 
especially in the coronal and middle third 
of the canal (32). However, prolonged ac-
tivity of chelating agents on the inorganic 
dentine structure may reduced tooth mi-
crohardness (33). The use of passive ultra-
sonic irrigation (PUI) instead of the tradi-
tional syringe irrigation method could be 
tested for more effective removal of photo-
sensitizing agents from the root canal. PUI 
consists of the activation of the irrigating 
chemical solution within the root canal by 
means of a smooth ultrasonic tip that, 

when activated in a passive back-and-forth 
movement, respecting the WL (34), creates 
an acoustic flow of the irrigating solution 
with energy transmission through ultra-
sonic waves within the canal (35). This 
agitation of the irrigation solution by ultra-
sound waves improves its ability to dissolve 
tissues, also contributing to the removal of 
the smear layer (36) and promoting antimi-
crobial activity as a result of the physical 
disruption of bacterial aggregations, such 
as biofilm (37).
PDT can be a good alternative for promoting 
root canal disinfection prior to cementation 
of intraradicular posts and as a substitute 
for sodium hypochlorite and chlorhexidine 
which, according to the literature, have still 
questionable and deleterious effects on the 
root canal prior to the cementation of retain-
ers (11). On the other hand, other clinical 
protocols should be investigated for a more 
effective removal of photosensitizing agents 
from the root canal.

Conclusions

The bond strength of cemented intraradic-
ular fiberglass posts was not influenced by 
the type of photosensitizing agent used and 
by the number of PDT sessions.

Clinical Relevance

The methylene blue and toluidine blue do 
not influence intraradicular posts adhe-
sion.
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ABSTRACT

Aim: This in vitro study aimed to assess the cytotoxic effects of different intracanal 
medicaments on the co-culture of dental mesenchymal stem cells. 
Materials and Methods: The Periodontal Ligament Stem Cells (PDLSCs) and the 
stem cells of the apical papilla (SCAPs) were isolated from a human teeth. The cells 
were passaged and underwent mono-culture and co-culture. The cells were then 
exposed to different concentrations of calcium hydroxide/chlorhexidine, calcium 
hydroxide/distilled water, double antibiotic paste/ chlorhexidine, and double antibi-
otic paste/distilled water. The cytotoxicity and cell viability was evaluated and data 
were analyzed by independent t-test, ANOVA, and Tukey’s test (alpha=0.05). 
Results: The viability of PDLSCs in co-culture was higher than that in mono-culture 
following exposure to different concentrations of medicaments. However, when 
distilled water was used as the vehicle for intracanal medicaments, the viability of 
SCAPs in mono-culture was higher than that in co-culture. In use of DAP/CHX, the 
viability of SCAP in co-culture was higher than that in mono-culture (P=0.000). This 
difference was not significant in exposure of SCAP to DAP/CHX (P>0.05).
Conclusions: Generally, the viability of PDLSCs in co-culture was higher than that in 
mono-culture, and distilled water was a better vehicle than CHX for intracanal me-
dicaments. 
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Introduction 

R
oot canal disinfection by use 
of irrigating solutions and int-
racanal medicaments is a 
fundamental step in endodon-
tic regeneration (1). Thus, int-

racanal medicaments play an important 
role in elimination of microorganisms (2), 
neutralization of endotoxins, preventing 
the entry of salivary microorganisms into 
the canal, reduction of pain and periradic-
ular inflammation, and induction of min-
eralized tissue regeneration. Therefore, the 
byproducts of the medicaments should be 
biocompatible because they are in close 
contact with the periapical tissue (3). Oth-
erwise, these products can trigger the re-
lease of many inflammatory factors such 
as histamines, kinins, and neuropeptides 
that can induce tissue destruction and 
slow down the healing process (4).
Several in vitro and in vivo studies have 
tried to optimize root canal disinfection in 
endodontic regeneration (5, 6). The optimi-
zation techniques have mainly focused on 
the survival and function of stem cells in 
the periapical region (7). Several chemical 
agents such as calcium hydroxide (CH), 
chlorhexidine (CHX), and antibiotics have 
been suggested to preserve and induce the 
dental mesenchymal stem cells (8-11). 
These products are all known for their 
optimal bacteriostatic and bactericidal 
effects; however, considering their potential 
side effects, some concerns exist regarding 
their cytotoxicity for host cells, especially 
dental mesenchymal stem cells (12-14). 
CH can induce moderate angioblastic 
proliferation and formation of a fibrous 
capsule and moderate amounts of collagen 
fibers over time (15). Nonetheless, CH has 
lower cytotoxicity than other commonly 
used endodontic medicaments (16).
Evidence shows that CHX gluconate in-
duces inflammatory reactions and tissue 
necrosis (17), delays the granulation tissue 
formation and tissue healing, inhibits the 
mitochondrial activity, and causes endo-
plasmic reticulum stress and cell death 
(18), brown extrinsic tooth and tongue 
staining, taste disturbance, dryness of 

mouth and burning sensation: these side 
effects limit its acceptability to users and 
its and long term use (19). Trevino et al. (9) 
evaluated the effect of 2% CHX on stem 
cells of the apical papilla (SCAP) by im-
munomagnetic separation, and showed 
that a combination of CHX/EDTA, and 
sodium hypochlorite/CHX/iodine potas-
sium iodide/EDTA decreased the viability 
of the cells to 0%. 
CHX is an effective agent against the 
microbial biofilms. Its main advantage 
over sodium hypochlorite is its lower 
cytotoxicity and no odor or bad taste. 
Although CHX has both bactericidal and 
bacteriostatic properties, it does not have 
tissue-dissolving capacity compared with 
other irrigating solutions (20). Another 
study used the methyl thiazolyl tetrazoli-
um (MTT) assay and reported that CHX 
and saline had minimum cytotoxicity for 
SCAP (21). Kim et al. (22) demonstrated 
that double antibiotic paste (DAP) without 
EDTA significantly decreased the adhe-
sion of dental pulp stem cells (DPSCs) to 
dentin, which can be due to the residual 
cytotoxicity of DAP. Alternatively, it may 
be due to changes in surface topography 
of dentin, which may interfere with the 
adhesion of DPSCs (22). Another study 
reported that 1 to 100 mg/mL DAP had 
direct adverse effects on SCAP and den-
tal pulp fibroblasts (23, 24). 
A noteworthy issue is that all the afore-
mentioned studies were conducted on 
single-culture media; while, stem cells 
in the periapical region of immature teeth 
with an apical lesion are not independent 
of other cells under in vivo conditions. 
However, inter-cellular interactions in 
co-culture can be generalized to the in 
vivo conditions. In indirect co-culture, 
the cells are independently cultured in 
cell culture inserts on porous membranes 
with 0.4 µm pore size and 2x106 pores/
cm to allow cell proliferation. This tech-
nique has higher reproducibility and 
reliability in vitro (25). Since the cytotox-
ic effects of intracanal medicaments used 
in endodontic regeneration have not been 
evaluated in co-culture under in vitro 
conditions, this study aimed to assess the 
cytotoxic effects of different intracanal 
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medicaments on periodontal ligament 
stem cells (PDLSCs) and SCAP in co-cul-
ture and mono-culture using the MTT 
assay.
 
Materials and Methods 

The PDLSCs and SCAP were isolated 
from the apical region of an immature 
impacted mandibular third molar of a 
19-year-old patient after obtaining his 
written informed consent. The study 
was approved by the ethics committee 
of Zahedan University of Medical 
Sciences (IR.ZAUMS.REC.1398.150). The 
extracted tooth was immediately rinsed 
with sterile phosphate buffered saline 
(PBS; BRL, Grand Island, NY, USA) and 
stored in sterile saline. Using a scalpel, 
the periodontal ligament residues and 
the apical papilla were removed, and 
the tissues were diced and immersed in 
5 mg/mL collagenase (Sigma Aldrich, 
France) at 37 °C for 1 h. The SCAP and 
the PDLSCs were isolated by enzymatic 
digestion. The cells were seeded on 25 
cm2 cell culture flasks containing Dul-
becco’s modified Eagle’s medium 
(DMEM) supplemented by 15% fetal 
bovine serum and 1% penicillin/strep-
tomycin, and incubated at 37 °C with 
92.4% humidity and 5% CO2. After a 
couple of days, adhesion of cells to the 
bottom of the flask was observed under 
an inverted microscope. After reaching 
80% confluence, the cells were passaged. 
The contents of the flask were divided 
between three flasks. Third passage (or 
higher) cells were used for the experi-
ment. The flasks were emptied from the 
culture medium and rinsed with 2-3 mL 
of FBS. Next, 700 λ to 1 mL of trypsin-ED-
TA was added to each flask. After 5 min, 
the adhered elongated cells transformed 
to round suspended cells. The cells were 
transferred into separate falcon tubes, 
and DMEM was added to neutralize 
trypsin. Next, 5 mL of DMEM was add-
ed to the flasks for the next passages. 
Using a Neubauer chamber, the number 
of cells in each 1 mL of the suspension 
in falcon tubes was calculated. Next, 
PDLSCs were added to the 6 wells of a 

24-well plate. SCAPs were added to 
another 6 wells. In the remaining 12 
wells that had insert (SPL Life Science, 
Gyeonggi-do, South Korea), PDLSCs were 
placed at the bottom and SCAPs were 
added into the inserts. Each well con-
tained 24,000 cells in 1 mL of culture 
medium. In the insert plates, 12,500 cells 
were at the bottom and 12,500 cells were 
placed in the insert along with 1 mL of 
the culture medium. After 24 h, the cells 
completely adhered to the wells and 
then the medicaments were added to the 
culture medium. 

Preparation of specimens: 
DAP composed of ciprofloxacin (Sigma 
Aldrich, France) and metronidazole 
(Sigma Aldrich, France) with 1:1 ratio 
was dissolved in distilled water. Also, 
combinations of DAP with 2% CHX (Cer-
kamed, Pawłowski, Poland) were pre-
pared in 0.125, 0.250, and 1 mg/mL 
concentrations. CH powder (Sigma 
Aldrich, France) was also dissolved in 
distilled water and 2% CHX, and pre-
pared in the abovementioned concentra-
tions similar to DAP. According to ISO 
1993, the medicaments were added to 
DMEM and incubated at 37 °C and 5% 
CO2 for 48 h. They were then filtered 
through a 0.2 µm filter. The stem cells 
were treated with different concentra-
tions of the medicaments. After 3 days, 
the plate was removed from the incuba-
tor and the inserts were placed in a dif-
ferent plate. The contents of the wells 
were emptied and replaced with 1 mL of 
the culture medium containing 10% 
MTT (5 mg/mL of MTT salt was dissolved 
in PBS and filtered using a 0.2 µm filter. 
It was then diluted 10 times by se-
rum-containing culture medium). The 
plates were incubated for 4 h and then 1 
mL of dimethyl sulfoxide (DMSO) was 
added to each well (the co-culture plates 
received 0.5 mL of DMSO since the num-
ber of cells at the bottom of the plate and 
in the insert was half). After several 
times of pipetting of each well to dissolve 
the formazan crystals, the optical densi-
ty values were read by a spectrophotom-
eter at 540 nm wavelength, and recorded.
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Co-culture
Increasing the concentration of CH/CHX 
in co-culture of PDLSCs significantly 
decreased their viability (P=0.047). How-
ever, this increase had no significant effect 
on the viability of SCAP (P=0.597). Also, 
in all concentrations, the viability of SCAP 
was significantly lower than that of 
PDLSCs (P=0.000). The current results 
showed that in co-culture, increasing the 
concentration of CH/distilled water had 
no significant effect on the viability of 
SCAP or PDLSCs (P>0.05). However, the 
viability of PDLSCs was higher than that 
of SCAP in all three concentrations 
(P=0.000). The current results showed that 
increasing the concentration of DAP/
distilled water and DAP/CHX significant-
ly decreased the viability of PDLSCs 
(P=0.004, P=0.003, respectively). However, 
this increase in concentration had no 
significant effect on the viability of SCAP 
(P>0.05). Both medicaments in all three 
concentrations significantly decreased the 
viability of SCAP compared with PDLSCs 
(P=0.000). 

Mono-culture
In mono-culture, increasing the concen-
tration of CH/CHX significantly decreased 
the viability of PDLSCs and SCAP 
(P=0.008 and P=0.003, respectively). In-
creasing the concentration of CH/distilled 
water significantly decreased the viabili-
ty of PDLSCs only (P=0.016), and had no 
significant effect on the viability of SCAP 
(P>0.05). Also, the current results showed 
that increasing the concentration of DAP/
distilled water significantly decreased the 
viability of both PDLSCs and SCAP 
(P=0.037 and P=0.021, respectively). How-
ever, a significant difference was noted in 
the viability of PDLSCs and SCAP only in 
0.250 and 0.125 mg/mL concentrations 
(P=0.000 and P=0.01, respectively). This 
difference was not significant in 1 mg/mL 
concentration (P>0.05). Also, the current 
results showed that increasing the con-
centration of DAP/CHX significantly de-
creased the viability of PDLSCs (P=0.000) 
while it had no significant effect on the 
viability of SCAP (P>0.05). A significant 
difference was noted in the viability of 

Figure 1
Comparison of stem cell 
viability in co-culture (cc) and 
mono-culture (mc) following 
exposure to 0.125 mg/mL 
concentration of medica-
ments (CH calcium hydroxide, 
CHX chlorhexidine, DAP 
Double Antibiotic Paste).

Cytotoxicity was determined by esti-
mating the percentage of viable cells, 
and the measurements were repeated in 
triplicate for each concentration. Sin-
gle-cultured and co-cultured cells in DMEM 
without any medicament served as the 
control group. 

Statistical analysis
Statistical analysis of the data was per-
formed by SPSS version 25. The mean and 
standard deviation of the percentage of 
viable PDLSCs and SCAP after exposure 
to different concentrations of medica-
ments were calculated and reported 
separately for the mono-culture and 
co-culture. Binary comparisons (stem cell 
types or culture types) were performed 
by independent t-test; while, multiple 
comparisons (different concentrations or 
different types of medicaments) were 
performed by one-way ANOVA. In case 
of significant results, pairwise compari-
sons were performed using the Tukey’s 
post-hoc test. Level of significance was 
set at 0.05. 
 
Results 

The results showed 100% viability of both 
SCAP and PDLSCs in the control group in 
both co-culture and mono-culture. Dia-
grams in figures 1-3 show the viability of 
SCAP and PDLSCs treated with different 
concentrations of medicaments in co-cul-
ture and mono-culture forms. 
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PDLSCs and SCAP only in 0.250 and 0.125 
mg/mL concentrations (P=0.000) while 
this difference was not significant in 1 
mg/mL concentration (P>0.05). 

Comparison of co-culture 
and mono-culture
The viability of PDLSCs in different tested 
concentrations of medicaments was high-
er in co-culture than mono-culture. How-
ever, this difference in some concentrations 
was not significant (P>0.05). SCAP exposed 
to CH/distilled water and DAP/distilled 
water showed higher viability in mono-cul-
ture. However, this difference was not 
significant in exposure to CH/CHX (P>0.05). 
In exposure to DAP/CHX, cell viability in 
co-culture was higher than that in mo-
no-culture (P=0.000) (Figures 1-3).

Discussion 

Tissue engineering is a multidisciplinary 
science aiming to generate new tissue and 
regulation of the immune response (26) or 
immunomodulatory activity (27, 28) in 
order to restore the function of organs and 
injured tissues due to a disease condition 
or trauma (29). In tissue engineering, at-
tention must be paid to three components 
namely the scaffold, signaling factors, and 
cells. All the available in vitro studies on 
endodontic regeneration have used mo-
no-culture for this purpose. In other words, 
the heterogeneity of the cells in the peria-
pical region has not been considered. Thus, 
co-culture was used in this study. 
A successful endodontic treatment depends 
on optimal efficacy of mechanical and chem-
ical debridement of the root canal system. 
Since mechanical instrumentation of infect-
ed canals in immature teeth is contraindi-
cated due to immature root development and 
fragility of dentinal walls, chemical debride-
ment is the main disinfection technique in 
endodontic regeneration (30). 
In designing studies on cytotoxicity of 
materials, biocompatibility of chemical 
agents used as intracanal medicament is 
particularly important due to their direct 
contact with the periapical tissue, since 
they can induce cell cytotoxicity and cell 
death. On the other hand, cell type is an-
other important factor to consider (31, 32). 
In this respect, dental mesenchymal stem 
cells, especially SCAP are specifically 
important. It should be noted that a cellu-
lar heterogeneity exists in the apical 
papilla due to the presence of cells other 
than the SCAP (33, 34). This heterogeneity 
is also seen among the stem cells and the 
markers they express (34). SCAPs are 
among these cells, which have a mesen-
chymal origin. Under in vitro conditions, 
they can differentiate into different cell 
lines and show very good clonal expansion 
capacity (35). SCAPs are of particular in-
terest in endodontic regeneration due to 
their anatomical location at the site of root 
development (i.e. right next to the root end). 
Also, they are beneficial in cell delivery 
strategies (36). They can produce relative-
ly higher and more homogenous den-

Figure 2
Comparison of stem cell 
viability in co-culture(cc) and 
mono-culture(mc) following 
exposure to 0.250 mg/mL 
concentration of medica-
ments (CH calcium hydroxide, 
CHX chlorhexidine, DAP 
Double Antibiotic Paste).

Figure 3
Comparison of stem cell 
viability in co-culture(cc)  and 
mono-culture(mc)  following 
exposure to 1 mg/mL 
concentration of medica-
ments (CH calcium hydroxide, 
CHX chlorhexidine, DAP 
Double Antibiotic Paste).
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tin-like tissue (35). Also, they have higher 
proliferation rate, dentin regeneration ca-
pacity and cell motility than DPSCs (33). 
PDLSCs are a type of somatic stem cells 
that have the potential to differentiate 
into various cell types. Moreover, they 
have strong self-renewal capacity. Thus, 
they are considered a promising popula-
tion of stem cells for periodontal regener-
ative treatments. Moreover, PDLSCs are 
proliferated easier and faster and are more 
efficacious than other somatic stem cells 
(37). Thus, two different types of stem cells 
namely SCAP and PDLSCs in co-culture 
and mono-culture forms were used in this 

study, which further adds to the unique-
ness of this study (Tables 1 and 2). 
Our results indicated that in co-culture, 
the concentration of CH/CHX had no signif-
icant effect on the viability of the two types 
of stem cells. However, at all three concen-
trations, SCAP showed significantly lower 
viability than PDLSCs. It has been demon-
strated that addition of CHX to CH signifi-
cantly increases the cytotoxicity of CH (38). 
Our findings confirmed this statement.
Our results indicated that in mono-culture, 
the viability of SCAP and PDLSCs treated 
with different concentrations of CH/CHX 
was not significantly different. In other 

Table 1
Comparison of viability of SCAP and PDLSCs in presence of different concentrations  

of medicaments in co-culture and mono-culture

 Culture  Stem 
cells Medicament

0.125 mg/mL 0.250 mg/mL 1.00 mg/mL
p value

Mean Std. 
deviation Mean Std. 

deviation Mean Std. 
deviation

Co-Culture

P
D

Ls
c

CH/CHX 49.297aC 1.827 46.653aC 4.057 41.367cC 2.804 0.047

CH/H2O 86.843B 0.94 67.577B 7.889 73.663B 4.604 0.158

DAP/H2O 88.880aA 1.677 84.667bA 0.443 82.233cA 1.859 0.004

DAP/CHX 33.677aD 1.137 33.030aD 0.191 30.370bD 0.426 0.003

p value* 0.000 0.001 0.000  

 S
C

A
P

CH/CHX 33.350B 2.245 32.987C 0.975 31.593B 2.789 0.597

CH/H2O 42.597A 3.19 41.707B 0.152 41.983A 0.255 0.838

DAP/H2O 42.260A 5.173 40.633B 1.101 41.660A 3.877 0.871

DAP/CHX 44.423A 1.003 44.333A 1.196 42.247A 4.084 0.527

p value* 0.013 0.000 0.008  

Mono-
Culture

P
D

Ls
c

CH/CHX 40.047aC 1.915 35.477bC 3.116 31.117cC 1.143 0.008

CH/H2O 70.933aB 1.938 65.807bB 1.496 60.720bB 4.508 0.016

DAP/H2O 83.067aA 0.726 77.263bA 0.750 73.790bA 5.627 0.037

DAP/CHX 42.787aC 1.651 36.210bC 0.706 29.677cC 0.59 0.000

p value* 0.000 0.000 0.000  

 S
C

A
P

CH/CHX 39.677aC 3.394 30.560bC 0.577 31.380bC 0.994 0.003

CH/H2O 66.390B 0.34 62.173B 1.877 65.043B 2.131 0.051

DAP/H2O 72.317bA 2.558 70.123bA 1.887 76.783aA 1.744 0.021

DAP/CHX 30.067D 1.501 27.400C 0.395 26.100C 3.747 0.188

p value* 0.000 0.000 0.000  
 
P value: One-way ANOVA for the comparison of different concentrations. 
P value*: One-way ANOVA for the comparison of different intracanal medicaments. 
a,b,c: comparison of concentrations regarding cytotoxicity by Tukey’s post-hoc test. Similar letters indicate lack of a significant difference. 
A,B,C: comparison of medicaments regarding cytotoxicity by Tukey’s epost-hoc test. Similar letters indicate lack of a significant difference. 
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words, both cell types showed similar 
response to the cytotoxic effects of these 
medicaments. A previous study showed 
that CH and CH reinforced with CHX in 
0.016 to 0.00025 percent concentrations 
inhibited the proliferation of L929 fibro-
blasts. CH reinforced with CHX and CH 
powder in 0.016 percent concentration 
showed 75% and 45% cytotoxicity at 72 h, 
respectively (39). 
This study showed that in mono-culture, 
the viability of PDLSCs treated with CH/
distilled water significantly decreased by 
an increase in concentration. The differ-
ence in this respect was not significant 

between the two cell types. But, in co-cul-
ture, increasing the concentration had no 
significant effect on cell viability. Howev-
er, PDLSCs showed significantly higher 
viability than SCAP in all concentrations. 
Increased proliferation of both DPSCs and 
PDLSCs in co-culture has been previously 
shown. Also, the expression of mRNA of 
dentin sialophosphoprotein increases in 
co-culture of PDLSCs and DPSCs. Immu-
nohistochemical analysis showed overex-
pression of dentin sialoprotein in both cell 
types in co-culture compared with mo-
no-culture. Prolonging the culture period 
further increased the expression of dentin 

Table 2 
Comparison of cell viability in co-culture and mono-culture following exposure  

to different intracanal medicaments 

Medicament Stem cells 
0.125 mg/mL 0.250 mg/mL 1.00 mg/mL

Mean Std. 
deviation Mean Std. 

deviation Mean Std. 
deviation

CH/CHX

 PDLSCs cc 49.297 1.827 46.653 4.057 41.367 2.804

 PDLSCs mc 40.047 1.915 35.477 3.116 31.117 1.143

p value* 0.007 0.004 0.002

 SCAP cc 33.350 2.245 32.987 0.975 31.593 2.789

 SCAP mc 39.677 3.394 30.560 0.577 31.380 0.994

p value* 0.051 0.680   0.999

CH/H2O

 PDLSCs cc 86.843 0.940 67.577 7.889 73.663 4.604

 PDLSCs mc 70.933 1.938 65.807 1.496 60.720 4.508

p value* 0.000 0.995 0.007

 SCAP cc 42.597 3.190 41.707 0.152 41.983 0.255

 SCAP mc 66.390 0.340 62.173 1.877 65.043 2.131

p value* 0.000 0.091 0.000

DAP/H2O

 PDLSCs cc 88.880 1.677 84.667 0.443 82.233 1.859

 PDLSCs mc 83.067 0.726 77.263 0.750 73.790 5.627

p value* 0.165 0.000 0.084

 SCAP cc 42.260 5.173 40.633 1.101 41.660 3.877

 SCAP mc 72.317 2.558 70.123 1.887 76.783 1.744

p value* 0.000 0.000 0.000

DAP/CHX

 PDLSCs cc 33.677 1.137 33.030 0.191 30.370 0.426

 PDLSCs mc 42.787 1.651 36.210 0.706 29.677 0.590

p value* 0.000 0.003 0.990

 SCAP cc 44.423 1.003 44.333 1.196 42.247 4.084

 SCAP mc 30.067 1.501 27.400 0.395 26.100 3.747

p value* 0.000 0.000 0.000

P value*: independent t-test for the comparison of the two culture types.
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sialoprotein. The expression of osteopontin 
also increased in both cell types in co-cul-
ture (40).
Evidence shows that CH has cytotoxic ef-
fects on 3T3 fibroblasts after 48 h; this effect 
was cytostatic and reversible such that 
after 7 days of incubation, cell proliferation 
returned to normal (41). Another study 
demonstrated that after 3 days of incuba-
tion, all tested materials were cytotoxic for 
DPSCs compared with the control group. 
Mineral trioxide aggregate with 77% cell 
viability had minimum cytotoxicity while 
CH with 26% and Biodentine with 16% 
cell viability had the lowest cell viability 
compared with the control group. Also, 
microscopic assessments showed that a 
reduction in the number of cells and mor-
phological changes in treated cells oc-
curred with all tested medicaments, par-
ticularly CH compared with the control 
group (42). Moreover, in contrast to the 
results of this study, it was reported that 
CH/distilled water had the significantly 
lowest cytotoxicity for the mono-culture 
of SCAP (38). Although the exact mecha-
nism of cytotoxicity of these medicaments 
has yet to be fully understood, primary 
release of calcium ions, ionic activity and 
release of toxic components, and changes 
in pH of the tested material can all affect 
cell behavior (43). 
Furthermore, our results indicated that 
SCAP treated with DAP/CHX in mono-cul-
ture had the significantly lowest cell via-
bility compared with the control group. A 
previous study showed that in WST-1 as-
says, all antibiotic dilutions except for 0.125 
mg/mL concentration significantly de-
creased cell viability while in the lactate 
dehydrogenase (LDH) assays, minimum 
tested concentration of DAP (0.5, 0.25, 0.125 
mg/mL) and minimum concentration of 
triple antibiotic paste (0.25, and 0.125 mg/
mL) were not cytotoxic for DPSCs (44). 
Also, it was shown that addition of CHX to 
modified triple antibiotic paste significant-
ly decreased the viability of SCAP (38). This 
difference in the results can be attributed 
to the methods employed for assessment of 
cytotoxicity and type of stem cells. Our 
results revealed that in co-culture, in-
creasing the concentration of DAP/dis-

tilled water significantly decreased the 
viability of PDLSCs. However, in all 
concentrations, SCAP showed significant-
ly lower viability than PDLSCs. But, in 
mono-culture, increasing the concentra-
tion of DAP/distilled water significantly 
decreased the viability of both cell types. 
In 0.250 and 0.125 mg/mL concentrations, 
the viability of PDLSCs was significantly 
higher than that of SCAPs. Sabrah et al. 
(44) evaluated the effect of DAP in 0.125, 
0.25, 0.5, 1 and 10 mg/mL concentrations 
using the LDH and cell viability assays and 
concluded that in all antibiotic concentra-
tions except for 0.125 mg/mL, the viability 
of DPSCs significantly decreased. Also, LDH 
assays revealed that low (0.5, 0.25 and 0.125 
mg/mL) concentrations of DAP were 
non-toxic for DPSCs (44). Another study 
showed that DAP in 1, 10 and 100 mg/mL 
concentrations had cytotoxic effects on the 
viability of SCAP and significantly de-
creased their viability (23). 
Our results showed that the viability of 
PDLSCs in co-culture was higher than that 
in mono-culture; although this difference 
was not significant following exposure to 
DAP/distilled water. In contrast, the via-
bility of SCAP in mono-culture was high-
er than that in co-culture, except for expo-
sure to DAP/CHX, where cell viability was 
significantly higher in co-culture. The in-
direct co-culture technique was employed 
in this study. Indirect co-culture tech-
niques are systems in which, two or more 
distinct cell types are cultured in the same 
environment.However, the cell culture 
environments are physically apart. This 
physical separation is often performed by 
using a Transwell or a well insert/Boyden 
chamber. Indirect co-cultures are as simple 
as monolayer cultures and are easily con-
trolled. Despite separation of cells, they 
allow inter-cellular interactions to contin-
ue. Thus, they are often used to study some 
particular aspects such as cellular interac-
tion mechanisms and cell behavior. It 
seems that SCAP in co-culture may protect 
the PDLSCs by signaling via the soluble 
factors. However, this theory is in need of 
further investigations. Indirect co-culture 
allows the cells to reside in environments 
with the same architecture as the natural 
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target tissue specific for each cell type and 
at the same time have efficient communi-
cation with other cells. Signaling in indi-
rect co-culture between the cells occurs 
through paracrine signaling by use of 
soluble factors while physical separation 
does not allow the cells to have direct in-
teractions (45). Also, paracrine signaling is 
an important factor for behavioral regula-
tion of stem cells and terminally differen-
tiated cells in the co-culture (46). 
 
Conclusions

Despite the limitations of this in vitro study, 
the results showed that addition of CHX to 
CH and DAP significantly decreases the 
viability of PDLSCs and SCAP in both 
co-culture and mono-culture. Therefore, 
the use of low concentrations of intracanal 
medicament is highly recommended. 
  
Clinical Relevance

Inftracanal medicaments and the viability 
of dental mesenchymal stem cells play a 
important role in endodontic regeneration, 
so in invitro studies, the use of co-culture 
media mimics more invivo conditions.
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ABSTRACT

Aim: To compare the effectiveness of various irrigation activation methods applied 
after post space preparation on the push-out bond strengths of fiber posts to root 
canal dentin. 
Materials and Methods: Twenty maxillary central incisor teeth were prepared and 
root-filled. Following the preparation of the post spaces, the teeth were randomly 
allocated to 5 groups (n=4) based on the irrigation activation method. Post spaces 
were irrigated with 2.5% NaOCl and 17% EDTA and various irrigation activation 
techniques were applied in each group as follow. Group 1: conventional syringe ir-
rigation (CSI); Group 2: manual-dynamic activation (MDA); Group 3: negative apical 
pressure (EndoVac); Group 4: passive ultrasonic irrigation (PUI) and Group 5: Er,Cr:YS-
GG laser. Subsequent to fiber post placement, the samples were transversally 
sectioned and push-out tests were applied for measurement of the bond strength 
of fiber posts. 
Results: Irrigation activation with Er,Cr:YSGG laser, EndoVac and PUI resulted higher 
push-out bond strength in comparison to MDA and CSI (P<.05).
Conclusions: Irrigation activation with EndoVac, PUI and Er,Cr:YSGG laser provides 
superior bonding strength for fiber posts.

KEYWORDS bond strength, fiber post, smear layer 
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Introduction

B
onding between post, dentin 
and adhesive material effec-
tively makes contribution to 
longevity of restorations (1, 2). 
Nevertheless, owing to the 

complicated geometry of the root canal 
and physical properties of adhesive mate-
rials, efficient adhesion is still considered 
as a challenge (3). Post space preparation 
causes a smear layer consists of debris, 
sealer and gutta-percha residues that may 
hinder bonding to root-canal dentin (4, 5). 
Additionally, it has been shown that bond 
strength of filling material to root canal 
dentin may be strengthen with removal of 
the smear layer (6). To remove the smear 
layer, irrigation of the root canal is a crit-
ical procedure of the root canal treatment. 
Sodium hypochlorite (NaOCl) and EDTA 
are two of the contemporary irrigants being 
used for removal of inorganic and organic 
contents of the smear layer (7). EDTA is a 
chelating agent used at various concentra-
tions and durations. It has been shown 
that, to avoid erosive effects of EDTA on 
dentin, low concentrations or shorter ap-
plication times should be used (8, 9). 
Therefore 17% EDTA irrigation must not 
be applied for longer than 1 min for avoid-
ance of dentinal erosion (8). Prolonged 
EDTA application, proportionally to its 
concentration, was demonstrated to cause 
collagen rearrangement (10) which is as-
sociated with shortened tooth longevity 
(11). For an effective irrigation procedure, 
irrigation solutions should come to direct 
contact with root canal walls (12). Conven-
tional syringe irrigation (CSI) alone is not 
capable of delivering irrigation solutions 
three-dimensionally to microstructures of 
root canal system in effective elimination 
of the smear layer (13). Moreover “vapor 
lock effect”, the phenomenon of entrap-
ment of air bubbles in the apical third of 
root canals, might prevent the exchange 
of irrigation solutions and impair their 
debridement efficacy (14). Manual dynam-
ic activation (MDA), which is recurring 
insertion motion of a well-fitted gutta-per-
cha cone to the working length, were used 
initially for activation of irrigation solu-

tions (15).  Eventually, due to the introduc-
tion of new dental technologies including 
ultrasonic devices (Passive Ultrasonic Ir-
rigation, PUI), apical vacuum devices 
(Negative Apical Pressure, EndoVac), and 
laser systems (Er:YAG, Er,Cr:YSGG laser), 
various irrigation activation methods have 
been claimed to improve the effectiveness 
of irrigation procedure and smear layer 
removal (16). Consequently, irrigation ac-
tivation procedures after post space prepa-
ration and its relationship with bond 
strength of post systems are currently point 
of interest. However, few studies have been 
performed on the efficacy of the different 
irrigation activation procedures on the 
bond strengths of fiber posts to root canal 
dentin.
The purpose of this in vitro study was to 
compare the effectiveness of different ir-
rigant activation techniques on the bond-
ing strengths of fiber posts to root canal 
dentin.

Materials and Methods

Twenty freshly extracted human maxillary 
central incisor teeth with straight root 
canals were stored for this study. Teeth 
with any defects, curvature, cracks, and 
previous root canal treatment were exclud-
ed. Teeth were decoronated to attain a 
standard 17 mm root length using diamond 
burs in a high-speed hand piece. A work-
ing length of 1 mm above the radiograph-
ic apex was established and the root canals 
were prepared with ProTaper Universal 
system (Dentsply Maillefer, Ballaigues, 
Switzerland) to size F4 with 2.5% NaOCl 
(Wizard; Rehber Kimya, Istanbul, Turkey) 
irrigation after each instrument. Root canal 
irrigations were completed with 2.5% 
NaOCl and 17% EDTA (Meta Biomed, 
Cheongju City, Chungbuk, Korea) using 
conventional syringe irrigation. The root 
canals were dried with absorbent paper 
points and root canal treatments were 
completed with gutta-percha and AH Plus 
root canal sealer (Dentsply DeTrey GmbH, 
Germany) using lateral compaction tech-
nique. Afterwards, the samples were kept 
at an incubator at 37 °C 100% humidity for 
7 days and subsequently embedded in 
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self-curing acrylic resin (Imicryl SC; Imic-
ryl, Konya, Turkey). Post spaces were 
prepared by removing the coronal gut-
ta-percha with the help of size 1 post drills 
(White Post DC System; FGM, Joinville, 
SC, Brazil) to 12 mm of the filled root ca-
nals. The root canals were randomly di-
vided into 5 groups (n=4) based on the 
irrigation activation procedures. 
In group 1 (CSI) the post spaces were irri-
gated with 3 mL 2.5% NaOCl and 17% 
EDTA for 40 seconds for each solution. In 
the course of the root canal irrigation, a 
30-gauge needle tip (Ultradent, South 
Jordan, UT) was located 1 mm short of the 
post space and manipulated up and down 
~4 mm.
In group 2 (MDA), 3 mL 2.5% NaOCl and 
3 mL 17% EDTA were used respectively 
for irrigation of the post spaces and each 
irrigant was activated with a size F4 
(Dentsply Maillefer) gutta-percha cone 
throughout the post space with manual 
push-pull strokes. 100 strokes per minute 
was applied. The gutta-percha cone was 
renewed per post spaces.
In group 3 (ANP), NaOCl solution was 
delivered with a syringe at 20 s. The mas-
ter delivery tip of EndoVac (Discus Dental, 
Culver City, CA, USA) was placed at the 
orifice to deliver irrigants into the pulp 
chamber. The microcannula (#32/0.00), 
which works with apical negative pressure 
(ANP), was located 1 mm above the apical 
end of the post space, and delivery of 
solution was completed in 20 s. Same ir-
rigation and activation protocol was ap-
plied using 3 mL EDTA.
In group 4 (PUI), the post spaces were ir-
rigated with 3 mL 2.5% NaOCl using sy-
ringe for 20 s. Irrigation solutions inside 
the post spaces were activated by placing 
the ultrasonic tip (Endo Soft Instrument, 
Electro Medical Systems, Nyon, Switzer-
land) 1 mm above the apical end of the 
post space for 20 s. The ultrasonic tip was 
attached to an ultrasonic device (Minip-
iezo, EMS, Milan, Italy) at the power set-
ting of “½.” 3 mL EDTA was delivered and 
activated with the same protocol. Irrigation 
and activation protocols were completed 
in 40 s per solution.
In group 5 (Er,Cr:YSGG laser) the post 

spaces were irrigated with 3 mL 2.5% 
NaOCl solution by using syringe for 20 s. 
The irrigants were activated by (Waterlase 
MD, Biolase Technology Inc., CA, USA) 
via 300 µm radial firing tip (RFT3). Laser 
settings were 1.5 watt output power, 140 
millisecond pulse duration and 20 Hz 
frequency. Irrigation timing and activation 
was applied identical to the method with 
group 4. During the activation, fiber tip 
was placed 1 mm above the apical end of 
the post space. The air-water spray was set 
to “off”. 
During the irrigation of the post spaces, 3 
mL distilled water applied between two 
irrigation solution and at the end of the 
irrigation procedure and dried with ab-
sorbent paper points. Cementation of the 
fiber posts (White Post DC, FGM) to the 
prepared post spaces were applied using 
Panavia F 2.0 (Kuraray Medical Inc, Tokyo, 
Japan) in line with the recommended 
procedure by the manufacturer. During 
cementation, equal amounts of ED primer 
II A and B were mixed and applied to the 
post space for 30 s and gently air dried. 
Excess primer was removed by paper 
points. Panavia F 2.0 paste A and paste B 
were mixed and the posts were coated 
with the mixture. The posts were seated 
and light-cured.
All samples were maintained at 37 °C 
100% humidity for 24 h prior to the push-
out tests.
Three consecutive horizontal sections 
with 1.00 ± 0.05 mm width from both the 
apical and coronal region of the post space 
were acquired from each specimen by the 
help of a precision saw (Micracut, Metkon, 
Bursa, Turkey) under water coolant. 24 
slices (12 coronal and 12 apical) were 
collected for each group. Each slice was 
attached to a tensile test machine (Lloyd 
LF Plus, Lloyd Instruments, Leicester, UK). 
Push-out bond strength tests were applied 
to the apical surface of the sections with 
a metal rod at a crosshead speed of 0.5 mm/
min until the failure. 
Digital calipers were used to measure 
diameters of the coronal and apical post 
segments and width of the slice and to 
calculate bonding surface area the formu-
la below was used.
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Bonding surface area: 
π (r1+r2) x (√ (r1-r2)

2 +h2)

In this formula r1 and r2 stand for the cor-
onal and apical post radius respectively 
whereas h is the width of the slice.
The push-out bond strength (MPa) of fiber 
post was calculated by dividing the force 
needed to dislodge the fiber posts (N) by 
the bonding area of post segments (mm2).
Push-out bond strength data were evalu-
ated using Levene’s variance homogeneity 
test. Statistical analyses were performed 
with SPSS 17.0 for Windows (SPSS Inc., 
Chicago, IL, USA) using two way analysis 
of variance and post hoc Tukey test. The 
level of significance was set at 0.05. 
Failure types of 120 post segments were 
examined under a stereomicroscope (Stemi 
2000-C; Carl Zeiss, Göttingen, Germany) 
at ×40 magnification. Three type of failure 
mode were categorised, as adhesive failure 
between cement and dentin, cohesive 
failure between cement and post, and if 
both failure types are observed its consid-
ered as mixed failure.

Results

The mean and standard deviations of each 
group in different post space areas are 
presented in Table 1. In respect of the total 
bond strength, the highest and lowest 
values were observed in Er,Cr:YSGG laser 
and CSI techniques respectively. EndoVac, 
PUI and Er,Cr:YSGG laser demonstrated 
significantly higher push-out bond strength 
values compared to CSI and MDA (P<.05). 
Removing smear layer with special tools 
considerably improved the bonding 
strength of the fiber posts. There were no 
statistically significant differences be-
tween MDA and CSI and amongst Er,Cr:YS-
GG laser, EndoVac and PUI (P>.05). 
With respect to the total bond strength 
values, a statistically considerable differ-
ence was observed between bond strengths 
in apical and coronal regions (P<.05). The 
bond strength values predominantly in-
creased in apico-coronal direction. The 
lowest bond strength values in both coro-
nal and apical regions were obtained in 
the CSI group. The highest bond strength 

in the coronal and apical region was ob-
served in the Er,Cr:YSGG laser and Endo-
Vac groups, respectively. When the groups 
were evaluated within themselves, there 
was a statistically significant difference 
between the apical and coronal bond 
strengths in all groups (P<.05), except the 
Endovac group. 
Regarding the failure types, adhesive 
failure (50.83%) was the commonest, fol-
lowed by mixed failure (28.33%). Cohesive 
failure (20.83%) was the least frequent 
failure type (Table 2).
 
Discussion

Pulpless teeth are considered more fragile 
due to reduced dentinal elasticity, deeper 
cavities and substantial loss of dentin 
compared to teeth with healthy pulps. 
Restoration of root-canal treated teeth with 
fiber posts, that have dentin-matched me-
chanical characteristics such as elastic 
modulus close to dentin is favorable due 
to their capability of distributing homoge-
neous stress. Thus, fiber posts have lower 
prevalence of root fracture. As a conse-
quence of post cavity preparation with post 
drills, smear layer consists of debris, root 
canal sealer and gutta-percha is formed on 
root canal walls (17). 
Adhesion of the dual-cure cement to den-
tin necessitates direct contact between 
cement and dentin through the microme-
chanical retention and chemical bond. 
Therefore, smear layer, gutta-percha and 
sealer debris must be removed by the help 
of effective irrigation protocol (18). How-
ever, some studies have demonstrated that 
irrigation solutions are not capable of re-
moving root canal filling remnants even 
if they are activated by sonic or ultrasonic 
systems (19). Thus, incomplete removal of 
the remnants might be a reason for the 
adhesive failures in our study. Prati et al. 
have showed post-retreatment canal filling 
material remnants via environmental 
scanning electron microscopy/energy 
dispersive X-ray spectroscopy (ESEM/EDX) 
analysis (20). Micro-computed tomography 
(micro-CT) has been used in visualizing 
the remaining root canal filling material 
(21). A micro-CT study has showed that 
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despite significantly improving filling 
remnant removal, irrigation with laser 
activation fail to removal of epoxy res-
in-based sealer completely (22). Similarly, 
another micro-CT study has demonstrated 
incomplete removal of epoxy resin-based 
sealer by irrigation with sonic, ultrasonic 
and laser activation (23). 
Several studies demonstrated that smear 
layer removal is a crucial factor for bond 
strength between post-luting cement-den-
tin interface (24, 25). NaOCl and EDTA 
combination is used in removing of the 
smear layer (26). Activation of these irrig-
ant solutions could benefit post retention 
by increasing the efficiency of complete 
smear layer removal (27-29).
For evaluation of fiber post bond strength, 
push-out test was performed due to the 
fact that it provides more homogeneous 
stress distribution on the adhesive inter-
face and few specimen losses (30). While 
dentin slices with various thickness were 
used in previous studies on push-out bond 
strength (31, 32), in this study, 1 mm-thick 
sections were prepared due to the lower 
friction areas and decreased likelihood of 
overestimated results compared to thicker 

slices. EndoVac system has been used as 
an irrigation method for more than a de-
cade. EndoVac system comprises of a de-
livery tip which delivers irrigation solution 
in the pulp chamber and aspirates the 
excessive irrigant to prevent overflow and 
a tube attaches either a macro- or micro-
cannula (33). In a study, higher mean push-
out bonding strength values were achieved 
with EndoVac than CSI when the same 
NaOCl and EDTA irrigation regimen ap-
plied (29). Another study reported that 
NaOCl and EDTA delivery with EndoVac 
system resulted better smear layer remov-
al than NaOCl and EDTA irrigation with 
CSI (34). Antunes et al. demonstrated that 
delivering 15% EDTA with EndoVac sys-
tem results significantly higher push-out 
bond strength of gutta-percha than 15% 
EDTA irrigation with conventional irriga-
tion (35). In our study, EndoVac system 
enhanced bond strength of fiber posts to 
root canal walls in comparison to conven-
tional syringe irrigation and MDA. Effec-
tive smear layer removal in consequence 
of negative apical pressure could be ratio-
nal for our results in this regard.
In this study, the use of PUI in irrigant 

Table 1 
Mean and Standard Deviations (SD) of push-out bond strength values in groups and two regions of root canal

Group 1
Mean ± SD

Group 2
Mean ± SD

Group 3
Mean ± SD

Group 4
Mean ± SD

Group 5
Mean ± SD

Total
Mean ± SD

Coronal 3.93±0.49A,a 4.34±0.39A,a 5.34±0.66A,b 5.46±0.52A,b 5.82±0.39A,b 4.98 ± 0.87A

Apical 2.71±0.54B,a 3.15±0.65B,a 4.89± 0.75A,b 4.26±0.78B,b 4.67±0.74B,b 3.94 ± 1.10B

Total 3.32± 0.81a 3.74±0.80a 5.12±0.73b 4.86±0.89b 5.24±0.82b

 
Data with different superscript lowercase letters indicate significant differences within each row; data with different superscript uppercase letters indicate 

significant differences within each column (p<0.05).

Table 2 
Type of failure modes in groups

Group 1 Group 2 Group 3 Group 4 Group 5 Total

Cement-Dentine 15 (62.50%) 14 (58.33%) 11 (45.83%) 11 (45.83%) 10 (41.66%) 61 (50.83%)

Cement-Post 5 (20.83%) 5 (20.83%) 4 (16.66%) 5 (20.83%) 6 (25.00%) 25 (20.83%)

Mixed 4 (16.66%) 5 (20.83%) 9 (37.50%) 8 (33.33%) 8 (33.33%) 34 (28.33%)
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activation had an improving effect on the 
bond strength. Our finding is accordant 
with the findings of another study on bond 
strength of the fiber post to root canal (36). 
In another study it was found that ultra-
sonic activation of NaOCl has no positive 
effect on bond strength of fiber posts in 
any region of root canals in comparison to 
NaOCl irrigation alone (37). Contradiction 
between this study and our study might 
be attributed to the detrimental effect of 
NaOCl decreasing bonding ability of den-
tin by dissolution of collagens which is 
directly related to bond strength of fiber 
posts to root canal dentin (38-40). EDTA 
irrigation following NaOCl has a positive 
effect on bond strength of fiber posts. 
Therefore, more effective results were 
achieved with PUI method with NaOCl 
and EDTA irrigation.
Laser systems have been introduced to 
endodontics as a novel technology to im-
prove treatment procedures including ir-
rigation activation. Er,Cr:YSGG laser has 
been reported to be effective on smear 
layer removal when it is used for activation 
of irrigation solutions such as NaOCl and 
EDTA (28). Although there was no signif-
icant difference between Er,Cr:YSGG laser, 
EndoVac and PUI groups in our study, laser 
group demonstrated the highest bond 
strength in overall comparison. It can be 
asserted this result is correlated with 
smear layer removal capability of 
Er;Cr:YSSG laser when used with NaOCl 
and EDTA. Çökük et al. compared the bond 
strength of fiber posts after using different 
irrigation protocols. Results of their study 
showed that irradiating the post space with 
Er,Cr:YSGG laser using 1.5 W output pow-
er enhances bond strength of fiber post to 
root canal dentin and leds to higher push-
out test values than NaOCI or chlorhexi-
dine (41). In contrast, Kirmali et al. con-
cluded that Er,Cr:YSGG laser application 
with various power settings did not en-
hance the bond strength of the fiber posts 
to the root canal dentin in their study 
which evaluated the effects of dentin sur-
face treatment with Er,Cr:YSGG laser ap-
plication. Besides, researchers mentioned 
that this outcome could be associated with 
the absence of endodontic irrigation re-

gimes for smear layer elimination in the 
course of the post space treatment (42). The 
difference between the results of their 
study and this study is due to the use of 
Er,Cr:YSGG laser to activate irrigation 
solutions in this study, while Er,Cr:YSGG 
laser was used without irrigation solution 
in their study.
Araújo et al. compared the impact of 
Er,Cr:YSGG laser treatment and 5.25% 
NaOCl irrigation of post-space on push-out 
bond strength of fiber posts and reported 
that there were no considerable differenc-
es between two groups. While they used 
the same radial firing tip (RFT3) with this 
study, different laser settings and the fact 
that the laser in their study was used with 
air and water spray instead of irrigation 
solutions might result in contradicting 
findings to this study (43).
In this study, the push-out bond strengths 
were affected by the root region and in-
creased in apico-coronal direction. This 
result is compatible with the outcomes of 
the studies investigated the push-out bond 
strengths of either fiber posts or obturation 
materials to dentin walls (29, 44, 45). Weak-
er bond strength of fiber posts in apical 
region might be associated with less effi-
cient smear layer removal in apical region 
(28), void formation in resin cement, resi-
dues of gutta-percha (46). Smaller root 
canal diameter and fewer dentinal tubules 
in the apical part of the root canals can 
also be reasons for this result. When the 
groups were evaluated within themselves, 
there was a statistically significant differ-
ence between the apical and coronal re-
gions in terms of bond strength in all 
groups apart from the EndoVac group. 
EndoVac was the only group resulted with 
similar bond strength in apical and cor-
onal regions. This finding is in agreement 
with the study of Akyuz Ekim and Er-
demir (29). The EndoVac system’s effec-
tiveness at apical level might be attribut-
ed to the apical negative pressure effect 
which is applied by placing the micro-
cannula to apical portion of the canal. 
Thus, irrigant is constantly suctioned and 
replenished at apical region and smear 
layer might be removed as effectively as 
at coronal region (34).
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EndoVac system showed the most favorable 
results in apical region. In numerous stud-
ies, EndoVac demonstrated better smear 
removal in apical region than CSI, PUI, 
MDA and laser assisted activation (34, 47, 
48). As mentioned earlier, more efficient 
removal of smear layer, along with other 
factors, is correlated with higher push-out 
bond strength. Apical negative pressure 
principle and hence disruption of vapour 
lock effect and increased volume of irrig-
ant delivery in the apical region might be 
the reason for superior result with Endo-
Vac. In coronal region, Er,Cr:YSGG laser 
activation resulted highest bond strength 
mean value. It was reported that Erbium 
lasers were more efficient than CSI, PUI 
and EndoVac methods in smear removal 
from coronal segments of root canals (28, 
34, 49). It is known that Erbium lasers, 
whether it is Er:YAG laser or Er,Cr:YSGG 
laser, have wavelengths that provide ef-
fective absorption in water and sodium 
hypochlorite (50). The Er,Cr:YSGG laser 
radiates laser energy in pulses and energy 
emitted is absorbed in liquid. This results 
with instant increase in heat of liquid to 
boiling temperature and vaporization 
consequently. Primary and secondary 
bubbles implode and this implosion cre-
ates shearing stress through the root canal 
walls which might be effective for smear 
layer removal (51). Thus, higher fiber post 
bond strength in coronal region in this 
study can be attributed to wavelength and 
mechanism of Erbium lasers.
None of the 120 specimens failed during 
specimen preparation before testing. The 
evaluation of failure types showed that 
dentine-cement failure was approximate-
ly 2 fold cement-post failure. This may be 
due to the formation of small gaps between 
dentine and cement due to polymerization 
shrinkage. In addition, while dual-cured 
resins have properties suitable for both 
self-cured and light-cured resins, it was 
showed that some dual-cured resins may 
not achieve sufficient degree of conversion 
in the absence of light (52). Therefore, in-
sufficient light to reach the deep parts of 
the root canal may cause incomplete po-
lymerization. The present study, however, 
has some limitations. Firstly, only four 

teeth per group were included which must 
be considered when interpreting the re-
sults. Although it may be seen as an ad-
vantage to use a smaller number of teeth 
in push-out tests, it can also be considered 
as a limitation of this study. Moreover, 
only teeth with straight canals were in-
cluded in the study and the results might 
be not applicable to teeth with curved root 
canals. The use of irrigation activation 
techniques in curved canals may lead to 
different results.
 
Conclusions

Considering the limitations of this study, 
various irrigation activation protocols can 
be applied to enhance the bond strength 
between fiber posts and root canal walls. 
Removal of the smear layer with special 
tools such as EndoVac, PUI and Er,Cr:YSGG 
laser may provide a better push-out bond 
strength of fiber posts to root canal dentin. 
Further studies are required to investigate 
what procedure and settings would affect 
the smear layer removal from root canal 
walls by the help of EndoVac, PUI and 
Er,Cr:YSGG laser to achieve a more pref-
erable bond strength. 
 
Clinical Relevance

Improved smear layer removal with End-
oVac, PUI and Er,Cr:YSGG laser before 
fiber post placement might led to better 
post retention.
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ABSTRACT

Aim: This study evaluated the effect of different concentrations of propylene glycol 
(PG) on the dimensional change (DC), compressive strength (CS), solubility and pH 
of MTA. 
Methodology: Groups were formed according to the proportion of distilled water 
(DW) and PG in MTA manipulation: G1 (100% DW); G2 (80% DW+20% PG); G3 (50% 
DW+50% PG); G4 (20% DW+80% PG). The tests were guided by ISO and BSI 
standards. DC and CS tests were performed after 24 h and 30 days of samples 
storage in water. In the solubility test, rings filled with the cements were weighed 
after setting and after 7 days. The pH was measured after 3 and 24 h, and 30 days. 
The data were analyzed with the ANOVA, Tukey’s and Paired t tests (a=5%). 
Results: After 24 h and 30 days, the DC and CS were similar among groups, except 
the CS for G3 in 30 days. After 7 days, G1 gained weight when hydrated, differing 
from G3 and G4 (p<0.05). When weighed dehydrated, G2 was different from the 
other groups (p<0.05). After 3 h, G1 had lower pH values in comparison with G2, 
G3 and G4 (p<0.05). At the 24-h period, G2 had higher pH values than G1 and G2 
(p<0.05). After 7 days, there was no difference among groups. 
Conclusions: PG did not affect the MTA dimensional change and compressive strength 
(except for G3). However, PG reduced MTA solubility (G2) and increased its pH after 
3 hours.
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Introduction

M
ineral Trioxide Aggregate 
(MTA) was initially de-
veloped as a retrograde 
filling material, and to 
seal the communications 

between the root canal system and perio-
dontium. Gradually, MTA was also used 
in pulp-capping, pulpotomies, apexifica-
tion, apexogenesis and as filling material, 
mainly due to its biological properties (1).
Despite its wide indication, MTA presents 
poor handling properties, extended set-
ting-time and wash-out possibility (2, 3). 
In order to improve its physical-chemical 
properties, the use of several additives in 
MTA manipulation have been investigated, 
and propylene glycol (PG) is one of them 
(4-11).
PG is a non-carcinogenic and non-geno-
toxic alcoholic vehicle widely used in 
dermatology (12). It is considered ideal for 
many topical preparations, used as solvent, 
skin conditioner, fluidizing, and in numer-
ous fragrances compositions (13).
In endodontics, PG is frequently used as a 
vehicle for calcium hydroxide intracanal 
dressing, allowing a slower hydroxyl and 
calcium ions dissociation because of its 
consistency (14). Considering the benefits 
of mixing PG to calcium hydroxide, Hol-
land et al. (4) used it as an MTA vehicle for 
root canal obturation. These authors in-
vestigated the influence of distilled water 
(DW) or PG on the periapical response of 
dog’s tissues. Both mixtures had similar 
biological behavior and were biocompati-
ble. In addition, other studies have report-
ed that PG improved several properties of 
MTA, such as the sealing ability in furcal 
perforations against bacterial leakage after 
30 days (5) and dentin bond strength (7). 
In the ratio of  80% DW/20% PG, this ve-
hicle improved several properties of MTA, 
such as setting-time, flowability, pH, and 
calcium ions release (6). 
Given the studies found in the literature, 
using PG as a MTA vehicle seems to be 
promising (4-11). Although, different ratios 
of DW and PG may affect the physi-
cal-chemical properties of MTA, since 
crystal hydration is an important factor for 

its setting reaction (2). The addition of high 
PG ratios results in a longer setting-time, 
leading to higher solubility and greater 
pores formation, compromising MTA 
mechanical strength (6, 15). Therefore, this 
study aimed to evaluate the effect of ma-
nipulating MTA with different concentra-
tions of PG on its dimensional change, 
compressive strength, solubility and pH. 
The null hypothesis tested was that the 
different concentrations of PG would not 
interfere on the MTA properties mentioned 
above.

Materials and Methods 

White MTA Angelus (Angelus, Londrina, 
Brazil) was manipulated with different 
concentrations of DW and PG, and distrib-
uted into four groups, as follows: G1 (100% 
DW); G2 (80% DW and 20% PG); G3 (50% 
DW and 50% PG) and G4 (20% DW+80% 
PG). The DW-PG ratio was determined by 
volume, and the powder-liquid ratio was 
the same for all groups (1.0 g of MTA pow-
der to 0.4 mL of liquid). After the cement 
was prepared as determined in each group, 
the physicochemical properties were eval-
uated according to the tests described 
below.

Dimensional Change
Twelve cylindrical samples for each group 
were fabricated in Teflon molds (3.58 mm 
in height, 3 mm in diameter), according to 
the methodology of Carvalho-Júnior et al. 
(16). The molds were placed on a glass plate 
(1 mm thick, 25 mm wide, 74 mm long) 
covered by a cellophane paper strip. Then, 
each mold was filled with the cements 
(MTA/different PG-DW ratios), leaving a 
slight material excess on the upper side. 
Another glass plate, also covered with 
cellophane paper strip, was placed on the 
top of each mold and the set was held 
tightly together by a “C” clip. All samples 
were transferred to a laboratory oven at 3± 
1 °C and 95% relative humidity, five 
minutes after the manipulation has started. 
After 24 h, all samples were removed from 
the laboratory oven and their surfaces were 
polished with a 600-wet sandpaper (3M, 
Sumaré, SP, Brazil) under copious water 
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irrigation. The initial length of each sam-
ple was measured with a thickness digital 
caliper (Mitutoyo America Corporation, 
Chicago, IL, USA). Next, the samples were 
immersed in individual flasks containing 
2.24 mL of DW at 37±1 °C for 24 h and 30 
days (16). Six samples from each group 
were used for both periods. After the ex-
perimental periods, they were removed 
from the flasks, dried with absorbent paper 
and measured again with the digital cal-
iper. The dimensional change was calcu-
lated by the following formula: 

[(CFINAL -C/C)] x 100

where CFINAL is the final length of the sam-
ple (after the experimental periods), and 
C the initial length after setting (17). 

Compressive Strength
The same samples (n=12) used in the di-
mensional change test were used to verify 
the mechanical strength of the cements. 
After 24 h and 30 days, the samples were 
removed from the flasks, dried with ab-
sorbent paper and the compressive 
strength was then evaluated using a Uni-
versal testing machine (Instron, Model 
4444, Instron Corp., Canton, MA,USA) at 
a cross-head speed of 1 mm/min. The 
maximum load required to reach the fail-
ure point was recorded.
Compressive strength was calculated in 
MegaPascal (MPa) according to the equa-
tion: C=4P/πD2, where P is the maximum 
load recorded by the testing machine in 
Newton (N), D is the sample diameter in 
millimeters (mm), and C is the maximum 
load in MPa (18).

Solubility
Twelve teflon rings molds (1.5 mm in 
thickness, 7.75 mm in internal diameter) 
were used following the methodology 
described by Carvalho-Júnior et al. (16). In 
each ring, a carbide drill no 2 was used to 
create a through hole in the rings for pos-
terior introduction of a nylon thread, 
which later allowed the suspension of the 
rings. Each ring was filled with the differ-
ent MTA-like cements and kept in a labo-
ratory oven at 37±1 °C and 95% relative 

humidity for a period equivalent to three 
times the setting-time. Then, the samples 
were polished with a 600-wet sandpaper, 
gently dried in absorbent paper and 
weighed (initial hydrated weight) on a 
precision balance (AND model GR-202, 
Tokyo, Japan). After 24 h in a desiccator 
with silica, the rings were re-weighed 
(initial dehydrated weight). The samples 
were suspended by a nylon thread and 
placed in flasks containing 7.5 mL of DW 
and placed in a laboratory oven at 37±1 °C 
for 7 days (16). Following, the rings were 
removed from the flasks, gently dried and 
weighed (final hydrated weight).  Samples 
were placed in a desiccator for 24 h and 
then, re-weighed (final dehydrated weight). 
The solubility corresponded to the samples 
weight loss, expressed as percentage, in 
comparison with the original samples 
weight. 

pH 
The pH of the DW in which the samples 
were immersed in the dimensional change 
test was measured in triplicate at 3 and 24 
h, and 7 days. The measurements were 
obtained using a pHmeter (Micronal, PH-
1700, São Paulo, Brazil) calibrated accord-
ing to the buffer solution (pH 7.0 and 9.0) 
at 25±2 ºC temperature, which was kept 
constant using an air conditioner. 

Statistical Analysis
Data were analyzed for normal distribution 
and homoscedasticity using the Kolmog-
orov-Smirnov’s and Levene’s test, respec-
tively, followed by parametric statistical 
tests. Data from the groups in each period 
was analyzed using ANOVA and Tukey’s 
tests. Data from the same group over time 
were analyzed using the t-test. All tests 
used an α=0.05 significance level and all 
analyses were carried out using the SPSS 
21 software (IBM SPSS Inc.; Chicago, IL, 
USA).

Results

The dimensional change and compressive 
strength mean values are expressed in 
Table 1. 
Regarding the dimensional change anal-
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ysis, there was no statistical difference 
among groups in each evaluated period 
(p>0.05). Over the course of time, the sam-
ples from all groups presented increase in 
their dimensions, mainly for G1 (100% 
DW) and G2 (20% PG), which had a signif-
icant expansion from 24 h to 30 days 
(p=0.0007 and p=0.0002, respectively).
At the 24-hour period, all groups have 
similar compressive strength values 
(p>0.05). After 30 days, there was signifi-
cantly different among the groups. G3 (50% 
PG) had the highest mean value, differing 
from G4 (80% PG) (p=0.0008). When the 
analysis was performed between the ex-
perimental periods in the same group, G3 

(50% PG) increased its resistance signifi-
cantly at the 30-day period (p=0.0099).
The mean solubility values are shown in 
Table 2. After 7 days, G1 (100% DW) gained 
weight when hydrated, with statistically 
significant difference in comparison with 
G3 (50% PG) and G4 (80% PG), which lost 
weight (p=0.0194 and p=0.0221, respec-
tively). When the dehydrated samples were 
compared among each other, it was ob-
served that G2 (20% PG) gained weight, 
being statistically different from the other 
groups (p<0.05). 
The pH mean values are expressed in Table 
3. Statistical difference among groups after 
3 and 24 h was observed (p<0.05). After 3 
h, G1 (100% DW) had lower pH in compar-
ison with G2 (20% PG), G3 (50% PG) and 
G4 (80% PG) (p=0.004, p=0.000, and 
p=0.000, respectively). At the 24-hour 
period, G3 (50% PG) had higher pH values, 
with statistical difference when compared 
to G1(100%) and G2 (20% PG) (p=0.002 and 
p=0.009, respectively). At the 7-day period, 
there was no statistical difference among 
groups.
When comparing the pH values among the 
experimental periods, at 7-days period, G1 
(100% DW) presented significant higher 
pH mean values than in 24 h (P = 0.0062). 
G2 (20% PG) and G3 (50% PG) had higher 
pH values in the initial periods (3 and 24 
h) than in the 7-day period of analysis 
(p<0.05).

Table 1
Mean values and standard deviation (SD) for dimensional change (%) and compressive strength (MPa)  

of the different groups at the two periods of analysis

Test/Groups 100% DW 20% PG 50% PG 80% PG

Dimensional change* Mean  SD Mean  SD Mean  SD Mean  SD

24 h 0.05±0.03Ab 0.00±0.04Ab 0.11±0.03Aa 0.11±0.11Aa

30 days 0.17±0.03Aa 0.24±0.02Aa 0.29±0.13Aa 0.25±0.06Aa

Compressive strength*

24 h 27.75±19.05Aa 41.03±14.57Aa 29.75±8.40Ab 36.93±15.13Aa

30 days 42.67±3.06ABa 42.72±6.19ABa 52.52±7.57Aa 30.46±8.21Ba

*Capital letters represent a significant difference among the groups (ANOVA and Tukey’s test) and lowercase letters between the periods (t-test) (a=5%).
DW: distilled water, PG: propylene glycol.

Table 2
Mean values and standard deviation (SD) for solubility (%)  
of the different groups. Negative values mean weight loss

Groups
7 days (hydrated) 7 days (dehydrated)

Mean SD Mean SD

100% DW 0.0160Aa 0.0097 -0.0032Bb 0.0017

20% PG   0.0074ABa 0.0020  0.0048Aa 0.0020

50% PG -0.0017Ba 0.0129 -0.0032Ba 0.0129

80% PG -0.0013Bb 0.0039 -0.0057Ba 0.0039

The capital letters represent a significant difference among the groups (in each column, ANOVA 
and Tukey’s tests) and lowercase letters between the conditions (hydrated and dehydrated, 
t-test) (a=5%).
DW: distilled water, PG: propylene glycol.
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Discussion

This study evaluated the dimensional 
change, compressive strength, solubility 
and pH of MTA prepared with different 
DW/PG ratios. Based on the obtained re-
sults, the null hypothesis tested was par-
tially accepted, since the mixture of dif-
ferent DW/PG ratios to MTA affected the 
evaluated properties, except for dimen-
sional change.
The PG dilutions in water and the pow-
der-liquid ratio used in the present study 
followed those used by Duarte et al. (6). 
However, only four of the five proportions 
proposed by them were used. As the ce-
ment never reached its complete setting 
when it was manipulated with 100% PG 
(6), it was decided to exclude this group 
from the study.
Although the proportion 80%DW/20%PG 
in MTA is the most investigated in the 
literature (6, 8, 9), it may not yet be assert 
that it is the best choice, due to some neg-
ative effects (9). For this reason, more 
studies with different PG proportions 
should be carried out, and also other prop-
erties need to be evaluated.
In this study, the effect of PG on the di-
mensional change of MTA was investigat-
ed for the first time. The experimental 
groups manipulated with PG had similar 
dimensional change among each other and 
in comparison with G1 (100%DW) in both 

periods of analysis. Although no statistical 
difference among groups was found, it was 
noted that the groups with PG had higher 
expansion mean values. This result relies 
on the humectant ability of PG, which 
keeps the hydration process of MTA for a 
longer period, leading to a late expansion 
(2, 9). Camilleri (2) showed that after a few 
hours, the hydration process of mineral 
aggregate-based cements promotes a sig-
nificant volumetric change in this type of 
materials. The hydration process also in-
fluences the setting-time, and it has been 
shown that the more PG is added to the 
mixture, the longer the setting-time of the 
MTA (6, 8). 
There are no published data available on 
the the dimensional change of MTA when 
PG was used as a vehicle; therefore, direct 
comparison with other studies was not 
possible. However, in relation to G1, sev-
eral studies have reported an average 
percentage of expansion for MTA mixed 
with DW of 0.08% after 24 h (19), and 
0.28% (20) and 0.30% (21) after 30 days, 
differing from the findings of the present 
study, which were inferior (0.05% in 24 h 
and 0.1% in 30 days). The possible expla-
nation for the controversial results relies 
on the use of samples of smaller dimension 
in the present study, in addition to the 
different MTA commercial brand used to 
perform the tests. To evaluate the expan-
sion of MTA is an interesting issue, as this 

Table 3
Mean values and standard deviation (SD) for pH of the different groups at the three periods of analysis

Groups
3 h 24 h 7 days

Mean SD Mean SD Mean SD

100% DW 10.62Aab 0.03 10.97Ba 0.06 10.18Ab 0.59

20% PG 10.79Ba 0.06 11.00Ba 0.16 9.93Ab 0.68

50% PG 10.85Ba 0.06 11.25Aa 0.07 10.07Ab 0.56

80% PG 10.86Ba 0.08 11.07ABa 0.08 10.42Aa 0.73

Capital letters represent a significant difference among the groups (in each column) and lowercase letters among the periods (in each line) (ANOVA and 
Tukey’s tests, a=5%).
DW: distilled water, PG: propylene glycol.
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property may increase the cement’s sealing 
ability (21), and consequently, to reduce the 
possibility of leakage (20). However, an ex-
cessive expansion is undesirable, especial-
ly if the material is used as a root-end filling 
material, because it may lead to microcracks 
at the apical portion of the root (20). 
ISO specification (17) states that the mean 
dimensional change in length of a sealer 
should not exceed 1.0% in shrinkage or 
0.1% in expansion. In this study, G3 and 
G4 at the 24 h-period, and all groups after 
30 days had greater dimensional change 
than the ISO recommendation (17).
When analysing the compressive strength 
test, at the 24-h period, PG groups were 
statistically similar to G1. After 30 days, 
G3 increased significantly its compressive 
strength (from 29.75 to 52.52 MPa) and had 
the highest mean value, differing only from 
G4 (30.46 MPa). Despite the statistical 
similarity with G1 (42.67 MPa) and G2 
(42.72 MPa), G3 had the most appropriate 
mechanical performance. This finding is 
in agreement with the results of other 
studies, where the compressive strength of 
MTA significantly increased when the 
cement was manipulated with 50%PG (10, 
11). It is valid to emphasize that  a proper 
compressive strength is fundamental for 
MTA, as this material may be used for 
pulp-capping or as a coronal restorative 
material, because of the occlusal forces in 
which the cement is submitted (22).
The solubility of a specific material is the 
loss of mass during a period of immersion 
in water (16). Materials with high solubil-
ity may release irritant by-products into 
the medium and increase leakage risks (23). 
In the present study, all tested cements had 
a solubility percentage inferior than 3%, 
following the ISO recommendation (17). 
When weighted hydrated after 7 days, G1 
gained weight differing from G3 and G4, 
which lost weight. When the samples were 
weighted dehydrated, G2 gained weight 
being different from the other groups. 
These results were different from those 
found by Marciano et al. (9), where the 
group 20% PG had solubility of 0.25%. 
These findings might be explained by the 
different size of the samples used in each 
study. The authors of the mentioned study 

(9) used polytetrafluoroethylene rings (1.5 
mm in thickness, 20 mm in internal diam-
eter) filled with the cements and a nylon 
thread was placed inside the material. In 
the present study, Teflon rings with a small-
er dimensions (1.5 mm, 7.75 mm) were 
used, as suggested by other studies (3, 16, 
24). Also, the nylon thread passed through 
the holes created in the rings, and not 
within the material. The larger contact 
area between the material and the liquid, 
and the placement of the nylon thread in-
side the material probably induced the 
different results. The reduction of the di-
mensions of the Teflon rings aimed to de-
crease the amount of material used to 
perform the test, and showed to be com-
patible with the ISO standards (17).
ISO (17) also recommends the weight of the 
residues released by the cement’s samples 
after the water in which they were im-
mersed evaporates, not considering the 
possible absorption by the material. This 
feature is extremely significant for MTA, 
which has high water absorption capacity 
(2, 25). For this reason, samples were 
weighed before being placed in the desic-
cator, providing a weight value of the water 
absorbed (initial and final hydrated weight), 
showing the absorbent capacity of the ce-
ments (3, 25).
At the 3h-period, PG groups showed high-
er pH mean values than G1 (100% DW), 
and this result is in accordance with a 
previous study (6). After 24 h, the pH aver-
ages remained high, with emphasis on G3 
(50%PG). At the 7-day period, there was no 
statistical difference among groups, in 
agreement with the results of previous 
studies (6, 9). When only the values were 
observed, this study showed higher pH 
values than those found by Duarte et al. 
(6). This variation   might be attributed to 
the samples and solutions contact area. The 
authors used artificial resin teeth contain-
ing root-end preparations filled with the 
cements to perform the test. The method-
ology restricts MTA contact area with 
water, and consequently, lower pH values 
were found.
One of the main reasons for changing the 
MTA vehicle is to improve its consistency, 
which restricts it from being used as a 
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filling material and also makes it difficult 
to insert it into cavities (3, 4). MTA sets by 
a hydration reaction to form a calcium 
silicate hydrate gel and calcium hydroxide. 
Calcium hydroxide will release Ca2+ ions 
and the decomposition of calcium silicate 
hydrate will generate an alkaline pH (2). 
Mixing PG to MTA reduces the amount of 
water available for the hydration reaction, 
resulting in a slower setting-time, and that 
process is probably sustained for a longer 
period (6, 8, 9). According to these authors, 
the interference with the setting-time 
might result in higher solubility, greater 
formation of pores and have a negative 
impact on the mechanical strength of the 
material. The present study has reported 
that the tested PG concentrations did not 
negatively affect the mechanical strength 
of MTA.

Conclusions

Considering the present results and the 
inherent limitations of the methodology 
used, it was concluded that the PG did not 
affect the MTA dimensional change and 
compressive strength (except for G3). How-
ever, PG reduced the MTA solubility (G2) 
and increased the pH of the medium after 
3 hours.

Clinical Relevance

The ideal quantitity of propylene glycol to 
manipulate mineral aggregate-based ce-
ments still is a controversial point. This 
study investigated the effect of mixing 
different ratios of distilled water and pro-
pylene glycol on the physical-chemical 
properties of MTA in order to elucidate 
this matter.
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ABSTRACT

Aim: To evaluate the influence of operator’s experience comparing rotary and recip-
rocating shaping systems on simulated root canals.
Methodology: Ninety resin blocks with simulated root canals were distributed to six 
groups (15 for each group); three groups of instrumentation were assigned to un-
dergraduate students and three to specialists in endodontics. For each category of 
experience, the shaping was performed with Protaper Gold™, WaveOne Gold™ and 
Stainless-steel K-File (Control). Resin blocks were inked, then pre- and post-instru-
mentation photographic images were taken to be superimposed by an imaging 
software (GIMP 2.10.10) and analyzed by ImageJ software. After the use of each 
instrument, a rinse with NaOCl 2,5% was made. The outcomes evaluated were the 
presence of apical zip, ledges, perforation, the centering ability and the amount of 
resin removed. 
Results: The photographic analysis of the resin blocks showed a prevalence of 
apical zips within the undergraduate groups; the expert groups realized a higher 
number of ledges, while the number of perforations resulted to be higher in the 
inexpert Stainless-steel control group. The amount of resin removed was significant-
ly higher in the undergraduate WOG group, as well as the centering ability.
Conclusions: The rotary and reciprocating systems provide valid operative standards; 
by the way, inexpert operators showed major difficulties managing the reciprocating 
system. More studies are required to assess this parameter.
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Introduction

T
he shaping of the root canal is 
one of the most important steps 
of an endodontic treatment; its 
aim is to remove the necrotic 
tissues, pulpal debris and rem-

nants, and to shape the canals in order to 
obtain a tridimensional obturation by 
preserving the integrity of the canal system 
(9). The introduction of the Ni-Ti alloy took 
to many evolutions and to an improvement 
both of techniques and instruments used 
in endodontics; nowadays, in fact, we can 
distinguish instruments for different ma-
terials, morphologies, taper and apical 
diameters. Anyway, they’re all referable to 
two different cinematics: continuous and 
reciprocating. 
The use of rotary instruments, introduced 
by McSpadden in 1992, has always been 
the best technique to obtain a predictable 
and repeatable shaping of the root canal, 
compared to the use of stainless-steel 
manual instruments (4). The occurrence 
of cyclic fatigue fractures (3), caused by 
the “taper lock” phenomenon, brought to 
the development of a new generation of 
instruments; they work through a recip-
rocating motion, in order to overtake the 
risk of this adverse event (18). The recip-
rocating motion allows to invert the direc-
tion of rotation of the instrument before 
the first cycle of rotation gets complete, 
reducing the engagement of the instrument 
in the root canal and, consequently, the 
stress it’s exposed to. Protaper Gold™ and 
WaveOne Gold™ (Dentsply Maillefer-
Chemin du Verger 3, 1338 Ballaigues, 
Switzerland) had a remarkably good re-
sponse due to their innovative cutting 
sections and the increasing flexibility of 
the Gold alloy (16). 
The Protaper Gold™ category includes 
seven flexible instruments, with a trian-
gular convex section and different tapers 
along the working part: three shaping files 
SX (019.04), S1 (018.02) and S2 (020.04) for 
the coronal shaping and five finishing files 
for the apical shaping, F1 (020.07), F2 
(025.08), F3 (030.09), F4 (040.06), F5 (050.05).
WaveOne Gold™ includes a sequence of 
four instruments with different diameters 

and a progressive cross section: Small 
(020.07), Primary (025.07), Medium (035.06) 
e Large (045.05). The real advantage of 
using those instruments is to shape canals 
potentially with one file, reducing the 
working time; anyway, they are disposable 
and can’t be sterilized.
Many reviews (5, 1, 11) compared the two 
different systematics, particularly in terms 
of cyclic fatigue resistance, shaping fea-
tures, apical debris extrusion and dentin-
al cracks. The results were controversial 
and showed how, at the moment, there’s 
no a significant difference in the centering 
ability, the apical debris transportation 
and the number of dentinal cracks. The 
main differences were found in the anal-
ysis the resistance to fractures, which was 
higher in the reciprocating categories; some 
studies (13), moreover, showed how the 
reciprocating endodontic treatment caused 
a worsening of patients QoL (quality of life) 
with a stronger post-operative pain due to 
the non-controlled apical debris extrusion. 
The aim of this in vitro study is to compare 
three different shaping systems (stain-
less-steel K-File, Protaper Gold™ and 
WaveOne Gold™) and to evaluate the 
differences between the shaping made by 
undergraduate students and specialists in 
Endodontic.

Materials and Methods

The study presents three main groups of 
shaping: shaping with Protaper Gold™, 
with WaveOne Gold™ and with stain-
less-steel K-File. The influence of operator’s 
experience will be evaluated for each 
category (6) and the shaping of the three 
groups above will be performed on simu-
lation resin blocks (Endo Training Bloc, 
Maillefer). 
The number of resin blocks was established 
in 15 blocks for each group of instruments, 
for both experience groups, for a total of 
90 blocks (15) by sample size calculation.
Every operator shaped three resin blocks, one 
for each category of instruments (Table 1). 
The shaping with K-File (control) followed 
the steps below: WL detection and scouting 
with K-File 8-10 and, enlargement of the 
coronal third with Gates drills from #1 to 



138

Simulated root canal preparation

Giornale Italiano di Endodonzia (2021) 35

#6, manual preflaring and glide path with 
stainless-steel K-File from 10 to 20; check 
of the patency with K-File 10, shaping of 
the root canal with K-File in sequence of 
sizes from 25 to 80, following an apical to 
coronal approach. 
The shaping with Protaper Gold™ (group 
2 and 3) was realized through the follow-
ing steps: WL detection and scouting with 
K-File 8-10, manual preflaring and glide 
path with K-File 15-20, instrumentation 
of the root canal with Shaping Protaper 
Gold™ S1-S2, check of the patency with 
K-File 10, sequence of Finishing Protaper 
Gold™ F1-F2.
The shaping with WaveOne Gold™ (group 
4 and 5) was realized through the following 
sequence: WL detection and scouting with 
K-File 8-10, manual preflaring and glide 
path with K-File 15-20, shaping with Wa-
veOne Gold™ Primary 3 mm to the end of 
the canal system, check of the patency with 
K-File 10, shaping with WaveOne Gold™ 
Primary at the working length (WL). 

A dedicated shaping program with param-
eters suggested by manufacturers has been 
selected for the utilization of each file 
(X-Smart; Dentsply Maillefer). Before use, 
each instrument was lubricated with Glyde 
(Dentsply Maillefer), whilst a rinse with 
2,5% NaOCl was made after the use of each 
instrument (15). 

Data recording
The endo training blocks were inked be-
fore the use, to enhance the canal. Pre and 
post- shaping photographic images were 
taken (Nikon D7200), at stable reference 
points and magnification. The camera was 
set on a tripod to guarantee the stability 
of the camera. 
Then, resin blocks were positioned on a 
graph paper to obtain calibrated points 
and to ease the superimposition of images 
(Figure 1). The latter was realized through 
the utilization of GIMP 2.10.10; after that, 
the superimpositions were uploaded on 
ImageJ software to obtain the analysis of 
the shaping. 

Outcomes 
This study has the aim to evaluate two 
main outcomes: the centering ability and 
the amount of removed resin. The center-
ing ability was evaluated by dividing the 
canal into nine parts of 1mm and subtract-
ing at each point the amount of resin re-
moved from the inner part to that removed 
from the outer aspect of the canal. The 
amount of resin removed was evaluated 
by adding the amount of resin removed 
from the inner and the outer part of the 

Figure 1 
Example of superimposition 
of the pre and post- instru-

mentation images.

Table 1
Group division

Group 0 (Control) K-File (inexpert)

Group 1 (Control) K-File (expert)

Group 2 Protaper Gold™ (inexpert)

Group 3 Protaper Gold™ (expert)

Group 4 WaveOne Gold™ (inexpert)

Group 5 WaveOne Gold™ (expert)
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canal, for each of the nine millimeters (17). 
The study assessed three secondary 
outcomes: the presence of ledges, per-
forations and apical zips. For those 
parameters the measurements were 
made by dichotomous indexes (0=ab-
sent, 1=present). 

Statistical analysis
The statistical analysis was performed 
by an operator who was unaware of 
group allocation. Descriptive statistics 
was provided, for continuous normal-
ly-distributed variables (centering and 
dentin removal), by means of mean 
values and relative standard deviations. 
Categorical variables were presented by 
frequency distributions. The compari-
son between groups was performed 
using Student’s t-test. The level of sig-
nificance was p=0.05.

Results

A total of 86 resin blocks were analyzed, 
while 4 were excluded due to problems 
during the superimposition of the images.

Presence of apical zip
The number of apical zips is summa-
rized up in Table 2. Apical zips oc-
curred 6 times of 56 considered, all in 
the undergraduate groups. Resin blocks 
in which ledges or perforations prevent-
ed a correct evaluation of the apex were 
excluded from the analysis. 

Presence of ledges and perforations 
Stainless-steel K-File showed a higher 
tendency to produce perforations com-
pared to other groups (Table 3). 
The distribution of ledges was uniform 
along the groups, except for the Protaper 
Gold™ groups in which none occurred 
(Table 4).

Amount of resin removed
The measurements of the amount of 
resin removed are shown in Table 5. 
The undergraduate control group re-
moved a significantly higher amount of 
resin compared to the expert control 
group, as confirmed in literature (14). 

Table 2 
Distribution of apical zip within the six groups  

Apical zip No Yes Total 

Group 0 4 1 5

Group 1 3 0 3

Group 2 10 2 12

Group 3 14 0 14

Group 4 10 3 13

Group 5 9 0 9

Total 50 6 56
 
Group 0: Control (inexpert); Group 1: Control (expert);  
Group 2: Protaper Gold™ (inexpert); Group 3: Protaper Gold™ (expert);  
Group 4: WaveOne Gold™ (inexpert); Group 5: WaveOne Gold™ (expert).

Table 3 
Distribution of ledges within the six groups 

 Ledges No Yes Total

Group 0 11 3 14

Group 1 9 6 15

Group 2 13 0 13

Group 3 15 0 15

Group 4 13 1 14

Group 5 11 4 15

Total 72 14 86
 
Group 0: Control (inexpert); Group 1: Control (expert); Group 2: Protaper Gold™ (inexpert); 
Group 3: Protaper Gold™ (expert); Group 4: WaveOne Gold™ (inexpert); Group 5: WaveOne 
Gold™ (expert). 

Table 4 
Distribution of perforations within the six groups 

Perforations No Yes Total

Group 0 8 6 14

Group 1 11 4 15

Group 2 12 1 13

Group 3 15 0 15

Group 4 14 0 14

Group 5 15 0 15

Total 75 11 86

Group 0: Control (inexpert); Group 1: Control (expert); Group 2: Protaper Gold™ (inexpert); 
Group 3: Protaper Gold™ (expert); Group 4: Wave One Gold™ (inexpert); Group 5: WaveOne.
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The most significant data concerns the 
difference within the WaveOne Gold 
Groups™; a significantly higher amount 
of resin was, in fact, removed by inex-
pert operators. No statistically signifi-
cant differences were found in the 
other groups. 

Centering ability
The results are shown in Table 6. The 
most significant difference was found 
within the WaveOne Gold™ groups, in 
which inexpert operators removed more 
material than others; on the contrary, 
in the Protaper Gold™ expert group a 
higher amount of resin was removed, 

especially in the apical third. No dif-
ferences were found in the other groups 
(Figure 2). 
 
Discussion

Nowadays there’s a lively debate over the 
best shaping system to use, in particular 
regarding the choice between continuous 
and reciprocating motions. The ideal shap-
ing technique should guarantee an equal-
ly distributed dentine removal along the 
canals, anyway the presence of curvatures 
often compromises the result (8). 
The introduction of the Ni-Ti alloy certain-
ly contributed to the improvement of the 

Figure 2
Centering ability within the 
six groups. Group 0: Control 
(inexpert); Group 1: Control 
(expert); Group 2: Protaper 
Gold™ (inexpert); Group 3: 
Protaper Gold™ (expert); 
Group 4: WaveOne Gold™ 
(inexpert); Group 5: Wave 
One Gold™ (expert). 

Centering ability

Table 5
Dentine removal

1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 7 mm 8 mm 9 mm

Group 0 0.28 0.3 0.36 0.35 0.35 0.37 0.4 0.45 0.46

Group 1 0.191 0.223 0.212 0.192 0.189 0.19 0.212 0.211 0.253

Group 2 0.36 0.33 0.37 0.42 0.42 0.43 0.47 0.515 0.437

Group 3 0.31 0.33 0.32 0.37 0.39 0.4 0.42 0.45 0.4

Group 4 0.42 0.36 0.39 0.44 0.44 0.46 0.51 0.53 0.45

Group 5 0.249 0.259 0.265 0.316 0.338 0.37 0.386 0.422 0.394

Amount of resin removed within the six groups. Group 0: Control (inexpert); Group 1: Control (expert); Group 2: Protaper Gold™ (inexpert); Group 3: Protaper 
Gold™ (expert); Group 4: Wave One Gold™ (inexpert); Group 5: Wave One Gold™ (expert).

 1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 7 mm 8 mm 9 mm

 g0 g1 g2 g3 g4 g5 g0 g1 g2 g3 g4 g5
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shaping method thanks to its properties: 
the shape memory and the superelastic 
effect. These features allow the material 
to have a better spring back and a higher 
self-centering ability in the root canal (2). 
Moreover, the development of new alloys 
contributed to enhance the performances 
of the instruments considered. 
In this study the rotary and reciprocating 
systems were compared on the basis of the 
operator’s experience, and shaping was 
performed on resin blocks (Endo Training 
Bloc, Maillefer). It was demonstrated that, 
although they’re biologically different from 
teeth, resin blocks represent a valid tool 
for in vitro evaluations, allowing stand-
ardization and the comparison of different 
shaping methods (12).
The analysis of the perforations shown a 
prevalence within the control groups, in 
particular distributed in the undergradu-
ate category. This result confirms the 
tendency of the stainless-steel instrument 
to straighten the canal curvatures because 
of their intrinsic rigidity, as already as-
sessed in literature (20). For the same 
reasons the number of ledges was higher 
in the Control groups, with 9 cases on a 
total of 14. 
The apical zip is defined by the American 
Association of Endodontics as “an ellipti-
cal shape that may be formed in the apical 
foramen during preparation of a curved 
canal when a file extends through the 
apical foramen and subsequently trans-
ports that outer wall” (19); the totality of 
them occurred in the undergraduate 

groups, highlighting the difficulty an in-
expert operator finds in respecting the 
working length. 
The evaluation of the amount of resin re-
moved showed no significant differences 
either between the Protaper Gold™ groups 
or in the comparison between different 
techniques in the same groups of experi-
ence, even though the undergraduate op-
erators realized less conservative shapings 
(15). The only significant difference was 
found within the inexpert WaveOne 
Gold™ group, with a relevant higher 
amount of material removed; this can be 
justified by the particularity of the recip-
rocating movement, as well as the param-
eter of the centering ability. We can hy-
pothesize that reciprocating instruments, 
in fact, work more while entering the canal, 
in the most coronal portion, in contrast to 
the rotary instruments which work more 
during their comeback. This leads to a 
higher difficulty to control the pressure to 
apply during the shaping, resulting in an 
over instrumentation by a non-expert 
operator. 
Finally, the centering ability was more 
respected by experts in particular in the 
apical third. Moreover, the WaveOne 
Gold™ group gained the highest results in 
the last millimeters of the canal system 
(10, 7), probably due to its apical taper (=7), 
smaller than the one of Protaper Gold (=8); 
this feature influences the amount of ma-
terial removed, determining the ability of 
the instrument of “self-centering” inside 
the canal. The scientific literature only 

Table 6 
Centering ability 

1 mm 2 mm 3 mm 4 mm 5 mm 6 mm 7 mm 8 mm 9 mm

Group 0 0.11 0.17 0.19 0.17 0.18 0.17 0.16 0.17 0.14

Group 1 0.11 0.09 0.13 0.18 0.19 0.19 0.21 0.20 0.23

Group 2 0.18 0.15 0.17 0.17 0.16 0.20 0.25 0.28 0.17

Group 3 0.08 0.07 0.12 0.16 0.17 0.18 0.19 0.20 0.15

Group 4 0.11 0.12 0.14 0.17 0.22 0,.29 0.34 0.40 0.32

Group 5 0.09 0.06 0.06 0.11 0.14 0.17 0.18 0.18 0.17

Centering ability within the six groups. Group 0: Control (inexpert); Group 1: Control (expert); Group 2: Protaper Gold™ (inexpert); Group 3: Protaper Gold™ 
(expert); Group 4: Wave One Gold™ (inexpert); Group 5: WaveOne Gold™ (expert). 
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offers few studies and only about the 
previous generation of the instruments 
considered, among which the most similar 
is the one written by Troiano G. et al. (15); 
our results are in contrast with some of 
those, and we can assume this is probably 
due to the differences of the alloy. Any-
way, the results of this study can only give 
partial information about the parameters 
considered; an enlargement of the sample 
size and to the evaluation of other studies 
could lead to a better and more complete 
comprehension of those events.

Conclusions 

This study easily allows to determine how 
the operator’s experience influences, in 
particular, the manual shaping.
Regarding the comparison between con-
tinuous and reciprocating systems, there 
were no significant differences in terms 
of quality of shaping, except for the pa-
rameter of the centering ability which 
resulted more respected by expert opera-
tors, especially in the apical third. As 
expected, undergraduate students realized 
fewer conservative preparations, but the 
difference results significant only in a few 
millimeters of the canal.
Among the secondary outcomes the influ-
ence of the experience wasn’t significant, 
even though some differences were found 
between categories.
Anyway, the present study was realized 
to analyze the primary outcomes; it would 
be appropriate to elaborate an ad hoc 
protocol for the evaluation of the second-
ary outcomes to reach more accurate re-
sults. 

Clinical Relevance

Both rotary and reciprocating systems 
provide a valid instrumentation standard, 
with no significant differences resulting 
from the operator’s experience.
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ABSTRACT

Aim: This study evaluated the effectiveness of the mechanical reduction of intraca-
nal bacteria produced by the endodontic systems Reciproc Blue (VDW GmbH), 
XP-Endo Shaper (FKG Dentaire) and ProTaper Next (Dentsply Sirona Endodontics) in 
severely curved canals by means of a molecular microbiological analysis. 
Methodology: A total of 42 severely curved mesiobuccal canals of human permanent 
mandibular molars were selected and prepared. Then, canals were contaminated 
with Enterococcus faecalis strains (ATCC 29212) by incubation during 21 days at 
37 ºC for formation of a mature biofilm. After that, contaminated specimens were 
randomly divided in 3 groups (n=14): ProTaper Next (G1), XP-Endo Shaper (G2) and 
Reciproc Blue (G3). Microbial samples were obtained before (S1) and after root 
canal preparation (S2). Analysis of intracanal E. faecalis reduction was performed 
using quantitative polymerase chain reaction (qPCR), and the difference between 
groups was analyzed by Kruskal-Wallis test. Significance level was set at p<0.05. 
Results: All systems presented effective bacterial reduction (p<0.05), but still had 
bacterial growth. No significant difference between the evaluated file systems was 
demonstrated (p>0.05). 
Conclusions: ProTaper Next, Reciproc Blue and XP-Endo Shaper presented similar 
mechanical reduction of intracanal bacteria. No file system was capable of render-
ing severely curved canals completely free from bacteria.

ORIGINAL ARTICLE

Molecular microbiological analysis of ProTaper 
Next, XP-Endo Shaper and Reciproc Blue systems in 
severely curved canals

KEYWORDS bacterial reduction, molecular analysis, real-time polymerase chain reaction, root canal therapy, severely curved canals

Received 2020, October 1

Accepted 2020, December 26

mailto:marinaprado@dentistas.com.br


145

Prado MC*, Nascimento WM, Montagner M et al.

Giornale Italiano di Endodonzia (2021) 35

Introduction

S
uccess in root canal therapy re-
lies on the reduction of microor-
ganisms and their by-products 
from the root canal system (1). 
The mechanical action of endo-

dontic files underscores high levels of 
bacterial decrease (2, 3). However, endo-
dontic instruments are frequently unable 
of reaching all root canal walls; thus the 
complete elimination of microorganisms 
is not achieved and the untouched areas 
may remain colonized (1, 4). Aiming to 
increase the treatment prognosis, endo-
dontic instruments undergone a consid-
erable evolution with progressive genera-
tions of NiTi files presenting modifications 
mainly as regards files design, manufac-
turing process, alloy processing and heat 
treatment (3, 5).
Culture analysis by means of counting 
colony-forming units is the most common 
method used in literature to evaluate the 
bacterial reduction produced by endodon-
tic instruments (2, 4). However, this meth-
od presents limitations such as not con-
sidering low bacterial amounts and de-
tecting exclusively viable and cultured 
microorganisms (1). Molecular microbio-
logical methods, such as quantitative 
polymerase chain reaction (qPCR), are 
capable of overcoming these issues; but, 
to date, very few studies used molecular 
assays to analyze the effectiveness of 
mechanical reduction of intracanal bac-
teria produced by different files systems 
(6-9). Multi-files systems, such as ProTaper 
Next (Dentsply Sirona Endodontics, York, 
PA, USA), are broadly used in root canal 
therapy since wide evidence support these 
instruments (2, 3). Nevertheless, large 
interest towards single-file systems has 
emerged resulting from treatment optimi-
zation and a growing body of studies that 
also indicate their use (4, 5, 10). XP-Endo 
Shaper (FKG Dentaire, La Chaux-de-Fonds, 
Switzerland) is a newly developed snake-
shaped single-file rotary system with high 
flexibility, which is expected to produce 
minimal stress on dentinal walls (4, 5). 
Moreover, Reciproc Blue (VDW GmbH, 
Munich, Germany), a single-file recipro-

cating system with a S-shaped cross-sec-
tion, was also introduced (11). This instru-
ment presents a new heating process that 
increase flexibility and resistance to cyclic 
fatigue (5, 10). Previous reports have 
shown some advantageous properties of 
Reciproc Blue as regards dentinal micro-
cracks formation (5), cyclic fatigue resist-
ance (12), removal of root canal filling 
materials and regaining apical patency 
(10). However, the capacity of these newly 
developed files in mechanical bacterial 
reduction, which is a relevant aspect for 
the treatment success, still scarce in liter-
ature. Therefore, the purpose of this study 
was to evaluate the mechanical reduction 
of intracanal bacteria produced by ProTa-
per Next, XP-Endo Shaper and Reciproc 
Blue systems in severely curved canals by 
means of the molecular microbiological 
analysis.

Materials and Methods

Specimens’ selection and preparation
This study was approved by the Universi-
ty Ethics Committee (2.705.981). The me-
siobuccal canal of 48 permanent human 
mandibular molars with complete root 
formation, extracted for periodontal rea-
sons not related to this study, were select-
ed. Initially, specimens were maintained 
in 4% sodium hypochlorite solution 
(NaOCl) during 2 hours and cleaned by 
periodontal curettes. Periapical radio-
graphs were taken from each tooth in a 
buccolingual and a mesiodistal direction. 
This stage aimed to select only similar 
radiographic morphology specimens with 
one isolated mesiobuccal canal and severe-
ly curved (20-35°) mesial roots, according 
to Schneider’s method (5, 13). Then, the 
crown of each tooth was sectioned near 
the cementoenamel junction, and the 
mesial roots were standardized to a length 
of 13 mm from the anatomic apex, using a 
diamond disc. The following features ex-
cluded teeth from this study: dental caries, 
previous root canal treatment, root resorp-
tion, root canal calcification, initial apical 
diameter larger than a size 15 K-file, den-
tinal crack or root fracture. The exclusion 
criteria were detected using periapical 
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radiographs, a clinical microscope (10x 
magnification), and a size 15 K-file (Dent-
sply Sirona). 
Firstly, 5 mL of 2.5% NaOCl was used and 
root canals were explored with a size 10 
K-file (Dentsply Sirona Endodontics, York, 
PA, USA). The working length was estab-
lished in the total root length, 13 mm. 
Next, the intracanal contents were re-
moved with a size 15 K-file (Dentsply 
Sirona), and specimens were newly irri-
gated with 5 ml of 2.5% NaOCl. The smear 
layer was removed using 3 mL of 17% 
EDTA during 3 minutes and a final irri-
gation with 5 mL of sterile saline solution 
was obtained. Root canals were dried 
with the aid of capillary tips (Ultradent 
products, South Jordan, UT, USA) and 
sterile paper points in the working 
length. The apical foramen of each spec-
imen was sealed with Z 100 composite 
resin (3M, Saint Paul, MN, EUA) in order 
to prevent apical bacterial leakage and 
to create a closed-end channel, producing 
the vapor lock effect (6). Afterwards, the 
external apical surface was sealed with 
nail varnish. 
In laminar flow chamber, individual mod-
els of each specimen were prepared using 
silicone impression material (Zetaplus, 
Zhermack, RO, Italy) with the aim to sim-
plify root handling and shaping (Figure 
1A). Teeth were prepared vertically up to 
the cervical third with the produced mod-
els, inserted into individual wells in 
24-well cell culture plates (Costar, Wash-
ington DC, USA) and sterilized in an auto-
clave at 134 °C for 15 min.
Following this, aseptic conditions were 
confirmed after retaining teeth at 37° dur-
ing 24 h, in which no bacterial growth was 
detected. 

Root contamination with Enterococcus 
faecalis
Pure culture suspension of Enterococcus 
faecalis strains (ATCC 29212) was obtained 
by cultivation in brain heart infusion agar 
(BHI; Difco, Detroit, MD, USA) and then 
standardized on the McFarland nephelo-
metric scale 30x108 bacteria/mL. From the 
total sample, 6 specimens were selected as 
control, being filled solely with sterile BHI. 
At the same time, 42 roots were contami-
nated with 10 µl of E. faecalis suspension 
using sterile micropipette tips. Samples 
were incubated at 37 °C for 21 days in CO2, 
during which the BHI was removed and 
replenished in 20 μL every 24 h (2, 14). This 
procedure was performed under laminar 
flow by means of sterile micropipettes. 
Bacterial viability and intracanal sampling 
purity was checked every week by a se-
lection of 2 random samples. For this, a 
sterile paper point #15 was maintained 
into the root space during 1 min, and 
immediately spread in BHI and incubated 
at 37 °C and 5% CO2 for 24 hours. After 
growing, Gram staining and colony mor-
phology on Columbia Agar with 5% Sheep 
Blood (CA-SB) (Becton Dickinson GmbH, 
Heidelberg, BW, Germany) was performed.

Initial quantification of bacterial contam-
ination (S1)
After incubation period, root canals were 
rinsed with 1 mL sterile saline solution. 
Then, the initial sample (S1) was obtained 
by the sequential use of 2 sterile paper 
points #15 placed inside the root canal 
during 1 min each (Figure 1B). Following 
this, paper points were transferred with 
sterile tweezers to sterile polypropylene 
flasks containing 500 μL of sterile saline 
solution, and vortexed for 30 seconds. 

Figure 1
Representative images of 

bacterial samples collected 
for quantitative polymerase 

chain reaction (qPCR). 
A) Individual models of each 

specimen. 
B) Collection of root canal 
sample by a sterile paper 

point. 
C) Sectioning of Hedstroem 

file with the aid of sterile 
tweezers for post root canal 
preparation quantification of 
bacterial contamination (S2). 

D) Insertion of sectioned 
Hedstroem file into a sterile 
Eppendorf containing sterile 

saline solution.

B CA D
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Root canal preparation
The process of endodontic treatment and 
bacterial samples collection are represent-
ed in Figure 2. The 42 contaminated 
specimens were randomly assigned to the 
following groups, according to the file 
system used (n=14): ProTaper Next (G1), 
XP-Endo Shaper (G2) and Reciproc Blue 
(G3). The working length (WL) was estab-
lished in the total root length.
• G1 ProTaper Next (Dentsply Sirona). 

Files were driven in continuous rota-
tion in a crown-down technique using 
a gentle up-and-down motion. Firstly, 
the X1 file (17.04) was used for cervical 
and middle thirds shaping. This file 
was reused until reaching the WL. 
Following this, the X2 file (25.06) was 
used in the same manner as previous-
ly described. 

• G2 XP-Endo Shaper (FKG Dentaire). 
XP-Endo Shaper file (30.01 as initial 
taper; however, during use, this instru-
ment expands to a minimum taper of 
0.04) was activated in continuous rota-
tion at 800 rpm and 1.0 Ncm. Long and 
light up-and-down movements were 
applied inside root canals until reach-
ing the cervical and middle thirds. 
After that, the file was reused in the 
same manner until reaching the WL.

• G3 Reciproc Blue (VDW GmbH). Recip-
roc Blue R 25 (25.08) was activated in 
reciprocating motion. The file was 
gently inserted with an up-and-down 
pecking motion that presented a max-
imum amplitude of 3 mm until the 
shaping of cervical and middle thirds 
was completed. After 3 up-and-down 
movements, when superior pressure 
was necessary to advance the instru-
ment along the canal, the file was re-
moved for cleaning of the flutes. Then, 
the file was reused in the same manner 
until reaching the WL. 

Root canal preparation was performed by 
a single operator, an endodontist, who had 
been previously trained for each system. 
All files had single use. The protocol of 
each system followed manufacturer’s in-
structions as previously explained. All 
systems were powered by a torque-con-
trolled motor (X-Smart Plus; Dentsply 

Sirona Endodontics, York, PA, USA), set at 
the designated function according to the 
used system. 
Root canals were irrigated during and after 
finishing instrumentation with a total 
volume of 10 mL sterile saline solution. 
Solution was delivered using a 24-G needle 
(Ultradent products, South Jordan, UT, 
USA) by means of a peristaltic pump (LAP-
101-3; MS Tecnopon, Piracicaba, SP, Brazil) 
and a flow rate of 5 mL/min. For this, irri-
gation method was standardized. Initially, 
root canals were irrigated with 2.5 mL of 
saline solution. Next, after cervical and 
middle third shaping, 2.5 mL was used for 
root canal irrigation while instruments 
were cleaned with sterile gauzes. After 
completing preparation of specimens in 
the WL, a final irrigation with 5 mL was 
performed. During the use of all instru-
ments, when a resistance requiring more 
apical pressure was detected, the file was 
removed and the flutes were cleaned.
Six non-contaminated root canals were 
instrumented for each file system (n=2) 
and used as negative controls.

Post root canal preparation quantification 
of bacterial contamination (S2)
Finishing endodontic instrumentation and 
irrigation, a post root canal preparation 
sample (S2) was obtained. For this, a size 
25 sterile Hedstroem file (Dentsply Sirona) 
was introduced in the WL with circum-
ferential strokes on all root canal surfaces 
(2). The file was then sectioned below the 
handle and, with the aid of sterile twee-
zers, dropped into a sterile Eppendorf 
containing 500 μL of sterile saline solution 
(Figure 1C, 1D). Following this, a sequen-
tial use of 2 sterile paper points #25 placed 
inside the root canal during 1 min each 
was performed. Collected paper points 
were stored in the same tube as the file. 

Quantitative analysis by qPCR 
Collected samples were vortexed for 30 s 
and subjected to DNA extraction for fur-
ther qPCR analysis. DNA was extracted by 
the use of the QIAamp DNA Mini Kit 
(Qiagen, Valencia, CA, USA) following the 
manufacturer’s directions. Aiming to 
maximize DNA extraction, a pre-incuba-
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tion stage was included using lysozyme 
during 30 min. Obtained DNA extracts 
were stored, frozen at 20 °C, until qPCR 
analysis.
Afterwards, E. faecalis cells levels were 
quantified in root specimens by a 16S 
rRNA gene-based qPCR, using Power SYBR 
Green PCR Master Mix (Applied Biosyste-
ms, Foster City, CA, USA) on an ABI 7500 
real-time PCR instrument (Applied Bio-
systems). A total reaction volume of 20 μL 
was applied. Species-specific primers for 
E. faecalis, qPCR conditions, standard 
curve construction, controls, and data 
analyses were performed as previously 
described (6, 10). Primers in a concentra-
tion of 0.5 μmol/L each and DNA extract 
volume of 2 μL were added to the PCR 
master mix in MicroAmp Optical 96-well 
reaction plates. The conditions for the 
qPCR amplification cycling were: 95 ºC for 
10 min; 40 repeats of the following stages: 
95 °C for 1 min, 60 °C for 1 min and 72 °C 
for 1 min. Double-stranded DNA product 
was measured at 78 °C. At each cycle, 
accumulation of PCR products was verified 
by monitoring the increase in fluorescence 
of the reporter dye (dsDNA-binding SYBR 
Green).  

All measurements were performed in 
duplicate for samples and triplicate for 
standards. In order to detect and exclude 
any possible contamination or carryover, 
triplicates of appropriate negative con-
trols containing no template DNA were 
subjected to the same procedures. After 
amplification, melting curve analysis of 
PCR products was performed to deter-
mine the specificity of the amplified 
products.
Melting curve was obtained from 60 to 
95 °C, with continuous fluorescence mea-
surements taken at every 1% increase in 
temperature. Data acquisition and anal-
ysis were performed using the abi 7500 
software v2.0.4 (Applied Biosystems).
E. faecalis cell counts were accomplished 
based on obtained standard curves. E. 
faecalis ATCC 29212 was used to create 
a 10-log-fold standard curve for direct 
bacterial quantification. DNA was isolat-
ed from a fresh pure culture of this strain 
using the QIAamp DNA Mini Kit (Qiagen) 
and quantified using a spectrophotometer 
(BioPhotometer, Eppendorf, Hamburg, 
Germany). Knowing the genome size of E. 
faecalis (3.2 Mb, http://www.cbs.dtu.dk/
services/GenomeAtlas-3.0/) and the aver-
age molecular weight of one base pair (660 
Da), the measured DNA value could then 
be converted into target genomic copy 
levels per microlitre using the formula 

m=n [1 mole /6·1023 (pb)] [660 (g)/mole] = 
n [1.096·10-21(g/bp)] 

where “m” is the genomic mass of a single 
cell and n the genome size. Genome copy 
levels were considered as numerically 
equivalent to bacterial cell levels. The 
standards were then 10-fold diluted from 
107 to 102 cells in TE buffer and used for 
standard curve construction (6).

Statistical analysis
Obtained values were transformed to log10 
and statistically analyzed using SPSS 23.0 
(SPSS Inc., Chicago, IL, USA). Differences 
in bacterial counts before (S1) and after 
treatment (S2) were analyzed in each group 
by the Wilcoxon test. Comparisons be-
tween groups were performed by 

Figure 2
Flow chart of endodontic 
procedures and bacterial 

samples for quantitative poly-
merase chain reaction (qPCR) 
analysis. Root canal samples 
were taken before treatment 

(S1) and after root canal 
preparation according to 

each group (S2).
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Kruskal-Wallis test. Significance level for 
all analyses was p<0.05. 

Results

Tables 1 reveals the bacterial percentage re-
duction qPCR analysis before (S1) and after 
root canal preparation (S2), observed in all 
groups. All endodontic systems presented 
effective bacterial reduction. However, de-
spite that bacterial levels were reduced after 
preparation with ProTaper Next (p=0.003), 
XP-Endo Shaper (p=0.001) and Reciproc Blue 
(p=0.009), all groups still had bacterial 
growth. Protaper Next was the most effective 
system, whereas preparation with XP-Endo 
Shaper showed the highest post-preparation 
bacterial levels. Nevertheless, no significant 
difference between the evaluated groups was 
demonstrated (p=0.176).

Discussion

In the present study, it was revealed sim-
ilar bacterial decontamination values 
promoted by ProTaper Next, XP-Endo 
Shaper and Reciproc Blue systems prepa-
ration. Therefore, despite presenting con-
siderable differences (e.g. cross-sectional 
design, tapers, kinematics, manufacturing 
process, alloy processing and heat treat-
ment), all systems were individually ef-
fective in mechanical preparation of se-
verely curved root canals. In addition to 
that, although all file systems showed effi-

cient decrease of E. faecalis counts [ProTa-
per Next (p=0.003), XP-Endo Shaper 
(p=0.001) and Reciproc Blue (p=0.009)], 
which can be translated into adequate 
mechanical action of instruments in den-
tinal walls, none of them was able to render 
severely curved mesiobuccal canals of 
mandibular molars completely free from 
bacteria. This finding is in accordance with 
previous researches (1, 2, 4, 15) and high-
lights the need for the development of 
new instruments capable of increasing 
the cleaning of root canal complexities 
and irregularities.
The comparison in bacterial reduction of 
ProTaper Next, XP-Endo Shaper, and Recip-
roc Blue in severely curved canals had not 
been ranked in literature yet. Nevertheless, 
this result consists with the findings of 
recent studies that concluded that Reciproc 
Blue and XP-endo Shaper instrumentation 
presents no differences with respect to the 
bacterial reduction in oval-shaped canals 
(9, 16). Also, the disinfecting abilities of 
Reciproc Blue and XP-endo Shaper also 
showed similar results in an association 
between micro-computed tomographic and 
histobacteriologic approaches (11). 
ProTaper Next is a multi-file system fabri-
cated with a NiTi M-Wire alloy that also 
presents a rectangular cross-section design 
with an increasing and decreasing tapering. 
This configuration permits to mold root 
canals asymmetrically by a continuous 
asymmetrical rotational kinematics, simi-

Table 1 

 Intracanal E. faecalis quantification [Mean (standard deviation - SD)] before (S1) and after  
root canal preparation (S2) and total bacterial percentage reduction for qPCR analysis, observed in all groups

Groups
Sample

p** Total bacterial reduction
S1 S2

G1 ProTaper Next 5.96x105 (1.13x106)a 1.52x103 (1.15x103)b p=0.003 8.02x105 (1.36x106)A

G2 XP-Endo Shaper 8.26x105 (1.02x106)a 5.92x104 (1.68x104)b p=0.001 4.42x105 (6.19x105)A

G3 Reciproc Blue 9.36x105 (7.06x105)a 8.16x103 (1.23x104)b p=0.009 6.54x105 (7.81x105)A

p* - - - p=0.176

p*: comparison between groups. Different uppercase letters indicate statistically different values (p<0.05) between groups.
p**: comparison between S1 and S2 within each group. Different lowercase letters indicate statistically different values (p<0.05) between S1 and S2 samples.
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lar to snake movements, which improves 
the modeling effectiveness of root canals 
(17). In XP-Endo Shaper system, the Max-
Wire alloy is used so that files can achieve 
greater flexibility and resistance to cyclic 
fatigue. In addition to that, this file has a 
reinforcing tip (Booster Tip) that allows to 
start shaping the root canals with an initial 
diameter smaller than the original diame-
ter (5). According to the manufacturer’s 
instructions, at 37 °C, the instrument is 
capable of expanding from an initial taper 
of 30/0.01 to a final canal preparation of a 
minimum of 30/0.04, adapting to the mor-
phology irregularities of the root canal 
system. Lastly, Reciproc Blue system pre-
sents a S-shaped cross-section that allows 
deeper cutting and favors the removal of 
smear layer and debris (12). Its NiTi wire 
processing method uses a visible layer of 
titanium oxide that results in a distinct blue 
color that changes its molecular structure 
to generate greater flexibility and resistance 
to cyclic fatigue (10). The methodology 
applied in the current study presents some 
features that should be addressed. The in-
trinsic heterogeneity of root canals mor-
phology between specimens is largely 
known as a notorious biological bias. It is 
important to emphasize, however, that ef-
forts by radiological analysis and anatomy 
classification were undertaken to ensure a 
reliable comparison of groups. This stage 
reduced anatomical biases and allowed to 
increase the internal validity of this study 
(5, 6, 15). Furthermore, severely curved 
mesiobuccal canals from mandibular mo-
lars were selected for this study due to the 
considerable challenge that they represent 
for proper cleaning and disinfection (18, 
19). The high prevalence of isthmus in 
mesial root canals of mandibular molars 
should also be highlighted (20). 
The number of bacteria in an endodontic 
infection is restricted, predominating fac-
ultative or strictly anaerobic microorgan-
isms (21). For this study, only one bacteria 
specie, E. faecalis, was used. This isolated 
standard strain was selected based on its 
survival characteristics associated with its 
prevalence in cases of endodontic failure, 
and for being widely used in previous 
studies with similar aim (4, 6, 21, 22). 

In contrast to bacterial culture-dependent 
analysis, molecular assays such as qPCR 
present high sensitivity, since they allow 
the amplification of bacterial DNA in low 
amounts (1, 6). Also, qPCR method presents 
the ability to detect bacteria in their station-
ary stage (1). Under stress, the resistant 
bacteria selected for this study, E. faecalis, 
is capable of entering into stationary phase; 
being viable but undetectable in conven-
tional CFU counts (1, 23). To date, a limited 
number of works used qPCR for the evalu-
ation of mechanical bacterial reduction of 
root preparation methods (6-8).
Finally, the limitations of this study should 
also be pointed. Considering that only 
mesiobuccal canals were used in this study 
and the presence, size and volume of isth-
mus were not considered, this anatomy can 
influence the results in a certain way. 
Isthmus represents a real system with con-
nections between roots canal (20), what may 
reflect in the remaining contamination of 
each group. Also, aiming to isolate the ac-
tion of instruments from the chemical ac-
tion of irrigating solutions, solely sterile 
saline solution was used during root canal 
preparation (2, 4, 22). This permitted the 
observation of isolated mechanical action 
of endodontic files, but did not reflect the 
clinical conditions of endodontic treatment. 
Further studies could use using molecular 
microbiological analysis for investigating 
the bacterial decontamination results of 
other endodontic systems and/or using 
different irrigating solutions.

Conclusions

ProTaper Next, Reciproc Blue and XP-Endo 
Shaper presented similar mechanical re-
duction of intracanal bacteria. No file sys-
tem was capable of rendering severely 
curved canals completely free from bacteria.

Clinical Relevance 

This study evaluated by a molecular 
microbiological analysis for the first time 
the mechanical reduction of intracanal 
bacteria produced by ProTaper Next, 
XP-Endo Shaper and Reciproc Blue in 
severely curved canals. Despite consid-
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erable differences, endodontic systems 
demonstrated similar results. 
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ABSTRACT

Aim: To evaluate the surface tension and wetting ability (contact angle) of endodon-
tic irrigants as 5.25% sodium hypochlorite (NaOCl) and 17% ethylenediaminetetraacetic 
acid (EDTA) with and without addition of surfactants.
Methodology: Eighty halves of single-root teeth were randomly distributed into five 
groups (n=16) to investigate surface tension and wetting ability of: 5.25% NaOCl; 
5.25% NaOCl containing surface-active agents (Hypoclean); 17% EDTA; 17% EDTA 
with surfactants (EDTA Plus) and freshly obtained distilled water MilliQ as the control 
group. The surface tension was calculated by the “pendant drop method” and the 
wettability of the surface by the “sessile drop method”. All measurements were 
taken at room temperature (20 °C). Data were analyzed by one-way analysis of 
variance (ANOVA).
Results: The highest surface tension and the least wetting ability were observed for 
distilled water and 5.25% sodium hypochlorite (p>0.05). EDTA with or without sur-
factants and Hypoclean showed a significant lower surface tension and a higher 
wetting ability than distilled water at room temperature (p<0.001). The addition of 
surfactants reduced the surface tension and the contact angle of sodium hypochlo-
rite (as in Hypoclean, p<0.001), but not those of EDTA (as in EDTA Plus, p>0.05).
Conclusions: Addition of surfactant agents reduces the surface tension and increas-
es the wetting ability of the sodium hypochlorite; surfactants did not affect surface 
tension and wetting ability of EDTA.
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Introduction

S
uccess and prognosis of root 
canal therapy have both been 
shown to be dependent on ma-
ny factors, including the qual-
ity of instrumentation and irri-

gation (1). Mechanical debridement fail-
ure may occur due to residual organic 
tissue, not completely removed from the 
root canal walls. Therefore, instruments 
and chemical irrigants are used in con-
junction to achieve endodontic debride-
ment especially in cases of teeth present-
ing complex anatomy in which the 
morphological irregularities are common-
ly untouched by instrumentation (1, 2). 
The irrigation effectiveness depends on 
the working mechanisms of the irrigants 
and the ability to bring the irrigants in 
contact with microorganism and tissue 
debris in the root canal (1, 3). The inti-
macy of this contact is associated to the 
wettability of the dentin surface where 
the drop of irrigant is applied. The term 
“wetting ability” refers to the ability of a 
liquid to wet a solid surface while the term 
“wettability” is defined as the ability of 
the surface of a material to be wet in a 
uniform and stable way by a liquid sub-
stance (4, 5). The wetting ability of a 
solution influences its penetration ability 
into the main and lateral canals as well 
as into the dentinal tubules. It strictly 
correlated to its surface tension (6, 7) 
which could be considered as “the force 
between molecules which produces a 
tendency for the surface area of a liquid 
to decrease” (8), limiting the capacity of a 
liquid solution to penetrate into a capillary 
hole. Thus, a low surface tension and a 
high wetting ability represent ideal prop-
erties for an endodontic irrigant (8, 9).
The sequential protocol for irrigation 
includes the use of sodium hypochlorite 
(NaOCl) during mechanical preparation 
to dissolve the organic matter and kill 
microorganisms followed by a strong 
chelating agent like the ethylenedi-
aminetetraacetic acid (EDTA) solution to 
remove the inorganic components of the 
smear layer and leave an adequate sub-

strate for optimal efficacy of the final 
irrigant (9-12). However, both solutions 
have high surface tension, which could 
limit their penetration into dentinal tu-
bules as well as into irregularities of the 
root canal system such as fins and 
isthmuses (9). 
The effectiveness of an endodontic 
irrigant could be improved by reducing 
its surface tension and enhancing its 
wetting ability using surfactants (13) 
which act as detergents, wetting and 
foaming agents, emulsif iers and 
dispersants (6). Thus, surfactants improve 
wetting properties of irrigants by 
diffusing in water and adsorbing 
interfaces between air and water (dentinal 
fluid), reducing water’s surface tension 
and increasing their wetting ability on 
surface. Moreover, surfactants should 
induce a greater protein solvent power in 
lateral canals and dentinal tubules due 
to their capacity to improve wetting 
ability (14).
Hypoclean (Ogna Lab Srl, Muggiò, Milan, 
Italy) is a commercial available 5.25% 
NaOCl solution added with two surface-
active agents (1) which presents an 
optimized ability to kill bacteria compared 
to a pure 5.25% NaOCl solution and a 
greater penetration into inaccessible areas 
of the root canal system and dentinal 
tubules (15). EDTA Plus (Essential Dental 
Systems, S. Hackensack NJ, USA) is a 17% 
ethylenediaminetetraacetic acid sodium 
salt solution in water with surfactants, 
presenting, according to the manufacturer, 
an improved canal diffusion due to the 
reduced surface tension (16). 
No study has examined the effectiveness 
of surface-active agents in reducing both 
surface tension and wetting ability of two 
common irrigants, as NaOCl and EDTA, 
at the most common concentration of 
5.25% and 17%, respectively. Therefore, 
aim of this study was to evaluate the 
surface tension and wetting ability of 
s o d i u m  h y p o c h l o r i t e  a n d 
ethylenediaminetetraacetic acid with and 
without surfactants. The null hypothesis 
tested was that surfactants did not affect 
the surface tension and wetting ability of 
5.25% NaOCl and 17% EDTA solutions. 
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Materials and Methods

Four endodontic irrigant solutions were 
tested:
•  5.25% NaOCl (Niclor 5, Ogna Lab Srl, 

Muggiò, Milan, Italy);
•  5.25% NaOCl containing surface-active 

agents (Hypoclean, Ogna Lab Srl, 
Muggiò, Milan, Italy);

•  17% ethylenediaminetetraacetic acid 
(17% EDTA, Ogna Lab Srl, Muggiò, 
Milan, Italy);

•  17% ethylenediaminetetraacetic acid 
with surfactants (EDTA Plus, Essential 
Dental Systems, S. Hackensack NJ, 
USA).

Freshly obtained distilled water MilliQ 
(MilliQ 18 MOhm, Millipore Corporation, 
Billerica, MA, USA) was used in the 
control group.
The study is in accordance with principles 
of Declaration of Helsinki and it was 
approved by the Institutional Review 
Board. A pilot study was performed to 
establish the sample size calculation. The 
minimum sample size was fixed at 16 
samples for each group (n=16) to ensure a 
test power of 0.80 (G*Power 3.1.9.2 software, 
Heinrich-Heine-Universität Düsseldorf, 
Düsseldorf, Germany) with α=0.05.
Therefore, forty fully formed human 
single-root teeth extracted for periodontal 
or orthodontic reasons were assessed 
under 20 magnification using a dental 
operating microscope (OPMI pico Dental 
Microscope; Carl Zeiss, Oberkochen, 
Germany) to exclude those with open 
apices, resorptive defects, and longitudinal 
fractures. All included teeth were stored 
in a 0.2% thymol water solution at 6 °C 
and used within 30 days of extraction (17). 
After cutting off the crown and the apical 
third of each tooth, the remaining root was 
longitudinally split using a low-speed saw 
(Isomet, Buhler, Ltd, Lake Bluff, NY, USA) 
with a diamond disc (Ø 125×0.35×12.7 mm 
at 330 °C) under cooled distilled water to 
prevent overheating. Eighty sectioned root 
halves were obtained. Each cut surface 
was polished using a series of abrasive 
papers (CarbiMet; Buehler, Lake Bluff, IL, 
USA) in the following sequence: 180/P180, 
240/P280, 320/P400, 400/P800, and 600/

P1200 to obtain a flat wide dentin surface 
(1, 18). Five root halves were discarded 
because were damaged during the 
longitudinally split face and were replaced 
with other samples. Thus, the eighty root 
halves were used as substrate for the 
wetting ability measurements and 
randomly divided (n=16) in 1 control group 
and 4 test groups on the basis of the tested 
liquid: 
Group 1 (Control) = freshly produced 
MilliQ water (MilliQ, 18 MOhm)
Group 2 = 5.25% NaOCl (Niclor 5)
Group 3 = Hypoclean
Group 4 = 17% EDTA
Group 5 = EDTA Plus
All measurements of surface tension and 
wetting properties were carried out at 20 
°C, in order to replicate the conditions of 
previous assays, as this value is often 
described as equivalent to “room 
temperature” (19).
The tested liquids were contained in glass 
vials which were opened immediately 
before the experiments. 

Measurement of the surface tension 
An optical method was performed to cal-
culate the surface tension of endodontic 
irrigants, the so called “pendant drop 
method” (8), using the Phoenix 300 system 
(goniometer and software by SEO-Surface 
Electro Optics; Suwon City, Gyunggido, 
South Korea) following the manufacturer’s 
instructions (19, 20-22).
The test liquid was automatically expelled 
(computer controlled) out of a syringe 
needle until it almost separated from the 
tip. Afterwards, the drop shapes were 
taken by a self-contained digital 
charge-coupled device camera just before 
the gravitational force exceeded the inter-
facial force that caused the drop release 
from the tip. The surface tension of every 
tested irrigants and fresh distilled water 
was automatically evaluated by the appa-
ratus. Pure water was used for calibration 
before the assays (22). 
The equations explaining the drop profile 
are obtained from the Young-Laplace 
equation. Using the selected plane method, 
the surface tension is rapidly derived. This 
method estimates the surface tension by 
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measuring the equatorial diameter, de, and 
the diameter ds of a pendant drop in a 
plane located at a distance de from the tip 
of the droplet. Surface tension (ST) can be 
mathematically determined by the follow-
ing equation:

ST=(Δρ·g·de
2)/H       [1]

where Δρ is the fluids density difference, 
g is the gravitational acceleration, and H 
is the correction factor. Distilled water was 
used for calibration prior to the assays. 
Sixteen measurements per test solution 
were made. 

Measurement of wetting ability 
The method used for the measurement of 
the angles of wettability is called “sessile 
drop” (4, 5); it consists in measuring the contact 
angle “θ” between a solid interface and the 
tangent to the profile of a drop.
Contact angles of the tested irrigants or 
distilled water (control) were measured by 
depositing 1l drops on the dentinal surface 
of root halves using a calibrate syringe. 
The drop images were captured by a web-
cam (Philips CamSuite 2.0, Milan, Italy) 
aligned to the eyepiece of an optical mi-
croscope which records video images and 
pictures of the system formed by the solid 
sample (root dentine) and drop (Figure 1). 
The eyepiece resolution was of 10× while 
the lens one could vary between 4× and 
2×. The images were scanned in color with 
a resolution of 640×480 pixels and pro-
cessed by a computer with an image edit-
ing software (Capture One Pro 7, PhaseOne, 
Cambrige, MA, USA) and appropriate 
software for the angles measurement (Im-
age measurement, Klonk SmBA, Ringsted, 

Denmark) (23). Dental samples were dried 
with compress air before their use for 
wettability measurement. Sixteen mea-
surements were carried out at room 
temperature (T=20 °C, UR=35%, P=1 atm) 
for every tested solution and distilled 
water, one for each root halve. The av-
erage was calculated; for each liquid one 
microliter was tested. The droplet of the 
liquid was distributed in thermal equi-
librium on the horizontal surface of the 
samples. Contact angles values less than 
90° indicate that the wettability of the 
surface is favorable (hydrophilic), while 
angles greater than 90° means that the 
wettability of the surface is unfavorable 
(hydrophobic) (Figure 2). 
The contact angle θ (degree) was calculat-
ed from the height h (mm), the base diam-
eter d (mm), the arctangent (arctg) and the 
arccosine (cos-1) of the deposited drop on 
the surface, according to the relations:

θ=2 arctg (2h/d)               [2]                                                                                                                         

or θ=90° + cos-1 (4 hd/4h2+d2)     [3]                                                                                                 

Equation [2] was used for θ<90 °C (hydro-
philic), while equation [3] was used when 
θ>90 °C (hydrophobic).

Statistical analysis 
After verifying the normality of the data 
through the Shapiro-Wilk test, the para-
metric one-way analysis of variance (ANO-
VA) followed by Tukey’s post hoc was 
applied to identify significant differences 
among the irrigant solutions, using a sta-
tistical software (Prism 7.0; GraphPad 
Software, Inc, La Jolla, CA). The signifi-
cance level was set at p<0.05.

Figure 1
Setup used to record the 
wetting ability measure-

ments: sketch of the 
experimental setup.
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Results

Table 1 shows the mean, the standard 
deviation and the median values of surface 
tension and contact angle on dentin ob-
served for the different irrigants and dis-
tilled water. Inferential analysis showed 
no significant difference between distilled 
water and sodium hypochlorite for the 
parameters analyzed (>0.05).  EDTA with 
or without surfactants and Hypoclean 
showed a significant lower surface tension 
and contact angle (which means higher 
wetting ability) than distilled water and 
sodium hypochlorite (p<0.001).
The addition of surfactants agents to sodi-
um hypochlorite, as in Hypoclean, reduced 
the surface tension and the contact angle 
significantly (p<0.001). Instead, EDTA Plus 
(17% EDTA with surfactants) not showed 
a significant reduction of its wetting abil-

ity and surface tension than 17% EDTA 
without surfactants (p>0.05).

Discussion

This study compared the superficial ten-
sion and the wetting ability (evaluated by 
means of the contact angle θ) of different 
endodontic irrigants with and without 
surfactant agents. On the basis of the pres-
ent outcomes, the null hypothesis was 
partially rejected because the results 
showed that in sodium hypochlorite, the 
surface tension was reduced and the wet-
ting ability was increased by the addition 
of surfactants, while these parameters did 
not significantly change in 17% modified 
EDTA (EDTA Plus). Even the purest water 
incurs in contamination on storage, con-
sequently fresh MilliQ water was chosen 
as control liquid avoiding the interfacial 
adsorption of ubiquitous hydrocarbons 
from the atmosphere that could decrease 
its surface tension (24). Sodium hypochlo-
rite and EDTA, as Niclor 5 and EDTA 17% 
respectively, were chosen because they are 
the most common irrigants used in end-
odontic clinical practice. More specifical-
ly, Hypoclean and EDTA Plus were select-
ed because they have the same concentra-
tion of Niclor 5 and 17% EDTA respec-
tively but they are added with surfactant 
agents. There are different surfactants 

Figure 2
Sketch of the θ angle. This 
angle is an index of wetting 

ability of a liquid on a 
surface. 

Table 1
Mean, standard deviation and median of surface tension (DINE/cm2) and contact angle (wetting ability)  

alues (grades) for tested irrigant solutions and distilled water

Group Liquids 
tested n

Surface tension Contact angle (wetting ability)

Mean Standard 
Deviation Median Mean Standard 

Deviation Median

1 MilliQ water 15 70.80a 1.75 69.75 82.72a 7.31 82.84

2 5.25% 
NaOCl 15 67.65a 1.31 67.88 77.99a 8.91 78.84

3 Hypoclean 15 27.60b 1.81 27.89 57.31b 7.53 61.64

4 EDTA 17% 15 30.57b 1.01 30.13 67.32b 5.43 66.12

5 EDTA Plus 15 32.94b 1.69 33.47 65.95b 5.78 65.94

Liquids with same superscript letter are not statistically significant (p>0.05).

Gas

h
Liquid

Solid dγgs γls

γlg
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that could be added to endodontic irrigant 
solutions: Hypoclean uses cetrimide 
(cationic surfactant) and polypropylen 
glycol (nonionic polymer of propylene 
glycol) in an unknown concentration (2) 
while the surface-active agent of EDTA 
Plus is not declared. 
The methodology used to assess the super-
ficial tension as well as the wetting ability 
of endodontic irrigants tested is currently 
accepted in the literature and straightfor-
ward to reproduce (5, 8). Several methods 
have been developed to measure surface 
tension such as the “ring method” of Du 
Noüy adopted in a recent study (18), the 
Wilhelmy plate, the capillary rise, the 
shape analysis of pendant drop, the max-
imum bubble pressure, the drop weight. 
However, when different methods are used, 
values are not necessarily comparable (22). 
The pendant drop method using a goniom-
eter and the same apparatus have previ-
ously been employed and consequently 
validated in endodontic research (19-22).
In this study, the detected values of irrig-
ants wetting ability were obtained on 
dentin in order to simulate the surface that 
takes contact with the irrigants in clinical 
practice. A possible limit of this method-
ology, however, is that the dentin surface 
was gridded and dry according to Stojicic 
et al. (25). As a consequence, the tested 
surfaces are not completely comparable to 
the dentin surfaces found in clinical prac-
tice. Moreover, dentin has a complex 
structure: it possesses roughness and 
dentinal tubules and could present chem-
ical interactions with some of the tested 
liquids in vivo (1, 26). In addition, the re-
sults obtained could be affected by the type 
and concentrations of irrigants tested. 
Therefore, considering these limitations, 
the results must be applied in clinical 
practice with extreme caution. 
According to our results, the NaOCl solu-
tion with surfactants tested (Hypoclean) 
showed a significant lower surface tension 
and higher wetting ability than sodium 
hypochlorite alone (Niclor 5), as previous-
ly reported (6, 25, 27). Regarding EDTA, the 
solution with surfactant tested (EDTA Plus) 
showed values of the wetting ability (con-
tact angle’s values) and superficial tension 

not significantly different from the 17% 
EDTA alone. Nevertheless, it is previously 
reported the ability of surfactants to reduce 
the surface tension and increase dentine 
wetting ability of 17% EDTA (2). These 
contrasting findings could be due to the 
possible differences in type and concen-
tration of surface-active agents used in the 
solutions with surfactants tested in the 
different studies (27-30). Consequently, the 
present results showed that the surfactants 
reduce the surface tension and contact 
angle (wetting ability increased) of sodium 
hypochlorite, but not that one’s of 17% 
EDTA. It is possible to hypothesize that this 
result is due to the different chemical 
composition of two solutions as well as to 
the different kind and/or concentration of 
surfactants agents employed. 
Moreover, EDTA with or without surfac-
tants and Hypoclean showed a significant 
lower surface tension and contact angle 
values than distilled water. These outcomes 
are in agreement with some of the previous 
studies (25, 28-30). 
The penetration of irrigating solutions into 
the complex anatomy of the root canals and 
dentinal tubules could be increased by the 
addition of surfactants that reduce the 
surface tension and increase the wetting 
ability of irrigating solutions as sodium 
hypochlorite and EDTA (1, 24, 29). Improv-
ing wetting ability of an irrigant solution 
is clinically important because it could 
increase its solvent capability and conse-
quently enhance its bactericidal ability 
through a better penetration into the 
non-instrumented areas of the root canal 
system (1, 6). Anyway, in literature, there 
is no common consensus on the higher 
dissolution capability and antibacterial 
action of the sodium hypochlorite with 
surfactants than the sodium hypochlorite 
without them. Some studies showed that 
the addition of surfactants did not sig-
nificantly improve these capabilities (6, 
21, 30) while other authors have shown 
a significant improvement (17, 18, 31-33). 
Interestingly, Estevez et al. (17) suggested 
that these contrasting results can be ex-
plained by several methodological dif-
ferences regarding the irrigation protocol. 
More specifically, the greater irrigation 
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times and irrigant volumes could com-
pensate for the effects associated to the 
lowered surface tension (17).
Due to their low surface tension and in-
creased contact with dentinal walls, the 
new irrigants have the potential to pene-
trate more readily into instrumented areas 
of root canal system (34) as well as allow a 
more rapid exchange with fresh solution, 
enabling greater antimicrobial effectiveness 
and enhanced pulp tissue dissolution 
ability (29). 
There is also disagreement on the better 
clinical efficacy of the EDTA with surfac-
tants than that one without surface active 
agents (12, 27). These differences could be 
related to the different study designs, type 
of commercially available irrigant solution 
tested and kind and/or concentration of 
surface-active agent added to the irrigants 
(28). Moreover, some previous ex-vivo 
studies reported that a reduced chelating 
power was detected when EDTA was asso-
ciated with a wetting agent (21, 35). Despite 
the chelating agents could differ for type 
and concentration and thus a generalization 
is not possible, extreme caution is neces-
sary to clinically evaluate these in vitro 
results.
Further research into the chelating ability 
of different irrigating solutions used in 
combinations and/or with the incorpora-
tion of surfactants would be needed to take 
the advantage of maximum irrigant pene-
tration into the uninstrumented areas of 
the root canal system with maximum 
chelating efficiency. 

Conclusions

Sodium hypochlorite solution modified with 
surfactants showed a lower surface tension 
and a higher wetting ability than sodium 
hypochlorite alone and distilled water. 
However, the addition of surfactants to 
EDTA (as in EDTA Plus) did not result in 
better wetting ability and lower surface 
tension compared with EDTA alone.
Further investigations into biological and 
physical experimental models should be 
performed to demonstrate higher penetra-
tion, protein solvent power and bacterial 
decontamination in instrumented areas of 

root canal system of endodontic irrigants 
with surfactants than that one’s without 
surfactants. 

Clinical Relevance

Improving wetting ability of an irrigant 
solution could be clinically relevant be-
cause it may increase its solvent capabili-
ty and ability penetration into instrument-
ed areas of root canal system. 
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ABSTRACT

Aim: This study aimed to measure the vertical force developed during canal instru-
mentation with Neoniti rotary files at predetermined torque in relation to the oper-
ator’s experience.
Methodology: The research was performed on 60 human maxillary and mandibular 
incisors extracted for periodontal reasons. Each group of 20 teeth (10 maxillary and 
10 mandibular incisors) was prepared by three different operators with different 
levels of experience in endodontics: a fresh dental school graduate, a postgraduate 
student training in endodontics and an endodontic specialist. Maxillary incisors 
represented the experimental model of wide root canals while mandibular incisors 
represented a model of narrow root canals. Root canals were prepared employing 
Neoniti files and TCM Endo unit at speed and torque recommended by the manu-
facturer. Vertical force measurement was performed utilizing device constructed for 
this purpose. Statistical analysis was accomplished using Mann-Whitney U test, 
Kruskal-Wallis test and Spearman’s rank correlation.
Results: The amount of vertical force was significantly higher in narrow than in wide 
root canals (P=0.001). Comparison of vertical forces developed by three different 
operators demonstrated significant differences (P<0.001). Median vertical force 
developed by postgraduate student was significantly lower than in other two opera-
tors (both P<0.01). In postgraduate student, a significant positive correlation between 
number of shaped root canals and vertical force was demonstrated (ρ=0.490; 
P=0.003).
Conclusions: The postgraduate with limited experience in rotary instrumentation 
had on average lowest values of vertical force as opposed to other two operators. 
However, these values increased with the number of shaped root canals.

ORIGINAL ARTICLE

Influence of operator experience on vertical force 
during instrumentation using Neoniti rotary files

KEYWORDS force, nickel-titanium, rotary files 

Received 2020, November 26

Accepted 2021, February 2



161

Persic Bukmir R*, Paljevic E, Braut A et al.

Giornale Italiano di Endodonzia (2021) 35

Introduction

S
haping of the root canal space is 
one of the most challenging is-
sues of endodontic treatment, 
particularly in narrow and 
curved root canals. It ensures 

proper mechanical debridement, facilitates 
irrigation and provides a suitable shape 
for the placement of the root canal filling 
material. Over the past few decades, motor 
driven instrumentation systems have be-
come a standard in root canal shaping due 
to flexibility and mechanical properties of 
the nickel- titanium (NiTi) files, decreased 
operating time in comparison to hand 
instruments and application simplicity (1).  
NiTi alloys enabled construction of super-
elastic instruments, a feature that ensures 
flexibility and facilitates preparation of 
curved canals. In recent years, new man-
ufacturing processes and alloys have been 
introduced to improve conventional NiTi 
systems (2). The Neoniti rotary files (Neo-
lix Neoniti, Evron, France) are manufac-
tured through the Wire-Electric Discharge 
Machining (wire-EDM). According to the 
manufacturer, this specific process of 
manufacturing is responsible for high 
flexibility and surface hardness which 
together with a rectangular cross-section 
ensure cutting efficacy and optimal flexi-
bility (3).
However, despite improvements in the 
mechanical properties, NiTi instruments 
are still prone to fracture if certain condi-
tions are met. Among many factors asso-
ciated with failure of the NiTi instruments 
are their construction design, cyclic fatigue 
and torsional stress, rotational speed, 
curvature angle of the canal and operator’s 
experience (4). The occurrence of cyclic 
fatigue and torsional stress in NiTi instru-
ments is directly influenced by vertical 
force and torque and may result in instru-
ment separation (5-8). Methods used to 
reduce instrument separation include use 
of torque-controlled electrical motors that 
identify when torsional limits are reached, 
modification of the instruments’ cross-sec-
tional geometry to reduce contact areas 
and increase cutting efficiency and intro-
duction of reciprocating files with in-

creased cyclic fatigue resistance (2, 9, 10).
The experience of the operator has been 
identified as an important factor in the 
success of the endodontic therapy. Differ-
ences between the experienced and inex-
perienced operator are observed in the 
number of procedural errors, fractured 
instruments and time required to prepare 
a root canal.  Several studies observed a 
statistically higher occurrence of canal 
transportation in the group of inexperi-
enced operators (11, 12). Munoz et al (11) 
reported more frequent instrument sepa-
ration among the inexperienced operators 
in comparison to the experts. However, 
studies regarding operator’s experience 
and instrument separation are not unan-
imous in their finding. A study performed 
by Generali et al (13) demonstrated that 
operator’s experience was not significant 
in relation to instrument fracture. Since it 
has been advocated that vertical force is 
one of the factors that can directly influ-
ence instrument separation, it is necessary 
to explore if a particular motor driven 
instrumentation system can be used by 
beginner and experienced operator with 
the same degree of safety.
The aim of this study was to measure the 
vertical force developed during canal in-
strumentation with Neoniti rotary files at 
predetermined torque in relation to the 
operator’s experience. The null hypothesis 
tested was that operator’s experience does 
not affect the amount of the vertical force 
developed during canal shaping.

Materials and Methods

This study received approval from the 
Inst itut ional Ethical Committee 
(No.818101218). The research was per-
formed on 60 human maxillary and man-
dibular incisors extracted for periodontal 
reasons. Following extraction, the teeth 
were stored in 0.1% thymol solution up to 
2 months to prevent bacterial growth. Two 
initial radiographs of each tooth were 
taken from bucco-lingual and mesio-distal 
projection to assess the shape and 
cross-sectional diameter of the canals as 
well as to detect their number and possible 
obstructions. The radiographs were ob-
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tained utilizing X-ray unit (Trophy Elitys, 
Trophy Radiologie, Marne-la-Vallee, 
France) and intraoral sensor (One, Owandy 
Radiology, Roslyn, NY, USA). Canals with 
morphological abnormalities, obstructions, 
curvatures or multiple canals were exclud-
ed from the study. Only incisors with a 
single straight root canal, oval cross-sec-
tion in the coronal and middle third and 
round cross-section in the apical third 
were included in the study.
Access cavity was prepared using the 
Cavity Access Set (Dentsply Sirona, Bal-
laigues, Switzerland). The root canal length 
was determined utilizing a size 10 K-file 
(Dentsply-Sirona, Ballaigues, Switzerland) 
in mandibular and 15 K-files (Dentsp-
ly-Sirona, Ballaigues, Switzerland) in 
maxillary incisors group, depending on 
the initial apical diameter of the canal. 
Files with rubber stops were inserted into 
the canal until their tips became just vis-
ible through the apical foramen. The po-
sition of the file in each canal was con-
firmed by digital radiographs. To stand-
ardize root lengths, all teeth were short-
ened coronally to a length of 19 mm. The 
working length of 18 mm was set by sub-
tracting 1mm from the adjusted length of 
the root. 
The apical diameter of all root canals was 
standardized by manual instrumentation 
up to a size 20 K file (Dentsply-Sirona, 
Ballaigues, Switzerland) in mandibular 

incisors and size 30 K-file (Dentsply-Siro-
na, Ballaigues, Switzerland) in maxillary 
incisors. During manual preparation 3 ml 
of 3% sodium hypochlorite (NaOCl) per 
canal was used for irrigation. Final irriga-
tion was performed with 2 mL of 17 % 
ethylenediaminetetraacetic acid (EDTA; 
Vista Dental Products, Racine, WI, USA) 
for 1 min followed by irrigation with 6 mL 
of 3% NaOCl for 3 min and 2 mL sterile 
saline solution for 1 min (14). 
The prepared teeth were randomly divid-
ed into three experimental groups. Each 
group consisted of 10 maxillary and 10 
mandibular incisors. Maxillary incisors 
represented the experimental model of 
wide root canals while mandibular inci-
sors represented a model of narrow root 
canals. The cervical portion of teeth was 
immersed into auto acrylate mold (Polire-
par S, Polident, Volčja Draga, Slovenia) to 
secure specimen placement into the meas-
uring device (Figure 1). Canal orifices were 
shaped and enlarged with Neoniti C1 or-
ifice opener nº25/.12 (Neolix Neoniti, Ev-
ron, France). The narrow root canals were 
prepared employing Neoniti A1 nº25/.06 
shaping files (Neolix Neoniti, Evron, 
France) with new files used for every spec-
imen. Wide root canals were instrumented 
utilizing Neoniti A1 nº40/.04 (Neolix Ne-
oniti, Evron, France) with files discarded 
after each specimen preparation. Before 
use, each rotary instrument was lubricat-
ed with RC Prep (Well-Prep,Vericom  Co, 
Anyang,  Korea), whilst a rinse with 3 ml 
of 3% NaOCl solution was made after the 
use of each instrument. Apical patency 
was obtained using a size 10 K-file. The 
rotational speed was preset at 300 rpm and 
the shaping files were introduced in peck-
ing and upward circumferential brushing 
motions from the bottom up according to 
the manufacturer’s instructions. The 
preparations were performed utilizing the 
TCM Endo unit (Nouvag, Goldenstein 
Switzerland) at a preset torque value of 1.5 
Ncm according to the manufacturer’s 
recommendations.
Each group of 20 teeth was prepared by 
different operator depending on their ex-
perience. Group 1 was shaped by beginner, 
a fresh dental school graduate. Group 2 

Figure 1 
Tooth immersed into auto 

acrylate mold and placed into 
the measuring device.
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was prepared by a postgraduate student 
training in endodontology. Group 3 was 
prepared by an experienced operator, an 
endodontic specialist with more than 10 
years of experience. None of the operators 
had previous experience using Neoniti 
rotary files. They had only theoretical 
knowledge about the system.

Vertical force measuring device
The constructed device had a platform for 
tooth placement, which was wedged using 
a vertical shaft into a membrane sensor 

with eight gauges (1-Ly11-10/120, Hotting-
er, Baldwin, Messtechnik, GmbH, 
Darmstadt, Germany) to measure vertical 
forces (Figure 2). The construction allowed 
free passage and rotation of the vertical 
shaft in a radial bearing while being 
wedged into the membrane sensor trough 
axial-radial bearing. 
Prior to instrumentation, device calibra-
tion was performed using 50 g and 100 g 
standardized weights. Measured data were 
recorded with a two-channel oscilloscope 
(ADC-216, Pico Technology Limited, St 
Neots, UK) every 0.1 s. They were present-
ed in a form of diagrams and tables on the 
computer monitor and entered into Micro-
soft. Excel data sheet. The recorded vari-
ables were expressed in newton (N) units 
for vertical force variable. The measuring 
device was described in a previously pub-
lished paper (15).

Statistical analysis
Statistical analysis was performed using 
the commercial software MedCalc 14.8.1 
(MedCalc Software bvba, Belgium) at 
level of statistical significance P<0.05. 
Kolmogorov-Smirnov test was used to test 
data for normal distribution. Since distri-
bution of the data was not normal, as a 
measure of central tendency and disper-
sion, a median and interquartile range 
values were used. Testing the differences 
between the groups was accomplished 
using Mann-Whitney U test and 
Kruskal-Wallis test. Given the large num-
ber of tests Bonferroni correction concern-
ing statistical significance was applied in 
the post hoc analysis. To explore relation-
ship between number of shaped root canals 
and vertical force a Spearman’s rank 
correlation was used.

Results

The median vertical force measured dur-
ing instrumentation was 1.12 N (0.86-1.64)  
in mandibular incisors and 0.71 N (0.49-
1.00) in maxillary incisors. The amount of 
vertical force was significantly higher in 
mandibular incisors (P=0.001, Figure 3). 
Significant differences in vertical forces 
developed by three operators were found 

Figure 2
Vertical force measuring 

device.

Figure 3
Difference in vertical force 

regarding tooth type.
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(P<0.001). Average vertical force developed 
by postgraduate student was 0.68 (0.52-
0.87) N while graduate student and endo-
dontic specialist developed 0.92 N (0.70-
1.44)  and 1.33 N (1.00-1.69) , respectively 
(Figure 4). Post hoc analysis revealed that 
median vertical force developed by post-
graduate student was significantly lower 
than in other two operators (both P<0.01). 
The figures 5 and 6 show median, minimal 
and maximal values as well as interquar-

tile range of vertical force applied by three 
operators during instrumentation of man-
dibular and maxillary incisors. Significant 
differences in amount of vertical force 
during instrumentation between different 
operators were observed in both mandibu-
lar and maxillary incisors. (P<0.001 and 
P=0.008, respectively). In mandibular inci-
sors, the average amount of vertical forces 
developed by graduate student and endo-
dontic specialist were 1.44 N (1.03-1.80)  and 
1.56 N (1.29-1.74), respectively. Force devel-
oped by postgraduate student was on aver-
age 0.70 N (0.52-0.88). Post hoc test revealed 
that force developed by postgraduate student 
was significantly lower than in other two 
operators (P<0.01, Figure 5). 
Significant differences in amount of ver-
tical force during instrumentation of 
maxillary incisors between operators were 
also observed (P=0.008). The average 
amount of vertical force developed by 
endodontic specialist was 1.05 N (0.89-
1.37), and it was significantly higher than 
average forces developed by graduate and 
postgraduate student (P<0.01, Figure 6). A 
significant positive correlation between 
number of shaped root canals and vertical 
force was demonstrated for postgraduate 
student (ρ=0.490, P=0.003). The amount of 
vertical force increased with the number 
of shaped root canals. A negative correla-
tion was found for graduate student (ρ=-
0.143, P=0.548) and endodontic specialist 
(ρ=-0.340, P=0.143), however it was not 
statistically significant.

Discussion

Only a few studies evaluated the influence 
of operator’s experience on the shaping of 
the root canals (11, 16, 17). While some of 
them used simulated root canals in resin 
blocks, others used natural extracted teeth. 
In the present study extracted teeth were 
used as samples. There are several disad-
vantages when resin blocks are used. First, 
the physical properties such as texture, 
hardness, and cross section of simulated 
root canals differ from natural teeth. Sec-
ond, heat generated during instrumenta-
tion of simulated root canals, may soften 
the resin material and lead to binding of 

Figure 4 
Difference in vertical force in 
all teeth regarding operator’s 

experience.

Figure 5
Difference in vertical force in 

mandibular incisors regarding 
operator’s experience.



165

Persic Bukmir R*, Paljevic E, Braut A et al.

Giornale Italiano di Endodonzia (2021) 35

cutting blades (16). However, it can elimi-
nate morphological variations of root canal 
as a source of measurement variations (18, 
19). Although the skills required for prepa-
ration of plastic block canals and canals 
in natural teeth are not identical (16), the 
experience and tactile skills of operator 
remain important issues of investigation. 
The results of this study demonstrated 
significant differences in vertical force 
developed by operators with different 
levels of experience.
An operator with extensive experience in 
rotary instrumentation (endodontic spe-
cialist) had on average highest vertical 
force values between the operators, but 
this difference was significant only in the 
model of wide root canals. On the other 
hand, the postgraduate with limited expe-
rience in rotary instrumentation had on 
average lowest values of vertical force as 
opposed to other two operators.
Statistical analysis revealed that this was 
significant in total sample and in the mod-
el of narrow root canals. This finding can 
be attributed to the “learning curve” of the 
less experienced operator. Blum et al (20) 
compared vertical forces developed by a 
group of students and a group of endodon-
tists during root canal instrumentation 
utilizing an endograph. The results of their 
study showed that the vertical forces of 

students were lower than those of the 
endodontists in the beginning of the ex-
periment. However, with the progression 
of the study, the amount of forces increased 
in the group of students and became sim-
ilar to the values of experienced operators. 
This could indicate their advancement in 
correct manipulation of the rotary instru-
ments (20). This trend can be observed in 
the present study as well and confirms 
the positive correlation between progres-
sion of operator’s experience and an in-
crease in instrumentation force. Our re-
sults demonstrated that the vertical force 
values of the postgraduate student in-
creased with the number of shaped root 
canals, possibly reflecting an increase in 
experience and tactile skills of the oper-
ator.
Instrument separation is an unpleasant 
complication, which can often be prevent-
ed through correct instrument manipula-
tion. Care is advised especially during 
instrumentation of the narrow root canals. 
Previous study performed by Peters et al 
confirmed a correlation of vertical force to 
preoperative canal volume (21). It was 
observed that the apically directed force 
increased during preparation of narrow 
root canals. Torsional fractures and “taper 
lock” effect were induced through forced 
manipulation of the rotary file into the 
apical portion of the narrow root canal (21, 
22). Similar finding was observed in this 
study. Regardless of the operator experi-
ence, the average amount of vertical force 
was significantly higher in the model of 
narrow root canals. 
Regardless of the recorded vertical force 
values, no instrument separation was re-
corded in any of the operator groups. This 
could be attributed to the single use of 
rotary files, maintenance of the glide path 
and manual enlargement of the root canals 
prior to rotary instrumentation. During 
the last two decades, NiTi instruments 
have gained popularity and are widely 
used by both general practitioners and 
endodontic specialists (23, 24).
A study performed on general dentist and 
endodontists in Tehran revealed that the 
most common procedural fault associated 
with NiTi instruments was file separation 

Figure 6
Difference in vertical force in 

maxillary incisors regarding 
operator’s experience
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due to over-use and application of exces-
sive pressure (25). Aside from instrument 
separation, increased instrumentation 
force is associated with formation of den-
tinal defects on the canal walls. These 
structural defects can increase the risk of 
root fracture and lead to tooth loss (22). 
One of the major shortcomings of many 
comparative studies conducted in ex vivo 
conditions, including the present study, is 
a lack of anatomical matching of teeth 
prior experiment (26).
In the present study, after applying the 
exclusion criteria and standardization of 
the root length and apical diameter, teeth 
were randomly divided to create experi-
mental groups. Although several previous-
ly conducted studies created experimental 
groups by randomization (14, 27), there are 
concerns that the results may reflect the 
root canal anatomy rather than the variable 
of interest (26). To overcome this problem 
several studies measured buccolingual and 
mesiodistal root canal diameter at 5 mm 
from the apex and calculated long: short 
cross-section diameter ratio to discern oval 
from round root canals (28-30). Recently, a 
study by De-Deus et al (26) proposed a mi-
cro-computed tomographic (micro-CT) 
technology as a method to remove varia-
tions in root canal anatomy as a confound-
ing variable in experiments with pair-
matched design.
Other limitations of the present research 
include a relatively small sample of teeth 
analyzed in each operator group. Instru-
mentations were performed by only one 
representative of the operators.A more 
generalized representation of each operator 
group would have been achieved through 
multiple operators in each experience 
group. Finally, we cannot exclude the pos-
sibility that differences in vertical force may 
be rather attributable to individual operator 
characteristics than operator’s experience. 
Several investigations have demonstrated 
that utilizing machine-driven Ni-Ti instru-
ments by inexperienced users results in 
more confidence and an improved sense of 
security in performing endodontic treat-
ment (31, 32). Therefore, it seems rational to 
introduce the use of machine-driven Ni-Ti 
files into their pre-clinical curriculum.

Conclusions

Under the present experimental condi-
tions, the postgraduate with limited expe-
rience in rotary instrumentation had on 
average lowest values of vertical force as 
opposed to other two operators. However, 
these values increased with the number 
of shaped root canals.
 
Clinical Relevance

The present study emphasized the impor-
tance of preclinical training to acquire 
experience and tactile skills for correct 
manipulation of the rotary endodontic 
instruments. 
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ABSTRACT

Aim: The purpose of this study is to compare continuous wave with conform fit gutta-percha 
point and the core-carrier system with GuttaCore assessing the percentage of gutta-percha 
filled areas (PGFA), sealer filled areas (PSFA) and voids (PVA) in extracted teeth.  
Methodology: Seventy-five extracted single rooted premolars were assigned to 5 groups, groups 
A and C were shaped with WaveOne Gold medium, groups B and D with ProTaper Next X3, and 
group E with manual instruments #35 K-file. Obturations were managed with GuttaCore in 
groups A and C; with Conform fit gutta-percha points in groups B and D; and with ISO-sized 35 
gutta-percha master cones and cold lateral compaction technique in group E. The teeth were 
sectioned at 2, 4, 6, and 8 mm from the apex and for every section the percentages of gut-
ta-percha and sealer filled, and void areas with respect to the total area were calculated. Data 
obtained were analysed for each variable at each level by using a one-way ANOVA with group 
as dependent variable (α=0.05). Multiple comparisons between the five experimental groups 
were conducted by using the Student’s t-test with Šidák alpha correction.   
Results: At all levels group E produced significantly less PGFA and higher PSFA and PVA than 
all the other experimental groups. At 2 mm from the apex, group A showed significantly higher 
PGFA than group C and a significantly lower PSFA than C and D. At 4 mm from the apex groups 
A and B produced significantly better results in terms of PGFA than groups C and D. the PSFA 
and PVA were significantly lower in group D with respect to groups A and B. PVA were statisti-
cally significant lower in group C than in group B. At 8 mm from the apex group A showed 
significantly higher PGFA than groups B and D, a significantly lower PSFA and PVA than group 
B. 
Conclusions: Independently of the instrument used for preparation (WaveOne gold versus Pr-
oTaper Next) Conform Fit point and GuttaCore produced very homogeneous obturations with 
high PGFA. The association of WaveOne Gold file system shaping and the GuttaCore obturation 
technique produced better results in terms of PGFA, PSFA and PVA than all the other techniques 
especially in the apical portion of the root canals. Manual instrumentation and the cold lateral 
obturation technique yield poor quality root canal obturations.

ORIGINAL ARTICLE

Percentage of Gutta-percha filled area in canals 
shaped with Nickel-Titanium instruments and 
obturated with GuttaCore and Conform Fit gutta-
percha cones

KEYWORDS continuous wave obturation, core carrier system, guttacore, PGFA, vertical warm obturation
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Introduction 

P
reventing bacteria from entering 
the endodontic system is a fun-
damental biological principle 
for achieving a successful treat-
ment (1). A recent systematic 

review and meta-analysis concluded that 
both adequate root canal treatment and 
restoration are fundamental for saving 
functional teeth (1). These results strength-
en findings of previous reviews.
A satisfactory endodontic obturation with-
out voids is one of four factors with a sig-
nificantly positive effect on the outcome 
of primary root canal treatment (2).
Research is aiming at matching en-
gine-driven nickel-titanium (NiTi) instru-
ments with an appropriate obturation 
technique that will seal all ports of entry 
to prevent bacterial contamination. A 
3-dimensional (3D) adaptation of the filling 
material to the root canal space could be 
accomplished with the core-carrier system 
or single-cone gutta-percha technique with 
the same taper and diameter of the last 
instrument used (3-5). 
Both methods are based on the use of ther-
moplasticized gutta-percha. The dimension-
al stability of the obturation is directly de-
pendent on filling the canal with gutta-per-
cha using as little sealer as possible and 
leaving no void areas (6-8). The quality of 
the obturation can then be evaluated in 
terms of the percentage of gutta-percha filled 
areas (PGFA), sealer filled areas (PSFA), and 
voids (PVA) in filled straight-root canals 
using digital images (9-12). 
In the single-cone gutta-percha technique, 
the adaptation to the endodontic space was 
achieved with the warm vertical compac-
tion or continuous wave compaction 
technique. In 2013 Schäfer et al. found that 
the variable taper of root canal instrumen-
tation negatively influenced obturation 
quality with single-cone gutta-percha (4). 
Recently, new Conform-Fit gutta-percha 
points (Dentsply, Sirona, Canada), that 
closely matched the variable taper of rel-
ative Ni-Ti instruments (ProTaper NEXT 
and WaveOne Gold), were introduced. 
Previous studies stressed the importance 
of correspondence between the diameters 

and tapers of the files and the gutta-percha 
cones (13, 14). 
The manufacturer described the Conform 
Fit Gutta-Percha point as a micronized 
gutta-percha formula that permits thermo-
plastic adaptation at low temperatures 
(105-180°) minimizing any negative effect 
on the periodontal ligament (https://www.
dentsplysirona.com). 
Until recently core-carrier were either 
metal or plastic (Thermafil thecnique) now, 
the core can be made of cross-linked gut-
ta-percha. However, the cores are always 
coated alpha-phase gutta-percha.
The most popular core carrier systems with 
cross-linked gutta-percha are Gutta-Core 
(Dentsply Maillefer, Ballaigues, Switzer-
land) and GuttaFusion (VDW, Munich, 
Germany). These systems seem to guaran-
tee a high quality of obturation with re-
spect to lateral and Single-Cone techniques 
even with the use of different instruments 
with varied and constant tapers (9).
The purpose of the study was to compare 
the quality of obturation, in terms of per-
centage of gutta-percha filled area (PGFA) 
sealer (PSFA) and voids (PVA), in straight 
root canals instrumented with two varied 
taper NiTi instruments (Wave One Gold 
and ProTaper NEXT) and filled with sin-
gle-cone gutta-percha (Conform Fit point) 
or the Gutta-Core carrier system. 
The tested null hypothesis was that there 
is no difference in the quality of obtura-
tions between two techniques.

Materials and Methods

Seventy-five straight root canal (curvature 
<5°) mandibular premolars, extracted for 
periodontal disease, were selected for this 
study. The study was approved by the 
ethics committee of the Tuscany Region, 
University of Florence, Italy N17877_BIO. 
In order to prevent bacterial growth, the 
teeth were stored at 4 °C until use, in for-
malin solution. The remaining were then 
examined with stereomicroscope under 
X20 magnification; those with root canal 
cracks were also excluded. The coronal 
access was realized in all root canals, 
apical patency was checked and working 
length measured with a size 10 k-file (Dent-
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sply Maillefer, Ballaigues, Switzerland). 
The distance between the cementoenamel 
junction and the apex was recorded in 
order to assign the canals to five similar 
groups (n=15 teeth for group).
After placing the teeth in an endodontic 
simulator (Protrain; Simit Dental, Manto-
va, Italy), the electric motor with a 16:1 
reduction hand-piece (X-Smart Plus; Dent-
sply Maillefer, CH-1338 Ballaigues, Swit-
zerland) was set for each file with torque 
and rotational speed as suggested by 
manufacturer. The glide path was per-
formed using Wave One Gold Glider in 
groups A and C and with ProGlider in 
groups B and D, until working length was 
reached. In group E manual instrumenta-
tion with stainless steel K-File (Dentsply, 
Maillefer) size 10-35 were used. 
In the experimental groups shaping was 
accomplished using two different NiTi 
energy driven instruments: in groups A 
and C Wave One Gold medium (WOGM) 
(Dentsply, Maillefer); in groups B and D 
ProTaper Next X3 (PTNX3, Dentsply, 
Maillefer) until the working length was 
reached. 
After using each instrument, the root ca-
nals were irrigated with 5% NaOCl and 
17% EDTA using a 30-gauge monojet irri-
gation needle for a total of 12 ml and 9 ml, 
respectively; the final rinse was done using 
3 ml of saline solution for 1 minute. All 
the roots were dried with the paper point 
corresponding to the last instruments 
used. 
Groups A and B were obturated by using 
the core-carrier system: GuttaCore (GC) 
obturator (Dentsply Sirona Ballaigues, 
Switzerland), matching the WOGM and 
PTNX3 respectively, were heated in a 
ThermaPrep 2 oven (Dentsply Sirona), on 
heat setting 35-40 °C. Groups C and D were 
obturated by using the continuous wave 
technique: Conform Fit (CF) gutta-percha 
cone (Dentsply Sirona), matching WOGM 
and PTNX3 respectively, using the System 
B (EIE Analytic Technology, Orange, CA); 
backfilling was accomplished using an 
Obutra II syringe (Obtura II, Obtura Cor-
poration, Fenton, MO, USA). Finally, group 
E was obturated with the cold lateral 
compaction technique using ISO-sized 35 

gutta-percha master cones. In all the sam-
ples pulp-canal sealer EWT (Kerr, Salerno, 
Italy) was used as endodontic sealer. Teeth 
were stored for 14 days at 37 °C and 100% 
humidity to allow the sealer to set com-
pletely.
The teeth were embedded in resin blocks 
(Technovit; Heraeus-Kulzer, Wehrheim, 
Germany) and sectioned horizontally, with 
a 0.1 mm low-speed saw (Leitz, Wetzlar, 
Germany) under permanent water-cooling 
at 2, 4, 6, and 8 mm from the apex. All 
slices were observed from a coronal to 
apical direction under a digital stereomi-
croscope (SMZ-10 Nikon Corporation, 
Tokyo. Japan) at X40 magnification and 
digital pictures were taken of each section. 
The total area of each canal segment and 
the areas of gutta-percha, sealer, and voids 
were measured in pixels using ImageJ 
Software (National Institutes of Health, 
public domain) for all sections. The areas 
of gutta-percha, sealer, and void areas, 
PGFA, PSFA, and PVA respectively, were 
converted to percentages with respect to 
the total area. 
These sections were analyzed by an exam-
iner blinded to all the experimental groups 
and sections.

Statistical Analysis
The sample size was determined consid-
ering the comparison of main interest (i.e. 
PGA at first level, experimental group A 
vs. all the other experimental groups). 
Assuming that the most similar percent-
ages of PGA were observed in the experi-
mental groups A and B (about 94% and 
90%, respectively) and considering a 
common SD of 3 and an alpha level of 
0.0127 (i.e. Šidák correction [i.e. 1-(1-a)1/m] 
applied to the four contrast of main inter-
est), a sample size of 15 teeth for each ex-
perimental group is sufficient to guarantee 
study power of at least 80%. 
Statistical analyses of PGFA, PSFA and 
PVA were performed for each level (i.e. 2, 
4, 6, and 8 mm), using the one-way ANOVA 
with group as dependent variable. Multiple 
comparisons between the five experimen-
tal groups for each variable at each level 
were also performed by using t-Test. The 
overall study statistical significance level 
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Figure 2 
PSFA contrasts by level.
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Figure 2 
PSFA contrasts by level.
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Figure 3
PVA contrasts by level.
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was set at α=0.05 for each variable within 
each level. Multiple comparisons were 
conducted by applying the Šidák alpha 
correction. No formal tests were performed 
for data distribution since, for small sam-
ple size, the tests for normality could lead 
to misleading conclusions. Instead, a 
graphical exploration of the symmetry of 
the data was performed.
 
Results 

Table 1 shows the mean and standard 
deviation values of PGFA, PSFA and PVA 
at four different levels for the five experi-
mental groups. At all levels significant 
differences were found among the five 

groups in term of pooled PGFA, PSFA and 
PVA (Table 2, 3, 4). At all levels group E 
showed a significantly lower PGFA value 
and a significantly higher PCFA and PVA 
than all other groups (p<.05).
At the more apical level (2 mm from the 
apex) group A has a significantly higher 
PGFA than group C and a significantly 
lower PSFA than groups C and D (p<.05). 
At 4 mm from the apex groups A and B 
presented a significantly higher PGFA than 
groups C and D, for PSFA. A significant 
difference was observed between groups 
D and A and between D and B, for PVA as 
well. Finally group B had lower PVA than 
groups C and D (p<.05). 
At 6 from the apex no significant difference 

Table 1 
Descriptive Statistics

PGFA PSFA PVA

Level Group N Mean (St. dev) Min-Me-Max Mean (St. dev) Min-Me-Max Mean (St. dev) Min-Me-Max

1 A 15 94.7 (3.04) 89.4-95.2-99 3.8 (2.07) 1-3.9-7.4 1.5 (1.65) 0-0.8-6

1 B 15 91.9 (7.5) 67.2-94.9-97.6 7.3 (6.99) 1.4-5.1-30.5 1.2 (1.36) 0-0.5-4.6

1 C 15 87.4 (8.52) 64.3-88.9-97.2 10.9 (7.52) 2.5-10.9-32.4 2.4 (1.73) 0.2-1.9-5.3

1 D 15 90.1 (6.84) 80.2-90.2-99 8.4 (5.88) 0.7-8.3-18.4 1.5 (1.26) 0.1-1.4-3.7

1 E 15 79 (6.16) 60.7-79.4-89.3 15.9 (5.54) 5.7-16.3-29.4 5.1 (2.51) 1.8-4.6-11

2 A 15 96.1 (1.97) 93-96.3-99.2 3.2 (2.25) 0.5- 2.7-6.7 0.9 (0.56) 0-0.9-2

2 B 15 95.7 (3.53) 88-96.8-99.7 3.6 (3.22) 0.5- 2.6-11 0.7 (0.96) 0-0.4-3.7

2 C 15 92.4 (4.24) 83-92.9-98.2 5.5 (3.88) 0-5- 12.6 2.1 (2.37) 0-1.3-9.1

2 D 15 91.2 (5.71) 76-91.8-98.5 6.4 (5.51) 1.1-4.9-24 2.4 (2.27) 0-2.-5.8

2 E 15 86.6 (2.41) 82.6-86.3-91 9 (1.58) 5.3-9.3-11 4.4 (1.7) 1.3-4.8-7

3 A 15 98.1 (1.09) 96-98.3-99.2 1.4 (0.98) 0-1.2-3.1 0.5 (0.48) 0-0.6-1.3

3 B 15 97.1 (3.73) 87.9-98.6-100 2.3 (3.24) 0-1.2-11.9 0.5 (0.92) 0-0.2-3.6

3 C 15 97.5 (1.01) 95.4-97.8-98.8 0.9 (0.95) 0-1-3 1.6 (1.16) 0-1.6-4.6

3 D 15 96.8 (2.01) 92.5-97.6-99 2.6 (1.48) 1-2.1-5.3 0.6 (0.7) 0-0.6-2.2

3 E 15 81 (3.66) 74-81.1-86.3 11 (2.69) 7.2-10-16.3 8.1 (3.43) 4.7-7.6-16.6

4 A 15 98.8 (0.84) 97.1-98.9-100 1.1 (0.79) 0-1-2.9 0.2 (0.28) 0-0-0.7

4 B 15 95.9 (2.09) 92.1-95.6-100 2.7 (1.75) 0-2.5-6.8 1.4 (1.89) 0-1-7

4 C 15 97 (1.25) 95-97.3-99 1.9 (1.26) 0-1.7-4.5 1.1 (1.13) 0-0.6-4

4 D 15 96.7 (2.06) 92.9-97-99 2.4 (1.29) 1-2.4-4.9 0.9 (0.97) 0-0.6-3

4 E 15 87.9 (2.79) 83.2-87.7-92.6 7.5 (1.93) 3.7-7.9-10.3 4.6 (1.73) 1.5-4.7-7.7
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was observed in terms of PGFA, PSFA and 
PVA. At 8 mm from the apex group A had 
a significantly lower value of PSFA and 
PVA than group B, and a significantly high 
PGFA than groups D and B (p<.05).
All the contrasts between experimental 
groups by levels are fully shown in figure 
1, 2, 3.

Discussion

The obturation of root canal systems is 
generally accomplished using biocompat-
ible and removable material such as gut-
ta-percha and sealer in order to reduce the 
presence of voids in so far as possible 

prevent recontamination of the system (3, 
15, 16). Since gutta-percha is a dimension-
ally stable material over time the PGFA 
was largely used to evaluate root filling 
quality (4, 9, 17). In the present study the 
root canal sections of group E (manual 
instrumentation and cold lateral obtura-
tion technique), at all levels analysed, 
showed the worst performance: maximum 
amount of voids and cement and minimum 
amount of gutta-percha. This widely used 
obturation technique (18, 19) has been 
considered a control in several studies (4, 
9, 20). 
The other four experimental groups were 
instrumented with two different NiTi 
system (Wave One Gold and ProTaper 
Next), both with have a variable taper, a 
different cross sectional design (parallel-
ogram versus rectangule) and a different 
motion (reciprocating versus continuous 
respectively).
Previous studies have investigated the 
quality of root canal obturation using 
different techniques (core carrier system 
versus warm continuous condensation). 
In general no statistical differences have 
been found between the two systems (20-
22, 10) either in extracted teeth or in 
simulated C-shaped canals. In a recent 
ex vivo study carrier-based techniques 
produced a statistically significant dif-
ference in terms of PGFA at 4 mm from 
the working length in oval canals; the 
authors emphasized the role of both hy-
draulic and mechanical condensation in 
order to obtain a tridimensional root canal 
filling (23).
In the present study, the main difference 
between the four experimental groups was 
observed at 4 mm from the apex. At 4 mm, 
sections of group A resulted in a signifi-
cantly higher gutta-percha filled area and 
less of cement compared with groups C 
and D. With GuttaCore there were greater 
amounts of gutta-percha, and less sealer 
and voids than in root canals filled with 
the Conform fit cone and continuous wave 
of condensation technique. 
As suggested in the literature, using the 
cold continuous wave obturation system 
the apical portions of the root canal are 
more prone to having larger amounts of 

Table 2 
Analysis of variance for PGFA by level

Level Effect Num DF Den DF F Value Pr>F

1 Group 4 70 12.10 <.0001

2 Group 4 70 15.41 <.0001

3 Group 4 70 121.18 <.0001

4 Group 4 70 72.74 <.0001

Table 3 
Analysis of variance for PSFA by level

Level Effect Num DF Den DF F Value Pr>F

1 Group 4 70 8.61 <.0001

2 Group 4 70 6.60 0.0001

3 Group 4 70 59.24 <.0001

4 Group 4 70 45.22 <.0001

Table 4 
Analysis of variance for PVA by level

Level Effect Num DF Den DF F Value Pr>F

1 Group 4 70 12.96 <.0001

2 Group 4 70 11.03 <.0001

3 Group 4 69 54.07 <.0001

4 Group 4 70 24.97 <.0001
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sealer and voids. Furthermore apical ana-
tomical variations are more difficult to 
manage using this technique as opposed 
to the other (17, 22).
The results did not reveal any significant 
difference between groups C and D for any 
of the analysed parameters (PGFA, PSFA 
and PVA) when the conform fit cone was 
used. Type of mechanical instruments 
used to shape the canals did not seem 
influence the performance of the cold 
continuous wave technique with the Con-
form fit gutta-percha cone. Likewise, when 
a core carrier system technique was used, 
the type of instruments did not affect the 
quality of obturation (group A versus group 
B), concurring with the results obtained 
by Schäfer (9). Except at 8 mm from the 
apex, in the present study, no significant 
difference was documented in terms of 
PGFA, PSFA and PVA between groups A 
and B. At this level the canal shaped with 
Wave-One Gold resulted in a significantly 
higher better root filling quality than those 
shaped with ProTaper NEXT. These results 
could depend on the instrument design, 
alloy type and rotation motion (continuous 
or reciprocating): all of these characteris-
tics lead to a rotational phenomenon 
known as “swagger” (24). Despite the use 
of the ProGlider glide path, the loss of 
centralization preparation could not en-
sure a good fit of the GuttaCore to the canal 
walls (25).
Finally, in the apical portion of the canals, 
when WaveOne Gold was used for shaping, 
GuttaCore insured better root canal obtu-
ration in terms of PGFA and PSFA than 
Conform fit gutta-percha cone and System 
B. These findings could be due to the var-
ious phases of the continuous wave tech-
nique (17).
Regarding the detection of voids the pres-
ent study supports previous findings, root 
canals filled with the GuttaCore carrier 
system showed the best results, close to 0 
(9, 20). 
Within the limitations of the present study, 
the association of Wave-One and corre-
sponding GuttaCore yielded high quality 
root filling in extracted teeth, therefore the 
null hypothesis has been rejected. The 
quality of obturations in manually instru-

mented root canals filled using the cold 
lateral technique was very low. 

Clinical Relevance

The association of reciprocating motion 
file system shaping and the core carrier 
system obturation technique produces 
highly affordable results in terms of PGFA, 
PSFA and PVA especially in the apical 
portion of the root canals.
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ABSTRACT

Aim: To evaluate whether the restorative procedure using glass fibers influence the 
fracture strength of endodontically treated molars with class II mesio-occlusal (MO) 
preparation.
Methodology: Fifty human maxillary third molars were selected and randomly 
assigned to five groups (n=10). MO cavity preparation and endodontic treatment 
were standardized, except for the positive control group (S, sound teeth). The other 
groups were classified as: ET, no restoration (negative control); SF, restoration with 
SonicFill 2® system; SFB, restoration with braided glass fiber and SonicFill 2® system; 
and SFP, restoration with transfixed glass fiber post and SonicFill 2® system. The 
specimens were subjected to fracture strength testing on a universal testing machine. 
Fracture site – either pulp chamber floor or cusp – was inspected. Statistical anal-
ysis was performed using ANOVA, followed by Tukey’s multiple comparison test 
(α=5%).
Results: Means followed by the same letter did not show statistical difference in 
Tukey’s test (P>0.05). S: 3563A ± 780.7; ET: 1001D ± 237.6; SF: 1689C ± 280.7; SFB: 
2256B ± 289.2; and SFP: 2493B ± 364.
Conclusions: The glass fiber, regardless of composition, increases the fracture 
strength of endodontically treated teeth. The use of a glass fiber post attached to 
the dental crown seems to provide more favorable rehabilitation when the fracture 
position is determined.
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Effect of glass fiber on the restorative  
procedure in relation to fracture strength of 
endodontically treated molars
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Introduction

F
ractures continue to be a major 
cause of loss of endodontically 
treated teeth (1, 2). The restora-
tive procedure aims not only to 
promote coronal sealing, pre-

venting contamination of the endodontic 
filling material, but also to strengthen the 
teeth by restoring lost structures. Ac-
cording to Faria et al (3), there is a direct 
relationship between the number of 
missing walls and fracture strength. 
Plotino et al (4) also observed that the 
absence of one or two marginal ridges 
results in considerable loss of tooth 
stiffness, around 46% and 63%, respec-
tively. 
Composite resin restorations are com-
monly the first clinical rehabilitation 
alternative. The incremental technique 
has been the most common placement 
method for the use of composite resin 
(5). However, when large cavities are 
filled, this clinical protocol may result 
in a higher risk of air bubble formation 
between increments, greater polymeri-
zation stress, and an increase in consul-
tation time (6-8). In an attempt to address 
these drawbacks, the industry has de-
veloped a new type of resin-based re-
storative material that is applied in 
single increments of approximately 4 
mm in thickness and with reduced 
shrinkage (9, 10).
SonicFill 2® is a system that uses a 
specific sonic handpiece to carry resin 
into the cavity. This sonication feature 
transmits energy to the composite, re-
ducing its viscosity (11) in order to 
better adapt the material to the cavity (12). 
According to Agarwal et al (13), the me-
chanical properties of this new composite 
are similar to those of a hybrid composite 
resin.
Studies have described the application of 
glass fiber to reinforce composite resin 
restorations. For Freilich et al (14), the use 
of fibers associated with the restorative 
procedure has reduced the risks of perma-
nent deformation and tooth fracture. Belli 
et al (15) also placed a polyethylene fiber 
together with a flowable composite resin 

into mesio-occluso-distal (MOD) cavity 
preparations and found that there was 
greater fracture strength than in teeth 
filled with composite resin alone.
An alternative researched in the literature, 
in order to increase the fracture strength 
of endodontically treated teeth, is the use 
of flexible fiberglass posts horizontally 
transfixed in the buccal and palatal/lin-
gual surfaces. These prefabricated aesthet-
ic posts have an elasticity module very 
close to that of dentin (16). According to 
studies by Favero et al (17), Karzoun et al 
(18), and Mergulhão et al (19), the groups 
that received post transfixation and resto-
ration with composite resin showed a 
significant increase in fracture strength 
when compared to the groups restored 
only with resin. In addition, a lower degree 
of impairment of the dental structure in 
the face of the fracture can be observed.
The presented study aimed to evaluate 
whether the use of glass fiber associated 
with the sonic-resin placement system as 
restorative material influences the fracture 
strength and type of fractures in endodon-
tically treated molars with class II me-
sio-occlusal (MO) preparation. The initial 
null hypothesis was that there is no sta-
tistically significant difference between 
endodontically treated molars restored 
with glass fiber (post or braided).

Materials and Methods

This study was approved by the Research 
Committee of the UFRGS School of Den-
tistry and its Research Ethics Committee 
(Process CAAE 06753019.6.0000.5347).

Sample selection and preparation
Fifty human maxillary third molars, free 
from carious lesions, restorations, or cracks 
were used in this study. The buccopalatal 
(11 mm ± 0.5 mm) and mesiodistal (9.5 mm 
± 0.5 mm) widths of the selected crowns 
were measured with a digital caliper (Mi-
tutoyo, Suzano, SP, Brazil) at the most 
prominent point of the respective surfaces. 
We calculated sample size on the basis of 
a pilot study and considered the following 
parameters: type I error probability of .05, 
nominal test power of 0.8, difference be-
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tween groups of 230 newtons, and average 
standard deviation of 90 N. The minimum 
sample size was of 10 specimens per 
group.
After the cleaning procedures, the teeth 
were disinfected in 0.5% chloramine 
solution (Seachem Laboratories, Madison, 
GA, USA) for 48 hours. The teeth were 
randomly assigned to five experimental 
groups (Table 1).

Preparation of specimens
The teeth were inserted individually in 
self-curing acrylic resin, centered inside 
a PVC cylinder (height: 2 cm, diameter: 3 
cm) so that the anatomical neck of the 
tooth was exposed 2 mm above the edge 
of the acrylic.

MO cavity preparation
A piece of equipment was used for MO 
cavity preparation to standardize the 
inclination and movements performed by 
diamond bur #2143 (KG Sorensen, São 
Paulo, SP, Brazil) during the procedure.
Cavity preparations followed the meth-
odology described by Cötert et al (20) and 
Beltrão et al (21), in which a line was de-
limited from the central groove to allow 
the buccal and palatal walls to be equi-
distant from the measurement of two 
thirds of the intercuspal distance. This 
line, over the central groove, was extend-
ed to the mesial surface, passing over the 
marginal ridge, going towards the dental 
neck until it reached a height of 4 mm. 
This was the depth established for the 
preparation. The predetermined bucco-
palatal width on the occlusal surface was 

extended to the mesial surface and like-
wise established for the proximal box. 
Diamond bur #2143 was initially posi-
tioned on the mesial surface over the 
centerline to the extent of the predeter-
mined length. Next, a mesial box was 
made towards the center of the dental 
crown, preserving a 2 mm wide distal 
crest structure. From this preparation, the 
buccal and the palatal walls were set to 
the predetermined limits so that the gin-
gival floor was joined to the pulp floor of 
the occlusal box. The bur was changed 
every five preparations. The cavosurface 
enamel margin received manual finishing 
with margin trimmer #28 and #29 (SS-
White Art. Dental Ltda., Rio de Janeiro, 
RJ, Brazil). No cavity preparation was 
performed in Group 1.

Endodontic treatment
Carbide burs #02 and #04 (KG Sorensen 
Ind. And Com Ltda., Barueri, SP, Brazil) 
were used at high speed and under water 
cooling for access to the pulp chamber. 
The convenience form was obtained using 
the Endo Z bur (Dentsply Ind. E Com Ltda., 
Petrópolis, RJ, Brazil).
Initially, the cervical preparation was 
performed with the La Axxess® bur 
(SybronEndo, Glendora, USA) #35 taper 
0.6 at a depth of 5 mm from the entrance 
to the canal, under irrigation with 2.5% 
sodium hypochlorite. The working length 
for canal preparation was 1 mm below the 
outlet of the foramen. Chemomechanical 
preparation followed the serial technique 
using K files #15, #20, #25, #30 and #35 
(Dentsply/Maillefer, Ballaigues, Switzer-

Table 1

Experimental group design

Groups n Description

S 10 Sound teeth (positive control)

ET 10 MO preparation + endodontic treatment and no restoration (negative control)

SF 10 MO preparation + endodontic treatment + SonicFill 2®restoration system 

SFB 10 MO preparation + endodontic treatment + braided glass fiber + SonicFill 2®restoration system 

SFP 10 Tooth with MO preparation + endodontic treatment + transfixed fiberglass post  
+ SonicFill 2®restoration system 
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land). Irrigation with a hypochlorite 
solution was delivered using a 10 mL 
plastic syringe (Plastipak Indústria Ciru-
rgica Ltda., Curitiba, PR, Brazil) and 0.30 
mm Navitip® needle (Ultradent Products, 
Inc South Jordan, Utah, USA). 
After completion of the chemomechanical 
preparation, the canals received a final 
rinse with 17% EDTA solution for three 
minutes under agitation of instrument #35, 
prior to filling. The canals were filled using 
epoxy resin cement - AH Plus® (Dentsply/
Maillefer Instruments SA, Ballaigues, 
Switzerland) and by Tagger’s hybrid tech-
nique using McSpadden® #60 compactor 
(Dentsply/Maillefer Instruments SA, Bal-
laigues, Switzerland). After the gutta-per-
cha plastification and removal of the ac-
tivated McSpadden® from the canal, the 
vertical condensation of the gutta-percha 
was carried out using the Paiva instru-
ment No. 2 (SS White, Rio de Janeiro, RJ, 
Brazil), leaving the material at the en-
trance level of the root canal.

Demarcation and perforation for post 
transfixation
Reforpost® (Angelus, Londrina, PR, 

Brazil) glass fiber posts with 1.1 mm in 
diameter were placed in the SFP group. 
Perforations for horizontal transfixation 
of the posts were made on the buccal and 
palatal walls with a diamond bur #3145 
(KG Sorensen, Sao Paulo, SP, Brazil), at 
high speed under water cooling. Bur 
#3145 has a diameter of 1.2 mm. The 
perforation of both buccal and palatal 
surfaces was done simultaneously on the 
same axis of insertion of the tip. The 
perforations were performed at the coro-
nal middle third of the two dental sur-
faces at a distance of 2 mm from the 
mesial border. The bur was changed every 
five preparations.

Bonding of glass fiber post in transfixed 
position
The following procedures were performed 
according to the manufacturer’s instruc-
tions:
- cleaning of the posts with 70% alcohol 
and drying with air jets.
- Application of a silane layer (FGM Den-
tal Products, Joinville, SC, Brazil). Drying 
at room temperature followed by spraying 
air at a distance of 15 cm for 1 minute.

Figure 1
Schematic drawing with occlusal view of the 

transfixed post in the dental crown.

Figure 2 
 Schematic drawing with occlusal view of the 
position of the braided glass fiber inside the 

MO cavity preparation.
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- Application of a thin layer of Singlebond 
Universal adhesive (3M ESPE, St. Paul, 
MN, USA) and photoactivation with LED 
light unit (Bluephase, Ivoclar) for 20 sec-
onds.
- Eetching of transfixation holes and ca-
vosurface enamel margin of the cavity 
preparation with 35% phosphoric acid 
(Dentisply Ind and Com. Ltda, Petrópolis, 
RJ, Brazil) for 20 seconds, washing for 20 
seconds, and drying with air jets.
- Application of Singlebond Universal 
adhesive to the transfixation holes, pulp 
chamber, and in the whole cavity prepa-
ration, drying for 5 seconds, and photo-
activation for 20 seconds.
- Insertion of Bulkfill flow resin (3M 
ESPE, St. Paul, MN, USA) into transfixa-
tion holes, post placement into transfix-
ation holes, and photoactivation for 40 
seconds (Figure 1).

Braided glass fiber placement
In the SFB group, a braided glass fiber, 
Interlig® (Angelus, Londrina, PR, Brazil), 
was cut according to the internal anatom-
ical design of the MO cavity preparation. 
The fiber should extend throughout the 
inner walls: buccal, distal, lingual, and 
mesial (absent wall), thus having a circu-
lar shape (Figure 2).
The following procedures were performed 
according to the manufacturer’s instruc-
tions:
- etching of the internal dentin walls of 
the buccal, lingual, and distal surfaces 
with 35% phosphoric acid for 20 seconds, 
air-water spray cleaning for 20 seconds, 
and air drying for 5 seconds.
- Application of a thin layer of Universal 
Singlebond adhesive and light curing for 
20 seconds.
- Insertion of a thin layer of Bulkfill flow 
resin on the inner surface of these walls 
for braided glass fiber placement, and light 
curing for 40 seconds.

Restorative procedure
All teeth, except those in the S and ET 
groups, were restored with Single-Fill TM 
Bulk fill resin (Kerr Corporation, Orange, 
CA, USA). The restorative procedures were 
performed as follows: single-Fill TM Bulk 

fill resin was inserted into the cavity with 
the SonicFill 2® handpiece (Kerr 
Corporation, Orange, CA, USA), standard-
izing resin insertion speed at the “3” 
level. The cavity was completely filled, 
starting from the mesial proximal box.
The resin was spread with the aid of a 
spatula. After spatulation, each surface 
(buccal, lingual, mesial, and occlusal) was 
photoactivated for 20 seconds.
After the restorative procedure, the spec-
imens were placed in distilled water and 
kept at 37 °C in an oven (Fanem, Model 
002-CB, São Paulo, SP, Brazil) for 48 hours.

Mechanical fracture testing
The specimens were initially thermocy-
cled at 5 °C to 55 °C for 500 cycles before 
being subjected to mechanical fracture 
testing.
The fracture strength testing was per-
formed on an EMIC DL 2000 universal 
testing machine (São José dos Pinhais, 
PR, Brazil). A 10 kN load cell and 0.5 
mm/min speed were selected. A 6.5 mm 
steel ball was placed for contact of the 
inclined planes of the occlusal surface 
in the intercuspal position with the 
cusps (buccal and lingual) and not with 
the restorative material. Compressive 
stress was applied parallel to the long 
axis of the tooth until its fracture. The 
maximum force to fracture (rupture) was 
recorded in Newtons (N).

Analysis of tooth fracture site
After fracture strength testing, the teeth 
were visually examined with a magnify-
ing glass (4X magnification) to assess the 
site of the tooth fracture: 1) pulp chamber 
floor fracture associated or not with cusp 
fracture; or 2) cusp fracture only. Floor 
fracture was considered when the fracture 
line split the tooth into two parts at the 
pulp floor level of the cavity, regardless of 
whether it was buccal/palatal or mesial/
distal. Cusp fracture was considered when 
the fracture line totally or partially in-
volved the cusp, regardless of the presence 
or absence of its displacement.

Statistical analysis
The Shapiro-Wilk test was used to assess 
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normality of the data. ANOVA, followed 
by Tukey’s multiple comparison test, was 
used to assess fracture strength. The sig-
nificance level was set at 5% (P≤0.05). 
Statistical analysis was performed using 
GraphPad Prism 7 (GraphPad Software 
Inc., San Diego, CA, USA).
 
Results

In Table 2 the healthy teeth group showed 
greater mean fracture strength, differing 
statistically from ET, SF, SFB, and SFP. The 
group restored with transfixed fiberglass 
post (SFP group) had a similar pattern of 
failure distribution to healthy teeth group.
 
Discussion

The initial null hypothesis was rejected 
since there was statistical difference be-
tween teeth restored and not restored with 
glass fibers. When compared to sound 
teeth, endodontically treated teeth are 
more susceptible to fracture because there 
is substantial tissue loss (4), and reduced 
dentinal elasticity (22). The irrigating and 
chelating substances used in endodontics 
(Ethylenediaminetetraacetic acid and 
citric acid) can act on the inorganic struc-
ture of dentin, compromising the micro-
hardness of the structure (23). The study 
simulated an unfavorable clinical scenar-
io with class II MO cavities, in which the 
cusps lost support from the pulp chamber 

and the mesial marginal crest. The teeth 
were under deflection when an occlusal 
load was applied. The method of occlusal 
loading during the fracture test is another 
important factor. In this in vitro study, 
axial forces were applied to the center of 
the occlusal surface. Clinically, axial forc-
es, in addition to lateral forces and fatigue 
loading, should be considered. The use of 
a approximately 6 mm steel sphere for 
resistance to fracture testing by Dietschi 
et al (24), and Soares et al (25) was shown 
to be ideal for molars, because it contacts 
the functional and nonfunctional cusps 
in positions close to those found clinical-
ly. Although fracture strength was statis-
tically lower in the restored experimental 
groups than in the positive control group 
(sound teeth), the results were very im-
pressive. Other studies such as Belli et al 
(15) and Taha et al (26) also observed that 
restored teeth, regardless of the technique 
or direct material used, did not present 
fracture strength similar to that of sound 
teeth, although the correct filling (three-di-
mensional obturation) of root canals com-
bined with a good coronal marginal seal, 
allows obtaining a long-term high clinical 
success rate in teeth with a periapical le-
sion (27).
Regardless of glass fiber composition, the 
results reveal that, the association of this 
material with the restorative system pre-
sented satisfactory fracture strength. 
Placement of braided glass fiber (Interlig®) 

Table 2

Fracture strength (Newtons (N)), coefficient of variation (CV), strength recovery in relation to group S,  
and pulp and cusp floor fracture in different experimental groups

Groups Mean ± SD (N) CV
Strength
recovery

Pulp floor fracture
Cusp fracture

S 3563A ± 780.7 22% -------- -------- 100% (10)

ET 1001D ± 237.6 24% -72% 40% (4) 60% (6)

SF 1689C ± 280.7 17% -52.6% 20% (2) 80% (8)

SFB 2256B ± 289.2 13% -36.7% 20% (2) 80% (8)

SFP 2493B ± 364 15% -30.1% -------- 100% (10)

Means followed by different uppercase letters differ significantly in one-way ANOVA and Tukey’s test (p <0.05)
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on all the internal surrounding surfaces 
of MO cavity preparation is framed under 
the concept that the presence of this braid-
ed mesh could change the stress dynamics 
generated during the compressive test, 
promoting a better stress distribution at 
the tooth/restoration interface as a whole 
(28). One possible explanation would be 
the reduction in cusp deflection caused 
by anchorage and fixation of all surround-
ing walls with glass fiber (28). This was 
somewhat confirmed in the results, as 
fracture strength was higher when glass 
fiber was used than when it was not. Bel-
li et al (15) used a polyethylene strip, but 
in the buccal to lingual direction, in a 
MOD preparation of molars, and observed 
a significant increase in fracture strength. 
On the other hand, there was no difference 
in the site of fracture in teeth restored with 
or without association of braided glass 
fiber strips. 
A sonic composite resin system (SonicFill 
2®) was used because it has a good flow 
and, consequently, better tooth/restoration 
bonding (29). SonicFill® organic matrix 
consists of bis-GMA, TEGDMA (5%), EB-
PDMA, and inorganic fillers that react to 
sonic energy that, in turn, decreases its 
viscosity. This process reduces shrinkage 
stress to 2.05%. Alrahlah et al (30) evalu-
ated the polymerization depth of numerous 
single increment resins using the Vickers 
hardness test and found that SonicFill® 
presented the best result among the tested 
materials. Of the Bulk Fill resins tested 

(Venus Bulk Fill®, SDR®, Tetric N-Ceram 
Bulk Fill®, and SonicFill®) in the study by 
Kim et al (31), SonicFill® presented the 
highest microhardness values. This finding 
was justified by the high amount of 
inorganic fillers present in the material.
The teeth restored with glass fiber post 
transfixation showed considerable in-
crease in fracture strength. This result 
was also found in the studies by Beltrão 
et al (21), and Scotti et al (32). The use of a 
transfixed post in the buccal to lingual 
dental crown promoted reinforcement of 
the cusps, thus minimizing their deflec-
tions. In addition, the transfixed post 
served somewhat as a threshold for the 
level at which fractures occurred. All 
fractures occurred at the level at which 
the post was transfixed, restricted to the 
dental cusp and without involvement of 
the pulp floor (Figure 3), favoring, to some 
extent, a better prognosis and survival in 
relation to a new rehabilitation of the 
fractured tooth. Bromberg et al (33) also 
observed high results of fracture strength 
in molars with transfixed fiberglass posts 
when compared to direct restoration with 
composite resin only or the inlay indirect 
technique. In fact, there was no statistical 
difference when compared to onlay indi-
rect restoration with cusp coverings, rein-
forcing the area of   the cusps and prevent-
ing their deflections. Performing the post 
transfixation does not present any clinical 
or technical difficulties. According to Kim 
et al (34), this is a relatively fast and simple 

Figure 3
Tooth fracture above transfixed post level after compression test (A=lingual view; B=distal view; C=occlusal view).

A B C
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procedure (30 minutes) and can be per-
formed by the endodontist or general 
dentist at a low cost. 
It is possible to speculate that fixation of 
the post closest to the occlusal surface 
could result in less catastrophic tooth 
fracture. Thus, it is of great importance to 
have a careful restorative planning in 
which it is possible to predict or induce 
the site of a future tooth fracture.
Considering the results of the presente 
study, other parameters need to be inves-
tigated, such as force vectors in different 
directions, checking the type of fault that 
occurred and the power of hermetic seal-
ing on the fiberglass/resin interface, to 
evaluate the advantages and disadvantag-
es of these restorative protocols. Given the 
limitations of in vitro tests and the exper-
imental conditions of this study, the com-
bination of sonic-resin placement system 
and glass fiber tends to increase the dental 
fracture strength.
 
Conclusions

It can be concluded that the glass fiber, 
regardless of the composition of the latter, 
increased the fracture strength of endo-
dontically treated teeth. However, the use 
of transfixed glass fiber posts in the dental 
crown seems to influence the occurrence 
of fractures with more favorable rehabili-
tation than that provided by the other 
protocols tested.
 
Clinical Relevance

Fractures continue to be a major cause of 
loss of endodontically treated teeth. The 
glass fiber, regardless of composition, tends 
to promote an increase in fracture resist-
ance of teeth.
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ABSTRACT

Aim: To investigate the marginal adaptation of Simvastatin (Smv), Mineral Trioxide 
Aggregate (MTA), and the combination of the two materials after direct pulp capping 
(DPC) in dogs’ teeth after three months. 
Methodology: DPC was performed at random on 18 maxillary and mandibular inci-
sors of two dogs. The pulpal exposures in class V cavities were capped with either 
Smv or Smv+MTA or MTA. All cavities were restored with Intermediate Restorative 
Material (IRM). After a 90-day follow-up period, the dogs were euthanised and the 
incisors were sectioned into two halves and studied under the scanning electron 
microscope (SEM). The interface between the DPC materials and pulp as well as 
dentine is examined for gap mean percentage to the total area of the DPC material. 
Results: There was a statistically significant difference between Smv and Smv+MTA 
groups (P<0.05). Statistically, significant difference was neither observed between 
MTA and Smv nor between MTA and Smv+MTA groups (P>0.05). The highest mean 
gap area percentage value was recorded in the Smv+MTA group (3.750±1.802) 
followed by the MTA group (2.121±1.166) while the lowest gap percentage was re-
corded in the Smv group (1.339±1.271).
Conclusions: Simvastatin showed a good marginal adaptation property that encour-
ages its use as DPC material. 
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Introduction

D
irect pulp capping (DPC) is a 
procedure where a biocom-
patible material is applied on 
a vital exposed pulp to seal it 
preventing aggression of mi-

cro-organisms (1). Mineral Trioxide Ag-
gregate (MTA) is a bioactive and cytocom-
patible material displaying consistent 
outcomes for pulp capping (2-4). It encour-
ages pulp cell differentiation into dentin-
oblast-like cells as well as increasing an-
giogenic factors secretion (5). Comparing 
MTA to calcium hydroxide as a DPC 
agent, MTA exhibits a higher incidence 
of dentine bridge formation and a minor 
extent of pulpal inflammation (6). MTA 
yields great alkalinity of pH. Former 
studies of MTA physical properties have 
supported its effective marginal adapta-
tion, sealing ability and low or no solu-
bility. But still, its high cost and tooth 
discoloration are some of the main 
drawbacks (5, 6). 
Simvastatin (Smv) is a 3-hydroxy-3-methyl-
glutaryl coenzyme A reductase inhibitor 
used as a drug to lower cholesterol. It is 
well established that Smv has multiple 
influences on the induction of angiogen-
esis and bone formation (7-9):
-has a beneficial effect on repair and 
regeneration especially when an  implant 
is needed (10);
-showed good results in the treatment 
of periodontal diseases (11);
-reduces periodontal ligament spaces 
subjected to the induction of periapical 
disease of rats’ teeth (12).
Previous trials have confirmed that 
dental pulp stem cells (DPSC) handled 
with Smv at 1 µmol/L displayed in-
creased growth factors angiogenesis and 
dentinoblastic differentiation in addition 
to improved Alkaline Phosphatase ac-
tivity and development of mineralized 
nodes (13-16). Similarly, an animal ex-
periment obtained an enhancement of 
DPSC induced pulp regeneration after 
pulpotomy with Sim at 1 µmol/L (14).
A recent study investigated the dentine 
thickness and continuity after direct 
pulp capping using Smv and MTA. There 

was no statistically significant difference 
between MTA and Smv at 0.5% and 1.5% 
(17). Moreover, Smv has a strong anti-in-
flammatory action preventing the in-
flammatory process induced by lipopol-
ysaccharide (LPS) (18). 
Marginal adaptation is one of the essen-
tial physical properties of a proper DPC 
material to have to resist the microleak-
age throughout its entire thickness. 
Consequently, the biological response of 
the pulp towards the DPC will be im-
proved (19). Numerous studies analyzed 
the MTA marginal adaptation as a ret-
rograde filling using a Scanning Electron 
Microscope (SEM), where it showed a 
good adaptation (19-21). Some researchers 
examined the dentinoblastic activity of 
MTA using SEM in DPC or in pulpotomy 
procedures. MTA showed the highest 
biological response (22, 23). Smv sealing 
ability was tested in the case of furcal 
perforation using dye extraction method 
and showed poor results (24). Several 
histological studies have been conducted 
to examine the histological response of 
pulp tissues to MTA and Smv but no 
immunohistochemical assessment of the 
dentine formed was done. No published 
data investigated the marginal adaptation 
of using Smv and MTA as pulp capping 
agents, especially in an animal model. 
So, we have adopted one animal model, 
where DPC procedure was performed on 
dogs’ teeth.
Later, the work was divided into two 
parts according to the point of assess-
ment. In the first part, the marginal ad-
aptation of either Smv to pulp and dentine 
was assessed in comparison to MTA or 
their combination using SEM. In the 
second part, the biological behavior of 
the same tested materials using a histo-
pathological and immunohistochemical 
evaluation was accomplished.
This paper is concerned about the mar-
ginal adaptation of the DPC materials. 
The rationale of this study is to find out 
a material that is comparable to MTA 
regarding the minimum micro-gaps at 
the interface between Smv and dentine 
as well as the pulp.     
Our null hypothesis that there is no sig-
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nificant difference among the three 
tested DPC agents; Smv, Smv+MTA and 
MTA. The present study was designed to 
compare the marginal adaptation of using 
Smv, Smv+MTA and MTA as DPC  mate-
rials in dogs’ incisors, over three months 
using SEM.
 
Materials and Methods

The present part of the animal study start-
ed after the approval of Research Ethical 
Committee (REC), Faculty of Dentistry, 
Suez Canal University, Ismailia, Egypt 
(Registration No. 212/2019). We worked 
according to the ethical guidelines and 
regulations of the International Guiding 
Principles for Biomedical Research Involv-
ing Animals (Geneva, 2012). This study 
was carried out on 2 Mongrel dogs at the 
age of 2 years old and with a weight of 
15-18 kg having permanent dentition. 
Housing, operative procedures, and sacri-
ficing were done at the Department of 
Veterinary Surgery, Faculty of Veterinary 
Medicine, Suez Canal University. 

Sample size determination 
G* power statistical analysis software was 
used to determine sufficient sample size 
(25 ). The sample size was determined on 
a sample population of 18 incisors with 
an a error probability of 0.05, effect size f 
of  0.82 , and a 0.8 power (1-β). Five max-
illary and four mandibular incisors were 
capped for a total of nine incisors in each 
dog (total sample size=18) (26).

Operative procedure 
Dogs were kept under the same manage-
mental and nutritional regimens during 
the experiment. Food and water were 
withheld 6-8 hrs before anesthesia. Each 
dog was premedicated with I/M injection 
of chloropromazine hydrochloride (Misr 
Co. Pharm. Industries, S.A.A, Cairo, Egypt) 
in a dose of 1mg /kg. The site of operation 
was aseptically prepared, and then gener-
al anesthesia was conducted by I/V injec-
tion of thiopental sodium (Sandoz GmbH, 
Kund, Austria) 2.5% solution until the 
main reflexes disappeared. After ensuring 
dryness of the field using cotton rolls and 

separating the jaws by a modified plastic 
syringe, the teeth were subjected to a class 
V preparation on their labial surface cor-
onal to the gingival margin. Inverted cone 
bur size 1 (Dentsply Maillefer, Tulsa, 
Oklahoma, USA) at high speed (30,000 
rpm) contra-angle handpiece (NSK, Tokyo, 
Japan) was used under a water coolant 
until the pink color was noticed at the floor 
of the cavity but without exposure. Later, 
the exposure was achieved by a sharp 
probe to standardize the size. Bleeding 
was controlled after a few seconds with a 
moistened cotton pellet by 2.5 % sodium 
hypochlorite NaOCl (Clorox; Household 
Cleaning Products of Egypt, Cairo, Egypt) 
and sterile cotton pellets pressed over the 
exposure site (17). Rinsing the cavity was 
done using normal saline (El Fath, Cairo, 
Egypt) and later the cavity was dried and 
prepared to receive the DPC material. 

Grouping of teeth according to the exper-
imental DPC material
Samples randomization 
One of the co-authors who was not in-
volved in the clinical procedure performed 
the blind allocation of the teeth after 
running randomization that was done for 
grouping by Microsoft Excel. Incisors were 
randomly and equally divided into three 
groups according to the DPC material 
applied to the exposure site (n=18) accord-
ing to the following:
Group A (n=6): using Smv (Sigma-Aldrich, 
St. Louis, MO, USA); tablet was ground 
and weighted to obtain 1.5 mg (13, 17, 18) 
and then mixed with distilled water to 
produce a creamy mix. 
Group B (n=6): using Smv+ MTA (Angelus, 
Londrina, Brazil); the mixture was pre-
pared where the ratio of the powder of 
ground tablet Smv (1.5 mg) to MTA to the 
distilled water is 1.5:1.5:1 to obtain a 
creamy mix. 
Group C (n=6): using MTA; it was prepared 
where the ratio of the powder to the dis-
tilled water is 3:1, according to the manu-
facturer’s instructions.
The DPC material was then applied to the 
exposure site using a plastic instrument 
and compacted with a hand plugger. Later,  
final restoration was placed using  Inter-
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mediate Restorative Material (IRM) 
(Dentsply, Charlote, U.S.A).

Euthanasia and jaw sectioning
Dogs were clinically observed daily for 
a follow-up period of 90 days during the 
study period for recording any postoper-
ative complications. They were then eu-

thanised by thiopental sodium overdose. 
The teeth contained within bone pieces 
were removed and reduced in size to 
fragments measuring approximately 3 mm 
of coronal height and 3 mm of root height. 
The samples were stored in buffered 10% 
formalin at 4 °C for 72 h. Then teeth were 
then dried before the SEM evaluation.

SEM evaluation 
Sectioning of the teeth
The teeth were carefully notched in a 
labiolingual direction by a diamond disc 
to obtain a crack. Afterward, by using an 
isomet low-speed the samples were cut 
into two halves. The samples were 
washed using saline and only the better 
half was used for the evaluation. 
Preparation of samples for SEM evalua-
tion
The samples were dehydrated in sequence 
with 80% alcohol for 15 minutes, 90% 
alcohol for 15 minutes, and 100% alcohol 
for 20 minutes. The coronal portion of 
the samples was viewed under SEM 
(Model Quanta, FEI, Eindhoven, Nether-
lands) at 20 kV with 120-180X, 1000X, 
and 4000X magnifications. The marginal 

Figure 1 
Photograph showing image analysis by image J software for 

setting image scale.

Figure 2
Photograph showing image analysis by image J software for total 

area selection of the DPC material.

Figure 3
Photograph 

showing image 
analysis by 

image J 
software for 

measuring and 
analysis of gap 

area.
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adaptation of the DPC material to the pulp 
and dentine was evaluated using an im-
age analysis software (Image J version 
1.53e; National Institutes of Health, 
Bethesda, MD, USA). The scale measure-
ment was calibrated for each image to 
micron (Figrure 1).  Each photomicro-
graph was analyzed by measuring the 
total area of the DPC (Figure 2), then the 
gap percentage was measured to the total 
area after adding all areas of gaps at the 
interface of the DPC material to the pulp 
and dentine (Figure 3) according to the 
following equation (Gap%=addition of 
the gap areas at the interface between the 
DPC material and pulp and dentine/total 
area of the DPC material X100). Two cal-
ibrated examiners assessed readings 
blindly, where each one of them repeated 
the assessment two times within a week 
to check the intra-examiner reliability. 
Additionally, comparing both examiners 
showed the reliability between them 
(inter-examiner reliability).  
 
Statistical analysis
The raw data were subjected to prelimi-
nary testing to verify the normality of the 
results using Kolmogorov-Smirnov and 
Shapiro-Wilk tests. The mean and stand-
ard deviation (SD) values were calculated 
for each group. Comparison among the 3 
groups was conducted using the One-Way 
Analysis of variance (ANOVA) test at a 
significance level of P≤0.05. Then multiple 
pairwise comparisons between groups 
were performed using Tukey’s post hoc 
test using SPSS software version 26 (IBM, 
Armonk, NY, USA).

Results

One-way ANOVA test displayed a statisti-
cally significant difference between groups 
at p-value ≤0.05 (p=0.032). Analysis of 
Tukey’s post hoc test revealed a significant 
difference between Smv and Smv+MTA 
groups (p=0.028). Whereas there was no 
statistically significant difference between 
the MTA and Smv+MTA groups (p=0.157). 
Additionally, no significant difference 
between MTA and Smv groups (p=0.624). 
The highest mean gap area percentage 
value was recorded in Smv+MTA group 
(3.750±1.802) followed by MTA group 
(2.121±1.166) while the lowest gap percent-
age was recorded in Smv group 
(1.339±1.271) (Table 1, Figure 4).
 
Discussion

The prognosis of DPC depends upon many 
factors. One factor is the quality of the DPC 
material adaptation to prevent microbial 
ingress; accordingly pulpal healing pre-
dictably happened (27). Poor adaptation of 
DPC materials to dentine results in gaps 
and causes fluid fluctuations into dentin-
al tubules (28). Whenever the DPC materi-
al is capable of providing the biological 
seal, the result will be towards dentine 
bridge formation and regeneration (26, 27, 
29). Dogs were selected as an animal mod-
el due to the similar dentine synthesis as 
human beings. Despite the difference in 
the rate reparative dentine formation, dogs’ 
pulps are equivalent to that of humans. 
Interestingly, the size of the pulp offers a 
proper sample for the histopathological 

Table 1
Mean and standard deviation of gap area percentage values  

in the three tested groups

Groups No. of samples Mean±SD P-value

Smv 6 1.339b±1.271 0.032*

Smv+MTA 6 3.750a±1.802

MTA 6 2.121ab±1.166

Mean values with the same superscript letters are not statistically significant at P≤0.05. 
Mean values with different superscript letters are statistically significant at P≤0.05.
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evaluation. Furthermore, dogs afford a 
wide range of teeth that can permit the 
comparison of different materials in the 
same dogs (22, 30). DPC was conducted 
and then the assessment was done in two 
parts. The first part was completed to 
evaluate the marginal adaptation of the 
tested materials. The second part was 
completed to examine the biological ef-
fect of the tested materials through his-
topathological and immunohistochemical 
analysis.
This article is concerned about the mar-
ginal adaptation of Smv, a mixture of 
Smv+MTA and MTA using SEM after 90 
days to assess the long-term adaptation of 
the tested materials and hence the ad-
vanced pulpal response. Adaptation of Smv 

as a DPC material was not investigated 
previously. That is why we have chosen 
this point of investigation in an animal 
model to simulate the clinical situation. 
MTA is considered the gold standard DPC 
material of choice (5, 6).
In a recent study by Dianat et al. they rec-
ommended that the addition of Smv to MTA 
may enhance the pulpal repair (17). Proper 
partial isolation was followed in the study 
before starting the cavity and it was en-
sured through the procedure (30). Class V 
cavity in anterior teeth was chosen rather 
than Class I in posterior teeth to avoid any 
variation in the occlusal force that might 
affect the results (22). Mechanical Pulpal 
exposure was achieved by a sharp explor-
er to prevent pulpal damage that might be 

Figure 4
Representative SEM micrographs displaying cavities filled with Smv, Smv+MTA, MTA then IRM at A) 120X, B) 1000X, C) 4000X representing 

the interfaces between DPC materials and dentine as well as pulp. Where D stands for Dentine and P for Pulp.
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happened by using a bur, to ensure that 
pulpal exposure would be consistent in 
size (29). IRM was used as a coronal resto-
ration as it was recommended due to its 
acceptable compressive strength and 
hardness that could be placed for a year 
(31).  SEM was used for evaluation because 
it is considered the main tool to measure 
the tooth structures/material interface (19, 
20, 22, 23, 27, 28). However, using a non-de-
structive tool such as micro-computed 
tomography (μCT) could be beneficial. This 
might be a limitation in our study, but the 
use of μCT is costly and difficult to work 
with.
We partly rejected the null hypothesis, as 
we found a significant difference between 
Smv+ MTA and Smv groups. On the other 
hand, a significant difference was neither 
obtained between Smv and MTA, nor be-
tween MTA and Smv+MTA groups. The 
highest mean of gap area percentage value 
was obtained in the Smv+MTA group. 
Previously, combining Smv+MTA showed 
lower cell growth, decreased Alkaline 
Phosphatase activity , and decreased levels 
of mineralization markers than combining 
Smv + aTricalcium phosphate cements 
(32). On the other hand, Dianat at al. 
demonstrated that 1.5% Smv gel below 
MTA showed active pulpal repair with 
well-formed dentine when placed as a DPC 
material in all of the samples treated with 
this combination (17). Different study de-
signs, concentrations, and forms of the Smv 
combination might be the reason for such 
discrepancies in results. High gap (%) in 
this group might be because of the lack of 
any chemical or mechanical bond to both 
dentine and pulp. Smv group revealed the 
lowest mean of gap area percentage value. 
Many studies showed the beneficial action 
of Smv on DPSC differentiation and its 
potent anti-inflammatory action that can 
enhance pulpal regeneration (13-18). Like-
wise, its valuable effect on apical perio-
dontitis adds to its advantages (12). Never-
theless, a recent study exhibited an adverse 
effect of Smv on osteoblast differentiation 
but it was a time-dose dependent reduction 
in cells (33). They found a decrease in cell 
viability and a significant increase of min-
eralization in a late mineralization stage 

while the alkaline phosphatase turnover 
was unaltered (33). Higher concentrations 
of Smv have caused increased rates of cell 
death. The use of simvastatin as a pulp 
capping material requires a thorough 
evaluation of the optimum dose (13, 17,  34, 
35). That is why we used 1.5 mg of Smv in 
the current study. Although there was no 
statistically significant difference between 
MTA and Smv, MTA group showed a high-
er mean of gap area percentage than Smv 
of mean 2.12 μm, but lower than the pre-
vious study where the mean value was 4.92 
μm (36). MTA has a slow setting reaction 
that might participate in leakage and sur-
face disintegration that causes loss of 
marginal adaptation (31). 
In accordance with the mean of gap area 
percentage we detected in the MTA group, 
Torbinejad et al. noticed a gap equal to 2.5 
μm (20). A study emphasized the superior 
sealing ability of MTA due to 1.5 μm MTA 
particles which are smaller than the di-
ameter of some dentinal tubules (2-5 μm) 
(37). They added that formation of a hy-
draulic seal after hydration is one of the 
main causes of sealing ability (37). Like-
wise, an insoluble barrier might be formed 
against microleakage (20). All the previ-
ously mentioned studies were carried out 
to assess MTA marginal adaption as a 
retrograde filling material. Smv showed a 
comparable marginal adaptation as good 
as MTA. Further long-term studies are 
required to support our findings with 
larger sample size. More physical proper-
ties are required to be studied such as 
push-out bond strength, compressive 
strength, and hardness of Smv.
 
Conclusions

Under the limitation of this study, taking 
into consideration Smv’s low price, supe-
rior Smv marginal adaptation in the pres-
ent study favors its use as a DPC material.
 
Clinical Relevance

This study emphasizes that simvastatin 
has a good marginal adaptation in com-
parison to the gold standard direct pulp 
capping agent (MTA). Thus, Smv can be a 
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promising material to be used in direct 
pulp capping treatment with favourable 
outcome. It is important to find an inex-
pensive alternative to MTA which displays 
good biological and physicochemical 
properties. 
 
Conflict of Interest

The authors declare that there is no conflict 
of interest.
 
Acknowledgments

There is no need for any kind of thanks as 
the authors had all the expenses of the 
study without any institutional or private 
and financial support.
 
References
1. Cohenca N., Paranjpe A., Berg J. Vital Pulp Therapy. 

Dent Clin North Am. 2013 Jan;57(1):59-73. 
2. Sanz JL., Forner L., Llena C., Guerrero-Gironés J., 

Melo M., Rengo S., et al. Cytocompatibility and 
Bioactive Properties of Hydraulic Calcium Sili-
cate-Based Cements (HCSCs) on Stem Cells from 
Human Exfoliated Deciduous Teeth (SHEDs): A 
Systematic Review of In Vitro Studies. J Clin Med. 
2020 Nov;9(12):3872. 

3. Ghilotti J., Sanz JL., López-García S., Guerrero-Gi-
ronés J., Pecci-Lloret MP., Lozano A., et al. Compar-
ative Surface Morphology, Chemical Composition, 
and Cytocompatibility of Bio-C Repair, Biodentine, 
and ProRoot MTA on hDPCs. Materials. 2020 
May;13(9):2189. 

4. Rodríguez-Lozano FJ., López-García S., García-Ber-
nal D., Pecci-Lloret MR., Guerrero-Gironés J., Pec-
ci-Lloret MP., et al. In Vitro Effect of Putty Calcium 
Silicate Materials on Human Periodontal Ligament 
Stem Cells. Appl Sci. 2020 Jan;10(1):325. 

5. Paranjpe A., Zhang H., Johnson JD. Effects of Min-
eral Trioxide Aggregate on Human Dental Pulp Cells 
after Pulp-capping Procedures. J Endod. 2010 
Jun;36(6):1042-7. 

6. Dammaschke T., Stratmann U., Wolff P., Sagheri D., 
Schäfer E. Direct Pulp Capping with Mineral Triox-
ide Aggregate: An Immunohistologic Comparison 
with Calcium Hydroxide in Rodents. J Endod. 2010 
May;36(5):814-9. 

7. van Nieuw Amerongen GP., Vermeer MA., Nègre-Ami-
nou P., Lankelma J., Emeis JJ., van Hinsbergh VW. 
Simvastatin improves disturbed endothelial barrier 
function. Circulation. 2000 Dec;102(23):2803-9. 

8. Wu Z., Liu C., Zang G., Sun H. The effect of simvas-
tatin on remodelling of the alveolar bone following 
tooth extraction. Int J Oral Maxillofac Surg. 2008 
Feb;37(2):170-6.

9. Lin S-K., Kok S-H., Lee Y-L., Hou K-L., Lin Y-T., Chen 
M-H., et al. Simvastatin as a Novel Strategy To Al-
leviate Periapical Lesions. J Endod. 2009 
May;35(5):657-62. 

10. Xu R., Shi G., Xu L., Gu Q., Fu Y., Zhang P., et al. 
Simvastatin improves oral implant osseointegration 
via enhanced autophagy and osteogenesis of BM-
SCs and inhibited osteoclast activity. J Tissue Eng 
Regen Med. 2018 May;12(5):1209-19. 

11. Santos BFE., Souza EQM., Brigagão MRPL., Lima 
DC de., Fernandes LA. Local application of stat-
ins in the treatment of experimental periodontal 
disease in rats. J Appl Oral Sci . 2017 
Apr;25(2):168-76. 

12. Pereira JM., Semenoff-Segundo A., Silva NF da., 
Borges ÁH., Semenoff TADV. Effect of Simvastatin 
on induced apical periodontitis in rats: a tomo-
graphic and biochemical analysis. Rev Odontol 
UNESP. 2016 Jul;45(4):189-94.

13. Okamoto Y., Sonoyama W., Ono M., Akiyama K., 
Fujisawa T., Oshima M., et al. Simvastatin Induces 
the Odontogenic Differentiation of Human Dental 
Pulp Stem Cells In Vitro and In Vivo. J Endod. 2009 
Mar;35(3):367-72. 

14. Jia W., Zhao Y., Yang J., Wang W., Wang X., Ling L., 
et al. Simvastatin Promotes Dental Pulp Stem 
Cell-induced Coronal Pulp Regeneration in Pulpot-
omized Teeth. J Endod. 2016 Jul;42(7):1049-54. 

15. Lee S-Y., Min K-S., Choi G-W., Park J-H., Park S-H., 
Lee S-I., et al. Effects of simvastain and enamel 
matrix derivative on Portland cement with bismuth 
oxide-induced growth and odontoblastic differenti-
ation in human dental pulp cells. J Endod. 2012 
Mar;38(3):405-10. 

16. Karanxha L., Park S-J., Son W-J., Nör JE., Min K-S. 
Combined Effects of Simvastatin and Enamel Ma-
trix Derivative on Odontoblastic Differentiation of 
Human Dental Pulp Cells. J Endod. 2013 
Jan;39(1):76-82. 

17. Dianat O., Mashhadiabbas F., Ahangari Z., Saedi S., 
Motamedian SR. Histologic comparison of direct 
pulp capping of rat molars with MTA and different 
concentrations of simvastatin gel. J Oral Sci. 
2018;60(1):57-63. 

18. Jung JY., Woo SM., Kim WJ., Lee BN., Nör JE., Min 
KS., et al. Simvastatin inhibits the expression of 
inflammatory cytokines and cell adhesion mole-
cules induced by LPS in human dental pulp cells. 
Int Endod J. 2017 Apr;50(4):377-86. 

19. Muliyar S., Shameem KA., Thankachan RP., Francis 
PG., Jayapalan CS., Hafiz KAA. Microleakage in en-
dodontics. J Int Oral Health JIOH. 2014 Dec;6(6):99-
104.

20. Torabinejad M., Smith PW., Kettering JD., Pitt Ford 
TR. Comparative investigation of marginal adapta-
tion of mineral trioxide aggregate and other com-
monly used root-end filling materials. J Endod. 1995 
Jun;21(6):295-9. 

21. Shah DK., Tandale AS-., Aggarwal S., Borse S., Borse 
N., Nagrani A. Sealing ability of root end filling ma-
terials - a systematic review. 2018;9:5.

22. Asgary S., Parirokh M., Eghbal MJ., Ghoddusi J. SEM 
evaluation of pulp reaction to different pulp capping 
materials in dog’s teeth. Iran Endod J.  2007;1(4): 
117-23.

23. Reston EG., de Souza Costa CA. Scanning electron 
microscopy evaluation of the hard tissue barrier 
after pulp capping with calcium hydroxide, mineral 
trioxide aggregate (MTA) or ProRoot MTA. Aust En-
dod J. 2009 Aug;35(2):78-84. 



195

Sharaan M*, Aly A, Elddamony E, Hashem M

Giornale Italiano di Endodonzia (2021) 35

24. Shaheen N., Ghoneim W. Sealing ability of Bioden-
tine and Simvastatin for repair of furcation perfo-
ration using dye extraction method. Egypt Dent J. 
2018 Oct;64(4):3965–71. 

25. Faul F., Erdfelder E., Lang A-G., Buchner A. G*Pow-
er 3: A flexible statistical power analysis program 
for the social, behavioral, and biomedical sciences. 
Behav Res Methods. 2007 May;39(2):175-91. 

26. Hasheminia SM., Feizi G., Razavi SM., Feizianfard 
M., Gutknecht N., Mir M. A comparative study of 
three treatment methods of direct pulp capping in 
canine teeth of cats: a histologic evaluation. Lasers 
Med Sci. 2010 Jan;25(1):9-15. 

27. Cox CF., Hafez AA., Akimoto N., Otsuki M., Mills JC. Bi-
ological basis for clinical success: pulp protection and 
the tooth-restoration interface. Pract Periodontics Aes-
thetic Dent PPAD. 1999 Sep;11(7):819-26; quiz 827.

28. Lutz F., Krejci I., Barbakow F. Quality and durability 
of marginal adaptation in bonded composite res-
torations. Dent Mater. 1991 Apr;7(2):107-13. 

29. Parolia A., Kundabala M., Rao N., Acharya S., Agraw-
al P., Mohan M., et al. A comparative histological 
analysis of human pulp following direct pulp cap-
ping with Propolis, mineral trioxide aggregate and 
Dycal. Aust Dent J. 2010 Mar;55(1):59-64. 

30. Faraco Junior IM., Holland R. Histomorphological 
response of dogs’ dental pulp capped with white 
mineral trioxide aggregate. Braz Dent J. 
2004;15(2):104-8. 

31. Friedman S., Shani J., Stabholz A., Kaplawi J. Com-
parative sealing ability of temporary filling materi-
als evaluated by leakage of radiosodium. Int Endod 
J. 1986 Jul;19(4):187-93. 

32. Varalakshmi PR., Kavitha M., Govindan R., Narasim-
han S. Effect of Statins with a-Tricalcium Phosphate 
on Proliferation, Differentiation, and Mineralization 
of Human Dental Pulp Cells. J Endod. 2013 
Jun;39(6):806-12. 

33. Sabandal MMI., Schäfer E., Aed J., Jung S., Klein-
heinz J., Sielker S. Simvastatin induces adverse 
effects on proliferation and mineralization of hu-
man primary osteoblasts. Head Face Med. 2020 
Dec;16(1):18. 

34. Aminabadi NA., Maljaei E., Erfanparast L., Agh-
bali AA., Hamishehkar H., Najafpour E. Simvas-
tatin versus calcium hydroxide direct pulp cap-
ping of human primary molars: A randomized 
clinical trial. J Dent Res Dent Clin Dent Prospects. 
2013;7(1):8-14.

35. Han G., Chen Y., Hou J., Liu C., Chen C., Zhuang J., 
et al. Effects of simvastatin on relapse and remod-
eling of periodontal tissues after tooth movement 
in rats. Am J Orthod Dentofacial Orthop. 2010 
Nov;138(5):550.e1-550.e7. 

36. Bansal R., Bansal M., Matta M., Walia S., Kaur B., 
Sharma N. Evaluation of Marginal Adaptation of 
MTA, Biodentine, and MTA Plus as Root-End Filling 
Materials—An SEM Study. Dent J Adv Stud. 2019 
Apr;07(01):006-11. 

37. Komabayashi T., Spångberg LSW. Comparative 
analysis of the particle size and shape of commer-
cially available mineral trioxide aggregates and 
Portland cement: a study with a flow particle image 
analyzer. J Endod. 2008 Jan;34(1):94-8.



196

Corresponding author 
Emmanuel Silva | Department of Endodontics, Rio de Janeiro State University (UERJ), Rio de Janeiro | Brazil
Phone +55 21 98357-5757 | Email: nogueiraemmanuel@hotmail.com

Giornale Italiano di Endodonzia (2021) 35

Available online at www.giornaleitalianoendodonzia.it

10.32067/GIE.2021.35.01.20 
Società Italiana di Endodonzia. Production and hosting by Ariesdue.  This is an open access article under the CC BY-NC-ND license  
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer review under responsibility of Società Italiana di Endodonzia

Ricardo A. Bernardes1

Marco A.H. Duarte2

Bruno C. Vasconcelos3

Clovis M. Bramante2

Emmanuel J.N.L. Silva4,5*

1Endodontics Brazilian Dental 
Association, Taguatinga, Federal 
District, Brazil
2Department of Dentistry, Endodontics 
and Dental Material, Bauru Dental 
School, University of São Paulo, 
Bauru, São Paulo, Brazil
3Post-graduate Program in Dentistry, 
Federal University of Ceará, Fortaleza, 
Ceará, Brazil
4Endodontics Department, Grande 
Rio University (UNIGRANRIO), Rio de 
Janeiro, Brazil
5Endodontics Department, Rio de 
Janeiro State University (UERJ), Rio de 
Janeiro, Brazil

ABSTRACT

Aim: To evaluate the clinical reproducibility in determining the working length of Tri 
Auto ZX2 electronic foraminal locator (EFL) with instruments activated in OGP func-
tion by comparing the results obtained by this new device with those obtained by 
Root ZX II EFL. 
Methodology: One hundred twenty-five teeth (72 vital and 60 non-vital pulps) were 
measured by Root ZX II EFL and Tri Auto ZX2 with instruments activated in OGP 
function to determine their respective working length, which was defined as a zero 
reading on the EFL. The instrument length was fixed with a rubber stop and measured 
with a caliper to an accuracy of 0.1 mm. The values obtained by Root ZX II and Tri 
Auto ZX2 were statistically compared by student t test with 5% of significance. The 
agreement between the different devices were determined in percentage. The sta-
tistical correlation was also used to determine the agreement between the two EFLs.
Results: There were no significant differences between tested EFLs measurements 
at “0.0” in vital, non-vital and in the overall analysis (P>0.05). Considering the agree-
ment between devices, the results revealed 98.66% and 100% of concordant values 
in vital and non-vital pulps, respectively. The R

2 
coefficient obtained was close to 1 

in cases of vital pulp, non-vital pulp and in overall analysis, denoting a strong agree-
ment between the EFLs. 
Conclusions: The clinical reproducibility of Tri Auto ZX2 was confirmed when com-
pared to Root ZX II. 
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Introduction

A
ccurate root canal length 
determination is an essential 
step in root canal therapy. 
The working length (WL) 
determination has a direct 

influence on root canal preparation and 
filling, and is considered a significant 
predictor of successful outcome in root 
canal therapy (1, 2). Root canal length can 
be determined using periapical radio-
graphs, considering the radiographic apex 
as a reference for establishing the tooth 
length. To this, it is recommended a short-
ening regarding the radiographic apex in 
order to approach the apical constriction 
position. Even so, in most cases, the apical 
foramen does not coincide with the radi-
ographic apex, which may lead to incorrect 
WL compared to the real position of the 
apical foramen (1, 2).
The use of electronic devices to determine 
the WL has become common. Several 
studies have been conducted on various 
commercially available electronic foramen 
locators (EFLs) and reported their accura-
cy and efficiency, even in adverse situa-
tions, such as the presence of blood or in 
cases of wide foramens (3-5). Additionally, 
the radiographic method has limitations 
that include image distortion, superimpo-
sition of roots and anatomical structures, 
and higher exposure to ionizing radiation 
when compared to EFLs methods (5). 
Endodontic motors with integrated apex 
locators have been developed to continu-
ously measure the WL during canal prepa-
ration. Root ZX II (J. Morita, Tokyo, Japan), 
Tri Auto ZX (J. Morita) and VDW Gold 
(VDW, Munich, Germany) are examples of 
such type of motors. These devices can be 
configured to have the EFL used isolated, 
like the standard EFLs, or a mode which 
the EFL and motor are activated simulta-
neously, with the first influencing the 
motor during the mechanical preparation. 
These motors have the capability to stop 
or reverse the activation of the nickel-tita-
nium instrument as the estimated end 
point of the root canal is reached. Recent-
ly, the Tri Auto ZX2 motor with integrated 

EFL (J. Morita) was launched featured by 
the “optimum glide path (OGP)” mode, 
which is a combination of watch-winding-
like and balanced-force-like reciprocating 
motions. The OGP motion is intended for 
safe glide path preparation, whereas scant 
information is available regarding the how 
such a movement influences the EFL read-
ings during glide path preparation. Al-
though the EFL of such motors seems to 
work on the same way that EFL not inte-
grated to motors, the motion can have a 
direct influence on the working length 
determination. 
Therefore, the aim of this study was to 
evaluate the clinical reproducibility in 
determining the working length of Tri 
Auto ZX2 EFL with instruments activated 
in OGP function by comparing the results 
obtained by this new device with those 
obtained by Root ZX II EFL. The null hy-
pothesis tested was that there are no dif-
ferences in the WL measures obtained by 
Tri Auto ZX2 and Root ZX II EFL. 

Materials and Methods

This study was approved by the Local 
Ethics Committee (protocol number 
#550.788) and included an informed writ-
ten consent in compliance with ethical 
principles obtained from each patient 
before the treatment was initiated. One 
hundred twenty-five teeth with fully 
formed apices, without root resorption and 
apical radiolucency in initial periapical 
radiographs were included. Teeth with 
previous endodontic treatment, internal 
or external root resorption, and/or intra-
canal calcification were excluded. Patients 
with active systemic disease and physical 
or mental disability were also excluded. 
Pulp tests revealed 72 vital and 60 non-vi-
tal pulps. 
All clinical procedures and measurements 
were performed by a single experienced 
operator. Local anesthesia was adminis-
trated in all cases. Access cavities were 
prepared with round diamond burs and 
refined with an Endo-Z bur. When present, 
all metallic restorations were completely 
removed prior to conducting the measure-



198

Clinical reproducibility of Tri Auto ZX2

Giornale Italiano di Endodonzia (2021) 35

ments. Then, rubber dam isolation of the 
tooth was performed. Root canals were 
irrigated during all endodontic treatment 
using 2.5% sodium hypochlorite. Excess 
fluid from the pulp chamber was removed, 
but canal was not dried before electronic 
measurements. Cervical root canal prepa-
ration was performed using a 40/.10 Race 
instrument (FKG Dentaire, La Chauxde-
Fonds, Switzerland) inserted up to 2/3 of 
root canal length measured from initial 
radiograph. Then, electronic WL was 
performed using the Root ZXII EFL and a 
#15 C-Pilot instrument (VDW) until the 
device reach the “0.0” level, according to 
the manufacturer ś instruction. Measure-
ments were considered to be valid if the 
reading remained stable for at least 5 s. The 
silicon stop was adjusted, and the distance 
between the silicon stop and the instru-
ment tip was measured with a 0.1 mm 
precision digital caliper (Mitutoyo, Su-
zano, SP, Brazil). This length was record-
ed as Root ZX II Length (RZL). After that, 
15/.02 Scout Race instruments (FKG 
Dentaire) were used in OGP function 
driven by the Tri Auto ZX2 device with 
automatic apical-stop activated until the 
zero reading was indicated by “Apex” or 
“0.0” in device display. At this time, ra-
diographs were performed using a digital 
sensor (Kodak RVG 6100; Carestream, 
Rochester, USA). Then, instruments were 
removed, and the length was measured 
as described previously and recorded as 
Tri Auto ZX2 Length (TAL). 

Statistical analysis 
The values obtained by RZL and TAL were 
statistically compared by student t test 
with 5% of significance. The agreement 
between the different electronic WL de-

vices were determined in percentage. The 
statistical correlation was also used to 
determine the agreement between the two 
EFLs. Statistical analysis was performed 
using SPSS (SPSS Inc., Chicago, IL, USA). 

Results

There were no significant differences be-
tween tested EFLs measurements at “0.0” 
in vital, non-vital and in the overall anal-
ysis (P>0.05) (Table 1). Considering the 
agreement between devices, the results 
revealed 98.66% and 100% of concordant 
values in vital and non-vital cases, respec-
tively. Figure 1 presents the statistical 
correlation of the WL determination of the 
two EFLs in cases of vital pulp, non-vital 
pulp and overall. The R2 coefficient ob-
tained was close to 1 in all conditions, 
denoting a strong agreement between the 
EFLs. 

Discussion

Several studies have been conducted to 
evaluate the accuracy of EFLs in deter-
mining the WL with satisfactory results, 
especially after the advent of impedance 
based devices (3-6). These studies validat-
ed EFLs clinical use as a simple and effec-
tive alternative to the dubious determina-
tion of WL using periapical radiograph. 
Even the hybrid devices, which combine 
a dedicated electric motor to an EFL, seems 
to be precise when inserted until the apex 
foramen (7-10). However, to the best of the 
author’s knowledge no study evaluated the 
recent launched Tri Auto ZX2 hybrid de-
vice under the OGP function clinically. 
Therefore, the present study assessed the 
clinical agreement of Tri Auto ZX2 EFL 
by comparing the results obtained with 
this new device with those obtained by 
Root ZX II EFL. 
Considering the periapical radiograph 
limitations to adequately determine the 
WL, the present study adopted the Root 
ZXII EFL as a reference of comparison. 
The choice for Root ZX II was based on an 
extensive amount of in vitro and in vivo 
studies that have shown a good efficacy 
and accuracy of this EFL (11-13). In fact, 

Table 1 

Mean and standard deviation of measurements of tooth length using 
Root ZX II and Tri Auto ZX2

Vital Non-vital Overall

Root ZX II 22.10±2.10A 22.16±2.17A 22.13±2.13A

Tri Auto ZX2 22.11±2.10A 22.16±2.17A 22.14±2.13A

 
The same capital letters represent no statistically significant difference between EFLs (P>0.05).
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several authors consider this EFL as the 
gold-standard. To check Tri Auto ZX2 
accuracy and reproducibility, both devic-
es were used until reach the apical fora-
men, at the “0.0” landmark, considered as 
the major foramen which is a position that 
can be consistently located (1, 5, 14).
The results of the present study point out 
that the coincidence of accuracy at the 
“0.0” landmarks of Tri Auto ZX2 and Root 
ZX II were 98.66% for vital pulp and 100% 
for non-vital pulps, with no differences 
between the two devices. This was also 
confirmed by the R2 coefficient obtained 
which was close to 1 in all conditions, 
denoting a strong agreement between the 
EFLs. Therefore, the null hypothesis tested 
was upheld. Although this is the first study 
evaluating Tri Auto ZX2 device, previous 
studies demonstrated similar results when 
comparing EFL measurements with the 
measurements provided by electric motor 
combined to EFL with activated instrument 
(7-10). Although some previous studies 
reported that the accuracy of EALs was 
lower in the presence of non-vital canal 
content compared with the vital pulp tissue 
(5, 15), our results showed similar accura-
cy for both pulp conditions, which is in 
agreement with other reports (16, 17).  
It is important to emphasize that compar-
isons of results should take in account the 
adoption of the same parameters of apical 
limits and the use of similar methods. In 
the present study, the standardization of 
the WL length measurements involved the 
irrigant concentration, coronal prepara-
tion, reference point and also the use of 
teeth serving as their own controls. This 
allows certain variables to be controlled 
in the clinical setting. Even so, some dif-
ferences were present in the current ex-
perimental design, such as the use of 
different instruments (#15 stainless-steel 
C-Pilot, for the Root ZXII EFL and 15/0.02 
NiTi Scout Race for Tri Auto ZX2). How-
ever, previous studies did not point out 
differences in foraminal length measure-
ment when these different alloys were 
compared (18, 19). It is also important to 
emphasize that, although a direct compar-
ison and the reproducibility between Root 
ZXII EFL and Tri Auto ZX2 were per-

Figure 1 
Statistical correlation of the working length determination between EFLs in vital, 

non-vital and overall cases. 

Vital

Necrotic

Overall
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formed, it is not possible to confirm the 
efficiency of both EFLs within the current 
study setup. However, it is well known that 
Root ZXII EFL is considered a gold-standard 
for foraminal length determination (4, 5, 
11, 14), and in consequence it is suggested 
that Tri Auto ZX2 has a good efficiency. 
Even so, future in vitro or in vivo studies 
with different setups should be performed 
to confirm Tri Auto ZX2 clinical efficacy. 

Conclusions

The clinical reproducibility of Tri Auto ZX2 
EFL with instruments operated under OGP 
motion was confirmed when compared to 
Root ZX II. 
 
Clinical Relevance

Tri Auto ZX2 EAL with instruments acti-
vated in OGP function seems to have a 
similar clinical performance of Root ZX II 
EFL. 
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ABSTRACT

Aim: To investigate the efficacy of the XP-endo Finisher-R (XP-FR) and manual H-fil-
ing in enhancing the removal of Totalfill BC sealer from oval root canals. 
Methodology: Forty mandibular incisors were prepared using ProTaper Next up to 
file X3 then filled with warm vertical condensation using Totalfill BC sealer. The 
volume of the root canal filling post-obturation and the remaining volume post-re-
treatment using Mani NRT-GPR system were assessed using Micro-CT (µ-CT). The 
total volume in 3 mm was calculated from the cervical line till the root apex using 
the CT-an software. Specimens were randomly divided into two equal groups n=20 
according to the supplementary approach of gutta percha removal used; where 
Group I: XP-FR was used for 1 min, and Group II: size 30 H-file was used in a filing 
motion for 1 min. Specimens were again scanned using µ-CT and the remaining 
gutta percha volume was calculated. Data were statistically analyzed using Wilcox-
on, Man-Whitney, Friedman tests with significance level of 5%. 
Results: Significant reduction of the remining filling material was recorded post-re-
treatment with percentage of reduction of 63.34%, 78.53%, and 66.21% at the 
apical, middle, and coronal thirds respectively using Mani NRT-GPR system. Supple-
mentary removal approaches significantly improved filling material removal (P<0.05). 
XP-FR removed significantly more filling material than manual H-filing with percent-
age of filling material reduction of 52.22%, 34.92%, and 40.60% compared to 
21.89%, 18.43%, 31.72% in the apical, middle, and coronal thirds (Man-Whitney 
test, P<0.001). 
Conclusions: Rotary retreatment files failed to totally remove the root canal filling 
material. Supplementary methods have improved root canal filling material removal; 
where XP-FR significantly removed more filling than manual H-filing.
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Introduction 

P
ersistent intracanal microorgan-
isms following primary root 
canal treatment are causative 
factors of treatment failure (1, 
2). Root canal system disinfec-

tion following total elimination of the root 
canal filling material is the main objective 
of nonsurgical root canal retreatment. 
Several techniques have been advocated 
for intracanal filling material removal 
using manual and engine-driven files (3). 
Moreover, supplementary techniques were 
introduced as lasers and ultrasonics with 
or without solvents (4-7). 
Gutta percha and sealer removal from 
oval canals is quite challenging (8) as most 
endodontic files fail to touch all the root 
canal walls. Therefore, supplementary 
techniques following retreatment proce-
dures would be beneficial.
Recently, bioceramic sealers (BCS) have 
been introduced as root canal sealers. BCS 
showed superior biocompatibility, physical 
properties, biomineralization, antimicro-
bial activity, and sealing ability (9-12). 
Totalfill BC sealer (FKG Dentaire SA, La 
Chaux-de-Fonds, Switzerland) is a pre-
mixed, injectable, calcium silicate-based, 
containing zirconium oxide, calcium 
phosphate monobasic, calcium silicates, 
calcium hydroxide, as well as various 
filling and thickening agents. BCS use 
moisture within the dentinal tubules to 
complete its setting by forming hy-
droxyapatite resulting in dentin-sealer 
bond. Retrieval of BCS is considered a 
difficult task due to the formation of a 
strong chemical bond with hydroxyapatite 
(13-16). 
Many engine-driven file systems were 
designed for gutta percha removal. Mani 
NRT-GPR system (Mani Inc, Tokyo, Japan) 
includes four rotary files with 0.04 taper. 
Two stainless steel files 1S and 2S with tip 
size 0.7 mm and 0.5 mm respectively de-
signed to remove the root canal filling 
material from the coronal two thirds of the 
canal. Two NiTi files 3N and 4N with tip 
size 0.4 mm and 0.3 mm respectively used 
to the full working length of the root canal.
Recently, XP-endo Finisher-R (XP-FR) 

(FKG Dentaire, La Chaux-de-Fonds, Swit-
zerland) was introduced as a new variation 
of the XP Endo Finisher “MaxWire” Mar-
tensite-Austenite Electropolish Flex (FKG 
Dentaire, La Chaux-de-Fonds, Switzerland) 
to aid in the removal of gutta percha and 
sealer from the root canals. It has a tip size 
of 0.3 mm and a zero taper. The manufac-
turer claims it has the ability to expand in 
the root canal at body temperature which 
enables it to abrade the root canal walls (17). 
Micro-CT (µ-CT) allows for three-dimen-
sional evaluation of the remaining intra-
canal filling material (18). The current 
study aimed to investigate the ability of 
XP-FR and manual H-filing in enhancing 
the removal of Totalfill BC sealer from 
oval root canals using µ-CT. The null hy-
pothesis tested is that there is no difference 
between XP-FR and manual H-filing in 
removal of Totalfill BC sealer from oval 
root canals.

Materials and Methods

Sample selection
After approval from the local Ethics Com-
mittee (Protocol No 037-01-19), forty human 
mandibular mature incisors were selected. 
Teeth with oval root canals, completely 
formed apices, tooth length ranging from 
19 to 21 mm and root curvature <20° cal-
culated using Schneider method (19) were 
included. Teeth were cleaned then im-
mersed in 2.5% sodium hypochlorite 
(NaOCl) for 24 hours then kept in 10% 
formalin till use. Teeth were subjected to 
digital radiographs in mesiodistal and 
buccolingual directions. The canal is 
considered oval when its buccolingual 
dimension is at least double its mesiodistal 
dimension. Teeth with more than one root 
canal, calcification, accessory root canals, 
or previous root canal treatment were 
excluded. 

Root canal preparation
One operator (the first author) performed 
all the procedures. Diamond round burs 
mounted on high-speed handpiece were 
used to prepare access cavities. Working 
length (WL) was calculated by subtracting 
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0.5 mm from the tooth length. Teeth were 
placed in silicone mount to facilitate po-
sitioning for the µ-CT scan. Root canals 
were prepared using ProTaper Next (Dent-
sply Tulsa Dental; Tulsa, OK, USA) with 
rotational speed of 300 rpm and torque 2 
N/cm using X-Smart endodontic motor 
(Dentsply Tulsa Dental; Tulsa, OK, USA) 
till X3 (30, 0.07). Root canal irrigation was 
done using 3 ml of 2.5% NaOCl. Final ir-
rigation was done using 10 ml of 2.5% 
NaOCl followed by 1 ml of 17% Ethylen-
ediamine Tetraacetic Acid (EDTA) 
MD-cleanser, (MetaBiomed, Chungcheong-
buk-do,  Republic  of  Korea) to remove the 
smear layer. Final rinse using 5 ml of 
distilled water was done followed by canal 
drying using paper points X3 (Dentsply 
Tulsa Dental; Tulsa, OK, USA).

Root canal obturation
Warm vertical condensation technique 
was used. Thin layer of TotalFill BC seal-
er was applied using paper point X2. 
Master gutta percha cone X3 (Dentsply 
Tulsa Dental; Tulsa, OK, USA) was select-
ed and inserted into the canal, tug-back 
was ensured, and down packing was 
performed using System B (Analytic Tech-
nology, Redmond, WA). Fine medium 
plugger was selected for the down pack 
procedures. Temperature was set at 200 
ºC and power at 10. Gutta percha was cut 
off at the root canal orifice. Plugger was 
reactivated at the same temperature to 
compact the gutta percha till reaching 5 
mm of the WL. Gentle pressure was main-
tained for 10 seconds. Backfill of the canal 
was performed to the root canal orifice 
level.
Access cavities were temporized using 
Coltosol (Coltene, Altstätten, Switzerland). 
Obturation quality was evaluated using 
periapical radiographs in mesiodistal and 
buccolingual projections. Teeth were kept 
in incubator at 37 ºC and 100% humidity 
for 30 days to ensure maximum setting of 
the root canal sealer.  

Post-obturation micro-CT scanning 
Following obturation, teeth were scanned 
using micro-CT (SkyScan 1172 Kontich, 
Belgium). Teeth were placed in silicone 

mold to allow each tooth to be scanned 
during all stages of evaluation in the same 
position. During acquisition, teeth were 
rotated 360 degrees around the vertical 
axis with 0.6 step-size rotation, with 100 
kV,100 mA, and 13.7 µm voxel resolution, 
and a cupper aluminum filter. Scanning 
time was 40 minutes in average for each 
tooth.  Images were saved as 16-bit raw 
data TIFF files. Raw data were reconstruct-
ed to bitmap files using software (NRecon 
v.1.6.7.2; Bruker-microCT, Kontich, Bel-
gium). Total volume in mm3 of gutta 
percha was calculated from the cementoe-
namel (cervical) line till the root apex by 
integration of the regions of interest in all 
cross sections using the CT-an software 
(Bruker-micro CT).

Root canal retreatment procedures 
Following Coltosol removal, gutta percha 
was removed using Mani GPR Files. These 
files were operated at 1000 rpm and no 
torque control, as recommended by the 
manufacturer. Gutta percha was removed 
using the 1S file 3 mm from the canal 
orifice followed by the 2S instrument in 
the coronal third for 1 to 2 seconds. The 
3N instrument was used in the coronal 
two thirds of the canal followed by the 4N 
instrument to the WL and operated for 1 
to 2 seconds. Root canal preparation was 
then expanded using X3 (30, 0.07) and X4 
(40, 0.06).
All files were used in 3 mm vertical strokes 
with light apical pressure. Retreatment 
was considered complete when the WL 
could be reached and there was no gutta 
percha or sealer on the instruments. All 
instruments were used for 5 root canals 
and then discarded. Root canals were ir-
rigated using 2.5% NaOCl during the 
procedure.

Post-retreatment µ-CT scanning
Teeth were scanned post-retreatment using 
the same initial parameters for scanning, 
reconstruction, and calculation of the 
remaining gutta percha volume in the root 
canals. Total volume in mm3 of filling 
material was calculated from the cemen-
toenamel (cervical) line till the root apex 
by integration of the regions of interest in 
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all cross sections. Volume (mm 3) of root 
filling material removed was calculated as 
the difference between initial (post-obtu-
ration) and final readings (post-retreat-
ment). Percentage of reduction in filling 
material was also calculated. Teeth were 
randomly divided into two equal groups 
(n=20) according to the supplementary root 
canal cleaning method used.

Supplementary cleaning methods
XP-endo Finisher-R
For group I, XP-FR was removed from the 
plastic tube in rotation motion by lateral 
movement. 
Speed was set at 800 rpm and torque 2 N/
cm and a 16:1 reduction-gear contra-angle 
handpiece was used. Each root canal was 
filled by 2 ml of 2.5% NaOCl and XP-FR 

was used in a gentle vertical motion 7-8 
mm strokes up to the WL. XP-FR was used in 
a brushing motion against the walls for one 
minute inside the canal. XP-FR instrument 
was discarded after preparation of 4 canals.
Manual filing
For group II, Hedstrom file number 30 was 
placed to the WL and used in a brushing 
motion against the walls for one minute.  
Final irrigation was performed using 2 ml 
of 2.5% NaOCl. 
Post-supplementary retreatment µ-CT 
scanning
Teeth were scanned with µ-CT using the 
same parameters to evaluate the volume 
of the remaining filling material. Volume 
(mm3) of filling material removed after 
using both supplementary approaches was 
calculated.  Percentage of reduction in the 
filling material was also calculated. 

Statistical analysis
Primary observation for the normality of 
recorded data took place using Kolmogo-
rov-Smirnov and Shapiro-Wilk tests. Data 
failed to pass normality test and presented 
non-parametric (not-normal) distribution. 
Based on this, non-parametric tests were 
used for analysis namely; Wilcoxon and 
Man-Whitney.
Wilcoxon test was used to evaluate the 
assumption that the baseline volume 
(post-retreatment) is similar between test-
ed groups. Man-Whitney test was used to 
evaluate whether the difference of volume 
of root canal filling material is similar 
after both supplementary approaches 
(post-supplementary retreatment).
Additional intra-group analysis was per-
formed using Friedman test to evaluate 
and compare the amount of root filling 
material removed from root canal thirds 
(coronal, middle, and apical) by each sup-
plementary approach.
The significance level was set at P≤0.05. 
Statistical analysis was performed with 
IBM® SPSS® Statistics Version 20 for 
Windows.

Results 

Remaining filling material was observed 
post-retreatment and after both supplemen-

Figure 1
Micro-CT images of repre-

sentative samples before (A 
& D), after re-treatment 
procedure (B & E), after 

supplementary approach 
XP-FR (C) and H-file (F).

A B C

D E F
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tary approaches as shown in Figure 1.  
While Table 1 shows the means, medians 
and standard deviations of the initial 
volume of root canal filling material 
(post-obturation), volume of remaining 
gutta percha (post-retreatment) and per-
centage of reduction at root canal thirds 
after retreatment. Significant reduction in 
the amount of filling material was shown 
when compared to the baseline (post-ob-
turation) (Wilcoxon test, P=0.001), Also, 
significant reduction was recorded 
(P<0.001) with a median of 66.09%, 79.61%, 
and 65.52% at the apical, middle, and 
coronal thirds respectively. 
Comparing the supplementary removal 
methods, XP-FR was more effective than 
H-filing (Man-Whitney test, P<0.001), as it 
removed a median of 43.83% compared to 
22.28% for manual H-filing (Table 3).
Additional intra-group analysis revealed 
that XP-FR significantly reduced the re-
maining filling material at all root canal 
thirds (Freidman test, P=0.004).  It removed 
57.27%, 38.75 % and 42.86% from the 

apical, middle, and coronal thirds respec-
tively, compared to H-filing which removed 
22.31%, 19.23%, and 32.09 % from the 
apical, middle, and coronal thirds respec-
tively. Mean, median and standard devia-
tion values of the root filling material 
volume and the percentage of reduction 
post-supplementary approaches are pre-
sented in Tables 2 and 3. 

Discussion

BCS retrieval is not easy due to the strong 
chemical bond formed with hydroxyapa-
tite (13-16). Although BCS could be used 
in obturation with a single cone (20), con-
tinuous wave of condensation was used in 
this study to achieve maximum contact 
with dentin. Oval-shaped canals represent 
another challenge for intracanal filling 
material removal due to minimal contact 
between the endodontic file and the root 
canal wall (21). Therefore, the aim of this 
study was to compare two supplementary 
methods used in the removal of gutta 

Table 1

The mean, median, and standard deviation (SD) values of root filling material volume in mm 3 post-obturation, 
post-retreatment, and percentage of reduction in each anatomical third

Apical Middle Coronal Total
Mean Median SD Mean Median SD Mean Median SD Mean Median SD

Post-obturation 0.81 0.73 0.25 1.94 1.57 0.72 4.16 3.6 1.03 6.86 5.91 1.77
Post-retreatment 0.32 0.24 0.21 0.42 0.34 0.21 1.37 1.29 0.21 2.12 1.86 0.62
% reduction 63.34 66.09 12.28 78.53 79.61 5.90 66.21 65.52 4.42 69.13 70.01 4.37
p-value <0.001* <0.001* <0.001* <0.001*

*significant (p<0.05)

Table 2
The mean, median, and standard deviation (SD) values of percentage of gutta percha reduction following  

use of supplementary method for both groups

Apical Middle Coronal Total
Mean Median SD Mean Median SD Mean Median SD Mean Median SD

Group I 0.18 0.09 0.2 0.28 0.19 0.2 0.81 0.72 0.2 1.28 1 0.6

Group II 0.27 0.28 0.18 0.37 0.38 0.2 0.96 0.91 0.22 1.72 1.57 0.65

p-value 0.004* 0.005* 0.003* 0.004*
 
*significant (p<0.05) 
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percha and BCS from oval root canals. 
Microcomputed  tomography  is a good, 
accurate, reliable, and noninvasive meth-
od for evaluation of the root canal system 
qualitatively and quantitatively (22). The 
data can be represented as 2D or 3D imag-
es (23). Microcomputed  tomography  has 
already been shown to be the gold standard 
for testing filling material retrieval (17).  
This technique enables the 3D calculation 
of the remaining root canal filling materi-
al without splitting the root which may 
cause loss of some of the gutta percha (24).  
In our study, the retreatment procedure 
was expanded using X3 (30, 0.07) and X4 
(40, 0.06) in an attempt to achieve better 
removal of intracanal filling material. Yet, 
Mani GPR files failed to completely remove 
intracanal filling material from oval root 
canal, with the median total percentage of 
reduction recorded of 70.01%. This comes 
in agreement with Rubino et al. who 
showed 74% reduction in intracanal filling 
material using Mani GPR Files (25).  
In order to achieve complete removal of 
root canal filling material, two supplemen-
tary approaches were compared; en-
gine-driven XP-FR and manual H- filing. 
Results showed significant reduction in 
the total amount of remaining filling ma-
terial using both techniques. XP-FR re-
moved significantly more intracanal filling 
material with reduction percentage of 
43.83% compared to only 22.28% for man-
ual H-filing. Therefore, the null hypothesis 
was rejected in this study.Our results are 
in full agreement with Alves et al. (26), 
Machado et al. (27), De-Deus et al. (17), 
Campello et al. (28), and Silva et al. (17) 
who also showed significant reduction of 

remaining intracanal filling material using 
XP-FR. This could be attributed to expan-
sion of the file within the oral cavity tem-
perature together with its spiral movement 
intracanal which promotes remaining 
filling material displacement (26). Yet, these 
studies have tested XP-FR on gutta percha 
and resin-based sealers.  Silva et al. showed 
that XP-FR decreased the total volume of 
remaining intracanal filling material by 
59.4% using resin-based sealer compared 
to 43.83% in the current study using bio-
ceramic sealer.  This is a logic finding as 
bioceramic sealers are more difficult to 
remove than resin-based sealers due to the 
strong chemical bond they form with hy-
droxyapatite (13, 14, 29).
Manual H-filing is capable of removing 
intracanal filling material (30, 31); howev-
er, it was used as a reference for comparison 
as a supplementary technique in the current 
study. Borges et al. used H-filing in an os-
cillatory motion and compared it to XP-en-
do Shaper. XP-endo Shaper removed sig-
nificantly more intracanal filling material 
due to the ability of Max-Wire novel files to 
expand and contract touching and abrading 
the walls more effectively compared to the 
linear motion of H-filing (32).
The use of different supplementary ap-
proaches for intracanal filling removal is 
deemed mandatory.  Especially, XP-FR that 
showed superior ability of intracanal filling 
material removal. However, being an in-vit-
ro study, extrapolation of these results into 
the clinical setting needs further investi-
gation as identification of the remaining 
intracanal filling material using µ-CT is 
not applicable in the clinical setting.
Preoperative, intraoperative and postoper-

Table 3
The mean, median, and standard deviation (SD) values of remaining gutta percha volume  

in mm3 post-supplementary approaches for both groups
 

Apical Middle Coronal Total
Mean Median SD Mean Median SD Mean Median SD Mean Median SD

Group I 52.22 57.27 22.74 34.92 38.75 11.77 40.6 42.86 5.02 40.21 43.83 8.75

Group II 21.89 22.31 9.51 18.43 19.23 9.18 31.72 32.09 4.01 22.31 22.28 5.24

p-value <0.001* <0.001* <0.001* <0.001*

*significant (p<0.05) 
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ative factors lead to root canal treatment 
failure (33).  Persistence of microorganisms 
is considered one of the major causes of root 
canal treatment failure (34). Removal of root 
canal filling material is considered the key 
of success for root canal retreatment.  Pres-
ence of root canal filling material may 
harbor microorganisms that affects the 
disinfection procedures (35).  Numerous 
studies have reported that complete remov-
al of intracanal filling material, especially 
the apical third, is nearly impossible (36-39). 
Therefore, the use of supplementary tech-
niques has been advocated to allow more 
contact with dentin and forcing irrigation 
laterally to reach inaccessible areas (40, 41).

Conclusions

Based on this in-vitro study, it could be con-
cluded that rotary files are not efficient in 
complete removal of bioceramic sealer and 
gutta percha from oval root canals. The use 
of supplementary removal methods has im-
proved intracanal filling material removal. 
XP-FR significantly removed more intracanal 
filling material than manual H-filing.

Clinical Relevance

Supplementary methods following rotary
retreatment files improve bioceramic sealer 
and gutta percha removal from oval
root canals. 
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Lettera DEL PRESIDENTE

C        ari Soci,
 eccomi a Voi per la prima Lettera del Presidente della nostra amata rivista.
 In questa missiva vorrei porre la Vostra attenzione proprio sul Giornale Italiano di Endodonzia e sulla grande impor

tanza che questa Rivista ricopre non solo per la nostra Società ma anche per i clinici, i ricercatori e le università non solo itali-
ane.
In tanti anni di militanza nel Consiglio Direttivo della SIE mi sono spesso confrontato con molti di Voi raccogliendo dubbi o 
addirittura poca rilevanza per la nostra Rivista, come se il GIE fosse qualcosa di scontato e per questo motivo di scarso valore, 
ma non è così. 
Il Nostro Giornale è una parte fondamentale della Società, della quale è l’organo ufficiale, gode fama di essere una delle più 
apprezzate riviste del settore in campo internazionale, sia per i contenuti degli articoli pubblicati, sia per la grafica. È diventata 
motivo di vanto negli ultimi anni, per i bellissimi risultati ottenuti in un crescendo di attività e iniziative. Per questo motivo, 
in questa mia prima lettera, vorrei condividere con Voi cosa significhi e cosa si nasconda dietro le quinte di ogni singola uscita 
del GIE. 
Come ben saprete, negli ultimi anni, la Rivista ha subìto molti cambiamenti che ne hanno permesso un’importante riqualifica-
zione.
Gli articoli pubblicati in lingua inglese consentono di allargare la nostra platea che sempre di più ha connotati internazionali.
La Rivista è stata completamente digitalizzata e quindi resa “eco-friendly”. So quanto possa essere gradevole sfogliare una 
rivista cartacea, ma il ruolo di una rivista scientifica non è quello di prendere polvere sugli scaffali, ma di essere rapidamente 
fruibile, di consentire una diffusione il più capillare e veloce possibile, così che articoli e ricerche possano essere prontamente 
a loro volta citati in altri lavori scientifici su altre riviste.
Un importante tassello è stato il cambio di editore. Non è stato né semplice né scontato, ma alla fine abbiamo stretto la partner-
ship con Ariesdue, nostro nuovo editore dal 2019. L’intento è quello di far crescere il GIE ogni anno di più e Ariesdue è l’unica 
Casa Editrice italiana che ha portato una rivista scientifica del settore odontoiatrico a ottenere un riconoscimento importante 
come l’Impact Factor.
Il GIE parte da un’indicizzazione su Scopus ed Embase, importanti banche dati scientifiche che permettono al nostro giornale 
di essere apprezzato in tutto il mondo e i dati in nostro possesso lo dimostrano ampiamente.
Il Giornale Italiano di Endodonzia è pubblicato online su ScienceDirect e www.giornaleitalianoendodonzia.it, come una sorta 
di diario aperto che lo rende sempre consultabile.
Abbiamo approntato la piattaforma affinché la Rivista possa garantire l’analisi delle citazioni degli articoli pubblicati, in tempo 
reale, con metodo Early View, e senza aspettare come negli anni passati l’uscita dei due numeri a giugno e novembre.
Altro elemento di crescita importante è rappresentato dalla suite per le Submission degli articoli: dal 2019 avvengono comple-
tamente online come per le riviste “più quotate”. 
Infine, ma non per questo meno importante, la grande squadra composta da Editor in Chief e Associate Editor, che si impegna 
costantemente nella ricerca di nuovi articoli e nella pianificazione del lavoro quotidiano che consente alla nostra rivista di 
uscire con regolarità semestrale ormai da tanti anni.  
Quindi, cari Soci, sappiate che appartenere alla Società Italiana di Endodonzia e far parte di questo gruppo significa anche 
sostenere il GIE leggendolo, divulgandolo e condividendo i Vostri articoli, perché teniamo davvero molto alla Nostra Rivista, 
fiore all’occhiello dell’Endodonzia Italiana, e per mantenerla operativa e per incrementare la sua visibilità sono stati fatti dei 
grandi sacrifici da parte di tutti Noi. 
Per concludere voglio citare il nostro attuale Editor in Chief, Prof. Sandro Rengo, ricordando proprio con grande piacere una 
sua Lettera del Presidente del lontano 2005, che già allora mi aveva colpito positivamente. “È proprio sugli obiettivi che inten-
do soffermarmi: la progettualità, in una Società Scientifica, deve rappresentare il punto di partenza, il presupposto fonda-
mentale di qualunque discorso”.
Per questo motivo facciamo crescere ancor di più il nostro Giornale Italiano di Endodonzia! 
Non diamo nulla per scontato, non pretendiamo dalla Società quello che Noi per primi non siamo in grado di dare, perché per 
ricevere, prima dobbiamo imparare a donare.

Un caro saluto a tutti Voi e arrivederci al prossimo numero!
Dott. Roberto Fornara 

Presidente SIE 
Società Italiana di Endodonzia
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COME DIVENTARE SOCIO ATTIVO/AGGREGATO
 

Scaricabile dal sito www.endodonzia.it

SOCIO AGGREGATO

Per avere lo status di Socio Aggregato si dovrà presentare 
la documentazione descritta nel sito www.endodonzia.it 
che sarà valutata dalla Commissione Accettazione Soci. La 
documentazione che verrà presentata dovrà mostrare con 
rigore, attraverso casi clinici, l’interessamento del candid-
ato alla disciplina endodontica. 
Un meccanismo a punti è stato introdotto per valutare l’am-
missibilità del candidato allo “status” di Socio Aggregato: 
i punti saranno attribuiti in base al tipo di documentazione 
presentata. Possono accedere alla qualifica di Socio Ag-
gregato tutti i Soci Ordinari della SIE, in regola con le 
quote associative degli ultimi tre anni, che completino e 
forniscano la documentazione alla Segreteria Nazionale 
(Via Pietro Custodi 3, 20136 Milano) entro i termini che 
verranno indicati all’indirizzo web: www.endodonzia.it.
La domanda dovrà essere firmata da un Socio Attivo, in 
regola con la quota associativa per l’anno in corso, il quale 
è responsabile della correttezza clinica e formale della doc-
umentazione presentata.

DOCUMENTAZIONE NECESSARIA 
PER DIVENTARE SOCIO AGGREGATO
Qualsiasi Socio Ordinario, con i requisiti necessari, può 
presentare la documentazione per ottenere la qualifica di 
Socio Aggregato. Un meccanismo a punti è stato introdotto 
per valutare il candidato: un minimo di 80 punti è richiesto 
per divenire Socio Aggregato.
La documentazione clinica per ottenere la qualifica di Socio 
Aggregato dovrà presentare almeno sei casi, di cui non più 
di tre senza lesione visibile nella radiografia preoperatoria 
e non più di uno di Endodonzia Chirurgica Retrograda.
Nella domanda non potranno essere presentati casi la cui 
somma superi i 120 punti per la qualifica di Socio Ag-
gregato. 
L’aspirante Socio Aggregato potrà presentare la docu-
mentazione clinica in più volte, con un minimo di 40 pun-
ti per presentazione, in un arco massimo di tre anni. Il 
mancato rinnovo della quota associativa, anche per un 
solo anno, annulla l’iter di presentazione dei casi.

SOCIO ATTIVO

Per avere lo status di Socio Attivo si dovrà presentare la 
documentazione descritta nel sito www.endodonzia.it che 
sarà valutata dalla Commissione Accettazione Soci. La doc-
umentazione che verrà presentata dovrà mostrare con 
rigore, attraverso documentazione scientifica e casi clinici, 
l’interessamento del candidato alla disciplina endodontica. 
Un meccanismo a punti è stato introdotto per valutare l’am-
missibilità del candidato allo status di Socio Attivo: i punti 
saranno attribuiti in base al tipo di documentazione clin-

ica e scientifica presentata. Possono accedere alla quali-
fica di Socio Attivo tutti i Soci Ordinari della SIE, in 
regola con le quote associative degli ultimi tre anni, che 
completino e forniscano la documentazione alla Segret-
eria Nazionale (Via Pietro Custodi 3, 20136 Milano) entro 
i termini che verranno indicati all’indirizzo web: www.
endodonzia.it.
La domanda di ammissione allo status di Socio Attivo 
rivolta al Presidente della SIE dovrà essere firmata da un 
Socio Attivo in regola con la quota associativa per l’anno 
in corso, il quale dovrà aver esaminato e approvato la doc-
umentazione. Quest’ultimo è responsabile della cor-
ret tezza cl in ica e formale del la documentazione 
presentata.

DOCUMENTAZIONE NECESSARIA 
PER DIVENTARE SOCIO ATTIVO
Qualsiasi Socio Ordinario, con i requisiti necessari, può 
presentare la documentazione per ottenere la qualifica di 
Socio Attivo. Il Socio Aggregato che volesse presentare la 
documentazione scientifica e clinica a integrazione di 
quella clinica già approvata dalla CAS per lo status di socio 
Aggregato, potrà farlo già dall’anno successivo all’otteni-
mento della sua qualifica.
Un meccanismo a punti è stato introdotto per valutare il 
candidato a Socio Attivo. Un minimo di 200 punti è richi-
esto per divenire Socio Attivo.
Nella domanda non potranno essere presentati casi la cui 
somma superi i 240 punti per la qualifica di Socio Attivo. 
La documentazione scientifica potrà essere presentata, a 
completamento della documentazione clinica, solo per la 
domanda per divenire Socio Attivo e non potrà superare i 
80 punti.
La documentazione clinica dovrà presentare un minimo di 
sei casi, di cui almeno 4 di molari pluriradicolati con delle 
precise tipologie: tra questi casi almeno uno deve essere 
un ritrattamento con lesione visibile nella radiografia pre-
operatoria e dei restanti tre almeno due devono avere una 
lesione visibile nella radiografia preoperatoria.
La documentazione clinica non deve presentare più di un 
caso di Endodonzia Chirurgica Retrograda con immagini 
e non più di uno senza immagini.
La documentazione scientifica non potrà presentare più di 
due articoli come coautore.

MODALITÀ DI DOCUMENTAZIONE  
DEI CASI CLINICI

Criteri e modalità per la valutazione dei casi clinici idonei 
ad accedere alle qualifiche di Socio Aggregato e di Socio 
Attivo sono espressi nell’apposita sezione del Regolamento 
della Società Italiana di Endodonzia (SIE) all’indirizzo 
web: www.endodonzia.it.

http://www.endodonzia.it
http://www.endodonzia.it
http://www.endodonzia.it
http://www.endodonzia.it
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CRITERI DI VALUTAZIONE

I casi clinici verranno valutati nel loro complesso, coerente-
mente con gli scopi e fini della SIE, e devono essere presentati 
dai Candidati considerando non solo l’aspetto clinico, ma 
anche quello formale della documentazione presentata.
La documentazione scientifica verrà valutata considerando la 
classificazione ANVUR delle Riviste Scientifiche, i documenti 
scientifici dovranno essere tutti di pertinenza endodontica.

ADEMPIMENTI DEL CANDIDATO

La domanda di ammissione allo status di Socio Aggregato/
Attivo, rivolta al Presidente della SIE, dovrà pervenire, in-
sieme alla documentazione di seguito elencata, alla Segret-
aria della SIE con un anticipo di 20 giorni sulle date di ri-
unione della CAS, sufficiente per poter organizzare il ma-
teriale dei candidati. Le date di scadenza saranno rese note 
sul sito. La domanda dovrà essere firmata da un Socio Attivo 
in regola con la quota associativa per l’anno in corso, il quale 
dovrà aver esaminato e approvato la documentazione. 
Quest’ultimo è responsabile della correttezza clinica e for-
male della documentazione presentata.

PRESENTAZIONE  
DEI CASI ALLA COMMISSIONE

La presenza del Candidato è obbligatoria durante la riunione della 
CAS; è altresì consigliabile la presenza del Socio presentatore.

LA COMMISSIONE   
ACCETTAZIONE SOCI

La CAS (Commissione Accettazione Soci) è formata cinque 
Membri di indiscussa esperienza clinica, quattro Soci Attivi 
con almeno cinque anni di anzianità in questo ruolo eletti a 
ogni scadenza elettorale dall’Assemblea dei Soci Attivi e 
Onorari e uno dei Past President della Società incaricato dal 
CD a ogni riunione. Compito della CAS è quello di esaminare 
e valutare la documentazione presentata dagli aspiranti Soci 
Aggregati e Soci Attivi. Per rispetto del lavoro dei Candidati 
e per omogeneità di giudizio, in ogni riunione CAS verranno 
valutati non più di 12 candidati a Socio Attivo; resta libero, 
invece, il numero dei candidati a Socio Aggregato valutabile 
in una singola riunione. Il Consiglio Direttivo (CD) incaric-
ando la Commissione Accettazione Soci (CAS) la rende re-
sponsabile dell’applicazione delle regole descritte nell’arti-
colo 2 del regolamento. Il giudizio della CAS è insindacabile.

MEMBRI DELLA COMMISSIONE ACCETTAZIONE SOCI BIENNIO 2021-2022

Francesco Riccitiello (Past President della Società)
Maurizio Boschi

Marco Colla
Claudia Dettori

Giuseppe Multari



VDW.ROTATE™

Migliora la qualità delle preparazioni con sistematica rotante:  
con il nuovo file VDW.ROTATE™
Confermando la nostra storia di successo in campo 
endodontico, abbiamo sviluppato un nuovo sistema  
di file rotanti a movimento continuo partendo dai risultati 
raggiunti con i sistemi endodontici precedenti  
e integrandoli con le ultime innovazioni tecnologiche  
nel campo dei materiali e del design dello strumento, 
in modo da ridefinire gli standard della strumentazione 
canalare rotante e portarla ad un livello qualitativo 
superiore.

VDW.ROTATE™ è un sistema di file rotanti a movimento 
continuo che consente di lavorare al massimo delle potenzialità 
in tutte le situazioni cliniche, da quelle più semplici a quelle  
più complesse. 
Confermando il nostro approccio di offerta di sistema,  
la linea VDW.ROTATE™ include punte di carta e otturatori  
delle medesime dimensioni degli strumenti.

La sintesi perfetta di benefici fondamentali 
La nuova linea di strumenti rotanti in NiTi VDW.ROTATE™  

offre molteplici benefici per un trattamento endodontico 
semplificato ed efficiente, grazie ad una sequenza base intuitiva 
formata solo da 3 strumenti: un file per il glide path e due file  
per la sagomatura. Inoltre, la vasta gamma di diametri e conicità 
di file accessori disponibili consente al clinico di creare la propria 
sequenza personalizzata in funzione dell‘anatomia canalare. 
Confrontato con altri sistemi rotanti della VDW, il nuovo 
trattamento termico della lega consente una maggiore flessibilità 
dello strumento senza comprometterne l’efficienza di taglio. 
La combinazione tra flessibilità ed efficienza con la sezione 
trasversale a forma di S decentrata di VDW.ROTATE™ assicura 
una rimozione dei detriti più efficace*. 

Per ulteriori informazioni contatta il tuo rappresentante  
Dentsply Sirona di fiducia o il nostro servizio clienti  
al numero gratuito 800.310.333

* confrontato con strumenti rotanti a sezione centrata

VDW.ROTATE™ 
Sistema endodontico 
rotante in NiTi 

strumenti VDW.ROTATE™ 
in canali estremamente curvi

Misure: 15.04 (file per il glide path), 20.05 e 25.06
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Giornale Italiano di Endodonzia (GIE)
was founded in 1987 and is the official 
journal of Società Italiana di Endodonzia, SIE 
(Italian Society of Endodontics) https://www.
endodonzia.it/
It is a peer-reviewed journal, only available in 
electonic format and publishes original scien-
tific articles, reviews, clinical articles and case 
reports in the field of Endodontology. Scientif-
ic contributions dealing with health, injuries 
to and diseases of the pulp and periradicular 
region, and their relationship with systemic 
well-being and health. Original scientific arti-
cles are published in the areas of biomedical 
science, applied materials science, bioengi-
neering, epidemiology and social science rele-
vant to endodontic disease and its management, 
and to the restoration of root-treated teeth. In 
addition, review articles, reports of clinical cas-
es, book reviews, summaries and abstracts of 
scientific meetings and news items are accept-
ed. Please read the instructions below carefully 
for details on the submission of manuscripts, 
the journal’s requirements and standards as 
well as information concerning the procedure 
after a manuscript has been accepted for publi-
cation in Giornale Italiano di Endodonzia. Gior-
nale Italiano di Endodonzia is indexed in Scop-
us, Science Direct, Embase and published on-
line by  Ariesdue, Milan, Italy and hosted 
by PAGEPress, Pavia, Italy. All articles are avail-
able on www.giornaleitalianoendodonzia.it.
We publish, monthly, new articles in the Early 
View section while the full Journal is issued 
twice a year, in June and November.
Authors are encouraged to visit www.
giornaleitalianoendodonzia.it for further 
information on the preparation and submission 
of articles and figures.

Ethical guidelines
Giornale Italiano di Endodonzia adheres to the 
below ethical guidelines for publication and 
research. 

Authorship and Acknowledgements 
Authors submitting a paper do so on the un-
derstanding that the manuscript has been 
read and approved by all authors and that 
all authors agree to the submission of the 
manuscript to the Giornale Italiano di En-
dodonzia. Giornale Italiano di Endodonzia 
adheres to the definition of authorship set 
up by The International Committee of Med-
ical Journal Editors (ICMJE). According to 
the ICMJE, authorship criteria should be 
based on 1) substantial contributions to 
conception and design of, or acquisiation of 
data or analysis and interpretation of data, 
2) drafting the article or revising it critic-
ally for important intellectual content and 
3) final approval of the version to be pub-
lished. Authors should meet conditions 1, 
2 and 3. It is a requirement that all authors 

GUIDELINES FOR AUTHORS

have been accredited as appropriate upon 
submission of the manuscript. Contribut-
ors who do not qualify as authors should be 
mentioned under Acknowledgements. 

Manuscript preparation
Manuscripts should be uploaded as Word (.doc) 
or Rich Text Format (.rtf) files (not write-pro-
tected) plus separate figure files: TIF, EPS, 
JPEG files are acceptable for submission.
The text file must contain the abstract, main 
text, references, tables and figure legends, but 
no embedded figures or title page. The title 
page should be provided as a separate file. In 
the main text, please reference figures as for 
instance figure 1, figure 2 etc to match the tag 
name you choose for the individual figure files 
uploaded. 
Please note that manuscripts must be written 
in English. Authors whose native language is 
not English are strongly advised to have their 
manuscript checked by a language editing ser-
vice or by a native English speaker prior to 
submission. 

Manuscript Types Accepted
Original Scientific Articles must describe sig-
nificant and original experimental observa-
tions and provide sufficient detail so that the 
observations can be critically evaluated and, if 
necessary, repeated. Original Scientific Art-
icles must conform to the highest international 
standards in the field.
Review Articles are accepted for their broad 
general interest; all are refereed by experts in 
the field who are asked to comment on issues 
such as timeliness, general interest and bal-
anced treatment of controversies, as well as 
on scientific accuracy. Reviews should gener-
ally include a clearly defined search strategy 
and take a broad view of the field rather than 
merely summarizing the authors´ own previ-
ous work. Extensive or unbalanced citation of 
the authors´ own publications is discouraged.
Mini Review Articles are accepted to address 
current evidence on well-defined clinical, 
research or methodological topics. All are 
refereed by experts in the field who are asked 
to comment on timeliness, general interest, 
balanced treatment of controversies, and sci-
entific rigor. A clear research question, 
search strategy and balanced synthesis of the 
evidence is expected. Manuscripts are limit-
ed in terms of word-length and number of 
figures.
Clinical Articles are suited to describe sig-
nificant improvements in clinical practice 
such as the report of a novel technique, a 
breakthrough in technology or practical ap-
proaches to recognised clinical challenges. 
They should conform to the highest scientific 
and clinical practice standards.
Case Reports or Case Series illustrating un-
usual and clinically relevant observations are 
acceptable, but they must be of sufficiently 

high quality to be considered worthy of pub-
lication in the Journal. On rare occasions, com-
pleted cases displaying nonobvious solutions 
to significant clinical challenges will be con-
sidered. Illustrative material must be of the 
highest quality and healing outcomes, if appro-
priate, should be demonstrated.
Case reports should be written using the Pre-
ferred Reporting Items for Case reports in 
Endodontics (PRICE) 2020 guidelines. A PRICE 
checklist and flowchart (as a Figure) should 
also be completed and included in the submis-
sion material. The PRICE 2020 checklist and 
flowchart can be downloaded from: http://
pride-endodonticguidelines.org/price/. It is 
recommended that authors consult the follow-
ing papers, which explains the rationale for the 
PRICE 2020 guidelines and their importance 
when writing manuscripts: 
- Nagendrababu V, Chong BS, McCabe P, Shah 

PK, Priya E, Jayaraman J, Pulikkotil SJ, Setzer 
FC, Sunde PT, Dummer PMH. PRICE 2020 
guidelines for reporting case reports in Endo-
dontics: a consensus-based development. Int 
Endod J. 2020 Feb 23. Doi: 10.1111/iej.13285. 
https://onlinelibrary.wiley.com/doi/10.1111/
iej.13285.

- Nagendrababu V, Chong BS, McCabe P, Shah 
PK, Priya E, Jayaraman J, Pulikkotil SJ, Dum-
mer PMH. PRICE 2020 guidelines for report-
ing case reports in Endodontics: Explanation 
and elaboration. Int Endod J. 2020 Mar 28. 
Doi: 10.1111/iej.13300. https://onlinelibrary.
wiley.com/doi/abs/10.1111/iej.13300.

Manuscript Format 
The official language of the publication is Eng-
lish. It is preferred that manuscript is profes-
sionally edited. All services are paid for and 
arranged by the author and use of one of these 
services does not guarantee acceptance or pref-
erence for publication.
Authors should pay special attention to the 
presentation of their research findings or clin-
ical reports so that they may be communicated 
clearly. 
Technical jargon should be avoided as much 
as possible and clearly explained where its use 
is unavoidable. Abbreviations should also be 
kept to a minimum, particularly those that are 
not standard. Giornale Italiano di Endodonzia 
adheres to the conventions outlined in Units, 
Symbols and Abbreviations: A Guide for Med-
ical and Scientific Editors and Authors. If ab-
breviations are used in the text, authors are 
required to write full name+abbreviation in 
brackets [e.g. Multiple Myeloma (MM)] the first 
time they are used, then only abbreviations 
can be written (apart from titles; in this case 
authors have to write always the full name). 
If names of equipments or substances are men-
tioned in the text, brand, company names and 
locations (city and state) for equipment and 
substances should be included in parentheses 
within the text.

https://www.endodonzia.it/ 
https://www.endodonzia.it/ 
http://www.giornaleitalianoendodonzia.it
http://www.giornaleitalianoendodonzia.it
http://www.giornaleitalianoendodonzia.it
http://pride-endodonticguidelines.org/price/.
http://pride-endodonticguidelines.org/price/.
https://onlinelibrary.wiley.com/doi/10.1111/iej.13285
https://onlinelibrary.wiley.com/doi/10.1111/iej.13285
https://onlinelibrary.wiley.com/doi/abs/10.1111/iej.13300
https://onlinelibrary.wiley.com/doi/abs/10.1111/iej.13300
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The background and hypotheses underlying 
the study, as well as its main conclusions, 
should be clearly explained.
Titles and abstracts especially should be writ-
ten in language that will be readily intelligible 
to any scientist.

Structure
All manuscripts submitted to Giornale Italiano 
di Endodonzia should include Title Page, Ab-
stract, Main Text, References, Clinical Rele-
vance, Conflict of Interest, Acknowledgements, 
Tables, Figures and Figure Legends as appro-
priate.
Title Page should bear:
I. Title, which should be concise as well as 

descriptive (no more than 150 letters and 
spaces);

II. Initial(s) and last (family) name of each au-
thor;

III. Name and address of department, hospital 
or institution to which the work should be 
attributed;

IV. Running title (no more than 30 letters and 
spaces);

V. Three to five key words (in alphabetical 
order);

VI. Name, full postal address, telephone, fax 
number and e-mail address of author re-
sponsible for correspondence (Correspond-
ing Author).

Abstracts should be no more than 250 words giving 
details of what was done.
Abstract for Original Scientific Articles should be 
no more than 250 words giving details of what was 
done using the following structure:
• Aim: give a clear statement of the main aim of the 

study and the main hypothesis tested, if any.
• Methodology: describe the methods adopted in-

cluding, as appropriate, the design of the study, the 
setting, entry requirements for subjects, use of 
materials, outcome measures and statistical tests.

• Results: give the main results of the study, in-
cluding the outcome of any statistical analysis.

• Conclusions: state the primary conclusions of 
the study and their implications. Suggest areas 
for further research, if appropriate.

Abstract for Review Articles should be non-struc-
tured, no more than 250 words giving details of what 
was done including the literature search strategy.
Abstract for Mini Review Articles should be 
non-structured of no more than 250 words, includ-
ing a clear research question, details of the literature 
search strategy and clear conclusions.
Abstract for Case Reports and Case Series should 
be no more than 250 words using the following 
structure:
• Aim: give a clear statement of the main aim of 

the report and the clinical problem which is ad-
dressed.

• Summary: describe the methods adopted includ-
ing, as appropriate, the design of the study, the 
setting, entry requirements for subjects, use of 
materials, outcome measures and analysis if any.

• Key learning points: provide up to five short, 
bullet-pointed statements to highlight the key 
messages of the report. All points must be fully 
justified by material presented in the report.

Abstract for Clinical Articles should be no more 
than 250 words using the following structure:
• Aim: give a clear statement of the main aim of 

the report and the clinical problem which is ad-
dressed.

• Methodology: describe the methods adopted.
• Results: give the main results of the study.
• Conclusions: state the primary conclusions of 

the study. 

THE STRUCTURE 

Main text for Original Scientific Articles 
should include Introduction, Materials and 
Methods, Results, Discussion and Conclusion.
Introduction: should be focused, outlining 
the historical or logical origins of the study 
and gaps in knowledge. Exhaustive literature 
reviews are not appropriate. It should close 
with the explicit statement of the specific 
aims of the investigation, or hypothesis to be 
tested.
Material and Methods must contain sufficient 
detail such that, in combination with the ref-
erences cited, all clinical trials and experi-
ments reported can be fully reproduced.
(I) Clinical Trials: should be reported using the 
CONSORT guidelines available at www.con-
sort-statement.org A CONSORT checklist and 
flow diagram (as a Figure) should also be in-
cluded in the submission material.
(II) Experimental Subjects: experimentation 
involving human subjects will only be pub-
lished if such research has been conducted in 
full accordance with ethical principles, in-
cluding the World Medical Association Decla-
ration of Helsinki (version 2008) and the addi-
tional requirements, if any, of the country 
where the research has been carried out. Man-
uscripts must be accompanied by a statement 
that the experiments were undertaken with 
the understanding and written consent of 
each subject and according to the above men-
tioned principles. A statement regarding the 
fact that the study has been independently 
reviewed and approved by an ethical board 
should also be included. Editors reserve the 
right to reject papers if there are doubts as to 
whether appropriate procedures have been 
used. When experimental animals are used 
the methods section must clearly indicate 
that adequate measures were taken to mini-
mize pain or discomfort. Experiments should 
be carried out in accordance with the Guide-
lines laid down by the National Institute of 
Health (NIH) in the USA regarding the care 
and use of animals for experimental proce-
dures or with the European Communities 
Council Directive of 24 November 1986 
(86/609/EEC) and in accordance with local 
laws and regulations. All studies using hu-
man or animal subjects should include an 
explicit statement in the Material and Meth-
ods section identifying the review and ethics 
committee approval for each study, if appli-
cable. Editors reserve the right to reject pa-
pers if there is doubt as to whether appropri-
ate procedures have been used.
(III) Suppliers of materials should be named 
and their location (Company, town/city, state, 
country) included.
Results should present the observations with 
minimal reference to earlier literature or to 

possible interpretations. Data should not be 
duplicated in Tables and Figures.
Discussion may usefully start with a brief sum-
mary of the major findings, but repetition of 
parts of the abstract or of the results section 
should be avoided. The Discussion section 
should progress with a review of the method-
ology before discussing the results in light of 
previous work in the field. The Discussion 
should end with a brief conclusion and a com-
ment on the potential clinical relevance of the 
findings. Statements and interpretation of the 
data should be appropriately supported by 
original references.
Conclusions should contain a summary of the 
findings.

Main Text of Review Articles 
should be divided into Introduction, Review 
and Conclusions. 
The Introduction section should be focused to 
place the subject matter in context and to jus-
tify the need for the review. The Review sec-
tion should be divided into logical subsections 
in order to improve readability and enhance 
understanding. Search strategies must be de-
scribed and the use of state-of-the-art evi-
dence-based systematic approaches is ex-
pected. The use of tabulated and illustrative 
material is encouraged. The Conclusion sec-
tion should reach clear conclusions and/or 
recommendations on the basis of the evi-
dence presented. 

Main Text of Mini Review Articles 
should be divided into Introduction, Review 
and Conclusions; please note that the Conclu-
sions section should present clear statements/
recommendations and suggestions for further 
work. The manuscript, including references 
and figure legends, should not normally ex-
ceed 4,000 words.

Main Text of Case Reports   
and Clinical Articles 
should be divided into Introduction, Report, 
Discussion and Conclusion. They should be 
well illustrated with clinical images, radio-
graphs, diagrams and, where appropriate, sup-
porting tables and graphs. However, all illus-
trations must be of the highest quality.

IMPORTANT TO KNOW
Manuscript that do not conform to the general 
aims and scope of the Journal will be returned 
immediately without review. All other manu-
scripts will be reviewed by experts in the field 
(generally two referees). Giornale Italiano di 
Endodonzia aims to forward referees´ com-
ments and to inform the corresponding author 
of the result of the review process. Manuscripts 
will be considered for fast-track publication 
under special circumstances after consultation 
with the Editor. Giornale Italiano di Endodonz-
ia uses double blinded review which menas 
that the names of the reviewers will thus not 
be disclosed to the author submitting a paper 
and the name(s) of the author(s) will not be dis-

http://www.consort-statement.org
http://www.consort-statement.org
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closed to the reviewers. To allow double blind-
ed review, please submit your main manu-
script and title page as separate files.
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for the work within the manuscript must be 
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ments should be brief and should not include 
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References. It is the policy of the Journal to 
encourage reference to the original papers rath-
er than to literature reviews. Authors should 
therefore keep citations of reviews to the abso-
lute minimum. 
References should be prepared according to the 
Vancouver style. References must be numbered 
consecutively in the order in which they are 
first cited in the text (not alphabetical order), 
and they must be identified in the text by Arabic 
numerals in brackets [example (34)]. References 
to personal communications and unpublished 
data should be incorporated in the text and not 
placed under the numbered references [Exam-
ple: (Wright 2011, unpublished data) or (Wright 
2011, personal communication)]. Where availa-
ble, URLs for the references should be provided 
directly within the MS-Word document.

References in the References section must be 
prepared as follows:
I. more than three authors cite 3 authors et 

al. If the paper has only 4 authors, cite all 
authors; 

 e.g. Prati G, Lotti M, Russo F et al.
II. title style: please use a capital letter only 

for the first word of the title;
III. journal titles mentioned in the References 

list should be abbreviated according to the 
following websites:

a. ISI Journal Abbreviations Index (https://
www.library.caltech.edu/journal-title-
abbreviations);

b. Biological Journals and Abbreviations 
(http://home.ncifcrf.gov/research/bja);

c. Medline List of Journal Titles (https://
www.nlm.nih.gov/bsd/serfile_addedinfo.
html);

IV. put year after the journal name;
V. never put month and day in the last part of 

the references;
VI. cite only the volume (not the issue in 

brackets);
VII. pages have to be abbreviated, e.g. 351-8.

We recommend the use of a tool such as End-
Note or Reference Manager for reference man-
agement and formatting. EndNote reference 

styles can be searched for here: http://www.
endnote.com/support/enstyles.asp. To ensure 
the correct citation format, please check your 
references in the PubMed database (http://
www.ncbi.nlm.nih.gov/pubmed).

Examples of correct forms of reference follow.
Standard journal article
(1) Somma F, Cammarota G, Plotino G, Grande 
NM, Pameijer CH. The effectiveness of manual 
and mechanical instrumentation for the retreat-
ment of three different root canal filling mate-
rials. J Endod 2008;34:466-9.

Corporate author
British Endodontic Society - Guidelines for root 
canal treatment. Giornale Italiano di Endodonz-
ia 1979;16:192-5.

Journal supplement
Frumin AM, Nussbaum J, Esposito M. Function-
al asplenia: demonstration of splenic activity by 
bone marrow scan (Abstract). Blood 1979;54 
(Suppl. 1):26a.

Books and other monographs
Personal author(s)
Gutmann J, Harrison JW. Surgical Endodontics, 
1st edn Boston, MA, USA: Blackwell Scientific 
Publications, 1991.

Chapter in a book
Wesselink P. Conventional rootcanal therapy III: 
root filling. In: Harty FJ, ed. Endodontics in 
Clinical Practice, (1990), 3rd edn; pp. 186-223. 
London, UK: Butterworth.

Published proceedings paper
DuPont B. Bone marrow transplantation in se-
vere combined immunodeficiency with an un-
related MLC compatible donor. In: White HJ, 
Smith R, eds. Proceedings of the Third Annual 
Meeting of the International Society for Exper-
imental Rematology; (1974), pp. 44-46. Houston, 
TX, USA: International Society for Experimen-
tal Hematology.

Agency publication
Ranofsky AL Surgical Operations in Short-Stay 
Hospitals: United States-1975 (1978). DHEW 
publication no. (PHS) 78-1785 (Vital and Health 
Statistics; Series 13; no. 34.) Hyattsville, MD, 
USA: National Centre for Health Statistics.

Dissertation or thesis
Saunders EM. In vitro and in vivo investigations 
into root-canal obturation using thermally sof-
tened gutta-percha techniques (PhD Thesis) 
(1988). Dundee, UK: University of Dundee.

URLs
Full reference details must be given along with 
the URL, i.e. authorship, year, title of document/
report and URL. If this information is not avail-
able, the reference should be removed and only 
the web address cited in the text. 

Tables, Figures and Figure Legends
Tables should be submitted as word format, 
numbered and cited in the text of the manu-
script. Units of measurements must be included 
in the column title or in the figure legend or 
caption. Figure files accepted: TIF, EPS, JPEG.
• color (saved as CMYK): minimum 300 dpi;
• black and white/grays: minimum 600 dpi;
• one column width (8.0 cm) or 1.5 column 

widths (13.0 cm) or 2 columns widths 
(17.0 cm).

A different caption for each figure must be pro-
vided at the end of the manuscript, not included 
in the figure file. Authors must obtain written 
permission for the reproduction and adaptation 
of material which has already been published. 
A copy of the written permission has to be pro-
vided before publication (otherwise the paper 
cannot be published) and appropriately cited in 
the figure caption. The procedure for requesting 
the permission is the responsibility of the Au-
thors; PAGEPress will not refund any costs in-
curred in obtaining permission. Alternatively, 
it is advisable to use materials from other (free) 
sources.
Figure legends should begin with a brief title for 
the whole figure and continue with a short de-
scription of each panel and the symbols used; 
they should not contain any details of methods.

Authorship
All persons designated as authors should qual-
ify for authorship according to the ICMJE crite-
ria. Each author should have participated suffi-
ciently in the work to take public responsibility 
for the content. Authorship credit should only 
be based on substantial contributions to 
i) conception and design, or analysis and in-

terpretation of data; 
ii) drafting the article or revising it critically 

for important intellectual content; 
iii) final approval of the version to be published.
These three conditions must all be met. Partic-
ipation solely in the acquisition of funding or 
the collection of data does not justify author-
ship. General supervision of the research group 
is not sufficient for authorship. Any part of an 
article critical to its main conclusions must be 
the responsibility of at least one author. Authors 
should provide a brief description of their indi-
vidual contributions.

Obligation to Register Clinical Trials 
http://www.icmje.org/#clin_trials
The ICMJE believes that it is important to foster 
a comprehensive, publicly available database of 
clinical trials.
The ICMJE defines a clinical trial as any re-
search project that prospectively assigns human 
subjects to intervention or concurrent compar-
ison or control groups to study the cause-and-
effect relationship between a medical interven-
tion and a health outcome. Medical interven-
tions include drugs, surgical procedures, 
devices, behavioral treatments, process-of-
care changes, etc.

https://www.library.caltech.edu
https://www.library.caltech.edu
https://www.library.caltech.edu
http://home.ncifcrf.gov/research/bja
https://www.nlm.nih.gov
https://www.nlm.nih.gov
https://www.nlm.nih.gov
http://www.endnote.com/support/enstyles.asp.
http://www.endnote.com/support/enstyles.asp.
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed
http://www.icmje.org
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Our journals require, as a condition of con-
sideration for publication, registration in a 
public trials registry.
The journal considers a trial for publication 
only if it has been registered before the en-
rollment of the first patient.
The journal does not advocate one particular 
registry, but requires authors to register their 
trial in a registry that meets several criteria. 
The registry must be accessible to the public 
at no charge. It must be open to all prospec-
tive registrants and managed by a non-prof-
it organization.
There must be a mechanism to ensure the 
validity of the registration data, and the reg-
istry should be electronically searchable. An 
acceptable registry must include a minimum 
of data elements.
For example http://www.clinicaltrials.gov, 
sponsored by the United States National Li-
brary of Medicine, meets these require-
ments. 

Protection of Human Subjects 
and Animals in Research
When reporting experiments on human sub-
jects, authors should indicate whether the pro-
cedures followed were in accordance with the 
ethical standards of the responsible committee 
on human experimentation (institutional and 
national) and with the Helsinki Declaration of 
1975, as revised in 2013 (https://www.wma.net/
policies-post/wma-declaration-of-helsinki- 
ethical-principles-for-medical-research-involv-
ing-human-subjects). If doubt exists whether 
the research was conducted in accordance 
with the Helsinki Declaration, the authors 
must explain the rationale for their approach 
and demonstrate that the institutional re-
view body explicitly approved the doubtful 
aspects of the study. When reporting exper-
iments on animals, authors should indicate 
whether institutional and national stand-
ards for the care and use of laboratory ani-
mals were followed. Further guidance on 
animal research ethics is available from the 
World Medical Association and from the In-
ternational Association of Veterinary Edi-
tors’ Consensus Author Guidelines on Ani-
mal Ethics and Welfare. 
When reporting experiments on ecosystems 
involving non-native species, Authors are 
bound to ensure compliance with the 
institutional and national guide for the 
preser vat ion of  nat ive biod iversit y.

Open Jurnals System
An Open Access publication is one that 
meets the following two conditions: 
1. The author(s) and copyright holder(s) 

grant(s) to all users a free, irrevocable, 
worldwide, perpetual right of access to, 
and a license to copy, use, distribute, 
transmit and display the work publicly 
and to make and distribute derivative 
works, in any digital medium for any re-

sponsible purpose, subject to proper at-
tribution of authorship, as well as the 
right to make small numbers of printed 
copies for their personal use. 

2. A complete version of the work and all 
supplemental materials, including a copy 
of the permission as stated above, in a 
suitable standard electronic format is de-
posited immediately upon initial publi-
cation in at least one online repository 
that is supported by an academic institu-
tion, scholarly society, government agen-
cy, or other well-established organization 
that seeks to enable open access, unre-
stricted distribution, interoperability, 
and long-term archiving. 

Publishing your research as Open Access 
gives a number of advantages:
• Higher and faster visibility: Open Access 

articles are viewed on a global scale, and 
contents are available to everyone. 

• Wider impact: thanks to a permissive li-
cense like CC BY, scientists and scholars 
are endowed to make progress on exist-
ing researches, thus facilitating the gen-
eration of new data.

• Increased citation: studies have shown 
that Open Access articles are regarded 
and cited more often than established 
paywall journals/articles.

• Perpetual accessibility: Open Access ar-
ticles are hosted on dedicated servers, 
being accessible to everyone endlessly. 

• Funding opportunities: an increasing 
number of funding bodies and agencies 
requires their grant holders to publish 
their researches as Open Access articles 
to be comprehensively available, free and 
without restrictions on re-use. 

PAGEPress has chosen to apply the Creative 
Commons Attribution - NonCommercial 4.0 
International License (CC BY-NC 4.0) to all 
manuscripts to be published under its name.

For authors
To make a submission to an OJS journal, 
after registering to the website, the authors 
will be required to follow a procedure via 
the system. Once the paper has been sub-
mitted, the authors will receive a confirma-
tion email from the Managing Editor of the 
Journal. 
When receiving a new submission, the Man-
aging Editor assigns it to her/himself and to 
the Editor-in-Chief (EiC). After a quick in-
house evaluation, if the EiC thinks that the 
paper is compliant with the guidelines and 
fits with the scope of the Journal, he/she 
send it out for the peer-review phase (=he/
she assigns reviewers). Alternatively, the EiC 
can assign a Section/Deputy Editor for the 
paper.
Once the review process is completed (i.e. 
all the assigned Reviewers have provided 
their comments and recommendations on 
the paper), the authors will be notified via 

email by the editors of the editorial deci-
sion: Accepted, Rejected, Decline Submis-
sion, Minor revisions, Major revisions.
Depending on the editorial decision, and 
basing on the reviewers’ comments, authors 
are required to upload their revised version 
(+ covering letter) within a specific dead-
line. At this point, they simply need to wait 
to hear back from the editor as to whether 
the revisions are acceptable.
If the editor’s decision is to resubmit for re-
view (=Major revisions or Minor revisons), 
the revised paper may undergo a “second 
round” of peer-review.
Once a paper is accepted for publication, the 
authors will be notified via email and their 
paper is moved to the “Copyediting phase”, 
where it is improved by the work of a copy-
editor. Authors can be given the opportuni-
ty to review the copyedits.
Lastly, once the copyedits are completed 
and approved, the submission moves to 
“Production stage”. In Production, the copy-
edited files are converted to galleys (PDF). 
Again, the authors have the opportunity to 
proofread the galleys. Once everyone is sat-
isfied, the submission is scheduled for pub-
lication in a future issue.
The online journal management system that 
we are using allows authors to track the pro-
gress of their manuscript through the edito-
rial process by simply logging into the Jour-
nal website. 

***Peer-review policy***
All manuscripts submitted to our journal are 
critically assessed by external and/or in-house 
experts in accordance with the principles of 
peer review (http://www.icmje.org/#peer), 
which is fundamental to the scientific pub-
lication process and the dissemination of 
sound science. Each paper is first assigned 
by the Editors to an appropriate Associate 
Editor who has knowledge of the field dis-
cussed in the manuscript. The first step of 
manuscript selection takes place entirely 
in-house and has two major objectives: i) to 
establish the article appropriateness for our 
journals readership; ii) to define the manu-
script priority ranking relative to other man-
uscripts under consideration, since the num-
ber of papers that the journal receives is 
much greater than it can publish. If a manu-
script does not receive a sufficiently high 
priority score to warrant publication, the 
editors will proceed to a quick rejection. The 
remaining articles are reviewed by at least 
two different external referees (second step 
or classical peer review). Manuscripts should 
be prepared according to the Uniform Re-
quirements established by the International 
Committee of Medical Journal Editors (ICM-
JE) (http://www.icmje.org/org/#prepare).

http://www.clinicaltrials.gov
https://www.wma.net
http://www.icmje.org
http://www.icmje.org



