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N
ell’ambito del 36° Congresso Nazionale della Società Italiana di En-
dodonzia (SIE), che si terrà a Bologna dal 7 al 9 novembre 2019, si par-
lerà di Moderna Endodonzia tra tecnologia ed esperienza, con una serie 
di interventi e presentazioni che tratteranno le più recenti evoluzioni 

del flusso di lavoro digitale applicato all’Endodonzia.
A seguito della crescente digitalizzazione che si sta verificando in molti ambiti 

dell’Odontoiatria restaurativa, le tecnologie digitali hanno iniziato a essere ap-
plicate su ampia scala anche in Endodonzia.

Benché le principali indicazioni cliniche riguardino la diagnosi e l’acquisizione 
di informazioni radiografiche tridimensionali per mezzo di CBCT, più recente-
mente sono state mutuate dalla Protesi e dall’Implantologia le tecniche di sovrap-
posizione virtuale delle scansioni ottenute intraoralmente dalle impronte ottiche 
(sistemi IOS) e dei set radiologici tridimensionali derivanti dalla CBCT. 

Tale approccio consente, oggi, di pianificare anticipatamente un accesso en-
dodontico micro-guidato per mezzo di mascherine prodotte con tecnologie di 
stampa 3D, particolarmente utili nel caso di canali sclerotici o obliterati o nei 
casi da trattare per mezzo di Endodonzia micro-chirurgica.

Queste innovazioni esitano in trattamenti sempre più conservativi che per-
mettono di ottenere standardizzazione di qualità e controllo di precisione delle 
differenti fasi operative, migliorando di conseguenza il comfort e la compliance 
dei pazienti.

Il flusso di lavoro digitale, ormai routinario nella pratica clinica specialistica, ha 
semplificato l’approccio clinico anche ai trattamenti complessi, dove un intervento 
multidisciplinare rappresenta spesso la chiave per il successo a lungo termine.

Vi attendiamo numerosi al 36° Congresso Nazionale della SIE per affrontare gli 
aspetti scientifici e clinici del flusso di lavoro digitale in Endodonzia.

editorial Editoriale______________

Sandro rengo
editor-in-Chief
Giornale italiano 
di endodonzia
E-mail address: 
editor.giornale@endodonzia.it
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D
uring the 36th National Congress of the Italian Society of Endodontics   
(SIE) to be held in Bologna from 7th to 9th of November 2019, we will 
talk about “Modern Endodontics between technology and experience”, 
with a series of discussions and lectures about the most recent devel-

opments in the digital workflow applied to Endodontics.
Following the increasing digitization occurring in many branches of restorat-

ive Dentistry, digital technologies have begun to be applied widely also in En-
dodontics.

Although the main clinical indications deal with the diagnosis and the ac-
quisition of 3D radiographic information by means of CBCT, more recently the 
techniques of virtual superimposition of the scans obtained intraorally by optical 
impressions (IOS systems) and 3D radiological datasets deriving form CBCT were 
borrowed from Prosthodontics and Implantology.

Today this approach allows to plan in advance micro-guided endodontic ac-
cesses by means of templates produced with 3D printing techniques, particularly 
useful in the case of sclerotic or obliterated root canals or in cases to be treated 
with micro-surgical Endodontics.

Such innovations result in more conservative treatments that allow to achieve 
quality standardization and precision control of the different operative steps, 
thereby improving patients’ comfort and compliance.

The digital workflow, nowadays used routinely in specialized daily practice, 
simplified the clinical approach even in complex treatments, where a mul-
tidisciplinary approach is often the key in long-term clinical success.

We look forward to seeing you at the 36th National Congress of SIE to discuss 
the scientific and clinical aspects of the digital workflow in Endodontics.

editorial Editoriale______________
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Abstract
The use of lasers within the scope of endodontic 
practice and research has increased significantly in 
the past few years. Lasers are generally classified 
according to their physical constructions and special 
wavelengths, which have impacts on their enhanced 
clinical usage. Lasers according to their physical 
constructions are divided into three groups. The first 
type is the solid state laser, so named because the 
medium, undergoing lasing, is in a solid form. Ruby 
laser is the prototype of all solid state lasers. By form-
ing crystalline materials that are doped with rare earth 
elements a wide range of solid state lasers can be 
produced. Some of the most common types of solid 
state lasers use the YAG (Yttrium Aluminium Garnet) 
crystal (Holmium:YAG, Thulium:YAG Neodymium:YAG 
and Erbium:YAG) and the YSGG (Yttrium Scandium 
Gallium Garnet) crystal (Er,Cr:YSGG) as their base. 
The second major family of lasers are the gas lasers. 
In this group the lasing material that is ionized can 
be Argon gas, Carbon dioxide gas, Nitrogen gas or a 
Helium-Neon (He:Ne) gas mixture. The third family of 
lasers are the Diode lasers, which produce 
wavelengths in the visible spectrum. The most fre-
quently used lasers in endodontics are: Neodymi-
um:YAG (Nd:YAG), Diode Laser, Erbium:YAG (Er:YAG), 
Erbium Chromium:YSGG (Er,Cr:YSGG) and He:Ne laser.
This paper reviews the most common applications 
of lasers in endodontics that include Laser Doppler 
Flowmetry (LDF), treatment of dentinal hypersensit-
ivity, pulpotomy and pulp capping and root canal 
disinfection through laser activated irrigation and 
photo-activated root canal disinfection (PAD).

L’uso dei laser nell’ambito della pratica e della ricerca 
endodontica è aumentato significativamente negli ultimi 
anni. I laser sono generalmente classificati in base alla 
loro costruzione fisica e alle lunghezze d’onda utilizzate 
che hanno avuto un impatto importante sul miglioramento 
del loro utilizzo clinico. I laser, in base alle loro caratter-
istiche fisiche, sono divisi in tre gruppi. Il primo tipo è il 
laser a stato solido, così chiamato perché il mezzo sot-
toposto a lasing è in una forma solida; il laser a rubino 
è il prototipo di tutti quelli allo stato solido: formando 
materiali cristallini che sono drogati con elementi di terre 
rare si può produrre una vasta gamma di laser a stato 
solido. Alcuni dei tipi più comuni di laser a stato solido 
utilizzano il cristallo YAG (Yttrium Aluminum Garnet) (Hol-
mium:YAG, Thulium:YAG Neodymium:YAG and Erbium:YAG) 
e il cristallo YSGG (Yttrium Scandium Gallio Granato) (Er, 
Cr: YSGG) come base. La seconda grande famiglia sono 
i laser a gas: in questo gruppo il materiale lasing che è 
ionizzato può essere gas Argon, gas di anidride carbon-
ica, gas azoto o una miscela di gas Elio-Neon (He:Ne). 
La terza famiglia sono i laser a diodi, che producono 
lunghezze d’onda nello spettro visibile. I laser più fre-
quentemente utilizzati in endodonzia sono: Neodimio:YAG 
(Nd:YAG), Laser a diodi, Erbio:YAG (Er: YAG), Erbio Cro-
mo:YSGG (Er,Cr:YSGG) e He:Ne laser. 
Questo articolo si propone di esaminare le più comuni 
applicazioni del laser in endodonzia che includono la flussi-
metria laser doppler Flowmetry, il trattamento dell’iper-
sensibilità dentinale, la pulpectomia e l’incappucciamento 
della polpa e la disinfezione del canale radicolare mediante 
irrigazione attivata mediante laser e disinfezione canalare 
fotoattivata (PAD).

Keywords
 Endodontics, 

Laser Applications, 
Pulp, Root Canal System, 

Disinfection
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Current Applications  
of Lasers in Endodontics
Applicazioni del Laser in Endodonzia

Introduction

I
n the past three decades, several im-
portant researches have attempted to 
find and apply new technologies to 
improve endodontic treatments. 
Among these investigations studies 

on lasers with different wavelengths have 
been of great importance. Light Amplific-
ation by Stimulated Emission of Radiation 
(LASER) uses amplified lights to remove 
or treat soft and hard tissues in oral cavity.
Lasers are generally classified according 
to their physical constructions and special 
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wavelengths, which have impacts on their 
enhanced clinical usage. Lasers according 
to their physical constructions are divided 
into three groups. The first type is the 
solid-state laser, so named because the 
medium, undergoing lasing, is in a solid 
form. Ruby laser is the prototype of all 
solid-state lasers: by forming crystalline 
materials, which are doped with rare earth 
elements, a wide range of solid-state lasers 
can be produced. Some of the most com-
mon types of solid state lasers use the YAG 
(Yttrium Aluminium Garnet) crystal (Hol-
mium:YAG, Thulium:YAG Neodymi-
um:YAG and Erbium:YAG) and the YSGG 
(Yttrium Scandium Gallium Garnet) crys-
tal (Er,Cr:YSGG) as their base. The second 
major family of lasers are the gas lasers. 
In this group the lasing material ionized 
can be Argon gas, Carbon dioxide gas, Ni-
trogen gas or a Helium-Neon (He:Ne) gas 
mixture. The third family of lasers are the 
Diode lasers, which produce wavelengths 
in the visible spectrum.
The laser amplified focused light energy 
has the potential to interact with the biolo-
gical dental tissues and structures in order 
to penetrate the surface of the tooth and 
access to the pulp cavity, clean, disinfect 
and shape the root canal system and finally 
help to fill it in three dimensions. The most 
frequently used lasers in endodontics are: 
Neodymium:YAG (Nd:YAG), Diode Laser, 
Erbium:YAG (Er:YAG), Erbium Chromi-
um:YSGG (Er,Cr:YSGG) and He:Ne laser.
A position paper from the American As-
sociation of Endodontists states that the 
application of lasers to disinfect the root 
canal is more promising than in instru-
mentation and shaping of it (1).
This paper aims to review the most com-
mon applications of lasers in endodontics 
that include Laser Doppler Flowmetry 
(LDF), treatment of dentinal hypersensit-
ivity, pulpotomy and pulp capping and 
root canal disinfection through laser ac-
tivated irrigation and photo-activated root 
canal disinfection (PAD).

Laser Doppler Flowmetry (LDF)
This technology was first developed to 
assess blood flow in microvascular sys-
tems such as the retina or skin. It was ad-

apted by Gazelius and Olgaret in 1986 for 
use on human teeth in order to measure 
pulpal blood flow (2). This diagnostic tool 
was especially deemed appropriate to de-
termine pulpal vitality (blood flow) sub-
sequent to tooth trauma when traditional 
clinical findings were inconclusive. In this 
technique laser light is scattered by mov-
ing blood cells and undergoes a frequency 
shift according to the Doppler principle. 
The light is detected and processed to pro-
duce a signal that shows the function of 
the red cell flux (volume of cells X cell 
velocity) (3). In an additional contemporary 
application it may become useful in de-
tecting revascularization much earlier 
than standard sensitivity tests (4). Further-
more it may be useful in detecting transi-
ent ischemic episodes and identifying 
teeth at risk of developing adverse se-
quelae. An accurate LDF reading can be 
established at the 12-week follow-up ap-
pointment of replanted and splinted 
avulsed permanent maxillary incisors 
when the potential for revascularization 
is diagnosed. However, this finding is 
based on the clinical and radiographic 
parameters of vital and non-vital teeth and 
may not be interpreted as representing the 
histologic condition of the pulp (5). Ikawa 
et al. in 2003 stated that age related 
changes in human pulpal blood flow could 
be measured by LDF as their findings in-
dicated that the hemodynamic of the hu-
man pulp is reduced with age (6). However, 
LDF has some limitations, as it is expens-
ive, not readily available and requires skill 
in its application in teeth with large res-
torations, when the laser light may not 
reach pulp and measure the true blood 
flow. The LDF process uses the He-Ne laser 
at different wavelengths; for example, 
Morikawa et al. used the He-Ne Laser with 
632 nm wave length (7) while Odor et al. 
used the He-Ne laser at 810 and 633 nm 
wavelengths. At 810 nm good sensitivity 
was experienced, as disease or non-vital-
ity could be detected well but with poor 
specificity, which meant their absence 
could not be assessed as well (3). At 633 
nm Evans et al. claimed equal specificity 
and sensitivity following using LDF (8). 
When assessing pulpal vitality with the 
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LDF a major portion of the signal comes 
from tissues other than the pulp. The 
results may be inconsistent in pulp blood 
flow measurements without taking pre-
cautions (such as dental-dam application) 
(9). Akpinar et al. also indicated the sig-
nificant effect of gingiva on LDF flow 
measurements. Indeed they reported that 
the contribution of labial gingiva to laser 
Doppler blood flow measurements was 
more than that of palatal gingiva (10).

Treatment of dentinal hypersensitivity
According to hydrodynamic theory that 
was postulated by Brännström dentine 
hypersensitivity occurs when open 
dentinal tubules are exposed, resulting  
in a painful sensation due to an 
intensi f icat ion of t he dent ina l 
permeability. Treatment, therefore, 
should be based on a decrease of this 
permeability, achieved by the obliteration 
or blocking of dentinal tubules (11). 
Grossman in 1935 mentioned seven ori-
ginal prerequisites for successful treat-
ment of dentinal hypersensitivity using 
various substances (12), including: non 
irritating to pulp, relatively painless on 
application, easily applied, rapid in ac-
tion, effective for a long time, without 
staining effects and consistently effect-
ive. Several recent studies have compared 
the effects of the Nd:YAG and Er:YAG 
lasers in the management of dentinal hy-
persensitivity (13-17). Lan et al. on the 
basis of a morphologic study of Nd:YAG 
laser usage in treatment of dentinal hy-
persensitivity stated that dentine surface 
after Nd:YAG laser treatment showed no 
protrusive rods, in contrast with the pres-
ence of numerous rods before laser irra-
diation. Protrusive rods are a sign of open 
dentinal tubules and the data obtained 
supported the hypothesis that Nd:YAG 
laser irradiation at specifications of 30 
mJ, 10 pulses per second and 2 min. is 
effective in sealing exposed dentinal tu-
bules (13).
Lee et al. indicated that a highly biocom-
patible material such as bioglass could 
be melted by laser irradiation to achieve 
better sealing depth for dentinal tubules 
(14). The melted bioglass, when bonded 

to the dentin in a physiological environ-
ment, may offer a prolonged therapeutic 
effect. However the melting point of a 
modified bioglass composite should be 
reduced and its use plus Nd:YAG laser 
has the potential in clinical use to man-
age dentin hypersensitivity (14). Al-
Azzawi and Dayem found no significant 
difference in the occluding effect of 
Nd:YAG laser and a tooth paste (15).. How-
ever the occluding effect of Nd:YAG laser 
occurs within seconds where as that of 
the toothpaste takes at least 3 weeks (15). 
Birang et al. concluded that Nd:YAG laser 
is more effective than Er:YAG laser in 
reduction of patients’ pain in dentine 
hypersensitivity management and the 
effects seemed to last for at least six 
months (16). Wan-Hong et al. proposed 
that the mechanism of the Nd:YAG laser 
effect on dentin is given by thermal en-
ergy absorption in dentine that melts the 
hydroxyl apatite crystals of dentine 
partly or completely, which results in 
dentinal tubule occlusion (17). The seal-
ing depth through this process was es-
timated 4 microns (17).
Aranha et al. stated that the Er:YAG at 60 
mJ, 2 HZ and the Nd:YAG laser at 1.5 W, 
15 HZ are useful for decreasing dentine 
permeability (18), while Stabholz et al. 
using Er:YAG laser at different energy 
levelsì did not find any melting or seal-
ing/occluding of dentinal tubules (19). 
The authors believed that any reduction 
in dentine hypersensitivity due to Er:YAG 
laser irradiation cannot be attributed to 
occlusion or narrowing of dentinal tu-
bules (19). Two major types of lasers that 
have been commonly used for the pur-
pose of dentine hypersensitivity treat-
ment are He-Ne and GaAlAs (Gallium/
Aluminium/Arsenide) with low output 
power and the CO2 and Nd:YAG with me-
dium output power. The mechanism of 
action for these lasers, known as desens-
itization, is mostly unknown and may be 
different for each laser type. A low power 
He-Ne laser may affect the action poten-
tial of A-delta and C nociceptor fibers 
without destroying them, while GaAlAr 
lasers may block depolarization of the 
nociceptors (20, 21).
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Pulp capping and pulpotomy
Pulp capping represents the boundary 
between conservative pulpal management 
and a root canal procedure. Between 1985 
and 1987 Melcer et al. suggested that the 
CO2 laser could be used for direct pulp 
capping (2, 22). They also described suc-
cessful pulp retention after direct capping 
of inflamed pulps with laser (24). CO2 laser-
assisted pulp capping is an easy, safe and 
fast method to achieve haemostasis, along 
with disinfection and coagulation of ex-
posed pulp tissues. The laser beam is ap-
plied in a contact free mode using a He-Ne 
laser to facilitate targeting. Irradiation 
starts immediately after the exposure of 
vital pulp and the area is repeatedly irra-
diated at a power setting of 1 W for 0.1 s 
with a 1-s interval until haemostasis oc-
curs and the aperture is completely sealed. 
The lased pulp is then dressed with cal-
cium hydroxide and the cavities filled with 
glass-ionomer cement. The long-term res-
ults of Moritz et al. indicated a success rate 
of 93%, two years after super pulsed CO2 
laser-assisted pulp capping (25). Suzuki et 
al. showed that CO2 laser is effective for 
pulp capping procedures; however a longer 
observation time would be required to 
determine the presence of dentine bridge 
formation (26).
Er:YAG and Nd:YAG lasers have been suc-
cessful in pulp capping procedures in 
several different studies, demonstrating 
good healing capacity with the formation 
of a dentine bridge and reparative dentine 
(27, 28). Docimo compared the effective-
ness of the three techniques for pulp cap-
ping of deeply decayed permanent teeth, 
reporting a success rate of 63% for tradi-
tional methods, 83% for Er,Cr: YSGG laser-
assisted techniques and 75% for Erbi-
um:YAG laser-assisted pulp capping after 
four years of assessment (29). Therefore, 
laser technology has been shown to be 
effective in improving the prognosis of 
pulp capping procedures even on teeth 
affected by deep caries (29).
Pulpotomy is defined as the surgical re-
moval of the coronal pulp in attempt to 
maintain the health of remaining pulp (25, 
26). The first report on laser pulpotomy 
was provided in 1995 by Shoji et al. fol-

lowed by the study from Figueiredo et al 
(30, 31). CO2 laser was used for pulpotomy 
in dogs and the presence of secondary 
dentine and a regular odontoblast layer in 
the tissues of underlying ablated area was 
observed (32-34). Kimura et al. in a pre-
liminary report on laser pulpotomy stated 
that the effects on pulp tissues during a 
pulpotomy procedure by Er:YAG laser ir-
radiation are minimal if appropriate para-
meters are selected and that it represents 
a potential therapy for pulp retention in 
human teeth (35). However, Huth et al. de-
termined a success rate of 78% for Erbi-
um:YAG laser-assisted pulpotomies, 85% 
for formocresol, 53% for Ca(OH)2 and 86% 
success rate for ferric sulfate mediated 
pulpotomies (36). These investigators have 
also indicated that the validity of this 
study revealing new data concerning the 
controlled use of Er:YAG laser for pulpo-
tomies is limited and recommended future 
studies with a sufficient number of pa-
tients and standard parameters of evalu-
ations (36).
The CO2 laser is not only an effective tool 
for direct pulp capping but also for the 
pulpotomy of primary teeth. A success 
rate of 91 to 98% has been reported for CO2 
laser pulpotomy of primary teeth by Pes-
check and Moritz in 2002 (34).
 
Root canal disinfection
and laser-activated irrigation
Presently, Er:YAG, Nd:YAG, ER,CR:YSGG, 
CO2 laser and diode laser have been shown 
to be efficient and effective for the purpose 
of root canal disinfection and smear layer 
removal (37). The effects produced by laser 
light on living cells tissues or organisms 
may be due to photothermal, photochem-
ical, photoablative or photomechanical 
actions. High power (Class 4) lasers have 
been well recognized for their photo-
thermal (heat based) destructive effects 
on bacteria and this has led to the devel-
opment of techniques for disinfecting root 
canal system. These lasers typically use 
pulsed modes of operation for endodontic 
root canal disinfection, to reduce the risk 
of thermal injury to the periodontal liga-
ment cells (37, 38). Undesirable surface 
effects within the radicular dentine such 
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as carbonisation and cratering remain a 
concern with certain laser types such as 
the Nd:YAG and carbon-dioxide laser; 
therefore strict protocols must be followed 
to minimise such effects and any associ-
ated thermal stress within the radicular 
dentin when such lasers are used for root 
canal disinfection (39).
Folwaczny et al. evaluated the antibacterial 
effects of pulsed Nd:YAG laser irradiation 
at different energy settings in root canals 
without using photosensitizing dye and 
determined that laser radiation has anti-
microbial effects in root canals (40). The 
results of a similar study by Piccolomini 
et al. showed an antibacterial effect of Di-
odium Nd:YAG laser depending on the 
radiation frequency. However, through 
their study 5.25% NaOCl was more effective 
than either laser application (41). An in vivo 
study evaluating the therapeutic effect of 
Nd:YAG laser in persistent lesions supported 
the use of laser, since it created an unfavour-
able environment for the continuing devel-
opment of microorganisms (42). Gutknecht 
et al. investigated the antibacterial depth 
effect of the continuous wave of a 980-nm 
diode laser irradiation in bovine dentine, 
showing that laser can eliminate bacteria 
deep into the dentine (43).
Laser-activated irrigation (LAI) or the 
Photon-Initiated Photoacoustic Streaming 
(PIPS) is one of the most prominent applic-
ations of laser in the scope of endodontic 
treatments (44). A research by De Moor et 
al. has come to the conclusion that LAI 
techniques using erbium lasers (Er:YAG or 
Er,Cr:YSGG) for 20 seconds (4×5 seconds) 
are as efficient as Passive Ultrasonic Irrig-
ation with the intermittent flush technique 
(3×20 seconds) (45).
Another article has shown that the impact 
of alkaline solutions of NaOCl and EDTA 
in endodontics can be highly improved 
when these are agitated by ultrasonic 
source of energy or pulsed lasers (46). It 
creates fluid motion which improves the 
contact of the irrigant solutions with areas 
of the root canal walls that cannot be ob-
tained by rotary instruments (46). They 
also increase the temperature of these ir-
rigants that results in better chemical ac-
tions on soft and hard tissues (46).

The effective absorption of the laser light 
by sodium hypochlorite leads to vaporiz-
ation of this irrigating solution resulting 
in formation of vapor bubbles that causes 
secondary cavitation effects (44). In this 
procedure the Er:YAG laser creates pho-
toacustic shock-waves within the irrigant 
inside the root canal system (44). Perin et 
al. evaluated both Er:YAG laser (7 HZ, 100 
mJ, 80 pulses/canal, 11 sec) and 1% NaOCl 
irrigations capacity against intra-canal 
microbiota and found its effectiveness to 
eliminate these microorganisms (47). 
Vezzani et al. evaluated the degree of dis-
infection of the Er:YAG laser in root canals 
contaminated with five intracanal microor-
ganisms at different frequencies and con-
cluded that all the groups showed statist-
ically similar results and no method totally 
eliminated microorganisms (48). Radatti 
et al. evaluated the efficacy of an Erbium,-
Chromium:Yttrium,Scandium, Galli-
um,Garnet (Er,Cr:YSGG) laser powered 
hydrokinetic system (HKS) versus that of 
rotary instrumentation for root canal 
debridement. According to their results 
the debridement efficacy of the HKS with 
distilled water irrigation was unacceptable 
with 5.25 percent NaOCl irrigation and it 
was similar to that of rotary instrumenta-
tion. If the HKS was to be used for 
debridement, then NaOCl irrigation must 
be used for predictable tissue removal (49). 
Jha et al. stated both laser and rotary in-
strumentations are unable to eliminate root 
canal infections (50). Currently, great em-
phasis in terms of elimination of root canal 
infection is focused upon mechanical pre-
paration and ultrasonic and laser activation 
methods in conjunction with using appro-
priate irrigation solutions (51, 52).
Takeda et al. in a comparative study of the 
removal of smear layer using three in-
tracanal irrigants and two types of lasers 
concluded that the CO2 laser was useful 
in removing and melting the smear layer 
on the instrumented root canal walls and 
that the Er:YAG laser was the most effect-
ive in removing the smear layer from the 
root canal wall (53). Wang et al. stated that 
the diode laser irradiation significantly 
removed the smear layer, resulting in less 
apical leakage after obturation in compar-



18

Applications of Lasers in Endodontics

Giornale Italiano di Endodonzia (2019) 33

ison to non-laser irradiated root canals (54).
Confocal laser scanning microscopy 
(CLSM) and scanning electron microscope 
(SEM) three-dimensional images from 
samples irradiated using Er:YAG laser 
with different parameters revealed that 
the root canal walls were not smooth and 
the root canal dentine surface was ablated. 
No debris was observed at the dentine 
surface and strong melting and recrystal-
lization or unusually flat surfaces with 
open dentinal tubules were obtained. So 
Er:YAG laser can induce different modi-
fications of root canal surface (55).
Irradiation of dentine with Nd:YAG laser 
removes smear layer and promotes its fu-
sion and recrystallization, thus decreasing 
permeability. Santos et al. reported that 
the increase of power and frequency of the 
laser produced typical structures that 
characterize the irradiation of dentine by 
Nd:YAG laser, such as globular formations, 
melting and glazing ebullitions. Further-
more, the removal of smear layer increased 
the number of visible dentinal tubules 
openings (56). Altundasar et al. evaluated 
the ultra-morphological and histochemical 
changes of dentinal walls after ER-
,CR:YSGG laser irradiation. SEM observa-
tions revealed partial or total removal of 
the smear layer associated with few small 
regions of thermal injury, including car-
bonization and partial melting. Energy 
dispersive X-ray analysis (SEM-EDX) of 
affected dentine showed no significant 
difference between the Ca/P ratios of the 
tested groups, suggesting absence of 
changes at a molecular level (57).
Da Costa Ribeiro et al. evaluated the mor-
phological and thermographic effect of 810 
nm diode laser irradiation on root canal 
walls (58).
The SEM images of affected root canal 
walls revealed closed dentinal tubules 
especially at the apical regions and the 
maximum temperature rise at these apical 
regions, which was assessed by an infrared 
thermographic camera, was 8.6 °C, thus 
suggesting that the diode laser can be used 
in root canal procedures and is safe for 
periodontal tissues (58). The results of Ish-
izaki et al. suggested that the temperature 
rise during Er,Cr:YSGG laser irradiation is 

minimal to damage to the periodontal and 
bone tissues (59).

Photo-activated disinfection (PAD) 
of root canals
In case that persistent bacteria exists 
within the root canal system, inadequate 
debridement and disinfection may result 
in post treatment endodontic diseases (60).
Different mechanical instrumentation 
methods are not able to eliminate the mi-
croorganisms inside the root canal system, 
sufficiently. A wide range of chemical ir-
rigating solutions has been introduced to 
increase reduction of the microbial load 
within the root canal system. New tech-
nologies and substances have also been 
proposed to improve root canal disinfec-
tion either by replacing contemporary 
chemo-mechanical procedures or by in-
creasing their effects (61-63).
PAD is an alternative approach to micro-
bial killing in the root canal system by 
laser light, which involves the use of low-
power lasers such as a visible red diode 
laser with an output power of up to 100 
mw, over 60-120 seconds (64). PAD drives 
photochemical reactions, particularly the 
production of singlet oxygen, free radicals 
and other reactive oxygen species from 
photosensitiser dyes such as Tolunium 
chloride to kill intracanal bacteria includ-
ing the resistant E. faecalis that is estim-
ated to be the main cause of persistent 
apical periodontitis following root canal 
procedures. For maximum effect within 
the root canal system, the laser energy 
should be delivered using a photodynamic 
diffuser tip that gives a cylindrical emis-
sion pattern, corresponding to the shape 
of the root canal system. The appliction of 
PAD in contemporary root canal proced-
ures relates to its potential for one step 
high level disinfection of the root canal 
space as a prelude to single-visit proced-
ures or as a treatment for refractory root 
canal infections. The low level laser energy 
of PAD has advantages in that its bacter-
icidal effect could be achieved without 
damaging the host tissues and with little 
optical danger to both the operator and 
patient (64). 

Currently several authors recommend 



19

M. Kuzekanani, G. Plotino, J.L. Gutmann

Giornale Italiano di Endodonzia (2019) 33

Photo Dynamic Therapy (PDT) as a prom-
ising effective disinfection supplement to 
standard intracanal cleaning and shaping 
for clinical treatment of periapical lesions, 
especially in cases undergoing single visit 
root canal treatment or retreatment (65-67). 
In fact, both in vivo and ex vivo studies 
have shown that PDT is a promising tech-
nology to reduce bacterial load or bacterial 
concentration in the patients undergoing 
root canal treatment and also in extracted 
infected teeth (68-70). Although the ap-
plication of PAD has significant 
advantages, potential adverse side effects 
have been reported regarding that (70). 
Tooth discoloration has been reported to 
be an adverse effect since the use of 
methylene blue (MB) as a photosensitizer 
may intensify discoloration (70-72). Several 
chemical compounds like 2.5% NaOCl 
used during cleaning and shaping of the 
root canals have been reported to be ef-
fective in preventing tooth staining caused 
by the application of MB during PAD (73). 
Some other authors have reported that MB, 
when used in concentrations of 100 mi-
crogr/mL, minimizes the chances of tooth 
discoloration (74).
Smear layer formation may decrease the 
bond strength of root filling materials to 
dentine by occluding the dentinal tubules 
(75). According to Souza et al. the use of 
ultrasonics improves the efficiency of 17% 
EDTA and QMix to remove the PS from 
all parts of the root canal walls, following 
PDT (76).
The species of microorganisms in the root 
canal system and their growth mode has 
been reported to influence their sensitivity 
to PDT in a dose-dependent form (77). Re-
garding the dose of energy, the highest 
power observed refers to laser (74-78), prob-
ably because of concentration in a small 
area of high energy dose originated from 
the light (79). This area of concern should 
also be carefully analysed, since temper-
ature increase may create trauma to sur-
rounding tissues and causes irreversible 
defects (80). The use of LED may be sug-
gested, considering its capacity of not 
changing the temperature together to its 
high-dose energy supply. One of the ad-
vantages of PDT is the absence of thermal-

side effects in the periradicular tissues 
(81). The action of PDT is based on photo-
chemical events and not thermal effects, 
in contrast with many laser therapy tech-
niques (52).

Additional uses of lasers
Several studies report on the use of Er:YAG 
laser for the purpose of access cavity and 
root canal preparation, through a photo 
ablative action similar to that of cavity 
preparation. The Er:YAG laser has the abil-
ity to open the dentinal tubules and re-
move the smear layer, so that the root canal 
sealers can easily penetrate the canal walls 
during obturation, thereby establishing 
an optimal seal (25).
Histologic and SEM examination of root 
canal walls after preparation with special 
Er:YAG laser microprobes by Kesler et al. 
in 2002 showed that they are effective in 
enlarging, shaping and cleaning straight 
root canals (82). Mazeki et al. in 2003 eval-
uated the effectiveness of Er:YAG laser 
irradiation for preparation of root canal 
orifices in extracted human teeth. SEM 
observations showed that irradiated sur-
faces were slightly rough, but essentially 
free from debris and smear layer. Orifices 
were successfully prepared and no ledge 
formation or perforations were observed 
(83). Kimura et al. in 2002 had stated that 
the roughness and irregularities of root 
canal walls prepared by Er:YAG laser do 
not affect apical leakage after obturation 
compared with leakage in canals prepared 
using the traditional methods (84). Lee et 
al. assessed the thermal effect and mor-
phological changes induced by Er:YAG 
laser using two kinds of fiber tips to en-
large the root canals and identified that 
the cone shaped fiber tip of Er:YAG laser 
produced fewer thermal effects and mor-
phological changes as compared to the flat 
fiber tip (85). Furthermore, Kimura and 
Yonaga determined that there were min-
imal effects of ER:YAG laser irradiations 
on periodontal and periapical tissues of 
the related root canal prepared teeth (86).
Biedma et al. mentioned that Er:YAG laser 
combined with rotary and manual tech-
niques may improve the cleanliness of root 
canals (87). Nd:YAG laser irradiation was 
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also an effective tool for softening and 
removal of gutta-percha and root canal 
obturation materials (88, 89). Moshonov et 
al. stated that a new Nd:YAP laser with a 
wavelength that is in the infrared region 
is absorbed in water better than Nd:YAG 
and may improve the cleanliness of the 
root canal walls (90).
Since 2005 evaluation of the efficacy of a 
Erbium laser family called Er,Cr:YSGG 
laser for the purpose of cleaning and shap-
ing the root canal system has been subject 
of several studies (91-93).. Hossain et al. 
compared the efficacy of Er,Cr:YSGG laser 
with the efficacy of hand instrumentation 
methods and observed a significant de-
crease in smear layer or debris in laser 
prepared canals but canal preparations 
with the laser device sometimes resulted 
in ledges, zips, perforations or over instru-
mentation (91). Matsuka et al. in a morpho-
logical study of the Er,Cr:YSGG laser for 
root canal preparation in mandibular in-
cisors with curved root canals noticed 
step-like appearances of irradiated walls 
and openings of dentinal tubules and only 
root canals having curvatures, less than 
10 degrees could be prepared using this 
technique (92). Jahan et al. in another 
study stated that because of ledge, zip or 
perforations observed in the canals pre-
pared by Er,Cr:YSSGG laser further devel-
opment in this laser device and technique 
is required to ensure its success in root 
canal preparation, especially in curved 
canals (93). Today the results of many re-
search studies on NiTi mechanical instru-
ments recommend these techniques for 
the purpose of cleaning and shaping the 
root canal systems (94, 95).
During contemporary root canal obtura-
tion, a laser can be used as a heat source 
to soften gutta-percha in root canals. Park 
et al. evaluated the effect of Nd:YAG laser 
irradiation on the apical leakage of obtur-
ated root canals using an electrochemical 
method (96). Their results indicated that 
laser irradiation following root canal pre-
paration reduces apical leakage following 
obturation (96, 97). Maden et al. found no 
difference in the apical leakage of root 
canals obturated with Nd:YAG laser-
softened gutta-percha, system-B and lateral 

compaction techniques (98). However, the 
temperature elevation following laser 
softening of gutta-percha was a concern 
(98). Nd:YAG laser irradiation has also 
been recognized to be an effective tool for 
softening and removal of gutta-percha and 
root canal obturation materials (98).
Anic et al. measured dentinal heat trans-
mission induced by three different laser 
softened gutta-percha obturation tech-
niques using a thermovision camera (99). 
Argon laser produced a rise in temperature 
of 12.9 °C, the CO2 laser produced a rise in 
temperature of 10.3 °C, while the Nd:YAG 
laser caused the highest temperature 
elevation of +14.4 °C (99).

Bleaching of root-treated 
discoloured teeth
Tooth discoloration subsequent to root 
canal treatment is a common, aesthetic 
problem particularly in anterior teeth 
(100). According to Nicholls, the main 
causes of intrinsic tooth discoloration re-
lated to endodontic treatment are decom-
position of necrotic pulp tissue, hemor-
rhage into the pulp chamber, intracanal 
drugs and filling materials (101). Gutta-per-
cha and different types of sealers if not 
removed from the pulp chamber after 
obturation may cause mild to severe dis-
coloration of the tooth. Laser-assisted 
bleaching technique has been shown to 
be an efficient method to treat resistant 
discolorations in less than one hour (102).

Conclusions

Given the numerous applications of lasers 
described in the present article in the field 
of the Endodontics, currently most import-
ant focus of this technology is on antimi-
crobial and disinfection efficiency via 
either PAD or laser-activated irrigation of 
the root canal systems. The ability of laser 
as a diagnostic tool as the Laser Doppler 
Flowmetry, treatment of dentinal hyper-
sensitivity, pulp capping and pulpotomy 
has been ruled out in the past. In the area 
of access cavity and root canal preparation 
today it is believed that mechanical instru-
mentation is preferable to laser-assisted 
procedures. Different types of lasers have 
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been found to be effective to treat severe 
tooth discolorations, if both their manual 
and safety issues are carefully considered 
by the clinicians. More studies are needed 
regarding the role of lasers in obturation 
of the root canal systems.

Clinical Relevance

The use of lasers within the scope of en-
dodontic practice and research has in-
creased significantly in the past few years. 

The most common applications of lasers 
in endodontics include treatment of 
dentinal hypersensitivity and root canal 
disinfection through laser-activated irrig-
ation and photo-activated root canal dis-
infection.
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Abstract
Aim: This systematic review evaluated the influence of 
hand, rotary and reciprocating instrumentation on en-
dodontic postoperative pain. 
Methodology: A protocol was registered on PROSPERO. 
Electronic searches were conducted in MEDLINE, ISI Web 
of Science, Scopus and ClinicalTrials.gov. Articles were 
selected according to the following criteria: randomized 
clinical trials with patients undergoing endodontic treat-
ment in permanent teeth, comparing instrumentation 
techniques with different kinematics (hand/rotary/recip-
rocating) and their effect on postoperative pain incidence, 
intensity or duration. Data on analgesic intake was also 
recorded. Risk of bias was evaluated and the GRADE 
framework was applied to assess the quality of evidence. 
Results: Twelve studies and 1,659 patients were in-
cluded in this review. Five studies compared hand instru-
mentation vs. engine-driven (rotary and/or reciprocating) 
systems. In three studies, postoperative pain results were 
worse with hand instruments than with engine-driven 
systems. In the other two studies, pain results for hand 
and engine-driven techniques were similar. Seven studies 
and a dataset from one of the five previous studies were 
included in the comparison of rotary vs. reciprocating 
systems, with contrasting results. Postoperative pain 
results were worse with reciprocating systems in four 
studies, with rotary systems in two studies and equivalent 
in other two studies. Data on analgesic intake were con-
troversial. GRADE showed low quality of evidence.
Conclusions: Hand instrumentation presented unfa-
vourable postoperative pain results when compared to 
engine-driven systems. The comparison of rotary and 
reciprocating systems generate contrasting results. Given 
the low quality of evidence and conflicting findings, results 
should be considered with caution and further well-
designed randomized clinical trials on the matter are 
encouraged. 

Obiettivi: questa revisione sistematica ha valutato l’influ-
enza della strumentazione manuale, rotante e reciprocante 
sul dolore postoperatorio endodontico.
Metodologia: è stato registrato un protocollo su PROS-
PERO. Le ricerche elettroniche sono state condotte su MED-
LINE, ISI Web of Science, Scopus e ClinicalTrials.gov. Gli 
articoli sono stati selezionati in base ai seguenti criteri: studi 
clinici randomizzati con pazienti sottoposti a trattamento 
endodontico in denti permanenti, confrontando tecniche di 
strumentazione con cinematiche diverse (manuale/rotante/
reciprocante) e il loro effetto sull’incidenza, intensità o durata 
del dolore postoperatorio. Sono stati anche registrati i dati 
sull’assunzione di analgesici. È stato valutato il rischio di 
parzialità e il quadro GRADE è stato applicato per valutare 
la qualità delle prove.
Risultati: dodici studi e 1.659 pazienti sono stati inclusi 
in questa revisione. Cinque studi hanno confrontato la stru-
mentazione manuale con quella meccanica (rotante e/o 
reciprocante). Tre articoli hanno mostrato peggiori risultati 
del dolore postoperatorio per la preparazione manuale e 
due non hanno riscontrato differenze. Sette studi e un set 
di dati di uno dei cinque precedenti studi sono stati inclusi 
nel confronto tra sistemi rotanti e reciprocanti, con risultati 
contrastanti. Quattro articoli mostravano risultati di dolore 
postoperatorio peggiori per strumenti reciprocanti, due per 
gli strumenti rotanti e due non hanno riscontrato differenze. 
I dati sull’assunzione di analgesici sono stati controversi. Il 
GRADE ha mostrato una scarsa qualità delle prove.
Conclusioni: la strumentazione manuale ha presentato 
risultati di dolore postoperatorio sfavorevoli rispetto ai sistemi 
meccanici. La comparazione tra gli strumenti reciprocanti 
e rotanti ha generato risultati contrastanti. Data la bassa 
qualità delle evidenze e i risultati contrastanti, i risultati 
dovrebbero essere considerati con cautela e sono incorag-
giati ulteriori studi clinici randomizzati ben progettati sull’ar-
gomento.
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Introduction 

P
ain associated with endodontic 
therapy is widely feared by pa-
tients (1) and has been extens-
ively investigated (2-7). The pre-
valence of postoperative pain 

and flare-up as reported in the literature 
ranges from 3 to 58% (8). Such unpleasant 
experience results from a complex multi-
factorial process, being influenced by in-
herent aspects of the patient, the tooth to 
be treated and interventions of the dental 
operator (9). Several prior endodontic stud-
ies have attempted to correlate postoperat-
ive pain to intraoperative factors as irrig-
ating solution (10), instrumentation tech-
nique (11), intracanal dressing (12), number 
of visits (8) and obturation technique (13). 
Extrusion of root canal contents into the 
periradicular tissues causes inflammation 
and may be related to postoperative pain 
(14, 15). The amount of extruded debris 
and neuropeptides released in the period-
ontal ligament differ between instrument-
ation techniques (16) and it has been in-
dicated as a reason why there are differ-
ences in postoperative pain experienced 
by patients. Rotary nickel-titanium (NiTi) 
systems led to a reduction in debris extru-
sion when compared to hand stain-
less-steel instruments (17, 18). NiTi allowed 
safe and efficient engine-driven systems 
for cleaning and shaping root canals, es-
pecially those with curvatures (19). There 
is clinical and experimental evidence that 
such systems reduce the occurrence of 
operative errors such as deviation and ap-
ical transportation due to their remarkable 
flexibility (20, 21). 
Recently, a tendency to greater debris ex-
trusion with NiTi single-file reciprocating 
systems compared to NiTi multiple-file 
rotary systems has been reported (16, 22). 
Continuous rotation movement may im-
prove coronal transportation of dentine 
chips and infected debris by acting like a 
screw conveyer (23). However, the devel-
opment of reciprocating instruments 
brought potential advantages: increased 
fatigue life (24), reduced number of instru-
ments, lower cost, shorter preparation time 
(11), better shaping ability (25) and elim-

ination of cross-contamination associated 
with single-use instruments.
Controversial findings have been described 
in two recent systematic reviews of in vitro 
studies regarding the influence of instru-
mentation techniques on debris extrusion 
(16, 22). Moreover, results could change in 
a clinical situation due to the presence of 
periapical tissues, which act as a natural 
barrier providing physical back-pressure 
(26), thus preventing apical extrusion. Con-
trasting results are also observed in clin-
ical trials addressing postoperative pain 
(11, 27-29). In this context, the aim of this 
study was to systematically review the 
literature to determine the influence of 
hand, rotary and reciprocating instrument-
ation techniques on postoperative pain in 
patients submitted to endodontic treatment 
in permanent teeth. 

Materials and Methods

A review protocol was registered on PROS-
PERO (CRD 42016036587). This systematic 
review was carried out and reported ac-
cording to recommended guidelines (30, 
31). Two research questions were formu-
lated according to a PICOS (population, 
intervention, comparison, outcome, and 
study type) framework, considering ran-
domized clinical trials, RCTs. 1) In patients 
receiving endodontic treatment in per-
manent teeth, do engine-driven instru-
mentation techniques using NiTi systems 
induce equivalent postoperative pain com-
pared to hand preparation using stain-
less-steel instruments? 2) In patients re-
ceiving endodontic treatment in perman-
ent teeth, considering engine-driven NiTi 
instrumentation, do reciprocating systems 
induce equivalent postoperative pain com-
pared to rotary systems? 

Eligibility criteria
RCTs with patients undergoing endodontic 
treatment in permanent teeth that com-
pared instrumentation techniques with 
different kinematics (hand stainless-steel 
instruments vs. engine-driven NiTi sys-
tems or rotary vs. reciprocating en-
gine-driven NiTi systems) and their effect 
on postoperative pain incidence, intensity 
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or duration were included in this review. 
There was no age limit and all pain scales 
were considered. Observational studies, 
reviews, case reports, case series, in vitro 
studies and those without pain measure-
ment outcomes were excluded. Also, RCTs 
comparing two instrumentation tech-

Table 1 
Search strategy used in the Medline database

Search string #1 “Root Canal Preparation”[Mesh] OR “Root Canal 
Preparation” OR “Canal Preparation, Root” OR “Canal 
Preparations, Root” OR “Preparation, Root Canal” OR 
“Preparations, Root Canal” OR “Root Canal Preparations” 
OR “Root Canal Instrumentation” OR “Hand File” OR 
“Hand Stainless Steel” OR “Rotary” OR “Rotary File” OR 
“Rotary Instrument” OR “Rotary Nickel Titanium” OR 
“Rotary NiTi” OR “Reciprocating File” OR “Reciprocating 
Instrument” OR “Reciprocating Nickel-Titanium” OR 
“Reciprocating NiTi”

Search string #2 “Pain”[Mesh] OR “Pain” OR “Pain, Burning” OR 
“Burning Pain” OR “Burning Pains” OR “Pains, Burning” OR 
“Suffering, Physical” OR “Physical Suffering” OR “Physical 
Sufferings” OR “Sufferings, Physical” OR “Pain, Migratory” 
OR “Migratory Pain” OR “Migratory Pains” OR “Pains, 
Migratory” OR “Pain, Radiating” OR “Pains, Radiating” OR 
“Radiating Pain” OR “Radiating Pains” OR “Pain, Splitting” 
OR “Pains, Splitting” OR “Splitting Pain” OR “Splitting 
Pains” OR “Ache” OR “Aches” OR “Pain, Crushing” OR 
“Crushing Pain” OR “Crushing Pains” OR “Pains, Crushing” 
OR “Pain, Postoperative”[Mesh] OR “Pain, Postoperative” 
OR “Postoperative Pain” OR “Postoperative Pains” OR 
“Symptom Flare Up”[Mesh] OR “Symptom Flare Up” OR 
“Flare Up, Symptom” OR “Flare Ups, Symptom” OR 
“Symptom Flare Ups” OR “Symptom Flaring Up” OR 
“Flaring Up, Symptom” OR  “Flaring Ups, Symptom” OR 
“Symptom Flaring Ups” OR “Acute Symptom Flare” OR 
“Acute Symptom Flares” OR “Flare, Acute Symptom” OR 
“Flares, Acute Symptom” OR “Symptom Flare, Acute” OR 
“Symptom Flares, Acute” OR “Symptom Flareup” OR 
“Flareup, Symptom” OR “Flareups, Symptom” OR 
“Symptom Flareups” OR “Symptom Flare-up” OR “Flare-up, 
Symptom” OR “Flare-ups, Symptom” OR “Symptom Flare-
ups”

Search string #3 ((randomized controlled trial[pt] OR controlled clinical 
trial[pt] OR randomized controlled trials[mh] OR random 
allocation[mh] OR double-blind method[mh] OR single-blind 
method[mh] OR clinical trial[pt] OR clinical trials[mh] OR 
(“clinical trial”[tw]) OR ((singl*[tw] OR doubl*[tw] OR 
trebl*[tw] OR tripl*[tw]) OR (mask*[tw] OR blind*[tw])) OR 
(“latin square”[tw]) OR placebos[mh] OR placebo*[tw] OR 
random*[tw] OR research design[mh:noexp] OR follow-up 
studies[mh] OR prospective studies[mh] OR cross-over 
studies[mh] OR control*[tw] OR prospectiv*[tw] OR 
volunteer*[tw]) NOT (animal[mh] NOT human[mh]”)) 

Search string #4 #1 AND #2

#1 AND #2 AND #3
Limits English language and Custom date range (1985-2017)

niques with the same kinematics (e.g. two 
rotary systems) were excluded.

Search methodology 
Searches were conducted in three elec-
tronic databases (Medline, ISI Web of Sci-
ence and Scopus), with English language 
restriction, from 1985 to 2017. Additional 
search was performed at www.clinical-
trials.gov to identify finished studies that 
were not yet published. The last search 
was carried out in May 2017. The search 
strategy used in the Medline database via 
PubMed engine search is described in 
Table 1. Search words were adjusted for each 
database. The references of all eligible doc-
uments were also hand-searched. 
Duplicate search results were excluded 
(EndNote X7 program, Thompson Reuters, 
New York, USA) and two independent re-
searchers (A.R.S. and R.D.M.) identified the 
content of articles first by reviewing titles 
and abstracts, and the presence of the selec-
tion criteria listed above. The articles were 
classified as: i) include, ii) exclude or iii) 
uncertain. Full publications of included and 
uncertain articles were obtained for verific-
ation of eligibility by the same two review-
ers. Any discrepancies between evaluators 
were resolved by discussion or by a third 
party (R.S.O.). In papers with missing in-
formation or data, authors were contacted 
by e-mail. 

Data collection process 
A standardized scheme was created for 
data collection, which was conducted by 
the same two reviewers. The following data 
were extracted.
-  Publication details: author and year of 

publication.
-  General characteristics of the study: age 

and gender of patients, sample size, group 
of teeth, pulp and periapical condition, 
number of operators as well as their clin-
ical experience, number of treatment 
sessions, irrigating solution, and instru-
mentation technique (hand, rotatory and/
or reciprocating).

- Pain-related information: period of evalu-
ation, pain scale, analgesic drug, analgesic 
intake and pain results regarding incid-
ence, intensity and/or duration of pain.
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Risk of bias 
The risk of bias of included studies was 
assessed using the Cochrane risk of bias 
tool (30) considering the judgment of ran-
dom sequence generation, allocation con-
cealment, blinding of participants and 
personnel, blinding of outcome assess-
ment, incomplete outcome data and select-
ive reporting. The assessment was per-
formed by the same two reviewers inde-
pendently and verified by a third re-
searcher using the Review Manager Soft-
ware Version 5.3 (The Cochrane Collabor-
ation, London, UK). Publication bias was 
not statistically assessed, though searches 
for unpublished studies were performed 
to minimize the publication bias. 

Quality of the body of evidence
The Grading of Recommendations, Assess-
ment, Development and Evaluation 
(GRADE) framework for systematic re-
views was applied to the included trials 
to assign an overall outcome-specific rating 
for within-study risk of bias (methodolo-
gical quality), directness of evidence, het-
erogeneity, precision of effect estimates 
and risk of publication bias (32). The as-
sessment was performed by one reviewer 
and discussed with other two researchers 
to generate a score.

Data synthesis
Considerable heterogeneity was verified in 
the selected studies regarding demographic 
characteristics of patients, endodontic dia-
gnosis, technical procedures, pain scales 
and pain assessment periods. Also, the 
e-mails sent regarding missing data/inform-
ation received no reply. Thus, meta-analysis 
was considered inappropriate and data were 
summarized descriptively. 

Results

The flowchart for the selection of eligible 
studies is shown in Figure 1. Initial elec-
tronic searches identified 702 studies. The 
screening of titles and abstracts resulted 
in 14 manuscripts and two additional pa-
pers were found by hand-searching. Four 
papers were excluded after full-text read-
ing since two studies used non-RCT 
designs (33, 34); one study did not evaluate 
pain related to instrumentation technique 
(35); and one study compared hand and 
rotary techniques for glide-path procedure, 
not for complete root canal preparation 
(36). Ten studies registered at www.clin-
icaltrials.gov were found, eight in progress 
and two completed investigations. Of 
these, one did not provide conclusive data 
(no statistical analysis) and the other was 
included in the review (29).
In total 12 studies and 1,659 patients aged 
between 14 and 73 years old were included 
in this review (Table 2). Five studies were 
included in the comparison of hand vs. 
engine-driven (rotary and/or reciprocating) 
instrumentation techniques (29, 37-40). 
Other seven studies (11, 27, 41-45) and a 
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Table 2 

General characteristics of the studies included in the review (N 12)

Author Year Age* Gender 
(female %)

N
(patients)

N
(teeth)

Group  
of teeth

Pulpal/periapical 
condition

N  
(operators)

Experience N  
(sessions)

Irrigant Instrumentation 
technique

Al-Jabreen 
(37) 

2002 18 to 55 n.i. 91 105

35 each

Maxillary 
central 
incisors

Pulp necrosis n.i. n.i. 1 2.6% 
NaOCl

HAND 
 (step-back) 
vs. ROT 1  
(Profile 04)  
vs. ROT 2  
(Profile GT)

Ahmed  
et al. (38)

2012 14 to 60 n.i. 102 102

51 each

Single-
rooted teeth

Symptomatic 
irreversible 

pulpitis and/or 
acute apical 
periodontitis

n.i. n.i. 1 2.5% 
NaOCl

HAND  
(step-back) vs.

ROT  
(ProTaper)

Nekoofar  
et al. (11)

2015 15 to 55

40 ROT

38 REC

52.4%  
ROT

52.4%  
REC

42 42

21 each

Premolars 
and molars 

Asymptomatic 
irreversible 

pulpitis

1 n.i. 2 2% CHX 
17% 
EDTA

ROT (ProTaper) 
vs.

REC (WaveOne)

Neelakantan 
et al. (41)

2015 25 to 40

31 mean

49.6%  
ROT

49.6%  
REC

605 1210

605  
each

Mandibular 
molars

Symptomatic 
irreversible 

pulpitis

2 Endo-
dontists

1 3% 
NaOCl 
17% 
EDTA

ROT  
(OneShape) 

vs.
REC  

(Reciproc)

Kashefinejad 
et al. (39)

2016 17 to 52

30.8 
HAND 

32.5  
for ROT 

n.i. 53 60 

30 each

Single-
rooted  
teeth

Symptomatic 
irreversible 

pulpitis

n.i. n.i. 1 Normal 
saline

HAND  
(step-back) 

vs.
ROT (Mtwo)

Kherlakian 
et al. (42)

2016 19 to 73

47 mean

62.8% 
ROT 

65.7% 
REC 1 
61.4% 
REC 2

210 210 

70 each

Premolars 
and  

molars

Vital pulp 5 Endo- 
dontists

1 2.5% 
NaOCl

17% 
EDTA

ROT (ProTaper 
Next) vs.
 REC 1 

(WaveOne) 
vs.

REC 2  
(Reciproc)

Krithikadatta 
et al. (43)

2016 18 to 55 46.9% 
ROT 1 

51% ROT 
2 61.2% 
REC NSD

152 152  
49 ROT 1 

  50 ROT 
2 

49 REC

Premolars 
and molars

Asymptomatic  
or symptomatic 

irreversible 
pulpitis or pulp 
necrosis with or 
without apical 
periodontitis

4 Final year 
post-

graduate 
students

2 5% 
NaOCl 
17% 
EDTA 
final 

flush 2% 
CHX

ROT 1  
(ProTaper  

Next) 
vs.

ROT 2 (Mtwo) 
vs.

 REC (WaveOne)

Zand  
et al. (45)

2016 19 to 59

33.22 ROT

33.73 REC

NSD

60% ROT 
48.9% 
REC

NSD

90 90

45 each

Mandibular 
molars

Asymptomatic 
pulp necrosis

n.i. n.i. 1 2.5% 
NaOCl 
17% 
EDTA

ROT (RaCe) 
vs. 

REC (Reciproc)

Talebzadeh 
et al. (40)

2016 Over 18 n.i. 96 96

48 each

Mandibular 
molars

Asymptomatic 
irreversible 

pulpitis

1 n.i. 1 5% 
NaOCl

HAND  
(step-back) 

vs. 
ROT (RaCe)

Pasqualini 
et al. (44)

2016 25%-16 
to 30 

33%-31  
to 45 

42%-46 
to 60

50% 47 47

23 ROT

24 REC

Single or 
multi- 
rooted

Asymptomatic  
or symptomatic 

irreversible 
pulpitis or pulp 

necrosis

1 Endodontist 1 5% 
NaOCl 
10% 
EDTA

ROT 
 (ProTaper) 

vs.
REC (WaveOne)
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Relvas  
et al. (27)

2016 18 to 64

25.9 ROT

25.8 for 
REC

Only men 78 78 

39 each

Mandibular 
molars

Asymptomatic 
pulp necrosis

1 Endodontist 1 2.5% 
NaOCl 
17% 
EDTA

ROT  
(ProTaper) 

vs.
REC (Reciproc)

Shokraneh 
et al. (29)

2017 20 to 45 
31.7 
HAND

29.6 ROT

30.3 REC

NSD

50% HAND 
51.6% 
ROT 

46.9% 
REC NSD

93 93 
30 HAND

31 ROT

 32 REC

Mandibular 
molars

Asymptomatic 
pulp necrosis 

and apical 
periodontitis 

1 Endodontist 1 5.25% 
NaOCl 
17% 
EDTA

HAND  
(crown-down) 

vs.
 ROT  

(ProTaper) 
vs.

 REC (WaveOne)

Studies are listed in chronological publication order.

*Age range and mean per group (if informed). 

CHX: chlorhexidine; EDTA: ethylenediamine tetraacetic acid; HAND: hand group; NaOCl: sodium hypochlorite; n.i.: not informed; NSD: no significant 
difference between groups; REC: reciprocating group; ROT: rotary group (continuous rotation motion).

dataset from one (29) of the five previous 
studies were included in the comparison 
of rotary vs. reciprocating systems.
A wide range of pain incidence was ob-
served in the included studies, considering 
periods of two hours to seven days: 11.4% 
(37) to 96.7% in hand instrumentation; 0% 
(37) to 54.8% (29) in rotary instrumentation 
and 0% (27) to 43.7% (29) in reciprocating 
instrumentation. Pain intensity or severity 
was not summarized due to the different 
pain scales used in the included studies 
(Table 3). Nevertheless, the highest post-
operative pain levels were recorded in the 
early stages after root canal treatment, 
especially within the first 24h (11, 27, 29, 
40, 42, 43, 45). 
Pain-related data of studies comparing 
hand and engine-driven instrumentation 
are described in Table 3. In three studies 
postoperative pain results were worse with 
hand instruments than with engine-driven 
systems (29, 37, 39). In the other two stud-
ies pain results for hand and engine-driven 
techniques were similar (38, 40). Three 
studies evaluated analgesic intake by pa-
tients; in two of these investigations the 
analgesic intake was higher when using 
hand instruments in comparison to en-
gine-driven systems (29, 30), while the 
other study showed similar results (40).
Pain-related data of studies comparing 
rotary and reciprocating instrumentation 
are also shown in Table 3. The eight in-
cluded studies revealed contrasting find-

Figure 2 
Risk of bias evaluation:  

(+) low; (?) unclear. Studies 
are listed in alphabetical 

order by the Review  
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Ahmed et al. 2016 ●+ ●+ ●? ●? ●? ●?
Al-Jabreen 2012 ●? ●? ●? ●? ●? ●?
KashefineJad et al. 2016 ●+ ●? ●+ ●? ●? ●+
Kherlaklan et al. 2016 ●+ ●+ ●? ●? ●? ●?
Krithkadata et al. 2016 ●+ ●+ ●+ ●+ ●+ ●?
Neelakantan et al. 2015 ●+ ●+ ●? ●? ●+ ●?
Nekoofar et al. 2015 ●? ●+ ●? ●? ●? ●+
Pasqualini et al. 2016 ●+ ●+ ●? ●? ●+ ●?
Relvas et al. 2016 ●+ ●+ ●+ ●+ ●? ●+
Saha et al. 2018 ●+ ●+ ●? ●? ●? ●?
Shokraneh et al. 2016 ●+ ●? ●? ●+ ●+ ●+
Talebzadeh et al. 2016 ●? ●? ●+ ●+ ●+ ●+
Zand et al. 2016 ●? ●? ●+ ●+ ●? ●+
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Table 3 
Pain-related information in the studies comparing hand vs. engine-driven instrumentation techniques (N=5) and 

studies comparing rotatory vs. reciprocating instrumentation techniques (N=8) 

Author Year Period of evaluation Pain scale Analgesic drug Analgesic 
intake

Pain results

Hand vs. engine-driven techniques

Al-Jabreen (37) 2002 48 h, 7 days Categorical n.i. n.i. Pain incidence:  
HAND>ROT

Ahmed et. al. (38) 2012 48 h VAS (0-10) 1 mg 
Paracetamol

n.i. Pain incidence: 
HAND=ROT

Kashefinejad et al. (39) 2016 4, 8, 12, 24 h VAS (0-10) max. 3,200 mg/
day Ibuprofen

HAND>ROT Pain incidence/
intensity: HAND>ROT

Talebzadeh et al. (40) 2016 4, 8, 12, 24, 48 h, 
7 days

VAS (0-100) 400 mg 
Ibuprofen

HAND=ROT Pain intensity:  
HAND=ROT

Shokraneh et al. (29) 2017 6, 12, 18,  
24, 48, 72 h

Heft-Parket VAS 
(0-170)

400 mg 
Ibuprofen

HAND>  
ROT/REC

Pain intensity:  
HAND>ROT/REC

Rotary vs. reciprocating techniques

Nekoofar et al. (11) 2015 6, 12, 18,  
24, 48, 72 h

NRS (0-10) 400 mg 
Ibuprofen 
(+325 mg 

Paracetamol)

ROT<REC Pain intensity/duration: 
ROT<REC

Neelakantan  
& Sharma (41)

2015 Up to 7 days Modified VAS  
(0-10)

400 mg 
Ibuprofen

ROT>REC Pain incidence/
intensity/duration:  

ROT>REC
Kherlakian et al. (42) 2016 24, 48, 72 h,  

7 days
VAS (0-100) 400 mg 

Ibuprofen
ROT=REC Pain intensity:  

ROT=REC

Krithikadatta et al. (43) 2016 2, 4, 6, 8, 12, 24, 
36, 48 h

VAS (0-10) 400 mg 
Ibuprofen

n.i. Pain intensity:  
ROT<REC

Zand et al. (45) 2016 4, 12, 24,  
48, 72 h,  
7 days

VAS (0-100) n.i. n.i. Pain intensity:  
ROT<REC

Pasqualini et al. (44) 2016 7 days VAS (0-10) Optional 
analgesics

ROT=REC Pain intensity:  
ROT<REC

Relvas et al. (27) 2016 24, 72 h,  
7 days

VRS n.i. n.i. Pain incidence/
intensity: ROT=REC

Shokraneh et al. (29) 2017 6, 12, 18,  
24, 48, 72 h

Heft-Parket VAS 
(0-170)

400 mg 
Ibuprofen

ROT=REC Pain intensity:  
ROT>REC (first 18 h)

Studies are listed in chronological publication order.

HAND: hand group; n.i.: not informed; NRS: Numerical Rating Scale; REC: reciprocating group; ROT: rotary group; VAS: Visual Analogue Scale; VRS: Verbal 
Rating Scale.

ings. Postoperative pain results were worse 
with reciprocating systems in four studies 
(11, 43-45) and with rotary systems in two 
studies (29, 41). Finally two studies found 
that postoperative pain is equivalent in 
both root canal preparation techniques (27, 
42). Five studies also evaluated pain-re-

lieving consumption. Of these, three re-
ported that analgesic intake is similar in 
patients undergoing treatment with rotary 
and reciprocating systems (29, 42, 44). In 
one study (11) analgesic intake was higher 
in the reciprocating group, while in the 
other (41) it was higher in the rotary group. 
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Risk of bias evaluation is illustrated in 
Figure 2. Most studies had unclear risk of 
bias with regards to the following items: 
blinding of participants and personnel 
(58.3%), blinding of outcome assessment 
(58.3%) and incomplete outcome data 
(58.3%). Most studies had low risk of bias 
in terms of random sequence generation 
(66.6%) and allocation concealment 
(58.3%). Based on the GRADE approach, 
quality of evidence was classified as low 
because of limitations in the design, im-
plementation and indirectness of evidence.

Discussion

This systematic review is the first to sum-
marize and critically analyse the available 
information about the influence of hand, 
rotary and reciprocating instrumentation 
techniques on endodontic postoperative 
pain. A wide range of pain incidence was 
observed in the included studies. In gen-
eral, the results described here were in 
line with those observed in the systematic 
review conducted by Pak and White (5), 
in which pain incidence in the first 24 
hours was 40%, decreasing acutely there-
after, reaching 11% at seven days. Pain 
intensity or severity was not summarized 
due to the lack of consistency of pain 
scales used in the included studies. Still, 
the highest postoperative pain levels were 
also recorded in the early stages after root 
canal treatment, especially within the first 
24h, as previously reported (5). 
Postoperative pain has been associated 
with the apical extrusion of infected 
debris, which may occur during any hand 
or engine-driven instrumentation tech-
nique (17, 46, 47). Most studies in this re-
view (29, 37, 39) and others not included 
herein (36, 48) showed worse postoperative 
pain results when hand preparation is 
used comparatively to rotary or reciproc-
ating systems. It is important to note that 
four out of five studies included in this 
review (37-40) used hand instruments with 
a step-back approach. In the step-back or 
any push-pull filing technique the file acts 
as a plunger in the apical region and drives 
debris through the foramen (46), probably 
exacerbating inflammation and pain. On 

the contrary, flutes of rotary instruments 
tend to pull debris back towards the root 
canal orifice (46, 49).
Comparison of postoperative pain between 
rotary and reciprocating systems showed 
conflicting findings in this review, but 
reciprocation produced worse postoper-
ative pain results, according to four stud-
ies (11, 43-45). A recent systematic review 
(22) found that reciprocating instruments 
tended to extrude more dentine debris 
than rotary instruments, but it also showed 
studies with opposite results. Another 
systematic review (16) demonstrated that 
both multiple-file rotary and single-file 
reciprocating systems generate apical ex-
trusion of debris in laboratory studies and 
in vivo expression of neuropeptides re-
leased from C-type nerve fibres in the 
periodontal ligament. They supported the 
hypothesis that the inflammatory reaction 
and subsequent pain response in the apical 
area is not influenced by the number of 
files but the type of movement and instru-
ment design characteristics, as previously 
suggested (23, 50). It is worth mentioning 
that rotary and reciprocating systems with 
different designs were grouped in this re-
view to assess the effects of kinematics. 
Controversially, one study with a large 
sample size (605 patients) showed worse 
pain results with rotary instrumentation 
in comparison to reciprocation (41). It was 
the only study to evaluate a single-file 
rotary system (OneShape, Micro-Mega, 
Besancon Cedex, France), while all others 
assessed multi-file rotary systems (Table 
2). A recent meta-analysis of three studies 
(28) compared the postoperative pain after 
single-visit root canal preparation with 
rotary vs. reciprocating instruments and 
found no difference between techniques 
considering pain incidence. However, it 
is important to highlight that they found 
a high heterogeneity between studies 
(I2=87%), and a wide confidence interval 
(0.25-6.52) showing imprecision of the res-
ult. In two studies of the present review 
pain results were similar for rotary and 
reciprocating systems (27, 42). Aligned 
with these findings, Martinho et al. (51) 
reported that files in rotary and reciproc-
ating motion have similar effectiveness in 
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reducing endotoxins and cultivable bac-
teria from primarily infected root canals, 
which could influence postoperative pain. 
Gender has been suggested to play a role 
in pain studies (9, 52, 53) and may function 
as a confounding factor in studies compar-
ing instrumentation techniques. Females 
have shown to experience higher levels of 
postoperative pain compared to males (9). 
In the present review, few studies reported 
a balanced percentage of men and women 
in their population (11, 29, 41-43, 45), while 
one study (27) included only male patients 
due to insufficient number of female pa-
tients during recruitment, resulting in a 
biased sample. Indeed, the last paper re-
ported low pain incidence (<20%) for both 
rotary and reciprocating groups (27). The 
frequency was lower than that observed 
in studies including men and women (29).
Another confounding factor is the presence 
of preoperative pain, which may also in-
terfere with postoperative pain (6, 53). 
Three studies included only symptomatic 
teeth (38, 39, 41), while five studies selected 
exclusively asymptomatic cases (11, 27, 29, 
40, 45). Other studies elected assorted or 
undefined samples regarding preoperative 
pain (37, 42-44). Additionally, Krithikadatta 
et al. (43) observed that nonvital teeth ex-
perienced more pain compared to vital 
teeth across rotary and reciprocating 
groups, probably because the extrusion of 
infected necrotic tissue triggers an acute 
inflammatory response in the periapical 
area with subsequent pain (14). 
The clinical experience of operators con-
sists in another potential cause of hetero-
geneity between studies. Endodontists 
were reported in five papers (27, 29, 41, 42, 
44), and final year graduate students in 
one paper (43), while other studies did not 
inform about operators’ experience (11, 
37-40, 45). Previous investigations reported 
no significant differences in postoperative 
pain experience after treatment performed 
by endodontists vs. generalists (54, 55) but 
patients’ general satisfaction was higher 
after treatment by specialists (55). A pos-
itive impact of an expert operator may 
emerge from shorter operating time and 
better communication when dealing with 
patient stress (44, 54). 

In this review only two studies (11, 43) per-
formed endodontic treatment in two clin-
ical sessions, with the others reporting 
single session. According to Attar et al. (56) 
patients treated with calcium hydroxide 
dressing vs. obturation did not differ in 
postoperative pain levels. Even with con-
flicting results in the literature, systematic 
reviews on the subject seem to demonstrate 
that the number of treatment visits does 
not affect postoperative pain (57-59). 
Although pain symptoms have subjective 
nature and pain measurement represents 
a challenge in clinical trials (3, 5), pain 
scales used in the included studies have 
been previously validated (60). Most stud-
ies used the Visual Analogue Scale (VAS) 
or its variations (38-45). Other authors used 
the Numerical Rating Scale (NRS) (11), the 
Verbal Rating Scale (VRS) (27), the Heft-Par-
ket VAS (29), and the categorical scale (37). 
Fortunately, endodontic pain evaluations 
using different types of pain scale are 
known to be highly correlated (56).
Analgesic intake findings usually accom-
panied those of postoperative pain (53), i.e., 
if a preparation technique showed worse 
pain results, it also promoted higher anal-
gesic consumption (Table 3). This situation 
was not observed in two studies (29, 44). 
This may be related to psychological vari-
ations regarding pain tolerance and urgency 
to use pain killers (61). From the 12 studies 
included in this review, seven recommen-
ded the use of Ibuprofen in case of postoper-
ative pain (11, 29, 39-43). Nonsteroidal an-
ti-inflammatory drugs have been recom-
mended as first-choice medication for post-
operative pain management after endodontic 
therapy, especially Ibuprofen (62). 
Some limitations of this review should be 
highlighted: 1) most studies had unclear 
risk of bias with regards to the blinding of 
participants and personnel, blinding of 
outcome assessment and incomplete out-
come data; 2) general quality of the body 
of evidence was classified as low, due to 
limitations in the design, implementation 
and indirectness of evidence, limiting the 
extern validation; 3) meta-analysis was not 
presented due to the heterogeneity in the 
selected studies regarding demographic 
characteristics of patients, endodontic 
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 Abstract
Aim: Biocompatibility is an important characteristic of 
dental pulp capping agents. This study aimed to assess 
the effect of mineral trioxide aggregate (MTA), calcium 
enriched mixture (CEM) cement and Biodentine with/
without Emdogain (EMD) on the viability of human dental 
pulp stem cells (HDPSCs). 
Methodology: In this in vitro study, HDPSCs were isolated 
from the root canal of an extracted impacted third molar 
tooth and cultured. The cells were exposed to freshly pre-
pared endodontic cements in six groups of MTA, MTA plus 
EMD, CEM cement, CEM cement plus EMD, Biodentine 
and Biodentine plus EMD in 24-well plates for 24, 48 and 
168 hours (6 wells/repetitions for each material group at 
each time point). Cell viability was evaluated at each time 
point using the methyl thiazolyl tetrazolium (MTT) assay. 
Data were analyzed using the Kruskal-Wallis and 
Mann-Whitney tests.
Results: Cell viability was not significantly different at dif-
ferent time points in any endodontic cement group (p>0.05) 
except for CEM cement/EMD group (p=0.00). At 24 hours, 
MTA/EMD and MTA showed the highest cell viability 
(p=0.001). Similar results were obtained at 48 hours 
(p=0.000). At 168 hours, MTA/EMD and CEM cement/
EMD showed the highest cell viability (p=0.000). Addition 
of EMD had no significant effect on cell viability in any 
cement group at 24 or 48 hours. However, addition of EMD 
to MTA and CEM cement increased the viability of HDPSCs 
at 168 hours.
Conclusions: Addition of EMD to MTA and CEM cement 
can increase the viability of HDPSCs at 7 days.

Obiettivo: la biocompatibilità è una caratteristica import-
ante dei materiali per l’incappucciamento pulpare. Questo 
studio valutava l’effetto del mineral trioxide aggregate 
(MTA), del cemento con miscela arricchita di calcio (CEM) 
e Biodentine con/senza Emdogain (EMD) sulla vitalità 
delle cellule staminali umane della polpa dentale (HDPSC).
Metodologia: in questo studio in vitro le HDPSC sono state 
isolate dal canale radicolare di un terzo molare estratto 
e successivamente coltivate. Le cellule sono state esposte, 
in piastre da 24 pozzetti per 24, 48 e 168 ore, a sei gruppi 
di cementi endodontici appena preparati: MTA, MTA più 
EMD, cemento CEM, cemento CEM più EMD, Biodentine 
e Biodentine più EMD. La vitalità cellulare è stata valutata 
usando il methyl thiazolyl tetrazolium (MTT) assay. I dati 
sono stati analizzati utilizzando i test di Kruskal-Wallis e 
Mann-Whitney.
Risultati: la vitalità cellulare non è risultata significativa-
mente differente tra i vari cementi ai tempi analizzati 
(p>0,05), fatta eccezione per il cemento CEM/gruppo EMD 
(p=0,00). A 24 ore, MTA/EMD e MTA hanno mostrato la 
massima vitalità cellulare (p=0,001). Risultati simili sono 
stati ottenuti a 48 ore (p=0,000). A 168 ore, MTA/EMD 
e CEM cemento/EMD hanno mostrato la massima vitalità 
cellulare (p=0,000). L’aggiunta di EMD non ha avuto effetti 
significativi sulla vitalità cellulare per nessun gruppo di 
cemento a 24 o 48 ore. Tuttavia, l’aggiunta di EMD a MTA 
e cemento CEM ha aumentato la vitalità delle HDPSC a 
168 ore.
Conclusioni: l’aggiunta di EMD a MTA e CEM può aument-
are la vitalità degli HDPSC a 7 giorni.
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Effect of Emdogain coated endodontic 
materials on viability of human dental 
pulp stem cells (HDPSCs)
Effetto dei materiali endodontici rivestiti di Emdogain sulla vitalità delle 
cellule staminali pulpari umane (HDPSCs)

Introduction

R
egenerative endodontics refers 
to tissue engineering proced-
ures to regenerate the lost or 
damaged tissues such as the 
dental pulp, dentin or ce-

mentum. In this approach, the differenti-
ation potential of human dental pulp stem 
cells (HDPSCs) or progenitor cells of a 
mature pulp is employed for regeneration 
of dental structure (1). Regenerative en-
dodontic procedures were first introduced 
in 1952 when a type of calcium hydroxide 
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viously applied materials. MTA is com-
monly used as a root end filling material 
and a pulp capping agent and also for per-
foration repair and apexification (3, 10). 
MTA induces hard tissue formation in 
cases with pulp exposure (11). Dentinal 
bridge formation in presence of MTA oc-
curs faster compared to other materials 
(11). MTA induces the proliferation of un-
differentiated cells for the formation of 
dentinal bridge by decreasing inflamma-
tion (10, 12). Also, direct contact of MTA 
with HDPSCs causes their differentiation 
to odontoblast-like cells (13). MTA is com-
monly used for vital pulp therapy, regen-
erative endodontic procedures, perforation 
repair, root end filling and apexification 
due to its excellent properties such as hy-
drophilicity, adequate radiopacity, high 
pH, polymerization expansion, low solu-
bility and optimal biocompatibility (13, 
14). However, discoloration potential, dif-
ficult handling, presence of toxic com-
pounds in its composition, long working 
time and high cost are among its draw-
backs (15, 16).
Biodentine is a recently introduced tric-
alcium silicate-based cement with mech-
anical properties resembling those of 
dentin (17). It enhances pulp regeneration 
and mineralization by inducing the form-
ation of reactive dentin and dentinal 
bridge (18). It is supplied in the form of a 
powder containing tricalcium silicate, 
calcium silicate, calcium carbonate and 
zirconium oxide as opaquer and a liquid 
containing calcium chloride in an aqueous 
solvent along with polycarboxylate (19). 
Its short setting time (a few minutes versus 
a couple of hours for MTA), superior mech-
anical properties and optimal sealing abil-
ity in contact with dentin are among its 
favorable properties (20). Biodentine was 
first introduced as a replacement for dentin 
and the manufacturer claims that it in-
duces the formation of tertiary dentin. 
However, it can also be used for vital pulp 
therapy, perforation repair and as a retro-
grade root filling material in endodontic 
surgery (21). It can induce the proliferation 
and differentiation of HDPSCs and can be 
used in direct contact with dental pulp in 
regenerative treatments (22).

cement was used to cover the pulp tissue 
following vital pulp amputation (2). 
Vital pulp therapy minimizes the trauma 
to the pulp tissue by protecting the pulp 
against the toxic effects of bacterial 
products as well as mechanical, thermal 
and chemical stimuli (3). It seals the pulp 
tissue and induces the formation of ter-
tiary dentin following reversible pulpitis 
(3). Vital pulp therapy is performed aiming 
to cover the pulp tissue with a suitable 
capping agent and promote the dentino-
genesis potential of dental pulp cells (3). 
Vital pulp therapy seems to be a superior 
treatment approach for immature teeth 
with pulp exposure to allow root develop-
ment prior to the occurrence of pulp nec-
rosis. In vital pulp therapy, dental mater-
ials are placed in direct contact with 
dental pulp. Regeneration of the dentin-
pulp complex following severe trauma 
involves differentiation of HDPSCs to sec-
ondary odontoblasts and subsequent 
dentinogenesis (3-5). Thus, attempts are 
ongoing to find an ideal endodontic ma-
terial for vital pulp therapy. 
HDPSCs play a fundamental role in regen-
eration process by differentiating into 
odontoblast-like cells. These cells are cap-
able of proliferation and differentiation 
into different cell lines. The ability of 
dental materials to enhance differentiation 
and maturation of these cells determines 
their biocompatibility (6). In vital pulp 
therapy, the interaction of HDPSCs with 
the pulp capping agents affects their pro-
liferation and differentiation capacity (7, 
8). An ideal material for pulp capping 
should be able to trigger the healing pro-
cess and induce dentin-pulp complex re-
generation (9). Several materials have been 
used as pulp capping agents such as mod-
ified glass ionomer, tricalcium phosphate, 
hydrophilic resins and calcium hydroxide. 
The success of different pulp capping 
agents is determined based on the thick-
ness and morphology of the formed 
dentinal bridge, severity of pulpal inflam-
mation, presence of odontoblasts and 
biocompatibility of the material (10). 
Mineral trioxide aggregate (MTA) is a tric-
alcium silicate-based cement with more 
reliable effects compared to those of pre-
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Enamel Matrix Derivative (Emdogain/EMD) 
is a material derived from the pig enamel 
matrix, Amelogenin is its main constituent. 
EMD can induce migration, attachment and 
proliferation of periodontal ligament cells 
(22, 23) and can efficiently participate in 
regeneration of cementum, periodontal lig-
ament and bone (24). EMD is believed to 
exert its effects by provision of extracellu-
lar matrix and induction of cell adhesion 
and differentiation (25). Recently, EMD was 
proposed for induction of dental pulp re-
generation (26, 27). A previous study 
showed that simultaneous exposure of 
DPSCs to MTA and EMD results in differ-
entiation of stem cells to odontoblast-like 
cells, which highlights the synergistic effect 
of these two materials (28).
Calcium enriched mixture (CEM) cement 
contains calcium oxide, calcium phosphate, 
calcium carbonate, calcium silicate, cal-
cium sulfate, calcium hydroxide and cal-
cium chloride, and has clinical properties 
similar to those of MTA (29, 30). It releases 
calcium hydroxide during and after setting., 
it has shorter setting time, higher flow and 
lower film thickness than MTA, it can form 
hydroxyapatite by use of intrinsic ions and 
can be applied in contact with vital pulp 
in endodontic procedures (29, 31-33). 
The toxic effects of endodontic cements on 
stem cells have been previously studied (28, 
34). However, search of the literature yiel-
ded no previous study on the comparative 
effect of CEM cement, MTA and Biodentine 
with/without EMD on the viability of 
HDPSCs. Thus, this study aimed to assess 
and compare the effect of CEM cement, 
MTA and Biodentine with/without EMD 
on the viability of HDPSCs.

Materials and Methods 

Cell culture
In this in vitro study, each experiment was 
repeated six times (35, 36). The study was 
approved in the Ethics Committee of Ha-
madan University of Medical Sciences 
IR.UMSHA.REC.1397.61. The HDPSCs were 
isolated from two surgically extracted im-
pacted caries-free immature third molars 
of a systemically healthy patient after ob-
taining informed consent (18-25 years of 

age). Immediately after extraction, the teeth 
were rinsed and stored in sterile phosphate 
buffered saline (PBS) (Gibco, GrandIsland, 
NY, USA). Stem cells were isolated from the 
root canals by enzymatic digestion using 
type I collagenase (2 mg/mL; Worthlington 
Biomedical, Lakewood, NJ, USA) and were 
transferred to Dulbecco’s modified Eagle’s 
medium (Gibco, GrandIsland, NY, USA). 
The cells were then cultured again in a cul-
ture medium containing 15% fetal bovine 
serum (Gibco, GrandIsland, NY, USA) and 
1% Penicillin/Streptomycin (Gibco, 
GrandIsland, NY, USA). The culture me-
dium was refreshed every 2-3 days during 
the process of cell culture. After four pas-
sages, a homogenous population of cells was 
obtained. The surface antigens of HDPSCs 
were analyzed by flow cytometry (Becton 
Dickinson, San Jose, CA), with 10,000 events 
being counted for each case. Cells were 
trypsinized and incubated in phos-
phate-buffered saline (PBS) with primary 
antibodies against CD34 (Biolegend, CA, 
USA, cat # SC-51540), CD90 (Biolegend, CA, 
USA, cat #SC-53456), CD105 (Biolegend, CA, 
USA, cat # SC-71043) as mesenchymal cells 
marker and CD45 (Biolegend, CA, USA, cat 
#SC-70686) as hematopoietic marker. Insert 
plates (pore size: 4.0 µm; SPL Life Science, 
Gyeonggi-do, South Korea) were used to 
expose the cells to endodontic cements. 

Preparation of endodontic cements
CEM cement (BioniqueDent, Tehran, Iran), 
Biodentine (Septodont, Saint-Maur-des- 
Fosses, France) and MTA (Dentsply Tulsa 
Dental Specialties, Tulsa, OK, USA) were 
prepared according to the manufacturers’ 
instructions under sterile conditions. Bio-
dentine, MTA and CEM cement were mixed 
and applied in paraffin wax molds with 10 
mm diameter and 1 mm thickness, com-
pressed and incubated at 37 °C and 96% 
humidity for 10 minutes to set. EMD gel (30 
mg/mL and 0.7 mL) (Biora AB, Malmo, 
Sweden) was diluted with sterile distilled 
water to obtain 100 µg/mL concentration. 
The study groups were as follows: (I) Bio-
dentine, (II) Biodentine/EMD, (III) CEM 
cement, (IV) CEM cement/EMD, (V) MTA, 
(VI) MTA/EMD, and (VII) control group 
(cells were not exposed to any material). 
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In groups II and IV, the surface of set Bio-
dentine, CEM cement and MTA samples 
was coated with EMD. 
To assess the effect of endodontic cements, 
about 5,000 cells were cultured in each 
well of insert 24-well plates (SPL Life Sci-
ence, Gyeonggi-do, South Korea). The 
plates allowed indirect contact of materi-
als with cells to prevent cell lysis. After 
preparation of materials as explained 
earlier, 1 mg of each material was added 
to each well of a 24-well plate.
The inserts were removed after 24, 48 and 
168 hours (34) and the methyl thiazolyl 
tetrazolium (MTT) salt (Sigma Aldrich, St. 
Louis, MO, USA) was added to the wells. 
The intensity of the produced color in this 
test correlates with the number of viable 
cells. The cells were incubated (Binder, 
NY, USA) for 24 hours. The medium was 
then replaced and the materials were ad-
ded to the culture medium. After 24 hours, 
the plates were removed from the incub-
ator and 10 mL of the MTT solution and 
90 mL of alpha-Minimum Essential Me-
dium Eagle supplemented with 10% fetal 
bovine serum were added to each well. 
The plates were then incubated at 37 °C 
for 4 hours. The overlaying medium was 

gently removed and 100 mL of dimethyl 
sulfoxide (Gibco BRL, Grand Island, NY, 
USA) was added to each well. After dis-
solution of formazan crystals, the optical 
density was read at 540 to 690 nm 
wavelength using an ELISA reader (BioTek, 
VT, USA).
Data were first analyzed using descriptive 
statistics. The three types of cements were 
compared in 6 groups using the 
Kruskal-Wallis test. The Mann Whitney 
U test was applied for pairwise comparis-
ons. All statistical analyses were carried 
out using SPSS version 24 (SPSS Inc., IL, 
USA). P<0.05 was considered statistically 
significant. 

Results

Table 1 shows the effect of different en-
dodontic cements on the viability of DPSCs 
after 24, 48 and 168 hours of exposure. The 
Kruskal-Wallis test showed no significant 
difference in cell viability at different time 
points in Biodentine (p=0.843), Bio-
dentine/EMG (p=0.98), CEM cement 
(p=0.979), MTA (p=0.277) or MTA/EMD 
groups (p=0.132). But the difference in this 
respect was significant in CEM cement/

Table 1
Comparative effect of Biodentine, Biodentine/EMD, CEM cement,  

CEM cement/EMD, MTA and MTA/EMD on the viability of HDPSCs at 24, 48 and 168 hours

Groups 24 hours 48 hours 168 hours

Mean Std. deviation Mean Std. deviation Mean Std. deviation

MTA/EMD 128.68* 31.36 103.25* 7.00 145.64* 19.61

MTA 99.82* 8.23 98.53* 18.99 71.95 30.97

Biodentine/EMD 48.16 11.09 32.10 12.92 27.27 4.13

Biodentine 44.30 21.52 33.31 19.21 40.42 27.52

CEM cement/
EMD 69.85 26.50 39.75 8.75 178.75* 24.44

CEM 38.23 10.78 34.91 11.07 36.15 30.72

P value 0.001 0.000 0.000
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EMD group (p=0.00). Comparison of cell 
viability following exposure to different 
materials revealed significant differences 
among the groups at different time points 
such that at 24 hours, MTA/EMD and 
MTA showed the highest cell viability 
(p=0.001). Similar results were obtained 
at 48 hours (p=0.000). At 168 hours, MTA/
EMD and CEM cement/EMD groups 
showed the highest cell viability 
(p=0.000). 
Figures 1-3 show the percentage of cell vi-

ability in the six groups at 24, 48 and 168 
hours. As shown, addition of EMD had no 
significant effect on cell viability in any ce-
ment group at 24 or 48 hours. However, ad-
dition of EMD to MTA and CEM cement 
increased the viability of stem cells at 168 
hours.

Discussion 

Recently, use of EMD for dental pulp cap-
ping has gained attention. Since EMD is in 
gel form, it does not quickly spread into the 
pulp tissue (37, 38). Evidence shows that 
EMD accelerates the formation of reparative 
dentin and odontoblastic differentiation in 
pulp capping procedures (39, 40). This 
study aimed to assess the effect of EMD in 
combination with commonly used pulp 
capping agents on the viability of HDPSCs. 
The results showed that addition of EMD 
had no significant effect on cell viability in 
presence of any of the pulp capping agents 
at 24 or 48 hours. However, after 168 hours 
(7 days), cell viability in MTA and CEM 
cement groups significantly increased by 
the addition of EMD. However, cell viabil-
ity did not significantly increase in pres-
ence of Biodentine/EMD. In general, the 
highest cell viability was noted in MTA 
and MTA/EMD groups at 24 and 48 hours 
while the highest cell viability at 168 hours 
belonged to the MTA/EMD and CEM ce-
ment/EMD groups. The results showed that 
addition of EMD to MTA and CEM cement 
resulted in higher level of cell viability; 
however, this effect became significant after 
7 days. A previous study on the toxic effects 
of endodontic cements namely Biodentine 
and MTA on mouse fibroblasts revealed 
that endodontic cements stabilize over time 
and their toxicity decreases (41). Their find-
ings were in agreement with ours despite 
the use of a different cell line. Significant 
effect of addition of EMD to endodontic 
cements only after 7 days can be due to the 
fact that cements are toxic during the first 
24 and 48 hours but they become chemic-
ally stable after 7 days and EMD can then 
exert its effect. 
Our results revealed that at almost all time 
points, the cell viability in Biodentine and 
CEM cement groups was less than that in 

Figure 1
Percentage of HDPSC viability 
after 24 hours of exposure to 

endodontic cements 

Figure 2
Percentage of HDPSC viability 
after 48 hours of exposure to 

endodontic cements
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MTA groups. As it has been shown by sev-
eral investigations, MTA has long term seal, 
acceptable biocompatibility and dentinal 
bridge formation which make it the gold 
standard for vital pulp therapies(42). Sim-
ilarly, Jung et al. (43) demonstrated that the 
cell viability in presence of different en-
dodontic cements was not significantly 
different on day 1 but at 3 days, the cell 
viability in presence of MTA was signific-
antly greater than that in presence of Bio-
dentine, which was in line with our find-
ings. They measured the amount of heavy 
metals released from the cements into the 
surrounding environment and found that 
the amount of heavy metals released from 
Biodentine was higher than that released 
from MTA, which explains the higher cyto-
toxicity of Biodentine than MTA. They 
added that Biodentine increased cell viab-
ility after 7 days. Another study evaluated 
the cytotoxicity of Biodentine, glass 
ionomers and MTA after 1, 3 and 7 days of 
exposure and concluded that the toxicity 
of Biodentine and MTA was similar and 
less than that of glass ionomers (44). This 
finding was different from our result, which 
may be attributed to the fact that the cyto-
toxicity of a material depends on many 
factors such as the type and concentration 
of material, passage of time and the type of 
culture medium used. For example, MSCs 

derived from dental pulp, periapical cyst, 
dental follicle and periodontal ligament 
dreived msc express CD146 as the cell sur-
face antigen. The expression of CD146 
level significantly affects on MSCs pro-
liferation and differentiation capacity. 
Previous study has shown that the num-
ber of CD146- positive cells decreases 
following multiple passage. They found 
that decreased CD146 expression in hu-
man periapical cyst mesenchymal stem 
cells (hPCy-MSCs) is associated with 
enhanced cell proliferation, self-renewal, 
osteogenic differentiation capacity and 
stemness genes expression (45).
Another factor affects the survival and dif-
ferentiation of stem cells is the type of scaf-
fold in tissue engineering which was not a 
variable in this study (46).
In our study, the cytotoxicity of MTA was 
lower than that of Biodentine and CEM 
cement at all time points. Saberi et al. (34) 
evaluated the toxic effects of Biodentine, 
CEM cement, octacalcium phosphate and 
MTA on stem cells of the apical papilla. 
They found that the cytotoxicity of CEM 
cement was the highest after 24 hours while 
MTA showed the highest cytotoxicity at 48 
and 168 hours. It should be noted that at 
168 hours, CEM cement showed the lowest 
cytotoxicity. In our study, CEM cement/
EMD and MTA/EMD showed the least cyto-
toxicity at 168 hours. They explained that 
application of calcium silicate-based ce-
ments leads to continuous formation of 
calcium silicate hydrate and deposition of 
calcium carbonate phosphate. Release of 
calcium ions can cause toxic inflammatory 
reactions. On the other hand, release of this 
ion from silicate cements is important for 
the viability of mesenchymal stem cells 
(19). This ion is capable of signaling and 
plays an important role in regulation of 
cellular activities. The migration of stem 
cells is also affected by calcium ions (47, 
48). It has been shown that Calcium silicate 
cements continuously release calcium ions 
(49). CEM cement, MTA and Biodentine are 
among the calcium silicate-based cements. 
Thus, difference in cell viability in pres-
ence of different cements at different time 
points may be due to the release of calcium 
ions, which has a double action. In our 

Figure 3
Percentage of HDPSC viability 

after 168 hours of exposure 
to endodontic cements
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study, the highest cell viability was noted 
in MTA and MTA/EMD groups at 24 and 
48 hours and CEM cement/EMD group at 
168 hours, which indicates that at almost 
all time points, groups with EMD had the 
least cytotoxicity and highest cell viability. 
However, this effect was only significant at 
7 days. As explained earlier, it can be due 
to the high cytotoxicity of materials at 24 
and 48 hours, which would mask the effic-
acy of EMD. On the other hand positive 
effect of EMD in combination with en-
dodontic cements is dependent on its mo-
lecular mechanisms and effects on growth 
factors releasing (50).
The current results highlight the efficacy 
of EMD in combination with MTA and 
CEM cement to increase the viability of 
HDPSCs. Future studies are required to 
assess the effect of addition of EMD to 
endodontic cements on the viability of 
other cell lines. This study had an in vitro 
design. Thus, generalization of results to 
the clinical setting must be done with 
caution. Further clinical studies are re-
quired to assess the efficacy of these com-
pounds in the clinical setting. 
 

Conclusions

Within the limitations of this in vitro 
study, the results showed lower cell viab-
ility in presence of Biodentine compared 
to MTA and CEM cement. Addition of 
EMD to endodontic cements had no 
significant effect on the viability of 

DPSCs at 24 or 48 hours but it signific-
antly increased cell viability in pres-
ence of MTA and CEM cement at 7 days. 
For further experiments more dental 
pulp to obtain more MSCs is needed. 
Data from the present study showed 
that EMD can be used with endodontic 
cements in vital pulp therapies and re-
generative endodontic treatments, but 
studies evaluating the in vivo effect of 
EMD coated cements on HDPSCs viab-
ility are needed. 
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Clinical relevance

Stem cells play an important role in 
regenerative endodontic, so it is critical 
to enhance viability and differentiation 
of these cells. Coating endodontic ma-
terials with Emdogain increased cell 
viability and can be used in vital pulp 
therapies and regenerative endodontic 
treatments.
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Abstract
Aim: Aim of the present study was to assess any signs 
of Ni-Ti alloy remnants in the root canal after prepar-
ation and investigate if this aspect may be influenced 
by the steam sterilization of the files.  
Materials and Methods: 20 extracted upper first 
premolars with complete root formation and apical 
foramina and three kits of BioRace instruments (FKG, 
Le Chaux-of-Fonds, Switzerland) were used in the 
present study. The first BioRace kit was used to pre-
pare 10 teeth (20 canals), without sterilization 
between the root canal preparations, while the second 
sample group was subjected to steam sterilization 
after each tooth (two canals) prepared. The third kit 
of instruments was used as a control group. Files 
were then analyzed by means of scanning electron 
microscope (SEM) using magnifications between 500 
and 4.000x. Images were taken on sections D1-D8 
of each file. Files weight was measured using a pre-
cision weight scale with readability of 0,001g to 
quantify the possible alloy loss and file degradation 
occurred during their use. Teeth were then sectioned 
on their length and submitted to EDX analysis in 
search of possible alloy particles within the root 
canals, using magnifications between 30 and 300x. 
In the same manner, the irrigant used during the root 
shaping was collected and analyzed. Differences in 
weight were statistically analysed using the independ-
ent sample Student t-test (p<0.05).
Results: No file separation was registered in both 
groups analyzed. Weight measurements and SEM 
micrographs showed signs of higher degradation for 
samples from group 2. EDX analysis showed some 
Ni-Ti particles in roots prepared in group 2.
Conclusions: Metal strips, weight loss and micro-frac-
tures appeared on the files subjected to steam ster-
ilization between the uses. Ni-Ti particles detached 
from files, during their intra-canal use were found on 
the root canal walls. 

Obiettivi: il presente studio ha lo scopo di valutare eventu-
ali segni di residui di lega di Ni-Ti nel canale radicolare dopo 
la preparazione e indagare se questo aspetto può essere 
influenzato dalla sterilizzazione dei file.
Metodologia: 20 primi premolari superiori estratti con 
completa formazione delle radici e forame apicale e tre kit 
di strumenti BioRace (FKG, Le Chaux-of-Fonds, Svizzera) 
sono stati utilizzati in questo studio. Il primo kit di BioRace 
è stato utilizzato per preparare 10 denti (20 canali), senza 
sterilizzazione tra gli utilizzi, mentre il secondo gruppo di 
campioni è stato sottoposto a sterilizzazione a vapore dopo 
ciascun dente (due canali) preparato. Il terzo kit di strumenti 
è stato usato come gruppo di controllo. I file sono stati quindi 
analizzati mediante microscopio elettronico a scansione 
(SEM) usando ingrandimenti tra 500 e 4.000x. Le immagini 
sono state scattate sulle sezioni D1-D8 di ciascun file. Il 
peso dei file è stato misurato utilizzando una bilancia con 
precisione di 0,001 g per quantificare la possibile perdita 
di lega e il degrado dei file durante l’utilizzo. I denti sono 
stati quindi sezionati sulla loro lunghezza e sottoposti all’an-
alisi EDX alla ricerca di possibili particelle di lega all’interno 
dei canali radicolari, utilizzando ingrandimenti tra 30 e 
300x. Allo stesso modo, l’irrigante utilizzato durante la 
modellatura della radice è stato raccolto e analizzato. I dati 
sulla differenza di peso sono stati analizzati statisticamente 
con test di Student (p<0.05).
Risultati: nessuna frattura è stata registrata negli strumenti 
di entrambi i gruppi analizzati. Le misurazioni del peso e le 
micrografie SEM hanno mostrato segni di degradazione più 
elevata per i campioni del gruppo 2. L’analisi EDX ha 
mostrato alcune particelle di Ni-Ti nelle radici preparate del 
gruppo 2.
Conclusioni: strisce metalliche, perdita di peso e micro-frat-
ture sono apparsi sui file sottoposti a sterilizzazione a vapore 
tra gli usi. Le particelle di Ni-Ti staccate dai file, durante il 
loro uso intra-canale, sono state trovate sulle pareti del 
canale radicolare.
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Introduction

E
ndodontic treatments involve 
accessing a sterile or non-sterile 
pulp chamber and root canal 
content, following an inflamma-
tion of the pulp or a bacterial 

colonization of the pulp chamber and root 
canals, as a septic complication of decay. 
For this purpose stainless-steel instru-
ments were developed in the last century 
serving for the different purposes during 
different procedures having the unique 
goal to clean and seal the root canal re-
specting the biologic and mechanical 
principles stated by Schilder (1). Over the 
last quarter of the century, the place of 
the stainless-steel instruments were 
taken slowly and surely by nickel-ti-
tanium files, becoming an instrument 
sine qua non for root canal treatments, 
even if steel-instruments are still used, 
mainly at the beginning of the root canal 
treatment. Nickel-Titanium (Ni-Ti) files 
are increasingly used by dentists for their 
properties that overlap those of stain-
less-steel instruments in facilitating the 
cleaning and shaping of root canals, dur-
ing the chemical and mechanical treat-
ment of all kind of pulp diseases. It is 
well known the fragility and the rigidity 
of the steel instruments compared with 
the Ni-Ti ones. These new instruments 
not only increased the speed of the treat-
ment but also managed to assure a proper 
shape of the canal preparation and, sub-
sequently, of the canal filling (2). These 
files proved to be twice as flexible in 
bending and torsion, having superior res-
istance to torsional fracturing when com-
pared to similar stainless-steel instru-
ments (2). The use of nickel-titanium 
(Ni-Ti) rotary instruments has increased 
the effectiveness and efficiency of root 
canal preparation. Studies made on ex-
tracted teeth proved that there are less 
debris and smear layer after preparation 
with nickel–titanium rotary files than 
after preparation with hand instruments 
(3, 4, 5, 6, 7).
During the time many techniques were 
tried to further enhance instrument res-

istance to cyclic fatigue and cutting effi-
ciency, resulting in a variety of strategies 
including heat-treatment and electro-pol-
ishing (8). Being so useful, reliable, res-
istant and ultimately, not cheap, the ini-
tially single-use instruments got to be 
reused by a wide number of practitioners 
for at least five times, with great success, 
being assured by the manufacturers that 
both files and the tooth are safe. There 
are reports that experimented to reuse 
the same file on 12 (9) or 24 (10) extracted 
roots having medium curvature. Legis-
lation worldwide is not prohibiting the 
reuse nor imposing the single-use, with 
very few exceptions. However, reusing 
the endodontic files raises many debates 
and questions. First of all there is the 
issue of cross-infection then the debate 
on sterilization and its effect on the Ni-Ti 
alloy itself and not ultimately the file 
mechanical resistance threshold. Accord-
ing to Walia (11), a material will fail by 
torsion when the ultimate shear strength 
is exceeded. Others stated that being a 
ductile material, a NI-Ti instrument 
would deform plastically and will frac-
ture if its ultimate strength is exceeded 
(12, 13, 14, 15) or if a fracture line has 
extended to such an extent that the re-
maining intact cross-section of file is 
unable to bear the functional load (16), 
thus complicating the whole treatment. 
While stainless-steel instruments separ-
ate due to excessive torque, in case of the 
Ni-Ti files, the combined stress exerted 
by torsional and cyclic fatigue is to be 
blamed for the separation that occurs (16, 
17, 18). Since Buehler (19) discovered the 
equiatomic Ni-Ti alloy and Walia (11) first 
reports on the use of Ni-Ti in endodontics, 
a large number of studies were made to 
assess the effect of steam or dry steriliz-
ation on Ni-Ti files. The idea that steril-
ization might work as a heat-treatment, 
inducing a “regeneration” of the used file 
served as ground for file reuse. Although 
a sterilization cycle might be assumed 
as a thermal treatment that should en-
hance the endurance of Ni-Ti files, this 
might be valid only in case of dry steril-
ization to some extent, considering that 
thermal treatment means heating up the 
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alloy to approximately 550 ºC (20). How-
ever, for the best practice in decontamin-
ation and cross-infection control, vacuum 
steam autoclaving is recommended, not 
dry heat. Several studies were made to 
assess the effect of sterilization process 
on the fatigue life of Ni-Ti rotary files, 
some of them with no significant effects 
(22). Others have found a better fatigue 
life after five cycles of dry-heat steriliz-
ation at 180 ºC (21). But there are also 
reports where the sterilization proved 
to affect the Ni-Ti files by decreasing the 
cutting efficiency, increasing the depth 
of surface irregularities and surface 
roughness and crack initiation and 
propagation (23, 24, 25). 
Many studies concluded that instrument 
usage can significantly influence the 
potential for fracture (10, 26, 27, 28). Al-
though new instruments can fracture at 
their first canal use, those that are used 
for three or more canals may have a 
higher susceptibility for fracture. Even 
if fracture incidence is relatively low in 
clinical practice, the fracture rates in 
reused files are very high and it can oc-
cur with any Ni-Ti rotary instrument 
(29). Some reports found that the incid-
ence of separation of unused rotary Ni-Ti 
files is about 1% (30, 31, 32, 33, 34, 35) 
while distortion was noticed to occur 
in up to 60% of the instruments used 
(36), but it is estimated that the incid-
ence of instrument fracture in instru-
ments used multiple times varies 
between 0.39% and 21% (12, 14, 15, 29, 
37, 38, 39). It has been also reported that 
55.7% of these fractures are due to tor-
sional mechanism and the rest of 44.3%, 
to cyclic fatigue (12). 
Endodontic irrigants are substances 
used, both as liquids as well as gels, to 
eliminate microorganisms, smear layer 
and pulp tissue from the endodontic 
system, due to the anatomic complexity. 
For this purpose sodium hypochlorite 
(NaOCl) and Ethylenediaminetetraacetic 
acid (EDTA) are widely used, for its an-
tibacterial and protheolytic effect, as 
well as for its chelating properties. It 
was shown that during extended periods 
of time in NaOCl solutions, corrosion 

may be enhanced (38) or minimized de-
pending on the pH of the environment 
(41). Though the impact of NaOCl did 
not show any difference in the cutting 
efficiency or resistance to fracture of 
Ni-Ti instruments (42, 43) it did result 
in a reduced resistance to cyclic fatigue 
(44, 45) and the presence of corrosion 
(21). There are also studies that showed 
that a sterilization cycle along with im-
mersion in NaOCl did not result any 
substantial instrument changes (46).
Since no studies are present on Ni-Ti 
files degradation, aim of the present 
study was to evaluate the degradation 
of Ni-Ti rotary files, after root canal pre-
paration, by measuring their weight and 
by means of scanning electron micro-
scope (SEM) evaluation and energy dis-
persive X-ray spectroscopy(EDX) exam-
ination of the prepared canal. 

Materials and Methods

20 extracted upper first bicuspids with 
complete root formation and two separ-
ate canals were used in present study. 
After the access cavity was prepared, 
the canals were negotiated to the work-
ing length with stainless-steel hand 
K-files up to size 15, confirming the ap-
ical patency. Standardized pre-operative 
radiographs were taken in both projec-
tions with the 15 K-file inserted into the 
canal, using a radiographic paralleling 
device attached to a Minray (Soredex, 
Milwaukee, United States) 70 kV, 8 mA 
X-ray generator. Teeth were included in 
a silicon-based material (Zetaplus, Zher-
mack, Badia Polesine, Italy) in order to 
maintain position, the X-ray tube was 
aligned perpendicular to the root canal, 
with an object to film distance of 3 mm 
and the exposure time was set at 0,2 
seconds. Digora Optime UV intraoral 
imaging plate system (Soredex, Milwau-
kee, United States) was used to capture 
the images. The degree of the canal 
curvature was determined using the 
Digora DfW2.6 and Scanora (Soredex, 
Milwaukee, United States) image pro-
cessing software. Schneider’s method 
(47) was used to determine the canal 
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curvature drawing two lines, one par-
allel to the long axis of the root canal 
and the second one crossing the foramen 
and intersecting the first line when it 
began to leave the long axis of the canal. 
Only canals categorized as moderately 
curved (10-20o) were selected for the 
present study. Since upper bicuspid usu-
ally has two root canals, both needed to 
have a curvature of 10-200, thus every 
tooth had two xrays done, with both 
canals having a size 15 K-file inserted 
one at a time. Teeth exclusion criteria were 
also: teeth with open apices, single root 
canal, previous restorative and endodontic 
treatment, developmental defects, abnor-
malities in root canal shape, root resorp-
tion, calcified canals. The 20 teeth were 
then divided in two groups of 10.
Three kits of BioRace instruments (FKG, 
Le Chaux-of-Fonds, Switzerland) consist-
ing of six files each (BR0 tip size 25/.08 
taper, BR1 15/.05, BR2 24/.04, BR3 25/.06, 
BR4 35/.04, BR5 40/.04) were used in 
present study. The six instruments of the 
first BioRace kit sample (group 1) were 
used in sequence without sterilization 
between their use in the preparation of 20 
root canals (10 teeth), while the second 
kit sample of six instruments (group 2) 
was used in 20 root canals (10 teeth) and 
subjected to steam sterilization (Al-
phaclave23, HMCE, Taillis-France) for 70 
minutes, after each two root canals pre-
pared, a total of 10 cycles of sterilization. 
The third kit of six new instruments was 
used as a control group.
Teeth were decoronated at the ce-
mento-enamel junction (CEJ) to avoid 
coronal interferences during root canal 
preparation, using a diamond disc (Be-
squal, Meta Dental Corp, Glendale, USA). 
The BioRace engine-driven endodontic 
files were used to prepare the root canals 
using the crown-down preparation tech-
nique by the same experienced operator, 
using an electric NSK NLXplus motor 
(NSK Europe, Maidenhead, UK) having a 
20:1 reduction hand-piece NSK Ti-Max 
X-SG20L, at 300 rpm and torque set at 1 
N/cm as recommended by the manufac-
turer. 
Each root canal was irrigated copiously 

with 2 ml of both 5,25% NaOCl 
(Cerkamed PPH, Stalowa Wola, Poland) 
and 17% EDTA (ethylene-diamine-tet-
ra-acetic acid) (Meta-Biomed Co Ltd., 
Chungbuk, Korea), after each instrument 
was used. Irrigation was carried out 
above a Berzelius glass, one for each 
sample group. Collected liquid was ana-
lyzed by means of Energy-dispersive 
X-ray spectroscopy (EDS, EDX or XEDS). 
After the liquid was analyzed, it was 
filtered using a filter paper and sediment 
left to dry at room temperature and then 
analyzed by means of Energy-dispersive 
X-ray spectroscopy. Broken files were 
registered and the instrument and the 
tooth involved were excluded from fur-
ther examination and substituted.
After root canal instrumentation the 
files were cleaned in ultrasonic bath 
(Hygea2850VM, Ultrawave Ltd., Cardiff, 
U.K.) in alcohol, for eight minutes, then 
all the instruments, including the con-
trol group, were subjected to weight 
measurement using a precision weight 
scale (Partner AS.3Y, Partner SRL, 
Bucharest, Romania), with readability 
of 0,001 g. Each file of the sample kit 
tested was subjected to three consecut-
ive measurements and the mean value 
was calculated to evaluate differences 
among new files and the instruments 
used with and without sterilization.
Then, roots were decalcified in 10% 
EDTA aqueous solution for 30 days, sec-
tioned along their long axis and pre-
pared for SEM analysis. SEM analysis 
was performed on each Ni-Ti file used 
and on the prepared roots, using a 
High-Resolution Scanning Electron Mi-
croscope (Hitachi SU8230, Chiyoda, Ja-
pan) equipped with a cold field emission 
gun. For morphological analysis the 
samples were deposited on aluminum 
stubs and sputter-coated with 10 nm 
gold on a Q150T ES Quorum. Loss of 
integrity, surface modifications, crack 
line propagation and deformations of 
the instruments were analyzed by means 
of SEM, using magnifications between 
500 and 4.000x.
Energy-dispersive X-ray spectroscopy 
(EDX, EDS or XEDS) was conducted us-
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ing an EDX System (X-Max N80TLE Sil-
icon Drift Detector, Oxford Instruments, 
Abingdon, Oxfordshire, UK) to identify 
microscopic alloy fragments inside the 
roots or in the irrigating agent. Roots 
were analyzed in search of Ni-Ti alloy 
fragments on the inner surface of the root 
canals using magnifications between 30 
and 300x to identify their existence in 
the roots prepared, to identify the group 
in which this phenomenon happened 
more and the moment of degradation to 
better understand if the phenomenon 
happened in all the roots prepared, or 
only by the end of instruments life. Dif-
ferences between the weight measure-
ments at the baseline and after treatment 
for both groups were tested for distribu-
tion using the Kolmogorov-Smirnoff test. 
They had normal (gaussian) distribution, 
which allowed using the independent 
sample Student t-test to compare the data 
(p<0.05).

Results 

No file separation was registered in both 
groups analyzed. Weight measurements of 
the different instruments are shown in 
Table 1 and there were no statistical differ-
ences between two groups (p=0.9140). In 
fact, a minimum weight loss was registered 
in both groups of instruments used, with 
respect to the control group (0,1-0,2 mg for 
instruments from group 1 and 0,1-0,5 mg 
for instruments from group 2), except for 
BR5 instruments, which recorded a higher 
weight loss (3 mg and 2,5 mg for samples 
from group 1 and 2 respectively). 
SEM microphotographs of the tested in-
struments showed that the files from group 
2 presented higher degradation with re-
spect to files from group 1. At SEM ana-
lysis, instruments from the control group 
did not report any sign of degradation (fig. 
1), while slight structure disruptions, cut-
ting edge disruption, metal strips and 

Figure 1
Surface of new files: 

BRO (A), BR1 (B), BR2 (C) 
and BR3 (d).

A B

C d
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heavy surface degradation (fig. 2) maybe 
seen in both groups analyzed.
EDX analysis revealed the presence of 
metal strips in the irrigating sample col-

lected form group 2 (fig. 3), while only 
organic and inorganic debris could be 
found in the irrigating sample collected 
from group 1 (fig. 4). SEM analysis revealed 

A B

C d

Figure 2 
Cutting edge disruption, 
metal strips and heavy 

surface degradation on BR3 
file from group 1 (A); 

same file from sample 
group 2 (B); 

BR5 file from sample 
group 1 (C); 

same file from sample 
group 2 (d).

Element Wt% Wt% Sigma

C 15.59 0.57

Ti 37.17 0.29

Ni 47.23 0.36

Total 100.00

A

C

Figure 3
EDX analysis results on the 

alloy fragment found in a 
tooth sample from group 2. 
(A) Alloy fragment collected 

in the rising agent; (B) 
Elements weight ratio in 
metal fragment; (C) EDX 

sampling on Ni-Ti fragment; 
(d) Elements atomic ratio in 

metal fragment.

d

B
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that the last four roots prepared with files 
from group 2 were richer in particles then 
other roots prepared before in the same 
group, as well as then all the roots pre-
pared with files from group 1.
Small scattered Ni-Ti particles may be seen 
on EDX layered images on the internal 
walls of the root canals in two samples 
from group 2 (fig. 5A, C) compared to the 
unlayered SEM image of the same section 
of the canals (fig. 5B). Elements atomic 
ration of the analysed canal segment is 

displayed in fig. 5D, where Nickel and Ti-
tanium elements are clearly identified by 
the EDX technique.

discussion

Ni-Ti rotary files have two mechanisms of 
fracture: shear (torsional) and accumulation 
of metal fatigue (12, 14, 15). Metal, being a 
ductile material, would deform plastically 
before a fracture occurs, if its yield stress 
is exceeded (13, 14, 15). Studies have clas-

Table 1. Mean weight (in mg) of the different files analyzed in the three different groups.

BioRace Control group (mg) Group 1 (mg) Group 2 (mg)

BR0 435,7 435,6 435,4

BR1 436,8 436,7 436,5

BR2 436,2 436,0 435,7

BR3 456,3 456,1 455,9

BR4 430,9 430,8 430,8

BR5 445,1 442,1 442,6

BA B

C

Figure 4
EDX analysis on the debris 
structure from a sample of 

group 1. (A) Calcic debris 
collected in the rinsing agent; 

(B) Elements weight ratio in 
debris fragment; (C) EDX 

sampling of debris; (d) 
Elements atomic ratio in 

debris fragment.

Element Wt% Wt% Sigma

C 45.08 0.39
O 33.98 0.36
Na 1.22 0.05
Mg 0.34 0.03
P 5.40 0.06
S 0.13 0.02
Cl 1.39 0.03
Ca 12.44 0.11

Total 100.00 d
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BA B

C

Figure 5 
(A) EDX layered image of root 

canal section with multiple 
Ni-Ti particles; (B) SEM 

image on the apical third of 
the root, without EDS 

layering; (C) EDX layered 
image of root canal section 
with multiple Ni-Ti particles; 
(d) Elements atomic ratio of 

root canal section presented 
in sections (A) and (B).

sified the mechanism of instrument break-
age into “torsional” when macroscopic, 
plastic deformation is present (13, 14, 15), 
even if such plastic deformations may not 
always appear when the instrument un-
dergoes shear failure (49, 50). On the other 
hand, a detailed examination of the frac-
ture surface of an instrument that fails 
purely due to fatigue would reveal the 
presence of one or more crack origins, an 
area of steady fatigue-crack growth adjacent 
to each crack origin, an area of rapid crack 
growth manifested as microscopic dimples 
of irregular size and shape and, occasion-
ally, a shear lip where the rapid crack-
growth region meets the periphery of the 
cross-section (10). Corrosion pits (the result 
of corrosive attacks on the material) may 
be found in specimens fatigued in hypo-
chlorite solution (10, 28, 33). The fa-
tigue-crack origins are usually situated at 
or near the cutting edge (in cross-section) 
or on some flaws of the surface such as 
machining grooves, or subsurface defects, 
such as microscopic fatigue striations (9). 
These inner structure changes may lead 
also to surface defects, besides those inflic-
ted mechanically and through chemical 
corrosion (10, 21, 40, 42, 43, 44, 45).

As it may be assumed that structure dis-
integration leads to weight loss that is meas-
urable with precise equipment, the present 
study focused on weight loss assessment 
and identification of the sample group that 
suffered the most for this phenomenon. 
The purpose of this study was to assess the 
degradation of the Ni-Ti files by measuring 
them before and after use. The present 
study found Ni-Ti fragments in the collec-
ted and filtered rinsing agent and smaller 
fragments on the inner surface of the 
dentinal root canal walls of the prepared 
teeth. The alloy fragments collected in the 
irrigating solutions were probably detached 
from the cutting edge of the files, having 
comparable sizes with similar fragments 
found still attached on the cutting surface 
of files from the same group in the SEM 
micrographs. Smaller sized particles hav-
ing similar or smaller size then the dentinal 
tubules were trapped in the tubules as it 
can be noticed in the EDX images. EDX 
analysis made possible through different 
staining to identify the alloy particles and 
to create an idea about their presence and 
location. Energy-dispersive X-ray spectro-
scopy (EDS, EDX, or XEDS) is an analytical 
technique used for the elemental analysis 
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or chemical characterization of a sample. 
Its characterization capabilities are due to 
the fundamental principle that each ele-
ment has a unique atomic structure allow-
ing a unique set of peaks on its X-ray emis-
sion spectrum. To stimulate the emission 
of characteristic X-rays from a specimen, a 
high-energy beam of charged particles such 
as electrons or protons or a beam of X-rays 
is focused into the sample being studied. 
At rest, an atom within the sample contains 
ground state (or unexcited) electrons in 
discrete energy levels or electron shells 
bound to the nucleus. The incident beam 
may excite an electron in an inner shell, 
ejecting it from the shell while creating an 
electron-hole where the electron was. An 
electron from an outer, higher-energy shell 
then fills the hole and the difference in 
energy between the higher-energy shell and 
the lower energy shell may be released in 
the form of an X-ray. The number and en-
ergy of the X-rays emitted from a specimen 
can be measured by an energy-dispersive 
spectrometer. As the energies of the X-rays 
are characteristic of the difference in energy 
between the two shells and of the atomic 
structure of the emitting element, EDS al-
lows the elemental composition of the spe-
cimen to be measured (51).
Instruments from the kit used in group 1 
and not autoclaved presented distortion 
and bluntness rather than disruption of the 
cutting edge, while instrument samples 
from the kit used in group 2 and submitted 
to sequential autoclave sterilization presen-
ted metal chips and cutting edge disrup-
tion. Thus, files from group 2 seemed to be 
more affected structurally, by weight cal-
culation, SEM images and EDX measure-
ments. Given the fact that instruments from 
both groups were used in similar clinical 
conditions, on a similar number of root 
canals, with a similar degree of curvature, 
these differences may be due to environ-
mental conditions and the inner transform-
ation that alloy suffered during steam ster-
ilization. A limitation of the present study 
is given by the small sample size and by 
the fact that samples from group 1 were 
tested in a clinically non-reproducible con-
dition, meaning the absence of sterilization. 
Previous studies reported that multiple 

cycles of autoclave sterilization signific-
antly decrease the cyclic fatigue resistance 
of the Twisted File (52), decreased instru-
ments cutting efficiency, increased the 
depth of surface irregularities and surface 
roughness and evidenced crack initiation 
and propagation (22, 23, 24). In an another 
study (10), steam sterilization affected the 
inner structure of nitinol, so that files with 
increased taper seemed to be more fragile 
than files with a smaller taper from the 
same file kit, due to decreased flexibility. 
However, there are studies that showed no 
influence of autoclave on cyclic fatigue res-
istance of the files, while others (53) iden-
tified the same type of increased resistance 
to cyclic fatigue, although the thermal ap-
plications did not alter instrument surface 
morphology, but resulted in significant 
changes in the instrument bulk with the 
appearance of an R-phase and improved 
fatigue resistance. 
In the present study, instruments were 
used to prepare 10 roots and 20 root canals 
because the findings of a previous study 
reported that files subjected to intermedi-
ate steam sterilization separated preparing 
the 12th root canal (10) while in another 
study (9), where no sterilization was used, 
the same instruments used in the previous 
study were managed to prepare 24 root 
canals. It may be assumed that this dam-
ages happened when a certain load was 
applied after a certain number of rotations, 
being torque and fatigue dependent (14, 29, 
47, 48).
Another aspect that needs to be addressed 
is the aspect of cross-infection. It has been 
a long time argued about the chances of 
prion cross-infection by means of dental 
instruments. Those who argued in favor of 
possible transmission based their theory 
on prion’s alleged transmission from the 
neural tissues to the tissues located in the 
mouth, due to prion accumulation in the 
perioral ganglia system of patients with this 
disease (54). The assumptions followed the 
logical conclusion that since dental pulp 
originates from the neural crest, theoretic-
ally, the dental pulp of people suffering 
from any type of Creutzfeldt-Jakob Disease 
could be infectious. There were reported 
cases of infected laboratory animals that 
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developed certain contagiousness in the 
oral tissues (55, 56). It was stressed that even 
if the oral tissues are of merely not detect-
able contagiousness and the presence of 
prion protein in these tissues has not been 
confirmed in humans, we cannot rule out 
the nosocomial transmission of prions dur-
ing dental treatments (57). It was reported 
that classic sterilization methods like steam 
sterilization or by ethylene gas are ineffect-
ive against prion agents (58, 59). Therefore 
instruments that can be reused have to pass 
through strict decontamination protocols 
before cleaning and then to be subjected to 
steam sterilization at 134 ºC for 10-18 
minutes in a vacuum environment. How-
ever, in a later report, dentists are requested 
to use endodontic files as single-use instru-
ments regardless of the case (60). 
On the other hand, as there is no instru-
ment that prevents apical extrusion (61), 
the present study reports on the possibility 
for apical extrusion of Ni-Ti particles along 
with dentin debris, even if the periodontal 
space is a closed system, being different 
with the open system used during this 
study. It is therefore assumable that such 
metal particles may migrate through the 
foramens being able to create an allergic 
reaction (59). 
In endodontics the potential allergens are 
haptens which can turn in full antigens in 
certain conditions. New researches showed 
that Type I reactions can be triggered by 
haptenic substances like metal ions (60), 
with the possible creation of an immediate 
or delayed dermal or mucosal reaction (62). 
If the individual is initially sensitized the 
reaction can have anaphylactic symptoms 
due to cross-reaction with barrier equip-
ment (rubber dam, gloves etc.) which also 
contains allergens (59). These reactions can 
be the result of previous sensitization. It is 
known that dermal exposure to metallic 
allergens is more likely to trigger an aller-
gic reaction than mucosal exposure, there-
fore allergic reactions in endodontics is 
extremely low if we take in consideration 
only the type 1 reactions. But if we take 
into account the side effects of allergic re-
actions which are almost neglected as 
symptoms, like delayed apical healing, 
persisting discomfort after root filling, post 

operatory urticaria, or allergy to Nickel, 
their number may increase considerably. 
There are cases of allergic reactions due to 
cross-reactions between natural rubber 
latex and gutta-percha using the chloroform 
technique (63, 64) or between NRL and an-
tibodies to avocado or bananas. Braun et 
al. (65) presented arguments in favor of 
possible sensitization to formaldehyde after 
several root canal treatments. A reaction 
between the metal ions and the sealer 
haptens combined with the residual pulp 
tissue proteins can form allergens that trig-
ger systemic or local reactions (59). Al-
though it is difficult to prove the link 
between a failed root canal treatment and 
a suspected local reaction to an allergen, 
there are cases described in the literature 
(63, 64) where the symptoms (urticaria, 
persisting discomfort) required the removal 
of the root filling after which the symptoms 
disappeared. 

Conclusions

Although no file separated in any of the 
groups, metal strips, weight loss and mi-
cro-fractures appeared more frequently on 
the files subjected to steam sterilization 
between the uses. Ni-Ti particles detached 
from the files during their intra-canal use 
were found in the irrigating solutions and 
on the root canal walls. Single-use of Ni-Ti 
endodontic engine-driven files is always 
advisable in order to reduce instruments 
wear due to their excessive use and reduce 
the chances of cross-infection and un-
wanted reactions. 

Clinical Relevance

The results of this study should warn the 
dentist about the risks of multiple-use of 
endodontic files encouraging them to con-
sider Ni-Ti files as single-use equipment. 
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Abstract
Aim: To investigate the effects of dentinal treat-
ment with chlorhexidine and isopropyl alcohol, 
alone or associated, on the bond strength and 
bond stability of glass fiber posts cemented with 
a self-adhesive resin cement. 
Materials and Methods: Forty bovine teeth were 
endodontically treated and randomly distributed 
into four groups, according to the dentinal treat-
ment after post space preparation: distilled wa-
ter (Control); 2% chlorhexidine (CHX); isopropyl 
alcohol (ISO); 2% chlorhexidine + isopropyl alco-
hol (CHX+ISO). Glass fiber posts were cemented 
with a self-adhesive resin cement and after 24 
h specimens were cut into six 1.5 mm-thick 
slices. One slice of each root third (i.e. apical, 
middle and coronal) was subjected to immediate 
push-out test and the other was stored in distilled 
water at 37 °C for six months for delayed push-
out test. Bond strength was registered in mega-
pascal (MPa). Failure mode was evaluated by a 
stereomicroscope, with 40x magnification. Data 
analysis was performed using Kruskal-Wallis and 
Friedman tests, with 5% significance level.
Results: No significant differences were detected 
between experimental groups or between root 
thirds in the same group in the immediate eval-
uation. After six months of aging, all groups 
showed a significant decrease in bond strength 
values, but ISO group presented higher bond 
strength than Control and CHX groups (p=0.0001). 
The most common type of failure for all groups 
was adhesive between resin cement and root 
dentine. 
Conclusions: Dentinal treatment with CHX and 
ISO, isolated or combined, did not affect the im-
mediate bond strength of glass fiber posts, but 
the ISO group presented better bond stability 
after six-month aging.

Obiettivi: studiare gli effetti del trattamento della 
dentina con clorexidina e alcol isopropilico, da soli o 
associati, sulla resistenza e sulla stabilità del legame 
dei perni in fibra di vetro cementati con un cemento 
resinoso autoadesivo.
Metodologia: quaranta denti di bovino sono stati 
trattati endodonticamente e distribuiti casualmente 
in quattro gruppi, in base al trattamento dentinale 
dopo la preparazione del post space: acqua distillata 
(controllo); 2% clorexidina (CHX); alcool isopropilico 
(ISO); Clorexidina al 2% + alcool isopropilico (CHX+ISO). 
I perni in fibra di vetro sono stati cementati con un 
cemento resinoso autoadesivo e dopo 24 ore i cam-
pioni sono stati tagliati in sei sezioni di 1,5 mm di 
spessore. Una porzione di ogni terzo è stata sottoposta 
a test di push-out e l’altra è stata conservata in acqua 
distillata a 37 °C per sei mesi per il test di push-up 
ritardato. La forza del legame è stata registrata in 
megapascal (MPa). Il tipo di fallimento è stato valutato 
da uno stereomicroscopio, con 40x di ingrandimento. 
L’analisi dei dati è stata eseguita utilizzando i test di 
Kruskal-Wallis e Friedman, con un livello di signific-
atività del 5%.
Risultati: non sono state rilevate differenze signific-
ative tra i gruppi sperimentali o tra terzi dello stesso 
gruppo nella valutazione immediata. Dopo sei mesi 
di invecchiamento, tutti i gruppi hanno mostrato una 
significativa diminuzione dei valori di forza di legame, 
ma il gruppo ISO ha presentato una forza di legame 
superiore rispetto ai gruppi di controllo e CHX 
(p=0,0001). Il tipo più comune di fallimento riscontrato 
tra i gruppi era di tipo adesivo tra cemento resinoso 
e dentina radicolare.
Conclusioni: il trattamento dentinale con CHX e ISO, 
isolati o combinati, non ha influenzato la forza di 
legame immediata dei perni in fibra di vetro, ma il 
gruppo ISO ha presentato una migliore stabilità del 
legame dopo un invecchiamento di sei mesi.
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Introduction

uality of coronal restoration 
is an important factor for 
success in endodontically 
treated teeth. Furthermore, 
the rehabil itat ion of 
weakened teeth is still a 
challenge and there is a lack 

of consensus in the literature on the best 
way to restore them. In cases where there 
is total or partial loss of the dental crown, 
rehabilitation becomes even more complex 
and it may be necessary to use intraradicu-
lar posts to assist retention of restorative 
material (1, 2).
Glass fiber posts are an alternative to cast 
posts and core and have been widely used. 
In addition to the aesthetic advantages, this 
alternative is justified due to the similarity 
in the modulus of elasticity between the 
post and dentin, which allows a more ho-
mogeneous tension distribution in compar-
ison to more rigid posts (3). Also, most of 
the clinical failures involving glass fiber 
posts occur by debonding of the cement/
post assembly from the root canal walls (4). 
The literature demonstrates that adhesion 
of self-adhesive resin cements to root 
dentin can be affected by the moisture 
condition of dentin, with a partial moist 
being favorable to the adhesion mechan-
ism of these cements (5). Manufacturer’s 
instructions provide information on the 
proper use of these materials; however, 
there is no clear reference to the required 
dentin moisture condition or irrigation 
solutions to be used prior to the cement-
ation procedures (6). 
Several chemical substances, including 
alcohols in different concentrations, have 
been tested in the pre-treatment of dentin 
to control dentin moisture and promote 
effective adhesion (7, 8). The use of isopro-
pyl alcohol (C3H7OH) has already shown 
a beneficial effect on the adhesive strength 
of endodontic sealers (9, 10) but has not yet 
been evaluated in relation to glass fiber post 
cementation.
NaOCl and chlorhexidine gluconate are the 
most used endodontic irrigants due to their 
antimicrobial capacity. They are also re-
commended as irrigating solutions prior to 

post cementation (11). A recent systematic 
review demonstrated that dentinal treat-
ment is an important variable in the reten-
tion of fiber posts (12). Still, some studies 
have shown a negative effect of NaOCl on 
the adhesion of resin cements to intrara-
dicular dentin when used alone (13), while 
chlorhexidine could enhance bonding sta-
bility through the inhibition of metallopro-
teinases (14).
Its beneficial effect was reported before the 
application of total-etch and also self-ad-
hesive resin cements (15). Thus, the aim of 
this study was to evaluate the effect of 
dentin treatment with chlorhexidine and 
isopropyl alcohol, alone or associated, on 
the bond strength and durability of bonding 
of glass fiber posts cemented with a self-ad-
hesive resin cement to the root dentin of 
bovine teeth, also considering root thirds. 
The null hypothesis tested was that differ-
ent irrigating solutions would result in the 
same immediate or delayed bond strength 
of glass fiber posts, even at different root 
thirds.

Materials and Methods

Sample size calculation was based on pre-
vious studies (16, 17). Forty bovine incisors 
were selected for this study. Teeth were 
cleaned and stored in 0.5% chloramine T 
solution (Sigma-Aldrich Brasil LTDA, 
Duque de Caxias, RJ, Brazil) for disinfec-
tion. Crowns were removed using a slow-
speed, water-cooled diamond disc (LabCut 
1010; Extec Corp, Enfield, CT, EUA), and 
the length of the roots were standardized 
in 16 mm. Specimen preparation is illus-
trated in figure 1. A size 30 K file (Dent-
sply-Maillefer, Ballaigues, Switzerland) was 
used for canal exploration and removal of 
possible pulp remnants. The working 
length was set at 15 mm.
Chemomechanical preparation was per-
formed with hand instrumentation using 
the crown-down technique. Cervical and 
middle thirds of root canals were enlarged 
with #5, #4 and #3 Gates Glidden drills 
(Dentsply-Maillefer, Petrópolis, RJ, Brazil), 
followed by instrumentation with K files 
in the apical third (Dentsply-Maillefer, Pet-
rópolis, RJ, Brazil). Irrigation was per-

Q
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formed with 2 mL of 2.5% NaOCl (Asfer, 
São Caetano do Sul, SP, Brazil) after the use 
of each instrument. The final apical size 
was 0.80 mm. To remove the smear layer, 
the root canals were irrigated with 5 mL of 
17% EDTA (Asfer, São Caetano do Sul, SP, 
Brazil) for 5 minutes and finally flushed 
with 5 mL of 2.5% NaOCl. Root canals were 
completely dried with absorbent paper 
points (Tanari, Manacapuru, AM, Brazil) 
and filled using gutta-percha points and 
the epoxy resin-based endodontic sealer 
AH Plus (Dentsply DeTrey, Konstanz, Ger-
many) in the lateral condensation tech-
nique. The coronal portion of the roots was 
temporarily sealed and stored in 100% 
humidity for a week. 
Roots were prepared for post-placement 
using a low-speed drill (#2 Angelus, Lon-
drina, PR, Brazil). A standardized 12 mm 
post-space was drilled in each root canal, 
and not less than 3 mm of apical seal was 
maintained. Specimens were randomly 
distributed into four groups (n=10) accord-
ing to the irrigating solution used after post 
space preparation. Control group: distilled 
water; CHX group: 2% chlorhexidine; ISO 
group: isopropyl alcohol; CHX+ISO group: 
2% chlorhexidine + isopropyl alcohol. Root 
canals were rinsed with 5 mL distilled wa-
ter to remove the remaining debris, and 

then each group received 5 mL of the re-
spective irrigant for one minute.
Glass fiber posts were previously cleaned 
with 70% ethanol and treated with silane 
(Angelus, Londrina, PR, Brazil). Root canals 
were dried with paper points and the res-
inous cement was inserted into the root 
canals with a Centrix syringe (DFL In-
dústria e Comércio SA, Rio de Janeiro, RJ, 
Brazil). Self-adhesive resin cement (RelyX 
U200 3M ESPE, Seefeld, Germany) was 
used for the cementation procedure ac-
cording to manufacturer’s instructions. 
After cementation, cervical dentin and 
post received a composite resin coverage 
and teeth were stored in distilled water 
at 37 °C for 24 h until bond strength spe-
cimen preparation.
Each root was horizontally cut with a slow-
speed, water-cooled diamond disc (Isomet, 
Buehler Ltd., Lake Bluff, IL, USA) to pro-
duce two 1.5 mm-thick slices for each root 
third (i.e. apical, middle and coronal). The 
first coronal slice of 0.5 mm was excluded. 
Then, the six remaining slices were con-
sidered from each root canal (n=60 per 
group). One slice of each root third was 
considered for immediate push-out sub-
group and the other was maintained in 
water storage 37 °C for six months for aged 
push-out subgroup (n=30).

Figure 1
Specimen preparation: (A) 

Root length standardized in 
16 mm; (B) Root canal 

preparation until a size 80 
K-file; (C) Post space 

preparation with specific 
low-speed drill; (D) Silane 
application; (E) Resinous 

cement insertion with a 
Centrix syringe; (F) Cementa-

tion procedure followed by 
digital pressure.
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The push-out test was performed in a uni-
versal testing machine (model DL-1000, 
EMIC Equipamentos e Sistemas de Ensaio 
Ltda., São José dos Pinhais, PR, Brazil). Root 
slices were positioned and then submitted 
to compression loading with a 1 mm-dia-
meter metallic cylindrical plunger touching 
the cemented fiber-post center, in an apex-
crown direction at a 1 mm/min speed with 
1.000 N until dislodgment of the post. The 
bond strength (σ) in megapascal (MPa) was 
obtained as previously reported (16). 
The following formula was applied:
σ=F/A 
where 
F=sample rupture load (N) 
and 
A=area of adhesion (mm2)
To determine the adhesion area, a formula 
was used to calculate the lateral area of a 
straight circular cone with parallel bases, 
that is
A=2 πg (R1+R2)
where
π=3.14
g=inclined height
R1=lower radius of the base
R2=largest base of the area
To determine sloping height, the following 
calculation was used
g2=(H2+[R1-R2]2)
where 
H=section height
R1 and R2 were obtained by measuring 
with a digital caliper (Mitutoyo, Suzano, 
SP, Brazil) the internal diameters of the 
smallest and largest base, respectively, 

which corresponds to the internal diameter 
of the root canal walls.
The failure mode was verified by using a 
stereomicroscope at 40x magnification (Ste-
reo Discovery V20; Zeiss, Oberkochen, Ger-
many). Failures were classified into five 
categories: 1) adhesive between post and 
resin cement (no resin cement visible 
around the post); 2) mixed, with resin ce-
ment covering 0%-50% of the post surface; 
3) mixed, with resin cement covering 
between 50% and 100% of the post surface; 
4) adhesive between resin cement and root 
dentin (post enveloped by resin cement); 
and 5) cohesive within the resin cement.
After push-out test, the mean values of bond 
strength were calculated for each root third 
(cervical, middle and apical) and for each 
tooth (average of three thirds) within each 
experimental group. Data were analyzed 
using the statistical software BioEstat 5.0 
(CNPq, Brasília, DF, Brazil). For comparison 
between groups, the Kruskal-Wallis test 
was applied and for specimens of different 
root thirds, in the same group, the Fried-
man test was used. The comparison 
between immediate and after six months 
aged groups was performed with the Wil-
coxon test. The significance level was set 
at 5% for all statistical analyses.

Results

Mean bond strength and respective stand-
ard deviation are presented in Table 1. In 
the immediate evaluation, similar bond 
strength values were found for all dentinal 

Table 1 
Bond strength means and standard deviations (MPa) obtained in each experimental group and condition (n=30)

Groups Irrigants Immediate (MPa) 6-month aging (MPa)

Control Distilled Water 2.57±2.00Aa 1.37±0.93Ba

CHX 2% Chlorhexidine 3.27±2.36Aa 1.35±1.01Ba

ISO Isopropyl alcohol 4.04±2.87Aa 2.20±0.91Bb

CHX+ISO 2% Chlorhexidine + isopropyl alcohol 3.59±2.28Aa 1.90±0.89Bab

 
Means followed by different uppercase letters (row) or lowercase letters (column) are significantly different (p<0.05).
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treatments. However, after six months of 
aging, ISO group presented higher bond 
strength than Control and CHX groups 
(p=0.0001). In the intragroup comparisons, 
all dentinal treatments showed a significant 
decrease in bond strength values from im-
mediate to six-month evaluation. The com-
parison between root thirds did not show 

statistical significant differences in any 
group in the immediate analysis: Control 
(p=1.00); CHX (p=0.90); ISO (p=0.27); 
CHX+ISO (p=0.67); and in the delayed ana-
lysis: Control (p=0.90); CHX (p=0.06); ISO 
(p=0.74); CHX+ISO (p=0.20). Figure 2 shows 
the failure mode distribution in the tested 
groups, being adhesive failures between 
root canal and resin cement (figure 3) the 
most frequent pattern obtained for all 
groups.

Discussion

There is a lack of consensus in the literature 
about the solution used prior to glass fiber 
post cementation. Scientifically based clin-
ical protocols with standardization of these 
solutions for each type of cement are neces-
sary to increase the bond strength of posts 
and consequently the longevity of restora-
tions. The use of isopropyl alcohol was ex-
pected to control the excess water of the 
dentinal tubules. This has not happened 
immediately, although the bond strength 
values were slightly higher. However, iso-
propyl alcohol performed better than con-
trol and chlorhexidine groups after six 
months of aging. Also, all groups presented 
a significant decrease in bond strength val-
ues after the aging process. Thus, the null 
hypothesis was rejected.

Figure 2
Failure mode distribution in 

the experimental groups and 
conditions. CHX: 2% 

Chlorhexidine; CHX+ISO: 2% 
Chlorhexidine + isopropyl 

alcohol; ISO: isopropyl 
alcohol; IM: immediate; 6M: 

six-month aging.

Figure 3
Stereomicroscope images 

illustrating an adhesive 
failure between root canal 

and resin cement at 15x (A) 
and 40x magnification (B).

The five possible categories of failure mode in the chart legend are the most found in the literature. 
However, two of these categories were not observed in our samples.
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Dias et al. (9) proposed a protocol to dry the 
canal with isopropyl alcohol and assessed 
its influence on the bond strength of an 
epoxy resin-based endodontic sealer prior 
to root canal filling. In their study, the use 
of this substance as an irrigating solution 
promoted higher bond values and greater 
penetration of the sealer in the dentinal 
tubules when compared to groups dried 
with paper points, corroborating our find-
ings. Despite this, the direct comparison 
between endodontic sealer and self-adhes-
ive resin cement is not possible, since the 
formulation and role played by these ma-
terials are different. Thus, to our knowledge, 
the present study is the first to use isopropyl 
alcohol in the intraradicular dentin clean-
ing protocol prior to glass fiber post cement-
ation.
When a suitable control of dentin moisture 
is obtained, greater penetration of resin ce-
ment on dentinal walls should be expected 
(18). This way, the higher bond strength 
values of isopropyl alcohol group after aging 
could be explained due to its capacity of 
promoting a smaller water replacement of 
the dentinal tubules, increasing the wettab-
ility of the dentin and allowing more effect-
ive conversion of resin monomers (8).
Irrigation of post space using 2% chlorhex-
idine was proposed due to its beneficial 
effect prior to the use of total-etch and 
self-adhesive resin cements (15). However, 
its application did not alter the immediate 
bond strength when compared to the Con-
trol group in this study, which agrees with 
other studies using total-etch and self-ad-
hesive resin cements (7, 17, 19, 20). After six 
months of aging, bond strength stability was 
not preserved in chlorhexidine groups (CHX 
and CHX+ISO). However, as reported in a 
published systematic review (21), there is 
high heterogeneity among studies where 
water-storage aging process was applied 
and the lack of bond strength stability could 
be addressed to the aging method. 
Also, longer times of aging have already 
been evaluated and the results did not sup-
port bond strength stability when chlorhex-
idine was used as pre-treatment for post 
cementation, even after one year of aging in 
artificial saliva. Other authors even found 
a negative effect when using chlorhexidine 

prior to a self-adhesive resin cement (11, 22, 
23).
These inconsistent findings may be ex-
plained by differences in the methodology, 
where a simple additional rinse with water 
after using the irrigating solution could re-
move a possible residual effect of the latter. 
Even knowing that self-adhesive resin ce-
ments adhere to tooth surface trough a 
chemical interaction with hydroxyapatite, 
it is important to understand that these 
methodological differences could be the 
main reason for discrepancies in the liter-
ature. 
In the present study, the comparison between 
root thirds did not show statistical differ-
ences in any group. The explanation for this 
homogeneous behavior along the entire root 
canal length would be its dual-cure nature, 
which allows polymerization where the light 
does not reach (24). Some authors reported 
that RelyX Unicem (3M ESPE, Seefeld, Ger-
many), the first self-adhesive resin cement 
released on the market, has behaved homo-
geneously along the root canal (25), as found 
in our study with U200. Another explanation 
would be the use of the Centrix syringe, 
which may have contributed to an adequate 
distribution of the cement on the apical root 
third (26).
The adhesive failure between resin cement 
and root dentin was the most common fail-
ure mode in all groups, as reported in past 
studies (27). They have shown that the bond 
strength in the cement/dentin interface is 
lower than in the cement/post assembly. 
Moreover, post cleaning and its pre-treatment 
with silane may have reduced possible fail-
ures within the cement/post interface (28).
Although well delineated, this laboratory 
study can only estimate an increase or re-
duction in bond strength performance in a 
period of six months, which should be com-
plemented by long-term in vitro studies and 
further confirmed by clinical trials, to as-
sess the clinical behavior of such irrigating 
solutions before adhesive cementation of 
glass fiber posts. 

Conclusions

Despite the limitations of this in vitro 
study, the results confirm that regardless 
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of the dentinal treatment applied, imme-
diate bond strength values were not en-
hanced. However, considering the six-
month aging period, the application of 
isopropyl alcohol as irrigant agent prior to 
glass fiber post cementation presented bet-
ter bond strength stability.

Clinical Relevance 

Dentinal treatment is an important vari-
able in the retention of fiber posts. This 
study showed that isopropyl alcohol alone 

promoted better bond stability after six 
months when compared to chlorhexidine, 
alone or associated with isopropyl alcohol.
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Abstract
Aim: The most common anatomical configuration of the 
mandibular molar is to present two roots and three or 
four canals, but it’s possible to find many different con-
figurations. A case of unusual mandibular molar is presen-
ted to illustrate the anatomic root canal variation. 
Summary: Endodontic treatment was performed in a 
mandibular third molar with five roots, four in the mesial 
portion and one in the distal portion. The x-ray examina-
tion showed an abnormal root canal anatomy, suggesting 
the presence of extra mesial roots. Cone-beam computed 
tomography (CBCT) imaging revealed five roots and five 
root canals, with four independent roots in the mesial 
portion and one in the distal portion, indicating a rare 
anatomic configuration. This case report presents the 
importance of searching for extra canals and the unusual 
canal morphology, because the knowledge of the most 
common anatomic characteristics and their possible 
variations is fundamental to the endodontic treatment 
success.
Key learning points: (A) The major cause of failure in 
root canal therapy is the inability to localize and treat all 
of the canals of the root canal system. (B) Mandibular 
molars may have complex canal systems and variations. 
(C) The operating microscope and CBCT interpretation 
are fundamental in confirming and preventing mistakes 
about the configuration of root canals.

Obiettivo: la configurazione anatomica più comune 
del molare mandibolare è costituita da due radici e 
tre o quattro canali, ma è possibile trovare molte con-
figurazioni diverse. Viene presentato un raro caso di  
molare mandibolare per mostrare la variabilità 
dell’anatomia radicolare.
Riassunto: il trattamento endodontico è stato eseguito 
in un terzo molare mandibolare con quattro radici nella 
porzione mesiale e una nella porzione distale. L’esame 
radiografico ha mostrato un’anomalia dell’anatomia radic-
olare che suggeriva la presenza di altre radici mesiali. Le 
sezioni della tomografia computerizzata (CBCT) hanno 
rivelato cinque radici e cinque canali radicolari, con quat-
tro radici indipendenti nella porzione mesiale e una nella 
parte distale, una rara configurazione anatomica. Questo 
caso riporta l’importanza della ricerca dei canali accessori 
e della morfologia inusuale dell’anatomia radicolare, poi-
ché la conoscenza delle più comuni caratteristiche ana-
tomiche e delle loro possibili variabilità è fondamentale 
per il successo del trattamento endodontico.
Punti chiave: (A) La principale causa di fallimento di una 
terapia canalare è l’incapacità di localizzare e trattare tutti 
i canali del sistema canalare. (B) I molari inferiori possono 
avere varianti e sistemi canalari complessi. (C) Il microsco-
pio operativo e la CBCT sono fondamentali per confermare 
e prevenire errori sulla morfologia dei canali radicolari.
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CASE REPORT/Caso CliniCo

A mandibular molar with four 
independent mesial roots: a case report

Un molare mandibolare con quattro canali mesiali indipendenti: un 
case report

 Introduction

V
ariation in pulp cavity mor-
phology, especially in multi-
rooted teeth, is a constant 
challenge for diagnosis and 
successful endodontic ther-

apy (1). Knowledge of the most common 
anatomical characteristics and their pos-

sible variations is fundamental, because 
nontreatment of even one canal can lead 
to endodontic treatment failure.
The main objectives of root canal treatment 
are thorough cleaning and shaping of all 
pulp space and its complete obturation 
with an inert filling material and a coronal 
filling, preventing ingress of microorgan-
isms (2). 
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The mandibular first molar usually has 
two roots, one mesial and one distal, and 
three or four canals (3, 4). The mesial root 
has two canals with an isthmus between 
them (3, 5, 6, 7). This system may have an 
accessory mesial canal at a prevalence that 
ranges from 0% to 17% (8, 9). Kottoor (10) 
and Ahmed (11) found a prevalence rate 
of 4% and 3% for 3 canals in mesial and 
distal roots. Therefore, this occurrence in 
the same tooth is rare (12, 13).
According to Mannocci (14) the morpho-
logy of mesial canals in mandibular mol-
ars is complex, with a high frequency of 
intercanal communications. Numerous 
case reports have described aberrant 
canals in the mesial root of the mandibu-
lar molar (15-18). In the literature, the 
occurrence of three independent canals 
in the mesial root has been frequently 
reported, whether the tooth has one (16), 

two (17) or three roots (18), but a literature 
search evidences that the occurrence of 
four mesial canals in four separate mesial 
roots has never been described, which 
indicates a rare anatomical configuration.
The purpose of this article was to de-
scribe an unusual case of an endodontic 
treatment of a mandibular molar with 
five canals in five roots, distributed as 
four independent mesial roots and one 
distal root. 

Case Report

A 51-year-old female with noncontributory 
medical history was referred to our dental 
office complaining of discomfort associ-
ated with the left mandible.
Clinical examination revealed the pres-
ence of cavity in the left mandibular third 
molar. The clinical diagnosis was necrotic 
pulp. History revealed pain on mastica-
tion. Neither fistula nor edema was ob-
served in the soft tissue. There was no pain 
or tenderness on palpation, tooth mobility 
was within physiological limits, and gin-
gival attachment was normal. The tooth 
was tender to vertical percussion. Thermal 
pulp testing (Endo-Frost, Coltène-
Whaledent, Langenau, Germany) elicited 
a negative response.
Pretreatment radiographic evaluation of 
the tooth showed an abnormal root canal 
anatomy, suggesting the presence of extra 

Figure 1
Pretreatment radiograph 
showingan abnormal root 

canal anatomy,suggesting the 
presence of extra

mesial roots.

Figure 2
Computed tomography (CT) 

scanslices revealing five roots 
and fiveroot canals.
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mesial roots (figure 1). Cone-beam com-
puted tomography (CBCT) imaging re-
vealed five roots and five root canals, four 
of which in the mesial portion, and one in 
the distal portion (figure 2). CBCT images 
provided valuable information regarding 
the canal configuration and confirmed the 
five root canals that were not clearly seen 
in the conventional radiograph.
The tooth was anesthetized using the 
standard inferior alveolar nerve blocks 
with 1.8 ml of 4% articaine with 1:100.000 
epinephrine (Articaine, DFL Ind e Com 
Ltda, Rio de Janeiro, Brazil). After the ad-
ministration of the local anesthetic, the 
tooth was isolated, the coronal access was 
prepared, and the pulp tissue was re-
moved.
During the entry to the pulp chamber, five 
different canal orifices were revealed, four 

mesial ones and a distal one (figure 3). The 
canals were cleansed and the length of 
each root canal was determined using an 
electronic apex locator Root ZX (J. Morita, 
Kyoto, Japan). The root canals were pre-
pared using the Reciproc R25 endodontic 
file. Sodium hypochlorite (2.5%) and EDTA 
(17%) solutions were used as irrigants. 
After cleaning and shaping, the canals 
were dried and filled using Tagger’s tech-
nique, with gutta-percha points and root 
canal sealer (Endofill, Denstply, Petropolis, 
Rio de Janeiro, Brazil). A final radiograph 
was taken to establish the quality of the 
obturation (figure 4).

Discussion

The objective of root canal treatment is the 
thorough mechanical and chemical cleans-
ing of the entire pulp cavity and its com-
plete obturation with an inert filling ma-
terial and a coronal filling, thus preventing 
ingress of microorganisms. One of the most 
important causes of endodontic treatment 
failure is the incomplete obturation of the 
root canal system (16). Similarly, Vertucci 
(4) reported that a considerable number of 
failures could be assigned to anatomical 
variations such as the presence of canals 
that are not usually found. Therefore, the 
correct location, thorough debridement, 
cleaning, shaping, and obturation of the 
entire root canal system are indispensable 
procedures. 
Variation in pulp cavity morphology, espe-
cially in multirooted teeth, is a constant 
challenge for diagnosis and successful en-
dodontic therapy. Knowledge of the most 
common anatomical characteristics and 
their possible variations is fundamental, 
because nontreatment of even one canal can 
lead to endodontic treatment failure (19). 
Teeth anatomy is not always normal, and 
lack of knowledge of these possible vari-
ations in the internal anatomy of human 
teeth could lead to failure of the endodontic 
treatment. Case reports are therefore valu-
able because they remind us that the situ-
ation is not always normal and, during 
each treatment, we must expect many 
variations (20). The mandibular molar usu-
ally has a mesial root with two canals; a 

Figure 4
A final radiograph after the 

completion of the endodontic 
treatment.

Figure 3
Entry into the pulp chamber 

evidencing five different canal 
orifices
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third canal (middle mesial) in the mesial 
root can be found sporadically; the distal 
root may have one or two canals, with the 
presence of a single canal being most pre-
valent (21).
This case report presents the endodontic 
treatment of a third molar with abnormal 
anatomy. Third molars are often extracted 
but, in some situations, its maintenance be-
comes important, for being the pillar of a 
prosthetic restoration, as observed in this case 
report. 
The recent development of technologies 
for endodontic treatment has focused 
largely on improving the quality of treat-
ments (22). The introduction of apical loc-
ators, nickel-titanium (NiTi) rotary instru-
ments, operating microscopes, digital ra-
diography, and cone-beam computed 
tomography greatly improved the ability 
to detect, clean and shape root canals (16, 
17, 22, 23).
Plotino (18) presented a case of a mandibu-
lar third molar showing four canals in four 
independent roots, three of which in the 
mesial portion. The case reported in this 
article was rare, showing five canals in 
five roots, four of which in the mesial por-
tion and one in the distal portion, and 
there are no reports in the literature of 
such anatomical variation. To accomplish 
that endodontic treatment, CBCT imaging 
was essential, making it possible to 
identify the number of canals and anatomy 
of the roots, so the use of this exame must 
be increasingly frequent in endodontics. 

Conclusion

This clinical case report describes the en-
dodontic treatment of a mandibular molar 
with five canals in five roots, distributed 
as four independent mesial roots and one 
distal root. Mandibular molars with five 
root canals and five independent roots are 
rare, but each case should undergo a care-
ful clinical, radiography and tomography 
assessment in order to detect any anatom-
ical anomalies. Possible variations in the 
internal anatomy of human teeth should 
be known to ensure successful endodontic 
treatment. Also, accessory canals in 
mandibular molars should be detected and 
negotiated to provide access for irrigation 
and filling materials into otherwise inac-
cessible isthmus. 

Clinical Relevance

This case report shows how a correct in-
terpretation of tomography images and the 
knowledge of root anatomy and its vari-
ations are fundamental to perform a suc-
cessful endodontic treatment.
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uest’anno torniamo nell’amata sede di Bologna, il Palazzo della 
Cultura e dei Congressi, una sede prestigiosa e facilmente rag-
giungibile che ci auguriamo risulti gradita a tutti i nostri Soci 
e amici.  

Come nostra tradizione e come da nostra Mission, rimaniamo strettamente 
attaccati all’Endodonzia: il titolo del Congresso Moderna Endodonzia 
tra tecnologia ed esperienza descrive perfettamente l’intento del Con-
siglio Direttivo, dare ai partecipanti una chiara visione di dove l’En-
dodonzia sia e di dove stia andando.
Il programma è come sempre ricco e interessante, a partire dal Corso 
Pre-Congresso sui traumi dentali che sarà tenuto dal nostro bravissimo 
Socio Claudio Pisacane e da Lorenzo Vanini.
Abbiamo selezionato tra i nostri Soci dei Relatori di alto livello che 
possano dare informazioni chiare e utili ai partecipanti: Maurizio Bossù, 
Enrico Cassai, Italo Di Giuseppe, Gianluca Gambarini, Fabio Gorni, Vito 
Antonio Malagnino, Carlo Prati, Alberto Mazzocco, Giovanni Olivi, 
Franco Ongaro, Andrea Polesel, Mauro Rigolone, Maria Teresa Sberna e 
Umberto Uccioli – elencati in stretto ordine alfabetico – si alterneranno 
sul podio della sala principale con relazioni di grande interesse e di 
grande qualità.
Quest’anno la tradizionale sessione pomeridiana delle Tavole Cliniche 
sarà ulteriormente potenziata, con più spazi e una maggiore distribuzione 
negli spazi congressuali al fine di migliorare l’acustica e l’accessibilità. 
Cercheremo inoltre di coordinare meglio le tempistiche così da dare ai 
partecipanti la possibilità di assistere a più di una tavola/teatro e portare 
a casa più nozioni possibili: occhio alla sirena!
Infine i consueti Premi SIE: anche quest’anno al Congresso, in parallelo 
al programma della sala principale, potrete assistere o partecipare ai 
nostri quattro premi, Riccardo Garberoglio, Giorgio Lavagnoli, Francesco 
Riitano e il Miglior Poster SIE.
Concludo con pochi ma sentiti ringraziamenti: a Carlo Prati, prezioso 
padrone di casa, a Lele Ambu, sempre disponibile e generoso con noi e 
con la sua amata Bologna.

Vi aspettiamo a Bologna!
Vittorio Franco

Presidente SIE
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Vice Presidente 
Sberna Dott.ssa Maria Teresa
Segretario    
Cardinali Dott. Filippo 
Tesoriere  
Coraini Dott. Cristian 
Coordinatore Culturale 
Polesel Dott. Andrea 
Coordinatore della Comunicazione 
Pontoriero Dott.ssa Denise Irene Karin  
Revisore dei Conti  
Greco Dott.ssa Katia  
Revisore dei Conti  
Ongaro Dott. Franco 

STRUTTURA SOCIETARIA

Attanasio Dott. Salvatore
Socio Attivo
Castagnola Prof. Luigi
Socio Onorario
De Fazio Prof. Pietro
Socio Attivo
Dolci Prof. Giovanni
Socio Onorario
Duillo Dott. Sergio
Socio Onorario
Garberoglio Dott. Riccardo
Socio Onorario
Lavagnoli Dott. Giorgio
Socio Onorario

Mantero Prof. Franco 
Socio Onorario
Malvano Dott. Mariano 
Socio Attivo
Pecchioni Prof. Augusto
Socio Onorario
Riitano Dott. Francesco
Socio Onorario
Spina Dott. Vincenzo
Socio Onorario
Zerosi Prof. Carlo
Socio Onorario

SOCI SCOMPARSI
Ricordiamo con affetto e gratitudine i Soci scomparsi:
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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 punti 
per presentazione, in un arco massimo di cinque 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 
100 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.
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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 2019

past president della società
Dott. enrico cassai
Dott. marco colla

Dott. mario mancini
Dott. pier Luigi schirosa



C
on oltre 10.000 casi trattati il sistema 
F22, frutto di oltre 25 anni di esperienza 
e 15 anni di ricerche della Scuola di 
Specializzazione in Ortognatodonzia 
dell’Università di Ferrara, consente a 

tutti i medici dentisti e odontoiatri, anche non spe-
cialisti in ortodonzia, di proporre un trattamento 
estetico-funzionale sotto la guida esperta di Orto-
dontisti specializzati.
Il sistema è composto da una serie di sottili appa-
recchi ortodontici rimovibili (allineatori), su mi-
sura, realizzati nei moderni ed evoluti reparti pro-
duttivi di Sweden & Martina utilizzando un esclu-
sivo materiale plastico trasparente: essi consento-
no lo spostamento graduale e progressivo dei 
denti verso la posizione ottimale, grazie a un mo-
nitoraggio continuo, raggiungendo un’occlusione 
esteticamente gradevole e funzionalmente valida.
La programmazione di F22 differisce sostanzial-
mente da quella degli altri allineatori disponibili 
sul mercato: il team di ortodontisti della Scuola di 
Specializzazione, guidato dal direttore, il Profes-
sor Giuseppe Siciliani, studia analiticamente ogni 
singolo caso, ne progetta il set-up e guida il medi-
co fino alla fine del trattamento; insieme al prodot-
to, quindi, è offerta una consulenza gratuita alta-
mente qualificata anche a medici non specialisti 
in ortodonzia, seguendo puntualmente criteri bio-
meccanici estremamente precisi.
Grazie al set-up digitale e al visualizzatore 3D è 
possibile analizzare e visualizzare ogni singolo 
step di trattamento, per condividerlo con i pazien-
ti, illustrando facilmente il piano approvato.
Rispetto agli altri allineatori disponibili F22 Ali-
gner ha dei plus sostanziali: il 20% in più di tra-
sparenza; fitting ottimale e ritenzione perfetta (lo 
spazio tra allineatore e denti è inferiore a 40 mi-
cron); il 20% in più di elasticità, grazie alla quale 
sono trasmesse forze leggere e costanti; una super-

ficie eccezionalmente liscia e margini arrotondati e 
rifiniti a mano, per un maggiore comfort del paziente; 
elevata resistenza alla rottura. 
F22 Aligner è indicato per il trattamento di affollamen-
ti, diastemi, discrepanze dell’indice di Bolton che ne-
cessitano di restauri protesici o di stripping per una 
completa correzione, festonature gengivali irregolari 
in pazienti con denti usurati o irregolari, morsi aperti 
o morsi profondi di lieve o moderata entità.
L’invio e lo studio dei casi avviene online, fino all’ap-
provazione del set-up virtuale, sul quale sono realiz-
zati i modelli e gli allineatori trasparenti F22 per cia-
scuna fase del piano di trattamento del paziente.

Sweden & Martina S.p.A.
www.f22aligner.com | infof22@sweden-martina.com

L’allineatore invisibile, confortevole, preciso



Dentsply Sirona lancia TruNatomy™  
per il trattamento del canale radicolare

Combinando precisione svizzera e ingegneria avanzata, la 
gamma TruNatomy™ offre al clinico una soluzione che fornisce 
prestazioni efficienti e un maggiore rispetto dell’anatomia 
del dente, combinata con la facilità d’uso, ridefinendo così il 
trattamento del canale radicolare.

Con una serie di caratteristiche uniche TruNatomy™ 
offre una serie di vantaggi

 ✔ Migliori prestazioni e più spazio per lo sbrigliamento e la rimozione dei detriti 
grazie al nuovo design dello strumento con una sezione trasversale eccentrica 
migliorata, una lega NiTi più sottile e sottoposta a speciale trattamento termico. 
La sua maggiore velocità (500 rpm) garantisce una maggiore efficienza con 
meno torque.

 ✔ Rispetto dell’anatomia naturale del dente grazie alla sua superiore capacità di 
centratura del canale: lo strumento si adatta al canale (e non viceversa).

 ✔ Mantenimento dell’integrità del dente grazie alla combinazione tra la geometria 
dello strumento, la lega sottile, la maggiore flessibilità e un manico più corto (9,5 
mm): è possibile eseguire trattamenti canalari efficienti senza accesso diretto, 
rimuovendo la dentina solo dove clinicamente necessario.

 ✔ È un sistema completo che comprende, oltre agli strumenti per la preparazione 
e la sagomatura del canale, anche un puntale dedicato all’irrigazione, punte di 
carta corrispondenti e punte di guttaperca dedicate prodotte con la nuova 
tecnologia Conform Fit per una migliore adattamento e la precisa risposta di 
tug back. 

I coni master di gutta-percha con tecnologia 
Conform FitTM a conicità variabile.

La precisa corrispondenza di forme e dimensioni ottimizza il trattamento 
Una delle maggiori sfi de nell’otturazione cana lare è ottenere un appropriato tug back api cale. Per raggiun-
gere la lunghezza di lavoro, è necessario procedere all’eliminazione dei detriti ed all’irrigazione. Tuttavia, a 
dispetto di queste precauzioni, l’abilità a raggiungere la lunghezza di lavoro è fortemente infl uenzata dalla 
sagomatura del canale e dalla compati bilità tra la gutta-percha e la strumentazione usate. In caso contra-
rio si può incorrere nella falsa sensazione di un’aderenza sicura.

Aderenza apicale superiore con il tug back desiderato
I coni master di guttaperca con tecnologia Conform Fit prodotti da Dentsply Sirona sono i primi ad avere 
una conicità variabile per adattarsi con precisione agli stru menti corrispondenti. 
L’avanzata formulazione micronizzata utilizza una moderna tecnica di produzione per creare una forma e 
un adatta mento con il 40% in più di conformità rispet to alla guttaperca tradizionale. 
Il conseguente adattamento apicale migliorato permette di avvertire la precisa risposta di tug back a dif-
ferenza della guttaperca tradizionale, che sembra adattarsi perfettamente, ma in realtà può non corrispon-
dere all’esatta misura dell’a pice. 

Priva di lattice, può essere usata a temperature di lavoro inferiori
Studiata per ottenere un’otturazione completa, la formula micronizzata off re caratteristiche termiche 
avanzate che permettono una migliore fl uidità ed il trasferimento del calore fi no a 4 mm. Questa formula-
zione migliorata continua ad assicurare l’ottimale radiopacità e la facilità di ritrattamento.
Mentre la guttaperca tradizionale è realizzata in lattice di gomma naturale, quella prodotta con l’ esclusiva 
formulazione di Dentsply Sirona è priva di lattice per una migliore sicurezza del paziente.

Una soluzione globale
I coni master di guttaperca con tecnologia Conform Fit™ fanno parte di una soluzione globale che facilita 
l’operatività grazie al preciso adattamento. Forniti di una pratica linguetta identifi cativa per una facile ge-
stione, i coni master sono disponibili per i sistemi WaveOne Gold®, Protaper Gold® e Protaper Next®.

Per saperne di più visita il sito www.dentsplysirona.com o contatta Simit Next al numero 0376.267811

Punte di guttaperca ProTaper Gold®Punte di guttaperca ProTaper Gold®

STRUMEN

PUNTE  
DI CARTA

PUNTE DI  
GUTTAPERCA

Parte di un sistema globale

WaveOne® Gold ProTaper Gold® ProTaper Next®

Coni master di guttaperca con tecnologia Conform Fit™ 

  Colore Dimensione Confezione Codice #

n Giallo Small 60 pz. A175X00000S00
n Rosso Primary 60 pz. A175X00000P00
n Verde Medium 60 pz. A175X00000M00
n Bianco Large 60 pz. A175X00000L00

   Descrizione Confezione Codice #

n Rosso X2 60 pz. B00PNGPF000X2
n Blu X3 60 pz. B00PNGPF000X3
n n Assortiti X2/X3 60 pz. B00PNGPF00X23
n n Assortiti X4/X5 60 pz. B00PNGPF00X45

Punte di guttaperca WaveOne® Gold    

   Descrizione Confezione Codice #

n Giallo F1 60 pz. A241X00000100
n Rosso F2 60 pz. A241X00000200
n Blu F3 60 pz. A241X00000300
n Double Black F4 60 pz. A241X00000400
n Double Giallo F5 60 pz. A241X00000500

 Assortiti 60 pz. A241X00090100
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DENTSPLY Tulsa Dental Specialties
DENTSPLY International, Inc.
608 Rolling Hills Drive
Johnson City, TN 37604, USA
Made in USA
www.dentsplymaillefer.com

DENTSPLY DeTrey  
GmbH De-Trey-Strasse 1
D-78467 Konstanz  
Germania

EC REP

0086

ProTaper Next®WaveOne® Gold ProTaper Gold®

Per saperne di più visita il sito www.dentsplysirona.com o contatta Simit Next al numero 0376.267811



VDW.ROTATE™

Migliora la qualità delle preparazioni con sistematica rotante:  
con il nuovo file VDW.ROTATE™
Roma, settembre 2019 | 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



Morita: Modern treatment systems for perfect procedures 

La mission di morita
Morita offre un portfolio completo di prodotti di alta qualità che coprono tutte le 
fasi del trattamento, dalla diagnosi al controllo, permettendo di lavorare sempre 
in modo efficiente, ergonomico e sicuro. I dentisti apprezzeranno la convenienza 
e i pazienti apprezzeranno il comfort di un trattamento migliorato. Il nuovo sistema 
di imaging Veraview X800 2D/3D e il nuovo motore TriAuto ZX2 endo con localiz-
zatore Apex mettono in primo piano la sicurezza e rappresentano nuovi standard 
nei loro segmenti. Queste soluzioni sottolineano l’impegno di Morita: rispondere 
alle esigenze degli utenti e dei pazienti in ogni fase e continuare a fornire il “Gold 
standard” per il successo del trattamento nella pratica endodontica.

Endodonzia sicura… passo per passo 

I
l primo passo in ogni trattamento 
endodontico di successo è una dia-
gnosi precisa basata su immagini 
3D accurate ad alta risoluzione for-
nite dalla tomografia computeriz-

zata a cone-beam (CBCT). 
Morita supporta questi obiettivi diagno-
stici con il suo nuovo sistema a raggi X 
Veraview X800 per immagini 3D, pano-
ramiche e cefalometriche. 
Vantaggi
•	Questo apparecchio offre un livello 

di qualità dell’immagine senza pre-
cedenti in un sistema di imaging 
2D/3D (risoluzione: 2,5 LP/mm MTF). 

•	È versatile! Non solo produce immagi-
ni rapide e accurate, ma fornisce anche 
la massima sicurezza per l’ope- 
ratore e il paziente con dosi minime 
efficaci (ALARA). Infatti il sistema 
utilizza il collaudato campo R100 di 
riduzione della dose con la sua forma 
Ruleaux (triangolare). 

•	Esposizioni in modalità di 180 gradi e 
360 gradi, esposizioni cefalometriche 
veloci in soli 3,5 secondi, o una fun-
zione di ricostruzione dello zoom che 
crea una registrazione di 80 μm da 
una registrazione voxel 125 μm senza 
richiedere un Retake.

Morita è inoltre sinonimo di…
Precisione e sicurezza per il canale ra-
dicolare: una volta che l’endodontista 
procede alle effettive procedure intra-
orali, sono disponibili diversi strumen-

ti di alta qualità per assistere il suo de-
licato lavoro. Per una comoda prepara-
zione della cavità di accesso, Morita 
offre le potenti turbine TwinPower e i 
manipoli della serie TorqTech e Tokyo; 
offrendo una coppia massima a piccoli 
diametri dello strumento, forniscono 
una buona vista dell’area di lavoro e 
spazio sufficiente durante il trattamen-
to dei molari. 
Nelle fasi successive essenziali del trat-
tamento – misurazione, strumentazio-
ne, riempimento e polimerizzazione – 
Morita offre una soluzione innovativa 
per tutti questi tre step, il nuovo motore 
endodontico TriAuto ZX2 con localiz-
zatore Apicale. 
ITriAuto ZX2 è l’unico sistema del suo 
genere che integra la  localizzazione 
Apicale e la  preparazione del canale 
radicolare in un unico manipolo: è sta-

to progettato per la massima sicurezza 
ed è dotato sia della funzione OTR che 
della nuova funzione ottimale glide-
path. 
L’OTR cambia la direzione di rotazione 
del file non appena viene superato il 
livello di coppia pre-impostato singo-
larmente. Dopo aver invertito la rotazio-
ne di 90 gradi, torna a ruotare nella 
direzione di taglio; se la coppia è anco-
ra troppo alta, il processo viene ripetu-
to tre-quattro volte dopo un ulteriore 
180 gradi. Questo sistema aiuta a con-
servare la morfologia originale del siste-
ma dei canali radicolari e facilita la ri-
mozione affidabile dei detriti. Tutti 
questi fattori si combinano per abbre-
viare il tempo di trattamento.
L’OGP fornisce una preparazione rapi-
da e automatizzata del glide-path, che 
è la prima fase di preparazione effetti-
va, e quindi prepara il canale radicola-
re per procedure endodontiche sicure. 
In combinazione con la funzione del 
dispositivo, il clinico può portare lo 
strumento endodontico fino alla lun-
ghezza di lavoro senza fratture, ostru-
zione o formazione di sporgenza. Sem-
plicemente ingegnoso e assolutamente 
sicuro. Un display LCD fornisce un 
feedback completo dal canale radicola-
re mostrando i dati di misura esatti ac-
quisiti dal manipolo, soprattutto la di-
stanza del file dall’apice.
Quindi il TriAuto ZX2 conserva la 
struttura dentale naturale e rende il 
trattamento ancora più efficiente per-
ché è richiesto solo un numero limi-
tato di file.
Un’altra caratteristica sorprendente di 
questo sistema endodontico è la sua pic-
cola testina e il peso ridotto (140 g), che 
lo rende molto maneggevole.  Essendo 
un apparecchio cordless migliora si-
gnificativamente la flessibilità di tratta-
mento e ottimizza il flusso di lavoro 
clinico. Il funzionamento semplice e 
intuitivo e le funzioni automatizzate 
assicurano risultati affidabili e sicuri in 
ogni momento.
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Come ogni anno è tempo 
di bilanci e di progetti, è 
tempo di Closed Meeting!

Il Closed Meeting non è soltanto 
momento di incontro culturale e 
conviviale, ma anche l’evento in 
cui si possono unire forze e idee 
per rendere sempre più grande 
la nostra Società.
La SIE è la prima Società 
Scientifica Endodontica in Italia 
e la seconda più grande in 
Europa, è quindi necessario 
lavorare con impegno ed 
entusiasmo per mantenere il 
livello di qualità scientifico-
culturale altissimo, non 
dimenticando il significato di 
aggregazione e divertimento 
che ha da sempre 
contraddistinto questo 
momento di vita societaria.
I tanti Soci Attivi che hanno 
partecipato al Closed Meeting si 
sono riuniti in una location 
ormai familiare per la SIE, il 
Radisson Blu Resort Terme di 
Galzignano, un incantevole 
resort dove soci e 
accompagnatori hanno potuto 
praticare numerosi sport, 
rilassarsi nelle diverse piscine 
termali o raggiungere 

Closed Meeting SiE 2019
Galzignano terme, 14-16 giugno 2019

Hotel Majestic | Radisson Blu Resort terme di Galzignano  

Resoconto a cura della Dott.ssa Denise Pontoriero, Coordinatore della Comunicazione SIE

comodamente la vicina Padova.
Il Consiglio Direttivo si è riunito 
già dal mattino di venerdì 14 
inaugurando il Closed Meeting 
con la consueta riunione 
programmatica, questa volta 
aperta ai Coordinatori di 
MacroArea, al Coordinatore di 
Commissione e all’Editor  
in Chief del GIE.
L’ordine del giorno, fitto di 
argomenti da discutere e attività 
scientifiche da organizzare, ha 
impedito di terminare la 
riunione nel tempo previsto, 
quindi è stata interrotta per 
permettere a tutti di partecipare 
al programma culturale che è 
iniziato alle ore 15.00 con 
l’eccellente Dott. Federico 
Michelini, il quale ci ha 
illustrato il suo case report 
vincitore del concorso “Miglior 
Caso Clinico Under 32”.
Il pomeriggio è poi continuato 
con la straordinaria e frizzante 
presentazione dal titolo 
“Riassorbimenti esterni 
invasivi: soluzioni 
chirurgico-restaurative in 
elementi anteriori e 
posteriori”, in cui il bravissimo 
conservatore Dott. Marco 

Veneziani ci ha illustrato come 
affronta casi al limite 
dell’estrazione nella sua pratica 

1 | La Cena del Consiglio e dei Coordinatori di Commissione

3 | Il Dott. Federico Michelini, Vincitore del concorso “Miglior Caso Clinico Under 32”

2 | Il Dott. Federico Michelini con Presidente e Segretario SIE

clinica. In seguito la 
Dottoressa 
Maria Teresa Sberna ha 
presentato il nuovo progetto 
SIE Academy che consolida 
la già ottima collaborazione 
della nostra Società con le 
Istituzioni Universitarie.
In seno a questo progetto
il Dottor Marco Cinelli, 
nuovo Socio Attivo, ha 
esposto in modo chiaro ed 
esaustivo la sua presentazione 
dal titolo “Mantenibilità dei 
denti trattati 
endodonticamente 
attraverso la Chirurgia 
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partecipare alla visita guidata di 
Padova, perfettamente 

organizzata dalla nostra super 
segretaria Gaia.

La giornata è terminata 
con un’ottima cena 
presso la suggestiva 
cornice del Ristorante 
“Antica Trattoria 

Ballotta dal 1605”.

Endodontica mini-invasiva”.
Al termine del pomeriggio il 
Coordinatore Culturale Andrea 
Polesel e i Coordinatori di 
MacroArea Davide Castro, 
Stefano Gaffuri, Luigi Scagnoli e 
Giorgio Vittoria si sono 
incontrati, anticipando la 
consueta riunione del sabato.
I “Soci calciatori” hanno dato 
spettacolo con la mitica Partita 
di Calcetto: SIE MacroAree 
League 2019, MacroAree Nord-
Est e Nord-Ovest VS Centro e 
Sud, vinta dalla squadra delle 
MacroAree del Nord.
La giornata è terminata con 
l’elegante cena al Ristorante “La 
Montanella”.
Nel frattempo gli 
accompagnatori e i Soci Attivi 
interessati hanno potuto 

incontrarsi tutti a Bologna 
in occasione del 36° 
Congresso Nazionale SIE, 
che si terrà dal 7 al 9 
novembre.

7 | Il teatro anatomico 
di Padova (visita guidata)

4 | Il Dott. Marco Veneziani con Presidente, 
Segretario e Coordinatore Culturale SIE

5 | Il Dott. Marco Veneziani con la Platea dei 
Soci Attivi SIE 

6 | Il Dott. Marco Cinelli, nuovo Socio Attivo, 
con la Commissione SIE Academy

Sabato 15 è stato dedicato alle riunioni 
delle varie Commissioni

Riunione della Commissione Culturale, Premi Riitano, Lavagnoli, 
Poster Coordinatore: Massimo Giovarruscio

Riunione della Commissione Culturale, Premio Garberoglio  
Responsabile: Manuele Mancini

Riunione della Commissione per la Comunicazione 
Coordinatore della Comunicazione: Denise Pontoriero

Riunione della Commissione Accettazione Soci 
CAS e Past President: Enrico Cassai, Marco Colla, Mario Mancini 
Francesco Riccitiello e Sandro Rengo si sono riuniti per discutere 
del Regolamento per la sottomissione dei casi.

Riunione del Consiglio Direttivo – prosecuzione – che si è 
protratta fino alle ore 16.00. 

9 | I performanti calciatori del Torneo di MacroAree

8 | 
La divisa della 
SIE MacroArea 

League 2019

10 | Momenti di meritato relax dopo le lunghe riunioni di commissione

La domenica mattina è stata 
dedicata al relax in piscina, alle 
chiacchiere e ai saluti, con la 
soddisfazione di aver fatto un 
buon lavoro e in attesa di 
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I l 21 settembre 2019 si è 
concluso il ciclo di lezioni 
teorico pratiche 

dell’Endodontic Course della 
SIE iniziato il 9 marzo 2019 
presso l’Hotel Palace di Bari.
La risposta del territorio è stata 
elevata, 14 iscritti, che hanno 
seguito con puntualità, 
attenzione e spirito propositivo 
le lezioni dei tanti Soci Attivi 
che hanno dato vita a questo 
corso: Massimo Francesco 
Manfredonia, Pier Luigi 
Schirosa, Raniero Barattolo, 
Eduardo Veralli, Katia Greco, Eva 
Amoroso D’Aragona, Alfredo 
Iandolo, Giuseppe Squeo, 
Cristian Coraini, Giovanni 
Messina, Roberto Fornara e 
Bruno Parente.
Anche i workshop pratici 
hanno riscosso successo e 
ringrazio i relatori per la loro 
disponibilità a contribuire a tale 
successo.
Possiamo affermare che alla 
fine di questo corso base tutti i 
colleghi che hanno partecipato, 
sia studenti che odontoiatri 
con maggiore anzianità 
lavorativa, hanno acquisito i 
concetti fondamentali 
dell’Endodonzia moderna  
che la nostra Società vuole 
trasmettere e difendere, e 
questo è motivo di grande 
soddisfazione.
Merita una menzione d’onore il 
Dott. Giuseppe Zito che 
raggiunge la terza 
partecipazione a un 
Endodontic Course della SIE 
(con questo di Bari) a 
dimostrazione che c’è sempre 
qualcosa da imparare.
Un ultimo ringraziamento al 

09/03/2019 - 13/04/2019 - 18/05/2019 - 08/06/2019 - 21/09/2019

Corsi di formazione teorico-pratici della Società italiana di Endodonzia 

SiE Endodontic Courses - Sede Bari 
Coordinatore di MacroArea Sud, Dott. Giorgio Vittoria 

1 | I Relatori del Corso insieme al Coordinatore  
di MacroArea Sud, il Dott. Giorgio Vittoria

Dott. Giuseppe Squeo per aver 
egregiamente gestito la 
logistica e i rapporti con l’Hotel 

Palace, alla Dott.ssa Katia Greco 
per la disponibilità a coprire più 
di una lezione e svariati 

3 | I Partecipanti dell’Endodontic 
Course di Bari

4 | I Relatori dell’Endodontic 
Course di Bari

chilometri in automobile e alla 
Dott.ssa Eva Amoroso 
D’Aragona per avermi 
supportato sempre e 
comunque.

Arrivederci a Bologna per la 
lezione conclusiva 
dell’Endodontic Course! 

2 | Il Dott. Bruno Parente  
durante un momento in aula
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3 | I Partecipanti  
e il Dott. Luigi Cecchinato, 

Relatore del Corso 
 insieme al Coordinatore  

di MacroArea Nord-Est, il Dott. 
Stefano Gaffuri

vita SOCiEtaRia

Con il quinto incontro svoltosi 
il 17 settembre 2019 si è 
conclusa a Brescia, presso 

l’Hotel Ambasciatori, la terza 
edizione dell’Endodontic Course a 
cura della MacroArea Nord-Est 
della SIE. Come nelle precedenti 
edizioni, anche quest’anno il 
successo del Corso è stato 
decretato non solo dal folto 
numero di partecipanti, ma anche 
dal loro grande interesse 
dimostrato in ogni incontro.
Numerosissimi i giovani, sia 
studenti che neo-laureati, ma 
anche professionisti esperti, tutti 
determinati nell’apprendere i più 
moderni orientamenti in 
Endodonzia. Si sono succeduti 
come Relatori alcuni Soci Attivi 
della nostra Società, sempre  
pronti a prodigarsi nel mettere a 
disposizione degli iscritti la loro 
esperienza clinica.
Il Dott. Giovanni Cavalli nel primo 
incontro del 19 marzo ha 
affrontato la tematica della 
diagnosi e il piano di trattamento 
in Endodonzia. A seguire il Dott. 
Stefano Gaffuri ha trattato 
l’argomento dell’esecuzione di 
una corretta cavità di accesso e 
dell’anatomia endodontica. Il 9 
aprile il Dott. Giuseppe Venturi ha 
parlato dell’importanza 
dell’utilizzo della diga di gomma, 
con relativa esercitazione pratica e 
nel pomeriggio il Dott. Riccardo 
Tonini ci ha fatto avventurare nei 
segreti del mondo dell’irrigazione, 
proponendo nuovi protocolli 
operativi. Il Dott. Luigi Cecchinato, 
nel successivo appuntamento, ha 
trattato la sagomatura dei canali 
mentre l’otturazione è stata 
argomento a cura del Dott. Gaffuri 
e del Dott. Giuseppe Venturi.
Il Dott. Cristian Coraini, come nelle 
precedenti edizioni, ha trattato 

19/03/2019 - 09/04/2019 - 14/05/2019 - 13/06/2019 - 17/09/2019

Corsi di formazione teorico-pratici della Società italiana di Endodonzia 

SiE Endodontic Courses - Sede Brescia 
Coordinatore di MacroArea Nord-Est, Dott. Stefano Gaffuri 

magistralmente l’importante 
tema della ricostruzione post-
endodontica.
Il quinto incontro ha visto come 
Relatori il Dott. Roberto Fornara, 
che ha spiegato l’importanza e 
la chiave di lettura 
dell’immagine radiografica in 3D 
ottenuta con la CBCT e il Dott. 
Gaffuri, che ha concluso 
l’incontro trattando  dei 
ritrattamenti ortogradi e 
retrogradi.
Tra gli interventi si sono svolti 
anche i workshop pratici che 
hanno offerto ai partecipanti la 
possibilità di testare strumenti e 
motori dedicati alla moderna 
Endodonzia.

1 | I Partecipanti  
e il Dott. Giovanni Cavalli, 

Relatore del Corso insieme 
al Coordinatore di 

MacroArea Nord-Est, il 
Dott. Stefano Gaffuri

2 | I Partecipanti  
e il Dott. Riccardo Tonini, 

Relatore del Corso insieme 
al Coordinatore di 

MacroArea Nord-Est, il 
Dott. Stefano Gaffuri

4 | I Partecipanti e il Dott. Roberto Fornara, Relatore del Corso insieme 
al Coordinatore di MacroArea Nord-Est, il Dott. Stefano Gaffuri
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Nelle consuete salette 
della Facoltà di 
Odontoiatria al 

padiglione n. 4 dell’Ospedale 
San Martino si è svolto  
per il secondo anno 
consecutivo l’Endodontic 
Course SIE, che in questa 
edizione è stato sviluppato  
in forma “basic”. Corsisti  
e Studenti, tutti molto 
interessati, hanno potuto 
apprendere le tecniche base 
per sviluppare un’Endodonzia 
predicibile e sicura. 
Un ringraziamento sentito 
all’Università di Genova, 
specie nella figura del  
Prof. Stefano Benedicenti,  
per la gentile concessione 
delle aule.

09/03/2019 - 06/04/2019 - 18/05/2019 - 08/06/2019 - 21/09/2019

Corsi di formazione teorico-pratici della Società italiana di Endodonzia 

SiE Endodontic Courses - Sede Genova 
Coordinatore di MacroArea Nord-Ovest, Dott. Davide Castro 

Resoconto a cura del Referente Locale e organizzatore, Dott. Luca Ivaldi 

1 | I Ralatori del Corso  
e i Partecipanti
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S i è conclusa a Spoleto 
la prima fase 
del’Endodontic 

Course 2019 della 
MacroArea Centro della SIE. 
La location è stata scelta in 
funzione della scarsa 
presenza di soci della 
regione Umbria all’interno 
della Società, per cui 
volevamo sensibilizzare i 
colleghi a rendersi parte 
attiva delle manifestazioni 
organizzate dalla SIE e, di 
conseguenza, 
pubblicizzare la nostra 
presenza. 

06/04/2019 - 04/05/2019 - 25/05/2019 - 13/07/2019 - 28/09/2019

Corsi di formazione teorico-pratici della Società italiana di Endodonzia 

SiE Endodontic Courses - Sede Spoleto
Coordinatore di MacroArea Centro, Dott. Luigi Scagnoli

1 | I Relatori del Corso insieme  
ai Partecipanti

2 | Un momento in aula

La risposta è stata, a mio 
avviso, soddisfacente, 
riunendo un gruppo di otto 
partecipanti, da neo laureati 
a professionisti affermati. 
Ovviamente, inserendo 
relatori di chiara fama, è 
stato più semplice avere 
adesioni, ma soprattutto 
riscontri positivi sulle 
tematiche svolte. 
L’impostazione didattica 
discorsiva, con possibilità di 
interloquire direttamente fra 
oratore e platea in qualsiasi 
momento, ha permesso di 
rendere ancora più 
piacevole e costruttivo 
l’intero percorso delle 
cinque giornate svolte.
Anche la presenza di 
sponsor importanti è stato 
un ulteriore incentivo per i 
partecipanti, che hanno 
potuto testare direttamente 
la validità degli strumenti 
presentati nei vari workshop.
Con l’occasione porgo a 
nome mio e della SIE un 
ringraziamento particolare ai 
relatori che, per amore nei 
confronti della Società, 
hanno dato la loro completa 
disponibilità, mettendo a 
disposizione dei partecipanti 
tutta la propria esperienza, 
sia culturale che clinica.
Direi, quindi, che la 
scommessa fatta su Spoleto 
si possa considerare 
assolutamente vinta!
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Giornale Italiano di Endodonzia
publishes original scientific articles, reviews, 
clinical articles and case reports in the field of 
Endodontology. Scientific contributions deal-
ing with health, injuries to and diseases of the 
pulp and periradicular region, and their rela-
tionship with systemic well-being and health. 
Original scientific marticles are published in 
the areas of biomedical science, applied mater-
ials science, bioengineering, epidemiology and 
social science relevant to endodontic disease 
and its management, and to the restoration of 
root-treated teeth. In addition, review articles, 
reports of clinical cases, book reviews, summar-
ies and abstracts of scientific meetings and 
news items are accepted. Please read the in-
structions below carefully for details on the 
submission of manuscripts, the journal’s re-
quirements and standards as well as informa-
tion concerning the procedure after a manu-
script has been accepted for publication in 
Giornale Italiano di Endodonzia. Authors are 
encouraged to visit www.giornaleitalianoen-
dodonzia.it for further information on the pre-
paration 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 
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 

GUIDELINES FOR AUTHORS

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 generally 
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, re-
search or methodological topics. All are refer-
eed by experts in the field who are asked to 
comment on timeliness, general interest, bal-
anced treatment of controversies, and sci-
entific rigor. A clear research question, search 
strategy and balanced synthesis of the evid-
ence is expected. Manuscripts are limited in 
terms of word-length and number of figures.
Clinical Articles are suited to describe signi-
ficant improvements in clinical practice such 
as the report of a novel technique, a break-
through in technology or practical approaches 
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.

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. When 
non-standard terms appearing three or more 
times in the manuscript are to be abbreviated, 
they should be written out completely in the 
text when first used with the abbreviation in 
parenthesis. If abbreviations 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 equipment 
or substances are mentioned in the text, brand, 
company names and locations (city and state) 
for equipment and substances should be in-
cluded in parentheses within the text.
The background and hypotheses underlying 
the study, as well as its main conclusions, 
should be clearly explained. Titles and ab-
stracts especially should be written in lan-
guage 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 and Acknow-
ledgements, Tables, Figures and Figure Le-
gends as appropriate.
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: please choose 
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 
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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 of 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. Main Text of Original Scientific Art-
icle should include Introduction, Materials and 
Methods, Results, Discussion and Conclusion.

THE STRUCTURE 

Main text for Original Scientific Articles
Introduction: should be focused, outlining the 
historical or logical origins of the study and 
gaps in knowledge. Exhaustive literature re-
views 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 Declar-
ation of Helsinki (version 2008) and the addi-
tional requirements, if any, of the country 
where the research has been carried out. Ma-
nuscripts 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 mentioned 
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 appro-
priate procedures have been used. When ex-
perimental animals are used the methods 
section must clearly indicate that adequate 
measures were taken to minimize pain or dis-
comfort. Experiments should be carried out in 
accordance with the Guidelines laid down by 
the National Institute of Health (NIH) in the 
USA regarding the care and use of animals for 
experimental procedures or with the European 
Communities Council Directive of 24 Novem-
ber 1986 (86/609/EEC) and in accordance with 
local laws and regulations. All studies using 
human or animal subjects should include an 
explicit statement in the Material and Methods 
section identifying the review and ethics com-
mittee approval for each study, if applicable. 
Editors reserve the right to reject papers if 
there is doubt as to whether appropriate pro-
cedures 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 
summary 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 ori-
ginal 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 evid-
ence-based systematic approaches is expected. 
The use of tabulated and illustrative material 
is encouraged. The Conclusion section should 

reach clear conclusions and/or recommenda-
tions on the basis of the evidence 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. Manu-
scripts will be considered for fast-track pub-
lication under special circumstances after 
consultation with the Editor. Giornale Italiano 
di Endodonzia uses double blinded review 
which menas that the names of the reviewers 
will thus not be disclosed to the author sub-
mitting a paper and the name(s) of the au-
thor(s) will not be disclosed to the reviewers. 
To allow double blinded review, please submit 
your main manuscript and title page as sep-
arate files.

Acknowledgements: Giornale Italiano di En-
dodonzia requires that all sources of institu-
tional, private and corporate financial support 
for the work within the manuscript must be 
fully acknowledged, and any potential con-
flicts of interest noted. Grant or contribution 
numbers may be acknowledged, and principal 
grant holders should be listed. Acknowledg-
ments should be brief and should not include 
thanks to anonymous referees and editors. 
Under this section please specify contributors 
to the article other than the authors accredited. 
Please also include specifications of the source 
of funding for the study.

References: It is the policy of the Journal to 
encourage reference to the original papers 
rather than to literature reviews. Authors 
should therefore keep citations of reviews to 
the absolute 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 
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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 [Example: (Wright 2011, unpub-
lished data) or (Wright 2011, personal commu-
nication)]. Where available, URLs for the refer-
ences 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-ab-
breviations);

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 
management and formatting. EndNote refer-
ence styles can be searched for here: www.
endnote.com/support/ enstyles.asp. To en-
sure 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 re-
treatment of three different root canal filling 
materials. J Endod 2008;34:466-9.

Corporate author
British Endodontic Society - Guidelines for 
root canal treatment. Giornale Italiano di En-
dodonzia 1979;16:192-5.

Journal supplement
Frumin AM, Nussbaum J, Esposito M () Func-
tional asplenia: demonstration of splenic activ-
ity 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 
severe combined immunodeficiency with an 
unrelated 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. Hous-
ton, TX, USA: International Society for Exper-
imental 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.8

Dissertation or thesis
Saunders EM In vitro and in vivo investiga-
tions into root-canal obturation using 
thermally softened 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 docu-
ment/report and URL. If this information is not 
available, 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 in-
cluded in the column title or in the figure le-
gend 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 
provided at the end of the manuscript, not in-
cluded 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 provided before publication (other-
wise the paper cannot be published) and ap-
propriately cited in the figure caption. The 
procedure for requesting the permission is the 
responsibility of the Authors; PAGEPress will 
not refund any costs incurred in obtaining per-
mission. 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 
description 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 cri-
teria. Each author should have participated 
sufficiently in the work to take public respons-
ibility 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 pub-

lished.
These three conditions must all be met. Parti-
cipation 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. Au-
thors should provide a brief description of their 
individual 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 hu-
man subjects to intervention or concurrent 
comparison or control groups to study the 
cause-and-effect relationship between a med-
ical intervention and a health outcome. Med-
ical interventions include drugs, surgical 
procedures, devices, behavioral treatments, 
process-of-care changes, etc.
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 prospect-
ive registrants and managed by a non-profit 
organization.
There must be a mechanism to ensure the 
validity of the registration data, and the re-
gistry should be electronically searchable. 
An acceptable registry must include a min-
imum of data elements (http://www.icmje.or-
g/#clin_trials).
For example http://www.clinicaltrials.gov, 
sponsored by the United States National Library 
of Medicine, meets these requirements. 
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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-eth-
ical-principles-for-medical-research-in-
volving-human-subjects). If doubt exists 
whether the research was conducted in accord-
ance with the Helsinki Declaration, the authors 
must explain the rationale for their approach 
and demonstrate that the institutional review 
body explicitly approved the doubtful aspects 
of the study. When reporting experiments on 
animals, authors should indicate whether insti-
tutional and national standards for the care and 
use of laboratory animals were followed. Fur-
ther guidance on animal research ethics is 
available from the World Medical Association 
and from the International Association of Veter-
inary Editors’ Consensus Author Guidelines on 
Animal Ethics and Welfare.
When reporting experiments on ecosystems in-
volving non-native species, Authors are bound 
to ensure compliance with the institutional and 
national guide for the preservation of native biod-
iversity.

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 di-
gital medium for any responsible purpose, 
subject to proper attribution 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 sup-
plemental materials, including a copy of the 
permission as stated above, in a suitable 
standard electronic format is deposited im-
mediately upon initial publication in at 
least one online repository that is supported 
by an academic institution, scholarly soci-
ety, government agency, or other well-estab-
lished organization that seeks to enable 
open access, unrestricted distribution, in-
teroperability, 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 existing 
researches, thus facilitating the generation 
of new data.
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reperibili su www.giornaleitalianoendodonzia.it. La cadenza di pubblicazione è semestrale: 
giugno e novembre.

•	 Increased citation: studies have shown that 
Open Access articles are regarded and cited 
more often than established paywall journ-
als/articles.

•	 Perpetual accessibility: Open Access art-
icles are hosted on dedicated servers, being 
accessible to everyone endlessly. 

•	 Funding opportunities: an increasing num-
ber of funding bodies and agencies requires 
their grant holders to publish their re-
searches as Open Access articles to be com-
prehensively 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 submitted, the au-
thors will receive a confirmation 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 pa-
per), the authors will be notified via email by 
the editors of the editorial decision: Accepted, 
Rejected, Decline Submission, Minor revi-
sions, Major revisions.
Depending on the editorial decision, and basing 
on the reviewers’ comments, authors are re-
quired to upload their revised version (+ covering 
letter) within a specific deadline. 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 review 
(=Major revisions or Minor revisons), the re-

vised 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 copyed-
itor. Authors can be given the opportunity to 
review the copyedits.
Lastly, once the copyedits are completed and 
approved, the submission moves to “Produc-
tion stage”. In Production, the copyedited files 
are converted to galleys (PDF). Again, the au-
thors have the opportunity to proofread the 
galleys. Once everyone is satisfied, the sub-
mission is scheduled for publication in a fu-
ture issue.
The online journal management system that we 
are using allows authors to track the progress 
of their manuscript through the editorial pro-
cess by simply logging into the Journal 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 public-
ation 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 discussed in the 
manuscript. The first step of manuscript selec-
tion takes place entirely in-house and has two 
major objectives: i) to establish the article ap-
propriateness for our journals readership; ii) 
to define the manuscript priority ranking rel-
ative to other manuscripts under considera-
tion, since the number of papers that the 
journal receives is much greater than it can 
publish. If a manuscript does not receive a suf-
ficiently high priority score to warrant public-
ation, the editors will proceed to a quick rejec-
tion. 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 
Requirements established by the International 
Committee of Medical Journal Editors (ICMJE) 
(http://www.icmje.org/#prepare).


