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Cone Beam TC: una doppia preoccupazione
Cone Beam TC: a double concern
L’avvento della tecnologia digitale, attraverso le sistematiche tipo Cone Beam TC, ha trasformato la diagnostica odontoiatrica e, in particolare, quella della disciplina
endodontica.
L’entusiasmo per la metodologia ha cosı̀ generato, spesso
celata, una doppia problematica: da un lato l’inadeguatezza
di molti di noi nel formulare una diagnosi precisa, dall’altro
ha portato a minimizzare, e può darsi che lo sia, il rischio
radiogeno che, sebbene molto ben documentato nella
misura, rimane sicuramente più alto rispetto a quello della
sola esposizione per un radiogramma endorale.
Volendo usare un paradosso, ancora una volta il progresso
porta con sè soluzioni e preoccupazioni. In aggiunta, diagnosticare con precisione le patologie periapicali, spesso subdole
e poco visibili con le radiografie bidimensionali, non ci sottrae, infatti, dal valutare, a posteriori, con i medesimi mezzi
la loro evoluzione o la loro guarigione.
Si arriverebbe quindi a sostituire un esame, la cui minima
invasività può essere certificata sulla base di molti studi, con
uno più rischioso, da un punto di vista radiogeno, per i pazienti.
Quale soluzione?
La tecnologia le porterà certamente nel prossimo futuro;
al momento attuale, forse, attenersi a criteri clinico-radiologici tradizionali nei casi più conclamati potrebbe essere una
soluzione valida e con un carico di preoccupazioni ridotte.

The new digital technologies, such as Cone Beam TC, transformed the diagnostic process in dentistry and, particularly,
in endodontics.
This radiographic device generated a huge enthusiasm and
a double concern: the former, a diffuse feeling to be inadequate in the whole diagnostic process, the latter, to minimize
the risk connected with the radiation amount, even if well
documented in its safeness, that is higher if compared to the
one of a single intra-oral radiogram.
Using a paradox, once again the progress brings with it
solutions and concerns.
In addition, a precise diagnosis of the periapical pathosis,
frequently misdiagnosed using the intraoral radiograms alone,
compel us to follow the same procedure for follow-ups, exposing the patient to further over-amount of radiations.
Which is the solution?
Technology will bring us it in the next future; up to now,
perhaps, a strict clinical-radiological surveillance with traditional methods could be the safest track to follow to limit
our concerns.

P.S. La Società Europea di Endodonzia (ESE) sulla CBCT ha
recentemente messo in linea un documento che potrebbe
essere utile a riguardo:
http://onlinelibrary.wiley.com/store/10.1111/iej.
12267/asset/iej12267.pdf?v=1&t=ica734u3&s=f5abc6fe51
ea6a3f4aa7ef94c72ccee3298f4c06

Editor-in-Chief
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Endodontic applications of cone beam
computed tomography: case series and
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Applicazioni della tomografia computerizzata a fascio conico in Endodonzia:
casi clinici e revisione della letteratura
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Abstract Cone beam computed tomography (CBCT) is a relatively new method that produces
three-dimensional (3D) information of the maxillofacial skeleton, including the teeth and their
surrounding tissue, with a lower effective radiation dose than traditional CT scans. Specific
endodontic applications for CBCTare being identified as the use of this technology becomes more
common. CBCT has great potential to become a valuable tool for diagnosing and managing
endodontic problems, as well as for assessing root fractures, apical periodontitis, resorptions,
perforations, root canal anatomy and the nature of the alveolar bone topography around teeth.
This article aims to review cone beam technology and its advantages over CT scans and
conventional radiography, to illustrate current and future clinical applications in endodontic
practice, and to highlight areas of further research of CBCT in endodontics. Specific case
examples illustrate how treatment planning has changed with the images obtained with CBCT
technology compared with only periapical radiography.
 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. All rights reserved.

* Corresponding author at: Universitat Internacional de Catalunya, Dentistry Faculty, C/ Josep Trueta s/n, 08195 Sant Cugat del Vallès, Spain.
Tel.: +34 504 2000; fax: +34 504 2031.
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Riassunto La tomografia computerizzata a fascio conico (CBCT) è un metodo relativamente
nuovo che produce informazioni tridimensionali (3D) dello scheletro maxillofacciale, compresi i
denti e il loro tessuto circostante, con una dose di radiazione inferiore rispetto alle TC
tradizionali. La CBCT può essere utilliazzata in Endodonzia per specifiche applicazioni e l’utilizzo
di questa tecnologia si sta diffondendo sempre di più. La CBCT ha un grande potenziale per
diventare uno strumento prezioso per la diagnosi e la gestione dei problemi endodontici, nonché
per valutare le fratture radicolari, la presenza di lesioni periapicali, riassorbimenti, perforazioni,
anatomie canalari particolari e la natura della topografia dell’osso alveolare intorno ai denti.
Questo articolo si propone di rivedere la tecnologia a fascio conico ei suoi vantaggi rispetto alla
TC e radiologia tradizionale, per illustrare le sue applicazioni cliniche attuali e future in
endodonzia, e per evidenziare le aree di ulteriore ricerca che potranno caratterizzare la CBCT
in endodonzia. Specifici casi clinici illustreranno inoltre come la pianificazione del trattamento
sia cambiato grazie alle immagini ottenute con la tecnologia CBCT rispetto alla sola radiografia
periapicale.
 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Tutti i diritti
riservati.

Introduction

Cone beam computed tomography

Breakthroughs in diagnostic radiology over the last 30 years
have led to the development of new technologies with
applications in dentistry. The development of hardware
and software has facilitated new approaches to dentomaxillofacial treatment and treatment planning. One such
advance is cone beam computed tomography (CBCT).
CBCT imaging is a relatively new method of visualizing an
individual tooth or the dentition in relation to the surrounding skeletal tissues that creates three-dimensional (3D)
images of the area of interest.1,2 This imaging technique
is an increasingly used diagnostic tool in endodontic
practice.3
In contrast to traditional radiographic methods, which
reproduce the 3D anatomy as a two-dimensional (2D) image,
CBCT allows the observation of an individual tooth or teeth in
any view, rather than in predetermined ‘default’ views.4
Thus, CBCT has the potential to improve diagnosis, treatment
planning, and the assessment of the outcome of endodontic
treatment. The disadvantage of CBCT is its use of ionizing
radiation, which means that clinicians must consider the
ALARA principle (as low as reasonably achievable) when using
the technique and any other imaging modalities. It is important to appraise the effective radiation dose associated with
various imaging modalities, their resolution, and the information they provide to the clinician.5
The European Society of Endodontology recommended
that CBCT imaging should only be considered if the additional
information provided by the reconstructed 3D images would
aid diagnosis and/or enhance the management of a tooth
with an endodontic problem.6 However, the endodontic literature (and all other dental disciplines) is replete with case
reports and ex-vivo studies, whereas the number of welldesigned clinical trials validating the use of CBCT in endodontics is small, which makes a meta-analysis impossible. The
aim of this review, therefore, is to present the pertinent
literature, highlighting the relative advantages and disadvantages of CBCT, and to discuss its application in the diagnosis, treatment planning and outcome of endodontic
treatment.

The first prototype CBCT scanner was developed in 1982 for
angiographic applications.7 A CBCT scanner for dentomaxillofacial use was developed in the late 1990s and, since the
very first report,8 use of this technique has become widespread in dentistry. Using CBCT, a 3D volume of data is
acquired in the course of a single sweep of the scanner.
The technique is contingent upon a simple, direct relationship between the sensor and the source, which rotates
synchronously 180—3608 around the patient’s head. The Xray beam, which is cone-shaped (hence the name of the
technique), captures a cylindrical or spherical volume of
data, described as the field of view (FOV).9 CBCT devices
are divided into four subcategories:10 dentoalveolar
(FOV < 8 cm); maxillomandibular (FOV 8—15 cm); skeletal
(FOV 15—21 cm); and head and neck (FOV > 21 cm).

Effective radiation dose
One of the major advantages of CBCT over computed tomography (CT) is the significantly lower effective radiation dose
to which patients are exposed.9 The effective dose of CBCT
scanners may vary, but it can be almost as low as that of a
panoramic dental X-ray.11—14 The dose depends on the region
of the jaw to be scanned, the exposure settings of the CBCT
scanner, the size of the FOV, the exposure time(s), the tube
current (mA) and the energy/potential (kV)15,16. The radiation dose can be reduced using a smaller FOV, fewer projections (1808) and a bigger voxel size.17,18
For endodontic applications, the FOV should be limited to
the region of interest; that is, the FOV should encompass the
tooth (or teeth) under investigation and the surrounding
structures. This is an effective way to reduce the radiation
dose.1 The radiation dose of a small-volume CBCT scanner is
comparable to that of 2—7 standard periapical radiographs
(PRs), whereas the radiation dose of a large-volume scanner
is similar to that of a full-mouth series of PRs.17,19 The tube
current (mA) selected should be as low as possible, so that
the image produced is of sufficient diagnostic yield even
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though this may result in a degree of noise.4 Whenever
possible, the mA and exposure times should be reduced.18
The voxel size used in CBCT is often a device-related compromise. Reducing voxel size beyond that required to produce reconstructed images of a sufficient yield should be
avoided to prevent unnecessarily high radiation doses.4
An accepted compromise between radiation dose and
image quality must be reached to adhere to the ALARA
principle.20 This is especially relevant when assessing children, who are more susceptible to the potential effects of
ionizing radiation.21 At all ages, the associated risks for
women are slightly higher than those for men. Therefore,
exposure of a patient to ionizing radiation must never be
considered routine. Furthermore, CBCT operators must be
adequately trained in CBCT radiology and in the interpretation of the images obtained, because both differ substantially
from conventional radiography.2

Drawbacks and limitations of cone beam
computed tomography
Despite the obvious advantages that CBCT offers in dentistry,
the technology has drawbacks and limitations. At present,
CBCT systems have significantly lower spatial resolution than
PRs (15—20 lines per mm),22,23 but the resolution of the
reconstructed scans is improving as new systems are developed.
A significant problem affecting the image quality and
diagnostic accuracy of CBCT images is the scatter and beam
hardening caused by high-density neighbouring structures
and materials.24,25 If the scattering and beam hardening is
close to or associated with the tooth under assessment, the
resulting CBCT images may be of minimal diagnostic value.26
Crowns, bridges, implants, fillings and intracanal posts can
mimic endodontic complications or hide existing ones.27,28
Ritter et al.28 determined the influence of patients’ age, sex,
body mass index, and existing dental restorations and
implants on the image quality of CBCT. The authors concluded
that the patient’s age and the number of existing dental
restorations have a negative impact on CBCT image quality.
However, further studies are required to identify the factors
associated with age that influence the quality of CBCT
images.

Clinical applications of cone beam computed
tomography in endodontics
The radiographic examination is an essential part of endodontic management, from the initial diagnosis to the assessment of treatment outcome. CBCT overcomes several
limitations of conventional radiography.2,9,14 For example,
the spatial relationship of the roots of multi-rooted teeth can
be visualized in 3D25 and the true size and 3D nature of
periapical lesions can also be assessed.1,9 CBCT technology
aids the diagnosis of endodontic pathosis and root and alveolar fractures, the assessment of canal morphology, the analysis of resorptive lesions, the identification of pathosis of
non-endodontic origin, the evaluation of root canal preparation and filling and the pre-surgical assessment necessary for
root-end surgery.
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Evaluation of root canal anatomy and complex
morphology
Anatomical variations exist with each type of tooth.29,30 The
2D nature of PRs does not consistently reveal the true number
of canals present in teeth. The interpretation of an image can
be confounded not only by the anatomy of its surrounding
structures but also by that of the teeth themselves. In an exvivo investigation, Matherne et al.31 compared the ability of
charge-coupled device and photostimulable phosphor plate
digital radiography systems and CBCT to detect the number of
root canals in 72 extracted teeth. This study found that, with
digital radiography, endodontists failed to identify at least one
root canal in 40% of teeth, despite using a parallax technique.
However, it should be taken into account that the teeth were
not sectioned to confirm the true number of root canals.
Mandibular first molars display several anatomical variations. The major variant in this type of tooth is the occurrence
of a supernumerary (distolingual [DL]) root.32,33 In rare cases,
an additional root may occur at the mesiobuccal (MB) side,
known as a radix paramolaris.34 According to a recent review,
the frequency of mandibular first molars with DL roots is 14.4%
and ethnicity is a predisposing factor for this anatomical
variation.35 Tu et al.,36,37 who investigated the apparent
prevalence of DL roots identified with PRs and CBCT, observed
prevalences of 21% and 33%, respectively. In conclusion, multiple PRs (especially the 258 mesial tube shift) or CBCT are
required to assess the presence of DL roots.35
Complex anatomy often occurs in the mesial root of
mandibular molars.38 Few clinical studies have investigated
the prevalence of an isthmus between the MB and mesiolingual canals, which can be instrumented to length.39—42
Despite reports of a high prevalence of intercanal communications in mandibular molars,43,44 the success rate of
locating and accessing a middle mesial root canal is low,
ranging from 1% to 46%.39,40,42,45 In an in-vitro study, de
Toubes et al.46 compared CBCT with clinical inspection,
digital radiography and operating microscope methods in
the identification of middle mesial canals in mandibular first
molars. Their results demonstrated that, unlike parallax
digital radiography, which was deemed unreliable, there
was good agreement between CBCT and the dental operating
microscope in detecting accessory mesial canals.
Different studies have used CBCT to study the root canal
morphology of maxillary molars.47,48 Blattner et al.47
assessed the prevalence of second MB canals in extracted
maxillary first and second molars in vitro. The teeth were
sectioned axially to confirm the true number of root canals.
In total, an 80% correlation was reported between CBCT
findings and the results obtained by tooth sectioning. Neelakantan et al.48 compared the efficacy of six methods
(modified canal staining and clearing, CBCT, peripheral quantitative CT, spiral CT, digital radiography and contrast medium-enhanced digital radiography) in identifying the root
canal systems of 95 teeth. Their results showed that CBCT
was as accurate as the gold standard (a modified canalstaining and clearing technique). Moreover, as in previous
studies,47,49,50 the level of interexaminer and intraexaminer
agreement was significantly higher with CBCT (and the other
3D imaging systems) than with PRs.
3D reconstructions of CBCT images allow clinicians to fully
appreciate the internal endodontic anatomy of the root canal
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system in each type of tooth.51—54 Prior knowledge of the
number of root canals and their location results in predictable identification of all root canal orifices.4,6,35 CBCT is also
invaluable for assessing teeth with uncommon anatomy, such
as teeth with an unusual number of roots, dilacerated teeth,
teeth exhibiting dens invaginatus (Fig. 1), teeth with Cshaped canals and fused teeth.5,55 However, CBCT should
be reserved for select cases where the root canal anatomy
cannot be fully appreciated with conventional PRs and the
dental operating microscope.4,6

Detection of apical periodontitis
Periapical radiolucency, detected on PRs or by reconstructed
scans obtained using CBCT, is a common sign of apical periodontitis.56,57 This lesion is commonly caused by bone resorption triggered by the host response to bacteria inside the root
canal system.58 A periapical lesion is defined as periapical
radiolucency connected with the apical part of a root that
exceeds at least twice the width of the periodontal ligament
space.59,60
Bender and Seltzer61,62 and Schwarz and Foster63 showed
that the size of the periapical lesion is often underestimated using PRs. CBCT enables the detection of radiolucent
endodontic lesions before the lingual or buccal plate is
demineralized.1,2,14 Use of CBCT eliminates the superimposition of anatomical structures and is useful in identifying
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processes occurring within the cancellous bone.2 Both invitro2,64 and in-vivo14,26,48,49,59,65—67 studies have shown
that CBCT detects periapical lesions more effectively than
PRs. Two studies2,68 have been undertaken to investigate
whether CBCT-detected lesions are true lesions. de PaulaSilva et al.68 examined the periapical area of 83 treated or
untreated roots in dogs’ teeth. Each root in which a periapical lesion was present on the CBCT images but absent on
the PRs was histologically determined to have periapical
inflammation. These findings confirm that CBCT scans are
more sensitive in detecting apical periodontitis than PRs
(Fig. 2). Overall, the specificity of PRs and CBCT is 1 (100%),
as corroborated by Patel et al.2 However, a human in-vivo
study to validate these findings by histologically assessing
the periapical tissues would be unethical.4
Using greyscale CBCT readings, Simon et al.69 were able to
differentiate solid from cystic or cavity-type lesions in 17
teeth. However, not all the lesions were intact and no
attempt was made to perform serial sectioning of the biopsy
material. To date, there remains no consensus on the possibility of differentiating cysts from granulomas using CBCT
imaging70,71; therefore, the use of CBCT is not useful in
deciding whether or not to perform a periapical surgery.
Images obtained using CBCT provide the clinician with
great detail and much information, allowing the presence of
previously undiagnosed pathoses66,72 or absence of odontogenic aetiology of pain73,74 to be verified. However, no single

Figure 1 (a) A healthy 16-year-old woman reported episodes of pain and swelling associated with maxillary lateral incisor (tooth 12)
over the previous 3 weeks. The crown of the affected tooth was intact but somewhat wider than the bilateral tooth. (b) The tooth did
not respond to thermal and electrical stimuli; periodontal probing revealed a normal periodontium. Periapical radiograph showed a
mature tooth, and a lateral radiolucency could be seen. (c) A small pit evident in the palatal surface was suspected of being a dens
invaginatus. (d, e) Reconstructed cone beam computed tomography (CBCT) (ProMax 3Ds; Planmeca Oy, Helsinki, Finland) images
confirmed the diagnosis of a dens invaginatus. The axial and sagittal views showing the enamel-line invagination (white arrow) and the
relationship between the main root canal. (f) Note the lateral exit of the root canal. (g) Three-dimensional CBCTreconstruction; buccal
view. (h) Post-operative radiograph. (i) Final access opening. (j) A recall periapical radiograph taken 12 months after the initial
appointment. Note the complete periapical healing.
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Figure 2 (a) Pre-treatment photograph of left upper canine (tooth 23) showing a yellow-brown discoloration. (b) The tooth was
sensitive to percussion, but neither sinus tract nor periodontal pocket was detected. Periapical radiograph revealed a healthy periapex
and an obliterated pulp space. (c) The axial cone beam computed tomography (CBCT) (CS 9000 3D; Carestream Health, Rochester, NY,
USA) images showed a visible pulp space in the middle and apical portion of the root. (d) Sagittal reconstructed CBCT images revealed a
periapical lesion (white arrows). (e) Despite microscopic visualization and the use of an ultrasonic tip, the root canal was not located.
(f) Intraoperative CBCT axial images helped to identify location of the root canal. The red arrow denotes the root canal deviation and
the green arrow denotes the correct position of the root canal. (g) Guttapercha cone before root canal filling. (h) After root canal
treatment, an intracoronal bleaching was the treatment of choice. The root filling was reduced 1—2 mm below the cementoenamel
junction. (i) Sodium perborate mixed with distilled water was placed into the pulp chamber. (j) Periapical radiograph taken
immediately after treatment. (k) Clinical results after 2 applications of the walking bleach technique, resulting in a slightly
overbleached tooth.

test or imaging technology will provide a definitive diagnosis.
A risk/benefit analysis should always be performed prior to
the use of any imaging technique.75

Assessment of the outcome of root canal
treatment
Perhaps the most important area in which CBCT can be
applied in endodontics is in determining the outcome of
treatment. One advantage of CBCT is that regions or teeth
to be compared over time do not need to be examined with
the same projection geometry, as is the case in conventional
radiography. Similarity between images in both geometry and
contrast can be achieved post hoc.2,9
Earlier identification of periapical radiolucent changes
using CBCT may result in earlier diagnosis and more effective
management of periapical disease. Mota de Almeida et al.74
determined whether the outcome of CBCT examinations,
performed in accordance with European Commission guidelines, had an impact on endodontic diagnoses. Their results
showed that CBCT had a substantial impact on diagnostic
efficacy; diagnoses were changed for 28 teeth (35%).
Conventional and digital PRs have been widely used for
follow-up after root canal treatment. However, in teeth with
apical periodontitis, microscopic findings and radiographic
examinations are often divergent.76 Chronic periapical
inflammation often persists for years after root canal filling,

even in the absence of clinical symptoms and radiographic
alterations.77,78 The most recent literature demonstrates
that the detection of periapical lesions following root canal
treatment using CBCT is more accurate than that using radiographic evaluation.68,79,80,67 de Paula-Silva et al.58 evaluated
periapical repair after root canal treatment in dogs’ teeth
using CBCTand PRs and compared these findings with the gold
standard: microscopic evaluation. Six months after treatment, a favourable outcome was detected in 79% of teeth
assessed with PRs, in comparison to 35% when CBCTwas used.
These findings are similar to those of other studies.67,81
Patel et al.67 compared the radiographic change in the
periapical status of individual roots using digital PRs versus
CBCT 1 year after primary root canal treatment. The healed
rate (no periapical radiolucency) for all roots was 92.7% using
PRs and 73.9% using CBCT. This rate increased to 97.2% and
89.4%, respectively, when the healing group (periapical radiolucency of reduced size) was included. In teeth with existing
pre-operative periapical radiolucencies, reconstructed CBCT
images also showed more failure (13.9%) when compared
with PRs (10.4%). In a retrospective longitudinal cohort study,
Fernández et al.81 evaluated the outcome of endodontic
treatments as assessed by conventional and digital PRs and
CBCT during a 5-year follow-up period. They suggested that
CBCT was more sensitive than PRs for the visualization of
periapical lesions in a long-term evaluation. In addition, it
was found that the root canal curvature, failure to disinfect
gutta-percha, the presence of missed canals and inadequate
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definitive coronal restoration at follow-up were prognostic
factors that negatively influenced the outcome of treatment.
However, it was not possible to confirm whether these lesions
were already present before commencement of the treatment, because no pre-treatment CBCT scans had been taken.
Liang et al.82 compared the quality of root canal treatment
using PRs and CBCT in teeth with vital pulps. They found that
the treatment outcome, length and density of root fillings and
outcome predictors as determined using CBCT differed from
the corresponding values determined using PRs. CBCT
detected periapical lesions in 25.9% of the teeth, compared
with 12.6% using PRs. Root fillings with voids and unsatisfactory
coronal restorations negatively influenced the outcome.
Underestimation of the size of periapical lesion by PRs
relative to CBCT highlights the importance of human clinical
trials to determine the mean time needed for periapical
healing when assessed using CBCT, especially because recent
reports have suggested that persistent or periapical disease
can have an impact on both oral and general health.83,84 It
would be justifiable to use small FOV CBCT scans in clinical
research trials. However, CBCT should not be used for the
routine assessment of periapical disease prior to endodontic
treatment.

Pre-surgical planning
Post-treatment apical periodontitis is preferably treated
by nonsurgical retreatment, unless patient preference or a
risk/benefit analysis indicates the use of periapical surgery.85
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Modern surgical endodontic treatment offers easier identification of root apices, smaller osteotomies and shallower
resection angles, which preserve cortical bone and root
length.85 The modern technique has a much higher success
rate than the traditional technique.86 Tsesis et al.87 reported
that modern surgical endodontic treatment yields a successful outcome rate of 89%. CBCT is particularly recommended
for diagnosis and treatment planning before endodontic
surgery.1
The benefits of the use of CBCT during endodontic surgery
including elimination of the superimposition of anatomic
structures, such as the zygomatic buttress, alveolar bone,
maxillary sinus and other roots, and early detection of the
presence and dimensions of apical lesions and changes in
apical bone density.4,14 The axial, coronal and sagittal planes
obtained with CBCT scans also provide clinicians with a clear
view of the anatomical relationship between root apices and
neighbouring structures, such as the mandibular canal,60
mental foramen and maxillary sinus.65,88
Low et al.65 compared the radiographic findings of PRs
with those of CBCT in root-treated maxillary posterior teeth
under assessment for periapical surgery. CBCT identified
significantly more periapical lesions (34%) than PRs, a clinically important difference. Detecting lesions with PRs alone
was most difficult in second molars or in roots in close
proximity to the floor of the maxillary sinus. Bornstein
et al.88 confirmed that limited CBCT imaging is a valuable
diagnostic method to evaluate anatomically demanding
areas, such as the posterior maxilla and maxillary sinus,

Figure 3 (a) A clinical image of the left maxillary central and lateral incisor subjected to endodontic surgery. (b) A periapical
radiograph showing an apical lesion in teeth 21 and 22. (c, d, e) A cone beam computed tomography (CBCT) scan (CS 9000 3D;
Carestream Health, Rochester, NY, USA) was performed before endodontic surgery. (C) Sagittal and axial images confirmed a
circumscribed apical lesion. Note that the apical lesion affected neither the buccal nor palatal cortical plates. (f) A submarginal
(Ochsenbein-Luebke) flap was raised to gain access and treat the apical lesion. Final size of the osteotomy. (g) Mineral trioxide
aggregate (White ProRoot MTA, Dentsply Maillefer) root-end — filled apex. (h) An immediate post-operative radiograph. No bone
regeneration techniques were required. (i) The flap was repositioned and sutured tightly with 5  0 monofilament sutures. (j) Two-year
follow-up radiograph showing almost complete healing.
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before periapical surgery. Malliet et al.89 concluded that
CBCT images may allow clinicians to avoid periapical surgery
for maxillary molar teeth where the floor of the sinus has
been perforated by a periapical lesion that is larger than
estimated, which may have not been readily detected on PRs.
The study by Bornstein et al.,60 which was performed on
mandibular molars, showed that, of 58 periapical lesions
detected with sagittal CBCT sections, 15 (25.9%) were not
detected with PRs. These authors also found that the distance between the apices of the first mandibular molars and
the upper border of the mandibular canal was not measurable
in 44 of 68 PRs (64.7%). The true size, location and extent of
periapical lesions can be appreciated with CBCT and the
actual root with which the lesion is associated can be confirmed.67
The use of CBCT imaging may be indicated for select cases
when planning periapical surgery, but the decision should be
based on several factors, such as proximity of the root apices
to neighbouring anatomical structures,60,88 suspicion of a
missing root canal,90 or assessment of the bony defect
(e.g. apicomarginal lesions, large periapical lesions communicating with the alveolar crest and through-and-through
lesions)91 (Fig. 3).

Assessment of vertical root fracture, resorption
or perforation
Complete or incomplete vertical root fracture (VRF) develops
longitudinally along the root.92 If the root fragment has not
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been displaced (incomplete root fracture), root fractures
may be difficult to diagnose using PRs.93 As reported by Tsesis
et al.,94 it is difficult to reach a definitive diagnosis based on
the signs and symptoms alone, because they are not specific
to fractures and may be very similar to those of endodontic or
periodontal disease. Meister et al.95 suggested that VRF could
only be detected directly using PRs if there is separation of
the root fragment and if the fracture traverses in the direction of the X-ray beam. If the fracture is not in the plane of
the beam, the clinician is forced to make interpretations
based on periradicular bone loss.
Controversy surrounds the accuracy of CBCT imaging for
detecting VRF. Some studies have found that CBCT imaging is
more accurate than PRs. Özer96 created fractures of known
widths ranging from 0 to 0.4 mm and reported that CBCT
imaging was more successful than PRs in correctly diagnosing
the fractures (82% and 42%, respectively). Bernardes et al.97
reported that, in endodontically treated teeth, CBCT imaging
detected VRF in 90% of cases, whereas PRs detected VRF in
only 10%. However, this study did not confirm the presence/
absence of root fracture by comparison with a reference
standard.
Some studies98,99 have concluded that CBCT imaging is an
unreliable method of detecting VRF, whereas others have
found no differences between CBCT and PRs.100,101 Recently,
Chavda et al.102 concluded that both CBCT and PRs had a high
and comparable degree of specificity (0.92 for PRs and 0.83
for CBCT imaging) but that both exhibited low sensitivity, at
0.27 and 0.15, respectively. These results indicate that the

Figure 4 Example images of a right maxillary first molar (tooth 16): (a, b) digital periapical radiographs, and (c) reconstructed axial
cone beam computed tomography (CBCT) (CS 9000 3D; Carestream Health, Rochester, NY, USA) slices. The fracture was not visible on
either imaging modality. (d) The suspected vertical root fracture was only confirmed during the surgical flap procedure.
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likelihood of detecting a VRF is low for both modalities
(Fig. 4). Therefore, CBCT imaging could be a useful adjunct
to a thorough clinical examination, but this system by no
means guarantees a correct diagnosis of a VRF.
Root resorption is defined as the loss of dental hard tissues
as a result of osteoclastic activities.103 It can be a physiological or a pathological phenomenon. Unlike bone, which
undergoes continuous physiological remodelling throughout
life, root resorption of permanent teeth does not occur naturally and is invariably inflammatory in nature. Therefore, root
resorption in the permanent dentition is a pathological event;
if untreated, it may result in the premature loss of the affected
teeth.104 The diagnosis of root resorption is based primarily on
radiographic examination, with supplementary information
gained from the history and clinical findings.105
Although PRs are currently the reference standard for the
detection of root resorption, CBCT scans result in enhanced
diagnosis of the presence and type of root resorption
(Fig. 5).103,104 In-vitro studies106—109 have demonstrated the
superior diagnostic accuracy of CBCTover PRs in the detection
of simulated resorption cavities. Both Durack et al.106 and
Bernardes et al.109 highlighted the ability of CBCT to detect
incipient root resorption before it became identifiable using
conventional radiographic systems. However, it is unclear
whether voxel size affects the potential of CBCT to detect
these cavities.108,110
Two clinical studies111,112 also reported that CBCT is superior to PRs in identifying and determining the extent of root
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resorption. Patel et al.111 found that CBCTwas 100% accurate
in its ability to diagnose the presence of root resorption,
whereas the sensitivity of PRs was significantly lower. Therefore, this imaging modality is a suitable tool for the assessment of the true condition of teeth diagnosed with root
resorption that can improve their diagnosis and aid management.
Root canal perforation is a procedural error that results
in communication between the root canal walls and the
periodontal space; it is capable of affecting the prognosis
of endodontic retreatment (Fig. 6).113 In phases 3 and 4 of
the Toronto study,114 the observed healed rate in teeth with a
perforation was 31%, lower than in teeth without perforation.
Timely detection of perforations will aid in selecting the
proper therapy, thus minimizing bone loss, and in predicting
the outcome and analysing failures.115 Radiographic detection is challenging on the labial and lingual root surface,
because the image of the perforation is superimposed on that
of the root. Kamburoğlu et al.116 found that the ProMax1 3D
Max CBCT scanner (Planmeca Oy, Helsinki, Finland), at all
voxel sizes, is useful in determining the presence and dimensions of furcal perforations when perforation is suspected.
When adequate information cannot be obtained through
clinical examination and using traditional 2D techniques,
CBCT imaging may help to identify fractured files, cast post
deviations and perforations.107,117 The final diagnosis and
choice of clinical therapy for root perforations should always
be made in conjunction with the clinical findings.

Figure 5 (a, b) A 45-year-old woman was referred by her general dental practitioner for endodontic management of a possible
external cervical resorption lesion on the tooth 37. On presentation, the patient was asymptomatic. (c, d) Periapical radiographs of
tooth 37 using a paralleling technique revealed a well-circumscribed and symmetric radiolucency in the cervical aspect of the tooth.
(e) Axial cone beam computed tomography (CBCT) (ProMax 3Ds; Planmeca Oy, Helsinki, Finland) slices through tooth 37 showing a
radiolucency with defined margins. The resorptive lesion had not perforated into the root canal. Furthermore, axial slices allowed the
relationship between a supernumerary root (distolingual) and the other roots to be assessed. (f) The external cervical lesion was
treated by an internal approach. (g) A post-operative periapical radiograph.
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Figure 6 (a) A 30-year-old male patient presented with a chief complaint of severe pain and swelling in the maxillary incisor region.
Clinical examination revealed 5-mm-deep periodontal pocket associated with tooth 11. (b, c) Pre-operative periapical radiographs of
tooth 11 with different horizontal angulations. Root perforation was suspected but could not be confirmed because of superimposition
of the surrounding structures. (d, e) Cone beam computed tomography (CBCT) (CS 9000 3D; Carestream Health, Rochester, NY, USA)
demonstrated a root perforation on the buccal root surface 1 mm above the alveolar crest. Sagittal reconstructed CBCT images
revealed that the periapical radiolucency was larger than that seen radiographically. (f) Three-dimensional CBCT reconstruction. (g, h)
An adequate access cavity to locate both the root perforation and the root canal. (i) Radiographic control after filling the root canal. (j)
A papilla-base flap was raised to gain access and treat the root perforation. (k—m) Treatment attempt of the perforation included
sealing with a resin-composite. (n) Two-year follow-up radiograph.

Assessment of dental trauma
Traumatic dental injuries present a challenge to clinicians
worldwide. Correct diagnosis, treatment planning and

follow-up of the injury are essential and must be achieved
through detailed history taking and clinical and radiographic assessment.118 The International Association of
Dental Traumatology guidelines recommend that several
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projections and angles should be imaged routinely (908
horizontal angle, occlusal view and a lateral view from
the mesial or distal aspect of the affected tooth)119.
Horizontal root fractures usually affect maxillary central
incisors and are typically traumatic in origin, associated
with accidents, sports injuries or fights.120 The treatment
outcome for fractured teeth may be influenced by several
factors, such as the degree of dislocation, stage of root
formation, location of the fracture, interval between trauma
and treatment, and type of dental trauma (displacement of
the coronal fragment compared with no displacement of the
coronal fragment).121 One problem is that the fracture line
will only be detected if the X-ray beam passes directly
through it. The absence of radiographic signs when the Xray beam is not parallel to the plane of the root fracture,
tooth displacement and/or alveolar bone fracture is a limitation of intra-oral PRs.4
Use of CBCT allows accurate diagnosis of the presence or
absence, as well as the exact location, extent and direction,
of a horizontal fracture line.122,123 The latest trauma guidelines suggest that, in addition to conventional radiography,
CBCT scans may be considered for the diagnosis of horizontal
root fracture.118 Bornstein et al.124 highlighted the relevance
of CBCT to prognosis and treatment planning. As reported by
May et al.,125 there is a significant risk of misdiagnosing the
location of a root fracture in anterior teeth when using intraoral radiography, because of the possibility of an oblique
course of the fracture line in the sagittal plane.

Conclusions
Diagnostic information directly influences clinical decisions.
Accurate data facilitate better treatment-planning decisions
and more predictable outcomes. CBCT is an emerging technology with the potential to revolutionize the diagnosis and
management of endodontic problems. An increasing number
of specific applications of CBCT in endodontics are being
identified as use of the technology becomes more widespread.
The benefits of a CBCT investigation must outweigh any
potential risks; therefore, cases of endodontic disease should
be judged on an individual basis. Until further evidence is
available, CBCT should only be considered in situations where
conventional imaging systems do not yield sufficient information to allow the appropriate management of the endodontic
problem. The ALARA principle must be adhered to in all
cases.
CBCT imaging has the potential to become the first choice
for endodontic treatment planning and outcome assessment,
especially when new scanners with lower radiation doses and
better resolution become available. However, the currently
available literature in this field is mainly limited to technical
details and diagnostic accuracy (levels 1 and 2 in a hierarchical model) and, even in these areas, the information available is limited and incomplete.75 Further clinical trials are
needed to provide insight on the increased efficacy possible
with endodontic applications of CBCT, especially regarding
patient outcome.
Furthermore, practitioners of CBCT must be adequately
trained in CBCT radiology as well as in the interpretation of
the images obtained, because the modality is completely
different from conventional radiography. In summary, a
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cautious and rational approach is advised when considering
the use of CBCT imaging in endodontics.
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Abella F, Teixidó LM, Patel S, Sosa F, Duran-Sindreu F, Roig M.
Cone-beam computed tomography of maxillary first and second
premolars in a Spanish population. J Endod 2015;41:1241—7.
Venskutonis T, Plotino G, Juodzbalys G, Mickevičienė LM. The
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Abstract
Aim: To assess preliminarily the potential benefits of the use of the platelet-rich fibrin (PRF) in
modern endodontic surgical procedures in terms of radiographic healing acceleration and
postoperative discomfort reduction.
Methodology: Eleven patients with chronic apical periodontitis were randomly assigned to either
the PRF (n = 7) or the control group (n = 4). Postoperative swelling and pain were assessed with a
questionnaire. Radiographic healing was scored according to Molven’s scale up to a period of one
year. Data were statistically analyzed with non-parametric tests.
Results: In the PRF group the patients experienced less pain in the 2—6 h postoperatively as well as
oedema, which never exceeded the moderate intraoral swelling. Radiographic healing was detectable earlier in the PRF group, with the majority of cases scored as complete healing after 2—3 months.
Conclusions: The adjunctive use of PRF might promote the acceleration of the radiographic healing
and reduce the postoperative discomfort.
 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. All rights reserved.
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1121-4171/ 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. All rights reserved.

52

PAROLE CHIAVE
Endodonzia chirurgica;
Guarigione;
Platelet-rich fibrin;
Dolore postoperatorio;
Gonfiore.

D. Angerame et al.
Riassunto
Obiettivi: Valutare preliminarmente i potenziali benefici dell’uso del platelet-rich fibrin (PRF)
nella moderna endodonzia chirurgica in termini di accelerazione della guarigione radiografica e
riduzione del discomfort postoperatorio.
Materiali e metodi: Undici pazienti con paradentite periapicale cronica sono stati assegnati
casualmente al gruppo PRF (n = 7) o al gruppo controllo (n = 4). Gonfiore e dolore postoperatori
sono stati valutati con un questionario. Nell’arco di un anno di osservazione è stato assegnato un
punteggio alla guarigione radiografica secondo la scala di Molven. I dati sono stati analizzati
statisticamente con test non parametrici.
Risultati: I pazienti del gruppo PRF hanno provato meno dolore nelle 2—6 ore postoperatorie e
sviluppato minor edema, che era sempre limitato e intraorale. Nel gruppo PRF la guarigione
radiografica era individuabile precocemente, con la maggioranza dei casi classificata come
guarigione completa dopo 2—3 mesi.
Conclusioni: L’uso aggiuntivo del PRF sembra promuovere l’accelerazione della guarigione
radiografica e ridurre il discomfort postoperatorio.
 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Tutti i diritti
riservati.

Introduction
Untreated pulp tissue necrosis may lead to periapical periodontitis, which represents a response of the bone around the
apex to restrain the local infective offence. Periapical healing can be achieved by root canal treatment, whose purpose
is to remove bacteria and remnants of infected tissue by
shaping, cleaning and filling with an inert material the entire
root canal system.1 The main cause of unsuccessful periapical
healing after primary endodontic therapy is the persistence
of bacteria and infected tissue in the endodontic space2 even
after orthograde endodontic treatment and retreatment; in
such cases, the last resort to maintain the tooth is represented by apical surgery.3 In the choice between orthograde
re-treatment and surgical approach, the latter has to be
preferred when the root canal filling is adequate, but symptoms are persisting, when re-treatment involves high risk
procedures or long posts are present in the root canal.4
Improvement in technical instruments and in surgical
techniques might enhance the outcome of endodontic surgery.5 In fact, the employment of microsurgical techniques
and modern obturation materials raised the success rates
after root-end resection and retrograde filling to about 80—
90%.6,7 In order to induce bone regeneration and soft tissues
healing after oral surgery, the local application of hormones,
grow factors and plasma derivates has been advocated.8
Platelet-rich plasma (PRP), bone morphogenic proteins
(BMPs), platelet-derived growth factor (PDGF), parathyroid
hormone (PTH), and enamel matrix proteins (EMD) have been
locally applied to promote the healing potential of the
surgical site.8 Nevertheless, the effectiveness of their application in endodontic surgery is still questionable and
the advantages they provide to both surgeon and patient
have been reported to be moderate and remain still
controversial.9—14
It has been advocated that Platelet-rich Fibrin (PRF) can
be considered a healing biomaterial because it is constituted
by a fibrin network in which platelets, leukocytes, cytokines
and stem cells are enmeshed.15 Moreover, the platelets in the
PRF network are capable of slowly releasing platelet-derived
growth factor (PDGF) and insulin-like growth factor

(IGF),16,17 even up to one week.18 The osteogenic potential
of these molecules has been already demonstrated.19,20 PRF
can be thought as a grow factor reservoir that can be
employed without exposing the patient to any immunogenicity or infection risk,21 because it is entirely composed of
nothing but the patient’s blood. The application of such a
specific biomaterial to endodontic surgery has already been
described in some recent case reports22—24 and a randomized
clinical trial in the specifical field of the treatment of apicomarginal defects.25
Considering that the teeth undergoing apical surgery have
less predictable prognosis and even a single tooth can be
strategic in the whole oral prosthetic rehabilitation, the possibility of accelerating the bone regeneration in periapical
surgical defects might be of great interest to the clinician, in
order to proceed sooner with the permanent rehabilitation.
The aim of the present one-year follow-up pilot study is to
evaluate the radiographic healing and the postoperative
discomfort in patients undergoing apical surgery, either by
leaving the apical surgical cavity empty or by filling it with
the PRF gel. The null hypotheses were that periapical surgical
defects filled with the PRF gel require the same healing time
of sites treated by conventional surgical techniques and that
the patients experienced the same postoperative discomfort
with or without PRF application.

Materials and methods
Patient selection
In this study 11 patients underwent endodontic surgery for
the treatment of refractory periapical periodontitis. The
whole experimentation was conducted in accordance with
the declaration of Helsinki of 1983. The patients involved
were fully informed about the intent and the design of the
study and they were asked to give their approval by signing a
written consent.
Patients with severe systemic disorders (i.e. non-controlled diabetes, immunologic diseases, malignant neoplastic
processes), thrombocytopenia or insufficient compliance
were excluded from the present study. For inclusion of
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Table 1

Patients involved in the study.

Group

Subject

Gender

Age

Tooth

Control group

C1
C2
C3
C4
T1
T2
T3
T4
T5
T6
T7

F
M
F
M
F
M
F
F
M
M
F

45
72
37
60
45
43
44
47
28
42
52

1.3
4.3
1.5
2.3
2.5
1.5
1.1
1.2
3.6
3.7
3.2

PRF test group

patients, we selected adult individuals presenting a tooth
with persisting periapical radiolucency, the presence of fistula and symptoms after orthograde retreatment and a high
risk of jeopardize the root integrity by orthograde approach.
Each patient was randomly assigned to the control group
(n = 4) or PRF test group (n = 7) by simple computerized
randomization procedures. Detailed information about the
patients involved in the study are reported in Table 1.

Surgical procedure
A single surgeon performed all surgical interventions under
operating microscope magnification. Lidocaine with epinephrine 1:50,000 was employed as local anaesthetic.
Twenty minutes were waited for the vasoactive agent to
constrict the local blood vessels in order to achieve optimal
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haemostasis.3 Surgical access to the apical area of the
involved tooth was obtained via a full-thickness muco-gingival flap with vertical releasing incisions. The bone around the
root apex was removed with a round bur mounted on a lowspeed handpiece under constant water irrigation. All granulomatous tissue was removed by manual curettage. Ferric
sulphate (Astringedent, Ultradent, South Jordan, UT, USA)
was used as haemostatic agent. The root was sectioned 3 mm
from the anatomical apex. The root-end cavity was performed by using ultrasonic tips (KiS, Spartan Obtura, Fenton,
MI, USA), dried with sterile paper points (Inline, BM Dentale,
Turin, Italy) and filled with SuperEba (Regular setting powder,
Bosworth, Skokie, IL, USA). After the cement setting, the
apical surface of the resected root was dyed with methylene
blu and a surgical mirror was employed to verify the absence
of visible marginal defects. At the end of root-end filling
procedure the surgical site was abundantly flushed with
saline to remove blood clots and ferric sulphate residuals.
In the four patients of the control group, the bone defect was
not filled and the flap was sutured with 5  0 and 6  0
monofilament polypropylene. In the other 7 cases (PRF test
group), PRF gel was prepared as described below and applied
in the bone defect before repositioning and suturing the flap
(Fig. 1). Antibiotics were prescribed during the 6 days postoperatively (1 g amoxicillin every 12 h). The choice to assume
analgesics was left to the patient. Sutures were removed
within 48—72 h from surgery.

PRF preparation
The PRF gel was obtained by following the protocol by
Choukroun et al.26 This consisted of collecting a small amount

Figure 1 Phases of the PRF gel application: (A) check of the proper seal of the retrograde filling with a surgical mirror; (B) appearance
of the periapical bony defect; (C) positioning of the PRF gel in the bony defect with forceps; (D) adaptation of the gel to the defect after
compression with a gauze.
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of the patient’s blood (10—40 mL in the case of our study) at
the needed moment of the surgical operation into dried
monovettes without anticoagulant agent (Vacuette, Greiner
Bio-One, Kremsmünster, Austria). The collected blood was
immediately centrifuged for 10 min at 2,500 rpm. The produced clot was extracted from the container by using thin
sterile forceps and entirely employed, without depriving it of
the red thrombus.

significance of the differences between the groups in terms
of periapical healing, pain and swelling scores was assessed
by means of a Mann-Whitney test. Since the present pilot
study was conducted on a restricted number of patients, a p
value less than 0.01 was regarded as statistically significant.

Radiographic centering and examination

The distribution of the periapical healing scores is showed in
Fig. 2. After the 1st radiographical recall, only one patient of
the PRF test group was classified as healed by the blinded
examiners and no significant differences were found between
the two groups. At the recalls after 2 and 3 months from the
surgical intervention, the PRF test group exhibited significantly better periapical healing scores than the control
group. From that moment on, the periapical healing scores
of the control and test group were similar and no significant
difference was pointed out by the statistical analysis.
The graphs in Figs. 3 and 4 represent the changes in
postoperative pain and swelling during the time of observation hours and days after the surgical intervention. By considering both investigated parameters, average to low scores
were registered in the two groups with a trend of lower scores
associated with the application of PRF. More specifically, the
patients of the PRF test group felt less intense pain than the
control group during the first hours and days postoperatively,

Customized filmholders and digital X-ray system (Vistascan
Dental Perio, Dürr Dental AG, Bietigheim, Germany) were
used throughout the study with a paralleling technique;27 the
X-ray device (2200 Intraoral X-Ray System, Kodak Dental
Systems, Rochester, NY, USA) was set at 70 kVp, 10 mA,
and 0.20 s exposure time. Radiographs were taken before
and after surgery, and at each follow-up visit; recalls were
planned at the 1st, 2nd, 3rd, 4th, 5th, 6th and 12th month
after surgery.
Two endodontists with 16 and 20 years of clinical experience extraneous to involved patients and study design were
calibrated.28,29 All radiographs were blindly examined twice
at interval of at least 30 days. Inter- and intraobserver
reproducibility was assessed by means of Kappa statistics.30
Each follow-up radiograph was assigned to the appropriate
category of the classification introduced by Molven
et al.:28,29 complete, incomplete, uncertain or unsatisfactory healing (failure). Independently of the radiological periapical condition, the presence of postoperative clinical
complications (e.g. sinus tract, apicomarginal communication, infection with tenderness to palpation or percussion)
reported at any time of the control visits was considered as
failure.

Results

Pain and swelling assessment
The model for subjective data collection described by Pennarocha et al.31 was adopted. Each patient was asked to fill
out a questionnaire in which pain and swelling information
were recorded after 2, 6, and 12 h from the intervention, and
each day during the first 7 postoperative days. Pain was rated
as follows:
 0, absence of pain;
 1 (mild), recognizable but not discomforting pain that did
not require the assumption of analgesics;
 2 (moderate), discomforting but bearable pain that is
effectively relieved by analgesics, if assumed;
 3 (severe), pain that is difficult to bear.
The following scale was formulated to score the postoperative swelling:
 0, absence of swelling;
 1, minor intraoral oedema localized to the surgical site;
 2, moderate extraoral swelling in the surgical zone;
 3, severe extraoral swelling beyond the treated area.

Statistical analysis
The Statistical Package for Social Sciences v. 15 (SPSS Inc.,
Chicago, IL, USA) was used for statistical analysis. Descriptive
statistics of the considered variables were performed. The

Figure 2 Median values and interquartile ranges of periapical
healing scores after months (m) from the surgical intervention:
1, complete healing; 2, incomplete healing; 3, uncertain healing; 4, unsatisfactory healing. The asterisks mark statistically
significant differences between control and PRF experimental
groups at the specific time point ( p < 0.01).

Figure 3 Mean values and standard deviations of pain scores
after hours (h) and days (d) from the surgical intervention: 0,
absence of pain; 1, mild pain; 2, moderate pain; 3, severe pain.
The asterisks mark statistically significant differences between
control and PRF experimental groups at the specific time point
( p < 0.01).
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Figure 4 Mean values and standard deviations of swelling
scores after hours (h) and days (d) from the surgical intervention:
0, absence of swelling; 1, minor intraoral swelling; 2, moderate
extraoral swelling; 3, severe extraoral swelling. The asterisks
mark statistically significant differences between control and
PRF experimental groups at the specific time point ( p < 0.01).

with significantly lower scores after 2 and 6 h ( p < 0.01). As
to the swelling assessment, the maximum scores in both
groups were reached in the time period between the 12 h
and the second postoperative day. Starting from the third
postoperative day, the swelling slowly decreased in both
groups. The score in the PRF test group never exceeded
the moderate intraoral swelling.

Discussion
The present study evaluated the effects of the application of
PRF in endodontic surgery. Similar periapical healing scores
were assigned to the two groups at the first radiographic
control; true to form, one month was not enough to observe
mineralization changes with intraoral radiography, even in
the PRF test group. On the contrary, radiographic healing in
PRF test group appeared to be significantly improved after
two and three months from the surgical intervention. If
confirmed by studies involving a larger number of patients,
such an advantage is likely to arouse the interest of the
clinician, because the use of the PRF gel seems to accelerate
the healing process, which was detectable earlier. In many
clinical and operative situations the possibility to shorten the
follow-up period to only few months before proceeding with
the permanent rehabilitation would be a substantial asset.
Moreover, a general trend of reduced postoperative pain and
local swelling was noticed and must be considered in the
management of the patient’s overall comfort. In the first
hours postoperatively the majority of the patients belonging
to the test group experienced only mild pain (i.e. bearable
without assuming drugs); this means that their use of analgesics could be limited and has both clinical and economic
advantages. A clinical trial reported a beneficial effect of the
use of plasma rich in growth factors (PDGF) during endodontic
surgery in affecting postoperative symptoms and patient’s
quality of life after surgery.32 The authors described in detail
the procedure to obtain and apply this plasma concentrate to
the surgical site, which required several steps to be performed, namely separating the plasmatic component in two
fractions, storing them, adding CaCl2 to enable clot formation and finally apply liquid and a clot of PRGF in three
steps.32 We chose to use PRF over PRGF because the former
has simpler procedures for both preparation and positioning
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that allow to spare operative time potentially without compromising the clinical effectiveness.
One of most common indications to apical surgery is the
presence of an obstruction that does not allow the access to
the entire endodontic space and cannot be overcome. The
orthograde techniques for overstepping the obstruction
depend on the availability of specific instruments and above
all on the operator’s dexterity, so that they are hardly
standardizeable.4 Thus, it can be concluded that there are
no absolute indications to apical surgery,33 as they depend on
a host of factors. The benefits that PRF could provide in terms
of accelerated radiographic healing and limited postoperative soreness might influence the therapeutic choice.
Preferring PRF over PRP in endodontic surgery depends on
several factors. Since in most cases the surgical bone defect
is likely to be small, PRF, differently from PRP, would be the
first choice because it requires the collection of very few
milliliters of blood. PRP is obtained from the patient’s own
blood to whom citrate dextrose solution A is added prior to
centrifuging.34,35 PRF was specifically created for oral and
maxillofacial surgery.26 The preparation of PRF requires
neither anticoagulant in the container nor addition of gelling
agent (i.e. bovine thrombin).36 The absence of anticoagulant
implies the need of fast transfer and immediate centrifugation of collected blood because fibrin polymerization is not
inhibited. During the first centrifugation phase, fibrinogen
concentrates in the upper part of the tube; thereafter,
circulating thrombin causes the slow transformation of fibrinogen into fibrin and the clot forms in the middle of the
tube.36 Red corpuscles sediment at tube’s bottom, whilst
acellular plasma supernatant collects at its top. The slow
gelling process distinguishes PRF by PRP and other plasma
derivates as it modifies the mechanical and biological characteristics of the fibrin matrix.37 In fact, physiological thrombin concentration determines the organization of the fibrin
network in a biochemical architecture characterized by trimolecular or equilateral junctions between monomers.36
This three-dimensional structure allow the establishment
of a flexible, elastic and resistant PRF gel, in which cytokines
are retained and cellular migration is supported by the fibrin
network.38,39 Platelets are mainly entrapped in the clot at
the interface between the fibrin clot and its lower portion
(the red thrombus); thus, this portion of the plasma derivate
gains in clinical relevance because of the substances it
contains.38 PRF seems also capable of enmeshing glycosaminoglycans,38 whose affinity for circulating platelet cytokines
can enhance the cell migration and the healing process.40
Cytokines are soluble molecules that play a relevant role in
healing and regeneration mechanisms in injured tissues;38,41
their capability of regulate inflammation and healing phenomena consists of a multitude of molecular interactions that
has not been completely understood and described.39 The
biologic activity and clinical effectivess of the PRF gel benefits from a partially known cytokines action. Our preliminary
results highlight a trend of lower postoperative discomfort
and accelerated bone healing in the patients who received
the PRF gel; these findings can be indicative of a attenuated
inflammatory response and enhanced healing of the surgical
site. The action of healing cytokines the PRF gel contains,
consists of interrupting the inflammation process or promoting angiogenesis. The effects of interleukin 4 (IL-4) profoundly depend on the cytokines environment.42 When
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inflammatory processes are present, IL-4 acts as regulator by
inhibiting the IL-1b-mediated signal.43 The most powerful
agent for angiogenesis promotion is the vascular endothelial
growth factor (VEGF), which can control growth, migration
and differentiation of epithelial cells.44 PRF has been defined
an ‘‘immune organizing node’’ owing to its content in cytokines with both pro- (IL-1b, IL-6, TNF-a) and anti-inflammatory (IL-4) action, which was found to be superior than in
plasma concentrates.39
Although cytokines and cells enmeshed in PRF fibrin network influence tissue healing, the molecular fibrin structure
seems to be the crucial characteristic of PRF.15 It is noteworthy that fibrin employed in surgery as a single agent
cannot lead to sufficient bone regeneration.45 The complex
fibrin matrix of PRF can induce angiogenesis, because
endothelial cells can migrate and adhere to its articulate
structure in which they differentiate and proliferate.46 Moreover, one of the main angiogenesis soluble factors, the
platelet-derived growth factor (PDGF), binds to fibrin with
high affinity.47,48
Since PRF has been introduced in recent years, only a
small number of clinical studies on its efficacy have been
produced; nevertheless, hopeful results have been obtained
in different fields of oral surgery.21,49—51 Some clinical case
reports or series have been produced on the PRF application
to endodontic surgery, with the authors generally describing
reduced morbidity and discomfort for the patient and accelerated healing.22—24 Nevertheless, no effort is made in these
studies to standardize the surgical techniques or the preoperative conditions;23 moreover, some authors make use of
bone substitutes — e.g. hydroxyapatite or b-tricalcium phosphate (TCP)22,24 — which are likely to affect the reliability of
the radiographic assessment. On similar basic principles, also
a case report of a single periapical lesion treated with PRP
and allogenic graft (TCP) has been published.52 The authors
speculated that PRP could accelerate TCP resorption and
reported a subtotal replacement of the grafting material
with newly-formed bone 12 months after surgery. Since a
3-year follow up study on 146 teeth that underwent standard
periapical surgery reported that 66% of treated teeth could
be considered healed after 12 months,7 the use of PRP and
TCP as grafting material appears questionable at the
moment. Recently, a randomized controlled trial on the
surgical treatment of apicomarginal defects with PRF has
been published.25 However, endoperiodontal defects are
peculiar lesions, whose treatment is known to be particularly
arduous. The authors did not find significant benefit from the
use of PRF. Differently, the aim of the present study was to
assess the effect of PRF in endodontic lesions without periodontal communication, so it is probable that the gel can
express its beneficial effect in the absence of bacterial
interference from the marginal periodontum and other
non-controlled factors.
Similarly to the case of periodontal regenerative therapy,
bone grafting materials have been frequently employed in
endodontic surgery to promote bone regeneration and their
ability to induce new bone formation has been described
well.53 Notwithstanding, the risk of ankylosis after the use of
a grafting material in endodontic surgery has still to be
assessed because grafting materials might interfere with
the regeneration of the periodontal ligament. There are
no specific indications to bone grafting in periapical surgery
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on account of their controversial ability to provide favourable healing and because of a lack of controlled clinical
trials.53 PRF is an autologous material that surmounts problems related to graft rejection, which might occur when the
source of the grafting material is allograft, alloplast or
xenograft.

Conclusions
The application of PRF gel in apical surgery showed promising
result in stimulating bone formation after 2 and 3 months
around periapical surgical defects and in reducing postoperative discomfort. Further clinical studies are needed to confirm the findings of this pilot study.
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Abstract
Aim: Aim of this study is to analyze the real movement, influenced by anatomical difficulties, of
nickel-titanium rotary instruments within root canal systems; then the objective is to point out
the physical and geometrical characteristics of an ideal instrument, able to overcome the most
complex anatomies.
Methodology: At first, observation of the behavior of nickel-titanium rotary instruments within
root canal systems and of the influence on them of root canal anatomy. Then, attempt to avoid
the anatomical obstructions exploiting, with manual rotation, the advantages of a zero/low
torque.
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Results: Given that, in some root canals the severity of the curves prevents instruments to
advance in rotation, we obtained significant results by manually advancing and rotating NiTi
rotary instruments.
Conclusions: Therefore, in some cases, we would need an instrument that can reconcile
efficiency with a reduction of mass and torque; the ideal instrument should have a very contained
working part, combining efficiency with the decrease of mass and, consequently, of torsional
stresses too.
 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. All rights reserved.
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Riassunto
Obiettivi: obiettivo di questo studio è di registrare il reale movimento degli strumenti, condizionato dalle difficoltà anatomiche, all’interno dei sistemi endocanalari, per poi tentare di
evidenziare le caratteristiche fisiche e geometriche dello strumento ideale, impegnato ad
affrontare le anatomie più complesse.
Materiali e Metodi: in un primo momento: osservazione del comportamento delle lime endodontiche meccaniche in Ni-Ti all’interno dei sistemi canalari e del condizionamento che
l’anatomia canalare ha su di esse. In seguito: tentativo di eludere l’impedimento anatomico
sfruttando, con la rotazione manuale, i vantaggi di un torque nullo-basso.
Risultati: premesso che in alcuni canali la severità delle curve impedisce agli strumenti di
avanzare in rotazione, si sono ottenuti risultati significativi facendo avanzare e ruotare gli
strumenti manualmente.
Conclusioni: alla luce di queste considerazioni, in alcuni casi avremmo bisogno di uno strumento
che possa conciliare l’efficienza con una diminuzione di massa e torque. L’ideale sarebbe trovare
uno strumento con parte lavorante molto contenuta e che coniughi, quindi, l’efficienza alla
diminuzione della massa e di conseguenza anche dello stress torsionale.
 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Tutti i diritti
riservati.

Introduction
Anatomical complexities submit nickel-titanium (Ni-Ti) rotary
instruments to stresses that often undermine their structural
integrity. Despite an extraordinary development of Ni-Ti in
more than 20 years of utilization, the increased risk of a
separation remains a significant problem for many clinicians.1
Many variable might contribute to this fracture, but the two
main causes are cyclic fatigue and torsional fatigue, both of
which might contribute to fracture, depending on canal curvature, instrument geometry and manufacturing method.2—4
Torsional fracture occurs when an instrument tip or another
part of the instrument is locked in a canal, while the shank
continues to rotate and the elastic limit of the metal is
exceeded1,5; instruments fractured by fatigue do not bind
in the canal but they rotate freely around a curve, generating
tension/compression cycles at the point of maximum flexure
until fracture occurs.6 Many fracture simulation studies on
Ni-Ti instruments have been conducted separately from cyclic
fatigue and torsional failure tests.7,8 Only a few studies have
tried to correlate these two factors of fracture.9—12
The endodontic handpiece imparts to the instruments a
rotary motion around an axis (axis of the handpiece). When
the apical portion of an instrument is inserted into a curvature, this portion will rotate around a new and different axis
(axis of the canal after the curvature); this rotational motion
around a new axis is the result of two actions; the first due to
the structural continuity of the instrument which tends to
transfer, to its portion inserted into the curvature, the same
rotary motion imprinted by the endodontic handpiece to the
portion of instrument in direct contact with the endodontic

handpiece itself (rotation motion around the axis of the
handpiece); the second due to the root canal walls, which,
opposing the penetration of the instrument inserted into the
curvature, exert on it pressing forces (this portion of instrument, in fact, attempts to rotate around the axis of the
handpiece, but ‘‘slams’’ on root canal walls). The resultant of
these two actions will rotate the portion of instrument
inserted into the curvature around a new axis (axis of the
canal after the curvature). To appreciate this rotation around
a new and different axis, a rotary instrument can be put in
rotation on a glass plate, in order to simulate a true rotation
in a root canal with a high degree of curvature; a rotarytranslation of the bent portion of the instrument can be
observed; this would be impossible to value if root canal
walls were present.1
Even when on the handpiece is not set any torque, once
the instrument is inserted in the root canal, on it act forces
(conditioning of the root canal walls) that flex it and give it
the same root canal’s shape.
Pressing forces exerted by root canal walls, if on one hand
deviate the axis of rotation of the portion on instrument
inserted in the curvature, on the other cause the increasing
of friction forces that oppose the rotation and the advancement of the instrument. In vivo, when the curvatures are
more than one, this phenomenon happens at every curve.
Pressing forces (frictional forces), increase, up to the result
of the inability to rotate and/or advance the endodontic file.
Today we have particularly efficient instruments that,
cutting a lot, advance until reaching the apical foramen
1

https://www.youtube.com/watch?v=RkGOftLEv1g.
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(easily, most of the time). Therefore, the problem of the
torsion is removed and instruments seems to break only for
accumulation of cyclic fatigue. In fact, studies have found
cyclic fatigue to be the primary cause of instrument fracture.
It accounted for 50—90% of the mechanical failures.13
However, it is unlikely that cyclic fatigue can occur if a
rotating instrument does not significantly contact canal
walls. Consequently, cyclic fatigue is not necessarily the
main reason for instrument failure.1 These considerations
bring renewed emphasis on torsional stress as cause of
fracture: there is torsion, more or less significant, whenever
there is a curvature. However, the underlying physical principles of rotary root canal instrumentation are not fully
understood nor researched; likewise, there is no concise
norm for cyclic fatigue tests.1
The aim of this study is to highlight the behavior of Ni-Ti
rotary files inside root canals and bring back the attention on
torsional stress, partially forgotten since the cutting ability
allows instruments to rapidly advance and gain the apex.

Materials and methods
As already mentioned, pressing forces generate frictional
forces, which oppose the relative motion of rotation and
advancement of the endodontic instruments. These frictional
forces are much stronger than the greater are the forces that
press one surface on the other and the greater is the roughness
of the two surfaces in contact. Formula of sliding friction force:
Fa ¼ m � Fp
where Fa is the force of friction, m is the coefficient of friction
(static or dynamic) which is directly proportional to the
roughness of surfaces in contact; Fp is the pressing force.
The relationships, which describe the forces acting on the
instrument according with the curvature that it assumes in its
various points are expressed below, where: E is the Young’s
modulus of the material, I is its moment of inertia, P is the force
that exert the walls, x is the distance between the point of
application of force and any point X of the instrument, d2v/dx2
is the curvature (that is the inverse of the radius of curvature)
at a point x, M(x) is the flexing moment at a point x (i.e. the
force P per the arm x), v(x) is the displacement compared to
the ’axis of the handpiece of a point x of the instrument, theta
(x) is the angle between the axis of the instrument and the
axis of the handpiece at a point X. Fig. 1 shows a section of
the instrument, forces exerted by walls are radial.
Flexing moment in x:
Mx ¼ Px

Figure 1

d2 vðxÞ Px
¼
dx 2
EI
dvðxÞ Px 2
þ C1
¼
2EI
dx
vðxÞ ¼

Px 3
þ C1x þ C2
6EI

In the point of load application:
v0 ¼

1PL3
3EI

u0 ¼

1PL2
2EI

Formulas show that in a point X of the instrument the
curvature-shape, taken by the instrument, is greater how
much is the force (P) exerted by root canal walls.
We observe that endodontic instruments made of particular Ni-Ti alloys (more ‘‘malleable’’ after thermal and
mechanical treatments), after a rotation in a root canal with
particularly severe curvatures, appear deformed by torsion
after the impact with canal walls. A ‘‘softer’’ instrument
when takes contact with root canal walls during the rotation
tends to deform, losing ‘‘roughness’’; so it has certainly a
greater ability to advance, but a smaller cutting capacity. As
well, a less malleable instrument, which does not tend to
deform in contact with root canal walls, will be more efficient, but will accumulate rapidly torsion fatigue. Endodontic instruments with superior cutting ability and untreated
Ni-Ti alloys (harder), non-deformable in contact with root
canal walls, in analog angles undergo smaller deformations
and, in one sense, less report the presence of natural torsional stress. The latter are more cleansing, the first deform
and make minor cleansing, burnishing but less cutting, root
canal walls: so the instrument will reach the apical foramen,
but organic and inorganic debris will be coated on the walls.
In fact, we know that the most efficient cleaning is obtained
by the cutting action of the endodontic instruments.14
We noticed that in some complex root canal anatomies
(Figs. 2 and 3), inside of which, in mechanical rotation,
endodontic files appear to be rejected and, in manual rotation, they could cover the entire canal length. By using rotary
Ni-Ti instruments manually, we apply minimum values of
torque and angular acceleration, often allowing the endodontic file to overcome the anatomical obstacle (Figs. 4—6).
With manual rotation the change of axis of rotation starts in a
less abrupt and more gradual way. The light push toward
apical direction, contextual to manual rotation, compatibly

Free-fixed beam.
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Figure 5 CB-CT images showing how the S-shaped anatomy of
DB root has been entirely cleaned, shaped (with Ni-Ti rotary
instruments used in manual rotation), then filled.

Figure 2 Initial RX, showing the necessity of a root canal
treatment on 1.7. Apparent resorption of DB root.

Figure 3
root.

CB-CT image showing the S-shaped anatomy of DB

Figure 6

3D image of the filled root canal systems.

Figure 7

Figure 4

Final RX, filling of root canal system of 1.7.

Initial RX of 4.6.

with size and roughness of the instrument (as a matter of low
roughness and small sizes, we used MTwo- Sweden & Martina,
Padova, Italy), will anticipate the rotary-translation and, at
the same time, the generated impact on root canal’s
walls; this impact produces frictions, which prevents the
instrument from advancing. In addition, many authors
reported that reduction in operational speed could prevent
taper locking, deformation and fracturing of Ni-Ti instruments15—17 during clinical practice.
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Figure 8
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Mesial root canal system’s high degree of curvature.

Figure 9

Figure 10

Final RX.

One-year follow-up.

In this other case (Fig. 7), we can see how in a root canal
with high degree of curvature in the apical one-third (Fig. 8),
which prevents the engine-driven instruments to advance in
rotation, as said, by manual rotation the entire working
length can be shaped (Figs. 9 and 10).

Results
So, we need to contain friction forces; to do this we can
modify the characteristics of endodontic instruments,

decreasing their roughness or reducing pressing forces
between the instrument and root canal walls. For example,
we should study instruments with a very contained working
part and significantly reduced cutting efficiency in the
coronal portion, in order to decrease roughness of its sections
in contact. This instrument could be used after a preliminary
enlargement with conventional rotary instruments, brought
in proximity of the anatomical complication. As seen, the
geometrical design is an important determinant because of
the effect on the torsional and bending properties of the
instrument.19 In fact, the mechanical properties of the
instruments are clearly influenced by their geometrical configurations, which include the cross-sectional shape (which
determine the bending and torsional inertia), taper, helical
angle and pitch.20
However, from the above, another fundamental element
that we can modify to reduce the friction is to decrease
pressing forces, for example, by reducing the torque on the
endodontic motor. In fact, the higher is the torque set at
the orifice of root canal (torque set on the endodontic
motor), the greater is the reaction (and thus the pressing
force) that we receive from the canal walls: thus, decreasing
the momentum on the handpiece, the intensity of frictional
forces will be reduced.
T ¼ f�b
where T is the torque, f is the intensity of the pair of forces
applied from the handpiece to the instrument, and b is
the arm or the distance between the two forces. Hence,
reducing T, for the same arm, decreases the intensity of
the forces applied from the handpiece and, therefore,
decreases the intensity of pressing forces. The amount of
torque generated clearly depends on the size of the contact
areas between the instruments and the canal walls, as was
demonstrated.21
Ni-Ti engine-files operate by way of continuous rotation
in the root canal and, as such, are subjected to unidirectional torque (assuming no stalling).2 The value of torsional
(shear) stress varies depending on the canal size,22,23 hardness of the dentine to be cut,24 and the use of a lubricant.25
The cross-sectional configuration is also an important
determinant of the distribution of stresses on the instrument.26
In some cases, therefore, the only way to advance is to
reduce torque, but the minimum value of torque selectable
in most endodontic motor is 1 N/m; a low value, but not
negligible in absolute and still too high for circumvent
the anatomical impediment. Friction, therefore, decrease
either reducing the torque of the endodontic motor, or by
making a less wrinkled endodontic instrument (limiting/
containing its working part), in such a way that its portion
located at the point of maximum curvature, takes minimum
contacts with root canal walls (better zero contacts),
simulating what occurs in vitro with cyclic fatigue tests.
To date, several torque-controlled low-speed motors have
been introduced to help reduce the incidence of separation
when using rotary instruments.1 The efficacy and clinical
rationale for using these torque-controlled motors has been
described recently in a case report.27
One of the effects of the real movement of rotary endodontic instruments into root canal systems is that the file will
go across a longer way than that of a steel file, used, at first,
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to determine working length. So much so that, if we refer the
working length measured with an hand file on a rotary file,
once it is rotating, when the rubber stopper, representing
the established working length, arrives in correspondence
of the chosen point of reference, the apex locator often does
not confirm this data; but it will be necessary another small
advancement to get the real working length. This process
would be particularly valuable as much severe will be the
curves that rotary instrument has to face and much less
root canal system will be relatively straight and wide its
transverse diameter; reason why we would need always
apex locator to be connected to the rotary file during root
canal shaping.

Discussion
Since we know the real movement of Ni-Ti rotary file in root
canals, we can now understand the importance of torsional
stress and controlled torque for clinic practice. In fact, in the
clinical situation, because of the diversity of canal dimensions, Ni-Ti rotary instruments may be subject to torsional
stress of varying degrees, especially at the early stage of
canal enlargement.28
We know that cyclic fatigue tests are performed without
torque: in this case, the instrument does not keep contact
with canal walls. In fact, in cyclic fatigue tests29 files were
rotated freely without tip binding, which limits the stress on
the files to that produced by flexural stress. Moreover, torsional or lateral loading of the instrument as may be experienced in the clinical situation is not reproduced in much test
method.30 Furthermore, the few documented studies on
torsional moments and forces exerted during actual canal
preparation were carried out using straight canals.1
Clinically, cyclic fatigue fracture seems to be more prevalent in curved root canals, whereas torsional failure might
occur even in a straight canal.3,31 Although both failure modes
probably occur simultaneously during root canal shaping,32
most laboratory studies of instrument separation have been
conducted separately either for cyclic fatigue resistance or
torsional failure,3,7,18,31,33—35 probably for convenience or for
better control of the loading condition. There were rare
studies that correlated these two aspects of fracture.28
In vivo, as soon as the rotary file takes contact with the walls
of a curvature, because of the friction that comes from the
pressing forces, it twists and struggles to advance: the progress
of the rotation will be strongly slowed. If we rely only on the
results of cyclic fatigue tests, we could use a new endodontic
instrument respecting the time limits that are provided by
manufacturers. However, in vivo, that data could point out
only the flexibility of the instrument, but those times are not
respected because we have to consider, in addition to simple
rotating bending, also torsional fatigue, that cannot be evaluated in vitro. Therefore, we have to take special care
because, in particular situations, we could have sudden and
unexpected breakage that we actually had to expect: Ni-Ti
rotary files are susceptible to fracture, especially when they
are used in curved root canals in continuous rotation.34
Particularly, when an endodontic instrument has to face a
908 curvature, the torque set on the endodontic handpiece is
equal to that of resistance, so the instrument cannot advance
because the propulsion it receives is equal and opposite to
the force, that prevents its progression.

63

At every curvature, in fact, the most apical part of the
instrument, as seen, changes its axis of rotation and its
rotation become a rotatory-translation that, because of
the presence of root canal walls, turns into torsion. Therefore, we should talk about accumulation of torsional fatigue,
because the instruments are subject to torsional forces, that
are greater the more extensive and numerous are the angles
of the curvature. In addition, more sharp an instrument is,
the greater are its contacts with root canal walls, more it will
be subject to torsional stresses, thus to accumulation of
torsional fatigue. The endodontic instrument is subjected
to torsion, its progression slows down and, because of the
accumulation of fatigue (cyclic and torsional), it can undergo
breakage.
Torsional overload is an important cause of failure for an
endodontic instrument and should never be forgotten or
underestimated. Therefore, it is easy to understand the
importance to study a technique or an endodontic instrument, which can relate this phenomenon and allow a safe
endodontic treatment according to root canal anatomy.

Conclusions
We have seen how anatomical complexities make very intricate the real movement of rotary instruments into root canal
systems. Besides, we have seen that the mechanical rotation
is actually a rotary-translation.
That is the reason why, in some cases, we would need an
endodontic instrument that can reconcile efficiency with a
reduction of working part and torque. The ideal would be to
find an instrument:
 With few, minimal radial contact points and working part
limited to the finishing touch and negotiation of apical onethird.
 Very sharp in order to keep down the value of torque.
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Abstract
Aim: In endodontics a complete chemo mechanical cleansing of the complex root canal system is
essential in order to achieve a theraupetic success.
Methodology: Sodium hypoclorite due to its antimicrobial and proteolytic characteristic, is an
efficient endodontic irrigant and it is the most commonly used.
The following article introduces a refined technique in order to increase the degree of
cleansing during endodontic treatment.
The technique involves intracanal heating of the irrigants through a heat source.
Results: The described technique is able to enhance simply and considerably the use of sodium
hypochlorite, making it easily accessible even to generic operators.
Conclusions: To confirm the validity of this improved technique, further research and scientific
studies are needed, although at the clinical level, the results by using it are very satisfactory.
 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. All rights reserved.
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Riassunto
Obiettivo: In Endodonzia una completa detersione chemio-meccanica del complesso sistema dei
canali radicolari è fondamentale per il raggiungimento del successo terapeutico.
Materiali e metodi: L’ipoclorito di sodio, grazie alle sue proprietà antimicrobiche e proteolitiche, è un irrigante endodontico efficiente ed efficace ed è il più comunemente utilizzato.
L’articolo che segue introduce una tecnica perfezionata per incrementare il grado di
detersione durante il trattamento endodontico. La tecnica prevede il riscaldamento intracanalare della soluzione mediante una fonte di calore.
Risultati: La tecnica descritta riesce a potenziare in modo semplice e considerevole l’uso
dell’ipoclorito di sodio, rendendola facilmente fruibile anche agli operatori generici.
Conclusioni: Per confermare la validità di questa tecnica perfezionata occorrono ulteriori
ricerche e studi scientifici, anche se a livello clinico i risultati che si stanno ottenendo
utilizzandola sono davvero soddisfacenti.
 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Tutti i diritti
riservati.

Introduction
The long-term success of endodontic treatment is closely
linked to adequate cleansing of the endodontic space after
root canal shaping, and then proceed to a complete obturation of the complex root canal system.1—3 Probably, a significant percentage of failures is caused by the presence of
residual pulp tissue.4 The endodontic space is composed by
spaces easily accessible to hand and rotary instruments (main
canals) and, as confirmed by many clinical and histological
studies, by not easily accessible or inaccessible spaces (isthmus, delta, loop, lateral and accessory canals and dentinal
tubules)5 (Figs. 1—3). Root canal shaping is not able to reach
all areas of the root canal system, regardless of the technique
used; then a part of canal is not treated. It is therefore
necessary to carry out the endodontic biochemistry cleansing
(accessible and not accessible spaces); once cleaned, it can
be filled and obtured with guttapercha and cement during
obturation.6 It is important to use proper care and diligence
in the diagnosis and treatment of endodontic disease and

make treatment plan, record data of pre-treatment and
treatment itself and save them.7 These are tips, useful to
gather documents that can, in case of necessity, prove the
correctness of the diagnostic, therapeutic and ethics behavior held by the dentist. Particularly important is recording
and storage the informed consent, as in a non-negligible
percentage of cases the complaint raised to the dentist is
right in the defect information to the patient.8 Bacteria are

Figure 2 Diaphanization of a lower central incisor: an isthmus
between the two root canals is shown.

Figure 1 Root apex of the mesial root of a lower first molar SEM
photographed: the number of many exits are shown.

Figure 3 Diaphanization of a lower first molar: a lateral canal
in the middle third of the distal root is shown.

The activation of irrigation solutions in endodontics
the main causative agents of periapical pulp infection.9 A not
treated canal, so do not cleansed, shaped and obtured, can
lead to the development or persistence of a periapical lesion.
In the literature a lot of authors showed various techniques
to improve the effectiveness of sodium hypochlorite as irrigant, including the use of greater amounts of irrigant and
preheating of the same.10,11 Cunningham and Joseph have
shown that a sodium hypochlorite solution at body temperature allows to carry out the sterilization in considerably
less time compared to the same solution at room temperature (22 8C).12 Preheated sodium hypochlorite solution has
greater ability to dissolve pulp tissue and cleanse the
canal.11—13 Abou Rass and Oglesby11 have compared the
timing of the dissolution of the connective tissues of rat
using sodium hypochlorite solutions at 2.6% and 5.25% at
the temperature of 23 8C and 60 8C. Timing of the dissolution
of the tissues significantly decreased with increasing of concentration and temperature. The speed at which a chemical
reaction occurs increases with the increase of temperature,
pressure, excitement and concentration. Since the pressure
inside the root canal system cannot be increased, it is
possible to accelerate the cleansing increasing the concentration and the temperature of the detergent shaking it once
irrigated the endodontic space. The excitement is easily
achieved by sonic or ultrasonic sources. Currently are available solutions of sodium hypochlorite with a concentration
not exceeding 6% to prevent possible stinging reactions.14,15
In everyday practice, sodium hypochlorite solution is preheated outside of the tooth to a temperature of 50 8C.16—17
Preheated solutions have limited utility, since they rapidly
stabilize at a temperature included between body and the
ambient temperature.13 Woodmansey18 has shown that hypochlorite at boiling temperature is able to disintegrate
the pulp tissue at a speed 210 times higher compared to
the solution at room temperature (2 min against 420 min).
For this reason in 2005 Woodmansey proposed a technique of
intracanal heating of sodium hypochlorite using a heat
source, System-B (Sybron Endo).18 The technique was as
follows: after completing chemo-mechanical preparation
of the root canal system, a System-B plugger was chosen
that fit passively to 3 mm from the working length. The heat
source was at 200 8C with power equal to 10. Then the canal

Figure 4 Temperatures of the outer surface of the root measured during the heating cycle of the irrigant.
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Figure 5 Post-operative radiograph of 4.7. Obturation with
thermo-plasticized guttapercha after activation and heating of
irrigants: a complex endodontic anatomy is shown.

was irrigated with sodium hypochlorite introducing the heatcarrier activated for 3/5 s. The cycle should be repeated
every 5 s until the complete irrigant evaporation. During the
irrigant heating a pipe draw vapors of chlorine.

Materials and methods
This study proposes a revision and improvement of Woodmansey technique with a careful analysis of the benefits and
improvements.

Figure 6 Post-operative radiograph of 2.1. Obturation with
thermo-plasticized guttapercha after activation and heating of
irrigants: several lateral canals are shown.
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Figure 7 Endodontic treatment of 4.7 with severe osteolytic lesion. Treatment with activation and heating of irrigants. 24 months
control: complete restitutio ad integrum of bone tissue is shown.

Perfected technique: operating protocol
Sodium hypochlorite has a boiling temperature included
between 96 8C and 120 8C. Moreover, with temperature
increasing more chlorine is released, so there is a reduction
of the title.
Based on these characteristics Woodmansey technique has
been revised and improved. First of all the temperature of
the heat carrier has been changed, from 200 8C to 150 8C.
Since the boiling temperature of sodium hypochlorite is
between 96 8C and 120 8C it is worthless to use the heat
carrier at 200 8C. Keeping it at 150 8C the boiling point will be
reached, the irrigant will act more with less lost of chlorine.
It will increase the safety for the periodontal ligament too.
The smaller heat carrier in 2005 was the fine (50/06), then to
bring it to 3 mm from the working length, the canal must be
abundantly prepared. Today, however, there are several tools
such as 30/04, then the passive 3 mm from the working length
can be easily achieved without excessive preparations. Each
activation cycle of the heat-carrier lasts 10 s with an interval
10 s. During activation, the heat carrier makes short excursions of 2 mm up and down in order to shake the irrigant.
After each cycle, the irrigant is replaced with fresh solution
in order to have hypochlorite with greater amounts of active
chlorine. By heating, however, the same solution until complete evaporation after a couple of cycles, the title of
chlorine will drastically reduce. The activation cycle is
repeated 5 times. During each activation of the irrigant,
the vapors are sucked by a pipe. There were carried out
tests on extracted teeth for periodontal reasons to assess
during the irrigant heating if there were leaks of irrigant or
vapors beyond the apex. The root canals were prepared up to
a measure of 30/06. The irrigant was brought to working
length with an endodontic needle with lateral exit. Then the

heat carrier was passively inserted to 3 mm from the working
length and has been activated. During activation, the apical
foramen was observed at 10 (stereo microscope) to assess
the leak of irrigants or vapors. No leakage was highlighted.
Another parameter considered was the heating of the outer
surface of the root, at the third coronal level, middle, apical
and at the foramen level. During activation of the irrigant
with an infrared thermometer (resolution: 0.1 8C) the temperatures on the outer surface of the root were evaluated.
Using the values exposed in the operating protocol external
temperature higher than 42.5 8C were not detected, which is
below the levels of heat (47 8C) dangerous for the cells of the
periodontal ligament (Fig. 4).19,20

Conclusions
The awareness of the difficulty of access mechanically to
tissues and to pathogens present in the endodontic space and
in the dentinal tubules, led us to develop operating methods
that use chemicals agents that can reach deeper endodontic
spaces, optimizing the apical flow (Endovac) or decreasing
the surface tension by the addition of surfactants. The
described technique is able to enhance simply and considerably the use of sodium hypochlorite, making it easily accessible even to generic operators. Of course, to confirm what
we have described, further research and scientific studies are
needed, although at the clinical level, the results by using it
are very satisfactory (Figs. 5—7).
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Abstract
Aim: Internal root resorption is a particular medical condition which requires the clinician to a
treatment as early as possible to avoid complications such as excessive loss of mineralized tissues
and periodontal communications.
Methodology: This article describes the diagnosis and treatment of a case of internal resorption
of an upper canine in a patient of 21 years. The presence of pain and swelling periodontal gum
showed an interest, a sign of the presence of a perforation.
Result and conclusions: Accurate diagnosis associated with the three-dimensional evaluation of
the internal fault (CBCT examination) have allowed a conservative treatment who has allowed
the recovery of the tooth.
 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. All rights reserved.
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Riassunto
Obiettivi: Il riassorbimento interno radicolare rappresenta una particolare condizione patologica che obbliga il clinico ad un trattamento il più precoce possibile onde evitare complicazioni
quali l’eccessiva perdita dei tessuti mineralizzati e le comunicazioni parodontali.
Materiali e metodi: Questo articolo descrive la diagnosi e il trattamento di un caso di riassorbimento interno di un canino superiore in una paziente di 21 anni. La presenza di dolore e di una
tumefazione gengivale evidenziava un interessamento parodontale, segno della presenza di una
perforazione.
Risultati e conclusioni: Una diagnosi accurata associata alla valutazione tridimensionale del
difetto interno (esame CBCT) hanno permesso un intervento conservativo che ha consentito il
recupero dell’elemento dentario.
 2015 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. All rights reserved.

Introduction
Internal root resorption (IRR) is a relatively rare condition
in permanent teeth that poses many difficulties for treatment.1—5 IRR occurs exclusively as a result of pulp inflammation, indeed IRR is the progressive destruction of
intraradicular dentin and dentinal tubules along the middle
and apical thirds of the canal walls as a result of clastic
activities.1 IRR can manifest by means of a slow or rapid
progression.6
The etiology of IRR is not fully understood, however, it can
be associated with many factors such as partial removal of
the pulp, trauma, orthodontic treatment, caries, pulp capping with calcium hydroxide or pulpotomy, extreme heat and
a cracked tooth. These factors stimulate the pulp tissue, thus
initiating inflammatory processes and then some undifferentiated cells of the pulp convert themselves to osteoclasts
or macrophages, which results in dentinal resorption.1,7,8
The clinical characteristics of internal root resorption
depend on the degree and stage of the resorption.9 Usually
IRR is asymptomatic and detected coincidentally through
routine radiographs,1,4 during active progression of the
resorption the tooth is at least partially vital and may show
typical symptoms of pulpitis.1 However, it may include the
presence of a reddish area — pink spot, which represents the
granulation tissue showing through the resorbed area.10
Untreated teeth often turn gray/dark gray if the pulp
becomes Necrotic9.
The diagnosis and follow-up of IRR is primarily based on
radiographic examinations and supplementary information
gained from the patient history and clinical findings.1,6
In conventional radiographs IRR can appear as round, oval
or elongated radiolucent enlargements of the root canal
space with well-defined margins, and shifted radiographs
do not change the positional relationship of the canal to
the resorptive entity.1,9
Conventional radiography is often unable to identify the
true extent, location, or portal of entry of a resorptive
lesion.1,11
Recently Cone Beam Computed Tomographic (CBCT)
allows a more accurately diagnosis than conventional radiographs.10—12 CBCT images also display the location
and extension of perforations and resorptive defects.12—14
Several case reports and case series have confirmed the

usefulness of CBCT imaging in diagnosing and managing
resorptive lesions.1,11,15 In particular the use of small FOV
( fi eld of view) captures clear images that allow display even
small perforation. CBCT scanning has been shown to help
determine treatment complexity and aid the clinician in
offering an accurate prognosis.3
Several reports have shown that in cases where internal
resorption was not a result of inflammation, the arrest of
resorption was followed by apposition of calcified tissue.16,17
Root canal treatment remains the treatment of choice of
internal root resorption as it removes the granulation tissue
and blood supply of the clastic cells.8
The complex irregularities of the root canal system,
especially in internal resorption defects, pose technical
difficulties for the thorough cleaning and obturation of the
root canal. The persistence of organic debris and bacteria in
these irregularities may interfere with the long-term success
of the endodontic treatment.17,18 Therefore, the importance
of achieving total obliteration of the root canal space has
been stressed in case of internal resorption.19
Instrumentation and cleaning of the root canal space of
teeth with IRR is a challenge different from those of normal
endodontic treatment. In case of actively resorbing vital
tissue, excessive bleeding makes it difficult to locate the root
canal openings.20 However, irrigation with sodium hypochlorite (NaOCl) or inter appointment calcium hydroxide (Ca(OH)2)
dressing (to control bleeding, and to necrotize residual pulp
tissue and to make the necrotic tissue more soluble to
NaOCl1,9) will in most cases help to reduce the bleeding.1,21,22
The NaOCl penetration in the endodontic space and its
antibacterial activity can be enhanced by ultrasonic activation.23
Various materials available for the treatment of internal
root resorption include MTA, glass ionomer cement, Super
EBA, hydrophilic plastic polymer, zinc oxide eugenol and zinc
acetate cement, amalgam alloy, composite resin and thermoplasticized gutta-percha by injection or condensation
techniques.10
When IRR was perforated the mineral trioxide aggregate
(MTA) was indicated for filling the resorption cavity.2—5 MTA is
most commonly used because of its biocompatibility, sealing
ability and potential induction of osteogenesis and cementogenesis followed by thermoplasticized gutta-percha
obturation techniques.2,24—26
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Figure 1
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Clinical photograph showing localized swelling.

Materials and methods
A 21-year-old female was referred to our practice for pain
and swelling since 8—10 days. The medical history was noncontributory. She had no story of traumatic injury but she led
the orthodontic appliance fixed 7 years ago for 2 years.
The patient’s oral hygiene was fair and the periodontal
condition was excellent.
Clinical examination revelated periodontal abscess in
22—23 area (Fig. 1), no sinus tract is present. The crown of
2.3 did not show any pink spot (Fig. 1). The tooth responded
positively to the test of percussion while the thermal test
(crio test) was uncertain, cold testing with ENDO-ICE frozen
gas (Pharmaéthyl Septodont, Saint-Maur-des-Fossés, Cedex,
France). The tooth did not present pathologic mobility. The
adjacent teeth responded normally to pulp vitality tests.
The examination of palpation at the apex of the 2.3 the
patient reported pain. The patient do not take farmacology
therapy.
A preoperatory periapical radiographic examination
(Fig. 2) (Insight, Carestream Dental, Rochesters New York,
USA) showed a radiolucency elongated positioned along the
pulp chamber and the coronal portion of the root canal in the
mesial part of the tooth with a crescent radiolucency lesion in
the alveolar bone next to a resorptive lesion.
A CBCT was performed (Fig. 3) (Orthophos XG 3D, SIRONA
DENTAL SYSTEMS, Verona, Italy) with a small field of view

Figure 2 Pre-operative periapical radiograph showing a periapical lesion with severe internal root resorption on the right
maxillary canine.

(5  5.5 cm) and high resolution (0.1 mm slice thickness) for
the study of real dimension, position and shape of the
resorption (SIDEXIS XG 2.61 SIRONA DENTAL SYSTEMS, Verona,
Italy). In particular the bucco-palatal anatomy can be visualized (with conventional radiography cant be displayed).
Three dimensional imaging also aids the clinician to evaluate
the exact location of perforation that preoperative radiograph has not determined.
The patient was advised of the technical difficulties and
potential risks of the endodontic treatment and the uncertainty healing. The patient gave written consent for the
proposed treatment.
Treatment plain including cleaning of the resorptive cavity and the canal space, obturation of the resorption with
MTA, endodontic obturation with gutta-percha and direct
composite.
At the first session after mouth rinse with 0.2% chlorhexidine gluconate (Curasept, Curaden Healthcare, Saronno, VA,
Italy) the tooth was anesthetized with buccal infiltration of

Figure 3 (a—c) Axial, coronal and sagittal CBCT cross-sections, is possible to showing the extension of the internal root resorption
lesion on the right maxillary canine, the extension of periapical lesion and the septum that divide the resorption by endodontic canal.
(d) The 3D reconstruction of coronal CBCT cross-section showing the resorption area with perforation of radicular walls.

Importance of CBCT in the management plan of upper canine with internal resorption

73

Figure 4 Clinical photograph showing endodontic access is
possible see the blooding by perforation.

2% Articaine containing 1:100,000 epinephrine (Ubistesin 3M
ESPE, Neuss, Germany).
The tooth was isolation with a rubber dam (Nictone
Manufacturera Dental Continental, Zapopan, Jalisco, Mexico), a classic palatal access cavity was prepared with tungsten carbide bur (Fig. 4) (2P SS White Burs Inc., Lakewood,
NJ, USA).
Based on the CBCT findings, the lesion was diagnosed as a
perforating internal resorption and the treatment was performed under surgical microscope at 8—12.5 of magnification (Leika M400-E, Sesto San Giovanni, MI, Italy). Irrigation
was performed with 5.25% NaOCl (Niclor Ogna, Muggió, MB,
Italy) at 50 8C with ultrasonic activation (Fig. 5) (ProUltraTM
Endo7, Maillefer Dentsply, Baillaigues, Switzerland).
The resorptive cavity it has been cleaned with the aid of
ultrasonic inserts (Figs. 6 and 7) (ETBD Satelec, StartX1 1
Maillefer Dentsply, Baillaigues, Switzerland) and the granulation tissue was removed almost completely. The first working length hypothetical was performed by a preoperative
radiograph and then by CBCT software. The pulp tissue has
been removed from the root canal and then was shaped
provisionally. calcium hydroxide was placed as interappointment dressing (Endoidrox Ogna, Muggió, MB, Italy), which has
good tissue dissolution property to remove completely the
granulation tissue in the clastic cavity.
After 10 days the periodontal swelling was clinically healing (Fig. 8) and the root canals were re-entered and irrigated
alternately with 5.25% NaOCl at 50 8C and sterile saline 0.9%
(S.A.L.F., Cenate sotto, BG, Italy) to remove the temporary
dressing. Root canal were cleaned and then the electronically working length has been taken by a apex locator (Justy

Figure 5 Clinical photograph showing ultrasonic activation of
endodontic irrigant.

Figure 6 Clinical photograph showing the internal resorption
after detersion.

Figure 7 Clinical photograph showing the endodontic canal
and the two perforations.

II, Yoshida Dentcraft, Tokio, Japans) and it was 28 mm. The
resorption cavity was cleaned and finished with ultrasonic
insert (K25 Acteon Satelec, MERIGNAC cedex, France) and
dried gently with a sterile paper points (Absorbent paper
point size coarse, Inline, TO, Italy). Communication with the
external root surface was evident (Fig. 9). While the coronal
part of root canal was sealed with a large paper point, the
white MTA Prooroot Maillefer Dentsply, Ballaigues, Switzerland) was condensed into the resorption cavity using a nonsurgical MTA carrier (Micro Apical Placement System,

Figure 8
10 days.

Clinical photograph showing healing of gengiva after
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Figure 9 Clinical photograph showing the internal resorption
after cleaning and shaping by ultrasonic tip under operative
microscope.

Figure 12 Intra-operative periapical radiograph showing the
MTA place in the resorption area.

Figure 10 Clinical photograph showing root canal drie with
calibrated absorbent paper points.

Produits Dentaires, Vevey, Switzerland) and with the help of
root canal pluggers and paper points wet the MTA cement was
adapted into cavity (Figs. 10 and 11). (Maillefer Dentsply,
Ballaigues, Switzerland). A moist cotton pellet was placed in
the pulp chamber to stimulate MTA setting and a control

Figure 11 Clinical photograph showing the resorptive area has
been filled with MTA.

radiograph was acquired to verify the quality of the MTA
placement (Fig. 12).
The next appointment, after 7 days, after checking the
complete hardening of the MTA (Fig. 13), the canal was
prepared using crown down technique with ProTaper Universal files (Maillefer Dentsply, Ballaigues, Switzerland)
accompanied by copious irrigation with 5.25% sodium hypochlorite at 50 8C. The last endodontic file used was Protaper
Universal F5 iso 50 taper .04 (Maillefer Dentsply, Ballaigues,
Switzerland) and the master cone radiograph was taken.
Before the drying of the root canal after a final rinse with
EDTA (E.D.T.A. 17% Ogna, Muggió, MB, Italy) and the last rinse
with NaOCL, the root canals were dried with calibrated
absorbent paper points and the canal was obturated with
gutta percha (Dentsply, Maillefer) and Argoseal (Argoseal
Ogna, Muggió, MB, Italy) using vertical compaction with
heated pluggers and condensers (Calamus dual Maillefer
Dentsply, Ballaigues, Switzerland).

Figure 13

Clinical photograph showing the hardening of MTA.
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Figure 14 Periapical radiograph after 3-month showing the
initial healing of periapical lesion and the essence of parodontal
defect.

Between the therapy appointment the access cavity was
temporarily sealed with Cavit G (3M ESPE, Neuss, Germany). At
the fourth clinical session the coronal chamber was restored
with a fiber post (Tech 21 cop size Isasan, Rovello Porro, CO
Italy) and composite (Optibon Solo Plus Keer Scafati, SA Italy;
Enamel Plus HFO mycelium Rosbach, Germany) an immediate
postoperative radiograph was taken and radiographic follow
up was conducted three month later (Fig. 14). Clinical examination was performed six months after proving a functional
tooth without periodontal probe and inflammatory.

Discussion
Internal Root Resorption (IRR) is a pathologic condition that
destroys the hard tissues of teeth by reactivating odontoclastic activity.1,20 IRR begins in the endodontic space to then
continue along the external surface of the tooth and requires
a partial pulp vitality.1,7 If detected at an early stage, it is
possible to have a conservative treatment — such as a root
treatment — and therefore save the tooth.1,4 In case of late
diagnosis — which often occurs due to a lack of symptoms —
and IRR with one or more communications with the paradontal tissue, a clinician has to face two issues: diagnosis and
treatment.
For what concerns diagnosis, as periapical radiograph is a
two-dimensional representation of a three-dimensional structure, it does not give us the full picture of the clinical condition
and, therefore, does not allow a correct treatment plan. In
recent years, cone beam CT has been introduced in dentistry.5,11,12 The use of a small FOV ( field of view) has led to the
use of this technology in the diagnosis and assessment of many
dental pathologies — among which IRR — thus limiting X-ray
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exposure.11 In particular, 3D view allows us to see the buccopalatal dimensions and the possible presence and exact
position of all parodontium communications, something radiograph does not show.4,5
For what concerns treatment, the choice is strongly linked
to a precise diagnosis.1,3 That is why we believe that Cone
Beam CT does not only allow a better resorption diagnosis,
but, since it gives us more data, it allows clinicians to
establish the most appropriate treatment, thus it reduces
overtreatment when recovery is no longer possible.11,14,15
In this clinical case, due to cone beam CT, we were able to
plan the conservative treatment starting from a correct
diagnosis and precise indication of all perforations.
In the orthograde conservative treatment for this kind of
disorder, the key is a correct disinfection and cleansing of the
endodontic space with heated NaOCl and EDTA, and ultrasonically activating them using ultrasonic inserts.22,23 The
effect of NaOCL is important also to deactivate clastic
activity by blocking the resorption process.1,8,10 The use of
a Ca(OH)2 medication between appointments is necessary to
reduce the presence of bacteria in the endodontic space.22
Furthermore, the tissue dissolution capacity of calcium
hydroxide22 improves mechanical removal in those anatomic
areas that cannot be reached by endodontic tools. Resorption
anatomy causes difficulties in its cleansing; at the same time,
the possible presence of debris and bacteria may hinder
treatment prognosis, hence some authors recommend the
use of ultrasonic tips for resorption cleansing.4,23
The prognosis of teeth treated with IRR depends on the
size of the lesion and the presence of perforations associated
with compromised parodontal tissues.1,9,18 Moreover, wide
lesions imply a reduced mechanic resistance of the tooth
with a greater risk of vertical fracture. An early diagnosis is
still the best solution for conservative and resolutive treatments.1,8
In our clinical case, the presence of more communications
with the parodontal tissue led to closing this defect with MTA
based cement.17,2,26 This because this kind of cement creates
a stable seal and grip when liquids are present. Finally, the
many properties MTA cements have — biocompatibility, bactericide effect and radiocapacity — make them the first
choice for the treatment of IRR with perforation.7,2,24,26

Conclusions
Although this clinical case has only been completed recently
— radiograph follow up after three months and control visit
after six months — the rapid solution of the symptoms and
parodontal abscess after only a few days could be considered
as a concrete base for the long-term recovery of the tooth.

Clinical relevance
This case report has shown the limited accuracy of 2D radiographs and the superior performance of cone beam CT exam
in the management of internal resorption with perforation.
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LETTERA DEL PRESIDENTE

Carissimi Soci,
quest’anno il Congresso Nazionale della Società di Endodonzia si svolgerà al Palazzo della Cultura e dei Congressi di
Bologna, città che ha dato sempre risposte positive a tutte le
nostre manifestazioni lì organizzate.
Il tema congressuale è “Guardando al futuro”, scelto per differenti motivi. Per valutare i nuovi strumenti e le nuove attrezzature che le aziende annualmente ci mettono a disposizione ma
anche e soprattutto per osservare quella che sarà la linfa vitale
dell’Associazione negli anni futuri: i giovani!
Abbiamo rimodellato la Società in questo senso, dando loro
molta più attenzione che in passato. Abbiamo aumentato lo
spazio loro dedicato durante il Congresso. Grazie alla disponibilità di numerose sedi Universitarie, siamo andati a presentarci e a spiegare il progetto di una Società che vuole evolvere e
diventare sempre più moderna. Abbiamo portato l’insegnamento in maniera capillare, con una
grande diffusione sul territorio, con i Corsi a Km Zero, proprio per ridurre più possibile i costi
della formazione per chi non ha ancora grosse disponibilità economiche, ovviamente non solo
per i giovani.
Quest’anno abbiamo inserito, con grande successo, un concorso per poter valutare inizialmente
quali sono le potenzialità tecniche e culturali dei laureati da pochi anni e abbiamo dato la possibilità, non solo al vincitore ma a tutti gli iscritti di partecipare a un momento di fondamentale
aggregazione, rappresentato dal Closed Meeting, che è stato particolarmente interessante e
produttivo e reso ancora più stimolante dalla loro presenza.
Il Congresso quest’anno avrà una formula differente, volta ad avere un rapporto più stretto tra
docente e discente: molte tavole cliniche con la possibilità di essere ancora più vicino ai relatori,
peraltro validissimi, e potersi confrontare con loro in un rapporto più stretto e scevro da qualsiasi
forma di distacco.
Voglio ringraziare il Segretario, Dott. Franco senza il cui enorme lavoro questo Congresso non
avrebbe potuto essere organizzato, tutto il Consiglio per l’indispensabile aiuto e un grazie particolare anche alla segreteria per la collaborazione veramente insostituibile.
Guardiamo al futuro e cerchiamo di anticiparlo e guidarlo sia nella nostra professione che nella
nostra disciplina in particolare!
Il Presidente SIE
Pio Bertani
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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. Possono accedere alla qualifica di Socio Aggregato 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 il quale dovrà aver esaminato e approvato
la
documentazione.Quest’ultimo
è responsabile della correttezza
clinica e formale della documentazione presentata.
DOCUMENTAZIONE
PER DIVENTARE SOCIO
AGGREGATO
Qualsiasi Socio Ordinario, con
i requisiti necessari, può presentare l’insieme dei casi, in numero
di 6 (sei), necessari per ottenere
la qualifica di Socio Aggregato,
secondo le modalità descritte.
L’aspirante Socio Aggregato potrà
presentare i sei casi clinici in più
volte, con un minimo di due casi per
presentazione, in un arco di massimo
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. Possono
accedere alla qualifica di Socio
Attivo tutti i Soci Ordinari della SIE,
in regola con le quote associative
degli ultimi TRE anni, che completino e forniscano alla Segreteria
Nazionale (Via Pietro Custodi 3,
20136 Milano) entro i termini che
verranno indicati all’indirizzo web:
www.endodonzia.it ove sarà possibile reperire tutta la documentazione
espressa di seguito. La domanda
di ammissione allo “status” di Socio Attivo rivolta al Presidente della
SIE, dovrà essere fatta pervenire,
insieme alla documentazione, alla

Segretaria della SIE. Le date di scadenza saranno rese note sul sito.
La domanda dovrà essere firmata da
un Socio Attivo il quale dovrà aver
esaminato e approvato la documentazione. Quest’ultimo è responsabile
della correttezza clinica e formale
della documentazione presentata.
DOCUMENTAZIONE
PER DIVENTARE SOCIO
ATTIVO
Qualsiasi Socio Ordinario, con i requisiti necessari, può presentare l’insieme dei casi, in numero di 10 (dieci), necessari per ottenere la qualifica
di Socio Attivo, secondo le modalità
descritte. Il Socio Aggregato che volesse presentare i casi per diventare
Socio Attivo, potrà farlo già dall’anno successivo all’ottenimento della
sua qualifica. In questo frangente il
Socio Aggregato dovrà sottoporre la
documentazione formata dai quattro
casi mancanti.

MODALITÀ DI
DOCUMENTAZIONE
DEI CASI CLINICI
I criteri e le 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

CRITERI DI
VALUTAZIONE
Il singolo caso clinico nel suo complesso, coerentemente con gli scopi e
i fini della SIE, deve essere presentato
considerando non solo l’aspetto clinico del caso, ma anche quello formale della documentazione presentata.

ADEMPIMENTI DEL
CANDIDATO
La domanda di ammissione allo “status” di Socio Aggregato/Attivo, rivolta al Presidente della SIE, dovrà pervenire, insieme alla documentazione
di seguito elencata, alla Segretaria
della SIE con un anticipo di 20 giorni sulle date di riunione della CAS,
sufficiente per poter organizzare il

materiale dei candidati. Le date di
scadenza saranno rese note sul sito.
La domanda dovrà essere firmata da un Socio Attivo il quale dovrà aver esaminato e approvato
la documentazione. Quest’ultimo
è responsabile della correttezza
clinica e formale della documentazione presentata.

PRESENTAZIONE
DEI CASI
ALLA COMMISSIONE
ACCETTAZIONE SOCI
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), eletta ad ogni scadenza elettorale dall’Assemblea dei
Soci Attivi ed Onorari, è formata
da 5 Soci Attivi, con almeno 5
anni di anzianità in questo ruolo
e di indiscussa esperienza clinica.
Compito della CAS è quello di
esaminare e valutare i Casi Clinici
presentati
dagli
aspiranti Soci Aggregati e Soci Attivi.
Per rispetto del lavoro dei Candidati e per omogeneità di giudizio, in
ogni riunione verranno valutati non
più di 5 candidati a Socio Attivo.
Resta libero, invece, il numero dei
candidati a Socio Aggregato valutabili in una singola riunione della CAS.
Il Consiglio Direttivo (CD) incaricando la Commissione Accettazione Soci
(CAS) la rende responsabile dell’ applicazione delle regole descritte nell’
articolo 2 del regolamento. Il giudizio
della CAS è insindacabile.

MEMBRI
DELLA COMMISSIONE
ACCETTAZIONE
SOCI 2015
• Dott. Mario Mancini
• Dott. Franco Ongaro
• Dott. Andrea Polesel
• Dott. Giancarlo Pongione
• Dott. Mauro Rigolone

Nuovo motore
Dentsply Maillefer
L’innovativo motore X-Smart iQ, con movimento continuo e reciprocante, è controllato da un’applicazione iOS® progettata da DENTSPLY MAILLEFER per iPad Apple.

La testina miniaturizzata autoclavabile garantisce un facile accesso ed un’eccellente visibilità,
è regolabile a 360°

La tecnologia Real Time Torque Monitoring
consente di verificare in tempo reale il torque
applicato ad ogni file nel tempo

Custodia regolabile compatibile con
iPad MiniTM 1, 2 e 3 completa di guscio
protettivo per il manipolo
Il manipolo sottile, ben
bilanciato e cordless
permette assoluta
libertà di movimento
anche grazie al tasto
tattile ON/OFF

Oltre a disporre dei settaggi di tutti gli strumenti rotanti e reciprocanti Dentsply Maillefer, X-Smart iQ permette di
eseguire la sequenza degli strumenti scelti per la terapia endodontica semplicemente premendo il
pulsante sul manipolo, ad esempio per passare dall’uso di Proglider a WAVEONE® GOLD.
Si possono anche creare sequenze personali da aggiungere a quelle già presenti. Impostazioni, velocità e torque
degli strumenti a movimento continuo sono variabili liberamente per eventuali altri sistemi.
L’indicazione del livello di torque (0.5Ncm - 5Ncm) è immediata grazie al segnale visivo e sonoro; la funzione Auto-reverse si attiva al raggiungimento del limite del torque preimpostato. La funzione di calibrazione (CAL) permette
di impostare il torque in modo più preciso.
L’acquisizione ed il trasferimento dei dati del trattamento appena effettuato avvengono in tempo reale (numero
del dente, lunghezza di lavoro, ultimo strumento utilizzato, otturazione, note).
La speciale sezione dedicata all’Educazione del Paziente si compone di immagini semplici
ma efficaci attraverso le quali l’Odontoiatra potrà illustrare il trattamento endodontico al paziente.
DENTSPLY MAILLEFER sfrutta tutte le potenzialità di una APP iOS® per ridefinire il concetto di
Endodonzia!
Simit Dental srl - www.simitdental.it - info@simitdental.it

VDW.CONNECT Drive™ è l’innovativo micromotore endodontico
cordless con movimento continuo e reciprocante, che ridefinisce il
panorama della strumentazione endodontica.
Il concetto del nuovo motore VDW.CONNECT Drive™
con la App per iPad Apple per la gestione del trattamento
endodontico, ridisegna l’endodonzia in chiave moderna e la
combina con prestazioni straordinarie: utilizzo intuitivo, profili
individuali, altissima mobilità grazie alla tecnologia senza fili,
garantiscono massima flessibilità ed efficienza. La testina
miniaturizzata del contrangolo, regolabile a 360°, assicura
un facile accesso alla cavità orale ed un’eccellente visibilità.
La batteria permette di effettuare fino a 16 trattamenti e il manipolo
è ricaricabile anche durante l’uso.

Liberi di scegliere
VDW.CONNECT Drive™ può essere utilizzato con e senza la App:
•

•

senza la App è già pronto per essere usato con il sistema
RECIPROC® - one file endo, che permette la preparazione del
canale con un solo strumento reciproco, in modo più semplice,
più sicuro e più veloce;
con la App gestisce le impostazioni preprogrammate per i
sistemi alternati e per i sistemi rotanti in Ni-Ti più diffusi.

Intuitivo ed immediato
•
•

Visualizzazione chiara e ordinata sul display;
Gli strumenti sono mostrati in scala con ingrandimento e
con codifica ISO a colori per garantire una gestione facile ed
immediata durante la procedura operativa.

La App VDW.CONNECT permette di gestire tutte le funzioni
del motore e le informazioni necessarie per un trattamento
endodontico di successo. Il funzionamento intuitivo e le
impostazioni personalizzate garantiscono una maggiore sicurezza
durante il trattamento ed un flusso di lavoro più efficiente.
VDW.CONNECT App è disponibile su Apple Store
Free Download
La App VDW.CONNECT è compatibile con iPad e iPad mini,
con aggiornamento Bluetooth 4.0 e aggiornamento iOS 8.0 e successivi.
Apple, il logo Apple, App Store e iPad sono marchi registrati Apple Inc.

DENTSPLY Italia S.r.l.
Piazza dell’Indipendenza, 11B ∙ 00185 Roma ∙ Fax 06 72640394
infoweb.italia@dentsply.com ∙ www.dentsply.it
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Closed Meeting SIE
Hotel Majestic - Radisson Blu Resort - Terme di Galzignano, Padova
Resoconto a cura del Dott. Cristian Coraini

Nelle giornate dello scorso 26,
27 e 28 Giugno 2015, presso
la splendida cornice dell’Hotel
Majestic - Radisson Blu Resort Terme di Galzignano (Padova), si è
svolta la consueta edizione annuale del Closed Meeting della SIE.
Il programma ha previsto, nella
giornata di venerdì 26 mattina,
lo svolgimento della riunione del
Consiglio Direttivo SIE e della
Commissione Accettazione Soci
Attivi (CAS).
Nel pomeriggio iniziava il vero
e proprio programma scientifico,
con la conferenza tenuta dal Professor Antonio Pelliccia, ospite
per l’occasione, che ha relazionato sul tema “Quanto vale un
dente? Qualità percepita dal paziente + Endodonzia di valore =
Marketing Etico”, destando grande interesse e partecipazione fra
i Soci Attivi presenti.
Il pomeriggio culturale proseguiva con la presentazione di 2
casi da parte dei colleghi neo
Soci Attivi SIE Dottor Luca Volpi
e Dottor Luca Ivaldi, seguto dalla
presentazione da parte del Dottor Matteo Meardi del “Miglior
Caso Clinico Under 32”.
Dalle 18.00 si svolgeva poi la
mitica partita di calcetto NORD
VS SUD: dopo anni di severe
batoste patite, quest’anno si aggiudicava trionfalmente il match
la squadra del nord, forse anche complici le defezioni degli
esponenti di punta della squadra
avversaria (gli anni passano per
tutti…).
La giornata proseguiva con il consueto e gradevolissimo aperitivo
a bordo piscina, seguito dalla
cena presso il ristorante del resort.
Il Sabato 27 cominciava con la

conferenza della Professoressa
Elisabetta Cotti, sul tema “Malattia Endodontica e Patologia Sistemica: uno stato dell’arte”.
Ne è seguita la “Presentazione
delle attività svolte dalla Commissione WEB” e la “Tavola Rotonda SIE: progetti in essere e
proposte”.
La mattinata si concludeva con
relax in piscina, attività sportive
e revital wellness, usufruendo di
un’ampia gamma di servizi e
spazi dedicati, disponibili presso
la splendida location.
Dopo pranzo, gli incontri culturali-scientifici erano dedicati alle assemblee delle varie Commissioni,
quali la Riunione della Commissione Culturale, della Commissione per la Ricerca, della Commissione Web e quella dei Segretari
Regionali.
Concludeva la seconda giornata del Closed Meeting l’immancabile e tradizionale cena, per
l’occasione tenutasi presso la
magnifica e caratteristica “Antica
Trattoria Ballotta dal 1605”.
La giornata conclusiva della domenica chiudeva il Closed Meeting, con un programma libero
culturale, sportivo e di relax.
Si svolgeva infatti presso il Golf
Club della Montecchia il torneo
di Golf per gli appassionati di
questo sport, mentre per chi era
attratto dal genio di Giotto, veniva organizzata una gita presso la splendida Cappella degli
Scrovegni.
Per i più pigri invece, ancora
wellness e relax nelle grandi e
magnifiche piscine termali, che
precedevano il rientro a casa.
Il Closed Meeting rappresenta un
punto fermo per i soci della SIE,

un momento di aggregazione
culturale e ludico, l’occasione di
approfondire contatti e conoscenze, trascorrendo del tempo libero
in contesti sempre piacevolissimi,
un vero momento di aggregazione in pieno spirito societario SIE.
Anche questa edizione ha colto
nel segno, centrando ognuno degli obiettivi menzionati.

CENA DI GALA

RIUNIONE DEI SEGRETARI REGIONALI
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PROF. ANTONIO PELLICCIA
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publishes original scientific articles,
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of the pulp and periradicular region,
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areas of biomedical science, applied
materials science, bioengineering,
epidemiology and social science relevant to endodontic disease and its
management, and to the restoration
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research has been conducted in full
accordance with ethical principles,
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2008) and the additional requirements, if any, of the country where the
research has been carried out.
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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
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the right to reject papers if there are
doubts as to whether appropriate procedures have been used.
When experimental animals are used
the methods section must clearly indicate that adequate measures were
taken to minimize pain or discomfort.
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 exper-

imental procedures or with the European Communities Council Directive
of 24 November 1986 (86/609/
EEC) and in accordance with local
laws and regulations.
All studies using human or animal
subjects should include an explicit
statement in the Material and Methods section identifying the review and
ethics committee approval for each
study, if applicable. Editors reserve
the right to reject papers if there is
doubt as to whether appropriate procedures have been used.
2.3 Clinical Trials
Clinical trials should be reported using the guidelines available at www.
consort-statement.org.
A CONSORT checklist and flow diagram (as a Figure) should also be
included in the submission material.
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encourages authors submitting manuscripts reporting from a clinical trial
to register the trials in any of the following free, public clinical trials registries: www.clinicaltrials.gov, http://
clinicaltrials.ifpma.org/clinicaltrials/,
http://isrctn.org/. The clinical trial
registration number and name of the
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with the paper.
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Systematic reviews should be reported using the PRISMA guidelines
available at http://prisma-statement.
org/. A PRISMA checklist and flow
diagram (as a Figure) should also be
included in the submission material.
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potential conflicts of interest noted.
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2.6 Appeal of Decision
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Manuscripts should be submitted electronically by e-mail:
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Word (.doc) or Rich Text Format (.rft)
files (not write-protected) plus separate figure files. GIF, JPEG, PICT or
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general aims and scope of the journal
will be returned immediately without
review.
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by experts in the field (generally two
referees).
Giornale Italiano di Endodonzia aims
to forward referees´ comments and
to inform the corresponding author of
the result of the review process.
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circumstances after consultation with
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Giornale Italiano di Endodonzia uses
double blinded review. The names
of the reviewers will thus not be disclosed to the author submitting a paper and the name(s) of the author(s)
will not be disclosed to the reviewers.
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and title page as separate files.
3.3. E-mail Confirmation of Submission
After submission you will receive an
e-mail to confirm receipt of your manuscript. If you do not receive the confirmation e-mail after 24 hours, please
send an e-mail once again to editor.
giornale@endodonzia.it or contact
segreteria.sie@me.com.
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All the revised manuscripts will be
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4. MANUSCRIPT TYPES
ACCEPTED
Original Scientific Articles: must describe significant and original experimental observations and provide sufficient detail so that the observations
can be critically evaluated and, if
necessary, repeated. Original Scientific Articles 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
balanced 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 previous work. Extensive or unbalanced citation of the authors´ own
publications is discouraged.
Mini Review Articles: are accepted to address current evidence on
well-defined clinical, research or
methodological topics. All are refereed by experts in the field who are
asked to comment on timeliness, general interest, balanced treatment of
controversies, and scientific rigor. A
clear research question, search strategy and balanced synthesis of the evidence is expected. Manuscripts are
limited in terms of word-length and
number of figures.
Clinical Articles: are suited to describe significant improvements in
clinical practice such as the report of
a novel technique, a breakthrough in
technology or practical approaches
to recognised clinical challenges.
They should conform to the highest
scientific and clinical practice standards.
Case Reports: illustrating unusual and
clinically relevant observations are
acceptable but they must be of sufficiently high quality to be considered
worthy of publication in the Journal.
On rare occasions, completed cases
displaying non-obvious solutions to
significant clinical challenges will be

considered. Illustrative material must
be of the highest quality and healing
outcomes, if appropriate, should be
demonstrated.

5. MANUSCRIPT FORMAT
AND STRUCTURE
5.1. Format
Language: The language of publication is English. It is preferred that manuscript is professionally edited. All
services are paid for and arranged
by the author, and use of one of these
services does not guarantee acceptance or preference for publication
Presentation: Authors should pay
special attention to the presentation
of their research findings or clinical
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. The background and
hypotheses underlying the study, as
well as its main conclusions, should
be clearly explained. Titles and abstracts especially should be written in
language that will be readily intelligible to any scientist.
Abbreviations: Giornale Italiano di
Endodonzia adheres to the conventions outlined in Units, Symbols and
Abbreviations: A Guide for Medical
and Scientific Editors and Authors.
When non-standard terms appearing
3 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.
5.2. Structure
All manuscripts submitted to Giornale
Italiano di Endodonzia should include
Title Page, Abstract, Main Text, References and Acknowledgements, Tables, Figures and Figure Legends as
appropriate
Title Page: The title page should
bear: (i) Title, which should be concise as well as descriptive; (ii) Initial(s) and last (family) name of each
author; (iii) Name and address of
department, hospital or institution to
which work should be attributed; (iv)
Running title (no more than 30 letters
and spaces); (v) No more than six
keywords (in alphabetical order); (vi)
Name, full postal address, telephone,
fax number and e-mail address of author responsible for correspondence.
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 including, as appropriate, the design of the study, the set-

ting, entry requirements for subjects,
use of materials, outcome measures
and statistical tests.
• Results: Give the main results of the
study, including 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-structured 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, including a clear
research question, details of the literature search strategy and clear conclusions.
Abstract for Case Reports 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 addressed.
• Summary: Describe the methods
adopted including, 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 5 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 addressed.
• 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 Article should include Introduction, Materials and Methods, Results, Discussion
and Conclusion.
Introduction: should be focused, outlining the historical or logical origins
of the study and gaps in knowledge.
Exhaustive literature reviews are not
appropriate. It should close with the
explicit statement of the specific aims
of the investigation, or hypothesis to
be tested.
Material and Methods: must contain
sufficient detail such that, in combination with the references cited, all clinical trials and experiments reported
can be fully reproduced.
(i) Clinical Trials should be reported using the CONSORT guidelines
available at www.consort-statement.
org. A CONSORT checklist and flow
diagram (as a Figure) should also be
included in the submission material.

(ii) Experimental Subjects: experimentation involving human subjects
will only be published if such research
has been conducted in full accordance with ethical principles, including
the World Medical Association Declaration of Helsinki (version 2008) and
the additional requirements, if any, of
the country where the research has
been carried out. Manuscripts 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 appropriate
procedures have been used.
When experimental animals are used
the methods section must clearly indicate that adequate measures were
taken to minimize pain or discomfort.
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 November 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 committee approval for each
study, if applicable.
Editors reserve the right to reject papers if there is doubt as to whether
appropriate procedures have been
used.
(iii) Suppliers: 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
methodology before discussing the
results in light of previous work in the
field. The Discussion should end with
a brief conclusion and a comment
on the potential clinical relevance
of the findings. Statements and interpretation of the data should be
appropriately supported by original
references.
Conclusion: 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
justify the need for the review. The
Review section should be divided
into logical sub-sections in order to
improve readability and enhance understanding. Search strategies must
be described and the use of stateof-the-art evidence-based systematic
approaches is expected. The use of
tabulated and illustrative material is
encouraged. The Conclusion section
should reach clear conclusions and/
or recommendations on the basis of
the evidence presented.
Main Text of Mini Review Articles
should be divided into Introduction,
Review and Conclusions. The Introduction section should briefly introduce the subject matter and justify the
need and timeliness of the literature
review. The Review section should be
divided into logical sub-sections to enhance readability and understanding
and may be supported by up to 5
tables and figures. Search strategies
must be described and the use of
state-of-the-art evidence-based systematic approaches is expected. The
Conclusions section should present
clear statements/recommendations
and suggestions for further work. The
manuscript, including references and
figure legends should not normally exceed 4000 words.
Main Text of Clinical Reports and
Clinical Articles should be divided
into Introduction, Report, Discussion
and Conclusion,. They should be well
illustrated with clinical images, radiographs, diagrams and, where appropriate, supporting tables and graphs.
However, all illustrations must be of
the highest quality
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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 Experimental Rematology; (1974),
pp. 44-46. Houston, TX, USA: International Society for Experimental 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 Cen-

tre for Health Statistics.8
Dissertation or thesis
Saunders EM In vitro and in vivo investigations 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 document/report and
URL. If this information is not available, the reference should be removed
and only the web address cited in the
text.
Smith A Select committee report into
social care in the community [WWW
document]. (1999) URL http://www.
dhss.gov.uk/reports/report015285.
html
[accessed on 7 November 2003]
5.4. Tables, Figures and Figure Legends
Tables: Tables should be double-spaced with no vertical rulings,
with a single bold ruling beneath the
column titles. Units of measurements
must be included in the column title.
Figures: All figures should be planned
to fit within either 1 column width
(8.0 cm), 1.5 column widths (13.0
cm) or 2 column widths (17.0 cm),
and must be suitable for photocopy
reproduction from the printed version
of the manuscript. Lettering on figures
should be in a clear, sans serif typeface (e.g. Helvetica); if possible, the
same typeface should be used for all
figures in a paper. After reduction
for publication, upper-case text and
numbers should be at least 1.5-2.0
mm high (10 point Helvetica). After
reduction, symbols should be at least
2.0-3.0 mm high (10 point).
All half-tone photographs should be
submitted at final reproduction size.
In general, multi-part figures should
be arranged as they would appear
in the final version. Reduction to the
scale that will be used on the page
is not necessary, but any special requirements (such as the separation
distance of stereo pairs) should be
clearly specified.
Unnecessary figures and parts (panels) of figures should be avoided:
data presented in small tables or histograms, for instance, can generally
be stated briefly in the text instead.
Figures should not contain more than
one panel unless the parts are logically connected; each panel of a multipart figure should be sized so that
the whole figure can be reduced by
the same amount and reproduced on
the printed page at the smallest size
at which essential details are visible.
Figures should be on a white background, and should avoid excessive
boxing, unnecessary colour, shading
and/or decorative effects (e.g. 3-dimensional skyscraper histograms) and
highly pixelated computer drawings.

The vertical axis of histograms should
not be truncated to exaggerate small
differences. The line spacing should
be wide enough to remain clear on
reduction to the minimum acceptable
printed size.
Figures divided into parts should be
labelled with a lower-case, boldface,
roman letter, a, b, and so on, in the
same typesize as used elsewhere in
the figure. Lettering in figures should
be in lower-case type, with the first
letter capitalized.
Units should have a single space between the number and the unit, and
follow SI nomenclature or the nomenclature common to a particular field.
Thousands should be separated by
a thin space (1 000). Unusual units
or abbreviations should be spelled
out in full or defined in the legend.
Scale bars should be used rather than
magnification factors, with the length
of the bar defined in the legend rather than on the bar itself. In general,
visual cues (on the figures themselves)
are preferred to verbal explanations
in the legend (e.g. broken line, open
red triangles etc.).
Figure legends: 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.
Permissions: If all or part of previously published illustrations are to be
used, permission must be obtained
from the copyright holder concerned.
This is the responsibilty of the authors
before submission.
Preparation of Electronic Figures
for Publication: Although low quality
images are adequate for review purposes, print publication requires high
quality images to prevent the final
product being blurred or fuzzy.
Submit EPS (lineart) or TIFF (halftone/
photographs) files only. MS PowerPoint and Word Graphics are unsuitable for printed pictures. Do not use
pixel-oriented programmes. Scans
(TIFF only) should have a resolution of
300 dpi (halftone) or 600 to 1200
dpi (line drawings) in relation to the
reproduction size (see below). EPS
files should be saved with fonts embedded (and with a TIFF preview if
possible).
For scanned images, the scanning
resolution (at final image size) should
be as follows to ensure good reproduction: lineart: >600 dpi; half-tones
(including gel photographs): >300
dpi; figures containing both halftone
and line images: >600 dpi.

6. AFTER ACCEPTANCE
Upon acceptance of a paper for
publication, the manuscript will be
forwarded to the Production Editor
who is responsible for the production
of the journal.

6.1. Figures
Hard copies of all figures and tables
are required when the manuscript
is ready for publication. These will
be requested by the Editor when required. Each Figure copy should be
marked on the reverse with the figure
number and the corresponding author’s name.
6.2 Proof Corrections
The corresponding author will receive
an email alert containing a link to a
web site.
A working email address must therefore be provided for the corresponding author. The proof can be downloaded as a PDF (portable document
format) file from this site. Acrobat
Reader will be required in order to
read this file. This software can be
downloaded (free of charge) from
the following Web site: www.adobe.
com/products/acrobat/readstep2.
html.
This will enable the file to be opened,
read on screen, and printed out in order for any corrections to be added.
Further instructions will be sent with
the proof. Hard copy proofs will be
posted if no e-mail address is available; in your absence, please arrange

for a colleague to access your e-mail
to retrieve the proofs.
Proofs must be returned to the Production Editor within five days of
receipt, even if there are no corrections. Elsevier may proceed with
publication of the article if no response is received.
As changes to proofs are costly, we
ask that you only correct typesetting
errors.
Excessive changes made by the
author in the proofs, excluding typesetting errors, will be charged separately.
Other than in exceptional circumstances, all illustrations are retained
by the publisher.
Please note that the author is responsible for all statements made in his
work, including changes made by the
copy editor.

ISTRUZIONI AGLI AUTORI
Il Giornale Italiano di Endodonzia è
una pubblicazione esclusivamente
disponibile in formato elettronico e

rappresenta l’organo ufficiale della
Società Italiana di Endodonzia.
Si appoggia, per la sua diffusione ad
Elsevier e gli articoli in esso pubblicati
sono reperibili su Scopus.
La cadenza di pubblicazione è
semestrale: Maggio/Giugno
Novembre/Dicembre.
Per quanto attiene le norme editoriali
per la pubblicazione di articoli aventi
come tema l’Endodonzia in senso lato
si pregano gli autori di riferirsi al documento in inglese reperibile sul sito
www.gi-endodonzia.com.
Articoli in lingua italiana saranno
pubblicabili, ma si darà preferenza a
contributi in lingua inglese che potrebbero avere una risonanza internazionale ben più ampia.
La Società Italiana di Endodonzia si
farà carico di rivedere la forma dei
contributi in lingua inglese attraverso
un sistema di controllo specifico.

