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EDITORIAL/EDITORIALE

The beginning of this new ‘‘adventure’’ has to move from
thanks: to the Society, to the Managerial Board who gave me
this appointment, to all my predecessors, particularly to the
latest one, Massimo Gagliani, my Friend and, not for chance,
pupil of Prof. Giorgio Vogel, brotherly friend of my Master,
Prof. Giancarlo Valletta.
Prof. Gagliani, who performed his assignment duly, wisely
and never banally, in his leave taking declared his will ‘‘to
leave the stage to the young’’. Well, although I feel young in
my spirit, in terms of age, perhaps, I do not match with the
idea of young Prof. Gagliani referred to; as regards this point,
I have identified as co-editors next to me Dr. G. Plotino and
Prof. C. Prati, who represent a balance point in terms of both
age and cultural aspects.
The charge is prestigious and the challenge is exciting; the
discussions of the past (i.e. vertical vs. lateral, ortograde
endodontics vs. endodontic surgery, as it was wrongly defined
at that time by oral surgeons in the presence of wide endodontic lesions) gave way to new technologies and instruments, to nanotechnologies, to versatile and suggestive
‘‘bio-logical’’ materials, that allow for research hints about
reparative and regenerative processes, with better comprehension and knowledge, not definitely achieved, of the
molecular events that permit the activation of specific gene
mechanisms able to manage stem cell differentiation
towards specific phenotypes.
Consequently, with huge enthusiasm and much curiosity,
that never have to be missed by someone who begins a new
‘‘trip’’, I wish to myself and to those who will assist me a
cloudless, profitable and challenging work.
Finally, I would like to end up quoting a sentence from an
unforgettable movie from the past by the legendary Peppino
De Filippo and Antonio De Curtis, best known as Totò (whom
recently the University ‘‘Federico II’’ gave the remembrance
degree to with laudatio by Renzo Arbore): ‘‘. . .and I said it
all. . .’’.
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L’inizio di questa nuova ‘‘avventura’’ non può prescindere
dai ringraziamenti: alla Società, al suo Consiglio Direttivo,
che mi ha affidato l’incarico, a tutti i miei predecessori, con
particolare riferimento all’ultimo, Massimo Gagliani, mio
Amico e, non a caso, allievo del Prof. Giorgio Vogel, Amico
fraterno del mio Maestro, Prof. Giancarlo Valletta.
Il Prof. Gagliani, che ha svolto il suo compito in maniera
puntuale, intelligente e mai banale, nel suo commiato dice di
voler ‘‘lasciare spazio ai giovani. . .’’. Bene, ancorchè mi
senta giovane nello spirito, anagraficamente, forse, non
corrispondo all’idea di ‘‘giovane’’ cui Massimo fa riferimento;
in questa ottica ho individuato come co-editor al mio fianco,
il Dott. G. Plotino ed il Prof. C. Prati, che rappresentano un
punto di equilibrio, anagrafico e culturale.
Il ruolo è prestigioso e la sfida interessante; le discussioni del
passato (verticale Vs laterale, Endodonzia ortograda Vs chirurgia endodontica, come all’epoca veniva erroneamente definita dai Chirurghi in caso di grosse lesioni endodontiche), hanno
lasciato il passo alle nuove tecnologie ed ai nuovi strumenti,
alle nanotecnologie, a versatili e suggestivi materiali ‘‘biologici’’, che offrono spunti di ricerca sui processi riparativi e
rigenerativi, con una migliore comprensione e conoscenza, non
ancora raggiunta, degli eventi molecolari che consentono
l’attivazione di programmi genici specifici capaci di guidare
la differenziazione di cellule staminali verso fenotipi specifici.
In quest’ottica, con grande entusiasmo e tanta curiosità,
che mai devono mancare in chi intraprende un nuovo ‘‘viaggio’’, auguro a me stesso ed a chi mi affiancherà, un lavoro
sereno, proficuo e stimolante.
E, per concludere citando una frase di un indimenticabile
film del passato tra i mitici Peppino De Filippo ed Antonio De
Curtis, in arte Totò (cui recentemente la ‘‘Federico II’’ ha
conferito la Laurea alla memoria, con laudatio di Renzo
Arbore), ‘‘. . .e ho detto tutto . . .’’.
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Abstract The prevalence of recurrent periapical lesions has been reported between 43 and 65%,
endodontic microsurgery (EM) is an alternative treatment option of recurrent periapical lesions.
Aim: the aim of the present study was to systematically quantify the effects of the association
‘‘clinical factors/follow-up period’’ on EM outcomes.
Methodology: Two researchers conducted a literature search from 2005 to 2015. Searched
databases were MEDLINE, Evidence-based Endodontics, Cochrane Library, EMBASE, LILACS,

* Corresponding author at: Universidad Nacional de Colombia, Facultad de Odontologı́a, Departamento de Ciencias Básicas y Medicina Oral,
Carrera 30 #45-03 Ed. 210, Colombia.
E-mail: ccgarciag@unal.edu.co (C. Garcı́a-Guerrero).
Peer review under responsibility of Società Italiana di Endodonzia.
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SCIELO, Trip-Database. Tables of contents of endodontic journals and references listed on
retrieved articles were searched as well. A residual heterogeneity test set at 95% confidence
interval controlled sample variability of each study. Meta-regression estimated the factor/followup period on the outcomes of the ME.
Results: 1242 articles were identified, 10 of which were included for meta-regression. On
average, EM was 84.13% successful when evaluated from 1 to 6 years. The heterogeneity analysis
(P = 0.87) established the total variability of 8% in reference to sample variability. It was
determined that a loss of ‘‘Crestal Bone Height’’ >3 mm proportionally predicts, from the second
year on, an increased risk of EM failure (OR = 1.33, 90%CI, 1.01—1.77; P = 0.09). Factors such as
‘‘retro-filling material’’ (P = 0.0002), ‘‘presurgical clinical signs’’ (P = 0.0116), and ‘‘dentinal root
defects’’ (P = 0.0001) are considered significant risk factors for EM failure without association to
time.
Conclusions: EM could be considered clinically successful over time. The factor ‘‘crestal bone
height’’ estimated a predictive and progressive association of healing from the second year on.
Different root-end filling materials aside from MTA could be associated with EM failure, without
association with follow-up periods.
*Registration Code: CRD42015029593, PROSPERO database.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
Riassunto La letteratura riporta che la prevalenza delle lesioni periapicali ricorrenti si attesti
tra il 43 e il 65%, la microchirurgia endodontica (EM) è un’opzione terapeutica alternativa per il
trattamento delle lesioni periapicali ricorrenti.
Obiettivi: Lo scopo di questo lavoro era di quantificare in modo sistematico gli effetti
dell’associazione tra fattori clinici e periodo di follow up sui risultati ottenuti dalle terapie di EM.
Materiali e metodi: Due ricercatori hanno compiuto una ricerca bibliografica che ha compreso gli
articoli pubblicati tra il 2005 e il 2015. I database consultati erano MEDLINE, Evidence-based
Endodontics, Cochrane Library, EMBASE, LILACS, SCIELO, Trip-Database. Sono anche stati consultati gli indici dei giornali endodontici e gli elenchi di riferimenti bibliografici citati negli
articoli selezionati. Un test di eterogeneità residua con un intervallo di confidenza del 95% ha
controllato la variabilità dei campioni presi in considerazione in ciascuno degli studi selezionati.
Una meta-regressione ha stimato l’effetto del rapporto fra fattori e periodo di follow up sui
risultati ottenuti dai trattamenti di ME.
Risultati: Sono stati identificati 1242 articoli, 10 dei quali sono stati esaminati con la metaregressione. Mediamente EM, valutata in un periodo compreso tra 1 e 6 anni, ha riportato una
percentuale di successo dell’84.13%. L’analisi di eterogeneità (P = 0.87) ha stabilito l’esistenza di
una variabilità dell’8% dei campioni. È stato determinato che una perdita nell’’’altezza dell’osso
crestale’’ superiore a 3 mm faccia presagire in modo proporzionale, dal secondo anno di
osservazione in poi, un aumento del rischio di fallimento dell’EM (OR = 1.33, 90%CI, 1.011.77; P = 0.09). Fattori come ‘‘materiale da otturazione retrograda’’ (P = 0.0002), ‘‘segni clinici
pre-chirurgia’’ (P = 0.0116), e ‘‘difetti nella dentina radicolare’’ (P = 0.0001) sono considerati
fattori di rischio significativi per il fallimento dell’EM, indipendentemente dal periodo di
follow up.
Conclusioni: EM si può considerare una terapia che riscuote il successo clinico nel tempo. Il
fattore ‘‘altezza dell’osso crestale’’ è associata alla guarigione in modo predittivo e progressivo a
partire dal secondo anno. Materiali da otturazione retrograda diversi dall’MTA possono essere
associati al fallimento della terapia di EM, indipendentemnte dal periodo di follow up osservato.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Cet article est
publié en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-ncnd/4.0/)

Introduction
Post-treatment periapical disease (PPD) is characterized by
the presence of periapical pathology, which may be emergent, recurrent, or persistent.1 According to some clinical
studies,2 its prevalence ranges from 43 to 65%, and it is
generally associated with poor endodontic or restorative
treatments, which facilitates the presence of pathogenic

microorganisms resistant to the chemical-mechanical preparation of the root canal, thus allowing them to adapt during
long periods of time to the sealed root canal.1 Therefore, a
second endodontic intervention is necessary to restore
health of the periapical tissues. In this sense, endodontic
microsurgery (EM) becomes an alternative approach that
should be considered when root canal ortograde retreatment
is contraindicated.3

4
The success rate of EM varies from 78 to 92%.4,5 Nevertheless, that given the heterogeneity of the treatment protocols employed, the multiple risk factors that condition to
the outcomes of surgical treatment, in addition to the difficulties related to proper follow-up schemes,5 altogether
challenge the researchers’ ability to unequivocally demonstrate the effectiveness of EM to eliminate PPD. Current
research has established an association between clinical
factors and EM outcomes.6,7 In fact, the status of the supporting bone,4 size of the apical lesion,8 presence of preoperative pain,4,9 quality of retrograde root canal filling,4,10
and condition of coronal restoration4,9,10 are determinants of
periapical healing.
It should be noted that the risk posed by each factor and
its relationship with the follow-up period has not been
sufficiently studied. This association, therefore, must be
investigated. In this regard, two philosophies are in vogue
today. One the one hand, some studies11,12 support the
concept that a preliminary result observed in a short follow-up period could be considered predictive of final result
over time. On the other hand, the term ‘‘post-surgical recurrence’’ is employed when failure occurs in teeth that are
either healed or in the process of healing, when observed at
sizable follow-up periods.4,7
In order to determine the association between post-surgical healing predictors and follow-up, the subsequent
Patient-Intervention-Comparison-Outcome (PICO) question
was formulated: What is the effect of clinical factors on
EM outcomes in teeth with Post-treatment periapical
disease, when evaluated over different periods of time? A
search in the Prospero13 and the Cochrane Collaboration14
databases did not retrieve any previous research addressing
this subject.

Materials and methods
The methodology implemented for the present investigation
was based on ‘‘The Institute of Medicine Standards for a
Comprehensive Search’’15 and ‘‘The Cochrane Handbook for
Systematic Reviews of Interventions’’.16 The protocol was
registered in the PROSPERO database (Registration Code:
CRD42015029593).

Eligibility criteria
Inclusion criteria were:
 Type of study: randomized controlled trials (RCTs) and nonrandomized trials (NRTs) published between 2005 and 2015
that analyzed longitudinally clinical factors with at least 1
year of follow-up.
 Type of population: studies performed in human subjects
using permanent teeth as study unit.
 Type of intervention: studies using EM as a modality of
treatment, according to the criteria established by Kim and
Kratchman.8 EM was assessed in accordance with the categories outlined by Rud et al.,17 and Molven et al.18

Search strategy
An electronic search of the English and Spanish literature was
performed. From September 2014 to August 2015, 2 inves-
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tigators (CGG and SQG) searched the following databases:
MEDLINE via PUBMED, Evidence-Based Endodontics Literature Database, The Cochrane Oral Health Group’s Trials
Register (CENTRAL), EMBASE via OVID, LILACS, SCIELO via
BIREME, and Trip Data Base. In order to identify prognostic
studies (cohort, incidence, follow-up studies, prognos*, predict*, or course), a highly-sensitive search was implemented
according to the recommendations of Hayden et al.19 Secondary searching (PEARLing) was conducted. Additionally,
table of contents of the following journals were reviewed:
International Endodontic Journal, Journal of Endodontics,
Oral Surgery Oral Medicine Oral Pathology Oral Radiology,
and Restorative Dentistry and Endodontics. Ongoing trials
were revised by searching in The Meta Register of Controlled
Trials (http://www.controlled-trials.com) and The US
National Institutes of Health registry (http://www.
clinicaltrials.gov)20 databases.
Medical Subject Headings (MeSH) and the Spanish version
of MeSH, ‘‘Descriptores en Ciencias de la Salud’’ (DeCS) were
employed. MeSH were searched in English and DeCS in Spanish. Boolean operators OR and AND were used as well.
((‘‘endodontics/endodoncia’’ OR ‘‘microsurgery/microcirugı́a’’ OR ‘‘periapical surgery/apicectomı́a’’ OR ‘‘surgical
endodontic treatment’’ OR ‘‘root-end surgery’’)) AND (‘‘clinical factors’’ OR ‘‘predictors outcome’’) AND (‘‘longitudinal
studies’’ OR ‘‘randomized controlled trials as a subject’’) AND
(‘‘assessment outcomes’’ OR ‘‘prognosis’’).

Selection process
Initially, one reviewer (CGG) examined the titles for further
reading of the abstracts. A record by search date monitored the
systematization process. Selected abstracts were analyzed
independently by 2 investigators (CGG, SQG). Those abstracts
meeting the inclusion criteria were selected and the articles
read in full; the approval of at least one evaluator was enough
to consider it. Any disagreement regarding the inclusion of a
given study was resolved through consensus and in some cases
through the concept of a third evaluator (DMZ). Fig. 1, shows
the algorithm used during the search and selection process.

Quality assessment and bias analysis
Once the articles were selected, internal validity was established by controlling bias analysis using the tool suggested by
the Cochrane Collaboration.21 Subsequently, the quality of
the evidence was defined by applying the tool proposed by
the National Institute for Health and Care Excellence
(NICE),22 as shown in Fig. 2.

Data analysis
The following characteristics of each study were evaluated:
design, sample size, clinical factors, follow-up period, and
success/failure rate according to post-surgical healing.
For qualitative analysis purposes, the results were
grouped in the following manner:
 Outcomes of EM. Dichotomized in 2 categories:
- Success: complete or incomplete healing.
- Failure: unsatisfactory or uncertain healing.18
 Clinical factors. Grouped according to:
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Flow chart depicting the selection process of the articles.
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Quality assessment and risk of bias graphic.
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- Crestal bone level: was defined by von Arx et al., 2012,4 as
the distance between the interproximal bone level and the
cementoenamel junction. The Crestal bone level, was
classified in: mesial and distal  3 mm, mesial and distal > 3 mm, mesial or distal >3 mm, according to the
categories described by von Arx et al., 2012.4
 Type of treatment. Grouped according to:
- Quality and length of root canal filling.
- Presence of post.
- Type of endodontic treatment (apical surgery, previous
retreatment).
- Magnification technique.
- Retrograde root canal filling.
- Post-surgical antibiotic prescription.
- Immediate post-surgical healing.
Finally, the percentage of healing for each factor in
relation to the follow-up period was established. The synthesis of the data was recorded in contingency tables for
further statistical analysis.

Statistical analysis
A descriptive analysis measured the relationship between
studied factors, follow-up period, and outcomes of the procedure. The outcomes of EM ‘‘successful’’ or ‘‘failure’’ of
each factor were recorded as a dichotomous data. A forest
plot graphic represented the significant changes in the ORs of
the surgical factors over time that were calculated by using a
fixed-effect meta-regression, which was adjusted for those
surgical factors that had been previously analyzed in more
than two points in time (13/21). For those factors providing a
preliminary analysis in only one or two points in time (8/21),
a fixed-effect model was adjusted without time significance
because the number of points in time could act as causal false
of the perfect fit model.
To assess the influence of an individual study on the pooled
effect, statistical heterogeneity analysis was assessed. A
residual heterogeneity test was performed in order to control
the total variability of the estimated effect of the metaregression model and the sampling variability provided by
each study. The null hypothesis stated that the heterogeneity
of the real logarithms ORs, (log ORs) was zero (Hotau?2 = 0).
All calculations were made using the R statistical software
[http://www.r-project.org/], version 3.2.2, Metafor package [Http://www.jstatsoft.org/v36/i03/].

Results
After the application of eligibility criteria, a total of 1242
titles were identified; 10 of them were included for qualitative and quantitative analysis (Table 1). Fig. 1 shows the
Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) study flow diagram.
The final sample included a total of 1402 teeth treated by
means of EM. Table 2 shows excluded papers and the reasons
behind the exclusion.

Descriptive analysis of selected studies
The 10 selected papers were characterized according to:
 Year of publication: 2005—2015.
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 Type of study: 4 RCTs,23—26 1 cohort,4 4 prospective case
series,11,12,27,28 and 1 retrospective study.29
 Geographic area of the studied population: Netherlands,25
Italy,23,29 Denmark,26 Switzerland,4,27 South Korea,12,24
United States of America,11 and Turkey.28
 Journal: Oral Surgery Oral Medicine Oral Pathology Oral
Radiology,25 International Journal of Oral and Maxillofacial
Surgery,23 International Endodontic Journal,26,28 Journal
of Endodontics,4,11,12,24,27 and Australian Endodontic
Journal.29

Bias analysis of selected studies
Fig. 2 depicts bias evaluation and level of evidence for each
included study. The Cochrane Collaboration ‘‘Risk of Bias’’
tool was used to assess the methodological quality of the
included studies.30 Of note, 60% of the studies had a high risk
of bias in at least one of the analyzed aspects.

Data analysis
Heterogeneity analysis
Residual heterogeneity test (H^2) ( p = 0.8767) determined,
with a 95% confidence level, that there was enough statistical
evidence to accept the null hypothesis, Ho (Hotau?2 = 0),
confirming that 100% of the total variability was captured by
the fixed part of the model (simple variability) and that only
8% of the estimated effect between the clinical factors and
EM outcomes observed over time had been randomly modified.
Healing over time
The average rate of successful post-surgical healing reported
by each study according to the follow-up period was: 83%
(first year), 85.5% (second year), 73.12% (third year), 88.81%
(fourth year), 84.9% (fifth year), and 89.5% (sixth year).
Meta-analysis of healing considering the follow-up
period
A descriptive analysis confirmed the possibility to analyze the
trend of the OR for the selected surgical factors over time.
The fixed effects model determined that factors such as
‘‘Retrograde Root Canal Filling’’ (OR = 2.75; CI, 1.61—4.70;
P = 0.0002) and ‘‘Presence of Preoperative Clinical Signs’’
(OR = 3.10; CI, 1.28—7.48; P = 0.0116) represented significant risk factors in Time One (Fig. 3A and B). Conversely, the
pre-surgical factor ‘‘Crestal Bone Level’’ (OR = 1.33; 90% CI,
1.01—1.77; P = 0.09) influenced the outcome of EM over
time, suggesting that a decrease in the ‘‘Crestal Bone Level’’
does not represent a risk for postsurgical healing during the
first year, but as the follow-up increases (2—6 years), it
behaves as a prognostic factor that reduces the success rate
of EM (Figs. 3C and 4).
On the other hand, factors such as ‘‘Age’’ (OR = 0.86; CI,
0.66—0.12; P = 0.27), ‘‘Sex’’ (OR = 0.88; CI, 0.70—1.10;
P = 0.28), ‘‘Type of Tooth’’ (OR = 1.12; CI, 0.93—1.35;
P = 0.19), ‘‘Location of Tooth ’’ (OR = 0.97; CI, 0.81—1.16;
P = 0.74), ‘‘Presence of Preoperative Clinical Signs’’
(OR = 0.81; CI, 0.64—1.04; P = 0.10), ‘‘Size of Apical Lesion’’
(OR = 1.06; CI, 0.84—1.33; P = 0.58), ‘‘Previous Apical Surgery’’ (OR = 0.96; CI, 0.69—1.32; P = 0.81) ‘‘Length of Root
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Study type

Author

Table 1 (Continued )

root dentinal defects

No significativ.

EndoPeriod vs Endo
only
Magnification
Microsc vs Loupes

Significant factor

3

3
4
5
6
1

2

127

90
90
90
90
134

90

86

104

6
1—4

n

Time in years

77.2

—
—
—
—
42.9

—

2.1

1.76

OR

0.00—0.06

—
—
—
—
0.50—0.77

—

0.31—13.95

—

IC

< 0.0001

>0.05
>0.05
>0.05
>0.05
<0.0001

>0.05

>0.05

>0.05

P value

8
C. Garcı́a-Guerrero et al.

1. In vitro study. 2. Case report studies. 3. High risk of bias. 4. Not available. 5. Animal Study. 6. High attrition rate or unrepresentative sample size. 7. Inappropriate methodological design. 8. The
study was based on a population that was part of an earlier publication. 9. Does not meet the inclusion criteria. 10. Does not include Ethical criteria. 11. Unrepresentative statistical analysis to
estimate the effect. 12. Retro-obturation material does not include in ME. 13. A following up <1 year. 14. Does not answer the question. 15. Assessment criteria of success and failure different
from the selected for this study. 16. Techniques that did not fit the specific criteria defined for ME. 17. Survival studies.

6, 7, 18
3, 6, 7, 12
2
3, 6, 7
9
7, 10, 11
9, 17
4
9
6, 13
11, 14
Estrela C
Tortorici S, 2014
Bill Kalher, 2010
Yazdi PM, 2007
Gagliani MM, 2005
Kreisler M, 2013
Wang Q, 2004
Shen J, 2012
Chong BS, 2003
da Silva SR, 2015
Saunders 2008
9, 13, 14, 15, 17
8
8, 14
3, 7, 8
8, 12, 15
3, 7, 8, 12
8, 12, 14
8, 12, 14
12
3, 6, 7
14
Del Fabbro, 2009
Kim E, 2008
Taschieri S, 2006
Peñarrocha-Diago M, 2012
Peñarrocha M, 2011
Ortega-Sànchez B, 2009
Carrillo C, 2008
Peñarrocha Diago M, 2007
Pljevljak N, 2011
Goyal B, 2011
Song, 2014
3, 6, 10, 11, 12, 15
14
3, 7, 9, 14
6, 8, 14
3, 8, 9, 14
8, 14
5
2, 3, 7, 14
7, 14
5, 13
4
Lui JN, 2014
Li H, 2014
Von Arx t, 2007
Song M, 2013
Song M, 2013
Song M, 2011
Baek SH, 2010
Karabucak B, 2009
Taschieri S, 2009
Tawil PZ, 2009
de Ruiter MHT, 2014

Iqbal MK, 2007
Von Arxz, 2011
Taschieri S, 2011
Barone C, 2010
Érica Gouveia J, 2015
Sánchez-Torres A, 2014
Bernabe PF, 2013
Tanomaru-FIlho M, 2015
Del Fabbro, 2012
Garip H, 2011
Von Arx T, 2007

13
14
14
12, 16
14
14
3
14
13, 14, 15
1
8

Exclusion criteria
Study
Exclusion criteria
Study
Exclusion criteria
Study
Exclusion criteria
Study

Table 2

Excluded Studies with Reasons for Exclusion from the Meta-analysis.
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Canal Filling’’ (OR = 0.88; CI, 0.66—1.17; P = 0.40), ‘‘Presence of Post’’ (OR = 1.07; CI, 0.88—1.28; P = 0.47), ‘‘Retrograde Root Canal Filling’’ (OR = 0.93; CI, 0.77—1.12;
P = 0.45), ‘‘Post-Surgical Antibiotic Medication’’ (OR = 1.10;
CI, 0.85—1.42; P = 0.43), and ‘‘Immediate Postsurgical Healing’’ (OR = 0.97; CI, 0.70—1.35; P = 0.89) were not associated
with the risk of EM failure over time.
Meta-analysis of healing without considering the
follow-up period
For factors ‘‘Quality of Sealing’’, ‘‘Pre-surgical Pain’’, ‘‘Root
Dentinal Defects’’, ‘‘Smoking Status’’, ‘‘Magnification Technique’’, ‘‘Type of Lesion’’, ‘‘Type of Pathology’’, and ‘‘Type of
Endodontic Treatment’’, it was not possible to establish an
association with the follow-up period. It was found, however,
that ‘‘Root Dentinal Defects’’ (OR = 52.98; CI, 21.11—132.95;
P = 0.0001) behaved as a factor that decreased the probability of EM success.

Discussion
This systematic review measured the effects of clinical
factors as prognostic predictors of EM outcomes when studied
over time. The search considered studies published since
2005. The probability of success for EM is 1.58 times higher
than that of traditional endodontic surgery.31 This situation
excluded 15% of articles read in full, including the study of
Barone et al.,32 which clearly answered the research question, but did not guarantee that the entire population was
treated by means of EM. A consensus regarding postsurgical
evaluation criteria according to Rud et al.,17 and Molven
et al.,18 allowed homogeneity in the evaluation of the outcome variable (success or failure), this being enough reason
to exclude 9% of the studies that did not meet this criteria.
Equally, 27% of the studies had methodological weaknesses
that increased the risk of bias at the time of evaluation.
In general, an average rate success of 84.13% was established for the selected studies, which evaluated EM from 1 to
6 years. This result shows a reduction of 5—10% in success
rates when compared to the results of Kang et al. (92%),5
Tsesis et al. (89%),7 and Setzer et al. (94%).31 More than 50% of
the primary studies supporting the results of previous metaanalyzes had follow-ups inferior to 2 years. The percentage
found in this study is in agreement with previous research
showing that healing percentages slightly decrease from the
second year on. Once all 10 studies were evaluated and the
factors for the meta-regression analyzed, it was determined
that the ‘‘Crestal Bone Level’’ behavied as a co-variable
(time-dependent), since the probability of failure was higher
for teeth with reduced bone level previous to EM.
In EM, and generally in endodontics, it is difficult to get
long-term adherence.5 Considering the results of EM according to the follow-up, two philosophies were identified. The
first one established that results found at 1 year of follow-up
might be predictive of results at longer follow-ups.33,34 That
is, EM can be considered a stable procedure over time.
Rubinstein et al.,35 observed a steady trend rate of success
(91.5%) in EM after 7 years of follow-up. Song et al.,33 stated
that more than 90% of healing during the first year could be
comparable to the 87.8% at four or more years of evaluation.
This percentage difference is not statistically significant
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Figure 3 Forest plots of ORs at different times: (A) root end filling, showing healing changes on the first year only. (B) Presurgical
signs, showing healing changes on the first year only. (C) Crestal Bone level, showing healing changes after 5 year of follow-up.

(P = 0.344), which confirms the thesis that time does not
imply an additional risk for EM outcomes. These findings
probably led to reports of EM limited to short follow-up
periods (1—2 years), which was reflected in this study, where
25 papers out of 54 selected for full text reading showed
results with follow-up periods inferior to 2 years.36—57

The second philosophy states that short follow-ups
do not document the recurrence of apical periodontitis,
which occurs even after apparent complete healing.32
This ‘‘recurrence’’ of periapical disease has been
estimated between 5 and 25%.58 Qualitative observation
of the relationship between predictive factors and EM

Predictors of clinical outcomes in endodontic microsurgery

11

Figure 4 Effects of clinical factors on periapical healing over time; they were considered significant. ‘‘Root end filling’’ (green),
‘‘Presence of preoperative clinical signs’’ (blue), and ‘‘crestal bone height’’ (red). The dot size indicates the way in which the study is
weighted according to its variance and to the quality of the information (big dots indicate less variability and more information, while
small dots indicate greater variability and less information).

outcomes at different follow-ups shows percentage
differences in selected studies, which marked a trend
towards success or failure, thus justifying the present
meta-analysis. In this sense, von Arx et al.,4 reported
how a preliminary 1-year result could define the behavior
of healing when observed at greater follow-up periods,
as long as the result is directly related to a predictive
factor. Therefore, the decrease in EM success rate would
be conditioned by the presence of a risk factor modifying
the result.
In the present investigation, the ‘‘Crestal Bone Level’’
(OR = 1.33, 90% CI, 1.01—1.77; P = 0.09) proved to be a
prognostic factor that, associated to the follow-up period,
influenced the healing process. The model predicted how,
after the first year of evaluation, teeth with reduced crestal
bone level proportionally reduced the probability of EM
success (Fig. 4), demonstrating how the association factor/
outcome becomes more evident as time goes on. Although
the obtained value did not show a great association, it is
important to note that this observation is consistent with Kim
et al.,59 who in 2008 estimated a decreased success rate of
17.7% for cases with tissue alterations previous to EM, when
compared to teeth that did not have evident damage of the
supporting tissues.
Using a finite-element model, Jang et al.,60 proved that a
crestal bone level greater than 3 mm resulted in a reduction
of the ability to support masticatory loads, as much as if the
root length decreased 4—6 mm with apicectomy; thus considering that the results of EM depend on multiple factors
that, together, determine success. The ‘‘Crestal Bone
Level’’, depending on the follow-up period, was considered
as a prognostic factor for post-surgical success. Therefore,
when a decrease in crestal bone level is present, short followup periods might overestimate the actual success rates,
which can be achieved with longer follow-ups.
Primary studies defined that ‘‘Age’’,32 ‘‘Size of the Apical
Lesion’’,8 ‘‘Presence of Preoperative Pain’’,4,9 ‘‘Type of Retrograde Root Canal Filling’’,4 ‘‘Quality of Retrograde Sealing’’,10
among other factors, are determinative of EM outcomes. This
justified the analysis of the clinical factors proposed in each of
the selected studies for this meta-analysis using statistical
power. The results confirmed that clinical factors predictive of

EM outcomes (not related to follow-up) were ‘‘Presence of
Root Dentinal Defects’’ (P < 0.0001), ‘‘Presence of Preoperative Clinical Signs’’ (P = 0.011), and ‘‘Retrograde Root Canal
Filling’’ (P = 0.0002). In this regard, Tawil et al.,11 reported a
65% decrease in success rates posterior to EM for teeth having
root dentinal defects.
In the present study, ORs = 52.98 estimated that 40% of
teeth presenting root dentinal defects had the chance of
failure. This statement may be obvious, taking into account
the damage caused by cracks into the root dentin. On the
other hand, it was confirmed that the presence of preoperative clinical signs decreased healing during the first year of
follow-up without altering EM outcomes when followed during longer periods.6 Similarly, the ‘‘Retrograde Root Canal
Filling’’ factor confirmed that the use of materials different
from MTA pose a risk for EM failure. By including the ‘‘Time’’
variable, differences that could represent a significant clinical risk (P = 0.45) were not observed. These findings controvert those by von Arx et al., where the use of Super-EBA
generated a 19% decrease in success rates in 5 years
(OR = 7.65; CI, 2.60—25.27; P = 0.004), when compared
to the healing results obtained with MTA.4
In addition, factors such as ‘‘Sex’’, ‘‘Age’’, ‘‘Smoker’’,
‘‘Preoperative Pain’’, ‘‘Type and Location of Tooth’’, ‘‘History
of Apical Surgery’’, ‘‘Limit of Apical Obturation’’, ‘‘Presence
of Post’’, ‘‘Magnification Technique’’, ‘‘Antibiotic Medication’’ and ‘‘Post-Surgical Complications’’ proved not to be
determinants of healing in EM. Regarding the ‘‘Size of the
Lesion’’, von Arx et al., 4 found that lesions greater than
5 mm did not present differences in healing percentages the
first year when compared to smaller lesions. However, at a 5year follow-up, their healing probability is 12% less. Another
study concludes that, during the first four years of follow-up,
lesion size proportionally alters the healing process
(P = 0.02).61 Other papers report that the ‘‘Size of the Crypt’’
could be a significant outcome predictor (P = 0.008) after 4
years or more.32 However, this risk factor is not significant for
healing when observed over longer periods,32 a finding that is
consistent with the results of the present investigation.
Finally, two methodological conditions were identified: A)
from 2 to 6 years. It was not possible to group more than 2—3
studies per follow-up period, B) for longer follow-ups, the

12
number of teeth were proportionally reduced in relationship
to the baseline. This suggests that authors supporting the
concept of short follow-up periods predictive of EM outcomes
have methodological weaknesses that overate the
results.11,12,33—35 Research groups that support long-term
follow-up periods have difficulties with sample monitoring,
thus generating lack of clarity in the presentation of the
results with consequent high reporting bias.12,24,28

Conclusions
According to the success rates studied at different follow-up
periods, EM can be considered a clinically effective treatment for the management of PAP. EM outcomes could be
modified over time according to variables that modify healing. In the present investigation, the crestal bone level was
related to outcomes in the sense that a decrease in crestal
height was considered as an indirect prognostic factor predictor of EM failure. Similarly, factors such as root dentin
defects, presence of preoperative clinical signs, and retrograde root canal filling behavied as outcome predictors. Their
influence at greater healing periods, nevertheless, was not
evident.

Recomendations
It is necessary to design clinical studies that aim at determining the role of crestal bone level and its interactions with
other risk factors that may influence the outcomes of EM.
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Abstract
Aim: To evaluate the two-year success rate of primary root canal treatment performed with two
integrated shaping and filling systems on upper central incisors with chronic periapical pathosis.
Methodology: The trial enrolled 60 patients with an untreated maxillary central incisor presenting a chronic periapical lesion smaller than 5 mm in diameter, who were randomly assigned to
two treatment groups: G1 (n = 30), Revo-S/One Step Obturator; G2 (n = 30) GTX/GTX Obturator.
The patients underwent single-session root canal treatments by an experienced endodontist and
were followed up for two years. The clinical evaluation entailed percussion and palpation tests.
Two independent examiners rated the radiographic healing on the basis of a previously described
scale. Comparability between groups in terms of baseline clinical parameters was tested with a
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Mann-Whitney test (age, apical gauging) and x test (tenderness to percussion and palpation).
The comparison of clinical data and radiographic healing scores between the groups and among
time points was carried out with non-parametric statistical methods (p < 0.05).
Results: The two groups were comparable in terms of baseline clinical parameters. All patients
were available for the re-evaluation after two years. Only one patient per group was positive to
the clinical tests at the final recall. An improvement of radiographic healing scores along the
follow-up period was observed. After two years, the lesions were scored as totally healed,
partially healed and not healed in 93.3%, 3.3% and 3.3% of cases in G1 and in 93.3%, 0% and 6.7% of
cases in G2, without pointing out statistically significant differences between groups.
Conclusions: Both the two tested integrated shaping and filling systems proved to be effective
for the treatment of upper central incisors with periapical pathosis. When monitoring the healing
of periapical lesions, follow-up times longer than one year may be required to observe complete
healing.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Riassunto
Obiettivi: Valutare il tasso di successo a due anni del trattamento endodontico di incisivi centrali
superiori affetti da lesione periapicale eseguito con due sistemi integrati di strumentazione e
otturazione.
Materiali e metodi: Lo studio ha coinvolto 60 pazienti con un incisivo mascellare centrale non
trattato con lesione periapicale (diametro  5 mm), i quali sono stati attribuiti casualmente a
due gruppi di trattamento: G1 (n = 30), Revo-S/One Step Obturator; G2 (n = 30) GTX/GTX
Obturator. I pazienti sono stati sottoposti a trattamenti endodontici in singola seduta a opera
di un endodontista e seguiti nel tempo per due anni. La valutazione clinica è consistita nel testare
la dolorabilità alla palpazione e alla percussione. Due esaminatori indipendenti hanno valutato la
guarigione radiografica facendo riferimento a una scala descritta in precedenza. La comparabilità tra i gruppi in termini di parametri clinici iniziali è stata verificata con test Mann-Whitney
(età, gauging apicale) e x2 (sensibilità a palpazione e percussione). Il confronto dei dati clinici e
dei punteggi radiografici tra i due gruppi e tra i tempi sperimentali è stato condotto con test non
parametrici (p < 0,05).
Risultati: I due gruppi sono risultati paragonabili in termini di parametri clinici al baseline. Tutti i
pazienti si sono ripresentati alla rivalutazione a 2 anni. Un solo paziente per gruppo ha riportato
dolorabilità ai test clinici al controllo finale. È stato osservato un miglioramento dei punteggi
radiografici durante il follow-up. Dopo due anni le lesioni periapicali sono state classificate come
guarite, ridotte in dimensioni e non guarite rispettivamente nel 93,3%, 3,3% e 3,3% dei casi in G1 e
nel 93,3%, 0% e 6,7% dei casi in G2, senza rilevare differenze statisticamente significative tra i
gruppi.
Conclusioni: Entrambi i sistemi integrati di strumentazione e otturazione testati sono risultati
efficaci nel trattamento della patologia periapicale di incisivi centrali superiori. Il monitoraggio
delle lesioni periapicali può richiedere un follow-up maggiore di un anno per osservare la
guarigione completa.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Cet article est
publié en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-ncnd/4.0/)

Introduction
In the management of the periapical pathosis of endodontic
origin, the purpose of the root canal treatment is to remove
the necrotic tissue, as well as microorganisms from the
endodontic system, thereby promoting the healing of periapical tissues.1 To contribute to the success of root canal
treatment, both an effective chemo-mechanical cleaning
and a tight three-dimensional seal of the root canal filling
should be achieved.
Shaping and filling techniques have recently undergone a
process of simplification. An example of such trend is the
decrease of the number of instruments that modern rotary
systems are composed of.2 Further, filling techniques involving

carrier-based systems provide the clinician with the possibility to fill the whole root canal with thermoplasticised guttapercha in a single step. Filling techniques performed in fewer
steps may be advantageous — especially for neophytes and
non-specialists — as simplified systems seem to be less prone
to cause errors in the operative procedure. This is supported
by the findings of a microtomographic study, which showed
how root fillings performed by novices with the continuous
wave of condensation technique contained higher amount of
voids and took longer times.3 In addition, manufacturers and
dealers offer integrated endodontics systems, in which the
size of the filling instruments matches that of shaping files.
Both Revo-S (Micro-Mega, Besançon, France) and GTX rotary
files (Dentsply Tulsa Dental Specialties, Tulsa, OK, USA) can be
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used in combination with dedicated carrier-based obturators,
the One-Step Obturator (CMS Dental ApS, Copenhagen, Denmark) and GTX Obturator (Dentsply Tulsa Dental Specialties),
respectively. The sealing ability4 and the preliminary clinical
performance on different tooth types2 of these integrated
systems has already been a matter of study, attesting the
plausibility of considering these systems a valid alternative to
traditional more complex techniques.
The present paper is the updated report of the findings of
a previously published trial,5 which assessed the early success
rate of the root canal treatment of upper central incisors
with chronic periapical pathosis making use of the two
aforementioned systems. The choice of focusing exclusively
on such tooth type is intended to assess the clinical performance of these simplified systems on teeth that are generally
characterised by a wide, straight canal. Even if extremely
rare aberrations from the most common root canal configuration have been described,6,7 the thorough cleaning and
sealing of the wide apical region of maxillary central incisors
is the only true challenge that the clinician faces when
treating these teeth. The present study poses the question
whether the tested systems can be effective in teeth with
non-vital pulp, periapical lesion and such anatomy of the
apical third, despite their intrinsic simplicity.

Materials and methodology
The study setup and the methodological aspects of the
present trial have already been described in detail formerly.5
The present randomised controlled trial designed with
two parallel groups was conducted and reported according
to the recommendations of the CONSORT statement guidelines8 and the principles of the last update of the Helsinki
Declaration. After being informed on the objective and the
design of the study, all the patients assessed for eligibility
gave their consent for the involvement in the study by signing
a dedicated form.

Eligibility criteria
The study enrolled male and female adult subjects at the
Dental Clinic of the University of Trieste between August 2014
and February 2015, who needed the root canal treatment of
an upper central incisor diagnosed with chronic periapical
lesion with a diameter 5 mm on the periapical radiograph.
The exclusion criteria were: patients with physical or psychological disabilities, inability to understand instructions,
severe systemic disorders (i.e. non-controlled diabetes,
immunologic diseases, malignant neoplastic processes).
From a total of 70 subjects assessed for eligibility, 60 patients
were enrolled in the trial.5 An independent operator, blind to
the characteristics of the trial other than its design, generated the random sequence by stratified blocked randomization using a free simulation software.9 The patients were
unaware of the experimental group of assignment. Blinding
the operator performing the single-session root canal treatments was not feasible.

Interventions
A single experienced endodontist treated all enrolled
patients. Field isolation was achieved by means of rubber
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dam. A composite resin build-up restoration was made in case
of suboptimal seal of the rubber dam. A manual size 10 K file
(Dentsply Maillefer, Ballaigues, Switzerland) was used to
scout the root canal and check the coronal and apical
patency, then it was connected to an electronic apex locator
(Root ZX, Morita Co., Tokyo, Japan) to determine the electronic working length. In the two groups, all the operative
procedures excluding the shaping and filling protocols were
kept standardised. The irrigation protocol consisted of 2.5 ml
rinses after each shaping instrument with 5.25% sodium
hypochlorite (Niclor 5, Ogna, Muggiò, Italy).
The rotary files were mounted on an endodontic handpiece connected to a dedicated motor (Tecnika Vision S, ATR,
Pistoia, Italy), which was set in accordance with the indications suggested by the manufacturers. The canal shaping/
filling protocols were the following:
 Group 1 (G1, n = 30): the root canal was shaped with the
standard sequence of rotary Revo-S instruments (MicroMega): SC 1 (25/.06), SC 2 (25/.04), and SU (25/.06).
Afterwards, the apex was gauged with manual Ni-Ti files
(Mity Turbo, JS Dental, Ridgefield, CT, USA) and accordingly
enlarged with finishing files AS 30 (30/.06), AS 35 (35/.06)
or AS 40 (40/.06). Manual refinement was performed if
necessary. The root canal was dried with paper points and
the canal walls were smeared with eugenol-free endodontic sealer (Sicura-Seal, Dentalica, Milan, Italy) using a
sterile paper point. Making use of dedicated forceps, an
obturator of the One-Step Obturator system (CMS Dental
ApS, Copenhagen, Denmark) matching the apical preparation size was inserted into the One-Step Obturator Oven
(CMS Dental ApS) to reach adequate gutta-percha thermoplasticisation and then introduced into the root canal 1 mm
shorter of the working length. After ten seconds, the
handle of the obturator was bent and cut at the orifice
level with a bur mounted on a high speed handpiece.
 Group 2 (G2, n = 30): the root canal was shaped with GT
Series X rotary files (Dentsply Tulsa Dental Specialties) in the
order: 20/.04, 20/.06, 30/.04, 30/.06. The apical gauging
was performed as described in G1 and the apex was finished
with .06 or 0.8 tapered GT Series X files. Once dried, the
canal walls were smeared with Sicura-Seal sealer. The filling
procedure followed the same principles described above
and was carried out with GT Series X Obturators and a
Thermaprep oven (Dentsply Tulsa Dental Specialties).

Clinical evaluation
A single operator who was not the one performing the root
canal treatments gathered all anamnestic data concerning
the general and oral health by interviewing the patients and
performed the clinical evaluation wearing 4 magnifying
loupes. The presence of baseline clinical signs was noted as
a binary datum in a dedicated electronic spreadsheet, after
testing the tenderness to percussion or palpation of the buccal
sulcus in the apical area of the designated tooth. The clinical
recall visits were scheduled after 6, 12, 18 and 24 months.

Radiographic centering and examination
Customised Rinn XCP devices (Rinn Corp., Elgin, IL, USA) and
a digital X-ray system (Vistascan Dental Perio, Dürr Dental
AG, Bietigheim, Germany) were used throughout the study
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Table 1 reports a comparison between groups with regard to
anamnestic variables, operative data and clinical parameters. The two groups were comparable at baseline, as
no statistically significant differences in terms of age, apical
diameter, and tenderness to percussion or palpation tests

Apical
diameter
(mm)

Results

Age (y)

Both the sensitivity to the clinical tests and the radiographic
score were regarded main outcome measures of the present
trial. All collected data were managed with the Statistical
Package for Social Sciences v. 15 (SPSS Inc., Chicago, IL, USA).
The comparability of baseline parameters of the two groups
was tested by means of a Mann—Whitney test (age, apical
diameter) and a x2 test (sensitivity to percussion and palpation). Radiographic healing scores and clinical examination
parameters (percussion and palpation) were compared
between groups with the Mann—Whitney test and x2 test,
respectively. Within groups, changes over time in terms of
positivity to clinical tests were assessed with a Cochran’s Q
test, and in terms of radiographic healing with a Friedman
test and a Wilcoxon test with Bonferroni correction for
pairwise comparisons. The level of significance was set at 5%.
The level of intra- and inter-observer agreement of the
rating of radiographic healing had been previously evaluated
with kappa statistics with quadratic weighting and reported
to be excellent.5 The imputed relative distances between the
ordinal categories served as a basis for weighting: healingimprovement, 1; improvement-failure, 2.

Anamnestic variables, operative data and clinical parameters registered at baseline and at recalls: comparison between groups.

Statistical analysis

Table 1

with a paralleling technique. The X-ray source was kept
constant during the whole duration of the trial, using the
same device (2200 Intraoral X Ray System, Kodak Dental
Systems, Rochester, NY, USA) set at 70 kVp, 10 mA, and
0.20 s exposure time. All the images were registered in
‘‘Endo’’ mode to enhance readability.10 The images taken
into examination in the radiographic healing assessment
were the postoperative control radiograph, which served
as baseline, and the radiographs taken at the recall visits
after 6, 12, 18 and 24 months.
Two blind examiners with 19 and 23 years of clinical
experience in Endodontics unaware of the study design
and purpose were calibrated according to a previously
described scale developed to score the healing of periapical
lesions.11 In a blind fashion, they were then asked to
score the follow-up radiographs according to such scale,
by attributing each of them to one of the following
categories:
1. healing: normal trabecular bone and physiological periodontal ligament width;
2. improvement: decrease of the lesion size;
3. failure: increase of lesion size or absence of changes from
the initial status;
4. unreadable radiograph.
The evaluation took place in multiple sessions immediately after the collection of the radiological images and after
at least 1 month.12 In case of disagreement between the
judgement of the evaluators, the worst of the two scores was
assumed.
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Figure 1
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Frequencies of radiographic healing scores in the experimental groups at the different follow-up time points.

were observed. No patient drop-outs or voluntary withdrawals were registered, and all the recruited patients were
available for re-evaluation during the follow-up period.
Throughout the whole trial, patients reporting symptoms
before and after the treatment were a minority, ranging from
3.3% to 10%. At the end of the observation period, only one
patient per group was positive to the clinical tests, while all
the other subjects were symptom-free. On average, the
prevalence of tenderness to percussion and palpation symptoms did not change over time and was similar in the two
groups ( p > 0.05).
Despite minor differences in the output of the statistical
analysis, in the two groups the radiographic healing scores
followed a similar trend of constant improvement during the
24 months of observation, as portrayed in Fig. 1. A substantial
portion of subjects (43%) presented complete radiographic
healing already at the six-month recall. After one year, this
subset underwent almost a two-fold increase (p < 0.01),
because of the further reduction of partially healed lesions,
with more patients being classified as totally healed. Differently, the improvement between the scores attributed after
12 and 18 months was statistically significant only in G2
(p < 0.05). Between 18 and 24 months, the frequencies of
the scores remained constant (p > 0.05), evidencing twoyear success rates above 90% irrespective of the integrated
system. In the comparison between the radiographic healing
observed in the two experimental groups, the statistical
analysis did not reveal any significant difference.

Discussion
The present study demonstrated that adopting a simplified
approach with integrated techniques for the treatment of
upper maxillary incisors with periapical pathosis can lead to
high success rates. Indeed, 93% of patients were classified as
healed at the end of the follow-up period. This datum may be
considered somehow unforeseen because, even though the
root canal treatment can be successful in a percentage of
cases that ranges between 75% and 97% according to primary
and secondary studies,13—15 the success rate usually drops in
presence of periapical lesion. Further, the clinical effectiveness of carrier-based filling techniques in presence of periapical lesion has been questioned, as the success rate of
endodontic treatments carried out with Ni-Ti rotary files and
Thermafil obturation may be one-half that obtainable in

teeth with vital pulps.16 The relatively low success rates
reported by Gagliani and co-workers16 (48.2%) are reasonably
ascribable to the characteristics of the sample, which
included all types of teeth, even molar teeth, whose treatment entails more challenging tasks than upper anterior
teeth. Further, the choice of first-generation Ni-Ti shaping
instruments, namely the Profile system, might have influenced the effectiveness of the treatment since its instruments have negative rake angles that could possibly worsen
the performance of the rotary file in case of infected canals.
More generally, a recent prospective study13 demonstrated
that the success rate of the root canal treatment of a tooth
with periapical radiolucency is reduced as much as 8—13%,
compared to the case in which the lesion is absent. The
findings of the present study may suggest that when dealing
with teeth that pose no peculiar hindrance to a standardised
and simplified treatment because of their regular anatomy
and good accessibility, highly satisfactory results may be
obtained with relatively scarce effort and with techniques
within the range of general dentists or inexperienced operators.
Surprisingly, it appears that the topic of the speed and
pattern of periapical healing has been taken into consideration by literature only marginally, with only few studies
following up endodontically treated teeth with periapical
pathosis to monitor the initial stages of the radiographic
healing.17,18 Instead, the early assessment of the periapical
healing process is probably one of the most relevant issues
from a clinical point of view, since both the clinician and the
patient are interested in obtaining reliable information about
the prognosis of the tooth, in order to conclude the restorative treatment as soon as possible. Based on a random-effects
meta-analysis, the weighted-pooled six-month success rate
of healing has been reported to be 29.6%.19 Moreover, a
follow-up period lasting at least one year has been advocated
to visualize substantial healing.20,21 The trend of periapical
healing evidenced in the present study attests that a greater
portion of patients can be considered totally healed after
half a year (43%) and that 12 months may be insufficient to
detect all the cases that are going to achieve complete
resolution, as a total of 10 improved lesions (17% of the
whole sample) disappeared after 18 months. Despite the
improvement of the radiographic scores between the 12month and 18-month time points was statistically significant
only in G2, the global trend of radiographic healing
was comparable in the two groups and the difference was
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determined by only one subject still classified as partially
healed in G1 after 18 months. More interestingly, the absence
of differences between the healing scores attributed to the
radiographs at the 18- and 24-month recalls may suggest to
assume one year and a half as landmark to safely end the
follow-up period. Another noteworthy finding is the fact that
— with the only exception of one subject in G1 (3% of the
partially healed patients) — all the patients classified as
partially healed reached the status of complete periapical
resolution, thus confirming the preliminary hypothesis postulated in the six-month report of the present trial on the
prognostic relevance of the detection of an early sign of
ongoing healing.5 Given the complete healing of almost the
totality (97%) of the lesions already classified as reduced in
size after 6 months, it might be speculated that it would be
possible to proceed with the early rehabilitation of maxillary
incisors with reduced lesion after 6 months in the cases when
this is needed, all the more so considering that the only lesion
not completely healed remained stationary after 2 years. A
potential endodontic failure will be treated with an orthograde or retrograde retreatment. For future researches, it
will be challenging to investigate at which extent the lesion
reduction after 6 months can be safely considered a guarantee of complete/partially complete future healing in all
types of teeth.
As to the evaluation of symptoms over time, no significant
changes of the prevalence of patients positive to the clinical
tests were observed. Strictly considering the criteria of
success adopted, a total of 2 patients (3% of the whole
sample) were reporting tenderness to percussion and palpation and, since they were not showing any radiographic signs
of lesion reduction, should be considered treatment failures.
However, even if the possibility to be subjected to nonsurgical or surgical endodontic retreatment was offered to
these individuals, they declared themselves unwilling to
receive such therapy given the absence of major complications or spontaneous symptoms.
The most frequently used and, maybe, the most criticised
rating scale for the periapical status is the periapical index
(PAI).21 Its application to all tooth types has never been fully
validated or accepted, because PAI was developed on radiographic and histological findings of maxillary incisors,22
where the proper analysis of the radiograph is not impeded
by thick cortical plates or unfavourable positions of the root
tip.22 The scale by Katebzadeh et al.11 adopted in the present
study had its validity previously tested by means of kappa
statistics with quadratic weighting.5 The excellent inter- and
intra-observer agreement that has been reported can be
explained by the simplicity of the categories of this latter
scale, which differ unmistakeably one to another and, unlike
PAI scores, were specifically designed to monitor the healing
of an existing periapical lesion. Katebzadeh’s scale follows
the same intuitive principles of everyday clinical activity,
during which clinicians classify a lesion as disappeared or
decreased/unvaried/increased in size. One methodological
aspect that is essential to ensure reliability of the readings is
the standardisation of the film positioning and image acquisition. While standardising the phases of image acquisition and
filtering is fairly easy, a little more effort is required to
customise the film holder with a putty silicone registration;
this procedure, though not compulsory in the clinical practice, is essential in the research setting.
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The two tested integrated shaping and filling systems are
examples of the endeavour made by manufacturers to provide clinicians with predefined sequences of operative steps
that aim at reducing the possibility to introduce errors and
not being operator-dependent. The present study proved
that these systems are capable of valuable clinical performance, which can reach that of traditional approaches, and
lays the ground for future investigations on other tooth types.

Conclusions
The endodontic treatments performed on maxillary central
incisors with periapical lesion with the integrated shaping
and filling systems tested in the present trial allowed for 93%
two-year success rate, without differences between the
experimental groups. One and a half years were a sufficient
follow-up time period to detect the complete healing of the
vast majority of the cases scored as partially healed at the
previous recall examinations. All but one the lesions that
were preliminarily classified as reduced in size reached the
status of the complete healing.
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Abstract
Aim: Vertical root fracture is one of the most complicated conditions in dental practice as the
diagnosis of such cases is challenging. Many etiological factors contribute to vertical root fracture
including excessive masticatory force and iatrogenic dental procedures. The treatment options
can vary from whole tooth extraction to saving the tooth with certain conservative approaches.
The evaluation of the surrounding periodontal tissue and the supporting alveolar bone is essential
to determine the prognosis of the tooth. The aim of this article is to report an interesting case of
vertical root fracture and review how to diagnose and treat vertical root fracture.
Methodology: The Patient was diagnosed with vertical root fracture related to lower right
second molar. The fracture line extended from the top of the clinical crown to the apex of the
root making the prognosis very poor.
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Results: The treatment involved the extraction of the tooth and scheduling of the patient for
prosthetic rehabilitation. As a result, tooth extraction can be considered as the treatment of
choice for vertical root fracture especially in posterior teeth.
Conclusion: The combination of comprehensive clinical and radiographic examination is essential to diagnose vertical root fracture. The effectiveness of different treatment options should be
evaluated with long-term follow up. Treatment plan need to be discussed with the patient as part
of evidence base practice.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Riassunto
Scopo: La frattura verticale di radice è una delle condizioni più complicate da affrontare nella
pratica odontoiatrica poichè la diagnosi di tali casi è difficile. Molti fattori eziologici contribuiscono alla frattura verticale, tra cui un’eccessiva forza masticatoria e procedure dentali
iatrogene. Le opzioni di trattamento possono variare dall’estrazione al tentative di salvare il
dente con alcuni approcci conservativi. La valutazione del tessuto parodontale circostante ed il
supporto dell’osso alveolare è essenziale per determinare la prognosi del dente. Lo scopo di
questo articolo è quello di descrivere un interessante caso di frattura verticale ed effettuare una
revisione della letteratura su come diagnosticare e trattare la frattura verticale di radice.
Metodologia: Al paziente è stata diagnosticata una frattura verticale relativa al secondo molare
inferior di destra. La linea di frattura si estendeva dalla parte superiore della corona clinica
all’apice della radice rendendo la prognosi molto infausta.
Risultati: il trattamento ha coinvolto l’estrazione del dente e la programmazione del paziente
per la susseguente riabilitazione protesica. L’estrazione del dente può essere considerata come il
trattamento di scelta per la frattura verticale soprattutto nei denti posteriori. In conclusione, la
combinazione fra l’esame clinico e radiografico è fondamentale per una diagnosi di frattura
verticale. L’efficacia di diverse opzioni di trattamento deve essere valutata con un lungo periodo
di follow up ed il piano di trattamento deve essere discusso con il paziente sulla base di una
pratica basate sull’evidenza scientifica.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Introduction
According to the American Association of Endodontics, vertical root fracture (VRF) is ‘‘A longitudinally oriented fracture
of the root that originates from the apex and propagates to
the coronal part’’.1 Also, it can be defined as ‘‘longitudinally
oriented fractures of the root, extending from the root canal
to the periodontium’’.2 In general, tooth fracture is considered the third most common cause of tooth loss.3 In addition,
VRF composes 2—5% of whole tooth fracture cases.4 The
incidence of VRF is more commonly associated with endodontically than non-endodontically treated teeth.5 It occurs
mainly in patients above forty years of age, and twice higher
in males than females.6,7 The most susceptible teeth in order
are premolars, molars, incisors then canines.8 The incidence
of VRF in mandibular molars are two times higher than maxillary molars, some studies claim that the root depressions in
the mesial root of mandibular molars and the buccal root of
bicuspid premolars lead to more susceptibility for VRF.5,8
Literature points out that VRF can be classified by two
methods.9,10 First method is based on the relation of the
fracture to the alveolar bone crest either the fracture terminates superior to the alveolar bone crest (supra-osseous),
which does not cause any periodontal effect, or terminates
inferior to the alveolar bone crest (infra-osseous) compromising the periodontium and the supporting bone.9
The second method for VRF classification is based on the

visibility of the separated fragments either there is a visible
separation, which is referred to as complete VRF, or invisible
separation called incomplete VRF.10

Diagnosis
The difficulty of dealing with VRF is based on fact that the
diagnosis is complicated as misdiagnosis of such cases occurs
frequently.11 Multiple radiographic signs can be related to
VRF including fracture appearance to the root structure or
the surrounding structure.12,13 Dislodgment of the root fragments, post, canal filling and appearance of double images all
are indication for VRF.12 Also, finding a radiolucent line or
space around the root canal filling or the post can be related
to VRF.13 On the other hand, evaluation of the surrounding
structure could lead to diagnosis of such cases as different
bone defects such as horizontal, vertical, bifurcation and
step-like bone loss are associated with VRF.13 Other findings
as widening of periodontal ligaments or resorption around
the suspected fracture area can be linked to the presence of
VRF.12,13 Because conventional radiograph has the limitation
of being two-dimensional x-ray, the use of advanced radiographic system has been suggested.14 It has been found that
using three-dimensional radiograph system as Cone Beam
Computed Tomography (CBCT) shows more information
regarding the presence, location and extension of VRF. Even
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though the accuracy of CBCT is higher than conventional
radiograph, the high radiation dose of this system should be
considered.14,15 Many clinical features could be presented
with VRF. Patient may has a discomfort, mild to moderate
pain, and some sort of mobility.12,17 The pain becomes more
diffuse and severe with time and it is noticed mainly during
biting.16 The presence of narrow and deep isolated periodontal pocket is a common sign and it can be diagnosed by
measurement of the probing depth with periodontal probe.
The investigation of any sign of periodontal disease such as
bleeding or sinus tract is important.12 The presence and origin
of sinus tract in such cases can be identified by introducing a
cone of gutta percha inside the tract and taking x-ray.12 If the
tooth has been treated previously with a restoration or a post,
dislodgment of the restoration or the post clinically could
refer to the presence of VRF.16,17 Importance of surgical flap to
diagnose some cases has been suggested as achieving a surgical flap procedure will expose more root surface and the
facture can be visualized clinically.2 However, the clinical
findings vary from one case to another18 some cases could
be asymptomatic or no mobility reported. The combination of
comprehensive clinical and radiographic examination is highly
recommended to reach the final diagnosis.

Etiology
Many etiological factors contribute to cause VRF. An anterior
tooth VRF is related mainly to traumatic injuries,19 while
fracture in the posterior teeth is more related to the excessive force during mastication and para-functional habits.17
Also, several iatrogenic dental procedures have been
reported as a major cause. For example, during endodontic
treatment, weakening of the root structure by un-necessary
removal of the canal walls can lead to VRF.17 Moreover,
application of excessive force during lateral condensation
of the obturated material or during post placement is considered one of the predisposing factors.21 In restorative
treatment, the behavior of certain materials like amalgam
expansion or excessive polymerization shrinkage of resin
composite could contribute to VRF.20,21 Building the tooth
in high occlusion either with a restoration or prosthesis can
lead to excessive pressure during mastication, and as a result
a lot of force will be directed to the remaining tooth structure. In case of weak cusps, the cusps need to be reinforced
with full coverage restoration to withstand the occlusal
force.20,21 In addition, after the root canal treatment, the
tooth structure is more liable to fracture. Therefore, full
coverage restoration is a mandatory treatment to avoid any
future fracture or complication.17,20,21 The incidence of VRF
can be reduced by avoiding these predisposing factors. Delivering the appropriate treatment and avoiding of any action
that lead to excessive pressure on the tooth structure either
internally or externally are recommended to maintain the
integrity of the tooth structure.17

Treatment
The treatment options can vary from whole tooth extraction
to saving the tooth with certain conservative approaches.22—
29
The selected treatment depends on many factors such as
the fracture location, the fracture extension and patient
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opinion.9 The evaluation of the surrounding periodontal
tissue and the supporting alveolar bone is essential to determine the prognosis of such cases.4 While the extraction of the
whole tooth has been recommended for a long time as the
treatment of choice, many articles and reviews also explain
different treatment modalities. Agarwal et al. reported a
VRF case that was treated with hemi-section procedure. The
distal root was extracted with the preservation of the mesial
root; bone graft procedure was done to overcome the periodontal defect. After two years, the bone formation was
acceptable with minor crestal bone loss at the mesial side.22
Floratos and Kratchman reported many cases using the same
techniques, hemi-section, and the results showed normal
periodontal ligaments with no pathosis.23 Using of certain
dental materials to bond the tooth fragments has been
suggested in many articles. Some materials like cyanoacrylate and glass ionomer cement showed undesirable results.
The prognosis of the teeth after many months was poor and
the teeth were extracted.24,25 On the other hand, dual resin
composite showed successful outcomes. In a study by Moradi
et al., preservation of the tooth with conservative treatment
was attempted because the tooth was located in the anterior
area, esthetic zone area. The tooth was extracted, fixed
using a dual-curing resin cement to hold the two fragments
and replanted in the same original position. After 12 months,
no abnormalities were reported.26 Paul et al. showed similar
results with 24 months of follow up.27 Also, mineral trioxide
aggregate (MTA) has been suggested to hold the root fragments.28 Dederich used CO2 laser to fuse the component of
broken tooth structure in VRF and after one year, the bone
level and the condition of the tooth were acceptable.29 In a
study by Fidel et al., orthodontic extrusion was used within
16 weeks. Before the orthodontic extrusion, root canal treatment was initiated and filled with calcium hydroxide-base.
Then, the tooth was built with post/core system. Follow up of
one year showed no abnormalities.19
As discussed above, there were a lot of attempts to
establish an optimum or specific treatment for VRF. Many
studies indicated certain procedures to manage such cases.

Hypothesis and purpose
The hypothesis of this case report study is to indicate that the
whole tooth extraction, which can be replaced later by
implant or fixed prosthesis, is the most reliable treatment
for VRF in posterior teeth. The purpose of this paper is to
present unusual clinical situation of VRF, explain the diagnostic challenges and provide management of the case.

Materials and methods
This study was conducted using qualitative approach and it
was based on a case report of 55-year-old Indian male patient
who came to the intern dental clinic in University of Dammam
Dental College. The patient reported pain in the lower right
quadrant that started three months ago. However, the pain
severity increased in the last two weeks. The patient had
hypertension and multiple simple restorations in each quadrant except the one with chief complaint. Radiographic
examination showed horizontal bone loss around the lower
right second molar, normal supporting structure for the other
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Figure 2 The extracted tooth as two fractured segments. The
fracture extended from the mesial to the distal involving the
whole crown-root system.

Figure 1 Intra oral periapical radiograph shows horizontal
bone loss. It is noticeable that there is no radiographic sign
for VRF, but the horizontal bone loss can be an indication for that.

teeth (Fig. 1). No periapical inflammation or periodontal
ligament widening of any tooth recorded. Clinical examination revealed acceptable oral hygiene; all other teeth in the
lower right quadrant were sound. The patient had generalized attrition possibly because of aging. Depending on the
history of the pain, it occurred mainly during chewing and
eating. Cold test gave normal response in all teeth in the
same quadrant except the involved tooth, which revealed a
negative response. No history of trauma and mobility was
reported. The patient expressed severe pain on percussion
and palpation. During the percussion test, the tooth was
separated into two parts equally as the fracture line was
oriented from the mesial to the distal side involving the
whole crown-root system. The fracture was diagnosed as
complete vertical root fracture, which had a poor prognosis,
especially in this case as the fracture was complete infra
osseous fracture extending from the top of the clinical crown
to the root apex. After consultation with periodontics
department, extraction of the tooth was suggested. The
patient signed the consent form for extraction under local
anesthesia. The blood pressure was measured and it was
within normal limit, 136\90 mmHg. The tooth was removed
as two pieces using a remaining root forceps (Figs. 2 and 3).
Post-operative instructions were explained to the patient.
Ibuprofen, 400 mg tablets, was described in case of postoperative pain. The patient was recalled after one week for
follow up and suture removal. After three months, alginate
impression was taken for prosthetic rehabilitation. The
patient was prepared and scheduled for implant procedure.

Results
After three months, the surgery site showed desirable healing
process. The periodontium integrity and bone volume were

Figure 3 The extracted tooth with repositioned fractured
segments.

evaluated, both were acceptable. The prosthodontics consultation was taken to confirm patient eligibility for implant
prosthesis. The bone level in the adjacent teeth was ideal, no
abnormalities or pathosis were reported. The area was
asymptomatic and the patient was satisfied regarding the
result of the treatment.

Discussion
VRF is a complicated condition that requires a clinician with
wide vision and wise decision.13 Comprehensive clinical and
radiographic examination is recommended to reach the final
diagnosis. Many clinicians misdiagnose such cases because of
the similarity of VRF symptoms with periodontal diseases or
failed endodontic treatment.30 When wrong diagnosis is
made, the extension of the fracture increases with the time
making the condition more complicated and the possibility of
achieving a conservative treatment rather than whole tooth
extraction decreases.16
The pain increases and becomes more diffuse as the time
duration of undiagnosed VRF increases.18 In this case, increasing the pain in the last two weeks can be explained by

Vertical root fracture
Table 1
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Review of many studies report particular clinical management for vertical root fracture.

Authors

Extension of the fracture

Treatment

Recall time

Result/s

Oliet 1984

#3: mesiodistal fracture
extended apical to the crest
of the buccal bone to the
clinical crown, obliquely
through the two buccal roots.
#19: mesiodistal fracture
extended from the coronal
center of the tooth to the
mesial and distal roots.
#9: the fracture extended
from the coronal portion of
the root to the mid-third
portion in mesiodistal
direction.
#13: the fracture extended
distally from the buccal root
apex to 3 mm from the
cervical line.
Incomplete vertical root
fracture

Fragments were held
with cyanoacrylate

16 months

Poor prognosis

Vertucci 1985

Selden 1996

Dederich 1999

Kawai and
Masaka 2002

Kudou and
Kubota 2003

#20: the fracture line
extended from the cervical
margin of placed restoration
to the osseous defect at the
distolabial aspect of the
tooth.
#4: the fracture line was at
the junction between the
root canal filling and the
canal wall with no root
separation
#13: the fracture line was
observed mesiodistally after
removing the crown and the
metal post
#13

3 months

15 months

Removal of the half of
the root at the buccal
aspect, followed by 20%
citric acid application.
#12, 19, 30: fracture
line was prepared 23 mm in depth and
1 mm in width and it
was filled with 4-META
(amalgambond), then
packed with silver glass
inomer cement. Also,
Bone grafting and
guided tissue
regeneration were
placed
#2,13: same above
except the filling
material as it was with
white glass inomer
cement
#6: same above except
the filling material as it
was with 4-META
(amalgambond) only.
CO2 Laser

36 months

No pathosis, long
term follow up
needed

2—12 months

Poor prognosis

12 months

No pathosis, long
term follow up
needed

The tooth was
extracted; fracture line
was bonded with resin
cement and then
replanted with 180degree rotation.

36 months

No pathosis, long
term follow up
needed

Fragments were bonded
with resin adhesive,
replanted with rotation

18 months

33 months

No pathosis, long
term follow up
needed
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Table 1 (Continued )

Authors

Extension of the fracture

Treatment

Recall time

Result/s

Dua et al.,
2004

#29: the fracture line
extended mesiodistally from
the pulp champer to the root
apex
#8: the fracture line
extended from the midincisal edge to the coronal
third of the root
#8: the fracture line
extended from the distal side
at CEJ to the mesial side at
the apical third of the root
#8: the fracture line
extended among the long axis
dividing the tooth to mesial
and distal halves
#10: complete VRF around
the apical third of the root
#9: hairline-like VRF, as it was
described by the authors,
around the root canal filling
without any separation
#10: hairline-like VRF in the
apical and middle third of the
root
#6: Complete VRF extended
from the root canal filling to
the distal wall of the root.

Extraction

—

—

Orthodontic extrusion
and fiber glass post and
light-cured resin

13 months

No pathosis, long
term follow up
needed

Replantation after
bonding the fragments
with dual-cured
adhesive cement
Fragments were bonded
with dual-curing
adhesive resin cement
and then replanted
Dual-cured adhesive
resin cement and
replantation

48 months

No pathosis, long
term follow up
needed

18 months

No pathosis, long
term follow up
needed

24 months

No pathosis, long
term follow up
needed

—

—

Adhesive resin and
replantation

24 months

No pathosis, long
term follow up
needed

Hemi-section

24 months

Distal root resection,
filled with MTA and
covered by resorbable
collagen membrane
Same as above

12 months

No pathosis, long
term follow up
needed
No pathosis, long
term follow up
needed

11 months

Same as above

8 months

Same as above except
that the root-end filling
was not placed because
of the limitation of
dentin thickness
The fracture line was
prepared and filled with
resin composite
followed by synthetic
hydroxyapatite bone
graft

24 months

Fidel et al.,
2006

Ozturk and
Unal 2008

Arıkan et al.,
2008

Ozer et al.,
2011

Bhaskar et al.,
2011
Unver et al.,
2011

Agarwal et al.,
2012
Floratos and
Kratchman
2012

#14: fracture line was at the
cervical third of the
mesiobuccal root
#5: fracture line extended
mesiodistally through the
long axis of the tooth into the
apex
#19: fracture line extended
from the middle to the apical
third of the distal root
#19: fracture line was located
at the buccal surface of the
distal root
#14: fracture was located at
the distobuccal root
#14: fracture was located at
the mesiobuccal root
#3: fracture line was located
in the mesial aspect of DB
root

Da Silva et al.,
2012

#6:

Dual-cured adhesive
resin cement,
replantation and
polyethylene fiber post
Extraction

24 months

No pathosis, long
term follow up
needed
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Authors

Extension of the fracture

Treatment

Recall time

Result/s

Moradi Majd
et al., 2012

#9: fracture line extended
through the buccal aspect of
the tooth from the coronal
portion to the apex
#8: incomplete VRF extended
through the buccal surface
from the top of the coronal
portion to the apex

Dual-cure resin cement
and replantation

12 months

No pathosis, long
term follow up
needed

Calcium-silicatecement (Biodentine)
was used to fill the
fracture line
preparation and also as
a retro-grade filling.
Then, the tooth was
replanted.
Extraction

24 months

No pathosis, long
term follow up
needed

—

—

Paul and Till
2014

Martins et al.,
2015

#13: the VRF was located
along the buccal surface of
the root
#21: the VRF was located
along the buccal surface of
the root

transition of the fracture from incomplete to complete root
fracture. The choice of extraction treatment was made
because of the fracture extension. As Figs. 2 and 3 show,
the fracture extended from the top of the tooth to the apex of
the root making the prognosis very poor. The early diagnosis of
such cases is very important, as sometime the VRF can be
located in accessible areas and can be treated by more
conservative method, but misdiagnosing these cases early
can offer more time for the VRF to extend at the stage that
saving the tooth is impossible.16 According to many studies,
the patient opinion is the most important factor during the
selection of the treatment method.12 The reason was because
other alternative conservative treatment methods consumed
more time. In addition, there are no long-term studies regarding these conservative approaches. On the other hand, many
studies indicated that extraction was the only predictable
treatment for VRF especially in the posterior teeth.3,17,18,31
Also, it has been discussed that bonding of the root fragments
by such materials in the posterior teeth is associated with low
success rate in comparison to the anterior teeth. The mastication forces are greater in posterior than anterior teeth. As a
result of that, this excessive force will affect the bond holds
the fractured fragments.32 Hemi-section has been suggested
as an alternative treatment for multi-rooted teeth instead of
whole extraction.22 Even though that the hemi-section shows
excellent results, the success rate among ten years is still low,
68%.33 Table 1 shows different treatment options to manage
VRF. In the present case, the tooth was sound with no history
of any previous intervention. The most probable cause of VRF
was the excessive force during mastication. The patient
reported eating some kind of hard food. In addition, the
patient in the present case had a generalized attrition of
his teeth which is also considered as an indication for the
presence of excessive occlusal load.5 The extraction was done
carefully to preserve the bone volume and periodontium
integrity. Prosthetic rehabilitation depends mainly on many
factors such as the bone volume and the patient eligibility.31 In
this case, the bone volume was suitable for implant procedure. As a result, the patient was scheduled for implant
surgery.

Conclusion and clinical relevance
VRF is one of the most complicated conditions in dental
practice. The combination of comprehensive clinical and
radiographic examination is essential as the diagnosis of such
cases is challenging. While the extraction is considered the
most predictable treatment, many alternative options have
been suggested. However, the effectiveness of such treatment options should be evaluated with long-term follow up.
Treatment plan need to be discussed with the patient as
part of evidence base practice. The desirability of saving
the tooth should be weighed up against the extraction
treatment.
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Abstract
Aim: The aim of the study was to evaluate the shaping ability of four nickel—titanium
systems (iRaCe, ProTaper Next, Wave One, and TF) in simulated double-curved (S-shaped)
root canals.
Materials and methods: This study was conducted using simulated S-shaped root canals
(n = 40). The specimens were divided into four experimental groups (n = 10 each). Each
group was prepared using one of the following NiTi systems: iRaCe, ProTaper Next, Wave One,
and TF. The canals were injected with black ink before instrumentation, and a series of
photographs of each canal was saved to a computer using a set protocol. The canals were
reinjected using red ink postoperatively to define their outlines, and images were taken in
the same standardized manner. Photoshop software was used to superimpose pre- and postinstrumentation images in two different layers. Canal transportation was evaluated at five
positions from the apical end (D1, D2, D3, D5, and D7) by measuring the amount of removed
resin using ImageJ Software. The data were analyzed using SPSS ver. 20.0. Statistical
significance was set at P < 0.05.
Results: There were no significant differences (P > 0.05) in shaping time (in seconds) among
the NiTi systems, and there were no significant differences (P > 0.05) in canal transportation
values among the systems at D1, D2, D3, D5, and D7 among the NiTi systems.
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Conclusion: The iRaCe, ProTaper Next, Wave One, and TF systems preserved the original shape
of the double-curved (S-shaped) canal with minimum root canal transportation. These systems
produced satisfactory root canal instrumentation in S-shaped canals.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-ncnd/4.0/).
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Riassunto
Obiettivo: Lo scopo dello studio è stato quello di valutare la capacità sagomatura di quattro
sistemi in nichel-titanio (iRaCe, ProTaper Avanti, WaveOne, e TF) in canali artificiali con doppia
curvatura (a forma di S).
Materiali e Metodi: Lo studio è stato condotto utilizzando canali artificiali a forma di S (n = 40). I
campioni sono stati divisi in quattro gruppi sperimentali (n = 10). Ogni gruppo è stato preparato
utilizzando uno dei seguenti sistemi NiTi: iRaCe, ProTaper Avanti, WaveOne, e TF. I canali sono
stati iniettati con inchiostro nero prima della strumentazione ed una serie di fotografie di ogni
canale è stata scattata e salvata su un computer. I canali sono stati reiniettati con inchiostro rosso
dopo l’intervento per definirne meglio i contorni, e nuove immagini sono state ottenute nello
stesso modo standardizzato dopo la preparazione. Il software Photoshop è stato utilizzato per
sovrapporre le immagini pre e post-strumentazione ed il trasporto canalare è stato valutato in
cinque punti differenti a partire dal forame apicale (D1, D2, D3, D5 e D7), misurando la quantità
di resina rimossa e utilizzando per questo scopo il software ImageJ. I dati sono stati analizzati
utilizzando SPSS ver. 20.0 e la significatività statistica è stato fissato a P <0,05.
Risultati: Non ci sono state differenze significative (P> 0.05) nel tempo di preparazione dei canali
artificiali (in secondi) tra i diversi sistemi NiTi e non sono state riscontrate differenze significative
(P> 0.05) dei valori di trasporto del canale tra i vari sistemi ai differenti livelli analizzati.
Conclusioni: Gli strumenti iRaCe, ProTaper Next, WaveOne, e TF hanno mantenuto la forma
originale della doppia curvatura del canale artificiale (a forma di S) con un minimo trasporto
canalare producendo una soddisfacente forma finale di preparazione.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Cet article est
publié en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-ncnd/4.0/)

Introduction
The complex nature of root canal anatomy could complicate
canal shaping during root canal treatment, and may cause
insufficient disinfection of the root canal system or lead to
mishaps during cleaning and shaping such as instrument
separation, transportation, ledges, or perforations.1—3
Curved canal instrumentation–—especially for S-shaped
canals–—is considered a great mission in root canal treatment.4 Flexible nickel—titanium (NiTi) rotary instruments
are considered more efficient and safe than traditional stainless steel instruments, reducing procedural errors during root
canal instrumentation.5,6 Recent technological advancements have led to new NiTi instruments with unique properties, and movement has made canal preparation easier and
faster.7 M-Wire is a new development in NiTi instrumentation
resulting from a patented thermomechanical process for NiTi
wires. ProTaper Next (Dentsply Maillefer) instruments, made
of this M-Wire alloy, with a variable taper design and an offcenter axis with a rectangular cross section, present
improved cyclic fatigue resistance in comparison with instruments made of conventional super elastic NiTi alloys.8,9 A
single-file system with unique working motions is a new
concept that has recently been introduced to root canal
cleaning and shaping. Wave One (Dentsply Maillefer) is a
single file system made of M-Wire alloy to increase flexibility
and improve cyclic fatigue of the instrument. Instruments
with a reciprocating motion swing a shorter angular distance

than a rotary instrument does, reducing stress values, giving
reciprocating instruments prolonged fatigue life.10 Twisted
File (TF; SybronEndo, Orange, CA, USA) is a NiTi rotary
system; new features such as R-phase heat treatment, twisting of the metal, and special surface conditioning are used
during the manufacturing process.11 iRaCe (FKG, La Chauxde-Fonds, Switzerland) NiTi rotary instruments have recently
been developed to simplify the RaCe system FKG (FKG Dentaire-Switzerland) sequence. RaCe instruments remove debris effectively while maintaining the original outline form of
the canal.12 iRaCe instruments have the same features as
RaCe instruments, The manufacturer has claimed that this
new sequence is fast, safe, and effective in curved root canal
instrumentation.13 The shaping ability of NiTi instruments
can be evaluated through several methods, one of which uses
simulated resin blocks that contain curved canals.14,15
The aim of this study was to evaluate the shaping ability of
four different NiTi systems (iRaCe, ProTaper Next, Wave One,
and TF) in simulated S-shaped root canals.

Materials and methods
Simulated canals
This study used simulated double-curved (S-shaped) root
canals in clear resin blocks (Endo Training Bloc-S; Dentsply
Maillefer, Ballaigues, Switzerland), The size of the canal
equaled ISO file size 15#, with 02 taper and 20 degree apical
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curvature (3.5-mm radius), 30 degree coronal curvature (5mm radius),16,17 and 16-mm canal length. The simulated root
canals were randomly assigned to four groups (n = 10): the
ProTaper Next group, Wave One, TF, and iRaCe groups.

Photographic procedures
To provide standardized photographs of each canal, a special mold was used to position the camera (Nikon D3200,
Nikon, Inc.) precisely. To improve the color contrast of
photos, all canals were injected with black ink (Fig. 1)
before instrumentation in a standardized manner, and a
series of photographs of each canal was saved to a computer
using a set protocol. The canals were reinjected using red
ink postoperatively (Fig. 2) to define their outlines, and
images were taken in the same standard manner. To reduce
the margin of error, all photography was performed by the
same operator.

Instrumentation
A glide path was not created before instrumentation of the Sshaped canals because all canals had an initial diameter
compatible with ISO size 15.
Group one was prepared using the iRaCe system according
to the manufacturer’s instructions to R3 instrument (size 30,
taper 4%). The instrument was replaced after preparing three
canals.
Group two was prepared using the ProTaper Next system
according to the manufacturer’s reference guide to X2
(size 25, taper 6%) file. The instrument was replaced after
preparing three canals.
Group three was prepared using the Wave One system
according to the manufacturer’s reference guide. The canals
were prepared using a primary single file instrument (size 25,
taper 8%).
Group four was prepared using the TF system according to
the manufacturer’s instructions until TF instrument (size 25,
taper 6%). The instrument was replaced after preparing three
canals.
Copious irrigation with tap water was used repeatedly as
an irrigant after using each instrument.
All simulated canals were prepared by the same operator, who had more than 7 years’ experience in root canal
therapy.

Figure 1 Photo of resin block before instrumentation where
injected with black ink to improve the color contrast.

Figure 2 Photo of resin block after instrumentation where
injected with red ink to improve the color contrast.

Assessment of root canal preparation
The time taken to prepare each canal was recorded, including active instrumentation, instrument changes, and irrigation. Shaping efficiency was evaluated by measuring the
amount of material lost at various levels (1 mm [D1], 2 mm
[D2], 3 mm [D3], 5 mm [D5], 7 mm [D7]) from the apical
foramen of the root canal. Photoshop (Adobe Systems, San
Jose, CA, USA) was used to superimpose pre- and postinstrumentation images in two layers (Fig. 3). Measurements
were made using ImageJ 1.38 (National Institutes of Health,
Bethesda, MD) computer software while viewing the superimposed images at 200% to measure transportation values of
the central location (values in mm) after instrumentation of
root canals as follows:D (difference) = Do (outer resin removed)  Di (inner resin removed)
A positive values indicated a prevalence of outer resin
removed (transportation toward curvature) and a negative
values indicated a prevalence of inner resin removed
(anticurvature transportation). The closer the value was to
zero, the more balanced was the preparation.

Statistical analyses
Statistical analyses were carried out using SPSS software (ver.
20; SPSS, Inc., Chicago, IL, USA). To compare results, oneway ANOVA and the Bonferroni post hoc test were used.
Statistical significance was set at P < 0.05.

Figure 3 Superimposed of before and after instrumentation
photos to measure transportation values at various levels (1 mm
[D1], 2 mm [D2], 3 mm [D3], 5 mm [D5], 7 mm [D7]) from the
apical foramen.
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Results
Shaping time evaluation
There were no significant differences (P > 0.05) in shaping
time (in seconds) among the four NiTi systems. Table 1 shows
the shaping time values and averages (in seconds) according
to NiTi system.

Canal transportation evaluation
Evaluation of canal transportation values
There were no significant differences (P > 0.05) in canal
transportation values among the NiTi systems at D1, D2,
and D5, but at D3, Wave One caused more transportation
than the other systems did, and at D7, ProTaper Next caused
the least transportation. Table 2 and shows canal transportation values according to NiTi system.

Evaluation of canal transportation direction
There were no significant differences (P > 0.05) in transportation direction among NiTi systems at the D2, D3, and
D7 locations. At D1 and D5, the TF system caused more
transportation toward the outside than the other systems
did. Fig. 4 shows canal transportation values in mm and
direction according to NiTi system.

Discussion
The instrumentation of an S-shaped root canal is still a
challenge despite advances in NiTi systems and techniques
of root canal preparation.18 The aim of this study was to
compare the shaping ability of several NiTi systems (iRaCe,
ProTaper Next, Wave One, and TF) in simulated S-shaped

Table 1 Mean shaping time and standard deviation (values
in seconds) according to NiTi system.
Shaping time (in seconds)
NiTi system

Mean

SD

iRaCe
ProTaper Next
Wave One
TF Adaptive

143.40
139.80
153.00
146.00

14.06
8.47
23.89
8.43

canals. Simulated canals in resin blocks provide standardized
conditions for study, which are obligatory for shaping ability
comparison of different NiTi systems.19 It is almost impossible
to get S-shaped canals in human teeth with the same configurations.19 Moreover, it is easy to photograph, measure,
and compare the canal shape before and after instrumentation in simulated canals.20,21 However, the differences
between resin and dentin require prudence during clinical
application of these results.22 Reports have mentioned that
30—40% and 35—59% of distobuccal roots of maxillary molars
and mesial roots of mandibular molars, respectively, have Sshaped canals.22 Files of size 25 designed to deal with narrow
and curved canals were used in this study according to the
manufacturers’ instructions.19 Although there are advantages of apical enlargement increases, such as improvement
of the irrigant effect and cleaning efficiency in part of the
canal, this is associated with jeopardizing the canal due to
transportation because of the decreased flexibility of large
instruments. These issues must be taken into consideration
when preparing S-shaped canals.19,23 In our study, there was
no significant difference in preparation time among the four
NiTi systems (iRaCe, ProTaper Next, Wave One, and TF). The
number of instruments used, preparation technique, and
experience of the practitioner all influence the instrumentation time.19 Our results showed significant differences in
canal transportation values among NiTi systems (iRaCe, ProTaper Next, Wave One, and TF Adaptive) at D1, D2, and D5,
but at D3, Wave One caused more transportation than other
systems did, and at D7, ProTaper Next caused the least
transportation. Recently manufactured rotary systems of size
25 and a taper varying from 0.06 to 0.08 could be used in
instrumentation of curved canals with less transportation.24
The taper of instruments is inversely associated with canal
transportation.19 The instruments used in this study had
noncutting tips where light apical pressure was needed,
and they could be guided to easy penetration; this may
cause minimum transportation.25 Our findings are similar
to the results of several studies that showed that new NiTi
systems prepared curved root canals with minimum shaping
errors.26—28 The RaCe instruments have a triangular crosssectional shape with alternating cutting edges. Simulated Sshaped canals prepared with RaCe instruments did not have
any canal transportation,18,29 and in extracted teeth, RaCe
instruments prepared canals without errors.12 S-shaped
canals could be prepared with the system effectively and
economically.4 ProTaper Next (PTN) shaped curved root
canals in a satisfactory manner, preserving the constriction
of the apical end.30 PTN has a nonconcentric rectangular
cross section, which makes the instruments work in a staggered manner.31 This may make it suitable to shape more

Table 2 Mean transportation values of the central location (values in mm) after instrumentation at five points from apical
constriction in S-shaped root canals.
System

D1

D2

D3

D5

D7

iRaCe
PTN
WO
TF
P-value

0.10  0.12
0.05  0.11
0.04  0.2
0.01  0.03
P > 0.05

0.19  0.15
0.18  0.17
0.28  0.16
0.01  0.17
P > 0.05

0.19  0.2
0.29  0.19
0.4  0.24
0.14  0.22
P > 0.05

0.17  4.66
0.23  0.39
0.13  0.29
0.08  0.31
P > 0.05

0.44  0.12
0.17  0.12
0.46  0.33
0.25  0.16
P > 0.05
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Figure 4 The directions and average values of canal transportation (in mm) according to NiTi system where positive values indicated
transportation toward curvature and negative values indicated anticurvature transportation.

severely curved narrow canals. There is controversy regarding the advantages of reciprocal movement in canal shaping;
some studies have demonstrated the superiority of reciprocation,15 whereas another study showed that reciprocating
files showed a marked tendency to straighten S-shaped
canals.19 The TF instruments manufactured with R-phase
were able to maintain the original shape of the canal. These
study results are consistent with the results of studies about
TF shaping ability.32—34 In our study, there were no significant
differences in canal transportation values among NiTi systems
at D1, D2, and D5, but at D3, Wave One caused transportation
more than other systems did, and at D7, ProTaper Next caused
the least transportation. A recent study showed that canal
transportation at the curved part caused by Wave One instruments was more than that with PTN in severely curved canals.
That is probably due to sharp cutting edges of the single-file
system, which cause more cutting in canal walls and lead to
more transportation than a multi-file system does.30

Conclusions
The results of this study revealed that the iRaCe, ProTaper
Next, Wave One, and TF systems preserved the original shape
of double-curved (S-shaped) canals with minimum root canal
transportation. These systems produced satisfactory root
canal instrumentation in S-shaped canals, and ProTaper Next
caused the least transportation in the middle part of the
canal. There is a need to conduct further studies on extracted
teeth with 3D analysis to get accurate results.
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Abstract
Aim: The study aims to assess sealing ability of a novel polydimethylsiloxane-based sealer in
simulated wet root canals with wide apex, ion release (calcium and pH) and examine samples using
ESEM.
Materials and methods: GuttaFlow bioseal, GuttaFlow2, and RoekoSeal Automix (Coltène/Whaledent Inc.) were tested.
Roots were prepared to obtain an apical diameter #40 using nickel—titanium rotary files (HyFlex
CM, Coltène/Whaledent Inc.), each root was filled with single cone technique and immediately
inserted into a simulated socket (filled with 0.02 mL of simulated body fluid) to reproduce the
clinical conditions of a wet apical environment. Sealing ability was evaluated as fluid filtration rate
at 1, 14, 28 days, and 10 months.
After 28 days in simulated body fluid, apices were examined using an Environmental Scanning
Electron Microscope (ESEM).
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1121-4171/ 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

36

M.G. Gandolfi et al.
Alkalinizing activity and calcium release was evaluated after 3 h and 1, 7, 14, and 28 days.
Data were analysed using Kolmogorov—Smirnov test ( p < 0.05).
Results: Fluid filtration analysis showed no significant difference within materials. Significant
difference was observed between 10 months observation and other time frames (p < 0.05) of
the same group.
GuttaFlow bioseal showed a significantly higher alkalinising activity (p < 0.05). Calcium release
ability showed no significant difference through time, however significant differences were
observed among materials (p < 0.05).
Observation using ESEM at 28 days after root obturation showed the presence of the materials
sealing the wide apical foramen.
Conclusions: All materials showed satisfying sealing ability. However due to low calcium release,
their use is not suggested when apical barrier formation and periapical bone regeneration are
needed.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

PAROLE CHIAVE
Rilascio ionico;
Polidimetilsilossano;
Capacità di sigillo;
Apici beanti;
Guttaflow Bioseal.

Riassunto
Obiettivi: Valutare il sigillo di un nuovo cemento endodontico a base di polidimetilsilossano in
apici beanti-umidi tramite il metodo fluid-filtration, l’osservazione microscopica (ESEM), ed il
rilascio ionico (calcio-pH).
Materiali e metodi: Sono stati testati i seguenti materiali: GuttaFlow bioseal, GuttaFlow2, e
RoekoSeal Automix.
I campioni radicolari sono stati preparati con strumenti al nickel—titanio (HyFlexCM) fino ad
un diametro apicale #40. Al fine di riprodurre le condizioni cliniche di umidità, a seguito
dell’otturazione canalare con tecnica del cono singolo, i campioni sono stati inseriti in un
alveolo artificiale (riempito con 0.02 mL di soluzione salina). La capacità di sigillo è stata valutata
tramite fluid filtration analysis a 1, 14, 28 giorni e 10 mesi.
Dopo 28 giorni in soluzione salina, l’apice dei campioni è stato esaminato avvalendosi del
Microscopio a Scansione Elettronica (ESEM).
Rilascio di calcio e pH sono stati valutati dopo 3ore e 1, 7, 14, 28 giorni.
I dati sono stati analizzanti usando il test Kolmogorov—Smirnov ( p < 0.05).
Risultati: L’analisi del sigillo apicale ha mostrato differenze significative tra 10 mesi ed il
restante dei tempi d’analisi (p < 0.05), mentre non ci sono state differenze tra i materiali.
GuttaFlow bioseal ha mostrato attività alcalinizzante significativamente più alta (p < 0.05).
Ci sono state differenze statisticamente significative nel rilascio di calcio tra i materiali
( p < 0.05), ma non tra i tempi.
L’analisi microscopica a 28 giorni dall’otturazione canalare ha confermato l’otturazione
apicale da parte dei materiali.
Conclusioni: Tutti i materiali testati hanno mostrato capacità di sigillo soddisfacenti. Tuttavia a
causa del ridotto rilascio di calcio riscontratosi, il loro utilizzo non è consigliato nei casi dove sia
richiesta la formazione di una barriera apicale e rigenerazione ossea periapicale.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Cet article est
publié en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-ncnd/4.0/)

Introduction
A wide apex is a frequent manifestation of treatment failures
or incomplete root development caused by traumatic events
or carious lesions. In such cases, moisture management and
sealing ability becomes challenging and no endodontic sealers is able to ensure a satisfying apical seal. This leads to an
increasing interest of clinicians in materials able to seal in
moist environment (water, blood or other fluids) and induce
apical barrier formation when needed.
In treating teeth with wide and wet apices, polydimethylsiloxane (silicon)-based sealers may represent a viable alternative to calcium silicate-based sealer. They appear to have
clinical benefits in terms of homogeneity and adaptation,1
and absorb stress generated by mastication during root

flexure due to their viscosity and elasticity.2 Such materials
are currently being marketed by Coltene Whaledent, as:
RoekoSeal Automix, GuttaFlow 2, and GuttaFlow bioseal.
RoekoSeal1 Automix is one of the first silicon-based sealer
productions of Coltene Whaledent, showing satisfying in vitro
sealing ability up to 1 year in wide and straight canals.3
GuttaFlow1 2 is an advancement of the existing GuttaFlow1
(Coltene Whaledent) material in capsules; appearing to show
a slight expansion during setting4 and guaranteeing a tight
seal.5 According to in vitro studies, apical seal is either
significantly improved6 or similar when compared to AH Plus.7
GuttaFlow1 bioseal is Coltene’s latest hydrophilic sealer
containing gutta-percha powder, polydimethylsiloxane, and
bioactive glass ceramic. GuttaFlow bioseal showed alkalinizing activity together with negligible solubility and slight
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calcium release when compared to GuttaFlow 2 and RoekoSeal Automix.8 According to Gandolfi et al.,8 the incorporation of a calcium silicate component may represent an
attractive strategy to obtain a bioactive biointeractive flowable guttapercha sealer for moist/bleeding apices with bone
defects.
The aim of the present study was to assess the sealing
ability in simulated wide wet apices and ion release activity
(pH of soaking water and calcium release) of polydimethylsiloxane-based sealers. Also examining root apex using environmental scanning electron microscopy.

Materials and methods
Materials
A comparison between the following endodontic sealers was
undergone: polydimethylsiloxane-based sealers (Coltène/
Whaledent Inc., USA) GuttaFlow bioseal, GuttaFlow 2, and
RoekoSeal Automix (Table 1).

Sealing ability
Root preparation
Human caries free single-rooted extracted teeth (N = 36)
with oval root canals were cleaned before preservation in
a distilled water solution at 4 8C for less than a month. All
teeth were sectioned at 12  1 mm from the apex with a
water-cooled diamond bur (FG Intensive n.D2 Lugano-Grancia, Switzerland), followed by thorough examination under
an operating microscope (OPMI pico Zeiss microscope, Carl
Zeiss S.p.A. Milano MI, Italy) in order to confirm the presence
of a single oval-shaped canal. After working length establishment at the anatomic apex, canal shaping and debridement
was performed with 0.02 taper stainless steel K-files and 0.04
taper nickel—titanium rotary instrument (HyFlex CM 40/04,
Coltène/Whaledent GmbH + Co. KG, Langenau, Germany)
using a micro-motor (X-SMART plus, Denstply, Maillefer
Instruments Holding S.à.r.l., Switzerland). A step-down technique was performed until a size 40 apical sit was established
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(Fig 1). The canals were irrigated between each instrument
with 0.5 mL of ethylenediaminetetraacetic acid (EDTA,
Ogna, Muggiò, Italy) and 1 mL of 5% NaOCl (Niclor, Ogna,
Muggiò, Italy). Both solution were delivered from a 30-G
side-vented syringes inserted to 1 mm short of the working
length, afterwards rinsed with deionized water for 1 min
and dried with sterile paper points (Mynol, Milwaukee, WI,
USA).
1.1.1. Root obturation and simulation of humid
environment ‘‘Artificial alveolar chamber’’
In order to reproduce the clinical conditions of a wet environment and apical stop, a customised wet chamber device
was designed. A silicon-made support (Optosil; Heraeus Kulzer, Hanau, Germany) was specifically designed in order to
create an artificial alveolus (Fig 2).9 A simulated body fluid
solution (0.02 mL of Hank’s Balanced Salt Solution [HBSS];
Lonza, Verviers, Belgium) was added to 1/3 of the bottom of
the support to simulate the presence of periapical fluid; the
composition of the HBSS was (g/L) 0.4 KCl, 0.06 KH2PO4
anhydrous, 0.35 NaHCO3, 8.0 NaCl, 0.05 Na2HPO4 anhydrous
and 1.0 D-glucose.
Each root was placed inside the chamber so the periapical
space and the entire root canal were filled by HBSS. The
presence of fluid solution inside the root canal was assessed
using paper points. The apical stop (i.e., silicon support) was
1 mm after apical foramen.
The six aforementioned endodontic sealers (n = 6 per
group) were used for obturation. In all cases the obturation
was followed by the insertion of a 40/0.06 taper gutta-percha
point (Hygienic, Coltène/Whaledent Inc.) using single cone
technique, after apical sit establishment (Figs. 3).
1.1.2. Fluid filtration analysis
A 18-gauge needle inserted across a plexiglass support was
introduced into the coronal third of the filled root (5 mm) and
the coronal side of the root was fixed to the plexiglass support
with cyanoacrylate (Rocket, Corona, CA, USA) (Fig. 4). The
external surface of root was coated with nail varnish to seal
the root surface except for the apical orifice (2 mm apical
free from varnish).10

Tested materials and components.

Materials

Manufacturer

Lot n8 and expiration
date (year—month)

Ingredients

RoekoSeal Automix

Coltène/Whaledent Inc., OH, USA

6211034 (2015—12)

GuttaFlow 2

Coltène/Whaledent Inc., OH, USA

G07095 (2016—12)
F51370 (2015—11)

GuttaFlow bioseal

Coltène/Whaledent Inc., OH, USA

140814P3EZB
(2016—08)

Polydimethylsiloxane, silicone
oil, paraffin-base oil, platinum
catalyst, zirconium dioxide
Gutta-percha powder,
polydimethylsiloxane, platinum
catalyst, zirconium dioxide,
cro-silver (preservative),
colouring.
Gutta-percha powder,
polydimethylsiloxane, platinum
catalyst, zirconium dioxide,
silver (preservative), colouring,
bioactive glass ceramic
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Figure 1
samples.
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Sample preparation: before root obturation of
Figure 3
ples.

Sample preparation: after root obturation of sam-

A high-precision device (digital fluid flow meter) able
to detect micrometric fluid movements through the apical
system designed by Gandolfi was used for fluid flow rate
measurements (Fig. 5). The micrometric forward movement
of an air bubble inside the micro capillary was converted into a
fluid flow measurement (microinfiltration) through the filled
root. Each sample was connected to the device (through the
18-gauge needle) working at a hydraulic pressure of 6.9 kPa
(1 psi) and contained deionised water with chlorhexidine
0.03% to prevent bacterial contamination inside the system.
The fluid filtration rate was measured (Fig. 6) after different storage of the sample in HBSS at 37 8C after 1, 14 and
28 days. Three measurements, of 4 min each, were made for
individual samples, and the mean was calculated. The results
Figure 4 Before fluid filtration analysis: coronal side of root
fixed to plexiglass support with cyanoacrylate.

Figure 2 Wet chamber: sample are positioned in a customised
silicon wet chamber.

Figure 5

Digital fluid flow meter.
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obtained as micrometers per minute were converted to ml/
min.

Calcium release and alkalinising activity (pH of
soaking water)

Figure 6 Measurements: Micrometric forward movement of
the air bubble have been converted into micrometric fluid flow to
evaluate the sealing ability.

Measurements were made starting from the compaction of
freshly mixed sealers into PVC (polyvinyl chloride) moulds
(8.0  0.1 mm diameter and 1.6  0.1 mm thickness), to
prepare material disks (n = 10 for each material). The excess
was removed leaving an exposed surface area on each sample
of 50.24  0.01 mm2. Each mould was afterwards positioned
inside a cylindric polypropylene container with 3 cm height
and 4 cm diameter, filled with 10 mL deionised water (pH
6.8), sealed with its appropriate stopple, and stored at 37 8C.
After 3 h, 1, 7,14, and 28 days, deionised water was collected
for analysis and replaced. The collected water was analysed
for pH and Ca release using a potentiometric method under

Table 2 Micro infiltration (ml/min, n = 6 per group) of filled root canals. Data with different superscript small letters in column
(among materials) and superscript capital letters in row (within materials) are statistically different.
24 hours
GuttaFlow 2
RoekoSeal Automix
GuttaFlow bioseal

14 days
Aa

0.016  0.010
0.019  0.016Aa
0.018  0.008Aa

28 days
Aa

0.013  0.006
0.019  0.008 Aa
0.014  0.010 Aa

10 months
Aa

0.009  0.002
0.012  0.006 Aa
0.011  0.003 Aa

0.053  0.050 Ba
0.043  0.030 Ba
0.028  0.025 Ba
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magnetic stirring at room temperature (24 8C). Calculation
was performed until the measurement stabilised.11,12
The pH was measured using a selective temperaturecompensated electrode (Sen Tix Sur WTW, Weilheim, Germany) connected to a multi-parameter laboratory meter
(inoLab 750 WTW, Weilheim, Germany) previously calibrated
with standard solutions. The amount of calcium ions was
measured using a calcium probe (Calcium ion electrode,
Eutech instruments Pte Ltd, Singapore) after addition of
0.200 mL (2%) of ionic strength adjuster (ISA, 4 mol/L KCl,
WTW, Weilheim, Germany). Then the mean and standard
deviations were calculated.

All samples were examined uncoated at low vacuum
(100 Pa), accelerating voltage of 20 kV, 8.5 mm working distance, 0.5 wt% detection level, 133 eV resolution, 100 ms
amplification time. Sample apices were observed by ESEM
at different magnifications ranging from 92 to 3000.

Statistical analysis
The results were statistically analyzed. Kolmogorov—Smirnov
test ( p < 0.05) for fluid filtration, alkalinising activity and
calcium release was performed.

Results
Environmental Scanning Electron Microscope
(ESEM) analysis

Sealing ability

Root samples were prepared and obturated using sealing
ability’s methodology. In order to simulate a humid environment, samples were then completely immersed in simulated
body fluid (HBSS) and stored at 37 8C for 28 days. Afterwards,
apices were examined using an Environmental Scanning Electron Microscope (ESEM).13

Table 2 reports the mean values of the fluid filtration rate
(ml/min) of all groups at different storage times (1, 14, 28
days, and 10 months). No statistically significant difference
was observed among the materials, while significant differences were observed when comparing 10 months observation
with other time frames ( p < 0.05). Even though at 10 months

Table 3 pH of soaking water (n = 10 for each material). Data followed by different superscript small letters in column (among
materials) and superscript capital letters in row (within materials) are statistically different. Equal capital letters denote no
statistical differences.
3h
GuttaFlow 2
RoekoSeal Automix
GuttaFlow bioseal

1 day
Aa

7.24  0.05
7.10  0.09Aa
8.04  0.15Ab

3 days
Aa

6.47  0.08
7.04  0.09 Aa
9.37  0.10 Ab

7 days
Aa

6.80  0.06
6.55  0.08 Aa
9.69  0.07 Ab

14 days
Aa

7.00  0.09
6.64  0.07 Aa
9.72  0.16 Ab

28 days
Aa

7.24  0.05
7.15  0.10 Aa
8.98  0.02 Ab

7.54  0.08 Aa
7.22  0.08 Aa
9.05  0.10 Ab
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minimum flow of 0.028  0.025 (GuttaFlow bioseal) and
maximum of 0.053  0.050 (GuttaFlow 2) were recorded,
no significant difference was observed.

Environmental scanning electron microscope
(ESEM) analysis
Fig. 7 reports ESEM observations of the apical region after 28
days of root obturation and immersion in simulated body fluid
(HBSS). All images show the presence of the materials sealing
the wide apical foramen. Higher magnification indicates
morphological differences.

Calcium release and alkalinising activity (pH of
soaking water)
Statistically significant differences were observed among
materials. GuttaFlow bioseal showed a significantly
higher alkalinising activity ( p < 0.05). While no significant
differences were observed among materials through time
(Table 3).
Calcium release ability showed no significant difference
through time, however significant differences were observed
among all three materials ( p < 0.05) (Table 4).

Discussion
Being able to estimate the material’s sealing ability degradation process overtime gives the opportunity to have an insight
on the severity of microbial apical leakage. Most studies
conducted on sealing ability are unable to provide such

Table 4 Calcium released in ppm (n = 10 for each material) in 10 mL of deionized soaking water at 37 8C. Data followed by
different superscript small letters in column (among materials) and superscript capital letters in row (within materials) are
statistically different.
0—3 hours

3 hours—1 day 1—3 days
Aa

Aa

GuttaFlow 2
3.50  0.25
2.75  0.41
RoekoSeal Automix 2.35  0.11Ab 1.40  0.11 Ab
GuttaFlow bioseal 0.91  0.09Ac 1.04  0.10 Ac

3—7 days
Aa

7—14 days
Aa

14—28 days
Aa

Cumulative
Aa

2.81  0.28
2.45  0.29
2.24  0.28
2.10  0.29
15,86  1.89 a
Ab
Ab
Ab
Ab
1.68  0.13
1.90  0.19
1.65  0.17
1.83  0.17
19,81  1.11 b
Ac
Ac
Ac
Ac
0.71  0.04
2.38  0.44
0.83  0.09
0.61  0.09
6,46  1.57 c
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selective dissolution is impeded by an immediate precipitation of a calcium phosphate layer, meanwhile at lower pH a
total breakdown of glass is observed. Calcium release is
observed to be slower in water, probably because of the
faster formation of calcium containing salts, which are less
soluble at higher pH.
When immersed in a simulated body fluid, the calcium ions
released with phosphate promote the formation of a superficial layer of calcium phosphate (CaP) able to fill the open
voids. On a clinical standpoint, the combination of the
apatite (CaP) forming ability16,17 and gutta-percha could
result in an improvement of the sealer’s sealing ability18
due to CaP deposition.13
The sealing ability evaluated showed a stable behaviour
up to 28 days. However, at 10 months evaluation a reduction
was observed. Such significant difference might be due to the
intrinsic degradation process of the materials. Even though,
no statistical difference was observed at 10-month follow-up
among materials, GuttaFlow bioseal’s lower flow values may
indicate calcium phosphate deposition,8 and therefore better sealing ability.
ESEM analysis at 28 days after root obturation gave
insights on the wide apical sealing quality in wet environment.

Conclusions
All sealers showed adequate sealing abilities with no statistically significant difference among materials. Significant
differences were observed when fluid filtration test was
prolonged for 10 months, suggesting that a higher apical
leakage could be related to the sealer’s degradation process
overtime.
Figure 7 ESEM images showing wide apices of the roots filled
with the tested materials at magnification ranging from 92 to
3000.

information due to the fact that observations are generally
restricted to 3 months. A 10-month follow-up is needed to
presumably collect reliable data.
Even though fluid filtration test in wide and wet apices at
10-month follow-up showed no statistically significant difference among materials, bioglass-based GuttaFlow bioseal
recorded the lowest values of apical leakage and GuttaFlow 2
the highest. Significant differences were observed at 10
months observation, possibly due to the sealer’s degradation
process overtime.
GuttaFlow bioseal showed satisfying alkalinizing activity,
being in accordance with recent findings.8 In this study the
highest pH value ranging from 8 to 9 of GuttaFlow bioseal,
suggests antibacterial activity which could be related to its
bioactive glass composition. Increase in hydroxyl ions leads to
low concentrations of bacteria such as the Enterococcus
faecalis, a major responsible for root canal treatment failures.14
According to a study15 on the effect of pH and ionic
strength on the reactivity of bioglass, only at pH 8 a total
reconstruction of glass occurs, comprising silica and calcium
phosphate rich layers formation. At higher pH (pH > 9),

Clinical relevance
GuttaFlow bioseal demonstrated to be a promising endodontic material used in teeth with wide (apical diameter 40) and
wet apices. Nonetheless, low calcium release evaluated
limits its adoption in conditions were an apical barrier formation is required.
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7. Elias I, Guimarães GO, Caldeira CL, Gavini G, Cai S, Akisue E.
Apical sealing ability comparison between GuttaFlow and AH
Plus: in vitro bacterial and dye leakage. J Health Sci Inst
2010;28:77—9.
8. Gandolfi MG, Siboni F, Prati C. Properties of a novel polysiloxaneguttapercha calcium silicate-bioglass-containing root canal sealer. Dent Mater 2016;32:e113—26.
9. Prati C, Siboni F, Polimeni A, Bossu M, Gandolfi MG. Use of
calcium-containing endodontic sealers as apical barrier in
fluid-contaminated wide-open apices. J Appl Biomater Function
Mater 2014;12:263—70.
10. Gandolfi MG, Prati C. MTA and F-doped MTA cements used as
sealers with warm gutta-percha. Long-term study of sealing
ability. Int Endod J 2010;43:889—901.

43
11. Gandolfi MG, Taddei P, Modena E, Siboni F, Prati C. Biointeractivity-related versus chemi/physisorption-related apatite precursor-forming ability of current root end filling materials. J
Biomed Mater Res B Appl Biomater 2013;101:1107—23.
12. Gandolfi MG, Taddei P, Tinti A, De Stefano Dorigo E, Prati C.
Alpha-TCP improves the apatite-formation ability of calciumsilicate hydraulic cement soaked in phosphate solutions. Mater
Sci Eng C 2011;31:1412—22.
13. Gandolfi MG, Parrilli AP, Fini M, Prati C, Dummer PMH. 3D microCT analysis of the interface voids associated with Thermafil root
fillings used with AH Plus or a flowable MTA sealer. Int Endod J
2013;46:253—63.
14. Stuart CH, Schwartz SA, Beeson TJ, Owatz CB. Enterococcus
faecalis: its role in root canal treatment failure and current
concepts in retreatment. J Endod 2006;32:93—8.
15. Cerruti M, Greenspan D, Powers K. Effect of pH and ionic strength
on the reactivity of Bioglass 45S5. Biomaterials 2005;26:1665—
74.
16. Parirokh M, Torabinejad M. Mineral trioxide aggregate: a comprehensive literature review. Part III. Clinical applications,
drawbacks, and mechanism of action. J Endod 2010;36:400—13.
17. Prati C, Gandolfi MG. Calcium silicate bioactive cements: biological perspectives and clinical applications. Dent Mater
2015;31:351—70.
18. Iacono F, Pedulla E, Rapisarda E, Prati C, Gandolfi MG. Long-term
sealing ability of 3 endodontic obturation techniques. Gen Dent
2014;62:20—3.

Giornale Italiano di Endodonzia (2017) 31, 44—47

Available online at www.sciencedirect.com

ScienceDirect
j o u r n a l h o m e p a g e : w w w. e l s e v i e r. c o m / l o c a t e / g i e

ORIGINAL ARTICLE/ARTICOLO ORIGINALE
CONGRESSO INTERNAZIONALE ROMA 2016 — VINCITORE PREMIO RICCARDO GARBEROGLIO

Effectiveness of two integrated systems for
the treatment of maxillary central incisors
with periapical lesion: an 18-month
randomized clinical trial§
Efficacia di due sistemi integrati per il trattamento di incisivi centrali
mascellari con lesione periapicale: Trial clinico randomizzato a 18 mesi
Daniele Angerame a,*, Matteo De Biasi a, Vittorio Franco b,
Lorenzo Bevilacqua a, Attilio Castaldo a
a

Dental Clinic, University Clinical Department of Medical, Surgical and Health Sciences, University of Trieste,
Trieste, Italy
b
Private Practice, Rome, Italy
Received 12 January 2017; accepted 20 January 2017
Available online 16 February 2017

KEYWORDS
Periapical lesion;
Integrated endodontic
techniques;
Carrier based systems;
Healing.

Abstract
Aim: To assess the 18-month success rate of root canal treatment with two integrated shaping
and filling systems on upper central incisors with chronic periapical pathosis.
Methodology: Sixty patients with an upper central incisors with a chronic periapical lesion
smaller than 5 mm in diameter were randomly allocated to two treatment groups, which only
differed in terms of canal shaping and filling protocol: G1 (n = 30), Revo-S/One Step Obturator;
G2 (n = 30) GTX/GTX Obturator. The patients underwent clinical assessment at baseline and after
6, 12 and 18 months. Radiographic healing was scored according to a previously described scale
by two independent examiners, who analysed the periapical radiographs taken at the recall
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visits. Intra- and inter-observer reliability was tested with Kappa statistics. The significance of
the differences between the two groups and among time points with regard to clinical and
radiographic data was evaluated with non-parametric tests ( p < 0.05).
Results: All enrolled patients were available for re-evaluation. At the final recall, the cases were
scored as total healing, partial healing and failure with the following frequencies: 93.3%, 3.3%
and 3.3% of cases in G1 and in 93.3%, 0% and 6.7% of cases in G2. Radiographic healing scores were
similar in the two groups irrespective of the experimental time point. The prevalence of
symptoms was scarce (0—10%), stable over time and similar in the two groups.
Conclusions: The clinical performance of two considered integrated systems for the endodontic
treatment of upper central incisors with periapical lesion was comparable and allowed for high
success rates after 18 months.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Riassunto
Obiettivi: Valutare il successo a 18 mesi del trattamento endodontico di incisivi centrali superiori
affetti da patologia periapicale cronica con tecniche integrate di strumentazione e otturazione.
Materiali e metodi: Sessanta pazienti con un incisivo centrale affetto da lesione periapicale
cronica di diametro inferiore a 5 mm sono stati assegnati casualmente a due gruppi di trattamento,
diversi tra loro solo per protocollo di sagomatura e otturazione canalare: G1 (n = 30), Revo-S/One
Step Obturator; G2 (n = 30) GTX/GTX Obturator. I pazienti sono stati sottoposti a esame clinico
iniziale e dopo 6, 12 e 18 mesi. Alla guarigione radiografica è stato assegnato un punteggio sulla
base di una scala descritta in precedenza analizzando le radiografie periapicali acquisite ai
richiami. Il grado di accordo intra- e interosservatore è stato testato con Kappa di Cohen. La
significatività delle differenze tra i due gruppi e tra i tempi in relazione ai dati clinici e radiografici
è stata valutata con test non parametrici (p < 0,05).
Risultati: È stato possibile rivalutare tutti i pazienti arruolati. Al richiamo finale le lesioni sono
state classificate come guarita, guarita parzialmente e non guarita con le seguenti frequenze:
93,3%, 3,3% e 3,3% dei casi in G1 e 93,3%, 0% e 6,7% dei casi in G2. I punteggi di guarigione
radiografica sono risultati simili nei due gruppi indipendentemente dal tempo sperimentale. La
prevalenza dei sintomi è stata scarsa (0-10%), stabile nel tempo e simile nei due gruppi.
Conclusioni: La performance clinica dei due sistemi integrati considerati nel trattamento endodontico di incisi centrali superiori con lesione periapicale è risultata comparabile e ha permesso
tassi di successo elevati dopo 18 mesi.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Cet article est
publié en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-ncnd/4.0/)

Introduction
A trend of simplification of root canal shaping and filling
techniques has arisen in the field of Endodontics.1 The rotary
file sequences of modern Ni-Ti systems are composed of
fewer instruments in comparison to the past.1 Similarly, canal
filling can be simplified and performed in a single step using of
carrier-based systems, which might introduce less filling
defects compared to multi-step techniques, especially when
used by novices.2 Even if there is no doubt that a wide array of
technological advances has improved the treatment delivery
in the field of Endodontics, the scientific community is still
questioning whether using modern techniques and instruments implies also better success rates, even more in case
of periapical pathosis.3 This work presents the updated
findings of a previously published trial, in which two simplified techniques were clinically tested.1 These techniques are
found on similar principles but are proposed by different
manufacturers. They consist in a shaping protocol with rotary
files composed of a standard sequence of few instruments,
namely the Revo-S (Micro-Mega, Besançon, France) and GTX
(Dentsply Tulsa Dental Specialties, Tulsa, OK, USA) files

systems. Both shaping protocols are followed by root canal
filling by means of carrier-based dedicated systems, the OneStep Obturator (CMS Dental ApS, Copenhagen, Denmark) and
GTX Obturator (Dentsply Tulsa Dental Specialties), respectively.
The aim of the present study was to assess the 18-month
success rate of root canal treatment with the two aforementioned integrated shaping and filling systems of upper central
incisors with chronic periapical pathosis.

Materials and methodology
The present randomized controlled trial was conducted in
accordance with the principles expressed in the CONSORT
statement4 and the last update of the Helsinki Declaration.
The primary outcome measures were the radiographic healing and the sensitivity to tooth percussion and palpation of
the buccal sulcus. The trial recruited patients affected by
chronic or asymptomatic apical periodontitis, according to
the definition given by Gutmann et al.5 Sixty adult patients
needing a primary endodontic treatment on a maxillary
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central incisor with a chronic periapical lesion smaller than
5 mm in diameter were enrolled in the trial and received a
single-session root canal treatment by an experienced operator. They were randomly allocated to two groups, which only
differed in terms of canal shaping and filling protocol: group 1
(G1, n = 30), Revo-S/One Step Obturator; group 2 (G2,
n = 30), GTX/GTX Obturator. Randomization, sequence generation and allocation to groups were conducted in advance
by subjects not directly involved in the experimental part.
Restricted randomisation was carried out assuming a block
size that was a multiple of the number of treatments.
Before root canal treatment, all teeth were isolated with
rubber dam. If needed, the teeth to be treated received a
composite resin build-up. After standard access cavity preparation, the canal was scouted with a size 10 K file (Dentsply
Maillefer, Ballaigues, Switzerland) and the electronic length
determined electronically (Root ZX, Morita Co., Tokyo,
Japan). The irrigation protocol was standardised and consisted of rinses with 2.5 ml 5.25% sodium hypochlorite (Niclor
5, Ogna, Muggiò, Italy) after each instrument. In G1, canals
were shaped with SC 1 (25/.06), SC 2 (25/.04) and SU (25/
.06) Revo-S files (Micro-Mega) and then filled with One-Step
Obturators (CMS Dental ApS). Similarly, 20/.04, 20/.06, 30/
.04 and 30/.06 GTX rotary files (Dentsply Tulsa Dental Specialties) were used in combination with GTX Obturators
(Dentsply Tulsa Dental Specialties) to perform canal shaping
and filling in G2. Prior to root canal filling, in both groups the
apex was manually gauged (Mity Turbo, JS Dental, Ridgefield,
CT, USA) and then enlarged with the rotary finishing files
belonging to the respective file system.
Sensitivity to percussion of the designated tooth and
palpation of the buccal sulcus was tested before the treatment, after 6, 12 and 18 months by a single operator wearing
4 magnifying loupes, who was unaware of the allocation to
groups.
To ensure reliability and repeatability of film positioning
during the radiographic analysis, Rinn XCP devices (Rinn Corp.,
Elgin, IL, USA) were customized with a silicon registration and
used with a paralleling technique. The image plates of a digital
X-ray system (Vistascan Dental Perio, Dürr Dental AG, Bietigheim, Germany) were exposed to an X-ray source (2200 Intraoral
X Ray System, Kodak Dental Systems, Rochester, NY, USA) set at
70 kVp, 10 mA, and 0.20 s exposure time. All the images were
registered in ‘‘Endo’’ mode to enhance readability.6
The radiographic healing was scored by two blind examiners on the periapical radiographs taken at the recall visits
according to the scale by Katebzadeh et al.7, which contemplates the following four scores:
Table 2

Table 1 Frequency of the radiographic healing scores at the
different observation time points.
Radiographic score

Months
6

12

18

G1
n = 30

Total healing
Partial healing
Failure

43.3%
53.3%
3.3%

80.0%
16.7%
3.3%

93.3%
3.3%
3.3%

G2
n = 30

Total healing
Partial healing
Failure

43.3%
50.0%
6.7%

73.3%
20.0%
6.7%

93.3%
0%
6.7%

NS

NS

NS

Diff.

1. healing: normal trabecular bone and physiological periodontal ligament width;
2. improvement: decrease of the lesion size;
3. failure: increase of lesion size or absence of changes from
the initial status;
4. unreadable radiograph.
Intra- and inter-observer reliability was assessed by
weighted Cohen’s Kappa. The absence of differences in terms
of baseline clinical parameters between the two groups (age,
apical gauging, tenderness to percussion and palpation) was
verified by means of non-parametric statistics. A Mann—
Whitney and a Friedman test served to compare the radiographic healing scores between groups and time points,
respectively. The clinical data registered in the two groups
at the recalls were compared with a chi-squared test; the
comparison between time points was carried out with a
Cochrane test ( p < 0.05).

Results
No drop-outs or withdrawals occurred. The baseline parameters were comparable in the two groups. Radiographic
healing was progressive during the observation period. After
one year and a half, the cases were scored as total healing,
partial healing and failure in 93.3%, 3.3% and 3.3% of cases in
G1 and in 93.3%, 0% and 6.7% of cases in G2 (Table 1). There
was no difference in radiographic healing between the groups
at any of the assessment time points. During the follow-up
period, the patients were infrequently reporting symptoms
(0—10% of cases); the prevalence of symptoms did not vary
over time and was similar in the two groups (Table 2).

Comparison of the clinical data registered in the two groups.
Age (y)

Baseline
Apical
gauging
(102 mm)
Positivity
Positivity
to
to
percussion palpation

6 months

12 months

18 months

Positivity
Positivity Positivity
Positivity Positivity
Positivity
to
to
to
to
to
to
percussion palpation percussion palpation percussion palpation

46.3  19.4 37.8  5.8 6.7%
G1
n = 30
50.8  19.6 39.2  5.3 3.3%
G2
n = 30

6.7%

6.7%

6.7%

6.7%

10.0%

3.3%

3.3%

10.0%

3.3%

6.7%

3.3%

6.7%

0%

6.7%

Diff.

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

Treatment of maxillary central incisors with periapical lesion

Discussion
Primary and secondary research studies have taken into
account the success rate of the endodontic treatment,
reporting its remarkable variability.8—10 With regard to the
six-month results on persistent tooth symptoms after endodontic treatment, our data are in accordance with the tooth
pain prevalence reported in literature,11 equal to 5.3% after
6 months. To the best of our knowledge, no systematically
gathered information concerning tenderness to palpation or
percussion is available for longer periods of observation.
Irrespective of the integrated system being used, the
present study on upper central incisors demonstrated that
even simplified techniques can lead to treatment success
almost in all cases. The final success rate obtained in the
present study is superior to that obtainable with teeth with
necrotic pulp and periapical lesion according to the systematic review by Ng et al.10 An explanation to this finding may be
that, in absence of particular obstacles or anatomic aberrations, maxillary central incisors rarely present peculiar hindrances to a standardized root canal treatment so that they
can have a better prognosis than other tooth types.
The present trial also attests that some lesions undergo a
progressive healing that may require more than one year. An
extended follow-up period is advisable for these patients.
When planning the radiographic monitoring of periapical
lesions, an open question is whether extending the followup of lesions that have completely disappeared after one year
is appropriate or not, because it is known that late endodontic failure is rare. However, cases presenting partial
healing may come to a complete resolution even after way
longer periods and should be followed-up further, as suggested by review papers and endodontic scientific societies.9,12 Furthermore, it is interesting that almost all the
lesions scored as partially healed reached the status of
complete radiographic healing. Nevertheless, since it has
not been demonstrated yet whether a lesion that starts to
diminish in size will always result in complete resolution,
further studies are needed to address this issue.
The cases consistently scored as radiographic failures
after 18 months were not subjected to retreatment, because
the patients were not willing to undergo such therapy given
the absence of major complications. Indeed, the authors
agree with the concepts already expressed by other researchers13,14 that state that from the patient’s perspective a
functional tooth may be acceptable even with an imperfect
periapical status. Furthermore, the hurry to proceed with a
surgical or non-surgical retreatment may lead to an overtreatment.

Conclusions
The present trial registered high 18-month success rate of
endodontic treatments performed with the two considered

47
integrated systems on central incisors with periapical pathosis. The clinical performance of the two techniques was
similar.
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Abstract The maintenance of pulp vitality is a major goal of endodontics. Direct pulp capping
for tooth decay has always been considered a controversial procedure generating unpredictable
and often contraindicated outcomes.
The Mineral Trioxide Aggregate (MTA), introduced by Torabinejad about 20 years ago,1—7
retains resistance to bacterial infiltration and can effectively protect the pulp, hastening its
repair and maintaining tooth vitality if used correctly and in combination with an adequate
coronal restoration.
In a group of 77 patients aged 14—68 years, direct pulp capping with MTA was performed in 80
teeth affected by tooth decay, diagnosed with reversible pulpitis by the cold-temperature test and
radiographic examination. Four patients had pain, in three teeth the radiograph showed a small
area of bone loss due to a widening of the periodontal space. The author has removed the caries by
using only rotating instruments and has then placed a thin layer of MTA on the exposed pulp and the
surrounding dentin. In some cases 5% sodium hypochlorite solution was used to achieve hemostasis
of the operating field. In a second visit, after X-ray examination, pulp vitality-check with the cold
thermal test and the assessment of effective hardening of the material, the teeth were
reconstructed by using two-component adhesives and last-generation composite resins.
Patients were recalled at regular intervals for 10 years to assess the condition of the pulp, the
presence of a reparative dentine layer, pulpal or root canal calcifications or root resorptions, pain
on percussion and radiographically visible endodontic lesions.
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After 10-years follow-up period, 6 out of 80 teeth required an endodontic treatment, we did not
find an increase of pulp calcifications, root resorptions, endodontic lesions. All teeth still alive
have responded positively to the cold-temperature test. The three lesions had disappeared at the
last X-ray control. All four symptomatic teeth preserved their pulp vitality. The successful
treatment rate was 92.5%. Direct pulp capping with MTA can be considered an effective treatment
of exposure due to tooth decay and can be considered a valid treatment option for teeth with a
diagnosis of not-severe reversible pulpitis.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

PAROLE CHIAVE
Incappucciamento
diretto della polpa;
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Riassunto Il mantenimento della vitalità pulpare è uno degli obiettivi principali
dell’Endodonzia. L’incappucciamento diretto della polpa dovuto a carie è sempre stata considerata una procedura controversa con esiti imprevedibili e spesso controindicata.
Il Mineral Trioxide Aggregate (MTA), introdotto circa 20 anni fa da Torabinejad1—7 resiste
all’infiltrazione batterica e può fornire una efficace protezione per la polpa, permettendone la
sua riparazione e mantenendo la vitalità del dente se utilizzato in maniera corretta ed in
combinazione con un adeguato restauro coronale.
In 77 pazienti, di età compresa tra i 14 ed i 68 anni, è stato effettuato un incappucciamento
diretto della polpa con MTA su 80 denti affetti da carie quando è stata diagnosticata una pulpite
reversibile, dopo il test termico del freddo e l’esame radiografico. In 4 pazienti era presente
sintomatologia dolorosa, in 3 denti era visibile radiograficamente una piccola area di rarefazione
ossea riconducibile ad un allargamento dello spazio parodontale. L’autore ha rimosso la carie
utilizzando esclusivamente strumenti rotanti e ponendo un sottile strato di MTA sulla esposizione
pulpare e la dentina circostante. In alcuni casi è stato utilizzato una soluzione di Ipoclorito di
Sodio al 5% per ottenere l’emostasi del campo operatorio. I denti sono stati ricostruiti con sistemi
adesivi bicomponenti e resine composite di recente generazione in seconda seduta dopo aver
effettuato l’esame radiografico e controllato la vitalità pulpare con test termico del freddo e
l’effettivo indurimento del materiale. I pazienti sono stati richiamati ad intervalli regolari per 10
anni per valutare lo stato della polpa, la eventuale formazione di uno strato di dentina riparativa,
la presenza o meno di calcificazioni pulpari e canalari o riassorbimenti radicolari, la presenza o
meno di dolore alla percussione, la presenza o meno di una lesione endodontica visibile radiograficamente.
Dopo il periodo di osservazione di 10 anni hanno subito il trattamento endodontico 6 denti su
80, non si è riscontrato un aumento delle calcificazioni pulpari, la presenza di riassorbimenti
radicolari, lesioni endodontiche visibili radiograficamente. Tutti i denti rimasti vitali hanno
risposto positivamente al test termico del freddo. Le tre lesioni presenti sono scomparse
nell’ultimo controllo radiografico. Tutti e 4 i denti sintomatici hanno mantenuto la loro vitalità
pulpare.
Si è ottenuto un successo del 92,5%.
L’incappucciamento diretto della polpa mediante MTA può essere considerato un trattamento
efficace in caso di esposizioni dovuti a carie ed è da considerarsi una valida opzione di
trattamento per i denti con diagnosi non grave di pulpite reversibile.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Cet article est
publié en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-ncnd/4.0/)

Introduction
The maintenance of pulp vitality is a major goal of endodontics. Historically, the placement of a dressing material
directly upon the pulp affected by caries has always been
considered a controversial procedure, so that in such cases
a conventional endodontic therapy has often been recommended.8—12 The reluctance to apply a material in direct
contact with an exposed pulp in a carious field is
based on unpredictable results following the use of traditional protocols and materials. Moreover, when bacterial
byproducts induce pulpal inflammation, compromise
immune responses and impede cellular differentiation

and recruitment, normal pulpal repair mechanisms may
not function properly.
Consequently, the normal pulp repair mechanisms may not
work properly. Until a few years ago, researchers were
unable to select a reliable bio-active pulp-capping material,
which steadly stimulates cellular repair mechanisms, seals
dentin and promotes the formation of a reparative dentin
layer biologically stable.
Clinicians have used many different materials and techniques for direct pulp capping, including calcium hydroxide,
hydrophilic resins, glass-ionomer cements, resin-modified,
calcium silicates and, more recently, the Mineral Trioxide
Aggregate (MTA). Additional innovative technical progress
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used to lock caries and allow repairing potentially damaged
tissue employ lasers, ozone and bioactive agents which
induce and stimulate pulp defences.13—18 Direct pulp capping
has a variable success rate depending on technique and
materials employed. Such success rates ranges from 30% to
85% in retrospective studies (10 years backwards) executed
on humans.11,19—23 In a study by Raedael et al.24 the results of
a database of an insurance company have been reported to
evaluate the effectiveness of direct pulp capping in general
practice: in a total of 148,312 teeth success rate at 3 years
was 71.6%. A similar result is in the study by Aguilar and
Linsuwanont25: a systematic review with success rate at 3
years of 72.9%.
The recent progress made on understanding the physiology of the pulp, on the development of caries, on inflammatory mediators and pulp defense mechanisms have
changed the clinical approach adopted to remove caries
and capping protocols.26
The direct exposure of the pulp can constitute a constraint
occurring when cleansing and cleaning a carious cavity.
Before starting a successful treatment it is necessary to
diagnose reversible pulpitis, nonetheless undertaking an
effective diagnosis on the state of the pulp is a recurrent
issue.19
In 1996, Matsuo and colleagues23 assessed the factors that
influence the success of capping pulp. They positioned
calcium hydroxide dressings in contact with the pulp of
teeth affected by caries by using sodium hypochlorite
(NaOCl) to 10% for hemostasis and calcium hydroxide which
detects caries. According to their studies, the size and
location of exposure, the kind of tooth, the patient’s age,
the reply to percussion or thermal stimulation does not
affect the success rate. Furthermore if adequate hemostasis
is implemented, for instance by using hypochlorite at 10% of
concentration, the success rate is increased. Calcium
hydroxide, considered in the past the standard capping
material,27,28 is an option to generate reparative dentin,
however long-term studies have obtained variable and
unpredictable results.19—22 The material does not proficiently fit to the surrounding dentin, it is not conducive to
odontoblastica differentiation and has been shown to be
cytotoxic in cell cultures. Researchers who have used hydrophilic resins modified with glass ionomer cements as materials for direct hooding have obtained exciting results when
testing the resin upon primates,29,30 however they could not
obtain predictable results when applied to humans.31—34
The Mineral Trioxide Aggregate is a kind of concrete
consisting of an aggregate of mineral trioxides according
to its name. The team lead by Prof. Torabinejad has developed it at the University of Loma Linda in California (USA)
from year 1992 to 19933 to meet the demand to identify an
ideal concrete for the endodontic surgery, especially when it
is impossible to have a dry surgical field and when the cement
has a direct contact with the periradicular tissues and/or the
pulp.
From a physical—chemical point of view MTA is a powder
consisting of fine hydrophilic particles, which harden in
presence of moisture. On the chemical point of view MTA
is divided into calcium oxide and calcium phosphate as main
components. The further physical and structural analysis
identifies the cohabitation of two different phases: a crystalline phase rich of calcium, silicon and oxygen; an amorphous
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phase, rich of calcium and phosphates.3 The crystalline
phase, which consists primarily of calcium oxide, becomes
calcium hydroxide when interacting with the exudate, then
stimulating the formation of hard tissue repair.35,36
In a nutshell, Mineral Trioxide Aggregate is a bioactive
silicate cement that has proven to be an effective material
for direct pulp capping teeth of dogs and non-human primates, as studies conducted by Ford (1996), Juno (2000) and
Camilleri (2006)37—39 have demonstrated. Its small particles
size, sealing ability and marginal adaptation, the alkaline pH
once hardened and the slow release of calcium ions40 are all
behind its success.
The researchers have reported that MTA induces proliferation of pulp cells,41,42 it stimulates osteoblasts to release
interleukins4 with formation of hard tissue,43 and an interface with the dentin that is very similar in composition to the
hydroxyapatite.40 The new dentin bridge that is formed has a
thickness and a hardness far higher than that which is
obtained by dressings with calcium hydroxide44; also this is
done in a shorter time compared to the time taken from
calcium hydroxide.
The material cannot be absorbed, it hardens in presence
of moisture, it has a low resistance to compression and it has
an alkaline pH.3 Immediately after mixing pH rises at 10.2,
increases to 12.5 after three hours, stabilizes upon this value
during the initial days,3 then slightly decreases with time.4 At
a temperature of 37 8C and 95—100% of relative humidity MTA
requires 2 h and 45 min to get hard; its resistance to compression after 24 h is 40 MPa, however it increases up to
67.3 MPa 21 days after it is mixed.3 Some studies examining
in humans partial pulpotomie and direct pulp capping with
MTA, reported very favorable short-term results.45—49 Many
studies confirm best MTA performances once compared with
calcium hydroxide45,50—56 and MTA is still a better choice for
direct pulp capping.57
According to the randomized study of Hilton et al.51 conducted with 376 teeth treated with direct pulp capping on
calcium hydroxide or MTA, the failure rate at 24 months was
31.5% for the CaOH despite 19.7% for the MTA.
The observational study by Bogen et al.58 reports a success
rate at nine years of the 97, 96% of 49 teeth of 40 patients
between 7 and 45 years on which had been made direct pulp
capping with MTA.
Even more recently became available for sale a number of
calcium silicate substitutes based cements of the coronal and
radicular dentin cataloged in a new class of Portland cement
with high mechanical properties, excellent workability,
radiopacity and a much more rapid setting compared to
previous cements based on Portland.59,60 The Gandolfi MG,
Prati et al. studies61—65 confirm that calcium silicate-based
cements are biointeractive (ion-releasing) bioactive (apatite-forming) functional biomaterials. The high rate of calcium release and fast formation of apatite may well explain
the role of calcium silicate biomaterials as scaffold to induce
new dentin bridge formation and clinic healing.
Sin-Yeon Cho et al.66 in 2013 they have evaluated the
clinical results based on the type of pulp exposure; if the
pulpal exposure is of a mechanical type, such as in the case of
a fracture, is absent bacterial contamination and the long
term capping success is almost near to 100%.44 In the case of
pulpal exposure due to caries, there is a more or less important bacterial contamination, then it is assumed there is
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inflammation and subsequently it has less success chances. If
you suspect an important bacterial contamination Torabinejad2,3 recommends to precede the hooding with calcium
hydroxide dressing. If the exposure is on the axial wall of
a cavity the management and the application of MTA is more
difficult, either if the exposure is on the floor of a cavity the
material results easier to manipulate, therefore there will be
more predictability of success.
This study purpose was the monitoring of long-term success rate (10 years) of pulp exposures due to deep caries,
repaired with MTA.

Materials and methods
This study included 77 patients (46 females and 31 males),
aged between 14 and 68 years, who received a direct pulp
capping with Mineral Trioxide Aggregate of 80 teeth affected
by caries. The selected teeth were 48 molars, 23 premolars, 4
canines and 5 incisors diagnosed with reversible pulpitis
(Fig. 1). On all the teeth the following was performed: an
intraoral periapical radiography, a cold temperature test, a
percussion test, a periodontal perimetric probing. All the
teeth had an initial deep caries, in some cases in presence of
previous restorations. Both female and male patients had
stories of variable symptoms, from total absence of symptoms to hypersensitivity to thermal stimuli; 4 patients had
mild pain. All radiographs showed an evident deep caries
close to the pulp chamber with no evidence of involvement of
the periodontal ligament (PDL), radiolucency at the furcation, internal reabsorption or other periapical pathologies; in
three teeth the radiography showed a small area of bone loss
due to a widening of the periodontal space. Clinically, all
teeth had normal mobility and periodontal probing in the
absence of swelling or fistulas; no teeth treated in this study
had pain to percussion.
Control groups have not been used since the objective of
the study was to monitor the pulp survival time by using a
specific protocol and therefore periodic controls were programmed to assess the vitality of dental pulp.
All direct pulp capping have been performed by the
author. After achieving anesthesia, rubber dam was placed
on all patients and, where necessary, a sealant (liquid dam)
was used to prevent contamination of saliva and oral fluids.
Therapies were performed using a minimum of 5 magnification (loopes), in some cases the surgical microscope with
variable magnification from 7.1 to 18.6 has been used as a
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magnifying tool. For the excavation and the cleaning of the
caries the operator used diamond burs mounted on highspeed handpiece and round burs with tungsten carbide blades
mounted on low-speed.
The operator continued to remove caries even after pulp
exposure and stopped with the excavation only when he
visually noticed the complete removal of decayed tissue both
in presence of caries over the pulp roof chamber and on the
axial wall. To achieve hemostasis, only in some cases, the
operator used sodium hypochlorite (NaOCl) 5% by soaking a
cotton swab and placing it directly on the exposure. The
waiting time required to achieve hemostasis ranged from one
to three minutes. Cases requiring more than 3 min to achieve
hemostasis were excluded from the study and managed with
a conventional endodontic treatment. After hemostasis, the
site was well rinsed with water filled syringe and the dentin
dried through air jet. After mixing gray or white MTA according to the manufacturer’s instructions, the operator placed a
layer of 1.5—2 mm of concrete directly on the exposed pulp
and surrounding dentine, leaving 1—2 mm of free dentin and
enamel in order to perform adhesive procedures in the
restoration phase. Then the operator directly placed a water
moistened cotton swab on the material and reconstructed
the tooth with a temporary material.
The complete treatment is shown in Fig. 2 in all steps.
Patients were instructed to immediately call the dentist in
case of pain or severe discomfort after treatment. The
capped teeth were then reconstructed permanently with
adhesive technique after about a week. Most of the patients
involved in this study were asymptomatic and had a normal
response to cold temperature tests before the final prosthesis
placement. Some showed temporary post-treatment hypersensitivity lasting from a week to a few months. Subsequently, in the second session, with deep anesthesia aid
the operator positioned the rubber dam and removed the
temporary material. He then checked the MTA hardening and
removed eventual cotton fibers stuck to the material using an
excavator. Subsequently, the operator has finally rebuilt the
treated tooth with a composite restoration by applying the
adhesive-dentin directly on the hardened MTA system and the
surrounding dentin. In 34 cases the tooth has been reconstructed with indirect technique using composite inlay. Follow-ups have been planned and carried out at three months,
at six months and then annually. Follow-ups consisted in
taking periapical radiographs, testing capped pulp teeth with
a cold stimulus (pulp vitality test) and with percussion. The
intraoral radiographs were evaluated to verify any formation
of reparative dentine, presence of any calcification of the
pulp, radicular resorptions and absence of pathology above
all. The marginal sealing integrity of the final restorations has
also been evaluated.

Results

Figure 1

Type teeth distribution in the clinical study.

80 teeth treated in 77 patients have been observed for a
period of 10 years. Patients who have not responded to
control appointments were excluded. The age of the patients
varies from 14 to 68 years, 47 were females and 33 males.
Four patients before treatment complained of a moderate
pain; the cold temperature test revealed a normal response
on all 80 teeth. The pulpal exposure presented a certain
degree of bleeding in about half the cases. The operator has
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Figure 2 Complete treatment sequenze of MTA direct pulp capping of asymptomatic 3.7 in a 36 years old women. (A) Preoperative
radiograph showing the deep caries. (B) Preoperative image. (C) Deep caries. (D) Pulpal exposure. (E) Copious bleeding. (F) Placement
of Sodium Hypoclhorite 5% pellet to stop bleeding. (G) End of the bleeding. (H) Placement of grey MTA in a thickness of 2 mm. (I)
Placement of moistened cotton pellet. (J) Temporary filling. (K) Postoperative Rx. (L) Hardening control after 1 week. (M) Adhesive
procedures. (N) Adhesive procedures. (O) Composite build-up. (P) Composite Onlay. (Q) Composite onlay cementation. (R) Post
restaurative image. (S) Radiographic control 1 year. (T) Radiographic control 5 years. (U) Radiographic control 10 years.
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Figure 3

10 years clinical results.

carried out direct pulp capping using gray MTA on 43 teeth
and white MTA on 37. In two pulp capping made on molars,
the second control has detected not hardening of the material (white MTA); subsequently the material was removed and
new MTA was placed, then three appointments were necessary. The survival of the pulp in the teeth after 10 years
reached 92.5%, six teeth had to go for endodontic treatment;
It has not shown an increase of pulpal calcification, the
presence of radicular resorptions, endodontic lesions radiographically visible (Fig. 3). All vital remaining teeth have
responded positively to the cold temperature tests and
negatively to the percussion test. The three lesions have
disappeared in the last X-ray control. All 4 symptomatic teeth
have maintained their pulp vitality (Fig. 4).

Discussion
Formation of a dentin bridge radiographically visible in 27.5%
of cases (22/80) was recognized, presenting the normal
thickness of the periodontal ligament (PDL) in all observed
teeth. The presence of calcifications and pulp stones in 10%
(8/80) of the teeth was evaluated. Some teeth with hooding
made of grey MTA presented discoloration. All teeth with
hooding provided a normal reply to the cold-temperature
tests up along a ten-year time frame, with no radiographic
evidence of disease. The results of this study show that this
procedure can have a favorable long-term outcome; Mineral
Trioxide Aggregate was used as material for direct pulp
capping, following the protocol described which provides a
therapy within two assessments. The complete removal of
caries thus obtaining effective hemostasis, and determining
the MTA hardening and post hooding reconstruction with
composite adhesive are the significant parameters checked.
The results suggest that Mineral Trioxide Aggregate is a very
valid capping material, definitely more effective calcium
hydroxide.
Results suggest that the Mineral Trioxide Aggregate is a
more effective capping material than calcium hydroxide.
Results represent an alternative treatment option for
patients who are not diagnosed with irreversible pulpitis.
The physical characteristics and bioactive properties of the
MTA have demonstrated to be the key success factors of this
study.3,4,40—42 The cement is hygroscopic, the presence of

blood or fluid does not affect its preparation.67 The high
alkalinity of the MTA, the release of calcium ions and the high
pH of 12.5 probably prevent the further microbial growth of
any residual bacteria that may have been remained after the
caries’ excavation and the cleaning. The high pH promotes
the extraction of growth factors from the adjacent dentin
regarded to be the responsible substance to produce dentin
bridge.68 Furthermore, the release of calcium ions generates
a layer of hydroxyapatite reaction on its surface when it
comes in contact with the tissue fluids, their presence contributes to produce reparative dentin.40 Torabiejad69 calculated on replicas of resin models that sealing of
physicochemical MTA dentin is absolute, with a gap equal
to 2.5 mm. This provides an insoluble barrier against microleakage much more effective than the barrier that calcium
hydroxide produces, which can show the gaps at the interface
with the dentin of 7—15 mm.70 Once cured the MTA is not
absorbable, while the calcium hydroxide can be dissolved
under restoration, allowing the potential entry of microorganisms and subsequent microbial contamination of dentin.
This possibility can trigger a continuous irritation of the pulp
and produce dystrophic calcification and potential degenerative changes indeed.71,72
Normally capping material should be applied slightly
beyond the place of exposure, around a small area of the
surrounding dentin. In this study MTA was applied upon the
exposed area of the pulp and upon the entire axial wall of the
cavity prepared for the restoration to have a thickness of
1.5—2.0 mm. Where the exposure is on the axial wall of a
preparation of class II, the MTA must also be positioned along
the cervical base of the cavity surface. The MTA application is
completed by applying a shutters ball and a microbrush,
which sometimes may be very slightly moistened, also covering 1 or 2 mm of the surrounding dentin. A small wet cotton
ball should be positioned to clean but especially to transfer
further moisture which ensures the MTA hardening. The gray
and the white MTA have presented the same results. The
following elements have proved to be crucial steps with
extreme importance for this study:
 a rubber dam,
 a magnification system,
 a rigid protocol providing a precise and careful removal of
caries,
 a scrupulous execution of all clinical tasks.
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Figure 4 Radiographic and photographic images of symptomatic pulp capping of 3.5 in a 55 years old women. (A) Preoperative
radiograph showing the deep caries close to the pulp, with radiography made horizontally you can not see well the periapical area. (B)
Diagnostic radiography vertically made where you can see the periapical area and a small apical radiolucency. (C) Diagnostic image. (D)
View of the deep caries. (E) Cleaning of tooth decay and pulpal exposure. (F) Placement of grey MTA in a thickness of 2 mm. (G)
Positioning of a damp cotton pellets to harden the material. (H) Postoperative Rx. (I) Temporary filling. (J) Final restoration. (K) 1 year
radiographic control, it remains still visible a small lesion. (L) 4 years radiographic control, it remains still visible a small lesion. (M) 10
years radiographic control, radiographic healing

The study demonstrates that theeth pulp from humans can
easily heal. This situation can be easily improved by removing
caries effectively but in a conservative manner at the same
time by using bioactive capping materials, followed by adequate restoration and sealing.
Pulpar reparation and capping were successfully implemented in young patients66; the presence of larges apical
foramens, of a significant pulp vascularization, and the
intense activity of immuno cells are regarded the success
factors as they can boost the pulp healthy and active status.22
In fact with time passing by and following some traumas the
pulp regenerative capacity decreases,73,74 where the worst
results were detected in patients aged more than 60 years.75
In the present study we applied on all pulps a 5% solution
composed of NaOCl as emostatic agent only in 20% of cases
and only when blood was leaking following dentin excavation
and cavitary curettage. In recent cases of bleeding emostasis
occurred after 5 min the pulp trumpet self-repaired. Since
1950 Sodium Hypoclorite was used as a pulp emostatic agent
with several positive features like excellent emostatic
agent76 and allows microbiological decontamination of residual dentin and contributes creating a fibrin clot.

Even if some past studies have demonstrated that using
NaOCl at a concentration higher than 0.025% is not leading to
wound healing, nonetheless when it is used as emostatic
agent on dental pulp77 it appears that dental pulps present
positive reactions.78,79 Within this study there were no dental
pulps which were negatively affected by direct contact with
NaOCl 5% along 5 min. In the case that bleeding lasted longer
than 5 min, the traditional endodontic treatment was
applied, therefore disregarding the capping technique to
preserve dental pulp. This study did not involve direct pulp
capping upon teeth with open and immature apex, where
apexogenesi was still ongoing.

Conclusions
Mineral Trioxide Aggregate used as correct caries removal
and NaOCl used as an agent to achieve hemostasis and
disinfection and adhesive systems both with last generation
composite resins are crucial steps to proceed along the direct
pulp capping protocol for exposures due to tooth decay.
Direct pulp capping should be executed only when the
pulp is not in a severe condition with a diagnosis leading to a
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reversible pulpitis. Dentists should be aware that this clinical
study was conducted by a single operator that followed a
rigid and strictly-driven protocol; it is mandatory to use the
rubber dam and a magnifying device. By making sure that all
diagnostic and running operating procedures were applied it
is possible to achieve very good results. This study, where
Mineral Trioxide Aggregate was used as a material for direct
pulp capping following the standing protocol with built-in
therapy of two assessments, shows as results a favorable
long-term outcome after this procedure and can be considered a valid alternative to endodontic treatment. This therapy is traditionally applied on deep caries directly affecting
the pulp.
Direct pulp capping with Mineral Trioxide Aggregate and
all future bioactive materials including calcium silicates
belong to the world of minimally invasive therapies, which
is the should-be-followed direction by the dental profession
nowadays.
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Abstract
Aim: The objective of this research is to evaluate the actual temperature of sodium hypochlorite
when heated inside the root canal using two heating techniques.
Methodology: Four second lower premolars were selected for this study. Five thermocouples Ktype for each tooth were used. Each tooth equipped with thermocouples was mounted with
Duralay resin into an aluminum tube, and a thermo-controlled heater equipped with and an
aluminum block was used to control and maintain the temperature of the tooth environment at
37 8C. 5% of sodium-hypochlorite (NaOCl) was heated according to two methods: extra-oral
heating using a kettle and intracanal heating using the System B. and temperature analysis was
performed through the SmartView software (Fluke Corporation, Everett, WA, USA). Analysis of
variance through the OriginLab Pro7 software (Northampton, MA, USA) at a significance level of
0.05 using the Bonferroni method was performed to compare temperature data.
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Results: The results showed that the pre-heated NaOCl (extra-oral heating) stabilizes within
seconds to body temperature. While it was possible to obtain higher temperatures for a longer
time, using the intracanal heating technique.
Conclusions: The advantages of heated NaOCl are numerous. For example, increased antibacterial activity, higher ability to dissolve organic tissue and decrease viscosity. The current
study showed that the intracanal heating technology was able to achieve better results.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Riassunto
Obiettivi: L’obiettivo di questa ricerca è quello di valutare le reali temperature dell’ ipoclorito
di sodio, quando riscaldato all’interno del canale radicolare, utilizzando due tecniche di
riscaldamento.
Materiali e metodi: Quattro secondi premolari inferiori sono stati selezionati per questo studio.
Cinque termocoppie K-Type sono state utilizzate per ogni dente. Ciascun dente dotato di
termocoppie è stato inserito, utilizzando resina Duralay, in un cilindro di alluminio, e un
riscaldatore termo-controllato è stato utilizzato per controllare e mantenere la temperatura
del dente a 37 8C. 5% di ipoclorito di sodio (NaOCl) è stato riscaldato, all’interno del canale
radicolare, attraverso due modalità: riscaldamento extra-orale con un bollitore e riscaldamento
intracanalare utilizzando il portatore di calore del system B. Le temperature sono state analizzate
attraverso il software SmartView (Fluke Corporation, Everett, WA, USA). L’analisi della varianza,
per confrontare i dati delle temperature, è stata eseguita, in un livello di significatività di 0.05 con
il metodo di Bonferroni attraverso il software OriginLab Pro7 (Northampton, MA, USA).
Risultati: I risultati hanno evidenziato che l’ NaOCl preriscaldato (riscaldamento extra-orale) si
stabilizza in pochi secondi alla temperatura corporea. Mentre è stato possibile avere temperature
elevate per un tempo più lungo, utilizzando la tecnica di riscaldamento intracanalare.
Conclusioni: I vantaggi dell’ipoclorito di sodio riscaldato sono numerosi: maggiore attività antibatterica, elevata capacità di sciogliere tessuti organici e diminuzione della sua viscosità.
L’attuale studio ha evidenziato che la tecnica di riscaldamento intracanalare riesce ad ottenere
risultati migliori.
 2017 Società Italiana di Endodonzia. Production and hosting by Elsevier B.V. Cet article est
publié en Open Access sous licence CC BY-NC-ND (http://creativecommons.org/licenses/by-ncnd/4.0/)

Introduction
The bacteria and their by-products are the main etiologic
factor of pulp and periapical infection.1 The goal of modern
endodontics is to achieve adequate shaping, appropriate 3D
cleaning followed by a complete obturation of the complex
root canal system with thermoplasticized gutta-percha.2
The most critical phase, where the bacterial load is
lowered, is the three-dimensional cleaning taking into consideration that the endodontic space is not composed only by
the main canal but it also consists of a much more complex
system (Figs. 1 and 2). For years, the three-dimensional term
has always been attributed only to the phase of obturation
using the thermoplasticized gutta-percha.
3D cleaning is not new, and this term emphasizes the
importance of the activation of the three-dimensional irrigation. If the heated guttapercha can travel through the complex anatomy of the root canal space, then the activated
irrigant can do even more powerful penetration. In conclusion it is logical that the term ‘‘3D’’ must not only be used to
describe the phase of obturation, but also, and especially, for
the cleaning phase.
The heating of NaOCl increases its antibacterial and dissolving abilities, also heating NaOCl lowers its viscosity
allowing better penetration.3,4

The objective of this research is to evaluate the real
temperature of sodium hypochlorite when heated inside
the root canal using two heating techniques. The first method
is the commonly used technique that involves preheating at
508.5 The other one is a new technique, which involves
heating directly into the root canal.6

Materials and methods
Four second lower premolars extracted for periodontal reasons, were selected for this study. Each tooth was prepared
using Protaper Next system until X3 File to the full W. L.
Irrigants used were 5.25% NaOCl and 17% EDTA.
Three thermocouples K-type for each tooth were inserted
through holes drilled from the root surface to the root canal
and positioned at the apical foramen (Ta), at the apical third
5 mm from apex (T5 mm) and at 10 mm from apex (T10 mm);
Each tooth equipped with thermocouples was mounted using
Duralay resin into an aluminum tube, and a thermo-controlled heater equipped with and an aluminum block was
used to control and maintain the temperature of the tooth at
environment temperature 37 8C (Fig. 3)
Thermocouples were connected to the NI DAC interface
(MOD National Instruments Corporation, Austin, TX, USA),
and signals were recorded through the LabView system
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Figure 1 Showing apical third of mandibular premolar with
complex endodontic system.

(National Instruments Corporation) at a rate of 10 points per
second for 300 s.
5.25% of sodium-hypochlorite (NaOCl) was heated according to two methods: extra-oral heating using a kettle and
intracanal heating the System BTM. NaOCl was heated at
50 8C, 60 8C and 70 8C through the extra-oral heating
method. During the intracanal heating method, the XF-04
was used, and temperature settings at 100 8C, 150 8C and
180 8C were investigated.
The thermocamera Fluke Ti10 (Fluke Corporation, Everett, WA, USA) was used to record the effective temperature
profiles along the plugger, and temperature analysis was

Figure 2

Figure 3 Thermocouples placement, thermo-controlled heater and System-B.

performed through the SmartView software (Fluke Corporation, Everett, WA, USA).
Analysis of variance through the OriginLab Pro7 software
(Northampton, MA, USA) at a significance level of 0.05 using
the Bonferroni method was performed to compare temperature data.

Results
The results showed that the NaOCl pre-heated to 50 8C, 60 8C
and 70 8C stabilized in a few seconds to body temperature.

Showing loop with isthmus of lower incisor.
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Table 1 Time at which the temperature at the apical third and middle third regions of the root canal is at a temperature level
higher than 40 8C, 50 8C or 60 8C. Numbers into brackets represent the standard deviation.
Method

Extraoral heating

SystemB XF-30-04

Temperature
setting [8C]

Ta

T5 mm

Dt [s] for
T > 40 8C

Dt [s] for
T > 40 8C

Dt [s] for
T > 50 8C

Dt [s] for
T > 60 8C

Dt [s] for
T > 40 8C

Dt [s] for
T > 50 8C

Dt [s] for
T > 60 8C

50
60
70
100
150
180

—
—
—
—
0.9 (0.5)
57.6 (6.3)

—
—
5.1
27.3
74.1
108.4

—
—
—
2.8 (1.4)
8.2 (3.1)
18.2 (5.8)

—
—
—
—
—
3.3 (1.2)

—
—
5.8
25.7
61.1
101.6

—
—
—
—
5.5 (2.8)
14.4 (4.9)

—
—
—
—
—
—

(2.8)
(5.6)
(9.1)
(9.8)

Furthermore, in the apical third, the most critical area from a
cleaning point of view, was never able to reach 40 8C. While
with the intracanal heating technique of NaOCl using the heat
carrier 30/04 of System-B managed to bring the irrigant to a
higher temperatures for a longer time span (Table 1).

Conclusions and discussions
The bacteria and their by-products are the main etiologic
factor of pulp and periapical infection. Complete sterilization of endodontic system with the available technology
today is still impossible. The goal of modern endodontics is
to decrease the bacterial load to a level that can enable the
body’s own defense system to gain healing.1,8,9
The irrigant commonly used in endodontics, to lower the
bacterial load and to dissolve the organic tissues is NaOCl.10
The action of NaOCl can be increased by heating to increase
its temperature. The advantages of heated NaOCl are numerous. For example, increased antibacterial activity, higher
ability to dissolve organic tissue and decrease viscosity.3,4
Woodmansey7 found that NaOCl at boiling temperatures
could disintegrate the pulp tissue at a speed of 210 times
higher than the same irrigant at room temperature.
For these reasons a new technique was applied in this
study that involved the heating of irrigant directly inside the
root canals,6 as the extraoral technique was ineffective in
maintaining the temperature of the pre heated NaOCl inside
the root canal.
The new technique has involved, after the shaping step,
filling the root canal with NaOCl at concentration of 5.25%
and using the heat carrier 30/04 of the System-B to 3 mm
from the working length.
The heat carrier did not touch the root canal walls.
The heating cycle lasted 5—10 s.
During the heating cycle of the heat carrier the carrier was
moved in up and down strokes.
Fresh solution of NaOCl was introduced inside the canal
after each cycle.
Five to ten heating cycles were performer for each tooth.
More research is needed to scientifically validate this
technique, however, the clinical results that can be achieved
using this new protocol is giving very satisfactory and promising results.6

T10 mm

(3.1)
(5.1)
(5.8)
(13.8)

Clinical relevance
The experiment carried out in this study emphasizes on how
the intracanal heating technology is able to achieve better
results than the extraoral technique.
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LETTERA DEL PRESIDENTE

Carissimi Soci,
con il Congresso di Roma sono entrato in carica come Vostro Presidente e
avrò il delicato compito di guidare con il consiglio direttivo da voi eletto, la
nostra gloriosa società per il prossimo biennio.
La SIE non è soltanto una società scientifica ma una meravigliosa famiglia
dove far prevalere non gli interessi del singolo ma dei soci tutti.
Abbiamo ridotto la durata del consiglio da tre a due anni per cui il turnover
dei consiglieri sarà più rapido e questo anche per dare a un maggior numero
di soci la possibilità di lavorare nel comune interesse. È stata istituzionalizzata per la prima volta la figura del tesoriere e del responsabile della comunicazione per cui ogni membro del consiglio direttivo ha un ruolo ben definito.
L’assegnazione dei ruoli è stata realizzata nella prima riunione del consiglio
ed è stata votata con voto unanime dal consiglio stesso:







Maria Teresa Sberna
Vittorio Franco		
Roberto Fornara		
Mauro Rigolone		
Filippo Cardinali
Italo Di Giuseppe

Vice Presidente
Presidente eletto
Segretario
Coordinatore culturale
Tesoriere
Coordinatore della comunicazione

A questi sei consiglieri si affiancano i due revisori dei conti Katia Greco e Alberto Rieppi oltre al Past President
Pio Bertani ed al sottoscritto.
Questi cambiamenti, voluti dal consiglio direttivo sotto la guida di Pio Bertani a cui va il mio più sincero
apprezzamento per il lavoro svolto nel precedente mandato, impongono delle responsabilità ben precise nel
nuovo consiglio.
Con l’augurio che questa nuova impostazione porterà un miglioramento della attività societarie, lavoreremo
affinché le diverse commissioni possano dare sempre maggior lustro alla nostra società. Infatti le commissioni
rappresentano anche l’ideale “fucina” per formare e individuare quei soci meritevoli e capaci che potranno
ambire a ruoli sempre più attivi all’interno della Società.
Un particolare ringraziamento va a Vittorio Franco che per sei anni, ricoprendo il ruolo di segretario-tesoriere,
ha lavorato a tempo pieno per la nostra società, ed al nuovo segretario, Roberto Fornara, che insieme al
coordinatore culturale Mauro Rigolone rientrano per ruolo nei miei più stretti collaboratori.
Voglio concludere con una parola che i più vecchi soci ricorderanno e che è stata pensata da una mia carissima amica non per ritornare al passato, ma perché il futuro esiste soltanto se non dimentichiamo la nostra
storia. La parola è inSIEme.
Tutti i soci potranno dare il loro contributo per rendere la nostra società sempre più attrattiva nel panorama
nazionale ed internazionale.
Augurandovi un buon lavoro vi saluto tutti con grande stima.
Il Presidente SIE
Francesco Riccitiello
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HDL™ 2.5x Macro e HDL™ Prismatici
Orascoptic, leader mondiale nella produzione dei sistemi di ingrandimento, nel 2017 ha presentato sul mercato due
nuove tipologie di sistemi ingrandenti:
•
•

HDL 2,5X MACRO
HDL PRISMATICI (DISPONIBILI CON INGRANDIMENTI 3,5X-4,5X-5,5X)

I sistemi ingrandenti Macro e Prismatici presentano un design compatto
con un finish metallico in nichel spazzolato sugli oculari che offre un elemento esteticamente gradevole. Un
rivestimento anti riflesso inserito negli
oculari garantisce il passaggio di maggior luce per un’immagine brillante e
più nitida mentre un rivestimento antigraffio dà alla lente un ulteriore strato
di protezione per aiutare a preservare
la vita dell’oculare. HDL Macro offre
una larghezza di campo consistente
che permette di muoversi facilmente
all’interno del campo di lavoro e vi-

sualizzarlo con facilità. E’ un sistema
ingrandente ideale per coloro che per
la prima volta si affacciano all’utilizzo
dei sistemi ingrandenti così come per
gli utilizzatori abituali.
La nuova linea di oculari prismatici
HDL, tra cui il massimo ingrandimento
avuto finora ovvero 5.5x, è stata progettata per i professionisti medici che
eseguono procedure esigenti. I prismatici HDL Prism permettono interazioni
precise, una maggiore visibilità ed un
comfort personalizzato. La dimensione aumentata dell’oculare rispetto alla
gamma di prismatici precedente permette una migliore visualizzazione e
nitidezza di immagine, risultando più
luminosa grazie all’alta definizione delle ottiche.
A fine 2016 inoltre Orascoptic ha lanciato il nuovo Eyezoom Mini, il 2° sistema ingrandente con più ingrandimenti

in un unico occhiale. Dopo il lancio di
Eyezoom, l’unico sistema ingrandente
che comprende ingrandimenti da 3x
a 5x, ora è disponibile Eyezoom Mini
che prevede 2 ingrandimenti variabili,
da 2,5x a 3,5x. Questa ottica innovativa garantisce all’utilizzatore l’ingrandimento ottimale per ciascuna procedura di lavoro. Sia per Eyezoom che per
Eyezoom Mini le ottiche e gli oculari
sono ingegnerizzati da Orascoptic in
collaborazione con Konica Minolta.

Per ulteriori informazioni visita il sito
www.simitdental.it

Scarica la versione demo
gratuita dal sito www.3dendo.com!
E’ il primo software basato su CBCT studiato per migliorare la pianificazione del trattamento endodontico per una
maggior predicibilità.
Studiato per migliorare la qualità del trattamento
•
Isolamento del dente visualizzato
•
Chiara visualizzazione dell’anatomia del dente in 3D
•
Identificazione di tutti i canali
•
Anticipazione delle aree di rischio
Previsualizzazione della realtà clinica
•
Valutazione in 3D della lunghezza di lavoro e della profondità della cavità d’accesso
•
Localizzazione degli orifizi canalari senza aprire il dente
•
Pianificazione per un accesso ottimale alla cavità e per la strumentazione finale
•
Valutazione delle irregolarità dei canali secondo le loro curvature
Un modo intuitivo per analizzare i dati della scansione CBCT
•
Metodo semplice ed efficace per tutti i casi
•
Facile e veloce da utilizzare (apprendimento in 30 minuti)
Simulazione della videocamera intra-radicolare
Visualizzazione lungo il canale della teorica area di taglio degli strumenti Dentsply Sirona Endodontics.
“Il software 3D Endo™ Software di Dentsply Sirona è un nuovo ed entusiasmante software da
utilizzare con la CBCT in endodonzia. Questo software dedicato consente un trattamento
endodontico più efficiente.”
Dr. Shanon Patel

3D Endo™ è un metodo semplice ed efficace per tutti i casi.

Two files to shape
2Shape è un sistema NiTi innovativo e versatile in grado di trattare la
maggior parte dei canali radicolari.
La sequenza clinica breve con soli due strumenti e l’elevata efficienza di taglio
riducono i tempi di sagomatura rispettando l’anatomia originale del canale.
La nuova sezione asimmetrica con due profili di taglio principali e uno
secondario, garantisce un’eccellente capacità di taglio e aumenta l’efficacia
dello spazzolamento in appoggio parietale per una pulizia selettiva ed efficace.
Il rischio di rottura dello strumento è significativamente ridotto grazie
all’esclusivo trattamento termico T-Wire, brevetto Micro-Méga,
che aumenta la resistenza dello strumento alla fatica ciclica (+40%) e permette
una migliore negoziazione delle curve. I due strumenti ritornano alla loro forma
originaria dopo ogni utilizzo.
Gli strumenti sono disponibili in blister presterilizzati da 5 file nelle lunghezze 21,
25 e 31 mm. Il sistema include anche due strumenti per la rifinitura dell’apice,
oltre a coni di carta e di guttaperca corrispondenti alle misure dell’ultimo
file usato.

DISTRIBUTORE ESCLUSIVO PER L’ITALIA
DENTALICA S.p.A. – Via Rimini, 22 – 20142 Milano
T 02.895981 – F 02.89504249 – info@dentalica.com – www.dentalica.com

EndoExplorer KOMET
APERTURA ULTRACONSERVATIVA DEGLI IMBOCCHI CANALARI

EX1 204 007

EX1 310 007

EX1L 204 007

EX1S 204 007

KOMET sta investendo molto in ambito endodontico,
per migliorare e semplificare il più possibile il lavoro
dello specialista e del generalista. Per l’apertura del
pavimento della camera pulpare e l’esposizione di canali obliterati o la rimozione di strumenti fratturati è
importante disporre di strumenti taglienti con parti
operative sottili, in grado non solo di aprire la strada
negli imbocchi, ma anche di creare lo spazio utile per
esporre le parti da rimuovere.
Rispetto alle classiche palline, la parte operativa
ridotta e il collo ultrasottile delle frese EX1 e EX2
(queste le sigle degli EndoExplorer) consentono una
lavorazione ancora più conservativa e mirata.
La punta tagliente degli EX1 e EX2 è in grado di
esporre gli strumenti fratturati o la guttaperca e di

EX2 204 011

EX2 310 011

EX2L 204 011

EX2S 204 011

lavorare sul pavimento della camera pulpare. Affinché il medico possa esercitare il necessario controllo,
occorre impiegare questi strumenti a basso numero
di giri e a bassa pressione operativa.
Questi strumenti danno il massimo se usati sotto sistemi ingrandenti.
Una volta rettificate le pareti della camera pulpare
con la fresa EndoGuard, che – grazie alla punta non
tagliente di sicurezza – non altera l’anatomia del pavimento della camera, si utilizzano gli Endo Explorer
per un’asportazione decisamente più “chirurgica” e
mirata in prossimità degli imbocchi.
Il kit 4664 contiene tutto l’armamentario delle singole frese EndoExplorer a gambo CA per qualsiasi
caso clinico.

KOMET Italia S.r.l. | info@komet.it | www.komet.it

TriAuto ZX2

Massima precisione e sicurezza
per il canale radicolare.

Il nuovo sistema endodontico aumenta l’efficienza e la sicurezza.
In Endodonzia la necessità di lavorare su strutture minuscole, in spazi molto limitati ed anche
le particolari situazioni Anatomiche coinvolte
pongono richieste straordinarie alle competenze del dentista, richiedendo sforzi speciali per
garantire la sicurezza dei pazienti. Pioniere nel
campo della Endodonzia, Morita ha sempre offerto soluzioni di alta qualità per i dentisti per molti
decenni, puntando all’efficienza, comfort e sicurezza. Un esempio di questo è il nuovo TriAuto
ZX2, un motore endo cordless, con localizzatore
apicale integrato che ora include una funzionalità
innovativa per una maggiore sicurezza: la funzione ottimale glide path (OGP) mira a procedure
ancora più precise all’interno del canale radicolare e guida i dentisti e i pazienti al successo del
trattamento, seguendo percorsi sicuri.
L’Endodonzia ha svolto un ruolo fondamentale in
più di 100 anni di storia di Morita. Già nel 1991, è
stato introdotto il primo Apex Locator del mondo
che ha utilizzato le misure di impedenza, il Root
ZX. Il passo successivo in questo sviluppo è stato
il sistema modulare DentaPort ZX che grazie alla
possibilità di integrazione con il Motore Endo , ha

facilitato la preparazione del canale radicolare.
Con il TriAuto ZX2, Morita ora presenta un nuovo
motore endo con localizzatore apicale integrato.
Il successore del TriAuto ZX, è l’unico sistema endodontico sul mercato che combina entrambe le
funzioni in un unico manipolo.
Un display LCD mostra misure precise e fornisce un feedback perfetto dall’interno del canale
radicolare. Oltre a questo, il TriAuto ZX2 presenta
due caratteristiche di sicurezza innovative: l’Optimum Torque reverse (OTR) e l’Optimum Glide
Path (OGP).
La funzione OTR consente di cambiare la direzione di rotazione del file quando viene superato
il livello massimo di coppia. Combinata con la piccolissima rotazione angolare, il rischio di rotture
di file e microfessure è minimizzato. Inoltre, il
sistema conserva il canale radicolare originale e
assicura la rimozione affidabile dei detriti.
La nuova funzione OGP semplifica la creazione
del percorso canalare, rendendolo veloce e sicuro, e automatico. In più, il motore può realizzare
la pervietà apicale usando una lima # 20 o più
piccola. Possono essere utilizzati NiTi file di di-

mensioni # 20 o più piccoli e file in acciaio dalla
dimensione # 15. La funzione OGP in combinazione con quella OTR permette allo strumento endodontico di essere portato alla lunghezza di lavoro
più velocemente di quanto precedentemente
possibile, senza blocco o formazione di scalini.
Inoltre, TriAuto ZX2 conserva la struttura del
dente naturale e rende il trattamento ancora più
economico a causa di un ridotto consumo di file.
Il display LCD mostra tutti i parametri importanti
a colpo d’occhio, fornendo il controllo completo
durante il trattamento.
Un’altra caratteristica chiave del sistema endodontico è la piccola testina ed il basso peso
(140 g), che permettono una migliore vista del
campo di trattamento. Il fatto di essere cordless
migliora significativamente la flessibilità di trattamento e ottimizza il flusso di lavoro. Il funzionamento semplice ed intuitivo e le funzioni
automatizzate garantiscono risultati affidabili
in ogni momento. La maggiore efficienza riduce
anche la durata del trattamento, fornendo tempo
supplementare per il risciacquo e la disinfezione
del canale radicolare.
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II Congresso Internazionale SIE
“Saving teeth: the Endo Challenge”
Auditorium del Massimo - Via Massimiliano Massimo, 1 - Roma
Resoconto a cura dott. Italo di Giuseppe, Coordinatore della Comunicazione SIE
Nelle giornate di Giovedì, Venerdì e Sabato 10-11-12 Novembre,
presso l’Auditorium del Massimo
di Roma, si è svolto il II Congresso
Internazionale della Società Italiana di Endodonzia, sul tema: “Saving Teeth: The Endo Challenge”.
Il Congresso è stato accreditato
ECM da CIC Provider e patrocinato dalle Università degli Studi di
Roma (Cattolica del Sacro Cuore,
Sapienza e Tor Vergata), dalla
Federazione Nazionale degli Ordini dei Medici Chirurghi e degli
Odontoiatri, da ANDI Nazionale,
AIO Nazionale e dal Collegio dei
Docenti Universitari di Discipline
Odontostomatologiche.
L’evento è stato supportato da
ben 25 Aziende e promosso in
collaborazione con il Media Partner “Infodent”; ha catalizzato
l’attenzione di ben un migliaio di
partecipanti tra Odontoiatri e studenti, provenienti in gran parte
dall’Italia, ma anche dal resto del
mondo, che per tre giorni hanno
popolato la sorprendente e arti-

colata struttura dell’Auditorium del
Massimo, sito nel cuore del quartiere Eur di Roma.
I lavori hanno avuto inizio Giovedì
mattina con l’ultimo appuntamento
del Corso di formazione teorico-pratico in Endodonzia, dal
titolo: “Endodonzia Chirurgica”;
molti degli 80 iscritti ai vari corsi
regionali con sede ad Ancona,
Brescia, Genova e Roma hanno
potuto seguire le relazioni “up to
date”, in materia di terapia endodontica retrograda, messe a punto
dai dottori Luigi Scagnoli e Mauro
Rigolone.
Nel pomeriggio dello stesso giorno, davanti a più di 300 iscritti,
si è svolto il Corso Pre-Congresso
dal titolo: “The use of bioactive
materials in Endodontics”, durante il quale si sono alternati 3 relatori di caratura internazionale, come
il prof. Giuseppe Cantatore ed i
dottori Gilberto Debelian e Samuel Kratchman, che hanno sviluppato un tema tra i più interessanti e
suggestivi del panorama culturale
endodontico da quando si è reso

LA COMMISSIONE ESAMINATRICE IL PREMIO LAVAGNOLI

SESSIONE PREMIO RICCARDO GARBEROGLIO

disponibile il primo MTA per uso
dentale nell’ormai lontano 1998.
Tre relatori per tre differenti parti
del corso: le perforazioni e la barriera apicale, otturazione canalare
e riassorbimenti, Endodonzia chirurgica.
I lavori del II Congresso Internazionale (Venerdì e Sabato) si sono
svolti contemporaneamente su 2
sale: la splendida sala Massimo
e la sala Rossa, riservata, quest’ultima, alle fasi finali dei premi
Garberoglio (2 sessioni Venerdì),
Lavagnoli (Venerdì pomeriggio)
e Riitano (Sabato mattina). Nella
sala Massimo, Venerdì 11, dopo
il consueto saluto del Presidente
uscente Dott. Pio Bertani e del neo
presidente prof. Francesco Riccitiello e delle numerose Autorità del
mondo scientifico, Accademico e
delle Associazioni di categoria,
tra cui il dottor Claus Lost, presidente della ESE, il numerosissimo
pubblico ha potuto seguire le
relazioni di altissimo livello dei
Dottori Pio Bertani, Paul Dummer,

Jorge Vera, Augusto Malentacca,
Francesco Abella Sans-Fernando
Duran Sindreu.
Dopo la pausa, dalle 14.00 alle
15.00, presso la hall Verde, si è
svolta un’interessante Poster Session e, sempre in sala Massimo,
sponsorizzate da Dentsply Italia e
Simit Dental, si sono tenute 2 Master Clinician Session, all’interno
delle quali hanno relazionato in
modo esemplare e accompagnati
da una dimostrazione live i dottori
Gaetano Paolone (Conservativa)
e Fabio Gorni (Endodonzia).
Le interessantissime relazioni dei
dottori Samuel Kratchman e Marco Martignoni e del professor
Gianluca Gambarini hanno di
seguito concluso i lavori in sala
Massimo per la giornata di Venerdì; da non sottovalutare, poi,
il grande successo delle Tavole
Cliniche nel foyer: 12 in tutto, 8
il venerdì e 4 il sabato. La formula
delle tavole cliniche è sempre più
apprezzata dai congressisti, che
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riescono ad interagire con il relatore contestualmente all’esposizione
della materia trattata.
Quest’anno, inoltre, anche diverse Tavole Cliniche Sponsorizzate
da Dentsply Sirona, Simit Dental,
Biomax, Isasan, J. Morita Europe
GMBH, Komet Italia, Novaxa, SS
White Dental, Wand Dental Inc,
che si sono tenute nelle giornate di
giovedì, venerdì e sabato presso
l’area espositiva, hanno arricchito il paniere dell’offerta culturale
a disposizione dei numerosissimi
intervenuti.
La Cena Sociale del venerdì sera
ha concluso una giornata di intensi
lavori nella intrigante e dinamica
sede di Eataly Roma, dove, tra
l’altro, veniva dato il benvenuto
tra i Soci Attivi al dottor Giuseppe
Squeo.
I lavori del Sabato mattina, presso
la sala Massimo dell’Auditorium,
hanno visto il succedersi di 6 impeccabili relazioni di altrettanti
grandissimi relatori quali i professori Sandro Rengo ed Elio Berutti,
i dottori Gilberto Debelian, Jean
Yves Cochet, Mario Lendini e,

TAVOLE CLINICHE SIE

dulcis in fundo, il giapponese dottor Yoshi Terauchi: quest’ultimo ha
presentato una tecnica ed un kit
che porta il suo nome per la rimozione di strumenti separati in zone
impossibili dell’endodonto, ha poi
tenuto un imperdibile corso nel
pomeriggio del Sabato, a lavori
congressuali terminati, riservato ai
soli Soci Attivi.
Dopo la presentazione della SIE
Position Statement sull’Asepsi,
documento redatto dalla Commissione Culturale della SIE in collaborazione con il dottor Domenico
Ricucci, si è proceduto all’assegnazione dei premi Riccardo
Garberoglio, Giorgio Lavagnoli
e Francesco Riitano:
- il Premio Garberoglio è andato ex aequo ai lavori dal titolo:
“Effectiveness of two integrated
systems for the treatment of maxillary central incisors with periapical
lesion: an 18-month randomized
clinical trial”, di Daniele Angerame, Matteo De Biasi*, Vittorio
Franco, Lorenzo Bevilacqua, Attilio
Castaldo;
e: “Properties of a novel polydi-

methylsiloxane endodontic sealer”, di Maria Giovanna Gandolfi,
Ashkan Karami Shabankare*,
Maria Rosaria Gatto, Carlo Prati;
- il Premio Lavagnoli è stato assegnato alla relazione dal titolo:
“Direct pulp capping with MTA: a
case series with a 10-year follow
up“, di Lucio Daniele*;
- il Premio Riitano, infine, consegnato da Giuseppina Riitano, è
andato alla relazione dal titolo:
“3D detersion, a perfected tecnique: thermal profile assessment of
heated NaOCl”, di Alfredo Iandolo*, Michele Simeone, Stefano
Orefice, Sandro Rengo.
La lunga maratona di tre giorni
si concludeva con l’intervento del
Presidente entrante prof. Francesco Riccitiello, che ad un pubblico
rimasto incredibilmente numeroso
fino alla fine, ha dato prima comunicazione del nuovo Consiglio
Direttivo:
Presidente:
prof. Francesco Riccitiello
Past-President:
dott. Pio Bertani
Presidente eletto:

dott. Vittorio Franco
Vice-Presidente:
dott.ssa Maria Teresa Sberna
Segretario:
dott. Roberto Fornara
Tesoriere:
dott. Filippo Cardinali
Coordinatore Culturale:
dott. Mauro Rigolone
Coordinatore della Comunicazione:
dott. Italo di Giuseppe
Revisori dei Conti:
dott.ssa Katia Greco
dott. Alberto Rieppi
Di seguito e per chiudere i lavori, il
professor Riccitiello ha dato a tutti
appuntamento al prossimo “35°
Congresso Nazionale SIE”, che si
terrà a Bologna dal 9 all’11 Novembre 2017 presso la già nota
sede del Palazzo della Cultura e
dei Congressi e che avrà per titolo: “Endodonzia tra fondamenti
e innovazioni”.

I RELATORI DEL CORSO PRE-CONGRESSO CON IL PRESIDENTE E IL SEGRETARIO
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L’ASSEMBLEA DEI SOCI

LA CERIMONIA DI APERTURA LAVORI CON IL SALUTO DELLE AUTORITÀ

INVITED SPEAKER PAUL DUMMER

L’AREA ESPOSITIVA

IL CATERING E L’AREA ESPOSITIVA

IL PRESIDENTE PIO BERTANI

TAVOLE CLINICHE SPONSORIZZATE

TAVOLE CLINICHE SIE
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INVITED SPEAKER JORGE VERA

SIMONE GRANDINI, FABIO GORNI, MARCO FERRARI E PIO BERTANI

LA PLATEA NELLA SALA DELL’AUDITORIUM DEL MASSIMO

TUTTI I PARTECIPANTI AI PREMI SIE DELLA SCUOLA TORINESE

MASTER CLINICIAN SESSION LIVE DENTSPLY ITALIA – GAETANO PAOLONE

SESSIONE POSTER

MASTER CLINICIAN SESSION LIVE SIMIT DENTAL – FABIO GORNI

PRESIDENTI DI SESSIONE E RELATORI DI VENERDÌ 11 NOVEMBRE
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INVITED SPEAKER MARCO MARTIGNONI

LA PLATEA NELLA SALA DELL’AUDITORIUM DEL MASSIMO

IL SALUTO DEL PRESIDENTE ENTRANTE RICCITIELLO ALLA CENA SOCIALE

IL NUOVO CONSIGLIO DIRETTIVO SIE BIENNIO 2017-2018

LA PLATEA NELLA SALA DELL’AUDITORIUM DEL MASSIMO

INVITED SPEAKER YOSHI TERAUCHI E IL PRESIDENTE RICCITIELLO

IL VINCITORE DEL PREMIO RIITANO ALFREDO IANDOLO, CON GIUSEPPINA
RIITANO, RENATO GULLÀ E I PRESIDENTI SIE BERTANI E RICCITIELLO

I RELATORI DEL CORSO “L’ENDODONZIA CHIRURGICA” LUIGI SCAGNOLI E
MAURO RIGOLONE CON PIO BERTANI E ROBERTO FORNARA
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SIE ENDODONTIC COURSES 2017 – Sede di Bolzano

Corsi di formazione teorico/pratici della Società Italiana di Endodonzia
Dott.Alberto Mazzocco

Si è tenuto nel periodo febbraio-aprile 2017 il Corso di Endodonzia organizzato dalla sezione triveneta della Società Italiana
di Endodonzia, a Bolzano.
Il primo incontro, incentrato sulla
diagnosi è stato sviluppato dal
dott. Gianfranco Vignoletti, insieme al dott. Renzo Raffaelli e il
dott. Sergio Rizzoli.
Il secondo incontro, in due giorni,
grazie anche al supporto di Si-

mit e Komet per le parti pratiche,
ha approfondito le tematiche
dell’isolamento, con la dott.ssa
Alessandra Dorigato, dell’apertura della camera pulpare, con il
segretario regionale dott. Alberto Mazzocco, della detersione
con il dott. Carlo Tocchio e della
sagomatura con il dott. Marco
Colla.
Nell’ultimo incontro, sempre di
due giorni, è stato completato

il percorso endodontico con il
dott. Alberto Rieppi sull’otturazione canalare, il prof. Daniele
Angerame sull’endodonzia chirurgica, il dott. Franco Ongaro
sui ritrattamenti, e sul restauro
post endodontico il dott. Alberto
Mazzocco, con parti pratiche su
denti e simulatori con il contributo
di Morita e Dentalica.

I PARTECIPANTI DELL’ENDODONTIC COURSE DI BOLZANO

PARTECIPANTE NELLA PROVA PRATICA

I PARTECIPANTI DELL’ENDODONTIC COURSE DI BOLZANO
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SINTESI DELLA GIORNATA ENDODONTICA REGIONALE CALABRESE - SCE

La terapia endodontica fra biologia e nuove tecnologie
4 marzo 2017 - Dott. Giuseppe Multari

Non poteva concludersi con
maggior successo questa Giornata Endodontica Regionale
Calabrese svoltasi al T hotel di
Feroleto Antico: d’altra parte condizioni climatiche eccellenti, una
location adeguata, ma soprattutto quattro relatori di eccezione
non potevano non portare un
risultato che definirei oltremodo
soddisfacente per chi ha organizzato l’evento.
La sede congressuale fin dalle

prime ore del mattino si è riempita di odontoiatri e studenti (circa 120 le presenze) che hanno
potuto assistere al succedersi di
endodontisti del calibro di Elio
Berutti, Sandro Rengo, Domenico
Ricucci ed Arnaldo Castellucci, i
quali, chi con immagini cliniche,
chi con immagini concernenti la
ricerca, hanno per tutta la mattina
ammaliato la platea. Una breve
tavola rotonda finale con numerose domande di approfondimen-

to per i relatori hanno concluso
un giornata che è sicuramente
riuscita a chiarire molti aspetti
della disciplina endodontica, alcuni anche molto controversi (la
possibilità di rigenerarsi da parte
dell’organo pulpare è stata sicuramente tra le più dibattute) e di
far luce ulteriormente specie per
i più giovani circa le possibilità
di recupero, sia con trattamento
ortogrado che chirurgico di denti
estremamente compromessi, sot-

tolineando che probabilmente la
terapia restaurativa debba essere
considerata, anche nell’ambito di
piani di trattamento estremamente
complessi, ancora la prima scelta
in un’epoca in cui potrebbe essere più comodo e più remunerativo far ricorso agli impianti.

I PARTECIPANTI DELLA GIORNATA ENDODONTICA CALABRESE E L’AREA ESPOSITIVA

PROF. LEONZIO FORTUNATO, PROF. SANDRO RENGO E DOTT. GIUSEPPE MULTARI

LA PLATEA

I PARTECIPANTI IN SALA
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SINTESI DEL SEMINARIO ENDODONTICO REGIONALE PIEMONTESE - SPE

Ricerca e clinica per il successo endodontico
8 aprile 2017 - Dott. Giulio Del Mastro

Una piacevole giornata!
Già, una giornata divertente fra
amici e cultori della materia, che
ha visto un’affluenza di cui andare orgogliosi e un mix di presenze incoraggiante tra studenti,
giovani colleghi e operatori più
esperti, a rimarcare la necessità
della presenza di tutti in questo
tipo di manifestazioni.
Gli studenti possono trarre ispirazione e trovare stimoli professionali dall’esempio di relatori competenti, con l’idea di diventarlo,
magari, a loro volta; i giovani

possono ambire a concretizzare
gli anni di studio e i loro primi
anni di pratica professionale con
la rifinitura di una presentazione
che comporta tempo, sacrificio,
aggiornamento, competenza e
quel pizzico d’intraprendenza
in più che, alle volte, può fare la
differenza.
I colleghi più navigati, perché c’è
sempre da imparare e per l’abilità di cui sono dotati nel trasporre
poi in pratica quotidiana quanto
proposto dalla ricerca.
Il momento più toccante della

giornata, e motivo di orgoglio
per la sezione, è stata la meritatissima standing ovation a
Giancarlo Gallo, un amico che
ha condiviso dall’inizio il percorso dell’Endodonzia piemontese
e nazionale, uno dei nostri soci
attivi più qualificati dal punto di
vista professionale, antesignano
di quella bella odontoiatria che
adesso sembra facile e scontata.
Che dire, quale modo migliore
di concludere il secondo mandato da Segretario Regionale
della SPE? Sono stati quattro

anni fantastici, impegnativi, folli,
divertenti, stressanti ma fonte di
una soddisfazione senza pari,
da “provare per credere”, fra tanti errori e tante iniziative concrete
e innovative...
Il mio saluto a tutti quanti mi hanno supportato barra sopportato
in questo viaggio e il mio “in
bocca al lupo” a Davide Castro,
Segretario Regionale entrante e
futuro della nostra sezione.
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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 setting, 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
Acknowledgements: Giornale Italiano di Endodonzia requires that all
sources of institutional, private and
corporate financial support for the
work within the manuscript must be
fully acknowledged, and any potential conflicts of interest noted. Grant
or contribution numbers may be acknowledged, and principal grant
holders should be listed. Acknowledgments should be brief and should
not include thanks to anonymous referees and editors.
5.3. References
It is the policy of the Journal to encourage reference to the original papers
rather than to literature reviews. Authors should therefore keep citations
of reviews to the absolute minimum.
We recommend the use of a tool
such as EndNote or Reference Manager for reference management and
formatting. EndNote reference styles
can be searched for here: www.endnote.com/support/enstyles.asp. Reference Manager reference styles can
be searched for here: www.refman.
com/support/rmstyles.asp
In the text: a number in order of citation is the reference inside the manuscript; example (1)
Reference list: All references should
be brought together at the end of the
paper in numerical order and should

be in the following form.
- Names and initials of up to six authors. When there are seven or more,
list the first three and add et al.
- Full title of paper followed by a full
stop (.)
- Title of journal abbreviated (es. Journal of Endodontics : J Endod)
- Year of publication followed by ;
- Volume number
- Issue number in parenthesis (es.: (5))
followed by :
- First and last pages
Examples of correct forms of reference follow:
Standard journal article
(1) Somma F, Cammarota G, Plotino
G, Grande NM, Pameijer CH. The effectiveness of manual and mechanical
instrumentation for the retreatment of
three different root canal filling materials. J Endod 2008;34(4):466—9.
Corporate author
British Endodontic Society - Guidelines for root canal treatment. Giornale Italiano di Endodonzia 1979 ;
16: 192-5.
Journal supplement
Frumin AM, Nussbaum J, Esposito M
() Functional asplenia: demonstration
of splenic activity by bone marrow
scan (Abstract). Blood 1979; 54
(Suppl. 1): 26a.
Books and other monographs
Personal author(s)
Gutmann J, Harrison JW Surgical
Endodontics, 1st edn Boston, MA,
USA: Blackwell Scientific Publications, 1991.
Chapter in a book
Wesselink P Conventional root-canal
therapy III: root filling. In: Harty FJ,
ed. Endodontics in Clinical Practice,
(1990) , 3rd edn; pp. 186-223. London, UK: Butterworth.
Published proceedings paper
DuPont B Bone marrow transplantation in severe combined immunodeficiency with an unrelated MLC
compatible donor. In: White HJ,
Smith R, eds. Proceedings of the Third
Annual Meeting of the International
Society for 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 Centre 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). Dun-

dee, 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.
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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 2.03.0 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.
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