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utilizzo clinico  
dei cementi bioceramici
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Si definisce biomateriale un materiale concepito per 
interfacciarsi con i sistemi biologici per valutare, dare 
supporto o sostituire un qualsiasi tessuto, organo o funzione 
del corpo. (II International Consensus Conference on Biomaterials, Chester, Gran 
Bretagna, 1991) 
Affinché un materiale sia considerato biomateriale deve 
essere: Biofunzionale e Biocompatibile 
la Biofunzionalità è la capacità di un dispositivo di riprodurre 
più o meno fedelmente la funzione richiesta. la 
Biocompatibilità di un materiale non biologico consiste nella 
sua caratteristica di stabilire interazioni “non sfavorevoli” 
con i sistemi viventi con i quali esso viene a contatto. 
in relazione alla loro natura chimica i biomateriali possono 
essere polimerici, metallici, ceramici, compositi e naturali . 

In medicina la valutazione dei ceramici come possibili materiali 
per organi artificiali di ossa e parti di legamenti cominciò 
negli anni 60 oltre che per le loro proprietà meccaniche 
anche per il comportamento attivo che questi materiali 
manifestano quando, legandosi al tessuto circostante, 
p o s s o n o i n d u r r e f e n o m e n i d i o s t e o i n d u z i o n e o 
osteoconduzione.  
L’utilizzo di questi materiali non si presta solo in ortopedia 
ma anche in cardiologia, dermatologia, oftalmologia e 
odontoiatria
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Abstract Historically the function of biomaterials has been
to replace diseased or damaged tissues. First generation bio-
materials were selected to be as bio-inert as possible and
thereby minimize formation of scar tissue at the interface
with host tissues. Bioactive glasses were discovered in 1969
and provided for the first time an alternative; second gen-
eration, interfacial bonding of an implant with host tissues.
Tissue regeneration and repair using the gene activation prop-
erties of Bioglass

!R
provide a third generation of biomaterials.

This article reviews the 40 year history of the development
of bioactive glasses, with emphasis on the first composition,
45S5 Bioglass

!R
, that has been in clinical use since 1985. The

steps of discovery, characterization, in vivo and in vitro eval-
uation, clinical studies and product development are summa-
rized along with the technology transfer processes.

1 Prologue: Learning that research is fun

It is a great honour and pleasure to share memories of the past
and a vision of the future of biomaterials with friends and
colleagues at this symposium. Seeing many former students
who have all done so well in their careers is a special treat.
My goal in this paper is to recount some of the key events
that make up the story of Bioglass

!R
. The story herein will

be brief and the references limited. For a more comprehen-
sive version see the recent review by myself, June Wilson and
Dave Greenspan [1] which summarizes more than 500 papers
published about bioactive glasses and glass-ceramics. For an

L. L. Hench (!)
Department of Materials and Tissue Engineering and
Regenerative Medicine Centre, Imperial College London, Prince
Consort Road, London, SW7 2AZ

even more detailed historical account see the book “Breaking
the Biocompatibility Barrier: The development and applica-
tion of bioactive materials” by L.L. Hench to be published
by Imperial College Press and World Scientific Publishing
in 2006 [2].

My love of research, eventually leading to the discovery
of Bioglass

!R
, began at The Ohio State University (OSU) in

1957–58 when we learned in our ceramic engineering labo-
ratory classes how to make formulations of glasses, glazes,
enamels and whitewares. I am grateful that Professors J.O.
Everhart, Ralston Russell, Jr., Maynard King, and Henry Blau
allowed us to do more than just follow traditional recipies.
My first exposure to making a new ceramic material occurred
in 1959 while working as a summer engineer intern at the
General Electric Jet Engine plant in Evandale, Ohio, a sub-
urb of Cinncinnati. My job was to operate a chemical vapour
deposition reactor designed to produce a coating of dense alu-
mina (Al2O3) on the exterior and interior of uranium dioxide
(UO2) fuel tubes. This was new key technology required to
protect the core of a nuclear powered ramjet engine being
developed by the U.S. Atomic Energy Commison (AEC). I
learned during that summer that processing of ceramics was
far more complex than “Mix’em and fire’em”. The results
of the chemical reactor were highly variable. Identifying and
helping to modify the process to produce a reliable and uni-
form dense coating over an array of tubes at a production
rate was enormously satisfying, even though the nuclear jet
engine never got off the ground.

This summer experience led to even more fun and a greater
challenge in 1961 when I had the opportunity as a recent
ceramic engineering graduate of OSU to work on the first
atomic rocket engine being developed at the Lawrence Liv-
ermore Laboratory (LLL) in Livermore, California. My as-
signment was to determine the effect of chemical addiditives

Springer



I 
c

e
m

e
n

t
i 

b
io

c
e

r
a

m
ic

i

I materiali ceramici per impieghi biomedici possono essere 
classificati secondo quattro categorie in relazione alla 
interazione che stabiliscono con l’ambiente fisiologico con 
cui vengono a contatto. Possono essere: 
๏ Bioinerti: quando non inducono nè subiscono alterazioni 

chimiche o biologiche (Es: Allumina Zirconia) 
๏ Bioattivi: quando inducono una risposta tissutale con 

l’instaurarsi di processi chimici e biologici a livello 
dell’interfaccia. (Es:idrossiapatite, biovetroceramica) 

๏ Bioriassorbibili o Biodegradabili: quando sono attivamente 
coinvolti nei processi metabolici e vengono sostituiti da 
nuovo tessuto (Es: Fosfati tricalcici)
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BIOCERAMICS IN ENDODONTICS – A REVIEW

Endodontide Biyoseramikler: Derleme
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ABSTRACT

Bioceramics are materials which include Alumina, 
Zirconia, Bioactive glass, Glass ceramics, Hydroxyapatite, 
resorbable Calcium phosphates, among others. They have 
been used in dentistry for filling up bony defects, root 
repair materials, apical fill materials, perforation sealing, 
as endodontic sealers and as aids in regeneration. They 
have certain advantages like biocompatibility, non toxicity, 
dimensional stability and most importantly in endodontic 
applications, being bio-inert. They have a similarity to 
Hydroxyapatite, an intrinsic osteo conductive activity and 
have an ability to induce regenerative responses in the 
human body. In Endodontics, they can be broadly classified 
into Calcium Phosphate/ Tricalcium/ Hydroxyapatite based, 
Calcium Silicate based or mixtures of Calcium Silicate 
and Phosphates. This review focuses on an overview of 
Bioceramics, classification and their advantages. It also 
gives a detailed insight into individual bioceramic materials 
currently used in the fields of Endodontics along with their 
properties and applications.

Keywords: Bioceramics; Bioactive glass; calcium 
phosphate; calcium silicate; hydroxyapatite

 

ÖZ

%L\RVHUDPLNOHULQ� LoHUL÷LQLQ� ELU� NÕVPÕQÕ� DO�PLQD��
zirkonya, biyoaktif camlar, cam seramikler ve rezorbe 
RODELOHQ� NDOVL\XP� IRVIDWODU� ROXúWXUXU�� %L\RVHUDPLNOHU��
GLú�KHNLPOL÷LQGH�NHPLN�GHIHNWOHULQLQ�GROGXUXOPDVÕQGD��
kök tamiri ve kök ucu dolgu materyalleri olarak, 
SHUIRUDV\RQODUÕQ�NDSDWÕOPDVÕQGD��HQGRGRQWLN�SDWODU�RODUDN�
YH�UHMHQHUDV\RQ�LúOHPOHULQGH�NXOODQÕP�DODQÕ�EXOPXúODUGÕU��
%L\RX\XPOXOXNODUÕ��WRNVLN�ROPDPDODUÕ��ER\XWVDO�VWDELOLWH\H�
VDKLS� ROPDODUÕ� JLEL� DYDQWDMODUÕ� \DQÕQGD� HQGRGRQWLN�
X\JXODPDODU�DoÕVÕQGDQ�HQ�|QHPOLVL�EL\RLQHUW�ROPDODUÕGÕU��
Hidroksiapatite benzer özellikler gösterirler, intrinsik 
RVWHRNRQG�NWLI�DNWLYLWH\H�VDKLSWLUOHU�YH�LQVDQ�Y�FXGXQGD�
UHMHQHUDWLI�\DQÕWODUÕ�LQG�NOHUOHU��(QGRGRQWLGH�JHQHO�RODUDN�
NDOVL\XP�IRVIDW�WULNDOVL\XP�KLGURNVLDSDWLW�HVDVOÕ��NDOVL\XP�
VLOLNDW�HVDVOÕ��YH\D�NDOVL\XP�VLOLNDW�YH�IRVIDWODUÕQ�NDUÕúÕPÕ�
RODUDN�VÕQÕIODQGÕUÕODELOLUOHU��%X�GHUOHPHGH�NDSVDPOÕ�ELU�
ELoLPGH� EL\RVHUDPLNOHU�� VÕQÕIODPDODUÕ� YH� DYDQWDMODUÕ�
DQODWÕOPDNWDGÕU��(QGRGRQWL�DODQÕQGD�NXOODQÕODQ�ED]Õ�J�QFHO�
EL\RVHUDPLN� PDWHU\DOOHULQ� GHWD\OÕ� DoÕOÕPÕQÕQ� \DQÕQGD�
|]HOOLNOHUL�YH�X\JXODPDODUÕ�KDNNÕQGD�GD�ELOJL�YHULOPHNWHGLU��

Anahtar kelimeler: Biyoseramikler; biyoaktif camlar; 
kalsiyum fosfat; kalsiyum silikat; hidroksiapatit
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INVITED REVIEW

In odontoiatria i materiali bioceramici disponibili sono:  
๏ Allumina e Zirconia usati in protesi 
๏ Fosfato di Calcio usato in chirurgia 
๏ Silicati di Calcio e i cementi di Portland in endodonzia



I 
c

e
m

e
n

t
i 

b
io

c
e

r
a

m
ic

i

Il MTA (Mineral-Trioxide-Aggregate) è stato il primo cemento 
bioceramico utilizzato in endodonzia. 
I principali costituenti di questo cemento bioceramico sono: 
Silicato Tricalcico, Alluminato Tricalcico, Ossido Tricalcico 
e Ossidi di silicato che sono i responsabili delle ottime 
proprietà fisico-chimiche di questi aggregati che sono: 
๏ Alta resistenza alla compressione 
๏ pH alcalino 
๏ Solubilità bassa 
๏ Buona resistenza elastica 
๏ Radiopacità (per la presenza di ossido di bismuto) 
Le caratteristiche dell'aggregato dipendono molto dalla 
modalità di miscelazione del prodotto, dalle dimensioni 
delle particelle, dal rapporto polvere-acqua, dalla 
temperatura, dalla presenza di acqua e dall'aria 
intrappolata.

0099-2399/95/2107-0349503.00/0 
JOURNAL OF ENDODONTICS 
Copyright © 1995 by The American Association of Endodontists 
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Physical and Chemical Properties of a New 
Root-End Filling Material 

Mahmoud Torabinejad, DMD, MSD, PhD, C. U. Hong, DDS, MS, F. McDonald, BDS, PhD, and 
T. R. Pitt Ford, BDS, PhD 

This study determined the chemical composition, 
pH, and radiopacity of mineral trioxide aggregate 
(MTA), and also compared the setting time, com- 
pressive strength, and solubility of this material 
with those of amalgam, Super-EBA, and Interme- 
diate Restorative Material (IRM). X-ray energy dis- 
persive spectrometer in conjunction with the scan- 
ning electron microscope were used to determine 
the composition of MTA, and the pH value of MTA 
was assessed with a pH meter using a tempera- 
ture-compensated electrode. The radiopacity of 
MTA was determined according to the method de- 
scribed by the International Organization for Stan- 
dardization. The setting time and compressive 
strength of these materials were determined ac- 
cording to methods recommended by the British 
Standards Institution. The degree of solubility of 
the materials was assessed according to modified 
American Dental Association specifications. The 
results showed that the main molecules present in 
MTA are calcium and phosphorous ions. In addi- 
tion, MTA has a pH of 10.2 initially, which rises to 
12.5 three hours after mixing. MTA is more ra- 
diopaque than Super-EBA and IRM. Amalgam had 
the shortest setting time (4 min) and MTA the long- 
est (2 h 45 rain). At 24 h MTA had the lowest com- 
pressive strength (40 MPa) among the materials, 
but it increased after 21 days to 67 MPa. Finally, 
except for IRM, none of the materials tested 
showed any solubility under the conditions of this 
study. 

When nonsurgical root canal therapy fails or cannot be performed, 
surgical root canal therapy is conducted. The procedure usually 
consists of root-end exposure and resection, as well as preparation 

of a class I cavity and placement of a root-end filling material. A 
number of substances have been suggested and used as root-end 
filling materials (1). 

Recently, an experimental substance, mineral trioxide aggregate 
(MTA), has been suggested as a potential root-end filling material. 
In a series of in vitro studies, Torabinejad et al. (2-5) evaluated the 
sealing ability of MTA, compared with commonly used root-end 
filling materials. Statistical analysis of their data showed that MTA 
had significantly less dye (2, 3) and bacterial (4) leakage than 
amalgam, Super-EBA or Intermediate Restorative Material (IRM). 
In addition, when marginal adaptation of MTA root-end fillings 
was compared with those of amalgam, Super-EBA, and IRM under 
scanning electron microscope, they reported no noticeable gap 
between MTA and its surrounding dentinal walls (5). 

Because these studies show that MTA leaks less and has better 
adaptation to the root-end cavity walls than commonly used root- 
end filling materials, its other characteristics---such as chemical 
composition, physical properties, antibacterial effects, cytotoxic- 
ity, and biocompatibility--should also be investigated. 

The purpose of this study was first to determine the chemical 
composition, pH of the setting cement, and radiopacity of MTA, 
and second to compare the setting time, compressive strength, and 
solubility of this material with those of three commonly used 
root-end filling materials, amalgam, Super-EBA, and IRM. 

349 

MATERIALS AND METHODS 

Chemical Composition 

To study the chemical composition of MTA, we used the KVEX 
Delta 4460 X-ray Energy dispersive spectrometer, modified with 
Micro EDS software (BEMAX UK Ltd.), in conjunction with a 
Hitachi $520 scanning electron microscope. MTA was mixed with 
sterilized distilled water and allowed to set in a 37°C incubator 
with 5% carbon dioxide and moisture. The material was set on a 
glass cover slip that had been previously sterilized using alcohol 
and flaming. Five set specimens with different proportions of water 
and powder were examined. For quantitative X-ray analysis, the 
specimens were carbon-coated to a thickness of 100 nm and again 
mounted in the $520 using the quantum DVEX system. Acceler- 

Mineral Trioxide Aggregate: A Comprehensive Literature
Review—Part I: Chemical, Physical, and Antibacterial
Properties
Masoud Parirokh, DMD, MS,* and Mahmoud Torabinejad, DMD, MSD, PhD†

Abstract
Introduction: An ideal orthograde or retrograde filling
material should seal the pathways of communication
between the root canal system and its surrounding
tissues. It should also be nontoxic, noncarcinogenic,
nongenotoxic, biocompatible, insoluble in tissue fluids,
and dimensionally stable. Mineral trioxide aggregate
(MTA) was developed and recommended initially
because existing root-end filling materials did not
have these ‘‘ideal’’ characteristics. MTA has also been
recommended for pulp capping, pulpotomy, apical
barrier formation in teeth with open apexes, repair of
root perforations, and root canal filling. Since MTA’s
introduction in 1993, numerous studies have been pub-
lished regarding various aspects of this material. The
aim of Part I of this literature review is to present inves-
tigations regarding the chemical, physical, and antibac-
terial properties of MTA. Methods: A review of the
literature was performed by using electronic and hand-
searching methods for the chemical and physical proper-
ties and antibacterial activity of MTA from November
1993–September 2009. Results: There are many pub-
lished reports regarding the chemical, physical, and anti-
bacterial properties of MTA. Our search showed that
MTA is composed of calcium, silica, and bismuth. It
has a long setting time, high pH, and low compressive
strength. It possesses some antibacterial and antifungal
properties, depending on its powder-to-liquid ratio.
Conclusions: MTA is a bioactive material that influ-
ences its surrounding environment. (J Endod
2010;36:16–27)

Key Words
Antibacterial effect, chemical and physical properties,
mineral trioxide aggregate, MTA

Most endodontic failures occur as a result of leakage of irritants into the periapical
tissues (1–3). An ideal orthograde or retrograde filling material should seal the

pathways of communication between the root canal system and its surrounding tissues.
It should also be nontoxic, noncarcinogenic, nongenotoxic, biocompatible with the
host tissues, insoluble in tissue fluids, and dimensionally stable (4, 5). Furthermore,
the presence of moisture should not affect its sealing ability; it should be easy to use
and be radiopaque for recognition on radiographs (4). Because existing restorative
materials used in endodontics did not possess these ‘‘ideal’’ characteristics (4), mineral
trioxide aggregate (MTA) was developed and recommended initially as a root-end filling
material and subsequently has been used for pulp capping, pulpotomy, apexogenesis,
apical barrier formation in teeth with open apexes, repair of root perforations, and as
a root canal filling material. MTA has been recognized as a bioactive material (6) that is
hard tissue conductive (7), hard tissue inductive, and biocompatible. Several reviews
have been published about MTA’s chemical properties, biocompatibility, and clinical
applications (8–10). Only one article has extensively studied MTA and addresses
numerous articles regarding the material’s physical and chemical properties, leakage
studies, biocompatibility, and clinical applications (10). The authors found 245 articles
with their selected key words since the introduction of MTA in 1993 to August 2006. Of
these, 156 articles met their criteria for citation.

Since then, additional articles have been published regarding the various proper-
ties and clinical uses of MTA. The purpose of this literature review is to update previ-
ously published information (10) and present a comprehensive list of articles from
November 1993–September 2009 regarding the chemical and physical properties
and antibacterial activity of MTA.

Inclusion and Exclusion Criteria
MTA publications from peer-reviewed journals published in English from

November 1993–September 2009 are included in this review. Studies that do not
meet the above criteria are excluded.

Search Methodology
An electronic search was conducted in the PubMed and Cochrane databases with

appropriate MeSH headings and key words related to the physical, chemical, and anti-
bacterial properties of MTA. To enrich the results, a hand-search was conducted of the
last 2 years’ worth of issues of the following major endodontic journals: International
Endodontic Journal; Journal of Endodontics; Oral Surgery, Oral Medicine, Oral
Pathology, Oral Radiology and Endodontology. The process of cross-referencing
continued until no new articles were identified.
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Clinical Applications of Mineral Trioxide Aggregate 

Mahmoud Torabinejad, DMD, MSD, PhD, and Noah Chivian, DDS, FICD, FAC 

An experimental material, mineral trioxide aggre- 
gate (MTA), has recently been investigated as a 
potential alternative restorative material to the 
presently used materials in endodontics. Several in 
vitro and in vivo studies have shown that MTA 
prevents microleakage, is biocompatible, and pro- 
motes regeneration of the original tissues when it 
is placed in contact with the dental pulp or perira- 
dicular tissues. This article describes the clinical 
procedures for application of MTA in capping of 
pulps with reversible pulpitis, apexification, repair 
of root perforations nonsurgically and surgically, 
as well as its use as a root-end filling material. 

The dental pulp communicates with the periodontium through the 
apical foramen and via lateral canal(s). The periodontium consists 
of cementum, the periodontal ligament, and the alveolar bone. The 
pulp and the periodontium are physically separated from the oral 
flora by enamel, dentin, and gingival attachment. 

Exposure of the dental pulp and periradicular tissues to micro- 
organisms results in the development of pulpal and periradicular 
pathosis. Investigators using experimental animals have shown the 
absence of pulpal and periradicular pathosis in germ-free condi- 
tions and development of lesions when these tissues were exposed 
to bacteria (1, 2). Microorganisms are the main irritants of the 
dental pulp and the periodontium. 

To preserve vitality of pulp tissue and prevent pathological 
changes in the periradicular tissues, mechanical pulp exposures 
and carious pulp exposures in teeth with immature apexes without 
signs of irreversible pulpitis must be sealed. In addition, pathways 
of communication between the root canal system and the periodon- 
tium, such as iatrogenic perforations, must also be sealed with 
restorative materials that prevent bacterial leakage. Because these 
materials come in contact with vital tissues they must also be 
biocompatible and should favor regeneration of the involved tis- 
sues to their prediseased status. 

Many materials have been used to seal the pathways of com- 
munication between the root canal system and the oral cavity, as 
well as the periradicular tissues. These include amalgam, zinc 
oxide-eugenol-based cements such as Super-EBA (Harry J. Bos- 
worth Co., Skokie, IL) and IRM (L. D. Caulk Co., Milford, DE), 
Cavit (ESPE America, Norristown, PA), composite resins, and 
glass ionomer cements. The main disadvantages of these materials 

include microleakage, varying degrees of toxicity, and sensitivity 
to the presence of moisture (3). 

Recently, a material called mineral trioxide aggregate (MTA) 
has been investigated as a potential compound to seal off the 
pathways of communication between the root canal system and the 
external surface of the tooth. MTA is a powder that consists of fine 
hydrophilic particles that sets in the presence of moisture (4). 
Hydration of the powder results in a colloidal gel with a pH of 12.5 
that solidifies to a hard structure. The setting time for the cement 
is --4 h. The compressive strength of MTA at 21 days is - 7 0  MPa, 
which is comparable with that of IRM and Super-EBA, but sig- 
nificantly less than amalgam (311 MPa). 

In vitro and in vivo experiments have compared the sealing 
ability and biocompatibility of MTA with those of amalgam, 
Super-EBA, and IRM. The sealing ability of MTA has been shown 
in dye and bacterial leakage studies to be superior to that of 
amalgam and to be equal or better than Super-EBA (3, 5-8). The 
cytotoxicity of MTA was investigated, using the agar overlay and 
radio chromium release methods (9) and was found to be less than 
that of IRM or Super-EBA. With implantation of MTA in the tibias 
and mandibles of guinea pigs, the tissue reaction to MTA implan- 
tation was the most favorable observed at both sites. As in every 
specimen, it was free of inflammation. In the tibia, MTA was the 
material most often observed with direct bone apposition (10). 
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FIG 1. Histological section of a mandibular incisor of a monkey 
demonstrating a complete dentin bridge (DB) formation and lack of 
inflammation in the pulp tissue after application of MTA as a pulp- 
capping material after mechanical exposure (hematoxylin and eosin 
stain; original magnification ×50). Permission from ADA Publishing 
Company, Inc. 

La micro-analisi della polvere MTA ha dimostrato che il calcio 
e il fosforo sono gli ioni principali presenti in questo 
materiale. Poiché questi ioni sono anche i componenti che 
costituiscono i tessuti duri dentali, l'MTA può rivelarsi 
estremamente biocompatibile se usato a contatto con cellule 
e tessuti.  

Questa caratteristica dà indicazioni sulle applicazioni 
cliniche che possono essere: 

๏ Incappucciamento della polpa 
๏ Chiusura delle perforazioni iatrogene 
๏ Sigillo apici beanti 
๏ Endodonzia chirurgica

Polpa esposta Sigillo con bioceramico

Caso iniziale Controllo a 5 anni
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Mineral Trioxide Aggregate: A Comprehensive Literature
Review—Part III: Clinical Applications, Drawbacks, and
Mechanism of Action
Masoud Parirokh, DMD, MS,* and Mahmoud Torabinejad, DMD, MSD, PhD†

Abstract
Introduction: Mineral trioxide aggregate (MTA) has
been recommended for various uses in endodontics.
Two previous publications provided a comprehensive
list of articles from November 1993–September 2009
regarding the chemical and physical properties, sealing
ability, antibacterial activity, leakage, and biocompati-
bility of MTA. The purpose of Part III of this literature
review is to present a comprehensive list of articles
regarding animal studies, clinical applications, draw-
backs, and mechanism of action of MTA. Methods: A
review of the literature was performed by using elec-
tronic and hand-searching methods for the clinical appli-
cations of MTA in experimental animals and humans as
well as its drawbacks and mechanism of action from
November 1993–September 2009. Results: MTA is
a promising material for root-end filling, perforation
repair, vital pulp therapy, and apical barrier formation
for teeth with necrotic pulps and open apexes. Despite
the presence of numerous case reports and case series
regarding these applications, there are few designed
research studies regarding clinical applications of this
material. MTA has some known drawbacks such as
a long setting time, high cost, and potential of discolor-
ation. Hydroxyapatite crystals form over MTA when it
comes in contact with tissue synthetic fluid. This can
act as a nidus for the formation of calcified structures
after the use of this material in endodontic treatments.
Conclusions: On the basis of available information, it
appears that MTA is the material of choice for some clin-
ical applications. More clinical studies are needed to
confirm its efficacy compared with other materials. (J En-
dod 2010;36:400–413)

Key Words
Apical plug, clinical application, drawbacks, mechanism
of action, MTA, perforation, pulp capping, pulpotomy,
root-end filling, vital pulp therapy

An ideal endodontic repair material should seal the pathways of communication
between the root canal system and its surrounding tissues. In addition, it should

be nontoxic, noncarcinogenic, nongenotoxic, biocompatible, insoluble in tissue fluids,
and dimensionally stable. Because existing materials did not have these ‘‘ideal’’ charac-
teristics, mineral trioxide aggregate (MTA) was developed and recommended for pulp
capping, pulpotomy, apical barrier formation in teeth with necrotic pulps and open
apexes, repair of root perforations, root-end filling, and root canal filling (1, 2). As rec-
ommended by the American Association of Endodontists, the use of a newmaterial and/
or method of treatment should be based on laboratory, biologic, and clinical studies
(3). Following these steps systematically paves the way for clinical use of a material
in experimental animals and then in patients. Two previous publications provided
a comprehensive list of articles from November 1993–September 2009 regarding
the chemical and physical properties, sealing ability, antibacterial activity, leakage,
and biocompatibility of MTA (4, 5). On the basis of the results of these publications,
it appears that MTA is a suitable repair material for various endodontic uses. The
purpose of this review is to present a comprehensive list of articles regarding animal
studies, clinical applications, drawbacks, and mechanism of action of MTA.

Inclusion and Exclusion Criteria
The inclusion and exclusion criteria for this literature review were identical to

those used for Parts I and II of the review (4, 5).

Search Methodology
An electronic search was conducted in the PubMed and Cochrane databases with

appropriate MeSH headings and key words related to the animal studies, clinical appli-
cations, drawbacks, and mechanism of action of MTA. The hand-searching method-
ology in this literature review was identical to that used for Parts I and II of the
review (4, 5).

Animal Studies
Vital Pulp Therapy
Primary Teeth. In a study on the primary teeth of pigs, Shayegan et al (6) compared
white MTA (WMTA) with Dycal, beta-tricalcium phosphate cement, and white Portland
cement (WPC) as a pulp capping agent. Their findings showed no significant differences
in pulp response between any of the materials.
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Il MTA è il materiale di scelta per alcune applicazioni 
cliniche come il sigillo degli apici beanti in terapia 
ortograda, le otturazioni retrograde, nel trattamento delle 
perforazioni, negli incappucciamenti diretti e nella 
formazione di una barriera apicale nei denti con polpa 
necrotica e apici aperti.

Apice beante Posizionamento  
del bioceramico Sigillo apicale
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Bioceramic materials in
endodontics
ZHEJUN WANG

During the past two decades, a number of major advances have been made in the field of bioactive ceramics

used for endodontic treatment. This article reviews the physico-chemical and biological properties of

bioceramic materials and the application of bioceramic technology to endodontics. Bioceramic materials, with

their biocompatible nature and excellent physico-chemical properties, are widely used in endodontic

applications. They can function as cements, root repair materials, root canal sealers and filling materials, which

have the advantages of enhanced biocompatibility, potential increased root strength following obturation,

antibacterial properties and sealing ability. New bioceramic materials have demonstrated the ability to

overcome some of the significant limitations of earlier generations of endodontic materials. Most bioceramic

materials have been shown to be biocompatible and have good physico-chemical characteristics, therefore

having a potential use in clinical endodontics. Although in vitro studies on the use of bioceramic materials in

endodontics have given encouraging results, randomized and double-blind clinical studies of sufficient length

with these materials are needed to confirm long-term success following their use.

Received 23 March 2015; accepted 6 April 2015.

Introduction

Most endodontic failures occur as a result of leakage

of bacterial invasion from treated and filled root

canals into the periapical tissues (1). The leakage can

occur between the root filling, sealer or repair mate-

rials and dentin after root canal treatment. Endodon-

tic materials that are placed permanently in the root

canal should block the pathways of communication

between the root canal system and its surrounding

tissues to ensure long-term endodontic success (2).

Hence, the criteria for the ideal material for use in

endodontics has become comprehensive and includes

the following characteristics: non-toxic, insoluble in

tissue fluids, dimensionally stable, antibacterial, hard

tissue conductive, biocompatible, radiopaque and

easy to handle (3,4). However, the existing root fill-

ing and restorative/reparative materials currently

used in endodontics do not possess all these desired

characteristics.

Bioceramic materials are biocompatible ceramics

suitable for use in the human body (5). Bioceramic-

based materials were introduced to endodontics in

the 1990s, first as retrograde filling materials and

then as root repair cements, root canal sealers, and

coatings for gutta-percha cones (6,7). The potential

advantages of bioceramic materials in endodontics

are related to their physico-chemical and biological

properties. Bioceramics are biocompatible, non-toxic,

non-shrinking, and usually chemically stable within

the biological environment (8). A further advantage

of these materials is their ability to form hydroxyapa-

tite and ultimately create a bond between dentin and

the material (9).

Following the introduction of bioceramic

materials into clinical endodontics, mineral trioxide

aggregate (MTA) has become recognized as the

gold-standard material for a variety of clinical situa-

tions and is perhaps closest to the ideal reparative

material, due to its excellent physico-chemical and

biological properties (8,10). Recently, a class of

new bioceramic materials have been introduced,

which possess many similar and some different

in vitro and in vivo characteristics, in an effort to

3
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la seconda generazione di cementi bioceramici è la normale 
evoluzione merceologica che mira a migliorare le 
caratteristiche fisico-chimiche del Mta e la facilità 
nell’utilizzo clinico.  

A tal fine sono state create nuove formulazioni con le 
medesime caratteristiche ma con indurimenti più veloci, una 
maggiore resistenza alla compressione e una maggiore 
facilità nella miscelazione del cemento stesso. A questo 
gruppo appartengono per es: Il Biodentine, il Neo-MTa, 
l’Endocem MTA e l’endoseal e altri. 

In commercio sono disponibili anche dei cementi bioceramici 
premiscelati iniettabili e pronti all’uso. Fanno parte di 
questo gruppo prodotti come l’Endosequence nelle sue 
varianti in relazione alla consistenza o il Totalfill BCsealer. 
La composizione di queste bioceramiche di II generazione è 
costituita per lo più  da Trisilicato di Calcio e non presentano 
al loro interno metalli pesanti e ossido di bismuto come 
radiopacizzante rendendo questi cementi meno responsabili di 
eventuali discromie. 

I cementi bioceramici di II generazione possono essere 
utilizzati anche come sigillanti canalari
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Le proprietà dei cementi bioceramici e i potenziali cambiamenti 
nella tecnica di riempimento dei canali sono:  

๏ Il cemento bioceramico è altamente idrofilo e, quindi, 
l’umidità naturale nel canale e nei tubuli è un vantaggio, a 
differenza della maggior parte degli altri cementi in cui 
l'umidità è dannosa per le loro prestazioni.  

๏ Quando non è indurito, il cemento bioceramico ha un pH 
superiore a 12. Pertanto le sue proprietà antibatteriche 
sono simili all'idrossido di calcio. L’indurimento del 
materiale dipende dall'umidità fisiologica nel canale, 
quindi si fisserà a velocità diverse in ambienti diversi, ma 
poiché ha un pH elevato, qualsiasi ritardo nella presa può 
essere considerato un vantaggio.  

๏ Il cemento non si contrae, ma si espande leggermente ed è 
insolubile nei fluidi tissutali  

๏ Se utilizzato con una punta di guttaperca impregnata e 
rivestita con nanoparticelle di bioceramico,  
come suggerito, si legherà ad essa eliminando così lo spazio 
tra la stessa e il cemento. 

Dynamic sealing ability of MTA root canal sealer
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Abstract

Camilleri J, Gandolfi MG, Siboni F, Prati C. Dynamic

sealing ability of MTA root canal sealer. International Endodon-

tic Journal, 44, 9–20, 2011.

Aims To evaluate (i) the sealing ability of two sealers,

mineral trioxide aggregate sealer (MTAS) and Pulp

Canal Sealer (PCS), used with gutta-percha utilizing the

fluid filtration method, (ii) leaching and surface char-

acteristics in Hank’s balanced salt solution (HBSS) over

a period of time.

Methodology Surface characteristics in HBSS were

evaluated under the scanning electron microscope after

1 and 28 days, and the leaching of both sealers were

assessed by inductively coupled plasma atomic absorp-

tion spectrometry (ICP-AAS). In addition, 24 single

rooted extracted teeth were root filled using warm

vertical compaction with either MTAS or PCS used as

sealers with gutta-percha. Four teeth were used as

positive and negative controls. Sealing ability was

evaluated after 1 or 28 days using the fluid filtration

method.

Results Mineral trioxide aggregate sealer exhibited

crystalline deposits rich in calcium and phosphorus on

its surface when in contact with a physiological

solution. These crystalline deposits were absent in

PCS and on MTAS stored at 100% humidity. The

sealing ability of MTAS was similar to that of PCS.

Conclusions The novel sealer based on mineral

trioxide aggregate had comparable sealing ability to a

proprietary brand sealer cement. In contact with a

simulated body fluid, the MTA sealer released calcium

ions in solution that encouraged the deposition of

calcium phosphate crystals.

Keywords: endodontic sealer, fluid filtration, induc-

tively coupled plasma, mineral trioxide aggregate,

Portland cement, Pulp Canal Sealer, scanning electron

microscopy.
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Introduction

Mineral trioxide aggregate (MTA) is used primarily to

seal lateral root perforations (Lee et al. 1993, Pitt Ford

et al. 1995) and as a root-end filling material (Tora-

binejad et al. 1995, 1997, Chong et al. 2003, Saunders

2008). MTA can also be used for a variety of other

applications (Schwartz et al.1999, Torabinejad &

Chivian 1999) including pulp capping (Pitt Ford et al.

1996, Bakland 2000, Aeinehchi et al. 2003, Faraco

Junior & Holland 2004) and as a dressing over

pulpotomies in permanent teeth (Holland et al. 2001)

and during apexification procedures (Witherspoon

et al. 2008). It is a bioactive material that produces

calcium hydroxide (Camilleri 2007, 2008a), which is

released in solution (Fridland & Rosado 2003, Tano-

maru-Filho et al. 2009) and induces formation of

hydroxyapatite structures in simulated body fluid

(Sarkar et al. 2005, Bozeman et al. 2006). Newer

developments of MTA include its use as a root canal

sealer. Currently, three MTA sealer formulations are

available; Endo-CPM-Sealer (EGEO srl, Buenos Aires,

Argentina), MTA Obtura (Angelus, Soluções Odon-

tológicas, Londrina PR, Brazil) and ProRoot Endo

Sealer (Dentsply Maillefer, Ballaigues, Switzerland).

The composition of CPM sealer after mixing is reported

to be 50% MTA (SiO2, K2O, Al2O3, SO3, CaO and

Bi2O3), 7% SiO2, 10% CaCO3, 10% Bi2O3, 10% BaSO4,
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Il sigillante a base di aggregato di triossido minerale ha 
una capacità sigillante paragonabile a un cemento 
sigillante tradizionale. A contatto con un fluido corporeo, 
il sigillante MTA ha rilasciato ioni calcio in soluzione che 
hanno incoraggiato la deposizione di cristalli di fosfato di 
calcio
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L'esatto meccanismo di adesione del sigillante a base di 
bioceramica alla dentina radicolare è sconosciuto; tuttavia, 
sono stati suggeriti i seguenti meccanismi per i sigillanti a 
base di silicato di calcio: 

๏ Diffusione delle particelle di sigillante nei tubuli 
dentinali (diffusione tubulare) per produrre legami ad 
incastro meccanico. 

๏ Infiltrazione del contenuto minerale del sigillante nella 
dentina intertubulare, con conseguente creazione di una 
zona di infiltrazione minerale creata dopo la denaturazione 
delle fibre di collagene con un sigillante fortemente 
alcalino. 

๏ Reazione parziale del fosfato con gel di silicato di calcio e 
idrossido di calcio, prodotto per reazione dei silicati di 
calcio in presenza dell'umidità della dentina, con 
conseguente formazione di idrossiapatite lungo la zona di 
infiltrazione minerale.
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Endodontics is medicine's specialized branch that deals with dental care, and it focuses on inner soft tissues. Several dental disease
and injuries are associated with the compromised health of the degradation of the various parts related to the inner soft tissues.
Bioceramics are materials used for healing damaged parts of the teeth and they have to be biocompatible. The term 'bioceramics'
may be applied to the category of biomaterials that comprise ceramic as one of its constituents. These materials were developed to
have biocompatibility with human tissue, and they were meant to be widely used in the repair and replacement of the organs in the
musculoskeletal system. This review is an overview of bioceramics, classification, and their advantages. It also gives a detailed
insight into the individual bioceramic materials currently used in the fields of endodontics along with their properties and applications.

Introduction

'Bioceramics' is defined as a type of biomaterial with optimal biocompatibility that is used for medical and dental purposes. Newly
developed techniques and technology allow the majority of skilled dentists to produce stellar endodontic results. Paramount among
these changes is the introduction of advanced material science. The good news is that the arena of endodontic material science is
continuing to evolve and, in fact, a new day has dawned and it is the increased use of bioceramic technology in endodontics.

Bioceramics include alumina and zirconia, bioactive glass, coating and composites, hydroxyapatite, and resorbable calcium
phosphates; they are inorganic, non-metallic, chemically stable, non-corrosive, and interact well with organic tissues. Numerous
bioceramics are currently in use in both dentistry and medicine.[1]

Historical Perspective

In the 1960s and 1970s, bioceramics were developed for use in the human body, such as for joint replacement, bone plates, bone
cement, artificial ligaments, tendons, etc.

In 1969, L. L. Hench introduced a new material called bioglass and had observed that several glasses and ceramics could bond to
living bone.[1]

Calcium phosphate was first used as bioceramic restorative dental cement by LeGeros et al. [2]

Classification

In addition to being nontoxic, bioceramics can be classified as:

*Bioinert: Noninteractive with biological systems (zirconia and alumina)[3]

*Bioactive: Interactive with surrounding tissues to encourage the growth of durable tissues (glass and calcium phosphate)

*Biodegradable, soluble, or resorbable: Eventually replaces or gets incorporated into tissue. Particularly important with lattice
frameworks.

Bioceramics Used in Endodontics

Are Premixed Calcium Silicate–based Endodontic
Sealers Comparable to Conventional Materials?
A Systematic Review of In Vitro Studies
Luiza Helena Silva Almeida, MS, DDS,* Rafael Ratto Moraes, PhD,*
Renata Dornelles Morgental, PhD,*† and Fernanda Geraldo Pappen, PhD*

Abstract
Introduction: This study aimed to compare the physico-
chemical and biological properties of premixed calcium
silicate–based endodontic sealers with other conven-
tional root canal filling materials by systematically re-
viewing laboratory studies. Methods: The search was
conducted in 3 databases (Medline via PubMed, Scopus,
and Web of Science) following the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses. Two
reviewers independently selected the studies and ex-
tracted the data. The properties of interest were bond
strength, radiopacity, pH, solubility, setting and working
time, dimensional change, flow, calcium ion release,
antimicrobial activity, biocompatibility, and cytotoxicity.
Results: From 2636 potentially eligible studies, 31 were
selected for full-text analysis, and 27 were included in
the review. Premixed calcium silicate–based endodontic
sealers followed the ISO 6876:2012 requirements for
most physicochemical properties except for solubility.
The target sealers also presented favorable biological
findings when compared with conventional sealers.
Conclusions: Despite the lack of well-designed long-
term clinical trials, the target premixed calcium silicate–
based sealers show good physicochemical and biological
properties in vitro. In general, the results were similar or
better than conventional endodontic sealers as observed
in in vitro and in vivo animal studies. (J Endod
2017;43:527–535)

Key Words
Calcium silicate-based sealer, EndoSequence BC, iRoot
SP, root canal filling material, root canal sealer

Bioceramic-based ma-
terials have been

recently introduced as
root repair cements (1, 2)
and root canal sealers
(3, 4). Bioceramic products
may include alumina and
zirconia particles, bioactive
glass, calcium silicates,
hydroxyapatite, and resorbable calcium phosphates in their formulation (5). In gen-
eral, these materials are biocompatible, nontoxic, non-shrinking, and chemically stable
within the biological environment (4, 6, 7). They also have the ability to form
hydroxyapatite during the setting process and ultimately create a bond between
dentin and the filling material (3, 4).

There are 2 premixed calcium silicate–based sealers with similar chemical
composition, iRoot SP (Innovative Bioceramics, Vancouver, BC, Canada) and EndoSe-
quence BC (Brasseler USA, Savannah, GA). In addition to antibacterial activity (8, 9),
they have shown cytocompatibility (6), good sealing ability (3), and good bonding
to root canal dentin even under various conditions of dentin moisture (10, 11).

Mineral trioxide aggregate (MTA) Fillapex (Angelus, Londrina, PR, Brazil) has
been denominated a bioaggregate (12) or bioceramic-based sealer (13). However,
it is a calcium silicate–containing endodontic sealer that is based on salicylate resin
and other resinous components (14). MTA Fillapex has alkaline pH and antibacterial
activity (15), but it has demonstrated irritating effects on subcutaneous connective tis-
sue (16) and bone tissue (17). Thus, despite the presence of MTA, this material may not
have biological advantages.

The epoxy resin–based sealer AH Plus (Dentsply DeTrey GmbH, Konstanz, Ger-
many) is the gold standard sealer regarding physical properties, and it has shown
higher bond strengths to dentin than other root canal sealers (18). AH Plus has
been widely used for approximately 2 decades, exhibiting low solubility and disintegra-
tion (19) as well as adequate dimensional stability (7). However, this sealer has shown
no bioactive properties (14) or osteogenic potential (20).

Premixed calcium silicate–based endodontic products have been introduced to
the market for their biological advantages, mainly their bioactivity potential (21, 22).
However, up to now, there are few independent publications about their laboratory
properties and no long-term clinical trials. In this context, the aim of this study was
to compare the physicochemical and biological properties of these relatively novel
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Signi!cance
There are still few in vitro studies and no long-term
clinical trials about premixed calcium silicate–
based endodontic sealers’ properties. This sys-
tematic review compared the physicochemical
and biological properties of calcium silicate–based
sealers with those of conventional sealers.
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Il risultato di questa recente revisione sistematica è che 
nonostante la mancanza di studi clinici a lungo termine, i 
sigillanti premiscelati a base di silicato di calcio mostrano 
buone proprietà fisico-chimiche e biologiche. 
il comportamento dei sigillanti bioceramici è simile o 
addirittura migliore rispetto ai tradizionali sigillanti 
endodontici.
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Clinical Outcome of Non-Surgical Root Canal
Treatment Using a Single-cone Technique with
Endosequence Bioceramic Sealer: A
Retrospective Analysis
Elizabeth A. Chybowski, DDS,* Gerald N. Glickman, DDS, MS,* Yogesh Patel, DDS,†
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Abstract
Introduction: One of the important steps in root canal
treatment is to create a well-sealed root canal system.
EndoSequence BC Sealer (BC; Brasseler USA, Savannah,
GA) has several beneficial properties and thus has been
incorporated into the practitioner’s armamentarium. No
studies to date have evaluated the clinical success of us-
ing BC. The purpose of this study was to evaluate the
outcome of nonsurgical root canal treatment using a
single-cone and BC technique and to identify factors
associated with success or failure.Methods: This retro-
spective cohort study included patients treated in a pri-
vate practice environment between 2009 and 2015. All
cases, including initial and retreatment, were obturated
with BC using a single-cone technique with a minimum
of a 1-year recall. Patient and treatment factors were
analyzed to determine their significance as prognostic
factors. Outcome was evaluated based on clinical and
radiographic findings at recall. Teeth were classified as
healed, healing (success), or not healed (failure). Statis-
tical analysis of potential prognostic factors was per-
formed using the chi-square test (a = 0.05). Results:
Three hundred seven teeth were included in the anal-
ysis, and the average follow-up time was 30.1 months.
The overall success rate was 90.9%. Lesions <5 mm in
diameter had a significantly higher success rate than le-
sions >5 mm in diameter. Sealer extrusion was observed
in 47.4% of the cases. The presence of sealer extrusion
did not have any significant effect on the treatment
outcome. Conclusions: BC used with a single-cone
technique is a viable option for obturation. (J Endod
2018;44:941–945)

Key Words
Bioceramic sealer, outcome, root canal obturation,
single cone

An important goal of
root canal treatment

is to properly seal the ca-
nal system after cleaning
and shaping. However, ir-
regularities such as fins,
isthmuses, and lateral ca-
nals are often present
and can pose challenges
to clinicians during obturation (1–4). The inability to effectively fill and seal these
anatomic spaces can have a detrimental effect on the success of endodontic
treatment (5). Historically, the failure of root canal treatment has been associated
with poor root canal obturation (6, 7). These findings suggest the importance of
obturation techniques and materials.

Recently, bioceramics have gained popularity in the modern practice of endodon-
tics because of their physicochemical and biological properties (8). EndoSequence
Bioceramic Sealer (BC; Brasseler USA, Savannah, GA) is a calcium silicate–based sealer
and is composed of zirconium oxide, calcium silicates, calcium phosphate monobasic,
calcium hydroxide, filler, and thickening agents (9, 10). BC demonstrates many
desirable properties such as biocompatibility, chemical stability, hydrophilicity,
flowability, radiopacity, and slight expansive tendencies (9, 11–13). Bioceramic
materials have also been shown to produce hydroxyapatite, which provides for a
direct bond between dentin and the material (14). This sealer exhibits an antimicrobial
effect on bacteria that are known to be resistant to disinfection procedures such as
Enterococcus faecalis (15). In addition, BC sealer is conveniently delivered in a pre-
mixed form, making its usage consistent and efficient in a clinical setting. The superior
flowability and the ability to slightly expand upon setting allow this sealer to be used in a
single-cone obturation technique (16). The sealer sets upon contact with moisture,
mostly originating from the dentinal tubules (10, 17, 18). Thus, these qualities of BC
have improved the efficiency of root canal obturation and may allow for an
enhanced seal within otherwise inaccessible canal anatomies.

Although the material is frequently used, few studies to date have evaluated its clin-
ical success. Therefore, the purpose of this study was to evaluate the success rate of
nonsurgical root canal therapy using BC and a single-cone technique within a private
practice setting.

From the Departments of *Endodontics and ‡Public Health Sciences, Texas A&MUniversity College of Dentistry, Dallas, Texas; and †North Dallas Endodontics, Dallas,
TX.

Address requests for reprints to Dr Jianing He, Department of Endodontics, Texas A&M University College of Dentistry, 3302 Gaston Ave., Dallas, TX 75246. E-mail
address: jhe@tamhsc.edu
0099-2399/$ - see front matter

Copyright ª 2018 American Association of Endodontists.
https://doi.org/10.1016/j.joen.2018.02.019

Signi!cance
This !rst clinical study on the outcome of nonsur-
gical root canal treatment using BC sealer showed
a 90.9% overall success rate. Although sealer
extrusion was observed in about half of the cases,
it did not signi!cantly affect the treatment
outcome.
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Le proprietà favorevoli dei cementi endodontici bioceramici e 
in particolare l’idrofilia, la leggera espansione durante 
l’indurimento e la biocompatibilità, indirizzano all’utilizzo di 
questi prodotti con una tecnica a cono singolo.  
Questa tecnica migliorerebbe l 'efficienza clinica 
dell 'otturaz ione del canale rad icolare che può 
successivamente tradursi in una maggiore percentuale di 
successo della terapia endodontica anche se non è adatta a 
tutte le anatomie canalari. 
il tasso di successo del trattamento endodontico ottenuto in 
questo lavoro clinico utilizzando una tecnica di otturazione a 
cono singolo è stato del 90,9%. 
Poiché non sarebbe necessario comprimere il cono di 
guttaperca, affidandoci alla stabilità del bioceramico e alla 
sua capacità di sigillo, la sagomatura canalare non avrebbe 
bisogno di grandi conicità. La conservazione della dentina è 
un fattore positivo importante contro le fratture verticali di 
radice.  
Un tema molto importante, ancora in fase di standardizzazione, 
è il controllo e la gestione del cemento bioceramico durante 
le fasi del sigillo canalare. l’estrusione di cemento oltre 
apice è un evento frequente anche se non avrebbe alcuna 
influenza sul risultato del trattamento. 

La scelta del cemento ricopre una importanza fondamentale 
in relazione alla tecnica di sigillo canalare poiché molti 
cementi bioceramici, se soggetti a fonti di calore, modificano 
in senso negativo le loro caratteristiche chimico fisiche.
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Heating stability, physical and chemical analysis of
calcium silicate-based endodontic sealers
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E. M. Paiva2 , M. A. C. Sinhoreti1 , I. M. Raimundo Jr2 , B. P. F. A. Gomes1 ,
A. de-Jesus-Soares1 & M. A. Marciano1

1Department of Restorative Dentistry, Piracicaba Dental School, University of Campinas, Piracicaba, Sao Paulo; and 2Institute
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Abstract

Antunes TBM, Janini ACP, Pelepenko LE, Abuna

GF, Paiva EM, Sinhoreti MAC, Raimundo IM Jr,

Gomes BPFA, de-Jesus-Soares A, Marciano MA.

Heating stability, physical and chemical analysis of calcium

silicate-based endodontic sealers. International Endodontic

Journal, 54, 1175–1188, 2021.

Aim To evaluate possible modifications in root canal

sealers subjected to a variety of heating conditions

using vibrational spectroscopy and analysis of physi-

cal and chemical properties.

Methodology EndoSequence BC Sealer HiFlow, Bio-C

Sealer, BioRoot RCS and AH Plus were analysed chemi-

cally using Raman spectroscopy (25–220 °C) and Four-

ier-transform infrared spectroscopy (FT-IR) (37–100 °C
). For FT-IR, the materials were tested individually and

mixed with root dentine powder. Scanning electron

microscopy (SEM) and coupled energy dispersive spec-

troscopy (EDS) were used to evaluate surface and chemi-

cal elements. ISO 6876-2012 and ASTM-C266-07

specifications were followed to evaluate flow, setting time

(moist and dry), solubility and radiopacity. Also, pH anal-

ysis at 37 and 100 °C was performed. Shapiro–Wilk and

Mixed ANOVA (within and between the effects of the

subjects), Levene, and a post hoc analyses with Bonfer-

roni correction were performed (P < 0.05).

Results Vibrational spectroscopy revealed peaks of

tricalcium silicate, dicalcium silicate and zirconium

dioxide. Chemical changes in the Raman spectra

during heating were discrete, as the inorganic con-

tent predominated the signalling for all root canal

sealers. FT-IR analysis exhibited spectral changes in

water absorption for EndoSequence BC Sealer

HiFlow and Bio-C Sealer, probably related to dehy-

dration. For BioRoot RCS and AH Plus, no signifi-

cant chemical changes were observed. Bio-C Sealer

exhibited a band of polyethylene glycol only after

heating to 100 °C, probably related to its thermal

decomposition. SEM/EDS analysis corroborated the

composition results observed in vibrational spec-

troscopy for all materials. Heating to 100 °C signifi-

cantly changed the flowability of all calcium

silicate-based sealers with a wide variation in setting

times at both temperatures, along with solubility

levels above ISO standards. For all tested sealers,

radiopacity fulfilled the requirements, and pH exhib-

ited alkaline values.

Conclusions The tested calcium silicate-based seal-

ers were affected by heating. Calcium silicate-based

root canal sealers had high solubility which is a con-

cern for their clinical use. AH Plus was the only root

canal sealer that was stable after heating.

Keywords: calcium silicate, endodontic, sealers,

thermoplasticized obturation.
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Antunes TBM, Janini ACP, Pelepenko LE, Abuna

GF, Paiva EM, Sinhoreti MAC, Raimundo IM Jr,

Gomes BPFA, de-Jesus-Soares A, Marciano MA.

Heating stability, physical and chemical analysis of calcium

silicate-based endodontic sealers. International Endodontic

Journal, 54, 1175–1188, 2021.

Aim To evaluate possible modifications in root canal

sealers subjected to a variety of heating conditions

using vibrational spectroscopy and analysis of physi-

cal and chemical properties.

Methodology EndoSequence BC Sealer HiFlow, Bio-C

Sealer, BioRoot RCS and AH Plus were analysed chemi-

cally using Raman spectroscopy (25–220 °C) and Four-

ier-transform infrared spectroscopy (FT-IR) (37–100 °C
). For FT-IR, the materials were tested individually and

mixed with root dentine powder. Scanning electron

microscopy (SEM) and coupled energy dispersive spec-

troscopy (EDS) were used to evaluate surface and chemi-

cal elements. ISO 6876-2012 and ASTM-C266-07

specifications were followed to evaluate flow, setting time

(moist and dry), solubility and radiopacity. Also, pH anal-

ysis at 37 and 100 °C was performed. Shapiro–Wilk and

Mixed ANOVA (within and between the effects of the

subjects), Levene, and a post hoc analyses with Bonfer-

roni correction were performed (P < 0.05).

Results Vibrational spectroscopy revealed peaks of

tricalcium silicate, dicalcium silicate and zirconium

dioxide. Chemical changes in the Raman spectra

during heating were discrete, as the inorganic con-

tent predominated the signalling for all root canal

sealers. FT-IR analysis exhibited spectral changes in

water absorption for EndoSequence BC Sealer

HiFlow and Bio-C Sealer, probably related to dehy-

dration. For BioRoot RCS and AH Plus, no signifi-

cant chemical changes were observed. Bio-C Sealer

exhibited a band of polyethylene glycol only after

heating to 100 °C, probably related to its thermal

decomposition. SEM/EDS analysis corroborated the

composition results observed in vibrational spec-

troscopy for all materials. Heating to 100 °C signifi-

cantly changed the flowability of all calcium

silicate-based sealers with a wide variation in setting

times at both temperatures, along with solubility

levels above ISO standards. For all tested sealers,

radiopacity fulfilled the requirements, and pH exhib-

ited alkaline values.

Conclusions The tested calcium silicate-based seal-

ers were affected by heating. Calcium silicate-based

root canal sealers had high solubility which is a con-

cern for their clinical use. AH Plus was the only root

canal sealer that was stable after heating.
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I sigillanti a base di silicato di calcio testati risultano 
suscettibili al riscaldamento perchè il calore modifica le 
loro caratteristiche fisico-chimiche con un aumento di 
solubilità. sembra che l'unico sigillante canalare che sia 
rimasto stabile anche dopo l’applicazione del calore sia l’AH 
plus per cui sarebbe indicato l’utilizzo anche con le tecniche 
di sigillo che prevedono il riscaldamento della guttaperca.
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A B S T R A C T

Objectives: The aim of this study was to develop a new method of obturation by warm sealer in conjunction to
single cone gutta-percha and evaluate the suitability of this technique to obturate complex root canal systems.
Methodology: Three root canal sealers namely, AH Plus, BioRoot RCS, GuttaFlow and a prototype sealer com-
posed of tricalcium silicate and 30% zirconium oxide mixed with water and water-soluble polymer were in-
vestigated. The sealers were tested for "ow, !lm thickness, setting time and radiopacity following ISO 6876
(2012) recommendations at room temperature and following heat application at 100°C to change the sealer
properties. All the test sealers were characterized by scanning electron microscopy and energy dispersive
spectroscopy. The volume of voids when used with a single cone obturation technique both unmodi!ed and
modi!ed by heat was evaluated using microcomputed tomography.
Results: Although the prototype sealer was designed to be similar to the BioRoot, its physical properties were
found to be di#erent. All sealers tested were a#ected by the heat and exhibited a change in the physical
properties mainly the setting time, "ow, !lm thickness and void volume.
Conclusions: The application of heat a#ected the sealer properties and void volume. The single cone obturation
technique may not be suitable for complex canal anatomy and furthermore, AH Plus should not be subjected to
high temperatures as its properties deteriorate and void volume increases.

1. Introduction

Root canal obturation is usually performed using a combination of
gutta-percha and root canal sealer. For both lateral condensation and
warm vertical compaction, the obturation is mostly composed of gutta-
percha and the sealer is included to !ll the residual spaces within the
gutta-percha and between the gutta-percha and the internal walls of the
root canal. For both obturation techniques the quantity of sealer is kept
to a minimum as the sealer is considered to be the weak component of
the obturation. Epoxy-resin-based sealers such as AH Plus (Dentsply)
have been used for a number of years in conjunction with both tech-
niques. The irrigation protocol using a !nal rinse with 17% ethylene
diamine tetracetic acid (EDTA) to remove the smear layer thus leaving
exposed collagen of the dentine to interact with the epoxy resin of the
AH Plus [1,2] improves the performance of epoxy resin -based sealers.
The epoxy resin forms sealer tags thus adhering to the root canal walls
[3].

More recently the single cone obturation technique has regained
popularity. The ability to prepare the root canal with greater taper
instruments and match the !nal master cone to the size of the master
apical !le facilitates the use of single cone obturation technique. It is

less technique sensitive, requires less armamentarium, easier to per-
form, cheap and is therefore gaining popularity amongst many dentists.
The single cone obturation technique has been suggested for use with
hydraulic calcium silicate sealers. These sealers bond to the dentine
chemically [3,4]. If the solid cone is matched to the size of the canal
preparation it can provide similar obturation quality to the warm ver-
tical compaction [5]. Interestingly, dentinal tubule penetration of the
sealer occurs independent of which obturation technique is used [6,7].
The single cone obturation technique proportionally will consistent of
more sealer than the other techniques; thus the sealer properties are
important. A recent study has shown that the sealer properties are more
important for elimination of microorganisms than the method of ob-
turation [8].

Sealer properties are modi!ed by the application of heat [9–12].
When heated, hydraulic calcium silicate-based sealers have been shown
to exhibit reduced setting time, "ow and increased !lm thickness thus
not complying to the ISO 6876; 2012 [13] standards. However, this
change in sealer properties may potentially improve the obturation
quality since the ISO standards support minimum sealer thickness for
standard obturation techniques where the obturation is composed
mostly of gutta-percha not sealer. The aim of this study was to
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L'otturazione con cono singolo progettato per adattarsi 
perfettamente alla preparazione finale del canale è stata 
suggerita per essere utilizzata con i sigillanti idraulici a 
base di silicato di calcio. Il risultato è paragonabile alla 
compattazione verticale calda e mostra la penetrazione del 
sigillante all’interno dei tubuli dentinali. 
Si presenta quindi come un'alternativa valida alla 
compattazione verticale calda, con il vantaggio di essere più 
veloce, semplice senza richiedere alcun armamentario 
aggiuntivo.
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Abstract: Microbes are prevalent in the root canals of necrotic teeth, and they are the cause of primary
and post-treatment apical periodontitis. Bacteria can dwell within the infected root canal system as
surface-adherent biofilm structures, which exhibit high resistance to antimicrobial agents. Bioceramic
materials, with their biocompatible nature and excellent physico-chemical properties, have been
widely used in dental applications, including endodontics. This review focuses on the application of
bioceramic technology in endodontic disinfection and the antibiofilm effects of endodontic bioceramic
materials. Different bioceramic materials have shown different levels of antibiofilm effects. New
supplements have emerged to potentially enhance the antibiofilm properties of bioceramics aiming
to achieve the goal of microbial elimination in the root canal system.

Keywords: bioceramic material; biofilm; root repair material; sealer

1. Introduction
Microorganisms and their by-products are the main etiological factors responsible for

pulpal and periapical diseases [1]. Microorganisms found in the root canals are known
to form biofilms, which renders them more resistant to antimicrobial agents than bacteria
in the planktonic state [2]. The purpose of endodontic treatment is to prevent microbial
contamination of the root canal system and to eliminate the microbes from the infected root
canal in order to achieve clinical and radiographic success [3]. Although chemo-mechanical
preparation significantly reduces microorganisms inside the infected root canal system,
proportionally large areas of the main root canal wall remain untouched by the instruments,
and it is virtually impossible to completely remove 100% of the microbes by irrigation and
other methods [4]. Different methods of irrigant agitation have been introduced, including
pipetting, heating the irrigant [5], sonic and ultrasonic activation [6], and multisonic
activation [7]. These methods have been effective in promoting the movement of the
irrigant to clean areas that are beyond the reach of the instrumentation. Beyond the irrigant
agitation, the use of endodontic materials such as sealers, cements, pastes, putty, and
obturation materials with antibiofilm activity is considered beneficial in further reducing
the residual microorganisms and preventing leakage of a potential reinfection [8].

Bioceramics are inorganic, non-metallic, biocompatible materials that are used in
direct contact with living tissues in the medical and dental fields [9]. Since they are
chemically stable, non-corrosive, and interact well with organic tissues, more bioceramic
materials have been developed and successfully used in endodontic treatments, including
pulp capping, obturation, apical barrier formation, perforation repairs, and root-end
filling [10]. Some endodontic bioceramics are powder/liquid systems requiring manual
mixing, and some are premixed materials requiring moisture from surrounding tissues
to set. The setting process allows the bioceramics to achieve a superior seal with the
tooth structure [11].
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1. Introduction
Microorganisms and their by-products are the main etiological factors responsible for

pulpal and periapical diseases [1]. Microorganisms found in the root canals are known
to form biofilms, which renders them more resistant to antimicrobial agents than bacteria
in the planktonic state [2]. The purpose of endodontic treatment is to prevent microbial
contamination of the root canal system and to eliminate the microbes from the infected root
canal in order to achieve clinical and radiographic success [3]. Although chemo-mechanical
preparation significantly reduces microorganisms inside the infected root canal system,
proportionally large areas of the main root canal wall remain untouched by the instruments,
and it is virtually impossible to completely remove 100% of the microbes by irrigation and
other methods [4]. Different methods of irrigant agitation have been introduced, including
pipetting, heating the irrigant [5], sonic and ultrasonic activation [6], and multisonic
activation [7]. These methods have been effective in promoting the movement of the
irrigant to clean areas that are beyond the reach of the instrumentation. Beyond the irrigant
agitation, the use of endodontic materials such as sealers, cements, pastes, putty, and
obturation materials with antibiofilm activity is considered beneficial in further reducing
the residual microorganisms and preventing leakage of a potential reinfection [8].

Bioceramics are inorganic, non-metallic, biocompatible materials that are used in
direct contact with living tissues in the medical and dental fields [9]. Since they are
chemically stable, non-corrosive, and interact well with organic tissues, more bioceramic
materials have been developed and successfully used in endodontic treatments, including
pulp capping, obturation, apical barrier formation, perforation repairs, and root-end
filling [10]. Some endodontic bioceramics are powder/liquid systems requiring manual
mixing, and some are premixed materials requiring moisture from surrounding tissues
to set. The setting process allows the bioceramics to achieve a superior seal with the
tooth structure [11].
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$LP��7KH�DLP�DQG�REMHFWLYH�RI�WKLV in vitro study was to evaluate the antimicrobial 
H൶FDF\� RI� URRW� FDQDO� VHDOHUV� �ELRFHUDPLF� >%&@� VHDOHU�� (SLSKDQ\� VHOI�HWFK�
sealer, and AH-Plus sealer) on Staphylococcus aureus and Candida albicans. 
0DWHULDOV� DQG� 0HWKRGV�� $Q� DJDU� ZHOO� GL൵XVLRQ� DVVD\� PHWKRG� ZDV� XVHG� WR�
GHWHUPLQH� WKH� H൶FDF\� RI� WKH� URRW� FDQDO� VHDOHU� DJDLQVW� S. aureus (ATCC 6538) 
and C. albicans (ATCC 10231). Root canal sealers were divided into three 
groups: BC sealer, Epiphany self-etch sealer, and AH-Plus sealer, and the standard 
DQWLELRWLF�GLVF�RI�DPR[LFODY�DQG�ÀXFRQD]ROH�ZDV�NHSW�DV�D�FRQWURO�DJDLQVW�S. aureus 
and C. albicans. The diameters of the growth inhibition zones against S. aureus and 
C. albicans� IRU� HDFK� JURXS�ZHUH� UHFRUGHG� DQG� FRPSDUHG� DW� ��� K��7KH� GL൵HUHQFHV�
between groups were analyzed by one-way ANOVA and Tukey’s post hoc tests for 
intergroup analysis. 5HVXOWV��AH-Plus sealer exhibited a larger zone of inhibition 
than the other two sealers against S. aureus and C. albicans at 24 h. The standard 
DQWLELRWLF� GLVF� RI� ÀXFRQD]ROH�� ZKLFK� ZDV� XVHG� DV� D� FRQWURO� DJDLQVW�C. albicans, 
exhibited a higher antimicrobial activity than the AH-Plus sealer at 24 h, whereas 
Epiphany self-etch sealer showed the least antimicrobial activity against S. aureus 
and C. albicans.� &RQFOXVLRQ� The AH-plus root canal sealer exhibits a better 
antibacterial action against S. aureus and C. albicans at 24 h. 

.ൾඒඐඈඋൽඌ��$JDU�GLৼXVLRQ�WHVW��EUDLQ�KHDUW�LQIXVLRQ�EURWK��&DQGLGD�DOELFDQV��
inhibition zone, sealers, Staphylococcus aureus
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6HOI�HWFK�6HDOHU��DQG�$+�3OXV�6HDOHU�DJDLQVW Staphylococcus aureus and 
Candida albicans��$Q In vitro 6WXG\
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faecalis, a Gram-positive anaerobic, facultative coccus, 
has been reported as one of the most frequently isolated 
microorganisms from the root canals at the time of 
retreatment ranging from 24 to 77%.[4,5] It is known to 
penetrate deeply into dentinal tubules (250–400 Pm),[6] 
binding to collagen and hydroxyapatite,[4] which makes 
LWV� FRPSOHWH� HOLPLQDWLRQ� GL൶FXOW�� 'XH� WR� WKHVH�
properties, E. faecalis has been adopted as a model test 
organism in many endodontic studies.[7] In the previous 
study by Hegde et al��� WKH�DQWLPLFURELDO�H൶FDF\�RI� URRW�
canal sealer was assessed against E. faecalis.

,ඇඍඋඈൽඎർඍංඈඇ

Microorganisms and their by-products have been 
responsible for dentinal, pulpal, and periapical 

pathologies, which were observed by Miller in 1890. 
The main aim of endodontic therapy is to eliminate 
microorganisms from the root canal.[1,2] Instrumentation, 
LUULJDWLRQ�� DQG� LQWUDFDQDO� PHGLFDPHQWV� VLJQL¿FDQWO\�
reduce the population of microorganisms. However, it 
does not completely eliminate the microorganisms from 
the root canal due to the anatomical complexities such 
DV�GHQWLQDO� WXEXOHV�� UDPL¿FDWLRQ��GHOWDV�� DQG�¿QV��KHQFH��
D� JRRG� URRW� FDQDO� ¿OOLQJ� PDWHULDO� ZLWK� DQWLEDFWHULDO�
SURSHUW\� ZRXOG� EH� EHQH¿FLDO� LQ� IXUWKHU� UHGXFLQJ� WKH�
number of residual microorganisms.[3] A variety of 
microbes ranging from anaerobes, aerobes, and fungi can 
cause root canal infection. Among these, Enterococcus 
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and C. albicans.� &RQFOXVLRQ� The AH-plus root canal sealer exhibits a better 
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faecalis, a Gram-positive anaerobic, facultative coccus, 
has been reported as one of the most frequently isolated 
microorganisms from the root canals at the time of 
retreatment ranging from 24 to 77%.[4,5] It is known to 
penetrate deeply into dentinal tubules (250–400 Pm),[6] 
binding to collagen and hydroxyapatite,[4] which makes 
LWV� FRPSOHWH� HOLPLQDWLRQ� GL൶FXOW�� 'XH� WR� WKHVH�
properties, E. faecalis has been adopted as a model test 
organism in many endodontic studies.[7] In the previous 
study by Hegde et al��� WKH�DQWLPLFURELDO�H൶FDF\�RI� URRW�
canal sealer was assessed against E. faecalis.
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Microorganisms and their by-products have been 
responsible for dentinal, pulpal, and periapical 

pathologies, which were observed by Miller in 1890. 
The main aim of endodontic therapy is to eliminate 
microorganisms from the root canal.[1,2] Instrumentation, 
LUULJDWLRQ�� DQG� LQWUDFDQDO� PHGLFDPHQWV� VLJQL¿FDQWO\�
reduce the population of microorganisms. However, it 
does not completely eliminate the microorganisms from 
the root canal due to the anatomical complexities such 
DV�GHQWLQDO� WXEXOHV�� UDPL¿FDWLRQ��GHOWDV�� DQG�¿QV��KHQFH��
D� JRRG� URRW� FDQDO� ¿OOLQJ� PDWHULDO� ZLWK� DQWLEDFWHULDO�
SURSHUW\� ZRXOG� EH� EHQH¿FLDO� LQ� IXUWKHU� UHGXFLQJ� WKH�
number of residual microorganisms.[3] A variety of 
microbes ranging from anaerobes, aerobes, and fungi can 
cause root canal infection. Among these, Enterococcus 
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BASIC RESEARCH – TECHNOLOGY

The Antimicrobial Effect of
Bioceramic Sealer on an
8-week Matured Enterococcus
faecalis Bio!lm Attached to
Root Canal Dentinal Surface

ABSTRACT
Introduction: The aim of this studywas to test the antibacterial activity of bioceramic sealer in
comparison with AH Plus (Dentsply International Inc, York, PA) on 8-week-old Enterococcus
faecalis bio!lms attached to root canal surfaces using a dentin infection model.
Methods: The canal surfaces of single-rooted intact extracted teeth were infected by
growing E. faecalis bio!lms for 8 weeks. AH Plus sealer and EndoSequence BC Sealer
(Brasseler USA, Savannah, GA) were placed on the root canal wall of the dentin specimens for
24 hours and 2 weeks in humid conditions at 37!C. Infected samples incubated with no
sealers for similar periods were used as the negative controls. Specimens were labeled with
"uorescent viability staining, and confocal laser scanning microscopy was used as an
assessment tool of the proportions of dead and live bacteria on canal walls after exposure to
root canal sealers for the determined times. Results: EndoSequence BC Sealer killed
signi!cantly more E. faecalis in bio!lm attached to the canal surfaces when compared with AH
plus sealer and control at both time points (P , .05–.0005). Conclusions: EndoSequence
BC Sealer exhibited signi!cant antimicrobial capacity in the presence of dentin for up to 2
weeks on an 8-week-old E. faecalis bio!lm in comparison with AH Plus sealer. (J Endod
2019;45:1047–1052.)

KEY WORDS

Bioceramic sealer; confocal microscopy; Enterococcus faecalis bio!lms

The role of microorganisms in the development of apical periodontitis has been well recognized in the
endodontic literature1. Furthermore, recent evidence indicates that endodontic bio!lm within the canal
system plays a signi!cant role in the apical disease process2. Thereby, the goal of root canal treatment is
to reduce the microbial load as much as possible through chemomechanical preparation and intracanal
medicaments3. However, complete bacterial eradication from root canal spaces using current
therapeutic strategies may not be attainable because of the limitation of mechanical instrumentation4,5. It
would be advantageous if the root canal !lling materials had an antimicrobial substantivity to eliminate
residual microbes that survive the initial root canal disinfection process within the dentinal tubules or as a
bio!lm on untouched dentinal surfaces6.

A bioceramic-based root canal sealer (EndoSequence BC Sealer; Brasseler USA, Savannah, GA)
was recently introduced in endodontics as an alternative root canal sealer promising superior biological
and physiochemical characteristics7. EndoSequence BC Sealer has been shown to have better
biocompatibility with signi!cantly less cytotoxicity and genotoxicity compared with other endodontic
sealers8,9. Because of its bioactive nature, EndoSequence BC Sealer may exhibit a positive effect on hard
tissue deposition by forming hydroxyapatite10. Moreover, it is radiopaque11, easy to handle,
hydrophilic12, expands after setting13, insoluble14, and possesses antimicrobial properties8,9,15,16.

The antimicrobial activity of different sealers has been previously evaluated8,9,15,16. However, there
is little to no information available on the antimicrobial ef!cacy of EndoSequence BC Sealer using an
experimental environment with bio!lm attached to dentinal root canal surfaces.

SIGNIFICANCE

The recently introduced
bioceramic sealer exhibited a
signi!cantly potent
antibacterial effect against
8-week-old Enterococcus
faecalis bio!lms over AH Plus
sealer in the presence of
dentin.
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Come i cementi endodontici tradizionali, un’altra proprietà 
che hanno i cementi bioceramici è una certa capacità 
antibatterica. 
Le proprietà antimicrobiche e antibiofilm sono insite alla 
natura del materiale stesso che ha un pH alcalino ma sono 
legate anche al rilascio ritardato di ioni Calcio a contatto 
con le pareti dentinali.  
L’efficacia però non si esplicita nei confronti di tutte le 
specie batteriche che costituiscono il biofilm per cui le 
normali procedure di disinfezione canalare devono essere 
comunque condotte scrupolosamente. la possibilità che 
questi cementi hanno di creare un sigillo di alta qualità in 
associazione alle proprietà antimicrobiche sono entrambe 
condizioni fondamentali per raggiungere il successo nel 
trattamento endodontico.



I 
c

e
m

e
n

t
i 

b
io

c
e

r
a

m
ic

i
un’altra peculiarità dei cementi bioceramici  è il ruolo chiave 
che rivestono nella rivascolarizzazione/rigenerazione 
pulpare. Questa possibilità cambierà radicalmente l’approccio 
odontoiatrico nel trattamento di elementi necrotici con apice 
immaturo in pazienti di età compresa fra gli 8 e i 18 anni

Le terapie endodontiche attualmente in uso nella gestione di 
elementi necrotici ad apice immaturo sono: 
๏ Medicazioni con Idrossido di Calcio che favoriscono 

nell’arco di qualche mese lo sviluppo apicale della radice 
con la formazione di un ponte di dentina apicale  
(Apecificazione). A risultato ottenuto il lume canalare può 
essere sigillato con le tradizionali tecniche di otturazione 
mediante l’utilizzo della guttaperca. 

๏ Posizionamento apicale di MTA con cui viene formata una 
barriera apicale immediata che a contatto con i tessuti 
periapicali induce osteogenesi. 

Il limite di queste tecniche è l’impossibilità di indurre 
l’ispessimento delle pareti dentinali per cui l’elemento 
rimane fragile nel tempo ed esposto a rischio di frattura.

Una valida alternativa potrebbe essere l’applicazione delle 
recenti procedure di rigenerazione pulpare che indurrebbero 
la formazione completa della radice sia con la formazione 
delle strutture apicali sia con l’ispessimento delle pareti 
dentinali oltre alla guarigione della lesione periapicale.

CLINICAL RESEARCH

Revascularization of Immature Permanent Teeth
With Apical Periodontitis: New Treatment Protocol?

Francisco Banchs, DDS, MS, and Martin Trope, DMD

A new technique is presented to revascularize im-
mature permanent teeth with apical periodontitis.
The canal is disinfected with copious irrigation and
a combination of three antibiotics. After the disin-
fection protocol is complete, the apex is mechan-
ically irritated to initiate bleeding into the canal to
produce a blood clot to the level of the cemento-
enamel junction. The double seal of the coronal
access is then made. In this case, the combination
of a disinfected canal, a matrix into which new
tissue could grow, and an effective coronal seal
appears to have produced the environment neces-
sary for successful revascularization.

Regeneration of a necrotic pulp is considered possible only after
avulsion of an immature permanent tooth. The advantages of pulp
revascularization lie in the possibility of further root development
and reinforcement of dentinal walls by deposition of hard tissue,
thus strengthening the root against fracture. After reimplantation of
an avulsed immature tooth, a unique set of circumstances exists
that allows regeneration to take place. The young tooth has an open
apex and is short, which allows new tissue to grow into the pulp
space relatively quickly. The pulp is necrotic but usually not
infected, so it will act as a matrix into which the tissue can grow.
It has been experimentally shown that the apical part of a pulp may
remain vital and, after reimplantation, may proliferate coronally,
replacing the necrotized portion of the pulp (1–3). In addition, the
fact that, in most cases, the crown of the tooth is intact ensures that
bacterial penetration into the pulp space through cracks (4) and
defects will be a slow process. Thus, the race between the new
tissue and infection of the pulp space favors the new tissue.
The notion that successful regeneration depends on a race be-

tween the new tissue and bacteria populating the pulp space is
strengthened by the fact that the incidence of revascularization is
enhanced if the apex shows radiographic opening of more than 1.1
mm (5) and the tooth is replanted within 45 min (thus increasing
the chances for revascularization by 18%) (5). The incidence can
be significantly improved if the tooth is soaked in doxycycline (6,

7) or minocycline (8) before replantation, therefore ensuring that
bacteria on the root surface and apical foramen are killed and no
new bacteria are able to move through the blood clot in the socket.
Regeneration of pulp tissue in a necrotic infected tooth with

apical periodontitis has been thought impossible. However, if it
were possible to create a similar environment as described here for
the avulsed tooth, regeneration should occur. Thus, if the canal
were effectively disinfected, a matrix into which new tissue could
grow were created, and the coronal access were effectively sealed,
regeneration should occur as in an avulsed immature tooth.
This case report describes the treatment of an immature second

lower right premolar with radiographic and clinical signs of apical
periodontitis with the presence of a sinus tract. The canal was
disinfected without mechanical instrumentation with the use of
copious irrigation followed by a mixture of antibiotics. A blood
clot was then produced to the level of the cementoenamel junction
(CEJ), followed by a deep coronal restoration. With clinical and
radiographic evidence of healing as early as 22 days, the large
radiolucency had disappeared within 2 months, and at the 24-
month recall, it was obvious that the root walls were thick and the
development of the root apical to the restoration was similar to that
of the adjacent and contralateral teeth.

CASE REPORTS

An 11-year-old boy of Japanese descent was referred to the
endodontic clinic of the University of North Carolina by the
pediatric dentistry department for evaluation on the lower right
second premolar. The child had a lingual swelling of the right
mandibular area 1 month previously with reported slight discom-
fort. On clinical examination, the patient was asymptomatic, and
the tooth appeared intact, without caries (Fig. 1). The presence of
occlusal tubercles on the other mandibular premolars suggested
that one may have been present on this tooth, which was fractured
during function, resulting in a microexposure and necrosis of the
pulp. The tooth had an open apex associated with a large radiolu-
cency (Fig. 2), and a lingual sinus tract was present that traced to
the apex of the tooth (Fig. 3). Periodontal probings were within
normal limits for all teeth in the lower right region. Diagnostic
testing was inconclusive on cold and electric pulp testing, with
sensitivity on percussion and palpation. Because of the presence of
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Revascularization of an immature permanent
tooth with apical periodontitis and sinus tract
Iwaya S, Ikawa M, Kubota M. Revascularization of an immature Shin-ichi Iwaya1, Motohide Ikawa2,
permanent tooth with apical periodontitis and sinus tract. Dent Minoru Kubota3

Traumatol 2001; 17: 185–187. C Munksgaard, 2001. 1Department of Dentistry, Tohoku Welfare Pension
Hospital, Sendai, 2Division of Periodontics and
Endodontics, Department of Oral Rehabilitation andAbstract – A necrotic immature mandibular second premolar with
Materials Science, Tohoku University Graduateperiapical involvement in a 13-year-old patient was treated. Instead School of Dentistry, Sendai, 3Department of

of the standard root canal treatment protocol and apexification, Operative Dentistry and Endodontics, Iwate
antimicrobial agents were used in the canal, after which the canal Medical University, Morioka, Japan
was left empty. Radiographic examination showed the start of api-
cal closure 5 months after the completion of the antimicrobial
protocol. Thickening of the canal wall and complete apical closure

Key words: revascularization; immature tooth;was confirmed 30 months after the treatment, indicating the re- periapical involvement; root development
vascularization potential of a young permanent tooth pulp into a
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In the avulsed immature tooth with an open apex,
revascularization is the most desirable healing re-
sponse because the tooth continues to develop to form
strong root dentin. In the infected immature tooth
with periapical involvement, pulp revascularization
has been considered impossible due to the presence
of bacteria in the root canal space and the lack of vital
pulp progenitor cells necessary for the proliferation of
pulpal tissue. Such a tooth receives an apexification
procedure, because revascularization of the pulp
chamber is not expected. Apexification induces
further development of an apex to close the foramina,
but does not promote the thickness of the entire canal
wall dentin. A tooth with this kind of thin root dentin
and large canal lumen is prone to fracture (1).

Theoretically, when an extremely large communi-
cation from the pulp space to the periapical tissues
exists, as with a very young tooth, it may be possible
for periapical disease to be present when the pulp is
only partially necrotic and infected. Vital pulp may
still be present in the most apical part of the canal. If
this were the case, successful removal and disinfection
of the necrotic infected coronal pulp would still leave
vital pulpal cells with the potential to proliferate new
pulp into the coronal pulp space. Thus obturation of
the root canal space, temporarily with a medicament
or with gutta-percha, would remove the possibility for

185

revascularization to occur and thus be counterpro-
ductive.

In this case report, we treated an immature man-
dibular second premolar with an intraoral sinus tract.
Instead of the standard root canal treatment and
apexification, the root canal was not mechanically
cleaned to the apex but copious irrigation and anti-
microbial agents were used in the canal. Thus ne-
crotic and infected pulp was removed coronally, leav-
ing residual pulp tissue apically in the canal to pro-
mote revascularization. The tooth responded to the
treatment as hoped and continued root development
and apical closure were confirmed.

Case report

The patient was a 13-year-old female. She had a his-
tory of swelling of the right mandibular buccal vesti-
bule for which she received an incision for drainage
at a nearby dental office in the summer of 1995. Be-
cause the periapical symptoms and swelling returned
after some time, she visited Tohoku Welfare Hospital
for advanced treatment in January 1996. A sinus tract
was found apically on the mesiobuccal aspect of the
right mandibular first molar (Fig. 1). The premolars
and molars were free of caries, but fracture of the
central cusp of the second premolar was noted on
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and apical closure were confirmed.

Case report
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bule for which she received an incision for drainage
at a nearby dental office in the summer of 1995. Be-
cause the periapical symptoms and swelling returned
after some time, she visited Tohoku Welfare Hospital
for advanced treatment in January 1996. A sinus tract
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right mandibular first molar (Fig. 1). The premolars
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In realtà la rigenerazione intesa come neoformazione di 
tessuto pulpare con le funzioni peculiari dell’organo pulpo-
dentinale sembra difficile da ottenere. Le ricerche sulla 
natura istologica del tessuto ottenuto dal coagulo 
intracanalare hanno portato alla identificazione di nuovi 
tessuti più di derivazione parodontale che di natura pulpare.

Per rigenerazione è più corretto riferirsi alla possibilità di 
rivascolarizzazione pulpare che mira alla formazione di un 
nuovo supporto vascolare intracanalare dal quale può 
partire un processo di riparazione.
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The concept of regenerative endodontics has gained

much attention in clinical endodontics in the past

decade. One aspect of this discipline is the application

of revitalization/revascularization therapies for infected

and/or necrotic immature pulps in permanent teeth.

Following the publication of a case report (Iwaya

et al. 2001), investigators have been rigorously exam-

ining the types of tissues formed in the canals as well

as exploring strategies to regenerate the pulp–dentine
complex in revitalized teeth. This review will provide

an update on the types of tissues generated in the

canals after revitalization/revascularization therapy in

both animal and human studies. The understanding

of the role of stem cells and microenvironment in the

process of wound healing resulting in either regenera-

tion or repair will be thoroughly discussed. Stem cells

and microenvironmental cues introduced into the

canal during revitalization/revascularization proce-

dures will be examined. In addition, requirement of a

sterile microenvironment in the canal and vital tissue

generation in revitalization/revascularization therapy

will be emphasized. The challenges that we face and

the hopes that we have in revitalization/revasculari-

zation therapy for regenerative endodontics will be

presented.

Keywords: apical periodontitis, immature perma-

nent teeth, microenvironment, niche, regeneration,

revitalization/revascularization, stem cells.
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Introduction

Injury to living tissues or organs will initiate a pro-

grammed wound healing process if the irritation is

removed. Wound healing is a complex biological

process involving cell–cell and cell–extracellular
matrix cross-signalling and the temporal and spatial

expression of growth/differentiation factors and cyto-

kines, as well as adhesion molecules and other bioac-

tive molecules during the process (Clark 1996,

Werner & Gross 2003, Werner et al. 2007, Gurtner

et al. 2008, Barrientos et al. 2008). The ideal wound

healing is to recapitulate what occurs during embry-

onic tissue or organ development (Martin & Parkhurst

2004) and to reconstitute the original biological sta-

tus structurally and functionally – a process defined

as regeneration (Martin 1997).

Wound healing of tissues, such as dentine, bone or

cementum, involves only the cell type that makes up

that tissue (parenchymal cells). However, wound
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Ali Nosrat, DDS, MS, Kevin L. Li, DMD, PhD, Kunwar Vir, DMD, MS, M. Lamar Hicks, DDS, MS,
and Ashraf F. Fouad, BDS, DDS, MS

Abstract
Introduction: True regeneration of the dental pulp-
dentin complex in immature teeth with necrotic pulps
has not been shown histologically. It is not known to
what extent this true tissue regeneration is necessary
to achieve clinically acceptable outcomes. Methods:
This case report describes the treatment of a patient
with an immature maxillary right central incisor with
a history of impact trauma and enamel-dentin crown
fracture. A diagnosis of pulp necrosis with acute apical
abscess was established. A regenerative endodontic
protocol that used a paste containing Augmentin for 5
weeks as an intracanal medicament was used. Results:
Follow-ups at 9, 12, 17, and 31 months revealed
complete osseous healing of the periapical lesion and
formation of the root apex, but without increase in
root length. Clinically, the tooth was functional,
asymptomatic, and nonresponsive to pulp vitality tests.
The crown discolored over time. On reentering the root
canal, no tissues were observed under magnification
inside the root canal space. The root canal treatment
was completed with mineral trioxide aggregate
obturation. Conclusions: Augmentin might be an
acceptable choice for root canal disinfection in
regenerative endodontic procedures. The protocol for
regenerative endodontic treatment is not predictable
for pulp-dentin regeneration. Formation of the root
apex is possible without pulp regeneration. (J Endod
2013;39:1291–1295)

Key Words
Augmentin, dental trauma, mineral trioxide aggregate,
pulp regeneration, regenerative endodontic treatment,
root development

Contemporary regenerative endodontic therapy is intended to control dental pulp
space infection and promote vital tissue growth that would then result in thickening

of root dentin and normal maturation of the root apex. Clearly, the optimal goal for this
new treatment strategy is to regenerate the pulp-dentin complex, which would promote
root development (1). The treatment is based on the theory that in the absence of
bacteria and necrotic tissue and in the presence of an appropriate scaffold and stem
cells inside the root canal space, regeneration of the pulp tissue would be feasible (2).

As reported in several successful cases, the protocol for pulp revascularization/
revitalization begins with root canal irrigation with minimal instrumentation and then
continues with disinfection with an antibiotic mixture (3, 4). The most commonly
reported dressing is a triple antibiotic aste (TAP), which consists of ciprofloxacin,
metronidazole, and minocycline. After the antibiotics are allowed to disinfect the
canal system for several weeks, induction of bleeding into the root canal space is
performed by mechanically irritating the periapical tissues. It is presumed that the
blood clot serves as a scaffold in which stem cells from the apical papilla (SCAP)
populate the clot. In addition, growth factors released from platelets and the dentinal
walls serve as a promoter for stem cell division and differentiation processes (5, 6).
It has been shown that the blood clot formed inside the root canal space contains
more stem cells than peripheral blood, a finding that shows that stem cells are
abundant in the induced blood clot (7). Finally, a tight coronal seal over the blood
clot is created. Most clinicians have used mineral trioxide aggregate (MTA) directly
on the blood clot, with a coronal restoration placed over the MTA in a subsequent
visit (3).

A retrospective study of cases deemed to be successful by the clinicians following
different disinfection protocols revealed that TAP had the most favorable results for root
development (8). A recent retrospective study showed that regenerative endodontic
treatment is associated with a higher tooth survival rate compared with an MTA apical
plug technique and calcium hydroxide apexification (9). However, the difference with
MTA plug technique was not statistically significant.

However, there are several problems that may arise with the regenerative
endodontic treatment protocol. These include insufficient bleeding at the second visit,
lack of root development in the cervical area of the tooth that is critical for tooth
strength, tooth discoloration, and/or poor root development (10, 11). In addition,
animal and human studies have shown that pulp-dentin regeneration does not occur
with this protocol (12, 13). Even after using tissue engineering strategies,
cementum-like hard tissue was deposited on root canal walls, and bony islands were
found throughout the root canals (14). Therefore, pulp-dentin regeneration after
pulp necrosis in immature teeth is not achieved with current techniques.

There are recent reports on the absence of vital tissue inside the root canal after
treatment. Lenzi and Trope (15) mentioned the probability of empty root canal space
after treatment of an immaturemaxillary central incisor with a necrotic pulp. Nosrat et al
(10) showed the absence of vital tissue inside the root canal space of 2 treated immature
maxillary incisors with necrotic pulps after 6 years. The purpose of this report is to
present a case where root maturation occurred in a maxillary central incisor, even
though a regenerative endodontic procedure resulted in an empty root canal space.

Case Report
An 8-year-old male patient was referred with the chief complaint of pain and

swelling in the anterior maxilla. The patient had a history of impact trauma to the
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Allo stato attuale la Rigenerazione pulpare Può essere 
considerata la prima scelta terapeutica nell’affrontare 
elementi necrotici con apici beanti e radici in fase di 
maturazione.
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Abstract

Galler KM. Clinical procedures for revitalization: current

knowledge and considerations. International Endodontic

Journal, 49, 926–936, 2016.

Revitalization or regenerative treatment approaches

in teeth with incomplete root formation and pulp

necrosis have become part of the therapeutic

endodontic spectrum and should be considered as an

alternative to conventional apexification. Ideally,

regenerative endodontic procedures allow not only

for a resolution of pain, inflammation and periapical

lesions, but also for the formation of an immuno-

competent tissue inside the root canal which can

reconstitute the original biological structure and

function of dental pulp and thus lead to an increase

in root length, and thickness and strength of previ-

ously thin, fracture-prone dentine walls. Common

features of regenerative procedures performed in

immature teeth with pulp necrosis include (i) mini-

mal or no instrumentation of the dentinal walls, (ii)

disinfection with irrigants, (iii) application of an

intracanal medicament, (iv) provocation of bleeding

into the canal and creation of a blood clot, (v) cap-

ping with calcium silicate, and (vi) coronal seal.

Although case reports and case series provide

promising results, the protocol for regenerative

endodontic treatment is not fully established; ques-

tions remain regarding the terminology, patient

selection and informed consent as well as procedural

details, especially on the choice of irrigants, intra-

canal medicaments and materials for cavity sealing.

Animal studies document repair rather than regener-

ation, which opens the discussion on prognosis and

outcome, especially the biological versus the patient-

based outcome. This review will provide an overview

of the current state of regenerative endodontic thera-

pies, discuss open questions and provide recommen-

dations based on the recent literature.

Keywords: dental pulp stem cells, pulp regenera-

tion, regenerative endodontics, revascularization, revi-

talization.
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Introduction

The pulp–dentine complex and conventional root
canal treatment

Although rather small, teeth are complex organs

comprising several mineralized matrices, which

enclose a soft tissue termed the dental pulp. A healthy

dental pulp fulfils a number of different tasks, namely

formation of dentine, perception of pain and transmis-

sion of sensory stimuli from the pulp–dentine complex

(Magloire et al. 2010), immunoresponse and cellular

clearance of pathogens as well as formation of dentine

as active defence mechanisms against invading toxins

and bacteria (Bjørndal 2008, Staquet et al. 2011). In

young patients, a functional pulp tissue is essential

for the completion of root formation (Mohammadi

2011). Irritation caused by caries or trauma induces

an inflammatory tissue response termed pulpitis.

Initially, this inflammatory reaction may be fully
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Anche se i risultati ottenuti con le procedure di 
r i vascolar i z zaz ione /R igeneraz ione pulpare s i ano 
effettivamente promettenti, non esiste ancora un protocollo 
clinico definito riguardo alla scelta dell’irrigante, della 
composizione della medicazione intermedia e del materiale 
per il restauro

Disinfection of Immature Teeth with a Triple Antibiotic
Paste
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Abstract
This study assessed the efficacy of a triple antibiotic
paste in the disinfection of immature dog teeth with
apical periodontitis. The canals were sampled before
(S1) and after (S2) irrigation with 1.25% NaOCL and
after dressing with a triple antibiotic paste (S3), con-
sisting of metronidazole, ciprofloxacin, and minocy-
cline. At S1, 100% of the samples cultured positive for
bacteria with a mean CFU count of 1.7 ! 108. At S2,
10% of the samples cultured bacteria-free with a mean
CFU count of 1.4 ! 104. At S3, 70% of the samples
cultured bacteria-free with a mean CFU count of only
26. Reductions in mean CFU counts between S1 and S2
(p " 0.0001) as well as between S2 and S3 (p "
0.0001) were statistically significant. These results in-
dicate the effectiveness of a triple antibiotic paste in the
disinfection of immature teeth with apical periodontitis.
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The immature tooth with apical periodontitis presents numerous challenges that
inhibit our ability to provide a predictable long-term treatment outcome. Past efforts

have been aimed at eliminating the bacterial challenge and creating an environment
conducive to the placement of a root canal filling (1–3). Though these goals have been
adequately met, the problem of thin root walls and susceptibility to fracture still remain
(4).

Revascularization of necrotic pulp has been considered possible only after trau-
matic injury to an immature tooth (5, 6). After traumatic injury of an immature tooth a
unique set of circumstances exist that favor revascularization. The potential for revas-
cularization appears to directly hinge on this race between bacterial infection of the
necrotic (but not infected pulp) and revascularization of the canal space by vital tissue
using the ischemic pulp as a matrix. This is evidenced by the significant increase in
success rates after soaking the tooth in doxycycline (7) or the application of minocy-
cline before replantation (8).

When an immature root is already infected the potential for revascularization has
been thought to be lost. Disinfection with (limited) mechanical instrumentation and
irrigation with NaOCL has been proven ineffective (3), therefore we must rely on the
placement of a medicament to achieve adequate reduction of intracanal bacteria. The
placement of calcium hydroxide, although effective at bacterial reduction (9), fills the
space required for revascularization and initiates a hard tissue response by sterile
necrosis of the tissue at the apex of the tooth (10).

If our focus were to shift away from the placement of a root filling toward the
creation of an environment similar to that of the avulsed immature tooth, revascular-
ization after infection may be possible. For this to occur, disinfection must first be
achieved by irrigation and the placement of an intracanal medicament. A mixture of
ciprofloxacin, metronidazole, and minocycline has been shown to be very effective in
eliminating endodontic pathogens in vitro and in situ (11–13). This mixture has also
been demonstrated to be well tolerated by vital pulp tissue (14). After disinfection, the
canal should be filled with a resorbable matrix to encourage the in-growth of new tissue.
Finally, the coronal access must be sealed to prevent reinfection.

Several reports have recently demonstrated the potential for revascularization
after infection if this type of environment is created (15, 16). The aim of this study was
to assess the first step in this process; adequate disinfection of immature teeth with an
antibiotic paste. We set out to determine the bactericidal efficacy of a triple antibiotic
paste consisting of ciprofloxacin, minocycline, and metronidazole in the disinfection of
immature dog teeth with apical periodontitis.

Materials and Methods
This research was conducted with the support of The University of North Carolina

(UNC) Animal Facility. Before initiation of the study, an application to use live vertebrate
animals, including the study protocol, was reviewed and approved by the UNC Institu-
tional Animal Care and Use Committee. Six mongrel dogs approximately 5 months old
and weighing approximately 11 kg each were obtained. At this age, the dogs’ upper 2nd
and 3rd premolars as well as the lower 2nd, 3rd, and 4th premolars are expected to
present with incomplete root formation and open apices. Radiographs were taken to
confirm incomplete root formation before initiation of the study.

Treatment was carried out during three sessions. The animals were anesthetized
during all experimental procedures. Anesthesia was obtained by intravenous adminis-

Basic Research–Biology

JOE — Volume 31, Number 6, June 2005 Triple Antibiotic Paste and Bacterial Reduction 439

Disinfection of Immature Teeth with a Triple Antibiotic
Paste
William Windley, III, DDS, MS, Fabricio Teixeira, DDS, MSc, PhD, Linda Levin, DDS, PhD,
Asgeir Sigurdsson, DDS, MS, Martin Trope, DMD

Abstract
This study assessed the efficacy of a triple antibiotic
paste in the disinfection of immature dog teeth with
apical periodontitis. The canals were sampled before
(S1) and after (S2) irrigation with 1.25% NaOCL and
after dressing with a triple antibiotic paste (S3), con-
sisting of metronidazole, ciprofloxacin, and minocy-
cline. At S1, 100% of the samples cultured positive for
bacteria with a mean CFU count of 1.7 ! 108. At S2,
10% of the samples cultured bacteria-free with a mean
CFU count of 1.4 ! 104. At S3, 70% of the samples
cultured bacteria-free with a mean CFU count of only
26. Reductions in mean CFU counts between S1 and S2
(p " 0.0001) as well as between S2 and S3 (p "
0.0001) were statistically significant. These results in-
dicate the effectiveness of a triple antibiotic paste in the
disinfection of immature teeth with apical periodontitis.
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The immature tooth with apical periodontitis presents numerous challenges that
inhibit our ability to provide a predictable long-term treatment outcome. Past efforts

have been aimed at eliminating the bacterial challenge and creating an environment
conducive to the placement of a root canal filling (1–3). Though these goals have been
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(4).
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E’ fondamentale utilizzare una medicazione aggiuntiva 
all’azione dell’irrigante per ottenere una riduzione adeguata 
della carica batterica intracanalare. Il composto formato da 
ciprofloxacina, metronidazolo e minociclina sembra essere 
molto efficace nella eliminazione dei batteri patogeni
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La procedura clinica consigliata per la rigenerazione pulpare 
è la seguente:

Primo appuntamento 
๏ Rimozione del tessuto necrotico con strumentazione 

endodontica minimale 
๏ Irrigazione con Ipoclorito di Sodio (1,5% - 2,5%) utilizzando 

preferibilmente un sistema a pressione negativa 
๏ Asciugatura dei canali 
๏ Applicazione di uno stato adesivo protettivo sulla dentina 

camerale fino alla giunzione amelo-cementizia 
๏ Applicazione della medicazione antibiotica a base di 

ciprofloxacina, metronidazolo e minociclina all’interno del 
canale 

๏ Sigillo coronale provvisorio

Secondo appuntamento 
๏ Anestesia plessica senza vasocostrittore 
๏ Irrigazione con EDTA 17% e soluzione fisiologica 
๏ Asciugatura dei canali 
๏ Indurre il sanguinamento apicale all’interno del canale 

con qualsiasi strumento endodontico oltre apice fino a 
circa 3 mm dalla giunzione amelo-cementizia 

๏ Posizionare una spugna di fibrina per fermare il coagulo e 
per dare una base d’appoggio al cemento bioceramico 

๏ Posizionamento dell’MTA o del cemento bioceramico sul 
coagulo  

๏ In relazione ai tempi di indurimento del materiale usato si 
può passare al sigillo coronale immediatamente o in un 
successivo appuntamento 

Vetroionomero

Medicazione 
antibiotica

Composito

Cemento 
bioceramico

Fibrina

Coagulo

I appuntamento II appuntamento
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Regenerative Endodontic Therapy in the
Management of Nonvital Immature Permanent
Teeth: A Systematic Review—Outcome
Evaluation and Meta-analysis
Huei Jinn Tong, BDS, MDentSci, MPaedDent RCS,*
Sadna Rajan, BDS, MDSc, MDentSci, MPaedDent RCS,†
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Abstract
Introduction: Although the protocols in previously pub-
lished studies appeared to be largely similar, there were
inadequate evidence-based guidelines to support a single
protocol. Using a meta-analysis, this systematic review
aimed to summarize and quantitatively evaluate the out-
comes for nonvital immature permanent teeth treated us-
ing the regenerative endodontic technique (RET) as well
as critically appraise the level and quality of evidence of
the existing publications. Methods: Risk of bias assess-
ment and level of evidence grading were performed on
all included studies. Meta-analyses using a random ef-
fects model were performed to combine the results of
randomized controlled trials. The pooled success rate
for each exposure was estimated for each outcome (event
rates with 95% confidence intervals). The outcomes of all
included studies were summarized. Results: Success
rates for tooth survival and resolution of periapical pa-
thosis were excellent; however, results for apical closure
and continued root development were inconsistent. There
are few well-reported randomized prospective clinical
studies. Reporting of long-term outcomes and late-
stage effects was sparse. No study evaluated health eco-
nomic outcomes and improvements to patients’ quality of
life. Conclusions:Many knowledge gaps still exist within
the studies published. Current published evidence is un-
able to provide definitive conclusions on the predictability
of RET outcomes. (J Endod 2017;43:1453–1464)

Key Words
Level of evidence, meta-analysis, outcomes, regenerative endodontic therapy

Although several publi-
cations suggest that

treatment using the regen-
erative endodontic technique
(RET) has positive outcomes,
the results of such studies
should be interpreted with
caution. The analysis of ex-
isting published protocols
revealed that although these studies had largely similar reported RET protocols, there
are inadequate strong evidence-based guidelines to support a single protocol that can
provide the most favorable outcome for the treatment of infected immature permanent
teeth. The majority of reported clinical protocols are largely formulated on methods
published in case reports/series with some modifications and improvements made
based on in vivo and in vitro findings.

The field of regenerative endodontics in the management of nonvital immature
teeth is constantly evolving with several published prospective studies including ran-
domized controlled trials recently published. Given that RET is now considered as 1
of the viable treatment options for infected immature permanent teeth in young individ-
uals, it is timely that the present literature be critically re-evaluated in light of this chang-
ing landscape.

The aim of the review was to critically appraise the quality of evidence of existing
RET publications. The clinical and radiographic outcomes for nonvital immature per-
manent teeth treated using RET are summarized and evaluated using a meta-analysis.
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Signi!cance
The review summarizes systematically the clinical
and radiographic outcomes of existing clinical
studies on regenerative endodontic therapy. It
also aims to help clinicians evaluate the levels of
evidence of published articles and identify addi-
tional areas for research in this !eld.
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I risultati di questa tecnica hanno rivelato eccellenti 
percentuali di successo in termini di assenza di 
sintomatologia, sopravvivenza dei denti e risoluzione della 
patologia periapicale dopo Terapia endodontica rigenerativa. 
Il trattamento intermedio con l’applicazione del triplo 
antibiotico induce ad un aumento di spessore delle pareti 
radicolari considerevolmente superiore r ispetto 
all’idrossido di Calcio e al plug apicale con MTA. 
Tuttavia i protocolli clinici non sono ancora del tutto 
codificati. Attualmente, vi è ancora una scarsità di studi 
prospettici a lungo termine ben documentati che riportino 
risultati a lungo termine.

A Retrospective Evaluation of Radiographic Outcomes in
Immature Teeth With Necrotic Root Canal Systems Treated
With Regenerative Endodontic Procedures
Raison Bose, DDS,* Pirkka Nummikoski, DDS, MS,† and Kenneth Hargreaves, DDS, PhD*

Abstract
Introduction: Several case reports on endodontic
regeneration involving immature permanent teeth
have recently been published. These case series have
used varying treatments to achieve endodontic regener-
ation including triple antibiotic paste, Ca(OH)2, and
formocresol. However, no study has analyzed the overall
results. Methods: In this retrospective study, we
collected radiographs from 54 published and unpub-
lished endodontic regenerative cases and 40 control
cases (20 apexification and 20 nonsurgical root canal
treatments) and used a geometrical imaging program,
NIH ImageJ with TurboReg plug-in, to minimize poten-
tial differences in angulations between the preoperative
and recall images and to calculate continued develop-
ment of root length and dentin wall thickness. Results:
The comparison to the 2 control groups provided a vali-
dation test for this method. Forty-eight of the 54 regen-
erative cases (89%) had radiographs of sufficiently
similar orientation to permit analysis. The results
showed regenerative endodontic treatment with triple
antibiotic paste (P < .001) and Ca(OH)2 (P < .001)
produced significantly greater increases in root length
than either the MTA apexification or NSRCT control
groups. The triple antibiotic paste produced significantly
greater differences in root wall thickness than either the
Ca(OH)2 or formocresol groups (P < .05 for both). The
position of Ca(OH)2 also influenced the outcome.
When Ca(OH)2 was radiographically restricted to the
coronal half of the root canal system, it produced better
results than when it was placed beyond the coronal half.
Conclusions: Ca(OH)2 and triple antibiotic paste when
used as an intracanal medicament in immature necrotic
teeth can help promote further development of the pulp-
dentin complex. (J Endod 2009;35:1343–1349)

Key Words
Immature teeth, regenerative endodontics, retrospective
studies, revascularization

Bacterial infection of dental pulp and dentin in immature permanent teeth with open
apices poses numerous challenges to the dentist. Traditionally, the treatment of

immature permanent teeth with necrotic pulps involves long-term application of
calcium hydroxide to induce apexification at the root apex (1). However, the remaining
thin fragile dentinal walls predispose these teeth to fracture. Moreover, some studies
have shown that long-term use of calcium hydroxide can weaken dentin (2). Recently,
mineral trioxide aggregate (MTA) has been used in 1-step apexification procedures to
create an artificial apical barrier on which the obturation material can be compacted
(3). Although clinically successful for treatment of apical periodontitis, these tech-
niques do not help strengthen the root, and in the absence of continued development
of the root, the roots remain thin and fragile.

Several case reports on endodontic regeneration involving immature permanent
teeth with pulpal necrosis have been recently published (4–11). Although there are
no established standardized treatment protocols for endodontic regeneration, many
of these cases have shown favorable results, with continued radiographic evidence of
development of the dentin pulp complex and an absence of clinical symptoms. A triple
antibiotic paste consisting of metronidazole, ciprofloxacin, and minocycline has been
shown to be very effective against the pathogens commonly found inside the root canal
system (12–14). Calcium hydroxide has also been shown to be very effective as an intra-
canal medicament (1).

Although histologic studies are still lacking, the clinical outcome of these
endodontic regeneration studies is promising. The most frequent pretreatment diag-
nosis of these cases was of pulpal necrosis with or without apical periodontitis. Post-
operative recalls demonstrated regression of clinical symptoms in addition to
radiographic evidence of continued root development and increased dentinal wall
thickness (15). However, the application of nonstandardized radiographs to evaluate
an increase in the root length and dentin thickness should be interpreted with caution
because a slight change in the angulation at the preoperative or recall appointment
might produce inconsistent images and, accordingly, inaccurate interpretations.
Ideally, prospective studies should fabricate customized jigs for each patient to consis-
tently reposition the x-ray tube during radiographic exposure. However, most of the
available retrospective case series on regenerative procedures did not use this method.
Accordingly, the quantitative determination of changes in root length and dentinal wall
thickness requires a mathematical modeling of the preoperative and postoperative
images that permits calculation of changes in root development. In this retrospective
study, we collected radiographs from 54 published and unpublished endodontic regen-
erative case series as well as 40 control cases (20 apexification cases and 20 nonsur-
gical root canal treatments [NSRCTs]) and used an image transformation and analysis
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