Endodontics

V. 3, n. 3, Sept-Dec 2013

Dental Press Endod. 2013 Sept-Dec;3(3):1-80 ISSN 2178-3713



Endodontics

Editors-in-chief

Carlos Estrela

Federal University of Goias - UFG - Brazil
Gilson Blitzkow Sydney

Federal University of Parana - UFPR - Brazil
José Antonio Poli de Figueiredo

Pontifical Catholic University of Rio Grande do Sul - PUCRS - Brazil

Publisher
Laurindo Furquim
State University of Maringa - UEM - PR - Brazil

Editorial Review Board

Alberto Consolaro

Bauru Dental School - USP - Bauru - S&o Paulo - Brazil
Alvaro Gonzalez

University of Guadalajara - Jalisco - Mexico

Ana Helena Alencar

Federal University of Goias - UFG - Brazil

Carlos Alberto Souza Costa

Araraquara School of Dentistry - Sdo Paulo - Brazil
Erick Souza

Uniceuma - Sdo Luiz do Maranhéo - Brazil
Frederick Barnett

Albert Einstein Medical Center - Philadelphia - USA
Gianpiero Rossi Fedele

Eastman Dental Hospital - London

Gilberto Debelian

University of Oslo - Norway

Giulio Gavini

University of Sao Paulo - FOUSP - Séo Paulo - Brazil
Gustavo de Deus

Fluminense Federal University - Niteréi - Rio de Janeiro - Brazil
Helio Pereira Lopes

Brazilian Dental Association - Rio de Janeiro - Brazil
Jesus Djalma Pécora

Ribeirdo Preto School of Dentistry - FORP - USP - Sdo Paulo - Brazil

Jodo Eduardo Gomes
Aracatuba Dental School - UNESP - Sao Paulo - Brazil
Manoel Damido Souza Neto

Ribeirdo Preto School of Dentistry - FORP - USP - S&o Paulo - Brazil

Marcelo dos Santos

University of Sdo Paulo - FOUSP - Sao Paulo - Brazil

Marco Antonio Hungaro Duarte

Bauru Dental School - USP - Bauru - Sdo Paulo - Brazil

Maria lima Souza Cortes

Pontifical Catholic University of Minas Gerais - PUCMG - Brazil
Martin Trope

University of Philadelphia - USA

Paul Dummer

University of Wales - United Kingdom

Pedro Felicio Estrada Bernabé

Aragatuba School of Dentistry - Sdo Paulo - Brazil

Rielson Cardoso

University Sdo Leopoldo Mandic - Campinas - Sdo Paulo - Brazil
Wilson Felippe

Federal University of Santa Catarina - Brazil

Dental Press Endodontics

Dental Press Endodontics

(ISSN 2178-3713) is a quarterly publication of Dental Press International
Av. Dr. Luiz Teixeira Mendes, 2712 — Zona 5 — CEP: 87015-001
Maringa/PR, Brazil - Fone: (44) 3031-9818

www.dentalpress.com.br - artigos@dentalpress.com.br

DIRECTOR: Teresa Rodrigues D'Aurea Furquim - EDITORIAL DIRECTORS: Bruno D’Aurea
Furquim - Rachel Furquim Marson - MARKETING DIRECTOR: Fernando Marson - EDITORIAL
PRODUCER: Junior Bianco - DESKTOP PUBLISHING: Diego Ricardo Pinaffo - Bruno Boeing de
Souza - Gilddsio Oliveira Reis Junior - Renata Sguissardi - ARTICLES SUBMISSION: Simone Lima Lopes
Rafael - Madrcia Ferreira Dias - REVIEW/COPYDESK: Adna Miranda - Fernanda Silveira Boito - Ronis
Furquim Siqueira - Wesley Nazeazeno - JOURNALISM: Yara Marchini - DATABASE:: Cléber Augusto
Rafael - INTERNET: Adriana Fernando Truculo Evangelista - Poliana Rocha dos Santos - COURSES
AND EVENTS: Ana Claudia da Silva - Rachel Furquim Scattolin- COMMERCIAL DEPARTMENT:
Roseneide Martins Garcia - LIBRARY/ NORMALIZATION. Simone Lima Lopes Rafael - DISPATCH:
Diego Matheus Moraes dos Santos - FINANCIAL DEPARTMENT: Cléber Augusto Rafael - Lucyane
Plonkéski Nogueira - Roseli Martins - SECRETARY: Rosane Albino

Dental Press Endodontics is available for open access at Apple Store:
https://itunes.apple.com/us/app/endo-journal/id583044459?mt=8

LILACSO BB“

Indexing:

since 2012 since 2012
1 ) d ULRICHS\VEB®
at 1[1 eX GLOBAL SERIALS DIRECTORY
since 2012 since 2013 since 2013

Dental Press Endodontics

v.1,n.1 (apr.-june 2011) - . - - Maringd : Dental Press
International, 2011 -

Quarterly
ISSN 2178-3713
1. Endodontia - Periodicos. I. Dental Press International.

CDD 617.643005



The value of Endodontic Sciences experts

Endodontics is a specialty taught with great rigor, criteria and scien-
tific base in most schools of Dentistry. This fact stimulates dental sur-
geons to seek a postgraduate course in order to complement their
formal education.

Among the wide variety of postgraduate courses in Endodontics avail-
able in Brazil, the pursuit of technical-scientific improvement has been
one of the main targets. The great majority comprises scientific-based
courses, but our practice reveals an avalanche of discussions that focus
on a few technological resources. Perfect scientific-based endodontic
knowledge is essential to establish the basis for the application of new
technology. In many cases, the professional lacks knowledge on diag-
nosis, which will certainly affect other areas, starting with planning and
therapeutic management. Professionals with psychomotor skills, who
master the new technologies and scientific knowledge available, will
certainly stand out from the crowd.

Scientific knowledge has been increasingly required, given that
Endodontics establishes a strong relationship with other specialties,
namely: Cosmetic Dentistry, Periodontology, Prosthesis, Surgery,
Pathology, Radiology, Orthodontics, Pediatric Dentistry, among others.
Seen in these terms, the specialist must cross the borders of his own
space, which creates a need for broadening his knowledge.

Nevertheless, any information revolution brings change. The success
of this specialty is of great value for health and is responsible for con-
ducting changes in the professional’s daily behavior with regard to
technological innovations. In this context, the specialization courses
must be urgently reviewed, better planned, discussed, structured and
implemented.

Good endodontists are essential to Dentistry, since they occupy a priv-
ileged position of healthcare professionals who are highly respected by
professionals of other areas. The professional of Endodontics is ex-
pected not only to have good formal education, but also to implement
and correctly as well as coherently disclose the Endodontic Science.

Carlos Estrela
Editor-in-chief
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Endo in Endo

The presence of pus indicates
bacteria at the site!

Alberto CONSOLARO?
ABSTRACT 1. Were the bacteria already present prior to the surgical pro-
cedure? 2. Was the material previously contaminated by bac-
The presence of pus necessarily suggests bacterial contami- teria? 3. Was there any failure in the aseptic procedure? 4. Was
nation caused by staphylococcus and streptococcus. Interac- there lack of oral hygiene in the postoperative phase? If the
tion of neutrophils with these bacteria represents the mecha- pus is formed, staphylococcus and streptococcus are present.

nism of formation of pus in the human body. The presence
of these bacteria can be analyzed and questioned as follows: Keywords: Abscess. Bacteria. Pus. Contamination.

Received: November 20, 2013. Revised and accepted: November 25, 2013.
" Full Professor, School of Dentistry, FOB-USP and FORP-USP.

» The author reports no commercial, proprietary or financial interest in the prod-
How to cite this article: Consolaro A. The presence of pus indicates ucts or companies described in this article.
bacteria at the site! Dental Press Endod. 2013 Sept-Dec;3(3):10-5.
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The human body has ten trillion cells, but it also has ten
times more bacteria (a hundred trillion). This impressive
datum allows us to highlight the importance of the micro-
biota with which we have a close relationship. The presence
of bacteria in our lives is essential to stimulate our defense
mechanism.*#2'%* Initially, they are known as animalcules
and share the environment with fungi, viruses and parasite.

The skin and mucosae, natural integument, act in our
defense mechanism as a physical, chemical and biologi-
cal barrier that prevents microorganisms from entering
the internal environment. Connective tissue represents
the internal environment and comprises the oral sub-
mucosa, the dermis and bone tissue.

When the skin is cut, lacerated, subject to surgery,
puncture or other methods that cause loss of skin or
mucosa continuity, the integuments are transposed,
overcome or ignored and the bacteria found in the mi-
crobiota enter the underlying connective tissue. In the
event of loss of skin or mucosa continuity, bacteria will
inevitably enter the internal environment due to the
large amount of opportunities that are offered.

After all, we have a close relationship, we share and
we biologically balance ourselves with a great amount
of bacteria present in our inner and outer surfaces. The
human body is prepared for the bacteria that occasion-
ally enter its internal environment, which occurs practi-
cally every day.

When bacteria enter the connective tissues, in-
flammation is immediately triggered, and the blood
vessels allow many plasmatic substances, the exu-
date, as well as many leukocyte cells, known as the
infiltrate, to go to the affected area (Fig 1).

Blood vessels exude plasmatic components

Antibodies or immunoglobulins are among the
substances that immediately flow out the blood ves-
sels after bacteria enter the organism. These prod-
ucts, along with other plasmatic components such as
proteins and enzymes that altogether are known as
the complement system, react in a specific manner
and provoke mechanisms that destroy the bacteria
comprising human microbiota.

How does the organism previously know that these
specific bacteria will enter the internal environment? Ev-
ery day, these bacteria enter or try to enter our or-
ganism. Every day, our immune system is stimulated
to produce antibodies and other products specifically
aimed at destroying them. This is the reason why the
blood plasma has high levels of specific antibodies
that fight against the bacteria present in the micro-
biota, of which the most predominant are the staphy-
lococcus and streptococcus.

Figure 1. The neutrophils reach the attacked site through the vascular walls by means of leukodiapedesis (bent arrow in A) and predominate for 48-72h
(smaller arrows in B). After 90 minutes, they interact with the bacteria and destroy them while releasing their lysosomal components. Should there be no
bacteria at site, the neutrophils migrate or disappear by apoptosis and the site moves on to repair (B = H.E.; 160X).

© 2013 Dental Press Endodontics
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The arrival of neutrophils and the formation of pus
Ninety minutes after any attack is caused to the
connective tissues, for instance, when bacteria enter
it, the first inflammatory cells that arrive in a consid-
erable large number — almost exclusively within the
next 48-72 h — are the neutrophils. The inflamma-
tory, immune or defense cells are the leukocytes that
continuously circulate in the blood (Fig 1).

The neutrophils are the most numerous leukocytes
present in the blood (50-60%) and are specialized in
phagocytizing bacteria, especially staphylococcus and
streptococcus. Their function of interacting, phagocy-
tizing and destroying these types of bacteria is related
to the presence of many granules full of enzymes and
other cytoplasmic powerful products (Fig 2). Other
types of bacteria, such as tuberculosis and leprosy ba-
cilli, do not interact with neutrophils. In short, neutro-
phils interact almost exclusively with staphylococcus
and streptococcus.

The neutrophils are programmed to interact with
staphylococcus and streptococcus, given that the latter
are the most predominant microorganisms of our micro-
biota, in inner and outer surfaces, including the mouth.

When microbiota bacteria are able to cross or en-
ter through open skin and mucosa barriers, antibod-
ies, proteins of the complement system and other en-
zymes and products are immediately ready to inhibit,

destroy and neutralize them. The neutrophils arrive
ninety minutes later to phagocytize and completely
eliminate them.

When neutrophils interact with bacteria, before
closing the “clasp” they build around the microor-
ganism to phagocytize it, the cytoplasm releases
the content of its granules, the proteolytic degrad-
ing enzyme-based lysosomes as well as bactericidal
substances such as hydrogen peroxide and chlorine
solutions (Fig 2).

Neutrophil products also degrade collagen and
other components of the extracellular matrix of the
connective tissue. Degraded bacteria, dissolved com-
ponents of connective tissue as well as dead neutro-
phils join the inflammatory exudate which, at this
point, is no longer a serous fluid, but a yellow and vis-
cous fluid (Fig 4), thus originating purulent exudate,
also known as pus.

Neutrophils that cannot destroy the bacteria
they have phagocytized burst and release a massive
amount of degrading enzymes, a phenomenon known
as cytolysis (Fig 3).

Neutrophils are also known as pyocytes or pus
cells, whereas staphylococcus and streptococcus are
also known as pyogenic bacteria or pus producers.
The cluster of pus and neutrophils is generally known
as abscess.

developing phagosetiie™ .,

-
extratellular secretion of
% enzymes
1+ peroxides
.~ chloride solution

Figure 2. Phagocytosis of neutrophils is characterized by enzyme regurgitation (circles). Lysosomes release their powerful content into the phagocytic
vacuole (arrows) before the latter is closed and, as a consequence, into the tissues. Depending on the amount of bacteria, tissue destruction occurs at

different levels where the neutrophils are phagocytizing.

© 2013 Dental Press Endodontics
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Figure 3. During phagocytosis of neu-
trophils (A), cytolysis may occur when the
neutrophils cannot destroy the bacteria they
have phagocytized (arrows). This causes the
lysosomal products to be released into the
tissues, increasing tissue destruction where
phagocytosis of neutrophils occur. Enzyme
regurgitation and cytolysis are mechanisms
of pus formation. (A = Max Planck Institute
for Infection Biology)

© 2013 Dental Press Endodontics 13 Dental Press Endod. 2013 Sept-Dec;3(3):10-5
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Figure 4. The extracellular matrix is filled with inflammatory exu-
date in the affected area and as enzyme regurgitation and cytoly-
sis occur, the exudate ceases to be a serous fluid to become the
yellow and viscous fluid that characterizes the formation of pus in
microabscess (arrows in A). The microabscess gradually coalesce,
forming clusters that characterize the abscesses (longer arrow and
circles in B and C).

© 2013 Dental Press Endodontics
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Little amount of bacteria forms no pus!

The destructive phenomena of bacteria-neutro-
phils interaction will occur regardless of the number
of bacteria that enter a certain area of the connec-
tive tissue. However, should there only be a small
amount of bacteria, the formation of pus will not be
seen, i.e., the initially serous fluid does not become
a yellow and viscous fluid, even though the phenom-
ena occur likewise.

In other words: the amount of bacteria that enter
the tissues is also important to clinically determine
whether or not pus will be formed.

In general, a small amount of bacteria enters the
surgical site, particularly in cases of parendodontic,
periodontal and implant placement surgeries as well
as in direct pulp procedures. However, because they
are in small amounts, the antibodies, proteins and
neutrophils are able to quickly destroy them, thus
avoiding the formation of pus. Likewise, in endodon-
tic procedures, bacteria can reach the stump and the
apical periodontal ligament, but if in small amounts,
they will not cause the formation of pus.

Asepsis represents a set of procedures aimed at
preventing bacteria from entering sites where they
had not existed before. To this end, sterilization,
disinfection and antisepsis procedures are carried
out. Nevertheless, it is quite impossible to prevent
bacteria from entering the oral environment, espe-
cially into connective tissue exposed by endodontic
or surgical procedures. No problems occur in the
majority of cases because, when proper aseptic care
is taken, only a small number of bacteria reach the
surgical wound, even in cases of staphylococcus
and streptococcus.

Should there be formation of pus,
bacteria are present!

Regardless of where, the formation of pus has a
well-established meaning: presence of staphylococ-
cus and streptococcus. [t may occur around a suture
wire, in the alveolus, after extraction, in the gingiva
after surgery or around a dental implant. Some rare
cases involving chemical products, as it is the case of
turpentine, may lead to the formation of pus when the

Dental Press Endod. 2013 Sept-Dec;3(3):10-5
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products are inserted in large amounts in the connec-
tive tissue. Nevertheless, this practice only happens
in experimental procedures.

The main and almost exclusive cause of pus for-
mation is the interaction between bacteria and neu-
trophils. The presence of pus does not suggest re-
jection, immune rejection, bad material quality, im-
proper composition of filling cement, bad suture wire,
occlusal overload or trauma.

Solid/particulate material usually placed within
tissues does not induce the formation of pus. Metals
and alloys, surgical and filling cements, resin, poly-
mers and other solid material alone do not lead to the
formation of pus, unless they have been contaminat-
ed with bacteria. Staphylococcus and streptococcus
contamination is what induces the formation of pus.
The presence of these bacteria can be analyzed and
questioned as follows:

+  Were the bacteria already present prior to the
surgical procedure?

+ Was the material previously contaminated by
bacteria?

«  Was there any failure in the aseptic proce-
dure?

s Was there lack of oral hygiene in the postop-
erative phase?

No matter the explanation, if pus is formed, staph-
ylococcus and streptococcus are present.

Final considerations

The presence of pus necessarily suggests bacterial
contamination caused by staphylococcus and strep-
tococcus. The neutrophil-bacteria interaction is the
main and most important mechanism of pus forma-
tion in the human body. Additionally, it may be an
important point for clinical thinking: how, when and
why these bacteria reach the spot.

[ have been questioned and induced to answer the
following question:” What does the presence of pus
around osseointegrated implants mean? This ques-
tion is naturally extended to other clinical conditions,
especially with regard to Endodontics: in clinical
practice, the formation of pus only and necessarily
occurs when bacteria are present!
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original article

Comparison of the flexibility and torsional resistance
of nickel-titanium rotary instruments

ABSTRACT

Introduction: This study compared the flexibility and tor-
sional resistance of two types of instruments manufactured
with special NiTi alloys, and one with conventional NiTi.
Methods: Twisted File (TF) instruments manufactured with
the R-phase of NiTi (SybronEndo, Orange, CA), and ProFile
Vortex instruments (Dentsply Tulsa Dental, Tulsa, OK, USA)
made of M-Wire NiTi were compared with RaCe (FKG Den-
taire, La Chaux-de-Fonds, Switzerland) instruments made
of conventional NiTi. Flexibility and torsion assays were
carried out using twenty 25/0.06 instruments from each
manufacturer. Statistical analysis was performed by ANOVA.
Results: The mechanical resistance of the instruments
tested was significantly different. TF were the most flexible

How to cite this article: Lopes WSP, Lopes HP, Elias CN, Mangelli M, Vieira MVB.
Comparison of the flexibility and torsional resistance of nickel-titanium rotary instru-
ments. Dental Press Endod. 2013 Sept-Dec;3(3):16-22.
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instruments, followed by RaCe and ProFile Vortex (P < 0.01).
In the torsion assay, ProFile Vortex instruments endured the
greatest maximum load and maximum torque values prior to
fracture, followed by RaCe and TF (P < 0.01). The torsional
resistance values of RaCe and TF were not significantly dif-
ferent (P = 0.061). Conclusion: We observed a relationship
between flexibility and torsional resistance (maximum torque
and maximum angular deflection in torsion). The most flex-
ible instrument (TF) was the least resistant to torsion, while
the least flexible (ProFile Vortex) was the most resistant to
torsion. RaCe presented intermediate results for both flex-
ibility and torsional resistance.

Keywords: Mechanical torsion. Nickel. Dental instru-
ments. Titanium.
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Introduction

Since the introduction of NiTi in Endodontics by
Walia et al,! the technological evolution for fabricat-
ing NiTi instruments has allowed the production of
more flexible and resistant instruments,*? revolution-
izing the process of root canal shaping. The ability
to widen the apical diameter of a curved canal, the
availability of instruments with different tapers and
cross-sections, the achievement of more centered
preparations, and the reduction in the learning curve
of endodontic systems are among the evidences of
this paradigm shift.**> The super elasticity and shape
memory effect of NiTi alloys are recognized as prop-
erties that allowed this revolution to take place.’

More recently, advances in the development of end-
odontic instruments reflect improvements in the ther-
mal treatment of NiTi, culminating in the emergence of
two special Nitinol alloys: R-phase and M-Wire. Twisted
Files (TF - SybronEndo, Orange, CA, USA) instruments
are manufactured by twisting a super elastic R-phase
NiTi wire, as opposed to grinding or machining.”® Pro-
File Vortex instruments (Dentsply Tulsa Dental, Tulsa,
OK, USA) represent the new generation of ProFile and
are made of machined M-Wire, a NiTi alloy obtained by
a proprietary process. In this manufacturing process, the
alloy is subjected to a special thermomechanical treat-
ment during the cooling and heating cycles.®!!

In previous studies, Rodrigues et al'? and Lopes
et al® assessed some mechanical properties of TF
RaCe and Vortex instruments. The purpose of the
present study was to extend these findings by as-
sessing the mechanical behavior, more specifically
the bending and torsional resistance of two types of
endodontic instrument fabricated with special NiTi
alloys (TF and ProFile Vortex) and one instrument
manufactured with conventional alloy (RaCe, FKG
Dentaire, La Chaux-de-Fonds, Switzerland).

Material and Methods

Sixty rotary NiTi endodontic files were used in
this study: Twenty 25/0.06 RaCe files (FKG Den-
taire, La Chaux-de-Fonds, Switzerland), measuring
25 mm in nominal length; twenty 25/0.06 Twisted
Files (TF) (SybronEndo, Orange, CA, USA), measur-
ing 27 mm in nominal length; and twenty 25/0.06
ProFile Vortex (Dentsply Tulsa Dental, Tulsa, OK,
USA), with nominal length of 25 mm.

17

Geometric characterization of instruments

Ten instruments of each brand were analyzed ac-
cording to the following parameters: taper; length of
the working portion; diameter at D0, D3, and D13;
total number of flutes; and number of flutes per mil-
limeter. These data were obtained with the aid of a
Zeiss® optical microscope (Carl Zeiss do Brasil Ltda.,
Cambuci, SP, Brazil) to which a PixeLINK model
PL-A662 camera (PixeLINK, Ottawa, Canada) was
attached. All dimensions were obtained under 6.5X
magnification except for the taper which was cal-
culated according to the methodology described by
Stenman & Spangberg.!* The AxioVision 4.4® imag-
ing software (Carl Zeiss Microlmaging, Thornwood,
NY, USA) was also used to aid the measurements.

Flexibility assay

The bending resistance was assessed by the can-
tilever bending test using a universal testing ma-
chine (EMIC, DL10000) as described in previous
studies,'>!® with a downward incline of 45° in rela-
tion to the horizontal plane. A 20 N load was applied
by means of a stainless steel wire measuring 30 cm
in length and 0.3 mm in diameter, with one end at-
tached to the cross head and the other end 3 mm
from the instrument tip (load application point).
Testing was conducted at a speed of 15 mm/min.

Torsional assay

The instruments were subjected to clockwise rota-
tion with no axial load by using an apparatus attached
to the universal testing machine, as described in a pre-
vious study.!” The apparatus monitored the rotation
and the load applied to the instrument. The file was
held by a vise placed at 3 mm from the instrument’s tip,
and the other end of the file was attached to a mandrel
connected to the rotating shaft of the apparatus.

Torsion was achieved by twisting a braided nylon
string measuring 0.3 in diameter around the rotating
shaft which measured 8 mm in diameter. This nylon
thread connected the rotating shaft to a 20 N load
attached to the testing machine cross head, causing
the shaft to rotate at 2 rpm. The load applied and
the displacement of the nylon string until the instru-
ment fractured were continuously monitored by a
computer attached to the testing machine. The max-
imum angular deflection and maximum torque were
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assessed with the aid of the M Test 1.01 software
(EMIC DL 10000).

The fractured surfaces were analyzed under SEM
to determine the type of fracture and the presence
of plastic deformation on the instrument shafts. The
values obtained in the bending and torsional assays
were subjected to ANOVA.

Results
Geometric characterization of instruments

The mean diameters at D0, D3, and D13, the ta-
per, the length of the working portion, the total num-
ber of flutes, and the number of flutes per millimeter
are shown in Table 1.

Bending assay

The mean and the standard deviation for the max-
imum load to bend each instrument are presented
on Table 2. Statistically significant difference was
observed between the values of the maximum load
necessary to bend the instruments. TF were the most
flexible among the instruments tested, followed by
RaCe and ProFile Vortex (P < 0.01).

Table 1. Mean values for diameters at DO, D3, and D13; taper; length
of the working portion; number of flutes; and number of flutes per mil-
limeter.

Diameter (mm) F/
Instruments n T WL NF

DO D3 D13 mm
RaCe 10 0.28 047 110 0.06 1756 7 0.4
TF 10 0.23 041 097 0.06 1553 11 0.7
ProFile Vortex 10 0.24 0.42 1.00 0.06 16.75 10 0.6

Table 2. Means + standard deviation of the maximum loads (gf) neces-
sary to bend the instruments tested.

Instrument uim?renre%ft s Maximum load (gf)
RaCe 10 333.4+16.5
TF 10 228.4 +15.18
ProFile Vortex 10 603.7 + 29.3
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Torsional assay

The means and standard deviations for the maxi-
mum load and maximum torque necessary to frac-
ture the instrument are shown in Table 3. Significant
difference was observed between the three types of
instruments. ProFile Vortex withstood greater values
of maximum load and maximum torque, followed by
RaCe and TF (P < 0.01).

Table 4 shows the means and standard deviations
for the maximum angular deflection before torsional
failure as well as the number of turns that are nec-
essary to fracture the instrument. TF and RaCe in-
struments did not show significant differences among
each other (P = 0.061), but both presented greater
angular deflection values and number of turns than
ProFile Vortex (P < 0.01).

In order to confirm the association between flexibility
and maximum torsional torque, a graph presenting the
relationship between these parameters was constructed
(Fig 1). Another graph shows the relationship between
the maximum angular deflection in torsion and flexibility
(Fig 2). Finally, a third graph was constructed to show the
association between the mean maximum angular deflec-
tion and the maximum torsional torque (Fig 4).

Table 3. Means + standard deviation for the maximum loads and maxi-
mum torque at fracture of the instruments tested.

nstument  fmberof - Maximun - Maximur torque
RaCe 10 184.5 + 7.61 765.71 + 31.59
TF 10 107.27 £8.50 445.19 + 35.28
ProFile Vortex 10 250.93+31.15 1041.39 + 129.26

Table 4. Means = standard deviation for the maximum angular deflec-
tion at torsional fracture and number of turns necessary to fracture the
instrument in the torsional assay for the instruments tested

nstument (1T Tts  defloction () turms.
RaCe 10 578.88 5096 1.61=0.14
TF 10 688+ 154.92  1.91=043
ProFile Vortex 10 394.56+72.0 1.10%0.20
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Figure 1. Graphic representation of the relationship between flexibility (gf)
and maximum torque (gf-mm).

Figure 3. Appearance of the fractured surfaces, showing reversed flutes
near the tip, where the instruments were held by the vise. Instruments:
RaCe (A and B), TF (C and D), and ProFile Vortex (E and F). Presence of
plastic deformation, grooves, and cracks of varying depths (A, C, and E
under 100x magnification; B, D, and F under 500x magnification).

SEM showed that all instruments tested displayed
features of ductile mode fracture. Plastic deforma-
tion was observed in the helical shaft of all instru-
ments (Fig 3).

© 2013 Dental Press Endodontics

Figure 2. Graphic representation of the relationship between maximum
angular deflection (degrees) and flexibility (gf).
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Figure 4. Graphic representation of the relationship between maximum
angular deflection (degrees) and maximum torque (gf-mm).

Discussion

Although the instruments selected for the pres-
ent study were made of different types of NiTi, all
of them had similar cross-sectional designs (trian-
gular), since this variable is known to influence the
performance of instruments in mechanical assays.'®

In the present study, TF instruments required the
smallest load to deflect 45° below the horizontal
plane. Clinically, the greater an instrument’s flexibil-
ity, the less likely it is to produce apical deviation
during root canal instrumentation.'” Based on our
results, we expect TF to present more satisfactory
clinical performance.
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The greater flexibility of TF may be due to the fact
that these files are made of R-phase NiTi, which pro-
vides greater flexibility, lower elasticity modulus, and
less rigidity in comparison with conventional austenite
NiTi instruments.?**! Thus, instruments fabricated with
this special alloy are able to withstand greater elastic
and plastic deformation than conventional alloys, when
subjected to similar torque. Our results corroborate pre-
vious studies.”?*?* Moreover, TF instruments are manu-
factured by twisting NiTi wires, which distinguishes these
instruments from the two other groups manufactured by
grinding. Twisted instruments present significantly less
surface flaws than ground files.”923-26

The results from the torsional assay demonstrated
that ProFile Vortex instruments are able to withstand
significantly greater maximum torque than RaCe and
TE Some factors may explain this difference:

» The cross-sections of TF and RaCe are equilat-
eral triangles, while the cross-section of ProFile
Vortex is a convex triangle.

» The resistance to torsional fracture of engine-
driven NiTi instruments increases with the cross-
sectional area and the moment of inertia. Profile
Vortex files has larger cross-sectional areas.

» Previous studies have demonstrated a direct cor-
relation between the diameter and the cross-sec-
tional area.?**?™3* However, these studies do not
analyze the cross-sectional area, which depends
on both instrument diameter and shape.

» The manufacturing process/thermomechanical
treatment of the alloy may also have influenced
the maximum torque values. Variations in the fi-
nal thermomechanical state of the alloy (austen-
ite, martensite, or R-phase) lead to different me-
chanical properties.

With regard to the maximum angular deflection
before torsional failure, our results show significantly
higher values for TF in comparison with ProFile Vortex.
Conversely, no statistically significant difference was ob-
served between TF and RaCe. Several authors suggest
that resistance to torsion be assessed by angular deflec-
tion, not by the maximum torque.?3*3 This is justified
by the fact that control of the torsional deflection (mea-
sured either in degrees or number of turns) may repre-
sent a safety factor when hand-operated instruments are
used in clinical settings. In the event in which a hand-
operated instrument may become lodged inside the
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canal, the clinician can apply torque within the torsional
deflection limits, thus preventing instrument fracture
caused by torsion. In engine-driven rotary instruments,
however, it is not possible to control the angular deflec-
tion in torsion. Instead, these engines prevent instru-
ment failure by controlling the maximum torque.?%4323

Another important parameter that should be taken
into account in order to explain the higher maximum
angular deflection values of TF is related to the man-
ufacturing process and the resulting surface finish of
these instruments. Although TF instruments display the
worst surface finishing, these manufacturing imperfec-
tions are longitudinal and perpendicular to the fracture
plane. The nucleated cracks develop along the longitu-
dinal imperfections, and do not contribute to form the
fracture plane. After the torsion test, several cracks were
observed on the surface of TE In the remaining instru-
ments, which present circumferential manufacturing
imperfections, the cracks tend to develop more easily
along these grooves, leading to instrument failure under
smaller angular deflection (Fig 3).

The results obtained in the present study revealed a
relationship between maximum torque, bending resis-
tance, and maximum angular deflection until torsional
failure. This may be explained by differences in instru-
ment geometry, cross-sectional area, and moment of in-
ertia. The cross-section shape plays an important role in
the process of instrument fracture, since the maximum
load (Lmax) is directly proportional to the radius (R) and
to the maximum torque (Mt), and inversely proportional
to the moment of inertia (I), as demonstrated by the fol-
lowing equation: Lmax = Mt R/ [.

The differences in torque resistance verified in the
present study cannot be associated with the initial diam-
eter at the instrument tips (standardized at 0.25 mm) or
to the diameter at D3, (approximately the same for all
instruments), nor to the taper (standardized at 0.06 mm).
ProFile Vortex presented the greatest torsional resis-
tance among the instruments tested. On the other hand,
TE the instrument with the lowest resistance to torsion,
presented the greatest flexibility and the highest angular
deflection before torsional failure. This result corrobo-
rates observations of other authors who reported that
the cross-sectional area is inversely proportional to the
flexibility of endodontic files.®!820303639 It is important to
mention that instruments with the same cross-sectional
area may present different moments of inertia.
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Based on the findings of the present study, it was

possible to establish a relationship between flexibility
and maximum torque, as well as between flexibility
and maximum angular deflection for the instruments
tested. The most flexible instrument (TF) was the
least resistant to torsion, while the most resistant to
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Root apical third and canal morphology of teeth with

hypercementosis

ABSTRACT

Objective: This study aims at studying the influence of
hypercementosis over root and root canal morphology us-
ing different methods of observation (clearing technique,
radiography, stereomicroscopy and optical microscopy).
Methods: 130 teeth were selected for morphological com-
parative evaluation; all teeth were previously radiographed
and stereomicroscopically evaluated. Out of these, 60 teeth
with hypercementosis and 30 without it were selected for
clearing technique evaluation. The analysis was based on
aspects such as: type of hypercementosis; root canal num-
ber and configuration; root surface and presence of apical
foramen and apical deltas. The remaining 20 teeth with hy-
percementosis were microscopically compared to 20 teeth
with normal root formation by means of the Hematoxylin
and Eosin (H.E.) staining technique, so as to study the ce-
mentum deposition pattern and morphological aspects of
the root canal. The evaluation was performed by two ex-
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aminers and submitted to Kappa agreement test. The data
obtained was compared through non-parametric Kruskal-
Wallis one-way analysis of variance test, and the Dunn test
was applied for individual comparisons. Results: The root
clearing examination showed higher frequency of club
shaped hypercementosis (65%) followed by focal hyperce-
mentosis (35%). Teeth with hypercementosis showed sig-
nificant increase in the presence of apical deltas (53.3%).
A higher frequency of root canal constrictions (55%), and
changes in the original root canal path (46.6%) were also
observed. Microscopic evaluation supports the influence of
hypercementosis over the morphological characteristics of
root apical third formation. Conclusions: These findings
show the existence of a complex root canal anatomy at
the apical third of teeth with hypercementosis, which may
hinder root canal treatment.
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Introduction

Hypercementosis is characterized by excessive
deposit of cementum beyond the physiologic limits
of the teeth, promoting an abnormal thickness of the
apex that becomes round-shaped and/or with a mac-
roscopically altered appearance.

The incidence of hypercementosis by race or popu-
lation group has not yet been established. Gardner and
Goldstein' studied the frequency of the phenomenon
in 137 individuals, with 529 teeth being compromised
by the process. Their study reported an average of 3.8
teeth with hypercementosis per individual, with a mean
age of 47.3 years old and whose most affected teeth
were the premolars. Another study demonstrated tooth
root hypercementosis in 84% of a collection compris-
ing 104 skeletons of Barbadian slaves from XVII to
XIX centuries.? Additionally, root hypercementosis was
found in 10 out of 54 specimens gathered from prehis-
toric coastal populations of Texas, USA.3

The etiology of hypercementosis is attributed to
several conditions such as functional stress due to oc-
clusion forces; continuous dental eruption; incorporation
of periodontal cementicle during physiologic cementum
deposition; inflammatory reactional deposition; as well
as systemic factors such as atherosclerosis, acromegaly,
arthritis, thyroid diseases and Paget’s disease.!'*

Alterations in root morphology due to hypercemen-
tosis comprise club shape hypercementosis, which re-
sults from cementum deposition in all root surfaces;
focal hypercementosis, globular cementum deposition
in one of the root surfaces; and circular cementum hy-
perplasia (CCH), cementum lateral deposition on the
root surface without affecting the apex.!*

Hypercementosis does not radiographically alter the
biologic space relationship between the root surface,
periodontal ligament and the alveolar bone. Although hy-
percementosis can be identified through common radio-
graphic techniques, the latter do not allow one to estimate
the amount of extra cementum in the affected root since
dentin and cementum have the same radiodensity. !5

Microscopic studies of hypercementosis report thick
layers of cementum characterized by deposition of
symmetric, highly basophilic lines parallel to the den-
tinal surface. Occasionally, atypical cementum deposi-
tions are identified in focal areas as external cementum
projections. The presence of blood vessels and nervous
filaments associated with irregular apical cementum
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deposition can contribute to the formation of multiple
foramina during cementum deposition resulting from
hypercementosis, thus originating the apical deltas.'®

The lack of recent studies related to this subject,
added to potential endodontic implications, inspire the
assessment of morphological differences in the apical
third of the root and the root canal of teeth with hyper-
cementosis. The present study applied different meth-
ods to perform these morphological observations and
a comparative study was established among them in
order to judge their diagnostic value.

Material and Methods

The 130 teeth examined in this study were se-
lected from the teeth bank of the routine archives of
one of the author’s laboratory of Oral Pathology. The
specimens were kept in 10% formalin solution, placed
into small containers and labeled for identification.
A consent for using human tissue was obtained from
an Institutional Review Board.

In selecting the sample, the following diagnostic cri-
teria were applied: cementum formation beyond the
physiologic limits of the teeth, with changes in root
morphology that could be macroscopically detectable.
The sample comprised 80 teeth with hypercementosis
and 50 without it. Out of these specimens, 60 teeth with
hypercementosis and 30 without it were selected for
analysis with the clearing technique. Out of the 40 re-
maining teeth, 20 with hypercementosis and 20 without
it were selected for microscopic analysis.

The specimens with hypercementosis were addition-
ally classified by means of stereomicroscopy according
to their morphological characteristics, including the
type of hypercementosis, the surface, the longitudinal
root axis and the visualization of the apical foramen.

After this classification, the teeth were radiographed
with a 70Kvp and 7,5mA x-ray device (Dabi-Atlante, SP
Brazil), with a 16-cm cone, during an exposition period
of 0.5 seconds. The radiographic films used were Kodak
Ultraspeed DF-58 (Eastman Kodak, NY, USA) and the
radiographic developing process used was the tempera-
ture-time one during a 3.5-minute developing period.

The radiographs were examined by two independent-
ly trained observers using an X-ray viewer and magnify-
ing lens (2X) in a dark room. The radiographic aspects of
the alterations in root radiodensity between the cemen-
tum and the dentin at the apical third were considered.
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Additionally, the morphological aspects of the root
such as number, distribution and surface, as well as the
direction, acquired due to hypercementosis, and root
canal breadth at the apical third were also considered.
The 50 teeth without hypercementosis were used as
comparative basis.

The 90 teeth chosen for this part of the study
(60 with and 30 without hypercementosis) were divided
into groups of maxillary molars, mandibular molars,
maxillary premolars, mandibular premolars, maxil-
lary anterior teeth and mandibular anterior teeth. Each
group comprised 10 teeth with hypercementosis and 5
teeth without it.

Access cavities were prepared and the teeth were
immersed in 5% sodium hypochlorite solution for 24
hours, followed by ultrasonication (Ultrasonic bath, EM
Scope lab Ltd, London, UK) to dissolve the pulp tissue.
The teeth were dried and the root canal systems coro-
nally injected with Indian ink (Windsor & Newton In-
dian Ink, London, UK) with a hypodermic needle (Sher-
wood Medical Company, St. Louis, MO, USA) apically
assisted by vacuum suction. After that, self-cured resin
was placed in the coronal access.

After another 12-hour period of drying, the teeth
were decalcified in 5% hydrochloric acid for 48-72
hours, and the process was monitored by periodic ra-
diography. The decalcified teeth were washed in run-
ning tap water for 4 hours and dehydrated in ascending
concentrations of ethanol (60%, 70%, 80%, 90%, 95%)
(MJ Patterson, Dunstable, UK) for 2 days, then ren-
dered transparent by immersion in xylene and stored
in methyl salicylate for observation (Pharmacos Ltd,
Southend-on-Sea, UK).

After transparency was achieved, the specimens were
observed by two independent investigators, other than
those who evaluated the radiographs, using a light stereo-
microscope with magnification set at 5X. They were asked
to collect the data by means of a technique similar to that
used for the radiographic analysis. The data collected by
the observers working with the clearing technique were
compared to those obtained from the radiographs.

All data obtained from the 90 teeth mentioned above
were entered into a spreadsheet (Excel, Microsoft Cor-
poration, WA, USA). The Kappa agreement test values
between evaluators, with regard to the characteristics
of root and root canal obtained by the radiographic
method and the clearing technique, were computed.
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Root canal clearing was established as a standard for all
morphological aspects studied.

Statistical analysis was carried out by means of
the non-parametric Kruskal-Wallis one-way analysis
of variance test which was used to determine if there
were significant differences between the hyperce-
mentosis and no hypercementosis group. The Dunn
test was applied for individual comparisons. Differ-
ences were considered significant at P < 0.05.

The 40 remaining specimens were divided into two
groups: A = 20 teeth with hypercementosis; B = 20
teeth without hypercementosis, with 5 maxillary molars,
5 mandibular molars, 5 maxillary premolars and 5 man-
dibular premolars in each group. The root apical third of
the specimens were sectioned for histochemical proce-
dures using a carborundum sectioning disk. Demineral-
ization was performed by means of 5% EDTA solution
(pH 7.0). After being embedded in paraffin, the speci-
mens were horizontally sectioned at 5pm and stained
with the Hematoxylin and Eosin (H.E.) technique.

The morphological comparative observation aimed
at dentin and cementum root canals, the cementum
deposition pattern, presence of lateral canal or apical
deltas, presence of periodontal cementicles, incremen-
tal lines of cement as well as presence of internal or
external root resorption.

Results

The data obtained from the interaction between mor-
phological and radiographic findings; from stereomicros-
copy and the tooth clearing technique applied to the dif-
ferent types of hypercementosis; as well as the root canal
morphology in each dental group of affected teeth are
shown in Tables 1 and 2. Tables 3 and 4 display the mor-
phological findings obtained with the referred methods
in teeth with and without hypercementosis as well as the
root canal configuration of each dental group.

As for root morphology, out of the 60 teeth with
hypercementosis studied by means of the clearing
technique, 39 (65%) presented club shape hyperce-
mentosis, whereas 21 (35%) presented focal hyperce-
mentosis and none of them presented CCH. Kappa
test results, comparing the radiographic and root clear-
ing techniques, was substantial (k = 0.6) with regard to
the type of hypercementosis.

The root surface was found irregular in 86.6% of
the teeth with hypercementosis and in 90% of the teeth
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without it. However, these irregularities were more
easily detected through root clearing than through
radiographic examination (k = 0.2 and 0.1 respec-
tively). Deformation of the root longitudinal axis was
observed in 66.6% of teeth with hypercementosis and
in 60% of teeth without it. This characteristic showed
substantial concordance when the radiographic and
root clearing techniques were compared (k = 0.9 and
0.9 respectively).

The most distinguishable alteration during the com-
parison between teeth with and without hypercemento-
sis was the high frequency of apical deltas in those with
hypercementosis: 53.3% (n = 32) against 20% (n = 6) of
teeth without hypercementosis. This morphological al-
teration was the only one that showed significant values
( = 0.01) between groups and individual comparison.
These apical deltas were only observed by means of
the root clearing technique x = 0 (Fig 1).

Table 1. Morphologic findings of the different types of hypercementosis in each dental group detected trough radiography, stereomicroscopy and

tooth clearing technique analyses.

Maxillary Mandibular Maxillary Mandibular ﬁg%ilgr n?:rt\g'i‘ll;)l:lar
molar molar premolar premolar teethry teeth

Club 9 4 8 g 2 !
Type GCH 0 0 0 0 0 0

Focal 1 6 2 L 8 8

Regular 1 3 1 0 ! !
Surface

Irregular 9 7 9 10 9 9
Longitudinal ~ Normal ! 4 ! 1 ! °
axis Deformed 3 6 9 9 6 7
Apical Visible 10 10 10 10 10 10
foramen Non-visible 0 0 0 0 2 0

Internal 0 6 3 3 1 4
Dental Apical 5 7 3 & ! 10
resorption External

Lateral 8 0 5 7 8 10

Table 2. Morphologic findings of root canal configuration in each dental group with hypercementosis detected trough radiography, stereomicros-

copy and tooth clearing technique analyses.

Maxillary Mandibular

molar molar
Single root canal 10 6
Two root canals 0 4
Number and
S e Lateral root canal 3 3
Collateral root canal 5 3
Apical delta 6 7
Regular 3 1
Surface
Root Irregular 7 9
canal Continuous 5 2
Root canal )
Progressive 1 1
breadth Constriction 2
Abrupt 4 7
Same 4 7
Mild 3 2
Direction
Modified Moderate 8 3
Severe 0 1
26

Maxillary Mandibular Anterior Anterior
premolar premolar maxillary teeth mandibular teeth

9 9 10 10

1 1 0 0

2 2 0 2

5 6 B 4

8 4 5) 2

2 4 4 3

8 6 6 7

5 6 6 4

2 3 0 2

3 2 4 4

6 7 5 5

3 0 3 5

0 4 0 0

0 0 0 0
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Table 3. Morphologic findings of each dental group without hypercementosis detected trough radiography, stereomicroscopy and tooth clearing

technique analyses.

Maxillary Mandibular
molar molar
Regular 1 0
Surface
Irregular 4 5
Longitudinal ~ Normal 1 2
axis Deformed 4 3
Apical Visible 5 ©
foramen Non visible 0 0
Internal 0 0
Dental )
resorption External bl 2 5
Lateral 2 5

Maxillary Mandibular Anterior Anterior
premolar premolar maxillary teeth mandibular teeth

0 0 2 0

5 5 3 5

1 3 2 2

4 2 2 3

5 5 B B

0 0 0 0

0 0 0 0

5 5) 4 5

5 5 4 5

Table 4. Morphologic findings of root canal configuration in each dental group without hypercementosis detected trough radiography, stereomicros-

copy and tooth clearing technique analyses.

Maxillary Mandibular

molar molar
Single root canal 4 1
Two root canals 1 4
Number and
alsioutian Lateral root canal 0 2
Collateral root canal 1 3
Apical delta 2 1
Regular 2 0
Surface
Root Irregular 3 5
canal Continuous 2 5
Root canal )
Progressive 1 0
breadth Constriction E
Abrupt 2 0
Same 2 1
Mild 3 2
Direction
Modified Moderate 0 2
Severe 0 0

Alterations in root canal breadth at the apical third
of teeth with hypercementosis revealed abrupt con-
striction in the apical third of the root canal in 40%, or
progressive constriction in 15%, of the 60 specimens
evaluated (k = 0.2 comparing the radiographic and
root clearing techniques). The specimens without hy-
percementosis showed continuous root canal breadth
at the apical third in 73.3% of the 30 teeth assessed
(x = 0.3 comparing the radiographic and root clearing
techniques). In spite of these values, a relative differ-
ence among teeth with and without hypercementosis
was revealed by the Kruskal-Wallis test (P = 0.3).

Changes in the original root canal path were found
in 46.6% of the specimens with hypercementosis (28

27

Maxillary Mandibular Anterior Anterior
premolar premolar maxillary teeth  mandibular teeth

4 B 4 4

1 0 0 1

2 1 0 1

4 1 1 2

1 1 1 0

0 0 2 0

5 5 2 B

4 8 4 4

1 2 1 1

0 0 0 0

4 4 5 B

0 1 0 0

1 0 0 0

0 0 0

specimens). Agreement between the radiographic and
root clearing techniques was k = 0.3. Teeth without hy-
percementosis kept the same path in 70% of the cases
(21 specimens). Agreement between the radiographic
and root clearing techniques was k = 0.1. Comparison
between groups with and without hypercementosis was
P = 0.3. Figure 2 shows changes in root canal path of
teeth with and without hypercementosis.
Microscopically, except for cementum thickness and
distribution, the morphological aspects of both groups,
A and B, showed similar incremental patterns of ce-
mentum deposition. In teeth with hypercementosis, the
root canal presented spherical or oval horizontal sec-
tions just like the ones without hypercementosis did.

Dental Press Endod. 2013 Sept-Dec;3(3):23-31



article | Root apical third and canal morphology of teeth with hypercementosis

Some sections of group A showed irregularities on the cementum were present in groups A and B; additionally,
root canal wall. Such irregularities were composed by  the demarcating line between dentin and cementum did

disorganized dentin mixed with cemental tissue. In oth- ~ not always seem to be well defined. The presence of
er instances, the cement root canal was clearly identi-  periodontal cementicles in teeth of group A could also
fied, characterized by cementum deposition surround-  be identified, given that they were adhered to the root
ing the root canal compartment. External cementum surface or inserted into the cementum structure (Fig 3).
deposition on root surface of group A presented a regu- Numerous canaliculi were found in some of the speci-

lar, slightly undulated, basophilic and concentric pattern ~ mens with hypercementosis. Considering the location, the
in the majority of cases. Both cellular and non cellular ~ presence of pulp cellular remnants and their relationship

Figure 1. Comparative aspects of maxillary
molars with hypercementosis (A, B and C) and
without hypercementosis (D, E and F). Note
the complex anatomy of the apical third of
teeth with club shaped hypercementosis, only
detectable through the clearing technique.
Original magnification 5X.

Figure 2. Differences between mandibular premolars and mandibular molars without (A and B) and with hypercementosis (C and D) observed through
the clearing technique. The root canal path of the specimens without hypercementosis displays a regular trajectory. Original magnification 5X.
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Figure 3. Microscopic aspects of hypercementosis. In A and B, the presence of cementicles closely related to cementum and included by cementum
deposition, C shows a slight fusion between the cementum and the periodontal cementicle. Note in D and E the presence of canaliculi that might be
part of apical deltas. One of the canaliculi in E appears partially obliterated with incremental lines of cementum deposition. The pattern of cemental de-
position is highlighted in F, G (acellular cementum) and H (cellular cementum with innumerous cementoblasts). Original magnification: A=16X, B=400X,
C=160X, D and E=40X, F and G=16X, H=160X (H.E. stain).

with the main root canal, it is reasonable to assume that  radiographic data provided a perspective that is com-
these canaliculi might be part of apical deltas. In other = monly found in endodontic practice; the method of
instances, these canaliculi would appear obliterated with canal staining and root clearing was found to be ex-

incremental lines of cementum deposition (Fig 3). cellent for three dimensional evaluation of root canal

morphology; and the microscopic evaluation enlight-

Discussion ened the morphological aspects of cementum deposi-
The methods applied in this study intended to as-  tion and its relationship with root canal formation.

sess hypercementosis and its influence over root canal Radiographs alone have shown limited value when cer-

morphology from different points of view. The present tain aspects of the root canal system are under study.'**®
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The interaction between the different methods applied
in the present study aimed at minimizing that limitation.
The only feature, strictly related to hypercementosis, that
achieved substantial concordance between the radio-
graphic and tooth clearing techniques was the one re-
garding the type of hypercementosis (k = 0.6).

The presence of deformations on the longitudinal
axis of the root canal (kx = 0.9 with hypercementosis
and 0.9 without it) also presented substantial agreement
between tooth clearing and radiography, but similarly
to the findings on root surface, very similar results were
present when comparing teeth with and without hyper-
cementosis. Therefore, it is reasonable to conclude that
other factors probably influence the formation of the
apical third of the root canal and promote deformations
of the root canal longitudinal axis.!”

Although the clearing technique is useful only as
a teaching/research tool, with little or no clinical ap-
plicability, it was only by means of this technique that
the high frequency of apical deltas could be detected.
In addition to that, other interesting morphological
findings were also considered in this study: the altera-
tions in root canal breadth at the apical third and the
changes in the original root canal path due to hyperce-
mentosis. Therefore, a clinical inference can be drawn
from these findings: instrumentation of teeth with hy-
percementosis should take into account the possibility
of a complex root canal anatomy at the apical third,
even if it cannot be radiographically identified.

Other radiographic methods could provide more
information to this study. The methodological impact
of X-ray microtomography with high quality recon-
structions of the external and internal morphology
of teeth with hypercementosis could be applied as a
different observational technique. This method could
be an alternative, a non-destructive 3D research and
educational tool.'®

This study draws attention to an interesting clinical
fact regarding the influence of hypercementosis over
electronic apex location. Previous studies have shown
that as the width of the major foramen increases, the
discrepancy between the electronic probe tip length
induction and the actual position of the major fora-
men also increases.” There is a current thinking that
apex locators are only capable of detecting the major
diameter of the root canal terminus, in other words,
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the major foramen.?’ The present study found that hy-
percementosis usually increases the presence of api-
cal deltas, what may reduce the presence of a major
foramen. Further studies may address this issue by
properly evaluating the possibility of hypercementosis
affecting the accuracy of electronic apex locators.

The results observed in this study lead to future cor-
relations established between the presence of hyperce-
mentosis and the type of root canal. It is worth noting
that most classifications were made without observing
the presence or absence of hypercementosis.?-°

The morphological characteristics of the influence
of hypercementosis over the formation of the root
apical third, observed by means of stereomicrosco-
py, radiographic and tooth clearing techniques, were
coherent with the microscopic evaluation. Continu-
ous cementum deposition, observed in teeth with hy-
percementosis, was associated with the presence of
numerous canaliculi, probably part of apical deltas,
and so were the constrictions in the cemental canal
due to incremental lines of cementum deposition sur-
rounding the root canal compartment. These findings
can be relevant when used in studies regarding the
cemento-dentino-canal junction, the apical foramen
and apical constriction.?

The microscopic evaluation of the root and root
canal morphology of teeth with hypercementosis per-
formed in this study was similar to that reported by
other studies.!® The influence of hypercementosis over
root external surface constitutes the major limitation
of the methods proposed herein. How and where the
apical and accessory foramina are displaced due to hy-
percementosis, and the possible variations related to
their morphotype have already been shown by means
of scanning electron microscopy, by comparing teeth
with and without hypercementosis.!*

Conclusions

This study found that hypercementosis can cause
higher frequency of apical deltas, constriction in root
canal breadth, and changes in the original root canal
path at the apical third of affected teeth. These find-
ings point out the possible existence of a complex root
canal anatomy at the apical third in teeth with hyper-
cementosis, which is sometimes undetectable by com-
mon radiographic examination.
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Comparison of changes in the pH of calcium
hydroxide pastes associated with different vehicles

ABSTRACT

Introduction: The antimicrobial effect of calcium hy-
droxide has been assigned to its capacity to produce an
alkaline shift in pH. This property is affected when calcium
hydroxide is combined with other substances, such as 2%
chlorhexidine gel and zinc oxide, which makes the action
of the paste last longer. Objective: This study assessed
whether calcium hydroxide paste associated with chlorhex-
idine gel and zinc oxide promote pH shifts at short time in-
tervals. Methods: Calcium hydroxide pastes prepared with
three vehicles: saline solution (paste A); propylene glycol
(paste B); and 2% zinc oxide chlorhexidine gel (paste C)
were placed into vials containing 15 ml of deionized water.

Lucas Felipe Moreira da CUNHA!
Igor Fernando Ribeiro EHLERS'
Sérgio Henrique Staut BRUNINI?

A pH meter was used to detect pH shifts of combinations in
different vehicles at seven time intervals: 15 and 30 minutes;
1, 24 and 48 hours; as well as 7 and 14 days. Results: All
three pastes presented a sharp increase of pH values at the
first time interval and remained relatively stable at a value
of about 12 from 24 hours to 7 days. After this period, the
pH of pastes A and B decreased to 9.50, whereas that of
paste C remained at 12. Conclusions: Pastes A and B pro-
duced a faster alkaline shift of the solution, whereas paste
C kept an elevated pH for a longer time, however, differenc-
es were not statistically significant.
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Introduction

Numerous studies in the literature report that
some pathologies cannot be reversed even after end-
odontic treatment is performed. Such clinical condi-
tion may be associated with the persistence of micro-
organisms inside or outside the root system, in which
case some substances are necessary not only to
complement the disinfection started by cleaning and
shaping procedures, but also to reduce endodontic
microbiota by creating conditions that are unfavor-
able for the development of bacteria and favorable
for the repair of periapical tissues.!?

Calcium hydroxide is among the substances rec-
ommended for intracanal dressings. It is considered
an effective substance because it induces hard tissue
formation, produces intratubular barriers, presents
good antibacterial and anti-inflammatory properties
as well as a capacity to dissolve tissues,® act upon
lipopolysaccharides and absorb CO,.*

Calcium hydroxide has two fundamental proper-
ties: inhibition of enzymes that are essential for bac-
terial survival, which explains its antimicrobial activ-
ity; and activation of tissue enzymes, such as alkaline
phosphatase, which promote mineralization.’

When dissolved in water, calcium hydroxide is
dissociated into hydroxyl ions and calcium ions, be-
ing the former responsible for the alkaline shift of the
solution. High pH values are probably responsible for
the antimicrobial activity of calcium hydroxide paste,
and this is the reason why calcium hydroxide paste
depends on the concentration of hydroxyl ions in the
solution. Therefore, the slower the dissociation of the
paste, the longer the concentration of hydroxyl ions
will remain constant in the solution, and the antimi-
crobial action inside the canal will last longer.®

The release of hydroxyl ions from the calcium hy-
droxide paste is essential for bacterial control. For
this reason, the vehicle used in association with it
should accelerate ion dissociation and keep pH val-
ues at high levels during long periods of activity.®

In certain clinical conditions, such as treatment of
root resorption, trauma and incomplete root forma-
tion, calcium hydroxide paste should be kept in the
root canal for a longer period of time and be replaced
at regular intervals, so as to remain active.

Recent studies have found that a paste combin-
ing 2% chlorhexidine gel, calcium hydroxide and
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zinc oxide does not require replacements at regular
intervals. Its antimicrobial characteristics include the
capacity to keep pH values at an alkaline level, rapid
diffusion in root dentin and consequent inhibition of
bacterial growth on external root surfaces.”

This study aimed at assessing whether a calcium hy-
droxide paste in chlorhexidine gel and zinc oxide pro-
motes changes in pH at short time intervals, reaching
and sustaining ideal pH values over time in comparison
with other combinations described in the literature.

Material and Methods

Three calcium hydroxide-based pastes (Biodina-
mica, Ibipord, Brazil) were prepared with three differ-
ent vehicles:

» Paste A — calcium hydroxide with saline solu-
tion.

» Paste B — calcium hydroxide with propylene
glycol (Férmula Exata Compounding Phar-
macy, Campo Mouréo, Brazil).

» Paste C — calcium hydroxide with 2% chlor-
hexidine gel(Biodindmica, Ibiporé, Brazil) and
zinc oxide (Biodinamica, Ibipora, Brazil).

The pastes were prepared using a measuring
spoon to standardize the amount of calcium hydrox-
ide in each preparation. For pastes A and B, the vehi-
cle was added so as to obtain a tooth paste consisten-
cy. As for paste C, calcium hydroxide, chlorhexidine
gel and zinc oxide were combined in a 2:1:2 ratio so
as to obtain a putty consistency.

After the materials had been combined, the pastes
were stored in 5-mm-high plastic rings made from an-
esthetic cartridges. The samples were placed in 15 ml
of deionized water previously stabilized at pH 7 for
the analysis of ion dissociation at the following time
intervals: 15 and 30 minutes; 1, 24 and 48 hours; 7
and 14 days. Measurements were taken by means of
a pH meter calibrated with buffer solutions standard-
ized at pH 7 and pH 4. The values were recorded for
ANOVA statistical analysis.

Results

The pH values of the calcium hydroxide pastes in
different vehicles are shown in Table 1.

The pH values of each paste under analysis were
different from each other and between time inter-
vals. All three pastes presented a sharp increase of
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Table 1. Values of pH for the calcium hydroxide pastes in different vehicles.

15 minutes 30 minutes 1 hour
Paste A 10.70 10.98 11.19
Paste B 9.60 10.20 11.68
Paste C 10.20 10.30 10.67

pH values at the first time interval and remained rel-
atively stable at a value of about 12 from 24 hours to
7 days. After that, the pH values of pastes A and B
decreased to 9.50, whereas the pH values of paste
C remained at 12, thus demonstrating its efficacy as
an intracanal dressing that lasts longer. The differenc-
es between the pH values of the calcium hydroxide
pastes were not statistically significant.

Discussion

One of the etiological factors behind the need for
endodontic treatment is the presence of microorgan-
isms in the root canals. Cleaning and shaping, aided
by the use of chemicals with antimicrobial properties,
should remove microorganisms and their products.
However, microorganisms may remain viable in in-
accessible areas and may induce and perpetuate
inflammation, thus hindering repair. In these cases,
treatment success depends on the elimination of in-
fection, in which case the use of intracanal dressings
is essential to reduce microbial infection and ensure
treatment success.'®

Calcium hydroxide pastes have several advantages
including antimicrobial properties, pH values close to
13;21%1! formation of a physical and chemical barrier;!°
inactivation of endotoxins present on the cell walls of
gram-negative bacteria associated with pain and re-
sorption;'? and diffusion through dentin tubules."®

In some clinical cases, calcium hydroxide should
be kept in the canal for longer periods of time, as
it is the case of endodontic treatment for teeth with
incomplete root formation and pulp necrosis, root
resorption and dental trauma. A paste in which the
vehicle promotes slow dissociation should be used
in such cases, so that an elevated pH value is main-
tained. However, this may be considered as a disad-
vantage, given that several visits are necessary for the
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24 hours 48 hours 7 day 14 days
12.13 12.40 12.39 9.65
12.14 12.80 11.60 9.65
11.66 12.90 12.10 11.99

dentist to replace the intracanal dressing. According
to Frank,' the time that calcium hydroxide remains in
the canal for the treatment of those cases may range
from 5 to 20 months. It should be noted that during
this period, the tooth has a temporary restoration
and, for this reason, the risks of infiltration are immi-
nent. Additionally, the cost of this type of treatment
is also high, and so it is the risk of patients dropping
out.'* For this reason, studies have investigated differ-
ent vehicles that can be used with calcium hydroxide
at more extended intervals between visits without af-
fecting its efficacy.

This study found that the combinations with saline
solution and propylene glycol had increasing pH val-
ues up to 7 days, and decreasing values up to 14 days.
The combination with 2% chlorhexidine gel and zinc
oxide had a constant increase over all time intervals,
in agreement with findings reported by Montagner,"
Bretas,!® Nerwich® and Maniglia-Ferreira.!’

In spite of the apparent advantage of the combi-
nation of calcium hydroxide and chlorhexidine gel in
maintaining alkaline pH values, some limitations of the
use of this paste should be noted. According to Kuga,'®
chlorhexidine at high concentrations generates oxida-
tive radicals that damage the cell wall and, consequent-
ly, reduce the biological compatibility of the paste.

Conclusion

Based on the results of this study it is reasonable
to conclude that

» All pastes under study affected the pH of the
solution and made it alkaline.

» The pastes with saline solution and propylene
glycol had a faster alkaline shift, and the paste of cal-
cium hydroxide in 2% chlorhexidine gel and zinc ox-
ide kept an elevated pH value for a longer period, but
differences were not statistically significant.
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Literature review

Chlorhexidine and its applications in Endodontics:
A literature review

ABSTRACT

This study aims at presenting the properties of chlorhexidine
used as an auxiliary chemical substance for endodontic in-
strumentation: structure and mechanism of action, substan-
tivity, tissue solvent effect, chlorhexidine x sodium hypochlo-
rite interaction, cytotoxicity, action over biofilm, antibacterial
activity, antifungal activity, intracanal dressing, rheological
action and allergic reactions. In Dentistry, chlorhexidine
has been proved effective and safe against bacterial plaque
since 1959. In Endodontics, it has been recommended in
liquid or gel form, at different concentrations (usually 2%),
as root canal irrigant and dressing (alone or associated
with other substances). Additionally, it may be applied as
an antimicrobial agent at all stages of root canal prepara-
tion, including disinfection of the operative field, removal of
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necrotic tissues before determining the root length, chemi-
cal-mechanical preparation before foraminal clearance and
enlargement, disinfection of obturation cones; to shape the
main cone with gutta-percha, to remove gutta-percha during
retreatment, to disinfect the prosthetic space; etc. It is rea-
sonable to conclude that chlorhexidine, at different concen-
trations, has an antimicrobial activity against Gram-positive
as well as gram-negative bacteria and fungus. Its antimicrobi-
al activity, increased by the substantivity effect, does not have
the ability of solving tissues, which is overcome by the rheo-
logical action of its gel form that lubricates the endodontic
instrumentation used. Its biocompatibility is acceptable with
relative absence of cytotoxicity.
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Introduction

Most bacteria found in infected root canals can
be removed by the simple mechanical action of
endodontic instrumentation. Nevertheless, despite
thorough mechanical instrumentation, organic res-
idues and bacteria located deeply inside the den-
tin tubules cannot be reached due to the anatomic
complexity of root canals.!? Irrigation solutions are
indicated to aid mechanical preparation and pulp
space disinfection. Thus, several substances have
been used not only to remove debris and necrotic
pulp tissue during and immediately after root canal
preparation, but also to help eliminate the microor-
ganisms that could not be reached by mechanical
instrumentation.®* The search for an ideal substance
for root canal irrigation has motivated researchers
since the beginning of Dentistry. Chemical agents
chosen to function as endodontic irrigants have four
major properties: antimicrobial activity; organic
tissue dissolution that favors debridement of the
root canal system; and absence of toxicity against
periapical tissues.!** Most substances used to irri-
gate the root canal are liquid: sodium hypochlorite
(NaOCl), chlorhexidine gluconate — also known as
chlorhexidine digluconate or simply chlorhexidine
(Chlorhexidine) —, 17% EDTA, citric acid, MTDA
and 37% phosphoric acid solution.’

Sodium hypochlorite is the most popular irriga-
tion solution due to its antimicrobial and physico-
chemical properties.®” The antimicrobial effica-
cy of NaOCl is due to its high pH (the action of
hydroxyl ions) similar to the mechanism of action
of calcium hydroxide.®? The high pH of NaOClI inter-
feres in the integrity of the cytoplasmic membrane
with an irreversible enzymatic inhibition that causes
biosynthetic alterations in cellular metabolism and
destruction of phospholipids, observed during lipid
peroxidation. The antimicrobial activity of NaOCl
leads to an irreversible enzymatic inhibition of bac-
teria, which originates hydroxyl ions, as well as to
chloramination action.? Despite being an effective
antimicrobial agent and an excellent organic sol-
vent,® NaOCl is known for being highly irritant to
periapical tissues,® especially at high concentra-
tions.!! For this reason, the search for another irri-
gation solution, with lower potential in inducing ad-
verse effects, proves feasible. 2
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Thus, irrigation solutions with antibacterial activ-
ity and biocompatibility, as it is the case of chlorhex-
idine, have been recommended to treat infected root
canals. The antibacterial effect and long-term action
of 2% chlorhexidine digluconate'*'" led researchers
to indicate its use for endodontic treatment.!>618

Chlorhexidine is a cationic biguanide that acts by
adsorption in the bacterial wall of a microorganism,
causing leakage of the intracellular components.
Due to being a strong base, low-concentration
chlorhexidine has a bacteriostatic effect; however,
at higher concentrations, it produces a bactericid-
al effect. Chlorhexidine digluconate has a slightly
acidic pH that varies from 5.5 to 6.0, with the ability
to donate protons.!®

Chlorhexidine was first introduced in the late 40s,
when scientists, in the search for new agents against
malaria, formulated a group of compounds with a
broad antibacterial spectrum, known as polibigu-
anides.??! Chlorhexidine was registered in 1954 by
the Imperial Chemical Co. Ltd. (Macclesfield, Unit-
ed Kingdom), under the trademark Hibitane. Due to
its biocompatibility and broad antibacterial activity,
it was the first antiseptic internationally accepted
for skin, wound and mucosa cleansing.?? Since then,
chlorhexidine has been used for several medical
purposes, namely: gynecology, urology and ophthal-
mology, as well as for the treatment of skin burns
and disinfection.?®

In Dentistry, chlorhexidine has been proved ef-
fective and safe against bacterial plaque since 1959.
In the 70s, it was commercialized in Europe as a
0.2% mouthwash solution and in 1% gel 2!

Chlorhexidine may be applied as an antimicro-
bial agent at all stages of root canal preparation,
including disinfection of the operative field, during
root canal instrumentation, removal of necrotic tis-
sues before determining the root length, chemical-
mechanical preparation before foraminal clearance
and enlargement, as an intracanal dressing (alone
or in association with other substances), disinfection
of obturation cones; to shape the main cone with
gutta-percha, to remove gutta-percha during retreat-
ment, to disinfect the prosthetic space; etc.®

Viscous irrigants, such as glycerin-based ones,
have low solubility. As a result, they leave residues at
the dentin walls, which hinders the final obturation
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of the root canal system.!?** However, Natrosol is a
highly efficient non-ionic inert gel that is hydro-solu-
ble and broadly used in cosmetic products based on
cationic substances.?

Chlorhexidine gel has been widely used in Den-
tistry. It yields satisfactory results for cavity control,
reducing Streptococcus mutans and Lactobacillus, act-
ing as auxiliary in periodontal therapy, and control-
ling the growth of Gram-positive and Gram-negative
bacteria.”

Ferraz et al'? demonstrated that 2% chlorhexi-
dine gel is highly advantageous in comparison to
2% chlorhexidine solution, even though both of
them have similar antimicrobial, substantivity and
biocompatibility properties. Chlorhexidine gel lu-
bricates the root canal walls, which reduces friction
between the endodontic file and the dentin surface.
As a result, it favors instrumentation, improves file
performance and reduces the risk of file fracture in-
side the root canal. Additionally, chlorhexidine gel
allows better debridement and, as a consequence,
compensates its inability in organic tissue dissolu-
tion.?2¢ Chlorhexidine gel leaves the majority of den-
tin tubules open as a result of its viscosity that keeps
debris in suspension and reduces the formation of
smear layer, which does not occur with chlorhexi-
dine liquid. Furthermore, the active ingredient of
chlorhexidine gel establishes long-term contact with
microorganisms and, as a consequence, inhibits
their growth.?” When chlorhexidine gel is used for
the mechanical preparation of a root canal, the ir-
rigant solution of choice must be saline solution or
distilled water.

In this context, this study aims at conducting
a literature review that presents the properties of
chlorhexidine used as an auxiliary chemical sub-
stance for endodontic instrumentation.

Literature review

Microorganisms have been broadly recognized as
the main etiologic factor of periapical bone lesions.?®
Their persistence in the apical area of obturated root
canals is responsible for the majority of endodontic
treatment failures.?®3° Thus, microbial control is of
paramount importance for an effective endodontic
treatment,?® of which success relies on the elimina-
tion of microorganisms from infected root canals.!
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Most bacteria found in infected root canals can
be removed by the simple mechanical action of
endodontic instrumentation. However, despite thor-
ough mechanical instrumentation and the several
techniques available, organic residues and bacteria
located deeply inside the dentin tubules cannot be
reached due to the anatomic complexity of root ca-
nals.?3! For this reason, chemical treatment of the
root canal system proves necessary.

According to several authors,!!323331 the ide-
al auxiliary substance must have the property of:
leaving debris in suspension, lubricating endodon-
tic instruments, dissolving organic tissue, develop-
ing antibacterial activity during instrumentation,
substantivity, exerting chelating action, promoting
cleaning of inaccessible areas, being biocompatible
at concentrations that fulfill these properties with-
in a viable clinical time, removing the smear layer
formed during instrumentation, having low surface
tension, neutralizing action and bleaching effect,
having no color alterations, being of easy applica-
tion, removal, handling and storage, accessible, in-
expensive and of extended useful life.

Several substances have been used to irrigate
the root canal system, namely: sodium hypochlo-
rite (NaOCl), chlorhexidine gluconate — also
known as chlorhexidine digluconate or simply
chlorhexidine —, 17% EDTA, citric acid, MTDA and
37% phosphoric acid solution.® Sodium hypochlo-
rite, at different concentrations, is the most com-
monly used substance due to its triple mode of ac-
tion: necrotic tissue dissolving ability attributed to
its high alkalinity; antibacterial properties related to
hypochlorous acid formation in chlorine solution;
and fat saponification.®

Sodium hypochlorite is a halogenated compound
of which first use was registered in 1972 under the
name of “Javele’s water”. It was obtained by mixing
NaOClI with potassium. In 1820, Labarraque obtained
sodium hypochlorite at a concentration of 2.5% of
active chlorine. In the early XX century, during World
War I, sodium hypochlorite was used to treat infected
wounds. In 1915, Dakin®*® proposed a new concen-
tration for the solution (0.5%) because, according to
the author, wounds treated with 2.5% sodium hypo-
chlorite took too long to heal due to the high content
of sodium hydroxide.***” In Endodontics, its use was

Dental Press Endod. 2013 Sept-Dec;3(3):36-54



Marion J, Pavan K, Arruda MEBF, Nakashima L, Morais CAH

first proposed by Coolidge, in 1919; first employed by
Walker, in 1936, due to its excellent tissue dissolv-
ing ability as well as its antimicrobial efficacy,* and
disseminated by Grossman.?®4% It has been employed
in Endodontics for more than 60 years as an irriga-
tion solution during chemo-mechanical preparation
of the root canal system.® Despite NaOCl excellent
antimicrobial activity and tissue dissolution ability, it
causes irritation to periapical tissues,! it is caustic
and causes clothes stain and instruments corrosion,*
especially at high concentrations.!! According to Ra-
mos and Bramante,*® biocompatibility is one of the
main desirable properties of an irrigation solution.
For this reason, the search for another irrigation solu-
tion with lower potential in inducing adverse effects
proves feasible.?!2

Among different alternatives, chlorhexidine has
proved to be an effective antimicrobial agent acting
inside root canals, showing a great potential to be
used as irrigant or intracanal dressing. It is also rec-
ommended for cases of incomplete root formation
or hypersensitivity to sodium hypochlorite due to its
low toxicity. Chlorhexidine is found in the form of
liquid (water solution) or gel, at concentrations that
vary from 0.2 to 2%.3%4

[t is characterized as a cationic detergent of the
biguanide class. It is available as acetate, hydrochlo-
ride and digluconate which is the most used for-
mat.*® Chlorhexidine was first introduced in the late
40s when scientists were searching for new agents
against malaria.?®?! In 1954, it was first used as an
antiseptic to treat skin wounds* under the trade-
mark Hibitane registered by the Imperial. Ltd. (Mac-
clesfield, United Kingdom).?

In Dentistry, chlorhexidine has been proved ef-
fective and safe against bacterial plaque since 1959.
[t was first tested by Loée and Schiott?” who dem-
onstrated that 0.2% chlorhexidine mouthwash twice
a day is effective to decrease biofilm growth and
gingivitis development for a period of 21 days.*
Initially, it was commercialized in Europe, in the 70s,
as a 0.2% mouthwash solution and in 1% gel 2%

Due to its broad antibacterial spectrum, it has
been widely used in Periodontology. In Endodontics,
it has been recommended as digluconate salt, liquid
or gel at different concentrations, as well as root ca-
nal irrigant!®1>1823:485051 or g5 intracanal dressing.'**3°7
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In this context, this literature review highlights
11 major points related to chlorhexidine, so as to
facilitate understanding. The extensive literature on
chlorhexidine determined that discussions should
be restricted to factors commonly focused by in vivo
studies and literature reviews. To this end, the fol-
lowing databases were used for research: MEDLINE,
PubMed, BBO, Lilacs, SciELO, websites available on
the internet and the library archives of the School of
Dentistry / Piracicaba (FOP-UNICAMP).

Structure and mechanism of action

The structural formula of chlorhexidine consists
of two symmetric 4-chlorophenyl rings and two bi-
guanide groups connected by a central hexameth-
ylene chain.?? Classified as a cationic detergent, this
biguanide is a strong base which is practically in-
soluble in water. For this reason, it is prepared in
the form of salt,?® which increases its solubility. In
Dentistry, its most commonly used form is chlorhex-
idine digluconate salt in water solution.!*?? The
bactericidal effect of the drug is due to its cationic
molecule binding to extra-microbial complexes and
negatively charged microbial cell walls, entering in
the cell by active or passive transportation.®® At high
concentrations (2%), chlorhexidine has a bacteri-
cidal effect due to precipitation and/or coagulation
of thecytoplasm of bacterial cells, probably caused
by proteincross-linking, resulting in cell death.>
At lower concentrations (0.2%), chlorhexidine has a
bacteriostatic effect, which causes inhibition of the
membrane function. This effect remains for several
hours after application due to its excellent substan-
tivity (residual effect).”® Solutions are usually color-
less as well as odorless.

When aqueous, chlorhexidine seems to be more
stable for pH varying from 5 to 8. pH values above 8
lead to precipitation. In an acidic pH, chlorhexidine
solution loses stability and, as a consequence, de-
terioration of its properties occurs. Its antibacterial
effect is excellent for pH values varying from 5.5 to
7.4881 Chlorhexidine is found in the form of solution,
dentifrices, varnishes and gel.?

Tasman et al® assessed the surface tension of dif-
ferentirrigation solutions: distilled water; 2.5% sodium
hypochlorite; 5% sodium hypochlorite; 17% EDTA;
3% hydrogen peroxide; 3% citanest-octapressin and
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0.2% chlorhexidine. The ring method was employed
to this end. The authors yielded the following results
in ascending order: chlorhexidine; 2.5% hypochlorite;
5% hypochlorite; 17% EDTA; 3% citanest-octapressin;
hydrogen peroxide; saline solution and distilled wa-
ter. The authors concluded that the low surface ten-
sion of chlorhexidine favors its penetration into the
dentin tubules.

According to Ferraz et al,? chlorhexidine gluco-
nate had lower surface tension in comparison to so-
dium hypochlorite and EDTA. The use of chlorhexi-
dine associated with a gel vehicle provides dentin
walls free of waste produced by instrumentation as
a result of the mechanical properties of gel.

Substantivity

According to Hortense et al,® substantivity is
the capacity chlorhexidine has to remain active in
the surface where it is applied (tooth, gingiva and
oral mucosa surfaces negatively charged). It is slow-
ly released, avoiding salivary flow to neutralize its
action. Substantivity is an important property for
treatment of dental plaque infections, since anti-
microbial agents need some time to neutralize/kill
a microorganism.??

In Endodontics, the residual antibacterial ef-
fect of chlorhexidine is due to its capability to bind
to hydroxyapatite.® Therefore, a gradual release of
chlorhexidine could maintain a constant level of mol-
ecules, which is enough to create a bacteriostatic sce-
nario inside the root canal for a long period of time.

Parsons et al*® conducted one of the first stud-
ies recommending the use of chlorhexidine for end-
odontic purposes. The authors observed the adsorp-
tion and release of chlorhexidine solution by bovine
pulp and dentin samples, as well as its antibacterial
properties after a deliberate contamination caused
by Streptococcus faecalis. Results revealed that, af-
ter the samples were treated with chlorhexidine, no
contamination was observed within 48 and 72 hours
of bacterial exposure. This confirmed the residual
effect of chlorhexidine.

Other studies have been conducted to assess the
substantivity of chlorhexidine. Their results showed
that this activity can last 48 hours,’® 72 hours,!®
7 days (chlorhexidine liquid and gel),%® 21 days'’
or 4 weeks.®” Rosenthal, Spangberg and Safavi®
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assessed the substantivity of 2% chlorhexidine in
root canal system and its long-term efficacy in com-
parison to its antimicrobial effect. Their results re-
vealed that chlorhexidine remains in the dentin of
root canals with its antimicrobial effect for more
than 12 weeks.

According to Messer and Chen,% this property
differs chlorhexidine from other disinfectants that
quickly dissipate and have no residual antibacterial
effect. Khademi, Mohammadi and Havaee®" high-
light that only chlorhexidine and tetracycline have
the aforementioned property.

Tissue dissolving effect

Several studies have searched for a product that
meets the properties necessary for a root canal ir-
rigant: antimicrobial activity, non-toxic to periapi-
cal tissues, soluble in water and organic matter dis-
solving ability.3! In 1941, Grossman and Meiman'
demonstrated the importance of tissue dissolving
ability of an endodontic irrigant, determining that
success of endodontic treatment relies on pulp tis-
sue elimination from the root canal. Zehnder!® cor-
roborates Grossman and Meiman’® and asserts that
the ideal cleaning of root canals is crucial for end-
odontic treatment, given that removal of tissues
and bacterial residue would prevent the tooth from
becoming a source of infection. Therefore, the ne-
crotic tissue dissolving ability of irrigation agents
was assessed. An in vitro study revealed that 1%
sodium hypochlorite had a substantial dissolution
capacity, unlike 10% chlorhexidine.” According to
Moorer and Wesselink," tissue dissolution depends
on the frequency of agitation, the amount of or-
ganic matter in relation to the irrigant, and on the
tissue surface area available for contact with the
irrigant. Okino et al” assessed the tissue dissolving
ability of sodium hypochlorite at different concen-
trations, 2% chlorhexidine digluconate water so-
lution, chlorhexidine gel and distilled water. Frag-
ments of bovine pulp were submerged in 20 mL of
each solution. Both distilled water and chlorhexi-
dine solutions did not dissolve the pulp during the
six hours of the experiment.

Considering the experiments performed, it can
be concluded that a disadvantage of chlorhexidine
is its inability to dissolve tissues.®!
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Interaction between chlorhexidine and
sodium hypochlorite

An invivo study conducted by Zamany’ employed
two therapeutic protocols in which, after chemo-
mechanical preparation with NaOC], a final irriga-
tion with 4 mL of saline solution or 2% chlorhexi-
dine was performed during 30 seconds. Evaluation
was carried out by means of culture mediums and
biological indicators collected from tooth canals.
The chlorhexidine protocol produced a positive cul-
ture in one out of 12 cases, whereas the saline solu-
tion protocol produced a positive culture in seven
out of 12 cases. The use of 2% chlorhexidine diglu-
conate as an extra irrigant used after biomechanical
preparation improved the efficiency of endodontic
therapy with regard to antimicrobial activity.

For treatment before root canal filling, Zehnder'?
recommends irrigation with sodium hypochlorite
to dissolve organic tissue, irrigation with EDTA
to eliminate the smear layer and irrigation with
chlorhexidine to increase antimicrobial spectrum
and substantivity. Despite the visible increase in an-
timicrobial efficacy produced by the combination of
irrigants,*! chemical interactions, such as precipita-
tion and color change that result from a combination
between NaOCl and chlorhexidine, must be taken
into account.'®?¢7 This corroborates the study con-
ducted by Basrani et al”® who sought to determine
the minimum concentration of sodium hypochlorite
causing pigmentation and precipitation when associ-
ated with 2% chlorhexidine. The resultant precipitate
was qualified and quantified. All sodium hypochlo-
rite solutions in combination with 2% chlorhexidine
digluconate led to color alterations, even with Na-
OCl at low concentrations (0.023%). The formation
of precipitate was also observed until the sixth di-
lution (0.19%). Both pigmentation and precipitation
were directly proportional to the concentration of
sodium hypochlorite. By-products were formed in
the mixtures with 3% and 6% sodium hypochlorite.
One example is the formation of parachloraniline, a
fragment that results from hydrolysis of chlorhexi-
dine digluconate. In other words, a by-product that
theoretically forms another by-product. Fragmenta-
tion occurs in the bond between carbon and nitrogen
(guanidine group) of which dissociation requires lit-
tle energy. The clinical importance of these findings
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relies on the pathological potential of parachlorani-
line, as well as on other by-products that result from
the mixture. Parachloraniline has a carcinogenic
potential and causes methemoglobinemia and cya-
noses, being cytotoxic.”” Other by-products might
have pathological action related to their own mo-
lecular character, as it is the case of action exerted
by higher reactivity (free radicals). The formation of
precipitate may be explained by the acid-base re-
action that results from mixing sodium hypochlorite
and chlorhexidine !

The precipitate that results from mixing sodium
hypochlorite and chlorhexidine is also known as flu-
conation.” Basrani et al’® observed that it produces
an orangish-brown solution which, once in the pulp
chamber, chemically stains the dentin tubules and, as
a consequence, changes tooth color®! and interferes
in root canal filling.882 A spectrophotometric analysis
revealed the presence of calcium, iron, magnesium,
copper, zinc and manganese in the precipitate.’
According to Heling and Chandler,® associating
chlorhexidine with EDTA also forms a milky-white
precipitate. When combined with saline solution and
ethanol, they produce salt. Thus, when sodium hypo-
chlorite is used as an irrigation solution during me-
chanical preparation, chlorhexidine may be used as a
final irrigant or intracanal dressing only after sodium
hypochlorite is completely removed from the root ca-
nal,®* so as to avoid interaction between solutions.®
As complementary irrigation solutions, distilled water
and saline solution are recommended.

Cytotoxicity

Chlorhexidine is stable and has low citotoxicity It
is minimally absorbed by the mucosa and skin, it is well
tolerated in animals, when administered via parenteral
and intravenously, it seems not to cross the placental
barrier, it does not cause systemic toxic side effects
or alterations in the oral microbiota.?*# With regard
to the metabolic pathways of chlorhexidine, whenever
ingested, it reduces plasma levels and is excreted in
feces (90%) and urine (10%). The frequency of meta-
bolic segmentation by oral intake is also low, with no
evidence of parachloraniline formation. When carried
in the bloodstream of dogs, it is metabolized by the
liver and kidney, producing polar metabolites, while
chlorhexidine remains intact in the bile.®”
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Tanomaru Filho et al® assessed the inflammato-
ry response of different endodontic solutions used
in rats. 0.5% sodium hypochlorite, 2% chlorhexidine
digluconate and saline solutions were injected in the
peritoneal cavity of the animals which were killed af-
ter 4h, 24h, 48h and seven days. Results revealed that
sodiumhypochloriteinducedinflammatoryresponse,
whereas chlorhexidine digluconate did not provoke
any significant response. In 2005, Ribeiro et al®® as-
sessed the genotoxicity (potential damage to DNA)
of formocresol, paramonochlorophenol, calcium hy-
droxide and chlorhexidine against the ovary cells of
Chinese hamsters. The results revealed that none of
the agents damaged the DNA. Faria et al*® assessed
the cytotoxicity of chlorhexidine digluconate by
means of observing tissue lesions (edema/inflam-
mation) in rats’ paws. Assessment was complement-
ed by histopathological examination and analysis of
cell death and stress in culture of fibroblasts. Edema
(inflammation) was observed as a result of exposing
the lesions to chlorhexidine digluconate at differ-
ent concentrations (0.125; 0.25; 0.5 and 1%). Edema
subsided after 14 days at the two lowest concentra-
tions. At 0.125%, no tissue necrosis was observed
despite mild inflammation, whereas at 0.25%, small
foci of necrosis were found. Edema persisted after
14 days at the two highest concentrations. Inflam-
mation and larger foci of tissue necrosis were also
observed. The authors concluded that chlorhexidine
digluconate may produce an adverse effect on the
resolution of apical periodontitis. Additionally, their
results point to higher biocompatibility in concen-
trations equal to or less than 0.25%. Furthermore,
lower concentrations are characterized by promot-
ing cell apoptosis, whereas higher concentrations
cause stress and cellular necrosis.

Thus, the concentrations of chlorhexidine clini-
cally used have acceptable biocompatibility,*! with
relative absence of cytotoxicity.!®

The first studies about the toxicology of chlorhexi-
dine were conducted by Foukes® who established the
lethal dose of chlorhexidine orally and intravenous-
ly taken, and tolerance to chronic administration.
The author concluded that chlorhexidine has unusu-
ally low toxicity for both, animals and humans. Addi-
tional research conducted by Davies and Hull®* con-
firmed the findings of other authors, determining
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the lethal dose of 50 (LD 50) for chlorhexidine ap-
plied by intravenous injection (22 mg/Kg/day) , and
LD 50 (1800 mg/kg/day) for oral administration.
These results were obtained from experiments car-
ried out with species of rodents (rabbits and mice)
and ruminants (cattle). Hugo and Longworth® found
no harmful effect for chlorhexidine digluconate
orally taken. To test the carcinogenic potential, four
groups with 224 rats each were used. The animals
received doses of 5, 25 or 50 mg/kg of body weight
and were tested for two years. By the end of the dos-
age, peak levels dropped by half within one to two
weeks. Chlorhexidine levels in the brain, lung, liver,
kidney, mesenteric nodes and other lymph nodes,
as well as in the blood were determined at regular
intervals during the experiment and after the end
of administration during three, six and nine weeks.
No histological changes were found. The concentra-
tion of chlorhexidine in the liver was high in the final
controls, but decreased to half after one and two
weeks. There was no incidence of neoplasm in the
control and treated groups. The extremely low acute
oral toxicity found in animals has been confirmed
in humans in the last 30 years of experience, with
unrestricted use. Pereira® conducted a research on
acute and chronic toxicity of chlorhexidine digluco-
nate orally taken by mice and found an increase in
weight gain in comparison to the control group, sig-
nificant reduction in the number of deaths attribut-
able to the inhibition of intercurrent infections in the
treated groups and absence of teratogenic effects.
Case®® and Rushton®® concluded that percutaneous
absorption is practically null.

Action over biofilm

According to Costerton, Stewart and Greenberg,
biofilm is a structured community of microorganisms
surrounded by a matrix of polysaccharides produced
and adhered to live or inert surfaces. The cells com-
prising the biofilm structure are phenotypically differ-
ent from planktonic cells (microorganisms presented
in a free and disorganized form), since they are less
susceptible to antimicrobial substances.%

Biofilm control occurs as a result of the anti-
septic property of chlorhexidine associated with
adsorption (ability to be retained on an oral sur-
face and be slowly released), assuring an extended
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antimicrobial environment.®®%” Adsorption is ex-
plained by electrostatic interaction. Due to its cat-
ionic characteristic, chlorhexidine has a strong affin-
ity for anions, such as phosphate ions from the cell
wall of oral microbiota which normally colonizes the
tooth surfaces,®® thus reducing adherence and colo-
nization of tooth surfaces. This process enhances
cell wall permeability and, as a consequence, leads
to cytoplasm rupture and causes cell death.®® Due to
its bactericide and bacteriostatic effect, chlorhexi-
dine inhibits the development of microbial plaque
development.®* This anti-plaque effect is probably
the most significant property of chlorhexidine.”

One of the major mechanisms of resistance of
biofilm is associated with failure of agents in pen-
etrating its extension. Polymeric substances, such as
those found in biofilm matrix, reduce the diffusion
of chemical substances and antibiotics. Solutes tend
to diffuse more slowly. The speed of penetration
varies according to the type of microorganism and
the composition of the exopolysaccharide matrix.
A second mechanism of resistance is associated
with the ability of a microorganism present in biofilm
to survive after long periods of food shortage which
decreases its growth rate. Microorganisms with re-
duced growth rate, or no growth, are less sensitive
to chemical substances.®%10%1%1 Mohammadi and
Abbott?! reported that a microorganism growing in
biofilms is two to 1,000 times more resistant than its
correspondent planktonic form.

Studies conducted with biofilm composed by
a single species'®>!® and apical dentin biofilm!*
revealed that an increase in sodium hypochlorite
concentration (varying from 2.25 to 6%) and 2%
chlorhexidine solution were effective against the mi-
croorganisms tested. Mechanical agitation enhances
antimicrobial activities of chemical substances, par-
ticularly favoring liquid agents such as 5.25% sodium
hypochlorite and 2% chlorhexidine.!” Chlorhexidine
has a significantly lower effect on microbial biofilm
in comparison to hypochlorite.®!

Tyler et al'® assessed the distribution and trans-
port of chlorhexidine digluconate and glucose in
Candida albicans biofilm. Their results confirmed
the diffusion capacity of chlorhexidine digluconate
through biofilm, which is not uniform, thus suggest-
ing that chlorhexidine preferentially binds to sites
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of microbial cells and/or passes through microca-
nals present in biofilm. The presence of microca-
nals suggests that biofilm is somehow organized or
at least has a complex structure, since microcanals
allow the entrance of nutrients and excreta output.
Additionally, the authors concluded that the action
of chlorhexidine is directly proportional to con-
centration that tends to decrease as chlorhexidine
goes deeper into the biofilm. Glucose does not dif-
fuse uniformly either, which results in areas with
nutrients shortage.

Clegg et al'™ assessed the efficacy of disaggre-
gating and removing polymicrobial biofilm produced
by sample collected from teeth of patients diag-
nosed with periapical lesion 3-mm in diameter asso-
ciated with pulp necrosis and who were not treated
by antibiotic drugs. The samples were seeded in
culture medium and evaluated microscopically. 2%
chlorhexidine proved not to affect biofilm or elimi-
nate bacteria. Nevertheless, it generated absence of
microbial growth (culture medium). 6% sodium hy-
pochlorite was the only substance that favored ab-
sence of bacteria, removed biofilm and promoted
absence of microbial growth (culture medium).

Antibacterial activity

[ts antibacterial activity is explained by the ability
of chlorhexidine to be rapidly attracted by the nega-
tive charge of bacterial surface, and adsorbed to the
cell membrane by electrostatic interactions, prob-
ably by hydrophobic bindings or hydrogen bridges.
Adsorption is concentration-dependent. In higher
concentrations, it causes not only precipitation and
coagulation of cytoplasmic proteins, but also bacte-
rial death; whereas in low concentrations, cell mem-
brane integrity is altered, resulting in extravasation
of low molecular weight bacteria components.®931%
Thus, the molecule cationic end binds to the pellicle
with negative charge (anionic), whereas the other
cationic end is free to interact with bacteria that aim
at colonizing the tooth.*> In Endodontics, chlorhexi-
dine is recommended for root canal irrigation dur-
ing chemo-mechanical preparation,'®® since it inhib-
its bacterial growth in endodontic infections.*"*¢-1%7
The action of chlorhexidine depends on the sus-
ceptibility of microorganisms; Gram-positives have
higher susceptibility to chlorhexidine in comparison
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to Gram-negatives.!”” Some species of Streptococci
seem to retain an additional amount of chlorhexi-
dine in their extracellular polysaccharide capsules,
which might be related to the high sensitivity of
Streptococci to chlorhexidine, %

In 1982, Delany et al'® conducted an in vitro study
on the antimicrobial action of 0.2% chlorhexidine
gluconate solution used as irrigant and intracanal
dressing on root canal microbiota of recent extract-
ed necrotic pulp of human teeth. Bacterial growth
was observed by inoculation of dentin debris on
agar, which caused a significant reduction in the
number of bacteria in both endodontic procedures.

Heling et al*®* conducted an in vitro study to as-
sess the antibacterial effect of 2% chlorhexidine glu-
conate at 20% used, in a in a slow release system, as
intracanal dressing in bovine incisors contaminated
with . faecalis. The slow release system consisted of
strips containing glutaraldehyde as vehicle and 1.2
mg of 20% chlorhexidine as active agent. The mi-
crobiological analysis of dentin removed from canal
walls revealed that both forms of dressing were ef-
fective for depth of 0.5 mm in experimental periods
of 24, 48 hours and seven days.

Siqueira Jr. and Uzeda*® assessed the antibacte-
rial activity of 0.12% chlorhexidine digluconate gel,
10% metronidazole gel, calcium hydroxide with dis-
tilled water, calcium hydroxide with PMCC camphor-
ated paramonochlorophenol and calcium hydroxide
with glycerin applied on strict and facultative anaer-
obic bacteria commonly found in endodontic infec-
tions. Their results revealed that calcium hydroxide
paste with PMCC and chlorhexidine were effective
for all species of bacteria tested (strict anaerobic —
Porphyromonas endodontalis, P gingivalis, Actinomyce-
sisraelis, Fusobacterium nucleatum, Propionibacterium
acnes and Campylobacter rectus; and facultative an-
aerobic — Staphylococcus aureus, Streptococcus mu-
tans, S. sanguis, S. salivarius, Enterococcus faecalis and
Actinomyces viscosus). Metronidazole inhibited the
growth of all strict anaerobic species, whereas cal-
cium hydroxide with distilled water or glycerin were
ineffective.

Lindskog, Pierce and Blomlof*” assessed the ef-
fect of 10% chlorhexidine gluconate gel used as in-
tracanal dressing during one month on inflammato-
ry root resorption induced in monkeys. The authors
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found a reduction in the resorption process due to
the antimicrobial action of chlorhexidine inside den-
tin tubules and on periodontal ligament cells.

Ferraz’! conducted an in vitro research on
chlorhexidine gel used as endodontic irrigant in com-
parison to other irrigants commonly used in End-
odontics. The author concluded that 2% chlorhexi-
dine gel or solution showed the highest averages of
inhibition halos against all microorganisms tested by
the agar diffusion test. Chlorhexidine gel produced,
in vitro, higher inhibition halos of microbial growth
when compared to chlorhexidine solution at equiva-
lents concentrations. However, with no statistically
significant differences. Similarly to 5.25% sodium
hypochlorite, 2% chlorhexidine solution produced
negative cultures after 45 seconds of contact with
Enterococcus faecalis, acting more rapidly than other
irrigants. Teeth irrigated with 2% chlorhexidine gel
had a higher number of negative microbiological
cultures (80%); after in vitro instrumentation, 2%
chlorhexidine gel significantly reduced smear layer
in comparison to 2% chlorhexidine solution and
5.25% sodium hypochlorite.

Menezes et al®? conducted an in vitro study to as-
sess the efficacy of sodium hypochlorite and 2%
chlorhexidine used as irrigation solution. Teeth had
been contaminated by Enterococus faecalis. The authors
concluded that chlorhexidine was more effective.

Haapasalo et al** conducted a literature review
in which they highlight that the use of chlorhexidine
at 0.2 to 2% might offer an additional advantage
against resistant microorganisms disseminated by
the root canal system. This is due to the ability of
chlorhexidine to increase bacterial cell or cell wall
permeability; act inside fungi cytoplasm membrane;
cause coagulation of intracellular constituents at
high concentrations. Other advantages include re-
sidual antimicrobial action and substantivity; rela-
tively low toxicity, wide spectrum of action and
efficacy against Enterococcus faecalis and Staphylo-
coccus aureus. According to the authors, chlorhexi-
dine efficacy decreases in contact with organic mat-
ter, mycobacteria, bacterial spores and virus, all of
which are resistant. Additionally, chlorhexidine has
cytotoxicity at high concentrations; chlorhexidine
gel is less effective against Enterococcus faecalis in
comparison to solution; chlorhexidine combinations
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are so or less effective than its compounds alone;
when in contact with tooth dentin (organic com-
pounds), chlorhexidine efficacy decreases, but is not
completely neutralized; albumin from bovine plasma
neutralizes chlorhexidine action and does not act as
a tissue solvent.

Dametto et al®® conducted an in vitro study to as-
sess the antimicrobial activity of 2% chlorhexidine
gel against Enterococcus faecalis in comparison to
other endodontic irrigants (2% chlorhexidine solu-
tion and 5.25% sodium hypochlorite). 2% chlorhexi-
dine gel and 2% chlorhexidine solution significantly
reduced E. faecalis at post-treatment and final phases.
5.25% sodium hypochlorite also reduced E. faecalis
immediately after root canal instrumentation. How-
ever, it did not completely eliminate E. faecalis from
the root canal. The authors concluded that 2%
chlorhexidine gluconate (gel and solution) had high-
er antimicrobial capacity against E£. faecalis in com-
parison to 5.25% sodium hypochlorite seven days
after biomechanical preparation.

In 2006, the results of a research conduct-
ed by Fachin, Nunes and Mendes® agreed with
Jeansonne et al’® who affirmed that 2% chlorhexi-
dine is an effective antimicrobial that produces
results statistically similar to 5.25% sodium hy-
pochlorite, and of which substantivity increases
antimicrobial performance.

Wang et al'® assessed the clinical efficacy of 2%
chlorhexidine gel with regard to the reduction of in-
tracanal bacteria during root canal instrumentation.
The additional antibacterial effect of calcium hy-
droxide associated with 2% gel used as an intracanal
dressing was also assessed. The authors concluded
that 2% chlorhexidine gel effectively decontami-
nates the root canal, and, when used as intracanal
dressing, does not produce additional significant ef-
fects on bacterial reduction.

Pretel et al''® concluded that 2% chlorhexidine is
a feasible irrigation solution due to its specific char-
acteristics of substantivity and high antibacterial ef-
fect. According to the authors, chlorhexidine proves
more effective considering its penetration and sub-
stantivity inside dentin tubules.

[ts bactericidal activity is faster than its fungicide
activity and strongly depends on pH. Its maximum
activity can only be achieved with pH 8 (Neobrax!'!!).
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Antifungal activity

Chlorhexidine digluconate has a wide spectrum of
action®-112 with potent antifungal action against Can-
dida albicans.!'*!* Fungi (or yeast) represent a small
portion of oral microbiota. Candida is the species of
fungi most commonly found in healthy (30 to 45%)
as well as in medically compromised individuals
(95%).'> These fungi might be involved in cases of
persistence and secondary infection associated with
relapse of periapical lesions, given that they are mi-
croorganisms strongly associated with therapeutic
failures.!”-296>7472.114116-119 For this reason, endodon-
tic irrigants should include these microorganisms in
within their spectrum of activity*! According to Wal-
timo et al,'”® the presence of fungi in infected root
canals varies between 1 to 17%.

In 1999, Sen, Safavi and Spangberg!'?® assessed
the antifungal effects of 0.12% chlorhexidine and 1
to 5% sodium hypochlorite on root canals. They per-
formed root sections and removed smear layer in half
of the specimens. Root canals were inoculated with
Candida albicans for 10 days. Subsequently, root sec-
tions were treated with 3 mL of the irrigation solution
during one, five, 30 and 60 minutes. The authors ob-
served that, in the presence of smear layer, the anti-
fungal activity of all irrigants started after 60 minutes,
only. Antifungal activity was higher in teeth of which
the smear layer was removed. After 30 minutes, 5%
sodium hypochlorite showed antifungal activity of
70% and after one hour, it was totally effective. 0.12%
chlorhexidine and 1% sodium hypochlorite proved to
be totally effective after an hour.

Waltimo et al'’® assessed the antifungal action of
calcium hydroxide, 0.5% chlorhexidine acetate, 0.05%
iodinated potassium iodide and sodium hypochlorite,
alone and in combination. To this end, they used ab-
sorbent paper points contaminated with Candida albi-
cans, directly exposed to the disinfectants, for periods
of 30 seconds, five minutes, one and 24 hours. In com-
parison to calcium hydroxide associated with distilled
water, 0.5% and 0.05% chlorhexidine proved more ef-
fective. After 24h, the association of 0.5% chlorhexi-
dine with calcium hydroxide PA. was also more effec-
tive than calcium hydroxide associated with distilled
water and less effective than 0.5% chlorhexidine alone.

Alexandra et al!?! conducted an in vitro study
in which the efficacy of four chemical substances
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used as intracanal dressing were compared: cal-
cium hydroxide, chlorhexidine gel, PerioChip (As-
tra Zeneca) and chlorhexidine gel associated with
calcium hydroxide. Saline solution was used as the
control group. The substances were tested in three
different periods (three, eight and 14 days) using hu-
man teeth previously contaminated with E. faecalis.
Calcium hydroxide eliminated Enterococcus faecallis
within three to eight days, but it was effective in the
14-day group, probably due to a pH drop. The dif-
ferent formulations of chlorhexidine were effective
in eliminating E. faecalis from dentin tubules, with
chlorhexidine gel showing the best results.

Siqueira Jr. et al'?* assessed the efficacy of four
intracanal dressings in decontaminating the root
canal of bovine teeth experimentally infected with
Candida albicans. Infected dentin cylinders were
exposed to four different dressings: calcium hy-
droxide and glycerin; calcium hydroxide and 0.12%
chlorhexidine digluconate; calcium hydroxide with
camphorated paramonochlorophenol and glycerin;
0.12% chlorhexidine digluconate with zinc oxide.
Specimens were in contact with the dressings during
1 hour, 2 and 7 days. Candida albicans viability after
exposure was evaluated by means of incubating the
sample in culture medium to compare the efficacy of
the dressing in dentin disinfection. Results revealed
that specimens treated with calcium hydroxide as-
sociated with camphorated paramonochlorophenol
and glycerin, or with chlorhexidine combined with
zinc oxide were completely decontaminated after
1-hour exposure. Calcium hydroxide with glycerin
eliminated C. albicans after 7 days, only. Calcium hy-
droxide associated with chlorhexidine proved inef-
fective to disinfect dentin, even after one week of
exposure. Calcium hydroxide with camphorated par-
amonochlorophenol and glycerin, as well chlorhexi-
dine digluconate associated with zinc oxide proved
to be the most effective in eliminating C. albicans.

Ruff, McClanahan and Babel'?® compared the
antifungal efficacy of 6% sodium hypochlorite, 2%
chlorhexidine, 17% EDTA and MTDA BioPuro with
final rinse as canal preparation, in which teeth were
contaminated with Candida albicans. Teeth were di-
vided into four groups: Group 1 — 1 mL of 6% so-
dium hypochlorite for 1 min; Group 2- 0.2 mL of 2%
chlorhexidine for 1 min; Group 3 -5 mL of MTDA
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BioPuro for 5 min, following the manufacturer’s in-
structions; Group 4 — 1 mL of 17% EDTA for 1 min.
Results showed that 6% sodium hypochlorite and
2% chlorhexidine were equally effective and signifi-
cantly superior to the other groups. MTDA was sig-
nificantly superior to 17% EDTA.

Ballal et al'** analyzed the antiseptic action of dif-
ferent intracanal dressings. They used Candida albi-
cans and Enterococcus faecalis as microbiological in-
dicators and conducted an observation on inhibition
halos of microbial growth in solid medium culture.
All intracanal dressings tested exhibited inhibition
halos. Within 24 hours of action against C.albicans,
calcium hydroxide paste in water proved to be
the most effective, whereas against E.faecalis, 2%
chlorhexidine gel had the best action. After 72 hours,
2.% chlorhexidine gel was the most effective dress-
ing against C.albicans and E.faecalis, whereas the
combination of the two substances yielded the
worst results against both biological indicators. The
authors concluded that 2% chlorhexidine gel is more
efficient than calcium hydroxide paste, whether as-
sociated with water or 2% chlorhexidine gel.

Intracanal dressing

Chemo-mechanical preparation significantly re-
duces microbiota in infected root canals. However,
Bystrom, Claesson and Sundqvist;'* Sjogren et al'?’
as well as Ando and Hoshino!?® highlighted the need
for intracanal dressing use to prevent those bacteria
surviving to chemo-mechanical preparation in a suf-
ficient number and adequate environment from multi-
plying between treatment sessions. Thus, the need for
root canal disinfection through chemo-mechanical
preparation is clear. It can be achieved not only by
the proper use of an intracanal dressing that has anti-
microbial properties and functions as a physical bar-
rier, 3127130 hut also by proper filling of the root canal
system and appropriate coronal sealing.’® Addition-
ally, intracanal dressing aims at reducing periapical
lesions, solubilizing organic matter, neutralizing toxic
products, controlling persistent exudate, controlling
inflammatory external root resorption and stimulat-
ing repair by means of mineralized tissue.'*

Chlorhexidine has been highly recommended as
intracanal dressing due to its immediate antimicro-
bial action; wide antibacterial spectrum of action
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against Gram-positive and Gram-negative bacteria,
whether anaerobic, facultative and aerobic; yeast and
fungi®0-#3>9112 (especially Candida albicans);!'*!?° rela-
tively absence of toxicity;*®¢ dentin adsorption ca-
pacity and slow release of its active substance, which
extends its residual antimicrobial activity,!>16:5354.134
Delany et al®® demonstrated the effect of 0.2%
chlorhexidine gluconate used as intracanal dressing
on the reduction of remaining antimicrobial popula-
tion after root canal instrumentation. Due to its wide
antimicrobial spectrum, chlorhexidine has been
largely used in Endodontics. It has been recom-
mended as digluconate salt, liquid or gel at different
concentrations, as well as intracanal dressing.!35%57
Ohara et al'* assessed the antimicrobial effects of
six irrigants against anaerobic bacteria and highlighted
that chlorhexidine was the most effective. With regard
to the elimination of Efaecalis from inside of dentin tu-
bules, chlorhexidine used as intracanal dressing yield-
ed better results than calcium hydroxide.>
Lenet et al'® conducted an in vitro study to com-
pare the residual antimicrobial activity of 0.2 and 2%
chlorhexidine gel in a system of controlled release,
and calcium hydroxide associated with saline solu-
tion used as intracanal dressing in bovine incisors,
during seven days. After the experimental period,
the specimens were inoculated in E.faecalis during
21 days. Results revealed that 2% chlorhexidine gel
had no viable bacteria in all dentin depths.
According to Vianna,** 2% chlorhexidine gel had
higher antimicrobial activity. The combination be-
tween calcium hydroxide and 2% chlorhexidine gel
decreased the antimicrobial activity of chlorhexidine,
however, it increased the activity of calcium hydroxide.
Gomes et al'®* assessed the efficacy of 2%
chlorhexidine digluconate gel and calcium hydrox-
ide used as intracanal dressing at different time
intervals (one, two, seven, 15 and 30 days). To this
end, roots from bovine teeth previously infected with
E faecalis were used. 2% chlorhexidine gel; calcium
hydroxide associated with polyethylene glycol 400;
and 2% chlorhexidine gel associated with calcium
hydroxide were used as intracanal dressing. The au-
thors observed that 2% chlorhexidine gel inhibited
bacterial growth in the infected dentin samples in all
periods tested. The combination of calcium hydrox-
ide and polyethylene glycol 400 was inefficient in
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eliminating bacteria during all periods. Absence of
dentin contamination was found in periods of one
and two days for samples comprising the associa-
tion of 2% chlorhexidine gel and calcium hydroxide.
As for periods of seven and 15 days, there was a de-
crease in antimicrobial activity and, after 30 days, all
samples from this group were contaminated. In con-
clusion, 2% chlorhexidine gel has a wide antimicro-
bial activity against E.faecalis. However, the authors
highlighted that this property might decrease with
time if the medication is used for long periods.
Pinheiro et al®®” conducted an in vitro study to
assess the antimicrobial activity of 50% calcium
hydroxide and 2% chlorhexidine gel used alone
or in combination. The following microorganisms
were tested: Enterococcus faecalis, Candida albi-
cans, Escherichia coli, Sthaphylococcus aureus, Stah-
phylococcus epidermis and Pseudomonas aeruginosa.
After 24 and 48 hours, they assessed the inhibition
halos. The halos formed against E. coli, S. aureus and
S. epidermis were discrete and of similar dimension.
Calcium hydroxide and 2% chlorhexidine gel used
alone showed antimicrobial activity against all mi-
croorganisms tested. When combined, the substanc-
es showed higher inhibition halos against E.faecalis
and C.albicans in comparison to calcium hydroxide
used alone. However, the combination of substances
showed smaller halos, for both microorganisms, in
comparison with 2% chlorhexidine gel used alone.
In 2006, Montagner et al'*® assessed the anti-
microbial action of intracanal dressings on exter-
nal surface root against different microorganisms.
288 roots extracted from upper canines were divided
into two groups, with and without cementum. The
following microorganisms were isolated from clini-
cal samples and analyzed: Enterococcus faecalis, Can-
dida albicans, Actinomyces viscosus and Porphyromon-
as gingivalis. 2% chlorhexidine gel; 2% chlorhexidine
gel and calcium hydroxide (1:1); 2% chlorhexi-
dine gel, calcium hydroxide and zinc oxide (1:1:1);
calcium hydroxide and saline solution; saline solu-
tion (positive control) were used as intracanal dress-
ings. The best antimicrobial effect was produced by
2% chlorhexidine gel, followed by 2% chlorhexidine
gel and calcium hydroxide; 2% chlorhexidine gel,
calcium hydroxide and zinc oxide; and calcium hy-
droxide and saline solution. A. viscosus (2.85 mm)

Dental Press Endod. 2013 Sept-Dec;3(3):36-54



review

Chlorhexidine and its applications in Endodontics: Literature review

was most sensitive to the medications, followed by
E. faecalis (1.84 mm), C. albicans (0.95 mm) and P
gingivalis (0.82 mm). Presence or absence of ce-
mentum did not interfere in the substance capac-
ity of reaching the outer root surface and exerting
its antimicrobial action. The authors concluded that
intracanal dressings associated with chlorhexidine
were able to diffuse through the dentin and reach
the outer root surface. The combination between
calcium hydroxide and saline solution did not show
antimicrobial activity in the outer root surface within
72 hours. Conversely, 2% chlorhexidine gel associ-
ated with calcium hydroxide and zinc oxide revealed
rapid diffusion capacity in root dentin, causing inhi-
bition of bacterial growth.

Gomes et al'* investigated the antimicrobial ac-
tivity of intracanal dressings by means of the agar
diffusion test as well as by direct contact. The follow-
ing biological indicators, which represent endodontic
infection, were included: Enterococcus faecalis, Can-
dida albicans, Staphylococcus aureus, Porphyromo-
nas endodontalis, Porphyromonas gingivalis and Pre-
votella intermedia. Agar diffusion and direct contact
tests revealed that 2% chlorhexidine digluconate gel
(1% Natrosol “hydroxyethil cellulose” with pH 7.0)
had the highest efficacy; calcium hydroxide in 2%
chlorhexidine digluconate gel, intermediate efficacy;
and calcium hydroxide with sterile water as vehicle,
the worst. The latter did not produce inhibition halos.
There was susceptibility of Enterococcus faecalis and
Candida albicans to intracanal dressings, following
the order previously related, as well as inactivity of
calcium hydroxide in water in the agar diffusion test.
The authors explained that the inability of calcium
hydroxide in water to diffuse throughout agar is due
to the low solubility of hydroxide, as well as the buf-
fer effect and protein coagulation action occurring
in the agar. These effects are liable to occur in vivo,
which avoids penetration of the intracanal dressing
into the dentin tubules and irregularities of the root
canal. The antimicrobial action of 2% chlorhexidine
digluconate gel is reduced when the substance is as-
sociated with calcium hydroxide.

Fachin, Nunes and Mendes® assessed the ef-
ficacy of four intracanal dressings (camphor-
ated paramonochlorophenol, calcium hydroxide,
2% chlorhexidine gel and 1% sodium hypochlorite)

48

in cases of pulp necrosis with periapical lesion, by
means of clinical and radiographic control. All solu-
tions were effective to decrease the size of apical
lesions. Initial results reveal that, after three months,
the highest percentages of reduction in lesion diam-
eter occurred with 2% chlorhexidine gel.

The results of this research are encouraging with
regard to the use of 2% chlorhexidine gel as intraca-
nal dressing in cases of pulp necrosis. Thus, these re-
sults corroborate Heling et al,** Barbosa et al,* Lenet
et al’** and Rosa et al'*® and confirm the efficacy of
2% chlorhexidine used as intracanal dressing.

Ballal et al'** analyzed the antiseptic action of dif-
ferent intracanal dressings. They used Candida albi-
cans and Enterococcus faecalis as microbiological in-
dicators and conducted an observation on inhibition
halos of microbial growth in solid medium culture. All
tested intracanal dressings exhibited inhibition halos.
Within 24 hours of action against C.albicans, calcium
hydroxide paste in water proved to be the most effec-
tive, whereas against £ faecalis, 2.0% chlorhexidine gel
had the best action. After 72 hours, 2.0% chlorhexi-
dine gel was the most effective medication against
C.albicans and E . faecalis, whereas the combination of
the two substances yielded the worst results against
both biological indicators. The authors concluded
that 2% chlorhexidine gel is more efficient than cal-
cium hydroxide paste, whether associated with water
or 2% chlorhexidine gel.

Marion et al'*! reported a case conducted by means
of a new therapeutic protocol, in which calcium hy-
droxide was associated with 2% chlorhexidine gel and
zinc oxide and used as filling paste for avulsed tooth.
The combination between calcium hydroxide, 2%
chlorhexidine gel and zinc oxide was also assessed by
Souza-Filho et al,'** Almeida et al'** and Montagner et
al'** in an in vitro study that revealed the antimicrobial
action and capacity to keep an alkaline pH of the sub-
stance. Other case reports found in the literature!3.145
reveal that this association has a fast diffusing capacity
in root dentin, causing inhibition of bacterial growth
on the outer surface of the root canal. The case report
conducted by Marion et al'*! revealed absence of signs
and symptoms in tooth treated with filling paste, which
remained after a three-year follow-up, thus proving the
efficiency of this medication in the treatment of trau-
matized permanent teeth.
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Rheological action

This action is found in chlorhexidine gel, since it
refers to the capacity of maintaining debris in sus-
pension inside the root canal.®

When the pulp chamber and root canal are flooded
with chlorhexidine gel and mechanical preparation
of root canal system is initiated (instrumentation),
both inorganic and organic debris (smear layer)
— detached from root canal walls — accumulate
in the amorphous mass of gel which captures and
keep them suspended. Subsequently, active irriga-
tion with saline or distilled water removes the de-
bris, preventing them from accumulating in the root
canal walls and, as a result, exposing the entrance
of dentin tubules. In other words, it considerably re-
duces the formation of smear layer, thus improving
the efficacy of EDTA as a chelating substance and
increasing treatment prognostic,%27.146.147

Ferraz et al? investigated the antimicrobial action
of chlorhexidine gel and solution over Enterococcus
faecalis and its capacity of cleaning the root canal
wall, in comparison to 5.25% sodium hypochlorite.
To this end, 70 recently-extracted single-rooted
teeth were selected. They were prepared up to the
apical foramen with file #40, submitted to a 17%
EDTA wash with ultrasound, sterilized and infected.
Subsequently, root canals underwent instrumenta-
tion with 2% chlorhexidine gel, chlorhexidine so-
lution or 5.25% sodium hypochlorite. Water and
Natrosol gel were used as control. As for suppres-
sion of bacterial growth, no statistical differences
were found between groups. Nevertheless, with re-
gard to cleaning, the highest number of open dentin
tubules was found in chlorhexidine gel, followed by
chlorhexidine solution and 5.25% sodium hypochlo-
rite, which confirmed the capacity of chlorhexidine
gel in preventing smear layer formation, probably as
a result of the mechanical action of Natrosol gel.

Allergic reactions

No adverse effects have been published regard-
ing the use of chlorhexidine as irrigant or intracanal
dressing.” On the other hand, animal studies have
shown that 2.0% chlorhexidine used as intracanal
dressing did not induce intense inflammatory re-
sponse when injected into the peritoneal cavity of
mice.'*®!% Chlorhexidine has a limited number of
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adverse effects, such as desquamative gingivitis, tooth
and tongue discoloration or dysgeusia (distortion of
the sense of taste). Contact sensitivity to chlorhexi-
dine was first described by Calnan.®® Contact with the
conjunctiva may cause permanent damage, whereas
accidental contact with the tympanum might cause
ototoxicity.’! It may also cause contact urticaria,
photo-sensibility, fixed drug eruption and occupation-
al asthma. Patients with leg ulcers and eczema have
particular risks of contact allergy (besides doctors
and dentists). Contact sensitivity to chlorhexidine
seems to be generally rare. Some studies have dem-
onstrated a high rate of sensitization, around 2%.1%%1%3
Ohtoshi, Yamauchi and Tadokoro'® described even
rarer reactions caused by chlorhexidine, in which case
immediate anaphylactic reactions were observed and
IgE antibodies were found in patients’ serum.

The major side effects of chlorhexidine are as
follows: tooth discoloration (in the cervical third and
proximal surfaces),'*® restorations, prosthesis and
tongue; dental calculus accumulation, taste altera-
tion (especially to salt), oral desquamation, supragin-
gival calculus formation and occasional parotid glad
swelling dyspnea and anaphylaxis.'*”"!*! Among these
effects, tooth discoloration stands out as patients’
chief complaint,'® since it affects 30 to 50% of pa-
tients.?®1°3 [t is considered as the main limiting factor
of chlorhexidine when used for long periods of time.
Concentration and volume of chlorhexidine inter-
fere in the prevalence and severity of discoloration.
Thus, despite having similar efficacy and effective-
ness,'® lower concentrations, in larger volumes,
proved to cause less tooth discoloration.!'®> However,
these unpleasant effects are reversible once the use
of chlorhexidine is suspended.!¢!

Although sensitivity to chlorhexidine may be
rare, the possibility of complications should be kept
in mind during its application.!!®

Final considerations

Based on this literature review on the applica-
tions of chlorhexidine for endodontic purposes, it is
reasonable to conclude that:

» Chlorhexidine, liquid or gel, may be used dur-
ing all phases of root canal preparation, in
which case the concentration of 2% is most
frequently used.
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» Its wide antimicrobial spectrum (Gram-pos-
itive and Gram-negative bacteria), including
fungi, is improved due to substantivity, which
may last from 48 hours to 12 weeks.

» Chlorhexidine does not solve organic tis-
sue, however, chlorhexidine gel may favor
it as a result of rheological reaction and lu-
brication of endodontic instruments during
mechanical action.
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Pulp revascularization:
a literature review

ABSTRACT

Permanent teeth with incomplete root formation are one
of the greatest challenges of endodontic practice. These
teeth need a type of treatment that is different from con-
ventional endodontic therapy. The most common causes
of incomplete root formation are: dental trauma and deep
tooth cavity, both of which may lead to pulp necrosis. Teeth
with incomplete root formation and pulp necrosis were
usually treated by apexification. In other words, treatment
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revascularization becomes a new treatment option that
aims at promoting the completion of root formation, with
invagination of a new connective tissue in the inner space
of the pulp cavity. This study conducts a literature review
comparing some case reports that focus on pulp revascu-
larization in immature permanent teeth with pulp necrosis.
Based on this review, it is reasonable to conclude that pulp
revascularization is a feasible method for root maturation
with thickening and, as a consequence, strengthening of
young permanent teeth root walls.

comprised multiple sessions to replace calcium hydroxide-
based root canal dressing and the fabrication of a MTA
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Introduction

Histologically speaking, whenever the root apex
of a tooth does not have apical dentin covered by
cementum; or, radiographically speaking, should the
apical ending not reach Nolla’s stage 10 (tooth with
complete root apex), the tooth is diagnosed with in-
complete root formation.! According to Nosrat et al,?
treating immature teeth by means of pulp necrosis is a
challenge for Endodontics.

A traumatic injury of an immature permanent tooth
may lead to loss of pulp vitality and, as a consequence,
interrupted root development mainly due to bacterial
contamination caused by tooth cavity or traumatic in-
jury? As a result, the tooth is left with an open apex and
poor crown-root ratio, given that it tends to have thiner-
wall root subjected to a higher risk of fracture. Should
an endodontic intervention be necessary, the clinician is
about to face a difficult situation, since biomechanical
preparation is complicated in these cases.*

Conventional treatment of young permanent teeth
with incomplete root formation and pulp necrosis in-
cludes long-term application of calcium hydroxide to
induce apexification.” According to Ding et al? this
treatment method has several disadvantages, namely:
variable treatment time, patient’s cooperation and in-
creased risk of tooth fracture after long-term prepara-
tion. The MTA plug technique has also been employed
to create an artificial apical barrier Although those
techniques prove to be clinically effective, they do not
contribute to root strengthening. As a consequence, the
absence of continuous root development leads to thin
and fragile root dentin walls.®

A new concept of endodontic therapy for immature
teeth with incomplete root formation and pulp necrosis
has been introduced by Iwaya et al.” It consists of pulp re-
vascularization, aiming at continuous root development;
and invagination of a new connective tissue in the inner
space of the pulp cavity. Revascularization has many
advantages, among which is the reduction in treatment
time, completed within one or two sessions after infection
control; favorable cost/benefit, given that a few appoint-
ments and little additional material are necessary; and,
last but not least, the greatest advantage of all: stimulus
for complete root formation, which, as a result, provides
root wall strengthening. According to Thibodeau and
Trope,® as well as Keswani and Pandey;? the procedure in-
volves root canal passive decontamination (with sodium
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hypochlorite, EDTA or chlorhexidine solution) and the
use of intracanal dressing which, according to Shin etal,’
Iwaya et al’® and Cehreli et al,'' may be formocresol,
triple antibiotic paste (metronidazole, ciprofloxacin and
minocycline) or calcium hydroxide paste. Thus, accord-
ing to Nosrat et al,” in the absence of clinical signs and
symptoms, treatment goes on by removing the paste and
inducing bleeding of apical tissues with a sterile instru-
ment. Once blood coagulum is formed, the root canal
opening is sealed at the cervical third with the aid of a
MTA barrier. The process of inducing blood coagulum to
go into the root canal is justified by the studies conducted
by Ostby.!* The author observed that blood and blood
coagulum were essential to form fibrous connective tis-
sue inside an empty root canal. According to Nosrat,? the
tissue formed in the root canal is not pulp and does not
function as pulp tissue. This means that revascularization
is similar, but not equivalent to regeneration during the
process of wound repair.

Thus, this paper aims at conducting a literature re-
view to assess a series of case reports, published be-
tween 1961 and 2013, about young permanent teeth
with incomplete root formation and pulp necrosis treat-
ed by pulp revascularization.

Literature review

This literature review focuses on clinical cases which,
according to some studies, would directly influence the
basic criteria required for a successful revascularization
treatment. We believe that this methodology increases
one’s understanding about the study. The extensive lit-
erature on pulp revascularization determined that dis-
cussions should be restricted to some factors commonly
focused by in vivo studies and literature reviews. To this
end, the following databases were used for research:
MEDLINE, PubMed, BBO, LILACS, SciELO and the
library archives of the School of Dentistry / Piracicaba
(FOP-UNICAMP).

Root formation begins after enamel and dentin
achieve the enamel-dentin junction. Tooth root de-
velopment relies on the inner and outer epithelia of
the enamel organ which are connected and apically
immersed into the mesenchyme that surrounds them.
The connection between both epithelia is known as
Hertwig’s epithelial root sheath. These cells induce
differentiation of inner connective tissue cells into
odontoblasts, responsible for depositing the first layer
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of root dentin. At this point, the continuity of the root
sheath is disrupted, and its lower portion remains im-
mersed into the mesenchyme, which induces differenti-
ation of odontoblasts. From this point on, the epithelial
rests of Malassez are formed. As odontoblasts differ-
entiate to form the dentin, and as the sheath degen-
erates, dentin contacts the surrounding mesenchyme.
The mesenchymal cells in contact with the dentin dif-
ferentiate into cementoblasts to form the cementum
that is deposited over the root dentin.!®

According to Torneck,™ at the beginning of root
formation, initial dentin formation causes the disrup-
tion of Hertwig’s epithelial root sheath, providing it with
a lacy aspect in the area permeated by dental follicle.
Complete root formation of permanent teeth happens
three to five years after tooth eruption.

“Tooth with incomplete root formation”, “immature
apex”, “open apex” or “young foramen” are terms that
have been widely used to identify the endodontic pro-
cesses in which root has not been completely formed.*

An open root apex occasionally results from ex-
tensive resorption of a mature apex after orthodontic
treatment, from periapical inflammation or as part of
trauma repair.'

In young patients, permanent incisors are commonly
affected by traumatic lesions of which type and inten-
sity might cause pulp alterations. The incidence of le-
sions, particularly those caused by falls, collisions and
stumbles, is higher for individuals aged between 8 and
10 years old."”

According to Soares et al,'® the apical constriction
of a mature tooth, found near the CDC (cementum,
dentin, canal) limit facilitates endodontic preparation
and filling. However, the root canal of immature teeth
with incomplete apexes is usually hourglass-shaped,
with the diameter of the foraminal opening greater than
the canal found in the cervical and middle thirds.

Completely formed teeth have a cone-shaped root
canal with the majorbase towards the pulp chamber and
the minor, towards the apical third. Conversely, teeth
with incomplete root formation do not have the root
completely formed. They have a frustum-shaped ca-
nal, with the major base towards the apical third. Thus,
an open foramen does not provide anatomic buttress
which, as a consequence, hinders filling,'>!¢ given that
biomechanical preparation cannot establish the “api-
cal seat” necessary for gutta-percha cone placement.
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For this reason, there might be a risk of root canal
overfilling (even if cones of greater diameter are used)
due to the absence of a physical barrier that prevents
condensation necessary to establish complete hermet-
ic apical sealing.!

To overcome the aforementioned difficulties, several
procedures have been used. All efforts should be made
to preserve a vital pulp. Conventional treatment allows
the physiological process of root formation (apexogen-
esis) to happen without further complications.'® Pulp ne-
crosis, on the other hand, requires especial endodontic
Intervention.

Traditionally, the absence of pulp vitality and pres-
ence of an open apex require an intervention that aims
at promoting apexification. The procedure includes
cleansing and filling the root canal with a temporary
paste (calcium hydroxide monthly replaced) that stim-
ulates the formation of calcified tissue in the apex.
Nevertheless, calcium hydroxide-induced apexification
has its limitations, for instance, the time required for the
formation of an apical barrier (from 6 to 24 months for
a porous barrier). Additionally, the technique does not
promote complete root formation, but apical closing
instead. In addition to the aforementioned technique,
the method of placing an apical barrier composed of
mineral trioxide aggregate (MTA) has also been used as
buttress during condensation for definitive filling.>!*

Apexification procedures have some disadvantages,
including the fact that root canal walls remain thin and
that the finishing process of root development might not
occur. As a result, teeth are more likely to fracture after
endodontic treatment.?

Revascularization procedures are recommended to
treat young permanent teeth with pulp necrotic tissue
and/or apical periodontitis.?® This method increases
thickness of root canal walls as a result of hard-tissue
deposition, and stimulates complete root development
of young permanent teeth.!

According to Camp,?? Shin et al,’ Banchs and Trope,?
Nosrat et al* and Chueh et al,** before endodontic treat-
ment, correct pulp and periapical diagnoses are essen-
tial for teeth with incomplete root formation, since there
is risk of pulp vitality loss. Diagnostic tests are essential
for obtaining as much information as possible before ex-
ploring all treatment options.

Diagnosis starts with patient’s complete medi-
cal history and the potential implications related to the
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treatment of choice. Patient’s dental history and associated
pain are useful to determine the conditions of the pulp.#224

Aspects such as nature, type, length and distinction
between provoked and spontaneous pain must be regis-
tered. Pain provoked by thermal, chemical or mechani-
cal irritants usually suggests a minor degree of pulp
inflammation which, most of the times, is reversible.
Spontaneous pain, however, is commonly associated
with extensive and degenerative irreversible pulp inflam-
mation or necrosis.?**

Medical as well as dental history is determined by
a complete clinical examination. Areas of redness,
swelling, fluctuation, tissue sensibility, dental cavity,
defective restorations or fractured teeth are recorded.
Crown discoloration, or parulis, might be indicative of
pulp necrosis.>52224

Electrical and thermal pulp tests are limited due to
variability in response. Occasionally, they might not be
elucidative because, in teeth with incomplete root for-
mation, the parietal layer of nerves is not completely de-
veloped and, as a consequence, the pulp responds less
to those stimuli.’**** Furthermore, invalid data might
be obtained as a result of less reliable responses (fearful
child, conduct-related issues, lack of understanding or
poor communication). Therefore, more sensitive meth-
ods and tools must be developed.?*?* As a consequence,
most diagnoses are made by observation of clinical
symptoms and pathologic radiographic evidence.

Radiography is of paramount importance to
the diagnosis of pulp pathologies in teeth with
developing apex. Apical radiograph of high quality is
used to assess root development, periapical radiolu-
cency and root resorption,69:21:2224.26.27

Given that revascularization occurs in immature
teeth with open apex and pulp necrosis, this situation is
frequently found in young patients. For this reason, pa-
tient’s age is key to help immature teeth attain complete
root maturation.

Most studies focusing on pulp revascularization ana-
lyze the clinical-radiographic results of treatment per-
formed on immature teeth of patients aged between
6 and 16 years old.#56912212324 Eoyr researches also re-
port tests conducted with 6-month young dogs.!%2829.30

According to Chueh et al,* young children have great
healing capacity and better potential of stem cell regen-
eration. Furthermore, immature teeth have faster apical
bone healing and continuation of root development,
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which reveals the great potential for regeneration in
young children’s teeth.

Most case reports and studies reveal that lower pre-
molars with pulp necrosis and upper incisors, which
are more likely to fracture, are the type of teeth most
commonly treated by revascularization ®4>9.2324283132
However, two researches report revascularization of
immature molars.2® Radiographically speaking, these
teeth have immature apex, large canal, parallel walls
and open apex 342123.24

These teeth are often diagnosed with chronic peri-
apical abscess.*%12® Recent studies reveal that revas-
cularization is predictable in ideal conditions and with
chemical decontamination of root surface 242232432

According to Nosrat et al,? Banchs and Trope,?
Cotti et al,* Thibodeau and Trope,” Wang et al,”® Ding
et al,® Chen et al*! and Shin,® the ideal conditions com-
prise root canal biomechanical preparation carried out
after local anesthesia and isolation with rubber barrier.
In case of remaining restorations or dental cavity, the
barrier is removed and a cavity access is prepared with
a fissured diamond bur and abundant water. The pulp
chamber entrance is copiously irrigated with an aux-
iliary chemical substance. Root canal mechanical in-
strumentation is not carried out by the majority of re-
vascularization treatment procedures not only because
immature teeth have thin dentin walls and, for this
reason, are more likely to fracture; but also because
smear layer formation could obstruct dentin walls and
tubules.®4%921.24 Therefore, chemomechanical prepara-
tion aims at cleaning, extending and shaping the root
canal, since infection control promotes a favorable en-
vironment that allows pulp and periapical cells to par-
ticipate in repair and regeneration.?!

To this end, irrigation solutions are used in root canal
irrigation-aspiration due to their minor viscosity coef-
ficient and reduced superficial tension, requirements
that favor increased jet reach, turbulence formation and
liquid reflux towards a coronary direction, all of which
allow a more effective root canal cleaning.

The literature reveals that some researchers use so-
dium hypochlorite irrigation similarly to conventional
root canal preparation, which is widely used at differ-
ent concentrations: 5.25% NaOCl,**4212% 2 5% NaOCl,*
1.25% NaOCl*?%® 1% NaOCl + EDTA* 6% NaOClI
+ saline solution + 2% chlorhexidine gluconate.’
This is due to the potent antibacterial and proteolytic
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activity of sodium hypochlorite which dissolves organic
material, eliminates microorganisms and removes ne-
crotic tissue. Higher concentrations increase the effect
of sodium hypochlorite, however, such efficacy is neu-
tralized by the increase in toxicity, given that sodium hy-
pochlorite leads to inflammatory response and severe
damage when in contact with vital tissues.?? Neverthe-
less, the cases reported to date reveal that the applica-
tion of sodium hypochlorite do not produce any post-
operative sequelae. Once the procedure is complete, the
root canal is gently dried with sterile paper points.

Revascularization success depends on the absence
of bacteria inside the root canal, since the new tissue
ceases its development as bacteria are found in the root
canal space.®®® Thus, the technique most commonly
employed for revascularization includes the use of a
triple antibiotic paste applied to complement canal de-
contamination. Several topical antibiotic combinations
are able to decontaminate carious dentin and necrotic
root canal. One of the combinations used is the triple
paste composed of metronidazole, ciprofloxacin and
minocycline. It has proved effective in fighting patho-
gens usually found inside the canal root system,?692123.28
and in eliminating bacteria found deeper in the root den-
tin (which can survive even after endodontic treatment).

Sato et al*! concluded that the combination between
ciprofloxacin, metronidazole and minocycline enters
the dentin tubules and eradicates bacteria from infected
root dentin. This strongly suggests that root canal treat-
ment allows infected root dentin to be decontaminated
by the topical application of those drugs.

Considering that most bacteria found in deeper lay-
ers of infected root dentin walls are strict anaerobic,
metronidazole was the first choice of antibacterial drug.
[t has been reported that metronidazole enters deeply
into carious lesions, decontaminates lesions in vivo
and spreads through the dentin. However, alone, it
cannot neutralize all bacteria. For this reason, other
drugs are necessary to sterilize infected root dentin.
Therefore, ciprofloxacin and minocycline, combined
with metronidazole, were necessary to decontaminate
infected root dentin because, together, they generate
fibroblasts that are viable for toxicity test and biocom-
patible with the tissues.”

On the other hand, calcium hydroxide and formocre-
sol have also been effectively used as intracanal dressing,
decontaminating the root canals of young permanent
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teeth with pulp necrosis and apical periodontitis/abscess
during revascularization procedures.?46%1232426 Neverthe-
less, some authors describe that a retrospective evalua-
tion of radiographic results reveal that revascularization
with triple antibiotic paste significantly increases root wall
thickness, greater than what is produced by calcium hy-
droxide or formocresol. Additionally, radiographic results
reveal that disinfection by formocresol caused minor im-
provements in root length and thickness. Furthermore, a
series of cases concerning revascularization treatment
with calcium hydroxide as intracanal dressing reveal that
a 10 to 29-month follow-up is necessary to judge radio-
graphic evidence of root development.?®

The polyantibiotic mixture is applied with a K-file #25
instrument, 3 mm shorter than the length radiographi-
cally estimated. Afterwards, the tooth is temporarily re-
stored. After a period of time, the patient returns and the
tooth is once more anesthetized with anesthetic without
vasoconstrictor, which facilitates isolated and accessed
bleeding. Subsequently, the antibiotic paste is removed
by means of a new irrigation procedure and, afterwards,
canal is dried with paper sterile points.

Apical tissues are irritated using a K-file #40 instru-
ment, so as to obtain bleeding and blood coagulum
formation inside the root canal, as well as to guide tis-
sue invagination.>*2123.25282932 Blood coagulum consists
of a fibrin network that functions as a path for cell mi-
gration, including macrophages and fibroblasts in the
periapical region. Blood coagulum, however, not only
forms an inactive scaffold, but it also provides growth
and differentiation factors that are important for the
process of repair.***# Additionally, it contributes to tis-
sue inner growth 22328

In 1961, Ostby'? reported that laceration in granula-
tion tissue adjacent to the foramen might be beneficial
to the process of repair. Moreover, blood has inherent
antibacterial proprieties such as cells that develop into
phagocytes. Blood invagination into the root canal might
have two effects: destruction of remaining microorgan-
isms and phagocytosis of necrotic remnants. Last but
not least, the most important benefit: blood coagulum
organization and the formation of fibrous tissue in the
apical third.

Thus, it is safe to suppose that blood coagulum
— inside the decontaminated and empty root ca-
nal space which contains growth factors derived from
platelets, as well as growth factors derived from dentin
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walls — plays the role of a scaffold rich in proteins, cru-
cial to a successful population, as well as to cell differen-
tiation and root development 23>

According to Ding et al?® during revasculariza-
tion treatment, blood coagulum formation should
remain until it reaches 3 mm below the level of
enamel-dentin junction. Subsequently, an MTA plug
is fabricated over the blood coagulum, prevent-
ing bacteria from entering into the root canal before
revascularization. This procedure is performed to de-
velop a coronary sealing against bacteria and to prevent
potential root canal recontamination. 69212628 MTA has
been used to promote effective pulp sealing. Oppositely
to calcium hydroxide, it is biocompatible with adjacent
pulp tissue and is able to induce pulp cells proliferation.
Moreover, MTA is able to maintain a higher pH for long
periods of time, in addition to having excellent marginal
adaptation. It has also been used as coronary plug, due
to the beneficial properties it has during therapy.926

Nosrat et al? also report that the use of CEM cement
is an alternative to the cervical plug. This tooth-colored,
water-based cement has the same clinical applications
of MTA, but with a different chemical composition.
The sealing capacity, cytotoxicity and biocompatibility
of CEM cement are comparable to MTA. However, un-
like the latter, the characteristics of CEM cement sur-
face resemble the human dentin which is able to form
hydroxyapatite, even in normal saline solution, in addi-
tion to promoting the differentiation into stem cells and
inducing the hard tissue formation.

The MTA plug is usually protected by a glass iono-
mer layer, 2 mm thick, placed over the cement which,
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in turn, is covered by a resin barrier placed in the cor-
onary portion to seal the tooth against potential infil-
tration.”*?%*% Young permanent teeth submitted to
this process should be clinically and radiographically
preserved from 6 to 26 months 26921232628 Follow-up is
necessary to verify whether the tooth had a good re-
sponse to treatment, continued its root development in
a physiological manner, and whether it is asymptomatic
and with apex is closed, all of which represent a suc-
cesstul case of revascularization.

Final Considerations

Based on this literature review on revascularization,
it is reasonable to conclude that:

» Apexification remains as the first choice of treatment
for young immature permanent teeth with incomplete root
formation and pulp necrosis.

» Revascularization is advantageous over apexification
due to the number of sessions and, as a consequence, the
treatment time required. Revascularization requires one to
three sessions performed within a short period of time,
approximately one or two weeks. Additionally, it is advan-
tageous for increasing dentin wall thickness and favoring
continuous root development.

» There are new possibilities (revascularization) for pulp
treatment of young permanent teeth with open apex and
pulp necrosis.

» Additional studies are warranted to further investi-
gate the topic of revascularization, given that the benefits
yielded by this technique are greater in comparison to the
results achieved by apexification (thin root walls more sus-
ceptible to fracture).
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Planning and diagnosis predictability by means of
cone beam CT before endodontic treatment: clinical
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ABSTRACT

Introduction: Diagnosis and planning of new interven-
tions are crucial when implementing a treatment. One
method routinely used to assist diagnosis is the periapi-
cal radiograph, however, with this technique, anatomical
structures are compressed into two-dimensional images.
Objective: The aim of this study was to show the impor-
tance of CBCT in endodontic diagnosis before endodontic
retreatment of buccal perforation of which clinical resolu-
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Introduction

A second intervention is recommended in cases of
unsuccessful endodontic treatment, especially those in
which accidents and complications occur and, as a re-
sult, hinder endodontic therapy to the fullest extent of
the root canal. Nevertheless, it is important to highlight
that in case of failure, retreatment is the first procedure
employed.!? In planning an endodontic reintervention,
the affected area and surrounding anatomical struc-
tures must be carefully assessed. Assessment of imagi-
nologic examination should not lead to imaging diag-
nosis limited to observe three-dimensional anatomical
structures compressed into two-dimensional images,
resulting in overlapping structures of diagnostic inter-
est.*** Although panoramic and periapical radiographs
reproduce details that are acceptable in meiodistal di-
rection, buccal- lingual observation is considered inad-
equate.® One should opt for imaging techniques that
provide more information in the region, for instance,
computerized tomography.

Computed tomography is a subsidiary diagnostic
method. It allows a real three-dimensional overview
of pathological lesions which are not radiographically
visible, as well as observation of adjacent teeth and
surrounding involved anatomical structures, which
allows planning and procedures to be carried out
with great precision.”®

A clinical approach guided by images obtained by
CBCT provides appropriate diagnosis that can act
against a particular circumstance, which in this case,
is root perforation.

Endodontic perforations are iatrogenic and can
be related to lack of anatomical and radiographic
knowledge of the possible anatomical variations of a
tooth, including dentin thickness and root curvature,
as well as the specificities of each case. A perforation
prognosis mainly depends on time factor, location,
removal of the offending agent, and the material used
for sealing, which should be biocompatible and di-
mensionally stable.5°

Mineral trioxide aggregate (MTA) has been con-
sidered an ideal repair material due to its excellent
remedial and osteoinductive properties.!®!! For this
reason, it is the first choice among the different mate-
rials used for direct sealing.!?

Thus, well performed root rehabilitation and cor-
onal sealing are of paramount importance for the
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success of endodontic therapy.' Fiber glass posts
and composite resin restorations are easy to perform
and yield good cosmetic and functional results. For
this reason, they are recommended for endodontic
reconstruction.'*!>1% The restorative technique, when
appropriately performed with composite resin and fi-
ber glass post, is a useful tool for biomechanical res-
toration of teeth impaired in color and strength.

The objective of this study is to report a case of
endodontic reintervention via root canal, in which
the diagnostic hypothesis and proper treatment plan
were confirmed by cone beam computed tomogra-
phy images, which enabled integrated multidisci-
plinary rehabilitation treatment to be carried out in a
single session.

Case report

A 35-year-old male patient attended the Endodon-
tic Clinic of the Army General Hospital of S&o Paulo
(HGESP), complaining about severe pain in the buc-
cal region of tooth #22. The patient reported a his-
tory of endodontic retreatment of tooth #22, with the
last intervention being performed four months before.
At clinical examination, the patient reported pain on
palpation and vertical percussion of tooth #21 and
22. The examination also revealed the presence of
edema in the buccal region and tooth mobility level
[ in #22, absence of periodontal pockets at probing
and negative response to pulp vitality tests of teeth
#21 and 22. The diagnostic radiograph showed a cir-
cumscribed radiolucent apical image that suggested
a periapical lesion. In spite of that, a radiopaque im-
age, compatible with root filling material, was ob-
served in the middle and apical thirds of the canal
(Fig 1). The patient was not subject to unnecessary
diagnostic procedures.

A CT scan was requested for detailed assessment
of the case. The result of the high resolution digital
CT, yielded by means of the 3D-image visualization
software (i - Dixel 2.0 - One Volume Viewer, Accu-
itomo 80 - J. Morita Mfg. Corp., Kyoto, Japan) was
clear. The 3D MIP plan of volumetric reconstruction
did not reveal vestibular cortical bone loss (Fig 2).
Assessment of the frontal plane revealed inappropri-
ate root filling.

In the sagittal and axial planes, the exact loca-
tion of the root perforation with slight overflow of
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radiopaque material on the buccal surface could be
observed (Figs 3, 4).

After analysis of the tomographic images, diag-
nosis and endodontic reintervention plan were car-
ried out. Treatment plan comprised immediate clini-
cal intervention that included retreatment via canal,
perforation sealing with MTA, root rehabilitation with
fiber glass post and crown shielding, all of which were
performed in a single session.

After anesthesia and isolation of the operating
field, the endodontic access surgery began via root
canal, with odontometry obtained by means of cor-
onary and sagittal tomographic images. The filling
material was removed with engine-driven rotary NiTi
files (Protaper retreatment D-1, D-2 and D-3) (Maille-
fer / Dentsply, Ballaigues, Switzerland). Afterwards,
gutta-percha was removed for apical finishing of the
chemical-surgical preparation, for which Protaper

Universal F3, F4 and F5 files were used (Dentsply
Maillefer, Ballaigues, Switzerland). Throughout the
canal preparation procedures, ultrasonic irrigation
with saline solution was carried out. After canal prep-
aration, ultrasonic irrigation was performed by alter-
nating saline solution and EDTA (Odahcam Herpo
Prod. Dent. Ltda. - Brazil) during 30 seconds, within
the root canal. Subsequently, new irrigation/aspira-
tion procedures were performed with saline solution.
At last, the root canal was dried with absorbent paper
points (Dentsply Ind. Com. Ltda., Petropolis/RJ —
Brazil) compatible with the diameter of the last instru-
ment used in the real working length.

Filling was performed with gutta-percha and AH
PLUS sealer (Dentsply/Maillefer) by means of the
continuous wave condensation technique. Obtura-
tion was performed from the apical third to the level
of root perforation so as to allow sealing with MTA

Figure 2. Tomographic 3D reconstruction.

Figure 3. Sagittal tomographic view.
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Figure 4. Axial tomographic view.
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(Angelus, Londrina/PR Brazil) (Fig 5) and intraca-
nal anchorage with fiber glass post. In this case, an
esthetic fiber glass post (Reforpost/Angelus) was
selected. The middle and cervical thirds were con-
ditioned with 37% phosphoric acid gel, and one-
bottle adhesive system ( Single Bond®) was applied.
The post was cemented with resin cement (Rely X®
- 3M). Afterwards, the fiber glass post was coated,
and coronary filling was carried out with light-cured
resin Z100 (3M Brazil). At treatment completion, ra-
diographic images were retaken, revealing correct
crown shielding (Fig 6).

The patient was informed of the need for periodic
follow-up appointments. After 6 months of endodon-
tic treatment (Fig 7), the patient reported having
neither pain nor symptoms, and the periodontal ex-
amination revealed that the periodontal tissue sur-
rounding the tooth had no inflammatory signs.

Figure 5. Obturation of the apical third and
perforation sealing with MTA.

resin.

© 2013 Dental Press Endodontics

Figure 6. Final radiograph. Root and crown
shielding with fiber glass post and composite

After 12 months of follow-up, a CT scan was re-
quested in order to assess, in the sagittal and axial
planes, the sealing of the perforation in the buccal-
palatal direction (Fig 8).

In the last follow-up appointment, 22 months after
treatment, the periodontal ligament and lamina dura
surrounding the tooth were intact, whereas periapical
radiolucency was absent (Fig 9).

Discussion

Imageology is considered an important tool for
endodontic diagnosis. Information obtained by clini-
cal and image examinations directly influence clinical
decisions,'** given that accurate data allow appropri-
ate decisions and a more favorable prognosis. Within
this context, CBCT allows clinicians to have more
relevant information which could not be obtained by
conventional radiographs. Conventional radiography

Figure 7. Follow-up radiograph after 6
months.
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Figure 8. Annual follow-up tomograph taken to assess, in the sagittal
and axial planes, the perforation sealing in the buccal-palatine direction.

is the most used method due to being practical and
providing images that can assist the professional in
solving a large number of cases. However, the limita-
tions of this method on the difficulty in viewing these
images in certain regions and in two dimensions can
hinder treatment planning of specific cases. Comput-
ed tomography has been used to overcome these lim-
itations, since it enables the visualization of anatomi-
cal regions and identifies the presence of diseases
that are not often diagnosed by conventional radiog-
raphy.>"® Patel et al® stated that the major advantage
of CBCT is its three-dimensional geometric accuracy,
which eliminates overlap in the area of interest. Im-
ages obtained with CBCT are more detailed, which
enables one to detect potential bone imperfections
more easily in comparison to conventional radio-
graphs. Scarfe et al'” were able to prove not only the
accuracy of 3D images, but also that these images
closely resemble real measurements.

With regard to the images obtained in the case
reported herein, the periapical and panoramic radio-

© 2013 Dental Press Endodontics
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Figure 9. 24-month follow-up tomograph. Note intact periodontal liga-
ment, absence of periapical radiolucency and intact lamina dura sur-
rounding the tooth.

graphic images allowed an overall visualization of the
quality of obturation, limits of the lesion and adjacent
structures; not showing, however, the actual details,
the type of pathology and its relation with anatomic
structures. The initial clinical planning, based on the
radiographs, included retreatment via canal, exposing
the patient to an uncertain and subjective reinterven-
tion and an invasive diagnostic scanning, which could
have led him to a situation of stress and discomfort
due to a symptomatic clinical presentation and the
limited information provided by the periapical radio-
graphs.

The analysis of images obtained with cone beam
computed tomography in a cross section plane al-
lowed the professional to plan the endodontic rein-
tervention via root canal. The diagnosis and proper
treatment plan were confirmed by the images and
enabled integrated multidisciplinary rehabilitation
treatment to be carried out in a single session. The
latrogenic perforation could not be identified by con-
ventional radiography, which proved it to be a difficult
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and inaccurate diagnostic method, especially when
the defect is located in the buccal or lingual surface
of the root."®!® The prognosis of a perforation directly
depends on the location of this perforation, the con-
tamination exposure time, the feasibility of sealing
and accessibility of the main canal. The site of per-
foration, middle third of the root canal and the small
diameter of the perforation may have contributed to
the good performance of the repair material.®® Tsesis
et al® found worse prognosis of root perforations in
humans when the former were located in the cervical
third of the root where contamination can occur.

In this clinical case, the sealing material of choice
was the MTA. It is considered a suitable material for
having a good sealing effect, being biocompatible and
cementogenic, as well as for being attached in the
presence of moisture.!®!!12 Many authors agree that
MTA is a material with excellent physical-chemical
properties and good acceptance by the periodontal
tissues, i.e., biocompatibility!®!!, which was confirmed
by studies that evaluated the material’s cytotoxicity
and tissue inflammatory response.!!!2

Restoration of endodontically treated teeth must
follow the biological principles of endodontic treatment
and prevent contamination of the root canal system
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caused by weakness of the remaining tooth structure,
which is a natural consequence that compromises the
structural unit of the tooth and its mechanical strength.
Hepburn®® shows the importance and the need for
functional rehabilitation of teeth endodontically treat-
ed with intraradicular posts. The author also asserts
that the main function of the post in the root canal is
to create a connection between the root portion and
the coronary, in addition to mechanical stabilization of
the latter. Advances in adhesive Dentistry allowed the
use of composite resin associated with intra-radicular
fiber glass posts to be considered a good therapeutic
method for the reconstruction of anterior teeth end-
odontically treated.!*!>16

Conclusion

Based on the results of this study, it is reasonable
to conclude that the detailed three-dimensional den-
tal structures obtained by CBCT guided the treatment
planning and therapeutic decision. CBCT was essen-
tial to avoid doubtful diagnosis and unnecessary clini-
cal intervention. The combination of imageology and
clinical practice provides a high degree of treatment
predictability, a key factor for the success of integrat-
ed multidisciplinary rehabilitation root treatment.
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Apical root resorption of vital and endodontically
treated teeth after orthodontic treatment:

A radiographic evaluation

ABSTRACT

Introduction: Root resorption, generally expressed in a
round apical shape, is one of the most common findings
in the orthodontic clinic. Objective: To radiographically
evaluate whether vital and endodontically treated teeth
present similar severity of apical root resorption in re-
sponse to orthodontic treatment. Methods: This study
was conducted with twenty-eight patients who had one
upper central incisor endodontically treated (experimental
group) and its vital counterpart untreated (control group)
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before orthodontic movement. Measurements were made
by means of periapical radiographs taken before and after
orthodontic treatment. Results: There were no statisti-
cally significant differences (P > 0.05) in apical root re-
sorption levels between endodontically treated and vital
teeth. Conclusion: Endodontic treatment does not inter-
fere in apical root resorption after orthodontic treatment.
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Introduction

Movement of endodontically treated teeth has be-
come more and more common due to an increase in
the number of adult patients seeking orthodontic treat-
ment. Many studies have been conducted to assess root
resorption of vital teeth. They reveal that practically all
teeth undergoing orthodontic treatment present some
degree of external root resorption,' however, not too
many researches have focused, in a controlled man-
ner, on orthodontic treatment of endodontically treated
teeth.!%!! Many variables have been described as be-
ing predisposing factors of root resorption, namely:
Genetics, anatomic factors, treatment time and applied
mechanics.>? The importance of local factors, such as
root and alveolar bone crest morphology, has also been
highlighted,®*!*!> but its correlation with endocrine
disorders and individual susceptibility has not yet been
proved.’¥!*15 Conversely, intense forces and long-term
treatment are directly related to an increase in root re-
sorption associated with Orthodontics, of which risks
are widely known by orthodontists.*5!215

Although endodontically treated teeth respond to
the application of forces similarly to how vital teeth do
during orthodontic therapy, the literature investigat-
ing the theme is controversial and scarce. Wickwire et
al’® reported that devitalized teeth were subjected to a
higher degree of root resorption in comparison to vi-
tal, during orthodontic movement. On the other hand,
a radiographic study conducted by Spurrier et al'® de-
scribed that some endodontically treated teeth were
less susceptible to root resorption, although no differ-
ences were found between groups. In animal models,
there seems to be no significant difference between ex-
ternal root resorption of vital and devitalized teeth dur-
ing orthodontic therapy!”!#1% In a previous study, we
did not find differences between root resorption during
orthodontic treatment of maxillary central endodonti-
cally treated and untreated teeth.!!

The aim of this study was to radiographically assess
whether there is any significant difference in apical root
resorption found in vital and endodontically treated
teeth subjected to orthodontic therapy.

Material and methods

The study comprised twenty eight patients with a vi-
tal maxillary central incisor and its endodontically treated
counterpart. The latter had intact periodontal ligament
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in the apical region. Patients’ selection involved a re-
view of nearly 3,500 orthodontic records of three private
orthodontic clinics. Thus, 56 incisors were assessed, 28
of which had been endodontically treated (experimental
group) and 28 were vital teeth (control group). All pa-
tients were subjected to orthodontic movement with
fixed appliance for at least six months. The endodontic
interventions had been performed on the incisors at least
one year before orthodontic treatment onset.

Patients whose crown presented alterations in size
due to restorative procedures as well as patients with
a history of trauma in the studied area were excluded
from the study.

Pre and post-treatment periapical radiographs
used for measuring the teeth were digitized (scan-
ner HP Photo Smart, USA) and assessed by means
of CorelDraw 11 parallel dimension tool. The images
were under magnification of 350% for better visual-
ization. All teeth had their longest length measured,
from the incisal edge to the root apex, before and
after orthodontic movement (Fig 1A).

In order to minimize any potential radiographic
distortions before and after treatment, the longest
distance from the incisal edge to the enamel-ce-
mentum junction of all radiographs were also mea-
sured (Fig 1B). Additionally, the differences for de-
termining the foreshortening/elongation factors were
calculated as suggested by Spurrier et al.’

The correction calculation was carried out as fol-
lows: initial total length, initial crown length, X (total ex-
pected length), final crown length, X — final total length
= apical root resorption.

All measurements were repeated four times with a
week interval in between. Arithmetic mean was used
among the four assessments for comparison between
groups. Student’s t-test was employed for paired data,
with a significance level set at 5%.

Results

Table 1 shows the results of apical root resorption
assessment expressed in millimeters. Twelve patients
(42.8%) presented greater apical root resorption in the
endodontically treated tooth in comparison to its vital
counterpart; whereas the remaining sixteen patients
presented greater root resorption in the vital tooth.
Nevertheless, the data did not reveal statistically signifi-
cant differences (Table 2).

Dental Press Endod. 2013 Sept-Dec;3(3):69-73



Esteves T, Ramos AL, Hidalgo MM

Figure 1. Radiograph representing the dental measurements carried out. Incisal-apical distance used to calculate root resorption. B. Incisal-enamel-

cementum junction distance used to calculate the radiographic foreshortening/elongation factor.

Table 1. Apical root resorption (mm)*.

Patient Endodontically treated Vital (control)
1 0.45 0.34
2 0.64 0.63
8 3.07 2.86
4 0.31 0.80
B 0.21 0.11
6 4.42 1.65
7 0.69 0.00
8 0.92 1.26
9 0.16 3.50
10 0.00 0.40
11 0.35 0.20
12 0.52 0.30
13 0.79 1.60
14 0.20 0.30
15 0.20 1.40
16 0.20 1.20
17 0.92 0.09
18 1.18 2.37
19 0.25 0.44

20 0.13 1.82
21 0.77 1.03
22 0.56 0.07
23 0.77 0.97
24 2.65 4.00
25 0.35 0.48
26 0.89 1.82
27 0.17 0.31
28 0.31 0.23
© 2013 Dental Press Endodontics 71 Dental Press Endod. 2013 Sept-Dec;3(3):69-73
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Table 2. Comparative results of radiographic measurements between vital and endodontically treated teeth (n = 28).

Mean Standard deviation
Vital T,**-T,** (mm) 1.08 1.06
Endo T,-T, (mm) 0.79 0.99
Endo T,-T, x Vital T,-T, (mm) -0.29 1.03

Standard error P value Significance*
0.20 0.00005 S
0.18 0.00001 S
0.19 0.14 N.S.

*Statistic significance set at P < 0.05. ** T,- Pre-treatment. *** T,- Post-treatment.

All means, standard deviation, standard error and
p values obtained from measurements of radiographic
examinations of vital and endodontically treated teeth
are expresses in Table 2. Comparison between pre
and post-treatment radiographs (T,-T,) of both vital
and endodontically treated teeth revealed an increase
in root resorption as a result of orthodontic treatment
(P < 0.001). However, comparison of root resorption
between groups does not reveal any statistically signifi-
cant differences (P > 0.05).

Discussion

Root resorption of vital teeth expressed as a compli-
cation of orthodontic therapy has been widely discussed
and studied. According to some authors,*512141516 etjg-
logical factors that may contribute to external root re-
sorption include, but are not limited to: anatomic fac-
tors, amount of applied force and type of movement.

Only two out of the 56 teeth subjected to orthodontic
treatment and assessed by this study (patient 7 vital tooth
and patient 10 endodontically treated tooth) did not pres-
ent apical root resorption (Table 1). Comparison between
pre and post orthodontic treatment means revealed statis-
tically significant differences in both groups (Table 2), not
only proving the occurrence of apical root resorption as a
result of induced tooth movement, but also corroborating
the literature. 1" It is worth noting that the comparison of
homologous incisors conducted in the present study re-
sulted in a unique sample, given that both teeth underwent
the same type of movement during the same period of
time and presented similar intra-individual anatomy, thus
reducing the influence of these variables.

No significant differences regarding apical root re-
sorption as a result of orthodontic movement were ra-
diographically observed in endodontically treated and
untreated teeth (Table 2). These findings corroborate
those of Spurrier et al'® who assessed 43 patients by
means of a similar radiographic methodology, although
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these authors described that some cases of endodonti-
cally treated teeth presented little root resorption as a
result of greater mineral density as well as greater hard-
ness, without, however, testing the teeth so as to verify
such characteristics.”” Mattison et al® also concluded
that absence of vital pulp in endodontically treated
teeth is not a predisposing factor of root resorption,
even when submitted to orthodontic forces.

Likewise, no differences regarding macro and micro
aspects of vital and endodontically treated teeth un-
dergoing orthodontic movement were found in animal
models.'”*® Mah, Holland and Pehovich'® reported that
a microscopic analysis of weasels’ teeth revealed great-
er loss of cementum in endodontically treated teeth in
comparison to vital ones, while a radiographic analy-
sis revealed no statistically significant differences in the
root length of both groups.

Steadman?® reported that histological slices of areas
with root resorption in devitalized teeth were similar to
those found in foreign body reactions, suggesting that
endodontically treated teeth would react as a foreign
body and cause chronic irritation. Therefore, endodonti-
cally treated teeth would be more susceptible to root re-
sorption. Such reaction is not commonly found in teeth
correctly treated, but may happen in cases of over-filled
teeth or those which were filled at the limit of the apical
foramen.”® Wickwire et al®® also reported a higher inci-
dence of root resorption in devitalized teeth in compari-
son to vital teeth. However, the methods employed by
these authors were subjected to criticism, given that the
endodontically treated teeth of their study had already
been traumatized, which naturally causes increased sus-
ceptibility to root resorption. 582!

Based on the results of this study as well as on data
found in the literature about apical root resorption dur-
ing induced orthodontic movement,'9?22 it is suggest-
ed that a further study on the etiology of endodontic
treatment be carried out, thus rejecting the connection
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between root resorption and previous trauma. Further-
more, additional studies should be conducted to inves-
tigate the history of trauma in vital teeth,’®?! or the or-
thodontist might otherwise perform orthodontic move-
ment without worrying about further root damage.
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Mandibular first premolar with three canals
and two roots: A case report

ABSTRACT

Introduction: The possibility of additional root canals
should be considered even in teeth with a low frequency
of abnormal root canal anatomy, therefore demanding
more attention of the clinician during root canal treat-
ment. Objective: This article reports a relatively un-
common clinical case of a mandibular first premolar
with two roots and three canals which was successfully
treated with root canal therapy. Methods: After initial
radiograph, the presence of two roots was detected.
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confirming the presence of three canals with the aid of
a microscope. The root canals were instrumented using
a hybrid rotary technique advocated by the School of
Dentistry from Piracicaba, and obturated using Sealer 26
and cold lateral compaction. Conclusion: In order to
achieve the best possible outcome in root canal treat-
ment it is important to have a good knowledge of the
root canal system morphology in addition to appropri-
ately using the diagnostic tools.

Keywords: Root canal therapy. Root canal preparation.
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Introduction

The success of nonsurgical endodontic therapy de-
pends on a thorough knowledge of the root and root
canal morphology to adequately locate all canals and
properly clean, shape and obturate the canal space in
its three dimensions.'** The internal anatomy of a ca-
nal system may reveal isthmuses, lateral and accessory
canals or diverse canal shapes, all of which can compli-
cate the cleaning and shaping procedures. Incomplete
cleaning and shaping of these areas may leave tissue,
bacteria or necrotic debris in the canal. The presence of
these irritants can result in persistent periapical inflam-
mation and failure of the root canal treatment.*

Some authors have suggested that mandibular
premolars may represent the greatest difficulty in
performing successful endodontic treatment due to
wide variation in root canal morphology.® Additionally,
the mandibular first premolar was found to have the
highest failure rate (11.45%).2 Previous studies have
reported many variations in the internal anatomy of
this tooth. The majority of all mandibular first premo-
lar have a single root (97.9%), and only 1.8% of them
presented two roots.® As for the internal morphology
of this group of teeth, Vertucci’ revealed that 74% had
one canal at the apex, 25.5% had two canals and 0.5%
had three. Thus, this article reports a case of a man-
dibular premolar with an unusual morphology: with
two roots and three canals.

Case report

A 37-year-old male patient sought the school of
Dentistry from Piracicaba (FOP-UNICAMP) with a
chief complaint of having spontaneous pain in the pos-
terior right mandibular tooth for one week. The patient
was in good health without any systemic involvement.
Intraoral clinical examination revealed the presence of
a localized edema in the buccal gingiva, the tooth was
tender on percussion and sensitive on periapical palpa-
tion, no periodontal pockets were found. Furthermore,
the cavity had a temporary restorative material and,
according to the patient, a local dentist had performed
an emergency procedure before referring the patient
to the FOP/UNICAMP A bifurcation could be seen at
buccal sight, suggesting the presence of more than one
root. Radiographic examination confirmed an unusual
anatomy of two roots, as well as widening of the peri-
odontal ligament and apical lesion (Fig 1).
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The clinical and radiographic examinations led to a
diagnosis of acute periapical abscess. After anaesthet-
ic procedure carried out with 2% lidocaine containing
1:100000 epinephrine (DFL, Rio de Janeiro, Brazil), the
tooth was isolated with a rubber dam. For endodontic
access, a round #1014 diamond bur (KG Sorensen, Ba-
rueri, Brazil) was chosen. Pulp chamber inspection and
localization of canal orifices were performed with the
aid of a clinical microscope (DM Pro, Opto Eletrénica
SA, Sdo Paulo, Brazil) and a sharp explorer (SSWhite,
Rio de Janeiro, Brazil). All orifices were in opposite di-
rections (buccal, lingual and distal). Apical foramina of
the canals were also separated. Cleaning and shaping
of the canals were done by the hybrid rotary technique
advocated by the endodontic department of FOP/
UNICAMP Apical patency was obtained for each ca-
nal with a #10 K-file and measurement of the working
length was electronically taken with Romiapex A-15®
apex locator (Romidan, London, UK). Root canal in-
strumentation was done using 2% chlorhexidine gel as
auxiliary chemical substance. Canals were dried with
absorbent paper and an intracanal dressing consisting
of paste of calcium hydroxide and 2% chlorhexidine
gel was placed. Seven days later, obturation of the
root canals was not possible due to the presence of
purulent exudate. Instrumentation was repeated and a
medication consisting of amoxicillin 500 mg and met-
ronidazole 400 mg was prescribed for 7 days. After this
period, the tooth was completely asymptomatic, the
edema had regressed and the root canal treatment was
completed. To this end, the root canals were irrigated
with EDTA 17% for three minutes, dried with sterile
absorbent paper and obturated with gutta percha and
Sealer 26® using cold lateral compaction (Dentsply
Maillefer Ind, Petrépolis, Brazil). A final radiograph was
taken to access the quality of obturation (Figs 2 and 3).

Discussion

One of the main reasons for endodontic failures is
incomplete instrumentation and disinfection of the root
canal space.*®® Knowledge of the complexity of root
canal anatomy is essential when performing endodon-
tic therapy and should be recognized before or during
treatment. Anatomical variations such as additional ca-
nals or root may be missed, resulting in possible treat-
ment failure. This fact becomes important since authors
have demonstrated that the mandibular premolar has
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Figure 1. Preoperative radiograph of man-
dibular first premolar.

a disproportional number of flare-ups and endodontic
failures.® Anatomic variations can result in inadequate
debridement which may leave irritants within the canal
system and produce an unfavorable environment for
healing periapical tissues.*

Due to the presence of such anatomic variations,
some suggestions can help the clinician identify mul-
tiple root canal systems in the mandibular first pre-
molar and, therefore, achieve a successful treatment
outcome. In this sense, methods such as multiple pre-
operative parallel radiographs, as well as mesial or dis-
tal shift radiographs, can help to determine the type
of canal system present. If the root anatomy has an
indistinct definition after several radiographs, it prob-
ably indicates a second root or even a possible third.”
Additionally, it is important to have adequate access
opening in order to allow a proper access to all po-
tential root canal systems.'” Magnification and illumi-
nation are absolute prerequisites for evaluating color

© 2013 Dental Press Endodontics

Figure 2. Radiograph of root canal filing quality.

Figure 3. Postoperative radiograph of the
root canal obturation.

changes and for working deep inside the tooth. More-
over, clinicians should be prepared to properly use the
diagnostic tools available, as it is the case of micro-
scopes. The introduction of magnifying glass and sur-
gical microscopes has revolutionized the practice of
Endodontics. The advantages of using these surgical
magnifying glasses for conventional Endodontics in-
clude enhanced visualization of root canal intricacies,
which enables the clinician to investigate the root ca-
nal system and to clean and shape it more efficiently.

Conclusion

It is extremely important to use all diagnostic tools
available to locate and treat the entire root canal sys-
tem. Additionally, careful interpretation of angled ra-
diographs, proper access preparation and a detailed
exploration of the interior of the tooth, ideally under
magnification, are essential prerequisites for a suc-
cessful treatment outcome.
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1. Registration of clinical trials

Clinical trials are among the best evidence for clinical deci-
sion making. To be considered a clinical trial a research project
must involve patients and be prospective. Such patients must
be subjected to clinical or drug intervention with the purpose
of comparing cause and effect between the groups under study
and, potentially, the intervention should somehow exert an im-
pact on the health of those involved.

According to the World Health Organization (WHO), clini-
cal trials and randomized controlled clinical trials should be re-
ported and registered in advance.

Registration of these trials has been proposed in order to
(a) identify all clinical trials underway and their results since not
all are published in scientific journals; (b) preserve the health of
individuals who join the study as patients and (c) boost com-
munication and cooperation between research institutions and
with other stakeholders from society at large interested in a
particular subject. Additionally, registration helps to expose the
gaps in existing knowledge in different areas as well as disclose
the trends and experts in a given field of study.

In acknowledging the importance of these initiatives and
so that Latin American and Caribbean journals may comply
with international recommendations and standards, BIREME
recommends that the editors of scientific health journals in-
dexed in the Scientific Electronic Library Online (SciELO) and
LILACS (Latin American and Caribbean Center on Health
Sciences) make public these requirements and their context.
Similarly to MEDLINE, specific fields have been included in
LILACS and SciELO for clinical trial registration numbers of
articles published in health journals.

At the same time, the International Committee of Medical
Journal Editors (ICMJE) has suggested that editors of scientific
journals require authors to produce a registration number at the
time of paper submission. Registration of clinical trials can be
performed in one of the Clinical Trial Registers validated by
WHO and ICMJE, whose addresses are available at the ICMJE
website. To be validated, the Clinical Trial Registers must follow
a set of criteria established by WHO.

2. Portal for promoting and registering clinical trials

With the purpose of providing greater visibility to validated
Clinical Trial Registers, WHO launched its Clinical Trial Search
Portal (http://wwwwho.int/ictrp/network/en/index.html), an
interface that allows simultaneous searches in a number of da-
tabases. Searches on this portal can be carried out by entering
words, clinical trial titles or identification number. The results
show all the existing clinical trials at different stages of imple-
mentation with links to their full description in the respective
Primary Clinical Trials Register.

The quality of the information available on this portal is
guaranteed by the producers of the Clinical Trial Registers
that form part of the network recently established by WHO,
ie, WHO Network of Collaborating Clinical Trial Registers.
This network will enable interaction between the producers of
the Clinical Trial Registers to define best practices and quality
control. Primary registration of clinical trials can be performed
at the following websites: www.actrorg.au (Australian Clinical
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Trials Registry), wwwclinicaltrials.gov and http://isrctn.org
(International Standard Randomized Controlled Trial Number
Register (ISRCTN). The creation of national registers is under-
way and, as far as possible, the registered clinical trials will be
forwarded to those recommended by WHO.

WHO proposes that as a minimum requirement the follow-
ing information be registered for each trial. A unique identifi-
cation number, date of trial registration, secondary identities,
sources of funding and material support, the main sponsor,
other sponsors, contact for public queries, contact for scien-
tific queries, public title of the study, scientific title, countries of
recruitment, health problems studied, interventions, inclusion
and exclusion criteria, study type, date of the first volunteer
recruitment, sample size goal, recruitment status and primary
and secondary result measurements.

Currently, the Network of Collaborating Registers is orga-
nized in three categories:

- Primary Registers: Comply with the minimum require-
ments and contribute to the portal;

- Partner Registers: Comply with the minimum require-
ments but forward their data to the Portal only through a part-
nership with one of the Primary Registers;

- Potential Registers: Currently under validation by the Por-
tal’s Secretariat; do not as yet contribute to the Portal.

3. Dental Press Endodontics - Statement and Notice

DENTAL PRESS ENDODONTICS endorses the policies
for clinical trial registration enforced by the World Health Or-
ganization - WHO (http://wwwwho.int/ictrp/en/) and the
International Committee of Medical Journal Editors - [CMJE
(# http://www.wame.org/wamestmt. htm#trialreg and http://
www.icmje.org/clin_trialuphtm), recognizing the importance
of these initiatives for the registration and international dis-
semination of information on international clinical trials on an
open access basis. Thus, following the guidelines laid down by
BIREME / PAHO / WHO for indexing journals in LILACS and
SciELO, DENTAL PRESS ENDODONTICS will only accept
for publication articles on clinical research that have received
an identification number from one of the Clinical Trial Regis-
ters, validated according to the criteria established by WHO
and ICMJE, whose addresses are available at the ICMJE web-
site http://wwwicmje.org/faq.pdf. The identification number
must be informed at the end of the abstract.

Consequently, authors are hereby recommended to register
their clinical trials prior to trial implementation.
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Carlos Estrela
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ISSN 2178-3713
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