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ABSTRACT
The significance of micro-organisms in the root canal system with regard to the
aetiology of periapical infection and the need for crucial bacteria control during
treatment is at present beyond doubt.
In the present investigation we obtained samples from root canals by the well
studied procedure known as Microbiological Root Canal Sampling (MRS). This
procedure, although well established, can nevertheless produce invalid samples
unless the strict methodological procedures here reviewed are followed.
A combination of Culture and Molecular identification approaches, have
confirmed the polymicrobial nature of primary endodontic infections with a
predominance of anaerobic bacteria. Molecular Biology techniques provide
significant additional information particularly regarding the so called not-yetcultivable component of the microbial community, but strongly increase the
procedure budget. Thus, evaluation of the endodontic microflora, in the context
of a polymicrobial biofilm ecosystem and its relevance to endodontic treatments
must rely in the complementariness of Culture and Metagenomics approaches as
they are neither mutually exclusive nor competitive, but strongly complementary.
In the present thesis, we studied necrotic pulps associated or not with apical
periodontitis. Quantification and identification of bacteria and yeast present
within root canal’s samples before (S1) and after (S2) chemo-mechanical
preparation and after 14 days of intracanal dressing (S3) with calcium hydroxide
paste (Ca(OH)2) or 2% chlorohexidine digluconate gel (CHX). For that purpose, we
performed a prospective clinical trial, in 69 single-rooted adult teeth (strict
inclusion criteria): CHX group:34; Ca(OH)2 group:35. Bacterial equivalents were
assessed by broad-range real time polymerase chain reaction (qPCR) and
presence of bacteria and yeast measured with conventional cultivation Cultures
(CFU/mL). Number of Colony-Forming Units (CFU's) grown under aerobic,
anaerobic and microerofilic conditions in appropriate culture broads were
counted. Yeast was also cultured under appropriate conditions. Subsequently,
pure cultures were obtained in order to identify the isolates.
Descriptive/inferential analysis was performed with SPSS vs20.0 (α=0.05) using
adequate techniques.
Quantification of bacterial equivalents (by qPCR) and CFU’s/mL (by Culture),
showed in both cases a significant decrease between S1 and S2 (Mann-Whitney T.;
p<0.001). In the Ca(OH)2-group, no variation between S2 and S3 was observed
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both by qPCR and Culture. However, in the CHX-group a significant increase from
S2 to S3 was observed by both methods. Consequently, the two treatment groups
only differed significantly in S3 (Mann-Whitney T.; p≤0.001), with a worse
performance in the CHX group. Culture and qPCR data showed positive weak
correlations (rS < 0.5; p<0.05), thus revealing similar tendencies but not identical
results, indicating as expected, that these two methods quantify different,
although related, realities.
Microorganism identification is still a work in progress. Both time and budget
limitations have not yet allowed us neither to identify all of the isolated strains by
classical methods, nor to perform the aimed 16S rRNA gene sequencing to
genetically identify all microorganisms in each sample. Classical identification of
the isolated non-pigmented bacteria strains revealed that the most abundant and
prevalent strains were Propionibacterium acnes (detected in S1, S2 and S3),
Gemella morbillorum (detected in S1) and Clostridium difficile (detected in S1).
Candida albicans was found in 11 patients (detected in S1, S2 and S3). The
highest number of isolates was found in S1, being S2 the sampling moment with
lowest number of isolates. CHX had a worst performance in disinfection of the
root canal system than Ca(OH)2 resulting in an higher number of isolates with the
former drug.
In conclusion, infected root canals contained a high bacterial load and the chemomechanical root canal preparation reduced bacterial equivalents by 99.1% and
anaerobic counts by 98.5%, but failed to render all root canals sterile. The 14days intracanal dressing with Ca(OH)2 significantly decreased the bacterial load
compared to CHX, particularly in the case of Apical Periodontitis. However, no
clear advantage of the intracanal dressing was observed, indicating that a one
visit appointment should be the goal, if possible. Nevertheless, the present
results indicate that, if an intracanal dressing is to be used, Ca(OH)2 should be
used rather than CHX gel.
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RESUMO
O significado etiológico da presença de microrganismos no sistema de canais
radiculares, e a importância clinica da sua eliminação como objetivo terapêutico
no tratamento da infeção pulpar e periapical estão bem estabelecidos.
No presente trabalho obtivemos amostras de canais radiculares recorrendo ao
método “Microbiological Root Canal Sampling (MRS)”. Este, apesar de bem
estabelecido, pode originar amostras inválidas, se não forem estritamente
seguidas as recomendações revistas e seguidas no presente trabalho.
A natureza polimicrobiana das infeções endodônticas, e a predominância de
bactérias anaeróbicas tem sido confirmada por métodos moleculares e pela
identificação microbiológica clássica. As técnicas de Biologia Molecular fornecem
informação adicional, relativamente às técnicas clássicas, já que permitem avaliar
a componente “ainda não cultivável” da comunidade microbiana. Contudo, o seu
custo bem mais elevado é também uma fonte de limitações. Assim, o estudo do
ecossistema marcadamente polimicrobiano e organizado em biofilmes que
caracteriza a microflora endodôntica, deve idealmente basear-se em estudos
incluindo métodos clássicos e métodos moleculares, já que estes não são nem
exclusivos nem competitivos, mas fortemente complementares.
Na presente tese estudamos polpas necrosadas com ou sem periodontite apical
crónica associada. Foram quantificadas e identificadas as bactérias e fungos de
amostras colhidas de canais radiculares antes (S1) e depois (S2) da preparação
químico-mecânica e após medicação intracanalar (S3) com pasta de hidróxido de
Cálcio (Ca(OH)2) ou gel de digluconato de Clorohexidina a 2% (CHX). Para tal,
realizamos um ensaio clinico prospetivo em 69 dentes monocanalares de adultos
(utilizando critérios estritos de inclusão): 34 dentes tratados com CHX e 35
tratados com Ca(OH)2. Equivalentes bacterianos foram determinados por PCR-emtempo-real quantitativo para o gene do 16S rRNA (qPCR) e a presença de
bactérias e fungos viáveis foi calculada medindo a concentração de unidades
formadoras de colónias (CFU/mL) por métodos de cultura clássica em ambiente
aeróbico, anaeróbico e em microaerofilia. Subsequentemente, foram obtidas
culturas puras para identificação dos isolados.
A análise estatística descritiva/inferencial foi realizada em SPSS vs 20.0 (α=0,05)
utilizando técnicas adequadas.
Tanto a quantificação de equivalentes bacterianos como a de CFU’s indicou uma
clara diminuição de S1 para S2 (Mann-Whitney T; p<0,001). No caso do grupo
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tratado com Ca(OH)2, não se observou qualquer variação significativa de S2 para
S3 tanto por qPCR como por Cultura. Contudo, o grupo tratado com CHX registou
um aumento significativo quer de equivalentes bacterianos quer de CFU/mL no
mesmo período. Consequentemente, os dois grupos de tratamento foram apenas
diferentes em S3 (Mann-Whitney T.; p<0,001) com uma pior performance do
grupo tratado com CHX. Os resultados de qPCR e de Cultura apresentaram
correlações fracas, mas positivas (rs<0,5; p<0,05), indicando (como esperado) que
os dois métodos medem realidades distintas, mas relacionadas.
O trabalho da identificação microbiana não se encontra, ainda, concluído. Tanto
por razões orçamentais, como por questões de limitação de tempo, não foram
ainda identificados todos os isolados, nem foram iniciadas as identificações por
sequenciação de nova geração do gene do 16S rRNA. Contudo, os resultados
disponíveis, relativos às bactérias não pigmentadas indicam que, destas
bactérias, as mais abundantes e prevalentes são Propionibacterium acnes
(detetado em S1, S2 e S3), Gemella morbillorum (detetado em S1) e Clostridium
difficile (detetado em S1). Em 11 doentes foi também identificada Candida
albicans (detetada em S1, S2 e S3). O maior número de isolados ocorreu em S1,
sendo S2 a amostra com menor número de isolados obtidos. O tratamento com
CHX revelou pior desempenho na desinfeção do canal radicular do que o
tratamento com Ca(OH)2, resultando na obtenção de um maior número de
isolados com CHX.
Em conclusão, os canais radiculares estudados apresentaram elevado carga
bacteriana, mas a preparação químico-mecânica reduziu os equivalentes
bacterianos em 99,1% e as contagens anaeróbicas em 98,5%, ainda que tenha
falhado na esterilização total dos canais. A utilização de medicação intracanalar
durante 14 dias com Ca(OH)2 resultou num menor título bacteriano que o
tratamento com CHX, particularmente no caso dos dentes com periodontite apical
crónica. Contudo, não se verificou uma clara vantagem na utilização de
medicação intracanalar, indicando que o tratamento em apenas uma consulta
deve, sempre que possível, ser preferido. Na eventualidade da opção por
medicação intracanalar, os resultados indicam que o tratamento com Ca(OH)2
deve ser eleito em desfavor do gel de CHX.
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THESIS OUTLINE
Study of root canal infections is not an easy task. It relies on the clinical
significance of the material collected by MRS from an anatomical location that is
difficult to manipulate under sterile conditions. In fact, if the healthy root canal is
expected to be sterile, neither the diseased one nor the mouth environment is
sterile in nature. Thus, sample material has to be collected (by MRS), preserved,
transported to the lab and processed in the lab under strict conditions that are
thoroughly discussed in chapter one. Results obtained from MRS have to be
interpreted in the light of the difficulty to perform sample collection, and the
possibility of contamination from the clinical environment during collection.
Thus, in the second chapter the endodontic microbiology is discussed in detail.
Thesis results are divided in 3 different chapters, dealing with different aspects of
microbial

endodontics:

Assessment

of

treatment

efficacies

by

classical

microbiological cultures (chapter 5); Evaluation of treatment efficacies by
quantification of 16S rRNA gene (chapter 6); and Identification of non-pigmented
bacteria and yeast present in root canal before and after each clinical procedure
(chapter 7).
Each results chapter includes its own discussion section, but a general discussion
is included in chapter 8.
Finally, papers submitted for publication are included in the submitted form in
the appendix section.
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I - GENERAL INTRODUCTION
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1. MICROBIOLOGIC ROOT CANAL SAMPLING: UPDATING AN
EMERGING PICTURE

We have come a long way since the seventeenth century studies by Antony van
Leeuwenhoek into establishing the role of bacteria, predominantly anaerobic, and
their by-products in the pathogenesis of apical periodontitis (Siqueira 2008).
Several investigators Kakehashi et al.1965, Sundqvist et al. 1979, Möller et al.
1981, 2004 have demonstrated a strong association between periapical disease
and intracanal microbiota.
Unlike other parts of the oral cavity, there is no supposedly indigenous
endodontic microflora (Li L et al, 2010). All bacteria inside the infected root canal
are opportunistic pathogens; they can either be the commensal oral bacteria
associated with a healthy oral cavity, or the pathogenic bacteria associated with a
diseased oral cavity, such as dental caries and periodontal disease.
The same combination of bacterial species, loads and virulence may give rise to
different responses in different individuals. Santos et al. 2011 seemed also
reasonable to conclude that the severity of the disease may be related to the
bacterial community composition topped off with host resistance as the latter is
another important factor with impact on disease pathogenesis.
Socransky & Haffajee 2005 affirmed that the host may influence the microbiota,
but in turn the microbiota influences the host at a local and perhaps also at a
systemic level. Additionally, it has been shown that in the same subject, marked
differences can occur in the microbial composition both from one type of
intracanal location to another (e.g. coronal vs. apical) and from similar types of
locations (e.g. two distinct periapical lesions). An example of this is the
observation by Özok et al. 2012 that the apical part of the root canal system
drives the selection of a more diverse and more anaerobic community than the
coronal one. Also, several recent studies have demonstrated a less diverse
microflora in endodontic infection than in saliva and supragengival plaque, data
confirmed by Li L et al. 2010 who observed that endodontic microflora is a
restricted community, supposedly a subset derived from the total oral microbiota.
Dalhén 2009 affirmed that the primary endodontic infection is therefore a
polymicrobial, predominantly anaerobic infection with little microbial specificity.
This heterogeneous etiology results in the absence of a dominant species, which
has strong diagnostic and treatment implications.
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Infection of the root canal is far from being a random event. The microbial flora
develops in response to the surrounding selective environment (Figdor &
Sundqvist 2007) with selection pressure attributable to dynamic cooperative and
antagonistic relationships between the different bacteria as well as the host and
bacteria (Yoneda et al. 2010).
Nair et al. 2005 observed microbial organizations in the root canal system which
very often give rise to a complex network embedded in a matrix the so called
biofilm

communities’ adherent

to the

root

canal walls, isthmuses and

ramifications accordingly to Ricucci & Siqueira 2010a. Costerton et al. 1999 that
bacteria organized in this way are more resistant to host defence mechanisms
and disinfectants than planktonic bacteria and, therefore, are reported to be the
most common cause of persistent inflammation, underpinning again the concept,
argued by Siqueira & Rôças 2008 that the eradication of bacteria from the root
canal system is critical to the endodontic treatment of teeth with apical
periodontitis.
Despite conflicting technologies the principles for root canal treatment laid at the
beginning of the last century - Hall 1928 cited by Ng et al. 2011- remain
consistent with contemporary quality guidelines approved by Endodontic
Societies in Europe and North America (Ng et al. 2011). The final objective of root
canal treatment is prevention (in the case of pulp inflammation) or resolution (in
case of pulp infection) of periapical disease, by eradication of bacteria and their
sources of nutrient supply from the root canal system (Reit et al. 1999, Trope &
Debelian 2008). That’s to say elimination of the source of infection in an effort to
obtain conditions to promote the cure and health of the root and the tissues
around it. Accordingly, endodontic infections are treated by intracanal procedures
such as chemomechanical preparation (instrumentation with files with copious
antibacterial irrigants) in an excellent isolation field supplemented or not by an
interappointment intracanal medication, followed by filling and ended with the
definitive restoration.
Although sterilization seems practicable, the fact that we are dealing with a
complex anatomy renders the available clinical resources frequently unable to
free all canal space from all microorganisms, as was first described by Byström &
Sundqvist 1983. A more realistic goal of reducing the bacterial populations to a
level below the clinically relevant threshold (the level necessary to induce or
sustain disease) has been accepted by many clinicians and researchers in an
almost dogmatic manner (Ricucci & Siqueira 2010a). The persisting bacteria can
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survive in treated canals and are able to induce or sustain periradicular tissue
inflammation and longstanding endodontic infections (Siqueira & Rôças 2008,
Nair 2004): microorganisms, like Enterococcus faecalis and Candida albicans, are
true “persisters” since they seem to have a natural ability to survive more harsh
environments and stressed conditions (Chavez 2007). Later, Siqueira & Rôcas
2009a affirmed that some members may occupy critical niches within a complex
microbial community and, therefore, are potentially important in maintaining the
stability and virulence of the microbial community.
For many years, the major technique available to researchers to identify bacteria
was the culturing of microorganisms and identification of sampled species by
their phenotypic traits. Undoubtedly, knowledge of endodontic infections, based
on data involving Microbiologic Root Canal sampling (MRS), has increased
significantly during the last 30 years (Siqueira & Rôças 2008), but several
questions still await elucidation.
Sampling is important to determine the composition of the endodontic
microflora, because in accordance with Gomes et al. 1994 this may be related to
the various clinical presentations and symptoms or stages of development of an
endodontic infection as well as its responses to different treatments.
In spite of the adoption of molecular approaches with the promising emergence
of new data about endodontic microbiology, we are still currently faced with an
old controversy: to perceive the usefulness of the MRS over the endodontic’s
performance.

1.1. Mollander’s concept: reasons to perform MRS
MRS was an early recommendation for clinical routine use, but did not become
widespread among general dental practitioners as noticed by Molander et al.
1996a. By contrast, it has been extensively used in scientific evaluations of
antimicrobial intracanal treatment strategies and for the characterization of
endodontic microbiology (Reit et al. 1999).
Mollander et al. 1996a reminded that the concept that MRS should form an
essential part of endodontic treatment strategy was first suggested by Onderdonk
in 1901 and also that Coolidge in 1919 proposed it to be part of the clinical
routine. However, it was not until 30 years later that the technology received
widespread recognition, mainly through the public applications of Appleton
(1932) and Grossman (1938).
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In Sweden, for instance, after the influential work of Engström (1964) and Möller
(1966), the technology became compulsory for undergraduate endodontic
education in all four Swedish Dental Schools, accordingly to Molander et al.
1996a.
The American Board of Endodontics made an attempt to evaluate the attitude of
their members toward microbiologic assay of root canals prior to obturation.
Responses to a questionnaire indicated that the Culture was currently being used
along with the endodontist's clinical evaluation of the tooth and not necessarily
alone as the final mandatory for obturation of the root canal(s). Culturing was
also recommended as a check on one's aseptic technique and, in cases which do
not

respond

to

routine

endodontic

treatment, for

identification of the

microorganism and antibiotic-sensitivity testing (Lane & Grossman 1971).
However, despite these efforts to disseminate the “new idea”, the methodology is
complex and its diagnostic accuracy has been questioned early on by Buchbinder
1971, Sims 1973 and Reit et al.1999.
Nowadays, there is another reason to persist with MRS in the clinical protocol. In
fact, we must keep alert to the increased resistance of oral microflora to
antibiotics probably associated with an antibiotic overprescription in daily dental
practise, often without sufficient rationale for choosing a particular drug. Thus,
any effort to study the microbial composition and the susceptibilities of
endodontic pathogens will, most likely, facilitate the choice of appropriate clinical
protocols or, in occasional cases, of an antibiotic as adjunctive to the clinical
treatment of the infection.

1.2. How to correctly perform sampling
1.2.1. Inclusion and exclusion criteria
Sampling includes only one tooth with complete root formation per person and
only one root canal per tooth. If the tooth is multi-rooted, either the largest one
or the one with periradicular radiolucency is sampled to confine the microbial
assessment to a single ecological environment.
Authors like Molander et al. 1998, Shatorn et al. 2007a and Rôças & Siqueira
2011a suggest that, generally, patients must be excluded in endodontic
microflora’s analysis in cases of:
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•

systemic debilitating diseases such as diabetes mellitus, liver disease,
chronic infections, rheumatoid arthritis or any other systemic disease that
compromises the immune system;

•

use of systemic steroids or chemotherapeutic agents;

•

requirement of prophylactic antibiotic before dental treatment;

•

active chronic or aggressive marginal periodontitis;

•

pregnancy at the time of initial treatment.

Besides the single-rooted, before the sample collection and according to the
scope’s analysis, the following features must be checked for each patient:
response to sensitivity tests, tenderness to percussion, presence of a sinus tract
or swelling, depth of periodontal pocket, history of previous antibiotic medication
and root canal treatment.
For those investigations on primary endodontic infections, the criteria comprises
inclusion of asymptomatic necrotic pulps (neither spontaneous pain nor response
to pulpal tests or sinus tract, although tenderness to percussion may be present)
with or without radiographic evidence of periapical lesions. Patients who received
antibiotic therapy in the last 3 months or exhibited periodontitis (presence of
periodontal pockets deeper than 4 mm) must be excluded, due to putative
influences on the final results. Also excluded are badly broken teeth (with
extensive caries at the time of endodontic treatment) that could not be suitably
isolated from the gingiva and saliva by the application of rubber dam: a straight
probe is mandatorily suggested by Gomes et al. 2008 and by Rôças & Siqueira
2011a to investigate for pulp space exposure and, if necessary, restorations
ought to be replaced before root canal treatment is initiated.
In investigations about treatment failure, root-fillings should end within 5mm of
the radiographic apex (Ollander et al. 1998). Furthermore, Endodontic European
Society in 2006 recommend that the recall period must be at least 1 year for the
symptomatic cases and 4 years for the asymptomatic ones, because no case with
residual radiolucency can be assessed as failure before a 4-year observation
period, unless the lesion increases in size or signs and symptoms of infection
arise. This selection must include teeth with apical periodiontitis diagnoses on
the basis of strict clinical and radiographic criteria: in agreement with Sjögren et
al. 1997 a diagnosed apical radiolucency is measured horizontally and vertically
with a ruler to the nearest millimetre and its size is determined as the mean value
of the two measurements.
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1.2.2. When to sample?
Root canal treatment alters root canal microflora profiles in both quantity
(bacterial amount) and quality (bacterial composition). Accordingly to Ito et al.
2005, these differences could be due to the drastic environmental changes in
root canals brought about by both mechanical cleaning with files and topical
application of drugs.
As a result, to assess those differences, studies of the bacteria occurring in the
root canal system involve several basic conditions:
•

Pre-instrumentation samples – collected immediately after the execution of
the access cavity;

•

Post-instrumentation samples – collected immediately after the completion
of chemomechanical procedures;

•

Post-medication samples – collected immediately after the removal of
interappointment dressings;

•

Post-obturation samples – collected from root canal-treated with associated
periapical periodontitis lesion at a given time, months to years after the
initial treatment.

Basically, MRS is a passive way to obtain a sample of the pulpal space at varying
moments before, during or after pulpar treatment. Aseptic techniques must be
used throughout the endodontic sample acquisition with special care being taken
in the control of leakage between the rubber dam and the tooth.
The sampling and bacterial evaluation methodology is invariant, regardless of the
sampling time (before, during or after root canal treatment).
Independently of the sampling technique, samples should be processed in the
laboratory no later than four hours post collection as suggested by Alsunaien et
al. 2010.

1.2.3. How to Sample
In order to obtain MRS one can use charcoaled paper points to absorb the fluid of
the root canals or small files and swabs or aspiration in acute cases when soft
tissues are affected.
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1.2.3.1. Collection

of

pre

and

post-medication samples in vivo

post-instrumentation

and

Studies investigating bacteria remaining in the root canals after chemomechanical
procedures or intracanal medication potentially allow identification of species
with the potential to influence treatment outcome (Siqueira & Rôças 2008).
Once the access cavity is created using sterile burs, the canals to be sampled
cannot be dry. One can achieve humidification by irrigation with 5mL of sterile
saline solution. This is crucial if an adequate collection of microorganisms with
paper cones is to be achieved. If the canal is wet, all fluid inside the pulpal space
should be absorbed, using as many paper points as necessary.
The most widely used technique in root canal sampling involves the insertion of 3
or 4 sterile paper points ISO 25 or 30 (Figure 1.1). The paper points should be
inserted 1mm shorter than the estimated radiographic length. Each cone must
stay inside the root canal for 60 seconds with pumping movements to generate a
suspension with bacteria of the main pulpal area. Collection of the soaked paper
points should be performed without any contact with potential external
contaminators. The paper points should immediately be placed in a sterile
microtube with 2mL of Reduced Transport Fluid (RTF) as it offers protection
against oxidation, fact demonstrated by Spiegel et al. 1979 and Byström &
Sundqvist 1983. This procedure is repeated for each cone.

Figure 1.1. Collection of Bacteriological Samples. Cavity is first irrigated with 5mL of sterile
saline solution. Then the cone is inserted and left on cavity for 1 minute. Cones are
then immediately immersed in sterile microtube with 2ml of Reduced Transport
Fluid (RTF) which protects any anaerobe in sample from oxygen induced damage.
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1.2.3.2. Collection of exsudates samples
If it is a study of exudates, the lesion can be aspirated via a sterile 16 gauge
needle to syringe after disinfection of the oral mucosa with 2% chlorohexidine gel
and before surgical drainage. If aspiration is unsuccessful (no pus being
collected) sampling can be conducted by swabbing the lesion after incision and
discharge of the pus. The microbial pus specimens sampled are then immediately
placed into a test tube containing RTF. Use of the aspiration technique may help
prevent sample contamination with residual oral flora.

1.2.3.3. Collection of Post-obturation samples
Sunde et al. 2002 reported that the high percentage of endodontic treatment
failure in teeth with periapical lesions have been related to circumstances of
microbial

origin.

In

fact,

refractory

cases

and

post-operative

pain

(interappointment flare-ups) are often related to an ongoing overgrowth of
anaerobic bacteria in the periapical area (Sunde et al. 2002). Thus, it may be
helpful to identify treatment resistant bacteria, and this can only be achieved by
laboratory studies of post-obturation samples.
It is obviously critical that aseptic techniques are strictly followed throughout
endodontic sampling. If there is a post, it is desirable to remove it by ultrasonic
vibration, a method less invasive than the use of burs.
After removal of coronal restoration and localization of the root canal orifice, the
filling material is removed, either manually (with type K and/or H files) or with an
appropriate mechanical system under irrigation with sterile physiological saline
solution, as avoidance of chemical solvents minimizes disruption of the bacterial
milieu (Sathorn et al. 2007a). The retrieved material can be transferred to
microtubes containing TE buffer (10mmol/L tris-HCl, 1mmol/L EDTA, pH 7.6)
according to Rôças et al. 2010 if Nucleic Acid (NA) studies are the only aim, or
RTF, if samples are to be anaerobically cultured irrespective of the performance of
NA studies. Radiographs are an easy way to verify that all filling material had
been removed. Pulp space is humidified prior to the collection of the sample with
paper points inserted to a level approximately 1mm short of the root apex, based
on diagnostic radiographs. This material must be aseptically transferred to the
tubes containing the above mentioned solutions. No irrigant is used till the initial
sampling is complete.
Preceding sampling, some investigators like to establish canal patency with a file
ISO 15 in order to produce minimal instrumentation, running the risk of removing
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some target material. If this is the case, sample should also include the file, but it
should have its head removed to minimize potential external contamination.

1.2.3.4. Investigation on Apical Periodontitis of Treated Root-Canals
Apical lesions assessed after apicetomy
The protocol explained by Subramanian & Mickel 2009 initiates with disinfection
of the surgical site and that should be obtained by a one-minute-long oral rinse
with 0.12% chlorhexidine digluconate followed by swabbing the surgical area with
the same solution. A full-thickness mucoperiosteal flap is then reflected, using
both a submarginal or intrasulcular incision after local anesthesia, and the root
end is accessed with a surgical bur cooled with sterile water. The periradicular
tissue is removed by curettage and stored in tubes containing 1 mL sterile water.
Two to three millimetres of root ends are resected after curettage and similarly
stored. All samples collected are stored at -20˚C until processed in the lab.
A portion of the periradicular tissue sample is sent for histopathological
examination.
Its desirable than in randomly selected cases, immediately after flap reflection,
periosteal tissue samples are collected from areas adjacent to the surgical sites
using curettes and paper points to test for bacterial contamination of the surgical
site (Subramanian & Mickel 2009).

Apical lesions assessed in extracted teeth
Without delay, after extraction, each tooth is profusely rinsed with sterile saline
solution and a ISO 15 sterile scalpel is used to remove all attached soft tissue,
including the apical periodontitis lesion, from the root. Cleaning of the external
root surfaces is made with 3% hydrogen peroxide and disinfected with 2.5%
sodium hypochlorite; the latter is inactivated by sterile 5% sodium thiosulphate.
The solutions are scrubbed onto the root surfaces by using sterile cotton
applicators. After disinfection, a sterility control sample is obtained from the
external root surfaces using an ISO 80 sterile paper point dampened with TE
buffer or RFT. After decoronation with a diamond disc under saline cooling, the
root can be cut into two halves horizontally (coronal and apical) with the use of
another diamond disc. Apical segments are transferred to tubes containing 1 mL
TE buffer and immediately frozen at -20°C (Rôças et al. 2010, Özok et al. 2012).
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1.3. Problems during collection
1.3.1. Exchange of samples
As with any clinical sample, collection tubes must be correctly labelled with the
pre-established designation of each sample, desirably at the very beginning of the
appointment, and always before any collection procedure.

1.3.2. Maintenance of paper-point shape throughout sampling
As explained above, once wet, the root canal microbiological content is collected
with paper points. These present the problem of not maintaining the original
shape as they become impregnated with solution. A further difficulty arises when
dealing with narrow root canals, as the paper points become very difficult to
handle properly, making sampling of the apical third a difficult accomplishment.
The last paper point is the most important because it will absorb the liquid from
the most apical peripheral areas of the apical region (Dahlén 2009). This is
especially true if the preceding paper cones became easily soaked and, therefore,
hardly collected valid samples of those root canal region.
Wide canals do not usually present major challenges. In these canals, even a 30
paper point will easily fit into the termini of the pulp space. Thus, samplings in
post-instrumented root canals do not usually present any kind of problems to
insert and collect paper points. This is clearly not the situation for thin root
canals before debridement. To overcome this problem, one can use sterile small
files (ISO 008, 010, 015), but these will create a different dilemma: if the files are
conducted by hand, the head must be cut off before insertion into the microtube
in order to prevent introduction of external contaminants. This can be
accomplished with a sterilized orthodontic plier. Alternatively, files can already
have no cable and be individually sterilized. Handling of these files should be
performed with sterile tweezers, although it complicates travelling through the
root canal anatomy.

1.4. The Question of False Negatives/Positives
The major issue of any test is its validity: does it measure what it claims? (Reit et
al. 1999).
The strict conditions under which MRS must be performed (as described above)
emphasizes how potentially error-prone it can be (Sathorn et al. 2007a). Indeed,
false positive and false negative results may adversely affect the performance of
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MRS. However, despite these risk, adopters comfortable with the clinical protocols
most often appeared to produce valid samples (Molander et al. 1996b); that’s to
say that irrespective of the detection method used, the sampling method resulted
in an appropriate collection of the microorganisms present in that particular root
canal.

1.4.1. False Negatives
1.4.1.1. Inaccessible Areas
False negative results can occur if there are bacteria located in inaccessible areas
for MRS as alerted by Heling & Shapira 1979, Wu et al. 2006 and Siqueira 2008. In
practice, these bacteria can repopulate root canals after the first MRS showed a
negative result.
In histological observations of Ricucci & Siqueira 2010b, bacteria have been found
in inaccessible

inter-canal isthmuses, dentinal tubules, irregularities and

accessory canals or even in some untouched areas of the main canal often in the
form of biofilms. Low-level ultrasonic agitation has been used by Nguyen et al.
2002 in microbiological research to segregate clumped bacteria organized in
biofilms without injuring cells and a similar approach could probably be applied
in root canal sampling. Its ability to dislodge bacteria from inaccessible locations
especially deep within dentinal tubules is however unknown (Sathorn et al.
2007a).
In vitro studies as the one already mentioned of Rôças et al. 2010 have shown the
usefulness of cryogenically ground samples. In this technique all tooth is
destroyed allowing recovery not only of the pulp space microorganisms, but also
of the anatomically hidden ones. Samples are cryogenically pulverized with the
use of a freezer mill. The powdered root segments are frozen at -80˚C in 5mL
UV-treated RNA stabilization reagent (RNAlater Qiagen, Hilden, Germany).
Accordingly to Alves et al. 2009, this procedure can also be useful if the intention
is to compare the microbiota between the coronal and apical part of the root
canal system.

1.4.1.2. The legacy of Drugs
At the end of the chemomechanical preparation, and after the use of intracanal
dressings, it is mandatory to do MRS only after neutralization of the chemicals
used. This is because both classes of chemicals cause bacterial latency (Dahlén
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2009) and thus prevent bacterial growth (Sathorn et al. 2007a). This fact justifies
the usage of inhibitors such as 5% sodium thiosulphate for halogen-containing
antiseptics (iodine or chlorine) or the combination of 3% Tween 80 and 0.3% L-αlecithin (L-α-phosphatidylcholine) when chlorhexidine was the chosen therapeutic.
Furthermore, if nucleic acid testing is to be used in lab procedures, alcohol could
be avoided and be substituted by 5% sodium thiosulphate, as the former
increases the likelihood of free nucleic acid precipitation at the time of specimen
collection.

1.4.1.3. Sample Transport and storage
Special concern must be taken regarding the transport medium as it not only
needs to keep the viability of all microorganisms, but also be bacteriostatic in the
sense that no cell division should take place (Dahlén 2009). Moreover, desirably it
ought

to

inactivate

therapeutic

substances

used

in

clinical

endodontic

procedures, which otherwise prevent bacterial cells from growing in the
laboratory media as well as contain reducing substances (as cysteine) to keep the
medium from being oxygenized (Dahlén 2009).

1.4.1.4. Procedures in the Laboratory
The overwhelming majority of isolates from infected root canals were found to be
anaerobic bacteria, having Sato et al. 2012 suggested that the environment in
root canals is mostly anaerobic and therefore supports their growth.
It is well-know that Culture has important limitations including low sensitivity,
time-consuming and misidentification as consequence of inability to grow many
oral species under laboratory artificial conditions (Siqueira & Rôças 2009b). This
is especially true as we may be dealing with anaerobe fastidious bacteria that
have stringent environment and nutritional requirements as noticed by Wade
2002 and by Sathorn et al. 2007a. Since these methods depend heavily on the
viability of the Culture and on phenotype based species identification, the results
may be far from in vivo reality.
In the lab, the lack of appropriate culture media for the bacteria in the sample
may also result in a false negative result. This is especially important, since as
noted above, the endodontic infection is usually polymicrobial in nature, forcing
multiple selective growth broads to be used.
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Finally, the false-negative samples are especially difficult to avoid when taking
samples at revision of a previously root-filled tooth. They may be in a stressed
situation, after mechanical removal of gutta-percha and sealer, which may not
allow in vitro growth (Siqueira 2008).

1.4.2. False Positives
False positive results are usually the result of sample contamination. Thus, to
accurately perform MRS, special care should be taken to remove any source of
contamination material from the handling area.
Indeed, it seems that false-positive results, as long as endodontic sampling relies
on evidence-based principles, are well controlled. Generally they are limited to
contaminants

of

the

operative

polysaccharide-producing

field.

Streptococci

Facultative

anaerobic

(Streptococci

mutans,

species

like

Streptococci

sanguis, Streptococci oralis and Streptococci salivarius), Corynebacterium spp.,
Neisseria spp. and Haemophilus spp are oral bacteria that are empirically known
not to establish in the anaerobic and non-saccharolytic environment of the root
canal and, thereby, strongly indicate leakage (Dahlén 2009). Equally, Micrococci,
coagulase-negative Staphylococci, spore-forming bacteria (Bacillus spp.) and
enteric rods are most likely contaminants from the surroundings by careless
handling of the samples in the office or lab (Dahlén 2009).

1.4.2.1. Proper Control of External Contaminants
1.4.2.1.1. Use of Sterilized Material
Prior to the procedure, all plaque debris and caries should be removed and
existing restorations should be checked. Also, the procedure field should be
prepared, first by mouth rinsing with chlorhexidine solution, and then by the use
of a sterilized rubber dam tightly adjusted to the cervical part of the crown.
Furthermore, only sterilized clinical material should be used. Despite all these
precautionary measures, the endodontic field might not be entirely sterile or
completely immune from saliva leakage and air contamination. As a result, false
positives can still occur, although the above procedures certainly keep these to a
minimum.
The performance of the pre-endodontic restoration (if necessary) is well proved:
defined as a restoration main made with glass ionomer or composite, before the
beginning of an endodontic treatment. Jensen et al. 2007 pointed out that it is
decisive in providing better conditions to the application of the rubber dam, thus
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increasing its efficiency, enhances the irrigants action inside the root canal space
as it reduces “extrusion” to adjacent areas and promotes the stability of the
temporary restoration between visits.

1.4.2.1.2. Decontamination protocol of the operative field
Also critical in the exclusion of contaminants is a decontamination protocol for
the entire clinical field (clamp, rubber dam and tooth surface) after it is fully
applied. This decontamination commonly uses sterile tweezers and cotton rolls or
pellets impregnated first with 3% hydrogen peroxide (one should wait till
bubbling is finished), followed by 3% sodium hypochlorite or 10% iodine tincture.
Only after this first disinfection, can the root canal be accessed via the opening of
an access cavity, removal either of temporary fillings, caries, existing restorations
or, if it is the target, root fillings. Subsequently, a novel disinfection (performed
as above described) is made to guarantee the absence of contaminants at the
operative field. At the end of this, a disinfection drug inactivation step with 5%
sodium thiosulphate fluid must be performed using the same procedure. This
inactivation is crucial to avoid false-negative samples, due to viable but
non-cultivable bacteria (that’s to say bacteriostatically affected by iodine or
sodium hypochlorite) (Dahlén 2009).
After the inactivation step, a swab impregnated in sterile physiologic serum is
scrubbed into the operative field and external tooth surface, specially the cavosuperficial angle, and immediately transferred to a transport medium in order to
check the sterility: if culture positive results are observed, all samples collected
must be regarded as contaminated and excluded from the study.

1.4.2.2. Proper management of each paper point
Extreme care must be taken when handling the paper cones: any contact with any
external surface of the root canal space (even the access cavity, especially at the
cavo-superficial angle) dramatically increases the chance for false positive results.
Normally, the paper points are inside a paper package that has an appropriate
site to be open: this must be performed using both hands and taking extremely
caution to avoid touching the sterilized coins. That means that when pulling the
back part of box it is recommendable not to till it completely apart, so that the
paper points stay protected from contamination injuries during sampling
collection.
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It is also crucial to touch only one cone at each time, leaving the untouched ones
inside the paper package suitable for a valid sample.

1.4.2.3. Intracanal Dressing
Another issue that can also give rise to false-positive results is the removal of
intracanal dressing before sampling: the remnants left in the canals can be
equally collected and become part of the sample, altering the true results of the
clinical protocol. For example, the residual calcium hydroxide may affect the
viability of bacteria on the paper point.
On the other hand, bacteria can re-enter the pulp space between appointments
through coronal leakage of the temporary restoration and/or marginal deficiency,
cracks and exposed dentinal tubules as demonstrated by Fors et al. 1986. In
those cases, despite the efficiency of endodontic procedures, cultures will be
positive since the hermetic seal was not achieved.

1.5. Processing of samples
1.5.1. Culture
Traditionally, infections of the oral cavity have been studied by classical
microbiological methods as no real alternatives were available (Nair 2007, Dahlén
2009, Rôças & Siqueira 2011a).
Briefly, the microorganism’s Culture starts with sample dilutions in Phosphate
Buffered Saline (PBS) of the transport medium. Carlsson & Sundqvist 1980
suggested inoculating them into appropriate enriched medium under conditions
that prevent oxygen diffusion so that toxic intermediates of oxygen do not
accumulate and interfere with viability of anaerobic bacteria. Plates are then
aerobically, microerobically and anaerobically incubated for a period of time (long
enough to allow even slowly growing species to form colonies; not less than 2
weeks in the case of strict anaerobic bacteria). Gomes et al. 1994 and Sunde et al.
2002 affirmed that the use of all these conditions is important as former results
indicate that 60–70% of the bacterial isolates are found to be either strict
anaerobes or microerophiles and Zielke et al. 1976 observed that an aerobic
culturing technique alone is not sufficient to reflect the microbiologic status of
the root canal system.
After detection of bacterial growth, the procedure includes the isolation of the
representative Colony-Forming Units (CFUs) in order to obtain pure cultures. After
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this, it is possible to apply morphological and biochemical tests to identify the
bacterial species.
Thus, the growth determination or identification of isolated microorganisms is
based on colony morphology, cell morphology and both physical and biochemical
tests (Dalhén 2009) and so, a culture test may be used not only to confirm the
decrease of bacterial load at each dental visit, but also to identify the bacteria
present in the root canal system.
It is thought by several authors like Wade 2002 and Olsen et al. 2009, among
others that about 50% of oral bacteria have not yet been cultivated. Some authors,
like Siqueira 2002, go even far beyond this statement, and propose an emerging
concept stating that bacterial species involved in endodontic infections are
generally uncultivable. Thus, bacteria numbers may be severely underestimated
(Socransky & Haffajee 2005) by Culture results. Despite this, dentists can obtain
useful information with this culture-dependent method. If the Petri’s Plaques are
plenty of several kinds of CFUs, it means that the bacterial load is large and
reveals the polymicrobial nature of the infection. If the CFUs on the plate are few
or spotted, bacteria may be decreasing. If only some scattered colonies are
detected, it means that a bacteria-free condition in the root canal system is likely
to be achieved soon (Yoneda et al. 2010).
Despite a rather time-consuming, labour-intensive and expensive undertaking,
the major limiting factor has been the lack, until recently, of microbial techniques
that are specific and rapid enough to allow evaluation of the large numbers of
samples needed for meaningful in vivo studies (Socransky & Haffajee 2005).

1.5.2. Nucleic Acid Based Approaches
As the Molecular Biology approach (now globally referred as Metagenomics) firstly applied in Endodontics in 1997 by Conrads et al. and since then widely
used in this area - relies on principles developed to overcome the boundaries of
the classic Culture, it has been used in order to provide additional valuable
information regarding the identification and understanding of the causative
factors associated with endodontic diseases.
Molecular

methods

have

become

available,

which

have

helped

clinical

management and improved our understanding of endodontic infections. The use
of several techniques - such as conventional Polymerase Chain Reaction (PCR),
Quantitative

Real-time-PCR

(qPCR), microarrays, clonal
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analysis, and

16S

ribosomal RNA (rRNA) gene sequencing - have emerged as valuable tools for
bacterial detection and identification, enabling more accurate taxonomic
assignments to be made (Li L et al. 2010).
PCR methods are designed to detect microbial DNA rather than living
microorganisms (Sathorn et al. 2007a). It must, however, be stressed that most
molecular biology protocols do not discriminate between live and dead bacteria
(as both have amplifiable DNA). Accordingly, the results may prove difficult to
interpret, since they may not reflect the living endodontic flora, but rather a
historical record of the microorganisms that entered the canal regardless of their
capacity to survive there (Sathorn et al. 2007a).
One possibility to overcome this limitation has been recently described by Loozen
et al. 2011. It relies in the chemical inactivation of free DNA and of DNA from
damaged cells by a light activated Propidium Monoazide driven chemical reaction.
These sources of DNA are rendered non amplifiable by PCR whereas DNA from
intact cells is protected and thus can be amplified and detected (Figure 1.2).

Figure 1.2 – Diagram showing the recently described
Biotium
(Hayward,
California,
USA)
procedure for TMA based inactivation of
DNA from damaged cells, allowing only
amplification and detection of viable-cell
DNA. (adapted from a Biotium product
brochure)

1.5.3. Culture and metagenomics’ complementarity
Both Culture and Metagenomics approaches have advantages and disadvantages
as published by Figdor & Gulabilava 2011.
The identification as well as the characterization of infectious agents can be more
reliably performed with genotypic than with phenotypic markers, although, in
accordance with Relman et al. 1999 and Nair 2007, the latter cannot be
disregarded. Effectively, often both types of methods are used because the
available data supports a cumulative benefit of the two approaches.
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Since its origins in the late 19th century, Bacteriology has largely been based on
the ability to culture organisms of interest usually under in vitro Laboratory
conditions. Indeed, it may be argued that the historical success of Bacteriology
has been a direct result of bacteriological Culture, as well as its widespread
adoption throughout the World. Today the ability to culture bacteria in vitro
remains the cornerstone of this discipline. However, Millar et al. 2007 stated that
there are several situations where Molecular approaches should be considered as
conventional Culture fails to identify the causal organism due to one or more of
the following reasons:
-

the organism is fastidious in nature;

-

the organism is slow growing, e.g. Mycobacterium spp.;

-

Specialized cell culture techniques are required, e.g. Chlamydia spp. and
Coxiella burnetti.

Spratt 2004 evoked that the resolution of these problems may take profit from
the rapid advances in Molecular Biology over the last 20 years, which provides us
with a bewildering array of techniques aimed at teasing apart numerous aspects
of Biology. Accordingly, several human diseases and associated microbial
pathogens were first identified directly from clinical specimens by using
Molecular approaches (Siqueira & Rôças 2009b). From a microbiological point of
view it must however be regarded that there Culture and NA techniques are
expected to show different results: some species are detected by both and others
identified only by one of the techniques mentioned. Neither approach is perfect,
as both are poised with different strengths and limitations. Thus, more work is
needed to satisfactorily reconcile, clarify and resolve the reasons for different
results from these two approaches (Figdor & Gulabivala 2011).
Despite its drawbacks, Culture still has a place in Microbiology studies. It must be
noted that contrary to NA tests, conventional cultures allow phenotypic studies
and preserve the specimen under investigation. Thus, in cases of organism
identification in unusual clinical conditions and in situations where pure cultures
are needed for additional analysis Culture still is an important resource
(Socransky & Haffajee 2005). Thus, Culture will still be, for a number of years, the
gold standard for most clinicians, while the new techniques are further
developed,

disclosing

new

knowledge

and

complementing

the

present

information in endodontic microbiology (Dalhén 2009).
The last years, have witnessed an awakened interest in the biomedical community
for the study of biofilms since biofilm communities are responsible for the
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majority of bacterial infectious human diseases. This is a unique opportunity to
meld in vitro, in vivo, and translational research, but it is critical that these three
approaches be carried out in parallel with collaborative interactions. There is a
great fear that the research community and research administrators have become
enraptured with “metagenomics”, “proteomics”, and in vitro systems (Socransky &
Haffajee 2005), and disregard the important role that conventional cheaper
technologies can still play. In fact, genotypic studies alone may have little
relevance to the in vivo ecosystem of interest. The challenge for the near future
will be to balance those three approaches so that major advances can be made in
our understanding of biofilm ecosystems (Socransky & Haffajee 2005).

1.6. MRS as surrogate marker of endodontic outcome
1.6.1. Positive cultures and the prognosis of Endodontic Treatment
As above mentioned, MRS is useful for the development of clinical protocols and
ultimately could be used as a predictor (a surrogate endpoint) for the success rate
of endodontic treatment (Sathorn et al. 2007a). However, a judicious look at the
published data gives a more complex picture, that’s to say, MRS results and
clinical outcomes do not show a simple all-or-none relationship limiting the
predictive value of MRS (Sathorn et al. 2007a).
It has been questioned by several authors including Zeldow & Ingle 1963,
Ergström et al. 1964, Bender et al. 1964, Oliet & Sorin 1969, Heling & Shapira
1979 and Eggink 1982, whether the results of the endodontic treatment are
improved by the observation of a negative culture before filling. In fact, authors
like Bender et al. 1964 and Morse 1971even claimed that culturing was no longer
necessary, stating that the results of endodontic treatment were not based on
culture findings. In fact, some studies, published by Mollander et al. 1998 and by
Sundqvist et al. 1998, argued that a substantial number of canals with positive
culture can heal and a number of “diseased” cases yielded negative cultures. This
controversy has remained to the present day with some studies showing that
complete periapical healing occurs in 94% of the cases that yielded a negative
culture, whereas in samples with positive cultures prior to root filling, treatment
success rate dropped to 68%, concomitantly to same year studies indicating that
32–56% of endodontic treated teeth with persistent apical lesions (failed cases)
show negative bacterial cultures (Molander et al. 1998, Sundqvist et al. 1998).
Molecular biology studies, as the one of Kaufman et al. 2005, with its improved
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sensitivity have, in some cases, added to the controversy showing that residual
bacteria can be detected in a high proportion (77%) even in successful cases.
However, this conflicting data can, at least to some point, result from use of
limited value or even inadequate microbiological techniques (no anaerobic
culturing, for example). Also, some of the studies, not entirely supporting MRS
usefulness, conducted by Byström et al. 1987, Sjögren et al. 1997, Sundqvist et
al. 1998, Waltimo et al. 2005, Fabricius et al. 2006, Sathorn et al. 2007a and
Siqueira & Rôças 2008 show, nevertheless, a small outcome difference (10% to
15%) between MRS positive and negative teeth, thus still supporting the notion
that, at the time of obturation, a positive culture leads to lower success rates.
Thus, as stated by Matsumoto et al. 1987, testing for lack of endodontic bacteria
before filling the root canal can be regarded as an important measure to the
prevention of refractory periapical lesions. This has even been recognized by
some MRS opponents like Morse 1981 who, in disagreement with previous own
statements, wrote: “Anaerobic microbes are becoming clinically important and
with the adoption of simplified anaerobic culture techniques, it may once again
become important to take cultures”.
Later, Sjögren et al. 1997 emphasized the idea that “a single factor produces a
single effect” is probably too simplistic and does not fit the complex relationship
between host and disease. The host response and/or the quality of coronal
restoration were factors related by Ray & Trope 1995, Tronstad et al. 2000,
Dugas et al. 2002, Hommez et al. 2002 and Siqueira et al. 2005 which could also
influence endodontic clinical outcomes. It is unrealistic to expect that a culture
taken at a single time point immediately before obturation will be a perfect
predictor of outcome (Sathorn et al. 2007a).
Even when the endodontic treatment does not succeed to completely eradicate
the infection, the truth is that the huge majority of bacteria are eliminated and
the environment is markedly disturbed. To survive and therefore be detected in
post-treatment samples, bacteria have to resist or escape intracanal disinfection
procedures and rapidly adapt to the drastically altered environment caused by
treatments procedures. So, some authors suggested that, if cultivable bacteria
persist in the canal, healing of lesions may be delayed (Waltimo et al. 2005) and
long term outcome may depend on the quality of the root canal filling (Möller et
al. 2004, Fabricius et al. 2006). Therefore, a good treatment outcome may not be
solely associated with bacteria-free root canals, but the importance of bacterial
elimination from the infected site should not be ignored (Figdor & Sundqvist,
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2007). The radiographic success may still miss histological inflammation, but
several studies have demonstrated that the clinical protocols that ensure a
significant decrease on bacterial load during endodontic procedures tend to
achieve a very high success rate (Trope & Debelian, 2008). Furthermore, Nair
2006 wrote that causes other than intraradicular infections may be responsible
for persistent lesions, such as true cyst, extraradicular infection, foreign body
reaction, and scar tissue which cannot be managed by orthograde endodontic
treatment.

1.6.2. Culture results and healing of apical lesions
The probability for apical lesion of teeth with negative cultures to heal completely
after treatment is 6.8 times bigger than those with positive cultures; yet, this
apparently strong association, from an epidemiological perspective may not be
particularly high (sathorn et al. 2007a). Thus, although a relation to clinical
outcome does exist, intraradicular bacterial status may not be a strong predictor
of apical lesion clinical outcome.

1.6.3. Single or Multiple-visit endodontics
In the meta-analysis study of Sathorn et al. 2005, no significant difference was
found between clinical outcomes for single and multiple-visit endodontics.
Calcium hydroxide intracanal dressing has been associated with enhanced
bacterial elimination, as demonstrated by Law & Messer 2004, by a reduction in
the number of positive root canal cultures. However, this theoretically predicted
advantage of multiple sessions does not translate to higher healing rates, as
documented by three randomized controlled clinical trials performed by Trope at
al. 1999, Weiger et al. 2000, Peters & Wesselink 2002 and the meta-analysis of
such trials mentioned before (Sathorn et al. 2005).

1.6.4. Result reversals
When MRS measures an increase of bacterial colonies relative to the first bacterial
status the result will be interpreted as a reversal. Higher numbers of culture
reversals are usually interpreted as a signal of lower MRS accuracies (Sathorn et
al. 2007a). However, bacteria detected in post-instrumentation samples may be
remnants of the initial infection that resisted instruments and irrigation or were
introduced in the root canal as a result of a breach in the aseptic chain (Siqueira &
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Rôças 2008). Another possibility is that if bacteria numbers are low, they may not
be detected in the initial sampling due to sampling difficulties; however, after
chemomechanical preparation, enlargement of the canal may benefit sampling
quality and render sampling more efficient. In these cases, although MRS has
measured bacterial status correctly, use of the above mentioned rational would
disregard them as clinically incorrect (Sathorn et al. 2007a). Thus, result reversals
frequency may not be an appropriate measure of MRS accuracy.

1.7. Influence of MRS on Endodontic Performance
The ideal clinical question to be answered can be framed in terms of a PICO
question (problem-P, intervention-I, comparison-C, and outcome-O) as follows
(Law & Messer, 2004): with healing or prevention of apical periodontitis by
endodontic treatment as target, does MRS improve clinical protocols and success
rates?
As mentioned before, MRS is a passive sample of the main root canal space,
which does not include inaccessible areas such as accessory canals, fins and
dentinal tubules, nor adherent biofilms. The technical handling is simple,
comprehensible but can be perceived as not so straightforward to be applied: this
is the main reason, affirmed Molander et al. 1996b, for practitioners’ rejection of
MRS.
It is also relevant to observe that since endodontic treatment frequently relieves
patients of their symptoms, the benefits of MRS, may appear very limited from a
strict symptomatic point of view. Thus, it can be claimed that MRS benefits are
only related to a decreased probability of some undesirable future event (failed
periapical healing) which seems quite poor. This may be the supporting argument
for those defending that MRS could be useful specifically in selected cases such
as teeth of high strategic prosthodontics importance where one must guarantee
optimal results (Molander et al. 1996b).
Even nowadays, the benefit of using MRS is not immediately observed in
agreement with the statements of Molander et al. 1996b: besides economic
incentives, MRS would possibly have attracted a higher adoption rate if it were
associated with the provision of high-status dentistry and positive health effects.
Obviously, despite the divergence linked to the diffusion of the technology, there
are questions like the costs, the learning curve, the extra time-consuming
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procedure requested to sample and the articulation with the Lab that must be
considered. Thus using MRS in all endodontic cases may prove difficult.
From another perspective, the chairside anaerobic culture test tested by Yoneda
et al. 2010 has an educational effect for inexperienced dentists, such as trainees.
Educating trainee dentists and dental school students about the importance of
correct dental treatment from the beginning of their dental careers is,
undoubtedly, a valid work. The results of the chairside anaerobic culture test can
help them understand that root canals with apical periodontitis are seriously
contaminated, and they should try to eliminate bacteria under the rubber dam
and make good restorations (Yoneda et al. 2010).
Undoubtedly, MRS implies an optimal control of the cross infection during
endodontic procedures as we just want to collect bacteria from the inside of the
root canal system. If we have in mind the role of intracanal bacteria in causing
apical periodontitis and the need to achieve bacteria control during endodontic
treatment, than it can be easily argued that MRS is a mean of checking the
asepsis of the procedures and so, those operative conditions that favour the
success of the therapeutic action should be, positively, the way to work: the
standard behaviour.
A well instrumented and well filled root canal has greater chance to be free of
microorganism. Careful antiseptic measures in all treatment steps cannot be
overestimated (Sathorn et al. 2007a).

1.8. To MRS or not. That’s the question!
The infected root canal system acts as a reservoir of microbial cells, virulence
products and antigens, which collectively evoke and maintain apical periodontitis
(Rôças & Siqueira 2011). Conceivably, we must remove from the root canal
system those aetiological factors.
The current knowledge in endodontic microbiology is based on the application of
several methods, such as conventional histology and electron microscopy,
scanning confocal laser microscopy, microbial culturing and biochemical and
molecular techniques (Nair 2007).
MRS is a sensitive procedure in a hostile setting. Bacterial culture and
identification is not an end in itself (Sathorn et al. 2007a). Its main clinical
purpose is to test different endodontic protocols and, if possible, to document an
association between cultures status and healing.
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In our search of a more reliable approach, results from sampling studies are
recommended as surrogate endpoints for long-term clinical outcome studies,
despite the well-recognized strict conditions of samples’ collection (Sathorn et al.
2007a).
Future longitudinal studies are necessary to evaluate if the persistence of some
specific species or remaining uncultivable microorganisms (Dalhén 2009) are of
significant importance for endodontic treatment failure (i.e., if any given species
persisting in the root canal is a risk factor for post-treatment apical periodontitis).
To pursuit these intentions, methods for the recovery of all microorganisms are
critical and must be a target concern. Spångberg 2006 advertised that it is crucial
to establish and agree on the best methods of sampling for molecular techniques
and culturing methods.
With the insight that we still do not have the complete picture of the microflora
and that new techniques will complement or even change our future opinions on
the natural history and complexity of the root canal flora (Dalhén 2009), at
present time, we do not have an alternative approach to study this enthralling
subject: sample the pulpal space supported by evidence-based guidelines
presented throughout this article.
Future improvements in root canal treatment will likely come from a deeper
biological insight into the microbial pathogenicity and the factors regulating
community behaviour (Siqueira & Rôças 2009a). The two approaches described
(Culture and Molecular Biology studies) are not exclusive to each other and
should be used together by endodontic microbiologists in an informed polyphasic
manner to understand the complex nature of root canal infections (Spratt 2004).
While culturing may not be mandatory for clinical practice, the practitioner should
choose a treatment protocol that has been shown in controlled studies to result
in a predictably low microbial count before filling the root canal (Dalhén 2009).
But to become closer to the real endodontic microflora and the way to eradicate
them, presently, MRS is undoubtedly the option.
Consequently, sampling is in the mood.
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2. ENDODONTIC MICROBIOLOGY
Colonization is the establishment of microbes in a host if appropriate biochemical
and physical conditions are available for growth. Normal oral flora is the result of
a permanent microbial colonization in a symbiotic relationship with the host.
Although the microbes in the normal oral flora participate in many beneficial
relationships, they are opportunistic pathogens if they gain access to a normally
sterile area of the body such as the dental pulp or periradicular tissues and
produce disease (Baumgartner et al. 2002).
Therefore, any species found in the canal has the potential to be an endodontic
pathogen or at least to play a role in the ecology of the oral microbial community.
The steps in the development of an endodontic infection include microbial
invasion, multiplication, and pathogenic activity which are associated with host
response.
The bacteria in an infected root canal system are a restricted group compared to
the oral flora. In fact, although a large number of bacterial species (about 100 to
200) can be found in the oral cavity of a particular individual (Paster et al. 2006),
only a limited set of these species (about 10 to 30) is consistently selected for
growth and survival within a root canal containing necrotic pulp tissue from the
same individual (Siqueira & Rôças 2008).
Lourens Baas Becking, a Dutch microbiologist (1895-1963), is credited with the
statement: ‘Everything is everywhere, but the environment select’ which refers to
the local environment as a critical determinant in microbial ecology and survival.
In the oral cavity, distinct microenvironments at various soft and hard tissue
surfaces influence the composition of the microbiota (Figdor & Gulabilava 2011).
For endodontic infection to develop, the root canal must be devoid of vital pulp
tissue and its defenses, as a consequence of either pulp necrosis (as a sequel to
caries, trauma, periodontal disease, or iatrogenic operative procedures) or pulp
removal for treatment. The borderline between the infecting microbiota and the
host defenses is often located intraradicularly, i.e., short of or at the apical
foramen. In some cases, however, microorganisms may reach the periradicular
tissues, and the borderline is then situated extraradicularly, i.e., beyond the
boundaries of the apical foramen (Siqueira & Rôças 2009a).
The untreated infected root canal system is an environment that provides
microorganisms with a rich source of nutrition. Initially, there may be a source of
carbohydrates facilitating growth of facultative anaerobes, but as the infection
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develops over time, the nutrients are mainly peptides and aminoacids, which
favor anaerobic proteolytic species (Figdor & Gulabilava 2011).
Without doubt, bacteria are the most common microorganisms occurring in
endodontic infections. Datasets from Culture and Molecular studies showed that
more than 400 different microbial taxa belonging to 100 genera and 9 phyla have
been identified in different types of endodontic infections. The phyla with the
highest species richness were Firmicutes, Bacteroidetes, Actinobacteria, and
Proteobacteria. Diversity varies significantly according to the type of infection.
Overal, more taxa have been disclosed by Molecular studies than by Culture.
Many cultivable and as-yet-uncultivated phylotypes have emerged as candidate
pathogens based on detection and/or high prevalence (Siqueira & Rôças 2009a).
In addition to bacteria, fungi and archaea have been only occasionally found in
intraradicular infections (Siqueira et al. 2002a; Vianna et al. 2006a; Vickerman et
al. 2007), while herpesviruses and HIV have been detected in apical periodontitis
lesions (Sabeti et al. 2003, Saboia-Dantas et al. 2007, Sunde et al. 2008, Chen et
al. 2009) (Siqueira & Rôças 2009b).
The last years have witnessed a trend toward a more holistic concept of the
etiology of human endogenous infections that considers the bacterial community
as the unit of pathogenicity (Siqueira & Rôças 2009a).
Community profiling analyses of the endodontic microbiota have disclosed some
interesting findings (Siqueira & Rôças 2009b):
a) the different types of endodontic infections were confirmed as being
composed of mixed communities (Siqueira et al. 2004, Machado de
Oliveira et al. 2007a), including persistent/secondary infections associated
with treated teeth (Rôças et al. 2004a);
b) some underrepresented uncultivated bacteria may be commonly found in
infected root canals (Siqueira et al. 2005, Machado de Oliveira et al.
2007b);
c) bacterial communities may follow a specific pattern according to the
clinical condition (chronic apical periodontitis, acute apical abscesses, and
treated teeth) (Rôças et al. 2004a, Siqueira et al. 2004);
d) there is a great interindividual variability in endodontic communities
associated with the same clinical disease (Siqueira et al. 2004, Sakamoto et
al. 2006), i.e., each individual harbors a unique endodontic microbiota in
terms of species richness and abundance. This is consistent with the high
numbers of different taxa that have been detected in endodontic
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infections. It also indicates that apical periodontitis has a heterogeneous
aetiology, where no single species can be considered as the main
endodontic pathogen, and multiple bacterial combinations play a role in
disease causation (Siqueira & Rôças 2008);
e) this interindividual variability is still more pronounced when individuals
from different geographical locations are analyzed (Rôças et al. 2004b
Siqueira et al. 2004, Machado de Oliveira et al. 2007a, Siqueira et al.
2008).
The fact that the composition of the endodontic microbiota differs consistently
between individuals suffering from the same disease (Rôças et al. 2004a; Siqueira
et al. 2004, Machado de Oliveira et al. 2007a) denotes a heterogeneous etiology
for apical periodontitis, where multiple species combinations can lead to similar
disease outcomes. Identification of the community members can reveal the
presence of some species or group of species that may be important for the
causation of some forms of disease. It is reasonable to realize that disease
severity, based on intensity of signs and symptoms, or response to treatment
may be related to the bacterial community composition. Therefore, specificity in
causation of apical periodontitis appears to be stronger at the community level
(Siqueira & Rôças 2009b).
Apical periodontitis is a more widespread disease than moderate or severe
marginal periodontitis, affecting 50% of the population by age 50, and 62% of
individuals over age 60 (Eriksen 2008). That´s to say it is a very prevalent Health
problem.
So, a critical evaluation of the composition of the endodontic microbiota
associated with the different forms of apical periodontitis and different types of
infection is more likely to yield meaningful information and, ultimately, rational
treatment solutions (Figdor 2002).
On the other hand, knowledge of the patterns of microbial colonization allows the
establishment of antimicrobial therapeutic strategies to reach and eliminate
microorganisms located not only in the main canal, but also in other areas of the
system in which bacteria can propagate (Siqueira & Rôças 2008). It has been
demonstrated that bacteria do not restrict their colonies to the root canal - there
are many other parts of the tooth where they can establish colonies (Peters et al.
2001). These include the dentine tubules, lateral canals, accessory canals,
transverse anastomoses between canals, the isthmus, fins, “loops”, etc. (Abbott
1990).
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2.1. Pathogenesis of Apical Periodontitis
Of the major dental diseases, infection of the root canal is unique for the oral
cavity since infection establishes where microorganisms have not previously been
present. The other microbial diseases of the oral cavity, caries and periodontal
disease for example, develop at sites where a microbial biofilm is already
established and disease occurs with a change in the environmental conditions,
the type and mix of microbial flora (Marsh 2003). In the oral cavity, there are a
high number of bacteria (Paster et al. 2001) and all seek a niche and nutrition. As
long as the enamel and cementum layers are intact, the pulp and root canal are
protected from invasion, but loss of these structures by caries, cracks or trauma
opens an avenue for penetration of bacteria through the dentinal tubules. Leaving
behind the nutritionally rich and diverse environment of the oral cavity,
microorganisms that establish in the root canal must breach enamel, invade
dentine, overwhelm the immune response of the pulp and settle in the remaining
necrotic tissue (Figdor & Sundqvist 2007).
While various chemical and physical irritants can cause irritation and even
necrosis of the pulp, the most common causes for pulpal inflammation (pulpitis)
are bacteria and/or their products entering the pulp through a deep caries lesion
or a leaking filling, for example. An inflammatory reaction in the pulp starts long
before bacteria invade the pulp tissue and it is first initiated by bacterial antigens
interacting with the local immune system. As long as the carious lesion has not
entered the pulp, the pulpal inflammation is likely to be reversible. However,
when the carious lesion does reach the pulp and the hard tissue barrier is
breached, bacteria can invade the pulp.
Even after this point, the infection may remain relatively superficial and most of
the pulp tissue is vital and bacteria free. For this reason, endodontic treatment of
pulpitis should be considered to be treatment of an inflammation and prevention
of an infection. In apical periodontitis, bacteria invade further and colonize the
entire root canal system.
Hence bacteria invading the dentine cause inflammation in the pulp tissue that
with time, without any kind of treatment, leads to necrosis, a fact that can easily
occur as the blood supply of the pulp is limited and fragile. The necrosis is the
terminal end of the inflammatory process which, when large enough, causes the
tissue to collapse due to the heavy bacterial load. Bacteria easily invade the
necrotic pulp tissue since there is no host defense. Once the dental pulp becomes
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necrotic, the root canal system becomes a “privileged sanctuary” for clusters of
bacteria,

bacterial

by-products,

and

degradation

products

of

both

the

microorganisms and the pulpal tissue (Möller et al. 1981, Sundqvist 1992a,
Baumgartner et al. 2002).
The invading bacteria seem to go through some selection mechanism by the
route of infection and through the ecological pressure in the root canal system
(Peciuliene et al. 2008).
Actually, all bacteria within the oral cavity share the same opportunities for
invading the root canal space; nevertheless, only a restricted group of species
have been identified in infected root canals (Wittgow & Sabiston 1975, Sundqvist
1994). The reason for the disproportionate ratio between potential and actual
number of species is that the root canal is a unique environment where biological
selection drives the type and course of infection. An anaerobic milieu,
interactions between microbial factors and the availability of nutrition are
principal factors that define the composition of the microbial flora (Sundqvist
1994). In the initial phase of a root canal infection, the number of species is
usually low. If the way of invasion is via caries, the bacteria in front of the carious
process are the first to reach the pulp. In cases where there is no apparent
communication with the oral cavity and the bacteria penetrate through dentinal
tubules, as in trauma cases without pulp exposure, there is no clear pattern of
primary bacterial invaders (Figdor & Sundqvist 2007).
Studies on the dynamics of root canal infections have shown that the relative
proportions of anaerobic microorganisms and bacterial cells increase with time
and that the facultative anaerobic bacteria are outnumbered when the canals have
been infected for three months or more (Fabricius et al. 1982). The endodontic
milieu is a selective habitat that supports the development of specific proportions
of the anaerobic microflora. Oxigen and oxygen products play an important role
as ecological determinants in the development of specific proportions of the root
canal microflora. The consumption of oxygen and production of carbon dioxide
and hydrogen along with the development of a low reduction-oxidation potential
by the pioneer species favour the growth of several obligate anaerobic bacteria
(Figdor & Sundqvist 2007).
After the endodontic infection is established, micro-organisms enter in close
contact with the periradicular tissues via the apical foramen and occasional
foraminas, inflict damage to these tissues, and give rise to inflammatory changes
(Siqueira & Rôças 2005a).
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As a result, apical periodontitis can be considered as an inflammatory reaction in
the periapical tissues to the presence of selective species of microorganism in a
unique niche within the root canal.
As mentioned before, once bacterial invasion of pulp tissues has taken place,
both nonspecific inflammation and specific immunologic response of the host
have a profound effect on the progress of the disease. The notion of infection
implies damage of the host by microorganism and production of clinical signs
and symptoms.
Apical periodontitis can be described as a dynamic encounter between microbial
factors and host defenses at the interface between infected radicular pulp and
periodontal ligament that results in local inflammation, resorptions of hard
tissues, destruction of other periapical tissues, and eventual formation of various
histopathological categories of apical periodontitis, commonly referred to as
periapical lesions (Nair 1997). The microbial factors and host defense forces
encounter, clash with, and destroy much of the periapical tissue, resulting in the
formation of various categories of apical periodontitis lesions. In spite of the
formidable defense, the body is unable to destroy the microbes well entrenched
in the sanctuary of the necrotic root canal, which is beyond the reaches of body
defenses. Therefore, apical periodontitis is not self-healing (Nair 2004).

2.2. Overview of the classic studies
The establishment of the foundation of contemporary Endodontics as the
discipline primarily involved with the treatment of an infectious disease started
many years ago.
Antony van Leewenhoek, the inventor of single-lens microscopes, was the first to
observe oral flora (Bibel 1983). His description of the “animacules” observed with
his microscopes included those from dental plaque and from an exposed pulp
cavity (Baumgartner et al. 2002).
More than a century ago, based on his findings - attendance of numerous types of
bacteria in the necrotic dental pulp – Miller, in 1890, raised the hypothesis that
bacteria were the causative factors of apical periodontitis. By means of
bacterioscopy of the canal samples, he found bacterial cells in the three basic
morphologies known, i.e. cocci (round cells), bacilli (cylindrical cells) and spirilla
(helical cells). Morphologically, the endodontic microbiota was clearly different in
the coronal, middle and apical parts of the root canal. Most of those bacteria were
conceivably anaerobic bacteria, which were only successfully cultivated about 50
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to 100 years later with the advent of anaerobic culture techniques (Siqueira &
Rôças 2008).
However, the essential role of microorganisms in the aetiology of apical
periodontitis remained doubtful for several years. Barely, in 1965, Kakehashi et
al. have shown those assumptions: no apical periodontitis developed in germ-free
rats when their molar-pulps were kept exposed to the oral cavity, as compared
with control rats with a conventional oral microflora in which massive periapical
radiolucencies occurred. Thus, the presence or absence of microbial flora was the
major determinant for the destruction or healing of exposed rodent pulps.
The great significance of obligate anaerobes in endodontic infections was soon
established (Möller, 1966). These findings were confirmed by researchers who
used anaerobic techniques (Bergenholtz, 1974, Wittgow and Sabiston, 1975).
Another classic study performed by Sundqvist in his dissertation in 1976 found
that the root canals of 18 out of 19 periapically affected teeth with 'intact' crowns
harbored a mixture of several species of bacteria that consisted predominantly of
strict anaerobes. This author applied advanced anaerobic culturing techniques to
the evaluation of bacteria occurring in the root canals of teeth whose pulps
became necrotic after trauma. Bacteria were found only in the root canals of teeth
exhibiting radiographic evidence of apical periodontitis, confirming the infectious
aetiology of this disease. Anaerobic bacteria comprised more than 90% of the
isolates. Findings from this Sundqvist’s study and from Möller et al. 1981 also
served to demonstrate that, in the absence of infection, the necrotic pulp tissue
itself and stagnant tissue fluid in the root canal cannot induce and perpetuate
apical periodontitis lesions (Siqueira & Rôças 2008) corroborating the importance
of microorganisms for the development of apical periodontitis.
When Sundqvist et al. 1989, cultured intact root canals, 91% of the organisms
were strict anaerobes. When Baumgartner & Falkler 1991 cultured the apical 5
mm of root canals exposed by caries, 67% were found to be strict anaerobes. A
polymicrobial ecosystem seems to be produced that selects for anaerobic bacteria
over time. Sundqvist 1992b and Gomes et al. 1994 used odds ratios to show that
some bacteria tend to be associated in endodontic infections. This suggests a
symbiotic relationship that may lead to an increase in virulence by the organisms
in that ecosystem. Clinicians may consider chemomechanical cleaning and
shaping of the root canal system as total disruption of that microbial ecosystem
(Baumgartner et al. 2002) (Figure 2.1).
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These series of pathobiological studies have subsequently determined the
conditions under which the endodontic flora develops and establishes itself, and
also the biological properties and endodontic conditions which may favor the root
canal flora to become pathogenic.
Later, another relevant observation was that bacteria in a root canal infection do
not occur in vivo as separate colonies, but grow within an extracellular matrix in
interconnected communities as a bacterial biofilm (Figure 2.2). By the the
application of the precise technique of correlative light and transmission electron
microscopy, an accurate depiction of the ultrastructural appearance of these
biofilms in the infected root canal was first reported by Nair, who described them
as coaggregating communities with a palisade structure (Nair 1987). The clinical
significance of a biofilm growth pattern is that bacteria are relatively protected
within the coaggregated community compared with planktonic forms and are
known to be more resistant to antimicrobial treatment measures (Costerton et al.
2003, Abdullah et al. 2005). More recently, the fact that, in advanced stages of
the infectious process, bacterial organizations resembling biofilms (Figure 2.2)
can be observed adhered to the canal walls was confirmed by several authors.
Thus, there is a current trend to include apical periodontitis in the category of
biofilm-induced diseases which is a major step forward to the understanding of
root canal infection (Siqueira et al. 2002b, Chavez 2007, Özok et al. 2007).

Figure 2.1 - The ultrasonic + NaOCl group
displaying clean canal walls, but
E. faecalis is still present in the
tubule area in SEM views in the
apical third (canal wall top left:
5,000× BSE; bottom left: 5,000×
SE; right: 20,000× exposed
tubule area BSE). Bacterial
biofilm formed on the root
canal wall In Gründling et al.
2011
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Figure 2.2 - Bacterial biofilm formed on
the root canal wall (scanning
electron microscopy, original
magnification)).IN: Siqaueira
& Rôças, 2009c.

2.3. Portals of root canal infection
Microorganisms can enter into the pulp space through an open cavity, dentinal
tubules, periodontal ligament or the gingival sulcus, anchoresis or faulty
restaurations, probably, being caries the most common cause for bacterial access
to the pulp (Figure 2.3).

Figure 2.3 – Portals of root canal infection In: Pradeep et al. 2005.

But microbes have also been isolated from teeth with necrotic pulps and clinically
intact crowns (Brown & Rudolph, 1957, Macdonald et al. 1957, Engström &
Frostell 1961, Möller 1966, Bergenholtz 1974, Wittgow & Sabiston 1975,
Sundqvist 1976, Baumgartner et al. 1999). Endodontic infections of such teeth
are preceded by pulpal necrosis. The teeth may appear to be clinically intact but
reveal micro-cracks in hard tissues that provide portals of entry for bacteria (Nair
2004).
A random process occurs only if the pulp chamber is left open to the oral cavity –
therefore, it should be not expected that the numbers of participating species in
the closed root canal to be as rich and diverse as those root canals that have been
left open to the oral cavity (Peciuliene et al. 2008).
Microbes have also been claimed to 'seed' in the necrotic pulp via the blood
circulation (anachoresis) (Nair 2004). This is a process by which microbes may be
transported in the blood or lymph to an area of inflammation such as a tooth with
pulpitis, where they may establish an infection. The phenomenon of anachoresis
has been demonstrated in animal models both to nondental inflamed tissues and
inflamed dental pulps (Gier & Mitchell 1968). However, the localization of
bloodborne

bacteria

in

instrumented

but

unfilled

canals

could

not

be

demonstrated in an animal mode: infection of unfilled canals was possible only
with overinstrumentation during the bacteremia to allow bleeding into the canals
(Delivanis & Fan 1984). Anachoresis may be the mechanism through which
traumatized teeth with intact crowns become infected (Grossman 1967). The
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process of anachoresis has been especially associated with bacteremias and
infective endocarditis (Baumgartner et al. 2002).

2.4. Types of Endodontic Infection
Briefly, endodontic infection can be classified according to the anatomical
location (intraradicular or extraradicular infection) and the time participating
microorganisms established themselves in the root canal (primary, secondary, or
persistent infection) (Siqueira 2002).
The intraradicular infection (caused by microorganisms colonizing the root canal
system) can be divided in categories as a result of the moment of entrance of the
microorganisms into the pulp space:
• primary infection (figures 2.4 to 2.6) – caused by microorganisms that initially
invade and colonise the necrotic pulp tissue (initial or ‘virgin’ infection);
• secondary infection – caused by microorganisms that were not present in the
primary infection, but that were introduced in the root canal at some time after
professional intervention (so called because it is secondary to intervention);
• persistent infection (figure 2.7) – caused by microorganisms that were members
of a primary or secondary infection and that in some way resisted intracanal
antimicrobial procedures, and were able to endure periods of nutrient deprivation
in treated canals; this situation represents a more complex etiological and
therapeutic situation (Siqueira & Rôças 2008).

Figure 2.4 – X-ray of
tooth with AP

Figure 2.5 – X-ray of a
tooth
with
pulp
exposure, necrotic
(left) and without
pulp exposure, with
AP (right)
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Figure 2.6 – X-ray of a multicanalar
tooth with pulp exposure,
with AP (second from left
side)

Figure 2.7 – Examples of persistent endodontic infections

Clinically, the last two are indiferentiable, except in cases with signs and/or
symptoms of infection in a non-infected tooth up to that time. In these situations
there is no dough: it is a secondary one.
Extraradicular infection, whose origin can depend or not on the intraradicular
one, consists in the microbial invasion of the inflamed perirradicular tissue.

2.5. Composition of flora and localization of bacteria in
endodontic infections

The comprehension of species abundance and distribution is essential for
understanding the behavior of a microbial community (Table 2.1) (Liu et al.
1997).
Because of the absence of a cell-mediated defense, such as phagocytosis and a
functioning immune defense system in the necrotic pulp, the localization of the
residing microorganisms is mainly affected by the redox potential and availability
of nutrients in the various parts of the root canal (Sundqvist 1994).
The composition of the flora as well as the localization of microorganisms in the
necrotic root canal are affected by several local factors: the amount of oxygen in
the root canal (redox potential), access to and availability of nutrients in the
various parts of the root canal, bacterial synergism and competition, and the
host’s defense system. Namely, the root canal system is a selective habitat that
allows the growth of certain species of bacteria in preference to others. Tissue
fluid and the breakdown products of necrotic pulp provide nutrients rich in
polypeptides and amino acids. These nutrients, low oxygen tension, and bacterial
by-products determine which bacteria will predominate (Baumgartner et al. 2002).
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Table 2.1 – Main distinctive features of endodontic microbiota in different clinical conditions (adapted
from Siqueira & Rôças, 2009c)
Persistent/
Persistent
Primary infections
secondary
infections
infections
Chronic Apical
Acute apical
Filling stage
Treated teeth
Periodontitis
abscess
Mixed,
Mixed, sometimes
Community
mixed
mixed
sometimes
single
single
Adequate
treatment: 1-5
Nº taxa/case
10-20
10-20
1-5
Inadequate
treatment: 2-30
Uncultivate
d bacteria

40-55%

40%

42%

55%

Most
prevalent
groups

Gram-negative
/Gram-positive
anaerobes

Gram-negative
anaerobes

Gram-positive
facultatives
/anaerobes

Gram-positive
facultatives

Most
frequent
taxa

Treponema spp.
Tannerela forsythia
Porphyromonas spp.
Dialister spp.
Filifactor alocis
Pseudoramibacter
alactolyticus
Fusobacterium nucleatum
Synergistes spp.
Eikenella corrodens
Prevotella spp.
Olsenella spp.
Parvimonas micra
Peptostreptococcus
spp.
Campylobacter spp

Treponema spp.
Tannerela forsythia
Porphyromonas
spp.
Dialister spp.
Fusobacterium
nucleatum
Eikenella corrodens
Synergistes spp.
Prevotella spp.
Olsenella spp.
Parvimonas micra

Streptococcus
mitis
Other streptococci
Propionibacterium
spp.
Fusobacterium
nucleatum
Prevotella spp.
Pseudoramibacter
alactolyticus
Parvimonas micra
Lactobacilli
Olsenella spp.
Actinomyces spp.
Pseudomonas
aeruginosa
Enteric rods

Enterococcus faecalis
Candida albicans (yeast)
Streptococcus spp.
Pseudoramibacter
alactolyticus
Propionibacterium
propionicum
Filifactor alocis
Dialister spp.
Actinomyces spp.
Pseudomonas
aeruginosa
Enteric rods

Since the root canal environment and nutritional supply govern the dynamics of
the microbial flora, it means that the bacteria present in the root canal will
depend on the stage of the infection.
The anaerobic microorganisms are currently the subject of extensive basic
research as the main causative agent of endodontic infections. But these invaders
are not found clinically in pure culture, because of their synergistic nature
requiring specific nutrients for growth and the presence of other microorganisms
to supply some of these products necessary for survival (Pasteur 2001).
The strict anaerobes grow only in the absence of oxygen but vary in their
sensitivity to oxygen. They function at low oxidation-reduction potentials and
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generally lack the enzymes superoxide dismutase and catalase. Microerophilic
bacteria can grow in an environment with oxygen but predominantly derive their
energy from anaerobic energy pathways. Facultative anaerobes grow in the
presence or absence of oxygen and usually have the enzymes superoxide
dismutase

and catalase

(Baumgartner et al. 2002). They grow well in

anaerobiosis. However, their primary energy source is carbohydrates. Obviously,
that a decrease in availability of carbohydrates in the root canal occurs when
there is no direct communication with the oral cavity. This fact limits growth
opportunities for facultative anaerobes. Endogenous proteins and glycoproteins
are the main nutrients in the root canal system of primary endodontic cases. The
main source of proteins in the root canal is a process of degradation of the small
volume of pulpal tissue and influx of serum like exudates from periapical tissues
into the canal due to inflammatory process (Peciuliene et al. 2008).
Obligate aerobes require oxygen for growth and possess both superoxide
dismutase and catalase (Baumgartner et al. 2002).

2.6. Primary endodontic infection
Primary infections are caused by microorganisms that colonize the necrotic pulp
tissue. It can also be regarded as the initial or ‘wild’ infection, in the sense that
there

has

not

been

any

professional

intervention

yet.

Participating

microorganisms may have been involved in the earlier stages of pulp invasion
(usually via caries), which culminated in inflammation and further necrosis, or
they can be latecomers that took advantage of the environmental conditions in
the root canal after pulp necrosis. Primary infections are the cause of primary
apical periodontitis, which can manifest itself as a chronic or acute disease. Some
acute conditions may evolve to an abscess, which in some cases can spread to
head and neck spaces to establish a life-threatening condition (Siqueira & Rôças
2009b).
The number of bacterial species in an infected root canal may vary from one to
more than 12, and the number of Colony-Forming Units (CFUs) in an infected root
canal varies from 103 to 108. (Sundqvist 1976, Vianna et al. 2006a, Sakamoto et
al. 2006, Siqueira et al. 2007c).
As for species richness, a mean of 10-20 species/phylotypes have been found per
canal of teeth with chronic apical periodontitis as revealed by Molecular Biology
studies (Siqueira & Rôças 2005b, Rôças & Siqueira 2008). Root canals of teeth
with apical radiolucency associated with a draining sinus tract (chronic apical
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abscess or suppurative apical periodontitis) have been reported to harbor a mean
number of 17 species (Rôças & Siqueira 2008).
A correlation seems to exist between the size of the periapical lesion and the
number of bacterial species and cells in the root canal. Teeth with long-standing
infections and large lesions usually harbour more bacterial species and have a
higher density of bacteria in their root canals than teeth with small lesions.
(Bystrom et al. 1987, Figdor & Sundqvist 2007, Siqueira et al. 2007b, Rôças &
Siqueira 2008). In other words, the larger the lesion the more complex the
associated microbiota (Siqueira & Rôças 2009b).
In primary apical periodontitis, the ecological selection in the canal favors strictly
anaerobic bacteria, which clearly constitute the majority in these infections
(Amann et al. 1995, Rappe & Giovannoni 2003, Siqueira & Rôças 2008).
Bacterial frequently detected in primary infections, including both acute and
chronic apical periodontitis belong to diverse genera (Sundqvist 1992a, Debelian
et al. 1995, Weiger et al. 1995, Fouad et al. 2002, Siqueira & Rôças 2004, Vianna
et al. 2005, Sakamoto et al. 2006, Paster et al. 2006, Saito et al. 2006):
-

Gram-negative

bacteria

(Fusobacterium,

Dialister,

Porphyromonas,

Prevotella, Tannerella, Treponema, Campylobacter, and Veillonella)
-

Gram-positive
Olsenella,

bacteria

(Parvimonas,

Actinomyces,

Filifactor,

Peptostreptococcus,

Pseudoramibacter,
Streptococcus,

Propionibacterium and Eubacterium)
-

as well as facultative or microerophilic Streptococci (Munson et al. 2002,
Fouad et al. 2003) (Siqueira & Rôças 2008).

With intention to summarize, the fundamental endodontic pathogens that cause
primary intraradicular infections are:
1) Black pigmented Gram-negative anaerobic rods include species formerly known
as Bacteroides melaninogenicus. These bacteria have been reclassified into two
genera: (a) saccharolytic species – Prevotella and (b) asaccharolytic species –
Porphyromonas (Shah et al. 1990).
Prevotella species detected in endodontic infections include:
-

Prevotella intermedia

-

Prevotella nigrescens

-

Prevotella tannerae

-

Prevotella multissacharivorax

-

Prevotella baroniae

-

Prevotella denticola.
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Porphyromonas species detected in endodontic infections include:
-

Porphyromonas endodontalis

-

Porphyromonas gingivalis.

2) Tannerella forsythia (previously called Bacteroides forsythus or Tannerella
forsythenis) was the first periodontal pathogen to be detected in endodontic
infection (Conrads et al. 1997).
3) Dialister species are asaccharolytic obligately anaerobic Gram-negative
coccobacilli which have been consistently detected in endodontic infections.
-

Dialister pneumosintes

-

Dialister invisus.

4) Fusobacterium is also a common member of endodontic microbiota.
-

Fusobacterium nucleatum

-

Fusobacterium periodonticum

5) Spirochetes are highly motile, spiral-shaped, Gram-negative bacteria with
periplasmic flagella. All oral spirochetes fall into the genus Treponema
(Dahlén et al. 2003). Prevalent species are:
-

Treponema denticola

-

Treponema socranskii

-

Treponema parvum

-

Treponema maltophilum

-

Treponema lecithinolyticum.

6) Gram-positive anaerobic rods have also been found in endodontic microbiota
like:
-

Pseudoramibacter alactolyticus

-

Filifactor alocis

-

Actinomyces spp.

-

Propionibacterium propionicum

-

Olsenella spp.

-

Slackia exigua

-

Mogibacterium timidum and

-

Eubacterium spp.
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7) Gram-positive cocci, specifically Peptostreptococci and Streptococci are
frequently present in primary endodontic infections:
-

Parvimonas

micra

(previously

called

Peptostreptococcus

micros

or

Micromonas micros),
-

Streptococcus spp. which include Streptococcus anginosus, Streptococcus
mitisi, Streptococcus sanguinis and Enterococcus faecalis.

Other bacterial detected more sporadically include:
-

Campylobacter rectus

-

Campylobacter gracilis

-

Veillonella parvula

-

Eikenella corrodens

-

Neisseria mucosa

-

Centipeda periodontii

-

Gemella morbillorum

-

Capnocytophaga gingivalis

-

Corynebacterium matruchotii

-

Bifidobacterium dentium

-

Lactobacillus spp. like Lactobacillus lactis, Lactobacillus paracasei and
Lactobacillus plantarum.

Fungi and most recently archaea and viruses have been found in association with
endodontic infections (Slots et al. 2003, Waltimo et al. 2003, Siqueira & Sen 2004,
Vianna et al. 2006a, Saboia-Dantas et al. 2007):
1) Fungi – particularly, Candida spp. (e.g.,) particularly Candida albicans;
2) Archaea – These are diverse group of prokaryotes which are distinct from
bacteria and that make up the third domain of cellular life of the members of
the human oral microflora. They are strikingly less diverse than oral bacteria
and appear to be relatively rare with respect to their numerical abundance
(Horz & Conrads, 2011). Since they have been exclusively found in
association with oral infections such as periodontitis and apical periodontitis
(Vianna et al 2006a) and given their unique physiology and energy
metabolism, it is highly plausible that they are more than just secondary
colonizers of infected areas, but instead are actively involved in the overall
polymicrobial infection process. Conversely, it is a highly challenging task to
clearly demonstrate their possible active participation - mostly due to the
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difficulty to grow them in routine microbiology laboratories (Horz & Conrads,
2011). Therefore, due to the evidence of their existence in this human
ecosystem has primarily been provided by PCR-based techniques targeting
either the 16S rRNA gene and/or the functional gene mcrA encoding for the
Methyl-Coenzym M reductase, a key enzyme involved in methanogenesis
(Horz & Conrads, 2011). In the essence, only one distinct cultivated
representative of methanogenic Archaea, namely Methanobrevibacter oralis
(Ferrari et al. 1994),
3) Viruses – Viruses are particles structurally composed of a nucleic acid
molecule (DNA or RNA) and a protein coat. These viruses require viable host
cells to infect and use the cell’s machinery to replicate the viral genome.
Hence, they cannot survive in a necrotic root canal.
The presence of viruses in the root canal has been reported only for non-inflamed
vital pulps of patients infected with human immunodeficiency virus and herpes
viruses where living cells are found in abundance (Glick et al. 1991, Slots 2005).
Among the Herpes spp., the human cytomegalovirus and Epstein–Barr virus may
be implicated in the pathogenesis of apical periodontitis.
Several culture-difficult species have been consistently included in the set of
candidate endodontic pathogens only after the advent of Molecular techniques for
bacterial identification. The main examples are Tannerella forsythia, Dialister
species (Dialister invisus and Dialister pneumosintes), Filifactor alocis, Prevotella
baroniae, Olsenella uli and Treponema species (Conrads et al. 1997, Munson et
al. 2002, Baumgartner et al. 2003, Foschi et al. 2005, Gomes et al. 2006, Rôças &
Siqueira 2008, Sakamoto et al. 2009). Strengthening of the association with apical
periodontitis of some species previously recognized as candidate pathogens has
also become evident by molecular findings. Examples include Fusobacterium
nucleatum,

Parvimonas

Porphyromonas

species

micra

(formerly

(Porphyromonas

Peptostreptococcus

endodontalis

and

micros),

Porphyromonas

gingivalis), Prevotella species (Prevotella intermedia and Prevotella nigrescens),
and Pseudoramibacter alactolyticus, all of which have been detected in higher
prevalence values than previously reported by culturing studies (Jung et al. 2000,
Siqueira et al. 2000, Fouad et al. 2002, Siqueira & Rôças 2003, Baumgartner et al.
2004, Rôças et al. 2006).
It is noteworthy that the most prevalent species in primary infections may vary
from study to study, which can be explained by several factors: sensitivity and
specificity of the identification method, sampling technique, geographic location,
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and accuracy or divergence in clinical diagnosis, and disease classification. Even
so, one can select 10-20 species that are virtually always among the most
frequently detected species in most well conducted studies about the endodontic
microbiota (Siqueira & Rôças 2009b).
Thus, apical periodontitis is caused by a habitat-adapted polymicrobial infection
of the pulp space (Figdor & Gulabilava 2011). The microbial flora, typically consist
of a restricted group of species, with equal proportions of Gram-positive and
Gram-negative bacteria, dominated by anaerobes with fastidious environmental
and nutritional requirements (Sundqvist 1994).
Although several known species have been associated with primary infections, the
breadth

of

bacterial

diversity

has

been

substantially

expanded

by

culture-independent molecular approaches to include many as-yet-uncultivated
and uncharacterized bacteria. Clone library analyses of primary endodontic
infections reveal that a significant proportion of the detected taxa consists of
phylotypes that remain to be cultivated and phenotypically characterized (Munson
et al. 2002, Sakamoto et al. 2006) i.e. species that are known only by a 16S rRNA
gene sequence and that have yet to be cultivated and fully characterized
(Sundqvist 1992, Siqueira et al. 2004). These as-yet-uncultivated phylotypes
account for approximately 55% of the taxa found in root canals of teeth with
chronic apical periodontitis and in terms of abundance represent more than 38%
of the clones sequenced (Sakamoto et al. 2006).
Several

uncultivated

Megasphaera,

phylotypes

Solobacterium,

from

the

Eubacterium

genera
and

Synergistes,

Selenomonas,

as

Dialister,
well

as

phylotypes related to the family Lachnospiraceae or the phylum Bacteroidetes
have been identified in primary endodontic infection. The fact that these bacterial
phylotypes are uncultivated only means that we cannot grow them artificially in
the laboratory with the culture media and techniques available. They are certainly
flourishing in their natural environment, where essential nutrients, growth factors
and other favourable conditions are fully available. Therefore, there is no reason
to believe that they are less important than the cultivable proportion of the
microbiota when it comes to disease causation (Siqueira & Rôças 2008).

2.7. Acute apical periodontitis and abscesses
Acute apical periodontitis and acute apical abscesses are typical examples of
symptomatic endodontic infection. In these cases, the infection is located in the
root canal, but it has also reached the periradicular tissues and, in abscessed
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cases, it can spread to other anatomical spaces. Whereas microbial causation of
apical periodontitis is well established, there is no strong evidence disclosing
specific involvement of a single species with any particular sign or symptom of
apical periodontitis (Siqueira 2008). While an acute abscess is usually preceded by
acute apical periodontitis, the latter does not necessarily evolves to the former.
Therefore, the acute abscess can be regarded as an advanced stage of the acute
disease. Although the transition from acute apical periodontitis (figure 2.8) to
abscess can make it difficult to clinically distinguish these two conditions. In later

Figure 2.9 – Example of a clinical
case of acute abcess

Figure 2.8- X-ray of a tooth with acute
apical periodontitis

stages of the disease process, the diagnosis of acute abscesses usually does not
represent a difficult task, mostly because of swelling (Figure 2.9). In symptomatic
cases, the infection is located in the root canal but it may also have reached the
periradicular tissues and, in abscessed cases, it has the potential to spread to
other anatomical spaces of head and neck to form a cellulitis (Siqueira & Rôças
2009b).
The seriousness of an infection beyond the apex of a tooth depends on the
number and virulence of the organisms, host resistance, and anatomic structures
associated with the infection. Once the infection has spread beyond the tooth
socket, it may localize or continue to spread through the bone and soft tissue as
a diffuse abscess or cellulitis. The acute infection is characterized by an increased
bacterial metabolism and nonregulated multiplication. At this stage, the body has
one main goal and that is to prevent the infection from spreading. A fibrotic
capsule can be formed in order to build a barrier more difficult for the bacteria to
penetrate, however, at the cost of a total destruction of the tissues within the
barrier. This results in an abcess with pus (Dahlén 2002).
The microbiota involved with abscesses is mixed and dominated by anaerobic
bacteria (Khemaleelakul et al. 2002, de Sousa et al. 2003, Rôças et al. 2004a;
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Sakamoto et al. 2006). Bacterial counts per abscess case have been reported to
range from 104 to 109 CFUs (Lewis et al. 1986, Khemaleelakul et al. 2002). The
mean number of species is comparatively higher in abscesses than in canals of
teeth with chronic apical periodontitis, with molecular studies revealing an
average of 12-18 taxa/case in abscesses as compared to 7-12 taxa present in
chronic cases (Siqueira et al. 2004, Sakamoto et al. 2006). It has been shown that
as-yet-uncultivated phylotypes encompass approximately 40% of the taxa found
in abscesses and collectively represent more than 30% of the clones sequenced
(Sakamoto et al. 2006). Thus far, there is no strong evidence reporting on the
specific involvement of a single species with any particular sign or symptom of
apical periodontitis. Some Gram negative anaerobic bacteria have been suggested
to be involved with symptomatic lesions (Yoshida et al. 1987, Gomes et al. 1996,
Rôças et al. 2002, Sakamoto et al. 2006), but the same species may also be
present in somewhat similar frequencies in asymptomatic cases (Baumgartner et
al. 1999, Siqueira et al. 2000, Jung et al. 2000).
Therefore, factors other than the mere presence of a given putative pathogenic
species may play a role in the etiology of symptomatic endodontic infections
(Siqueira 2003, Siqueira & Barnett 2004). These factors possibly include: (a)
differences in virulence ability among strains of the same species; (b) bacterial
interactions resulting in additive or synergistic effects among species in mixed
communities;

(c)

bacterial

population

density;

(d)

environment-regulated

expression of virulence factors; and (e) host resistance, which may be modulated
by diverse aspects including systemic diseases, concomitant virus infection,
environmental factors (stress, smoking), and genetic patterns (Siqueira 2003,
Siqueira & Barnett 2004). The diversity of the bacterial communities has been
found to differ significantly when the microbiota of chronic apical periodontitis
and acute apical abscesses are compared (Siqueira et al. 2004). Differences are
essentially represented by different dominant species in the communities and
larger number of species in abscesses. A shift in the community structure is then
suspected to precede the emergence of symptoms. Differences in species
richness and abundance, and the resulting interactions among community
members may affect virulence of the whole consortium (Siqueira & Rôças 2009b).
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2.8. Secondary / Persistent Endodontic Infections
Secondary infections are caused by microorganisms that were not present in the
primary infection, but that were introduced in the root canal at some time after
professional intervention.
Persistent infections are caused by microorganisms that were members of a
primary or secondary infection and that persisted in the canal after antimicrobial
treatment and managed to adapt to the harsh ecological conditions (as nutrient
deprivation) in instrumented and filled root canals.
Persistent and secondary infections are responsible for several problems in
endodontic practice, including persistent exudation, persistent symptoms,
flare-ups, and treatment failure. The latter is characterized by persistence or
appearance of apical periodontitis after treatment.
Except for treatment failure, there are no studies in the endodontic literature that
have consistently evaluated the microorganisms associated with these clinical
conditions. Indeed, there are some reports that show that non-oral bacteria may
be involved with secondary infections to cause persistent exudation and/or
symptoms (Haapasalo et al. 1983, Siren et al. 1997, Siqueira & Lima 2002). As for
flare-ups, the evidence of specificity is even weaker, although there are some
reports of involvement of Gram-negative anaerobes, such as black-pigmented
rods and Fusobacterium nucleatum (Chavez 2002, Siqueira & Rôças 2009b).
On the other hand, the microbiota involved with treatment failure has been
extensively studied in the last decade. Microbial involvement with treatment
failures is supported by two strong evidence-based arguments. First, there seems
to be an increased risk of adverse treatment outcome when bacteria that survived
the effects of intracanal disinfection procedures are present in the canal at the
time of filling (persistent intraradicular infection) (Sjögren et al. 1997, Waltimo et
al. 2005, Fabricius et al. 2006). Second, most (if not all) root canal-treated teeth
evincing persistent apical periodontitis lesions have been demonstrated to harbor
an intraradicular infection, ie. microorganims have infected the canal after filling
as a result of coronal leakage (secondary intrarradicular infection). (Lin et al.
1992, Sundqvist et al. 1998, Pinheiro et al. 2003, Rôças et al. 2008, Ricucci et al.
2009).
Based

on

these

arguments,

studies

have

attempted

to

identify

the

microorganisms found at the root canal-filling stage, which are ‘short-term
survivors’ that may put the treatment outcome at risk, and the microorganisms in
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root canal-treated teeth with apical periodontitis, which are ‘long-standing
survivors’

that are arguably the cause of post-treatment disease (Siqueira &

Rôças 2009b).
Even after diligent chemomechanical preparation followed or not by intracanal
medication, some canals may harbor detectable levels of cultivable bacteria
(Siqueira & Rôças 2009b). In these cases, 1-5 species can be detected per canal,
with counts reaching 102-105 cells per sample (Sögren et al. 1997, Vianna et al.
2006b, Sakamoto et al. 2007, Siqueira et al. 2007a). No single species has been
significantly found to persist after treatment procedures. But, generally, Gramnegative species and fastidious anaerobes have a limited capacity to endure
treatment and are readily eliminated by instrumentation and antimicrobial
irrigation (Möller et al. 2004).
Gram-positive species and facultative anaerobes have a higher rate of recovery in
post-instrumentation samples like Streptococcus species, Parvimonas micra,
Actinomyces species, Propionibacterium species, Pseudoramibacter alactolyticus,
Lactobacillus species, Enterococcus faecalis, and Olsenella uli (Sögren et al. 1997,
Gomes et al. 1996b, Peciulene et al. 2001, Peters et al. 2002, Sakamoto et al.
2007).
Some as-yet-uncultivated phylotypes have also been found to persist after
instrumentation or intracanal medication. Actually, approximately 40% of the taxa
found in post-treatment samples are as-yet-uncultivated phylotypes (Sakamoto et
al. 2007).
The microbiota in root canal-treated teeth with posttreatment apical periodontitis
also exhibits a decreased diversity (both richness and abundance) in comparison
to primary infections. Root canals with apparently adequate treatment usually
contain 1-5 species, while the number of species in canals with inadequate
treatment can reach up to 30 species, which is very similar to primary infections
(Sundqvist et al. 1998, Pinheiro et al. 2003, Rôças et al. 2004). In terms of
bacterial density, a treated canal associated with post-treatment disease can
harbor 103-107 cells (Peciuliene et al. 2001, Sedgley et al. 2006, Blome et al.
2008).
All these findings indicate that the microbiota of root canal-treated teeth with
apical periodontitis is more complex than previously anticipated by culture
studies. However, it is proportionally less complex than primary infections
(Siqueira & Rôças 2009b).
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Although some species may elude antimicrobial treatment, if they are left without
suitable nutrition and are not in a propitious location, the microbes may not be
able to survive in the root canal over time. A number of microbial properties favor
the selection and survive of some species over others. For example, an ability to
endure starvation is a beneficial survival characteristic which helps ensure that
some species outlast others until they may access nutrients from the local milieu,
e.g. serum-type fluid that may seep into the canal space over time (Figdor &
Gulabilava 2011). Starvation survival characteristics have been demonstrated in
selected species known to be involved in persistent infection such as
Enterococcus faecalis (Figdor et al. 2003) and Candida albicans (Richards et al.
2010), whereas others seldom identified in persistent infection have poor
starvation survival ability (Brundin et al. 2009).
Regardless of the identification method, Enterococcus faecalis is the most
frequently detected species in root canal-treated teeth, with prevalence values
reaching up to 90% of the cases (Sundqvist et al. 1998, Pinheiro et al. 2003,
Rôças et al. 2004c, Sedgley et al. 2006, Zoletti et al. 2006). Root canal-treated
teeth are about nine times more likely to harbor Enterococcus faecalis than cases
of primary infections (Rôças et al. 2004c). The fact that Enterococcus faecalis has
been commonly recovered from cases treated in multiple visits and/or in teeth
left open for drainage (Siren et al. 1997) suggests that this species may be a
secondary invader that succeeds in colonizing the canal and resist treatment. In
other words, Enterococcus faecalis may cause a secondary infection that latter
becomes persistent. This species has been considered as transient in the oral
cavity and its source might be food (Zehnder et al. 2006).
Other bacteria found in root canal-treated teeth with apical periodontitis include
Streptococcus

species

and

some

fastidious

anaerobic

species

such

as

Pseudoramibacter alactolyticus, Propionibacterium propionicum, Filifactor alocis,
Dialister pneumosintes, and Dialister invisus (Sundqvist et al. 1998, Pinheiro et al.
2003, Rôças et al. 2004b, Siqueira & Rôças 2005b). As-yetuncultivated phylotypes
correspond to 55% of the taxa detected in treated canals (Sakamoto et al. 2008),
which confirms their importance in disease etiology.
Candida species, particularly Candida albicans, have been detected in root
canal-treated teeth in up to 18% of the cases (Molander et al. 1998, Peciuliene et
al. 2001, Cheung & Ho 2001, Egan et al. 2002).
A study using a histobacteriologic technique managed to detect bacteria in
virtually all cases of post-treatment disease (Ricucci et al. 2009). One must

75

remember that at this level, data from Culture and Molecular methods are often
discrepant.

2.9. Concluding Remarks
Because apical periodontitis is a disease of infectious aetiology, the logical goals
of the endodontic treatment are to eliminate or substantially reduce the microbial
populations within the root canal system (through antiseptic means) and to
prevent introduction of new microorganisms in the canal (through aseptic
means). Prevention of reinfection is also achieved by a tight coronal seal of the
root canal provided by both the root canal filling and the permanent coronal
restoration. The success rate of the endodontic treatment will depend on how
effective the clinician is in accomplishing these goals.
The question now is no longer whether the microbes are involved but specificity
of microbial species. New endodontic pathogens are added to the list because of
expanding technology like molecular methods to help the endodontist to be more
accurate in the treatment planning. Studying the flora will streamline the
treatment planning.
So far, virtually all studies involved with phenotypic or genotypic identification of
endodontic bacteria have followed a cross-sectional design, for obvious ethical
reasons. Thus, species prevalence and consequently only species association with
disease can be inferred from these studies. In addition to frequency of detection,
causation may be strengthened on the basis of potential pathogenicity (in animal
models or deduced from association with other human diseases). Based on crosssectional studies, several species have emerged as candidate or putative
endodontic pathogens, and the labels candidate or putative should be preserved
while a definite role in disease causation is not determined (Siqueira & Rôças
2009b).
There is a disparity between the Culture and Molecular findings, where some
species are identified by both approaches and some species are detected by one
but not the other method. More work is needed in this area to satisfactorily
reconcile, clarify, and resolve the reasons for different results from these two
approaches (Figdor & Gulabilava 2011).
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3. OBJECTIVES
In the present thesis, we aimed at studying the treatment efficacy of Necrotic
teeth with or without Apical Periodontitis. Since the treatment aim is to eliminate
from the teeth canal system the aetiological agent (infecting microorganisms),
treatment evaluation was assessed by two related surrogate markers: Classical
Microbiological Culture and quantitative Nucleic acid (NA) based Assays. Since not
only bacterial load may be related to the clinical outcome, but also the bacterial
composition of the microbiological canal ecosystem, we also aimed at the
identification of the bacteria present in the teeth before and after each treatment
procedure. Therefore, the aims of the present thesis may be sumarized as the
following:
1. To evaluate the efficiency of the chemomechanical teeth preparation by
conventional culture and by NA quantification tests.
2. To evaluate the relative efficiency of two interapointment intracanal drugs
(calcium hydroxide paste and 2% chlorhexidine digluconate gel), by
conventional Microbiology Culture and by NA quantification tests.
3. To identify the bacteria and yeast present in the canal system, before and
after instrumentation, and after interapointment medication.
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II.MATERIAL AND METHODS
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4. MATERIAL AND METHODS
4.1. Subjects and Case Selection
The study sample included 71 subjects who attended the Pedagogical Clinic of
the Faculty of the Health Sciences of the University of Fernando Pessoa in Oporto
for endodontic treatment.
Seventy-one single-rooted teeth (18 maxilar central incisors, 16 maxillary lateral
incisors, 11 mandibular premolars, 10 maxilar premolars, 9 maxilar canins and 7
mandibular canins) from 71 patients (35 women and 36 men; aged 18 –78 years;
mean, 55.2 years) were selected for this study on the basis of stringent criteria.
For inclusion, teeth had to be single-canalled and present with intact pulp
chamber walls, necrotic pulps (figure 4.1) confirmed by negative response to
sensitivity pulp tests, and in some cases clinical and radiographic evidence of
asymptomatic or chronic apical periodontitis (AP) (Figure 4.2).

Figure 4.1 - Necrotic teeth

Figure 4.2 - X-ray of monocanalar
teeth with AP

Exclusion criteria involved teeth from patients who received antibiotic therapy
within the previous 3 months, teeth with gross carious lesions, teeth with root or
crown fracture, teeth subjected to previous endodontic treatment, symptomatic
teeth, and patients with marginal periodontitis exhibiting pockets deeper than 4
mm. Approval for the study protocol was obtained from the Ethics Committee of
the Health Sciences Faculty of Fernando Pessoa University.
Due to personal reasons 2 of the 71 patients did not attend the second
appointment and were excluded from the assay. Thus, a total of 69 canals with
the diagnosis of pulpal necrosis were studied, off which 43 were associated with
AP.
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Canals in each group were randomly divided into two sub-groups for standard
root canal instrumentation, irrigation, and dressing with one of the following:
calcium hydroxide paste (Ca(OH)2) and 2% chlorhexidine digluconate gel (CHX).

4.2. Preclinical Laboratory Procedures
Sterile Reduced Transport Fluid (RTF) was used to transfer the samples obtained
in the clinic to the laboratory because of its capacity to maintain the vitality of
sampled bacteria.

4.3.

Isolation and Field Disinfection

Before rubber dam application, supragingival biofilms were removed from each
tooth by scaling and cleansing with pumice. After rubber dam application, a
dental floss was passed at the interproximal contacts to ensure a tight adaptation
of it to the tooth’s neck. To disinfect the operative field (Ng et al. 2003), the tooth
crown, surrounding rubber dam, and clamp were scrubbed with 30% hydrogen
peroxide, until no further bubbling of the peroxide occurred followed by a 3%
sodium hypochlorite (Sigma-Aldrich, USA) rinse for 1 minute (Figure 4.3).

Figure 4.3.

At the start of treatment, prior to any root canal access, tooth was first isolated
with rubber dam and clamp (left). The operative field is first disinfected by
scrubbing the tooth, rubber dam and clamp using sterilized tweezers and
sterilized cotton rolls with 30% hydrogen peroxide (until all bubbling is
finished), followed by 3% sodium hypochlorite solution or 10% iodine tincture
for 1 minute.

Caries and/or defective coronal restorations were then removed by using sterile
high-speed and low-speed burs. Following this, antisepsis of the oral cavity was
performed by rinsing for 1 min with 10 mL of 0.12% digluconate chlorhexidine
(Eludril; Pierre-Fabre Medicament, France). The pulp chamber was accessed with a
sterile round bur cooled with sterile saline solution. When the access cavity was
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finished, it was again disinfected as described above. NaOCl was inactivated with
5% sodium thiosulphate

(Merck, Germany) for 1 minute. Disinfection control

samples were taken with sterile cotton swab impregnated in sterile saline solution
from the coronal surface of the tooth, rubber dam, and clamp, and immediately
aseptically transferred to tubes containing 2 mL of RTF.
In the lab, the samples were inoculated on Brain Heart Infusion (BHI) agar plates
(Liofilchem Diagnostic, Italy) which were transferred to an aerobic incubator at
37°C for 48 hours. For inclusion of the tooth in the study, these control samples
(Figure 4.4) had to be uniformly negative.

Figure 4.4. Second disinfection of the operative field and sample collection for disinfection
control. At opening of the access cavity, the operative field was further disinfected
in a 3 step protocol: first cleansed with 30% Hydrogen Peroxide, followed by 3%
sodium hypochlorite, and finally a 5% sodium tiosulfate solution was used to
neutralize the disinfectants and avoid false negative results. Post disinfection, a
swab was collected for disinfection control.
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4.4. First Treatment Session
A microbiologic sample was taken from the root canal immediately before
preparation (S1 sample). If the canal was dry, it was filled with sterile saline up to
the orifice to prevent possible contamination from the pulp chamber. The first
bacteriological sample (S1) was acquired by placing three successive #25 sterile
paper points in the canal for 1 minute each approximately 1 mm short of the root
apex and used to soak up the fluid in the canal. Care was taken to avoid contact
of the paper points with the access cavity walls to prevent contamination. The
paper points were immediately transferred into the vials containing 2 mL of
sterile RTF (Figure 4.5).

A

C

B

Figure 4.5. After an access cavity was created and humidified (A), samples are acquired using
consecutive sterile paper points (B). These were carefully inserted in the canal for 1
minute, approximately 1 mm short of the root apex. Special care was taken to avoid
contact of paper points with access cavity walls to prevent contamination. After
collection, paper points were immediately inserted in a tube containing 2 mL RFT (C).

Figure 4.6 –

Rubber dam (left) and sterilized gloves (right) were always used in all
appointments.

Chemomechanical preparation was completed at the same appointment in all
cases and an aseptic technique (Figure 4.6) was used throughout the ET with the
help of a Carl Zeiss®microscope (Figure 4.7).
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The working length (WL) was established with Root ZX apex locator (Morita,
Korea, Japan) and confirmed by digital X-ray. Canals were enlarged with Protaper
rotary instruments (Dentsply Maillefer, Ballaigues, Switzerland) used in a
crown-down manner using a gentle in and out motion. Instruments were
withdrawn when resistance was felt and changed for the next instrument. File
sequences used were: Sx files were used until resistance was encountered, S1, S2,
F1, F2 and F3 files were used at WL, according to each canal. Irrigation with 2 mL
of 3% NaOCl was applied between consecutive files using a 27G needle
(Endoneedle, Elsodent, France) and a #10 K-file was used 1mm beyond the WL in
order to prevent apical blockage. In the cases of large canals, F4 and F5 were
used.
At completion of chemomechanical preparation, smear layer was removed by
rinsing the canals with 5 mL of 10% Citric Acid (Merck, Germany) and then leaving
the canal filled with this solution for 1 minute, followed by 5mL of 3%NaOCl and a
final flush of 5mL of 10% sodium thiosulphate (Merck, Germany) for inactivation
of NaOCl and for superficial tension decrease. A second sample (S2) was then
acquired with three #30 sterile paper points from the canal as outlined above.

Figure 4.7 – MRS with the use of Microscope Carl Zeiss®.

After total drying, canals were randomly assigned into the following two
intracanal medication groups:
Group Ca(OH)2 (Merck, Germany ) mixed to a slurry with sterile saline solution,
Group 2% CHX gel (Serpa Pinto Pharmacy, Portugal).
The intracanal medications were applied by means of lentulo spiral fillers using
clockwise motion without water rinse and packed with a sterile cotton pellet at
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the level of canal entrance. A radiograph was taken to ensure proper placement
of Ca(OH)2. Visualization of the CHX-filled canals was not possible because it is
radiolucent.
The access cavities were temporarily sealed with at least 4-mm thickness of
temporary cement (Coltosol; Coltène/Whaledent Inc, USA) till the next session 14
days later.

4.5. Second Treatment Session
After field disinfection as described above, a sterility control sample of the
operative field was again obtained the same way. The temporary filling was
removed, and the medication was rinsed out of the canal by using 5 mL of the
respective solution and the master apical file: sterile saline solution for the
Ca(OH)2 group and mixture of 0,3% L-α-lecitin (L-α-phosphatidylcholine), 3%
Tween 80 (polyoyethylenesorbitan monooleate) e 0,5% sodium thiosulphate
(Serpa Pinto Pharmacy, Portugal) for the CHX group. Consequently, the final
samples (S3) were acquired with three #30 sterile paper points as above
described. Subsequently, the master apical file was verified and the canals were
irrigated with 10% citric acid, followed by 3% NaOCl and finally rinsed with 70%
alcohol. After drying with sterile paper points, they were filled with gutta-percha
points and a root canal sealer TopSeal® (Dentsply, Maillefer, Ballaigues,
Switzerland) by lateral compaction technique, and the canal access was sealed
composite Synergy D6 Flow (Coltène/Whaledent, USA) and the access cavity
temporized as above described.
All clinical procedures were conducted by the same endodontist (the author of the
present thesis).

4.6.

Microbiological Cultures

Samples were transported to the laboratory within two hours after collection for
microbiologic processing.
Samples in RTF vials were dispersed with a vortex for 30 seconds, and 10-fold
serial dilutions to 10–3 (for S1 samples) or 10–2 (for S2 and S3 samples) were made
in Phosphate Buffer Saline (PBS) solution. Aliquots of 100 µL from the undiluted
suspension and the highest dilution were each spread onto Brain Heart Infusion
agar plates (Liofilchem Diagnostic, Italy) and Anaerobe Basal Agar plates (Oxoid,
United Kingdom) both supplemented with 5% defibrinated horse blood (Oxoid, United

Kingdom). Plates were incubated anaerobically within anaerobic jars (Merck,
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Germany) with Anaerocult® A sachets (VWR, Merck Millipore, Germany) at 37°C for
14 days and, at 37°C for 48 hours, aerobically and microaerofilically (in 10% CO2)
with Anaerocult® C sachets (VWR, Merck Millipore, Germany).
After incubation, Colony-Forming Units (CFU) were counted in each medium.

4.7. DNA Extraction
Bacterial DNA was extracted using the Qiagen DNA mini Kit (Qiagen, Germany)
according with the manufacturer’s instructions. Briefly, tubes containing paper
cones in RTF were vortexed and then centrifuged at 5000g for 15 minutes. After
discarding

supernatants,

bacterial

pellets

(including

paper

cones)

were

ressuspended in 180 uL of Enzimatic Digestion solution (20mm Tris.Cl pH 8.0,
2mM EDTA, 200 µg/mL lysostaphin, 1.2% triton X-100), and incubated at 37ºC for
30 minutes. This solution was then mixed with 20 uL of Proteinase K solution
(Qiagen kit) and 200 uL of AL buffer and incubated at 56ºC for 30 minutes. DNA
suspension was then mixed with 200 uL 96% Ethanol and added to the spin
columns for DNA adsorption by brief centrifugation. After 2 washes with buffers
AW1 and AW2(Qiagen) DNA was eluted in 200uL of Elution Buffer(Qiagen).
DNA was stored at -20ºC until used for qPCR.

4.8. Bacterial 16S rDNA quantification calibrator
Pure E.coli colonies were harvested from agar culture plates, suspended in PBS
and quantified by light densitometry using a Densimat instrument (Biomerieux,
Italy). MacFarland scale was then converted to bacterial cell concentration using
the manufacturer’s conversion table. From this sample DNA was extracted as
above, and the resulting DNA solution was used to create a 10 fold dilution series
for qPCR results calibration.

4.9. 16S rDNA Quantitative-Real-Time-PCR (qPCR)
Bacterial Ribosomal 16S DNA was quantitatively amplified using the 347F (5’-GGA
GGC AGC AGT RRG GAA T-3’) and 803R (5’-CTA CCR GGG TAT CTA ATC C-3’)
degenerate primers designed by others (Nossa et al, 2010). Work by the primers
authors (Nossa et al., 2010) has shown these primers to amplify at least 93.6% of
all bacteria with rDNA sequences available in the RDP database. The same authors
also showed these primers to allow species or genus identification with high
efficiency by gene sequencing (Nossa et al, 2010).
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Quantitative Real-Time-PCR was performed on a Lightcycler 1.2 Instrument
(Roche, Germany), using the iTaq Universal SybrGreen Supermix (Biorad, USA).
Briefly 15uL total reactions consisted of 1X supermix (Biorad), primers (0.3 µmol/l
each) and 5uL of extracted DNA sample. All PCR reactions included serial
dilutions of the calibrator DNA, and at least a negative control. Temperature
cycles included an initial enzyme activation and DNA denaturation step at 95ºC
for 2 minutes, followed by 30 rounds of amplification including a denaturation
step for 10 seconds at 94ºC, 52ºC annealing for 15 seconds and amplification
during 30 seconds at 72ºC.
After amplification, product specificity was checked by Melting temperature
analysis. Initial reactions were also run on an agarose gel electrophoresis to check
for correct amplicon length (approximately 456 bp).
Results were analysed by Crossing Point (Cp) determination with calibration by
serial dilution of a calibrator sample. Cp determination was obtained with JMCqPCR software developed by one of us (José Cabeda, manuscript in preparation)
and freely available at homepage.ufp.pt/jcabeda. Baseline subtraction was
performed by subtraction of the linear regression line obtained after automatic
baseline limit detection performed by an algorithm developed by one of us (José
Cabeda manuscript in preparation). All samples were tested in duplicate. Linear
regressions observed for the calibration curves were evaluated by R square, and
found to be above 90%. All single quantification points were used for statistical
analysis.

4.10. Laboratory Procedures - Traditional Culture
Identification

Samples were transported to the lab within two hours after collection for
microbiologic processing.
Samples in RTF vials were vortexed for 30 seconds, and 10-fold serial dilutions to
10–3 (for S1 samples) or 10–2 (for S2 and S3 samples) were made in PBS solution.
Aliquots of 100 µL from the undiluted suspension and the highest dilution were
each spread onto BHI agar plates and Anaerobe Basal Agar plates (Oxoid, United
Kingdom) both supplemented with 5% defibrinated horse blood (Oxoid, United
Kingdom). Plates were incubated within jars (Merck, Germany), at 37°C,
anaerobically (85% N2, 5% CO2 and 10% H2) with Anaerocult® A sachets (VWR,
Merck Millipore, Germany) for 14 days and for 48 hours, aerobically and
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microaerofilically (in 10% CO2) with Anaerocult® C sachets (VWR, Merck Millipore,
Germany) (Figure 4.8).

Figure 4.8 – Example of Aerobic (left). Microaerophilic (center) and anaerobic (right) Cultures

The same dilutions were plated onto Sabouraud–dextrose agar (Oxoid, United
Kingdom), supplemented with 100 mg/mL chloramphenicol (Sigma-Aldrich USA),
in order to detected yeasts.
After incubation, Colony-Forming Units (CFU) that grew in the several agar plates
were counted in each medium and different phenotypes isolated (Figure 4.9).

Figure 4.9- Tipical Colonies observed in S1samples

For biochemical identification, preliminary characterization of microbial species
was based on the colony features (i.e. size, colour, shape, surface, texture,
consistency,

brightness

and

haemolysis).

Isolates

were

sub-cultured,

Gram-stained, tested for oxidase and catalase production, and were analysed by
incubation for 2 days aerobic and microaerofically and for 14 days, anaerobically.
Based on this information it was possible to select appropriate procedures for the
identification of isolates by commercial biochemical test panels: API 20Strep
(BioMerieux SA, Marcy-l’Etoile, France) for Gram positive cocci, catalase negative,
(Streptococci

and

Enterococcus),

as

well

as

API

Staph

(BioMerieux

SA,

Marcy-l’Etoile, France) – a sensitive and specific test for Gram positive cocci,
catalase positive (clinical Staphylococci and Micrococci), and also RapID ANA II
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System (Innovative Diagnostic Systems Inc., Atlanta, GA)] for anaerobic bacteria,
being cocci or bacilli Gram-positive or negative .
These kits consist of microtubes containing dehydrated substrates and they are
inoculated

with

a

bacterial

suspension.

After

a

period

of

incubation

(approximately 4 hours) and subsequent addition of the reagents, precipitation or
colour changes appear in individual cupules (Ferrari et al. 2005). The reactions
(enzime profile) were read visually (Figure 4.10) and the identification of the
strains was obtained by referring to the API Analytical Profile Index (version 1.1
from BioMerieux SA) and by using a computed-generated code compendium
supplied by the manufacturer in the case of Rapid ANA II. A presumptive
identification of the isolates was made at the genus level and, whenever possible,
at the species level.

Figure 4.10 – Strips of 20 Streph (left) and API RAPID ANA II (right).

Figure 4.11- Example of a S1culture of yeast (first-left) and presumptive identifications of
Candida albicans with CHROMagar Candida Medium (Becton Dickinson GmbH,
Germany in www.edoc.hu-berlin.de) (second and third)

Regarding to the presumptive identification of yeast, inoculations of 2 types of
media were used, after growth of isolates on the respective medium mentioned:
a) CHROMagar Candida Medium (Becton Dickinson GmbH, Germany) being green
colonies identified as Candida albicans; b) Half Biggy agar (Becton Dikinson
GmbH, Germany) in which the brown coloured colonies indicated growth of
Candida albicans (Figure 4.11).
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4.11. Statistical Analysis
The statistical analysis (descriptive / inferential) was carried out with a statistics
(IBM © SPSS© Statistics vs. 20.0) at a level of significance of 0.05.
Because of the huge differences in bacterial counts found in samples at S1, S2
and S3, all variations were calculated using a transformation with log10 to
analyze differences among intracanal medication groups. Furthermore, S2 and S3
counts were expressed as percentage of CFU reduction regarding S1 counts
(Table 2).
The differences in bacterial concentrations among the three collection times (S1,
S2, and S3) and among the intracanal dressing groups (Ca(OH) 2 and 2% CHX gel)
for each incubation atmosphere were first analysed with the Friedman test as
non-normal distribution of CFU/mL were verified for all cases (Shapiro-Wilk test).
Upon the detection of significant paired differences they were further investigated
with the Wilcoxon test. Comparison of the effect of intracanal dressing (at S3) was
assessed using the Mann-Whitney test (Table 3). Further analysis was assessed for
the two different initial tooth diagnosis, necrosis and AP (Table 4).
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III. CULTURE BASED

MICROBIOLOGIC ASSESSMENT OF
ROOT CANAL TREATMENT
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5. IN VIVO EVALUATION OF MICROBIAL REDUCTION AFTER

CHEMO-MECHANICAL PREPARATION OF NECROTIC ROOT
CANALS WITH OR WITHOUT APICAL PERIODONTITIS

5.1. INTRODUCTION
Apical periodontitis is the disease process resulting from infection of the root
canal space of the affected tooth (Ørstavik & Pitt-Ford 2008). Healing of apical
periodontitis is aimed by endodontic treatment, geared toward elimination of root
canal infection (Ørstavik & Pitt-Ford 2008): i.e. an effective antimicrobial
treatment protocol should be able to predictably render root canals free of
bacteria, thus eliminating the cause of apical periodontitis.
During treatment of infected root canals, two steps assume special relevance with
regard to bacterial elimination – the chemomechanical preparation and the
interappointment medication. The former is of paramount importance for root
canal disinfection, because instruments and irrigants act primarily on the main
canal, which is the most voluminous area of the system and consequently
harbours the largest number of bacterial cells (Sakamoto et al. 2007).
Irrigating solutions should be able to dissolve organic and inorganic tissue
remnants, act as lubricants, and flush out debris from the prepared root canals.
Since residual bacteria may be one of the causes of post-treatment disease (Nair
et al. 1990), an endodontic irrigant should also exhibit powerful antimicrobial
activity (Vianna et al. 2006b).
Sodium hypochlorite (NaOCl) has a broad-spectrum antimicrobial activity, rapidly
killing vegetative and spore forming bacteria, fungi, protozoa, and viruses (Rutala
& Weber 1997). Most oral bacteria are killed after a short time of contact with
NaOCl in diverse concentrations (Ohara et al. 1993, Siqueira et al. 2000, Vianna et
al. 2004).
In fact, the mechanical instrumentation coupled with irrigation of the root canal
with NaOCl dramatically reduces the bacterial counts from an initial order of 103
to 107 to a level of 102 to 106 (Byström & Sundqvist 1981, Sjögren et al. 1991,
Shuping et al. 2000, Card et al. 2002, McGurkin-Smith et al. 2005, Paquette et al.
2007).
Because not all root canal bacteria are eliminated - studies have revealed that the
chemomechanical preparation per se is not sufficient to predictably render root
canals bacteria-free, with about 40–50% of the prepared canals still containing
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cultivable bacteria (Byström et al. 1985, Shuping et al. 2000) -, dressing of the
root canal with an antimicrobial medication, primarily calcium hydroxide (CaOH2),
has been advocated to enhance bacterial elimination.
The efficacy of this added step has been cast into doubt by conflicting reports of
bacterial reduction below the threshold level (Tervit et al. 2009). Although a
further reduction of the bacterial load was reported in several studies up to 97%
(Byström et al. 1985, Sjögren et al. 1991, Shuping et al. 2000, Peters et al. 2002,
McGurkin-Smith et al. 2005, Paquette et al. 2007), other studies have reported an
increase in the proportion of positive cultures and bacterial counts (Ørstavik et al.
1991, Peters et al. 2002, Kvist et al. 2004, Waltimo et al. 2005).
In response to the ambivalent efficacy of CaOH2, Chlorohexidine (CHX) has
emerged as an alternative interappointment medication that can be delivered in a
variety of vehicles (Barbosa et al. 1997, Manzur et al. 2007, Paquette et al. 2007,
Wang et al. 2007). CHX is a cationic bisguanide that is believed to cross the cell
wall or outer membrane, presumably by passive diffusion, and to subsequently
attack the bacterial cytoplasmic or inner membrane (El Moug et al. 1985) thereby
causing generalized membrane damage to the phospholipid bilayers.
CHX in gel form may be well suited as an intracanal medication because its
viscous condition allows good adaptation to the root canal walls and a residual
activity for up to 2 weeks (Barthel et al. 2002) or possibly longer (Manzur et al.
2007). CHX has shown excellent antibacterial efficacy in vitro (Manzur et al.
2007). However, when liquid CHX was applied as intracanal medication in vivo an
increase in the bacterial load was observed (Paquette et al. 2007).
Different regimens are routinely used to eradicate root canal bacteria in teeth
with apical periodontitis, and the efficacy of these regimens has been commonly
assessed by means of bacterial cultures obtained from root canals.
Hence, the purpose of the present randomized clinical trial is to compare the
combined efficacy of chemomechanical cleaning and dressing with two different
intracanal medicaments.

5.2. RESULTS
Random allocation of the intracanal dressing (Table 5.1) showed to be
independent of the initial endodontic diagnosis (p=0.687), of the tooth position
(p=0.436) and of the “master apical file” (p=0.233).
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All disinfection control samples yielded no growth, confirming effective
disinfection of the tooth surfaces.
Table 5.1.

Analysis of random allocation of the intracanal dressing for initial diagnosis, tooth
position and master apical file

Intracanal dressing

Diagnosis

Tooth

Master
Apical File

CHX

Ca(OH)2

Necrosis

12 (35.3%)

14 (40%)

Apical Periodontitis

22 (64.7%)

21 (60%)

11, 21, 12, 22

16 (47.0%)

18 (51.5%)

13, 23, 33, 43

10 (17.7%)

5 (14.3%)

34, 44

2 (5.9%)

4 (11.4%)

15, 25, 35, 45

6 (17.6%)

8 (22.9%)

#25≤K<#35

8 (23.5%)

8 (22.9%)

#35≤K<#50

21 (61.8%)

16 (45.7%)

K≥#50

5 (14.7%)

11 (31.4%)

34 (100%)

35 (100%)

All

P
0.687

0.436

0.233

5.2.1. Proportion of Positive Samples
The numbers and proportions of positive samples assessed with the culture
method are shown in Table 5.2.
Table 5.2.

Reduction log steps and percentage of bacterial reduction within the 3 atmospheres
tested and the different intracanal dressings

aerobiosis
microaerofilic
anaerobiosis

S1-S2 (n=69)
Reduction log
steps
1.56
2.24
1.83

% of
reduction
97.2%
99.4%
98.5%

CHX S1-S3 (n=34)
Reduction
% of
log steps
reduction
0
0%
0
0%
0.53
70.3%

Ca(OH)2 S1-S3 (n=35)
Reduction
% of
log steps
reduction
0.00
0%
5.11
100%
5.67
100%

Of the 69 canals assessed, 12 showed no culture growth in S1. Of these 4 (33.3%)
showed reversal cultures, i e, had positive cultures in S3.
The protocol in the first appointment succeeded in rendering the root canals
bacteria-free in 59 of 69 cases (85.5%). But even in these 10 cases positive at S2,
the overall decrease from S1 was statistically significant (p<0.001). It should be
emphasized that the endodontic chemo-mechanical preparation was very efficient
as shown by the strong CFU reduction observed from S1 to S2: 97.2% under
aerobiosis, 99.4% under microaerofilic atmosphere and 98.5% under anaerobiosis
(Table 2), expressed, respectively, in 1.56, 2.24 and 1.83 log steps’ reduction
(Wilcoxon test, p<0.001 for all atmospheres).
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The expectably further reduction in positive samples to be observed at
postmedication samples (S3), comparing to postinstrumentation ones (S2) in CHXand Ca(OH)2-groups was not a standard behaviour. After dressing with Ca(OH)2,
70.6% of the canals (24 in 34 cases) were negative for bacteria growth, whilst, in
the CHX-group this was observed in only 28.6% (10 in 35 cases).
When using different intracanal dressings (S3), CHX showed 70.3% of CFU
reduction for anaerobiosis (0.53 log reduction), while Ca(OH)2 showed over 5 log
reduction, accounting for 100% reduction (Table 2).

5.2.2. Quantitative Microbiological Analysis
The CFUs counts at each stage of treatment for the two groups and the three
incubation atmospheres are shown in Table 5.3. There were significant
differences in the median bacterial counts (T.Friedman; p<0,001). Analysing the
whole sample of this study, when compared with the initial moment of sampling
(S1), samples after chemomechanical preparation (S2) denoted a reduction in the
number of bacteria ranging from 97.1% to 100%. Unequivocally, there was a
standard behaviour of significant decrease of CFUs between S1 and S2
(T.Wilcoxon; p<0,001) for both experimental groups.
The pattern observed between the two experimental groups for comparisons
involving S2 and S3 samples with regard to the median value of CFUs was
different: for the CHX-group there was a significant increase in the 3
atmospheres; in the Ca(OH)2-group, a maintenance occurred in aerobiosis, unlike
the microaerofilic and anaerobic chamber where the CFUs counts in S3 increased
relatively to S2.
The differences between S2 and S3 counts were significant (p<0.05) for the two
groups in all 3 atmospheres, except for the aerobic culture of the Ca(OH) 2 group.
In the CHX-group, the comparison between S1 and S3 showed that: in
anaerobiosis, there was significant decrease; in microaerofilic environment, no
significant differences were found; and in aerobiosis, an increase was observed.
In the Ca(OH)2 group, in aerobiosis and anaerobiosis, the values of CFUs among
S1 and S3 decreased. In the microaerofilic atmosphere, significant differences
were not detected.
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Table 5.3.

Effect of endodontic procedures on bacteria (CFU/mL) for both intracanalar dressings (CHX and Ca(OH)2) and the three atmospheres.
CHX
Ca(OH)2

Atmosphere

Statistics
n

MOMENT
S1

S2

p*
S3

34

34

35

35

35

36.2 (±162.8)

3955.0 (±6677.2)

494,1 (±914,2)

5,1 (±30,4)

1770,9 (±7058)

0b

0c

635 aA

0a

0b

0 bB

Minimum - Maximum

0 - 11000

0 - 900

0 - 23500

0 – 4000

0 - 180

0 - 30000

% cases =↓ CFU/mL

-

100%

88.2%

100%

97.1%

Median

Average (±StDev)
Median
Minimum - Maximum

n
Average (±StDev)
Median
Minimum - Maximum
% cases =↓ CFU/mL

<0.001

34

34

34

35

35

35

7882.8 (±31838.3)

41.2 (±240.1)

4624.4 (±7374.8)

952.7 (±1832.0)

9.1 (±40.4)

3464.9 (±9000.6)

0a

0b

0 aA

130 a

0b

0 aB

0 - 184000

0 - 1400

0 - 30000

0 – 7700

0 - 220

0 - 30000

100%

88.2%

100%

94.3%

34

34

35

35

% cases =↓ CFU/mL

Anaerobiosis

S3

34

n

Microaerofilic

S2

988.1 (±2349.0)

Average (±StDev)
Aerobiosis

p*

MOMENT
S1

34

27835.1 (±63505.9) 98.2 (±440.2)

<0.001

35

6215.3 (±10381.1)

1160 a

0c

345 bA

0 - 246000

0 - 2490

0 - 30000

100%

91.2%

<0.001

8374.6 (±26024.5) 432.3 (±2397.7) 2760.3 (±8325.7)
<0,001

470 a

0c

0 bB

0 – 146000

0 - 14200

0 - 30000

97.1%

91.4%

* Friedman test; a,b,c – different letters stand for significant differences (median) between collection moments, according to the Wilcoxon test; A,B - different letters stand for significant differences
(median) between intracanalar dressings (at S3), according to the Mann-Whitney test.
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<0.001

<0.001

Briefly, comparing CFU/mL between the two groups, in each moment of sampling
and for each atmosphere, significant differences were only observed in S3 (T.
Mann-Whitney; p<0.001), with the CHX group showing the worst performance.
In face of these results, we decided to analyse the effect of intracanal dressing in
bacterial counts, now related to the initial diagnosis (Table 5.4).
In teeth presenting only with necrosis, neither CHX nor Ca(OH)2 showed a
significant CFU reduction between S1 and S3 or S2 and S3, although CHX tends to
show a slight worse performance (with significantly higher CFU counts at S3 than
at S2 for aerobiosis (p=0.028)) while Ca(OH)2 basically maintains low CFU counts
at S3, therefore not showing significant differences between S2 and S3 (p>0.05).
For teeth with AP, there is a significant reduction between S1 and S3 with Ca(OH)2
(p≤0.033 for all atmospheres) and a maintenance of low CFU counts between S2
and S3 (p>0.05), while CHX shows a significant increase between S2 and S3
(p≤0.002 for all atmospheres).
Moreover comparing CFU counts at S3 shows significant differences between
intracanal dressings, with the Ca(OH)2 group showing significantly lower CFU than
the CHX group(Mann-Whitney test, p≤0.002 for all atmospheres). Therefore, an
overall better performance was obtained when Ca(OH)2 was used and this was
even clearer when an initial diagnosis of AP was present.
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Table 5.4 – Effect of endodontic procedures on bacteria (CFU/mL) per initial diagnosis, for both intracanalar dressings (CHX, Ca(OH)2) and three
atmospheres.
MOMENT
p*
p*
(S1-S3)
(S2-S3)
S1
S2
S3
n
12
12
12
Average (±StDev)
761.7 (±2009.1)
0 (±0)
684.2 (±1146.5)
CHX
Median
0a
0b
55 a
0.484
0.028
Necrosis
n
14
14
14
Ca(OH)2
Average (±StDev)
562.9 (±882.5)
0 (±0)
4418.6 (±10849.1)
Median
0
0
0
0.612
0.102
Aerobiosis
n
22
22
22
Average (±StDev)
1111.6 (±2551.7)
55.9 (±201.2)
5739.1 (±7741.2)
CHX
Median
0b
0c
2400 aA
0.044
0.001
AP
n
21
21
21
Ca(OH)2
Average (±StDev)
448.3 (±953.4)
8.6 (±39.3)
5.7 (±26.2)
Median
130 a
0b
0 bB
0.033
0.655
n
12
12
12
Average (±StDev)
1080.4 (±2871.5)
0 (±0)
4200.8 (±9115.8)
CHX
Median
0
0
0
0.575
0.068
Necrosis
n
14
14
14
Ca(OH)2
Average (±StDev)
1382.9 (±2491.2)
0 (±0)
8521.4 (±12877.8)
Median
0b
0b
0a
0.139
0.039
Microaerofilic
n
22
22
22
Average (±StDev)
11593.2 (±39341.3)
63.6 (±298.5)
4855.5 (±6463.8)
CHX
Median
0b
0b
1495 aA
0.492
0.002
AP
n
21
21
21
Ca(OH)2
Average (±StDev)
666 (±1206.7)
15.2 (±51.7)
93.8 (±304.2)
Median
150 a
0b
0 bB
0.001
0.465
n
12
12
12
Average (±StDev)
590.4 (±1053.5)
0 (±0)
1116.7 (±3774.3)
CHX
Median
155
0
0
0.161
0.109
Necrosis
n
14
14
14
Ca(OH)2
Average (±StDev)
15891.4 (±38870.4)
1052.1 (±3786.8)
6721.4 (±12368.5)
Median
1235
0
0
0.386
0.078
Anaerobisis
n
22
22
22
Average (±StDev)
42695.9 (±75375.6)
151.8 (±544.1)
8996.4 (±11786.9)
CHX
Median
6395 a
0c
1585 bA
0.046
<0.001
AP
n
21
21
21
Ca(OH)2
Average (±StDev)
3363.3 (±10166.3)
19 (±60.9)
119.5 (±311.1)
Median
470 a
0b
0 bB
0.001
0.176
a,b,c – different letters stand for significant differences (median) between collection moments, according to the Wilcoxon test; A,B - different letters stand for significant differences (median) between
intracanalar dressings (at S3), according to the Mann-Whitney test.
Atmosphere

Diagnoses

Dressing

Statistics
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5.3.

Discussion

Against the backdrop of clinical variability, there has been a move toward
evidence-based dentistry, wherein clinical practice relies on the diligent and
judicious use of the best available evidence from human clinical studies,
combined with clinical expertise to test the technical resources available in order
to use them adequately (Law & Messer 2004).
Our questions were: in patients undergoing endodontic treatment for necrosis
associated or not with AP, does intracanal medicament, eliminate further residual
bacteria from canals, compared with the same canals before medication, as
measured by the number of positive cultures? In case of affirmative answer, what
results best: Ca(OH)2 paste or 2% CHX gel?

Experimental Model
Several techniques for acquiring bacteriological samples from root canals have
been described. Nevertheless, in the majority of in vivo studies (Reit et al. 1999,
Shuping et al. 2000, Peters et al. 2002, Kvist et al. 2004, McGurkin-Smith et al.
2005, Waltimo et al. 2005, Manzur et al. 2007, Siqueira et al. 2007b, Vianna et al.
2007, Rôças & Siqueira 2011) root canal samples were acquired with paper
points, as in this study.
In those punctual cases, where the paper points couldn’t reach the estimated
working length without deformation, sterile #10 or #15 files without cable
handling with sterile tweezers were used to scrape the root canal walls, although
it complicates the travelling through the root canal anatomy. This was made with
intention to obtain valid samples in narrow canals.
The problem of delay between the collection of the specimens and subsequent
culturing is not uncommon. A transport medium that maintains viability of the
overall microorganism population of the samples without appreciably altering
their relative proportion over a period of time should be selected. RTF was used
to transfer the samples to the lab as suggested by Syed & Loesche in 1972, since
it could maintain the viability of anaerobes which tend to be abundantely present
in endodontic infections. Also, poising the medium with DTT makes it more
resistant to oxidation under aerobic conditions (Syed & Loesche, 1972).
Due to the loss of bacterial viability during sample storage and transport,
samples have been processed within the first hour after collection, or if this was
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not possible, samples were placed in RTF and stored at 4˚C for no more than 4 h
as suggested by Alsunaien et al. 2010.

Culture-dependent model
One of the greatest strengths of the culturing procedure is that it is one of the
most reliable methods to detect viable bacteria, particularly when samples are
taken immediately after antimicrobial treatment as viability may not be
ascertained by most culture-independent methods (Siqueira & Rôças 2005a).
Besides, molecular methods detect all DNA present in the sample, independently
of the live/dead or viable/non-viable nature of the respective cell.
As with any other method, culture-dependent approach has its own advantages
and limitations. Similar to other studies, in this investigation, the absence of
bacterial growth in the agar plates highlighted the relatively low sensitivity of the
agar culture method, which can detect up to 103 to 104 cells in one sample
(Zambon & Haraszthy 1995). If the amount of collected bacteria from the canal is
smaller, then after dilution, there may be no bacterial cells transferred to the agar
plates (Siqueira & Lopes 1999). An additional shortcoming of the method used
herein is that the samples obtained only reflect the bacteriological conditions of
the main canal (Siqueira et al. 2007a) because of limitations in sampling
procedures.
Effectively, since bacteria are not only present in the main root canal but might be
hidden and survive in the dentinal tubules or accessory canals, a sampling
procedure covering the whole root canal system would be desirable. Thus it
should be taken into consideration that the amount of endodontic bacteria might
be underestimated. Furthermore, in vivo studies are also limited because the
sampling procedures used allows the recovery of planktonic cells suspended in
the root canal but not of cells that are bound within biofilms in areas untouched
by the instruments (Manzur et al. 2007). Nonetheless, even if the analysis is
restricted to the main root canal, meaningful data can be obtained, especially for
comparative purposes (i.e. evaluation of different treatment strategies) (Vianna et
al. 2007).
As a consequence of these factors, the bacterial diversity in samples could have
been actually broader, and a culture-negative canal cannot be regarded as a
sterile root canal system. In fact, a negative culture is likely to mean that the
bacterial reduction in the canal has reached levels below the detection limits of
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culture procedures, and these levels may be compatible with periradicular tissue
healing (Siqueira et al. 2007a).
Even considering these boundaries, culture was used because of its ability to
detect exclusively viable bacteria and because of the correlation shown by
previous studies between negative cultures and a more favourable treatment
outcome (Sjögren et al. 1997, Waltimo et al. 2005, Mollander et al. 2007).
In order for microorganisms to multiply in artificial media, they must have
available the required nutrients and proper physicochemical conditions, including
temperature, moisture, atmosphere, salt concentration and pH (Slots 1986).
Knowing this and having present in mind the poly-microbial composition of the
endodontic microflora, it can be suggested that growth of bacteria in enriched
broth media in different atmospheres may be more suitable because it may allow
detection even if the number of bacterial cells recovered from the canal is small.
Moreover, it is known that a synergistic balance is required for the survival of
strict anaerobes in the presence of other aerobic and facultative anaerobes (Chu
et al. 2006). These were the reasons for using a more laborious Laboratory
protocol than other reports in this field that only assessed anaerobic culture
conditions (Byström et al. 1985, Shupping et al. 2000, Peters et al. 2002, Kvist et
al. 2004, Manzur et al. 2007, Siqueira et al. 2007b, Wang et al. 2007).
In the present study, only the 14-days anaerobic atmosphere culture results were
used, because these were significantly higher than the 7-days in the majority of
the samples, in contrast with the aerobic and microerohilic environment where
48h were sufficient to assess bacterial growth.

Proportion of Positive Samples/ Bacterial Counts
Bacterial elimination at different stages of treatment was assessed using two
outcome measures: the proportion of positive samples (assessed by growth in
agar plates) and the bacterial count (Manzur et al. 2007).
The tooth position, the initial diagnosis and the master apical file didn’t have any
influence on the results (Table 5.1). All temporary restorations at the beginning of
the second appointment were checked in order to disclose the possibility of
microbiologic coronal leakage between sessions of treatment. The range of the
different results reported could then be attributed to the different intracanal
dressings tested.
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The data related to differences between moments of the endodontic treatment
suggests that the main component of antibacterial action is associated with
mechanical instrumentation and irrigation with NaOCl. This is in accordance with
previous reports that show similar results. Taken together, our fairly consistent
results confirm the critical importance of the aseptic components of the
chemomechanical preparation: it must be noticed that, not only for this purpose,
but also to ensure credibility of samples, we always used sterile gloves and
rubber dams.
On the other hand, the same data showed that it is not possible to always achieve
a sterile root canal system by cleaning and shaping alone, in agreement with the
findings of Byström and Sundqvist in 1981. Yet, a clinically desirable goal should
be the reduction of the microbial flora to as low a level as possible and the
creation of an environment in which any remaining organisms cannot survive to
ensure a successful outcome (Law & Messer 2004).
We found it relevant to present separate data from the 3 atmospheres used in
Culture, as they were significantly different. The more variable results in the
aerobic atmosphere may probably be explained by the potential higher risk of
contamination.
In summary, the intracanal dressings tested failed to render all root canals sterile.
One reason for this might be residual bacteria that are, most often, located in
inaccessible areas such as isthmuses, ramifications, deltas, accessory and lateral
canals, and dentinal tubules (Peters et al. 2001), which represents a serious
restriction in bacteria retrieval by the methodology adopted in this investigation.
The observed CFU increase from S2 to S3 could indicate that conditions in those
particular canals somehow favoured growth of bacteria already in the canal.
However, it is also possible that this CFU increase was an artefact due to a
possible flaw during S2 sample collection (Siqueira et al. 2007b). Another
possibility could be that the introduction of the intracanal drug may facilitate the
entry of remnants that become sample contaminants which calls attention to the
risk of false negative and false positive culture results (Reit et al. 1999, Sathorn et
al. 2007b). Also, this increase could result from persisting bacteria intrinsically
resistant to the irrigant or to the intracanal dressing, possibly embedded in tissue
remnants or arranged in biofilm structures and thus protected from the lethal
effects of medicaments (Siqueira et al. 2007b). Finally, inactivation or decreased
activity of the intracanal dressings induced by dentin constituents, inflammatory
exudate seeping into the canal, bacterial products, and components of the
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necrotic tissue (Siqueira et al. 2007b) may also contribute to the performance of
the intracanal dressings tested.
The quest for better antibacterial protocols and sampling techniques must
continue to ensure that bacteria can be reliably eradicated prior to obturation
(Sathorn et al. 2007a).
In this line of thinking, from patient 28 onwards, we decided to collect another
sample, called S4, after the final rinse with 10% citric acid, 3% NaOCl and 5%
sodium thiossulfate, immediately before filling. All S4 had no bacterial growth
(data not shown). This illustrates that it is crucial to apply a final rinse protocol in
order to achieve maximum inactivation and removal both of residual bacteria and
intracanal dressing, thus favouring non-surgical root canal treatment prognosis.

Ca(OH)2
The wide range of reported results about the effectiveness of the popular
medicament, Ca(OH)2, might be explained by factors such as tooth/canal type,
initial microbial loading, operator-associated variables, instrumentation technique
(hand vs. rotary nickel titanium files), final file size, irrigants (NaOCl vs. saline or
quantity and concentration of NaOCl used), presence or absence of smear layer,
integrity of temporary restorations, the possibility of false positive and negative
results depending on the microbiological techniques used and, finally, geographic
differences in bacteria associated with endodontic infections (Baumgartner et al.
2004, Rôças et al. 2008).
Another possible reason leading to discrepant microbiological outcomes among
several studies is the duration of placement. According to Siqueira et al. in 2007c,
after several periods of medication (7-203 days), positive samples were reported
to range from 0 to 71.4%: <8% (Byström et al. 1985, Sjögren et al. 1991, Shuping
et al. 2000), till 50% (Reit & Dahlén 1988, Ørstavik et al. 1991, Lana et al. 2001,
Kvist et al. 2004, McGurkin et al. 2005, Zerella et 2005, Chu et al. 2006, Siqueira
et al. 2007d) and 71.4% (Peters et al. 2002). Thus the proportion of positive
cultures observed in this study was within the range reported in previous studies
(Kvist et al. 2004, Manzur 2007).
The method of Ca(OH)2 removal can also be a variable: in our study, it was
carefully removed from the canals with sterile saline solution and an #15 sterile
file till the WL, but it was not inactivated, as in several previous studies (Byström
et al. 1985, Peters et al. 2002, Sjögren et al. 1991, Ørstavik et al. 1991, Zerella et
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al. 2005). In other studies, after application of Ca(OH)2 for 1 week, positive
cultures were reported from < 13% without inactivation (Sjögren et al. 1991,
Ørstavik et al. 1991) to 33% with inactivation by 0.5% citric acid (Shuping et al.
2000, McGurkin et al. 2005, Waltimo et al. 2005).
The antibacterial properties of the most commonly used intracanal medication are
attributed to the alkaline environment, ph≈12 (Tronstad et al. 1981, Stevens &
Grossman 1983) created by its application that inhibits bacterial growth (Foreman
& Barnes 1990, Chu et al. 2006), destroys the cytoplasmic membrane, denatures
bacterial enzymes and proteins, and damages bacterial DNA (Siqueira & Lopes
1999). Nevertheless, when placed within the root canal, the initially high pH of
Ca(OH)2 is buffered by the dentin (Portenier et al. 2001), bacterial acidic products,
and CO2 concentration (Nakajo et al. 2004). Consequently, bacteria able to grow
at pH 9 –10 can survive in the root canal system despite the presence of calcium
hydroxide (Nakajo et al. 2004).
A complementary explanation for the Ca(OH)2 bactericidal effect might be its
capacity to adsorb gases such as carbon dioxide. The resulting local decrease in
its concentration is harmful for anaerobes that require it for survival (Kontakiotis
et al. 1995).
Finally, although Ca(OH)2 can rapidly kill most endodontic bacteria when in direct
contact, these effects might not be so pronounced in the root canal environment,
in which such a direct contact cannot always be achieved, or given the low
solubility of Ca(OH)2, the concentration of hydroxyl ions might not reach high
enough levels to kill bacteria in biofilms on untouched canal walls, dentinal
tubules, irregularities, and other anatomic variations (Byström et al. 1985,
Rehman et al. 1996, Siqueira & Lopes 1999). Also a possible intrinsic bacterial
resistance to the medications or alteration of bacterial gene expression that
allows them to survive the environmental changes (Siqueira & Lopes 1999) may
explain the limited efficacy of Ca(OH)2 in elimination of root canal bacteria in vivo
(Manzur et al. 2007).

CHX
We observed a growth reversal in 25 cases, corroborating the results of one study
(Paquette et al. 2007) which reported a significant increase in positive samples,
from 32% before medication to 54% after medication with liquid 2% CHX. This
result suggests that CHX gel has a limited effect as intracanal medication for 2
weeks in vivo.
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CHX affects the membrane integrity and, depending on its concentration, causes
a congealing of the cytoplasm: at low concentrations CHX is bacteriostatic;
however, at high concentration it induces precipitation or coagulation of
intracellular constituents, particularly phosphated entities, such as adenosine
triphosphate and nucleic acids, resulting in a bactericidal effect (McDonnell &
Russell 1999). Despite the advantages of CHX, its activity is pH dependent
(McDonnell & Russell 1999), and is greatly reduced in the presence of the dentin
matrix, serum albumin, and dead bacteria (Portenier et al. 2001, Manzur et al
2007). In addition to the immediate antibacterial effect, CHX may adsorb to
dental tissues and impart a substantive antimicrobial activity (Parsons et al. 1980)
as it presents substantivity to dentin, which may result in residual antimicrobial
effects for days to weeks (White et al. 1997, Leonardo et al. 1999, Rosenthal et al.
2004). In endodontic applications, the antibacterial efficacy of CHX has compared
favourably with that of NaOCl (Vianna et al. 2006), and substantive antimicrobial
activity has been reported when CHX was used as an intracanal medicament
(Basrani et al. 2002). Nevertheless, in vivo studies in which CHX was used for
intracanal medication have reported only a moderate bacterial reduction below
threshold levels: in 78% of canals using a 0.12% liquid solution (Barbosa et al.
1997), in 46% of canals using a 2% liquid solution (Paquettte et al. 2007), and in
55% of canals using a 2% gel (Manzur et al. 2007).
On the other hand, in Portugal, there is no available CHX gel for endodontic use.
So, we permanently manufactured and kept it in the fridge in order to the product
being as fresh as possible in all of the experimental cases. The proper application
was assured by the operator who made an effort to perform a standard motion: a
hard mission as the product was colourless, unlike the white paste of Ca(OH)2
which was easier to manage

in the right place. An attempt was made to

incorporate barium sulphate crystals: however, it altered the consistence of the
final product and this plan was aborted.
It is convenient to remember that lesions of endodontic origin are associated with
bacterial contamination and necrosis of the dental pulp, which typically progress
through four stages (Graves et al. 2011): (1) exposure of the dental pulp to the
oral cavity with subsequent bacterial colonization, (2) inflammation and necrosis
of the dental pulp, (3) the development of inflammation in the periapical area,
and (4) periapical resorption of bone and formation of granulomas or cysts.
The AP is expected to have a greater bacteria load than pulpal necrosis. The
inflammatory and immunological response to the two disease conditions, as the
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anatomical local’s affected (dental pulp and periapical tissues) are physiologically
different - the latter, presumably, still has capacity to fight against the etiological
factor, unlike the former who completely lost this faculty- can possibly explain
the dissimilar performance of the two intracanal dressing tested.
In endodontic lesions, the presence of inflammation suppresses bone formation
so that lesion resolution does not occur until the causal bacteria are entombed by
treatment and the inflammation subsides (Graves et al. 2011).
So, lesions of endodontic origin involve the host response to bacteria (whose
presence stimulates an inflammatory response to resist infection) and the
formation of osteolytic lesions. The upregulation of inflammatory cytokines that
initiate and sustain the inflammatory response are important as well as
chemokines that induce recruitment of leukocyte subsets and bone-resorptive
factors that are largely produced by recruited inflammatory cells. Those lesions
pose a particular challenge since bacteria persist in a protected reservoir that is
not readily accessible to the immune defences. Thus, experiments in which the
host response is inhibited in endodontic lesions tend to aggravate the formation
of osteolytic lesions (Graves et al. 2011).
Periapical cell infiltration initiates as soon as the inflammatory process starts in
an attempt to eliminate the microorganisms and to prevent their dissemination
into the fascial planes.

During this response a number of cell types present

release cytokines, chemokines, leukotrienes, and prostaglandins into the area.
These inflammatory mediators reinforce the recruitment of polymorphonuclear
leukocytes (PMNs) and other leukocytes (Graves et al. 2011). Among those cells,
lymphocytes are considered the most prevalent cells in periapical inflammatory
infiltrate (Yu et. al 2007). T cells express different sets of chemokines and
receptors, which are considered important mediators of leukocyte recruitment to
injured sites, including periapical lesions (da Silva et al. 2006). Some chemokines
are constitutively secreted and regulate the trafficking of lymphocytes, whereas
other chemokines are produced as a consequence of proinflammatory stimulation
or infection, directing the migration of leukocytes and immature dendritic cells to
the injured or infected site. Moreover, chemokines can also participate in wound
healing (Rossi & Zlotnik 2000).
The wide use of Ca(OH)2 is justified because of its well-known and recognized
antimicrobial activity. In addition, it inactivates endotoxins in vitro and in vivo,
and appears currently the only clinically effective medicament for inactivation of
endotoxin (Mohammandi & Dummer 2011), stimulates mineralization (induction
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of hard-tissue formation), dissolves organic material, and produces a chemical
and physical barrier (Vianna et al. 2007).

It also is effective for stopping

inflammatory exudates (Tavares et al. 2011).
In diseased periapical tissue, interleukin-1 (IL-1) plays a pivotal role stimulating
osteoclastic bone resorption (da Silva et al. 2006), as well as contributing to
inflammation by inducing IL-17 synthesis (McGeachy & Cua 2008).
The long-standing of Ca(OH)2 in root canals, acting on denaturing immunoreactive
IL-1α, Tumoral necrosis factor (TNF)-α, and calcitonin gene-related peptide was
demonstrated by Khan et al. in 2008 and confirmed recently by Tavares et al. in
2011, who suggested the effectiveness of Ca(OH)2 in dampening periapical
inflammation after root canal cleaning procedures. It is also referred that it is
possible that Ca(OH)2 diminishes TNF-α local concentrations, because it has been
shown to denature proteins, including this one (Khan et al. 2008).
Chemokines act as vital initiators and promulgators of inflammatory reactions,
and an increased expression of CCL2/MCP-1 has been associated with increased
recruitment of cells to inflammatory sites (da Silva et al. 2006, Marçal et al.
2010).
The inflammatory cytokines IL-1, TNF-α, IFN-γ, IL-6, and IL-11 activate osteoclastic
bone resorption by inducing the expression of cellular inducible macrophage-type
nitric oxide synthase and nuclear factor kappa B ligand (RANKL) (Fukada et al.
2009).
Immunosuppressive mechanisms mediated by transforming growth factor and IL10

are

responsible

for

healing

processes

and

the

restriction

of

the

inflammatory/immune mechanisms (Colic et al. 2010).
In an in vitro study (Tavares et al. 2011), Ca(OH)2, allocated for 15 days, kept
constant throughout the experimental period the numbers of all cytokines,
proinflammatory or regulatory, and the chemokine CCL-2/MCP-1 assessed. Then
the benefits of Ca(OH)2 become evident; if it does not reduce cytokine basal
expression observed at day 0, it impedes the increase of all cytokines during the
experimental

time.

However,

whether

these

effects

are

due

to

its

antiinflammatory, antibacterial, or physical barrier properties is a matter of
debate (Tavares et al. 2011).
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Conclusion
In the present study, comparisons of the absolute bacterial counts and the
number of culture-negative cases between S1 and S2, as well as S1 and S3
samples revealed statistically significant differences: this result clearly showed
that mechanical preparation reduces considerably the number of microorganisms,
unlike the intracanal dressing where the results are not so explicit.
Given the anatomic complexity of the root canal system and taking into account
the extant treatment techniques and medications, it is fair to assume that it is
virtually impossible to render the whole system sterile. However, it is essential to
reduce the microbial flora to as low a level as possible to ensure a successful
outcome (Law & Messer 2004) compatible with periradicular tissue healing
(Siqueira et al. 2007a). Application of intracanal medication for at least 1 week
has been recommended to enhance bacterial elimination. The protocol tested
significantly reduced the number of bacteria but failed to render the canals totally
free of microorganisms in about 50% of the cases. These findings indicate that
the search for more effective substances and protocols that can predictably
render the canals free of bacteria should be encouraged (Siqueira et al. 2007b).
Application of a 14-days intracanal dressing with Ca(OH)2 significantly increased
the number of negative cultures compared to CHX.
Reduction of root canal bacteria below the cultivation threshold level has been
correlated with improved potential for healing of AP (Sjogren et al. 1997,
Sundqvist et al. 1998), suggesting that root canal culture results could be used in
endodontic research as a surrogate for the potential for healing (Sathorn et al.
2007a). This approach is undermined by the limitations of the sampling
methodology (Sathorn et al. 2007a) and by the reported lack of correlation
between bacterial reduction and healing (Peters & Wesselink 2002). Thus, followup of treated patients is still required to properly assess the effectiveness of
endodontic treatment regimens (Tervit et al. 2009).

Clinical implications:
It was concluded that from a microbiological point of view, treatment of teeth
with necrosis associated or not with AP performed in two appointments was not
more effective than the investigated one-visit procedure. Therefore, whenever
possible, one session should be the goal, as the use of intracanal dressing to
predictably

render

root canals bacteria-free
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before

filling

seems to

be

questionable, at least in cases where signs and symptoms of endodontic origin
are absent.
The present results show that Ca(OH)2 revealed better results than 2% CHX gel.
Thus, if intracanal dressing is to be used, we recommend the use of Ca(OH)2. It
must nonetheless be emphasized that not all cases resulted in 100% negative
cultures. Hence, until better root canal fillings are developed, rather than reliance
on intracanal medicaments, thorough chemomechanical cleaning of the canal at
the second visit is required to remove the residual canal flora by adopting a
helpful rinse protocol.
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IV. qPCR BASED MICROBIOLOGIC
ASSESSMENT OF ROOT CANAL

TREATMENT
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6. EFFECTIVENESS OF TWO INTRACANAL DRESSINGS IN
ADULT PORTUGUESE PATIENTS: A qPCR AND ANAEROBIC
CULTURE ASSESSMENT

Bacterial etiology of Apical Periodontitis (AP) is well accepted. Modern endodontic
treatment procedures aim at eliminating the infecting microorganisms during
root canal (RC) preparation. This is most commonly attempted with the aid of
sodium hypochlorite (NaOCl) as RC disinfecting agent. However, either since it is
usually impossible to assure complete bacterial eradication or due to lack of time
to complete the treatment in one-appointment, intracanal dressing between
sessions have been advised to maximize disinfection. Calcium hydroxide paste
(Ca(OH)2) is the most commonly used

medicament, despite some known

limitations. To overcome its limitations, 2% chlorhexidine digluconate gel (CHX)
has emerged.
The labour intensive and time consuming bacterial Culture is a well-established
method for analyzing Endodontic Microbiology, but because it shows low
sensitivity and because many microorganisms remain uncultivable (Siqueira &
Roças 2009b), it is thought to provide underestimated data.
Application of Nucleic Acid (NA) techniques for the study of the polymicrobial
nature of endodontic pathology enables a more complete analysis. The speed of
results (more significant in deadly diseases or for diseases caused by slowly
growing bacteria), the detection of anaerobes even in samples not collected or
transported under special conditions, the possibility to study samples from
antibiotic treated subjects, the possibility to batch study large number of stored
samples are major advantages of the NA approach.
One of the most interesting NA approaches to the detection/quantification of
bacteria is the broad-range quantitative PCR amplification of the 16S rRNA gene
(16S rDNA). This can be accomplished by Real-time-PCR (qPCR) using primers
targeting conserved regions of the 16S rDNA. This approach returns 16S rDNA
quantifications, independently of the nature of the DNA (live/dead or viable/nonviable bacteria, or even free naked DNA), and is thus a complementary,
independent approach to bacteria culture.
Since it is expected that from the total diversity of bacteria in RC, only a subset
will be detected by Culture, the purpose of this study was to measure the number
of bacterial equivalents (detected by 16S rDNA qPCR) detectable in RC before and
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after treatment by chemomechanical preparation alone and after the intracanal
use of Ca(OH)2 or CHX as interappointment dressings.

6.1. Results
6.1.1. Quantitative Microbiological Analysis
Between S1 and S2, for both experimental groups and by the two approaches
(16S rDNA qPCR and Anaerobic Culture), a consistent significant decrease on
bacterial equivalents and bacterial load (T.Mann-Whitney; p<0,001) was found
(Table 6.1).
The same was not true for S2-S3 comparison: CHX-treated patients showed a
significant (p<0.05) increase unlike Ca(OH)2-ones who showed similar counts
again with the two methodologies (Table 6.1).
The analysis about putative influence of the different initial diagnosis (necrosis or
AP) and the performance of the intracanal dressing tested can also be seen in
Table 1. In teeth presenting only necrosis, the increases of bacterial equivalents
between S2-S3, for both Ca(OH)2 and CHX-group were not significant, unlike the
CFU/mL with which a maintenance was observed. With AP, the CHX group, both
by NA technique and by Aaerobic Culture, showed a worst performance:
significantly lower values in Ca(OH)2- than in CHX-treated patients (Mann-Whitney
test, p≤0.001) were observed and this was even clearer with CFU/mL.
The analysis of the correlation between the two approaches (Table 6.2) always
showed a positive correlation, although not significant for all combinations under
scrutiny. Correlation was significant for S1, independently of the initial diagnosis,
being this tendency more clairvoyant with AP. In S2, the performance of both
evaluative technologies was similar, particularly more evident for necrosis in
comparison with AP. Comparing medicaments (S3 samples), in the Ca(OH)2–
group, a significant correlation was verified independently of the initial diagnosis,
being this even clear for the necrotic teeth.
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Table 6.1- Comparison of the Classical Microbiology Culture CFU quantification results with qPCR bacteria Equivalents quantification
Molecular Biology
Culture – CFU/mL (anaerobic)
diagnosis

Statistics

S1

S2

S3 CHX

S3 CHa

n

138

138

68

Average
(±StDev)

606 961 661
(±6 543 712 960)

5 254 616
(±7 377 722)

Median
(P25-P75)

7 600 000 a
(385 500 – 31 800
000)

Min - Max

0 – 76 600 000 000

2 685 000 b
(0 – 7 390
000)
0 – 40 700
000

ALL

p*

S1

S2

S3 CHX

S3 CHa

70

69

69

34

35

42 530 300
(±201 244 399)

7 059 040
(±21 940 365)

17 964
(±48 907)

268
(±1 731)

6 215
(±10 381)

1 959
(±6 948)

9 060 000 aA
(2 807 500 – 19 025
000)

223 050 bB
(0 – 5 010 000)

510 a
(0-6300)

0b
(0-0)

345 aA
(0-9125)

0 bB
(0-38)

0 – 1 650 000 000

0 – 139 000 000

0 – 246
000

0 – 14 200

0 – 30 000

0 – 30 000

<0.001

<0.001
n

54

24

28

27

27

12

14

Average
(±StDev)

17 989 599
(±61 399 653)

4 645 479
(±7 427 767)

8 594 172
(±10856172)

6 010 360
(±11 721 889)

8 502
(±28 583)

546
(±2 731)

1 117
(±3 774)

4 579
(±10 480)

Median
(P25-P75)

2 695 000
(8 240 – 9 292 500)

4 680 000
(23 – 13 500 000)

1 895 000
(0 – 6 552 500)

190 a
(0-3600)

0b
(0-0)

0b
(0-75)

0b
(0-1 525)

Min - Max

0 – 438 000 000

0 – 41 100 000

0 – 45 500 000

0 – 146
000

0 – 14 200

0 – 13 100

0 – 3 0000

37 300
(0 – 6 487
500)
0 – 34 400
000

0.052

0.277
n
Average
(±StDev)
AP

84

44

42

42

42

22

21

990 148 303
(±8 404 721 065)

5 646 204
(±7 363 209)

61 040 915
(±249 092 623)

7 793 116
(±27 028 102)

24 046
(±57 897)

89
(±397)

8996
(±11787)

126
(±318)

3 910 000 b
(20 – 7 615
000)
0 – 40 700
000

10 135 000 aA
(4 085 000 – 33 550
000)

92 400 bB
(0 – 4 332 500)

0b
(0-0)

1 585 aA
(218-19 300)

0 bB
(0-113)

0 – 1 650 000 000

0 – 139 000 000

0 – 2 490

0 – 30 000

0 – 1 350

15 600 000 a
(3 370 000 – 37 600
000)

Min - Max

0 – 76 600 000 000

<0.001

<0.001

0.972

83

Median
(P25-P75)

<0.001

0.001

54

NEC

p*

<0.001

1000 a
(165-13
100)
0 – 246
000

<0.001

<0.001

* Kruskal-Wallis test; a,b,c – different letters stand for significant differences between sampling moments, according to the Mann-Whitney U test; A,B – different letters stand for significant differences
between intracanal medication, according to the Mann-Whitney U test.
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Table 6.2 – Spearman correlation coefficients (rs and p-value) for “qPCR vs Anaerobic Culture” data,
per intracanar medication and initial diagnosis.
Sampling Moment / Intracanalar Medication
S1
Diagnosis
ALL

S2

S3 - CHX

S3 - HCa

rs

p

rs

p

rs

p

rs

p

0.410

<0.001

0.296

0.013

0.324

0.062

0.372

0.030

Necrosis

0.093

0.645

0.429

0.026

0.018

0.955

0.609

0.021

AP

0.462

0.002

0.185

0.242

0.34

0.122

0.171

0.470

6.2. Discussion
In the later stages of pulpar infection establishment, an anaerobic milieu,
interactions between microbial factors and the availability of nutrition are
principal factors that define the composition of the microbial endodontic flora
(Sundqvist 1994).
Studies on the dynamics of root canal infections have shown that the relative
proportions of anaerobic microorganisms and bacterial cells increase with time
and that the facultative anaerobic bacteria are outnumbered when the canals have
been infected for three months or more (Fabricius et al. 1982). The consumption
of oxygen and production of carbon dioxide and hydrogen along with the
development of a low reduction-oxidation potential by the pioneer species favour
the growth of anaerobic bacteria (Figdor & Sundqvist 2007) leading to pulpal
necrosis followed by AP. So, the anaerobic atmosphere was the favorite choice for
Culture approach as the selective endodontic milieu supports the development of
anaerobics.
Culture-independent

molecular

microbiology

methods

can

sidestep

the

shortcomings of Culture methods because they exhibit increased sensitivity and
specificity as well as the ability to reliably detect culture-difficult and even as-yet
uncultivated bacteria (Siqueira & Rôças 2009a). Thereby, it seems logical to use
them in investigations like the one of this study.
Broad-range-PCR and Culture results reflect different albeit related realities.
Therefore, direct comparisons should be prevented. In particular, comparisons of
positive/negative results between techniques must be avoided, as they indicate
completely different realities. Thus, a direct analysis (sample by sample) of the
two methodologies doesn’t result from concordance or disagreement, but rather
the different realities being measured.
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Data from Culture may be an underestimation of the total in vivo bacterial load.
This results from lack of detection of: 1) non viable bacteria due to sampling and
transportation problems; 2) non cultivable bacteria due to specific culture
requirements (i.e. fastidious bacteria).
Broad-range-PCR measures bacterial DNA load, irrespective of its nature: live and
dead, viable and unviable bacteria or even naked DNA, all contribute to the total
DNA being detected or quantified. On the other hand, Culture only reveals the
presence of live, viable and cultivable bacteria that can grow enough during the
period of culture. Thus, qPCR results cannot be treated as bacteria counts, but
rather as Bacteria Equivalents, a unit reflecting the total amount of 16S rDNA
present in the sample and that once was part of a living bacteria cell. It is thus the
sum of all bacteria detectable by Culture plus a large array of dead or non-viable
or non-cultivable bacteria plus all naked DNA resulting from non-phagocytic
bacteria lyses. Even if bacteria is present in phagocytic cells, it may be expected
to be detectable by qPCR as the DNA extraction method should be able to lyse all
phagocytic cells and expose all of its content. Although this may seem at first as
a disadvantage, this may in fact reflect the total dynamics of bacterial presence in
the RC, as it is completely insensitive to the Culture’ limitations mentioned above.
By using both strategies, we aimed at comparing treatment performance,
disregard the technical limitations of the bacteria detection technique being used.
If we were disregarding important bacteria by Culture, then NA testing would be
capable of telling us so, whereas if NA results were mainly reflecting the presence
of dead bacteria, Culture results should warn us of it. Thus, we aimed at
analysing bacteria detection dynamics with both techniques as surrogate markers
to evaluate the effect of disinfection with chemomechanical preparation alone and
with the two intracanal dressings tested.
In addition to the technical limitations above described, bacterial dynamics in the
RC, particularly between S2 and S3 samples may also be affected by lingering
bacteria that are, most often, located and able to survive in inaccessible areas
(Peters et al. 2001) to instrumentation and sampling. Thus, culture reversals or
increased bacterial equivalents from S2 to S3 may reflect a possible flaw during
S2 sample collection (Siqueira et al. 2007b) or the growth of bacteria from their
original hidden anatomical location to the main canal. Another explanation could
be, that the use of an intracanal medicament, may favour contamination of the
sample calling attention to the risk of false negative and false positive culture
results (Reit et al. 1999, Sathorn et al. 2007a). Finally, it could be due to the
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presence of bacteria intrinsically resistant to the irrigant or to the intracanal
dressing, possibly embedded in tissue remnants or arranged in biofilm
structures, and thus protected from the lethal effects of medicaments (Siqueira et
al. 2007b). Finally, inactivation or decreased activity of the intracanal dressings
induced by dentin constituents, inflammatory exudate seeping into the canal,
bacterial products, and components of the necrotic tissue (Siqueira et al. 2007b)
may have also negatively influenced the performance of the intracanal dressings
tested.

6.3. Conclusions
After infection of the root canal space, necrosis followed by apical periodontitis
are the most prevalent diseases. Their treatment target is bacterial reduction
essentially by chemomechanical preparation and interappointment medication.
Within the limits of the present study, it is suggested that for teeth with necrosis
associated or not with AP a thorough chemomechanical preparation using 3%
NaOCL is able to significantly reduce the bacterial load of root canals to levels
capable of promoting of the desirable successful outcome. Intracanal dressing
failed to show improvement of the overall endodontic treatment success.
It may be concluded that the direct analysis (sample by sample) of the two
methodologies (qPCR and Anaerobic Culture) doesn’t reflect a real accordance or
disagreement but rather two valid perspectives of the same reality (endodontic
microbiology) and were thus, undoubtedly, found to be complementary.
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V. IDENTIFICATION OF INITIAL
AND TREATMENT RESISTANT
MICROORGANISMS IN ROOT

CANALS
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7. IDENTIFICATION
CULTIVABLE

OF

YEAST

ENDODONTIC

PORTUGUESE PATIENTS

AND

NON-PIGMENTED

BACTERIA

IN

ADULT

Endodontic infections have been traditionally studied by Culture methods and
over 460 bacterial taxa have been associated with infected root canals (Siqueira &
Rôças 2009c).
Several studies on root canal infections have focused on strict anaerobic bacteria
due to their predominance in samples taken from untreated teeth with necrotic
pulps (Sundqvist 1994, Le Goff et al. 1997, Dahlén et al. 2000, Gomes et al.
2004)
Knowing that diverse community is yet far away from being totally described and
to our information there are not Portuguese data published on this matter, the
purpose of this study was to identify before treatment whose species were there
in the infected root canals selected and also to compare the antimicrobial efficacy
of calcium hydroxide paste (Ca(OH)2) or 2% chlorhexidine digluconate gel (CHX)
when used as intracanal dressings for 14 days. Bacterial and fungal presence was
evaluated by cultivation approach.

7.1. Results
7.1.1. Microbiological diversity
All swab samples, took for sterility control, were negative, indicating a
disinfection of the operation field.
Isolates were recovered from 34 patients at the 3 moments of sampling (S1, S2
and S3). The higher number of isolates proceeded from samples at baseline (S1),
being S2 the moment the one with lowest number of isolates. At S1 57 of the 69
(82.6%) canals had cultivable bacterial growth and 11 samples had fungal
presence. After intracanal dressings for 14 days (S3 samples), 35 canals,
respectively 10 for the Ca(OH)2- and 25 for the CHX-group showed growth.
Of the total of isolates (107), 59 were cultivable, in which different bacterial
species were identified, including aerobes, facultative and obligate anaerobes and
yeasts.
Of the total of isolates of non-pigmented bacteria that have been identified by
their Gram-staining properties, morphology, and API identification Kit applied the
anaerobic Gram-positive rod Propionibacterium acnes (Actinobacteria) was the
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most prevalent, being detected in S1, S2 and S3, followed by the facultative
anaerobic, Gram-positive coccus Gemella morbillorum (Firmicutes) and by
anaerobic Gram-positive bacteria Clostridium difficile (Firmicutes), Actinomyces
meyer (Actinobacteria), Bifidobacterium spp. (Actinobacteria), Micrococcus spp.
(Actinobacteria), Peptostreptococcus anaerobius (Firmicutes), Peptostreptococcus
prevotii (Firmicutes), Staphylocococcus aureus (Firmicutes) and Streptococcus
constellatus (Firmicutes) were the ones which were detected in two samples.

7.1.2. Comparison of the different intracanal dressings
The majority of species recovered in S1 were not detectable in the post-treatment
samples and the majority of isolates belonged to cases of AP. In S2, occurred the
fewer number of isolates, being Micrococcus spp. and Propionibacterium
examples of them. CHX had a worst performance in disinfection of the root canal
system; consequently their number of isolates (eight) from S3 samples was bigger
when compared to Ca(OH)2 (one) and with diagnosis of necrosis and included
Actinomyces israelli (Actinobacteria) and Clostridium innocuum (Firmicutes)
(obligate anaerobes rod Gram-positive), Micrococcus spp. (strictly aerobic cocci
Gram-positive) , Propionibacterium acnes (facultative anaerobe rod Gram-positive)
and Staphylocococcus aureus (facultative anerobe cocci Gram-positive).
Of the six microorganisms that were observed in S3, three were not detected in
the previous collections.
The presence of yeast Candida albicans was found in four isolates in S1, two in
S2 and five in S3 equally numbered for necrosis and AP in S1 and S2, but more
prevalent in S3 when the initial diagnosis was AP (four) compared with necrosis
(one).

7.2. Discussion
Microorganisms were mostly recovered from S1, data in agreement with previous
studies

that

showed

the

relationship

between

microorganisms

and

the

development of apical periodontitis (Kakehashi et al. 1965, Fabricius et al. 1982,
Le Goff et al. 1997, Dahlén et al. 2000, Lana et al. 2001). Moreover, this study
proved the polymicrobial nature of the primary endodontic infections (necrosis
associated or not with AP).
Despite mechanical instrumentation and disinfection of the root canal system,
there were microorganisms detected in S2, clearly showing that root canal
preparation is unable to eliminate all bacteria from the root canal system (Gomes
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et al. 1996a, Sydney 1996, Sjögren et al. 1997, Chavez et al. 2003). That’s why it
has been emphasized that antimicrobial agents should be used between
appointments (Ando & Hoshino 1990, Oguntebi 1994, Siqueira et al. 1996,
Chavez et al. 2003). Possible factors permitting microorganisms to survive
endodontic procedures include the ability of bacteria to invade dentinal tubules
(Oguntebi 1994), and secretion of metabolic products that may counteract the
antibacterial effect of the endodontic treatment. And so, bacteria have the
capacity to promote reinfection of the root canal after endodontic therapy.
It is important to emphasize that the samples were processed in the lab within 2
h to preserve the reproductive capacity of bacterial cells and to prevent the
growth of microorganisms in the sample.
Bacteriological sampling procedures and Culture processing may not provide an
accurate reflection of the root canal microbiota because many types of organisms
fail to survive for identification under regular laboratory conditions.
In fact, growth of microorganisms in the lab has the advantage of allowing the
identification of a large variety of species in the same sample, permit
determination of antimicrobial susceptibility of isolated, as well as the study of
physiology and pathogenicity. However, the identification based on phenotype
features have limitations of diverse nature, namely: are costly, may take several
days to weeks to identify fastidious anaerobes, have low sensitivity, specificity
also tends to be low and it depends on the microbiologist´ experience and, still,
the means of transport are laborious and time-consuming. On the other hand, do
not allow culture of all species. Either because they are not present, in the midst
of artificial culture, essential nutrients or growth promoters, either by toxicity of
the own culture medium, either by the presence, in the middle, of injunctive
substances produced by other species of the same sample, either by metabolic
dependency of other species to grow (not present on the board of growth).
Finally, if the bacteria are sleepers, they may not be able to split or form colonies
in agar without previously resurrection. Another paradigm of this matter is the
fact that, even if culture of bacteria is achieved, species can be difficult to
identify. Therefore, Culture underestimates the identification of the endodontic
pathogens being in approximately 50% of the oral microflora unculturable
(Socransky et al. 1963, Pasteur et al. 2001). It is therefore probable that
unculturable organisms are present in endodontic infections and may play a role
in the pathogenesis of the lesions (Munson et al. 2002).
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Probably, although there have been 36 pigmented colony isolates, (mostly
belonging to S1 samples, being although approximately one third present at S3 –
data not shown) its identification was not possible. In fact, the ones associated
with endodontic infections, mostly belong to Porphyromonas and Prevotella
species (Listgarten et al. 1993, Jousiminies-Somer et al.2002, Mosca et al. 2007)
and generaly they are Gram-negative, bacilli. The Gram-stain is a useful tool since
many of these anaerobes are unique morphologically and culture growth may not
be available before 14 days. In some cases the identification process was not
possible to be performed immediately after the incubation period of the pure
cultures. So, they were frozen (at -20˚C), fact that may have compromised their
grow in order to identify them with the methodology adopted in our investigation
based on Culture. Perhaps with the application of Molecular techniques it would
be possible to confirm this suspicion.
The precautions taken in this study, such as sterile instruments, gloves and
rubber dams, sterility controls before and after opening the pulp cavity,
minimization of the time taken to Culture the samples and having a single
practitioner performing the procedure, reduced the risk of contamination to a
minimum but the probability of contamination cannot be dismissed (Le Goff et al.
1997, Molander et al. 1998).
The identity of the isolates was consistent with that reported in previous studies,
being dominated by anaerobes, particularly Gram-positive taxa of the phylum
Actinobacteria and Firmicutes (Sundqvist, 1992, 1994; Saito et al. 2006).
Clostridium and Actinomyces species were the seconds most commonly isolated.
This genus, which includes both obligate and facultative anaerobes, was less
frequently isolated after endodontic procedures. However, it was noted, unlike
Gemella morbillorum, Propionibacterium acnes (each one with 4 isolates of the
total before treatment) had the higher prevalence after chemomechanical
preparation (S2) and intracanal dressing (S3) treatment.
Our findings suggest that the treatment procedures were less effective against
non-pigmented Gram-positive organisms. The supposedly higher resistance of
these kind of Gram-positive bacteria (non-pigmented) may be related to various
factors, for example, cell-wall structure, metabolic products secreted and
resistance towards medicaments (Chavez et al. 2003).
A number of bacterial species were restricted to the posttreatment samples.
Microorganisms may enter the canals during treatment because of leakage of
rubber dam or temporary restorations, although we took extreme measures to
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prevent such occurrence. The fact that all control swabs were negative indicated
contamination by leakage would be minimal. Apart from contamination, there are
possible

reasons why

some

bacterial

species were

only

found

in

the

posttreatment samples. For instance, different bacteria can localize at different
depth of dentin, sampling of these bacteria is feasible only after preparation of
the canal walls. Moreover, some of the bacterial species could not be identified in
the preoperative samples if their cell number is below the detection limit by
culture. If these microorganisms are resistant to treatment, changes in the
intracanal environment may allow their multiplication to reach a detectable level
after root canal instrumentation, irrigation and dressing (Chu et al. 2006).
This investigation detected Enterococcus faecalis in S1, confirming that it can be
present in primary endodontic infections and, therefore, its persistence can lead
to post-treatment disease. In fact, it is more associated with treatment failures.
In our study, the identification of the yeast Candida albicans from eleven canals,
occurred more in S3 (five canals) samples, followed by S1 and S2, where only 2
cases were registed. A third of cases has treated with Ca(OH)2 and were necrotic
teeth. Fungi have occasionally been found in infected root canals that have not
had any previous endodontic treatment, but they are more common in filled root
canals in teeth that have become infected some time after treatment or in those
that have not responded to endodontic treatment (Mohammadi & Abbot 2006).
Overall, the occurrence of fungi reported in infected root canals varies between
1% and 17% (Waltimo et al. 2004). The effectiveness of intracanal dressings
against Candida albicans was been widely studied (Waltimo et al. 1999) with
conflicting results (Ercan et al. 2006). CHX is an effective antifungal agent
especially against Candida albicans (Waltimo et al. 1999, Almyroudi et al. 2002,
Basrani et al. 2003, Evans et al. 2003, Zamany et al. 2003, Menezes et al. 2004,
Schafer & Bossmann 2005, Wang et al. 2007). Candida albicans seemed to be
highly resistant to Ca(OH)2 (Mohammadi & Abbot 2006).
CHX in a liquid form is a stronger disinfectant than CHX in gel form at various
concentrations (Vianna et al. 2004) the reason for this performance may be
related to dentine, dentine components (hidroxiapatite and collagen), killed
microorganisms and inflammatory exudate in the root canal system may reduce
or inhibit the antibacterial activity of CHX (Mohammadi & Abbot 2006).
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Thus,

rather

than

reliance

on

intracanal

medicaments,

thorough

chemomechanical cleaning of the canal at the second visit is required to remove
the residual canal flora (Chu et al. 2006).

7.3. Conclusion
The findings of this study indicate that endodontic treatment with different
medicaments could markedly affect the diversity and quantity of cultivable
microorganisms in infected canals, with some groups of microorganisms being
more resistant to treatment than others. It was also noted that chemomechanical
cleaning with the use of inter-appointment medicaments failed to render all the
canals free from microorganisms.
The persistence of microorganisms inside the root canals may not lead to
treatment failure. Further study about outcome, already running, is required.
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8. GENERAL DISCUSSION
The protocol adopted in our investigation aimed at avoiding all putative
contaminants

of

MRS

while

detecting

the

highest

possible

array

of

microorganisms causing primary endodontic infections. The results here reported
have confirmed the notion that we need to perform Endodontics because there
are microorganisms inside the root canal system (RCS) which is a sterile
environment in healthy conditions.
Undoubtedly, our results confirm the efficiency of the chemomechanical
procedures based on physical and chemical elimination of the aetiologic factors
of pulpal and periapical diseases of endodontic origin, whose principles were first
presented as far as 1928 by Hall.
Despite this efficiency, the fact that the RCS has areas hardly achieved by even
the most advanced endodontic techniques in adition to the lack of time to
complete the endodontic treatment in one appointment have supported the use
of interappointment intracanal dressings. The medicaments chosen were Ca(OH)2
as it is the choice of the Clinical protocol of Endodontic’s appointments at
Fernando Pessoa University and CHX, as it has been proposed for some years as a
valid alternative with antibacterial effect.
Our findings confirm that the microbiota from primary endodontic infections is
polymicrobial in nature. From the bacteria so far identified (which does not
include the most prevalent pigmented bacteria), the most frequently found were
Gram-positive anaerobic bacteria. The identification of the isolated pigmented
Gram-negative bacilli is, at present, still a work in progress.
The statistical analysis of the research results has shown that there is a
significant difference between the average values of the techniques assessed.
Briefly, the protocol tested significantly reduced the number of intracanal
microorganisms but failed to render all canals free of them. Application of a 14day intracanal dressing with Ca(OH)2 further increased significantly the number of
cases yielding negative cultures, unlike the use of CHX gel, and this was even
clearer when an initial AP diagnosis was present.
In conclusion, MRS if consistently and carefully performed was found to be a
sensitive method capable of deriving valid samples for the study of endodontic
microbiology. The advantage of using both Classical Culture and Nucleic Acid
testing was evident. In fact, as expected, even if Cultures yelded no cultivable
bacteria, bacterial DNA was still present and its quantification related to the
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bacterial clearance with the same trends of Cultures. Thus, the emerging
microbiological picture of the RCS becomes more complete when both
approaches are used, allowing deeper and finer insights of in vivo bacterial
dynamics, thus potentially generating new hypothesis and increasing our
scientific knowledge.
The ultimate consequence of the present work is that, as Health professionals, we
must work (both teaching and treating patients) consciously that we have a
Hippocratic duty to serve both patients and students with the best methods and
information available.
The present study is certainly not a finishing point, but rather a starting one. In
fact, some of our goals are yet to be met: some of the classical bacterial
identification procedures, and all of the Metagenomic aims were not reachable in
the less than two years since the start of the clinical appointments. They are work
in progress, and that alone has kept us from submitting for publication the
identification work already concluded. It is our conviction that this line of
investigation and the large array of high quality samples collected show great
promise and deserve further continuation of the present line of investigation.
Consequently we are at present, exploring new possibilities of financing and
international cooperation to pursuit the continuation of the work here described.
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Abstract
Objectives: The significance of micro-organisms in root canals with regard to the aetiology
of periapical infection and the need for crucial bacteria control during treatment is at present
beyond doubt. In the present paper we report and discuss a review of the literature of the wellstudied procedure known, as Microbiological Root Canal Sampling (MRS). The procedure is
analysed in detail, discussing its powers, limitations and the influence of sample collection
procedures on the incidence of true and false positive results. Data Sources: MEDLINE /
PUBMED, B-On and library files of Oporto University were accessed. Selection: Papers
were selected using the keywords: root canal sampling, apical periodontitis, endodontic
pathogens, root canal infection, culture, molecular biology. The references were selected
under inclusion criteria like English language, accessibility, relevance to the theme and
scientific rigor. Conclusions: this review illustrated the absolute need to adhere to strict
methodology procedures if valid samples are to be obtained. A combination of culture and
molecular identification approaches, have confirmed the polymicrobial nature of endodontic
infections with a predominance of anaerobic bacteria. Nucleic Acid based techniques provide
significant additional information particularly regarding the not-yet-cultivable component of
the microbial community, but strongly increase the procedure budget.Thus, evaluation of the
endodontic microflora, in the context of a polymicrobial biofilm ecosystem and its relevance
to endodontic treatments must rely in the complementariness of culture and metagenomic’s
approaches as they are neither mutually exclusive nor competitive, but strongly
complementary.
KeyWords: apical periodontitis, endodontic pathogens, root canal infection, root canal
sampling
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Resumo
Objectivos: A associação imperiosa da presença de microrganismos em canais radiculares
com infeção periapical e a subsequente necessidade de controlo microbiológico durante o
tratamento são, atualmente, dados incontestáveis. Neste trabalho pretendemos relatar e
discutir uma revisão da literatura sobre a colheita microbiológica do canal radicular. O
procedimento será analisado em detalhe, discutindo os seus poderes, limitações e influência
dos procedimentos de colheita sobre a incidência de verdadeiros e falsos resultados positivos.
Fontes de dados: Foram usados MEDLINE / PubMed, B-On e Arquivos da Biblioteca da
Universidade do Porto. Seleção:A seleção dos trabalhos foi realizada utilizando as palavraschave: colheita microbiológica, periodontite apical, patogéneos endodônticos, infeção do
canal radicular, cultura e biologia molecular. Os artigos foram ainda selecionados de acordo
com critérios de inclusão como sejam o idioma (Inglês), acessibilidade, relevância para o
tema e rigor científico. Conclusões: Esta revisão ilustra a absoluta necessidade de aderir aos
procedimentos metodológicos rigorosos se se pretende obter amostras válidas para análise. A
combinação da Cultura Clássica e de abordagens de Biologia Molecular confirmaram a
natureza polimicrobiana das infeções endodônticas com predominância de bactérias
anaeróbias. As metodologias da Biologia Molecular fornecem informação adicional
significativa, particularmente em relação às espécies não-cultiváveis da comunidade
microbiana, mas aumentam fortemente o orçamento dos estudos.
Assim, a avaliação da microflora endodôntica polimicrobiana, no contexto de um ecossistema
em biofilme e sua relevância para tratamentos endodônticos deve alicerçar-se na
complementaridade da Cultura Clássica e da Biologia Molecular, pois não são mutuamente
exclusivos nem competitivos, mas sim fortemente complementares.

Palavras-chave: periodontite apical, patogéneos endodônticos, infeção do canal radicular,
colheita microbiológica

1.

Introduction

We have come a long way since the seventeenth century studies by Antony van Leeuwenhoek
into establishing the role of bacteria, predominantly anaerobic, and their by-products in the
pathogenesis of apical periodontitis (1). Several investigators Kakehashi et al. (2), Sundqvist
3

et al. (3), Möller et al. (4, 5) .have demonstrated a strong association between periapical
disease and intracanal microbiota.
Unlike other parts of the oral cavity, there is no supposedly indigenous endodontic microflora
(6). All bacteria inside the infected root canal are opportunistic pathogens; they can either be
the commensal oral bacteria associated with a healthy oral cavity, or the pathogenic bacteria
associated with a diseased oral cavity, such as dental caries and periodontal disease.
The same combination of bacterial species, loads and virulence may give rise to different
responses in different individuals. Santos et al. (7) seemed also reasonable to conclude that
the severity of the disease may be related to the bacterial community composition topped off
with host resistance as the latter is another important factor with impact on disease
pathogenesis.
Socransky & Haffajee (8) affirmed that the host may influence the microbiota, but in turn the
microbiota influences the host at a local and perhaps also at a systemic level. Additionally, it
has been shown that in the same subject, marked differences can occur in the microbial
composition both from one type of intracanal location to another (e.g. coronal vs. apical) and
from similar types of locations (e.g. two distinct periapical lesions). An example of this is the
observation by Özok et al. (9) that the apical part of the root canal system drives the selection
of a more diverse and more anaerobic community than the coronal part. Also, several recent
studies have demonstrated a less diverse microflora in endodontic infection than in saliva and
supragengival plaque, data confirmed by Li et al. (6) who observed that endodontic
microflora is a restricted community, supposedly a subset derived from the total oral
microbiota.
Dalhén (10) affirmed that the primary endodontic infection is therefore a polymicrobial,
predominantly anaerobic infection with little microbial specificity. This heterogeneous
aetiology results in the absence of a dominant species, which has strong diagnostic and
treatment implications.
Infection of the root canal is far from being a random event. The microbial flora develops in
response to the surrounding selective environment (11) with selection pressure attributable to
dynamic cooperative and antagonistic relationships between the different bacteria as well as
the host and bacteria (12).
Nair et al. (13) observed microbial organizations in the root canal system which very often
give rise to a complex network embedded in a matrix the so called biofilm communities’
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adherent to the root canal walls, isthmuses and ramifications accordingly to Ricucci &
Siqueira (14). Costerton et al. (15) told that bacteria organized in this way are more resistant
to host defence mechanisms and disinfectants than planktonic bacteria and therefore are
reported to be the most common cause of persistent inflammation, underpinning again the
concept, argued by Siqueira & Rôças (16) that the eradication of bacteria from the root canal
system is critical to the endodontic treatment of teeth with apical periodontitis.
Despite conflicting technologies the principles for root canal treatment laid at the beginning
of the last century - Hall 1928 cited by Ng et al. (17) - remain consistent with contemporary
quality guidelines approved by Endodontic Societies in Europe and North America (17). The
final objective of root canal treatment is prevention (in the case of pulp inflammation) or
resolution (in case of pulp infection) of periapical disease, by eradication of bacteria and their
sources of nutrient supply from the root canal system (18, 19). That’s to say elimination of the
source of infection in an effort to obtain conditions to promote the cure and health of the root
and the tissues around it. Accordingly, endodontic infections are treated by intracanal
procedures such as chemomechanical preparation (instrumentation with files with copious
antibacterial irrigants) in an excellent isolation field supplemented or not by an
interappointment intracanal medication, followed by filling and ended with the definitive
restoration.
Although sterilization seems practicable, the fact that we are dealing with a complex anatomy
renders the available clinical resources frequently unable to free all canal space from all
microorganisms, as was first described by Byström & Sundqvist (20). A more realistic goal of
reducing the bacterial populations to a level below the clinically relevant threshold (the level
necessary to induce or sustain disease) has been accepted by many clinicians and researchers
in an almost dogmatic manner (14). The persisting bacteria can survive in treated canals and
are able to induce or sustain periradicular tissue inflammation and longstanding endodontic
infections (16, 21): microorganisms, like Enterococcus faecalis and Candida albicans, are
true “persisters” since they seem to have a natural ability to survive more harsh environments
and stressed conditions (22). Later, Siqueira & Rôcas (23) affirmed that some members may
occupy critical niches within a complex microbial community and, therefore, are potentially
important in maintaining the stability and virulence of the microbial community.
For many years, the major technique available to researchers to identify bacteria was the
culturing of microorganisms and identification of sampled species by their phenotypic traits.

5

Undoubtedly, knowledge of endodontic infections, based on data involving Microbiologic
Root Canal sampling (MRS), has increased significantly during the last 30 years (16), but
several questions still await elucidation.
Sampling is important to determine the composition of the endodontic microflora, because in
accordance with Gomes et al. (24) this may be related to the various clinical presentations and
symptoms or stages of development of an endodontic infection as well as its responses to
different treatments.
In spite of the adoption of molecular approaches with the promising emergence of new data
about endodontic microbiology, we are still currently faced with an old controversy: to
perceive the usefulness of the MRS over the endodontic’s performance.

2.

Mollander’s concept: reasons to perform MRS

MRS was an early recommendation for clinical routine use, but did not become widespread
among general dental practitioners as noticed by Molander et al. (25). By contrast, it has been
extensively used in scientific evaluations of antimicrobial intracanal treatment strategies and
for the characterization of endodontic microbiology (18).
Mollander et al. (25) reminded that the concept that MRS should form an essential part of
endodontic treatment strategy was first suggested by Onderdonk in 1901 and also that
Coolidge in 1919 proposed it to be part of the clinical routine. However, it was not until 30
years later that the technology received widespread recognition, mainly through the public
applications of Appleton (1932) and Grossman (1938).
In Sweden, for instance, after the influential work of Engström (1964) and Möller (1966), the
technology became compulsory for undergraduate endodontic education in all four Swedish
Dental Schools, accordingly to Molander et al. (25).
The American Board of Endodontics made an attempt to evaluate the attitude of their
members toward microbiologic assay of root canals prior to obturation. Responses to a
questionnaire indicated that the culture was currently being used along with the endodontist's
clinical evaluation of the tooth and not necessarily alone as the final mandatory for obturation
of the root canal(s). Culturing was also recommended as a check on one's aseptic technique
and, in cases which do not respond to routine endodontic treatment, for identification of the
microorganism and antibiotic-sensitivity testing (26).
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However, despite these efforts to disseminate the “new idea”, the methodology is complex
and its diagnostic accuracy has been questioned early on by Reit et al. (18), Buchbinder (27)
and Sims (28).
Nowadays, there is another reason to persist with MRS in the clinical protocol. In fact, we
must keep alert to the increased resistance of oral microflora to antibiotics probably
associated with an antibiotic overprescription in daily dental practise, often without sufficient
rationale for choosing a particular drug. Thus, any effort to study the microbial composition
and the susceptibilities of endodontic pathogens will, most likely, facilitate the choice of
appropriate clinical protocols or, in occasional cases, of an antibiotic as adjunctive to the
clinical treatment of the infection.

3.

How to correctly perform sampling

3.1. Inclusion and exclusion criteria
Sampling includes only one tooth with complete root formation per person and only one root
canal per tooth. If the tooth is multi-rooted, either the largest one or the one with periradicular
radiolucency is sampled to confine the microbial assessment to a single ecological
environment.
Authors like Molander et al. (29), Shatorn et al. (30) and Rôças & Siqueira (31), generally,
patients must be excluded in endodontic microflora’s analysis in cases of:
•

systemic debilitating diseases such as diabetes mellitus, liver disease, chronic
infections, rheumatoid arthritis or any other systemic disease that compromises the
immune system;

•

use of systemic steroids or chemotherapeutic agents;

•

requirement of prophylactic antibiotic before dental treatment;

•

active chronic or aggressive marginal periodontitis;

•

pregnancy at the time of initial treatment.

Besides the single-rooted, before the sample collection and according to the scope’s analysis,
the following features must be checked for each patient: response to sensitivity tests,
tenderness to percussion, presence of a sinus tract or swelling, depth of periodontal pocket,
history of previous antibiotic medication and root canal treatment.
For those investigations on primary endodontic infections, the criteria comprises inclusion of
asymptomatic necrotic pulps (neither spontaneous pain nor response to pulpal tests or sinus
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tract, although tenderness to percussion may be present) with or without radiographic
evidence of periapical lesions. Patients who received antibiotic therapy in the last 3 months or
exhibited periodontitis (presence of periodontal pockets deeper than 4 mm) must be excluded,
due to putative influences on the final results. Also excluded are badly broken teeth (with
extensive caries at the time of endodontic treatment) that could not be suitably isolated from
the gingiva and saliva by the application of rubber dam: a straight probe is mandatorily
suggested by Rôças & Siqueira (31) and by Gomes et al. (32) to investigate for pulp space
exposure and, if necessary, restorations ought to be replaced before root canal treatment is
initiated.
In investigations about treatment failure, root-fillings should end within 5mm of the
radiographic apex (29). Furthermore, Endodontic European Society (33) recommend that the
recall period must be at least 1 year for the symptomatic cases and 4 years for the
asymptomatic ones, because no case with residual radiolucency can be assessed as failure
before a 4-year observation period, unless the lesion increases in size or signs and symptoms
of infection arise. This selection must include teeth with apical periodiontitis diagnoses on the
basis of strict clinical and radiographic criteria: in agreement with Sjögren et al. (34) a
diagnosed apical radiolucency is measured horizontally and vertically with a ruler to the
nearest millimetre and its size is determined as the mean value of the two measurements.

3.2. When to sample?
Root canal treatment alters root canal microflora profiles in both quantity (bacterial amount)
and quality (bacterial composition). Accordingly to Ito et al. (35), these differences could be
due to the drastic environmental changes in root canals brought about by both mechanical
cleaning with files and topical application of drugs.
As a result, to assess those differences, studies of the bacteria occurring in the root canal
system involve several basic conditions:
•

Pre-instrumentation samples – collected immediately after the execution of the access
cavity;

• Post-instrumentation samples – collected immediately after the completion of
chemomechanical procedures;
• Post-medication

samples

–

collected

interappointment dressings;
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immediately

after

the

removal

of

•

Post-obturation samples – collected from root canal-treated with associated periapical
periodontitis lesion at a given time, months to years after the initial treatment.

Basically, MRS is a passive way to obtain a sample of the pulpal space at varying moments
before, during or after pulpar treatment. Aseptic techniques must be used throughout the
endodontic sample acquisition with special care being taken in the control of leakage between
the rubber dam and the tooth.
The sampling and bacterial evaluation methodology is invariant, regardless of the sampling
time (before, during or after root canal treatment).
Independently of the sampling technique, samples should be processed in the laboratory no
later than four hours post collection as suggested by Alsunaien et al. (36).

3.3. How to Sample
In order to obtain MRS one can use charcoaled paper points to absorb the fluid of the root
canals or small files and swabs or aspiration in acute cases when soft tissues are affected.
3.3.1.

Collection of pre- and post-instrumentation and post-medication samples in vivo

Studies investigating bacteria remaining in the root canals after chemomechanical procedures
or intracanal medication potentially allow identification of species with the potential to
influence treatment outcome (16).
Once the access cavity is created using sterile burs, the canals to be sampled cannot be dry.
One can achieve humidification by irrigation with 5ml of sterile saline solution. This is
crucial if an adequate collection of microorganisms with paper cones is to be achieved. If the
canal is wet, all fluid inside the pulpal space should be absorbed, using as many paper points
as necessary.
The most widely used technique in root canal sampling involves the insertion of 3 or 4 sterile
paper points ISO 25 or 30. The paper points should be inserted 1mm shorter than the
estimated radiographic length. Each cone must stay inside the root canal for 60 seconds with
pumping movements to generate a suspension with bacteria of the main pulpal area.
Collection of the soaked paper points should be performed without any contact with potential
external contaminators. The paper points should immediately be placed in a sterile microtube
with 2ml of Reduced Transport Fluid (RTF) as it offers protection against oxidation, fact
demonstrated by Byström & Sundqvist (20) and by Spiegel et al. (37). This procedure is
repeated for each cone.
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Other studies focusing on root canal infections developed by Siqueira et al. (38), Pazelli et al.
(39), de Souza et al. (40), da Silva et al. (41), Ruviere et al. (42), Sassone et al. (43) and
Cogulu et al. (44) often employ “K” or “H” type files followed by two to four paper points to
collect the samples.
The above described method may not target the microbiota in the apical third of the root
canal. However, that can be accomplished if a K file is inserted using a reaming motion to the
working length and only the apical two mm are sectioned as suggested by Tavares et al. (45).
3.3.2.

Collection of exudate samples

If it is a study of exudates, the lesion can be aspirated via a sterile 16 gauge needle to syringe
after disinfection of the oral mucosa with 2% chlorohexidine gel and before surgical drainage.
If aspiration is unsuccessful (no pus being collected) sampling can be conducted by swabbing
the lesion after incision and discharge of the pus. The microbial pus specimens sampled are
then immediately placed into a test tube containing RTF. Use of the aspiration technique may
help prevent sample contamination with residual oral flora.

3.3.3.

Collection of post-obturation samples

Sunde et al. (46) reported that the high percentage of endodontic treatment failure in teeth
with periapical lesions have been related to circumstances of microbial origin. In fact,
refractory cases and postoperative pain (interappointment flare-ups) are often related to an
ongoing overgrowth of anaerobic bacteria in the periapical area (46). Thus, it may be helpful
to identify treatment resistant bacteria, and this can only be achieved by laboratory studies of
post-obturation samples.
It is obviously critical that aseptic techniques are strictly followed throughout endodontic
sampling. If there is a post, it is desirable to remove it by ultrasonic vibration, a method less
invasive than the use of burs.
After removal of coronal restoration and localization of the root canal orifice, the filling
material is removed, either manually (with type K and/or H files) or with an appropriate
mechanical system under irrigation with sterile physiological saline solution, as avoidance of
chemical solvents minimizes disruption of the bacterial milieu (30). The retrieved material
can be transferred to microtubes containing TE buffer (10mmol/L tris-HCl, 1mmol/L EDTA,
pH 7.6) according to Rôças et al. (47) if Nucleic Acid (NA) studies are the only aim, or RTF,
if samples are to be anaerobically cultured irrespective of the performance of NA studies.

10

Radiographs are an easy way to verify that all filling material had been removed. Pulp space
is humidified prior to the collection of the sample with paper points inserted to a level
approximately 1mm short of the root apex, based on diagnostic radiographs. This material
must be aseptically transferred to the tubes containing the above mentioned solutions. No
irrigant is used till the initial sampling is complete.
Preceding sampling, some investigators like to establish canal patency with a file ISO 15 in
order to produce minimal instrumentation, running the risk of removing some target material.
If this is the case, sample should also include the file, but it should have its head removed to
minimize potential external contamination.

3.3.4.

Investigation on Apical Periodontitis of Treated Root-Canals

Apical lesions assessed after apicetomy
The protocol explained by Subramanian & Mickel (48) initiates with disinfection of the
surgical site should be obtained by a one-minute-long oral rinse with 0.12% chlorhexidine
digluconate followed by swabbing the surgical area with the same solution. A full-thickness
mucoperiosteal flap is then reflected, using both a submarginal or intrasulcular incision after
local anesthesia, and the root end is accessed with a surgical bur cooled with sterile water.
The periradicular tissue is removed by curettage and stored in tubes containing 1 ml sterile
water. Two to three millimetres of root ends are resected after curettage and similarly stored.
All samples collected are stored at-20˚C until processed in the laboratory.
A portion of the periradicular tissue sample is sent for histopathological examination.
Its desirable than in randomly selected cases, immediately after flap reflection, periosteal
tissue samples are collected from areas adjacent to the surgical sites using curettes and paper
points to test for bacterial contamination of the surgical site (48).

Apical lesions assessed in extracted teeth
Without delay, after extraction, each tooth is profusely rinsed with sterile saline solution and a
ISO 15 sterile scalpel is used to remove all attached soft tissue, including the apical
periodontitis lesion, from the root. Cleaning of the external root surfaces is made with 3%
hydrogen peroxide and disinfected with 2.5% sodium hypochlorite; the latter is inactivated by
sterile 5% sodium thiosulphate. The solutions are scrubbed onto the root surfaces by using
sterile cotton applicators. After disinfection, a sterility control sample is obtained from the
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external root surfaces using an ISO 80 sterile paper point dampened with TE buffer or RFT.
After decoronation with a diamond disc under saline cooling, the root can be cut into two
halves horizontally (coronal and apical) with the use of another diamond disc. Apical
segments are transferred to tubes containing 1 ml TE buffer and immediately frozen at -20°C
(9, 47).

4.

Problems during collection

4.1. Exchange of samples
As with any clinical sample, collection tubes must be correctly labelled with the preestablished designation of each sample, desirably at the very beginning of the appointment,
and always before any collection procedure.

4.2. Maintenance of paper-point shape throughout sampling
As explained above, once wet, the root canal microbiological content is collected with paper
points. These present the problem of not maintaining the original shape as they become
impregnated with solution. A further difficulty arises when dealing with narrow root canals,
as the paper points become very difficult to handle properly, making sampling of the apical
third a difficult accomplishment. The last paper point is the most important because it will
absorb the liquid from the most apical peripheral areas of the apical region (10). This is
especially true if the preceding paper cones became easily soaked and, therefore, hardly
collected valid samples of those root canal regions.
Wide canals do not usually present major challenges. In these canals, even a 30 paper point
will easily fit into the termini of the pulp space. Thus, samplings in post-instrumented root
canals do not usually present any kind of problems to insert and collect paper points. This is
clearly not the situation for thin root canals before debridement. To overcome this problem,
one can use sterile small files (ISO 008, 010, 015), but these will create a different dilemma:
if the files are conducted by hand, the head must be cut off before insertion into the microtube
in order to prevent introduction of external contaminants. This can be accomplished with a
sterilized orthodontic plier. Alternatively, files can already have no cable and be individually
sterilized. Handling of these files should be performed with sterile tweezers, although it
complicates travelling through the root canal anatomy.
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5.

The Question of False Negatives/Positives

The major issue of any test is its validity: does it measure what it claims? (18).
The strict conditions under which MRS must be performed (as described above) emphasizes
how potentially error-prone it can be (30). Indeed, false positive and false negative results
may adversely affect the performance of MRS. However, despite these risk, adopters
comfortable with the clinical protocols most often appeared to produce valid samples
(Molander, 1996b); that’s to say that irrespective of the detection method used, the sampling
method resulted in an appropriate collection of the microorganisms present in that particular
root canal.

5.1. False Negatives
5.1.1.

Inaccessible Areas

False negative results can occur if there are bacteria located in inaccessible areas for MRS as
alerted by Siqueira (1), Heling & Shapira (49) and Wu et al. (50). In practice, these bacteria
can repopulate root canals after the first MRS showed a negative result.
In histological observations of Ricucci & Siqueira (51), bacteria have been found in
inaccessible inter-canal isthmuses, dentinal tubules, irregularities and accessory canals or
even in some untouched areas of the main canal often in the form of biofilms. Low-level
ultrasonic agitation has been used by Nguyen et al. (52) in microbiological research to
segregate clumped bacteria organized in biofilms without injuring cells and a similar
approach could probably be applied in root canal sampling. Its ability to dislodge bacteria
from inaccessible locations especially deep within dentinal tubules is however unknown (30).
In vitro studies as the one already mentioned of Rôças et al. (47) have shown the usefulness of
cryogenically ground samples. In this technique all tooth is destroyed allowing recovery not
only of the pulp space microorganisms, but also of the anatomically hidden ones. Samples are
cryogenically pulverized with the use of a freezer mill. The powdered root segments are
frozen at -80 ˚C in 5ml UV-treated RNA stabilization reagent (RNAlater Qiagen, Hilden,
Germany). Accordingly to Alves et al. (53), this procedure can also be useful if the intention
is to compare the microbiota between the coronal and apical part of the root canal system.
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5.1.2.

The Legacy of drugs

At the end of the chemomechanical preparation, and after the use of dressings, it is mandatory
to do MRS only after neutralization of the chemicals used. This is because both classes of
chemicals cause bacterial latency (10) and thus prevent bacterial growth (30). This fact
justifies the usage of inhibitors such as 5% sodium thiosulfate for halogen-containing
antiseptics (iodine or chlorine) or the combination of 3% Tween 80 and 0.3% L-alpha-lecithin
(L-α-phosphatidylcholine) when chlorohexidine was the chosen therapeutic. Furthermore, if
nucleic acid testing is to be used in lab procedures, alcohol could be avoided and be
substituted by 5% sodium thiosulfate, as the former increases the likelihood of free nucleic
acid precipitation at the time of specimen collection.

5.1.3.

Sample transport and storage

Special concern must be taken regarding the transport medium as it not only needs to keep the
viability of all microorganisms, but also be bacteriostatic in the sense that no cell division
should take place (10). Moreover, desirably it ought to inactivate therapeutic substances used
in clinical endodontic procedures, which otherwise prevent bacterial cells from growing in the
laboratory media as well as contain reducing substances (as cysteine) to keep the medium
from being oxygenized (10).

5.1.4.

Procedures in the Laboratory

The overwhelming majority of isolates from infected root canals were found to be anaerobic
bacteria, having Sato et al. (54) suggested that the environment in root canals is mostly
anaerobic and therefore supports their growth.
It is well-know that Culture has important limitations including low sensitivity, timeconsuming and misidentification as consequence of inability to grow many oral species under
laboratory artificial conditions (55). This is especially true as we may be dealing with
anaerobe fastidious bacteria that have stringent environment and nutritional requirements as
noticed by Sathorn et al. (30) and Wade (56). Since these methods depend heavily on the
viability of the Culture and on phenotype based species identification, the results may be far
from in vivo reality.
In the Laboratory, the lack of appropriate culture media for the bacteria in the sample may
also result in a false negative result. This is especially important, since as noted above, the
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endodontic infection is usually polymicrobial in nature, forcing multiple selective growth
broads to be used.
Finally, the false-negative samples are especially difficult to avoid when taking samples at
revision of a previously root-filled tooth. They may be in a stressed situation, after mechanical
removal of gutta-percha and sealer, which may not allow in vitro growth (1).

5.2. False Positives
False positive results are usually the result of sample contamination. Thus, to accurately
perform MRS, special care should be taken to remove any source of contamination material
from the handling area.
Indeed, it seems that false-positive results, as long as endodontic sampling relies on evidencebased principles, are well controlled. Generally they are limited to contaminants of the
operative field. Facultative anaerobic species like polysaccharide-producing streptococci (S.
mutans, S. sanguis, S. oralis, and S. salivarius), Corynebacterium spp., Neisseria spp. and
Haemophilus spp are oral bacteria that are empirically known not to establish in the anaerobic
and non-saccharolytic environment of the root canal and, thereby, strongly indicate leakage
(10). Equally, micrococci, coagulase-negative staphylococci, spore-forming bacteria (Bacillus
spp) and enteric rods are most likely contaminants from the surroundings by careless handling
of the samples in the office or laboratory (10).

5.2.1.

Proper Control of External Contaminants

6.2.1.1. Use of Sterilized Material
Prior to the procedure, all plaque debris and caries should be removed and existing
restorations should be checked. Also, the procedure field should be prepared, first by mouth
rinsing with chlorohexidine solution, and then by the use of a sterilized rubber dam tightly
adjusted to the cervical part of the crown. Furthermore, only sterilized clinical material should
be used. Despite all these precautionary measures, the endodontic field might not be entirely
sterile or completely immune from saliva leakage and air contamination. As a result, false
positives can still occur, although the above procedures certainly keep these to a minimum.
The performance of the pre-endodontic restoration (if necessary) is well proved: defined as a
restoration main made with glass ionomer or composite, before the beginning of endodontic
treatment. Jensen et al. (57) pointed out that it is decisive in providing better conditions to the
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application of the rubber dam, thus increasing its efficiency, enhances the irrigants action
inside the root canal space as it reduces “extrusion” to adjacent areas and promotes the
stability of the temporary restoration between visits.

6.2.1.2. Decontamination protocol of the operative field
Also critical in the exclusion of contaminants is a decontamination protocol for the entire
clinical field (clamp, rubber dam and tooth surface) after it is fully applied. This
decontamination commonly uses sterile tweezers and cotton rolls or pellets impregnated first
with 3% hydrogen peroxide (one should wait till bubbling is finished), followed by 3%
sodium hypochlorite or 10% iodine tincture. Only after this first disinfection, can the root
canal be accessed via the opening of an access cavity, removal either of temporary fillings,
caries, existing restorations or, if it is the target, root fillings. Subsequently, a novel
disinfection (performed as above described) is made to guarantee the absence of contaminants
at the operative field. At the end of this, a disinfection drug inactivation step with 5% sodium
thiosulphate fluid must be performed using the same procedure. This inactivation is crucial to
avoid false-negative samples, due to viable but non-cultivable bacteria (that’s to say
bacteriostatically affected by iodine or sodium hypochlorite) (10).
After the inactivation step, a swab impregnated in sterile physiologic serum is scrubbed into
the operative field and external tooth surface, specially the cavo-superficial angle, and
immediately transferred to a transport medium in order to check the sterility: if culture
positive results are observed, all samples collected must be regarded as contaminated and
excluded from the study.
5.2.2.

Proper management of each paper point

Extreme care must be taken when handling the paper cones: any contact with any external
surface of the root canal space (even the access cavity, especially at the cavo-superficial
angle) dramatically increases the chance for false positive results.
Normally, the paper points are inside a paper package that has an appropriate site to be open:
this must be performed using both hands and taking extremely caution to avoid touching the
sterilized coins. That means that when pulling the back part of box it is recommendable not to
till it completely apart, so that the paper points stay protected from contamination injuries
during sampling collection.
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It is also crucial to touch only one cone at each time, leaving the untouched ones inside the
paper package suitable for a valid sample.

5.2.3.

Intracanal Dressing

Another issue that can also give rise to false-positive results is the removal of intracanal
dressing before sampling: the remnants left in the canals can be equally collected and become
part of the sample, altering the true results of the clinical protocol. For example, the residual
calcium hydroxide may affect the viability of bacteria on the paper point.
On the other hand, bacteria can re-enter the pulp space between appointments through coronal
leakage of the temporary restoration and/or marginal deficiency, cracks and exposed dentinal
tubules as demonstrated by Fors et al. (58). In those cases, despite the efficiency of
endodontic procedures, cultures will be positive since the hermetic seal was not achieved.

6.

Processing of samples

6.1. Culture
Traditionally, infections of the oral cavity have been studied by classical microbiological
methods as no real alternatives were available (10, 31, 59).
Briefly, the microorganism’s culture starts with sample dilutions in Phosphate Buffered Saline
(PBS) of the transport medium. Carlsson & Sundqvist (60) suggested inoculating them into
appropriate enriched medium under conditions that prevent oxygen diffusion so that toxic
intermediates of oxygen do not accumulate and interfere with viability of anaerobic bacteria.
Plates are then aerobically, micro-aerobically and anaerobically incubated for a period of time
(long enough to allow even slowly growing species to form colonies; not less than 2 weeks in
the case of strict anaerobic bacteria). Gomes et al. (24) and Sunde et al. (46) affirmed that the
use of all these conditions is important as former results indicate that 60–70% of the bacterial
isolates are found to be either strict anaerobes or microaerophiles and Zielke et al. (61)
observed that an aerobic culturing technique alone is not sufficient to reflect the
microbiologic status of the root canal system.
After detection of bacterial growth, the procedure includes the isolation of the representative
Colony Forming Unit (CFU) in order to obtain pure cultures. After this, it is possible to apply
morphological and biochemical tests to identify the bacterial species.
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Thus, the growth determination or identification of isolated microorganisms is based on
colony morphology, cell morphology and both physical and biochemical tests (10) and so, a
culture test may be used not only to confirm the decrease of bacterial load at each dental visit,
but also to identify the bacteria present in the root canal system.
It is thought by several authors like Wade (56) and Olsen et al. (62), among others, that about
50% of oral bacteria have not yet been cultivated. Some authors like Siqueira (63) go even far
beyond this statement, and propose an emerging concept stating that bacterial species
involved in endodontic infections are generally uncultivable. Thus bacteria numbers may be
severely underestimated (8) by culture results. Despite this, dentists can obtain useful
information with this culture-dependent method. If the Petri’s Plaques are plenty of several
kinds of CFU’s, it means that the bacterial load is large and reveals the polymicrobial nature
of the infection. If the CFU’s on the plate are few or spotted, bacteria may be decreasing. If
only some scattered colonies are detected, it means that a bacteria-free condition in the root
canal system is likely to be achieved soon (12).
Despite a rather time-consuming, labour-intensive and expensive undertaking, the major
limiting factor has been the lack, until recently, of microbial techniques that are specific and
rapid enough to allow evaluation of the large numbers of samples needed for meaningful in
vivo studies (8).

6.2. Nucleic Acid based approaches
As the Molecular Biology approach (now globally referred as Metagenomics) - firstly applied
in Endodontics in 1997 by Conrads et al. (64) and since then widely used in this area - relies
on principles developed to overcome the boundaries of the classic Culture, it has been used in
order to provide additional valuable information regarding the identification and
understanding of the causative factors associated with Endodontic diseases.
Molecular methods have become available, which have helped clinical management and
improved our understanding of endodontic infections. The use of several techniques - such as
conventional Polymerase Chain Reaction (PCR), Quantitative Real-time-PCR (qPCR),
microarrays, clonal analysis, and 16S ribosomal RNA (rRNA) gene sequencing - have
emerged as valuable tools for bacterial detection and identification, enabling more accurate
taxonomic assignments to be made (6).
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PCR methods are designed to detect microbial DNA rather than living microorganisms (30).
It must, however, be stressed that most molecular biology protocols do not discriminate
between live and dead bacteria (as both have amplifiable DNA). Accordingly, the results may
prove difficult to interpret, since they may not reflect the living endodontic flora, but rather a
historical record of the microorganisms that entered the canal regardless of their capacity to
survive there (30).
One possibility to overcome this limitation has been recently described by Loozen et al. (65).
It relies in the chemical inactivation of free DNA and of DNA from damaged cells by a light
activated Propidium Monoazide driven chemical reaction. These sources of DNA are
rendered non amplifiable by PCR whereas DNA from intact cells is protected and thus can be
amplified and detected.

6.3. Culture and metagenomics’ complementarity
Both Culture and Metagenomics approaches have advantages and disadvantages as published
by Figdor & Gulabilava (66).
The identification as well as the characterization of infectious agents can be more reliably
performed with genotypic than with phenotypic markers, although, in accordance with Nair
(59) and Relman (67), the latter cannot be disregarded. Effectively, often both types of
methods are used because the available data supports a cumulative benefit of the two
approaches.
Since its origins in the late 19th century, Bacteriology has largely been based on the ability to
culture organisms of interest usually under in vitro Laboratory conditions. Indeed, it may be
argued that the historical success of Bacteriology has been a direct result of bacteriological
culture, as well as its widespread adoption throughout the World. Today the ability to culture
bacteria in vitro remains the cornerstone of this discipline. However, Millar et al. (68) stated
that there are several situations where molecular approaches should be considered as
conventional Culture fails to identify the causal organism due to one or more of the following
reasons):
•

the organism is fastidious in nature;

•

the organism is slow growing, e.g. Mycobacterium spp.;

•

Specialized cell culture techniques are required, e.g. Chlamydia spp. and Coxiella
burnetti.
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Spratt (69) evoked that the resolution of these problems may take profit from the rapid
advances in Molecular Biology over the last 20 years, which provides us with a bewildering
array of techniques aimed at teasing apart numerous aspects of Biology. Accordingly, several
human diseases and associated microbial pathogens were first identified directly from clinical
specimens by using molecular approaches (55). From a microbiological point of view it must
however be regarded that there culture and NA techniques are expected to show different
results for the: some species are detected by both and others identified only by one of the
techniques mentioned. Neither approach is perfect, as both are poised with different strengths
and limitations. Thus more work is needed to satisfactorily reconcile, clarify and resolve the
reasons for different results from these two approaches (66).
Despite its drawbacks, Culture still has a place in Microbiology studies. It must be noted that
contrary to NA tests, conventional cultures allow phenotypic studies and preserve the
specimen under investigation. Thus, in cases of organism identification in unusual clinical
conditions and in situations where pure cultures are needed for additional analysis culture still
is an important resource (8). Thus, Culture will still be, for a number of years, the gold
standard for most clinicians, while the new techniques are further developed, disclosing new
knowledge and complementing the present information in endodontic microbiology (10).
The last years, have witnessed an awakened interest in the biomedical community for the
study of biofilms since biofilm communities are responsible for the majority of bacterial
infectious human diseases. This is a unique opportunity to meld in vitro, in vivo, and
translational research, but it is critical that these three approaches be carried out in parallel
with collaborative interactions. There is a great fear that the research community and research
administrators have become enraptured with “metagenomics”, “proteomics”, and in vitro
systems (8), and disregard the important role that conventional cheaper technologies can still
play. In fact, genotypic studies alone may have little relevance to the in vivo ecosystem of
interest. The challenge for the near future will be to balance those three approaches so that
major advances can be made in our understanding of biofilm ecosystems (8).

7.

MRS as Surrogate Marker of Endodontic Outcome

7.1. Positive Cultures and the Prognosis of Endodontic Treatment
As above mentioned, MRS is useful for the development of clinical protocols and ultimately
could be used as a predictor (a surrogate endpoint) for the success rate of endodontic
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treatment (30). However, a judicious look at the published data gives a more complex
picture, that’s to say, MRS results and clinical outcomes do not show a simple all-or-none
relationship limiting the predictive value of MRS (30).
It has been questioned by several authors including Heling & Shapira (49), Zeldow & Ingle
(70), Ergström et al. (71), Bender et al. (72), Oliet & Sorin (73) and Eggink (74) whether the
results of the endodontic treatment are improved by the observation of a negative culture
before filling. In fact, authors like Bender et al. (72) and Morse (75) even claimed that
culturing was no longer necessary, stating that the results of endodontic treatment were not
based on culture findings. In fact, some studies, published by Mollander et al. (29) and by
Sundqvist et al. (76), argued that a substantial number of canals with positive culture can heal
and a number of “diseased” cases yielded negative cultures. This controversy has remained to
the present day with some studies showing that complete periapical healing occurs in 94% of
the cases that yielded a negative culture, whereas in samples with positive cultures prior to
root filling, treatment success rate dropped to 68%, concomitantly to same year studies
indicating that 32–56% of endodontic treated teeth with persistent apical lesions (failed cases)
show negative bacterial cultures (29, 76). Molecular biology studies, as the one of Kaufman et
al. (77), with its improved sensitivity have, in some cases, added to the controversy showing
that residual bacteria can be detected in a high proportion (77%) even in successful cases.
However, this conflicting data can, at least to some point, result from use of limited value or
even inadequate microbiological techniques (no anaerobic culturing, for example). Also,
some of the studies, not entirely supporting MRS usefulness, conducted by Siqueira & Rôças
(16), Sathorn et al. (30), Sjögren et al. (34), Sundqvist et al. (76), Byström et al. (78), Waltimo
et al. (79) and Fabricius et al. (80) show, nevertheless, a small outcome difference (10% to
15%) between MRS positive and negative teeth, thus still supporting the notion that, at the
time of obturation, a positive culture leads to lower success rates. Thus, as stated by
Matsumoto et al. (81), testing for lack of endodontic bacteria before filling the root canal can
be regarded as an important measure to the prevention of refractory periapical lesions. This
has even been recognized by some MRS opponents like Morse (82) who, in disagreement
with previous own statements, wrote: “Anaerobic microbes are becoming clinically important
and with the adoption of simplified anaerobic culture techniques, it may once again become
important to take cultures”.
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Later, Sjögren et al. (34) emphasized the idea that “a single factor produces a single effect” is
probably too simplistic and does not fit the complex relationship between host and disease.
The host response and/or the quality of coronal restoration were factors related by Ray &
Trope (83), Tronstad et al. (84), Hommez et al. (85), Dugas et al. (86) and Siqueira et al. (87)
which could also influence endodontic clinical outcomes. It is unrealistic to expect that a
culture taken at a single time point immediately before obturation will be a perfect predictor
of outcome (30).
Even when the endodontic treatment does not succeed to completely eradicate the infection,
the truth is that the huge majority of bacteria are eliminated and the environment is markedly
disturbed. To survive and therefore be detected in post-treatment samples, bacteria have to
resist or escape intracanal disinfection procedures and rapidly adapt to the drastically altered
environment caused by treatments procedures. So, some authors suggested that, if cultivable
bacteria persist in the canal, healing of lesions may be delayed (79) and long term outcome
may depend on the quality of the root canal filling (5, 80). Therefore, a good treatment
outcome may not be solely associated with bacteria-free root canals, but the importance of
bacterial elimination from the infected site should not be ignored (12). The radiographic
success may still miss histological inflammation, but several studies have demonstrated that
the clinical protocols that ensure a significant decrease on bacterial load during endodontic
procedures tend to achieve a very high success rate (19). Furthermore, Nair (88) wrote that
causes other than intraradicular infections may be responsible for persistent lesions, such as
true cyst, extraradicular infection, foreign body reaction, and scar tissue which cannot be
managed by orthograde endodontic treatment.

7.2. Culture Results and Healing of Apical Lesions
The probability for apical lesion of teeth with negative cultures to heal completely after
treatment is 6.8 times bigger than those with positive cultures; yet, this apparently strong
association, from an epidemiological perspective may not be particularly high (30). Thus,
although a relation to clinical outcome does exist, intraradicular bacterial status may not be a
strong predictor of apical lesion clinical outcome.
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7.3. Single or Multiple-visit endodontics
In the meta-analysis study of Sathorn et al. (89), no significant difference was found between
clinical outcomes for single and multiple-visit endodontics. Calcium hydroxide intracanal
dressing has been associated with enhanced bacterial elimination, as demonstrated by Law &
Messer (90), by a reduction in the number of positive root canal cultures. However, this
theoretically predicted advantage of multiple sessions does not translate to higher healing
rates, as documented by three randomized controlled clinical trials performed by Trope at al.
(91), Weiger et al. (92), Peters & Wesselink (93) and the meta-analysis of such trials
mentioned before (89).

7.4. Result reversals
When MRS measures an increase of bacterial colonies relative to the first bacterial status the
result will be interpreted as a reversal. Higher numbers of culture reversals are usually
interpreted as a signal of lower MRS accuracies (30). However, bacteria detected in postinstrumentation samples may be remnants of the initial infection that resisted instruments and
irrigation or were introduced in the root canal as a result of a breach in the aseptic chain (16).
Another possibility is that if bacteria numbers are low, they may not be detected in the initial
sampling due to sampling difficulties; however, after chemomechanical preparation,
enlargement of the canal may benefit sampling quality and render sampling more efficient. In
these cases, although MRS has measured bacterial status correctly, use of the above
mentioned rational would disregard them as clinically incorrect (30). Thus, result reversals
frequency may not be an appropriate measure of MRS accuracy.

8.

Influence of MRS on Endodontic Performance

The ideal clinical question to be answered can be framed in terms of a PICO question
(problem-P, intervention-I, comparison-C, and outcome-O) as follows (90): with healing or
prevention of apical periodontitis by endodontic treatment as target, does MRS improve
clinical protocols and success rates?
As mentioned before, MRS is a passive sample of the main root canal space, which does not
include inaccessible areas such as accessory canals, fins and dentinal tubules, nor adherent
biofilms. The technical handling is simple, comprehensible but can be perceived as not so
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straightforward to be applied: this is the main reason, affirmed Molander et al. (94), for
practitioners’ rejection of MRS.
It is also relevant to observe that since endodontic treatment frequently relieves patients of
their symptoms, the benefits of MRS, may appear very limited from a strict symptomatic
point of view. Thus, it can be claimed that MRS benefits are only related to a decreased
probability of some undesirable future event (failed periapical healing) which seems quite
poor. This may be the supporting argument for those defending that MRS could be useful
specifically in selected cases such as teeth of high strategic prosthodontics importance where
one must guarantee optimal results (94).
Even nowadays, the benefit of using MRS is not immediately observed in agreement with the
statements of Molander et al. (94): besides economic incentives, MRS would possibly have
attracted a higher adoption rate if it were associated with the provision of high-status dentistry
and positive health effects.
Obviously, despite the divergence linked to the diffusion of the technology, there are
questions like the costs, the learning curve, the extra time-consuming procedure requested to
sample and the articulation with the Lab that must be considered. Thus using MRS in all
endodontic cases may prove difficult.
From another perspective, the chairside anaerobic culture test tested by Yoneda et al. (12) has
an educational effect for inexperienced dentists, such as trainees. Educating trainee dentists
and dental school students about the importance of correct dental treatment from the
beginning of their dental careers is undoubtedly a valid work. The results of the chairside
anaerobic culture test can help them understand that root canals with apical periodontitis are
seriously contaminated, and they should try to eliminate bacteria under the rubber dam and
make good restorations (12).
Undoubtedly, MRS implies an optimal control of the cross infection during endodontic
procedures as we just want to collect bacteria from the inside of the root canal system. If we
have in mind the role of intracanal bacteria in causing apical periodontitis and the need to
achieve bacteria control during endodontic treatment, than it can be easily argued that MRS is
a mean of checking the asepsis of the procedures and so, those operative conditions that
favour the success of the therapeutic action should be, positively, the way to work: the
standard behaviour.
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A well instrumented and well filled root canal has greater chance to be free of microorganism.
Careful antiseptic measures in all treatment steps cannot be overestimated. In other words,
MRS is the very foundation of clinical Endodontics (30).

9.

Conclusion

The infected root canal system acts as a reservoir of microbial cells, virulence products and
antigens, which collectively evoke and maintain apical periodontitis (31). Conceivably, we
must remove from the root canal system those etiological factors.
The current knowledge in endodontic microbiology is based on the application of several
methods, such as conventional histology and electron microscopy, scanning confocal laser
microscopy, microbial culturing and biochemical and molecular techniques (59).
MRS is a sensitive procedure in a hostile setting. Bacterial culture and identification is not an
end in itself (30). Its main clinical purpose is to test different endodontic protocols and, if
possible, to document an association between cultures status and healing.
In our search of a more reliable approach, results from sampling studies are recommended as
surrogate endpoints for long-term clinical outcome studies, despite the well-recognized strict
conditions of samples’ collection (30).
Future longitudinal studies are necessary to evaluate if the persistence of some specific
species or remaining uncultivable microorganisms (10) are of significant importance for
endodontic treatment failure (i.e., if any given species persisting in the root canal is a risk
factor for post treatment apical periodontitis). To pursuit these intentions, methods for the
recovery of all microorganisms are critical and must be a target concern. Spångberg (95)
advertised that it is crucial to establish and agree on the best methods of sampling for
molecular techniques and culturing methods
With the insight that we still do not have the complete picture of the microflora and that new
techniques will complement or even change our future opinions on the natural history and
complexity of the root canal flora (10), at present time, we do not have an alternative
approach to study this enthralling subject: sample the pulpal space supported by evidencebased guidelines presented throughout this article.
Future improvements in root canal treatment will likely come from a deeper biological insight
into the microbial pathogenicity and the factors regulating community behaviour (23). The
two approaches described (Culture and Molecular Biology studies) are not exclusive to each
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other and should be used together by endodontic microbiologists in an informed polyphasic
manner to understand the complex nature of root canal infections (69).
While culturing may not be mandatory for clinical practice, the practitioner should choose a
treatment protocol that has been shown in controlled studies to result in a predictably low
microbial count before filling the root canal (10). But to become closer to the real endodontic
microflora and the way to eradicate them, presently, MRS is undoubtedly the option.
Consequently, sampling is in the mood.
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Microorganismos: a razão de ser da Endodontia
Resumo:
A origem microbiológica da doença endodontica está, hoje, indubitavelmente comprovada.
Contudo, não apenas os microrganismos bem como a resposta do hospedeiro têm um profundo
impacto sobre a progressão da doença.
Muitos estudos confirmaram a natureza polimicrobiana da doença pulpar e periapical de origem
endodôntica e a eficácia dos procedimentos químico-mecânicos apresentados por Hall em 1928.
Uma vez que, para além da invasão microbiana, também a composição do ecossistema
microbiológico do canal radicular pode estar relacionado com o resultado clínico, propomo-nos
enumerar os micro-organismos mais comuns nos diferentes tipos de infeções endodônticas.
Embora a fotografia emergente seja claramente complexa, não permitindo uma conexão direta
entre determinada bactéria e o estado clínico, a tentativa adicional de elucidação de vários
fatores putativos de patologia pulpar e periapical (incluindo a variabilidade geográfica) acabará
por levar a opções de tratamento mais racionais.

Microorganisms: the reason to perform Endodontics
Abstract
That we perform Endodontics because there are microorganisms is now beyond doubt.
Nevertheless, not only the microorganisms, but also the host response have a profound effect on
the progression of the disease.
Many papers confirmed the polymicrobial nature of pulpal and periapical diseases of endodontic
origin and the efficiency of the chemo-mechanical procedures based on physical and chemical
elimination of their etiologic factors, whose principles were first presented as far as 1928 by Hall.
Since not only bacterial load may be related to the clinical outcome, but also the bacterial
composition of the microbiological canal ecosystem, we aimed at the enumeration of the
microorganisms present in the different types of endodontic infections.
Although the emerging picture is clearly a complex one, not allowing clear-cut association of
bacteria and clinical situation, only the further pursuit of elucidation of the many factors involved
(including geographical variability) will ultimately lead to rational treatment solutions.
Palavras-chave: Periodontite Apical, Microbiologia, Endodontia, Revisão.
Keywords: Apical Periodontitis, Microbiology, Endodontics, Review
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In the oral cavity, distinct microenvironments at various soft and hard tissue surfaces influence
the composition of the microbiota1.
For endodontic infection to develop, the root canal must be devoid of vital pulp tissue and its
defenses, as a consequence of either pulp necrosis (as a sequel to caries, trauma, periodontal
disease, or iatrogenic operative procedures) or pulp removal for treatment. The borderline
between the infecting microbiota and the host defenses is often located intraradicularly, i.e., short
of or at the apical foramen. In some cases, however, microorganisms may reach the periradicular
tissues, and the borderline is then situated extraradicularly, i.e., beyond the boundaries of the
apical foramen2 creating a clinical situation known as Apical Periodontitis (AP).
AP is a more widespread disease than moderate or severe marginal periodontitis, affecting 50%
of the population by age 50, and 62% of individuals over age 603. That´s to say it is a very
prevalent health problem.
In addition to bacteria (the most prevalent in diseases of endodontic origin), fungi and archaea
have been only occasionally found in intraradicular infections4,5,6, while herpes viruses and HIV
have been detected in AP7,8.
The application of Nucleic Acid approaches to endodontic microbiology provided a more complete
and holistic picture, compared to the one assessed by Classic Culture.
The goal of this article is to provide an international literature review published on this topic,
summarizing its most important features, thus updating the existing information in a pedagogical
maner.
Methods
To prepare this paper, the Databases MEDLINE / PUBMED, B-On and library files of Oporto
University were acessed, using the terms: “endodontics”, “microbiology”, “review”, “apical
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periodontitis”, “culture” and “molecular biology”. The references were selected under inclusion
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criteria like English language, accessibility, relevance to the theme and scientific rigor.
1. Pathogenesis of Apical Periodontitis
Of the major dental diseases, infection of the root canal is unique for the oral cavity since
infection establishes where microorganisms have not previously been present. The most common
causes for pulpal inflammation (pulpitis) are bacteria and/or their products entering the pulp
through a deep caries lesion or a leaking filling. Loss of the mineralized tooth‟ structures open an
avenue for penetration of bacteria into the pulp space. Leaving behind the nutritionally rich and
diverse environment of the oral cavity, microorganisms that establish in the root canal system
(RCS) must breach enamel, invade dentine, overwhelm the immune response of the pulp and
settle in the remaining necrotic tissue9. Once necrotic, the RCS becomes a “privileged sanctuary”
for clusters of bacteria, bacterial by-products, and degradation products of both the
microorganisms and the pulpal tissue10,11.
The invading restricted group of species seem to go through some selection mechanism. Low
oxygen tension, bacterial by-products, interactions between microbial factors and the availability
of nutrients such as polypeptides and amino acids, driven by the route of infection and the
ecological pressure in the RCS12 are factors that determine which microorganisms will
predominate.
Actually, studies on the dynamics of root canal infections have shown that the relative proportions
of anaerobic microorganisms increase with time and that the facultative and obligate anaerobic
bacteria are outnumbered when the canals have been infected for three months or more9,13.
AP can be described as a dynamic encounter between microbial factors and host defences at the
interface between infected radicular pulp and periodontal ligament that results in local
inflammation, resorptions of hard tissues, destruction of other periapical tissues, and eventual
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formation of various histopathological categories of AP, commonly referred to as periapical
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lesions14. Infectious microbes and host defences destroy much of the periapical tissue, resulting
in the formation of various categories of AP lesions. In spite of the formidable defence, the body
is unable to destroy the microbes well entrenched in the sanctuary of the necrotic root canal,
which is beyond the reaches of body defences. Therefore, AP is not self-healing15.
2. Overview of the classic studies
The establishment of the foundation of Endodontics as the discipline primarily involved with the
treatment of an infectious disease started many years ago.
Antony van Leewenhoek was the first to observe oral flora. His description of the “animalcules”
observed with his microscopes included those from dental plaque and from an exposed pulp
cavity11.
More than a century ago (1890) Miller, based on his finding of numerous types of bacteria in the
necrotic dental pulp, raised the hypothesis that bacteria were the causative factors of AP. By
means of bacterioscopy of the canal samples, he found bacterial cells in the three basic
morphologies known, i.e. cocci (round cells), bacilli (cylindrical cells) and spirilla (helical cells).
Morphologically, the endodontic microbiota was clearly different in the coronal, middle and apical
parts of the root canal.
However, the essential role of micro-organisms in the etiology of AP remained doubtful for
several years. In 1965, Kakehashi et al. 16 resolved the issue: no AP developed in germ-free rats
when their molar-pulps were kept exposed to the oral cavity, as compared with control rats with a
conventional oral microflora in which massive periapical radiolucencies occurred. Thus, the
presence or absence of microbial flora was the major determinant for the destruction or healing of
exposed rodent pulps.
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The great significance of obligate anaerobes in endodontic infections was soon established17 with
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the advent of anaerobic culture techniques. These findings were confirmed by other researchers
using anaerobic techniques18,19. Bacteria were found only in the root canals of teeth exhibiting
radiographic evidence of AP, confirming the infectious etiology of this disease.
Later, another relevant observation was that bacteria in a root canal infection do not occur in vivo
as separate colonies, but grow within an extracellular matrix in interconnected communities as a
bacterial biofilm. By the application of the precise technique of correlative light and transmission
electron microscopy, these biofilms were first reported, describing them as co-aggregating
communities with a palisade structure20. The clinical significance of a biofilm growth pattern is
that bacteria are relatively protected compared with planktonic forms and are known to be more
resistant to antimicrobial treatment21. Thus, there is a current trend to include AP in the category
of biofilm-induced diseases which is a major step forward in the understanding of root canal
infection22.
Community profile analyses of the endodontic microbiota have disclosed some interesting
findings23:
a) endodontic infections harbor mixed bacterial communities24, including persistent/secondary
infections associated with treated teeth25;
b) some underrepresented uncultivated bacteria may be commonly found in infected root
canals24,26;
c) bacterial communities may follow a specific pattern according to the clinical condition (chronic
AP, acute apical abscesses, and treated teeth)23;
d) there is a great interindividual variability in endodontic communities associated with the same
clinical disease23,27, i.e., each individual harbors a unique endodontic microbiota in terms of
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species richness and abundance. Thus AP has a heterogeneous etiology, with no single
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prevalent species28;
e) this interindividual variability is still more pronounced when individuals from different
geographical locations are analyzed24,29,30,31.
The fact that the composition of the endodontic microbiota differs consistently between individuals
suffering from the same disease24,25 denotes a heterogeneous etiology for AP, where multiple
species combinations can lead to similar disease outcomes.
The comprehension of species abundance and distribution is essential for understanding the
behavior of a microbial community (Table I) 32.
3. Composition and localization of flora in endodontic infections
Since the root canal environment and nutritional supply govern the dynamics of the microbial
flora, it means that the bacteria present in the root canal will depend on the stage of the infection.
Furthermore, knowledge of the patterns of microbial colonization allows the establishment of
antimicrobial therapeutic strategies to reach and eliminate microorganisms located not only in the
main canal, but also in other areas of the RCS in which they can propagate23 like dentine tubules,
lateral and accessory canals, isthmus, fins, “loops”, etc..
3.1 Primary endodontic infection
Primary Endodontic infections can be regarded as the initial or „wild‟ infection, in the sense that
there has not been any professional intervention yet. Participating microorganisms may have
been involved in the earlier stages of pulp invasion or they can be latecomers that took
advantage of the environmental conditions in the root canal after pulp necrosis.
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They are the cause of primary AP, which can manifest itself as a chronic or acute disease. Some
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acute conditions may evolve to an abscess, which in some cases can spread to head and neck
spaces to establish a life-threatening condition23.
The number of bacterial species in an infected root canal may vary from one to more than twelve,
and the number of colony-forming units (CFUs) in an infected root canal varies from 10 3 to 108 8,
27,33,34.

As for species richness, a mean of 10-20 species have been found per canal of teeth with chronic
AP as revealed by molecular biology studies35. Root canals of teeth with apical radiolucency
associated with a draining sinus tract (chronic apical abscess or suppurative AP) have been
reported to harbor a mean number of 17 species28.
A correlation seems to exist between the size of the periapical lesion and the number of bacterial
species and cells in the root canal. Teeth with long-standing infections and large lesions usually
harbour more bacterial species and have a higher density and a more complex association of
bacteria than teeth with small lesions9,23,34,36 (Figure 1).
It is noteworthy that the most prevalent species in primary infections may vary from study to
study, which can be explained by several factors: sensitivity and specificity of the identification
method, sampling technique, geographic location, and accuracy or divergence in clinical
diagnosis, and disease classification. Even so, one can select 10-20 species that are virtually
always among the most frequently detected species in most well conducted studies about the
endodontic microbiota23.
3.1.1 Bacteria found in Primary endodontic Infections
Genera of bacteria frequently detected in primary infections are33,37,38,39,40:

7

- Gram-negative bacteria (Fusobacterium, Dialister, Porphyromonas, Prevotella, Tannerella,
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Treponema, Campylobacter, and Veillonella);
- Gram-positive bacteria (Parvimonas, Filifactor, Pseudoramibacter, Olsenella, Actinomyces,
Peptostreptococcus, Streptococcus, Propionibacterium, and Eubacterium);
- Facultative or microaerophilic Streptococci28,41,42.
The species list is much larger and can be summarized as:
1) Black pigmented Gram-negative anaerobic rods such as Prevotella intermedia, Prevotella
nigrescens, Prevotella tannerae, Prevotella multissacharivorax, Prevotella baroniae and
Prevotella denticola, Porphyromonas endodontalis and Porphyromonas gingivalis.
2) Tannerella forsythia (previously called Bacteroides forsythus or Tannerella forsythenis) was
the first periodontal pathogen to be detected in endodontic infection 43.
3) Dialister species are asaccharolytic obligately anaerobic Gram negative coccobacilli which
have been consistently detected in endodontic infections, namely Dialister pneumosintes and
Dialister invisus.
4) Fusobacterium nucleatum and Fusobacterium periodonticum is also a common member of
endodontic microbiota.
5) Spirochetes are highly motile, spiral-shaped, Gram negative bacteria with periplasmic flagella.
All oral spirochetes fall into the genus Treponema44. Prevalent species are: Treponema denticola,
Treponema socranskii, Treponema parvum, Treponema maltophilum and Treponema
lecithinolyticum.
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6) Gram positive anaerobic rods have also been found in endodontic microbiota like:
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Pseudoramibacter alactolyticus, Filifactor alocis, Actinomyces spp., Propionibacterium
propionicum, Olsenella spp., Slackia exígua, Mogibacterium timidum and Eubacterium spp.
7) Gram positive cocci, specifically Peptostreptococci and Streptococci are frequently present in
primary endodontic infections. Examples are Parvimonas micra (previously called
Peptostreptococcus micros or Micromonas micros), Streptococcus spp. which include
Streptococcus anginosus, Streptococcus mitis, Streptococcus sanguinis and Enterococcus
faecalis.
8) Other bacterial detected more sporadically include: Campylobacter rectus, Campylobacter
gracilis, Veillonella parvula, Eikenella corrodens, Neisseria mucosa, Centipeda periodontii,
Gemella morbillorum, Capnocytophaga gingivalis and Corynebacterium matruchotii.
3.1.2 Other Pathogens found in Primary endodontic infections
Fungi and most recently archaea and viruses and as yet uncultivable bacteria have been found in
association with endodontic infections:
1) Fungi – Candida spp., particularly Candida albicans45,46.
2) Archaea – These are a diverse group of prokaryotes which are distinct from bacteria and that
make up the third domain of cellular life of the members of the human oral microflora. They are
strikingly less diverse than oral bacteria and appear to be relatively rare with respect to their
numerical abundance47. Since they have been exclusively found in association with oral
infections such as periodontitis and AP5 and given their unique physiology and energy
metabolism, it is highly plausible that they are more than just secondary colonizers of infected
areas, but instead are actively involved in the overall poly-microbial infection process.
Conversely, it is a highly challenging task to clearly demonstrate their possible active
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participation. In fact, since it is extremely difficult to grow them in routine microbiology
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laboratories47, evidence of their existence in this human ecosystem has primarily been provided
by PCR-based techniques targeting either the 16S rRNA gene and/or the functional gene mcrA
encoding for the methyl-coenzyme M reductase (a key enzyme in methanogenesis)47. In fact,
Culture has only revealed the presence of methanogenic Archaea, namely Methanobrevibacter
oralis48.
3) Viruses – Viruses are particles structurally composed of a nucleic acid molecule (DNA or RNA)
and a protein coat with or without a membrane envelope. They require viable host cells to infect
and use the cell‟s machinery to replicate its genome. Hence, they cannot survive in a necrotic
root canal. Its presence in the root canal has been reported only for non-inflamed vital pulps of
patients infected with human Herpes virus49. Among the Herpes spp., the human cytomegalovirus
and Epstein–Barr-virus may be implicated in the pathogenesis of AP.
4) As Yet-Uncultivated Bacteria
Only after the advent of molecular techniques for bacterial identification, several culture-difficult
species have been consistently included in the set of candidate endodontic pathogens. The main
examples are Tannerella forsythia, Dialister species (Dialister invisus and Dilister pneumosintes),
Filifactor alocis, Prevotella baroniae, Olsenella uli, and Treponema species41,43,50,51,52.
Strengthening of the association between AP and some species previously recognized as
candidate pathogens has also become evident by molecular findings. Examples include
Fusobacterium

nucleatum,

Parvimonas

micra

(formerly

Peptostreptococcus

micros),

Porphyromonas species (Porphyromonas endodontalis and Porphyromonas gingivalis),
Prevotella species (Prevotella intermedia and Prevotella nigrescens), and Pseudoramibacter
alactolyticus, all of which have been detected in higher prevalence values than previously
reported by culturing studies39,53,54.
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Clone library analyses of primary endodontic infections reveal that a significant proportion of the
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detected taxa consist of phylotypes that remain to be cultivated and phenotypically
characterized30,41 i.e. species that are known only by a 16S rRNA gene sequence and that have
yet to be cultivated and fully characterized26. These as-yet-uncultivated phylotypes account for
approximately 55% of the taxa found in root canals of teeth with chronic AP and in terms of
abundance represent more than 38% of the clones sequenced27 and have emerged as candidate
pathogens of endodontic infections2. Therefore, there is no reason to believe that they are less
important than the cultivable proportion of the microbiota when it comes to disease causation 28.
Several uncultivated phylotypes from the genera Synergistes, Dialister, Megasphaera,
Solobacterium, Eubacterium and Selenomonas, as well as phylotypes related to the family
Lachnospiraceae or the phylum Bacteroidetes have been identified in primary endodontic
infection28.
3.2 Acute apical periodontitis and abscesses
Acute AP and acute apical abscesses are typical examples of symptomatic endodontic infection.
Whereas microbial causation of AP is well established, there is no strong evidence disclosing
specific involvement of a single species with any particular sign or symptom of AP 28. While an
acute abscess is usually preceded by acute AP, the latter does not necessarily evolve to the
former. Therefore, the acute abscess can be regarded as an advanced stage of the acute
disease. In later stages of the disease process, the diagnosis of acute abscesses usually does
not represent a difficult task, mostly because of swelling (Figure 2). In symptomatic cases, the
infection is located in the root canal but it may also have reached the periradicular tissues and, in
abscessed cases, it has the potential to spread to other anatomical spaces of head and neck to
form a cellulitis23.
The acute infection is characterized by an increased bacterial metabolism and uncontrolled cell
division. At this stage, the body has one main goal and that is to prevent the infection from
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spreading. A fibrotic capsule can be formed in order to build a bacteria penetration barrier;
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however, at the cost of a total destruction of the tissues within the barrier. This results in an
abscess with pus44.
The microbiota involved with abscesses is mixed and dominated by anaerobic bacteria27,54,55,56.
Bacterial counts per abscess case have been reported to range from 10 4 to 109 CFUs55. The
mean number of species is comparatively higher in abscesses than in canals of teeth with chronic
AP, with molecular studies revealing an average of 12-18 species/case in abscesses as
compared to 7-12 species present in chronic cases23,27. It has been shown that as-yetuncultivated phylotypes encompass approximately 40% of the species found in abscesses and
collectively represent more than 30% of the clones sequenced27. Some Gram-negative anaerobic
bacteria have been suggested to be involved with symptomatic lesions 27,57,58, but the same
species may also be present in somewhat similar frequencies in asymptomatic cases 27,53.
Therefore, factors other than the mere presence of a given putative pathogenic species may play
a role in the etiology of symptomatic endodontic infections59. These factors possibly include: (a)
differences in virulence ability among strains of the same species; (b) bacterial interactions
resulting in additive or synergistic effects among species in mixed communities; (c) bacterial
population density; (d) environment-regulated expression of virulence factors; and (e) host
resistance, which may be modulated by diverse aspects including systemic diseases,
concomitant virus infection, environmental factors (stress, smoking), and genetic patterns 59. The
diversity of the bacterial communities has been found to differ significantly when the microbiota of
chronic AP and acute apical abscesses are compared60. Differences are essentially represented
by the dominant and the large number of species in abscesses. A shift in the community structure
is then suspected to precede the emergence of symptoms. Differences in species richness and
abundance, and the resulting interactions among community members may affect virulence of the
whole consortium23.
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3.3 Secondary / Persistent endodontic infections
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Persistent and secondary infections are responsible for several problems in endodontic practice,
including persistent exudation, persistent symptoms, flare-ups, and treatment failure.
There are some reports that show that non-oral bacteria may be involved with secondary
infections to cause persistent exudation and/or symptoms61,62. As for flare-ups, the evidence of
specificity is even weaker, although there are some reports of involvement of Gram-negative
anaerobes, such as black-pigmented rods and Fusobacterium nucleatum23,63.
Conversely, the microbiota involved with treatment failure has been extensively studied and is
supported by two strong evidence-based arguments. First, there seems to be an increased risk of
adverse treatment outcome when bacteria that survived the effects of intracanal disinfection
procedures are present in the canal at the time of filling (persistent intraradicular infection) 64,65,66.
Second, most (if not all) root canal-treated teeth evincing persistent AP lesions have been
demonstrated to harbor an intraradicular infection, ie. microorganisms have infected the canal
after filling as a result of coronal leakage30,67,68 or apical percolation.
Based on these arguments, studies have attempted to identify the microorganisms found at the
root canal-filling stage, which are „short-term survivors‟ that may put the treatment outcome at
risk, and the microorganisms in root canal-treated teeth with AP, which are „long-standing
survivors‟ that are arguably the cause of post-treatment disease23.
Even after diligent chemomechanical preparation followed or not by intracanal medication, some
canals may harbor detectable levels of cultivable bacteria 23. In these cases, 1-5 species can be
detected per canal, with counts reaching 102-105 CFUs per sample34,64,69. No single species has
been significantly found to persist after treatment procedures. But, generally, Gram-negative
species and fastidious anaerobes have a limited capacity to endure treatment and are readily
eliminated by instrumentation and antimicrobial irrigation70.
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Gram-positive species and facultative anaerobes have a higher rate of recovery in post1
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instrumentation samples like Streptococcus species, Parvomonas micra, Actinomyces spp.,
Propionibacterium spp., Pseudoramibacter alactolyticus, Lactobacillus spp., Enterococcus
faecalis, and Olsenella uli64,71,72.
The microbiota in root canal-treated teeth with post-treatment AP also exhibit a decreased
diversity (both richness and abundance) in comparison to primary infections. Root canals with
apparently adequate treatment usually contain 1-5 species, while the number of species in canals
with inadequate treatment can reach up to 30 species, which is very similar to primary infections
(Siqueira 2008). In terms of bacterial density, a treated canal associated with post-treatment
disease can harbor 103-107 CFUs71,73,74.
All these findings indicate that the microbiota of root canal-treated teeth with AP is more complex
than previously anticipated by Culture studies. However, it is proportionally less complex than
primary infections23.
A number of microbial properties favor the selection and survival of some species over others.
For example, an ability to endure starvation is a beneficial survival characteristic which helps
ensure that some species outlast others until they may access nutrients from the local milieu, e.g.
serum-type fluid that may seep into the canal space over time 1. Starvation survival characteristics
have been demonstrated in selected species known to be involved in persistent infection such as
Enterococcus faecalis75 and Candida albicans76 whereas others like Fusobacterium nucleatum,
Peptostreptococcus anaerobius, Prevotella intermedia, and Pseudoramibacter alactolyticus
seldom identified in persistent infection have poor starvation survival ability77.
Regardless of the identification method, Enterococcus faecalis is the most frequently detected
species in root canal-treated teeth, with prevalence values reaching up to 90% of the
cases29,67,73,78. Root canal-treated teeth are about nine times more likely to harbor Enterococcus
faecalis than cases of primary infections79. This species has been considered as transient in the
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oral cavity and its source might be food80. The fact that Enterococcus. faecalis has been
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commonly recovered from cases treated in multiple visits and/or in teeth left open for drainage 64,79
suggests that it may cause a secondary infection that then becomes persistent.
Candida species, particularly Candida albicans, have been detected in root canal-treated teeth in
up to 18% of the cases71,81,82.
Other bacteria found in root canal-treated teeth with AP include Streptococcus species and some
fastidious anaerobic species such as Pseudoramibacter alactolyticus, Propionibacterium
propionicum, Filifactor alocis, Dialister pneumosintes, and Dialister invisus26,29,67.
As-yet-uncultivated phylotypes correspond to 55% of the species detected in treated canals
(Siqueira & Rôças 2005a), which confirms their importance in disease etiology.

Concluding remarks
Any species found in the pulpal space has the potential to be an endodontic pathogen or at least
to play a role in the ecology of the oral microbial community.
Without doubt, bacteria are the most common microorganisms occurring in endodontic infections.
Study of root canal infections is not an easy task. It relies on the clinical significance of the
material collected from an anatomical location that is difficult to manipulate under sterile
conditions. In fact, if the healthy root canal is expected to be sterile, neither the diseased one nor
the mouth environment is sterile in nature. Thus, sample material has to be collected, preserved,
transported to the lab and processed in the lab under strict conditions.
Datasets from Culture and Molecular studies showed that more than 400 different microbial
species belonging to 100 genera and 9 phyla have been identified in different types of endodontic
infections. The phyla with the highest species richness were Firmicutes, Bacteroidetes,
Actinobacteria, and Proteobacteria. Diversity varies significantly according to the type of infection.
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Because AP is a disease of infectious aetiology, the logical goals of the endodontic treatment are
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to eliminate or substantially reduce the microbial populations within the RCS (through antiseptic
means) and to prevent introduction of new microorganisms in the canal (through aseptic means).
Prevention of reinfection is also achieved by a tight coronal seal of the root canal provided by
both the root canal filling and the permanent coronal restoration. The success rate of the
endodontic treatment will depend on how effective the clinician is in accomplishing these goals.
The question now is no longer whether the microbes are involved but specificity of microbial
species. New endodontic pathogens are added to the list because of improved technologies like
molecular methods which help the endodontist to be more accurate in the treatment planning.
Studying the flora will streamline the treatment planning.
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Table I – Main distinctive features of endodontic microbiota in different clinical conditions
Primary infections

Persistent infections

Persistent/
secondary infections

Chronic Apical
Periodontitis

Acute apical abscess

Filling stage

Treated teeth

Community

mixed

mixed

Mixed, sometimes
single

Mixed, sometimes single

Number of taxa/case

10-20

10-20

1-5

Uncultivated bacteria

40-55%
Gram-negative /
Gram-positive
anaerobes

40%

42%

Gram-negative
anaerobes

Gram-positive
facultative /anaerobes

Gram-positive facultative

Streptococcus mitis
Other streptococci
Propionibacterium spp.
Fusobacterium
nucleatum
Prevotella spp.
Pseudoramibacter
alactolyticus
Parvimonas micra
Lactobacilli
Olsenella spp.
Actinomyces spp.
Pseudomonas
aeruginosa
Enteric rods

Enterococcus faecalis
Candida albicans (yeast)
Streptococcus spp.
Pseudoramibacter alactolyticus
Propionibacterium propionicum
Filifactor alocis
Dialister spp.
Actinomyces spp.
Pseudomonas aeruginosa
Enteric rods

Most prevalent groups

Most frequent taxa

Treponema spp.
Tannerela forsythia
Porphyromonas spp.
Dialister spp.
Filifactor alocis
Pseudoramibacter
alactolyticus
Fusobacterium nucleatum
Synergistes spp.
Eikenella corrodens
Prevotella spp.
Olsenella spp.
Parvimonas micra
Peptostreptococcus spp.
Campylobacter spp

Treponema spp.
Tannerela forsythia
Porphyromonas spp.
Dialister spp.
Fusobacterium nucleatum
Eikenella corrodens
Synergistes spp.
Prevotella spp.
Olsenella spp.
Parvimonas micra

Adequate treatment: 1-5
Inadequate treatment: 2-30
55%
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Figure 1 – Different sizes of apical periodontitis lesions.
Figure 2 –Clinical and radiographic aspects of an acute apical abcess.
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Resumo:
Objectivos: A necrose é consequência da evolução natural da infecção do espaço pulpar. O
tratamento pretende resolver a infecção e pode incluir a aplicação de medicação intracanalar.
Neste estudo, mediu-se a carga bacteriana no fim da preparação químico-mecânica com
Hipoclorito de Sódio a 3% e após o efeito do uso de pasta de Hidróxido de Cálcio (Ca(OH) 2) ou
gel de Digluconato de Clorhexidina (CHX).
Métodos: Ensaio clínico prospectivo em 69 dentes monocanalares com diagnóstico de necrose
pulpar ou de periodontite apical. A colheita microbiológica ocorreu antes do tratamento (S1),
após preparação químico-mecânica (S2) e ao fim de 14 dias de efeito da medicação
intracanalar (S3). Mediram-se as unidades formadoras de colónias (UFCs) em 3 atmosferas
distintas - aeróbia, anaeróbia e microaerofília. Na análise descritiva/inferencial usou-se o
programa SPSS vs20.0 (α=0,05).
Resultados: Encontraram-se diferenças significativas entre S1, S2 e S3 (T.Friedman; p<0,001
nas 3 atmosferas), evidenciando-se um decréscimo significativo de S1 para S2 (T. Wilcoxon;
p<0,004), seguido de aumento significativo de S2 para S3 (p<0,001) no grupo de CHX e
manutenção em aerobiose e anaerobiose (T. Wilcoxon ; p=0,777/0,227) e aumento em
microaerofília (T. Wilcoxon T; p=0,047) para o grupo experimental de Ca(OH) 2. Os 2 grupos só
diferiram significativamente em S3 (T. Mann-Whitney; p≤0,001 em todas as atmosferas), com
pior desempenho da CHX.
Conclusões: O tratamento reduziu, de forma significativa, a carga bacteriana, mas não
conseguiu esterilizar os canais radiculares. A sessão única deverá ser um dos objectivos do
tratamento. O Ca(OH)2 teve melhor cumprimento que a CHX.
Palavras-chave: endodontia, microbiologia, cultura, tratamento antimicrobiano
Endodontic Intracanal dressing: does it really work?
Abstract:
Objectives: Necrosis results from infection of pulpal space. Treatment aims at infection
resolution and may include interappointment medication. Here we measured bacterial load after
chemomechanical preparation using 3% sodium hypochlorite and intracanal dressing with
calcium hydroxide paste (Ca(OH)2) or 2% chlorohexidine digluconate gel (CHX).
Methods: Prospective clinical trial, in 69 adult patient’s teeth with pulpal necrosis associated or
not with apical periodontitis. Microbiological root canal sampling occurred before treatment (S1),
after chemomechanical preparation (S2) and after 14 days of intracanal dressing (S3). Colony
Forming Units (CFUs) were measured in aerobic, anaerobic and microaerofilic cultures.
Descriptive / inferential analysis with SPSS vs20.0 (α=0.05).
Results: Significant differences were detected between S1, S2 and S3 (Friedman T.; p<0.001
for the 3 cultures), showing a significant decrease from S1 to S2 (Wilcoxon T.; p<0.004),
followed by a significant increase from S2 to S3 (p<0.001) for the CHX group and maintenance
for the Ca(OH)2 group in aerobioc/anaerobic (Wilcoxon T.; p=0.777/0.227), and increase in the
microaerofilic culture (Wilcoxon T.; p=0.047). The two groups only differed significantly in S3
(Mann-Whitney T.; p≤0.001 in all cultures), with a worse performance in the CHX group.
Conclusions: Treatment significantly reduced the number of bacteria but failed to render all
root canals sterile. We found that Ca(OH)2 performed better than CHX gel. One visit
appointment should be the treatment goal.
KeyWords: endodontics, microbiology, culture, antimicrobial treatment
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INTRODUCTION
Apical periodontitis (AP) results from a pulp space polymicrobial infection

(1)

dominated by anaerobes

with fastidious environmental and nutritional requirements. However, these bacteria obtain survival
(2)

from symbiotic relationships with other essential nutrient production microbes present . Thus
treatment must aim at all bacteria, microaerophilic, aerobic or anaerobic, strict or facultative.
Mechanical instrumentation coupled with sodium hypochlorite (NaOCl) irrigation dramatically reduces
bacterial counts. However, since not all microorganisms are eliminated, intracanal dressing, primarily
(3)

calcium hydroxide, has been advocated. However, efficacy of this added step is controversial : both
up to 97% bacterial reduction

(4-8)

and increases in bacteria counts

(9,10)

were reported. To overcome

Calcium hydroxideHydroxide limitations, Chlorhexidine (CHX) has emerged as an alternative
gel form, it has shown excellent antibacterial efficacy in vitro
weeks or more

(12)

(12)

(8,11,12)

. In

and a residual activity for up to 2
(8)

. However, in vivo, liquid CHX resulted in bacterial load increase .

Treatment outcome may also be influencedinfluenced by interindividual variability in endodontic
communities associated with the same clinical disease. This is even more evident when individuals
from different geographical locations are analysed

(13-15)

.

In the present randomized clinical trial, we aim at comparing the efficacy of chemomechanical
cleaning alone and in combination with two different intracanal dressings by 3 types of culture. To our
knowledge, this is the first report on the study of the microbiological microenvironment in root canals of
Portuguese Patients.
MATERIALS AND METHODS
Clinical Material
Study adhered to Helsinki Declaration revised in 2000. Protocol was approved by the Ethics
Committee and an informed consent was obtained from patients after the nature of the procedure and
possible discomforts and risks had been fully explained.
Using stringent criteria [16], sample included 69 subjects (35 women / 34 men; mean 49.7 years) with
69 single-teeth (18 central and 16 lateral maxillary incisors, 10 mandibular and 10 maxilar premolars,

1

2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

9 maxilar and 6 mandibular canines). From those, 26 were only necrotic and 43 had AP. All were
chemomechanical prepared and randomly divided into two groups for dressing with calcium hydroxide
paste Ca(OH)2 or 2% Chlorhexidine digluconate gel (CHX). The random order of assignment to both
groups was previously generated using random numbers and was applied to participants as they
entered the trial.
First Session
After rubber dam application, its disinfection was performed with 3% hydrogen peroxide, until no
further bubbling followed by a 3% sodium hypochlorite (NaOCl) rinse for 1 minute as described

(16)

.

After access cavity, the operative field was disinfected as described above followed by inactivation of
NaOCl with 5% sodium thiosulfate (Na2S2O3). For control of the operative field disinfection, a sterile
cotton swab embedded in sterile saline solution (SSS) was scrubbed on it and collected into tubes
with 5 mL Phosphate Buffer Saline (Sample Sx). For inclusion of the tooth in the study, Sx samples
had to be uniformly negative. S1 sample was acquired by placing three successive size 25 sterile
paper points in the canal for 1 minute each, approximately 1 mm short of the root apex and used to
soak up the fluid in the canal and transferred into vials containing 2 mL sterile Reduced Transport
Fluid (RTF). The working length (WL) was established with Root ZX apex locator (Morita, Kyoto,
Japan) and confirmed by digital X-ray. Canals were enlarged with Protaper rotary instruments
(Dentsply Maillefer, Ballaigues, Switzerland). File sequence used was: Sx until resistance was
encountered, S1, S2, F1, F2, and F3 at WL, according to each canal. Irrigation with 2 mL of 3%
NaOCl was applied between consecutive files using a 27G needle (Endoneedle, Elsodent, France) in
an up-and-down motion to improve irrigant flow rate and a size 10 K-file was used 1 mm beyond the
WL in order to prevent apical blockage. In the cases of large canals, F4 and F5 files were used. After
smear layer removal (5 mL 10% Citric Acid, 5 mL 3%NaOCl and 5 mL 5%Na2S2O3), S2 sample was
acquired. After drying, intracanal dressings were applied using lentulo spiral fillers with clockwise
motion without water rinse and packed with a sterile cotton pellet at the level of canal entrance.
Another sterile cotton pellet input plug was placed and teeth were sealed with Coltosol
(Coltène/Whaledent Inc, USA) for 14 days.
Second Session
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After judgment of integrity of temporary restoration, its removal, similar field disinfection, another Sx
was performed as described. Next, medication was rinsed out with 5 mL SSS for the Ca(OH)2-group
or mixture of lecitin, Tween 80 and Na2S2O3 for the CHX-group and confirmed visually with the help of
a Carl Zeiss®Microscope. Afterwards, S3 samples were acquired in order to assess efficacy of the
intracanal drugs with three size 30 sterile paper points and stored as above. After analogous smear
layer removal, filling resorted to gutta-percha points and TopSeal (Dentsply, Maillefer, Ballaigues,
Switzerland), canal’ entrance sealed with Synergy D6 Flow (Coltène/Whaledent, USA) and access
cavity temporized.
Microbiology Procedures
Samples in RTF vials were managed as described

(16)

. Aliquots of 100 µL of undiluted and highest

-3

dilution (10 ) were spread onto BHI (Liofilchem Diagnostic, Italy) and Anaerobe Basal (Oxoid, United
Kingdom) agar plates both supplemented with 5% defibrinated horse blood. Plates were incubated
within jars, at 37°C, anaerobically for 14 days and for 48 hours, aerobically and microaerophilically
(10% CO2). Colony-Forming Units (CFUs) were then counted.
Statistical Analysis
Statistical analysis was performed using IBM

(r)

©

SPSS Statistics vs.20.0 (p 0.05).

Differences among medication groups were calculated with log10 transformations. S2 and S3 counts
were expressed as percentage of CFU reduction regarding S1 counts (Table 1).
Differences in bacterial counts between S1, S2, and S3, among medication groups and initial
diagnosis, were first analysed with the Friedman test as non-normal distributions were always found
(Shapiro-Wilk test). Upon detection of significant paired differences these were further investigated
with the Wilcoxon test. Comparison of intracanal dressing effect at S3 was assessed using the MannWhitney test (Table 2 and 3).
RESULTS
Randomization of intracanal dressing proved independent of diagnosis (Chi-square test, p=0.687),
tooth position (p=0.436) and “master apical file” (p=0.233) (data not shown).
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Proportion of Positive Samples
Of the 69 canals assessed, 12 showed no growth in S1 (data not shown). Of these, 4 (33.3%) were
positive in S3 (reversal cultures).
First appointment protocol succeeded in decreasing bacteria counts in all cases (p<0.001), and in
eliminating bacteria bellow detection level in 59 of 69 cases (85.5%). Results show a very efficient
chemo-mechanical preparation demonstrated by the strong CFU reduction from S1 to S2 (Table 1):
97.2% (aerobiosis), 99.4% (microaerofilic atmosphere) and 98.5% (anaerobiosis), corresponding to
1.56, 2.24 and 1.83 log steps reduction, respectively (Wilcoxon test, p<0.001 for all atmospheres).
A further reduction in positive samples from S2 to S3 was not always observed. After dressing with
Ca(OH)2, 70.6% of the canals (24 in 34) were negative for bacteria growth, whilst, in the CHX-group,
only 28.6% (10 in 35 cases) proved negative. For CHX-group this resulted in a 70.3% CFU reduction
for anaerobiosis (0.53 log step reduction), while Ca(OH)2 showed over 5 log reduction, accounting for
100% reduction (Table 1).
Quantitative Microbiological Analysis
A consistent significant CFU decrease between S1 and S2 (Wilcoxon test; p<0.001) was found for
both experimental groups (Table 2).
The same was not true for S2-S3 comparison: CHX-group showed a significant (p<0.05) increase in
all atmospheres; Ca(OH)2-group showed similar counts in aerobiosis, and significant (p<0.05)
increased counts in microaerofilic and anaerobic atmospheres (Table 2).
Comparison of CFU counts at similar sampling moments between the groups, showed that significant
differences were only observed in S3 (Mann-Whitney test; p0.001), with a worst performance of CHX.
Next, CFU counts were compared separating the different initial diagnosis (Table 3): in teeth
presenting only necrosis, neither intracanal dressings showed significant CFU reduction between S1
and S3 or S2 and S3. However, those presenting AP showed a significant reduction between S1 and
S3 when treated with Ca(OH)2 (p≤0.033 for all atmospheres) and a maintenance of low CFU counts
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between S2 and S3 (p>0.05), while CHX shows a significant increase between S2 and S3 (p≤0.002
for all atmospheres).
Thus, comparison at S3 shows significantly lower values in Ca(OH) 2 than in CHX-group (MannWhitney test, p≤0.002 for all atmospheres), fact even clearer with the initial AP diagnosis.
Discussion
Proportion of Positive Samples/ Bacterial Counts
AP is caused by a habitat-adapted polymicrobial infection of the pulp space. The microbial flora
typically consists of a restricted group of species, with Gram-positive and Gram-negative bacteria,
(1)

dominated by anaerobes with fastidious environmental and nutritional requirements .
There is a current trend to include AP in the category of biofilm-induced diseases which is a major
step forward to the understanding of root canal infection

(17)

. A polymicrobial ecosystem seems to be

produced that selects for anaerobic bacteria over time.
Culture was used because of its ability to detect exclusively viable bacteria and because of the
correlation shown by previous studies between negative cultures and a more favourable treatment
outcome

(10,18,19)

.

In order for microorganisms to multiply in artificial media, they must have available the required
nutrients and proper physicochemical conditions, including temperature, moisture, atmosphere, salt
concentration and pH. Thus, given the poly-microbial nature of the endodontic microflora and the fact
that a synergistic balance is required for the survival of strict anaerobes in the presence of other
aerobic and facultative anaerobes

(20)

, it can be suggested that growth of bacteria in enriched broth

media in different atmospheres may be more suitable because it may allow detection of even the less
frequent bacteria species in the canal. These were the reasons for using a more laborious Laboratory
protocols (3 different atmospheres) than other reports in this field that only assessed anaerobic
(5-8,16)

culture

.
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In the present study, only the 14-days anaerobic atmosphere culture results were used, because
these were significantly higher than the 7-days in the majority of the samples, in contrast with the
aerobic and microaerohilic environment where 48h were sufficient to assess bacterial growth.
Clinicians may consider chemomechanical cleaning and shaping of the root canal system as total
disruption of the endodontic microbial ecosystem. It has been repeatedly demonstrated that significant
reduction of bacteria results by the end of the chemomechanical instrumentation and that waiting for
treatment completion at a later date results in higher bacterial counts
exactly this. Nevertheless, similarly to other reports

(25-26)

(21-24)

. The present data showed

, the present data clearly showed that cleaning

and shaping alone was insufficient to produce a sterile root canal.
Intracanal dressings also failed to render all root canals sterile. This was particularly true in the CHXgroup. This could result from a number of reasons: a) presence of bacteria in sampling inaccessible
areas

(16)

; b) a flaw during S2 sample collection

intracanal drug

(28)

(27)

; c) contamination during introduction of the

; d) persisting bacteria either intrinsically resistant to drug or protected from the

medicaments by biofilms

(29)

; e) inactivation of medicament by compounds in pulp space

(29)

.

From patient 28 onwards, we decided to control the canal state after the final rinse with 10% citric
acid, 3% NaOCl and 5% Na2S2O3, immediately before filling, collecting another sample (S4). All these
extra samples showed no bacterial growth (data not shown), indicating that it is crucial to apply a final
rinse protocol to favour prognosis.
CHX
CHX activity is pH dependent

(26)

products, or the necrotic tissue

, and is greatly reduced by dentin, inflammatory exudates, bacterial

(12,30)

. This could explain the growth reversal in 25 cases, which is in
(8)

accordance with a significant increase in positive samples reported previously . Our results suggest
that CHX has a limited effect as intracanal medication for 2 weeks in vivo.
Ca(OH)2
The percentage of Ca(OH)2 related positive cultures observed in this study was within the range
reported in previous studies

(9,12)

. The reported variation of Ca(OH)2 effectiveness may be explained by
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a large variety of factors including: tooth-type, initial microbial loading, operator-associated variables,
instrumentation technique, irrigants, elimination of smear layer, integrity of temporary restorations, and
geographic differences of endodontic infectious bacteria

(15)

.

Immunological response to pulpal necrosis and AP is different, and this may explain the dissimilar
performance of the Ca(OH)2 in these two clinical conditions. In fact, despite its well-known
antimicrobial activity, Ca(OH)2 actions far exceed it. It is known to inactivate endotoxins, stimulate
mineralization, dissolve organic material, and produce a chemical and physical barrier
(32)

immunoregulator properties were demonstrated in an in vitro study

(27-28)

. It’s

, where Ca(OH)2 either reduced

cytokine basal expression or prevented increase of all cytokines tested during the experimental period.
Another possibility is that persistent Ca(OH)2 in root canals, can denature Interleukin-1, Tumor
Necrosis Factor-, and calcitonin gene-related peptide

(33,34)

, suggesting a dampening effect of

Ca(OH)2 in periapical inflammation after root canal cleaning procedures. Thus differences observed in
Ca(OH)2 performance between necrotic and AP teeth may also be related to differential activities of
the drug in the presence of different basal immunological involvements.

Conclusion
From a microbiological point of view, when treating teeth with necrosis associated or not with AP,
whenever possible, one session should be the goal, as the use of intracanal dressing to predictably
render root canals bacteria-free before filling seems to be questionable, at least in cases where signs
and symptoms of endodontic origin are absent.
Nevertheless, the present results indicate that if intracanal dressing is to be used, Ca(OH) 2 should be
preferred, but that until better root canal dressings are developed, thorough chemomechanical
cleaning of the canal at the second visit is required to remove the residual canal flora.
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Table 1 - Endodontic Intracanal dressing- 2 april 2013.docx

Table 1 – Reduction log steps and percentage of bacterial reduction within the 3 atmospheres tested and the different
intracanal dressings

aerobiosis
microaerofilic
anaerobiosis

S1-S2 (n=69)
Reduction log
steps
1.56
2.24
1.83

% of
reduction
97.2%
99.4%
98.5%

CHX S1-S3 (n=34)
% of
Reduction
reduction
log steps
0
0%
0
0%
0.53
70.3%

Ca(OH)2 S1-S3 (n=35)
% of
Reduction
reduction
log steps
0.00
0%
5.11
100%
5.67
100%

Table 2 - Endodontic Intracanal dressing- 2 april 2013 (1).docx

Table 2 – Effect of endodontic procedures on bacteria (CFU/ml) for both intracanalar dressings (CHX and Ca(OH)2) and the three atmospheres.
CHX
Atmosphere

Aerobiosis

Statistics
n
Average (±StDev)
Median
Minimum - Maximum
% cases = CFU/ml

Microaerofilic

n
Average (±StDev)
Median
Minimum - Maximum
% cases = CFU/ml

Ca(OH)2

MOMENT
S1

S2

S3

34
988.1 (±2349.0)
0b
0 - 11000
-

34
36.2 (±162.8)
0c
0 - 900
100%

34
3955.0 (±6677.2)
635 aA
0 - 23500
88.2%

34
34
7882.8 (±31838.3) 41.2 (±240.1)
0a
0b
0 - 184000
0 - 1400
100%

34
4624.4 (±7374.8)
0 aA
0 - 30000
88.2%

p*

<0.001

<0.001

MOMENT
S1

S2

S3

35
494,1 (±914,2)
0a
0 – 4000

35
5,1 (±30,4)
0b
0 - 180
100%

35
1770,9 (±7058)
0 bB
0 - 30000
97.1%

35
952.7 (±1832.0)
130 a
0 – 7700

35
9.1 (±40.4)
0b
0 - 220
100%

p*

<0.001

35
3464.9 (±9000.6)
0 aB
<0.001
0 - 30000
94.3%

34
34
34
35
35
35
27835.1 (±63505.9) 98.2 (±440.2) 6215.3 (±10381.1)
8374.6 (±26024.5) 432.3 (±2397.7) 2760.3 (±8325.7)
1160 a
0c
345 bA
470 a
0c
0 bB
Anaerobiosis
<0,001
<0.001
0 - 246000
0 - 2490
0 - 30000
0 – 146000
0 - 14200
0 - 30000
100%
91.2%
97.1%
91.4%
% cases = CFU/ml
* Friedman test; a,b,c – different letters stand for significant differences (median) between collection moments, according to the Wilcoxon test; A,B - different letters stand for
significant differences (median) between intracanalar dressings (at S3), according to the Mann-Whitney test.
n
Average (±StDev)
Median
Minimum - Maximum

Table 3 - Endodontic Intracanal dressing- 2 april 2013.docx

Table 3 – Effect of endodontic procedures on bacteria (CFU/ml) per initial diagnosis, for both intracanalar dressings (CHX, Ca(OH)2) and three atmospheres.
MOMENT
p*
p*
(S1-S3)
(S2-S3)
S1
S2
S3
12
12
12
n
761.7 (±2009.1)
0 (±0)
684.2 (±1146.5)
CHX
Average (±StDev)
0a
0b
55 a
0.484
Median
0.028
Necrosis
14
14
14
n
562.9 (±882.5)
0 (±0)
4418.6 (±10849.1)
Ca(OH)2
Average (±StDev)
0
0
0
0.612
0.102
Median
Aerobiosis
22
22
22
n
1111.6 (±2551.7)
55.9 (±201.2)
5739.1 (±7741.2)
CHX
Average (±StDev)
0b
0c
2400 aA
Median
0.044
0.001
AP
21
21
21
n
448.3 (±953.4)
8.6 (±39.3)
5.7 (±26.2)
Ca(OH)2
Average (±StDev)
130 a
0b
0 bB
0.655
Median
0.033
12
12
12
n
1080.4 (±2871.5)
0 (±0)
4200.8 (±9115.8)
CHX
Average (±StDev)
0
0
0
0.575
0.068
Median
Necrosis
14
14
14
n
1382.9 (±2491.2)
0 (±0)
8521.4 (±12877.8)
Ca(OH)2
Average (±StDev)
0b
0b
0a
0.139
Median
0.039
Microaerofilic
22
22
22
n
11593.2 (±39341.3)
63.6 (±298.5)
4855.5 (±6463.8)
CHX
Average (±StDev)
0b
0b
1495 aA
0.492
Median
0.002
AP
21
21
21
n
666 (±1206.7)
15.2 (±51.7)
93.8 (±304.2)
Ca(OH)2
Average (±StDev)
150 a
0b
0 bB
0.465
Median
0.001
12
12
12
n
590.4 (±1053.5)
0 (±0)
1116.7 (±3774.3)
CHX
Average (±StDev)
155
0
0
0.161
0.109
Median
Necrosis
14
14
14
n
15891.4 (±38870.4)
1052.1 (±3786.8)
6721.4 (±12368.5)
Ca(OH)2
Average (±StDev)
1235
0
0
0.386
0.078
Median
Anaerobisis
22
22
22
n
42695.9 (±75375.6)
151.8 (±544.1)
8996.4 (±11786.9)
CHX
Average (±StDev)
6395 a
0c
1585 bA
Median
0.046
<0.001
AP
21
21
21
n
3363.3 (±10166.3)
19 (±60.9)
119.5 (±311.1)
Ca(OH)2
Average (±StDev)
470 a
0b
0 bB
0.176
Median
0.001
a,b,c – different letters stand for significant differences (median) between collection moments, according to the Wilcoxon test; A,B - different letters stand for significant differences (median) between intracanalar
dressings (at S3), according to the Mann-Whitney test.
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Abstract
Aim To quantify bacterial equivalents before and after chemo-mechanical preparation using
3% sodium hypochlorite (NaOCl) and intracanal dressing with calcium hydroxide paste
(Ca(OH)2) or 2% Chlorhexidine digluconate gel (CHX) in necrotic pulps associated or not with
apical periodontitis. To further compare this quantification with anaerobic microorganism’
counts.
Methodology Prospective clinical trial in 69 single-rooted adult teeth (strict inclusion criteria);
CHX group: 34; Ca(OH)2 group: 35. Bacteria samples were taken at baseline (S1), after chemomechanical preparation (S2) and after 14 days of intracanal dressing (S3). Bacterial equivalents
were assessed by broad-range real time polymerase chain reaction (qPCR) and live viable
bacteria measured with conventional anaerobic Culture (CFU/ml). Descritive/inferencial
analysis was performed with SPSS vs20.0 (α=0.05) using the Krustal-Wallis, Man-Whitney and
Chi-square tests and Spearman correlation coefficients.
Results Both groups showed a significant decrease between S1 and S2 (Mann-Whitney T.;
p<0.001) either in qPCR and in Culture. In the Ca(OH)2-group, no variation was observed
between S2 and S3 by qPCR and Culture. In contrast, the CHX-group showed a significant
increase from S2 to S3 by both techniques. The two groups were only significantly different in
S3 (Mann-Whitney T.; p≤0.001), with a worse performance in the CHX group. Again these
results were congruent by both approaches. Data from both approaches correlate reasonably
(rS < 0.5).
Conclusions Infected root canals contained a high bacterial load and the chemo-mechanical
root canal preparation reduced bacterial equivalents by 99.1% and anaerobic counts by 98.5%.

Intracanal dressings were not efficient at reducing bacterial load, but the 14-days intracanal
dressing with Ca(OH)2 performed significantly better than CHX, particularly in the case of apical
periodontitis.

Introduction
Modern root canal treatment procedures aim at eliminating the infecting microorganisms
during canal (RC) preparation. However, since it is usually impossible to assure complete
bacterial eradication or due to lack of time to complete the treatment in one-appointment,
intracanal dressings between sessions have been advised to maximize disinfection. Calcium
hydroxide paste (Ca(OH)2) is the most commonly used medicament (Siqueira & Lopes 1999,
Sathorn et al. 2005, Mohammadi et al. 2012) and its wide application is justified because of it’s
antimicrobial activity and high pH (approximately 12.5-12.8). The lethal effects of the release
of hydroxyl ions on bacterial cells are probably due to damage to the bacterial cytoplasmic
membrane, denaturation of proteins, or damage to the DNA (Mohammadi et al. 2012). In
addition, it stimulates mineralization (induction of hard-tissue formation), dissolves organic
material, produces a chemical and physical barrier (Vianna et al. 2007), stops inflammatory
exudate (Tavares et al. 2011) and is currently the only clinically effective medicament for
inactivation of endotoxins (Mohammandi & Dummer 2011).
Periapical cell infiltration initiates as soon as the inflammatory process starts in an attempt to
eliminate the microorganisms and to prevent their dissemination into the fascial planes.
During this response a number of cell types release cytokines, chemokines, leukotrienes and
prostaglandins into the area. These inflammatory mediators reinforce the recruitment of
polymorphonuclear leukocytes (PMNs) and other leukocytes (Graves et al. 2011). In diseased
periapical tissue, interleukin-1 (IL-1) plays a pivotal role stimulating osteoclastic bone
resorption (da Silva et al. 2006), as well as contributing to inflammation by inducing IL-17
synthesis (McGeachy & Cua 2008). Ca(OH)2 in root canals, acts by denaturing immunoreactive
IL-1, Tumor necrosis factor-α (TNF), and calcitonin gene-related peptide as demonstrated by
Khan et al. (2008) and confirmed recently by Tavares et al. (2011), who suggested the
effectiveness of Ca(OH)2 in dampening periapical inflammation after root canal cleaning

procedures. It has also been reported that it is possible that Ca(OH)2 diminishes TNF-α local
concentrations, because it has been shown to denature proteins (Khan et al. 2008).
Despite all these advantages, (Ca(OH)2) has limitations (Trope et al. 1999, Peters et al. 2002,
Sathorn et al. 2005, Shuping et al. 2000, Waltimo et al. 2005, Figini et al. 2007) and, as an
alternative, 2% chlorhexidine digluconate gel (CHX) has emerged (Barbosa et al. 1997, Manzur
et al. 2007, Paquette et al. 2007, Wang et al. 2007), but is by far much less well studied.
Anaerobic bacteria, either strict or facultative, have been shown to be the most prevalent in
primary root canal infections on several epidemiological studies (Baumgartner & Falkler 1991,
Fouad et al. 2002, Munson et al. 2002, Abdullah et al. 2005, Ferrari et al. 2005, Blome et al.
2008, Özok et al. 2012). Most of these studies have relied in the labour intensive and time
consuming bacterial culture. This is a well-established method for analysing endodontic
microbiology, but because it shows low sensitivity and because many microorganisms remain
uncultivable (Siqueira & Rôças 2009), it is thought to provide underestimated data.
Application of Molecular techniques for the study of the polymicrobial nature of endodontic
pathologies enables a more complete analysis. The speed of results, the detection of
anaerobes even in samples not collected or transported under special conditions, the
possibility to study samples from antibiotic treated subjects, the possibility to batch study large
number of stored samples are major advantages of these techniques.
One of the most interesting molecular approaches for the detection/quantification of bacteria
is the broad-range quantitative PCR amplification of the 16S rRNA gene (16S rDNA). This can be
accomplished by Real-time-PCR (qPCR) using primers targeting conserved regions of the 16S
rDNA. This approach returns 16S rDNA quantifications, independently of the nature of the DNA
(live/dead or viable/non-viable bacteria, or even free naked DNA), and is thus a
complementary, independent approach to bacteria culture.

Since the discrepancies of the published literature relating to the efficiency of intracanal
dressings may be related to both geographical differences in the endodontic bacteria species
(Baumgartner et al. 2004, Foschi et al. 2005, Rôças et al. 2008), and the fact that only a subset
of the sampled bacteria will be detected by culture, in the present study bacterial equivalents
(detected by 16S rRNA qPCR) were measured in the root canal before and after treatment by
chemomechanical preparation alone and after the intracanal use of Ca(OH)2 or CHX as
interappointment dressings.

Material and Methods
Clinical Material
The study adhered to the Helsinki Declaration (2008). Before the beginning of the study, the
patients understood and gave written informed consent. The study was approved by the Ethics
Committee of the Health Sciences Faculty of Fernando Pessoa University.
For inclusion, teeth had to have a single canal and intact pulp chamber walls, necrotic pulps
confirmed by negative response to sensitivity pulp tests, and in some cases clinical and
radiographic evidence of AP. The sample included 18 central and 16 maxillary lateral incisors,
10 mandibular and 10 maxillary premolars, 9 maxillary and 6 mandibular canines from 69
subjects (35 women / 34 men; mean age 49.7 years). Of those, 26 had necrosis alone and 43
had apical periodontitis. After chemomechanical preparation, they were randomly divided into
two groups for dressing with Ca(OH)2 or CHX. The random order of assignment to both groups
was previously generated using random numbers and was applied to participants as they
entered the trial.
Aseptic techniques were used and all clinical and sampling procedures were conducted by us
as follows (Figure 1).
First Session
Based on Siqueira et al. (2007a), after rubber dam application, tooth disinfection was
performed with 3% hydrogen peroxide, until no further bubbling occurred followed by a 3%
sodium hypochlorite (NaOCl) rinse for 1 minute. After access cavity preparation with sterile
burs, the operative field was disinfected as described above followed by inactivation of NaOCl
with 5% sodium thiosulfate (Na2S2O3). A sterile cotton swab embedded in sterile saline solution
were used for collection of the disinfection operative field control (Sx-figure 1) and collected in
tubes with 5 mL Phosphate Buffer Saline. For inclusion of the tooth in the study, these control
samples had to be uniformly negative. S1 sample was acquired by placing three successive size

25 sterile paper points in the canal for 1 minute each approximately 1 mm short of the canal
terminus and used to soak up the fluid in the canal and transferred into vials containing 2 mL
sterile Reduced Transport Fluid (RTF). The working length (WL) was established with Root ZX
apex locator (Morita, Kyoto, Japan) and confirmed by digital radiography. Canals were
enlarged with ProTaper instruments (Dentsply Maillefer, Ballaigues, Switzerland) used in a
crown-down manner with a brushing motion. Instruments were withdrawn when resistance
was felt and changed for the next instrument. File sequences used were: Sx files were used
until resistance was encountered; S1, S2, F1, F2, and F3 files were used at WL. Between
consecutive files, irrigation with 2 mL 3% NaOCl (27G needle) 2 mm shorter than the WL with
apico-coronal movements to improve irrigant flow rate and size 10 K-file 1 mm beyond the WL
were used to prevent apical blockage according to findings of Ng (2008). In large canals F4 and
F5 were used at WL.
After smear layer removal (5 mL 10% Citric Acid, 5 mL 3%NaOCl and 5 mL 10% Na2S2O3) the S2
sample was acquired the same way. After drying, the intracanal dressings were applied using
lentulo spiral fillers with clockwise motion and packed with a sterile cotton pellet at the level
of the canal orifice. Another sterile cotton pellet plug was placed and access cavities were then
filled with Coltosol (Coltène/Whaledent Inc, Cuyahoga Falls, Ohio, USA) for 14 days.
Second Session
After similar field disinfection and restoration removal, a sterility control sample was again
performed (Sx-Figure 1)medication was rinsed away with 5 mL of saline sterile solution for the
Ca(OH)2 group or mixture of lecitin, Tween 80 and Na2S2O3 for the CHX group. Removal of
intracanal dressings was confirmed visually with the help of a Carl Zeiss®Microscope. S3
samples were then acquired with three size 30 sterile paper points and stored as above.
Subsequently, another rinse with 3% NaOCl was performed, the master apical files (size 35 or
50 K-file) were verified and a radiograph with the correspondent guta-percha point was

exposed. Then, the canals were irrigated with 10% citric acid, followed by 3% NaOCl and finally
rinsed with 70% alcohol. After drying with sterile paper points, canals were filled with guttapercha points (principal and accessories) and TopSeal (Dentsply Maillefer) by lateral
compactation technique, sealed with Synergy D6 Flow (Coltène/Whaledent) and the access
cavity temporized with Coltosol (Coltène/Whaledent Inc, Cuyahoga Falls, Ohio, USA).
Paper points used for canal sampling (S1, S2, S3) were transferred into vials containing RTF and
processed in the laboratory within 2 hours.

Microbiological procedures
Anaerobic culture
Samples in RTF vials were managed as described (Siqueira et al 2007a). Aliquots of 100 µL of
undiluted and highest dilution (10-3) were spread onto BHI (Liofilchem, Roseto degli Abruzzi,
Italy) and Anaerobe Basal (Oxoid, Hampshire, UK) agar plates supplemented with 5%
defibrinated horse blood. Plates were incubated within jars, at 37°C, anaerobically for 14 days.
Colony-Forming Units (CFUs) were then counted.
After this, each sample vial was immediately frozen at -20°C until further analysis by Molecular
Techniques.
DNA extraction
Bacterial DNA was extracted using the Qiagen DNA mini Kit (Qiagen,, Hamburg, Germany)
according to the manufacturer’s instructions for Gram positive bacterial DNA extraction (i.e.
including a lysozyme bacterial wall lysis). DNA was eluted in 200µL of the Elution Buffer
included in the kit.
DNA was stored at -20ºC until used for qPCR.

Bacterial 16S rDNA quantification calibrator
Pure Escherichia coli colonies were harvested from agar culture plates, suspended in
Phosphate Buffer Saline (PBS) and quantified by light densitometry using a Densimat
instrument (Biomerieux, Parma, Italy). The MacFarland scale was then converted to bacterial
cell concentration using the manufacturer’s conversion table. From this, sample DNA was
extracted as above, and the resulting DNA solution was used to create a 10 fold dilution series
for qPCR results calibration.
16S rDNA Quantitative-Real-Time-PCR (qPCR)
Bacterial Ribosomal 16S rRNA gene was quantitatively amplified using the 347F (5’-GGA GGC
AGC AGT RRG GAA T-3’) and 803R (5’-CTA CCR GGG TAT CTA ATC C-3’) degenerate primers
designed by others (Nossa et al. 2010). Quantitative Real-Time-PCR (qPCR) was performed on a
Lightcycler 1.2 Instrument (Roche, Penzberg, Germany), using the iTaq Universal SybrGreen
Supermix (Biorad, USA). Briefly, 15 µL total reactions consisted of 1X supermix (Biorad),
primers (0.3 µmol/L each) and 5 µL of extracted DNA sample. All PCR reactions included serial
dilutions of the calibrator DNA, and a negative control. Temperature cycles included an initial
enzyme activation and DNA denaturation step at 95ºC for 2 minutes, followed by 30 rounds of
amplification including a denaturation step for 10 seconds at 94ºC, 52ºC annealing for 15
seconds and amplification during 30 seconds at 72ºC.
After amplification, product specificity was checked by Melting temperature analysis. Results
were analysed by Crossing Point (Cp) determination with calibration by serial dilution of a
calibrator sample. All samples were tested in duplicate. Linear regressions observed for the
calibration curves were evaluated by R square, and found to be above 90%. All single
quantification points were used for statistical analysis.
Statistical analysis

Statistical analysis was performed using IBM© SPSS© Statistics vs.20.0 (IBM Corporation, New
York, USA) at a significance level of 0.05.
Differences in bacterial counts between S1, S2, and S3 and among medication groups, and
initial diagnosis, were first analysed with the Kruskal-Wallis test as non-normal distributions
were always found (Shapiro-Wilk test). Upon detection of significant differences these were
further investigated with the Mann-Whitney U test. Comparison of intracanal dressing effect
at S3 was assessed using the Mann-Whitney test (Table 1). Correlation between quantification
methods were assessed using Spearman correlation coefficients.
RESULTS
Randomization of intracanal dressing proved independent of diagnosis (p=0.687), tooth
position (p=0.436) and “master apical file” (p=0.233) (Chi-square test, data not shown).
Quantitative microbiological analysis
Between S1 and S2, for both experimental groups and by the two approaches (16S rRNA gene
qPCR and Anaerobic Culture), a consistent significant decrease on bacterial equivalents and
bacterial load (p<0,001) was found (Table 1).
The same was not true for S2-S3 comparison: CHX-treated samples had a significant (p<0.05)
increase in bacterial equivalents and CFU’s. On the contrary, no difference was observed for
Ca(OH)2 both by Culture and molecular techniques.(Table 1).
Analysis of the putative influence of the different initial diagnosis (necrosis or apical
periodontitis) and the performance of the intracanal dressing tested is shown in Table 1. In
teeth presenting only necrotic roots, the increases of bacterial equivalents between S2-S3, for
both Ca(OH)2- and CHX-group were not significant, unlike the CFU/ml with which a
maintenance was observed. Within apical periodontitis teeth, significantly lower values in S3

were observed within Ca(OH)2- than in CHX-treated patients (Mann-Whitney test, p≤0.001;
Table 1) by both techniques.
The analysis of the correlation (Spearman correlation coefficients) between the two
approaches always showed a positive association, although not significant for all combinations
under scrutiny. Correlation was significant for S1, independently of the initial diagnosis
(rs=0.410; p<0,001), although more evident for apical periodontitis cases (rs=0.462; p=0,002).
Again, in S2, both technologies showed correlating results (rs=0.296; p=0,013), but this
correlation was more evident in necrotic pulps (rs=0.429; p=0,026). Comparing medicaments
(S3 samples), in the Ca(OH)2-group, a significant correlation was observed independently of
the initial diagnosis (rs=0.372; p=0,030), particularly with necrotic pulps (rs=0.609; p=0,021).

Discussion
In the design of the experiment, our first concern was on the sample relevance to the clinical
situation. Of utmost importance is that samples are representative of the in vivo situation. In
this regard, the last paper point can be regarded as the most important because it absorbsthe
liquid from the most apical peripheral areas of the apical region. In the few cases of narrow
root canals, the paper points became easily soaked and, therefore, very difficult to be handled
properly; so, it was hard to collect valid samples of the apical regions in those teeth. To
overcome this problem, we used sterilized small files (ISO 008, 010, 015) without cable
handled with sterilized orthodontic pliers and they were included with the paper points into
the sample’ vial.
Studies on the dynamics of root canal infections have shown that the relative proportions of
anaerobic microorganisms and bacterial cells increase with time and that the facultative
anaerobic bacteria are outnumbered when the canals have been infected for three months or

more (Fabricius et al. 1982). The consumption of oxygen and production of carbon dioxide and
hydrogen along with the development of a low reduction-oxidation potential by the pioneer
species favour the growth of anaerobic bacteria (Figdor & Sundqvist 2007) leading to pulpal
necrosis followed by apical periodontitis. The anaerobic atmosphere was therefore our choice
for culture approach as the selective endodontic milieu supports the development of
anaerobics.
Molecular techniques can overcome the shortcomings of culture methods because they
exhibit increased sensitivity and specificity as well as the ability to reliably detect culturedifficult and even as-yet uncultivated bacteria (Siqueira & Rôças 2009). Thereby, it seems
logical to use them in investigations such as the present one.
Broad-range-PCR and Culture results reflect different albeit related realities. Therefore, the
temptation to perform direct comparisons should be avoided. In particular, comparisons of
positive/negative results between techniques must be avoided, as they indicate completely
different realities. Thus, a direct analysis (sample by sample) of the two methodologies does
not reflect concordance or disagreement, but rather the different physical entities being
measured. It was interesting to observe that correlations of results from the two
methodologies were always positive (thus with similar trends), indicating that the study
measured different but related physical entities. In fact, data from microbiologic root canal
sampling and culture counts may be an underestimation of the total in vivo bacterial load, as
reported previously due to lack of detection of: 1) non viable bacteria due to sampling and
transportation problems (Siqueira & Lopes 1999, Sathorn et al. 2007); 2) non cultivable
bacteria due to specific culture requirements (i.e. fastidious bacteria) (Conrads 1997, Munson
et al. 2002, Foschi et al. 2005, Gomes et al. 2006). On the other hand, broad-range-PCR
measures bacterial DNA load, irrespective of its nature: live and dead, viable and unviable
bacteria or even naked DNA, all contribute to the total DNA being quantified. Thus, qPCR

results cannot be treated as bacteria counts, but rather as Bacteria Equivalents, a unit
reflecting the total amount of 16S rRNA gene present in the sample and that once was part of
a living bacteria cell. It is thus the sum of all bacteria detectable by Culture plus a large array of
dead or non-viable or non-cultivable bacteria plus all naked DNA resulting from non-phagocytic
bacteria lyses. Even if bacteria are present in phagocytic cells, it may be expected to be
detectable by qPCR as the DNA extraction method should be able to lyse all phagocytic cells
and expose all of it’s content. Although this may seem at first as a disadvantage, it may in fact
reflect the total dynamics of bacterial presence in the root canal, as it is completely insensitive
to the limitations of culture techniques.
By using both strategies, the aim was to compare treatment performance, disregarding the
technical limitations of the bacteria detection technique being used. Thus, the aim was to
analyse bacteria detection dynamics with both techniques as surrogate markers to evaluate
the effect of disinfection with chemomechanical preparation alone and with the two intracanal
dressings tested.
The expected further disinfection of intracanal dressings failed as reported in previous studies
(Trope et al. 1999, Shuping et al. 2000, Peters et al 2002, Sathorn et al. 2005, Waltimo et al.
2005, Figini et al 2007, Paquette et al. 2007). In addition to the technical limitations described
above, bacterial dynamics in the root canal, particularly between S2 and S3 samples may also
be affected by lingering bacteria that are, most often, located and able to survive in
inaccessible areas (Peters et al. 2001) to instrumentation and sampling. Thus, culture reversals
or increased bacterial equivalents from S2 to S3, may reflect a possible flaw during S2 sample
collection (Siqueira et al. 2007b) or the growth of bacteria from their original hidden
anatomical location to the main canal. Another explanation could be, that the use of an
intracanal medicament, may favour contamination of the sample calling attention to the risk of
false negative and false positive culture results (Reit et al. 1999, Sathorn et al. 2007b). Finally,

it could be due to the presence of bacteria intrinsically resistant to the irrigant or to the
intracanal dressing, possibly embedded in tissue remnants or arranged in biofilm structures,
and thus protected from the lethal effects of medicaments (Siqueira et al. 2007b). Finally,
inactivation or decreased activity of the intracanal dressings tested induced by dentine
constituents, inflammatory exudate seeping into the canal, bacterial products, and
components of the necrotic tissue, particularly in the subsurface layers of the root canal walls,
might have been the main factors behind the reduced antibacterial effect (Portenier et al.
2001, Manzur 2007, Mohammandi et al. 2012). It is possible that deeper in dentine (outside
the main root canal), Ca(OH)2 is present as a saturated solution or at concentrations even
below that level (Haapasalo et al. 2000).
Application of a 14-day intracanal dressing with Ca(OH)2 significantly increased the number of
negative cultures compared to CHX, but not compared to S2 cultures.
In a laboratory study (Tavares et al. 2011), Ca(OH)2, placed for 15 days, maintained throughout
the experimental period the numbers of all cytokines, proinflammatory or regulatory, and the
chemokine CCL-2/MCP-1 assessed. Thus the benefits of Ca(OH)2 become evident; if it does not
reduce cytokine basal expression observed at day 0, it impedes the increase of all cytokines
during the experimental time. However, whether these effects are due to its antiinflammatory, antibacterial, or physical barrier properties is a matter of debate (Tavares et al.
2011).
Despite the antibacterial effect of CHX, its activity is pH dependent (McDonnell & Russell
1999). In endodontic applications, the antibacterial efficacy of CHX has compared favourably
with that of NaOCl (Vianna et al. 2006), and substantive antimicrobial activity has been
reported when CHX was used as an intracanal medicament (Basrani et al. 2002). Nevertheless,
in vivo studies in which CHX was used for intracanal medication have reported, only a
moderate bacterial reduction below threshold levels: in 78% of canals using a 0.12% liquid

solution (Barbosa et al. 1997), in 46% of canals using a 2% liquid solution (Paquettte et al.
2007), and in 55% of canals using a 2% gel (Manzur et al. 2007).
Conclusions
Within the limits of the present study, it is suggested that for teeth with necrotic roots
associated or not with apical periodontitis, a thorough chemomechanical preparation using 3%
NaOCl is able to significantly reduce the bacterial load of root canals to levels capable of
inducing the desirable successful outcome. A further significant reduction was not
accomplished by inclusion of intracanal medicaments for 14 days. Thus, the benefit of
intracanal dressing to improve the overall treatment outcome is questionable. Nevertheless,
the long term clinical impact of the protocols using either of these two medicaments deserves
further investigation.
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Figure Legends

Figure 1 – Study Protocol showing operative and sampling procedures

Table 1 – Comparison of the Classical Microbiology Culture CFU quantification results with qPCR bacteria Equivalents quantification
Molecular Biology (bacterial equivalent/sample)

diagnosis

Statistics

S1

S2

n
Av(±StDev)
P25-P75
Median

138
8
9
6.1x10 (±6.5x10 )
6
7
3.9x10 – 3.2x10
6
7.6x10 a

138
6
6
5.3x10 (±7.4x10 )
7
0 – 7.4x10
6
2.7x10 b

S3 CHX

S3 Ca(OH)2

Culture – CFU/ml (anaerobic)

p*

S1

S2

S3 CHX

S3 Ca(OH)2

P*

68
70
69
69
34
35
7
8
6
7
4
4
2
3
3
4
3
3
4.3 x10 (±2.0 x10 )
7.1 x10 (±2.2 x10 )
1.8 x10 (±4.9 x10 )
2.7 x10 (±1.7 x10 ) 6.2 x10 (±1.0 x10 ) 2.0 x10 (±6.9 x10 )
ALL
7
8
7
4
4
1
2.8x10 – 1.9x10
0 – 5.0x10
0 – 6.3x10
0–0
0 – 9.1x10
0 – 3.8x10
6
5
9.1 x10 aA
2.2 x10 bB
<0.001
510 a
0b
345 aA
0 Bb
<0.001
p<0.001
p<0.001
n
54
54
24
28
27
27
12
14
7
7
6
6
6
7
6
7
3
4
2
3
3
3
3
4
Av(±StDev) 1.8 x10 (±6.1 x10 )
4.6 x10 (±7.4 x10 )
8.6 x10 (±1.1 x10 )
6.0 x10 (±1.2 x10 )
8.5 x10 (±2.9 x10 )
5.5 x10 (±2.7 x10 ) 1.2 x10 (±3.8 x10 ) 4.6 x10 (±1.0 x10 )
NEC
4
7
7
1
8
7
4
1
4
P25-P75
8.2x10 – 9.3x10
0 – 6.5x10
2.3x10 – 1.4x10
0 – 6.6x10
0 – 3.6x10
0–0
0 – 7.5x10
0 – 1.5x10
6
4
6
6
2
Median
2.7X10
3.7 x10
4.7 x10
1.9 x10
0.052
1.9 x10 a
0b
0b
0b
<0.001
p=0.277
p=0.972
n
83
84
44
42
42
42
22
21
8
9
6
6
7
8
6
7
4
4
1
2
3
4
2
2
Av(±StDev) 9.9X10 (±8.4X10 )
5.6 x10 (±7.4 x10 )
6.1 x10 (±2.5 x10 )
7.8 x10 (±2.7 x10 )
2.4 x10 (±5.8 x10 )
8.9 x10 (±4.0 x10 ) 9.0 x10 (±1.2 x10 ) 1.3 x10 (±3.2 x10 )
AP
7
8
1
7
7
8
7
2 1
4
2
4
2
P25-P75
3.4x10 – 3.8x10
2.0x10 – 7.6x10
4.1x10 – 3.4x10
0 – 4.3x10
1.7x10 – 3.3x10
0–0
2.2x10 – 1.9x10
0 – 1.1x10
7
6
7
4
3
3
Median
1.6X10 a
3. 9 x10 b
1.0 x10 aA
9.2 x10 bB
<0.001
1.0 x10 a
0b
1.6 x10 aA
0 bB
<0.001
p<0.001
p<0.001
* Kruskal-Wallis test; a,b,c – different letters stand for significant differences between sampling moments, according to the Mann-Whitney U test; A,B – different letters stand for significant differences between
th
th
intracanal dressing, according to the Mann-Whitney U test; p – significance level; Av. – Average; StDev – Standard Deviation; P25-P75 25 and 75 percentiles.
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Abstract
Introduction: This study has focused on the identification of the yeasts and
non-pigmented bacteria present on adult patients with necrosis or apical
periodontitis and the ones who resisted chemomechanical preparation and
intracanal dressing with calcium hydroxide paste (Ca(OH)2) or 2%
chlorohexidine digluconate gel (CHX).
Methods: 69 single-rooted teeth of adult patients with necrosis associated or
not with apical periodontitis were selected (strict inclusion criteria); CHX group:
34 teeth; Ca(OH)2 group: 35 teeth. Bacteria samples were taken at baseline
(S1), after chemo-mechanical preparation (S2) and after 14 days of intracanal
dressing (S3). Bacteria and fungal presence was evaluate by means of culture
in three atmospheres (aerobic, anaerobic, microaerofilic) in appropriate culture
broads. Strict techniques were used for serial dilution, plating, incubation and
identification.
Results: The most represented, abundant and prevalent strains of nonpigmented bacteria were Propionibacterium acnes (detected in S1, S2 and S3),
Gemella morbillorum and Clostridium difficile. Candida albicans was found in 9
patients. The higher number of isolates proceeded from S1, being S2 the
moment with lowest number of isolates. CHX had a worst performance in
disinfection of the root canal system; consequently the number of isolates from
S3 samples was bigger compared to Ca(OH)2. The number of identified
bacterial species per canal/moment of sampling, varied from zero till 5,
including yeasts (Candida albicans). Conclusions: Our findings confirm that
the microbiota from primary endodontic infections is polymicrobial, and the
anaerobes Gram-positive non-pigmented bacteria are well represented. CHX
performed worse, consequently the number of isolates from S3 samples was
bigger when compared to Ca(OH)2 as well as with diagnosis of necrosis.
Indexing terms: Endodontics, Culture, Root Canal Sampling

Introduction
Endodontic infections have been traditionally studied by Culture methods and
over 460 bacterial taxa have been associated with infected root canals (Siqueira
& Rôças 2009).
Several studies on root canal infections have focused on strict anaerobic
bacteria due to their predominance in samples taken from untreated teeth with
necrotic pulps (Sundqvist 1994, Le Goff et al. 1997, Dahlén et al. 2000, Gomes
et al. 2004)
Knowing that diverse community is yet far away from being totally described
and to our information there are not Portuguese data published on this matter,
the purpose of this study was to identify before treatment whose species of nonpigmented bacteria and yeasts were in the selected infected root canals and
also to compare the antimicrobial efficacy of calcium hydroxide paste (Ca(OH)2)
or 2% chlorhexidine digluconate gel (CHX) when used as intracanal dressings
for 14 days.
Material and Methods
Subjects and Case Selection
Sixty nine patients who attended the Pedagogical Clinic of the Faculty of the
Health Sciences of the University of Fernando Pessoa in Oporto for treatment of
pulpar necrosis associated or not with apical periodontitis were included in this
investigation.
The study was approved by the Ethics Committee of the Health Sciences
Faculty of Fernando Pessoa University, and the patients understood and gave
written informed protocol consent before the beginning of the study.
On the basis of stringent inclusion criteria (Siqueira et al. 2007), 69 singlecanalled, with intact pulp chamber walls, necrotic pulps confirmed by negative
response to sensitivity pulp tests, and in some cases clinical and radiographic
evidence of asymptomatic apical periodontitis (AP) were integrated: 43 had AP
and 26 had only pulp necrosis.
Canals were randomly divided into two sub-groups for standard root canal
instrumentation and irrigation with 3% NaOCl followed by dressing with one of
the following: 34 with calcium hydroxide paste (Ca(OH)2) and 35 with 2%
chlorhexidine digluconate gel (CHX).
Aseptic technique was always used.
First Session
S1 sample was acquired and transferred into vials containing 2 ml sterile
Reduced Transport Fluid (RTF) as described (Siqueira et al. 2007), using 3%

NaOCl and sterile cotton swabs, collected in tubes with 5ml Phosphate Buffer
Saline. The working length (WL) was established with Root ZX apex locator
(Morita, Korea, Japan) and confirmed by digital X-ray. Canals were enlarged
with Protaper instruments (Dentsply Maillefer, Switzerland) according to
manufacturer’s instructions. Irrigation with 2 ml 3% NaOCl (27G needle)
between consecutive files and #10 K-file 1mm beyond the WL were used to
prevent apical blockage.
After smear layer removal (5 ml 10% Citric Acid, 5ml 3%NaOCl and 5ml 10%
sodium thiosulfate (Na2S2O3)), S2 sample was acquired. After drying, intracanal
dressings were applied (Siqueira et al 2007). Access cavities were then sealed
with Coltosol (Coltène/Whaledent Inc, USA) for 14 days.
Paper points used for sampling of the canals were transferred into vials
containing Reduced Transport Fluid (RTF) to the laboratory within 2 hours
(Siqueira et al. 2007).
Second Session
After similar field disinfection and sterility control sample and restoration
removal (Siqueira et al 2007), medication was rinsed out with 5 ml of saline
sterile solution for the Ca(OH)2 group or mixture of lecitin, Tween 80 and
Na2S2O3 for the CHX group. S3 samples were then acquired and stored as
above. Afterwards, canals were filled with gutta-percha and TopSeal (Dentsply,
Maillefer, Ballaigues, Switzerland), sealed with Synergy D6 Flow
(Coltène/Whaledent, USA) and the access cavity temporized.

Laboratory Procedures -Traditional Culture Identification
Samples were transported to the laboratory within two hours after collection for
microbiologic processing.
Samples in RTF vials were vortexed for 30 seconds, and 10-fold serial dilutions
to 10–3 (for S1 samples) or 10–2 (for S2 and S3 samples) was made in PBS
solution (Chu et al. 2006). Aliquots of 100 µL from the undiluted suspension and
the highest dilution were each spread onto BHI agar plates and Anaerobe Basal
Agar plates (Oxoid, United Kingdom) both supplemented with 5% defibrinated
horse blood (Oxoid, United Kingdom). Plates were incubated within jars (Merck,
Germany), at 37°C, anaerobically (85% N2, 5% CO2 and 10% H2) with
Anaerocult® A sachets (VWR, Merck Millipore, Germany) for 14 days and for 48
hours, aerobically and microaerofilically (in 10% CO 2) with Anaerocult® C
sachets (VWR, Merck Millipore, Germany).
The same dilutions were plated onto Sabouraud–dextrose agar (Oxoid, United
Kingdom), supplemented with 100 mg/ml chloramphenicol (Sigma-Aldrich
USA), in order to detected yeasts.

After incubation, Colony-Forming Units (CFU’s) were counted in each medium
and different representative colonies were isolated. The isolation of nonpigmented bacteria and yeasts was performed using traditional culture
procedures.
For biochemical identification, preliminary characterization of microbial species
was based on colony features, cell morphology, Gram staining and catalase
production. Bacterial identification was performed using the appropriate
commercial biochemical test (API’s system, bioMérieux)): API 20Strep
(BioMerieux SA, Marcy-l’Etoile, France) for Gram positive cocci, catalase
negative (Streptococci and Enterococcus), as well as API Staph (BioMerieux
SA, Marcy-l’Etoile, France)- a sensitive and specific test for Gram positive cocci
catalase positive (clinical Staphylococci and Micrococci), and also RapID ANA
II System (Innovative Diagnostic Systems Inc., Atlanta, GA)] for anaerobic
bacteria, being cocci or bacilli Gram-positive or negative .
After the appropriate period of incubation (the reactions (enzime profile) were
read visually and the identification of the strains was obtained by referring to the
API Analytical Profile Index (version 1.1 from BioMerieux SA) and by using a
computer-generated code compendium supplied by the manufacturer in the
case of Rapid ANA II. A presumptive identification of the isolates was made at
the genus level and, whenever possible, at the species level.
Regarding to the presumptive identification of yeast inoculations of 2 types of
media were used, after growth of isolates on the respective medium mentioned:
a) CHROMagar Candida Medium (Becton Dickinson GmbH, Germany) being
green colonies identified as Candida albicans; b) Half Biggy agar in which the
brown coloured colonies indicated grow of Candida albicans.
Results
Microbiological bacterial diversity
All swab samples, took for sterility control, were negative, indicating a
disinfection of the operation field.
Isolates were recovered from 34 patients at the 3 moments of sampling (S1, S2
and S3). The higher number of isolates proceeded from samples at baseline
(S1), being S2 the moment the one with lowest number of isolates. At S1 57 of
the 69 (82.6%) canals had cultivable bacterial growth and 11 samples had
fungal presence. After intracanal dressings for 14 days (S3 samples), 35
canals, respectively 10 for the Ca(OH)2- and 25 for the CHX-group showed
growth.
The number of identified bacterial species per canal/moment of sampling,
varied from zero till 5, including yeasts (Candida albicans). The most frequent

number of species identified was one, and the maximum number of identified
bacterial species/canal diminished in S2 (one) and S3 (two).
From 53 isolates, 42 were of non-pigmented bacteria that have been identified
by their Gram-staining properties, morphology, and API identification Kit applied
the anaerobic Gram-positive rod Propionibacterium acnes (Actinobacteria) was
the most prevalent, being detected in S1, S2 and S3, followed by the facultative
anaerobic, Gram-positive coccus Gemella morbillorum (Firmicutes) and by
anaerobic Gram-positive bacteria Clostridium difficile (Firmicutes), Actinomyces
meyer (Actinobacteria), Bifidobacterium spp. (Actinobacteria), Micrococcus spp.
(Actinobacteria),
Peptostreptococcus
anaerobius
(Firmicutes),
Peptostreptococcus prevotii (Firmicutes), Staphylocococcus aureus (Firmicutes)
and Streptococcus constellatus (Firmicutes) were the ones which were detected
in two samples. Enteroccocus faecalis was detected in one sample at S1.
Comparison of the different intracanal dressings
The majority of species recovered in S1 were not detectable in the posttreatment samples and the majority of isolates belonged to cases of AP. In S2,
occurred the fewer number of isolates, being Micrococcus spp. and
Propionibacterium examples of them. CHX had a worst performance in
disinfection of the root canal system; consequently their number of isolates
(eight) from S3 samples was bigger when compared to Ca(OH)2 (one) and with
diagnosis of necrosis and included Actinomyces israelli (Actinobacteria) and
Clostridium innocuum (Firmicutes) (obligate anaerobes rod Gram-positive),
Micrococcus spp. (strictly aerobic cocci Gram-positive), Propionibacterium
acnes (facultative anaerobe rod Gram-positive) and Staphylocococcus aureus
(facultative anerobe cocci Gram-positive).
Of the six microorganisms that were observed in S3, three were not detected in
the previous collections.
The presence of yeast Candida albicans was found in four isolates in S1, two in
S2 and five in S3 equally numbered for necrosis and AP in S1 and S2, but more
prevalent in S3 when the initial diagnosis was AP (four) compared with necrosis
(one).
Discussion
Microorganisms were mostly recovered from S1, data in agreement with
previous studies that showed the relationship between microorganisms and the
development of apical periodontitis (Kakehashi et al. 1965, Fabricius et al.
1982, Le Goff et al. 1997, Dahlén et al. 2000, Lana et al. 2001). Moreover, this
study proved the polymicrobial nature of the primary endodontic infections
(necrosis associated or not with AP).

Despite mechanical instrumentation and disinfection of the root canal system,
there were microorganisms detected in S2, clearly showing that root canal
preparation is unable to eliminate all bacteria from the root canal system
(Gomes et al. 1996a, Sydney 1996, Sjögren et al. 1997, Chavez et al. 2003).
That’s why it has been emphasized that antimicrobial agents should be used
between appointments (Ando & Hoshino 1990, Oguntebi 1994, Siqueira et al.
1996, Chavez et al. 2003). Possible factors permitting microorganisms to
survive endodontic procedures include the ability of bacteria to invade dentinal
tubules (Oguntebi 1994), and secretion of metabolic products that may
counteract the antibacterial effect of the endodontic treatment. And so, bacteria
have the capacity to promote reinfection of the root canal after endodontic
therapy.
It is important to emphasize that the samples were processed in the lab within 2
h to preserve the reproductive capacity of bacterial cells and to prevent the
growth of microorganisms in the sample.
Bacteriological sampling procedures and Culture processing may not provide an
accurate reflection of the root canal microbiota because many types of
organisms fail to survive for identification under regular laboratory conditions.
In fact, growth of microorganisms in the lab has the advantage of allowing the
identification of a large variety of species in the same sample, permit
determination of antimicrobial susceptibility of isolated, as well as the study of
physiology and pathogenicity. However, the identification based on phenotype
features have limitations of diverse nature, namely: are costly, may take several
days to weeks to identify fastidious anaerobes, have low sensitivity, specificity
also tends to be low and it depends on the microbiologist´ experience and, still,
the means of transport are laborious and time-consuming. On the other hand,
do not allow culture of all species. Either because they are not present, in the
midst of artificial culture, essential nutrients or growth promoters, either by
toxicity of the own culture medium, either by the presence, in the middle, of
injunctive substances produced by other species of the same sample, either by
metabolic dependency of other species to grow (not present on the board of
growth). Finally, if the bacteria are sleepers, they may not be able to split or
form colonies in agar without previously resurrection. Another paradigm of this
matter is the fact that, even if culture of bacteria is achieved, species can be
difficult to identify. Therefore, Culture underestimates the identification of the
endodontic pathogens being in approximately 50% of the oral microflora
unculturable (Socransky et al. 1963, Pasteur et al. 2001). It is therefore
probable that unculturable organisms are present in endodontic infections and
may play a role in the pathogenesis of the lesions (Munson et al. 2002).
Probably, although there have been 36 pigmented colony isolates, (mostly
belonging to S1 samples, being although approximately one third present at S3

– data not shown) its identification was not possible. In fact, the ones
associated with endodontic infections, mostly belong to Porphyromonas and
Prevotella species (Listgarten et al. 1993, Jousiminies-Somer et al.2002, Mosca
et al. 2007) and are Gram-negative, bacilli. . In some cases the identification
process was not possible to be performed immediately after the incubation
period of the pure cultures. So, they were frozen (at -20˚C), fact that may have
compromised their grow in order to identify them with the methodology adopted
in our investigation based on Culture. Perhaps with the application of Molecular
techniques it would be possible to confirm this suspicion.
The precautions taken in this study, such as sterile instruments, gloves and
rubber dams, sterility controls before and after opening the pulp cavity,
minimization of the time taken to Culture the samples and having a single
practitioner performing the procedure, reduced the risk of contamination to a
minimum but the probability of contamination cannot be dismissed (Le Goff et
al. 1997, Molander et al. 1998).
The identity of the isolates of non-pigmented bacteria was consistent with that
reported in previous studies, being dominated by anaerobes, particularly Grampositive taxa of the phylum Actinobacteria and Firmicutes (Sundqvist, 1992,
1994; Saito et al. 2006).
Clostridium and Actinomyces species were the seconds most commonly
isolated. This genus, which includes both obligate and facultative anaerobes,
was less frequently isolated after endodontic procedures. However, it was
noted, unlike Gemella morbillorum, Propionibacterium acnes (each one with 4
isolates of the total before treatment) had the higher prevalence after
chemomechanical preparation (S2) and intracanal dressing (S3) treatment.
Our findings suggest that the treatment procedures were less effective against
non-pigmented Gram-positive organisms. The supposedly higher resistance of
these kinds of Gram-positive bacteria (non-pigmented) may be related to
various factors, for example, cell-wall structure, metabolic products secreted
and resistance towards medicaments (Chavez et al. 2003).
A number of bacterial species were restricted to the posttreatment samples.
Microorganisms may enter the canals during treatment because of leakage of
rubber dam or temporary restorations, although we took extreme measures to
prevent such occurrence. The fact that all control swabs were negative
indicated contamination by leakage would be minimal. Apart from
contamination, there are possible reasons why some bacterial species were
only found in the posttreatment samples. For instance, different bacteria can
localize at different depth of dentin, sampling of these bacteria is feasible only
after preparation of the canal walls. Moreover, some of the bacterial species
could not be identified in the preoperative samples if their cell number is below
the detection limit by culture. If these microorganisms are resistant to treatment,

changes in the intracanal environment may allow their multiplication to reach a
detectable level after root canal instrumentation, irrigation and dressing (Chu et
al. 2006).
This investigation detected Enterococcus faecalis in S1, confirming that it can
be present in primary endodontic infections and, therefore, its persistence can
lead to post-treatment disease. In fact, it is more associated with treatment
failures.
In our study, the identification of the yeast Candida albicans from eleven canals,
occurred more in S3 (five canals) samples, followed by S1 and S2, where only 2
cases were registed. A third of cases has treated with Ca(OH)2 and were
necrotic teeth. Fungi have occasionally been found in infected root canals that
have not had any previous endodontic treatment, but they are more common in
filled root canals in teeth that have become infected some time after treatment
or in those that have not responded to endodontic treatment (Mohammadi &
Abbot 2006). Overall, the occurrence of fungi reported in infected root canals
varies between 1% and 17% (Waltimo et al. 2004). The effectiveness of
intracanal dressings against Candida albicans was been widely studied
(Waltimo et al. 1999) with conflicting results (Ercan et al. 2006). CHX is an
effective antifungal agent especially against Candida albicans (Waltimo et al.
1999, Almyroudi et al. 2002, Basrani et al. 2003, Evans et al. 2003, Zamany et
al. 2003, Menezes et al. 2004, Schafer & Bossmann 2005, Wang et al. 2007).
Candida albicans seemed to be highly resistant to Ca(OH)2 (Mohammadi &
Abbot 2006).
CHX in a liquid form is a stronger disinfectant than CHX in gel form at various
concentrations (Vianna et al. 2004) the reason for this performance may be
related to dentine, dentine components (hidroxiapatite and collagen), killed
microorganisms and inflammatory exudate in the root canal system may reduce
or inhibit the antibacterial activity of CHX (Mohammadi & Abbot 2006).
Thus, rather than reliance on intracanal medicaments, thorough
chemomechanical cleaning of the canal at the second visit is required to
remove the residual canal flora (Chu et al. 2006).

Conclusions
The findings of this study indicate that endodontic treatment with different
medicaments could markedly affect the diversity and quantity of cultivable
microorganisms in infected canals, with some groups of microorganisms being
more resistant to treatment than others. It was also noted that
chemomechanical cleaning with the use of inter-appointment medicaments
failed to render all the canals free from microorganisms.

The persistence of microorganisms inside the root canals may not lead to
treatment failure. Further study about outcome, already running, is required.
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