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bstract
pical periodontitis is an infectious disease caused by
icroorganisms colonizing the root canal system. For

n optimal outcome of the endodontic treatment to be
chieved, bacterial populations within the root canal
hould be ideally eliminated or at least significantly
educed to levels that are compatible with periradicular
issue healing. If bacteria persist after chemomechani-
al preparation supplemented or not with an intracanal
edication, there is an increased risk of adverse out-

ome of the endodontic treatment. Therefore, bacterial
resence in the root canal at the time of filling has been
hown to be a risk factor for posttreatment apical
eriodontitis. About 100 species/phylotypes have al-
eady been detected in postinstrumentation and/or
ostmedication samples, and gram-positive bacteria
re the most dominant. However, it remains to be
etermined by longitudinal studies if any species/phy-

otypes persisting after treatment procedures can influ-
nce outcome. This review article discusses diverse
spects of bacterial persistence after treatment, includ-

ng the microbiology, bacterial strategies to persist, the
equisites for persisting bacteria to affect the outcome,
nd future directions of research in this field. (J Endod
008;34:1291–1301)
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he influence of bacterial persistence in the root canals on treatment outcome is an
important issue in endodontics because bacteria have been shown to play a major

ole in persistence or emergence of apical periodontitis lesions after root canal treat-
ent (1–9). Indeed, studies have revealed that the outcome of the endodontic treat-
ent is significantly influenced by the presence of bacteria in the root canals at the time

f filling (10 –14). This indicates that persisting bacteria can survive in treated canals
nd are able to induce or sustain periradicular tissue inflammation, underpinning the
oncept that the eradication of bacteria from the root canal system should be the
ltimate goal of the endodontic treatment of teeth with apical periodontitis.

This review article focuses on the microbiology and clinical implications of bac-
erial persistence after treatment procedures. For reviews about the microbiological
spects of posttreatment apical periodontitis associated with root canal–treated teeth,
he reader is referred to other articles in the literature (15–19).

Understanding Bacterial Persistence
It is important to understand some aspects related to the significance of bacteria

ound in posttreatment samples. In this context, one should be aware of the time that
acterial “persisters” are detected in treated canals. Studies of the bacteria occurring in

he root canal after treatment approaches involve three basic conditions: (1) postin-
trumentation samples (collected immediately after completion of chemomechanical
rocedures), (2) postmedication samples (collected immediately after the removal of

nterappointment dressings), and (3) postobturation samples (collected from root
anal–treated teeth with associated apical periodontitis lesion at a given time, months to
ears after treatment).

Studies investigating bacteria remaining in the root canals after chemomechanical
rocedures or intracanal medication serve the purpose to disclose the species that have

he potential to influence the treatment outcome (outcome into perspective). On the
ther hand, studies dealing with the microbiota of root canal–treated teeth evincing
pical periodontitis serve to show the association of species with treatment failure
ecause the microorganisms detected are likely to be participating in the etiology of
ersistent disease (outcome already established).

Even when the endodontic treatment does not succeed in completely eradicating
he infection, the huge majority of bacteria are eliminated and the environment is

arkedly disturbed. To survive and therefore be detected in posttreatment samples,
acteria have to resist or escape intracanal disinfection procedures and rapidly adapt to

he drastically altered environment caused by treatment procedures. Bacteria detected
n postinstrumentation samples are remainders of the initial infection that resisted the
ffects of instruments and irrigants or were introduced in the root canal as a result of a
reach in the aseptic chain. Whatever the source, detected bacteria are temporary
persisters” that have not yet had enough time to adapt to the new environment, which
as been changed by chemomechanical procedures. Their survival and involvement
ith treatment outcome will be reliant on the adaptation ability. The application of an
ntimicrobial intracanal medication may be the “mercy killing” for remaining bacteria.
acteria detected in postmedication samples survived both chemomechanical proce-
ures and intracanal medication or gained entry into the root canal via leakage through

he temporary restoration. Based on the time of sampling, these bacteria have had
llegedly more time for adaptation to the modified environment. Bacteria found in
ostobturation samples of teeth indicated for retreatment because of posttreatment

isease are conceivably adapted to the new environment and are remainders of a
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rimary infection that resisted treatment procedures or penetrated in
he root canal after filling via coronal leakage (reinfection). In these
ases, failure is already established, and the bacterial species/phylo-
ypes found in the root canals are arguably the ones to blame.

Microbiological Goals of the Endodontic Treatment
Apical periodontitis is an infectious disease caused by microor-

anisms colonizing the root canal system (20 –23). The endodontic
reatment of teeth containing irreversibly inflamed pulps is essentially a
rophylactic treatment because the radicular vital pulp is usually free of
nfection, and the rationale is to treat in order to prevent further infec-
ion of the root canal system and consequent emergence of apical pe-
iodontitis (24). On the other hand, in cases of infected necrotic pulps
r in root canal–treated teeth associated with apical periodontitis, an
ntraradicular infection is established, and, as a consequence, end-
dontic procedures should focus not only on prevention of the intro-
uction of new microorganisms into the root canal system but also on
he elimination of those located therein (25, 26). The success rate of the
ndodontic treatment will depend on how effective the clinician is in
ccomplishing these goals (27, 28).

For a better understanding of the microbiological goals of treat-
ent of teeth with apical periodontitis, the following discussion relies

n the classical observations of Theobald Smith that an infectious dis-
ase is the result of the interplay between microbial virulence and num-
er (load) and the host defenses (29). Contextually, this concept com-
ined with recent data on microbial community behavior, quorum-
ensing mechanisms, and virulence regulation (30 –32) can be applied
o the understanding of the pathogenesis of apical periodontitis as an
nfectious disease and, consequently, can serve as a rationale for setting
he goals clinicians should pursue during treatment.

It is well recognized that for any bacterial species to cause disease,
hey have to reach a populational density (load) that is conducive to

igure 1. Microbiological goal of endodontic treatment of teeth with apical pe
bacterial load). Before a threshold is reached, no clinical signs and symptoms
he infectious disease (apical periodontitis) is established. (C) If treatment pro
ill persist. (D) Successful treatment does not necessarily sterilize the root cana
issue damage either caused by the bacteria themselves or by the host h

292 Siqueira and Rôças
efense mechanisms in response to infection (33). Before a quorum of
acterial cells is reached in the infected site, no clinical signs and
ymptoms of the disease are apparent (Fig. 1). Conceivably, the number
f cells sufficient to cause disease is inversely proportional to virulence,

e, the higher the bacterial virulence the lower the number of cells
ecessary to cause disease. Because endodontic infections are charac-

erized by mixed populations of about 10 to 20 species with varying
evels of virulence, it is virtually impossible to ascertain the threshold
eyond which the number of cells is sufficient to induce disease. Host
esistance is another important factor that impacts on disease patho-
enesis. The same combination of bacterial species at the same counts
ay give rise to different responses in different individuals.

With this concept of bacterial load in mind, it is easy to understand
he effects of treatment on the outcome of infection. Ideally, endodontic
reatment procedures should sterilize the root canal (ie, eliminate all
iving microorganisms present in the entire root canal system). How-
ver, given the complex anatomy of the system, it is widely recognized
hat, with available instruments, substances, and techniques, fulfilling
his goal is otherwise utopic for most cases. Therefore, the reachable
oal is to reduce bacterial populations to a level below that necessary to
nduce or sustain disease (Fig. 1).

The challenge now is to define the bacterial levels to be achieved
uring treatment that are compatible with healing. Quantitative real-

ime polymerase chain reaction assays or fluorescence in situ hybrid-
zation using universal primers or probes, respectively, are two of the

ost reliable techniques to provide quantitative data from bacterial
opulations (34 –37). However, there is no study thus far using these
otent tools to evaluate the relationship between the number of bacterial
ells remaining in the root canal at the time of filling and treatment
utcome. Although more precise information brought about by these
nd other methods are still not available, it seems advisable to rely on
ulturing results to determine the bacterial levels that are compatible to

titis. (A) Bacteria have to reach a quorum of cells sufficient to cause disease
disease are evident. (B) After bacterial levels reach and exceeds that threshold,
s do not succeed in reducing bacterial levels below that threshold, the disease
duces bacterial populations to subcritical levels that are compatible to healing.
riodon
of the
cedure
ealing. In fact, qualitative data from culture studies have been used to
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stablish a correlation between persistent bacteria and treatment out-
ome, and they have shown that occurrence of positive cultures projects
oor prognosis (3, 11, 12, 14). So, in the real world, the goal of
ndodontic treatment is to reduce bacterial populations to levels that
re not detected by culture procedures (arguably �103–104 cells).
eliable anaerobic culture techniques are not available for chairside

ests so clinicians should be encouraged to rely on the literature to
dhere to treatment protocols that are proven to predictably render root
anals culture negative.

Apical periodontitis have a polymicrobial etiology, and the bacte-
ial community profiles significantly vary from subject to subject (38 –
0). Differences are even more pronounced when samples from indi-
iduals living in different countries are compared (39, 41). Because of
hese characteristics, endodontic infections should be ideally treated by
sing a broad-spectrum, nonspecific antimicrobial strategy, which has
he potential to reach the most possible members of the endodontic
acterial communities.

Entrenched in the privileged anatomic localization of the root ca-
al system, bacteria are beyond the reach of the host defenses and
ystemically administered antibiotics. Therefore, endodontic infections
an only be treated by means of professional intervention using both
hemical and mechanical procedures. The main steps of endodontic
reatment involved with control of the infection are represented by
hemomechanical preparation and intracanal medication. Chemome-
hanical preparation is of paramount importance for root canal disin-
ection because instruments and irrigants act primarily on the main
anal, which is the most voluminous area of the system and, conse-
uently, harbors the largest number of bacterial cells. Bacterial elimi-
ation from the root canal is performed by means of the mechanical
ction of instruments and irrigation as well as the antibacterial effects of
he irrigants. Although several irrigants have been proposed over the
ears, sodium hypochlorite (NaOCl) remains the most widely used
42). However, studies have revealed that chemomechanical prepara-
ion using NaOCl at different concentrations does not suffice to predict-
bly render root canals free of cultivable bacteria; about 40% to 60% of
he root canals are still positive for bacterial presence (11, 43– 47).
hlorhexidine has been proposed as an alternative irrigant, but clinical
tudies showed that it is not superior to NaOCl with regard to antibac-
erial effectiveness (48, 49). Because residual bacteria can adversely
ffect the treatment outcome, the use of an interappointment medica-
ion has been recommended to supplement the antibacterial effects of
hemomechanical procedures and eliminate persisting bacteria. Stud-
es have shown that intracanal medication with a calcium hydroxide
aste may be necessary to supplement the antibacterial effects of ch-
momechanical procedures and predictably render root canals free of
ultivable bacteria before filling (44 – 47, 50, 51).

Entombment of bacteria in the canals by the root canal filling is one
f the goals of the obturation phase (52). The argument that a techni-
ally well-performed root canal filling can entomb bacteria in the canal,
enying them access to the periradicular tissues, is especially applicable
o bacteria remaining on the root canal walls or within dentinal tubules.
acteria remaining in the very apical part of the root canal, in apical
eltas, and in lateral canals could maintain long-standing infections.
ecause these bacteria are in direct contact with the periradicular tis-
ues, they have access to a sustainable source of nutrients and can
aintain periradicular inflammation and impair healing. Moreover, the

act that culture-positive root canals result in a significantly worse out-
ome (3, 10 –14) indicates that entombment does not work well, at
east when the levels of bacteria in the main canal are above the detec-
ion threshold of culture. It has also been shown that the permanent root
anal filling per se has a limited effect on the outcome of the endodontic

reatment, even when it has been technically well performed (10). Thus, c

OE — Volume 34, Number 11, November 2008
ll efforts should be expended toward maximal bacterial elimination
rom the root canals before filling.

Persistent versus Secondary Infection as the Cause
of Failure

It has not been well established whether bacteria present in root
anal–treated teeth with posttreatment disease remain from previous
reatment (persistent infection) or are a consequence of reinfection
secondary infection). The last 2 decades have witnessed a marked
nterest on the role of secondary infection resulting of coronal leakage
n treated root canals as an important cause of posttreatment apical
eriodontitis (53, 54). However, indirect evidence seems to point to
ersistent infections as the most common cause of treatment failure.

Because the incidence of posttreatment disease is significantly
igher in cases that showed preoperative apical periodontitis lesions
28, 55– 60), it is fair to infer that persistent infections instead of sec-
ndary infections are the major cause of treatment failure. Likewise, the
ery high success rate of the treatment of vital (noninfected) teeth lends
upport to the assertion that persistent infections are the most common
ause of failure in the treatment of teeth with apical periodontitis.
hould secondary infections caused by coronal leakage be the most
ignificant cause of posttreatment disease, the failure rates for the treat-
ent of vital teeth, necrotic teeth, and even retreatment cases would be

imilar, but they are not (28, 55–57). The concept of secondary infec-
ion caused by coronal leakage as an important cause of failure is
urther put into question by the findings of a study that revealed that
ell-prepared and sealed root canals resisted coronal bacterial leakage
ven upon frank oral exposure for prolonged periods (61). However,
his does not mean that the attainment of a good coronal seal is not a
oal of the endodontic treatment because coronal leakage in obturated
oot canals can still be the cause of failure in some cases, and the
learest example seems to be those cases in which an apical periodon-
itis lesion was absent at the time of treatment but that appeared on
ollow-up radiographs.

For all these inferences to turn into definite evidence, there is a
laring need for clarification of the posttreatment fate of microorgan-
sms detected in canals at the root canal–filling stage. The only com-
rehensive study dealing with this subject was an investigation in mon-
eys that revealed that bacteria not only can survive a permanent root
anal filling for many years but also can cause persistence of apical
eriodontitis lesions (10). This indicates that bacteria present in the
oot canal at the time of filling can cause persistent infections by resist-
ng filling procedures and materials, surviving in the changed environ-

ent, and maintaining periradicular inflammation.

Bacterial Persistence as a Risk Factor for
Posttreatment Disease

Most intracanal bacteria are sensitive to standard treatment pro-
edures. Nevertheless, some bacteria may survive treatment proce-
ures, and their presence at the time of filling as detected by culture
pproaches has been recognized as a risk factor for posttreatment api-
al periodontitis (3, 10 –14). Even though bacterial persistence may
eopardize the treatment outcome, no specific single species has been
dentified as a risk factor for failure. This is in agreement with the
onspecific nature of apical periodontitis etiology and apparently sug-
ests that persistence or emergence of apical periodontitis after treat-
ent is more dependent on the number of species remaining in the root

anal than on specific bacterial taxa. However, this issue has been
oorly studied and assumptions regarding the lack of bacterial speci-

icity affecting the outcome may be mostly influenced by the dearth of

onsistent information.

Bacterial Persistence after Treatment 1293
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In cases of treatment failure, longitudinal studies evaluating bac-
eria at the filling stage and further at the time of retreatment have the
otential to determine bacterial species/phylotypes as risk factors for
osttreatment disease. Studies have shown that Enterococcus faecalis
s the most commonly found species in root canal–treated teeth exhib-
ting emergent/persistent disease (2– 6, 9). This might be interpreted as
his species being a risk factor for persistent disease. However, E. fae-
alis has been rarely found in primary infections and not so frequent, if
ver found, as a persister at the time of filling (11, 43, 44, 46, 47, 50, 51,
2– 64), except in cases treated in multiple visits and/or in teeth left
pen for drainage (65). Recent studies have even questioned the status
f E. faecalis as the main species involved with treatment failures (1,
6 – 68).

Theoretically, taxa detected at the filling stage but not at the time of
etreatment may not be able to endure the conditions within obturated
oot canals. Likewise, taxa found only at the time of retreatment but not
t the time of filling may represent secondary infections that developed
y lack of a bacteria-tight coronal seal. Still following this train of thought,

axa found at both the time of filling and during retreatment of failed cases
ay be involved in persistent infections. Several species have been detected

n both clinical conditions but in separate studies (Table 1), suggesting that
hey might be risk factors for poor outcomes (Fig. 2). Although all this
iscussion sounds logical and interesting, it is largely speculative because
ata belong to separate cross-sectional studies and no strong evidence can
e taken in this regard. Future longitudinal studies are necessary to evaluate

f the persistence of some specific species is more related to poor treatment
utcome (ie, if any given species persisting in the root canal is a risk factor

or posttreatment apical periodontitis).

Strategies to Persist
For bacteria to endure treatment and be detected in posttreatment

amples, they must (1) resist intracanal disinfection procedures and
2) adapt to the drastically changed environment (Table 2).

Several strategies may help bacteria to resist treatment. Bacteria
an adhere to the root canal walls, accumulate, and form communities
rganized in biofilms, which can be important for bacterial resistance to
nd persistence after intracanal antimicrobial procedures (69). Bacte-
ia located in ramifications, isthmi, and other irregularities are likely to
scape the effects of instruments (because of physical limitations) and
rrigants (because of time constraints) used during chemomechanical
rocedures (70). The ability of some bacteria to penetrate dentinal

ABLE 1. Microbial Taxa Found in the Root Canals at the Filling Stage and in Re

Microorganism Filling Stag

Gram-positive bacteria
Actinomyces naeslundii (11, 63, 64, 92,
Actinomyces odontolyticus (11, 50, 63–65,
Anaerococcus prevotii (51, 63, 64, 89,
Eggerthela lenta (11, 43, 89, 90)
Enterococcus faecalis (11, 44, 51, 65)
Gemella morbillorum (43, 63, 64, 89,
Parvimonas micra (11, 43, 44, 47,
Propionibacterium acnes (11, 47, 50, 51,
Propionibacterium propionicum (11, 43, 64, 92,
Pseudoramibacter alactolyticus (11, 43, 44, 47,
Streptococcus anginosus group (11, 43, 47, 51,
Streptococcus mitis (46, 50, 62–64,

Gram-negative bacteria
Fusobacterium nucleatum (11, 43, 44, 46,
Prevotella intermedia (43, 51, 65, 89,

Fungi (yeast)
Candida albicans (112)
ubules, sometimes to a deep extent, can also enable them to escape s

294 Siqueira and Rôças
rom the action of instruments and substances used during treatment
71, 72). Antimicrobial medicaments used in endodontics can be in-
ctivated by dentin, tissue fluids, and organic matter (73). Some micro-
ial species, such as E. faecalis and Candida albicans, can show re-
istance to calcium hydroxide (51, 74), a commonly used intracanal
edicament.

In addition to escaping from treatment procedures, adaptation to
he new environment is crucial for residual bacteria to cause persistent
isease. A major change in the environment induced by treatment is
elated to a dramatic reduction in nutrient availability. The fact that the
uge majority of root canal–treated teeth with posttreatment apical
eriodontitis have been shown to harbor an intraradicular infection
1–9) indicates that microorganisms can in someway acquire nutrients
ithin filled root canals. Because virtually all microleakage studies have

hown that no root canal–filling technique or material succeeds in
romoting a fluid-tight coronal and apical seal of the root canal (75),
esidual microorganisms can derive nutrients from saliva (coronally
eeping into the root canal) or from periradicular tissue fluids and
nflammatory exudate (apically or laterally seeping into the root canal)
15). Even though most necrotic pulp tissue is removed during chemo-
echanical procedures, remaining bacteria can also use necrotic tissue

emnants as a nutrient source. Tissue remnants can be localized in
sthmi, irregularities, dentinal tubules, and lateral canals, which very
ften remain unaffected by instruments and irrigants (76 –78). In ad-
ition, even in the main canal, some walls can remain untouched after

nstrumentation (76, 79, 80). Although pulp tissue remnants comprise
nly a temporary source of nutrients, they can maintain bacterial sur-
ival before a sustainable source of nutrients is established by apical or
oronal leakage.

The fact that nutrients must exist but they are substantially reduced
n amount suggests that, in order to survive, residual bacteria have to
evelop strategies to deal with famine. Environmental cues can regulate
ene expression in bacteria, enabling them to adapt to varying environ-
ental conditions (81). For instance, several regulatory systems play

ssential roles in the ability of bacteria to withstand nutrient depletion.
hese systems are under the control of determined genes whose tran-
cription is activated under conditions of starvation. For instance, under
onditions of nitrogen starvation, the activation of the Ntr gene system
nables bacteria that require ammonia as a nitrogen source to scavenge
ven small traces of ammonia. Under high concentration of ammonia,
he Ntr gene system is uncoupled. Under low concentrations of glucose,

ent Cases as Detected in Several Separate Studies

ferences) Retreatment Cases (references)

5) (5, 102–104)
0, 92, 93, 95) (5, 102)

(5, 103, 105)
(5, 102, 105)
(2, 3, 5, 6, 9, 67, 102–104, 106, 107)

08) (5, 102, 103, 105)
3–65, 89, 90) (2, 3, 5, 6, 102, 103, 109)
4, 89, 92, 93) (3, 5, 102, 103, 110)

(2, 3, 5, 102, 105)
1) (2–4, 104)
0, 92, 108) (3, 5, 102–105, 110)

(3, 5, 102, 103, 105, 110)

2, 65, 89) (2, 3, 5, 102, 104, 110)
(2, 5, 6, 103, 107, 111)

(2–4, 105, 111, 113, 114)
treatm

e (re

93, 9
89, 9
90)

90, 1
51, 6
62, 6
93)
50, 5
63, 9
108)

51, 6
90)
ome bacteria can activate the catabolite repressor system, under con-
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rol of the genes cya (adenylate cyclase) and crp (catabolite repressor
rotein), which induce the synthesis of enzymes for the utilization of
arious other organic carbon sources. Under conditions of phosphate
tarvation triggered by low concentrations of inorganic phosphate, cells
urn on genes for the utilization of organic phosphate compounds and
or the scavenging of trace amounts of inorganic phosphate (82).

Another way to deal with changing environmental conditions is
hrough the production of stress proteins (83). Exposure to environ-

ental stresses may affect bacterial survival and induce accumulation of
amaged or denatured proteins. In response, bacteria can induce or

igure 2. Interpretation of data from studies evaluating the bacterial species/
hylotypes present in the canal at the time of filling (postinstrumentation or
ostmedication samples) or retreatment (postobturation samples). If a given
axon is found at the filling stage but not at the time of retreatment, this probably

eans that it succumbed in the filled root canal. If a given taxon is found both
t the time of filling and at the time of retreatment, this may mean that this taxon
an cause a persistent infection. If a given taxon is not detected in samples taken
t the time of filling but is recovered in retreatment samples, this may mean that
his taxon gained entry into the canal after filling and then is involved in a
econdary infection.
ccelerate the synthesis of specific proteins known as stress proteins, b

OE — Volume 34, Number 11, November 2008
ncluding heat-shock proteins, which are families of highly conserved
roteins whose main role is to allow microorganisms to survive under
tressful conditions (84). Heat-shock proteins act as molecular chap-
rones in the assembly and folding of proteins and as proteases when
amaged or toxic proteins have to be degraded. Several pathological

unctions have been associated with these proteins, including cytotox-
city that may contribute to tissue destruction (33).

It has been shown that some bacteria, such as E. faecalis, can
nter a viable but noncultivable state (85), which is a survival mecha-
ism adopted by many bacteria when exposed to adverse environmental
onditions, including low nutrient concentrations, high salinity, and
xtreme pH (86). In a viable but noncultivable state, bacteria lose the
bility to grow in culture media but maintain viability and pathogenicity
nd sometimes are able to resume division when favorable environmen-
al conditions are restored. Figdor et al. (87) reported that E. faecalis
as the ability to survive in environments with scarcity of nutrients and

o flourish when the nutrient source is reestablished. In an ex vivo
tudy, Sedgley et al. (88) showed that E. faecalis has the capacity to
ecover from a prolonged starvation state in root canal–treated teeth;
hen inoculated into the canals, this bacterium maintained viability for
2 months without additional nutrients. Thus, viable E. faecalis en-

ombed at the time of root canal filling may provide a long-term nidus
or subsequent infection.

When Residual Bacteria Influence Treatment Outcome
Bacteria persisting in the root canals after chemomechanical pro-

edures or intracanal medication will not always maintain an infectious
rocess. This statement is supported by the fact that some apical peri-
dontitis lesions can heal even when bacteria were found in the canal at

he filling stage (10, 11). The following are explanations for that: (1)
esidual bacteria may die after filling because of the toxic effects of the
illing material, access denied to nutrients, or disruption of bacterial
cology; (2) they may be present in quantities and virulence that may be
ubcritical to sustain periradicular inflammation; or (3) they remain in
location where they have their access to the periradicular tissues

enied.
Actually, bacteria that resisted intracanal procedures and are

resent in the canal at the filling stage can influence the outcome of the
ndodontic treatment provided that (1) they have the ability to withstand
eriods of nutrient scarcity, scavenging for low traces of nutrients
nd/or assuming a dormant state or a state of low metabolic activity, to
rosper again when the nutrient source is reestablished; (2) they resist

o treatment-induced disturbances in the ecology of bacterial commu-
ity, including disruption of quorum-sensing systems, food webs/chains
nd genetic exchanges, and disorganization of protective biofilm struc-
ures; (3) they reach a climax population density (load) necessary to
nflict damage to the host; (4) they have unrestrained access to the
eriradicular tissues through apical/lateral foramens or perforations;
nd (5) they possess virulence attributes that are expressed in the
odified environment and reach enough concentrations to directly or

ndirectly induce damage to the periradicular tissues.
In this context, it should not be forgotten that the host resistance to

nfection is also an important and probably decisive counteracting fac-
or.

Bacterial Taxa–Persisting Intracanal Procedures
Although several studies have investigated the impact of bacterial

ersistence on treatment outcome, not so many have consistently iden-
ified the species resisting root canal procedures (Table 3). In studies of
he effectiveness of intracanal procedures, it is advisable to identify

acterial species at the baseline and after treatment so as to rule out

Bacterial Persistence after Treatment 1295
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ossible contamination during treatment, sampling, or laboratory han-
ling of the sample. Simply detecting growth in broth or counting col-
nies on solid media without performing identification do not provide
he same level of information as tracing identified bacterial species
hrough a clinical case (18).

Diligent antimicrobial treatment may still fail to promote total
radication of bacteria from root canals. Persisting bacteria are either
esistant or inaccessible to treatment procedures. Whatever the cause of
ersistence, bacterial diversity and density are substantially reduced
fter treatment. Root canal samples positive for bacterial growth after
hemomechanical procedures followed or not by intracanal medication
ave been shown to harbor one to five bacterial species per case, and
he number of bacterial cells usually varies from 102 to 105 per sample
11, 43, 47, 49, 50, 62) (Fig. 3).

At the time of writing this article, culture and molecular biology
nalysis of postinstrumentation and postmedication samples have al-
owed the detection of 103 bacterial and 6 fungal taxa (Table S1A in the
upplemental material). Bacterial species/phylotypes detected in post-
reatment samples belong to 5 phyla and 41 genera. The highest species
ichness has been observed for Firmicutes followed by Proteobacteria
nd Actinobacteria (Table S1A).

No single species has been significantly found to persist after treat-
ent procedures. Gram-negative bacteria, which are common mem-

ers of primary infections, are usually eliminated. Exceptions maybe
nclude some anaerobic rods, such as Fusobacterium nucleatum,
revotella species, and Campylobacter rectus, which are among the
pecies found in postinstrumentation samples (11, 43, 48, 62, 89, 90).
owever, most studies on this subject have clearly revealed that, when
acteria resist treatment procedures, gram-positive bacteria are more
requently present (Table 3). Gram-positive facultatives or anaerobes
ften detected in these samples include streptococci (Streptococcus
itis, Streptococcus gordonii, Streptococcus anginosus, Strepto-

occus sanguinis, and Streptococcus oralis), Parvimonas micra,
ctinomyces species (Actinomyces israelii and Actinomyces odon-
olyticus), Propionibacterium species (Propionibacterium acnes
nd Propionibacterium propionicum), Pseudoramibacter alacto-

ABLE 2. Clinician versus Bacteria: The Bacteria Way of Deceiving Treatment

What Treatment Does

Mechanical effect: flow and backflow of irrigants ✓ Form b
✓ Coloniz

dentina
Mechanical effect: removal by instruments ✓ Coloniz

dentina
Chemical effect: irrigation ✓ Coloniz

dentina
✓ Be prot

have th
agents;

✓ Be intri
✓ Form b

Chemical effect: interappointment medication ✓ Be prot
have th
agents;

✓ Be intri
✓ Form b

Ecological effect: killing of key species ✓ Adapt
metabo

✓ Form n
Ecological effect: nutrient deprivation ✓ Adapt

metabo
✓ Enter a
✓ Be loca

apical p
yticus, lactobacilli (Lactobacilli paracasei and Lactobacilli aci- t

296 Siqueira and Rôças
ophilus), E. faecalis, and Olsenella uli (11, 43, 46, 47, 50, 62, 63,
9 –95) (Table 3). Other gram-positive bacteria, including Bifidobac-
erium species, Eubacterium species, and staphylococci, can also be
ound but in lower frequencies (11, 63, 83). This gives support to the
otion that gram-positive bacteria can be more resistant to antimicro-
ial treatment measures and have the ability to adapt to the harsh envi-
onmental conditions in instrumented and medicated root canals.

With the recent findings showing as-yet-uncultivated bacteria as
onstituents of a significant proportion of the endodontic microbiota
38, 96 –98), studies on the effects of intracanal antimicrobial proce-
ures should also rely on the detection of these bacteria. A study using
road-range polymerase chain reaction and 16S rRNA gene clone li-
rary analysis investigated the bacteria persisting after chemomechani-
al preparation with NaOCl as an irrigant and intracanal medication
ith calcium hydroxide (62). Fifty-six percent of the taxa found in initial

amples (baseline) were from as-yet-uncultivated bacteria. A mean of
1 taxa were detected in initial (S1) samples, 4 taxa in postinstrumen-

ation (S2) samples, and 5 taxa in postmedication (S3) samples. The
ost dominant taxa in S1 samples were a novel phylotype Solobacte-

ium oral clone 6Ta-2 (31% of the clones in one sample), Bacte-
oidetes oral clone X083 (37% in another sample), and Pseudorami-
acter alactolyticus (26% in a third sample). Streptococcus species
ere detected in all posttreatment samples and were also the most
ominant taxa in these samples, except for a S2 sample in which So-

obacterium sp. oral clone K010 corresponded to 56% of the clones
equenced. Forty-two percent of the taxa found in posttreatment sam-
les were as-yet-uncultivated bacteria. These findings suggest that pre-
iously uncharacterized bacteria may also participate in persistent end-
dontic infections.

Concluding Remarks
Bacteria participating in persistent infections can be identified

s those present in the canal at the time of filling, although it must be
ecognized that many of the species found still had no sufficient time

What Bacteria Have to Do to Survive

structures firmly adhered to the canal walls;
as distant from the main canal (eg, isthmus, ramifications, and
ules)
as distant from the main canal (eg, isthmus, ramifications, and
ules)
as distant from the main canal (eg, isthmus, ramifications, and
ules);
by tissue remnants, dentin, serum or dead cells, all of which

lity to inactivate or reduce the efficacy of antimicrobial

lly resistant to the antimicrobial agent
structures enclosed by a protective polysaccharide matrix
by tissue remnants, dentin, serum or dead cells, all of which

lity to inactivate or reduce the efficacy of antimicrobial

lly resistant to the antimicrobial agent
structures enclosed by a protective polysaccharide matrix
new environment, turning on survival genes and alternative
thways;

airs and partnerships
new environment, turning on survival genes and alternative
thways;

le but noncultivable state
areas where nutrient sources were relatively unaffected (very

f the canal near the foramen, ramifications)
iofilm
e are
l tub
e are
l tub
e are
l tub
ected
e abi

nsica
iofilm
ected
e abi

nsica
iofilm
to the
lic pa

ew p
to the
lic pa
viab

ted in
o establish a real infection and will die after filling. However, those
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ABLE 3. Studies that Identified Bacteria Persisting after Intracanal Disinfection Procedures

Study N* Species
per Case Irrigant Sample Taken after Identification

Method
Most Frequent Taxa (Number of

Cases)
Gram-positive

bacteria

Byström &
Sundqvist (115)

7/15† 4.3 Saline Chemomechanical
preparation

Culture Peptostreptococcus anaerobius (3)
Parvimonas micra (3)
Lactobacillus spp. (3)
Bacteroides spp. (3)

21/30 (70%)

Byström &
Sundqvist (43)

8/20 2.8 0.5% NaOCl Chemomechanical
preparation

Culture Fusobacterium spp. (6)
Streptococcus spp. (3)
Eubacterium brachy (2)
Lactobacillus spp. (2)
Porphyromonas gingivalis (2)
Prevotella intermedia (2)

10/22 (45%)

Byström &
Sundqvist (43)

6/20 2.3 5% NaOCl Chemomechanical
preparation

Culture Streptococcus intermedius (2)
Fusobacterium nucleatum (2)

7/14 (50%)

Byström &
Sundqvist (43)

3/20 2.7 5% NaOCl �
EDTA

Chemomechanical
preparation

Culture Streptococcus spp. (2) 6/8 (75%)

Sjogren & Sundqvist
(116)

7/31† 1.7 0.5% NaOCl Chemomechanical
preparation

Culture Fusobacterium nucleatum (4)
Parvimonas micra (2)

8/12 (67%)

Sjogren et al. (44) 6/12 2.3 0.5% NaOCl Chemomechanical
preparation �
10 min of Ca(OH)2

Culture Fusobacterium nucleatum (3) 6/14 (43%)

Gomes et al. (90) 31 3.7 2.5% NaOCl Chemomechanical
preparation

Culture Streptococcus anginosus group (14)
Parvimonas micra (10)
Lactobacillus acidophilus (4)

92/115 (80%)

Sjögren et al. (11) 22/55 2.3 0.5% NaOCl Chemomechanical
preparation

Culture Pseudoramibacter alactolyticus (5)
Fusobacterium nucleatum (5)
Campylobacter rectus (4)
Parvimonas micra (4)

28/45 (62%)

Peters et al. (89) 10/42 3.6 2% NaOCl Chemomechanical
preparation

Culture Actinomyces odontolyticus (7)
Prevotella intermedia (5)
Parvimonas micra (5)
Eggerthella lenta (3)
Prevotella oralis (3)

21/36 (58%)

Peters et al. (89) 15/21 1.5 2% NaOCl Intracanal medication–
Ca(OH)2

Culture Propionibacterium acnes (3)
Parvimonas micra (2)
Veillonella spp. (2)
Bifidobacterium spp. (2)
Capnocytophaga spp. (2)

14/23 (61%)

Chavez de Paz et al.
(94)

74 2.4 0.5% NaOCl Intracanal medication–
Ca(OH)2

Culture Lactobacillus spp. (40)
Streptococcus spp. (37)
Enterococcus spp. (26)
Propionibacterium spp. (13)

156/177 (88%)

Kvist et al. (117) 58/94 2.1 0.5% NaOCl Chemomechanical
preparation

Culture Streptococcus spp. (20)
Peptostreptoccus spp. (17)
Prevotella spp. (15)

84/119 (71%)

Kvist et al. (117) 16/43 1.9 0.5% NaOCl Intracanal medication–
Ca(OH)2

Culture Staphylococcus spp. (7)
Streptococcus spp. (6)

27/30 (90%)

Chu et al. (63) 11/35 2.3 0.5% NaOCl Intracanal medication–
Ca(OH)2

Culture Neisseria spp. (4)
Staphylococcus spp. (4)
Capnocytophaga spp. (2)
Actinomyces spp. (2)

15/25 (60%)

Vianna et al. (64) 8/24 1.4 2% CHX (gel) Chemomechanical
preparation

Culture Propionibacterium acnes (2)
Propionibacterium propionicum (2)

9/11 (82%)

Vianna et al. (64) 5/8 2 2% CHX (gel) Intracanal medication–
Ca(OH)2

Culture Propionibacterium acnes (2) 8/10 (80%)

Vianna et al. (64) 4/8 2.8 2% CHX (gel) Intracanal medication–
2% CHX (gel)

Culture Gemmella morbillorum (2)
Clostridium argentinense (2)

10/11 (91%)

Vianna et al. (64) 4/8 2.3 2% CHX (gel) Intracanal medication–
Ca(OH)2/2% CHX

Culture Gemmella morbillorum (2) 7/9 (78%)

Sakamoto et al. (62) 3‡ 3.7 2.5% NaOCl Chemomechanical
preparation

DNA
sequencing

Streptococcus mitis (3) 8/11 (73%)

Sakamoto et al. (62) 3‡ 5 2.5% NaOCl Intracanal medication–
Ca(OH)2/CPMC

DNA
sequencing

Streptococcus mitis (3)
Streptococcus sanguinis (2)

10/15 (67%)

Siqueira et al. (46) 5/11 1.4 2.5% NaOCl Chemomechanical
preparation

Culture/DNA
sequencing

Streptococcus spp. (3) 5/7 (71%)

Siqueira et al. (46) 2/11 1 2.5% NaOCl Intracanal medication–
Ca(OH)2

Culture/DNA
sequencing

Fusobacterium nucleatum (1)
Lactococcus garvieae (1)

1/2 (50%)

Siqueira et al. (47) 6/11 1.8 2.5% NaOCl Chemomechanical
preparation

Culture/DNA
sequencing

Streptococcus oralis (2) 10/11 (91%)

Siqueira et al. (47) 1/11 1 2.5% NaOCl Intracanal medication– Culture/DNA Propionibacterium acnes (1) 1/1 (100%)

Ca(OH)2/CPMC sequencing

OE — Volume 34, Number 11, November 2008 Bacterial Persistence after Treatment 1297
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hat manage to survive in the new drastically modified environment
an establish a persistent infection that put the treatment outcome at
isk.

Bacterial persistence at the time of root canal filling has been
hown to be a risk factor for posttreatment apical periodontitis. How-
ver, even though about 100 species/phylotypes have already been de-
ected in postinstrumentation and/or postmedication samples and
ram-positive bacteria are more commonly isolated/detected, it re-

ABLE 3. (Continued)

Study N* Species
per Case Irrigant Sample Taken

Siqueira et al. (50) 7/13 1.7 0.12% CHX Chemomechani
preparation

Siqueira et al. (50) 1/13 2 0.12% CHX Intracanal medi
Ca(OH)2/0.12

PMC, camphorated paramonochlorophenol; CHX, chlorhexidine.

The Number of samples showing growth/number of samples examined.

The number of samples showing growth after successive appointments.

Three samples were randomly chosen from 10 positive samples out of 15 cases treated.

igure 3. The main characteristics of the microbiology of samples taken at the f

anal—treated teeth with posttreatment disease (postobturation samples).

298 Siqueira and Rôças
ains to be determined by longitudinal studies if any specific species/
hylotypes persisting after treatment procedures can influence outcome
nd be considered as a risk factor.

Determination of the threshold of bacterial levels below which
favorable host response is expected can help establish a goal to

ocus on and has the potential do drive standardization of treatment
rotocols. In order words, the best treatment protocols are those

hat reduce bacterial counts to levels below a known threshold. For

Identification
Method

Most Frequent Taxa (Number of
Cases)

Gram-positive
bacteria

Culture/DNA
sequencing

Streptococcus mitis biovar 2 (2) 10/12 (83%)

– Culture/DNA
sequencing

Streptococcus mitis biovar 2 (1)
Propionibacterium acnes (1)

2/2 (100%)

tage (postinstrumentation or postmedication samples) as compared with root
after

cal

cation
% CHX
illing s
JOE — Volume 34, Number 11, November 2008
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ant of a more reliable approach, results from culture studies are
ecommended as surrogate endpoints for long-term clinical out-
ome studies (99, 100), despite the well-recognized limitations of
ulturing methods (101).

References
1. Rôças IN, Siqueira JF Jr, Aboim MC, Rosado AS. Denaturing gradient gel electro-

phoresis analysis of bacterial communities associated with failed endodontic treat-
ment. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2004;98:741–9.

2. Siqueira JF Jr, Rôças IN. Polymerase chain reaction-based analysis of microorgan-
isms associated with failed endodontic treatment. Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 2004;97:85–94.

3. Sundqvist G, Figdor D, Persson S, Sjogren U. Microbiologic analysis of teeth with
failed endodontic treatment and the outcome of conservative re-treatment. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 1998;85:86 –93.

4. Molander A, Reit C, Dahlen G, Kvist T. Microbiological status of root-filled teeth with
apical periodontitis. Int Endod J 1998;31:1–7.

5. Pinheiro ET, Gomes BP, Ferraz CC, Sousa EL, Teixeira FB, Souza-Filho FJ. Micro-
organisms from canals of root-filled teeth with periapical lesions. Int Endod J
2003;36:1–11.

6. Gomes BP, Pinheiro ET, Jacinto RC, Zaia AA, Ferraz CC, Souza-Filho FJ. Microbial
analysis of canals of root-filled teeth with periapical lesions using polymerase chain
reaction. J Endod 2008;34:537– 40.

7. Lin LM, Skribner JE, Gaengler P. Factors associated with endodontic treatment
failures. J Endod 1992;18:625–7.

8. Lin LM, Pascon EA, Skribner J, Gangler P, Langeland K. Clinical, radiographic, and
histologic study of endodontic treatment failures. Oral Surg Oral Med Oral Pathol
1991;71:603–11.

9. Rôças IN, Jung IY, Lee CY, Siqueira JF Jr. Polymerase chain reaction identification
of microorganisms in previously root-filled teeth in a South Korean population. J
Endod 2004;30:504 – 8.

10. Fabricius L, Dahlén G, Sundqvist G, Happonen RP, Möller AJR. Influence of residual
bacteria on periapical tissue healing after chemomechanical treatment and root
filling of experimentally infected monkey teeth. Eur J Oral Sci 2006;114:278 – 85.

11. Sjögren U, Figdor D, Persson S, Sundqvist G. Influence of infection at the time of root
filling on the outcome of endodontic treatment of teeth with apical periodontitis. Int
Endod J 1997;30:297–306.

12. Waltimo T, Trope M, Haapasalo M, Orstavik D. Clinical efficacy of treatment pro-
cedures in endodontic infection control and one year follow-up of periapical heal-
ing. J Endod 2005;31:863– 6.

13. Heling B, Shapira J. Roentgenologic and clinical evaluation of endodontically
treated teeth with or without negative culture. Quintessence Int 1978;11:79 – 84.

14. Engström B, Hard AF, Segerstad L, Ramström G, Frostell G. Correlation of positive
cultures with the prognosis for root canal treatment. Odontol Revy 1964;15:257–70.

15. Siqueira JF Jr. Aetiology of root canal treatment failure: why well-treated teeth can
fail. Int Endod J 2001;34:1–10.

16. Siqueira JF Jr. Ursachen endodontischer misserfolge. Endodontie 2001;10:243–57.
17. Tronstad L, Sunde PT. The evolving new understanding of endodontic infections.

Endod Topics 2003;6:57–77.
18. Figdor D, Sundqvist G. A big role for the very small–Understanding the endodontic

microbial flora. Aust Dent J 2007;52:S38 –51.
19. Stuart CH, Schwartz SA, Beeson TJ, Owatz CB. Enterococcus faecalis: its role in root

canal treatment failure and current concepts in retreatment. J Endod 2006;32:93–8.
20. Kakehashi S, Stanley HR, Fitzgerald RJ. The effects of surgical exposures of dental

pulps in germ-free and conventional laboratory rats. Oral Surg Oral Med Oral
Pathol 1965;20:340 –9.

21. Bergenholtz G. Micro-organisms from necrotic pulp of traumatized teeth. Odontol
Revy 1974;25:347–58.

22. Sundqvist G. Bacteriological studies of necrotic dental pulps [Odontological Dis-
sertation no.7]. Umea, Sweden: University of Umea, 1976.

23. Möller AJR, Fabricius L, Dahlén G, Öhman AE, Heyden G. Influence on periapical
tissues of indigenous oral bacteria and necrotic pulp tissue in monkeys. Scand J
Dent Res 1981;89:475– 84.

24. Spangberg LSW. Endodontic treatment of teeth without apical periodontitis. In:
Ørstavik D, Pitt Ford T, eds. Essential Endodontology. 2nd ed. Oxford, UK: Blackwell
Munksgaard Ltd, 2008:316 – 46.

25. Orstavik D. Root canal disinfection: a review of concepts and recent developments.
Aust Endod J 2003;29:70 – 4.

26. Siqueira JF Jr. Strategies to treat infected root canals. J Calif Dent Assoc
2001;29:825–37.

27. Byström A, Happonen RP, Sjogren U, Sundqvist G. Healing of periapical lesions of
pulpless teeth after endodontic treatment with controlled asepsis. Endod Dent Trau-

matol 1987;3:58 – 63.

OE — Volume 34, Number 11, November 2008
28. Sjögren U, Hagglund B, Sundqvist G, Wing K. Factors affecting the long-term results
of endodontic treatment. J Endod 1990;16:498 –504.

29. Smith T. Parasitism and disease. Princeton, NJ: Princeton University Press, 1934.
30. Kievit TR, Iglewski BH. Bacterial quorum sensing in pathogenic relationships. Infect

Immun 2000;68:4839 – 49.
31. Williams P, Camara M, Hardman A, et al. Quorum sensing and the population-dependent

control of virulence. Philos Trans R Soc Lond B Biol Sci 2000;355:667–80.
32. Kuramitsu HK, He X, Lux R, Anderson MH, Shi W. Interspecies interactions within

oral microbial communities. Microbiol Mol Biol Rev 2007;71:653–70.
33. Siqueira JF Jr, Rôças IN. Bacterial pathogenesis and mediators in apical periodon-

titis. Braz Dent J 2007;18:267– 80.
34. Moter A, Gobel UB. Fluorescence in situ hybridization (FISH) for direct visualization

of microorganisms. J Microbiol Methods 2000;41:85–112.
35. Wittwer CT, Kusukawa N. Real-time PCR. In: Persing DH, Tenover FC, Versalovic J,

et al., eds. Molecular Microbiology. Diagnostic Principles and Practice. Washing-
ton, DC: ASM Press, 2004:71– 84.

36. Mackay IM. Real-time PCR in the microbiology laboratory. Clin Microbiol Infect
2004;10:190 –212.

37. Siqueira JF Jr, Rôças IN. Exploiting molecular methods to explore endodontic
infections: Part 1— current molecular technologies for microbiological diagnosis.
J Endod 2005;31:411–23.

38. Sakamoto M, Rôças IN, Siqueira JF Jr, Benno Y. Molecular analysis of bacteria in
asymptomatic and symptomatic endodontic infections. Oral Microbiol Immunol
2006;21:112–22.

39. Machado de Oliveira JC, Siqueira JF Jr, et al.: Bacterial community profiles of
endodontic abscesses from Brazilian and USA subjects as compared by denaturing
gradient gel electrophoresis analysis. Oral Microbiol Immunol 2007;22:14 – 8.

40. Siqueira JF Jr, Rôças IN, Rosado AS. Investigation of bacterial communities associ-
ated with asymptomatic and symptomatic endodontic infections by denaturing gra-
dient gel electrophoresis fingerprinting approach. Oral Microbiol Immunol
2004;19:363–70.

41. Rôças IN, Baumgartner JC, Xia T, Siqueira JF Jr. Prevalence of selected bacterial
named species and uncultivated phylotypes in endodontic abscesses from two geo-
graphic locations. J Endod 2006;32:1135– 8.

42. Zehnder M. Root canal irrigants. J Endod 2006;32:389 –98.
43. Byström A, Sundqvist G. The antibacterial action of sodium hypochlorite and EDTA

in 60 cases of endodontic therapy. Int Endod J 1985;18:35– 40.
44. Sjögren U, Figdor D, Spangberg L, Sundqvist G. The antimicrobial effect of calcium

hydroxide as a short-term intracanal dressing. Int Endod J 1991;24:119 –25.
45. McGurkin-Smith R, Trope M, Caplan D, Sigurdsson A. Reduction of intracanal

bacteria using GT rotary instrumentation, 5.25% NaOCl, EDTA, and Ca(OH)2. J
Endod 2005;31:359 – 63.

46. Siqueira JF Jr, Guimarães-Pinto T, Rôças IN. Effects of chemomechanical prepara-
tion with 2.5% sodium hypochlorite and intracanal medication with calcium hy-
droxide on cultivable bacteria in infected root canals. J Endod 2007;33:800 –5.

47. Siqueira JF Jr, Magalhães KM, Rôças IN. Bacterial reduction in infected root canals
treated with 2.5% NaOCl as an irrigant and calcium hydroxide/camphorated par-
amonochlorophenol paste as an intracanal dressing. J Endod 2007;33:667–72.

48. Siqueira JF Jr, Rôças IN, Paiva SS, Guimarães-Pinto T, Magalhães KM, Lima KC.
Bacteriologic investigation of the effects of sodium hypochlorite and chlorhexidine
during the endodontic treatment of teeth with apical periodontitis. Oral Surg Oral
Med Oral Pathol Oral Radiol Endod 2007;104:122–30.

49. Vianna ME, Horz HP, Gomes BP, Conrads G. In vivo evaluation of microbial reduc-
tion after chemo-mechanical preparation of human root canals containing necrotic
pulp tissue. Int Endod J 2006;39:484 –92.

50. Siqueira JF Jr, Paiva SS, Rôças IN. Reduction in the cultivable bacterial populations
in infected root canals by a chlorhexidine-based antimicrobial protocol. J Endod
2007;33:541–7.

51. Byström A, Claesson R, Sundqvist G. The antibacterial effect of camphorated par-
amonochlorophenol, camphorated phenol and calcium hydroxide in the treatment
of infected root canals. Endod Dent Traumatol 1985;1:170 –5.

52. Sundqvist G, Figdor D. Endodontic treatment of apical periodontitis. In: Orstavik D,
Pitt Ford T, eds. Essential Endodontology. Oxford: Blackwell Science Ltd,
1998:242–77.

53. Saunders WP, Saunders EM. Coronal leakage as a cause of failure in root-canal
therapy: a review. Endod Dent Traumatol 1994;10:105– 8.

54. Ray HA, Trope M. Periapical status of endodontically treated teeth in relation to the
technical quality of the root filling and the coronal restoration. Int Endod J
1995;28:12– 8.

55. Marquis VL, Dao T, Farzaneh M, Abitbol S, Friedman S. Treatment Outcome in Endodon-
tics: The Toronto Study. Phase III: initial Treatment. J Endod 2006;32:299–306.

56. Hoskinson SE, Ng YL, Hoskinson AE, Moles DR, Gulabivala K. A retrospective com-
parison of outcome of root canal treatment using two different protocols. Oral Surg

Oral Med Oral Pathol Oral Radiol Endod 2002;93:705–15.

Bacterial Persistence after Treatment 1299



1

1

1

1

1

1

1

1

1

1

1

1

Review Article

1

57. Chugal NM, Clive JM, Spangberg LS. Endodontic infection: some biologic and treat-
ment factors associated with outcome. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 2003;96:81–90.

58. Ostavik D, Qvist V, Stoltze K. A multivariate analysis of the outcome of endodontic
treatment. Eur J Oral Sci 2004;112:224 –30.

59. Peters OA, Barbakow F, Peters CI. An analysis of endodontic treatment with three nickel-
titanium rotary root canal preparation techniques. Int Endod J 2004;37:849–59.

60. Strindberg LZ. The dependence of the results of pulp therapy on certain factors. Acta
Odontol Scand 1956;14(suppl 21):1–175.

61. Ricucci D, Bergenholtz G. Bacterial status in root-filled teeth exposed to the oral
environment by loss of restoration and fracture or caries—a histobacteriological
study of treated cases. Int Endod J 2003;36:787– 802.

62. Sakamoto M, Siqueira JF Jr, Rôças IN, Benno Y. Bacterial reduction and persistence
after endodontic treatment procedures. Oral Microbiol Immunol 2007;22:19 –23.

63. Chu FC, Leung WK, Tsang PC, Chow TW, Samaranayake LP. Identification of culti-
vable microorganisms from root canals with apical periodontitis following two-visit
endodontic treatment with antibiotics/steroid or calcium hydroxide dressings. J
Endod 2006;32:17–23.

64. Vianna ME, Horz HP, Conrads G, Zaia AA, Souza-Filho FJ, Gomes BP. Effect of root
canal procedures on endotoxins and endodontic pathogens. Oral Microbiol Immu-
nol 2007;22:411– 8.

65. Siren EK, Haapasalo MP, Ranta K, Salmi P, Kerosuo EN. Microbiological findings
and clinical treatment procedures in endodontic cases selected for microbiological
investigation. Int Endod J 1997;30:91–5.

66. Kaufman B, Spangberg L, Barry J, Fouad AF. Enterococcus spp. in endodontically
treated teeth with and without periradicular lesions. J Endod 2005;31:851– 6.

67. Zoletti GO, Siqueira JF Jr, Santos KR. Identification of Enterococcus faecalis in
root-filled teeth with or without periradicular lesions by culture-dependent and
-independent approaches. J Endod 2006;32:722– 6.

68. Rôças IN, Hulsmann M, Siqueira JF Jr. Microorganisms in root canal-treated teeth
from a German population. J Endod 2008;34:926 –31.

69. Distel JW, Hatton JF, Gillespie MJ. Biofilm formation in medicated root canals. J
Endod 2002;28:689 –93.

70. Nair PN, Henry S, Cano V, Vera J. Microbial status of apical root canal system of
human mandibular first molars with primary apical periodontitis after “one-visit”
endodontic treatment. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
2005;99:231–52.

71. Siqueira JF Jr, de Uzeda M. Disinfection by calcium hydroxide pastes of dentinal
tubules infected with two obligate and one facultative anaerobic bacteria. J Endod
1996;22:674 – 6.

72. Haapasalo M, Orstavik D. In vitro infection and disinfection of dentinal tubules. J
Dent Res 1987;66:1375–9.

73. Haapasalo M, Qian W, Portenier I, Waltimo T. Effects of dentin on the antimicrobial
properties of endodontic medicaments. J Endod 2007;33:917–25.

74. Waltimo TM, Siren EK, Orstavik D, Haapasalo MP. Susceptibility of oral Candida
species to calcium hydroxide in vitro. Int Endod J 1999;32:94 – 8.

75. Gutmann JL. Clinical, radiographic, and histologic perspectives on success and
failure in endodontics. Dent Clin North Am 1992;36:379 –92.

76. Siqueira JF Jr, Araujo MC, Garcia PF, Fraga RC, Dantas CJ. Histological evaluation of
the effectiveness of five instrumentation techniques for cleaning the apical third of
root canals. J Endod 1997;23:499 –502.

77. Walton RE. Histologic evaluation of different methods of enlarging the pulp canal
space. J Endod 1976;2:304 –11.

78. Zuolo ML, Walton RE, Imura N. Histologic evaluation of three endodontic instru-
ment/preparation techniques. Endod Dent Traumatol 1992;8:125–9.

79. Wu M-K, van der Sluis LWM, Wesselink PR. The capability of two hand instrumen-
tation techniques to remove the inner layer of dentine in oval canals. Int Endod J
2003;36:218 –24.

80. Peters OA, Schönenberger K, Laib A. Effects of four Ni-Ti preparation techniques on
root canal geometry assessed by micro computed tomography. Int Endod J
2001;34:221–30.

81. Jett BD, Huycke MM, Gilmore MS. Virulence of enterococci. Clin Microbiol Rev
1994;7:462–78.

82. Atlas RM. Principles of microbiology. 2nd ed. Dubuque, USA: WCB Publishers,
1997.

83. Chavez de Paz L. Gram-positive organisms in endodontic infections. Endod Topics
2004;9:79 –96.

84. Goulhen F, Grenier D, Mayrand D. Oral microbial heat-shock proteins and their
potential contributions to infections. Crit Rev Oral Biol Med 2003;14:399 – 412.

85. Lleo MM, Bonato B, Tafi MC, Signoretto C, Boaretti M, Canepari P. Resuscitation rate
in different enterococcal species in the viable but nonculturable state. J Appl Mi-
crobiol 2001;91:1095–102.

86. Lleo MM, Bonato B, Tafi MC, Signoretto C, Pruzzo C, Canepari P. Molecular vs
culture methods for the detection of bacterial faecal indicators in groundwater for

human use. Lett Appl Microbiol 2005;40:289 –94.

300 Siqueira and Rôças
87. Figdor D, Davies JK, Sundqvist G. Starvation survival, growth and recovery of
Enterococcus faecalis in human serum. Oral Microbiol Immunol 2003;18:
234 –9.

88. Sedgley CM, Lennan SL, Appelbe OK. Survival of Enterococcus faecalis in root
canals ex vivo. Int Endod J 2005;38:735– 42.

89. Peters LB, van Winkelhoff AJ, Buijs JF, Wesselink PR. Effects of instrumentation,
irrigation and dressing with calcium hydroxide on infection in pulpless teeth with
periapical bone lesions. Int Endod J 2002;35:13–21.

90. Gomes BP, Lilley JD, Drucker DB. Variations in the susceptibilities of components
of the endodontic microflora to biomechanical procedures. Int Endod J
1996;29:235– 41.

91. Peciuliene V, Reynaud AH, Balciuniene I, Haapasalo M. Isolation of yeasts and
enteric bacteria in root-filled teeth with chronic apical periodontitis. Int Endod J
2001;34:429 –34.

92. Chavez de Paz L, Svensater G, Dahlen G, Bergenholtz G. Streptococci from root
canals in teeth with apical periodontitis receiving endodontic treatment. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 2005;100:232– 41.

93. Chavez de Paz LE, Molander A, Dahlen G. Gram-positive rods prevailing in teeth with
apical periodontitis undergoing root canal treatment. Int Endod J 2004;37:579–87.

94. Chavez de Paz LE, Dahlen G, Molander A, Moller A, Bergenholtz G. Bacteria recov-
ered from teeth with apical periodontitis after antimicrobial endodontic treatment.
Int Endod J 2003;36:500 – 8.

95. Tang G, Samaranayake LP, Yip HK. Molecular evaluation of residual endodontic
microorganisms after instrumentation, irrigation and medication with either cal-
cium hydroxide or Septomixine. Oral Dis 2004;10:389 –97.

96. Saito D, de Toledo Leonardo R, Rodrigues JLM, Tsai SM, Hofling JF, Gonçalves RB.
Identification of bacteria in endodontic infections by sequence analysis of 16S rDNA
clone libraries. J Med Microbiol 2006;55:101–7.

97. Munson MA, Pitt-Ford T, Chong B, Weightman A, Wade WG. Molecular and cultural
analysis of the microflora associated with endodontic infections. J Dent Res
2002;81:761– 6.

98. Vickerman MM, Brossard KA, Funk DB, Jesionowski AM, Gill SR. Phylogenetic
analysis of bacterial and archaeal species in symptomatic and asymptomatic end-
odontic infections. J Med Microbiol 2007;56:110 – 8.

99. Molander A, Warfvinge J, Reit C, Kvist T. Clinical and radiographic evaluation of one-
and two-visit endodontic treatment of asymptomatic necrotic teeth with apical pe-
riodontitis: a randomized clinical trial. J Endod 2007;33:1145– 8.

00. Trope M, Debelian G. Endodontic treatment of apical periodontitis. In: Ørstavik D,
Pitt Ford T, eds. Essential endodontology. 2nd ed. Oxford, UK: Blackwell Munks-
gaard Ltd, 2008:347– 80.

01. Baumgartner JC, Hutter JW, Siqueira JF Jr. Endodontic microbiology and treatment
of infections. In: Cohen S, Hargreaves KM, eds. Pathways of the Pulp. 9th ed. St.
Louis: Mosby/Elsevier, 2006:580 – 607.

02. Adib V, Spratt D, Ng YL, Gulabivala K. Cultivable microbial flora associated with
persistent periapical disease and coronal leakage after root canal treatment: a
preliminary study. Int Endod J 2004;37:542–51.

03. Gomes BP, Pinheiro ET, Gade-Neto CR, et al. Microbiological examination of in-
fected dental root canals. Oral Microbiol Immunol 2004;19:71– 6.

04. Sakamoto M, Siqueira JF Jr, Rôças IN, Benno Y. Molecular analysis of the root canal
microbiota associated with endodontic treatment failures. Oral Microbiol Immunol
2008;23:275– 81.

05. Cheung GS, Ho MW. Microbial flora of root canal-treated teeth associated with asymp-
tomatic periapical radiolucent lesions. Oral Microbiol Immunol 2001;16:332–7.

06. Schirrmeister JF, Liebenow AL, Braun G, Wittmer A, Hellwig E, Al-Ahmad A. Detec-
tion and eradication of microorganisms in root-filled teeth associated with perira-
dicular lesions: an in vivo study. J Endod 2007;33:536 – 40.

07. Foschi F, Cavrini F, Montebugnoli L, Stashenko P, Sambri V, Prati C. Detection of
bacteria in endodontic samples by polymerase chain reaction assays and associa-
tion with defined clinical signs in Italian patients. Oral Microbiol Immunol
2005;20:289 –95.

08. Lana MA, Ribeiro-Sobrinho AP, Stehling R, et al. Microorganisms isolated from root
canals presenting necrotic pulp and their drug susceptibility in vitro. Oral Microbiol
Immunol 2001;16:100 –5.

09. Hommez GM, Verhelst R, Claeys G, Vaneechoutte M, De Moor RJ. Investigation of the
effect of the coronal restoration quality on the composition of the root canal mi-
croflora in teeth with apical periodontitis by means of T-RFLP analysis. Int Endod J
2004;37:819 –27.

10. Rolph HJ, Lennon A, Riggio MP, et al. Molecular identification of microorganisms
from endodontic infections. J Clin Microbiol 2001;39:3282–9.

11. Hancock HH 3rd, Sigurdsson A, Trope M, Moiseiwitsch J. Bacteria isolated after
unsuccessful endodontic treatment in a North American population. Oral Surg Oral

Med Oral Pathol Oral Radiol Endod 2001;91:579 – 86.

JOE — Volume 34, Number 11, November 2008



1

1

1

1

1

1

Review Article

J

12. Waltimo TM, Siren EK, Torkko HL, Olsen I, Haapasalo MP. Fungi in therapy-resistant
apical periodontitis. Int Endod J 1997;30:96 –101.

13. Pinheiro ET, Gomes BP, Ferraz CC, Teixeira FB, Zaia AA, Souza Filho FJ. Evaluation
of root canal microorganisms isolated from teeth with endodontic failure and their
antimicrobial susceptibility. Oral Microbiol Immunol 2003;18:100 –3.

14. Egan MW, Spratt DA, Ng YL, Lam JM, Moles DR, Gulabivala K. Prevalence of yeasts in
saliva and root canals of teeth associated with apical periodontitis. Int Endod J

2002;35:321–9.

OE — Volume 34, Number 11, November 2008
15. Byström A, Sundqvist G. Bacteriologic evaluation of the efficacy of mechanical
root canal instrumentation in endodontic therapy. Scand J Dent Res 1981;89:
321– 8.

16. Sjögren U, Sundqvist G. Bacteriologic evaluation of ultrasonic root canal instrumen-
tation. Oral Surg Oral Med Oral Pathol 1987;63:366 –70.

17. Kvist T, Molander A, Dahlen G, Reit C. Microbiological evaluation of one- and
two-visit endodontic treatment of teeth with apical periodontitis: a randomized,

clinical trial. J Endod 2004;30:572– 6.

Bacterial Persistence after Treatment 1301



T

Review Article

1

ABLE S1A. Microorganisms Detected in Post-instrumentation and/or Post-medication Samples (Filling Stage Samples) by Culture and Molecular Biology Methods

Microorganisms*
Filling Stage Samples

Molecular Biology Studies Culture Studies

Bacteria
Actinobacteria

1. Actinomyces gerencseriae (1)
2. Actinomyces israelii (1) (2–8)
3. Actinomyces meyeri (1) (2, 3, 6–9)
4. Actinomyces naeslundii (1) (2, 3, 5, 6, 8)
5. Actinomyces odontolyticus (1) (2, 3, 5–11)
6. Actinomyces urogenitalis (10)
7. Actinomyces viscosus (A. naeslundii genospecies II) (1) (8, 12)
8. Bifidobacterium breve (2, 3)
9. Bifidobacterium dentium (2–4)

10. Bifidobacterium longum (2, 3)
11. Cellulomonas parahominis (13)
12. Collinsella aerofaciens (7)
13. Eggerthella lenta (5, 7, 9, 14)
14. Olsenella uli (2, 3)
15. Propionibacterium acnes (15) (2–5, 8–10, 13)
16. Propionibacterium granulosum (10)
17. Propionibacterium propionicum (2, 3, 5, 8, 14)
18. Rothia oral clone BP1-65 (15)
19. Rothia oral clone BP1-71 (15)

Bacteroidetes
20. Bacteroides fragilis (9)
21. Bacteroides ureolyticus (8, 9)
22. Capnocytophaga ochracea (14)
23. Flavobacteriaceae genomospecies C1 (15)
24. Porphyromonas gingivalis (11, 14)
25. Prevotella buccae (5–7, 12)
26. Prevotella corporis (6)
27. Prevotella denticola (6, 12)
28. Prevotella intermedia (4, 7, 9, 11, 14)
29. Prevotella loescheii (6)
30. Prevotella melaninogenica (6, 7)
31. Prevotella nigrescens (11)
32. Prevotella oral clone GU027 (15)
33. Prevotella oral clone FM005 (10)
34. Prevotella oralis (5, 9, 14)
35. Prevotella shahii (15)

Firmicutes
36. Aerococcus viridans (8)
37. Anaerococcus prevotii (4, 6–9)
38. Clostridium argentinense (8)
39. Clostridium subterminale (6, 7)
40. Eggerthella lenta (5, 7, 9, 14)
41. Enterococcus faecalis (4, 5, 11, 12)
42. Eubacterium brachy (14)
43. Eubacterium limosum (2, 3, 9)
44. Eubacterium nodatum (2, 3, 5)
45. Gemella morbillorum (6–9, 14, 16)
46. Lactobacillus acidophilus (2, 3, 6–8)
47. Lactobacillus casei (2, 3)
48. Lactobacillus catenaformis (4, 12)
49. Lactobacillus crispatus (2, 3)
50. Lactobacillus curvata (2, 3)
51. Lactobacillus delbrueckii ss lactis (2, 3)
52. Lactobacillus paracasei (2, 3, 16)
53. Lactobacillus plantarum (2, 3, 7)
54. Lactobacillus rhamnosus (2, 3)
55. Lactobacillus salivarius (2–4)
56. Lactobacillus garviae (17)
57. Mogibacterium timidum (4, 5, 14)
58. Parvimonas micra (4–9, 11–14)
59. Peptostreptococcus anaerobius (4–6, 9, 14)
60. Pseudoramibacter alactolyticus (4, 5, 10, 12–14)
61. Ruminococcus productus (18)
62. Solobacterium oral clone K010 (15)
63. Staphylococcus aureus (15) (6, 10, 13, 17)
64. Staphylococcus epidermidis (17, 19)
65. Staphylococcus xylosus (19)

66. Streptococcus acidominimus (6)
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67. Streptococcus anginosus 
68. Streptococcus constellatus 
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70. Streptococcus gordonii 
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72. Streptococcus mitis 
73. Streptococcus mutans 
74. Streptococcus oral clone ASCF07 
75. Streptococcus oralis 
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78. Streptococcus sanguinis 
79. Veillonella dispar/Veillonella atypica 
80. Veillonella parvula 

Fusobacteria
81. Fusobacterium necrogenes 
82. Fusobacterium necrophorum 
83. Fusobacterium nucleatum 

Proteobacteria
84. Acinetobacter junii 
85. Aggregatibacter actinomycetemcomitans 
86. Campylobacter gracilis 
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