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Abstract
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Bacterial sampling of prepared root canals is used to
determine the presence and character of the remaining
microbiota. However, it is likely that current sampling
techniques only identify organisms in the main bran-
ches of the root canal system whereas it is unlikely that
they can sample areas beyond the apical end-point of
preparation and filling, or in lateral canals, canal
extensions, apical ramifications, isthmuses and within
dentinal tubules. Thus, it may be impossible by current
techniques to identify residual post-treatment root
canal infection.In histologic observations of root apices,
bacteria have been found in inaccessible inter-canal
isthmuses and accessory canals often in the form of
biofilms. There is no in vivo evidence to support the
assumption that these bacteria can be entombed
effectively in the canal system by the root filling and
thus be rendered harmless. As a consequence of this
residual root infection, post-treatment apical periodon-
titis, which may be radiographically undetectable, may
persist or develop as a defence mechanism to prevent
the systemic spread of bacteria and/or their byproducts

to other sites of the body.Histologic observation of root
apices with surrounding bone removed from either
patients or human cadavers has demonstrated that
post-treatment apical periodontitis is associated with
50-90% of root filled human teeth. Thus, if the
objective of root canal treatment is to eliminate apical
periodontitis at a histological level, current treatment
procedures are inadequate. It is essential that our
knowledge of the local and systemic consequences of
both residual post-treatment root infection and post-
treatment apical periodontitis be improved. The con-
tinued development of treatments that can effectively
eliminate root infection is therefore a priority in clinical
endodontic research.Post-treatment disease following
root canal treatment is most often associated with poor
quality procedures that do not remove intra-canal
infection; this scenario can be corrected via a nonsur-
gical approach. However, infection remaining in the
inaccessible apical areas, extraradicular infection inclu-
ding apically extruded dentine debris with bacteria
present in dentinal tubules, true radicular cysts, and
foreign body reactions require a surgical intervention.
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Introduction

The simplest form of treatment to eliminate apical
periodontitis is tooth extraction (Cheung 1996) and
there is ample evidence to demonstrate that 1 month
after extraction no signs of inflammation remain within
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the surrounding tissues (Holland 1992, Mason &
Holland 1993), probably because the source of infec-
tion has been eliminated. Whilst complete healing is a
possibility after root canal treatment delayed apical
healing or the persistence of inflammation is sometimes
observed (Seltzer 1988, Friedman 2002, Huumonen &
Orstavik 2002). A probable explanation is that treat-
ment may reduce, but not necessarily eliminate root
infection (Spangberg & Haapasalo 2002, Trope &
Bergenholtz 2002, Haapasalo et al. 2003, Bergenholtz
& Spangberg 2004). As a consequence, it has been
recommended that root-filled teeth without symptoms
should be examined radiographically during a follow-
up period of up to 4 years to determine whether
healing has occurred or whether a diagnosis of post-
treatment disease can be made (Strindberg 1956,
Seltzer 1988). As a result, post-treatment root infection
and post-treatment apical periodontitis may be present
for a considerable period of time before a decision is
made on whether to revise the root canal treatment,
undertake apical surgery or monitor the tooth and
periradicular region for a further period of time.

The difference in the healing profile after tooth
extraction and after root canal treatment is due to the
different conditions under which healing occurs. It is
likely that the slower healing taking place after root
canal treatment is due in part to the fact that the
infection has not been eradicated or reduced sufficiently
by the intra-canal treatment procedures (Leonardo
et al. 1994, Ricucci & Langeland 1998, Nair et al.
2005), whereas in the absence of infection following
extraction, healing progresses rapidly (Holland 1992,
Mason & Holland 1993). It has been demonstrated that
after effective endodontic surgery, 97% of cases show
radiographic signs of complete healing within 1 year;
the average time for lesions to heal was 7 months
(Rubinstein & Kim 1999). Large lesions of >10 mm
diameter healed within 11 months, indicating that the
time required to allow the healing process and bone
regeneration in humans can be much shorter than
4 years. At the same time, over-instrumentation, and/
or over-filling with resultant extrusion of debris and
material during root canal treatment may lead to a
slow healing response (Yusuf 1982, Leonardo et al.
1997, Ricucci & Langeland 1998, Halse & Molven
2004).

It has now become clear that canal infection is
dominated by biofilms consisting of a complex network
of different microorganisms imbedded in a matrix (Nair
et al. 2005) and that bacteria organized in such a way
are more resistant than planktonic bacteria to host

International Endodontic Journal, 39, 343-356, 2006

defence mechanisms and disinfectants (Costerton et al.
1999). Because biofilms are the preferred method of
growth on a surface for most species of bacteria, it is
likely that bacteria are present in biofilms on the
dentinal wall or at the external surface of the root tip
(Nair 1987, Siqueira & Lopes 2001, Leonardo et al.
2002, Tronstad & Sunde 2003, Nair et al. 2005).
Bacterial biofilms are reported to be the most common
cause of persistent inflammation (Costerton et al. 1999)
and apical periodontitis has been referred to as ‘an
intra-radicular biofilm-induced chronic disease’ (Nair
et al. 2005). The effectiveness of conventional treat-
ment procedures to eliminate biofilms within root canal
systems remains to be studied (Svenséter & Bergenholtz
2004).

Root canal treatment procedures including access,
canal instrumentation, irrigation, intra-canal medica-
tion and root filling are performed in an attempt to
eradicate infection from the root canal system and
eliminate space in order to prevent re-infection.
However, the morphology of root canal systems is
complex and many human roots have inaccessible
areas such as apical canal ramifications, isthmuses and
other morphological irregularities (Hess 1925, Pineda
& Kuttler 1972), where bacteria may be present in the
form of biofilms (Nair et al. 2005). For example,
communicating isthmuses may be present between
mesial canals in many mandibular molars (Ardila et al.
2003, Nair et al. 2005). In addition, long oval-shaped
canals that are difficult to clean are present in
approximately one quarter of roots (Wu et al. 2000a).
Clearly, it is important to appreciate under which
conditions conventional treatment procedures are
ineffective at eliminating infection.

Recent epidemiological studies in several countries
(De Moor et al. 2000, Kirkevang et al. 2001, Dugas
et al. 2003), have reported that post-treatment apical
periodontitis was radiographically verified in 40-50%
of root-filled teeth. Thus, endodontic post-treatment
disease is a common finding (Eriksen 1991, Haapasalo
et al. 2003). The purpose of this report is to review and
discuss the occurrence and consequences of and
strategies to deal with endodontic post-treatment root
infection.

Presence of bacteria in canals after root
canal preparation

A vital pulp stump may be present in the apical portion
of root canals even in infected cases (Ricucci &
Langeland 1998, Spangberg & Haapasalo 2002).
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Ricucci & Langeland (1998) reported that the greatest
incidence of clinical and radiographic healing occurred
when a root filling ended 1.5 or 2 mm short of the
radiographic apex. However, in some cases the apical
portion of a filled root canal will contain bacteria (Nair
et al. 1990a, 1999, Simon 1994) that may be associ-
ated with inflamed apical periodontal tissues (Nair
2004). Clearly, it is important to determine whether
the apical portion of canals contain bacteria (Nair et al.
1990a, Simon 1994) or pulp tissue (Ricucci & Lange-
land 1998, Spangberg & Haapasalo 2002) although
this is virtually impossible, particularly under normal
clinical conditions.

Baumgartner & Falkler (1991) cultured the apical
region of canals in carious exposed teeth with
periapical lesions. They found that all canals were
infected in the apical 5 mm, with 50 strains of bacteria
identified, 34 of which were strict anaerobes. Tradi-
tionally, it has been accepted that canals should be
prepared to the apical constriction, which lies
0.5-1.0 mm coronally from the foramen (Kuttler
1955, Dummer et al. 1984). In this way a small
portion of the main canal will remain uninstrumented,
along with the many apical ramifications that are often
present. Clearly, if all these canal branches are consid-
ered the total volume of unprepared canal in any root
may be substantial and will contain large numbers of
microorganisms.

During canal preparation bacteria, pulp tissue debris
and infected dentine particles may be moved apically,
often resulting in loss of working length if recapitula-
tion is not performed frequently or is ineffective (West &
Roane 1998, Wu et al. 2000b). This infected material
may be pushed into the apical region beyond the
original extent of preparation and even extruded
through the foramen (Simon 1994, Wu et al. 2000b)
with a potentially negative influence on outcome
(Simon 1994, Stabholz et al. 1994). The bacteria and
infected debris accumulating in this most apical portion
of the root canal may affect apical healing (Nair et al.
1990a, 1999, Simon 1994, West & Roane 1998). One
suggested approach to solve the problem is to create a
continuously tapering root canal, the apical foramen,
rather than the apical constriction, serving as the
apical end-point of preparation (West & Roane 1998,
Buchanan 2000). Another frequently used technique
that is claimed can ‘clean’ the apical region is the
‘apical patency concept’ (Cailleteau & Mullaney 1997).
This concept involves the periodic use of a small file
(size 10 or 15) placed approximately 1 mm longer than
the working length in an attempt to push any debris
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that has accumulated through the foramen and allow
the irrigant solution to bathe the entire apical portion
of the canal.

The microbial load is unknown in each individual
case. In some cases a vital pulp stump is found apically
(Ricucci & Langeland 1998), in others there are
bacteria in apical ramifications (Nair 2004). Preparing
root canals to the apical foramina in infected canals
(Simon 1994, West & Roane 1998, Buchanan 2000)
or using a patency file (Cailleteau & Mullaney 1997)
may clean the most apical portion of the main canal,
but bacteria are likely to remain in lateral and
accessory canals or apical ramifications that remain
uninstrumented or out of the influence of irrigants.
Thus, preparing to the canal terminus does not
necessarily result in elimination of root infection. At
the same time, patency filing could increase the risk of
extruding infected dentine particles, pulp tissue, bacter-
ia and filling materials into the periapical tissues all of
which have been associated with persistence of apical
periodontitis (Yusuf 1982, Bystrém et al. 1987, Hol-
land 1992, Leonardo et al. 1997, Ricucci & Langeland
1998, Molven et al. 2002). In addition, it seems likely
that the risk of irrigant accidents would increase with
patency filing as a clear channel to the periodontal
tissues would exist (Ehrich et al. 1993, Hiilsmann &
Hahn 2000). So far, there is no scientific evidence to
support the concept that preparing root canals to the
apical foramina or the use of patency filing will
contribute to healing. A more predicatable and effective
procedure to eliminate apical root infection and one
that would not result in debris extrusion is orthograde
treatment with simultaneous apical surgery (Cheung
1996, Hepworth & Friedman 1997).

It has been reported that the flushing action of
conventional hand-delivered irrigation is substantially
less effective than that of ultrasonic irrigation to
remove debris and bacteria from uninstrumented canal
extensions, isthmuses and irregularities (Cunningham
et al. 1982, Goodman et al. 1985, Siqueira et al. 1997,
Wu & Wesselink 2001, Walters et al. 2002, Lee et al.
2004). In a study by Cunningham et al. (1982),
ultrasonics removed 86% of the bacterial spores from
the root canal whilst irrigation using a hand syringe
removed 62%. In a study by Lee et al. (2004), although
the apical canal was enlarged to size 50 at the working
length and further prepared by stepback instrumenta-
tion using sizes 55-80, hand syringe irrigation failed to
effectively remove debris from the canal. On the
contrary, it has been reported that the quantity of
bacteria was reduced substantially in canals that had
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been prepared to large sizes and irrigated using hand
syringes (Card et al. 2002). However, bacteria may be
present in areas untouched by paper points used to
sample canals with the result that confirming the
absence of bacteria with current sampling techniques is
unreliable (Molander et al. 1998, Nair et al. 2005).
Clearly, any irrigation regimen may leave bacteria and
debris in the canal, but it is clear that ultrasonics is
more effective at debridement. However, in routine
clinical practice at present it is unlikely that many
dentists routinely use ultrasonics during root canal
preparation with the result that there is an increased
risk of leaving bacteria and debris within the canal
system.

Because uninstrumented canal extensions and irre-
gularities may be occupied by debris (Cunningham et al.
1982, Goodman et al. 1985, Wu & Wesselink 2001,
Walters et al. 2002, Lee et al. 2004), calcium hydroxide
and other disinfectants that function only when in
direct contact with pathogens (Siqueira & Lopes 1999)
will not enter these regions, and will be ineffective
(Haapasalo & Orstavik 1987, Peters et al. 2002).

Molander et al. (1998) examined the microbiological
status of 120 root-filled teeth with or without apical
periodontitis when verified radiographically. Using a
sampling technique they discovered bacteria in 73% of
filled canals associated with radiographic apical perio-
dontitis and in 45% of filled canals without radiographic
apical periodontitis. Because ‘sampling’ in the apical
ramification, isthmuses and other canal irregularities
was impossible, negative cultures could not assure
absence of bacteria. Furthermore, as it was impossible to
collect samples from much of the root canal system, the
accurate analysis of the quantity and type of bacteria
remaining in each root canal was unlikely to reveal the
true character of the infection. The authors concluded,
‘All root-filled teeth should be regarded as potentially
infected’ (Molander et al. 1998). In a recent study by
Nair et al. (2005), the apical 3 mm of 16 teeth that were
root filled in a single visit was surgically removed on
completion of the root canal treatment and examined
histologically, bacteria, mostly in the form of biofilms,
were found in inaccessible inter-canal isthmi and
accessory canals in 14 of the 16 teeth. Some microor-
ganisms showed several dividing forms, indicating
presence of vital microorganisms. Microbial sampling
would have been impossible in these inaccessible areas.
Thus, it can be argued that many filled roots act as
implants with low-grade infection embedded within
connective tissue (Leonardo et al. 1994, Molander et al.
1998).
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Logically it would appear from the above review that
a post-treatment residual infection of the root canal is
likely to be present following the use of contemporary
treatment procedures. Furthermore, it would seem
impossible to eliminate predictably bacteria from the
most apical portion of the root canal and the apical
ramifications, certainly not without extruding infected
debris and/or materials into the apical tissues.

Presence of bacteria in root dentine after
canal preparation

Within infected root canals, the inner layer of dentine
next to the pulp space contains a large number of
microorganisms (Valderhaug 1974, Peters et al. 2001).
One aim of root canal instrumentation is to remove the
inner layer of dentine together with the bacteria
(Walton & Torabinejad 1996). However, in many cases
bacteria have penetrated deeply into the dentinal
tubules to such an extent that they cannot be removed
mechanically (Armitage et al. 1983, Ando & Hoshino
1990, Peters et al. 2001).

Many rotary hand and rotary instrumentation tech-
niques tend to produce round preparations (Vessey
1969, Hilsmann et al. 2001), leaving areas of the
canal wall uninstrumented, especially in oval canals
(Walton 1976, Gambill et al. 1996, Evans et al. 2001,
Wu & Wesselink 2001, Ardila et al. 2003, Bergmans
et al. 2003). Inevitably, as the canal is not instrumen-
ted in these regions the infected inner layer of dentine
will remain. Recently it has been reported that in oval
canals, even circumferential hand filing could only
remove the inner layer of dentine from 58% of the
circumference of the canal wall, leaving 42% unpre-
pared (Wu et al. 2003). Thus, although pressure was
applied to the shank of the file towards canal walls in
all directions during outward stroking of the instru-
ments, the cutting of the file in the apical root canal
was not predictable. Rotary instruments without radial
lands can be used in a circumferential motion, but even
so, it has been shown that much of the canal wall
remains unprepared following their use (Bergmans
et al. 2003, Peters et al. 2003).

Clearly, no technique presently available is able to
remove the entire inner layer of infected dentine from a
root canal. Consequently, bacteria are likely to remain
in dentinal tubules after instrumentation (Leonardo
et al. 1994, Ricucci & Langeland 1998). It has been
reported that the surface tension of sodium hypochlor-
ite limits its ability to spread within the canal
(Cunningham & Balekjian 1982). This irrigant solution
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is thus unable to penetrate and cleanse narrow,
confined portions of root canal systems, particularly
dentinal tubules (Senia et al 1971, Salzgeber &
Brilliant 1977).

The antimicrobial effect of calcium hydroxide, the
most popular intra-canal medicament, is related to the
release of hydroxyl ions in an aqueous environment;
however, the free radical rarely diffuses away from the
bulk of the material (Siqueira & Lopes 1999). In
addition, dentine has an inherent buffering capacity to
reduce the pH of calcium hydroxide pastes (Wang &
Hume 1988). Thus, calcium hydroxide will have a
limited lethal effect on bacteria within dentinal tubules
and other inaccessible areas such as apical canal
ramifications and isthmuses and it remains to be seen if
other medicaments, for example, calcium hydroxide
combined with chlorhexidine, are more potent (Shup-
ing et al. 2000, Sirén et al. 2004).

From the above review, it must be concluded that
bacteria are likely to remain in dentinal tubules
following intra-canal shaping, irrigation and medica-
tion procedures.

Entombment of bacteria by the root filling

As instrumentation, irrigation and intra-canal medica-
tion procedures cannot remove bacteria predictably
from the canal or dentine (Leonardo et al. 1994,
Molander et al. 1998, Bergenholtz & Spangberg
2004), the root filling must serve at least two
objectives, that is, to prevent coronal re-infection
(Torabinejad et al. 1990) and entomb remaining bac-
teria (Peters et al. 1995).

It seems possible to achieve the first objective. For
example, Moller et al. (1981) sealed access cavities that
had been cleaned with 35% hydrogen peroxide, 5%
iodine tincture and 70% alcohol with two layers of zinc
oxide-sulphate cements and at the end of 6-7 months,
all canals remained nonculturable, indicating that
coronal leakage had been prevented. Cox et al. (1987)
placed a layer of ZOE cement over several common
coronal restorative materials and found that this
‘surface-sealing’ layer prevented bacterial penetration.

Entombing bacteria effectively within the root canal
system should result in all remaining bacteria being
sealed by the root filling in dentinal tubules, in the
apical portion of canals, in lateral canals and apical
ramification and in the recesses of oval canals and
isthmuses so they cannot move into the periodontium.
In addition, toxic bacterial elements from multiplying
organisms should not be allowed to penetrate into the
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periodontium in a sufficient quantity to cause inflam-
mation. Therefore, the apical root filling should not
contain voids that could allow diffusion of such
elements. With present root filling techniques and
materials, such strict objectives have not been
achieved. In the great majority of dye penetration
studies, dye penetrated at least 1 mm from the apical
foramen (Wu & Wesselink 1993), indicating that voids
invariably existed between the apical root filling and
the dentinal wall. Indeed, studies by Torabinejad et al.
(1990), Chailertvanitkul et al. (1997) and by Clark-
Holke et al. (2003), have demonstrated that these voids
allow bacteria to move along the root filling. In
addition, it may be difficult to compact materials
sufficiently into the apical portion of the root canal
without apically extruding debris and material that
may itself cause inflammation (Yusuf 1982, Holland
1992, Ricucci & Langeland 1998, Molven et al. 2002).

In an in vitro study using a sampling technique
(Saleh et al. 2004), the quantity of Enterococcus faeccalis
in dentinal tubules was reduced by placement of root
fillings containing gutta-percha and some sealers.
However, it should not be forgotten that it is impossible
to diagnose absence of bacteria in dentinal tubules
using conventional sampling techniques in vivo
(Molander et al. 1998).

From the above it may be concluded that there is
insufficient evidence to support the assumption that
residual bacteria are entombed in the canal system
in vivo by placement of a root filling.

Limitations of conventional radiographic
techniques to diagnose post-treatment
apical periodontitis

It is accepted that the absence of a radiolucency does
not guarantee the absence of a bony lesion (Bender &
Seltzer 1961, Bender 1982, van der Stelt 1985,
Huumonen & Orstavik 2002), yet the absence of an
apical radiolucency is considered to represent health.
Post-treatment apical periodontitis with bone loss
may not result in an apical radiolucency, depending on
the density and thickness of the overlying cortical bone,
and the distance between the lesion and the cortical
bone (Bender & Seltzer 1961, Bender 1982, van der
Stelt 1985, Huumonen & Orstavik 2002). When a
bone lesion is within the cancellous bone and the
overlying cortical bone is substantial, the bone lesion is
not visible radiographically. Therefore, post-treatment
apical periodontitis can be radiographically visible or
invisible. Clinically, it has been reported that a large
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lesion of up to 8 mm in diameter can be present
without a radiolucency (Stabholz et al. 1994, Ricucci &
Bergenholtz 2003). In animal experiments with dogs,
post-treatment apical periodontitis was often present
within the cancellous bone without involving the
cortical bone (Katebzadeh et al. 1999).

In two studies where the relationship between
histologic and radiologic signs of inflammation was
determined in human cadavers, the negative predictive
value of radiologic inflammatory signs was 53% and
67%, respectively (Brynolf 1967, Barthel et al. 2004).
In an animal study, the positive predictive value of
radiologic signs in dogs was 100% and the negative
predictive value of radiologic signs was 55% (Rowe &
Binnie 1974). This means that whenever an apical
lucency was detected radiographically, it always
corresponded histologically with mild or severe inflam-
mation; however, when an intact periradicular region
was diagnosed radiographically, only 55% of the cases
were uninflamed histologically.

From the above, it must be concluded that conven-
tional radiographic techniques lack sufficient sensitivity
to serve as a reliable means for diagnosing post-
treatment health. Therefore, the absence of a radiolu-
cency does not prove that residual bacteria have been
entombed in the canal system by placement of a root
filling and thus rendered harmless.

Presence of post-treatment apical
periodontitis diagnosed by histology and
the periapical index

In three studies where root-filled teeth in cadavers were
examined histologically 93%, 51% and 52% of filled
teeth had post-treatment apical periodontitis, respect-
ively (Brynolf 1967, Green et al. 1997, Barthel et al.
2004). However, the quality of the root fillings in some
cases was not good or not assessed and it is unknown
whether this was a confounding variable. At the same
time, the tissues had been fixed in formalin and stored
for unknown periods (Barthel et al. 2004) with the
result that many inflammatory cells might have
become invisible due to improper fixation.

In an in vivo histological study by Ricucci &
Langeland (1998), the root apex and periapical tissues
were examined histologically following root canal
treatment. A strict aseptic technique was applied. Each
canal was irrigated with copious amounts of 1% NaOCl
using a syringe and then filled with laterally condensed
gutta-percha points and sealer. Of the 49 treated roots,
22 including 13 with a vital pulp and nine with a
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necrotic pulp were followed up for at least 3 years
following treatment. The average observation period
was 5 years and 4 months (ranging from 3 years to
10 years 8 months). In 18 (82%) of the 22 roots the
canal was filled 0-2 mm from the radiographic apex.
However, the authors stated that ‘Despite careful
preparation of optimal access and meticulous root
canal cleaning and shaping, in all cases remnants of
pulp tissue and dentine chips were found at different
levels of the root canals’ (Ricucci & Langeland 1998).
At the end of the observation period, despite the fact
that 18 (82%) of the 22 roots did not have an apical
radiolucency, only three (14%) of them were free of
inflammatory cells within the surrounding bone or
fragments of periodontal ligament attached to the
extracted roots (Ricucci & Langeland 1998). When
the root was filled short, inflammatory cells were seen
in the residual pulp tissue; when the canal was filled
flush with the apex or over-filled, severe inflammation
was seen in the periapical tissue. As the development of
apical periodontitis creates a barrier within the body to
prevent further spread of microorganisms (Stashenko
1990, Siqueira 2001, Bergenholtz & Spangberg 2004)
it could be that when the most apical portion was not
infected, periapical involvement was mild. When the
most apical portion of the root had become infected,
severe apical periodontitis occurred. On the contrary,
irritation from root filling materials could have been
another factor that sustained the inflammatory re-
sponse (Brynolf 1967, Bergenholtz et al. 1979, Yusuf
1982, Holland 1992, Ricucci & Langeland 1998,
Molven et al. 2002). Thus, post-treatment apical per-
iodontitis can vary in terms of its extent and severity;
whether a mild asymptomatic apical periodontitis
should be treated is discussed later.

Some investigators have used the periapical index
(PAI) to assess the outcome of root canal treatment
(Orstavik et al. 1987, 2004, Waltimo et al. 2001).
The PAI is based on reference radiographs with
verified histological diagnoses originally published by
Brynolf (1967). The PAI has been found to be a
useful tool that reflects histological diagnosis and
ensures unbiased assessment of the periapical condi-
tion (Orstavik et al. 1987, 2004, Waltimo et al
2001). The PAI radiographic scores 1 (normal apical
periodontium on the radiograph) to 5 (worst apical
radiolucency) correspond to different points in a ridit
scale that reflected histologic inflammatory status
from no inflammation (ridit 0.036) to severe inflam-
mation (ridit 0.964). In a clinical 4-year follow-up
study (Orstavik et al. 1987), the average ridits of

© 2006 International Endodontic Journal



Wu et al. Endodontic post-treatment root infection

those cases with high pre-treatment PAI ridit
decreased from >0.6 to 0.25 during the first 2 years
after treatment, however, little change occurred over
the following 2 years. In another clinical 4-year
follow-up study (Waltimo et al. 2001), root canals
were filled with gutta-percha and three different
sealers; at the end of 4 years, the average ridit was
0.24, 0.22 and 0.31, respectively, which represents
apical periodontitis of low severity (@rstavik et al.
1987). The rationale to include PAI score 2 (ridit
0.24) in the success-category (@rstavik et al. 1987,
2004) was based most probably on a concern for
overdiagnosing disease. However, considering that
cases with score 2 occupied 30% of all cases at the
end of the study (Orstavik et al. 1987), it can be
assumed that many cases with a small lesion were
included in the success-category.

In experiments with dogs and monkeys (Seltzer
et al. 1964, Snyder et al. 1966, Malooley et al. 1979),
teeth were root filled and histologically examined
after 5-12 months. The authors reported that ‘Repair
of the periapical tissues did not occur uniformly in all
teeth that were treated’. In a study by Tanomaru
Filho et al. (1998) the teeth of dogs with induced
chronic apical periodontitis were instrumented, irri-
gated with 5.25% NaOCl and dressed with calcium
hydroxide for 1 week before filling with lateral
condensation of gutta-percha and either calcium
hydroxide or ZnOE-based sealer. Histologically,
periapical inflammation persisted in most cases at
270 days. In the dog, the anatomy of the apical
portion of the root canal differs from that in humans
as it consists of a delta of many small canals that
cannot be cleaned nor filled (Holland 1992). The
poor healing suggests that infection remaining in the
apical delta caused post-treatment apical periodonti-
tis. Furthermore, in an animal experiment with
ferrets (Holland 1992), post-treatment apical perio-
dontitis was present in many cases 12 months after
performing vital pulpectomy in normal teeth. In the
uninfected control group of a study by Katebzadeh
et al. (1999), vital pulpectomy was performed on the
teeth of healthy dogs, periapical inflammation of
different degrees was verified in ‘a surprisingly high
number of cases’. In a study reported by Leonardo
et al. (1997), vital pulpectomy was performed on the
teeth of 68 healthy dogs, similarly poor findings were
seen when CRCS (Hygenic), Apexit (Vivadent) or
Sealer 26 (Dentsply Ind. Com. Ltda., Petropolis, R],
Brazil) was used as sealer. However, when Sealapex
(Sybron/Kerr Industria e Comércio Ltda., Guarulhos,
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SP, Brazil) was the sealer, periapical inflammation
was absent at 6 months. The histological findings of
vital pulpectomy in dog and ferret teeth (Holland
1992, Leonardo et al. 1997, Katebzadeh et al. 1999)
suggest that in certain situations root canal treat-
ment may lead to periapical inflammation.

From the above it is concluded that histologically,
post-treatment apical periodontitis is likely to be
present in more than half of root filled human teeth.

Potential systemic effects of
post-treatment residual infection and
post-treatment apical periodontitis

Whether a long-standing canal infection and apical
periodontitis will influence general health has been
discussed for over a century (Grossman 1974), but no
definite conclusion has emerged (Rogers 1976, Ehr-
mann 1977, Thoden van Velzen et al. 1984, Mattila
et al. 1989, 1995, Marton & Kiss 1992, Ridker et al.
1997, 2000, 2001, Debelian et al. 1998, Slavkin
1999, Loos et al. 2000, Murray & Saunders 2000, Li
et al. 2001, Haueisen & Heidemann 2002, Frisk et al.
2003, Janket et al. 2003, Meurman et al. 2003, Skaug
2003, Caplan et al. 2004).

Recently, long-standing inflammation has been rela-
ted to the risk of cardiovascular diseases. In a study
where plasma C-reactive protein (CRP), a marker for
systemic inflammation, was measured in 1068 male
adults, half developed coronary heart disease (CHD)
over the course of a 14-year study (Ridker et al. 1997).
It was found that those with very low levels of CRP,
<0.5 mg LY, rarely had CHD; however, when CRP
was higher than 1.0 mg L', the risk of CHD was
increased (Ridker et al. 1997, Loos et al. 2000). Risks
were stable over long periods, were not modified by
smoking, and were independent of other lipid-related
and nonlipid-related risk factors (Ridker et al. 1997). In
the study by Loos et al. (2000), localized and general-
ized periodontitis were associated with significantly
higher systemic levels of CRP; importantly, the possible
confounding factors including smoking, hypertension,
cholesterol, etc. had been controlled. Thus, it is of
concern whether long-standing apical periodontitis of
endodontic origin also elevates systemic levels of CRP in
human (Marton & Kiss 1992). Buttke et al. (2005)
have recently reported that chronic apical periodontitis
is not associated with elevated CRP in dogs.

According to the original concept, focal infection
occurs when microorganisms disseminate from a
localized area of infection (infected canal) through the
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blood circulation and establish themselves elsewhere in
the body as a secondary infection (Skaug 2003).
Passage of microorganisms into the blood stream
following endodontic procedures has been examined
and it has been reported that endodontic treatment
procedures may cause a bacteraemia (Debelian et al.
1998, Savarrio et al. 2005). Researchers tended to
isolate the same bacteria from the original and secon-
dary diseased organs (Skaug 2003).

Currently, links between dental infections and CHD
or adverse pregnancy outcomes are being investigated
(Caplan 2004). It is now hypothesized that long-
standing, low-grade infection may activate immune
cells: certain parts of the body are mistakenly selected
by immune cells for attack; e.g. macrophages begin
attacking cholesterol deposits in the coronary arteries,
causing the plaque to burst, and provoke CHD (Ridker
et al. 1997, 2000, 2001). These assumptions remain to
be evaluated further. The Total Dental Index is used as
a summary measure of total dental infections. It has
been so far agreed in a few studies (DeStefano et al.
1993, Mattila et al. 1993, 1995, 2000, Mattila 1993,
Joshipura et al. 1996, Frisk et al. 2003, Hung et al.
2004) that the Total Dental Index and tooth loss are
significantly associated with CHD. Both periodontitis
and apical periodontitis are contributors to either the
Total Dental Index or the tooth loss.

In an epidemiologic study reported recently (Caplan
et al. 2004 ), during a maximum follow-up of 32 years
with 708 male adults, lesions of endodontic origin
amongst those <40 years old were statistically sig-
nificantly associated with risk of CHD after controlling
for baseline values of education, income, total choles-
terol, triglycerides, diabetes, hypertension and smoking.
Frisk et al. (2003) investigated links between endodon-
tic variables and CHD. Positive significant associations
were found between tooth loss and CHD, also between
subjects with two root-filled teeth and CHD, but for
periapical radiolucency the logistic regression analysis
did not support an association with CHD. However,
these studies (Frisk et al. 2003, Caplan et al. 2004)
have a drawback that the category of individuals
without apical periodontitis contained many individu-
als with radiographically undetectable apical periodon-
titis due to the insensitivity of the negative radiographic
diagnosis (Bender & Seltzer 1961, Bender 1982, van
der Stelt 1985, Huumonen & Orstavik 2002). Actually,
the capacity of such studies to discover the association
between apical periodontitis and CHD is limited.
Therefore, failing to discover the link does not prove
the absence of the link.
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From the above, it is concluded that long-standing
inflammation may have systemic effects and influence
general health. Thus, it is necessary to develop proce-
dures that reduce root infection to a level that
eliminates periapical inflammation.

Strategies to deal with post-treatment
disease

Orstavik & Pitt Ford (1998), Friedman (2002) and
Trope (2003) have defined clinical endodontics as the
prevention and/or elimination of apical periodontitis.
Accordingly, the aim of endodontic treatment is to
achieve histological healing, i.e. absence of post-
treatment apical periodontitis not only at a radio-
graphic level but also at a histological level.

Epidemiological studies have shown that post-treat-
ment disease is quite common. In a Lithuanian
population, the frequency of radiographically verified
post-treatment apical periodontitis was 35% (Sidaravi-
cius et al. 1999). Similarly verified post-treatment
apical periodontitis was observed in 40% of root-filled
teeth in a Belgian population (De Moor et al. 2000). In
a study in Denmark (Kirkevang et al. 2001), the
periapical status of nearly 600 root-filled teeth was
compared in 1974-1975 and 1997-1998. Post-treat-
ment apical periodontitis was observed in approxi-
mately 50% of the root-filled teeth in both groups, and
in molars the prevalence of post-treatment apical
periodontitis was as high as 65% in both groups. In
two selected Canadian populations the prevalence of
post-treatment apical periodontitis was 44% and 51%
(Dugas et al. 2003). Considering that many lesions
limited to cancellous bone are not detected with
conventional radiographic techniques, the prevalence
of periapical radiolucencies in these studies must be an
underestimation of the real prevalence of disease. The
high prevalence of apical lesions is likely to be due to
improper root canal treatment failing to reduce mark-
edly the bacterial load or coronal leakage.

Common problems that cause persistent post-treat-
ment periapical pathosis have been widely documented
(Wu & Wesselink 2006). These problems include
infection remaining in the apical inaccessible areas
(Nair 2004, Nair et al. 2005), extraradicular infection
(Sundquvist & Reuterving 1980, Tronstad et al. 1987,
Siqueira & Lopes 2001, Leonardo et al. 2002, Tronstad
& Sunde 2003) including apically extruded dentine
debris with bacteria present in dentinal tubules (Yusuf
1982), radicular true cyst (Nair et al. 1993, Simon
1998), foreign body reaction (Nair et al. 1990b, 1998,
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Nair 1998, Ricucci & Langeland 1998), poor root canal
therapies with or without iatrogenically altered root
canal morphology (Ray & Trope 1995, Tronstad et al.
2000, Gorni & Gagliani 2004), and vertical root
fractures (Vire 1991, Testori et al. 1993, Tamse et al.
1999). Poor root canal therapies may be corrected
nonsurgically; the other problems may require a
surgical intervention.

Apical surgery offers immediate access to the root
apex. The periapical pathological tissues are removed
by apical curettage and the apical portion of the root,
which frequently contains infected canal ramifications
(Rubinstein & Kim 1999, Nair et al. 2005) is removed
by resection. Importantly, at surgery the prepared
apical canals and exposed isthmuses and accessory
canals (Weller et al. 1995, Von Arx 2005) should be
carefully located and prepared with the aid of a surgical
operation microscope and micromirror (Rubinstein &
Kim 1999) and then, irrigated ultrasonically to remove
bacteria, debris and smear layer (Lee et al. 2004) prior
to their filling. Ninety-seven per cent of the lesions
including those >10 mm in diameter completely healed
within 1 year after effective apical surgery (Rubinstein
& Kim 1999). Ideally, apical surgery and orthograde
retreatment should be performed simultaneously (Hep-
worth & Friedman 1997) because endodontic surgery
is not a long-term solution for inadequate orthograde
root canal treatment (Rubinstein & Kim 1999).

However, dentists and patients may have different
attitudes to the presence and treatment of post-treatment
root canal infection and post-treatment apical perio-
dontitis in terms of their relevance (Reit & Kvist 1998). If
the negative predictive value of radiolucency is 60%
and post-treatment apical periodontitis has been
demonstrated in the other 40% at a histological level
(Brynolf 1967, Rowe & Binnie 1974, Barthel et al.
2004), one may argue why is ‘absence of apical
radiolucency’ necessary? It has been reported in an
epidemiological study on outcomes of endodontic treat-
ment in a large American patient population that 97% of
teeth were retained in the oral cavity 8 years following
nonsurgical root canal treatment (Salehrabi & Rotstein
2004). Clearly, many of these teeth must have been
associated with post-treatment root canal infection and
post-treatment apical periodontitis. Accepting that the
persistence of low-grade post-treatment apical perio-
dontitis is a frequent consequence of many root canal
treatments, it could be argued that it may be appropriate
to not treat teeth with mild asymptomatic apical
periodontitis or a minimal radiographic periapical
pathosis. However, considering that sometimes a large
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bony lesion may be present without an obvious
radiolucency using conventional radiographic techni-
ques (Stabholz et al. 1994, Ricucci & Bergenholtz 2003),
how should a ‘tolerable low-grade inflammation’ or
‘minimal radiographic periradicular pathosis’ be de-
fined? Clearly, more effort and resource should be
directed into better diagnostic methods. Furthermore, if
asymptomatic inflammation remaining after endodontic
treatment is considered acceptable, treating asympto-
matic lesions associated with teeth that have not
received endodontic treatment may be questioned.

From this review it appears to be important to
prevent pulpal infection because it is difficult to
eliminate bacteria and biofilms from the root canal
system, especially from the most apical portion of the
root canal and apical ramifications (Nair et al
1990a, 2005, Nair 2004). Furthermore, when the
apical portion of the root has been infected, bacterial
biofilms may occasionally be present on the external
surface of the root tip (Siqueira & Lopes 2001,
Leonardo et al. 2002, Tronstad & Sunde 2003). It is
therefore preferable to perform root canal treatment
in cases where the apical portion of the root has not
been infected using a technique that prevents apical
spread of microorganisms. When the apical portion
has been infected already, including retreating root-
filled teeth with post-treatment disease, patients
should be informed that performing nonsurgical
conventional root canal treatment or retreatment
may provide relief of symptoms and retain a func-
tional tooth, however, some infection and inflamma-
tion may remain.

Conclusions

Apical periodontitis, which may be radiographically
undetectable, is likely to persist or emerge in most root-
filled teeth as a consequence of residual endodontic
post-treatment root infection. If the objective of root
canal treatment is defined as elimination of apical
periodontitis at a histological level, current treatment
procedures must be improved. At the same time, it is
essential that further knowledge is acquired of the local
and systemic biological consequences of residual post-
treatment root infection and post-treatment apical
periodontitis.
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