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In pulpitis, caused by a deep caries lesion, the inflam-
matory reactions in the pulp start long time before bac-
teria are found in the pulp tissue. The initial inflamma-
tory reactions are initiated by bacterial antigens inter-
acting with the local immune system (BERGENHOLTZ

1990, PASHLEY 1996, JONTELL et al. 1998). As long as the
body of the carious lesion has not entered the pulp, the
inflammatory process in the pulp is supposed to be re-
versible, and no endodontic therapy is usually required.
With progressing caries, bacterial cells enter the super-
ficial layers of the pulp. As long as there is vital pulp tis-
sue, the pulp, even though heavily inflamed, is consid-
ered to be relatively bacteria-free.
Apical periodontitis is an inflammatory process in the
periradicular tissue caused by microorganisms in the
necrotic root canal (KAKEHASHI et al. 1965). Some stud-
ies have indicated that the prognosis of the treatment of
apical periodontitis is lower if there are living bacteria
in the root canal at the time of filling (ENGSTRÖM et al.
1964, SJÖGREN et al. 1997, KATEBZADEH et al. 2000). It is
generally accepted that successful treatment of primary
apical periodontitis rests on effective elimination of the
causative agents in the root canal system (CHUGAL et al.
2001). However, other studies have not been able to
show a difference in healing between teeth filled after
positive or negative cultures from the root canal or be-
tween one and two-appointment treatments (WEIGER et
al. 2000, PETERS & WESSELINK 2002).
Elimination of endodontic infection is different from
elimination and control of most other infections in the
human body. Because of the special anatomic environ-
ment in the root canal and tooth, host measures that in
other sites are sufficient to eliminate the infectious or-
ganisms, are alone not enough for complete recovery in
endodontic infections. Therefore, control of an en-
dodontic infection is a concerted effort by several host
and treatment factors. Success in all aspects of this co-
operation will eventually result in elimination of the in-
fective microorganisms and healing of the periapical le-
sion. The necessary components in the elimination of
endodontic infection are i) host defense system, ii) in
some cases systemic antibiotic therapy, iii) chemome-
chanical preparation and irrigation, iv) local root canal
disinfecting medicaments, v) permanent root filling, vi)
permanent coronal restoration. While the main focus in
this article will be on chemomechanical preparation

and local disinfecting agents (factors iii and iv), the role
of other contributory factors will also be briefly sum-
marized. Periapical actinomycosis and other ex-
traradicular infections are left outside this review. 

Host defense

The host’s defense system is a key factor in preventing
the spreading of the infection from the root canal to the
periapical tissues and bone. However, lack of circula-
tion in the necrotic root canal makes it impossible for the
phagocytes and the rest of the immune system to pene-
trate into the root canal space for more than a few hun-
dred micrometers. Therefore, although of crucial im-
portance in maintaining general health, the defense sys-
tem is limited to achieving a balance between the mi-
crobial intruders and the body, but it cannot eliminate
the source of the infection in the root canal.
In chronic apical periodontitis the main mechanism re-
sponsible for destruction of normal bone structure is ac-
tivation of bone osteoclasts and inhibition of osteoblast
activity (STASHENKO et al. 1992, 1998). The sequence of
events resulting in osteoclast stimulation is a network of
immunological chain reactions where inflammatory
cytokines play a major role. Although alternative theo-
ries about the major route in osteoclast activation have
been presented, the key fact remains that it is the host’s
own cells, osteoclasts that remove the bone around the
root tip. Nowadays, removal of bone is understood as an
important and necessary defense strategy: bone has a
poor capability to defend itself against bacterial intrud-
ers, and osteomyelitis might be a result of the spreading
of the intracanal infection. That is why bone is removed
by the defense system before the infection reaches the
periapical tissues. In apical periodontitis the lesion is
filled with phagocytes and other defense cells which ef-
fectively prevent further spreading of the microbial in-
fection. 

Systemic antibiotics

Use of systemic antibiotics is not a routine part of en-
dodontic treatment of apical periodontitis. On the con-
trary, antibiotics are only rarely used in endodontics.
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Minimizing the risk of post-treatment symptoms has
been one argument often used when prescribing antibi-
otics to endodontic patients. However, according to the
several studies, use of systemic antibiotics has not been
helpful in reducing the number of patients with flare-
ups or other acute problems after the start of the treat-
ment (for review see: FOUAD 2002). Neither is there sci-
entific evidence that systemic antibiotic therapy has a
beneficial effect on the long-term prognosis of the treat-
ment of apical periodontitis. There is presently a con-
sensus in endodontics that systemic antibiotics should
be used only when general indications for their use are
present (FOUAD 2002). 
Administration of systemic antibiotics should be con-
sidered with a spreading infection indicating failure of
local host responses, or in cases of known reduced host
defense mechanisms that might put the patient to in-
creased systemic risks (FOUAD 2002, SIQUEIRA JF JR
2002). 
Also, when the patient has fever, antibiotics should be
given. The effectiveness of antibiotic therapy is never
fully predictable because of a variety of parameters af-
fecting the outcome. Therefore, the focus must always
be on local antimicrobial measures (chemomechanical
preparation & disinfection). Whenever there are gen-
eral symptoms or spreading infection, the patient must
be carefully monitored, and referral to hospital must be
considered.

Chemomechanical preparation & irrigation

Manual instrumentation 
There is no disagreement on that mechanical cleaning
and shaping of high quality of the root canal is the most
important single factor for successful endodontic treat-
ment. Together with the use of local irrigating solutions
with antibacterial activity the majority, if not all bacte-
ria in the root canal system will be eliminated. Me-
chanical instrumentation is a primary means of bacter-
ial reduction in endodontic treatment. BYSTRÖM &
SUNDQVIST (1981) measured the reduction in bacterial
counts cultured from the infected root canal when in-
strumented with manual steel instruments and saline ir-
rigation. Fifteen root canals with necrotic pulps and pe-
riapical lesions were instrumented at five sequential ap-
pointments. 
Mechanical instrumentation greatly reduced the num-
ber of cfu (colony forming units), usually 100–1,000-
fold, but the number of bacteria-free root canals in-
creased slowly. Even after five appointments with me-
chanical preparation and saline irrigation several
canals still showed growth. Corresponding observa-
tions were reported also by ØRSTAVIK et al. (1991). Since
it has become obvious that mechanical preparation
with manual instruments and irrigation with saline
(which has practically no antibacterial activity) is un-
able to predictably produce sterile root canals, focus
has been put on the combined effect of instrumentation
and strongly antibacterial irrigating solutions. 

Canal irrigation
Use of irrigating solutions is an important part of effec-
tive chemomechanical preparation. It facilitates re-
moval of necrotic tissue and dentine chips from the root
canal and thus prevents packing of infected tissue api-
cally in the root canal and into the periapical area. In ad-
dition, many irrigating solutions have other beneficial
effects. EDTA (ethylene-diamine-tetra-acetic acid, 17%
disodium salt, pH 7) is a chelating agent widely used in
endodontic preparation. It has low or none antibacter-
ial activity, but it effectively removes smear layer by af-
fecting the inorganic component of the dentine. There-
fore, by facilitating cleaning and removal of infected tis-
sue, EDTA contributes to the elimination of bacteria in
the root canal. It has also been shown that removal of the
smear layer by EDTA (or citric acid) improves the anti-
bacterial effect of locally used disinfecting agents in
deeper layers of dentine (HAAPASALO & ØRSTAVIK 1987,
ØRSTAVIK & HAAPASALO 1990). 
Sodium hypochlorite (NaOCl), used in concentrations
varying from 0.5% to 5.25%, is a strong antimicrobial
agent which is supposed to play an important role in dis-
solving the organic part of pulpal remnants and dentine.
Most importantly, it kills bacteria very rapidly even at
relatively low concentrations. PASHLEY et al. (1984)
demonstrated greater cytotoxicity and caustic effects on
healthy tissue with 5.25% NaOCl than with 0.5% and
1% solutions. No studies have clearly shown that the
stronger solutions have a better antibacterial effect in
vivo in the root canal. However, careless use of both
NaOCl (in high and low concentrations) as well as EDTA
will result in severe pain if they are introduced to the pe-
riapical area. NIU et al. (2002) observed the ultrastruc-
ture on canal walls after EDTA and EDTA + NaOCl irri-
gation by scanning electron microscopy. They reported
that more debris was removed by irrigation with EDTA
followed by NaOCl than with EDTA alone. BYSTRÖM &
SUNDQVIST (1983, 1985) showed that although 0.5%
NaOCl, with or without EDTA, improved the efficiency
of preparation, all canals could not be made bacteria-
free even after repeated appointments. 
Sodium hypochlorite effectively kills bacteria, but is
caustic if pressed to the periapical area. In addition, ac-
tive chlorine may cause damage to the patient’s clothes
through its strong bleaching effect. Therefore, there has
been interest for alternative irrigating solutions that
could replace NaOCl. Chlorhexidine gluconate (CHX)
has been long used in dentistry because of its antimi-
crobial properties and its relatively low toxicity. It is also
increasingly used in endodontics. Although studies
comparing the antibacterial effect of NaOCl and CHX
have given somewhat conflicting results, it seems that
when used in identical concentrations, their antibacter-
ial effect in the root canal and in infected dentine is rel-
atively similar (BUCK et al. 2001, HELING & CHANDLER

1998, VAHDATYet al. 1993, ØRSTAVIK& HAAPASALO1990).
However, CHX lacks the tissue dissolving ability, which
is one of the obvious benefits of NaOCl. WALTIMO et al.
(1999) studied the antifungal effect of combinations of
endodontic irrigants and found that the combinations of
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disinfectants were equally or less effective than the
more effective component. 
However, it has been shown that in certain concentra-
tions chlorhexidine and hydrogen peroxide have a
strong synergistic effect against Enterococcus faecalis,
Streptococcus sobrinus and Staphylococcus aureus
(HELING & CHANDLER 1998, STEINBERG et al. 1999).

Rotary instrumentation
Use of rotary preparation with nickel-titanium instru-
ments undoubtedly offers several potential advantages.
The most obvious of these are probably quality of the
apical preparation and efficiency (Fig. 1). However,
comparative studies have not always been in favor of ro-
tary instruments when the various aspects of prepara-
tion have been analyzed (DEPLAZESet al. 2001). AHLQVIST

et al. (2001) showed that manual instrumentation pro-
duced cleaner canals than preparation with rotary in-
struments. Similar results have been reported by
SCHÄFER et al. (2002). However, rotary nickel-titan in-
struments seem to maintain the original canal curvature
better, particularly in the apical part of the root canal
(SCHÄFER et al. 2002). 
DALTON et al. (1998) compared steel K files and NiTi ro-
tary instruments in removing bacteria from infected root
canals with saline as an irrigant. Only ca. a third of the
teeth were made bacteria-free while no significant dif-
ference could be detected between the two groups.
However, larger preparation diameter of the apical
canal produced significant reduction in bacterial
counts. COLDERO et al. (2002) studied the effect of api-
cal preparation on the number of residual bacteria in the
root canal. They concluded that additional apical en-
largement to #35 did not further reduce the number of
surviving bacteria. However, the size of the original
preparation in this study is not given, and it is possible
that even #35 is too small preparation size to show dif-

ferences in bacterial elimination. In fact, ROLLISON et al.
(2002) showed that apical enlargement to #50 instead
of #35 resulted in a more effective elimination of bacte-
ria in the root canal, although absolute sterility was not
obtained. 
In a recent study CARD et al. (2002) reported sterility in a
majority of root canals instrumented by rotary instru-
ments using large apical sizes and irrigation with 1%
NaOCl. The instrumentation and bacterial sampling
was done in two phases: The first instrumentation uti-
lized 1% NaOCl and 0.04 taper ProFile rotary files. The
cuspid and bicuspid canals were instrumented to a #8
size and the molar canals to a #7 size. The second in-
strumentation utilized LightSpeed files and 1% NaOCl
irrigation for further enlargement of the apical third.
Typically, molars were instrumented to size #60 and
cuspid/bicuspid canals to size #80. All of the cuspid/bi-
cuspid canals and 81.5 % of the molar canals were bac-
teria-free after the first instrumentation as shown by
negative cultures from samples obtained from the root
canals. The molar results improved to 89% after the sec-
ond instrumentation. When the molar canals were di-
vided into two groups, one with no visible anastomoses
between root canals and one with a complex root canal
anatomy, the proportion of sterile canals in the first
group was 93% already after the first instrumentation.
The results of CARD et al. (2002) are indirectly supported
by earlier observations by PETERS at al. (2001), who stud-
ied rotary preparation of root canals of maxillary first
molars. They compared the effects of four preparation
techniques on canal volume and surface area using
three-dimensionally reconstructed root canals in ex-
tracted teeth. Micro CT data was used to describe mor-
phometric parameters related to the four preparation
techniques. Specimens were scanned before and after
canals were prepared using Ni-Ti-K-Files, Lightspeed
instruments, ProFile.04 and GT rotary instruments. Dif-

Fig. 1 Fig. 2a Fig. 2b



14
ENDODONTIE JOURNAL 4/2003

SPECIAL

ferences in dentine volume removed, canal straighten-
ing, the proportion of unchanged area and canal trans-
portation were calculated in this study (PETERS et al.
2001). The results showed that instrumentation of
canals increased volume and surface area. Prepared
canals were significantly more rounded, had greater di-
ameters and were straighter than unprepared canals.
However, all instrumentation techniques left 35% or
more of the canals’ surface area unchanged. Whilst
there were significant differences between the three
canal types investigated, very few differences were
found with respect to instrument types. The relatively
large proportion of untouched canal walls in molar root
canals offers a possible explanation why in the study of
CARD et al. (2002) it was difficult to totally eliminate bac-
teria from such canals as compared to canines and pre-
molars. 

Size of the apical preparation
The main goals of mechanical preparation are the fol-
lowing: i) to remove infected tissue from the root canal,
ii) to facilitate the use and effectiveness of irrigating so-
lutions, iii) to create sufficient space for effective deliv-
ery of intracanal medicaments between appointments,
iv) to create sufficient space in the root canal to allow
placement of permanent root filling of high quality. De-
spite of these clearly defined and widely accepted gen-
eral goals for preparation, there is no consensus about
the recommended size for the apical preparation in var-
ious teeth. Theoretically, optimal apical preparation
would require an instrument size equal to or bigger than
the largest diameter of the apical canal. This would guar-
antee that all walls in this critically important part of the
canal would be engaged by the instruments. Studies by
KEREKES & TRONSTAD (1977a, 1977b, 1977c) suggested
that the final preparation size should be quite high as
compared to the sizes often used in practice: #50 to #90
in incisors, canines and premolars, and even in molar
curved canals sizes #50 to #60. 
These studies also demonstrated that in some roots such
as in maxillary first premolars, it was often impossible 
to obtain a round apical preparation without perforation
of the root, as the smaller external diameter of the root
was in several cases smaller than the larger internal di-
ameter of the root canal. The same was concluded in an-
other study of maxillary first molars by GANI & VISVISIAN

(1999). 
In clinical practice, there are no methods available that
would reliably measure the size of the apical root canal.
MORFIS et al. (1994) studied the size of apical foramen in
various tooth groups and found that the largest foramen
was in the distal root of lower molars, the average di-
ameter being almost 0.4 mm (#40). WU et al. (2002)
studied if the first file to bind apically would correspond
to the diameter of the canal in the apical region. The
canals were prepared three sizes larger than the first
binding file, and the quality of the final preparation was
then analyzed. The result of this study showed that there
was no correlation between the first binding file and
larger diameter of the apical canal. At present, the typi-

cal size of the apical preparation in curved molar canals
varies from #20 to #60 in different parts of the world. It
is possible that in the treatment of vital pulp (pulpec-
tomy) the size of the apical preparation is not of crucial
importance because of lack of microorganisms in the
apical canal. However, in the treatment of apical peri-
odontitis apical enlargement may be more important in
favor of larger preparation size (ROLLISON et al. 2002,
CARD et al. 2002). 
However, final evidence of the importance of this to
long term prognosis is still lacking. It is obvious, how-
ever, that with size #25 as the final preparation instru-
ment in the apical canal leaves the walls in many canals
relatively untouched. 
The quality of apical shaping and cleaning is affected,
not only by the diameter of the last instrument, but also
by the taper. For example, in manual preparation, the
typical 2% taper in the preparation of #30 gives canal
diameters of #32, #34 and #36 1, 2, and 3 mm from the
working length. However with a size #30 instrument
with 9% taper, the corresponding diameters are #39,
#48 and #57 (Fig. 2). It has been speculated that the
greater taper may facilitate the effect of antibacterial ir-
rigants in the apical canal (COLDERO et al. 2002). How-
ever, at present there are no studies to show the possible
importance of the differences of apical taper. 

Working length vs. apical foramen
Anatomic studies about the location of the foramen
have demonstrated that it may often exist at a distance
of 0–3 mm from the anatomic apex (BURCH & HULEN

1972). Using the radiographic apex of the tooth as the
only guideline for working length determination would
therefore result in overinstrumentation in a large num-
ber of cases. It is recommended that the working length
is determined by use of radiographs and electronic apex
locators (Consensus report of the ESE on quality guide-
lines for endodontic treatment, 1994).  In pulpitis treat-
ment, the recommended working length is 1–2 mm
short of the radiographic apex. In apical periodontitis,
elimination of root canal infection, not the least in the
apical canal, is the key to successful treatment. There-
fore, in an optimal situation the root canal should be in-
strumented, disinfected and filled to the level of the
coronal side of the apical foramen (Fig. 3), to avoid the
possibility of residual microbes surviving in the unin-
strumented apical canal (TROPE & BERGENHOLTZ 2002). 
Overinstrumentation, with the possible exception of
the smallest hand files of size #06 to #10 at certain situa-
tions, should be avoided at all costs because of the fol-
lowing reasons: i) direct physical trauma to periapical
tissue, ii) introduction of necrotic canal contents and
dead and living microorganisms into the periapical area
> persisting infection, periapical actinomycosis, iii)
bleeding into the root canal > nutrients to intracanal
bacteria, iv) growth of the foramen size > better possi-
bilities for bacteria to get nutrients from the periapical
area (inflammatory exudate), v) increased risk for extru-
sion of irrigating solutions and well as overfilling with
sealer/gutta-percha, vi) in curved canals (= most canals)
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creation of an oval foramen instead of a round one >
poorer apical seal with a round gutta-percha master
point (complete compensation with a sealer is theoret-
ical) > hide-out for residual microbes (Fig. 4).

Disinfection of the root canal by intracanal
medication

In pulpectomy, intracanal medication is not an integral
part of the treatment because the pulp is bacteria free or
only superficially infected. Only when time limitation
has not allowed completing the treatment in one ap-
pointment, the canal space has been filled e.g. with cal-
cium hydroxide to prevent contamination of the canal
during appointments. In anatomically demanding
teeth, interappointment calcium hydroxide may have
been selected to facilitate removal of residual pulp tis-
sue or to help to control bleeding. 
In the treatment of apical periodontitis intracanal med-
ication has been recommended to eradicate the mi-
crobes that survive instrumentation and irrigation. A va-
riety of different medicaments have been used for this
purpose. These include calcium hydroxide, phenol
compounds eugenol and camphorated parachlorophe-
nol (CMCP), iodine potassium iodide (IPI), glutaralde-
hyde, formocreosol, and pastes containing a mixture of
antibiotics with or without corticoids. BYSTRÖM et al.
(1985) showed that calcium hydroxide was more effec-
tive as an intracanal medicament than CMCP or cam-
phorated phenol and made 34 out of 35 canals bacteria
free after four weeks. The effectiveness of interappoint-
ment calcium hydroxide was also demonstrated by SJÖ-
GREN et al. (1991) who showed that the 7-day dressing
with calcium hydroxide eliminated bacteria which sur-
vived instrumentation and irrigation of the canal, while
the 10-minute application was ineffective. However,
the outstanding results in canal disinfection by calcium
hydroxide have been to some extent challenged by
other studies, that reported a residual flora in 7–35% of
cases after the use of calcium hydroxide (ØRSTAVIK et al.

1991, REIT et al. 1988, SCHUPING et al. 2000). PETERS et al.
(2002) reported that the number of positive canals had
increased in the period between visits when calcium hy-
droxide was used as an intracanal dressing. However,
the number of microorganisms had only increased to ca
one per cent of the original number. The different results
may be partly explained by differences in the clinical
cases studied (e.g. intact teeth vs. carious teeth), and in
techniques employed in sampling and culturing the mi-
crobes. 
Retreatment of root filled teeth with apical periodonti-
tis has a lower prognosis than treatment of primary api-
cal periodontitis (for review see FRIEDMAN 1998). This
may be due to several reasons such as technical com-
plications, difficult anatomy, unlocated root canals etc.
One possible explanation for poorer prognosis is the
presence of microflora that is more resistant to normal
treatment procedures than the flora in primary apical
periodontitis. It is well documented that Enterococcus
faecalis is the dominant microbe in persistent apical pe-
riodontitis (retreatment) (SIREN et al. 1997, MOLANDER et
al. 1998, SUNDQVIST et al. 1998, HANCOCK et al. 2001,
PECIULIENE et al. 2000, 2001). It is ecologically very tol-
erant and can survive in water without nutrients for sev-
eral months (FIGDOR et al. 2003). It is also more resistant
to most locally used disinfecting agents than other en-
dodontic microbes (HAAPASALO & ØRSTAVIK 1987). In
vitro and in vivo studies have clearly demonstrated that
intracanal calcium hydroxide fails to eliminate E. fae-
calis from the infected dentine (HAAPASALO & ØRSTAVIK

1987, MOLANDER et al. 1999). On the other hand, no
other medicament has shown better in vivo effective-
ness against E. faecalis either (MOLANDER et al. 1999).
However, although there is no disagreement about the
dominance of E. faecalis in retreatment cases of apical
periodontitis, the importance of this bacterium for the
long term prognosis of the treatment has not been
demonstrated in clinical studies. Other microbes more
frequently found in retreatment cases include gram-
positive facultative organisms such as Streptococcus
spp., Lactobacillus spp., Actinomyces spp., Propioni-

Fig. 3a Fig. 3b Fig. 4a Fig. 4b
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bacterium spp., gram-negative coliform rods and the
yeast Candida albicans (PECIULIENE et al. 2001, CHAVEZ

et al. 2003, WALTIMO et al. 2003).
Root canal disinfecting agents are extremely effective
against even the resistant microbes when tested in a test
tube environment. The clearly poorer results in vivo in
the root canal indicate the presence of interfering fac-
tors that negatively affect the outcome of the disinfec-
tion. HAAPASALO et al. (2000) and PORTENIER et al. (2001,
2002) studied the effect of dentine and other substances
present in the root canal milieu on the antibacterial ef-
fect of calcium hydroxide, chlorhexidine and IPI on En-
terococcus faecalis. These studies showed that all three
disinfectants were negatively affected by the various
substances tested, calcium hydroxide being particu-
larly sensitive to the inhibitory effect of a variety of sub-
stances present in the root canal. EARLIER MESSER & CHEN

(1984) had reported short duration of the vapors from
cotton pellets soaked in phenol compounds. The inac-
tivation of locally used disinfecting agents in the root
canal may explain the relative resistance of the root
canal microflora. Gram-positive facultative bacteria
which best tolerate the harsh ecological conditions cre-
ated by the chemomechanical preparation have been
shown to increase their relative proportion of the flora
after preparation and use of disinfection, even though
the total numbers are strongly reduced by the treatment
procedures. 
At present it seems correct to conclude that no locally
used (interappointment) root canal disinfectant can pre-
dictably produce sterile canals in the treatment of api-
cal periodontitis. However, it is clear from most studies
that their use further reduces the number of infecting
microorganisms after chemomechanical preparation.
Furthermore, calcium hydroxide may help to better re-
move the residual necrotic pulp tissue at the second ap-
pointment as well as neutralize bacterial antigens re-
maining in the root canal system (SAFAVI & NICHOLS

1993, 1994). 

Root filling & permanent restoration
Eventually, all locally used disinfectants lose their anti-
bacterial effect along time and/or are washed away from
the canal through the apical foramen, e.g. Permanent
root filling is necessary to secure that bacteria cannot
reenter the root canal space after chemomechanical
preparation and disinfection. It has also been suggested
that the root filling entombs the residual bacteria in the
root canal system so that they don’t have a possibility to
communicate with living tissue in the periapical area
which could compromise healing. However, there is
very little data available about the effectiveness of en-
tombment of root canal bacteria by the root filling. KA-
TEBZADEH et al. (1999, 2000) studied the effect of en-
tombment on healing in dog teeth that were experi-
mentally infected, followed by the development of api-
cal lesions. Some of the canals were obturated at the first
appointment after instrumentation and irrigation with
saline, while the rest were disinfected before root canal
filling with interappointment calcium hydroxide dress-

ANZEIGE
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ing. The results showed better healing in cases where
calcium hydroxide had been used. However, apical
anatomy of dog teeth is quite different from human
teeth, which may have affected the results: HERNANDEZ

et al. (2001) evaluated the root canal morphology in 
72 maxillary fourth premolar and 59 mandibular first
molar teeth in dogs. An apical delta was present in all
roots (n = 334), and the apical delta represented ap-
proximately 12 to 18% of the total root length for all 
roots. The results of the study by SJÖGREN et al. (1997) in-
dicate the importance of negative bacterial growth for
the prognosis of the treatment of apical periodontitis.
HOWEVER, PETERS & WESSELINK (2002) found no differ-
ence in healing of teeth with apical periodontitis filled
after negative or positive culture at the time of filling.
In a new study SALEH et al. (2004) using infected dentine
blocks in vitro showed that root filling with gutta-percha
and sealer AH plus or Grossman’s sealer was clearly
more effective in eliminating E. faecalis from the den-
tine surrounding the root canal than calcium hydroxide
one week after filling. Root fillings made of gutta-percha
and several other sealers proved to be less effective than
calcium hydroxide against E. faecalis dentine infection
(SALEH et al. 2004). The result is supported by an earlier
observation by ØRSTAVIK (1988) that AH 26 was clearly
more effective in killing bacteria in dentine around the
root canal than other sealers tested. It may be of interest
that in the study of PETERS & WESSELINK (2002) AH 26 was
used as a sealer. In future studies comparing the out-
come of single-appointment and two-appointment en-
dodontic treatment of apical periodontitis the type of
the sealer has to be taken into consideration. 
Finally, all root fillings must be protected by a coronal
restoration of high quality. Lack of coronal restoration or
leaking restoration may result in bacterial contamina-
tion of the whole root filling in only a couple of weeks.
Although the clinical relevance of coronal leakage is not
yet fully understood, it is obvious that a considerable
part of the need for retreatment is caused by coronal
leakage.

Conclusions
Success in the treatment of apical periodontitis is a re-
sult of a combined effort by several different factors con-
tributing to the inhibition of spreading of the infection,
elimination of the infection, and prevention of reinfec-
tion. High level of asepsis and chemomechanical
preparation with irrigating solutions are the corner-
stones of successful therapy. In light of present knowl-
edge, interappointment use of calcium hydroxide dress-
ing in the root canal is a secure way to guarantee effec-
tive antimicrobial strategy. However, one-appointment
treatment of apical periodontitis may be a reachable
goal in the future with more complete understanding of
the various key factors affecting the control of the root
canal infection.

Literatur kann in der Redaktion angefordert werden.

Zusammenfassung 
Die Kontrolle einer endodontischen Infektion ist eine kon-
zertierte Aktion verschiedener Wirts- und Behandlungsfak-
toren. Der Erfolg aller Teilaspekte dieser Zusammenarbeit
wird schließlich zur Elimination der infektiösen Mikroor-
ganismen und der Ausheilung der periapikalen Läsion füh-
ren. Die Beseitigung der endodontischen Infektion erfolgt
durch: Das körpereigene Abwehrsystem, die chemo-
mechanische Präparation, die Kanaldesinfektion, die 
dauerhafte Wurzelkanalfüllung und die koronale Restaura-
tion. Der vorliegende Artikel konzentriert sich auf die
chemo-mechanische Präparation und lokale desin-
fizierende Agentien, während die anderen Faktoren kurz 
referiert werden. Derzeit sieht es so aus, dass es bei der Be-
handlung der apikalen Parodontitis kein lokal angewandtes
Wurzelkanaldesinfiziens gibt, welches voraussagbar sterile
Kanäle liefert. Dennoch trägt die Verwendung eines Desin-
fiziens dazu bei, die Zahl infektiöser Mikroorganismen
nach chemo-mechanischer Präparation weitgehend zu re-
duzieren. Zukünftige Studien werden möglicherweise die
neue Beobachtung verifizieren, dass die Wurzelkanalfül-
lung mit Guttapercha und Sealer eine aktive dualistische
Rolle als Kanaldesinfiziens und permanente Wurzelkanal-
füllung spielen kann.

Abstract
Control of an endodontic infection is a concerted effort by
several host and treatment factors. Success in all aspects of
this cooperation will eventually result in elimination of the
infective microorganisms and healing of the periapical le-
sion. The necessary components in the elimination of en-
dodontic infection are host defense system, chemome-
chanical preparation, canal disinfection, permanent root
filling & coronal restoration. The main focus in this article
will be on chemomechanical preparation and local disin-
fecting agents, but the role of other contributory factors will
also be briefly summarized. At present it seems correct to
conclude that no locally used root canal disinfectant can
predictably produce sterile canals in the treatment of apical
periodontitis. However, their use further reduces the num-
ber of infecting microorganisms after chemomechanical
preparation to the level of total elimination. Future studies
will probably verify the new observation that root filling with
gutta-percha and sealer can have an actively dualistic role
as a canal disinfectant and as a permanent root filling.
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