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The main goal of this study was to investigate the efficacy of chemomechanical
preparation of root canal system in retreatment cases. The root canals of 40 single-
rooted teeth with apical periodontitis which had been treated 8-10 years ago (dif-
ferent kinds of cements, pastes and silver cones were used as root filling materials)
were thoroughly instrumented. EDTA and 2.5% sodium hypochlorite solutions were
used during instrumentation as chemical adjuncts. Using advanced anaerobic bacte-
riological techniques, pre- and post-instrumentation samples were taken during the
first appointment. Before instrumentation bacteria were isolated from 33 of the 40
(82.5%) teeth examined.

The microbiological profile of all the 40 teeth was determined with a special
focus on the presence of yeasts, gram-negative facultative enteric rods and Enter-
ococcus species. These microorganisms as indicated by several in vivo and in vitro
studies resist chemomechanical cleaning procedures much better than most other
microorganisms.

The predominant microorganism in the samples was E. faecalis. It was isolated
from 21 of 33 (64%) culture-positive teeth. In 19 (57.6%) cases this microorga-
nism was the dominant or the only isolate from the retreated culture-positive root
canals. Another microorganism, C. albicans, was found in six (18%) of the culture-
positive root canals, always together with other bacterial species.

After the completion of the chemomechanical instrumentation bacteriological
sampling revealed bacteria in ten of the 33 (30%) culture-positive teeth. E. faecalis
was revealed in seven out of 10 (70%) culture-positive root canals after completion
of instrumentation, five of them in pure culture. Facultative and anaerobic gram-
positive bacteria were isolated in three other cases. After completion of chemome-
chanical preparation, no yeasts or gram-negative facultative enteric rods were found
in the second samples. The number of bacterial cells isolated in 10 postpreparation
samples was always below 1% of the original counts in the first sample.
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INTRODUCTION

The differences in the microflora of the root
canal system of primary and retreatment cases are

Bacteria in dental root canals play a decisive role in
the development of apical periodontitis (1, 2). Thus,
elimination of bacteria from the root canals is the
ultimate aim of endodontic treatment. Usually the
elimination of bacteria is achieved by a combination
of measures such as mechanical cleansing, irrigation
with various antibacterial solutions and the deposi-
tion of an antibacterial in the canals after prepara-
tion. Nevertheless, after a technically successful
completion of the instrumentation the treatment may
fail, even in cases where bacteriological sampling
revealed no bacteria in the root canals (3).

* Corresponding author.

evident and well-documented (4-6). These differen-
ces may be a consequence of the ecological changes
in the root canal system, such as shift of the redox
potential, changes in the supply and composition of
the nutrients because of chemomechanical prepara-
tion and medicaments used during primary root ca-
nal treatment. Enterococcus faecalis, gram-negative
enteric rods and gram-positive facultatives such as
Actinomyces spp. are often found in persistent en-
dodontic infections (7-9). These bacteria can be de-
tected in root canals as monoinfections or as part
of a polymicrobial infection. Some of these bacteria,
for example, E. faecalis, are able to survive for long
periods in a root canal without nutrients even in an
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alkaline environment (5). This species can also en-
ter the root canal during the root canal treatment
because of inadequate isolation of the operative field,
leaking temporary or permanent fillings or because
the root canals were left opened for drainage.

The aim of the present study was to evaluate
the efficacy of chemomechanical preparation in retre-
atment of teeth with apical periodontitis.

MATERIALS AND METHODS
Teeth

The material initially consisted of 40 non-vital teeth
with apical periodontitis. The examined material was
selected from referrals made to the Clinic of Sto-
matology of Vilnius University. The teeth included
in this study had undergone primary root-filling pro-
cedures eight and more years before. The examined
teeth showed no clinical symptoms. Fourty teeth me-
eting these criteria and demonstrating radiographic
and clinical signs of chronic apical periodontitis were
examined using microbiological sampling techniques
before and after chemomechanical preparation. The
old root fillings were evaluated using radiographs,
and the length from the root filling end to the ra-
diological apex was measured. The size of the peri-
apical lesions was also measured from the radio-
graphs as the longest diameter of each lesion.

Endodontic treatment was performed under asep-
tic conditions. During chemomechanical preparation
2.5% sodium hypochlorite and 17% EDTA solutions
were used as antibacterial irrigants and calcium hyd-
roxide was used as a temporary root canal dressing
material between the appointments after the second
microbiological sampling.

Microbiological procedures

The disinfection of the sampling area was carried
out according to the procedures described earlier by
Moller (10). All teeth were bacteriologically moni-
tored prior and after the chemomechanical root canal
preparation. Enteric bacteria and yeasts were cho-
sen as the study bacteria, because they are consi-
dered to be difficult to eliminate from infected root
canals.

First microbiological samples were taken from the
canals of all the 40 teeth immediately following the
coronal access preparation and preliminary canal ins-
pection to the full length by a sterile endodontic
instrument. Second samples were taken at the end
of the first appointment following the chemomecha-
nical preparation. Samples were taken with sterile
forceps using sterile paper points inserted into the
canal at its apical portion. After sampling the paper

points were immediately placed into the transport
medium, VMGA 1II gel (10).

Bacteriological procedures

The transport medium (VMGA III gel) contained
glass beads 3 mm in diameter to facilitate the mix-
ing and homogenization of the sample prior to cul-
tivation. All samples were cultivated in the Micro-
biological Laboratory, Departament of Endodontics,
University of Oslo, 2-3 days after sampling. Each
bottle with the transport media was thoroughly
shaken in a mixer (Vortex, Scientific Industries Inc.
Springfield, MA. USA). Serial ten-fold dilutions were
made up to 1:10 in sterile peptone water (Bacto
peptone, Difco, MI, USA). One aliquot of 0.3 ml of
undiluted medium and several aliquots of 0.1 ml of
undiluted and two serial dilutions were plated onto
several media, using sterile plastic spreaders. The
aliquots were distributed:

— on Brucella agar plates (BBL Microbiology
Systems, Cockeysville, MD, USA) enriched with
5% defibrinated horse blood, 5 mgl/l of haemin
and 10 mg/l of vitamin K, for the cultivation of
anaerobic and facultative bacteria;

— TSBV agar plates (Tryptic-soy-agar, Difco) en-
riched with 10% horse serum and supplemented with
75 mg/l of bacitracin (Sigma Chemical Co., ST.
Louis, MO) and 5mg/l of vancomycin (Sigma) for
yeasts and gram-negative facultative rods (Slots et
al. 1988);

— chocolate agar plates (Tryptic-soy-agar base,
Difco) with 10% defibrinated horse blood for facul-
tative bacteria.

The plates were incubated at 37 °C in 5% CO,
and anaerobically. The preliminary characterization
of the microbial species was based on aerotoleran-
ce, gram staining and production of catalase and
indole. Identification to species level was based on
the motility test and carbohydrate fermentation pat-
terns. The detection of glycosidase and aminopepti-
dase enzymes (Roscozym-4-hour Ent., Rosco, Taast-
rup, Denmark) was used for the identification of
facultative gram-negative enteric rods. Streptococci
isolates growing on bile-esculin agar plates (Difco)
were identified to species level by a rapid ID 32
Strep test panel (BioMerieux, Marcy/Etoile, France).
Yeasts were identified based on cellular appearance
in gram-stained smears, production of glycosidase
enzymes (Chromogenic substrate tablets; Rosco) and
by comparing silver-stained (Silver Stain Plus, Biorad
Laboratories, Richmond, CA, USA) whole cell pro-
tein profiles of the isolates in sodium dodecyl sul-
phate polyacryl amide gel electrophoresis (SDS-
PAGE) (reducing sample buffer, 12% gels, Mini Pro-
tean II, Biorad) with reference strains (11). One
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per cent SDS was used for the extraction of yeast
proteins for half an hour at 20 °C with repeated
mixing (Vortex, Scientific Industries Inc.). Superna-
tants obtained after centrifugation (12.000 g, 5 min)
were used for the SDS-PAGE.

RESULTS

At the beginning of the retreatment procedure all
root canals contained the old root canal filling. The
length of the empty space in the root canal varied
from 3 to 12 mm taking the radiographic apex as
the reference point (SD = 3.9 mm) (Table 1). All
teeth had periapical lesions, their initial size varying
from 2 to 13 mm with an average diameter of 5.1
mm (SD = 3.3 mm).

Table 1. Rrelationship between lesion size and old root
canal filling quality

Distance to Mean size of the | Number of
radiographic apex periapical lesion teeth
3-8 mm 42 mm (SD = 1.2) 18
9-12 mm 7.1 mm (SD = 2.5) 22

Bacteria were found in 33 out of the 40 (82.5%)
root canals. The microbiological profile of the 40
root-filled teeth with chronic apical periodontitis was
determined with a special focus on the presence of
yeasts, gram-negative facultative enteric rods and En-
terococcus species in the flora, as these are conside-
red microbial species more resistant to conventional
endodontic treatment procedures.

In the first sample microbial growth was detec-
ted in 33 out of 40 teeth. There were significant
differences between the numbers of bacterial cells
found in different root canals. In the first samples
the number of bacterial cells per root canal varied
from 40 cfu to 7 x 107 cfu (Table 2).

E. faecalis was the most common finding in the
enteric bacteria group. It was the predominant spe-
cies found in the samples prior to instrumentation
of the root canal space. E. faecalis was isolated from
21 out of 33 culture-positive teeth (64%). In 19 out
of 21 canals where this microorganism was detected
it was found to be the dominant or the only isolate.
Yeasts were found in six teeth (18%), always toget-
her with one or more bacterial species.

Table 2. Initial size of periapical lesions and the number
of bacterial cells in initial samples from root canals

Size of lesions Number of bacterial cells

2-4 mm 1.4 x 107 cfu
5-7 mm 4.8 x 10° cfu
8-13 mm 2.4 x 107 cfu
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The antimicrobial effect of the chemomechanical
preparation was examined by microbiological mo-
nitoring of the root canal space. The second bacte-
riological sample was taken immediately after the
completion of chemomechanical preparation. Bacte-
ria were revealed in ten out of the 33 (30%) cultu-
re-positive root canals. In 30% of the prepared root
canals the number of microbial cells was greatly re-
duced, but not totally eliminated. The number of
bacteria in the second samples was always below
1% of the cfu counts of the first microbiological
sample. These results show that a proper chemome-
chanical preparation of the root canal reduces the
number of bacteria in the root canals, but cannot
totally eliminate them.

E. faecalis was found in 7 samples out of 10
positive second samples, five of which exhibited a
pure culture of this microorganism.

Facultative and anaerobic gram-positive bacteria
were isolated in three other cases. No yeasts and
gram-negative facultative enteric rods were found in
the microbiological samples after completion of che-
momechanical preparation.

DISCUSSION

All teeth in the present study had infected root
canals and periapical lesions. The essential role of
bacteria in the initiation, propagation and persistence
of apical periodontitis has been established (1, 6).
It is generally accepted that endodontic therapy is
aimed at the elimination of bacteria from the in-
fected root canal. This is usually accomplished by a
thorough chemomechanical cleaning of the root ca-
nal, followed by a complete filling of the root canal
space. Cleaning, shaping and irrigating greatly re-
duce the numbers of cultivable bacteria. However,
several studies have shown that it is impossible to
achieve a sterile root canal space in all cases, even
by thorough cleaning, shaping, and irrigating with
disinfectants or antiseptics during one visit (3, 12).
Therefore, concern exists as to the fate and conse-
quences of microorganisms left in the root canal. It
has been shown that they may multiply rapidly in
2-4 days (almost to original numbers) in cases when
the canal is not filled or not dressed with a disin-
fectant between visits (3).

The reasons for the occurrence of enteric bacte-
ria in persistent root canal infections is poorly un-
derstood. The observations of the present study in-
dicate that both the high number of visits and the
lack of an adequate seal (which was a generally ac-
cepted treatment at the time when the treatments
had been done earlier) significantly increase the pro-
bability of finding enteric bacteria in the root canal
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and indicate that these bacteria may enter the root
canal during the treatment.

Our results confirm and add to the study of Mo-
lander et al. who found E. faecalis in 54% of the
culture-positive cases (5). Calcium hydroxide for the
years has been and still is the most commonly used
root canal dressing in Scandinavia. In Lithuania cal-
cium hydroxide was started to be used as an intra-
canal interappointment dressing only 6-8 years ago.
E. faecalis is the most resistant species to calcium
hydroxide (12). Our result is an indication that rather
than the previous treatment, it is the present ecolo-
gical conditions in a incompletely filled root canal
that play a key role in exerting a selective ecologi-
cal pressure on the composition of the infective flora.
Obviously this is an indication that the root filling
materials (such as resorcin formalin) gradually lose
their antibacterial activity in the root canal to an
extent that allows survival and even growth of bac-
teria. These bacteria must be ecologically strong
enough to survive in the environment of incomple-
tely filled root canals where the availability of nu-
trients may often be limited, compared with primary
apical periodontitis.

Chemomechanical preparation in the present stu-
dy was done by a thorough instrumentation of the
whole root canal and irrigation with copious amounts
of EDTA and 2.5% sodium hypochlorite, which is
highly bacteriocidic. Nevertheless, residual bacteria
were found in the canals after completion of their
preparation and irrigation. The numbers of the iso-
lated bacteria were much lower than in the first
samples, as could be expected after removal of the
previous root filling material and the necrotic in-
fected pulp tissue. Gomes et al. showed E. faecalis
to be the best survivor after instrumentation and
irrigation by 2.5% sodium hypochlorite (13). How-
ever, although data have cumulated in support of
an important role of E. faecalis in endodontic infec-
tions resistant to therapy, direct evidence is still lack-
ing. In addition, despite the lower prognosis in retre-
atment, the percentage of successful cases seems to
be much higher than the number of canals without
E. faecalis.

Besides, some failures occur even after seemingly
perfect root canal treatments. Bacteria are able to
colonize the dentine tubules. It can be the reason
of some failures, although in vifro most bacteria in
dentinal tubules died within 24 h after removal of
the nutrient medium (14). Concern has been ex-
pressed as to their survival after root canal therapy,
since in vivo conditions may permit nutrient supply
to bacteria into dentinal tubules. Therefore, the pe-
netration of various antiseptics into the dentinal tu-
bules has been evaluated. Our results confirmed find-
ings of other studies and showed that even in

thoroughly cleaned root canals microorganisms are
found in microbiological monitoring. It means that
application of interappointment medicament to the
root canal system is recommedable, because con-
ventional chemomechanical procedures alone do not
eliminate all microorganisms from the root canal
system.

We know that after a proper chemomechanical
preparation the initial number of microorganisms is
reduced in the main root canal, but even if all bac-
teria initially present in the tubules would remain
viable at the end of the clinical session, their num-
bers are certainly quite small, again compared with
the initial number in the root canal system that caus-
ed (periapical) pathology (12). E. faecalis penetrated
the dentinal tubules within 2-3 weeks to a depth of
300-400 pm (14). Obturation of the root canal sys-
tem also deprives the remaining microorganisms their
nutrition and leaves them no space to multiply to
sufficient numbers to cause or maintain the disease.

Further research is necessary to answer the ques-
tion: do bacteria survive in dentinal tubules, and if
they survive do they grow to pathologically signifi-
cant numbers?

CONCLUSIONS

1. Root canals should not be left open during endo-
dontic therapy.

2. Conventional chemomechanical root canal pre-
paration and interappointment dressing must be used
routinely.

3. The high level of asepsis throughout the whole
endodontic treatment must be maintained.
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Vytauté Peciuliené, Irena Balciuniené,
Markus P. Haapasalo
CHEMOMECHANINIO SAKNU KANALU

PARUOSIMO EFEKTYVUMAS PERGYDYMU
ATVEJAIS

Santrauka

Pagrindinis Sio darbo tikslas buvo jvertinti chemomecha-
ninio Sakny kanaly paruoSimo efektyvuma pergydymy at-
vejais. Tyrimui buvo atrinkta 40 danty Sakny kanaly, ku-
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rie buvo gydyti prie§ 8-10 mety ir kuriems buvo indikuo-
tinas endodontinis pergydymas. Ankstesnio gydymo metu
Siy danty Sakny kanalai buvo uzpildyti jvairiomis medzia-
gomis: pastomis, cementu, sidabriniais kaiSciais.

Naudojant pazangias mikrobiologines technologijas, i§
Sakny kanaly prie§ ir po chemomechaninio jy paruo$imo
(naudoti EDTA ir 2,5% natrio hipochlorito tirpalai) buvo
paimti mikrobiologiniai paséliai.

Didziausias démesys tiriant Sakny kanaly pasélius bu-
vo skiriamas gramneigiamy fakultatyviniy enteriniy mik-
roorganizmy, enterokoky bei grybeliy paieskai, nes atlikti
tyrimai in vivo ir in vitro parode, kad butent Sios mikro-
organizmy rusys yra labiausiai atsparios endodontinio gy-
dymo procediiroms.

IS 40 tirty paséliy 33 (82,5%) buvo rasta mikroorga-
nizmy. Mikrobiologiniuose Sakny kanaly pascliuose, pa-
imtuose prie§ chemomechaninj Saknies kanalo paruoSima,
vyravo E. faecalis: jo rasta 21 i§ 33 teigiamy Sakny kana-
ly paséliy. C. albicans buvo rastas 18% teigiamy Sakny
kanaly paseliy.

Po chemomechaninio Saknies kanalo paruoS$imo mik-
roorganizmy lasteliy paséliuose buvo rasta 10 i§ 33 (30%)
teigiamy prie§ Saknies kanalo paruoSima paséliy. Septy-
niuose i§ 10 paseliy buvo rastas E. faecalis. Paséliuose
po chemomechaninio Saknies kanalo paruosimo C. albi-
cans nebuvo rasta. Antrajame pasélyje rasty mikroorga-
nizmy lasteliy skaicius nesieké 1%, lyginant su pirmuoju
paséliu.

Sio tyrimo rezultatai parodé, kad endodontinio gydy-
mo metu mikroorganizmy lasteliy Sakny kanaluose gerokai
sumazeja, taciau visiS$kai paSalinti jy dazniausiai nepavyks-
ta. Todel norint iSvengti mikroorganizmy lasteliy Zenklaus
padidéjimo, butina naudoti antimikrobinj preparata kaip
laiking Saknies kanalo uzpilda tarp apsilankymy. E. faeca-
lis radimas pergydomy danty Sakny kanaluose jrodo, kad
endodontinio gydymo metu butina laikytis aseptikos rei-
kalavimy ir nepalikti atviry Sakny kanaly. Laikantis Siy
taisykliy galima uZzkirsti kelig Sio mikroorganizmo popu-
liacijos plitimui Saknies kanale.

Raktazodziai: chemomechaninis paruoSimas, pergydy-
mas, Enterococcus faecalis



