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SUMMARY

Introduction The main objective of endodontic treatment is to eliminate infection from root canal and prevent re-
infection by three-dimensional hermetic obturation of the canal system. Endodontic failure can occur due to inability
of complete control and elimination of infection from the root canal.

The aim of this study is to investigate, by PCR technique, microbiological status of previously endodontically unsuc
cessfully treated teeth immediately after the removal of obturation material.

Material and Methods The analysis included 30 teeth indicated for endodontic retreatment. After removing previ-
ous root canal filling material, the bacteriological sample was taken by sterile instrument (# 15) and paper points.
Standard PCR technique was used to analyze the incidence of E.faecalis, Pmicros, Pintermedia, P. endodontalis and
A.actinomycetemcomitans.

Results Positive bacteriological findings were registered in 80% of cases, while bacteria were not identified in 20% of all
samples (all taken from the root canals without significant changes in periapical tissue). From 24 canals with identified
bacteria, 17 had affected apical periodontium. The most dominant microbe in root canals with positive bacteriological
finding was E.faecalis (83.3% of the canals) and Pintermedia (75%). In case of teeth with chronic periapical changes, the
most common was E. faecalis (94%) and Pintermedia (82.3%).

Conclusion The presence of periapical lesions significantly affects microbiological status of endodontically treated
teeth. The presence of bacteria was confirmed in most teeth with periapical lesions, while the most frequently identi-

fied bacteria were E. faecalis, Pintermedia and Pmicros.
Keywords: PCR; E. faecalis; endodontic failure

INTRODUCTION

The main objective of endodontic treatment is to elimi-
nate infection from the root canal and prevent reinfection
by three-dimensional hermetic obturation of the canal
system. However, sometimes even properly conducted
endodontic treatment can fail. It has been confirmed that
the outcome of endodontic treatment depends largely on
the quality of endodontic procedures and possibility of
eliminating infection from root canal system before obtu-
ration [1, 2]. Due to the complexity of canal systems their
cleaning is difficult, therefore bacteria may remain in inac-
cessible parts of the canal, especially in the apical portion.

Persistant infection in the apical third is most often
result of inadequate completion of endodontic treatment
i.e. non-aseptic conditions with insufficiently extended
and poorly designed access cavities, insufficient dimen-
sion of instrumentation, inadequate hermetic obturation
or microleakage due to inadequate temporary or defini-
tive restorations [3]. However, number of infections may
persist as asymptomatic periapical radiolucency even if
endodontic procedure is properly implemented. The rea-
son is usually complex anatomy of the root canal system

with regions that cannot be adequately treated and obtu-
rated by existing instruments, materials and techniques
[4]. Some studies have shown that certain parts of the root
canal space remain untouched during chemo-mechanical
instrumentation regardless of the preparation technique
or instruments used [5]. Untreated parts of the root ca-
nal can contain bacteria and necrotic tissues even when
obturation seems to be radiographically correct [4]. It is
believed that endodontic failure is caused by inability of
complete control and elimination of infection in the root
canal.

The aim of this study was, using PCR technique, to in-
vestigate microbiological status of endodontically treated
teeth with persistent infection immediately after the re-
moval of obturation material.

METHODS

Material for microbiological tests was obtained by taking
samples from 30 patients who had root canal treatment
done earlier but they needed retreatment. After obtaining
dental history, and taking periapical radiographs, patients
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were clinically examined and failure of the initial end-
odontic treatment was diagnosed.

Microbiological study included 30 teeth (8 multi-
rooted and 22 single-rooted) indicated for endodontic
retreatment. Primary endodontic therapy was performed
12 months ago in 2 cases, 1-5 years in 8 cases, while for 20
teeth, primary endodontic treatment was done > 5 years
ago. All 30 teeth had inadequate obturation and that was
the failure criterion for which patients needed retreat-
ment. Poor quality of obturation was assessed as short
filling (in 22 teeth), as “forgotten” canal (in 7 teeth), or
separated instrument (in 1 tooth). Adequate restoration
or prosthetic restorations (crowns) were observed in 13
teeth, 7 teeth were without coronal restoration for a longer
period of time and 10 teeth did not have proper restora-
tion. The presence of symptoms such as pain, swelling,
presence of a fistula, sensitivity to percussion or pain
when biting were observed in 10 patients, while the re-
maining 20 had no clinical signs or symptoms.

Status of apical periodontal tissue was evaluated by
PAI index, where completely healthy periodontium (PAI
1) was radiographically registered in 6 cases; PAI 2 score
(small changes in the bone structure that are not pathog-
nomonic for apical periodontitis) was recorded in 7 cases;
PAI 3 score (which includes changes in bone structure
with decalcification characteristic for apical periodonti-
tis) was registered in 13 teeth; PAI 4 (which represents
periodontitis with clearly defined zone of radiolucency)
was noted in 3 cases; the highest score of PAI 5 (advanced
periodontitis with signs of exacerbation and expansion
of the bone), was registered only in 1 case. Microbiologi-
cal process involved first the removal of hard and soft
deposits from teeth, restorations and decay and placing a
rubber dam. Disinfection of the operative field was done
with 30% hydrogen peroxide solution and 2.5% sodium
hypochlorite solution, which is then inactivated with 5%
sodium thiosulfate. Previous root canal filling material
was removed without the use of any solvents, fillers, lu-
bricants or irrigants. Gates Glidden drills were used to
remove gutta-percha from the first two-thirds of the root
canal, and Hedstrom files were used for the apical third
of the root canal. During radiographic determination of
working length, the quality of removal of obturation ma-
terial was checked. Working length was determined with
apex locator. In cases of forgotten canals, access cavity
was extended, oriphicies located, and root canals were in-

strumented by modified double-cone technique - Gates
Glidden drills, hand Hedstrom and K-Flex files to full
working length. The size of apical preparation (ISO # 25
or # 30) depended on initial diameter and curvature of
the root canal. Then after small amount of sterile saline
was placed in the root canal and further instrumented
in order to scrape the material from the canal walls. The
sample was taken using sterile canal instrument — pulp
extirpation type (# 15) or Hedstrom files (# 15) with the
help of paper points that were used to dry the canal. The
paper points were placed with sterile forceps and left in
the canal for 60 seconds and then placed in sterile micro-
tubes together with canal instruments whose handle was
cut off with sterile forceps. The micro-tubes were stored
at the temperature of -20 °C until microbiological analysis.

With the aim to isolate DNA, 100 ml of redistilled wa-
ter was added in each micro-tube with paper points. Iso-
lation of total bacterial DNA (Gram positive and Gram
negative bacteria) was performed using commercial kit
QIAamp DNA Mini Kit (Qiagen). After application of
isolation protocol, bacterial DNA was dissolved in 100
ml of elution buffer.

The incidence of the following bacteria was analyzed
by classical PCR: Enterococcus faecalis, Peptostreptococcus
micros, Porphyromonas endodontalis and Actinobacillus
actinomycetemcomitans. The sequences of used primers;
the temperature profile and length of PCR products are
shown in Table 1. In each PCR reaction, simultaneously
with the test samples, positive and negative controls were
used to avoid false positive and negative results. Reac-
tion mixture of PCR with 25 ml volume was made up of
the following components: 13 ml dH,0 shall, 2.5 ml PCR
buffer, 1.5 ml of 25 mM MgClz, 1 ml of ANTP, per 1 ml
of F and R primers, 0.2 ml of Taq polymerase and 5 ml
bacterial DNA.

The effectiveness of PCR reaction was measured by
electrophoresis on a vertical 8% polyacrylamide gel (PAA)
in 1XTBE bulffer, at constant voltage of 200 V for a period
of 30 min. Visualization of PCR products was performed
by staining with ethidium bromide.

RESULTS

PCR technique was used to analyze the presence of the
following microorganisms: E. faecalis, P. micros, P, inter-

Table 1. Primer sequences, specific hybridization temperature and length of PCR products
Tabela 1. Sekvence prajmera, specificne temperature hibridizacije i duzine PCR produkata

Microorganism Primer Temperature Profile PCR Product
Mikroorganizam Prajmer Temperaturni profil PCR produkt
Enterococcus FTACTGACAAACCATTCATGATG 112b
Faecalis R, AACTTCGTCACCAACGCGAAC P
ngtostreptococcus F, AGAGTTTGATCCTGGCTCAG 95°C 3min 207bp
Micros R,ATATCATGCGATTCTGTGGTCTC 95°C 455
Prevotela FCGTGGACCAAAGATTCATCGGTGGA 55°C Tmin, 259b
Intermedia R, CCGCTTTACTCCCCAACAAA 72°C 1min, P
boroh dodontali F, GCTGCAGCTCAACTGTAGTC X35 cyclus b
orphyromonas endodontalis R, CCGCTTCATGTCACCATGTC 72°C 5min P
Actinobacilus actinomicetem F, GCTAATACCGCGTAGAGTCGG 500b
Comitans R, ATTTCACACCTCACTTAAAGGT P
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Table 2. The presence of bacteria in the sample in relation to the status of apical periodontium
Tabela 2. Prisustvo bakterija u uzorku u odnosu na stanje apeksnog parodoncijuma

. . Negative bacteriological findings Positive bacteriological findings
Status of Periodontium Negativan bakterioloski nalaz Pozitivan bakterioloski nalaz Total
Stanje parodoncijuma Ukupno

N % N %

Healthy periodontium
Zdrav parodoncijum 6 20% 7 23.3% 13
PAI 1,2
Chronic apical periodontitis
Hroni¢ni apikalni periodontitis 0 0 17 56.6% 17
PAI 3,4,5
)2 6 20% 24 80% 30

Table 3. The presence of bacterial species in the tested samples
of root canals

Tabela 3. Zastupljenost bakterijskih vrsta u testiranim uzorcima
kanala

Table 6. The presence of bacterial species in tested samples in rela-
tion to the state of the apical periodontium (PAl index)
Tabela 6. Zastupljenost bakterijskih vrsta u testiranim uzorcima u
odnosu na stanje apeksnog parodoncijuma ( PAl index)

Vista baerie N %

E. faecalis 20 66.6%
P. micros 14 46.6%
P. endodontalis 8 26.6%
P intermedia 18 60%
A. actinomyces 3 10%

Table 4. The presence of bacterial species in relation to the apical
periodontal condition.

Tabela 4. Zastupljenost bakterijskih vrsta u odnosu na stanje apek-
snog parodoncijuma.

Teeth with healthy Teeth with

= o iodonti iapical lesi Total of

g2 periodontium periapical lesions 24 teeth

g (PAI12) 7 teeth | (PAI34,5) 17 teeth

07 i i i iapi-

S Zubi sa zgrawm Zub{ sa periapi Ukupno

8 8 parodoncijumom kalnim lezijama 24 7uba

=S (PAI 1,2) 7 zuba (PAI3,4,5) 17 zuba

N % N % N %

E. faecalis 4 57% 16 94% 20 | 83.3%
P. micros 4 57% 10 58.8% | 14 |583%
P. endodontalis 4 57% 4 23.5% 8 |333%
P. intermedia 4 57% 14 823% | 18 | 75%
A. actinomyces 0 0 3 17.6% 3 | 125%

Table 5. Distribution of the number of bacterial species in individual
samples
Tabela 5. Distribucija broja bakterijskih vrsta u pojedinacnim uzorcima

Number of species per sample

Broj vrsta u uzorku N %
0 6 20
1 4 133
2 6 20
3 10 333
4 3 10
5 1 33

media, P. endodontalis and A. actinomycetemcomitans.
Positive bacteriological findings were registered in 80%
of cases, while the bacteria were not identified in 20% of
samples. All negative samples were taken from the root
canal without significant changes in the apical periodontal
tissue (PAI 1, 2) while 17 out of 24 canals with identi-
fied bacteria belonged to the teeth with damaged apical
periodontium (PAI 3, 4, 5) (Table 2). All samples taken
from the root canals with chronic periapical lesions were
positive for bacteria (100%).

PAIN Total
of species ! 2 3 4 > Ukupno
N |6 | 7 13|31 %
N
Broj vrsta % 20 | 233 | 433 | 10 33
N 5 1 20
0 6
% 166 | 3.3
N 1 2 1 133
1 4
% 33 | 66 | 33
N 1 4 1 20
2 6
% 33 | 133 | 33
N 3 7 333
3 10
% 10 | 233
N 2 1 10
4 3
% 6.6 33
N 1 33
5 1
% 33

Isolated bacteria mainly belonged to E. faecalis (66.6%)
followed by Pintermedia (60%), P. micros (46.6%), P.
endodontalis (26.6%) and A. actinomycetemcomitans
(10%) (Table 3).

The most dominant microorganism in root canals with
positive bacteriological findings was E.faecalis (83.3%),
followed by P, intermedia (75%) and Pmicros (58.3%) (Ta-
ble 4). In the group of teeth with healthy apical pericapical
tissue, all bacterial species (except A. actinomycetemcomi-
tans which was not detected in any of the samples) were
equally represented or were identified in 57.7% of canals.
In the case of teeth with chronic periapical changes, the
most common isolation was E. faecalis identified in 94%
of the canals, then Pintermedia that was present in 82.3%
of samples (Table 4).

In regards to the number of bacterial species contained
in a single sample, monoinfection was registered in 13.3%
of cases (E.faecalis was presented in half of the canals),
while the most common bacteria identified in 33.3% of
canals were 3 bacterial species per one canal E. faecalis,
P, intermedia and Pmicros (Table 5). It was observed that
the samples taken from the tooth with healthy periodon-
tal tissues around the root tip, showed mainly absence of
bacteria or the presence of 1 or 2 bacterial species, while
in the case of chronic periapical changes, in more than a
half of samples, the presence of 3 or more bacterial species
was identified (Table 6).
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Table 7. Distribution of bacteria in correlation with the presence of certain symptoms
Tabela 7. Distribucija bakterija u odnosu na prisustvo odredenih simptoma

Symptom Pain Swelling Sinus tract Percution sensitivity Pain when biting
Simptom Bol Otok Fistula Perkutorna osetljivost Bol na zagrizaj
Microorganism N % N % N % N % N %
Mikroorganizam
E. faecalis 3 100 1 50 1 50 8 100 3 100
P. micros 2 66.6 1 50 1 50 4 50 1 333
P. endodo-talis 1 333 2 25
Pintermedia 3 100 1 50 1 50 8 100 3 100
A. actinomyces 1 50 1 125 1 333
Number of patients with Symptoms

. .. K . 3 2 2 8 3
Broj pacijenata sa simptomima

Correlation between the presence of certain symp-
toms after the initial endodontic treatment and findings
of specific bacterial species in root canal are shown in
Table 7. E. faecalis and Pintermedia were detected in all
patients with pain, teeth sensitive to percussion and pain
when biting, as well as the half of the samples taken from
the root canal with sinus tract and swelling. Pmicros was
identified in 66.6% of patients with pain, 50% of patients
with swelling, sinus tract and percussion sensitivity and
33.3% of patients with pain when biting. The presence
of Pendodontalis was confirmed in 33.3% of the canals
registered with spontaneous pain and 25% with sensitivity
to percussion. A. actinomycetemcomitans was identified in
50% of the canals with sinus tract, 33.3% of patients with
pain when biting and 12.5% of the samples taken from
the root canal of patients with sensitivity to percussion
(Table 7).

DISCUSSION

The analysis included 30 teeth that needed retreatment
regardless of its causes - prosthetic indications, incidental
finding or the patient reported having problems. In order
to prevent contamination of canal samples, strictly aseptic
conditions were conducted by the current protocol for
disinfection of working fields [6-9]. This involved decon-
tamination and disinfection of the operative field with
30% hydrogen peroxide solution and 2.5% sodium hypo-
chlorite followed by inactivation of 5% sodium thiosulfate
so that its remains would not affect the sample taken [7].
Also, complete removing of the root canals filings was
done purely mechanically without use of any solvents,
lubricants or irrigants. The micro-tubes with microbio-
logical material were stored at -20° C, for no longer than
a month.

PCR (Polymerase Chain Reaction) is a modern, fast (it
takes a few hours), and a simple method for identification
of microorganisms. It is extremely sensitive and highly
specific. Theoretically, it is possible to demonstrate the
presence of only single bacterial cell (living or dead) in
the sample, although the number of 10 cells is considered
to be the lowest limit for detection (e.g. 100 viable cells
are necessary for one method of bacteria cultivation) [9].
Identification is based on in vitro amplification of tar-
get DNA fragment, which can be repeated up to a billion

times. Because its detection works on the basis of geno-
typic structure, rather than phenotypic characteristics of
microorganisms, identification is very reliable and precise.
It is possible to identify those bacterial species that cannot
be cultivated in vitro or cases where the number of cells
in examined material is very small [9]. However, the PCR
method of identification of microorganisms has its limita-
tions. Firstly, the species that are not targeted or detected
by other methods cannot be identified. Precisely deter-
mined conditions are required for reaction with specific
primer pair that can detect only particular and specific
bacterial species. It should be noted that PCR method can
not determine if identified cell is alive or dead. Another
limitation of the conventional PCR method is its inability
to quantify the number of bacteria. This can be overcome
by “real-time” PCR method where the number of bacterial
cells can be determined [10].

Positive bacteriological findings were registered in
80% of cases, while no bacteria were identified in 20% of
samples. All samples taken from root canals with chronic
periapical lesions were positive for presence of bacteria
(100%). Also, all negative samples were taken from root
canal with healthy periapical tissue. This confirmed the
hypothesis that without bacteria, there is no infection in
periapical tissues, and consequently there is no failure of
endodontic treatment. Similar results were obtained by
Siqueira et al. [5], Gomes et al. [11,12], Roca et al. [13],
Sedgley et al. [14] and Sakamoto et al. [15].

However, 23% of positive bacteriological samples were
taken from root canals where periapical tissue had PAI
score 2 (periapical radiolucency) with no pathognomonic
signs of chronic inflammation. Kaufman et al. [16] and
Olette et al. [17] reported the presence of bacteria in the
root canal without any periapical changes detected ra-
diographically. The explanation may lie in the fact that
two-dimensional radiography is not sufficiently accurate
to diagnose apical periodontitis with less destroyed bone
tissue [18]. Also, it could be that small number and low
virulent bacteria are present. Only if present in higher
numbers and pathogenic bacteria persisting after primary
endodontic treatment can cause or maintain periradicular
inflammation [2]. However, there is a dilemma whether
bacteria remained after primary endodontic treatment
(persistent infection) or they are the result of re-infection
(secondary infection). In the recent years, research has
pointed out the importance of proper coronal restora-



tion in preventing re-infection of endodontic space with
opinion that secondary infection is important cause of
endodontic treatment failure [1, 19]. The most common
microorganism in the canal system with positive bacterio-
logical findings was E. faecalis followed by P. intermedia
and P, micros accounting for 58.3%. E. faecalis was identi-
tied in 94% of root canals with chronic periapical lesions
(PAI 3,4, 5) which is similar to findings of Sedgley et al.
who also used PCR identification method. They used 48
samples and showed that the incidence of E. faecalis find-
ing was 90% [14]. Gomes et al. used PCR to analyze micro-
biological status of previously filled canals with periapical
lesions and came to the conclusion that E. faecalis was
present in 90% of bacteriologically positive root canals
followed by P. micros 59%, Pgingivalis 41%, P. endodontalis
26% and P, intermedia 13% [12]. This high percentage of
E. faecalis was probably the result of its numerous and
diverse virulence factors and extraordinary ability to sur-
vive. This microorganism is small; it easily penetrates into
dentinal tubules and has a good adherence to collagen
[20]. It is resistant to calcium hydroxide [21] and has the
ability to survive (as a single species) in dentinal tubules
without the support of other bacteria [22]. Also, it has
the ability to survive without nutrients and recover easily
when they become available in the form of serum (the
origin of alveolar bone and periodontal ligament) [23].

The results of this study confirmed the presence of E.
faecalis in 57.7% of root canals without changes in apical
periodontal tissue. However, Pintermedia, P. endodontalis
and P. micros were also identified in 57.7% of root canals
which leads to the conclusion that E.faecalis is not the
only microorganism responsible for failure of endodontic
treatment. Williams et al. showed that E. faecalis can sur-
vive all stages of endodontic treatment because RT-PCR
detected its presence in samples taken immediately after
instrumentation and irrigation as well as after medica-
tion [24].

Our research indicated that remaining microorganisms
could be present in root canals due to inadequate coronal
seal. In 70% of teeth with healthy periodontal apical tis-
sue, coronal restoration did not show satisfactory quality
that opened door for secondary infection of endodon-
tic space. In addition, although present in root canal, the
bacteria had no effect on periapical tissue. They probably
remained blocked and trapped in dentinal tubules or root
canal filling material blocked further progress to periapi-
cal tissues (microleakage).

Patients who took part in our study came from gen-
eral dental practice and health centers where it was quite
difficult to adhere to contemporary standards and good
endodontic practice, therefore the incidence of residual
bacteria after primary endodontic treatment was high.
Prevotella spp and Porphiromonas spp (previously clas-
sified as Bacteroides spp) belong to the group of “black-
pigmented bacteria” because in contact with agar, they
form shiny, smooth colonies of gray or black. According
to the new taxonomy, saharolytic Bacteroides spp species
are classified as genus Prevotella, while asaharolytic spe-
cies belong to genus Porphiromonas. Types of P. interme-
dia, Pmelaninogenica, P.denticola and P.dentalis belong
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to gram-negative obligate anaerobes. Although they have
limited ability of fermentation of amino acids and require
the presence of hemin and menadione for growth, they
can be observed in different parts of body (oral cavity,
upper respiratory and urogenital system) [25]. Ruan et al.
found that P, intermedia originating from oral cavity rep-
resents potential opportunistic microorganism associated
with periodontal disease but also apical periodontitis due
to its adhesiveness and competitiveness with surround-
ing microorganisms [25]. P endodontalis is gram-negative
microorganism associated with periodontitis, endodontic
infections and gingivitis, and more frequently with symp-
tomatic than asymptomatic infections in oral cavity [26].

One-third of patients who took part in the current
study showed some clinical symptoms, but the most com-
mon symptom was sensitivity to percussion. The most
common microorganisms present in the samples taken
from such teeth were E.faecalis and Pintermedia (100%),
followed by Pmicros (50%). Gomes et al. also found sta-
tistically significant relationship between Pmicros and
tooth sensitivity to percussion [12] while Pinheiro et al.
noticed association between Pintermedia and the pres-
ence of these symptoms [27]. E.faecalis and Pintermedia
were detected in all patients with pain, tenderness to per-
cussion and pain when biting, as well as one half of the
samples taken from root canals of patients with swelling
and fistula. P. micros was identified in 66.6% of patients
with pain that is in accordance with the study of Pinhei-
ro et al. who reported involvement of bacterial species
Pintermedia and Pmicros in teeth where pain was pres-
ent [27].

CONCLUSION

The presence of periapical lesions significantly affects
microbiological status of endodontically treated teeth.
The presence of bacteria in root canals was confirmed in
most cases of unsuccessful endodontic treatments, while
the most frequently identified bacteria were E. faecalis,
followed by Pintermedia, Pmicros and P. endodontalis.
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KRATAK SADRZA)

Uvod Osnovni zadatak endodontskog tretmana je da eliminise infekciju iz kanala korena i spreci reinfekciju trodimenzionalnom
hermeti¢kom opturacijom kanalskog sistema. Usled nemogucnosti potpune kontrole i eliminacije infekcije iz kanala korena moze
do¢i do pojave endodontskog neuspeha.

Cilj ovog rada je bio da se neposredno posle uklanjanja materijala za opturaciju kod zuba sa neuspelim endodontskim le¢enjem
PCR tehnikom proveri mikrobioloski status endodontski lecenih zuba.

Metode Mikrobioloska studija je obuhvatila 30 zuba (osam visekorenih i 22 jednokorena) indikovanih za ponovljeni endodontski tre-
tman. Posle dezinfekcije radnog polja i dezopturacije koja je uradena isklju¢ivo mehanickim putem, uzorak je uzet sterilnim kanalnim
instrumentom tipa pulpekstirpatora (#15) ili Hoedstrem-turpije (#15) i uz pomo¢ papirnih poena kojima je susen kanal. Ependorfice
su ¢uvane na temperaturi od -20°C do mikrobioloske analize. Putem klasi¢nog PCR analizirana je zastupljenost bakterija: Enteroco-
ccus faecalis, Peptostreptococcus micros, Prevotela intermedia, Porphyromonas endodontalis i Actinobacilus actinomicetemcomitans.
Rezultati Pozitivan bakterioloski nalaz registrovan je u 80% slucajeva, dok bakterije nisu identifikovane u 20% uzoraka. Svi negativni
uzorci su uzeti iz kanala korena zuba bez znacajnih promena u apeksnom periodoncijumu, dok je 17 od 24 kanala sa identifikovanim
bakterijama pripadalo zubima sa oste¢enim apeksnim parodoncijumom. Najprisutniji mikroorganizam u kanalima sa pozitivnim
bakterioloskim nalazom bio je E. faecalis, koji je identifikovan u 83,3% kanala, zatim P. inermedia sa 75% i P. micros sa zastupljeno$cu
od 58,3%. Kod zuba sa hroni¢nim periapikalnim promenama najzastupljeniji je bio E. faecalis, koji je identifikovan u 94% kanala,
zatim P. intermedia, koja je bila prisutna u 82,3% uzoraka. Mikroorganizmi E. faecalis i P. intermedia su registrovani kod svih pacijenata
sa nekim od simptoma.

Zakljucak Prisustvo periapikalnih lezija znacajno utice na mikrobioloski status kanala korena endodontski le¢enih zuba. Prisustvo
bakterija u kanalima korena potvrdeno je u veéini endodontski neuspesno lecenih zuba, a naj¢ecse identifikovane bakterije bile su

E. faecalis, zatim P. intermedia, P. micros i P. endodontalis.
Kljucne reci: PCR; E. faecalis; endodontski neuspeh

uvoD

Osnovni zadatak endodontskog tretmana je da eliminise infekciju
iz kanala korena i prevenira reinfekciju trodimenzionalnom her-
metickom opturacijom kanalskog sistema. Ponekad, medutim, i
kod adekvatno sprovedenog endodontskog tretmana moze do¢i
do endodontskog neuspeha.

Potvrdeno je da ishod endodontskog tretmana umnogo-
me zavisi od kvalitetno realizovane endodontske procedure i
mogucnosti eliminacije infekcije iz kanalnog sistema korena
pre opturacije [1, 2]. Zbog kompleksnosti kanalskog sistema
njegovo ciscenje je prilicno otezano pa bakterije mogu zaostati
u nepristupacnim delovima kanala na svim njegovim nivoima,
a narocito u apeksnom delu.

Intraradikularna infekcija koja perzistira u kompleksnoj
apikalnoj tre¢ini kanalnog sistema korena najcesce je posledica
neadekvatno sprovedenog endodontskog tretmana, odnosno
neasepti¢nih uslova rada sa nedovoljno ekstendiranim i lose
dizajniranim pristupnim kavitetom, kao i nedovoljne dimenzije
instrumentacije, neadekvatne hermeti¢ne opturacije ili mikrocu-
renja usled neadekvatnog privremenog ili definitivnog ispuna [3].

Medutim, odredeni broj lezija u periapeksu moze da perzi-
stira kao asimptomatsko radiografsko rasvetljenje ¢ak i pored
adekvatno realizovane endodontske procedure. Razlog je naj-
¢esce kompleksna anatomija kanalnog sistema sa regijama koje
se ne mogu adekvatno ni obraditi niti opturisati postoje¢im
instrumentima, materijalima i tehnikama [4]. Neke studije su
pokazale da odredeni delovi kanalnog prostora korena zuba
ostaju netaknuti tokom hemomehanicke instrumentacije bez
obzira na to koja se tehnika preparacije i kanalni instrumenti

koriste [5]. Netaknute regije endodontskog prostora mogu sa-
drzati bakterije i nekroti¢no tkivo ¢ak i onda kada se ¢ini da je
opturacija kanala radiografski korektna [4]. Smatra se da do
endodontskog neuspeha dolazi usled nemogu¢nosti potpune
kontrole i eliminacije infekcije u kanalu korena.

Cilj ovog rada je bio da se neposredno posle uklanjanja ma-
terijala za opturaciju kod zuba sa neuspelim endodontskim
lecenjem PCR tehnikom proveri mikrobioloski status endo-
dontski lecenih zuba.

METODE

Materijal za mikrobioloska ispitivanja dobijen je uzimanjem
uzoraka iz 30 endodontski le¢enih kanala korena zuba kod kojih
je postojala potreba za retretmanom. Kod svih pacijenata uzeti
su anamnesticki podaci, uradeni su klini¢ki pregled i detaljna
analiza retroalveolarne radiografije i na osnovu toga postavljana
dijagnoza neuspeha inicijalnog endodontskog tretmana.
Mikrobioloska studija je obuhvatila 30 zuba (osam visekore-
nih i 22 jednokorena) indikovanih za ponovljeni endodontski
tretman. Primarna endodontska terapija je u dva slucaja bila
sprovedena pre 12 meseci, u osam slucajeva u perioduod 1-5
godina, dok je kod 20 zuba primarno endodontsko lecenje bilo
uradeno pre viSe od pet godina. Svih 30 zuba imalo je radiografski
nalaz sa neadekvatnom opturacijom jer je to bio kriterijum neu-
speha zbog kojeg su pacijenti i upuceni na ponovni endodontski
tretman. Nezadovoljavajuci nivo kvaliteta opturacije je ocenjen
kao kratko punjenje (22 zuba), kao ,,zaboravljeni* kanal (sedam
zuba), odnosno kanal sa zalomljenim instrumentom (jedan
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zub). Kod 13 zuba uocena je adekvatna restauracija ili protetska
nadoknada, sedam zuba je bilo bez ispuna duzi period, a 10
zuba nije imalo odgovarajudi ispun. Prisustvo simptoma u vidu
bola, otoka, prisustva fistule, osetljivosti na perkusiju ili bolovi
na zagrizaj zabelezeni su kod 10 pacijenata, dok preostalih 20
nije imalo klinicke znake ni simptome.

Zdravlje apeksnog periodoncijuma ocenjivano je dodeljiva-
njem PAT indexa, pri ¢emu je potpuno zdrav parodoncijum (PAI
1) radiografski registrovan u Sest slu¢ajeva; PAI 2 skor (male
promene u strukturi kosti koje nisu patognomonicne za apikalni
periodontitis) zabeleZen je u sedam slucajeva; PAI 3 skor (koji
podrazumeva promene u ko$tanoj strukturi sa dekalcifikacijom
karakteristicnom za apikalni periodontitis) registrovan je kod 13
zuba; PAI 4 (koji predstavlja periodontitis sa jasno definisanom
zonom rasvetljenja) zabeleZen je u tri slu¢aja, i najvisi PAI 5
skor (uznapredovao periodontitis sa znacima egzacerbacije i
ekspanzije kosti) dodeljen je samo jednom slucaju.

Mikrobioloski postupak je ukljucivao najpre uklanjanje ¢vrstih
i mekih naslaga sa zuba, eventualno postojecih restauracija i
karijesnih masa i postavljenje koferdama. Dezinfekcija operativ-
nog polja uradena je 30% rastvorom vodonik-peroksida i 2,5%
rastvorom natrijum-hipohlorita, koji je zatim inaktivisan 5% ra-
stvorom natrijum-tiosulfata. Dezopturacija je uradena isklju¢ivo
mehanicki bez upotrebe bilo kakvih rastvaraca, lubrikanata ili
iriganasa. Gates-Glyden svrdlima je gutaperka uklonjena iz prve
dve trecine kanala, a hoedstrem turpijama iz apikalne tre¢ine
kanala korena zuba. Tokom radiografskog postupka odontome-
trije kontrolisan je kvalitet uklanjanja materijala za opturaciju.
Odontometrija je potvrdivana elektroodontometrom. U sluca-
jevima zaboravljenih kanala ekstendiran je pristupni kavitet,
korigovana trepanacija i locirani ulazi, a kanali su instrumentirani
modifikovanom tehnikom dvostrukog konusa Gates-Glyden
svrdlima i ru¢nim hoedstrem i k-flex turpijama do pune radne
duzine. Veli¢ina apeksne preparacije (ISO #25 ili #30) zavisila je
od inicijalnog promera i povijenosti kanala korena zuba. Zatim
je mala kolicina sterilnog fizioloskog rastvora ubrizgana u kanal
tako da se isti ne prepuni. Kanal je potom dodatno instrumentiran
kako bi se sastrugao materijal sa zidova kanala. Uzorak je uzet
sterilnim kanalnim instrumentom tipa pulpekstirpatora (#15)
ili hoedstrem turpije (#15) i uz pomo¢ papirnih poena kojima
je suSen kanal. Papirni poeni su plasirani sterilnom pincetom,
ostavljeni u kanalu tokom 60 sekundi, a zatim postavljeni u
sterilne ependorfe zajedno sa kanalnim istrumentima ¢ija je
drska odsecena sterilnim klestima. Ependorfice su cuvane na
temperaturi od -20°C do mikrobioloske analize.

Sa ciljem da se izoluje DNK, u svaku mikrotubu papirnim
poenom dodato je 100 pl redestilovane H 0. Za izolaciju totalne
bakterijske DNK (gram-pozitivne i gram-negativne bakterije)
kori$cen je komercijalni kit Qiamp DNA Mini Kit (Qiagen).
Posle primenjenog protokola za izolaciju bakterijska DNK je
rastvorena u 100 ul pufera za eluciju.

Putem klasi¢nog PCR analizirana je zastupljenost bakterija:
Enterococcus faecalis, Peptostreptococcus micros, Prevotela in-
termedia, Porphyromonas endodontalis i Actinobacilus actino-
micetemcomitans. Sekvence kori$¢enih prajmera, temperaturni
profil i duZine PCR produkata date su u Tabeli 1. U svakoj PCR
reakciji istovremeno sa testiranim uzorcima kori$¢ene su po-
zitivne i negativne kontrole, da bi se izbegli lazno pozitivni i
negativni rezultati. Reakcion smesu PCR reakcije, volumena 25
ul, ¢inile su sledece komponente: 13 pl dH,0, 2,5 ul PCR pufera,
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1,5l 25 mM MgCl, 1 pl dNTP, po 1 ul F i R prajmera, 0,2 pl Taq
polimeraze i 5 pl bakterijske DNK.

Uspesnost PCR reakcije je proveravana vertikalnom elektro-
forezom na 8% poliakrilamidnom gelu (PAA) u IXTBE-puferu,
pri konstantnom naponu struje od 200 V, u trajanju od 30 min.
Vizuelizacija PCR produkata uradena je putem bojenja etidijum
bromidom.

REZULTATI

PCR analizom je ispitivano prisustvo slede¢ih mikroorganiza-
ma: Enterococcus faecalis, Peptostreptococcus micros, Prevotela
intermedia, Porphyromonas endodontalis i Actinobacilus acti-
nomicetemcomitans.

Pozitivan bakterioloski nalaz registrovan je u 80% slucajeva,
dok bakterije nisu identifikovane u 20% uzoraka. Svi negativni
uzorci su uzeti iz kanala korena zuba bez znacajnih promena
u apeksnom periodoncijumu (PAI 1,2) dok je 17 od 24 kanala
sa identifikovanim bakterijama pripadalo zubima sa o$te¢enim
apeksnim parodoncijumom (PAI 3, 4, 5) (Tabela 2). Svi uzorci
uzeti iz kanala korena zuba sa hroni¢nim periapikalnim lezijama
su bili pozitivni na prisustvo bakterija (100%).

Kada je u pitanju zastupljenost ispitivanih bakterijskih vrsta,
najcesce identifikovana bakterija bila je E. faecalis (66,6%), potom
P, intermedia (60%), P. micros (46,6%), P. endodontalis (26,6%)
i A. actinomyces (10%) (Tabela 3).

Najprisutniji mikroorganizam u kanalima sa pozitivnim
bakterioloskim nalazom bio je E. faecalis, koji je identifikovan u
83,3% kanala, zatim P, inermedia sa 75% i P. micros sa zastuplje-
no$¢u od 58,3% (Tabela 4). U grupi zuba sa zdravim apeksnim
parodoncijumom sve bakterijske vrste (izuzev A. actimomyces,
koji nije detektovan ni u jednom uzorku) bile su jednako zastu-
pljene, odnosno identifikovane su u 57,7% kanala. Kod zuba sa
hroni¢nim periapikalnim promenama najzastupljeniji je bio E.
faecalis, koji je identifikovan u 94% kanala, zatim P. Intermedia,
koja je bila prisutna u 82,3% uzoraka (Tabela 4).

Kada je u pitanju broj bakterijskih vrsta prisutnih u pojedinac-
nom uzorku, samo u 13,3% slucajeva se radilo o monoinfekciji
(u polovini takvih kanala u pitanju je bio E. faecalis), dok su
najée$ce (33,3% kanala) identifikovane tri bakterijske vrste u
kanalu korena (E. faecalis, P. intermedia i P. micros) (Tabela 5).

Uoceno je da uzorci uzeti iz zuba sa zdravim parontalnim
tkivima oko vrha korena pokazuju uglavnom odsustvo bakterija ili
prisustvo jedne ili dve bakterijske vrste, dok je u slu¢aju postojanja
hroni¢nih periapikalnih promena u vise od polovine uzoraka
identifikovano prisustvo tri ili vi$e bakterijskih vrsta (Tabela 6).

Korelacija izmedu prisustva odredenih simptoma posle pri-
marnog endodontskog lecenja i nalaza odredenih bakterijskih
vrsta u kanalu korena prikazana je u Tabeli 7.

Mikroorganizmi E. faecalis i P. intermedia su registrovani kod
svih pacijenata sa bolovima, kod zuba osetljivih na perkusiju i
bolove pri zagrizaju, kao i kod polovine uzoraka uzetih iz kanala
korena zuba sa otokom i fistulom.

Peptostreptococcus micros je identifikovan kod 66,6% pa-
cijenata sa bolom, kod 50% pacijenata sa otokom, fistulom i
perkutornom osetljivo$¢u i kod 33,3% pacijenata sa prisutnim
bolovima na zagrizaj. Prisustvo P. endodontalis je potvrdeno
u 33,3% kanala sa registrovanim spontanim bolovima i 25%
kanala sa perkutornom osetljivo$¢u. Najrede identifikovani



mikroorganizam bio je A. actinomyces, koji je identifikovan
u 50% kanala sa prisutnom fistulom, kod 33,3% pacijenata sa
bolovima na zagriZaj i 12,5% uzoraka uzetih iz kanala korena
zuba pacijenata sa osetljivos¢u pri perkusiji (Tabela 7).

DISKUSIJA

U analizu je uklju¢eno 30 zuba kod kojih je postojala potreba
za retretmanom bez obzira na to dali je u pitanju bila protetska
indikacija, slu¢ajan nalaz ili je pacijent imao odredene tegobe.

Kako bi se sprecila kontaminacija uzoraka iz kanala, spro-
vodeni su striktno asepti¢ni uslovi uzimanja i aktuelni protokol
dezinfekcije radnog polja [6-9]. To je podrazumevalo dekon-
taminaciju radnog polja i dezinfekciju operativnog polja 30%
rastvorom vodonik-peroksida i 2,5% rastvorom natrijum-hipo-
hlorita i potom inaktivaciju 5% rastvorom natrijum-tiosulfata
kako njegovi ostaci ne bi uticali na uzeti uzorak [7]. Takode,
kompletna dezopturacija je radena isklju¢ivo mehanicki bez
upotrebe bilo kakvih rastvaraca, lubrikanata ili iriganasa. Mikro-
tube sa mikrobioloskim materijalom su ¢uvane na temperaturi
od -20 C, ne duZe od mesec dana.

PCR (Polymerase Chain Reaction) savremena je, brza (po-
trebno je svega nekoliko sati) i jednostavna metoda za identifi-
kaciju mikroorganizama. Izuzetno je osetljiva i visoko specifi¢na.
Teoretski je moguce dokazati prisustvo samo jedne bakterijske
Celije (Zive ili mrtve) u uzorku, mada se broj od 10 ¢elija smatra
donjom granicom detekcije (primera radi, za metodu kultivisanja
bakterija neophodno je 100 Zivih Celija) [9]. Identifikacija se
zasniva na in vitro amplifikaciji ciljnog fragmenta DNK, koju
je moguce ponoviti i do milijardu puta. Zahvaljujuci tome $to se
detekcija radi na osnovu genotipske strukture, a ne fenotipskih
karakteristika mikroorganizama, identifikacija je vrlo pouzdana
i precizna. Moguce je identifikovati i one bakerijske vrste koje
se ne mogu kultivisati in vitro ili slu¢ajeve kada je broj celija u
ispitivanom materijalu jako mali [9].

Medutim, PCR metoda identifikacije mikroorganizama ima
i svoja ogranicenja. Na prvom mestu, vrste koje nisu otkrivene
nekom drugom metodom i vrste koje se ciljano ne traze ne
mogu se ni detektovati. Postavljaju se ta¢no determinisani uslovi
izvodenja reakcije sa odredenim parom prajmera koji mogu da
detektuju samo tu, specifi¢nu, bakterijsku vrstu. Treba naglasiti
da PCR metoda ne prepoznaje da li je identifikovana Celija Ziva ili
mrtva. Drugo ogranicenje konvencionalne PCR metode odnosi
se na nemogu¢nost apsolutne kvantifikacije prisutnih bakterija.
Ovo se moze prevazi¢i,real-time“ PCR metodom, gde se moze
utvrditi i broj bakterijskih celija [10].

Pozitivan bakterioloski nalaz registrovan je u 80% slucajeva,
dok bakterije nisu identifikovane u 20% uzoraka. Svi uzorci uzeti
iz kanala korena zuba sa hroni¢nim periapikalnim lezijama su
bili pozitivni na prisustvo bakterija (100%). Takode, svi negativni
uzorci su uzeti iz kanala korena zuba sa zdravim parodoncijumom.
Na taj nacin je potvrdena hipoteza da bez bakterija nema infekcije
u periapikalnim tkivima, a samim tim ni neuspeha endodontskog
le¢enja. Sli¢ne rezultate dobili su Siqueira i sar. [5], Gomes i sar.
[11,12],Rd¢as i sar. [13], Sedgley i sar. [14], Sakamoto i sar. [15].

Medutim, 23% bakterioloski pozitivnih uzoraka uzeto je iz
kanala korena zuba ¢ije je stanje apeksnog parodoncijuma oce-
njeno vredno$¢u PAl indexa 2, $to radiografski predstavlja blago
prosiren periodontalni prostor bez znakova patognomoni¢nih
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za hroni¢na zapaljenja apeksnog parodoncijuma. Kaufman i
sar. [16] i Zoletti i sar. [17] takode su registrovali prisusutvo
bakterija u kanalima korenova zuba bez radiografski uo¢ljivih
periapikalnih promena. Objasnjenje moze lezati u ¢injenici da
retroalveolarna radiografija nije dovoljno precizna u dijagnozi
apeksnog parodontitisa sa manjim destrukcijama kostanih tkiva
[18]. Drugi razlog za prisustvo bakterija u kanalu korena bi mogao
biti mali broj i slaba virulencija bakterija. Da bi mikroorganizmi
koji su opstali nakon primarnog endodontskog le¢enja kanala
korena izazvali ili odrzavali periradikularno zapaljenje, moraju
biti dovoljno patogeni i u dovoljno velikom broju [2].

Kada se govori o bakterijama prisutnim u kanalima korena
zuba sa periapikalnim promenama posle endodontskog lecenja,
namece se dilema da li su one zaostale posle primarnog endo-
dontskog tretmana (perzistirajuca infekcija) ili su posledica
reinfekcije (sekundarna infekcija). Poslednjih godina su istra-
zivaci ukazivali na znacaj koronarne restauracije u prevenciji
reinfekcije endodontskog prostora i izneli stav da je sekundarna
infekcija vazan uzro¢nik neuspeha endodontskog le¢enja [1, 19].

Najzastupljeniji mikroorganizam u kanalima sa pozitivnim
bakteriolo$kim nalazom bio je E. faecalis, zatim P. inermedi i P.
micros sa zastupljeno$¢u od 58,3%. E. faecalis je identifikovan u
94% kanala korena zuba sa hroni¢nim periapikalnim lezijama
(PAI 3,4,5),5to je slicno nalazima Sledgley i sar., koji su takode
PCR metodom identifikacije na 48 uzoraka dobili 90% ucestalost
ovog gram-pozitivnog mikrorganizma [14]. Gomes i sar. su
PCR-om analizirali mikrobioloski status prethodno punjenih
kanala sa periapikalnim lezijama i dosli do zakljucka da je E.
faecalis prisutan u 90% bakterioloski pozitivnih kanala, potom
slede P. micros — 59%, P. gingivalis - 41%, P. endodontalis - 26%
i P intermedia — 13% [12].

Ovako visok procenat prisustva E. faecalisa verovatno je
posledica njegovih brojnih i raznovrsnih faktora virulencije i
izuzetne sposobnosti prezivljavanja. Ovaj mikroorganizam je
dovoljno mali i lako prodire u dentinske tubule, a ima i dobru
sposobnost adherencije za kolagen [20]; rezistencije na kalci-
jum-hidroksid [21]; sposobnost da prezivi (kao jedina vrsta)
u dentinskim kanali¢ima kanala bez podrske drugih bakterija
[22]; sposobnost da prezivi bez ishrane i oporavi se ¢im nutriti-
jenti u vidu seruma (porekla alveolarne kosti i periodontalnog
ligamenta) postanu dostupni [23].

Rezultati ove studije potvrduju prisustvo E. faecalis u 57,7%
kanala korena zuba bez promena u apeksnom parodoncijumu.
Medutim, P. intermedia, P. endodontalis i P. micros su takode
identifikovane u 57,7% kanala, $to navodi na zaklju¢ak da E.
faecalis nije jedini mikroorganizam odgovoran za neuspeh
endodontskog tretmana. Williams i sar. su pokazali da E. fae-
calis moze da preZivi sve etape endodontskog tretmana jer su
RT-PCR-om detektovali njegovo prisustvo u uzorcima uzetim
neposredno posle instrumentacije i irigacije, kao i posle inter-
seansne medikacije [24].

Ovo istrazivanje ukazuje da su preostali mikroorganizmi
verovatno dospeli u kanal zahvaljuju¢i neadekvatnom kruni¢nom
zaptivanju. Naime, kod 70% zuba sa zdravim apeksnim paro-
doncijumom kruni¢ne restauracije nisu bile zadovoljavajuceg
kvaliteta, $to predstavlja ulazna vrata za sekundarnu infekciju
endodontskog prostora. Medutim, iako prisutne u kanalu korena,
ove bakterije nisu imale uticaja na periradikularna tkiva. Prvi
razlog bi mogao biti da su ostale blokirane i zarobljene u dentin-
skim kanali¢ima materijalom za definitiviu opturaciju kanala, a
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drugi da je na njihovom putu od usne duplje (mikrocurenjem)
kanalno punjenje blokiralo dalji prolaz ka periapeksnim tkivima.
Pacijenti koji su uzeli u¢es¢a u ovoj studiji su dolazili iz ordi-
nacija opste stomatoloske prakse i domova zdravlja, gde je mo-
gucénost postovanja savremenih standarda i dobre endodontske
prakse uglavnom neadekvatna, tako da je ucestalost bakterija
zaostalih posle primarnog endodontskog le¢enja mogla biti
visoka (kako za E. faecalis tako i za druge mikroorganizme).
Prevotella spp i Porphiromonas spp (ranije klasifikovani kao
Bacteroides spp) pripadaju grupi ,crnopigmentisanih bakterija“
jer na agaru formiraju sjajne, glatke kolonije sive ili crne boje. Po
novoj taksonimiji, saharoliti¢ne vrste Bacteroides spp su svrstane
urod Prevotella, a asaharoliti¢ne u rod Porphiromonas. Vrste P
intermedia, P. melaninigenica, P. denticola i P. dentalis pripadaju
gram-negativnim obligatnim anaerobima. Iako imaju ogranic¢enu
sposobnost fermentacije aminokiselina i zahtevaju prisustvo
hemina i menadoina za rast, mogu se uoiti u razli¢itim delovima
organizma (usna duplja, gornji respiratorni i urogenitalni trakt)
[25]. Ruan i sar. su ustanovili da Prevotella intermedia poreklom
iz usne duplje predstavlja potencijalno oportunisticki mikro-
organizam Kkoji se povezuje sa periodontalnim oboljenjima ali
i sa periapikalnim periodontitisom jer poseduje adhezivnost i
kompetitivnost sa okolnim mikroorganizmima [25].
Porphyromonas endodontalis je gram-negativan mikroorga-
nizam koji se dovodi u vezu sa periodontitisom, endodontskom

infekcijom i gingivitisom, i to ¢e$¢e sa simptomatskim nego
asimptomatskim infekcijama u usnoj duplji [26].

Tre¢ina pacijenata koji su uzeli u¢es¢a u studiji su prijavali
neki od klinickih simptoma, a najce$ce registrovani simptom bila
je osetljivost na perkusiju. Najcesce prisutni mikroorganizmi u
uzorcima uzetih iz takvih kanala su bili E. faecalis i P intermedia
(100%), a zatim P. micros (50%). Gomes i sar. su takode nasli
statisticki znacajnu povezanost P. microsa i osetljivosti zuba na
perkusiju [12],a Pinheiro i sar. su sa ovim simptomom povezali
prisustvo P. intermedia [27].

E. faecalis i P intermedia su registrovani kod svih pacijenata sa
bolovima, osetljivos¢u na perkusiju i bolovima na zagrizaj, kao i
kod polovine uzoraka uzetih iz kanala korena zuba pacijenata sa
otokom i fistulom. P. micros je identifikovan kod 66,6% pacijenata
sa bolom, a Pinheiro i sar. ovo takode povezuju sa prisusutvom
bakterijskih vrsta P. intermedia i P. micros [27].

ZAKLJUCAK

Prisustvo periapikalnih lezija znacajno uti¢e na mikrobioloski
status kanala korena endodontski lecenih zuba. Prisustvo bak-
terija u kanalima korena potvrdeno je u vecini endodontski
neuspesno le¢enih zuba, a naj¢ecse identifikovane bakterije bile
su E. faecalis, zatim P. intermedia, P. micros i P. endodontalis.



