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Abstract
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Aim To determinewhether there is a pattern forcertain
bacteria to remain after chemo-mechanical treatment
of root canals in teeth with apical periodontitis.
Methodology Consecutive root-canal samples of 200
teeth receiving root-canal treatment, referred from gen-
eralpractitionersandendodontic specialists foranalyses
of cultivable microbes, were studied prospectively. To be
included, samples had to be taken at a treatment session
subsequent to the one at which endodontic therapy
was initiated. All samples were from teeth that either
presented with clinical or radiographic evidence of
apical periodontitis or both. Bacteriological ¢ndings
were linked to clinical and radiographic parameters

including status of the root canal prior to treatment,
namely, vital pulp, necrotic pulp or root ¢lled.
Results A total of 248 strains were isolated from
107 teeth giving bacterial growth. Gram-positives pre-
dominated (85%). Lactobacillus spp. (22%), nonmutans
streptococci (18%), and Enterococcus spp. (12%) were
the most common isolates. Gram-negative anaerobes
were relatively sporadic. Large radiographic bone
lesions, persistent pain and use of intracanal calcium
hydroxide dressing correlated with bacterial presence
(P < 0.05).
Conclusions Once established, nonmutans strepto-
cocci, enterococci and lactobacilli appear to survive
commonly following root-canal treatment of teeth with
clinical and radiographical signs of apical periodontitis.
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Introduction

Complete elimination of the microbes in teeth with an
infected dental pulp is a clear objective of root-canal
treatment (Trope & Bergenholtz 2002). However, in
clinical studies, despite thorough mechanical instru-
mentation and disinfection of the root-canal system,
microorganisms have been recovered both at the end of
the treatment procedure and at subsequent treatment
sessions (Engstro« m 1964, Olgart 1969, Bystro« m 1986,

Gomes et al. 1996, Molander et al. 1998). Such residual
organisms are likely to play a role in treatment failures
(Molander et al.1998, Sundqvist et al.1998).
Samples from root ¢lled teeth have frequently shown

Gram-positive facultatives including enterococci, strep-
tococci, and lactobacilli (Mo« ller 1966, Molander et al.
1998, Sundqvist et al. 1998), suggesting that anaerobes
normally do not survive in the restricted nutritional
environment found in treated root canals. Compared to
anaerobes, facultative anaerobes are also likely to be
more resistant to antimicrobial and mechanical endo-
dontic procedures; hence, ine⁄cient treatments may
select for the most robust segment of the root canal
microbiota. This supposition is, however, not well
substantiated. For example, Enterococcus faecalis, an
organism recovered frequently from endodontically
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treated teeth with apical lesions (Molander et al. 1998,
Sundqvist et al. 1998) is rarely isolated in untreated
infected pulps (Sundqvist 1994). The frequent presence
of facultative anaerobes, including E. faecalis, in root
canals of failing endodontically treated teeth could be
as a consequence of £uid leakage from the oral environ-
ment via gaps at the restoration^tooth interface follow-
ing coronal leakage (Saunders & Saunders 1994,
Siqueira 2001).
While clinical follow-up studies have reported that

biomechanical procedures reduce microrganisms in
the root-canal system(Bystro« m&Sundqvist1981,Gomes
et al. 1996, Peters et al. 2002), and that this e¡ect is
enhanced by the use of intracanal medication between
appointments (Bystro« m1986,Molander et al.1999), there
is still insu⁄cient knowledge as to which organisms
survive these procedures. Based on the exploration
of a large number of cases with diverse pulpal diag-
noses at the initiation of therapy, the aim of the present
study was to seek a more distinct understanding of
the micro£ora that may endure antimicrobial endo-
dontic treatment in teethwith evidence of apical period-
ontitis.

Materials and methods

Over a period of 10 months (October 2000^July 2001)
consecutive microbial samples from root canals referred
to the Department of Oral Microbiology, Go« teborg Uni-
versity, were gathered on a prospective basis and ana-
lysed for cultivable organisms.
The samples were recovered from a total of 200 teeth

(77 anteriors, 38 premolars and 85 molars) from 196
patients (104 females and 92 males, age range 16^
85 years).The referrals were fromendodontic specialists
in the Public Dental Service (59%) and general practi-
tioners in the private sector in the Go« teborg area of Swe-
den (41%) (Table 1).
To be considered for inclusion in the study, each sam-

plehad tocome fromatooththatneeded to satisfy the fol-
lowing criteria:

� Clinical or radiographic evidence of apical periodonti-
tis or both.
� Root-canal treatment already initiated at one, two or
several previous appointments prior to sampling (Fig. 1).
� Root-canal sampling procedures performed accord-
ing to the method of Mo« ller (1966).

Figure 1 Outline of clinical and laboratory procedures.

Table 1 Distribution of cases based on bacterial presence, source of referral and intracanal medicament used

Bacteria present (n¼107) No growth (n¼ 93)

Ca(OH)2 IKI Total Ca(OH)2 IKI Total

Endodontists (n¼118) 47 25 72 8 38 46

General practitioners (n¼ 82) 27 8 35 44 3 47

Total 74 33 107 52 41 93

On comparing frequencies of bacterial growth between teeth treated with either IKI or Ca(OH)2, more no growth cultures were recorded for IKI than

Ca(OH)2 (55% and 41%, respectively, not statistically significant).
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� Cases treated only by experienced general practi-
tioners or endodontists, who were regular users of the
sampling method.
� Sterility control from the operation ¢eld demonstrat-
ing no bacterial growth.

Clinical data requested from referring dentists

Referring dentists were requested to complete a form to
answer questions regarding the clinical features of
each case including the crown status, initial diagnosis,
reason for sampling and intracanal medication used.
Pre-operative periapical radiographs were also sub-
mitted and used to provide con¢rmation of periapical
and clinical crown status. Radiographic images were
digitalizedanddimensions of radiographic bone lesions
were measured using the software Adobe Photoshop
v.6 (Adobe Systems Inc., Seattle,WA, USA). The ‘size of
the lesion’ was determined by calculating the mean
value between the largest horizontal and vertical mea-
sures. Lesions were then classi¢ed as small (�2 mm)
or large (>2 mm) (Fig. 2a,b).

Procedures prior to root-canal treatment

Teeth were isolated using rubber dam; then disinfected
with 30% hydrogen peroxide and a10% iodine tincture
in accordance with the protocol advocated by Mo« ller
(1966). The sterility of the operation ¢eld was checked
after inactivation of the iodine with 5% sodium thiosul-
phate solution. Part of the £uid was aspirated with a
charcoal-impregnated cotton pellet, which was trans-
ferred to transport mediumVMGA III (Dahle¤ n & Mo« ller
1992).

Following removal of the interappointment tem-
porary cement, the canal was £ushed with sampling
£uid (VMG I, Mo« ller 1966) and instrumented to remove

Ca(OH)2 if present. Then and in cases where IKI had
been used for interappointment medication (Table 1),
VMGI was added and the canal walls were scaled. The
suspension was absorbed into charcoal impregnated
paper points (Mo« ller 1966), which were transferred to
VMGA III. This sample was designated Sample1 (Fig. 1).
Incaseswithbacterialgrowthevident inaprevious sam-
ple, irrigation and medicament procedures were
repeated, and a subsequent sample was taken using the
same sampling method in many but not all the cases.
These samples were designated as appropriate Samples
2,3 and 4.

Laboratory analyses

All samples arrived at the microbiological laboratory
within 24 h of sampling. Transport tubes were placed
in 37 8C for 15 min and vigorously mixed for 20^30 s
usingavortexmixer.Dilutionaliquots of100 mLweredis-
tributedonto twoBrucellaagar plates (BBLMicrobiologi-
cal Systems, Cockeysville, MD, USA); one plate was used
foraerobic incubation for3^5 daysat37 8Candtheother
platewasused foranaerobic incubationusing thehydro-
gen combustion method for 5^7 days at 37 8C (Mo« ller
1966). Charcoaled paper points, as well as the remaining
£uid, were placed in a semi-liquid medium (HCMG-Sula,
Mo« ller 1966) and incubated at 37 8C for up to 14 days.
In cases of no growth on the agar plates, tubes were
checked daily for turbidity during 14 days. Bacteria
growingonagar plates or semi-liquidmediumwere sub-
cultured for identi¢cation on the basis of anaerobic or
aerobicgrowthand further identi¢cationwasperformed
as outlined by Dahle¤ n & Mo« ller (1992).
Colonies were semi-quanti¢ed according to the

method described by Dahle¤ n et al. (1982). Brie£y: 1^10
colony forming units (CFU) were considered as very
sparse growth,11^100 as sparse growth,101^1000mod-
erate, 1001^10 000 as heavy and more than 10 000 as
very heavy growth.
Strains isolated were Gram-stained and classi¢ed by

colony morphology, oxygen tolerance and biochemical
tests into species, genus or other main groups. Selective
mediawere used for subculturing the following strains:
Mitis-Salivariusagar plates (MSagar, DifcoLaboratories,
Dertroit, MI, USA) on which distinction was made
between mutans group and nonmutans group strepto-
cocci, MSB agar plates (Mitis-Salivariuswith3.3 mg L�1

of Bacitracin (Sigma, St Louis,MO,USA) for identi¢cation
of Streptococcus mutans/Streptococcus sobrinus, Staphy-
lococcus 110 medium agar plates (Difco) on which
Staphylococcus aureus was distinguished from

Figure 2 Determination of radiographic bone lesion size (a)
small and (b) large.
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coagulase-negative Staphylococcus spp. by being DNase
positive, Enterococcosel agar plates (BBL Microbiology
Systems, Cockeysville, MD) for identi¢cation of Entero-
coccus spp., Rogosa agar plates (Difco) for identi¢cation
of Lactobacillus spp. and Bi¢dobacterium spp., CFAT agar
plates (Zylber & Jordan1982) for identi¢cation ofActino-
myces spp., Drigalski agar plates for identi¢cation of lac-
tose positive enterobacteria and Saboraud dextrose agar
plates (Difco) for identi¢cationof yeasts (Candida spp.).
Gram-positive rods not growing on selective media,

e.g. Propionibacterium spp., Clostridium spp. and Eubac-
terium spp. were identi¢ed after subculturing on Bru-
cella blood agar (BBL) enriched with de¢brinated horse
blood plus 0.5% haemolysed horse blood and 5 mg L�1

of menadione, and were analysed bygas-liquid chroma-
tography. Other obligate anaerobic strains, e.g. Peptos-
treptococcus spp., black-pigmented (Prevotella spp.,
Porphyromonas spp.) and nonpigmented Gram-negative
anaerobes (Fusobacterium spp.,Veillonella spp.) were sub-
cultured on Brucella blood agar plates and further iden-
ti¢ed by cell and colony morphology.
Plates foranaerobic culturingwere incubated inanae-

robic jars for 7^10 days while other plates were incu-
bated in air with10% CO2 for 3^5 days.

Gas-liquid chromatography

The methodology was performed as outlined by Holde-
man et al. (1977). Bacteria were grown on RS-30 media
for 5 days under anaerobic conditions. Their metabolic
productswereanalysedwithachromatograph equipped
withan ionizationdetector.Theglass columnof chroma-
tography was packed with 5% AT 1000 (Altech Associ-
ates Inc., Deer¢eld, Ill, USA.) on Chromosorb GHP 100/
120mesh (Johns-Manville, Denver, Co., USA).The carrier
gas was nitrogen (30 mL min�1) with an injection port
temperature of 120 8C. One microlitre portions of the
ether extracted and methylated samples were used,
and the results were comparedwith those obtainedwith
standard solutions of volatile fatty acids.

Statistical analysis

The material from the ¢rst samples was distributed into
two groups: ‘bacteria present’ (BP) and ‘no growth’
(NG). Clinical and radiographic data from BP and NG
groups were compared using the Chi-square test (signif-
icance level set at P < 0.05).Within the BPgroup, bacter-
ial ¢ndings were compared to clinical and radiographic
data using Chi-square test (signi¢cance level set at:
P < 0.05).

Results

General ¢ndings

Of the 200 cases analysed,107 presented with bacterial
growth in the root-canal sample designated as Sample
1 (BP group), while 93 cases did not yield bacterial
growth (NG group).

Within the BPgroup, a second sample (Sample 2) was
submitted in 99 cases, demonstrating bacterial growth
in 56 cases (57%). Sample 3was obtained from 52 cases,
which displayed bacterial growth in 7 cases (13%). Six
of these cases were further sampled (Sample 4), with
none demonstrating bacterial growth.

Table 1shows a distribution based on sources of sam-
pling and intracanal medicaments used between
appointments. Overall, calcium hydroxide was the most
commonly used intracanal dressing (126 cases, 63%).
When analysed by source, endodontists used IKI in
53% of the cases in contrast to the general practitioners
who more frequently used Ca(OH)2 (87%).

Table 2 Comparisons between bacteria present (BP) and no
growth (NG) groups based on clinical and radiographic data

BP NG w2�

Tooth group

Upper anterior (n¼ 48) 27 21 NS

Lower anterior (n¼ 29) 15 14 NS

Upper premolar (n¼18) 9 9 NS

Lower premolar (n¼ 20) 7 13 NS

Upper molar (n¼ 29) 18 11 NS

Lower molar (n¼ 56) 31 25 NS

Radiographic bone lesion

No lesion (n¼ 6) 1 5 NS

Small lesion (¼2 mm) (n¼ 67) 20 47 0.0001

Large lesion (>2 mm) (n¼127) 86 41 0.001

Crown status

1surface filling (n¼ 42) 23 19 NS

>1surface filling (n¼ 99) 51 48 NS

Full coverage crown (n¼ 37) 21 16 NS

Bridge abutment (n¼ 22) 12 10 NS

Initial diagnosis

Vital pulp (n¼ 31) 15 16 NS

Non-vital pulp (n¼109) 63 46 NS

Re-treatment (n¼ 60) 29 31 NS

Reason for sampling

Persistent pain/tenderness (n¼ 72) 52 20 0.001

Persistent swelling (n¼ 9) 6 3 NS

Persistent fistula (n¼ 28) 12 16 NS

No radiographic healing (n¼ 39) 17 22 NS

Sterility control (n¼ 52) 20 32 NS

�P- value in w2-test, NS ¼ not statistically significant.
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Clinical parameters

Table 2 showsvarious clinicaland radiographic features
associated with the cases investigated namely, tooth
category, periapical lesion size, crownstatus, initial diag-
nosis and reason given for submitting the sample. Man-
dibular molar and maxillary anterior teeth were the
most regularly sampled tooth type, although there was
no associationwith the presence of bacteria.

Radiographic analyses demonstrated 6 teeth with no
lesions, ¢ve of them belonging to the NG group. Large
bone lesions were the most common (64%), and corre-
lated signi¢cantly with presence of bacteria (P ¼
0.001). Occurrence of small lesions was positively corre-
lated with no bacterial growth (P ¼ 0.0001).

Almost 50% of the cases had two-surface, or larger,
restorations. There was no correlation between size or
type of restoration and bacterial growth (Table 2).

More than half of the cases had an initial diagnosis of
pulp necrosis, 31 (16%) had a vital pulp diagnosis and
60 (30%)were retreatments. Results of bacterial growth
were not correlated to these diagnoses (Table 2).

The most common reason for sampling was persis-
tence of pain and tenderness (36%).These causes signif-
icantly correlated with bacterial growth in Sample 1
(P ¼ 0.001).

Microbial isolates

Table 3 shows the distribution of the bacterial strains
isolated from the root-canal samples. There were a total
of 235 strains isolated in Sample 1, with approximately
2 strains per case. Samples 2 and 3 presented an average
of1isolate per case. Lactobacillus spp., nonmutans strep-
tococci and Enterococcus spp., were the most prevalent
species. In none of the samples were yeasts isolated.
Thirteen strains isolated in Sample 2 had not been

recovered from the previous Sample1.These new strains
were: Lactobacillus spp. (¢ve strains), nonmutans strep-
tococci (three strains), Enterococcus spp. (three strains),
Propionibacterium spp. (one strain) and lactose-positive
enterobacterium (one strain).
In Sample 3 the 7 bacterial strains that prevailed in

monoculture had been isolated also in Samples1and 2.
Reapplication of intracanal dressing produced a

reduction in quantity and growth rate of microbial spe-
cies isolated from Sample1 through Sample 3 (Table 3).

Correlation of microbial isolates with clinical
parameters

Nonmutans group streptococci and enterococci were
recovered fromcases diagnosed initially withvital pulps

Table 3 Distribution based on growth rate of strains isolated from consecutive root canal samples

Sample1 (n¼107 cases) Sample 2 (n¼ 56 cases) Sample 3 (n¼ 7 cases)

þ þþ þþþ þþþþ þþþþþ Total þ þþ þþþ Total þ þþ Total

Gram-positive cocci

Non-mutans group streptococci 5 11 14 9 2 41 8 3 2 13

Enterococcus spp. 3 8 4 9 2 26 6 7 2 15 1 1 2

Coagulase negative staphylococci 1 5 10 1 17

Peptostreptococcus spp. 5 2 2 9

Mutans group streptococci 1 2 1 4

Gram-positive rods

Lactobacillus spp. 4 11 16 15 3 49 5 10 3 18 3 3

Bifidobacterium spp. 1 6 8 3 18 2 2

Propionibacterium spp. 1 4 4 5 1 15 3 1 2 6 2 2

Actinomyces spp. 2 6 4 12 1 2 1 4

Eubacterium spp. 1 3 1 1 6 1 1

Clostridium spp. 2 2 4 1 1

Gram-negative cocci

Veillonella spp. 2 2 1 1 6

Gram-negative rods

Prevotella spp. 9 2 11

Fusobacterium spp. 1 5 2 1 9

Enterobacteria (lactose positive) 4 1 2 7 1 1

Porphyromonas spp. 1 1

Total isolates 20 80 74 53 8 235 27 24 10 61 6 1 7

Growth rate:þ very sparse, þþ sparse; þþþmoderate; þþþþ heavy, þþþþþ very heavy growth.
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in n ¼ 2 and n ¼ 0 cases, respectively.While these two
bacterial groups were more commonly recovered from
teeth with diagnosis of necrotic pulps (n ¼19 and
n ¼10, respectively), their presence was signi¢cantly
more common in the retreatment cases (P ¼ 0.0002
and P ¼ 0.0001, respectively) (Table 4). Bi¢dobacterium
and coagulase negative staphylococci, on the other
hand, were uncommon in retreatment cases
(P ¼ 0.001 and P ¼ 0.02, respectively). Gram-negative
anaerobic rods (Prevotella, Fusobacterium, lactose posi-
tive enterobacteria and Porphyromonas), were mainly
present in teeth originally diagnosed with necrotic pulp
and were infrequent in re-treatment cases (P ¼ 0.02).
Compared to IKI, calcium hydroxide as an interap-

pointment dressing was more often associated with a
positive culture (Table 1). Ca(OH)2 was also signi¢-
cantly associated with the presence of nonmutans
streptococci (P ¼ 0.003) and Enterococcus spp. (P ¼
0.001) (Table 5).

Discussion

In the present study, Gram-positive bacteriawere recov-
ered from root canals of teeth receiving root-canal treat-
ment for either symptomatic or nonsymptomatic apical
periodontitis. In several cases the organisms remained
or new ones appeared in subsequent samples, despite
chemo-mechanical treatment and antimicrobial intra-
canal dressings, suggesting that conditions for their sur-
vival and growth prevailed in these root canals.
Bystro« m & Sundqvist (1981), Gomes et al. (1996) and
Peters et al. (2002) have reported similar ¢ndings,
although their studies were based on smaller number
of cases and with treatment methodologies somewhat
di¡erent to those applied by the referring dentists of
the present study.

Gram-negative anaerobes were conspicuous by their
relatively rare occurrence in contrast to primary infecti-
ons of teethwith necrotic pulps and apical periodontitis

Table 5 Correlation between intracanal medicament used and isolated strains from Sample1

Ca(OH)2 (n¼ 74) IKI (n¼ 33) w2�

Lactobacillus spp. (n¼ 49) 40 9 NS

Non-mutans group streptococci (n¼ 41) 37 4 0.003

Enterococcus spp. (n¼ 26) 26 0 0.001

Bifidobacterium spp. (n¼18) 9 9 NS

Coagulase negative staphylococci (n¼17) 9 8 NS

Propionibacterium spp. (n¼15) 13 2 NS

Actinomyces spp. (n¼12) 9 3 NS

Prevotella spp. (n¼11) 5 6 NS

Fusobacterium spp. (n¼ 9) 7 2 NS

Peptostreptococcus spp. (n¼ 9) 7 2 NS

Enterobacteria (lactose positive) (n¼ 7) 3 4 NS

Veillonella spp. (n¼ 6) 5 1 NS

Eubacterium spp. (n¼ 6) 3 3 NS

Mutans group streptococci (n¼ 4) 1 3 NS

Clostridium spp. (n¼ 4) 2 2 NS

Porphyromonas spp. (n¼1) 1 0 NS

�P-value in Chi-square test, NS ¼ not statistically significant.

Table 4 Correlation between initial diagnosis and bacteria isolated in Sample1

Vital (n¼15) Necrotic (n¼ 63) Retreatment (n¼ 29) w2�

Lactobacillus spp. (n¼ 49) 6 26 17 NS

Non-mutans group streptococci (n¼ 41) 2 19 20 0.0002

Enterococcus spp. (n¼ 26) 0 10 16 0.0001

Bifidobacterium spp. (n¼18) 7 10 1 0.001

Coagulase negative staphylococci (n¼17) 3 14 0 0.02

Propionibacterium spp. (n¼15) 3 6 6 NS

Actinomyces spp. (n¼12) 0 10 2 NS

Peptostreptococcus spp. (n¼ 9) 2 6 1 NS

Gram-negative anaerobic rods (n¼ 28) 5 21 2 0.02

�P-value in Chi-square test, NS ¼ not statistically significant.
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(Baumgartner & Falkler1991, Hoshino et al.1992,Wasfy
et al.1992, Sundqvist1994). Of the isolates in teeth with
an initial diagnosis of pulp necrosis, Gram-negative
anaerobes were less than 20% of the total isolates recov-
ered (Table 4). Given this observation, and realizing that
a microbiological analysis of the original microbiota in
the cases observedwasnot possible, our ¢ndings suggest
that the treatment procedures carried out, especially in
teeth with necrotic pulps, were more e¡ective against
Gram-negative bacteria but less so towards Gram-posi-
tive organisms.Hence, these results seemtoprovide sup-
port for the hypothesis that endodontic procedures
may select for the more resilient organisms, while the
susceptible Gram-negative anaerobes are more easily
eliminated. The supposedly higher resistance of Gram-
positive bacteria may be related to di¡erent factors, as
for example cell-wall structure, metabolic products
secreted, and resistance towards medicaments.The true
nature and implicationof such factors need further clar-
i¢cation (Sriskandan & Cohen1999).

Gram-positive rods were the most frequently isolated
group of bacteria.Within this group Lactobacillus spp.
was by far the most predominant. Screening a variety
of cases with diverse pulpal and periapical diagnosis,
Sundqvist & Carlsson (1974) reported lactobacilli to be
a prevalent bacterium in initial root-canal samples.This
organism is not usually recognized as an endodontic
pathogen. Sundqvist & Carlsson proposed, on the basis
of the simultaneous occurrence of lactobacilli in other
sites of the oral cavity, that theyare likely to be transient
contaminants rather than regular colonizers of necrotic
pulps. Indeed they are ubiquitous in the deep portions
of caries lesions (Edwardsson1974,McKay1976,Hoshino
et al.1992) and it is not unreasonable toassume that they
are derived from such origins.While their pathogenic
potential is notwell established, the present data suggest
that they are able to survive in restricted nutritional
environments. Further, as they have been recovered in
root-canal samples fromteethwithapical lesionspersist-
ing after endodontic treatment (Molander et al. 1998,
Sundqvist et al. 1998), lactobacilli may play a role in
pathogenesis.

Gram-positive cocci were the second largest group of
bacteria isolated in the samples, of which nonpolysac-
charide producing streptococciwere themost prevalent.
Such organisms have also been recognized in necrotic
pulps of untreated root canals (Sundqvist 1994). Gomes
et al. (1996) isolated diverse streptococcal species after
endodontic instrumentation without medication in
between treatment sessions, namely, S. milleri group,
S. anginosus, S. constellatus, S. intermedius and S. gordo-

nii. Me¤ jare (1975) observed S. milleri in samples obtained
from root canals at the time of obturation and that they
were most often recovered along with S. sanguis and
S. mitior. In semblance with our results, the origin of
these organisms could not be determined and it is quite
possible that they were colonizers owing to previous
direct exposure of the root canal to the oral environment
(Me¤ jare1975).
Another commonly recovered bacterial group was

Enterococcus spp. In recent years enterococci have
attracted considerable interest owing to their frequent
recovery from endodontic re-treatment cases (Molander
et al. 1998, Sundqvist et al. 1998, Peculiene et al. 2001).
These organisms were also recovered from many of the
current samples (12%), especially from the re-treatment
cases, supporting previous ¢ndings and the view that
they are able to survive in environments with sparse
nutritional supply. Further, our ¢ndings con¢rm the
treatment resilient nature of enterococci as demon-
strated in vitro (Dahle¤ n et al. 2000). Hence, of 26 isolates
in Sample 1, 15 isolates were also present in Sample 2.
Thismeans that incomparisonwithall other organisms,
Enterococcus spp. more than doubled their percentage
share of the total number of strains over the treatment
period, while other organisms either had a slight
increase or decrease or had disappeared totally in Sam-
ple 2 (Table 3).
In a similar study, Molander et al. (1996) analysed 574

samples submitted in 1986 to the same microbiology
laboratory in Go« teborg.The results showed that strepto-
cocci, enterococci and lactobacilli were also the most
common isolates. However, all samplers were general
practitioners and sterility checks were not consistently
carried out for oral contamination of the sampling site.
While oral contamination during sampling may not be
ruled out as a factor for the presence of bacteria in the
current study, special precautions were undertaken to
include onlyhabitual samplers and teethwhere dentists
were likely to have been able to apply proper rubber
dam and aseptic operative procedures.
Although the current studydoes not provide evidence

as to the origin of the organisms found in the treated
cases, our ¢ndings do raise concerns about their patho-
genic capacity, once they are established in the root-
canal environment. This is regardless of whether they
were present from the very beginning, or became
selected in the process of root-canal instrumentation
andmedication. Over thepast 20 years, the ¢eld of endo-
dontics has been very much preoccupied with the role
of the anaerobic segment of the root-canal microbiota
especially theGram-negatives owing to their dominance
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inuntreated cases of necrotic pulp and the fact that they
exert distinct pathogenic properties allowing them to
escape various host defence mechanisms (Haapasalo
et al.1986, Sundqvist et al.1979). The risk of a £ora being
dominated by Gram-positives after treatments, of which
several are facultatives, necessitates e¡orts to elucidate
whether or not treatment outcome depends on their
complete elimination. Further to the acquisition of such
knowledge there is a great clinical need to understand
whichmedicationassists in their eradication.The obser-
vation that the use of calcium hydroxide, the most com-
monly employed intracanal dressing in the current
study, was associated with the continual presence of
someof theseorganismscon¢rms its relative ine⁄ciency
as an antimicrobial agent in root-canal treatment (Ste-
vens & Grossman1983, Haapasalo & Prstavik1987, Reit
&Dahle¤ n1988).Thepresent ¢ndings support the conten-
tion that it is di⁄cult to kill by this medicament not only
enterococci but also other Gram-positive organisms.
Most likely the continued recoveries of certain Gram-
positives is related toan inabilityof clinicians to properly
instrument and disperse this intracanal dressing to all
areas of the root-canal system where bacteria may
remain, i.e. in isthmuses, dentinal tubules and rami¢ca-
tions (Siqueira & Lopes1999).
Althoughour¢ndings revealedassociations of bacter-

ialpresence to lesion size, intracanalmedicationandrea-
son for sampling, we did not ¢nd it meaningful to
further explore links to genus type. In studies of this nat-
ure, a variety of other confounders may be of signi¢cant
in£uence some of whicharemore or less uncontrollable.
To these belong variations in root-canal anatomy and
the e⁄ciency which operators are able to carry out the
instrumentation procedures.
Bacteriological sampling procedures and culture pro-

cessing may not provide a complete outlook of the root-
canal microbiota, because many types of organisms fail
to survive for identi¢cation under regular laboratory
conditions. In the present study, spirochetes and yeasts,
previously reported in root-canals samples (Waltimo
et al. 1997, Baumgartner et al. 2000, Siqueira et al.
2000), were not detected. As an alternative method for
the identi¢cation of the endodontic microbiota, further
molecular analyses of16S-RNA genes have shown a far
more diverse bacterial £ora (Munson et al. 2002), how-
ever, the true implication of these ‘uncultivable’species,
in clinical endodontics has yet to be demonstrated. So
far, there is no evidence suggesting that cultivable bac-
teria should not be regarded relevant in endodontic
infections and their elimination from root canals a criti-
cal treatment goal.

Conclusion

The ¢ndings of the current study justify the view that
nonmutansgroup streptococci, enterococciand lactoba-
cilli commonly survive antimicrobial endodontic treat-
ment.
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