
When teeth are treated according to accepted clinical
principles under aseptic conditions, the success rate of
endodontic treatment is generally high—most follow-up
studies report overall success rates of 85% to 90%.1-6

It is commonly acknowledged that most endodontic
treatment failures occur when treatment procedures
have not met a satisfactory standard for control and
elimination of infection. However, even when endo-
dontic treatment has been performed to a high stan-
dard, long-term follow-up has shown that some cases
exhibit persistence or development of a periapical
radiolucency. Factors that may contribute to the perpet-
uation of periapical radiolucencies after root canal
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treatment include the following: intraradicular infec-
tion persisting in the apical part of the root canal7;
extraradicular infection, generally in the form of peri-
apical actinomycosis8; extruded root canal filling or
other materials that cause foreign body reactions9-13;
and true cysts, especially those with a significant accu-
mulation of cholesterol crystals.14,15 In some cases, a
persisting periapical radiolucency may be mistaken for
failure because of the formation of scar tissue.16 

Information obtained from histologic analysis
suggests that there is a ceiling to the success rate that
can be achieved by conventional endodontic treatment
of apical periodontitis.17 Assuming that periapical
actinomycosis and true cysts do not heal by conven-
tional root canal treatment, the total frequency of these
2 conditions will determine the highest possible
healing rate that can be attained after optimal
endodontic therapy. Successful elimination of the
initial root canal infection and complete obturation of
the canal will result in periapical healing unless the
lesion happens to be a true cyst or one that is main-
tained by bacteria in the periapical tissue. Actinomyces
species and Propionibacterium propionicum (formerly
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Arachnia propionica), which have been implicated in
periapical infections, occur in 10% to 15% of the root
canals of teeth with periapical lesions18,19; however,
only a few of these teeth develop periapical actinomy-
cosis. Relatively little is known about the incidence of
periapical actinomycosis, although the limited avail-
able data suggest that it is probably less than 5% of all
periapical lesions.20,21

Both Actinomyces israelii and P propionicum have
been repeatedly found in the periapical tissues of cases
that do not respond to conventional endodontic treat-
ment.22-24 A israelii has been specifically implicated in
periapical actinomycosis.22,24 Our report supplements
previous accounts of bacteria associated with failure of
conventional endodontic treatment. Two cases are
described in which endodontic therapy failed and
conventional retreatment had to be followed by peri-
apical surgery to resolve clinical symptoms and ensure
periapical healing. A new species of Actinomyces was
isolated in pure cultures from the root canals of the
involved teeth. 

MATERIAL AND METHODS
Clinical material

The 2 cases reported here have been briefly
described in a recent report on the taxonomic status of
the isolated bacteria.25 The 2 strains were isolated from
root canals of teeth in separate patients with similar
clinical histories. A detailed description of the cases is
outlined here.

In case MK, a 25-year-old man, strain CCUG 42377
(Culture Collection University Gothenburg, Sweden)
was isolated in a sample taken from the root canal of an
upper central incisor with apical periodontitis (Fig 1).
Both the central and the lateral incisors had been devi-
talized after orthodontic treatment more than 10 years
earlier. No periapical lesions were present at the
commencement of endodontic treatment; however,
there was evidence of apical root resorption. Because
of persistent symptoms, the teeth were not root-filled
for 7 years but were instead dressed with calcium
hydroxide paste and sealed with temporary fillings.
During this period, the temporary fillings were lost
several times. The dentist treating the teeth also
reported that there had been problems isolating the
teeth with rubber dam during the initial treatment
because of the orthodontic appliances. Eventually,
periapical lesions developed and the patient was ulti-
mately referred to an endodontist who completed the
treatment and root-filled the teeth. Three years after the
teeth were root-filled, a periapical abscess developed in
the region. Penicillin was administered, and the root
fillings were removed under aseptic conditions. The
canals were instrumented with sodium hypochlorite

(0.5%) irrigation, followed by dressing with a calcium
hydroxide paste. A new abscess developed, so a deci-
sion was made to carry out periapical surgery. Before
surgery, bacteriologic samples were taken and the root
canals were filled. 

In case GL, an 80-year-old woman, strain CCUG
36733 was isolated from the root canal of a previously
obturated tooth. A dentist had treated the upper right
canine on repeated occasions. Despite persistent symp-
toms, the tooth was root-filled. The dentist subse-
quently referred the patient to an endodontist for treat-
ment. The patient reported that the previous treatment
had been performed without rubber dam isolation of
the tooth. The root filling was removed and a bacterio-
logic sample taken. The canal was instrumented and
irrigated with sodium hypochlorite solution (0.5%),
then dressed with a calcium hydroxide paste. The strain
in the initial sample grew as a pure culture. At 3 subse-
quent treatments, bacteriologic samples were obtained
and all showed growth of the same type of bacterium.
Because of continuing symptoms, periapical surgery
was performed on the tooth and granulomatous tissue
was removed. The surgical postoperative healing was
uneventful. 

Bacteriologic sampling
An aseptic technique, described by Möller,26 was

used during all specialist treatment and bacteriologic
sampling. Rubber dam was applied, and the tooth,
clamp, and surrounding parts of the rubber dam were
cleaned with 30% hydrogen peroxide and then
swabbed with 5% iodine tincture. After the tincture had
dried, the tooth surface was swabbed with 5% sodium
thiosulphate solution to inactivate the iodine so that
remnants of iodine would not influence the bacterio-
logic sampling.26 Sterile saline solution was carefully
introduced into the canal with a syringe, taking care
that the root canal would not be overfilled. The canal
was instrumented so that material could be obtained
from the dentin walls. The fluid in the root canal was
absorbed with charcoaled paper points, which were
transferred to a liquid thioglycolate medium (11260;
Baltimore Biological Laboratories, Cockeysville, Md)
supplemented with agar to prevent oxygen diffusion.27

This medium is highly effective in reducing oxygen so
that toxic intermediates of oxygen do not accumulate
even if the medium is briefly exposed to oxygen.28

Microbiological examination of the samples
The samples were transferred to an anaerobic box,

where the paper points were placed in 1-mL prere-
duced buffer solution and shaken vigorously to release
the adsorbed microbes. The suspension was inoculated
on Brucella agar (Becton, Dickinson and Company,



Franklin Lakes, NJ) supplemented with 5% lysed
blood, 0.05 mg/mL hemin, and 0.01 mg/mL vitamin K.
The plates were incubated anaerobically (10% H2 and
5% CO2 in nitrogen) at 36°C for up to 10 days. Bac-
teria grown on the plates were isolated and character-
ized using routine identification tests,29,30 including
growth on selective media and gas-liquid chromatog-
raphy for detection of metabolic end products in prere-
duced anaerobically sterilized broth cultures.31

Electron microscopy
Samples were prepared for electron microscopy by

growing pure cultures of the bacterial isolates on
Brucella blood agar (3% laked horse blood) or MS
agar, in Tryptic soy broth with 0.5% glucose and 2%
horse serum, or in RPMI-1640 broth (Sigma-Aldrich,
St Louis, Mo) with or without 10% calf serum. Cells
were harvested, washed twice with phosphate-buffered

saline (PBS), and fixed with 2.5% glutaraldehyde in
PBS. Samples were prepared for electron microscopy
according to routine procedures. 

Susceptibility to sodium hypochlorite and
calcium hydroxide

A radicidentis was tested for its susceptibility to
sodium hypochlorite and calcium hydroxide using a
method described previously.32 Briefly, each strain of A
radicidentis was grown anaerobically (10% CO2 and
10% H2 in nitrogen) on brain heart infusion agar
(Oxoid; Basingstroke, United Kingdom) and incubated
at 37°C for 7 to 14 days. Colonies were harvested,
suspended in 1-mL PBS, ground with a glass pestle,
and vortexed to produce a fine cell suspension. 

Aliquots (100 µL) of this suspension were placed in
1 mL of either 0.5% sodium hypochlorite solution
or a saturated solution of calcium hydroxide (pH
11.5) and incubated aerobically at 21°C for 5, 15,
and 30 minutes. Controls were incubated in PBS for
30 minutes. After incubation, the cells were pel-
leted, washed twice in PBS, serially diluted in 0.9%
NaCl, and plated onto brain heart infusion agar; viable
counts were determined after incubation for 1 week.
Experiments were repeated in duplicate.

RESULTS
In both cases—in the central incisor of case MK and

in the upper right canine of case GL—the teeth had
previously been root-filled and the samples were
obtained after removal of these root fillings. The
bacterium isolated from the root canal of each patient
(strains CCUG 42377 and CCUG 36733, respectively)
grew in pure cultures. In case MK, the central incisor
was sampled before periapical surgery and no other
samples were taken. In case GL, the right canine was
treated on several occasions by instrumentation and
irrigation with 0.5% sodium hypochlorite solution,
followed by interappointment dressing with a calcium
hydroxide paste (Calasept; Nordiska Dental, Ängel-
holm, Sweden). At 3 appointments, samples taken from
this tooth showed growth of the same microorganism
in pure culture. Follow-up of both cases showed heal-
ing of the periapical tissues.

The 2 bacterial isolates did not conform to other
known species within the genus Actinomyces. The
results of whole-cell protein analysis and 16S rRNA
gene sequencing showed that the strains closely resem-
bled each other but were sufficiently distinct from
other Actinomyces species to be deemed a new species
within the genus. The name Actinomyces radicidentis
was given to the new species.25 In addition to the
biochemical characteristics described in the first
report,25 the isolates were found to produce acetic,
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Fig 1. Periapical radiograph of upper right central and
lateral incisors of case MK when periapical abscess devel-
oped 3 years after root filling. Bacteriologic sample was
taken from root canal of upper central incisor during
retreatment, which revealed presence of A radicidentis
strain CCUG 42377.



lactic, and succinic acids in glucose-containing prere-
duced anaerobically sterilized broth. Under aerobic
conditions (with 5% CO2), the isolates grew within 2
days on Mitis Salivarius agar (Difco, Detroit, Mich)
but failed to grow on 110 Staphylococcus agar (Difco),
Rogosa selective lactobacilli agar (Difco), or bile
esculin agar29 for enterococci. On Brucella blood agar,
the growth was butyrous and colonies easily formed a
smooth suspension when mixed with buffer. The broth
cultures were difficult to suspend homogeneously.

Cells from agar or broth cultures stained Gram posi-
tive and exhibited a coccoid cell shape, with the cells
arranged in irregular clusters resembling a bunch of
grapes, and were indistinguishable from staphylococci
or some micrococci. Scanning electron microscopy of
the isolates grown on Brucella blood agar (Fig 2, A) or
in serum-supplemented Tryptic soy broth (Fig 2, B)
revealed a coccoid cell shape, although cells grown in
RPMI-1640 broth with serum were rod-shaped (Fig 2
C, D). When cells were grown in broth, scanning elec-
tron microscopy revealed the existence of bundles of
thick fimbriae-like appendices in a net arrangement
(Fig 2, B-D). The presence of fimbriae was confirmed
in thin sections (Fig 2, E-G).

Because A radicidentis was recovered from canals
after repeated irrigation with sodium hypochlorite solu-
tion and dressing with calcium hydroxide, we examined
survival of A radicidentis in these solutions in vitro.
Both A radicidentis strains were killed efficiently by
sodium hypochlorite solution—there was no growth at
or after 5 minutes. The average survival of A radicidentis
strains CCUG 42377 and CCUG 36733 in calcium
hydroxide after 5, 15, and 30 minutes was 14, 0.1, and 1
× 10–4% and 28, 5.8, and 9 × 10–2%, respectively. 

DISCUSSION
Identification of the biological reasons for

endodontic failure is fundamental for progress to be
made in understanding the microbial and nonmicrobial
pathogenesis of such failure. This article describes the
clinical characteristics and some in vitro properties of
a new Actinomyces species isolated from 2 indepen-
dent cases of endodontic failure. In both patients, the
protracted course of previous clinical treatment led the
endodontist to suspect that the continuing signs and
symptoms were due to a persistent infection. Thus,
bacteriologic samples were taken and sent to the
microbiological laboratory with the suspicion that they
might be derived from teeth with periapical actinomy-
cosis. On 3 separate occasions, the samples from the
canine (case GL) consistently showed growth of the
same microorganism, A radicidentis. In the other case
(MK), the specialist treated the upper incisors in 2
appointments; the bacteriologic samples were taken at

the second, before root filling and apical surgery. Both
incisors harbored the same species, A radicidentis.

Because this is the first description of this Actinomyces
species, it is not known whether it is a part of the initial
flora of infected root canals, nor is the natural habitat of
the species identified. The mode of entry into the canals
by A radicidentis is also uncertain—it might have been
present in the initial root canal infection; alternatively,
A radicidentis may have entered the root canal during a
phase of treatment in which the asepsis was deficient
and it might have used an opportunity to survive when
other microbes were removed during endodontic treat-
ment. A common feature in both cases was that the
initial treatment of the canals was performed in the
absence of an acceptable aseptic technique. Poor (or no)
isolation with rubber dam, no disinfection of the opera-
tive field, and lack of an adequate interappointment seal
of the access cavity can facilitate entry of opportunistic
bacteria into the root canal. It has recently been reported
that opportunistic microorganisms such as Enterococcus
faecalis and Candida albicans are detectable in a
higher proportion of cases in which the treatment has
been protracted and the asepsis has been poor during
treatment.33,34 Discovery of the natural habitat of A
radicidentis should provide a better understanding of
how these bacteria can enter and survive in the root
canal.

The persistence of A radicidentis in both cases and
the repeated recovery of the species on 3 separate occa-
sions from one case (GL) imply that there was a nidus
of infection, either intraradicularly or extraradicularly.
Because no immunocytochemical or electron micro-
scopic analysis was performed on the periapical tissue,
we are unable to specify where the bacteria were
located. A radicidentis may have survived extraradicu-
larly in the form of periapical actinomycosis, or the
species might have the capacity to persist within the
root canal system. In both patients, the canals were irri-
gated with sodium hypochlorite solution during instru-
mentation and dressed with calcium hydroxide, yet A
radicidentis was repeatedly recovered from the canals.
Thus, we examined survival of A radicidentis in these
antimicrobial agents in vitro. Both strains were killed
rapidly by 0.5% sodium hypochlorite solution. The
strains exhibited relatively high tolerance to saturated
calcium hydroxide solution in comparison with that of
other bacteria isolated from infected root canals.35

The persistence of A radicidentis might be due to an
extraradicular location of A radicidentis in the peri-
apical tissues, but there is also the possibility that the
calcium hydroxide dressing was ineffective at elimi-
nating A radicidentis or that the bacteria were inacces-
sible by the medicaments used during treatment of the
root canal system.
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Fig 2. Scanning (a-d) and transmission electron micrographs (e-g) of A radicidentis, strain CCUG 36733. Cells
grown on Brucella blood agar exhibit coccoid shape (a), similar to cells grown in serum-supplemented Tryptic
soy broth, where fimbriae-like bundles can be seen (b). When cells were grown in RPMI-1640 broth with serum
(c, d), they were rod-shaped with intertwining bundles of fimbriae-like cell appendices in a netlike arrange-
ment. In thin section (e), bundle of fimbriae can be observed emerging from cell surface; demarcated area in
(e) is magnified in (f). Further thin section (g) shows radially placed fimbriae emerging from fuzzy-coated cell
surface. Bars = 1 µm.



the growing number of species within the genus
Actinomyces.

Our ability to define appropriate treatment strategies
for problematic cases can only follow identification
and characterization of the etiologic factors that result
in endodontic treatment failure. The cases reported
here—along with the identification of a new species, A
radicidentis—supplement our knowledge of a small,
restricted group of microorganisms known to be asso-
ciated with endodontic failure. 
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Periapical actinomycosis is generally thought to be
associated with infection by A israelii, and the clinical
course of persistent infection, problematic treatment,
and endodontic failure22-24 bears considerable simi-
larity to the cases described here. The ability of A
israelii to evade destruction and elimination by host
phagocytic cells by establishing characteristic cohesive
colonies consisting of branching filamentous organ-
isms in the periapical tissue seems to be the key to their
pathogenicity.36 The A radicidentis strains CCUG
36733 and 42377 did not grow as branching filaments
in vitro, although a change to a rodlike morphology
occurred when A radicidentis was grown in serum-
supplemented RPMI-1640 broth. The presence of
thick, ropelike cell structures in a net arrangement
observed on broth-grown A radicidentis is character-
istic of fimbriae; this was confirmed by means of elec-
tron microscopy of thin sections. Fimbriae have been
reported on some strains of A israelii37 and other
Actinomyces species.38,39 These structures are thought
to be important for adhesion to host tissue and other
bacterial surfaces.40

Microscopically, the cells of A radicidentis were
predominantly coccoid; this morphology misled us so
that the isolates were initially not recognized as
Actinomyces species. It is well known that growth
conditions can influence cell morphology, as observed
here with A radicidentis, which appeared rodlike when
grown in RPMI-1640 broth with serum. Another
species involved in endodontic failure, P propionicum,
has been reported to grow with branching filaments or
with swollen spherical cells—or occasionally it may
consist entirely of coccoid forms.41 It is possible that
the strains isolated from these cases in vivo can also
form filaments; a branching filamentous growth seems
important for establishment of the bacteria in host
tissue.36,42,43

When using routine procedures to identify A radici-
dentis in clinical samples, the close resemblance of A
radicidentis to staphylococci (in cell shape and arrange-
ment, colony morphology, and production of catalase)
can complicate classification of the species. Never-
theless, the biochemical profile of A radicidentis differs
from the most clinically significant Staphylococcus
species when such a profile is based on key characteris-
tics.44 The most suitable differentiation criterion at the
genus level is the production of succinic acid, together
with acetic and lactic acids, from cultures in glucose-
containing media. Further differentiation from other
catalase-producing Actinomyces species can be made
with the tests described earlier25 or by comparing 16S
rRNA data with sequence data deposited at Genbank
under accession number AJ251986. The classification
of A radicidentis as a distinct species is an addition to
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