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Abstract

Significance

It is debatedwhether apical actinomycosis is an in-
fectious entity independent of intraradicular in-
fection. The present case report provides
histobacteriologic findings that constitute the first
strongevidence that in somecasesactinomycotic-
like colonies may cause independent extraradicu-
lar infection.
This article describes a case of large persistent post-
treatment apical periodontitis associated with 2 maxil-
lary incisors, which was successfully managed by
periradicular surgery. Histobacteriologic analysis
revealed that the lesion was a granuloma that con-
tained in its body a very large actinomycoticlike colony
surrounded by accumulations of polymorphonuclear
leukocytes and showing no direct communication with
the root canal systems from both teeth. One incisor
had no evidence of persistent intraradicular infection,
whereas the other exhibited some residual dentinal tu-
bule infection in the apical canal, which may have not
significantly contributed to persistent inflammation
given the organization and agglomeration of inflamma-
tory cells around the large extraradicular bacterial
colony. Findings showed that the main cause of persis-
tent disease was the extraradicular infection in the form
of a large bacterial floc, apparently independent of an
intraradicular infection and as such only solved by
surgery. (J Endod 2018;44:1308–1316)
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Although endodontic
infections are gener-

ally restricted to the root
canal system, bacteria
may occasionally succeed
in overcoming the host de-
fenses concentrated near
the apical foramina and
cause an extraradicular
infection (1). Bacteria

occur in extraradicular infections as planktonic cells associated with acute abscesses,
cohesive actinomycoticlike colonies located in the lesion body, or biofilms adhering
to the outer apical root surfaces (2–7).

Extraradicular infections are commonly associated with symptoms and/or sinus
tract formation and, given their location, may not respond to nonsurgical root canal
treatment (4, 5, 8). There are many cases reported in the literature of lesions that
were recalcitrant to nonsurgical treatment and that contained an extraradicular
component of bacterial infection (2, 4, 5, 8, 9). However, only rarely was the
extraradicular infection not associated with a concomitant intraradicular infection
(5). It is conceivable that the rare cases in which the extraradicular infection
becomes an independent infectious entity may be successfully managed by periradic-
ular surgery only.

This article describes a case of a large apical periodontitis lesion that persisted
after root canal treatment and was resolved by surgery only. Histobacteriologic analysis
revealed that the cause of persistent disease was a large bacterial colony located outside
the canal within the body of the apical periodontitis lesion, apparently independent of
the root canal conditions.

Case Report
Case Description

A 17.5-year-old female patient was referred to an endodontist because of an
extensive apical periodontitis lesion associated with the maxillary incisors as detected
by routine radiographic examination (Fig. 1A and B). Both teeth #9 and #10 responded
negatively to cold, heat, and electric sensibility tests. There was no tenderness to
percussion or palpation, but the latter revealed a small indurated and nonfluctuant
swelling adjacent to the apex of tooth #10 (Fig. 1C).

The patient reported trauma in the region of the maxillary left incisors when she
was approximately 9 years old. When she was 11 years old, she was subjected to
orthodontic treatment, which lasted for 3 years. Radiographs from this period revealed
that a surgical procedure was required for traction of tooth #11, which was impacted
(Fig. 1D). An area of external root apical resorption on tooth #10 was also apparent on
radiographs and apparently remained stable over the course of the orthodontic
correction of tooth positioning (Fig. 1E).

A radiograph from the orthodontist’s files taken approximately 2 years after
completion of orthodontic treatment revealed an apical periodontitis lesion involving
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Figure 1. (A and B) Large radiolucency involving the apices of teeth #9 and #10. (C) Swelling adjacent to the apex of tooth #10. (D) A radiograph taken 8 years
before at the beginning of the orthodontic treatment. (E) A radiograph taken at the completion of orthodontic treatment. Apical resorption on tooth #10. (F) A
radiograph taken by the orthodontist 2 years later showed apical radiolucency involving both teeth.
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both teeth #9 and #10 (Fig. 1F). The patient did not present any signs or
symptoms. It is unknown why no treatment was indicated at that time.

Clinical examination revealed an uncomplicated dentin fracture in
tooth #9 with a slight color change. Esthetic restorations involved the
incisal and mesial surfaces of this tooth. The fracture line was oblique
and apparently did not reach the pulp (Fig. 1A and C). The crown of
tooth #10 showed no caries or restoration and no noticeable color
change, but small vertical cracks affecting the enamel were observed.

The patient had no history of systemic disease. After signing an
informed consent form, the patient agreed with treatment and the
possible need for surgical complementation in case of an immediate
or late unfavorable outcome. Before endodontic intervention, a
cone-beam computed tomographic scan was requested for improved
diagnosis, including evaluation of other possible changes related to
the trauma or orthodontic treatment, and treatment planning (Fig. 2A
and B).
JOE — Volume 44, Number 8, August 2018
Endodontic Treatment
Endodontic treatment protocols were essentially the same for teeth

#9 and #10, except for the apical preparation size. After rubber dam
isolation, the operative field was cleaned with 30% hydrogen peroxide
and disinfected with 5.25% sodium hypochlorite (NaOCl). The coronal
access cavity was prepared under an operating microscope (Microscope
Opto DM, 2003; Opto Eletrônica, S~ao Carlos, SP, Brazil). The working
length was established 1 mm short of the apex using an electronic
apex locator (Apex Finder 7005; Kerr Analytic, Orange, CA) and
radiographs. The canal was prepared with the Reciproc instrument
R25 (tooth #10) or R50 (tooth #9) (VDW, Munich, Germany) under
copious irrigation with 5.25% NaOCl. Passive ultrasonic irrigation
(PUI) with NaOCl was performed for 1 minute using an ultrasonic E1
Irrisonic tip (Helse, Santa Rosa de Viterbo, SP, Brazil) placed 1mm short
of the working length. PUI was repeated with 17% EDTA for 1 minute.
Extraradicular Infection and Short-term Failure 1309



Figure 2. (A and B) Cone-beam computed tomographic axial and sagittal scans showing the extent of the radiolucency. (C) A postoperative radiograph. (D–F)
Radiographs taken after 1, 2, and 3 years, respectively. (G) A cone-beam computed tomographic sagittal scan through tooth #9 at the 3-year follow-up examination.
(H and I) Pathologic tissue was exposed and removed together with the 2 apices. (J) A postoperative radiograph. (K) A 1-year follow-up radiograph.
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Subsequently, the root canal was irrigated with 5 mL 5.25% NaOCl, and
PUI was performed once again. The canal was dried with paper points
and dressed with a calcium hydroxide paste associatedwith camphorated
paramonochlorophenol (Calen; SSWhite, Rio de Janeiro, RJ, Brazil). The
coronal cavity was sealed with a temporary cement.

Two weeks later, calcium hydroxide was removed, and the canals
were filled using the vertical compaction technique with gutta-percha
1310 Ricucci et al.
and Pulp Canal Sealer EWT cement (SybronEndo, Orange, CA). Apical
extrusion of the filling material was observed in both cases (Fig. 2C).

Follow-up examinations over 3 years revealed that the patient was
asymptomatic, and parts of the extruded material were gradually elim-
inated over time. The lesion size slightly decreased after 1 year
(Fig. 2D). However, no more reduction was observed; the lesion re-
mained unaltered over the next follow-up examinations (2 years and
JOE — Volume 44, Number 8, August 2018
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3 years) (Fig. 2E and F). Palpation of the mucosa still revealed a small
indurated swelling over the apex of tooth #10. Periodontal probing
depths were within normal limits, and no significant periodontal disease
was present. There were no systemic manifestations of infection either.
Surgery was indicated because of stagnation of the healing process. A
new cone-beam computed tomographic scan was taken to plan the sur-
gical procedure and revealed that some new buccal bone may have
formed (which is coherent with the radiographs taken at the 1-year
follow-up), but a large lesion was still present (Fig. 2G).

Apical surgery was performed on both teeth. After flap elevation,
care was taken to enucleate the entire lesion still attached to the root
end of both teeth in order to maintain their original relationship
(Fig. 2H and I). The root ends were resected, and the biopsy specimen
was immediately placed in 10% neutral buffered formalin for subse-
quent histopathologic and histobacteriologic analyses. Surgery was
completed by root-end preparation with ultrasonic tips and root-end
filling with white mineral trioxide aggregate (Angelus, Londrina, PR,
Brazil). The bone crypt was filled with Bio-Oss (Geistlich Pharma AG,
Wolhusen, Switzerland) and covered with a membrane (HeliCote; Inte-
gra LifeScience Corp, Plainsboro, NJ). All surgical procedures were per-
formed under magnification using an operative microscope. A
postoperative radiograph was taken (Fig. 2J). Twelve months after sur-
gery, the teeth were asymptomatic, and a radiograph showed healing of
the radiolucency (Fig. 2K).
Tissue Processing
The biopsy including the 2 root apices firmly attached to the large

mass of periapical pathologic tissue was photographed (Fig. 3A and B),
radiographed (Fig. 3C), and fixed by immersion in 10% neutral buff-
ered formalin solution for 2 days. Demineralization was performed in
an aqueous solution consisting of a mixture of 22.5% (vol/vol) formic
acid and 10% (wt/vol) sodium citrate for 4 weeks. The specimen was
washed in running water for 48 hours and divided longitudinally with
a sharp razor blade into 2 halves, each containing 1 apex. The 2 seg-
ments were then dehydrated in ascending grades of ethanol, cleared
in xylene, infiltrated, and embedded in paraffin (melting point 56�C)
so that longitudinal sections encompassing the apical canal/foramen
and the surrounding pathologic tissue could be obtained. Serial
5-mm-thick sections were cut for each portion until the tissue was ex-
hausted. Sections were stained with hematoxylin-eosin and the Taylor-
modified Brown and Brenn technique for staining bacteria (10).
Results
Sections cut approximately at the center of the lesion and stained

with hematoxylin-eosin showed that the pathologic mass consisted of a
large central amorphous eosinophilic structure with irregular margins
surrounded by a dense concentration of inflammatory cells (Fig. 3D and
E) and a peripheral portion exhibiting the characteristics of a pseudo-
capsule with an abundance of collagen bundles and amoderate concen-
tration of inflammatory cells (Fig. 3D and F). The central structure
occupied approximately half of the volume of the entiremass. No epithe-
lial proliferation could be observed throughout the whole lesion.
Figure 3. (A) The surgical biopsy. A view of the resected apices. (B) A buccal view
approximately at the center of the lesion on a buccopalatal plane at the level of line
center of the pathologic mass (original magnification �16). (F) The upper
magnification �16). (G) The section proximal to that in D (Taylor-modified Brow
area of the central mass indicated by the lower arrow in G. Bacterial aggregatio
high-power view from the area of the colony indicated by the arrow in H (origin
mass indicated by the upper arrow in G (original magnification �100).
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Bacterial staining revealed that the central structure was an
exuberant actinomycoticlike colony showing an abundant extracellular
polymeric substance (EPS) component and several distinct bacterial ag-
gregations interspersed in it (Fig. 3G–J). In some areas, these aggrega-
tions showed a tendency to form successive layers (Fig. 3H). The
dominant bacterial morphotype was that of intertwined branching fila-
ments held together by an extracellular matrix, giving rise to peripheral
radiating clubs, which gave the typical “ray fungus” appearance of acti-
nomycotic colonies (Figs. 3H–J and 4A). At the periphery of the central
structure, the clubs and the radiating bacterial aggregations were sur-
rounded by a massive concentration of polymorphonuclear leukocytes
(Figs. 3I and 4A).

Sections cut through the apical canal of tooth #10 showed an
absence of bacteria both in the canal lumen and the dentinal tubules
(Fig. 4B–D). Granulation tissue was present in contact with the filling
material and outside the foramen (Fig. 4D). Sections cut through the
apical canal of tooth #9 revealed that the dentinal walls were colo-
nized to a considerable depth by bacteria with a coccoidal shape
(Fig. 4E–G). At this level of sectioning, the actinomycoticlike colony
was no longer observed at the center of the lesion (Figs. 4E and 5A and
B). In fact, only the surrounding inflammatory response could be
visualized, with an apparently empty space in the middle, likely occu-
pied by pus that was washed away during histologic processing
(Fig. 5A and B). Analysis of all serial sections encompassing the en-
tirety of the lesion from the mesial to the distal pole allowed us to
determine the spatial localization of the actinomycoticlike colony
and the surrounding acute inflammatory reaction, as shown in
Figure 5C.
Discussion
Apical periodontitis consists of an inflammatory lesion in the peri-

radicular tissues in response to intraradicular bacterial infection. In the
large majority of cases, the host defense response suffices to curb the
spread of infection to the periodontal ligament and bone, usually at
the expense of bone tissue destruction. In some rare circumstances,
as observed in the present report, bacteria may resist or escape the
host defenses and establish themselves at the periradicular tissues,
causing an extraradicular infection. The reasons why an extraradicular
infection develops are unknown, but they are conceivably related to the
type and virulence of the bacteria involved and the host resistance. The
case reported herein represents a quite distinct and unusual condition
in the following aspects:

1. The occurrence of extraradicular infection itself
2. The absence of symptoms and/or a sinus tract
3. The presence of a very large bacterial colony occupying a large

extent of the lesion
4. The lack of evident communication of the extraradicular large

colony with residual intraradicular infection

Except for acute or chronic apical abscesses, extraradicular
infection is a rare condition in chronic/asymptomatic endodontic
processes. In these cases, it may be an extension of the intraradicular
infectious process caused by bacteria that directly invaded the
of the biopsy. (C) A radiograph of the biopsy. (D) A longitudinal section cut
2 in (C) (hematoxylin-eosin, original magnification �6). (E) Detail from the
portion of the lesion in D revealing a pseudocapsular structure (original
n and Brenn, original magnification �16). (H) Middle magnification of the
ns exhibiting “ray fungus” appearance (original magnification �100). (I) A
al magnification �400). (J) Middle magnification of the area of the central

JOE — Volume 44, Number 8, August 2018



Figure 4. (A) A high-power view from the area of the colony indicated by the arrow in Fig. 3J. The radiating bacterial extensions are surrounded by dense con-
centrations of polymorphonuclear neutrophils (Taylor-modified Brown and Brenn, original magnification�400). (B) A section cut through the apical canal of the
lateral incisor at the level of line 3 in Fig. 3C (original magnification �6). (C and D) Progressive magnifications of the apical canal. Granulation tissue out of the
foramen (original magnification �16 and �50). (E) The section cut through the apical canal of the central incisor at the level of line 1 in Fig. 3C. The actino-
mycotic colony is no longer visible (original magnification�6). (F and G) Progressive magnifications of the area of the right dentin wall indicated by the arrow in E.
Dentinal tubules are extensively colonized by bacteria (original magnification �100 and �400).

Case Report/Clinical Techniques

JOE — Volume 44, Number 8, August 2018 Extraradicular Infection and Short-term Failure 1313



Figure 5. (A and B) The section cut through the apical canal of the maxillary incisor, about 30 sections more mesially than the section in Fig. 4E. The actino-
mycotic colony is no longer present. Only the large inflammatory halo can be discerned (hematoxylin-eosin, original magnification �6 and �16). (C) Recon-
struction of the spatial localization of the actinomycotic colony (yellow line) with the surrounding inflammatory reaction (white line).
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periradicular tissues and overcame the local host defenses or pene-
trated the lumen of “bay” cysts (11). In some occasions, it may be
reminiscent of a previous acute apical abscess, resulting in a chronic
abscess. Bacteria may also be propelled to the periradicular tissues
along with pulp and dentin debris during chemomechanical proced-
ures (5, 12). Another condition that may result in extraradicular
1314 Ricucci et al.
infection is when the apical root is resorbed and bacterial colonies
or biofilms present in the very apical part of the root canal system
are left behind in the periradicular tissues. The possibility exists
that long-standing intraradicular infectious processes associated
with temporary or permanent alterations in the host resistance can
predispose to extraradicular infection.
JOE — Volume 44, Number 8, August 2018
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In the present report, the patient reported no symptoms and

showed no sinus tract. Extraradicular infections are usually associated
with these conditions (8, 13, 14), but there are certainly exceptions.
The reason for the absence of symptoms/sinus tract may be related to
low bacterial virulence, which is very difficult to infer herein without
bacterial identification and other molecular analyses. The large
actinomycoticlike colony resembled flocs, which are planktonic
biofilms that exhibit many of the characteristics of sessile biofilms,
including a surrounding EPS matrix (15). Biofilms are commonly
linked to chronic and asymptomatic infections (16–18). The host
resistance may also have played a role in preventing symptoms and
sinus tract formation. Immune defenses in young individuals are
expected to be improved and more effective in containing the
advance and worsening of infectious conditions (19, 20), even
though they could not eradicate the extraradicular infection.

The observation of a large bacterial colony located in the center of
the lesion body without being contiguous with the intraradicular infec-
tion is difficult to explain. The initial source of bacteria for the extrara-
dicular infection is certainly the intraradicular infection, but the reason
why the large colony was isolatedly located in the lesion body, showing
no continuity with the apical foramina of both teeth, is unknown and can
be speculated as follows. It is not possible to determine whether or not
the large extraradicular bacterial floc was present before the initial
treatment. In case it developed in the untreated tooth, it is possible
that the intraradicular infection advanced to the periradicular tissues
and, because the host immune defense was eliminating the invading
bacteria, they were no longer present in their pathway to the lesion
body, whereas cells in the advanced front of infection managed to
form a large colony that resisted eradication.

However, another explanation seems more plausible. The primary
lesion was caused by bacteria organized in biofilms adhering to the ca-
nal walls and/or planktonic cells/flocs suspended in the apical canal
lumen or slightly beyond the foramen. A large floc may have been dis-
placed to the periradicular tissues during root canal preparation or
even obturation. The extruded filling material (Fig. 2C) may have
pushed the bacterial floc deep into the lesion. This helps explain the
exclusive location of the large bacterial colony in the lesion body. Bac-
teria forming a floc (planktonic biofilm)may be protected from the host
defenses by their released by-products and the EPS matrix that sur-
rounds the floc structure, surviving and maintaining the inflammatory
response.

Longitudinal histobacteriologic sections including the entirety of
the lesion revealed that the large bacterial colony was located in the di-
rection of the root apex of tooth #10. Sections passing through the apex
of tooth #9 no longer showed the bacterial colony but rather inflamed
and abscessed tissue areas (Fig. 5A and B). This may suggest that tooth
#10 was the primary source of the extraradicular infection although this
cannot be stated for sure.

It is possible to infer that this case of extraradicular infection is 1 of
those rarely described conditions that became an independent infec-
tious entity only solved by surgery (5). The large extraradicular bacte-
rial colony was surrounded by a heavy accumulation of inflammatory
cells. The area interposed between the colony and the root apices con-
tained no bacteria, only inflamed tissue, as shown by serial sectioning
(Fig. 4B–D). Tooth #10 contained no detectable bacteria in the root ca-
nal system, and tooth #9 depicted some residual dentinal tubule infec-
tion, which was clearly in no communication with the large
extraradicular bacterial colony.

The endodontic treatment was performed by an experienced
specialist in endodontics following highly acceptable standards. No sig-
nificant transoperative complications other than apical extrusion of
filling materials were observed. Even so, the lesion persisted after
JOE — Volume 44, Number 8, August 2018
more than 2 years of follow-up. Given the extraradicular location of
the colony and its apparent independence of the root canal status, these
cases are not expected to respond to nonsurgical root canal treatment.
Actually, treatment of the 2 teeth including PUI and interappointment
intracanal medication resulted in excellent antimicrobial effects, with
no bacteria being found in the root canal system of 1 tooth and only
a mild infection restricted to dentinal tubules in the other. This confirms
the high efficacy of these supplementary antimicrobial approaches as
reported in the literature (21–25). It is highly unlikely that the
residual intraradicular infection in tooth #9 contributed to lesion
persistence given the location and organization of the inflammatory
response surrounding the large extraradicular colony.

Apical actinomycosis has been regarded as an infectious entity in-
dependent of the intraradicular infection (7, 26). However, former
evidence of such independence is weak because previous studies did
not evaluate the bacteriologic conditions of the apical root canal. The
present histobacteriologic findings are the first strong evidence that
in some cases actinomycoticlike colonies may cause a self-sustained ex-
traradicular infection. It is important to point out that a definitive diag-
nosis of apical actinomycosis cannot be ascertained without bacterial
identification revealing the occurrence of Actinomyces species and/
or Propionibacterium propionicum (27), but the histobacteriologic
appearances observed in this case are highly suggestive of actinomy-
cosis.

In conclusion, findings from this case report indicate that in some
circumstances an extraradicular infection may establish itself indepen-
dently of the intraradicular infection and cause posttreatment apical
periodontitis. The case was resolved by periradicular surgery.
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