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This study aimed to present a case series of refractory endodontic treatment leading
to persistent apical periodontitis. All cases were submitted to scanning electron
microscopic/energy-dispersive X-ray analysis (SEM/EDS) of the external surface of
the surgically removed samples and identification of the elements present in the
specimens. Carbon, oxygen and calcium were elements present in all of the cases in
this study. The presence of microorganisms in close contact with the periapical
surrounding tissues induced the perpetuation of the inflammation process. Despite
the presence of other elements different from those normally expected in the tissues,
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we may not attribute any interference in the periapical response to them.

Keywords: Apical Periodontitis; Bacterial Biofilm; Endodontic Failure; Extra
Radicular Infection

Introduction

he goals of endodontic treatment are focused on maintaining
the asepsis in vital pulp cases or on the complete removal of
root canal infection in necrotic cases as well as on three-
dimensional hermetic sealing with biocompatible materials [1, 2].
However, in some circumstances, the development or persistence
of apical periodontitis is observed, even in those cases with
radiographically apparent satisfactory root canal treatment [3].
Histological studies in cases of endodontic failure have
demonstrated the presence of microorganisms in areas inaccessible
to endodontic instruments and irrigating solutions, such as the
isthmii, canal ramifications and deep dentinal tubules [4].
Refractory infection exhibits a more complex scenario with the aid
of molecular identification methods when compared to culture [5].
Extra radicular infections are associated with apical periodontitis

lesions that have not responded favorably to the root canal
treatment [6, 7]. In addition, the presence of a complex microbiota
has been described in the external root surface of the tooth and is
mainly associated with the pre-existing intracanal infection [4].

Although it has been stated that apical periodontitis is bacteria
dependent, nonbacterial foreign materials located in the
periapical tissue can induce and perpetuate a foreign body
reaction that leads to apical inflammation and treatment failure
[8, 9]. X-ray microanalysis indicated the presence of magnesium
and silicon, presumably as the remnants of a talc-contaminated
gutta-percha that protruded into the periapex and that had been
resorbed during the follow-up period [8]. The presence of
amalgam components, cellulose fibers, endodontic sealants and
salts derived from the peri-apically extruded root canal dressing
in periapical biopsies with a history of endodontic failure also have
been reported [8, 10].
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Figure 1. A) Rx exam of the right maxillary second premolar demonstrates apical periodontitis; B) SEM analysis (60x magnification) of apical
root encompassing the gutta-percha cone that is seen in the foramen (arrow); C) Magnification of selected area in B. Interface between gutta-percha
(GP) and cementum (c) with presence of dense bacterial biofilm (*); D) Higher magnification demonstrate bacterial agglomerate (*) in the outer root

surface in the same region of C; E) Panoramic view of the lateral apical surface; F) Massive bacterial biofilm revealed in the root surface (*); G) Higher
magnification in the same region of F. reveals presence of cocci (*) and filamentous bacteria (arrow); H) Detailed view of the selected area in G

However, information regarding the nonbacterial substances
associated with cases of apical periodontitis persisting after root
canal treatment and their role in the perpetuation of periapical
diseases are not completely clear and are still a matter of debate.
Thus, this study presents a case series of post-nonsurgical
endodontic treatment leading to persistent apical periodontitis. All
cases were submitted to scanning electron microscopic/energy-
dispersive X-ray analysis (SEM/EDS) of the external surface of the
surgically removed samples and identification of the elements
present in the specimens.

Materials and Methods

The patients in the selected cases in this study presented with
refractory apical periodontitis to endodontic treatment and an
indication for apical surgery. An exception was the patient in case 4,
who already had undergone unsuccessful apical surgeries and was
indicated for extraction. The periodontal health of the cases were
carefully examined, and none of them presented any probing depth.
All patients were informed about the risks and benefits of the surgical
procedures and signed a consent form to participate in this study.

Surgical procedure

In those patients indicated for apical surgery, after they received
local anesthesia, a Newman’s surgical access flap was created, and
curettage of the periapical lesion was conducted. A 3-mm apical
resection without bevel was then performed to remove apical
ramifications, lateral canals and necrotic, infected tissue. The
resected specimens were kept in 10% formaldehyde (Anidrol, Sao
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Paulo, Brazil) until the analyses were performed. A retro cavity
was prepared using an ultrasonic tip (Trinks TRI21D-Al, Séo
Paulo, Brazil) under copious irrigation with sterile saline, followed
by its filling with white mineral trioxide aggregate (MTA)
(Angelus, Londrina, Brazil), and the flap was repositioned and
sutured. For the patient in case 4, the tooth was carefully extracted
with the use of a delicate periotome (Maximus, Belo Horizonte,
Brazil), and the wound was cleaned from any granulations and
washed with sterile saline before a suture was placed. All of the
patients were followed up for a minimum period of two years.

Scanning  electron  microscopic/energy-dispersive
analysis (SEM/EDS)

The root fragments removed during peri-radicular surgery or the
tooth extracted was immediately immersed in 10% formaldehyde
(Anidrol, Sao Paulo, Brazil). The samples were rinsed three times
in sodium cacodylate buffer (0.1 M) and submitted to an
additional fixative step in glutaraldehyde aqueous solution (2.5%
v:v) for 48 h at 4 ‘C. The samples were rinsed three times in
sodium cacodylate buffer (0.1 M) for 15 min each time and were
then treated in aqueous osmium tetroxide solution (1%) for 30
min in a dark chamber. The samples were rinsed an additional
three times in sodium cacodylate buffer (0.1 M) for 15 min each
time and dehydrated in an aqueous acetone solution series of 30%,
50%, 70%, 90% and 100%. All of the dehydration steps were
performed by sample immersion for 15 min at room temperature.
The samples were dried with CO, to the critical point with the
Balzers CPD 030 critical point dryer (New York, NY, USA). The
samples were attached to aluminum stubs and were coated with

X-ray



SEM and EDX analysis of refractory apical periodontitis

Figure 2. A) Rx exam of the left mandibular central incisor demonstrates severe extrusion of root canal filling; B) 90x magnified view of

the interface between gutta-percha (GP) and the apical foramen (AF). A gap in the interface is evident (arrow), and an area of root resorption

with erosions can be observed (*); C) Magnified view of the area in B. Fibrous tissue can be noticed recovering the gutta-percha and blood

cells are demonstrated (BC); D) Magnified view of C. Presence of fibrous tissue and red blood cells and platelets suggests the presence of

coagulum. A crystallographic structure that represents the gutta-percha can be noticed (arrow); E) Overview of the apical root surface

demonstrates a dense bacterial biofilm; F) Apical extruded gutta-percha overview; G) Magnified view of F. Presence of biofilm covering the

gutta-percha; H) Detailed view of the dense bacterial biofilm

20 nm of gold using the Balzers SCD 050 sputter coater (New
York, NY, USA). The images were acquired with the JSM-70001F
field emission scanning electron microscope (Akishima, Tokyo,
Japan). After image acquisition was performed, the samples were
submitted to EDS from multiple point-and-shoot spectrum
collections to complete X-ray imaging.

Case Series

Case 1

A 60-year-old woman presented with persistent fistula of the right
second maxillary premolar for two years after root canal
treatment. As the root canal filling presented with a good quality,
surgical apical resection was performed. The resected apical
specimen was kept in 10% formaldehyde (Anidrol, Sdo Paulo,
Brazil) until the SEM analysis was performed. The presence of a
bacterial biofilm in the interface between the gutta-percha and the
cementum was demonstrated by SEM. High magnifications
demonstrated the presence of cocci and filamentous bacteria in
the external surface of the apical resection (Figure 1).

The X-ray microanalysis revealed the presence of carbon (C),
oxygen (O) and calcium (Ca) elements. Any other substances
different from those expected in biological tissues were not found
in the 3 mm apical resection (Table 1).

Case 2
A 70-year-old woman was referred to apical surgery of the left
mandibular central incisor. The tooth was previously retreated
because of the presence of acute symptoms. However, after the
retreatment, severe root canal filling extrusion occurred and pain
persisted. The 3 mm apical root was resected and sent to undergo
analysis, which indicated a gap between the gutta-percha and
apical foramen. Areas of cementum resorption could be observed.
An overview of the specimen showed the presence of a dense
bacterial biofilm, which was also present in the surface of the
extruded gutta-percha from the canal. At higher magnifications,
the detailed morphology of the bacterial consortium was
identified (Figure 2).

The X-ray microanalysis showed the presence of niobium
(Nb) as a different element from those normally observed in
biological samples (Table 1).

Case 3

A 26-year-old woman presented with acute symptoms arising
from the right maxillary lateral incisor. A radiograph exam
showed the presence of a fractured instrument and apical
periodontitis. The tooth was retreated unsuccessfully. The broken
instrument could not be bypassed, and a deviation occurred. The
tooth remained with calcium hydroxide dressing for a period of
30 days before canal obturation and coronal sealing with a
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Figure 3. A) Preoperative Rx of the right maxillary lateral incisor. Presence of a canal deviation and fractured instrument that prevented an adequate
debridement of the root canal; B) Immediate post-operative Rx; C) SEM of the resected apical root. Note the presence of cracks associated with the
canal where the fractured endodontic file is present; D) Apical analysis demonstrated the presence of coagulum derived from the surgical
management and bacterial agglomerate (arrow)
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composite resin were performed. After a I-month retreatment, a
sinus tract was presented, and apical surgery was indicated. The
root was apically resected at a 3 mm level. The tooth was retro-
prepared with ultrasound (Trinks TRI21D-A1, Sao Paulo, Brazil)
and retro-filled with white MTA (Angelus, Londrina, Brazil). The
resected apical specimen was then sent to undergo analysis.

In the surface of the root resection, the presence of cracks was
associated with the canal, where a separated fragment of an
endodontic file was present. Bacteria were not identified in the
cracks near the broken file. The specimen was recovered with
dense granular tissue, and bacteria were arranged in agglomerates
on the external surface of the root (Figure 3).

The X-ray microanalysis indicated the presence of regular
compounds of biological tissues in the apical area. On the surface
of the resected root, platin (Pt) was identified as a different
substance (Table 1).

Case 4

A 46-year-old woman was referred to endodontic retreatment of
the right mandibular first molar. The root canals were filled with
silver cones, and despite it the patient being asymptomatic, apical
periodontitis was noticed radiographically. Two years after
retreatment, the tooth become symptomatic and edema was
observed. As the radiographic radiolucency persisted in the mesial
root, surgical resection was performed. After a two-year follow up,
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the apical periodontitis persisted. At this time, a new resection was
performed, and the mesial root was retro-prepared with
ultrasound and a sealed MTA. At one year after the second
surgical intervention, the apical healing was not noticed, and the
tooth was thus extracted.

The SEM analysis revealed the presence of granular tissue in
the apical third of the mesial and distal roots. Microcracks with
intimate contact with granular tissue were noticed in the resected
mesial root, and round bacterial cells were observed (Figure 4).
The apical surface of the retro-filled mesial root could not be
scanned as a dense biological granular tissue was covering it. In
the distal root, the gutta-percha and endodontic sealer were
observed as having fibrous connective tissue attached.

The X-ray microanalysis was performed in two different areas.
In the medium third of the roots, Pt and Nb were present in
association with the regular biological elements. However, in the
apical third of the roots, Nb, but not Pt, was found (Table 1).

Discussion

As it was demonstrated by Miller [11], the diversity of the
endodontic microbiota may be underestimated by culture
methods as compared to microscopically examination. More than
a century after these findings, the presence of filamentous
bacteria, which had been rarely associated with endodontic
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Figure 4. A) Preoperative Rx; B) SEM analysis overview. The presence of granular tissue can be noticed; C) Presence of cracks in the mesial roots
(arrows); D) Granular tissue covering the mesial roots; E) Detailed view of the apical distal root. Note the presence of endodontic sealer arranged as
layers; F) Augmented view to the apical endodontic sealer (*) in contact with the crystallographic arrangement of gutta-percha (arrow)

infection, was again identified as part of the endodontic microbial
consortium with the aid of molecular methods [12]. In this study,
filamentous bacteria were present in the extra radicular bacterial
agglomerate. In all patients in this study, a dense mass of
microorganism was identified in the external root. Molecular
biology studies indicated that intra-radicular infection occurs in
virtually all root canal-treated teeth evincing apical periodontitis
[13, 14]. In the present study, although an intracanal bacterial
sampling was not performed, we may assume that the external
biofilm observed is an extension of the root canal infection that took
place beyond the confines of the root canals.

When arranged in a biofilm, bacteria are more protected from
the host defenses and antibiotics and can exert their virulence
against the surrounding tissues, maintaining the inflammation
response [15]. The position of the bacterial agglomerates in the
surrounding external apex allows them to escape from the operator
strategies of disinfection mechanical-chemical preparation of the
root canals to the apical foramen, the use of a patency file, the
foramen enlargement and root canal medications. Accordingly, the
persistence of bacteria in the apical and lateral root canals and
within the dentinal tubules was reported, even after long periods of
intracanal calcium hydroxide placement, which could have led to
the failure of endodontic treatment [6, 16].

It is noteworthy that SEM analysis could not be performed with
a concomitant culture or molecular bacterial identification method
in this study, as it was necessary to keep the apical specimens intact.
The sampling for a culture or molecular method would interfere in
the structure of the external root biofilm and reduce the reliability
of the SEM results. Despite that we could not identify the species
present in the biofilm, it presented with a diversity of bacteria
phenotypes derived from the intracanal infection. These findings
corroborate with a previous study that demonstrated that the
microbial climax community in teeth refractory to endodontic
treatment is much more complex than what was previously
thought. These microbial communities not only harbor medically
important species but also contain distinct microbial consortia
present at different population levels [5].

In case 4, despite all the conventional and surgical efforts, the
treatment failed. The presence of microorganisms was apically
evident as being in close contact with cracks presented in that area,
which enforce the possibility that the created fissures harbored an
infection that was difficult to remove. Whether these cracks already
existed at the time of endodontic retreatment is impossible to
predict, but the patient had a history of bruxism and had fractured
other teeth due to this parafunctional habit. Therefore, a sum of
factors may be the answer for the unsuccessful result of this case.
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In case 3, a lack of microorganisms inside the cracked area was
noticed, and despite it reaching the cementum, bacteria were
present only externally to the root. It must be emphasized that the
SEM vacuum processing of the samples may cause tissue distortion
and therefore induction of cracks. Thus, we may speculate that this
is an explanation for the presence of cracks not associated to the
presence of microorganism in the samples. It was noticed that the
fractured instrument fragment in that case was not associated with
bacteria, which reinforces the notion that external contamination
was the main cause of the endodontic failure. In accordance with
our findings, other studies also demonstrated by SEM that the
maintenance of apical periodontitis occurred in response to a direct
contact of infectious microbes with apical tissues [7, 17].

Carbon, oxygen and calcium were elements present in all of
the cases in this study. In agreement with this finding, Koppang
et al. [9] indicated the presence of basophilic fragments
compatible with Ca salts from calcium hydroxide that extruded
peri-apically and birefringent structures indicating C and O in
post endodontic periapical granulomas and cysts. Pt was identified

in case 3, which is probably related to the presence of the
fractured instrument. In case 4, this element may be associated
with the silver cones, which were previously present from the
endodontic retreatment.

Magnesium and silicon were indicated by X-ray microanalysis
and were associated with the presence of vast numbers of
multinucleate giant cells in a case of refractory apical periodontitis,
which is most likely related to a talc- contaminated gutta-percha
that protruded into the periapex [8]. In cases 2 and 4 of this study,
the presence of the gutta-percha beyond the apex was associated
with the presence of Nb. This element is presumably a compound
of the gutta-percha cones or endodontic sealer. The incorporation
of niobium pentoxide (Nb205) in dental materials could increase
their radiopacity and microhardness [18] and can promote crystal
growth and mineralization of the surrounding tissues [19]. The
bioactivity and

biocompatibility in vivo [20], contributing to hydroxyapatite

niobium phosphate glass presents a
deposition [21, 22]. Therefore, it is unlikely that this element is

associated with the unsuccessful results of those cases.

Table 1. Characteristics of the cases

ElementLine Net Counts Weight %
CK 38.35
OK Zgg 51.96
CaK 40 9.69
Total 100.00
CK 24.46
OK gﬁ 16.62
NbL 1168 58.93
Total 100.00
CK 7.91
OK ?20 51.64
CaK 119 40.44
Total 100.00
CK 5.72
OK ggg 17.87
CaK 327 15.97
PtM 1544 60.44
Total 100.00
CK 13.29
OK igg 14.25
CakK 38 7.07
NbL 418 24.33
PtM 648 41.06
Total 100.00
CK 18.54
OK igg 21.56
CaK 67 7.88
NbL 625 52.02
Total 100.00

Atom %  Formula Compnd %
47.78 c 38.35
48.60 5 51.96
3.62 Ca 9.69
100.00 100.00
54.89 c 24.46
28.01 o 16.62
17.10 el 58.93
100.00 100.00
13.46 c 7.91
65.93 5 51.64
20.61 c 40.44
100.00 a 100.00
20.69 c 5.72
48.53 o 17.87
17.32 c 15.97
13.46 b ta 60.44
100.00 100.00
41.81 c 13.29
33.67 o 14.25
6.67 o 7.07
9.90 N?) 24.33
7.95 Pt 41.06
100.00 100.00
4233 c 18.54
36.94 % 21.56
5.39 = 7.88
15.35 ey 52.02
100.00 100.00

Case 3A. Apical portion of the specimen; B. Area in contact with the fractured instrument at 3 mm from the apex; Case 4A. Medium third of the root; B. Apical third of the root
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Conclusion

The observations in this study led us to conclude that the presence
of microorganisms in close contact with the periapical surrounding
tissues induced the perpetuation of the inflammation process.
Despite the presence of other elements different from those
normally expected in the tissues, we may not attribute to them any
interference in the periapical response. The cracks represent a
bacteria harbor and are related to a difficult infection reduction
despite the endodontic efforts during treatment.
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