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Featured Application: It has been suggested that some root canal treatments fail because of non-
microbial factors, including extruded root canal filling materials, which may cause a reaction to a
foreign body. This study shows that overextension of sealing material, without other clinical or
roentgen signs or symptoms, should not be considered an indication for endodontic surgery.

Abstract: This paper aims to evaluate the healing capacity of bony lesions around biofilm-infected
and non-infected gutta-percha (GP) points. Bony defects were created in the calvaria of 28 Wistar
rats. The rats were divided into three groups: Group 1—Implantation of infected GP particles in the
bony defect; Group 2—Positive control implantation of non-infected GP particles in the bony defect;
and Group 3—Negative control, in which no GP particles were implanted. The biofilm consisted of
three strains of bacteria: Enterococcus faecalis, Streptococcus sanguis, and Porphyromonas gingivalis.
The animals were sacrificed 60 days postoperation, and histological assessments were performed.
In Group 1, the biofilm-infected group, we observed a mild foreign body reaction with a few
inflammatory cells adjacent to the capsule and a newly woven bone matrix surrounded by osteoblasts
and mature bone. In Group 2, the non-infected GP particles group, minimal inflammatory cell
reactions were observed in the adjacent tissue, and a newly woven bone matrix was surrounded
by osteoblasts. This study shows that bone healing is possible around both sterile and infected GP
points. This contradicts the claim that some root canal treatments fail because of non-microbial factors,
including extruded root canal filling materials, which may cause foreign body reactions. The healing
observed suggests that overextension should not be considered an indication for endodontic surgery.

Keywords: biofilm; bone healing capacity; infected gutta-percha; rat calvarium

1. Introduction

Gutta-percha (GP) is the most popular root canal filling material [1]. The widely
held view that GP has low toxicity and is therefore well tolerated by human tissues is
inconsistent with the observations of outcome studies in which extruded GP is associated
with the delayed healing of apical tissues [2-6]. According to Ng et al. (2008), the presence
of the apical extent of root filling is a significant prognostic factor of endodontic treatment
success [2].
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There is consensus that microorganisms, mainly bacteria, cause primary apical pe-
riodontitis, but the reasons for persistent apical periodontitis lesions are debatable [7,8].
Secondary factors, such as foreign material in the periapical area of a tooth with apical
periodontitis, may contribute to additional irritation and/or inflammatory reactions [8].
Nair (2008) claimed that extruded root canal filling might cause a foreign body reaction [9],
but Haapasalo et al. (2008) suggested that a primary role for such factors, without the
continued presence of bacteria, is lacking [8].

It has been suggested that this adverse effect (i.e., the foreign body reaction) could be
a result of over-instrumentation and the subsequent transportation of contaminated debris
periapically [10-12]. Siqueira (2001) stated that failure associated with overfilled teeth is
usually caused by a concomitant intraradicular and/or extraradicular infection [10]. Over-
instrumentation usually precedes overfilling and induces the displacement of infected
debris into apical tissues in teeth with infected necrotic pulps [10-13].

The prevention of contamination becomes a problem when GP cones are used since
this material does not readily lend itself to sterilization by moist or dry heat [14]. A one-
minute immersion in 5.25% sodium hypochlorite may be used in clinical practice to sterilize
GP cones and avoid this possible source of exogenous contamination [15]. Bacteria adherent
to GP and growing as a biofilm may play a role in the delayed healing of apical tissues,
but few studies have examined the biofilm potential on GP points as a cause for persistent
apical periodontitis after endodontic treatment [16,17].

This study aimed to examine the healing capacity of bony lesions around biofilm-
infected and non-infected GP points in a rat calvaria model. Our main hypothesis was that
biofilm and GP would induce bone destruction, whereas bone defects alone would not.

2. Materials and Methods
2.1. Biofilm Culture on GP

GP points 40/0.04 (VDW GmbH, Munich, Germany) were sterilized with plasma gas
(low-temperature hydrogen peroxide gas plasma, Kingsport, TN, USA) and divided into
two groups:

Sterile GP points—The GP points were cut into 1 x 1 mm GP particles using a
sterile scalpel (no. 11) and an endodontic ruler under 2.5 x magnification (Orascoptic Inc.,
Madison, WI, USA).

Infected GP points—The formation of biofilm on GP points was carried out according
to Takemura et al. (2004). Three strains of bacteria, i.e., Enterococcus faecalis (E.F.) ATCC
29212, Streptococcus sanguis (S.S.) ATCC 10556, and Porphyromonas gingivalis (P.G.) ATCC
33277, were cultured in equal amounts on GP points. The infected GP points were sus-
pended in a growth medium containing varying percentages of human serum [14]. Each
bacterial strain was harvested during the stationary phase, and 100 pL of each bacterial
suspension was inoculated into 900 pL of cell culture medium, 900 pL of human serum
(Biological Industries, Israel), or 900 uL of cell culture medium supplemented with 5% or
50% (vol/vol) human serum. Formalin fixation was performed at the end of the incubation
process (Tissue-Tek ® O.C.T. ™ Compound, Sakura, The Netherlands). The GP points were
sliced at 2040 um (Leica CM1900 Cryostat, Germany). Several segments were stained
according to the Strathmann et al. (2002) protocol [15]. Briefly, extracellular polymeric
substances (EPS) were stained red with concanavalin. A conjugate to tetramethyl rho-
damine isothiocyanate (TRITC) was used as a marker for biofilm, and DNA-binding stain
SYTO 9 (green color) was used to visualize live bacterial cells. Slices were observed under
a laser scanning confocal microscope (Carl Zeiss CLSM (LSM 510 META) with an Apo
60 x 1.40 objective) to confirm the generated biofilm. Then, 3D depth images of the biofilm
generated over the GP were taken (Figure 1).
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Figure 1. Confocal laser scanning microscopy image of bacteria and biofilm generated over a gutta-
percha segment.

Non-infected and infected GP were incubated in primary fixative containing 2.5% GA
and 2% PFA in 0.1 M sodium cacodylate buffer at pH 7.4 for 1 h at RT. Following washes in
0.1 M cacodylate buffer, the samples underwent a second fixation in 1% OsO4 for 20 min.
The specimens were then dehydrated through a graded ethanol series, and the critical
points were dried and coated with 10 nm chromium. A Zeiss ULTRA plus field emission
scanning electron microscope was used to observe the samples (Figure 2A,B).

After slicing the infected GP points, several segments were transferred into 2 mL
sterile tubes. The vials were then shaken on a Retsch MM401 bead mill for 2.5 min at
30 Hz. Aliquots of the bead-milled suspensions were collected and then inoculated into
blood culture bottles. Additional aliquots were spread on blood agar plates and PolyViteX
chocolate agar plates, both of which were incubated for 5 days at 37 °C in 5% CO, and at
37 °C in an anaerobic atmosphere. Isolated bacteria were identified according to standard
laboratory procedures. In all cases, viable E.E, S.S., and P.G. isolates were recovered from
the infected GP points. The remaining GP points were cut using the same technique as the
sterile GP points.
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Figure 2. (A) Scanning electron microscope image of biofilm on infected GP. (B) Scanning electron
microscope image of sterilized GP.

2.2. Animals and Surgery

The study consisted of 28 female, 8-month-old Wistar rats that were maintained in a
room with a 12 h light/dark cycle. The animals had free access to tap water and standard
laboratory food. The Animal Research Council approved this research (il-071-06-2009).

The rats were divided into 3 groups:

Group 1 (n = 12): Implantation of infected GP particles in the bony defects;

Group 2 (n = 12): Positive control group implantation of non-infected GP particles in
the bony defects;
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Group 3 (n = 4): Negative control group, in which no GP particles were implanted in
the bony defects.

The animals were weighed and anesthetized with an intramuscular injection of ke-
tamine chlorhydrate (90 mg/kg) and xylazine (2%** 10 mg/kg body weight), and then
their heads were shaved.

A modification of Turnbull and Freeman’s (1974) original surgical approach was
used [18]. A U-shaped incision was made in the scalp between the eyebrows that caudally
connected two sagittal incisions extending posteriorly over the parietal bone to enable the
elevation of a full-thickness flap and expose the soft tissues covering the calvarium. The
fascia overlying the bone was dissected to expose the periosteum (Figure 3). A high-speed,
water-cooled, diamond wheel-shaped bur was used under 2.5x magnification (Orascoptic,
Middleton, WI, USA) to create a bony defect measuring 3 mm in diameter and 1 mm in
depth while avoiding damage to the dura mater or puncturing the sagittal sinus.

Figure 3. Intra-operative view of the rat caldarium operation.

Resorbable collagen membranes (4BONE Resorbable Collagen Membrane, MIS Im-
plants Technologies Ltd., Bar Lev Industrial Park, Israel) were cut into 28 membrane discs
(4 mm in diameter) and used to cover each bony defect.

The flaps were repositioned and sutured using 3-0 vicryl absorbable sterile surgical
suture (Ethicon, Inc., Somerville, NJ, USA).

The animals were sacrificed at 60 days postoperation, then the calvariae were resected,
fixed in 10% neutral buffered formalin, washed, dehydrated in ethanol and xylene, em-
bedded in paraffin, and cut into transverse 5 mm sections. Sections were stained with
hematoxylin and eosin (H&E) for examination under light microscopy.

The histological appearance was assessed regarding the degree and type of inflamma-
tion and the thickness of the connective tissue capsule surrounding GP particles.
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The level of inflammation was classified as none/mild or moderate/severe, with the
former describing an absence of inflammation or scattered inflammatory cells surrounding
the particles. An intense concentration of inflammatory cells indicated a moderate/severe
reaction to the GP particles. The inflammation types were defined as acute or chronic.
Acute inflammation represented a predominance of polymorphonuclear leukocytes with
few chronic inflammatory cells (e.g., macrophages, lymphocytes, or plasma cells), and
chronic inflammation consisted of a predominance of chronic inflammatory cells with few
polymorphonuclear neutrophils.

3. Results
3.1. Control (n =4)

No remnants of the resorbable collagen membranes were found at the surgical site
at 60 days. Fibrous connective tissue containing fibroblasts and blood vessels, a few
inflammatory cells, and a newly woven bone matrix surrounded by osteoblasts were noted.

3.2. Non-Infected GP Points (n = 12)

No remnants of the resorbable collagen membranes were found at the surgical site at
60 days. The GP particles were surrounded by a fine thin fibrous capsule, fibroblasts, and a
few chronic inflammatory cells. In adjacent tissues, minimal inflammatory cell reactions
were observed. In some specimens, a newly woven bone matrix surrounded by osteoblasts
was noted, similar to findings in the control group (Figure 4).

Figure 4. Histologic micrograph showing foreign material surrounded by a thin fibrous connec-
tive tissue capsule (arrows) and mild chronic inflammatory cell infiltrate composed primarily of
lymphocytes (asterisk).

A newly woven bone matrix surrounded by active osteoblasts was also noted. H&E:
hematoxylin & eosin stain, x100.

3.3. Infected GP Points (n = 12)

No remnants of the resorbable collagen membranes were found at the surgical site at
60 days. Two rats in Group 1 were excluded from the experiment. Adjacent to the capsule,
a mild foreign body reaction with a few inflammatory cells was noted. In some specimens,
a newly woven bone matrix surrounded by osteoblasts and mature bone was observed at
60 days (n = 10) (Figures 5 and 6).



Appl. Sci. 2021, 11, 6710 70f 10

Figure 5. Histologic micrograph of foreign material surrounded by a thin fibrous connective tissue
capsule. The matrix contained mild inflammatory cell infiltrate composed primarily of lymphocytes
and few scattered small blood vessels (arrows). H&E: hematoxylin & eosin stain, x200.
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Figure 6. Magnified view showing mild inflammatory cell infiltrate composed primarily of lympho-
cytes and few scattered small blood vessels (arrows). H&E: hematoxylin & eosin stain, x200.

4. Discussion

Previous studies have shown that foreign bodies, such as GP (infected and non-
infected), prevent wound healing and bone formation [19]. The aim of this pilot study was
to test the hypothesis that biofilm and GP would induce bone destruction, whereas bone
defects alone would not, using a rat calvarium model known in periodontology for its
ability to show bone formation [20,21]. To the best of our knowledge, this is the first study
testing this hypothesis using the methodology described above.

Root canal treatment aims to eliminate infection from the root canal and prevent
reinfection by filling the root [22]. Despite the highest standards of care, some cases still
result in failure due to persistent or secondary intraradicular infection or extraradicular in-
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fection [10]. It has been claimed that failures in other cases are due to non-microbial factors,
such as extruded root canal filling materials; this may cause a foreign body reaction [10,23].

Contrary to our hypotheses, GP, per se, did not cause bone destruction at the calvaria,
and surprisingly, biofilm-infected GP also did not cause bone destruction. Likewise, a
mild inflammatory reaction was observed in the adjacent tissue in the non-infected group,
and a newly woven bone matrix surrounded by osteoblasts was noted in some specimens.
In the infected group, a mild foreign body reaction with a few inflammatory cells was
observed adjacent to the capsule. A newly woven bone matrix surrounded by osteoblasts
and mature bone was detected at 60 days.

GP points consist of approximately 65% zinc oxide, 20% GP, 10% radiopacifiers, and
5% plasticizers [24]. Wolfson and Seltzer (1975) studied the reaction of rat connective tissue
to some formulations of GP in common use for up to 64 days and noticed that most of the
specimens initially showed an acute response, followed by fibrous tissue encapsulation [25].

Sjogren et al. (1995) claimed that the size of the GP particles determines how the
tissues react to the material [26]. These investigators studied the tissue reaction to various
GP sizes subcutaneously implanted in guinea pigs and found that large particles (1-2 mm
in size) were well encapsulated while the surrounding tissue was free of inflammation [26].
However, fine particles (50-100 pm in size) evoked an intense, localized tissue response
characterized by the presence of macrophages and multinucleated giant cells [25]. Nair
(2008) claimed that GP particles in apical tissue might gradually fragment into fine particles
that induce a foreign body reaction [8]. In this research, we used a rat calvarium model,
which is known in periodontology for its ability to evaluate bone formation [20,21]. The
aim was to assess the ability of a foreign body, such as GP (infected and non-infected), in
preventing wound healing and bone formation. GP, per se, did not cause bone destruction at
the calvaria, but more surprisingly, infected GP with biofilm was also incapable of causing
bone destruction. It seems this biofilm alone could not cause bone destruction unless there
is a connection between the infected root and the periapical lesion. “It is possible that
other types of bacteria are capable of causing such isolated infection; the independent
extraradicular infection probably does not occur often and is usually associated with apical
actinomycosis” [27]. Further research is warranted regarding GP fragmentation into fine
particles in apical tissues and the response of apical tissues to fine particles.

The connection, or lack thereof, between the presence of GP particles in apical tissues
and biofilm accumulation on GP points has not been sufficiently studied. Outcome studies
showing associations between extruded GP and delayed apical tissue healing do not refer
to this issue [2-6]. However, some studies state that over-instrumentation and apical
transportation of contaminated debris might cause this adverse effect [2,10-12]. This might
also be the result of an unusual root apex form or apical zipping that might leave residual
bacteria around the apex.

The most common cause of failure is persistent intraradicular infection. Therefore,
retreating failed teeth prior to surgery is recommended to exclude this possibility [10].
Retreatment of a failed root canal treatment requires the complete removal of the root canal
filling. Poorly condensed GP fillings can be easily removed, but GP fragments may remain
in the periapical tissue during attempts to remove overextended fillings [28]. Our findings
suggest that healing was noticed in the non-infected and infected groups, even when GP
particles remained in the apical tissue. Therefore, clinicians should not initiate surgical
procedures as long as the tooth is functional, with no radiographic evidence of enlargement
of apical rarefication. Note that the biofilm in this study was formed by two strains of Gram-
positive facultative anaerobic bacteria (E.F. and S.S.) and one Gram-negative anaerobic
bacterium (P.G.) that were capable of colonizing and forming extracellular matrices on GP.
To the best of our knowledge, this is the first study on the biofilm-forming ability of these
species on GP points. E.F. is the most frequently isolated strain from root-filled teeth with
apical periodontitis [29]. Few species can overcome host defense mechanisms, flourish in
the inflamed periapical tissues, and establish an extraradicular infection. Actinomyces and
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Propionibacterium propionicum participate in extraradicular infections that cause apical
actinomycosis, which can be successfully treated only by periapical surgery [30-32].
Earlier studies suggested that some root canal treatments fail because of non-microbial
factors, such as extruded root canal filling materials, which may cause foreign body reac-
tions. In this study, healing was noticed in both the non-infected and infected groups, sug-
gesting that overextension should not be considered an indication for endodontic surgery.

5. Conclusions

Our results contradict the hypothesis of this study. We have shown, contrary to
common knowledge, that gutta-percha (both infected and non-infected) does not obstruct
the healing of bony defects. Further study is needed to better understand the effect of
different concentrations and strains of bacteria on intrabony wound healing.
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