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Filling materials should be restricted to the root canal space. However,
sometimes it is impossible to control the apical extrusion, in this case, the
fate of the filling material and the result of the treatment will depend on its
physicochemical properties and biocompatibility. Objective: To evaluate the
tissue response and bone repair capacity of endodontic sealers that were
implanted in the calvaria of Wistar rats, forming the groups (n=16): AH Plus
and Sealer Plus, compared to the clot group. Methodology: On days 30 and
60, the animals were euthanized, the calvaria was removed and processed
for hematoxylin-eosin, immunohistochemistry for collagen type 1, Picrosirus
red and microtomographic analysis. Data were subjected to ANOVA and
Tuckey tests (p<0.05). Results: At 30 days, all groups showed an intense
inflammatory reaction (p>0.05). At 60 days, the AH Plus and Sealer Plus
maintained an intense inflammatory infiltrate compared to the clot group
(p<0.05). We observed immunopositive areas for type I collagen in all
groups at 30 days and 60 days (p>0.05). We observed more red collagen
fibers for the Sealer Plus compared to the clot group at 30 days (p<0.05).
Considering the total fibers, the clot group at 30 days compared to 60 days
after surgery showed an increase in the amount of matrix (p<0.05). There
were no statistical differences between groups for green and yellow fibers
(p>0.05). Regarding morphometric parameters, at 30 days, the newly formed
bone volume and number of bone trabeculae were higher in the groups
with sealers compared to the clot group (p<0.05). At 60 days, AH Plus and
Sealer Plus showed greater bone neoformation compared to the clot group
(p<0.05). Conclusions: Despite AH Plus and Sealer Plus induced an intense
inflammatory reaction, they can be considered biocompatible materials, since
they allowed bone repair.
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Endodontic treatment depends on infection
control by cleaning, shaping and filling the root canal
system.!? The root canal filling materials must show
biocompatibility and sealing capacity to prevent
both colonization and reinfection by pathogenic
microorganisms, preventing communication and
irritation to the periapex.?3#

Filling materials must be restricted to the space of
the root canal.>® However, sometimes it is impossible
to control the application of the material and an apical
extrusion occurs.” In these cases, the fate of the
filling material will depend on its solubility in tissue
fluids, the susceptibility to phagocytosis, and its
biocompatibility.” The overfilled material may act as
a foreign body, inducing histological reactions ranging
from simple periradicular inflammation to necrosis of
the periodontal ligament.®

AH Plus (Dentsply Maillefer, Ballaigues, Vaud,
Switzerland) is an epoxy resin-based sealer and
considered the gold standard endodontic sealer due
to its physicochemical properties (setting time, flow,
film thickness, dimensional stability, radiopacity
and solubility),®1%11 biocompatibility,?!3 sealing
ability+#*> and satisfactory antimicrobial activity.!®
AH Plus sealer is commonly used in clinical practice
and experimental studies in animals that examined
periapical repair against this material reported good
biological activity.17.1819,20

Sealer Plus (MK LIFE - Michel E. Klymus Me, Porto
Alegre, Rio Grande do Sul, Brazil) consists of a sealer
based on epoxy resin too. Its composition is similar
to AH Plus, containing calcium tungstate, zirconium
oxide and radiopacifiers. The main difference is the
presence of calcium hydroxide in the base and catalyst
pastes of Sealer Plus.?! According to the manufacturer,
the sealer has exceptional viscosity, penetrability
and low shrinkage. This endodontic sealer proved
to be biocompatible when analyzed histologically in
subcutaneous tissue of rats.?! Other studies have
evaluated its physical-chemical properties,?2-25
proving the bioactive potential of this material. Its
antimicrobial activity was tested in the study by Silva,
et al.?¢ (2020). However, the literature lacks data on
the biological behavior of this material in contact with
organic tissues, as in cases of periapical extravasation.

Therefore, we aimed to evaluate the biological
response of Sealer Plus in critical surgical defects of rat

calvaria by microtomographic (P TC), histological and
immunohistochemical analysis. The null hypothesis
is that there will be no tissue repair capacity in the
presence of resinous endodontic sealers.

The experimental protocol was approved by the
Animal Experimentation Ethics Committee (CEUA n©
8239200318).

A total of 48 healthy adult male rats (Rattus
norvegicus albinus, Wistar), weighing 450 to 500
g, were randomly divided into three equal groups,
comprising the study sample: Clot; Sealer Plus; AH
Plus and subdivided into two periods (30 and 60
days) with eight defects per treatment group (n=8),
according to Figure 1.

G * Power v3.1 for Mac (Heinrich Heine, Universitat
Disseldorf, Dusseldorf, Germany) and the Wilcoxon-
Mann-Whitney test, from the t-test family, were used
to estimate the sample. Sample size was estimated
based on data from previous study.?” Considering an
alpha error of 0.05% and 95% power to recognize a
significant difference, a minimum of five animals per
group was necessary. Considering possible animal
deaths, three more animals were added in each group,
resulting in eight rats per group. Random numbers
were generated using the standard=rand() function
in Microsoft Excel (Microsoft Corporation, Redmond,
Washington. USA).

The animals were kept in individual cages, in an
environment with a temperature between 22 and
24°C with a controlled light cycle (12 hours light and
12 hours dark) and fed with standard solid food and
water ad libitum during the experiment.

A senior veterinarian conducted all the nutritional
recommendations and was in charge of the care, pre-
and postoperative fasting of the animals, in accordance
with the guidelines of the National Institutes of Health
Guide for the Care and Use of Laboratory Animals, and
reported according to the ARRIVE guidelines (Animal
Research: Reporting of in vivo experiments).?8:2°

After fasting for a maximum eight hours, the
animals were sedated by intramuscular administration
of 1% Ketamine Hydrochloride (75 mg/kg) (Vetaset
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- ZOETIS Industria de Produtos Veterinarios Ltda,
Campinas, Sdo Paulo, Brazil) and 2% Xylazine
Hydrochloride (10 mg/kg) (Dopaser — Laboratorio
Calier do Brasil Ltda, Sdo Paulo, Sao Paulo, Brazil).
After anesthesia, trichotomy was performed in the
frontoparietal region, the animal was placed in the
frontal decubitus, the area was sanitized with topical
polyvinylpyrrolidone (PVPI) and a sterile field was
applied. Then, surgical access was performed through
a “V” shaped incision, the total flap was folded back
and removed with the retractors to expose the parietal
bone on both sides.

An osteotomy was performed in the median region
between the parietals and the internal cortex with a
surgical trephine with an internal diameter of 4 mm
and an external diameter of 5 mm (Neodent, Curitiba,
Parana, Brazil), with the aid of a low-speed motor. The
osteotomized parietal bone was removed and the dura
mater was kept intact, leaving a critical size defect of
5 mm in diameter.3°

The bone defect was performed in all animals and
filled with the respective material of the group in which
they belonged: blood clot, AH Plus and Sealer Plus. The
sealers were handled according to the manufacturer’s
instructions, introduced into insulin syringes (Injex
Industria Cirdrgica Ltda, Ourinhos, Sdo Paulo, Brazil)

and 0.2 ml were immediately inserted into the
respective cavity. After the graft was completed, the
entire flap was repositioned, sutured with a 4-0 nylon
thread (Ethicon- Johnson, S&o José dos Campos, Sao
Paulo, Brazil) using simple interrupted stitches.

The specimens were euthanized in periods of 30
and 60 days, with eight animals from each group per
period, by anesthetic overdose with Sodium Thiopental
(240 mg/kg), via intraperitoneal (Cristalia, Produtos
Quimicos Farmacéuticos Ltda, Itapira, Sao Paulo,
Brazil).

After euthanasia of the 48 specimens, the parietal
bone was removed with a margin of three mm of bone
tissue around the defect and immediately fixed in 10%
buffered formalin (pH 7.2).

All specimens were scanned using a computerized
microtomography (SkyScan 1146, Billerica,
Massachusetts, New England, USA) at an energy
level of 50 Kv and current of 800 pA. Images were
captured with a 22.9 ym pixel camera, with 180°
rotation around the vertical axis and 1.0° rotation step.
X-rays, filtered with a 0.05 mm aluminum filter and a
flat field correction, were taken the day before the scan
to correct variations in the camera’s pixel sensitivity.

Figure 1- Flowchart showing the experimental stages and their order fulfillment
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All images obtained in the scan were reconstructed
using NRecon software v.1.6.3, (Bruker microCT). The
newly formed bone was analyzed in both experimental
periods in microtomographic sections using the CTan
and CTvol software to measure the volume, number,
separation and thickness of bone trabeculae present
in the critical defect with a diameter of five mm,
equivalent to the size of the trephine used.

Then, all samples were washed in running
water for 24 hours and immersed in 10%
ethylenediaminetetraacetic acid (EDTA) for inclusion
processing in paraffin. The blocks were coronally and
semi-serially sectioned in 6 um to analyze hematoxylin
and eosin (HE), immunohistochemistry and Picrosirius
red.

A photomicrograph of histological sections with
HE was taken with an optical microscope coupled
to a camera. The images were obtained with a 40x
objective, recorded in a TIF file and analyzed in the
IMAGE J program (Image Analyzer Program, Ottawa,
Ontario Canada).

A histopathological analysis was performed
following the inflammation quality guidelines and
tissue cellularity pattern from the margin of the bone
defect to the inflammatory infiltrate. The mean of
inflammatory cells (IC) was evaluated in hematoxylin-
eosin-stained at 40x magnification as follows: low (0
to few inflammatory cells), mild (<25 cells), moderate
(25-125 cells) and severe (>125 cells).3' The analysis
of the inflammatory process consisted of describing the
inflammatory phenomena microscopically observed
in tissue sections of each group and postoperative
times, and performed according to criteria described
in ISO 7405.3?

Coronal histological sections in the calvaria were
stained with Picrosirius red to identify and analyze the
quantity and quality of collagen by the birefringence of
the organization of its fiber bundles. Four central fields
of the defects were analyzed under a polarized light
microscope at 200x magnification. The intensity of
birefringence from greenish collagen fibers (thin fibers)
to yellow and red (thick fibers) was measured using
AxioVision software to define the corresponding area
(pixel?) of these fibers and the total birefringent fibers.

The immunoexpression of type I collagen in tissue

in contact with the materials and the control group
was verified to assess tissue repair.

After deparaffinization and hydration, the sections
were immersed in 0.001 M sodium citrate buffer (pH
6.0) and subjected to microwave treatment for 20
minutes at 90-949C. After cooling and inactivating
the endogenous peroxidase with 3% hydrogen
peroxide, the sections were incubated with the
primary anti-collagen-1 antibody (anti-COL-1, Santa
Cruz Biotechnology, Santa Cruz, California, USA) at a
titration of 1:100, at 4°C, for 16 hours. After washing
in Tris-HCI buffer, the sections were incubated with
biotinylated secondary antibody anti-biotinylated
mouse/rat/goat IgG (Kit Dako LSAB+ System-HRP,
Agilent’s Dako, Carpinteria, California, USA) for 30
minutes at room temperature. The sections were
washed with Tris-HCI buffer and incubated with the
streptavidin-peroxidase complex for 30 minutes.

The sections were washed with Tris-HCI
buffer, the peroxidase activity was revealed with
3.3-diaminobenzidine solution (Betazoid DAB
Chromogen Kit — Biocare Medical, Pacheco, California,
USA) for 2-3 minutes and, subsequently, counterstained
with hematoxylin. As a negative control, the sections
were subjected to the same steps, except for
incubation with the primary antibody; at this stage,
the sections were incubated with non-immune serum.

Images of the defects were captured with the aid of
a camera (DP-71, Olympus - Tokyo, Japan) coupled to
a light microscope (Olympus, model BX-51), at a final
magnification of 695x. Later, with an image analysis
program (Image-Pro Express 6.0, Olympus - Tokyo,
Japan), the immunopositive tissues were verified.

All data are expressed as mean and standard
deviation (SD) and statistically analyzed by one-way
analysis of variance (ANOVA) and Tuckey test. All
statistical analyses were performed using SigmaPlot
12.5 (Systat software, CA, USA). The p-value was
considered significant at 5%.

No animal died during the experiments and we did
not notice side effects due to endodontics sealers. Two
different blind investigators were involved in the data
analyses for each specimen.
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Table 1- Means of inflammatory cells and immunopositive areas in the groups with application of endodontic sealers

Period Material Inflammatory cells Immunopositive areas
Mean xSD Mean *SD
30 days Control 142 (£41)? 40 (x13)?
Sealer Plus 168 (£39)* 39 (£18)2
AH Plus 154 (£39)2 36 (17)?
60 days Control 68 (+34)° 23 (x7)?
Sealer Plus 239 (+85)° 23 (+9)°
AH Plus 169 (+64)° 25 (x9)2

Standard deviations in parentheses

Different letters indicate differences between groups for the same period (ANOVA and Tuckey tests p<0.05)

After 30 days, we observed an intense inflammatory
infiltrate in the connective tissue in contact with the
created defect. There was no statistically significant
difference among the three groups (p>0.05). At
60 days, the control group reduced inflammatory
infiltrate, while the Sealer Plus and AH Plus groups
maintained an intense inflammatory infiltrate (p<0.05)
(Figure 2; Table 1).

Bone neoformation was close to the material at 30
and 60 days, mainly in the Sealer Plus group. In the
control group, we observed no bone tissue formation
while adjacent to the AH Plus, and bone neoformation
was lower than Sealer Plus. In the groups with sealers,
we observed a greater formation of bone tissue at 60
days compared to the period of 30 days. During this
period, Sealer Plus induced more bone neoformation
compared to AH Plus.

All groups presented birefringence for greenish,
yellow and red fibers, showing the matrix maturation
dynamics (Figure 2 and 3). Considering the total fibers,
the control group showed an increase in the amount
of matrix 30 days after surgery compared to 60 days
after surgery. No statistically significant difference
was detected between groups considering green and
yellow fibers in all periods (p>0.05). Considering the
red fibers, the control group showed a significant
decrease compared to the Sealer Plus group on day
30 (p<0.05).

After 30 and 60 days, we observed immunopositive
areas for type I collagen more frequently in the groups
with AH Plus or Sealer Plus than in the control group
(Figure 2 and 3). However, this parameter did not show

a statistically significant difference between the three
groups in both periods (p<0.05) (Figure 2).

At 30 days, the newly formed bone volume and
number of bone trabeculae in the Sealer Plus and
AH Plus groups were higher compared to the control
group (p<0.05). At 60 days, Sealer Plus had more
bone neoformation compared to the control group
(p<0.05), but it did not differ from AH Plus (p>0.05).
Consequently, both sealers analyzed at 30 days
showed a gradual decrease in trabecular separation,
with statistical difference compared to the control
group (p<0.05). This same parameter showed a
statistical difference in the Sealer Plus group at
60 days compared to the control group (p<0.05).
Regarding trabecular thickness, there was no statistical
difference between the groups in both periods analyzed
(p>0.05). (Figures 2 and 4).

An ideal endodontic sealer must have adequate
physicochemical properties, antimicrobial activity
and biocompatibility, since they will be in contact
with the periapical tissues.3:33:34 Sealer extrusion may
happen in some clinical situations, such as in apical
root resorption.” In these cases, the material must
not interfere or aid in the repair process, including
bone remodeling. Overfilled material may act as a
foreign body and the tissue response depends on its
composition.® Previous research already studied the
biocompatibility, cytotoxicity and bioactive potential
of Sealer Plus,?'?> however, the influence of this
material on bone repair was unknown. Thus, our
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Figure 2- Three-dimensional microtomographic images (UCT; 350%) and photomicrographs of sections (HE, Picrosirius red and
Immunohistochemical; 695x%) of the portions adjacent to the bone defects (D) performed after 30 days and 60 days. Microtomographic
images show all area of bone defect created in the rat calvaria (D). The delineated area (white line) shows the region of the HE, Picrosirius
red and Immunohistochemical sections in higher magnification. HE photomicrographs sections showed bone neoformation next to the
defects of control group and sealers (asterisks); besides a fibrous capsule was juxtaposed to this bone (arrows); many fibroblasts and
few inflammatory cells, especially plasmocytes and lymphocytes, were present in this tissue. Picrosirius red section shows a bundle of
collagen fibers (red, orange, green) formed in the adjacent bone. Areas immunomarked (immunohistochemical sections) in brown showed
the detection nex to the newly formed bone type | collagen that can be seen in the tissue in contact with the newly formed bone (asterisks)

study evaluated the biological response of Sealer Plus
in direct contact with the bone, simulating an apical
extrusion. Based on the results, the Sealer Plus showed
a similar result to the AH Plus regarding bone repair

capacity within the evaluated periods. Therefore,
there was bone repair in the presence of resin-based
endodontic sealers, thus rejecting the null hypothesis.

Our data showed that, despite Sealer Plus and AH
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Figure 3- Quantification of collagen fiber bundles by the Picrosirius-polarization method after 30 and 60 days formed in the area next to the
defects. Means and standard deviation of birefringence intensity (pixels) measured from the total area of collagen fibers (represented in
the gray bars) and yellow, green and red collagen fibers (represented in the bars with the respective colors). Symbols (asterisk or hashtag)
indicate a statistically significant difference (p<0.05)

Figure 4- Histomorphometric analysis of the newly formed bone volume (BV/TV%), and the number (Tb.N), separation (Tb.Sp) and

thickness of bone trabeculae (Tb.Th) in both experimental periods (30 and 60 days)

Plus induced a more intense inflammatory after 60
days, these materials allow the healing process. Large
areas of bone neoformation occurred in contact with
the materials in both experimental periods. Since the
amount of bone repair was lower in the control group,
we can state that sealers can modulate the formation
of this tissue. Furthermore, we verified a greater
bone formation adjacent to Sealer Plus at 60 days
compared to AH Plus. These findings are reinforced
by the increased amount of collagen fiber and type I

collagen present in the tissue next to the materials.
Studies show that biological properties are
associated with the composition of the materials.
The composition of Sealer Plus is similar to AH Plus,
with the addition of calcium hydroxide. The literature
reports that calcium hydroxide has essential effects
on tissue, promoting an alkaline pH, antimicrobial
effect and accelerating tissue repair.3>3 Besides, the
presence of calcium hydroxide induces mineralization
by dissociation of calcium (Ca+) and hydroxyl ions
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(OH-), activating alkaline phosphatase and inducing
cell differentiation. The release of calcium ions
also allows the activation of calcium-dependent
ATPase and the formation of calcite microcrystals
that will initiate the tissue mineralization process.3”
Furthermore, the alkaline pH may stimulate the
recruitment of inflammatory cells and the production
of cytokines that enhance leukocyte adhesion to
endothelial walls, potentiation of neutrophils, and
differentiation of plasma cells. The inflammatory
process involves a complex and coordinated cascade
of cellular and molecular events that culminate with
superficial necrosis, a scaffold for healing process and
mineralization.38

The presence of calcium hydroxide in the
composition of Sealer Plus may accelerate the repair
process, increasing the volume of bone formation. A
previous study showed that adding calcium hydroxide
to AH Plus improved the biological properties of
this sealer3 without affecting part of its physical
properties.3* These findings corroborate the ability of
calcium hydroxide to improve the biological properties
of endodontic materials.

Analysis of the quantity of birefringent collagen
showed thicker bundles of fibers in all groups after
the experimental periods, predominantly in red.
This coloring was related to the presence of mature
collagen,?® characterizing the repair of the tissue.
We observed a significant amount of red collagen
adjacent to the Sealer Plus and AH Plus after 30 days
compared to the control group (p<0.05). Despite
many inflammatory cells, the repair process in the
adjacent tissue may have been initiated faster than
the control group. This hypothesis is reinforced for the
immunohistochemical analysis, since immunopositive
areas for type I collagen were more frequent in
the Sealer Plus and AH Plus groups. A previous
study showed that cell proliferation and adhesion
of extracellular matrix proteins, such as type I
collagen, in the migration process are involved in the
colonization of cells to tissues. Thus, the expression
of these proteins is crucial for the repair process.*°
The repair process in the adjacent tissue occurs
because both materials caused a reduced inflammatory
reaction, culminating with bone neoformation as seen
after 30 and 60 days.

During root canal filling, the materials used may
come into contact with the periapical tissue. Among
the properties of the materials, biocompatibility is

an essential characteristic.4*4? Endodontic sealers
should allow or promote the resolution of periapical
inflammatory and/or infections.*! The healing process
is dynamic and involves different stages. Initially,
the inflammatory process decreases, followed by the
remodeling of the tissue and the formation of collagen.
Finally, when bone loss occurs, there will be the
neoformation of this tissue. According to our results,
both Sealer Plus and AH Plus modulate the repair
process, since they allow the formation of collagen
and bone faster than the control group.

Among the limitations of our study, we emphasize
that the results must be considered before being
extrapolated to humans, since Rattus norvegicus
is a different species. However, this study helps to
further assess Sealer Plus participation in the bone
repair process.

The results showed that Sealer Plus was similar to
AH Plus in the inflammatory process, in the maturation
of collagen fibers and in bone neoformation in both
evaluated periods. Therefore, Sealer Plus and AH Plus
can be considered biocompatible materials, modulating
the bone repair process. Clinically, both materials are
indicated in cases with risk of overfilling.
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