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ABSTRACT

Objective: The objective was to evaluate the subcutaneous biocompatibility of two root canal sealers. Materials and
Methods: Thirty female rats were distributed into two groups of 15 animals. Each received subcutaneous dorsal implants:
Silicone tubes filled with AH Plus or Obtuseal. After the 11", 14", and 45" days, tissues were collected for biopsy and fixed
and processed for histologic evaluation. Observations of the cellular inflammatory components, such as lymphocytes and
macrophages, were made. The data were analyzed using Kruskal-Wallis and Connover tests (P < 0.05). Results: By the
7™ day, lymphocyte infiltration increased in both groups (P = 0.0104). However, macrophage infiltration increased only
in the AH Plus group (P = 0.0011). By the 14" and 45" days, lymphocyte and macrophage infiltrations were reduced. At
the end of the experimental period, no statistically significant differences were found between the AH Plus group and the
Obtuseal group (P > 0.05). Conclusion: After 45 days, Obtuseal yielded a satisfactory tissue reaction; it was biocompatible
when tested in subcutaneous rat tissue. On the basis of the obtained results, it was concluded that Obtuseal root canal sealer
caused a satisfactory tissue reaction as AH plus, because it was biocompatible when tested in the subcutaneous tissue of rats.
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INTRODUCTION

The purpose of root canal treatment is to eliminate
infection in the root canals and improve the esthetic
and functional longevity of teeth in the oral cavity viaa
complete filling of the root canal spaces.! The best root
canal treatment results are achieved with adequate
instrumentation and homogeneous root canal filling
in the apical limits,*® while poor outcomes occur as
a result of over instrumentation and filling beyond
the apical limit.”! Biocompatibility is one of the most
important characteristics of root filling materials,
because the release of certain chemicals by the
sealers may cause various reactions in the periapical
tissues.**! One of the commonly accepted definitions
of biocompatibility is that the material used will have

an appropriate biological response to host tissue
during a specific application. This definition includes
the interactions between the host, the material and its
expected function. If a material is biocompatible, these
three components should be in harmony.®

This interaction occurs where the root canal sealers
come into contact with living tissues, and consequently,
the biological response that occurs is an immune
reaction.]

The effect of endodontic sealers on macrophage activity
is important, because these cells play a key role in native
and acquired immune defenses and in the pathogenesis
of inflammation.® Furthermore, macrophages are the
dominant cells in periradicular tissues.”!
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Asimple, preferred method of testing the biocompatibility
of endodontic sealers is the implantation of the material
into the subcutaneous connective tissue of rats. The
irritating effect of the materials can be evaluated via
the histopathological examination of tissue response
around the implants.l*" There have been many studies
of the biocompatibility of AH Plus (Dentsply De Trey
GmbH, Germany) root canal sealers in the literature.!'>'%
Recently, Obtuseal (A.T.O., Zizine, France), an epoxy
resin-based root canal sealer, was developed. Obtuseal’s
base tube contains TCD-diamine, a radiopaque excipient
(excipient radiopaque), and the catalyst tube contains
calcium hydroxide, diglycidyl ether of bisphenol A
(DGEBA) and radiopaque excipient. In contrast, AH
Plus does not contain DGEBA or, more importantly,
calcium hydroxide.

There has not been any experimental animal study to
assess Obtuseal root canal sealer’s biocompatibility
in comparison with other materials yet. Thus, this
study aims to compare the biocompatibility of this
new endodontic filling material with the AH plus.
Both of these materials are epoxy resin-based. AH
Plus has been used for a long time, but Obtuseal root
canal sealer is a relatively new material.

MATERIALS AND METHODS

The study protocol was reviewed and approved by
the experimental animal Ethics Committee of Inonu
University of Health Sciences (2013/A-16). Thirty
healthy Wistar-Albino female rats (3-4 months and
approximately 240-280 g) were used in the study. The
animals were randomly divided into two experimental
groups: Group 1 was the AH Plus group; Group 2 was
the Obtuseal group.

Before surgery, the rats were anesthetized via
intraperitoneal ketamine HCL (50 mg/kg) and
xylazine (7 mg/kg) injection. When an anesthetized
rat became unresponsive, a 40 mm x 40 mm area on
the neck was shaved and disinfected with povidone-
iodine. A 1.5 mm incision was made through the
skin with a scalpel, and four separate subcutaneous
pockets were prepared via blunt dissection at each
side of the incision.

One hundred and twenty sterilized polyethylene
tubes (10 mm in length and 0.9 mm in diameter) were
prepared with one side open and the other side closed.
Two of four tubes for each experimental animal were
filled with the specified root canal sealer according
to the manufacturer’s instructions and under aseptic
conditions; the other two tubes were left empty
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as a control. The filled tubes and the empty tubes
were carefully placed in the left-side incision and
in the right-side incision, respectively. After placing
the tubes, the wound area was surgically stitched
with a resorbable single suture (4/0 silk suture) and
disinfected with povidone-iodine.

After the tubes were placed, the experimental animals
were put into identified cages and received a normal
diet (solid food) and water ad libitum during the entire
study period.

At the end of each period (7, 14, and 45 days), five
animals were killed. The animals were sacrificed via
cervical dislocation (after anesthesia), as proposed by
the Ethics Committee.

Histological evaluation

Tissue samples from the areas that contained the tubes
were fixed in 10% formalin for 24 h and embedded in
paraffin. Sections were cut at 5 um, mounted on slides
and stained with hematoxylin and eosin to view the
general tissue structure. Tissue inflammation was
scored for each of the following tissue inflammation
indicators: Lymphocyte and macrophage infiltration
were scored on a moderate scale of 0-3: Zero for
normal tissue, one for mild, two for moderate, and
three for severe reactions.!® The total histology score
is the sum of the scores for all the parameters. Tissues
were examined using a Leica DFC280 light microscope
and a Leica Q Win Image Analysis system (Leica
Micros Imaging Solutions Ltd., Cambridge, UK).

Statistical analysis

Statistical analysis was performed using Statistical
Package for the Social Sciences (SPSS) for Windows
(Version 15.0, SPSS Inc., Chicago, IL, USA) and given
as means * standard deviations. Within the groups,
the normality of the variables was measured using
the Shapiro-Wilk test. The data were analyzed using
Kruskal-Wallis and Connover tests. A value of P <0.05
was considered significant.

RESULTS

Histopathological findings

The data were compared during each period of
time and are presented in Table 1. The experimental
and control groups of tested materials are shown in
Figures 1 and 2, respectively.

Lymphocyte infiltration
There were statistically significant changes in
lymphocyte infiltration in the 7*-day groups when
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Groups Mean*SD
7th day 14t day 45" day
Lymphocytes Macrophages Lymphocytes Macrophages Lymphocytes Macrophages

infiltration infiltration infiltration infiltration infiltration infiltration
AH plus control 0.10+0.30"$ 0.05+0.22"# 0.12+0.33 0.07+0.26 0.07+0.26 0.02+0.15
AH plus 0.32+0.47F 0.30+0.468 0.20+0.40 0.22+0.42 0.15+0.36 0.20+0.40
Obtuseal control 0.07+0.268 0.05+0.22% 0.02+0.15 0.10+0.30 0.05+0.22 0.07+0.26
Obtuseal 0.25+0.43"8 0.2710.45"8# 0.17+0.38 0.17+0.38 0.12+0.33 0.15+0.36
P 0.0104 0.0011 0.0994 0.2042 0.4301 0.0653

Different superscript symbols in the same column mean statistical significant difference within the group. SD: Standard deviation, + means a, § means b, # means ¢
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Figure 1: View of lymphocyte and macrophage cells (arrows) in the AH Plus and Obtuseal groups over all the experimental periods. A slight
inflammatory reaction was observed in all test groups. 7 days: (a and b) Lymphocyte infiltration for the AH Plus and Obtuseal experimental
groups, respectively. (c and d) Macrophage infiltration for the AH Plus and Obtuseal groups, respectively. 14 days: (e-h) Lymphocyte and
macrophage infiltration for the two groups as described above. 45 days: (i-I) Lymphocyte and macrophage infiltration for the two groups as
described above (H and E; x40)

compared with the 14" and 45" day groups (P =0.0104).
However, no statistically significant differences were
found between the AH Plus and Obtuseal groups on
the 14" or 45" days (P = 0.0994, P = 0.4301).

Macrophages infiltration

While the AH Plus group showed a statistically
significant increase in macrophage infiltration on the
AN : 7" day compared with the control group (P = 0.0011),
Figure 2: No inflammation was observed in control groups from 7 days there were no significant changes in the Obtuseal
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group. No statistically significant differences were
found between the AH Plus and Obtuseal groups on
the 14" or 45" days (P = 0.2042, P = 0.0653).

DISCUSSION

The biocompatibility of dental materials is an important
topic, because these materials contain toxic components
that may cause irritation or distortion when placed in
contact with periapical tissues and the surrounding
tissues.”! Numerous procedures have been used to
evaluate the biocompatibility of endodontic materials,
including subcutaneous implantation tests. Rats
were used in the present study because they are less
susceptible to postoperative infection, easily obtainable
and an acknowledged model for determining tissue
biocompatibility.'® To confirm the resemblance to
clinical circumstances and standardization, polyethylene
tubes were selected for this study. Polyethylene tubes are
passive in nature and are effective for testing materials
in contact with nearby tissue.['’)

The objective of this study was to conduct an in vivo
experiment to evaluate the biocompatibility of the
new endodontic sealer Obtuseal and another resinous
sealer, AH Plus. Both are epoxy-resin-based sealers,
but Obtuseal is also calcium-hydroxide-based. Root
canal sealers including calcium hydroxide can speed
up repair progressions and decrease the inflammatory
replies produced by irritating components of the
material in periapical tissues.["%!

One of the most important granulation tissue
components are macrophages. These cells remove
cell remnants, fibrin, and other materials from the
repair zone. They also stimulate the proliferation
and migration of other inflammatory cells such as
neutrophils, lymphocytes, and mast cells if only the
adequate chemotactic stimuli are present. All these
procedures are a part of migration and proliferation
of fibroblasts for tissue recovery. However, when the
inflammatory reply produced by root canal fillings
is persistent, it may hinder the repair process, rather
than playing the estimated defensive role, due to the
toxic inflammatory components.*

Although Obtuseal is already available on the market,
there is currently no in vivo model that studies its
tissue response in the literature. It is necessary to
know if the handicaps can be observed in the in vivo
model of research. This sealer contains both epoxy
resin and calcium hydroxide. Sealers containing
calcium hydroxide will only be biologically active if
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calcium and hydroxyl ions are released over time.[??!!
The diffusion of hydroxyl ions from the root canal
sealers increases the pH at the root surface, adjacent
to the periodontal tissues, favoring repair.*! Sealers
based on calcium hydroxide are used to enhance
the healing process. Oliveira et al.*?l determined
that the addition of 5% calcium hydroxide to AH
Plus sealer improved its biocompatibility in the
subcutaneous connective tissue of rats. These results
agree with those of the present study, in which
only a mild to moderate inflammatory response to
Obtuseal was elicited at 7 days, which was reduced
on the following evaluation days. In this regard, the
Obtuseal group’s results are slightly better than the
AH Plus group’s. But these results are not statistically
significant. There are no reports in the literature to
support or refute the present findings on the tissue
response to Obtuseal.

In this study, AH Plus result in a slightly more
concentration of lymphocytes and macrophages in
all the experimental periods. At 7 days, the AH Plus
group exhibited macrophages in contact with the
material, and the score was significantly higher than
in the other periods. Based on this observation, it can
be stated that AH Plus was more aggressive during
the initial period of contact with connective tissue
than Obtuseal. Batista et al.'” observed that AH Plus
Sealer irritated tissues after a period of 7 days and
that this aggression was reduced over time. In this
study, tissues’ reaction to the materials was evaluated
after seven, 14 and 45 days.* The results showed
that both AH Plus and Obtuseal exhibited the most
inflammatory reaction on the 7" day, but the response
decreased and the numbers of macrophages and
lymphocytes were reduced over time. In some studies,
a material that allows for a reduction in inflammatory
response over time, such as 14 days, can be considered
a biocompatible material.l"*

On the other hand, these sealers were used in solid form
in this study. This form could provide information
about the long-term effect of sealers. One recent study
showed that freshly mixed and solid-form sealers
had no significant effect on macrophages.® However,
our findings might change if the sealers implanted in
subcutaneous tissue in the freshly mixed phase.

CONCLUSIONS

The tissues’ reactions to both materials were
similar. On the basis of the obtained results, it was
concluded that Obtuseal root canal sealer caused a
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satisfactory tissue reaction as AH plus because it was
biocompatible when tested in the subcutaneous tissue
of rats. Further studies are required to fully assess the
biologic response to and cytotoxic effects of Obtuseal
on periapical tissues in the long-term.
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