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Resilon and Gutta-percha cones: an evaluation of biocompatibility in
the connective tissue of rats
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ABSTRACT

Objective
This study tested tissue response to gutta-percha or Resilon cones at 7, 14, 30, 60 and 90 days.

Methods

Thirty Wistar rats each received three subcutaneous implants of polyethylene tubes containing: GP (qutta-percha); R (Resilon); CG (control
group — empty tube). After histological processing, sections were analyzed by a calibrated examiner, using a light microscope to identify
the presence of neutrophils, lymphocytes and plasma cells, eosinophils, macrophages and giant cells, fibrous capsule and abscesses, by an
examiner using a light microscope. Kruskal-Wallis and multiple comparison tests were used for the statistical analysis.

Results

There were no differences for the macrophages and giant cells, lymphocyte and plasma cell infiltrate, eosinophils, fibrosis or abscesses. Higher
neutrophil infiltrate scores were observed at 7 days for groups R and CG (p< 0.05). In group R, the number of neutrophils decreased with time
(o= 0.017).

Conclusion
The results of the present study demonstrate that Resilon cones are well tolerated by tissues and have acceptable biocompatibility, in the same
way as gutta-percha cones.

Indexing terms: Connective tissue. Endodontics. Root canal filling materials.

RESUMO

Objetivo
Avaliar a biocompatibilidade de cones de guta-percha e Resilon em tecido conjuntivo de ratos nos periodos de 7, 14, 30, 60 e 90 dias.

Métodos

Trinta ratos Wistar receberam trés implantes de tubos de polietileno contendo: GP (guta-percha), R (Resilon), CG (grupo controle - tubo vazio).
Apos cada periodo experimental, foi realizado o processamento histolégico e os cortes foram analisados por um examinador calibrado, com
auxilio de microscopio de luz para identificar a presenca de neutrofilos; linfécitos e células plasmaticas; eosindfilos, macréfagos e células
gigantes; capsula fibrosa e abscessos. Para a andlise estatistica foram utilizados os testes de Kruskal-Wallis e de comparacdes multiplas.

Resultados
N&o houve diferenca para os macréfagos e células gigantes, linfocitos e células plasmaticas; eosindfilos, fibrose ou abscesso. Foram observadas
altas taxas de infiltrado neutrofilico aos sete dias nos grupos R e GC (p < 0,05). No grupo R, o nimero de neutréfilos diminuiu com o tempo
(p =0,017).

Conclusédo
Os resultados do estudo demonstram que os cones de Resilon sao bem tolerados pelos tecidos e possuem biocompatibilidade aceitavel, como
cones de guta-percha.

Termos de indexacdo: Tecido conjuntivo. Endodontia. Materiais restauradores do canal radicular.
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INTRODUCTION

Root canal filling is one of the final stages of
endodontic treatment. Materials used during filling
should meet a number of criteria in order to stimulate
apical and periapical repair after the filling procedure.
Biocompatibility is one of these criteria, and is fundamental
since the materials remain in close contact with periapical
tissue.

Gutta-percha is the most widely employed solid
filling material and it is supplied in the form of cones
which are composed of organic (gutta-percha polymers,
waxes and resins) and inorganic ingredients (zinc oxide and
barium sulfate)'. However, thermoplastic cones, made from
synthetic polymers (Resilon cones - RealSeal®, SybronEndo,
Orange, CA, USA), have now been developed. According
to Shipper et al.?, the advantage of Resilon cones is their
excellent adhesion to resin-based sealers. According to the
manufacturer, they are composed of a synthetic polymer
(polyester), bioactive glass, bismuth oxychloride, barium
sulfate and a dye.

The properties of gutta-percha are well
documented and studies of its biocompatibility have shown
good results*®. Resilon cones, being a newer material,
have not been fully studied. Onay et al.® and Bodrumlu
et al.’® found that the connective tissue of rats responded
similarly to implants of gutta-percha and Resilon cones.
These authors ascertained that the responses to both
materials were good and both materials were considered
to be biocompatible.

The subcutaneous implantation of materials
is considered to be a suitable secondary test for the
evaluation of the biocompatibility properties of restorative
and endodontic materials''-"®.

To determine the biocompatibility of Resilon cones,
the aim of this in vivo study was to evaluate the tissue
response to gutta-percha or Resilon cones in polyethylene
tubes implanted in the subcutaneous connective tissue of
rats at 7, 14, 30, 60 and 90 days.

METHODS

Thirty animals (Rattus norvegicus albinus Wistar)
were grouped according to the 5 experimental periods
(n=6): 7, 14, 30, 60 and 90 days. Inflammatory reactions
were evaluated for 3 groups (n=30): GP - gutta-percha
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cones (Dentsply, Maillefer, USA); R - Resilon cones
(SybronEndo™, Sybron Dental Specialties Inc., USA); CG -
control group (empty tube).

Animals were anesthetized with 0.008 mL/100 g
of ketamine and 0.004 mL/100 g of xylazine hydrochloride
2% (Virbac do Brasil Industria e Comércio Ltda., Sao Paulo,
SP, Brazil). The trichotomy of the dorsal region was carried
out manually and the area was disinfected with alcohol-
iodine solution. Three 0.5 cm long incisions were made on
each animal’s back, 2 cm from the spine and at least 2 cm
apart. Lateral tearing of the subcutaneous tissue allowed
for 3 surgical cavities, equidistant from the center of the
animal’s back.

Ninety polyethylene tubes approximately 10 mm
long and 1.5 mm in diameter (Abbott Lab do Brasil, Sao
Paulo, SP, Brazil) were autoclaved. Gutta-percha (n=30)
and Resilon (n=30) cones were carefully introduced into
the tubes and sectioned to a length of 10 mm from the
smaller-caliber end using a #15 scalpel blade (Becton
Dickinson Industrias Cirdrgicas Ltda., Juiz de Fora, Brazil)
attached to a scalpel handle (Duflex™, SS White Artigos
Dentarios Ltda., Rio de Janeiro, Brazil).

The tubes were inserted into the surgical cavities,
parallel to the incisions. Each animal received one tube
from each group (GP, R, CG). The position in which the
tubes of each group were implanted was standardized.
Incisions were sutured with a 3-0 silk thread (Johnson &
Johnson Produtos Profissionais Ltda., Sao José dos Campos,
SP, Brazil).

At the end of each experimental period, 6
animals were anesthetized and sacrificed by means of
cervical dislocation. Removal of the implant area was
carried out using a safety margin of 1 c¢cm, and the
resulting specimens were fixed in formalin 10% for 24
hours. The tubes were removed from the specimens,
which were then set in paraffin blocks and coded.
Sections with a thickness of 5-6 pm were taken along
the axis of the tube, mounted on slides and stained
with hematoxylin-eosin. Three sections were evaluated
per sample. The slides were examined under a light
microscope at magnifications of 100x, 200x and 400x by
a blinded examiner, according to the criteria described
by Figueiredo et al.'’. The examiner was calibrated
before the data were analyzed.

The cellular inflammatory component was
determined by the presence of neutrophils, lymphocytes/
plasmocytes, eosinophils, macrophages and giant cells;
it was then classified according to the following scores:
(1) absent (cells absent or inside vessels); (2) mild (cells
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present, but sparse or in reduced clusters); (3) moderate
(cells present, yet not dominating the microscopic field);
and (4) intense (cells present in the form of infiltrate).

Fibrous tissue was classified according to the
following scores: (1) absence of collagen fibers; (2)
presence of a thin layer of collagen fibers; and (3) presence
of a thick layer of collagen fibers. Abscess formation was
classified as follows: (1) absence of abscess; (2) presence
of abscess in contact with the surgical cavity where the
material had been; and (3) presence of abscess areas away
from the surgical cavity where the material had been.

The non-parametric Kruskal-Wallis test was used to
analyze the data statistically, and the multiple comparisons
test to determine differences. The level of significance was
set at =0.05.

This study was structured according to the ethical
principles contained in the Declaration of Helsinki (2000)
and COBEA (Brazilian College of Animal Experimentation).
The surgical procedures described here follow the
incorporated and widely disseminated technical principles.
This study was approved by the Institutional Review Board
and by the Research Ethics Committee of the School of
Dentistry of the Federal University of Rio Grande do Sul,
Brazil, filed under record no. 12/07.

Some specimens were lost during histological
analysis. Therefore, the final sample had 5 specimens in
GP, and 4 in groups R and CG at 7 days. At 15 days, there
were 5 in groups GP and R, and 4 in CG; at 30 days, 5 in
groups GP and CG, and 4 in group R; at 60 and 90 days, 5
in groups GP and R, and 4 in group CG.

Figure 1 and Table 1 illustrate the behavior of the
groups in terms of the events assessed, in each observation
period. It was observed that the groups did not exhibit
differences over time for the presence of macrophages
and giant cells, lymphocyte and plasma cell infiltrates,
eosinophils, fibrous tissue or abscesses (p=>0.05). Neutrophil
infiltrate scores were significantly higher for group R than
those for the control group at 7 days (p=0.022). Group R
showed significant differences when the scores assigned to
neutrophils at 7, 14, 30, 60 and 90 days were compared
(p=0.017). In this group, it was observed that neutrophil
infiltrate decreased over time.
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Table 1. Mean scores attributed to groups GP (gutta-percha), R (Resilon) and CG
(empty tubes), after experimental periods of 7, 14, 30, 60 and 90 days,
for the six events assessed.

Group

Event Period GP R G p
7 days 6.30™ 11.00* 3.88° 0.022
14 days 7.50 10.30 4.00 0.052
Neutrophils 30 days 6.80 9.25 6.80 0.459
60 days 7.00 8.40 7.00 0.407
90 days 7.00 8.40 7.00 0.407
7 days 6.30 8.25 6.63 0622
14 days 7.90 7.90 6.50 0.648
Eosinophils 30 days 7.90 6.50 7.90 0.648
60 days 7.50 7.50 7.50 1.000
90 days 7.50 7.50 7.50 1.000
7 days 5.40 9.13 6.88 0.300
Lymphocytes 14 days 10.30 7.10 4.50 0.077
and Plasma 30 days 5.60 9.38 7.90 0.273
cells 60 days 8.10 8.80 5.13 0.330
90 days 7.80 8.10 6.38 0.783
7 days 5.20 6.25 10.00 0.095
14 days 9.50 6.10 6.75 0.318
Mg?;?\?ggﬁss 30 days 10.20 6.50 560  0.100
60 days 5.30 10.80 6.13 0.058
90 days 5.80 9.00 7.75 0.429
7 days 7.5 7.50 5.88 0.325
14 days 8.00 8.00 6.25 0.287
Fibrosis 30 days 9.00 5.50 7.60 0.215
60 days 7.40 8.70 6.13 0.553
90 days 6.60 6.00 10.50 0.150
7 days 7.40 8.50 5.00 0.275
14 days 7.90 7.90 6.50 0.648
Abscess 30 days 7.50 7.50 7.50 1.000
60 days 6.50 7.80 8.38 0.520
90 days 7.00 8.40 7.00 0.407

Note: Average scores followed by separate letters are significantly different
through the Kruskal-Wallis non-parametrical test followed by the Multiple
Comparisons test (p> 0.05).

Figure 1. Photomicrographs showing tissue reaction (H&E stain). (a)- CG group, 90
days. (f) thick fibrous connective tissue capsule; (PT) empty polyethylene
tube. (b)- R group, 7 days. (ni) neutrophil infiltrate; (RS) Resilon cone. (c)-
GP group, 30 days. (****) mild macrophage infiltrate. (d)- GP group, 14
days. (li) moderate lymphocyte and plasma cell infiltrate.

DISCUSSION

The constant search for filling materials with
adequate physical, chemical and biological properties
has led the industry to develop new products that do not
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possess the limitations of materials already available in
the market. The RealSeal System, which is composed of
a resinous sealer and Resilon cones, was introduced into
the market and, of late, has been used to fill canals'®. This
study evaluated the biocompatibility of the cones used in
this filling system and compared them with gutta-percha
cones and a control group.

The analysis of results revealed that the scores
obtained for neutrophils in group R decreased over time.
This demonstrated that the tissue response to Resilon
cones was more intense in the initial period, which may
be attributed to the presence of resinous components. In
the GP and CG groups, scores obtained for neutrophils,
eosinophils and abscesses were 1 and 2 at all the time
intervals. This finding suggests that gutta-percha and
polyethylene tubes are well tolerated by tissue.

The constant presence of lymphocyte and plasma
cell infiltrates, macrophages and giant cells observed in the
duration of the study characterizes a chronic inflammatory
response to eliminate the cause of inflammation. The
presence of fibrous tissue indicated that the organism was
capable of maintaining materials isolated.

The results of this study are in agreement
with findings of previous studies, which confirmed the
biocompatibility of gutta-percha®>’2.

Onay, Ozdemir and Ungor® and Bodrumlu et al.™,
using a method similar to that of the present study, found
similar histological responses to implants of gutta-percha
and Resilon cones. These authors found that the materials
caused a moderate to severe inflammatory response after
one week of contact with connective tissue. At 4 weeks,
the reaction was classified as slight to moderate, and at 8
weeks, slight to absent. These findings are in agreement
with our results, as the intensity of response in our study
decreased with time.

The in vivo model used in our study is classified as
a secondary trial to evaluate the biocompatibility of dental
materials, and has been used in previous studies3>72.1316,
It simulated what happens with periapical tissue after the
filling of root canals.

Secondary tissue tests are intended to identify
products or product components with the potential to
cause injury. Since they do not allow therapeutic responses
in specific applications to be investigated, they are not
by themselves sufficient to establish biocompatibility,
but they do make it possible to assess tissue reactions in
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animal specimens, and is therefore an essential stage in the
completion of assessments of the materials'-2°.

The purpose of inserting polyethylene tubes
was to standardize the area of contact of materials with
subcutaneous tissue. Other studies used similar tubes and
confirmed their inert nature-2°,

Material biocompatibility is linked to the amount
and nature of a material's components. The greater the
components’ solubility, the more intense the inflammatory
response may be. Cones used to fill root canals are expected
to be stable and, consequently, inert. The results of our
study confirm this hypothesis for the gutta-percha cones.
Resilon cones caused more tissue irritation at the earlier
time intervals, but were well tolerated after 30 days of
contact with the connective tissue. Further studies should
be conducted to describe the properties of Resilon cones.

CONCLUSION

The results of the present study demonstrate
that Resilon cones are well tolerated by tissue and have
acceptable biocompatibility, in the same way as gutta-
percha cones.
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