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bstract
leven sealers, including Resilon sealer, were mixed
ccording to manufacturer’s instructions. Setting times
ere determined in both aerobic and anaerobic envi-

onments. Two samples of each sealer were mixed and
laced in the following conditions: (a) uncovered in an
erobic incubator; (b) covered with a glass cover-slip in
he aerobic incubator; (c) covered with phosphate buff-
red saline in an aerobic incubator; (d) uncovered in an
naerobic incubator; (e) light cured and then placed in
he aerobic incubator (Resilon only). All samples were
ested for setting times with a Gillmore needle at 15,
0, and 60 minutes, then hourly up to 8 hours, then at
4, 48, and 72 hours, and then weekly up to 3 weeks.
etac Endo and Kerr Tubliseal, were the fastest sealers
o set in aerobic environments. Ketac Endo and Resilon
ere the fastest sealers to set in anaerobic environ-
ents. Roth 801 and Roth 811 were the slowest sealers

o set, taking over 3 weeks to set in either anaerobic or
erobic environments. Resilon sealer set in 30 minutes

n both anaerobic environments. However, in the pres-
nce of air, Resilon took a week to set and when placed
n PBS, an uncured layer remained on the surface. (J
ndod 2006;32:130–132)

From the Oregon Health & Science University, Portland,
regon.

Address requests for reprint to Dr. Craig Baumgartner,
epartment of Endodontology, 611 Campus Dr., Portland, OR
7239-3097. E-mail address: baumgarc@ohsu.edu.
099-2399/$0 - see front matter

Copyright © 2006 by the American Association of
ndodontists.
oi:10.1016/j.joen.2005.10.024
d

30 Nielsen et al.
he use of a sealer during root canal obturation with gutta-percha is considered
essential to prevent microleakage. Numerous sealers have been used for this pur-

ose. Resilon sealer is a recently marketed dual-cure, resin-based sealer. The Resilon
ystem consists of a primer, a sealer, and synthetic polymer cones or pellets intended to
orm a “monoblock” to seal the root canal system (1). Resilon has been shown to create
satisfactory seal and possibly strengthen the root (1, 2). The manufacturer’s instruc-

ions for Resilon state that light curing for 40 seconds can create an immediate coronal
eal at the orifice with the rest of the sealer setting in 25 minutes (3). Commonly used
esin cements have been shown to require anaerobic environments (4 – 6). The man-
facturer’s instructions for Resilon do not describe the need for an anaerobic environ-
ent for setting. However, in a pilot study, when root canals of extracted human teeth
ere filled with Resilon, the Resilon sealer at the orifice did not completely set after two
ays. The Resilon sealer left on the glass slab after mixing also did not set completely
fter the same amount of time. Most studies evaluating the setting times for sealers have
ot used both aerobic and anaerobic environments to simulate the root canal system
nd surrounding tissues (7–13).

The purpose of this study was to compare the setting times of the Resilon sealer
ith other commonly used sealers in both aerobic and anaerobic environments. In
ddition, light curing of the Resilon sealer was evaluated.

Materials and Methods
Eleven sealers, including Resilon sealer were tested (Table 1). The sealers were

ixed following manufacturer’s instructions on a glass slab using a spatula. Ketac Endo
plicaps (3M ESPE, St. Paul, MN) were mixed according to manufacturer’s instructions
sing an amalgamator. Resilon sealer (Real Seal, Sybron Endo, Glendora, CA) was
ixed using the syringe and mixing tips provided in the kit.

To study setting times of endodontic sealers, the American National Standard/
merican Dental Association Specification No. 57, 1999, recommends an incubator at
temperature of �37°C with relative humidity of not less than 95%. A Gillmore type
eedle is recommended with a mass of 100 � 0.5 g having a flat end 2.0 � 0.1 mm in
iameter, with the needle cylindrical for a distance of approximately 5 mm from its end.
he end of the needle should be at right angles to the axis of the rod (14).

O rings (Midwest rubber) were used as molds with an internal diameter of 10 mm
nd a thickness of 3 mm. The O rings were placed on white glazed tiles and filled with
ealer. Two samples of each sealer were tested under the following conditions: (a)
erobic environment at 37°C and 100% humidity (incubator); (b) covered in phos-
hate buffered saline (PBS) in the incubator; (c) covered with glass slide cover slips in

he incubator; (d) placed in an anaerobic chamber (Fig. 1). To test under an anaerobic
ondition, sealers were tested at 37°C in an anaerobic chamber (Bactron II Anaerobic
hamber, Sheldon Manufacturing Inc., Cornelius, OR) with an atmosphere of 85% N2,
% CO2, and 10% H2. Two samples for each group were used to assure consistent
etting times within the same group.

The setting of each sample was tested using a Gillmore needle (both aerobic and
naerobic) that was carefully lowered vertically onto the flat surface of the sealer. This
as repeated until needle indentations ceased to be visible (Fig. 1). The time, from start
f mixing, until the indentations ceased was recorded. The samples were tested at 15,
0, 60 minutes then every 60 minutes up to 8 hours. If necessary, they were checked

aily at 24, 48, and 72 hours and then weekly up to 3 weeks.
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To evaluate the light cure setting times of Resilon sealer, an Optilux
uring unit (Demetron Research Corp., Danbury, CT) was used with an
ntensity reading of 480 mw/cm2 measured from a curing radiometer
Model 100, Demetron Research Corp.). Resilon sealer was placed in
our different O-rings and the light source was placed within 1 mm of the
urface for the first ring, at 3 mm for the second ring, 6 mm for the third
ing, and 9 mm for the fourth ring. Samples were tested with the Gill-
ore needle at 20-s increments of exposure to the light at each distance.

Results
The setting times for sealers in both aerobic and anaerobic envi-

onments ranged from 30 minutes to over 3 weeks (Table 1). All pairs
f samples in each group had the same setting time and are recorded in
able 1. Resilon sealer set in 30 minutes in both the anaerobic environ-
ents. However, in the presence of air, Resilon took a week to set and
hen placed in PBS, an uncured layer remained on the surface that

ndented with the Gillmore needle. The Resilon under this uncured
urface layer set in 30 minutes. Similarly an uncured layer over a set
ayer was observed on the uncovered samples stored in the aerobic
ncubator. Unlike the PBS samples, after 1 week, the top layer did set
ompletely. For the light cured Resilon sealer samples, no indentations
ere noted with the Gillmore needle after 20 seconds at all distances
valuated with the light source. However, as the light source to sealer
istance increased, the cured layer was thinner and more fragile.

ABLE 1. Setting times in aerobic and anaerobic environments incubated at 37°

Sealers Manufactu

Resilon Sybron Dental, US
Sultan U/P Root Canal Sealer Sultan Chemists, U
Kerr Regular Set Kerr Sybron, USA
Kerr Extended Working Time Kerr Sybron, USA
Kerr Tubiseal Regular Set Kerr Sybron, USA
Kerr Tubiseal Extended Working Time Kerr Sybron, USA
Ketac Endo ESPE-Premier, USA
AH-Plus Dentsply, USA
Roth 801, Elite Roth Internationa
Roth 811, Elite Roth Internationa
Pulpdent Root Canal Sealer Pulpdent Corpora

. Uncovered in air. 2. Covered with phosphate buffered saline. 3. Uncovered in anaerobic environm

Setting time exceeded three weeks when last tested.

igure 1. Samples of groups 1 to 3 for Resilon. Samples are shown on the tile

while measuring “set” with the Gillmore needle.
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Discussion
This study used both aerobic and anaerobic environments to study

etting times of eleven endodontic sealers. The anaerobic environments
imulated a closed root canal system and the aerobic environments
imulated the canal orifice and periradicular tissues. Of most interest
as the Resilon sealer. The surface of the Resilon sealer, when left
xposed to an aerobic environment, set differently than in anaerobic
nvironments where it set completely. The Gillmore needle continued to
ndent the surface for up to 1 week in samples left open to air, but the

aterial under the soft, top layer was hard after 30 minutes. The same
as true for the Resilon sealer covered with PBS except that there was a

op surface layer that remained unset over 3 weeks. PBS was used to
imulate aerobic periapical tissue fluid in the event that sealer was
xtruded from a root-end. Oxygen tension in periradicular tissues may
nhibit the setting of extruded Resilon sealer producing a possible cy-
otoxicity (15–21). The partial pressure of oxygen (pO2) in air is about
50 mm Hg (22). Oxygen diffuses down a gradient as it passes through

he lungs and blood to tissues where the pO2 ranges from 30 to 40 mm
g (22). Free radical polymerization of resins is inhibited by oxygen
23–26). Potential sources of oxygen are air, water, and body tissues or
luids. Oxygen creates an inhibited layer and results in a chemically
ctive surface. The degree of conversion in resins represents the per-
entage of double bonds of molecules in the resin, such as Bis-GMA, that
eact (27). The degree of conversion is generally higher for photo-
nitiated or dual cure polymerization (27). The molecules that do not
eact are a potential source of toxicity. This toxicity, and how it affects
ental pulps, has been studied but it has not been studied in human
eriradicular tissues (15–21). In a pilot study, it was noticed that the
lass cover slip had to be in intimate contact with the sealer for it to set
ompletely. The surface of Resilon sealer not in contact with glass,
hich was exposed to an aerobic environment, did not set immediately.
ikewise, in a pilot study, the layer of Resilon sealer in contact with PBS
id not set unless the PBS was prereduced (oxygen removed from
olution).

In a recent study, Resilon was used in vivo in dogs (28). The
mount of apical periodontitis, as determined by inflammation, was
ssessed. All inflammation seen was mild, but there was less inflamma-
ion seen in the teeth obturated with the Resilon system compared to the
roup using the resin sealer AH 26 and gutta-percha (28). No mention
as made in this study if any extrusion of sealer was seen upon exami-
ation of the sections (28). If sealer was not extruded, the orifice light
ured, and there was no contact with oxygen, then the Resilon sealer

Aerobic Environment Anaerobic Environment

UC1 PBS2 UC3 CS4

1 Week 3� Wks* 30 Min 30 Min
4 Hrs 2 Hrs 24 Hrs 2 Hrs

24 Hrs 2 Hrs 24 Hrs 5 Hrs
24 Hrs 3 Hrs 24 Hrs 24 Hrs
2 Hrs 1 Hr 4 Hrs 30 Min
2 Hrs 2 Hrs 3 Hrs 1 Hr

30 Min 2 Hrs 30 Min 30 Min
24 Hrs 24 Hrs 24 Hrs 24 Hrs
3� Wks* 3� Wks* 3� Wks* 3� Wks*
3� Wks* 3� Wks* 3 Wks 3� Wks*

USA 6 Hrs 3 Hrs 3 Hrs 6 Hrs

urface sealed with glass slide cover slip.
C

rer

A
SA

l, USA
l, USA
tion,

ent. 4. S
as probably set in 30 min with an effective seal. A future study should
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xamine the periradicular response to extruded Resilon. The present
tudy suggests that Resilon will not set completely in periradicular
issues.

Measurements to determine the setting time of the sealers in aer-
bic environments were done by taking the sample out of the incubator
nd measuring the samples on a countertop at room temperature. This
rocess took less than 1 minute. Samples stored in the anaerobic cham-
er were mixed, stored and measured in an anaerobic environment
ecause of the time necessary to move samples in and out of the cham-
er.

Light cured Resilon sealer was tested at four distances from the
ight source to simulate an endodontically treated tooth where the sealer
nd obturation material are often several millimeters from the occlusal
urface and light source. In curing other resins, distance from the light
ource has been shown to affect setting of the resin (29 –30). A set
urface of Resilon sealer was produced even when the curing light was
mm from the surface after 20 seconds. However, even though no

ndentations were noticed, the weight of the needle depressed the cured
ayer and it was observed that the sealer under the cured layer was not
et. The weight of the needle cracked the thin cured layer covering the
ncured resin. Curing with the light for 40 and 60 seconds increased the
hickness of cured resin. When the Resilon sealer was light cured and
hen allowed to set for an additional 30 minutes in the aerobic incuba-
or, no uncured top layer was observed like with the aerobic and PBS
amples. Under conditions of this study, a curing time of more than 40
econds is recommended if the curing light cannot be placed immedi-
tely over the sealer, as is often the case. The curing time may be affected
y the type of curing light used (31). It appears that light curing the top

ayer of this sealer is the most predictable way to get the most thorough
etting of material at the orifice.

With the other sealers, differences in setting times were often ob-
erved with the same sealer under different environments (Table 1).
etac Endo was the fastest to set in an aerobic environment (30 min).
etac Endo, Kerr Tubliseal regular set, and Resilon were the fastest to set
n anaerobic environments (30 min). Roth 801 and Roth 811 were the
lowest sealers to set. It took more than 3 weeks for the Roth sealers to
et in either anaerobic or aerobic environments. The other sealers had
ntermediate setting times.
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