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 Novel Polyurethane-based Root Canal– obturation
aterial and Urethane-Acrylate– based Root Canal

ealer—Part 2: Evaluation of Push-out Bond Strengths
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bstract
e have developed a visible-light curable urethane-

crylate/tripropylene glycol diacrylate (UA/TPGDA) oli-
omer to serve as a root canal sealer and a zinc
xide/thermoplastic polyurethane (ZnO/TPU) composite
o serve as a root canal obturation material. T h e pur-
ose of this study was to compare the push-out bond
trengths of the following 8 groups of materials:
1) Tubliseal � gutta-percha (TB/GP); (2) Tubliseal �
esilon (TB/R); (3) Epiphany � gutta-percha (EP/GP);

4) Epiphany � Resilon (EP/R); (5) EndoREZ sealer �
ndoREZ cone (ES/EC); (6) EndoREZ sealer � ZnO/TPU
ES/PU); (7) UA/TPGDA � EndoREZ cone (UA/EC); and
8) UA/TPGDA � ZnO/TPU (UA/PU). Eighty 1-mm-thick
oot slices prepared from extracted human permanent
olars were randomly divided into 8 groups with 10

pecimens in each group. Root slices were filled with
he above obturation materials, and then push-out test
as performed with a universal testing machine. The

esults showed that the UA/EC and UA/PU groups had
ignificantly higher bond strengths than the other
roups. (J Endod 2008;34:594 –598)
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ush-out bond strength, root canal obturation, ZnO/
PU composite
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hermetically 3-dimensional obturation plays a crucial role in reducing periapical
inflammation and microbial leakage (1). In addition, adhesion of root canal seal-

rs to dentin is important to seal the root canal thoroughly and prevent dislodgement of
illing materials (2). The traditional obturation materials used in endodontics are
utta-percha and root canal sealers. However, disadvantages of gutta-percha include no
entinal adhesion, lack of sufficient rigidity, and shrinkage during cooling or solvent
vaporation (3). To circumvent these disadvantages, a new polymer-based obturation
aterial, Resilon, in combination with methacrylate-based resin sealers was developed.

he manufacturer has claimed that the use of Resilon in combination with self-etching
dhesives and methacrylate-based resin sealers offers the advantages of monoblock
onding for the root canal system (4). Resilon has been demonstrated to exhibit less
icrobial leakage (5) and higher bond strength to root canal dentin (6), reduce

eriapical inflammation (7), and enhance fracture resistance of endodontically treated
eeth (8) compared with gutta-percha. However, previous studies also reported limi-
ations of Resilon including low push-out bond strength (3, 9, 10) and low cohesive
trength plus stiffness (11). In addition, Resilon could not achieve a complete hermetic
pical seal (4).

We have developed a novel polyurethane-based composite to serve as a root canal
bturation material and a visible-light curable urethane-acrylate/tripropylene glycol
iacrylate (UA/TPGDA) oligomer to serve as a root canal sealer. The composite is
omposed of thermoplastic polyurethane (TPU) as well as zinc oxide (ZnO) and ex-
ibits better mechanical properties than Resilon and gutta-percha. In addition, ZnO/
PU composite in combination with UA/TPGDA sealer can bond to the intraradicular
entin. Because strengthening of roots with adhesive materials can be reflected by

mproved interfacial strength and dislocation resistance (12), the push-out test is one
ffective method to evaluate the adhesive bond strength of an endodontic obturation
aterial. The purpose of this study was to evaluate the push-out bond strength of our

ewly developed materials and to compare them with those of other widely used filling
aterials.

Materials and Methods
pecimen Preparation

The procedures used to synthesize ZnO/TPU composite and UA/TPGDA sealer have
een described in the first part of this series of studies. Extracted human permanent
olars (Fig. 1A) from subjects aged 16 – 40 years were used in this study after informed

onsent was obtained from the donors. Crowns with caries, restorations, or fractures
ere discarded. Any remaining soft tissues were thoroughly removed from the tooth

urfaces with a dental scaler (Sonicflex 2000; KaVo Co, Biberbach, Germany) under
unning water. All teeth were then stored at 4°C in distilled water containing 0.2%
hymol to inhibit microbial growth until use. While fully hydrated, the palatal roots of

axillary molars or distal roots of mandibular molars were first cut down perpendic-
lar to the long axis of the tooth by using a low-speed diamond wafering blade (Isomet;
uehler Ltd, Lake Bluff, IL). Then the apical 3 mm of each root was cut, and the apical
ortions were discarded (Fig. 1B). Each canal was prepared until the apical opening
ould be passed by an ISO size 80, 0.02 taper file. The canals were irrigated with 17%

thylenediaminetetraacetic acid (EDTA) and 2.5% sodium hypochlorite during instru-
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entation. A custom-made aligning device was used to mount each
repared root vertically in custom-made aluminum cylinder (3 cm in
iameter and 2 cm in height) with self-curing acrylic resin (Tempron;
C Corp, Tokyo, Japan) (Fig. 1C). The aligning device contained a base
late with 3 orientation screws and 1 central guiding pin. Each prepared
oot was positioned with the central guiding pin, and self-curing acrylic
esin was poured to embed the root after application of a thin layer of
etroleum jelly on the inner wall of aluminum cylinder. The cylinder
as removed after the setting of acrylic resin to obtain resin block with
ounted root segment. Each root was serially sectioned to create a root

lice of 1-mm thickness by using a high-speed diamond wafering blade
Isomet 2000 Precision High-Speed Saw; Buehler Ltd) (Fig. 1D), and
he thickness was verified by using an electronic vernier (CD-10CX;

itutoyo Co Ltd, Tokyo, Japan). The root slice was restrained by an
pparatus consisting of 2 cylindrical steel dies aligned together and
ecured with 3 screws. Under copious distilled water cooling, a
.85-mm diameter hole was centrally prepared in each root slice by
sing a multi-drilling machine (LT-848; Dengyng Instruments Co Ltd,
aipei, Taiwan) (Fig. 1E). The hole was at least 0.5 mm from the edge
f the specimen. All specimens were immersed in an ultrasonic cleaner

igure 1. Illustration of the push-out bond test procedure. (A) Extracted huma
f mandibular molars were cut down perpendicular to the long axis of the too
C) Each prepared root was mounted vertically in a custom-made aluminum cy
oot slice of 1-mm thickness. (E) A 1.85-mm diameter hole was centrally prepa
bturation materials. (F) The punch-out apparatus consisted of 2 cylindrical stee
ole and a 1.90-mm diameter hole were centrally positioned at the upper and l
s a plunger. (G) The push-out apparatus was mounted on an Instron universa

ABLE 1. Types of Sealer and Cone Used in Each Group and Fracture Mode

Sealer Cone

Group 1 Tubliseal GP
Group 2 Tubliseal Resilon
Group 3 Epiphany GP
Group 4 Epiphany Resilon
Group 5 EndoREZ EndoRE
Group 6 EndoREZ ZnO/TP
Group 7 UA/TPGDA EndoRE
Group 8 UA/TPGDA ZnO/TP
P, gutta-percha; UA/TPGDA, urethaneacrylate/tripropylene glycol diacrylate oligomer; ZnO/TPU, zinc oxide/

OE — Volume 34, Number 5, May 2008
Delta; Mandarin Scientific Co Ltd, Taipei, Taiwan) filled with 2.5%
odium hypochlorite for 1 minute, then 17% EDTA for 2 minutes to
emove the smear layer, and finally distilled water for 2 minutes 3 times.

bturation of Root Canal Space
The materials used included gutta-percha (Obtura II; Obtura-

partan, Fenton, MO), Tubliseal (SybronEndo, Orange, CA), Epiphany
RealSeal; SybronEndo), EndoREZ (Ultradent, South Jordan, UT), Re-
ilon (RealSeal; SybronEndo), ZnO/TPU composite, and UA/TPGDA
ealer.

Eighty root slices were randomly divided into 8 groups with 10
oot slices in each group. The sealer and cone used in each group
re listed in Table 1. All specimens were filled with warm vertical
ompaction following the manufacturer’s instructions. Briefly, gut-
a-percha was carried by using Obtura II, and Resilon was carried by
sing Element obturation unit (SybronEndo). The UA/TPGDA sealer
ppeared as viscous liquid and was coated on the root canal. It was
ured by visible light after the root canal was filled by cone materi-
ls. The UA/TPGDA sealer contains D,L-camphorquinone, ethyl
-dimethylaminobenzoate (EDMAB), and 2,2-azobis-isobutyroni-

anent molars were used. (B) Palatal roots of maxillary molars or distal roots
e apical 3 mm of each root was cut, and the apical portions were discarded.
with self-curing acrylic resin. (D) Each root was serially sectioned to create a
each root slice by using a multi-drilling machine, and the hole was filled with

aligned together with 2 dowels and secured with 3 screws. A 1.80-mm diameter
ies, respectively. A cylindrical carbon steel rod 1.75 mm in diameter was used
ng machine.

Abbreviation Fracture mode

TB/GP Class I
TB/R Class I
EP/GP Class II
EP/R Class II
ES/EC Class I
ES/PU Class I
UA/EC Class I
UA/PU Class I
n perm
th. Th
linder
red in
l dies

ower d
Z
U
Z
U

thermoplastic polyurethane composite.

Comparison of Push-out Bond Strengths 595
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rile (AIBN); therefore, it can be further cured thermally at 37°C
emperature. Because no specific heat carrier has been designed for
ndoREZ and ZnO/TPU cone materials, a stainless steel carrier
Stopping carrier; Yamaura, Japan) and a burner (Person burner;
hoenix-dent, Japan) were used. All filled specimens were stored at
00% humidity, 37°C for 24 hours.

igure 2. The push-out bond strengths (MPa) of groups 1– 8 (n � 10). Dif-
erent letters indicate a significant difference.

igure 3. (A) SEM micrographs from the UA/PU group reveal sparse ZnO/TPU c

f dentinal tubules. (C) Deep penetration of UA/TPGDA sealer into the dentinal tubul

96 Lee et al.
ush-out Test
The punch-out apparatus (Fig. 1F) consisted of 2 cylindrical steel

ies aligned together with 2 dowels and was secured with 3 screws. A
.80-mm diameter hole and a 1.90-mm diameter hole were centrally
ositioned at the upper and lower dies, respectively. A cylindrical car-
on steel rod 1.75 mm in diameter was used as a plunger. The push-out
pparatus was mounted on an Instron universal testing machine (Mer-
in series, Mini-55; Instron Corp., Canton, MA) (Fig. 1G). A constant
rosshead speed of 0.5 mm/min was set to push the filling materials
rom the root slice, and a linear variable differential transformer (LVDT,
inear Ball Bearing Series, �5 mm; Half Bridge Model, RDP Electron-
cs, Inc., Pottstown, PA, North America) was used to measure the dis-
lacement. Push-out bond strength was calculated by using the follow-

ng equation (6): Push-out bond strength � Force/� � Diameter �
hickness.

Bond strengths of each group were analyzed with one-way analysis
f variance and Tukey test (� � .05) to determine the presence of a
ignificant difference among the groups.

To examine the debonded surfaces and penetration of sealer into
entinal tubules, a groove was prepared by using tapered fissure bur on
ach specimen to facilitate the sectioning of each specimen with a
hisel. The specimens were prepared for observation with scanning
lectron microscopy (SEM) by serial dehydration of graded ethanol
olutions (50%–100%) at 45-minute intervals. Finally, all specimens
ere mounted on aluminum stubs and sputter-coated with gold. The

site on the debonded dentin surfaces and (B) occlusion of most of the orifices
ompo

es was observed in the longitudinal section (arrow).

JOE — Volume 34, Number 5, May 2008
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pecimens were then observed with SEM (TOPCON ABT-60; Topcon
orp, Tokyo, Japan) at an accelerating voltage of 15 kV. To determine
he fracture mode, we adopted the method suggested by Fowler et al.
13) to evaluate debonded surfaces. The type of failure was defined on
he basis of the percentage of canal surfaces without sealer remnant.
he percentage �75% was defined as Class I adhesive failure, �25 to
75% as Class II adhesive-cohesive failure, and �25% as Class III

ohesive failure.

Results
The mean push-out bond strengths (MPa) of groups 1–8 were as

ollows (Fig. 2): TB/GP, 3.81 � 0.87; TB/R, 2.71 � 0.89; EP/GP, 1.45 �
.36; EP/R, 2.93 � 0.87; ES/EC, 3.21 � 2.19; ES/PU, 3.12 � 1.72;
A/EC, 9.42 � 2.86; UA/PU, 10.92 � 3.88. The UA/EC and UA/PU
roups exhibited significantly higher bond strengths than the remaining
roups. In addition, there was no significant difference among the mean
ond strengths of the TB/GP, TB/R, EP/GP, EP/R, ES/EC, and ES/PU
roups.

The fracture modes of all groups are listed in Table 1. Class I
dhesive failure was the predominant fracture mode, with only the
P/GP and EP/R groups exhibiting Class II adhesive-cohesive failure.

The SEM micrograph of a representative Class I adhesive failure is
hown in Fig. 3A. Scarce remnants of ZnO/TPU composite on the
ebonded dentin surfaces of the UA/PU group were noted, and most of
he orifices of dentinal tubules were occluded (Fig. 3B). The UA/TPGDA
ealer could deeply penetrate into the dentinal tubules in the longitudi-
al section parallel to the alignment direction of the dentinal tubules
Fig. 3C), which was not observed in specimens of the other groups. Fig.
A shows a representative Class II adhesive-cohesive failure. Remnants
f Epiphany sealer could be observed on the debonded dentin surfaces
f the EP/GP group (Fig. 4B).

Discussion
The most widely accepted concept of the mechanism of dentin

onding involves the formation of a hybrid layer and hypothesizes that
cidic conditioners dissolve the smear layer and demineralize the hy-
roxyapatite crystals of dentin substrate, followed by infiltration of
onomers into exposed collagen fibers (14). The bonding mechanism

f commercial products can be grossly divided into 2 types, total-etch
nd self-etch luting materials. Total-etch luting material is characterized
y the complete removal of the smear layer with 37% phosphoric acid,
hereas self-etch luting material combines the etchant and primer in
ne application to achieve simultaneous demineralization and resin
nfiltration (15). The success of the dentin bonding mechanism has
llowed its introduction to the application of endodontic filling materi-
ls as a newly developed sealer (ie, RealSeal) whose primer is self-etch
nd consists of 2-hydroxyethylmethacrylate (HEMA). This sealer is
ombined with methacrylate-based resin cones to create a monoblock
onding for root canal obturation.

In this study, the push-out bond strengths (Fig. 2) of the UA/EC and
A/PU groups were significantly greater than in the other groups. The
mear layer was removed by irrigating the canals with 17% EDTA and
.5% NaOCl during instrumentation. The greater bond strength of the
A/PU group might be attributable to the inclusion of hydrophilic ure-

hane (-NHCOO-) functional group, which probably could form a stron-
er bond to the collagen matrix of dentin and consequently form the
ybrid layer. In addition, both the side chain of UA/TPGDA sealer and
ain chain of TPU exhibit urethane group and polybutyleneadipate

PBA). The formation of hydrogen bonds between the hydrogen and
itrogen atoms on urethane groups of UA/TPGDA sealer and ZnO/TPU

one enhances their adhesion of UA/TPGDA sealer to ZnO/TPU cone. r

OE — Volume 34, Number 5, May 2008
EM in the UA/PU group revealed that the debonded dentin surfaces had
emnants of ZnO/TPU composite, and most of the orifices of dentinal
ubules were occluded (Fig. 3A, B). The longitudinal section parallel to
he alignment direction of dentinal tubules revealed that the sealer could
eeply penetrate into the dentinal tubules (Fig. 3C), which was not
bserved in the specimens from other groups. The results of SEM ex-
mination revealed that mechanical bond might also contribute to the
igher push-out bond strength of UA/PU group.

EndoREZ cone is a polybutadiene-diisocyanate-methacrylate resin–
oating gutta-percha (16), whereas EndoREZ sealer is a hydrophilic,
ual-cured resin sealer containing 30% urethane dimethacrylate (17).
hen EndoREZ cone was used in combination with UA/TPGDA sealer in

his study, a bond strength of the UA/EC group as high as that of the
A/PU group could be achieved. This might be attributable to the high
ffinity that UA/TPGDA sealer exhibits toward dentin (Fig 3A–C). In
ddition, both the UA/TPGDA and EndoREZ sealers are hydrophilic and
ontain methacrylate functional groups. Thus, the chemical coupling
etween UA/TPGDA sealer and EndoREZ cone contributed to the high
ond strength. However, ZnO/TPU cone does not contain methacrylate
roups, and its use with EndoREZ sealer therefore lacks a strong chem-
cal coupling. Moreover, Eldeniz et al. (18) suspected that the cohesive
trength of EndoREZ sealer is lower than its adhesive strength, and Tay
t al. (19) observed interfacial gaps along the sealer-dentin interfaces
hat were possibly due to polymerization shrinkage. The low bond
trengths of EndoREZ sealer to ZnO/TPU cone and dentin therefore

igure 4. (A) A representative Class II adhesive-cohesive failure. (B) Remnants
f Epiphany sealer could be observed on the debonded dentin surfaces of the
P/GP group.
esulted in significantly lower bond strength than those of the UA/EC and

Comparison of Push-out Bond Strengths 597
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A/PU groups. The significantly lower bond strength of the ES/EC group
ight be attributable to poor adaptation of the space along EndoREZ

ealer/cone and sealer-dentin interfaces (20, 21).
The push-out bond strengths of EP/GP (1.45 � 0.36 MPa) and

P/R (2.93 � 0.87 MPa) groups in this study (Fig. 2) are similar to
hose from previous studies that reported the bond strength of EP/GP
as 2.857 � 0.523 MPa (10), and the bond strengths of EP/R ranged

rom 0.50 –1.706 MPa (3, 6, 9, 10). It has been suggested that low
oncentration of dimethacrylates or absence of free radicals within
esilon, leading to ineffective coupling with Epiphany, might be the
eason for the low bond strength in EP/R (3, 21). Tubliseal is a zinc
xide– eugenol– based sealer that does not exhibit the ability to adhere
o dentin wall. This explains why the TB/GP and TB/R groups did not
emonstrate significantly higher bond strength.

To prevent possible non-uniform stress distribution (22) in this
tudy, we modified the push-out test by preparing a 1.85-mm diameter
ylinder hole at each root slice by using a multi-drilling machine. Pre-
ious studies showed that if the specimens were prepared by enlarging
nd filling the root canals followed by serial slicing of roots (3, 6, 9), the
pecimens were non-uniform and did not meet the requirements of the
heory of Smith and Cooper (23), which states that the specimens must
e in sheet form.

This study showed that the newly developed ZnO/TPU cone and
A/TPGDA sealer had the greatest push-out bond strength of all of the
aterials tested. Nevertheless, bond strength to intraradicular dentin is

nly one factor that must be considered when evaluating the quality of
oot canal sealing. Other features of the new root canal filling materials,
uch as microleakage test and fracture resistance, need to be further
nvestigated.
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