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ABSTRACT

The purpose of this study was to determine the effects on the elastic moduli of the adhesive and
the hybrid layer from thermocycling. Twenty one human molars were used to create flat dentin sur-
faces. Each specimen was bonded with a light-cured composite using one of three commercial adhe-
sives (OptiBond FL (OP], Clearfil SE Bond (CLJ, and Xeno III (XE)). These were sectioned into two
halves and subsequently cut to yield 2-mm thickness specimens: one specimen for immediate bonding
test without thermocycling and the other subjected to 10,000 times of thermocycling.
Nanoindentation test was performed to measure the modulus of elasticity of the adhesive and the
hybrid layer, respectively, using an atomic force microscope. After thermocycling, XE showed a sig-
nificant decrease of the modulus in the adhesive layer (p ¢ 0.05). Adhesives containing hydrophilic
monomers are prone to hydrolytic degradation. It may result in the reduced modulus of elasticity,
which leads to the mechanically weakened bonding interface. [J Kor Acad Cons Dent 33(1):45-53, 2008)
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[ . INTRODUCTION

favored user—friendliness and have been simplified
into reduced-step systems. The inclusion of rela-

Recently tooth colored composite restorative tively high concentrations of acidic monomers and

materials are substituting enamel and dentin not
only for the esthetic aspects but also mechanical
properties, however, long-term serviceability is
not yet guaranteed". Current dentin adhesives
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water, to permit ionization of those monomers and
solution of calcium and phosphate, makes these
polymers very hydrophilic. This hydrophilic nature
of the adhesives rendered the resultant layer
absorbing water over time, thereby decreasing
stiffness”. During the service in the oral environ-
ment, water sorption within the adhesive inter-
face may adversely affect stress distribution
across the bonded interface and provide a weak
link across the bonded complex*®. A recent study
correlated water sorption and the elastic modulus
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of dentin adhesives, using disc-shaped cured
specimens and showed that water stored adhe-
sives exhibited time-dependent decreases in mod-
ulus”. It was anticipated that lowered stiffness of
adhesive layer coupling composite to dentin would
result in poor load transfer across the interface,
leading to joint failure.

Dentin has a localized structural divergence in
location-specific tubular orientation, and there
are difficulties in performing mechanical tests on
small dentin specimens”. Recently, advances in
nanoindentation technique made it possible to
sample material properties with small applied
loads and fine spatial resolutions®. It has been
shown the accurate positioning capability of
nanoindenter over the hybrid layer to yield hard-
ness and elastic modulus from computerized mea-
*% " This study compared the modulus
of elasticity of the bonded interfaces produced
with three commercial dentin adhesives (three-
step etch and rinse, two-step self etch, and one-
step self etch system) using a nanoindentation
technique. It also aimed to determine whether
any change in that property would be induced by
thermo-cycling, and the change would be different
among three commercial dentin adhesives.

surements

I. MATERIALS AND METHODS
Specimen Preparation

Twenty one freshly extracted human molars
(extracted before less than 2 wks) stored in 5%
chloramines-T solution were used. Flat dentin
surfaces were produced using a low speed dia-
mond saw (Isomet, Buehler Ltd., Lake Bluff, IL.
USA). The exposed dentin was abraded with #500
silicon carbide papers to create a clinically rele-
vant smear layer. The twenty one dentin sub-
strates were randomly divided into three adhesive
groups: OptiBond FL (OP), Clearfil SE Bond
(CL], and Xeno III (XE) (Table 1) and bonded
with one of the adhesives following the manufac-
turer' s directions. A commercial composite
(Premisa, Kerr, USA) was applied to form a core
1-mm in thickness and light-cured in the same
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condition (Figure 1). After storage in distilled
water at 4°C for 6 days, each tooth was sectioned
into halves occluso-gingivally perpendicular to the
adhesive interface along its midpoint with a dia-
mond saw. One half of a tooth was additionally
sectioned from the midline to make a slab with 2-
mm thickness. The slab was polished using silicon
carbide paper with grit size up to 1200. Final pol-
ishing was performed with 6 wm to 0.25 w dia-
mond paste. The polished specimens were stored
in distilled water at 4°C until nanoindentation
testing. The other half of the tooth was thermocy-
cled (5 - 55°C; dwell time 30 s: transfer time 5
s) for 10,000 cycles. After thermo-cycling, each
tooth was sectioned and polished in the same way
to yield a similar 2-mn slab to determine the effect
from the thermocycling process.

Nanoindentation test

The indentation experiments were performed
using a nano-based indentation system (Nano
indenter XP, MTS Nano instruments, Oak Ridge,
TN, USA). A load up to 20 mN was applied using
a Berkovich diamond indenter with a calibrated
area function at a rate of 0.5 mN/s. Indentations
were made at 6 points in the middle of the adhe-
sive and hybrid layer, respectively. Modified
atomic force microscope (AFM) was used for an
adequate location of the indenter with the 10 um
interval to avoid corruption of the examination
surface. Following the Oliver-Pharr methodology,
indenter force load and the depth of penetration
into the specimen wefe continuously monitored,
resulting in load-displacement curves to measure
the elastic modulus"™?. The following equation
was used to calculate the effective indentation
elastic modulus (Er).

Prax
H= (1)
Ac

Where H is the hardness, P, is the peak
indentation load, and Aq is the projected contact
area. The reduced elastic modulus is derived as
follows:
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‘g2
2/Ac

Where S, the contact stiffness is the initial slope
of the unloading curve on the load-depth curve
(Figure 2). For a non-rigid indenter that contacts
the sample surface, the reduced elastic modulus
can be described as:

1 (1-v  (1-vd

— = + , (3)
Er E Ei

Er:

S, (2)

Where E and v are the elastic modulus and
Poisson' s ratio of the specimen (0.2), respective-
ly, and where i, as in Ei and vi, refers to the
indenter material.

After nanoindentation test, specimens were
dried in a desiccator for 5 days and subsequently
gold-sputtered for microscopic observations. Field
emission electron microscopy (FE-SEM) (S-4700,
Hitachi, Pleasanton, CA, USA) was used to con-
firm the placement of the indentations.

Statistical analysis

An exploratory performance of a general linear
model (GLM) revealed the significant inter-speci-
men differences (p = 0.0134). Mixed-level
repeated analysis of variance (ANOVA) and
Mixed-level repeated measures analysis of covari-
ance (ANCOVA) were selected to compare the
moduli of the three dentin adhesives at the imme-
diate bonding and at the thermocycled stage,
respectively, under consideration of six correlated
measurements from the same specimen and dif-
ferences among specimens. Modulus differences
between the two conditions were separately com-
pared using paired t-test. Mixed Procedure of sta-
tistical package SAS version 9.13 (SAS Institute,
Cary, NC, USA) was used for analysis. A signifi-
cance level of 0.05 was applied to identify statis-
tically significant differences.

immediate bonding

Surfaces for
nanoindentation test

thermocycling

2 mm
-—

Figure 1. Schematic of specimen preparation. Two adjacent 2-mm sections
were used for nanoindentation before and after thermocycling.
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Table 1. Materials us

“OptiBond FL

ethanol, Aikyl -

Etch for 15 s with 37.5% phosphoric acid
(Kerr, (445404) dimethacrylate, water (Kerr gel Etchant). Rinse for 15 s. Apply
Orange,CA, Prime and rub for 15 s. Dry for 5 s. Apply
USA) Adhesive Methcarylate ester Adhesive in a uniform thin layer. Light cure
(446360) monomers, Triethylene for 30 s.
Glycol Dimethacrylate,
Ytterbium Trifluoride,
mineral fillers, initiators
and stabilizers
Clearfil SE Self-Etch HEMA, 10-MDP, Apply Primer and leave it in place for 20 s.
{Kuraray, Primer hydrophilic DMA, CQ, Evaporate the volatile ingredients with air.
Osaka, Japan) (00568B) water, toludine Apply bonding agent. Light cure for 10 s.
Adhesive Silanated silica, Bis-
(00808A) GMA, HEMA,
hydrophobic DMA, 10~
MDP, CQ, toludine
Xeno III Self-Etch Liquid A: HEMA, Dispense equal amounts of Liquid A
(Dentsply, Primer & water, EthanolUrethane and Liquid B and mix it thoroughly for 5 s.
Detrey, Adhesive dimethacrylate, BHT, Apply mixed adhesive and leave it undisturbed
Konstanz, (Liquid A silicon dioxide for 20 s. Light cure for 10 s.
Germany) 0601002833,
Liquid B Liquid B: Phosphoric
0601002832) acid modified

polymethacrylate,
Mono fluoro phophazene
modified methacrylate,

Urethane dimethacrylate,

BHT, CQ, Ethyl-4-
dimethylaminobenzoate

Bis-GMA = Bis-phenol-A-bis-(2-hydroxy-3-methacryloxypropyl)ether: BHT = Butylated hydroxyl toluene: CQ =
1,7, 7-Trimethylbicyclo-[2,2,1)-hepta-2,3-dione; DMA = Dimethacrylate; HEMA = 2-Hydroxyethylmethacrylate: 10-
MDP = 10-methacryloyloxydecyl dihydrogen phosphate

max

Indentation load (p)

—

Tangent line

h
Indentation depth (h)

h

max

Figure 2. Schematic of load-depth curve in nanoi-

ndentation.
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. RESULTS

The mean values and standard deviations of
elastic modulus obtained by nancindentation are
shown in Table 2. On the adhesive layer, OP
showed the significantly higher modulus of elas-
ticity than XE and CL at the immediate bonding,
(p = 0.0094) and at the thermocycled stage (p =
0.0061). After thermocycling, the elastic modulus
of OP rarely changed, while CL decreased slight-
ly, though not in a statistically significant man-
ner. On the other hand, XE significantly dropped
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by 3.6 GPa {p = 0.0246). For the hybrid layer,

the elastic modulus of OP was the highest, fol- ora 2
lowed by CL and XE. After thermocyling each w
group had the same tendency to a decrease, not Modulus

in a statistically significant way. FE-SEM micro-
graphs illustrating the indentation geometry and
the accurate positioning capacity are presented in 5|
Figure 3.

Cleari SE  Xeno Il
aT ]

Figure 3. Comparative mean elastic moduli of three
adhesive systems on the adhesive layer at the
immmediate bonding and the thermocycled stage.

Table 2. Modulus of elasticity* of bonding interface at the immediate bonding an
- Chiiiaihal : : Type of Adhesi ‘

d the thermocycled stage  (GPa)

Layer ; State! OptiBond FL, o Cl ' ‘pﬁ,?alue o
~ Adhesive immediate 153 (7.7 9.2(38)"” 11.4 (3.4)™ 0.0094
thermocyling 15.5(16.1) ® 85(22)° 7.8(553)™ 0.0061
p-value 0.8878 0.5942 0.0246
Hybrid immediate 20.1 (9.0) 16.7 (5.9) 15.5 (5.0) 0.1595
thermocyling 18.3 (12.4) 12.3 (9.8) 13.0 (7.1) 0.1149
p-value 0.5397 0.0940 0.1648

# Means and standard deviations in parentheses. Data with the different letters are significantly different at the 0.05
significance level. Upper cases indicate the comparisons of two time points and lower cases indicate the comparison of
the three types of adhesives.

* Relative modulus was measured on 6 locations of each specimen, and 7 specimens per each type of adhesive were
allocated.

t Modulus values after thermocycling were compared under adjusting for values at the immediate bonding state.

compasite.
tresin

i y i Slen o Lo i &
Figure 4. FE-SEM micrographs of bonded interface. Arrows indicate the representative indentations
on the adhesive layer of OP (A) and the hybrid layer of CL (B) after thermocycling. Cracks
propagated from the contact point were exibited on the indentation surface. Some indentation marks

seemed to be elastically recovered after unloading without leaving permanent defects.
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V. DISCUSSION

There have been many attempts te verify the
unstable bonded interface resulting from
hydrolytic degradation. Water permeability in the
hydrophilic adhesive interface has been well docu-
mented using various microscopic methodologies
17 This hydrolysis susceptible area was clearly
depicted in micrographs and weak junctions were
often confirmed by bond strength tests, which
determine fracture position®. Our study was
designed to verify the mechanical properties of
each component in the bonding interface by mea-
suring the elastic modulus. Water sorption of
polymers is known to make its structure more
plasticized and loosely linked monomer particles
can be dissolved in the hydrolytic condition.
Adhesive materials incorporate hydrophilic primer
within their systems and have demonstrated
higher water sorption and solubility than the
composite resin®*. It was readily expected that
simplified-step adhesive systems would allow
higher water sorption and a higher degree of plas-
ticization, resulting in greater deterioration of
mechanical property. Previous in vitro experi-
ments tended to standardize specimen fabrication
using the polymerized sticks of the adhesive-
primer mixture and measured their solubility and
elastic modulus®?®. However, this method is far-
removed from the clinical environment, where the
bonding surface is rubbed with a primer damp-
ened brush and dried with a light air stream, and
additionally coated with adhesive. Moreover, it
does not incorporate the hybrid layer, the resin
impregnated organic substance, which is also sub-
jected to the hydrolytic degradation. Our study
tried to reproduce the actual clinical circum-
stance, following the manufacturer s direction in
the bonding procedure. Another attempt given in
the study is to minimize the divergence of dentin
substrate by using the same tooth in comparison
between before and after thermocycling. Two mir-
ror-image surfaces were compared, having one
surface represent the immediate bonding stage
and the other the thermocycled one. A comparison
of the mechanical property between these two
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adjacent interfaces was expected to be more rele-
vant, because the two counterpart surfaces con-
tain the similar histological features.

At the state of immediate bondihg, the elastic
modulus of the hybrid layer was higher than of
the adhesive layer in all groups, as in previous
studies®®. This zone, in which resinous materials
were penetrated into a partially decalcified
dentin, still remained a rather stiff resin-dentin
interdiffusion area, compared to the pure adhe-
sive layer. After thermocycling, the differences
between two layers existed (Table 2). OP which is
relatively heavily loaded with fillers (52%) had a
significantly higher elastic modulus in the adhe-
sive layer than the other groups. With this tradi-
tional three-step etch and rinse system, the thick
hydrophobic layer excluded the hydrophilic primed
dentin and sustained thermocyling without signs
of deterioration (Table 2). CL also adopted the
separate bottle of hydrophobic adhesive. Its dif-
ferent filler system might contribute to the slight
decrease in the modulus after thermocycling, but
not significantly. XE showed a significantly great,
decrease after thermocycling. The hydrophilic
interface produced by this all-in-one system
might have been more prone to hydrolysis. After
water entered the polymer matrix, the
microstructure of adhesive layer was possibly
changed due to progressive degradation through
pore formation®. Residual monomers, oligomers
and degradation products might have been
released via these pores, impairing the structural
rigidity. As for the hybrid layer, this tendency
was similar to that shown in the overlying adhe-
sive layer. OP showed the higher modulus, repre-
senting a stiffer backbone of polymer within the
collagen network. However, even OP showed a
decrease in modulus after thermocycling, although
not significantly. There may be the assumption
given that less complete polymerization within
the collagen network accomplished and the
unpolymerized monomers have been leached dur-
ing thermodynamic process®. As water has been
known to be one of the major causes for collagen
degradation, disorganization of collagen fibrils
may have played an additional role in the change
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in bonding stability".

Nanoindentation technique allowed us to deter-
mine surface mechanical properties from load-dis-
placement indentation data. In spite of the
minute indent contact area, a filler embedded
matrix structure might not provide the uniform
surface for examination and this anisotropic
nature could account for the large standard devia-
tion observed in this study”. This also explained
why other nanoindentation studies have allowed
multiple measurements and put mean values into
data processing®™® . Interspecimen differences
were statistically significant (p ¢ .00128), while
differences were not significant among measure-
ments within the same specimen. This suggested
that consideration of the individual differences
among specimens was inevitable and at the same
time supported the protocol used here to minimize
the structural divergence of dentin substrate.
However, considering that the peripheral compos-
ite-enamel bond was shown to reduce the degra-
dation rate in resin-dentin interface®*" the
results of our study may be exaggerated, because
the bonding surfaces were directly exposed to
hydrothermal environment. Another drawback in
this study was that thremocycling process may
not reflect degradation within the mouth,
although 10,000 times of cycles was suggested to
represent one service year®. Therefore, the limi-
tations imposed on these in vitro experimental
conditions needs to be considered.

V. CONCLUSION

In this study, three different versions (three-
step, two—step, and all-in-one system) of commer-
cial adhesive resins were compared to determine
the effects of thermocycling on the elastic modu-
lus of the adhesive or the hybrid layer. Only XE
group, an all-in-one type adhesive had a signifi-
cantly decreased modulus in the adhesive layer
after 10,000 thermocycles. When adhesives con-
tain more hydrophilic monomers, they may be
more prone to hydrolytic degradation, resulting in
a mechanically weakened bonding interface.
Adhesive systems including separate hydrophobic

adhesive with fillers may be more capable of sus-
taining the hydrous conditions of the oral cavity.
Based on the result of this study, some all-in-one
self-etch system may be more affected by the
hydrolytic degradation over time. It seems that
clinicians need to be considerate in selecting
materials and procedures, which is predicative of
a clinical longevity of bonded restorations.

Acknowlegements:

The authors give special thanks to Ju-Young
Kim and Seung-Kyun Kang in Nano-Mechanics &
System Characterization Laboratory, School of
Materials Science and Engineering, Seoul Natio-
nal University, for conducting the nanoindenta-
tion tests.

REFERENCES

1. Hashimoto M, Ohno H, Sano H, Kaga M, Oguchi H. In
vitro degradation of resin-dentin bonds analyzed by
microtensile bond test, scanning and transmission elec-
tron microscopy. Biomaterials 24:3795-3803, 2003.

2. Breschi L, Mazzoni A, Ruggeri A, Cadenaro M, Di
Lenarda R, De Stefano Dorigo E. Dental adhesion
review: Aging and stability of the bonded interface.
Dent Mater (in press) 16:16, 2007,

3. Dijken JW, Sunnegardh-Gronberg K, Lindberg A.
Clinical long-term retention of etch-and-rinse and self-
etch adhesive systems in non-carious cervical lesions A
13 years evaluation. Dent Mater 23:1101-1107, 2007.

4.Ito S, Hashimoto M, Wadgaonkar B, Svizero N,
Carvalho RM, Yiu C et al. Effects of resin hydrophilici-
ty on water sorption and changes in modulus of elas-
ticity. Biomaterials 26:6449-6459, 2005.

5. De Munck J, Van Meerbeek B, Yoshida Y, Inoue S,
Vargas M, Suzuki K et al. Four-year water degrada-
tion of total-etch adhesives bonded to dentin. J Dent
Res 82:136-140, 2003.

6. Carrilho MR, Tay FR, Pashley DH, Tjaderhane L,
Carvalho RM. Mechanical stability of resin-dentin
bond components. Dent Mater 21:232-241, 2005,

7. Angker L, Nockolds C, Swain MV, Kilpatrick N.
Correlating the mechanical properties to the mineral
content of carious dentine—a comparative study using
an ultra-micro indentation system (UMIS) and SEM-
BSE signals. Arch Oral Biol 49:369-378, 2004.

8. Marshall GW, Jr., Balooch M, Gallagher RR, Gansky
SA, Marshall SJ. Mechanical properties of the denti-
noenamel junction: AFM studies of nanohardness,
elastic modulus, and fracture. J Biomed Mater Res
54:87-95, 2001.

9. Oliveira 88, Marshall SJ, Habelitz S, Gansky SA,
Wilson RS, Marshall GW, Jr. The effect of a self-etch-
ing primer on the continuous demineralization of
dentin. Eur J Oral Sci 112:376-383, 2004,

57



CHBIX| B ZSISIX]: Vol. 33, No. 1, 2008

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

52

Inoue G, Tsuchiya S, Nikaido T, Foxton RM, Tagami
J. Morphological and mechanical characterization of
the acid-base resistant zone at the adhesive-dentin
interface of intact and caries-affected dentin. Oper
Dent 31:466-472, 2006.

Oliver WC PG. An improved technique for determining
hardness and elastic modulus using load and displace-
men sensing indentaion experimens. J Mater Kes
7:1564-1583,1992.

Ge J, Cui FZ, Wang XM, Feng HL. Property variations
in the prism and the organic sheath within enamel by
nanoindentation. Biomaterials 26:3333-3339, 2005.
Doerner MF NW. A method for interpreting the data
from depth-sensing indentation instruments 1:601-
609, 1986.

Donmez N, Belli S, Pashley DH, Tay FR.
Ultrastructural correlates of in vivo/in vitro bond
degradation in self-etch adhesives. J Dent Res 84:355-
359, 2005.

Reis AF, Giannini M, Pereira PN. Long-term TEM
analysis of the nanoleakage patterns in resin-dentin
interfaces produced by different bonding strategies.
Dent Mater 23(9):1164-1172, 2007.

Yuan Y, Shimada Y, Ichinose S, Tagami J. Qualitative
analysis of adhesive interface nanoleakage using FE-
SEM/EDS. Dent Mater 23(5):561-569, 2007.
Toledano M, Osorio R, Albaladejo A, Aguilera FS,
Osorio E. Differential effect of in vitro degradation on
resin-dentin bonds produced by self-etch versus total-
etch adhesives. J Biomed Mater Res A 77:128-135,
2006.

Koshiro K, Inoue S, Tanaka T, Koase K, Fujita M,
Hashimoto M et al. In vivo degradation of resin-dentin
bonds produced by a self-etch vs. a total-etch adhesive
system. Eur J Oral Sci 112:368-375, 2004.

Tay FR, Suh BI, Pashley DH, Prati C, Chuang SF, Li
F. Factors contributing to the incompatibility between
simplified-step adhesives and self-cured or dual-cured
composites. Part II. Single-bottle, total-etch adhesive.
J Adhes Dent 5:91-105, 2003.

Hashimoto M, Ohno H, Sano H, Tay FR, Kaga M,
Kudou Y et al. Micromorphological changes in resin-
dentin bonds after 1 year of water storage. J Biomed
Mater Res 63:306-311, 2002.

21.
22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

Burrow MF, Inokoshi S, Tagami J. Water sorption of
several bonding resins. Am J Dent 12:295-298, 1999.
Reis AF, Giannini M, Pereira PN. Influence of water-
storage time on the sorption and solubility behavior of
current adhesives and primer/adhesive mixtures. Oper
Dent 32:53-59, 2007, .
Malacarne J, Carvalho RM, de Goes MF, Svizero N,
Pashley DH, Tay FR et al. Water sorption/solubility of
dental adhesive resins. Dent Mater 22:973-980, 2006.
Hosaka K, Tagami J, Nishitani Y, Yoshiyama M,
Carrilno M, Tay FR et al. Effect of wet vs. dry testing
on the mechanical properties of hydrophilic self-etching
primer polymers. Eur J Oral Sci 115:239-245, 2007.
Van Meerbeek B, Willems G, Celis JP, Roos JR, Braem
M, Lambrechts P et al. Assessment by nano-indenta-
tion of the hardness and elasticity of the resin-dentin
bonding area. J Dent Res 72:1434-1442, 1993.

Hosoya Y, Tay FR. Hardness, elasticity, and ultra-
structure of bonded sound and caties-affected primary
tooth dentin. J Biomed Mater Res B Appl Biomater
81:135-141, 2007.

Drummond JL. Nanoindéntation of dental composites.
J Biomed Mater Res B Appl Biomater 78:27-34, 2006.
Xu HH, Smith DT, Jahanmir S, Romberg E, Kelly JR,
Thompson VP et al. Indentation damage and mechani-
cal properties of human enamel and dentin. J Dent Res
77:472-480, 1998.

Senawongse P, Harnirattisai C, Otsuki M, Tagami J.
Effect of LED light-curing time for the adhesive resin
on the modulus of elasticity. Am J Dent 20:139-141,
2007,

Reis AF, Giannini M, Pereira PN. Effects of a periph-
eral enamel bond on the long-term effectiveness of
dentin bonding agents exposed to water in vitro. J
Biomed Mater Res B Appl Biomater (in press) 6:6,
2007.

Toledano M, Osorio R, Osorio E, Aguilera FS, Yamauti
M, Pashley DH et al. Durability of resin-dentin bonds:
effects of direct/indirect exposure and storage media.
Dent Mater 23:885-892, 2007.

Gale MS, Darvell BW. Thermal cycling procedures for
laboratory testing of dental restorations. J Dent 27:89-
99, 1999,



Comparison of the elastic modulus among three dentin adhesives before and after thermocycling

AUA|E HMa|of w2 AoLE M AHlHe| EtMAIo| #sl HlT

7 olols - mEE - YHY - 2

Dgdistn Adeagasted, A et Aol E e @

dFe @A AW Ha dE o A gl FAAE @ A EX
= wE

€ A Ao s £ WHoE ALES &
gl g 5l =3 #E AP U HE AR HIAFE SHF =
)

Fozu frrdel e BgvE

Bl 24

o)
=
.E.

4 A 2 FY olulQl G tFA 21 72l Aobd FHol mZH L E AASIN . 247 T Aokl A&
H3 e 37H4 dobd H&A (OptiBond FL, Clearfil SE, Xeno IDE A&d #A 5 ¢ ¢
(Premisa, Kerr, Orange, CA, USA) € 1 mm 7|2 %o} &3t} 7 Ao} o] F#-3te] Ank AJE-L 100,000
39 & A& A2 E 7teteE gt} Nanoindentation test® $38te] 2 AlH Y adhesive layer$ hybrid layer
o FAASLE =3, vttt GANE A7) F Xeno 11179 B84A SATHLR FoAT ©a FaE BY
o} (p € 0.05). Hydrophilic monomerE %o] 3438 one-step self-etch adhesive systeme th& A|F
3l 7HRelo Hotsle] old WE A WE Hole Aoz FHHM, FFHOE FEES YFFd dFs T
A o2 gAY

F20{: &34, Nanoindentation, Adhesive layer, Hybrid layer, @A & 2}, Hydrophilic monomer

b3



