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Clinical Relevance
The long-term quality of a dentin adhesive interface appears to be maintained when a
resin-modified glass-ionomer liner is used.
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SUMMARY
Objective: The aim of this in vitro study was to
analyze the effect of glass-ionomer cement as a
liner on the dentin/resin adhesive interface of
lateral walls of occlusal restorations after
thermocycling.
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Results: There was no detectedstatistical difference on bond strength among groups
(a,0.05). Confocal microscopy analysis showed
a higher mean gap size in group 4 (12.5 lm) and
a higher percentage of marginal gaps in the
thermocycled groups. The RMGIC liner groups
showed the lowest percentage of marginal
gaps.
Conclusions: Lining with RMGIC resulted in
less gap formation at the dentin/resin adhesive
interface after artificial aging. RMGIC or GIC
liners did not alter the microtensile bond
strength of adhesive system/resin composite
to dentin on the lateral walls of Class I restorations.
INTRODUCTION
Despite extensive research showing significant
improvements in the clinical performance of resinbased restorative materials, polymerization contraction still remains a clinical problem. Contraction
stress developed during polymerization is transferred to the tooth/resin composite interface,1,2 and
it may cause marginal leakage, postoperative sensitivity, marginal discoloration, and recurrent caries.3-9
The use of bonding agents counteracts polymerization contraction to a certain extent, but immediate
microleakage and gap formation at the tooth/restoration interface is an adverse phenomenon that
occurs in different clinical situations. Adhesive

systems cannot totally prevent gap formation and
microleakage as long as polymerization contraction
and dimensional changes of resin composites are not
substantially reduced.1,2
Different methods are used to improve cavity
sealing of resin composite restorations such as
modulated photopolymerization, 3,4 incremental
placement techniques,5,6,10,11 and the use of a liner
with a relatively low modulus of elasticity as an
intermediary layer between resin composite and
tooth (eg, glass-ionomer cement), acting as a shrinkage stress absorber.12-15
One of the most important criteria for clinical
success of composite restorative materials is the
effectiveness and durability of the bonded interface.
While in the oral environment, composite restorative
materials are submitted to different types of challenges such as thermal stress.
For all of the above mentioned reasons, the aim of
this in vitro study was to analyze the effect of glassionomer cement liners on the dentin adhesive
interface of occlusal restorations, with or without
thermocycling. The hypothesis tested was that the
use of glass-ionomer cement (GIC) and resin-modified glass-ionomer cement (RMGIC) liners does not
affect dentin adhesive strength and gap formation
after thermocycling.
MATERIALS AND METHODS
Specimen Preparation
Materials used in this study are listed in Table 1.
Sixty freshly extracted noncarious third molars were
obtained under a protocol approved by the Ethics
Committee of the Bauru School of Dentistry, University of São Paulo (117/2007-FOB).
An occlusal cavity (533 mm) was prepared in each
tooth with the pulpal floor at a depth of 4.5 mm into
dentin, using a high-speed handpiece with a cylindrical carbide bur (56; KG Sorensen, São Paulo,
Brazil). Following these procedures, specimens were
randomly assigned to six groups (n¼10). The specimens were divided into groups as follows:







G1: No liner and no thermocycling (control)
G2: Glass-ionomer cement liner (Ketac Molar
Easymix, 3M ESPE Dental Products, St Paul,
MN, USA) and no thermocycling
G3: Resin-modified glass-ionomer cement liner
(Vitrebond, 3M ESPE Dental Products) and no
thermocycling
G4: No liner, thermocycling
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Materials and Methods: Occlusal cavities were
prepared in 60 human molars, divided into six
groups: no liner (1 and 4); glass-ionomer cement (GIC, Ketac Molar Easymix, 3M ESPE) (2
and 5); and resin-modified glass-ionomer cement (RMGIC, Vitrebond, 3M ESPE) (3 and 6).
Resin composite (Filtek Z250, 3M ESPE) was
placed after application of an adhesive system
(Adper Single Bond 2, 3M ESPE) that was
mixed with a fluorescent reagent (Rhodamine
B) to allow confocal microscopy analysis. Specimens of groups 4, 5 and 6 were thermocycled
(58C-558C) with a dwell time of 30 seconds for
5000 cycles. After this period, teeth were sectioned in approximately 0.8-mm slices. One
slice of each tooth was randomly selected for
confocal microscopy analysis. The other slices
were sectioned into 0.8 mm 3 0.8 mm beams,
which were submitted to microtensile testing
(MPa). Data were analyzed using two-way
ANOVA and Tukey test (p,0.05).
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Materials Used in This Study
Composition

Batch

Manufacturer

Filtek Z250 Universal
Restorative - Shade A3

Organic matrix:
Bis-GMA (bisphenylglycidyl dimethacrylate)
UDMA (urethane dimetacrylate)
Bis-EMA (ethoxylated bisphenol-A dimethacrylate)
Camphorquinone
Filler:
Zirconia/silica (82% by weight, 60% by volume;
average particle size 0.6 lm)

8MX

3M ESPE Dental Products, St Paul, MN, USA

Adper Single Bond 2

Bis-GMA
HEMA
Diurethane dimethacrylate Polyalkenoic
acid copolymer
Camphorquinone
Water
Ethanol
Glycerol 1,3 dimethacrylate
Silica (5 nm; 10% by weight)

6HF

3M ESPE Dental Products, St. Paul, MN, USA

Gel Dental Conditioner

37% Phosphoric acid gel

Rhodamine B

C28H31ClN2O3

Vitrebond

Powder:
Glass fiber
Diphenyliodonium chloride
Liquid:
Copolymer of acrylic and itaconic acid
Water
2-Hydroxyethyl methacrylate

Ketac Molar Easymix

Powder:
Glass Fiber
Polyacrylic acid
Liquid:
Water
Polycarbonic acid
Polyethylene
Tartaric acid





G5: Glass-ionomer cement liner (Ketac Molar
Easymix, 3M ESPE Dental Products) and thermocycling
G6: Resin-modified glass-ionomer cement liner
(Vitrebond, 3M ESPE Dental Products) and thermocycling

Specimens in groups 2, 3, 5 and 6 were lined with a
0.5-mm ionomer cement liner on the pulpal floor. In
order to be sure that lateral walls were free of
ionomer cement, a specific syringe system, the
Centrix system, (Centrix, C-R syringes, Shelton,
CT, USA.), was used for application of the resinmodified glass-ionomer cement, and a calcium

900886

Dentsply International, York, PA, USA

33907062

Sigma-Aldrich Chemie GmbH, Gillingham, UK

8ML

3M ESPE Dental Products, St. Paul, MN, USA

308161

3M ESPE Dental Products, St. Paul, MN, USA

hydroxide applicator was used for application of the
conventional glass-ionomer cement. The specimens
that received the conventional glass-ionomer cement
had their pulpal floor previously treated with its own
liquid for 30 seconds which was subsequently
washed out. Following the application of the liner,
the cavities were bonded and filled in similar,
standardized sequences with the same adhesive
system (Adper Single Bond 2, 3M ESPE Dental
Products) and resin composite (Filtek Z250, 3M
ESPE Dental Products). Enamel and dentin were
acid etched (37% phosphoric acid, Gel Dental
Conditioner, Dentsply International, York, PA,
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mately 0.8 mm2, and the buccal dentin/resin interface was kept intact for the test (Figure 1).
The microtensile test was done on intact beams
using a custom-made testing apparatus (Geraldelli’s
device) mounted in a universal testing machine
(EMIC DL 500 BF, São José dos Pinhais, Brazil).
Specimens were loaded at a crosshead speed of 0.5
mm/min until failure.

Statistical Analysis
Figure 1: Specimen slice has been sectioned mesiodistally into
beams. The buccal dentin/resin was kept intact for microtensile test.

USA) for 30 seconds and 15 seconds, respectively,
and rinsed and dried with absorbent paper. Adper
Single Bond 2 was applied in two consecutive layers
and after 15 seconds, gently air dried to allow
evaporation of the solvent prior to polymerization
for 10 seconds with a halogen curing light (Ultralux,
Dabi Atlante, Ribeirão Preto, São Paulo, Brazil) at
500 mW/cm2. Resin composite was applied in two
horizontal increments (2-mm thickness), and each
increment was light cured for 40 seconds. Specimens
were stored in distilled water for 24 hours at 378C
(groups 1, 2, and 3) or submitted to a thermocycling
process that included two baths (58C-558C) with a
dwell time of 30 seconds for 5000 cycles (groups 4, 5,
and 6), before preparation for microtensile testing.
The specimens were cut buccolingually into 0.8mm thick slices (Figure 1) parallel to the tooth long
axis using an ISOMET Low Speed Saw (Buehler,
Lake Bluff, IL, USA) and a diamond disk (Extec
Corp., Enfield, CT, USA). One slice of each tooth was
randomly selected to be analyzed via confocal
microscopy (Leica TCS SPE, Mannheim, Germany,
DMI 4000B with diode laser excitation of 532 nm) to
verify gap formation on the adhesive interface of the
buccal wall. To allow confocal microscopy analysis,
Adper Single Bond 2 was mixed with a fluorescent
reagent (Rhodamine B, Sigma-Aldrich Chemie
GmbH, Gillingham, UK), in a concentration of 0.16
mg/mL.16
The remaining slices were sectioned mesiodistally
into beams with a cross-sectional area of approxi-

The data from the microtensile test was evaluated
for statistical significance by two-way analysis of
variance (ANOVA) (a¼0.05). Gap presence was
analyzed by Fisher test (a¼0.05) and gap size by
Kruskal-Wallis test (a¼0.05).
RESULTS
Results are shown in Table 2. The mean microtensile
bond strength to dentin showed that the use of glassionomer liners did not improve the bond strength of
resin composite to buccal dentin walls, with or
without thermocycling. Confocal microscopy analysis
showed presence of gaps in all six groups, with no
statistical difference among groups, and the comparison between groups with no liner or with glassionomer cement liner showed an increase of gaps
after thermocycling. The groups with resin-modified
glass-ionomer cement liner showed no statistical
difference before or after thermocycling. However,
the thermocycling process seems to increase the size
of gaps on the groups with glass-ionomer cement.
Figures 2 through 5 illustrate the confocal microscopy images analyzed during the study. Figure 2
shows the absence of gaps (G1 specimen), Figure 3
shows the presence and size of a gap (G1 specimen),
Figure 4 shows the absence of gaps (G5 specimen),
and Figure 5 shows the presence and size of a gap
(G5 specimen).
The distribution of the types of failures can be seen
in Table 3.
DISCUSSION
Polymerization contraction stresses are one of the
shortcomings of the curing pattern of light-cured
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Both surfaces of each fracture site were observed
under a digital microscope DinoLite Plus (AnMo
Electronics Corporation, Hsinchu, China) with 403
magnification. The fracture modes were classified as
cohesive failure in resin composite, cohesive failure
in dentin, adhesive failure, and mixed failure. Mean
microtensile strength values were expressed in MPa.
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Table 2: Mean (Standard Deviations) of Microtensile Bond Strength to Dentin, Percentage of Gaps, and Mean Size of Internal
Gaps
Groups

Gap Formation Presence of Gaps, %

Mean Size of Internal Gaps, lm

G1

19.28 (9.30)aA

30a

1.40 (2.27)a

G2

16.29 (6.22)a

25a

2.88 (6.66)a

G3

15.95 (7.26)a

25a

6.63 (16.81)a

G4

19.74 (9.99)a

53b

4.20 (5.23)a

G5

16.58 (8.61)a

70c

12.50 (13.00)b

G6

16.01 (6.95)a

30a

5.40 (8.69)a

Different letters indicate statistical differences among rows in the same column (p,0.05).

resin composites, which may compromise the
achievement of a perfect seal at the cavity wall.1,2
Polymerization shrinkage of a resin composite can
create contraction forces that may disrupt the bond
to cavity walls.1,2 This competition between mechanical stress in polymerizing resin composites and the
bond of adhesive resins to the walls of restorations is
one of the main causes of marginal failure and
subsequent microleakage observed with resin composite restorations. Several researchers14,17-19 have
sought for techniques and materials to overcome
resin composite’s undesirable curing effects. The
evolution of the microtensile technique has permitted the evaluation of regional bond strengths in
complex cavity restorations, allowing a better understanding of the bonding mechanism.20-22
Most dentin bond strength studies are done in free
and plain surfaces with low C-factor. There are some
studies that compare different C-factors with the
results showing the negative potential of cavity
geometry.20-22 Microtensile tests make it possible to
test bond strength on cavities walls.
Beside C-factor, measuring microtensile bond
strength in cavities also involves other factors such
as the the type of bur used to cavity preparation,
different patterns of smear layer and humidity in the
different regions of a cavity, and inclination of the
cavity walls at the moment of the application of the
adhesive system23 that may lead to different results
than the ones obtained by adhesion on flat surfaces.
Most available adhesives show good immediate
retention and adhesive interface sealing. Although
after this immediate effectiveness, there is a big

concern when the adhesive dentin/resin interface is
tested after aging, even after a short period of 6
months.24
During aging of the adhesive interface, some
phenomena lead to the degradation of the hybrid
layer, especially if simplified adhesives are used.
Insufficient resin impregnation in dentin, underpolymerization, separation of phases and endogenous collagenase enzyme activation are some of the
factors that decrease the longevity of adhesive
interfaces. In other words, clinical simplification
procedures can decrease the adhesive effectiveness.24
Clinical longevity related to the stability of the
adhesive interface seems to involve mechanical and
chemical factors such as chewing forces and the
repetitive stress of contraction and expansion due to
temperature changes in the oral cavity.25-28 The acid
chemical agents of the dentin fluid, saliva, foods and
beverages, and bacterial products are a challenge for
the tooth/biomaterials interface in several ways
such as unprotected collagen fibril degradation,28-32
resinous monomer dilution (probably caused by
underpolymerization)33-35 and resin component degradation.27-29,36,37
Thermal cycles to simulate an intraoral condition
have been common in several in vitro studies.
Studies of the effect of thermocycling are contradictory, but most of them show that thermal stress
increases leakage.25 ISO Standard TR 11450 (1994)
recommends 500 cycles in water at 58C and 558C, but
literature revealed that more thermal cycles are
necessary to simulate a long-term in vivo adhesive
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Figure 2, 3, 4 and 5: Confocal microscopy images (2) absence of gaps in G1 specimen (no linner and no thermocycling), (3) presence and size of a
gap in G1 specimen, (4) absence of gap in G5 specimen (Glass-ionomer cement liner and thermocycling) and (5) presence and size of a gap in G5
specimen. (D ¼ Dentin; A ¼ Adhesive; C ¼ Resin Composite; G ¼ Gap; T ¼ Resin tag)

stress. Wattanawongpitak and others38 tested specimens with 0, 500, or 5000 thermal cycles and
observed that for one of the adhesives tested, the
marginal leakage significantly increased after 500
cycles, while after 5000 cycles all adhesives tested
had shown a decrease in marginal integrity when
compared to those with 0 cycles. There is no evidence

of the number of cycles needed to simulate an in vivo
experience, but a provisory estimate suggested by
Gale and Darvel25 is that 10,000 cycles are equivalent to one year of clinical life.
An artificial aging effect induced by thermocycling
is not totally established. Two mechanisms can
occur: 1) hot water can speed up the hydrolysis and
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Table 3:

Types of Failure (% Per Group)
Types of Failures - % (# of beams)
Adhesive

Mixed

Cohesive
in Resin

Cohesive
in Dentin

80.95 (17)

4.76 (1)

4.76 (1)

9.53 (2)

G2

65.00 (13)

25.00 (5)

5.00 (1)

5.00 (1)

G3

71.45 (20)

14.28 (4)

7.14 (2)

7.14 (2)

G4

69.23 (18)

30.77 (8)

 (0)

 (0)

G5

78.26 (18)

17.39 (4)

4.35 (1)

 (0)

G6

76.20 (16)

9.52 (2)

9.52 (2)

4.76 (1)

decomposition of interface components, and 2) a
repetitive thermal contraction and expansion stress
can be generated. De Munck and others39 observed
that thermocycling leads to a contraction/expansion
stress combined with an increase in chemical
degradation.
According to some authors,40-43 the creation of an
intermediate elastic liner between tooth and resin
composite, functioning to absorb the stress associated with the shrinkage polymerization, can better be
achieved with a resilient material having a lower
modulus of elasticity than resin composite. Glassionomer cement used as a liner has been reported to
improve the restoration marginal quality, increasing
bond strength and decreasing gap formation at the
dentin/resin composite adhesive interface.42,43
The use of confocal microscopy to verify the
influence of the resin-modified glass-ionomer cement
and glass-ionomer cement liners and thermal aging
on the dentin/resin composite interface was based on
a study by Watson and Boyde44 that described the
use of confocal microscopy in dentistry. This microscopy allows the attainment of high-resolution images
of fine tooth specimens that are semitransparent.44
The specimen’s surface images are produced in a
similar way to those obtained with scanning electronic microscopy (SEM), but with the advantage of
simplicity in technique.44,45
The use of confocal microscopy images offers less
image rejection due to focusing problems and better
resolution than conventional imaging, especially
when imaging biologic structures.46 There is no need

to dry the specimens as for SEM and transmission
electronic microscopy (TEM). These advantages lead
to less risk of contraction artifacts produced by
drying and allow the specimen to be studied with an
additional microscopy technique.45,47,48
An additional advantage of the confocal principle
is to allow the visualization not only of the specimen
surface but also of its subsurface.49–51 Therefore, this
new approach offers the possibility of obtaining a
tridimensional image, leading to a more specific and
informative correlation when compared to bidimensional analysis.44,49
The micromorphologic evaluation of the dentin/
restoration adhesive interface can be improved by
incorporation of dye in adhesive agents.51 The mix of
fluorochromes with different adhesive components
allows characterization of the smear layer micromorphology and thickness, distribution of these
components on dentin, resin tag extension, adhesive
layer thickness, and defects or alterations on the
restoration interface.51 There is no consensus,
however, on the optimal dye or concentration to
use. Another concern is the influence that the
fluorescent agent can have on the polymerization of
the adhesive system as well as on its properties and
behavior. Depending on the dye concentration,
reduction of monomer conversion and decrease of
adhesive bond strength can be expected.16 Most
studies do not mention the accurate concentration of
mixed dye/adhesive systems, thus making the
concentration that each researcher uses an arbitrary
decision that can lead to marked differences between
similar studies.
D’Alpino and others16 suggested an ideal concentration of Rhodamine B to be added to Adper Single
Bond. The authors observed that the concentration
was optimal for confocal microscopy analysis of the
adhesive interface and did not interfere with
photopolymerization and adhesive resistance of the
adhesive system.16
The magnitude of generated stress during polymerization of resin composite on the dentin/resin
adhesive interface is influenced by various factors
such as material, insertion technique, cavity preparation, and the interaction among these factors.9
Some studies have shown that the use of resilient
liners, as conventional and RMGIC, are capable of
absorbing the polymerization contraction stress and,
thus, improve the bond strength and decrease
marginal microleakage.13,52-55 In contrast, Chuang
and others55 showed that the use of this fluid liner
reduces the presence of bubbles in the resin
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composite restoration class II interface, but it does
not improve the marginal sealing.56

In the present study, the specimens with conventional GIC liner, after having been submitted to the
thermal stress of thermocycling, exhibited a mean
gap size significantly higher than the other tested
groups. However, the groups with RMGIC liner
presented a lower percentage of gaps with thermal
stress.
According to Wilson and Kent,60 RMGIC is used as
a liner in resin composite and amalgam restorations
with the objective of protecting the restored tooth
against thermal and chemical trauma and also of
keeping the cavity margin sealed.
Christensen61 noticed the need of further studies
to determine the long-term RMGIC behavior because
of its tendency to absorb water from saliva, food, and
drinks, leading to swelling as well as the hydrolysis
process. According to Huang and others62 resinmodified glass-ionomer cement is capable of hygroscopic expansion when stored for one week in
distilled water, decreasing the presence of gaps.
These studies can explain the lower number of gaps
on the groups with RMGIC liner, since they had
remained immersed in distilled water for 24 hours
(no thermocycled) or seven days (thermocycled).
This study was aimed to evaluate the influence on
the dentin/resin interface of glass-ionomer and resinmodified glass-ionomer cement liners on bond
strength and on internal gap formation. The analysis
of these properties are in accordance with Peutzfeldt
and Asmussen,9 concluding that there is no relation
between bond strength and marginal gap formation,
and suggesting that the bond strength cannot be a
sole determinant factor on restoration marginal
quality, in vivo.

The use of glass-ionomer and resin-modified glassionomer liners did not improve the immediate bond
strength of a resin composite to the lateral cavity
walls of occlusal restorations. RMGIC liner seems to
achieve better stability of the dentin/resin composite
interface after thermocycling when considering the
number and size of the gaps formed.
(Accepted 7 July 2010)
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13. Belli S, Inokoshi S, Özer F, Pereira PN, Ogata M, &
Tagami J (2001) The effect of additional enamel etching
and a flowable composite to the interfacial integrity of
Class II adhesive composite restorations Operative Dentistry 26(1) 70-75.
14. Davidson CL & de Gee AJ (1984) Relaxation of polymerization contraction stresses by flow in dental composites
Journal of Dental Research 63(2) 146-148.
15. Knezevic A, Tarle Z, Meniga A, Sutalo J, Pichler G, &
Ristic M (2001) Degree of conversion and temperature
rise during polymerization of composite resin sample with
blue diodes Journal of Oral Rehabilitation 28(6) 586-591.

17. Mullejans R, Lang H, Schuler N, Baldawi MO, & Raab
WH (2003) Incremental technique for extended Class V
restorations: an experimental study Operative Dentistry
28(4) 352-356.
18. D’Alpino PH, Pereira JC, Svizero NR, Rueggeberg FA, &
Pashley DH (2006) Use of fluorescent compounds in
assessing bonded resin-based restorations: a literature
review Journal of Dentistry 34(9) 623-634.
19. Franco EB & Lopes LG (2003) Conceitos atuais na
polimerização de sistemas restauradores resinosos Revista Biodonto 2(1) 1-59.
20. Kemp-Scholte CM & Davidson CL (1990) Complete
marginal seal of Class V resin composite restorations
effected by increased flexibility Journal of Dental Research 69(6) 1240-1243.
21. Krejci I, Lutz F, & Krejci D (1988) The influence of
different base materials on marginal adaptation and wear
of conventional Class II composite resin restorations
Quintessence International 19(3) 191-198.
22. Armstrong SR, Keller JC, & Boyer DB (2001) The
influence of water storage and C-factor on the dentinresin composite microtensile bond strength and debond
pathway utilizing a filled and unfilled adhesive resin
Dental Materials 17(3) 268-276.
23. Nikaido T, Kunzelmann KH, Chen H, Ogata M, Harada
N, Yamaguchi S, Cox CF, Hickel R, & Tagami J (2002)
Evaluation of thermal cycling and mechanical loading on
bond strength of a self-etching primer system to dentin
Dental Materials 18(3) 269-275.
24. Nikaido T, Kunzelmann KH, Ogata M, Harada N,
Yamaguchi S, Cox CF, Hickel R, & Tagami J (2002) The
in vitro dentin bond strengths of two adhesive systems in
class I cavities of human molars The Journal of Adhesive
Dentistry 4(1) 31-39.
25. Bouillaguet S, Ciucchi B, Jacoby T, Wataha JC, &
Pashley D (2001) Bonding characteristics to dentin walls
of class II cavities, in vitro Dental Materials 17(4)
316-321.
26. Breschi L, Mazzoni A, Ruggeri A, Cadenaro M, Di
Lenarda R, De Stefano, & Dorigo E (2008) Dental
adhesion review: aging and stability of the bonded
interface Dental Materials 24(1) 90-101.

27. Gale MS & Darvell BW (1999) Thermal cycling procedures for laboratory testing of dental restorations Journal
of Dentistry 27(2) 89-99.
28. De Munck J, Braem M, Wevers M, Yoshida Y, Inoue S,
Suzuki K, Lambrechts P, & Van Meerbeek B (2005)
Micro-rotary fatigue of tooth-biomaterial interfaces Biomaterials 26(10) 1145-1153.
29. De Munck J, Van Landuyt K, Peumans M, Poitevin A,
Lambrechts P, Braem M, & Van Meerbeek B (2005) A
critical review of the durability of adhesion to tooth
tissue: methods and results Journal of Dental Research
84(2) 118-132.
30. Tay FR & Pashley DH (2003) Have dentin adhesives
become too hydrophilic? Journal of the Canadian Dental
Association 69(11) 726-731.
31. Hashimoto M, Ohno H, Kaga M, Endo K, Sano H, &
Oguchi H (2000) In vivo degradation of resin-dentin
bonds in humans over 1 to 3 years Journal of Dental
Research 79(6) 1385-1391.
32. Hashimoto M, Ohno H, Sano H, Kaga M, & Oguchi H
(2003) In vitro degradation of resin-dentin bonds analyzed by microtensile bond test, scanning and transmission electron microscopy Biomaterials 24(21) 3795-3803.
33. Hashimoto M, Ohno H, Sano H, Tay FR, Kaga M, Kudou
Y, Oguchi H, Araki Y, & Kubota M (2002) Micromorphological changes in resin-dentin bonds after 1 year of water
storage Journal of Biomedical Materials Research 63(3)
306-311.
34. Hashimoto M, Tay FR, Ohno H, Sano H, Kaga M, Yiu C,
Kumagai H, Kudou Y, Kubota M, & Oguchi H (2003) SEM
and TEM analysis of water degradation of human
dentinal collagen Journal of Biomedical Materials Research. Part B, Applied Biomaterials 66(1) 287-298.
35. Cadenaro M, Antoniolli F, Sauro S, Tay FR, Di Lenarda
R, Prati C, Biasotto M, Contardo L, & Breschi L (2005)
Degree of conversion and permeability of dental adhesive
European Journal of Oral Sciences 113(6) 525-530.
36. Cadenaro M, Breschi L, Antoniolli F, Mazzoni A, & Di
Lenarda R (2006) Influence of whitening on the degree of
conversion of dental adhesives on dentin European
Journal of Oral Sciences 114(3) 257-262.
37. Eick JD, Gwinnett AJ, Pashley DH, & Robinson SJ (1997)
Current concepts on adhesion to dentin Critical Reviews
in Oral Biology and Medicine 8(3) 306-335.
38. Finer Y & Santerre JP (2004) Salivary esterase activity
and its association with the biodegradation of dental
composites Journal of Dental Research 83(1) 22-26.
39. Jaffer F, Finer Y, & Santerre JP (2002) Interactions
between resin monomers and commercial composite
resins with human saliva derived esterases Biomaterials
23(7) 1707-1719.
40. Wattanawongpitak N, Yoshida T, Burrow MF, & Tagami
J (2007) The effect of thermal stress on bonding durability
of resin composite adaptation to the cavity wall Dental
Materials Journal 26(3) 445-450.
41. De Munck J, Van Landuyt K, Coutinho E, Poitevin A,
Peumans M, Lambrechts P, & Van Meerbeek B (2005)
Micro-tensile bond strength of adhesives bonded to Class-

Downloaded from http://meridian.allenpress.com/operative-dentistry/article-pdf/36/4/403/1819888/09-240-l.pdf by guest on 29 May 2022

16. Tjan AH, Bergh BH, & Lidner C (1992) Effect of various
incremental techniques on the marginal adaptation of
class II composite resin restorations The Journal of
Prosthetic Dentistry 67(1) 62-66.

411

Operative Dentistry

412

I cavity-bottom dentin after thermo-cycling Dental Materials 21(11) 999-1007.

etching time European Journal of Oral Sciences 108(4)
346-351.

42. Unterbrink GL & Liebenberg WH (1999) Flowable resin
composites as filled adhesives: literature review and
clinical recommendations Quintessence International
30(4) 249-257.

52. Watson TF (1997) Fact and artifact in confocal microscopy
Advances in Dental Research 11(4) 433-441.

43. Alomari QD, Reinhardt JW, & Boyer DB (2001) Effect of
liners on cusp deflection and gap formation in composite
restorations Operative Dentistry 26(4) 406-411.

54. Ferdianakis K (1998) Microleakage reduction from newer
esthetic restorative materials in permanent molars The
Journal of Clinical Pediatric Dentistry 22(3) 221-229.
55. Swift EJ Jr, Triolo PT Jr, Barkmeier WW, Bird JL, &
Bounds SJ (1996) Effect of low-viscosity resins on the
performance of dental adhesives American Journal of
Dentistry 9(3) 100-104.

45. Kemp-Scholte CM & Davidson CL (1990) Marginal
integrity related to bond strength and strain capacity of
composite resin restorative systems The Journal of
Prosthetic Dentistry 64(6) 658-664.

56. Tung FF, Estafan D & Sherer W (2000) Microleakage of a
condensable resin composite: an in vitro investigation
Quintessence International 31(6) 430-434.

46. Watson TF & Boyde A (1991) Confocal light microscopic
techniques for examining dental operative procedures
and dental materials. A status report for the American
Journal of Dentistry American Journal of Dentistry 4(4)
193-200.

57. Chuang SF, Liu JK, Chao CC, Liao FP, & Chen YH (2001)
Effects of flowable composite lining and operator experience on microleakage and internal voids in Class II
composite restorations The Journal of Prosthetic Dentistry 85(2) 177-183.

47. White JG, Amos WB, & Fordham M (1987) An evaluation
of confocal versus conventional imaging of biological
structures by fluorescence light microscopy The Journal
of Cell Biology 105(1) 41-48.

58. Ratih DN, Palamara JE, & Messer HH (2006) Minimizing
dentinal fluid flow associated with gap formation Journal
of Dental Research 85(11) 1027-1031.

48. Pioch T, Stotz S, Staehle HJ, & Duschner H (1997)
Applications of confocal laser scanning microscopy to
dental bonding Advances in Dental Research 11(4)
453-461.

59. De Munck J, Van Meerbeek B, Yoshida Y, Inoue S,
Suzuki K, & Lambrechts P (2004) Four-year water
degradation of a resin-modified glass-ionomer adhesive
bonded to dentin European Journal of Oral Sciences
112(1) 73-83.

49. Watson TF & Boyde A (1987) Tandem scanning reflected
light microscopy: applications in clinical dental research
Scanning Microscopy 1(4) 1971-1981.

60. Wilson AD & Kent BE (1971) The glass-ionomer cement: a
new translucent dental filling material Journal of
Applied Chemistry and Biotechnology 21(11) 313.

50. Diaspro A & Robello M (2000) Two-photon excitation of
fluorescence for three-dimensional optical imaging of
biological structures Journal of Photochemistry and
Photobiology. B, Biology 55(1) 1-8.

61. Christensen GJ (1992) Tooth restorations for mature
people: some new hope with new materials Journal of the
American Dental Association 123(6) 66-67.

51. Dorfer CE, Staehle HJ, Wurst MW, Duschner H, & Pioch
T (2000) The nanoleakage phenomenon: influence of
different dentin bonding agents, thermocycling and

62. Huang C, Tay FR, Cheung GS, Kei LH, Wei SH, &
Pashley DH (2002) Hygroscopic expansion of a compomer
and a composite on artificial gap reduction Journal of
Dentistry 30(1) 11-19.

Downloaded from http://meridian.allenpress.com/operative-dentistry/article-pdf/36/4/403/1819888/09-240-l.pdf by guest on 29 May 2022

44. Van Meerbeek B, Willems G, Celis JP, Roos JR, Braem M,
Lambrechts P, & Vanherle G (1993) Assessment by nanoindentation of the hardness and elasticity of the resindentin bonding area Journal of Dental Research 72(10)
1434-1442.

53. Civelek A, Ersoy M, L’Hotelier E, Soyman M, & Say EC
(2003) Polymerization shrinkage and microleakage in
Class II cavities of various resin composites Operative
Dentistry 28(5) 635-641.

