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I . Introduction

Dentin adhesive systems have been developed to
obtain strong bonds between dental material and
tooth substrate. It is important to achieve good mar-
ginal adaptation of the restorative material in order
to reduce microleakage, staining, pulpal irritation,
and recurrent caries”.

The adhesion of dental resin materials to enamel
has been widely explained and is micro-mechanical
in nature with the resin forming tag-like extensions

into the etched enamel surface?. However, the na-

ture of adhesion to dentin has been far more com-
plex. Dentin contains more organic materials than
enamel, which makes it an entirely different sub-
strate for bonding®. The target area for adhesion in
dentin are the tubules, the intertubular dentin and
peritubular dentin. More recently, manufacturers
have replaced the bifunctional or multifunctional sys-
tems with new single-bottle systems, known as fifth
generation dentin adhesive resins”. These adhesives
contain hydrophilic monomers that wet the dentin
and penetrate into the dentinal tubules as well as
the demineralized intertubular and peritubular
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dentin®. Due to their hydrophilic nature, these adhe-
sives seem to have greater affinity for wet rather
than dry dentin”. The moisture pulls the monomer
into and around the tubules. along with the adhesive
ingredients. When cured, the dentin and the adhe-
sive form a structural complex called the hybrid
layer®. Formation of this hybrid layer of dentin and
resin, which was first described by Nakabayashi et
al.” in 1982, is thought to be the primary bonding
mechanism of most fourth generation adhesive sys-
tems®.

The use of vibration to alter thixotropic materials
has long been recognized by the industry. However,
its active use in dentistry has recently been docu-
mented®. Vibration was first utilized in dental
scalers to aid in the removal of plague and calculus
from teeth. Furthermore, this phenomenon may be
used to alter the viscosity of zinc phosphate cement”
or composite luting materials*®"’ during the seating
of cast metal and composite inlays. The technique re-
quires the light placement of an ultrasonic scaler
against the restoration for a few seconds. The vibra-
tion from the tip pass through the restoration into
the underlying material. This changes the viscosity
of the cement, and this in turn allows the restoration
to slip into place easily®. Using vibration in this
manner may have an added advantage: the improved
flow characteristics of the material help reduce film
thickness, thereby minimizing potential leakages
that may occur around the restoration'”.

Regrettably, studies regarding the clinical appli-
cations of such vibration on composite restorations
have been few. The objective of this study was to
compare the bond strength and resin penetration
into dentinal tubules achieved with those gained
using the conventional technique and vibration
technique.

Table 1. Materials used in this study
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I . Materials and Methods
1. Shear Bond Strength

Eighty-eight noncarious extracted human perma-
nent molar teeth were stored in 0.1% thymol solu-
tion at room temperature after extraction. The teeth
were cleaned by removing the remaining soft tissue
and then stored in physiologic saline solution until
use.

Each tooth was sectioned to remove the coronal
enamel by using a slow-speed saw(Isomet, Buehler
Ltd., Evanston, USA). Each specimen was embedded
in l-inch inner diameter PVC pipe with a cold-cure
acrylic resin as mold. The occlusal surfaces were
placed so that the tooth and the embedding medium
were at the same level to form one flat surface. The
samples were subsequently polished with wet 220-,
and 500-grit silicon carbide abrasive papers. The
samples were randomly assigned to 4 groups(n=22)
(Table 1)/ Each adhesive system was applied accord-
ing to its manufacturer’s instructions.

Group I-Single Bond

Dentin was etched for 15 seconds with 35% phos-
phoric acid(Scotchbond Etching Gel, 3M-ESPE, St.
Paul, USA) and rinsed with water for 15 seconds.
After adjusting the surface moisture condition, two
consecutive coats of Single Bond were applied with a
saturated brush, gently air-dried with oil-free com-
pressed air for 5 seconds to evaporate the solvent,
and then light-cured for 10 seconds.

Group 1I-Single Bond with vibration

Dentin was etched, rinsed and dried in the same
way as Group 1. After application of Single Bond
twice consecutively, the adhesive was gently air-
dried for 5 seconds, and vibration was applied to the

System 0%

Fichant: 35% phosphoric acid

Single Bond Adhesive: BissGMA, HEMA, dimethacrylates, 3M Dental Products, St. Paul, MN, USA
polyalkenoic copolymer, ethanol, water
One-Step Etchant: 32% phosphoric acid Bisco Inc., Schaumburg, IL, USA

Adhesive: Bis-GMA, BPDM, acetone
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Fig- 1. Schematic representation of the experimental
steps for SEM sample preparation.

enamel portion of the specimen using a commercially
available ultrasonic scaler(Suprasson® P5 Booster,
SATELEC, Merignal, France) with a sickle probe for
10 seconds. The adhesive was light-cured for 10 sec-
onds.

Group III-One-Step

Dentin was etched for 15 seconds using 32% phos-
phoric acid gel. After rinsing and adjusting the sur-
face moisture condition, two consecutive coats of
One-Step adhesive were applied. The adhesive was
gently air-dried for 5 seconds using a compressed air
syringe and light-cured for 10 seconds.

Group IV-One-Step with vibration

Dentin was etched, rinsed and dried in the same
way as Group III. After two consecutive applications
of One-Step, the adhesive was gently air-dried for 5
seconds. Vibration was then applied with a ultrason-
ic scaler for 10 seconds the same as Group 1I. The
adhesive was light-cured for 10 seconds.

Resin composite was condensed on to the prepared
surface in two increments using a mold kit(Ultradent
Products Inc., South Jordan, USA). Each increment
was light cured for 40 seconds using in visible-light
curing unit(Curing Light 2500, 3M-ESPE, St. Paul,
USA).

After 24 hours in tap water at room temperature,
the specimens were thermocycled for 500 cycles be-
tween 5C and 55C. The dwell time in each bath was
30 seconds and the transfer time was 10 seconds.
Shear bond strengths were measured with a univer-
sal testing machine(Instron 4465, Canton, USA). A
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knife-edged shearing rod with a crosshead speed of
1.0mm/min was used to load the specimens at the
interface between composite and dental surface until
fracture occurred. ANOVA and Student-Newman-
Keuls test were used to evaluate the statistical sig-
nificance of the results.

2. Examination of Debonded Specimens

The debonded dentin surfaces were coded and ex-
amined in a random sequence using a stereomicro-
scope at 40X magnification. The mode of bond fail-
ure was recorded as either “adhesive’, meaning none
or very little({(30%) composite still remaining on the
dentin surface, or “mixed’, meaning composite re-
maining on over 30% of the dentin surface, or “cohe~
sive”, meaning fracture occurring in the composite
resin itself.

3. SEM examination

Infiltration patterns of the adhesive materials were
investigated. Dentin discs, 3-4mm in thickness, were
prepared from extracted teeth(Fig. 1). To avoid mor-
phologic and structural variations of the dentin due
to its depth, one-half of each specimen was vibrated
in each group of each adhesive system, with the sec-
ond half being kept without vibration. Subsequently.
resin composite was placed and polymerized.
Sectioned resin-tooth specimens immersed into 6 mol
HC1 for 24 hours to totally remove the calcified com-
ponent, washed with distilled water for 5 minutes,
then immersed in 5% NaOCl solutions for 20 min-
utes to remove the organic components. After dehy-
drartion procedure, the specimens were mounted to
aluminum stubs with silver paint and sputter coated
with gold-palladium, then examined with a scanning
electron microscope (JSM-840A, JEOL Ltd., Tokyo,
Japan).

. Results
1. Shear bond strength

The mean and standard deviation values of shear
bond strength were 18.10£5.83 MPa for Group I,
22 88+5.01 MPa for Group 11, 16.32%4.58 MPa for
Group 11, and 20.16+3.52 MPa for Group [V(Table



Table 2. Results of shear bond strength tests(n=22)
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Table 3. Mode of fractures

Mean(MPa) 8D Difference Cohesive Adhesive Mixed
Group I 18.10 5.83 a Group | 1 6 15
Group 1T 2288 5.01 b Group I 7 2 13
Group III 16.32 4.58 a Group 11 - 8 14
Group IV 20.16 3.52 b Group IV 3 4 15

*Different letters indicate significant difference(p<0.05).

Fig. 2. SEM of demineralized non-vibration
surface for Single Bond{x1000).

Bapm ¥ Electron image 1

:

Fig. 4. SEM of demineralized non-vibration
surface for One-Step(x1000).

2). The one-way ANOVA test revealed statistically
significant differences between groups(p<0.0001).
Student-Newman-Keuls test indicated that statisti-
cally significant differences existed between Groups I
and 1I, as well as between Groups III and IV(Table
2).

Statistically significant increases in bond strength
were observed in all one-bottle dentin bonding sys-
tems when vibration was used. The highest shear
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Fig. 3. SEM of demineralized vibration surface
for Single Bond{x1000).

1 Electron image 1

opm

Fig. 5. SEM of demineralized vibration surface
for One-Step(x 10005

bond strengths were attained at Single Bond with vi-
bration. The shear bond strength of One-Step with or
without vibration was slightly lesser than that of
Single Bond, but the difference was not statistically
significant.

2. Examination of debonded specimens

The fracture patterns of debonded specimens were
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shown in Table 3. When applied with vibration or
non-vibration, failure was mainly mixed type. More
cohesive failures were appeared with specimens of vi-
bration groups than those of non-vibration groups.

3. SEM examination

In the SEM examination, resin tags and lateral
branches formed a fine resin network that completely
infiltrated the intertubular dentin area. Each tubule
tag featured an interconnecting network of lateral
canals that contained polymerized adhesive. It was
shown that there was variation in resin tag forma-
tion among adhesive materials and application meth-
ods. For vibration groups, resin tags were found to
be greater in length and number of lateral branches.
And more homogeneous appearance were showed for
Single Bond than for One-Step(Fig. 2-5).

V. Discussion

The single-bottle system incorporates the primers
and the bonding resin into a single container. It rep-
resents an appreciable advance over previous sys-
tems and the fewer number of components and steps
simplifies technique. This is especially valuable as
the system allows the simultaneous and similar
treatment of dentin and enamel'®.

One-Step is an acetone-based, and one-component
bonding agent that relies on dentin and enamel etch-
ing with 32% phosphoric acid. It contains biphenyl
dimethacrylate plus Bis-GMA and HEMA"**'. The
mean bond strengths obtained at baseline in the pre-
sent study were comparable to those obtained in oth-
er studies with similar surface conditions without
any air drying®'®. When applied in vivo, One-Step
provides a well-defined resin-dentin interdiffusion
zone'”. Some areas of debonding may occur at the in-
terface and alternate with areas without debonding
between the hybrid layer and the adhesive'™.

For Single Bond, the presence of water in its com-
position might be beneficial”. It has been suggested
that the water present in the composition of some
adhesives would be able to reopen the collapsed net-
work of collagen fibers on dry spots left on the sur-
face and prevent the formation of areas of "ghost” hy-
brid layer'®. Because water has a plasticizing effect
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on collagen fibers, the shrunken collagen coagulate
would reexpand and allow monomers to infiltrate the
fibers'.

There have been several reports dealing with the
shear bond strengths of single-bottle dentin bonding
adhesives used in the present study. Swift and
Bayne obtained, with One-Step and Single Bond
applied to moist dentin, each shear bond strength of
20.5 MPa and 19.2 MPa. Finger and Fritz”” reported
shear bond strength of 18.2 MPa for One-Step. Tjan
et al.”? reported a value of 16.4 MPa for One-Step,
while Abdalla and Davidson™ reported 13.5 MPa in
the same agent. For Single Bond, Prati et al.”™ re-
ported shear bond strength of 16.6 MPa. Swift and
Bayne® suggested that differences in bond strengths
among the studies were most likely due to the tech-
nique- sensitive nature of the materials and manipu-
lation differences among investigators. On the other
hand, several investigators have offered the fact that
dentin is a dynamic substrate with physiological
changes as reason for variations in bond strengths.
As such, bond strength to dentin is subjected to
many variables?? such as pulpal fluid under pressure
in vital dentin?, dentin depth®, tooth type® and
Ca?* concentration of dentin®. McCabe and Rusby®
and Suzuki and Finger’ reported a tendency for
bond strength to decrease with increasing depth of
dentin.

Several reasons may account for this difference.
Differences may exist in testing methodology. That
is, these differences in results between studies may
be due to variations in the interpretation which con-
stitutes a wet dentin surface. The amount of mois-
ture needed for wet bonding is therefore a critical
factor in determining the bond strength of single-bot-
tle adhesives. The fact remains that the application
of dentin adhesive is a very technique-sensitive pro-
cedure. Inconsistency in the distance between dentin
surface and pulp among the thinner dentin samples
may have been responsible for the variations. As re-
gards to this, Perdigao et al.?® have observed that
relatively thin dentin substrates tended to exhibit
cohesive failures and lower bond strengths. Previous
researchers have described the dentin surface as wet,
physiologically hydrated, or visibly moist. However,
the degree of surface wetness is difficult to judge
clinically, and the manufacturers are not specific



about just exactly how wet a moist dentin surface
should be prior to application of the dentin bonding
system. Excessive pooled water should probably not
be allowed to remain on the dentin. Tay et al.” de-
scribed the overwet phenomenon, in which dentin is
left too wet prior to bonding, with excess water ad-
versely affecting measured bond strengths.

In addition, cross-sectional surface area can affect
the bond strength between resin and dentin. Sano et
al.* and Phrukkanon et al.*” reported that bond
strengths were inversely related to the bonded sur-
face area and that with small bonded surface areas,
the bonds were predominantly of the adhesive type.

Composite resin thickness also affects shear bond
strengths of dentin bonding agents. Price et al.* re-
ported that the bond strengths of bmm-thick speci~
mens were significantly lower than those of 2mm-
thick samples. Rueggeberg et al.*® stated that there
is a marked decrease in hardness and degree of con-
version when the composite resin is more than 3mm
thick.

Several reports have been conducted to study the
relationship between the degree of resin infiltration
and bond strength. Swift et al.* suggested that the
penetration of adhesive into etched dentin surface is
critical for achieving high dentin bond strengths. In
addition, Triolo and Swift*® indicated that lower
monomer resin diffusion is directly associated with
weak dentin bond strength. Amory and Yvon®™, and
Fanning et al.*” reported that adequate bonding of
adhesive materials to dentin depends not only on ad-
equate penetration of the adhesive into dentin, but
also on the mechanical properties of the resin itself.
That is, the nature of the resin can influence its
shear bond strength®. According to the study by
Swift et al.®?, bond strength of an etched-dentin ad-
hesive may rely on its ability to completely replace
dissolved hydroxyapatite with polymerized resin.
However, the mechanism of adhesion is almost cer-
tainly multifactorial in nature. Therefore, mechanical
attachment through penetration of bonding resins in-
to dentinal tubules would not appear to be a prereq-
uisite for high bond strengths®®*”,

One of the keys in the field of dentin adhesion was
the observation of the hybrid layer, resulting from
resin penetration into the acid-demineralized
dentin®”. Due to low elastic modulus, this resin-

637

chet~obx| 2kets| x| 29(4) 2002

dentin interdiffusion zone may act as a stress-ab-
sorber between dentin and resin composite’”. Some
authors have suggested that the dimensions of the
hybrid layer may be taken as an indicator of the
strain-absorbing capacity of the corresponding inter-
face®. This elastic buffer could be of the utmost im-
portance in absorbing the stresses originating from
the polymerization shrinkage of composite resin.
However, the thickness of the hybrid layer and its
influence on bonding durability is still uncertain.

In the present study, Groups II and IV, to which
vibration had been applied, showed significantly
higher shear bond strengths, exhibiting greater num-
ber of resin tags and better lateral branch develop-
ment under SEM examination(Fig. 2-5). This is con-
sidered to be the result of ultrasonic vibration used
to diminish the viscosity of resin, which in turn aided
resin penetration into dentinal tubules. Tavas and
Watts® reported that unfilled resin presented the
rheological behavior, and therefore the consistency of
composites was decreased by repeatedly loaded shear
stress. This observation supports the findings of
Chappell et al.*, and Ferrari and Davidson®, who
observed resin tags in the lateral branches of the
dentinal tubules. They suggested that the network of
interconnected adhesive tags may be fundamental to
the development of a stronger resin-dentin bond. In
contrast, Jacobsen and S lderholm* observed the op-
posite results in their study to evaluate the shear
bond strength of acetone- or water-based primers ap-
plied with or without agitation to either wet or dry
dentin, and reported that the acetone-based primer
gave the highest bond strength to wet dentin when
agitation was not utilized. It was their explanation
that such a decrease in bond strength may be related
to a faster acetone evaporation caused by the agita-
tion. As the acetone evaporates, the HEMA may
form a more or less jelly-like structure, which may
not diffuse as easily as a dilute HEMA solution®.
However, in the present study, ultrasonic vibration,
as opposed to manual agitation, was applied for
short periods to optimize only the viscosity-decreas-
ing effects of vibration.

To achieve good dental bonding, the adhesive solu-
tion should exhibit an ability to infiltrate the dem-
ineralized collagen network. That can be achieved
not only by improving the wettability of the adhe-
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sive, but also by retaining the collagen mesh expand-
ed during adhesive infiltration. Ultrasonic vibration
may be considered a useful method for optimizing the
quality of interpenetrating network formation and
maximizing the density of infiltrating adhesive.
Examination of the form and thickness of the hybrid
layer of vibrated and non-vibrated groups, not per-
formed in this study, would be an area for further re-
search efforts.

V. Conclusions

1. The shear bond strengths of vibration groups
(Group 2, Group 4) were significantly greater than
those of the non-vibration groups(Group 1, Group
3)(p<0.05).

2. The shear bond strengths of Single Bond and One-
Step were not significantly different(p)0.05).

3. The vibration groups showed greater number of
resin tags in tubules and lateral branches under
SEM examination.

References

1. Anderson TH, Amaral CM, Pimenta LF, et al. :
Shear bond strength of hydrophilic adhesive sys-
tems to enamel. Am J Dent, 12:181-184, 1999.

2. Miyazaki M, Sato M, Onose H, et al. : Influence
of thermal cycling on dentin bond strength of
two-step bonding systems. Am J Dent, 11:118-
122, 1998.

3. Swift EJ, Perdigao J, Heymann H @ Bonding to
enamel and dentin: A brief history and state of
the art, 1995. Quintessence Int, 26:95-110, 1995.

4. Ali AE, Mohammed H : Shear bond strength of
“one-bottle” dentin adhesives. J Prosthet Dent,
84:408-412, 2000.

5. Kanca J : Wet bonding: Effect of drying time and
distance. Am J Dent, 9:273-276, 1996.

6. Nakabayashi N, Nakamura M, Yasuda N :
Hybrid layer as a dentin-bonding mechanism. J
Esthet Dent, 3:133-138, 1991.

7. Nakabayashi N, Kojima K, Masuhara E @ The
promotion of adhesion by the infiltration (Abst-
ract). J Biomed Matet Res, 16:265-273, 1982,

8. Walmsley AD, Lumley PJ : Applying composite
luting agent ultrasonically: A successful alterna-

638

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

tive. J Am Dent Assoc, 126:1125-1129, 1995.
Mutlu G, Harrison A, Draughn RA '@ Effect of ul-
trasonic instrumentation on film thickness of
dental cements(Abstract 885). J Dent Res, 71:
626, 1992.

Noack MJ, Roulet JF, Bergmann P : A new
method to lute tooth colored inlays with highly
filled composite resins(Abstract 1528). J Dent
Res, 70:457, 1991.

Kuenzelmann K-H, Deigner R, Hickel R : Three-
body wear of composite luting material (Abstract
59). J Dent Res, 71:113, 1992.

Peutzfeldt A : Effect of the ultrasonic insertion
technique on the seating of composite inlays.
Acta Odontol Scand, 52:51-54, 1994.

Kanca J : One Step bond strength to enamel and
dentin. Am J Dent 9:5-8, 1997.

Perdigao J, Swift EJ, Lopes GL : Effects of re-
peated use on bond strengths of one-bottle adhe-
sives. Quintessence Int, 30:819-823, 1999.
Abdalla A, Davidson CL : Bonding efficiency and
interfacial morphology of one-bottle adhesives to
contaminated dentin surfaces. Am J Dent, 11:
281-285, 1998.

Perdigao J, Swift EJ, Gomes G, et al. * Bond
strengths of new simplified dentin-enamel adhe-
sives. Am J Dent, 12:286-290, 1999.

Perdigao J, Lambrechts P, Van Meerbeek B, et
al. : The interaction of adhesive systems with
human dentin. Am J Dent, 9:167-173, 1996.
Van Meerbeek B, Yoshida Y, Lambrechts P, et
al. : A TEM study of two water-based adhesive
systems bonded to dry and wet dentin. J Dent
Res, 77:50-59, 1998.

Carvalho RM, Yoshiyama M, Pashley EL, et al. :
In vitro study on the dimensional changes of hu-
man dentine after demineralization. Arch Oral
Biol, 41:369-377, 1996.

Swift EJ, Bayne SC : Shear bond strength of a
new one-bottle dentin adhesive. Am J Dent, 10:
184-188, 1997.

Finger WJ, Fritz U : Laboratory evaluation of
one-component enamel/dentin bonding agents.
Am J Dent, 9:206-210, 1996.

Tjan AH, Castelnuovo J, Liu P : Bond strength
of multi-step and simplified-step systems. Am J
Dent, 9:269-272, 1996.



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Martin CL, Rodriguez MP, Ferrer-Luque CM, et
al. © Study of the shear bond strength of five
one-component adhesives under simulated pulpal
pressure. Oper Dent, 24:73-80, 1999.

McCabe JF, Rusby S : Dentine bonding agents-
characteristic bond strength as a function of den-
tine depth. J Dent, 20:225-230, 1992.

Elkins CJ, McCourt JW : Bond strength of denti-
nal adhesives in primary teeth. Quintessence Int,
24:271-273, 1993.

Perinka L, Sano H, Hosoda H @ Dentin thick-
ness, hardness, and Ca-concentration vs bond
strength of dentin adhesives. Dent Mater, 8:229-
233, 1993.

Suzuki T, Finger WJ : Dental adhesives: Site of
dentin vs. bonding of composite resins. Dent
Mater, 4:379-383, 1988.

Perdigao J, Baratieri LN, Lopes M : Laboratory
evaluation and clinical application of a new one-
bottle adhesive. J Esthet Dent, 11:23-35, 1999.
Tay FR, Gwinnett JA, Wei SH : Micromorp-
hological spectrum from overdrying to overwet-
ting acid-conditioned dentin in water-free, ace-
tone-based, single-bottle primer/adhesives. Dent
Mater, 12:236-244, 1996.

Sano H, Shono T, Sonoda H, et al. : Relationship
between surface area for adhesion and tensile
bond strength-Evaluation of a micro-tensile bond
test. Dent Mater, 10:236-240, 1994,
Phrukkanon S, Burrow MF, Tyas MJ : Effect of
cross—sectional surface area on bond strengths
between resin & dentin. Dent Mater, 14:120-
128, 1998.

Price RB. Doyle G, Murphy D : Effects of com-
posite thickness on the shear bond strength to
dentin. J Can Dent Assoc, 66:35-39, 2000.
Rueggeberg FA, Caughman WF, Curtis JW, et al.
. Factors affecting cure at depths within light-ac-
tivated resin composites. Am J Dent, 6:91-95,
1993.

Swift EJ, Wilder AD, May KN, et al. : Shear
bond strengths of one-bottle dentin adhesives us-

Reprint request to:

Chong-Chul Kim, D.D.S., Ph.D.
Department of Pediatric Dentistry, College of Dentistry, Seoul National University

28-1, Yeongun-Dong, Chongno-Gu, Seoul, 110-749, Korea

E-mail : kimcc@plaza.snu.ac.kr

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Ol

cHsta-otx|2bsts| x| 29(4) 2002

i

ing multiple applications. Oper Dent, 22:194-
199, 1997.

Triolo PT, Swift EJ : Shear bond strengths of ten
dentin adhesive systems. Dent Mater, 8:370-
374, 1992.

Amory C, Yvon J : Shear bond strength of a
light-cured resin composite vs. dentin character-
istics. Dent Mater, 10:203-209, 1994.

Fanning DE, Wakefield CW, Robbins JW, et al. :
Effect of a filled adhesive on bond strength in
three dentinal bonding systems. Gen Dent, 43:
256-261, 1995.

Tao L, Pashley DH, Boyd L : Effect of different
types of smear layers on dentin and enamel shear
bond strengths. Dent Mater, 4:208-216, 1988.
Inoue M, Finger WJ, Mueller M : Effect of filler
content of restorative resins on retentive strength
to acid-conditioned enamel. Am J Dent, 7:159-
166, 1994.

Uno S, Finger WJ © Function of the hybrid zone
as a stress—absorbing layer in resin-dentin bond-
ing. Quintessence Int, 26:733-738, 1995.

Vargas MA, Cobb DS, Denehy GE :
micromorphology and shear bond strength of sin-
gle-bottle primer/adhesives. Dent Mater, 13:316-
324, 1997,

Tavas MA, Watts DC : The use of a cone and
plate viscometer for determination of flow proper-

Interfacial

ties of unfilled resins and etching gels. J Oral
Rehabil, 16:185-192, 1989.

Chappell RP, Cobb DM, Spencer P, et al. :
Dentinal tubule anastomosis: A potential factor
in adhesive bonding? J Prosthet Dent, 72:183-
188, 1994.

Ferrari M, Davidson CL :
interdiffusion and tag formation with lateral
branches of 2 adhesive systems. J Prosthet Dent,
76:250-253, 1996.

Jacobsen T, S derholm KM : Effect of primer sol-
vent, primer agitation, and dentin dryness on the
shear bond strength to dentin. Am J Dent,
11:225-228, 1998.

In vivo resin-dentin



J Korean Acad Pediatr Dent 29(4) 2002

Abstract

A STUDY OF ADDITIONAL VIBRATION EFFECT ON DENTIN BOND STRENGTH

Jin Lee, D.D.S. Jung-Wock Kim, D.D.S., Ph.D., Sang-Hoon Lee, D.D.S., Ph.D.,
Chong-Chul Kim, D.D.S., Ph.D.

Department of Pediatric Dentistry and Dental Research Institute
College of Dentistry, Seoul National University

The objective of the study was to apply the vibration technique to reduce the viscosity of bonding adhe-
sives and thereby compare the bond strength and resin penetration into dentinal tubules achieved with
those gained using the conventional technique.

Eighty-eight noncarious extracted human permanent molar teeth were sectioned to remove the coronal
enamel and were embedded in 1-inch PVC pipe with acrylic resin. The occlusal surfaces were placed so
that the tooth and the embedding medium were at the same level to form one flat surface, and the sam-
ples were subsequently polished with silicon carbide abrasive papers. The samples were randomly as-
signed to 4 groups(n=22). On Group 1 and 2, Single Bond(3M-ESPE, St. Paul, USA) was used, and on
Group 3 and 4, One-Step(Bisco Inc., Schaumburg, USA) was used, and each was applied according to its
manufacturer’s instructions. For Group 2 and Group 4, vibration was applied with ultrasonic scaler for
10 seconds, and the adhesive was light-cured for 10 seconds. Resin composite was condensed on to the
prepared surface in two increments using a mold kit(Ultradent Products Inc., USA) and each was light-
cured for 40 seconds. After 24 hours in tap water at room temperature the specimens were thermocycled,
and shear bond strengths were measured with a universal testing machine(Instron 4465, Canton, USA).
To investigate infiltration patterns of the adhesive materials, the surface of specimen was examined with
scanning electron microscope. The results were as follows.

1. The shear bond strengths of vibration groups(Group 2, Group 4) were significantly greater than

those of the non-vibration groups(Group 1, Group 3) (p<0.05).

2. The shear bond strengths of Single Bond and One-Step were not significantly different(p>0.05).

3. The vibration groups showed greater number of resin tags in tubules and lateral branches under

SEM.

Key words : Ultrasonic vibration, Bonding Adhesives, Viscosity, Shear bond strength, Resin infiltration
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