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Adhesive dentistry began in 1955, when Buonocore




philosophies were developed.

A key concept in resin adhesion to dentin is the
formation of a hybrid layer immediately after the
acid etching. This hybridization occurs following an
initial demineralization of the dentin, exposing the
collagen fibril network with interfibrillar microporosi-
ties that will subsequently be filled with low-viscosi-
ty monomers. This bonding mechanism was first de-
scribed by Nakabayashi et al. in 19827,

The early generation of adhesive systems involved
clinical techniques that were extremely complex for
many practitioners. Because bonding procedures re-
quire multiple-step clinical approach, clinical success
depends on technique-sensitive and material related
factors®. Simpler adhesive systems have appeared.
These simplified systems decrease the number of op-
erative steps during bonding without adversely af-
fecting adhesion of bonding resins to the tooth. Self-
etching primers are applied for 20 seconds, air dried,
and then covered with a light-cured adhesive layer.
Some system requires only one bonding steps, saving
clinical time and eliminating several bonding steps in
which mistakes could occur. These have been called
all-in-one adhesives, because they etch and simulta-
neously infiltrate resin monomers into dentin®. All-
in-one adhesives are applied for 20 to 30 seconds,
dried, and light cured. In this system, primer and
adhesive are combined.

Theoretically, the acidic all-in-one adhesive dis-
solves the smear layer, incorporating it into the mix-
ture and demineralizing the superficial dentin. It
then hardens after light irradiation”. Since these are
recently developed bonding system, more details
about bonding to tooth structure needs to be evaluat-
ed.

The use of vibration to alter thixotropic materials
has long been recognized by the industry. However,
its active use in dentistry has only recently been doc-
umented®. Vibration was first utilized in dental
scalers to aid in the removal of plaque and calculus
from the teeth. Furthermore, ultrasonic vibration
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 tech-
nique requires the light placement of an ultrasonic
sacler against the restoration for a few seconds, The
vibration from the tip pass through the restoration
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into the underlying material. This changes the vis-
cosity 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 re-
duce film thickness, thereby minimizing potential
leakages that may occur around the restoration'?.

Studies regarding the clinical applications of such
vibration on composite restorations have been few.
The objective of this study is to compare the bond
strength and resin penetration into dentinal tubule
and enamel surface achieved with those gained using
the conventional technique and vibration technique
in all-in-one adhesives.

I'. Materials and Methods
1. Shear bond strength

Sixty noncarious extracted human permanent mo-
lar teeth were stores in 0.1% thymol solution at
room temperature after extraction. The teeth were
cleaned by removing the remaining soft tissue and
then stored in physiologic saline solution until use.

For enamel specimens, thirty teeth were sectioned
mesio-distally at central groove by using a slow-
speed saw(Isomet, Buhler Ltd., Evaston, U.S.A.).
Sectioned two parts were assigned to the same adhe-
sive system but different treatment(vibration vs.
non-vibration). Each specimen was embedded in 1-
inch diameter PVC pipe with a cold cured acrylic
resin. The buccal and lingual 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 wet 220-, and 600-grit
éilicon carbide abrasive papers. Each adhesive sys-
tem was applied according to its manufacture s in-
structions.

For dentin specimens, thirty teeth were sectioned
to removed the coronal enamel and subsequently sec-
tioned mesio-distally by using a slow-speed saw
(Isomet, Buhler Ltd., Evaston, U.S.A.). Sectioned
two parts were assigned to the same adhesive system
but different treatment(vibration vs. non-vibration).
Each specimen was embedded in 1-inch diameter
PVC pipe with a cold cured acrylic resin. The ex-
posed dentinal surfaces were placed so that the tooth
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Table 1. Adhesive systems used in this study

System Comiposition Lot # Manufacturer
Compartmentl(red blister)
Methacrylated phosphoric esters SM-ESPE
Prompt L-Pop (di-HEMA-phosphate), Initiators, Stabilizer 124835 USA '
Compartment 2(yellow blister)
Water, Fluoride complex, Stabilizer
Bonding Agent A
Methacryloxyalkyl acid phosphate, MAC-10 A:b47 Tokuyama Cor.,
One-Up bond F Bonding Agent B B:050 Japan
Monomer, Water, Fluoro-alumino-silicate glass,
Borate catalyst
AQ bond base
. Methacrylate monomers(MMA, 4-META, urethane Sun Medical Co..
AQ bond dimethacrylate, 2-hydroxyl methacrylate), Acetone, Water FK1 Japan

AQ bond sponge

Sodium p-toluenesulfinate

and the embedding medium were at the same level to
form one flat surface. The samples were subsequently
polished wet 220-, and 600-grit silicon carbide abra-
sive papers. Each adhesive system was applied ac-
cording to its manufacture s instructions.

Group 1. Prompt L-Pop

Apply Prompt L-Pop(3M-ESPE, U.S.A.) to enam-
el and dentin for 15 seconds with moderate finger
pressure. Use a stream of air to evenly disperse the
material into a thin film. Cure the Prompt L-Pop for
10 seconds.

Group 2. Prompt L-Pop with vibration

Apply Prompt L-Pop(3M-ESPE, U.S.A.) to enam-
el and dentin for 15 seconds with moderate finger
pressure. Vibration was applied for 15 seconds using
a commercially available ultrasonic scaler(Suprasson
P5 Booster, SATELEC, France) without water spray.
Use a stream of air to evenly disperse the material
into a thin film. Cure the Prompt L-Pop for 10 sec-
onds. »

Group 3. One-Up Bond F

Apply bonding agent and wait for 20 seconds. Cure
the One-Up Bond F for 10 seconds.

Group 4. One-Up Bond F with vibration

Apply bonding agent and wait for 20 seconds.
Vibration was applied for 15 seconds. Vibration was
applied. Cure the One-Up Bond F for 10 seconds.

Group 5. AQ bond

Apply bonding agent for 20 seconds. Evaporate the
solvent using gentle air blow for 3-5 seconds. And
second coat was applied. Blow gently until the coat
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dries evenly. Cure for 10 seconds.

Group 6. AQ bond with vibration

Apply bonding agent for 20 seconds. Vibration was
applied for 15 seconds. Evaporate the solvent using
gentle air blow for 3-5 seconds. And second coat was
applied. Blow gently until the coat dries evenly. Cure
for 10 seconds.

Resin composite(Z2250, 3M, U.S.A.) was condensed
on to the prepared surface in two increments using a
mold kit for shear bond strength(Ultradent Inc.,
U.S.A.). Each increments was light-cured for 40 sec-
onds using visible light curing unit(3M dental prod-
uct, U.S.A)). After 24 hours in tap water at room
temperature, the specimens were thermocycled for
1000cycles between 5T and 55C. The dwell time in
each bath was 30 seconds and the transfer time was
15 seconds. Shear bond strengths were measured
with a universal testing machine(Instron 4465,
England). A 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. Paired t-test
and student-Newman-Keuls test were used to evalu-
ate the statistical significance of the results.

2. Examination of debonded specimens

The debonded enamel and dentin surface were
coded and examined in a random sequence using a
stereomicroscope at 40X magnification. The mode of

failure was recorded as either “adhesive’, meaning



none or very little({30%) composite still remaining
on the tooth surface, or “mixed , meaning composite
remaining on over 30% of the tooth surface, or
“cohesive’, meaning fracture occurring in the com-

posite resin itself.
3. SEM examination

Infiltration patterns of the adhesive materials were
investigated. Dentin discs, 3-4mm in thickness, were
prepared from extracted teeth. To avoid morphologic
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 second
half being kept without vibration. Subsequently,
resin composite was placed and polymerized.
Sectioned resin-tooth specimens immersed into 6 mol
HCI for 24 hours to totally removed the calcified
component, washed with distilled water for bmin-
utes, then immersed in 5% NaOCIl solution for 20
minutes to removed the organic components. After
dehydration procedure, the specimens were mounted
to aluminum sturbs with silver paint and sputter
coated with gold-palladium, then examined with
scanning electron microscope(JEOL, Tokyo, Japan).
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Il. Results
1. Shear bond strength

a. dentin

The mean and standard deviation values of shear
bond strength were 16.96+5.91Mpa for group 1,
17.78+6.52Mpa for group 2, 22.44+2.08Mpa for
group 3, 32.41+£7.37 Mpa for group 4, 18.23x
6.37Mpa for group 5, 19.17+5.86Mpa for group 6. In
each adhesive system, the mean values of vibration
group(group 2, 4, 6) were greater than those of non-
vibration group({group 1,3,5). But the differences
were not statistically significant except One-Up Bond
F group(Table 2).

b. enamel

The mean and standard deviation values of shear
bond strength were 25.71+2.22 for group 1, 28.19%
2.79 for group 2, 17.23+2.34 for group 3, 19.28=*
2.76 for group 4, 20.94+3.86 for group 5, 21.88+
3.82 for group 6. In each adhesive system, the mean
values of vibration group(group 2,4,6) were greater
than those of non-vibration group(group 1.3,5). The
differences were statistically significant except AQ
bond group (Table 3).

Table2 Results of dentln shear bond tests(n=10)

, o Prompt L Pop S One—Up Bond Boioo ~ AQ bond o
"L*;Treatmeﬁt' CNeneVI e R Non*‘ﬁb T NV ?Vibi. o
Mean(Mpa) 16.96 17.78 22.44 32.41 18.23 19.17
SD. 591 6.52 7.37 6.37 5.86
Sig. NS S NS

*S means statistically significant(p<0.05)
*NS means statistically not significant(p>0.05)

Table3 Results of enamel shear bond tests(n ’10)

; Prompt L-Pop: One—Up Bond B o AQ bond L
. Treatme to CNen=Vibeooo Vib, C NonVib. e 0 '”NOD—VIb oMb
Mean{Mpa) 2571 28.19 17.23 19.28 20.94 21.88
SD 2.22 2.79 2.76 3.86 3.82
Sig. S S NS

*S means statistically significant(p<0.05)
*NS means statistically not significant(p>0.05)
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Table 4 Mode of fracture in dentin

Gl o2 " Growp3 = Groupd Group 5 Group6
Cohesive 0 1 1 2 1 2
Adhesive 9 7 7 5 7 5

Mixed 1 2 2 3 2 3

Cohesive 0 ” 0 T
Adhesive 10 10
Mixed 0 0

8 10 9
2 0 1

2. Examination of debonded specimens

The fracture patterns of bonded dentin and enamel
specimens are shown in Table 4, 5. When applied
with vibration or non-vibration, failure was mainly
adhesive type. More cohesive failures were seen with
specimens of vibration groups than non-vibration
groups.

3. SEM examination

In the SEM examination, resin tag and lateral
branches formed a fine resin network than complete-
ly infiltrated the intertubular dentin area. Each
tubule tag featured an interconnecting network of
lateral canals that contained polymerized adhesive.
It was shown that variation in resin tag formation
among adhesive materials and application methods.
For vibration groups, resin tags were found to be
greater in length and number of lateral branches.

In enamel, different etching patterns were observed
with different adhesive system. Prompt L-Pop ap-
pears to have produced the most aggressive etching
pattern. AQ bond and One-Up Bond F did not create
a deep enamel pattern like phosphoric acid did.

In Dentin-Resin interface, perfect adaptation to the
dentin with a thin hybrid layer was observed (Fig. 1~
18).

V. Discussion
The all-in-one adhesive system is a hydrophilic so-

lution that is effective in wetting the tooth surface'.
The etching effect of these systems is related to the
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acidic monomers or organic acid solutions that may
interact with the mineral component of tooth sub-
strate and enhance monomer penetration”. These
one-application adhesives may form a continuum be-
tween the tooth surface and adhesive by simultane-
ous demineralization and resin penetration.

Penetration of acidic monomer into tooth surface
area creates resin tag for enamel™ and hybrid layer
for dentin with the application of adhesives'®’®. The
SEM observations of tooth surface treated with one-
application adhesives showed some etching of enamel
prism. The adhesive etches and penetrates the
etched enamel and hardened after evaporation of the
solvent and exposure to light. This process creates a
mechanical retention between the enamel and adhe-
sive.

From the time that phosphoric acid was introduced
as an etching solution for enamel bonding, other
etching agents have been investigated for use in clin-
ical dentistry®®”. One recently developed acidic solu-
tion is a self-etching primer that contains acidic
functional monomers, such as 4-AET", phenyl-p and
MDP'".

There have been few reports dealing with the shear
bond strengths of all-in-one adhesive systems used
in the present study. Miyazaki et al. obtained, with
One-Up bond F, AQ bond, Prompt L P-pop applied
both bovine enamel and dentin, each shear bond
strength of 13.0 Mpa, 12.1 Mpa, 21.7 Mpa in enamel
and 13.9 Mpa, 10.7 Mpa, 12.6 Mpa in dentin®.
These systems were relatively new materials, and
more studies about the mechanical properties of
these systems are needed.

The depth of the etching pattern and the amount



of surface enamel removed during etching depend on
the type of acid, acid concentration, duration of acid
application and composition of the surface enamel?”.

From the morphologic observation by SEM in this
study, applying the adhesive did not create a deep
enamel pattern like applying phosphoric acid did ex-
cept Prompt L-Pop. However specific etching pattern
may not be a critical factor in determining enamel
bond strength®. Creating the etching pattern re-
quired for stable enamel bond seems to differ among
the bonding systems used and other factors, such as
age, site and amount of mineral removed from the
tooth™.

In this SEM examination, the vibration group
showed rougher enamel surface and more amount of
mineral was removed from the tooth in vibration
group and this may explain the increase in bond
strength.

The dentin bonding mechanism of resin composite
is believed to consist of three step-dentin condition-
ing, priming and adhesive application®®. The SEM
observation indicates that single application bonding
systems have the ability to dissolve the smear layer.
Single application bonding systems rely on their ad-
hesives for wetting in order to create good adaptabili-
ty to the restored tooth. Vibration may influence the
wettability of the single application adhesives.

In this study vibration group showed resin tag of
greater number and better lateral branch develop-
ment under SEM examination. This is considered to
be the result of ultrasonic vibration used to diminish
the viscosity of resin, which in turn aided resin pene-
tration into dentinal tubules.

In Prompt L-Pop, vibration did not affect the shear
bond strength of dentin but increased that of enamel.
The behavior of Prompt L-Pop on dentin has resulted
in a wide range of bond strength®. After applying
one coat of material for 15s, Prompt L-Pop has to be
dried with air to evaporate the water used as sol-
vent. Even if this procedure is carried out very care-
fully, dry spot become visible where the material is
probably too thin for covering the dentin surface effi-
ciently. Both bond strength testing and interfacial
analysis of the specimens bonded with Prompt L-Pop
revealed that these dry spots leads to areas without
the interfacial characteristics of hybridization®. A
TEM investigation disclosed a reduced resin satura-
tion in the upper half of the hybrid layer, which may
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be attributed to oxygen inhibition of the thin resin
layer after evaporating the water®.

Vibration reduced the film thickness of bonding
agent and vibration group may form more dry spot
than non-vibration group. If applying multiple coats
of Prompt L-Pop until the whole dentin surface be-
came thoroughly glossy as manufacturer s instruc-
tion, the observation of dry spots was indeed com-
pletely prevented, and the shear bond strength of vi-
bration group may statistically greater than that of
the non-vibration group.

In AQ bond, the shear bond strengths of dentin
and enamel in vibration group were not statistically
greater than those of non-vibration group. According
to the manufacturer the thickness of bonding layer in
AQ bond was less than 10#m in both cases of mild
and intensive air-blow. Because of AQ bond s ultra-
thin bonding layer, the effect of vibration was not so
great than other adhesive systems. This may explain
the no difference in bonding strength both enamel
and dentin. And Jacobsen and Solderholm observed
faster acetone evaporation caused by agitation make
HEMA to form more or less jelly-like structure,
which may not diffuse as easily as a dilute HEMA
solution®®. In this study, acetone containing AQ bond
did not show better shear bond strength after vibra-
tion.

In this study, vibration enhanced the resin pene-
tration in dentin by forming more lateral branch and
greater resin tag. But the bond strength was not sta-
tistically different in AQ bond and Prompt L-Pop. In
this study, SEM examination showed longer resin
tags and more lateral branches in DEJ but the
length of resin tag was shortened toward central por-
tion of the specimens. This might due to the de-
creased effect of ultrasonic vibration toward central
portion. If the vibration methods, for example the
frequency and duration and the location of vibration
applied, were more defined, more even and stable
data could be expected.

V. Conclusion

1.In enamel, the mean values of shear bond
strengths in vibration groups(group 2,4,6) were
greater than those of non-vibration group(group
1,3,5). The differences were statistically signifi-
cant except AQ bond group.
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2.

10.

In dentin, the mean values of shear bond
strengths in vibration groups(group 2, 4, 6) were
greater than those of non-vibration groups(group
1.3,5). But the differences were not statistically
significant except One-Up Bond F group.

. The vibration group showed more mineral loss in

enamel and longer resin tag and greater number of
lateral branches in dentin under SEM examina-
tion.
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Appendix

. SEM of demineralized non-vibration dentin surface for Prompt-L-Pop(Xx 1000).

. SEM of demineralized vibration dentin surface for Prompt-L~Pop( X 1000).

. SEM of demineralized non-vibration dentin surface for One-Up Bond F(x1000).
. SEM of demineralized vibration dentin surface for One-Up Bond F(x1000).

. SEM of demineralized non-vibration dentin surface for AQ Bond(x1000).

. SEM of demineralized vibration dentin surface for AQ Bond(x1000).

. SEM of demineralized non-vibration enamel surface for Prompt-L-Pop(X 1000).
. SEM of demineralized vibration enamel surface for Prompt-L-Pop(Xx 1000).

. SEM of demineralized non-vibration enamel surface for One-Up Bond F(x1000).

SEM of demineralized vibration enamel surface for One-Up Bond F(x1000).
SEM of demineralized non-vibration enamel surface for AQ Bond(x1000).
SEM of demineralized vibration enamel surface for AQ Bond(x1000).

SEM of non-vibration resin-dentin interface for Prompt-L-Pop(x2000).
SEM of vibration resin-dentin interface for Prompt-L-Pop(x 2000).

SEM of non-vibration resin-dentin interface for One-Up Bond F(x2000).
SEM of vibration resin-dentin interface for One-Up-Bond F(x2000).

SEM of non-vibration resin-dentin interface for AQ Bond(x 2000).

SEM of vibration resin-dentin interface for AQ Bond(x2000).
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Appendix(Figures)

T Election Image 1

E0um

Fig. 4. Vibration dentin surface for One-Up bond F.

1 Election Image 1

EOum

Fig. 1. Non-vibration dentin surface for Prompt-L-Pop

T Electron Image 1

1 Electron Image 1

Fig. 5. Non-vibration dentin surface for AQ bond.

Blipm

Fig. 2. Vibration dentin surface for Prompt-L-Pop.

1 Election Image 1

;l E\eclrar;lmageW
Fig. 6. Vibration dentin surface for AQ bond F.

BOum

Fig. 3. Non-vibration dentin surface for One-Up bond F.
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Appendix(Figures)

! B0um 1 Electran Image 1 f 30um 1 Election Image 1

Fig. 7. Non-vibration enamel surface for Prompt-L-Pop. Fig. 10. Vibration enamel surface for One-Up Bond F.

1 Election Image 1

Electron mage 1 Tum

I BOpm

Fig. 8. VVibration ename! surface for Prompt-L-Pop. Fig. 11. Non-vibration enamel surface for AQ bond.

I 30um 1 Electron image 1 I 30um 1 Election Image 1

Fig. 9. Non-vibration enamel surface for One-Up Bond F. Fig. 12. Vibration enamel surface for AQ bond.
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Fig. 13. Non-vibration dentin-resin interface of Prompt- Fig. 16. Vibration dentin-resin interface of One-Up
L-Pop. Bond F.

§ S 1 Electron Image 1

r o 1 Efectron Image 1

Fig. 14. Vibration dentin-resin interface of Prompt-L- Fig. 17. Non-vibration dentin-resin interface of AQ
Pop. bond.

T m - - =1 Eicetron Image 1 ‘ f KT 1 i Elecmn Imsge 1
Fig. 15. Non-vibration dentin-resin interface of One-Up Fig. 18. Vibration dentin-resin interface of AQ bond.

Bond F.
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Abstract

EFFECT OF ULTRASONIC VIBRATION ON ENAMEL AND DENTIN BOND STRENGTH AND
RESIN INFILTRATION IN ALL-IN-ONE ADHESIVE SYSTEMS

Bum-Eui Lee, D.D.S., Ki-Taeg Jang, D.D.S., M.S.D., Ph.D., Sang-Hoon Lee, D.D.S., M.S.D., Ph.D.,
Chong-Chul Kim, D.D.S., M.S.D., Ph.D., Se-Hyun Hahn, D.D.S., M.S.D., Ph. D.

Department of Pediatric Dentistry, College of Dentistry, Seoul National University

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

For enamel specimens, thirty teeth were sectioned mesio-distally. Sectioned two parts were assigned to
same adhesive system but different treatment(vibration vs. non-vibration). Each specimen was embedded
in 1-inch inner diameter PVC pipe with a acrylic resin. The buccal and lingual surfaces were placed so
that the tooth and the embedding medium were at the same level. The samples were subsequently pol-
ished silicon carbide abrasive papers. Each adhesive system was applied according to its manufacture s
instruction. Vibration groups were additionally vibrated for 15 seconds before curing. For dentin speci-
men, except removing the coronal part and placing occlusal surface at the mold level, the remaining pro-
cedures were same as enamel specimen. Resin composite(Z250. 3M. U.S.A.) was condensed on to the
prepared surface in two increments using a mold kit(Ultradent Inc., U.S.A.). Each increments was light
cured for 40 seconds. After 24 hours in tap water at room temperature, the specimens were thermocycled
for 1000cycles. Shear bond strengths were measured with a universal testing machine(Instron 4465,
England). To investigate infiltration patterns of adhesive materials, the surface of specimens was exam-
ined with scanning electron microscope.

The results were as follows:

1. In enamel, the mean values of shear bond strengths in vibration groups(group 2,4,6) were greater

than those of non-vibration group(group 1,3,5). The differences were statistically significant except
AQ bond group.

2. In dentin, the mean values of shear bond strengths in vibration groups(group 2, 4, 6) were greater
than those of non-vibration groups(group 1,3,5). But the differences were not statistically significant
except One-Up Bond F group.

3. The vibration group showed more mineral loss in enamel and longer resin tag and greater number of
lateral branches in dentin under SEM examination.

Key words : Ultrasonic vibration, All-in-one adhesive, Shear bond strength, Resin penetration
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