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— Abstract

A STUDY ON THE EFFECT OF DENTIN BONDING AGENTS APPLIED OVER
ENAMEL ABOUT THE BOND STRENGTH OF COMPOSITE RESIN

Woong-Dae Choi, D. M. D., M. S. D., Sang-Jin Park, D.D.S., M.S.D., Ph.D
Department of Conservative Dentistry. Division of Dentistry.
Graduate School, Kyung Hee University

The purpose of this study was to investigate the effect of dentin bonding agents on
the bond strength of composite resin restorations in case of applying the dentin bonding
agents to acid etched enamel surfaces. Freshly extracted 364 bovine anterior teeth were
selected as a adherents. 320 enamel specimens were divided into two groups(unetched
group @ and etched group @ for testing the shear bond strength, 40 specimens were
used for the hardness testing, and 4 specimens of rest were to observe the resin-tag forma-
tion into etched enamel surfaces.

All surfaces of enamel specimens were polished with 320~1500 SiC paper under conti-
nuous running water.

In Group ©, 100 enamel specimens were polished and unetched. 220 polished enamel
specimens in Group @ were etched with 37% phosphoric acid solution for 60 seconds,
washed with water for 20 seconds, and dried with a light air pressure for 60 seconds.

Three kinds of dentin bonding agents( Gluma, Prisma, Scotchbond 2) were evaluated
the effect on the bond strength to conditioned enamel surfaces. Shear bond strengths were
measured on the three cases such as a coating of primer only, a coating of sealer only,
and a sequential coating of primer and sealer to acid etched enamel surfaces were compared
with the bond strengths measured by the coating of enamel bonding agent followed by
the bonding of composite resin (Photo clearfil bright, Kuraray, Japan) to unetched and
acid etched enamel surfaces.

In addition, the hardness tested on the adhesive fractured surface between composite
resin enamel as a mean of evaluation of a factor whether the mechanical bond strengths




were affected and the penetration of dentin bonding agents into etched enamel surfaces
was also observed. Bond strengths were measured using the method of shear bond strength
by a universal testing machine (Instron-4467, USA), statistical test were applied to the
results using a one way analysis variance(ANOVA), and hardness was measured by the
Vicker's Hardness Tester(MHT-i, Matsuzawa, Japan) and the penetration of the resins
were observed by the SEM (Hitachi, S-2300, Japan).

The following conclusions were drawn :

1. Enamel bonding agent showed to affect the improvement of bond strength of composite
resin to enamel surface both unetched and etched.

2. Dentin bonding agents could be resulted in increase of bond strength to unetched ename]
surface, but there were no statistical significances.

3. Bond strengths to etched enamel surface were significantly decreased with a coating

of dentin primer only.

4. Coating of sealer only and coating of primer and sealer noticed the similar bond strengths
of composite resin to etched enamel using the enamel! bonding agents.

5. The applying method proved to be more effective than the kinds of dentin bonding
agents on the bond strength of composite resin to etched enamel than the kind of dentin.

6. Vicker’s hardness numbers of dentin bonding agents were lower than that of composite
resin, but the degree of penetration of dentin bonding agents into etched enamel surfaces

was excellent.
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Table 1. Enamel,dentin bonding agents,composite resin and etchant used in this study

Uses Product Name Primer Sealer Batch Numbers Manufacturer
HEMA Bis-GMA P : 039%5F
DBA Gluma Glutaraldehyde| TBG-DMA ' ggopr  |Dover Dental, WGermany
TEG-DMA
PENTA
. PENTA P 090189 | Dentsply,
DBA Prisma HEMA Glutaraldehyde | 'S : 091889 | USA.
Ethanol )
Camphoroquinone
Maleic acid .
BIS-GMA P : OHY
DBA Scotchbond 2 HEMA HEMA 'S ¢ KL 3M, USA.
Water
. Cat:785
EBA New-bond Bis-GMA HEMA MDP Uni:892 Kuraray,Japan
Composite Resin| Photo clearfil bright | Bis-=GMA 1316 Kuraray,Japan
Acid-Etching K-etchant | 37% HiPOs 503 El;‘:l“ Pure Chemicals,
* P Primer
# S . Sealer
HEMA . 2-hydroxyethylmethacrylate
BiS-GMA . bisphenol A glycidyl methacrylate
PENTA . phosphonated penta-acrylate ester
TEG-DMA . triethylene-glycol-dimethacrylate
MDP © 10-methacryloyloxy decyldihydrogen phosphate
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Table 2. Experimental groups designed to evaluate the effect of enamel and dentin bonding agents on
the shear bond strengths of a composite resin to conditioned ename! surfaces

Group | Code of Subgroups Condition of Enamel bonding agent|Dentin bonding agent|Composite resin
enamel surfaces

uc - ~
UN Polished and New-Bond -

o) UG Unetched - Gluma
Uup - Prisma
us - Scotchbond 2
EC _ _
EN New-Bond -
EGP - Gluma P : Pboto clearfil
EGS - Gluma S bright
EGPS Etched with - Glpma P/S

@ EPP 37% HsPO. - Prisma P |
EPS ’ ! - Prisma S
EPPS - Prisma P/S
ESP - Scotchbond2 P
ESS - Scotchbond2 S
ESPS - Scotchbond2 P/S

P : primer

S sealer
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Table 3. Experimental groups designed for the
comparison of Vicker's Hardness Nu-
mbers of dentin bonding agents with
composite resin

Codes of experimental Materials
groups
CH Photo clearfil bright
GH Gluma
PH Prisma
SH Scotchbond 2
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Hv . Vicker's Hardness (kg/mm’)

P : Load (gm)
d . Mean value of the diagonals of the indentation (mm)
8 : Angle between the opposite faces at the vertex of
diamond indenter(136 °)
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Table 4. Shear bond strengths of bonding agents on un-etched enamel surfaces

Codes of . Shear bond strengths (kgf/cm®)

experimental Bonding Ranges Coefficient of
i \ icient o
subgroups agents Mean SD- Mn | Max variation (%)

UC(Control) - 1959 | 870 796 - 2046 4443

UN New-Bond 159.24 | 4532 12500 - 27867 28.46

UG Gluma 336011 11.09 1354 - 5016 3302

UP Prisma 43.791| 15.36 2627 - 7962 36.09

us Scotchbond-2 4833 | 18.20 2187 - 819 37.66

Means linked by vertical lines were not siginificantly different at the 95 % confidence level tested by Dunkan’s

Multiple Rangs Test
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ngths were increased slightly. But there
were no statistical significances.
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Table 5. Shear bond strengths of bonding agents to etched enamel surfaces in Group ®

Codes of Shear bond strengths (kgf/cm?)
A Bonding )
experimental Ranges Coefficient of
agents Mean SD. .
subgroups Min ] Max variation (%)
EC - -
(ControD) 172541 30.38 124.21 234.08 17.61
EN New-Bond 23552 26,61 18950 - 28345 11.30
EGP 170.39|H 2850 13456 - 23090 16.72
EGS Gluma 18559 36.60 953 - 23647 19.72
EGPS 231.69 59.39 10351 - 29858 25.63
EPP 136.071 33.86 8440 - 20223 24.89
EPS Prisma 2461 | 3342 15685 - 293.00 14.88
EPPS 180.82 1 2122 14650 - 230.10 15.05
ESP 14953 1t 413 553 - 203.03 30.18
ESS Scotchbond 2 20343 | 3645 1734 - 2539 17.92
ESPS 24021 2788 191.09 - 27469 11.61

* Mean links by vertical lines were not significantly different at the 95% confidence level tested by Dunkan’s

Multiple Range Test
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Fig. 8 Shear bond strengths obtained on acid
etched enamel surfaces of 11 expen-
mental subgroups In Group @
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AaA 9 Fqol, A TR 8l g
ol ¥ B ZAzo|tt, 1 Az w2d 4
A3, Prisma®l ZA-$-& 18050 kgf/er oo,
Scotchbond 294 197.72 kgf/en' & Ve
At

Fig6e 3%9 Aold H2AAS primers} se-
aler £ primerAt-&F THA] sealerg d3ALE:

Mean shear band strangths of thras kinds of DBA
on etched enamel surfaces

197,712
180, 5
159.89

Prama Scourtong

Guma
Kinds of bonding agent

Fig. 5. Comparison of mean shear bond strength
of three kinds of dentin bonding agents.

Table 6. Result of Two-way ANOVA test

@ ¥ Uehd 334 eA=E EAS a0l
oHd AAA ] FFol Be 20 8| Ao
A ALyl BhE 2do] SAA G
4¢ Bl Aoz Yeht vk

/él

53

gB:4d k&

SAYFAY EFHZLS] A7 Ao}
ARAA Y ZUA R & JEAEAAE BF
17 JAEAE FAA7 F Fold HF3A 9
B3t Re] RHASE £33 A= Table 7
% Fig7% 2o} BFA(CHP)Y AEE 9.
01 kgf/m’ 2 A Yebgth Gluma(GHZ)o) A
E 7692 kgf/m’ Prisma (PHZ)e|M¥E 67.37
kgf/m®, 2831 Scotchbond 2(SH:Z)el A& 70,
49 kgf/m® 2 Jebstov} GH, PH, SH 27kl &
A% f2171 Ak

Comparison of dentin bonding agents components
250
E E ) hiad
200
g e
150
3 100
1
[ ]
P Suwr ']
Components

Fig. 6. Comparison of mean shear bond strength
of each components of dentin bonding
agents. Primer showed the lowest shear
bond strength.

Source of Variation Sum of Squares DF Mean Square F Signif of F
Main Effects 77690.127 4 19422.532 12.266 000
Kinds of dentin bonding agents 5369.668 2 2684834 1.6% 190
Kinds of components 72320.459 2 36160.229 22.837 000
2-way Interactions 28868.093 4 7217.023 4558 002
Dentin bonding agent / components 28863.093 4 7217023 4558 002
Explained 106558.220 8 13319.778 8412 .000
Residual 128256.607 81 1583415
Total 234814.827 8 2638.369
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Table 7. Vicker's Hardness Numbers measured in four experimental groups

Bonding VHN (kgf/mm?)
Group sy Mean SD. - Ra"geT | Coeficint of
CH - 99.011 21.06 5790 - 13840 21.26
GH Gluma 7692 | 31.22 3020 - 14970 4059
PH Prisma 67.37 | 2291 3780 - 11180 34.01
SH Scotchbond 2| 70.49 | 7.9 6180 - &40 11.33

< Mean Vicker's hargness numbers
E 120 -
£ 9301
g b %0
» 6737
5 60
2
-
5 10

[

Corett Gume Prams

Kinds of Bonding agent

Fig. 7. Comparison of mean Vicker's hardness »
numbers Between kinds of dentin bon- . : : 2 LB
ding agents, there were no significant Photo.1. Typical resinous tag for composite
differences. resin ( X 3000 )

b a4
AL B zle] AGFA2A d2id 57 =
9 #7 AFZE Jehdz glok vk photo.2
= Gluma®], photo.32 prisma2], 28 1 photo.
4= Scotchbond 29] HEFFogr HEFo
‘ot AR ZAA 7t H 27} dhol AbRAE Heka of
A nAE B4R AT wFel HH
33 2 HAAFELC 2 Holx 9t} PhotoS

- GLUMA -
2} Photo. 62 Gluma 2} Scotchbond 29] &2 3

Ezxo poooMlE BRE Aoa Hukhd oz A Photo.2. Infiltration pattern of Gluma bonding
ol AIAZ AFLF ALo)A BT A} agent into etched enamel( X 3000 )
&3 ASRT 929 AEQot ¥ AA U

ERk .
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“PRISMA

Photo.3. Infiltration pattern of Prisma bonding
agent ( X 3000 )

" SCOTCH.2 _.

Photo.4. Infiltration pattern of Scotchbond-2
bonding agent ( X 3000 )

Photo.5. Infiltration pattern of Gluma bonding
agent ( X 6000 )

12

SCOTCH.2 |

Sum
Photo.6. Infiltration pattern of Scotchbond 2
bonding agent( X 6000 )
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