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Measurement of Contact Angle and Bond Strength
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The purpose of this study was to evaluate the contact angle made by 3 kinds of self etching primers (Clearfil SE Bond,

AdheSE, and Tyrian) on dentin and to measure the microtensile bond strength of resin composite to dentin using these

self-etching primers.

Contact angle between each of 3 self etching primers and polished dentin surface was measured (n=30) by contact

angle analyzer and the result was analyzed by One-way ANOVA.

For the measurement of microtensile bond strength, polished dentin surface was treated with each of 3 self etching

primers and dentin adhesives. Z-250 composite resin was built-up with a height of 5 mm on the adhesive-treated surface

and light cured for 40s with a halogen light curing unit. Thereafter, each tooth was sectioned into slabs perpendicular

to the bonded interface and trimmed (n=45). The microtensile bond strength was measured with universal testing machine

and the result was analyzed with Kruskal-Wallis test.

AdheSE group showed the highest contact angle followed by Clearfil SE group and Tyrian group (p<0.05). AdheSE

group and Clearfil SE group showed significantly higher microtensile bond strength than Tyrian group (P<0.05).
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INTRODUCTION

For good dentin bonding1), adhesive must come

in close contact with dentin to enhance molecular

attraction, chemical adhesion and mechanical

attachment. Primer is used to promote dentin

wetting by adhesive. In this sense, dentin wetting

property of primer is also important in determining

the bond strength of resin to dentin.

Toledano et al.
2-3)

measured the contact angle

between dentin and self-etching primers. They

reported that acid etching changed the dentinal

surface by removing smear layer and exposing

collagen fibers and hydroxyapatite. They also

suggested that the surface free energy and

wettability of dentinal surface were increased by the

changes induced with acid etching
4)

.

There have been a few studies5) that evaluated

the contact angle and surface energy of dentin.

However there have been very few studies
2)

on the

dentin wetting ability of self-etching primer.

The purpose of this study is to evaluate the

contact angle made by 3 kinds of self etching

primers on dentin and to measure the microtensile

bond strength (MTBS) of resin composite to dentin

using these self-etching primers.

Product Steps Composition

Clearfil SE bond primer

(Kuraray, Osaka, Japan)
Apply primer for 20 s

HEMA, MDP, hydrophilic dimethacrylate,

water,DL-camphoroquinone,

N,N-diethanol-p-toluidine

AdheSE primer

(Ivoclar/Vivadent, Schaan, Liechtenstein)
Apply primer for 30 s

Phosphoric acid, acrylate, bis-acrylic acid

amine, water, initiators, stabilizers

Tyrian primer

(Bisco,Schaumburg, U.S.A)

Apply primer for 10 s

Air dry for 10 s

Primer A : thymol blue, ethanol and water

Primer B : AMPS, Bis MEP, TPO and

ethanol

Table 1. Tested materials

MATERIALS AND METHODS

Clearfil SE Bond (Kuraray, Osaka, Japan),

AdheSE (Ivoclar/Vivadent, Schaan, Liechtenstein)

and Tyrian (Bisco, Schaumburg, U.S.A). (Table 1)

were used in this experiment. (Table 1)

1. Specimen preparation

Extracted human molars were used. The roots of

these teeth were embedded in self-curing acrylic

resin with acrylic resin mold. Occlusal parallel

section was cut in order to expose dentin. Cut

surfaces were mechanically polished (500 grit) in a

circular grinding to obtain a uniform surface

roughness.

2. Contact angle measurement

30 specimens processed as explained above were

divided into 3 groups of 10 specimens each,

according to 3 different self-etching primers used.

Phoenix 300 contact angle analyzer (Surface Electro

Optics, Suwon, Korea) was used to measure the

contact angle in a thermostatic cell at 25o C. One

0.3 μl drop of each self-etching primer was



Measurement of Contact Angle and Bond Strength Using 3 Different Self-Etching Primer

대한치과턱관절기능교합학회지 24권 1호, 2008 107

dispensed on polished dentin to make the contact

angle measurement. Images were captured at 0, 3

and 6 minutes after dispensing the primers, with a

micro-video system in order to evaluate the resin

drop spreading. The video signal was transmitted to

a computer that provided contact angle values. The

significance of the differences of contact angle

values between 3 groups was statistically analyzed

by one-way ANOVA, Wilcoxon rank sum and two

sample T-test with Bonferroni's correction.

3. Microtensile bond strength test

3 kinds of self-etching primers and adhesives

were applied following manufacturer's instructions.

Table 1 displays mode of application, components

and manufacturers of the primer. Composite resin

was build up to a height of 5 mm incrementally

with Z 250 (3M ESPE, St. Paul, MN, USA). Each

layer of composite resin was light cured for 40s

with a halogen light curing unit (Elipar TriLight,

3M ESPE, St. Paul, MN, USA). Thereafter, each

tooth was sectioned into slabs perpendicular to the

bonded interface to produce bonded sections of

(a) (b) (c)

Fig. 1. contact angle (degrees) measured between polished dentin surface and self-etching primer

: (a) AdheSE, (b) Clearfil SE Bond, (c) Tyrian

approximately 0.6 mm thick. In this manner, 45

slabs were obtained, which were divided into 3

groups of 15 slabs each. Slabs were trimmed with

a fine diamond bur into hourglass-shaped

specimens, with the smallest dimension at the

bonded interface (0.6 mm2 ). The significance of

the differences of microtensile bond strength

between 3 groups was statistically analyzed by

Kruskal-Wallis test with LSD test.

RESULTS

1. Contact angle of self-etching primer

is shown in Table 2.

The same letter presents no statistically

significant difference. Contact angle of Tyrian could

not be measured at 3 minutes after placement

because of fast evaporation

Immediately after placement of dentin primer,

AdheSE showed the highest contact angle (32.66°)

(Fig 1, a). Clearfil SE Bond displayed the

intermediary contact angle (22.39°) (Fig 1, b) and

Tyrian showed the lowest contact angle (16.91°)
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Fig. 2. Spreading times of AdheSE and Clearfil

SE Bond measured at 0, 3 and 6

minutes after the placement of each

primer. The spreading time of Tyrian

could not measured because of fast

evaporation.

(Fig 1, c). The significance of differences of these

3 contact angles was statistically analyzed by

one-way ANOVA with Bonferroni's correction and

showed statistically significant differences among

each dentin primers. (p<0.0004)

3 minutes after the placement of dentin primer,

AdheSE showed higher contact angle (26.37°) than

Clearfil SE Bond (16.81°). The significance of

difference was analyzed by Wilcoxon rank sum test

with Bonferroni's correction. The results showed

Primer\time (m) 0 3 6

AdheSE (n=10) 32.66 ± 5.56b 26.37 ± 4.49a 25.31 ± 4.31a

Clearfil SE Bond (n=10) 22.39 ± 1.66
a

16.81 ± 6.67
b

14.15 ± 3.87
b

Tyrian (n=10) 16.91 ± 2.19c

Table 2. Primer contact angle obtained at 0, 3 and 6 minutes after placement between polished dentin

and 3 different dentin primer (mean ± SD) (degrees).

Fig. 3. Microtensile bond strength of Composite

bonded to dentin using 3 self-etching

primers (Mpa) (MTBS : Microtensile

Bond strength)

statistically significant difference (p = 0.0184).

Tyrian evaporated so fast that the contact angle

between Tyrian and polished dentin could not be

measured at 3 minutes after placement of Tyrian.

6 minutes after the placement of dentin primer,

AdheSE showed higher contact angle (25.31°) than

Clearfil SE Bond (14.15°). The significance of

difference was analyzed by two sample T-test with

Bonferroni's correction. The result showed

statistically significant difference (p<0.0004).

Clearfil SE Bond and AdheSE showed similar

spreading time. The comparison of spreading time of

AdheSE and Clearfil SE Bond is shown in Fig. 2.
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AdheSE and Clearfil SE Bond showed

significantly higher microtensile bond strength than

Tyrian (p=0.0001). There was no statistically

significant difference between the microtensile bond

strength of AdheSE and Clearfil SE Bond. The

Microtensile bond strength of these 3 self etching

primers was showed in Figure 3.

DISCUSSION

Dentin wetting is the first requirement for

adhesion to dentin6). Miyazaki et al.7) reported that

the wettability of dentin surface is determined by

the magnitude of the intermolecular forces between

dentin surface and applied liquid. Acid etching was

reported to increase roughness
8-9)

and wettability of

dentin surface
4)

. Acid etched surface exposes the

hydroxyapatite which presents higher surface energy

than those of collagen
4)

.

There have been some studies that evaluated the

contact angle between tooth surface and dental

adhesives or resin composites
10)

. Rosales-Leal et al.

reported that dentin wetting by resins could be

correlated to shear bond strength and microleakage5).

Rosales-Leal et al. studied the dentin wetting ability

of four adhesive systems. They evaluated the dentin

wetting of scotch bond multipurpose plus (SBMP),

syntac single-component, one-step and heliobond by

measuring the contact angles. SBMP and syntac

showed the lowest contact angle. One-step showed

intermediary contact angle and Heliobond showed

the highest contact angle. They also evaluated the

shear bond strength of these adhesives. The results

showed that Heliobond displayed the lowest bond

strength, syntac and One-step showed intermediary,

and SBMP showed the highest bond strength.

Toledano et al.
2-3)

studied the contact angles

between dentin surface and dentin primers. They

compared the contact angles of Clearfil SE Bond,

Etch and Prime, and Scotchbond Multi-purpose plus

on polished dentin. However, the relationship

between contact angle and shear bond strength was

not clearly shown.

In this study, Tyrian demonstrated the lowest

contact angle. Clearfil SE Bond and AdheSE

showed intermediary and the lowest wetting ability,

respectively. However the Microtensile bone

strength test showed that Tyrian produced the

lowest bond strength and Clearfil SE Bond and

AdheSE produced similar bond strength. In this

study, the clear relationship between contact angle

and microtensile bond strength could not be

demonstrated.

Z 250 (3M ESPE, St. Paul, MN, USA) was used

in combination with 3 self etching primers to

provide the same experimental condition to 3

experimental groups. There was a report that the

combination of an adhesive system from one

manufacturer with a resin composite from either the

same or another manufacturer did not make a

difference in bond strength
11)

.

Aguilar-Mendoza et al.
12)

reported that etching of

dentin surface with Clearfil SE Bond produced

lower contact angle (higher wettability) than

AdheSE. Velasques et al. and Atash et al.
13)

also

reported that Clearfil SE Bond produced

significantly higher shear bond strength than

AdheSE
14)

. On the other hand, Sadek et al.
15)

reported that the microtensile bond strength

obtained by AdheSE and Clearfil SE Bond showed

no statistically significant difference. Sensi et al.
16)

also reported that Clearfil SE Bond and AdheSE

produced similar shear bond strength and these 2

self etching adhesives produced significantly higher

shear bond strength than Tyrian. In this study,

Clearfil SE Bond and AdheSE produced similar

microtensile bond strength and these 2 self etching

systems produced significantly higher microtensile
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bond strength than Tyrian. This result is consistent

with that of Sensi et al.

Each of the 3 self etching primers used in this

study could be classified into strong, mild, and

intermediary strong self etching primers by their

etching aggresiveness17). AdheSE is classified as

medium-strong self-etching primer
17)

. Clearfil SE

Bond is considered to be a mild self-etching

primer13). Tyrian is classified as a strong

self-etching primer
18)

. Kenshima et al.
19)

investigated

the effect of pH of self-etching primers on the bond

strength to dentin. In this study, they reported that

the microtensile bond strength was not affected by

the acidity of self-etching primer. They suggested

factors other than pH, such as solvent concentration,

the adhesive conversion, cohesive strength of the

adhesive system and the hybridization efficiency

might have an effect on bond strength18).

In this experiment, Clearfil SE Bond showed the

highest bond strength to dentin, although the

difference was not statistically significant. This

finding is consistent with many other studies
18-21)

.

Kenshima et al. reported the high bonding

effectiveness of Clearfil SE Bond might be due to

10-methacryloxydecyl dihydrogen phosphate (MDP)
18)

, which is reported to make very stable bond with

hydroxyapatite22).

Under the experimental condition of this study, it

is possible to conclude that the contact angle

between dentin and primer alone is not able to

explain the differences of microtensile bond strength

of composite resin to dentin. Other factors,

including the component of bonding system need to

be investigated to understand the microtensile bond

strength of composite resin to dentin.

CONCLUSION

The result of contact angle measurement showed

that Tyrian group showed the lowest contact angle.

Clearfil SE Bond group and AdheSE group showed

intermediary and the highest contact angle,

respectively. The result of microtensile bond

strength showed that the Clearfil SE Bond group

and AdheSE group showed significantly higher

microtensile bond strength than Tyrian group. The

relationship between contact angle and microtensile

bond strength was not clearly shown.
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3종의 자가부식 프라이머의 상아질계면 접촉각 및

미세인장결합강도에 관한 연구
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본 연구의 목적은 3종의 자가부식 프라이머(Clearfil SE Bond, AdheSE, Tyrian) 사용시 상아질계면의

접촉각 및 미세인장결합강도를 측정하는 것이다. 연마된 상아질 표면에 3종의 자가부식 프라이머를 각

각 적용한 후 접촉각을 측정하였으며 (n=30), One-way ANOVA를 사용하여 통계처리하였다. 미세인장결

합강도측정을 위해서는 상아질 표면에 3종의 자가부식 프라이머 및 상아질 접착제를 각각 적용한 후

광중합 복합레진 (Z 250)을 5mm 두께로 쌓아 올렸다.

그 후 각 시편을 결합계면에 수직으로 분할한 뒤 (n=45) universal testing machine을 사용하여 미세인장

강도를 측정하였고 , Kruskal-Wallis test를 통하여 통계처리하였다.

접촉각 측정결과, AdheSE, Clearfil SE Bond, Tyrian 순으로 높은 접촉각을 보였으며 각 군간 통계적

유의성 있는 차이를 보였다 (p<0.05). 미세인장결합강도 측정결과 Clearfil SE Bond군과 AdheSE군은 유의

성 있는 차이를 보이지 않았으며, Tyrian군은 Clearfil SE Bond 군이나 AdheSE 군에 비해 유의성 있게

작은 미세인장결합강도를 보였다.

주요어 : 미세인장결합강도, 상아질 접착계면, 자가부식 프라이머, 접촉각
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