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Abstract

The primary objective of this in vitro study was to investigate the shear bond strength of bonded composite resin 
to enamel using two self-etching primers in comparison to conventional phosphoric acid etching. The self-
etching primers used in this in-vitro study are Clearfil SE Bond and UniFil Bond. 37% phosphoric acid (Total 
Etch) was used as the control group. Scanning electron microscopic evaluation of the surface morphology of 
enamel was compared after etching. 30 caries-free freshly extracted central incisors were used for shear bond 
strength tests of 3 bonding agents and composite resins on enamel which were divided into 3 groups of 10 
specimens each. Six freshly extracted human central incisors were collected and divided into 3 groups of two 
each for SEM analysis of the etched surfaces of enamel. The Shear Bond Strengths which were achieved in this 
in-vitro study was highest with the control group (37% phosphoric acid). The next best was Clearfil SE Bond and 
then UniFil Bond. Scanning Election Microscopic analysis showed detectable differences in the etching pattern 
of the three groups. The long-term success of adhesion with the self-etching primers must be evaluated and 
also, how well it can perform in clinical conditions in-vivo should be considered before it is termed as an 
adjunct for phosphoric acid.

Introduction

The acid-etch technique was introduced by 
Buonocore (1955) as an adhesion promoter in 
bonding composite to dental substrates. The 
chemical treatment of enamel with acids to provide 
a modified surface offer an attractive approach for 
increasing the adhesion between dental resins and 
enamel. He used 85% ortho phosphoric acid 
(H P0 ). A major problem in restorative dentistry 3 4

was that the polymeric restorative resin did not 
adhere to the mineralized dental tissues (Swartz 
1969). Studies by Gwinnett and Mateni (1968) in 
which the physical relationship between acrylic 
restorative resins and etched enamel surfaces were 
clarified, paved the way for acceptance of the acid-
etch technique as an integral part of restorative 

[1]
procedures .

Adhesion to enamel, dentine and restoratives often 
is inhibited because most of the bonding materials 
do not wet the solid surfaces. Best adhesives are 
those which have the lowest possible contact angles 
involving composite restorative resins. It is now 
accepted that mechanical bonding is the major 
factor responsible for the increased bond strength 
of composite resins and unfilled resins to etched 

[2]enamel surfaces. (Retief-1978) .

The normal glistening appearance of the enamel is 
dulled by etching the enamel with phosphoric acid. 
Uniform dull appearance indicates adequate 
etching. Morphological changes produced on 
enamel surfaces by etching have been studied by 
scanning electron microscopy (Gwinnet -1971, 

[2]
Sliverstone et al; 1975, Retief and Austin - 1976) .

Depth or amount of enamel surface removed 
depends on concentration of the etchants, duration 
of etching and chemical composition of the enamel 
surfaces. In an attempt to find milder etching agents 
several investigators evaluated other acidic agents. 
Bauer et al; (1972) reported that lactic acid; a 
monohydroxy carboxylic acid was an effective 
adhesion promoter. Cadwell & Johansson (1971) 
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used citric acid as an etchant. Oshsawa (1972) 
determined the tensile strengths of a sealant to 
e n a m e l  s u r f a c e s  e t c h e d  w i t h  d i f fe re n t  
concentrations of acids. Better results were seen in 
cases where pyruvic acid and keto-carboxylic acid 

[3]were used .

Etching of enamel with phosphoric acid results in 
tremendous increase in the surface area available 
for bonding and increase to the wettability of the 
etched enamel surface (Petict - 1973).   Fluoride is 
not evenly distributed in enamel, but follows a 
negative exponential distributes with greatest 
fluoride concentration being in the surface enamel 

[4](Brudevold F, Gardens- 1956) .

Treatment of acid etched enamel with different 
coupling agents leads to only minor improvement of 
the bond strength (Ruyter - 1992). A freshly acid 
etched enamel surface has a surface energy more 
than twice that of the un-etched enamel surface and 
is easily wetted by the monomer systems used in 
dental resins restoration (Johansson and Glantz-

[11]
1951) . Many years of experience in etching 
enamel with phosphoric acid has shown bonding by 
this method is most reliable clinically (P. L. Bowen 
and Marjerhoff W. A). Long-term clinical 
observation on adhesive enamel bonded composite 
resin restoration have clearly documented efficacy 
of micro-mechanical bonding where by resin 
materials are adhesively bonded to enamel by 
means of phosphoric acid etching (R. E. Jorden-

[1]
1992) .

With the introduction of the new concept of self 
etching-priming agents the acid-etching technique 

[5, 6]has been simplified and formulated by one step . 
Here etching acid is in combination with the priming 
agents, the etching acids used in the self-etching 
primers are milder when compared to the actions of 
phosphoric acid.

Bond Strengths obtained by conventional 
phosphoric acid etching and priming is typically in 
the range of 20 MPa. Recent studies have shown 
bond strength of composite resins to enamel is as 
high as 35 MPa.

The steps that can be considered as disadvantages of 
conventional etching and priming in comparison 
with self-etching primers are:

1) Water rinsing after etching with the etching 
agent. (Gel / Liquid).

2) Drying the field again for primer application.

3) Time consuming procedure as it is a three-step 
technique.

The advantages of using a self-etching primer 
would be:

1) No need for rinsing with water.

2) Less time consuming as this is a two-step 
technique.

The aim of this study was to evaluate the shear bond 
strengths of composite resin to enamel after using 
two self-etching primers, with 37% phosphoric acid 
as a control.

Aims and Objectives

The primary objective of this in vitro study was to 
investigate the shear bond strength of bonded 
composite resin to enamel using two self-etching 
primers in comparison to conventional phosphoric 
acid etching.

The use of self-etching primers instead of etching 
with phosphoric acid and then priming is an 
attractive step, which has been put forward in recent 
years. Shear bond strength of composite resins to 
enamel is a matter of concern when it comes to using 
self-etching primers. There are studies showing no 
statistical differences between groups, when self-
etching primers were compared with phosphoric 

[6,7,8,9] 
acid and studies showing self-etching primers 
were not effective in composite-to-enamel bonding 
[10,11,12].

The self-etching primers used in this in-vitro study 
are Clearfil SE Bond and UniFil Bond. 37% 
phosphoric acid (Total Etch) was used as the control 
group.

Scanning electron microscopic evaluation of the 
surface morphology of enamel was compared after 
etching with two self-etching primers (Clearfil SE 
Bond and UniFil Bond) and 37% phosphoric acid 
(Total Etch Refill).

Materials and Methods

30 caries-free freshly extracted central incisors 
were collected and cleaned off the debris. They were 
embedded in acrylic resin blocks [1½ x 2 inches], so 
that only the anatomical crowns are exposed and 
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Figure 1

the roots are embedded. The crowns of the teeth 
were embedded in clear acrylic. The labial enamel of 
all the samples, which is required for a bond 
strength test was exposed by grinding in slow speed 
with a carborandum disc. Shear bond strength tests 
of 3 bonding agents and composite resins listed in 
Tables 1 were determined on enamel. Specimens 
were divided into 3 groups of 10 specimens each. 
The acrylic resin into which the teeth were 
embedded was also colour coded into 3 groups for 
easy differentiation as red, orange and green. In 
groups I and II the labial surfaces of the specimens 
were conditioned by the application of the self-
etching bonding agents, Clearfil SE Bond (Group I) 
and UniFil Bond (Group II). Enamel etching with 
37% phosphoric acid (Total-Etch - Refill) was not 
done in these two groups. The application of the 
bonding agents and subsequent light curing 
adhered strictly to the manufacturer's instructions 
(Table - I). For control purposes, in Group III enamel 
surfaces were treated according to the conventional 
acid-etch technique using 37% phosphoric acid 
(Total-Etch - Refill) for 15 seconds. After thoroughly 
rinsing off the phosphoric acid gel, a thin layer of 
bonding material (Excite Bond) was applied and 
light cured in Group III.

Figure 2: Specimen showing exposed labial enamel 
surface for Composite Resin bonding.

Figure 3: Teeth embedded in acrylic: Colour coded – 

Group I (Red), Group II (Orange) and Group III 
(Green). 

Hollow glass tubes with a diameter of 4mm were 
mounted on the pretreated enamel surfaces to apply 
the composite resin (Tetric-Ceram) Table-2. A 
plastic instrument was introduced into the glass 
tube and applied pressure to make sure the 
compactness of the composite resin to the tooth 
surface. Then light curing was done for totally 60 
seconds. First, the composite resin was light cured 
for 20 seconds from both mesial and distal aspects 
of the teeth in relation to the tube. The glass tubes 
could be easily removed after 40 seconds of light 
curing of the composite resins. It was again cured 
from both sides for 10 seconds to ensure complete 
curing. The test objects obtained by this procedure 
were stored in water at 37° C for 24 hours prior to 
the shear bond test. After the specimens had cooled 
to the room temperature, their shear bond strength 
was measured on a tensometer at a cross-head 
speed of 5mm/min. The de-bonded enamel surfaces 
were evaluated in a stereomicroscope to assess the 
composite - enamel fracture. Statistical analysis of 
comparisons among the materials was achieved by 
Mann - Whitney U test and Krushkal Wallis test.

Six freshly extracted human central incisors were 
collected and divided into 3 groups of two each. The 
roots of these teeth were cut-off. In group I, the labial 
enamel of the crowns of the teeth were etched with 
Clearfil SE Bond- primer for 20 seconds. Similarly in 
group II, UniFil bond self-etching-primer was used 
for 20 seconds. In group III, 37% phosphoric acid 
was used for 15 seconds. All the 3 groups were 
washed thoroughly with alcohol and acetone. After 
drying, the specimens were gold sputtered and 
photographed in a Scanning Electron Microscope. 
Morphological changes were compared under a 
scanning electron microscope at x 1200 and x 2500 
magnifications.
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Table 1: List of Materials used.
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Results

SHEAR BOND STRENGTH

Results of shear bond strength measurements are 

summarized in Table-3. The main shear bond values 

of different groups are listed in table 4. The standard 

deviation shows in group I (Clearfil SE Bond) and 

group II (UniFil Bond) were 0.43 and in group III 

(37% phosphoric acid and Excite Bond) was 0.86. 

The application of Excite Bond after etching enamel 

with 37% phosphoric acid resulted in significantly 

highest bond strength (19.13 MPa). The application 

of UniFil Bond resulted in significantly lower values 

of shear bond strength (14.34 MPa) as compared to 

that of Clearfil SE Bond (15.92 MPa). The level of 

significance was P = 0.000 (VHS), Table - 4. All the 

specimens in all the groups showed an adhesive 

failure.

Table 3: Shear Bond Strength Values of Different 
Groups

Group  Bon ding Agent Composite Resin  
(M anufacturer) 

I Clearfil SE Bond Tetric-Ceram (Vivad ent) 

II UniFil  Bond Tetric-Ceram (Vivad ent) 

III Ex cite Bond Tetric-Ceram (Vivad ent) 

 

Table 2: Composite Resins Used in Different Groups.

Vol. 2  Issue-3  Sept. 2012

Groups Mean (Shear 

Strength - MPa) 

Std. 

Deviation 

I 

(Clearfil SE Bond) 

15.92 0.43 

II (UniFil Bond) 14.34 0.43 

III (37% 

Phosphoric Acid) 

19.13 0.86 
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P < 0.001 - Very highly significant.

P > 0.05 - Non significant.

SEM ANALYSIS OF ETCHED ENAMEL PATTERN

The SEM analysis of the etched surfaces of enamel 
showed detectable differences. In all the three 
groups, the smear layer was removed and micro-
retentive surfaces were created by dissolving the 
prism centers, producing a honeycomb pattern, 
which increased the surface area available for 

1
bonding . Even by macroscopic inspection of the 
etched surfaces, differences could be detected. The 
surfaces treated with 37 % phosphoric acid showed 
a chalky white appearance. The surfaces treated 
with Clearfil SE Primer appeared in homogenously 
dull, whereas surfaces etched with UniFil Primer 
appeared as a silky sheen.

SEM micrographs confirmed these observations. 
The surfaces treated with 37 % phosphoric acid 

showed the familiar etching pattern. Enamel 
surfaces treated with Clearfil SE Primer differed 
only slightly from that of 37 % phosphoric acid. 
Surfaces treated with UniFil Primer showed a 
relatively shallow effect.

Figure 4: Scanning Electron Microscopy; Clearfil SE 
Bond (Group I) x 2500 Magnification

Figure 5: Scanning Electron Microscopy; Clearfil SE 
Bond (Group I) x 1200 Magnification

Figure 6: Scanning Electron Microscopy; UniFil 
Bond (Group II) x 2500 Magnification

Figure 7: Scanning Electron Microscopy; UniFil 
Bond (Group II) x 1200 Magnification

Figure 8: Scanning Electron Microscopy; Total-Etch 
(37% Phosphoric Acid - Group III) x 2500 
Magnification
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Figure 10: Graph

Table 4: Inter Group Comparisons

VHS - Very Highly Significant.

P < 0.05 - Significant.

P < 0.01 - Highly significant.

Comparison Z P Remarks 

Clearfil SE Bond Vs UniFil Bond 3.816 0.000 VHS 

Clearfil SE Bond Vs 37% Phosphoric Acid 3.801 0.000 VHS 

UniFil Bond Vs 37% Phosphoric Acid 3.797 0.000 VHS 
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Figure 9: Scanning Electron Microscopy; Total-Etch 
(37% Phosphoric Acid - Group III) x 1200 
Magnification

Discussion

Resin enamel bonding is by far the most frequently 

utilized, most reliable, and most predictable of all 

bonding procedures involving composite resin 
[19]

materials (Jordan, Suzuki and Gwinnett - 1981) . 

The basis for enamel bonding involves the use of 

phosphoric acid-etching (Buonocore -1955). The 

application of phosphoric acid to an enamel surface 

resolves it self-retentive. (Silverstone-1975) 

because micro porosities are thereby formed that 

extend between 25 and 50 runs deep into the 

subsurface enamel.

It has been estimated that bond strengths of 17 to 20 

MPa are required to resist contraction forces 

sufficiently to attain gap free margins in resin 

composite restorations (Davidson, de GEE and 

Feilzer 1984). Bond strengths of composite resins to 

phosphoric acid etched enamel are typically in the 

range of 20 MPa. Such bond strengths give routinely 

successful retention of composite resins for a 

variety of clinical applications, including direct 

posterior composite resin restorations (Brift, 

Rudigao and Heymman 1995).

Most advanced approach to developing a no-etch 

system is association with dentin bonding agents in 

the system developed by ESPE of Germany 

identified as Prompt L-Pop, this novel material 

virtually eliminates the need for etching either the 
[13]dentin or enamel . Identified by some clinicians as 

th
a 6  generation den tin-bonding agent, it has been 

shown to be very effective in generating a well-

defined hybrid zone and excellent bond strengths. 

Excellent compatibility in terms of high bond 

strengths with most composite resins was 

demonstrated. Study by Issa MH et al (J. Dent Res - 

1999; 78, I ADR Asst. No. - 2725:446) showed that 

the shear bond strength was excellent for both cut 
[6]and uncut enamel .

The two self-etching primers used in this study were 

Clearfil SE Bond and UniFil Bond. Clearfil SE Bond is 
[14]

a two-bottle system . One bottle is a liquid type of 

etching primer and the other a liquid type bonding 

agent. The self-etching primer in this contains 

(MDP) 10-Methacryloyloxy decyldihydrogen 

phosphate, HEMA, a hydrophilic dimethacrylate, dl. 

Camphoroquinone, N, N-di ethanol p-toluidine with 
[4, 15]water .

The bonding agent contains 10 MDP, Bis-GMA, 

HEMA, a hydro phobic dimethacrylate, d-
[15]

Camphoroquinone and silanated colloidal silica .

Clearfil SE bond primer contains the proprietary 

a c i d s  p h o s p h a t e  m o n o m e r  M D P  ( 1 0 -  
 [7]Methacryloyloxy Decyldihydrogen Phosphate) . It 

helps in achieving a chemical adhesion to tooth 

structure in combination to the micromechanical 

retention. Phosphate group in its molecular 

structure bonds chemically with calcium exposed 

during priming. Hence it can be said that this has a 

dual bonding mechanism. HEMA wets and promotes 
[ 1 5 ]b o n d i n g  w i t h  t h e  t o o t h  s t r u c t u r e  .  

Camphoroquinone, with a concentration of 0.4 % is 
[16]optimal for achieving higher bond strengths . N, N-

Diethanol-P-toluidine and water are the solvents 

used which has excellent penetrating ability and 

enables self-etching capability of acid monomers. 

Acetone is a solvent which is highly volatile, 

excellent water chaser and a strong drying agent 

whereas ethanol has excellent penetrating ability, 

evaporates easily and has good surface energy for 

wetting exposed collagen fibril network. Water, as a 

solvent has good penetrating ability and enables 

BHAVNAGAR UNIVERSITY'S JOURNAL OF DENTISTRY 37Vol. 2  Issue-3  Sept. 2012

B U J O DB U J O D Abraham et al



self-etching capabilities of acid monomers but is 

slow in evaporating and hampers the resin 
17

penetration or polymerization . Bis-GMA is the 

unfilled resin, which is present in the liquid bonding 

agent polymerized through light curing.

The second self-etching system used was UniFil 

Bond. This is also a two-bottle system. One is a liquid 

self-etching primer and the second a liquid bonding 

agent. The self-etching primer in this contains 4-

methacryloxy ethyl trimellitic acid (4-MET), 

ethanol, distilled water, HEMA and Initiator. The 

bonding agent contains UDMA, TEGDMA, HEMA, 

silica filler and initator.

UniFil Bond has a carboxyl group (COOH) of 4-MET, 

which dissociates into hydrogen ions (IT) and 

carboxylic acid ions (COO) in aqueous solution. By 

this dissociation, 4-MET has an acid etching effect 

on the tooth surfaces. It adheres to enamel through 

resin stages which one formed by the self-etching 

process. Ethanol and distilled water in the liquid 

primer are the solvents and are excellent in 

penetrating the acid-etched surfaces and enables 
18

self-etching capability of acid monomers . Earlier 

studies have shown the effect of solvent and filler on 

adhesive shear bond strength were not impacted by 

solvent or filler. But studies have shown that acetone 

is a solvent which is highly volatile, excellent water 

chaser and a strong drying agent whereas ethanol 

has excellent penetrating ability, evaporates easily 

and has good surface energy for wetting exposed 

collagen fibril network. Water, as a solvent has good 

penetrating ability and enables self-etching 

capabilities of acid monomers but is slow in 

evaporating and hampers the resin penetration or 

polymerization. HEMA wets and promotes bonding 
[3, 19]

with the tooth structure  UDMA and TEGDMA 
[15]

gives more viscosity to the liquid bonding agent . 

The presence of these showed that UniFil Bond 

bonding agent had more viscosity than Clearfil SE 

Bond. Silica fillers give more strength to the bonding 

agent following photo curing. In addition to this, 

photo initiator is present to aid in photo curing.

Phosphoric acid (37%) is found to be optimistic for 

etching the enamel to achieve shear bond strengths 
[13, 20]

of composite resins . The etching period of 15 

seconds gives a properly etched surface, which 

helps for micromechanical bonding of composite 
[2, 21]resin to enamel . Total-etch refill was used in the 

[20]
third group as a control . Excite Bond (Vivadent) 

bonding agent was used in the control group. It 

contains HEMA, dimethacrylate, phosphonic acid 

acrylate, highly dispersed silicon dioxide, initiators 

and stabilizers.

The air drying time of self-etching primers does 
[21]influence composite to enamel bond strength . A 

minimum of 10 seconds of air drying time is 

suggested. The manufacturer's instructions were 

followed which suggests an air drying time of 20 

seconds for both Clearfil SE Bond and UniFil Bond.

Advantages of Self-etching and Bonding over 

Phosphoric acid-etched bonding.

The advantages of self-etching primers in general 

over phosphoric acid based systems are:

1. Mild acid gentler on tooth system

It has a pH of 2, which helps in using it without 

fear of decalcification. At the same time it 

penetrates and adapts to the tooth system so 

well, it provides reliable and effective surface 

treatment.

2. Formation of a uniform hybrid layer.

There is no question of full penetration of 

monomer into the decalcified tooth structure 

as seen in cases of phosphoric acid etching. 

Primer decalcifies only as deeply as it 

penetrates. Complete support for the 

decalcified tissues is provided by its co-

polymerization with the bonding system. Thus 

it creates a uniform hybrid layer.

3. Simplicity and ease of procedure:

The conventional acid etching technique with 

phosphoric acid requires etching, washing and 

drying with primer application, whereas in 

case of self-etching primers, these two steps 

are combined together. There is no need for 

washing the preparation prior to application of 

the bonding agent. This reduces the number of 

steps, and it has fast procedural time for cases 

of composite resin restoration, which is much 
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simpler when compared to conventional 

technique.

Summary and Conclusion

The purpose of this in-vitro study was to evaluate 
the composite to enamel bond strength. 30 caries-
free freshly extracted central incisors were collected 
and cleaned off the debris. They were embedded in 
acrylic resin blocks [1½ x 2 inches], so that only the 
anatomical crowns are exposed. The crowns of the 
teeth were embedded in clear acrylic. The labial 
enamel of all the samples required for a bond 
strength test was exposed by grinding at slow speed 
with a carborandum disc. Composite resin cylinders 
were bonded to the labial enamel surfaces of teeth. 
Two self-etching-primers (UniFil Bond and Clearfil 
SE Bond) and 37% phosphoric acid were used for 
etching. The bonding agent used in this group was 
Excite Bond. The Composite resin used in all the 
three groups was Tetric-Ceram (Vivadent). Shear 
bond strength mean values measured on a 
Tensometer at crosshead speed of 5mm/minute 
were 15.92Mpa (Group I), 14.34Mpa (Group II), and 
19.13Mpa (Group III).

Six freshly extracted human central incisors were 
collected and divided into 3 groups of 2 no's each. 
The roots of these teeth were cut-off. In group I, the 
labial enamel of the crowns of the teeth was etched 
with Clearfil SE Bond- primer for 20 seconds. 
Similarly in group II, UniFil bond self-etching-
primer was used for 20 seconds. In group III, 37% 
phosphoric acid was used for 15 seconds. All the 
specimens were washed thoroughly with alcohol 
and acetone. They were gold sputtered and 
photographed in a scanning election microscope. 
Scanning Election Microscopic analysis showed the 
differences in the etching pattern of the three 
groups.

Results obtained through SEM analysis of the etched 
surfaces of enamel showed detectable differences 
[22]

. All the three groups showed type I etching 
pattern where there is preferential removal of the 
prism cores. Etching pattern of Clearfil SE Bond was 
as good as that of 37% phosphoric acid. But the 

[23]
etching effect of UniFil Bond was much shallower .

These micro porous surfaces formed after etching 
provides a surface area that is 2000 times more than 

[24]an un-etched enamel surface .

This suggests and confirms the results obtained in 
this study that 37% phosphoric acid had the best 
etching effect when used for 15 seconds than the 
self-etching primers used for 20 seconds in this 
study. It also suggests that the etching effect of MDP 
(10-Methacryloyloxydecyl dihydrogen phosphate) 

[3, 14]in Clearfil SE Bond  is more than that of 4-MET in 
UniFil Bond and this may be the reason for the better 
results.

The results clearly indicated that the shear bond 
strengths between the three groups compared were 
very highly significant.

The Shear Bond Strengths which were achieved in 
this in-vitro study was highest with the control 
group (37% phosphoric acid). The next best was 
Clearfil SE Bond and then UniFil Bond.

The long-term success of adhesion with the self-
etching primers must be evaluated and also, how 
well it can perform in clinical conditions in-vivo 
should be considered before it is termed as an 
adjunct for phosphoric acid.

Though advantages like simplicity and ease of 
procedure of self-etching primers are attractive 
some technical up gradation is necessary to achieve 
better bond strength of composite to enamel.
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