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Abstract:
Background: The aim of this study is to evaluate the aggressiveness 
of self-etching primers in the ultrastructural features in dentine 
substrate with a focus on the thickness of the hybrid layer formed 
and the length of resin tags.
Materials and Methods: The experimental groups consisted of 3 
different bonding agents (Group I: Prime and Bond 2.1, Group II: 
Prompt L-Pop, Group III: Clearfil Liner Bond 2V). Class I cavities 
was prepared on 36 extracted human molars. Bonding agents were 
applied respectively on six specimens, and composite restoration 
was done. Scanning electron microscopy was done to assess the 
length of resin tags and thickness of hybrid layer with and without 
composite restoration.
Results: Deeper resin tag penetration was recorded with Prime and 
Bond 2.1 (28.2 µm) and the thickness of the hybrid layer was more 
for Prompt L-Pop (30.1 µm) and both were statistically significant.
Conclusion: Fifth generation bonding system have deeper resin 
tags and sixth generation self-etching primer produced thicker 
hybrid layer.

Key Words: Bonding agent, Clearfil Liner Bond 2V, hybrid layer, 
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Introduction
During the last three decades, there has been a rapid turnover 
in the rate of adhesive materials being released in the market. 
Most recently one step self-etch or so-called all in one, are 
adhesives combining the conditioning, priming and the 
application of adhesive resin into the single application have 

been marketed. Self-etch adhesives are available as mild and 
strong self-etched adhesives. Depending on their pH and 
etching potential the bonding mechanism of mild self-etch 
adhesives to dentin is also based on hybridization, with the 
difference that only submicron hybrid layer are formed, and 
resin tag formation are less pronounced. However little has 
been described of the distribution of minerals and the resin 
within such submicron hybrid layers of mild self-etched 
adhesives. Self-etching primers should while dissolving the 
smear layer engage intact dentin. How far the resin must 
penetrate to obtain, this goal remains unknown. Strong self-
etching adhesives have been documented with an interfacial 
ultramorphology of dentin resembling that produced typically 
by total etched adhesives. Clinically self-etching systems 
not only simplify the handy process by eliminating steps 
but also eliminate some of the technique sensitivity of total 
etch systems. Furthermore, the clinician is not preoccupied 
regarding the degree of moisture at the dentinal process after 
etching. So, the use of wet bonding is of no relevance for 
these kinds of adhesives. Finally, the risk of incomplete resin 
infiltration is eliminated by simultaneous infiltration of the 
exposed collagen fibrils scaffold with resin up to the same 
depth of demineralization.

The aim of this study is to evaluate the aggressiveness of 
self-etching primers in the ultrastructural features in dentine 
substrate with a focus on the thickness of the hybrid layer 
formed and the length of resin tags.

Materials and Methods
36 freshly extracted human molars were collected. All the 
teeth were examined with Translux EC Kulzer visible light and 
teeth with surface defects and cracks were eliminated. Teeth 
were randomly distributed among groups. Protocols in cross 
infection control as per OSHA regulations in storing, surfacing 
and utilization were observed.

Dentin bonding systems used
1. Prime and Bond 2.1 (Dentsply) (Figure 1)
2. Prompt L-Pop (Dentsply) (Figure 2)
3. Clearfil Liner Bond 2V (Kuraray) (Figure 3)

The extracted teeth were stored in saline were retrieved and 
Class I cavities were prepared in selected teeth using no 245 
diamond bur and the length of the cutting end of the bur 
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approximately measuring 3 mm. The prepared substrate of 
all 36 specimens were hand finished using 20 strokes each 
with wet # 400/600 grid silane carbide abrasive paper. After 
finishing the teeth were examined under ×8 magnification 
using stereomicroscope to ensure all enamel has been removed. 
The teeth were then randomly divided into three groups of 
12 specimens each and later subdivided into subgroups of 
6 specimens each.

Control group

Group I Prime and Bond 2.1 6 specimens
Sub group A Prime and Bond 2.1 6 specimens
Sub group B Prime and Bond 2.1 with composite 6 specimens

Experimental groups
Group II Prompt L-Pop
Sub group A Prompt L-Pop 6 specimens
Sub group B Prompt L-Pop with composite 6 specimens

Group III Clearfil Liner Bond 2V
Sub group A Clearfil Liner Bond 2V 6 specimens
Sub group B Clearfil Liner Bond 2V with composite 6 specimens

Group I
All the prepared dentinal surface of teeth in this group were 
etched with an etchant, 35% phosphoric acid for 20 s and 
washed. The surface was slightly blotted with gauze to produce 
a visible moist dentin surface. The resultant moist surface 
were treated with bonding agent (Prime and Bond 2.1) for 
30 s and left undisturbed. The excess solution was blown with 
a chip blower and visible light-cured for 30 s with the visible 
light source. The Class I preparations were then restored with 
hybrid composite (Figure 4) in the incremental technique of 
1 mm each, curing each layer for 40 s. Specimens were then 
stored under room temperature. (Figure 5 and 6)

Group II
All the prepared specimens in this group were cleaned and 
surface was blotted with gauze to produce visibly moist dentin. 
Prompt L-Pop was applied to dentin surface. The liquid from 
the red blister is transferred to the yellow blister and then passed 
on to the green blister from where it is squeezed to transfer the 
liquid into the open elongated channel using the applicator 
tip, Prompt L-Pop was applied to the prepared dentine 
surface rubbing the solution with moderate finger pressure for 
approximately 15 s. Stream of air was used to evenly disperse the 
material into thin film. The material was then cured for 20 s. The 
Class I preparations were then restored with hybrid composite 
in the incremental technique of 1 mm each, curing each layer 
for 40 s, specimens were then stored under room temperature.

Group III
All the prepared specimens in the group were cleaned, and the 
surface was blotted to produce visibly moist dentine. Clearfil 
Liner Bond 2V was applied to the dentinal surface. It was 
then dried with mild air stream left for 30 s. Bonding agent 
was applied, and light-cured for 20 s. The Class I preparations 
were then restored with hybrid composite in the incremental 
technique of 1mm each, curing each layer for 40 s, specimens 
were then stored under room temperature.

Results
Prime & Bond 2.1 showed a mean resin tag length of 18.55 µm 
without composite and 17.55 µm with composite. Prompt L-Pop 
showed a mean resin tag length of 28.22 µm without composite 

Figure 2: Prompt L-Pop.

Figure 3: Clearfil Liner Bond 2V.

Figure 1: Prime and Bond 2.1.
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and 30.11 µm with composite. Clearfil Liner Bond 2V showed 
a mean resin tag length of 25.55 µm without composite and 
20.77 µm with composite (p=0.006 for group without composite 
an p=0.01 for group with composite)(Table 1).

The thickness of hybrid layer formed by Prime & Bond 2.1 
was 8.22µm without composite and 9.89 µm with composite. 
Prompt L-Pop showed a hybrid layer of 7.44 µm without 
composite and 8.07µm with composite. Clearfil Liner Bond 2V 
showed a thickness of 6.22 µm without composite and 7.78 µm 
with composite (p=0.019 for group without composite an 
p=0.013 for group with composite)(Table 2).

Discussion
Dentine is the fundamental substrate of restorative dentistry 
and its properties, and characteristics are key determinants 
of nearly all restorative, preventive and disease processes of 
teeth. Improved understanding of the nature of the dentin 
have important consequences for today’s dental procedure 
and should lead to new dental methods to preserve and protect 
teeth and repair defects brought on by disease or trauma. 
Bonding to dentin has not been easy and little research has 
been conducted against the substrate. Various approaches 
to bond resins to dentin has been recently published. These 
approaches include efforts to bond chemically to the mineral 
phase, collagen or following chemical modification.1 In 
addition, a variety of micromechanical approaches has been 
investigated initially through formation of tags in the tubules 
and more recently by modification of inter-tubular areas 
through partial demineralization and attachment of polymer 
to precipitate formation of a hybrid dentin polymer structure 
by impregnation of monomers into partially demineralized 
dentin and subsequent polymerization and penetration into 
laser modified dentin. The broad array of approaches to 
solve the dentinal bonding problem highlights the need for a 
comprehensive model of the dentinal structure.

Marshall2 evaluated that dentin consists of several identifiable 
structures, tubules with self-processes and fluids, highly 
mineralized peritubular dentin and intertubular dentin 
consisting mainly of collagen and deposited apatite.

Hybridization of dentin is a process that creates a molecular 
level mixture of adhesive polymers and dental hard tissues. 
Hybridized dentin is prepared in a substrate of acid etched 

Figure 4: Tetric Ceram Composite.

Figure 5: Gold Sputtering Machine.

Figure 6: Specimens being sputtered with gold.

Table 1: Mean length of resin tags.
Dentin bonding agents Length of resin tag (µm)
Prime and Bond 2.1

Without composite 18.55
With composite 17.55

Prompt L-Pop
Without composite 28.22
With composite 30.11

Clearfil liner Bond 2V
Without composite 25.55
With composite 20.77

Table 2: Mean thickness of hybrid layer.
Dentin bonding agents Thickness of hybrid layer (µm)
Prime and Bond 2.1

Without composite 18.55
With composite 17.55

Prompt L-Pop
Without composite 28.22
With composite 30.11

Clearfil liner Bond 2V
Without composite 25.55
With composite 20.77
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tissues by the polymerization of resin monomers that have 
impregnated the tissues. Then hybridized dentin could be 
considered as an advanced multi-functional dental material 
bonded in situ to tooth substrates for a wide variety of purposes. 
Several investigations have been conducted with regards to 
scanning electron microscopic (SEM) evaluation of resin 
infiltrated dentin layer formation with third fourth and fifth 
generation dentin bonding systems.

In the present investigation, we have made an attempt to 
compare two self-etching primers and one fifth generation 
bonding system. In the SEM pictures that are produced they are 
focused on the thickness of hybrid layer and length of resin tags.

In this present in vitro investigation we could record fairly deeper 
resin tags penetration in all group in all group which included 
Prime and Bond 2.1 as a reprehensive of fifth generation of 
bonding system and the self-etching primers Prompt L-Pop 
and Clearfil Liner Bond 2V. With the prompt L-Pop a mean 
length of 28.2 µm could be recorded while Clearfil Liner Bond 
2V a mean length to the extent to 25.5 µm could be recorded. 
However with Primer and Bond 2.1 we could demonstrate the 
resin tags to the extent to 18.5 µm. (Graph 1)

Conversely, the thickness of the hybrid layer was to the extent 
of 8.2 µm with Primer and Bond 2.1, 7.4 µm and 6.2 µm with 
Prompt L-Pop and Clearfil Liner Bond 2V respectively. 
(Graph 2) In the present investigation, we also made an 
attempt to study the length of resin tags and the thickness of 
smear layer with and without laying of composite resin over 
the etched and primed surface. As far as thickness of hybrid 
layer was concerned Prompt L-Pop, self-etching primer and 
Prime and Bond 2.1 yielded similar mean values while Clearfil 
Liner bond 2V demonstrated comparatively lower mean values 
as far as the depth of the resin tags was concerned with the 
composite on the etched and primed surface. With Prompt 
L-Pop we could record maximum length of 30.1 µm while with 
the Prime and Bond 2.1 and Clearfil Liner and 2V we could 
record comparatively lower values.

Statistically when Kruskal values comparison was made among 
three groups as far as the length of resin tags is concerned is 
highly significant both with and without composite resin. 
Comparing the thickness of the hybrid layers among the three 
groups indicated statistical significance both with and without 
composite resin.

The presence of resin penetration of at least 150 µm has been 
demonstrated in the preparation of medium depth prepared 
in vivo. However these are isolated situations and is not in 
agreement with the results of our present study. Tay et al.3 1995 
demonstrated resin tags up to 50 µm from the pulp in their in 
vivo studies. However in the present investigation, we utilized 
one fifth generation bonding system Prime and Bond 2.1 and 
two sixth generation adhesives – self-etching primers. We have 

not made an attempt in this investigation to relate the values 
of the length of resin tags, thickness of hybrid layer and bond 
strength values. More recently ultramorphological findings 
with recent generation adhesives indicated evidence to fact that 
resin tags do contribute to the final bond strength due to the 
supplementary retention and sealing offered by the formation 
of micro tags and lateral branching from the main tubules. Such 
micro tags in lateral tubule branches show hybridization as well 
as a phenomenon defined as lateral tubule hybridization.4 The 
result obtained in this investigation should not be considered as 
an actual reflection of what may happen in vivo to conservative 
resin restoration executed with specific self-etching primer 
or fifth generation adhesives. Tay et al.5 studying the effect 
on smear layer on bonding self-etching primer to dentin 
concluded that self-etching primers create a thin hybrid layer 
that incorporate the smear layer. Their study demonstrated the 
formation of the thin hybrid layer in comparison to the smear 
layer thickness and both hybrid layer may function as a unit 
during loading without separation. The present investigation is 
in agreement as far as the thickness of the hybrid layer obtained 
with the self-etching primer were thinner compared to that 
obtained with the fifth generation adhesive.

While undertaking in vitro investigation one must realize there 
are many in vivo parameters simulating clinical conditions and 

8.22
7.44

6.22

9.89

8.07 7.78

0

2

4

6

8

10

12

Prime & Bond 2.1 Prompt L-Pop Clearfil Bond 2V

Without Composite

With Composite

Graph 2: Mean thickness of hybrid layer.

18.55

28.22
25.55

17.55

30.11

20.77

0

5

10

15

20

25

30

35

Prime & Bond 2.1 Prompt L-Pop Clearfil Liner Bond 2V

WITHOUT COMPOSITE
WITH COMPOSITE

Graph 1: Mean length of resin tags.



111

Journal of International Oral Health 2015; 7(10):107-111
Study of the interdiffusion zone with different self-etching primers … 
Damda A et al

the type of substrate, which can be duplicated under in vitro 
condition. Considering the results that are obtained we wish to 
emphasize that we have gone only in into two parameters that is 
thickness of hybrid layer and length of the resin tags and efficacy 
of two self-etching primers and one fifth generation adhesive. 
Before rank ordering a particular dentin adhesive system there 
are several methods of evaluation. SEM is one of the known 
methods to compare with and correlate bond strength studies.6 
In all in vitro studies there are several parameters including the 
collection of samples freshness of the specimen, method of 
staining, surfacing and utilization of these specimens.

Conclusion
In the present study, a SEM evaluation was carried out to 
demonstrate the thickness of hybrid layer and the depth of resin 
tag penetration and the following conclusions were drawn:

Thickness of hybrid layer:
1. Group I demonstrated highest mean thickness of the hybrid 

layer
2. Group III demonstrated lowest mean thickness of the 

hybrid layer

Depth of tag penetration
1. Group II demonstrated the highest mean tag penetration 

depth

2. Group I demonstrated the lowest mean tag penetration 
depth

More research is needed in the field of self-etching primer to 
establish a micromorphological relationship of resin dentin 
interface with modified smear layer in vivo using different and 
most recent generation of sixth generation self-etching primers.
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