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An In-vitro Comparative Evaluation of Shear Bond Strength of 
Different Self-Etch Dentin Bonding Agents
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ABSTRACT

Introduction: Adhesive procedures have evolved rapidly and 
have become routine in the daily practice of dentistry. Aim of 
the study was to examine the in vitro shear bond strengths to 
dentin of two one-step self-etch bonding systems and a two 
step self- etch bonding system.
Materials and method: The current study examined in vit-
ro shear bond strengths to dentin of two one-step self-etch 
bonding systems and two step self- etch bonding system. 90 
extracted non-carious permanent human premolars were used. 
The teeth were stored in 1 % chloramine T solution at 40 C. The 
occlusal surfaces were trimmed with tungsten carbide bur and 
finished with 600-grit silicone-carbide discs. Three adhesive 
systems used: Clearfil SE bond (Kuraray) ( two-step elf etch), 
Single Bond Universal (3M ESPE) (one-step self-etch) and 
Xeno V+ (Dentsply) (one-step self-etch). Filtek Z350 compos-
ite were bonded to the teeth. The specimens were stored at 
370 C for 24 hours and were tested on the universal testing 
machine with a crosshead speed of 1 mm/min. Shear force 
required to debond the specimen was recorded. 
Results: ANOVA test was used to compare statistical differ-
ence of shear bond strength between the groups (P value less 
than 0.05 was considered to be statistically significant). Mul-
tigroup comparison was done using Tukeys HSD test. There 
was a significant difference in the shear bond strengths among 
bonding systems. Clearfil SE reported a shear bond strength 
value of 36.6 MPa followed by single bond universal 27.29 
MPa and Xeno V+ 25.1 MPa.
Conclusion: Clearfil SE delivered the highest shear bond 
strength value followed by single bond universal and Xeno 
V+. Two step self-etch recorded higher shear bond strength 
values to one-step. 

Keywords: Dental bonding, Single step, Bond strength

INTRODUCTION

Adhesive dentistry has revolutionized dentistry. The major 
determinant of successful esthetic dentistry remains the ef-
fective adhesion between the substitute and the restorative 
material. 
Adhesive systems and bonding techniques have been con-
stantly evolving since the introduction of Sevriton Cavity 
Seal, in the late 1940, by Oskar Hagger.1 In 1955, Buonocore 
reported the use of 85% phosphoric acid to improve reten-
tion of an acrylic resin on enamel.2 Bonding to enamel revo-
lutionized the practice of restorative dentistry and has proven 
to be durable.
Dentin is a dynamic substrate and its morphology and phys-
iology directly affect the ability of adhesive systems to 
produce durable bonds to its prepared surfaces. Dentin is 
a heterogeneous structure as it is a living tissue with fluid 

filled channels that run from the pulp to the dentino-enamel 
junction (DEJ). While enamel is 96% hydroxyapatite (min-
eral) by weight while dentin is approximately 75% inorgan-
ic material (mineral), 20% organic material (mainly Type I 
collagen) and 5% water. It is subjected to continuous physi-
ologic and pathologic changes affecting it’s microstructure, 
composition and permeability.3,4 The number of tubules is 
45,000/mm2 at pulpal side; 35,000/mm2 1 mm from the pulp; 
23,000/mm2 2mm from the pulp and 19,000/mm2 subjacent 
to amelodentinal junction.5 Therefore, bonding to dentin rep-
resents a challenging substrate for bonding. 
Currently available resin-based adhesives may be divid-
ed into two major categories, self-etch and etch-and-rinse, 
based on the number of clinical steps required for each and 
their respective interactions with the tooth surface.6

Largely because of this continuing problem with total-etch 
adhesives, much of the current product development and 
clinician interest is focused on self-etching systems. The 
original self-etch systems included two steps—an acidic, 
self-etching primer followed by a separate bonding resin. 
Some of the newer systems are considered all-in-one, and 
contain etch, prime and bond functions in a single solution. 
The former group of materials can be described as self-etch 
primer systems, and the latter can be called self-etch adhe-
sives.7 Self – etch adhesive incorporates classic steps of etch-
ing, priming and bonding into one solution. 

MATERIALS AND METHOD

Type of Study: It is an in- vitro study with a sample size of 
90 permanent human maxillary premolar. 

Materials used in the study (Fig. 1)
1.	 1% Chloramine T
2.	 Cold cure acrylic resin
3.	 Xeno V+
4.	 Single bond universal
5.	 Clearfil SE Bond 2 
6.	 Z 350 XT Composite resin system
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Instruments used (Fig. 2)
1.	 Carbide bur( Prime and Dental, Mumbai)
2.	 Air rotor hand piece( N S K Corporation, Tochigi, Ja-

pan)
3.	 Plastic mould – 

•	 width 2.38 mm and height 3 mm
•	 width 3 cm and height 4cm

4	 600-grit silicon carbide abrasive paper
5.	 Micro tip applicator brush( Shofu, Inc., USA)
6.	 Composite placing instrument ( HufriedyChicago, IL, 

USA)
7.	 Notched shearing blade
8.	 Mixing dish
9.	 Gloves

Method of collection of data 
Inclusion Criteria: Intact, freshly extracted teeth were in-
cluded in the study (extracted for orthodontic reason) Teeth 
with similar morphology and relative coronal dimensions 
were included in the study
Exclusion Criteria: Teeth with caries, attrition, abrasion, 
restoration and surface cracks/defects. Any previous restor-
ative or endodontic treatment. Fractured teeth, flourosed 
teeth, hypoplastic teeth

Method
(a) Preparation of specimen
Teeth were thoroughly washed in running water and cleaned 
with an ultrasonic scaler unit (New Acteon Satelec P5 
Booster Dental Piezo Ultrasonic Scaler). Until preparation 
for shear bond strength measurement, the teeth were stored 
in 1 % chloramine T (Central Drug House(CDH), New Delhi, 
India) bacteriostatic solution at 40 C until used. The occlusal 
surface of each tooth was trimmed with the help of tungsten 
carbide bur ( Prime and Dental, Mumbai) attached to the air 
rotor up at a depth of 2 mm from the cusp tip. The surfaces 
were then examined to ensure complete exposure of the den-
tin surface and finally the cut dentin surfaces were finished 
with 600-grit silicone-carbide discs (Model BP-2T Metal-
lurgraphic specimen polisher, Banbros, Ghaziabad, India) to 
create a uniform smear layer under plenty of cool running to 
produce a uniform smear layer. Varnish was applied on the 
root portion of the teeth.
The root portion of the teeth was embedded in cold cure acrylic 
resin ( DPI-RR Cold Cure TM, DPI, India) using PVC mould 
(diameter:3 cm, height:4 cm) The specimens were randomly 
divided into three adhesive groups of thirty specimens each 
(total n=90): 
Group1: Clearfil SE bond(Kuraray)
Group 2: Single Bond Universal (3M ESPE)
Group 3: Xeno V+(Dentsply)

(b) Bonding procedures
These three commercial adhesive systems were used in this 
study and applied as recommended by the manufacturers. 
The composition and batch numbers of the materials used 
are listed in Table 1. 

(c) Composite resin build-up 
All bonding agents were used in combination with resin 
composite FiltexTMZ350 XT (ESPE). 
A transparent plastic mould was used to build the composite 
resin cylinder on the dentinal surface of all samples, meas-
uring 2.38mm in internal diameter and 3 mm in height (Fig. 
3). A marking of 1.5mm was made on the transparent tube 
so that equal increment of composite was placed. The resin 
composite (l) was condensed into the mould in two incre-
ments of 1.5mm each and light cured for 40 s at a light inten-
sity of 600 MW/cm2. Adequate and consistent light intensity 
was assured by monitoring the curing light unit output using 

Figure-1: Materials used in the study

Figure-2: Instruments used 

Figure-3: Schematic diagram of the bonded assembly 
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the unit’s integrated light meter. After polymerization, all the 
specimenswere transferred to distilled water, and stored at 
37°C for 24 hours in incubator (Remi Instruments Ltd, Gur-
gaon, India).

(d) Shear bond strength testing
After storage, specimens were mounted on the universal test-
ing machine (Banbros,Ghaziabad,India) force applied by the 
machine on each specimen was at a crosshead speed of1 mm/
min using a notch-edge blade parallel to the adhesive-dentin 
interface. The bonded composite cylinder was positioned 
horizontally, so that the shearing blade is perpendicular at 
composite-dentin interface. Each specimen was loaded until 
failure (Fig. 4). Debonding stress in megapascal was then 

calculated by the ratio of maximum load in Newton to the 
surface area of prepared resin cylinder.

STATISTICAL ANALYSIS

In analysing the results of the variables under various meth-
ods considered in this research work, the statistical analysis 
like arithmetic mean, standard deviation and one way analysis 
of variance (abbreviated ANOVA) were used appropriately.

1.	 Shear bond strength (MPa) = 	 Force (N)
		  Cross sectional area(mm2)

2.	 Arithmetic mean x = 	 1 ∑X
		  n
	 Where, 
	 ∑X is sum of all data values
	 n is number of data items per sample
3.	 Standard Error = SD
		  √n
4.	 Post hoc =HSD = q √ MSE / n* 
	 where q = the relevant critical value of the studentized 

range statistic 
	 n* is the number of scores used in calculating the group 

means of interest.
Statistical analysis was performed using SPSS 17.0 (Chicago 
III) for analysis of data and Microsoft Word and Excel have 
been used to generate graphs, tables, etc. ANOVA test was 
used to compare statistical difference of shear bond strength 
between the groups (p value less than 0.05 was considered 
to be statistically significant). Multigroup comparison was 
done using Tukeys HSD test.

Adhesive Composition Manufacturer Lot Manufacturer’s Application Protocol
Clearfil SE Bond Primer: MDP, HEMA, 

hydrophilic aliphatic di-
methacrylate,CQ, ethyl 
alcohol, water
Bond: MDP,HEMA, 
Hydrophobic dimeth-
acrylate, CQ, silanated 
colloidal silica pH=2.7

Kuraray Noritake Dental 
Inc., Japan

Primer 
(AD0112)
Bond 
(AE0180)

Primer was applied to the entire tooth 
with a brush, left in place for 20 s and 
finally volatile ingredients were evap-
orated for 10 s. Bond was applied with 
a brush, dispersed with a very gentle 
stream of air and polymerised for 10s

Single Bond 
Universal

MDP phosphate 
monomer, dimethac-
rylateresins, HEMA, 
vitrebond copolymer, 
filler, ethanol, water, 
initiators, silane, 
pH ~ 2.7

3M ESPE, St. Paul, MN, 
USA

532119 Adhesive was applied to dentin with a 
brush and gently agitated for 20 s,then 
direct a gentle stream of air for5 s until 
the adhesive no longer moves and 
polymerized for 10 s

Xeno V+ Bifunctional acryl-
amides, ethyl 2-(5-di-
hydrogen phos-
pharyl-5,2-dioxapentyl)
acrylate, acrylamide 
2-methylpropanol-2 
sulfonic acid, t-butanol, 
waterpH ~ 1.3

DentsplyDetreyKon-
stanz,Germany

1311000781 Adhesive was applied to dentin and 
rub ifor 20 seconds, dried with a gentle 
stream of air for 5 seconds, and polym-
erized for 10 seconds.

FiltekTM Z350 
XT Universal 
restorative

Bis-gma, UDMA and 
Bis-EMA.Additional 
contents: stabilizers,cat-
alysts and pigments. 

3M ESPE Dental Prod-
ucts,
St. Paul, MN, USA

N 633113 Place Filtek Z 350 –shade A2.
Light-cured each increment of 1.5mm 
for 40 s

Table-1: Materials used in the study with their compositions, manufacturers and application procedures

Figure-4: Schematic diagram of a shear test using a notched-edge 
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RESULTS

The results can be summarized as follows (Table2, Graph 1 
and 2):
Group 1 demonstrated the highest shear bond strength value 
of 36.6 MPa while group 3 demonstrated least shear bond 
strength 25.1 MPa. Intergroup comparison done between the 
group 1 and group 2 showed statistically significant result 
(P<0.05). Intergroup comparison done between group 2 and 
3 showed no statistically significant results(P>0.05). Inter-
group comparison done between the group 1 and group 3 
showed statistically significant result (P<0.05).

DISCUSSION

An accepted principle in restorative dentistry states that the 
transition between the restorative material and the dental 
hard tissue must be continuous to increase the survival prob-
ability of the restoration. Poor marginal adaptation may pro-
duce postoperative hypersensitivity, marginal discoloration, 
and ultimately secondary caries and pulpal inflammation.8

The long-term clinical success of adhesive restoration is pri-
marily dependent on the bonding quality of adhesive systems 
to dentin, and the key parameter for evaluating the bond qual-
ity of different dentin-adhesives systems is bond strength. 
An ideal bond strength test should be accurate, clinically re-
liable, and less technique sensitive. It should involve the use 
of relatively unsophisticated and inexpensive test protocols.9

Oilo et al10 classified them into qualitative screening tests and 
quantitative tests. Qualitative tests study bond failures, and 
quantitative tests predict the load capacity and lifetime of the 
bond. Bond strength can be assessed by laboratory methods 
and clinical performance. It can be measured statically using 
a macro- or micro-test set-up, basically depending upon the 
size of the bond area.9

International Standards Organization (ISO) Technical Speci-
fication No. 29022 provides guidance on substrate selection, 
storage, and handling. It also presents some specific test 
methods for bond strength measurements.11 
Testing with a bonded cross –sectional area of 3mm2 or less 
is referred to as micro shear bond strength. Recently, the 
micro-shear bond strength (μ-SBS) test has been advocat-
ed as a modified method for evaluating the bonding abili-
ty of dentin-adhesive systems. A significant advantage over 
micro-tensile strength methods is that μ-SBS specimen is 
pre-stressed prior to testing only by removal.12 Compared to 
the macro-shear bond strength test, the μ-SBS test is more 
advantageous; it has fewer internal defects as well as more 
homogeneous stress distributions at the interface due to the 
use of smaller specimen. 
Recently, Shimaoka et al.13 proposed that the adhesive area 
should be delimitated and constrained to the dentin substrate 
so as to equate the area between the adhesive and the resin 
and to eliminate differences in test results caused by tradi-
tional adhesive application technology.
Scherrer et al14 carried out a meta- study on publications 
dating from 1998 to 2009 investigating the bond strength of 
resin composite to dentin using four protocols: shear, tensile, 

microshear and microtensile bond strength. Six adhesives 
were selected covering three-step systems (OptiBond FL, 
Kerr-Sybron; Scotch Bond MP Plus,3M ESPE), two-step 
systems (Prime and Bond NT, Dentsply; Single Bond, 3M 
ESPE; Clearfil SE Bond, Kuraray) and a one-step adhesive 
(Adper Prompt L Pop, 3M ESPE). The pooled results of 147 
references showed high scattering in the bond strength data 
regardless of adhesive and test method. 
Rϋttermann et al15 evaluated shear bond strength was differ-
ent on human and bovine teeth. Since bovine enamel and 
dentin develop more rapidly during tooth formation, bovine 
enamel has larger crystal grains and more lattice defects than 
human enamel. This influence bond strength because differ-
ent grain sizes and defective lattice structures will be differ-
ently attacked by chemicals. This might explain the different 
performance of self-etch and etch and rinse adhesives. 
 High shear bond strengths to occlusal dentin were observed 
than buccal dentin. Thus, substrate location has to be speci-
fied while studying bond strength as done in the current study 
where the occlusal dentin was used for shear bond test.16

Freshly extracted teeth are the most suitable substrate for 
in vitro evaluation of adhesive systems. Titley et al.17 have 
reported that when teeth are stored by freezing to maintain 
their freshness, shear bond strength of resin to dentin is the 
highest. Distilled water, saline, 0.05% saturated solution of 
thymol, 0.5% chloramine-T, 2% gluteraldehyde, and 10% 
formalin solutions were studied as storage media for bond 
strength tests. According to the ISO technical specification 

Graph-1: Mean shear bond strength values of Group1( Clearfil 
SE), Group2 ( Single Bond Universal) and Group 3(Xeno V+).

Graph-2: Standard deviation of Group 1(Clearfil SE) Group2 (Sin-
gle Bond Universal) and Group 3(Xeno V+). 

Groups Mean  
Difference

Std.error P Value

Group 1 and Group 2 9.31 2.32 0.01
Group 1 and Group 3 11.5 2.32 0.01
Group 2 and 3 2.19 2.32 0.34
Table-2: Intergroup comparison of shear bond strength using 

post-hoc test, Where P< 0.05 statistically significant and 
P>0.05 is non significant
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22902, bond strengths should be measured immediately 
post-extraction or within six months and chloramine T being 
ideal solution.11

Self-etching adhesives gave higher bond strengths when 
dentin surfaces were prepared with tungsten carbide burs and 
adhesives performed significantly better when a smaller grit 
size was used to prepare the dentin surface.18 A meta-study 
carried out by Munck et al19 revealed that the most-used 
preparation methods were by either a carbide or diamond 
dental bur or by silicon-carbide (SiC) paper. The diamond 
bur produced a thick smear layer and uneven dentin surface, 
while the tungsten carbide bur produced a thin, evenly dis-
tributed smear layer with a smoother dentin surface. 
Hara et al20 used a knife-edge steel rod to test specimens with 
3-mm diameter bonding area and found statistically higher 
bond strengths for those loaded at 1.0 and 5.0mm/min com-
pared to 0.5 and 0.75mm/min. Poitevin et al. recommended 
a crosshead speed of 1 mm/min for more uniform stress-time 
pattern.21

Feilzer et al22 showed that polymerization stress in compos-
ite fillings is related to restoration configuration. The config-
uration factor C was defined as the ratio of the restoration’s 
bonded to unbounded surfaces. In most bonding studies, the 
resin composite is bonded to the tooth at the bottom of the 
mould only, not to the sides. This results in a C-factor less 
than one and imparts little stress on the bond to the tooth as 
the resin polymerizes. If the resin composite can be bonded 
to the walls of the mould, as occurs in a tooth, this might 
provide a more clinically relevant test of bond strength.23

Clearfil SE was chosen specifically for this study as the com-
parison to the two universal agents based on the fact that 
it utilizes the same self-etching primer, MDP, and has also 
been shown in multiple studies to have consistently stronger 
bond strengths than other two-step self-etch bonding agents 
and similar to those of the three-step etch-and rinse with su-
perior clinical longevity. As Inoue S et al24 state, “long-term 
durability of adhesive-dentin bonds depends on the chemical 
bonding potential of the functional monomer,” of which 10-
MDP seems to be the most important due to its ability to 
strongly interact with hydroxyapatite and form a hydrolyti-
cally stable calcium salt. 
In this in vitro study the two- step self- etch adhesives showed 
a superior in vitro performance in comparison to one- step 
self –etch adhesive. These results are in accordance with the 
other studies.
Serious limitation of all-in-one adhesives are as follows: in-
complete polymerization and continued demineralization of 
the adjacent dentin structure in the tubules. For all-in-one 
adhesives to be acidic, the formulation have become more 
hydrophilic, thereby allowing deeper penetration. As these 
adhesives penetrate the wet dentinal tubules deeply, the wa-
ter content increases. Studies have shown that this water acts 
as a major interfering factor in polymerization which leads to 
unpolymerized acidic and aggressive monomers to continue 
etching the dentin, thereby leading to a detrimental impact 
on the bond.25

Takahashi et al26 the two-step self-etch adhesive systems 

have been reported to yield higher bond strengths compared 
to one-step self-etch adhesive systems may be due to the pro-
portions of their chemical constituents. Both contain func-
tional monomers, crosslinking monomers, solvent, inhibi-
tors and activators, but in different proportions. The one-step 
self-etch adhesive systems generally have less crosslinking 
monomers. These provide most of the mechanical strength, 
therefore, there is a potential for lower bond strength.
An estimated shear bond strength of 17-21 MPa has been 
proposed as the critical value needed to withstand these 
stress of polymerization contraction of composite material.27 
Clinical experiences confirm that this bond strength is suffi-
cient for successful retention of resin restoration. 
Bond strength to dentin depends on the material and the test 
method used. Additional clinical studies are needed to fur-
ther evaluate the efficacy of all systems. 

CONCLUSION

Two –step Clearfil SE gave highest bond strength compared 
to all other groups. It can be concluded that the two- step 
self- etch adhesive bond recorded higher bond strength than 
the single-step self- etch adhesives.
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