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Abstract
The aim of this randomized in vitro study is to clarify if there are differences between the dentin
adhesives as well as their adhesion and fracture behaviour. The study design was based on the ISO
standard TS 11405 (2003). For this purpose, ninety extracted, caries-free human molars were embedded
in a plastic block, and the dentinal surfaces were dissected free. Teeth were divided into three groups (n =
30) and each treated with a different adhesive system (SYC: Syntac Classic; CSE: Clearfil SE, CS3: Clearfil
S3). All trial teeth were coated with a cylindrical standardized test specimen (diameter: 3.0 mm, height: 3.0
mm) on buccal surfaces with an ISOconforming application aid. The aging of the samples was achieved
by thermocycling (500 cycles). Thereafter, the adhesive forces (MPa) of the various dentin adhesive
systems were determined by means of shear bond testing with a universal testing machine from Zwick.
The samples were examined under a scanning electron microscope at 20x and 2000x magnification for
their fracture modes (adhesive, cohesive, mixed). Furthermore, parametric Weibull regression models
were applied to evaluate whether there was a significant association between shear bond strength and
the used adhesive system. Weibull analysis was performed using R software (version 2.11.1, R Foundation
for Statistical Computing, Vienna, Austria). Differences between groups were tested using Wald tests, and
p-values below 0.05 were considered significant.
CSE (3.97 MPa), followed by SYC (3.02 MPa), and CS3 (2.16 MPa) had the highest bond strength
averages. The result of the statistical evaluation shows statistical differences between the different
groups. Mostly mixed fractures were observed. SYC (m = 6.35) was most reliably followed by CSE (m =
4.75). The lowest Weibull module scored CS3 (m = 3.91).
Under the limitations of this study, it can be stated that the differences between the groups were
significant and the One-Step Self-Etch-system (CS3) showed the lowest values. Additionally one major
problem was the acrylic application aid (split mould according to ISO/TS 11405), which may have
transferred adverse forces to the specimen and which cannot be recommended for further studies.

Introduction
The demand for aesthetic, durable and quality restorations
has increased significantly. Teeth should be unobtrusive and
ideally minimally invasive reconstructed. It is a problem to
get a permanent bond between the hydrophilic dentin and
the hydrophobic composite [1,2]. Dentin adhesives play a
key role in this [3-6]. In order to have feedback on the bond
between composite materials and hard tooth substance, in
vitro scientific studies are carried out. The experimental setups
differ in many parameters in the studies and are therefore often
not comparable. This variance variety influences the results
[5]. Standardization of the parameters as in the ISO paper [4],
is necessary to obtain comparable results. To our knowledge,

no previous study has investigated the shear bond strength
of the adhesive interface created by conventional Four-Step
Etch-and Rinse and Self-etching Adhesives under the ISO/TS
11405 protocol.
The aim of this study was to compare three different dentin
adhesives (control group: Four-Step Etch-and-Rinse versus
experimental groups: Two-Step Self-etching and One-Step
Self-etching) conforming to ISO (ISO TS11405: 2003) in terms
of adhesive strength and fracture behaviour [5,6].
The following research questions interested us:

1.

Is there a difference between the adhesion values
obtained by the control group (Four-Step Etch-and056
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Rinse) on the one hand and the experimental groups on
the other?

2.

exposure times were monitored by means of a stopwatch. The
Syntac Classic group (SYC), which includes three components,
initially applied Syntac Prime for 15 seconds. Surpluses were
then blown and Syntac Adhesive was applied for 10 seconds.
Surpluses were again blown and the order was made by
Heliobond. Thereafter, polymerization was carried out with
a polymerization lamp (Elipar Trilight, 3M ESPE, Seefeld,
Germany) for 10 seconds. The Clearfil SE (CSE) group, a twocomponent adhesive, initially applied Cleafil Primer was
allowed to act for 20 seconds and then excesses were fused.
Clearfil Bond was afterwards polymerized for 10 seconds. The
Clearfil S3 (CS3) group applied the bonding for 20 seconds.
Thereafter, the excesses were removed with oil-free air for
at least 5 seconds. The mixture was then polymerized for 10
seconds. The test specimens were transferred from a lightcuring composite to the test area using an ISO-compliant
application aid (Figure 1) [4]. This consisted of a transparent
plastic and was constructed by the Technical University (TU) in
Darmstadt (Germany). The design allowed an exact size of the
adhesive surface (7,069mm2). The application aid consisted of

Are there differences between the fractures of the
control group (Four-Step Etch-and-Rinse) and those of
the experimental groups?

Materials and Methods
Specimen preparation based on the ISO specification
One hundred and twenty extracted human molars were
completely embedded in a cold polymer (Technovit 4004, Kulzer,
Hanau, Germany). All teeth were extracted for not longer than
six months, were caries-free, unrestored and not root filled.
After embedding, the numbering of the teeth was done to allow
an exact assignment. Subsequently, the teeth were freed on the
buccal surface except for the dentin. For this they were handworked on a polishing unit (Jean Wirz, Düsseldorf, Germany)
with grinding wheels of different grain sizes (320-600 grit)
at 6000 rpm with constant water cooling against overheating.
The ISO standard TS11405 (2003) [4], requires a dentinal
surface to be finished with a 600 grit abrasive paper. The teeth
were rotated during the entire grinding process to achieve a
uniformly ground surface. The plane parallelism was checked
with a spirit level (Mercateo, Köthen, Germany). The samples
were stored in distilled water at room temperature all the time
until the experiment, which was changed every three days. The
freedom from melting of the test surfaces was checked under
a microscope (Wild Heerbrugg, Heerbrugg, Germany). It was
also checked that there was no opening of the pulp and caries
freedom. Teeth with these criteria were discarded. The number
of teeth was reduced to ninety. These molars were randomized
to three groups.

two parts which could be opened via a screw thread by means
of a hexagon. The application aid was isolated against the
composite probe for five seconds with a release wax (Glorex,
Füllingsdorf, Germany). The composite probe was filled in
2mm layers and cured for 20 seconds. After each operation,
the samples were stored in distilled water. Subsequently, all
samples were subjected to a thermal fatigue process by cyclic
thermal cycling. This process took place over 500 cycles (Haake
Technik GmbH, Wehrheim, Germany) in 5 and 55 °C water
baths. The residence time per water bath was 30 seconds, the
transfer time between the baths was 10 seconds.

Methodology of shear bond strength and fracture mode

Restoration materials and application aid

The ISO standard TS11405 (2003) [4], allows different test
methods for measurement of bond strength. In this study,
we chose shear bond testing. One sample each was clamped
vertically into the universal testing machine (Zwick, Ulm,
Germany). A shear blade moved at a constant speed (0.5
mm/min) toward the composite cylinder until the composite
cylinder broke off from the dentin. Force transmitted to the
load cell during the test was recorded by a computer and

The materials used are listed in Table 1. The different
groups were treated with the appropriate adhesive. The
manufacturer's recommendations for the individual adhesives
were strictly followed. The application of the individual
components per adhesive was done with a disposable brush,
which was discarded after each application. The required

Table 1: The groups investigated in the study with the corresponding materials and their composition (10-MDP: 10-methacryloyoxydecyl; bis-GMA: Bisphenol A-Glycidyl
Methacrylate; GPDM: Glycerol Phosphates Dimethacrylate; HEMA: 2-Hydroxyethyl Methacrylate; TEGDMA: Triethylene Glycol Dimethacrylate; UDMA: Urethane
Dimethacrylate; SYC: Syntac Classic; CSE: Clearfil SE Bond; CS3: Clearfil S3. Informations received from the manufacturer).
Number

Group

Type of Material

Manufacturer

Title

Composition

Ivoclar Vivadent AG,
Schaan, Lichtenstein

Syntac Classic

Primer: Tetraethylene glycol dimethacrylate, maleic acid, Adhesive:
dimethyl ketone, water, polyethylene glycol dimethacrylate, maleic acid,
glutaraldehyde, water, Bonding: bis-GMA
Triethylene glycol dimethacrylate (TEGDMA)

(Abbreviation )

1

control (SYC)

Four-step Etch-andRinse Adhesive

2

study A (CSE)

Two-step Selfetching Adhesive

Kuraray, Osaka, Japan

Clearfil SE
Bond

Primer: 10-MDP, HEMA, water; Bonding: TEGDMA, UDMA, GPDM, HEMA, BisGMA, hydrophobic, dimethacrylate, colloidal silica

3

study B (CS3)

One-step Selfetching Adhesive

Kuraray, Osaka, Japan

Clearlfil S3

10-methacrylate-oxydecyl dehydrogen phosphate (MDP), bisphenol A
diglycidyl methacrylate (bis-GMA), 2-hydroxyethyl methacrylate (HEMA),
hydrophobic dimethacrylate, dl camphorquinone, ethyl alcohol, water,
colloidal silica

Composite

Ivoclar Vivadent AG,
Schaan, Lichtenstein

Tetric Evo
Ceram (A 2)

Dimethacrylates, barium glass, ytterbium trifluoride, mixed oxide, prepolymer,
additives, catalysts, stabilizers, pigments
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converted to voltage by the testXpert software (ZwickRoell,
Ulm, Germany). A voltage drop of more than 30% was rated as
a fraction of the sample and the maximum voltage measured
so far registered as shear bond strength. The shear force
was determined in Newton, which was converted to MPa
for standardization. After the adhesion force measurement,
the samples for the determination of the fracture type were
evaluated by scanning electron microscopy (Hitachi, Tokyo) at
20-fold and 2000-fold magnification. The fracture types were
differentiated into cohesive, adhesive and mixed fractures with
cohesive fraction above or below 10%. Samples with a cohesive
or mixed fraction exceeding 10% cohesive were not included in
the statistical evaluation. Since only the other forms of fracture
provide information about the bond [5].

Table 2: Fracture mode of the groups (Mix: Mixed Fracture; SYC: Syntac Classic;
CSE: Clearfil SE Bond; CS3: Clearfil S3).
Number

Weibull analysis was performed using R software (version
2.11.1, R Foundation for Statistical Computing, Vienna, Austria).
Differences between groups were tested using Wald tests, and
p-values below 0.05 were considered significant.

Adhesive

mix < 10

mix > 10

(Abbreviation)

(%)

(%)

(%)

(%)

1

control
(SYC )

10.0

20.0

26.7

43.3

2

study A (CSE )

6.70

16.7

26.7

50.0

3

study B (CS 3)

26.7

10.0

33.3

30.0

Number

Group

Mean

Median

(Abbreviation) (MPa)

(MPa)

SD

Min

Max

Significant to

(MPa) (MPa) (MPa)

number

1

control
(SYC); n =14

3.02

3.01

0.82

1.49

4.61

2

2

study A
(CSE); n =13

3.97

4.28

1.55

2.79

6.11

1, 3

3

study B
(CS3); n =13

2.61

2.17

0.91

1.51

4.06

2

Table 4: Critical bonding strength corresponding to 5% probability of failure,
the characteristic bonding strength (Sigma 0) and Weibull modulus (m) and
95% confidence intervals (CI) for the regression for shear bond strength (SBS)
measurements of the different groups (SYC: Syntac Classic; CSE: Clearfil SE Bond;
CS3: Clearfil S3).
Sigma
0.05

Sigma
0

CI
lower

CI
upper

(Abbreviation) (MPa)

(MPa)

(MPa)

( MPa )

1

control
( SYC); n =14

1.96

3.13

2.27

4.32

6.35 5.41

7.29

2

study A
(CSE); n =13

2.48

4.63

3.43

6.25

4.75 3.78

5.71

3

study B
(CS3); n =13

1.20

2.57

1.85

3.56

3.91 2.92

4.89

Number Group

Results
The individual results are shown in Tables 2-4. Most
fractions are mixed forms with up to 80%. With the exception
of CS3, there were otherwise more adhesive fractures (Table 2,
Figures 2-4). CSE (3.97 MPa), followed by SYC (3.02 MPa), and
CS3 (2.16 MPa) had the highest bond strength averages (Table
3). Significant differences were evaluated between SYC and
CSE and between CSE and CS3 (Table 3). SYC (6.35) was most
reliable followed by CSE (4.75). The lowest Weibull module
scored ClS3 (3.91), (Table 4, Figure 5).

Cohesive

Table 3: Bonding strength values of the respective material groups with their
corresponding values (SYC: Syntac Classic; CSE: Clearfil SE Bond; CS3: Clearfil S3;
SD: Standard Deviation; Min: Minimum; Max: Maximum).

Statistics
For the statistical analysis of the results, the KruskalWallis Multiple-Comparison Z-Value Test with a significance
level of p ≤ 0.05 was applied. The test was performed using the
statistical analysis package NCSS (Version 6.0.2.1. Kaysville,
Utah). The strength values of the samples were evaluated by a
Weibull distribution.

Group n = 30

m

CI
lower

CI
upper

Discussion
To date, no publications based on ISO TS 11405 2003 [4],
have been published according to the investigated adhesives in
our study. However, there exist many studies on the adhesive
strength in the literature, and the dispersion of the results
between different dentine adhesives is very large (Table 5).
There are some studies that have achieved higher adhesive
forces than our study [7-15], others reported from comparable
[16-18], some also showed lower values (Table 5) [19-21].
These differences are mostly related to different study designs.
Since 2015 there exists a new revised specification of the
ISO [22], which is unchanged in most points compared with
the 2003 version. However, it seems be clear that it is not the
absolute value of bond strengths that are decisive, but the
relation between the investigated groups. As stated, it may be
more appropriate to compare the ranking of materials [22]. It
is also known, that while bond strength cannot predict exact
clinical behaviour, they may be useful for batch quality control
[4], or for comparing adhesive materials [22].

Figure 1: Split mould recommended by ISO/TS 11405:2003 (dimensions in mm)
[22].

In some circumstances, bond strength tests are only useful
058
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for screening. They may allow only rough guidance with respect
to the clinical performance of an adhesive system. Low values
are more likely correlated with poor clinical performance
namely retention in adhesive cavities. However, bond strength
values above a certain threshold value might not indicate better
clinical performance. This value is unfortunately not further
clarified in the actual ISO version [22].
Many studies have found similar relations between the
different types of adhesives as in the present study [8,10,13,15].
Cause of the differences may be the origin of teeth [23,24] bovine
[8,13] or human even in human selection of areas [11,14,15]. It
may cause differences in the preparation of the samples [11,14],

Figure 5: Weibull plot of the probability of failure (%) against stress to failure (MPa)
for each group (SBS = shear bond strength).

Table 5: Overview differences in the adhesive strength values published in different
studies (SYC: Syntac Classic; CSE: Clearfil SE Bond; CS3: Clearfil S3).
Number

Figure 2: Adhesive fracture mode in the control group (SYC = Syntac Classic) at
2000 fold magnification.

Group

same values

lower values

higher values

(Abbreviation)

(Reference
numbers)

(Reference
numbers)

(Reference
numbers )

1

Control (SYC )

16, 18

21

7, 9, 10, 11, 14, 15

2

study A (CSE )

17

19, 20

8, 10, 11, 12, 13

3

study B (CS 3)

8, 10, 12, 13

whole teeth are embedded, the pulp chamber is blocked out [1113,15], only toothed discs are used. An important point is also
the influence of the application aids [10,12,16,17] and the choice
of the aging process [14,18], for example only storage in water
for days or months as well as thermocycling [8,10,15,17]. The
methods of determining the adhesion [5,15,25,26] may differ
even all in choice of the debonding speed [18,19,25]. In the
review by Scherrer [5] 147 studies with six different adhesives
were summarized. Depending on the test method used, the
results of the 147 studies showed a very broad variation of the
bond strength values, with the shear strength of the micro
Figure 3: Cohesive fracture mode in the study group A (CSE = Clearfil SE Bond) at
2000 fold magnification.

tensile strength test producing the higher adhesion values
[5,15]. Many studies do not take into account the fracture
modes [5,15-17], which are critical in determining shear bond
strength and the inclusion of cohesive fractures may also
influence the results. In the study by Makowski, a correlation
was found between the occurrence of low adhesion values and
adhesive fractures as well as high adhesion values and mixed
fractures [11]. In that study, however, not the mixed fractions,
as required by Scherrer, were subdivided again [5].
Most experimental values are not clinically relevant because
they do not allow any information to the material reliability.
Therefore, a Weibull analysis is strictly recommended [5,22],
which was also calculated in our study. A major problem
however was probably the recommended ISO application aid,
which may have transferred adverse forces on the specimen

Figure 4: Mixed fracture mode in the study group B (CS3 = Clearfil S3) at 2000 fold
magnification.

(shear, bend or rotation). This split mould can be formed of
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polytetrafluoroethylene (PTFE) or other suitable materials, as
stated in the ISO [5]. Our experiences with an acrylic mould
material however cannot be recommended for further studies.
Interestingly this split mould is no longer described in the
actual ISO-version [22].

Conclusion
The differences between the groups were partly significant
and the One-Step Self-Etch dentin adhesive system showed the
lowest values. These were however not significantly different
to the values of the Four-Step Etchand-Rinse adhesive. The
Two-Step Self-Etching system has achieved the best results
in both adhesion and reliability. Furthermore, the acrylic split
mould according to ISO/TS 11405 cannot be recommended for
further studies.
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