
14

Research Report

Dental Journal
(Majalah Kedokteran Gigi)

2017 March; 50(1): 14–18

Differences in tensile adhesion strength between HEMA and non-
HEMA-based dentin bonding applied on superficial and deep 
dentin surfaces

Eresha Melati Kusuma Wurdani, Adioro Soetojo, and Devi Eka Juniarti 

Department of Conservative Dentistry
Faculty of Dental Medicine, Universitas Airlangga
Surabaya – Indonesia

abstract

Background: Improvement in dentistry shows some progresses, due to patients awareness on the importance of dental care. 
Cervical lesion is the most common phenomenon which oftenly found 46.36% in man and 38.13% in woman. Cervical lesions need 
composite restoration for treatment to stop the process of tissue damage. The process of adhesion of composite restoration material 
to the structure of the tooth is not easily separated and it needs optimal function in the oral cavity. Application of dentin bonding 
agents to attach the composite is needed. Selection of HEMA-based bonding material and Hema free-based bonding material which 
have a different solvent in their composition, as applied to the dentin superficial and deep dentin, affect the results of debonding test. 
Debonding test is done to measure the adhesion strength of a bonding material. Purpose: The purpose of this study was to analyze 
differences in tensile bond strength of dentine bonding HEMA-based and HEMA-free based after application in superficial and deep 
dentine surfaces. Method: The tooth of the bovine was as samples. A superficial dentine sample was taken from 0.5-1 mm of dentino 
enamel junction and a deep dentine sample was taken from 0.5 mm culmination of pulp horn. Dentine surface area was equal to p 
x r2 = (3.14 x 22) = 12.56 mm2. Six samples of HEMA-based bonding was applied to the dentine superficial. Six samples of HEMA-
free based bonding was applied to the superficial dentine. Six samples of HEMA-based bonding was applied to the deep dentine. Six 
samples of HEMA-free based bonding was applied to the deep dentine. Tensile strength was measured using an Autograph AG-10TE. 
Result: There were differences tensile bond strength of dentine bonding HEMA-based and HEMA-free based after the application 
on superficial (p=0.000) and deep dentine surfaces (p=0.000). Conclusion: There were differences tensile bond strength of dentine 
bonding HEMA-based and HEMA-free based after the application on superficial and deep dentine surfaces. The use of dentine bonding 
materials HEMA-free based were better than HEMA-based after application on different dentine depths.
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introduction

Development in the field of dentistry is growing in 
line with real demand of patients for dental care. Recently, 
cervical lesions with open cementum and dentin areas 
that can make teeth experience a sensitive to changes in 
temperature have commonly been found. The cervical 
lesions can be caused by toothbrush abrasion. Today, the 
number of erosion on dentin area increases. A previous 

research showed that the prevalence of cervical lesions 
in males was 46.36%, while in females it was 38.13%.1 
Dental fillings applied on the dentin area have been known 
to have an ability to stop the process of tissue damage, 
but the attachment process of filling materials to the tooth 
structure is complex, especially the attachment to the 
dentine.2 This condition is caused by differences in the 
density of dentinal tubules and the level of water content 
in each dentin depth.3 
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The lowest level of water is found in supeficial dentin, 
while the highest level is found in deep dentin. In the 
superficial dentin, there are fewer tubules. As a result, 
when dentin bonding penetrates into intertubular dentin, 
responsible for providing adhesion strength between dentin 
and dental restorative materials, the adhesion strength will 
become lower. In the deep dentin, there are numerous dentin 
tubules. Therefore, the permeability of intratubular resin 
will have higher adhesion strength.4

Dentin is a tissue that is always wet because of the 
presence of fluid in the dentin tubules. Thus, composite 
resins with hydrophobic properties cannot be attached to 
the dentin easily. Consequently, a bonding material for 
dentin and composites is required.2 The application of 
adhesive resin material aims to form the bond between 
resin composites and tooth structure, derived from bonding 
system using adhesion technique.5,6

Dentin bonding is composed of 2-hydroxyethyl 
methacrylate (HEMA)-based material and non-HEMA-
based material. However, the HEMA-based dentin 
bonding material is mostly often used because it has 
several advantages, namely relatively easy to manufacture, 
surviving long enough because of the addition of a 
preservative, and serving as hydrophobic and hydrophilic 
groups.5,7 On the other hand, the non-HEMA-based 
dentin bonding generally has monomer, called as urethane 
dimethacrylate (UDMA). UDMA can form a congested 
cross-link polymer, resulting in increased mechanical 
strength. Each dentin bonding material also has different 
solvent composition. The composition greatly affects 
the adhesion strength of dentin bonding to the collagen 
fibrils.8 Therefore, this research aimed to analyze whether 
there are differences in tensile adhesion strength between 
HEMA-based dentin bonding and non-HEMA-based 
dentin bonding applied on the surfaces of the superficial 
and deep dentin.

material and method

This research was a laboratory experimental research 
with a One-way ANOVA design. Samples used in this 
research were teeth (bovine) obtained from a slaughterhouse 
in Pegirian, Surabaya. Those bovines selected were healthy 
and plump. After slaughtered, their good incisors were 
removed and cleaned with a brush and a sharp scalpel under 
running water. Soft tissue that still attached was disposed 
carefully. Those prepared teeth then were soaked in saline 
and stored in a refrigerator at a temperature 4o C.5

Afterwards, superficial dentin located 0.5-1 mm from 
dentino enamel junction was taken (Figure 1). Meanwhile, 
deep dentine located 0.5 mm from the top of pulp horn was 
taken. Dentin surface area used in this research was equal 
to p x r2 = (3.14 x 22) = 12.56 mm2 (Figure 2).

Samples were divided into four groups. Group I was 
consisted of six samples using HEMA-based (Ivoclar 
vivadent, Inc., United States and Canada) dentin bonding 

applied on the surface of the superficial dentin. Group II was 
consisted of six samples using non-HEMA-based (G-ænial 
Bond TM Inc., GC Europe) dentin bonding applied on the 
surface of the superficial dentin. Group III was consisted 
of six samples using HEMA-based dentin bonding applied 
on the surface of the deep dentin. Group IV was consisted 
of six samples using non-HEMA-based dentin bonding 
applied on the surface of the deep dentin.

All of the superficial and deep dentin taken was smeared 
with 37% phosphoric acid gel (Ivoclar vivadent, Inc., 
United States and Canada) for 10 seconds. The dentin was 
washed with water for ± 10 seconds, and then dried by 
cotton to remove excessive water. Two drops (0.02 grams) 
of the HEMA-based dentin bonding material were dropped 
on a disposable brush (according to the manufacturer’s 
instructions), then smeared on the dentin (twice), and settled 
for 20 seconds. The dentin then was sprayed with an air 
spray of chip blower for 5 seconds to remove excessive 
solvent (solvent contained in the primer solution, namely 
water), and then curing was carried out for 10 seconds 
(according to the manufacturer’s instructions). Cylinder 
cast was inserted into lower plunger and then fixed by 
installing a lock. Cylinder cast on the upper plunger then 
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Figure 1. Illustration of the superficial dentin located 0.5-1 mm from dentino enamel junction (A sign black 

in the image refers to the superficial dentin). 
 

Next, samples were divided into four groups. Group I was consisted of six samples using 
HEMA-based (Ivoclar vivadent, Inc., United States and Canada)  dentin bonding applied on the 
surface of the superficial dentin. Group II was consisted of six samples using non-HEMA-based (G-
ænial Bond TM  Inc., GC Europe) dentin bonding applied on the surface of the superficial dentin. 
Group III was consisted of six samples using HEMA-based dentin bonding applied on the surface 
of the deep dentin. And, Group IV was consisted of six samples using non-HEMA-based dentin 
bonding applied on the surface of the deep dentin. 

 
Figure 2.  Illustration of the deep dentin located 0.5 mm from the top of pulp horn (A sign black in the 

image refers to the deep dentin). 
 

Figure 1. Illustration of the superficial dentin located 0.5-1 mm 
from dentino enamel junction (A sign black in the 
image refers to the superficial dentin).

 
 

3 
 

MATERIAL AND METHOD 

This research was a laboratory experimental research with a One-way ANOVA design. 

Samples used in this research were teeth (bovine) obtained from a slaughterhouse in Pegirian, 

Surabaya. Those bovines selected were healthy and plump. After slaughtered, their good incisors 

were removed and cleaned with a brush and a sharp scalpel under running water. Next, soft tissue 

still attached was disposed carefully. Those prepared teeth then were soaked in saline and stored in 

a refrigerator at a temperature 4o C.5 

Afterwards, superficial dentin located 0.5-1 mm from dentino enamel junction was taken. 

Meanwhile, deep dentine located 0.5 mm from the top of pulp horn was taken. Dentin surface area 

used in this research was equal to p x r2 = (3.14 x 22) = 12.56 mm2. 

 
Figure 1. Illustration of the superficial dentin located 0.5-1 mm from dentino enamel junction (A sign black 

in the image refers to the superficial dentin). 
 

Next, samples were divided into four groups. Group I was consisted of six samples using 
HEMA-based (Ivoclar vivadent, Inc., United States and Canada)  dentin bonding applied on the 
surface of the superficial dentin. Group II was consisted of six samples using non-HEMA-based (G-
ænial Bond TM  Inc., GC Europe) dentin bonding applied on the surface of the superficial dentin. 
Group III was consisted of six samples using HEMA-based dentin bonding applied on the surface 
of the deep dentin. And, Group IV was consisted of six samples using non-HEMA-based dentin 
bonding applied on the surface of the deep dentin. 

 
Figure 2.  Illustration of the deep dentin located 0.5 mm from the top of pulp horn (A sign black in the 

image refers to the deep dentin). 
 

Figure 2.  Illustration of the deep dentin located 0.5 mm from 
the top of pulp horn (A sign black in the image refers 
to the deep dentin).
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was filled with composite, assembled with the lower 
plunger, and fixed by installing a lock. Irradiation was 
performed using a light cure for 20 seconds on both sides 
of the plunger, 10 seconds for each. It would harden within 
2 minutes. Tensile strength test then was performed using 
a TE autograph (AG-10 Shimadzu, Japan). In all cases, 
the results were considered statistically significant with a 
p value <0.05

results

Visual illustration of the mean tensile adhesion strength 
of HEMA and non-HEMA-based dentin bonding applied 
on the surfaces of the superficial and deep dentin can be 
seen in Figure 3:

Results of the normality test using the Kolmogorov-
Smirnov test showed a significance value (p) of >0.05. 
The data obtained were normally distributed. Moreover, 
results of the homogeneity test using the Levene test 

showed a significance value (p) of 0.343 (significance (p) 
value is (>0.05). Therefore, it was indicated that the data 
obtained were homogeneous. Furthermore, results of the 
difference test using the One-way ANOVA test showed a 
significance value (p) of 0.000, it means that there were 
significant differences in tensile adhesion strength between 
HEMA-based dentin bonding and non-HEMA-based dentin 
bonding applied on the surfaces of the superficial and deep 
dentin. Consequently, the use of non-HEMA-based dentin 
bonding was better than the use of HEMA-based dentin 
bonding applied on different dentin depths (Table 1).

discussion

The tensile strength obtained in this research was derived 
from the adhesion strength between HEMA based bonding 
resins and non-HEMA based bonding resins applied on the 
surfaces of the superficial and deep dentin. Based on Figure 
1, it can be seen that the first tensile adhesion strength was 
found in non-HEMA-based dentin bonding applied on the 
surface of the deep dentin. The second adhesion strength 
was found in HEMA-based dentin bonding applied on 
the surface of the deep dentin. The third tensile adhesion 
strength was found in non-HEMA-based dentin bonding 
applied on the surface of the superficial dentin. And, the 
fourth tensile adhesion strength was found in HEMA-based 
dentin bonding applied on the surface of the superficial 
dentin. It can be said that the use of non-HEMA-based 
dentin bonding on different dentin depths was better than 
the use of HEMA-based dentin bonding.

Non-HEMA based bonding generally has monomers, 
called as urethane dimethacrylate (UDMA). UDMA can 
form a congested cross-link polymer, resulting in increased 
mechanical strength. When the polymer is stretched or 
tensed due to polymerization contraction, it can prevent 
individual chains form sliding over each other. When the 
polymerization is disappeared during stress condition, the 
cross-link polymer chains can move back to the starting 
position, so the object will be back to the previous form. 
UDMA also has a higher molecular weight, so UDMA can 
increase the degree of polymerization.9,10 

In addition, each of dentin bonding materials has a 
different solvent composition. The composition greatly 
affects the tensile adhesion strength of dentin bonding to 
the collagen fibrils. Solvents commonly used are acetone 
and alcohol (ethanol).9 Solvents are required to remove 
water from the surface of dentin to prepare collagen tissue 
for adhesive resin infiltration.11 Priming materials can 
increase the diffusion of resin into the demineralized and 
humid dentin, leading to optimal micromechanical bond.12 
Therefore, in this research, HEMA-based bonding resin 
used contains alcohol solvent, while non-HEMA based 
bonding resin contains acetone.

The application of non-HEMA based bonding resin 
contains acetone on the superficial and deep dentin in this 
research could trigger higher tensile adhesion strength than 
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 Figure 1.  The mean tensile adhesion strength of HEMA and non-HEMA-based dentin bonding applied on 

the surfaces of the superficial and deep dentin (MPa). 
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Figure 3. The mean tensile adhesion strength of HEMA and 
non-HEMA-based dentin bonding applied on the 
surfaces of the superficial and deep dentin (MPa).

Table 1. Results of the difference test on the tensile adhesion 
strength of HEMA and non-HEMA-based dentin 
bonding applied on the surfaces of the superficial and 
deep dentin (MPa) 

Group n Mean SD p

I 6 2.2733 0.08506
0.000II 6 3.0888 0.06769

III 6 3.9110 0.08340

IV 6 4.5788 0.09750

T
en

si
le

 a
dh

es
im

 s
tr

en
gt

h

Dental Journal (Majalah Kedokteran Gigi) p-ISSN: 1978-3728; e-ISSN: 2442-9740. Accredited No. 56/DIKTI/Kep./2012. 
Open access under CC-BY-SA license. Available at http://e-journal.unair.ac.id/index.php/MKG
DOI: 10.20473/j.djmkg.v50.i1.p14-18

http://dx.doi.org/10.20473/j.djmkg.v50.i1.p14-18


1717Wurdani, et al./Dent. J. (Majalah Kedokteran Gigi) 2017 March; 50(1): 14–18

the application of HEMA-based bonding resin containing 
alcohol solvent. That is because acetone contained in the 
non-HEMA based bonding resin can rapidly evaporate, 
causing optimal removal of water from the surface of the 
dentin, greater sensitivity to dentin humidity, and better 
dentin wetting than the alcohol solvent. Thus, infiltration 
of resin with collagen fibrils was getting higher. The 
attachment of non-HEMA based bonding resin to collagen 
fibrils then can form more hybrid layers, leading to stronger 
adhesion properties.6,11

On the other hand, the results of this research also 
showed that the use of HEMA-based bonding resin 
containing alcohol solvent could generate lower tensile 
strength of the attachment than the use of non-HEMA 
based bonding resin. That is because alcohol contained in 
the HEMA based bonding resin possess longer evaporate, 
causing the non-optimal removal of water from the surface 
of the dentin, lower sensitivity to dentin humidity, and 
worse dentin wetting than acetone contained in the non-
HEMA based bonding resin. Consequently, infiltration 
of resin with collagen fibrils was getting lower. The 
attachment of HEMA based bonding resin to collagen 
fibrils then can form fewer hybrid layers, leading to weaker 
adhesion properties.6,11 

The adhesion tensile strength of the non-HEMA-based 
dentin bonding on different dentin depths was better than 
the adhesion tensile strength of the HEMA-based dentin 
bonding. HEMA-based bonding, according to some 
previous researches, clinically has some weaknesses. One 
of them is that the material can be considered as the most 
common sensitizer to induce hypersensitivity in the teeth.9 
Several previous researches even have shown significant 
cytotoxic effects associated with methacrylate monomers 
contained in HEMA-based dentin bonding. Therefore, 
there is a dentin bonding material alternative in the form of 
non-HEMA-based dentin bonding that can be considered 
as a good choice.3

In this research, the adhesion strength value of HEMA-
based bonding in the superficial dentin was 2.2733 Mpa. 
Meanwhile, the adhesion strength value of non-HEMA-
based bonding in the superficial dentin was 3.0888 Mpa. 
The adhesion strength value of HEMA-based bonding in 
the deep dentin was 3.9110 Mpa. Meanwhile, the adhesion 
strength value of non-HEMA-based bonding in the deep 
dentin was 4.5788 MPa. Those values were quite small 
when compared with the adhesion strength values of the 
dentin bonding resin materials in other several previous 
researches.5 In a previous research, the high tensile adhesion 
strength values   were ranging from 10.02250 Mpa to 16.7375 
Mpa.5 Clinically, a good tensile adhesion strength value   is 
about 5 MPa. These low tensile adhesion strength values 
actually could be caused due to some difficulties found in 
this research. One of them is because of not considering 
humidity dentin in detail. To generate the optimal humidity, 
drying should be performed using dry-bonding technique to 
prevent over-wet phenomenon. Unfortunately, this research 
did not measure humidity on the dentin scientifically. As 

a result, there were two possibilities occurred. The dentin 
was too dry as a result of the drying process. Thus, the 
collagen fibrils were collapse, and the water of the solvent 
was not enough to make the collagen do re-expansion. The 
dentin just did not completely dry in the drying process, 
and then added with water from the solvent. Therefore, the 
phenomenon of over-wet still occurred. Both possibilities 
then could lower the interaction between the bonding resin 
and the dentin collagen fibrils, resulting in lower adhesion 
strength as described previously.

Another difficulty in this research was a limitation on 
the tool (plunger set) used. This tool was not able to create 
the same filling procedure with clinical circumstances. In 
the clinical circumstances, composites were applied layer 
by layer, and then irradiation was carried out on the entire 
surface of the composites. Meanwhile, in this research, 
composites were applied only on the upper plunger set, 
providing a composite cast, and then assembled with 
the lower plunger set, containing specimens of teeth 
applied with dentin bonding before. After that, radiation 
was performed. Radiation, unfortunately, could not be 
performed in all parts of the surface of the composites. 
Radiation was only conducted on the exterior surfaces 
of the two sides that were visible through the gap of the 
plunger sets.

The results of tensile strength test showed that there 
were 70% of the dentin bonding resin materials released 
from the dentin in wet conditions, especially on the area of   
dentin hybrid layer. This is because the structure of collagen 
fibrils are very soft and easily cut when compared with 
the structures of dentin-bonding resin polymerization and 
composite-bonding resin polymerization. When observed 
with a microscope, it is known that dentin tubules are 
not aligned. Consequently, the anchoring of the collagen 
fibrils releasing the bonding resin is located in composite 
resin area, bonding resin layer, and demineralized dentin 
(30%).12

The release of the dentin bonding resin materials 
was expected to occur in the interface area of both the 
materials. After applying the bonding resin solution, the 
composite filling material then was applied on the top of 
it. During its polymerization, the bonding resin then would 
be covalently attached to the composite, considered as a 
primary chemical bond, strong enough for both resins as 
derivatives of methacrylate groups. Consequently, the risk 
of the release of the bonding resin materials in composite 
resin area, bonding resin layer, and demineralized dentin, 
not at the interface area of the dentin bonding resins, can 
be ignored.

The use of HEMA based bonding resin containing 
alcohol solvent can generate lower tensile adhesion 
strength than the the use of non-HEMA based bonding resin 
containing acetone. The density of dentin tubules and the 
level of water contained at each dentin depth is also known 
to have a great effect on the use of both bonding resin on the 
surfaces of the supeficial and deep dentin. The superficial 
dentin has lower water level and fewer tubules. The dentin 
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bonding penetrating into the intertubular dentin responsible 
for providing adhesion strength between dentin and dental 
restorative materials will have lower adhesion strength. On 
the other hand, the deep dentin has higher water level and 
more numerous tubules. Therefore, the permeability of the 
intratubular resin has higher adhesion strength.3

Finally, it can be concluded that there were differences 
in the tensile adhesion strength of HEMA and non-HEMA-
based dentin bonding materials applied on the surfaces of 
the superficial and deep dentin. The use of non-HEMA-
based dentin bonding material on different dentin depths 
was also known to be better than the use of non-HEMA-
based dentin bonding material.
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