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ABSTRACT

Purpose: This study assessed the influence of new dimethyl sulfoxide (DMSO) containing 
pretreatments on the aged resin-dentin micro-tensile bond strength (μTBS) of a two-step etch-and 
rinse adhesive system. 

Methods: Occlusal enamel of forty-eight sound molar teeth were ground to expose mid-coronal 
dentin.  Prepared specimens were restored with AdperTM Single Bond2 (SB2) adhesive systems. 
Prior to the adhesive system application, specimens were randomly assigned into three groups 
according to dentin pretreatment [no treatment (control group), ethanol wet-bonding (EtOH), or 50 
vol% DMSO dissolved in ethanol (DMSO/EtOH)]. Resin composite block was build-up for each 
specimen. Specimens were stored under simulated IPP 20 mmHg, immersed in artificial saliva at 
37 oC for either 24h or 6m.  Specimens were sectioned into sticks of 1mm2 for μTBS testing using 
a universal testing machine. Mode of failure was analyzed using a scanning electron microscope.  
Three extra sticks from each subgroup were prepared and assessed for the amount of silver nitrate 
penetration (wt%) using energy dispersive analytical x-ray (EDAX). Data were statistically 
analyzed by Two-way ANOVA of Variance. 

Results: (DMSO/EtOH) group revealed the highest statistically significant mean bond strength 
and the least silver nitrate penetration compared to the (control) and (EtOH) groups at 24h and 6m. 
Adhesive failures was most predominant for control group at 24h, with increased percentage of 
mixed failure for EtOH and DMSO/EtOH groups at 24h and 6m. 

Conclusions: DMSO/EtOH dentin pretreatment improved the immediate and delayed resin-
dentin bond.  

Clinical significance: DMSO-bonding protocols are less technique sensitive, and simpler to 
apply clinically in comparison to ethanol-wet bonding due to the obviously fewer steps. 

KEYWORDS: Etch-and-rinse, Dentin, Micro-tensile bond strength, Ethanol-wet bonding, 
Dimethyl sulfoxide
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INTRODUCTION 

Despite the continuous improvements and ad-
vances in dental materials, early bond strength de-
cline remains one of the complications affecting ad-
hesive restorations.  A unique form of tissue engineer-
ing is formed during bonding to dentin; where resin 
adhesive infiltrate into the demineralized collagen 
network forming hybrid layers that link resin com-
posites to the underneath dentin. Hybrid layers are 
often considered the weakest points in resin-dentin 
interfaces.1,2 Incomplete resin infiltration into the de-
mineralized collagen is more characteristic with the 
etch-and-rinse adhesion protocol.2,3  The presence of 
exposed collagen network between the mineralized 
dentin and the hybrid layer is more susceptible to  
creep 1  and cyclic fatigue rupture2  under function-
ing. Moreover, these resin-sparse collagen fibrils 
are also loaded with water, which contributes in the 
hydrolysis of collagen by collagenolytic enzymes 
and resin matrices by esterases. 3 

Thus, to increase the durability of the hybrid lay-
er, it is essential to preserve the coverage of the de-
mineralized collagen fibrils with a well-constructed 
polymer network. 4,5 Several bonding techniques have 
been proposed to improve the durability of the hybrid 
layers, but only few of them could be applied clinical-
ly. The ethanol wet- bonding technique is one of the 
most successful approaches recommended following 
the etch-rinse bonding 6 to improve hybrid layer for-
mation in vitro.  Nevertheless, due to the time needed 
for successive ethanol applications for adequate dentin  
dehydration 7,8, it is considered clinically unpractical.  

Lately, dimethyl sulfoxide (DMSO) [(CH3)2SO] 
has utilized in adhesive dentistry as a new potential 
solvent exhibiting many properties that may improve 
resin-dentin bonding. 9-10 DMSO is a powerful 
organic solvent able to dissolve polar and non-polar 
compounds. 3 It is considered to be one of the best 
penetration enhancers utilized in medical purposes 
due to its capability of infiltrating biological  
tissues. 11 

Thus, the current study aimed to assess  the 
influence of pretreatment of ethanol and DMSO 
on immediate and aged dentin bond strength and 
nanoleakage of a two-steps etch-and-rinse adhesive 
system under in vivo simulating conditions (in terms 
of intra-pulpal pressure and  immersion in artificial 
saliva at 37 oC). The current study hypothesis was 
that the application of ethanol or DMSO before 
hybridization will not affect the aged bond strength 
and nanoleakage of the two-steps etch-and rinse 
adhesive systems to dentin.    

MATERIALS AND METHODS 

Adhesive systems tested in the current study

One adhesive system was tested in the current 
study: Adper TM Single Bond 2 (Two-step etch-and- 
rinse adhesive system). The adhesive system was 
used with FiltekTM Z350 (light cured nano-hybrid 
resin composite). Materials compositions and 
manufacturers are presented in Table 1.

Teeth selection and study Design

Forty-eight recently extracted sound human third 
molars from 18-28 years old patients scheduled 
for extraction were collected from the National 
Research Centre outpatient clinic. Teeth were then 
stored in phosphate buffer solution (g/L): [(Na2H- 
PO4 (0.578), KH2PO4 (0.353) dissolved in distilled 
water containing 0.02% sodium azide] adjusted at 
pH=7, and stored at 4 ̊ C for a maximum periods 
of one month before being used. 12 Teeth were 
randomly divided into three main groups (n=16 
teeth) according to dentin pretreatment:  Group 
I:  no treatment (control group), Group II: ethanol 
wet-bonding (EtOH); Group III: 50 vol% DMSO 
(Dimethyl Sulfoxide, Sigma-Aldrich, St Louis, 
MO, USA) dissolved in ethanol (Sigma-Aldrich) 
(DMSO/EtOH). Each group was further divided 
into two subgroups (n=8 teeth) according to the 
storage time: 24 h and 6m under intrapulpal pressure 
immersed in artificial saliva. 
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Specimens preparation:

Roots of all teeth were cut off 2mm gingival 
to cemento- enamel junction. Then the pulp tissue 
was carefully re- moved with excavator (Dentsply/
Maillefer, Ballaigues, Switzerland) avoiding con-
tact with the walls of the pulp chamber. Occlusal 
enamel was then ground to expose mid-coronal den-
tin. The height of the remaining dentin available for 
bonding was measured using precise caliper. Only 
crown segments with a remaining dentin thickness 
of 2 mm were used in the current study. 13 

The exposed dentin surfaces were further pol-
ished on wet 600-grit silicon-carbide paper for 60 
s to standardize the smear layer.13,14 Prepared crown 
segments were then centrally glued to a teflon plate 
(150mm diameter x 1mm thickness), then a but-
terfly stainless steel needle gauge 19 (Shanchuan 
Medical Instruments.Co.ltd, Zibo, China) was in-
serted and tightly fit to a central hole at the center of 
the Teflon plate. Centered crown and the butterfly 
needle were embedded in chemically cured polyes-
ter resin (Polyester resin #2121, Hsein,Taiwan) till 
1mm gingival to the CEJ. All specimens were con-
nected to the intrapulpal pressure assembly adjusted 
at 20 mmHg pressure for 24h before the restor-
ative procedures to simulate the intraoral environ-
mental condition and to keep the teeth wet before  
bonding.13, 15

Restorative procedure

During restorative procedures the intrapulpal 
pressure was reduced to 0-5 mmHg simulating the 
intrapulpal pressure after taking local anesthesia 
with vasoconstrictor. 13, 16

Dentin surfaces were initially etched for 15s 
with H3PO4 37 wt%  and rinsed for 15 s. The control 
group was conventionally wet bonded following 
manufacturer’s instructions. After rinsing, dentin 
surfaces were blot dried with sterile cotton. In 
experimental groups, dentin was treated with DMSO-
containing solutions or followed the ethanol-wet 
bonding technique. For the ethanol-wet bonding,17,18 
etched dentin surfaces were dehydrated with a 
series of increasing ethanol concentrations (50%, 
70%, 80%, 95% and 3 × 100%, 30 s each; i.e. 3 min 
30 s in total). During this procedure, dentin surfaces 
were kept fully immersed in the ethanol solutions 
to avoid collapse of demineralized collagen. The 
50% DMSO (v/v) solutions were prepared by 
mixing equal volumes of DMSO in ethanol. 50μL 
of DMSO/EtOH solution 10,19 were applied on the 
etched dentin surfaces, left undisturbed for 60 s 
and blot dried with sterile cotton Dentin surfaces 
presented no visible superficial moisture before 
bonding. 

TABLE (1): Material names, composition, and manufacturers. 

Materials Composition Manufacturer

AdperTM Single Bond 2
(Two -step etch- and -rinse 

adhesive system)

Etchant: 37% phosphoric acid by weight. pH=0.6. Fumed silica and 
a water soluble surfactant. 
Adhesive: Bis-GMA, HEMA, dimethacrylates, ethanol,water, and a 
methacrylate functional copolymer of polyacrylic and polyitaconic 
acids. 10% of 5 nanometer-diameter spherical silica particles by 
wt%. PH= 4.3. 

3M ESPE Dental      
products. 

St. Paul, MN, USA

FiltekTM Z350
(Light cured nano- hybrid 

resin composite)

Bis-GMA, BisEMA, UDMA+ small amount of TEGDMA, fillers: 
Zirconia/Silica cluster filler (0.6-1.4) microns, nonagglomerated/ 
nonaggregated 20nm nanosilica filler, The filler loading 78.5% by wt. 

3M ESPE Dental 
products. St. Paul, MN, 

USA

HEMA=2-hydroxyethyl methacrylate, Bis-GMA=Bis-Phenol-A glycidyl-methacrylate, UDMA= Urethane dimethacrylate, 
TEGDMA= Triethylene glycol dimethacrylate, BisEMA= Ethoxylated bisphenol A dimethacrylate
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Adper TM Single Bond 2 was applied according 
to the manufacturer instructions. It was applied in 
two to three consecutive coats with gentle agitation 
for 15s using a fully saturated applicator. Gently air 
thinned for 5s with oil-free air to evaporate solvents, 
then light cured for 10s using light curing unit 
(Demetron LC, Kerr) at intensity 600 W/cm2. 

After the application of the adhesive systems, 
Filtek Z350 resin composite blocks were build 
up on the bonded specimens. Filtek Z350 was 
applied in two increments with light curing of each 
increment for 20s according to the manufacturer’s 
instructions. Restored teeth were aged either for 24h 
or 6m under simulated intrapulpal pressure adjusted 
to 20mmHg, immersed in artificial saliva at 37oC. 
Artificial saliva was composed of (mmol/L): CaCl2 
(0.7), MgCl2 (0.6), H2O (0.2), KH2PO4(4.0), KCl 
(30), NaN3 (0.3), and HEPES buffer (20). Sodium 
azide was included to avoid bacterial growth. 20, 

21 This was proved through the preservation of 
the clear color of artificial saliva during the study 
period. 21

Testing procedure 

Microtensile bond strength (μTBS) testing

All the restored teeth were sectioned into 
multiple sticks, of cross-sectional surface area of 
approximately (1±0.05) mm2.  The sectioning was 
performed using low speed diamond disc (MTI 
corporation, USA) of 0.5 mm thickness. The 
resin specimen blocks were sectioned vertically 
into a number of slabs of approximately (1±0.05) 
mm thickness. Then by rotating the specimen 90 
degrees, sectioning of the specimen was completed 
lengthwise to obtain multiple beam-shaped sticks, 
each of cross-sectional surface area of approximately 
(1±0.05) mm2. A precise caliber (Tresna Measuring 
Instrument, TDS-150, Germany) was used to 
check the cross-sectional area and the length of the 
specimens. For standardization, only sticks of the 
same cross-sectional area, and remaining dentin 

thicknesses were included in the study. Twenty 
sticks from each subgroup were selected (total of 
120 sticks from six subgroups). All stick specimens 
were stored in distilled water for 24 hr until being 
tested. Each stick was fixed to the microtensile bond 
strength attachment with a cyanoacrylate adhesive 
(Rocket Heavy, Dental ventures of America, , CA, 
USA) and stressed in tension using universal Lloyd 
testing machine (Lloyd instruments Ltd, an Ametek 
company, UK) travelling at a cross-head speed of 
0.5 mm/min until failure. Microtensile bond strength 
(MPa) values were determined by computing the 
ratio of maximum load (N) by the bonded surface 
area in mm2. 

Failure mode analysis

Both surfaces of fractured resin-dentin beams 
were mounted on an aluminum stub, gold sputter 
coated and observed with an environmental 
scanning electron microscope (ESEM) (FEI Quanta 
200 ESEM, France) to determine fracture patterns. 
The fracture modes were classified as 22: cohesive 
(failure exclusive within dentin or resin composite); 
adhesive failure (failure at resin/dentin interface); 
and mixed failure (failure at resin/dentin interface 
with cohesive failure of the neighboring substrates). 

Nanoleakage measurement

Ammoniacal silver nitrate solution (PH=9.5) 
was prepared by dissolution of 25 grams of silver 
nitrate crystals (Sigma- Ald rich st. Louis, USA) 
in 25 ml of distilled water. Concentration (28%) 
ammonium hydroxide (Sigma- Ald rich st. Louis, 
USA) was used to titrate the black solution until 
it became clear, as ammonium ions complexes the 
silver into diamine silver ions. This solution was 
diluted to 50 ml with distilled water, yielding a 50 
wt % solution. 23  

Extra 3 sticks were selected from each 
subgroup for detection of the amount of silver 
nitrate penetration within the bonded interface. 
The sticks were coated with two layers of acid 
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resistant varnish, except for a 1 mm width around 
the adhesive layer. The second layer of the acid 
resistant varnish was applied after hardening of the 
first layer. Specimens were immersed in a prepared 
50% ammoniacal silver nitrate (pH = 9.5) solution 
in complete darkness for 24h. Specimens were then 
thoroughly rinsed in distilled water and immersed 
in a photo-developer solution (Kodak dental x-ray 
developer, 506 0686; France) for 8 hours under a 
fluorescent light in order to reduce the silver ions to 
metallic silver. 24 After removal from the developing 
solution, the specimens were placed in running 
water for 5 minutes, and then polished using hand 
pressure on stationary wet silicon carbide abrasive 
papers (SiC grinding papers, eacowat, Frence) of 
800-, 1000-, 2000 grit. 

The amount of silver nitrate penetration (Wt%) 
were analyzed using the EDAX (energy dispersive 
analytical x-ray). The amount of silver nitrate 
within the adhesive layer, hybrid layer and the resin 
tags, in each specimen was measured in an area 
(149μmx149μm) at 2000X magnification directly 
on environmental scanning electron microscope 
(ESEM) (FEI Quanta 200 ESEM, France) monitor 
at 3 regions within three different sticks in each 
subgroup. The mean of the three regions was 
calculated. The silver nitrate uptake was expressed 
as a weight percentage of the total area evaluated. 

Statistical analysis

Mean and standard deviation values were cal-
culated for each group in each test. Data were ex-
plored for normality using Kolmogorov-Smirnov 
and Shapiro-Wilk tests and the data showed para-
metric (normal) distribution. One-way ANOVA fol-
lowed by Tukey post hoc test was used to compare 
between more than two groups in non-related sam-
ples. Independent sample t-test was used to com-
pare between two groups in non-related samples. 
Two-way ANOVA was used to test the effect of 
interaction between different variables. The signifi-
cance level was set at P ≤ 0.05. Statistical analysis 

was performed with IBM® SPSS® Statistics Ver-
sion 20 for Windows.

RESULTS 

Microtensile bond strength results

Two-way ANOVA analysis for the effect of 
different variables on the microtensile bond strength 
showed that the ageing time had a statistically 
significant effect (p= <0.001). Also, dentin 
pretreatment type had a statistically significant 
outcome (p= 0.014). The interaction between the 
two variables had no statistically significant effect 
at p= 0.975. 

Mean and standard deviation (SD) for the mi-
crotensile bond strength (MPa) for groups were pre-
sented in Table 2. Comparing each dentin pretreat-
ment protocol at 24h aging period, (DMSO/EtOH) 
group revealed the highest statistically significant 
mean bond strength compared to the (control) and 
(EtOH) groups. No significant statistical difference 
was found between (EtOH) and (control) groups.  
On the other hand, at 6m aging period, the results 
showed that a statistically significant difference was 
revealed between (control), (EtOH) and (DMSO/
EtOH) groups. (DMSO/EtOH) group revealed the 
highest statistically significant mean bond strength 
followed by (EtOH) then (control) group.  

Regarding comparing between results of 24h 
and 6m with each tested dentin pretreatment group 
(Table 2), 24h showed higher statistically significant 
difference mean bond strength compared to the 6m 
results in (control) group. There was also no statisti-
cally significant difference in results of 24h and 6m 
in (EtOH) and (DMSO/EtOH) groups. 

Mode of failure results

Figure 1 showed percentage of mode of failure 
for all groups. Failure mode analysis showed that 
adhesive failures was the most predominantly 
failure mode for control group at 24h, with increased 
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percentage of mixed failure for groups treated with 
EtOH and DMSO/EtOH at both 24h and 6m aging 
periods. 

TABLE (2):  The mean, standard deviation (SD) 
values of Micro-tensile bond strength 
(MPa) of different groups

Variables

Microtensile bond strength (MPa)

24h 6m
p-value

Mean SD Mean SD

 No treatment
(Control)

39.47 aA 1.13 28.22 bA 2.58 <0.001*

EtOH 41.50 aA 4.20 39.43 aB 3.53 0.216ns

DMSO/EtOH 47.20 aB 2.86 45.76 aC 4.19 0.114ns

p-value 0.010* 0.011*

Different upper-case letters in the same column indicating 
statistically significant difference
Different lower-case letters in the same raw indicating 
statistically significant difference
*; significant (p<0.05)      ns; non-significant (p>0.05)

Results of silver nitrate penetration wt%

Two-way ANOVA analysis for the effect of 
different variables on silver nitrate penetration 
(wt%) showed that the ageing time had a statistically 
significant effect (p= <0.001). Also, dentin 
pretreatment type had a statistically significant 

outcome (p= 0.018). The interaction between the 
two variables had no statistically significant effect 
at p= 0.5451. 

Mean and standard deviation (SD) of silver ni-
trate penetration wt%  for different groups were pre-
sented in Table 3. Comparing each dentin pretreat-
ment protocol at 24h aging period, no significant 
statistical difference was found between the tested 
groups.  On the other hand, at 6m aging period, re-
sults showed (Control) group revealed the highest 
statistically significant mean silver nitrate penetra-
tion wt% followed by (EtOH), then (DMSO/EtOH) 
groups.  

Regarding comparing between results of 24h 
and 6m with each tested dentin pretreatment group 
(Table 3), 6m showed higher statistically significant 
mean silver nitrate penetration wt% compared to 24h 
results in (control) group. No statistically significant 
difference in results of 24h and 6m in (EtOH) and 
(DMSO/EtOH) groups was found. 

TABLE (3): The mean, standard deviation (SD) 
values of silver nitrate penetration wt% of 
different groups

Variables

Silver nitrate penetration wt%

24h 6m
p-value

Mean SD Mean SD

 No treatment
(Control)

3.37 aA 1.36 8.10 bC 1.61 <0.001*

EtOH 2.27 aA 0.47 4.47 aB 1.21 0.184ns

DMSO/EtOH 2.57 aA 0.85 2.97 aA 0.71 0.564ns

p-value 0.409ns 0.024 *

Different upper-case letters in the same column indicating 
statistically significant difference

Different lower-case letters in the same raw indicating 
statistically significant difference

*; significant (p<0.05) 
ns; non-significant (p>0.05)Fig. (1): Percentage mode of failure of different groups
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DISCUSSION

In the present study, simulation of the oral en-
vironmental conditions in term of investigating the 
bond durability under simulated IPP, and teeth were 
immersed in artificial saliva was done, in order to 
avoid the discrepancy in result between the in vivo 
and the in vitro results. Both dentin moisture content 
and pulpal pressure are of major importance during 
dentin bonding procedures.    Hydrolytic degrada-
tion was predictable from the outflow of water from 
the dentinal tubules under pulpal pressure that might 
affect the durability of resin-dentin bonding.25, 26

The current study results revealed that DMSO 
pretreatment gave higher dentin bond strengths with 
no significant changes over time. On the other hand, 
EtOH pretreatment couldn’t significantly improve 
the 24h resin-dentin bond strength. However, no 
significant changes showed during the aging period 
as previously reported.18,27 Therefore, the null hy-
pothesis was rejected.

Etching of dentin with phosphoric acid resulted 
in suspension of the collagen fibrils in water. 17, 27 

Demineralized collagen had a soft and flexible na-
ture making it highly vulnerable to hydrogen bond-
ing between neighboring collagen peptides after 
water removal 17 or when the bonding resin sol-
vents compete with water for interpeptide hydrogen 
bonding.28 Dehydration state of the demineralized 
collagen fibrils lead to stiffening the dentin matrix 
in collapsed state, resulting in reducing the interfi-
brillar spaces width followed by reduction in mono-
mer diffusion into the closely packed collagen fi-
brils network. Unfortunately, the collapsed collagen 
matrix could not be expanded with the methacrylate 
monomers.17 Thus, it seems that the ethanol-wet 
bonding and DMSO pretreatment played a role in 
the stability of the collagen matrix prior to hybrid-
ization. This was also supported by failure modes 
results in the current study that showed an increased 
percentage of mixed failure for groups treated 
with EtOH and DMSO/EtOH at 6m aging periods 

 indicating an increase in bond strength compared to 
the control group which showed increased adhesive 
failure mode.

Ethanol-wet bonding protocol depends on chem-
ical dehydration, where ethanol replace the remain-
ing water in the demineralized collagen network. On 
the other hand, DMSO-bonding relays on the strong 
DMSO-water interaction. 29 It reduces water cohe-
sive forces and surface tension by breaking down 
water self-associative affinities and consequently 
enhances the adhesive wetting tendency. 30

DMSO has the capability to break down the 
self-associative tendency of water 29, this might also 
lessen the water molecules number that is trapped 
between the polymeric chains, improving the 
degree of postoperative polymerization. Moreover, 
reducing free water would diminish or eliminate the 
hydrolytic degradation of adhesive in the hybrid 
layer. 31 This could explain the superiority of DMSO 
pretreatment in the immediate and delayed bond 
strength results and its lower nanoleakage tendency 
after the 6m aging period compared to the ethanol 
wet bonding technique. 

A recent study by Stape et al,22 confirmed the 
higher monomer infiltration produced by DMSO,3 
that enabled conversion of the monomers at the 
deeper layer of the hybrid layer. A positive cor-
relation between the degree of conversion and the 
bond strength was found with DMSO pretreatments 
groups. They claimed that DMSO reduces the ter-
mination frequencies in poly-methacrylate free rad-
ical polymerization developing elongated chains. 

32 Thus, the crosslinking between chains and rein-
forcement of the polymer structure took place.22

In both tested bonding scenarios, the collagen 
interfibrillar spaces increased by shrinking the 
collagen fibrils due to removal of water by ethanol 33 
or by modification of the collagen structure made by 
the action of DMSO. 34 Dissociation of the collagen 
fiber bundles into a sparser network of apparent 
fibrils occurred with the application of DMSO 35,31,36 
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which is not observed with ethanol pretreatment. 
Disruption of the hydration shell and changes in 
water molecules in the highly hydrated collagen 
molecules and fibrils lead to the DMSO induced 
collagen dissociation which promote the infiltration 
of monomer into the etched dentin matrix. 31, 37 

In addition, both tested techniques enhance 
dentin wetting. 38, 30 When ethanol and DMSO are 
applied on the etched dentin surface, the contact 
angle decreases indicating that both of them can 
improve the wetting of etched dentin. 35 A low 
contact angle denotes greater energy and enhanced 
contact of resin with the dentin surface and improved  
infiltration into the hybrid layer. 17, 33, 35

DMSO has excellent balance between polar and 
surface tension properties,  low surface tension, and 
high dielectric constant. 39 All of these properties 
allow it to be a perfect wetting agent especially for 
porous surfaces.

Moreover, DMSO can hydrogen-bond to pro-
teins 40 and preclude collagen fibrils collapse during 
air drying. 28 Advance wetting and decreased shrink-
age during drying, could guarantee that the adhesive 
fully wets and covers the entire prepared surface. 
This could clarify the deeper adhesive infiltration 
into the exposed collagen, 3 and the reduced nanole-
akage results found in the current study. 

The superiority of DMSO pretreated group in 
the immediate and delayed bond strength results 
and its lower nanoleakage tendency,  may not only 
be related to its improved resin-dentin interaction 
as previously mentioned, but also may be due to its 
inhibitory effect on human gelatinases, 19, 31  thus 
preventing the hydrolytic degradation of exposed 
collagen in the hybrid layer. It has been confirmed 
that DMSO can interrupt the interactions between 
the gelatinase binding site and substrate, in addition 
to reduce the activity of human gelatinases MMP-2 
and MMP-9. 30 DMSO resulted in protein unfolding 
and thus denaturation due to its binding to enzyme’s 
hydrophobic moieties. 41

Even though EtOH dentin pretreated group pre-
sented improved delayed bond strength, and nanole-
akage than the control group still it was significantly 
lower than the DMSO pretreated group. Ethanol wet 
bonding technique was considered to be technique 
sensitive and impractical clinically because of the 
time needed for successive ethanol applications for 
proper dentin dehydration. 7, 8 The amount of wa-
ter in dentin was expected to be high in the current 
study due to aging of the restored specimens under 
intrapulpal pressure. This might lead to more water 
was left in the deeper layers of demineralized dentin 
collagen that was not reached by ethanol applica-
tion and consequently leading to the activation of 
endogenous enzymes.42 Stape et al.,22 assessed the 
mechanical stability of the collagen fibrils and its 
dry mass loss over time using the three-point bend-
ing test. They found reduction in elastic modulus 
with increase in dry mass loss of ethanol-treated 
collagen due to modifications in collagen structure 
as a result of peptide solubilization. This was ex-
plained due to the poor inhibition produced by etha-
nol to matrix metalloproteinases.43  In contrast to 
DMSO solutions that was able to preserve the me-
chanical properties of collagen and reduce collagen  
solubilization. 22 

CONCLUSIONS

Within the limitations of the current study it 
could be concluded that: DMSO/EtOH dentin pre-
treatment improved the immediate and delayed res-
in-dentin bond. DMSO-bonding protocols are less 
technique sensitive, and simpler to apply clinically 
in comparison to ethanol-wet bonding due to the ob-
viously fewer steps. 
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