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ABSTRACT

Aim: to assess micro-shear bond strength (µ-SBS)  of composite using universal adhesive to 
resin infiltrated demineralized enamel after different surface pretreatments. 

Methodolgy: Thirty-six intact maxillary central incisors were used.  Teeth were mounted in 
acrylic blocks. Specimens were divided into three groups ;Group 1: teeth with sound enamel were 
bonded to resin composite (positive control). Group 2: teeth were demineralized then bonded to 
resin composite (negative control). Group 3: teeth were demineralized followed by application of 
(Icon-DMG). The third group was divided into four subgroups according to surface pretreatment 
either no surface pretreatment, abrasive roughening, air abrasion, combination of roughening and 
air abrasion. All specimens except positive control were demineralized by demineralizing solution. 
In resin infiltration group, Icon (DMG) was applied following manufacturer’s instructions then 
specimen’s surfaces were treated as mentioned before.  Etch and rinse approach using universal 
adhesive was applied before composite packing. Five 2millimeters long micro-tubes were mounted 
and held in place on the uncured adhesive. The adhesive coat was then light cured and composite 
was packed in the microtubes. Microtubes were peeled obtaining five microcylinders for µ-SBS 
testing. µ-SBS testing was done using a universal testing machine with orthodontic wire to produce 
shear forces. 

Results: statistically significant difference in µSBS values between different study groups was 
found. The highest µSBS mean values were in positive control, grinding and air abrasion groups, 
followed by no treatment group, combination group. While negative control yielded lowest µSBS 
values. 

Conclusion: surface pretreatment is mandatory to improve bonding to resin infiltrated enamel. 

KEYWORDS: Demineralized enamel, white spot lesions, resin infiltration, universal adhesive 
and micro-shear bond strength
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INTRODUCTION 

Nowadays esthetics became one of the main 
patients concerns, in which one of the most common 
causes for the patient unacceptable esthetics is the 
white spot lesions on the enamel surface, especially 
when it affects the anterior teeth. White spot lesions 
appear as chalky white and opaque which is due 
to the subsurface enamel demineralization which 
is mostly located on smooth surfaces. These white 
spot lesions (WSL) may be due to pre- and post-
eruptive disorders, as fluorosis, hypoplasia, hypo-
mineralization or molar-incisor hypo-mineralization 
(MIH), also one of the most common causes is 
dental caries, in which the first sign of enamel caries 
is the white spot lesions.14,17,18

Demineralized enamel shows loss of minerals 
within the bulk of the enamel as well as enlargement 
in the inter-crystalline spaces, with marked reduction 
in the microhardness of the sub-surface of enamel, 
while the external (pseudo) enamel surface remains 
intact which is highly mineralized comparatively 
with the sub-surface. The pores created within the 
enamel is responsible for the opaque appearance 
due to the difference of the refractive index between 
the hydroxyapatite in sound enamel and the saliva 
in the enamel porosities created in the WSL which 
will affect the scattering of light that makes the 
lesion appears slight opaque, meanwhile, in dried 
teeth saliva is replaced by air which has a greater 
difference in the refractive index from that of 
the hydroxyapatite, so lesions appear opaquer in 
color. Furthermore, the enamel porosities creating 
a pathway for the acid and the dissolved minerals 
decreasing the micro-hardness of enamel sub-
surface.2,5,8,12

Correct diagnosis according to the lesion depth 
and its activity as well as, the etiology of the lesion 
which is taken from the patient history is very crucial 
in the decision of the treatment plan and in the 
success of the case. The main goal of management 
of tooth discoloration is to produce an acceptable 
cosmetic result enhancing the patients smile as 

conservatively as possible, as well as, reinforcing 
the enamel mechanically and making it more acid 
resistant. Remineralization of the enamel can take 
place in the presence of saliva if there is appropriate 
plaque and diet control. Nowadays a great attention 
has been assigned to the non-invasive treatment of 
the enamel WSL as remineralization of the lesion 
using fluoride or amorphous calcium phosphate-
casein phospho-peptide (ACP-CPP) which has a 
key role in remineralization, but this technique is not 
always successful as it needs great discipline and co-
operation from the patient, where most patients stop 
the treatment protocol before its completion.10,14

Therefore, an alternative approach using the res-
in infiltration technique which is a micro-invasive 
technique, by sealing the enamel pores with low 
viscosity resin Tri-ethylene glycol di-methacrylate 
(TEGDMA) creating a diffusion barrier within 
the lesion, preventing acids from penetration cre-
ating an acid resistant layer as well as, increasing 
the hardness of enamel by reinforcing the enamel 
crystallites and improving the esthetics as it has re-
fractive index almost similar to that of the hydroxy-
apatite of sound enamel.  In some cases, the resin 
infiltration technique does not give the camouflage 
effect which may be due to the incomplete resin in-
filtration when the pores are too deep, therefore, in 
some of the cases it needs to be masked by resin 
composite to reach the esthetic goal.13,14

Multimode or universal adhesives are commonly 
used for simplification of the adhesive technique 
and for improving the clinical versatility, which 
consists of one bottle adhesive that can be used in 
etch and rinse or self-etch strategies. Combining 
the acidic functional monomer 10 MDP with Vitre-
bond Copolymer both compounds interact with the 
calcium from the hydroxyapatite, forming the Ca-
10-MDP which is hydrolytically stable.11

 Therefore, the aim of the present study was 
to assess the micro-shear bond strength of the 
resin composite using universal adhesive system 
in the etch and rinse mode to resin infiltrated 
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demineralized enamel after different surface 
pretreatment protocols. The null hypothesis was 
that the different surface pretreatment protocols 
have no effect on bond strength  of composite to 
resin infiltrated demineralized enamel. 

MATERIALS AND METHODS

Sample size calculation

Sample size calculation was conducted using 
G*Power 3.1.9.4 Software based on data obtained 
from a previous study (Borges et al, 2019). The 
power of t-test was set at 80% using a two-tailed 
significance level of 5%. A sample size of 6 human 
incisors per group was estimated, for a total of 36 
incisors per 6 groups.

Teeth selection

Thirty-six extracted intact maxillary central 
incisors extracted for periodontal reasons were 
selected and stored in a thymol solution (0.025%) 
until the day of use. All teeth were examined under 
a stereo microscope to exclude teeth with cracks, 
restorations or developmental defects. Crowns were 
sectioned parallel to the incisal plane 1 mm below 

the cementoenamel junction (CEJ) using a water-
cooled slow-speed diamond saw (IsoMet 5000 
Precision Saw; Buehler, Lake Bluff, Illinois). The 
teeth were cleaned with brush and pumice-water 
suspension. 

Sample fixation

Each crown was embedded in self-cured acrylic 
resin (Acrostone, Cairo, Egypt) square block of (1.5 
cm X 1.5 cm X 2cm). The blocks were prepared 
using split mold assembly that allow for pouring 
of five blocks at the same time. Each tooth crown 
was embedded in acrylic resin while it was in soft 
dough stage and the crown was pressed in the 
acrylic so that the labial surface faced upwards 
till it was flushed with the top surface of the block 
and the lingual surface faced the acrylic resin. The 
embedded samples were allowed to polymerize at 
room temperature.  After acrylic setting the block 
was removed from the mold and checked carefully. 

Specimens grouping

Specimens were divided into three main groups 
as follows; Group 1 (n=6): teeth with sound enamel 
were bonded to resin composite to act as positive 

TABLE (1): Name and product details of the materials used in this study

Material Description Composition Manufacturer

Single Bond 
Universal

Universal 
adhesive

10 MDP Phosphate Monomer, Dimethacrylate 
resins, HEMA, Vitrebond TM Copolymer, filler, 
Ethanol, Water, Initiator and Silane

3M ESPE
Dental products,

St.paul,MN, USA

5210184

Z350 XT Nanofilled 
resin 

composite

Fillers:Non-agglomerated 20 nm silica filler, 
Non-agglomerated 4 to 12 nm Zirconia filler, 
Aggregated Zirconia/silica cluster. Filler 
loading 55.6% by volume and 72.5 % by 
weight. Matrix:BISGMA,UDMA,TEGDMA 
PEGDMA and BIS-EMA . 

3M ESPE
Dental products,

St.paul,MN, USA

N952379

Icon (DMG) Resin 
infiltration 

system

Icon-Etch (DMG) : 15% hydrochloric acid, 
water, pyrogenic silica, surfactant, pigments.  
Icon-Dry (DMG) : Ethanol. Icon-Infiltrant 
(DMG): TEGDMA-based resin, initiators and 
stabilizers 

DMG, Hamburg, 
Germany 

626384
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control. Group 2 (n=6): teeth were subjected to 
demineralization (artificial caries) to simulate white 
spot lesions then bonded to resin composite to act 
as negative control. Group 3 (n=24): teeth were 
subjected to demineralization (artificial caries) 
to simulate white spot lesions and followed by 
application of resin infiltration (Icon-DMG). The 
third group was divided into four subgroups (6 
each) according to the surface pretreatment before 
bonding to composite either no surface pretreatment, 
roughening by abrasive alone, air abrasion alone, 
combination of roughening and air abrasion. 

Demineralization of enamel

All the specimens except the positive control 
specimens were demineralized by suspending all the 
teeth into jar containing 200 ml of demineralizing 
solution (CaCl2 =2.2mM, Na H2 PO4 =2.2mM, 
Lactic acid =0.05M, Fluoride=0.2ppm,solution 
was adjusted with 50% Na OH to 4.5pH). The 
specimens were left for 72 hours, in an incubator at 
a temperature of 37oC. 

Resin infiltration

In the resin infiltration group, the resin 
infiltration system Icon (DMG) was used. The 
infiltration procedure was carried out in according 
to the manufacturer’s instructions: (1) Icon-Etch 
(15% hydrochloric acid) was applied for two 
minutes and then the specimens were rinsed with 
water and air dried for 30 seconds; (2) Icon-Dry 
(ethanol) was applied for 30 seconds and air dried; 
(3) Icon-Infiltrant was applied two times, the first 
time for three minute and the second time for one 
minute; (4) both applications were light cured for 40 
seconds using a LED light-curing unit (Elipar S10, 
3M ESPE, St Paul, MN, USA) operating in standard 
mode at light intensity 1200 mW/cm² according to 
manufacturer instructions.; (5) specimens were 
polished with aluminum oxide abrasive papers 
(4000 grit; FEPA-P, Extec) for 20 seconds, to 
remove the surplus material. 

Enamel surface preparation before bonding

Subgroup 1: no surface treatment and the resin 
infiltrated enamel surface was left intact and the 
universal adhesive was applied with etch and rinse 
mode according to manufacturer’s instructions. 

Subgroup 2: grinding with diamond stone, the 
labial surface was lightly ground using water-cooled 
diamond no. 848 medium (Brassler, Savannah, 
Georgia, USA) and the universal adhesive was 
applied with etch and rinse mode according to 
manufacturer’s instructions. 

Subgroup 3: air abrasion; the air abrasion 
system used in this study was (AquaCare- Velopex 
International) that was adjusted at 60 psi particle 
energy, 53 μm mean aluminum oxide particle size, 5 
g/min jet intensity, 20-s application, 10 mm distance 
and 90-degree impingement angle. The particle 
reservoir was frequently agitated to homogenize 
the size distribution. The universal adhesive was 
applied with etch and rinse mode according to 
manufacturer’s instructions. 

Subgroup 4: combination of grinding followed 
by air abrasion and the universal adhesive was 
applied with etch and rinse mode according to 
manufacturer’s instructions. 

Microshear bond strength testing

Bonding procedure 

Etch and rinse approach using the universal 
adhesive Single bond universal (3M ESPE, 
St Paul, MN, USA) was applied according to 
manufacturer’s instructions before resin composite 
packing. All enamel specimens were etched with 
phosphoric acid etchant for 30 seconds then rinsed 
with water for another 30 seconds and finally air-
dried for 10 seconds leaving the specimens with 
the chalky white appearance.  Two consecutive 
coats of the adhesive were applied using disposable 
micro-brushes (Micro-brush-International, Grafton, 
USA). The first coat was applied with agitation for 
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20 seconds and left undisturbed for 5 seconds, and 
then air thinned till no movement of the adhesive 
is observed then the second coat was applied with 
the same technique. The adhesive was left uncured 
to facilitate fixation of the cut microtubes on it 
before packing of the resin composite into them. 
The disposable Micro-brushes were replaced after 
each use.

Resin composite packing for micro-shear bond 
strength

Two millimeters long polyethylene micro-
tubes were cut from Tygon® tube (R-3603, 
Norton Performance Plastic Co., Cleveland, USA) 
with an internal diameter of 0.8 mm measured 
using RadioShack Electronic Digital Caliper for 
standardization. Five micro-tubes were mounted 
and held in place with a tweezer on the uncured 
adhesive to restrict the bonding area.The adhesive 
coat was then light cured for 10 seconds using a 
LED light-curing unit (Elipar S10, 3M ESPE, St 
Paul, MN, USA) operating in standard mode at light 
intensity 1200 mW/cm² according to manufacturer 
instructions. During light-curing procedure, the 
light cure tip was held on the top of the mounted 
micro-cylinder to standardize the distance of 
curing (2 mm from the adhesive). After curing of 
the adhesive, nano-filled resin composite (Z350 
XT, 3M ESPE, St Paul, MN, USA) was packed 
in the micro-cylinders using endodontic plugger.
The packed resin composite in the cylinders was 
light-cured for 20 seconds using the same LED 
light curing unit with a plastic matrix strip placed 
over the resin composite. Using a sharp scalpel 
and after one hour of storage at room temperature 
the polyethylene micro-tubes were peeled away by 
making two opposite cuts using the tip of scalpel 
blade number 11 in the micro tube, obtaining 
composite micro-cylinders of 0.8 mm diameter 
and 2 mm height bonded to the specimen surface.
The specimens were stored in distilled water for 24 
hours prior to micro shear bond strength (µ-SBS) 

testing. µ-SBS testing was done using a universal 
testing machine (Lloyd Instruments Ltd., Fareham 
UK). A wire of 0.2-mm diameter was looped around 
the resin composite micro-cylinder, making contact 
through half its circumference, and was gently held 
flush against the resin-tooth interface. The resin-
tooth interface, the wire loop and the center of the 
load-cell were aligned as straight as possible to 
ensure the correct application of the shear force. A 
shearing load with tensile mode of force was applied 
via materials testing machine at a crosshead speed 
of 0.5 mm/min. The relatively slow crosshead speed 
was selected in order to produce a shearing force 
that resulted in debonding of the micro cylinder 
along the substrate-adhesive interface. The load 
required to debonding was recorded in Newton. 

Micro-Shear bond strength calculation: 

- The load at failure was divided by bonding area 
to express the bond strength in MPa : 

τ = P/ πr2

Where; τ =micro-shear bond strength (in MPa). 

P =load at failure (in N).π =3.14

r = radius of micro-cylinder (in mm) which was 
checked with a digital caliper before the test. 

Statistical Analysis

Statistical analysis was performed using IBM 
SPSS Statistics Version 20. Data was presented as 
mean and standard deviation (SD). Significance 
level was set at P=0.05. Kolmogorov-Smirnov 
and Shapiro-Wilk tests were used to assess data 
normality. One-Way ANOVA and Tukey’s HSD 
post-hoc test were conducted to compare µSBS 
values between different study groups. 

RESULTS

One-Way ANOVA followed by Tukey’s HSD 
post-hoc test (Table 2) showed that there was a 
statistically significant difference in µSBS values 
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between different study groups (P<0.001). The 
significantly highest µSBS mean values were 
recorded in positive control, ICON + grinding and 
ICON + air abrasion groups, which did not differ 
significantly. This was followed by the mean value of 
ICON + no treatment group, which was significantly 
higher than that of ICON + combination group. 
While the negative control yielded the significantly 
lowest µSBS values among the other study groups.

TABLE (2) Mean±SD for the effect of different 
surface treatments on µSBS (MPa) to 
demineralized enamel.

µSBS

Positive control 29.28±0.98a

Negative control 14.28±2.09e

ICON + No treatment 22.72±1.42c

ICON + Grinding 27.93±1.04a

ICON + Air abrasion 27.65±1.10a

ICON + Combination 19.69±1.81d

P-value <0.001*

*: significant at P≤0.05; NS: non-significant at P>0.05

DISCUSSION

The more understanding of dental caries, as well 
as, its early diagnosis, gave the chance for modern 
dentistry to shift from the invasive approach to the 
prevention, non-invasive and minimal invasive 
approaches. White spot lesions are one of the 
early signs of dental caries on the enamel surface, 
in which the hydroxyapatite has been exposed to 
demineralization in the enamel sub-surface leaving 
an apparently intact or pseudo intact surface that 
covers the mineral deprived area with decreased 
enamel hardness.10,12 

Resin infiltration technique is one of the non-
invasive approaches used to manage the white 
spot lesions, which depends on the occlusion of 
the pores within the body of the caries lesion. It 
has been widely used in the past years as a method 
of arresting the caries, increasing the hardness of 
enamel and improving the esthetics by displacing 
the water or air present within the porosities found 
in the enamel sub-surface.10,13 Several studies were 
made in order to improve the penetration of the 
infiltrant resin in the carious lesions, but it is still 
questioned whether its application on demineralized 
enamel can be applied prior the application of resin 
composite? Therefore, the aim of the present study 
was to evaluate the micro-shear bond strength of 
resin composite using universal adhesive on resin 
infiltrated demineralized enamel with different 
surface pretreatment.  

Artificial carious lesion was created in order 
to simulate in-vivo caries development, which is 
produced with similar characteristics as found in 
natural lesions. The demineralized specimens were 
treated with a resin infiltration (Icon Infiltrant) using 
15% HCl which allows better resin penetration by 
removing the mineral layer and opening wider 
surface porosities to boost the resin infiltration of 
the more porous sub-surface body of the lesion, then 
99% of ethanol was applied to eliminate water that 
is stored inside the micro-porosities of the body of 

Fig. (1): Histogram showing the mean µSBS of resin composite 
after different surface treatments 
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the lesion which will allow better penetration of the 
resin by capillary force.5 Multimode or universal 
adhesive system was used in this study with the 
etch and rinse mode, as etching of enamel allows 
selective demineralization of the hydroxyapatite 
crystals, which increase the surface roughness and 
the surface energy which allows better wettability 
capacity of the resinous monomers which when 
polymerized allows the formation of resin tags that 
anchor the resin to the enamel.5,6,18

The results of the present study showed 
that surface pretreatment of the resin infiltrated 
demineralized enamel had a great effect on the 
micro-shear bond strength of the resin composite, 
in which the resin infiltrated enamel group with no 
surface pretreatment showed higher bond strength 
than that of the untreated demineralized enamel. 
Accordingly, the null hypothesis was rejected. The 
results were inconvenience with Marina, S. et 
al,12 meanwhile on comparing the abovementioned 
group with untreated sound enamel group there was 
a significant difference in the micro-shear bond 
strength. Attin et al 3 who demonstrated that the 
shear bond strength was significantly reduced with 
the demineralized enamel that had been pretreated 
with resin infiltrant on comparison with sound 
enamel and these results were in connivence with 
the results of the present study. These results were 
in contradiction with Alessandra, B. et al 2 who 
demonstrated that the infiltrated enamel showed 
similar bond strength as sound enamel and this was 
explained that its due to the affinity between the 
monomers present in the infiltrant and the monomers 
of the adhesive system, clarifying the thick oxygen 
inhibited layer formed within the infiltrant. Using 
aluminum oxide abrasive paper as per manufacturer 
instruction of the resin infiltration technique to 
remove the excess resin from the surface diminish 
the oxygen inhibited layer formed which may 
negatively affect the chemical connection between 
the resin infiltrant to the monomers of the adhesive 
system.

Regarding the surface pretreatment of the 
resin infiltrated demineralized enamel, according 
to Yim et al 19 the surface preparation method of 
enamel significantly affects the bond strength of the 
adhesives. In morphological analysis of the enamel 
surface Dotty et al 7 reported that using air abrasion 
for surface enamel treatment presents an irregular 
pattern with medium depth of 4.15mm, therefore 
association of the air abrasion with the acid etching 
gave the highest bond strength according to Canay 
et al.4 As well as, the use of diamond bur for the 
enamel surface pretreatment increases the surface 
area, which subsequently increase the mechanical 
retention according to Abd ElKadir Sengun et 
al 1.  In the present study using diamond stone or 
air abrasion techniques significantly improved the 
micro-shear bond strength of resin composite in 
which there was no significant difference with the 
sound enamel group, this may be due to the occlusion 
of the micro-porosities present in the body of the 
lesion by resin infiltrant which increases the acid 
resistance of the enamel surface, as it is investigated 
in many researches its great affinity in arresting 
caries lesions making enamel more acid resistant. 
By using the universal adhesive in the etch and rinse 
mode the enamel surface becomes more resistant 
to the acid etch as well as the 10 MDP and Vitre-
bond copolymer present in the universal adhesive 
that allows the chemical bond with the mineral 
content in enamel is hindered, as the demineralized 
enamel is subjected to 15% HCl to promote erosion 
of the surface layer which removes more minerals 
from the enamel surface.5 Therefore, by using air 
abrasion or diamond stone as surface pretreatment 
before application of the adhesive system, increases 
the surface roughness creating irregularities in the 
enamel surface, which increase the micromechanical 
retentive areas increasing the bond strength20. 

The prepared enamel surface does not posses 
high surface energy due to the presence of smear 
layer, acid etching allows the removal of the smear 
layer created by air abrasion or the diamond bur to 
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obtain good bond, as the smear layer will prevent 
the diffusion of the monomers into the superficial 
dental structure.9,15,16. Therefore, on using combined 
techniques (air abrasion and diamond stone) of the 
resin infiltrated demineralized enamel, the bond 
strength was significantly decreased when compared 
with the sound enamel, but still higher than that of 
the demineralized enamel surface. This decrease in 
bond strength may be due to the thickness of smear 
layer formed on the enamel surface that acid etching 
was not able to remove completely that affected the 
bond strength negatively by limiting the infiltration 
of the adhesive to the maximum depth of the formed 
surface irregularities which are filled with the smear 
layer. 

Based on the results of the present study, it was 
concluded that when restorative treatment is indicat-
ed with resin infiltrated demineralized enamel, sur-
face pretreatment is mandatory to improve bonding 
to it. Moreover, the method of surface pretreatment 
is very crucial as it will affect the bond strength of 
the final restoration. Grinding and air abrasion are 
found to be the best pretreatment protocols with the 
resin infiltrated enamel before bonding with etch 
and rinse mode of the universal adhesive. 
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