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ABSTRACT

Objective: This study was performed to evaluate the effect of casein phosphopeptide amorphous 
calcium phosphate with fluoride (CPP-ACP-F) remineralizing surface treatment and its application 
time on the micro-shear bond strength of resin composite restorative material to demineralized 
dentin using a self-etch adhesive.

Methodology: A total of ninety freshly extracted sound premolars were used. pH cycling was 
carried out for 14 days to produce an artificially affected dentin. The remineralizing agent was 
applied to the pretreated groups for 1min and 3min. A nano filled resin composite was used (Filtek 
Z350 universal resin composite) with one type of self-etch adhesive system (Scotchbond universal 
adhesive).  For the micro-shear bond strength test, each tooth was mounted in a readymade mold 
filled with cold cure acrylic resin, and translucent micro-catheters with an internal diameter of 
0.9 mm were utilized for composite packing on the dentin surface.  The durability of the micro-
shear bond strength in artificial saliva of the resin composite restorative material to dentin was 
investigated after a period of 24 hours and 3 months aging. The bonded specimens were subjected 
to a shear load applied to the interface with a thin wire loop at a cross head speed of 0.5 mm/min 
until fracture. The load required for debonding was recorded in Newton. Analysis of the failure 
mode was observed using a stereo-microscope and digital microscope.

Results: The control group revealed a significantly higher mean µ-shear bond strength   (µ-SBS) 
compared to the pretreated groups. No statistically significance was found between the pretreated 
groups.  However, after storage in artificial saliva for 3months, a non-statistically significant decrease 
in the µ-SBS values was recorded in both the control and the pretreated group for 3 min.  After 24 
hours storage in the artificial saliva, the control group showed the highest adhesive and mixed failure 
percentage (40%). However, the pretreated groups showed the highest adhesive failure (53.3% 
and 46.7% respectively). Cohesive failure was reported as the least mode of failure percentage 
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INTRODUCTION 

One of the most prevalent diseases that may 
affect humans is dental caries, which involve a cycle 
of demineralization and remineralization of tooth 
structure. A state of health exists when net mineral 
loss and net mineral gain remain in equilibrium. The 
prevention of dental caries and the remineralization 
of subsurface lesions before restorative intervention 
is a major challenge. Regarding to treatment 
of dental caries, there is no longer any need to 
completely remove the carious tissue, as was 
recommended in the past. Clinically, the concept of 
two layers of caries (infected and affected dentin) 
is being used. The restoration of teeth with the 
use of innovative adhesive materials has allowed 
the practice of the minimal invasive (MI) concept 
that avoids the old retention form which is not 
needed in adhesive restorations. According to the 
minimal invasive concept for restoration of cavities 
with dentin involvement, caries-affected dentin 
should be left after removal of the infected tissue. 
Therefore, caries-affected demineralized dentin is 
predominantly the clinical substrate for bonding in 
many cavity preparations.1,2 

Another significant clinical problem is the dentinal 
hypersensitivity. Management of hypersensitive 

dentin involves remineralization or occlusion of 
the patent dentinal tubules. Many agents used in 
such cases include fluoride containing solutions/
compounds, oxalates and nitrates of potassium, 
potassium chloride or strontium chloride and 
most commonly amorphous calcium phosphates.3 
Casein phosphopeptide (CPP) amorphous calcium 
phosphate (ACP) as a non-fluoride-containing 
remineralizing agent, demonstrates an anticariogenic 
potential and enhance remineralization of dentin. A 
caries preventive strategies based on the application 
of substances directly on dentin, such as CPP-ACP, 
have been proposed by Rahiotis et al.4 to improve 
dentin caries resistance.

Many studies conducted by Reynolds et al, 
papas et al and Sudjalim et al 5,6-8  have shown the 
synergistic effect between CPP-ACP and fluoride, 
which can be attributed to the formation of CPP 
stabilized amorphous calcium fluoride phosphate 
resulting in the increased incorporation of fluoride 
ions with bioavailable calcium and phosphate ions.

Barreto et al.9 stated that the application of CPP-
ACP to dentin prior to the adhesive protocol did not 
affect the bond strength of the restorative systems 
tested. Similarly, Borges et al.10 found that dentin 
pretreatment with CPP-ACP did not negatively 

in both groups (6.7% and 13.3% respectively). It was also observed that a non-statistically 
significant difference existed between all tested groups after 24 hours storage. After 3 months 
storage in artificial saliva, the control group showed the highest percentage of adhesive failure 
(53.3%). However, the pretreated groups had the highest percentage of adhesive failure (66.7% and 
60% respectively) and the least percentage was recorded as of cohesive failure (6.7% and 13.3% 
respectively). A non-statistically significant difference was noted in the failure mode between all 
tested groups. Regarding the effect of aging time, results similarly revealed no significant difference 
in the mode of failure percentage between 24 hours and 3 months in all the investigated groups 
(control and pretreated).

Conclusions: Although pretreatment of dentin surface with CPP-ACP-F remineralizing agent 
could decrease the µ-SBS of resin composite to demineralized dentin using all in one adhesive, the 
reduced values are still within the clinically acceptable level. Aging time play a role on the stability 
of the bond strength of resin composite to demineralized dentin surface.

KEYWORDS: Casein phosphopeptide amorphous calcium phosphate, remineralizing agent, 
micro-shear, self-etch adhesive, resin composite.
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affect bond strength.   However, few data have 
been published on the effect of dentin pretreatment 
with CPP-ACP or CPP-ACP with fluoride paste 
on bond strength of adhesive systems applied to 
demineralized dentin surface. 

Hence, the aim of the present study was to 
evaluate the influence of CPP-ACP-F remineralizing 
agent and its application time on the stability of 
micro-shear bond strength of resin composite 
restorative material bonded to demineralized dentin 
using a self-etch adhesive system. Additionally to 
study the mode of bond failure after remineralizing 
agent application.

MATERIALS AND METHODS:

The materials used in the current study and their 
compositions are listed in (Table 1).

A total of ninety freshly extracted sound premolar 
teeth were collected for this study. The teeth were 
extracted for orthodontic reasons and were free from 

cracks or structural defects. The teeth were cleaned, 
scaled manually after extraction to remove debris. 
They were placed in normal saline and stored in an 
incubator at 37oC.

For all teeth, the occlusal enamel was removed to 
a depth of 1mm below the DEJ using 0.3mm thick 
diamond coated disc in an automated saw machine 
(Isomet 4000, Buehler Ltd., Lake Bluff, IL, USA). 

pH cycling procedure:

All the cut teeth were subjected to different pH-
cycling procedures; demineralization followed by 
remineralization cycling to create an artificially 
demineralized dentin. The demineralizing and 
remineralizing solutions were freshly prepared 
according to Marquezan et al 11 and their pH values 
were stabilized at 4.8 and 7 respectively.  Each two 
premolars were placed into a tightly closed glass 
container containing 15ml of the demineralizing 
solution for 8 hours. Then, teeth were transferred to 
another container with 15ml of the remineralizing 

TABLE (1) List of materials used and their compositions

Materials Compositions Manufacturers Batch Numbers

Casein phosphopeptide 
amorphous calcium 
phosphate with fluoride 
(CPP-ACP-F) MI paste 
with fluoride

Glycerol, Casein- Phosphopeptide–
Amorphous
calcium phosphate, pure water, D-sorbitol, 
Propylene glycol, Silicon dioxide, 
Titanium dioxide, Xylitol, Phosphoric 
acid, Sodium fluoride, Sodium saccharin, 
Ethyl p-hydroxybenzoate, Propyl 
p-hydroxybenzoate, Butyl p-hydroxybenzoate

GC corporation Tokyo , 
Japan

141211T

Scotchbond™ Universal 
self-etch adhesive 
pH=2.7

MDP phosphate monomer, dimethacrylate 
resins, HEMA, Vitrebond- copolymer, filler, 
Ethanol, water, initiators, silane.

3M ESPE, USA 579968

Filtek Z350 XT Universal 
resin composite (FZ)

Matrix: Bis-GMA, UDMA,
TEGDMA, Bis-EMA resins and PEGDMA.
Filler system: 78.5 weight% 
Non-agglomerated/non-aggregated 20 nm 
silica filler,
Non-agglomerated/non- aggregated 4 to 11 
nm zirconia filler, and aggregated zirconia/
silica cluster filler (comprised of 20 nm silica 
and 4 to 11 nm zirconia particles). 

3M ESPE, USA N661978
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solution for 16 hours. This procedure was carried 
out for 14 days in an incubator adjusted at 37oC 
without agitation and the solutions were changed 
every five days.

After pH cycling, teeth were mounted in a 
readymade mold filled with a cold cure acrylic 
resin keeping the demineralized occlusal surface 
upward. Teeth were stored in normal saline till the 
appropriate time for the bonding procedure.

The demineralized teeth were randomly 
divided into two main groups, according to dentin 
pretreatment with CPP-ACP-F remineralizing agent 
and aging time as shown in (Table 2).

Table 2: Grouping of teeth according to surface 
treatment and aging time.

Groups Surface 
pretreatment

Aging for 
24 hours

Aging for 
3 months

Group I 
Control 

(30 teeth)

No pretreatment 15 teeth 15 teeth

Group IIa 
pretreated 
(30 teeth)

Remineralizing 
agent applied for 

1 min

15 teeth 15 teeth

Group IIb 
pretreated 
(30 teeth)

Remineralizing 
agent applied for 

3 min

15 teeth 15 teeth

Dentin pretreatment:

For the pretreated groups, 0.1ml of the 
reminerlizing agent (CPP-ACP-F) was applied on 
the demineralized dentin surface for 15 seconds 
using a micro-brush. The paste was left undisturbed 
for one and three minutes for groups IIa and IIb 
respectively.  At each end point, the paste was 
removed from the dentin surface by the aid of an 
absorbent paper and the dentin surface was kept  
moist.                                                                                                                                                                      

Microstructure analysis:

Microstructure analysis of the dentin surface 
before and after remineralization was conducted 

using E-SEM attached with Energy Dispersive 
X-ray Analyses (Quanta 250 FEG, FEI Company, 
Netherlands). Analysis was performed for all groups; 
control and pretreated groups in both transverse and 
longitudinal sections after cutting the discs into 
two halves in order to detect the penetration of the 
remineralizing agent into the dentin.

Bonding and restorative procedures:

The bonding procedure was carried out for the 
control and the pretreated groups according to the 
manufacturer’s instructions. Two layers of the dental 
adhesive were applied to the occlusal surface using 
a micro-brush for 20 seconds before curing. Air 
drying of the adhesive was done for 5 seconds, after 
which light curing was performed for 40 seconds 
using LED curing unit at light intensity of 650 - 
850 mW/cm2. For adequate packing of the resin 
composite onto the occlusal surface, translucent 
micro-catheters with an internal diameter of 0.9 mm 
were used. The micro-catheters were sliced into 
small microtubules of 1mm height. 

For each premolar, two microtubules were placed 
on the dentin surface Figure (1) and the composite 
was packed into the microtubules by endodontic 
plugger size 90. Light curing was performed for 40 
seconds. 

Fig. (1): The microtubules on the dentin surface before 
composite packing.
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Aging of teeth:

After the bonding procedure, every two 
premolars were placed into a glass container with 15 
ml of freshly prepared artificial saliva for 24 hours 
and 3 months and were preserved in the incubator 
adjusted at 37oC and 100% humidity.

Micro-shear bond strength test:

A loop prepared from an orthodontic wire 0.014 
inch in diameter was wrapped around the bonded 
micro-cylinder composite tubes as close as possible 
to the base of the micro-cylinder and aligned with 
the loading axis of the upper movable compartment 
of the testing machine. A shearing load with tensile 
mode of force was applied at a crosshead speed 
of 0.5 mm/min. load required for debonding was 
recorded. The bond strength was calculated using 
the following equation: τ = P/ πr2

Where; τ =shear bond strength (MPa), P =load at 
failure (N), r = radius of micro-cylinder (mm).

Failure mode analysis:

The debonded surfaces were observed using a 
stereo microscope (Nikon, Inverted Metallurgical 
Microscope, Eclipse MA 100, Japan) to determine 
the mode of failure. For a more accurate and clear 
pictures, the fractured surfaces were observed using 

a USB Digital microscope (Scope Capture Digital 
Microscope, Guangdong, China).

Statistical analysis:

Data were presented as mean, standard deviation 
(SD), frequency and percentage (%) when 
appropriate. Data were explored for normality 
using Kolmogorov-Smirnov and Shapiro-Wilk 
tests. µ-Shear Bond Strength (MPa) showed a 
parametric distribution, so Two Way ANOVA was 
used to study the effect of groups and time followed 
by Tukay’s post-hoc test for pairwise comparison 
when ANOVA was significant. Mann-Whitney test 
was used to compare between different tested times 
for mode of failure. The significance level was set 
at P ≤ 0.05. Statistical analysis was performed with 
IBM® SPSS®.

RESULTS:

Results of Environmental Scanning Electron Mi-
croscope:

The E-SE micrographs of the dentin surface 
before pH cycling are shown in Figure (2a). The 
micrograph of the transverse section shows complete 
obliteration of the dentinal tubules. However, the 
micrograph shows a thorough opening of all the 
dentinal tubules Figure (2b).    

Fig. (2): (a) E-SE micrograph of dentin surface for group I (the control group) before pH cycling (b) Scanning electron micrograph 
of dentin disc after pH cycling.



(1434) Saher M. Elsharkawy, et al.E.D.J. Vol. 63, No. 4

After remineralizing agent application for 1 
and 3 min, EDAX and elemental analysis revealed 
the presence of high peaks of calcium, phosphate, 
oxygen and silicon, indicating the presence of 
calcium phosphate crystals.  Minor peaks of carbon, 
sodium, titanium, magnesium and fluoride were also 
detected and are mainly related to the composition 
of the remineralizing agent 

Results of micro-shear bond strength (µ-SBS)

The control group (group I) revealed a 
significantly higher mean µ-shear bond strength 

(18.24±3.92MPa) compared to the pretreated 
groups; IIa (14.37±3.91MPa) and group IIb 
(13.92±4.27 MPa) after 24hours. No statistically 
significance was found between group IIa and group 
IIb. Similarly, after 3 months aging, the control 
group had a significantly higher mean µ-shear 
bond strength (17.36±3.10 MPa) compared to the 
pretreated groups (IIa and IIb), 11.95±2.78 MPa and 
12.68±3.50 MPa respectively. Results also revealed 
no statistically significant difference in the µ-SBS 
between group IIa and group IIb. 

Figure (3): E-SE micrograph of group IIa after dentin pretreatment with CPP-ACP-F remineralizing agent for 1min. Transverse 
section (a) shows the precipitation of calcium phosphate crystals on the dentin surface (arrows). Longitudinal section (b) 
shows the penetration of the remineralizing agent into the dentinal tubules (arrows).(c) EDAX of dentin surface for group 
IIa after application of remineralizing paste for 1min.

Fig. (4): E-SE micrograph of group IIb after dentin pretreatment with CPP-ACP-F remineralizing agent for 3min. Transverse 
section (a) shows the precipitation of calcium phosphate crystals on the dentin surface (arrows). Longitudinal section (b) 
shows the penetration of the remineralizing agent into the dentinal tubules (arrows). (c) EDAX of dentin surface of group 
IIb after application of remineralizing paste for 3min.
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Moreover, regarding the effect of aging time, 
results revealed that, after storage in artificial saliva 
for 3months, a non-statistically significant decrease 
in the µ-SBS values was recorded in both the 
control and the pretreated group for 3 min (group 
IIb). Meanwhile, there was a statistically significant 
decrease in the µ-SBS value for the pretreated group 
for 1min (group IIa) (Table 3).

Failure mode analysis:

After 24 hours storage in the artificial saliva, 
the control group showed the highest adhesive 
and mixed failure percentage (40%). However, the 
pretreated groups (IIa and IIb) showed the highest 
adhesive failure (53.3% and 46.7% respectively). 
Cohesive failure was reported as the least mode of 
failure percentage in both groups (6.7% and 13.3% 

respectively). It was also observed that a non-
statistically significant difference existed between 
all tested groups after 24 hours storage. 

After 3 months storage in artificial saliva, the 
control group showed the highest percentage of 
adhesive failure (53.3%). However, group IIa and 
group IIb, had the highest percentage of adhesive 
failure (66.7% and 60% respectively) and the least 
percentage was recorded as of cohesive failure 
(6.7% and 13.3% respectively). A non-statistically 
significant difference was noted in the failure mode 
between all tested groups (Table 4). 

Regarding the effect of aging time, results 
similarly revealed no significant difference in the 
mode of failure percentage between 24 hours and 
3 months in all the investigated groups (control, IIa 
and IIb).

TABLE (3) Mean and standard deviation (SD) of µ-Shear Bond Strength (MPa) for different groups and 
different aging time.

 Groups p-value

Group I Group IIa Group IIb

Mean SD Mean SD Mean SD

µ-Shear Bond 
Strength (MPa)

24 Hours 18.24a 3.92 14.37b 3.91 13.92b 4.27 ≤0.001*

3 Months 17.36a 3.10 11.95b 2.78 12.68b 3.50 ≤0.001*

P-value                    0.517 NS              0.044*            0.437 NS

*: significant at P ≤ 0.05

Means with different superscripts letters are significant different

Group I: Control group

Group II a:  Remineralizing agent applied for 1 min

Group II b: Remineralizing agent applied for 3 min
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DISCUSSION

The ability of tooth mousse in enhancing 
remineralization and preventing demineralization 
of enamel and dentin lesions by maintaining a high 
concentration gradient of calcium phosphate on 
the tooth surface had been well documented.4,12,13 
This has been attributed to the formation of CPP 
stabilized amorphous calcium fluoride phosphate, 
resulting in the increased incorporation of fluoride 
ions with increased bioavailability of calcium and 
phosphate ions.14

The efficacy of CPP-ACP, as a remineralizing 
agent for early enamel lesions has been established 
through multiple in vitro studies12,15,16, in vivo 
studies17,18,19 and in a clinical study.20 It has also 

been found that the dentin pretreatment with a CPP-
ACP paste does not adversely affect resin dentin 
interfacial morphology and dentin bonding when 
using a two-step self-etching adhesive system. 
However, the authors applied the CPP-ACP paste 
on dentin surface for 60 min per day and this 
application was repeated daily for 7 days.21 During 
restorative procedures, the adhesive system should 
be applied into the cavity immediately after tooth 
preparation. Thus, the procedure described in the 
aforementioned study recommending treating dentin 
with a CPP-ACP paste is not clinically viable. 

The current study highlighted the possibility of 
using a shorter time (1 min and 3 min) to actively 
apply immediately after cavity preparation, which 
can be applicable for clinicians as a novel step in 

TABLE (4) Frequency and percentage (%) of mode of failure for the different tested groups.

Time

p-valueHours 24 Months 3

N % N %

 Mode of
failure

 Group I

Adhesive 6 40.0% 8 53.3%

NS 0.750Cohesive 3 20.0% 2 13.3%

Mixed 6 40.0% 5 33.3%

 Group IIa

Adhesive 8 53.3% 10 66.7%

NS 0.733Cohesive 1 6.7% 1 6.7%

Mixed 6 40.0% 4 26.7%

 Group IIb

Adhesive 7 46.7% 9 60.0%

NS 0.723Cohesive 2 13.3% 2 13.3%

Mixed 6 40.0% 4 26.7%

P value NS 0.864 NS 0.942

*: Significant at P ≤ 0.05                                  

Group I: Control group

Group II a:  Remineralizing agent applied for 1 min

Group II b: Remineralizing agent applied for 3 min
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any adhesive procedure, and the adhesive interface 
might show decreased susceptibility to secondary 
caries when pretreated with MI Paste.4,22

The pH cycling was found to be more effective 
than acidified gel, because it produces a thicker 
layer of demineralization and opened dentinal 
tubules with similar hardness values as naturally 
caries affected dentin.11 This was obvious in the 
scanning electron micrograph of the control group.

Micro-shear bond strength test allows testing of 
small areas, thus permitting a regional mapping and 
preparing multiple specimens from the same tooth. 
This test method also provides better stress distribu-
tion that can be accomplished in smaller specimens, 
since the number of voids and stress raising factors 
is lower than that occurring in large ones as con-
ventional shear and tensile bond strength test.23,24 

The smaller the area, the higher the bond strength 
values.25 Moreover, in the current study, the micro-
shear bond strength was tested according to the ISO 
specification using a wire and loop method in the 
universal testing machine at a crosshead speed of 
0.5 mm/min with a load cell of 500 N. The rela-
tively slow crosshead speed was selected in order to 
produce a shearing force that resulted in de-bonding 
of the cylinder along the tooth composite interface.26 

Results of this study revealed that, the control 
group had a significantly higher mean µ-shear 
bond strength (18.24±3.92 Mpa) after 24 hours in 
comparison to the pretreated groups, (1min and 
3min groups) (14.37±3.91 Mpa and 13.92±4.27 
Mpa) respectively. The same results were obtained 
after 3 months aging, where the control group had 
a significantly higher mean µ-shear bond strength 
(17.36±3.10 Mpa) compared to the pretreated 
groups, (1min and 3min groups) (11.95±2.78 Mpa 
and 12.68±3.50 Mpa) respectively. This might be 
attributed to the presence of open dentinal tubules 
in the affected dentin of the control group, and the 
ability of the resin monomers to completely and 
homogeneously infiltrate these dentinal tubules. 

However, after treatment of the dentin surface 
with the CPP-ACP-F remineralizing agent, 
precipitation of calcium phosphate and fluoride 
crystals occurred, and this was obvious in the 
scanning electron micrograph and EDX analysis. 
This in turn, led to the occlusion of dentinal 
tubules and formation of dentin surface that might 
be resistant to conditioning and priming by the 
all in one adhesive. Consequently, improper resin 
infiltration occurred, resulting in the decreased bond 
strength after surface treatment. 

Regarding the effect of aging time on the micro-
shear bond strength, results of the current study 
revealed a non-statistically significant decrease 
in the µ-SBS values in both the control (group I) 
and the pretreated group for 3min (group IIb). 
Meanwhile, there was a statistically significant 
decrease in the µ-SBS value for the pretreated 
group for 1min (group IIa). This might be attributed 
to the hydrophilic nature of the self-etch adhesives 
that can act as permeable membranes, absorbing 
significant amount of water when polymerized. In 
addition the low pH value of these one bottle self-
etch adhesive systems make them hydrolytically 
unstable as a result of the presence of methacrylate 
based components.

Regarding the failure mode analysis, results 
showed that after 24 hours storage in the artificial 
saliva, the pretreated groups exhibited a non-
statistically significant higher adhesive failure 
percentage than the control group. This might be 
related to the significantly lower bond strength 
values of resin composite to dentin in the pretreated 
groups in comparison to the control group.

Similarly, in the 3months aged groups; the control 
and the pretreated groups showed that the adhesive 
failure increased in comparison to the 24 hours 
groups with no statistically significant difference 
between the groups. This might be related to the 
higher bond strength of the 24 hours aged groups in 
relation to the ones stored for three months.
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CONCLUSIONS

Within the limitations of this study, the following 
conclusions were drawn: 

1.  Although pretreatment of dentin surface 
with CPP-ACP-F remineralizing agent could 
decrease the µ-SBS of resin composite to 
demineralized dentin using all in one adhesive, 
the reduced values are still within the clinically 
acceptable level. 

2-  The application time of the remineralizing agent 
on dentin surface has no significant effect on the 
µ-SBS. 

3-  Aging time play a great role on the stability 
and the bond strength of resin composite to 
demineralized dentin surface.
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