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Abstract: Objectives: This in vitro study is designed to evaluate the effect of casein phosphopeptide-amorphous calcium phosphate 

(CPP-ACP) on microhardness and surface morphology of bleached enamel surface using 10% and 15% carbamide peroxide bleaching 

gel. Methods: This study will involve a total of 40 premolars which will be divided into four groups (n=10) according to the bleaching 

agent used: 10% carbamide peroxide only, 10% carbamide peroxide with CPP-ACP paste, 15% carbamide peroxide only and 15% 

carbamide peroxide with CPP-ACP paste. During the 14-day bleaching regimen, the samples will be stored in artificial saliva. The 

Vickers microhardness will be assessed at baseline (T0) and immediately after the bleaching regimen (T14) using a microhardness 

tester. Scanning electron microscopy will be used to study the morphology of enamel with and without CPP-ACP. Results: There was a 

significant increase in microhardness of enamel in group used CPP-ACP with carbamide peroxide (10% and 15%) and surface 

morphology was improved by using the remineralizing agents. Data will be analyzed statistically using ANOVA and Post hoc test. 

Conclusions: The use of CPP-ACP paste with 10 % and 15% carbamide peroxide increased post bleaching enamel microhardness and 

was effective on repairing enamel surface morphology.   
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1. Introduction 
 
The search for a more esthetic smile has grown exponentially 
during the last few decades, so that tooth color is currently 
believed to be one of the biggest concerns for patients [1]. 
With careful diagnosis and appropriate attention to technique, 
bleaching may represent a more conservative and safer means 
to lightening discolored teeth [2].  
 
Although at-home bleaching is an effective technique for 
whitening discolored teeth, whether carbamide peroxide- or 
peroxide-containing agents can soften dental hard tissues is 
still being debated [3]. Concerning the effects of whitening 
products on mineral loss in dental hard tissues, studies that 
investigate external bleaching therapies often test for 
microhardness because this is related to the mineral content 
of the tooth [4]. Moreover, it has also been postulated that 
although a decrease in the microhardness of bleached 
enamel might occur, it can be reversed after a 
postbleaching period of remineralization through the 
absorption and precipitation of salivary components, such 
as calcium and phosphate [5]. The benefit of using 
remineralizing agents in bleaching peroxides could include 
a reduction in enamel solubility and reduced sensitivity due 
to mineral deposition in enamel crystallites [6]. 
 
Remineralization is a simple chemical process  which requires 
no growth factor and soft-tissue biological process in order to 
take effect [7]. In other words, remineralization is defined  as 

the process whereby calcium and phosphate ions are supplied 
from an external source to  the tooth to promote ion deposition 
into crystal  voids in demineralized enamel to produce net  
mineral gain [8]. 
 
The possibility of remineralizing bleached enamel has been 
investigated, however, the results are conflicting.  The addition 
of fluoride and calcium in the bleaching agent did not result in 
higher means of enamel microhardness [9]. In a study by 
Burgmaier and others, the authors did not observe any 
improvement in fluoride uptake in bleached enamel [10].  
 
The association of a CPP-ACP paste (Tooth Mousse, GC 
Corporation, Tokyo, Japan) with carbamide peroxide has 
been studied [11], and the study’s authors suggest that Tooth 
Mousse can be applied concurrently with the bleach and 
would not reduce bleaching effectiveness. The present study 
aims to evaluate a CPP-ACP paste (MI Paste, GC, Tokyo, 
Japan—an analogue to Tooth Mousse) mixed with 10% and 
15% carbamide peroxide on enamel microhardness and 
enamel surface morphology.  
 
Various studies have used different methods to assess the process 
of enamel remineralization. The commonly used microhardness 
tests for evaluating enamel remineralization are Vickers 
microhardness test [12]. In this study we will focus on evaluation 
of surface microhardness of enamel, thus Vickers surface 
microhardness test will be used and surface morphology of 
enamel using scanning electron microscopy (SEM). 

Paper ID: NOV164290 http://dx.doi.org/10.21275/v5i6.NOV164290 846



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391 

Volume 5 Issue 6, June 2016 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

2. Materials and Methods  
 
1) Materials: 

a) Bleaching gel  
 10% carpamide peroxide bleaching agent: 

Opalescence 10% (Ultradent Products, inc, South 
Jordan, UT, USA.).  

 15% carpamide peroxide bleaching agent: 
Opalescence 15% (Ultradent Products, inc, South 
Jordan, UT, USA.). 

b) Remineralizing agent CPP- ACP 
 Casein Phosphopeptide – Amorphous Calcium 

Phosphate: GC Tooth Mousse (GC Corp., Tokyo, 
Japan). 

 
2) Equipments 

 Vickers microhardness tester (Wolpert Wilson 
instrumentsTM, USA). 

 Scanning electron microscope (SEM) (JOEL JSM – 
5300 Scanning Microscope, Japan). 

 
3) Methods  

 
a) Teeth Selection 
Forty extracted human premolars, extracted for periodontal 
reasons or orthodontic reasons, were selected for this study. 
The teeth were collected from oral surgery department of 
the Faculty of Dentistry, Alexandria University and from 
hospitals of Ministry of Health. Teeth with cracks, caries, 
intrinsic stains or restorations were excluded. Calculus and 
stains were removed with hand scaler, rubber cup  & 
polishing paste. The teeth were debrided and stored in 
normal saline at room temperature from the day of 
extraction until the test was done.     
 
b) Specimens’ Preparation  
The roots were removed 2mm apically to the 
cementoenamel junction using double-faced diamond disks 
(KG Sorensen, Barueri, Brazil) and were discarded. The 
teeth were positioned in a mold and embedded using a self-
curing polystyrene resin (Piraglass, Piracicaba, SP, Brazil). 
The enamel surfaces of the teeth were ground flat using 
SiC paper (80-grit) and polished using 600-, 1200-, and 
2400-grit aluminum oxide abrasive papers and a 0.4-lm 
alumina polishing suspension on a polishing machine 
(APL-4, Arotec, Sao Paulo, SP, Brazil), exposing enamel in 
a circular area 10mm in diameter. 
 
c) Baseline Microhardness Assessment (T0) 
The enamel microhardness determination was performed 
with a microhardness tester (Wolpertwilson instrumentsTM, 
USA) fitted with a 100g load, which was used to make 
indentations on the enamel surface. The loaded diamond 
was allowed to sink and rest on the enamel surface for 10 
seconds and the Vickers hardness number was thus 
determined.  Three indentations were performed on each 
specimen, with a distance of 100  lm between them, and 
then they were averaged [13]. 
 
d) Grouping 
The samples were randomly divided into 4 groups of 10 
samples in each:  
Group I: Bleaching with 10% carbamide peroxide only. 

Group II: Bleaching with 10% carbamide peroxide and CPP-
ACP paste. 
Group III: Bleaching with 15% carbamide peroxide only. 
Group IV: Bleaching with 15% carbamide peroxide and 
CPP-ACP paste.  
 
e) Bleaching Procedures 
The bleaching treatment was performed over 14 days, 
according to the manufacturer’s instructions. For each 
specimen 
 
For groups 2 and 4, the peroxides were mixed with MI Paste 
(GC Corporation). The mixtures were freshly prepared by 
mixing bleaching gel with MI Paste until a homogeneous paste 
was obtained, which was then inserted into a 5-mL syringe. In 
addition, the peroxides alone were put into 5-mL syringes. The 
contents of each syringe were used to bleach the teeth for seven 
days, and then the mixtures were prepared again [13].  
 
Every day, the bleaching agents were placed on the enamel. 
Each specimen was then positioned for eight hours at room 
temperature in artificial saliva. After eight hours, the gel was 
removed from the enamel surface by placing it under running 
distilled water for 15 seconds. When the specimens were  not 
in contact with the bleaching agents, they were immersed in 
artificial saliva kept at room temperature, which was changed 
daily [13] 
  
f) Final Microhardness Assessment 
Immediately after bleaching (T14), another Vickers 
microhardness measurement was taken  in the samples 
following experimental conditions similar to those used at 
baseline. 
 
g) Scanning Electron Microscopy  
3 specimens from each group were observed by Scanning 
Electron Microscopy.  
 
h) SEM Observations   
The specimens were gently air dried, dehydrated with alcohol 
and then dried at the critical point – a method used to 
minimize specimen distortion due  to drying tensions. The 
samples were mounted on a stub of metal with adhesive, 
sputter-coated with 40-60 nm of gold and then analyzed 
under scanning electron microscopy (440 SEM with Oxford 
EDS/ WDS, LEO.).  
 
Serial SEM microphotographs of  the surfaces of each 
specimen at 5,000X and 10,000X original magnification were 
obtained. The superficial morphology of enamel was 
examined (14). 
 
i) Statistical analysis of the data (15)  
Data were fed to the computer and analyzed using IBM SPSS 
software package version 20.0 (16). Quantitative data were 
described using range (minimum and maximum), mean and 
standard deviation. Significance of the obtained results was 
judged at the 5% level. 
 
The used tests were:  
ANOVA with repeated measures for normally quantitative 
variables, to compare between more than two periods or stages, 
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and Post Hoc test (Bonferroni adjusted) for pairwise 
comparisons. 
 
3. Results 
 
The results of the current study were analyzed statistically 
and histologically.  
 
Microhardness Data  
he mean Vickers Hardness Number (VHN) and standard 
deviation results for enamel microhardness of group I and II 
are presented in (Table 1, Figure 1). Table 1 showed enamel 
microhardness values of group bleached with 10% carbamide 
peroxide only at baseline and after 14 days of bleaching 
(336.70±14.87) and (305.20±8.92) respectively and there was 
statistically significant difference (P value <0.001). While 
results of group bleached with 10% carbamide proxide and 
CPP-ACP showed enamel microhardness value at baseline 
and after 14 days of bleaching (336.70±14.87) and 
(333.20±12.66) respectively with no statistically significant 
difference (P value 1.000). 
 

Table 1: Mean and standard deviations of the Vickers 
Hardness Number of 10% carbamide 
peroxide with and without CPP-ACP 

 T0 T14 10% T14 
10% + CPP 

Min. – Max. 309.0 – 354.0 289.0 – 322.0 312.0 – 352.0 
Mean±  SD. 336.70  ±14.87 305.20 ± 8.92 333.20 ± 12.66 

pT0  <0.001* 1.000 
 
pT0: p value for Post Hoc test (Bonferroni adjusted) for 
comparison between T0 and T14 10% carbamide peroxide 
and T14 10% carbamide peroxide + CPP 
*: Statistically significant at p ≤ 0.05 

 

 
Figure 1: Mean and standard deviations of the Vickers 

Hardness Number of 10 % carbamiole peroxiole 
and 10 % carbamiole peroxiole + CPP.ACP 

 
The mean Vickers Hardness Number (VHN) and standard 
deviation results for enamel microhardness of group III and IV 
are presented in (Table 2, Figure 2). Table 2 showed enamel 
microhardness values of group bleached with 15% carbamide 
peroxide only at baseline and after 14 days of bleaching 
(336.70±14.87) and (296.70 ± 8.94) respectively and there 
was statistically significant difference (P value <0.001). While 
results of group bleached with 10% carbamide proxide and 
CPP-ACP showed enamel microhardness value at baseline 
and after 14 days of bleaching (336.70±14.87) and (324.50 ± 
7.79) respectively with no statistically significant difference (P 
value 0.167). 

 

Table 2: Mean and standard deviations of the Vickers 
Hardness Number of 10% carbamide peroxide 

with and without CPP-ACP 
 T0 T14 

15% 
T14 

15% + CPP 
Min. – Max. 309.0 – 354.0 281.0 – 309.0 317.0 – 352.0 
Mean±  SD. 336.70  ±14.87 296.70 ± 8.94 324.50 ± 7.79 

pT0  <0.001* 0.167 
pT0: p value for Post Hoc test (Bonferroni adjusted) for 
comparison between T0 and T14 10% carbamide peroxide 
and T14 10% carbamide peroxide + CPP 
*: Statistically significant at p ≤ 0.05 

 

 
Figure 2: Mean and standard deviations of the Vickers 

Hardness Number of 15 % carbamiole peroxiole and 15 % 
carbamiole peroxiole + CPP.ACP. 

Scanning electron microscope images evaluation 
 

 SEM micrograph of the sound enamel surface 
 
Specimens stored in artificial saliva. Remarkable 
morphologic alterations were not detected on unbleached 
enamel surfaces. The surface was not completely smooth; 
however the aprismatic surface layer was uniform. (Figure 3) 

 

 
Figure 3: SEM micrograph of the sound enamel surface 

indicating "no alterations". 
 
 SEM micrograph of enamel bleached with 10% 

carbamide peroxide only 
 
Bleached group showed alterations on surface smoothness 
and presented different levels of surface changes. Significant 
changes of the enamel surface occurred in samples treated 
with 10% CP for 8 hours daily for 14 days. This aspect 
suggested an increase in the enamel porosity, as compared to 
unbleached group. (Figure 4) 

Paper ID: NOV164290 http://dx.doi.org/10.21275/v5i6.NOV164290 848



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2015): 6.391 

Volume 5 Issue 6, June 2016 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

 
Figure 4: SEM micrograph of enamel bleached with 10% 

carbamide peroxide only. 
 
 SEM micrograph of enamel bleached with 10% 

carbamide peroxide + casein phosphopeptide 
amorphous calcium phosphate 

The SEM images of enamel treated with 10% carbamide 
peroxide + casein phosphopeptide amorphous calcium 
phosphate similar to those of unbleached group, the surface 
was smooth with slight alterations. (Figure 5) 

 

 
Figure 5: SEM micrograph of enamel bleached with 10% 
carbamide peroxide + casein phosphopeptide amorphous 

calcium phosphate 
 
 SEM micrograph of enamel bleached with 15% 

carbamide peroxide only 
The surface alterations were much more significant than 
group bleached with 10% carbamide peroxide. The acid-
etched enamel had a rough and uneven surface, which 
indicated alterations of the prismatic structure of the 
enamel due to selective dissolution of the apatite crystals. 
Formation of an irregular meshwork and dissolution in 
central (intraprismatic) or peripheral (interprismatic) part of 
the prism took place as a result of demineralization. The 
loss of superficial structure was evident. (Figure 6) 

 
Figure 6: SEM micrograph of enamel bleached with 15% 

carbamide peroxide only 

 SEM micrograph of enamel bleached with 15% 
carbamide peroxide + casein phosphopeptide 
amorphous calcium phosphate 

 
The SEM images of enamel treated with 15% carbamide 
peroxide + casein phosphopeptide amorphous calcium 
phosphate showed mild alterations on surface smoothness and 
slightly increased porosity. (Figure 7) 

 
Figure 7: SEM micrograph of enamel bleached with 15% 
carbamide peroxide + casein phosphopeptide amorphous 

calcium phosphate 
 
4. Discussion 
 
The tooth color is currently believed to be one of the biggest 
concerns for patients [17]. 
 
The oxide-reduction reaction of the bleaching agent could lead to 
the dissolution of the organic and inorganic dental matrix until 
only carbon dioxide and water remain [18]. It has been shown 
that carbamide peroxide bleaching gels containing fluoride 
and/or calcium  are able to reduce microhardness loss and 
accelerate microhardness recovery in the posttreatment phase 
better than nonenhanced gels [19]. 
 
Although tooth fragments are frequently used in bleaching 
studies [20], the entire crown was used in the present 
investigation, as elsewhere [21]. Using the entire tooth crown is 
an easier and lower cost method when compared with enamel 
blocks. Moreover, this method approximates laboratory 
conditions in the clinical environment, in that bleaching agents 
are placed on coronal enamel using trays. However, some 
procedures that do not mirror clinical conditions were included 
in this study.  Enamel was flattened before subjecting the teeth to 
bleaching, and no brushing of samples was applied during the 
bleaching procedures  in order to be certain that any change on 
enamel surface was due to the active ingredients of the bleaching 
gels without external interferences [22]. 
 
In the current study, storage in saliva was chosen to simulate 
the oral environment. Human saliva from different 
individuals has varying properties, and also the pH of saliva 
differs from person to person. Therefore, the artificial saliva 
was used instead of human saliva in order to standardize the 
conditions in the study [23]. 
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Bleaching agents with low concentrations of carbamide 
peroxide (10%) result in a change in phosphate, besides the 
calcium and fluoride content of enamel. Thus, a 
remineralization system should supply stabilized 
bioavailable calcium, phosphate, and fluoride ions [24] 
because all of these minerals may be lost after bleaching. It 
has been shown that gels containing ACP affected 
remineralization patterns of predemineralized bovine 
enamel better than fluoridated (sodium fluoride) bleaching 
agents [25]. However, the ACP system stabilized by CPP, 
otherwise known as CPP-ACP, provides a higher reservoir 
of bioavailable calcium and phosphate ions in comparison 
with ACP only, leading to an increased remineralization 
potential [24]. Although a large body of scientific evidence 
demonstrates that CPP-ACP could promote the 
remineralization. 
 
A hardness loss could classically be related to mineral 
content loss resulting from demineralization; therefore, the 
microhardness test is often applied to evaluate the adverse 
effects of bleaching agents on enamel [26]. 
 
The surface morphology of the studied enamel was 
observed by scanning electon microscopy (SEM) as the 
method was presents in most studies evaluating the 
microstructure of enamel. This method has commonly been 
used to evaluate the effect of bleaching agents on the 
surface of dental hard tissues, mainly on enamel [27].  
 
The result of this study showed that the application of CPP-
ACP paste (MI paste) to 10% and 15% carbamide peroxide 
increase the midrohardness using Vicker hardness tester 
and also the use of this paste was able to prevent negative 
morphological changes in enamel surface that was 
observed using scanning electron microscopy. 
 
These results were in agreement with Borges et al [28] as 
they found the addition of minerals to bleaching gels can 
potentially reduce the most adverse effects of tooth 
bleaching, probably without affecting the efficiency of 
bleaching gels or changing the hardness or morphology of 
the substrates studied. The addition of CPP-ACP to dental 
bleaching gels contributes to increased enamel hardness 
and roughness, and may protect enamel from 
morphological changes or induce the accumulation of 
granules suggestive of minerals. 
 
According to the results of the present study that found that 
bleaching with 16% carbamide peroxide is more aggressive 
and affect enamel mineral contents and surface morphology 
with obviously seen by SEM images and hardness number 
values. These results are consistent with Soares et al [29] who 
compare the effect of 16% carbamide peroxide and 10% 
carbamide perodixe on mineralized enamel content and 
morphology and found that the higher CP concentrations in 
the bleaching gel result in higher and faster decrease in dental 
enamel microhardness. 
 
The results of this study also were in agreement with Borges et 
al studied the bleaching agents with low concentrations of 
carbamide peroxide (10%) might result in a change in 
phosphate, besides the calcium and fluoride content of enamel 
[30]. Thus, a remineralization system should supply stabilized 

bioavailable calcium, phosphate, and fluoride ions because all of 
these minerals may be lost after bleaching [24]. 
 
They found that ACP affected remineralization patterns of 
predemineralized bovine enamel better than fluoridated 
(sodium fluoride) bleaching agents. However, the ACP 
system stabilized by CPP, otherwise known as CPP-ACP, 
provides a higher reservoir of bioavailable calcium and 
phosphate ions in comparison with ACP only, leading to an 
increased remineralization potential [24]. 
 
Also Poggio et al,[14] intact enamel exposed to bleaching 
agents showed porosities, depressions, and superficial 
alterations at various degrees. The bleached enamel showed 
in fact slight and moderate irregularities, significantly 
different from non-treated enamel, which presented a smooth 
surface morphology. These findings are in agreement with 
authors who detected the same deleterious effects. 
 
Also Kallepall and Dash [31] who use McInnes bleaching 
solution which was selected as it recommended for treatment 
of teeth with fluorosis and it was easy manipulation and less 
expensive when compared to carbamide peroxide and they 
found that it decreased the microhardness of enamel and all 
remineralizing agents used increased the microhardness of 
enamel. Also a study by Penumatsa et al used 20% carbamide 
peroxide and 35% carbamide peroxide they found that 
bleaching agents reduced enamel microhardness and the use 
of CPP-ACP after bleaching can significantly enhance the 
microhardness of bleached enamel. 

 
De Vasconcelos et al and Borges et al [13] observed increases in 
the hardness of dental enamel following the use of whitening gel 
containing CPP-ACP. Statistical analysis revealed significant 
differences (p < 0.05) in hardness values obtained before and after 
bleaching, leading to the conclusion that this mineral can increase 
enamel hardness when used with home or in-office bleaching. The 
increased post-bleaching microhardness for samples bleached 
using peroxides with CPP-ACP suggests a mineral deposition on 
enamel. It is likely that this mineral gain was also favored by the 
synergist effect of fluoride contained in the peroxides with CPP-
ACP on enamel remineralization. 
 
The authors  of one study that evaluated morphological 
changes in enamel via SEM after bleaching with 16% 
carbamide peroxide and 7.5% HP gels with different 
concentrations of CPP-ACP attributed the accumulation of 
granules suggestive of minerals on tooth enamel to this 
mineral. Depressions and irregularities were observed on 
enamel surfaces in the control group, which was treated with 
bleaching gel alone. In this case, increased roughness due to 
CPP-ACP deposition was not considered a negative effect 
due to the benefits of CPP-ACP on dental tissues. In contrast, 
another study found that gels containing CPP-ACP resulted in 
no change to the enamel surface, suggesting that this mineral 
protected the enamel from potential morphological changes 
caused by the whitening gel [32]. 
 
On the other hand conversely, these results were in contrast 
with researches done by Abo-Hamar and Etman [33] found 
that bleaching with 10% carbamide peroxide 1h/day for 14 
days or by 9.5% HP 30 min/day for 40 days didn't 
significantly decrease enamel VH and they explained that by 
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it may be due to the balance between the demineralization 
and remineralization that was performed by artificial saliva. 
 
Also a study by Soares et al [34] who found that although 
some remineralizing products provided microhardness 
recovery and positive effect on enamel morphology at 24 h 
post-bleaching, non of them were able to maintain 
microhardness and enamel morphology at 14 days post-
bleaching. 
 
These finding might be justified by short term contact of 
remienralizing agents with enamel. So it should be assumed 
that a single application is not sufficient to supply the 
sufficient amount of minerals to maintain microhardness 
and enamel integrity recovery after bleaching so higher 
number of applications is necessary. 
 
5. Conclusions 
 
According to the limitation of this study, the results 
indicated that: 
 
The use of CPP-ACP paste with 10 % and 15% carbamide 
peroxide increased post bleaching enamel microhardness 
and was effective on repairing enamel surface morphology.  
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