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Abstract:
Background: To determine the susceptibility of teeth for 
repigmentation after bleaching.
Materials and Methods: Forty premolars were assigned to three 
groups (n = 12). Group 1 was bleached using 30% w/v hydrogen 
peroxide 15 min 3 times a day every other day for 4 days. In Group 2 
was bleached using 16% carbamide peroxide (Polanight), 90 min a 
day for 15 days. 2 days later, the shades of the bleached teeth were 
recorded. Remaining 4 teeth were bleached according to Group 1 
and 2 and were subjected to atomic force microscopy, scanning 
electron microscopy analysis.
Results: Specimens of athome bleaching were lighter than the 
specimens of inoffice bleaching.
Conclusion: The susceptibility of enamel to pigmentation can be 
increased after bleaching, and pigmentation is greater if bleaching is 
performed with H2O2. The percentage change (lighter) was more 
for athome bleaching specimens as compared to inoffice bleaching 
specimens.

Key Words: Atomic force microscopy, at home bleaching, in office 
bleaching, repigmentation

Introduction
With the desire for a whiter, a more attractive smile, tooth 
bleaching in the dentist’s office or at home is rapidly gaining 

popularity.1 Many agents have been used in the past, and a 
number of new methods have continued to be introduced. 
It was oxalic acid first by Chappel in 1877 which was used 
as bleaching the agent it was followed by various forms of 
chlorine until H2O2 was first used by Harlan in 1884. The 
first paper discussing the concept of night guard bleaching 
was published in 1986 by Haywood and Heymann, after 
which the night guard bleaching has been gaining popularity. 
Inoffice procedure mainly utilizes hydrogen peroxide usually 
in concentrations ranging from 35% to 50%. Carbamide 
peroxide in the concentration ranging from 10% to 22% 
is the most common for athome treatment/night guard 
vital bleaching/matrix bleaching/dentist prescribed/home 
applied bleaching. “Power bleaching” uses 30-35% H2O2 
solution in conjunction with heat or light to increase the 
kinetics of stain removal.2

These bleaching solutions have been reported to cause a wide 
variety of changes in enamel and dentin. Carbamide peroxide 
although has been related to cause demineralization of enamel,3 
it actually reduces the susceptibility to dental caries.4 When 
carbamide peroxide bleaching agent was applied with a tooth 
brush, the enamel roughness has been noted to be increased.5 
Fracture resistance of the treated samples has been noted to be 
reduced.6 Bond strength of resin to bleached enamel is known 
to be affected.7

Hydrogen peroxide can result in a decrease in microhardness 
of enamel.8 Hydrogen peroxide may cause significantly more 
loss of calcium from the enamel surface than carbamide 
peroxide.3 Following H2O2 application, a decline in 
mechanical properties9 and fracture toughness10 and an 
increase in enamel surface dissolution by phosphoric acid 
have been reported.11

One study reported that bonding of resin to carbamide 
peroxide bleached enamel returned to values closer of 
those of non-bleached enamel in 24 h, but it took a week 
to return to those of controls in 35% hydrogen peroxide.7 
No conclusive data are available on the changes in surface 
morphology. Some researchers have reported that structural 
and morphological changes in superficial enamel following 
bleaching with hydrogen peroxide or carbamide peroxide are 
insignificant.12 One scanning electron microscopy (SEM) 
evaluation revealed a significant morphological change 
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on enamel using both carbamide peroxide and hydrogen 
peroxide. It concludes that both the bleaching agents alter 
the microhardness, roughness, and morphology of dental 
enamel surface.8 These changes are more pronounced in in 
vitro conditions, because in in vivo conditions, saliva could 
reverse these changes.13 These irregularities could result 
in more susceptibility to repigmentation, hence adversely 
affecting the whitening treatment.

In a recent clinical study, home bleaching treatment with 10% 
carbamide peroxide was found more effective, more acceptable 
to patients and required less chair time to inoffice bleaching 
with 35% H2O2 (Zekonis et al.).14 Carbamide peroxide is 
suggested as a safer alternative to hydrogen peroxide-based 
systems.15-17

To disclose microleakage18 and nanoleakage,19 silver nitrate 
has been used as a stain due to its high contrast with tooth 
structure and stability after precipitation. It has been used 
in the pigmentation susceptibility study.20 Small particle 
size allows silver nitrate to penetrate minimal and clinically 
undetectable imperfections and make them readily visible. 
More recently, it has been used as a disclosing dye in a 
confocal scanning laser microscope study of carbamide 
peroxide bleaching.21

In atomic force microscopy (AFM), a probe sweeps the surface 
and collects the information about its structural features. 
A  computer then generates an image of the surface using 
the collected data.22,23 It has been used to study the surface 
topography21 also in a study confirming a decrease in physical 
properties of enamel and dentin after bleaching with H2O2.9 
SEM also gives an idea of the surface morphology and is been 
used before for morphology analysis.

The purpose of this study is to determine which bleaching 
system is more susceptibility to pigmentation after bleaching, 
also is giving an insight about the efficacy of the two systems. 
Silver nitrate staining was used to determine in vitro changes 
in surface characteristics. AFM and SEM observation was 
performed to provide some reference to changes that occurred 
on surface enamel.

Materials and Methods
Forty extracted premolars of 16-22  years old patients 
undergoing orthodontic treatment were used in this study. 
Apical foramina were sealed with glass ionomer cement 
(Fuji Type 1, GC Corporation, Tokyo, Japan). All samples 
were coated with a water resistant transparent varnish. The 
mesial half of their buccal surface was ground with 250 grit 
sandpaper to expose flat enamel surface without dentin. 
Afterward, the flat surface were metallurgically polished 
with 400, 600, 1000, 2000 grit sand paper and polished using 
pumice (Safe plus) and Soflex polishing strips. Specimens 

were viewed under stereomicroscope with ×10 magnification 
to verify the absence of dentin.

Thirty-six samples were randomly assigned to three groups, 
and each sample was scanned and paired with a matching shade 
from vita shade guide (Vitapan). The Vita shade guide was used 
for value disposition, assigning an incremental number to each 
shade (Table 1). The shade comparisons were performed by 
3 investigators. When there was a disagreement among the 
investigators, the mean of the 3 values was recorded.

In the control group, 12 specimens were immersed in distilled 
water for 15 days. In Group 1, 12 specimens were bleached 
using 30% w/v hydrogen peroxide 15 min 3 times a day every 
other day for 4 days. In Group 2, 12 samples were bleached 
using 16% carbamide peroxide (Polanight), 90  min a day 
for 15 days. All the samples in Group 1 and 2 were stored in 
distilled water in between the bleaching procedures and at 
the end of the treatment. At the end of 15 days, samples from 
Group 1 and 2 were compared with the Vita shade guide and 
their new shade was registered.

Two days later, all samples were immersed in silver nitrate at 
50% by weight for 4 h and fixed for 24 h using a radiographic 
fixing solution. Each specimen was then washed with running 
water and wiped for 15 s with a cloth impregnated in 0.04 µm 
alumina suspension to remove loosely precipitated silver nitrate 
from the surface. The correction number for each matching 
shade guide was recorded and used for the statistical analysis. 
Tukey test was used to determine differences between the 
groups and one-way analysis of variance at α = 0.05 was used to 
determine the significant of statistical differences among groups.

For additional microscopic comparison of the samples, 
4 enamel dentin sections were obtained from the facial surface 
of the other 2 premolars. 2 specimens were bleached according 
to Group 1 regimen and 2 were bleached according to Group 2 
regimen and subjected to AFM and SEM.

Results
A summary of the results can be seen in Table 2 and Graph 1. 
At baseline, there was no statistical difference among the three 
groups.

Table 1: Numbers assigned to the Vita shade guide from the highest to the 
lowest value.

Shade B1 A1 B2 D2 A2 C1 C2 D4 A3 D3 B3 A3.5 B4 C3 A4 C4

Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Table 2: Mean shade value pre and post bleaching and after 
repigmentation.

Control group 8.0 8.0 7.9
Hydrogen peroxide group 7.0 4.0 9.0
Carbamide peroxide group 9.0 4.0 8.5
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After bleaching was performed, two study group samples 
became lighter in shade and the percentage of change was 
slightly more with carbamide peroxide group.

When silver nitrate was introduced, the teeth became 
darker. The amount of change in the shade value of samples 
was different for two groups; this change was greater for 
Group 1 samples than for other group of samples.

AFM study showed increased surface roughness of enamel 
following bleaching treatments. Samples bleached with 30% 
hydrogen peroxide showed slightly more small grooves on 
their surface than did samples bleached with 16% carbamide 
peroxide (Figure 1).

SEM study showed increased surface roughness of enamel 
following bleaching treatment with 30% hydrogen peroxide 
supporting the AFM analysis (Figure 2).

Discussion
There is a general belief among the general population and 
anecdotal evidence among dentist practitioners that in the 
office bleaching is superior to at home bleaching. Haywood 
and Berry (2001) have stated that the efficacy of in office 
bleaching treatment.

This was an in vitro study aimed at determining whether the 
pigmentation capability of enamel is altered by the 2 most 
common bleaching treatments. Also giving an idea of efficacy 
of the two systems used in the study.

The initial polish of the specimens surface provided a flat 
section of teeth where any excess or loose pigment could easily 
be washed away, therefore, not affecting the results. The silver 
nitrate dye created a measurable difference in shade value, 
making it possible to verify and compare the results in each 
group.

This study revealed that 16% carbamide peroxide applied 
athome can be as and slightly more effective than 30% 
hydrogen peroxide applied inoffice. Based on this revelation, 
more patients may opt for the athome treatment. Patients’ 
preferences whether they find visiting the dentist or wearing 
the bleaching tray more convenient will play a more significant 
role in treatment selection. This may in return affect the 
current trends and the industry toward the preferred route of 
administration for bleaching materials.

The repigmentation effects were also observed among the 
test group samples. The shade value in the hydrogen peroxide 
group became darker than the carbamide peroxide; these 
findings prove that the hydrogen peroxide renders the tooth 
surface with more irregularities, which are more prone to 
being restained. This can have a negative effect on clinical 
treatment with hydrogen peroxide. Based on these results 
alone, once the teeth are whitened, the procedure needs to 
be performed routinely to sustain the results for extended 
periods of time.

These results may not necessarily correlate with the same 
clinical outcome. The enamel that was evaluated in this study is 
not the external enamel that is believed to be more mineralized 
and dense.24 Therefore, the marked repigmentation effect 
could be of less significance in a clinical setting. Additionally 
in a clinical setting, repigmentation occurs at a lower degree 
if at all because of proven remineralizing effects of saliva 
on exposed enamel.25 It is still essential that further clinical 

Figure 1: Three-dimensional atomic force microphotograph of enamel surfaces bleached with 30% hydrogen peroxide (left), 
three-dimensional atomic force microphotograph of enamel surfaces bleached with 16% carbamide peroxide (right).

Graph 1: Mean (and standard deviation) shade values before 
and after bleaching and after pigmentation.
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studies be performed to determine if in vivo environment is 
efficient enough in suspending the surface altering effects of 
bleaching and if so how long it takes for enamel to return to 
its previous condition and not have a higher susceptibility 
to being stained. It has been reported that treatment effects 
are clinically stake up to 6 months with carbamide peroxide 
bleaching.

AFM topographic analysis provided some insight to surface 
morphological changes. The two bleaching systems used in 
this study increased the surface roughness and increased 
concentration of H2O2 created numerous grooves on the 
enamel surface. This supports the macroscopic findings 
of this study and other reported AFM studies on bleached 
enamel.

Conclusion
Under the conditions of this in vitro study, it was concluded 
that susceptibility of enamel to pigmentation can be increased 
after bleaching, and pigmentation is greater if bleaching is 
performed with H2O2.
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