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Abstract
Introduction: Bleaching of the discolored teeth has gained popularity in the public, but there is little information 

about the effects of bleaching products on tooth surface. The aim of this in vitro study was to evaluate the effects of 
different bleaching agents with different concentrations and activation methods on enamel surface.

Materials and methods: Human impacted third molars (n=5) were divided into six parts and the specimens 
obtained from each tooth were randomly assigned to one of the six groups.

Group 1: No agent was used (positive control)

Group 2: 10% Carbamide Peroxide (CP)

Group 3: 25% Hydrogen Peroxide (HP) + mercury metal halide light activation

Group 4: 38% HP + quartz-tungsten-halogen light activation

Group 5: 38% HP + diode laser activation

Group 6: 37% Orthophosphoric acid (negative control)

The specimens were kept in artificial saliva during the test period and then prepared for scanning electron 
microscopy analysis. Photomicrographs of representative areas were taken at 5000x and 10000x magnifications.

Results: There were no remarkable morphologic alterations in Group 1. Bleached groups showed alterations on 
surface smoothness. A slight increase in the enamel porosity occurred in Group 2. The appearance was similar to 
the unbleached enamel in Group 3. Mild intraprismatic structure dissolution formed with the increased porosity and 
concavity in Group 4. Minor alterations on surface smoothness and mildly increased porosity occurred in Group 5. 
Rough and uneven surface, which indicated alterations of the prismatic structure of enamel due to selective dissolution 
of the apatite crystals, consisted in Group 6.

Conclusion: The activation methods that shorten the contact time of the high concentrated peroxides can be 
useful to avoid the alterations caused by bleaching agents.
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Introduction
Tooth bleaching has gained interest among people as aesthetic 

concerns and demand for perfect appearance increase over time. Teeth 
can discolorate during lifetime due to variety of intrinsic and extrinsic 
sources [1]. Treating the discolored teeth is not only an important 
factor for cosmetic intention but also for healthy mouth and physico-
social necessity [2]. Bleaching gels are commercialized with different 
trade names on dental market. Even though their content is nearly the 
same, manufacturers offer different advantages to customers. They try 
to influence dentists and patients with innovative activation methods 
that would provide enhanced bleaching effect in a shorter time with 
higher tooth whitening longevity.

Bleaching market includes three categories such as home bleaching, 
in-office bleaching and over-the-counter (OTC) products. “Home 
bleaching” of vital teeth can be achieved by the use of a custom made; 
vacuum-formed appliance with lower concentrated bleaching gels (10% 
hydrogen peroxide (HP) or 10-20% carbamide peroxide (CP). Other 
method, termed “in-office bleaching” is applying higher concentrations of 
bleaching gels (30-38% HP or 35-37% CP) directly on to the tooth surface 
in the dental chair [3,4]. Patients cannot complete the home bleaching 
process for various reasons such as time requirement, discomfort and 
possible gingival irritation. In such cases, in-office bleaching techniques 
offer quicker whitening results with the help of various activation methods 
such as light, laser and etc. which accelerate the bleaching reaction. 

Activated bleaching offers an improvement in terms of effectiveness, short 
impact time and enamel surface protection [5,6].

Bleaching products comprise different composition of gels with 
different peroxide concentrations [7-9]. The decomposition of the 
peroxides results in free radicals. These free radicals break down large 
pigmented molecules in enamel into smaller, less pigmented molecules 
through either oxidation or reduction reactions [3,10]. The oxidation 
reaction should not exceed the saturation point, which the organic 
and inorganic elements of enamel and dentin are damaged. Otherwise, 
the crystals of enamel matrix proteins lead to adverse changes in the 
morphology of the tooth surface and weakened structure [11,12].

Studies have shown that bleaching agents can cause structural 
alterations on the enamel surface and that the biomechanical properties 
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of the enamel can change [13-20]. Although 10% CP has been shown 
to be safe and not to alter the enamel [20-22], there is still little 
information and a debate about the effects of bleaching products that 
present different peroxide concentrations, formulations and application 
protocols [23].

The aim of this in vitro study was to evaluate the effects of different 
bleaching agents with different concentration and activation methods 
on human enamel surface with scanning electron microscopy (SEM) 
to compare the changes caused by different bleaching agents visually. 
The hypothesis tested was that different bleaching treatments altered 
the enamel surface.

Method and Materials
Human impacted third molar teeth were rinsed in tap water and 

were cleaned off plaque and debris with a dental hand piece and a 
brush. The buccal, lingual and occlusal surfaces werechecked under a 
stereomicroscope, and teeth with enamel defects or cracks were rejected. 
The selected teeth (n=5) were stored in 0.9% saline solution for one 
week and then rinsed indistilled water. Each tooth was sectioned bucco-
lingually or bucco-palatinally into two halves with a diamond disc. 
These halves were then sectioned longitudinally into three parts, so that 
six specimens were obtained from each tooth. These specimens were 
randomly assigned to one of the six groups, ensuring that each part of 
every specimen would be in a different group, which was one of the six 
groups. Then, teeth were covered with wax except for the enamel surface.

The specimens in the first group were used as a control group, no 
agent was used and they were kept in artificial saliva [24-26] during the 
test period.

The second group of the specimens, to which home bleaching was 
applied, were placed on the anterior side of the phantom jaw in such 
a way that the enamel surfaces would face the buccal side. Stone casts 
were obtained from the impression made from a silicone impression 
material with type IV dental stone (Die-Keen; Heraeus KulzerInc, 
South Bent, Ind.). The enamel parts on the buccal surfaces of the casts 
were blocked out by a resin creating reservoirs. A vacuum tray was 
formed out of the soft tray sheet which had a thickness of 0.5 mm. 10% 
CP (Opalescence PF 10% CP, Ultradent Products Inc, South Jordan, 
USA) was added into this bleaching tray and was kept there for 8 hours 
a day throughout 14 days.

Following every session, the teeth were rinsed; dried and topical 
fluoride agent (Flor-Opa l1.1% NaF, Ultradent Products Inc, South 
Jordan, USA) was applied for ten minutes. The specimens were kept 
in artificial saliva during the test period to take advantage of there 
mineralization action of saliva. The artificial saliva used in this study 
was freshened everyday to be able to obtain constant ion concentration.

In the third group, the bleaching gel consisting of 25% HP (ZOOM 
25% hydrogenperoxide whitening gel, Discus Dental, LLC, Culver 
City, USA) was applied to the enamel surfaces (~1-1,5 mm). The gel 
was activated with mercury metal halide light (ZOOM! Advanced 
Power, Discus Dental, USA) for fifteen minutes according to the 
manufacturer’sinstruction. The activation was repeated three times with 
the agitation of the gel. After the forty-five minutes of total activation 
time, whitening gel was removed, the teeth were rinsed, dried and the 
same topical fluoride agent was applied for ten minutes.

In the fourth group, the bleaching agent consisting of 38% HP 
(Opalescence Boost 38%HP, Ultradent Products Inc, South Jordan, 
USA) was applied to enamel surfaces of the specimens at about 1-1.5 
mm thickness. The bleaching agent was activated with quartz tungsten-

Figure 1: SEM micrograph of the sound enamel surface indicating ‘no 
alterations’.

halogen (QTH) light on bleaching mode (Optilux 501, Kerr, USA) for 
30 seconds.

The gel was replaced three times. The treatment time (total gel 
exposure) reduced to forty-five minutes with light activation. After 
removing the whitening gel, the teeth were rinsed, dried and the same 
topical fluoride agent was applied for ten minutes. The specimens were 
kept in artificial saliva until the following day. This procedure was 
repeated every other day for 3 days of application.

In the fifth group, a layer (~1-1.5 mm) of 38% HP (Opalescence Boost 
38% HP, Ultradent Products Inc, South Jordan, USA) was applied to the 
enamel surfaces of the specimens. To have the optimum effectiveness, 
the bleaching gel was activated with diodelaser (LaserSmile, Biolase, 
USA) using the whitening program (10 Watt-continuous mode for15 
seconds). After each activation, the gel was agitated and the activation 
was repeated withone-minute intervals. This was repeated for four 
times. The application was repeated three times for every session. At 
the end of the application the teeth were rinsed, dried and the topical 
fluoride agent was applied for ten minutes. The specimens were kept in 
artificial saliva until the following day. This procedure was repeated 3 
times every other day.

The specimens in the sixth group were treated with 37% 
orthophosphoric acid (ScotchBond Phosphoric Etchant Kit, 3M ESPE, 
USA) for 30 seconds, while the remaining 4 groups were treated with 
bleaching agents (from A3 shade to A1 shade); 10% CP, 25% HP 
activated with mercury metal halide light, 38% HP activated with 
quartz-tungsten halogen light and 38% HP activated with diode laser 
respectively according to manufacturers’instructions.

After the application of the bleaching agents for the prescribed 
time, the specimens were anticipated in artificial saliva for 14 days to 
mimic the in vivo remineralization condition.

Then the specimens were rinsed ultrasonically with water for ten 
minutes and prepared for SEM (FEI, QUANTA FEG 250) analysis. After 
dehydration, enamel surfaces were sputter coated with gold (~30-35 
nm) and photomicrographs of representative areas were taken at 5000x 
and 10000x magnifications. The classification for the enamel changes 
were as follows; no alterations, mild or slight alterations, significant 
alterations and loss of superficial structures.

Results
Figure 1 shows a representative photomicrograph of enamel 
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surface 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.

Circumferentially horizontal lines on the surface of normal, sound 
teeth known as perikymata was evident on all over the surface. In 
addition, pores could be easily seen and there weresome areas that 
comprised cracks.

Bleached groups showed alterations on surface smoothness and 
presented different levels of surface changes. Minor changes of the 
enamel surface occurred in samples treatedwith 10% CP for 8 hours 
daily for 14 days (Figure 2). This aspect suggested an insignificant 
increase in the enamel porosity, as compared to the control samples. 
The noted interprismatic limits were legend of the mild surface change.

The SEM pictures of enamel treated with 25% HP activated 
with mercury metal halide light were similar to those of the control 
group. However, after a detailed analysis the dissolution of both the 
interprismatic and intraprismatic substance could be detected on the 
surface of enamel resulting slight alterations. Besides the surface was 
smooth and perikymata was indistinguishable (Figure 3).

Intraprismatic structure dissolution occurred on the surface treated 
with 38% HP with light activation (Figure 4). The surface alterations 
were much more significant than the other bleaching groups with 

widespread and intense surface deposits. Porosity and concavity of the 
enamel structure increased due to intraprismatic dissolution.

Mild alterations on surface smoothness and slightly increased 
porosity occurred in the teeth bleached with 38% HP with laser 
activation (Figure 5). Interprismatic dissolution could be clearly 

Figure 2: SEM micrograph of enamel surface treated with 10% CP indicating 
‘mild’ surface alterations.

Figure 3: SEM micrograph of enamel surface treated with 25% HP activated 
with mercurymetal halide light indicating ‘slight’ alterations.

Figure 4: SEM micrograph of enamel surface treated with 38% HP with 
halogen light activation indicating ‘significant’ alterations.

Figure 5: SEM micrograph of enamel surface treated with 38% HP with diode 
laser activation indicating ‘slight’ alterations.

Figure 6: SEM micrograph of enamel surface treated with 37% orthophosphoric 
acid indicating ‘loss of superficial structure’.
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observed. These changes were similar to the image of 10% CP group 
(Figure 3), but additionally spattered deposits on the surface were also 
noted. In the sixth group, the acid-etched samples had a rough and 
uneven surface, which indicated alterations of the prismatic structure 
of the enamel due to selective dissolution of the apatite crystals (Figure 
6). 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.

Discussion
Surveying the literature, it is noticeable that the studies on bleaching 

are mostly about the aesthetic outcomes and clinical performance of 
different treatment techniques with different activation methods [27-
29]. In addition there are many studies that evaluated the structural 
changes of dental hard tissues with microhardness tests, profilometric 
analyzes and spectrophotometric mineral loss measurements [18-
20,23]. Besides, in the present study it was aimed to compare the changes 
caused by different bleaching agents with different concentration and 
activation methods on human enamel surface with SEM and visualize 
the structural changes with photomicrographs. Our hypothesis that 
different bleaching treatments would alter the enamel surface was 
proven according to the visual evaluations, which revealed surface 
alterations on enamel after all bleaching procedures. The results were 
classified according to a certain scale as no alterations, mild or slight 
alterations, significant alterations and loss of superficial structures.

Effects of different bleaching agents on enamel structure have been 
discussed innumerous studies and most of these studies have reported 
that in-office bleaching agents caused more pronounced effects than 
home-bleaching agents due to its higher HP concentration [13-23]. 
However, there have been controversial results on the effects of CP.

Some studies have demonstrated no significant effects of 10% CP 
that has been approved tobe the safest agent by ADA [20-22]. On the 
other hand, contrary results have shown the morphological alterations 
on enamel surface bleached with 10% CP [13,30].

In the present study, the specimens of the control group stored 
in artificial saliva for 14 days showed no changes in morphology. The 
intact uniform surface layer could be observed. On the contrary, all 
the agents tested caused defects on the enamel surface with different 
characteristics. Ten percent CP caused mildly changed areas on enamel 
surface after the application time of 8 hours/day for 14 days, which 
added up to 112 hours of total contact time with the bleaching agent. 
The expectation would be that 10% CP would not cause any alterations 
on enamel surface and the surface would look like the control group. 
However, the morphological analyzes showed slight alterations on 
enamel porosity and noted interprismatic limits.

Light activation have been used to increase the reaction rate and 
accelerate the decomposition reaction of HP. Currently different types 
of light sources are being used fortooth bleaching, including quartz–
tungsten–halogen (QTH) lamps, plasma arc, light emitting diodes and 
lasers [31,32]. Mercury metal halide lamps work in a similar way to 
plasma arclamps with a little difference that the source of light emission 
is metal ions instead of ionized xenon gas. Plasma arc lamps emit a wide 
range of wavelength while lasers emit a well-defined monochromatic 
light at a single wavelength [33].

The alterations of the surface characteristics of the 25% HP group 
which were activated by mercury alkali metal light activation was an 
interesting finding of the present study. The surface morphology was so 

smooth that it was nearly close to the control group with little differences. 
It could also be seen that perikymata has become indistinguishable, 
creating flatter enamel surfaces. Following light activation, the surface 
morphology was substantially changed and became smoother. In 
addition, the dissolution of both the interprismatic and intraprismatic 
substance could be detected. In a study [34], the temperature rise of 
enamel surface after bleaching with mercury metal halide light and 
diode laser were compared. The temperature rise of mercury metal 
halide light found to be significantly higher than diode laser for the 
first application of the treatment procedure. The results of mercury 
metal halide light were also higher for the latter applications however; 
there was significantly no difference between the groups. The authors 
of the present study believe that the heat induced by mercury metal 
halide, which did not exceed 8°C in Abu-El Magd’s study [34] might 
have changed the structure of apatite crystals on surface and caused 
alterations on the enamel surface. In another study by Nelson et al. [35], 
it was shown that heat delivered by infrared laser irradiation resulted 
in a melted surface with a new phase of lower carbonate content. 
Within the light of above studies, the smoother surface formed after 
the application of mercury metalhalide activation could be attributed 
to the heat induced by light activation. It is a possibility that mercury 
metal halide activation might have melted the surface layer of enamel 
causing as moother surface.

Morphological analyzes of enamel surface treated with 38% HP 
activated with halogen light have shown severe surface alterations. 
However mild surface alterations were noted in the fifth group which 
the same concentration of HP was activated with diode laser. Dostalova 
et al. [5] evaluated the effects of various diode laser techniques for 
bleaching teeth and concluded that diode lasers helped to decrease 
the time of bleaching without surface modifications. Both groups 
represented increased porosity in the present study; however, the 
deposits of the light activated group were much higher. Increased 
porosity and deposit precipitation characterize the enamel erosion [36-
38]. Thus, the alterations on the enamel surface of the light-activated 
group were most likely erosions, as also demonstrated in an invitro 
study by Tezel et al. [20,23]. The difference among these studies can be 
attributed to the effect of contact time with the agent and the activation 
time of the gel. The total contact time was 45 minutes for the light 
activated group and 36 minutes for the laser activated group.

The etching with phosphoric acid, which was first mentioned by 
Buonocore in 1955, is used in contemporary practice in dentistry in 
order to increase the bond strength of adhesive materials to enamel. 
Since then, different concentrations of phosphoric acid have been 
widely used to etch enamel surfaces. Its effect on enamel varies; as 
several different arrangements ofdissolved crystals form [39]. In the 
present study, one sixth of each tooth was treated with 37% phosphoric 
acid in order to compare the surface characteristics of bleached and 
the etched enamel surfaces. When the specimens were analyzed, 
a significant amount of structure loss and an aggressive change in 
the structure of the enamel were observed. It was known that after 
phosphoric acid etching approximately 10 μm of the enamel surface 
has been removed and porous surface layer has been formed [40,41]. In 
addition, the surface was irregular and the dissolution pattern was not 
uniform throughout the surfaces. Although extensive demineralization 
could be seen clearly, there were some areas showing the aprismatic 
layer of the third molar teeth used in the study.

Conclusion
In the limitation of this study it can be concluded that, all bleaching 

agents caused changes on the surface morphology of extracted human 
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teeth with more or less differences. Among the bleaching systems 
investigated, 10% CP should be the first choice for a bleaching treatment 
if the patient has enough time. If not, it can be concluded that office 
bleaching with laser activation is the safest method to use when the 
possible adverse effects on enamel surface are considered. For all the 
changes observed in all groups, it is important to investigate whether 
these changes are reversible or not. In addition bacterial accumulation, 
protective effect of remineralization agents and the nano identification 
of the structure of the apatite crystals should be investigated in the 
future studies in order to understand the alteration and dissolution 
phenomena better after bleaching.
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