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ELECTRONIC MICROSCOPIC RESEARCH OF TOOTH ENAMEL SURFACE AFTER USAGE 

OF DIFFERENT METHODS OF HOME BLEACHIG 
 

Abstract. Teeth colour plays an important role in the perception of a person, shaping his image and self-
assessment. Thus, it has a significant influence on quality of life, due to its dental health. Nowadays 
world dental practice is increasingly focused on developing of more saving methods that provide the 
aesthetic needs of the patient. Aim. To study the influence of different bleaching agents on the 
ultrastructure of enamel by means of scanning electronic microscopy. Materials and methods. 
Investigation is undertaken on a 25 permanent teeth that were extracted for orthodontic indications in 
patients 20-30 years. For revealing of enamel surface structure changes after the action of bleaching 
facilities scanning electronic microscopy research method was used. Results. Electronic microscopic 
investigation showed that brushing with abrasive toothpaste with RDA=200 characterized by 
mechanical damage as a result of highly abrasive elements of toothpaste. Brushing with bleaching 
toothpaste RDA=120 led to less significant changes in enamel surface, indicated a less damaging effect 
of the paste on the surface of the enamel. Cleansing of the teeth with a paste with low abrasiveness 
(RDA of 75) caused minor damage to the enamel surface, indicated a slight abrasive effect of toothpaste. 
Bleaching with peroxide containing bleaching systems resulted in smooth enamel surface, which 
indicated that they to some extent dissolved the surface layer of enamel. Conclusions. Electronic 
microscopic studies confirmed the need of a differentiation of bleaching facilities, depending on the 
patient’s teeth status. This will achieve an aesthetic effect with minimum damaging effects on hard 
tooth tissues. To prevent complications that arise as a result of bleaching, it is necessary to prescribe 
local remineralization therapy with hydroxyapatite- and fluoride containing facilities of individual or 
professional oral hygiene. 
Keywords: discoloration, dental hard tissues, bleaching facilities, individual oral hygiene, ultrastructure 
of enamel, scanning electronic microscopy. 

 
Introduction. Changes of the teeth colour 

(discoloration, discoloritis) are common 
pathologic lesions of dental hard tissues among 
people of all ages. Teeth colour and its colour 
characteristics play an important role in the 
perception of a person, shaping his image and self-
assessment. Thus, they have a significant 
influence on quality of life, due to its dental health 
[6, 8]. 

Nowadays world dental practice is increasingly 
focused on developing of more saving methods 
that provide the aesthetic needs of the patient. 
Today the most common procedure for 
improvement of teeth crowns colour is bleaching 
[12]. The demand of aesthetic dentistry services is 
relevant due to the high prevalence of dental 
diseases and bad habits that lead to hard tooth 

tissues discoloration (A. Watts, 2001). There are a 
quite a number of different bleaching facilities 
[15]. However, it should be noted that most of 
these facilities contain significant concentrations 
of peroxides that can damage hard tooth tissues 
[21, 20]. 

Thus, the results of clinical studies in recent 
years indicated the need for differentiation of 
bleaching facilities depending on patient’s teeth 
status [2, 14]. This will ensure the most stable 
aesthetic and therapeutic result; reduce the level 
of teeth crowns preparation and therefore 
damage of the pulp and hard tooth tissues. 
Therefore, development of more effective and 
safe methods simultaneously correcting colour 
changes of hard tooth tissues is an actual problem 
of therapeutic dentistry. 

    © 2019. This manuscript version is made available under the CC BY-NC 4.0 license 
Anzeige – Info@dwherold.de                                                                                             http://creativecommons.org/licenses/by-nc/4.0/  
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As known, the action of the various bleaching 
systems and methods is in discoloration of organic 
matrix of interprismatic substances, with the 
insignificant dissolution of enamel surface, 
causing expansion of superficial and deep layers of 
enamel pores [12]. 

Objective. The aim of the investigation is to 
study the influence of different bleaching agents 
on the ultrastructure of enamel by means of 
scanning electronic microscopy. 

Materials and methods of research. The object 
of the investigation – 25 permanent teeth that 
were extracted for orthodontic indications in 
patients 20-30 years (extracted incisors, canines, 
premolars upper and lower jaws).  

The research method is scanning electronic 
microscopy – for revealing of enamel surface 
structure changes after the action of bleaching 
facilities. 

Extracted teeth had been thoroughly washed 
from the blood in running water, cleaned from 
remains of soft tissues using brush at low revs. 
Each sample tooth previously prepared as follows. 
Tooth conventionally divided vertically into two 
parts. On one half of the crown applied liquid 
Opal-Dam (Ultradent Products Inc.) to isolate this 
part of the tooth and cured with polymerization 
lamp for 15 seconds, after which the samples 
were subjected to further investigation.  

All teeth were divided into 2 groups: the first 
group – extracted teeth that had been brushed 
with abrasive bleaching toothpaste of varying 
abrasiveness index (15 samples); second – 
extracted teeth on enamel surface of which were 
applied peroxide containing facilities (10 
samples). 

Samples of the teeth of the first group were 
divided into 3 subgroups. The first subgroup (A-1) 
– enamel surface was brushed with toothpaste 
RDA=200 using a brush and micromotor at low 
rpm for 15 minutes. Then the sample tooth 
washed with running water and kept in sterile 
containers of isotonic solution (NaCl) to re-
processing . This procedure is performed every 
day for 3 days, after which the sample was 
subjected to a scanning electronic microscopic 
research. 

Second subgroup samples (A-2) were brushed 
with toothpaste RDA=100 for the same scheme 
for 3 days and subsequently performed scanning 

electronic microscopic research. Experimentally, 
it meets specified by the manufacturer using the 
method – brushing 1 per day at least 3 minutes for 
2 weeks. 

Third subgroup samples brushed by the 
foregoing scheme with toothpaste RDA=75 of 15 
minutes a day every day for 6 days. Experimentally 
– is brushing twice a day at least 3 minutes for 2 
weeks. 

Samples of the teeth of the second group (B) 
were prepared for electronic microscopic 
examination as follows. On enamel surface of 
samples of B-1 were applied peroxide containing 
bleaching system Opalescence (Ultradent 
Products Inc.) with a concentration of active 
substances – 45% carbamide peroxide once, 
exposure time – 30 minutes. The samples of B-2 
were applied bleaching system Yotuel 7 Hours 
(Biocosmetics laboratories) the concentration of 
active substance – 10% carbamide peroxide for 1 
hour. Then the sample tooth washed with running 
water and kept in sterile containers of isotonic 
solution (NaCl) to re-processing. The procedure is 
performed daily for 7 days (equivalent 
recommended by the manufacturer of the term). 
Then the gel is washed from the sample under 
running water and stored in saline for further 
study. 

Electronic microscopic study conducted by the 
method of F.M. Mammadov and other [9, 10, 11], 
by scanning electronic microscopy in the 
laboratory department of Institute of Materials 
Photoelectronics name after Frantsevich NAS of 
Ukraine (Head. Laboratory, Dr. A. Samiryuk ). The 
study was conducted in several stages: 
preparation and teeth preparation, applying of 
different bleaching facilities, thin teeth sections 
preparation. To study the samples in a scanning 
electronic microscope from each sample tooth 
microsection of 0.5-0.7 mm, which had two 
surfaces, one of which was treated with bleaching 
agent (bleaching paste or system), the second – 
served as a control. 

After teeth microsection preparation they 
were polished with fine-grained elastic discs 
«Soft-Lex» («3M»). Grinding and polishing teeth 
microsection surfaces performed to obtain a 
mirror surface. Just before electronic microscopic 
study teeth microsection surfaces were cleaned 
with petroleum ether. Teeth microsections were 
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fixed on brass pedestals using conductive carbon 
glue. They were placed in a vacuum chamber, 
where they spent spraying the surface of the gold 
thin sections (99,99%AU) to the formation of 
these films 150A thick pure gold. Such a top film 
thickness sufficient to further electronic 
microscopic study of samples in X-ray 
microanalyzer "Superprobe-733" (JEOL, Japan) 
(Petrov V.I.). After spraying pedestals with 
samples of thin sections were studied by X-ray 
microanalyzer "Superprobe-733" (JEOL, Japan). 
Absolution in the image of secondary electrons 
(SEI, Secondary Electron Image) 7 nM, working 
vacuum: 1х10-5А. The study was conducted at an 
accelerated voltage of 25 kV and beam current of 
1х10-10А. The results were photographed with 
the built- in digital camera microscope, which is 
connected to a computer (hereinafter 
microphotographs of computer onto a CD-ROM ).  

The results recorded on electronic digital 
media with an increase in 1000. In micrographs 
obtained visually conducted comparing the 
objects. 

All laboratory methods of research conducted 
at least five samples. The results were treated 
statistically [4, 23]. 

Results of the research. The areas of teeth 
enamel samples of all groups that are not 
subjected to pre-treatment of bleaching agents 
served as a control. In these areas typical enamel 
homogeneous structure was revealed. Clearly 
visible outlines of enamel prisms and natural 
furrows were present. On the surface of the 
enamel there were also areas without clear prisms 
outlines, uniform spaces between them filled with 
mineral crystals: the so-called aprismatic enamel. 
In general, the surface characteristic of the 
enamel was undergoing its usual pressures and 
the influence of hard food particles (Fig.1, 2, 3). 

In the teeth microsection surfaces study, which 
were previously subjected to cleaning with 
abrasive toothpaste RDA=200 according to the 
scheme, revealed the following. The surface of 
enamel lost its distinctive topography of enamel 
prisms shape and structure – the so-called 
"smoothed enamel". On the enamel surface there 
were a lot of different depths scratches. These 
changes were the result of toothpaste highly 
abrasive elements action (Fig. 4, 5). 

After brushing with bleaching toothpaste with 

abrasive index of 120 were found less significant 
changes in enamel surface compared with the 
results of A-1 group. In particular, more 
pronounced prismatic structure of enamel, areas 
of smooth enamel less pronounced. Almost no 
scratches and cracks on the surface of the enamel. 
Revealed changes suggest less damaging effect of 
the paste on the surface of the enamel (Fig. 6, 7). 

 
Fig. 1. Sound tooth enamel surface. Clearly visible 

prismatic structure of enamel surface with areas of 
aprismatic enamel. Scanning electron micrograph, 

x300 

 
Fig. 2. Sound tooth enamel surface. Clearly visible 

prismatic structure of enamel surface with areas of 
aprismatic enamel and perikimata. Scanning electron 

micrograph, x300 

 
Fig. 3. Sound tooth enamel surface. Clearly visible 

prismatic structure of enamel surface with areas of 
aprismatic enamel. Scanning electron micrograph, x 

1000 
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Fig. 4. Enamel surface of the tooth after cleansing 
with abrasive toothpaste with RDA=200. Smooth 

prismatic structure of enamel surface. Big number of 
different depths scratches on the enamel surface. 

Scanning electron micrograph, x 1000 

 
Fig. 5. Enamel surface of the tooth after cleansing 

with abrasive toothpaste with RDA=200. The enamel 
surface with almost lost enamel prisms. Large number 
of different depths scratches on the enamel surface. 

Scanning electron micrograph, x 2000 

 
Fig. 6. Enamel surface of the tooth after cleansing 
with abrasive toothpaste with RDA=120. There are 
less noticeable enamel prisms without scratches on 

the enamel surface. Scanning electron micrograph, x 
1000 

 
Fig. 7. Enamel surface of the tooth after cleansing 
with abrasive toothpaste with RDA=120. There are 
less visible outlines of the enamel prisms without 

scratches on the enamel surface. Scanning electron 
micrograph, x 2000 

The analysis of teeth samples after brushing 
with a toothpaste with small abrasion (RDA=75) 
was revealed following. There were almost no 
changes in ultrastructure of the enamel – there 
were outlines of the enamel prisms. There is 
absence of smooth enamel areas. This indicates at 
slight abrasive effect of these toothpastes (Fig. 8, 
9).  

After usage of peroxide containing bleaching 
system Opalescence 45 % (Ultradent Products 
Inc.) was revealed the following. Enamel prisms 
outlines were practically lost. On the enamel 
surface were visible microscopic cracks, scratches, 
furrows, areas of demineralization of enamel 
crystals (Fig. 10, 11). Overall, this indicated that 
this bleaching system had less abrasive action.  

 
Fig. 8. Enamel surface of the tooth after cleansing 

with abrasive toothpaste with RDA= 75. Clearly visible 
outlines enamel prisms. Scanning electron 

micrograph, x 1000 
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Fig. 9. Enamel surface of the tooth after cleansing 

with abrasive toothpaste with RDA= 75. Clearly visible 
outlines enamel prisms. Scanning electron 

micrograph, x 2000 
 

 
Fig. 10. Enamel surface of the tooth after usage of 

bleaching system Opalescence 45%. There are areas 
of smooth enamel and demineralization of enamel 

crystals. Scanning electron micrograph, x 1000 
 

 
Fig. 11. Enamel surface of the tooth after usage of 

bleaching system Opalescence 45%. There are areas 
of smooth enamel and demineralization of enamel 

crystals. Scanning electron micrograph, x 2000 

However, it greatly smoothed the surface of 
the enamel, which may indicate that this 
bleaching system to some extent dissolved the 
enamel surface layer.  

After usage of professional bleaching system 
Yotuel 7 Hours (10% carbamide peroxide) 
destructive areas of enamel surface with "typical" 
ultramicroscopic structure were founded. Also, 
there were visible scratches on the enamel 
surface (Fig. 12, 13). Revealed changes suggest 
that this bleaching system dissolved the enamel 
surface and had relatively little abrasive effect. 

 
Fig. 12. Enamel surface of the tooth after usage of 

bleaching system Yotuel 7 Hours. Clearly visible 
destructive areas of enamel surface with "typical" 

ultramicroscopic structure. Scanning electron 
micrograph, x 1000 

 
Fig. 13. Enamel surface of the tooth after usage of 

bleaching system Yotuel 7 Hours. Clearly visible 
destructive areas of enamel surface with "typical" 

ultramicroscopic structure. Scanning electron 
micrograph, x 2000 

Discussion. An electronic microscopic 
investigation has shown that toothbrushing with a 
RDA 200 abrasive toothpaste causes a 
characteristic mechanical damage to the enamel 
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surface of the teeth due to the effect of the high 
abrasive elements of the toothpaste. 
Toothbrushing with whitening toothpaste with a 
RDA 120 abrasive index leads to less significant 
changes in the enamel surface, which indicates a 
lesser damaging effect of the paste on the enamel 
surface. Toothbrushing with toothpaste with low 
abrasive elements RDA 75 causes slight damage to 
the enamel surface, which indicates a slight 
abrasive effect of the toothpaste. 

Bleaching of the teeth surfaces with a 
peroxide-containing whitening system 
Opalescence 45% (Ultradent Products Inc.) with 
less abrasive action results in smoothing of the 
enamel surface, indicating that this whitening 
system dissolves to a certain extent the enamel 
surface. The use of professional bleaching with 
the use of the Yotuel 7 Hours system results in the 
formation on the surface of enamel of areas of 
destruction of enamel with a "characteristic" 
ultramicroscopic structure. This indicates that this 
bleaching system dissolves the surface of the 
enamel although it has a relatively small abrasive 
effect. 

The obtained data on the composition of 
bleaching toothpastes, their influence on the 
microflora and on the surface of the enamel of 
teeth provided the basis for a differential choice 
of personal hygiene products for use in the 
complex treatment of tooth discoloration in 
patients with periodontal disease. 

Conclusions. The electronic microscopic 
investigation to some extent consistent with 
findings of a number of works which marked 
bleaching effectiveness of various facilities [18, 
19, 13, 1, 16], their impact on enamel morphology 
[5, 17]. To prevent complications that arise as a 
result of bleaching, it is necessary to prescribe 
local remineralization therapy with 
hydroxyapatite- and fluoride containing facilities 
of individual or professional oral hygiene [7, 22, 3]. 

Electronic microscopic studies confirmed the 
need of a differentiation of bleaching facilities, 
depending on the patient’s teeth status. This will 
achieve an aesthetic effect with minimum 
damaging effects on hard tooth tissues. 
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