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Abstract 
Hydrogen peroxide (PH) is the main active substance used in current bleaching treatments. the mechanism of the 

bleaching reaction is based on the ability of PH to penetrate the enamel surface followed by its degradation into free 

radicals that will oxidize dentin-fixed chromogens releasing several types of intermediates: free radicals and 

hydroperoxyl anions. The dissociation of the peroxide and the type of intermediate product varies depending on the 

temperature, the concentration of the peroxide, the pH of the bleaching solution and the presence of co-catalysts. 

The study was performed in vitro on a number of 22 patients. Patients were given PH-40% with 1.1% fluorine and 

3% potassium nitrate in two successive applications in a single session. Statistical data processing was performed 

with the SPSS 14 program for Windows, with the t-students paired test establishing a statistical significance 

threshold of p≤0.05. Within the limits of this study, it can be concluded that the effect of in vitro use of 40% 

hydrogen peroxide was immediate and statistically significant on average with a difference of five shades on the 

analog visual scale. 
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Introduction 

Improving the aesthetic appearance without 

sacrificing hard dental substance is a 

desideratum that must be applied by every 

practitioner, an aspect supported by various 

specialized studies. [1,2]  Currently, there is 

a wide range of products for whitening 

treatments. However, most products contain 

hydrogen peroxide as an active oxidizing 

substance. [3] Hydrogen peroxide can be 

used as such or in the form of organic 

derivatives, carbamide peroxide and sodium 

perborate. [4] Hydrogen peroxide (H2O2) is 

a colorless liquid, slightly more viscous than 

water, with a molecular weight of 34.0147 g 

/ mol. [5] Due to its low molecular weight, it 

can penetrate the dentine, releasing free 

radicals that will split the double bonds 

specific to chromophore complexes. [6] 

Hydrogen peroxide is  available in 

concentrations from 5% to 40%. It acts as a 

strong oxidizing agent [7], releasing several 

types of intermediat products by 

decomposition: free radicals and 

hydroperoxyl anions. The decomposition 

rate and the type of intermediate product 

formed vary depending on the temperature, 

the concentration of the peroxide, the pH of 

the bleaching solution and the presence of 

co-catalysts. [8] The formation of free 

radicals is favored by light and heat. 

Increased pH values favor the 

decomposition of hydrogen peroxide into 

hydroperoxyl anions [8] Sometimes a 

combination of free radicals and 

hydroperoxyl anions results in the 

decomposition of hydrogen peroxide in 

basic solution and also in acid solution. [9] 

These compounds cleave the double bonds 

that attach the pigment molecules to the 
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dental structure, forming soluble compounds 

(alcoholic groups) that are eliminated. In 

order to counteract the effects of oxidative 

stress, the body produces an arsenal of 

antioxidants: the redox cycle of glutathione, 

catalase, ascorbic acid, superoxide 

dismutase, prostaglandin E1, glutathione 

peroxidase, vitamin E and plasma 

peroxidase.[8-13] 

Dental whitening has become an important 

part of cosmetic dentistry, representing the 

most conservative way of treating dental 

discoloration. The application of the 

whitening technique has the advantage of 

increasing self-esteem, by increasing the 

quality of life, a very current concern at this 

time. [13] Goldstein [8] states that the 

effectiveness of bleaching treatments it is 

conditioned by several factors: a clean 

surface of the tooth, the concentration of 

hydrogen peroxide,  temperature,  pH,   

time. [14]  Also, the context of the changes 

during pregnancy, from the oral cavity 

according to several specialized studies [15] 

indicates whitening as a temporary 

contraindication. Numerous studies evaluate 

the influence of different factors on 

bleaching such as: time and frequency of 

applications, bleaching agent concentration, 

dental structure, photocatalysts and 

thermocatalysts, ozone use or bleaching 

agent sealing  as well as the allergic terrain, 

decisive factor in establishing the indication 

[16,17]. The purpose of this study is to 

evaluate the effectiveness of the 40% 

hydrogen peroxide bleaching system. The 

objectives of this clinical study were to 

evaluate: the effectiveness of the bleaching 

treatment, the degree of color change, the 

degree of dental sensitivity, if there is a 

significant color difference between the 

maxillary arch and the mandibular arch, 

after bleaching, in the patients included in 

the study groups. 

Material  and methods 

This study was carried out in accordance 

with the norms in force approved by the 

Ethics and Research Commission of the 

Faculties of Dental Medicine, within the 

University of Medicine and Pharmacy 

"Gr.T.Popa" Iasi, with the informed consent 

of the patients in relation to the norms For 

work. The group included 22 patients, aged 

19-40 years. The criteria for inclusion were 

the following: have an integrated frontal and 

premolar group, adequate oral and dental 

hygiene, be non-smokers and agree and 

follow the recommendations of the 

specialist. Exclusion criteria targeted 

patients with periodontal disease; with 

allergy to peroxides; which has been 

whitening in the last year; patients with 

dental sensitivity; pregnant women. The 

40% Opalescence Boost Professional 

Whitening Kit (Ultradent® Products Inc., S. 

South Jordan, UT) was used based on 40% 

hydrogen peroxide. The chemical activator 

contains a unique formula of sodium 

fluoride = NaF, 1.1% fluoride and 3% 

potassium nitrate. The gingival barrier 

(OpalDam Green) is represented by a 

photopolymerizable resin based on 

metacylate, the inter-arcadic device 

Isoblock. Professional photos during the 

study were recorded with the Panasonic 

Lumix DMC-TZ10 (12.1 Mpx resolution, 25 

mm wide-angle lens, 12x optical zoom) and 

the Huawei P 20 Lite camera - 16MP f2.2 + 

2MP f2.4 Rear camera initial and final. 

Photoactivation of the gingival barrier was 

performed with a 1600 nm led photo lamp. 

Patient data were recorded in the chemical 

treatment record of dental discoloration. The 

color evaluation of the teeth was performed 

both immediately and immediately after 

treatment by the method of visual color 

analysis, with the Vitapan color key (Vita 

Zahnfabrik, Germany). The 16 samples were 

ordered according to brightness (Table 1). 

The color determination was performed by 2 

evaluators, under natural light conditions. In 



Romanian Journal of Oral Rehabilitation 

Vol. 12, No. 2, April - June 2020 

260 
 

the statistical analysis we used the scores corresponding to each particular wedding. 

 

Table 1 - VITAPAN color key with samples organized by brightness 

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

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

 

Dental sensitivity was evaluated before 

whitening (reference value) and after. 

Patients underwent a SVA (Analogous 

Visual Scale) questionnaire (Table 2) to 

measure dental sensitivity. Sensitivity scale: 

0-1: Absent sensitivity = Score 1, 2-3: Light 

sensitivity = Score 2, 4-6: Moderate 

sensitivity = Score 3, 7-8: Severe sensitivity 

= Score 4, 9-10: Unbearable sensitivity = 

Score 5.  

 

Table 2 - Analogous Visual Scale (SVA) 

0 1 2 3 4 5  6 7 8 9 10 

No 

Sensitivity  

          Unbearable 

sensitivity 

  

Patients were initially evaluated, selected 

and underwent dental hygiene one week 

prior to treatment. Applying the whitening 

gel, Opalescence Boost 40%, was done 

according to the manufacturer's instructions. 

There were two successive applications of 

15 minutes each. The application was 

applied at the level of the upper and lower 

secondary premolar for buccal surfaces. The 

color of the teeth was recorded. The initial 

and final shades were noted and were 

quantified according to the tonality scores. 

The analysis was performed with the 

program SPSS for Windows, establishing a 

statistical significance threshold of p≤0.05. 

Paired t-test, was used to compare the mean 

value of the scores of the dental shades, 

before and after the bleaching treatment. 

Results The subjects included in the study had an 

average age of 29.91 years (± 8.94), 72.7% 

being female and 27.3% male. (Figure1) 

 
Figura 1 – Distribution of subjects according to age 
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Table 3 Statistical report on the degree of dental sensitivity appeared according to the tonality 

score obtained 

SCORE Mean N 

Std. 

Deviation 

Score  final 

    Frequency Percent 

0 nuance 1,33 6 ,516 6 1.4 

1 nuance 2,00 8 ,000 8 1.8 

2 nuance 1,00 4 ,000 4 .9 

3 nuance 2,38 144 ,718 144 32.7 

4 nuance 2,20 71 ,401 71 16.1 

6 nuance ,00 20 ,000 20 4.5 

7 nuance 1,56 147 ,642 147 33.4 

8 nuance 1,00 8 ,000 8 1.8 

9 nuance 2,00 4 ,000 4 .9 

10 nuance 3,14 28 1,380 28 6.4 

Total 1,95 440 ,929 440 100.0 

 

 
Figure 2 - Distribution of the obtained scores 

 

The average of the initial shade for the upper 

arch was 8.07 (± 3.50) and lower 8.82 (± 

3.19) and the final upper 3.44 (± 2.24) and 

the lower end 3.66 (± 2.25) with the final 

score for the upper arch 5.12 (± 2.34) and 

for the arch lower 5.16 (± 2.34) with initial 

nuance upper arch and lower 8.45 (± 3.37) 

and upper 3.55 (± 2.35). These data indicate 

that there were no differences between the 

two arches highlighted in table 4. 

Table 4 Comparative analysis of the nuances and the scores obtained between the teeth of the 

maxillary arches and those of the mandibular arches. Paired Samples Test 
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  Paired Differences t df 

Sig. (2-

tailed) 

  Mean 

Std. 

Deviatio

n 

Std. 

Error 

Mean 

95% 

Confidence 

Interval of the 

Difference       

        Lower Upper       

Pair 1 Nuance initial arch 

maxillary - nuance 

initial inferior 

-,745 1,918 ,129 -1,000 -,491 -5,764 219 ,000 

Pair 2 Nuance final arch 

maxillary - nuance 

final inferior 

-,223 1,012 ,068 -,357 -,088 -3,266 219 ,001 

Pair 3 Score final arch 

maxillary - score 

final inferior 

-,041 1,074 ,072 -,184 ,102 -,565 219 ,573 

Pair 4 Nuance initial arch 

superior and 

inferior - nuance 

final arch superior 

and inferior 

4.898 2.550 .122 4.659 5.137 40.290 439 .000 

 

For the analysis of the color difference, 

between the two dental arches, the average 

values and the standard deviations of the 

efficiency scores for 440 teeth, 220 teeth 

from the upper arches and 220 teeth from 

the lower arches were used. Thus an average 

of -, 041 ± 1,074 was obtained with p =, 

573, the color difference between the two 

arches being statistically insignificant, p> 

0.05. (Table 4) The mean whitening scores 

were 5.14 (± 2.34). Dental sensitivity 

analysis was performed by analyzing the 

sensitivity scores before and after treatment 

in the 22 patients. Before treatment, all 

patients had a score of 1 = no sensitivity. 

After treatment, 27.3% (120) had no 

sensitivity, 40.9% (10) of teeth showed mild 

dental sensitivity, 22.7% (100) moderate 

dental sensitization, and 4.5% (20) teeth 

showed a severe sensitivity Table 5. 

Table 5 Analysis of the final scores obtained for the presence of sensitivity 

 Frequency Percent 

Valid 0 20 4,5 

0-1= Painless 120 27,3 

2-3 = Slight pain 180 40,9 

4-6 = Midle pain 100 22,7 

7-8 = Severe 

pain 
20 4,5 

Total 440 100,0 
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Discussion 

The mechanism of the bleaching reaction is 

based on the ability of PH to penetrate the 

enamel surface followed by its degradation 

into free radicals that will oxidize the 

chromogens fixed at the dentary level. [19] 

Numerous studies have shown the 

effectiveness of hydrogen peroxide 

bleaching [20-22] However, several clinical 

studies [23,24] have shown that in most 

cases, longer and more visible aesthetic 

results are needed. many bleaching sessions 

over a longer period of time. In order to 

obtain rapidly visible results in a shorter 

period of time, the bleaching agent may be 

associated with thermo or photocatalysts, 

which will increase the rate of 

decomposition of PH, thus accelerating the 

release of free radicals capable of breaking 

down chromogenic molecules. [24- 26] 

Different light sources are available such as: 

halogen lamps, light emitting diodes 

(LEDs), diode laser, argon laser, plasma 

lamp used for PH activation. [24] The use of 

photoactivation is a controversial topic, 

although some studies have shown that the 

use of these catalysts, offers better results in 

terms of brightness obtained, in a short 

period of time. There are authors who point 

out the risk of pulp inflammation due to the 

heat generated by the light sources. [27] 

Photopolymerization lamps produce a 

significant amount of heat, significantly 

increasing the intra-pulp temperature 

compared to the conventional method of 

bleaching without catalysts. [28] Other 

studies comparing the influence of different 

light sources on the increase of temperature 

in the pulp tissue have concluded that the 

temperature differences depend on the type 

of catalyst source used [24, 26, 28], which 

may be critical [26,29] or no [30,31] for the 

pulp tissue. The study [32] on assisted laser 

whitening aimed to determine whether the 

initial sex, age and color of the teeth 

influence the results of post-treatment 

whitening, the conclusions being that the 

initial color of the teeth influences the 

brightness obtained. Teeth with A shade will 

achieve better results than C or D. 

Comparative studies on the different 

concentrations of PC used in dental 

whitening have concluded that between 10% 

PC and 15% PC there are no statistically 

significant differences regarding the 

obtained results. [33-34] The stability of the 

color obtained after bleaching is also widely 

debated in the literature, the studies 

conclude that the light sources do not 

influence the stability of the treatment. [35] 

A valid comparison of the data obtained by 

the researchers is difficult to achieve due to 

the lack of a systematic methodology in this 

regard. The real challenge for physicians is 

to determine the most effective whitening 

method, while maintaining a high degree of 

patient safety. Gender is not a factor that 

influences bleaching outcomes, there were 

no statistically significant results between 

female and male patients. Visual color 

assessment is a subjective procedure, 

influenced by both external factors and the 

abilities of the examiner, lack of uniform 

and complete coverage of the spectrum of 

dental colors. For this purpose to reduce the 

degree of error, the color of the teeth was 

determined by two examiners, and the color 

key samples were arranged according to 

brightness. Differences in brightness are 

easier to detect than color differences 

generated by mismatch or saturation. [34] 

ShadeEye NCC colorimeter, quantifies the 

color parameters by numerical values, with 

the possibility to store and transmit the 

obtained information, although the accuracy 

of the colorimeter is lower compared to that 

of the spectrophotometer. The accuracy of 

color determination immediately after 

bleaching treatments is another controversy 

in the literature. The bleaching effect 

immediately after treatment is due to dental 

dehydration, induced by bleaching 
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treatment. Although dental dehydration 

produced by bleaching agents has not been 

fully studied, there are authors [35,36] who 

argue that bleaching products use hydrogen 

peroxide, glycerin, which absorbs water and 

induces dehydration of the bleaching 

product. The use of laser photoactivators is 

an additional dehydration factor, studies 

have shown that laser light dehydrates the 

tooth even in the absence of whitening gel. 

[39] Therefore, it is recommended that 

bleaching results be evaluated one week 

after treatment, for greater accuracy of data. 

On the other hand, as the period of re-

evaluation of the dental color increases as 

time goes on, the more the chance for 

patients to consume chromogenic foods 

increases, influencing the data obtained. 

That is why in our study we opted for color 

evaluation immediately after treatment. 

According to ADA indications after 

whitening treatments, we must have a 

reduction with two wedding scores on the 

brightness scale. Regarding the dental 

sensitivity, this study confirmed the existing 

data in the literature, according to which 

dental whitening is a technique that causes 

sensitivity. 

CONCLUSIONS 

Within the limits of this study, it can be 

concluded that the immediate effect of the 

use of 40% hydrogen peroxide in the 

bleaching system used was effective and 

gave visible results to all patients included 

in the study, with an average difference of 

five shades on the visual scale analogous. 
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