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Abstract The aim of this in vitro study was to evaluate the

long-term effect of bleaching on human enamel. Four

groups of enamel specimens were prepared (n = 20):

group 1: bleaching with Opalescence Boost [40% hydrogen

peroxide (H2O2), 3 9 20 min/week]; group 2: control

group (the specimens were stored in human saliva); group

3: beaching with Vivastyle Paint on Plus (6% H2O2,

2 9 10 min/day), and group 4: bleaching with Opales-

cence PF 16% [16% carbamide peroxide (CP), 6 h/day].

After each bleaching session the specimens were stored in

human saliva. Knoop microhardness and surface roughness

were measured: before bleaching, after 2-week and after

8-week bleaching. After 2-week treatment, surface rough-

ness was significantly increased in all experimental groups

(p\ 0.05), while among them no significant difference

was found (p[ 0.05). The roughness changes exerted after

8-week bleaching were not significantly higher than the

ones after 2 weeks (p[ 0.05). After 8-week treatment, the

increase in roughness caused by 16% CP was significantly

higher (p\ 0.05) than the one caused by 40% H2O2.

Microhardness increased in all groups including control;

however, only 40% H2O2 increased the microhardness

significantly (p\ 0.05). The effect of bleaching on enamel

was not shown to be dependent on the method or the H2O2

concentration. Bleaching with CP 16% resulted in higher

roughness than bleaching with H2O2, while 40% H2O2

caused the higher microhardness increase. The present

study showed that in-office bleaching with 40% H2O2

seems to be at least as safe as home bleaching as far as their

effects on human enamel are concerned.
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Roughness � Microhardness

Introduction

Nowadays, an increased demand on aesthetic dental treat-

ment can be recognized. Among the treatments available to

improve the tooth aesthetics, tooth bleaching has been

established during the last decades as a minimal conser-

vative method to improve human’s smile when used as

treatment alone or as a pretreatment in combination with

restorative techniques.

The efficacy of tooth bleaching, independently of the

method used has been widely documented in the literature

[1–4]. It has been shown that the available bleaching

methods are able to change the tooth color achieving the

desired white teeth and satisfying the patients’ demands

and needs [2–4]. Although tooth bleaching is not new,

there are still a few concerns about its safety [5–8].

Especially since the Directive 2011/84/EU [9] concerning

cosmetic products, a discussion about the safety of

bleaching products containing more than 6% H2O2 arose,

as their use in the daily dental practice is under question in

many countries in Europe. It is important to mention that

after the directive went on force, most of the dental com-

panies in Europe have classified their bleaching products

into cosmetic and medical bleaching products in order to
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differentiate their clinical indication. Additionally, it is

very often suggested that in the case of treating severe

tooth discolorations, where usually ‘‘power’’ bleaching

would be chosen as a treatment in the past, a long use of

home bleaching products containing (up to 6% H2O2 or

equivalent amount of CP) might bring the desired results

without any harmful effects on dental hard tissues. In the

case of severe tooth discolorations e.g., caused by genetic

defects [10–12] or drug-induced staining [13–18], the use

of tooth bleaching is recommended in the literature as the

most conservative and appropriate treatment. According to

Haywood et al. [19], extended treatment times are neces-

sary when using lower concentrations of H2O2 in order to

be effective in such cases. In the cases of drug-induced

staining, an application time of three or six months was

used [14, 15, 17, 20].

The findings in the literature concerning the effect of

bleaching products and methods on the dental hard tissues

are controversial. Some studies revealed no effects on the

mechanical properties of dental hard tissues after tooth

bleaching [21–29], while in other studies, different con-

centrations of CP and H2O2 were shown to decrease

enamel microhardness values [30–32] and to increase

surface roughness post-bleaching [32–34].

Although some data exist concerning the use of

bleaching products for a longer period of time

[22, 24, 27, 35], most of the studies available evaluated a

maximum time of 2, 3, or 4 weeks [22, 24, 35] using

products with low concentrations of CP or H2O2. In the

study of Toteda et al. [27], a time period of 8 weeks was

evaluated, however; only one bleaching product was tested

(6% hydrogen peroxide). No data exist concerning the

effect of long-term use of home bleaching products on

human enamel compared to the respective use of in-office

products.

The aim of the present in vitro study was to evaluate the

effect of different bleaching methods/products on the sur-

face roughness and microhardness of human enamel after

simulation of a clinical use for bleaching products up to

two months. The hypotheses tested were as follows: (1)

home bleaching products cause fewer detrimental effects

on the microhardness and roughness of the human enamel,

and (2) all bleaching concentrations used can be recom-

mended in a same manner for a long use.

Materials and methods

In the present in vitro study, extracted human third molars

were used. The use of extracted human teeth was per-

formed according to the guidelines of the ethics committee

of the Medical Center-University of Freiburg. The teeth

were evaluated prior the experimental use according to

cracks or other surface defects. The roots were removed

and the teeth were cleaned to remove any external dis-

colorations and then immersed in 0.9% NaCl until the

beginning of the experiment. Each tooth crown was

embedded separately in self-curing acrylic resin [Technovit

(Heraeus-Kulzer GmbH, Hanau, Germany)]. The upper and

lower surfaces of the acrylic resin blocks were parallelized

and the buccal enamel surface was polished up to 4000

grid. Then the teeth samples were randomly divided among

four groups of 20 teeth each.

The four groups were treated as follows:

• Group 1: In-office bleaching with Opalecsence Boost

(40% H2O2, Ultradent Products, Inc, South Jordan, UT,

USA). Each treatment session included 3 9 20 min

application of the bleaching product, as it is recom-

mended by the manufacturers. This session

(3 9 20 min) represented the bleaching treatment of

this group per week. Among the applications, the teeth

were washed with running tab water and after the end

of each session, the teeth were stored in human saliva

for the rest of the week. This group represents the

positive control, as this product is the one with a higher

concentration of H2O2 in the market.

• Group 2: In this group, the specimens were stored only

in human saliva (control group).

• Group 3: Home bleaching with Vivastyle Paint on Plus

(Ivoclar Vivadent AG, Schaan, Liechtenstein). This

product contains 6% H2O2. It was applied twice a day

for 10 min according to the manufacturers’ instruc-

tions. After each application, the teeth were washed

under running tab water and then they were stored in

human saliva. The total application time each week was

1.4 h.

• Group 4: Home bleaching with Opalescence PF 16%

(16% CP, Ultradent Products, Inc, South Jordan, UT,

USA). This product was applied 6 h per day (as it is

recommended by the manufacturer). The total applica-

tion time was 42 h per week. After the 8 h application,

the teeth were washed with running tab water and were

stored in human saliva for the rest of the day until the

next application.

The whole tooth bleaching procedure was repeated for

8 weeks for each tested group during a time period of

8 weeks. The saliva used was given by one person, col-

lected by chewing paraffin. Informed consent from the

volunteer was taken. Saliva was centrifuged twice for

10 min at 15000 rpm (Hettich, Tuttlingen, Germany). The

resulting supernatant was decanted into sterile cups and

was kept at -8 �C until use. The saliva was renewed once

a week during the experiment. In the present study, surface

hardness and microhardness were determined at three dif-

ferent time points: before treatment (baseline), after
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2 week’s treatment, and after 8-week treatment. Specimens

of each group underwent evaluation of the surface rough-

ness using a focusing optical profilometer (Mikrofocus,

UBM, Type 2010, UBM, Karlsruhe, Germany) with a laser

diode and UBSOFT software (UBM Meßtechnik, version

Nr. 1.909). For the estimation of the surface roughness,

three measurements (0.5 mm 9 0.5 mm) were performed

at the surface of each sample. For the estimation of

microhardness five measurements were performed on the

surface of each sample using a knoop microhardness

device (Leitz Miniload, Ernst Leitz GmbH, Wetzlar, Ger-

many) with a load of 1.030 mN and a loading time of 30 s.

Statistical analysis

A linear mixed model was fitted with random intercepts for

each sample to evaluate time and material effects on

response variables. Samples are considered as clusters

since data are collected at several time points. This was

done separately for each response variable (Ra, KHN).

Furthermore, pairwise comparisons between different

materials and time points were performed. Therefore, the

method of ‘‘Tukey’’ was applied to correct for the multiple

testing problem (adjustment of p values). The calculations

were made with the statistical software STATA 13 and

SAS 9.2.

Results

For a descriptive analysis, mean, median, and standard

deviations were computed. Tables 1 and 2 show the mean

values and the standard deviations (SD) of the surface

roughness and knoop microhardness numbers for all the

groups and each tested time period. A one-way ANOVA

revealed a significant difference among the Ra-values

(p = 0.0297) and the microhardness values (p = 0.0001)

among the groups at baseline. Therefore, in order to eval-

uate the effect of the different methods on the human

enamel, the differences to the baseline values were calcu-

lated for each group and at each tested time period. Figs. 1

and 2 present the boxplots for the differences to baseline

for roughness and microhardness for each tested time point.

In Table 3, the findings of the pairwise analysis for the

differences to baseline for each group and each tested time

for surface roughness and microhardness are presented.

Surface roughness

A first analysis using a linear mixed model showed that the

surface roughness of the samples bleached with in-office

bleaching (group 1) was significant higher after 2- and

8-week bleaching compared to baseline (p\ 0.05). In this

group, the difference in roughness to baseline was not

significantly influenced by the time of the bleaching

(p = 0.154), meaning that the change of enamel roughness

after bleaching for 8 weeks with 40% H2O2 (compared to

baseline) was not significantly different than the one

caused after 2 weeks of bleaching. In group 3, where the

specimens were bleached with 6% H2O2, the surface

roughness after 2- and 8-week bleaching was significantly

higher than the one at baseline (p\ 0.05). According to the

statistical analysis, the differences in roughness compared

to baseline was significantly different among the tested

time periods (p = 0.027), meaning that the surface

roughness was increased at each tested time period. In

group 4 (home bleaching with 16% CP), the surface

roughness after 2 and 8-week bleaching was significantly

higher than the one at baseline (p\ 0.05). The differences

in roughness compared to baseline differed significant

differently among the two tested time periods (p = 0.024),

meaning that the surface roughness was increased signifi-

cantly at each tested time period.

After evaluating each group separately, the differences

caused in roughness after 8-week bleaching did not differ

significantly compared to the changes caused after the first

2 weeks. As far as the changes among after the first

2 weeks of bleaching are concerned, the pairwise analysis

showed that the differences achieved by all bleaching

groups were statistical higher compared to control group

(p\ 0.05). No significant difference (p[ 0.05) in rough-

ness was found among the bleached groups after 2-week

treatment. The pairwise analysis showed that the differ-

ences caused by the two home bleaching methods did not

Table 1 Mean values of surface roughness (Ra) and standard deviations (SD) for all tested groups and evaluated time periods

Before

bleaching

After 2-week bleaching

and saliva

After 8-week bleaching

and saliva

Ra_values (MW ± SD) lm

In-office bleaching (Opalescence Boost: 40% H2O2) 0.08 ± 0.03 0.11 ± 0.03 0.10 ± 0.02

Control/without bleaching 0.08 ± 0.03 0.08 ± 0.04 0.09 ± 0.03

Home bleaching (6% H2O2) 0.06 ± 0.02 0.09 ± 0.02 0.10 ± 0.03

Home bleaching (16% CP) 0.07 ± 0.03 0.11 ± 0.03 0.12 ± 0.02
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differ significantly after 8-week treatment (p\ 0.05),

while both were significantly higher compared to control

group (p\ 0.05). As far as the in-office bleaching is

concerned, the difference caused in roughness did not

differ compared to control group and group 3, but it was

significantly lower than the ones caused in group 4.

Knoop microhardness

The microhardness of the samples of group 1 was signifi-

cantly increased after 2- and 8-week bleaching compared to

baseline (p\ 0.05). In the control group (group 2),

microhardness after 2- and 8-week storage in saliva was

significantly higher compare to baseline (p\ 0.05). In

group 3, the microhardness after 2-week bleaching was

similar to baseline (p = 0.433), while after 8-week

bleaching, the microhardness was significantly higher

compared to baseline (p = 0.001). In group 4, the micro-

hardness after 2 (p = 0.222)- and 8 (p = 0.136)-week

bleaching was similar to baseline.

The statistical analysis showed that the changes in

microhardness were statistical different among the tested

time periods for group 1 (p\ 0.0001) and group 3

(p = 0.037). For Group 2 (control group) (p = 0.299) and

group 4 (p = 0.940), no significant effect was found

among the tested time periods concerning the progress of

microhardness.

In Table 3, the results of the pairwise analysis of the

microhardness’ differences to baseline achieved at each

tested time point and each group are presented. This

analysis showed no significant difference (p[ 0.05)

among the groups concerning the differences caused in the

microhardness values after 2- and 8-week treatment. Only

after bleaching with 40% H2O2 (group 1) for 8 weeks, it

was found that the microhardness change relation to

baseline was significantly higher than the one after 2 weeks

(p = 0.029).

Discussion

In the present study, the safety of using bleaching products

up to two months was evaluated as far as their effect on

surface enamel roughness and microhardness is concerned.

Although there are several studies in the literature

Table 2 Mean values of surface microhardness (KHN) and standard deviations (SD) for all tested groups and evaluated time periods

Before bleaching After 2-week bleaching

and saliva

After 8-week bleaching

and saliva

KHN_values (MW ± SD)

In-office bleaching (Opalescence Boost: 40% H2O2) 296.99 ± 31.14 314.79 ± 32.12 334.63 ± 32.69

Control/without bleaching 309.31 ± 29.62 331.99 ± 24.63 326.70 ± 30.59

Home bleaching (6% H2O2) 314.91 ± 32.20 318.60 ± 40.88 330.56 ± 35.03

Home bleaching (16% CP) 320.67 ± 32.25 326.66 ± 35.24 327.05 ± 41.46

Fig. 1 Differences of surface roughness related to baseline values in

all tested groups and all evaluated time periods. Box plot illustration

(Group 1: 40% H2O2, Group 2: control, Group 3: 6% H2O2, Group 4:

16% CP)

Fig. 2 Differences of surface microhardness related to baseline

values in all tested groups and all evaluated time periods. Box plot

illustration (Group 1: 40% H2O2, Group 2: control, Group 3: 6%

H2O2, Group 4: 16% CP) (dots present outliers)
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evaluating the effect of bleaching on the dental hard tis-

sues, most of them use extreme single application times or

they are not performed according to the recommendations

of the manufacturers. Hegedüs et al. [36] found severe

study surface alterations after treatment with 10% CP and

30% H2O2, revealing deeper grooves after bleaching.

However, 30% H2O2 was applied on the samples for 28 h,

representing an application time far away from the daily

clinical practice. Azrak et al. [37] used a bleaching time of

10 h. Surface alterations and porosity of enamel were also

observed in the study of Kwon et al. [38] after immersing

the samples for 3 days in 30% H2O2. In the present study,

three different categories of bleaching products and meth-

ods were evaluated after simulating 8-week treatment.

Such long evaluation periods were chosen to simulate the

treatment of severe tooth discolorations. In such cases,

usually in-office products with high H2O2 concentration

were used in the past. However, after the Directive

2011/84/EU [9] went on force, in a lot of European

countries, products with high concentration in H2O2 are no

longer used. In these cases, only bleaching products con-

taining H2O2 up to 6% (or 16% CP) are available and

longer application periods are necessary in order to treat

severe tooth discolorations. In literature [39, 40] tooth

bleaching with CP has been recommended to treat severe

discolorations by increasing the length of the application to

several weeks. These products are used mainly for home

bleaching procedures. However, it is not clear if they are

safer than in-office bleaching as far as the effect on the

dental hard tissues is concerned. The 2-week bleaching

period simulates a usual bleaching treatment period and it

is very interesting to compare these effects with those

caused after 8-week treatment. The application times used

were according to the manufacturers’ instructions. Between

the bleaching sessions, the samples were stored in human

saliva in order to simulate physiological oral conditions.

As far as the surface roughness is concerned, all

bleaching methods resulted in increased values after

treatment. This is in agreement with several other studies

having shown an increase in enamel roughness after tooth

bleaching [32, 34, 41–45]. The main change in roughness

caused by the in-office bleaching was observed after the

first 2 weeks, while a further bleaching treatment up to

8 weeks did not affect the surface roughness significantly.

As far as the home bleaching products are concerned, it

was found that the treatment time had a significant effect

on the increase of surface roughness. Our findings indicate

that a long-term use of in-office or home bleaching prod-

ucts lead to similar changes in surface roughness after

long-term use. Therefore, the first hypothesis made at the

beginning of the study, cannot be accepted, as far as the

effect of the bleaching products on the surface roughness is

concerned. In-office bleaching resulted in higher increase

of roughness after the first 2 weeks, while the home

bleaching products resulted in a gradual increase of the

surface roughness. These findings imply no negative con-

clusions for using the in-office technique for longer time. A

short-term use of bleaching products resulted in similar

effects on human enamel, while after 8-week bleaching the

treatment with CP 16% caused significantly rougher

Table 3 Comparison of the different groups (differences to baseline) (significance at the level of p\ 0.05)

Pairwise analysis (linear mixed model adjusted by the method of Tukey–Kramer)

Compared pairs (group/time period of difference to baseline vs. group/time

period of difference to baseline)

Roughness (adjusted

p values)

KHN (adjusted

p values)

group_1/time_2 weeks vs group_1/time_8 weeks 0.8107 0.0290

group_1/time_2 weeks vs group_2/time_2 weeks 0.0003 0.5119

group_1/time_2 weeks vs group_3/time_2 weeks 0.9589 0.9993

group_1/time_2 weeks vs group_4/time_2 weeks 0.9871 1.0000

group_1/time_8 weeks vs group_2/time_8 weeks 0.8396 0.4270

group_1/time_8 weeks vs group_3/time_8 weeks 0.6155 0.6239

group_1/time_8 weeks vs group_4/time_8 weeks 0.0028 0.1494

group_2/time_2 weeks vs group_2/time_8 weeks 0.7372 0.9883

group_2/time_2 weeks vs group_3/time_2 weeks 0.0209 0.1764

group_2/time_2 weeks vs group_4/time_2 weeks \0.0001 0.7428

group_2/time_8 weeks vs group_3/time_8 weeks 0.0330 1.0000

group_2/time_8 weeks vs group_4/time_8 weeks \0.0001 0.9971

group_3/time_2 weeks vs group_3/time_8 weeks 0.8240 0.5078

group_3/time_2 weeks vs group_4/time_2 weeks 0.4883 0.9822

group_3/time_8 weeks vs group_4/time_8 weeks 0.3885 0.9792

group_4/time_2 weeks vs group_4/time_8 weeks 0.7372 1.0000
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enamel surfaces than the other two methods. In-office

bleaching with 40% H2O2 and home bleaching with 6%

H2O2 caused similar changes. According to the present

findings, the application time is an important parameter

concerning the effect on enamel roughness and among the

kind of bleaching agents use, CP was found to exert more

effects. Mondelli et al. [46] showed also that the applica-

tion time is an important factor concerning the effect of

bleaching agents on enamel. They found that after treat-

ment of the enamel samples with 16% CP, the surface

roughness was significantly higher than the changes caused

by the other products containing H2O2. According to Bistey

et al. [47], the effects caused on enamel due to bleaching

are time dependent suggesting that an application time

higher than 60 min can cause considerable effects.

Although it is always thought that the H2O2 concentration

is responsible for exerting effects on dental hard tissues and

restorative materials, a lot of studies have shown that

several other parameter play important role

[33, 45, 48, 49]. Bleaching products with similar concen-

tration in H2O2 might cause different effects on enamel

[48]. Özkan et al. [45] could show that tooth bleaching with

10% H2O2 and 10% CP resulted in similar increase of

roughness values after the 4 weeks. This is in accordance

with our findings. The same authors [45] suggested that the

mechanical brushing procedures and not the bleaching

treatment are more important factors affecting the human

enamel. In the present study, no brushing of the samples

was performed in order to evaluate solely the effect of

bleaching on the enamel surface.

According to a literature review of Bollen et al. [50], a

roughness value of 0.2 lm is though as a limit concerning

bacterial accumulation. The values in the present study

after bleaching were below this threshold roughness inde-

pendent of the kind of method and time.

Concerning the effect of the bleaching methods/products

on enamel microhardness, an increase was observed in all

treated groups, including the control group. The highest

increase was found after bleaching with 40% H2O2. Several

previous studies have shown a decrease of enamel micro-

hardness after bleaching [32, 49, 51, 52]. The fact that the

samples were stored in human saliva between the appli-

cations of the bleaching products, and the fact that the

application of the bleaching products was not performed

cumulative at once, but in clinically realistic intervals,

might have influenced the present findings. The increase of

enamel microhardness at the 8-week period does not really

indicate a negative effect of bleaching. According to this

finding, the part of the first hypothesis concerning the effect

of in-office bleaching on microhardness cannot be accepted

either. Previous studies [49, 52–54] have used saliva in

order to store the samples between the applications of the

bleaching agents, like it was also performed in our study.

Borges et al. [53] could show that saliva exerts a rem-

ineralizing effect. Lia Mondelli et al. [52] showed that after

7 days remineralization in artificial saliva, the hardness

values came back to normal. In their control group stored

in artificial saliva, an increase of the microhardness was

also observed. Previous studies [54, 55] suggested that the

effects of bleaching on microhardness are reversible due to

remineralization potential of the saliva that can replace the

lost calcium and phosphate ions. According to Borges et al.

[54], exposure of the enamel samples to human saliva after

bleaching for 1 and 7 days, resulted in increase of the

surface microhardness, suggesting that the remineralization

action of the human saliva might have a positive effect on

the enamel microhardness after bleaching. Abouassi et al.

[41] observed in their study an increase in enamel micro-

hardness compared to control after bleaching with 10%

H2O2, while treatment with 10% CP reduced the enamel

microhardness. In the study of Elfallah et al. [30], a

reduction in hardness took place after bleaching with CP

and H2O2. However, 16% CP was applied for 80 min daily

for 14 days and 35% H2O2 was applied for 3–4 times of

10 min each and the tests were performed after 24 h.

Moreover, Hank’s balanced salt solution was used instead

of saliva. The lack of extra remineralization time might be

the reason for the low hardness values in this study.

The pH value of the bleaching gels has been assigned to

be responsible for the effects on the enamel structure. The

optimal pH for hydrogen peroxide in order to act as a

bleaching agent is 9.5–10.8 [56]. The different pH values

can cause surface changes in the enamel surface such

decalcification, porosity, and surface roughness [33]. Pre-

vious studies [57, 58] suggested that the demineralization

of the enamel takes place by pH values under 5.2. Sa et al.

[48] showed that under in vitro conditions, bleaching

products with low pH exert surface alteration of the

enamel, but under in situ conditions no changes were

observed. According to the findings of Abe et al. [49] the

bleaching material with the lowest pH value was the only

one that decreased the microhardness of the enamel

immediately after bleaching. The pH values of the products

used in the present study were almost neutral. Therefore, it

is not conceivable that pH might have caused the different

effects on enamel. According to the present findings, taking

in consideration the limitations of an in vitro study, both in-

office and home bleaching methods showed moderate

effects on the human tooth structure, being able to be

recommended for long-term use in a same way, indepen-

dently of the contained amount of H2O2. Therefore the

second hypothesis made at the beginning of the study can

be accepted.

Changes in enamel surface might indicate alterations in

the mineral and organic part. According to Jiang et al. [59],

the organic matrix of enamel can be affected by the
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oxidation reaction of hydrogen peroxide. Mahringer et al.

[44] suggested that the increased enamel roughness after

bleaching might be due to the modification of the enamel’s

organic matrix due to bleaching. Elfallah et al. [30] con-

cluded that the changes occurred on the human enamel are

regardless of the type of bleaching gel. They assumed that

the destruction or denaturation of the matrix proteins

through bleaching result in decrease of the mechanical

properties of the enamel. The dissolution of the organic

phase of the enamel might result in higher microhardness.

However, the fact that the increase in microhardness in the

present study was observed also in the control group does

not support this assumption.

Among the parameters being responsible for the effect

of the bleaching products on dental hard tissue, other

ingredients besides H2O2, like carbopol, have been iden-

tified that might cause changes on enamel microhardness

[60] and roughness [61]. Carbopol stabilizes CP [62],

meaning that it ensures that carbamide stays longer active

in gel form. This might be a parameter explaining the

findings for CP.

The load used in the in vitro studies might also influence

the findings. Elfallah et al. [30] used a 10 mN load for the

hardness evaluation of enamel, while Abe et al. [49] per-

formed their measurements with a load of 100 mN. A

relationship is supposed to exist between hardness and

indentation depth of crystalline tissues, and hardness level

decreases as indentation depth increases [63]. In the present

study a load of about 1 mN was used. It can be assumed

that using lower loads changes in the more superficial layer

of the enamel can be measured. The modification of the

organic matrix of the enamel might explain the harder

surface identified by our measurements. Increased enamel

hardness could mean that the enamel would be more friable

and susceptible to crack formation. However, the micro-

hardness’ increase was the same occurred in the enamel

samples of the control group which were stored solely in

human saliva, meaning that this increase has not clinical

negative effects and is probably due to the storage in saliva.

The difference of the findings among the studies is

thought to be due to the different study designs used, e.g.,

different application times, substrates used for samples,

preparation and polishing of the samples, and especially the

kind of materials used. Several studies [38, 45, 64] have

used chemical solutions and diluted them in order to get the

desired H2O2 concentration; however, this does not repre-

sent the real clinical conditions.

Besides the effects of bleaching materials on the dental

tissues, also the effects on gingiva and tooth sensitivity,

have to be kept in mind. In the literature, home bleaching

was found to cause tooth sensitivity [65–67] and in some of

the studies it has been reported that the sensitivity was

higher compared to the use of in-office bleaching products

[65, 66]. Türkün et al. [67] showed that the use of a non-

custom-fit tray home bleaching product with 28% CP gel

resulted in less tooth sensitivity than the custom-fit tray

with 10% CP, probably due to the reduced contact time of

the bleaching agent.

Within the limitations of the present study, it can be

concluded that in the case of a long use of tooth bleaching

agents, the amount of the hydrogen peroxide used does not

seem to be the most important factor concerning alterations

of enamel surface properties. Instead of this, the applica-

tion time of the bleaching agent used for each method

seems to play an important role. In the case of a correct use

of bleaching products, the in-office bleaching method

seems to be as safe as the home bleaching procedures.
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evaluation of the efficacy of a new daytime at-home bleaching

technique. J Esthet Restor Dent. 2010;22:139–46.

72 Odontology (2018) 106:64–72

123


	The effect of long-term use of tooth bleaching products on the human enamel surface
	Abstract
	Introduction
	Materials and methods
	Statistical analysis

	Results
	Surface roughness
	Knoop microhardness

	Discussion
	References




