
The mechanical properties of the 
dental hard tissues after bleaching 
with high concentrations of hydrogen 
peroxide have been widely studied 
by using different concentrations of 
hydrogen peroxide (or the respective 
concentration of carbamide peroxide). 
Some of these in vitro studies show 
varied results.
Some researchers found no effects on 
the mechanical properties of enamel 
and dentin after tooth bleaching 
(Türker et al., 2002; Cakir et al., 2011). 
In the study of Türker et al. (2002), 
simulated night guard bleaching with 
10 %, 20 %, or 22 % carbamide per-
oxide for 1 to 2 weeks had no signifi-
cant effect on the wear resistance of 
human enamel in vitro. In the study of 
Cakir et al. (2011), scanning electron 
microscope (SEM) observations re-
vealed no deleterious effect on enamel 
and dentin after treatment with 10 %, 
20 %, or 35 % carbamide peroxide. In 
contrast to these findings, Oltu et al. 
(2000) showed that 10 % and 16 % 
carbamide peroxide did not seem 
to affect the structure of enamel, 
whereas 35 % carbamide peroxide 
did. Marcondes et al. (2009) showed 
that bleaching with Nd:YAG laser did 
not cause any change in the Vickers’ 
microhardness and bond strength 
values in comparison with those for 
non-bleached enamel. The remaining 
studies published (McGuckin et al., 
1992; Hegedüs et al., 1999; Kwon 
et al., 2002; Basting et al., 2003, de 
Freitas et al., 2004; Pinto et al., 2004; 

Berger et al., 2008; Anaraki et al., 
2014) showed minimal changes on 
the surface of enamel and dentin after 
bleaching with a high concentration of 
hydrogen peroxide (or carbamide per-
oxide). However, the difference among 
the study designs and the conditions 
used in each of them makes their com-
parison very difficult. Additionally, the 
difference among the bleaching prod-
ucts used in the published studies, 
their composition, and their pH is an 
important reason for the different con-
clusions among the studies. Therefore, 
it is of great importance to analyze the 
present studies in order to be able to 
evaluate the input of their conclusions 
on the evaluation of bleaching prod-
ucts containing higher concentrations 
of hydrogen peroxide.
In-office bleaching with 38 % hydro-
gen peroxide caused an increase of the 
surface roughness of enamel (Anaraki 
et al., 2014). 35 % hydrogen perox-
ide was found to promote alterations 
on the enamel surface (Berger et al., 
2008), which increased wine staining 
susceptibility up to one week follow-
ing the bleaching. Different concen-
trations of carbamide peroxide (10 %, 
35 % and 37 %) and hydrogen peroxide 
(7.5 %, 35 %) were shown to decrease 
the enamel microhardness values and 
to increase the surface roughness post 
bleaching (Pinto et al., 2004). These 
findings are in agreement with those 
of McGuckin et al. (1992), who found 
that both in-office and home bleaching 
can cause enamel surface alterations. 

In the study of Hegedüs et al. (1999), 
the Atomic Force Microscopy im-
ages showed surface alterations after 
28 hours of treatment with 10 % car-
bamide peroxide and 30 % hydrogen 
peroxide. They showed several grooves 
that were present in the enamel surface 
of untreated teeth became deeper after 
the bleaching procedure. The depths of 
the grooves increased in each case (in-
dependently of the bleaching agent). 
The increase in the depth of grooves 
was more pronounced in the case of 
the 30 % hydrogen peroxide solution. 
However, the authors concluded that 
home-use bleaching agents contain-
ing 10 % carbamide peroxide are also 
capable of causing enamel surface al-
terations. Because of the higher effect 
found after treatment with 30 % hydro-
gen peroxide, they additionally hypoth-
esized that the peroxide-containing 
bleaching agents affect the organic 
phase of the enamel. However, before 
evaluating these findings and making 
conclusions on the effect of bleaching 
on the dental tissues, it must be men-
tioned that in this study 30 % hydrogen 
peroxide was used for 28 hours, some-
thing that never happens in the daily 
clinical practice. In fact, this length of 
time supersedes by a factor of 10 to 
20 times what the normal application 
time would be if addressed correctly in 
the dental practice. Such a long appli-
cation time is definitely not according 
to the manufacturers’ instructions. Sur-
face alterations and porosity of enamel 
were also found in the study of Kwon 
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et al. (2002) to be caused due to 30 % 
hydrogen peroxide. However, in this 
study the samples were immersed for 
an extreme amount of time in 30 % 
hydrogen peroxide, namely for three 
days. In both studies the design was 
definitely far different than when these 
agents are used correctly. Additionally, 
it is extremely important to address the 
kind of the hydrogen peroxide used for 
the study. In both studies the hydro-
gen peroxide used was a pure solution 
(from the chemical industry) and not 
a commercial bleaching product. De 
Freitas et al. (2004) offer some very 
important findings concerning the con-
tained concentration of carbamide per-
oxide or hydrogen peroxide. They could 
show that some products containing 
10 %, 20 %, and 22 % carbamide 
peroxide caused no change in micro-
hardness values of dentin, while other 
products with similar concentrations of 
carbamide peroxide showed significant 
reductions in microhardness values. 
The authors concluded that different 
brands of bleaching agents containing 
the same concentration of carbamide 
peroxide might result in different ef-
fects on dentin hardness, meaning that 
other factors in the bleaching compo-
sition (for example, acidity) not related 
to the concentration of hydrogen per-
oxide or carbamide peroxide can cause 
a negative effect on the dental hard 
tissues. Hence, the total composition 
must be considered when comparisons 
are made.
Bleaching has been shown in one 
study to decrease the ultimate ten-
sile strength of enamel (Cavalli et al., 
2004) and dentin (Cavalli et al., 2009). 
The reduction of the ultimate tensile 
strength of dentin (Cavalli et al., 2009) 
was caused after treatment with 35 % 
carbamide peroxide or high concentra-
tions of hydrogen peroxide (25 % and 
35 %). In the case of enamel (Cavalli 
et al., 2004), the decrease of the ul-
timate tensile strength was caused by 
different concentrations of carbamide 
peroxide (35 %, 10 %, 15 %, 20 %, 
and 16 %); however, no differences 
were found among the type and con-
centration of the bleaching agents. In 
another study (Barros-Matoso et al., 

2011), bleaching with 38 % hydrogen 
peroxide, light-activated or not, re-
duced the surface microhardness of in-
tracoronal dentin. However, it must be 
mentioned that such high concentra-
tions of hydrogen peroxide are usually 
used for bleaching of vital teeth.
Some studies reported the effects of 
bleaching on the flexure strength and 
modulus of the dental tissues (Tam 
et al., 2005; Tam et al., 2007; Berger 
et al., 2012). Simulated in-office or at-
home bleaching regimens performed 
in the absence of saliva decreased 
the flexure strength of tooth struc-
ture (Khoroushi et al., 2011). The use 
of bleaching agents from 4 % up to 
7.5 % hydrogen peroxide promoted a 
decrease in elastic modulus of bovine 
demineralized dentin matrix, which 
indicates that the bleaching treatment 
might interact with the dentin organic 
matrix (Berger et al., 2012). The use of 
a cotton pellet soaked with 30 % hy-
drogen peroxide in the pulp chamber, 
for intracoronal bleaching weakened 
the dentin (Chng et al., 2002). Accord-
ing to the study of Tam et al. (2005), 
treatment with carbamide peroxide 
(10–15 %) for two weeks and two 
months caused significant reductions 
in the flexure strength and modulus of 
dentin, while treatment with different 
concentrations of hydrogen peroxide 
(6.5 %, 7.5 %, and 35 %) for shorter 
times (as recommended by the manu-
facturers) did not cause similar negative 
effects and their effects were similar to 
the control. The same authors in a later 
work (Tam et al., 2007) concluded also 
that the in vitro fracture resistance of 
dentin could be reduced after the di-
rect application of the bleaching prod-
ucts on dentin. However, they showed 
that when the bleaching product was 
applied to the enamel (as is the real 
clinical situation) there was no signif-
icant difference between the bleach 
and control groups after eight weeks. 
Eight weeks is an extreme time period, 
and outside of the realm of clinical rel-
evance.
An important point is the effect of the 
bleaching agent concentration on the 
chemical composition of enamel and 
dentin. According to the study of Eimar 

et al. (2012), bleaching with hydrogen 
peroxide does not induce significant 
changes in the organic or inorganic 
contents of tooth enamel, and whitens 
teeth just by oxidizing their organic 
matrix. According to a previous review 
(Demarco et al., 2011), tooth bleaching 
agents based on hydrogen or carbam-
ide peroxide have no clinically signifi-
cant influence on enamel/dentin min-
eral loss caused by erosion or abrasion. 
Furthermore, the authors concluded 
that the treatment is thought to be 
tolerable and safe, and any adverse 
effects can be easily reversed and 
controlled. On the other side, other 
studies (Ruse et al., 1990; Rotstein 
et al., 1992; Rotstein et al., 1996; 
Lee et al., 2006; Efeoglu et al., 2007; 
Tezel et al., 2007; Jang et al., 2008; 
Gurgan et al., 2009; Li et al., 2010; 
Tanaka et al., 2010; Toledano et al., 
2011) existing in the literature showed 
that bleaching can affect the chemical 
composition/mineral content of den-
tal hard tissues. Hydrogen peroxide in 
high concentrations (30 % and 38 %) 
can affect the mineral content of outer 
layers of human teeth (Jiang et al., 
2008; Li et al., 2010). The same can 
be also caused by treatment of enamel 
samples with 35 % carbamide perox-
ide (Efeoglu et al., 2007). Cakir et al. 
(2011) evaluated the effect of different 
concentrations (10 % and 35 %) of 
carbamide peroxide and found that all 
the tested bleaching products caused 
similar changes in the chemical com-
position of enamel and dentin. These 
bleaching systems decreased calcium 
(Ca) and potassium (K), while fluoride 
(F) and oxygen (O) levels increased in 
enamel. In dentin, the levels of Ca, 
phosphorus (P), and K were decreased 
while the levels of sodium (Na), F, and 
O levels increased. According to Ruse 
et al. (1990), X-ray photoelectron 
spectroscopic and secondary ion mass 
spectroscopic analyses of the bovine 
enamel revealed that exposure to 35 % 
hydrogen peroxide increased only the 
nitrogen content, without causing any 
other changes in the elemental compo-
sition of any of the enamel surfaces. In 
the same study, the exposure to 37 % 
H3PO4 (phosphoric acid), was eval-

20 



uated, resulting in a decrease in Ca 
and P concentrations and an increase 
in carbon (C) and nitrogen (N) con-
centrations in unground un-pumiced 
specimens only, and a decrease in C 
concentration in ground specimens. 
In the study of Rotstein et al. (1996), 
home-bleaching products (10–15 % 
carbamide peroxide) and in-office 
bleaching products with high concen-
tration of hydrogen peroxide (30 %) 
were evaluated concerning their effect 
on the chemical composition (level of 
Ca, P, and K) of enamel, dentin, and 
cementum. The authors concluded that 
bleaching materials may adversely af-
fect the dental hard tissues. The higher 
effects were shown in dentin and ce-
mentum. In enamel, a reduction in the 
Ca/P ratio was found to be caused by 
treatment with hydrogen peroxide. 
However, it must be mentioned that 
these changes were caused mostly by 
using pure aqueous solution of 30 % 
hydrogen peroxide (from the chemical 
industry) and not by the commercial 
products. These findings are of great 
importance, as they make clear that 
the concentration of hydrogen perox-
ide contained in each bleaching prod-
uct is definitely not the only parame-
ter that can characterize the negative 
effects of the bleaching chemistries 
or products on the dental tissues. The 
fact that the concentration of hydrogen 
peroxide is not really the factor that is 
responsible for the possible effects 
on the dental tissues is also shown 
in the study of Toledano et al. (2011). 
The authors showed that both kinds 
of bleaching agents (38 % hydrogen 
peroxide and 10 % carbamide perox-
ide) increased matrix metalloprotein-
ase-mediated collagen degradation in 
dentin. Home bleaching induced the 
highest collagen degradation after the 
first 24 hours, which was decreased up 
to four weeks, similar to that of 38 % 
hydrogen peroxide. Tezel et al. (2007) 
found that 35 % and 38 % hydrogen 
peroxide resulted in higher loss of Ca2+ 
than 10 % carbamide peroxide, which 
was almost like the control. At this 
point it must be mentioned that in this 
study 35 % and 38 % hydrogen perox-
ide was applied for 45 minutes a day, 

three days a week, while 10 % carba-
mide peroxide was only eight hours a 
day, for one week. These applications 
times are—in the case of high con-
centration formulations—far outside 
of the manufacturers’ instructions. 
Additionally, there is no logical reason 
to apply the materials containing high 
percentage of hydrogen peroxide for so 
many days and the low concentration 
for such a short number of days. Such 
a use definitely affects the finding of 
the study and prevents us from draw-
ing any meaningful conclusions. In the 
study of Rotstein et al. (1992), the den-
tal tissues were used in a pulverized 
form and were exposed to several con-
centrations of hydrogen peroxide and 
mixtures of hydrogen peroxide with 
sodium perborate. The authors con-
cluded that a 30 % hydrogen peroxide 
treatment may cause alteration in the 
chemical structure of the dentin and 
cementum, making them more sus-
ceptible to degradation. In a scanning 
electron microscopy study (Kawamoto 
et al., 2004), the intertubular dentin 
and peritubular dentin were dissolved 
by high concentrations of hydrogen 
peroxide. It is suggested that hydrogen 
peroxide does not influence the inor-
ganic tissue of dentin but attacks the 
organic component of dentin.
The findings of Tanaka et al. (2010) are 
particularly interesting, showing that 
the demineralization was not apparent 
in the enamel portions of tooth samples 
that were exposed to higher concen-
trations of hydrogen peroxide (35 %), 
whereas a demineralization gradient 
was observed in the samples exposed 
to lower concentrations (10 % carbam-
ide peroxide). The findings of Lee et al. 
(2006) are also important because they 
showed that exposure of enamel to 
30 % hydrogen peroxide for 120 hours 
resulted in Ca loss similar to the amount 
of Ca loss from teeth exposed to a soft 
drink or juice for a few minutes. This 
means that mineral loss following a 
treatment with 30 % hydrogen peroxide 
solution is most probably not a threat-
ening factor on teeth when compared 
to so many other substances consumed 
in a daily diet. For example, the demin-
eralization effects of bleaching products 

with their corresponding treatment 
times, seems to be insignificant com-
pared to the effect of soft drinks.
The interactive effect of bleaching 
products and phosphoric acid was also 
studied in the literature (Tong et al., 
1993; Ernst et al., 1996; Sydney et al., 
2002; de Medeiros et al., 2008; Tor-
res-Rodríguez et al., 2011). SEM images 
showed treatment with 30 % hydrogen 
peroxide alone revealed slight enamel 
surface alterations, while treatment 
with 37 % phosphoric acid showed 
severe morphologic alterations (Ernst 
et al., 1996). According to Tong et al. 
(1993), the enamel loss caused in the 
case of combining treatment of 37 % 
phosphoric acid with 30 % hydrogen 
peroxide is not caused by the use of 
the bleaching agent but it is due to 
the use of 37 % phosphoric acid. Ad-
ditionally, the use of pure 30 % hydro-
gen peroxide intracoronal and on the 
buccal surface after first using a 37 % 
phosphoric acid gel and combining it 
with heat in the pulp chamber, did not 
reveal any defects on enamel after re-
peating the procedure three times (Syd-
ney et al., 2002). The finding regarding 
the demineralization of enamel after 
combination of bleaching and 37 % 
phosphoric acid differed among the 
studies. A larger amount of Ca2+ was 
extracted from enamel by phosphoric 
acid after the application of 30 % car-
bamide peroxide (de Medeiros et al., 
2008). On the other side, according to 
Torres-Rodríguez et al. (2011), bleach-
ing with 38 % hydrogen peroxide be-
fore a treatment with 37 % phosphoric 
acid solution increased significantly the 
decalcifying effect of 37 % phosphoric 
acid on enamel, while pre-treatment 
with 30 % hydrogen peroxide did not 
modify this effect. This cannot logically 
be explained by the difference of 8 % 
hydrogen peroxide. It is important to 
note that the standard procedure in 
the past (prior 1990) for bleaching 
with a high-concentration peroxide in 
the dental practice was to first etch the 
teeth with 30–40 % phosphoric acid  
before application of the bleaching 
agent. This is no longer recommended 
today in the instructions for use of most 
brands of bleaching products.

 21



In the literature, some research evalu-
ates other factors that can contribute 
to negative effects, separate from the 
peroxide type and concentration alone. 
A lot of these studies concentrate on 
the effect of the pH of the bleaching 
products and its influence on the ef-
fects of the bleaching products (Car-
rasco-Guerisoli et al., 2009; Sun et al., 
2011; Xu et al., 2011; Sa et al., 2012; Shi 
et al., 2012; Sa et al., 2013). Although 
acidic and neutral in-office bleaching 
agents seem to have similar whitening 
efficacy in situ and in vitro, the bleach-
ing agents with low pH were shown 
to induce demineralization of human 
enamel (Ito et al., 2011; Sa et al., 2012; 
Sa et al., 2013; Shi et al., 2012). More 
acidic treatment will attack enamel, 
unrelated to peroxide concentration, 
and a few manufacturers keep their 
bleaching products on the acidic side 
(below pH 5.0) in order to keep them 
more stable. Low pH plays an import-
ant role in altering the ultrastructure of 
dentin during internal dental bleach-
ing (Carrasco-Guerisoli et al., 2009). 
In the study of Xu et al. (2011), 30 % 
hydrogen peroxide solutions with dif-
ferent pH values (3.0, 5.0, 7.0, and 8.0) 
were tested concerning their effect on 
the surface morphology of the enamel. 
According to their findings, 30 % hy-
drogen peroxide solutions with pH 7.0 
and pH 8.0 did not cause any mor-
phological alterations on the enamel 
surface, while the bleaching solution 
with pH 3.0 showed significant enamel 
alterations with an erosion appearance. 
The authors concluded that neutral or 
alkaline bleaching solutions did not 
cause any obvious morphological or 
chemical composition alterations of the 
enamel surface. These findings support 
the study of Sun et al. (2011), who 
concluded that neutral 30 % hydrogen 
peroxide has the same efficacy in tooth 
bleaching and caused less deleterious 
effects on enamel than acidic 30 % hy-
drogen peroxide. This conclusion was 
made based on the effects on chem-
ical structure, mechanical property, 
and surface morphology of enamel. 
On the other side, the addition of so-
dium hydrogen carbonate (NaHCO3) to 
30 % hydrogen peroxide caused lower 

increase in surface roughness, smaller 
erosion depth, and reduced extent of 
enamel erosion than 35 % hydrogen 
peroxide alone. The reason for this 
is probably due to the raising of pH 
caused by the addition of NaHCO3 (Ito 
et al., 2011). All these studies above 
suggest the use of in-office bleaching 
agents with near-neutral or alkaline pH.
Some studies (Titley et al., 1992; Bar-
ros-Matoso et al., 2011) have sug-
gested the use of extra modifying 
substances in the bleaching products, 
or the use of sealing products to protect 
the dental tissues against the possible 
negative effect of the bleaching agents. 
The use of 5 % fluoride varnish after 
bleaching with 38 % hydrogen perox-
ide provided a surface microhardness 
of intracoronal dentin to the same level 
of the unbleached dentin (Barros-Ma-
toso et al., 2011). Additionally, the 
fluoridated bleaching agents seemed 
to produce less demineralization of 
enamel surface morphology and mi-
crohardness (Titley et al., 1992). Some 
studies have evaluated the use of ca-
sein phosphopeptide-amorphous cal-
cium phosphate (CPP-ACP) in addition 
to bleaching (Khoroushi et al., 2011; 
Cunha et al., 2012; Berger et al., 2012; 
de Vasconcelos et al., 2012). The use of 
CPP-ACP was able to prevent negative 
changes in roughness and hardness 
of bovine enamel when associated to 
high concentrations of hydrogen per-
oxide (35 %), and might be applied 
before/after the bleaching protocol 
(Cunha et al., 2012). The application 
of CPP-ACP subsequent to home and 
in-office bleaching regimens could 
compensate for the decreased flexural 
strength of the bovine enamel-dentin 
complex caused by absence of saliva 
in this environment (Khoroushi et al., 
2011). The use of a CPP-ACP paste 
mixed to 16 % carbamide peroxide 
and 7.5 % hydrogen peroxide can de-
crease adverse side effects from tooth 
bleaching on hardness, roughness, 
and morphology of enamel surface (de 
Vasconcelos et al., 2012). In the study 
of Berger et al. (2012), the addition of 
amorphous calcium phosphate (ACP) 
or Ca in the composition of the whit-
ening products did not overcome the 

effects caused by bleaching treatments 
with 4 % and 7.5 % hydrogen peroxide, 
that significantly increased the demin-
eralization area when compared with 
the unbleached group. In the study 
of Cunha et al. (2012), it was shown 
that bovine enamel samples bleached 
with 35 % hydrogen peroxide, with an 
application of CPP-ACP paste before 
and after bleaching, did not present 
any hardness decrease after 14 days. 
The authors concluded that the use of 
CPP-ACP was able to prevent negative 
changes in roughness and hardness of 
bovine enamel when associated to hy-
drogen peroxide, and might be applied 
before/after the bleaching procedure.
The application of 45S5 bioglass (Nuo-
huamin Bio Sci. & Tech Co., Ltd; Wuhan, 
China) during the use of hydrogen per-
oxide reduced mineral loss, as well as 
retained the surface integrity of enamel 
(Deng et al., 2013). 45S5 bioglass is a 
biocompatible material possessing os-
teoconductivity, osteoinductivity, and 
controllable biodegradability (Deng 
et al., 2013). The promising biomimetic 
adjunct for bleaching therapy could 
prevent/restore detrimental enamel ef-
fects caused by some bleaching agents.
According to Son et al. (2012), the 
additional use of a diode laser when 
bleaching with high percent of hydro-
gen peroxide (35 %) prevented the loss 
of mineral composition on enamel and 
maintained the crystalline structure of 
enamel, which was shown to be de-
creased in the case of using 35 % hy-
drogen peroxide alone.
In an attempt to find an alternative to 
hydrogen peroxide, one of the alter-
nate products tested contained a citric 
acid gel-like component (Wang et al., 
2009). It affected enamel negatively at 
several levels: (i) the organic compo-
nent was removed from superficial and 
deeper enamel layers, but remnants of 
the bleaching gel were embedded in 
the emptied voids; (ii) cracks and chem-
ical inhomogeneities with respect to Ca 
and P occurred on the surface; and (iii) 
within a submicron layer of enamel, 
the calcium oxide (CaO) bond strength 
in apatite decreased, thus enhancing 
calcium leakage from the bleached 
enamel tissue (Wang et al., 2009). It 
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was concluded that the product cannot 
serve as a safe alternative to hydrogen 
or carbamide peroxide.
In the literature, there are some re-
ports (Kodaka et al., 1992; Carrasco 
et al., 2007; Rodrigues et al., 2009; 
Palo et al., 2012; Soares et al., 2013a; 
Ubaldini et al., 2013) concerning the 
penetration of hydrogen peroxide 
through the dental hard tissues. Treat-
ment with 38 % hydrogen peroxide 
appeared to affect dentin permeabil-
ity near the pulp chamber in maxillary 
anterior teeth and in first and second 
premolars (Rodrigues et al., 2009). 
35 % hydrogen peroxide activated by 
LED, halogen lamp, or used following 
the walking bleach technique can in-
crease the dentinal permeability (Car-
rasco et al., 2007). The same concen-
tration of hydrogen peroxide (35 %) 
placed into the pulp chamber passed 
through the dental hard tissues, 
reaching the external surface and the 
periodontal tissue (Palo et al., 2012). 
In the study of Kodaka et al. (1992), 
treatment of human dentin with 30 % 
hydrogen peroxide resulted in pen-
etration of hydrogen peroxide to the 
peritubular matrix and dissolving the 
non-fibrillar substance and/or alter-
ing the cracks of the peritubular ma-
trix. However, this would relate only 
to the case of intracoronal bleaching 
of non-vital teeth. Furthermore, the 
internal aspect of the tooth is not 
subject to any loading, complete with 
wear. Also, the vast majority of teeth 
bleached with the in-office technique 
using high concentrations of hydrogen 
peroxide are vital teeth.
Soares et al. (2013a) evaluated several 
experimental protocols on hydrogen 
peroxide diffusion through enamel and 
dentin. They suggested that shortening 
the contact time of a 35 % hydrogen 
peroxide gel, or reducing its concen-
tration, can result in reduced hydrogen 
peroxide diffusion through enamel and 
dentin. Ubaldini et al. (2013) concluded 
that hydrogen peroxide penetration is 
not merely a physical passage through 
enamel inter-prismatic spaces into the 
dentinal tubules. Hydrogen peroxide 
diffusion dynamics presented a con-
centration gradient determined by the 

chemical affinity of the hydrogen per-
oxide with each specific dental tissue.

Comments 
As mentioned above, it is not easy to 
summarize the findings existing in the 
literature, as the studies differ greatly 
concerning the methodology and the 
products used. It can be stated that 
although it seems bleaching with high 
concentrations may have some nega-
tive effects on the dental hard tissues, 
after evaluating separately the meth-
odology and the products used in the 
published studies, an excessive use of 
time with the bleaching products is 
noted. Additionally, the use of hydro-
gen peroxide in the form of aqueous 
solution gained directly from chemical 
industry cannot really represent the 
bleaching products existing in the mar-
ket, as pH adjustment and use of other 
modifiers are not taken into consider-
ation when the raw chemistry form of 
hydrogen peroxide is used. As it was 
shown above, the composition of the 
bleaching products and their additives 
or absence of appropriate additives in-
fluence the effects caused to the dental 
tissues. Therefore, it can be concluded 
that studies not using appropriate 
commercial products designed from 
dental companies for tooth bleaching 
do not really represent the clinical sit-
uation as used in the dental practice. 
What is the reason to attempt to deter-
mine the safety of bleaching products 
according to their hydrogen peroxide 
concentration and not use real clinical 
conditions and dental bleaching prod-
ucts designed for tooth bleaching? 
There are a lot of studies showing that 
the effects are generated by different 
factors. There are cases where a home 
bleaching product containing lower 
concentration of hydrogen peroxide 
caused greater negative effects on the 
dental tissues than the in-office high 
peroxide concentration products. In 
addition, it has been shown that the 
same concentration of hydrogen per-
oxide/carbamide peroxide from differ-
ent brands can cause different results 
(Sa et al., 2013).
According to the literature, it is con-
cluded that the concentration of the 

contained carbamide peroxide (or re-
spective hydrogen peroxide) seems not 
to be the only or the most important 
parameter influencing their effect on 
hard dental tissues.
A very important point is also the 
evaluation of the effect of bleaching 
products on human dentin. However, 
it must be mentioned that the design 
of each study has an effect on the 
findings of each study. In the case 
of vital tooth bleaching, the correct 
application of the bleaching is on the 
discolored enamel and there is actu-
ally no reason or indication to apply 
bleaching products on dentin. As it 
was shown above, the negative ef-
fects of bleaching products on dentin 
were observed when the bleaching 
products were applied directly on 
the dentin and not the case when 
the products were applied to enamel. 
When using the walking bleach tech-
nique, it was found that the bleaching 
products in direct contact with dentin 
may alter it, but, as mentioned above, 
this is only for non-vital teeth that 
have received root canal treatment. 
However, as mentioned above, when 
using the well-established phosphoric 
acid during adhesive techniques, the 
negative effect on dental hard tissues 
is significantly greater than what is 
caused by bleaching products (Tong 
et al., 1993; Ernst et al., 1996) and 
such use is obsolete by today’s stan-
dards and protocols.
As it was shown in the present review, 
the study design and the methodology 
used in order to evaluate the safety 
of tooth bleaching has a great effect 
on the findings. There is no reason for 
applying a high-concentration hydro-
gen peroxide for long time periods on 
dentin and enamel, or for using thin 
sections or pulverized hard tissues for 
the experiments, as was performed in 
some published studies. Such applica-
tions are not suitable to mimic the clini-
cal situation. The response to the intact 
teeth of the bleaching products, based 
mostly on clinically relevant conditions, 
is different. The correct use of quality 
bleaching products produces minimal 
to no negative alterations to enamel 
and dentin of teeth.
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In the literature, several clinical studies 
have evaluated tooth bleaching with 
different concentrations of hydrogen 
peroxide or carbamide peroxide. They 
show different findings concerning the 
effect of the bleaching agents on the 
appearance of tooth and/or gingival 
sensitivity after vital tooth bleaching. 
Some published data reports that vital 
tooth bleaching produces no adverse 
effects (Collins et al., 2004; Deliperi 
et al., 2004; Giacheti et al., 2010; da 
Costa et al., 2011; Polydorou et al., 
2013) or slight/mild tooth sensitivity 
(Gerlach et al., 2004; Donly et al., 
2005; de la Pena et al., 2013; Reis 
et al., 2013) and/or soft tissue irritation 
that is reversible.
A very important finding in several 
studies evaluating tooth sensitivity 
after bleaching (Mokhlis et al., 2000; 
Gerlach et al., 2004; Donly et al., 2005; 
Ziebolz et al., 2007; Giacheti et al., 2010; 
Dawson et al., 2011; da Costa et al., 
2011; da Costa et al., 2012; Oliveira 
et al., 2013; de la Pena et al., 2013; Reis 
et al., 2013) is that the concentration 
of hydrogen peroxide did not have any 
role in tooth sensitivity and pain when 
used according to instructions during 
or after bleaching. In addition, it was 
shown that bleaching agents had no 
important effects on tooth or gingiva 
sensitivity. For example, in the study of 
Gerlach et al. (2004), both bleaching 
products with 6 % hydrogen peroxide 
and 14 % hydrogen peroxide did not 
show any signs of oral-tissue irritation 
and were both well-tolerated. They 
showed, despite their concentration 
differences, similar minor oral irritation. 
Deliperi et al. (2004) reported in their 
study that a combination of in-office 
tooth bleaching with 35 % or 38 % hy-
drogen peroxide and home treatment 
with 10 % carbamide peroxide caused 
no sensitivity during or after the bleach-
ing treatment. In the study of da Costa 
et al. (2011), none of the subjects ex-
perienced soft tissue sensitivity with 
38 % hydrogen peroxide, and for those 
who experienced tooth sensitivity, it 

was not noticeable after 15 days post 
whitening. Donly et al. (2005) showed 
that both 10 % carbamide peroxide 
and 10 % hydrogen peroxide were well 
tolerated, and the adverse effects were 
mild in severity. The use of 9 % hydro-
gen peroxide for multiple applications 
was found safe (Ghalili et al., 2014). 
Mokhlis et al. (2000) compared tooth 
bleaching at home with a tray system 
and found that there was no significant 
difference between 20 % carbamide 
peroxide and 7.5 % hydrogen peroxide 
in regards to gingival or tooth sen-
sitivity. In the study of Ziebolz et al. 
(2007), the type of peroxide used had 
no significant difference in effect on 
the tooth and gingival sensitivity. After 
bleaching with 7.5 % hydrogen perox-
ide or 20 % carbamide peroxide, the 
tooth hypersensitivity was increased 
compared to baseline; however, no 
difference existed between the groups. 
Both bleaching products with a higher 
percentage (>6 %) of hydrogen perox-
ide showed the same results. Another 
study (da Costa et al., 2012) revealed 
no significant difference in tooth and 
soft tissue sensitivity after bleaching at 
home with 35 % carbamide peroxide 
in a tray or with 14 % hydrogen perox-
ide in strips. In the study of Reis et al. 
(2013) both in-office bleaching gels 
tested (35 % and 20 % hydrogen per-
oxide) showed similar tooth sensitivity. 
Giachetti et al. (2010) showed that at-
home bleaching with 10 % carbamide 
peroxide and an in-office bleaching 
involving 38 % hydrogen peroxide 
showed no adverse events related to 
the bleaching during the treatment pe-
riod. In the study of Croll (2003), both 
9.5 % H2O2 and 10 % H2O2 whitening 
strips were well tolerated and the use 
of the bleaching products during the 
study was considered safe. Dawson 
et al. (2011) concluded that in-office 
bleaching with 9 % or 27 % hydrogen 
peroxide in combination with 16 % 
carbamide peroxide home bleaching 
produced no significant difference in 
tooth sensitivity when compared with 

home whitening alone. According to 
these studies above, bleaching prod-
ucts with concentrations higher than 
6 % hydrogen peroxide are shown to be 
safe and well tolerated by the patients, 
as far as the tooth or gingiva sensitivity 
is concerned, when used according to 
the manufacturers’ instructions.
However, there is another parameter 
that seems to have an effect on tooth 
sensitivity and tolerance of bleaching 
by patients: The way the bleaching 
product is applied seems to affect the 
appearance of gingiva and tooth sen-
sitivity. Home bleaching was found in 
some studies to cause tooth sensitivity 
(Jorgensen et al., 2002; Matis et al., 
2009b; Türkün et al., 2010) and in 
some of them the sensitivity was found 
to be higher than for in-office bleach-
ing (Jorgensen et al., 2012; Matis et al., 
2009b). In the study of Jorgensen et al. 
(2002), it was found that by using a 
home bleaching product containing 
15 % carbamide peroxide, mild tooth 
sensitivity was found in approximately 
half of patients, while some of the pa-
tients claimed severe sensitivity. In the 
study of Matis et al. (2009b), bleach-
ing with in-office bleaching product 
containing 30 % hydrogen peroxide 
for 3 x 15 minutes showed less gingi-
val and tooth sensitivity, compared 
to bleaching with the same bleaching 
agent for 40 minutes a time, includ-
ing when this protocol was followed 
by an at-home bleaching agent (15 % 
carbamide peroxide). Türkün et al. 
(2010) showed that the use of a non-
custom-fit tray home bleaching prod-
uct with 28 % carbamide peroxide gel 
resulted in less tooth sensitivity than 
the custom-fit tray with 10 % carba-
mide peroxide. This was most likely 
because of the reduced contact time 
of the bleaching agent because of its 
higher concentration. However, the ap-
plication of the bleaching agent with 
a non-customized tray provoked more 
gingival sensitivity. Cunha-Cruz et al. 
(2013) conducted a study to estimate 
the prevalence of dentin hypersensi-

2.  Effect of bleaching with high concentration of  hydrogen peroxide on hard dental tissues  
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tivity in general dental practices and 
to investigate associated risk factors. 
The survey included 787 adult patients 
from 37 general dental practices in the 
northwest United States. They found 
that tooth hypersensitivity occurs most 
often in women younger than 65 years 
and is associated commonly with gin-
gival recession and the use of at-home 
tooth whitening. Tooth hypersensitivity 
occurred more often by patients hav-
ing home bleaching than those having 
in-office bleaching. Gingival recession 
can pre-dispose the dentin to great 
exposure to the bleaching agent in at-
home whitening, whereas if the bleach-
ing was done in the office with a higher 
concentration of peroxide, the clinician 
could prevent exposure of the dentin 
to peroxide. In the study of Kugel et al. 
(2009), the most tooth sensitivity was 
found in the group with the light acti-
vated bleaching agent (25 % hydrogen 
peroxide). The clinical study of Basting 
et al. (2012), they evaluated different 
concentrations of home and in-office 
bleaching agents, showing that the 
level of sensitivity differed. A higher 
prevalence of tooth sensitivity was 
observed for 71 % of the volunteers 
who used the 20 % carbamide perox-
ide home-use bleaching agent, which 
may be ascribed to the peroxide con-
centration and/or the time/length the 
agent was in contact with the dental 
structures. A low prevalence of tooth 
sensitivity was observed for volunteers 
who used the in-office 38 % hydro-
gen peroxide (15 %). Both bleaching 
products (38 % hydrogen peroxide and 
20 % carbamide peroxide) contained 
the same desensitizing agents. Ac-
cording to this study, for the in-office 
technique, a lower prevalence of tooth 
sensitivity may be expected when us-
ing in-office 38 % hydrogen peroxide 
agent when compared with the 20 % 
carbamide peroxide agent because of 
the presence, type, and concentration 
of desensitizing agents and/or duration 
of exposure for the bleaching agents.
The literature also has a few studies 
(Leonard et al., 2007; Krause et al., 
2008; Bernardon et al., 2010; Mon-
cada et al., 2013) showing exactly the 
opposite, suggesting that the higher the 

concentration of the peroxide used, the 
higher the sensitivity effects on tooth 
and gingiva. In the study of Leonard 
et al. (2007), the participants who were 
bleached with 7 % hydrogen peroxide 
reported significantly more tooth sensi-
tivity and gingival irritation than those 
bleached with 10 % carbamide perox-
ide. They found also significant clinical 
change in the gingival index levels for 
groups using 5 % and 7 % hydrogen 
peroxide compared with the control 
group. However, these differences were 
only during the first few days after the 
bleaching treatment. There was no 
significant difference among the three 
products at seven days post-treatment. 
Krause et al. (2008) showed in their 
study that after whitening with 10 %, 
17 % and 0 % (control) carbamide per-
oxide in a tray system, the discomfort 
reported during bleaching was related 
to the concentration of carbamide per-
oxide but was gone 30 minutes after the 
end of the application. Bernardon et al. 
(2010) reported that in-office bleaching 
with 35 % hydrogen peroxide resulted 
in higher sensitivity rates than home 
bleaching with 10 % carbamide perox-
ide. In the study of Ozcan et al. (2014), 
tooth bleaching with 15 % hydrogen 
peroxide caused tooth sensitivity for 
11 % of teeth without craze lines and 
15 % by teeth with craze lines. The sen-
sitivity disappeared within one week.
In the case of light activation of in-of-
fice bleaching, findings show an in-
crease of tooth sensitivity directly 
after bleaching (Kossatz et al., 2011; 
Hayward et al., 2012; Polydorou et al., 
2013; Henry et al., 2013). However, this 
sensitivity disappeared in all cases af-
ter 24 hours (Kossatz et al., 2011; Poly-
dorou et al., 2013). In the rest of the 
cases, the sensitivity disappeared after 
one week (Henry et al., 2013). The type 
of the light activation also had an effect 
on tooth sensitivity (Polydorou et al., 
2013; Hayward et al., 2012; Gurgan 
et al., 2010). However, the results were 
not all the same among the studies, as 
some showed tooth sensitivity after 
laser (Polydorou et al., 2013) or LED 
(Hayward et al., 2012) activation of the 
bleaching agents, while others showed 
no tooth sensitivity after activation 

of the bleaching agents with halogen 
(Polydorou et al., 2013) or diode laser 
(Gurgan et al., 2010). The difference 
among the units used and the method-
ologies selected might be the reason of 
the variety among the findings.
Because of the fact that increased tooth 
sensitivity is reported as the most com-
mon side effect associated with bleach-
ing, there are several studies recom-
mending solutions. According to Tay 
et al. (2009), the use of a desensitizing 
gel before in-office tooth bleaching with 
35 % hydrogen peroxide, for 3 x 15 min-
utes, can reduce tooth sensitivity. Any 
adverse effects associated with the use 
of a whitening gel and tray were easily 
controlled and reversible. In the study 
of Bonafé et al. (2014), a desensitizing 
gel (5 % potassium nitrate/2 % sodium 
fluoride) was used before bleaching 
with 35 % hydrogen peroxide in pa-
tients with composite restorations. This 
desensitizing gel did not reduce the 
prevalence of tooth sensitivity, but re-
duced the intensity of tooth sensitivity 
during bleaching. This finding, how-
ever, might be due to the existence of 
composite restorations (probably if they 
were not properly placed, namely leak-
ing). The authors (Bonafé et al., 2013) 
showed in another study that although 
in-office bleaching with 35 % hydrogen 
peroxide was effective in patients with  
esthetic restorations, a higher inten-
sity of tooth sensitivity was observed 
during the bleaching compared to pa-
tients with no restorations. In another 
study (Reis et al., 2011a), the use of 
the same desensitizing agent (5 % po-
tassium nitrate/2 % sodium fluoride) 
before in-office light-activated bleach-
ing decreased the tooth sensitivity. 
80 % and 100 % of the participants 
from the experimental and placebo 
groups, respectively, experienced tooth 
sensitivity. The intensity of sensitivity 
was similar immediately after bleach-
ing for both groups. After 24 hours, 
lower sensitivity was reported in the 
experimental group, while most of the 
participants from the placebo group 
experienced tooth sensitivity leading 
one to believe that the bleaching light 
itself adds greatly to the cause of sen-
sitivity. De Paula et al. (2013) showed 
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that the anti-inflammatory medication  
Etoricoxib 60 mg (Arcoxia, MSD, Cam-
pinas, SP, Brazil) did not have any ef-
fect on the presence nor the intensity 
of tooth sensitivity. According to de 
Paula et al. (2014), the perioperative 
use of an antioxidant, such as ascorbic 
acid (500 mg, three times daily) orally 
after in-office bleaching with 35 % hy-
drogen peroxide, was not able to pre-
vent bleaching-induced tooth sensitiv-
ity or reduce its intensity. Both groups 
showed a similar risk of tooth sensi-
tivity. Haywood et al. (1994) demon-
strated the efficacy of overnight usage 
with 22 % carbamide peroxide and 3 % 
potassium nitrate. The post bleaching 
color was stable at two weeks with 
low tooth sensitivity. In another study 
(Browing et al., 2012) the use of a na-
no-hydroxyapatite (n-HAP) paste was 
associated with a statistically signifi-
cant reduction in the number of days 
of tooth sensitivity experienced during 
active bleaching. In the study of Kos-
satz et al. (2012), the use of calcium 
containing 35 % hydrogen peroxide 
gel reduced the tooth sensitivity during 
in-office dental bleaching without jeop-
ardizing the bleaching effectiveness. 

Comments
According to the above clinical studies, 
it is obvious that tooth sensitivity is a 
very common symptom during or after 
tooth bleaching. However, the sensitiv-
ity seems not to be directly correlated 

to the concentration of peroxide used 
if the instructions are followed, as 
there are several studies showing the 
opposite. According to the published 
data to date, tooth sensitivity may 
arise during or after home bleaching 
with low concentrations, or in-office 
bleaching with high concentrations. In 
the case of home bleaching, it seems 
that the tooth sensitivity may be due 
to the extended time of application or 
the excessive use of a high concentra-
tion of bleaching agents in the case 
of soft tissue sensitivity. The absence 
of soft tissue sensitivity in the case of 
in-office tooth bleaching, even though 
much higher concentrations of perox-
ide are used, is a big advantage as the 
clinician can isolate the gingiva from 
the peroxide. According to manufac-
turers’ instructions, the gingiva should 
be totally isolated from the peroxide. 
According to the studies above, the 
tooth sensitivity is not influenced only 
by the concentration of the peroxide, 
but the technique used, the bleaching 
product selected, its composition con-
cerning the presence of desensitizing 
agents, and/or whether light activation 
is used or not. Additionally, in the case 
of in-office bleaching, the application 
time of the bleaching product can influ-
ence tooth sensitivity. According to Reis 
et al. (2011b), the use of 35 % hydro-
gen peroxide for the three 15-minute 
applications during in-office treatment 
seems to produce less tooth sensitivity 

compared to the same or similar overall 
time but without a break.
A multi-centre, questionnaire-based 
prospective study (Chan, 2013) to 
general practices and university clinics 
during the years 2007–2009 in Scandi-
navia revealed very interesting findings. 
The tooth sensitivity at first follow up 
(14 days after treatment) was inde-
pendent of the bleaching procedure 
(at-home: 50.3 %; in-office: 39.3 %); 
however, it was higher in the case of 
home bleaching. The prevalence of gin-
gival irritation was higher after in-office 
treatment (at-home: 14.0 %; in-office: 
35.7 %). At the second follow-up (al-
most one year post-treatment) there 
was no difference among at-home and 
in-office groups. The findings of this 
study concerning the increased tooth 
sensitivity by home bleaching might be 
due to the increased application time, 
as mentioned above, while the in-
creased gingiva irritation in the case of 
in-office bleaching might be due to the 
improper use of the bleaching agents 
by dental practitioners. According to 
these findings, it can be concluded 
that in some cases, depending on the 
patient treated, tooth bleaching in the 
office under the full supervision of the 
dental practitioner may be beneficial 
compared to the home-bleaching pro-
cedure. It should be in the power of 
the dentist to choose which method 
is appropriate according to the patient 
treated.

The data available in the literature 
show that the bleaching products may 
affect the adhesion ability to the dental 
hard tissues (Titley et al., 1988; Torneck 
et al., 1990; Titley et al., 1991; Stokes 
et al., 1992; Titley et al., 1993; Dishman 
et al., 1994;  Uysal et al., 2003; Sino-
hara et al., 2004; Türkün et al., 2004;  
Sundfeld et al., 2005; Timpavat et al., 
2005; Montalvan et al., 2006; Cac-
ciafesta et al., 2006; Nour Eldin et al., 
2006; Muraguchi et al., 2007; Shinkai 

et al., 2007; Türkkahraman et al., 
2007; Forner et al., 2009; Patusco 
et al., 2009; Barcellos et al., 2010; 
Bittencourt et al., 2010; Vieira et al., 
2012; Gungor et al., 2013). According 
to Nour Eldin et al. (2006), the use of 
acetone-based or ethanol-based adhe-
sives in immediate bonding of compos-
ite resins to enamel bleached with 10 %  
carbamide peroxide or 38 % hydrogen 
peroxide did not reverse the effect of 
bleaching systems on bond strength. 

Qualitative comparisons of resin tags 
present in the bleached and unbleached 
specimens, using scanning electron mi-
croscopy (SEM), revealed few, thin, and 
fragmented resin tags when bleaching 
with 38 % hydrogen peroxide and 10 % 
carbamide peroxide (Nour Eldin et al., 
2006), suggesting that when imme-
diate bonding to bleached enamel is 
implemented it will be compromised. 
Dishman et al. (1994) showed with a 
scanning electron microscope examina-

3.  Effect of bleaching with high concentration of hydrogen peroxide on the adhesion  
to the dental hard tissues

26 



tion an apparent decrease in the num-
ber of resin tags present in the enamel/
composite interface of bleached sam-
ples.
The bonding ability was shown to be 
better when the bonding procedure 
was performed some days after the 
bleaching. Resins are not capable of 
fully polymerizing in the presence of 
oxygen and tooth bleaching peroxides, 
regardless the concentration, and leave 
oxygen inside the dentin and enamel 
for a few days following bleaching. Be-
cause of this, bond strengths will not be 
what they otherwise would have been, 
unless the practitioner waits a few days 
following bleaching to perform the ad-
hesive procedure. Several authors rec-
ommend that it is better to wait a few 
days after bleaching (Dishman et al., 
1994; Türkün et al., 2004; Sundfeld 
et al., 2005; Da Silva Machado et al., 
2007; Unlu et al., 2008; Bittencourt 
et al., 2010; Hussain et al., 2010; Souza-  
Gabriel et al., 2011; Can-Karabulut 
et al., 2011; Öztaş et al., 2012; Vieira 
et al., 2012; Khamverdi et al., 2013). 
The recommended time differs among 
the studies. Da Silva Machado et al. 
(2007) suggested that a time interval 
of at least seven days should be al-
lowed between enamel bleaching and 
placement of adhesive bonding agents 
for accomplishment of composite resin 
restorations, as the specimens restored 
7, 14, and 30 days after bleaching 
showed better penetration of adhesive 
material into enamel than specimens 
restored immediately after bleaching. 
Seven days is also the recommend time 
to wait of Sundfeld et al. (2005), Türkün 
et al. (2004), Bittencourt et al. (2010), 
and Khamverdi et al. (2013) before 
performing adhesive restorative proce-
dures. These studies suggest that a de-
lay of one week before bonding can in-
crease bond strength of composite resin 
to bleached tissues substantially. Unlu 
et al. (2008) suggested that it is bet-
ter to delay composite resin application 
onto bleached enamel surfaces at least 
24 hours with 10 % carbamide perox-
ide and one week with 35 % hydrogen 
peroxide. Souza-Gabriel et al. (2011) 
suggest at least 10 days post-bleach-
ing times after treatment with 38 % 

hydrogen peroxide. On the other side, 
Dishman et al. (1994) showed that 
although they found a significant de-
crease in bond strength for the samples 
bonded directly after bleaching, the 
bond strength returned to normal val-
ues after one day and remained normal 
for at least one month. They therefore 
recommended waiting 24 hours before 
a bonding procedure take place. Hus-
sain et al. (2010) also suggest wait-
ing for 24 hours. Öztaş et al. (2012) 
recommend that after treatment with 
at-home bleaching agents containing 
20 % carbamide peroxide the bond-
ing of ceramic orthodontic brackets to 
enamel should be performed at least 
24 hours after bleaching. In contrast 
to these findings, Uysal et al. (2003) 
found that office bleaching with 35 % 
hydrogen peroxide does not adversely 
affect the bond strengths of brackets 
bonded immediately after bleaching, 
or even 30 days after bleaching. Shino-
hara et al. (2004) assumed that tooth 
bleaching with 37 % carbamide perox-
ide can affect the shear bond strength 
to enamel but not to dentin. The differ-
ence among the materials tested and 
the methodologies used at each study 
is probably the reason for the different 
findings among the studies. However, 
nowadays the adhesion on the den-
tal tooth structure should not pres-
ent any problem as a waiting time of  
1 to 2 weeks after bleaching is recom-
mended by the manufacturers prior to 
placing a restoration with the adhe-
sive technique. The correct use of the 
bleaching products seems to be the 
important factor for minimizing their 
effects on the tooth structure.
The method used for tooth bleaching 
and the contained concentration of hy-
drogen peroxide was also a parameter 
that was shown to influence the find-
ings of the studies mentioned above.
According to Barcellos et al. (2010), 
the bond strength of the restoration 
to enamel and the restoration to den-
tin were influenced by the application 
of carbamide peroxide (10 %, 15 %, 
20 %) and was dependent on the con-
centration in the bleaching gel. Patusco 
et al. (2009) found that the use of 10 % 
carbamide peroxide bleaching does not 

significantly alter shear bond strength 
values, while the use of 35 % hydro-
gen peroxide bleaching significantly 
reduces these values one day after 
the bonding procedure. In contrast to 
these, Gungor et al. (2013) showed 
that the home bleaching method af-
fected the shear bond strength more 
adversely than did bleaching with the 
office bleaching method. According to 
Uysal et al. (2003), in-office bleaching 
with hydrogen peroxide did not have 
any adverse effects, and da Silva Mach-
ado et al. (2007) concluded that there 
was no statistically significant differ-
ence between the bleaching materials 
used (16 % carbamide peroxide and 
38 % hydrogen peroxide).
The use of antioxidants such as sodium 
ascorbate has also been tested after 
tooth bleaching before the bonding 
procedures in order to reverse the ef-
fect of bleaching agents on the bond 
strength of dental tissues (Türkün et al., 
2004; Muraguchi et al., 2007; Kunt 
et al., 2011; Khoroushi et al., 2011; 
Lima et al., 2011; Briso et al., 2012; 
Khosravanifard et al., 2012) showing 
positive promising effects. According to 
Muraguchi et al. (2007) and Lima et al. 
(2011), the use of ascorbic acid after 
bleaching was effective in preventing 
the reduction of the bonding ability 
to bleached teeth; and in the study 
of Briso et al. (2012), sodium ascor-
bate increased resin tags length. They 
found that tooth bleaching with 10 % 
carbamide peroxide or 35 % hydrogen 
peroxide impairs the formation of resin 
tags and therefore the use of sodium 
ascorbate would be beneficial. Addi-
tionally, in the case of resin-modified 
glass ionomer cements (Khosravanifard 
et al., 2012) the application of ascorbic 
acid was shown to affect positively the 
bond to dental tissues after bleaching. 
Aksakalli et al. (2013) reported that the 
pine bark (proanthocyanidin, natural 
antioxidant) solution might present a 
natural antioxidant and a good alter-
native to sodium ascorbate.

Comments 
According to the existing data in the 
literature, it is obvious that bleaching, 
independently of the concentration 
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of the contained hydrogen peroxide/
carbamide peroxide, can affect the 
bonding ability to dental tissues. A 
very important point of the literature 
available is that the conclusions con-
cerning the effect of the concentration 
of the hydrogen peroxide on the ad-
hesion to the dental hard tissues are 

not all consistent. The negative effect 
of hydrogen peroxide in combination 
with the use of etching has been de-
scribed. However, a lot of the data 
was achieved by using a solution of 
raw chemical hydrogen peroxide that 
was not a commercial bleaching prod-
uct, which resulted in more negative 

effects. Additionally, this reduction in 
bond strength was found for bonding 
the restorations directly after bleach-
ing. A delay of about one week after 
the bleaching procedure provides sat-
isfying results, according to the stud-
ies. And this is well known by most all 
dentists and taught extensively.

In the literature, there are several stud-
ies concerning the effect of bleaching 
products containing high concentra-
tions of hydrogen peroxide on the 
different dental restorative materials 
used in the daily practice. The contin-
ued advancement of dental materials 
and techniques makes it very difficult 
to summarize the published data. What 
does each effect on the dental materials 
mean? It is important not only to know 
if the roughness of a material after 
bleaching has increased or decreased, 
but also which change would repre-
sent a clinical problem vs. only causing 
an insignificant microscopic negative 
effect. And, in a relative sense, what 
about the daily use and consumption 
of alcohol and/or acidic beverages, 
including soft drinks? They also affect 
the mechanical properties of the dental 
restorative materials through the daily 
exposure. Where are the limits, and 
which changes are of clinical/practical 
relevance?

Separately for each category of materi-
als the following was found:

4.1 Composite materials
The findings concerning the effect of 
bleaching with high concentration of 
hydrogen peroxide on the composite 
materials differed among the studies, 
as they used different bleaching prod-
ucts and they tested different compos-
ite materials. Some studies (Mujdeci 
et al., 2006; Polydorou et al., 2007; 
Mourouzis et al., 2013) showed no 
effect on the surface of the composite 
materials due to bleaching with differ-
ent concentrations of hydrogen perox-

ide. Especially the effect of bleaching 
on micro hardness and roughness of 
composite materials has been widely 
studied. At this point, it must be noted 
that the microhardness tests determine 
actually the effect on the hardness of 
the outer layer of the surface.
In the study of Mujdeci et al. (2006), 
10 % carbamide peroxide and 14 % 
hydrogen peroxide did not adversely 
affect the microhardness of a nano-hy-
brid composite resin. In another study 
(Polydorou et al., 2007), bleaching with 
38 % hydrogen peroxide had no nega-
tive effects on the microhardness of  
a flow, hybrid, microhybrid, and nano-  
hybrid composite. Mourouzis et al. 
(2013) showed also that in-office 
bleaching products (30 % carbamide 
peroxide and 35 % hydrogen perox-
ide) do not affect the microhardness 
of different composite materials. Ac-
cording to Sharafeddin et al. (2010), 
in-office bleaching with 35 % carbam-
ide peroxide significantly increased the 
surface hardness of hybrid composite 
compared to the microfilled, which had 
no significant change after treatment 
with this bleaching gel. An increase in 
the microhardness of the composite 
materials cannot be thought of as a 
negative effect, as it suggests an im-
provement in the hardness of the ma-
terial. After bleaching of a minifill hy-
brid composite (Filtek Z250) with 35 % 
hydrogen peroxide or 16 % carbamide 
peroxide (Lima et al., 2008), there 
was no difference in microhardness 
among the bleaching products. How-
ever, the lowest microhardness values 
were found by the group bleached with 
carbamide, showing that the contained 

concentration of hydrogen peroxide is 
not what is responsible for the effects 
on the composite materials. In another 
study (Hannig et al., 2007), bleaching 
with products containing 10 % carba-
mide peroxide up to 38 % hydrogen 
peroxide reduced significantly the 
 microhardness of composite materi-
als (Tetric Flow and Tetric EvoCeram). 
According to Okte et al. (2006), after 
staining with coffee and red wine, ap-
plication of home bleaching agents for 
eight hours a day for 14 days on com-
posite materials (Filtek Supreme and 
 Esthet-X) caused a significant hardness 
decrease. No significant difference was 
found among bleaching agents. Bailey 
et al. (1992) investigated the softening 
effect of low concentrations of carba-
mide peroxide and hydrogen peroxide 
(two products containing 10 % carba-
mide peroxide and one with 6 % hydro-
gen peroxide) on the microhardness of 
hybrid and microfilled composite mate-
rials. The only significant reduction of 
microhardness was caused by one of 
the products containing 10 % carbam-
ide peroxide. The findings of this study 
showed that the effect of the bleaching 
products on the microhardness of com-
posite materials does not depend only 
on the concentration of the contained 
hydrogen peroxide.
The application of bleaching agents 
(carbamide peroxide 10 %, 20 %, 35 %, 
and 45 %) did not significantly change 
the fracture toughness of four nanofilled 
resin composites (Filtek Supreme Plus, 
Tetric EvoCeram, Premise, Esthet-X) 
(Cho et al., 2009). This test is more re-
alistic, as it better indicates the effect 
beyond simply the outer few microns.

4.  Effects of bleaching with high concentration of hydrogen peroxide on dental restorative materials
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In the study of Moraes et al. (2006), 
10 % carbamide peroxide had no effect 
on the surface roughness of microfilled 
and microhybrid composite resins, but 
the 35 % carbamide peroxide product 
had some effect on the composite ma-
terials that was material dependent. 
Therefore, 35 % carbamide peroxide 
increased significantly the roughness 
of the microhybrid composite after 
21 days, but had no significant effect 
on the microfilled one. Mourouzis 
et al. (2013) showed also that in-office 
bleaching products (30 % carbamide 
peroxide and 35 % hydrogen peroxide) 
do not affect the roughness of differ-
ent composite materials. In the study 
of Gurgan et al. (2007), the bleaching 
gels affected nanofilled and microhy-
brid composite resins. However, it was 
shown also that surface roughness 
alteration was material and time de-
pendent. Different bleaching products 
containing the same concentration of 
hydrogen peroxide (35 %) resulted in 
different findings among the compos-
ite materials. 16 % carbamide peroxide 
caused significant surface alterations 
over time in the case of Filtek Z250 
(hybrid-composite), and had no effect 
on the nanofilled materials. In another 
study, Turker et al. (2003) different car-
bamide peroxide bleaching products 
(10 % and 16 %) showed an increased 
surface roughness after application on 
a microfilled composite (Silux Plus). 
The composite specimens showed in-
creased surface porosity and cracks 
in certain areas when compared with 
control specimens. Surface spectral 
analyses results indicated a decrease 
in the SiO2 content in the microfilled 
composite groups for all bleaching 
agents. In the study of Sharafeddin 
et al. (2010), in-office bleaching with 
35 % carbamide peroxide had no signif-
icant effect on the surface roughness of 
hybrid and microfilled composite resins. 
Repolishing of minifill hybrid composite 
is suggested, as the alteration caused 
after the contact with 16 % carbamide 
peroxide was limited to the material 
surface. Application of a whitening 
strip (6.5 % hydrogen peroxide) on a 
nanofilled composite resin increased 
insignificantly the surface roughness 

of composite (Gurbuz et al., 2013). In 
the study of Kim et al. (2004), the au-
thors found a significant increase in the  
Roughness (Ra) values by bleaching with  
6.5 % hydrogen peroxide; however, the 
value was less than 0.3 µm after bleach-
ing, which is thought to be within the 
range achieved after polishing pro-
cedures of composite materials in the 
clinical practice. Therefore, the authors 
concluded that the change in surface 
roughness was clinically insignificant. In 
the study of Rosentritt et al. (2005), sev-
eral concentrations of bleaching agents 
were tested (4 % and 35 % hydrogen 
peroxide, 10 %, 11 %, and 16 % carba-
mide peroxide) on composite materials 
Tetric Ceram (fine hybrid composite), 
Charisma (microglass composite), and 
Spectrum TPH (fine hybrid composite). 
The authors reported an increase of 
roughness in some of the tested ma-
terials, and stated that the results are 
composite-material dependent. Addi-
tionally, bleaching treatment seems to 
potentially affect the adherence of cer-
tain cariogenic microorganisms to the 
outer surfaces of composite resin resto-
rations, meaning that bleaching agents 
may cause an effect on the roughness 
of the composite materials (Mor et al., 
1998). 10 % carbamide peroxide and 
10 % hydrogen peroxide increased the 
surface adherence of Streptococcus 
mutans and Streptococcus sobrinus 
after three days, while 10 % hydrogen 
peroxide increased this adherence after 
seven days (Hosoya et al., 2003).
A very important point, besides the 
effect of the bleaching products con-
taining high concentrations of hydro-
gen peroxide, is the comparison of the 
bleaching products’ effect with one of 
products containing lower concentra-
tions of hydrogen peroxide. Is it actually 
the contained concentration of hydro-
gen peroxide that has an important role 
on the level of their effects, or are there 
any other parameters that play an ad-
ditional role on this effect? Although it 
is supposed that higher concentrations 
of hydrogen peroxide might cause more 
harmful effects than the lower ones, 
the studies mentioned above show that 
it is not always the case, and that there 
is not a clear distinction between the 

effects of high concentration peroxides 
used and lower concentrations. There 
appear to be other factors that influ-
ence the results more than simply the 
concentration of peroxide. 
Not only the mechanical properties of 
the composite materials after bleaching 
have been tested. Two studies (Durner 
et al., 2011; Polydorou et al., 2009) 
were found in the literature concerning 
the effect of bleaching on the elution 
of substances from composite materi-
als. Durner et al. (2011) concluded that 
bleaching has an effect on the three-di-
mensional polymer network in polymer-
ized composites, leading to an increase 
in the release of unpolymerized mono-
mers, additives, and unspecific oxida-
tive products. These findings differ with  
the ones of Polydorou et al. (2009), who 
showed that bleaching of composite 
materials doesn’t increase the release 
of these substances. The different meth-
ods used for the analysis of the eluted 
substances, bleaching products tested, 
concentrations of hydrogen peroxide, 
and composite materials tested might 
be the reason of these varied findings. 
In the study of Durner et al. (2011), the 
eluates were analyzed by gas chroma-
tography/mass spectrometry, while in 
the study of Polydorou et al. (2009) 
liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) was used. 
As far as the bleaching products are 
concerned, in the study of Durner et al. 
(2011) different concentrations of car-
bamide peroxide (15 % for five hours or 
35 % for 30 minutes) were used, while 
in the study of Polydorou et al. (2009) 
hydrogen peroxide 38 % for 45 min-
utes and carbamide peroxide 15 % for 
56 hours were used.
Additionally, the potential of bleaching 
products to affect the color and/or op-
tical properties (or their parameters) of 
composite materials has been tested. 
The findings of the studies on this sub-
ject make clear that the effect is always 
composite-material and bleaching-ma-
terial dependent. Yalcin et al. (2005b) 
found that strips with only a 6.5 % hy-
drogen peroxide can change the color 
of dental restorative materials. In the 
study of Yalcin et al. (2005a), the use 
of 10 % carbamide peroxide and strips 
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containing 6.5 % hydrogen peroxide 
on composite materials affected the 
gloss values of some of the bleached 
materials only. Therefore, the authors 
suggest that it would be useful to con-
sider which type of material would be 
better in each situation. Monaghan 
et al. (1992a) showed that bleach-
ing with 30 % hydrogen peroxide in 
combination with light for 30 minutes 
changed the color of composite materi-
als. In another work of the same group 
(Monaghan et al., 1992b), it was shown  
that the at-home bleaching methods 
did not cause any shade-altering ef-
fects when compared to the in-office 
technique used with a bleaching light. 
In another study (Anagnostou et al., 
2010) the gloss of the composite ma-
terials (hybrid and nano-hybrid) was 
reduced after a two-week bleaching 
period. The hybrid composite presented 
higher gloss reduction than nano-hy-
brid. No difference was found between 
10 % carbamide peroxide gel and strips 
containing 6.5 % and 14 % hydrogen 
peroxide concerning their effects on 
color and gloss when used up to two 
weeks. Bleaching with 10 % hydrogen 
peroxide caused more color changes 
than 10 % carbamide peroxide (Canay 
et al., 2003). Among the tested com-
posite materials (two hybrid and one 
macrofilled), the one that showed more 
color changes was the macrofill (almost 
obsolete today). Villalta et al. (2006) 
found that bleaching with 16 %, 18 %, 
and 35 % carbamide peroxide could 
remove completely the discoloration 
caused on composite materials after 
storage in coffee solutions. Exactly the 
opposite results were found in the study 
of Mendes et al. (2012), who showed 
that 10 % and 35 % hydrogen perox-
ide were not able to promote bleaching 
of a nano-hybrid and a nanoparticle 
composite after staining. In the study 
of Hubbezoglu et al. (2008), different 
bleaching products containing 16 % 
carbamide peroxide, 37 % carbamide 
peroxide, or 35 % hydrogen peroxide 
had no noticeable effect on the color of 
composite materials. The author found 
that although 35 % hydrogen peroxide 
had no effect on the refractive indices 
of these composites, the other two 

products containing carbamide perox-
ide (16 % and 37 %) increased their re-
fractive indices. Bleaching of composite 
materials (Filtek Supreme XT, Ceram-X 
Mono, and Aelite All Purpose Body) 
with 20 % carbamide peroxide did not 
increase their susceptibility to extrinsic 
staining in vitro, meaning indirectly it 
did not change the surface properties 
of these materials that could influence 
their ability to pick up surface stains 
(Celik et al., 2009).

4.2 Ormocer
Some studies could show that the color 
of ormocer materials can be influenced 
by bleaching products (Yalcin et al., 
2005a; Yalcin et al., 2005b; Hubbezo-
glu et al., 2008; Gurbuz et al., 2013). 
6.5 % hydrogen peroxide (Yalcin et al., 
2005a; Yalcin et al., 2005b; Gurbuz 
et al., 2013) and 10 % carbamide per-
oxide (Yalcin et al., 2005a; Yalcin et al., 
2005b) could cause some change in 
the color of ormocer material. In an-
other study (Hubbezoglu et al., 2008) 
different concentrations of carbamide 
peroxide and hydrogen peroxide (16 % 
and 37 % carbamide peroxide or 35 % 
hydrogen peroxide) produced the same 
findings.
And increase of roughness and decrease 
of hardness of an ormocer material was 
noticed after bleaching with different 
concentrations of bleaching agents 
(10 %, 11 %, and 16 % carbamide per-
oxide, and 4 % and 35 % hydrogen per-
oxide) (Rosentritt et al., 2005). Gurbuz 
et al. (2013) also found an increase of 
roughness. Application of a whitening 
strip containing 6.5 % hydrogen perox-
ide on an ormocer-based resin caused 
an insignificant roughness change from 
0.8 Ra to 0.9 Ra only. Bleaching with 
38 % hydrogen peroxide did not reduce 
the surface microhardness of ormocer 
material (Polydorou et al., 2007). The 
same authors could show that 38 % 
hydrogen peroxide or 15 % carbamide 
peroxide did not cause any important 
effect on the surface of the ormocer 
(Polydorou et al., 2006).

4.3 Ceramic
Some studies showed that office 
bleaching with 38 % hydrogen perox-

ide (Polydorou et al., 2006; Polydorou 
et al., 2007) or 40 % hydrogen peroxide 
(Yu et al., 2013) had no negative effect 
on the microhardness of the surface of 
ceramic samples.
Malkondu et al. (2011) found exactly 
the opposite. They concluded from 
their results that high concentration 
carbamide peroxide may reduce the 
microhardness of ceramic materials. 
Other researchers showed that the 
roughness of porcelain samples may be 
affected by bleaching (Moraes et al., 
2006; Zaki et al., 2009). The concen-
tration of contained hydrogen perox-
ide had no influence on the effect of 
bleaching products on the roughness 
of feldspathic porcelain (Moraes et al., 
2006). Both 10 % and 35 % carbamide 
peroxide were shown to increase the 
roughness after treatment for 21 days. 
A combination of in-office bleaching 
with 35 % carbamide peroxide and 
home bleaching with 15 % carbamide 
peroxide was found to affect the rough-
ness of ceramic samples (Zaki et al., 
2009). The authors suggested that ce-
ramic restorations should be protected 
before bleaching to keep from altering 
their surface and whiteness.
The effect of low concentrations of car-
bamide peroxide on ceramic properties 
was shown also in other studies (Türker 
et al., 2002; Yu et al., 2010), as it was 
found home bleaching products con-
taining 10–16 % carbamide peroxide 
reduced the microhardness of felds-
pathic ceramic (Türker et al., 2002). The 
flexural strength of ceramic ( VITABLOCS 
Mark II) was affected by 10 % carbam-
ide peroxide (Yu et al., 2010).

4.4 Amalgam & Alloys
The findings in the literature concern-
ing the effect of bleaching products 
revealed an effect on the mercury lev-
els of amalgam in vitro (Oskoee et al., 
2010; Gurgan et al., 2007; Al-Salehi 
et al., 2008; Al-Salehi, 2009). This data 
showed similar results for bleaching 
products with low and high concentra-
tions of hydrogen peroxide. However, 
another study (Mohsen, 2010) showed 
that the alteration increased with the 
increase of carbamide peroxide con-
centration. Among the different alloys 
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tested, gold was the one showing no 
effect from bleaching (Al-Salehi et al., 
2008; Tamam et al., 2011). Other types 
of ceramometal alloys were affected by 
the bleaching concerning their surface 
roughness (Mohsen, 2010). The clinical 
relevance of these findings is not clear.
In addition to these, in the literature 
two studies were found concerning the 
effect of bleaching products with high 
concentration of hydrogen peroxide on 
titanium (Daw et al., 2012; Faverani 
et al., 2013). According to Daw et al. 
(2012), treatment of titanium surfaces 
with 30 % hydrogen peroxide for six 
hours, 24 hours, one week, and four 
weeks resulted in promoted increase 
of nano-/micron-scale roughness. This 
would simulate a long time treatment 
of implant surfaces with hydrogen 
peroxide, something that is far away 
from the clinical practice, as applica-
tion of bleaching products in the of-
fice on implant surfaces never takes 
place. Faverani et al. (2013) applied 
35 % hydrogen peroxide for four hours 
daily for 15 days on titanium samples 
and found that this bleaching proce-
dure increased the surface roughness. 
The authors write in their conclusion: 
“Bleaching agents promoted signifi-
cant changes in Ti topography, which 
could affect the longevity of implants 
treatments.” However, what is the rea-
son of bleaching implants? Addition-
ally, if the authors want to examine the 
fact that bleaching products might ac-
cidentally come in contact with implant 
surfaces, then it might happen only in 
the case of home bleaching where the 
application cannot totally be controlled 
by the dentist. In this case, low concen-
trations of carbamide peroxide would 
be used. Therefore, evaluating the ap-
plication of 35 % hydrogen peroxide of 
four hours/day for 15 days on implant 
surfaces does not make any sense and 
has actually no valuable clinical signif-
icance.

4.5 Other restorative materials 
( Cements & Compomers)
In the literature, there is some data 
(Jung et al., 2002; Canay et al., 2002; 
Kwon et al., 2003; Mujdeci et al., 2006; 
Londono et al., 2009; Yu et al., 2013) 

describing the effect of bleaching prod-
ucts containing high concentrations of 
hydrogen peroxide (>6 %) on different 
categories of cements and compomers: 
In-office bleaching with 40 % hydro-
gen peroxide caused surface softening 
of a compomer and conventional glass 
ionomer cement (Yu et al., 2013). How-
ever, no significant substance loss dif-
ference was found between the control 
and bleached specimens. 30 % hydro-
gen peroxide caused an expansion of 
three different compomers (Yung et al., 
2002). In another study (Mujdeci et al., 
2006), a whitening strip containing 
14 % hydrogen peroxide and bleaching 
product with 10 % carbamide peroxide 
did not adversely affect the microhard-
ness of a polyacid-modified composite 
resin (Dyract eXtra) and a glass ionomer 
cement (Ionofil Molar AC). Londono 
et al. (2009) combined an in-office 
(38 % hydrogen peroxide) and at-home 
(20 % carbamide peroxide) bleaching 
treatment. They found that in-office 
and at-home bleaching significantly 
increased depth loss of zinc phosphate 
and increased the roughness of res-
in-modified glass ionomer. However, 
the absolute values of differences ob-
served, as compared to the water-only 
control, were considered to be clinically 
insignificant. Color changes of polyacid 
modified composites and compomers 
have been demonstrated (Canay et al., 
2003; Kwon et al., 2003) after bleaching 
with low concentrations (10 % carbam-
ide peroxide) or high concentrations of 
hydrogen peroxide (30 % and 10 %).
It must be stated that according to the 
research cited, bleaching products with 
low concentrations caused the same ef-
fects as bleaching products with high 
concentrations of hydrogen peroxide. 
In the study of Rosentritt et al. (2005), 
different bleaching products (10 %, 
11 % and 16 % carbamide peroxide, 
and 4 % and 35 % hydrogen perox-
ide) were tested and it was found that 
they caused an increase of roughness 
and a high reduction of hardness in a 
compomer. Home bleaching products  
(10–16 % carbamide peroxide) increased  
the microhardness of glass ionomer 
cement (Türker et al., 2002). 15 % car-
bamide peroxide was found to cause 

different effects on different glass ion-
omer cements (Yu et al., 2008). Home 
bleaching products (10 % and 16 % 
carbamide peroxide) (Turker et al., 
2003) increased the surface roughness 
of modified glass ionomer cements. All 
of the modified glass ionomer speci-
mens revealed surface cracking areas. 
The authors suggested that modified 
glass ionomer restorations should be 
placed after bleaching procedures, 
because the bleaching process ap-
pears to alter the surface properties of 
these materials. However, the flexural 
strength and its Weibull distribution of 
polyacid-modified composite and glass 
ionomer cement were more seriously 
affected by lower-concentration perox-
ide, namely carbamide peroxide 10 % 
(Yu et al., 2010). This is potentially 
because of the much longer treatment 
time required of a low-concentration 
bleaching agent.
In the literature there also exists a small 
amount of information on the effect of 
bleaching products on other cements. 
36 % hydrogen peroxide bleaching gel 
exposure increased hardness and in-
dentation modulus and caused limited 
changes in surface morphology of zinc 
phosphate cement (Boston et al., 2010). 
There is one study (Rostein et al., 1995) 
about the effect of 10 % carbamide 
peroxide or 10 % hydrogen peroxide 
on the surface morphology and zinc 
oxide levels of IRM fillings (a temporary 
filling material). It was found that after 
a period of three days, 10 % carbamide 
peroxide (equivalent to about 3.4 % hy-
drogen peroxide) significantly reduced 
the zinc oxide levels as compared to the 
10 % hydrogen peroxide group that was 
similar to that of the control. Microscopic 
examination of the group bleached with 
carbamide peroxide revealed a gran-
ular surface with well-defined crystal-
line areas. In the hydrogen peroxide 
group, numerous cracks with multiple 
sunbursts-like areas were found. At the 
macroscopic level, the samples of this 
group appeared more swollen, as com-
pared to controls and samples treated 
with carbamide peroxide. In conclusion, 
both 10 % carbamide peroxide and 
10 % hydrogen peroxide altered the 
surface morphology and the zinc oxide 
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levels of IRM fillings. In the study of Tsu-
jimoto et al. (2011), the application of 
3.5 % and 35 % hydrogen peroxide on 
completely hardened mineral trioxide 
aggregate affected the elemental dis-
tribution. A decrease in Ca and an in-
crease in silicone (Si) were shown, and 
this was especially pronounced in the 
higher hydrogen peroxide concentration 
group. The authors suggested that MTA 
is an insufficient barrier against tooth 
 bleaching and, hence, should not be 
used as such. This is only about bleach-
ing of non-vital root canal treated teeth, 
as this is the only case where MTA and 
peroxide can come in contact.
 
Comments
Summarizing the findings in the litera-
ture about the effect of bleaching prod-
ucts containing high concentrations of 
hydrogen peroxide (> 6 % hydrogen 
peroxide) or a representative concentra-
tion of carbamide peroxide is not easy, 
as the different studies show varied 
findings. Some do state that bleaching 
with products containing high concen-
trations of hydrogen peroxide can have 
some negative effect on the surface or 
structure of dental restorative mate-
rials. In a previous review, Attin et al. 
(2004) advised to avoid the contact of 
the restorative materials with bleaching 
agents in order to minimize the effects. 
Previous reviews (Swift et al., 2008a; 
2008b; 2008c) in the literature indicate 
that the effects of bleaching agents on 
the restorative materials are minor and 
clinically insignificant. The clinical impli-
cations of some effects, i.e., increased 
mercury depletion from amalgam resto-
rations, are not known.
It appears that the most detrimental 
effects were found on cements or with 

glass ionomer cements. In the case of 
the dental restorative materials used 
for definitive restorations, such as com-
posite materials, alloys, and ceramic, 
the findings were less pronounced, 
material dependent, and of little to no 
clinical consequence. This shows that 
the composite material chosen for each 
restoration is what decides the effect 
of bleaching materials on the surface, 
as the filler content, concentration, and 
kind of resin matrix—together with 
the application time—influences the 
final effect.
In the case of amalgam, the release of 
mercury was increased after bleaching. 
However, the choice of amalgam as a 
restorative material does not fully rep-
resent modern dentistry, as far as the 
minimally invasive concept and the ad-
hesion to dental tissues is concerned. 
Some questions that arise after reading 
the studies above relative to amalgam 
are: How often is an amalgam even 
placed nowadays? Is there any possibil-
ity that bleaching agents will be applied 
on the amalgam restorations? If amal-
gam is chosen as a restorative material, 
this will not happen with the front teeth 
where the tooth bleaching is usually 
taking place. Therefore, there is little 
possibility that bleaching materials are 
applied on amalgam restorations. No 
conclusive studies have shown a nega-
tive impact to patients from the level of 
mercury released from amalgam fillings 
during wear or during bleaching. The 
only possible negative impact seen has 
been to dental personnel working with 
the mercury-containing alloy and to the 
environment.
Another very important point is the fact 
that during in-office bleaching with 
high-concentration peroxides, dental 

restorations do not even have to come 
into contact with bleaching products 
because these products are used in 
the dental office under the supervision 
of the dentist. Bleaching products are 
indicated to come into contact with 
the dental structure primarily. Besides 
this, it is important to note that in some 
studies bleaching products with low 
concentrations of hydrogen peroxide 
or carbamide peroxide showed simi-
lar effects to the bleaching products 
with high concentrations. It seems that 
not only the concentration of the con-
tained hydrogen peroxide, but also the 
composition with pH and modifiers of 
each bleaching product influences the 
magnitude of effect from the bleaching 
products. It can be shown that bleach-
ing products with the same concentra-
tion of hydrogen peroxide or carbamide 
peroxide can exert different effects on 
the dental restorative materials.
Additionally, it is important to mention 
that in the case of the studies evalu-
ating the effect of bleaching on the 
dental restorative materials, several of 
the materials mentioned are virtually 
obsolete. More standardized studies 
using modern materials and clinically 
relevant techniques are necessary to 
give more representative information. 
However, especially for the composite 
restorations that might be bleached 
during treatment, the studies show 
that repolishing at most is enough to 
bring the restorations to their initial 
status prior to bleaching. Repolishing 
of the composite restorations existing 
in the mouth is a very easy process and 
concluding this step after the end of 
the bleaching procedure will minimize 
the possible effects caused during 
bleaching.

In-office bleaching using high con-
centration of hydrogen peroxide can 
occur readily and predictably without 
the need for a bleaching light. Some 
activate through a chemical pro-

cess. However, in the market there 
are some bleaching lights to be used 
with their high concentration in-office 
bleaching products. The increase of 
the pulp temperature was thought 

in several studies not to be at critical 
levels (Monaghan et al., 1992; Sulie-
man et al., 2005; Coelho et al., 2011; 
Sari et al., 2013). However, the possi-
ble temperature increase of the pulp 

5.  Effect of bleaching with high concentration of hydrogen peroxide on pulp temperature during 
bleaching with light activation
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temperature by the use of light acti-
vation has been studied widely in lit-
erature (Eldeniz et al., 2005; Sulieman 
et al., 2005; Sulieman et al., 2006; 
Michida et al., 2009; Coutinho et al., 
2009; Kivanç et al., 2012; Pleffken 
et al., 2012; Sari et al., 2013; Klaric 
et al., 2013; Liang et al., 2013; For-
naini et al., 2013; Hahn et al., 2013). 
This was compared to the chemical 
activation of the bleaching agent, 
which does not cause any increase in 
the pulp temperature (Michida et al., 
2009; Hahn et al., 2013; Liang et al., 
2013). Several studies have shown 
that light activation can cause a dan-
gerous increase of pulp temperature 
(Eldeniz et al., 2005; Sulieman et al., 
2005; Sulieman et al., 2006; Klaric 
et al., 2013). Concerning the pulpal 
temperature increase, it is thought 
that the critical value is 5.6 °C, and 
that a rise beyond that could cause 
irreversible harm to the dental pulp. 
The findings among the studies differ 
a lot, due to the different light units 
and protocols used: Therefore, it is not 
easy to conclude which light activation 
is least harmful in regards to the in-
crease in pulp temperature. Some 
studies show that the use of a halogen 
unit for activation of in-office bleach-
ing products causes a higher increase 
of the pulp temperature than the LED 
units (Coelho et al., 2011; Hahn et al., 
2013). However, it seems that the ef-
fects depend on the kind of halogen 
and LED unit used. The activation of 
35 % hydrogen peroxide with differ-
ent light units (Coutinho et al., 2009) 
showed that both the blue light-emit-
ting diode alone or associated with 
infrared diode laser presented the 
highest temperature variations, while 
the green LED alone or associated with 
infrared diode laser presented the low-
est temperature increase. The halogen 
unit presented almost the same results 
as the blue LED. In the study of Klaric 
et al. (2013), the authors advised for 
extra caution when using ZOOM2 and 
focused femtosecond laser, as they led 
to the largest temperature increase af-
ter combination with different bleach-
ing agents (10 %, 16 %, and 30 % car-
bamide peroxide, and 25 % and 38 % 

hydrogen peroxide). They found that 
LED 405 (Light-emitting diode with a 
center wavelength of 405 nm), OLED 
(organic light-emitting diode) and un-
focused femtosecond laser could be 
safely used.
The effect of laser on the pulpal tem-
perature is not the same among the 
studies. The kind of laser used for the 
activation of the bleaching seems to 
be the reason for the different find-
ings. According to Kivanç et al. (2012), 
laser activation (light-emitting diode, 
3 W and 1.5 W diode laser) during vital 
bleaching induces a pulp chamber tem-
perature rise. In another study (Michida 
et al., 2009), the Nd:YAG laser was the 
activation method that presented the 
highest values of intra-pulpal tempera-
ture variation when compared with 
LED and halogen light. The negative 
effects of laser were shown also in the 
study of Sulieman et al. (2005), who 
found that the only lamp that produced 
an increase in intra-pulpal temperature 
above the critical threshold of a 5.5 °C 
was the laser-based lamp and sug-
gested caution.
Light activation of bleaching mate-
rials with diode laser caused higher 
temperature changes as compared 
to other curing units (conventional 
halogen, a high-intensity halogen, 
a light-emitting diode) and the tem-
perature rise detected was viewed as 
critical for pulpal health (Eldeniz et al., 
2005). On the other side, in the study 
of Sari et al. (2013), activation of 30 % 
hydrogen peroxide with a diode laser 
caused the lowest gel temperature in-
creases followed by LED and Er:YAG 
groups. In the study of Pleffken et al. 
(2012), activation of 35 % hydrogen 
peroxide with a low-intensity red laser 
did not increase pulp temperature to 
levels deleterious to the pulp. In the 
study of Fornaini et al. (2013), the KTP 
laser produced a minimal temperature 
increase, while the diode laser led to 
a higher temperature increase with a 
greater reduction in hydrogen peroxide 
concentration. The authors concluded 
that there is no significant correlation 
among temperature increase and con-
centration of the hydrogen peroxide 
used. The findings of Sulieman et al. 

(2006) evaluated diode laser at three 
different power settings (1 W, 2 W, 
3 W) and found that the increase in the 
pulp chamber temperature with the la-
ser used at 1 W and 2 W was below the 
critical temperature increase of 5.5 °C 
thought to produce irreversible pulpal 
damage. However, a power setting of 
3 W produced a pulp chamber tem-
perature increase above this threshold 
(16 °C).

Comments
Summarizing the above findings, it is 
clear that there is a great difference 
among the studies due to the pleth-
ora of light units used. Therefore, the 
practitioners should only try to find 
data about the light unit they have if 
they want to use it for activation of 
bleaching agents. It seems that the 
light activation does not give any ben-
eficial effect to the activation of the 
bleaching agents especially under the 
consideration of the varied findings in 
the literature concerning the increase 
of the pulp temperature during the 
light activation. However, this pulp 
temperature rise does not take place 
only during the light activation of 
bleaching products, but also during 
the polymerization of composite res-
torations (Taher et al., 2008;  Bagis 
et al., 2008; Miletic et al., 2009; 
Mousavinasab et al., 2014), resulting 
in the same temperature values like 
the one during light activation of the 
bleaching agents. Concerning the ef-
fect on pulp temperature, the risk is 
higher in the case of using light activa-
tion of the bleaching agent than during 
the polymerization of the composite 
materials, as the time needed for the 
polymerization of the restorative ma-
terial is definitely lower than the one 
used for activation of the bleaching 
products. Given that bleaching lights 
have been revealed by a number of 
studies to show no benefit in the ef-
ficacy of bleaching process, their use 
during bleaching is questionable. Im-
portantly, for the purpose of this pa-
per, the concentration of the peroxide 
used does not seem to be the param-
eter that had an impact on heat to the 
dental pulp.
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This section applies only to intracor-
onal bleaching for the non-vital root 
canal treated tooth, as the appear-
ance of cervical resorption is only 
related to internal bleaching and not 
vital tooth bleaching. It is reported in 
the literature since 1979 (Harrington 
et al., 1979). Unfortunately, it is not 
very well studied due to the fact it can 
be evaluated only in the cases of its ap-
pearance, not in well-organized stan-
dardized studies. According to the in-
vestigation of Heithersay (1999), who 
evaluated the potential predisposing 
factors to invasive cervical resorption 
in a group of 222 patients with a to-
tal of 257 teeth displaying varying de-
grees of invasive cervical resorption, 
it was shown that orthodontics was 
the most common sole predisposing 
factor followed by trauma, while in-
tracoronal bleaching was found to be 
the sole potential predisposing factor 
in only 4.5 % of patients and 3.3 % 
of teeth. Among the studies existing 
in literature (Harrington et al., 1979; 
Latcham, 1986; Goon et al., 1986; 
Friedman, 1989; Fuss et al., 1989; 
Gimlin et al., 1990; Madison et al., 
1990; Rotstein et al., 1991a; Rot-
stein et al., 1991b; Heller et al., 1992; 
Jiménez-Rubio et al., 1998; Heither-
say, 1999; Neuvald et al., 2000; Smidt 
et al., 2007; Kim et al., 2012) about 
the external resorption as a result of 
tooth bleaching, most of them were 
case reports (Harrington et al., 1979; 
Latcham, 1986; Goon et al., 1986;  
Friedman, 1989; Gimlin et al., 1990; 
Jiménez-Rubio et al., 1998; Smidt 
et al., 2007; Kim et al., 2012) and do 
not represent original research stud-
ies. Two of the case reports were with 
sodium perborate alone (Jiménez-Ru-
bio et al., 1998) or together with a 
low concentration of hydrogen per-
oxide (3 %) (Smidt et al., 2007). The 
findings of these case reports show 
that very often the external resorption 
that follows a bleaching treatment 
was associated with the use of heat 
during bleaching in the older studies. 
This method does not represent the 

modern methods of intracoronal tooth 
bleaching. The use of an appropriate 
cervical intracanal barrier (Latcham, 
1986; Gimlin et al., 1990) in com-
bination with a sufficient root canal 
filling, up to the most coronal level of 
the gingival attachment, with the ad-
ditional placement of calcium hydrox-
ide intracoronally for two days after 
completion of bleaching and prior to 
restoration (Gimlin et al., 1990) is 
recommended. This is beneficial in or-
der to avoid cervical resorption after 
intracoronal tooth bleaching, as the 
leakage of bleaching agent from the 
pulp chamber through the dentinal 
tubules into the cervical periodontal 
tissues is thought to be the etiological 
factor that initiates an inflammatory 
process around the teeth that may be 
followed by cervical root resorption 
(Fuss et al., 1989). The presence of 
defects at the cement-enamel junction 
has been correlated to the appearance 
of external resorption (Rotstein et al., 
1991a). The authors could show in 
vitro that the penetration of hydro-
gen peroxide was significantly higher 
in teeth with cementum defects at 
the cement-enamel junction than in 
those without defects. Therefore, a 
very careful control and selection of 
the teeth to be bleached is necessary 
before treatment. However, it must be 
mentioned that the teeth in the above 
study were bleached intracoronally 
using the thermocatalytic technique 
and 30 % hydrogen peroxide.
In the literature there are also two 
interesting studies on dogs (Madison 
et al., 1990; Heller et al., 1992), giving 
some information about the external 
resorption after intracoronal tooth 
bleaching. In the study of Heller et al. 
(1992), the endodontically treated 
teeth of dogs were bleached with a 
mixture of sodium perborate and su-
peroxol (30 % hydrogen peroxide), 
without a heat source. The histolog-
ical examination showed no external 
cervical root resorption one month 
after bleaching, while at the three-
month observation two of the 16 teeth 

treated with the bleaching agent had 
evidence of external root resorption. In 
both cases the resorption was located 
approximately corresponding to the 
level in the canal where gutta-percha 
was removed for intracoronal bleach-
ing. In the study of Madison et al. 
(1990), one year after treatment it was 
shown that resorption was associated 
with the use of 30 % hydrogen perox-
ide in combination with heat, while it 
was not related to intracoronal tooth 
bleaching with 30 % hydrogen perox-
ide alone.

Comments
According to the data existing in the 
literature, it is obvious that the danger 
of an external root resorption after 
intracoronal bleaching exists due to 
bleaching agents passing through the 
dentin into the cervical periodontal tis-
sues. However, in most of the cases, 
the external root resorption was as-
sociated with the combination of the 
bleaching agent with heat. Addition-
ally, the lack of an appropriate cervical 
intracanal barrier and the level where 
the gutta-percha is removed before 
bleaching plays an important role to 
the external root resorption. Further-
more, the primary cause of the loss 
of tooth vitality is also a reason that 
might play a role on the appearance of 
an external root resorption. It is known 
that tooth trauma can cause external 
resorption. Therefore, in the case of 
evaluating the appearance of external 
resorption by bleaching of nonvital 
teeth, it must be taken in consider-
ation that a previous trauma might 
have caused the loss of tooth vitality 
in the first place. This might also be the 
reason of the external resorption. Un-
fortunately, no research data exists on 
this point, correlating the reason of the 
loss of tooth vitality with the appear-
ance of external resorption with and 
without tooth bleaching. Additionally, 
the use of the combination of sodium 
perborate/hydrogen peroxide paste 
or sodium perborate mixed with wa-
ter for bleaching instead of using the 

6. External cervical or root resorption after bleaching with high concentrations of hydrogen peroxide
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thermocatalytic technique has been 
proposed as effective for bleaching 
non-vital teeth. One very helpful pa-
rameter in order to avoid the appear-
ance of external root resorption is the 

use of commercial products, which can 
provide a standardization of peroxide 
content, and an appropriate viscosity. 
The correct use of the bleaching mate-
rials according to their indications and 

their appropriate use, by preparing 
cavities for application with the right 
size and localization, helps to avoid 
the negative phenomenon of external 
root resorption.

In the literature, there are several stud-
ies performed on different categories 
of cells. However, it is very difficult to 
summarize the findings, as the method-
ologies, the kind of cells used, and the 
conditions differ widely. In the present 
review, the data was summarized ac-
cording to the kind of cells used. But 
it must be taken in consideration that 
cells in vitro are much more sensitive to 
peroxides compared to the whole tissue 
in vivo because in the in vivo situation, 
besides the production of peroxidase, 
additional buffering systems exist that 
diminish potential harmful effects as 
the capacity for healing is more suffi-
cient. Furthermore, it is important to re-
member that peroxide is physiologically 
produced in human tissues, including 
dental pulp. Peroxides are produced by 
phagocytes at sites of inflammation and 
infection (Goldstein et al., 1974; Davis 
et al., 1991). They can destroy most 
biologic molecules, including those of 
bacterial origin (Goldstein et al., 1974; 
Babior, 1984). 

7.1 Gingiva cells/Oral cells
In the literature, there is only a small 
amount of data concerning the effect 
of bleaching products on the cells of 
the oral cavity. Two studies (Gomez 
et al., 2002; Munro et al., 2006) did 
not reveal any negative effect after the 
application of bleaching agents on oral 
tissues. Gomez et al. (2002), regarding 
the immunolocalization of cyclin D and 
p16, showed in their study that the use 
of 35 % carbamide peroxide did not 
induce cell cycle alteration in the oral 
mucosa of rats. Another study (Munro 
et al., 2006) concluded that the use 
of tooth whitening products does not 
pose an increased risk for oral cancer 
in alcohol abusers and/or heavy ciga-

rette smokers. Therefore, the authors 
(Munro et al., 2006) summarized that 
bleaching products seem to be safe 
for use by all members of the popu-
lation, including potential accidental 
use by children. Tipton et al. (1995b) 
suggested that the toxicity caused by 
hydrogen peroxide might be reduced or 
eliminated in vivo by enzymes present 
in saliva and/or the oral tissues that 
break down hydrogen peroxide.
Other studies present in the literature 
show that bleaching agents applied on 
the oral tissues or gingival cells have a 
negative effect (Hanks et al., 1993; Tip-
ton et al., 1995a; Koulaouzidou et al., 
1998; Kinomoto et al., 2001; Aren, 
2003; Asfora et al., 2005; Ribeiro et al., 
2005; Ribeiro et al., 2006; Fernández 
et al., 2010). However, although these 
studies are of great importance for 
evaluating the comparative toxicity po-
tential of the bleaching agents against 
soft-tissue oral cells, the instructions for 
these bleaching agents teach to avoid 
contacting the oral soft tissues. This is 
an important consideration that should 
be kept in mind. In order to evaluate the 
input of the published data, the studies 
were reviewed in detail concerning the 
correct use of the bleaching products 
and the simulation of the clinical situ-
ation.
Bleaching agents containing 35 % hy-
drogen peroxide or 20 % carbamide per-
oxide have been shown in vitro to cause 
a significant reduction of the cell growth 
(mouse oral tissues mammary carci-
noma FM3A cell line) after treatment 
for 24 hours (Aren, 2003). However,  
the extreme bleaching time of 24 hours 
is never recommended according to the 
manufacturers’ instructions, and the di-
rect contact of the bleaching product 
with the cells does not simulate actual 

clinical practice. Koulaouzidou et al. 
(1998) showed that 10 % urea perox-
ide and 10 % hydrogen peroxide (pure 
solution) have a dose-dependent effect 
on cell viability. The authors concluded 
that the potential damage to oral tis-
sues in vivo by bleaching agents may be 
due to direct and long-term exposure 
of the tissues to the bleaching agents. 
In the study of Hanks et al. (1993), the 
cytotoxicity of dilutions of 30 % hydro-
gen peroxide (raw chemical solution 
and not a bleaching product) in cell 
culture was evaluated. They found that 
hydrogen peroxide can rapidly diffuse 
through 0.5 mm dentin in vitro and 
reach concentrations toxic to cultured 
cells in less than one hour.
Firat et al. (2011) performed a very in-
teresting clinical study where patients 
bleached with different bleaching 
methods to evaluate the gingival index 
(GI), plaque index (PI), and bleeding on 
probing (BOP), as well as by analyzing 
the interleukin-1 beta (IL-1b) and inter-
leukin-10 (IL-10) levels in their gingival 
crevicular fluid. Patients were treated 
with home bleaching (35 % carbamide 
peroxide), in-office chemically activated 
bleaching (38 % hydrogen peroxide), 
or with in-office light-activated bleach-
ing (35 % hydrogen peroxide and light). 
The findings showed clearly that home 
bleaching and in-office chemically acti-
vated bleaching systems could be con-
sidered safe for maintaining gingival 
health, while light-activated bleaching 
systems might lead to increased proin-
flammatory cytokine (IL-1b). Addition-
ally, the plaque index of teeth after 
light-activated office bleaching with 
35 % hydrogen peroxide after 15 days 
was significantly higher than the plaque 
index of chemically activated office 
bleaching after 15 days. The use of light  

7. Toxicity of the bleaching products containing high concentrations of hydrogen peroxide
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activation during bleaching might have 
some negative effects on gingival cells. 
In the study of Yoshida et al. (2013), 
blue light irradiation, especially by LED 
light sources used in dental esthetic 
treatment, was shown to have adverse 
effects on human gingival tissue. A 
dental rubber dam or a resin barrier is 
recommended by the manufacturers of 
these bleaching agents. Additionally, 
dentists, as a rule, use these barriers 
whenever using higher concentration 
bleaching agents for in-office bleach-
ing. In the case of light activation, the 
authors suggested that by using black, 
orange, or both, as colors for the rubber 
dam to absorb at 460 nm, may protect 
from damage to gingival tissues in clin-
ical practice.
As far as bleaching agents used for 
intracoronal bleaching is concerned, 
little data exists in the literature. In the 
study of Kinomoto et al. (2001), 30 % 
hydrogen peroxide, sodium perborate 
solution, and combination of sodium 
perborate with hydrogen peroxide were 
tested on human periodontal ligament 
(PDL) cells in vitro. The amount of lac-
tic dehydrogenase activity released 
from the cells after exposure to the 
agents for 24 and 72 hours was deter-
mined. It was found that the mixture 
of sodium perborate with hydrogen 
peroxide was the most toxic to the PDL 
cells even after 72 hours. At this time,  
the sodium perborate solution was 
found to be more cytotoxic than hy-
drogen peroxide. Asfora et al. (2005) 
evaluated in an experimental model of 
macrophages the biocompatibility of 
sodium perborate and 30 % hydrogen 
peroxide by analyzing the adherence 
index and the cellular morphology. In 
this study, sodium perborate did not 
show any negative effects; it neither 
increased the adherence index, nor al-
tered the cellular morphology. The find-
ings of this group were similar to nor-
mal macrophages. On the other hand, 
treatment with 30 % hydrogen perox-
ide showed an increase in adherence 
index and the morphology of the cells 
presented structural alterations. The 
authors concluded that sodium perbo-
rate is more biocompatible than 30 % 
hydrogen peroxide. However, thinking 

of the clinical use of sodium perborate 
alone for intracoronal bleaching, it 
must be mentioned that the required 
treatment time period to bring the de-
sired effect is much longer as it must 
be re-applied much more often and 
over many more weeks as compared to 
when moderate-to-high concentration 
peroxides are used. However, it must 
be stated again that although the use 
of cell cultures is meaningful in order to 
understand some mechanisms and re-
actions that might occur in the human 
body, the transfer of the findings to the 
real conditions are questionable.

7.2 Pulp tissues
In comparison to the sparse data that 
exists in the literature about the effect 
of bleaching agents on gingival cells, 
there are a lot of studies available 
evaluating the effect of the bleaching 
agents on the dental pulp tissues.
Hydrogen peroxide has shown to pen-
etrate into the pulp during bleaching 
(Cooper et al., 1992; Gökay et al., 
2000a), and this is enhanced by the ap-
plication of heat (Bowles et al., 1987). 
Hydrogen peroxide, whether applied 
directly or derived from carbamide per-
oxide, is shown that it can penetrate 
the coronal wall of the tooth and enter 
the pulp chamber (Cooper et al., 1992). 
Fortunately, hydrogen peroxide breaks 
down into oxygen and water; hence, 
the results are transient. Gökay et al. 
(2000a) found that more bleaching 
agent penetrated into the pulp cham-
ber in restored teeth than in sound 
teeth. It is assumed that the depth and 
the size of the restoration and the appli-
cation period of bleaching agents may 
affect the penetration rate, as it does in 
the results of the microleakage studies. 
Benetti et al. (2004) used 10 % and 
35 % carbamide peroxide in the study, 
and found that higher concentrations 
of bleaching agent produced higher 
levels of hydrogen peroxide in the pulp 
chamber, especially in restored teeth. 
In the study of Gökay et al. (2000b), it 
was found that higher hydrogen perox-
ide concentrations resulted in a higher 
pulpal peroxide penetration. The high-
est pulpal peroxide penetration was 
found in resin-modified glass ionomer 

cement groups, whereas composite 
resin groups showed the lowest pulpal 
peroxide penetration. However, this 
penetration to the pulp is not only ob-
served by high concentrations of hydro-
gen peroxide. According to Gökay et al. 
(2005), the peroxides from bleaching 
products with lower concentrations 
(19 % sodium percarbonate peroxide, 
18 % carbamide peroxide, 5.3 % hy-
drogen peroxide, and 8.7 % hydrogen 
peroxide) penetrated into the pulp 
chamber to varying degrees.
The application of 35 % hydrogen per-
oxide (Sato et al., 2013) was shown 
to alter dramatically the biochemical 
properties of pulp tissue. An increase 
in both cathepsin B activity and ROS 
in pulp tissues was found. Lee et al. 
(2006) found that the cytotoxic effects 
on odontoblasts (MDPC-23) began 
to appear at 0.3 mmol/L of hydrogen 
peroxide. The authors suggested that 
ROS can induce in vitro cell differenti-
ation, and that they play a more com-
plex role in cell physiology than simply 
causing oxidative damage. In another 
study (Wu et al., 2013) it was shown 
that low concentrations of hydrogen 
peroxide are cytotoxic to human dental 
pulp cells (hDPCs) and induce apopto-
sis in hDPCs in a caspase-9-dependent 
way. The fact that the cytotoxicity of 
the bleaching agents to cell cultures 
is not only a phenomenon of the high 
concentrations of hydrogen peroxide 
is supported also by the findings of 
de Lima et al. (2009). They evaluated 
the cytotoxic effects of a carbamide 
peroxide bleaching gel at different 
concentrations/dilutions (0.0001 %, 
0.001 %, 0.01 %, and 0.1 % carbamide 
peroxide) on odontoblast-like MDPC-23 
cells. They concluded that even at low 
concentrations, the carbamide peroxide 
gel extracts presented cytotoxic effects. 
This cytotoxicity was dose dependent, 
and the 0.1 % carbamide peroxide con-
centration caused the most intense cy-
topathic effects to the MDPC-23 cells. 
According to these findings, it can be 
assumed that the cytotoxicity of bleach-
ing products is not due to the contained 
concentration of hydrogen peroxide. 
However, it must be on mind that these 
findings are all based on cell cultures. 
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The use of hydrogen peroxide, espe-
cially in combination with heat (Bowles 
et al., 1986), even under the mildest 
conditions (2.5 % hydrogen peroxide, 
7.5 minutes of heating), inhibited the 
pulpal enzymes.
Because of the fact that the direct con-
tact of bleaching agents with the pulp 
cells does not really simulate the real 
clinical situation, some authors (Colde-
bella et al., 2009; Ribeiro et al., 2009; 
Trindade et al., 2009; Soares et al., 
2011; 2013b; 2014) used enamel and 
dentin discs in order to simulate the 
clinical conditions by evaluating the 
trans-enamel and trans-dentinal cyto-
toxic effects of dental bleaching prod-
ucts. Other researchers (Seale et al., 
1981; Baumgartner et al., 1983; Cav-
iedes-Bucheli et al., 2008; Kina et al., 
2010; Ferreira et al., 2013) managed to 
evaluate these effects in vivo by using 
healthy teeth for the bleaching process 
that were intended to be extracted for 
orthodontic reasons.

7.2.1 Trans-enamel and  
trans-dentinal cytotoxic effects
Bleaching with or without light activa-
tion caused some effects on the pulp 
cells. After five consecutive applications 
of a bleaching agent containing 35 % 
hydrogen peroxide, either catalyzed or 
not by halogen light, the products of the 
gel degradation were capable to diffuse 
through enamel and dentin causing 
toxic effects to the cells (Coldebella 
et al., 2009). Cell metabolism and the 
total protein dosage were decreased 
and morphological alterations occurred. 
However, it must be mentioned that the 
cell exposure time was 24 hours with 
this high concentration, a severe ex-
treme beyond anything taking place 
in the real clinical use. Trindade et al. 
(2009) found almost the same results. 
After three consecutive applications of 
a 35 % hydrogen peroxide, the diffusion 
of the gel components through enamel 
and dentine caused severe toxic effects 
to cultured odontoblast-like cells, re-
gardless of halogen light activation. Cell 
metabolism was decreased and signifi-
cant morphological cell alterations were 
observed. In the study of Dias Ribeiro 
et al. (2009), 35 % hydrogen peroxide 

associated with light presented trans-
enamel and trans-dentinal cytotoxic ef-
fects characterized by direct damage to 
odontoblasts (MDPC-23) and decrease 
of their metabolic activity. Bleaching 
without light activation showed lower 
cytotoxic effects. But again, all of these 
were with cell cultures, hence, the re-
sults are not surprising.
The concentration of the contained 
carbamide peroxide was shown to 
influence the effect of the bleaching 
product on the pulp cells (Soares et al., 
2011). Although 10 % carbamide per-
oxide bleaching gel did not cause trans-
enamel and trans-dentinal cytotoxicity 
to the MDPC-23 cell cultures, diffusion 
of products from the 16 % carbamide 
peroxide gel through enamel and den-
tine had cytopathic effects to cultured 
pulp cells. This occurred even after a 
single application (8 hours) of this prod-
uct on enamel. Additionally shortening 
the contact time of a 35 % hydrogen 
peroxide gel or reducing its concentra-
tion to 17.5 % and applying it for 45, 
15, or 5 minutes reduced trans-enamel 
and trans-dentinal cytotoxicity to pulp 
cells (Soares et al., 2014). Soares et al. 
(2013b) suggested that shortening the 
in-office tooth bleaching time could be 
an alternative to minimize the cytotoxic 
effects to pulp tissue. They could show 
that 35 % hydrogen peroxide bleaching 
after 60 minutes application caused al-
terations on the morphology of odon-
toblast-like MDPC-23 cells. They con-
cluded that the diffusion of hydrogen 
peroxide through dental tissues and its 
cytotoxic effects were proportional to 
the contact time of the bleaching gel 
with enamel. Here it should be men-
tioned again that this was in vitro test-
ing with cell cultures.

7.2.2 Pulp toxicity in vivo
The histologic evaluation of human 
healthy teeth (premolars and incisors) 
two days after treatment with 38 % hy-
drogen peroxide for 45 minutes (Costa 
et al., 2010) showed that the effects 
differed among the groups of teeth 
treated. According to the authors, only 
in lower incisors were changes detected 
in the pulp but not in premolars. There 
was a zone of coagulation necrosis in 

the coronal pulp of the incisors. The ra-
dicular pulp showed mild inflammatory 
changes manifested as an accumula-
tion of mononuclear cells around con-
gested and dilated blood vessels. The 
findings of this study could mean that 
the size of the teeth and the thickness 
of the available enamel may have an ef-
fect on the inflammation caused in the 
dental pulp. However, after examining 
the parameters of this study more care-
fully, some points seem far from clear. 
The authors (Costa et al., 2010) claim 
that they used in their study caries-free 
human teeth that were to be extracted 
for orthodontic reasons. Although pre-
molars might usually be planned to be 
extracted for orthodontic reasons, it 
is seldom that incisors are planned to 
be extracted. It is not usual to extract 
healthy, caries-free, and symptomless 
incisors from young teenagers. Ad-
ditionally, it is really not clear the full 
meaning for extracting the teeth only 
two days after tooth bleaching. The 
authors mentioned that it was due the 
appearance of the tooth pain. Accord-
ing to the clinical studies mentioned 
above, the tooth sensitivity after tooth 
bleaching is temporary and reversible, 
especially if peroxides designed for 
tooth bleaching are used and their 
instructions followed. A longer obser-
vation time period would be interest-
ing and beneficial for the histological 
evaluation, instead of only two days. 
The authors do not mention neither the 
kind of pain the patients experienced 
with the bleached lower incisors nor if 
they used some scale to evaluate the 
pain severity. The very small a number 
of teeth tested (n = four) presents a lim-
itation by the evaluation of the finding. 
A very interesting point is the presence 
of the reactionary dentin formation by 
the incisors bleached, as seen histolog-
ically after a period of 48 hours. It is not 
possible for such to form in this short 
time period. Not only the short time, 
but also the lack of control teeth in the 
same patient makes the value of this 
finding very questionable. The authors 
give no information if more than one 
tooth per patient/volunteer was used 
for the study. Were the patients at the 
beginning of an orthodontic treatment 

 37



or in the middle of it? Did the bleached 
incisors receive trauma in the past or 
had they previously received some 
kind of orthodontic treatment? These 
parameters would have definitely in-
fluenced the findings of the study. Ad-
ditionally, it must be mentioned that 
there is no definite correlation between 
clinical and histopathological aspects in 
inflammatory pulp alterations, as more 
parameters, beside the clinical symp-
toms, are necessary for such a final 
decision (Cohen, 2006; Abbot et al., 
2007; Chen et al., 2009). According to 
Ferreira et al. (2013), tooth bleaching 
with 25–35 % hydrogen peroxide can 
induce an increase in vascular perme-
ability in rat incisors. This increase was 
found to be more dependent on the 
length of the bleaching procedure than 
on the concentration of the bleaching 
agent. Positive findings were shown in 
the study of Baumgartner et al. (1983), 
where a bleaching mixture consisting 
of 1 ml of 36 % hydrochloric acid, 1 ml 
of 30 % hydrogen peroxide, and 0.2 ml 
of diethyl ether caused no significant 
pulpal reactions, even when a substan-
tial concentration of the enamel was 
removed from the facial surface of the 
human tooth crowns.
The remaining in vivo studies (Seale 
et al., 1981; Caviedes-Bucheli et al., 
2008; Kina et al., 2010) that are avail-
able in the literature evaluated the 
effect of light activation of the in-of-
fice bleaching products on the human 
pulp, comparing them with the in-office 
chemically activated products and pro-
cedures. Caviedes-Bucheli et al. (2008) 
evaluated the effect of light (Zoom! 
Teeth Whitening System with 25 % hy-
drogen peroxide), infrared laser diode 
(with 35 % hydrogen peroxide), and 
chemically activated (38 % hydrogen 
peroxide) tooth bleaching systems on 
human dental pulps. They concluded 
that light and laser-activated tooth 
bleaching systems increase substance 
P expression in human dental pulp sig-
nificantly higher than normal values. 
Greater substance P was found with 
the Zoom! Whitening System, while 
the chemically activated bleaching 
treatment showed the lower SP val-
ues among the bleaching groups. Kina 

et al. (2010) found that in-office vital 
tooth bleaching with a 38 % hydrogen 
peroxide gel with or without activation 
by a halogen light source did not cause 
damage to the pulp tissue of sound 
human premolar teeth. In almost all 
specimens of the experimental groups, 
the pulp tissue exhibited histological 
characteristics of normality. Only one 
specimen in each group showed some 
inflammatory process. The difference 
among the findings of the two stud-
ies above could be due to the differ-
ent light units and bleaching products 
used for the in-office bleaching, as the 
concentration of the contained hydro-
gen peroxide seems not to be the only 
parameter that could affect the results. 
Additionally, the 38 % chemically ac-
tivated bleaching gel is red-orange 
colored and potentially could have 
protected the tooth from some of the 
intense blue-activating wavelength.
The findings of two previous (older) 
studies are also of interest. Robertson 
et al. (1980) showed that 35 % hydrogen 
peroxide solution and heat (115–124 °F)  
can cause mild inflammation in human 
pulps, while the use of peroxide alone 
was found to be less irritating since it 
did not cause a significant number of 
inflammatory responses. A previous 
study (Seale et al., 1981) on pulp tis-
sue of dog teeth revealed that 35 % 
hydrogen peroxide solution used alone 
or with heat caused obliteration of 
odontoblasts, hemorrhage, resorption, 
and inflammatory infiltration. However, 
the use of heat (except as it applies to 
bleaching lights) does not really sim-
ulate a modern method of bleaching 
teeth, and makes it difficult to bring 
value today to these studies.

Comments 
The use of hydrogen or carbamide per-
oxide has been claimed in literature to 
be combined with mild-to-severe cyto-
toxicity and genotoxicity (Ribeiro et al., 
2005; Fernández et al., 2010) by eval-
uating cell cultures with such solutions 
under different testing conditions. The 
clinical relevance of such experiments is 
very difficult to be evaluated, although 
they give some valuable information 
about the way hydrogen peroxide and 

carbamide peroxide can act on several 
cell cultures. To what degree this trans-
lates to intraoral living human tissues is 
questionable, as these findings cannot 
be interpreted and transferred to the 
real live-patient situations. It must be 
noted that the capability of an in vivo 
system testing with humans and the 
peroxide neutralizing peroxidases they 
produce is more realistic than the in 
vitro models. In the in vivo situation, 
the cooperation among cell systems, 
enzymes, and tissues provides a very 
strong capability of healing and repair, 
which is not possible to occur on the 
same level for the in vitro cell systems. 
Finally, and often, the cell lines that are 
used in the studies are not the types 
that truly represent the actual human 
cells that come into contact with these 
products in the clinical situation. Addi-
tionally, it must be stated that similar 
or even more severe negative reactions 
can occur with several dental materials, 
including adhesive systems, cements, 
and root canal treatment and pastes 
(Porto et al., 2011; Kierklo et al., 2012; 
Hirschman et al., 2012; Scelza et al., 
2012; Labban et al., 2014).
According to the literature, it is obvi-
ous that low concentrations of hydro-
gen peroxide or carbamide peroxide 
can also cause cytotoxic effects (de 
Castro Albuquerque et al., 2002; da 
Costa Filho et al., 2002). For example, 
10 % carbamide peroxide has been 
shown to cause an augmentation in 
the proliferative activity in the gingival 
epithelium, resulting in a change in this 
tissue’s morphology and affecting its 
thickness (da Costa Filho et al., 2002; 
de Castro Albuquerque et al., 2002). 
However, it is very important to real-
ize that often the greatest dangers/
problems shown by some studies come 
from extremes beyond what the actual 
bleaching products are or beyond what 
the actual product instructions recom-
mend, or non-natural enamel or dentin 
pre-testing preparations and even be-
yond what dental clinicians would do in 
the clinical setting. It is always import-
ant to realize the value of correct use 
as recommended by the manufacturers. 
For example, with an in-office, high 
concentration peroxide, an application 
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of the bleaching products on the gingi-
val tissues is not indicated and should 
be prevented. Barrier resins provided by 
the manufacturers of these bleaching 
agents help assure this, as can appro-
priate use of a rubber dam.
Another important point concerning 
the toxicity of the bleaching products 
is their effect on the pulp tissues. Un-
fortunately, although there are a lot of 
studies in the literature on this subject, 

the most of them are in vitro with cell 
cultures that, as shared earlier, are sim-
ply not able to simulate totally the in 
vivo conditions. The in vivo data men-
tioned above shows that the combina-
tion of hydrogen peroxide with light 
activation may have negative effects 
on the pulp tissues. The chemical ac-
tivation of the bleaching products con-
taining high concentration of hydrogen 
peroxide was not considered to cause 

the same severe effects. Performing 
these types of studies is very difficult, 
as healthy human teeth are involved. 
For the few in vivo studies available, 
it becomes obvious the importance of 
having a large enough sample size (as 
with all in vivo studies for all subjects). 
Furthermore, it is important to deal ap-
propriately with pre-existing conditions 
such tooth trauma, even ruling out the 
use of some teeth when indicated.

The efficacy of tooth bleaching has 
been stated in many studies and both 
its advantages and disadvantages have 
been discussed in the literature since 
decades. Achieving the desired tooth 
color by using tooth bleaching has 
the benefit of a non-invasive therapy 
compared to the invasive restorative 
methods, such as veneers and crowns, 
where cutting layers of enamel and 
dentin is necessary in order to achieve 
the desired results. The positive impact 
of tooth bleaching on a human’s life is 
not argued, as it has a great effect on 
the self-confidence and wellbeing of 
each person. In a recent study (Meire-
less et al., 2014) tooth bleaching was 
found to have a positive impact on the 
quality of life, with patients showing 
more of their teeth without embarrass-
ment after bleaching treatment.
However, like it is reported through the 
papers above, there are considerations 
about the safety of tooth bleaching as 
far as its effect on dental hard tissues, 
soft tissues, pulp tissues, and its tox-
icity is concerned. After considering 
the findings in the literature, it is clear 
that no easy conclusion can be made 
because of their varied results. The 
studies in the literature given above 
represent the research on this field 
during a period of more than twenty 
years, meaning that the materials and 
methods used and tested in each ex-
periment may not really represent the 
bleaching products or therapy used 
nowadays. Several past studies, and 
even a few more recent studies, did 

not use actual bleaching products, but 
rather raw peroxide chemistry with 
questionable pH and/or other constit-
uents and the absence of other helpful 
modifiers. This leads to some difficulty 
when trying to summarize the findings 
of the existing literature. The studies 
showed that the findings differed also 
among the commercial products, even 
if they contained the same concentra-
tion of hydrogen peroxide, as a quality 
dental bleaching product is usually de-
signed to take into account needs be-
yond the simple bleaching of the teeth, 
for example, minimizing or eliminating 
decalcification and/or sensitivity. The 
use of pure hydrogen peroxide solu-
tion (direct from the chemical industry) 
seems to have severe effects on the 
dental hard tissues and restorative ma-
terials compared to the effect exerted 
by commercial products. Such solutions 
cannot be standardized concerning the 
amount of the contained hydrogen per-
oxide, and can also show a different pH 
from the ones of the bleaching prod-
ucts being available in the market. The 
composition of each bleaching product 
and the concentration of the contained 
hydrogen peroxide can influence the ef-
fect of the bleaching products on den-
tal structures and materials. Especially 
for bleaching products containing high 
concentrations of hydrogen peroxide 
on dental hard tissues are concerned, 
it can be concluded that the effects are 
bleaching product plus technique de-
pendent. Enamel is supposed to be af-
fected by bleaching products. However, 

it depends on the kind of bleaching 
products, their pH, their composition, 
the application time, and procedure 
used as to the effect—negative or pos-
itive. A lot of studies in the literature 
have chosen extreme application times 
for bleaching teeth with products con-
taining high concentrations of hydro-
gen peroxide, which are far outside the 
manufacturers’ instructions and there-
fore use bleaching protocols that are far 
away from what occurs in the dental 
practice. The correct administration 
and use of bleaching products avoids 
severe effects on dental tissues, just as 
is the case for most dental products.
Even in the case of a long-time use of 
bleaching products with high concen-
tration of hydrogen peroxide, the ef-
fects to the dental hard tissues are the 
same or similar to those caused by the 
short-term consumption of soft drinks 
(Lee et al., 2006). The findings differ a 
little in the case of dentin, as it is shown 
to be influenced by the bleaching prod-
ucts in the case of direct application. 
However, there is no good reason to be 
applying bleaching products directly on 
dentin for vital tooth bleaching. In the 
case of vital tooth bleaching, such is 
contraindicated as a rule. The principal 
indication for applying bleaching prod-
ucts to dentin is during the bleaching 
of non-vital teeth. In this case, like it 
is mentioned above, there are several 
bleaching protocols available, combin-
ing sodium perborate with hydrogen 
peroxide or with water as alternative in 
order to avoid any effects on the treated 
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dentin. However, it must be mentioned 
that there are no studies in the litera-
ture evaluating modern bleaching sys-
tems that are recommended for bleach-
ing of non-vital teeth. There are a lot of 
modern products for this on the market 
today that have a beneficial composi-
tion for reducing the negative effects of 
previous intracoronal bleaching agents. 
Like it was mentioned above, the com-
position of the bleaching materials was 
the parameter that was shown to in-
fluence their effect on dental tissues. 
Therefore, the use of available commer-
cial products with standardized con-
centrations of hydrogen peroxide and 
standardized pH for non-vital bleaching 
might be beneficial concerning the ef-
fect of bleaching products on dentin. 
But, even in the case that negative ef-
fects occurred to dentin, they are, first, 
not severe, and second, they are only 
in the case of the intracoronal tooth 
bleaching.
As far as the effect of bleaching on 
the adhesion on dental hard tissues 
is concerned, it was shown very clearly 
that it is influenced by the different 
bleaching products. However, it is im-
portant to mention that the data show-
ing this effect is after a long period of 
time, representing the concern about 
bleaching products in the first decade 
of their use. Additionally, during the 
past 20 years there have been great 
changes in the materials available for 
tooth bleaching, making it difficult to 
summarize the findings. Bonding pro-
cedures directly after bleaching treat-
ments are not recommended; rather 
a delay in the bonding procedures 
should occur if the patient has recently 
received a bleaching treatment. After a 
period of one week, it is proven that the 
adhesion on the dental hard tissues is 
back to normal. The correct use of the 
bleaching products is very important. 
The manufacturers of bleaching prod-
ucts recommend a waiting time of at 
least 1 to 2 weeks before placing res-
torations with the adhesive technique.
Another important point concerning 
the safety of bleaching products is their 
effect on dental materials. Although 
there are a number of new dental 
materials, not all of them having been 

evaluated under bleaching procedures, 
the literature data show that the effects 
caused on the surface of the restorative 
materials are not detrimental, as they 
are reversible with re-polishing. The 
relative degree of effect depends on 
the restorative material tested and the 
bleaching product chosen for the treat-
ment. The chemistry of the restorative 
materials has an effect on the findings 
of each study. The development of new 
restorative materials is a very import-
ant parameter. However, it must be 
mentioned that there is no reason for 
applying bleaching products on the 
 restorative materials purposefully, as 
the color change that can be achieved 
by the tooth structure cannot take 
place in the case of the restorative ma-
terials. Especially if such an application 
happens accidentally, as this can take 
place during the at-home bleaching 
procedures where low concentrations 
of hydrogen peroxide are used. In the 
case of in-office tooth bleaching, using 
bleaching products containing high con-
centrations of hydrogen peroxide, the 
bleaching products are not applied on 
the restorative materials as the whole 
procedure is under the supervision of 
the dental practitioners. The selection 
of the areas to be bleach represents 
one of the advantages of the in-office 
technique, as the whole bleaching pro-
cedure is under the supervision and con-
trol of the dental practitioner.
Generally, when cell cultures are used 
to evaluate the safety of many dental 
materials, including peroxides, the re-
sults have to be taken in context and 
with the realization of the limited ability 
to extrapolate the findings to live intra-
oral tissues in a patient. Additionally, 
as far as the effect of bleaching agents 
on the gingival cells is concerned, this 
is actually prevented by the clinician 
who performs the bleaching proce-
dures. The contact of the bleaching 
products with the gingival cells should 
be avoided according to the manufac-
turers’ recommendations. This is in the 
hand of the clinicians and can predict-
ably be controlled. However, in the case 
of the pulp cells, following the manu-
facturers’ instructions and using ap-
propriate bleaching products is of great 

importance. The clinician can minimize 
negative effects by selecting the right 
application time and using bleaching 
products with beneficial compositions. 
The literature did show that bleaching 
products had better effects than raw 
peroxide chemical solutions. Addition-
ally, bleaching products from different 
labels containing the same concentra-
tion of hydrogen peroxide resulted in 
different effects. The problem is that 
there are no standardized studies avail-
able, as it is not easy to perform such 
studies with vital healthy pulps. The 
data available in the literature eval-
uating extracted teeth shows varied 
results. However, the correct case se-
lection as far as the age of the patient 
is concerned, in combination with short 
or controlled bleaching times and pro-
cedures, seems to be beneficial. These 
findings are in correlation with the oc-
currence of tooth sensitivity. According 
to the literature, tooth sensitivity ap-
pears to be greater with light activa-
tion than with chemical activation. Fur-
thermore, it appears to be correlated 
with illogically long application times 
and not with the high concentrations 
of hydrogen peroxide. This may pose a 
problem when trying to whiten teeth 
with severe discoloration by using low 
concentrations of hydrogen peroxide/
carbamide peroxide with the neces-
sary extended treatment times. From 
the clinical standpoint however, for 
high peroxide concentration in-office 
bleaching, dentists use the appearance 
of tooth sensitivity as an indicator to 
determine the point when they should 
stop an in-office bleaching procedure, 
thus controlling the magnitude of the 
effect to the pulpal tissues.
As far as the rules about tooth bleach-
ing are concerned, due to Directive 
2011/84/EU, it must be stated that 
the first use of the bleaching products 
should take place in the dental office 
and be limited to dental practitioners. 
This is very wise and of great importance 
for the appropriate use of bleaching 
products. In this way the dental prac-
titioners not only can show the correct 
use of the bleaching products that are 
meant to be used at home, but they 
can evaluate if the teeth that are going 
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to be bleached are free from defects 
and caries that would not allow the di-
rect use of bleaching products before 
the appropriate restorative procedure 
takes place. Therefore, by having tooth 
bleaching under the direct supervision 
of the dental practitioners, it is of great 
advantage as some potential risks can 
be minimized. The dentist is responsi-
ble to evaluate whether the situation 
in the patient’s mouth is appropriate to 
accept tooth bleaching, and to evalu-
ate for the case of at-home bleaching if 
the patient can use the bleaching prod-
uct according to the instructions given. 
Additionally, it would be beneficial for 
the patient’s treatment if the dentists 
would have the possibility to decide 
for the bleaching method and perox-
ide concentration that they consider as 
appropriate for each patient, according 
to all they varying indications for using 
tooth bleaching and also to the ability 
of the patient to perform the bleaching 
method at home according to the in-

structions given. In keeping with this, 
the use of in-office bleaching can be 
beneficial for some patients so to as-
sure the peroxide does not come onto 
some tissues and/or wrongfully onto 
restorations that would not whiten 
at any rate. Additionally, the clinician 
has the capability of not applying to 
teeth that may not need bleaching, or 
at least further bleaching. Such is not 
realistic with at-home bleaching using 
lower concentration peroxides. Addi-
tionally, it can be very advantageous 
for some patients and/or situations 
for the bleaching to occur over short 
time periods rather than with home 
bleaching, which requires much longer 
periods of time. These benefits make 
high-concentration peroxide with 
in-office bleaching an important op-
tion for the dentists to be able to use, 
even translating to an important treat-
ment option for some patients.
After evaluating the literature, some 
questions arise concerning the con-

centration of 6 % hydrogen peroxide 
set as the border for cosmetic tooth 
bleaching. According to the literature, 
there is no definite concentration of 
hydrogen peroxide that might seem to 
be safer compared to higher concentra-
tions, especially when supervised and/
or applied by a dentist. The studies 
mentioned in the present literature re-
view show that actually the contained 
concentration of hydrogen peroxide in 
the bleaching product is not the main 
and only parameter that influences the 
safety of each bleaching product, but 
other parameters as well such as the 
composition of the bleaching product, 
its pH, and the application time seem to 
have a greater effect on safety. The ap-
propriate case selection by the dentist 
for tooth bleaching and the appropriate 
selection of the bleaching concentra-
tion and method needed for each case 
by the dentist are the two foundational 
factors that can assure the best esthetic 
results with the lowest risk.

Summarizing the data above, it can 
be concluded that the dental practi-
tioner is the principle factor/profes-
sional for assuring the safety of the 
bleaching products. The correct pa-
tient and tooth selection for bleach-
ing, in combination with the right 
choice concerning the type bleaching 
product and method, are the pa-
rameters that influence the effect of 
bleaching on teeth and soft tissues 
the most. Although the concentration 
of the hydrogen peroxide seems to 
be important as far as the effects on 
the human dentin is concerned, it is 
shown that the composition and the 
way the bleaching product is applied 
has the most influence on this effect. 
Furthermore, during vital in-office 
tooth bleaching, the bleaching com-
position needs not even be applied 
to the dentin. The potential irritation 
of the hydrogen peroxide to the pulp 
tissues is a reality, especially if accom-
panied by light activation. It is, how-

ever, most always transient in nature 
and minimized by the clinician paying 
attention to the comfort level of the 
patient during treatment, stopping 
the treatment, as the manufacturers 
recommend, should the patient feel 
significant discomfort. The choice of 
dental products used and how they 
are used can be more important than 
the concentration of the peroxide.
It is important to mention, that the 
clinical studies showed that there is 
no long-term negative effect, such 
as lasting sensitivity or loss of vitality 
of the teeth, due to tooth bleaching 
with both low and high concentration 
peroxides when used according to the 
instructions, and that the dental prac-
titioner is the most important factor 
influencing the effects of tooth bleach-
ing. The nearly 300 studies/research 
papers/reports on tooth whitening 
cover a period of more than three de-
cades. This literature review reflects an 
enormous positive development in re-

gard to the safety of tooth whitening. 
On the product level, the safety of use 
is enhanced by the refined character-
istics of product (especially pH neutral-
ity), more detailed guidance for use, 
and a much greater variety of solutions 
available for the scope of indications. 
On the dentists’ handling level, the 
safety is increased by having at hand 
the bleaching method and concentra-
tion of hydrogen or carbamide perox-
ide suited best for the case, the patient 
in question.
Generally, for the safety of dental 
bleaching, both categories of bleach-
ing products are required, depending 
on the patient case and the indication 
for bleaching:  Product with concentra-
tions up to 6 % (today cosmetic prod-
uct in the EC) as well as product with 
higher concentration, up to 35–40 %  
hydrogen peroxide (Medical Device 
bleaching product). So the dentist can 
effectively exercise best this minimally 
invasive dental treatment.

9. Conclusions
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