


Generally, according to the location 
of the stain, tooth discolorations (Vo-
gel, 1975; Watts et al., 2001) can be 
classified as intrinsic or extrinsic dis-
colorations. Besides these two basic 
important categories, the category of 
internalized stain/discoloration should 
also be taken in consideration (Addy 
et al., 1995). Tooth discoloration varies 
in appearance, etiology, severity, local-
ization, and adherence (or binding) to 
tooth structure (Dahl et al., 2003).

The extrinsic discoloration is a result 
of stains that are on the tooth surface 
(Watts et al., 2001). The source of 
these stains can come from diet—for 
example red wine, coffee, tea, or food 
that contains colorants. Additionally, 
tobacco or the frequent use of some 
mouth rinses and/or medicines has 
shown to cause extrinsic discolor-
ations. According to Nathoo (1997), 
extrinsic discolorations can be cate-
gorized in three types (Type N1-N3). 
Type N1 represents the case of tooth 
discoloration caused by a colorant with 
a stable color such as tannin from tea 
or coffee while Type N2 represents 
the discolorations caused by colorants 
(for example bacterial biofilm), which 
through a chemical transformation 
show a further color change. In the 
case of Type N3, a colorless substance 
is bonded to the tooth surface and 
then transformed through an enzy-
matic process to a colored complex. 
Such stains can be caused for exam-
ple by fluoride, chlorhexidine, or some 
kinds of food.

The internalized discolorations rep-
resent the extrinsic stains that are 
incorporated in the tooth substance 
after the tooth development, and they 
occur in enamel defects or in porous, 
exposed dentin or enamel surfaces 
(Watts et al., 2001). The chromogens 
may enter either developmental or ac-
quired defects. 

The intrinsic discoloration is a result of 
a change in the structural composition 
or thickness of the dental hard tissues 
(Watts et al., 2001) or incorporation of 
stains or pigments in the dentin and/
or enamel. These anomalies of the hard 
dental tissues are frequent reasons for 
problematic tooth discoloration. Beside 
them, some local factors can also result 
in intrinsic discolorations. Generally, 
the causes of the intrinsic discolor-
ations can be separated to those that 
act during the tooth development and 
those that act after tooth eruption. The 
causes of intrinsic discolorations during 
the tooth development are:

• Systemic diseases during the 
 forming of the hard tissues
|| Alkaptonuria (Link et al., 1973; Watts 
et al., 2001) is a genetic disorder of 
the metabolism of Tyrosine and Phe-
nylalanine. This disease affects the 
permanent dentition, which results 
in a negative brown discoloration.

|| Congenital erythropoietic porphyria 
is a rare autosomal recessive meta-
bolic disorder affecting heme. The er-
ror in porphyrin metabolism results in 

accumulation of porphyrins in teeth 
and bones during their formation. 
The discoloration is more intense 
in the primary dentition than in the 
permanent. Due to the red-brown 
porphyrin pigments, the tooth’s tis-
sues have a red discoloration, espe-
cially in the cervical area of the tooth. 
The amount of porphyrine is higher 
in dentin than in enamel (Kooijman 
et al., 2005). 

|| Congenital hyperbilirubinaemia is a 
disease in which bilirubin is depos-
ited through the body due to the 
total absence of a liver enzyme nec-
essary to change bilirubin to a form 
that can be removed from the body. 
Although bilirubin disappears from 
the soft tissues, it is permanently 
trapped in the hard tissues as they 
lose their metabolic activity after 
maturation (Guimaraes et al., 2003). 
The teeth show a yellow-green dis-
coloration (Watts et al., 2001; Ama-
ral, 2008). 

|| Amelogenesis imperfecta is a result 
of mutations in the genes that con-
trol the enamel formation. It is a he-
reditary disorder and is characterized 
by abnormal amelogenesis, with re-
gard to mineralization or matrix for-
mation of enamel. Both primary and 
permanent dentitions are affected. 
Amelogenesis imperfecta is divided 
into four main types. The appearance 
varies among the different types of 
amelogenesis imperfecta and can 
be shown as hypomature enamel or 

Part I: 

Indications and efficacy of tooth bleaching

using high concentrations of hydrogen peroxide

1. Tooth discolorations

 9



more severe hereditary hypoplasia 
with thin, hard enamel, which has a 
yellow or yellow-brown discoloration 
(Watts et al., 2001). 

|| Dentinogenesis imperfecta is also 
a hereditary defect of the dentin 
and affects both primary and per-
manent dentitions (Sclare, 1984). 
As the disorder occurs in the dentin 
formation, the teeth are usually dis-
colored and overly translucent. The 
color of the teeth is usually blue-gray 
or yellow-brown with a high level of 
amber-like translucency. Generally, 
by dentinogenesis imperfecta, the 
teeth are weaker than normal and 
therefore prone to rapid wear and 
breakage. Dentinogenesis imper-
fecta involves primarily the dentin. 
The enamel might be thinner than 
normal, but it often breaks away 
from the underlying weak dentin. 
Dentinogenesis imperfecta is classi-
fied into three different types: Type 
I, II, and III (Watts et al., 2001). 

Dentinogenesis imperfecta Type I is 
usually associated with osteogene-
sis imperfecta, caused by mutations 
of genes involved in the synthesis of 
Type I collagen (Wiktop, 1988). The 
characteristics of osteogenesis im-
perfecta are bone fragility, growth 
retardation, joint laxity, hearing 
loss, and blue sclerae (Saeves et al., 
2009). 
By dentinogenesis imperfecta Type I, 
the dentin is overly opalescent, and 
the root and pulp chambers of the 
teeth are usually small and undevel-
oped. The primary dentition might 
be affected more severely than the 
permanent dentition. The appear-
ance of the permanent dentition is 
more variable. Generally, the teeth 
show a grayish or brownish discol-
oration. One of the main characteris-
tics of the Type I condition is the fact 
that the pulp chamber is occluded by 
dentin. This usually helps to differ-
entiate between Type I and Type II 
(Wiktop, 1988). 

Dentinogenesis imperfecta Type II 
affects only dentin and is similar 

to Type I but without any skeletal 
defects. Its expression is variable. 
Like in Type I, the pulp chambers 
are often obliterated, and when 
the dentinal-enamel junction has 
been exposed after the enamel has 
broken away, the dentin will rapidly 
wear. After dentin exposure, further 
discoloration occurs. 

By dentinogenesis imperfecta Type III 
as described by Wiktop (1988), the 
teeth may be outwardly similar to 
Types I and II; however, in the pri-
mary dentition, multiple pulpal ex-
posures are present. Generally, the 
teeth have enlarged pulp chambers 
and very thin dentin. Thus, they ap-
pear as thin shells (Wiktop, 1988). 

|| Dentinal Dysplasia: The term “den-
tinal dysplasia”, introduced in 1973 
(Shields, 1973), is differentiated 
from dentinogenesis imperfecta 
and occurs as two different types. In 
Type I, both primary and permanent 
dentitions show normal shape and 
form, but they have an amber trans-
lucency and short roots with conical 
apical constrictions. Their pulp is 
usually obliterated. Type II is char-
acterized by a thistle tube-shaped 
pulp chamber with numerous pulp 
stones. A brown discoloration of 
the teeth has been described (Watts 
et al., 2001). 

• Drug consumption  
(Tetracycline, Minocycline) 

Tetracyclines, a group of broad-spec-
trum antibiotics, or their derivatives, 
like Minocycline, can cause staining 
of both primary and permanent den-
titions during odontogenesis. Tetra-
cycline, after systemic administration 
and during tooth and bone develop-
ment, is deposed within bone and 
dental tissues. The staining caused 
by tetracycline is due to its ability to 
form a complex with calcium ions on 
the surfaces of the hydroxylapatite 
crystals within bone and dental tis-
sues (Wallman et al., 1962; Weymann 
et al., 1962). Usually, dentin is more 
severely stained than enamel (Wall-
man et al., 1962). The severity of the 

discoloration depends on the precise 
medication used, the dosage, and the 
length of the therapy. Staining caused 
by tetracycline is usually yellow or 
brown-gray. The color changes to 
brown by light exposure (Watts et al., 
2001). Tooth discolorations caused by 
tetracyclines are classified according 
to their degree, extent, and location 
(Philip et al., 2008): First-degree stain-
ing includes mild staining with yellow 
to gray color with no banding. Sec-
ond-degree conditions include moder-
ate staining with yellow-brown to dark 
gray coloring. Third-degree conditions 
include severe staining with blue-gray 
or black coloring and significant band-
ing across the tooth. Fourth-degree 
conditions involve extended and more 
severe staining. 

• Fluorosis
The administration of fluoride over 
the course of a long time (from a 
dose of 0.05 mg/kg body weight) or 
a short time (by a peak concentra-
tion of 4.7 µm in blood) can result in 
changes in enamel called fluorosis 
(Angmar-Månsson et al., 1982; Watts 
et al., 2001). The enamel is often af-
fected, and its appearance may vary 
from areas of flecking to diffuse opa-
cious mottling. The color of the enamel 
might be chalky white or dark brown/
black. The tooth surface is porous, 
and, hence, further dark discoloration 
occurs due to penetration of extrinsic 
stains into the porous enamel (Weath-
erall et al., 1972).

• Turner’s hypoplasia 
Turner’s hypoplasia affects usually 
only one tooth, which is referred to 
as a Turner’s tooth. It is most usually 
caused to the permanent tooth at the 
time that the primary respective tooth 
was still present. It is most likely due 
to an infection from caries or trauma 
to the primary tooth. An infection of 
the periapical tissues can affect the 
development of the permanent tooth. 
The hypoplasia of the enamel is usu-
ally accompanied by white or yellow 
discoloration. Its appearance is vari-
able, and usually some of the enamel 
is missing.
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Causes of intrinsic discolorations 
after the end of tooth development

• Discoloration due to pulp 
|| Pulpal hemorrhagic by-products 
and/or pulp necrosis: 

Internal pulp bleeding caused by trauma 
or pulp extirpation can cause a tempo-
rary pink-red color change observed in 
the coronal aspect of the tooth. As blood 
breaks down, its by-products such as 
hemosiderin, hematin, and hematoidin 
release iron (Dahl et al., 2003), which 
can be converted into black ferric sulfide 
resulting in a gray to black staining of 

the tooth. Additionally, the degradation 
of the proteins of the necrotic pulp tis-
sue can also cause discoloration.

|| Obliteration of the dentin tubules and 
buildup of tertiary dentin after trauma

• Dentist-related causes such 
 endodontic-related discolorations: 

These can be due to pulp tissues re-
maining in the pulp chamber during or 
after root canal treatment, the medica-
ments used in the root canal and pulp 
chamber, or the obturation materials 
used for the root canal filling.

• Root resorption 
Although no clinical symptoms might 
exist, root resorption might occasion-
ally exhibit an initial pink appearance 
(pink spot) (Watts et al., 2001; Plotino 
et al., 2008).  

• Aging 
During the aging process, the physio-
logic deposition of secondary dentin 
can affect the color of the teeth, result-
ing in a gradual darkening (Watts et al., 
2001; Plotino et al., 2008). In addition, 
the chemical structure of teeth changes 
over time. 

Extrinsic discolorations: The extrinsic 
tooth discolorations can be removed 
by mechanical abrasive methods such 
as professional cleaning and polishing 
of the teeth using medical products 
(usually pumice pastes) and devices 
by medical professional personnel, 
and the use of cosmetic crèmes and 
toothpastes which also contain abra-
sives. The ability to remove the ex-
trinsic stains depends on the kind of 
materials used and their composition, 
the amount and size of the abrasive 
particles, and additionally the time 
and/or force of their use.

Internalized discolorations: The therapy 
for internalized discolorations depends 
on the degree and severity of the dis-
coloration, but the treatment is always 
the same as it is for the intrinsic discol-
orations.

Intrinsic discolorations: The removal 
of intrinsic discolorations is unfortu-
nately more difficult and complicated 
than the extrinsic. In the dental prac-
tice there are several different meth-
ods available to treat these tooth dis-
colorations. Among these therapies, 
there are major differences relative 
to the magnitude of invasiveness, 
the time needed, and the prognosis 
of each therapy. These methods in 
respect to their level of invasiveness 

(from the least invasive to the most 
invasive) are:

• Tooth bleaching 
The main bleaching agent is hydrogen 
peroxide (or a precursor, e.g., carbam-
ide peroxide), an oxidizing agent that 
breaks down and produces unstable 
free radicals as it diffuses into the tooth 
(Kihn et al., 2007). It is suggested that 
these free radicals attack and oxidize 
the organic molecules responsible for 
the tooth discoloration. Tooth bleach-
ing procedures can be categorized 
according to their concentration of hy-
drogen peroxide and the way that they 
are used: 

In-office vital tooth bleaching: For 
in-office bleaching, the products used 
until now contained high-percentage 
concentrations of hydrogen perox-
ide. The entire treatment occurs in 
the dental practice, performed by the 
dentist; hence, a high concentration 
is necessary or else the procedure 
would take a considerable amount of 
time. Although various concentrations 
of this agent are available, for vital 
or non-vital tooth bleaching 30 % to 
40 % hydrogen peroxide solutions are 
the most common. The application of 
the in-office bleaching material can be 
performed in one or two sessions as 
a rule. Bleaching using lower concen-

trations for multiple short sessions or 
for longer sessions (e.g., many hours) 
is not practicable and/or does not pro-
vide the level of lightening/whitening 
to achieve the desired esthetic result. 
Additionally, by using in-office bleach-
ing, a selective bleaching of the discol-
ored teeth is possible.

Home bleaching: Home bleaching 
means the bleaching material is used 
at home in a tray as supervised by the 
dentist. The materials for this use are 
most often 10 % to 20 % carbamide 
peroxide (equivalent of about 3.6 % to 
7.2 % hydrogen peroxide). Occasion-
ally 30 % to 35 % carbamide peroxide 
concentrations are used. Carbamide 
peroxide breaks down into hydrogen 
peroxide and urea (Goldstein et al., 
1993). A product containing 30 % 
carbamide peroxide yields 10.5 % hy-
drogen peroxide. The application time 
of the bleaching material differs ac-
cording to the severity and the cause 
of the tooth discoloration. The results 
need to be controlled by the dentist in 
order determine the desired levels of 
color changes but most importantly to 
evaluate and prove the appropriate use 
of the bleaching product. 
The paint-on gels, varnishes, and 
whitening strips belong as well to 
the home-bleaching product cate-
gory. These are whitening products 

2. Therapies to treat tooth discolorations
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that were sold over-the-counter (OTC) 
barrier-free, until October 31st 2012,  
but according to Directive 2011/84/EU,  
they may no longer be sold OTC and 
have as well to be first used under 
the supervision and advice of a den-
tist. They contain up to 6 % hydrogen 
peroxide, and they are brushed by an 
applicator on the tooth surface, or—
in the case of a strip—they adhere to 
the front teeth. They release the ac-
tive ingredient during relative short 
periods of time, for example from 5 to 
60 minutes.

Tooth bleaching of nonvital teeth: In 
order to allow endodontically treated 
teeth to be bleached, a sufficiently 
sealed root canal filling is an important 
requirement. Additionally, the treated 
tooth must be symptom-free. In the 
past, the thermocatalytic technique 
was used for bleaching nonvital teeth. 
In this technique, heat was used in or-
der to enhance the release of oxygen 
from hydrogen peroxide. Today, suc-
cessful results are obtained in the office 
by using only chemical activation of the 
bleaching products. There are three dif-
ferent methods for bleaching nonvital 
teeth: The walking bleach technique, 
the inside/outside bleaching technique, 
and the in-office bleaching technique. 
The walking bleach technique is indi-
cated for nonvital teeth showing a se-
vere intrinsic discoloration. It provides 
the most predictable result. In the past, 
the walking bleach technique used only 
sodium perborate, which was mixed 
with water or 30 % hydrogen perox-
ide to create a paste, which was then 
placed and sealed into the access cavity 
and pulp chamber. However, the liter-
ature includes studies reporting that 
there is no difference between these 
two mixtures concerning their efficacy 
(Holmstrup et al., 1988; Ari et al., 2002). 
Today, pre-prepared gels with high con-
centrations of hydrogen peroxide are 
available for internal bleaching. 
The inside/outside bleaching technique 
means that the bleaching material is 
applied on both the inside and outside 
surfaces of the treated tooth for 3 to 
7 days (Sulieman, 2005). The access 
cavity is made the same way as in the 

case of the walking bleach technique. 
This requires that the access opening 
remains open during the entire time of 
the bleaching procedure. For this tech-
nique, a vacuum-drawn splint is made, 
ideally with reservoirs. The splint is 
filled with the appropriate bleaching 
material and with an emphasis on 
loading that part of the tray where 
the tooth to be treated resides. As this 
method uses lower concentrations of 
carbamide peroxide, the bleaching 
procedure takes place at home. This 
means that the dentist does not have 
control of the procedure, and, hence, 
the tooth may not whiten adequately 
or, worse, it might whiten/bleach to a 
shade much whiter that the adjacent 
teeth. The requirement of good patient 
compliance and the fact that the access 
cavity remains open throughout the 
multiple-day treatment, along with the 
lack of bacterial control, are the main 
disadvantages of this technique.
The procedure for the in-office bleaching 
technique for nonvital teeth is the same 
as for vital teeth with the exception that 
the bleaching product containing a high 
percentage of hydrogen peroxide is ap-
plied for short periods such as 15 to 20 
minutes per cycle additionally inside the 
tooth as described above for the walk-
ing bleach technique. But importantly, 
the access opening is resealed following 
the treatment. The tooth is not exposed 
to potential bacterial contamination for 
multiple days at a time. 

• Microabrasion (as sole method) 
or in combination with tooth 
bleaching

This method is a combination of chem-
ical and mechanical techniques (Croll, 
1997). By microabrasion, the sur-
face enamel layer is removed through 
chemical dissolution (hydrochloric acid) 
and abrasion. The purpose of this tech-
nique is to remove the outer aspects 
of the enamel—from a few microns 
to as much as 0.1 mm to 0.3 mm—to 
remove the surface defect. A mixture 
of 18 % hydrochloric acid with pumice 
(Greenwall, 2001) or a combination of 
hydrochloric acid with silicon carbide is 
used. In some cases of extremely severe 
discoloration, a combination of enamel 

microabrasion with in-office bleaching 
and/or home bleaching can be bene-
ficial. 

• Invasive dental therapy by using 
direct composite restorative 
materials 

By this method, discolored teeth can 
be restored with dental composite ma-
terials of the appropriate color after 
tooth preparation and cutting about 
1 mm of the discolored dental tissues. 
This cutting is necessary in order to re-
duce the thickness of the discoloration 
and to gain the area needed for the 
masking, color-correcting restorative 
material. Minimally invasive, conser-
vative dentistry has made huge steps 
over the last few decades; however, 
this type of treatment runs counter 
to the minimally invasive philosophy 
where preservation of the natural tis-
sues is held paramount. 

• Invasive dental therapy by using 
indirect ceramic or composite 
restorations (veneers &  
dental crowns) 

In this category are included all the in-
direct restorative methods that are able 
to restore discolored teeth by using dif-
ferent ceramic and composite materials. 
The requirements of these methods in-
clude the need to cut substantial tooth 
away to create the appropriate space 
needed for the ceramic or resin-based 
restorations. The principles are similar 
to the direct-placed restorations ex-
cept the amount of dental tissues that 
need to be removed is greater. This is 
the case with even the most conser-
vative contemporary types of tooth 
preparation. The ceramic restorations 
can extend from one tooth surface to 
a full-coverage crown. Additionally, for 
both direct and indirect techniques, the 
costs are substantially higher than for 
normal tooth bleaching/whitening. 
A very important point concerning the 
two invasive available therapies (direct 
and indirect restorations) for discol-
ored teeth is that both of them require 
healthy tooth structure on which such 
adhesive restorations can be applied 
and expected to adhere. In some of 
the cases, the properties of the dental 
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After searching in the literature for 
papers concerning the evaluation of 
high-percentage bleaching products 
on the different kinds of discolorations, 
the following were found:

3.1 Extrinsic discolorations
As has been reported above, extrinsic 
discolorations can be removed by using 
oral care products such as toothpastes 
and polishing pastes, including abra-
sive products. Therefore, as expected, 
no studies were found concerning the 
use of bleaching products containing 
high-percentage hydrogen peroxide 
for this purpose. However, the search 
in PubMed for “dentifrices/toothpastes 
and extrinsic tooth discolorations” re-
vealed 49 findings for this purpose. 
Among these findings, 37 were clinical 
studies, 9 were in vitro studies, and 3 
were reviews. These published data, in 
vitro and in vivo (Koertge et al., 1998; 
Mankodi et al., 1999; Ayad et al., 1999; 
Sharma et al., 1999; Sharif et al., 2000; 
Nathoo et al., 2002, 2008; Sreenivasan 
et al., 2009; He et al., 2010), showed 
that commercially available dentifrices/
toothpastes are able to remove extrin-
sic tooth discolorations successfully. 

3.2 Intrinsic discolorations

|| Genetic defect: Alkaptonuria
Four papers were found in the literature 
after searching for “Alkaptonuria and 
teeth.” Only two of them met the crite-
ria of the present study. No report about 
tooth bleaching and Alkaptonuria was 
found. Although the blue or gray stains 
are very difficult to change, it is valuable 
to first try bleaching these discolorations 
before proceeding with any further 
treatment such as removal by abrasion 
or using invasive restorative techniques. 

|| Genetic defect: Congenital 
 erythropoietic porphyria

No information exists in the literature 
concerning the effect of bleaching on 
such discolorations. 

|| Genetic defect:  
 Congenital  hyperbilirubinaemia

The search term “Congenital hyperbil-
irubinaemia and tooth bleaching” did 
not reveal any findings in the litera-
ture. However, after searching further 
in the literature, some case reports 
were found concerning the treatment 
of such tooth discolorations. Amaral 
et al. (2008) reported a case study of a 
nine-year-old girl who underwent liver 
transplantation. They described tooth 
pigmentation caused by bilirubin depo-
sition during dental formation. After 
examining the dental tissues of teeth 
that needed to be extracted, they con-
cluded that the alterations are in dentin 
and that their treatment relies on tooth 
bleaching or placement of crowns. 
It must be taken into consideration that 
the severity of some diseases might be 
the reason they’re currently not being 
researched concerning the effect of 
bleaching. However, it is important to 
give to these patients a good quality 
of life as well, regardless of the exis-
tence of a disease. In order to choose 
the appropriate therapy for these pa-
tients, it is important to not forget their 
complicated medical status. Therefore, 
it might be beneficial to choose con-
servative and non-invasive therapies, 
as the dental management might be 
complicated by several factors.

|| Genetic defect:  
Amelogenesis imperfecta

In the literature there is one paper (a 
case report), where the authors de-

scribe the possibility of achieving a 
 reasonably esthetic result for a pa-
tient with amelogenesis imperfecta 
without using any invasive restorative 
techniques (Nathwani et al., 2010). 
The treatment range of amelogenesis 
imperfecta differs depending on its 
type and the phenotype of the affected 
enamel. Therefore tooth bleaching, 
microabrasion, esthetic composite, or 
even prosthetic restorations can be 
recommended (Ng & Messer, 2009). 

|| Genetic defect:  
Dentinogenesis imperfecta

In the literature only two case reports 
were found about “Tooth bleaching and 
dentinogenesis imperfecta.” No scien-
tific studies were found on this topic. 
The published data (Croll et al., 1995; 
Bidra et al., 2011) recommend the use of  
tooth bleaching as the most conserva-
tive and appropriate treatment of these 
discolored teeth. According to the case 
report by Bidra et al. (2011), the treat-
ment of dentinogenesis imperfecta was 
successful after long-term home use of 
a bleaching product containing 14 % 
hydrogen peroxide for 4.5 months. In 
an older case report (Croll et al., 1995), 
teeth with discoloration due to dentino-
genesis imperfecta were lighter after 
two weeks (several hours per day) of 
home bleaching with 10 % carbamide 
peroxide. The appearance of teeth was 
improved; however, it seems that the 
use of high-percentage hydrogen per-
oxide materials like in the study of Bidra 
et al. (2011) might be more beneficial for 
such discolorations. Although the case 
report described by Bidra et al. (2011) 
showed successful results, such bleach-
ing products have to be used under the 
supervision of dental professionals and 
not at home. Additionally, the use of 

3. Efficacy of bleaching by using products containing a high percentage (> 6 %) of hydrogen peroxide

tissues are affected by the disease that 
caused the tooth discoloration in the 
first place, making it difficult to achieve 
sufficient adhesion. The effectiveness 
of dentin bonding in cases of dentino-

genesis imperfecta is not really known. 
As mentioned above, the dentin struc-
ture differs from the healthy dentin, 
and although there are several case 
reports for reconstructing such teeth, 

only minimal information exists on the 
efficacy of bonding to such dentin sur-
faces. Because of this, it is meaningful 
to have a therapy available that is as 
minimal invasive as possible. 
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bleaching products with a higher con-
centration of hydrogen peroxide would 
be able to shorten the application time 
of 4.5 months. According to Haywood 
et al. (1997), extended treatment times 
are necessary in order to be effective 
on such stains when using lower con-
centrations. 

|| Drug-induced:  
Tetracycline staining

The search in PubMed about “tetra-
cycline and tooth bleaching” revealed 
about 123 results; however, a lot of 
them are older papers written be-
tween 1970 and 1980, and in most of 
the cases, not even an abstract was 
available. After evaluating the pub-
lished papers, according to the criteria 
stated at the beginning of the study, 
42 papers remained, which gave infor-
mation about treating tetracycline-af-
fected teeth with bleaching products 
and commenting on alternative meth-
ods. Of the 42 papers, 15 were clinical 
studies, 17 were case reports, 3 were 
laboratory studies with rats, and 7 
were reviews. The positive effect of 
bleaching on such discolorations and 
the patients’ satisfaction is reported 
very early in the literature (Reid, 1985).  
The older studies in the literature rec-
ommended an intentional root canal 
treatment and internal bleaching as 
the right option to treat these discol-
orations (Anitua et al., 1990; Aldecoa 
et al., 1992; Abou-Rass, 1998). More 
recent studies (Leonard, 1999, 2003; 
Bodden et al., 2003; Matis et al., 2006;  
Tsubura et al., 2010) showed satisfying 
results by treating tetracycline-stained 
teeth with nightguard bleaching and 
different concentrations of carbam-
ide peroxide. In most of the cases, 
an application time of 3 or 6 months 
was used. Kuzekanani et al. (2009) 
reported significant whitening effects 
after treating tetracycline-discolored 
teeth by combining in-office tooth 
bleaching with laser activation. Fiedler 
et al. (2000) reported the successful 
effects of a combination of in-office 
and home nightguard bleaching for 
two months on tetracycline-stained 
teeth. They found that after two 
months of combined therapy, Grade 1 

and Grade 2 tetracycline stains were 
eliminated completely, while the most 
severe Grade 3 stains were lightened 
significantly with a reduction in the 
banding effect. In a more recent study 
(Kugel et al., 2011), it was shown that 
a daily use of a 6.5 % hydrogen per-
oxide bleaching strip for six months 
can be effective in whitening tetracy-
cline stains. However, a differentiation 
must be made among the studies, as 
the severity of the staining can in-
fluence the efficacy of the method. 
While the prognosis of Degree I and II 
staining might be very good using low 
concentrations of carbamide peroxide 
(up to 20 %) at home for a long time 
(almost 6 months), the most severe 
degrees of tetracycline discoloration 
might have better prognosis by using 
higher-percentage bleaching agents. 
For more severe tetracycline-stained 
discolorations, higher concentrations 
of bleaching agents or longer times 
might be necessary. However, the 
sensitivity and pain that may arise 
after such a long time of treatment 
might suggest a direct bleaching 
method that would need less time for 
the same esthetic results. The chair-
side use of hydrogen peroxide 30 % 
was shown in case reports to be ef-
fective in whitening a moderate case 
of tetracycline staining (Hanosh et al., 
1992).
Not only were the successful results 
of bleaching on tetracycline-stained 
teeth reported very early, but also 
were the benefits of using this conser-
vative method for these patients. It is 
reported that this therapy should be 
considered first as a possible option 
before using crowns as a therapy to 
treat these teeth (Selim, 1994). Cape-
hart (2008) presented a case report 
on treating tetracycline staining in 
the adult dentition. According to Hay-
wood (2007), it is better to try bleach-
ing first and then abrasion or bonded 
technique, because these methods 
might have a satisfactory result and 
minimize the need for a more invasive 
treatment. Additionally, some papers 
recommended performing a bleach-
ing treatment before restoring the 
teeth with ceramic crowns in order to 

achieve a better tooth color (Sadan 
et al., 1998; Deliperi et al., 2006).

|| Drug-induced:  
Minocycline staining

Tetracycline analogs can cause tooth 
discoloration not only in developing 
teeth in children, but it has also been 
documented that minocycline has a 
staining potential in adult populations 
(Cheek et al., 1999; Tredwin et al., 
2005). The search in PubMed for the 
terms “minocycline and tooth bleach-
ing” revealed no findings. However, one 
of the papers concerning tetracycline 
staining (Cheek et al., 1999) was found 
to discuss also the recommendations of 
ways to treat patients with minocycline 
discolorations. In this paper, treatments 
including vital and nonvital bleaching, 
veneers, or crowns (depending on the 
severity of the discoloration) are rec-
ommended. The advancement of the 
bleaching materials available today and 
the improvement in the methods used 
make this option beneficial when treat-
ing such stains.

|| Drug-induced: Fluorosis
The bleaching of teeth stained by fluoro-
sis has been mentioned in the literature 
since 1965 (Boushor, 1965). Although 
a search in the literature for “fluorosis 
and tooth bleaching” gives 94 find-
ings, after evaluating them, only 28 
(12 clinical studies and 16 case reports) 
met the criteria of the present study. 
The published data stated the efficacy 
of tooth bleaching on teeth stained  
from fluorosis (Killian, 1993; Haywood, 
2000; Loyola-Rodriguez et al., 2003;  
Bussadori et al., 2004; Bertassoni et al.,  
2008; Knösel et al., 2008; Higashi et al.,  
2008; Cloud et al., 2009; Chhabra 
et al., 2010; Akpata, 2001; Pontes et al., 
2012; Celik et al., 2013; Shanbhag et al.,  
2013). In one study the combination of 
microabrasion and bleaching with car-
bamide peroxide was reported to treat 
such teeth (Killian, 1993).
Two studies (Knösel et al., 2008; 
Loyola-Rodriguez et al., 2003) showed 
that when tooth bleaching is applied 
alone to treat fluorotic teeth, increasing 
the length of the carbamide peroxide 
treatment time would be beneficial as 
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opposed to the use of hydrogen per-
oxide. However, in one (Knösel et al., 
2008) of these two studies comparing 
the use of carbamide peroxide and hy-
drogen peroxide to treat fluorotic teeth, 
the application time used for bleach-
ing with 30 % hydrogen peroxide was 
only 1 hour, which might be too short 
for such discolorations, as there would 
most probably be a better result with  
2 to 3 treatments of 2 hour. In the 
second study (Loyola-Rodriguez et al., 
2003), the use of carbamide peroxide 
(10 % and 20 %) was beneficial com-
pared to the use of hydrogen peroxide 
at 7.5 % only. The newest studies con-
cerning the treatment of fluorotic teeth 
suggest that especially for mild-forms of 
fluorosis, in-office bleaching by using a 
high percentage of hydrogen peroxide 
represents actually the most conser-
vative method alone (Shanbhag et al., 
2013; Bussadori, 2004) or in combina-
tion with microabrasion (Higashi, 2008; 
Bertassoni et al., 2008; Chhabra et al., 
2010; Pontes, 2012; Celik et al., 2013). 
Additionally, in the case of using home 
bleaching with tray application, the 
bleaching materials are not only applied 
to the discolored areas of the teeth but 
on the whole tooth surface, making it 
difficult to get a homogeneous result. 
In the case of in-office bleaching, the 
bleaching material is applied selectively 
on the areas needed by the dental prac-
titioner. The therapy of choice for fluo-
rotic teeth depends on the severity of 
the fluorosis (Akpata, 2001). 
According to the papers mentioned 
above, the esthetic appearance of 
 dental fluorosis can be improved suc-
cessfully by using in-office bleaching 
with a high percentage of hydrogen 
peroxide as a sole therapy or in com-
bination with some more invasive 
treatments dependent on the degree 
of fluorosis. 

|| Acquired: Pulpal hemorrhagic 
products

It has been mentioned that the pink 
color that can appear after trauma may 
disappear after 2 to 3 months, and the 
tooth can return to its initial color if the 
tooth becomes revascularized (Watts 
et al., 2001; Plotino et al., 2008). No 

reports have been found in the litera-
ture concerning the effect of bleaching 
on such discolorations. 

|| Acquired: Discoloration after pulp 
necrosis/endodontic treatment

The first reports in the literature about 
bleaching of nonvital teeth are from the 
late 1960s (Caldwell, 1966; Weisman, 
1968). In PubMed there are 138 hits 
concerning “nonvital teeth and bleach-
ing.” Among them, only 83 were really 
about bleaching of nonvital teeth and 
its efficacy, and only 34 of the papers 
met the criteria to be included in the 
present study.
The severity of the discoloration is re-
lated to the time that has passed since 
the pulp necrosis: the longer the time, 
the more severe the discoloration. Inter-
nal bleaching of nonvital teeth presents 
a conservative, effective, and low-cost 
method of treating tooth discoloration. 
Several studies during the past 20 years 
have shown the efficacy of bleaching 
nonvital teeth for both primary and per-
manent dentition (Rostein et al., 1991; 
Waterhouse et al., 1996; Settembrini 
et al., 1997; Rivera et al., 1997; Abbott,  
1997, 2009; Vachon et al., 1998; Glock-
ner, 1999; Deliperi, 2005; Amato et al., 
2006; Arikan et al., 2009; Leith et al., 
2009; Zimmerli et al., 2010; Sharma 
et al., 2011; Ganesh et al., 2013). 
Among the bleaching techniques avail-
able for treating nonvital teeth, the 
walking bleach technique with sodium 
perborate associated with water or hy-
drogen peroxide is the method most 
often used because of its simplicity. 
Several studies have compared the 
bleaching potential of mixtures of so-
dium perborate with distilled water or 
hydrogen peroxide in different concen-
trations. A lot of them demonstrated 
that sodium perborate mixed with wa-
ter can be as effective as sodium per-
borate mixed with hydrogen peroxide 
(Rotstein, 1991, 1993; Friedman, 1997; 
Ari et al., 2002; Kaneko et al., 2000;  
de Souza-Zaroni et al., 2009). 
The use of carbamide peroxide (16 % 
to 37 %) in the walking bleach tech-
nique was also found to be effective 
(Teixeira et al., 2004; Lim et al., 2004; 
Yui et al., 2008; de Souza-Zaroni et al., 

2009; Valera et al., 2009). A clinical 
study by Deliperi et al. (2005) showed 
successful esthetic results whitening 
nonvital teeth using in-office bleach-
ing with 35 % hydrogen peroxide and 
home bleaching using 10 % carbamide 
peroxide. A new study (Ganesh et al., 
2013) reported that the use of hydro-
gen peroxide (10 %) was better than 
the use of carbamide peroxide (10 %) 
or sodium perborate alone. In some 
studies the combination of intracoronal 
and extracoronal bleaching (35 % hy-
drogen peroxide) has been shown to be 
very efficient for nonvital teeth (Barat-
ieri et al., 1995; Higashi et al., 2007). 
The use of light for activation of hydro-
gen peroxide by bleaching of nonvital 
teeth has also been discussed in the 
literature, showing successful esthetic 
results similar to intracoronal bleach-
ing (Bussadori et al., 2006; Carrasco  
et al., 2007; Gontijo et al., 2008). Other 
studies (Carrillo et al., 1998; Bizhang 
et al., 2003) reported that by proper 
patient selection and education, simul-
taneous bleaching of vital teeth and 
an open-chamber nonvital tooth with 
10 % carbamide peroxide can show  
very good esthetic results. However, 
the fact that the nonvital tooth remains 
with an open chamber during the whole 
bleaching time (at home) is one of the 
main disadvantages of this technique 
compared to all the other available 
methods, and, additionnally, being able 
to control the level of whitening of the 
affected tooth and/or those around it 
is difficult where the procedure occurs 
outside of the dental office. 
According to this literature, it is very 
difficult to conclude which method is 
better to achieve good esthetic results 
when bleaching nonvital teeth, as a 
positive result was almost always the 
case. That being said, a “positive re-
sult” that is controlled by the dentist 
versus one that is not, has the high-
est probability of bringing about the 
best result. Furthermore, in the cases 
of severe tooth discoloration or when 
short-term results are needed, the use 
of products with a high percentage 
of hydrogen peroxide by the in-office 
technique appears to provide the best 
results. 
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|| Discolorations caused  
by root resorption 

No reports were found on the effect of 
bleaching on the pink color caused by the 
root resorption due to dentinal trauma. 

|| Tooth discoloration caused  
by aging

Tooth bleaching can be used for improv-
ing the appearance of teeth discolored 
from aging (Haywood, 2000; Davis, 
2006). However, it might be possible 
that longer application times or higher 
concentrations of hydrogen peroxide 
might be needed in order to achieve the 
desired effect more rapidly. Furthermore, 
many older patients have ceramic or 

composite restorations that were placed 
years earlier. The natural tooth darkens 
with age; the ceramic doesn’t. Being able 
to whiten the discolored tooth structure 
around the previous restorations to 
have them match once again is of great 
value. In this case, the use of an in-office 
bleaching method is preferable, as it is of 
great importance to achieve the right de-
sired result. Teeth that are overbleached 
are not able to be darkened if desired. 

|| Internalized discolorations: Enamel 
hypoplasia, cracks, porosities, etc. 

Unfortunately, for internalized discol-
orations due to enamel hypoplasia, the 
methods used for removing the extrin-

sic discolorations are sometimes not 
enough to give an adequate esthetic 
result. No reports were found in the lit-
erature that directly mentioned the ef-
fect of bleaching methods on the teeth 
with enamel hypoplasia. However, as 
a developmental effect of the enamel 
structure which can result in discolor-
ation after chromogens enter the tooth 
structure, it can be assumed that their 
therapy depends on the degree and 
severity of the discoloration, needing 
in most cases the same therapy as the 
intrinsic discolorations, and for such 
stains that enter cracks, porosities, and 
the like, tooth bleaching is expected to 
successfully remove such discolorations. 

The goal of a bleaching therapy is to 
reconstruct the normal appearance 
of the tooth structure. In most cases, 
significant improvements are reached; 
sometimes, even though improvements 
are significant, ideal results may not be 
possible, as the starting point is so dif-
ferent from the normal physiological 
and/or anatomical tooth appearance. 

4.1 Indications for bleaching
According to the information existing in 
the literature, as presented above, the 
indications for tooth bleaching are:

1st Indication: Esthetics. The improve-
ment of the smile of an individual is 
of great importance for addressing the 
handicap of not being able to speak, 
smile, and laugh with ease. It can re-
lieve the effects of disease and enable 
the patient to have a normal quality of 
life, allowing them to be able to smile 
and speak as others do with self-con-
fidence. 

2nd Indication: Tooth discolorations 
due to systemic, metabolic, traumatic 
factor or drugs. This is important for the 
same reasons as given above.

3rd Indication: Discolorations due to 
blood degradation products during a 

tooth necrosis or because of the color 
of materials used for the root canal 
treatment. This is important for the 
same reasons given above.

4.2 Which bleaching therapy is more 
appropriate for each indication? 

1st Indication: In the case that bleach-
ing is desired only for improving the es-
thetic appearance of vital, healthy teeth, 
the concentration of the bleaching per-
oxide used depends on the available 
time for achieving the desired result. 
According to the literature, bleaching of 
such healthy teeth can be successful by 
using smaller concentrations of hydro-
gen peroxide; however, for more chal-
lenging discolorations and in the case of 
only one or a few teeth requiring treat-
ment, a strong concentration applied in 
the dental office may be needed.

2nd Indication: According to epidemio-
logic data, a lot of patients with severe 
tooth discoloration require a medical 
treatment in order to have a normal, 
healthy smile. As it is obvious in the 
literature mentioned above, for these 
cases, tooth bleaching represents the 
most conservative treatment. In the case 
of tooth discolorations due to systemic, 
metabolic, or traumatic factors, or drugs 

used for the treatment of disease, vital 
bleaching using products with high con-
centrations of hydrogen peroxide can 
provide a more practical and conserva-
tive method and thus prevent the unnec-
essary cutting away of tooth tissues.

3rd Indication: When discolorations are 
due to blood degradation products or 
due to the color of materials used for 
the root canal treatment, the use of the 
internal tooth bleaching products with 
high concentrations of peroxide can 
provide a good result in a short time 
(with the opening access of the tooth 
kept sealed, as it is in the case of walk-
ing bleach treatment or with the open-
ing access resealed immediately after 
bleaching as in the case of the in-office 
procedure with a high peroxide concen-
tration). The literature review revealed 
that these teeth can be treated with 
one or more bleaching products and 
with several concentrations. The time 
of the bleaching treatment has been 
adjusted to the concentration of the 
bleaching product. Longer treatments 
are necessary in the cases of using 
products with low concentration of hy-
drogen peroxide. And, in this case, it 
is recommended to use more powerful 
bleaching products when treating very 
severe discolorations.

4. Indications for bleaching and appropriate bleaching therapy
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In order to be able to evaluate whether 
there are medical reasons—in addition 
to cosmetic reasons—to use bleaching, 
it is necessary to classify and explain all 
kinds of tooth discolorations. Addition-
ally, it is important to differentiate and 
define the terms cosmetics and medical 
device. 
According to the European Union Med-
ical Device Directive (93/42/EEC), a 
medical device is defined as

“any instrument, apparatus, appli-
ance, software, material or other 
article, whether used alone or in 
combination, including the software 
intended by its manufacturer to be 
used specifically for diagnostic and/or 
therapeutic purposes and necessary 
for its proper application, intended 
by the manufacturer to be used for 
human beings for the purpose of:
• diagnosis, prevention, monitoring, 

treatment or alleviation of disease,
• diagnosis, monitoring, treatment, 

alleviation of or compensation for 
an injury or handicap,

• investigation, replacement or 
modification of the anatomy or of 
a physiological process,

• control of conception, 
• and which does not achieve its 

principal intended action in or on 
the human body by pharmacolog-
ical, immunological or metabolic 
means, but which may be assisted 
in its function by such means.”

In contrast to the above, according to 
Cosmetic Directive 76/768/EEC (Arti-
cle 1) the definition of a cosmetic prod-
uct is

“any substance or mixture intended 
to be placed in contact with the 
various external parts of the human 
body (epidermis, hair system, nails, 
lips and external genital organs) 
or with the teeth and the mucous 
membranes of the oral cavity with a 
view exclusively or mainly to clean-
ing them, perfuming them, changing 
their appearance and/or correcting 
body odours and/or protecting them 
or keeping them in good condition.”

As mentioned at the beginning of this 
paper, in Europe there is a lot of dis-
cussion about tooth whitening prod-
ucts, their proper classification, and the 
appropriate concentration of hydrogen 
peroxide. Today, in most countries in 
Europe, whitening products are clas-
sified as cosmetic products or medical 
devices, depending on their concentra-
tion of hydrogen peroxide and/or their 
intended use.
Although bleaching products are ap-
plied on the external surface of the 
tooth like a cosmetic product, they 
penetrate beyond the surface and act 
actually inside the tooth. This diffu-
sion/penetration is similar to medical 
skin creams, medicinal patches, etc., 
meaning that the bleaching products 
act in an invasive way, which is a 
characteristic of medical products. Ad-
ditionally, cosmetic products are not 
allowed to be used inside the body. 
Furthermore, it must be mentioned 
that tooth bleaching is not just a simple 
cosmetic procedure. In order to per-
form a bleaching treatment, a correct 
initial diagnosis of the etiology of the 
tooth discoloration is necessary. Then 
the severity of the discoloration has 
to be evaluated and the appropriate 
bleaching therapy for the patient cho-
sen. It is necessary to realize that each 
tooth discoloration might need a dif-
ferent treatment, including a different 
individually selected bleaching therapy 
according to the cause, severity, and 
localization of the discoloration. The 
same bleaching therapy might show 
different results with different kinds of 
tooth discoloration. 
An important point concerning tooth 
discolorations is that they very often 
represent the symptoms or results of 
diseases and not the disease itself. 
Thus, tooth bleaching can often be 
indicated for the alleviation of the 
disease’s effects. There is a lot of 
discussion concerning the treatment 
of tooth discolorations, its necessity, 
and whether the therapy represents 
a medical indication or not. However, 
the treatment addresses the same 

need very often addressed with more 
invasive treatments such as veneers, 
tooth-colored crowns, or even ortho-
dontic treatment. To claim that tooth 
bleaching is only for esthetics and, 
hence, must be classified as cosmetic 
would be as erroneous as claiming 
that all the other treatments used for 
the same indications would also be 
cosmetic. The results or symptoms of 
a disease need a therapy. In most of 
the cases described above, the tooth 
discoloration is a result of a disease 
—either genetic, caused by other fac-
tors, or due to trauma. Like every other 
disease, they all deserve and need a 
therapy. In a lot of the cases described 
above, the tooth discoloration is a 
manifestation of a disease that oc-
curred during the formation of the 
dental tissues. Whether due to generic 
diseases or not, these defects are not 
reversible. However, the appropriate 
therapy can alleviate the manifesta-
tions of the disease, which is necessary 
for a normal quality of life, as it pro-
vides the opportunity for the patients 
to have what all healthy people have. 
It is similar to the abnormalities on the 
face caused by blood dyscrasia, cancer, 
developmental defects, or trauma. In 
the case of trauma, it would be simi-
lar to the need of a surgical correction 
of the nose after an accident even if 
the breathing function of the nose is 
normal. Therefore, correcting tooth 
discolorations is just as important for 
patients as correcting the results of 
other medical disorders. And, just like 
many of them, it’s important to prevent 
and alleviate the stigma of the result 
of any other disease or trauma. Such is 
even more necessary in today’s world.
Another point that needs to be dis-
cussed is the use of products with high 
or moderate concentrations of hydro-
gen peroxide for treating tooth dis-
colorations. There’s no question that 
whitening products should be profes-
sionally administrated and monitored, 
and it is for the best that bleaching 
materials containing moderate to high 
levels of hydrogen peroxide in any 

5. Discussion
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form should not be in contact with the 
soft gingiva. The strong motivation of 
patients to achieve great results can 
result in an excessive use of these 
materials at home. In contrast, the 
products used for in-office bleaching 
treatments—albeit for practical rea-
sons, necessarily of high concentration 
—can seldom cause pain to the gin-
giva as they are intended to be isolated 
from the soft tissues by the clinician. 
Additionally, it has been shown that 
during home bleaching, some amount 
of the bleaching materials might be 
swallowed, especially after excessive 
use. This is another reason to limit the 
strong concentrations to in-office use 
only. It is estimated that almost 10 % of 
the carbamide peroxide applied in the 
trays for the home application can be 
consumed during the bleaching time 
(Dahl et al., 1995). In the case of the 
whitening strips, it has been reported 
that it can be occasionally swallowed 
by the patients, resulting in the same 

problem as with the trays but with the 
entire bleaching dose and plastic strip 
going to the stomach. Hence, even 
though low concentrations of peroxide 
for home use are usually considered 
safe and effective when indicated, it 
cannot be said that higher concentra-
tions used in the dental office, applied 
by a trained clinician, are necessarily 
less safe. For certain, the clinician is 
responsible and controls the entire 
treatment with the in-office proce-
dure. The use of bleaching products 
containing up to 6 % hydrogen per-
oxide means that increased treatment 
time and/or repeated treatments per 
day will be necessary. But no negative 
lasting gingival effects are reported in 
the literature. It is not totally known 
which negative consequences might 
arise when used for long periods 
(e.g., multiple months) in the case of 
treating severe intrinsic discolorations. 
Although the safety of bleaching ma-
terials and their effects on the soft 

and hard tissues is not the theme of 
this paper, it must be mentioned that 
classifying a bleaching product as 
cosmetic does not necessarily mean it 
can’t potentially harm the soft or hard 
tissues. Obviously, whether a product 
is dentist supervised or dentist applied 
in the office, it is expected to be safer 
than a product obtained over the 
counter with no professional guidance. 
It should be pointed out that from the 
literature, the use of in-office bleach-
ing under professional supervision has 
been the first choice for treating more 
severe discolorations. 
For both, improving esthetics and treat-
ing patients with severe tooth discol-
orations due to diseases and trauma, 
tooth bleaching is mentioned in the lit-
erature to be the therapy of choice. This 
bleaching is sometimes augmented 
with chemical microabrasion and, if 
necessary, by more invasive methods 
such as direct and indirect esthetic res-
torations. 

According to the data published in the 
literature, the efficacy of bleaching 
tooth discolorations cannot be doubted. 
Even in the case of severe discolor-
ations due to systemic or metabolic 
diseases, trauma, or drugs, the use of 
tooth bleaching seems to be beneficial 
compared to restorative techniques, as 
it is more conservative and less invasive. 
Although the use of bleaching with low 

concentrations of hydrogen peroxide for 
longer application times can be success-
ful, the use of products with high con-
centrations of hydrogen peroxide under 
the direct supervision of dental profes-
sionals can also bring benefits—in some  
cases, benefits that are not possible to 
be obtained with home-bleaching tech-
niques. This is often the case with severe 
tooth discolorations due to disease, the 

treatment of the disease, and/or trauma. 
Therefore, it is desirable that the den-
tist has a full range of tooth bleaching 
materials available, containing different 
concentrations of hydrogen peroxide, so 
that he or she can choose the most suit-
able products for his or her patients and 
their individual tooth discolorations. This 
allows the dentist to treat each case as 
effectively and safely as possible.

6. Conclusions
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