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Abstract—The dental whitening process, beyond the fact that it is
a mini-invasive dental treatment, has effects on the dental structure or
on the pulp of the tooth where it is applied. The electronic search was
performed using keywords to find articles published within the last 10
years about side effects, assessed as such, of the minimally invasive
dental bleaching treatment. The aim of the study was to evaluate the
side effects of bleaching based on the percentage and type of solution
used, where the latter was evaluated on the basic solution used for
bleaching. The side effects of bleaching are evaluated in selected
articles depending on the method of bleaching application, which
means it is carried out with recommended solutions, or with mixtures
of alternative solutions or substances based on Internet information.
The dental bleaching process has side effects which have not yet been
definitively evaluated, experimentally in large samples of individuals
or animals (mice or cattle) to arrive at accurate numerical conclusions.
The trend of publications about this topic is increasing in recent years,
as long as the trend for aesthetic facial treatments, including dental
ones, is increasing.

Keywords—Teeth whitening, side effects, permanent teeth,
formed dental apex.

1. INTRODUCTION

HE basic element in determining the color of the teeth is

related to the dental structures: dentin, which has a
genetically inherited color, and enamel, which is transparent,
located on the dentin, reflecting the color of the latter. Younger
patients have thicker enamel in cross section and enamel
transparency is more reduced than in older patients. The
increase in the contrast of the tooth color to the structures of the
surrounding facial tissues is another element that affects the
whiter appearance of the tooth compared to what it really is [1]-
[3]. Another element that is added to the tooth color picture is
the transparency of the enamel. Depending on the food diet, the
enamel may lose its transparency locally in areas, or as a whole
of the entire tooth or teeth. A high-pigment, low-fiber diet
makes it possible to fix pigments in mechanically abraded
cavities on the enamel surface. These cavities should not be
expected to be visible to the naked eye, but are random
scratches over time on the enamel surface, caused by sharp or
rather rough parts of the food diet or specific foods consumed
[3]-[8]. The presence of chromogenic bacteria such as
Porphyromonas gingivalis and Prevotella intermedia as a
normal part of the individual oral flora, also takes orientation in
the positioning, as these bacteria prefer the entry of the gingival
sulcus, also orienting the positioning of the specific staining of
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the tooth caused by these bacteria [9]-[12].

The extrinsic staining caused by Nasmythe membrane
remnant stains orients this type of staining depending on age.
These colors are those are reflected in the initial moments of
teeth eruption, both temporary and permanent teeth [13]-[15].
Existing restorations, gingival bleeding and the routine of food
selection included in the patient's individual diet are the factors
that influence the appearance of discolorations inside the
enamel structure. Depending on the pigmentation of these
elements, the pigmentation of the tooth color is also expressed.
Chromogenic foods such as black tea, wine, Coca-Cola, coffee
and even specific medications can cause stains on tooth
surfaces, but without the visible presence of bacterial plaque.
Here is only the fixing element, without any specific chemical
connection [1], [5], [16]-[22]. The other element that can give
internal colors to vital teeth is the excessive presence of fluoride
in drinking water, which is associated with the appearance of
fluorosis [22]-[27]. This factor causes white to yellow colors,
the severity of which depends on the dose of fluoride, the rate
of its intake and the duration of its application in the individual
diet. The next factor for the internal colors of vital teeth is
hypocalcification, which is caused by enamel or dentin defects
as a result of trauma without the local possibility of
calcification, during tooth development; or decalcification after
tooth eruption due to poor local hygiene, or local dental
interventions. Vital teeth change their color, passing to a darker
shade of the initial color, as a result of the aging process [28]-
[32].

This study aims to collect the latest data about the side effects
of whitening, as a mini-invasive dental treatment, published
data on advantages, disadvantages, indications and
contraindications about these procedures [32]-[37]. Tooth
discoloration has different etiology, divided and classified
depending on the source of the cause: as discoloration from the
inside of the tooth structures and discoloration from the outer
surface of the tooth. The color of the teeth has, among the
artistic elements of the evaluation, an influencing element in the
aggravation or not of the clinical situation, such as the age of
the patient and the food diet they apply [38]-[45].

Considering all these elements, the goals of the study are: the
evaluation about the method of application and the type of
whitening selected by patients or indicated by the dentist
himself, but also the side effects of bleaching as an aesthetic
procedure, with a relatively short duration. Achieving the aim
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of the study is carried out by the appropriate selection of key
words and the collection of articles necessary to reach
conclusions [45]-[48].

II. METHODS

At this stage, 25 articles were selected as part of the basic
articles included in the study [48]-[77].

Below are presented the data after processing the information
gathered from the selected articles. Table I shows the
distribution of articles based on the years of publication.

TABLEI
TYPE OF STUDY ACCORDING TO YEAR OF PUBLICATION AND SUBJECT OF
ARTICLE
W 2012-2015 2016-2019 2020-2022 Total
Article type
Review - 4 (14%) - 4 (14%)
In vitro in animals - - 4 (14%) 4 (14%)
In vivo in animals** - - 3 (10%) 3 (10%)
In vitro in humans 3 (10%) 5(17%) 2 (7%) 10 (34%)
In vivo in humans 3(10%)  3(10%)  1(3%) 7 (24%)
Questionnaires - - 1 (3%) 1 (3%)
Total 6(21%) 12 (41%) 11 (38%) 29*** (100%)

*The electronic search was carried out for the period of 2012-2022, the
division was carried out in 4-year time intervals, except for the last interval.

** Animal experiments were performed on rats and cattle, thus exploiting the
similarities in the dental structure of these animals with the dental structure of
humans.

***The total of articles collected is 25 articles, but four of them evaluate the
effects of bleaching both in vivo and in vitro, this without difference in animals
[74] as well as in humans in cases of bleaching applied to teeth scheduled for
extraction [52], [56], [63].

The way the whitening material acts on the surface where it
is applied can be classified according to the action that this
material exerts on the surface of the enamel. This in our study
is divided according to the categories of chemical effect,
physical effect, or the combination of both physical-chemical
effects. This type of classification was caused by the review
article included in the criteria of the study conducted in 2019 by
Epple et al. [48]. The chemical effects of the whitening material
include: the protease or protein degrading effect, the solvent
effect or the removal of hydrophobic compounds from the tooth
surface, the oxidation-reduction effect, photochemical or
interactions under the effect of light.

The physical effects include: abrasive effect or mechanical
removal of surface colors, anti-deposition agent effect or
removal of chromophore deposits, penetration or introduction
of bleaching material depending on the component grains and
their sizes, infiltration or the same as above accompanied by the
process of wetting, photocatalytic or dissolution under the
effect of light. The physicochemical effects include: diffusion,
which is seen as a combination of infiltration but under the
effect of concentration, allowing substances to move from areas
of higher concentration to areas of lower concentration.

Table II shows the distribution of the articles included in the
study depending on the effect obtained in the analysis of the
bleaching material, the study in question was carried out and
the conclusions were drawn from the data.

Table III summarizes the side effects of tooth whitening
analyzed in the articles selected in the study, dividing these
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effects according to the type of article (review, in vitro, in vivo
or questionnaire) and the evaluation method (positive or
negative). It is important to note that the positive assessment
means that the article concluded that dental bleaching has a
negative effect on dental structures. The negative evaluation
means that the article concluded that bleaching and bleaching
materials do not damage the dental structure. Among the side
effects mentioned in the selected articles are: sensitivity,
abrasiveness of the enamel surface, pulpal inflammation, pulpal
inflammation together with abrasiveness, sensitivity together
with abrasiveness, gingival irritation and the effects that
bleaching has on the blood formula. At this moment, the
division of the articles is carried out with the subdivisions in
vitro and in vivo, regardless of where the evaluations were
carried out in animals or in humans depending on the type of
material used.

TABLE II
TYPE OF ARTICLE AND THE TYPE OF EFFECT OF THE BLEACHING MATERIAL
Effect type Chemical Physical Physicochemical  Total
Article type Effect Effect Effect
Review 2 (7%) 2 (7%) - 4 (14%)
In vitro in animals 2 (7%) - 2 (7%) 4 (14%)
In vivo in animals** 2 (7%) - 1 (3%) 3 (10%)
In vitro in humans 4 (14%) 3 (10%) 3 (10%) 10 (34%)
In vivo in humans 3 (10%) 2 (7%) 2 (7%) 7 (24%)
Questionnaires - - 1 (3%) 1 (3%)
Total 13 (45%) 7 (24%) 9 (31%) 29
TABLE III

SUMMARY OF SIDE EFFECTS CAUSED BY THE BLEACHING PROCEDURE,
ANALYZED IN THE SELECTED ARTICLES IN THE STUDY

Article type Review Invitro  Invivo Question Total
Side effect
Sensitivity ~ Positive 1 (3%) 1 (3%) 2 (7%)
Negative 2(7%) 1(3%) 2(7%) 1(3%) 6 (21%)
Abrasiveness Positive 6 3 (10%) 9 (31%)
Negative 2 (7%) 2 (7%)
Pulp Positive 3 (10%) 3 (10%)
inflammation  Negative 1 (3%) 1 (3%)
Pulp Positive -
inflammation  Negative 13%) 1(3%) 2 (7%)
Abrasiveness
Sensitivity ~ Positive 1 (3%) 1 (3%)
Abrasiveness Negative -
Gingival Positive 1(3%) 1(3%) 2 (7%)
irritation  Negative -
The blood  Positive 1 (3%) 1 (3%)
Negative -
Glass Positive 1** (3%) 1** (3%)
ionomers**  Negative -
Total 4 (14%) 14 (48%) 10 (34%) 1(3%) 29 (100%)

** Article numbered twice. The summary of the data of Table III is
presented in Table IV, where the opinions on the appearance of negative effects
and positive effects of the whitening material applied to the surfaces of the teeth
are shown in total in percentage.

Table V divides the articles depending on the sample of teeth,
blocks of teeth, or patients included in the experiment, clinical
application or in the questionnaire, having the logic that the
larger number of inclusions in the study shows clearer results
with real effects of bleaching material or bleaching technique
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applied.
TABLE IV
SIDE EFFECTS IN CASES OF APPLICATION OF DENTAL TREATMENT OF TEETH
WHITENING
Effect type Negative effects Positive effects Total
Article type
Review 2 (7%) 2 (7%) 4 (14%)
In vitro 10 (34%) 4 (14%) 14 (48%)
In vivo 6 (21%) 4 (14%) 10 (34%)
Questionnaire - 1 (3%) 1 (3%)
Total 18 (62%) 11 (38%) 29 (100%)
TABLEV

DISTRIBUTION OF ARTICLES DEPENDING ON THE SAMPLE OF TEETH

ample size Case report <50 elements > 51 elements  Total
Article type

Review 3 (10%) 1 (3%) 4 (14%)
In vitro 1 (3%) 8 (28%) 5(17%) 14 (48%)
In vivo 2 (7%) 6 (21%) 2 (7%) 10 (34%)
Questionnaire 1 (3%) 1 (3%)
Total 3 (10%) 17 (59%) 9 (31%) 29

III. DISCUSSIONS

Smoking is thought to be a factor that affects the appearance
of external tooth discoloration. This depends on the type of
smoking, frequency and duration of the habit [7], [33], [34]. If
whitening is classified depending on the teeth where it is
performed, whitening of vital teeth or non-vital teeth, even the
side effects of these whitening procedures, which are performed
at home or near the dental chair, can be classified and ordering
according to this logic. Medium-grade sensitivity in vital teeth,
post bleaching procedure in dental clinic conditions, is known
to occur post treatment, as hydrogen peroxide has the ability to
easily pass through enamel and dentin, but does not cause
damage to the pulp. For this sensitivity, it is indicated to give
analgesics with a mild to moderate effect to the patient, since it
is a sensitivity that lasts a maximum of 24 hours after bleaching
[1]-[5].

For the whitening of vital teeth in home conditions, the
sensitivity of the teeth and the irritation of the gums are
mentioned as side effects, both side effects that come as a result
of the application of the whitening material in excess. In any
bleached tooth, regardless of the bleaching technique applied,
there is reduced temporary bonding potential between the bond
and the composite. Residual oxygen from the remains of
peroxide prevents the fixation of the connecting bond [1]-[6].
This is prevented by performing all conservative therapeutic
dental restorations, 1 week after the last teeth whitening
procedure, i.e., 1 week after the whitening is completed.

Whitening of vital teeth in the conditions of the dental clinic
as a side effect mentions the color change and loss of integrity
of the PMMA polymethyl methacrylate restorative material
during exposure to carbamide peroxide. Therefore, temporary
crowns are best modeled with bis-acrylates.

For internal bleaching, in teeth previously treated with
endodontic treatment, i.e., in devital teeth, the literature reports
[1]-[6] a 1% chance of cervical resorption, especially in cases
of bleaching with thermocatalytic techniques. This percentage
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is significantly reduced with the application of calcium
hydroxide mixed with distilled water in the form of a paste, to
the orifice of teeth that have undergone internal whitening
treatment. Although, it is worth noting that the thermocatalytic
technique is a procedure that is no longer recommended, in
terms of the evolution of internal bleaching techniques. Tooth
color is an important element of aesthetics. The smile is
aesthetically beautiful when, in addition to the teeth, we smile,
exposing the gingiva, which should be pink in color. The
papillary gingiva should cover the interdental spaces below the
point of contact. From the aesthetic point of view of the smile,
an important element is also the color of the teeth, which
becomes the main element, when priority is given at high levels
by the patient himself. The improvement of the image
contributes to the increase of self-esteem accompanied by
positive psychological effects [1], [4], [12], [35].

During the publication years 2020-2022, there are about 11
articles published about dental whitening, which make up about
38% of the weight of articles in total. In this period of years,
scientific research has been oriented around animal experiments
and obtaining results from the in vitro assessment of bleaching
side effects, if this period of years is compared with the time
period 2016-2019, which also includes the majority of collected
articles about 41%, these articles had the main focus of studying
the results of in vitro interventions in humans and review type
studies. In the period of 2021-2015, scientific research about
dental whitening was rather "spartan" by conducting in vivo and
in vitro studies in humans. In other words, the trend for finding
data about the side effects of bleaching has been linear
regardless of the years of publication.

In 45% of the articles, it is emphasized that the action of the
teeth whitening solution is based on the chemical processes of
interaction, in 24% of the articles this process is thought to be
based on the physical basis of its realization and in 31% of the
articles the mode of action of the whitening solution on the
surface of the tooth is thought to be of physicochemical
character. According to in vitro studies, 21% support the
chemical effect of the bleaching solution, 2% support the
physical effect of the action of the bleaching solution and 17%
support the physical-chemical action of the bleaching solution
on the surface of the tooth. According to in vivo studies: 17%
of the articles support the chemical action of the bleaching
solution, 7% the physical effect of the action and 10% support
the physical-chemical effect of the action of the bleaching
solution on the surface of the tooth where it is applied. Review-
type studies analyze this interaction process only with a
chemical or physical character and do not see it as a
physicochemical process, while questionnaire studies look at
this type of action based on both types of processes, i.e., with
physicochemical character.

Based on the data in Table III, the appearance of side effects
of dental whitening, unwanted and harmful effects sometimes
reaches up to 61% support in the articles included in the study,
where the highest value is the appearance of surface
abrasiveness enamel with 31%, the appearance of pulpal
inflammation in the value of 10%. If these values are added to
the percentage values of the combination of pulpal
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inflammation and abrasiveness at the same time and sensitivity
and abrasiveness at the same time, the final values of
abrasiveness of 34% and sensitivity of 10% are reached.

From the data in Table IV, it appears that bleaching appears
as a truly mini-invasive procedure, but the damage it causes to
the tooth structure goes up to 62%, based on the highest value
of 34% according to in vitro experimental studies and on the
value of 21% in in vivo type studies. The data in Table V show
that most of the studies on dental bleaching were performed,
about 59% of them in samples with less than 50 elements and
only 31% in studies with samples with more than 51 elements.
These samples can be patients, numbers of teeth or blocks of
dental structures.

IV. CONCLUSIONS

The side effects of dental bleaching have been further
evaluated through in vitro studies in humans, on blocks of
dental structures from teeth scheduled for extraction. This
analysis technique gives the advantage of obtaining results both
in vivo and in vitro of the application of bleaching materials,
also trying to apply high percentages of the solution to find the
ceiling or the limit of what the most effective percentage of the
solution should be to whiten with as few side effects as possible.

The whitening material, regardless of its type, acts on the
dental structure according to predetermined physical, chemical
processes or based on their combination of the physicochemical
type. There is no higher dominant percentage than which
process the bleaching solution acts on.

Sensitivity is the most mentioned side effect of dental
whitening, for which sensitization is normal for both
professionals and patients, but the less advertised side effect,
but with a higher incidence, is the abrasiveness of the enamel
surface. It should be attempted for studies with larger samples
of patients, teeth of patients or animals with similar dental
structures, to obtain the most significant results about the side
effects of whitening solutions on teeth.
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