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Abstract: The high demand for aesthetic treatments among the population has resulted in a wide
array of bleaching products available on the market. It is imperative to investigate the potential
adverse effects these products may have on dental health. The objective of this systematic review is to
assess, based on available experimental in vitro studies in the scientific literature, whether bleaching
products exhibit cytotoxic properties against pulp stem cells and fibroblasts. A comprehensive
literature search was conducted across the Medline, Scopus, and Lilacs databases using the search
formula ((Tooth whitening) OR (bleaching agent)) AND cytotoxicity AND ((stem cell*) OR fibroblast).
Following the application of inclusion and exclusion criteria, 14 articles were deemed suitable for full
analysis. The most utilized assay in the evaluated studies was the MTT cell viability assay. Fibroblasts
emerged as the most scrutinized cell type due to the potential adverse effects of bleaching, such
as invasive cervical resorption, which primarily affects the periodontal ligament where fibroblasts
are located. It was observed that as the concentration of hydrogen peroxide increases, so does the
cytotoxicity of the product. Additionally, other factors such as application time, activation methods,
and the type of peroxide used also play a significant role. Bleaching products have been shown to
exert cytotoxic effects on fibroblasts. Further exploration of the impact of bleaching agents on dental
pulp stem cells is warranted to better understand their implications for these cells.
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1. Introduction

In recent years, there has been a trend in dentistry towards aesthetic treatments like
dental bleaching, aimed at lightening tooth color to enhance smiles. This procedure involves
applying chemical agents that oxidize the organic pigmentation of the tooth, resulting in a
lighter shade [1,2]. The mechanism of action involves the breakdown of oxidizing agents
into free radicals, which then attack pigmented molecules, reducing their light reflection
and producing a whitening effect [3]. The efficacy of this technique varies depending on
the extent of tooth discoloration [4,5].

Tooth color, a critical aspect of smile attractiveness, is defined by three dimensions:
hue, chroma (saturation), and value. Miller and colleagues have proposed adding a
fourth dimension, opacity/translucency. Tooth color is a critical aspect that determines the
attractiveness of an individual’s smile [6].

Traditionally, we can speak of intrinsic staining, which occurs after a change in the
composition or thickness of the dental tissue [7]. On the other hand, extrinsic discoloration
can be direct and exhibit a multifactorial etiology. It is produced by chromogens derived
from food ingested in the diet or placed habitually in the mouth, such as tobacco, cof-
fee, or tea. Or it can also be indirect, in which the compounds do not have the color of
the resulting stain, such as antiseptics or metallic salts [8]. Understanding these physio-
logical and pathological processes involved in tooth staining allows for individualized
treatment approaches.
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There are several bleaching agents on the market, such as peroxides. Hydrogen
peroxide (HP) is the active agent and the main component which is responsible for the
chemical action. It is a strong oxidizing agent that produces free radicals, reactive molecules,
and HP ions [4]. In contrast, carbamide peroxide (CP) is a stable complex formed by urea,
which stabilizes the pH, and releases HP by decomposition when it encounters water. The
former has a longer active permanence and is used in the office when staining is moderate
or severe. The latter is used in home treatment, in cases of milder discolorations [9].

Treatment methods include in-office procedures, home treatments prescribed by den-
tists, or a combination of both. Home treatment involves using custom trays with CP gel for
a set duration, following an initial in-office application. In-office procedures often employ
higher bleaching agent concentrations, such as 35-40% HP, to achieve faster or more intense
results [10,11].

To minimize sensitivity, various materials like remineralizers or desensitizers,
e.g., sodium fluoride or casein phosphopeptide amorphous calcium phosphate (CPP-
ACP), are used, along with gingival protection barriers like antioxidants (vitamin E or
N-acetylcysteine) [12-15]. Sensitivity and gingival irritation are common adverse effects
of bleaching, influenced by the agent’s penetration ability, concentration, and application
time [16,17].

In addition to the sensitivity and/or gingival irritation, bleaching can produce relevant
iatrogenicity at the cellular level, known as cytotoxicity [18,19]. The oxidizing agent can af-
fect the pulp, producing pathological stress which may lead to necrosis or direct damage to
cell membranes. On the other hand, it can cause damage to fibroblasts, generating oxidative
deterioration in them [20]. This deterioration can lead to cell death and mutations [21].

This cytotoxicity is evaluated through cell viability studies in fibroblasts and dental
pulp stem cells [22]. According to ISO 10993-5, if a material has cell viability values
below 70%, it is considered cytotoxic [23]. The most used assay is the MTT assay (3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide). Its main objective is to calculate
cells that are viable in a high yield. A reduction in the number of mitotic cells provides
evidence of cell growth inhibition. Some of its advantages are its quick measurement and
analysis and the incorporation of several samples [24].

The objective of this systematic review is to perform a qualitative synthesis of in vitro
experimental studies available in the scientific literature on the cytotoxic potential against
pulp stem cells and fibroblasts of bleaching agents on the market and the factors that
modulate it.

2. Materials and Methods
2.1. Subsection

An advanced bibliographic search was carried out in the Medline, Scopus, and Lilacs
databases on 29 November 2022 using the following search string: ((Tooth whitening)
OR (bleaching agent)) AND cytotoxicity AND ((stem cell*) OR fibroblast). The keyword
selection was based on previous evidence and their most used descriptors (Table 1).

2.2. Eligibility Criteria and Study Selection

In vitro studies on the cytotoxicity of bleaching agents on human fibroblasts or dental
pulp stem cells were considered eligible. Both products with chemical agents and abrasive
agents were accepted. Studies on other cell lines and /or other dental products exclusively
were discarded.

Study selection was performed aided by reference management software (Mendeley;
Elsevier, AMS, The Netherlands). References were imported to Mendeley, and duplicate
records were manually discarded. A first screening of the titles and abstracts of the
references was performed. Eligible studies were then submitted to a second screening of
their full text.
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Table 1. Results of database searches.

Database Search Strategy Result
N°1 (Tooth whitening) OR (bleaching agent) 6128
. N°2 (Cytotoxicity) 380,758
Medline N°3 (Stem cell*) OR (fibroblast) 875,315
N°1 AND N°2 AND N°3 35
N°1 (Tooth whitening) OR (bleaching agent) 1035
. N°2 (Cytotoxicity) 1535
Lilacs N°3 (Stem cell*) OR (fibroblast) 4358
N°1 AND N°2 AND N°3 4
N°1 (Tooth whitening) OR (bleaching agent) 11,264
S N°2 (Cytotoxicity) 433,957
copus o .
N°3 (Stem cell*) OR (fibroblast) 977,720
N°1 AND N°2 AND N°3 41

2.3. Data Extraction

For the analysis of the selected articles, the following variables were recorded for each
study: author, year of publication, bleaching material and its characteristics (percentage
of peroxide, commercial brand, and manufacturer), type of cell, type of test used, and
cytotoxicity shown.

2.4. Quality Assessment

The quality of the studies was assessed using the modified CONSORT checklist for
the assessment of the risk of bias of in vitro studies on dental materials by Faggion et al.
(2012), consisting of 14 items [25].

3. Results
3.1. Study Selection and Flowchart

After the study search with the aforementioned formula, a total of 79 results were
found: 35 in Medline, 41 in Scopus, and 4 in Lilacs. After the elimination of duplicates,
59 articles remained. Subsequently, after the title and abstract screening, 45 were excluded,
as they did not meet the inclusion and exclusion criteria. Finally, the remaining 14 articles
were eligible for the full text analysis and all of them were included in the qualitative
synthesis. The study selection flowchart is illustrated in Figure 1.

3.2. Quality Assessment

In vitro studies were performed using the modified CONSORT checklist by Faggion
et al. (2012) [25] consisting of 14 items assessing the quality of the studies (Table 2). All
articles present a correctly structured abstract (item 1), as well as an introduction (item 2a)
that provides information about the bleaching treatment and the main products to carry it
out. The hypothesis and objectives (item 2b) are also clearly stated, as is the description of a
specific methodology with the variables studied (items 3 and 4), which allows replication in
all the studies analyzed. However, none of them provide an accurate report of the sample
size calculation or allocation sequence (items 5-9). It should be noted that the items related
to the randomization process are considered “not applicable” in in vitro studies on cell
samples of this type. On the other hand, all studies reflect the statistical method used (item
10), as well as the level of significance through confidence intervals and/or p values (item
11). In the discussion section, all the studies include a summary of the most relevant results,
as well as a series of comparisons with other published articles. However, only less than
half refer to the limitations encountered in the research process (item 12) [26-31]. Sources of
funding are indicated in most of the studies, except in three (item 13) [21,26,32]. However,
information on the complete trial protocols (item 14) is not mentioned in any of the studies.
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Figure 1. PRISMA 2020 Flowchart.
Table 2. Modified CONSORT quality analysis of in vitro studies.
Study [Ref.] 1 2a 2b 3 4 5 6 7 8 10 11 12 13 14 % Value %
Chen [15] Y Y Y Y Y - - - - Y Y N Y N 53% 80%
Dantas [30] Y Y Y Y Y - - - - Y Y N Y N 53% 80%
Fernandes [20] Y Y Y Y Y - - - - Y Y N N N 46% 70%
Furukawa [14] Y Y Y Y Y - - - - Y Y N Y N 53% 80%
Hanks [31] Y Y Y Y Y - - - - Y Y N Y N 53% 80%
Koulaouzidou [23] Y Y Y Y Y - - - - Y Y Y N N 53% 80%
Kurzmann [24] Y Y Y Y Y - - - - Y Y Y Y N 60% 90%
Llena [18] Y Y Y Y Y - - - - Y Y N Y N 53% 80%
Marto [25] Y Y Y Y Y - - - - Y Y Y Y N 60% 90%
Ribeiro [26] Y Y Y Y Y - - - - Y Y Y Y N 60% 90%
Rode [27] Y Y Y Y Y - - - - Y Y Y Y N 60% 90%
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Table 2. Cont.

Study [Ref.] 1 2a 2b 3 4 5 6 7 8 9 10 11 12 13 14 Y% Value %
Santos [29] Y Y Y Y Y - - - - - Y Y N N N 46% 70%
Soares [28] Y Y Y Y Y - - - - - Y Y Y Y N 60% 90%

Thacker [32] Y Y Y Y Y - - - - - Y Y N Y N 53% 80%

(1) Structured summary of trial design, methods, results, and conclusions; (2a) scientific background and explana-
tion of rationale; (2b) specific objectives and/or hypotheses; (3) the intervention for each group, including how
and when it was administered, with sufficient detail to enable replication; (4) completely defined, pre-specified
primary and secondary measures of outcome, including how and when they were assessed; (5) how sample
size was determined; (6) method used to generate the random allocation sequence; (7) mechanism used to
implement the random allocation sequence, describing any steps taken to conceal the sequence until intervention
was assigned; (8) person who generated the random allocation sequence, person who enrolled teeth, and person
who assigned teeth to intervention; (9) if performed, who was blinded after assignment to intervention, and
how; (10) statistical methods used to compare groups for primary and secondary outcomes; (11) for each primary
and secondary outcome, results for each group, and the estimated size of the effect and its precision; (12) trial
limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses; (13) sources
of funding and other support, role of funders; (14) where the full trial protocol can be accessed, if available.
%: percentage of fulfilled items; value %: percentage of fulfilled items from 10 out of 15 items, since items 5-9 are
not applicable to the assessed study type.

3.3. Materials

The 14 studies analyzed mention the use of a wide variety of bleaching products with
different compositions, commercial brands, and manufacturers (Table 3).

Table 3. Materials used in the studies.

Name Abbreviation Composition Manufacturer
Norblanc Office Nor-HP 37.5% HP Laboratorios Normon, 5.A.,
Madrid, Spain
o Ultradent Products, Inc.,
Opalescence Boost Opal-HP 40% HP South Jordan, UT, USA
Norblanc Home Nor-CP 16% CP Laborator10§ Norm.on, S-A
Madrid, Spain
Opalescence CP Opal-CP 10% CP Norblanc Office
. Sodium monofluorophosphate 500 ppm Swiss Dental Experts,
Edel White Infant EWI F (0.05% w/ion fluoride) Basel, Switzerland
. I NaF 1450 ppm F Swiss Dental Experts,
Edel White Whitening Eww (Ma. 0.145% w/fluoride ion) Basel, Switzerland
. NaF 1450 ppm F Swiss Dental Experts,
Edel White careforte EWC (Ma. 0.145% w/ fluoride ion) Basel, Switzerland
Zoom® Z0 HP, potassium nitrate, glycerine, eugenol Discus Dental, Ontario, CA, USA
NaF 0.24% (0.14% w/fluoride ion), .
Colgate total C triclosan 0.3%. Colgate-Palmolive Company
S Stannous fluoride 0.454% .
Oral B Whitening OB (0.16% w/fluoride ion) Oral-B Whitening, Procter & Gamble
. . o BriteSmile, Birmingham,
BriteSmile BS 3 and 10% CP AL 35233
Denta-Lite DL 10% CP Challenge, OsageBeach, MO 65065
Rembrandt Lighten RL 10% CP Den-Mat, Santa Maria, CA 93456
Union Broach Nu-Smile UBS 15% CP UnionBroach, NewYork, NY 10036
DentalBright DB 10% CP Cura, Jacksonville, FL 32216
White Gold Home 10% WGH-10 10% CP Dentsply, Petropolis,

Rio de Janeiro, Brazil
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Table 3. Cont.

Name Abbreviation Composition Manufacturer
White Gold Home 16% ~ WGH-16 16% CP Dentsply, Petropolis,
Rio de Janeiro, Brazil
Nite White 22% NW 22% CP ACP Discus Dental, Culver, CA, USA
3.4. Study Methodology and Results
The data collected from the selected studies are shown in Table 4. From the 14 selected
articles for the qualitative synthesis, the vast majority used fibroblasts as cell lines and
performed the MTT cell viability assay; only three of them evaluate cytotoxicity with pulp
cells [15,18,31].
Table 4. Data and results obtained from the included studies.
Author Material Cell Assay Cytotoxicity
HP gel 40% (30 min) HP 40%, HP 15% > C- ***
40% + NAC (30 min) HP 40% > HP 15% **
Chen 15% (90 min) HDCP CCK-8 HP 40% > HP 40% + NAC **
15% + NAC (90 min) HP 15% > HP 15% + NAC **
Dantas HP 35% Fibroblasts MTT assay NC > PC **
G1: SP + H,0 (BY, OFD)
G2: SP +20% CP
Fernandes G3: 20% CP Fibroblasts MTT assay g}lfélzcé,gcéz gg a: Zg ﬁ
Gé: SP + 35% HP o R o
G5: 35% HP
15% HP
15% HP > C-*
(o)
1155 // 151{; :15000“1\1\44\\/]% 15% HP, 15% HpO, + 50 uM VE,
Furukawa ° K Fibroblasts MTT assay 15% HP + 100 uM VE, 15% HP +
15% HP + 125 uM VE
125 uM VE > 15% HP + 250 uM
15% HP + 250 uM VE VE, 15% HP + 375 uM VE
15% HP + 375 uM VE a7 a
10 and 3% BS
DL DB > RL > DL > 3% BS > UBS >
Hanks DB Fibroblasts MTT assay )
10% BS
RL
UBS
Koulaouzidou Pt and HP BHK21/C13 1929 MTT assay HP > Pt BHK21/C13 > 1929
Gel .
Gel-HP Gel-HP > Gel-TiO, / Ag > Gel
Kurzmann Gel-TiO Fibroblasts MTT assay and Gel-TiO;
-TiO, :
Gel-TiO, /Ag 24 h > 30 min
HP (Nor-HP, Opal-HP) Opal-HP > Nor-CP, Opal-CP,
Llena CP (Nor-CP, Opal-CP) HDCP MTT assay and Nor-HP ***
G1: HP 0 h: Zoom®,
G2: Zoom . Zoom® + irradiation > HP
Marto G3: Zoom® + irradiation Fibroblasts MTT assay 72 h: HP > Zoom?®,
G4: irradiation only Zoom® + irradiation
20 wt% CP
Ribeiro 2.1% papain-based whitening Fibroblasts WST-1 assay CP > bromelain, ficin,

3.1% ficin-based whitening 1%
bromelain-based whitening

papain-based whitening *
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Table 4. Cont.
Author Material Cell Assay Cytotoxicity
MTT assay EWW > OB > C > EWC > EWI
EWW, OB, C, EWC > EWT ***
Rode EWI, EWW, EWC, C, OB Fibroblasts O € EWC >
EWW > OB, C, EWC y EWI **
MNT C>EWC and EWT ***
WGH-10%: C10
Santos WGH-16%: C16 Fibroblasts dye-uptake assay C22>C10>Cl6at2,4,and 8 h
NW: C22
o o 1m0 o 35% HP >17.5, 10, and 8% HP at
Soares 35%, 17.5%, 10%, and 8% HP HDCP MTT assay 0hand 72 h
o = . .
Thacker 10% CaO, and N-TiO, Fibroblasts LDH assay HP at high concentration > CaO,

activated with visible light

and N-TiO, *

*p <0.05*: p <0.01**: p<0.001.

Studies reported that a higher concentration of peroxide resulted in an increased
cytotoxicity. A difference between commercial brands was also observed which, using the
same concentration of product, resulted in different levels of cytotoxicity, probably due to
the additives incorporated in their composition [18,33,34].

Other compounds were also tested among the included studies to search for formula-
tions with less adverse effects on teeth. These compounds include N-TiO, [27], which is
also associated with CaO; [35]; platinum; or enzymes such as bromelain, ficin, and papain
incorporated into whitening products [29]. All of them have been found to be significantly
less cytotoxic than traditional peroxides [28].

In addition, authors such as Furukawa [14] and Chen [15] use antioxidants such as
vitamin E and N-acetylcysteine respectively, which can reduce the cytotoxicity, especially
in their use at the gingival barrier level. However, if it were associated with the bleaching
agent, it would mean less oxidation, and therefore a reduction in the tooth whitening effect.

Finally, it is worth mentioning the comparison of bleaching pastes, which, although
they do not contain oxidants such as peroxides, may induce a certain cytotoxicity due to
the abrasives they contain.

4. Materials and Methods

Due to the high demand for dental bleaching, many products have emerged for this
purpose. latrogenic problems can appear with the use of some of them, among which is
the affectation of pulp tissue. Cytotoxicity is an adverse effect that is increasingly studied,
since it can cause irreversible damage at the dental level [2]. The MTT assay is used in
studies to verify cell viability [36].

Most bleaching products incorporate peroxides, which can be hydrogen or carbamide.
Soares et al. [31] studied the effect of various concentrations of HP (35%, 17.5%, 10%, and
8%) on dental pulp cells. It was determined that cytotoxicity is concentration dependent,
assuming a significant increase in the application of HP at 35% compared to the rest. The
same concentration was used in another study [33] applied to fibroblasts, where activation
by phototherapy with a low intensity laser emitting in the visible red and near infrared was
also used. Apart from the decrease in cell viability shown in the application of 35% HDP, a
compensatory effect was observed in the group that incorporated the low intensity laser.
This is attributed to the fact that this type of therapy promotes the regeneration of injured
tissues and under stress conditions can increase cell metabolism. On the other hand, light
activation involves a degree of heating of the gel, an increase in molecular movement and
greater kinetic energy. It leads to an acceleration in diffusion since the chances of reactions
are increased [37]. However, the type of light used does not influence the cytotoxicity of
the dental pulp [38].
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Therefore, whether to activate the materials in the procedure with light remains a
subject of debate today; this procedure offers a range of potential benefits and the ability
to promote recovery after the inevitable cell damage. Marto et al. [28] established in their
study that there is an inhibition of metabolic activity with peroxide-induced oxidative
stress whenever photoactivation is present. However, irradiation with LED light has been
shown to favor the restoration of activity as well as cell regeneration.

Carbamide peroxide (PC) is another commonly used peroxide, typically applied at
home in concentrations of 10-16%. Evidence suggests that it can also be cytotoxic. One
study determined how the use of this agent at 22% compared to more typical percentages
such as 16% or 10%, leads to a greater inhibition of cellular activity [32]. Sodium perborate
(SP), despite its historical use, is currently in disuse [39]. It has been shown to be more
harmful to teeth, resulting in erosions. Its cellular toxicity was found to be greater than that
of HP [21].

However, the brand selected can have significant relevance despite using similar
concentrations. There is evidence that, when comparing different brands, the results
in terms of the cytotoxicity produced differ without being a consequence of a higher
percentage of one of them [18,34]. Examples of this are Norblanc and Opalescence, both
used at concentrations of 37.5-40% HP, with the latter being more harmful [18]. This
is likely due to some additives incorporated in bleaching products, which increase the
existing adverse effects. Additionally, it is worth mentioning the common incorporation of
thickeners such as carbopol (carboxypolymethylene polymer), found in most household
bleaching products such as carbamide peroxide. Its main function is to slow down the
release process, thus extending the reaction time [40,41].

Whitening can be achieved through various methods. In addition to the application
of whitening products in the dental office, there are also home-use products such as
whitening toothpastes, aimed at lightening tooth color. These pastes contain abrasive
cleaning materials, moisturizers, thickening agents, and fluorides for health benefits. Some
whitening pastes also include chemical agents such as HP, sodium citrate, or phosphate
salt [42].

Abrasives are insoluble components incorporated into toothpaste to physically remove
stains and dental plaque. Significant tooth color changes can be achieved with their use
over a certain period and frequency of brushing. Some of these compounds include
sodium lauryl sulfate, sodium monofluorophosphate, hydrated silica, sodium benzoate,
silicon dioxide, calcium carbonate, dicalcium phosphate dihydrate, calcium pyrophosphate,
alumina, perlite, and sodium bicarbonate [43].

However, the excessive incorporation of certain abrasives in toothpaste can damage
dental structure, despite their necessity in preventing stains. Additionally, studies show
differences in cytotoxicity generated depending on the brand name, which is again im-
portant depending on the ingredients it contains [30]. This effective cleaning action must
be balanced with remineralization at the dental level to ensure the toothpaste formula is
adequate and does not damage tooth enamel [44].

To avoid treatment side effects, ongoing research focuses on new formulas, methods,
and barriers. Preventive options such as the use of antioxidants are being explored. Vitamin
E, for example, is an essential nutrient with various health benefits, including its antioxi-
dant properties. It contains tocopherols and tocotrienols, potent antioxidants capable of
eliminating peroxyl radicals [45,46]. Therefore, studying their interactions with oxidative
stress and reactive oxygen species (ROS) is of interest since these are the main mechanisms
of action of bleaching.

Different concentrations of vitamin E associated with HP application have been evalu-
ated, with evidence of lower cytotoxicity observed at concentrations from 250 uM [14].

Another studied antioxidant compound is N-acetylcysteine, a metabolite of the amino
acid cysteine with antioxidant potential. It acts as a bioprotective agent against oxidative
stress by eliminating reactive oxygen species [47,48]. Observations indicate a reduction
in HP-associated cytotoxicity with N-acetylcysteine at various concentrations and appli-
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cation times [15]. A recent systematic review indicates how the use of topical otosporin
reduces pulpal inflammation when applied after bleaching treatment, as well as the use of
remineralizing agents such as bioactive glass-ceramic or MI Paste Plus (a paste made up
of casein phosphopeptide and amorphous calcium phosphate) help maintain an alkaline
environment, thereby reducing the acidification caused by HP [49].

It is worth noting that the antioxidant potential of such compounds may have a
lesser effect on whitening, reducing tooth lightening as they prevent the oxidative reaction
involved in treatment. Therefore, their primary recommended use is at a preventive level,
as a protector of the gingival barrier, applied to soft tissues to prevent the ROS from
damaging periodontal cells.

Research not only focuses on preventive materials but also on discovering agents that
achieve whitening with less damage. Titanium oxide (TiO;) is among the most studied
compounds. It is a semiconductor that has photocatalytic and photoconductive properties,
which make it an oxide with great degradation potential. Its viability is due to its low
toxicity, low price, and photostability. Its modification with nitrogen, giving rise to N-TiO,,
aims to avoid the collapse of the porous structure that forms the material [50]. This has
traditionally been activated with ultraviolet light, but a photocatalyst that activates visible
light has recently been introduced. For bleaching, photocatalytic nanoparticles can be used,
which when activated by light, produce oxidation. It is shown that the addition of N-TiO,
results in lower cytotoxicity compared to the sole use of HP. However, it shows a lower cell
viability when associated with Ag (TiO,/Ag) [27]. It should be noted that this product is a
masking agent and therefore does not cause a real change in the color of the dental tissue.

CaO;, is a possible substitute for traditional peroxides since it releases HP in a con-
trolled manner when reacting with water. The release rate can be modified according to
factors such as pH and temperature. Therefore, it is one of the most stable solid perox-
ides [51]. Thus, its incorporation as an active ingredient to N-TiO, activated with visible
light as a photocatalyst has been evaluated. The result not only shows that it is effective in
the aspect of efficient tooth whitening, but also that it is less cytotoxic. However, further
evidence is still needed to determine its use in clinical practice [36].

Platinum (Pt) is another compound shown to produce fewer adverse effects, par-
ticularly when applied to two types of fibroblasts, BHK21/C13 and 1929, with varying
sensitivity to its action despite both showing some affectation with oxidative action [26].

Proteolytic enzymes such as bromelain, papain, or cysteine are examples of molecules
that can be considered active agents with bleaching potential due to their enzymatic activity.
Their main feature is the enhancement of HP-dependent oxidation-reduction, as well as
decreasing the toxicity produced by electron-donor compounds [52]. Other properties
include anti- inflammatory, fibrinolytic, and immunomodulatory effects. Likewise, its use
in toothpaste has been demonstrated to eliminate dental stains with reduced roughness
thanks to its protease action of protein degradation [53]. This may be relevant for the future
use of products that do not contain peroxides, provided that more studies are conducted to
provide scientific evidence to support the change in clinical practice.

The limitation of this systematic review lies in the variability of the included studies,
both in their methodology and in the products used. It is necessary to establish protocols for
the performance of these in vitro studies that allow an adequate comparison between them
and the performance of a meta-analysis. On the other hand, most studies used fibroblasts
because one of the most common adverse effects is invasive cervical resorption. More
studies with dental pulp stem cells are needed to know exactly how bleaching products
can affect the vitality and physiological functions of the pulp tissue.

5. Conclusions

All the bleaching products assessed in the included studies can cause pulp damage.
The factors that most modulate the cytotoxic potential of these products are concentration,
application time, and reaction speed. However, the use of antioxidant and proteolytic
enzymes is also a factor to be considered. The product with the highest cytotoxic potential
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is HP. It is the professional, knowing the characteristics of the products available, who
should personalize the treatment for each patient; they should be aware that there are
agents with great bleaching power, but which present greater risks of cellular involvement.
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