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INTRODUCTION

Several chemical components and procedures have been used along the years to resolve dental
discolorations (vital and non-vital teeth) (1, 2). However, even though promising bleaching
outcomes (3–6) have been reported by numerous studies (in vitro and clinical trials), patients
typically complain about the occurrence of mild-to-severe post-operatory dentin hypersensitivity
(4, 7–9). These concerns have precipitated the execution of extensive studies aiming to improve
the safety and efficacy of peroxide-based (hydrogen or carbamide) treatments (10). Despite the
widespread clinical acceptance amongst clinicians and patients, and the perceived safety (11)
associated with dental bleaching procedures, (12) studies have demonstrated the negative impacts
of these so-called minimally invasive and ultraconservative techniques on enamel, (13–15) dentin,
pulp and surrounding soft tissues (13, 16–18).

The fundamental mechanism of action associated with peroxide-containing products (hydrogen
[HP] or carbamide [CP]) revolves around the generation of reactive oxygen species (ROS) (19).
These oxidizing agents such as oxygen, hydroperoxyl, sodium hypochlorite, hydrogen peroxide,
ozone and hydroxyl are associated with different redox potentials (E0, in Volts; +1.229, +1.510,
+1.630, +1.780, +2.075 and +2.800, respectively) (20, 21) and according to Gentil de Moor, (21)
the higher the redox potential, the higher the efficacy in breaking conjugated C=C bonds present in
large organic molecules (chromophores). The breakage of conjugated bonds results in numerous
small-sized molecules that efficiently scatter smaller wavelengths. This physico-chemical process
alters the optical behavior of teeth (22) and the visual perception of colors from yellow-brown
to bluish-white.

Even though dental bleaching agents have been reported to generate large amounts of ROS, (20)
the molecular environment provided by these materials not only limit their transport, from the gel
into the crystalline structure, but also hinders the efficacy of these highly reactive and short-lived
species. The most common approaches to overcome these limiting factors include the utilization
of high concentrations of HP (30–44%), long exposure times to CP (21 days, at-home) or the
utilization of external energy sources (heat or visible light). Several light sources have been used
with the purpose of improving the efficacy of bleaching procedures and to shorten the exposure of
tissues (soft and mineralized) to highly caustic and oxidative agents (23, 24).

Despite the feasibility of the process, numerous reports have indicated that bleaching protocols
modulated by visible light render esthetic outcomes that are only similar to those attained by at-
home bleaching techniques, thereby questioning the need for the utilization of visible light (25–27).
Therefore, this brief opinion article aims to contribute with information regarding the state of the
art, recent developments and future perspectives in the field of dental bleaching.
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PAST, PRESENT AND FUTURE OF DENTAL

BLEACHING

The first attempt to improve the efficacy of hydrogen peroxide
was based on the delivery of thermal energy onto the tooth
structure by means of a heated spatula (28, 29). Although, the
process provided with excellent esthetic results, the inability
to control the diffusion of heat, and the occurrence of
irreversible damage to the dentin-pulp complex restricted its
widespread utilization. Subsequent developments focused on
the utilization of chemical catalysts (oxalic acid) to improve
the speed of the reaction and reduce the incidence of adverse
effects (1). However, clinical results were associated with intense
dentin hypersensitivity that could only be resolved by radical
endodontic treatment.

The introduction of visible light in dental bleaching
techniques started with light curing units containing quartz-
tungsten halogen filament lamps. These devices emit a broad
range of wavelengths (between 400 and 525 nm) (30) and
tremendous amount of radiant heat (infrared) that must be
filtered using band-pass optical filters. In this energy-transfer
model, a colored bleaching gel is used to insulate teeth and
convert photons into thermal energy. The rationale behind
this approach is to raise the temperature of the gel, favor the
dissociation of HP and improve the molecular mobility of ROS.
Even though studies demonstrated that esthetic results were
better than those attained with at-home bleaching techniques,
high levels of dentin hypersensitivity were still being reported by
treated patients (31).

Light-emitting diodes (LEDs), which are narrow-band and
heat-free sources have also been used in in-office dental bleaching
procedures. Despite the lower levels of dentin hypersensitivity
reported, clinical outcomes were considered poor and were
inferior to those from at-home bleaching techniques, which
further strengthened the controversy regarding the utilization
of visible light. Esteban Florez et al. (22, 28) while investigating
the scientific basis of in-office power bleaching procedures,
suggested that a photonic catalysis model should be used
to improve bleaching outcomes when using heat-free light
sources. In the model proposed, visible light irradiation is used
to increase chromophores’ degree of freedom and create a
molecular environment that improves the reactivity of ROS and
the breakage of chromophores.

A few clinical studies have investigated the effects of hybrid
irradiation (infrared and visible, 780 ± 5 nm and 457 ± 15 nm,
respectively) on the efficacy of in-office bleaching protocols using
gels containing 6% of HP (32–34). Even though the hybrid
irradiation investigated was shown to enhance the efficacy of
bleaching gels with low concentrations of HP, results reported
have indicated that bleaching outcomes were still inferior to
those of 35% HP. According to those studies, the major benefit
of the hybrid irradiation technology (LASER/LED) precipitated
from the intrinsic biostimulation properties of low intensity level
laser that decreased the incidence, intensity and duration of
post-operatory dentin hypersensitivity, (35) thereby positively
impacting patient’s overall experience and comfort (36).

Photonic bleaching techniques are those that do not use
any type of peroxide-containing products, (37–39) and have
been suggested as an alternative to resolve dental discolorations
without the occurrence of adverse side effects (40). In this pain-
free approach, (40) visible radiation of adequate wavelength
(405 ± 15 nm) and photon energy (3.06 µeV) (41) is used to
break conjugated C=C and alter the optical behavior of teeth
(42, 43). However, even though such photophysical process is
feasible from the electronic standpoint, the limited penetration
of near-UV wavelengths (44) associated with the desiccation of
the crystalline structure, not only decreases the total amount of
energy available to permanently break conjugated C=C double
bonds, but also eliminates the chances for the generation of ROS.
In combination, these factors are clinically translated into less-
than-optimal bleaching outcomes and poor chromatic stability
(days to weeks) (18, 45–47).

Other studies focused on the incorporation of calcinated
metaloxide nanoparticles, such as nitrogen-doped titanium
dioxide (TiO2-N), into commercially-available bleaching
gels containing hydrogen peroxide (6 to 35%) (36, 48, 49).
According to results reported, nanoparticles used behave
as semi-conductors and efficiently convert photons into
thermal energy (36). Randomized clinical trials have indicated
that bleaching techniques modulated by experimental gels
containing varying concentrations of HP and TiO2-N, did
not result in bleaching outcomes that were better than those
attained with unaltered bleaching gels under the same light
irradiation conditions (36). Despite all efforts from the
manufacturing and scientific communities, bleaching materials
and equipment developed were not capable of vertically
advancing the field.

This scenario exposes a critical need for novel materials
and techniques that are capable of delivering excellent esthetic
outcomes without negatively impacting the properties of
teeth (surface, mechanical, chemical and biological). Recent
studies (50–52) have demonstrated the synthesis of third-
generation titanium dioxide nanoparticles co-doped with
nitrogen and fluorine (NF_TiO2, 6–15 nm) using robust
and highly reproducible solvothermal reactions. According
to Huo et al. (53) the synthetic route reported renders
nanoparticles that are highly crystalline, have well-defined
pore-size distributions, are electron-deficient, generate
substantial amounts of ROS, and display strong antibacterial
properties (light and dark conditions) against non-disrupted
Streptococcus mutans biofilms when functionalized in a
commercially-available 5th generation dental adhesive resin
(50). These findings are fundamentally important for subsequent
developments in the field, because third-generation and
visible-light responsive NF_TiO2 can be easily functionalized
into polymers currently used in dental bleaching products
(at-home and in-office). If successful, this approach may
result in a novel generation of bleaching gels with low
concentrations of HP and NF_TiO2 (lower than 10% HP)
that are highly effective, less aggressive to the crystalline
structure, and may display important teeth mineralization
properties (biomimetic functionalities).
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DISCUSSION

It is clear from a simple review of the literature that significant
amount of time, funds and effort have been invested by both
the manufacturing and scientific communities to improve the
efficacy and safety of dental bleaching procedures. Despite all
efforts, in-office dental bleaching techniquesmodulated by visible
light radiation (from heat-free sources) and HP continue to be
associated with dentin hypersensitivity, (11) and negative impacts
on the properties of teeth (surface, mechanical, chemical and
biological) (13, 16–18, 25, 35, 54).

Since dentin hypersensitivity has a strong and positive
correlation with the concentration of HP, (55) photonic bleaching
approaches have been proposed as a safe, pain- and peroxide-free
alternative to resolve light-to-mild dental discolorations in vital
teeth. However, even though some reports have demonstrated
promising immediate results, (37) the vast majority of the
literature has indicated that clinical outcomes are poor and
unstable. In fact, a recent study (44) has shown that 98% of
the energy delivered onto the enamel (thickness of 1.0mm)
is significantly attenuated when using near-UV wavelengths
(∼405 nm), and results in doses of energy (at the enamel-dentin
junction) that are below the threshold required to permanently
break conjugated double bonds present in chromophores.

This behavior not only results in poor esthetic outcomes,
but also in clinical protocols that are longer (in terms of
clinical sessions). Based on the context provided, it is our
opinion that light irradiation continues to be fundamentally
important to improve the efficacy of peroxide-containing
products (either HP or CP). It is important to underscore that
bleaching protocols modulated by HP and near-UV wavelengths
(∼405 nm) result in bleaching outcomes that are superior than
those precipitating from the combination between HP and
visible light (∼457 nm), (55) thereby indicating a wavelength-
dependent mechanism. Two recent randomized clinical trials
(56, 57) have corroborated our opinion by demonstrating that
bleaching protocols modulated by near-UV radiation and CP
resulted in esthetic outcomes that were comparable to those of
35% HP, were long-lasting (up to 1 year), were associated with
lower levels of dentin hypersensitivity and clinical sessions that
were significantly shorter (∼30 min/each) (56–58).

Subsequent developments in the field should focus on
improving the molecular environment of polymers to
optimize the generation, transport and penetration of ROS
while decreasing HP concentrations used. One possible
alternative is the utilization of third-generation and visible
light-responsive nitrogen and fluorine co-doped titanium
dioxide nanoparticles (NF_TiO2) that are capable of generating
substantial amounts of ROS and display strong antibacterial,
biomimetic and biocompatibility properties (51, 52, 59). In
addition, the development of improved interfacial chemistries
for superior functionalization, loading and dispersion of
metaloxide nanoparticles in dental polymers is expected to
result in stable colloidal sols displaying superior rheological and
wettability properties.

Bleaching protocols modulated by visible light radiation
and nano-filled bleaching gels may not only display promising
esthetic outcomes and low levels of dentin hypersensitivity,
but could also display biomimetic properties. In combination,
these properties are anticipated to protect the chemical make-
up of treated teeth through an ion-exchange mechanism and
will have the potential to render treated enamel less soluble
to organic acids, thereby adding an additional therapeutic
value (biomimetic properties) to dental bleaching treatments.
Therefore, subsequent studies in the field should be based on
mechanistic methodologies capable of elucidating the processes
governing the generation and transport of ROS and the impact of
polymer compositions on the efficacy of bleaching procedures.
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tooth sensitivity increase 1 day following different whitening treatments. Acta

Stomatol Croat. (2021) 55:280–90. doi: 10.15644/asc55/3/5

10. Tredwin CJ, Naik S, Lewis NJ, Scully CB. Hydrogen peroxide tooth-whitening

(bleaching) products: review of adverse effects and safety issues. Br Dent J.

(2006) 200:371–6. doi: 10.1038/sj.bdj.4813423

11. Oldoini G, Bruno A, Genovesi AM, Parisi L. Effects of amorphous calcium

phosphate administration on dental sensitivity during in-office and at-home

interventions. Dent J. (2018) 6:52. doi: 10.3390/dj6040052

12. Li Y, Greenwall L. Safety issues of tooth whitening using peroxide-based

materials. Br Dent J. (2013) 215:29–34. doi: 10.1038/sj.bdj.2013.629

13. Sun L, Liang S, Sa Y,Wang Z,Ma X, Jiang T. Surface alteration of human tooth

enamel subjected to acidic and neutral 30% hydrogen peroxide. J Dent. (2011)

39:686–92. doi: 10.1016/j.jdent.2011.07.011

14. Grazioli G, Valente LL, Isolan CP, Pinheiro HA, Duarte CG, Münchow

EA. Bleaching and enamel surface interactions resulting from the use

of highly-concentrated bleaching gels. Arch Oral Biol. (2018) 87:157–

62. doi: 10.1016/j.archoralbio.2017.12.026

15. Silva AP, Oliveira R, Cavalli V, Arrais CA, Giannini M, Carvalho RM. Effect

of peroxide-based bleaching agents on enamel ultimate tensile strength. Oper

Dent. (2005) 30:318–24.

16. Kemaloglu H, Tezel H, Ergücü Z. Does post-bleaching fluoridation affect the

further demineralization of bleached enamel? An in vitro study. BMC Oral

Health. (2014) 14:113. doi: 10.1186/1472-6831-14-113

17. Cavalli V, Rosa DA, Silva DP, Kury M, Liporoni P, Soares LE, et

al. Effects of experimental bleaching agents on the mineral content

of sound and demineralized enamels. J Appl Oral Sci. (2018)

26:e20170589. doi: 10.1590/1678-7757-2017-0589

18. Kury M, Antonialli FM, Soares LE, Tabchoury CP, Giannini M, Florez FL,

et al. Effects of violet radiation and non-thermal atmospheric plasma on

the mineral contents of enamel during in-office dental bleaching. Photodiag

Photodyn Ther. (2020) 31:101848. doi: 10.1016/j.pdpdt.2020.101848

19. Kwon SR, Wertz PW. Review of the mechanism of tooth whitening. J Esthet

Restor Dent. (2015) 27:240–57. doi: 10.1111/jerd.12152

20. De Moor RJ, Verheyen J, Diachuk A, Verheyen P, Meire MA, De Coster PJ, et

al. Insight in the chemistry of laser-activated dental bleaching. Sci W J. (2015)

2015:650492. doi: 10.1155/2015/650492

21. Pretel H, Costa JL, Florez FL, Nogueira BR, de Oliveira OB. Assessment of the

temporal variation of electrical potential and pH of different bleaching agents.

Heliyon. (2021) 7:e08452. doi: 10.1016/j.heliyon.2021.e08452

22. Esteban Florez, F.L., E. Lins, P.P. Portero, R.d.F.Z. Lizarelli, O.B.d.

Oliveira, and V.S. Bagnato. Investigation of photo-bleaching through

transmittance method in pigmented solution: understanding possible

mechanisms and advantages for photo dental whitening. SPIE BiOS.

(2007). doi: 10.1117/12.700517

23. Florez FL, Lins EC, Portero PP, Lizarelli RF, Oliveira Jr OB, Bagnato VS.

Evaluation of temperature increase during in-office bleaching. J Appl Oral Sci.

(2016) 24:136–41. doi: 10.1590/1678-775720150154

24. Nam SH, Choi BB, Kim GC. The whitening effect and histological safety of

non-thermal atmospheric plasma inducing tooth bleaching. Int J Environ Res

Public Health. (2021) 18:4714. doi: 10.3390/ijerph18094714

25. Hahn P, Schondelmaier N, Wolkewitz M, Altenburger MJ, Polydorou O.

Efficacy of tooth bleaching with and without light activation and its effect

on the pulp temperature: an in vitro study. Odontology. (2013) 101:67–

74. doi: 10.1007/s10266-012-0063-4

26. Maran BM, Burey A, de Paris Matos T, Loguercio AD, Reis A. In-

office dental bleaching with light vs. without light: a systematic review

and meta-analysis. J Dent. (2018) 70:1–13. doi: 10.1016/j.jdent.2017.1

1.007

27. SoutoMaior JR, De Moraes SL, Lemos CA, Vasconcelos BD,

Montes MA, Pellizzer EP. Effectiveness of light sources on

in-office dental bleaching: a systematic review and meta-

analyses. Operat Dent. (2019) 44:E105–17. doi: 10.2341/17-

280-L

28. Florez FL, Figueiredo AC, Moriyama LT, Junior OO, Bagnato VS. In vitro

study of the influence of the pigments of three colored gels over the light

distribution of visible light by digital images. BiOS. (2009). doi: 10.1117/12.80

9359

29. Florez FL, Vollet-Filho JD, Oliveira-Junior OB, Bagnato VS. Time-course

diffusion of hydrogen peroxide using modern technologies. Proceed SPIE.

(2017) 7162:716209-1- 716209-8. doi: 10.1117/12.809285

30. Elvidge CD, Keith DM, Tuttle BT, Baugh KE. Spectral identification of

lightning type and character. Sensors. (2010) 10:3691. doi: 10.3390/s100403961

31. Martin J, Fernandez E, Bahamondes V, Werner A, Elphick K, Oliveira Jr

OB, et al. Dentin hypersensitivity after teeth bleaching with in-office systems.

Randomized clinical trial. Am J Dent. (2013) 26:10–4.

32. Zanin F, Brugnera Jr A, Marchesan MA, Pecora JD. Laser and LED external

teeth-bleaching. Biomedical Optics. (2004) 2004:5313 doi: 10.1117/12.537428

33. Torres CR, Barcellos DC, Batista GR, Borges AB, Cassiano KV, Pucci CR.

Assessment of the effectiveness of light-emitting diode and diode laser hybrid

light sources to intensify dental bleaching treatment. Acta Odontol Scand.

(2011) 69:176–81. doi: 10.3109/00016357.2010.549503

34. Kossatz S, Dalanhol AP, Cunha T, Loguercio A, Reis A. Effect of light

activation on tooth sensitivity after in-office bleaching. Oper Dent. (2011)

36:251–7. doi: 10.2341/10-289-C

35. Benetti F, Lemos CA, de Oliveira Gallinari M, Terayama AM, Briso AL, de

Castilho Jacinto R, et al. Influence of different types of light on the response

of the pulp tissue in dental bleaching: a systematic review. Clin Oral Investig.

(2018) 22:1825–37. doi: 10.1007/s00784-017-2278-9

36. Trevisan TC, Bortolatto JF, Rizzi G, Meloto BT, Dantas AA, de Oliveira Junior

OB. Clinical performance of 6% hydrogen peroxide containing TiO(2)N

nanoparticles activated by LED in varying wavelengths-a randomized clinical

trial. Lasers Med Sci. (2022). 37:2017–24. doi: 10.1007/s10103-021-03464-1

37. Panhoca VH, Oliveira B, Rastelli AS, Bagnato VS. Dental bleaching

using violet light alone: clinical case report. Dentistry. (2017)

7:459. doi: 10.4172/2161-1122.1000459

38. Santos AE, Bussadori SK, Pinto MM, Zanin FA, Silva T, Martinbianco AL, et

al. Clinical evaluation of in-office tooth whitening with violet LED (405 nm):

a double-blind randomized controlled clinical trial. Photodiag Photodyna

Therapy. (2021) 35:102385. doi: 10.1016/j.pdpdt.2021.102385

39. Kury M, Resende BA, Silva DP, Wada EE, Antonialli FM, Giannini

Met al. Clinical application of violet LED In-office bleaching with or

without traditional systems: case series. Oral Health Dent Stud. (2018)

2. doi: 10.31532/OralHealthDentStud.2.1.001

40. Brugnera AP, Nammour S, Rodrigues JA, Mayer-Santos E, De Freitas PM,

Brugnera A, et al. Clinical evaluation of in-office dental bleaching using

a violet light-emitted diode. Photobiomodul Photomed Laser Surg. (2020)

38:98–104. doi: 10.1089/photob.2018.4567

41. Nakonieczna-Rudnicka M, Bachanek T, Madejczyki M, Grajewskai I,

Kobyłecka E. Teeth Whitening vs. the Influence of Extrinsic Factors on Teeth

Stains. Przeglad lekarski. (2015) 72:126–30.

42. Zanin F. Recent advances in dental bleaching with laser and LEDs. Photomed

Laser Surg. (2016) 34:135–6. doi: 10.1089/pho.2016.4111

43. Zanin F, Brugnera Jr A, Windlin MC. Dental bleaching with LEDs and lasers.

Lasers Dent. (2015):92–103. doi: 10.1002/9781118987742.ch14

44. Kury M, Rueggeberg FA, Soto-Montero JR, André CB, Resende BA, Giannini

M, et al. Characterization and effectiveness of a violet LED light for in-office

whitening. Clin Oral Investig. (2022) 3:1–12 doi: 10.1007/s00784-021-04357-x

45. Kury M, Perches C, da Silva DP, Andre CB, Tabchoury CP, Giannini M, et

al. Color change, diffusion of hydrogen peroxide, and enamel morphology

after in-office bleaching with violet light or non-thermal atmospheric

plasma: an in vitro study. J Esthetic Restorative Dent. (2020) 32:102–

12. doi: 10.1111/jerd.12556

46. de Oliveira Gallinari M, Cintra LT, Barboza AC, da Silva LM, de Alcantara

S, Dos Santos PH, et al. Evaluation of the color change and tooth sensitivity

in treatments that associate violet LED with carbamide peroxide 10 %: a

randomized clinical trial of a split-mouth design. Photodiag Photody Therapy.

(2020) 30:101679. doi: 10.1016/j.pdpdt.2020.101679

47. Gallinari MO, Fagundes TC, da Silva LM, de Almeida Souza MB, Barboza

AC, Briso AL. A new approach for dental bleaching using violet light with

or without the use of whitening gel: study of bleaching effectiveness. Operat

Dent. (2019) 44:521–9. doi: 10.2341/17-257-L

48. Thacker M, Chen YN, Lin CP, Lin FH. Nitrogen-doped titanium

dioxide mixed with calcium peroxide and methylcellulose for

dental bleaching under visible light activation. Int J Mol Sci. (2021)

22:3759. doi: 10.3390/ijms22073759

Frontiers in Dental Medicine | www.frontiersin.org 4 May 2022 | Volume 3 | Article 912857

https://doi.org/10.15644/asc55/3/5
https://doi.org/10.1038/sj.bdj.4813423
https://doi.org/10.3390/dj6040052
https://doi.org/10.1038/sj.bdj.2013.629
https://doi.org/10.1016/j.jdent.2011.07.011
https://doi.org/10.1016/j.archoralbio.2017.12.026
https://doi.org/10.1186/1472-6831-14-113
https://doi.org/10.1590/1678-7757-2017-0589
https://doi.org/10.1016/j.pdpdt.2020.101848
https://doi.org/10.1111/jerd.12152
https://doi.org/10.1155/2015/650492
https://doi.org/10.1016/j.heliyon.2021.e08452
https://doi.org/10.1117/12.700517
https://doi.org/10.1590/1678-775720150154
https://doi.org/10.3390/ijerph18094714
https://doi.org/10.1007/s10266-012-0063-4
https://doi.org/10.1016/j.jdent.2017.11.007
https://doi.org/10.2341/17-280-L
https://doi.org/10.1117/12.809359
https://doi.org/10.1117/12.809285
https://doi.org/10.3390/s100403961
https://doi.org/10.1117/12.537428
https://doi.org/10.3109/00016357.2010.549503
https://doi.org/10.2341/10-289-C
https://doi.org/10.1007/s00784-017-2278-9
https://doi.org/10.1007/s10103-021-03464-1
https://doi.org/10.4172/2161-1122.1000459
https://doi.org/10.1016/j.pdpdt.2021.102385
https://doi.org/10.31532/OralHealthDentStud.2.1.001
https://doi.org/10.1089/photob.2018.4567
https://doi.org/10.1089/pho.2016.4111
https://doi.org/10.1002/9781118987742.ch14
https://doi.org/10.1007/s00784-021-04357-x
https://doi.org/10.1111/jerd.12556
https://doi.org/10.1016/j.pdpdt.2020.101679
https://doi.org/10.2341/17-257-L
https://doi.org/10.3390/ijms22073759
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/dental-medicine#articles


Cavalli et al. Current Status and Future Perspective

49. Zhang F, Wu C, Zhou Z, Wang J, Bao W, Dong L, et al. Blue-

light -activated nano-TiO2@PDA for highly effective and non-

destructive tooth whitening. ACS Biomat Scie Enginee. (2018)

4:3072–7. doi: 10.1021/acsbiomaterials.8b00548

50. Florez FL, Hiers RD, Larson P, Johnson M, O’Rear E, Rondinone AJ, et

al. Antibacterial dental adhesive resins containing nitrogen-doped titanium

dioxide nanoparticles. Mater Sci Eng C Mater Biol Appl. (2018) 93:931–

43. doi: 10.1016/j.msec.2018.08.060

51. Florez FL, Hiers RD, Zhao Y, Merritt J, Rondinone AJ, Khajotia SS.

Optimization of a real-time high-throughput assay for assessment of

Streptococcus mutans metabolism and screening of antibacterial dental

adhesives. Dent Mater. (2020) 36:353–65. doi: 10.1016/j.dental.2019.12.007

52. Esteban Florez FL, Trofimov AA, Ievlev A, Qian S, Rondinone AJ,

Khajotia SS. Advanced characterization of surface-modified nanoparticles

and nanofilled antibacterial dental adhesive resins. Sci Rep. (2020)

10:9811. doi: 10.1038/s41598-020-66819-8

53. Huo Y, Bian Z, Zhang X, Jin Y, Zhu J, Li H. Highly active TiO2-xNx visible

photocatalyst prepared by N-doping in Et3N/etoh fluid under supercritical

conditions. J Phy Chemistry C. (2008) 112:6546–50. doi: 10.1021/jp711966c

54. Barcellos DC, Borges AB, Torres CR, Batista GR. Analysis of the pulp chamber

temperature of teeth submitted to light activation with and without bleaching

gel.W J Dent. (2011) 2:23–7. doi: 10.5005/jp-journals-10015-1048

55. Camargo SE, Valera MC, Camargo CH, Mancini MN, Menezes MM.

Penetration of 38% hydrogen peroxide into the pulp chamber in bovine and

human teeth submitted to office bleach technique. J Endod. (2007) 33:1074–

7. doi: 10.1016/j.joen.2007.04.014

56. Kury M, Wada EE, da Silva Palandi S, Picolo MZ, Giannini M, Cavalli V.

Colorimetric evaluation after in-office tooth bleaching with violet LED: 6- and

12-month follow-ups of a randomized clinical trial. Clin Oral Investig. (2022)

26:837–47. doi: 10.1007/s00784-021-04062-9

57. Kury M, Wada EE, Silva DP, Tabchoury CP, Giannini M,

Cavalli V. Effect of violet LED light on in-office bleaching

protocols: a randomized controlled clinical trial. J Appl

Oral Sci. (2020) 28:e20190720. doi: 10.1590/1678-7757-2019-

0720

58. Youssef SA, Cunha SR, Mayer-Santos E, Brito SA, de Freitas PM,

Ramalho J, et al. Influence of 35% hydrogen peroxide gel renewal

on color change during in-office dental photobleaching with violet

LED: a split-mouth randomized controlled clinical trial. Photodiagnosis

Photodyn Ther. (2021) 36:102509. doi: 10.1016/j.pdpdt.2021.10

2509

59. Esteban Florez FL, Kraemer H, Hiers RD, Sacramento

CM, Rondinone AJ, Silvério KG. Sorption, solubility and

cytotoxicity of novel antibacterial nanofilled dental adhesive

resins. Sci Rep. (2020) 10:13503. doi: 10.1038/s41598-020-70

487-z

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Cavalli, Kury, Melo, Carneiro and Esteban Florez.

This is an open-access article distributed under the terms of the Creative

Commons Attribution License (CC BY). The use, distribution or reproduction

in other forums is permitted, provided the original author(s) and the

copyright owner(s) are credited and that the original publication in this

journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Dental Medicine | www.frontiersin.org 5 May 2022 | Volume 3 | Article 912857

https://doi.org/10.1021/acsbiomaterials.8b00548
https://doi.org/10.1016/j.msec.2018.08.060
https://doi.org/10.1016/j.dental.2019.12.007
https://doi.org/10.1038/s41598-020-66819-8
https://doi.org/10.1021/jp711966c
https://doi.org/10.5005/jp-journals-10015-1048
https://doi.org/10.1016/j.joen.2007.04.014
https://doi.org/10.1007/s00784-021-04062-9
https://doi.org/10.1590/1678-7757-2019-0720
https://doi.org/10.1016/j.pdpdt.2021.102509
https://doi.org/10.1038/s41598-020-70487-z
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/dental-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/dental-medicine#articles

	Current Status and Future Perspectives of In-office Tooth Bleaching
	Introduction
	Past, Present and Future of Dental Bleaching
	Discussion
	Author Contributions
	Funding
	References


