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Abstract

Objective: This study evaluated the efficacy and tooth sensitivity of bleaching with the
novelviolet LED light used in differentin-office approaches.

Clinical Considerations: Three patients were submitted to anamnesis, clinical and
radiographic exams and to different bleaching protocols and materials.

Case report I: Violet LED light was applied in 20 irradiations of 1 minute at 30-s intervals
without the use of peroxide agents. After eight appointments with 4 or 7-day intervals, no
tooth sensitivity (TS) was reported and color changed from A2 to A1 and from B3 to A2 in
upper centralincisor (tooth 11)and upper canine (tooth 13), respectively.

Case report Il: The same protocol established for violet LED light application was used and
associated with 37% carbamide peroxide in three appointments at intervals of 7 days. Color
changed from A3,5to B2 (tooth 13), and provoked TS was reported.

Case report Ill: 35% hydrogen peroxide was associated with the same violet LED regimen
and number of sessions. Although spontaneous TS was reported in low levels, color
changed from A2to B1 (tooth 11)and from A3to B1 (tooth 13).

Conclusion: Although the three treatments promoted different bleaching responses, in
vitro and in vivo investigations of the violet LED protocols are still necessary. In addition, the
fact that the sensitivity levels obtained are compatible with conventional bleaching
treatments demonstrated thatviolet LED lightis possibly adequate for clinical use.

Clinical Significance: Bleaching of vital teeth with violet LED with or without peroxide
agents exhibited acceptable clinical results and low sensitivity responses.
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Introduction

In-office tooth bleaching is commonly accomplished with the application of high-
concentrated oxidative agents on the enamel surface." As a consequence, patients may
report tooth sensitivity during or for a few days following the procedure.? In comparison to at-
home therapy, this clinical symptom is a drawback of in-office technique, since some patients
may quit the treatment after experiencing intense sensitivity.?

Alternative bleaching therapies have been described as an attempt to fasten in-office
bleaching results.”® The in-office association of LED/laser (blue wavelength) with high-
concentrated hydrogen peroxide agents, for instance, was used as an alternative to
accelerate the peroxide reaction.® Although controversial, some authors reported that light
may have catalyzed the peroxide reaction, reducing the required session time to reach a
desirable bleaching outcome.”® Moreover, photocatalysts such as TiO_N have been added
into low-concentrated bleaching gels in order to enhance the free radicals release and, in turn,
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resultin comparable color change to 35-38% HP gels with lower sensitivity levels.’

Recently, a novel light source with a violet LED has been introduced, aiming to promote
bleaching without the use of chemical agents. According to the manufacturer, this device
irradiates visible violet light in the wavelength of 405 nm, and this spectrum could be capable
of bleaching teeth in the absence of any peroxide agent."”’ In order to accelerate bleaching, the
manufacturer also suggests the association of the violet LED light with either high-
concentrated carbamide or hydrogen peroxide aiming to reduce the length of clinical
appointments.'” Therefore, violet LED could be applied alone or associated with carbamide
and hydrogen peroxide.

Clinical reports demonstrated the violet LED light efficacy alone or associated with
carbamide peroxide." “Thus, the irradiation of violet LED light with no peroxide association or
less concentrated agents than hydrogen peroxide may be an interesting option for patients
with severe tooth sensitivity. Moreover, the combination of violet LED with the chemical agents
may reduce chair-side appointments, costs and patient’s discomfort."

In view of these facts, this report shows in a series of cases the contrast of the effectiveness
ofthe three whitening systems.

Case Series

After ethical approval by the Piracicaba Dental School Ethical and Research Committee,
patients designated to bleaching signed an informed consent. Eligibility criteria evaluation for
violet LED bleaching protocols underwent with a detailed anamnesis, in which patients were
questioned about their previous medical and dental history. Patients had to answer an inquiry
on dietary and oral health habits. Moreover, volunteers were submitted to clinical and
radiographic exams and periodontal evaluation. The inclusion criteria comprised periodontal
health, absence of caries lesions, enamel cracks or exposed dentin. Baseline color evaluation
of upper canine required a minimum shade of A3, and patients must not had been undergone
tooth bleaching in the previous three years. If one of the assumptions were disrupted or if the
patientunderwent previous bleaching treatment, then the exclusion criteria were applied.

The three patients selected were submitted to different bleaching protocols:

. Case Reportl—violet LED light

. Case Reportll—violet LED light associated with 37% carbamide peroxide (CP)
. Case Reportlll —violet LED light associated with 35% hydrogen peroxide (HP).

The bleaching agents used in the three cases are described in table 1 along with the
manufactures instructions. The number of bleaching appointments and application of the
bleaching agents were performed according to each technique and summarized in table 2.

Table 1. Description and composition of the physical and chemical agents used in the clinical
cases and theirrespective manufacturer’sinstructions

Product Basic composition Manufacturer’s instruction

Bright Max Whitening Four light emitting diode lamps | Applied for 30 min (20 consecutive 1- min

— BMW (MMOptics, in violet wavelength (405 nm) irradiation at 30-s intervals) associated or not
Sao Carlos, SP, Brazil) | positioned in a curved acrylic with high-concentrated bleaching agents. When
tip. no agent is applied, 4 to up to 10 appointments
are indicated. Three sessions is the limit
indicated when associated with peroxide
agents.

Used in walking bleaching technique within non-

Whiteness Super Endo | 37% carbamide peroxide,
(FGM, Joinville, SC, neutralized carbopol, inert vital teeth bleaching. It is placed into pulp
Brazil) filler, glycol and deionized chamber and must be evaluated and replaced if
water. necessary in every three to four days up to eight
times.

Whiteness HP (FGM, 35% hydrogen peroxide, dyes, | Indicated for vital teeth bleaching with three 15 -
Joinville, SC, Brazil) glycol, inert filler, deionized min applications. 7 - day interval required

water and thickener. between up to four sessions.
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Table 2. Bleaching protocols set for each of three vital bleaching case reports

Case Report Bleaching Protocol

| 20 consecutive 1-min violet LED irradiation with 30-s intervals were performed in eight
appointments with 4 to 7 -day intervals. The light tip distance from the upper and lower
arches was standardized using a tripod, which set the acrylic tip 8 -mm distant from the
teeth.

Il Three appointments of a single application of 37% carbamide peroxide gel on the teeth
surface was performed during 30 min concomitantly with the Violet LED irradiations. The
distance of the LED tip was also defined as the first protocol. 7 -day intervals were done
among sessions.

1l Three appointments of a 35% hydrogen peroxide were also applied in the teeth surface for
30 min in a single performance. During all the application time, the violet LED was
activated and positioned as the first and second protocols. 7-day intervals were done
among sessions.

Color evaluation was registered in the upper right central incisor (11) and upper right canine
(13) at each appointment with color shade guide Vitapan Classical A1-D4 (Vita, Bad
Sackingen, Germany) and hand spectrophotometer (VITA Easyshade, Bad Sackingen,
Germany). Two evaluators were calibrated in standardized light, temperature and pressure
conditions. Previous appointments were performed with a certain number of patients to
determine parameters for differences among scale tabs for both calibrators, and for
standardizing the use of the spectrophotometer. In addition, tooth sensitivity (TS) was
assessed by means of a Visual Analogue Scale (VAS), in which, patientis able to classify pain
according to the numerical range: 1 (lowest TS) to 10 (highest TS). The VAS measured tooth
sensitivity immediately and 24 h after the bleaching session. The color change and TS results
foreach volunteerare describedin table 3.

Table 3. Upperrightincisor (11) and canine (13) shades measured with spectrophotometer
/visual shade guide before and after bleaching, and intensity tooth sensitivity values obtained
by volunteers’ reports by means of a visual analogue scale during sessions and their intervals.

Volunteer | Initial Shade Final Shade TS TS intensity
intensity (sessions)
(sessions)
LED (11) A2; (13) B3 |(11) A1; (13) A2 0 0
LED/CP |(11) A1; (13) A3.5|(11) A1; (13) B2 0 1'=0-2"=4-3"=3
LED/HP | (11) A1; (13) A3 [(11) B1;(13) A1 0 11=1.2"=2.3"=3
Case Reportl

A 19-year old male patient underwent the preliminary exams, had no previous history of
tooth sensitivity and was considered eligible to be submitted to bleaching. The initial color of
the teeth was registered with the color shade guide and spectrophotometer. The upper right
centralincisor (11) and canine (13) were A2 and B3, respectively (Figures. 1Aand 1B) and the
treatment proposed was in-office whitening using the violet LED light source without the use of
chemical whitening agent.

Initially, dental prophylaxis was carried out in all appointments and a gingival barrier with a
light-cure resin paste (Top Dam, FGM, Joinvile, SC, Brazil) was applied on the free gingival
margin of teeth exposed to bleaching (14—24), in order to avoid thermal damage or dryness of
the gingival tissue. The patient’s eyes were protected with blue-blocker glasses during the
entire procedure. This gingival barrier was performed from maxillary and mandibular molar to
molar of the opposite side with a 2-mm thickness. The flowable resin was light-cured for 20 s
(Valo, Ultradent, South Jordan, UT, USA). Following the instructions (MMOptics Electronic
Equipment, Sdo Carlos, SP, Brazil), violet LED lightirradiated the upper frontarch for 1 minute
followed by a 30-s interval. This procedure was repeated 20 times and the total light delivery
was 20 min, and the clinical session endured 30 min. The power of the LED, which was used in
the three report cases, is 1,200 mW. The calculated emittance of the light source is
approximately 112 mW/cm?. Thus, the radiant energy of the violet LED is 6.7 J per cycle (60 s).
Within the intervals, moisture gauze was applied over teeth and gingival margins in order to
rehydrate the exposed enamel and soft tissues.
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Figure 1. Aspect of the dental elements before being submitted to bleaching with violet LED
only.

Before the LED irradiation, upper right central incisor was detected with shade A2 and the upper right
canine with shade B3.

Eight sessions were performed at intervals of 4 to 7 days and at the end of bleaching, color
shade was re-evaluated. The color of upper right central incisor (11) and canine (13) was
reduced from A2 to A1 and from B3 to A2, respectively (Figures. 2A and 2B). During and after
treatment, according to the VAS scale, patientreported no levels of tooth sensitivity.

Figure 2. Final color measurement of dental elements after bleaching with violet LED only.

After the protocol using LED not associated with any chemical agents, the upper right incisor shade
ranged fromA2to B1andthe upperrightcanine fromB3toA2.

Casereportli

A 24-year-old male patient fulfilled the preliminary conditions of eligibility. This patient was
submitted to bleaching with violet LED light associated with 37% carbamide peroxide
(Whiteness Super-endo, FGM, Joinville, SC, Brazil). The upperright central incisor and upper
right canine exhibited color shade A1 and A3.5 (Figures. 3A and 3B), respectively, according
tothe color scale and manual spectrophotometer.

Kury M et al, Oral Health and Dental Studies. 2019, 2(1):1. 4 0f 11
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Figure 3. Dental elements before bleaching with high-concentrated carbide peroxide
associated with violet LED light.

Atthe first appointment, the color evaluation indicated that upper rightincisor and canines ofthe patient
were A1andA3,5respectively.

Prophylaxis was performed and the gingival tissues were protected with a light-curing
gingival barrier as described in case | (Top Dam, FGM, Joinville, SC, Brazil). The bleaching
agent was applied in 3 sessions of 30 min each (Figure. 4), directly from the syringe in which
the transparent gel is marketed. The gel was applied in both maxillary and mandibular teeth,
among second premolars, covering the entire enamel buccal surface with a thickness of
approximately 1 mm. The LED was applied simultaneously to CP application, following the
protocol established for violet LED light application (20 lightirradiations for 1 min followed by a
30-s interval). Three bleaching sessions were undertaken at a 7-day interval. At the end of
bleaching treatment, the upper right central incisor (11) kept the shade A1 and the upper right
canine (13) exhibited color change from A3.5 to B2 (Figures. 5A and 5B). The VAS exhibited
level 4 and 3 of induced sensitivity from 1 up to 24 h after the second and third appointment,
respectively.

Figure 4. The ideal condition of the violet LED use in patients.

The violet LED light positioned at 8-mm distance from the patient's arches protected with gingival
barrier. High-concentrated carbide peroxide is placed on the enamel surface during all light activation as
the protocol described inthe case report.

Kury M et al, Oral Health and Dental Studies. 2019, 2(1):1. 5of11
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Figure 5. Aspect of dental elements after bleaching with carbide peroxide light-activated.

The final evaluation of the patient indicated that his upper right central incisor did not change in terms of
shade. However, the upperright canine ranged fromA3,5to B2.

Case Reportlll

A 23-year-old male volunteer was submitted to detailed anamneses, clinical and
radiographic exams as previously described. Bleaching protocol adopted for him was the
association of violet LED light with 35% hydrogen peroxide (Whiteness HP, FGM, Joinville,
SC, Brazil). The initial color of the central incisor and upper right canine were A2 and A3,
respectively, according to the color shade evaluations (Figures. 6Aand 6B).

Figure 6. Initial condition of patient's upper arch before being submitted to bleaching with
LED and HP.

Upperright central incisor exhibited shade A1 and upperright canine A3.

Initial procedures previous to bleaching described in case | and 1l were also performed for
this case. Hydrogen peroxide and thickener were mixed until becoming a homogenized gel
with a reddish aspect. The gel was placed on enamel buccal surface on the same area
described for case I, and it was maintained for 30 minutes. During the first minutes of gel
application, the color changed for transparent. Violet LED was applied following the protocol
settled by the manufacturer. After 3 bleaching appointments (Figure. 7), the upperright central
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incisor and upperrightcanine changed fromA1 to B1 and from A3 to B1, respectively (Figures.
8A and 8B). After 24 h of the first and second appointments, patient reported levels 1 and 2 of
induced tooth sensitivity, respectively, and after the third appointment, level 3 of spontaneous
tooth sensitivity.

Figure 7. The view of an ideal position of the violet LED towards patient’s arches.

Patient's teeth protected with gingival barrier and 35% hydrogen peroxide associated with the violet
LED light fixed 8-mm away from the arches.

Figure 8. Final condition of the patient's upper teeth after bleaching with high-concentrated
hydrogen peroxide associated with the LED.

Afterbleaching therapy, upperright incisor and canine presented shade B1. However, the change was
more noticeable for canine, whose shade began atA3.

Discussion

Although color shift was observed in different intensities among patients, all techniques
using violet LED light were capable of bleaching teeth. In addition, we could notice thatthe TS
intensities caused by bleaching with HP or CP peroxide gels were similar to previous clinical
trial, in which, 35% HP associated with LED promoted intense TS in comparison to light-
activated 20% HP.? Other clinical trials pointed out that TS is a common adverse event of
bleaching without light activation, and even when its intensity was either moderate or severe,
patients did not suspend treatment'"” and did not present permanent sensitivity.'

As expected, the intensity of color alteration was ranked according to the presence and the
concentration of peroxide agent. However, it is noteworthy that the application of violet LED
light itself was capable of promoting color alteration of upper central incisor and canine.
Although it is known that dehydration may increase enamel brightness', follow-up
appointments may indicate whether factors such as rehydration and regular diet would cause
ashade rebound. Besides this, Rastelli et al." stated that the absorption peak of pigments is at
violet wavelength, which could explain the action of the light on the extrinsic staining of teeth.
The manufacturer of the violet LED light indicates 4 to 10 appointments with bleaching
purpose when light is applied without the chemical agent. Since this is a far-reaching interval
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and there is no evidence supporting this treatment decision, the shade of teeth evaluated was
checked at the beginning of each bleaching appointments in order to estimate the treatment
progress. Because no color change was detected after the fifth appointment, eight
appointments were established.

On the contrary, protocols associating light source with peroxide agents were expected to
promote color change due to the oxidative reaction promoted by hydrogen peroxide.” It is
known that hydrogen peroxide may diffuse through enamel and reach dentin, where its by-
products would break the chains of the organic compounds that stain teeth, the
chromophores.” The manufacturer claims that violet LED would enhance and hasten in-office
bleaching with peroxide gels. The literature indicates that light could increase the temperature
ofthe gel, thereby enhancing the energy within the gel. As a consequence, molecular collision
and more free radicals formation would be favored, increasing the interaction with
chromophores.?" Further randomized clinical studies may provide the comparison among
LED-activated HP and CP to correspondent groups without light activation, addressing
whetherthe violet LED is playing a role on chemical reaction of the bleaching gels.

Besides this, it was previously reported that light irradiation enhances the energy of the
staining molecules, which may increase their reactivity with the oxidative agent.”” On the other
hand, evidence implies that violet LED light has lower penetration capability through teeth.”
Even though a recent systematic review stated that blue LED, LED/laser and halogen lamp
have no impact on the final result of in-office bleaching using low or high-concentrated
agents,’ included articles differed among protocols and light sources types. Therefore,
research on the novel violet LED with its specific irradiation cycles is paramount to determine
efficacy and safety on in-office bleaching.

In spite of the bleaching gels used for these protocols, recent researches have investigated
the incorporation of TiO_N nanoparticles on low-concentrated bleaching gels that should be
activated by ultraviolet light.*** However, the harmful impact of this radiation on health raises a
disadvantage of this treatment option. In order to overcome such limitation, a clinical trial
evaluated the association of blue LED with 15% HP doped with TiO_N, showing statistical
comparable results with 35% HP and lower tooth sensitivity for 15% HP.° The authors explain
the results due to HP catalyzation by the nanoparticle, and a shorter wavelength than blue is
expected to enhance this color change. Thus, the application of violet LED with specific gels
should be investigated.

The lack of information available about the topic also raises the discussion on the safety of
violet LED light. As it is believed that the association of a light source with the peroxide would
accelerate its decomposition, peroxide diffusion towards pulp chamber may be influenced.”
Such event could be clinically perceptible as the intensity of tooth sensitivity would increase.’
However, the concentration of the agent should be taken into account, since the higher the
peroxide concentration, the more intense the tooth sensitivity.”* We therefore assume, that
concentration played the major role on the sensitive levels registered, not light irradiation.
Indeed, the correlation among high-concentrated HP and LED/laser activation in terms of
sensitivity intensity is controversial since some authors showed that this association resulted
in higher TS levels,”*** while others detected no difference between groups with or without
light.**

The decision on not replenishing the gels concerns that this would lead to higher sensitivity.
Nevertheless, Vildésola et al.’' showed that light-activated 6% HP with titanium dioxide in a
single 36-min application resulted in equal sensitivity levels than three 12-min application.
Moreover, Martins et al.* reported that refreshing 38% HP after 20 min resulted in similar TS of
the same gel applied during uninterrupted 40 min. In both studies the same efficacy was found
among groups, which confirms that the single gel application on cases Il and Il did not affect
the efficacy and safety of in-office bleaching.

Moreover, it should be kept in mind that the use of a light source could increase pulp
chamber temperature.® Violet LED device establishes a protocol of 30-second intervals
among the 1-min LED irradiation that aims to decrease temperature promoted by light
irradiation. At this interval, teeth must be rehydrated with moisture gauze in order not to harm
pulp tissue. Soares et al.’** demonstrated in vitro that violet irradiation increases pulp
temperature up to 2 °C, but this raise could be reversed with rehydration, not leading to
permanentdamage to pulp.

Kury M et al, Oral Health and Dental Studies. 2019, 2(1):1. 8 of 11
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Although randomized-controlled clinical trials are indicated to compare risk and the intensity
of tooth sensitivity among treatments and ensure the safety of bleaching,* the cases reported
herein showed that the correct patient selection is crucial for the treatment success. The three
patients submitted to bleaching exhibited excellent oral health, with healthy periodontal
condition and no adverse changes of dentin-pulp complex. When planning to use light
irradiation with or without peroxide agents, clinicians must evaluate anatomy of the tooth,
tooth sensitivity responses and the presence of adhesive restorations® in order not to
overexpose compromised teeth to agents that could exacerbate tooth sensitivity and trigger
permanent pulp damage.*"*

Overall, the three case reports promoted satisfactory results for patients submitted to
bleaching. These clinical cases showed that the new technology may reduce application time
and diminish concentration or eliminate the presence of peroxide. However, limitations such
as the lack of comparison with only gel-containing protocols and replication of these cases in
more patients cannot precisely ensure the supplementary effect of violet LED on bleaching
gels. Further clinical trials might address questions concerning short and long-term color
change outcomes within a considerable sample size.

Conclusion

According to the limitations of the reports, these case series showed efficient in-office
protocols with different levels of bleaching. Even though LED itself promoted color change,
the presence of carbamide and hydrogen peroxide provoked higher bleaching efficacy. In
addition, sensitivity levels were comparable with previous studies in the literature.
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