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Abstract

The objective of the present study was
to assess the clinical efficacy of a dental
bleaching system based on hydrogen
peroxide with or without light activation.
This randomized controlled trial evalu-
ated the effect of the light when applied
to the hydrogen peroxide by using a
split-mouth design with 21 patients, with
light activation in one hemi-arch but not
in the other. The bleaching agent was
QuickWhite 35%
and activation was conducted with a
diode lamp (Luma Cool®). The Clas-
sic Vita Guide was used to score tooth
shades. Two consecutive applications
of hydrogen peroxide were made to one
hemi-arch, each light-activated for 10

hydrogen peroxide

min. The other hemi-arch was then iden-
tically treated but without light activation.
After removal of the bleaching agent, the

shade was re-scored and the Wilcoxon
signed ranks test was used to compare
differences in tooth shade values.

The bleaching treatment produced
significant shade changes (P < 0.01) in
both hemi-arches. After treatment, there
were no statistically significant differenc-
es between light-treated and non-light-
treated tooth types (central incisors,
lateral incisors, and canines). However,
taking central incisor, lateral incisor, and
canine as a group, comparison between
each hemi-arch showed a significant ef-
fect in the hemi-arch with light activation
(P < 0.05).

The use of diode light with a 35% hy-
drogen peroxide gel slightly improved
the dental bleaching.

(Eur J Esthet Dent 2010,5,2716—224)
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INntroduction

Patients seek esthetic dental treatment
for a variety of reasons, from personal
gratification to work needs. The bleach-
ing of dark-shaded teeth is widely con-
sidered desirable and can be achieved
with a simple and conservative thera-
peutic procedure that reduces or elimi-
nates dental discoloration and also acts
as a preservative treatment to maintain
tooth integrity, with few and reversible
side effects.

In 1970, with the objective of reducing
the treatment time of dental bleaching,
practitioners began to use devices that
generated light and heat to activate the
hydrogen peroxide and accelerate the
release of oxygen, increasing the tooth
bleaching capacity.2 Early techniques
used light and heat together, leading to
an increase in temperature of teeth3 and
post-treatment heat sensitivity due to in-
trapulpal vasodilatation, with extravas-
ation of blood and a mild inflammatory
response.45 Consequently, new sys-
tems that use light to accelerate bleach-
ing but do not generate heat have been
developed.6

In 1995, visible light-emitting diodes
(VLEDs) were introduced, which pro-
duce light fromm semiconductors rath-
er than the filaments used in halogen
lamps. VLED lamps produce visible light
from semiconductor materials that can
be polarized by the passage of electric
current and emit visible light (electrolu-
minescence). The color of this light de-
pends on the type and the design of the
LED lamp.” The chemical compound
most widely used for light-activated
bleaching is 35% hydrogen peroxide.8
The effectiveness and safety of this
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agent was demonstrated by Sulieman
et al® in a study of the abrasion, erosion,
hardness, and structural changes that
it produced in enamel and dentin. Nev-
ertheless, 35% hydrogen peroxide can
produce lesions in soft tissues, which
need to be protected during treatment.

Many “power bleaching” techniques
use 35%
light activation and are clinically very

hydrogen peroxide without

effective.10.11 Therefore, the degree of
bleaching obtained with systems that
use light to accelerate the action of per-
oxide may be due to the peroxide itself
and not to the action of the light.12 Con-
sequently, bleaching systems that use
light to activate the hydrogen peroxide
should perform the bleaching treatment
faster than systems that do not use light.
The objective of the present study was
to address this question through a ran-
domized controlled trial comparing the
clinical effectiveness of hydrogen perox-
ide in dental bleaching with and without
light activation.

Materials and methods

The study included adults with intact
maxillary anterior teeth from one canine
to the canine on the contralateral hemi-
arch and had tooth shade A2 or darker.
Exclusion criteria were previous ortho-
dontic treatment or the presence of car-
ies or restorations in maxillary anterior
teeth; pregnancy; previous bleaching
treatment; or presence of gingivitis, peri-
odontal disease, or known systemic dis-
ease. The final study sample comprised
21 patients aged 18 to 38 years. All pa-
tients signed a detailed informed con-
sent form that outlined all procedures
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and defined alternatives. All subjects
were offered a supplemental bleaching
treatment after the study was finished.

A split-mouth design was used for the
study, treating both hemi-arches with hy-
drogen peroxide but light-activating only
one of them. Two groups were formed:
in one group hydrogen peroxide 35%
and light were applied (Group |), and
in the other group only hydrogen per-
oxide 35% was applied (Group 11).The
bleaching agent was QuickWhite 35%
hydrogen peroxide (DMDS House, Can-
terbury, UK), supplied as a liquid to be
mixed with a powder that increases the
density and contains photoinitiators. A
diode lamp (Luma Cool®, Lumal.ite,
Spring Valley, CA, USA) was used at 380
to 530 nm for the light activation.

Before starting the bleaching proce-
dure, initial numerical shade values were
obtained for central mandibular incisors,
lateral incisors, and canines, in accord-
ance with the Vita Classic Shade Guide
(Vident, Brea, CA, USA). The shade tabs
were arranged in a sequence suggested
by the manufacturer and each shade tab
was assigned a numerical value ranging
from 1to 16 (B1, A1, B2, D2, A2, C1, C2,
D4, A3, D3, B3, A3.5, B4, C3, A4, and
C4). The Demetron Shade Light Sys-
tem® (KerrHawe, Bioggio, Switzerland)
was used to provide the same light con-
ditions (5500 K) for the shade scoring
of all teeth. The score was considered
valid when two out of three blindfolded
independent examiners agreed on the
shade value, which always proved pos-
sible (Fig 1).

Hemi-arches were selected by a ran-
domly generated numbers table. Be-
fore application of the hydrogen perox-
ide, soft tissues of the mouth, lips, and

Fig 1

Shading value before bleaching.

cheeks were protected by using the
Optragate system (lvoclar
Schaan, Liechtenstein). A 1 mm layer of
photopolymerizable resin was then ap-

Vivadent,

plied at the dentogingival junction on the
vestibular surface of the teeth, from the
first premolar of one hemi-arch to the first
premolar of the contralateral hemi-arch,
in order to prevent contact between per-
oxide and gingiva.

Both patient and operator wore spe-
cial glasses to protect their eyes from
the light, and the hydrogen peroxide gel
was then applied in 2-mm-thick layers
to the vestibular surface of the central
incisor, lateral incisor, and canine of a
randomly selected hemi-arch. During
the time the gel was in contact with the
tooth, it was agitated every 2 minutes to
refresh the contact surface. The other
hemi-arch was protected from being
dried by the light by application of an
opaque blue resin (LC Block-Out Resin,
Ultradent Products, South Jordan, UT,
USA).

The diode light was applied for 10
min and the gel was then removed. The
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Fig 2 Application of light over 35% hydrogen per-
oxide in one hemi-arch.

entire procedure was then repeated on
the same hemi-arch, applying fresh hy-
drogen peroxide followed by light for
another 10 min (Fig 2). After this sec-
ond application, the hydrogen peroxide
was removed by using an aspirator and
water. The hydrogen peroxide contain-
ing product was then applied to the
contralateral hemi-arch without light for
10 min, removed, and then reapplied for
a further 10 min without light (Fig 3). The
teeth were subsequently cleaned with
cotton wads and abundant water, and
the gingiva and soft tissue protection
was removed.

After the bleaching procedure, the
shade of the treated teeth was scored
again, following the same procedure as
the initial shade assessment (Fig 4).

Statistical analysis

The Wilcoxon signed-rank test was
used to compare differences in tooth
shade values between before and af-
ter the bleaching and to compare mean
post-treatment values between test and
control hemi-arches. The SAS (9.1) soft-

Fig 3 Application of 35% hydrogen peroxide in
the hemi-arch without light.

ware package was used for the statisti-
cal analyses. The statistical significance
level P was considered to be 0.05 (5%
significance level).

Results

Both light-treated and non-light-treated
groups showed significant differences
(Wilcoxon signed-rank test, P < 0.05)
between pre-treatment and post-treat-
ment scores for all tooth types studied
(Table 1). The overall mean shade af-
ter bleaching was 2.9 units for the side

Table 1
values before and after treatment with or without

P value (Wilcoxon test) of differences in

light according to tooth type.

Light No light
Initial/end

(Group 1) (Group I1)
Central incisor P = 0.0001 L = 0.0005
Lateral incisor P = 0.0001 P = 0.0001
Canine p = 0.0001 p = 0.0002

Significance: P < 0.05
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Fig 4 Shading value after bleaching.
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Fig 5 Mean values for each hemi-arch (with and
without light treatment) at the end of treatment.

Table 2 Mean tooth shade values before and after treatment with or without light.

Pre-treatment Light (Group 1) No light (Group 1)
n Mean SD Mean SD Mean SD
Central incisors 42 6.5 3.8 3.9 2.8 4.3 3.4
Lateral incisors 42 6.7 4.2 3.9 2.4 4.6 3.4
Canines 42 10.3 2.8 @.9 3.2 7.4 3.2

treated with light activation (Group |) and
2.4 units for the side treated without light
(Group II) (Fig 5).

Shade score results for each individual
tooth are listed in Table 2. Central incisors
(IC), lateral incisors (IL), and canines (C)
showed mean reductions of 2.2, 2.1, and
2.9 units after bleaching treatment with-
out light, respectively. There were signifi-
cant results for each tooth (IC P = 0.0005,
IL P=0.0001, and C P=0.0002). Results
in light-treated hemi-arches were slightly
higher: 2.6 units for IC (P = 0.0001), 2.8
units for IL (P = 0.0001), and 3.4 units for
C (P = 0.0001).

Differences between overall means
were significant for both groups (Group
I and Group Il) at the end of treatment

(P = 0.0479), but there was no signifi-
cant effect of light when each tooth type
(IC, IL, C) was considered separately
(Table 3).

Table 3 P value (Wilcoxon test) of difference be-
tween mean values for each tooth type (with versus
without light) at the end of treatment.

With/without light P value
Central incisor 0.19
Lateral incisor 0.14
Canine 0.19

Significance: P < 0.05
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Discussion

The results of the present study, which
used a split-mouth design, confirm the
clinical effectiveness of tooth bleach-
ing with 35% hydrogen peroxide, which
achieved a significant improvement
in tooth shade both with and without
light activation. However, in 7 out of the
21 patients treated, the use of the LED
lamp improved the action of the bleach-
ing product. In two patients, on only one
tooth, bleaching was greater on the side
without light activation.

Comparing the mean shade scores
after treatment, there were no differenc-
es between individual tooth types as a
result of light activation. However, when
the overall mean for whole hemi-arches
exposed to light was compared with the
mean for those that were not, a signifi-
cant difference was found. These find-
ings may indicate that a greater sam-
ple size would probably have yielded
more significant differences. According
to these results, the bleaching process
was found to be accelerated by the ap-
plication of an LED light on the hydrogen
peroxide. However, in some cases, the
difference between treatment with and
without light was only 1 to 3 units, and
patients were unable to discern this dif-
ference when asked about their degree
of satisfaction.

One of the problems found
kind of study is the visually subjective

in this

method to assess the color of the tooth.
Many studies use the Vita Classic Guide
to measure color13-15 and more objec-
tive techniques as spectrophotometric
guides (Vita Easy Shade),16-18 put both
techniques are considered acceptable.
As the spectrophotometric guides are
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very sensitive to holding position, ambi-
ent light, and mouth aperture, the best
option was considered to be to measure
color with the Vita Classic Guide reor-
dered by value and three different opera-
tors.

The present study was performed fol-
lowing a split-mouth design,14.19 and
the effect of dehydratation was equal on
both sides. The immediate effect after
treatment was evaluated when perform-
ing the bleaching with and without light.
Many studies have evaluated shade
values immediately after bleaching, 1 or
2 weeks after termination of bleaching,
and 3 to 6 months post-bleaching to see
the stabilization of color.13.15-17,19

INn some studies that evaluate bleach-
ing in patients who are involved in differ-
ent groups and receive different kinds of
bleaching treatments,15-18 the effect of
dehydratation would be more strong in
those who were applied light and heat
instead of those who were only applied
gel, and therefore it would be necessary
to wait at least a few days for the teeth
to rehydratate and then obtain shade
values.

Kugel et al,’® in a study using a split-
mouth design, stated that the use of light
hydrogen perox-
ide (BriteSmile® system) resulted in in-

activation and 15%

creased bleaching at the immediate post-
bleaching evaluation compared with 38%
hydrogen peroxide (Opalescence® Xtra
Boost). However, this increase was tem-
porary; after 2 weeks no differences were
recorded between the two systems. This
is believed to be the result of temporary
dehydratation of the tooth.

The shade value achieved in the
present study using light was 2.9. This
result is similar to de Silva et al,’3 where
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they obtained values from 2.1 to 2.9
after four sessions at a 2-week inter-
val between appointments. Out of 20
patients that received the treatment in
one session with xenon-halogen light
(LumaArch) and hydrogen peroxide
35% (Luma White), only 12 of the pa-
tients were satisfied with the results.
Papathanasiou et al'4 found no sig-
nificant effect of light activation in a 2002
study of 20 patients using 35% hydrogen
peroxide gel (Opalescence Xtra), which
contained carotene that theoretically alb-
sorbslightandincreasesbleaching effects,
and unspecified halogen light source in a
split-mouth design. In contrast, Tavares et
al1é used a plasma arc lamp (BriteSmile
2000) and reported a mean increase in
bleaching of 2 units using 15% hydrogen
peroxide compared to that without activa-
tion. Interestingly, they also found a mean
increase in bleaching of 1 unit using a
placebo gel and the BriteSmile® lamp,
possibly due to the dehydratation of teeth
during this treatment. Discrepancies be-
tween the present findings and those of
Tavares et al’é are probably due to the
different study conditions, notably the
distinct light source, study teeth composi-
tion, and duration of the light application
to the bleaching gel. In 2005, Sulieman
et al20 obtained an increase in bleach-
ing of 12 to 14 units in an in vitro study
using various lamps (LumaArch, Apolite,
Optilux 501, and Velopex®) and types of
bleaching agent with hydrogen peroxide
25% (QuickWhite, Opus mix, and Pola Of-
fice). Only teeth with an initial shade of C4
on the Vita Shade Guide were selected,
equivalent to the numerical value of 16 in
Table 1. The best results were obtained by
Sulieman et al20 with xenon-halogen lamps
and QuickWhite bleaching agent. When

no light was used, the average bleach-
ing obtained was 9.5 units. These in-Vitro
results cannot be compared directly with
the present findings, because when the
initial shade is C4, there is a higher range
of shade values, and more shade units
can be obtained after bleaching.

The present results are also similar to
Wetter et all” when each tooth group is
considered separately. When Wetter et
al used LED light (Bright LEC 11) and
35% hydrogen peroxide (Whiteness HP
FGM), they also found better results in
the canine group than the central inci-
sSOor group.

Marson et al’8 found that when using
three applications over 15 minutes with
a 35% hydrogen peroxide gel (White-
ness HP MAXX-FGM) and three different
bleaching lamps (Halogen Curing Light
XL 3000, Demetron LED, and LED/LA-
SER Bioart), no significant differences
were found between the three different
lamps, and no differences were found
when the gel was applied without light.

The differences in the present study
are significant though slightly small be-
tween the light and no-light groups. The
Marson et all8 study sample may be
small (n = 10) compared to the present
study. Also, the present study is a split-
mouth design, while the Marson study
had a patient group with gel and light,
and a control group using only gel.

Another similar study performed by
Ziemba et al, 15 using ultraviolet light, ob-
tained better results (evaluated immedi-
ately after bleaching) in those patients
treated with 20%
and light (Zoom?2 system, average = 7.7
unit shade change) compared to those

hydrogen peroxide

only treated with 209% hydrogen perox-
ide (average = 6.1 unit shade change),
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although the kind of Iight used was differ- 6. Martinelli J, Pires-de-Souza F de C, Casemiro
. i LA, Tirapelli C, Panzer H. Abrasion resistance
ent and it was not a Sp||t—mOUth StUdy' of composites polymerized by light-emitting
The main purpose of the present diodes (LED) and halogen light-curing units.
L . Braz Dent J 2006;17:29-33.
study was to clinically evaluate the ditf- 7. Bennett AW, Watts DC. Performance of two
ferent bleaching systems immediately blue light-emitting-diode dental light curing
after bleaching. Further bleaching ef- units with distance and irradiation-time. Dent
. . Mater 2004;20:72-79.
fects could have been achieved if more 5 o Jg Pallesen U. Tooth bleaching: a critical
than one session was conducted. Ad- review of the biological aspects. Crit Rev Oral
- . . Biol Med 2003;14:292-304.

ditional independent research studies 9. Sulieman M, Addy M. MacDonald E, Rees

evaluating more than one session and JS. A safety study in vitro for the effects of an

color stabilization are recommended. in-office bleaching system on the integrity of
3 ) enamel and dentine. J Dent 2004;32:581-590.
Advantages and disadvantages of light- ;5 g5gni N, Berry TG, Ghorbanian A. Clinical
activated bleaching systems also should comparison of two in-office bleaching systems.
be considered in other research. (?ontemporary Esthetics and Restorative Prac-
tice 1997;1:10-15.
11. Sulieman M, Addy M, MacDonald E, Rees JS.
The bleaching depth of a 35% hydrogen per-
. oxide based in-office product: a study /in vitro.

Conclusions J Dent 2004;33:33-40.

12. Rosenstiel SF, Gegauff AG, Johnston WM.

The present study shows that the action Duration of tooth color change after bleaching.
J Am Dent Assoc 1991;122:54-59.

of hydrogen peroxide alone is capable 13. de Silva GM, Brackett MG, Haywood VB.

of lightening tooth shade by 1 to 3 units Number of in-office light-activated bleaching

) X . i treatments needed to achieve patient satisfac-

in a single 20-min session. An LED lamp tion. Quintessence Int 2006;37:115-120.

can increase this bleaching effect by 0.4  14. Papathanasiou A, Kastali S, Perry R, Kugel G.

units, but this difference is barely dis- .C;|IHIC‘.,8.| evalluat.lon of a 35% hydrogen pergmde
in-office whitening system. Compend Contin

cernible by the patients or by some pro- Educ Dent 2002:23:335-346.

fessionals. 15. Ziemba SL, Felix H, MacDonald J, Ward M.
Clinical evaluation of a novel dental whitening
lamp and light-catalyzed peroxide gel. J Clin
Dent 2005;16:123-127.
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