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Abstract The aim of this clinical study was to evaluate the
efficiency of in-office bleaching systems with different light
sources for color change and possible side effects such as tooth
sensitivity and gingival irritations. Forty healthy volunteers
aged 18 years and older (average age 27.3 years), having all
their natural healthy teeth in shade A3 or darker on the Vita
shade guide, with no restorations on the buccal surfaces and no
tooth sensitivity, participated in this study. Participants were
randomly assigned to four groups of ten volunteers. Group 1
received bleaching without light activation (Opalescence Xtra
Boost, Ultradent); group 2 received bleaching (Laser White 10,
Biolase) with a diode laser (810 nm, 10 W/ Laser Smile,
Biolase) activation; group 3 received bleaching treatment
(Remewhite, Remedent) with a plasma arc lamp (400–490 nm,
2800 mV/cm2, Remecure CL15), and group 4 received
bleaching with a light emitting diode (LED) lamp (By White
accelerator, Ensodent) according to the manufacturers’
recommendations. The shade was assessed with a classical
Vita shade guide (Vita Zahnfabrik) and a digital spectrophotometer (Vita Easy Shade, Vident). The color of teeth was
scored at baseline and 1 week after bleaching. Any side
effects on teeth or gingiva was recorded by visual analog
scale. Results were analyzed statistically, by one-way analysis
of variance (ANOVA), Kruskal–Wallis, and Mann–Whitney
U tests with Bonferroni correction. All the bleaching
techniques resulted in shade change. No significant differS. Gurgan (*) : F. Y. Cakir : E. Yazici
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ences were found in the color change among the four groups
with shade guide assessment (P>0.05), but spectrophotometer readings exhibited significant differences among the
groups (P<0.05). The overall shade change values expressed
as ΔL, Δa, Δb, ΔE for group 2 was significantly higher than
those for the other groups (P<0.05). Group 2 also showed
lower tooth and gingival sensitivity scores than those of the
other groups (P<0.05). All techniques resulted in shade
change. Although the shade guide evaluation did not exhibit
any differences among the bleaching treatment groups,
spectrophotometer readings showed different findings. The
results obtained by the two methods of evaluation of shade
change used in this study were different from each other.
Bleaching with diode laser resulted in less tooth and gingival
sensitivity than the other bleaching systems. Clinical relevance: in-office bleaching systems used with or without light,
lead to a shade change. As bleaching with diode laser resulted
in less tooth and gingival sensitivity, it might be preferred
among in-office bleaching systems.
Keywords In-office bleaching . Plasma arc . LED . Diode
laser . Shade change . Side effects

Introduction
Bleaching is an effective method for restoring or lightening
tooth color, and it can be accomplished by a variety of
methods or systems, which can be generally categorized as
in-office (professionally administered), at-home (professionally dispensed) or over-the- counter (self- administered).
Owing to an increased demand for whiter teeth in a short
period of time, in-office bleaching is a popular option
available to patients desiring a whiter and more attractive
smile, and it can be performed by a dental professional the
same day a patient walks into the dental office. This method
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of tooth whitening has been around for many years and
remains popular, because results can be seen after the first
appointment. The main advantages of an in-office whitening procedure over an at-home bleaching system include
dentist control, avoidance of soft-tissue exposure and
material ingestion, reduced total treatment time, and greater
potential for immediate results that may enhance patient
satisfaction and motivation [1].
Contemporary in-office bleaching systems are based
primarily on hydrogen peroxide or one of its precursors,
notably carbamide peroxide, and these materials are often
used in combination with an activating agent such as heat
or light. There are several different types of light activation
sources, and among the newest light sources are lasers, light
emitting diodes (LEDs), plasma arc lamps (PAC) and
halogen lamps. The theoretical advantage of a light source
is its ability to heat the hydrogen peroxide, thereby
increasing the rate of decomposition of oxygen to form
oxygen free radicals and enhancing the release of staincontaining molecules [2, 3].
There have been claims that some bleaching agents are
more effective with light sources, while others are not [4,
5]. On the other hand, many articles have been published
that show that light energy has no clinical effect on tooth
whitening [6].
Evaluation of the efficacy and safety of tooth whitening
systems has received considerable attention. Concern has
been expressed about efficacy and safety limitations,
including tooth sensitivity and soft-tissue irritation [7–11].
A few studies on the efficacy and safety of light used as an
adjunctive tooth bleaching agent have been investigated in
a controlled clinical trial [5].
As the observations regarding effectiveness and adverse
effects are still controversial, the aim of this in vivo study
was to evaluate the efficacy of three in-office bleaching
systems with different light sources and one system without
light activation and to investigate possible side effects such
as tooth sensitivity and gingival irritation.

Methods and materials
Forty patients (29 women and 11 men) with an average age
of 27.3 years (range 18–30 years) and in good oral and
general health participated in this study. The Ethics
Committee of Hacettepe University, Ankara, Turkey,
reviewed and approved the research protocol and informed
consent form.
All subjects were 18 years old or older and had anterior
tooth shade A3 or darker on the Vita shade guide (Vitapan
Classic, VITA Zahnfabrik, Bad Sackingen, Germany) [12].
Inclusion criteria were the presence of all natural dentition,
the absence of caries and restoration on the maxillary
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anterior teeth, no periodontal disease, no previous tooth
whitening treatment, the absence of smoking habits, and
compliance with procedures to avoid staining from food
and beverages during the treatment period.
Study design
Participants submitted their written consent and completed
medical history forms prior to the start of the study. All
patients received a professional dental prophylaxis 2 weeks
before the start of bleaching treatment and were asked to
brush their teeth twice a day in order to standardize tooth
cleaning during the study.
Before the bleaching application, all teeth were cleaned
with pumice and a slow-speed rotary brush/prophy cup.
Each bleaching agent was applied to both maxillary and
mandibulary arches, according to the manufacturer’s recommendations. Characteristics of the office bleaching
systems are given in Table 1. Participants were randomly
assigned to four groups of ten volunteers:
In group 1, Opalescence Xtra Boost (Ultradent Dental
GmbH, Cologne, Germany), containing 38% hydrogen
peroxide, was used without a light source. To ensure
protection of the gingiva, we applied a brush-on isolation
material (Opaldam, Ultradent Products, South Jordan, Utah,
USA), extending approximately 1.0 mm onto all tooth
surfaces in the treatment area and cured with a standard
curing light (Elipar Free Light, 3 M Espe, St Paul, MN,
USA). The gel was provided with two syringes: one syringe
contained the activator, while the other contained hydrogen
peroxide. Before use, the activator was mixed with the
bleaching agent, and the mixture was expressed directly onto
the involved teeth in a 0.5–1.0 mm-thick layer. All the facial
surfaces of the incisors, canines, and premolars were fully
covered to ensure a uniform effect. After 15 min, the barrier
was removed and the treated teeth were thoroughly rinsed
with air–water spray. The procedure was repeated twice.
In group 2, LaserWhite 10 (37% hydrogen peroxide)
was used in conjunction with a diode laser (LaserSmile,
Biolase Technology Inc. San Clemente, CA, USA) with a
spectral wavelength in the near infra-red region of 815 nm
and an output of 10 W. After Vaseline had been applied to
protect the lips and a cheek retractor had been inserted to
isolate the treatment area, a suction device was connected
to the retractors to help remove the excess saliva and water.
Bite blocks were used as a jaw rest, and a liquid dam
(White 10, Biolase) was applied along the gingival margin
and cured with a standard curing light (Elipar Free Light,
3 M Espe). The upper and lower arches were then divided
into four treatment sites consisting of as many as five teeth.
A uniform layer of bleaching gel (1 mm thick) was applied
to all four quadrants. The whitening headpiece of the laser
device that was designed to treat one full quadrant at a time
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Table 1 In-office bleaching systems (HP hydrogen peroxide)
Materials

Manufacturer

Concentration

Number of
applications

Duration of each
application (min)

Light activation
source

Opalescence Xtra Boost

Ultradent Dental GmbH,
Cologne, Germany
Biolase Technology Inc.,
San Clemente, CA, USA
Remedent, Deurle, Belgium
Ensodent, Italy

38 % HP

2

15

–

37 % HP

3

8

Diode laser (810 nm)

35 % HP
38 % HP

3
2

20
20

PAC (400–490 nm)
LED (400–500 nm)

LaserWhite 10–Laser Smile
Remewhite–Remecure
By White–Biowhite

was placed in close proximity to the gel and activated for
15 s. The same procedure was applied to the other
quadrants, and, after 1 min, the procedure was repeated
for all four quadrants seven more times. Then the gel was
removed with high-speed suction, the teeth were flushed
with an air and water spray to remove any residual gel, and
a second and third gel application with four laser activation
procedures for each quadrant was completed. After all three
sessions, the teeth were wiped with gauze and rinsed with
water. At the completion of the treatment, the liquid dam
was removed and the teeth were cleaned of gel. The
operator, patient and the assistant wore laser-protective
eyewear specific to the LaserSmile wavelength before
starting, and during, the laser treatments.
In group 3, RemeWhite (35% hydrogen peroxide, Remedent Inc. Deurle, Belgium), designed to produce optimal
results when used in combination with a plasma arc lamp
(400–490 nm, 2,800 mV/ cm2, Remecure CL15, Remedent
Inc.) was used without the need for any gingival protection,
as this system provided a gel that did not require isolation of
the gingival tissues. After a 1–2 mm-thick layer of whitening
gel had been applied over the labial surfaces, with the gel
kept 1 mm away from the gingiva, the Remecure full-arch tip
was applied approximately 1 cm away from the patient’s
mouth in whitening mode. For 10 min, the lamp lighted for
1 min and stopped for 30 s. After the 20-min session, the gel
was removed and this procedure was repeated three times, so
that the total bleaching time was 60 min.
In group 4, By White (38% hydrogen peroxide) was
used in combination with an LED lamp (BioWhite
accelerator, BioWhite, Ensodent, Italy). After a liquid dam
had been applied along the gingival margins and cured with
a standard curing light (Elipar Free Light, 3 M Espe), the
gel was applied to the buccal surfaces of the teeth. The gel
was removed after 20 min and the mouth was rinsed with
abundant water. The procedure was repeated two times, so
that the total bleaching time was 40 min.

the facial surfaces of the ten maxillary teeth (central and
lateral incisors, cuspids and premolars) by one experienced
and qualified examiner using a shade guide (Vita Classic
shade guide, Vitapan Classic, VITA Zahnfabrik) and a
spectrophotometer (Vita Easy Shade, Vident, Brea, CA,
USA), at baseline and 1 week after each bleaching
treatment. The examiner responsible for measuring color
was required to leave the room during the treatment and to
return for the post-treatment color measurements, so that
she was unaware of the actual treatment administered.
The tabs of the shade guide were arranged from B1
(lightest color) to C4 (darkest color), corresponding to a
grade of whitening from 1 to 16, in which a smaller number
means the tooth was lighter.
Three spectrophotometer measurements were made, with
the active point of the instrument focused on the middle
third of each tooth. A mean color from three measurements
was calculated. The spectrophotometer measures the color
of teeth based on the Commission Internationale de
I’Eclairage’s CIELAB color space system. The image of
the tooth is automatically transformed to derive a set of
numerical values in terms of the L* a* b* system. The L*
a* b* system allows color specification within a three
dimensional space. The L* axis represents the degree of
lightness within a tooth and ranges from 0 (black) to 100
(white). The a* plane represents the degree of green–red,
while the b* plane represents the degree of blue–yellow in
the teeth. ΔE is the total color difference or the distance
between two colors. We computed ΔL, Δa, Δb, ΔE by
subtracting the baseline measurements for the appropriate
shade tabs from the follow-up measurements [12], and
determined the color change by comparing each after
bleaching to baseline. We took intraoral photographs
(DSC-D770, Sony, Tokyo, Japan) to record the tooth shade
for documentation of the baseline shade and to compare
after treatment.
Evaluation of tooth and gingival sensitivity

Shade evaluation
Shade determination was always performed under the same
conditions. For each subject, the shade was measured on

To monitor tooth and gingival sensitivity, we asked the
participants to mark a standardized 100 mm visual analog
scale (VAS) ranging from 0 to 10. One end was labeled ‘no
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Table 2 Visual shade change [mean±standard deviation (SD)]
(n=10)

No light
(Group 1)

Diode laser
(Group 2)

PAC
(Group 3)

LED
(Group 4)

8.70±2.32

8.60±3.19

8.40±2.98

8.50±3.59

discomfort’ or ‘best acceptance’ (0), whereas the other end
was labeled ‘severe discomfort’ or ‘no acceptance’ [10]. After
each bleaching treatment, the patients were asked to mark
the position that best indicated their current opinion. The
marked point was measured in millimeters and documented
accordingly. Differences, means and standard errors were
calculated on the basis of this numeric assignment.
The data were evaluated by one-way analysis of variance
(ANOVA), Kruskal–Wallis test, and Mann Whitney U test
with Bonferroni correction.

Results
All 40 participants completed the study. The results of
shade changes are shown in Tables 2 and 3. The results
obtained by the two evaluation methods (the shade guide
and the spectrophotometer evaluation) used in this study
were different. The shades of the four groups did not differ
significantly at baseline. Their values ranged from grades
9–16. There were no significant differences among the
groups for shade guide rank scores (P=0.997) (one-way
ANOVA). All techniques proved to be effective at
whitening, with a mean value of 8.70±3.19 in group 1,
8.60±3.59 in group 2, 8.40±2.98 in group 3 and 8.50±2.32
in group 4. The differences between baseline and after
bleaching were statistically significant for the four groups
(P <0.05). On the other hand, spectrophotometer readings
exhibited significant differences among the groups (P<
0.05). The ΔL value for group 2 was significantly higher
than that for the other groups (P<0.05). The differences
among all the groups for Δa values were statistically
different (P<0.05). Group 2 exhibited the highest Δa
values, whereas group 4 showed the lowest. The Δb values
of groups 2 and 4 were significantly higher than those of
groups 1 and 3. The ΔE values of group 2 were statistically
higher than those of all the other groups (P<0.05).
Table 3 Spectrophotometer
readings [mean±standard
deviation (SD)]

Table 4 shows the mean sensitivity scores, as measured
from the 100 mm VAS scale from baseline to after
bleaching. Mean tooth sensitivity values were 3.37±1.94
for group 1, 0.59±0.92 for group 2, 3.80±1.29 for group 3,
and 2.90±1.4 for group 4, and the average was 2.66±1.88.
Mean gingival sensitivity values were 1.11±0.845 for
group 1, 0.1±0.316 for group 2, 1.07±1.14 for group 3,
and 1.11±0.912 for group 4, and the average was 0.82±
0.94. Group 2 showed significantly lower tooth and
gingival sensitivity scores than did the other groups (P<
0.001) (Kruskal–Wallis test). No significant differences
were observed among group 1, group 3 or group 4 in their
tooth and gingival sensitivities (P>0.05) (Mann–Whitney
U test with Bonferroni correction).

Discussion
The auxiliary lights recommended by some manufacturers to
be used in the in office bleaching treatment were believed to
be capable of catalyzing hydrogen peroxide decomposition
and therefore were used to accelerate the action of the bleach
[13]. This study described the comparison of three different
bleaching systems used clinically with different light and
bleaching protocols and one system used without light. The
four systems differed in many aspects, such as treatment
method, treatment duration, application devices, and ingredients. The protocol for applying the light sources was based
on the manufacturers’ directions for the three hydrogen
peroxide bleaches that prescribed the use of light.
Tooth shade, which is the result of diffuse reflectance
from the dentin through the translucent enamel layer, is
believed to be one of the most important factors in patients’
perception of dental attractiveness [13]. A number of
methods are available for evaluating the efficacy of
bleaching. Shade guides, photography, colorimeter spectrophotometer or computer digitization can be used to assess
tooth color changes. One of the most common methods is
the simultaneous comparison of the tooth with standard
shade guides [14–16]. The value-oriented shade guide gives
clinically relevant results, because successful bleaching
calls for a perceivable difference in tooth color. However,
the selection of the matching shade tab is subjective, not
predictably reproducible, and is influenced by such factors

(n=10)

No light
(Group 1)

Diode laser
(Group 2)

PAC
(Group 3)

LED
(Group 4)

ΔL
Δa
Δb
ΔE

5.1±0.175
−1.1±0.014
−1.5±0.044
5.54±0.154

5.5±0.131
−1.3±0.007
−1.9±0.157
5.69±0.172

5.0±0.132
−1.0±0.001
−1.4±0.002
5.28±0.096

5.2±0.158
−0.9±−0.013
−1.7±0.185
5.43±0.201
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Table 4 Tooth and gingival sensitivity scores (VAS) [mean±standard
deviation (SD)]
(n=10)

No light
(Group 1)

Diode laser
(Group 2)

PAC
(Group 3)

LED
(Group 4)

Teeth
Gingiva

3.37±1.94
1.11±0.845

0.59±0.92
0.1±0.316

3.80±1.29
1.07±1.14

2.90±1.48
1.11±0.912

as lighting and eye fatigue. The use of a spectrophotometer
also has its advantages and drawbacks; it gives more
objective results than shade tabs, but it is affected by tooth
translucency, tooth contour, tooth texture and difficulties in
repeatable tooth repositioning [4].
In this study the shade guide and a spectrophotometer
were used together to measure whitening efficacy. Photographs were also taken with a digital camera with matching
shade tabs before and after bleaching to document the tooth
color under standardized lighting conditions and away from
strong light absorbers such as dark-colored walls. To
evaluate the degree of color change an experienced and
trained examiner recorded the shades.
It is difficult to compare the results of this study with
data from the literature, as there are no published studies
available where these four systems were compared with
another. In our study all techniques with or without the use
of additional light sources resulted in significant tooth
lightening, and, although the group without light activation
had the highest mean value of shade change, 8.70±3.19,
with shade guide evaluation, the difference was not
significantly different. The magnitude of the shade change
in the study was similar to those in previous clinical studies.
Deliperi et al. [17] reported a mean change of 8.5 units after
bleaching with 38% hydrogen peroxide, and Papathanasiou
et al. [18] reported similar findings with 35% hydrogen
peroxide activated by a halogen curing light. In contrast to
these findings, Auschill et al. [19] reported higher values
(11.4) with chemically activated 38% hydrogen peroxide
(Opalescence Xtra Boost). Spectrophotometer readings
were also in line with those in previous reports [20]. Shade
changes evaluated with the spectrophotometer showed that
there was a significant difference in the overall color (ΔE),
with the group bleached with the diode laser as a light
source showing the greatest change, whereas shade guide
evaluations revealed no differences among the groups.
There were differences in the results when the two methods
of shade evaluation were compared, which corresponded
with findings in other studies [20].
Two of the key factors in determining overall tooth
whitening efficacy from peroxide-containing products are the
concentration of the peroxide and the duration of application.
The bleaching agents tested in this study contained hydrogen
peroxide in higher concentrations (35–38%), but they all had
different durations of application.

A small number of clinical studies has demonstrated the
efficacy of light-activated peroxide tooth bleaching systems
[21–26]. Tavares et al. [5] conducted a clinical study to
compare 15% hydrogen peroxide gel illuminated with a gas
plasma light source, 15% hydrogen peroxide alone, and
placebo gel plus light, all treatments lasting 1 h. The change
in Vita shade from baseline for peroxide plus light,
peroxide alone, and placebo plus light, were 8.35, 5.88
and 4.93, respectively, with peroxide plus light being
significantly different from the other two groups.
Hein et al. [6] demonstrated that there was no additional
effect of any of the three bleaching lights (LumaArch,
Optilux 500, and Zoom) tested over the bleaching gel alone
for three commercial products, in a split-mouth clinical
design.
Generally, bleaching is accompanied by some sort of
increased tooth or gingival sensitivity [19]. Researchers and
clinicians may be reluctant to adopt bleaching therapies
because of the tooth sensitivity issue, which has been
reported to be a common side effect when hydrogen
peroxide is used. It was shown that the higher the
concentration of a bleaching agent, the higher the risk of
tooth sensitivity [20].
In this study some of the participants reported no tooth
sensitivity and some experienced very little gingival
sensitivity during the bleaching treatment. This may have
been the result of the close professional control in
application and protection of surrounding tissues, which
were also an integral part of the procedure, and to the
improved formulation of the bleaching agent. A significant
difference was observed in tooth sensitivity between the
group treated with the use of diode laser and the other
groups. It has been reported that irradiation with infrared
laser light can produce some beneficial effects on sensitivity [27]. The laser has been proven to be the most valuable
energy source for in-office bleaching, with simple and short
application in the office [27–30]. Many patients are
interested in saving time, obtaining quicker results, and
avoiding responsibility for the treatment, so they opt for inoffice treatments if available, to expedite the whitening
effect. For this situation, bleaching with laser irradiation is
more advisable. The laser system used in the study
demonstrated a shorter exposure time, with a total treatment
time of 8–24 min including the 2–4 min of laser exposure,
than of the other groups.
Tooth lightening associated with bleach exposure, as
opposed to light exposure or temporary tooth dehydration,
comes from a decrease in the level of tooth colorization
rather than an increase in tooth brightness. Tooth dehydration is a probable cause of immediate tooth lightening, and,
presumably, it is greater with increased tooth heating [1].
The observed immediate tooth lightening that is attributable
to tooth dehydration appeared to be more an increase in
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tooth brightness than a decrease in the level of tooth
colorization. For this reason the color assessments in this
study were all done 1 week following the bleaching
treatments.

Conclusion
1. In-office bleaching systems used in this study, with or
without light, were effective for the whitening of teeth.
2. The results obtained by the two methods of evaluation
of shade change (visual evaluation with the Classic Vita
shade guide and spectrophotometric evaluation) used in
this study were different.
3. As bleaching with the use of diode laser resulted in less
time with less tooth and gingival sensitivity, it might be
preferred among in-office bleaching systems.
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