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Clinical Relevance

Light acceleration of the bleaching process, using a laser or halogen light, does not seem to
be more beneficial than chemical activation with regard to the stability of tooth color over a
period of three months.

SUMMARY

The aim of this study was to evaluate the color
stability of vital bleaching using a halogen
unit, laser, or only chemical activation up to
three months after treatment. A total of 60
patients were divided into three groups, and

their teeth were bleached with 38% hydrogen
peroxide using three methods: acceleration of
the bleaching process with halogen (eight
minutes), laser (30 seconds), or chemical acti-
vation only. All teeth were bleached a maxi-
mum of four times (4 3 15 minutes) until a
change of six shade tabs took place. The color
was evaluated both visually and with a spec-
trophotometer before bleaching, immediately
after bleaching, and one and three months
after bleaching. Directly after bleaching, the
use of halogen showed better results than laser
(p�0.05). One and three months after bleach-
ing, no significant difference was found be-
tween the tested methods relative to the shade
change, independent of the method of shade
evaluation (p.0.05). As far as the color stabil-
ity is concerned, bleaching with halogen re-
sulted in stable color throughout the three
months (p.0.05), whereas the other two meth-
ods resulted in whiter teeth after one and
three months compared with the color directly
after bleaching (p�0.05). Bleaching with laser
needed more time than halogen for the desired
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shade change (p�0.05). Although directly after
treatment bleaching with halogen resulted in
better results, one and three months after
bleaching the kind of acceleration used in the
bleaching process did not have any effect on
the esthetic results.

INTRODUCTION

The esthetics of the smile and teeth, including tooth
color, has become of great importance to patients,
resulting in increased requests for tooth bleaching.
There are several products and methods described
for bleaching of vital teeth, including different
concentrations of bleaching agents, times of applica-
tion, application modes, and the kind of acceleration
used with the bleaching agent (ie, by means of
chemical activation or using light energy).1,2 In-
office vital tooth bleaching is one of the most popular
bleaching methods and is based on the application of
25%-40% hydrogen peroxide products on the exter-
nal tooth surfaces. The bleaching mechanism is
believed to be due to the penetration of hydrogen
peroxide into the tooth and the production of free
radicals that can oxidize organic stains.1,3

The clinical effectiveness of bleaching has been
demonstrated extensively.1,4–6 However, it must be
mentioned that usually several applications of the
bleaching agent are necessary7,8 in order to achieve
the desired esthetic results. Therefore, the total
treatment time needed can be extensive. In order to
achieve the same results in a shorter application
time, an increase in the efficiency of the bleaching
procedure by stimulating the dissociation of the
hydrogen peroxide would be helpful. Therefore,
recently the use of different light units such as
halogen curing lights, LEDs, diode lasers, argon
lasers, and plasma arc lamps has been introduced for
vital tooth bleaching in order to achieve a better
activation of the hydrogen peroxide, resulting in
better esthetic results.8 However, the in vitro
findings in the literature concerning the efficacy of
using light units for the acceleration of the bleaching
agents seem to be controversial.9–13 In previous
studies9–11 it has been shown that bleaching in
combination with light units can achieve better
results than bleaching with chemical activation.
Some other authors12,13 have shown that the use of
light units for acceleration of the bleaching agent
was not beneficial compared with the conventional
chemical activation. Even if the efficacy of bleaching
agents with light units might be beneficial concern-
ing the acceleration of the bleaching agent and,
therefore, the esthetic results achieved after the

bleaching procedure, their use is still questionable
concerning the generation of heat by the light
sources, with the danger of causing pulp necrosis.8

Light-curing units that produce high energy have
been shown to result in higher intrapulpal temper-
ature change.14

Although the efficacy of tooth bleaching with light
units has been widely studied in vitro,6–11 only a few
in vivo studies12,15–17 exist concerning the efficacy of
vital tooth bleaching by using light units, not giving
a clear conclusion about the beneficial use of light
acceleration of the bleaching process. Some of these
studies12,17 showed no difference between bleaching
with and without light units, whereas Alomari and
others16 found in their study that the use of light
units increase the efficacy of in-office bleaching for a
short period of time.

The differences in the bleaching methodologies
in the published studies, the controversial results,
and the difficulty of a standardized color evalua-
tion make further research in this field necessary.
Therefore, the aim of the present study was to
evaluate the efficacy of the bleaching with regard
to the color stability of an in-office bleaching agent
after using a halogen unit or laser compared with
bleaching without light units over a period of three
months, using two different kinds of color evalu-
ation. The hypothesis made was that all three
bleaching methods can achieve the same color
change and that the color achieved after the end of
the bleaching procedure can remain stable for all
methods over the period of three months, inde-
pendent of the method used for the color evalua-
tion.

MATERIALS AND METHODS

For the present in vivo study, 60 volunteers/patients
were selected. The study was approved by the Ethics
Committee of the University of Freiburg, Freiburg,
Germany. All patients treated in the study signed an
informed consent form after full explanation of the
project. The inclusion criteria were as follows: the
participants should be healthy; they should not be
pregnant; they should not smoke; their teeth should
not have been bleached before; and they should be
between 18 and 70 years old. Additionally, the color
of the upper canines should be so dark that a change
of six tab shades, according to the Vita shade guide
(Table 1), could take place. For this purpose, the
shade guide tabs were arranged from B1 to C4,
corresponding to a grade of whitening from 1 to
16.6,18 Any patients with sensitive teeth, caries, or
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composite fillings on the upper canines were exclud-
ed from the study.

The patients were randomly divided into three
groups (n=20). The tested groups were

1. bleaching without using light to accelerate the
bleaching process;

2. bleaching with a halogen unit (Beyond Technology
Corp,BEYOND European Headquarters, Berlin,
Germany);for eight minutes

3. bleaching with a laser unit (KaVo Dental GmbH,
Biberach, Germany) for 30 seconds.

Table 2 provides detailed information about the
units used for acceleration of the bleaching process.
For the bleaching procedure, the same bleaching
agent was used for all the tested groups: Opalescence
Boost (38% hydrogen peroxide) (Ultradent Products
Inc, South Jordan, UT, USA).

Before bleaching, the teeth were polished with a
fluoride-free paste. The bleaching procedure took
place for a maximum of 60 minutes (4 3 15-minute
sessions). After this, the bleaching procedure was
terminated even if the change of six shade tabs was
not achieved. Additionally, the bleaching procedure
was stopped at the onset of sensitivity or pain and
the color change achieved at this point was used for
the study.

The light sources were applied at the beginning of
each bleaching cycle, meaning that each 15-minute
cycle was accompanied by the respective light
application, according to the group to which it
belonged. Therefore, in the case of the group using
the halogen unit, it was applied during the first eight

minutes of each 15-minute cycle of the bleaching
procedure, and during the remaining seven minutes
of each cycle, no light was used. In the case of laser,
it was applied for 30 seconds at the beginning of each
bleaching cycle.

For the shade evaluation, the color of both canines
in the upper jaw was used. The shade change was
determined by one examiner with two different
techniques: visual evaluation with the VITA shade
guide (Table 1); and spectrophotometric evaluation
using the tooth vita shade reading from a VITA
Easyshade (VITA Zahnfabrik H Rauter GmbH & Co
KG, Bad Säckingen, Germany) in the ‘‘single tooth
shade’’ mode.

The examiner was previously calibrated for both
color selection methods. The shade evaluation took
place at the following time periods: before polishing,
before bleaching (baseline for evaluation of the
bleaching effect), after bleaching, and one and three
months after the end of the bleaching procedure. At
each tested time point, the visual shade evaluation
was performed first and then the digital one.

For each time point, the shade change for each
tooth was compared with the baseline. The end of the
bleaching procedure was determined according to
the shade tab change as identified by the spectro-
photometer.

After the bleaching session, patients were advised
to avoid the use of red balsamic vinegar, drinking of
corrosive drinks, and drinking dark beverages like
tea, coffee, red wine, and juices that could stain the
teeth for the first three days after bleaching. Oral
hygiene instructions included the recommendation

Table 2: Information on the Light Units Used for the Acceleration of the Bleaching Process

Light Units

Name Manufacturer Type Power output Wavelength Application Time

Beyond Whitening
Accelerator

Beyond Technology Corp, BEYOND
European Headquarters, Berlin, Germany

Halogen 150 W 480–520 nm 8 min

GENTLEray 980 KaVo Dental GmbH, Biberach, Germany Diode laser 6 W 980 nm 30 s

Table 1: VITA Shade Guide With 16 Shades Ranked From the Lightest Color on the Left to the Darkest Color on the Right

B1 A1 B2 D2 A2 C1 C2 D4 A3 D3 B3 A3,5 B4 C3 A4 C4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Polydorou & Others: Three-Month Evaluation of Bleaching with Light Units In Vivo 23
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to use a medium or soft toothbrush and toothpaste
with a low abrasive ability for the duration of the
study.

Statistical Analysis

A linear mixed model was fitted with a random
intercept (subject=patient). The continuous re-
sponse variable was modeled as a linear function of
time, kind of bleaching, the time-group interaction,
and the baseline values as explanatory variables,
separately for color evaluation. Variance components
were used as a covariance structure. Least-square
means and pairwise differences were calculated and
p-values were adjusted by the method of Tukey-
Kramer. All calculations were performed with the
statistical software SAS system version 9.1 (SAS,
Cary, NC, USA) using the PROC MIXED PROCE-
DURE. The significance level was set at a=0.05.

RESULTS

The mean age of the participants in the study was
27.64 6 5 years. During the bleaching procedure,
four patients in the laser group complained of
sensitivity/pain. In these cases, the bleaching proce-
dure was terminated and the shade change and
bleaching time were used in the study. For these
patients, directly after bleaching, two thin layers of
Seal & Protect (Dentsply DeTrey GmbH, Konstanz,
Germany) were applied on the bleached teeth in
order to reduce the sensitivity. These patients were
asked to return to the clinic the day after bleaching
in order to evaluate the sensitivity. No sensitivity

was present one day after bleaching. No sensitivity
was observed after bleaching with the halogen unit
or after bleaching without light units. In the present
study, no patients were lost and all 60 patients
appeared at their recall appointments.

Polishing of the teeth before bleaching did not
result in any significant change of color, having no
influence on the results of the bleaching methods
(Table 3).

The statistical analysis was performed separately
for each kind of color evaluation (visual and digital
with spectrophotometer). The color changes of each
group at each tested time for both types of color
evaluation are given in Table 3. The digital evalu-
ation revealed in all cases a greater color shade
change compared with the visual evaluation, at each
tested time and for all the bleaching methods used.
Table 4 provides the results of the pairwise analysis
with the Tukey test, comparing the shade change
after one and three months with the one after the
bleaching procedure, giving important information
concerning the stability of the tooth color throughout
the study period.

Figures 1–3 illustrate the color change achieved
with each bleaching method for both evaluation
methods up to three months after the bleaching
procedure. Bleaching with halogen showed the
greatest shade change directly after bleaching,
followed by bleaching without using a light unit
and then by bleaching with laser, independent of the
color evaluation method. The results at the other two

Table 3: Mean Values of Shade Changes (D-Values) 6 Standard Deviations for All Groups and at Each Tested Time Compared
With Baseline

Color Change (D Mean Values 6 Standard Deviation)

Bleaching Type Shade
Evaluation

After Tooth
Polishing

After
Bleaching

1 mo After
Bleaching

3 mo After
Bleaching

Bleaching without light Visual 0.0 6 0.0 1.75 6 2.7 2.9 6 2.9 4.55 6 1.7

Digital 0.15 6 0.4 4.8 6 3.7 7.25 6 2.9 7.05 6 2.3

Bleaching with laser Visual 0.15 6 0.6 1.15 6 1.7 3.65 6 2.5 4 6 2.17

Digital 0.05 6 0.2 2.15 6 2.4 6.75 6 3.2 6.7 6 2.8

Bleaching with halogen Visual 0.15 6 0.6 5.5 6 2.94 4.85 6 2.18 4.95 6 2.3

Digital 0.25 6 1.1 6.1 6 1.9 5.55 6 2.2 5.1 6 2.1
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tested time points differed between the visual and
digital evaluation. The digital evaluation showed
bleaching without light.laser.halogen at one
month and three months after the bleaching,
whereas the visual evaluation showed halogen.la-
ser.without light after one month and halogen-
without light .laser at three months after the
bleaching.

Visual Evaluation

Bleaching Without Light Unit—The time had a
significant effect on the color change (p=0.0035).
At each tested period the teeth were significantly
whiter compared with their initial color (p�0.05).

The Tukey test showed no significant difference
between the color after bleaching and one month

later (p�0.05), but the tooth color three months after
the bleaching was significantly whiter than directly
afterward.

Bleaching With Laser—The time had a significant

effect on the color change (p,0.0001). At each tested
period the teeth were significantly whiter compared
with their initial color (p�0.05). The Tukey test

showed that the color one month after the bleaching
was significantly whiter (p�0.05) than the one right
after bleaching, but no further significant change

took place during the next two months (p.0.05). The
color remained stable during the last tested period.

Table 4: The Pairwise Analysis of the Tested Bleaching Methods at Each Tested Point of Time, According to Tukey-Kramer Test

Tukey-Kramer Test (Adjusted p-Values)*

Color
Evaluation

Pairs Compared Directly After
Bleaching

One mo After
Bleaching

Three mo After
Bleaching

Visual Bleaching without light vs bleaching with laser 0.2784 0.9255 0.0578

Bleaching without light vs bleaching with halogen 0.6610 0.9749 0.1455

Bleaching with halogen vs bleaching with laser 0.0127 0.9997 0.6455

Digital Bleaching without light vs bleaching with laser 0.0041 0.8013 0.6267

Bleaching without light vs bleaching with halogen 0.2047 0.1630 0.1466

Bleaching with halogen vs bleaching with laser ,0.0001 0.4531 0.1315

* Significance at the level of a=0.05.

Figure 1. The color change achieved (according to the VITA shade guide) with bleaching without a light unit is presented for both color evaluation
methods up to three months after the bleaching procedure.
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Bleaching With Halogen Unit—Although it was

shown that separately for each tested time period
the teeth were significantly whiter compared with

their initial color (p�0.05), the statistical analysis

showed that generally the time did not affect the

color change (p=0.6754). According to the Tukey
test, the tooth color remained stable over the three

months after the bleaching procedure (p.0.05).

Digital Evaluation

Bleaching Without Light Unit—The time had a

significant effect on the color change (p=0.0241).

At each tested period the teeth were significantly

whiter compared with their initial color (p�0.05).
The Tukey test showed a significant effect on the

tooth color through the first month after the

bleaching procedure (p�0.05). After this time point,

the color remained stable up to three months after
the bleaching.

Bleaching With Laser—The time had a significant
effect on the color change (p,0.0001). At each tested
period the teeth were significantly whiter compared
with their initial color (p�0.05). The Tukey test
showed a significant effect on the tooth color through
the first month after the bleaching procedure
(p�0.05). After this time point, the color remained
stable up to three months after the bleaching.

Bleaching With Halogen Unit—Although it was
shown that separately for each tested time period
the teeth were significantly whiter compared with
their initial color (p�0.05), the statistical analysis
showed that generally the time did not affect the
color change (p=0.1710). This was also supported by
the Tukey test.

Figure 2. The color change achieved (according to the VITA shade guide) with bleaching with laser is presented for both color evaluation methods
up to three months after the bleaching procedure.

Figure 3. The color change achieved (according to the VITA shade guide) with bleaching with the halogen unit is presented for both color evaluation
methods up to three months after the bleaching procedure.
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The results of the pairwise analysis of the three
bleaching methods tested with the Tukey-Kramer
test for each tested time and for both kinds of color
evaluation are given in Table 5.

After comparing the three different bleaching
methods at each tested time point concerning the
shade change, the following were found for the two
different methods of color evaluation:

Visual Evaluation—A significant difference was
found among the three different bleaching methods
directly after the bleaching procedure (p=0.0011). At
this time point, bleaching with halogen resulted in
better results compared with bleaching with laser
(p=0.0127). One month and three months after the
end of bleaching, no significant difference was
observed (p.0.05).

Digital Evaluation—A significant difference was
found among the three different bleaching methods
directly after the bleaching procedure (p,0.0001). At
this time, the Tukey-Kramer test showed that
bleaching without a light unit (p=0.0041) and
bleaching with halogen (p,0.0001) resulted in
significantly whiter teeth compared with bleaching
with laser. One and three months after the end of
bleaching, no significant difference was observed
(p.0.05).

As far as the application time was concerned, a
significant difference was found among the three
bleaching methods (p=0.0244). Longer application
time was needed for bleaching with a laser, followed
by bleaching without a light unit and then by

bleaching with halogen. However, the pairwise
analysis with the Tukey test showed no significant
difference between bleaching without a light unit
and each of the methods using light acceleration of
the bleaching process (laser: p=0.2288; halogen: p=
0.5157). A significant difference was shown between
the two groups using a light unit (p=0.0188). The
application times for the three bleaching methods
are given in Table 6.

DISCUSSION

In the present in vivo study, three different methods
were used for tooth bleaching. For all three methods
the same bleaching agent (38% hydrogen peroxide)
was used, making the comparison of the three
methods easier. Four cycles of bleaching, 15 minutes
each, was the maximum bleaching time that took
place in the present study, in accord with the study

Table 5: The Pairwise Analysis of the Tooth Color at the Different Tested Time Points for Each Bleaching Method

Tukey Test (Adjusted p-Values)*

Color
Evaluation

Pairs
Compared

Bleaching
Without Light

Bleaching
With Laser

Bleaching
With Halogen

Visual After bleaching vs 1 mo 0.3245 0.0016 0.6888

After bleaching vs 3 mo 0.0024 0.0003 0.7653

1 mo vs 3 mo 0.1042 0.8657 0.9911

Digital After bleaching vs 1 mo 0.0363 ,0.0001 0.5498

After bleaching vs 3 mo 0.0592 ,0.0001 0.1463

1 mo vs 3 mo 0.9766 0.9983 0.6689

* Significance at the level of a=0.05.

Table 6: The Bleaching Time of Each Group Needed to
Achieve a Whitening of Six Tab Shades

Acceleration Technique Bleaching Time (min)*

Bleaching without light 48.75 6 12.76ab

Bleaching with laser 53.25 6 12.38a

Bleaching with halogen 45.75 6 11.38b

* The use of the same letter does not show any significant difference.
Different letter shows significant difference: p�0.05.
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of Auschill and others,19 who found that 3.15 cycles
of 15 minutes each were necessary in order to
achieve the desired six Vita shade-guide tab chang-
es. The mean age of the volunteers who participated
in the study was 27.64 years, making the comparison
among the tested groups easier. The age of the
patients can influence the results of bleaching
because the teeth of older patients are more difficult
to whiten than those of younger people, due to the
different kind of color changes that occur during the
maturation stage of the teeth.

In the present study, only bleaching with laser
resulted in tooth sensitivity during the bleaching
procedure. This is in contrast to the results of
Gurgan and others17 who found similar esthetic
results between the groups with and without light
acceleration of the bleaching process; however, they
found lower tooth and gingiva sensitivity in the case
of diode laser. The pulp temperature rise after
application of the laser20 in combination with the
fact that 30 seconds was used as the application time
for the laser treatment might be the reason for the
sensitivity mentioned. However, this sensitivity
existed only on the first day of bleaching and no
further symptoms were observed.

Among the three different test methods, bleaching
with the halogen unit showed the best results
directly after bleaching, followed by bleaching
without a light unit. Bleaching with laser revealed
the smallest shade change among the groups directly
after bleaching. The two different kinds of color
evaluation made it difficult to generalize the present
results. According to the digital evaluation, only
bleaching with the halogen unit achieved the six-tab
change directly after the bleaching procedure.
Although no significant difference in esthetic results
was found between bleaching with halogen and
bleaching without a light unit, bleaching with
halogen was more efficient directly after bleaching,
whereas bleaching without a light unit achieved
better results over time, resulting at the end of the
three-month period in a similar color change as that
achieved with the halogen unit. This is in agreement
with the study of Alomari and others,16 who found a
beneficial effect for bleaching with a blue light-
curing unit directly after the bleaching procedure,
but they could show that this was only for a short
period of time and did not affect the long-term
results. However, better esthetic results directly
after bleaching would probably be beneficial in daily
clinical practice in terms of the patients’ satisfaction
after the bleaching treatment. Our findings are
similar to those of Lima and others13 who found in

their study that bleaching in combination with a
halogen unit presented the same or higher efficacy
than bleaching without using some extra light unit.
Not only was the shade-tab change higher in the case
of the halogen unit, but additionally the mean time
needed to achieve this color change was significantly
shorter than the time needed for bleaching with the
laser unit. The high power output of the halogen unit
used and the presence of the photosensitive agent
(beta-carotene) in the bleaching agent might have
been the reason for the better results achieved with
the halogen unit compared with the laser. The
addition of beta-carotene to the bleaching product
is supposed to improve its ability to absorb blue
light.13

Not only the power of radiation but also the
wavelength of the laser influences the mechanism
of laser systems for bleaching purposes.8 The poor
esthetic results observed in the group treated with
laser compared with that treated with the halogen
unit might be due to the wavelength of the laser,
which is, at 980 nm, far greater than the 400–500 nm
at which the beta-carotene strongly absorbs. The
wavelength of the halogen unit is better suited to the
absorption spectrum of the beta-carotene. This could
explain the results of the present study concerning
the difference between the two tested light units.
Although it can be considered that the use of a diode
laser with another wavelength might have resulted
in better results, the fact that diode lasers with a
wavelength of 980 nm are among the lasers
recommended by the Food and Drug Administra-
tion21,22 for tooth bleaching makes the situation
tested in the present study clinically relevant
because no exact information is given for dental
clinicians concerning the appropriate combination of
bleaching product and laser unit. The combination of
bleaching products containing beta-carotene with
lasers with high wavelengths is often seen in the
literature.23–25

Between bleaching with halogen and bleaching
without using some light unit, similar application
times were necessary in order to achieve similar
esthetic results, according to the statistical analysis.
Although the acceleration of the bleaching process
with the halogen unit showed good esthetic results
directly after bleaching, the fact that the pulp
temperature rose during bleaching with a light
unit20 makes chemical activation of the bleaching
agent more attractive for daily clinical practice.

In the present study, the laser showed the poorest
results directly after bleaching especially in compar-
ison to bleaching with the halogen unit. In the study
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of Gontijo and others,26 no significant difference was
found between bleaching with laser and bleaching
with a halogen unit after treating teeth that had
undergone root canals. Kashima-Tanaka and oth-
ers27 showed in their study that the amounts of
hydroxide that were generated from the hydrogen
peroxide were higher in the case of bleaching by
using a plasma arc lamp and halogen unit than by
using a laser. However, the different methodologies
used among the published studies make their
comparison very difficult. Additionally, the light
units used among the studies were never the same,
making such a comparison very critical. Not all
halogen units had the same power output and not all
the lasers used in the studies for acceleration of the
bleaching process had the same characteristics.

In our study, additional color evaluations took
place one and three months after the end of the
bleaching procedure. The stability over time of tooth
color after bleaching is one of the major concerns of
patients after the end of the bleaching treatment.
The esthetic results achieved with bleaching accel-
erated with the halogen unit remained stable over
the three months. In contrast to this, bleaching
without a light unit and acceleration with the laser
resulted in whiter teeth after one month and three
months compared with the color achieved directly
after bleaching. Therefore, the hypothesis made at
the beginning of the study concerning the whitening
efficacy of the three bleaching methods and the color
stability cannot be accepted.

Our results are in contrast to previous stud-
ies3,12,13,28 that showed a decrease of the color
change and darker teeth some time after the
bleaching procedures compared with the results
achieved directly after bleaching. Wiegand and
others3 found that over a period of 12 months the
teeth darkened, but they did not return to the
baseline color. In the study of Lima and others,13 one
month after bleaching a color regression was
observed; whereas, in the study of Marsio and
others,12 the same results were found after observa-
tion of six months. In an older study of Rosenstiel
and others,28 the color regression was seen even
seven days after the end of bleaching. These
authors12,13,28 suggested that the single bleaching
treatment used might be responsible for the color
regression, and multiple treatment sessions were
recommended. Alomari and others16 found that the
use of light acceleration of the bleaching agents
increased their efficacy only for a short period of time
and did not affect the long-term results of the
bleaching agents.

A reversible tooth dehydration was thought14,29,30

to be the reason for the whitening effect of the light
on the bleaching efficacy. This could not be con-
firmed in the present study. The esthetic results
remained stable or were enhanced over time.

Given the hypothesis of Greenwall31 that during
bleaching the tooth is filled with oxygen and is
dehydrated from the oxidative process, changing the
optical qualities of the tooth might offer some
explanation of further whitening effect observed in
the present study after one and three months.
According to Greenwall,31 after a period of two
weeks the oxygen had dissipated and the rehydrated
tooth demonstrated the actual lightened effect.

An additional parameter that might have influ-
enced the results of the present study was the
viscosity of the bleaching agent used. Opalescence
Boost with 38% hydrogen has replaced last year’s
version of the bleaching agent Opalescence Xtra
Boost with the same concentration of hydrogen
peroxide. Although no chemical changes have been
reported to take place according to the manufactur-
er, the texture and the consistency of the bleaching
agent differs from that of the previous product; it is
more viscous than before. The composition and the
viscosity of the bleaching agent have an effect on the
diffusion of the hydrogen peroxide and, therefore, on
the bleaching procedure.32–34 Bleaching agents with
high viscosity show a higher peroxide diffusion
compared with less viscous materials.34 This change
in the viscosity of the bleaching agent might be
responsible for the different behavior during and
particularly after the bleaching procedure because
the viscosity of the material influences the peroxide-
release kinetics.

One important point of the present study was the
comparison of the visual color estimation with the
digital one. First the visual shade was determined,
and then the digital evaluation took place. Tooth
color evaluation in daily clinical practice is of great
importance for the esthetic result of any dental
treatment. It is rather difficult due to several
parameters that can influence color estimation,
such as daylight, time of the day, and the color of
the patient’s clothes. The use of a device for the
tooth color evaluation can make the daily dental
practice easier. Several devices, such as spectropho-
tometers or cameras, have been marketed for this
purpose. It has been mentioned that a spectropho-
tometer generates a highly accurate spectral curve
indicating the exact L*a*b* values.35 The Commis-
sion international de l’éclairage (CIE) 1976 L* a* b*
system is adequately related to human eye color
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perception in all three dimensions of color space.36

The L* values depict the sample lightness, whereas
the a* and b* values depict the chroma of the
samples. The a* values are a measure of redness
(positive a*) or greenness (negative a*). The b* value
is a measure of yellowness (positive b*) or blueness
(negative b*). The a* and b* values approach zero
for neutral colors (white, grays). Unfortunately,
there are some disadvantages associated with the
use of spectrophotometry-based instruments.35 Fog-
ging of the optical device can occur, which can lead
to inaccurate readings. There are properties of teeth
that complicate the use of spectrophotometers.
Translucency, an inherent property of teeth, is
abstract and intangible and is currently difficult to
measure and standardize. Furthermore, the curved
surface of the tooth may be problematic because it
might negatively impact the uniform reflectance of
light to the spectrophotometer. Translucency can be
measured when using a spheric optical spectropho-
tometer designed for industry and research that
captures light reflectance from an object in three
dimensions. However, this type of instrument is not
designed for clinical use because the object to be
measured must be placed within the chamber of the
spectrophotometer. According to Lath and others,37

an image system is a reliable alternative measure-
ment method validated against spectrophotometry
for stain removal in vitro and can provide full color
measurement. However, digital evaluation has not
been so widely tested as the spectrophotometer. In
the present study, the Vita Easyshade intraoral
dental spectrophotometer was used. According to
the manufacturer, it is a self-contained, portable,
digital shade-matching device that is compatible
with the 26 Vita System 3D-Master shades, the
three Vita System 3D-Master Bleaching shades, and
the 16 Vitapan Classical shades. In the literature,
the same spectrophotometer has been used in
several studies12,38–41 over the years to evaluate
tooth color. Meireles and others41 evaluated in their
study the validity and reliability of the visual
assessment of tooth color using the same spectro-
photometer used in the present study. In their
study, the Vita Easyshade was used as the criterion
standard. The sensitivity and specificity of the
visual assessment with respect to the criterion
standard was 86.9% and 81.9%, respectively, lead-
ing to the conclusion that the visual assessment of
tooth color using the VITA Classical shade guide is a
valid method with good reliability. In the present
study, the visual evaluation of the tooth color
resulted in darker colors compared with the digital
evaluation. As shown in Figures 1–3, only in the

case of the halogen unit did the visual and digital
evaluation seem to show the same color tab change.
Although the estimation of the absolute color
differed between the two kinds of evaluation for
the other two bleaching methods, the statistical
analysis revealed the same results for bleaching
with laser concerning the color change to the end of
the three-month period. As far as bleaching without
any light unit is concerned, the results differed
among visual estimation and spectrophotometer,
and only those for the three-month period showed
similar statistical results. Additionally, these two
different kinds of shade evaluation revealed the
same statistical results for the one-month and three-
month observation. Only directly after bleaching
were the different kinds of color evaluation found to
result in different conclusions. Therefore, according
to the findings of the present study the use of a
spectrophotometer seems to be more objective
concerning the observation of tooth color, and,
therefore, the hypothesis made at the beginning of
the study concerning the two different methods for
color evaluation cannot be accepted. Additionally,
the fact that the visual observation revealed darker
values compared with the spectrophotometer leads
to the hypothesis that human observations seem to
be more critical concerning the esthetic results of
tooth bleaching.

CONCLUSIONS

Within the limitations of the present study, bleach-
ing with the halogen unit showed a better whitening
effect directly after bleaching compared with bleach-
ing with the laser. Bleaching with the halogen unit
was not beneficial compared with chemical activa-
tion of the bleaching agent. The whitening effect
after bleaching with a laser or bleaching without any
light unit increased during one and three months
compared with the results achieved directly after
bleaching. After a period of three months, the
esthetic results achieved were similar for all tested
bleaching methods. Therefore, it can be concluded
that the use of light to accelerate the process of
bleaching is not important for esthetic results with
regard to long-term whitening effects.
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