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Abstract
Aim: The aim of this in vitro study is to describe a preclinical investigation using laser-activated bleaching agent 

for discolored teeth. 

Materials and methods: Sixty sound human central and lateral incisors were selected for this study and were 
randomly assigned into four groups as follows: Group 1 (n=15): only Whiteness HP 10 min; Group 2 (n=15): diode 
laser, wavelength 980 nm power 0.8 W–30 sec+Whiteness HP; Group 3 (n=15): diode laser, wavelength 980 nm power 
1 W–30 sec+Whiteness HP; Group 4 (n=15): KTP laser wavelength 532 nm power 1 W–30 sec+Whiteness HP. In the 
bleaching experiment, 38% hydrogen peroxide was used. The results of the irradiations were characterized using the 
CIEL*a*b system.

Results: A mean total color difference value greater than 5.0 was obtained in each group. Lasers systems together 
with Whiteness HP bleaching gel showed the best results using only Whiteness HP gel (p<0.05). 

Conclusion: Application of laser systems with Whiteness HP provides simple, short, and powerful bleaching in 
dental offices.
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Introduction 
Bleaching of intrinsic or extrinsic teeth stains has continued to 

increase in popularity as an effective, noninvasive method to alter the 
shade of discolored teeth [1]. To accelerate the bleaching process, heat 
activation can be used and several safe techniques have been improved. 
One accepted procedure is to use a peroxide compound placed on the 
tooth surface that bleaches the intrinsic tooth pigments to a lighter 
hue. Adding heat, light, or laser energy to the peroxide compound may 
accelerate this process [2].

To accelerate the office bleaching procedure, several different types 
of irradiation sources exist representing coherent or incoherent light in 
use [3]. The advantages of these techniques are speed and convenient. 
The general handicap of dental bleaching is increased tooth or gingival 
sensitivity. Irradiation using visible and infrared light can provoke 
beneficial effects at certain wavelengths [4]. Because resin-curing lights 
are mostly used for bleaching, some cases have an extra setting. Light 
systems designed for bleaching procedures output light for an entire 
dental arch. A laser system mechanism offered for bleaching purposes 
depends on wavelength, power of radiation, and pump mode [2].

Office bleaching procedures use different types of energy sources 
to increase the rate of chemical release of bleaching radicals [5]. Direct 
heating has become less preferred over time and have been replaced 
by other energy sources, such as plasma-arc devices, halogen lamps, 
InGaN LED, or light emitting diodes, and other light sources. Lamps 
that emit long wavelengths as visual spectrum or larger invisible 
infrared spectrum have lower energy photons, causing high thermal 
character that may induce unfavorable thermal effects [2,4,6-8]. KTP, 
argon, and diode lasers are typically used for in-office bleaching 
treatments. Shorter wavelengths, such as the argon laser (λ=514.5 
nm) or the KTP laser (532 nm), have higher energy photons and less 
direct thermal characteristics. In contrast, such laser systems provide 
complete safety at these wavelengths for both vital and nonvital teeth 
when used for photobleaching [2,4,9].

Dental tooth shade evaluation by humans is prone to environmental 

and physical variables such as ambient light, differences in the number 
of cones and rods within the retina of the eye, and many others [10,11]. 
Therefore, a significant aim of color vision research is the specification 
of human color response because electronic color measurement devices 
are being used. A recent important development is the CIEL*a*b color 
system [12] that allows for a difference between colors to be calculated as 
the Euclidean distance between their coordinates in three-dimensional 
CIEL*a*b space. The last three letters in the name CIEL*a*b refer to 
the three perpendicular directions in color space: a* represents the 
red-green contrast (positive a values correspond to a carmine red and 
negative a values correspond to its opposite, blue green); b* represents 
the yellow-blue contrast (positive b values correspond to a carmine red 
and negative b values correspond to deep blue); and L* corresponds to 
the luminosity dimension or whiteness that ranges from 0 (pure black) 
to 100 (reference white) and is proportional to luminance. The chroma 
C*, or color saturation, which indicates the distance from the gray axis 
(L*) in CIEL*a*b* space, represents the change from unsaturated (dull) 
to saturated (bright) colors. A larger C* indicates more saturation of the 
color. Therefore, the two attributes that define the perceived increase 
in brightness succeeded by the bleaching procedure are the change in 
whiteness (ΔL*) and the change in chroma (ΔC*) [4].

Color intensity (chroma) seems like light intensity (whiteness) for 
humans, especially for the color yellow, which reaches its strongest 
saturation at high whiteness values, as represented in the Munsell color 
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system [4]. The Munsell system is based on a cylindrical coordinate 
system. However, the CIEL*a*b* system is based on a rectilinear 
Cartesian coordinate system that permits a description and algebraic 
manipulation of color differences between coordinates in color space 
[4]. This study uses spectrophotometric comparison to analyze the 
efficacy of laser systems using the HP Whiteness bleaching agent.

Materials and Methods
For the study, 60 healthy human maxillary central and lateral 

incisors extracted from adult males and females for various reasons 
were selected. The teeth were kept hydrated in saline solution. For the 
experiment, they were cleaned with pumice in the laboratory. The roots 
were separated using a diamond saw (model 15 HC, Buhler), the pulpal 
tissue was removed, and the dentin sealed off with self-curing epoxy. 
The teeth were then stored in distilled water under refrigeration at 8°C 
to keep them hydrated. All teeth had their L*a*b* values measured 
for the first time using a spectrophotometer (model Cintra 10, GBC 
Scientific Equipment, Australia) and were subsequently immersed in a 
staining solution made of tobacco, black tea, coffee, Coca-Cola, and red 
wine for seven days at a temperature of 37°C. The receptacle containing 
the staining liquid was stirred once every day to avoid decantation of 
the staining products. After this period, the teeth were rinsed for the 
second time and the CIEL*a*b* values were measured again.

The teeth were divided into four groups, as follows.

Control group (Group 1): An approximately 2 mm thick layer 
of the bleaching agent (Whiteness HP) was applied and kept for 10 
minutes on the control group teeth surfaces.

Group 2 received a 2 mm layer of the bleaching agent, which was 
immediately irradiated with 1 W of output power from the diode laser 
(wavelength 970 nm) for 5 minutes.

Group 3 received a 2 mm layer of the bleaching agent, which was 
immediately irradiated with 2 W of output power from the diode laser 
(wavelength 970 nm) for 2.5 minutes.

Group 4 received a 2 mm layer of the bleaching agent, which was 
immediately irradiated with 1 W of output power from the diode laser 
(wavelength 532 nm) for 30 seconds.

The L*a*b* values were measured for the last time and then the 
differences between the three CIEL*a*b* measurements were evaluated. 
To verify whether the bleaching agent and the light source affected 
significantly the mean values, an analysis for multiple comparisons 
using Fisher’s Least Significant Difference (LSD) method was applied 
with a 95% confidence interval (P<0.05).

Results
The lightness L* values dropped significantly from the first 

measurement to the measurement after the staining procedure and 
none of the procedures from G1 to G4 recovered to the initial values. 
The same occurred with the a*and b* values. All teeth showed a 
predominantly yellow hue, with a b* value between 11 and 22, and only 
a slight contribution from the transverse color dimension red, with 
a positive a* value between 1.1 and 5.1. The chroma value, which is 
proportional to the saturation of the color, was calculated using the 
Formula C*=(a*+b*)1/2. The mean values of L* and C* and their standard 
deviations are shown in tables 1 and 2. For a more accurate analysis, the 
results were separated according to light source. The differences in L* 
and C* introduced by the respective treatment procedures from groups 
G1 to G4 were also analyzed. 

The “light source” factor is also significant with respect to chroma. 
The mean change in chroma for both combinations using laser was 
significantly better than for using only a bleaching agent. Group G1 
showed the smallest chroma change and, therefore, moved less in the 
direction of the chromatic gray axis (L* axis) of the CIEL *a*b* color 
sphere.

Discussion
The aim of laser bleaching is to achieve the perfect bleaching 

process with the most efficient source while avoiding any adverse effect. 
Argon, CO2, and 980 nm GaAlAs diode laser wavelengths are cleared 
by the FDA for tooth whitening, and other laser radiation systems 
have been tested. In office bleaching, KTP, Agon, and Diode laser have 
been preferred. KTP and the Argon laser are also completely safe at 
these wavelengths for both vital and nonvital tooth structures, and are 
feasible for photobleaching [13-15].

KTP laser (kalium-titanyl-phosphate crystal frequency doubled 
Nd:YAG laser, pulsed) has been absorbed relatively low in water and 
tooth mineral, high in hemoglobin, penetrated medium into dental 
hard tissues. KTP laser energy also induces a photochemical reaction 
in the bleaching gel similar to the photochemical reaction induced by 
Argon laser light in the photopolymerization of light cured materials. 
KTP laser energy creates acceptable temperature changes in the dental 
pulp and is more active in heating the surface gel. The KTP laser 
with high energy densities decreased the time needed to bleach teeth 
[13-17]. Walsh and Liu demonstrated that the whitening effect of 
photochemical KTP laser bleaching is more effective than diode laser 
photothermal bleaching. Therefore, the effect of a 532 nm KTP laser 
has a synergic effect with a diode laser. For these reasons, a 532 nm KTP 
laser was used in the present study. 

Zhang et al. [9] studied the whitening efficacy of Light-Emitting 
Diode (LED), diode laser, and KTP laser irradiation in dental bleaching 
by analyzing the change in color, the temperature increase in the pulp 
cavity, and the microhardness measurement after treatment. The author 
suggests that the KTP laser is effective in brightening teeth. Within the 
limits of this study, the LED and the KTP laser induced a safer pulpal 
temperature increase when assisted with Hi-Lite bleaching gel. 

Diode laser absorption in water, tooth mineral, and pigments is low 
but in dental hard tissue is high, indicating that pulp damage from a 
temperature increase can occur. Most of the studies on diode lasers 
show that the bactericidal effect of this laser is perfect, and that it is 
commonly used for in-office bleaching treatments [4,18-21].

Few published studies analyzed the efficacy of laser used in a 
bleaching procedure. With the aim of reducing the possible reading 
bias in a dental office that has several types of light sources, a 
spectrophotometer analyzes the samples under only one light source. 
A spectrophotometer’s reference is the light of the day, which is not 
always recognized by the human eye primarily if the metamerism of 
the object is to be considered [4]. Regarding the L*a*b* values obtained 
in this study, high L* values corresponding to a higher luminosity are 
the lowest ones associated with less clarity, which is not expected after 
the dental bleaching procedure. Regarding the chroma, higher C* 
values corresponding to a higher saturation are the lowest values (less 
saturation) next to a chromatic gray color (C*=0). Because the chroma 
value is linked to the luminosity value L* by means of the color sphere, 
the higher the luminosity, the smaller the maximum possible saturation. 
For the highest luminosity value, there is no hue and C* has to be zero 
(completely white teeth, top of the color sphere, L*=100). For values of 
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L* larger than 95, the only hue that can be strongly saturated is yellow 
[22]. Hasegawa et al. [23] studied natural tooth color on 87 subjects 
in Japan and measured a mean L* value of 73 and a mean b* value of 
16.5. At this L* value, strong saturation of almost all hues is possible 
and, therefore, the chroma value is an issue. According to Gerlach 
et al. [24] ΔC is the primary response variable because its directional 
measurement has the most perceptual relevance. For the ΔC* values, 
a more accurate analysis is probable when studying human teeth for 
which the yellow color predominates through the transparency of the 
dentin in normal conditions. In addition, the greater the saturation, the 
brighter the teeth appear to the human eye; however, grayish-colored 
teeth (C*=0) are mostly unacceptable to patients [25]. This research 
produced significant differences between the results of the agent/light 
source associations. 

To respect the lightness L* and the chroma C* values, the best 
results were attained with the Whiteness HP bleaching gel and diode 
KTP association. The Whiteness HP bleaching agent always shows a 
more efficient interaction with the laser.

Within the limits of the present study, laser and the Whiteness HP 
bleaching agent association showed more effective results with respect 
to both chroma and luminosity. Further studies are necessary and are 
being conducted to prove these results.
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Agent Irradiation Initial Stained Final

Whiteness  HP

Group 1 90.8 ± 1.3 77.6 ± 7.7 80.6 ± 8.1
Group 2 90.9 ± 1.7 84.3 ± 5.9 89.3 ± 2.1
Group 3 91.0 ± 1.4 85.9 ± 6.1 90.2 ± 2.0
Group 4 91.1 ± 1.3 86.1 ± 7.3 91.4 ± 1.2

Table 1: Mean Values and Standard Deviation of L*.

Agent Irradiation Initial Stained Final

Whiteness  HP

Group 1 11.8 ± 1.4 22.6 ± 3.7 16.6 ± 3.1
Group 2 11.9 ± 2.3 25.3 ± 4.9 18.8 ± 4.3
Group 3 12.1 ± 1.5 19.9 ± 5.4 19.6 ± 1.1
Group 4 12.7 ± 1.1 23.1 ± 3.3 20.4 ± 1.8

Table 2: Mean Values and Standard Deviation of C*.
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