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Abstract. The safety of tooth bleaching, which is based upon hydro-
gen peroxide �HP� as the active agent, has been questioned. Our aim
was to investigate the effects of 30% HP on human tooth enamel. The
specimens were divided randomly into three groups and treated with
distilled water, HCl, and HP, respectively. Raman scattering and laser-
induced fluorescence of enamel were determined before and after
treatment. Microhardness testing and scanning electron microscopy
were also used. The results of Raman scattering showed that the Ra-
man relative intensity of enamel changed significantly after HP and
HCl treatment. These findings were consistent with the results of mi-
crohardness testing and morphological observations. In addition, a
small band at 876 cm−1 due to O–O stretching of HP became pro-
nounced during HP treatment, which provided direct evidence that
HP has the ability to penetrate enamel. Meanwhile, the results of
laser-induced fluorescence revealed that HP caused the greatest fluo-
rescence reduction. This suggested that the organic matter in enamel
might be greatly affected by HP, which was also supported by the
results of microhardness. It can be concluded, therefore, that the 30%
HP may have adverse effects on the mineral and the organic matter of
human tooth enamel. © 2008 Society of Photo-Optical Instrumentation Engineers.
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Introduction

he color of teeth is of particular concern to a large number of
eople seeking dental treatment. It has been reported that 28%
f adults in the United Kingdom and 34% in the United States
re dissatisfied with the appearance or color of their teeth.1
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Tooth bleaching is a well-accepted method of treating dis-
colored tooth. It refers to the clinical application of a chemical
solution to a tooth surface in order to achieve a lightening
effect. The method is based upon hydrogen peroxide �HP� as
the active agent.2 HP can be applied directly or produced in a
chemical reaction from carbamide peroxide. It acts as a strong
oxidizing agent through the formation of free radicals, reac-
tive oxygen molecules, and hydrogen peroxide anions.2 These
reactive molecules attack the long-chained, dark-colored
chromophore molecules and split them into smaller, less col-
ored, and more diffusible molecules.2
1083-3668/2008/13�1�/014019/9/$25.00 © 2008 SPIE
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Although there is little question about the efficacy of tooth
leaching, the safety of this technique has been questioned.2 A
rimary concern is that the structure of sound enamel may be
eakened by the bleaching agent. Numerous studies have

valuated the effects of the peroxide-containing bleaching
gents on the surface morphology of enamel. Some reported
o or little topographic alterations of bleached enamel,3–6 but
thers have found increased porosity, pitting, erosion, and
emineralization of enamel prism peripheries.7–9 Additionally,
urface hardness and wear resistance of enamel have also
een investigated, and the results have varied from no effect
o significant decrease in hardness and fracture resistance of
namel.10–13 Several studies have evaluated the effects of
leaching agents on the chemical composition of enamel us-
ng energy dispersive spectroscopy,14 x-ray diffraction, and
nfrared spectroscopy.15,16 The limitation of the above-

entioned analytical techniques is that they are invasive to
he enamel sample. Moreover, these techniques provided very
imited information about the organic matter that comprises
nly a minor part of enamel, and they fail to reach general
greement.

This paper is an application of laser Raman spectroscopy
o the study of the structure of human tooth enamel. This
echnique was selected because it is a very powerful, nonin-
asive analytical method and involves only minimal sample
reparation. It has been proven to be of great value for study-
ng the molecular structure of enamel mineral.17–21 The vibra-
ion modes of PO4

3−, CO3
2−, and OH− groups can be studied by

aman spectroscopy.21 The frequency and the band shape of
he most prominent �1 PO4

3− depend on the local mineral en-
ironment and therefore change with ionic incorporation and
rystallinity.21,22 Meanwhile, the intensity of �1 PO4

3− is lin-
arly proportional to phosphate group concentration within
he hydroxyapatite molecule, and it thus can be used to ana-
yze changes in the phosphate group concentration.17,23

Laser-induced fluorescence, which is usually regarded as
he interference of Raman scattering, can also be measured by
Raman spectrometer.24–26 It is well known that laser-induced
uorescence is one of the most striking features of
namel.27,28 Dental caries can be measured as a change in
uorescence of the tooth substance when exposed to laser

ight.27,28 Based on recent studies,26,29 it is highly possible that
he laser-induced fluorescence of sound enamel originates
rom the organic matter in enamel. Thus, the laser-induced
uorescence during Raman measurement may provide impor-

ant information about the organic matter.
The aim of the study was to explore the effects of 30% HP

n sound tooth enamel by applying Raman scattering and
aser-induced fluorescence. In addition, microhardness testing
nd scanning electron microscopy �SEM� were also used.

Materials and Methods

he study protocol was reviewed and approved by the Ethics
ommittee of the School and Hospital of Stomatology, Wu-
an University. Patients from whom teeth were being ex-
racted were asked to read and sign a consent form prior to the

xtraction.

ournal of Biomedical Optics 014019-
2.1 Sample Preparation
Intact human premolars, extracted for orthodontic reasons,
were selected. Buccal and lingual surfaces were devoid of
stain, enamel cracks or fractures, caries, or other defects. The
teeth were cleaned thoroughly and stored in 0.5% thymol at
4°C until required. Dental blocks �2 mm�3 mm�4 mm�
were obtained from middle 1/3 of the buccal or lingual halves
of each tooth by a low-speed saw �Isomet, Buehler Ltd., Lake
Bluff, Illinois� under water-cooling. The dental blocks were
individually embedded in colorless translucent acrylic resin
with the enamel surface exposed for treatment. The specimens
were serially polished by means of 600- to 3000-grit SiC
papers with water as a cooler to obtain flat standardized
enamel surfaces. Subsequently, they were polished with dia-
mond spray �1 �m, 0.5 �m� and polishing cloths. Then the
specimens were ultrasonicated for 5 min with deionized water
�DW, Milli-Q water�.

2.2 Treatment Procedure
All specimens were washed under running distilled water for
30 s and dried by compressed air for 3 s before treatment
started. Three specimens prepared from each tooth were ran-
domly divided into three groups and treated as follows:

• Group DW �n=20�: The specimens were immersed in
2 mL DW for 60 min.

• Group HCl �n=20�: The specimens were immersed in a
2-mL HCl solution �pH�3.2, Sinopharm Chemical Reagent
Co. Ltd., Shanghai, China� for 60 min.

• Group HP �n=20�: The specimens were immersed in a
2-mL HP solution �pH�3.2, Sinopharm Chemical Reagent
Co. Ltd., Shanghai, China� for 60 min.

All experiments were carried out at 24°C.

2.3 Raman Spectroscopic Detection
Raman/fluorescence spectra were recorded with a confocal
micro-Raman spectrometer �LabRam HR800, Jobin Yvon
Horiba, France� equipped with a 20-mW He-Ne laser
�632.8-nm wavelength�. A dry Olympus 100� objective
�NA=0.9� in combination with an adjustable confocal hole
was used. Raman scattering was detected by using an air
cooled 1024�256 pixels CCD camera. Peak frequencies and
rapid checking of instrumental performance were calibrated
with the silicon phonon line at 520 cm−1.

Ten specimens in each group were used for Raman spec-
troscopy. The specimens were marked and washed in running
DW for 30 s before the measurements. The Raman/
fluorescence spectra were acquired at six points near the
marker. Three points were measured using a confocal hole of
100 �m. For each spectrum, an average of three acquisitions
of 30 s was used. The other three were measured using a
confocal hole of 1000 �m. An average of three acquisitions
of 10 s was used. The specimens were measured repeatedly at
the same location at 0, 15, 30, and 60 min after treatment, and
the white light images were recorded. The Raman spectrum of
30% HP solution was also acquired.

Spectral data were visualized on a computer and processed
using LabSpec 5 spectroscopic software. Profile data were
then imported into Origin 7.0 software �Origin-Lab Corpora-
tion, Northampton, Massachusetts�. Raman absolute intensity

�RAI�, Raman relative intensity �RRI�, and fluorescence in-
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ensity �FI� at 960 cm−1 of the Raman/fluorescence spectra
ere calculated �Fig. 1�. The RAI is the intensity of the Ra-
an peak at 960 cm−1 before the spectrum is baselined. The
RI is the intensity of the same peak after the spectrum is
aselined between 990 and 930 cm−1. The FI is equal to RAI
inus RRI. All values were transformed to percentage values,
here the values of the baseline were 100% and the changed
alues were calculated as a percentage of the baseline.

.4 Microhardness Testing
icrohardness testing was performed at 0, 15, 30, and 60 min

fter treatment. Ten specimens in each group were used for
he testing. Microhardness was measured with a hardness
ester �HXD-1000TMC/LCD, Taiming, Inc., Shanghai, China�
ith a load of 200 g for 15 s. Five Vickers hardness indenta-

ions were performed on each specimen and averaged before
reatment. The indentations were made in five widely sepa-
ated locations. The measurements at 0 min were denoted as
he start values and served as a baseline. The measurements at
5, 30, and 60 min after treatment were made near the base-
ine indentations �space=100 �m�. The microhardness val-
es were recorded and subsequently transformed to percent-
ge microhardness, where the microhardness of the baseline
as 100% and the changed microhardness was calculated as a
ercentage of the baseline.

.5 SEM Analysis
wo specimens from each group were selected for SEM
nalysis after the final microhardness testing. The specimens
ere desiccated and sputter-coated with gold in a vacuum

vaporator. Images of central areas in the enamel were taken
sing a scanning electron microscope �Fei QUANTA-200,
indhoven, The Netherlands�.

.6 Statistical Analysis
tatistical analysis was performed by using SIGMASTAT

ig. 1 Raman absolute intensity �RAI�, Raman relative intensity �RRI�,
nd fluorescence intensity �FI� at 960 cm−1 of the representative
aman/fluorescence spectra. The spectra were recorded with a
00� objective, and the confocal hole was set to 1000 �m. An aver-
ge of three acquisitions of 10 s was used.
oftware. The percentage RRI, FI, and microhardness were

ournal of Biomedical Optics 014019-
analyzed by one-way repeated-measures �RM� ANOVA �or
Friedman RM ANOVA on ranks� in each group for the time
factor. One-way ANOVA �or one-way ANOVA on ranks� was
used for the comparison of data among groups at the same
time point. Post hoc pairwise comparisons were obtained with
a Student-Newman-Keuls �SNK� test. The results are pre-
sented as mean � SE. The level of significance was set at a P
value of 0.05.

3 Results
3.1 Raman Scattering and Laser-Induced

Fluorescence of Enamel
The main features of the Raman scattering of enamel were
well consistent with previous results17,18 �Fig. 1�. The stron-
gest band at 960 cm−1 arose from �1 PO4

3−. The bands at 1045
and 1024 cm−1 were assigned to �3 PO4

3−, 610 and 580 cm−1

to �4 PO4
3−, and 430 cm−1 to �2 PO4

3−. The bands at 1068 and
3573 cm−1 were attributed to �3 CO3

2−and OH− stretch, re-
spectively. The laser-induced fluorescence of enamel appeared
as a featureless background in the Raman/fluorescence spectra
�Fig. 1�.

Both RRI and FI of enamel increased greatly with the
opening of the confocal hole from 100 to 500 �m, but they
showed little variations with the opening of the confocal hole
from 500 to 1000 �m �Fig. 2�a��. When the enamel was illu-
minated by the laser of the Raman spectrometer, the RRI re-
mained almost unchanged with increasing time, while the FI
decreased considerably �Fig. 2�b��.

3.2 Effects of Treatments on the Raman Scattering of
Enamel

In all groups, the frequency of Raman bands, Raman band-
width at 960 cm−1, and carbonate phosphate intensity ratio
showed little variation after treatment. However, significant
changes in RRI were found in groups HP and HCl �Figs. 3
and 4�.

Using a 100-�m hole, the one-way RM ANOVAs �or
Friedman RM ANOVAs on ranks� revealed that the percent-
age RRI remained unchanged in group DW �P=0.730�, but
changed over time in groups HP and HCl �P=0.016 and P
=0.011�. Unlike the continual decrease in group HCl, the
percentage RRI of group HP increased significantly in the first
30 min and then decreased at 60 min. The one-way ANOVAs
�or one-way ANOVAs on ranks� showed that there was no
significant difference among three groups at 15 min after
treatment �P=0.680� but that there were significant differ-
ences at 30 min and 60 min after treatment �P=0.013 and
P=0.003�. The percentage RRI of group HCl was signifi-
cantly lower than that of group HP at 30 min, and it was
significantly lower than those of groups HP and DW at
60 min after treatment.

Using a 1000-�m hole, the results suggested that the per-
centage RRI remained unchanged in groups DW and HP �P
=0.694 and P=0.410� but changed over time in group HCl
�P�0.001�. The percentage RRI of group HCl increased sig-
nificantly at 15 min and then decreased continually at 30 min
and 60 min. There was no significant difference among the
three groups at 15 min and 30 min after treatment �P

=0.052 and P=0.705�, but there were significant differences

January/February 2008 � Vol. 13�1�3
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t 60 min after treatment �P=0.002�. The percentage RRI of
roup HCl was significantly lower than those of groups HP
nd DW at 60 min after treatment.

In group HP, a small band at 876 cm−1 became pro-
ounced over time �Fig. 3�. It was identified as O–O stretch-
ng of HP when compared with the Raman spectrum of 30%
P solution �data not shown�. This weak band disappeared
uickly when the specimens were removed from the HP so-
ution �data not shown�.

.3 Effects of Treatments on the Laser-Induced
Fluorescence of Enamel

he results suggest that the percentage FI changed over time
n all groups �all P�0.001� using both 100- and 1000-�m
oles �Figs. 3 and 4�. There were significant differences
mong three groups at 15 min, 30 min, and 60 min after
reatment �all P�0.001�. The percentage FI of group HP was
ignificantly lower than those of groups DW and HCl at
5 min, 30 min, and 60 min after treatment. There were no
ignificant differences between groups DW and HCl at all

ig. 2 Effects of confocal hole �a� and laser illumination �b� on the RRI
nd FI. The spectra were recorded with a 100� objective. An average
f three acquisitions of 1 s was used.
ime points.

ournal of Biomedical Optics 014019-
3.4 Microhardness Testing
The one-way RM ANOVAs revealed that the percentage mi-
crohardness remained unchanged in group DW �P=0.761�
but changed over time in groups HP and HCl �both P
�0.001; Fig. 5�. There was no significant difference among
the three groups at 15 min after treatment �P=0.127�, but
there were significant differences at 30 min and 60 min after
treatment �P=0.029 and P=0.002�. Both the percentage mi-
crohardness of group HCl and that of group HP were signifi-
cantly lower than that of group DW at 30 min and 60 min
after treatment. And the percentage microhardness of group
HCl was significantly lower than that of group HCl at 30 min
and 60 min after treatment.

3.5 Morphological Observations
White light images of the enamel surface in different groups
presented different variations �Fig. 6�. The enamel surface of
group DW remained almost unchanged during the treatment
period. Those of group HCl and HP showed obvious morpho-
logical changes after treatment. However, the change of the
enamel surface in group HP was milder than that in group
HCl at each time point. In both groups, the morphological
changes became more pronounced as the treatment time in-
creased.

The SEM images revealed that the enamel surface in group
DW was smooth, flat, and polished �Fig. 7�. The surfaces in
groups HCl and HP showed distinct structures of enamel,
which included enamel rods and narrow interrods. Under
higher magnification, the nanocrystals in the rods and inter-
rods became distinguishable from each other.

4 Discussion
In the present study, we monitored the changes of enamel
subjected to different treatments in Raman scattering, laser-
induced fluorescence, microhardness testing, and surface mor-
phology. Although the results of morphological observations
and microhardness testing suggested that both HP and HCl
caused changes in the enamel structure, the chemical informa-
tion obtained from these tests was indirect and limited. The
results of Raman scattering and laser-induced fluorescence
provided new insights into the chemical changes in the
enamel structure. Based on these results, we propose models
for the changes in the enamel structure caused by HP and HCl
�Fig. 8�.

An important finding in the study is that significant
changes in RRI were found using a 100-�m hole in both
group HCl and group HP. This indicated that the phosphate
group concentration within the enamel surface had changed. It
is very interesting that the change of RRI in group HCl
showed similar trends to that of microhardness. The results
are not unexpected, because phosphate group concentration
within the enamel is a good indicator of the degree of
mineralization,23,30 while microhardness determination can
provide indirect evidence of mineral loss or gain in the dental
hard tissues.31

The different trends of RRI changes between groups HCl
and HP using a 100-�m hole indicated that HCl resulted in
stronger demineralization of enamel than HP did, although

they had the same pH value. It is somewhat unexpected to

January/February 2008 � Vol. 13�1�4
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bserve that the RRI of enamel in group HP increased signifi-
antly from 0 to 30 min. A recent study has shown that the
olishing procedure could produce a smear layer about

9

ig. 3 Raman/fluorescence spectra of enamel at each time point in dif
f three acquisitions of 30 s �confocal hole=100 �m� or 10 s �confoc
80-nm thick on the enamel surface. The increase of RRI

ournal of Biomedical Optics 014019-
could be explained by assuming that the phosphate group con-
centration in the smear layer is lower than that of the under-
lying enamel. Since the white light images suggested that the

roups. The spectra were recorded with a 100� objective. An average
=1000 �m� was used.
ferent g
al hole
smear layer was slowly removed during the first 30 min, the

January/February 2008 � Vol. 13�1�5
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xposure of the underlying enamel results in the increase in
RI at 30 min. After then, the RRI of the enamel in group HP
ecreased significantly, which indicated that the freshly ex-
osed underlying enamel might be demineralized markedly
rom 30 min to 60 min. Unlike HP, the HCl might have re-

Fig. 4 Percentage RRI and FI changes of different groups using a

ig. 5 Percentage microhardness changes of enamel in different

roups.

ournal of Biomedical Optics 014019-
moved the smear layer completely and demineralized the ex-
posed underlying enamel greatly during the first 15 min.
Thus, the increase of RRI was not observed in group HCl.

The RRI changes using 1000- and 100-�m holes showed
different trends in both group HCl and group HP. This is
mainly because the confocal Raman spectrometer has differ-
ent depth resolutions with different confocal holes. When
spectra are acquired with the 100� objective, the depth reso-
lutions determined with a silicon wafer were about 2 �m us-
ing a confocal hole of 100 �m and 8 �m using a 1000-�m
hole �as reported by the vendor�. Because the optical property
of dental enamel is different from silicon wafer, the resolu-
tions of the confocal Raman spectrometer should be changed
when the enamel was measured. Although the precise depth
resolutions could not be determined in present study, it is
quite certain that a Raman spectrometer with a 1000-�m hole
has a much larger analyzed depth than that with a 100-�m
hole. This means that the analyzed volume with the 100-�m
hole is more representative of the surface than that with a
1000-�m hole.

The significant increase in RRI at 15 min in group HP
using a 1000-�m hole also indicated that deeper enamel
might have higher phosphate group concentration. And the
RRI of the exposed enamel should be even higher without the

al hole of either 100 �m ��a� and �c�� or 1000 �m ��b� and �d��.
demineralization of the superficial enamel. Unlike that of

January/February 2008 � Vol. 13�1�6
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roup HCl, the RRI of group HP using a 1000-�m hole re-
ained unchanged. This suggested that the demineralization

aused by HP was likely limited to the enamel surface.
The results of Raman scattering also provided direct evi-

ence that HP can penetrate the enamel. A weak band at
76 cm−1, which became pronounced after treatment in the
aman/fluorescence spectra of group HP, is due to O–O

tretching of HP. This band was also observed in dentin sub-
ected to HP but with much stronger intensity �data not
hown�. The difference in band intensity between enamel and

Fig. 6 White light images of enamel s

ig. 7 SEM images of enamel surface after treatment in different

roups. R: enamel rods; IR: enamel interrods.

ournal of Biomedical Optics 014019-
dentin is probably because enamel is more compact than den-
tin. After the specimens were removed from the HP, the
876 cm−1 band in both enamel and dentin disappeared
quickly.

Another important finding in this study is that the FI de-
creased dramatically in group HP using both 100- and
1000-�m holes, compared with those in groups DW and
HCl. This indicated that the matter that causes the laser-
induced fluorescence might be changed greatly during the
treatment. It has been suggested that fluorescence excited by
different wavelength light may have different originations.27

Likely fluorophore candidates range from dityrosine and
cross-linked chains of structure proteins to protoporphyrins
produced by bacteria.27 Hibst and Paulus suggested that fluo-
rescence of sound teeth induced by red laser light �655 nm�
might be the result of combining the inorganic matrix with a
low concentration of absorbing organic molecules.29 Recently,
a study by Fattibene et al. suggested that the organic materials
responsible for laser-induced fluorescence were likely to be
electron paramagnetic resonance �EPR� active, while the para-
magnetic centers associated with the EPR native signal were
located in the protein–mineral interface.26

To understand the origin of laser-induced fluorescence bet-
ter, the enamel structure should be explained. It is well known
that dental enamel is the most highly mineralized and hardest
biological tissue. It is comprised of approximately 96% min-
eral, 3% water, and 1% organic matter �noncollagenous pro-
tein� by weight.32 Although the protein comprises only a mi-
nor part of enamel, it is contained in the spaces between
mineral crystals, where it serves as a “glue” between
crystallites.33 According to the model proposed for enamel by
Brik et al.,34 the organic component of enamel can be de-
scribed with two subsystems, conventionally called
“organic-1” and “organic-2.” The first of these subsystems
disintegrates under heating in the temperature range 160 to
250°C, and the temperature range of disintegration of the
second is 300 to 550°C. “Organic-1” fills the space between

at each time point in different groups.
urface
the enamel rods and is 10- to 20-nm thick, while “organic-

January/February 2008 � Vol. 13�1�7
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”covers the hydroxyapatite nanocrystals and is 2- to 5-nm
hick. Fattibene et al. modified Brik’s model and pointed out
hat the protein and mineral components of calcified tissues
hould not be considered as separate phases, but rather as an
nsemble, where proteins and mineral crystals are chemically
inked.26 They proposed that dentin and enamel could be mod-
led as made up of three phases: a bulk mineral, a bulk or-
anic, and a protein–mineral interface. The latter phase was
dentified as the “organic-2” component, which is responsible
or laser-induced fluorescence.

Weak but significant FI reduction was observed in group
W using both 100- and 1000-�m holes. This is probably
ue to the photobleaching because the specimens were repeat-
dly measured at the same place during the treatment period.
he FI reduction in group HCl is likely due to the combina-

ion of photobleaching and demineralization. Since HCl re-
oved the outer enamel layer, which was most affected by the

aser, the FI reduction in group HCl should be less than that in
roup DW if there are no other factors. However, the FI re-
uction of group HCl did not show significant difference from
hat of group DW at each time point. This is probably because
Cl can remove the organic matter in the outer enamel sur-

ace by demineralization.
The greatest and significant FI reduction in group HP

hould be mainly attributed to the strong oxidizing ability of
P. HP is a strong oxidant, and it is acidic. Demineralization
f enamel by HP may result in some FI reduction, but the
ffect should be very weak because the demineralization of
namel in group HP was milder than that of group HCl. We
uggest that the great reduction in FI results from the fact that
P can penetrate the enamel through the boundaries between
anocrystals, and it may attack the organic matter not only in
he outer enamel but also in the inner enamel during the pen-
tration.

The microhardness loss of enamel in group HP also pro-
ided indirect evidence for the destruction of organic matter.
he enamel in group HP showed higher microhardness loss at

Fig. 8 Proposed models for the changes
0 min compared with that in group HCl at 15 min. How-

ournal of Biomedical Optics 014019-
ever, both the morphological observation and Raman spec-
troscopy suggested that enamel surface in group HP was
much less demineralized. The possible explanation is that the
microhardness loss is due to the combined effects of deminer-
alization and destruction of organic matter by HP. Several
other studies have demonstrated significant decrease in hard-
ness and fracture resistance of bleached enamel.12,13 The au-
thors also hypothesized that HP or carbamide peroxide might
cause changes to the organic component of enamel and dentin
by altering of the organic matrix or protein oxidation.

This study is related to the use of HP in tooth bleaching. In
a clinical situation, both HP and carbamide peroxide can be
used as bleaching agents. It should be pointed out that some
commercially available bleaching products have a pH value
close to neutral. The demineralization effect of these agents
should be minimal; however, the oxidative effect is still there.
As the free radical reaction is not specific, the destruction of
the organic matter in enamel is likely unavoidable. Since the
little organic matter plays an important role in the integrity of
enamel, the clinical application of HP-containing agents
should be performed with caution. The effects of destruction
of organic matter on the structure and function of the enamel
need to be further investigated.

5 Conclusions
In this study, Raman scattering and laser-induced fluorescence
provided new insights into the changes in the enamel structure
induced by HP. The 30% HP caused significant change in the
RRI in surface enamel and reduced the FI of enamel greatly
and significantly. Therefore, the 30% HP may have adverse
effects on both the mineral and the organic matter of human
tooth enamel, and it should be used with caution.
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