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ABSTRACT

Introduction: Tooth whitening, with a growing commodity market, is a non-invasive procedure to improve smile aesthetics. The
objective of this study was to evaluate the effectiveness of two professional treatments: a 6% hydrogen peroxide treatment (in-office)

and a 16% carbamide peroxide treatment (professional home-use).

Material and Methods: Thirty subjects with good oral health were selected and analyzed - before and after the use of both treatments
- using spectrophotometric technique. The Shapiro-Wilk test was used to verify the normality of variables. Student's t-test was instead
used to investigate any significant differences between variables (p<0.05).

Results: Both techniques analyzed in this study were statistically significant in producing a positive AE (CIE Lab), with improved tooth
color; specifically, a AE of 1.70 for the in-office method and 3.21 for the home-use method. Both treatments increased tooth brightness
and reduced red and yellow tones, resulting in tooth color modification.

Conclusion:The professional home-use method, due to treatment continuity, proved to be more effective; however, the "in-office"
method, both for the results obtained and the time and application method, is an extremely interesting professional whitening technique
to propose to patients after being duly informed of the achievable results.
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INTRODUCTION

The smile plays a fundamental role in social interac-
tions. Since smiling involves revealing one's teeth, dental
aesthetics and their good health status are essential for
self-esteem and self-confidence(1,2). A smile should also
communicate strength and confidence. Consequently,
a "perfect" smile is sought not only by adolescents and
young people, but also by leaders and people working
in the public sector. The literature highlights how a light
tooth color has greater social appeal compared to smiles
showing teeth of a more natural color(3). In particular, it
is reported that physical appearance plays a very impor-
tant role in human social interactions. The face is usually
considered the social calling card, and in some cases, an
aesthetic defect can be a significant obstacle. Considering
the face, the eyes and mouth are the most important ele-
ments. People's smiles are thought to be the main compo-
nent determining the attractiveness of facial aesthetics.
It is for this reason that in the dental field, whitening is
increasingly requested, witha market growing by 15% every
year. To this end, whitening is often proposed as a non-
invasive and conservative aesthetic procedure to restore
smile balance without damaging dental structure(4).

Tooth color is determined by intrinsic characteristics and
is influenced by extrinsic elements, such as pigmenta-
tions that can form on the external surface. The intrinsic
color of teeth is conditioned by how light is diffused and
absorbed on the surface and within the tooth structure.
The perception of tooth color is determined by enamel,

which is a translucent material that diffuses light. In some
cases, enamel is unable to sufficiently cover the under-
lying dentin; this can influence the overall perception of
tooth color.

Whitening can be performed with various methods: the
most commonly used are professional in-office whitening
performed chairside, and home-use whitening performed
athome by the patient using dedicated kits. There are also
numerous options regarding product choice and applica-
tion times, which is why it is necessary to choose the one
most suitable for the individual and the dentist's clinical
experience(5). Tooth whitening products help improve
the aesthetics and whiteness of teeth by improving the
intrinsic color of teeth and, in some cases, removing
extrinsic stains.

Home-use whitening products treat teeth in a non-inva-
sive but effective manner, thanks to the use of substances
based on hydrogen peroxide (HP) and carbamide perox-
ide (CP).

Although product activation methodologies are not yet
clear, defined, and unequivocal (6), the literature agrees
that tooth whitening occurs mainly through the gradual
dissolution of chromogenic pigments. In other words, oxy-
genradicals, produced by the decomposition of the afore-
mentioned whitening substances, react with chromogenic
pigments through an oxidation process that breaks down
the chromogenic component (7).

Hydrogen peroxide is an unstable and highly soluble com-
pound. This agent can be used at different concentra-
tions: lower concentrations (6-20%) are used for home
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whitening, while higher concentrations (20-40%) for pro-
fessional whitening, which requires the use of a liquid dam
to protect soft tissues from possible irritation (8,9).
Although the action of hydrogen peroxide and its effect
on enamel and dentin are not yet fully understood (6), it
appears that its activation triggers a series of oxidative
processes that lead to the formation of water and free
radicals, which break pigmented molecules creating the
whitening effect. To reduce product concentration while
maintaining equal treatment efficacy but with greater
safety, a photo-catalyst, titanium dioxide (TiO,), has been
incorporated into the compound. This agent, activated by
alight source of 450+10nm, enhances the action of hydro-
gen peroxide (7,10).

Depending on the concentration of the whitening agent
and also the gel's action time, the use of such substances
at high concentrations is harmful not only to gingival tis-
sues but can also become harmful to the dental pulp,
causing sensitivity (10). In this sense, a whitening agent
with low hydrogen peroxide concentration represents an
interesting alternative asit has a positive aestheticimpact
(11) and also provides good clinical results, with fewer side
effects compared to high-concentration products (12).
Carbamide peroxide is instead a more stable structural
complex. The activation of carbamide peroxide depends
on a reaction with water that determines the dissociation
of this compound into hydrogen peroxide and urea, and
subsequently into oxygen, water, and carbon dioxide, thus
performing its whitening phase (4).

Carbamide peroxide-based gels can have different con-
centrations, the most common of which are 6% and 16%.
These have the advantage of promoting a slow and grad-
ual release of hydrogen peroxide, preventing its diffusion
through enamel and dentin at high concentrations and
allowing an active and prolonged whitening process. For
this reason, this technique is considered safer for den-
tal structure. This procedure, however, is also not with-
out risks and could cause sensitivity, which proves to be
transitory and ceases with discontinuation of treatment
(13-15).

Regarding the use of whitening products, the use of prod-
ucts containing whitening agents with hydrogen perox-
ide concentrations below 0.1% as adjuvants to therapy is
widely used.

The effectiveness of whitening toothpastes is still subject
to debate. These products act both chemically, whitening
enamel, and physically, removing surface stains by abra-
sion. In fact, in addition to standard ingredients such as
fluoride, whitening toothpastes contain active whitening
agents such as hydrogen peroxide, carbamide peroxide,
or sodium citrate, and abrasive materials such as silica,
calcium carbonate, or alumina. In addition to composi-
tion, one must also consider the size of abrasive particles
present in whitening toothpastes (RDA). Whitening tooth-
pastes have a higher relative dentin abrasion index com-
pared to traditional toothpastes, which results in greater
enamel abrasion, potentially causing irreversible damage
(4,8).

However, recent studies have demonstrated that whiten-
ing toothpastes containing blue covarine show a whiten-
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ing effect from first use, with statistically reduced tooth
yellowing (16).

Therefore, although numerous techniques, products, and
whitening agents exist to improve patient aesthetics, not
all whitening treatments are suitable for all patients (17)
and should only be used as part of a comprehensive treat-
ment plan developed by a dentist after a thorough oral
examination (18).

The objective of this study was to evaluate the effective-
ness of two professional treatments: a 6% hydrogen per-
oxide treatment (in-office) and a16% carbamide peroxide
treatment (professional home-use).

MATERIALS AND METHODS

The study sample consists of 30 subjects, subjected
to tooth whitening treatments for various types of
discolorations.

The inclusion criteria were as follows:

+ age between18and 50 years;

« Periodontal Screening Record (PSR) of 10r 2;

« good oral health status: absence of untreated caries
and restorations of frontal elements in both arches;

« absence of previous whitening treatments in the previ-
ous 24 months.

The exclusion criteria were as follows:

« presence of systemic diseases;

+ patients undergoing pharmacological treatment;

« hypersensitivity to the active ingredient contained in
the product;

« anomalies in dentin development or accentuated
intrinsic discolorations such as amelogenesis imper-
fecta, fluorosis, or tetracycline;

« patients with fixed orthodontic appliances or night
retainers;

« patients with prosthetic elements;
« smokers (>10 cigarettes/day).
Informed consent was obtained and signed by all partici-
pants, explaining all information about the product, pro-
cedures performed and possible complications, as well as
instructions for product application.
Two whitening methods were proposed. Specifically,
a 6% hydrogen peroxide in-office method (Genius pro
6%, White Beauty professional, Miromed, Mendrisio,
Switzerland) and a professional home-use technique with
16% carbamide peroxide and individual trays (Whitening
Gel16%, Mendrisio, Switzerland) were proposed.
All patients underwent a professional hygiene session
before undertaking the tooth whitening treatment.
The in-office method involved the application of 6%
hydrogen peroxide immediately at the end of the profes-
sional oral hygiene session for 5 minutes twice. Thanks to
its highly viscous consistency, the whitening gel can be
distributed homogeneously over the entire tooth surface,
thus reducing the risk of ingestion. Additionally, it contains
water, which prevents dehydration of dental elements.

The professional home-use technique with 16% carb-

amide peroxide involved delivery of individual whiten-
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ing trays without reservoir or self-modeling trays along
with a syringe containing 3 ml of product, to be used for a
minimum of 4 hours per day until product depletion, esti-
mated as a suggestion at 1 week.

Each subject was assigned to a different procedure, freely
choosing which to perform after in-depth discussion with
the clinician about which method was most suitable.
Tooth whitening in fact required a preliminary cognitive-
behavioral phase in which the patient is instructed on all
aspects and benefits of tooth whitening, in addition to
expectations and timing, and on how to use the device,
behaviors, and side effects.

This phase is of fundamental importance for managing
the patient's clinical desires. Good initial communication
completes therapeutic success and ensures good patient
control where expectations are not completely met or
side effects are poorly tolerated.

Color measurements were performed before the whiten-
ing treatment (t°) and at the end of the treatment itself
.

Color was measured on upper incisors (1.1, 1.2, 2.1, and
2.2) and upper canines (1.3 and 2.3). Color was measured
with a spectrophotometer (SpectroShade micro, MHT,
Italy). This instrument is based on LED technology and is
capable of acquiring an image of a tooth, displaying it on
the screen, and analyzing it by studying the main color of
the tooth or its chromatic mapping in the three thirds of
the tooth: incisal, middle, and cervical. Color measure-
ment occurs through a light source that creates the entire
spectrum of visible light. The image of the area thus illu-
minated is then reflected in a black and white CCD sensor
positioned at the end of the optical system and capable
of reading data in the visible spectrum between 400 and
700 nm. To reprocess the acquired chromatic data, the
CIE L* a*, b* system is used, where L* indicates color
brightness from 1 (black) to 100 (white) and corresponds
to value, a* indicates the amount of green and red on a
scale from -a (green) to +a (red), b* marks the amount of
blue and yellow on a scale from -b (blue) to +b (yellow)
and corresponds to hue(19(. By applying the following for-
mula, it is possible to calculate the color difference (AE)
of two spectrophotometer readings: AE=(AL? +Aa®+Ab?)
(1/2), where AL is the difference between two L values,
Aa the difference between two a values, and Ab the dif-
ference between two b values. AE expresses the overall
color difference between two samples, expressed as the
distance between two points in color space, and therefore
represents an objective evaluation.

Statistical analysis of results was performed using
Jamovi software (version 1.6.14, Jamovi Project, Sydney,
Australia). The Shapiro-Wilk test was used to verify the
normality of variables. Student's t-test was instead used
to investigate any significant differences between vari-
ables (p<0.05).

RESULTS
Whitening treatments were performed without adverse

effects in all patients, excluding dentin hypersensitivity
phenomena and some cases of dysgeusia, which resolved
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T0 T

L a b L a b

72,08 3,09 15,97 72,97 14,50 1,70
Tab. 1 CIE L* a* b* data after in-office treatment.

T0 T

L a b L a b

71,97 3,33 17,93 73,57 2,66 3,21

Tab. 2 CIE L* a*, b* data after professional home-use treatment.

In office Professional home
AL Aa Ab AL Aa Ab
+0,88 -0,36 -0,95 +1,61 -0,68 -2,31

Tab. 3 Differences in CIE L* a*, b* data after in-office and professional home-
use treatment.

Whitening mode Aa
In office 1.70
Professional home 3.21

Tab. 4 AE after in-office and professional home-use treatment.

spontaneously. In none of the cases was it necessary to
discontinue treatment due to the appearance of adverse
effects. The entire analyzed sample responded that they
were satisfied with the results obtained.

Tables1and 2 report the results of L*, a*, b* obtained from
spectrophotometry before and after tooth whitening for
the in-office method and home-use method, respectively.
In particular, Table 3 illustrates the differences between
the beginning and end of treatment.

The in-office method showed anincrease in the L* param-
eter of +0.88, a reduction in the a* parameter of -0.36,
and in the b* parameter of -0.95. Instead, home whiten-
ing shows a greater increase in brightness (+1.61) and a
greater reductionin a* and b* parameters, -0.68 and -2.31
respectively.

The results show a homogeneous change in tooth color
throughout the sample, with few outliers.

As also detected by our analysis, tooth whitening must
lead to an increase in L* (increased brightness) and a
decrease in b* (reduction of yellow) and a* (reduction of
red) (7,11). All variables showed a statistically significant
difference (p<0.05).

Table 4 instead shows data relating to the obtained AE
representing measurements of color difference between
t° (before whitening) and t* (after completion of whitening
treatment).

A color variation AE is to be considered significantly per-
ceptible from a clinical point of view for values greater
than +2.17, as reported by other studies (20). In our sam-
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AL Aa Ab AE

B

B inoffice | Professional home

Fig. 1 Comparison graph between the results of the study's whitening
methods.

ple, although only home whitening shows a AE greater
than this limit (3,20), even subjects undergoing in-office
whitening obtained a clear improvement in tooth color.
The difference between the two modalities was statisti-
cally significant (p<0.05).

Both treatments were therefore effective in producing a
whitening effect, with particular attention to professional
home-use treatment. In the ratio of means of obtained
differences, the in-office treatment determines a signifi-
cantimprovement in tooth brightness (L) (Fig. 1).

DISCUSSION

Both techniques analyzed in this study were significant
in producing a positive AE, with a value for the in-office
method of 1.70 and 3.21 for the home-use method.

In particular, a significant increase in L* (+0.88) and a
reduction in a* (-0.36) and b* (-0.95) parameters were
observed in our in-office whitening case series. Instead,
for the home-use method, an increase in L* of +1.61 and

areduction in a* parameters of -0.68 and b* of -2.31 were
observed. The results highlight that the home-use method
proved to be more effective, but this consideration is the
result of the fact that carbamide peroxide is present at
higher concentration and actively released for a longer
time. These premises make it obvious that this exerts a
more important action compared to hydrogen peroxide
@n.

The collected data highlight an increase in tooth bright-
ness accompanied by a decrease in the amount of red
and yellow. Although all three parameters play a funda-
mental role, the L value appears to be of significant impor-
tance for the objective variation of color. In fact, the color
of an object is determined by the number of reflected
wavelengths: the less an object reflects, the darker it will
appear. Therefore, the action of whitening substances,
which oxidize the chromogens present, acts precisely by
eliminating residual opacity and giving brightness(22).
However, the objective whitening of the tooth is not
the only parameter to consider in evaluating the effec-
tiveness of such treatments. In fact, results relating to
patient perception, such as satisfaction with dental aes-
thetics and impact on self-esteem and social behavior,
are crucial factors to consider in determining treatment
effectiveness(23,24).

It has been found that the degree of patient satisfaction
is correlated more with spectrophotometer b* variations
rather than L* or a*, therefore Ab, the reduction of yellow
or change in hue, is of primary importance for evaluating
the effectiveness of whitening products. Thus, while the
L* parameter is to be considered the most important for
objectively evaluating whitening, the b* parameter proves
to be effective for subjective evaluation by the patient.
The results of this study must also be considered with
what was observed by the study by Llena et al., which
observed how treatment with 16% carbamide peroxide
results in effective whitening that remains stable up to
42 months (25). Different application protocols have also
demonstrated equal efficacy with application at 48 hours
and 72 hours for 6 weeks (26).

Also regarding the 6% hydrogen peroxide method, the lit-
erature confirms its effectiveness, with a high safety pro-
file for hypersensitivity and gingival inflammation (27).

Fig. 2 Example of images of spectrophotometric results after in-office method with 6% hydrogen peroxide.
For each image before tooth whitening (above) and after whitening (below).
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There are many variables that can influence treatment
outcome: age, sex, quality and quantity of dental tissues,
diet, oral hygiene, and lifestyle (17). Therefore, to be able
toperformsuch treatment there must be baseline hygiene
conditions, and the choice of the best method must take
into account the attitudes and personality of the patient
at hand. The choice of the best treatment for our patient
is the basis for its success.

In conclusion, our study highlighted the effectiveness of
the whitening product, which led to an increase in the L*
parameter and a decrease in a* and b* in both methods.
Furthermore, all subjects enrolled in this study were satis-
fied with the result obtained (Fig. 2).

CONCLUSIONS

Although research demonstrates that both techniques
generate a color modification, it is necessary, when
proposing tooth whitening, to precisely define patient
expectations in order to correlate them with the actual
effectiveness of treatment. Patients often overestimate
the effectiveness that whitening treatments could have,
with the result that sometimes the achieved result is not
subjectively gratifying and satisfactory for the patient. For
these reasons, those who wish to whiten their teeth must
be subject, before tooth whitening, to a long and thor-
ough sharing of expectations and desires. Subsequently,
patients must be informed about actual potential to limit
and share the impossibility of unexpected results. This
consideration is also necessary if we introduce the theme
of limits and responsibility for guaranteeing means or
results in aesthetic treatments.

The professional home-use method, due to treatment
continuity, proved to be more effective; however, the "in-
office" method, both for the results obtained and the time
and application method, is an extremely interesting pro-
fessional whitening technique to propose to patients after
being duly informed of the achievable results.

Further investigations are necessary to define the poten-
tial of each whitening technique, potential that must be
known because it is appropriate to the patient's sub-
jective needs; not all patients desire the best and most
effective whitening treatment, all desire the whitening
treatment suitable and adequate to their own expecta-
tions and desires.
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