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Abstract The aim of this study was to investigate the
tooth-whitening efficacy and oral side effects of the two
tray-based bleaching systems Visalys whitening (VW) and
Opalescence PF (OP). A stratified, randomised distribution
of the subjects (n=60) to two treatment groups was
performed according to baseline tooth brightness (L*
values) as determined by colourimeter and to the criteria
smoker/non-smoker. Tooth colour was evaluated by mea-
suring L*a*b* values generated from standardised digital
image analysis with Adobe Photoshop® of the facial
surfaces of the right central maxillary incisor. Tooth
hypersensitivity, with intensity graded from 0 (no hyper-
sensitivity) to 10 (high hypersensitivity), was assessed
chair-side using an air syringe. After bleaching therapy,
both treatment groups demonstrated significant improve-
ments in tooth colour (p≤0.05). A shift towards less yellow
(−Δb*) and brighter (+ΔL*) tooth colour was observed.
Δb* was significantly higher in the OP group in compar-
ison to the VW group, ΔL* showed no significant
difference between the both treatment groups (p≤0.05).
After bleaching, the intensity of tooth hypersensitivity was

increased significantly compared to baseline in both groups
(p≤0.05), with no significant difference between the both
groups. Both highly concentrated bleaching systems are
effective as tooth-whitening systems, with few reported side
effects such as transient tooth hypersensitivity.
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Introduction

Tooth bleaching with hydrogen peroxide or carbamide
peroxide has enjoyed great popularity to enhance aesthetics
in anterior teeth. It has been reported that bleaching is a safe
and effective method that provides a less-invasive and less-
costly alternative than crowns or veneers for treatment of
discoloured teeth [39, 46, 49].

Acceptable whitening technique included the “in-office”
technique (professionally applied) and the “at-home”
applied technique (patient applied), or a combination of
those [20, 23]. Home bleaching agents most commonly
consist of 10 or 15% carbamide peroxide gel, which is
equivalent to 3.6 and 5.4% hydrogen peroxide, respectively
[44]. Beside, variety of gel systems with varying peroxide
concentrations, flavours, desensitizing agents or other
modifications to the formulation are available [11]. Both
bleaching agents with hydrogen peroxide or carbamide
peroxide as primary active ingredients have been demon-
strated to be effective for external bleaching [2, 29, 30, 35].

A number of methods are available for evaluating the
efficacy of bleaching products [14]. Shade guides, photog-
raphy, colourimetry or computer digitisation can be used to
assess tooth-colour changes. Tooth-colour determination
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using the commonly cited shade-based guides have limi-
tations as they are subjected to examiner and environmental
factors that can potentially influence classification of tooth
colour [18, 28]. The L*a*b* Centre Internationale De
L’Eclairage three-dimensional colour space scale is the
most frequently quoted index used in bleaching research
and can be generated from colourimetric, spectrophotomet-
ric or digital image analysis [9]. Digital images are analysed
on L*a*b* values using computer software analysis.
Bengel [5] demonstrated an analysis of digital images with
commercial software (Adobe Photoshop) and found repro-
ducible results.

Tolerability issues associated with peroxide-based
bleaching therapies are well-documented and well-charac-
terised with transient tooth hypersensitivity and gingival
irritation documented as the most commonly reported side
effects [4, 7, 24, 25, 31, 40, 45]. The tooth hypersensitivity
is temporary and ceases when treatment terminates, without
apparent harm to the pulp [47]. The bleaching mechanism
is based on the ability of hydrogen peroxide to penetrate
tooth structure and produce free radicals that oxidise
organic stains within the tooth [37]. Feinman et al. [12]
concluded, in a review about the physiologic mechanisms
of bleaching products, that the bleaching agent oxidises
organic material in the inter-prismatic spaces. Bubbling and
foaming of the free oxygen softens and removes the inter-
prismatic debris. The free movement of the hydrogen
peroxide through the enamel, dentin and pulp may cause
the transient hypersensitivities. Up to 65% of individuals
have been reported to be affected at least once during the
bleaching regimen. Such events are generally mild in nature
and resolve either during or upon completion of treatment.
These effects have been reported for virtually all delivery
systems and peroxide concentrations although it was
suggested that highly concentrated professionally adminis-
tered, in-office treatments may enhance tooth hypersensi-
tivity to a higher extent than home-bleaching applications
[40]. It was shown that the higher the concentration of a
bleaching agent is, the greater is the risk of tooth
hypersensitivity [38]. Other oral soft-tissue side effects
have also been reported. Pohjola et al. [45] observed
gingival irritation in 20–30% of the participants in a recent
study, whilst in a study published by Haywood et al. [25],
gingival irritations were observed in 31% of the cases
during at-home bleaching. Tolerability of side effects seems
to be dependent upon peroxide concentration and contact
time of the bleaching agent with the teeth [8, 17].

Side effects may also depend on the kind of peroxide
formulation in a bleaching product. Carbamide peroxide
needs be hydrolytically cleaved by salivary impact into
carbamide and hydrogen peroxide before the chemical
process of bleaching. In bleaching systems containing pure
hydrogen peroxide, the active bleaching agent is already

readily available. Because of the difference in chemistry,
carbamide peroxide systems are usually advised to be
applied for longer time periods at each daily application
than pure hydrogen peroxide systems. The different kinetics
of peroxide release may have an impact on both efficacy
and intra-oral side effects.

Therefore, the aim of the study was to compare the
efficacy of a 7.5% hydrogen peroxide tray bleaching system
versus a 20% carbamide peroxide (i.e. 7.2% hydrogen
peroxide) custom tray bleaching system. Additionally, the
degree and frequency of oral side effects were investigated
to evaluate clinical tolerability of both bleaching products.

Materials and methods

Products used in the study

This mono-centric, randomised, two-armed, parallel clinical
study evaluated the efficacy and tolerability of two tray-
based bleaching systems. The study was reviewed and
approved by the Ethics Committee of the University of
Goettingen (no.: 5/6/04). The time flow of the study is
given in Table 1.

The two bleaching systems tested in this study were
Visalys whitening (VW; Kettenbach, Eschenburg, Ger-
many) and Opalescence PF (OP; Ultradent, South Jordan,
USA). VW is a 7.5% hydrogen peroxide gel (Lot#
04139001) and OP is a 20% carbamide peroxide gel
(Lot# 85612.2). Twenty percent carbamide peroxide is
equivalent to 7.2% hydrogen peroxide. Bleaching was
performed for 12 days according to manufacturers instruc-
tions with subjects assigned to the VW group undergoing
two applications a day of 30 min each, those assigned to the
OP undergoing one application of 4 h/day. About 200–
300 mg gel were used for one charge of the tray. Maxillary
trays were vacuum formed from 1.5-mm thick soft acrylate
foils on plaster models. The canines and incisors were
augmented on labial surfaces out with composite (1.5-mm
thickness) before manufacturing of the tray to achieve a
reservoir. The trays were filled with VW or OP in the area
of incisors and canines only.

Subjects

Sixty volunteers with restoration or caries-free teeth, tooth
colour Vita shade A2 or darker, no crowns on upper cuspids
or incisors were enrolled in the study at baseline. Thirty
subjects were treated with the tray system VW (group A)
and 30 with tray bleaching system OP (group B). A
stratified, randomised distribution of the subjects to the two
treatment groups was performed according to the baseline
tooth brightness (L* values) as determined by a dental
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colourimeter (Shade Eye—Shofu Dental Corporation, San
Marcos, CA) and according to the criteria smoker/non-
smoker (Table 2).

Subjects were advised to use no other bleaching products
throughout the study and were provided with tooth brushes
(Oral B P35, Gillette, Ireland) and tooth paste (elmex,
GABA GmbH, Lörrach, Germany) to ensure standardised
oral hygiene procedures for the period of the study.

Patients with prior tooth hypersensitivities, anterior
restorations, poor oral hygiene, generalised gingival reces-
sion, caries, heavy structural alteration of the tooth structure
and tetracycline or fluorosis staining were not included in

the study. Furthermore, patients with infectious diseases,
high risk for endocarditis, allergic reactions versus compo-
nents of the bleaching agents, xerostomia as well as
pregnant or breastfeeding women were excluded in accor-
dance with the regulations of the Ethics Committee of the
University of Goettingen.

Efficacy of the bleaching systems—digital imaging
and colour determination

Tooth colour of the facial surfaces of the right central
maxillary incisor was measured using standardised digital
image photography and analysis technology from Adobe
Photoshop® (Adobe Systems Incorporated, San Jose, CA)
as described by Bengel [5]. Imaging was carried out at
baseline and 5 days after bleaching therapy after a dental
prophylaxis.

Standardised digital images were captured with a high-
resolution digital colour (Canon EOS 10D, Tokyo, Japan). The
camera was equipped with a linear polariser to permit cross-
polarised light. The lights were equipped with blue filters
(Hama, Monheim, Germany) to use the camera at a constant
colour temperature (about 5,000 K). Linear polarisers mounted
on the lights allowed the camera-mounted linear polariser to be
adjusted for extinction of highlights (specular reflection). For
each examination period, extrinsic lighting in the examination

Table 2 Distribution and characteristics of subjects at baseline

Visalys whitening
(n=30)

Opalescence PF
(n=30)

Gender
Male (n) 12 10
Female (n) 18 20
Age 26.9±5.27a(20–47) 26.6±4.52a(20–48)
Smoker (n) 14 14
Drop outs
Lack of compliance (n) 0 0
Therapy pain (n) 3 1

aMean ± standard deviation

Table 1 Time flow of the study

Time flow

Preliminary examination of subjects
Day 0 Screening of subjects, oral examination, subject questionnaires

Determination of tooth colour before bleaching therapy with “shade eye”
Alginate impression of the maxilla and fabrication of bleaching tray
Tooth cleaning
Stratified randomisation of subjects: smoker (yes or no) and L value (yes or no) to group A: Visalys
whitening and group B: Opalescence PF

Bleaching period
Day 1
Group A: Visalys whitening; Group B:
Opalescence PF

Determination of tooth colour at maxillary incisors with Adobe Photoshop (Lab* values)
Determination of hypersensitivities (graded from 0 = no sensitivity to 10 = high sensitivity)
Instruction of patients on adoption of bleaching systems
Hand out of bleaching materials and calendar for documentation of hypersensitivity

Day 1–12 (at home application of
bleaching regimen
Group A: Visalys whitening 2/day, 30 min
Group B: Opalescence PF 1/day, 3–4 h
Day 13 Investigation of tooth hypersensitivities

Oral examination
Subject questionnaires
Tooth cleaning

Post-bleaching period
Five days after completion of bleaching Determination of tooth colour at maxillary incisors with Adobe Photoshop (Lab*-values)

Investigation of hypersensitivities
Oral examination
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room was minimal and standardised. Subjects were positioned
on a chair in front of a chin rest used to fix the head in a
reproducible position. The subject placed their chins on the chin
rest. All photography was performed at the same distance
(100 cm) of object (tooth) to lens. Two plastic retractors were
used to retract lips and cheeks. The operator positioned the
subject so that the central maxillary incisor was in the plane of
focus.

As a colour reference, a circular (1 mm in diameter) patch
obtained from a standardised professional photography gray
card (QP Card 101, QPcard AB, Göteborg, Sweden) was
positioned on the gingiva adjacent to the two central incisors.
The gray card has a reflectance value of 18% and represented
the middle tone used for exposure determination, halfway
between pure black and pure white. The gray card patch acts
as a neutral test target. In a first step, the image is fine-tuned
and standardised with regard to brightness using the gray
patch as a reference. Then, colour values of the right central
maxillary incisor were determined with Adobe Photoshop®
and converted to L*a*b* values representing a standard
three-dimensional colour space (L*: brightness—dark to
light, a*: green to red and b*: blue to yellow) according to
Commission Internationale de L’Eclairage [9].

Evaluation of tooth hypersensitivities

The evaluation of hypersensitivities was performed at baseline,
at the end of therapy and 5 days after bleaching therapy with a
gentle stream of cold air applied with the multi-purpose syringe
of the dental unit. Hypersensitivities were graded on a scale
from 0 to 10 (0 = no hypersensitivity, 10 = high hypersensi-
tivity). The stimulus was defined as a 2-s air blast delivered
from the multi-purpose syringe of a dental unit, with its nozzle
held in a distance of 2 mm from the labial site of the maxillary
anterior teeth to be tested.

In addition, the self-reported hypersensitivities during
bleaching regimen were registered by the subjects in a kind
of diary. The patients were instructed to rinse with cold water
(5±1°C) once a day and to grade the degree of hypersen-
sitivity on a scale from 0 to 10 (0 = no hypersensitivity,
10 = high hypersensitivity).

Evaluation of tolerability

At baseline, at the end of therapy and 5 days after therapy, a
full oral examination was carried out by a trained examiner.
One day after the end of therapy, an additional examination
of the oral cavity was performed out to check if any
ongoing side effects had resolved fully. Any abnormal
findings such as redness, oedema or epithelial irritation of
soft tissues were recorded. Irritation was defined as
desquamation of the outer layers of the gingival epithelium
appearing as a white layer. Subjects were also interrogated

with respect to any symptoms perceived during the
bleaching therapy. All reported adverse effects were
recorded by the examiner.

Evaluation of acceptability

After completion of bleaching treatment, subjects were
interrogated on the acceptance of the bleaching therapy.
The patients had to evaluate whether the treatment was
comfortable, slightly disturbing, uncomfortable or very
uncomfortable. Five days after therapy, patients were asked
if they would recommend the therapy to associates/friends
and if they were disposed to repeat therapy.

Statistical analysis

Statistical analysis was done with parametric analysis for
ΔL*, Δa* and Δb* and non-parametric analysis of
variance (Kruskal–Wallis test) for hypersensitivity. Com-
parisons between the two groups with respect to the
different parameters analysed were performed with t tests.
Level of significance was set at p≤0.05.

Results

Three subjects from the Visalys group and one from the
Opalescence group withdrew during bleaching therapy
because of product-related side effects. These were reported
by the subjects as severe tooth hypersensitivity, gum
irritation and toothache.

Whitening effect

The colour change (ΔL*, Δa* and Δb*) for both groups
are given in Table 3.

After bleaching therapy, tooth colour had changed signif-
icantly for ΔL*, Δa* and Δb* (p<0.001) compared to
baseline in both treatment groups. A significant shift towards
less yellow (−Δb*) and brighter (+ΔL*) tooth colour was
observed for both groups. Δb* amounted to −2.26±1.29 for
group A: VW and −3.15±1.27 for group B: OP (mean ±
standard deviation). ΔL* was +1.60±1.83 for VW and
+2.59±3.05 for OP (mean ± standard deviation). No
significant difference between treatment groups was
recorded for ΔL* (p=0.46) and Δa* (p=0.32). However,
Δb* colour determination for Opalescence was significantly
different compared to VW (p<0.029). L* and b* values
before and after whitening treatment are shown in Figs. 1
and 2.

In both treatment groups, smokers and non-smokers did
not show significant difference in bleaching outcome (ΔL*:
p=0.57; Δa*: p=0.9; Δb*: p=0.41).
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Hypersensitivities

Hypersensitivities as assessed with the chair-side-applied
stream of cold air At the end of the bleaching therapy,
the intensity of tooth hypersensitivity was significantly
different compared to baseline in both treatment groups
(p≤0.05): group A, 1.67±1.90 (baseline, 0.33±0.52); group
B, 2.66±2.70 (baseline, 0.69±1.05). There was no signif-
icant difference (p≤0.05) between both treatment groups
(Table 4). The hypersensitivities 5 days after the bleaching
therapy were not significantly different as compared to
baseline.

Hypersensitivity as assessed by the subjects using cold
water As graded by the subjects, perceived hypersensitiv-
ities increased in both groups significantly during bleaching
therapy compared to baseline (p≤0.05), with the two
groups differing significantly. In the Opalescence group,
average degree of hypersensitivities was statistically signif-
icantly higher compared to the Visalys group (Fig. 3).

Tolerability

Gingival irritation was observed during bleaching therapy
in 78.6% of all patients (VW, 77.8%; OP, 79.3%) with mild
inflammation of gingival (red colour), 41.1% with erosive
alteration of gingival (VW, 33.3%; OP, 48.3%) and 67.9%
gum burning/irritation (VW, 74.1%; OP, 62.1%). There
were no significant differences in observed or reported
evaluations of tolerability between the two tray bleaching
systems. In all cases, the gingival irritations observed were
mild and restricted to the gingival margins. These events
were transient and fully resolved after the end of the
bleaching regimen.

Recommendation and repetition of the bleaching regimen

Seventy-eight percent of the volunteers using VW (group
A) stated that they would recommend it to an associate/
friend compared to the Opalescence group (group B),
where 62% of the subjects would recommend the product
to an associate/friend. The comparison yielded no signifi-
cant difference between the two groups. Seventy-eight

Fig. 1 Plot of L* values before and after whitening treatment for
Visalys whitening and Opalescence PF

Fig. 2 Plot of b* values before and after whitening treatment for
Visalys whitening and Opalescence PF

Table 3 Tooth-colour determination: tooth-colour values before and after bleaching therapy and change of tooth-colour values (ΔL, Δa, Δb)

Tooth-colour determination

Tooth-colour values before
bleaching therapy

Tooth-colour values after
bleaching therapy

Difference of tooth-colour values
from before to after bleaching
therapy

L* a* b* L* a* b* ΔL* Δa* Δb*

Group A: Visalys
whitening

74.46±1.81 4.90±0.64 11.85±1.93 76.06±1.97 4.25±0.54 9.59±1.41 1.60±1.83 −0.72±0.64 −2.26±1.29

Group B: Opalescence
PF

75.13±2.36 4.67±0.57 11.53±1.86 77.72±2.09 3.89±0.44 8.37±1.52 2.59±3.05 −0.78±0.62 −3.15±1.27
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percent of subjects in group A and 66% of subjects in group
B claimed to be interested in repetition of the therapy.
However, there was no significant difference between
group A and B.

Comfort of the bleaching regimen

In both groups, a similar proportion of subjects complained
on lack of comfort with no significant difference between
the two groups.

Twenty-eight percent of all subjects rated the bleaching
therapy as comfortable (group A, 29.6%; group B, 27.6)
and 48.1% rated it as slightly uncomfortable (group A,
55.6%; group B, 41.4). Eighteen percent (group A, 7.4%;
group B, 27.6) and 5% (group A, 7.4%; group B, 3.4) of all
subjects described the regimen as uncomfortable or very
uncomfortable. Thus, the majority of the subjects (76.7%)
did not have severe complaints on the therapy.

Discussion

In the present study, the efficacy and side effects of two
different highly concentrated tray-based bleaching systems
VW and OP was tested. The two products exhibit nearly the
same peroxide concentration, with the one product as
carbamide peroxide and the other as pure hydrogen
peroxide. It is assumed that these different peroxide
formulations might have a different behaviour with respect
to peroxide liberation. However, it should be noticed that
other ingredients or patterns of the two products, such as
viscosity, might have an impact on peroxide release kinetics
as well but were not included in the analysis of the present
study. This was due to fact that the manufacturers did not
disclose the complete compositions of the gels.

Different procedures, shade guides, photography, colour-
imetry or computer digitisation are described for determi-
nation of bleaching efficacy and tooth whitening [17, 25,
28, 42]. In earlier studies, product effects were largely

Fig. 3 Plot of mean intensity of
self-reported hypersensitivity
(0 = no hypersensitivity;
10 = strongest hypersensitivity).
Bleaching was performed on
day 1–12

Table 4 Number of subjects with hypersensitivities and intensity of hypersensitivity at baseline and after bleaching therapy

Hypersensitivity

Group A Visalys whitening (n=27) group B Opalescence PF (n=29)

Hypersensitivity before bleaching 6 (22.2%) 7 (24.1%)
Intensity of hypersensitivity before bleaching 1.5±0.7a 2.9±0.8a

Hypersensitivity at the end of bleaching (day 12) 12 (44.4%) 15 (51.7%)
Intensity of hypersensitivity at the end of bleaching 3.8±1.7a 5.1±2.3a

Hypersensitivity 10 days after bleaching 7 (25.9%) 8 (27.6%)
Intensity of hypersensitivity 10 days after bleaching 2.1±1.4a 2.5±1.1a

Percentages in parenthesis
aMean (±standard deviation) degrees of hypersensitivities are given.
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characterised by relating changes in tooth colour against
individual shades such as the tabs of the Vita system [3, 13,
16, 41]. Human perception of tooth colour is very complex
and consists of both subjective and objective components.
The subjective component of colour is highly variable and
dependent on factors such as ambient lighting, the colour of
the person’s skin and the distribution/appearance of
adjacent teeth. Other potential problems using shade tabs
to measure tooth lightness are: some investigators use “non-
standard” shade guides; the units are not typically evenly
distributed in colour space; they are not as discriminating as
the measured colourimeter values and colour matching
using a shade guide is subject to clinician variability and
bias [26]. Whilst this approach offers a reasonable
assessment of the absolute bleaching effect of a product
based upon the change from pre-treatment score, the
influence of examiner subjectivity and other environmental
factors limit its application in comparative research. The
use of instrumentation to measure tooth colour has a
number of advantages over examiner-based evaluation
techniques [26]. More recent studies are based on the use
of digital imaging systems to generate L*a*b* values as a
means for quantifying tooth colour. This allows direct
comparison between products and between different studies
as it satisfies the conditions of being an objective, linear
and reproducible method [15]. Compared with electronic
devices such as spectrophotometers and colourimeters,
digital photography, when used for the assessment of tooth
colour and the outcome of bleaching procedures as done in
the present study, has an additional advantage in that there
are numeric data that can be evaluated as well as an image
[5, 6, 36]. However, as shown by Yap et al. [50], one
should be aware that discrepancy exists between human-
eye and computerised colourimetric colour matching.

The method applied in the present study was firstly
described by Bengel [5]. The procedure uses digital images
that are analysed with commercial software (Adobe Photo-
shop®). Use of the software allows for objective, linear and
quantitative evaluating of colour change. Together with the
fact that the images were taken under standardised ambient
conditions, adjustment of the images to the applied gray card
patches ensured standardisation of the analysis. Using this
method, it was shown that both bleaching systems improved
tooth colour significantly (p≤0.05) compared to baseline
during 12-day active phase of bleaching therapy without
distend difference between the groups. The difference between
the both bleaching systems could be explained by the different
kinetics of hydrogen peroxide and carbamide peroxide.

The hydrogen peroxide concentration of the two tested
bleaching regimes was quite similar. However, VW was
applied twice a day for 30 min each, OP only once, for 3–4 h.
Hydrogen peroxide, released from the carbamide compound,
is metabolised by catalase, peroxidase and hydro peroxidase

in saliva and oral tissue [19]. In the bleaching process,
carbamide peroxide reacts with water to release hydrogen
peroxide, which in turn liberates free oxygen radicals to
produce a whitening effect [21]. The results of the present
study shows that the two differently formulated gels with
nearly similar hydrogen peroxide concentration were
equally effective with respect to tooth whitening.

Dental bleaching has been reported to cause a number of
side effects, including tooth hypersensitivity, gingival
irritation, tooth pain, tingling of the tissues and sore throat
[4, 7, 24, 25, 31, 40, 45]. The most common side effects are
tooth hypersensitivity and gingival irritation. These effects
are correlated with the peroxide concentration of the
bleaching gel, with the number and length of daily
applications, pH of the whitening solution and other factors
[17, 18, 32]. Dental hypersensitivity may be a result of
penetration of bleaching agents into the pulp chamber
resulting in transient inflammatory reactions [10, 32, 48].
Furthermore, dehydration of the teeth during application of
bleaching gels is also proposed as a reason for dental
hypersensitivity [1]. All of the observed and the majority of
reported oral adverse effects were mild and transient in
nature [7, 33]. Haywood et al. [25] observed hypersensitivity
in 52% of the cases and gingival irritation in 31%. Extensive
toxicological studies have been published to examine the
safety of hydrogen peroxide or carbamide peroxide for tooth
whitening and concluded that 10% carbamide peroxide
(equivalent to 3.6% hydrogen peroxide), when applied in a
mouth tray, is safe [22, 33, 34]. In the present study, the
identification of patients with hypersensitivities was deter-
mined with an air stimulus. This approach has proven to be a
reliable method for evaluation of the intensity of hypersen-
sitivity [27, 43]. Degree of tooth hypersensitivity was
reported by the patient using a scale from “0” to “10” (0—
no hypersensitivity, 10—high hypersensitivity). This assess-
ment method for grading of tooth hypersensitivity has been
applied in previous studies and presents a reliable tool for
determining tooth hypersensitivity [27]. To get more
information about the time profile of the degree of
hypersensitivity, the patients were instructed to check the
tooth hypersensitivity with cold water daily. In addition, the
subjects documented the hypersensitivity in a pain diary.
Like in recent studies, all of the observed and the majority of
reported oral adverse effects were mild and transient in
nature. The intensity of tooth sensitivities after bleaching
increased more in the Opalescence group, but the difference
between the groups was not significant. In the literature, no
comparable studies with highly concentrated tray-based
bleaching systems are available. Nevertheless, the safety
data from this study correlates well with that previously
reported in the literature for lower concentrated regimes and
further supports the favourable tolerability of peroxide based
at-home bleaching products [25, 40, 45].
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No statistically significant differences were observed
between both treatment groups with respect to subject-
perceived tooth hypersensitivity or gum irritation. In all
cases, erythema or desquamation of the papilla correlated to
areas covered by the bleaching tray. This type of irritation is
common to tray-based systems representing mechanical
compression of the papilla as reported elsewhere.

Nevertheless, the two highly concentrated systems
showed degrees of side effects, which were similar to the
levels reported for lower concentrated regimes.

However, in both groups, majority of the subjects stated
that the bleaching regimen was comfortable or only slightly
disturbing (76.7%). The majority of subjects from both
groups were willing to repeat the bleaching therapy or
recommend it to friends (VW, 77.8%, OP, 62.1%).

Conclusions

In conclusion, both highly concentrated bleaching systems
are effective as tooth-whitening systems, with few reported
side effects such as transient tooth hypersensitivity.

The bleaching systems demonstrated significant tooth
colour improvement for Δb* and ΔL*. They did produce
significantly different whitening response for Δb*, with OP
showing significant higher Δb*. After bleaching therapy,
the intensity of tooth hypersensitivity was increased
significantly compared to baseline, with no significant
difference between the both groups.
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