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Abstract: In modern times, patients are not only seeking oral health but also aiming for a flawless
smile. Despite the progress made in aesthetic dentistry, there are instances where insufficient teeth
whitening results contrast with the considerable cost of professional treatments. Patient discomfort
and the potential for tooth damage further compound these challenges. In this study, we conducted a
comparative split-mouth ex vivo investigation to evaluate the innovative BlancOne ULTRA+ (IDS
SpA) in comparison with established professional products: Opalescence Extraboost (ULTRADENT),
Zoom WhiteSpeed (Philips Research Eindhoven High Tech), and Pola Office (SDI Limited). Our
initial focus was on the whitening effectiveness of each product, which was measured using a spec-
trophotometer. Subsequently, we assessed any structural changes in enamel post-treatment using
an atomic force microscope (AFM) and a nanoindentation procedure. All tested bleaching agents
demonstrated teeth-brightening effects. BlancOne ULTRA+, Zoom WhiteSpeed, and Pola Office
caused minor alterations in the texture of the enamel surface within nanometric limits. However,
Opalescence Extraboost exhibited notably more pronounced changes, indicating significant modifica-
tions in surface roughness and potential reductions in material hardness due to consequential shifts in
mechanical properties. BlancOne ULTRA+ appears to offer the most favourable cost–benefit outcome.

Keywords: atomic force microscopy; nanoindenter; oral cavity; aesthetic dentistry; bleaching;
photobleaching; hydrogen peroxide; vital tooth bleaching

1. Introduction

Aesthetics has played a significant role in human society and civilization. Nowadays,
maintaining a pleasing appearance is essential, and the whiteness of teeth, in particular, can
influence the quality of life before and after whitening treatment [1]. While intrinsic stains
are a result of pathological processes, common habits like consuming wine, coffee, and
tea; smoking; consuming coloured foods; and misusing antibiotics can also cause stains.
Tannins, furfurals, carotenoids, artificial colours, and tetracyclines can impact the dentin
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or enamel structure, leading to tooth discolouration [2]. However, teeth whitening can
lead to tooth sensitivity and gum irritation due to improper treatment, negatively affecting
people’s lives [3]. Whitening agents can also possess antibacterial effects, potentially
causing imbalances in the oral microbiome. Therefore, the positive impact of white teeth
on quality of life and the negative impact of tooth sensitivity are interconnected [3,4]. Teeth
whitening can be done by patients themselves or by professionals in dental clinics using
products containing hydrogen peroxide or carbamide peroxide [2]. Nonetheless, a tooth
is a highly complex organic–inorganic biocomposite [5], and aggressive whitening with
hydrogen peroxide might harm the organic tooth matrix. Moreover, alterations and damage
to the tooth’s surface structure [6], along with microscopic pores and flaws on its surface,
can result in issues such as reversible pulpitis and related conditions [7].

A review of the effect of vital teeth bleaching on the mechanical properties of tooth
enamel highlighted potential variations in tooth hardness related to the bleaching treatment,
probably arising from the degradation or denaturation of enamel matrix proteins through
peroxide oxidation [8]. However, a recent meta-analysis aiming to determine scientific
evidence of the effects of home vital bleaching with a 10% carbamide peroxide gel on the
microhardness of human dental enamel concluded that there were no significant changes in
enamel microhardness when using the 10% carbamide peroxide bleaching gel over periods
of 7, 14, and 21 days [9].

Furthermore, in a review, the authors raised questions in the conclusions regarding
the release of hydrogen peroxide into the oral cavity and its ingestion, drawing attention to
its toxicity and potential carcinogenicity [10].

To mitigate some of these secondary post-treatment problems, the global market is
beginning to offer products containing nanomaterials like nano-hydroxyapatite, capable
of preventing hypersensitivity phenomena and further preserving the delicate mineral
structure of the tooth [11].

In this study, we conducted numerous comparative analyses on four whitening prod-
ucts selected among the most marketed globally: BlancOne ULTRA+ (IDS SpA), Opales-
cence Extraboost (ULTRADENT), Zoom WhiteSpeed (Philips Research Eindhoven High
Tech), and Pola Office (SDI Limited). As a preliminary approach, we chose to work ex vivo
on a bovine animal model, which was more considerate towards patients. Additionally,
the selected animal material and considered conditions allow a high level of reliability and
translatability, as also indicated by the literature [12,13].

The predictor variable was the patented innovative formulation of photosensitive
colourants combined with photons and special energy catalysts in the BlancOne ULTRA+

treatment using a solution containing 35% hydrogen peroxide (HP), as detailed on the
website www.blancone.eu accessed on 14 October 2022. The primary focus of the study
was to evaluate the effectiveness of teeth whitening achieved through both bleaching
and photobleaching products and to explore the potential enhancement of whitening
outcomes associated specifically with BlancOne ULTRA+. The secondary endpoint of the
study involved investigating any negative effects that the bleaching and photobleaching
processes could have on enamel.

We initially analysed the whitening effectiveness of each product using a spectropho-
tometer before and after treatment, highlighting the statistical differences between them.
The use of a spectrophotometer capable of measuring brightness, which is the amount of
light reflected from the tooth surface, enabled us to obtain completely objective values
without influences stemming from human perception of colour changes. Furthermore,
this instrument provides brightness changes in numerical values that allow reliable and
immediate statistical calculations [14].

Secondly, we conducted thorough engineering studies on potential structural damage
to enamel following the treatments. Using an atomic force microscope (AFM), we examined
and compared the same treated surfaces before and after bleaching to quantify treatment
effects in terms of nanoscale topography and surface roughness. Finally, through a nanoin-

www.blancone.eu
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dentation process, we verified whether there could also be changes in the mechanical
properties of the dental enamel structure and consequently in the tissue’s resistance.

2. Materials and Methods
2.1. The Bleaching Agents

The bleaching agents used in our comparative study were four classical market prod-
ucts intended for professional use, namely (Table 1):

Table 1. Brief description of bleaching (a) and photobleaching (b) products, mode of use, and number
and time of applications.

Product Name % Hydrogen Peroxide Working Type Mode Photoactivation N◦ Treatments and
Application Time

Opalescence Extraboost
(a) 40% chemical / 3 applications × 20 min

Zoom WhiteSpeed
(b) 25% light 405–500 nm 4 applications × 15 min

Pola Office
(a) 35% chemical / 4 applications × 8 min

BlancOne ULTRA+

(b) 35% light 430–490 nm 3 applications × 8 min

Opalescence Extraboost with 40% HP (ULTRADENT 505 West Ultradent Drive, South
Jordan, UT 84095, USA);

Zoom WhiteSpeed with 25% HP (Philips Research Eindhoven High Tech, Campus 34,
5656 AE, Eindhoven, The Netherlands), which requires photoactivation using a Philips Led
blue-white speed lamp 400–505 nm (Philips Research Eindhoven High Tech);

Pola Office with 35% HP (SDI Limited, 3-15 Brunsdon Street, Bayswater, Victoria
3153, Australia);

BlancOne ULTRA+ with 35% HP (IDS SpA, Via Valletta San Cristoforo, 28/10, 17100
Savona, Italy), which requires photoactivation using a BlancOne Led Arcus lamp (430–490 nm)
(IDS SpA).

2.2. Evaluation of pH of Bleaching Agents

For the selected bleaching products mentioned above, we assessed the dynamic pH
by comparing the pH value at the beginning of treatment (time zero) with the pH value
at the end of the treatment time shown in Table 2. We used the Five Easy Plus pH Meter
FP20-Std-Kit (Mettler Toledo, Columbus, OH, USA) to measure pH.

Table 2. Dynamic pH of bleaching agents.

Product Name pH Tzero pH T1 Time at T1

Opalescence Extraboost 7.21 6.20 20 min

Zoom WhiteSpeed 8.05 7.9 15 min

Pola Office 6.91 7.10 8 min

BlancOne ULTRA+ 5.80 5.50 8 min
pH Tzero = value before treatment; pH T1 = value after treatment.

2.3. Specimens’ Collection and Preparation

For our analysis, we selected bovine teeth specimens as they provide reliable samples
and represent a good ex vivo model for human teeth, as demonstrated by Kury et al. [12]
and Soares et al. [13]. We obtained 18 bovine mandibles, with 6 mandibles used for each
comparative experiment, resulting in a total of 144 treated incisors [15]. These specimens
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were obtained from the slaughterhouse Azienda Agricola BIOBIO, Vobarno, Brescia, Italy,
and were from 18-month-old animals bred for human consumption following the directives
of the Italian Ministry of Agricultural, Food and Forestry Policies. As the animals were not
bred or sacrificed at the University of Genoa, ethical committee approval was not required.
To minimize potential differences between the teeth, we selected specimens born, raised,
and reared on the same organic farm, fed with the same fodder, and never subjected to
antibiotic treatments until killing.

The specimens were collected immediately after slaughter and processed following all
safety regulations. The incisors were not extracted from the mandibles but were preserved
with all the skeletal portions. For each portion of the mandible, eight incisors (four on
the left side and four on the right side) were used and cleaned using traditional dental
prophylaxis procedures with AirFlow prophylaxis master and 14 µm erythritol powder
(E.M.S. Electro Medical Systems S.A., Chem. de la Vuarpillière 31, 1260 Nyon, Switzerland)
(refer to Figure 1G) [16].
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enamel from the lower central incisors of the bovine mandibles above described. These 
were attached to the bottom of a plastic petri dish using adhesive and stored for a week in 
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To enable a comparative structural analysis at the nanometre scale and to account for 
surface structure heterogeneity observed in different regions of the same sample, we 
elected to compare the same 20 × 20 µm2 areas before and after bleaching treatment. 

Figure 1. Experimental design. Bovine mandibles were pre-incubated in the bioreactor for 7 days
prior to the experiments (Step 1). The brightness was analysed using a specialized spectrophotometer
before treatment (Step 2). The teeth were then bleached using (A) BlancOne ULTRA+ with 35%
HP, photoactivated using a BlancOne Led Arcus lamp (430–490 nm), (B) Opalescence Extraboost
with 40% HP, (C) Pola Office with 35% HP, or (D) Zoom WhiteSpeed with 25% HP, photoactivated
through a Philips Led blue-white speed lamp 400–505 nm (Step 3). Tests were performed using a split-
mouth experimental setup, in which 18 mandibles were analysed, 6 mandibles for each comparative
experiment (H). The bovine mandibles were then incubated inside the bioreactor for 48 h (Step 4). The
brightness was measured using the spectrophotometer 48 h after treatment (Step 5), and statistical
analysis was conducted.
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2.4. Bioreactor Mimicking Oral Conditions

To simulate oral conditions in humans, we utilized a custom-built bioreactor capable
of replicating interactions between salivary fluid and the tooth surface through precise
fluidic control. The design and capabilities of the bioreactor have been previously described
in Pasquale et al. [17]. In brief, the oral cavity was mimicked using a specialized blend of
artificial saliva with a neutral pH, monitored by the Five Easy Plus pH Meter FP20-Std-Kit
(Mettler Toledo, Columbus, OH, USA), and a model thermostatic bath (Grant model ST
12; Grant Instruments Cambridge, SG8 6GB, Cambridgeshire, UK) (refer to Figure 1E) to
maintain temperature and humidity levels similar to those found in the human oral cavity.
To maintain a constant temperature of 37.5 ◦C, a thermostatic tank temperature was set
and continuously monitored with a K-type thermocouple, HI 935002 digital thermometer
(HANNA INSTRUMENTS Italia srl, Viale Delle Industrie, 11, 35010 Ronchi di Villafranca
Padovana, Italy). The humidity index was maintained at 93 Kg/m3 and measured with a
digital thermo-hygrometer HI9564 (HANNA INSTRUMENTS Italia srl), as described in
Dabbagh et al. [18].

Lastly, the whole setup was supported by an orbital oscillator (SLA-OS-200. Scitech
LabApp Ltd., Micklefield, Leeds, LS25 9BP, UK) (refer to Figure 1F)., which oscillated at
20 rpm to replicate the wetting of the tooth surface by saliva in the human oral cavity [17],
as described in Pasquale et al.

2.5. Treatment of Specimens to Evaluate the Efficacy of Bleaching Agents

The mandibles supporting the teeth were kept inside the bioreactor for one week
prior to the bleaching treatment to ensure that the teeth were properly conditioned. Subse-
quently, a split-mouth setup was used to administer the bleaching products according to
the instructions provided by the manufacturers (refer to Table 1). To meet the comparative
experimental purpose and minimize the influence of possible experimental sample hetero-
geneity on the effects of the treatments, one side was treated with BlancOne ULTRA+ at
35% HP while the other side was treated with a classic product available on the market, as
shown in Figure 1. The number of treatments, time, and photoactivation method for each
bleaching agent were recorded in Table 1. Additionally, the design of the bioreactor, which—
as previously shown—mimics the oral cavity [17], and the use of a spectrophotometer to
measure the bleaching effect, support the reliability of our data.

The brightness was analysed using the spectrophotometer, VITA easy-shade (VITA
Zahnfabrik (VITA Zahnfabrik H. Rauter GmbH & Co. KG Postfach 1338 D-79704, Bad
Säckingen, Germany)), before and 48 h after the bleaching treatment. The values were
expressed as optical density (OD) [19]. The measurements were taken 48 h after treatment,
as per the literature, to confirm the final result and treatment stability [20].

The tests were conducted by working on one mandible side at a time.

2.6. Treatment of the Specimens for Structural and Mechanical Analyses

To conduct structural and mechanical analyses, we chose sections (8 mm × 8 mm) of
enamel from the lower central incisors of the bovine mandibles above described. These
were attached to the bottom of a plastic petri dish using adhesive and stored for a week in
the bioreactor before further measurements were taken.

To enable a comparative structural analysis at the nanometre scale and to account
for surface structure heterogeneity observed in different regions of the same sample, we
elected to compare the same 20 × 20 µm2 areas before and after bleaching treatment.

To achieve this, we manually inscribed four small markers on each sample using a den-
tal drill, which could be identified through optical inspection, to facilitate the repositioning
of the atomic force microscope probe on the same scanning area.

This allowed us to capture images from different regions, subject the sample to the
bleaching procedure within the bioreactor, reposition the sample under the atomic force
microscope, and capture new images of the same areas. The experimental design is shown
in Figure 2.
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Figure 2. Experimental design: I: Following the extraction of 5 lower central incisors, enamel portions
measuring 8 × 8 mm, compatible with the analysis chamber of the atomic force microscope, are
excised. One section is reserved solely as a control sample for nanoindentation and the others
intended for treatment with bleachin agents. II: Surface cleaning is carried out using air flow and
14 µm erythritol powder (EMS). III: The samples are placed in the bioreactor, where they are re-
conditioned in the oral environment for 1 week. IV: Prior to the bleaching treatments, the surfaces are
analysed with atomic force microscopy (AFM). V: Enamel surfaces undergo bleaching treatments,
following the times and protocols prescribed by the manufacturers and outlined in Table 1. VI: The
second step of AFM analysis is performed on the same points previously analysed, and the results
are compared to obtain the measurements necessary for a reference statistic on any surface changes.
VII: Finally, the same samples are subjected to nanoindentation to evaluate any mechanical changes
in the enamel material before and after the bleaching treatment.

2.7. Atomic Force Microscopy (AFM) Measurements

To obtain true height measurements of enamel surface topography before and after
bleaching treatment, we used correlative optical–atomic force microscopy with a commer-
cial AFM (NanoWizard 4 XP BioScience, Bruker, Billerica, MA, USA) equipped with a
motorized stage for precise sample repositioning (HybridStageTM, Bruker), and coupled
with an upright optical microscope (AxioZomm v.16, Zeiss, Jena, Germany).

We obtained topography images using the “contact mode” in deionized water over
20 × 20 µm2 scanning areas. To ensure consistent results, we used the same probe
(HQ:CSC17/Hard/Al BS, MikroMasch, Tallinn, Estonia) with a wear-resistant coating
to maintain a consistent tip geometry/size over multiple measurements, resulting in com-
parable topographic features.

AFM data were processed using the Mountains® software from Digital Surf, Besançon,
France. To numerically express and compare changes in surface roughness, we calculated
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the “Developed Interfacial Area Ratio” (Sdr) parameter according to ISO 25178-2:2012
standard. The Sdr parameter expresses the percentage of the additional surface area
contributed by surface topography compared to an ideal plane the size of the scanned
region. For a flat surface, Sdr is 0%, and it increases with the complexity of the surface
topography [21].

2.8. Nanoindentation

To evaluate changes in the mechanical properties of enamel resulting from bleaching
treatment, we performed nanoindentation measurements on a nanoindenter from Anton
Paar Italia srl Rivoli 10098 Italy, with a UNHT head, equipped with a diamond Berkovich
tip. The maximum load was set to 5 mN, the loading and unloading rate to 10 mN/min,
and the dwell time at maximum load to 10 s. At least 16 measurements were taken in each
sample and results are presented as mean ± standard deviation.

Specifically, we calculated the Young’s modulus E (1), which describes material elastic-
ity or stiffness, and hardness H (2), which describes resistance to plastic deformation, using
the widely accepted Oliver and Pharr method [22,23].

E = β
dP
dh

1
2

√
π√
A

(1)

H =
Pmax

A
(2)

where Pmax is the maximum load, dP
dh is the unloading stiffness, β = 1.034 is a geometrical

coefficient, and A is the contact area, calculated from geometrical consideration, from the
contact depth, which is defined as:

hc = hmax − ε
Pmax

dP/dh

where ε = 0.75 is a function of the indenter.

2.9. Statistical Analyses

The statistical analysis was conducted using MATLAB software (The Math-Works, Inc.
MathWorks 1 Apple Hill Drive, Natick, MA 01760, USA). Means ± standard deviation or
the differences in means (mean before − mean after treatment) ± standard deviation of
each test were compared, with experiments being conducted at least in triplicate. According
to Rosner, the sample size was calculated to establish the minimum required number of
subjects for achieving sufficient study power using the ClinCalc Sample Size Calculator [24].
Taking into account the preliminary data on the primary endpoint, and considering an
efficacy mean of ∆OD (difference between the spectrophotometer measures after and
before the treatment) 7.1 with a standard deviation of 30% in group 1 (BlancOne ULTRA+),
along with a difference of 15% compared to group 2 (standard commercial products), a
sample size ranging from 118 to 194 is adequate to achieve a power ranging from 0.8 to
0.95, with an alpha level of 0.5 and a beta level of 0.2. Statistical power was calculated
using an allocation ratio of 1 and an alpha of 5% through the Simple Interactive Statistical
Analysis online program (https://www.quantitativeskills.com/sisa/index.htm) accessed
on 20 January 2023.

3. Results
3.1. pH of Bleaching Agents

As shown in Table 2, the dynamic pH values of the analysed substances are different
from each other. By nature, high-volume hydrogen peroxide has an acidic pH of around 4
and has the potential to be more chemically stable. To be able to optimize these substances
in order to make them compatible with dental tissues, buffer substances are added [25].

https://www.quantitativeskills.com/sisa/index.htm
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However, it is important to consider that the problems that a slightly acidic pH can cause
on the dental surface are always directly proportional to the gel–tooth contact times [26].

3.2. Spectrophotometer Measurements and Bleaching Data Analysis for Each Treatment

In this study, we utilized a spectrophotometer to evaluate the brightness of teeth before
and after various treatments. The brightness measurements were expressed in terms of
optical density (OD) and statistically analysed using a Student’s t-test. The results are
presented graphically in Figure 3.
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Figure 3. Effect of professional bleaching treatments. Histograms show the means ± standard
deviations of the spectrophotometric brightness measure (O.D.) carried out before and 48 h after
the treatment. * and ** symbols indicate a significant and an extremely statistically significant
difference (Student’s t-test), respectively, comparing the teeth brightness before and 48 h after
bleaching treatment.

The data showed that BlancOne ULTRA+ significantly improved tooth brightness
in all three experiments, which consisted of six mandibles each, with a statistically ex-
tremely significant difference (p < 0.0001) observed before and after the treatment. The
mean ± standard deviation values before and after the treatment were 21.75 ± 0.91 and
14.08 ± 0.46, 21.61 ± 0.60 and 13.99 ± 0.56, and 21.91 ± 0.65 and 14.79 ± 0.40, respectively.

Similarly, Opalescence Extraboost (21.46± 0.68 before and 17.06± 0.99 after treatment)
and Zoom WhiteSpeed (21.69 ± 0.66 before and 19.07 ± 0.49 after treatment) were found to
have a positive effect on tooth brightness, with a statistically extremely significant difference
(p < 0.0001) observed in both cases.

However, the difference before (21.95 ± 0.69) and after (20.91 ± 0.54) Pola Office
treatment was found to be the least evident, despite there being significant statistical
evidence with a p-value of less than 0.05.
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3.3. Bleaching Data Analysis across Experiments and Treatments

In order to identify any significant differences between the experiments and treatments,
an analysis of variance (ANOVA) test was conducted, followed by the Tukey HSD test. The
comparison was made using the difference in means (mean before treatment minus mean
after treatment) ± standard deviation of each test. The results are displayed in Figure 4.
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Figure 4. Effect of professional bleaching treatments. Histograms show the means ± standard
deviations of the spectrophotometric brightness measure (O.D.) carried out before and 48 h after
the treatment. ** symbol indicates an extremely statistically significant difference (one-way ANOVA
test followed by the Tukey HSD test), comparing the effects on teeth brightness with respect to
BlancOne ULTRA+ product. # symbol indicates a statistically significant difference (one-way ANOVA
test followed by the Tukey HSD test), comparing the effects on teeth brightness with respect to the
Opalescence Extraboost product.

It should be noted that the means ± standard deviations of the brightness mea-
surements taken before treatments did not show any statistically significant difference
(p = 0.1531).

Comparison of the difference in means ± standard deviation for each treatment
revealed that the difference between the BlancOne ULTRA+ effect and traditional market
products designed for professional use was extremely statistically significant (p < 0.0001).

Additionally, an extremely statistically significant difference was observed between
Opalescence Extraboost and Pola Office (p < 0.0001), as well as a significant difference
when comparing Opalescence Extraboost and Zoom WhiteSpeed. However, there was no
statistically significant difference between the effects of Pola Office and Zoom WhiteSpeed
(p = 0.1060).

3.4. AFM Results

AFM images of high-resolution topography reveal the heterogeneity of the enamel
surface across various areas and samples. To assess the impact of different bleaching
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treatments on surface topography, the same area was scanned before and after treatment,
as depicted in Figure 5.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 10 of 16 
 

AFM images of high-resolution topography reveal the heterogeneity of the enamel 
surface across various areas and samples. To assess the impact of different bleaching 
treatments on surface topography, the same area was scanned before and after treatment, 
as depicted in Figure 5. 

Table 3 presents the values (average ± standard error) for the “developed surface area 
ratio” (Sdr), which serves as a reliable parameter for characterizing surface roughness 
when dealing with a complex and variable surface texture. 

 
Figure 5. High-resolution topography AFM images obtained in contact mode in deionized water 
before and after each treatment: BU = BlancOne Ultra+; OE = Opalescence Extraboost; ZWS = Zoom 
WhiteSpeed; P = Pola Office. 

Figure 5. High-resolution topography AFM images obtained in contact mode in deionized water
before and after each treatment: BU = BlancOne Ultra+; OE = Opalescence Extraboost; ZWS = Zoom
WhiteSpeed; P = Pola Office.

Table 3 presents the values (average ± standard error) for the “developed surface
area ratio” (Sdr), which serves as a reliable parameter for characterizing surface roughness
when dealing with a complex and variable surface texture.
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Table 3. Developed surface area (Sdr) calculated on AFM topography images scanned on different
20 × 20 µm2 areas scanned before and after the different bleaching treatments. The last column
reports the difference, i.e., the change in surface roughness and texture caused by the bleaching.
** symbol indicates a statistically significant difference value (one-way ANOVA test followed by the
Tukey HSD test).

Treatment Sdr before Treatment [%] Sdr after Treatment [%] Difference

OE (n = 3) 3.52 ± 0.01 61.22 ± 0.12 57.7 ± 0.1 **
BU (n = 3) 7.48 ± 0.02 15.87 ± 0.02 8.39 ± 0.03 **
ZWS (n = 3) 1.446 ± 0.002 1.302 ± 0.002 −0.144 ± 0.003
P (n = 10) 1.013 ± 0.002 2.387 ± 0.003 1.373 ± 0.003 **

Table 3 reports values (average ± standard error) for the “developed surface area
ratio” (Sdr) as a robust parameter representative of surface roughness when a complex and
variable surface texture is present. Results from Table 3 highlight that there is no statistically
significant difference in the roughness of the sample treated with ZWS (p = 0.554), while
the highest difference can be noticed in sample treated with OE.

3.5. Nanoindentation Results

Figure 6 illustrates the total penetration depth at the maximum loading force. Samples
treated with Zoom and Boost exhibit a three-fold increase in penetration depth, under the
same applied load of 5 mN, compared to the untreated sample (control) and the other
treatments. This suggests a softening of the enamel layer, as evidenced by the lower
elasticity and hardness values reported in Figure 7. The conducted ANOVA test, followed
by the Tukey HSD test, highlighted a statistically significant difference (p < 0.01) in Zoom
(ZWS)-, Boost (OE)-, and Pola (P)-treated samples’ Young’s modulus, where ZWS treatment
led to the highest change, while the sample treated with ULTRA+ (BU) did not show any
statistically significant difference (p = 0.899).
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Figure 7. Hardness changes (A) and Young’s modulus (B) after each bleaching treatment, compared
to the untreated control. ** symbol indicates an extremely statistically significant difference (one-way
ANOVA test followed by the Tukey HSD test) respect to Control; Blancone Ultra+ and Pola Office.

Additionally, a statistically significant difference (p < 0.01) was observed for ZWS-
and OE-treated samples’ hardness, compared to the control. On the contrary, there was
no statistically significant difference between the effects of P (p = 0.02) and BU treatments
(p = 0.436).

4. Discussion

Dental staining emerges as a frequent concern presented by individuals seeking aes-
thetic enhancements. Alterations in tooth hue emerge from a blend of internal and external
influences, encompassing factors as diverse as the assimilation of substances to the con-
sumption of pigmented edibles, thus leading to discolouration [27]. The market offers a
wide range of products that can be used directly by patients or through in-office treatments,
and all claim to achieve the endpoint of a whiter, more attractive smile [28]. The final
result’s accomplishment is the human perception of smile brightness after the treatment.
However, this personal visual scale is not easy to replicate and “translated” into an ac-
tual numerical value. The optical density spectrophotometric analysis before and after
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bleaching treatment has been described as a supportive method to obtain a reliable value
of the bleaching treatment effectiveness [29]. Saluja et al. [30] showed spectrophotometric
analysis is more accurate and reproducible than human assessment. Gomez-Polo et al. [31]
demonstrated that colourimeters are significantly less reliable than spectrophotometers
and digital cameras. Indeed, Horn et al. [32] concluded that spectrophotometers achieved
80% reproducibility of the tooth shade than the human eye, which showed only 65% re-
producibility. In our work, the spectrophotometrically evaluated data describe statistically
significant differences for each bleaching treatment analysed. The treatments, therefore,
appear effective in improving the brightness of the teeth, although there are differences
in the quality and intensity of the final result. In fact, the comparison of each bleaching
agent with BlancOne’s ULTRA+ highlights the higher performance of this product. Sta-
tistical analysis suggests a ranking of product efficacy with Opalescence Extraboost after
BlancOne’s ULTRA+, and Pola Office and Zoom WhiteSpeed as the least reliable. Basically,
the bleaching efficacy ranking is BlancOne’s ULTRA+ > Opalescence Extraboost > Zoom
WhiteSpeed = Pola Office.

Noteworthy is BlancOne’s ULTRA+ product, which allows the best results with a
lower percentage of HP than Opalescence Extraboost, and with HP similar to Pola Office.
Furthermore, BlancOne’s ULTRA+ requires the shortest application times on the tooth
surfaces compared to the other three products analysed and reduced number of treatments.
ULTRA+ by BlancOne works through a process of chemical photoactivation of the gel
using specific wavelengths of light, which in turn can accelerate the release of free radicals
and singlet oxygen [27]. However, as suggested by the lower bleaching effectiveness of
Zoom WhiteSpeed, photoactivation per se is not enough, and a good aesthetic result occurs
through an efficient synergy between a specific wavelength of light energy and the ability
of the photoactivator to absorb it. Therefore, despite more specific analyses having to be
conducted, BlancOne’s ULTRA+ formulation containing three natural photoactivators in
synergy with the 430–490 nm wavelength range could cause a more efficient release of free
radicals and singlet oxygen to allow faster and effective bleaching results. On the other
hand, Zoom WhiteSpeed is based on Photo-Fenton photoactivation [33].

Hydrogen peroxide bleaching products are well established for cosmetic tooth bleach-
ing, but the use of these substances in home cosmetic products is quite limited [34]. Con-
versely, in professional treatments, high concentrations of HP are used, with possible
negative consequences on soft and hard tissues [35]. Indeed, a fundamental aspect is the
effect of the bleaching agent on the structure of the enamel. In 2017, a comprehensive
review [9] surfaced, presenting findings from a range of randomized clinical trials investi-
gating the impact of utilizing 10% carbamide peroxide gel for at-home teeth bleaching. The
focus was on assessing potential shifts in enamel microhardness, a factor influencing oral
health resilience against the pressures of chewing. The comprehensive analysis indicated
negligible alterations in enamel microhardness when employing the 10% carbamide perox-
ide bleaching gel over 7-, 14-, and 21-day spans. Additionally, de Souza Costa et al. [36]
described that bleaching with 38% HP for 45 min causes irreversible pulp damage in lower
incisors but not in premolars. Correlation among increased tooth sensitivity, alteration
in the surface topography of enamel, and the time and the number of treatments suggest
that with a 10% higher HP concentration, it is necessary to avoid prolonged and long-term
bleaching use [37]. Of note, shortening the contact time of 35% HP to nearly 5 min reduces
trans-enamel and trans-dentinal cytotoxicity to pulp cells [38]. Lastly, Cintra et al. [39]
demonstrated that the number of bleaching sessions affects pulp tissue damage in rat teeth.
Essentially, after 5 sessions with 35% HP, necrotic areas in the pulp tissue (the second
third of the radicular pulp) and intense inflammation at the apical third were induced in
the animals treated [39]. All our analysed products exhibit more than 10% HP. However,
among the four bleaching agents tested in this study, BlancOne ULTRA+ is the only one
that requires a maximum of three cycles of 8 min to release free radicals and singlet oxygen
and perform the best bleaching result. Actually, there are certain weaknesses in our work.
Indeed, despite the suitability of the bovine dental sample that was recently extensively
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reported [40], some differences could be experienced in vital human teeth and particu-
larly concerning the long effects and a faster return of the teeth towards a darker shade.
However, the work shows strengths. The choice of samples coming from animals of the
same breeding and same age which were reared similarly and biologically and without
antibiotics has allowed us, as demonstrated by the statistical analysis, to have a uniform
brightness before the treatments, to better compare results after them. Indeed, a statical
power higher than 99% on the primary variable results supports it. Additionally, the design
of a bioreactor, which, as previously shown, mimics the oral cavity [17], and the use of a
spectrophotometer to measure the bleaching effect, support the reliability of our data.

As can be seen in Table 2, only the ULTRA+ product has a pH slightly below the
neutral threshold.

This could lead one to think that being a more acidic agent than the others, it could
cause superficial damage to the enamel surfaces. However, these are not the answers
obtained from the tests performed. Products with a neutral pH or above the neutrality
threshold are balanced with buffer substances capable of raising the pH and keeping it
stable over the working time [25].

However, as described by H. Betke et al. [26], the additives used to buffer the bleaching
agents are able to dramatically increase the dehydration of dental tissues such as enamel and
dentin, especially in bleaching treatments that involve very long tooth–gel contact times.

Also to be considered is the description made by Ramos et al. [41], who highlight that
bleaching gel products with a high concentration of hydrogen peroxide undergo a change
in state before releasing the reactive oxygen species, passing from a gelled state to a liquid
one. This liquid phase can determine the ease of penetration within the hard tissues of the
tooth, thus increasing the risk of sensitivity perceived by patients.

From the AFM topography images, it can be observed that all bleaching treatments,
with the exception of ZOOM, tend to modify the surface texture, increasing the surface
roughness, which is known to promote biofilm formation since it provides more area for
bacterial adhesion while protecting bacteria from shear forces and saliva flow [42–45]. In
particular, BOOST induces a much higher increase in surface roughness when compared to
the others.

Nanoindentation measurements showed a softening of the enamel surface layer with
ZOOM and BOOST treatments, indicated by the considerably lower values of hardness
and Young’s modulus when compared to the untreated teeth, as reported in Figure 7, while
POLA- and UTRA+-treated samples maintained values comparable to the untreated control.

5. Conclusions

In conclusion, we can state that from the results obtained, all the bleaching products
tested can improve the brightness of teeth after treatment, even though they have different
pH, application times, and activation methods. BlancOne, Zoom, and Pola can slightly
modify the surface roughness of the dental enamel after treatment, while remaining in a
modification index on the nanometric scale [46]. BOOST was the only one to present much
more invasive structural modifications of surface roughness, which can be correlated to a
decrease in surface hardness due to the consequent alterations of the mechanical properties
of the material. Although controlled randomized clinical trials are required to confirm our
findings, preliminary data on an ex vivo animal model support a better performance–safety
relationship for BlancOne ULTRA+.
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