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Successful restorative treatment depends on aesthetic, mechanical, and biological properties. This 
study aimed to evaluate the effect of Hydrogen Peroxide and Sodium Perborate on surface roughness 
and stain removal from stained ceramics. Thirty-two discs were prepared of feldspar (diameter 
6.4 ± 0.2 mm, thickness 2.2 ± 0.1 mm). and lithium desilicated glass ceramic )diameter 7 ± 0.1 mm, 
thickness 2.2 ± 0.1 mm). Specimens were divided into four groups, based on the type of porcelain and 
bleaching agent used (n = 8). All the Specimens were immersed in (tea, yogurt, soda, orange juice, and 
Mulberry juice) respectively for 30 days. Then Hydrogen Peroxide 30% was applied to specimens for 
2 h. Sodium Perborate was applied for 14 days/6 hours per day. CIEDE2000 parameters and surface 
roughness values were recorded at three times; initial baseline color, post staining, and post bleaching. 
Data were statistically analyzed using paired t-test and ANOVA. There was no significant difference in 
color changes (∆E002) and roughness changes values between all groups, but there was a significant 
increase in surface roughness in each group after staining and after bleaching. Also, the residual color 
values of all groups were below 1.8, with lithium disilicate ceramic treated with sodium perborate 
showing better color retrieval. Conclusion the bleaching agents reduced color change caused by 
discoloring solutions and caused an increase in surface roughness.
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Dental ceramics has two important properties: mimic natural appearance of teeth and low thermal and 
electrical conductivity. It also has well to excellent strength, but it remains brittle and may fracture suddenly 
when subjected to flexure or when is heated and cooled rapidly, and it can wear opposing teeth1. Mechanical 
and optical properties vary, depending on its microstructure. Based on their applications, dental ceramics are 
classified as: (1) Ceramic for metal-ceramic restorations, crowns, and bridges. (2) Ceramic for full-ceramic 
restorations, crowns, fillings, inlays, onlays, and veneers. (3) Ceramics for orthodontic brackets, dental implant 
abutments, and dental dentures2. Another classification of the ceramics is based on the manufacturing materials, 
as they are mainly divided into three categories3: 1.silicate ceramics which are nonmetallic inorganic ceramic 
materials containing a glass phase, which have good optical properties, high transparency, and an attractive 
and natural appearance3. Hence, the most commonly used silicate ceramics in the field of dental prosthetics are 
feldspar porcelain, leucite-enhanced glass ceramics, and lithium disilicate ceramics4., 2.polycrystalline ceramics 
with generally stronger mechanical proprtis than glass ceramics. In this type, no glass phase is present and all 
crystals are arranged in a dense conventional matrix5,6. 3. resin-based ceramics which are a new type of ceramic 
material that combine the advantages of ceramic and polymer materials. This composite material features a resin 
matrix based on inorganic ceramics. Therefore, resin-based ceramics are not ceramics in the strict sense, but 
they are ceramic-like materials3,7.

The dental ceramics mimic enamel and dentine colors which varies among people, in addition, the color 
of ceramic restorations itself varies according to many factors such as the thickness of porcelain, trademark, 
and condensation techniques, degree and number of firings, surface roughness, as the light reflects and scatters 
irregularly on rough and irregular surfaces, resulting changes in the color of the ceramic restoration8. Meanwhile, 
perception color of an object depends on nature body and nature light that falls on it, and received by the retina. 
Color properties are determined by body interaction with light. Light may be reflected, absorbed, or transmitted. 
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Eye response is not similar for individuals, depending on factors such as age, general health, medications and 
fatigue1.

As the oral cavity is an aqueous environment, with variations in pH and the temperature due to the ingestion 
of different beverages and foods. The materials exposed to such variations can alter their esthetic and mechanical 
properties9. Moreover, plants and fruits contain bioactive compounds, including chromogenic polyphenols, 
which give fruits their specific color. An example of these is anthocyanins found in berries10. In tea leaves, it is 
called tannin11. Fruits also contain organic acids, such as citric acid and limonene in oranges, and malic acid and 
citric acid in berries12. Therefore, exposing porcelain to carbonic acids found in cola and organic acids found 
in citrus fruit juices and lactic acid in milk, led to chelation of some minerals from porcelain surface, causing a 
decrease in crystallinity and dissolve the silica network, then increased leaching of the pigments present in these 
solutions13.

In 1976, Commission Internationale de l`éclairage (CIE) established a uniform standard system that accurately 
calculates color change between two points. It relies on three color coordinates: L* represents brightness color 
in Munsell system, ranging from 0 to 100. B* and a* represent hue and chroma in Munsell system, a represents 
red-green axial, while b represents yellow-blue axial8. And to improve the correctness between instrumental and 
visual color assessments in industrial applications, a new CIELAB-based color-difference formula (CIEDE2000), 
has been proposed by CIE, recently14. The ∆E00 calculates color change between two points in a three-dimensional 
color space, by Eq. (1):
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Restoration surface roughness affect not only color perception of the restoration, but it is also one of the most 
important factors to a long-term success. Roughness can lead to accumulation of plaque and food pigments, 
causing gingivitis, secondary caries, and poor aesthetic appearance15. Surface roughness can be measured using 
many numerical scales. Produced by a Profilometer roughness average (Ra) of a surface calculates average 
surface roughness, considering all protrusions and depressions within the measured distance on that surface16.

The effect of bleaching agents on ceramic colors and surface roughness can be explained due to their nature 
as an acid-based oxidants that release H + ions upon decomposition17. For example, Hydrogen peroxide is an 
unstable compound. Decomposing to water, active oxygen, and free radicals such as hydroxyl and perhydroxyl 
radicals. Sodium perborate, also decomposes after mixing with water to sodium metaborate, releasing nascent 
oxygen and hydrogen peroxide, which decomposes as previously mentioned18. When bleaching materials come 
into contact with porcelain surface, a reaction occurs between H + ions and porcelain’s metal ions, which induces 
chelation of metals from porcelain surface, and releases primarily Na + and K + ions, which are the fastest, 
followed by Ca+2, P+3, Al+3, and then Li + and Zn+ ions, which are the slowest19. Free radicals oxidize pigments 
present on porcelain surface or intra it. Pigments were destabilized and break the bonds between them to become 
shorter chains20. The wavelength of light reflected from them and the porcelain surface alters and shows different 
color21,22. In addition, the color change results from a change in the porcelain’s nature itself15. Therefore, this 
study aimed to evaluate the effect of bleaching agents on surface roughness and color change of two different 
silicate ceramics: feldspar and lithium disilicate glass ceramics. And the null hypothesis of this study is bleaching 
agents don’t affect color properties and surface roughness of discolored ceramics.

Materials and methodes
Sample size determination
Sample size calculation was carried out using a statistical software (G*Power v3.1.9.2 for MacIntosh, Heinrich-
Heine-Universität, Düsseldorf, Germany) with the following input parameters for paired t test, effect size 0.65, α 
level 5%, 95% power, 12 groups, 3 measurements, correlation between measurements 0.50, and non-sphericity 
correction 0.75. Based on the calculations, a total sample size of 60 generated a power of 0.98, therefore the 
minimum sample size per group was 5.

Thirty-two specimens were prepared for total sample size, 16 specimens of feldspar)diameter 6.4 ± 0.2 mm, 
thickness 2.2 ± 0.1 mm). and 16 specimens of lithium disilicate glass ceramic (Emax press))diameter 7 ± 0.1 mm, 
thickness 2.2 ± 0.1 mm).

Specimens manufacturing
The group of feldspathic porcelain (Dentsply, USA) was constructed by a conventional method using sintering 
technique (Powder/liquid). The slurry produced was transferred into plastic mold. Lithium disilicate glass 
ceramic group (Vivadent Ivoclar, Germany) was prepared from a wax pattern, then heat-pressed (IPS Empress 
EP600; Ivoclar Vivadent AG). The specimens were polished (following the instructions of the manufacturer) 
and grounded using 600- 800-1000-1500 grit abrasive paper (Waterproof Abrasives papers, Thailand) under 
water. Specimens were coated with a layer of glaze and fired according to instructions of the manufacturer. The 
thickness of the specimens was checked using a caliper (Alpha Tools, Mannheim, Germany) for standardization.

Immersion protocol
All specimens were soaked in staining solutions respectively at the same time: Soda(Pepsi, Joud, Syria), Yogurt 
(New Park, Syria), Orange juice, Mulberry juice, Blake Tea (AlAttar, Syria) which was prepared as weighted 
15 g in 300 mL of boiled water. These solutions were chosen based on the availability in the Syrian markets. 
Staining solutions were incubated at 37 ± 2 °C to stimulate human body temperature for 30 days \6 consecutive 
days for each one as each soaking day is equivalent to 30 days of consumption, and were replaced daily to avoid 
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bacteria and yeast contamination. At the time of replacement, each disc of the sample was rinsed with water and 
dried with a paper towel before immersing back in solution. The whole immersion process was equivalent to 30 
months of human consumption of the soaking solutions9.

Study groups
All specimens were divided into two main group after they were stained by immersing them in different solutions:

Group 1. stained Feldspar ceramic group (Fig. 1a, b).
Group 2. Stained Lithium disilicate ceramic group (Fig. 2a, b).
And after bleaching them with one of the bleaching agents (hydrogen peroxide, sodium perborate), The 

treated specimens were divided into four subgroups:
Group 1a: Stained feldspathic porcelain specimens bleached with 30% Hydrogen peroxide (HP) (Fig. 3).
Group 1b: Stained feldspathic porcelain specimens bleached with (SP) (Fig. 4).
Group 2a: Stained Lithium disilicate ceramic specimens bleached with 30% Hydrogen peroxide (HP) (Fig. 5).
Group 2b: Stained Lithium disilicate ceramic specimens bleached with (SP) (Fig. 6).

Preparation of hydrogen peroxide
Gel was made by stirring Carbopol, 7 g Carbopol powder in 100 ml water for 24 h. Powder particles absorbed 
water and their size increased to formulate a gel. An amount of 1 ml of 30% hydrogen peroxide solution was 
mixed with a teaspoon of gel. Eight specimens from each ceramic group were treated with gel for 2 h (4 sessions, 
30 min for each).

Fig. 1.  (a) Specimens of feldspar pre-staining. (b) Specimens of feldspar post-staining.
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Fig. 3.  Specimens of feldspar and after bleaching with 30% hydrogen peroxide.

 

Fig. 2.  (a) Specimens of Emax press; Lithium disilicate glass ceramic pre-staining. (b) Specimens of Emax 
press; Lithium disilicate glass ceramic post-staining.
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Preparation of sodium perborate
Sodium perborate grains were grounded and mixed with water drops to get a sticky consistency. Eight specimens 
from each ceramic group were treated with gel for 6 h\day for 14 days.

Roughness test
The specimens were positioned with their surfaces in contact with the diamond tip of a profilometer (TR200 
INNOVATEST – USA). The baseline data for surface roughness were recorded by the profilometer. Each 
specimen was measured 3 times and the average baseline roughness (Ra) value was calculated. The same protocol 
of surface roughness measurement was followed after staining and after bleaching treatment. Changes on surface 
roughness were measured according to the equations:

∆ Ra1 = Ra1 -Ra2 (representing the difference between pre and post staining).
∆Ra2 = Ra2 - Ra3 (representing the difference between post staining and post bleaching).

Color test
The specimens were soaked in distilled water for 24 h before measurement. The color value of each specimen was 
evaluated using a spectrophotometer (VITA Easy Shade) on white background. Each specimen was measured 3 
times and the average baseline values for L*, a*, and b* were calculated then chroma (c) and hue (h) values were 
calculated using the equation:

Fig. 6.  Specimens of Emax press; after bleaching with Sodium perborate.

 

Fig. 5.  Specimens of Emax press; after bleaching with 30% hydrogen peroxide.

 

Fig. 4.  Specimens of feldespar after bleaching with Sodium perborate.
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After the staining and bleaching treatment, color value was recorded by the spectrophotometer with the same 
parameters. The magnitude of the total color difference (ΔE00) was calculated using the following equation:
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Where ΔL’, ΔC’, and ΔH’ are the changes in L*, C*, and H* after staining and after bleaching. KL, KC, KH are 
parametric weighting factors which is constant, and SL, SC, SH are weighting functions calculated according to 
the L, C, H. RT is the rotation term that accounts for interaction between Chroma and hue differences in the 
blue region14.

ΔE001 represented color change between pre and post staining, while ΔE002 represented color change between 
post staining and post bleaching, while ΔE003 represented color change between pre staining and post bleaching.

Residual color was calculated as the difference between (ΔE001) after staining and (ΔE003) after bleaching. 
Positive values nearer zero signifies that bleaching process was efficacy and recovery of the original color. 
Negative values suggests that bleaching was more effective than staining, resulting in restorations that are overly 
bleached. Data were compared to a reference color difference of 1.8; above this, differences in color become 
clinically unacceptable14.

Statistical analysis
Data were collected, tabulated and statistically analyzed using SPSS software (Version 25, IBM, USA). The 
Shapiro Wilk test was used to verify the normal distribution of data. An independent t-test was used to compare 
changes in color and surface roughness after staining between the two main groups. A paired t-test was used 
for comparison of L, a, b, c, h, Ra values in each sub-group. One-way AVOVA was used to identify differences 
in color change between after staining and after bleaching, residual color and surface roughness between all 
four subgroups and the Bonferroni post hoc test was used to detect differences between each two groups. For 
all statistical analyzes, p < 0.05 was considered statistically significant. The Pearson correlation was applied to 
investigate association between color parameters and surface roughness.

Results
There was a significant increase in color change (ΔE00) after staining in feldspar ceramic group compared to the 
lithium disilicate glass ceramic group, also surface roughness change (ΔRa) after staining increased significantly 
in feldspar ceramic group compared to the lithium disilicate glass ceramic group (Table 1).

Average mean and standard deviation of the recorded variables is presented in (Table 2).

Color change
There was significant difference between L2 and L3 in all groups except in the Feldspar ceramic treated with 
hydrogen peroxide group whereas L value was significantly increasing after bleaching in the three other groups 
(Table 3).

a values was significantly decreasing after hydrogen peroxide treatment in the stained lithium disilicate 
bleached with hydrogen peroxide, meanwhile it didn’t differ in the other groups. As for the b values, there was a 
significant increase in both Feldspar groups after sodium perborate and hydrogen peroxide treatment (Table 3).

Chroma values increased significantly in both feldspar ceramic groups while hue values increased significantly 
in both lithium disilicate groups (Table 3).

Regarding each bleaching agent and ceramic type, there was no significant difference between color changes 
∆E002 values of all groups, even though lithium disilicate treated with sodium perborate group showed the 
highest ∆E002 (Table 4).

Surface roughness
There was significant difference in surface roughness between the phase of after staining and after bleaching in 
each group. Surface roughness increased significantly in each group after staining and after bleaching (Table 3). 
However, no significant differences were found between groups regarding surface roughness according to the 
bleaching agent and ceramic type (Table 4).

Feldspar Emax press

P valueN mean SD N mean SD

∆E001 16 7.87 (1.60) 16 3.13 (1.45) 0.010*

∆Ra1 16 0.139 (0.085) 16 0.058 (0.032) 0.001*

Table 1.  Means and standard deviations of color and surface roughness changes after staining and statistical 
differences. *p-value is significant at 0.05.
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Group ∆E002 (after bleaching) Residual color ∆Ra2 (after bleaching)

Emax press, Sodium perborate 3.265 (1.47) −1.618 0.10 (0.09)

Emax press, Hydrogen peroxide 2.747 (0.58) −0.788 0.08 (0.04)

Feldspar, Sodium perborate 2.335 (1.45) 0.729 0.06 (0.06)

Feldspar, Hydrogen peroxide 1.771(0.61) 0.978 0.07 (0.06)

p-value 0.064 0.010* 0.881

Table 4.  One way Anova results of color changes and residual color and surface roughness between groups 
after bleaching. *p- is significant at 0.05.

 

Variable

group

Emax press, sodium perborate Emax press, hydrogen peroxide Feldspar, sodium perborate Feldspar, hydrogen peroxide

L2-L3 −4.225 −3.45 −2.775 −1.6

p-value 0.000* 0.000* 0.019* 0.060

a2-a3 2 0.938 −0.263 −0.2

p-value 0.090 0.000* 0.138 0.077

b2-b3 −0.775 0.188 −1.525 −1.700

p-value 0.275 0.756 0.007* 0.001*

c2-c3 −0.787 0.325 −1.54 −1.591

p-value 0.308 0.600 0.006* 0.000*

h2-h3 −2.02 −3.181 0.099 0.291

p-value 0.004* 0.000* 0.619 0.872

Ra1 – Ra2

p-value 0.001* 0.002* 0.014* 0.000*

Ra2 - Ra3 −0.103 −0.088 −0.064 −0.071

p-value 0.016* 0.001* 0.021* 0.012*

Table 3.  Paired t test results of L, a, b, c, h, changes post staining and post bleaching. *p- is significant at 0.05.

 

Variable mean

group

Feldspar, 
sodium 
perborate

Feldspar, 
hydrogen 
peroxide

Emax press, 
sodium 
perborate

Emax press, 
hydrogen 
peroxide

Mean SD Mean SD Mean SD Mean SD

L1 87 2.65 86 2.28 81 0.93 82 0.94

L2 78.10 2.80 78.63 1.39 82.94 2.43 83.15 1.29

L3 80.88 1.46 80.23 1.89 87.16 0.69 86.60 0.74

a1 1.15 0.33 1.26 0.19 −0.36 0.07 −0.29 0.14

a2 5 0.47 5 0.27 1 0.63 1 0.44

a3 5 0.29 5 0.20 1 0.05 0 0.10

b1 26 1.04 25 0.56 13 0.74 14 0.92

b2 37 0.61 38 0.45 17 1.92 18 1.60

b3 38.82 0.73 39.31 0.57 17.43 0.15 17.36 0.48

h1 87.34 0.77 87.07 0.40 91.59 0.24 91.81 1.10

h2 82.41 0.51 82.39 0.33 86.23 1.48 85.39 1.25

h3 82.31 0.23 82.40 0.23 88.26 0.19 88.57 0.33

c1 25.58 1.42 25.48 0.58 12.67 0.74 14.50 0.90

c2 37.66 0.61 38.00 0.41 16.72 1.94 17.65 1.64

c3 39.20 0.72 39.68 0.54 17.45 0.15 17.33 0.63

Ra1 0.362 0.44 0.351 1.09 0.358 0.75 0.370 1.15

Ra2 0.463 0.26 0.523 0.60 0.420 0.47 0.424 0.58

Ra3 0.527 0.53 0.594 0.11 0.523 0.32 0.512 0.28

Table 2.  Means of l, a, b, h, c, Ra variables pre, post staining and post bleaching.
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Residual color
All groups showed residual discoloration below 1.8 with a significant differences between all groups in this 
regard (Table  4), the Bonferroni test result revealed a significant difference only between lithium disilicate 
ceramic treated with sodium perborate group and feldspar ceramic treated with Hydrogen peroxide group as 
lithium disilicate ceramic treated with sodium perborate group retrieved original color better (Table 5).

Correlation between color and roughness changes
A positive correlation was found between color and roughness changes in the sodium perborate treated groups. 
As the Pearson correlation coefficient was 0.53 which indicate a moderate positive correlation. Meanwhile, no 
correlations was found between the ∆E002 & Ra2 in the hydrogen peroxide treated groups.

Discussion
Dental porcelain remains relatively stable for long periods of time, it is an insoluble or slightly soluble material 
and does not react easily with most liquids and gases1. However, its resistance decreases significantly after 
functional loading and exposure to a moist oral environment23. Also, color changes have occurred in porcelain 
exposed to solutions such as coffee, tea, and yogurt24–26. and even water15. Several studies confirm color changes 
after the use of bleaching materials on resin and ceramic materials27,28. Therefore, this study was conducted to 
find a conservative solution to retrieve ceramic color instead of replacing the restoration.

Results showed L value increased both lithium disilicate ceramic regardless of the bleaching agent, while it 
only increased in the Feldspar ceramic treated with sodium perborate. Meanwhile, Chroma values increased 
significantly in both feldspar ceramic groups while hue values increased significantly in both lithium disilicate 
groups, this means that the color was more saturated in the feldspar ceramic group. But the lithium disilicate 
ceramic treated with sodium perborate group appeared brighter than the other group without any significant 
differences, as L value represents brightness, which means the group with the higher value (closer to 100) appears 
brighter or lighter. Brightness changes are more effective on color difference than Chroma or hue changes29.

The average values ​​of residual color of all groups were below clinically acceptable threshold (< 1.8)14.this 
finding reject the null hypothesis and shows the ability of both bleaching agent on retrieving original color of 
the ceramic. Whereas the clinical acceptability is classified according to amount of color change: When ∆E00 
is equal or less than 0.8, color change is considered clinically acceptable and indistinguishable by human eye. 
When ∆E00 is blow 1.8, it is considered clinically acceptable but can be observed by an experienced. When ∆E00 
is greater than 1.8, it is considered clinically unacceptable14. Moreover, there was a significant difference between 
two groups regarding the residual color values, as lithium disilicate ceramic treated with sodium perborate group 
retrieved original color significantly better than the Feldspar ceramic treated with hydrogen peroxide. This can 
be attributed to the color stability of lithium disilicate and the short application time of hydrogen peroxide.

Roughness increased significantly after staining and bleaching in all groups with no difference between them, 
this can be explained by the cumulative effect of staining and bleaching on Specimens surfaces, as specimens 
were exposed to multi stained solutions that have low pH and acidic nature. And followed by application of 
bleaching agents that interact with ceramic’s metal ions, all of the previous partials cause chelation of metal 
ions from ceramic surface, which in turn led to an increase in surface roughness. Furthermore, there were 
no significant differences in roughness changes caused by tested bleaching agents, despite difference in power 
oxidation for the two agents. Hydrogen peroxide is a strong oxidant15, and it was applied in a high concentration, 
but for a short period. On the other hand, sodium perborate is a weaker oxidant15, but was applied for enough 
time to make it equivalent in effectiveness to hydrogen peroxide.

This results contraindicate with those of Ozdogan et al. 2019 study29, as it only revealed an increase in surface 
roughness of the feldspar ceramics after bleaching and didn’t notice any color change, this could be attributed to 
the different concentration of the hydrogen peroxide applied and the absence of another bleaching agent.

This study results disagree with Gasparik et al. 201930 study results which found that color change of ceramic 
materials (feldspar porcelain, lithium disilicate-based glass-ceramic, and hybrid porcelain) between after 
staining and bleaching was not perceptible30. This is due to the use of different staining and bleaching protocols, 
as they used only coffee as a staining solution, and a 10% carbamide peroxide as a bleaching material for shorter 
time periods.

Also, a discrepancy between Sağlam and Cengiz. 202131 results and the current study results, as they didn’t 
find any color differences after bleaching stained feldspar ceramics, this attributes to the different immersion 
protocol and bleaching agent concentration.

(I) ceramic type (J) ceramic type Mean Difference (I-J) Sig.

Feldspar, Sodium perborate

Feldspar, Hydrogen peroxide 0.631 1.000

Emax press, Sodium perborate 2.348 0.010*

Emax press, Hydrogen peroxide 1.518 0.196

Feldspar, Hydrogen peroxide
Emax press, Sodium perborate 1.716 0.102

Emax press, Hydrogen peroxide 0.886 1.000

Emax press, Sodium perborate Emax press, Hydrogen peroxide −0.829 1.000

Table 5.  Bonferroni results of residual color. *p- is significant at 0.05.
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Meanwhile, these results agreed with those of Thaworanuntaet al. 201932 and Al-Angari et al., 202133 as 
they found a significant color change and an increase roughness of lithium disilicate-based glass ceramics 
after bleaching with 35% carbamide peroxide for an hour, which was soaked in coffee for 45 days32, and that 
specimens returned to their original color33.

There was a correlation between color changes and roughness after bleaching using sodium perborate, while 
no correlation was found after bleaching using hydrogen peroxide, this is because of the topography surface 
effect on optical properties of the material, and while sodium perborate dissolved pigments on ceramic surface. 
Hydrogen peroxide is a more powerful oxide that dissolved both silica and pigments15.

Unfortunately, and despite advantages of laboratory studies related to their ability to control various variables 
(ceramic type, bleach type, staining solutions), it is difficult to reproduce complex conditions of thermal, 
chemical, and mechanical changes which are found in the oral environment. Therefore, clinical studies are 
needed to confirm these findings. In addition, the presence of saliva in mouth as a moisturizing agent can effect 
optical properties of surface of restorative materials.

Conclusions
Hydrogen peroxide and sodium perborate can induce color changes and increase surface roughness in stained 
feldspar and lithium disilicate porcelain specimens. As original color of stained feldspar and lithium disilicate 
porcelain can be recovered by 30% hydrogen peroxide and sodium perborate, therefore they can be used to 
modify color of ceramic restorations discolored by dietary habits.

Data availability
All the data generated or analyzed during this study are included in this published article.
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