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Abstract

Objective: The aim of this study was to evaluate and compare surface roughness,

gloss, and color change of dental enamel after being brushed with toothpastes con-

taining diamond powder and traditional abrasives.

Materials and Methods: Seventy enamel slabs were derived from 70 bovine incisors.

The slabs were brushed with six different toothpastes and artificial saliva as a nega-

tive control. The specimens were then stained with black tea mixed with citric acid

(3 days, pH = 4) and again brushed with the same toothpastes. Ra (contact pro-

filometer), gloss (glossmeter), and color (CIE L* a* b* system) values were measured

after each step.

Results: Emoform-F Diamond (contains diamond powder and traditional abrasives)

offered significantly the best improvement of Ra and gloss values after the first brus-

hing sequence and the best recovery of the brightness of enamel after staining and

second brushing sequence (P < .05). AMC 2.5 (contains only diamond powder as

abrasive) was not able to offer such improvement.

Conclusion: Diamond powder as an additional abrasive in toothpastes could be able

to offer a further improvement of Ra, gloss, and color values of enamel.
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1 | INTRODUCTION

The role of dental plaque in the development of caries and periodon-

tal diseases has been well investigated and can now be considered

self-evident.1 Efforts should always be put in order to prohibit forma-

tion or maturation of dental plaque. Studies have shown that rough

surfaces in the oral cavity—whether from tooth hard tissue or restor-

ative/reconstructive material—promote the retention, formation, and

maturation of dental plaque. Therefore, eliminating rough surfaces

might support the prevention of caries and periodontal diseases.2-4

The Ra value is used to indicate the roughness of a surface.

Routine toothbrushing with toothpaste is the most used method

to fight dental plaque.5 However, this is not the only reason that moti-

vates people to brush their teeth. The desire to have bright and white

teeth is also an important impulse.6 Abrasives incorporated in tooth-

pastes are the main ingredient responsible for removing dental plaque

and extrinsic stains.7 Ideally, abrasives should do its cleaning task

without causing any enamel—or dentin—wear. They also should inter-

act with the tooth surface in a way that prohibits—or at least does not

promote —further accumulations of dental plaque or extrinsic stains.

In other words, they should leave a smooth tooth surface behind,

which makes it difficult for plaque and stains to adhere to.8 Tooth-

pastes containing diamond powder as abrasive particles were intro-

duced to the market recently. They proclaim to be able to whiten and

gently polish the teeth. The mechanical properties and effects of dia-

mond powder have not yet been thoroughly investigated. The aim of

this study was therefore to investigate the mechanical effects—

namely, Ra value, gloss, and color change of enamel—of toothpastes
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containing diamond powder on dental enamel and to compare them

with those of toothpastes with traditional abrasives.

The null hypothesis of this study was that there is no difference

in the change of the Ra value, the gloss, and the color of enamel when

toothbrushing is performed with toothpastes utilizing only traditional

abrasives (Elmex Sensitive Plus and Colgate Total) or diamond powder

(Emoform-F Diamond and AMC 2.5) as abrasives.

2 | MATERIALS AND METHODS

2.1 | Sample preparation

Seventy permanent bovine incisors were used for this study. A

10-mm enamel slab was milled out from the buccal surface of each

incisor using a cylinder-shaped diamond-coated trephine mill under

constant water cooling. The slabs were then embedded in epoxy

embedding material (Loctite Stycast, Henkel, Belgium) using a

cylinder-shaped Teflon mold (diameter = 20 mm) and were allowed to

cure for 24 hours. Enamel slabs were then ground down in an auto-

matic grinding machine (Tegramin-30; Struers, Erkrath, Germany)

using P240-Silicon-Carbide papers (Buehler, Esslingen, Germany)

under constant water cooling. The grinding paper was set to rotate at

200 rotations/min, whereas the samples holder at 90 rotations/min.

The grinding rotation was conducted in the same direction, with a

pressure force of 5 N and lasted for 20 minutes.

2.2 | Baseline Ra and gloss measurement

After being ground, baseline Ra and gloss values were measured for all

slabs. Ra values were measured using a contact profilometer (Talysurf-

50; Rank Tayler Hobson Limited, Leicester, UK). Five parallel Ra mea-

surements at distances of 1 mm were taken for each slab. Measure-

ments started in the middle of the slab and recorded the roughness

over traces of 5 mm at a recording speed of 0.5 mm/s. The mean of

the five measurements was then calculated and served as the Ra base-

line value—expressed in μm—of the respective slab.

Gloss measurement was performed using a glossmeter (Gloss

45�; Zehntner testing instruments, Sissach, Switzerland). A custom-

made jig was used to fix the glossmeter measuring head and the slab

always in the same position to each other. Three gloss measurements

were taken for each slab. The mean value of the three measurements

was calculated and served as the gloss value—expressed in gloss units

(GU)—for the respective slab.

2.3 | First brushing sequence

After baseline Ra and gloss measurements, enamel slabs were ran-

domly divided into seven groups (n = 10). Each group was brushed

using a different toothpaste or formula as follows: group 1: Artificial

saliva/control group; group 2: Elmex Sensitive Plus (GABA Interna-

tional AG, Swidnica, Poland); group 3: Colgate Total (Colgate-Pal-

molive, Swidnica, Poland); group 4: AMC 2.5 basic formula (BF)—

without diamond (Fa. Microdiamant, K. Spring, Lengwil, Switzerland);

group 5: AMC 2.5—with diamond; group 6: Emoform basic formula

(BF)—without diamond (Dr. Wild & Co. AG, Lörrach, Switzerland); and

group 7: Emoform-F Diamond—with diamond. The composition of the

tested toothpastes and formulas are shown in Table 1.

Toothpaste slurries were freshly prepared by mixing 225 g of the

respective toothpastes with 360 g of artificial saliva—after Imfeld

20109—and 0.45 g of silicon antifoam for 5 minutes. The slurry was

then pipetted into plastic tubes (75 mL, n = 10). Slabs were screwed

tightly in a six-place-cross-brushing machine, and the filled tubes were

stretched tight immersing the entire slab and the first brushing

sequence was started. All slabs were brushed for 25 minutes at

60 cycles/min (totally 1500 brushing cycles). Brushing sequences

were carried out using standard toothbrushes (Paro M43; Esro AG,

Thalwil, Switzerland). The used toothbrushes consisted of

TABLE 1 Composition of the tested toothpastes and formulas

Toothpaste Composition Abrasive

Elmex Sensitive Plus Aqua, Sorbitol, Hydroxyethylcellulose, Olaflur, PEG-40, Hydrogenated

castor oil, Aroma, Sodium saccharin, CI 77891

Hydrated silica

Colgate Total Aqua, Glycerin, PVM/MA Copolymer, Sodium lauryl sulfate, Cellulose,

Gum, Aroma, Sodium hydroxide, Carrageenan, Sodium fluoride,

Triclosan, Sodium saccharin, Limonene, CI 77891

Hydrated silica

AMC 2.5 Aqua, Glycerin, Sorbitol, PEG-400, Xanthan gum, Texapon Z95P,

Aroma, Titanium dioxide, Sodium fluoride, Methylparaben,

Saccharin, Covarine Blue

Diamond particles

AMC 2.5 basic formula Similar to AMC 2.5 None

Emoform-F Diamond Aqua, Glycerin, Sorbitol, Propylene glycol, Xylitol, PEG-8, PEG-

40-Hydrogenated castor oil, Cocamidopropyl betaine, Cellulose,

Gum, Potassium phosphate, Aroma, Sodium chloride,

Rebaudioside A, Sodium fluoride, Limonene, CI 42090

Silica, Diamond powder

Emoform basic formula Similar to Emoform-F Diamond Silica
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43 filaments. Each filament contained 36 polyamide medium-hard

bristles and had a diameter of 0.2 mm. The bristles had a stiffness of

3.7 N. The load applied by the toothbrushes on the slabs was set at

2.5 N using a spring gauge.

After the first brushing sequence, slabs were rinsed with tap

water and were measured again for their Ra and gloss values. The

same protocols were used here as for the baseline measurements.

2.4 | Baseline color measurement

At this point, a baseline color measurement was taken for the brushed

slabs. The color was measured according to the CIE L*a*b* system

using a spectrophotometer (model: CM2600d; Konica Minolta Sens-

ing, Tokyo, Japan). The spectrophotometer was set to measure a small

area view using a D65 illuminant under 100% UV energy with an

included specular component. Prior to each measurement session, a

zero and a white calibration were performed using standard back-

grounds provided by the manufacturer. Three color measurements—

for each L*, a*, and b* value—at a 10� observation angle were taken

for each slab. The mean value of the three measurements was calcu-

lated and served as the color value for the respective slab. The L*

value indicates brightness (black [0] to white [100]), the a* value indi-

cates chrominance (green [−] to red [+]), and the b* value indicates

chrominance (blue [−] to yellow [+]).

2.5 | Slabs staining and second brushing sequence

After measuring the baseline color, all slabs underwent a staining pro-

tocol. Each slab was stored in a plastic tube filled with 15 mL black

tea (Extra Strong; Marks & Spencer, Chester, UK). The staining proto-

col lasted for 3 days during which the tubes were always kept in

motion under a constant temperature of 37�C. The black tea was pre-

pared by adding two tea bags to 380 mL boiling water for 10 minutes.

Using citric acid, the pH of the tea was set at a value of 4 (original pH

value of the tea was around 4.95). The black tea was prepared and

changed daily. After the staining protocol, gloss and color were again

measured for all stained slabs.

To investigate the efficiency of toothpastes in removing stains

and recovering color, the stained slabs were subjected to a second

brushing sequence using the same brushing protocol mentioned

above. Subsequently, gloss and color were measured again using the

abovementioned protocols. Table 2 summarizes the study protocol.

2.6 | Statistical analysis

The mean and standard deviation of the observed changes of the

respective value (ΔRa, ΔGU, ΔL, Δa, and Δb) were calculated for each

group at each planned observation point. The differences within the

respective groups between observation points were tested using

Wilcoxon-signed-rank-tests. On the other side, the differences

between the groups at each observation point were tested using

Kruskal-Wallis tests. Whenever a significant difference (P < .05) was

observed, a Benjamini-Hochberg corrected post hoc Conover test

was carried out to investigate pairwise differences between the

groups. All calculations were conducted using the statistical software

R10 including the packages PMCMRplus11 and multcompView.12

3 | RESULTS

3.1 | Surface roughness Ra

All groups showed comparable Ra values at baseline measurement.

Figure 1 demonstrates the observed change of Ra values (ΔRa) for

each group after performing the first brushing sequence. Emoform-F

Diamond offered significantly the best improvement—that is,

reduction—of Ra values among all groups (ΔRa = −0.084 μm). The

second-best Ra improvement was offered by Elmex Sensitive Plus,

Colgate Total, and Emoform BF (ΔRa = −0.035, −0.035, and

TABLE 2 Study protocol

Samples Bovine enamel slabs (n = 70)

Grind Silicon-Carbide papers (grit = 240)

Baseline measurements Gloss and Ra value

Randomization Group 1:

Artificial

saliva

Group 2:

Elmex Sensitive

Plus

Group 3:

Colgate

Total

Group 4:

AMC 2.5

(no diamond)

Group 5:

AMC 2.5

Group 6:

Emoform BF

(no diamond)

Group 7:

Emoform-F

Diamond

n = 10 n = 10 n = 10 n = 10 n = 10 n = 10 n = 10

First brushing sequence Slabs brushed with toothpaste slurries and PARO M43 toothbrushes: In total 1500 cycles at a load of 2.5 N

First measurement Gloss (ΔGU1); Ra value (ΔRa); color: CIE L*, a*, b* system

Staining 3 days in black tea, 37�C, pH 4.0. Tea was changed daily

Second measurement Gloss (ΔGU2); color: CIE L*, a*, b* system (ΔL1, Δa1, Δb1)

Second brushing sequence Slabs brushed with toothpaste slurries and PARO M43 toothbrushes: In total 1500 cycles at a load of 2.5 N

Third measurement Gloss (ΔGU3); color: CIE L*, a*, b* system (ΔL2, Δa2, Δb2)
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−0.034 μm, respectively). AMC 2.5 offered the third-best Ra improve-

ment (ΔRa = −0.015 μm). This improvement was significantly less than

the abovementioned groups. Neither artificial saliva nor AMC 2.5 BF

offered a significant Ra improvement.

3.2 | Gloss

All groups showed comparable gloss values at baseline measurement.

Figure 2 demonstrates the recorded change of the gloss values (ΔGU)

for each group at each point of observation.

After performing the first brushing sequence, an improvement—

that is, increase—of gloss values was observed in all groups.

Emoform-F Diamond offered significantly the best improvement of

gloss among all groups (ΔGU = 18.2). Emoform BF and Elmex Sensi-

tive Plus offered the second-best improvement of gloss (ΔGU = 4.91

and 4.63, respectively). The third-best gloss improvement was offered

by Colgate Total (ΔGU = 2.2). AMC 2.5 offered the fourth-best gloss

improvement (ΔGU = 1.3). This improvement was significantly less

than the abovementioned groups.

After performing the staining protocol, all groups showed a signif-

icant decrease in gloss values. Compared to the gloss values after the

first brushing sequence, Emoform-F Diamond showed the highest loss

of gloss (ΔGU = −27) followed by Emoform BF (ΔGU = −13.1),

Colgate Total (ΔGU = −10.9), Elmex Sensitive Plus (ΔGU = −10.3),

AMC 2.5 (ΔGU = −10.1), AMC 2.5 BF (ΔGU = −9), and artificial saliva

(ΔGU = −6.4). Compared to the initial gloss values, groups brushed

with Elmex Sensitive Plus and artificial saliva were less affected by the

staining protocol than other groups.

After performing the second brushing sequence, gloss values

were improved again for all groups. However, none of the tested

toothpastes were able to recover the gloss values to the initial ones.

Smaller change of gloss values was nonetheless observed in the artifi-

cial saliva group, followed by Elmex Sensitive Plus, Emoform BF,

Emoform-F Diamond, AMC 2.5 BF, Colgate Total, and AMC 2.5.

Groups brushed with AMC 2.5 and Colgate Total showed significantly

more loss of gloss values than the artificial saliva group.

3.3 | Color

3.3.1 | L* values

After performing the staining protocol, L* values (indicate brightness

(black [0] to white [100]) were decreased for all groups. Figure 3 dem-

onstrates the change of L* values (ΔL) of each group at each point of

observation. The group brushed with artificial saliva was significantly

less affected by the staining protocol (ΔL = −11.3) than all other

groups except for Elmex Sensitive Plus group (ΔL = −18.9). AMC 2.5

and AMC 2.5 BF were similarly affected (ΔL = −24.2). Emoform BF
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group was less affected than Emoform-F Diamond (ΔL = −20.9 and

− 25.5, respectively), but the difference was not statistically

significant.

After performing the second brushing sequence, L* values were

improved in all groups. Compared to those obtained after the staining

protocol, slabs brushed with Emoform-F Diamond showed the highest

recovery of L* values (ΔL = 21.5) followed by Colgate Total (ΔL = 10.9),

Emoform BF (ΔL = 6.9), AMC 2.5 (ΔL = 6.4), AMC 2.5 BF (ΔL = 5.7),

Elmex Sensitive Plus (ΔL = 5.6), and artificial saliva (ΔL = 1.7).

Compared to the baseline values, Emoform-F Diamond group

showed the smallest change in L* values (ΔL = 4). It was followed by

artificial saliva (ΔL = 9.6), Elmex Sensitive Plus (ΔL = 13.2), Emoform

BF (ΔL = 14), Colgate Total (ΔL = 14.1), AMC 2.5 (ΔL = 17.7), and

AMC 2.5 BF (ΔL = 18.5).

3.3.2 | a* and b* values

After performing the staining protocol, both a* (green [−] to red [+])

and b* (blue [−] to yellow [+]) values took a boost toward positive

values in all groups. Smaller change in a* and b* values was observed

in the artificial saliva (Δa = 5.9, Δb = 11.5) and Elmex Sensitive Plus

(Δa = 9.7, Δb = 14) groups. Figures 4 and 5 demonstrate the observed

change of a* and b* values (Δa, Δb) of each group at each point of

observation.

a* values were improved in all groups after the second brushing

sequence. Compared to those obtained after the staining protocol,

better recovery of a* values were observed in Colgate Total group

(Δa = −7.2) followed by Emoform-F Diamond (Δa = −5.1), Emoform

BF (Δa = −4.9), Elmex Sensitive Plus (Δa = −4.2), AMC 2.5 BF

(Δa = −3.8), AMC 2.5 (Δa = −3.3), and artificial saliva group (Δa = −2.2).

However, none of the tested toothpastes was able to recover the a*

values to the baseline ones (P < .01). Smaller change in the a* values

were nonetheless observed in the artificial saliva group followed by

Elmex Sensitive Plus, Colgate Total, Emoform BF, and Emoform-F Dia-

mond. AMC 2.5 and AMC 2.5 BF groups showed significantly higher

a* values than the artificial saliva group.

After the second brushing sequence, b* values were improved for

all groups except for the AMC 2.5 BF group. Compared to those

obtained after the staining protocol, better recovery of b* values were

observed in Colgate Total group (Δb = −5.6) followed by Emoform BF

(Δb = −3.6), artificial saliva (Δb = −2.6), Emoform-F Diamond

(Δb = −2.5), Elmex Sensitive Plus (Δb = −2.5), and AMC 2.5

(Δb = −1.6). AMC 2.5 BF caused a worsening of b* values (Δb = +0.4).

None of the tested toothpastes were able to recover the b* values to

the baseline ones (P < .01). Smaller change in the b* values were

nonetheless observed in the artificial saliva group followed by Elmex

Sensitive Plus, Colgate Total, Emoform BF, AMC 2.5, Emoform-F Dia-

mond, and AMC 2.5 BF.

4 | DISCUSSION

People brush their teeth because of biological and social reasons.

While the biological reasons include obtaining healthy gums and

teeth, the social reasons include obtaining shiny white teeth and fresh

breath.5 The macroscopic and microscopic surface properties of the

tooth surface play an important role in enhancing bacterial or staining

accumulation.13 They also determine how bright a tooth appears.14

Due to their daily interaction with teeth surfaces, toothpastes affect

the abovementioned properties. This study was thus carried out to

investigate how toothpastes change the microscopic surface proper-

ties of the tooth surfaces and to compare those changes resulting

from toothpastes with diamond powder to those resulting from tooth-

pastes with traditional abrasives.

Bovine enamel was used in this study. Kwon et al15 indicated a

difference in absolute reflectance values—which then were calculated

to L*a*b* values—between human and bovine enamel. Higher L*
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values were measured in bovine enamel. The authors attributed that

to differences in diet and to the relatively younger age at which the

bovine were sacrificed. On the other hand, bovine enamel shares simi-

lar chemical and physical properties with human enamel which make

it a suitable alternative.16 Moreover, they have larger surfaces, could

easily be obtained, and have already been used in several surface-

roughness and appearance-related studies.8,17,18 Further studies com-

paring the susceptibility to gloss and color change between human

and bovine enamel might be advisable. However, the values in this

study were calculated under standardized conditions and are there-

fore relative to each other and should be able to be compared.

4.1 | First brushing sequence (Ra and gloss)

The measurement of surface roughness is an important aspect of the

surface property. Ra value is internationally accepted as the parameter

of surface roughness.19 Mechanical profilometry is one of the most

accepted and widely used techniques to assess surface roughness.20

All slabs were firstly ground using P240-Silicon-Carbide papers. This

grinding results in a mean Ra value of 0.35 ± 0.06 μm which is in the

range of the surface roughness found for sound human enamel (0.12

± 0.03 μm to 0.59 ± 0.11 μm).21,22

Gloss is a feature of visual appearance. It originates from the geo-

metrical distribution of a light reflected from a surface and conse-

quently plays an important role in esthetic appearance.14

Both Ra and gloss values were best improved in Emoform-F Diamond

group. The significant better improvement of Ra and gloss values offered

by Emoform-F Diamond compared to Emoform BF can only be attributed

to the addition of diamond powder. Even though AMC 2.5 also offered a

significant improvement of both values, it was the least effective com-

pared to all groups and did not significantly improve the Ra or gloss values

compared to AMC 2.5 BF. The considerable difference of Ra and gloss

improvement between Emoform-F Diamond and AMC 2.5 could be

attributed to the fact that the last has only diamond powder as abrasive,

while Emoform-F Diamond also contains traditional abrasives beside dia-

mond powder. Other factors that could lead to such difference include

volume percentage of the abrasives inside each toothpaste and their geo-

metrical properties. It should be noted that none of the toothpastes were

tested for their abrasion effect in this study. However, Tawakoli et al23

found toothpastes with diamond abrasives to have a low abrasivity toward

dentin and rather high abrasivity toward enamel compared to other com-

mercially available toothpastes. In another study, Elmex Sensitive Plus was

found to have a low abrasivity toward dentin (relative dentin abrasion

[RDA] = 26), whereas Colgate Total had a strong abrasivity (RDA = 120).24

The abovementioned benefits should always be balanced with the poten-

tial abrasivity that toothpastes could cause to enamel and dentin.

4.2 | Staining protocol (gloss and color)

In this study, black tea mixed with citric acid was used as staining

solution. Tea has shown a high capacity to stain teeth and has been

used as a staining solution in many studies.25-27 The addition of citric

acid until a pH value of 4 is reached aimed to obtain a standardized

staining solution to be used on all slabs. Under such pH value and

temperature (37�C) and since tea is undersaturated in regard of cal-

cium and phosphate, it could be anticipated that enamel slabs under-

went an erosive attack during the staining protocol.28 Slabs were

stained continuously for 3 days. This duration is exaggerated and does

not represent the much shorter time teeth get in contact with tea

while drinking. It was nevertheless chosen to obtain a strong staining

and then to evaluate the effectiveness of the tested toothpastes in

recovering gloss and color under such extreme situation. Color was

measured using the three-dimensional color space CIE-Lab. This sys-

tem allows an objective determination of color and has been used in

various studies to evaluate the whitening effect of bleaching

products.8,18,27,29

Prior to the staining protocol, slabs brushed with Emoform-F Dia-

mond showed significantly smoother surfaces and better gloss than

slabs brushed with artificial saliva or Elmex Sensitive Plus. It might

thus be expected that the much smoother enamel slabs should absorb

less color than rougher ones. This was, however, not the case in this

study. As shown in Figures 2 to 5, gloss (ΔGU2) and color (ΔL1, Δa1,

and Δb1) were significantly less affected by the staining protocol in

the artificial saliva group compared to the Emoform-F Diamond group.

This was also true for the slabs brushed with Elmex Sensitive Plus

which were also less affected by the staining protocol than

Emoform-F Diamond. As mentioned above, slabs were simultaneously

eroded while being stained. Therefore, it is plausible to attribute the

differences of ΔGU1, ΔL1, Δa1, and Δb1 between the groups to a

possible protection against erosion offered in the less affected groups.

However, Batista et al30 excluded such an erosion-protective effect

for various formulas of artificial saliva as those were not able to build

a protective pellicle layer on the enamel. On the other hand, Baumann

et al31 found artificial saliva to have a certain erosion-protective

effect. They attributed this protective effect to the presence of

sodium and chloride ions which suppressed the dissolution of

hydroxyapatite. It should be mentioned that the erosive attack was

undertaken differently in each of the abovementioned studies

(hydrochloric acid pH 2.6/1 minute30 and citric acid

pH 3.6/1 minute31). Eventually, it remains unclear whether the artifi-

cial saliva used in this study could after all offer some kind of erosion

protection and thus alter the susceptibility to color adsorption. The

better values observed in the Elmex Sensitive Plus group could also

be connected to a possible protection offered against erosion.

4.3 | Second brushing sequence (gloss and color)

After the second brushing sequence, gloss (ΔGU3) and color (ΔL2,

Δa2, and Δb2) values were generally improved in all groups but not

totally recovered to baseline values. This might be attributed to the

excessively long staining duration (3 days), although, the brushing time

of 25 minutes was also rather excessive, not representing the actual

brushing time of an individual.
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Differences in GU values between the groups after the first brus-

hing sequence (ΔGU1) were much higher than those after the second

brushing sequence (ΔGU3) (see Figure 2). This is especially interesting

for Emoform-F Diamond and Emoform BF. After the second brushing

sequence, it seems to be fair to expect that ΔGU3 values of

Emoform-F Diamond would be better recovered than Emoform BF,

which was not the case. However, Emoform-F Diamond could signifi-

cantly better recover ΔL values compared to its basic formula and to

all other groups as well. In other words, the addition of diamond parti-

cles supported the recovery of the brightness of enamel without hav-

ing distinct effect on recovering gloss. It is worth to mention again

that the slabs were excessively stained once and were excessively

brushed once with the tested toothpastes. A better recovery of color

and gloss might have been observed if staining and brushing were car-

ried out intermittently for shorter times which would have better

addressed the everyday situation.

The null hypothesis of this study has to be rejected for the

Emoform-F Diamond group and could not be rejected for AMC the

2.5 group. Emoform-F Diamond was able to improve Ra, gloss, and

color values compared to toothpastes with traditional abrasives,

whereas AMC 2.5—also containing diamond particles—was not able

to offer such improvement. Different volume percentage and geomet-

rical properties of diamond particles as well as the presence or

absence of traditional abrasives in toothpastes could be responsible

for such differences.23

5 | CONCLUSION

Within the limits of this study, it could be concluded that the addition

of diamond powder to toothpastes could offer a further reduction of

surface roughness and optimize the gloss and brightness of enamel as

compared to only traditional abrasives.
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