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Toothpastes have a complex formulation and their different chemical and physical factors will influence
their effectiveness against erosive tooth wear (ETW). We, therefore, investigated the effect of different
desensitizing and/or anti-erosive toothpastes on initial enamel erosion and abrasion, and analysed how
the interplay of their chemical and physical factors influences ETW. Human enamel specimens were
submitted to 5 erosion-abrasion cycles using 9 different toothpastes and an artificial saliva group, and
enamel surface loss (SL) was calculated. Chemical and physical factors (pH; presence of tin; calcium,
phosphate and fluoride concentrations; % weight of solid particles; wettability; and particle size) of the

. toothpaste slurries were then analysed and associated with the amount of SL in a multivariate model.

. We observed that all desensitizing and/or anti-erosive toothpastes presented different degrees of SL.
Besides pH and fluoride, all other chemical and physical factors were associated with SL. The results
of this experiment indicate that enamel SL occurs independent of whether the toothpastes have a
desensitizing or anti-erosive claim, and that lower SL is associated with the presence of tin, higher
concentration of calcium and phosphate, higher % weight of solid particles, smaller particle size, and
lower wettability.
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Erosive tooth wear (ETW) results from the contact of erosive substances with the dental surfaces, in association
with mechanical forces, such as toothbrush abrasion, tongue and cheek movements'. The continuous incidence
of erosive and abrasive activities on the enamel surface can expose the underlying dentine, leaving open tubules,
which can cause a short and sharp pain defined as dentine hypersensitivity>*. Many efforts have been made to
protect the enamel surface and prevent the progression of ETW. Among the products available over-the-counter,
toothpaste is the most common oral care product used by the population.

Nowadays, toothpastes claim to have a multi care action and/or to have specific goals, such as desensitizing
and/or anti-erosive properties. Regardless of their claim, toothpastes should protect the teeth, preventing enamel
surface loss. Toothpastes with an anti-erosive claim have been tested, and they did not show a superior protective
effect against ETW when compared to conventional fluoridated toothpastes*. Thus, it is important to analyse the
effect of different toothpastes on enamel erosion-abrasion, particularly regarding the complex formulations of
these toothpastes. Toothpaste formulation can influence the effectiveness of their active ingredients, especially
under abrasive conditions, where the efficacy of the active ingredients is not always as expected. The solid parti-
cles (abrasives) play a big role in the effect of toothpastes against ETW*. The abrasives may either react with the
active ingredients, hampering the viability and effect of the latter, or increase enamel surface loss due to a greater
mechanical action in association with the toothbrush.

In view of the wide range of new active ingredients and amounts of abrasives used in toothpastes, there is
a need for more studies regarding the interplay between ETW and the chemical and physical factors of these
toothpastes. This in vitro study aimed at investigating the effect of desensitizing and/or anti-erosive toothpastes
on initial enamel erosion and abrasion, and analyse how the chemical and physical factors of these toothpastes
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Figure 1. Enamel surface loss (SL) after each cycle, for desensitizing toothpastes (light grey lines represent the
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Figure 2. Enamel surface loss (SL) after each cycle, for anti-erosive toothpastes (light grey lines represent the
control groups).
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Figure 3. Total enamel surface loss after 5 cycles, for the different experimental groups, according to the claim
of the toothpaste: light grey boxes - control groups, medium grey boxes - desensitizing claim; dark grey boxes -
anti-erosive claim. Different letters denote significant differences between the groups.

influence ETW. The null hypotheses were: 1) there is no difference between the toothpastes in enamel protection
regarding their claim; 2) none of the toothpastes are able to protect enamel from erosion and abrasion; and 3)
chemical and physical factors of the toothpastes are not associated with enamel surface loss.

Results
All groups showed progressive SL throughout the experiment (Figs 1 and 2). After 5 cycles, the toothpastes pre-
sented different amounts of SL (Fig. 3). Among the desensitizing toothpastes, Sensodyne Repair and Protect
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Artificial Saliva 1.78 (0.44) 7.00 | 0.59 8.5x1073 0.07 No 0.0 14.8 None
Colgate Caries Protection 2.24(0.57) 6.89 |0.23 48x1072 39.66 No 45.5 17.3 <50
Sensodyne Repair and Protect | 1.70 (0.32) 8.63 |8.90 5.5x 107! 245.10 | No 27.6 14.6 <50
elmex Sensitive Professional 2.30(0.37) 8.75 |0.29 6.0 62.09 No 40.8 19.5 <20
Sensodyne Rapid Relief 2.64 (0.39) 6.52 | 0.52 7.4x107* 96.44 No 28.0 30.4 >50
Blend-a-Med Pro Expert 3.99 (0.46) 557 |0.18 3.0x107* 311.10 | Yes 34.7 8.6 >50
Sensodyne Pronamel 2.24(0.57) 7.03 | 0.09 7.2x1073 311.65 | No 25.3 29.7 <50
elmex Erosion Protection 2.21(0.35) 4.70 | 0.62 8.4x1078 25320 | Yes 26.9 26.7 <50
Candida Protect Professional 3.01 (0.40) 691 |2.27 2.8x1072 25.20 No 31.0 20.1 <50
Regenerate 3.60 (0.61) 9.02 | 0.08 66.1 0.72 No 34.7 7.5 >50

Table 1. Chemical and physical factors in the artificial saliva and toothpaste slurries.

CHEMICAL FACTORS

pH —0.063+0.052 0.228

Ca** concentration —0.109+0.025 <0.001 —0.247 +0.031 <0.001
PO,** concentration 0.017%£0.003 <0.001 —0.016 +0.004 <0.001
F~ concentration <0.001 0.795

Presence of Sn?*

Not present* 0 0

Sn** present 0.662+0.163 <0.001 —0.459+0.155 0.003
PHYSICAL FACTORS

%weight of solid particles 0.024 4 0.006 <0.001 —0.075+0.014 <0.001
Drop shape (angle) —0.041+0.008 <0.001 —0.108+0.013 <0.001
Particle Size

No particles 0 0

<20um 0.513+0.226 0.023 4.09240.644 <0.001
20 to 50 um 0.499+0.175 0.004 4.125+0.592 <0.001
>50um 1.629+0.184 <0.001 4.554+0.553 <0.001

Table 2. Association between surface loss and the different chemical and physical factors in the toothpaste
slurries. *Analyses of each independent variable with the outcome (SL5) variable. "Only variables with a
p-value < 0.2 in the bivariate model were considered for the multivariate analysis, and the variables were only
kept in the multivariate model if p-value < 0.05. *Reference category. SE = Standard error of the estimate.

showed a numerically lower SL value, but it was not different from both control groups (AS and Colgate Caries
Protection, p > 0.05). Blend-a-Med Pro Expert showed the highest SL. Regarding the anti-erosive toothpastes,
Sensodyne Pronamel and Elmex Erosion Protection presented the lowest values, not differing from the control
groups and with no difference between them (p > 0.05), and Regenerate showed the highest SL values, which
were not different from Blend-a-Med Pro Expert (p > 0.05). The amount of SL was not associated with the claim
of the toothpastes, as confirmed by a bivariate regression (Estimate & Standard Error: —0.110 £ 0.144; p=0.444).

Table 1 presents the chemical and physical factors in AS and toothpaste slurries. AS presented neutral pH
(7.0), no solid particles, and concentration of Ca*", PO,*>~ and free F~ of 0.59 mmol/l, 8.5 x 10~*umol/l and
0.07 ppm, respectively. Regarding the toothpastes, the pH ranged from 4.7 to 9.0; all presented small particle
sizes (<20 pm), but Sensodyne Rapid Relief, Blend-a-Med Pro Expert and Regenerate had particles >50 um. The
amount of solid particles ranged from 25 — 41%, and the ion concentrations ranged: for Ca** between 0.08 —
8.90 mmol/l; PO,>~ between 8.4 x 10~8 — 66.05 umol/l; free F~ between 0.72 — 311.65 ppm.

The regression analyses are presented in Table 2. The pH and F~ concentration were not significantly associ-
ated with SL. All other factors were significantly associated with SL in the bivariate analysis and remained signif-
icant in the multivariate model. In the bivariate analysis, presence of Sn>" and % weight of solid particles showed
a positive association to SL, the direction of the association changed in the multivariate model. The multivariate
analysis showed that lower SL was associated with higher concentrations of Ca** and PO,*", presence of Sn**,
higher % weight of solid particles, smaller particle size, and lower wettability.
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