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ABSTRACT

Background. Relative Dentin Abrasivity (RDA), as set by ISO 11609, is a standardized measurement on the abrasive-
ness of toothpaste. There are no published RDA values for Philippine-brand toothpastes. This study evaluated the 
degree of abrasion of five Philippine-brand toothpastes. 

Objective. To compare qualitatively and quantitatively the abrasivity of five Philippine-brand toothpastes (Brands X, 
U, H, HN, G) to two foreign-brand toothpastes Brand C (RDA 68) and Brand P (RDA 150). 

Methods. Twenty-four bovine dentin samples were brushed with a slurry of each of the toothpaste using a 
toothbrushing machine. A profilometer, scanning electron microscope and a visual measuring scope were used to 
determine abrasivity through the before-and-after-brushing surface roughness. 

Results. Ranked based on the difference of the means for surface roughness, before-and-after brushing, in decreasing 
order of abrasivity are: Brands P, X, U, H, C, HN, and G. Using Dunn’s test-post hoc test for Kruskal-Wallis test at 
p ≤ 0.05, we showed that the abrasivity of Brands G, H, and HN were not significantly different from Brand C, 
and Brand X was not significantly different from Brand P. Brand U was significantly less abrasive than Brand P and 
significantly more abrasive than Brand C. 

Conclusion. Brands G, H, and HN can be considered as low-abrasive toothpastes, Brand X a high abrasive tooth-
paste, and with Brand U was unclear as to category. Findings from qualitative data support the quantitative data.
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INTRODUCTION

Toothpastes are used for cleaning tooth surfaces of 
debris and plaque, polishing tooth surfaces, removing stains, 
and serving as vehicle for therapeutic agents that can reduce 
dental caries and maintain a healthy gingiva.1 However, 
they contain abrasives that can contribute to tooth wear, 
dentin sensitivity,2 and cervical tooth abrasions.2-5 With 
exposure of cementum due to gingival recession, abrasives in 
toothpaste become a major causative factor in non-carious 
cervical lesions (NCCL).4-7 Knowledge and awareness of 
the abrasiveness of toothpastes may help in the prevention 
of cervical abrasions and dentin sensitivity. 

Relative Dentin Abrasivity (RDA), as set by the 
International Standards Organization (ISO) 11609,8 is a 
standardized measurement on the abrasiveness of toothpastes. 
The American Dental Association (ADA) recommends that 
the RDA values of dentifrices should not exceed 250 to be 
considered safe and effective.9 With proper tooth brushing, 
any toothpaste that has less than an RDA 251 can be used 
lifetime without any detrimental effect.10 The abrasiveness 
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of toothpastes has been categorized into low – RDA 0–70, 
medium – RDA 71–100, high – RDA 101–150, and very 
highly abrasive – RDA 151–250.11

Studies recommend specific RDA levels depending 
on specific clinical conditions. An in-vitro study suggested 
that NCCLs are aggravated when using highly abrasive 
toothpaste, thus, low abrasive ones are advisable.12 There 
is a direct proportionality between RDA levels and tooth 
structure loss in eroded teeth.13 A study found that whitening 
toothpastes caused more dentin abrasion;14 however, there 
is also a counterclaim that not all toothpastes claiming to 
have a whitening effect are necessarily more abrasive than 
regular ones.15

There are no public records on the RDA values 
of Philippine-brand toothpastes that may serve as a 
guide for the dental profession and general population. 
Considered as Philippine-brand toothpastes are those 
manufactured by Filipino-owned companies and are 
Philippine-based. This study evaluated qualitatively 
and quantitatively five Philippine-brand toothpastes by 
comparing its abrasivity to two foreign-brand toothpastes 
with known RDA values.  

Abrasives typically found in toothpaste, singly or in 
combination, include calcium carbonate, hydrated silica, 
sodium bicarbonate, dibasic calcium phosphate dehydrate, 
and hydrated alumina.1 The hardness of these abrasives can 
be assessed using the Mohs scale which roughly measures 
the relative hardness of a mineral’s resistance to scratching. 
A harder material would generally indicate a more abrasive 
material. Table 1 presents the Mohs hardness value of 
some abrasives as well as that for enamel and dentin.16,17

Abrasivity may also depend on the particle size, shape 
or morphology, and concentration or distribution.17-21 
Other than the abrasive system, evidence suggests the 
contribution of detergents used in toothpastes. It has 
been shown that sodium lauryl sulfate (SLS) increases the 
abrasivity of calcium carbonates and silica, while the reverse 
is said for betaine (a foaming ingredient).22 Citric acid 
(detergent) has been found to erode dentin in proportion 
to its concentration and that even 1% of it can remove 
inorganic dentin material in the same amount as the 
chelating agent ethylenediaminetetraacetic acid (EDTA).23 

On the other hand, titanium dioxide (colorant) may 
contribute to abrasion due to its high Mohs hardness value 
which can range from 5.5–6.5. 

Methods of measuring abrasivity can be divided into 
qualitative and quantitative testing. Quantitative tests, 
such as weight loss, volume loss, and radiotracers measure 
abrasivity by quantifying how much structure is lost after 
the abrasion process. The gold standard in measuring 
dentifrice abrasivity is the RDA method;5 however, a major 
limitation is that it can only be carried out in laboratories 
in the USA or Switzerland.24 Quantitative tests alone, such 
as the RDA method and profilometry, would not suffice in 
understanding abrasivity,15 and qualitative tests such as light 
reflection and microscopy are also important.5

MATERIALS AND METHODS

Study Design
The research design was a single-blind randomized in-

vitro experimental study. Using a simple random sampling 
(fish bowl technique), 24 bovine incisor teeth were matched 
with 7 toothpaste brands and one negative control (brushed 
with water only). Studies have found that bovine teeth 
are suitable substitute for human teeth.25-27 Based on a 
previous study, three teeth specimens were allocated for 
each toothpaste.21 The bovine teeth samples were obtained 
from the Padre Garcia public market in the province of 
Batangas. The teeth samples were extracted by a butcher from 
slaughtered cattle of the same species with nearly the same 
age (2.5–3.5 years old). Specimens with obvious defects, 
concave preparation, and small preparation were excluded. 

Toothpaste Selection
Two foreign-brand toothpastes, Brand C (RDA 68) 

and Brand P (RDA 150), were used as positive controls 
and were compared with five Philippine-brand toothpastes: 
Brands G, H, HN, U, and X, which are readily available in 
the local market. Table 2 lists the seven toothpaste brands 
with their corresponding abrasive systems.

Table 1. Mohs hardness value of abrasives used in tooth-
pastes and tooth structure

Material Mohs Hardness
Sodium bicarbonate 2.5
Dicalcium phosphate dehydrate 2.5
Calcium carbonate 3
Anhydrous dicalcium phosphate 3.5
Dentin 3-4
Hydrated silica dioxide 5
Calcium pyrophosphate 5
Enamel 5

Table 2. Abrasive Systems of the Seven Toothpaste Brands 
Used in this Study

Toothpaste Brand Abrasive (Mohs hardness)
Brand C (RDA 68) Dicalcium phosphate dihydrate (2.5)
Brand G Dicalcium phosphate dihydrate (2.5)

Hydrated silica (5)
Brand H Dicalcium phosphate dihydrate (2.5)

Hydrated silica (5)
Brand HN Calcium carbonate (3)
Brand P (RDA 150) Calcium carbonate (3)

Hydrated silica (5)
Brand U Hydrated silica (5)

Mica (2.5-4)
Brand X Hydrated silica (5)

Sodium bicarbonate (2.5)
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Any test toothpaste that turns out to be equal to Brand 
P can be considered as having high abrasivity, and if more 
abrasive it is to be considered as very highly abrasive. With 
Brand C (RDA 68) as the lower positive control, any of the 
test toothpaste that turns out to be equal or less abrasive 
can be considered to have low abrasivity.

Bovine Dentin Sample Preparation
Sample preparation was done using dental burs and 

were polished manually using silicon carbide sandpapers to 
4000 grit. A final dentin block that measures 7 by 9 mm 
were mounted on a 2 by 5 cm acrylic block. Polyester tape 
was used to cover the acrylic, creating a 6 by 8 mm window 
on the polished bovine dentin. Toothpaste slurries were 
freshly prepared before brushing, with a proportion of 25 g 
toothpaste per 40 mL water.28 The slurries were transferred 
to its corresponding acrylic block samples using a disposable 
syringe. A 5 mm border made of plastic laminate was 
attached to the side of the block to contain the slurry while 
brushing (Figure 1). 

Data Collection
Before toothbrushing, baseline data for quantitative 

surface roughness using analog profilometer (Mitutoyo 
SJ.201P), and qualitative image scanning using a visual 
measuring scope (VMS iNEXIV VMA-2520) and scanning 
electron microscope (SEM Quanta FEG 450) were measured. 
The toothbrushing wear machine of the University of the 
Philippines College of Dentistry (UPCD) was used to brush 
the 24 dentin blocks. The dentin blocks were brushed with 
a total of 6000 strokes and a brushing rate of around 130 
strokes per minute. This is equivalent to twice a day brushing 
for about 7 months.21,29 The 24 toothbrushes used were from 
one manufacturer (soft flat-trimmed bristles, regular head 
size, and perpendicular oriented bristles) and were mounted 
with 250 grams of calibrated cylindrical weights together 

with the casing to allow for pressure.15,21 After brushing, 
another set of data was collected using the profilometer, 
SEM, and VMS. The before-and-after data were compared 
to get the changes in final surface roughness. Data collection 
and testing were done at the UPCD Research Laboratory 
(toothbrushing and SEM scanning) and 3M Costumer 
Technical Center (profilometry testing and VMS scanning). 

Data Processing and Analysis
Results were statistically analyzed using Dunn’s test-

Post hoc test for Kruskal Wallis test (software: IBM SPSS 
23) to determine if the change in surface roughness among 
toothpaste brands had significant differences. A significant 
level of 5% was chosen for all statistical tests (p < 0.05). 
Qualitative data was used to verify and supplement the 
quantitative data. We used the following parameters to 
determine whether there was an increase in surface roughness 
after brushing: increase in horizontal and diagonal abrasion 
marks (dark lines), increase in thickness of horizontal and 
diagonal abrasion marks, formation of horizontal band 
pattern of alternating dark and light shades, and deep looking 
areas (dark shade) that is not caused of shadow due to bad 
lighting. A change in at least one of the parameters should 
be present to conclude change in surface roughness. 

Ethical Consideration
The research project was exempted from ethical review 

by the University of the Philippines Manila Research Ethics 
Board since the study did not involve human participants.

RESULTS 

Quantitative Findings
We compared the mean difference in surface roughness 

of the dentin blocks before and after brushing between 
brands (Table 3). 

Figure 1. Illustration of the dentin block embedded on acrylic (A) and actual photo of the platform setup with cylindrical 
weights on toothbrushes attached to the toothbrushing machine (B).

A B
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Ranked based on the difference of the means, before-
and-after brushing, in decreasing order of abrasivity: Brand 
P, X, U, H, C, HN, and G.

Using the Dunn’s test-Post hoc test for Kruskal-
Wallis test, compared to Brand C, Brands U and X were 
significantly more abrasive, while Brands G, H, and HN were 
not significantly different. Using the same test, compared 
to Brand P, except for Brand X, all were significantly less 
abrasive (Table 4). 

Qualitative Findings
The SEM and the VMS were used for qualitative 

examination. SEM was used to be at par with existing 
studies30,31 that similarly employed the machine to measure 
abrasivity. Any cracks, removal of the smear layer, and the 
exposed dentinal tubules were also readily seen. On the 
other hand, VMS provided a colored image with better 
contrast, thus, abrasion marks were better observed. Images 
from the SEM were generally congruent with the VMS in 
terms of showing signs of increase or decrease in abrasion. 

Using the parameters outlined in the methodology, the 
VMS images were consistent with the quantitative results 
(Figure 2). Some samples had decreased surface roughness 
value, such as Brand G and the negative control. They showed 
consistent decrease in surface roughness in the images due 
to the absence or decrease of horizontal lines and other 
parameters outlined in the methodology. 

DISCUSSION

Qualitative findings from VMS and SEM images 
were compatible with degree of abrasion from quantitative 
analysis. Interestingly, all the samples viewed under the 
SEM, showed that the dentinal tubules were more evident 
after brushing. This suggests that brushing even without 
toothpaste can remove the smear layer and expose the 
dentinal tubules. Likewise, using toothbrush alone did not 
cause significant wear to dentin as seen in the quantitative 
results. This finding is similar to a study which showed little 
difference in dentin loss after 10,000 and 20,000 brushing 
strokes using water alone.22

The different components in dentifrices may have an 
effect on abrasivity, making it difficult to conclude that the 
abrasive systems alone will determine the final abrasivity of 
a toothpaste.20 Brand C contains only one abrasive system, 
dicalcium phosphate dihydrate, with a low Mohs hardness 
value of 2.5, which may explain its low level of abrasivity. 
Brand HN contains calcium carbonate with a Mohs hardness 
value of 3 but was found to be not significantly different 
from Brand C. Despite having a harder abrasive system, 
perhaps the presence of betaine in Brand HN reduced its 
abrasiveness, as this has been found to decrease the abrasive 
effect of calcium carbonate.22

Toothpastes from the same manufacturer and with the 
same abrasive systems can differ in their abrasivity, such 

Table 4. Comparison of the mean difference surface rough-
ness between two brands using Dunn’s Test Post Hoc 
Test for Kruskal Wallis Test

Brand 1 – Brand 2 Mean Difference in 
Surface Roughness

p-value 
(two-tailed)

C – G 0.0439 0.760
C – H 0.0528 0.098
C – HN 0.0266 0.450
C – P 0.3700 <0.0001
C – U 0.0922 0.005
C – X 0.3228 <0.0001
C – No Toothpaste 0.0472 0.418
G – H 0.0967 0.050
G – HN 0.0173 0.653
G – P 0.4139 <0.0001
G – U 0.1361 0.002
G – X 0.3667 <0.0001
G – No Toothpaste 0.0033 0.614
H – HN 0.0794 0.016
H – P 0.3172 <0.0001
H – U 0.0394 0.245
H – X 0.2700 <0.0001
H – No Toothpaste 0.1000 0.014
HN– P 0.3966 <0.0001
HN – U 0.1188 <0.0001
HN – X 0.3494 <0.0001
HN – No Toothpaste 0.0206 0.957
P – U 0.2778 0.017
P – X 0.0472 0.936
P – No Toothpaste 0.4172 <0.0001
U – X 0.2306 0.014
U – No Toothpaste 0.1394 <0.0001
X – No Toothpaste 0.3700 <0.0001

Table 3. Summary of the Mean Difference Before and After 
Toothbrushing

Brand
Mean Surface Roughness (µm) Difference 

of the Means 
(µm)*Before brushing After brushing

C 0.5633 0.5906 0.0272
G 0.6072 0.5906 -0.0167
H 0.7011 0.7811 0.0800
HN 0.6422 0.6428 0.0006
P 0.5111 0.9083 0.3972
U 0.5394 0.6589 0.1194
X 0.6283 0.9783 0.3500
Negative Control 
(No Toothpaste)

0.5956 0.5756 -0.0200

Note: A (+) value in the “Difference of the Means” column indicates that 
there was an increase in surface roughness, thus increased abrasivity; 
a (-) value indicates that there was a decrease in surface roughness, 
thus decreased abrasivity.
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as Brands H and G which were significantly different. 
If particle size, shape, types, and concentration of the 
abrasive systems are constant, possibly the hardness of the 
abrasive can be predictive of the abrasivity of a toothpaste. 
However, other variables may be present that may affect its 
overall abrasivity. Though both contain hydrated silica and 
dicalcium phosphate dihydrate, Brand H was found to be 
more abrasive than Brand G. Possibly contributing to Brand 
H’s abrasivity is that it contains titanium dioxide, a colorant, 
with a Mohs hardness value that can range from 5.5–6.5.

Brands P, U, and X all contain two types of abrasives. 
Brand P has a high abrasivity possibly due to the 
combination of two abrasive systems – calcium carbonate 
and hydrated silica, with 3 and 5 Mohs hardness, respectively. 
Combined, these two abrasives have the highest Mohs 
hardness value of all the toothpastes. Brand U has both 
hydrated silica and mica. Depending on the type of mica, 
its Mohs hardness can range from 2–4. Brand U may have 
contained the harder type of mica, which can explain why it 
is significantly more abrasive than Brand C. 

Brand X, containing sodium bicarbonate (2.5 Mohs) 
and hydrated silica (5 Mohs), did not differ significantly from 
Brand P, while Brand G, containing dicalcium phosphate 
dihydrate (2.5 Mohs) and hydrated silica (5 Mohs), did 
not differ significantly from Brand C. Although they have 
the same Mohs hardness for their abrasives, it is possible 
that the difference in their abrasivity is due to the varying 
size, shape, or concentration of their abrasive systems.15 
Another probable reason for the high abrasiveness of Brand 
X is that it contains citric acid. The erosive property of citric 
acid may have a synergistic effect and contributes to the 
dissolution of the inorganic content of dentin, and thus, to 
its total abrasivity.23,31

Studies have recommended the use of low abrasive 
toothpastes for cases of NCCLs12  and eroded dentin.13 
Although not generalizable because of the low sample size, 
Brands G, H, and HN, having no significant difference 
from Brand C (RDA 68), may be used for such clinical 
situations. Brands X and U, being ranked lower than Brand 
P (RDA 150), and with RDA below the maximum safety 
limit of 250, are clinically safe to use. 

For future studies, we recommend a larger sample size 
for better validity of the results, use of at least a 0.5 µm 
surface roughness for a smoother baseline for all samples, 
include positive controls with medium and very highly 
abrasive RDAs so that toothpastes may be better catego-
rized, and analysis of abrasivity of other Philippine-brand 
toothpastes and their variants. We also recommend further 
study on: prevalence of NCCLs and dentin sensitivity in the 
Philippines, effect on abrasivity of other ingredients, e.g., 
citric acid and titanium dioxide. In the interest of public 
health transparency, we recommend that local manufac-
turers be required to make public and periodically update 
the RDA values of their toothpastes.

Brand Before Brushing After Brushing

G

HN

C

H

U

X

P

Figure 2. Samples of VMS images with x120 magnification 
before and after brushing of the seven toothpaste 
brands.
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CONCLUSION

Three toothpaste brands (Brands G, H, and HN) can 
be considered as low abrasive toothpastes. Brand X can be 
considered as a high abrasive toothpaste. It is unclear as to 
which category is Brand U. Ranked in decreasing order of 
abrasivity: Brands P, X, U, H, C, HN, and G. 
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