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 Self-esteem on having nice and attractive smile becomes inspiration to 
toothpaste industry producing multitude of toothpaste. Currently, there 
is variety of toothpaste brands growths with extremely diversified 
marketing strategies aiming to provide product lines for specific or 
particular applications. Toothpastes were believed to be an important 
mover or medium for preventing oral diseases. The objective of this 
study was to investigate the tribological effects of different toothpaste 
additive during tooth brushing on the permanent teeth. Pin On Disc tribo 
tester was used where nylon acting as tooth brushes. The tests were 
conducted on permanent anterior teeth collected from clinical session. 
Different types of toothpaste namely: (a- for whitening; b- for sensitive 
teeth; c- for protection) from different brands will be used in this study. 
The null-hypothesis was that three is no abrasive difference between the 
different toothpastes. 

 
1. Introduction 

Teeth are part of organ in human body with 
a major function for chewing foods. Dowson 
(2008) mentions that wear of teeth is universal 
and generally uncomfortable experience [1]. 
Teeth are composite structures with hard 
enamel exterior covering the bulk of softer 
dentine and inner pulp as shown in Figure 1 [2]. 
It was reported that the protective or cutting 
layer of enamel has a thickness ranging from 1 
to 2 mm. Dowson also mention that, the wear 
rate of dentine can be about two orders of 
magnitude greater than enamel. This makes the 
selection of the abrasive dentifrice and the 
toothbrush essential.  

Zhou and Zheng (2006) conduct successful 
design and suitable material selection for oral 
restoration [3]. They found that an efficient and 
universally accepted in vitro tribological test 
would undoubtedly promote and assist the 
development of oral tribology. They suggest 
that wear results in vitro tooth tests are difficult 
to relate to those in vivo tooth tests.  

In the review paper on tooth cleaning and 
tooth wear [4], they concluded that tooth wear 
is a complicated process, comprising a number 
of different mechanism which may occur 

simultaneously and possibly synergistically. 
They also pointed out that the introduction of 
dental products with a significant protective 
action against tooth wear, especially erosion, is 
recommended.  
 

 
Figure 1: Human tooth structure [2].  
 

There are four main types of wear in teeth 
namely attrition, abfraction, abrasion and 
erosion [5]. Lewis and Dwyer-Joyce suggested 
that the major influencing factor on all the 
different wear mechanisms afore mentioned is 
the acidity of the oral environment. They 
concluded that increasing acidity tends to 
reduce the hardness and young modulus of 



Mytribos Symposium 2 (2017) pp.29-31 

 30 

enamel and dentine, which leads to increasing 
wear rates.  

Self-esteem on having nice and attractive 
smile becomes inspiration to toothpaste 
industry producing multitude of toothpaste. 
Currently, there is variety of toothpaste brands 
growths with extremely diversified marketing 
strategies aiming to provide product lines for 
specific or particular applications. Toothpastes 
were believed to be an important mover or 
medium for preventing oral diseases.  

There are three main types of toothpaste 
namely for sensitive tooth (Fluoride 
toothpaste), Anticavity with charcoal and 
Whitening. The ingredients and its active 
ingredients are given in Table 1 and Table 2.  
 
Table 1: Toothpaste ingredients. 

Sensitive Anticavity Whitening 
- Calcium 

carbonate  
- Water 
- Sorbitol 
- Arginine 

bicarbonat
e 

- Sodium 
lauryl 
sulfate 

- Sodium 
monofluor
o 
phosphate 

- Cellulose 
gum 

- Sodium 
bicarbonat
e 

- Tetrasodiu
m 
pyrophosp
hate 

- Benzyl 
alcohol 

- Sodium 
saccharin 

- Xanthan 
gum 
 

- Water 
- Sorbitol 
- Hydrated 

silica 
- PVM/MA 

Copolyme
r 

- Sodium 
lauryl 
sulfate 

- Carrageen
an 

- Sodium 
hydroxide 

- Sodium 
fluoride 

- Triclosan 
- Sodium 

saccharin 
- Charcoal 

powder 
- Mica 

 

- Water 
- Hydrated 

silica 
- Glyserin 
- Sorbitol 
- PVM/MA 

copolymer 
- Sodium 

lauryl 
sulfate 

- Cellulose 
gum 

- Sodium 
hydroxide 

- Propylene 
glycol 

- Carrageena
n 

- Sodium 
Fluoride 

- Sodium 
saccharin 

- Triclosan 
 

 
Table 2: Toothpaste active ingredients.  

Sensitive Anticavity Whitening 
- Arginine 

8%  
- Sodium 

monofluoro 
phosphate 
1.1% 

- Sodium 
fluoride 
0.32%  

- Triclosan 
0.3% 

- Sodium 
fluoride 
0.32%  

- Triclosan 
0.3% 

 

From Table 1 and Table 2, it was observed 
that the Anti-cavity and Whitening toothpaste 
have the same active ingredients. In this study, 
the tribological effects of different toothpaste 
additive during tooth brushing on the permanent 
teeth have been investigated.  

 
2. Experimental procedure 

2.1 Sample Preparation 

This study was carried out on human teeth 
collected during dental clinical session in 
University Hospital Kuala Lumpur. Selected 
molars and premolars tooth were choose base 
on its conditions. Samples were selected based 
on key criteria, free from filling procedure, to 
allow for enamel testing on the tooth later.  

2.2 Tribology Wear Test 

The tests were conducted using a tribo 
tester, Pin on Disc. For each test, molar teeth 
specimens was cleaned using tap water and 
brushed with extra soft toothbrush. The tests 
were conducted under ambient conditions for a 
duration of 1 hour at rotational speed of 150 
rpm. The tests were carried out at an applied 
load of 5N. Nylon disc were used as 
replacement of toothbrush bristle. 

The weight of teeth specimen was recorded 
before and after each test using + 0.1 mg 
balances (Shimadzu AW120). The roughness of 
the sliding surface of the teeth specimens were 
measured before and after the test using optical 
3D surface measurement device. Details of 
surface morphology and the surface roughness 
were obtained. During the testing, toothpaste 
was applied for every 5 minutes on the surface 
of nylon disc.  
 
3. Results and discussion 

Results on wear rate and friction coefficient 
for tests with (Anti-cavity, Sensitive and 
Whitening) and without toothpastes are 
presented in Figure 2 and Figure 3.  
 

 
Figure 2: Wear Rate over distance. 
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Generally, the wear rate at the beginning of 
the test is higher and decreases over distance. 
This was expected due to loss of enamel layer 
on tooth structure. Test with Anti-cavity 
toothpaste show the lower wear rate compared 
to other toothpaste. The friction coefficients 
profiles over time with and without toothpastes 
were distinctively different. Results without 
toothpaste are relatively steady over time. It was 
observed that, despite having the same active 
ingredients, the profiles for Anti-cavity and 
Whitening were different with Anti-cavity 
having a higher degree of fluctuation. 

 

Figure 3: Friction Coefficient between teeth 
and nylon.  
 
4. Conclusion 

An investigation on the tribological effect of 
toothpaste additives during brushing on human 
teeth have been investigated. A tribo meter, Pin 

on Disk, was deployed during testing. All three 
types of toothpastes (Sensitive, Anticavity, and 
Whitening) produced different profiles over 
time with highest and lowest wear recorded for 
Sensitive and Anticavity respectively. For 
friction coefficient profiles over time, All three 
types have shown fluctuating trend and very 
distinct from the case without toothpaste. 
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