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ABSTRACT

Purpose: of this paper is to assess the influence of introducing silver nanoparticles to the material 
intended for denture lining on tribological properties of obtained composite and retention properties of 
elastic friction attachments made of it.

Design/methodology/approach: Studies of coefficient of frictions and forces conducted using a 
handle designed for this which allows exerting symmetrical pressure through elastomer samples on 
counterspecimen, applying different pressure forces and relative velocities of friction elements. The 
study of forces and retention of elastic friction attachments was conducted on the basis of our own 
methodology in an environment of artificial saliva.

Findings: Results of laboratory tests show that introducing 40 ppm of nanosilver does not influence 
coefficient of friction values. Simultaneously, some dependencies of coefficient of frictions on pressure 
forces values were observed, while no dependencies of coefficient of frictions on relative velocities of 
friction elements were shown. No practically meaningful influence of introducing nanosilver, pressure 
force or relative velocities of elements on friction force values was noted. Values of retention forces did 
not depend on the content of nanosilver.

Research limitations/implications: Limitations resulting from the specificity of the conditions of 
laboratory tests of retention characteristics do not allow to fully translate obtained results to expected 
results of clinical trials.

Practical implications: The studies show that introducing a small amount of nanosilver to soft lining 
material will allow to obtain elastic attachments with unchanged retention characteristics, but they will 
be characterized with increased antimicrobial resistance.

Originality/value: Study results of tribological properties of a new composite were presented.  
Own methodology of studying coefficient of friction and friction force of silicone rubber was presented 
here.
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1. Introduction 
 
Soft liners are frequently used for denture relining to 

distribute the forces transported onto mucosa during chewing. 
Elastic properties help to increase the comfort of patients and can 
support therapeutic treatment. Those materials are usually used in 
patients with: normal mucosa with an atrophied ridge thin 
atrophic mucosa, a sharp alveolar ridge and when the mucosa 
shows a small tolerance to the pressure applied by the dentures  
[1-4]. Due to the primary purpose of soft lining materials 
coefficient of friction of soft lining friction pair - titanium does 
not belong to typically measured properties. At the same time, 
friction of silicone rubbers significantly vary from friction 
properties of other solid materials like metals. Reasons for this 
include a low elasticity module and high internal friction of these  
materials [5-7].  

In case of this type of materials tribological properties are 
mentioned usually only incidentally while considering wettability 
of silicones and acrylics, as large value of wettability degree of 
these materials favors insignificant adhesion of bacterial flap to its 
surface on one hand [8-9], and on the other hand it can influence 
the growth of friction between the materials and the mucous 
membrane due to worse wetting of dentures with saliva.  

Even though lining materials are used mainly for traditional 
lining of complete dentures, there are also some experimental 
solutions, in which the use of silicone elastomers is suggested to 
stabilize overdenture using one or two implants. The purpose of 
this kind of solutions is the use of intramucosal support with 
simultaneous support of stabilization and retention of dentures by 
the use of elastic friction attachments in a way which prevents 
from implant overload [10-13]. Laboratory tests of this kind of 
attachments simultaneously show that the application of a silicone 
retention element despite generating small (in comparison to 
commercial solutions) retention forces is characterized by 
comparable or even better effectiveness, which is achieved by 
adequate use of material features and retention characteristics of 
this kind of attachments [14].  

Pilot clinical trials confirm high effectiveness of these kinds 
of solutions [15]. In this kind of solutions the key role is played 
by values of coefficient of friction in the system of silicone rubber 
- metal and friction force value in the system of silicone rubber - 
saliva - metal. These values represent two extreme situations: the 
lack of wetting of the implant with saliva or very good and 
constant wetting of the implant with saliva. At the same time due 
to traditional areas of the application of these materials, there is 
no standardized methodology for these tests. Typical 
measurement methods of coefficient of friction used for metals or 
acrylic materials for denture plates, in this case cannot be 
adequately applied due to specific properties of these elastomers, 
such as: strong adhesion of the polymer to smooth surfaces or a 
low elasticity module. These properties significantly influence 
coefficient of friction values [5]. Literature also shows that 
coefficient of friction of soft rubber depends on factors such as: 
relative velocity of friction elements, pressure force values or the 
time of mutual contact of friction elements proceeding the 
initiation of relative movement [6].  

At the same time, a basic problem connected with functioning 
of soft lining materials in the environment of the oral cavity is 
their colonization and penetration by microorganisms, such as 

fungus Candida albicans [16-17]. It lowers the durability of both 
the lining of traditional complete dentures [18] and experimental 
elastic friction attachments integrated with the linings [15]. 
Therefore, in relation to confirmed properties of silver 
nanoparticles, which show antimicrobial effect in materials 
designed for dentistry [19-20], studies on introducing nanosilver 
to soft materials of long-term denture linings were undertaken. 
These studies allowed to obtain materials which show increased 
antifungal effectiveness in in vitro tests [21], as well as relevant 
basic mechanical and usable properties [22].  

In relation to expected usage of obtained composites to 
construct elastic friction attachments, the purpose of this work 
was to test the influence of introducing silver nanoparticles to soft 
lining materials for their tribological properties such as: 
coefficient of friction, friction force and retention characteristics 
of elastic attachments.  
 
 
2. Materials and experimental 
procedures
 

In the studies we used a two-component silicone material, 
which is designed to make long-term soft denture linings Ufi Gel 
SC (Voco, Niemcy), and nanocomposite obtained by introducing to 
Ufi Gel SC silver nanoparticles. Mass content of silver 
nanoparticles in the composite was determined through the results 
of previous studies and it was 40 ppm. The method of introducing 
silver nanoparticles was described in detail in previous papers [21-
22]. Silver nanoparticles suspension in hexan (Amepox, ód ) with 
a mass content of 30 ppm was used as a source of silver 
nanoparticles. An average silver nanoparticles was 22.8 nm. Silver 
nanoparticles were introduced to both components of the material 
called Ufi Gel Base and Ufi Gel Catalist. Each component of the 
material was dissolved in hexan, the suspension of silver 
nanoparticles was introduced, and then the solvent was evaporated 
first at pressure lowered to 0.01 MPa in 50°C on a rotary evaporator 
(IKA RV-10), and then in a drier in 50°C at atmospheric pressure. 
After the evaporation of the solvent, the material components and 
nanocomposite were manually mixed, then plates with dimensions 
of 80 x 80 x 2.25 mm were crosslinked; a punch was used to cut 15 
mm diameter and 2.25 mm height.  

Titanium samples in the shape of a flat bar and with a cross-
section of 2 x 30 mm made of titanium alloy Ti-6Al-4V and 
submitted to loose abrasive machining were used as 
a counterspecimen. Control of roughness of counterspecimen was 
conducted using a device called Form Talysurf Series 50 
manufactured by Taylor Hobson Ltd. A surface of 2 mm x 2 mm 
was scanned with a resolution in the Y-axis of 0.01 mm (201 
measurements were performed in each 10 m). The following 
parameters were registered: Sa - arithmetic mean deviation of 
surface roughness height from the reference plane, Sp - the height 
of the highest peak of the surface, Sv - the depth of the lowest 
indentation of the surface, Sz - the average surface roughness for 
10 points (five highest peaks and five lowest indentations).  
Coefficient of friction studies were conducted using a Zwick 
testing machine with the use of especially constructed handle 
presented in Fig. 1, which allows to exert symmetrical pressure of 
elastomer samples on titanium counterspecimen. This handle 
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Soft liners are frequently used for denture relining to 

distribute the forces transported onto mucosa during chewing. 
Elastic properties help to increase the comfort of patients and can 
support therapeutic treatment. Those materials are usually used in 
patients with: normal mucosa with an atrophied ridge thin 
atrophic mucosa, a sharp alveolar ridge and when the mucosa 
shows a small tolerance to the pressure applied by the dentures  
[1-4]. Due to the primary purpose of soft lining materials 
coefficient of friction of soft lining friction pair - titanium does 
not belong to typically measured properties. At the same time, 
friction of silicone rubbers significantly vary from friction 
properties of other solid materials like metals. Reasons for this 
include a low elasticity module and high internal friction of these  
materials [5-7].  

In case of this type of materials tribological properties are 
mentioned usually only incidentally while considering wettability 
of silicones and acrylics, as large value of wettability degree of 
these materials favors insignificant adhesion of bacterial flap to its 
surface on one hand [8-9], and on the other hand it can influence 
the growth of friction between the materials and the mucous 
membrane due to worse wetting of dentures with saliva.  

Even though lining materials are used mainly for traditional 
lining of complete dentures, there are also some experimental 
solutions, in which the use of silicone elastomers is suggested to 
stabilize overdenture using one or two implants. The purpose of 
this kind of solutions is the use of intramucosal support with 
simultaneous support of stabilization and retention of dentures by 
the use of elastic friction attachments in a way which prevents 
from implant overload [10-13]. Laboratory tests of this kind of 
attachments simultaneously show that the application of a silicone 
retention element despite generating small (in comparison to 
commercial solutions) retention forces is characterized by 
comparable or even better effectiveness, which is achieved by 
adequate use of material features and retention characteristics of 
this kind of attachments [14].  

Pilot clinical trials confirm high effectiveness of these kinds 
of solutions [15]. In this kind of solutions the key role is played 
by values of coefficient of friction in the system of silicone rubber 
- metal and friction force value in the system of silicone rubber - 
saliva - metal. These values represent two extreme situations: the 
lack of wetting of the implant with saliva or very good and 
constant wetting of the implant with saliva. At the same time due 
to traditional areas of the application of these materials, there is 
no standardized methodology for these tests. Typical 
measurement methods of coefficient of friction used for metals or 
acrylic materials for denture plates, in this case cannot be 
adequately applied due to specific properties of these elastomers, 
such as: strong adhesion of the polymer to smooth surfaces or a 
low elasticity module. These properties significantly influence 
coefficient of friction values [5]. Literature also shows that 
coefficient of friction of soft rubber depends on factors such as: 
relative velocity of friction elements, pressure force values or the 
time of mutual contact of friction elements proceeding the 
initiation of relative movement [6].  

At the same time, a basic problem connected with functioning 
of soft lining materials in the environment of the oral cavity is 
their colonization and penetration by microorganisms, such as 

fungus Candida albicans [16-17]. It lowers the durability of both 
the lining of traditional complete dentures [18] and experimental 
elastic friction attachments integrated with the linings [15]. 
Therefore, in relation to confirmed properties of silver 
nanoparticles, which show antimicrobial effect in materials 
designed for dentistry [19-20], studies on introducing nanosilver 
to soft materials of long-term denture linings were undertaken. 
These studies allowed to obtain materials which show increased 
antifungal effectiveness in in vitro tests [21], as well as relevant 
basic mechanical and usable properties [22].  

In relation to expected usage of obtained composites to 
construct elastic friction attachments, the purpose of this work 
was to test the influence of introducing silver nanoparticles to soft 
lining materials for their tribological properties such as: 
coefficient of friction, friction force and retention characteristics 
of elastic attachments.  
 
 
2. Materials and experimental 
procedures
 

In the studies we used a two-component silicone material, 
which is designed to make long-term soft denture linings Ufi Gel 
SC (Voco, Niemcy), and nanocomposite obtained by introducing to 
Ufi Gel SC silver nanoparticles. Mass content of silver 
nanoparticles in the composite was determined through the results 
of previous studies and it was 40 ppm. The method of introducing 
silver nanoparticles was described in detail in previous papers [21-
22]. Silver nanoparticles suspension in hexan (Amepox, ód ) with 
a mass content of 30 ppm was used as a source of silver 
nanoparticles. An average silver nanoparticles was 22.8 nm. Silver 
nanoparticles were introduced to both components of the material 
called Ufi Gel Base and Ufi Gel Catalist. Each component of the 
material was dissolved in hexan, the suspension of silver 
nanoparticles was introduced, and then the solvent was evaporated 
first at pressure lowered to 0.01 MPa in 50°C on a rotary evaporator 
(IKA RV-10), and then in a drier in 50°C at atmospheric pressure. 
After the evaporation of the solvent, the material components and 
nanocomposite were manually mixed, then plates with dimensions 
of 80 x 80 x 2.25 mm were crosslinked; a punch was used to cut 15 
mm diameter and 2.25 mm height.  

Titanium samples in the shape of a flat bar and with a cross-
section of 2 x 30 mm made of titanium alloy Ti-6Al-4V and 
submitted to loose abrasive machining were used as 
a counterspecimen. Control of roughness of counterspecimen was 
conducted using a device called Form Talysurf Series 50 
manufactured by Taylor Hobson Ltd. A surface of 2 mm x 2 mm 
was scanned with a resolution in the Y-axis of 0.01 mm (201 
measurements were performed in each 10 m). The following 
parameters were registered: Sa - arithmetic mean deviation of 
surface roughness height from the reference plane, Sp - the height 
of the highest peak of the surface, Sv - the depth of the lowest 
indentation of the surface, Sz - the average surface roughness for 
10 points (five highest peaks and five lowest indentations).  
Coefficient of friction studies were conducted using a Zwick 
testing machine with the use of especially constructed handle 
presented in Fig. 1, which allows to exert symmetrical pressure of 
elastomer samples on titanium counterspecimen. This handle 
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Table 2.  
A selection of coefficient of friction values obtained in the course of studies conducted without saliva* 

Nanosilver 
concentration, ppm 

Relative velocity of the 
elements, mm/min 

Coefficient of friction,  

Normal force 10 N Normal force 20 N Normal force 30 N Normal force 60 N 

0 

5 3.69±0.20 A 2.54±0.26 B 1.58±0.20 C 1.07±0.06 D 

10 3.62±0.33 A 2.37±0.24 B 1.65±0.15 C 1.00±0.05 D 

20 3.70±0.27 A 2.38±0.29 B 1.54±0.10 C 1.04±0.07 D 

40 3.85±0.31 A 2.26±0.21 B 1.64±0.15 C 1.09±0.08 D 

80 3.82±0.31 A 2.66±0.26 B 1.62±0.13 C 1.09±0.06 D 

100 3.80±0.22 A 2.74±0.18 B 1.60±0.09 C 1.04±0.09 D 

40 

5 3.59±0.23 A 2.44±0.16 B 1.63±0.15 C 1.08±0.07 D 

10 3.61±0.10 A 2.42±0.16 B 1.63±0.13 C 1.13±0.09 D 

20 3.70±0.16 A 2.38±0.11 B 1.73±0.15 C 1.10±0.04 D 

40 3.69±0.20 A 2.50±0.23 B 1.70±0.14 C 1.11±0.06 D 

80 3.68±0.15 A 2.45±0.13 B 1.70±0.12 C 1.07±0.09 D 

100 3.71±0.26 A 2.39±0.14 B 1.72±0.16 C 1.03±0.05 D 
* Average values with the same capital letters in superscript (A-D) for each row do not vary from one another in statistically significant 
way (p>0.05) 
 
 

 
 
Fig. 3. A selection of coefficient of frictions obtained for samples made of UG material and nanocomposite with mass content of 
nanosilver of 40 ppm (without saliva) in the function of relative velocity of friction elements for four different pressure force values. 
Confidence interval was indicated with markers 

3.  Results and discussion
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Table 2.  
A selection of coefficient of friction values obtained in the course of studies conducted without saliva* 

Nanosilver 
concentration, ppm 

Relative velocity of the 
elements, mm/min 

Coefficient of friction,  

Normal force 10 N Normal force 20 N Normal force 30 N Normal force 60 N 

0 

5 3.69±0.20 A 2.54±0.26 B 1.58±0.20 C 1.07±0.06 D 

10 3.62±0.33 A 2.37±0.24 B 1.65±0.15 C 1.00±0.05 D 

20 3.70±0.27 A 2.38±0.29 B 1.54±0.10 C 1.04±0.07 D 

40 3.85±0.31 A 2.26±0.21 B 1.64±0.15 C 1.09±0.08 D 

80 3.82±0.31 A 2.66±0.26 B 1.62±0.13 C 1.09±0.06 D 

100 3.80±0.22 A 2.74±0.18 B 1.60±0.09 C 1.04±0.09 D 

40 

5 3.59±0.23 A 2.44±0.16 B 1.63±0.15 C 1.08±0.07 D 

10 3.61±0.10 A 2.42±0.16 B 1.63±0.13 C 1.13±0.09 D 

20 3.70±0.16 A 2.38±0.11 B 1.73±0.15 C 1.10±0.04 D 

40 3.69±0.20 A 2.50±0.23 B 1.70±0.14 C 1.11±0.06 D 

80 3.68±0.15 A 2.45±0.13 B 1.70±0.12 C 1.07±0.09 D 

100 3.71±0.26 A 2.39±0.14 B 1.72±0.16 C 1.03±0.05 D 
* Average values with the same capital letters in superscript (A-D) for each row do not vary from one another in statistically significant 
way (p>0.05) 
 
 

 
 
Fig. 3. A selection of coefficient of frictions obtained for samples made of UG material and nanocomposite with mass content of 
nanosilver of 40 ppm (without saliva) in the function of relative velocity of friction elements for four different pressure force values. 
Confidence interval was indicated with markers 
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Table 3.  
The results of statistical assessment of the influence of nanosilver concentration, pressure force and relative velocity of friction elements 
on average values of coefficient of friction (without saliva) performed using ANOVA test (p< 0.05) 

 Sum of 
squares 

Degree of 
freedom 

Mean 
square 

F-test statistic 
value p 

Nanosilver concentration 0.004 1 0.004 0.14 0.7121 

Normal force 235.035 3 78.345 2513.06 0.0000 

Velocity of the elements 0.223 5 0.045 1.43 0.2148 

Nanosilver concentration × normal force 0.265 3 0.088 2.43 0.0595 

Nanosilver concentration × velocity of the elements 0.202 5 0.040 1.29 0.2686 

Velocity of the elements × normal force 0.418 15 0.028 0.89 0.5711 

Nanosilver concentration × velocity of the elements× normal force 0.496 15 0.033 1.06 0.3958 
 
 

Table 4.  
The results of statistical assessment of the influence uAgT, pressure force and relative velocity of friction elements on average friction force 
values in the presence of saliva performed using ANOVA test (p<0.05) 

 Sum of 
squares 

Degrees of 
freedom 

Mean 
square 

F-test statistic 
value p 

Nanosilver concentration 0.066 1 0.066 2.52 0.0567 

Normal force 0.325 3 0.108 9.54 0.0000 

Velocity of the elements 0.048 5 0.010 0.85 0.5132 

Nanosilver concentration × normal force 0.040 3 0.013 1.18 0.3204 

Nanosilver concentration × velocity of the elements 0.035 5 0.007 0.61 0.6895 

Velocity of the elements × normal force 0.242 15 0.016 1.42 0.1404 

Nanosilver concentration × velocity of the elements× normal force 0.263 15 0.018 1.54 0.0929 
 
 

Table 5.  
A selection of friction force values obtained in the course of studies conducted in the presence of human saliva 

Nanosilver 
concentration. ppm 

Relative velocity of the 
elements. mm/min 

Force of friction.  
Normal force 10 N Normal force 20 N Normal force 30 N Normal force 60 N 

0 

5 0.61±0.07 A 0.63±0.07 A 0.77±0.08 B 0.75±0.09 B 

10 0.59±0.05 A 0.64±0.07 AB 0.75±0.06 B 0.76±0.13 B 

20 0.66±0.12 A 0.66±0.10 A 0.77±0.08 A 0.67±0.11 A 

40 0.67±0.05 AB 0.72±0.14 AB 0.61±0.13 A 0.78±0.10 B 

80 0.54±0.05 A 0.78±0.10 B 0.75±0.06 B 0.75±0.16 B 

100 0.70±0.13 A 0.68±0.04 A 0.79±0.10 A 0.78±0.11 A 

40 

5 0.79±0.09 A 0.69±0.13 A 0.74±0.07 A 0.66±0.11 B 

10 0.60±0.21 A 0.74±0.05 B 0.76±0.06 B 0.76±0.18 B 

20 0.64±0.11 A 0.74±0.10 A 0.75±0.16 A 0.77±0.11 A 

40 0.69±0.17 A 0.78±0.09 A 0.79±0.11 A 0.83±0.05 B 

80 0.69±0.14 A 0.72±0.11 AB 0.83±0.08 B 0.69±0.15 AB 

100 0.73±0.06 A 0.74±0.08 A 0.73±0.05 A 0.75±0.10 A 
* Average values with the same capital letters in superscript (A-B) for each row do not vary from one another in statistically significant 
way (p>0.05) 

 
 
Fig. 4. A selection of coefficient of frictions obtained for samples made of UG material and nanocomposite with a nanosilver mass content 
of 40 ppm (in the presence of saliva) in the function of relative velocity of friction elements for four different pressure force values. 
Confidence interval was indicated with markers.  

 
 
A selection of the results of the studies of friction force 

conducted with natural human saliva were presented in Table 4. 
The results of statistical assessment of obtained results were 
presented in Table 5 and Fig. 4. Obtained average values of 
friction force did not change in statistically significant way after 
introducing silver nanoparticles into the material, or with the 
change of relative velocity of friction elements, but they increased 
in statistically significant way together with increasing pressure 
force. No influence of particular factors on the average values of 
friction force values was observed. 

A selection of the results of retention force measurements was 
presented in Table 6. The results of statistical assessment of 
obtained results were presented in Fig. 5a and in Table 8. The 
application of different models of implants influenced 
differentiation of retention force generated by elastic attachments 
in a statistically significant way. Obtained retention forces ranged 
from 2.18 (CIA =2.2 mm) to 2.63 N (CIA  =2.8 mm). 
Introducing 40 ppm silver nanoparticles into the composite did 
not influence obtaining retention force values in a statistically 
significant way.  

A selection of obtained retention works was presented in 
Table 7. The results of statistical assessment of obtained results 
were presented in Fig. 5b and in Table 9. The application of 
different models of implants strongly influenced obtaining values 
of complete retention work, which ranged from 7.6 ×10-3 to 
9.04 ×10-3 [J], however the lowest values were obtained as a 
result of applying implant model of CIA =2.2 mm, and the 
highest with CIA =2.8 mm. Introducing 40 ppm silver 
nanoparticles into the composite did not influence obtaining 
complete retention work values in a statistically significant. 

Table 6.  
A selection of average values (together with standard deviations) 
of retention forces of elastic friction attachments (FR)* 

Type of implant model 
Retention force. N 

0 ppm 40 ppm 

CIA =2.2 mm 2.20±0.06 a 2.18±0.15 a 

CIA  =2.8 mm 2.63±0.08 b 2.58±0.15 b 

CCOIA 2.60±0.13 b 2.52±0.14 b 
* Average values with the same capital letters in superscript (a-b) 
for each column do not vary from one another in statistically 
significant way (p>0.05) 
 
Table 7.  
A selection of average values (together with standard deviations) 
of complete retention work of elastic friction attachments (WT).* 

Type of implant model 
Total work of retention. ×10-3 [J] 

0 ppm 40 ppm 

CIA 2.2 mm 7.60±0.09a CIA 2.2 mm 

CIA 2.8 mm 8.99±0.20 b CIA 2.8 mm 

CCOIA 8.71±0.19 c CCOIA 
* Average values with the same capital letters in superscript (a-c) 
for each column do not vary from one another in statistically 
significant way (p>0.05) 
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Table 3.  
The results of statistical assessment of the influence of nanosilver concentration, pressure force and relative velocity of friction elements 
on average values of coefficient of friction (without saliva) performed using ANOVA test (p< 0.05) 

 Sum of 
squares 

Degree of 
freedom 

Mean 
square 

F-test statistic 
value p 

Nanosilver concentration 0.004 1 0.004 0.14 0.7121 

Normal force 235.035 3 78.345 2513.06 0.0000 

Velocity of the elements 0.223 5 0.045 1.43 0.2148 

Nanosilver concentration × normal force 0.265 3 0.088 2.43 0.0595 

Nanosilver concentration × velocity of the elements 0.202 5 0.040 1.29 0.2686 

Velocity of the elements × normal force 0.418 15 0.028 0.89 0.5711 

Nanosilver concentration × velocity of the elements× normal force 0.496 15 0.033 1.06 0.3958 
 
 

Table 4.  
The results of statistical assessment of the influence uAgT, pressure force and relative velocity of friction elements on average friction force 
values in the presence of saliva performed using ANOVA test (p<0.05) 

 Sum of 
squares 

Degrees of 
freedom 

Mean 
square 

F-test statistic 
value p 

Nanosilver concentration 0.066 1 0.066 2.52 0.0567 

Normal force 0.325 3 0.108 9.54 0.0000 

Velocity of the elements 0.048 5 0.010 0.85 0.5132 

Nanosilver concentration × normal force 0.040 3 0.013 1.18 0.3204 

Nanosilver concentration × velocity of the elements 0.035 5 0.007 0.61 0.6895 

Velocity of the elements × normal force 0.242 15 0.016 1.42 0.1404 

Nanosilver concentration × velocity of the elements× normal force 0.263 15 0.018 1.54 0.0929 
 
 

Table 5.  
A selection of friction force values obtained in the course of studies conducted in the presence of human saliva 

Nanosilver 
concentration. ppm 

Relative velocity of the 
elements. mm/min 

Force of friction.  
Normal force 10 N Normal force 20 N Normal force 30 N Normal force 60 N 

0 

5 0.61±0.07 A 0.63±0.07 A 0.77±0.08 B 0.75±0.09 B 

10 0.59±0.05 A 0.64±0.07 AB 0.75±0.06 B 0.76±0.13 B 

20 0.66±0.12 A 0.66±0.10 A 0.77±0.08 A 0.67±0.11 A 

40 0.67±0.05 AB 0.72±0.14 AB 0.61±0.13 A 0.78±0.10 B 

80 0.54±0.05 A 0.78±0.10 B 0.75±0.06 B 0.75±0.16 B 

100 0.70±0.13 A 0.68±0.04 A 0.79±0.10 A 0.78±0.11 A 

40 

5 0.79±0.09 A 0.69±0.13 A 0.74±0.07 A 0.66±0.11 B 

10 0.60±0.21 A 0.74±0.05 B 0.76±0.06 B 0.76±0.18 B 

20 0.64±0.11 A 0.74±0.10 A 0.75±0.16 A 0.77±0.11 A 

40 0.69±0.17 A 0.78±0.09 A 0.79±0.11 A 0.83±0.05 B 

80 0.69±0.14 A 0.72±0.11 AB 0.83±0.08 B 0.69±0.15 AB 

100 0.73±0.06 A 0.74±0.08 A 0.73±0.05 A 0.75±0.10 A 
* Average values with the same capital letters in superscript (A-B) for each row do not vary from one another in statistically significant 
way (p>0.05) 

 
 
Fig. 4. A selection of coefficient of frictions obtained for samples made of UG material and nanocomposite with a nanosilver mass content 
of 40 ppm (in the presence of saliva) in the function of relative velocity of friction elements for four different pressure force values. 
Confidence interval was indicated with markers.  

 
 
A selection of the results of the studies of friction force 

conducted with natural human saliva were presented in Table 4. 
The results of statistical assessment of obtained results were 
presented in Table 5 and Fig. 4. Obtained average values of 
friction force did not change in statistically significant way after 
introducing silver nanoparticles into the material, or with the 
change of relative velocity of friction elements, but they increased 
in statistically significant way together with increasing pressure 
force. No influence of particular factors on the average values of 
friction force values was observed. 

A selection of the results of retention force measurements was 
presented in Table 6. The results of statistical assessment of 
obtained results were presented in Fig. 5a and in Table 8. The 
application of different models of implants influenced 
differentiation of retention force generated by elastic attachments 
in a statistically significant way. Obtained retention forces ranged 
from 2.18 (CIA =2.2 mm) to 2.63 N (CIA  =2.8 mm). 
Introducing 40 ppm silver nanoparticles into the composite did 
not influence obtaining retention force values in a statistically 
significant way.  

A selection of obtained retention works was presented in 
Table 7. The results of statistical assessment of obtained results 
were presented in Fig. 5b and in Table 9. The application of 
different models of implants strongly influenced obtaining values 
of complete retention work, which ranged from 7.6 ×10-3 to 
9.04 ×10-3 [J], however the lowest values were obtained as a 
result of applying implant model of CIA =2.2 mm, and the 
highest with CIA =2.8 mm. Introducing 40 ppm silver 
nanoparticles into the composite did not influence obtaining 
complete retention work values in a statistically significant. 

Table 6.  
A selection of average values (together with standard deviations) 
of retention forces of elastic friction attachments (FR)* 

Type of implant model 
Retention force. N 

0 ppm 40 ppm 

CIA =2.2 mm 2.20±0.06 a 2.18±0.15 a 

CIA  =2.8 mm 2.63±0.08 b 2.58±0.15 b 

CCOIA 2.60±0.13 b 2.52±0.14 b 
* Average values with the same capital letters in superscript (a-b) 
for each column do not vary from one another in statistically 
significant way (p>0.05) 
 
Table 7.  
A selection of average values (together with standard deviations) 
of complete retention work of elastic friction attachments (WT).* 

Type of implant model 
Total work of retention. ×10-3 [J] 

0 ppm 40 ppm 

CIA 2.2 mm 7.60±0.09a CIA 2.2 mm 

CIA 2.8 mm 8.99±0.20 b CIA 2.8 mm 

CCOIA 8.71±0.19 c CCOIA 
* Average values with the same capital letters in superscript (a-c) 
for each column do not vary from one another in statistically 
significant way (p>0.05) 
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Fig. 5. A selection of the results of studies of retention forces (a) and retention works (b) obtained for elastic friction attachments made of 
UG material and nanocomposite with a nanosilver mass content of 40 ppm using different implant models. Confidence interval was
indicated using markers 
 
Table 8.  
The results of statistical assessment of the influence of nanosilver concentration and applied implant model on average retention force 
values performed using ANOVA test (p< 0.05).  

 Sum of 
squares 

Degrees of 
freedom 

Mean 
square 

F-test statistic 
value p 

Nanosilver concentration 0.021 1 0.021 1.34 0.2576 
Type of implant model 1.044 2 0.522 33.73 0.0000 

Nanosilver concentration × type of implant model 0.003 2 0.002 0.10 0.9031 
 

Table 9. 
The results of statistical assessment of the influence of nanosilver concentration and applied implant model on average retention work 
values performed using ANOVA test (p< 0.05).  

 Sum of 
squares 

Degrees of 
freedom Mean square F-test statistic value p 

Nanosilver concentration 0.000 1 0.000 0.00 0.9865 
Type of implant model 9.891 2 4.946 108.60 0.0000 

Nanosilver concentration × type of implant model 0.083 2 0.042 0.91 0.4149 
 
 

4. Discussion 
 

Antimicrobial properties of soft liner Ufi Gel SC compared in 
this paper [21] with composite material with a nanosilver mass 
content of 40 ppm showed an increased antimicrobial 
effectiveness of the composite. The results for Ufi Gel SC 
material obtained in this study correspond with the results of other 
authors [24] and they show that the application of soft lining 
materials can intensify the process of fungal growth by 23.4% (in 
comparison to a positive control). The antifungal efficiency 
(AFE) of composite with 40 ppm of nanosilver was 31.5%. At the 
same time these properties of modified material, such as sorbtion, 
solubitity and bond strength did not change, while the hardness in 
Shore A scale decreased from 31 Shore A units to 27.7 Shore A 
units [22]. Such a insignificant decrease of hardness while 

maintaining other properties of the material should be considered 
beneficial from the point of view of the rehabilitation function of 
the material. Further increase of nanosilver concentration caused 
increased antimicrobial effectiveness, however significant 
deterioration of mechanical and usable properties was observed 
[21,22]. In relation to the obtained results of the studies of 
tribological properties conducted for the application of 
composites to make elastic friction attachments, material with a 
nanosilver mass content of 40 ppm was chosen. 

In light of previously conducted studies of other 
nanocomposite properties [22], the lack of influence of 
introducing a small amount of silver nanoparticles into the 
composite on coefficient of friction, friction force and retention 
characteristics was compliant with the expectations. Very high 
properties of coefficient of friction obtained in a dry environment, 
depending on pressure force values, should be justified by the 

features of silicone rubber itself. The material strongly attached to 
the smooth surface of titanium sample as a result of adhesion 
forces. As a consequence, in the course of the experiment friction 
force did not increase proportionally with the increase of pressure 
force. For the highest values of pressure force, the influence of 
adhesion of silicone to metal on complete measured friction force 
was relatively lower than for the lowest values of pressure force, 
for which measured friction force was caused mainly by the 
adhesion of the sample to the surface of a titanium flat bar - 
therefore very high coefficient of friction values were obtained. 
After introducing it between cooperating saliva surfaces, small 
friction force values were obtained. In this case saliva was 
introduced between two cooperating surfaces with low roughness 
and it works as a lubricating agent. A classical model of dry 
friction cannot be applied in this case; but we deal with mixed 
friction, with significant majority of fluid friction or with fluid 
friction. Outer friction is changed for inner friction of lubricant, 
and friction force depends on the properties of the lubricating 
agent, and not on the properties of cooperating surfaces. Fluid 
coefficient of friction value is small and it depends on the 
thickness of the lubricating fluid layer, its stickiness and in some 
cases on its relative velocity of friction elements. In the analyzed 
case, the influence of introducing silver nanoparticles into the 
composite on friction force values was not proven. At the same 
time, statistically significant increase of friction force values with 
the increase of pressure force can be justified by the fact that the 
increase of pressure caused pushing a larger amount of saliva out 
of the system, which could have deteriorated lubricating 
conditions. Changes of friction force values were rather small in 
relation to the values, so they do not have practical significance.  

Studies of coefficient of frictions and friction forces were 
conducted for two extreme situations: very good lubrication with 
saliva and the lack of lubrication with saliva. They show the range 
in which the presence of saliva might influence the properties of 
elastic attachments. However in reality such good lubrication of 
implants with saliva does not exist, as it occurred in the studies of 
friction forces due to the fact that an elastic attachment pulls off 
the excess of saliva from the surface of implants in the course of 
putting the denture on or using it, and it works similarly to a car 
wiper. On the other hand, it is impossible to maintain dry and 
clean implants. Therefore, tests of denture stabilizing systems 
conducted on physical models in the presence of saliva provide 
more precise and actual information regarding functioning of elastic 
friction attachments. On their basis, no influence of introducing 
silver nanoparticles into the composite on the values of generated 
retention forces and retention works, which has to be done in order 
to cause attachment separation, was observed. It is compliant with 
the expectations because proven differences in mechanical 
properties of Ufi Gel SC and the nanocompisite were insignificant 
[22], while retention properties of elastic attachments significantly 
depend on pressure force generated by elastic attachments on 
implants, while the pressure force depends on mechanical properties 
of the material used to construct the attachment. The second factor 
which influences retention force and work of the attachments 
included properties of a lubricating agent (saliva), which have no 
relation with the conducted modification procedure. 

Therefore, it should be stated that introducing 40 ppm of 
silver nanoparticles does not influence in a significant way the 
properties of materials related to the functioning of elastic friction 

attachments, such as: coefficient of friction and friction force, as 
well as retention force and retention work of elastic friction 
attachments.  
 
 

5. Conclusions 
 

The results of investigations and their interpretation lead to 
the following conclusions: 
1. The introducing 40 ppm of silver nanoparticles does not 

influence in a significant way to the coefficient of friction and 
friction force of the rubber - titanium couple.  

2. The introducing 40 ppm of silver nanoparticles does not 
influence in a significant way the properties of materials 
related to the functioning of elastic friction attachments, such 
as: retention force and work of retention of elastic friction 
attachments. 

3. It should be noted that increasing the concentration above 40 
ppm silver could affect the tribological characteristics because 
it causes change in mechanical properties such as hardness 
and elastic modulus shown in [22]. These changes probably 
would affect negatively the characteristics of elastic frictional 
attachments and cause to reduce the work of retention and the 
retention force. In the present article, however, has not been 
studied materials with higher concentrations of nanosilver 
because previous studies have shown insufficient for soft 
relining bond strength to the denture base materials. 

 
 

Acknowledgements 
 

The presented research was partially funded by the Polish 
Ministry of Science and Higher Education as a research project 
No. N N507 438539. 
 
 

References 
[1] K. Bulad, R.L. Taylor, J. Verran, J.F. McCord, Colonization 

and penetration of denture soft lining materials by Candida 
albicans, Dental Matererials 20/2 (2004) 167-175. 

[2] A.D. Dobrza ska-Danikiewicz, J. mudzki, Development 
trends of mucous-borne dentures in the aspect of elastomers 
applications, Archives of Materials Science and Engineering 
55/1 (2012) 5-13. 

[3] J. mudzki, G. Chladek, J. Kasperski, Silicone attachment 
for avoidance of bone tissue overloading in single implant-
retained denture, Archives of Materials Science and 
Engineering 51/2 (2011) 107-115. 

[4] J. Kasperski, J. mudzki, G. Chladek, Denture foundation 
tissues loading criteria in evaluation of dentures wearing 
characteristics, Journal of Achievements in Materials and 
Manufacturing Engineering 43/1 (2010) 324-332. 

[5] B.N.J. Person, Sliding friction, Surface Science Reports,  
33 (1999) 83-119. 

[6] B.N.J. Person, O. Albohr, F. Mancosu, On the nature of the 
static friction, kinetic friction and creep, Wear 254 (2003) 
835-851. 

4.  Discussion

http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org


13

Influence of introducing silver nanoparticles on tribological characteristics of soft liner 

Volume 62    Issue 1   July 2013
 

a) b) 

 
Fig. 5. A selection of the results of studies of retention forces (a) and retention works (b) obtained for elastic friction attachments made of 
UG material and nanocomposite with a nanosilver mass content of 40 ppm using different implant models. Confidence interval was
indicated using markers 
 
Table 8.  
The results of statistical assessment of the influence of nanosilver concentration and applied implant model on average retention force 
values performed using ANOVA test (p< 0.05).  

 Sum of 
squares 

Degrees of 
freedom 

Mean 
square 

F-test statistic 
value p 

Nanosilver concentration 0.021 1 0.021 1.34 0.2576 
Type of implant model 1.044 2 0.522 33.73 0.0000 

Nanosilver concentration × type of implant model 0.003 2 0.002 0.10 0.9031 
 

Table 9. 
The results of statistical assessment of the influence of nanosilver concentration and applied implant model on average retention work 
values performed using ANOVA test (p< 0.05).  

 Sum of 
squares 

Degrees of 
freedom Mean square F-test statistic value p 

Nanosilver concentration 0.000 1 0.000 0.00 0.9865 
Type of implant model 9.891 2 4.946 108.60 0.0000 

Nanosilver concentration × type of implant model 0.083 2 0.042 0.91 0.4149 
 
 

4. Discussion 
 

Antimicrobial properties of soft liner Ufi Gel SC compared in 
this paper [21] with composite material with a nanosilver mass 
content of 40 ppm showed an increased antimicrobial 
effectiveness of the composite. The results for Ufi Gel SC 
material obtained in this study correspond with the results of other 
authors [24] and they show that the application of soft lining 
materials can intensify the process of fungal growth by 23.4% (in 
comparison to a positive control). The antifungal efficiency 
(AFE) of composite with 40 ppm of nanosilver was 31.5%. At the 
same time these properties of modified material, such as sorbtion, 
solubitity and bond strength did not change, while the hardness in 
Shore A scale decreased from 31 Shore A units to 27.7 Shore A 
units [22]. Such a insignificant decrease of hardness while 

maintaining other properties of the material should be considered 
beneficial from the point of view of the rehabilitation function of 
the material. Further increase of nanosilver concentration caused 
increased antimicrobial effectiveness, however significant 
deterioration of mechanical and usable properties was observed 
[21,22]. In relation to the obtained results of the studies of 
tribological properties conducted for the application of 
composites to make elastic friction attachments, material with a 
nanosilver mass content of 40 ppm was chosen. 

In light of previously conducted studies of other 
nanocomposite properties [22], the lack of influence of 
introducing a small amount of silver nanoparticles into the 
composite on coefficient of friction, friction force and retention 
characteristics was compliant with the expectations. Very high 
properties of coefficient of friction obtained in a dry environment, 
depending on pressure force values, should be justified by the 

features of silicone rubber itself. The material strongly attached to 
the smooth surface of titanium sample as a result of adhesion 
forces. As a consequence, in the course of the experiment friction 
force did not increase proportionally with the increase of pressure 
force. For the highest values of pressure force, the influence of 
adhesion of silicone to metal on complete measured friction force 
was relatively lower than for the lowest values of pressure force, 
for which measured friction force was caused mainly by the 
adhesion of the sample to the surface of a titanium flat bar - 
therefore very high coefficient of friction values were obtained. 
After introducing it between cooperating saliva surfaces, small 
friction force values were obtained. In this case saliva was 
introduced between two cooperating surfaces with low roughness 
and it works as a lubricating agent. A classical model of dry 
friction cannot be applied in this case; but we deal with mixed 
friction, with significant majority of fluid friction or with fluid 
friction. Outer friction is changed for inner friction of lubricant, 
and friction force depends on the properties of the lubricating 
agent, and not on the properties of cooperating surfaces. Fluid 
coefficient of friction value is small and it depends on the 
thickness of the lubricating fluid layer, its stickiness and in some 
cases on its relative velocity of friction elements. In the analyzed 
case, the influence of introducing silver nanoparticles into the 
composite on friction force values was not proven. At the same 
time, statistically significant increase of friction force values with 
the increase of pressure force can be justified by the fact that the 
increase of pressure caused pushing a larger amount of saliva out 
of the system, which could have deteriorated lubricating 
conditions. Changes of friction force values were rather small in 
relation to the values, so they do not have practical significance.  

Studies of coefficient of frictions and friction forces were 
conducted for two extreme situations: very good lubrication with 
saliva and the lack of lubrication with saliva. They show the range 
in which the presence of saliva might influence the properties of 
elastic attachments. However in reality such good lubrication of 
implants with saliva does not exist, as it occurred in the studies of 
friction forces due to the fact that an elastic attachment pulls off 
the excess of saliva from the surface of implants in the course of 
putting the denture on or using it, and it works similarly to a car 
wiper. On the other hand, it is impossible to maintain dry and 
clean implants. Therefore, tests of denture stabilizing systems 
conducted on physical models in the presence of saliva provide 
more precise and actual information regarding functioning of elastic 
friction attachments. On their basis, no influence of introducing 
silver nanoparticles into the composite on the values of generated 
retention forces and retention works, which has to be done in order 
to cause attachment separation, was observed. It is compliant with 
the expectations because proven differences in mechanical 
properties of Ufi Gel SC and the nanocompisite were insignificant 
[22], while retention properties of elastic attachments significantly 
depend on pressure force generated by elastic attachments on 
implants, while the pressure force depends on mechanical properties 
of the material used to construct the attachment. The second factor 
which influences retention force and work of the attachments 
included properties of a lubricating agent (saliva), which have no 
relation with the conducted modification procedure. 

Therefore, it should be stated that introducing 40 ppm of 
silver nanoparticles does not influence in a significant way the 
properties of materials related to the functioning of elastic friction 

attachments, such as: coefficient of friction and friction force, as 
well as retention force and retention work of elastic friction 
attachments.  
 
 

5. Conclusions 
 

The results of investigations and their interpretation lead to 
the following conclusions: 
1. The introducing 40 ppm of silver nanoparticles does not 

influence in a significant way to the coefficient of friction and 
friction force of the rubber - titanium couple.  

2. The introducing 40 ppm of silver nanoparticles does not 
influence in a significant way the properties of materials 
related to the functioning of elastic friction attachments, such 
as: retention force and work of retention of elastic friction 
attachments. 

3. It should be noted that increasing the concentration above 40 
ppm silver could affect the tribological characteristics because 
it causes change in mechanical properties such as hardness 
and elastic modulus shown in [22]. These changes probably 
would affect negatively the characteristics of elastic frictional 
attachments and cause to reduce the work of retention and the 
retention force. In the present article, however, has not been 
studied materials with higher concentrations of nanosilver 
because previous studies have shown insufficient for soft 
relining bond strength to the denture base materials. 

 
 

Acknowledgements 
 

The presented research was partially funded by the Polish 
Ministry of Science and Higher Education as a research project 
No. N N507 438539. 
 
 

References 
[1] K. Bulad, R.L. Taylor, J. Verran, J.F. McCord, Colonization 

and penetration of denture soft lining materials by Candida 
albicans, Dental Matererials 20/2 (2004) 167-175. 

[2] A.D. Dobrza ska-Danikiewicz, J. mudzki, Development 
trends of mucous-borne dentures in the aspect of elastomers 
applications, Archives of Materials Science and Engineering 
55/1 (2012) 5-13. 

[3] J. mudzki, G. Chladek, J. Kasperski, Silicone attachment 
for avoidance of bone tissue overloading in single implant-
retained denture, Archives of Materials Science and 
Engineering 51/2 (2011) 107-115. 

[4] J. Kasperski, J. mudzki, G. Chladek, Denture foundation 
tissues loading criteria in evaluation of dentures wearing 
characteristics, Journal of Achievements in Materials and 
Manufacturing Engineering 43/1 (2010) 324-332. 

[5] B.N.J. Person, Sliding friction, Surface Science Reports,  
33 (1999) 83-119. 

[6] B.N.J. Person, O. Albohr, F. Mancosu, On the nature of the 
static friction, kinetic friction and creep, Wear 254 (2003) 
835-851. 

References

Acknowledgements

5.  Conclusions

http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org
http://www.archivesmse.org


14 14 READING DIRECT: www.archivesmse.org
 

[7] B.N.J. Persson, On the theory of rubber friction, Surface 
Science 401/3 (1998) 445-454. 

[8] M. Quirynen, M. Marechal, H.J. Busscher, The influence of 
surface free-energy on planimetric plaque growth in man, 
Journal of Dental Research 68 (1989) 796-799. 

[9] Y. Kasuga, N. Akiba, S. Minakuchi, Development of soft 
denture lining materials containing fluorinated monomers, 
Nihon Hotetsu Shika Gakkai Zasshi 52/2 (2008) 183-8. 

[10] J. mudzki, G. Chladek, J. Kasperski, Single implant-
retained dentures, loading of various attachment types under 
oblique occlusal forces, Journal of Mechanics in Medicine 
and Biology 12/5 (2012) 1250087.  

[11] J. mudzki, W. Chladek, J. Krukowska, Loading of 
overdenture attachments under simulated biting forces, 
Archives of Materials Science and Engineering 32/1 (2008) 
33-36. 

[12] J. mudzki, W. Chladek, J. Krukowska, Effort changes of 
lower complete denture material caused by relining, 
Archives of Materials Science and Engineering 31/2 (2008) 
79-82.  

[13] J. mudzki, W. Chladek, J. Krukowska, Attachments of 
implant retained tissue supported denture under biting 
forces, Archives of Computational Materials Science and 
Surface Engineering 1/1 (2009) 13-20.  

[14] M. Wrzu -Wieli ski, W. Chladek, J. mudzki, G. Chladek, 
Mechanical properties Biomaterials Overdenture Implant 
Attachment, Journal of Achievements in Materials and 
Manufacturing Engineering 43/1 (2010) 205-213. 

[15] M. Wrzu -Wieli ski, An attempt to use dental silicones for 
direct attachment overdentures, PhD Thesis, Medical 
University of odz, 2009. 

[16] D.R. Burns, D.A. Bruns, G.J. Dipietro, R.L, Gregory. 
Response of processed resilient denture liners to Candida 

albicans, Journal of Prosthetic Dentistry 57/4 (1987)  
507-512. 

[17] H. Nikawa, J. Chen, T. Hamada, Interactions between 
thermal cycled resilient denture lining materials, salivary 
and serum pellicles and Candida albicans in vitro, Part II. 
Effects on fungal colonization, Journal of Oral 
Rehabilitation 27/2 (2000) 124-130. 

[18] M.M. Mutluay, S. Oguz, F. Fløystrand, A prospective study 
on the clinical performance of polysiloxane soft liners, one-
year results, Dental Materials Journal 27/3 (2008) 440-447.  

[19] C. Fan, L. Chu, H.R. Rawls, Development of an 
antimicrobial resin - a pilot study, Dental Materials 
27/4 (2011) 322-328. 

[20] K.Y. Nam, In vitro antimicrobial effect of the tissue 
conditioner containing silver nanoparticles, Journal of 
Advanced Prosthodontics 3/1 (2011) 20-24. 

[21] G. Chladek, A. Mertas, I. Barszczewska-Rybarek, 
Antifungal Activity of Denture Soft Lining Material 
Modified by Silver Nanoparticles-A Pilot Study, 
International Journal of Molecular Sciences 12/7 (2011) 
4735-4744. 

[22] G. Chladek, J. Kasperski, I. Barszczewska-Rybarek,  
J. mudzki, Sorption, Solubility, Bond Strength and 
Hardness of Denture Soft Lining Incorporated with Silver 
Nanoparticles, International Journal of Molecular Sciences 
14/1 (2013) 563-574. 

[23] W. Chladek, E. Hadasik, G. Chladek, Influence of surface 
modification on friction coefficient of the titanium-
elastomer couple, Acta of Bioengineering and Biomechanics 
9/2 (2007) 17-25. 

[24] S. Pavan, P.H. dos Santos, J.N. Filho, D.M. Spolidorio, 
Colonisation of soft lining materials by micro-organisms. 
Gerodontology 27 (2010) 211-216. 

 

http://www.readingdirect.org
http://www.readingdirect.org

