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 Abstract 

 Mechanical properties of materials are necessary to be considered in manufacturing denture 
base. Some parameters of mechanical properties are modulus of elasticity and surface hardness, 
which can be the factors that affect the resistance of a denture.  

PMMA (Huge) and thermoplastic nylon (Bio-Tone, Vertex thermosens and TCS) denture base 
materials with the size 64x10x3.3 mm3 for the modulus of elasticity (n=6) and 10x10x3 mm3 for 
surface hardness (n=6) were evaluated. The modulus of elasticity was measured by using 
Universal Testing Machine and surface hardness was measured by using Vickers Hardness 
Testing Machine. Data were statistically analyzed with one-way ANOVA test and followed by 
Tukey’s post hoc test (P<.05). Pearson correlation test was used to found correlation between 
modulus of elasticity and surface hardness (P>.01).  

Based on the one-way ANOVA test there was significant difference of modulus of elasticity 
between PMMA and thermoplastic nylon, and there was significant difference of surface hardness 
between PMMA and thermoplastic nylon as well. The Pearson correlation test showed a positive 
correlation between modulus of elasticity and surface hardness.  

PMMA showed higher modulus of elasticity and higher surface hardness than thermoplastic 
nylon. A positive correlation was found between modulus of elasticity and surface hardness. 
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 Introduction 
 

Denture base is a part of a denture which 
rests on the soft tissue and to which teeth are 
attached.1 Polymethylmethacrylate (PMMA) has 
been used as a denture base material in dentistry 
since 1937, and became the major denture base 
to be used.2,3 PMMA is a thermoset polymer 
which contains cross-linking agent, and this 
polymer do not undergo softening upon heating.4 
The cross-linking agent could increase the 
modulus of elasticity and the surface hardness of 
a material.5,6 The advantages of PMMA i.e., good 
aesthetics as it can mimic the colour of the 
gingiva, good dimensional stability and excellent 
adhesion to artificial teeth.7 However, PMMA 
have disadvantages, i.e., high probability of 
fracture, high water absorption, allergic reaction 

caused by residual monomer, poor resistance to 
fatigue fracture, low impact strength, 
hypersensitivity and mucosal irritation, and if 
denture or fragment swallows or inhales it is 
difficult to detect by using simple radiological 
techniques.8,9,10  

In 1956, thermoplastic nylon was 
developed and used as a denture base 
material.11 Thermoplastic nylon  denture base 
material have advantages including higher 
elasticity than PMMA, and safety for patient with 
resin monomer and metal allergy.12 Therefore, 
thermoplastic nylon denture base material could 
be a useful alternative to PMMA in special 
circumstances.13 Thermoplastic nylon has a wide 
variety of material modifications, such as 
polyamide 12 and polyamide microcrystalline.14 

Polyamide 12 developed from polylaurolactam 
whereas polyamide microcrystalline is made from 
high-level microcrystalline.14 Polyamide 
microcrystalline material represents the next 
generation that can overcome some polyamide 
12 deficiencies.15 
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Modulus of elasticity and surface 
hardness are the two essential parameters of 
structural materials and the correlations between 
them are of keen interest to material 
scientists.16,17,18 The Microhardness test was 
used to measure the surface hardness in this 
study. Microhardness is regularly used to predict 
the degree of conversion of the polymer 
materials due to the strong relation between 
hardness value and the percentage of 
polymerization degree.19 Modulus of elasticity 
and surface hardness may affect the wear 
resistance. It was found that thermoplastic resin 
with low modulus of elasticity and nanohardness 
was easily worn under the wear scratch test.20 

Nowadays, a wide variety of dental 
materials have been found in the market and 
there is a lack of study of thermoplastic nylon. 
Therefore, the purposes of the present study 
were to compare the difference of modulus of 
elasticity and surface hardness of PMMA and 
thermoplastic nylon denture base materials and 
to found the correlation between modulus of 
elasticity and surface hardness of PMMA and 
thermoplastic nylon denture base materials. The 
null hypotheses were that there would be no 
difference of modulus of elasticity and surface 
hardness of acrylic resin and thermoplastic nylon 
denture base materials, and there would be no 
correlation of modulus of elasticity and surface 
hardness. 
 

Materials and methods 
 

Three thermoplastic nylon denture base 
materials (TCS, Bio-Tone and Vertex 
Thermosens) and one PMMA (Huge) were 
selected for this present study (table 1).  

The specimens for modulus elasticity test 
were 64x10x3.3 mm3 (n=6) according to 
International Organization for Standard (ISO) 
20795-1:2013, and the specimens for surface 
hardness test were 10x10x3 mm3 (n=6).  

Each specimen was polished with SiC 
abrasive paper grit size 340, 500, 800, 1200 
using rotary grinder machine (Metaserv 3000, 
Buehler Ltd, USA) under constant water irrigation. 
The specimens were stored in distilled water at 
370C for 24 hours before testing. 

 

Table 1.Denture base materials used in the 
present study. 
  

Modulus of Elasticity 
The modulus of elasticity test was 

performed with Universal Testing Machine (RTF-
1350, Tensilon., Japan). A continuous load was 
applied on the center of the specimen until it 
reached maximum load (Figure 1). The loading 
speed was 5 mm/min.  
 The modulus of elasticity (MPa) was 
calculated according to the following formula: 21 

 
E=L3m/4bd3 

 
 Where, E=Elastic modulus (MPa), L=the 
length of the support span (50 mm), m=the slope 
of the modulus line (N/mm), b=the width of the 
specimen (mm), and d=the height of the 
specimen (mm). 
 

 
Figure 1. Three point bending test of modulus of 

elasticity. 
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 Surface Hardness 
 The surface hardness test was performed 
with Micro Vickers Hardness Testing Machine 
(FM-800 FMS8133, Future-Tech Corp., Japan). 
The load was applied to the surface of each 
specimen by diagonal tip at 100 gf for 30 
seconds (Figure 2). Then, the diagonal curves 
that remain after load removal were measured by 
microscope.   
 

 
Figure 2. Surface hardness test. 

 
 The surface hardness (HV) was 
calculated according to the following formula: 22 

HV= 1854,4 x P/d2 
Where, HV=Surface hardness, P=force (gf), and 
d=mean diagonal length of the indentation (μm)  
 Modulus of elasticity and surface 
hardness data were analyzed by using one-way 
ANOVA (P<0.05). Pearson correlation test was 
used to analyze the correlation of modulus of 
elasticity and surface hardness (P>.01).  
 

Results 

 
 Modulus of elasticity 
 The results shown in Table 2 indicated 
that the highest modulus of elasticity 
(2508.62±114.92 MPa) was in PMMA and the 
lowest modulus of elasticity (733.58±8.14 MPa) 
was in TCS. The results of the one-way ANOVA 
shown in Table 2 indicated a significant 
difference among the denture base materials in 
modulus of elasticity between PMMA and 

thermoplastic nylon (P=.001). However, among 
the nylon thermoplastic denture base materials, 
TCS has a significant difference with Bio-Tone 
and Vertex Thermosens (P=.001), but there was 
no significant difference between Bio-Tone and 
Vertex Thermosens (P=,566). The differences of 

modulus of elasticity between PMMA (Huge) and 
thermoplastic nylon TCS, Bio-Tone and Vertex 
Thermosens are shown in Figure 3. 
 

 
Table 2. Mean and standard deviation of 

modulus of elasticity and surface hardness test of 
each denture base materials and its p value. 
 

 
Figure 3. Mean and standard of deviatiation of 

modulus of elasticity (MPa) between each 
denture base materials (different letters between 
groups indicate significant differences). 
 
 Surface Hardness 

 The results shown in Table 2, indicated 
that the highest surface hardness (16.93±0.05 
HV) was in PMMA and the lowest surface 
hardness (6.47±0.26 HV) was in TCS. The 
results of the one-way ANOVA shown in Table 2 
indicated significant differences among the 
denture base materials in surface hardness 
between PMMA and thermoplastic nylon denture 
base materials (P=.001). The differences of 

surface hardness between PMMA (Huge) and 
thermoplastic nylon TCS, Bio-Tone and Vertex 
Thermosens are shown in Figure 4. 
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Correlation between Modulus of Elasticity 
and Surface Hardness 

 The Pearson correlation indicated 
significant correlation between modulus of 
elasticity and surface hardness (P=.964). The 

higher modulus of elasticity, the higher surface 
hardness was (Table 3). 
 

 
Figure 4. Mean and standard of deviatiation of 
surface hardness (HV) between each denture 
base materials (different letters between groups 
indicate significant differences). 
 

 
Table 3. Pearson correlation test result of 

modulus of elasticity and surface hardness. 
 
 Discussion 
 

 The null hypotheses of this present study 
was rejected since there were significant 
differences of modulus of elasticity and surface 
hardness of acrylic resin and thermoplastic nylon 
denture base materials, and there was a positive 
correlation between modulus of elasticity and 
surface hardness. 
 
  Modulus of Elasticity 

In this present study, the highest modulus 
of elasticity was observed in PMMA denture base 
material, which corresponded to the previous 
study.20 Cross-linking agent in PMMA lead to 
interlinking the polymer chains covalently where 
primary linkages occur between chains and the 
polymer actually becomes a single giant 
macromolecule.4 Cross-linking agent material 

commonly used in PMMA is glycol 
dimethacrylate. If sufficient glycol dimethacrylate 
is included in the mixture, several 
interconnections can be formed and solvent 
swelling may occur. These interconnections yield 
a netlike structure that provides resistance to 
deformation. Cross-linking agents are 
incorporated into the liquid component at a 
concentration of 1% to 2% by volume.12 The 
denture base material which contain  cross-
linking agent will have outstanding mechanical 
properties as high modulus of elasticity, stiffness, 
and good abrasion resistance.6  

Thermoplastic nylon groups have lower 
modulus of elasticity, which were in line to the 
previous study.17 Thermoplastic nylon is a 
crystalline polymer, where the material with high 
degree of crystalline will produce an atomic 
arrangement that is regular, strong and stiff. 12, 14 
Polyamide microcrystalline has more degree of 
crystalline than polyamide 12.14 Therefore, 
polyamide microcrystalline is more rigid than 
polyamide 12.14 Polyamide 12 has low modulus 
of elasticity means that the denture is lacking in 
rigidity.15 However, it can be improved by using it 
in combination with metal frame to expand its 
indication.15 

 
 Surface Hardness 

Surface hardness is an important property 
on denture base material which refers to 
resistance of material to occlusal forces, 
scratching and abrasion.2 In the present study, 
the highest surface hardness was observed in 
PMMA denture base material, which was similar 
to the previous studies.2,5,10,20 This results were 
caused by high monomer-polymer ratio, 
presences of methyl-methacrylate monomer and 
cross-linking agent.10 The cross-linking agent 
(glycol dimethacrylate) can increased surface 
hardness and reduced water sorption in denture 
base material.5 Thermoplastic nylon are made of 
linear chain, that are hexamethylenadiamine and 
carboxylic acid forming polyamide bonds, these 
linear bonds are not resistance enough to solvent 
and cause low resistance to surface pressure.10 

The degree of crystalline in thermoplastic nylon 
also affects the surface hardness, rigidity and 
resistance to abrasion.13 Polyamide 
microcrystalline has higher surface hardness 
than polyamide 12, because polyamide 
microcrystalline has more degree of crystalline 
than polyamide 12.14 
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 Correlation between Modulus of Elasticity 
and Surface Hardness 

A positive correlation between modulus of 
elasticity and surface hardness was observed in 
this present study. The higher modulus of 
elasticity, the higher surface hardness was. 
Modulus of elasticity considered to  increase 
surface hardness, but not all studies were in line 
with this statement.16,17 Modulus of elasticity and 
surface hardness was claimed can affect the 
wear resistance of denture.20 Several authors 
have reported positive correlation between 
modulus of elasticity and surface hardness.20 
However, modulus of elasticity cannot fully 
describe surface hardness of a material.20 
Surface hardness is a complex parameter which 
involves the elasticity and plasticity and affected 
by both intrinsic and extrinsic properties of the 
material.18 The material is considered to be rigid 
if it reject plastic deformation.18 The more rigid a 
material, the smaller or no plastic deformation will 
be.18 

The limitations of the present study were 
that modulus of elasticity and surface hardness 
was evaluated only on three thermoplastic nylon 
denture base materials and without 
thermocycling procedure. Thermoplastic nylon is 
a chemical resistant material that can be easily 
modified to increase stiffness and wear 
resistance. Therefore, future studies using 
varying thermoplastic nylon materials and imitate 
the oral environment were recommended.   
 
 Conclusions 
 

Within the limitations of this study, it can 
be concluded that: 

 
1. PMMA showed significantly higher modulus of 

elasticity and surface hardness among four 
types of denture base materials (P<.05).  

2. Vertex Thermosens showed significantly 
higher modulus of elasticity and surface 
hardness among three types of thermoplastic 
nylon denture base materials (P<.05). 

3. TCS showed significantly lower modulus of 
elasticity and surface hardness among four 
types of denture base materials (P<.05).  

4. A positive correlation between modulus of 
elasticity and surface hardness was observed 
(P>.01). 
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