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PURPOSE. This in vitro study intended to investigate the mechanical and thermal characteristics of Valplast, and 
of polymethyl methacrylate denture base resin in which different esthetic fibers (E-glass, nylon 6 or nylon 6.6) 
were added. MATERIALS AND METHODS. Five groups were formed: control (PMMA), PMMA-E glass, PMMA-
nylon 6, PMMA-nylon 6.6 and Valplast resin. For the transverse strength test the specimens were prepared in 
accordance with ANSI/ADA specification No.12, and for the impact test ASTM D-256 standard were used. With 
the intent to evaluate the properties of transverse strength, the three-point bending (n=7) test instrument (Lloyd 
NK5, Lloyd Instruments Ltd, Fareham Hampshire, UK) was used at 5 mm/min. A Dynatup 9250 HV (Instron, UK) 
device was employed for the impact strength (n=7). All of the resin samples were tested by using thermo-mecha-
nical analysis (Shimadzu TMA 50, Shimadzu, Japan). The data were analyzed by Kruskal-Wallis and Tukey tests 
for pairwise comparisons of the groups at the 0.05 level of significance. RESULTS. In all mechanical tests, the 
highest values were observed in Valplast group (transverse strength: 117.22 ± 37.80 MPa, maximum deflection: 
27.55 ± 1.48 mm, impact strength: 0.76 ± 0.03 kN). Upon examining the thermo-mechanical analysis data, it 
was seen that the E value of the control sample was 8.08 MPa, higher than that of the all other samples. 
CONCLUSION. Although Valplast denture material has good mechanical strength, its elastic modulus is not high 
enough to meet the standard of PMMA materials. [ J Adv Prosthodont 2013;5:153-60]
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INTRODUCTION

Polymethy methacrylate (PMMA) resin, widely used in den-
ture base, has lots of  advantageous properties: it is easy to 
apply and to repair, its low cost, acceptability by most of  
the patients, stability in the oral cavity, and aesthetical prop-
erties. Its mechanical feature, however, is far from the ideal 

because it has weak flexural and impact strength and low 
fatigue resistance. These often lead to denture failure dur-
ing chewing or when it is dropped.1-4 There has been ongo-
ing effort to enhance the strength and fatigue resistance of  
PMMA. These efforts can be listed as: (1) reinforcement of  
denture materials with the addition of  filling materials,1,5,6 
(2) altering the chemistry of  PMMA resin materials and (3) 
manufacturing alternative denture base materials.5,7

Fiber-reinforced resin seemed to be the best option. 
With choices ranging from carbon, aramid, rayon, E-glass 
and nylon fibers as resin strengtheners, favourable result on 
impact and transverse strength properties of  PMMA resin 
have been reported and discussed in detail.5,6,8-11 There are a 
number of  the studies focusing on the effect of  glass fibers 
on the mechanica l qual i t ies of  PMMA res in . 3,5 ,6 ,10 
Reinforcement of  the resin has been achieved in clinical 
environment with good strength results, and glass fibers 
were regarded to be esthetically fit for this purpose.4-6,11-13 
Nevertheless, there is progressing search for alternative res-
in materials with better mechanical strength than PMMA.7,14 
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Alternative polymer systems to PMMA, such as polyamide, 
epoxy, polystyrene, or vinyl acrylic resins, have also been 
tried. However, the desired denture base material has not 
been developed yet.4,15

Polyamides, known as ‘nylon’ are thermoplastic poly-
mers produced by condensation between a diamine and a 
dibasic acid.7 In a number of  studies polyamide was used as 
a denture base polymer in 1950s.16 It was reported that 
nylon was not found to be doing well for denture construc-
tion owing to discoloration tendency and high water 
absorption. Hence, nylon denture was not suitable for com-
mon use. It was especially used in exceptional cases like 
repeated denture fracture and for patients with tissue aller-
gies against acrylic denture base or denture fractures.14

Denture base resins could be subjected to varying 
degrees of  temperatures in the mouth during foods intake, 
cleaning, or particularly during smoothing and polishing 
processes at the manufacturing stage. Therefore, it is signif-
icant to know the mechanical properties and the stability of  
the resin material composition against heat.17 For the den-
ture base resin materials, widely performed techniques have 
been differential scanning calorimetry (DSC), dynamic 
mechanical thermal analysis (DMTA), and thermal mechan-
ical analysis (TMA).18 Among these methods, TMA has 
been known to be the most important method because it 
yields reproducible data for the vitreous transition tempera-
ture, coefficient of  thermal elongation, and modulus of  
elasticity.18-20

In the present study, a mechanical and thermal proper-
ties comparison were made between the polyamide based 
denture base material (Valplast International Corp, USA), as 
an alternative to poly methyl methacrylate resin, and this 
PMMA resin system was modified by adding aesthetic 
fibers including E-glass, Nylon 6, or Nylon 6.6 fibers. 

MATERIALS AND METHODS

Acryl ic res in (Mel iodent ; Bayer Dental , Newbury, 
Berkshire, UK), three different fibers [E-glass (KCR4, 
Nylon 6 (N6), Nylon 6.6 (N6.6), Table 1] and polyamide-
based resin system (Valplast, International Corp, USA) were 
used. The transverse and impact strength tests were per-
formed	 as	mechanical	 tests.	Five	 groups,	 (α=0.05,	 β=0.10,	
1-	 β=0.90)	 each	 consisting	 of 	 7	 specimens	 (P=.91947),	
were formed for each test. The groups formed were as fol-
lows: PMMA, three PMMA groups including KCR4, N6 or 
N6.6, and Valplast.

Transverse strength was determined by three-point 
bending test method. The specimens for this test were pre-
pared in 65 × 10 × 2.5 mm dimensions in accordance with 
ANSI/ADA specification No.12. In preparing the test 
specimens, stainless steel mould was used. The standard 
wax specimens were obtained by pouring the melted pink 
plate waxes (Modelling Wax, De Trey S.A, Bios Colombes, 
France) into the isolated mold. The prepared wax speci-
mens were taken into the mold and these wax specimens 
were removed by melting them and then the molds were 
made ready for acrylic molding. 

Fiber material was prepared as follows: each of  the 
KCR4, N6, and N6.6 fibers were trimmed in 4 mm length 
and weighed on the assay balance (Precisia ×B 220, Precisia 
Instruments Ltd. Switzerland). The fiber specimens were 
added to the polymer powder randomly in a ratio of  3% by 
weight. 

Acrylic resin specimens were prepared with or without 
fiber at a powder/liquid ratio of  2.34 g/mL in accordance 
with the manufacturer’s instructions. After 1 minute mixing 
and following a dough time of  6 min, the acrylic resin was 
molded into the moulds which had been prepared in 
advance. After the molding procedure was executed, 5 min-
utes pressure was applied onto the molds under a hydraulic 
press (Rucker PHI, Birmingham, UK). The molds were 
then transferred into a 70℃ water-bath for 1 h, and after 
that, the polymerization action was performed immediately 
by keeping them in the boiling water for 30 minutes. 
Heated cartridges were used for the polymerization of  
Valplast specimens. The cartridges were heated under vacu-
um in a heating furnace by incubation for 11 minutes at 
287℃, and the specimens were injected into the cartridges 
by using an injector (Valplast, International Corp, USA). 
When polymerization is completed, the flasks were left to 
cool at ambient temperature prior to being opened. 
Deflasked specimens were polished by hand with a 600 grit 
water-proof  silicon carbide paper under tap water.

Transverse strength was determined by the three-point 
flexure test in a computer-aided universal test device (Lloyd 
NK5, Lloyd Instruments Ltd., Fareham Hampshire, UK). 
The specimens were placed on supports, located by 50 mm 
intervals, and a 5 mm/min cracking speed was applied. This 
amount of  speed is enough to crack the specimens. The 
degree of  bending before the cracking occurred was 
recorded (Nexygen, Lloyd Instruments Ltd., Fareham, 
Hampshire, UK). 

Transverse strength values were calculated in N/mm2 
(MPa) by using the following formula: 

Ts =	3Fl	/2bd
2,

where Ts =	Transverse	Strength	 (N/mm
2);	F	=	Applied	

Load	 (N);	 l	 =	Distance	 between	 supports	 (mm);	 b	=	
Specimen	width	(mm);	d	=	specimen	thickness	(mm).	

The specimens for the impact strength test were 
obtained in accordance with ASTM D256 standards, and 
prepared in metal moulds in 55 × 10 × 10 mm dimensions. 
The specimens had a V-shaped notch in the middle, with 2 
mm width and 2.54 mm depth. The specimens were also 

Table 1.  Fiber types used 

Type Manufacturer Color Code 

E-glass Cam Elyaf Sanayii, Kocaeli, Turkey White KCR4

Nylon 6 Kordsa, Kocaeli, Turkey White N6

Nylon 6.6 Kordsa, Kocaeli, Turkey White N6.6
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siliconized (Imprex putty, Arma, Turkey). Polymerization 
procedures were kept identical, as described previously. 
When polymerization is completed, the flasks were left to 
cool at ambient temperature prior to being opened. 
Deflasked specimens were manually polished as described 
above. Impact strength was determined in a Charpy type 
impact test device (Dynatup 9250HV, Instron, UK). A drop 
weight of  7.3 kg (which was equivalent to 12 J energy) was 
applied to the specimens on the unnotched side.

TMA test samples were prepared at 20 × 5 × 1 mm 
dimensions as recommended by the manufacturer of  the 
instrument (Shimadzu TMA 50, Shimadzu, Japan). Curves 
demonstrating changes in thermal-mechanical properties 
with temperature were obtained by using the values pro-
duced by the TMA instrument. The stress-strain curves 
were obtained under nitrogen atmosphere at a heating rate 
of  10℃min-1 and at a loading rate of  5 gmin-1. LogE, 
Strain-temperature curves were obtained through reading 
every one of  the temperature points, and modulus of  elas-
ticity (E) values for each sample on the recorded graphs. 
These curves were used in determining the thermo-
mechanical parameters, modulus of  elasticity (E), coeffi-
cient	of 	thermal	elongation	(α)	and	vitreous	transition	(Tg) 
values.

After the data collection, mean value and standard devi-
ation were assessed with a SPSS statistical software pro-
gram (14.0 version, SPSS Inc., Chicogo, IL, USA). Data 
were then analyzed with Kruskal-Wallis and Tukey tests for 
pairwise comparisons of  the groups at the 0.05 level of  sig-
nificance.

After application of  the transverse test to all the speci-
men groups, the fractured surfaces were examined under 
SEM. In the specimens whose acrylic part was broken and 
where the fiber showed continuity, the exposed parts of  the 
fiber were cut, and 2 mm sections were obtained by using a 
water-cooled sectioning device (Buehler Isomed, Low 
Speed Saw, USA). The section specimens were then made 
conductive under the vacuum of  4 × 10-2 mbar in a Polaron 

SC7620 Sputter Coater device by coating with Au-Pd for 15 
seconds (3 Angstrom coating per second, in total 45 
Angstrom). The interface of  fiber-resin was visualized by 
surface scanning electron microscope (LEO 440 Scanning 
Electron Microscope, UK). 

RESULTS

The results obtained from the mechanical tests were pre-
sented in Table 2. When the values of  transverse strength, 
maximum deflection and impact strength were compared, 
the differences between the groups were found to be signif-
icant. In all the tests we carried out, the highest values were 
observed in the Valplast group. But, in the groups with 
fibre addition, though higher transvers and impact strength 
values were observed in the group with glass fibre addition, 
the value of  maximum deflection was found to be the high-
est in the group with nylon 6.6 fibre addition. But, there are 
no statistical differences.

TMA analysis data are given in Table 3. Valplast material 
group had the highest mechanical resistance values (Fig. 1). 
Modulus of  elasticity (E) values was obtained from the cur-
vatures of  the original linear sections of  the stress-strain 
curves. Likewise, the coefficient of  thermal elongation val-
ues	 (α)	were	 acquired	 from	 the	 original	 linear	 sections	 of 	
the temperature-strain curves (Fig. 2). And the vitreous 
transition temperature (Tg) values were obtained using the 
instant drop regions of  the temperature-logE curves (Fig. 
3). single climax observed in the thermo-mechanical curves, 
and thermo-mechanical parameters (Table 3) of  the sam-
ples could be taken as an indication that the used fibers 
were compatible with the PMMA resin. 

Structural images of  the specimens were obtained by 
using a surface scanning electron microscope. The assess-
ments in fiber-added specimens were made in terms of  
fiber-resin connection and fiber distribution (Fig. 4, 5, 6 
and 7). It was evident on the images that both the control 
group (Fig. 4A) and the Valplast group displayed a smooth-

Table 2.  Results of transverse bend and impact tests

Groups
Transverse strength (MPa) Maximum deflection (mm) Impact strength (kN)

Mean ± SD Mean ± SD Mean ± SD

PMMA 92.00 ± 11.13 4.04 ± 0.59e 0.44 ± 0.15f

KCR4 108.54 ± 10.33 3.50 ± 0.35d 0.61 ± 0.13

N6 92.72 ± 11.36 3.60 ± 0.39c 0.45 ± 0.15g

N6.6 83.36 ± 4.25a 4.10 ± 0.37b 0.44 ± 0.13h

Valplast 117.22 ± 37.80a 27.55 ± 1.48b,c,d,e 0.76 ± 0.03f,g,h

KW = 13.81 KW = 21.72 KW = 17.49

P=.008 P=.001 P=.002

P<.05 P<.05 P<.05

n=7
*Same superscripts indicate significant differences.

Mechanical and thermal properties of polyamide versus reinforced PMMA denture base materials
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er and more compact structure than other specimen groups 
(Fig. 4B). In the KCR4 fiber specimens group, it was 
observed that the glass fibers formed bunch-shaped struc-
tures inside the resin matrix together with adhesion of  
acrylic resin. Some pores could also be seen that might have 
resulted from disintegrations from the resin matrix (Fig. 5). 
In the fiber specimens to which N6.6 and N6 were added, 
no interfacial adhesion with the resin was observed, and 
some cavities appeared to have formed on the interface 
with the resin matrix. This observation could indicate that 
some flexions might have occurred on these fibers before 
fracturing (Fig. 6 and 7). 

Table 3.  Thermo-mechanical parameters of all sample resin groups

Samples Ex103 (MPa) Tg (℃) α (℃-1) Stress* (MPa) Strain* (%)

PMMA 8.08 105 2.58 2.4 239

PMMA + KCR4 7.05 108 2.69 2.7 267

PMMA + N6 8.01 107 4.01 2.5 458

PMMA + N6.6 7.91 112 2.97 2.4 271

Valplast 5.06 130 4.04 3.2 550

*Stress and strain values without deformation. 
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Fig. 1.  Stress-strain curves of the resin sample groups.

Fig. 2.  Strain-temperature curves of the resin sample 
groups.
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DISCUSSION

For the determination of  mechanical properties of  denture 
base resins, the transverse strength, impact strength tests 
and thermo-mechanical tests are often applied.1,3,5,8,21 These 
tests have been accepted as the most similar forces to the 
ones which are naturally applied to the oral denture.21 It has 
been reported that the mechanical strength in the PMMA 
composite structure, strengthened with fibers, involved 
many factors such as the type, distribution, quantity and 
matrix connection of  the fiber.4,22,23 Information available in 
the literature on the impact of  the quantity of  fiber, added 
into the polymer matrix, on the composite structure has 
been somewhat controversial.2,22,24 In a study, for example, it 
has been reported that adding glass fiber to the heat-polym-
erized acrylic resin, in a ratio of  58% by weight, increased 
the transverse strength by 146% in comparison with that of  
group reinforced with glass fiber,22 whereas in another 
study it has been indicated that the addition of  6 mm poly-
ethylene fiber beyond 3%, did not cause any improvement 
in the impact strength and that fiber concentration above 
4% resulted in dry and fragile dough.24

Fig. 7.  N6 fiber-added specimen (original mag-
nifications ×300).

A B

Fig. 4.  A: PMMA specimen without fiber (original magnifications ×100), B: Valplast specimen    (ori-
ginal magnifications ×100).

Fig. 5.  KCR4 fiber-added specimen (original 
magnifications ×3,000).

Fig. 6.  N6.6 fiber-added specimen (original 
magnifications ×100).

Mechanical and thermal properties of polyamide versus reinforced PMMA denture base materials
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The length of  fiber used in the reinforcement might 
also be important. For example, it has been reported in a 
study that the addition of  short E-glass fiber to the acrylic 
resin increased the transverse strength of  the composite 
resin.1 In another study it has been shown transverse 
strength of  insignificant difference by adding 2, 4 and 6 
mm long fibers.8 Guided by these previous studies, in the 
present study, the fibers used were prepared in 4 mm 
lengths and added randomly into the PMMA powder at 3% 
concentration.

The transverse strength of  acrylic resin, formed by add-
ing E-glass, aramid and nylon fibers in 5 mm length and in 
the ratio of  2% by weight, has been shown to have 
increased in comparison with the control group.25 In anoth-
er study it has been reported that the addition of  E-glass, 
rayon, polyester, Nylon 6 and 6.6 fibers into PMMA in the 
ratio of  3% and in different lengths, increased the trans-
verse strength, but only the nylon 6.6 fiber used in 6 mm 
length improved the transverse strength.26 

After testing the strength of  conventional and the poly-
amide denture base materials, it has been reported that the 
polyamide based denture base material had the most flexi-
bility and no fracture occurred during the loading process.27 
Results of  the transverse test performed in the present 
study indicated Valplast had the highest transverse strength 
(117.22 ± 37.80 MPa), and no fracture was observed in 
these specimens. Non-breakability has been reported7,28 but 
some differences in the data that could result from different 
test conditions were evidenced. Polyamides are polymers 
containing amide bands C(O)-NH in their main chain. 
These show a strong tendency to crystallize, which is addi-
tionally strengthened by the formation of  hydrogen bonds 
between the oxygen and nitrogen atoms of  two various 
amide groups. These bonds give the polyamide hardness 
and stiffness.29 

The fiber composition of  E-glass includes 55% SiO2, 
22% CaO, 15% Al2O3, 6% B2O3, 0,5% MgO, < 1.0% Fe + 
Na + K (manufacturer’s information). It has been 
expressed that the E-glass fiber had a high transverse 
strength as it contains high alumina and low alkali and 
borosilicate. Additionally, as the modulus of  elasticity of  
glass fibers is fairly high, most of  the stresses could be 
received by them without causing any deformation.25,26 In 
the present study, it was shown that although there was no 
statistical difference between the fiber-added groups, the 
highest value (108.54 ± 10.33 MPa) was observed in the 
KCR4-added group. One of  the reasons for this finding 
might be that glass fiber naturally has high transverse 
strength and its adhesion (Fig. 5) to PMMA also increases 
the bending strength of  the overall structure. 

The lowest transverse strength value (83.36 ± 4.25 MPa) 
was observed in the N6.6 fiber-added groups. As can be 
seen in the SEM images (Fig. 7), the N6.6 fibers did not 
appear to have adhered to the resin matrix, this might result 
from some residual oil left in the fiber material during its 
manufacture process. Although N6.6 fiber did not increase 
transverse strength, it yielded the highest maximum deflex-

ion value (4.10 ± 0.37 mm) among fiber added groups. Our 
findings appeared to be in good agreement with those of  
Doğan	et al.26

Many researchers have used the impact strength tests in 
order to evaluate the denture base materialsor to determine 
the effects of  environmental conditions and continuous, 
trimmed fibers. This test has also been used for the com-
parison of  different denture base resins. The impact 
strength is not the real property of  a material because the 
dimension of  the specimen is dependent on the factors 
such as the existence and dept of  the notches, the loading 
configuration and the speed of  impact. The frenulum areas 
damaging the integrity of  acrylic dentures are the ones 
where the stress concentration is high. In order to stimulate 
this, the specimens of  impact test are prepared in notches.30 
In our study, we also prepared the specimens of  impact test 
according to the Charpy test method. 

In the present study, it was observed that the values of  
maximum impact strength were the highest in the Valplast 
group (0.76 ± 0.03 kN), and it was much higher than those 
of  the other groups. This could be attributed to the chemi-
cal structure properties of  Valplast, enabling it to better 
absorb forces, which is different from those of  PMMA. 
Although the value of  impact strength of  KCR4-added 
specimens was not statistically significant, it was higher 
than the other fiber-added groups. Furthermore, when 
compared to the control group, the values of  impact 
strength of  all fiber-added groups appeared to be statistical-
ly significant. In literatures, there have been similar find-
ings.5,27,31 

It is expressed that the distribution of  fibers inside the 
matrix might affect the mechanical strength.5 In the SEM 
images, it can be seen that the distribution of  nylon-based 
fibers inside the resin matrix is more regular when com-
pared with KCR4 group. Obviously there must be a differ-
ence between the bending modulus values of  bunched- and 
single fiber.5

Upon examining the thermo-mechanical analysis data, it 
could be seen that the E value of  the control sample 8.08 
MPa, higher than that of  the all other samples. On the oth-
er	 hand,	 the	 control	 samples	 produced	 the	 lowest	 α	 value	
of  only 2.58℃-1. Control group also yielded the lowest 
stress and strain values, 2.4 MPa and 239, respectively. It 
could also be seen that Valplast resin specimens yielded the 
lowest E value, 5.06. This was followed by that of  glass 
fiber added specimens. On the other hand, Valplast resin 
maintained its structure at 3.2 MPa stress and yielded a 
strain value of  550. These findings indicate that the 
Valplast material possessed both harder and flexible prop-
erties together when compared to the other groups. High 
mechanical strength of  the Valplast specimens could also 
mean that they would have much lower fatigue values at the 
maximum loading conditions. In this study, the vitreous 
transition temperature values increased upon addition of  
fiber to PMMA, and the vitreous transition temperature 
was also found to be satisfactory in all sample groups from 
a clinical perspective. Here, it would also be worth men-
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tioning that Valplast resin yielded the highest vitreous tran-
sition temperature, 130℃. 

In this study, the modulus of  elasticity of  Valplast was 
found to be lower than those of  other sample groups. 
Here, Valplast probably provided the polyamide based 
structure with more flexibility. Therefore, it might be possi-
ble to suggest that the added fibers reduced the modulus of  
elasticity values of  PMMA, thus improving its elastic prop-
erties and that the fibers used were compatible with the 
structure of  the acrylic resin. In a study on how the addi-
tion of  fiber affects the elastic modules of  PMMA, it is 
reported that the modules of  composite structures may 
vary according to the characteristics of  the fibres.32 This 
finding conforms with the outcomes of  our study.

The coefficient of  thermal elongation values of  the 
samples prepared in this study were obtained by using the 
original linear sections of  the temperature-strain curves. 
Alpha values of  all of  the examined sample groups were 
found to be higher than those of  the control group. 
Amongst all the fiber-added sample groups, nylon 6 fiber 
containing	specimens	yielded	the	highest	α	values,	and	these	
were followed by the nylon 6.6 fiber containing samples. 
Glass added specimens on the other hand produced the 
lowest	 α	 values.	These	 results	 together	 could	 indicate	 that	
differences observed in the coefficient of  thermal elonga-
tion values resulted mainly from the differences in the struc-
tural propertied of  the fibers used. One study found in the 
literature has reported that different materials could yield 
similar thermal elongation values but materials and tech-
niques in this study differ significantly from ours.33 To sum 
up, the Valplast sample group yielded the lowest E value 
and highest strain value under maximum loading conditions.

Limitations of  the present in vitro study must be men-
tioned. Although Valplast displayed better mechanical prop-
erties, it requires relevant clinical investigations. 

CONCLUSION

We can induce the following conclusions by taking the 
results obtained from the present study: 

Valplast denture base resin produced higher transverse 
strength values than those of  the control and the fiber-add-
ed groups. This also displayed the highest energy absorp-
tion capacity. 

Thermo-mechanical test results showed that Valplast 
and nylon 6.6 added specimens displayed better vitreous 
transition temperatures. Specimen groups produced higher 
coefficient of  thermal elongation values than control 
PMMA samples. The modulus of  elasticity values of  all 
sample groups were lower than that of  the control group, 
therefore added fibers enhanced the structural elasticity of  
PMMA. 

While some adhesion was observed between the KCR4 
fiber and the matrix in terms of  the interface connection 
of  fiber/resin matrix, no adhesion seemed to have occurred 
on the interface between other fibers and the matrix.
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