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Abstract

Background and Objectives: Some of the disadvantages of the heat-cured acrylic resins include high porosity, high water absorp-
tion, volume changes, and a lot of residual monomer. The development of polymer chemistry produced different kinds of materials
such as polyamide, Acetal resins, and etc. Recently, polyamide materials are widely used in the manufacture of denture base. Denture
bases made from this material are more flexible than conventional PMMA. There is a direct relationship between surface roughness
(as a result of polishing) and the retention of microbial plaque. This study compared the surface roughness of 2 polyamide materials
with a heat-cure acrylic resin.
Methods: A total of 60 wax samples (30 × 15 × 4 mm) were made. For preparation of PMMA specimens, 20 of the samples were
heated in the 165°F water bath for 9 hours. Other 40 wax samples were used for the preparation of polyamide samples (TCS and
VAL), according to the factory instructions. Polyamide samples were heated for 11 minutes at 274°C- 293°C and then, injection was
done for them. After finishing and polishing, the thickness of the samples decreased to 3 mm. Roughness was measured by a stylus
profilometer (the length of the cutoff = 0.8 mm and speed of pen movement 0.5mm/s randomly in 3 regions of each sample. The
t-test was used for a statistical analysis.
Results: There is a significant difference between surface roughness of heat-cure acrylic resin with polyamide materials (P < 0.05),
however there is no significant difference between surface roughness of 2 types of polyamide materials (P > 0.05). The surface
roughness of all specimens was higher than the threshold level (0.2 µ).
Conclusions: Due to the high surface roughness of polyamide materials, the use of polyamide materials cannot be recommended
for the construction of permanent appliance. Surface roughness of heat-cure acrylic resin of Meliodent (PMMA) was higher than
the accepted standard.
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1. Background

The introduction of acrylic resins was a big revolu-
tion in dentistry. Acrylic resins were obtained industrially
from materials that were castable, packable, or injectable
into the generator. This process occurred during the ini-
tial plastic phase, which can be polymerized by a chemi-
cal reaction. More acrylic resins are known as polymethyl
methacrylate (PMMA) (1).

Some of the disadvantages of the heat-cured acrylic
resins are high porosity, high water absorption, volume
changes, and a lot of residual monomer. The develop-
ment of polymer chemistry produced different types of
materials such as polyamide (Nylon plastics), Acetal resins

(materials with Polyoxymethylene Base), Epoxy resins,
polystyrene, polycarbonate resin, and so on. All of these
new types of resins are among thermoplastic materials.

The use of thermoplastic resins in dentistry has consid-
erably grown in the last decade. The technology of manu-
facture of these substances is on the basis of turning these
materials into plastic during the heat process (without any
chemical reaction). The ability to inject the material into a
generator has opened a new aperture in the technology of
manufacturing of partial and full dentures (1).

Acrylic resins have been widely used in dentistry, such
as the removable partial denture base, complete dentures,
overdentures on dental implants or tooth- supported, or-
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thodontic appliances, stents, and surgical guides for im-
plant placement and provisional restorations. In all of
these cases, acrylic resin should have a smooth and pol-
ished surface to make the patient comfortable and main-
tain a healthy tissue and prevent colonization of microor-
ganisms and plaque accumulation as well as the pigment.

Recently, polyamide materials are widely used in the
manufacture of denture base. Denture bases made from
this material are more flexible than conventional PMMA
(2).

Since the surface roughness and thus polishing, direct
impact on the reduction of the plaque retention (2) and
since in this context, much research has not been done, the
surface roughness of 2 types of polyamide materials from
prestigious and old brands on the market has been inves-
tigated and compared with a heat-cured acrylic resin.

2. Methods

The 60 sections of red wax (Cavex, Holland, BV) were
prepared with dimensions of 30 × 15 × 4 mm. A to-
tal of 20 of these wax samples were invested to prepare
the heat-cured acrylic samples by Stone gypsum (type III,
Kheyzaran, Isfahan, Iran).

In the standard muffle, samples were heated in a wa-
ter bath 165°F for 9 hours (3) and 40 wax samples to assist
in the preparation of polyamide samples were sprued (TCS,
TCS Partial, USA; Valplast, Valplast USA) according to the fac-
tory’s instruction. In a half of muffle, stone plaster with a
creamy consistency was poured. The sprued wax samples
were placed in plaster. The 2nd half of the muffle was put
and from its opening, the remaining space of muffle was
filled with gypsum, as well. To remove wax, samples were
placed in boiling water for half an hour. Cartridges stacked
by polyamide materials were placed in the special furnace
for 11 minutes at a temperature of 274°C - °293C and imme-
diately muffle along with cartridge was placed on the press
machine and injection was done; the clamp of the press
machine was turned until the generator was filled. Then,
the muffle was kept for 10 - 20 minutes at room tempera-
ture.

For finishing 20 samples of heat-cured acrylic resin, 1st,
the additional edges were removed using the bur machine
(Vulcanite Bur, DENTSPLY International Inc., Germany).
Polishing was done by a fluffy and Tripoli wheel (Dento-
rium Products, USA), tin oxide, and water thoroughly (until
the acrylic surface was smooth and shiny).

For finishing and polishing polyamide samples, the
tools provided by the respective factory were used. For
finishing polyamide samples of Valplast brand, we used
Vulcanite Bur, diamond knives, pink abrasive wheels, and
brown rubber wheels and then the samples were polished

by industrial pomace of Acrylux 150 and brown Tripoli. The
remains of Tripoli were removed by B-20 brushes and final
polishing was done by Valplast’s mirror-shine until the sur-
face got smooth and glossy.

For finishing polyamide samples of TCS brand, accord-
ing to the factory instructions, burs, wheels, and rubber
point was used; then, using Tufted leather, an initial pol-
ishing was done and Tripoli was used to polish until the
surface was smooth and shiny and the remains of Tripoli
was removed by 20- B brush.

After finishing and polishing the samples, thickness of
all samples was reduced to 3 mm and thus, 60 blocks with
the size of 30 × 15 × 3 mm were obtained. All samples
were kept in airtight bags containing 10 mL of water. Each
sample was kept for 5 minutes in an ultrasonic bath (SON-
ICA 1200 M, SOLTIC, Italy) and before roughness measure-
ments, were dried by a high-pressure air pipe.

It should be noted that the preparation of all samples
was carried out by a single person. Roughness parame-
ters (Ra, Rz, Rt) were measured by the Stylus profilometer
(T-8000-C, Germany, Hommel Werke) with a micron accu-
racy (Cutoff height = 0.8mm, speed of pen movement = 0.5
mm/s, and cutting depth = 0.03 mm). Roughness parame-
ters were measured in 3 different areas of each sample with
a length of mm 10, which were randomly chosen, and each
3 areas were considered as the average of each sample.

3. Results

Surface roughness of the samples was measured by Sty-
lus Profilometer. In the following ((1 - 4) and Figures 1, 2,
and 3, Central tendency parameters and Dispersion param-
eters of Ra, Rz, and Rt have been presented. The maximum
amount of roughness index of Ra was related to Valplast
(mean = 0.52) and then, TCS (mean = 0.48) and the lowest
amount was related to Meliodent (mean = 0.31).

The maximum amount of roughness index of Rt was
related to Valplast (mean = 8.02) and then, TCS (mean = 7.16)
and the lowest amount was related to Meliodent (mean =
3.33).

The maximum amount of roughness index of Rz was
related to Valplast (mean = 4.96) and then, TCS (mean =
4.60) and the lowest amount was related to Meliodent
(mean = 2.44).

For all 3 groups of Meliodent, Valplast, and TCS there is
a significant difference between roughness indices of Ra,
Rz, and Rt (P < 0.001). These differences were evaluated us-
ing the Dunnett C test.

In the groups of Ra, Rz, and Rt, Meliodent has shown
significant differences with Valplast and TCS (P < 0.05),
however, Valplast does not have a significant difference
with TCS (P > 0.05).
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Table 1. Comparison of Distribution of Ra, Rt, and Rz Roughness Parameters for Heat-Cured Acrylic Resin of Meliodent and Polyamides of Valplast and TCS

N Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Minimum Maximum

Descriptive Lower Bound Upper Bound

Ra

Meliodent 20 0.3120 0.03778 0.00845 0.2943 0.3297 0.25 0.40

Valplast 20 0.5200 0.15705 0.03512 0.4465 0.5935 0.31 0.82

TCS 20 0.4850 0.10526 0.02354 0.4357 0.5343 0.33 0.68

Total 60 0.4390 0.14275 0.01843 0.4021 0.4759 0.25 0.82

Rt

Meliodent 20 3.3385 1.09327 0.24446 2.8268 3.8502 2.03 5.92

Valplast 20 8.0205 2.05664 0.45988 7.0580 8.9830 5.42 11.88

TCS 20 7.1615 2.62798 0.58763 5.9316 8.3914 3.20 10.99

Total 60 6.1735 2.86057 0.36930 5.4345 6.9125 2.03 11.88

Rz

Meliodent 20 2.4485 0.39283 0.08784 2.2646 2.6324 1.92 3.21

Valplast 20 4.9630 1.62484 0.36333 4.2025 5.7235 2.78 8.64

TCS 20 4.6000 1.11425 0.24915 4.0785 5.1215 2.60 6.14

Total 60 4.0038 1.59753 0.20624 3.5911 4.4165 1.92 8.64

Table 2. Results of the ANOVA Test

Sum of Squares Df Mean Square F Sig.

Ra

Between Groups 0.496 2 0.248 20.021 0.000

Within Groups 0.706 57 0.012

Total 1.202 59

Rt

Between Groups 248.496 2 124.248 30.227 0.000

Within Groups 234.295 57 4.110

Total 482.790 59

Rz

Between Groups 73.890 2 36.945 27.461 0.000

Within Groups 76.684 57 1.345

Total 150.573 59

That is, the surface roughness of the heat-cured acrylic
of Meliodent is less than polyamide materials of Valplast
and TCS brands, but there is no difference between the sur-
face roughness of 2 kinds of polyamide materials.

In all groups, Ra was higher than the standard rate (0.2
µ), i.e. surface roughness of the heat-cured acrylic of Melio-
dent and polyamide materials of Valplast and TCS brands is
more than the standard amount as dental materials used
in the mouth. A t-test was used for statistical analysis.

4. Discussion

Previous studies have proposed a threshold level (Ra =
0.2 µm) for surface roughness of dental materials used in
the mouth; roughness reduction less than this amount will
not decrease plaque accumulation (4, 5). Due to the lack of
controlled clinical studies on the threshold of roughness
of PMMA and polyamide we accept the Ra = 0.2 µm thresh-
old to describe the data of the study.

Detailed comparison of Ra roughness index with past
studies is difficult due to reasons such as the difference
between the process tested, principles of polishing used,
how to measure surface roughness, and the use of differ-
ent types of PMMA.

In this study, manual polishing methods were used
and indicators of roughness (Ra and Rz and Rt) were mea-
sured by profilometer. In this study, the average rough-
ness (Ra) in Meliodent acrylic was 0.31 ± 0.008 µm and in
polyamide, brands of Valplast and TCS was 0.52±0.035µm
and 0.49 ± 0.023 µm, respectively, which had statistically
significant differences (P < 0.001). Therefore, the rough-
ness difference of Meliodent acrylic with polyamide resins

Determining the surface roughness of materials that 
are used as dental prostheses, before applying them in the 
mouth, is important. Most of the rough surfaces can lead 
to tooth discoloration, and cause discomforts of patient or 
cause the accumulation of microbial plaque and biofilm 
formation. Species of bacteria and fungi are more likely 
to connect to the rough surfaces of denture base materials 
(4).
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Table 3. Results of the Dunnett C Test

Dependent
Variable

(I) Group (J) Group Mean Difference
(I-J)

Std. Error 95% Confidence Interval

Lower Bound Upper Bound

Ra

Meliodent
Valplast -0.20800a 0.036 -0.3 -0.12

TCS -0.17300a 0.025 -0.24 -0.11

Valplast
Meliodent 0.20800a 0.036 0.116 0.3

TCS 0.035 0.042 -0.07 0.142

TCS
Meliodent 0.17300a 0.025 0.11 0.237

Valplast -0.04 0.042 -0.14 0.072

Rt

Meliodent
Valplast -4.68200a 0.521 -6.01 -3.36

TCS -3.82300a 0.636 -5.44 -2.21

Valplast
Meliodent 4.68200a 0.521 3.359 6.005

TCS 0.859 0.746 -1.04 2.755

TCS
Meliodent 3.82300a 0.636 2.206 5.44

Valplast -0.86 0.746 -2.75 1.037

Rz

Meliodent
Valplast -2.51450a 0.374 -3.46 -1.56

TCS -2.15150a 0.264 -2.82 -1.48

Valplast
Meliodent 2.51450a 0.374 1.565 3.464

TCS 0.363 0.441 -0.76 1.482

TCS
Meliodent 2.15150a 0.264 1.48 2.823

Valplast -0.36 0.441 -1.48 0.756

aThe mean difference is significant at the 0.05 level.

Table 4. Results of the T-Test (Ra Roughness Index Compared with the Standard Threshold)

Group Test Value = 0.2

t df Sig. (2-Tailed) Mean
Difference

95% Confidence Interval of the Difference

Lower Upper

Meliodent Ra 13.258 19 0.000 0.11200 0.0943 0.1297

Valplast Ra 9.113 19 0.000 0.32000 0.2465 0.3935

TCS Ra 12.109 19 0.000 0.28500 0.2357 0.3343

of Valplast and TCS brands was statistically significant (P <
0.05), however, the difference of roughness of polyamide
materials of Valplast and TCS brands was not significant (P
> 0.05).

Ra, in all these materials, was higher than the thresh-
old (0.2 µm); therefore, there is the possibility for colo-
nization of microorganisms on the surface of the denture
bases made of these materials with the manual polishing
situation in the laboratory. As in all previous investiga-
tions, roughness of PMMA has been clinically acceptable
(4-9); probably this difference may reflect the insufficiency

of manual polishing in our laboratories.

The average roughness of Rz and index in Rt Meliodent
acrylic, polyamide of Valplast, and TCS brands had statisti-
cally significant differences (P < 0.001). Therefore, the dif-
ference in roughness of the Meliodent acrylic resin with
polyamide of brands of Valplast and TCS was statistically
significant (P < 0.05) but the difference in roughness of
polyamide in Valplast and TCS brands was not significant
(P > 0.05).

In a study to measure the roughness of the heat-cured
acrylic resin and polyamide samples before and after the
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Figure 3. Mean and Standard Deviation of the Rz Index of Samples

polishing, Abuzar et al. concluded that the surfaces of
the samples of polyamide and PMMA were smoother 7
and 20 times, respectively; nevertheless, roughness of
polyamide samples was clinically acceptable4, which in
terms of comparing the roughness (to be smoother surface
of PMMA samples than polyamide samples) it was similar
with our study; however, in this study, surface roughness of
polyamide samples is more than the standard threshold,
which likely causes the insufficiency of our laboratory pol-
ishing methods.

The most probable cause of differences in roughness of
polyamide with PMMA can be differences in physical char-
acteristics. According to previous studies, due to low melt-
ing temperature polyamide, finishing, and polishing of
polyamide denture bases were difficult, and suggest that
accurate waxing be made to require minimal configura-
tion of denture after making it (10)

Sometimes it has been seen that margin of samples
have been worn, which can be due to the increased tem-
perature of the surface of the samples during polishing
or to be exposed to fibers within the polyamide structure.
Precision in achieving a productive smooth hole after re-
moving the wax can cause to improve the quality of the
polyamide surface. Temperature and pressure of the in-
jection in the productive hole, speed, and cooling method
should be standard to achieve the desired surface quality
(11).

4.1. Conclusions

Based on the collected data:

Due to the high surface roughness of polyamide ma-
terials, the use of polyamide materials cannot be recom-
mended for constructing the permanent appliances, such
as removed partial and fixed dentures, overdenture, gin-
gival veneers, orthodontic appliances, etc. Surface rough-
ness of heat-cure acrylic resin of Meliodent (PMMA) has
been more accepted than the standard.

It is recommended that:

The surface roughness of the samples before and af-
ter the polishing be evaluated and compared. For stan-
dardizing the procedures of finishing and polishing, the
methods of mechanical polishing and manual polishing
be compared.
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