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EFFECT OF NANOPARTICLES ON SURFACE ROUGHNESS
OF DIGITALLY AND CONVENTIONALLY CONSTRUCTED
RPD FRAMEWORK

Enas Darwish® " and Mai Helmy "

ABSTRACT

Aim: This study aims to compare the effect of adding Silica -oxide nanoparticles on surface
roughness of removable partial denture framework constructed digitally with Poly(ether-ether-
ketone) PEEK versus computer-aided designed -computer manufactured (CAD/CAM)

Methodology: A total of 80 Mandibular Kennedy class III modification 1 partially edentulous
cast were constructed as a model to simulate the oral cavity and partial denture was fabricated,
PEEK is being introduced more commonly in the construction of the partial dentures, this
study aimed to evaluate the effect of adding Silica -oxide nanoparticles on surface roughness of
denture base constructed with Poly(ether-ether-ketone) PEEK. Partial dentures were prepared
for experimentation of surface microroughness into two main groups 40 in each group. Group
I: conventional fabrication of RPD framework using PEEK material which was subdivided into
two Group IA: acted as a control, no fillers were used in this group, and Group IB: Ten weight
percentage (10 wt. %) of hydrophobic nano-SiO2 incorporated with the PEEK. Then, Group II:
CAD/CAM milled frameworks (Digital constructed using ExoCad software also, Subdivided into
two groups Group IIA acted as a control, no fillers were used in this group, and Group IIB: Ten
weight percentage (10 wt. %) of hydrophobic nano-SiO2 incorporated with the PEEK. Then, a
digital profilometer was used to determine the surface roughness of the specimens. Surface hardness
was conducted by The Rockwell hardness test machine used in this study. ANOVA and Tukey tests
were used for the statistical analysis (p < 0.05).

Results: Group II (digital fabricated RPD with CAD/CAM milled frameworks) showed
Statistically significantly lower surface roughness than Group I: conventional fabrication of RPD
framework using PEEK material. On the Other hand, there was a statistically significant difference
in Sud division groups as the groups which incorporated with silica nanoparticles were showed
statistically significant higher in surface roughness than the controlled groups which constructed
with PEEK materials without any additives in both major groups either constructed with
conventional manner of RPD or constructed with (CAD/CAM) digital manner.
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Conclusion: the results showed a significant difference in the surface roughness and contact

angle between groups (group I and group II), where surface roughness of pure peek framework

either constructed conventionally or digitally showed statistically lower than that incorporated with

sio2 nanoparticles. On the other hand, a digitally constructed framework showed a statistically

lower surface roughness than that constructed conventionally.

KEYWORDS: Kennedy class III, CAD/CAM, Surface roughness, Silica -oxide nanoparticles.

INTRODUCTION

Polymethylmethacrylate (PMMA) is considered
the most used material for the fabrication of den-
tures. However, PMMA has acceptable not only
functional, physical, and mechanical properties
but also has a suitable appearance and inexpensive
equipment needed for its fabrication. But the PMMA
dentures are susceptible to fracture during use or
when dropped onto hard surfaces. These fractures
are due to either flexural fatigue or impact which
is generally associated with material properties /or
framework design integrity also, PMMA although
heat cured resin, but had a minimal amount of re-
sidual monomer that allowed the saliva to penetrate
between the polymer chains and results in increased

the surface roughness. ¢

PEEK (Polyetheretherketone is a semi-crystal-
line thermoplastic biomaterial) could be considered
as an innovative material to replace PMMA. It is
one of the Polyaryletherketones (PAEKSs) polymer
group family, which is characterized by ultra-high
molecular weight polyethylene (UHMWPE)

Poly(ether-ether-ketone) (PEEK), on the other
hand, is one of the best choices to resolve stress
shielding issues due to its outstanding biocompati-
bility and biomechanical properties. Recently, some
researchers had described the impact of incorporat-
ing nanoparticles into denture resin to improve its
mechanical properties.

The SiO2 nanoparticles are mostly used to re-
inforce the polymethyl methacrylate PMMA. also,
Many studies were reported that added nano-SiO2
(0.25,0.5,and 0.75%) to the PMMA repair resin and

found that the highest increase in flexural strength is
observed with 0.25%compared with the higher con-
centrations. %'V

Therefore, lower concentrations of nano-SiO2
into PMMA to assess mechanical properties have
been recommended for further investigations.

However, research into SiO2 nanofillers as
PEEK reinforcement in the dental field is minimal.
Si02 is characterized by its small particle size, large
surface area and it has excellent biocompatibility as
well as optical, thermal, and mechanical properties.
The surface of silica is usually hydrophilic has three
chemical groups isolated hydroxy, hydrogen-bond-
ed hydroxy, and siloxane groups. This hydrophilic
surface of bare SiO2 can be reduced hydrophobic
such as dimethyldichlorosilane, polydimethylsilox-
ane and hexamethyldisilane by reacting its surface
hydroxyl groups with organofunctional groups,
Compression molding has been used to success-
fully fabricate PEEK composites reinforced with
SiO2 nanofillers for industrial processes. Moreover,
several researchers reported that the tensile bond
strength was improved when increasing the SiO2
content in PEEK."*'¥

As a result, further research is required to fully
understand the influence of nanofiller particle form,
structure, particle size, total volume, and coating in
PEEK for dental applications.

Surface roughness of dental materials plays a
major role in bacterial plaque accumulation and
adherence, bacterial adhesion is increased on rough
surfaces because of increased surface area, therefore
materials with low surface roughness are essential
for reduced bio adhesion. 1517



EFFECT OF NANOPARTICLES ON SURFACE ROUGHNESS OF DIGITALLY AND CONVENTIONALLY

The objective of this in-vitro study was to
compare the surface roughness of conventionally
constructed class Il partial denture framework to
that constructed digitally using EXOCAD software,
(with and without si02 nanoparticles incorporation).

METHODOLOGY

Total Eighty frameworks were constructed,
and divided equally into two main groups, Group
I, received Forty conventionally fabricated PEEK
frameworks with Subgroups, Group IA and Group
IB as Group IA: acted as the control group, the
framework was fabricated with no fillers, and
Group IB: the framework was fabricated with Ten
weight percentage (10 wt. %) of hydrophobic nano-
SiO2 incorporated with the PEEK., Group II, re-
ceived Forty CAD/CAM milled frameworks. with
Subgroups, Group IIA and Group IIB as Group I1A:
acted as the control group, the framework was fab-
ricated with no fillers, and Group IIB: the frame-
work was fabricated with Ten weight percentages
(10 wt.%) of hydrophobic nano-SiO2 incorporated
with the PEEK.

For the four groups, an experimental model of
the Mandibular edentulous case (Kennedy class
IIT Modification 1) was fabricated and ready to be
used as a master model to simulate the oral cavity.
Primary surveying of the experimental model was
done to ensure and located the presence of desirable
undercut to select the suitable clasp assembly using
a NEY surveyor. Guiding planes were prepared
on the distal surface of the first left premolar and
right canine bilaterally and also, were prepared on
the mesial surfaces of the right and left the second
molar using a stone, then, Rest seats were prepared
in the near zone of the edentulous span bilaterally
and a cingulum rest was prepared on the canine
using size two round bur.

Preparation of PEEK/SiO2 Nanocomposites

Semi-crystalline PEEK fine powder
(VICTREX® PEEK polymers, Victrex Technology
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Centre, Lancashire FY5 4QD, UK.) with an average
particle size of 50 microns for compression molding
was used as the polymer matrix.

The nano-SiO2
(NanoTech Egypt Co., Giza, Egypt) were used as

hydrophobic particles
filler materials. Before mixing, PEEK powder was
dried overnight in a vacuum oven at 120 C to allow
sufficient humidity elimination. Then, mixed with
nano-SiO2 particles.

Then, mixed in a planetary ball mill (Emax,
Retsch GmbH, Haan, Germany) at 25C and 400rpm
for 2 h.

The PEEK/SiO2 nanocomposites were fabricated
using a compression molding process. The as-milled
dried powder was filled in a tool steel die with a
10 mm diameter. The powder was compressed at
room temperature under a pressure of 35 MPa for 2
min. After cold compaction, the powder was heated
to 410 c, while applying a low cavity pressure of
about 2 MPa. Once the system reached the set
temperature, it was held at constant temperature and
pressure for 10 min to establish homogeneity within
the melt. Following this, the system was permitted
to cool down at room temperature under a pressure
of 20 MPa.

Finally, the samples were taken out after the
mold was opened.

In this study, the PEEK/SiO2 nanocomposite
with 10 wt% hydrophobic nano-SiO2 particles, was
used in the two groups

Divided equally between the two groups

Group I: Conventional fabrication of RPD framework

The wax pattern was applied as regular on the
prepared experimental casts with applied Aker
clasps on the molars and premolars and an RPI
clasp was applied on the canine to engage the buccal
undercuts (Distobuccal undercuts on the molars,
mesiobuccally undercut on the premolar, and finally
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the mid buccal undercut on the canine) and the

lingual bar was used as a major connector

Spring and investing of wax patterns were done.
Then, the PEEK material was preheated at 400 C
for 20 minutes by using the injection molding unit
(Thermoflex 400) then Heated softened PEEK was
injected into the mold by pressure 950mega pascal
and velocity 6 bars in 240 seconds. After curing,
the framework was deflated then; The sprues were
separated and the pressed RPD frameworks were
finished and polished according to manufacturer
instructions and tried to seat on the experimental
casts to check its seating and accuracy

Group IA: The framework was injected by the
PEEK only

Group IB: the framework was injected using
the prepared PEEK with 10% silica dioxide
nanoparticles

Group I1: (CAD/CAM milled frameworks (Digital
constructed using ExoCad software)

The experimental mandibular is partially
edentulous cast was then fixed on the scanner table
and scanned using an extraoral 3D scanner*** to

obtain the STL file.
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The STL File was inserted into the EXOCAD
software and allowed digitally surveying of the
virtual experimental cast to identify areas of
desirable undercut present on the teeth and soft
tissue. (Fig.1)

The width and thickness of any part of every
component were selected at these points. Rests on
each abutment, minor connectors, finish lines were
selected and placed according to principles of RPD
design in a bounded saddle. (Fig.2)

The whole virtual framework design was checked
from all surfaces after finishing and smoothening.

STL file of the virtual framework was used to
print the resin pattern* using 3D printer then, The
virtual 3D framework (STL) file was sent to the
milling machine* to begin the milling process of
PEEK discs*** in this step Group Il was subdivided
into groups.

Group IIA: were the Framework was fabricated
from pure PEEK material using milling machine**
(CAD/CAM technology).and Group IIB: Ten weight
percentages (10 wt. %) of hydrophobic nano-SiO2
incorporated with the PEEK. Using high energy ball
milling technique to disperse nano-SiO2 particles
into the PEEK matrix in order to improve the

Fig. (1): A. change the cast tilt to detect the undercuts and adjust the path of insertion, B: adjust the suitable tilt and create dimpling

on the abutments, C: create the modified cast on EXOCAD then, the design of the prospected framework was digitally

standardized including; lingual bar major connector, Aker clasps on the molar and premolar abutment teeth, and RPI was

applied on the canine In the form of a spine of points.
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Fig. (2) A: select the lingual bar and denture base meshwork with thickness 1.5mm-2mm which is suitable for the fabrication of
PEEK framework B: finished CAD/CAM PEEK framework.

mechanical properties by reducing the particle size
of pure PEEK from a millimeter to a micrometer
scale (~5 pum). then, silicon mold was performed
for the standard peek disc in order to produce the
same size Peek incorporated by 10% wt. nano-SiO2
particles disc and the performed PEEK with SiO2
particles disc was applied to the milling machine.

For all groups, the surface roughness and water
contact angle were measured before and after
the finishing of the framework

After milling, the sprues were removed by using
a grinder (LDI5SC LD/ZR [Lithium Disilicate/
Zirconia] Grinder Green Coarse Wheel Ceramic;
Brasseler USADental Instrumentation), and the
RPD framework surface was finished with a
laboratory carbide Bur (HM261PX-023-HP) fine
with a tapered round end, 2.3mm, and polished with
a goat-hair brush and composite resin polishing
paste (Luminescence; Premier) for 60 seconds.

1. Surface Roughness measurement

The surface roughness was measured (Ro) by
using a contact profilometer (Surf test SV-3100;
Mitutoyo Corp) after milling (baseline) and after
the polishing procedures were completed.

The same surfaces were measured before and
after polishing. The accuracy of the profilometer

was examined periodically by using a calibration
block. The tracing length was 13.3 mm, the number
of points measured per specimen was 13 300, and
the stylus speed was 1 mm/sec.

The surface roughness and contact angle before
polishing (baseline) and after polishing for each
framework were compared.

1I. Contact Angle Measurement

The variation of contact angle was compared
between different types of PEEK framework and
PEEK/Si02 nanocomposites which were loaded
byl0 wt.% of the hydrophobic nano-SiO2 under
the two major groups were the RPD frameworks
constructed digitally and conventionally.

All resulting data were collected, tabulated, and
statistically analyzed through an ANOVA test. The
level of significance will be set at P<0.05

RESULTS

Data were presented as the mean, standard
deviation in 1 table & 2 graphs. Statistical analysis
was performed with SPSS 16 ® (Statistical Package
for Scientific Studies), Graph pad prism & windows
excel.

Exploration of the given data was performed us-
ing the Shapiro-Wilk test and Kolmogorov-Smirnov
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test for normality which revealed that the significant
level (P-value) was insignificant as P-value > 0.05
which indicated that alternative hypothesis was re-
jected, and the concluded data originated from a
normal distribution (parametric data) resembling

normal Bell curve.

Comparison between all groups regarding
surface roughness and contact angle was performed
by using the One Way ANOVA test which revealed
a significant difference between them as P < 0.05
in both baselines (before finishing and polishing) &
after finishing and polishing.

One Way ANOVA test followed by Tukey's Post
Hoc test which revealed a significant difference

in means with different superscript letters as P
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< 0.05 (G IB: Conventional fabricated PEEK
with nanoparticles silica oxide framework was
statistically significantly the highest, followed
by G IA: Conventional fabricated pure PEEK
framework .then, followed by G IIB: Digital CAD/
CAM fabricated PEEK with nanoparticles silica
oxide framework and finally G IIA Digital CAD/
CAM fabricated pure PEEK framework that was
significantly the lowest), as presented in table (1)
and figure (1,2).

Moreover, Comparison between before and after
was performed by using Paired t-test regarding
surface roughness & contact angle and revealed that
after finishing & polishing was significantly higher
than before as P < 0.05 in all groups as presented in
table (1) and figure (1,2)

TABLE (1): Mean + standard deviation of surface roughness and contact angle in G IA (Conventional PEEK
without silica), G IB (Conventional PEEK with silica), G IIA (Digital PEEK without silica) & G
[IB (Digital PEEK with silica) before and after finishing and polishing:

GI GII
(Conventional PEEK) (Digital PEEK)
GIA GIB GIIA GIIB P-value
(Without silica) (With silica) (Without silica) (With silica)
M SD M SD M SD M SD
" Before 1.092 0.12 1.28° 0.13 0.52¢ 0.178 0.78 ¢ 0.11 <0.0001**
g 3
=
% = After 1322 0.22 1.53° 0.23 0.61°¢ 0.122 0.89¢ 0.15 <0.0001**
7
P value 0.00027# 0.0001%** 0.02* 0.01*
Before 90.12* 133 100.5° 1.78 60.59 ¢ 0.52 949214 1.1 <0.0001**
% e
‘g g0 After 93722 1.53 1224° 2.16 78.25°¢ 0.52 98.52 4 1.75 <0.0001**
S
Q
P value <0.0001 ** <0.0001%* <0.0001%* <0.0001*
M: mean SD: standard deviation * Significant difference as P < 0.05.

Means with the same superscript letters were insignificantly different as P >0.05

Means with different superscript letters were significantly different as P< 0.05
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Fig. (1): Bar chart representing surface roughness of all groups
before & after finishing & polishing.
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Fig. (2): Bar chart representing contact angle of all groups be-
fore & after finishing & polishing.

DISCUSSION

In this study, evaluation of mechanical properties
was done for different structures of removable
partial denture, where, Group 1 was constructed
conventionally (injection) with pure PEEK, the other
one with PEEK incorporated with nanoparticles
(Sio2), and group II was constructed digitally (using
CAD/CAM milling system).

the CAD /CAM digital system was improved
the dental laboratory procedures by saving them
time and effort by reducing the number of casts
as diagnostic cast, master cast, modified master
cast then refractory cast that performed routinely
during casting of the framework. Besides that,
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all laboratory procedures can be standardized by
computerized technology which would minimize
the human variations during the fabrication of any

prosthesis. (132D

Furthermore, The conventional (press method)

construction steps require extensive human
interference and materials manipulation that may
additionally offer processing shrinkage and/or
expansion. This may lead to increased processing
errors and inaccuracies which may explain the
increase of surface roughness as it also needs more
and more mechanical finishing when compared to

the CAD/CAM system.??

Many studies mentioned that the CAD/CAM
fabricated materials show a reduced risk of
porosities and therefore higher and more solid
mechanical and physical properties. Also, many
studies stated that modified PEEK with the addition
of nanoparticles silica exhibits perfect desirable
mechanical properties needed for partial denture
frameworks such as its lightweight for improved
patient comfort, improve hardness, and metal-free
(no metal taste) although that may increase the
surface roughness of the finished prosthesis.*2”

In addition, there is no definite study that shows
differences in mechanical and physical properties
of either milled or pressed frameworks. In this
study, it was clear that the CAD/CAM method of
fabrication is the better way than the conventional
pressed as there was a statistically significant
increase in surface roughness of the prosthesis was
conventionally fabricated than those constructed
with CAD/CAM system

Several studies were reported that the increase
in contact angle value can be compared with the
increase in surface roughness of the PEEK surface.
And In case of PEEK loaded with hydrophobic nano-
Si02, the addition of 10 wt% of the hydrophobic
nano-SiO2 increases the contact angle value by
30% compared to the pure PEEK that was coincide
with this study results as the contact angle increase
with increasing the surface roughness. @43
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Also, It has been revealed that the contact angle
increases with the increase in the roughness of the
surface .and it has been observed that contact angle
increases with an increase in hydrophilic nano-SiO2
content in the nanocomposites. These results show
that the addition of the nano-SiO2 particles can alter
the hydrophobic character of the pure PEEK matrix,
and the contact angle can be changed markedly via
changing the content of the additive. ¢*39

CONCLUSION:

Based on the findings of this in vitro study, the
following conclusions were drawn:

1. The surface roughness and hence the contact
angle of pure peek framework constructed con-
ventionally, were statistically higher than that
constructed digitally.

2. Adding of sio2 nanoparticles to peek, showing
an increase in the surface roughness.

3. Polishing increased the
values of a PEEK.

surface roughness

4. Regardless of the state of the surface being pol-
ished or not, all roughness values before and
after polishing were above the clinical accept-
ability threshold.
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