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Scleral acrylic resin is widely used to synthesize ocular prosthesis. However, the
properties of this material change over time, thus requiring the prosthesis to be refabricated.
Many studies were conducted to improve these properties by reinforcing this material with
nanoparticles. This study aims to evaluate the effect of silver nanoparticle powder on the
mechanical properties (transverse flexural strength, impact strength, shear bond strength,
surface microhardness, and surface roughness) of scleral acrylic resin used for ocular prostheses.
Two concentrations were selected from the pilot study and evaluated for their effects on
scleral acrylic resin properties. According to the pilot study, 0.01 and 0.02wt% AgNPs powder
improved the transverse flexural strength, microhardness, and surface roughness compared
with other percentages. The specimens in the main study were divided into (3) main groups,
(50) specimens without additives (control group A), (50) experimental specimens (with 0.01wt%
AgNPs group B), and (50) experimental specimens (with 0.02 wt% AgNPs group C). Each group
was subdivided into (5) equal subgroups depending on the tests used. The data were studied
using one way ANOVA and post hoc LSD test. At 0.01 wt% AgNPs addition, the mean values of
transverse flexural strength insignificantly increased (p> 0.05), and those of impact strength
and shear bond strength significantly increased (p< 0.05) compared with those of the control
group. At 0.02 wt% AgNPs addition (group C), the mean value of transverse flexural strength
significantly increased (p< 0.05), that of impact strength insignificantly increased (p> 0.05),
and that of shear bond strength increased with high significance (p< 0.01) compared with those
of the control group. Group C showed insignificant increase in the mean values of transverse
flexural strength, impact strength, and shear bond strength (p. 0.05) compared with group B.
The scleral acrylic resin added with 0.01 and 0.02 wt% AgNPs showed insignificant increase in
microhardness and insignificant decrease in surface roughness. The addition of AgNPs powder
in both concentrations improved the mechanical properties of scleral acrylic resin used for
ocular prostheses.
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Defects of the face result from congenital
causes, surgical resection, and trauma and should
be corrected surgically to improve the aesthetic
and function of the patient. However, the prosthetic
rehabilitation is important when the defect cannot

be corrected surgically because of the size and
location of the defect, to restore the psychological
and physiological health of the patient.'

Ocular prosthesis is one of the
maxillofacial prostheses that are used to restore
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the quality of life and the appearance of the patient
for social and psychological adaptation. >

Acrylic resin has specific properties, such
as low cost, good adaptation, easy fabrication, good
biocompatibility, easy coloring, and good esthetic
results, which make it the best material for ocular
rehabilitation. *

Despite these advantages, this material
undergoes property deterioration, thus requiring
refabrication of the prosthesis. Several studies
were conducted to improve these properties by
reinforcing the polymer with NPs, which provide
the former with new properties such as the
resistance of NPs and the flexibility of polymer. *

Silver nanoparticles have antimicrobial
activity against (Gram positive and negative
bacteria, protozoa, fungi, and viruses) that has
been improved for many years. Adding AgNPs
into polymer provides the latter with antimicrobial
activity for maxillofacial fabrication. 3

This study aims to determine the
appropriate percentage of AgNPs and to study the
effect of AgNPs powder addition on the transverse
flexural strength, impact strength, shear bond
strength, surface microhardness, and surface
roughness of scleral acrylic resin used for ocular
prostheses.

MATERIALS AND METHODS

Scleral acrylic resin (heat cure scleral
polymer (J-510) was mixed with non-crossed
linked scleral monomer (J-570)) (Techno vent Ltd.,
South Wales, UK). Silver nanoparticles (average
particles size <20 nm) (MK Nano, Canada) were
used for reinforcement. Three various plastic
shapes were constructed by cutting plastic plate
with shape and dimension according to the required
tests by using laser cutting machine for mold
preparation (JL-1612, Jinan Link Manufacture
and Trading Co., Ltd., China). For the tests on
transverse flexural strength, impact strength and
microhardness, the dimensions of specimens
were 80mm x 10 mm x 4 mm length, width, and
thickness, correspondingly.®® For the surface
roughness test, the dimensions of specimens were
65 mmx 10 mm x 2.5 £ 0.1 mm length, width, and
thickness, correspondingly. °

For shear bond strength test, a space with
dimension of (25 mm x 25 mm x 3 mm length,
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width, and depth, correspondingly) was created
by making two blocks of scleral acrylic with
dimensions of 75 mm x 25 mm x 5 mm, length,
width, and depth correspondingly) with stopper of
depth of 3 mm '* ' and putting one block over the
other for relining materials. '

Molds for transverse flexural strength,
impact strength test, microhardness test and surface
roughness were prepared using the conventional
technique for complete denture (Figures 1 A and
B)." The scleral acrylic heat cure was blended,
packed, and cured according to manufacturer’s
instructions. After curing was completed, the
specimens were finished, polished, conditioned in
distilled water, and stored in the incubator at 37 °C
for 48 h before the test was performed. °

The mold for shear bond strength was
prepared by creating two blocks of scleral acrylic
with dimensions 25 mm X 25 mm X 3 mm length,
width, and depth, correspondingly, which were
placed one over the other. The whole specimen
(two blocks) was invested into silicone to create
a template for the final specimen. Scleral acrylic
resin (before and after the addition of AgNPs) filled
the formed space, and curing was then conducted
(Figures 2 A, B, and C).

A pilot study was initially conducted with
0.006, 0.01, 0.02, and 0.05 wt% AgNPs added
to scleral acrylic resin and compared with 0.00
wt% AgNPs (control group). AgNPs were first
weighted with digital electronic balance (Germany,
sensitivity 0.0000g), added into the monomer,
and broken down into singular nanoparticles
using probe sonication apparatus (Soniprep-150,
England) for 3 min. The mixture was cooled by
putting the container in a vessel with iced water
because sonication could excessively heat the
liquid and consequently damage the material
(Figures 3 A and B). "

The monomers with AgNPs powder were
immediately mixed with acrylic powder (the weight
of AgNPs powder must subtracted from the weight
of acrylic powder) to reduce the possibility of
particle aggregation and phase separation. Mixing
was conducted in a clean and dry glass mug using a
wax knife for 30 s. The mixture was then enveloped
until dough stage was reached.

The results of the pilot study revealed
that adding 0.01 and 0.02 wt% AgNPs improved
the transverse flexural strength, microhardness,
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and surface roughness of the tested scleral acrylic
resin specimens.

The mold was brushed with separating
medium and left to dry. The dough mix was
collected then packed into the mold. The flask were
closed and placed under gradual press. Finally, the
two halves closed together until metal to metal
contact and were left for 2 min under 100 bar before
clamping.' The flask was clamped, left for bench
polymerization for 30 min, and then transferred to
the water bath for complete polymerization cycle.
A modified curing protocol referred to as reverse
curing was followed. In this technique, the flask
was placed in boiling water at 95 °C for 20 min,
cooled for 20 min, and placed back in water boiling
at 100 °C for 20 min.'® The flask was then cooled,
the specimens were removed from the mold, and
finishing and polishing were finally conducted
(Figures 4 A, B, and C).

Atotal of 150 specimens of scleral acrylic
resin were fabricated and divided into (3) main
groups; 50 specimens without additives (control),
50 experimental specimens (with 0.01 wt% AgNPs)
and 50 experimental specimens (with 0.02 wt%
AgNPs). Each group was subdivided into five
equal subgroups depending on the conducted tests
(transverse flexural strength, impact strength, shear
bond strength test, microhardness, and surface
roughness) with 10 specimens for each test.

Transverse flexural strength test: As
recommended by (1SO, 2010),!”) a computerized
universal testing machine (WDW-20, Laryee
Technology Co., Ltd., China) was used for testing.
A 100 Kg load was applied with a cross head
speed of 5 mm/min by a bar located in the center
between the supports to ensure bending until
fracture happened. The strength was measured
using formula:

Transverse strength= 3P x 1/ 2b x d2 N/mm2, 7
Where:

P: Peak load (N)

I: Span length (mm)

b: Specimen width (mm)

d: Specimen thickness (mm)

Impact strength test: As recommended
by ISO 179, 2000 7 with impact testing instrument
of Charpy type (INC. USA) used for testing. The
specimen was located horizontally at its ends and
was hit with a free swinging pendulum. Testing
capacity of pendulum 2 joules was used. The scale
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reading gave the impact energy (in joules) absorbed
to fracture the specimen when hit by a sudden shot.
18] The strength of the impact was calculated in KJ/
m2 using the following formula:

Impact strength = (E/B x D) x1000KJ /m2, "
Where:

E: Impact absorbed energy (J)

B: Width of the specimens (mm)

D: Thickness of the specimens (mm)

Shear bond strength test: Computerized
universal testing machine (WDW-20, Laryee
Technology Co., Ltd., China) was used to test
shear bond strength by using load of 100 Kg and
cross head speed of 0.5 mm/min.["” The shear bond
strength can be calculated by using this formula:-
Bond strength (N/mm2) = (Maximum load) /
(Cross sectional area).

Microhardness test: As recommended by
Standard (2011), * Vickers microhardness tester
(HVS-1000, China) was used to test the surface
hardness using a micro hardener with a 25 g load
for 10 s. Five measurements were collected, and
the mean of these five measurements represents
the surface hardness.

Surface roughness test: A portable digital
roughness profilometer tester was used (Time
3200/TR200, China). The diamond stylus of
profilometer moves in close with surface of the
specimen at three different places to obtain three
readings. The mean value of the three readings
represents the roughness. 2

Scanning electron microscope (SEM),
X-ray diffraction analysis (XRD) and Fourier
transform infrared (FTIR) analyses were each
performed on three specimens (one specimen
before the addition of AgNPs and two specimens
after the addition of 0.01 and 0.02 wt% AgNPs).

RESULTS

SEM, XRD, and FTIR Analyses

The SEM results for the fracture surfaces
of specimens for impact strength test before and
after the addition of 0.01 and 0.02 wt% AgNPs
indicated the thorough dispersion of the AgNPs into
the scleral acrylic resin matrix (no agglomeration
was observed) (Figures 5 A, B, and C).

The XRD results show that pure PMMA
displays a typical amorphous structure. The
PMMA/AgNPs composites had also the same
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amorphous structure, but no diffraction peak was
found in the crystal structure of AgNPs (Figure 6).
The average particle size of Ag NPS can
be calculated by using XRD results for the well-
known Scherrer’s formula established by Paul
Scherrer. The result showed that the nanoparticles
size is < 20 nm.
D = (L &)/ (4 cose), (Scherrer’s formula) 2!
Where:

Fig. 1. Mold preparation A, for transverse flexural
strength, impact strength and microhardness; B, for
surface roughness

Fig. 2. A, The plastic pattern in silicone mold; B, Mold
preparation for shear bond strength test; C, Custom
fabricated flask with silicone —stone mold for final
specimens

Fig. 3. A and B, AgNPs and monomer sonicated using
a probe sonication apparatus
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D: Average particle size
L: Constant related to crystalline shape, normally
taken as 0.94
a: Full width half max (FWHM) for peak of XRD
&: Wavelength of the target that use in XRD
instrument (1.540560A)
0A: Interplanar spacing between the atoms

The FTIR results revealed shifting in the
absorption peaks of tested AgNPs powder, pure
PMMA powder, nanocomposite PMMA with 0.01
wt% AgNPs, and nanocomposite PMMA with 0.02
wt% AgNPs. Hence, physical interaction but no
chemical reaction occurred between the saturated
forms of PMMA and AgNPs.
Transverse flexural strength

Descriptive statistics, One-way ANOVA,
and LSD analysis are presented in Table 1.
Compared with that of the control group, the
transverse flexural strength insignificantly
increased in the resin added with 0.01 wt% AgNPs
(p> 0.05) and significantly increased in the resin
added with 0.02 wt% AgNPs (p< 0.05) as shown
in Table 1.
Impact strength

Descriptive statistics, One-way ANOVA,
and LSD analysis are presented in Table 2.
Compared with that of the control group, the impact
strength of the resin significantly increased after
being added with 0.01 wt% AgNPs (p< 0.05) and
insignificantly increased after being added with
0.02 wt% AgNPs (p> 0.05) as shown in Table 2.
Shear bond strength

Descriptive statistics, One-way ANOVA,
and LSD analysis are presented in Table 3.
Compared with that of the control group, the shear
bond strength of the resin significantly increased
after being added with 0.01 (p<0.05) and 0.02 wt%
AgNPs (p< 0.01) as shown in Table 3.
Surface microhardness

Descriptive statistics and one-way
ANOVA are presented in Table 4. One-way
ANOVA showed insignificant difference among
the tested groups as shown in Table 4.
Surface roughness

Descriptive statistics and one-way
ANOVA are presented in Table 5. One-way
ANOVA showed insignificant difference among
the tested groups as shown in Table 5.
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DISCUSSION

Ocular prosthesis is used to increase
the confidence of patients and restore their
psychological and social health. Losing of the
eye, congenitally or acquired, negatively affects
the life of patients. Scleral heat cure acrylic resins
are widely used to fabricate ocular prosthesis
because they have suitable characteristics, such
as light in weight, compatible to tissues, aesthetic,
durable, non-irritating to the tissues of eye socket,

Fig. 4. A, Specimens for transverse flexural strength,
impact strength and microhardness test; B, Specimens
for surface roughness test; C, Specimens for shear bond
strength test
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and has stable dimensions and low cost? Despite
these advantages of scleral acrylic resin, the ocular
prostheses synthesized from this material require
refabrication due to the possible changes in the
chemical and physical properties. Many studies
were conducted to improve the mechanical and
physical properties of scleral acrylic resin by
reinforcing it with nanoparticles. The properties
of this material were improved due to the addition
of NPs 224

In this study, AgNPs with concentrations
of 0.01 and 0.02 wt% were added to scleral
acrylic resin to improve its mechanical properties.
SEM results showed that AgNPs were dispersed
homogenously and uniformly within the polymer
matrix and full gaps between the particles of
PMMA. XRD results showed that the pure PMMA
displayed a typical amorphous structure. PMMA/
Ag composites also have the same structure, but no
diffraction peak was found on the crystal structure
of AgNPs. This result could be attributed to the
relatively low concentration of the AgNPs that
were inserted in the PMMA matrix. FTIR results
did not report any chemical reaction between these
materials. However, a physical reaction occurred
because PMMA and AgNPs have a saturated form.
This finding indicates that AgNPs modify PMMA
structure. FTIR is qualitative and quantitative
analysis; hence, its results depend on the amount
of materials used during detection®

Fig. 5. A, Surface fracture of impact test for pure PMMA; B, Surface fracture of impact test for sample of PMMA
with 0.01% AgNPs; C, Surface fracture of impact test for sample of PMMA with 0.02% AgNPs
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Fig. 6. X-ray diffraction pattern, Black: AgNPs powder; Green: Pure PMMA; Blue: PMMA with 0.01wt % of

AgNPs; Red: PMMA with 0.02wt % of Ag NPs

Table 1. Descriptive statistics, One-way ANOVA and LSD for
transverse flexural strength test among groups

A B C
Control with with ANOVA P. Compared MD P.
0.00wt% 0.01 wt%  0.02wt% F-test Value group Value
AgNPs AgNPs AgNPs
N 10 10 10 A B -9.6600 332 NS
Mean 122.880 132.540 138.060 B C -5.5200 1.000 NS
SD 15.0753 9.8405 13.7883 3.444 .047 C A 15.1800 .046 S
Min. 108.0 121.2 121.2 (S)
Max. 147.6 150.0 156.0
Table 2. Descriptive statistics, One-way ANOVA and LSD for impact strength test among groups
A B C
Control with with ANOVA P. Compared MD P.
0.00wt% 0.01 wt%  0.02wt% F-test Value group Value
AgNPs AgNPs AgNPs
N 10 10 10 A B -1.4290 .033 (S)
Mean 8.626 10.055 9.532 B C .5230 J981(NS)
SD 1.2113 1.2954 9859 3.809 .035 cC A .9060 286(NS)
Min. 6.5 7.3 7.8 S)
Max. 10.6 12.2 11.2
Table 3. Descriptive statistics, One-way ANOVA, and LSD for shear bond strength test among groups
A B C
Control with with ANOVA P. Compared MD P.
0.00wt% 0.01 wt%  0.02wt% F-test Value group Value
AgNPs AgNPs AgNPs
N 10 10 10 A B -4541700 .017S
Mean  1.4973 2.0171 2.0795 B C  -.0624000 1.000 NS
SD 30259 36287 34237 6.947 .004 C A -5165700 .006 HS
Min. 1.20 1.46 1.59 (HS)
Max. 2.00 242 2.75
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Table 4. Descriptive statistics and One-way ANOVA for microhardness
test among groups

A B C
Control with with ANOVA P.
0.00wt% 0.01wt% 0.02wt% F-test Value
AgNPs AgNPs AgNPs
10 10 10
Mean 48.555 50.864 48.891
SD 5.2013 3.0772 3.5027 957 397
Min. 40.9 47.0 43.2 (NS)
Max. 54.6 55.1 56.0
Table 5. Descriptive statistics and One-way
ANOVA for surface roughness test among groups
A B C
Control with with ANOVA P.
0.00wt% 0.01wt% 0.02wt% F-test Value
AgNPs AgNPs AgNPs
10 10 10
N 10 10 10
Mean .847530 .807160 798730
SD 2539755 2210155 4085059 .073 930
Min. .5425 4805 .3590 (NS)
Max. 1.4455 1.2040 1.6933

The mean values of transverse flexural
strength of scleral acrylic resin increased with the
addition 0f 0.01 and 0.02 wt% AgNPs as compared
with that of the control group. This finding may be
due to the formation of complicated network chains
during the curing process of polymer. In addition,
NPs decreased the distance of intermolecular space
and free space between polymer chains, thus filling
the free spaces between chains and attracting resin
molecules?® When the specimens were subjected to
stress, this stress was transferred from the polymer
(more flexible) to the nanoparticles with higher
modulus, rigidity, and stiffness than the former

The mean values of impact strength of the
resin increased after adding 0.01 wt% AgNPs and
decreased when adding 0.02 wt% AgNPs; however,
the value remained higher than that of the control
group. This phenomenon occurred because adding
NPs introduced a mechanical restraint of the matrix
by restricting the mobility of the chains, which
bonded the particles/polymer, and consequently
bringing extra forces for these chains * The increase

in impact strength is a result of the interfacial bond
strength between the matrix and NPs. This result
was confirmed by the FTIR findings that indicate
a physical interaction between polymer and NPs.
The uniform distribution of NPs within the polymer
matrix was also confirmed by the SEM results.
Meanwhile, the decrease in the mean value at 0.02
wt% AgNPs affected the average distance between
single particles (up to 0.5 pm). This distance is
important for the stress field around each particle.
If the distance surpasses the critical value, then the
failure transitions from brittleness to toughness.
Therefore, with 0.02 wt% AgNPs, the decrease
in inter particles distance lead to the decrease in
impact strength?” The reduction in impact strength
when adding 0.02 wt% AgNPs also explained that
the continuity of the resin matrix was interrupted
when more NPs were added in the polymer matrix
after reaching saturation state 2

The mean values of shear bond strength
increased after adding 0.01 and 0.02 wt% AgNPs
because these nanoparticles work as cross-links
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between the relined (nanocomposite materials)
and original materials (without addition), thus
leading to the entire permeation of the bond® Visual
examination of fracture site revealed the cohesive
and mixed modes of failure, indicating a strong
bond between the relined and original materials and
making the fracture to passed through the original
and relined materials.

The mean microhardness value increased
at 0.01 wt% AgNPs addition but decreased at
0.02wt% AgNP addition. This increase may be
attributed to the inherent characteristics of NPs as
having good interatomic bonding with polymer
chains,* dispersing uniformly within the resin
matrix, being located at and near the surface as
characterized to hardness and stiffness®! and having
small size with high microhardness due to their 3D
network formation'® The decreased value at 0.02
wt% is because microhardness (wear resistance) is
directly related to the impact strength?® and flexural
strength; the material becomes susceptible to
fracture when the microhardness increased because
of its friability's

The surface roughness value decreased
when adding 0.01 and 0.02 wt% AgNPs because
this material is small and can be thoroughly
dispersed and thus closed the gaps within the
resin matrix.*? In addition, surface roughness is
measured from the outer surface and not the inner
surface of composite; few particles are involved
in the surface of specimens when using small
percentages of NPs.'* Surface smoothness also has
a direct relationship with the hydrophobicity of the
composite system.*

CONCLUSION

. After the limitations of this study were
considered, the following conclusions were
reached:

. The addition of 0.01 wt% AgNPs
increased the transverse flexural strength, impact
strength, and surface microhardness of scleral
acrylic resin.

. The addition of 0.02 wt% AgNPs
increased the transverse flexural strength and shear
bond strength of scleral acrylic resin but reduced its
impact strength and surface microhardness, which
were still higher than those of the control group.
. The addition of AgNPs in both
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concentrations decreased the surface roughness
of scleral acrylic resin.
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