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ABSTRACT
Introduction: Silicone elastomers have a long history of widespread use in the creation of maxillofacial and other types of 
prosthetic devices, particularly in situations where soft tissue and anatomic (shape) reconstruction are required. Despite the 
fact that they are used all over the world, they aren't ideal in every way. The long life of maxillofacial prostheses is based on 
the material used in the prosthesis also the patient's attitude and feeling toward the prosthesis, and it can be directly related 
to the effectiveness of the prosthesis when it comes to achieving its objectives.

Aim of the study: To evaluate the effect of the addition of an optimum weight percentage of a mixture of the yttrium oxide 
nanoparticles and intrinsic pigment (burnt sienna) on some physical and mechanical properties of room-temperature-
vulcanized (RTV) VST50HD maxillofacial silicone elastomer, including (tear strength, thermal conductivity, and surface 
hardness).

Materials and methods: Yttrium oxide nano particle was add in 0.5 wt. % and functional intrinsic pigment burnt sienna 
was adding in 0.2 wt. % and 0.3 wt. % to maxillofacial silicone. The maxillofacial silicone material was mixed and cured 
according to the manufacturer's instructions, and there were ninety specimens produced. The specimens had been divided 
into three groups based on these tests (tear strength, thermal conductivity and Shore A hardness), each group contains 
thirty specimens, three subgroups were formed from the groups: Group A which is called a control group with no nano filler 
0%, whereas groups B and C are experimental groups containing 0.5 wt.% of nano filler and 0.2 wt. % functional intrinsic 
pigment burnt sienna and 0.5 wt.% of nano filler and 0.3 wt.% functional intrinsic pigment burnt sienna respectively. The 
study's obtained data was statistically examined using analysis of variance (one-way ANOVA) and Tukey Honestly significant 
difference (Tukey's HSD) test (significant level at p>0.05).

Results: The tear strength test and thermal conductivity test show highly significant increase between group (A) and group 
(B) (P<0.01), a highly significant increase between group (A) and group (C) (P<0.01). In hardness test the result show highly 
significant increase happen between group (A) and group (B) (P<0.01), and non-significant increase in between group (A) 
and group (C) (P<0.05).

Conclusion: The addition yttirum oxide nano particles and functional intrinsic pigment burnt sienna improve tear strength, 
thermal conductivity. As well as there was increased in the hardness but still with the clinical limit.
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INTRODUCTION

Maxillofacial prosthesis generally described 
as any prosthesis that is utilized to replace a 
portion or the entirety of any stomatognathic or 
craniofacial component [1]. Trauma, neoplasm 
therapy, or congenital deformity can all result 

in facial deformities. Insufficient of the material 
for facial restorations, moveable the tissue below 
it, difficulty and complexity in keeping large 
prostheses, and the patient's ability to accept 
and like the final result limit the prosthodontics 
[2]. Silicones were initially introduced in 1946, 
but were not used until Barnhart did it first time 
in (1960) for extra-oral prosthesis and gained 
popularity in comparison to other materials but 
have certain problematic qualities. As a result, 
an appropriate maxillofacial material must be 
discovered [2]. Silicones, commonly known 
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as polydimethyl siloxane, have proven to be 
the most successful material for maxillofacial 
prosthetics to date, and new advancements are 
being conducted to this material to overcome 
its limitations as they become available. These 
materials have gained popularity over other 
materials because they maintained a wide range 
of good physical properties over a wide range 
of temperatures, have easy manipulate, being 
chemically inert, have a low degree of toxicity and 
they have been thermal and oxidative stability, 
among other characteristics. In addition, they 
can be dyed both intrinsically and extrinsically 
to give them the appearance that is more lifelike 
and natural, if desired [3]. In recent studies nano 
oxide fillers have been frequently used as silicone 
elastomers additives, because they are stiffer 
than the polymeric matrix. The nano particles 
high surface area and also high surface energy 
make them more reactive and enable them to 
be integrated into the polymer's backbone, have 
been found in several experiments to improve 
the mechanical properties of the polymeric 
matrix [4,5]. One of the rare earth elements is 
yttrium oxide nano particles which had been 
recently used as reinforcing element for acrylic 
denture base resins, composites, zirconia, 
implants and dental resin cement alone or in 
combination with other additives and shows 
varying changes in the properties as water 
absorption, thermal conductivity, hardness and 
tensile strength [6]. An aesthetically pleasing 
and comfortable maxillofacial prosthesis 
alleviates many of the patient's fears and may 
even improve his or her quality of life [7]. 
When it comes to manufacturing an effective 
maxillofacial prosthesis, pigmentation and 
coloring are critical considerations. In clinical 
practice, it is common to use both intrinsic 
and extrinsic coloring to match the prosthesis 
to the surrounding human tissue. Extrinsic 
coloring is more susceptible to environmental 
circumstances and handling than intrinsic 
coloring, which establishes the basic color and 
translucency of the mixture but is more likely to 
change the structure and qualities of the mixture 
when compared to extrinsic coloring [8,9]. The 
optimal elastomer-colorant combination should 
not only provide clinically acceptable aesthetics, 
but also maintain aesthetically and physical 
characteristics in perpetuity, or at least until 
the patient's tissues have changed to the point 

where the prosthesis fits [10]. The requirement 
for materials with higher properties remain to be 
necessary and studies is continuous to establish 
a new maxillofacial polymeric material that 
has enhanced mechanical properties in spite 
of a number of advancement were realized in 
maxillofacial materials before years [11,12].

MATERIALS AND METHODS

Yttrium oxide nano particles (Y2O3) 30- 45nm 
(SkySpring Nanomaterials, USA) and Functional 
intrinsic pigment (FI) pigment (burnt sienna) 
(Factor II Inc., Lakeside, USA) have been integrated 
into vulcanized silicone VST50HD that is used at 
room temperature. (Factor II Inc. Lakeside, USA). 
There are a sum of 90 specimens have been 
made, and the specimens were categorized into 
three groups based on the tests (tear strength, 
thermal conductivity, and Shore A hardness), 
with each group containing 30 specimens; group 
A was with 0% of nano filler called the control 
group, while groups B and C were with 0.5 wt.% 
of nano filler and 0.2 wt. % functional intrinsic 
pigment burnt sienna and 0.5 wt.% of nano filler 
and 0.3 wt.% functional intrinsic pigment burnt 
sienna respectively called experimental groups.

Pilot study
Pilot study will be done on 2 steps: First step 
different percentage of nano particles added to 
maxillofacial silicone and experimenting their 
effect, then the most appropriate percentage 
that improve tear strength and thermal 
conductivity will be selected. Second step 
different percentage of pigments is incorporated 
in a modified maxillofacial silicone with nano 
particles and experimenting their effect on 
tear strength and thermal conductivity. After 
selection of most appropriate two percentages 
of intrinsic pigments on a modified maxillofacial 
silicone from the pilot study new specimens will 
be prepared and they will be used in the main 
study using these tests (tear strength, thermal 
conductivity and surface hardness).

Preparing the mold
Designing the mold was done using computer 
software type (Auto CAD 2015 (Autodesk Inc., 
San Rafael, CA (United States of America)), and 
the pieces were cut using a laser engraving 
cutting machine. Acrylic sheets with thicknesses 
ranging from 2±0.05 mm to 6±0.05 mm were 
utilized to create the proper mold size according 
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on the parameters required for each test [13].

Fabrication and conditioning of the specimens
Specimens were created for silicone elastomer 
and divided into two subgroups, which were 
referred to as control and experimental 
subgroups. The control subgroup's specimens 
were prepared and mixed at a base to catalyst 
ratio of 10:1 (w/w) in accordance with the 
manufacturer's instructions. A vacuum mixer 
(Dentaurum airvac, Germany) was put to utilized 
to mix the mixture for a period of 5 minutes and 
the device at a speed of 360 rpm and a vacuum of 
-10 bar [14,15]. All of the experimental subgroup’s 
specimens were be mixed in the similar way to 
the control subgroups, with the similar mixing 
ratio, but with the addition a mixture of nano-
Y2O3 filler by a clean spatula and intrinsic burnt 
sienna color pigment which was added as drops 
from the pigment dropper-type bottle after it 
had been shaken. The procedure of mixing was 
done by weighing 0.5 wt% nano-Y2O3 filler + 0.2 
wt% intrinsic pigment and also 0. 5 wt% nano-
Y2O3 filler + 0.3 wt% intrinsic pigment for the 
RTV elastomers. The silicone elastomer base had 
been added and mixed without vacuum for (3) 
minutes by utilized the vacuum mixer to avoid 
powder suction, then turned on the vacuum 
mixer for the following (7) minutes at (360) rpm 
speed with a vacuum value of (-10) bar to remove 
any air bubbles [16,17]. The silicone elastomer's 
catalyst was spread in numerous regions, and 
the mixture had been thoroughly mixed under 
vacuum for 5 minutes [15,18]. Following the 
manufacturer's recommendations, the task of the 
mixing the silicone with additives and pouring 
was completed at controlled temperature of 
23°C±2°C with a relative humidity (RH) of roughly 
50%±10% [19]. The VST50HD elastomer was set 
for nearly overnight. In order to avoid straining, 
the specimens were very carefully removed from 
their molds and preserved in an air-conditioned 
room in a lightproof box (custom-made). The 
temperature should be kept within the acceptable 
range degree of 10°C–30°C while on storage, and 
the RH value was approximately 80% [19]. In 
order to prepare for testing, the specimens were 
preconditioned for 24 hours at temperature 23°C 
± 1°C and humidity 50% ± 10% RH [19].

Experimental tests
Test for tear strength
In accordance with ISO 34-1 guidelines [20]. 

The specimens had been able to tested by using 
the universal testing machine clamps (Zwick 
roell, Germany). The tear strength specimens 
were the type C tear specimens. For the purpose 
to calculating the tear strength, the following 
formula is being used: 
Tear strength = F/D,
In this equation, F symbol is mean the value of 
final force needed to breakdown the specimens in 
kilonewtons, D symbol is mean the value of average 
thickness of the specimens in meters [20].
Test for Shore A hardness
A procedure that was done in accordance with 
ISO 7619-1, 2010 guidelines [21]. By utilizing a 
digital device Shore A durometer which have a 
blunt tip indenter of (1.25mm) diameter with 
digital scale (0 to 100) to perform the hardness 
test. Within each specimen, there are five points 
that were denoted by the symbol (6 mm) distance 
apart in the space between them and the lateral 
borders sideways [22].
Test for thermal conductivity
The test was done by using an apparatus which is a 
modification apparatus of the standard Lees’ disk 
method that use for the measurement of thermal 
conductivity done by the exact plane parallel 
plate technique. The specimens thickness which 
was equal to the diameter of copper plates in this 
study was approximately 3 mm in thickness and 
40 mm in diameter according to specification of 
instrument [23].
Statistical analysis
The findings of this study were evaluated and 
tested by utilizing SPSS (statistical package 
for social sciences, version 24) software, 
with one-way ANOVA (analysis of variance) 
being used to compare the mean values of the 
groups investigated. And the significance of 
the difference between each of the two tested 
groups was determined by using a post hoc test 
(Tukey HSD). P values of >0.05 were considered 
as statistically non-significant (NS), P values of 
≤0.05 were considered as statistically significant 
(S), and P values of ≤0.01 were considered as 
highly significant (HS).

RESULTS

Tear strength test results
Both (B) and (C) experimental groups exhibited 
greater mean tear strength values than group 
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(A) (control) (17.980 kN/m), with experimental 
group (B) having the highest mean value of 
(22.470 kN/m) followed by group (C) (21.380 
kN/m), as seen in Figure 1. Using one-way 
analysis of variance (ANOVA), a statistical test of 
tear strength between groups revealed a highly 
significant difference at p<0.01 (Table 1). The 
Tukey Honestly Significant Difference (Tukey's 
HSD) test used to compare between the mean 
values of groups (Table 2). The test revealed 
highly significant difference between group (A) 
and group (B) at p >0.01, a highly significant 
difference between group (A) and group (C) and 
a highly significant difference between group (B) 
and group (C) at p<0.01.

Thermal conductivity test results
Both (B) and (C) experimental groups exhibited 
greater mean thermal conductivity values 
than group (A) (control) (0.240 W/m.k), with 
experimental group (C) having the highest mean 
value (0.460 W/m. k), followed by group (B) 
(0.422 W/m. k), as shown in Figure 2.

Using one-way analysis of variance (ANOVA) 
statistical test of thermal conductivity among 
groups revealed a highly significant p <0.01 
(Table 3). In compression between the mean 
values of the groups, Tukey Honestly significant 
difference (Tukey's HSD) test was implied 
(Table 4). The test revealed a highly significant 

Table 1: Statistical analysis of tear strength by utilizing one-way ANOVA.

Sum of squares df Mean Square F P value
Between Groups 109.694 2 54.847

179.87 0.0001 (HS)Within Groups 8.233 27 0.305
Total 117.927 29  

Tukey HSD test for tear strength
(I) Groups (J) Groups Mean Difference (I-J) p value

Group A
Group B -4.49 0.0001 (HS)
Group C -3.4 0.0001 (HS)

Group B Group C 1.09 0.0001 (HS)

Table 2: Multiple comparisons between groups for tear strength test using Tukey Honestly significant difference (Tukey HSD).

Figure 1: Bar chart presentation of tear strength mean values of all study groups in kN/m.
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difference between group (A) and group (B) p 
<0.01, a highly significant difference between 

group (A) and group (C) and a highly significant 
difference between group (B) and group (C).

Tukey HSD test for thermal conductivity
(I) Groups (J) Groups Mean Difference (I-J) p value

Group A
Group B -0.182 0.0001 (HS)
Group C -0.22 0.0001 (HS)

Group B Group C -0.038 0.0001 (HS)

Table 4: Multiple comparisons between groups for thermal conductivity test using Tukey Honestly significant difference (Tukey HSD).

Figure 3: Bar chart representing the mean value of hardness test of all study groups.

Figure 2: Bar chart presentation of thermal conductivity mean values of all study groups in W/m.k.
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the aesthetic and mechanical strength of the 
prosthesis cannot be altered by sunlight or other 
environmental variables [27].

Tear strength
Tear strength is a measure of resistance to tearing 
forces and is crucial for the prosthesis's thin edges 
that merge with facial tissues [28]. The test result 
of tear strength indicates a highly significant 
increase in tear strength when nano Y2O3 and 
intrinsic pigment burnt sienna are added to 
VST50HD (RTV) silicone in both percentages in 
experimental groups in comparison to the control 
group and with a highly significant difference 
between them. This is demonstrated physically 
by the interaction of nanoparticles with the 
silicone matrix. Trapped networks formed due to 
the nanoparticles' capacity to combine in three 
dimensions, producing filler meshes within 
the polymer matrix. These trapped networks 
participate in both hindering the movement 
of polymer segment against the nanoparticles 
surface and preventing the movement of other 
polymer chains against each other; this changes 
the overall network density and causes a marked 
increase in polymer stiffness which will increase 
the tear strength [29,30]. The highly significant 
increase in tear strength that occurred when 
burnt sienna (FI) was added it could be because 
of the liquid colorant’s action as a plasticizer 
[31]. It is also possible that the increase in 
tear strength observed after the integration of 
intrinsic pigments is may be due to the intrinsic 
pigments acting as impurities in the catalyst, that 
reducing the degree of cure. And the reduction of 
curing may increase the tear strength [32]. When 
the intrinsic pigment burnt sienna proportion 
is 0.3% by weight, the tear strength decreases 
due to the increased degree of cross-linking 
was most likely due to the restricted segmental 
mobility of chains, which resulted in massive 

Shore A hardness test results
Both (B) and (C) experimental groups had 
greater mean hardness values than group (A) 
(control) (38.510), with experimental group (B) 
having the highest mean value (40.540), followed 
by experimental group (C) (39.570), as shown in 
Figure (3). Using one-way analysis of variance 
(ANOVA) statistical test of hardness among 
groups revealed a highly significant p <0.01 
(Table 5). In order to compare between the mean 
values of the groups, Tukey Honestly significant 
difference (Tukey's HSD) test was implied (Table 
6). The test revealed highly significant difference 
between group (A) and group (B) p <0.01, 
non-significant difference between group (A) 
and group (C) and a non-significant difference 
between group (B) and group (C).

DISCUSSION

Manufacturers provide only the mechanical 
properties of their silicone material without the 
addition of opacifiers or pigments, which is not 
reflective of how silicone elastomers are utilized 
in extra-oral maxillofacial prosthesis. Therefore, 
when selecting a material for an extra-oral 
maxillofacial prosthesis, clinicians should 
exercise caution when relying on manufacturer's 
specifications [24]. To acquire a certain level of 
reinforcement that significantly improves the 
mechanical properties, the addition of fillers 
considered very needful. The quantity of the 
filler use, filler parameters like (particle size 
or specific surface area, structure, and surface 
activity), polymer properties and manufacturing 
circumstances are all taken into consideration. 
The reinforcement is influenced by each of 
these parameters to a varying degree [25,26]. 
When it comes to color qualities, a maxillofacial 
prosthetic material must be able to receive and 
preserve intrinsic and extrinsic colors, and 

Table 5: Statistical analysis of hardness by utilizing one-way ANOVA.

Sum of Squares df Mean Square F P value
Between Groups 20.618 2 10.309

8.107 0.002 (HS)Within Groups 34.334 27 1.272
Total 54.952 29

Table 6: Multiple comparisons between groups for hardness test using tukey honestly significant difference Tukey(HSD).

Tukey HSD test for hardness
(I) Groups (J) Groups Mean Difference (I-J) p value

Group A
Group B -2.03 0.001 (HS)
Group C -1.06 0.108 (NS)

Group B Group C 0.97 0.151 (NS)



Zainab H Al-Naser, et al. J Res Med Dent Sci, 2022, 10 (3):180-187

186Journal of Research in Medical and Dental Science | Vol. 10 | Issue 3 | March 2022

stress concentrations. The stresses are unable 
to be dispersed, resulting in tearing of the new 
material [33].

Thermal conductivity
The possibility to estimate the rate at which heat 
can be transmitted across a particular cross-
sectional area of the specimens of material 
within a specific time interval known as thermal 
conductivity [34]. The results of thermal 
conductivity test reveal that after the addition of 
nano Y2O3 and intrinsic pigment burnt sienna 
to VST50HD (RTV) in experimental groups when 
it compared to the control group, there was a 
highly significant increase in heat conductivity 
with highly significant increase between them. 
The structure of the material determines the heat 
transport method and thus thermal conductivity. 
While heat is conducted through free electrons 
in metals, it is conducted through phonons or the 
lattice waves created by the atoms' vibrational 
energy in non-metallic materials such as 
polymers [35,36]. Interfacial physical contact 
between polymer and filler is crucial for a two-
phase system such as a polymer/filler composite, 
as phonons play a significant role in determining 
heat conductivity via their mean free pathways 
[37,38]. Also this increase is due to the addition 
of functional intrinsic pigment burnt sienna 
because the chemical type is inorganic iron oxide 
and the chemical formula is Fe2O3 Calcined 
ferric oxide which has a thermal conductivity 
higher than silicone (0.1 to ~ 5 W/ (m.k) [39].

Shore A hardness
Hardness is the resistance of the material to the 
plastic deformation; the hardness measured by 
indentation load, and measures the softness 
of the material [40]. It was suggested that the 
hardness of maxillofacial silicone prosthesis 
must stay within the range between 10-45 
shore A to be clinically applicable depending 
on the missing facial part [41,42]. The result of 
hardness test findings that after the addition of 
nano Y2O3 and intrinsic pigment burnt sienna 
to VST50HD (RTV) silicone indicate a highly 
significant increase in hardness in experimental 
groups in compression to control group, with 
a non-significant increase between them. The 
increase was within the acceptable limits. Filler 
to filler binding increases hardness by filling the 
inter-aggregate gaps between polymer chains, 
making them smaller, this increases rigidity 

of the polymer to resist penetration [43]. The 
limited increase of silicone and then decrease 
the hardness after the percentage of functional 
intrinsic pigment increase to 0.3 wt. % is may 
be because the polymerization process of the 
silicone material was affected by the addition 
of intrinsic pigment, leading to decreased in the 
hardness [44].
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