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Objectives: Compare the tensile strength and rupture elongation of room
temperature vulcanizing silicone (RTV), heat temperature vulcanizing silicone
(HTV) and 3% SiO2 reinforced RTV and HTV following disinfection with various
agents.

Materials and Methods: According to ASTM D412, 384 samples were fabricated
using HTV, RTV, RTV and HTV reinforced with 3% SiO2 nanoparticles. The
control group received no disinfection treatment, while the other samples were
disinfected for 10 minutes using neutral soap, 4% chlorhexidine, and ozone water,
three times a day for 60 days. Additionally, accelerated aging was carried out for
252,504,1008 hours. Tensile strength and rupture elongation were assessed
using a universal testing machine at 500 mm/min speed, and the mean values
were analyzed using two-way ANOVA and Tukey HSD test (P<0.05).

Results: The mean value of tensile strength of RTV (2.96 + 0.41), 3%Si02 RTV
(3.26 +0.33), HTV (3.30 £0.36),3% SiO2 HTV (4.07 +0.85) MPa which was
statistically significant for control, neutral soap and 4% chlorhexidine at 252,504
,1008 hours of aging. (P <0.05). The percentage of elongation of RTV (545
+29.2),3%Si02 RTV (617 £30.5), HTV (735 +48.7),3% Si02 HTV (801 +55.7)
which was statically significant for control, neutral soap, 4% chlorhexidine and
Ozone water for 252, 504 ,1008 hours of aging. (P <0.05).

Conclusion: The HTV silicone showed more tensile strength and rupture
elongation compared to HTV, RTV and RTV silicones reinforced with 3% SiO2
nanoparticles. Ozone water disinfection had least effect on tensile strength and
rupture elongation of maxillo-facial silicone compared to other disinfectant.
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INTRODUCTION

Maxillofacial defects occur due to trauma,
surgery, infectious diseases, congenital
anomalies and burns [1]. The restoration of
extraoral defects can be achieved through
surgical, prosthetic, or a combination of both
approaches. Commonly employed materials
for crafting maxillofacial prostheses include
polymethylmethacrylate =~ (PMMA)  resins
and copolymers, vinyl resins, polyurethane
polymers, and maxillofacial silicones [2,3].

The most challenging problems of extra-oral

maxillofacial prostheses are deterioration of
physical properties and discoloration. The
principal source of discoloration is ultraviolet
radiation, air pollution, temperature alteration
and precipitation of microscopic residues
in porosities of the surface of the material.
The surface texture of the material should
be equal to that of human skin to produce
a life like appearance [4]. Silicone is the
currently used material for rehabilitation of
maxillofacial defect. The major drawbacks
of silicone materials are deterioration of
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physical properties and discoloration in
the environment [5]. Hence the extra-oral
prostheses should be steady, long standing,
soft and pliable. High percentage of elongation
and tear strength produced the most desirable
prosthesis material.

Nano dental materials revolutionized material
sciences in dentistry [6]. Titanium dioxide,
silaned silica, fumed silica, zinc oxide, cerium
oxide, polyhedral silsesquioxane, magnesium
silicate nanoparticles and tulle were used
as reinforcement material for polymers like
PMMA resin and maxillofacial silicone. The
literature showed that nanomaterials enhanced
the mechanical properties and color stability of
maxillofacial silicones [7-9].

The shortfall of maxillofacial silicone is narrow
durability of the resulting prostheses. Hence
enhancing the tensile strength and tear strength
of maxillo-facial silicone lead to long lasting
prosthesis [10]. Silicon dioxide nanoparticles
(Si0,) have been widely utilized for biomedical
applications due to its biocompatibility. SiO,
nanoparticles are characterized by small
size, large interface area, active, and potential
interaction with organic polymers. So, they
can improve the properties of polymers and
provide resistance to environmental stress
and the amount should be optimum to prevent
agglomeration of maxillofacial silicone while
manipulation [11].

Ozone water was used by Dr Edwin Parr (1920)
for disinfection in dentistry. It was applied to
purify water, highly effective in killing bacteria
bacteria, fungi, viruses, and parasites in lower
concentration [12]. There were no relevant
studies on the effect of ozone water on the
properties of maxillofacial silicone with SiO,
nanoparticles. Hence the current investigation
was performed to evaluate and compare the
tensile strength and rupture elongation of
Room Temperature Vulcanizing (RTV) silicone,
Heat Temperature Vulcanizing (HTV) silicone,
and 3% SiO2-reinforced variations of both RTV
and HTV following disinfection with neutral
soap, 4% chlorhexidine, and ozone water. The
null hypothesis was that there will not be any
changes in tensile strength and elongation after
disinfection and accelerated aging.

MATERIALS AND METHOD

According to ASTM D412 [13], a dumb-bell-
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shaped stainless-steel split metal mold was
fabricated with a diameter of 115mm length,
25mm height and 3mm thickness. (Figure.1)
The center of the dumb-bell was 33mm, 6mm,
and 3mm in length, height, and thickness,
respectively. The samples were fabricated
in four groups using RTV silicone (M511
Technovent, P&O internationals, Haryana,
India) and HTV silicone (Copsil T-30 TN
Resin, P&O internationals, Haryana, India).
Additionally, the samples were reinforced with
3% silicone dioxide nanoparticles while being
manipulated. Six samples were fabricated in
each group.

Control sample fabrication

According to the manufacture’s instruction, the
RTV macxillofacial silicone base and catalyst
were mixed (10g of silicone elastomer tolg
catalyst) on a glass plate for 30 minutes with
stainless steel spatula to obtain a homogenous
mix and it was placed in a vacuum chamber for
20 minutes to remove air bubbles. The mixture
was then poured into a stainless steel split
coated with a separating media and allowed to
dry for 30 minutes. The silicone materials were
allowed to polymerize at room temperature
(23+2°C) for 24 hours, after which the moulds
were carefully separated, and the samples were
retrieved and the flash was trimmed out with
a sharp scalpel. The HTV silicone was mixed in
the ratio of 1:1 on a glass plate with a stainless
steel spatula to obtain a homogenous mixture
for 30 minutes and it was placed in the vacuum
chamber for 20 minutes to remove air bubbles.
The mixture was then poured into the stainless
steel split mould and allowed to polymerize at
90° for 1h in a hot air oven (Servo Enterprisess,
Chennai, India).

Experimental sample fabrication

According to the manufacturer’s instruction,
10g of RTV maxillofacial silicone base
(Technovent M511 RTV silicone, P&O
Internationals, Haryana, India) and 1g of
catalyst were measured using a digital
analytical scale. Initially, SiO, nanoparticles (30
to 50nm) (Aerosol, VV Pharm, Mumbai, India)
were added to the pre-weighed catalyst of the
maxillofacial silicone and mixed for 10 minutes.
Subsequently, the pre-weighed base was added
and mixed for an additional 30 minutes on a
clean glass plate using a stainless steel spatula
to achieve a homogeneous mixture. The
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resulting mixture was then placed in a vacuum
chamber for 20 minutes to remove any air
bubbles, ensuring an air bubble-free sample.
The mixture was poured into a stainless-steel
split mold coated with a separating media,
allowed to dry for 30 minutes, and polymerized
at room temperature (23+20C) for 24 hours.
Excess materials were trimmed using a scalpel.
The HTV silicone (Copsil T-30 TN resin, P&O
Internationals, Haryana, India) catalyst and
base were mixed in a 1:1 ratio. Initially, SiO,
nanoparticles were added to the pre-weighed
HTV silicone elastomer base and stirred for 30
minutes. Subsequently, the catalyst was added
and mixed for an additional 20 minutes on a
clean glass plate using a stainless steel spatula
to achieve a homogeneous blend. The mixture
was then placed in a vacuum chamber for 30
minutes to ensure the removal of air bubbles.
The resulting bubble-free sample was poured
into a stainless-steel split mold and left to
polymerize at 900 degrees for 1 hour in a hot
air oven. Finally, excess material was trimmed
using a scalpel.

Disinfection procedure and aging process
The maxillofacial silicone samples underwent
a disinfection process involving neutral
soap (Johnson; Chennai), 4% chlorhexidine
(Microshield; Chennai), and ozone water for 10
minutes [14]. Subsequently, the samples were
rinsed with water for 10s. This disinfection
procedure was repeated three times a day for
60 days. All samples were stored in a light-
proof black box under controlled conditions
of temperature (23%£22C) and relative
humidity (50+10%) following disinfection.
The control group included samples without
any disinfection treatment, while separate
groups were designated for neutral soap, 4%
chlorhexidine, and ozone water treatments.

To replicate the natural environmental
conditions (sunlight and moisture), the samples
underwent accelerated aging. Placed in an
aging chamber with 100% humidity, the aging
process extended for 12h. UV light irradiation
occurred at a temperature of 60+3°C during the
initial eight hours, followed by a continuation
of the condensation process at a temperature
of 45£3°C without light for the remaining 4h
[15].

Tensile strength and elongation test

The thickness of the samples were measured at
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three separate positions using a digital vernier
caliper (Yamato, Madurai,Tamil Nadu).Then the
samples were kept in a computer controlled
universal testing machine (Schimadzu, Europe)
at a constant rate of 500 mm/min cross-
head speed. The tensile strength (MPa) was
calculated using the following formula TS=F/A
(Force required to break (F); A is the cross-
sectional area where TS is the tensile strength
(MPa) [16].

The original length of the samples were
measured before testing using a digital vernier
caliper by placing benchmarks on the dumb-bell
shaped specimen 25mm apart and equidistant
from the center and perpendicular to the long
axis. The supplemental distance between the
benchmarks of the samples at break were
calculated digitally by the computer software.
According to ISO (2017), the percentage
of elongation was calculated at the time of
measuring tensile strength (before failure)
using the formula:

E=100 (LB-LO)
L0

Where E is the percentage elongation at break,
LO is the original length and LB is the length of
the sample while breaking [16].

Statistical Analysis

The results were statistically analyzed using
SPSS windows 17 ™ version (IBM; New
York, United State). The obtained tensile
strength and rupture elongation values were
statistically analyzed using two-way ANOVA at
95% confidence interval. The tensile strength
and rupture elongation of maxillofacial silicone
materials after disinfection and accelerated
aging were considered as significant when the
P-value was <0.05.

RESULTS

Comparing the mean value of tensile strength
after sixty days of disinfection with neutral
soap, 4% chlorhexidine and ozone water and
accelerated aging for 252,504,1008 hours,
HTV silicone reinforced with 3% SiO, showed
the highest tensile strength (4.07+0.85)
followed by HTV silicone (3.30 +0.36) (Figure
2) and the highest mean value of elongation
was obtained with HTV silicone reinforced
with 3% SiO, (801 £55.7) followed by HTV
silicone (735 *#48.7) (Figure 3). Ozone water
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Fig. 1. Maxillofacial silicone sample

disinfection showed the least effect on tensile
strength and rupture elongation. Also, the
aging procedure did not have any effect on
tensile strength but affected the elongation of
the materials (Figure 2).

Comparison of tensile strength of RTV, HTV and
3% Si0, reinforced RTV and 3% SiO, reinforced
HTV silicone after 60 days of disinfection and

accelerated aging for 252,504,1008 hours was
done using two-way ANOVA. Disinfection had
a non-significant effect on tensile strength.
(Table.1) Multiple group comparison was
done using Tukey HSD test in which the
tensile strength was statically significant for
control, neutral soap and 4% chlorhexidine at
252,504 ,1008 hours of aging (P<0.05). Ozone
water showed non-significant effect on tensile
strength (P>0.05) (Table.2).

Comparison of rupture elongation of RTV,
HTV and 3% SiO, reinforced RTV and 3% SiO,
reinforced HTV after 60 days of disinfection and
252,504 ,1008 hours of aging was done using
two-way ANOVA. Disinfection significantly
affected rupture elongation of all silicone
materials (Table.3). Multiple group comparison
was done using Tukey HSD test which showed
statically significant rupture elongation for
control, neutral soap, 4% chlorhexidine and
Ozone water for 252,504 ,1008 hours of
aging (P <0.05) where Ozone water showed
significant effect compared with control and
chlorhexidine 252,504,1000 hours of aging.
(P<0.05). (Table.4)

Tensile strength (Mpa)

o
U

60 DAYS

252 HRS

Disinfections & Aging

mRTV
H 3%RTV
WHTV
B 3%HTV

504 HRS 1008 HRS

Fig. 2. Comparison of mean value of tensile strength between maxillofacial silicone materials after disinfec-
tion for 60 days and accelerated aging for 252, 504, and 1008 hours
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Fig. 3. Comparison of mean value of rupture elongation between maxillofacial silicone materials after dis-
infection for 60 days and accelerated aging for 252, 504, and 1008 hours

Table 1. Two-way Analysis of Variance for comparison of tensile strength among the studied materials

Corrected model 9.66 15 0.64 3.7 <0.0001
Intercept 932.44 1 932.44 5361.93 <0.0001
Materials 4.31 3 1.43 8.27 <0.0001
Group 3.29 3 1.09 6.31 0.001
Materials group 2.04 9 0.22 1.3 0.246
Error 13.91 80 0.17

Total 956.01 96

Corrected Total 23.57 95

Table 2. Tukey HSD test for comparison of tensile strength among the disinfection solutions

Neutral soap 0.41 0.12 0.004 0.1 0.73

Control group 4% CHX 0.47 0.12 0.001 0.16 0.79
Ozone water 0.24 0.12 0.188 -0.07 0.55

Control group -0.41 0.12 0.004 -0.73 -0.1

Neutral soap 4% CHX 0.05 0.12 0.965 -0.25 0.37
Ozone water -0.17 0.12 0.468 -0.49 0.14

Control group -0.47 0.12 0.001 -0.79 -0.16

4% CHX Neutral soap -0.05 0.12 0.965 -0.37 0.25
Ozone water -0.23 0.12 0.225 -0.54 0.08

Control Group -0.24 0.12 0.188 -0.55 0.07

Ozone Water Neutral Soap 0.17 0.12 0.468 -0.14 0.49
4% CHX 0.23 0.12 0.225 -0.08 0.54

CHX: chlorhexidine; MD: mean difference; SE: standard error; CI: confidence interval; LB: lower bound; UB: upper bound
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Table 3. Two-way Analysis of variance for comparing rupture elongation among the studied materials

Corrected model 1.368E6
Intercept 3.474E7
Materials 908118.91
Group 275766.83
Materials group 184170.58
Error 152645
Total 3.626E7
Corrected total 1520701.33

15 91203.75 47.79 <0.0001
1 3.474E7 18208.33 <0.0001
3 302706.3 158.64 <0.0001
3 91922.27 48.17 <0.0001
9 20463.39 10.72 <0.0001
80 1908.06

96

95

Table 4. Tukey HSD test for comparison of rupture elongation among disinfection solutions

Neutral soap 70.75
Control 4% CHX 151.42
Ozone water 70.33
Control group -70.75
Neutral soap 4% CHX 80.67
Ozone water -0.42
Control group -151.42
4% CHX Neutral soap -80.67
Ozone water -81.08
Control group -70.33
Ozone Water Neutral soap 0.42
4% CHX 81.08

12.61 <0.0001 37.66 103.84
12.61 <0.0001 118.33 184.5
12.61 <0.0001 37.25 103.42
12.61 <0.0001 -103.84 -37.66
12.61 <0.0001 47.58 113.75
12.61 1 -33.5 32.67
12.61 <0.0001 -184.5 -118.33
12.61 <0.0001 -113.75 -47.58
12.61 <0.0001 -114.17 -48
12.61 <0.0001 -103.42 -37.25
12.61 1 -32.67 33.5
12.61 <0.0001 48 114.17

CHX: chlorhexidine; MD: mean difference; SE: standard error; CI: confidence interval; LB: lower bound; UB: upper bound

DISCUSSION

Silicon dioxide nanoparticles are widely
employed in biomedical research owing to their
excellent biocompatibility. These nanoparticles
have found applications as additives in rubber,
plastics, and construction materials, providing
stability and non-toxicity. Their stability and
non-toxic nature make them suitable for use in
drug delivery and theragnostic. Consequently,
they were chosen as reinforcement material in
the context of this study [11].

Chemical disinfection may alter the properties
of maxillofacial silicone. Hence it is important
to investigate the mechanical properties of
maxillofacial silicone materials after disinfection
[17]. Various disinfectants like neutral soap,
sodium hypochlorite solution, 4% chlorhexidine,
efferdent-tablet, plant extract, commercial
disinfecting solution are available to disinfect
the maxillofacial silicone materials [18].
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Recent literature showed that ozone water has
antimicrobial, disinfectant, biocompatibility
and healing properties, hence its use has been
proposed in the field of dentistry for various
treatments [19]. Ozone application in dentistry
is widely used for the treatment of incipient
caries, root canal treatment, periodontal
pockets, incomplete wound healing like
ulcerations and herpetic lesions, discolored
tooth, periimplantitis, denture cleaning
and decontamination of tooth brush. Hence
ozone water was selected for disinfection of
maxillofacial silicone materials [12].

The aging process is crucial for assessing how
a material responds to natural environmental
conditions, replicating atmospheric factors
such as radiation, humidity, and heat in a
laboratory setting. The alterations in optical
and mechanical properties of silicones are
attributed to the photo-oxidation caused by
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ultraviolet radiation. Therefore, the aging
processservesasameanstodetermine whether
the material can withstand environmental
conditions  without compromising its
mechanical properties [20]. Previous studies
have indicated that silicone prostheses have
a shelf life of one year. Hence, this study was
undertaken to evaluate the tensile strength
and rupture elongation of maxillofacial
silicone materials reinforced with 3% SiO,
nanoparticles after disinfection and subjected
to 252,504,1008 hours of accelerated aging.
The present study results showed the tensile
strength and rupture elongation of RTV and
HTV silicone values similar to the previous
study [11,20], hence, it proved that 3% of
silicone dioxide nanoparticles had improved the
tensile strength and rupture elongation after
disinfected for 60 days with neutral soap ,4%
chlorhexidine and ozone water and the ozone
water showed least effect on tensile strength
and rupture elongation after accelerated aging
period of 252,504,1008 hours.

The tensile strength and percentage of
elongation of HTV silicones reinforced with
3% Si0, nanoparticles was higher after
disinfection and accelerated aging compared
to controls. Also, our results showed that ozone
water had the least effect on tensile strength
and percentage of elongation of maxillofacial
silicones compared to neutral soap and 4%
chlorhexidine. Therefore, this study rejected
the null hypothesis.

The present study’s findings corroborate prev-
ious research, confirming that nanoparticle-
reinforced maxillofacial silicone exhibits
increased tensile strength and percentage of
elongation after disinfection. This is attributed
to the small size of SiO, nanoparticles,
providing a larger surface area, heightened
activity, and robust interconnection with the
organic polymer. Thus, there is a trust that
nanoparticles enhance the mechanical, physical,
and optical properties of the organic polymer,
escalating its resistance to crack formation
influenced by environmental stress [21].
Nano-fillers demonstrate superior mechanical
properties compared to micro-filler particles in
maxillofacial silicone, indicating their ability to
withstand mechanical degradation [22,23].

This study has certain limitations. Firstly, the
accelerated aging of maxillofacial silicone was
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carried out using a UV chamber, introducing
a potential disparity between the photo-
oxidative impact created by artificial aging
and the effects of natural aging, which can be
influenced by varying environmental conditions
due to climate differences. Additionally, the
manual manipulation of the maxillofacial
silicone material raises concerns about
achieving a uniformly mixed composition.
The incorporation of 3% SiO, nanoparticles
into HTV maxillofacial silicone resulted
in enhanced tensile strength and rupture
elongation, indicative of improved flexibility
in the prosthesis. This enhancement suggests
a potential increase in the average lifespan of
maxillofacial silicone materials. Consequently,
3% SiO, nanoparticle-reinforced HTV silicone
holds promise for the fabrication of extraoral
prostheses with an extended shelf life.

CONCLUSION

The HTV silicone reinforced with 3% SiO,
nanoparticles exhibited enhanced tensile
strength following 60 days of disinfection
and accelerated aging for 252,504,1008
hours. Ozone water disinfection had the least
impact on tensile strength and percentage
of elongation compared to neutral soap and
4% chlorhexidine disinfection over the same
period. Consequently, 0zone water emerges as
a viable recommendation for the disinfection of
maxillofacial prostheses
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