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Abstract:

Introduction: Room temperature vulcanizing silicone, or RTV silicone, has gained
popularity in maxillofacial clinics due to its notable advancements, which are available as
platinum-cured polydimethylsiloxane. Previous investigations have demonstrated
improved mechanical and optical qualities when silicon dioxide nanoparticles are added
to room-temperature vulcanized silicone. Bamboo has a Iot of silica. Thus, the goal of this
study is to incorporate silicon dioxide derived from bamboo to increase the tensile
strength and color stability of room-temperature vulcanized silicone. Evaluate the
differences between modified RTV silicone that contains silicon dioxide from the bamboo
extract and conventional RTV silicone in terms of color stability and tensile strength.
Materials and procedure: Sixty silicone RTV samples were made. Using epoxy molds
measuring 150 mm X150 mm X 2 mm, six of which were of conventional RTV silicone
(Group A) and six for each group, which were of bio-silicone dioxide modified RTV
silicone (Group B) at various concentrations (0.5%, 1%, 2%, and 3% ). Followed by tensile
strength testing on the samples. Then a 1000-hour natural weathering process, the
samples' color stability was assessed. Result: Statistical analysis is done using SPSS
software.To minimize Type I errors, an ANOVA test (o = 0.01) is used to determine
whether group means differ substantially for color stability. The null hypothesis, equal
means, is disproved if p < 0.01. The F-test for variance equality is used in advance to
ensure variances are similar. In the case of tensile strength, an ANOVA test (« = 0.05) finds
differences between the means of five groups. If the ANOVA shows significance (p< 0.05),
a Tukey HSD post-hoc test is used to identify particular group differences. Conclusion:
This study showed that 0.5% bio-silica-modified RTV silicone provides the optimum
tensile strength and color stability during an artificial aging process of 1000 hours,
making it the ideal concentration for enhanced performance.

Keywords: Banchloshan, Bio-Silica, Sio; Nanoparticles, Room Temperature Vulcanized
Silicone, Maxillofacial Prosthesis
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Introduction:
Mazxillofacial prosthodontics uses materials like silicones to reconstruct lost facial
features due to their versatility. [!] Maxillofacial prostheses can be made from

several materials, including porcelain, natural rubber, gelatin, latex, acrylics, and
silicones in anoplasty.[?]: Room temperature vulcanizing silicone, or RTV silicone,
has gained popularity in maxillofacial clinics due to its notable advancement over
previous polymers, which are available as platinum-cured polydimethylsiloxane. [2]
Despite their flexibility and aesthetically pleasing appearance, silicones are prone
to deterioration and discoloration. UV rays, air contaminants, and extended contact
with skin all contribute to this poor color stability, degradation.!] Low tear and
tensile strength.[*] Although attempts to extend longevity by integrating stronger
reinforcing elements have been attempted, their success has been limited [5l. The
type and amount of fillers in the silicone network, as well as the degree of cross-
linking in the network, determine the fundamental features of silicone elastomer.
Elastomer cross-linkingis also influenced by the kind, composition, the kind of
fillers; the reinforcing material; the curing temperature; and the polymerization
method (6],

A number of techniques were attempted to enhance the color stability of
maxillofacial silicones, including the inclusion of opacifiers, oil paint, and nano-
oxides, with differing degrees of success. The addition of nano-oxides to the
elastomers produced the best results out of all of these techniques.[?] Previous studies
have demonstrated that adding silicon dioxide nanoparticles to room-temperature
vulcanized silicone improves its mechanical and optical characteristics [5].

Silicon dioxide nanoparticles can be extracted synthetically or from a natural
source such as sugarcane 8] or bamboo stem. Bamboos are rich sources of silica.
So, bamboo extract can be a source of silicon dioxide. Nanoparticles extracted
from bamboo leaf and stem are used as coatings to increase the material's
resistance to microorganisms, hydrophobicity, wettability, thermal stability, flame-
retardant qualities, and ultraviolet (UV) resistance as mentioned in previous studies
[20], As bamboo extracts are also used in cosmetics and skin care [°], it is thus
proven biocompatible with the skin [0l Bamboo stem extract is more efficient as it
contains a higher amount of silica, so it can be used as a replacement for the
synthetic silica.

‘Banshlochan’ is the siliceous concretion found in the hollow internodes of Bambusa
arundinacea. It has a concentration of silica (Si) of 85.78%. Intake of Banshlochan is
used to treat asthma, cough, poisoning, paralysis, and other debilitating illnesses.
Additionally, it is utilized as an astringent, cooling, expectorant, sweet, acrid,
diuretic, haemostatic, cardiac, febrifuge, and tonic. [1!]

Although they have shown some promise, attempts to extend the lifespan of RTV
silicones by adding reinforcing materials—like nanoparticles—have not been very
successful. Prior research has shown that adding silica nanoparticles to RTV silicone
enhances its mechanical and optical qualities [!2l. Nevertheless, synthetic silica
continues to be the most common source, and little research has been done on
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biocompatible, alternate sources of silica that would provide greater sustainability
and performance. There are no previous studies that incorporating the bio-silica
from bamboo into RTV silica is done. In this study, we are utilizing
Banshlochan/Vanshlochan, an ayurvedic product, as the source for bamboo extract,
from which we are extracting silicon dioxide nanoparticles.

Thus, this study aims to compare and enhance the color stability and tensile
strength of traditional RTV silicone and silicon dioxide-modified RTV silicone. The
CIE L*a*b* and elongation tests are used to accomplish this.

Methodology:
This study was done in the Prosthodontics Department of Tagore Dental College
and Hospital, Tamil Nadu, India.

Materials required:
e The Room-Temperature Vulcanized Silicone (Siloczest liquid silicone rubber
(LSR-105), which has part A and part B (1:1))
e Intrinsic stain, burnt senna shade from Siloczest (human Indian skin tone).
e Epoxy Silicone resin mold measuring 150x150x2mm.
e Silicon dioxide nanoparticles (bio-silica) (Banshlochan/Vanshlochan )
e Vacuum mixer (500 rpm) and weighing machine

Sample preparation:

A sample size of six in each group was determined in order to establish a mean
reduction difference between 0% concentration and 0.5%, 1%, 2%, and 3%
concentration of bio-silica at 5% risk and 95% power is calculated. For each
parameter (color stability and tensile strength) a sample size of thirty was taken
into consideration. Consequently, a total sample size of sixty was attained. (table 1)

Bio-silica preparation:

Banshlochan was processed by the sol-gel method to produce silicon dioxide
nanoparticles and was calcinated at 650°C for 2 hours and then stirred for 1 h at 100
°C. After filtering the banshlochan, the residue was repeatedly cleaned with
distilled water. Then 8 mL of NaOH (1M) was added to the residue, and it was
continuously stirred for one hour at 100°C. [13]

When the combination was filtered, sodium silicate was obtained. For the gelling
procedure, HC1 1 M was used to titrate the solution. Following a 24-hour aging
period, the aqua gel was repeatedly cleaned with distilled water and allowed to dry.
An agate mortar is used to grind the silica xerogel into powder.[!3]

Sample preparation:

For the volume of the 150x150x2 mm slab, 49.5 g of RTV silicone is taken (1 ml =
1.10 g/cm?®), and intrinsic stain is added in 3 drops to the samples. Bio-silica
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nanoparticles obtained are added at 0%, 0.5% (0.2 mg), 1% (0.49 mg), 2% (0.99
mg), and 3% (1.48 mg) to samples. And mixed using a vacuum mixer [14 (Figure a)
and poured in slabs (Figure b).

Sample artificial aging:

A total of 1000 hours were spent exposing thirty samples to artificial aging
processes, including exposure to sunlight, pollutants, dirt, and dust [!5]. At last, all of
the specimens were stored in a dark environment with 50% relative humidity for
one full day (for 24hrs).

Testing procedure:

Test of tensile strength:

The 30 dumbbell-shaped samples were cut according to ASTM-D412 (2021)
standardization, and the samples were installed in the universal testing machine
(UTM) with a 1 KN load cell under the following conditions: 23+2°C, 50+5% R.H., 6
control, and an elongation test.A universally standardized machine was then used to
measure tensile strength. The formula Load = Stress (Nm—2)/Initial cross-sectional
area (mm—-2) was used to calculate the tensile strength and percentage
elongation.[18]

Color stability test:

Color stability is evaluated by calculating AE using the CIEL*a*b* system [1.5]
D65/10%, and AE was calculated using the formula AE = ([AL]? + [Aa]? + [ADb]?) *.
categorizing as: AE < 1 (indisputable), 1 < AE < 3.3 (acceptable), and AE > 3.3
(undesirable). NBS units are quantified as NBS=AEX0.92, with interpretations trace
(0.0-0.5), minor(0.5 to 1.5), perceptible (1.5 to 3.0), significant (3.0 to 6.0), a lot (6.0
to 12.0) and extremely much (>12) [!5], In the experiment, 6 control and 24 test slabs
undergo initial and final tests of CIEL*a*b*after 1000 hours of exposure to UV, dirt,
and pollution, following ASTM D2244 (2016) under environmental conditions of
2312°C and 50+5% R.H.

Statistical analysis:

For color stability, an ANOVA test with alpha = 0.01 to determine whether the group
means differ in any statistically significant way. An F-test for variance equality is
done to compare two independent samples' variances that are significantly
different.

An ANOVA test with alpha = 0.05 is performed for tensile strength, and then a post-
hoc test, or Tukey HSD test, is carried out to determine whether groups differ from
one another after determining whether there are any statistically significant
differences between the means of the five groups that were present.

Results:

The formula AE = ([AL]2 + [Aa]2 + [Ab]2) !z yields the color difference between the
original and final CIE L*a*b* test, with average AE of 1.46, 1.7, 2.45, 2.91 and 3.34
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for Group A, Bl, B2, B3, and B4 accordingly.
All five groups displayed a clinically acceptable color shift, according to a
comparison of the AE values.

Graph 1 shows a slow rise in the AE value and an increase in concentration, with
Group A and Group Bl having nearly identical values.

According to the National Bureau of Standards (NBS) units, multiplying the AE value
with 0.92 (AEx 0.92) revealed that the average values for Groups A, Bl, B2, B3, and
B4 were 1.34, 1.56, 2.25, 2.67, and 3.07, respectively. Groups B2, B3, and B4 show
significant color variations, but Groups A and Bl show only minor color changes.
Graph 2, shows a slow rise in the AEx0.92 value and an increase in concentration,
with Group A and Group Bl having nearly identical values.

Table 2 shows There is a significant difference between the four groups (0.5%, 1%,
2%, and 3%). But expect 0.5% of the other three to be highly significant with control
groups. According to the ANOVA results, there is a highly significant difference
between the group means (F=1083.51, p=0.000), which disproves the null
hypothesis that there is no difference.

From Table 3, we infer that F-statistics is 0.17, which shows a relatively low ratio of
within-group variation to variation across groups. P-value= 0.04, At the o = 0.01
level, this result is not statistically significant since p > 0.01 (the selected
significance threshold), indicating that there is insufficient evidence to support a
difference between the two groups.

The tensile strength results showed average values 3, 3.21, 2.64, 2.57 and 2.12
(Mpa) for Groups A, Bl, B2, B3 and B4 respectively, which is plotted in Graph 3.
Graph 3 shows increased tensile strength in Group Bl with 0.5% concentration
when compared to the control and all other groups.

When comparing the groups' mean tensile strength, the ANOVA test yielded a p-
value less than the 0.05 alpha level, suggesting that the groups differ significantly
from one another. The Tukey's Honest Significant Difference (HSD) post-hoc test
findings are displayed in Table 4, which compares group means for the dependent
variable ("Values") among various groups. Following an ANOVA, Tukey's HSD aids
in determining significant differences between group means.

Table 4 shows Group A (0%) differs significantly from Group B2- 1%, B3-2%, and
B4-3% (p < 0.05), but not between B2-1% and B3-2% (p > 0.05). Positive values
indicate higher means in the first group and negative in the second. B2-1%, B3-2%,
and B4-3% have higher means than Group A, with no difference between B1-0.5%
and Group A.

Table 5, This table shows the means for each group and their homogeneous subsets
based on the Tukey HSD test at the 0.05 significance level. In Subset 1, groups B4-
3%, B3-2%, and B2-1% are homogeneous. In Subset 2, groups A 0% and B1-0.5%
are also homogeneous.

Inferred from overall Tukey results, groups spanning subsets (e.g., B4-3% vs. A 0%)
may exhibit substantial differences. This is plotted in the graph 4.
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Discussion:

Maxillofacial prostheses serve both functional and aesthetic purposes, and they
play a crucial role in helping affected individuals regain their quality of life.
Silicone is the most widely used material to restore lost facial structures, although
research is still being done to overcome its shortcomings and develop a substance
that could be termed the "ideal maxillofacial prosthetic material." [16]

According to a 2010 survey, silicone-based maxillofacial prostheses have a
relatively short lifespan of 7 to 24 months, primarily depending on the retention
technique (implant or adhesive).[!ZJSome of the most common reasons for replacing
a prosthesis are silicone tearing, inadequate maintenance, and color changes.[!8]
Silicone elastomers' mechanical characteristics are influenced by numerous factors,
such as the presence of fillers, cross-link density, and the molecular weights of
polymer chains. A new class of polymer materials with greater flexibility due to the
strength of the nano-oxides has been produced by introducing nanoparticles (NPs)
into the polymer matrix [1920,21].

Introducing reinforcing compounds to materials to find solutions for their
mechanical shortcomings was one of the numerous studies carried out. The
addition of nano-TiO2, ZnO, and CeO:2 to silicone elastomer was one such
endeavour. [22]

According to Mahovi'c Poljalcek et al., the addition of smaller amounts of SiO: (1%)
was more effective in preventing the aging of fluorescent coatings than coatings
that contained TiO:. nanoparticles with photocatalytic capabilities.[?3] The
deformation elasticity test findings showed that adding nanoparticles, particularly
SiOz, to the coating greatly (by 40%) increased the unaged samples' bending
resistance.[?¥] Jun Che et al.and

Tarannum et al. experiment results showed that bamboo extract can filter UV rays
(25, 26] while Sihama et al. found that adding natural nanoparticles improved the
mechanical qualities of maxillofacial silicone. !

Vanshlochan, an ayurvedic product from bamboo extract, which is utilized in this
process to extract nanoparticles, has a major component (85.78%) of silica [l
Numerous studies reported in the literature were conducted in vitro, simulating
some of the principal degradative agents that have been identified as catalysts for
the depletion of mechanical properties and discoloration. In research on
accelerated natural aging and induced aging, UV radiation is considered to be the
most important of these.

This study shows, that there is no significant difference between the tensile strength
of 0.5% incorporated RTV silicone and the control group (0%). This is in agreement
with a study by Mustafa S et al., which found that the tensile strength of nano-SiOz
group increased significantly [°l. However, in the present study, only 0.5% showed
an equivalent result to control; as the concentration increases, the tensile strength
decreases. Therefore, the optimal concentration for improved RTV silicone tensile
strength is 0.5% bio-silica.
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Limitation:

The study's limitations include a limited sample size that could restrict the findings'
generalizability and a relatively short duration that makes it challenging to assess
the long-term effects of aging. Increasing the study's duration and sample size
might yield accurate information on the longevity and performance of maxillofacial
prostheses. Banshlochan can be purified to eliminate the trace metals present in it
to provide better results.

Conclusion:

The color stability of 0.5% bio-silica-modified RTV silicone is superior to that of
other concentrations (average AE = 1.70), with no significant difference observed
when compared to conventional RTV silicone (average AE = 1.46), and the color
change between initial and final results was low in 0.5%. The remaining three
concentrations demonstrate clinically acceptable color changes. Similar to other
concentrations, 0.5% modified RTV silicone displays a higher tensile strength
(average 3.8 MPa), showing no significant difference from the control group.
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Table 1: Sample Distribution for Tensile Strength and Color Stability Tests

Group A- Control

Group B- Test

Group Sub-Group Sub- Group Sub- Group Sub-
A Bl B2 B3 Group
B4
Concentration 0% 0.5% 1% 2% 3%
of Bio-silicon
Dioxide
No. of samples 6 6 6 6 6
for tensile
strength
No. of. samples 6 6 6 6 6
for color
stability

TOTAL: 60 samples

Table 2: Anova Results for Source of Variation between Groups

Source of Sum of Degrees of F-Value P-Value Result

Variation Squares Freedom

Between 8.81 3 1083.51 0.000 Highly
groups Significant

*p-value is <0.01 is significant

Table 3: Comparison of Bl 0.5% and Control A 0% using F-test (o = 0.01)

Variable Test B1 0.5% Control F P-Value Result
A 0% (A=0.01)
Mean*SD 1.71+£0.012 1.45+0.029 0.17 0.04 No Significant
n 6 6 Difference

*p- value is <0.01 is significant
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Table 4: Tukey HSD Post-Hoc Test Results Comparing Group Means for Dependent
Variable "Values"

Name of Name of the Mean Standard | Significance| 95% Confidence
the Groups (I) Groups (J) Difference Error Interval
a-n

Lower Upper
Bound Bound

Group A (0%)| Group-B1-0.5% -.02500 .22645 1.000 -.6901 .6401
Group- B2-1% .95333* .22645 .002 .2883 1.6184
Group- B3-2% 1.00833* .22645 .001 .3433 1.6734

Group- B4-3% 1.57500* .22645 .000 .9099 2.2401

Group Bl Group- A-0.% .02500 .22645 1.000 -.6401 .6901
(0.5%) Group- B2-1% .97833* .22645 .002 3133 1.6434
Group- B3-2% 1.03333* .22645 .001 .3683 1.6984

Group- B4-3% 1.60000* .22645 .000 .9349 2.2651

Group B2 (1%)| Group- A-0.% -.95333* .22645 .002 -1.6184 | -.2883
Group- B1-0.5% -.97833* .22645 .002 -1.6434 | -.3133

Group- B3-2% .06500 .22645 .999 -.6101 .7201
Group- B4-3% .62167 .22645 .075 -.0434 1.2867

Group B3 (2%)| Group- A-0.% -1.00833* .22645 .001 -1.6734 | -.3433
Group- B1-0.5%| -1.03333%* .22645 .001 -1.6984 | -.3683

Group- B2-1% -.05500 .22645 .999 -.7201 .6101
Group- B4-3% .56667 .22645 .122 -.0984 1.2317

Group B4 (3%)| Group- A-0.% -1.57500* .22645 .000 -2.2401 | -.9099
Group- B1-0.5%| -1.60000* .22645 .000 -2.2651 | -.9349

Group- B2-1% -.62167 .22645 .075 -1.2867 .0434

Group- B3-2% -.56667 .22645 122 -1.2317 .0984

At the 0.05 level, the mean difference is statistically significant.

Table 5: Tukey HSD Subset Analysis for Group Means (Alpha = 0.05)

Name of the N Subset for Alpha=0.05
Groups 1 2
Group-B4-3% 6 1.8750
Group-B3-2% 6 2.4411
Group-B2-1% 6 2.4967
Group-A-0% 6 3.4500
Group-B1-0.5% 6 3.4750
Significance .075 1.000
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Group means in homogenous subsets are shown.
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Graph 3:

3.5

2.5

1.5

0.5

Group-A 0% Group- B1 0.5% Group- B2 1% Group- B3 2% Group- B4 3%

Tensile strength (Mpa)

Graph 4: Comparison of Group Means with Tukey HSD Results
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Figure (a)

Figure (b)

846 | www.journal-innovations.com



Innovations, Number 80 March 2025

CRIS Guidelines (Checklist for Reperting /n-vifro Studies)”

Item Reported
Section/Topic No Checklistitem on page No
Title and abatract
la  Hentificationas an in vitro/laboratory stedy in the tifle 1
It Stroctursd summary of trial desisn, methods | msults, and conclusions 1
Introduction
Backzrovnd and 2a  Scientific backzround and explanationof rationals 12
objectives b Specific objectivas or hypotheses 2
Methodz
Interventions 3 Theintervention for sachzmoup, including how and when they wer actually ad ministerad | with sufficientdatal
to allow rplication 3
Outeomes 4 Completelydefined prespecified primary and secondary ovtcome measures, including how and when they
wars el i4
Sample sim 3  How samplasiz= was determined 2
Randomization:
Sequence 6 Nethod used to zenemts the random allocation sequence NA
Zensrarion
Allocatian 7 Machanizm us2d to implement tha random allocation sequence (sueh = saquentially numberad containes), NA
concediment deseribing any steps taken to conceal the sequence untilinterventions wars assizned
mischarism
Implamentation 8  Whogenerated the random allocation sequence, who enwlled teeth, and who ssizgnad testh to intervention NA
Blinding 9 4 tthase
I done, who was blindad after assisnment to interventions (for examgple, care providers, thoss ing ) and assessin,
b outeoms)
Statistical methods ;5 5
Statistical methods used to compare groups for primary and secondary coteomes
Results
Numbers amalyszed  j7,  Foreach group, number of “items’ (drugs) included in sach analysis and whether the analysis was by original assizned 57
Eoups (Graphl 23 |
Outeomes and 11t For sach primary and sacondary ovtcome, results foreach grovp, and the estimated effect size and its precision (such as 6.8
2stimation 95% confidence intzrval) ({Tabl=234.5)
Di .
Limitations 122  Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, mulh gicity of analyses 10
Generalisability 12b  Generalisability (extemal validity, applicability) of the trial findings 10
Interpratation 12 Interpratation consistentwith rasults, balancing benefits and harms, and comsidaring other ralavantevidence 10
Other information
Protocol 2 Where the full trial protocol canbe aceessed, if available MA
Funding 25 Bourcss of funding and other support (such as supply of druzs), role of funders Titl= paz=

#Thiz checklist was developed by the authors based on the following sources:

1. Krithikadatta J, Gopikrishna V, Datta M. CRIS Guidelines (Checldist for Reporting In-vitro § tudies): A concept note on the need for standardized guidelines for
improving quality and transparency in repoting in-vitro stodies in experimental dental rasearch. J Concery Derr. 2014; 17(4):301-304.

2. Faggion CM It Guidelines for reporting pra-clinical in vitro studies on dental matedals. J Fvid Based Demt Pracr. 2012;12(#):182-189.

3. www.comsort-staternent o
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