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ABSTRACT

Background: Maxillofacial silicone
elastomers are widely wused for facial
prostheses; however, their clinical longevity
is limited due to poor tear strength and
mechanical degradation.

Aim: To evaluate and compare the effect of
graphene nanoparticle incorporation on
mechanical properties of maxillofacial
silicone elastomer.

Materials and Methods: A total of 120
silicone samples were fabricated and
divided into control and graphene-
reinforced groups (0.5 wt%). Each group
was subdivided based on tests: tear strength,
tensile strength, elongation, and hardness.
Mechanical testing was performed using a
universal testing machine and Shore A
durometer following ASTM standards.
Statistical analysis was done using ANOVA
and independent t-test.

Results: Graphene incorporation
significantly improved tear strength, tensile
strength, and elongation, while reducing
hardness. The differences were statistically

significant (p <0.001).
Conclusion: Graphene  nanoparticles
enhance  mechanical  properties  of

maxillofacial silicone elastomers and can
improve clinical durability of prostheses.

Keywords: Graphene nanoparticles,
Maxillofacial silicone, Tear strength,
Tensile strength, Percent Elongation,
Hardness, Elastomer.

INTRODUCTION

Maxillofacial defects caused by congenital
anomalies, trauma, tumor resection, or
disease can result in significant functional,
esthetic, and psychological challenges,
affecting speech, mastication, and social
interaction. Maxillofacial prosthetic
rehabilitation aims to restore facial form,
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improve function, and enhance patient
confidence, especially when surgical
reconstruction is not feasible or satisfactory.
1, 2

Silicone elastomers are the most widely
used materials for extraoral prostheses due
to  their excellent biocompatibility,
flexibility, chemical stability, and lifelike
appearance. Their viscoelastic nature allows
them to mimic soft tissue behavior, while
their siloxane structure provides thermal
stability and environmental resistance. RTV
silicones are commonly used clinically due
to ease of processing, whereas HTV
silicones  offer  superior  mechanical
properties. % *

An 1ideal silicone should exhibit adequate
softness, tear resistance, elasticity, and
dimensional stability while maintaining
esthetics. However, current materials have
limitations, particularly low tear strength at
thin margins, leading to frequent clinical
failures. > ¢ Environmental factors such as
UV radiation, humidity, and temperature
variations further accelerate degradation,
causing discoloration and mechanical
weakening over time. >’

Mechanical properties such as tear strength,
tensile strength, percentage elongation, and
hardness are critical for prosthesis
longevity. * ¢ to improve these properties,
reinforcement using fillers has been
explored. Conventional fillers have limited
success, whereas nanoparticles offer better
reinforcement due to their high surface area
and improved interaction with polymer
chains. ®

Various nanoparticles like TiOz, SiOz, ZnO,
and BaTiOs have shown improvements in
mechanical properties; however, higher
concentrations may lead to agglomeration,
increased hardness, and reduced elasticity.
9,10,11

Graphene, a two-dimensional nanomaterial
with exceptional strength and large surface
area, provides effective reinforcement even
at low concentrations by enhancing stress

transfer and preventing crack propagation.
12,13

Although graphene shows promising results
in improving mechanical properties,
comprehensive evaluation in maxillofacial
silicone elastomers remains limited. '
Therefore, the present in-vitro study aims to
assess the effect of graphene nanoparticle
incorporation on tensile strength, tear
strength, percentage elongation, and Shore
A hardness to determine its suitability as a
reinforcing agent.

Maxillofacial defects caused by trauma,
congenital anomalies, or surgical resection
significantly affect esthetics, function, and
psychological well-being of patients.
Prosthetic  rehabilitation using silicone
elastomers plays a crucial role in restoring
facial form and function. Silicone
elastomers are preferred due to their
flexibility, biocompatibility, and life-like
appearance.  However, their clinical
performance is compromised by poor
mechanical properties such as low tear
strength and tensile strength, leading to
frequent prosthesis failure. Tear failure at
thin margins is the most common cause of
deterioration. Hence, improving the
mechanical properties of silicone elastomers
remains a major research focus. Recent
advancements in nanotechnology have
introduced nanoparticle reinforcement as an
effective method to enhance material
properties. Graphene, a two-dimensional
carbon nanomaterial, possesses exceptional
mechanical strength, high surface area, and
excellent interaction with polymer matrices.
This study aims to evaluate the effect of
graphene nanoparticle incorporation on
mechanical properties of maxillofacial
silicone elastomers.

MATERIALS & METHODS
Study Design:
In vitro experimental study.

Materials Used:

1. Silicone elastomer material (MP Sai
Enterprise, Thane)

2. Graphene oxide nanoparticle (Nano
Research Lab, Jharkhand).
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3. Dental modelling wax (Dental products

of India Ltd.)
4. Model plaster (Kalrock, Kalabhai
Karson Pvt Ltd, Mumbai)

5. Petroleum jelly (Eastwin Laboratories,
India)

6.

Equipment used:

e FElectro Mechanical Universal Testing
Machine (Instron EM-100)

e Shore A durometer (TIRE Duro A)

Standardized Die Preparation

A custom stainless steel master die was

fabricated to obtain standardized silicone

specimens for mechanical testing:

e Tensile strength & elongation (ASTM
D412): 25+ 3 mm x 25+ 3 mm x 3 +
0.5 mm

e Tear strength (ASTM D624): 65 mm X
10 mm X 3 mm

e Shore A hardness (ASTM D2240): 30
mm X 3 mm

Sample Preparation:

Mold spaces were prepared by investing
stainless steel dies in type II dental plaster.
After setting, dies were removed and a
separating medium was applied. A total of
120 silicone elastomer samples were
fabricated, including 60 graphene-reinforced
specimens (0.5 wt%). Graphene oxide
nanoparticles were weighed accurately and
incorporated into silicone using manual
mixing followed by vacuum mixing to
ensure uniform dispersion and eliminate air
entrapment. Then it was poured into molds,
flasked, and allowed to polymerize at room
temperature for 24 hours. Samples were
then retrieved, trimmed, and finished.

Grouping of Samples:

Samples were divided into two groups (n =

60 each):

e Group A: Control
without Graphene

e Group B: Test
reinforced silicone

Each group was subdivided into:

Group silicone

Group Graphene-

e Tear strength (n = 20)
e Tensile strength & Elongation (n = 20)
e Hardness (n = 20)

Testing Procedures:

Testing was performed using a universal
testing machine at a crosshead speed of 500
mm/min. (Figure 1,2,3)
Tensile strength was calculated using: Ts
(MPa)=F /(W xT)

Elongation at break was calculated as:
Elongation (%) = [(Lb — Lo) / Lo] x 100
Tear strength (N/'mm)=F /d

Hardness was measured using a Shore A
durometer. Six readings were taken per
specimen and averaged.

Fig 3
Fig 1,2,3: Testing of samples

Statistical Analysis

Data was analyzed using ANOVA and
independent t-test with significance set at p
<0.05.
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RESULT

The incorporation of graphene nanoparticles MEAN TENSILE STRENGTH
into the silicone elastomer resulted in a

statistically significant improvement in

2.47
mechanical properties. (Table 1) Tear 2.0000 1.6681
strength showed a marked increase,
indicating enhanced resistance to crack 1.0000

propagation and improved durability of the

3.0000

mate;rial (Fig. 4). Tensile strength was 00000 GROUP A GROUP B
significantly higher in the graphene group,
demonstrating better load-bearing capacity Fig 5: Mean Tensile Strength
(Fig 5). Elongation percentage increased,
suggesting  improved  elasticity and MEAN PERCENT
flexibility without compromising structural
integrity (Fig 6). Hardness showed a slight ELONGATION
but  significant  decrease, indicating 440.0000 423.00
increased softness and flexibility, which 420.0000
may enhance marginal adaptation and 400.0000 385.8000
patient comfort (Fig 7). Overall, graphene 380.0000 -
reinforcement produced a stronger, more 360.0000
GROUP A GROUP B

elastic, and clinically durable silicone
material, with improved resistance to Fig 6: Mean Percent Elongation
mechanical failure.

30.0000 MEAN HARDNESS

29.5299
MEAN TEAR STRENGTH 26,5000
20.0000 16.71 26,0000 e
15.0000
28.5000
10.0000 6.0343
5.0000 28.0000
0.0000 - GROUP A GROUP B
| Fig 7: Mean Hard
GROUP A GROUP B ig ean Hardness

Fig 4: Mean Tear Strength

TABLE 1: DESCRIPTIVE STATISTICS OF ALL TESTED GROUPS

GROUPS | N | MEAN Std. Std. Error | T VALUE | P
Deviation Mean VALUE
TEAR STRENGTH A 20 | 6.0361 01253 .00304 -96.470 000
B 20 | 15.6750 | .41093 09189
TENSILE A 20 | 1.6735 .03704 .00898 -19.943 000
STRENGTH B 20 | 2.2662 11745 02626
PERCENT A 20 | 385.7647 | .90342 21911 -93.292 000
ELONGATION B 20 | 421.0500 | 1.31689 29447
HARDNESS A 20 | 29.5166 | .77791 .18867 9.372 000
B 20 | 27.1020 | .78354 17520
DISCUSSION function, and psychosocial well-being,
Maxillofacial ~ prosthetic ~ rehabilitation particularly in patients where surgical
remains essential for restoring esthetics, reconstruction is limited or contraindicated.
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Silicone elastomers are considered the
material of choice due to their superior
esthetic qualities, flexibility, and
biocompatibility. However, their long-term
clinical performance is compromised by
issues such as  marginal tearing,
discoloration, loss of elasticity, and gradual
mechanical degradation, often requiring
replacement within 6 months to 2 years.> 1

The durability of these prostheses largely
depends on key mechanical properties,
including tensile strength, tear strength,
percentage elongation, and hardness.'
Tensile strength determines resistance to
rupture under functional stresses, while tear
strength is critical in preventing failure at
thin  prosthetic  margins.  Percentage
elongation ensures flexibility during facial
movements, and hardness influences both
durability and lifelike tissue simulation.

To overcome the inherent limitations of
silicone, nanoparticle reinforcement has
been widely investigated. Among various
nanofillers, graphene has shown significant
potential due to its exceptional mechanical
properties, including high tensile strength
and Young’s modulus, along with its large
surface = area and  two-dimensional
structure.! 181920 These  characteristics
enable effective stress distribution, strong
interfacial bonding with the silicone matrix,
and enhanced crack resistance.

In the present study, incorporation of

graphene nanoparticles resulted in a
statistically significant improvement in
tensile  strength, tear strength, and

percentage elongation, while maintaining
hardness within clinically acceptable limits.
The reinforcement mechanism is attributed
to efficient stress transfer, reduced polymer
chain slippage, and crack-bridging and
crack-deflection effects. 7181920 Unlike
conventional fillers such as TiO: and SiO-,
which may agglomerate at higher
concentrations, graphene provides effective

reinforcement even at lower
concentrations.!*
From a clinical perspective, these

improvements translate into better resistance

to rupture during handling, enhanced
flexibility for facial expressions, and
reduced  marginal  tearing,  thereby

potentially extending the service life of
maxillofacial  prostheses.  Nevertheless,
limitations such as the absence of artificial
aging, UV exposure simulation, cytotoxicity
evaluation, and color stability analysis must
be addressed in future studies to validate
long-term clinical applicability.>!>2?

CONCLUSION

Within the limitations of this in-vitro study,

it can be concluded that:

1. Incorporation of graphene nanoparticles
into maxillofacial silicone elastomer
significantly enhances tear strength,
tensile strength, and percent elongation.

2. Graphene reinforcement  improves
resistance to crack initiation and
propagation, thereby potentially

increasing prosthesis durability.

3. A slight but statistically significant
reduction in Shore A hardness was
observed after graphene incorporation;
however, the material maintained
clinically acceptable hardness values.

4. Proper dispersion and controlled
concentration of nanoparticles are
critical for achieving optimal
reinforcement.

5. Graphene nanoparticles represent a
promising  reinforcing  agent  for
improving the mechanical performance
of maxillofacial silicone elastomers.

Further long-term in-vitro and clinical

studies are recommended to evaluate aging

behavior, color stability, biocompatibility,
and long-term functional performance
before routine clinical application.

Declaration by Authors
Acknowledgement: None

Source of Funding: None

Conflict of Interest: No conflicts of interest
declared.

International Journal of Research and Review (ijrrjournal.com) 244
Volume 13; Issue: 5; May 2026



Mangali Punyakeerthi et al. Comparative evaluation of incorporation of graphene nanoparticle on tear
strength, tensile strength, percent elongation and hardness of maxillofacial silicone elastomeric material: an in-
vitro study

REFERENCES

L.

Goiato MC, Pesqueira AA, Ramos da Silva
C, Gennari Filho H, Micheline Dos Santos
D. Patient satisfaction with maxillofacial
prosthesis. Literature review. J Plast
Reconstr Aesthet Surg. 2009 Feb;62(2):175-
80.

11.

conductivity and physio-mechanical
properties of maxillofacial silicone. J Bagh
Coll Dent.

Khanna M, Sehgal K, Singla S, Kumar V.
Effect of Organic and Inorganic
Nanoparticles on Colour Stability and
Mechanical Properties of Heat Vulcanised

2. Hatamleh MM, Watts DC. Mechanical Macxillofacial ~ Silicone  Elastomer: A
properties of  maxillofacial  silicone Comparative Study. J Oral Maxillofac Res.
elastomers. J Prosthodont. 2010; 19:182— 2024 Mar 31;15(1): e4.

187. 12. Pinto AM, Magalhdes FD. Graphene-

3. Aziz T, Waters M, Jagger R. Analysis of the Polymer  Composites. Polymers.  2021;
properties of silicone rubber maxillofacial 13(5):685.
prosthetic materials. J Dent. 2003; 31:67— 13. Sahm BD, Teixeira ABV, Dos Reis AC.
74. Graphene loaded into dental polymers as

4. Begum, Zubeda & Kola, Mohammed & reinforcement of mechanical properties: A
joshi, paran. (2011). Analysis of the systematic review. Jpn Dent Sci Rev. 2023
properties of commercially available Dec; 59:160-166.
silicone elastomers for maxillofacial 14. Srinivasan VK, Chander S. Effect of
prostheses.  International  Journal  of graphene oxide nanoparticles on mechanical
Contemporary Dentistry. properties of  maxillofacial  silicone

5. Rahman AM, Jamayet NB, Nizami MMUI, elastomer. J Prosthodont Res. 2024,
Johari Y, Husein A, Alam MK. Effect of 68:215-222.

Aging and Weathering on the Physical 15. Akay M, Merican AM, Yusoff MM. A
Properties of Maxillofacial — Silicone review of degradation of maxillofacial
Elastomers: A Systematic Review and silicone elastomers. Polymers.
Meta-Analysis. J  Prosthodont. 2019 2022;14(8):1624.

Jan;28(1):36-48. 16. Goiato MC, Pesqueira AA, dos Santos DM,

6. Nobrega AS, et al. Influence of Antenucci RM, Ribeiro PP. Evaluation of
nanoparticles on the hardness,tear strength dimensional change and detail reproduction
and permanrnt deformation of facial silicone in silicones for facial prostheses. Acta
subjected to accelerated aging. J Prosthet Odontol Latinoam. 2008;21(1):85-88.
Dent. 2016; 116:623—-629. 17. Papageorgiou DG, Li Z, Liu M, Kinloch IA,

7. Hatamleh MM, Polyzois GL, Silikas N, Young RJ. Mechanisms of mechanical
Watts DC. Effect of extraoral aging reinforcement by graphene and carbon
conditions on mechanical properties of nanotubes in polymer nanocomposites.
maxillofacial  silicone  elastomer. J Nanoscale. 2020;12(4):2228-2267.
Prosthodont. 2011 Aug;20(6):439-46. 18. Lee, Se & Yoon, Seo & Jeon, In-Yup.

8. Sonnahalli NK, Chowdhary R. Effect of (2022). Graphene/Polymer
adding silver nanoparticle on physical and Nanocomposites: Preparation, Mechanical
mechanical properties of maxillofacial Properties, and Application. Polymers. 14.
silicone elastomer material-an in-vitro 4733.10.3390/polym14214733.
study. J  Prosthodont Res. 2020 19. Rafiee MA, Rafiee J, Wang Z, Song H, Yu
Oct;64(4):431-435. 77, Koratkar N. Enhanced mechanical

9. Karaman, Gamze & Altintas, Eyyiip. properties of nanocomposites at low
(2022). Investigation of the effects of graphene content. ACS Nano. 2009 Dec
different nanoparticle additionals on the 22;3(12):3884-90.
mechanical properties of silicone elastomer 20. Thomas AG. Rupture of rubber. Proc R Soc
used in maxillofacial prosthesis. Journal of Lond A. 1958; 243:217-232.

Health Sciences and Medicine. 5. 1654- 21. Wang L, Liu Q, Jing D, Zhou S, Shao L.
1660. 10.32322/jhsm.1173321. Biomechanical properties of nano-TiO:

10. Kareem YM, Hamad TI, AL-Rawas M. addition to a medical silicone elastomer:
Evaluating the effect of barium titanate effect of artificial ageing. J Dent.
nanofiller addition on the thermal 2014;42(4):475-483.

International Journal of Research and Review (ijrrjournal.com) 245

Volume 13; Issue: 5; May 2026



Mangali Punyakeerthi et al. Comparative evaluation of incorporation of graphene nanoparticle on tear
strength, tensile strength, percent elongation and hardness of maxillofacial silicone elastomeric material: an in-

vitro study

22. Zayed SM, Alshimy AM, Fahmy AE. Effect
of  surface-treated silicon dioxide
nanoparticles on  some  mechanical
properties  of  maxillofacial  silicone
elastomer. [Int J  Biomater. 2014,
2014:750398.

23. Akay C, Cevik P, Karakis D, Sevim H. In
vitro cytotoxicity of maxillofacial silicone
clastomers: effect of nanoparticles. J
Prosthodont. 2018;27(6):584-587.

How to cite this article: Mangali Punyakeerthi,
Pawan Kumar, Sri Harsha Pudi, Veerendra
Prasad, Swathi Nallabapani, Amatullah Sadiya.
Comparative evaluation of incorporation of
graphene nanoparticle on tear strength, tensile
strength, percent elongation and hardness of
maxillofacial silicone elastomeric material: an
in-vitro  study. [International Journal of
Research and Review. 2026; 13(5): 240-246.
DOL: https://doi.org/10.52403/ijrr.20260520

kst skoskoskook

International Journal of Research and Review (ijrrjournal.com) 246
Volume 13; Issue: 5; May 2026



