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INTRODUCTION 

The demand for prosthetically restoring lost fa-

cial parts and tissues congenitally or due to trauma, 

tumours or disease is dramatically increasing. There 
are different restrictions for surgical  and prosthetic 
rehabilitations.1 Surgical reconstruction may be re-
stricted by the accessibility of tissue, the decreased 
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ABSTRACT

Objective: This study assessed the influence of titanium oxide nanofiller incorporation into 
MDX4-4210 maxillofacial silicone regarding biomechanical changes. 

Methods: Nano titanium oxide powder (P25, Degussa, Germany) was mixed to high- 
temperature-vulcanized (HTV) silicone (MDX4-4210, Dow Corning, USA) at 0.2 wt%. For testing 
the cytotoxicity, two groups of silicone specimens, ten specimens each were prepared. Group A: 
Blank MDX4-4210 silicone (control group); Group B: Nano titanium oxide powder was added to 
MDX4-4210 silicone; each group was assessed after 24, 48, and 72 hours. For testing mechanical 
properties 60 specimens were prepared, 20 for testing tear strength, 20 for testing ultimate tensile 
strength, and 20 for testing hardness. Each group was subdivided into two identical categories: (I) 
10 control specimens without nano-titanium oxide, and (II) 10 experimental specimens with nano- 
titanium oxide powder. The specimens were assessed and one way (ANOVA) test was utilized to 
analyze the data. 

Results: After 24-hour, in the control groups, the cytotoxicity values were higher than those 
of titanium oxide nanofiller group. There were marked improvements in the mean values of all the 
tested mechanical properties

Conclusion: incorporating nano-titanium oxide particles improves the biocompatibility and 
mechanical properties of MDX4-4210 maxillofacial silicone materials.

KEY WORDS: Cytotoxicity, Mechanical Properties, Silicone maxillofacial material, Nano ti-
tanium oxide filler.
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blood supply due to radiation, the demand to see the  
inner portion of the wound, and the patient’s age 
and systemic condition. Prosthetic reconstruction of 
facial defects is the only alternative if the surgical 
reconstruction is not possible.2-4 

The success of a facial prostheses depends on 
several factors such as support, stability, and reten-
tion.5 Although many maxillofacial materials are 
available as polyvinyl chloride (PVC), polyure-
thane, acrylic resin, and silicones, the ideal material 
for replacing living movable tissues has not been 
found. Silicone, however, has been judged to be one 
of the best and most widely used materials due to 
its permanence, ease of preparation and application, 
and it is considered innert.6,7 In the majority of cases 
facial prostheses should have very thin margins to 
blend with the skin, thus producing acceptable es-
thetic results. The tear strength of the material used 
is therefore of paramount clinical importance. Al-
though the tear strength of silicone has been found 
acceptable when compared to other materials, it is 
still considered weak and the material can easily 
tear with continuous use. Color instability, tearing 
and cracks of silicone are the most common causes 
that make the patient ask for changing his maxillo-
facial prostheses.8 

Maxillofacial material should be biocompatible 
and noncarcinogenic.9 Several researches were car-
ried out to study the effect of adding some reinforc-
ing materials to the silicone maxillofacial material 
in a trial to improve its physical and mechanical 
properties.10,11  

Nano technology can produce new polymers 
with improved flexibility as a result of reinforcement 
with nano oxide particles. However, its biological 
effect is very important to be confirmed. 12,13,14,15

So, this experimental study aimed to evaluate 
the effect of incorporating titanium oxide nanofiller 
on the cytotoxicity, tear strength, ultimate tensile 
strength, hardness and elongation percentage of 
maxillofacial silicone elastomers.

MATERIALS AND METHODS

Nano titanium oxide powder (P25, Degussa, 
Germany) was mixed to MDX4-4210 high- tem-
perature-vulcanized (HTV) silicone, (Dow Corn-
ing, USA Factor II, Inc., Lakeside, AZ, USA) at 
0.2 wt%. For testing the cytotoxicity, two groups of 
silicone specimens, ten specimens each were pre-
pared. Group A: Blank MDX4-4210 silicone (con-
trol group); Group B: Nano titanium oxide powder 
was added to MDX4-4210 silicone. All the maxil-
lofacial Silicone elastomers were prepared by the 
same investigator. Each group was assessed after 
24, 48, and 72 hours. A metal mold with dimensions 
of 2 mm height x 10 mm diameter was prepared. In 
order to improve the viscosity and avoid voids en-
trapment during mixing nanoparticles and silicone, 
a thixotropic agent was added to the mix follow-
ing the manufacturer’s instructions. Silicones were 
manually mixed and poured onto the mold cavity. 
A flask press was used to press the mold at 1 mm/
bar pressure and then inserted in a polymerization 
oven at a 135°C for 30 minutes. To prevent bacterial 
contamination, the specimens were sterilized in an 
autoclave (Charisma vacuum TD, Italy) Prior to the 
microbiological evaluation, 

Evaluation of Biocompatibility

An MTT assay (Cat no.: 1-0011; Immuno Bio-
tech, Stillwater, OK) was used to assess Cell viabil-
ity. L-929 mouse fibroblast cells were taken from 
stock-frozen cell lines and cultivated in Dulbecco’s 
Modified Eagle’s Medium (DMEM) (BiochromAG, 
Berlin,Germany), with 10% fetal bovine serum 
(FBS) and 0.2% penicillin/streptomycin at 37°C 
in 5%CO2 in air. The cells were sat on in 96-well 
plates (100 μL/well) with a density of 4×104 cells/
mL. The cell culture medium was detached after 
24 hours, and then add a fresh medium of the ex-
perimental materials. Crude untreated cells act as 
controls. The cells were incubated for 3 days. Ac-
cording to the manufacturer’s protocol, MTT assay 
was carried out each day. An inverted microscopy 
(IX70; Olympus, Tokyo, Japan) was used to see the 
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cell morphology. 10 μL of MTT reagent were added 
after 24, 48, and 72 hours of incubation, and incu-
bated for 4 hours. Then, 100 μL of solubilization 
solution were added and incubated overnight. After 
that, a UV visible spectrophotometer (EZ Read 400 
Microplate reader; Biochrom, Cambourne, UK).
was used to evaluate the absorbance at 560 nm.

SPSS (Version 23) software package (SPSS, 
Chicago, IL) was used to analyze the collected data. 
A paired sample t-test was utilized to analyze the 
difference after 24, 48, and 72 hours in each experi-
mental group. To evaluate the group differences in 
cytotoxicity after 24 hours, one-way ANOVA test 
were used.  A difference was considered statistically 
significant at p < 0.05.

To evaluate the mechanical properties, a total 
of 60 MDX4-4210 specimens were prepared, 20 
for tear strength, 20 for tensile strength, and 20 for 
hardness. Each group was again divided into two 
identical categories: (I) 10 control specimens with-
out nano-titanium oxide, and (II) 10 experimental 
specimens with nano- titanium oxide powder

Adding of nano-titanium oxide powder to the 
silicone base (part A)

At first, a clean mixing container was meditate 
on by a digital scale and then nano titanium oxide 
powder was putted in the container and weighed 
again and then gradually put previously weighed 
silicone base and mix them by clean hand spatula 
for 1min. then mixing continued for 2 min in an 
automatic mixer without turning the vacuum on to 
prevent suction of the nano particles.16, 17 Then turn 
on vacuum at 28 in Hg.  to avoid formation of air 
bubbles  and continue mixing for 7 min. 18,19  the mix 
was left a side  for 2 minutes as mixing produce heat 
that affect the working time of silicone.20  

 Adding of the catalyst (part B)

The catalyst (Part B) is added to the base (part 
A) following the manufacturer’s instructions at a 
humid atmosphere at 23 ± 2 °C and mixed by auto-

matic mixing machine with vacuum for 5 min. and 
then the mix is loaded into a syringe for packing it 
into the molds.

Packing the mix inside the metal mold cavities

 The metal molds and glass slabs were painted 
with a separating solution and wait to dry.19 Glass 
slab bottom had been secured to the metallic ma-
trix. The metal mold was loaded by silicone mix and 
left for 1 min to guarantee bubbles free mold then 
the mold was covered by the cover glass slab and 
one kg weight placed over the mold. The slab was 
now placed into a preheated oven and left for 1 h, 
following the manufacturer’s instructions.21,22 The 
specimens were cautiously demolded23 and inspect-
ed for defects, which were excluded.24 The perfect 
specimens were left in a modified box in tempera-
ture of 10-30 °C. according to the manufacture in-
struction.25  24 h before testing ,The specimens were 
placed at a temperature of 23 ± 2 °C for a minimum 
of 3 h after removing the flash with a surgical blade 
and scalpel.26, 27 

Evaluation of the Mechanical properties

Tear strength

It calculates of the resistance of a subject to 
tearing forces. Tear strength test was conducted ac-
cording to the ASTM NO D624 procedure using 
unnicked 90-degree angle shaped specimen with 
the dimensions given in (Fig.1). Specimen thick-
ness was 1.8 mm.The specimens were stretched at 
a constant rate of 50 cm / min in an Instorn Testing 
Machine (Universal Testing Machine, Instron 1195, 
USA.) 22 in the research lab of the Faculty of Den-
tistry, Taif University. 

Tear strength was calculated by the following 
equation:

T = F / D   Kg / mm.

Where: T = tear resistance, F = breaking force, 
and D = thickness of the specimen.
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Hardness test

25 x 25 x 6 mm3 cube specimens were prepared 
according to ASTM D2240. The hardness of the 
specimens was tested at five separate points. Each 
point was located 6 mm away from each other and 
away from the border. Type A Shore hardness digi-
tal tester was used for assessment.27, 28

Tensile strength test

Dumbbell shaped specimens was designed ac-
cording to the ISO 37 test using a computer-con-
trolled universal testing machine (Instorn Testing 
Machine, Instron 1195, USA.). 6mm wide, 115mm 
long, and 3mm thick were prepared according to 
manufacturer’s instructions (Fig.2). The specimens 
selected for testing were ideal without cracks, voids 
or irregularities on the surface. The test specimens 

were vertically aligned in the grip holder. The upper 
part of the apparatus moved at a standard rate of 5 
cm/min while the lower part remains fixed.29

Tensile strength was determined by dividing the 
maximum load (L) by the original cross sectional 
area (A), where  L was the force needed to break 
the specimen while  A  was the cross sectional area 
of the unstretched specimen. (width x  thickness of 
unstretched specimen) .(29)

Tensile Strength = L / A   Kg/cm2 

Elongation percentage test

The deformation that results from the applica-
tion of a tensile force is elongation. The percentage 
elongation (% EL) was calculated as follows:   

% Elongation = increase in length / original 
length x 100 

Statistical analysis

The data was collected and transferred into 
SPSS (Version 23) and the statistical analysis was 
performed using one way ANOVA test. Pair wise 
comparison between groups was made with the 
Mann Whitney U test at 0.05 level of significance.  

RESULTS

Cytotoxicity

Table 1 shows results of viability test after 24-
hour incubation period, the MTT assay revealed 
that there was a high cell viability (1.02) for both 
the control group A (MDX4-4210 silicone) and 
experimental Group B (silicone reinforced with 
titanium oxide powder). After 24 hours, there was 
statistically significantly difference between the 
two groups. The cell viability test for both groups 
showed marked increase by time from 24 - 48 hours 
which was statistically significant in the two groups, 
while the results of the cell viability from 48 - 72 
hours was statistically insignificant (Table 2).

Fig. (2): Specifications for dumbbell-shaped specimens

Fig. (1): ASTM NO D624 specifications for trouser-shaped 
specimens.
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TABLE (1) Results of viability test after 24 hours

MDX4-4210 
Silicone n: 20

Group A (Control) 1.02 NS

Group B (TiO2 addition) 1.09 NS

The results indicate insignificant difference at ( p > 0.05).

NS: Not significant

TABLE (2) Cell viability after different periods of 
incubation 

Test groups n 24 hours 48 hours 72 hours

Group A 10 1.02 1.22 1.33
Group B 10 1.09 1.36 1.30

The results indicate significant difference.

Mechanical Properties

The mean values and standard deviations of 
tear strength, hardness, ultimate tensile strength, 
and percent elongation of both groups are shown in 
table (3). Pair wise comparison between groups was 
made with the Mann Whitney U test at a 0.05 level 
of significance. 

Tear strength test (kg/mm)

Regarding tear strength, group II (MDX4-
4210 silicone with titanium oxide nanofiller 
incorporation) had the higher tear strength values 
(mean = 3.29 + (0.19)) than group I (control group) 
(mean = 1.21 + (0.09)). The Mann- Whitney U test 
showed that there was also a significant difference 

among the groups for tear strength. (G I – G II = 
-1.698). There was highly statistically significant 
difference with P > 0.05.

Hardness test (Kg/cm2)

The mean values and standard deviation of the 
Shore A hardness of the control group was 2.37 + 
(0.28) for and 6.94 + (0.79) for the experimental 
group. The Mann- Whitney U test revealed that 
there was also a significant difference among the 
groups for modulus of elasticity (G I-G II = -1.760). 
There was highly statistically significant difference 
between the two groups with p < 0.05. 

Tensile test (Kg/cm2)

Group II exhibited higher tensile strength (mean 
= 10.84 + (0.20(), than group I (control) was (mean 
= 7.80 + (0.19)) (P<0.05). The Mann- Whitney U 
test revealed that there was also a significant differ-
ence among the groups for ultimate tensile strength.
( G1-G II = -2.170).A highly significant difference 
was found among both the experimental and control 
groups for ultimate tensile strength. (P> 0.05)

Elongation percentage (%) test

The mean values and standard deviation of 
the Elongation percentage (%) test of the (HTV) 
MDX4-4210 silicone groups which were 457.70 + 
(6.52) for the control group and 400.43 + (8.04) for 
the experimental group. There was highly statisti-
cally significant difference between the two groups 
with p < 0.05. 

TABLE (3) Mean values and standard deviations of the mechanical properties studied for the both groups.

   Groups
Mechanical Properties

Tear strength  
(kg/mm)

Hardness  
(Kg/cm2)

Ultimate tensile strength 
(Kg/cm2)

Percent elongation 
(%)

I Mean +  ( SD) 1.21 + (0.09) 2.37 + (0.28) 7.80  + (0.19) 457.70 + ( 6.52)
II Mean +  (SD) 3.29 + ( 0.19)  6.94 + (0.79) 10.84 + (0.20( 400.43 + ( 8.04)

G I - G II
Mann Whitney

P-value
-1.698

0.0014*
-1.760

0.0013*
-2.170

0.0010*
-2.611

0.0007*

* Statistically significant difference (p> 0.05)
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DISCUSSION

There are so many techniques used to test the 
biologic effects of different dental materials namely, 
the MTT assay, agar overlay test, and Millipore filter 
test.32 MTT assay, is a good and widely used method 
to test the biocompatibility of dental materials so 
it had been used in the present study. The MTT 
assay is a colorimetric assay for assessing cell 
metabolic activity. NAD (P) H-dependent cellular 
oxidoreductase enzymes may, under defined 
conditions, reflect the number of viable cells 
present. These enzymes are capable of reducing 
the tetrazolium dye MTT 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide to its 
insoluble formazan, which has a purple color. 
Other closely related tetrazolium dyes including 
XTT, MTS and the WSTs, are used in conjunction 
with the intermediate electron acceptor, 1-methoxy 
phenazine methosulfate (PMS). With WST-1, 
which is cell-impermeable, reduction occurs 
outside the cell via plasma membrane electron 
transport. Tetrazolium dye assays can also be 
used to measure cytotoxicity (loss of viable cells) 
or cytostatic activity (shift from proliferation to 
quiescence) of potential medicinal agents and toxic 
materials. MTT assays are usually done in the dark 
since the MTT reagent is sensitive to light.32

The MTT is decreased by mitochondrial 
succinate dehydrogenase to give a blue formazan 
product, which accumulates in cells as it does 
not pass through the plasma membrane. Then 
adding isopropanol acid will lead to lysis of the 
cell membranes and release of the solubilized 
formazan product. The yellow tetrazolium MTT salt 
is changed by the action of dehydrogenase into a 
purple dye, MTT-formazan in the presence of live 
cells. This purple dye can be easily measured by a 
spectrophotometer.33 

The MTT results show the cell number and 
the intensity of cell metabolism which allow 
simple, rapid, and repeated tests and the absence of 
radioisotopes so it is considered a sensitive index 

of the cytotoxicity of dental materials.33,34 in this 
research there were a direct relation between the 
duration of the incubation period (from 24 to 72 
hours) and the cell survival. 

Srivastava et al. concluded that Nano-titanium 
oxide has been used in a lot of industries owing to its 
good physical and chemical properties. On the other 
hand its usage leads to pulmonary heart disease. 
Oxidative stress, Genotoxicity, lung cancer and skin 
injury. These serious health problems are mainly 
associated with inhalation routes of exposure. 35,36 

Cytotoxicity of silicone elastomers reinforced 
with titanium oxide nanoparticles were assessed 
by El-Fray et al. who found that these elastomers 
were nontoxic.37 the outcome of current work were 
in harmony with those of El-Fray et al, in spite 
that silicone elastomers used in both studies were 
different. 

Nano titanium oxide powder (P25, Degussa, 
Germany) were added to improve the mechanical 
properties of high- temperature-vulcanized (HTV) 
silicone (MDX4-4210, Dow Corning, USA) at 0.2 
wt%. It was applied following the safety data sheet 
instructions.38, 39

Although numerous advances in materials for 
facial prostheses have been made in the past several 
years, the need for improvement continues. The 
materials should stay stable and not affected by 
ecological factors like ultraviolet rays, oxygen, 
secretions (salivary, nasal, sebaceous), and 
adhesives and their solvents, It must be non toxic, 
non carcinogenic, non allergic, biocompatible, It 
must resist stains. It should have high tear strength, 
high ultimate tensile strength, acceptable elongation 
percentage and satisfactory hardness.38 The 
improvement of mechanical properties depends on 
the filler amount, particle size, polymer properties, 
and processing conditions.39 

There was a highly significant improvement (p 
< 0.05) when nano-titanium oxide was incorporated 
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(HTV) MDX4-4210. The titanium oxide 
powders enhance in the development of cross-
linked arrangement in the silicone mix resulting 
in improvement of tear strength of the tested 
material. So adding titanium oxide strengthen the 
maxillofacial silicone elastomers.40, 41 Tear strength 
improved with the slightly reduction in time of 
curing.42 The findings of current study is parallel to 
those of earlier studies.10, 20 

There was a significant elevation in Shore A 
hardness when 0.2 wt% of nano titanium oxide 
was added to HTV silicone. Results revealed 
improvement of the hardness but within limits.  
Adding of nano particles to silicone improve 
the cross-linkage density and elastic modulus of 
silicone. 43, 44, 45 

These findings are in accordance with the 
results other studies which recommended adding of 
nano particles to improve the hardness of silicone 
elastomers.20, 46 There was a significant improvement 
in the ultimate tensile strength and elongation 
values of cured silicone when nano titanium oxide 
particles were incorporated in concentrations of 
0.2wt% to HTV silicone materials. These results 
can be explained that nano particles enhance the 
cross-linkage and density of the polymer making 
it more stiff and strong and improving the tensile 
strength.47,48 The tensile strength and percentage 
elongation results of this study were in agreement 
with other studies.10,18

CONCLUSION

Adding titanium oxide nanoparticles to maxillo-
facial silicone elastomer as a reinforcing material is 
considered biologically accepted. However, further 
studies the cytotoxicity should be carried out prior 
to clinical usage. Also, nano titanium oxide incor-
poration into MDX4-4210 maxillofacial silicone 
elastomers improves tear strength, the hardness, 
tensile strength, and elongation percentage. 

REFERENCES

1.	 Wang L, Liu Q, Jing D, et al: Biomechanical properties of 
nano-TiO2 addition to a medical silicone elastomer: the ef-
fect of artificial ageing. J Dent 2014; 42:475- 83

2.	 Hatemleh MM, Polyzois GL, Silikas N, et al: Effect of ex-
traoral aging conditions on mechanical properties of maxil-
lofacial silicone elastomer. J Prosthodont 2011; 20:439- 46

3.	  Kurunmaki H, Kantola R, Hatemleh MM, et al: A fiberre-
inforced compositeprosthesis restoring a lateral midfacial 
defect: a clinical report. J Prosthet Dent 2008;100:348-  52

4.	 Scolozzi P, Jaques B: Treatment of mid facial defects using 
prostheses supported by ITI dental implants. Plast Recon-
str Surg 2004; 114: 1395-404.

5.	 Roberts AC. Facial reconstruction by prosthetic means. Br 
J Oral Surg 1967; 4(3): 157- 82.

6.	 Andres CJ, Haug SP, Munoz CA, Bernal G. Effects of 
environmental factors on maxillofacial elastomers: Part I-
Literature review. J Prosthet Dent 1992a; 68(2): 327- 30.

7.	 Aziz T, Waters M, Jagger R. Analysis of the properties of 
silicone rubber maxillofacial prosthetic materials. J Dent 
2003a; 31(1): 67-74.

8.	 Liu Q, Shao L, Fan H, et al: Characterization of maxillo-
facial silicone elastomer reinforced with different hollow 
microspheres. J Mater Sci 2015; 50:3976- 83.

9.	 Bal BT, Yılmaz H, Aydın C, et al: In vitro Cytotoxicity 
of maxillofacial silicone elastomers: effect of accelerated 
aging. J Biomed Mater Res B Appl Biomater 2009;89:122-
126

10.	 Mohammad SA, Wee AG, Rumsey D, et al: Maxillo-
facial materials reinforced with various concentrations 
of polyhedral silsesquioxanes. J Dent Biomech Jul 20; 
2010:701845.

11.	 Bellamy K, Limbert G, Waters M, Middleton J. An elas-
tomeric material for facial prostheses: synthesis, experi-
mental and numerical testing aspects. Biomaterials 2003; 
24(27): 5061-  66.

12.	 Hayashi S, Fujikiand K, Tsubokawa N. Grafting of hyper-
branched polymers onto ultrafine silica: postgraft polym-
erization of vinyl monomers initiated by pendant initiating 
groups of polymer chains grafted onto the surface. React 
Funct Polym 2000; 46(2): 193-201.

13.	 Khanand A, Alam M. Synthesis, characterization and ana-
lytical applications of a new and novel ‘organiceinorganic’ 



(3768) Mohamed Y. Abdelfattah, et al.E.D.J. Vol. 64, No. 4

composite material as a cation exchanger and Cd (II) ion-
selective membrane electrode: polyaniline Sn(IV) tung-
stoarsenate. React Funct Polym 2003; 55(3): 277- 90.

14.	 Han Y, Kiat-amnuay S, Powers JM, Zhao Y. Effect of na-
nooxide concentration on the mechanical properties of a 
maxillofacial silicone elastomer. J Prosthet Dent 2008; 
100(6): 465-473.

15.	 Sentein C, Schuster F, Tardif F: Nanosafe 2008: Interna-
tional Conference on Safe production and use of nanomate-
rials. J Physics: Conference Series 2009 doi 10.1088/1742-
6596/170/1/011001.

16.	 Chi YH. Effect of silica filler on the mechanical properties 
of silicone maxillofacial prothesis [dissertation]. Indianap-
olis (MI): Indiana University School of Dentistry; 2014.

17.	 Guiotti AM, Goiato MC, Dos Santos DM, Vechiato-Filho 
AJ. Comparison of conventional and plant-extract disin-
fectant solution on the hardness and color stability of a 
maxillofacial elastomer after artificial weathering. J Pros-
thet Dent 2016; 115(4): 501- 08.

18.	 Zayed S, Alshimy A, Fahmy A. Effect of surface treated 
silicon dioxide nanoparticles on some mechanical prop-
erties of maxillofacial silicone elastomer. Int J Biomater 
2014; 2014(2014): 750398- 405.

19.	  Abudullah HA. Evaluation of some mechanical properties 
of a new silicone material for maxillofacial prostheses af-
ter addition of intrinsic pigments [dissertation]. College of 
Dentistry (Baghdad): University of Baghdad; 2016.

20.	 Tukmachi MS, Moudhaffer MA. Effect of nano silicone 
dioxide addition on some properties of heat vulcanized 
maxillofacial silicone elastomer. IOSR - JPBS 2017; 
12(3): 37- 43.

21.	 ISO 23529. Rubber e general procedures for prearing and 
conditioning test pieces for physical test methods; 2010.

22.	  ASTM D624-00. Standard test method for tear strength 
of conventional vulcanized rubber and thermoplastic elas-
tomers. West Conshohocken, PA, USA: ASTM Interna-
tional; 2013.

23.	 Pinheiro JB, Reis AC, Pisani MX, Leite VMF, Souza RF, 
Paranhos HFO, et al. Microstructural characterization and 
evaluation of the properties of polymeric materials for 
maxillofacial prosthetics. J Med Eng Technol 2014; 38(2): 
67-75.

24.	 Al-Harbi FA, Ayad NM, Saber MA, ArRejaie AS, Mor-
gano SM. Mechanical behavior and color change of facial 

prosthetic elastomers after outdoor weathering in a hot and 
humid climate. J Prosthet Dent 2014; 113(2015): 146- 51.

25.	 Brown R. Physical testing of rubber. 4th ed. Springer Sci-
ence & Business Media; 2006. 

26.	 ASTM D1349. Standard temperature for testing. West 
Conshohocken, PA, USA: ASTM International; 2014.

27.	 ASTM D2240-05. Standard test method for rubber prop-
erty durometer hardness. West Conshohocken, PA, USA: 
ASTM International; 2010.

28.	 Hatamleh MM, Watts DC. Mechanical properties and 
bonding of maxillofacial silicone elastomers. Dent Mater J 
2010; 26(2): 185- 91.

29.	 ISO 37. Rubber, vulcanized or thermoplastic - determina-
tion of tensile stress-strain properties; 2011.

30.	 Schilling K, Bradford B, Castelli D, Dufour E, Nash JF, 
Pape W, et al. Human safety review of “nano” titanium 
dioxide and zinc oxide. Photochem Photobiol Sci 2010; 
9(4): 495-509.

31.	 US Research Nanomaterials, Inc. Safty data sheet; 2016. 
Revised 2016, www.us-nano.com.

32.	 Sjogren G, Sletten G, Dahl JE: Cytotoxicity of dental al-
loys, metals and ceramics assessed by Miilipore filter, agar 
overlay, and MTT tests. J Prosthet Dent 2000;84: 229- 35

33.	 Liu Q, Shao LQ, Xiang HF, et al: Biomechanical charac-
terization of a low density silicone elastomer filled with 
hollow microspheres for maxillofacial prostheses. J Bio-
mater Sci Polym Ed 2013;24: 1378- 90.

34.	 Bean TA, Zhuang WC, Tong PY, et al: Comparison of tet-
razolium colorimetric and 51 Cr release assays for cyto-
toxicity determination of dental biomaterials. Dent Mater 
1995; 11:327- 31.

35.	 Srivastava RK, Rahman Q, Kashyap MP, et al: Nano ti-
tanium dioxide induces genotoxicity and apoptosis in hu-
man lung cancer line, A549. Hum Exp Toxicol 2013;32: 
153-166.

36.	 Schilling K, Bradford B, Castelli D, et al: Human safety re-
view of nano titanium dioxide and zinc oxide. Photochem 
Photobiol Sci 2010; 9:495-509

37.	 El-Fray M, Piegat A, Prowans P: Influence of TiO nanopar-
ticles incorporated into elastomeric polyesters on their bio-
compatibility in vitro and in vivo. Adv Eng Mater 2009;11: 
B200-203.



ASSESSMENT OF ADDING NANO TITANIUM OXIDE PARTICLES ON BIOMECHANICAL (3769)

38.	 Lewis DH, Castleberry DJ. An assessment of recent ad-
vances in external maxillofacial materials. J Prosthet Dent 
1980; 43(4): 426-32.

39.	 Mahrholz T, Sta¨ ngle J, Sinapius M. Quantitation of the 
reinforcement effect of silica nanoparticles in epoxy resins 
used in liquid composite moulding processes. J Comp Part 
A: App Sci Manu 2009; 40(3): 235- 43.

40.	 Li Q, Xia YY, Tang JC, Wang RY, Bei CY, Zeng Y. In vitro 
and in vivo biocompatibility investigation of diamond-like 
carbon coated nickel-titanium shape memory alloy. Artif 
Cell Blood Substit Biotechnol 2011; 39(3): 137- 42.

41.	 Sun L, Gibson R, Gordaninejad F, Suhr J. Energy absorp-
tion capability of nanocomposites: a review. Compos Sci 
Technol 2009; 69(14): 2392-2409.

42.	 Sreeja T. Studies on short nylon fiber-reclaimed rubber/
elastomer composites [dissertation]. Cochin: Cochin Uni-
versity of Science and Technology; 2012.

43.	 Xia L, Xu Z, Sun L, Gaveney PM, Zhang MJ. Nano-fillers 
to tune Young’s modulus of silicone matrix. J Nanoparticle 
Res 2013; 15(4): 1570.

44.	 Meththananda IM, Parker S, Patel MP, Braden M. The re-
lationship between shore hardness of elastomeric dental 
materials and Young’s modulus. Dent Mater 2009; 25(8): 
956-9.

45.	 Stoyanov H, Brochu P, Niu X, Della GE, Pei QB. Dielec-
tric elastomer transducers with enhanced force output and 
work density. Appl Phys Lett 2012; 100(26): 902-10.

46.	 Guiotti AM, Goiato MC, Dos Santos DM, Vechiato-Filho 
AJ. Comparison of conventional and plant-extract disin-
fectant solution on the hardness and color stability of a 
maxillofacial elastomer after artificial weathering. J Pros-
thet Dent 2016; 115(4): 501-08.

47.	 Andreopoulos AG, Evangelatou M. Evaluation of vari-
ous reinforcements for maxillofacial silicone elastomers. 
J Biomater Appl 1994; 8(4): 344-60.

48.	 Mirabedini SM, Mohseni M, PazokiFard S, Esfandeh M. 
Effect of TiO2 on the mechanical and adhesion proper-
ties of RTV silicone elastomer coatings. Colloids Surf A: 
Physicochem Eng Aspect 2008; 317: 80-6.


