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Abstract: Background: The use of commercial maxillofacial polymers in facial prostheses is common among the most popular materials used in this field are the Polydimethyl Siloxanes. It is also known as Cosmesil silicon. However, little information is given on the exact chemical composition of this material. Objective: To analyse the internal structure and the surface characterization of the silicon polymer following immersion in various pH media on. Methods: In the current study, forty pigmented Cosmesil maxillofacial silicone discs were prepared according to manufacturer instructions and divided into four groups each containing ten discs. One group served as control, while the other three groups were aged in three different pH storage solutions. Quantitative analysis was performed using infrared spectroscopy IR while surface characterization specimens was conducted using scanning electron microscopy, SEM. Results: Smooth surface was observed in three of the groups compared to an irregular vacuolated surface in only one group. IR analysis revealed no significant changes. It was concluded that Cosmesil M511 silicon maxillofacial material is a methylene polymer containing silicon dioxide filler. The tested material was not highly affected by aging in various pH media as the changes were limited to the superficial surface of the specimens. Conclusion: FTIR spectroscopy revealed that the Cosmesil M511 silicone maxillofacial material is composed primarily of a methyle polymer with the addition of inorganic silicone dioxide filler. The internal structure of this polymer was not significantly affected by immersion in different pH media since the alterations were limited to the superficial surface of the specimens.
[Lana A. Shinawi, Ayman A. Al-Dharrab and Seham B. Tayel. The Effect of Aging in Different Storage Media on the Microstructure of Pigmented Silicon. N Y Sci J 2017;10(5):76-81]. ISSN 1554-0200 (print); ISSN 2375-723X (online). http://www.sciencepub.net/newyork. 11. doi:10.7537/marsnys100517.11.
Keywords: Fourier transform infrared spectroscopy, Maxillofacial Prosthesis, Rehabilitation.

1. Introduction
The restoration and rehabilitation of facial defects are very challenging as these defects usually result in multiple functional and psychosocial difficulties especially if they are secondary to the treatment of neoplasm. Maxillofacial prostheses are used to restore both function and facial form, thus improving patient’s self-esteem and psychology [1].
For decades, commercial maxillofacial polymers were used for the construction of facial prostheses owing to their favourable properties. Among the most commonly used polymers are: poly (methyl methacrylate), poly (vinyl chloride), chlorinated polyethylene, polyurethanes and silicones 


[2-5] ADDIN EN.CITE . The polydimethyl siloxanes are popular materials for maxillofacial prostheses due their ease of fabrication [6, 7], realistic appearance, good biocompatibility, bio durability and low toxicity 


[8-10] ADDIN EN.CITE .
In spite of their superior physical and mechanical properties, these elastomers suffer from gradual discoloration of prostheses and degradation of physical, static and dynamic mechanical properties [8].
Silicone maxillofacial prosthesis can be categorized according to their methods of Vulcanization into 2 groups, those vulcanized at room temperatures and those vulcanized by heat. Since polydimethylsiloxane silicone elastomer is vulcanized at room temperature and is not time consuming, therefore it is the most commonly used to fabricate maxillofacial prosthesis [7].
The expected half-life of maxillofacial prosthesis is approximately six months with degradation of physical and colour properties of silicone maxillofacial prosthesis are being the most common reasons for replacement. Additionally, silicone elastomeric facial prostheses absorb perspiration (acidic, alkaline and sebum) 


[11-13] ADDIN EN.CITE .
Sunlight, temperature, moisture, pH, wind, dust, and pollutants are among the many environmental characteristics that cause degradation of silicone elastomers [14, 15].
Quantitative analysis of silicon maxillofacial material has been the aim of many studies. One of the applicable analytical techniques used is the Infrared spectroscopy (IR) and in particular Fourier transform infrared spectroscopy (FTIR) for the detection and characterizing of silicones polymer structural details. The magnitude of the silicon absorption peaks in the spectrum is an indication of the amount of material present [16, 17].
Although the biological safety of maxillofacial materials and the pigments they contain have been approved separately prior to their applications, studies regarding the effects of these pigments on the microstructure of the maxillofacial silicone elastomers are few. The aim of the current study was to study the effect of different pH media on the internal structure of the silicon polymer by FTIR and to analyse surface characterization of with scanning electron microscopy (SEM).
2. Materials and Methods:
Forty disc-shaped specimens of pigmented maxillofacial Silicone (Cosmesil Series maxillofacial rubber M511, Medical grade, Technovent, UK) were prepared according to the manufacturer’s instructions. The dimension of prepared discs were 25mm diameter and 3mm thickness [11], and the mixing ratio was 10 gm (part A) of silicon elastomer to 1gm catalyst (part B) (10:1 =11gm totally). 0.2% by weight pigments (Intrinsic Colorants pigments agents, Technovent, UK) were incorporated to obtain a homogenous mixture and colour [18, 19]. The mixture was then poured into the premade moulds in compliance with the specific dimensions required by International Standardization Specification ISO. The moulds were closed and polymerized in a dry heat oven at 1000 C for 1 hour.
The polymerized specimens were divided into four groups (Groups I, II, III, and IV) each consisted of ten samples. Group I represent a control group and stored in distilled water. Test group II was stored in (solution a), III (solution b) and IV (solution c). Both storage media solutions a and b for test Groups II and III respectively were prepared according to ISO specification [20, 21]. Where (Solution a) storage media was a simulated acid (acidic perspiration) with a pH = 5.5. This was composed of 0.5g L-histidine monohydrochloride monohydrate, 5g sodium chloride and 2.2g sodium dihydrogen orthophosphate dehydrate per litre of distilled water. (Solution b) storage media was simulated alkaline (alkaline perspiration) with a pH = 8.0. This contained 0.5g L-histidine mono-hydrochloride monohydrate, 5g sodium chloride and 5g disodium hydrogen orthophosphate dodececahydrate per litre of distilled water. Group IV (Solution c) storage media was simulated sebum prepared using 10% palmitic acid and 2% tripalmitin dissolved in 88% linoleic acid [22].
Aging of all samples was done by immersion of specimens in the storage solutions in an incubator at 37ºC for six months. Considering that the mean lifetime of the prostheses is 14–24 months, the aging period of 6 months represents 1 to 1.5 year of clinical use (since a facial prosthesis is worn on average for 8 to 12 hours daily [18].
Infrared spectrophotometer (IR):
The microstructure of all specimens was analysed using infrared spectroscopy (Shimadzu, IR spectrophotometer-8400S, Kyoto, Japan). All samples were mounted on a magnetic sheet. The beam entering the sample compartment was transmitted through the surface of the sample and to the detector for final measurement. The detector was designed to measure the special interferogram signal which is automatically digitized and sent to the computer where the fourier transformation takes place. The final IR spectra were collected on the FTIR using the software program IR solution.
Surface analysis (SEM):
The surfaces of all specimens were analysed using scanning electron microscope (SEM: JSM-6360LA, JEOL, Tokyo, Japan) Specimens were prepared by sputter-coated with gold by using sputtering device (SPI sputter coater structure, probe USA) and the cross sectional area was then examined at 10,000X magnification(23).
3. Results:
FTIR analysis of the control specimens displayed several peaks that map the chemical microstructure of the sample. Peaks resonating from 300-400 cm-1 represent the inorganic phase of silicone dioxides which is considered to be the filler in the organic matrix of the dimethyl siloxane polymer.
Table 1. Results of FTIR analysis

	Wave length
	Assignments

	300-400
	SiO2

	1200-1300
	-CO group

	1300-1400
	-CH3 group

	1500-1650
	C=C group

	2000-3000
	-COOH group


The peaks resonating between1200-1300 cm-1 indicate the presence of –CO group. Other peaks were recorded between 1300-1400 cm-1 and indicate the presence of methylene group (-CH3). Peaks resonating between 1500-1650 cm-1 indicate the presence of C=C that believed to undergo polymerization as demonstrated by the small frequency of the peak. Finally the peaks resonating between 2000-3000 cm-1 indicate the presence of –COOH stretch group (Table 1 and Figures 1-4 showing the results of the control group, solution a, solution b, and solution c respectively). When comparing the infrared spectrum of the control group with those infra-red spectra of the aging groups, there was no significant changes observed between them.
Image analysis:
SEM imaging of all groups at 10,000 X magnification was found to be similar in the control group, the simulated acid group and the simulated sebum samples. However, samples aged in simulated alkaline solution displayed an irregular vacuolated surface (Figures 5-8). The control group smooth surface also displayed some scattered particles believed to be Silicon dioxide. Similar scattered particles were recorded on the surfaces immersed in simulated sebum (group IV).
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Figure 1. FTIR analysis for control Group I (distilled water)
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Figure 2. FTIR analysis for test Group II stored in a simulated acidic media (solution a)
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Figure 3. FTIR analysis for test Group III stored in a simulated alkaline media (solution b)
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Figure 4. FTIR analysis for test Group IV stored in a simulated sebum media (solution c)
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Figure 5. SEM of control group (distilled water) smooth surface with some scattered particles at (10,000 X) magnification
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Figure 6. SEM of group II (simulated acid solution) smooth surface with no irregularities at (10,000 X) magnification
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Figure 7. SEM of group III (simulated alkaline) showed irregular vacuolated surface at (10,000 X) magnification
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Figure 8. SEM of group IV (simulated sebum) showed smooth grazed surface with some scattered particles at (10,000 X) magnification

4. Discussion:
Facial prostheses are used to protect exposed tissues and cavities resulting from the massive destruction of facial tissue and to repair the large unsightly defects that cannot be successfully repaired by reconstructive surgical procedures [3].

FTIR provides valuable information regarding the complexity of the structure and the bonds of the molecules within the surface analysed. In the current study, quantitative analysis of Cosmesil M511 silicone maxillofacial specimens was conducted using FTIR spectroscopy to assess the influence of various simulated solutions on the degradation mechanism and to compare to other reports [14, 15]. FTIR is used for the chemical analysis because of its specificity and sensitivity. Additionally FTIR is an easily applied technique useful for the detection of silicone, its structure and filler content within the polymer, thus, providing information on the change in silicone 


[15-24] ADDIN EN.CITE . FTIR provides a chemical fingerprint of the studied surface as the recorded absorption peaks correspond to the frequencies of vibration between the bonds of the atoms making up the material. One of the great advantages of FTIR spectroscopy is that any sample may be studied in any physical state (Liquids, pastes, powders, films, fibres and gas). Although the exact composition of commercial maxillofacial silicones is unknown, silicone polymers are usually made by repeating silicone to oxygen bonds [R2SiO]n, where R is an organic group such as methyl, ethyl, or phenyl. These materials consist of an inorganic silicone-oxygen backbone ([image: image9.png]
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) with organic side groups attached to the silicone atoms [25-27].

In the current study, FTIR spectrum analysis revealed that the peak resonating at 300-400 cm-1 in all samples represents the inorganic ingredient which is silicone dioxide considered to be the filler in the organic matrix. The superior strength of Cosmesil silicone may be attributed to the addition of silicone dioxide reinforcing filler which reduces silicone stickiness, increases its hardness and enhances its mechanical strength. It also acts as a material extender to reinforce the cross linked matrix.

The resonating peaks between 1300-1400 cm-1 indicate the presence of (-CH3), a methelyne group, suggesting that this material is a polydimethylsiloxane (PDMS) polymer. The presence of the organic group (CH3) attached to an inorganic backbone gives silicone polymers a combination of unique properties making their use as fluids, resins and elastomers possible in numerous applications [26]. The double bond between two carbon atoms (C=C) at the resonating peaks 1500-1650cm-1 disappeared in polymerized spectrum indicating complete polymerization.

The FTIR analysis of the control group compared with the aging groups showed no significant changes. This indicates that aging by immersion of the samples in different media did not affect the internal structure of the polymer suggesting that any changes occurring are limited only to the superficial surface of the specimens.

Surface analysis was achieved using SEM at higher magnification (10,000X) to correlate the microstructure findings of the surface to chemical, physical and biological properties of the material [23].

No major degradation was observed following aging since the smooth surface was found to be homogenous and less porous in groups I, II and IV. These findings may be attributed to the continuation of the polymerization process thus promoting a more complete polymeric chain making the silicone surface smoother with time and decreasing the influence of absorbed solutions on the cured surfaces [28, 29]. Samples in group III that were aged in alkaline media showed irregular vacuolated surface. It is most likely that hydrolysis occurred during the aging process causing the formation of the polymer chain are forced apart resulting in these changes (vacuoles). It has been reported that hydroxyl and carboxyl groups formed when Si-CH3 were broken by aging with loss of hydrophobicity [28-30].

Conclusions:
FTIR spectroscopy revealed that the Cosmesil M511 silicone maxillofacial material is based on a methyle polymer with complete polymerization as well as the presence of inorganic silicone dioxide filler. Cosmesil M511 silicone maxillofacial material was not highly affected by immersion in different pH media and the changes observed were limited to the superficial surface of the specimens.
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