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ABSTRACT 
 
        Craniofacial rehabilitation is a complex process in restoration of a craniofacial 
structure; congenital deformities, secondary to trauma, may result from a disease 
process and/or its treatment. To restore the defect, surgical reconstruction, prosthetic 
rehabilitation or a combination of both can be used to treat a deformed patient. 
Silicone elastomers are the most widely used materials for fabrication of facial 
prostheses. The goal is to achieve a predictable restoration of the patient’s appearance 
and protection of the resection site, allowing enhancement in confidence to help the 
patient live as normal a life as possible. It is important that prostheses will maintain 
appearance over the service lifetime. The gradual discoloration of prostheses because 
of environmental factors is a major concern. In Thailand, due to hot weather and high 
humidity, the color stability may be shortened. Prostheses may need to be re-fabricated 
more often; thus, the treatment cost is increased as per number of prosthesis change. 
The purpose of this study was to compare color degradation of medical grade and food 
grade silicones when exposed to environmental effects for different times to get 
information in selecting proper facial silicones. 
        Eight groups of MDX 4-4210 and VST-50 elastomers were prepared and mixed 
with yellow silicone fluid colorant. The specimens were exposed to 4 conditions: 
control, heat, humidity and UV-light for a period of 0, 240, 720, 1440, and 3528 hours. 
CIE L*a*b* values were measured by spectrophotometer. The color differences (ΔE*) 
of both facial silicones were subjected to three-factor ANOVA with repeated 
measures. Mean values were compared with Game-Howell intervals calculated at the 
0.05 significance level. 
        The result of this study revealed environmental effects and exposure times 
influenced the change of color (ΔE*) of both facial silicone at a level of statistical 
significance (P<0.05). UV light and moisture had the most effect on the change of 
color in both silicones. VST-50 changed color faster than MDX4-4210. 
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THE CHANGE OF COLOR, ENVIRONMENTAL EFFECTS, 
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CHAPTER I 

INTRODUCTION 

 

 
Craniofacial rehabilitation is a complex process in restoring the normal 

structure to obtain the optimal result. These deformities may be a congenital origin, 

secondary to trauma or as a result from a disease process. The defects may cause 

changes such as, emotional, physical, functional or cosmetic, and often in 

combination. To restore the patient’s physical state and quality of life to acceptable 

level is a difficult task to achieve; thus it requires a close communication among a 

number of health care practitioners with required major efforts, time, expertise and 

expense. 

There are a number of materials, which are available and have been used for 

facial prostheses such as wood, wax, metals and polymers. These materials have 

exhibited some excellent properties, as well as some frustrating deficiencies. Many 

studies have been done to improve important undesirable characteristics. Recently, 

advance in polymer chemistry have renewed interest in developing new materials for 

facial prostheses. The silicones are probably the most widely used materials for facial 

restoration, but they exhibit objectionable properties that prevent them from being 

accepted by all clinicians. Most of these materials have poor tensile, tear strengths, and 

receive colors poorly or with difficulty.(1) 

Color stability of maxillofacial prostheses in a service environment has been a 

major concern for both clinicians and patients. Although many materials and 

techniques are available, scientific studies on color of maxillofacial materials are very 

limited.(1) When the esthetic of facial prostheses is compromised, the maxillofacial 

prosthodontist needs to replace a new one for a patient to restore his defects. 

Normally, its service life is usually 6 months to 2 years, with an average time of 10 to 

12 months.(2,3) In Thailand, according to the hot weather and high humidity about 66-

84% relative humidity (RH), the color stability of maxillofacial prostheses may be 
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shortened. The maxillofacial prosthodontist has to replace a new prosthesis more 

often; thus, the treatment cost is increased as per number of prosthesis change. In 

general, Thai people cannot effort those expenses according to economic problem. At 

our service unit, Mahidol University, we have been studying in color stability with 

different environments, times and types of silicone to get information for selecting the 

proper silicone in fabrication of maxillofacial prostheses. 

There are many silicone elastomers available at our service unit. The silicones 

being used are medical grade and food grade. The medical grade silicones are most 

commonly used for fabrication of maxillofacial prostheses. The food grade is also 

claimed by the manufacturer to be used in maxillofacial field. Both types of silicone 

are approved for external use only.(4) The most popular product used at our service is 

A-103 (Silastic® MDX4-4210), which is a pourable two-component RTV, platinum-

cured, high strength medical grade silicone rubber. The advantages of this product 

include room temperature cured and can be heat accelerated, good thick section cured, 

excellent dielectric properties, essentially no shrinkage when cured at room 

temperature, physical and electrical stability, high elongation, improved tear strength. 

The disadvantage of this product is its high cost.  

VST-50 (VerSilTal) is a new economical food grade silicone. It is a translucent 

two-component RTV, low viscosity platinum-cured silicone elastomer. At room 

temperature, it is expanded the setting time to 8-10 hour while the original VST-30 has 

the 12-minute setting time and it can also be heat accelerated. The company claimed 

that the compositions are similar to medical grade silicone. The price is three times 

lower than MDX4-4210. If we can replace MDX4-4210 with VST-50, we will lower 

the cost up to 300%.  

From this aspect, if we can replace MDX4-4210 with VST-50 without any 

adverse effects, we can reduce cost of fabricating a maxillofacial prosthesis for the 

patient.    

 

 

 

 

 



Fac. of Grad. Studies, Mahidol Univ.                                                    M.Sc.(Maxillofacial Prosthetics) / 3       

Objectives of the study 

 

• To compare color degradation of yellow intrinsic color between medical grade 

and food grade facial silicones without opacifier addition when exposed to 

heat, ultraviolet light and humidity (55%RH) at several times of exposure (240, 

720, 1440 and 3528 hours) compared to baseline (0 hour).  

 

 

Clinical implications   

 

1. The result of the study will be beneficial to dentists in selecting facial silicones 

for fabrication of facial prostheses that provides more color stability with less 

cost. 

2. The dentists can estimate the timing of the life expectancy of facial prostheses 

made from each facial silicone in a service environment. 

3. The dentists will get some information to advice the patient to aware some risk 

environmental effects that can lead to discoloration of maxillofacial prostheses 

which made from each facial silicone. 

 

 

Research hypothesis 

 
1. Environmental variables (heat, humidity and UV light) have some effects on 

the color stability of either medical grade or food grade facial silicones which 

contain yellow intrinsic color without opacifier addition. 

2. Exposure times (240, 720, 1440 and 3528 hours) have some effects on the 

color stability of either medical grade or food grade facial silicones which 

contain yellow intrinsic color without opacifier addition. 

3. No interaction of environmental variables and exposure times on the color 

stability of either medical grade or food grade facial silicones which contain 

yellow intrinsic color without opacifier addition. 
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4. There are no differences between the two silicones.   

 

 

Statistical hypothesis 

 

(1)   Ho:  μA1 = μA2 = μA3 = μA4                     

                   H1:   μAi at least 1 pair different                

(2)   Ho:  μB1 = μB2 = μB3 = μB4 = μB5            

                H1:  μBi at least 1 pair different     

            (3)   Ho:  μAB to be equal 

                   H1:  μAB at least 1 pair different 

(4)   Ho:  μC1 = μC2                     

                   H1:  μC1 ≠ μC2   

 A = The environmental effects (Control, Heat, Humidity and UV-light) 

 B = The exposure times (240, 720, 1440, and 3528 hours) 

 [These hypothesis are used for different facial silicones]  

C = The facial silicones 
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CHAPTER II 

LITERATURE REVIEW 
 

 

Materials used for facial prostheses  
 

There are a number of available materials, such as wood, wax, metals and in 

recent times, polymers that have been used for facial prostheses.(1,5,6,7) Many studies 

have been done for improving properties of those materials to eliminate importance of 

undesirable characteristics.(1,5,6,7,8,9) To achieve the clinical success and patient 

acceptance, the maxillofacial prosthodontist must have a thorough understanding in 

characteristics of the materials being used for specific defects.(5,6,7) 

Biocompatibility is a major concern for facial prostheses.(1,8,9) Materials 

should not contain either toxic components or carcinogenic agents causing some harm 

to underlying tissues.(7) Resistance to stains is a distinct advantage for allowing use of 

cosmetics to conceal margins. The finished prostheses must have a skin-like feature in 

both appearance and tactile sensation, for instance, translucency, color, texture, and 

softness.(7,9,10)  It should be resistant to chemical and physical assaults such as 

ultraviolet light.(1,9) It should be durable and have the capability of being used for at 

least six months without significant compromise of esthetics and physical properties. It 

should possess sufficient flexibility for use on movable tissue beds and strong enough 

to prevent any edge tearing when removed. The dimension of materials should be 

stable and the materials should be light in weight. The materials should be adaptable to 

intrinsic as well as extrinsic coloration.(9) The color should be stable for service life at 

least six months and not be degraded when exposed to harmful environments or 

disinfectant agents.(5,6,7,8,9) 

The completed facial prostheses should be unnoticeable in public; faithfully 

reproducing lost structures in the finest detail.(1,9) Its color, texture, form, and 

translucency must duplicate that of missing structures and adjacent skin.(10) A 
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noticeable prosthesis will increase patient anxiety, leading to compromised social 

readjustments.(1,5,6,7,8,9,10) The final esthetic result is the most important factor 

relative to clinical success or failure. 

  

 

Ideal properties of maxillofacial prosthetic materials 

  
 There are several requirements for a successful maxillofacial prosthesis. It 

must restore the lost part inconspicuously. It must not distort, it must be self- retaining, 

making the use of adhesive powders and cements unnecessary. It must be practical in 

order that the patient may be able to wear it daily, and not just on special occasions. In 

addition, it must be adaptable to changes in shape and coloring, so that as the 

complexion changes with the time, it can be changed, and any minor changes in the 

tissue can be compensated without remaking of the entire prosthesis.(11) 

 

 

Characteristics of an ideal material (12) 

 

1. It should have physical and mechanical properties similar to the human tissue being 

replaced 

• Variable consistency 

• Dimensional stability 

• Reproduction of detail 

• High edge strength 

• High elasticity 

• Light in weight 

2. It must be compatible with human tissue, nontoxic, nonallergic, and easily cleaned 

• Nonporous, but permeable 

• Odorless 

• Resistant to microbial contamination 

• Nontoxic, nonallergic 
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• No toxic by-products, no toxic components to harm operator 

3. It must be capable of adherence to human tissue, by adhesive or other mechanical 

means 

• Removal of adhesive without damage to patient or material 

• Material must be sufficiently strong to incorporate frameworks for 

implant or other mechanical retention 

4. It must be compatible with intrinsic and extrinsic means of coloring or staining 

• Capable of layering in the mold for depth and vitality in coloring 

• Translucence, surface texture, and sheen consistent with tissue 

• Extrinsic coloring without modifying surface characterization 

• Repeatable color matching system with minimum metamerism (two 

samples which match when illuminated by a particular light source and 

then do not match when illuminated by a different light source) 

5. It should have a relatively simple polymerization process, not sensitive to minor 

processing variables, and requiring materials and molding procedures commonly used 

in dentistry 

• Concise and simple directions for predictable results 

• Stone, acrylic resin, or epoxy molds 

• Capable of adjustment, repair, and reline 

• Can be bonded, laminated to other materials for better properties 

• Modifiable at marginal region 

• Readily available and reasonable cost 

6. Completed prosthesis must maintain these properties for an acceptable period of 

service (at least 1 year) 

• Prostheses must have an acceptable service life of at least 1 and 

preferably 5 years 

• Material must be capable of relining or readapting to the tissue 

surrounding the defect to prolong service life 
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Goals for maxillofacial materials (1,5,10) 

 

Physical and mechanical properties 

 

Dimensionally stable 

High edge strength 

High elongation 

High resistance to abrasion 

High tear strength 

High tensile strength 

Low coefficient of friction 

Low surface tension 

Low thermal conductivity 

No water sorption 

Translucence  

Color stability, no color change after processing 

Flexibility comparable to tissue 

Flexibility stable at extreme of temperatures (-40 to 140 °F)  

Resistance to environmental discoloration 

Permeable to moisture release from underlying tissue 

Long shelf life 

Usable life of 2 or more years 

 

Processing characteristics 

 

Adjustability 

Ease of intrinsic and extrinsic coloring with commercially available colorants 

Ease of mold fabrication 

Ease of processing 

Ease of repair or re-fabrication if needed 

Long working time 

Short processing time 
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Low glass transition temperature 

Low viscosity for ease of processing 

Low processing temperature 

Low sensitivity to contamination during processing 

 

Patient factors 

 

Compatible with supporting tissue, no sensitivity to host tissue 

Non-allergenic agent 

Non-toxic components 

No polymerization by-products 

Odorless 

Inert to solvents and skin adhesives 

Ease of adherence to living tissue 

Resistance to growth of microorganisms 

Hygienic 

Cleansable with disinfectants 

Cleansable without loss of detail at surface or margins 

Softness compatible to tissue and maintained during use 

Chemical and environmental stability 

Economical  

  

 

Historical background  

 
The beginning of prosthetic replacement of facial defects has not been well 

documented by historians. The first historical report (before 1600 A.D.) is in ancient 

Chinese culture and in Egyptian dynasty. Archaeologists have found artificial eyes, 

noses, and ears constructed from waxes, clay, and wood in Chinese mummies and 

artificial eyes in Egyptian mummies; however, those prostheses were probably 

inserted after death in order to meet the religions beliefs at that period.(1,5,6,8) 



Sita Thaworanunta  Literature Review / 10 
 

Ambrose Paré (1510-1590), a famous French surgeon, was the first to describe 

fabrication of a nasal prosthesis. The nasal prostheses were fabricated in silver and 

attached to the face by strings.  He also described the fabrication of an auricular 

prosthesis made from papier-mâché or leather, retaining by means of a metal band 

passing over or around the patient's head. He also described the fabrication of an 

artificial eye prosthesis retained by a metal band that went over the patient's head. 

Because of these unique descriptions of facial prostheses, he has been referred to as 

the “Father of Facial Prosthetics.” However, there is little substantial evidence that the 

prostheses as described by him were put into actual practice.(1,5,6,8) 

Tycho Brahe (1546-1610), a famous astronomer, used an artificial nose made 

from gold to replace the center portion of his own nose, which lost due to duel. He was 

reported to have worn this prosthesis for the rest of his life.(1,8) 

Pierre Fauchard (1678-1761), a father of modern scientific dentistry, was 

responsible for many developments in maxillofacial prosthodontics. He extended the 

concept of function in partial dentures to include not only restoration of mastication 

but also of cosmetic appearance. He fabricated palatal obturators to repair palatal 

defects and fabricated facial prostheses in papier-mâché and silver. His work in intra-

oral maxillofacial prosthodontics set the stage for the development of facial 

prostheses, involving both intra-oral and extra-oral structures. An example of this type 

of prosthesis was that worn by the “Gunner with the Silver Mask”. This silver mask 

was fabricated to replace the lower third portion of facial lost for Alphonse Louis, a 

French soldier. This prosthesis was painted with oil paints, and covering them with 

facial hair made the margins of the prosthesis.(1,5,6,8) 

William Morton (1819-1868) made a nasal prosthesis by using enameled 

porcelain to match the complexion of the patient.(1,8) 

Norman W. Kingsley (1880) described a combination nasal-palatal prosthesis 

in which the obturator portion was an integral part of the nasal prosthesis.(1,5) 

Claude Martin (1889) described using a ceramic material to fabricate a nasal 

prosthesis.(1,8) 

Upham (1900) described the fabrication of nasal and auricular prostheses made 

from vulcanite rubber.(5) 
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Ottofy, Baird, and Baker (1905) reported using black vulcanized rubber as a 

foundation for a nasal prosthesis.(1,8) 

In 1913, gelatin-glycerin compounds were introduced for use in facial 

prostheses in order to reproduce the softness and flexibility of human skin. The 

technique of fabrication and coloring of gelatin-glycerin facial prostheses using water-

soluble dyes was described by Bercowitsch. However, the life span of the gelatin-

glycerin compounds was too short for practical clinical application. The use of 

vulcanized rubber for facial prosthesis was discontinued.(1,8) 

In 1937, acrylic resin was introduced to the dental profession and it replaced 

the older vulcanite rubber in both intra and extra oral prostheses. Its translucency, 

color ability, and ease of processing was attractive to most clinicians, nevertheless, its 

rigidity was undesirable for facial prostheses.(1,5,6,8)  

In 1940 to 1960, many investigators had introduced various kinds of coloration 

technique.(1,11) Henry Bigelow introduced the transparent photographic painting for 

coloring an acrylic resin facial prosthesis. Tylman described a variation of coloring 

materials for intrinsic and extrinsic stain and he also described the use of a resilient 

vinyl copolymer acrylic resin to overcome the rigidity problem of acrylic resin facial 

prostheses. Adolph Brown used colorants certified by the Food and Drug 

Administration for staining facial prostheses. Brasier used acrylic resin polymer stains 

for intrinsic coloring and oil color mixed with acrylic resin monomer for external 

tinting of facial prostheses. Fonder reported a nasal prosthesis case using oil paints to 

stain autopolymerizing acrylic resin. 

 In 1960 to 1970, various kinds of elastomers were introduced, resulting in 

major changes in facial prosthesis fabrication. Barnhart (1) was the first to use silicone 

rubber for constructing and coloring facial prostheses by combining a silicone rubber 

base material with acrylic resin polymer stains. Tashma (13) used dry earth pigments 

dispersed in colorless acrylic resin polymer powder for intrinsic coloring of silicone 

facial prostheses. Ouelette (14) mixed dry mineral earth pigments in a silicone base 

material thinned with xylene for external spray coloring of silicone facial prostheses. 

Spraying a thin layer of catalyst on the prosthesis, and then allowing it to polymerize 

further protected the final tinting. 
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Firtell and Bartlett (15) used dry mineral earth pigments and silicone base 

materials to produce stock colors from which base shades and surface colors could be 

formulated. Schaaf (16) reported the use of standard artist’s oil paint tattooed into the 

surface of facial silicone prostheses to stimulate freckles, blood vessels, and general 

shading. Fine (17) described the use of colored nylon flocking as a major colorant for 

both internal and external coloring of facial prostheses. Nylon flocking was claimed to 

be more stable in color and more natural appearance to prostheses than did dry earth 

mineral pigments. 

In 1970 to 1990, different types of elastomer were used for facial prosthesis 

fabrication.(1,5,6,8,18) Lontz used modified polysiloxane elastomer; Gonzalez used 

polyurethane elastomer. Lewis and Castleberry used siphenylenes while Turner used 

isophorone polyurethane. Udagama and Drane used Silastic Medical Adhesive 

Silicone type A for fabrication of facial prostheses. According to tearing at the thin 

margins, Udagama used Medical Adhesive type A lining with polyurethane film to 

overcome this problem. Since 1990, the advance in polymer chemistry has led to the 

development of new materials for facial prostheses. Antonucci and Stansbury 

investigated new generations of acrylic resins. Gettleman used polyphosphazenes for 

facial prostheses. 

 

 

Available materials used in fabrication of facial prostheses  
   

Acrylic resin (PMMA) (1,6,7,9,10) 

 

PMMA was the material of choice in the past. It is easy to work with, hygienic 

and durable. It can also be satisfactorily colored to match individual skin tone. It can 

be successfully employed for specific types of facial defects, mostly those in which 

little movement occurs in the tissue bed during function. Both intrinsic and extrinsic 

coloration can be utilized. Extrinsic coloration is easily accomplished with acrylic base 

paints, using chloroform or monomer as a solvent. This material has very high strength 
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to produce feather-exposed margins. It is easy to be added when necessary. It is also 

compatible with most adhesive systems and is easily cleaned off adhesive or debris. 

Rigidity is the most disadvantage of acrylic resin. Its usefulness is 

compromised in highly movable tissue beds, which leads to tissue irritation and 

prosthesis dislodgement. Because of high temperature conductivity comparing to 

silicones, it can cause extreme discomfort in cold weather for patients. Other problem 

is its shininess after a period of service and when we attempt to improve the esthetics, 

the result is poor.   

 

Acrylic copolymer (Palamed) (1,6,7,9,10) 

 

Acrylic copolymers are soft and elastic due to its molecular structure. When 

processed, the prosthesis has a sponge-like center and a continuous skin-like covering. 

However, some undesirable properties lead to less acceptable, for instance, poor edge 

strength, poor durability, and easy degradation when exposed to ultraviolet light. 

Processing and coloration are also difficult. The completed restoration normally 

becomes tacky, predisposing to dust collection and staining. The physical and 

mechanical properties can be obtained by varying modes of polymerization to satisfy 

the requirements in maxillofacial work, although the results of laboratory and clinical 

tests have not been accomplished. 

 

Polyvinylchloride and copolymers (Realistic, Mediplast, Prototype III) 

(1,6,9) 

 

This type of polymers exhibits a number of desirable properties. They are 

flexible, adaptable to extrinsic and intrinsic coloration. When properly manipulated, 

they showed an acceptable initial appearance. Nevertheless, they are subjected to stain 

and degrade by ultraviolet light, peroxide, ozone, and tetraethyl lead. This type of 

polymer also loses part of its flexibility according to sorption of sebaceous secretion, 

cosmetics, and solvents. Metal molds are required because of high temperature curing, 

10 minutes at 140˚C. When closed plaster molds in standard dental flasking are 

employed, the curing time is about two and one-half hours. The curing process must 



Sita Thaworanunta  Literature Review / 14 
 

be done with special care, not to overheat or under-heat the material. Overheat will 

darken the material where as under-heat will cause skin irritation. The life span of 

polyvinylchloride prostheses may be within 1 to 6 months. Some improvement by 

limiting the amount of plasticizer can extend the service time to 9 to 11 months. Even 

so, serious problems remain relative to polymer degradation and darkening of the 

material secondary to ultraviolet exposure, as well as the poor dimensional stability.  

  

Chlorinated polyethylene (1,6,7,9,10) 

 

Chemical composition and physical properties of this material is similar to 

polyvinylchloride. Oil-soluble colorant is used for coloration and repeatable molding 

can be done. The use of metal molds is also a disadvantage of this system. However, 

the development of using steam autoclaves with gypsum mold has been investigated. 

Clinical trials of this material have still been in progress.  

 

Polyurethane elastomers (1,6,7,9,10) 

 

Although there are a variety of commercial and medical uses, only one 

(Epithane-3) is available for use in facial prostheses. This material has a number of 

excellent properties. They can be made quite elastic without compromising edge 

strength, therefore permitting thinning and feathering of exposed tissue margins. Their 

flexibility is specifically well suited to movable tissue beds. Coloration can be done 

both intrinsically and extrinsically. However, these materials are difficult to process 

reliably. When water contamination presents, gas bubbles and poor curing of the 

materials can occur due to their high moisture sensitivity. If stone molds are used, they 

must be carefully dehydrated before processing. These materials are not color-stable 

because of the effects of ultraviolet light and surface oxidation. Moreover, extrinsic 

coloration tends to wear off rapidly. The clinical usefulness may exist only 3 months. 

Another disadvantage is the poor compatibility of this material with existing adhesive 

systems. It is very difficult and time consuming to remove the adhesive from the 

prosthesis. Extrinsic coloration is always removed in this manner.  
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Silicone elastomers (1,6,7,9,10) 

 

The synthetic materials called silicones constitute a special class of chemical 

polymers, or long chain molecules. Silicones have physical and chemical properties 

that sometimes make them more useful than other polymers, and they retain these 

properties over a wide range of environmental extremes.  

Unlike organic polymers, which contain chains of carbon atoms in their 

structural backbones, a silicone’s backbone is composed of an alternating chain of 

silicon and oxygen atoms. Often organic or carbon-containing groups are attached to 

the sides of the silicon atoms. By adjusting the length of this silicon-oxygen chain, 

scientists can produce silicones in the form of fluids, resins, or elastomers (rubbers). 

These compounds are used in thousands of products, including lubricants, water 

repellents, waxes and polishes, electrical insulation and non-stick coatings. 

Unlike organic polymers, which may occur naturally, silicones can only be 

produced synthetically. From this one might infer that the body has never had to build 

a defense mechanism against the silicones.  This lack of recognition, combined with 

the silicone polymer’s lack of chemical reactivity to oxidize readily or interact 

chemically with other material, is of great advantage to the health science profession. 

The most common method for preparing silicones is a two-step process: 

creating a carbon-silicon bond, then making the silicon-oxygen bond that forms the 

chain. In the first step, an organic chloride vapor is made to react with hot silicone 

powder in the presence of a copper catalyst. The result is a series of molecules that 

contain carbon, silicon, and chlorine atoms. In the second step, the chlorine is replaced 

with oxygen through a process of hydrolysis and distillation to produce the silicone 

product. By adjusting the reaction conditions, scientists can control the length of the 

silicon-oxygen chain or connect the individual chains in various ways. 

A type of silicone product, dimethyl dichlorosiloxane, is the most commonly 

used material for facial prostheses. Dimethyl dichlorosiloxane will form a polymer 

when it reacts with water. (Figure 2-1) These polymers are translucent, watery, white 

fluids whose viscosity is determined by the length of the polymer chain. Poly(dimethyl 

siloxane), commonly referred to as silicone, is made from these silicone fluid 

polymers. Most rubbery forms of silicone are compounded with fillers that provide 
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additional strength. Additives are used to provide color. Most of these materials have 

poor tensile and tear strength and receive colors with difficulty. Antioxidants and 

vulcanizing agents are used to transform the raw mass from a plastic to a rubbery resin 

during processing. The long chain polymers create a network that difficulty to be 

separated. This network makes the silicones particularly resistant to degradation from 

ultraviolet light exposure. 

 

Silica   Reduction   Silicon + Methyl chloride    Dimethyl dichlorosiloxane  +H2O    Poly(dimethyl siloxane) 
(Silicone) 

 

Figure 2-1 The steps of silicone production 

 

The extraordinary properties of silicones are due to the special characteristics 

of the silicon oxygen bonds in their backbone. Because the silicon oxygen bond is 

much stronger than the carbon-carbon bond of organic polymers, silicones make better 

electric insulators and are more resistant to oxidation. In addition, the silicon-oxygen 

chain is easily twisted, and the organic side groups can rotate freely around the bonds. 

In a sense, each silicone molecule can sweep out its own space, preventing close 

contact with its neighbors. As a result, silicones have weak forces of attraction, low 

surface tension, and low freezing points. These properties have rendered silicones 

ideal for variety of specialized uses. Silicone elastomers retain their elasticity, strength 

and flexibility in temperatures ranging from -108 ºF (-78ºC) to higher than 570ºF 

(300ºC). 

 

 

Classification 

 
Facial silicone can be divided into two groups according to vulcanization 

reaction: (1,5,6) 

1. Heat temperature vulcanization (HTV)  

2. Room temperature vulcanization (RTV).  
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Vulcanization reaction of a polymer is basically the tying together of the 

separate polymer chain. The ties between the polymer chains are called cross-links, 

and the process of cross-linking the polymers is the process of vulcanization. It can 

both occur with and without heat and is based on the catalytic or cross-linking agents. 

The silicones used for medical purpose contain fillers and vulcanizing agents, but they 

do not contain the wide variety of additives used in organic rubber compounding.   

Consistent with their applications, silicones are classified into five groups.(1,4)  

The first classification is Implant Grade, which has a long history of 

successful implantation in animal and humans. They are manufactured under 

pharmaceutically clean application. These materials require undergoing extensive 

testing and must meeting or exceeding FDA Regulation 21 CFR 177.2600, ISO 10993 

and USP class VI requirement.  

The second one is Medical Grade, which are used externally. They are most 

commonly used in fabrication of maxillofacial prostheses.(1,4) Adverse reactions 

caused by direct contact between medical grade silicone and human skin has not been 

reported.  Very often, the term “medical grade” creates confusion among clinicians. 

These silicones are color stable if the proper pigments are used. They are available in 

one-or two-component systems and may be found as pourable liquid, paste, moldable 

putty, and dispersion. 

The third group is Food Grade, which is now using in maxillofacial prosthesis 

field. The manufacturers claim that their compositions and properties are very similar 

to Medical Grade but less expense.(1,4)   

The forth classification is Clean Grade and the fifth is Industrial Grade, 

which is commonly used for industrial applications.  

 

Heat Temperature Vulcanizing Silicone Elastomer (HTV silicones) 

 

In general, HTV silicones have better physical and mechanical properties than 

do RTV silicones. The major disadvantages of the material are opacity, difficulty in 

intrinsic coloration, and high superficial surface hardness. Moreover, it requires a 

milling process under pressure. A metal mold is typically crucial because of high 

curing temperature (30 min., 180°C), and fabrication of the mold is a lengthy 
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procedure. A stone mold within a denture flask may be used, but this increases the risk 

in the material damaging during deflasking.  

These silicones exhibit excellent thermal and color stability when exposed to 

ultraviolet light as well as biologically inert.  However, they do not possess sufficient 

elasticity to function in movable tissue beds.  Poly(dimethylsiloxane) oligomer may be 

added to reduce the stiffness and hardness of the prostheses.  Also, the material itself 

has low edge strength and may require nylon reinforcement at the margins.  Important 

objections are their opacity and lifeless appearance.  They do not readily accept 

extrinsic coloration, so the internal colorant must be incorporated into the gum stock 

with a milling device. 

The mechanism for the formation of a heat-vulcanizing silicone involves the 

use of a diorganopolysiloxane such as poly(dimethyl siloxane). (Figure 2-2) (9) 

 

 

 

Figure 2-2 HTV silicone rubber formula 

 

When a liquid silicone is heated with benzoyl peroxide (C6H5 – COO)2, a 

reaction occurs between one of the methyl radicals in the chain and a similar methyl 

group in an adjacent chain. (Figure 2-3) As a result, two polymeric chains are cross-

linked and yields benzoic acid as a by-product.(6)  

 

 

 

 

 

 

 

 

 

Figure 2-3 Condensation polymerization of HTV silicone elastomer 
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Heat-vulcanizing silicone elastomer has been developed into three degrees of 

hardness: soft, medium, and hard. It is usually a white, opaque material with a highly 

viscous, putty-like consistency. The material may be supplied as 1-component or 2-

component putty. The catalytic or vulcanizing agent of HTV silicones is 

dichlorobenzoyl peroxide or platinum salt, depending on polymerization reaction: 

dichlorobenzoyl peroxide for condensation (step) reaction, platinum salt for addition 

(chain) reaction. These silicones can be preformed into various shapes according to 

their purpose. Filler materials are most often added to elastomers to improve tensile 

and compressive strengths, abrasion resistance, toughness, dimensional and thermal 

stability, and other properties. The fillers are usually very pure, fine silica with a 

particle size of about 30 nm.  In addition, the copolymerization of silicone with small 

amounts of methyl vinyl, or methyl phenyl siloxy radical, varies the relative softness 

and tear strength.  

Examples of heat-vulcanizing silicone elastomers are Silastic® 370, Silastic® 

372, and Silastic® 373 (Dow Corning Corporation, Midland, MI). In the raw state, 

compounds with equivalent composition are available under the nomenclature of 

“Clean Room Stocks”, for instance, MDX4-4514, MDX4-4515, and MDX4-

4516.(5,15)  

 

Room Temperature Vulcanizing Silicone Elastomer (RTV silicones) 

 

The room temperature vulcanizing silicone elastomers are composed of 

comparatively short chain silicone polymers which contain partially end–blocked 

chain hydroxyl groups (Figure 2-4). In addition, a cross–linking agent such as 

tetraethyloxysilane (ethyl orthosilicate) is used.  Fillers are added to strengthen the 

final rubber.  With the addition of a catalyst such as stannous octoate (Figure 2-5), 

condensation takes place between the hydroxyl ion of the polymer and the alkyl group 

of the cross–linking agent, yielding an alcohol, and a network forms as a result of the 

cross–linking.  The reaction is extremely complex, and that other permutations of 

related materials and methods are used in RTV silicones.(6) 
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Figure 2-4 RTV silicone rubber 
 
 
 
 
 
 
 
 

 
 

Figure 2-5 Polymerization of RTV silicone elastomer 

 

RTV silicone rubber can be divided into those that require a catalyst to 

vulcanize and those considered a core component RTV.(5) 

The two-component silicone rubbers are generally made up as a base fluid 

silicone polymer mixed with fillers, with the catalyst designed to act as a cross–linking 
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agent.  There are many different catalysts for the RTV, but the main catalyst found 

satisfactory for medical application has been stannous octoate.  Because these two 

components have to be mixed, the viscosity must be low enough to permit stirring and 

the fillers must not adversely thicken the mixture.  The fillers used in these compounds 

have generally been diatomaceous earths to add strength where needed.  In the pure 

state, this material can cause reddening of the skin and damaging to the eye. When the 

medical grade silicone is vulcanized with stannous octoate catalyst and implanted in 

tissue, there is little tissue reaction observed. Nevertheless, when the same RTV base 

vulcanized by an industrial grade catalyst, such as dibutyl tin dilaurate, and implanted 

under dermis, they will cause a severe tissue reaction. This type of problem prohibits 

the use of industrial grade silicones for sub-dermal implantation. If sub-dermal 

applications are not intended such as the case in many facial prostheses then this 

problem of tissue reaction is minimized. The silicone rubber that has been utilized 

extensively for many medical applications is Silastic® 382 Medical Grade Elastomer. 

Silastic® 382 and Silastic® 399 are the original RTV silicones. They are 

color-stable, biologically inert, and retain their physical and chemical properties at 

wide temperature range, similar to HTV silicones. Nevertheless, they are much easier 

to process than the heat-cured forms. The polymerization is by condensation reaction. 

Fillers, diatomaceous earths, are used to improve strength. The undesirable properties 

are poor edge strength and difficulty in coloration.  

There are several three–component systems available, but generally these have 

been abandoned for newer generations of two–component polymers.  Regeneration 

currently is occurring in the development of newer varieties of silicone rubbers that 

are some what different from the 382 Elastomer.  The most popular one is MDX 4-

4210 Medical Grade Elastomer (Dow Corning Corporation, Midland, MI).  It is clear–

to–translucent silicone rubber that exhibits many improved qualities as to color and 

tear strength over other RTV silicone elastomers.  This material is not heavily filled 

and requires a different type of catalyst system.  The system is a proprietary platinum 

complex that operates through a vinyl addition mechanism. Almost identical to MDX 

4-4210 is Dow Corning’s Sylgard 186, a food grade silicone, but less expensive. Other 

two-component RTV silicones available in the market, are X3-6339, A-2186, 
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KE1310ST and NuSil R-2186. These materials were tested compared to MDX4-4210 

for possibly better physical and mechanical properties. 

The one–component RTV silicones were developed originally as adhesives.  

They have been classified as Type A Medical Adhesive according to their nature to 

bond other materials to each other or to other silicone rubbers. Different curing 

mechanisms are available in the one-component RTV systems. The most widely used 

types are acetoxy, which produces acetic acid as a by-product, and alkoxy, which 

produces methyl alcohol as its by-product. The acetoxy type cures faster than the 

alkoxy type and has better properties. Many one-component acetoxy-cured silicones 

are available, but the most popular product is Dow Corning’s Medical Adhesive Type 

A (Silastic® 891) which is a soft, non-flowing paste like Vaseline. When using the 

acetoxy-cured system, some ventilation is needed to dilute or remove the acetic acid 

vapor produced as a by-product in the curing process.  

The silicone polymer used in the one–component RTV is a relatively low 

molecular weight hydroxyl end–blocking polymer.  The cross–linking agent is methyl 

triacetoxysilane. When contact with the atmosphere after being extruded from the 

storage tube, it is easily hydrolyzed by the present water vapor.  When water contacts 

the triacetoxysilane, acetic acid is formed, leaving a hydroxyl from the water in place 

of the triacetoxy groups.  Methyl silanes with multiple hydroxyl groups are very 

unstable. These will condense with hydroxyl end–blocking silicone polymer, thus 

creating longer polymers and cross–linking them at the same time.  The fillers used in 

these compounds are similar to those used in heat vulcanizing silicones.   

The RTV silicones are much easier to process than the heat–cured forms.  

Molds made of dental stone can be used.  The RTV silicones share some of the 

undesirable properties of the HTV Silicones in that they have poor edge strength and 

are difficult to color. 
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Properties of materials used in this investigation (4)  

 

A-103 (Silastic® MDX4-4210)  

 

This medical – grade silicone elastomer are the most popular among clinicians.  

From the results of the survey by Andres (12), 41% of clinicians used this material for 

fabrication of maxillofacial prostheses. 

MDX4-4210 is a pourable two-component, platinum-cured, high strength 

medical grade silicone rubber, which cures to a translucent silicone rubber at room 

temperature or slightly elevated temperatures. The elastomer component consists of a 

dimethylsiloxane polymer, reinforcing silica, a chloroplatinic acid catalyst and a 

platinum catalyst. The curing agent component consists of a dimethylsiloxane 

polymer, an inhibitor and a hydro–methylsiloxane cross-linking agent. The 

polymerization reaction is an addition reaction with no reaction by – products. 

The advantages of this product include room temperature cure and can be heat 

accelerated, good thick section cure, excellent dielectric properties, essentially no 

shrinkage when cured at room temperature, physical and electrical stability, high 

elongation and improved tear strength. More important, increased elongation and 

resistance to tear have reduced the need for reinforcement of the thin edges of the 

prosthesis.  In addition, the surface texture and Shore A hardness measurements are 

well within the range of human skin.  It appears to be compatible with most skin 

adhesive systems.  Shade guides for intrinsic coloration have been developed.  

Accelerated aging testing has shown that the elastomer is very color stable.  

Processing is simple, as molds of dental stone are acceptable.  A cure of approximately 

24 hours at 23°C (73°F) is required for the material to be sufficiently cured for 

handing.  Full cure is achieved in about three days at room temperature.(1,4) 
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Table 2-1 Properties of Silastic®A 103 (MDX4-4210) according to manufacturer 

 

 

Properties 

 

MDX4-4210 

 

Manufacturer 

Classification 

Color 

Cure Time RTV 

Shore A hardness 

Pot life 

Tear Strength, psi 

Tensile strength, psi 

Dielectric strength 

Elongation % 

Viscosity A, cps 

Catalyst 

Polymerization reaction 

Reinforcement 

Tissue culture 

 

Dow Corning 

Medical Grade 

Translucent 

72 hours 

27 

60 – 120 min. 

90 

650 

575 volts/mil 

500 

70,000 

Chloroplatinic acid 

Addition reaction 

Silica 

No CPE 

 
 

VST-50 (VerSilTal) 

 

New economical VST, a translucent two-component 10:1 mixing by weight, 

low viscosity platinum silicone elastomer is a retarded version of VST-30 12-min set. 

VST-50 is an 8-10 hour set at room temperature, can be heat accelerated. This new 

silicone opens doors for all practical applications. Works well with A-300-8 Thixo. 
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Table 2-2 Properties of VerSilTal (VST-50) according to manufacturer 

 

 

Properties 

 

VST-50 

 

Manufacturer 

Classification 

Color 

Cure Time RTV 

Shore A hardness 

Pot life 

Tear Strength, psi 

Tensile strength, psi 

Dielectric strength 

Elongation % 

Viscosity A, cps 

Catalyst 

Polymerization reaction 

Reinforcement 

 

 

Factor II 

Food Grade 

Translucent 

72 hours 

30 

120 min. 

110-112 

750 

575 volts/mil 

450-480 

120,000 

Chloroplatinic acid 

Addition reaction 

Silica 

 

 
 

Color (19)   

  

The human visual system responds to very small part of the electromagnetic 

spectrum that lies between 380 and 760 nanometers. It however does not respond 

uniformly. Given the same amount of output of power at each wavelength, the visual 

system will sense the yellow-green region as being the brightest and the red or blue 

regions as the darkest. This is why a light source which has most of its power in the 

yellow-green area will have the highest visual efficiency. However, without a 

reasonable amount of red or blue in its output, a light source will not be able to render 

colors satisfactorily. With most sources, the wider the range of wavelengths present, 
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the lower the efficiency. How we see color depends on the wavelengths emitted by the 

light source, the wavelengths reflected by the object, the surroundings in which we see 

the object and the characteristics of the visual system.  

In nature, a rainbow is white light that is broken apart by the moisture in the 

air. People discovered that white light could be broken apart using tools like prisms or 

a spectroscope. The colors of the visible light spectrum are red, orange, yellow, green, 

blue, indigo and violet. The color of an object depends on how it absorbs and/or 

reflects light. If an object absorbs all of the light wavelengths, it will appear black. If it 

reflects all of them, it will appear white. If an object absorbs all wavelengths except 

red, for example, it will look red.  

Exactly how the visual system really sees color is still only a theory, but we 

know that our conception of the color of an object is a constantly changing, highly 

dynamic process. It depends on what colors surround the object, how long we have 

been exposed to the scene, what we were looking at before, what we expect to see, and 

perhaps even what we would like to see. Each person sees the scene differently.  

 

Two types of color:  

 

Additive color refers to mixing the colors of light. The primary colors of light 

red, green, and blue can be added to produce the secondary colors of light-magenta 

(red plus blue), cyan (green plus blue), and yellow (red plus green). A secondary color 

of light mixed in the right proportions with its opposite primary will produce white 

light, for instance, a mixture of yellow and blue light will result in white light. When 

all of the colors of the spectrum are combined, they add up to white light. 

Subtractive color refers to mixing the colors of pigment, such as paint or the 

ink in a computer's printer. A primary color is defined as one that subtracts or absorbs 

a primary color of light and reflects or transmits the other two. So the primary 

pigments are magenta, cyan, and yellow; they are secondary colors of light. This type 

of color is what is used in the art and design world. When learning basic color theory, 

students typically use familiar colors like red, yellow, and blue.  
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The characteristics of color: 

 

Hue: is simply the name: red, green, blue, or yellow. Pink and maroon are both 

variations of the basic red hue. Brown is a deep, grayed orange; orchid is a tint of 

violet.  

Intensity: is referred to quality of color. For example, a gray-blue is still blue, 

but it is far different from the blue on the color wheel. Although of the same hue, it is 

lower in intensity.  

Value: is the darkness or lightness of a color. A light color has a high value; a 

dark color has a low value. Pink is a high value of red; orchid is a high value of violet; 

midnight blue is a low value of blue. 

 

Two types of colorants: (20,21) 

 

Dyes are chemical compounds, usually solid, dissolved in a solvent such as 

water or alcohol; when applied to fibrous surface such as textiles or paper, they 

penetrate the fiber structure at the molecular level and bond solidly with it. The layer 

thus formed is uniform in color. All the color that remains in the liquid after the 

pigment has settled is dye. This means that there are no visible particles and the 

transparency of the medium is unchanged. Dye is a substance that is applied in order 

to impart color with some degree of permanence. 

 

 

Figure 2-6 Characteristic of dyes when dissolved in a solvent  
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Pigments are organic or inorganic chemical compounds, colored, white or 

black materials that are practically insoluble in the medium in which they are 

dispersed. Being insoluble particles, inorganic pigments absorb and scatter light. Due 

to their particle size and refractive indices, they are more opacifying than the dyes, 

which are soluble, have lower refractive indices, and are more translucent.  

 They are distinct particles, which gives the medium their color and opacity. As 

a result of this property, they do not combine with or penetrate the surface to which 

they are applied, but rather stick to it, in a separate layer, with the help of binders 

added during manufacture. Everything that settles to the bottom of a container is 

pigment.  This means that pigments are always present in plastics and other medium as 

distinct particles. The smallest units are called primary particles which have regular 

structure and shape depending on the crystalline structure of the pigment. During the 

pigment production process, primary particles generally aggregate and generate 

agglomerates. During dispersion of the pigment into polymers, high shear is generally 

needed to break up these agglomerates (improved tinting strength). Pigments are thus 

required to resist dissolving in solvents that they may contact during application, 

otherwise problems such as "bleeding" and migration may occur. In addition, 

depending on the demands of the particular application, pigments are required to be 

resistant to light, weathering, heat and chemicals such as acids and alkalis. 

 

 

Figure 2-7 Characteristic of pigments when dispersed in a solvent 
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Colored pigments are categorized as either organic or inorganic. Each has 

characteristics which, in the past, have been used to distinguish one from the other. 

The use of inorganic pigments dates back to the early cave paintings that are 30,000 

years old. Although they occur naturally, for the manufacturing of paint they usually 

require modification. All white pigments are inorganic as are a wide range of colored 

pigments. Inorganic pigments can be native earth (ochre, raw umber), calcined native 

earth (burnt umber, burnt sienna) or synthetic origin (cadmium yellow, zinc oxide). 

The example of inorganic pigments that used for maxillofacial prostheses are dry earth 

pigments, kaolin, artist’s oil paint, and liquid cosmetic. Organic pigments are 

relatively new. They are divided into two sub-groups: vegetable and animal origin. 

Organic pigments are carbon and hydrogen derivatives. These bonds tend to be 

relatively less stable.(7,21) A common example of the use of organic pigments is in 

textile industry. 

The properties that have traditionally been associated with inorganic and 

organic pigments are summarized in Table 2-3. 
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Table 2-3 Properties of organic and inorganic pigment 

 

Organic 

Pigment properties Inorganic 
Classical 

with High 

Performances 

Color, Purity Often dull Usually bright 

Opacity High More or less transparent 

Color strength Middle to Low Normally High 

Light Fastness 

 (Blue scale) 

Good to High     

(7-8) 

Low to Middle     

(< 7) 

Good to High       

(7-8) 

Weather Resistance 
Varies (depending 

on chemistry) 
Insufficient Middle to High 

Heat resistance 
In general > 500°C

Rarely < 200°C 
150 to 220°C 200 to 300°C 

Fastness to solvents -  

 Bleed resistance 
High Middle to Good Good to High 

Resistance to 

chemicals 

Varies (depending 

on chemistry) 

High            

(except for salts) 
High 

Price Low to Middle Middle High 

 

 

Although the human eye can control color, there is a need for an instrument, 

which is designed to provide an objective means of measuring, evaluating and aiding 

in matching colors.  

 

 

Two basic methods for measuring the colors of surfaces: 
 

• The first is to imitate the analysis made by the eye in terms of responses to 

three stimuli. This technique, known as "tristimulus colorimetry", sets out to 

measure X, Y, and Z directly.  
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• The second method is to determine reflectance (R) for each wavelength band 

across the range of the spectrum to which the eye is sensitive, and then to 

calculate the visual responses by summing products of R and the standard 

values for distribution of the sensitivity of the three-color responses (2. J and 

Z).  

The tristimulus method has theoretical advantages where the materials to be 

measured are fluorescent, but there are serious practical problems in assuming that a 

tristimulus colorimeter exactly matches human vision, that is, in eliminating color 

blindness from the instrument.  

 

 

Two types of color measurement equipment which is commonly used: 
 

Colorimeters 

 

A tristimulus colorimeter has three main components: 

• A source of illumination (usually a lamp functioning at a constant voltage)  

• A combination of filters used to modify the energy distribution of the incident / 

reflected light 

• A photoelectric detector that converts the reflected light into an electrical 

output 

Each color has a fingerprint reflectance pattern in the spectrum. The 

colorimeter measures color through three wide-band filters corresponding to the 

spectral sensitivity curves. Measurements made on a tristimulus colorimeter are 

normally comparative, the instrument being standardized on glass or ceramic 

standards. To achieve the most accurate measurements it is necessary to use calibrated 

standards of similar colors to the materials to be measured. This "hitching post" 

technique enables reasonably accurate tristimulus values to be obtained even when the 

colorimeter is demonstrably colorblind. 

Tristimulus colorimeters are most useful for quick comparison of near-

matching colors. They are not very accurate. Large differences are evident between the 
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various instrument manufacturers. However, colorimeters are less expensive than 

spectrophotometers. 

 

Spectrophotometers 

 

To get a precise measurement of color, it is advisable to use a 

spectrophotometer. A spectrophotometer measures the reflectance for each 

wavelength, and allows calculating tristimulus values.  

The advantage of spectrophotometry over tristimulus colorimetry is that 

adequate information is obtained to calculate color values for any illuminant and that 

metamerism is automatically detected. 

The disadvantage of spectrophotometry is that high quality spectrophotometers 

are very expensive and measurements take longer time (although this disadvantage has 

been greatly reduced by instrument development). 

In a spectrophotometer, the light is usually split into a spectrum by a prism or a 

diffraction grating before each wavelength band is selected for measurement. 

Instruments have also been developed in which narrow bands are selected by 

interference filters. The spectral resolution of the instrument depends on the 

narrowness of the bands utilized for each successive measurement. In theory, a 

spectrophotometer could be set up to compare reflected light directly with incident 

light, but it is more usual to calibrate against an opal glass standard that has been 

calibrated by an internationally recognized laboratory. Checks must also be made on 

the optical zero, e.g. by measurements with a black light trap, because dust or other 

problems can give rise to stray light in an instrument (which would give false 

readings). 

Today's spectrophotometers contain monochromators and photodiodes that 

measure the reflectance curve of a product's color every 10 nm or less. The analysis 

generates typically 30 or more data-points, with which a precise color composition can 

be calculated. 
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Standard test method for calculation of color space 

 
The color difference units calculated by the CIE (1976) (21,22,23,24,25) 

CIE was first founded in 1913 and stands for the Commission International de 

l'Eclairage (International Commission on Illumination). CIE has a technical 

committee, Vision and Color that has been a leading force in colorimetry since it first 

met to set its standards in Cambridge, England, in 1931. 

The values used by CIE are called L*, a* and b* and the color measurement 

method is called CIELAB color system.  

L* represents the difference between lightness (where L*=100) and darkness 

(where L*=0) 

a* represents the difference between greenness (-a*) and redness (+a*) 

b* represents the difference between yellowness (+b*) and blueness (-b*) 

Using this system any color corresponds to a place on the coordinate system 

shown in Figure 2-8.  

Variables of L*, a*, b* or E* (color changes in L*, a*, b* between the interval 

of interest and baseline) are represented as delta L*, delta a*, delta b* or delta E*. 

Where delta E* = (delta L*2 + delta a*2 + delta b*2) 1/2. It represents the 

magnitude of the difference in color (overall change in color), but does not indicate the 

direction of the color difference.  

 

∆E* = (∆L*2 + ∆a*2 + ∆b*2) 1/2 
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Figure 2-8 CIELAB coordinate system 

 

∆E measurement in several time calculated by 95% confidence limits of means 

based on a critical value of the t-distribution at probability p-value equal 0.5 and 4 

degree of freedom.(26) 

   

 

Coloration and color research in maxillofacial prosthesis 

 
Individual color characterization is important in the acceptance of an external 

facial prosthesis by a patient, as are comfort, lifelike shape, and symmetry. Fabrication 

of a facial prosthesis should include an accurate simulation of the proper hue in the 

patient’s complexion and surface detail. The complexion of the human face is 

dependent on several factors, which include basic skin color related to race, 

environmental exposure, and temperatures, in addition, individual characteristics such 

as freckles, pigmented nevi, surface vascularity, and facial hair. However, natural 

complexions can be further altered by the use of cosmetics and skin-toning substances. 
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Similarly, the surfaces of cured silicone facial prostheses may be modified with 

cosmetics. 

Human skin is a multilayered structure, composed of epidermis, dermis, 

hypodermis, and subcutaneous tissue. Each layer differs in thickness, histological 

components, and pigments (melanin, hemoglobin, and beta carter). The color effect of 

human skin is a result of combinations of light reflected, refracted, and scattered 

directly or diffusely by the multilayered structure.  

Tashma and Firtell and Bartlett (13, 15) introduced the use of inorganic earth 

pigments as coloring agents for maxillofacial prostheses in the late 1960s. Since then, 

they have become widely used for intrinsic coloring and developing a series of stock 

colors, base shades, skin formulas, and matching guide samples. 

Further techniques of color characterization include surface application of 

tinted silicone layers that tended to peel with time (27), and spray coloring of 

pigmented silicone elastomer with an artist’s airbrush.(14) Incorporation of standard 

artist’s oil paints below the surface of the prosthesis with a tattooing machine (16), 

mixture of earth pigments with silicone medical adhesive thinned with xylene and 

painted on the surface of the prosthesis (27), and substitution of rayon flock for earth 

pigments as the coloring agent for the clear uncured silicone (17) were also 

introduced.  

Coloration techniques can basically be divided into 3 groups: extrinsic, 

intrinsic, or combination of both. The combination technique is widely used because it 

produces prostheses with a more natural appearance.(7,18,28) The color-match of the  

prosthesis depends on the skill of the individual clinician and the color acuity of the 

individual and the light source (color temperature) under which the color-matching 

procedure is performed.  

In 1969, Cantor et al.(29), the first group in dental literature, reported on 

methods to evaluate prosthetic maxillofacial materials. One property evaluated was 

esthetics or color matching. They used a reflectance spectrophotometer to evaluate, 

measure, and record the amount of light reflected in the visible spectrum for each 

wavelength, and makes it possible to characterize quantitatively the pigments 

contributing to a certain color. The authors suggested that by using spectrophotometer 
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analysis, the development of isometrically matched facial materials with skin appeared 

to be possible.  

In 1972, Sweeney et al.(30) reported the use of an accelerated aging chamber 

in the evaluation of the color stability of maxillofacial materials. A Weather-O-Meter 

or weathering chamber (Model 25WR, Atlas Electric Devices, Chicago, IL.) used in 

the study was a device where specimens can be exposed to conditions similar to 

outdoor atmosphere, radiation, temperature, and humidity. Differences could be 

measured with a colorimeter by comparison of exposed and no exposed specimens. 

The authors recommended 2000 hours of exposure to evaluate maxillofacial materials.

 In 1978, Goldberg et al.(31) evaluated the color stability of several 

polyurethane elastomers using a sunlamp and a reflectance spectrophotometer.  The 

authors suggested the discoloration of a maxillofacial prosthesis may be due to color 

change within the base elastomer. Craig et al.(32) also evaluated the color stability of 

six maxillofacial elastomers: Polyvinyl Chloride, Polyurethane, and Silastic® 382, 

399, 4-4210 and 4-4515, by using reflectance spectrophotometer (ACTA CIII, 

Beckman Instruments, Irvine, CA) under 0, 100, 300, 600, and 900 hours of 

accelerated aging in a Weather-O-Meter. All silicone elastomers showed good color 

stability, although Silastic® 4-4210 elastomer appeared to have the best overall 

properties. The authors suggested that the color stability of pigments and the stain 

resistance of the elastomers might be partly responsible for the color degradation 

experienced in clinical situations.  In this year, Jani et al.(33) evaluated the reasons 

that patient refused to wear their prostheses. The most common reason was 

dissatisfaction with esthetic due to shape and color.  

In 1979, Koran et al.(34) tested 11 dry mineral earth pigments with Silastic 4-

4210 material. The colors were vaguely identified as white, yellow, dark buff, medium 

brown, light brown, red brown, black, red, blue, light orange and orange yellow. 

Before and after accelerated aging from a 2500 W xenon light source (Model 25 WR, 

Atlas Electric Devices), all materials were evaluated with a spectrophotometer. Very 

small changes in color were detected, but this finding did not adequately explain the 

degree of color degradation that is seen clinically.  

In 1980, Yu et al.(35) evaluated the effects of accelerated aging on a 

pigmented elastomer by using a weathering chamber. They tested 11 dry mineral earth 
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pigments with Silastic® 4-4210 material. Accelerated aging caused little or no change 

in the overall properties of the resulting elastomers. However, incorporation of 

pigments into the silicone base can vary the initial physical and mechanical behavior 

of the elastomer. 

In 1983, Yu et al.(36) evaluated the effects of cigarette staining on Silastic® 4-

4210 and stain removal, using 1,1,1-trichloroethane. It was found that the solvent was 

effective in removing cigarette stains without affecting the color of the base elastomer. 

However, both experiments were performed on intrinsically colored red silicone 

specimen; the effects of solvents on extrinsic coloration were not tested. 

In 1984, Turner et al.(37) evaluated the color stability of isophorone 

polyurethane. Four color systems were evaluated: artist’s oil pigments, dry earth 

pigments, kaolin with dry earth pigments, and Daro skin pigments. No other 

description of the pigments was given. Samples were placed in a weathering chamber 

for a 900-hour testing period. Visual and spectrophotometric observations revealed no 

statistically significant differences for any of the color systems before and after aging. 

In 1992, Haug et al.(25) evaluated the color change in six non-pigmented 

elastomers. Specimens were subjected to natural weathering, which was described as 

exposing the specimens to outdoor Indianapolis weather for 6 months. The Silastic® 

4-4210, Silastic® 4-4515, and Medical Adhesive Type A silicones and polyurethane 

(Epithane-3) showed color change more than an A-102 silicone. Color change (∆E) 

was calculated from the mean ∆L∆a∆b values for each group, before and after 

treatment, with the following formula:  ∆E = (∆L*2 + ∆a*2 + ∆b*2) 1/2. All specimens 

demonstrated a color change (∆E) greater than or close to 1, which was considered a 

visually detectable color change. 

In 1995, Beatty et al.(38) evaluated five dry pigments and one maxillofacial 

elastomer (A-2186, Factor II) for color changing resulted from exposure up to 1800 

hours from UV-A and UV-B emitted from a “four bulb light fixture”. Changes in color 

were measured with a reflectance spectrophotometer. The authors concluded that early 

color changes in prosthesis might be the result of degradation of certain UV light-

susceptible pigments, whereas longer-term color shifts may be caused by color change 

within the elastomer. At the same time, Lemon et al.(2) evaluated the effectiveness of 

an additive intrinsic UV light absorber, a benzotriazole compound, on the color 
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stability of a pigmented RTV silicone elastomer (mixture of MDX4-4210 and Type A 

Medical Adhesive, Dow Corning Co.). Color was evaluated with artificial weathering 

that used a xenon light source and direct outside exposure. The authors concluded that 

slight color changes did occur, and artificial aging caused a greater change than 

outdoor aging. The UV light absorber used in this study did not protect the samples 

from change. 

In 1999, Polyzois (3) investigated the color stability of three non-pigment 

silicone elastomers (Silskin 2000, Elastosil M3500, and Ideal) exposed to outdoor 

weathering for 1 year. The author suggested that duration of exposure and silicone 

elastomer were significant factors that affected color stability. In this year, Haug et 

al.(39) studied color stability and colorant effect on maxillofacial elastomers. Part I: 

Colorant effect on physical properties. Five dumbbell-shaped and 5 trouser-shaped 

specimens were fabricated for each of the combinations of the 3 elastomers (Silastic 

Medical Adhesive Type A, Silastic® 4-4210, and Silicone A-2186) and 6 colorants 

(dry earth pigments, rayon fiber flocking, artist’s oil paints, kaolin, liquid cosmetics, 

and no colorants). This study reported the interactions between elastomers, colorants, 

and weathering as they influence properties that are related to the effective life span of 

these prostheses. The authors suggested that the addition of colorants changed the 

physical propertied (Shore A hardness, tear strength, ultimate tensile strength, 

percentage elongation) of the silicones. Dry earth pigments, kaolin, and rayon flocking 

appeared to act as solid filler without bonding, and artist’s oils and liquid cosmetics 

appeared to act as a second liquid phase without bonding to the silicone resin matrix. 

No clearly superior colorant elastomer combination was demonstrated in any of the 

tests. In part III: Weathering effect on color (40), they evaluated the color stability of 

commonly used colorant-elastomer combinations according to exposure to weathering. 

The specimens of each elastomer-colorant combination were separated into 3-test 

condition group. The control specimens were evaluated within 1 month of fabrication. 

The time passage group was sealed in glass containers and kept in the dark 

environment at ambient room temperature and humidity (50% ±10%)  for 6 months 

before testing. The natural weathering group was placed on the roof of dental school at 

Indiana University for 6 months and exposed to sunlight and weathering. At the end of 

this time, specimens were removed and tested for color and optical density. The author 
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suggested that colorants tended to protect the silicones from weathering, possibly by 

blocking light radiation to the elastomer. Optical property and color changes occurred 

in both colored and no-colorant specimens. Inorganic coloring agents were the most 

color stable over time, whereas the organic colorant was the least color stable. 

In 2002, Kait-Amnuay et al.(41) determined the effect of 4 opacifiers: Georgia 

kaolin powder neutral, kaolin powder calcined, Artskin white, and dry pigment 

titanium white, used at different ratios on the color stability of pigmented A-2186 

silicone maxillofacial elastomers. Intrinsic color of the silicone elastomer was dry 

earth cosmetic pigment and was divided into 5 groups: no pigment (control), red, 

yellow ochre, burnt sienna, and a mixture of all pigments. All specimens were placed 

in an aging chamber and artificially aged by exposure to light, water spray, fluctuating 

temperatures, and humidity. The CIE L*a*b* values were measured by 

spectrophotometer before and after artificial aging. The author concluded that mixing 

dry earth cosmetic pigments with opacifiers did not protect silicone A-2186 from color 

degradation, especially in the case of red pigment and silicone mixed with 10% 

Artskin white had the smallest color changes overtime. Among all the pigment groups 

tested, yellow ochre remained the most color stable over time. 

In 2004, Tran et al.(42) evaluated color stability when an ultraviolet light 

absorber (UVA) and hindered amine light stabilizer (HALS) were mixed in the RTV 

silicone elastomer containing either organic (hansa yellow and alizarin red) or 

inorganic (burnt sienna) pigments. The test specimens were randomly assigned and 

exposed to weathering sites in Miami and Phoenix for 3 months. The author concluded 

that the additives (UVA and HALS) were shown to be effective in retarding color 

change in some circumstances. However, the additives did not affect color change in 

the alizarin red group. 
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CHAPTER III 

MATERIALS AND METHODS 
 

 

Materials 

 
a. Two RTV silicone materials. (Table 3-1, Figure 3-1 and 3-2) 

b. The silicone fluid colorant. (Table 3-2, Figure 3-3) 

 

 

Table 3-1 RTV silicone materials used in this study 

 

Materials 

 

Base: 

Catalyst 

ratio by 

weight 

 

 

Lot no. Classification Manufacturer 

MDX4-4210 

VST-50 

10:1 

10:1 

 

0002036097 

RZ 120501 

Medical grade 

Food grade 

Dow Corning, New 

York, USA. 

Factor II, Inc., New 

York, USA. 

 

 

Table 3-2 The silicone fluid colorant 

 

Primary colors Color codes Types Manufacturer 

Yellow FI - 202 
Functional intrinsic 

silicone fluid 

Factor II, Inc., New York, 

USA. 
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Instruments 

 
1. The metal mold materials. (Figure 3-4) 

2. Hydraulic press 660 (Silfradent Co., Italy) (Figure 3-5) 

3. Measuring microscope (Hollywood International LTD., USA) 

(Figure 3-6) 

4. Spectrophotometer (ColorflexTM, Hunter Association Laboratory, 

Inc., Canada) (Figure 3-7) 

5. Dark and dry chamber  containing silica gel (at 23˚C ± 1˚C) 

6. Temperature and humidity control room (at 37˚C ± 1˚C, dark and 

55% relative humidity) (Figure 3-8) 

7. Temperature control container (dark and dry at 37˚C±1˚C) (Figure 

3-9) 

8. A dry closed chamber containing UVA lamp (G9 LYNX-S 

Germicidal, Sylvania Co., Japan) (at 23˚C ± 1˚C) (Figure 3-10) 

9. Flask ejector (Quick-Grip, American Tool Companies, Inc., USA) 

10. A pair of scissors 

11. Spatula and mixing cups 

12. A pressure pot 

13. A plaster knife 

 

 

Methods 

 
Preparation of test specimens 

 

The metal molds were fabricated with stainless-steel, round-shaped pattern 

(20-mm. diameter x 3 mm. thick).  

Two RTV silicone elastomers were prepared separately with no opacifier 

added, as a manufacturer recommendation, containing 1 weight percent of yellow 

functional intrinsic silicone fluid pigment (FI - 202). The mixture was poured into the 
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metal molds and keep in pressure pot for air bubble elimination. After air bubble 

elimination, the metal molds were removed from the pressure pot and placed in the 

Hydraulic press 660. The mixture of both silicones were left at room temperature 72 

hours for fully vulcanization under pressure. 

After vulcanization, the specimens were removed from the metal molds and 

inspected for surface irregularities and internal defects. Excess flash was trimmed with 

scissors. The thickness was measured by measuring microscope at 3 mm. ± 10%. All 

specimens were checked L*a*b* value by ColorFlex spectrophotometer. Any 

specimen that was different 10% of ∆E* from average was eliminated.  

All specimens in each silicone were randomly assigned into four groups with 

the following treatments. 

 

Group 1: Control (10 specimens in each silicone) 

The specimens were store in the dark and dry chamber containing silica gel 

at 23˚C ± 1˚C. 

Group 2: Heat (10 specimens in each silicone)   

     The specimens were store in the temperature control container (dark and   

                dry) at 37˚C ± 1˚C  

Group 3: UVA (10 specimens in each silicone) 

     The specimens were store in the  dry closed chamber with UVA illumination  

     (320 to 400 nm.) at 23˚C ± 1˚C. 

Group 4: Humidity (10 specimens in each silicone) 

The specimens were store in the temperature and humidity control room 

(55% RH and dark) at 37˚C ± 1˚C. 

 

The ColorFlex Spectrophotometer was calibrated according to the 

manufacturer instructions. A positioning was used to ensure that reading would be 

made at the same location on each specimen. And then, the changes in color of each 

specimen were measured.  

The L*a*b*values of each specimens were recorded in the CIELAB Color 

system at baseline (0 hours) and 240, 720, 1440 and 3528 hours (approximately 1, 3, 6 

and 15 months working time 8 hours daily) of exposure to each treatment conditions. 
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Color difference (ΔE*) was calculated from ΔL*, Δa*, Δb* values for each 

specimens with the equation. :  

 ∆E* = (∆L*2 + ∆a*2 + ∆b*2) ½

 

Note: - Where ΔE* was the differences of E* values (compare with standard white 

background) before (0 hour) and after exposure to each treatment conditions at 240, 

720, 1440 and 3528 hours. 

           - Interpretation of this spectrophotometer was set at L*a*b* scale, D65 

(daylight) illuminant and port size 12.7 mm. 
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Experimental design 
 

 

Materials      The environmental factors  Test periods     

          

         0 hour 

         240 hours 
Control 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

720 hours 10 

specimens 1440 hours 

3528 hours 

        0 hour 

        240 hours 

720 hours 
 

1440 hours 

3528 hours 

        0 hour 

        240 hours 
 

 

720 hours 
 

1440 hours 

3528 hours 

        0 hour 

        240 hours 

720 hours 
 

 

1440 hours 

3528 hours 

UVA 

10 

specimens 

VST-50 with 

yellow color 

silicone fluid 

pigment but no 

opacifier 

Heat 

10 

specimens 

Humidity 

10 

specimens 

Measurement of 

the color 

changes(∆E*) 

MDX 4-4210 

with yellow 

color silicone 

fluid pigment 

but no opacifier 
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Statistical analysis of results 

 
There are three variables (silicone types, environmental effects, and exposure 

times) in this study and each group has independent equal sample size. Before we 

design which statistic we will use, we have to test for equal variance by using 

Levene’s test. Kolmogorov-Smirnov test was used to determine whether the 

distribution of the data in each group was normal or not. 

If the variance of each group is equal, we will use three-factor ANOVA with 

repeated measures for testing the significant difference of all data.  

If the significant difference was notice, Games-Howell, the multiple 

comparison analysis, was used to identify the difference in each pair of group at the 

0.05 significance level. 
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Figure 3-1 MDX4-4210 (Dow Corning, New York, USA.) 

 

 

 
 

Figure 3-2 VST-50 (Factor II, Inc., New York, USA.) 
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Figure 3-3 FI – 202 (Factor II, Inc., New York, USA.) 

 

 

 
 

Figure 3-4 The stainless steel mold 
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Figure 3-5 The hydraulic press 660 

 

 

 
 

Figure 3-6 Measuring microscope 

 



Fac. of Grad. Studies, Mahidol Univ.  M.Sc.(Maxillofacial Prosthetics) / 49 

 
 

Figure 3-7 ColorFlex Spectrophotometer 

 

 

 
 

Figure 3-8 Temperature and humidifier control room 
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Figure 3-9 Temperature control container 

 

 

 
 

Figure 3-10 UVA lamp in the closed chamber 
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CHAPTER IV 

RESULTS 
 

 

The color differences (ΔE*) were analyzed using SPSS 14.0 for windows 

(SPSS Inc., Chicago, Illinois, USA). Means and standard deviations were computed 

and presented in Table 4-1, 4-2 and 4-3. Kolmogorov-Smirnov test was used to 

determine whether the distribution of the data in each group was normal or not. The 

Levene’s test was used to determine the homogeneity among the group variances. 

“If the assumption of homogeneity of variances is violated, the F test is only 

slightly affected in the balanced (equal sample sizes in all treatments) fixed effects 

model.”(43) The data of this study was subjected to three-way ANOVA with repeated 

measures. Mean values were compared with Games-Howell intervals calculated at the 

0.05 significance level. 
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Table 4-1 Three-way ANOVA tests of between-subject effects in MDX4-4210 and 

     VST-50 facial silicone 

 

Variables 

 

Type III 

Sum of 

Squares 

df 

 

Mean 

Square 

F 

 

Sig. 

 

Product 4.480 1 4.480 80.525 .000* 

Effect 25.618 3 8.539 153.499 .000* 

Time 87.473 4 21.868 393.086 .000* 

Product * Effect 5.042 3 1.681 30.209 .000* 

Product * Time 2.524 4 .631 11.345 .000* 

Effect * Time 20.618 12 1.718 30.884 .000* 

Product * Effect * Time 6.758 12 .563 10.123 .000* 

Error 20.028 360 .056     

Total 378.286 400       

 
* significant at the .05 level. 
Product     = MDX4-4210 and VST-50 silicone 
Effect        = The environmental effects (Control, Heat, UV, and Humidity) 
Time          = The exposure times (0, 240, 720, 1440, and 3528 hours) 

 

From model analysis of three-way ANOVA (Table 4-1), the different products, 

the environmental effects and the several times of exposure had statistically significant 

effects on the discoloration of yellow color (P<0.05). And there was a statistically 

significant correlation of different products, environmental effects and several times of 

exposure with discoloration (P<0.05). 
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Table 4-2 Multiple comparison tests of significance for the different effects in 

    discoloration of yellow color in MDX4-4210 facial silicone 

  

Effect Effect Mean Difference Sig. 

UV Moisture -.09176512(*) .015 

 Heat .21715115(*) .006 

 Control .26559876(*) .000 

Moisture UV .09176512(*) .015 

 Heat .30891627(*) .000 

 Control .35736388(*) .000 

Heat UV -.21715115(*) .006 

 Moisture -.30891627(*) .000 

 Control .04844761 .790 

Control UV -.26559876(*) .000 

 Moisture -.35736388(*) .000 

 Heat -.04844761 .790 
 

Based on observed means. 
* The mean difference is significant at the .05 level. 

 

From model analysis of Games-Howell multiple comparison analysis (Table 4-

2), the environmental effects had different results on the discoloration of yellow color 

in MDX4-4210. The measurement of control group revealed that heat did not affect 

change to the yellow color (P>0.05) of MDX4-4210, but UV-light and moisture 

affected change to the yellow color (P<0.05) of MDX4-4210. UV-light and moisture 

was different in their influence on the discoloration of yellow color (P<0.05).  

 

 

 

 

 

 



Sita Thaworanunta  Results / 54 
 

Mean of MDX4-4210

0.000

0.200

0.400

0.600

0.800

1.000

1.200

1.400

1.600

1.800

2.000

0 Hr 240 Hrs 720 Hrs 1440 Hrs 3528 Hrs

Time

Mean

MDX4-4210 UV
MDX4-4210 Moisture
MDX4-4210 Heat
MDX4-4210 Control

* Vertical lines 
represent SD of 
each group 

 
 

Figure 4-1 The comparison of environmental effects on MDX4-4210 at the several 

times of exposure. 

 

This graph (Figure 4-1) shows a statistically significant correlation of 

environmental effects and several times of exposure with discoloration of MDX4-4210 

facial silicones that contain yellow intrinsic color. UV-light and moisture showed 

significant effect to discoloration from the time of 1440 to 3528 hours (P<0.05). 

From this graph, the discoloration of each effect had changed in the same 

direction from 0 to 720 hours. It reveals that silicone could have discoloration in 

themselves without any environmental effects. Nevertheless, from 1440 to 3528 hours 

of exposure, this graph shows that UV-light and moisture created significant change to 

the yellow color. It reveals that both UV-light and moisture would have more effect to 

discoloration when exposed for a longer time. The effect of UV-light and moisture had 

some different from each other in influencing the discoloration of yellow color. 
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Table 4-3 Multiple comparison tests of significance for the different effects in 

    discoloration of yellow color in VST-50 facial silicone 

 

Effect Effect Mean Difference Sig. 
UV Moisture .07240850 .648 

 Heat .70779394(*) .000 
 Control .80411868(*) .000 

Moisture UV -.07240850 .648 
 Heat .63538544(*) .000 
 Control .73171018(*) .000 

Heat UV -.70779394(*) .000 
 Moisture -.63538544(*) .000 
 Control .09632474 .210 

Control UV -.80411868(*) .000 
 Moisture -.73171018(*) .000 
 Heat -.09632474 .210 

 
Based on observed means. 
* The mean difference is significant at the .05 level. 

 

From model analysis of Games-Howell multiple comparison analysis (Table 4-

3), the environmental effects had different results on the discoloration of yellow color 

in VST-50. The measurement of control group revealed that heat did not affect change 

to the yellow color (P>0.05) of VST-50, but UV-light and moisture affected change to 

the yellow color (P<0.05) of VST-50. The UV-light and moisture groups had similar 

influence on the discoloration of yellow color (P>0.05).  
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Figure 4-2 The comparison of environmental effects on VST-50 at the several time of 

exposure. 

 
This graph (Figure 4-2) shows a statistically significant correlation of 

environmental effects and several times of exposure with discoloration of VST-50 

facial silicones that contain yellow intrinsic color. UV-light and moisture showed 

significant effect to discoloration from 720 to 3528 hours (P<0.05).  

From this graph, the discoloration of each effect had changed in the same 

direction until 240 hours. It reveals that at the shorter time, any environmental effects 

would not generate the discoloration in the silicone. From 720 to 3528 hours, this 

graph shows that UV-light and moisture created significant change to the yellow color. 

However, heat did not created significant change to the yellow color until 3528 hours 

of exposure.  It reveals that heat would have some effect to discoloration when 

exposed for a longer time than UV-light and moisture.  
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Figure 4-3 The comparison of several times of exposure on MDX4-4210 and VST-50 

when exposed to UV-light. 

 

This graph reveals that UV-light created significant change to the yellow color 

in VST-50 faster than MDX4-4210, started from 720 hours and 1440 hours 

respectively. However, at the longer exposure time (3528 hours), the discoloration of 

both silicone was not significant different from each other. In fact, MDX4-4210 

tended to level off, while VST-50 had a tendency to continuously increase.  
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Figure 4-4 The comparison of several times of exposure on MDX4-4210 and VST-50 

when exposed to moisture. 

 

This graph shows the similar result to the UV-light group that moisture created 

significant change to the yellow color in VST-50 faster than MDX4-4210, started from 

720 hours and 1440 hours respectively. However, at the longer exposure time (from 

1440 hours), the discoloration of both silicone was not significant different from each 

other. Both silicones also demonstrated trend of increasing. 
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Figure 4-5 The comparison of several times of exposure on MDX4-4210 and VST-50 

when exposed to heat. 

 

This graph reveals that heat did not generated significant change to the yellow 

color of MDX4-4210, but it had some influence in VST-50 to the change of yellow 

color at 3528 hours. However, the discoloration of both silicones compared to each 

other was not significantly different. 
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Figure 4-6 The comparison of several times of exposure on MDX4-4210 and VST-50 

in control environment. 

 

This graph reveals that both silicones had quantity of color change in the same 

direction and they generated insignificant change to the yellow color compared to each 

other. 

The quantity of color change for VST-50 was the same from 240 to 3528 

hours, whereas, MDX2-4210 at 240 hours, there was a difference in the degree of 

color change from 0, 720, 1440, and 3528 hours. 
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CHAPTER V 

DISCUSSION 
 

 

Craniofacial rehabilitation is a complex process in restoring the normal 

structure to obtain the best result. There are number of materials, which are available 

and have been used for facial prostheses. Silicones are probably the mainly used 

materials for facial restoration. Color stability of maxillofacial prostheses in a service 

environment has been a major concern for patients. In 1978, Jani and Schaaf reported 

that the reason for 29% of patients remade their prostheses within a year was the color 

change of prostheses.(33) In general, an average service life is 10 to 12 months.(2,3) 

When the esthetic of facial prostheses is conceded, the maxillofacial prosthodontist 

needs to replace a new one for a patient to restore his defects. In Thailand, according 

to the hot weather and high humidity, the maxillofacial prosthodontist has to replace a 

new prosthesis more often; thus, the treatment cost is increased as per number of 

prosthesis change.  

In maxillofacial prosthetic service unit at Mahidol University, there are many 

types of silicone elastomers available. The most popular product used is MDX4-4210. 

VST-50 is a new economical food grade silicone. It is claimed from the company that 

the compositions are comparable to medical grade but the cost is much lower. The 

major components of both silicones are similar. Each silicone is a pourable two-

component, platinum-cured, RTV silicone. The elastomer component consists of 

dimethylsiloxane polymer, reinforcing silica and a chloroplatinic acid catalyst and a 

platinum catalyst. The curing agent component consists of a dimethylsiloxane 

polymer, an inhibitor and a hydro–methylsiloxane cross-linking agent. Both are cured 

by additional reaction. In addition reaction, hydrogen atoms in the backbone structure 

of the polymethyl hydrogen siloxane chain (Si-H) or silyl hydride groups (-Si-H) 

move to the vinyl group (-CH=CH2) of the divinyl polydimethyl siloxane and break 

the double bond, then cross link with hydride group which activated by a platinum salt 
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catalyst.(44) In this study, both silicones were used to investigate the difference of 

discoloration. The purpose is to find the proper silicones for maxillofacial prosthesis 

fabrication according to the degree of color degradation and material expense.  

According to previous study in our service unit Mahidol University, the author 

studied factorial effects on color stability of facial silicone (MDX4-4210) together 

with three major silicone fluid colorants. He concluded that different environmental 

effects and several times of exposure influenced the different change of color in facial 

silicone. UV light had the most effect on the change of color in facial silicone when 

exposed for a long time.(45) Blue and yellow color were the most changed when 

exposed to UV light.(45) In this study, we selected only yellow color to investigate the 

discoloration between two silicones because the yellow color is the basic skin color of 

Asian.  

Heat was used to activate the polymerization of MDX4-4210 to reduce the 

polymerization time in the previous study.(45) However, in this study, both silicones 

were stored in room temperature 72 hours for fully polymerization according to 

manufacturer instruction before processing any experiments. The prominent difference 

between a previous study and this study is only UV-light had a significant effect to 

MDX4-4210 in the previous study. Nevertheless, in this study not only UV-light but 

moisture had some adverse effect in discoloration. This finding demonstrated that both 

silicones might not be fully polymerized and might cause some effect to color 

stability. To overcome this problem, we might need to use heat to activate the 

polymerization of both silicones to get fully polymerization.  

In this study, the spectrophotometer was used to evaluate the discoloration of 

yellow color in both silicones to obtain the difference of color change according to 

Cantor et al.(29) who reported the methods to evaluate prosthetic maxillofacial 

materials in 1969. They used a reflectance spectrophotometer to measure the amount 

of light reflected in the visible spectrum of each wavelength for color matching. The 

other reason in using a spectrophotometer to evaluate the discoloration is “an 

untrained human eye usually cannot distinguish ∆E* values below 2.0 whereas the 

trained human eye can detect color changes (∆E*) greater than 1.0.”(25,40) Overall 

∆E* values in this study are less than 2.0 except for VST-50 specimens stored in 

moisture for 3528 hours (mean of ∆E* = 2.3). 
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The exposure time in this study was up to 3528 hours to observe the change of 

yellow color in two silicones according to Sweeney et al.(30). In 1972, they proposed 

that acceptable maxillofacial materials should demonstrate no visible change after 

2000 hours of exposure in an accelerated aging chamber or the suitable time to 

evaluate the color stability of maxillofacial materials should be up to 2000 hours of 

exposure in an accelerated aging chamber.  

The control group in this study was designed to observe the color change 

within both silicones according to Goldberg et al. and Beatty et al. In 1978, Goldberg 

et al.(31) evaluated the color stability of several polyurethane elastomers and they 

suggested the discoloration of a maxillofacial prosthesis may be due to color change 

within the base elastomer itself. Moreover, Beatty et al.(38) in 1995 evaluated five dry 

pigments and one maxillofacial elastomer for color changed resulting from UV-A and 

UV-B exposure and they concluded that early color changes in prosthesis might be the 

result of degradation of certain UV light-susceptible pigments, whereas longer-term 

color shifts may be caused by color change within the elastomer. However, Koran et 

al.(34) in 1979 concluded in their study that the color change may be due largely to 

environmental factors, therefore, three environment factors including UV light, 

moisture and heat were used to evaluate the differences of color degradation in this 

study.  

   For MDX4-4210, the environmental effects had different results on the 

discoloration of yellow color. The discoloration of each effect had been changed in the 

same direction from 0 to 720 hours. It shows that the discoloration was due to color 

change within the base elastomer itself similar to Goldberg et al. At a longer time of 

exposure from 1440 to 3528 hours, UV-light and moisture affected a change of yellow 

color. In 1999, Polyzois (3) also found that duration of exposure and silicone 

elastomer was significant factors that affected color stability. 

For VST-50, the discoloration of each effect had changed in the same direction 

from 0 to 240 hours. From 720 to 3528 hours, UV-light and moisture created 

significant change to the yellow color. It reveals that UV-light and moisture caused 

some change in color stability of VST-50 faster than MDX4-4210. Heat did not 

created significant change to the yellow color until 3528 hours.  It shows that heat 

would have some effect to discoloration when exposed for a longer time than UV-light 
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and moisture. This finding might cause from oxygen present in the temperature control 

container that has some influence to the composition of VST-50 when stored at 37°C 

for a long time. 

When we look in a detail, the L* value of MDX4-4210 and VST-50 decreased 

as a result of time similarly to each other in all experimental and control groups. The 

negative L* value indicates that all specimens became darker. The result in red/green 

chroma (a*) of both silicones also responded similarly to each other. All specimens 

were positive a* value with time especially for UV-light and moisture group. UV-light 

and moisture group had a higher positive a* which indicates a more intense red 

chroma. The result in yellow/blue chroma (b*) of both silicones were not different 

with time. However, UV-light caused a slightly bluing in VST-50 silicone when 

exposed for 3528 hours.  

From the results obtained in this study, it is possible to predict the color 

stability of yellow color in both silicones. When both silicones were exposed to UV-

light and moisture, VST-50 had changed in yellow color two times faster than MDX4-

4210. In spite of this, the cost of VST-50 is three times cheaper than MDX4-4210. The 

dissimilarity of reaction in both silicones may be according to some differences in 

their structures. The effect of heat had no influence in discoloration of both silicones. 

The quantity of color change within both silicones themselves was in the same 

direction and they generated insignificant different discoloration compared to each 

other. It reveals that without any environmental effects, the discoloration of each 

silicone was not significant different from each other.  

Although the investigation of the color stability of maxillofacial materials has 

offered useful information for the selection of material, it does not effectively explain 

the degree of color degradation seen in normal life. In real condition, the prostheses 

will be exposed to many environmental factors such as pollution, dust, and cleansing 

solvent which can cause some changes to their color. Moreover, the prostheses will 

not be exposed to those environments constantly; we may need to design the 

experiment that can simplify the real situation to get accurate result. Because of a 

limitation to one colorant, further studies would extend to several types of colorants to 

determine the influence of colorants for both silicones to get the beneficial information 

to select the appropriate silicone for clinical use. We also have to consider the other 
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factors as surface roughness, thickness of specimen, etc. which can alter the color 

stability of silicones as well as the other properties such as tear strength, tensile 

strength, water sorption, etc. for selection proper materials for facial prostheses.  
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CHAPTER VI 

CONCLUSION 

 

 
From this study, we can conclude. 

1. The different environmental variables affected color stability of MDX 4-4210 

and VST-50. 

2. Exposure times (240, 720, 1440 and 3528 hours) affected color stability of 

MDX 4-4210 and VST-50. 

3. Without any environmental variables, MDX4-4210 had significant changed in 

discoloration from 0 hour to 720 hours and then it had no significant changed 

in discoloration from 720 to 3528 hours. VST-50 had significant changed in 

discoloration from 0 hour to 240 hours and then it had no significant change in 

color from 240 to 3528 hours. 

4. UV-light and moisture had the most effect to the change of yellow color in 

both facial silicones when exposed for a long time. However, VST-50 had 

changed the color faster than MDX4-4210. VST-50 started to change the color 

at 720 hours whereas MDX4-4210 started to change the color at 1440 hours. 

5. Heat did not affect to the change of yellow color in MDX4-4210, but it 

affected to the change of yellow color in VST-50 at 3528 hours. 

6. The effect of UV-light and moisture was corresponding in influencing the 

discoloration of yellow color in both silicones. 
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APPENDIX A 
 

Table A-1 Mean and standard deviations of ∆E of MDX4-4210 

 

Hour Effect Mean Std. Deviation Number 

0 UV-light 0.00000000 0.000000000 10 

 Moisture 0.00000000 0.000000000 10 

 Heat 0.00000000 0.000000000 10 

 Control 0.00000000 0.000000000 10 

 Total 0.00000000 0.000000000 40 

240 UV-light 0.37225036 0.060787434 10 

 Moisture 0.46045557 0.133099462 10 

 Heat 0.30905354 0.083895835 10 

 Control 0.23994326 0.030348417 10 

 Total 0.34542568 0.053086186 40 

720 UV-light 0.57884988 0.099351010 10 

 Moisture 0.62667302 0.099217364 10 

 Heat 0.52932644 0.153256349 10 

 Control 0.70383151 0.198754420 10 

 Total 0.60967021 0.174133591 40 

1440 UV-light 0.87585960 0.084049590 10 

 Moisture 1.05842285 0.169072888 10 

 Heat 0.71591569 0.144342727 10 

 Control 0.62975978 0.048800685 10 

 Total 0.81998948 0.161022553 40 

3528 UV-light 1.71858669 0.201280650 10 

 Moisture 1.85882069 0.204275237 10 

 Heat 0.90549509 0.253959585 10 

 Control 0.64401818 0.042729141 10 

 Total 1.28173016 0.279988705 40 
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Table A-2 Levene's Test of Equality of Error Variances of ∆E of MDX4-4210 

 

Hour F df1 df2 Sig. 

0 . 3 36 . 

240 2.854 3 36 .051 

720 4.560 3 36 .058 

1440 1.756 3 36 .173 

3528 2.670 3 36 .062 

 

Tests the null hypothesis that the error variance of the dependent variable is 

equal across groups. 
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Table A-3 Estimated marginal means of Effect*Time of MDX4-4210 

      

Effect Hour Mean Std. Error 95% Confidence Interval 

    Lower Bound Upper Bound 

UV-light 0 .000 .000 .000 .000 

 240 .372 .042 .286 .458 

 720 .579 .057 .464 .694 

 1440 .876 .066 .741 1.011 

 3528 1.719 .082 1.553 1.884 

Moisture 0 .000 .000 .000 .000 

 240 .460 .042 .374 .547 

 720 .627 .057 .512 .742 

 1440 1.058 .066 .924 1.193 

 3528 1.859 .082 1.693 2.024 

Heat 0 .000 .000 .000 .000 

 240 .309 .042 .223 .395 

 720 .529 .057 .414 .644 

 1440 .716 .066 .581 .851 

 3528 .905 .082 .740 1.071 

Control 0 .000 .000 .000 .000 

 240 .240 .042 .154 .326 

 720 .704 .057 .589 .819 

 1440 .630 .066 .495 .764 

 3528 .644 .082 .478 .810 
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Table A-4 Mean and standard deviations of ∆E of VST-50 

 

Hour Effect Mean Std. Deviation N 

0 UV-light 0.00000000 0.000000000 10 

 Moisture 0.00000000 0.000000000 10 

 Heat 0.00000000 0.000000000 10 

 Control 0.00000000 0.000000000 10 

 Total 0.00000000 0.000000000 40 

240 UV-light 0.65411861 0.023537458 10 

 Moisture 0.54871456 0.010751202 10 

 Heat 0.38041864 0.025441941 10 

 Control 0.50020662 0.086537439 10 

 Total 0.52086461 0.073862388 40 

720 UV-light 1.94739694 0.442960171 10 

 Moisture 1.38104249 0.184450416 10 

 Heat 0.51987488 0.072111308 10 

 Control 0.56499660 0.066685079 10 

 Total 1.10332773 0.195883666 40 

1440 UV-light 1.61678188 0.247032243 10 

 Moisture 1.41022978 0.289983548 10 

 Heat 0.49071801 0.080031408 10 

 Control 0.53283298 0.085032183 10 

 Total 1.01264066 0.177346064 40 

3528 UV-light 1.87719660 0.353526569 10 

 Moisture 2.39346468 0.319316662 10 

 Heat 1.16551277 0.411258195 10 

 Control 0.47686441 0.079245683 10 

 Total 1.47825962 0.414475308 40 
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Table A-5 Levene's Test of Equality of Error Variances of ∆E of VST-50 

  

Hour F df1 df2 Sig. 

0 . 3 36 . 

240 1.891 3 36 .149 

720 3.530 3 36 .049 

1440 .579 3 36 .633 

3528 .664 3 36 .580 

 

Tests the null hypothesis that the error variance of the dependent variable is 

equal across groups. 
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Table A-6 Estimated marginal means of Effect*Time of VST-50 

 

Effect Hour Mean Std. Error 95% Confidence Interval 

       Lower Bound Upper Bound 

UV-light 0 .000 .000 .000 .000 

  240 .654 .084 .484 .824 

  720 1.947 .114 1.716 2.179 

  1440 1.617 .087 1.440 1.794 

  3528 1.877 .109 1.656 2.098 

Moisture 0 .000 .000 .000 .000 

  240 .549 .084 .378 .719 

  720 1.381 .114 1.150 1.612 

  1440 1.410 .087 1.233 1.587 

  3528 2.393 .109 2.173 2.614 

Heat 0 .000 .000 .000 .000 

  240 .380 .084 .210 .551 

  720 .520 .114 .288 .751 

  1440 .491 .087 .314 .668 

  3528 1.166 .109 .945 1.386 

Control 0 .000 .000 .000 .000 

  240 .500 .084 .330 .671 

  720 .565 .114 .334 .796 

  1440 .533 .087 .356 .710 

  3528 .477 .109 .256 .698 
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APPENDIX B 

 
CIE Luminosity Function (Y): A plot of the relative magnitude of the visual 

response as a function of wavelength from about 380 to 780 nm, adopted by CIE in 

1924. 

CIE L*a*b* (or CIELAB): Color space in which values L*, a*, and b* are 

plotted at right angles to one another to form a three-dimensional coordinate system. 

Equal distances in the space approximately represent equal color differences. Value L* 

represents Lightness; value a* represents the Red/Green axis; and value b* represents 

the Yellow/Blue axis. CIE L*a*b* is a popular color space for use in measuring 

reflective and transmissive objects. 

D65: The CIE standard illuminant that represents a color temperature of 

6504K. This is the color temperature most widely used in graphic arts industry 

viewing booths. 

Metamerism: A phenomenon exhibited by a pair of colors that match under 

one or more sets of illuminants (be they real or calculated), but not under all 

illuminants. 

Electromagnetic spectrum The massive band of electromagnetic waves that 

pass through the air in different sizes, as measured by wavelength. Different 

wavelengths have different properties, but most are invisible and some completely 

undetectable to human beings. Only wavelengths that are between 380 and 720 

nanometers are visible, producing light. Waves outside the visible spectrum include 

gamma rays, x-rays, microwaves and radio waves. 

Visible Spectrum: The region of the electromagnetic spectrum between 380 

and 720 nanometers. Wavelengths inside this span create the sensation of color when 

they are viewed by the human eye. The shorter wavelengths create the sensation of 
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violets, purples, and blues; the longer wavelengths create the sensation of oranges and 

reds. 

Color quality: Standard 6500K and sRGB modes are quite similar. The first is 

slightly better in black and the second for bright colors. We prefer the sRGB, but it is 

just a matter of taste. Here is the result of the analysis of this mode (6500K is very 

close):  

 

 
 

 

How to interpret the graph 

On the left is the color spectrum, the monitor’s colorimetric range compared to 

the sRGB range (usually used for digital cameras). This doesn’t correspond to its 

accuracy, but to the range of reproducible colors. 

For accuracy, refer to the graph on the right, the Delta E. This is a measure 

between the color requested and the one really displayed on the monitor. The result 

obtained is also counter-balanced for human eye color sensitivity. 

With Delta E > 3 the desired color is noticeably different from the one on the 

screen. With 1 < Delta E < 2 colors are accurate. With Delta E < 1, the result is 

perfect. It happens that some bars go beyond 10 in Delta E. It is also the case of the 

BenQ tested below. 
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This result is comparable to measurements established with the VP191b. The 

10 19 20 is better for darker shades but less so for intermediate colors. In the end, 

neither wins except if you really want an accurate color temperature. At 6500K and in 

sRGB, the real color temperature is 6000K. It’s a bit warmer and redder than what we 

expected. This isn’t really a disadvantage, some may prefer these parameters, but it 

isn’t what we were looking for. 

As usual, we calibrated the monitor. 

 
 

 

It’s unfortunate that not everyone can do this. Quality after calibration isn’t 

comparable to professional graphic arts monitors with white at 175 cd/m² and black at 

0.3 cd/m². The contrast ratio was measured at 600:1, which is good, but not at the level 

of the claimed 1000:1. Belinea’s measurements must be established with a higher 

brightness level. 
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CIE1931 Standard Colorimetric System (XYZ) 

A system commonly employed in expressing colors is called Colorimetric 

System and the CIE 1931 Standard Colorimetric System introduced here is the basic 

format of color expression. The CIE 1931 Standard Colorimetric System was 

established at the 1931 conference of Commision Internationale de 1'Eclairage (CIE) 

as a means for precisely defining the color of light. Based on the principles of the 

trichromatic system, the light for each color, formed by combinations of the three 

primary colors (red, green and blue violet), is assigned a numeric value.  

Monochromatic spectra are lined up on the perimeter of the curved spectrum locus in 

the x, y chromaticity diagram as shown. The linear section is called the purple 

boundary. Moving toward the central section, you get the intermediate colors and at 

the center itself you get white illuminant. All the colors of light are contained in this 

diagram and each one can be defined using the x, y values together with light intensity. 

Although the use of such a diagram showing the colors of light is not an accurate 

method for color printing purposes, we thought it would make our subject more 

comprehensible to the general reader. 
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CIE (1976) L*u*v* Color Space 

Difference limen range in u*v* chromaticity diagram 

L*u*v* color system and L*a*b* color system are both uniform color spaces 

that were adopted in 1976 by Commission Internationale de 1'Eclairage (CIE) and are 

also referred to as the CIE LUV color space. 

The diagram consisting of u'v' coordinates, the chromaticity values of the 

above color system, is called the u'v' chromaticity diagram and is also referred to as 

the CIE 1976 UCS (Uniform Chromaticity Scale) diagram. 

Uniform color space refers to a color space with a sensuously uniform scale 

property, a color space in which the sensuous differences of uniform luminance colors 

in all areas of the chromaticity diagram lie in more or less geometric distances.  

The XYZ color system, the basic color system, was adopted by CIE in 1931 but this 

system does not have the properties of a uniform color space. 

In 1942, MacAdam announced the drawing of an ellipse that is interrelated to 

the human difference limen on the xy chromaticity diagram by referring to the 

disparities seen in the color matching experiment that uses monochromatic light. 

 

 
 

It is the so-called MacAdam ellipse. According to this ellipse, between the 

ellipse of the purple domain and that of the green domain, there is a ten-fold difference 

between the longest and shortest diameters. Thus, in the purple domain, just a tiny 
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color difference makes the colors look different while the same does not apply to the 

green domain. 

To further clarify these results, MacAdam has enlarged the size of the ellipse 

ten-fold, but in the ideal uniform color space, the ellipse must be a circle and the size 

must be uniform. 

The L*u*v* color system is the XYZ color system with converted coordinates; 

it is a diagram in which the MacAdamﾕs ellipse and the 4 points where the long 

diameter and short diameter intersect have been converted to u'v' values, transferred to 

the u'v' chromaticity diagram and linked by an arc on a geometric plane. 

If we compare it with MacAdam’s ellipse on the xy color chromaticity diagram, there 

is little disparity in size and we can estimate that it is now closer to the uniform color 

space. 

That is why the L*u*v* color system or L*a*b* color system is being used as 

the color system to calculate the color difference instead of the XYZ color system that 

is not suitable for expressing the color difference. 
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CIE (1976) L*a*b* Color Space 

The L*a*b* color system is based on a uniform color space CIE LAB (L*a*b* 

color space). In a uniform color space the distance between two points (two colors) is 

nearly proportional to the perceptual color difference. The L*a*b* system is 

recommended by CIE (Commission Internationale de 1'Eclairage) not only for 

specifying objects-colors but also for calculating color difference. 

The L*a*b* color system is often used in Japanese industry as a standard color 

system in the field of color management, as well as color reproduction, such as color 

photograph, color facsimile, color print, color copy, etc. 

In order to assist in further understanding of colors in process printing, the 

color reproduction range produced by the three primary colors, yellow (Y), magenta 

(M), and cyan (C), is represented in the L*a*b* color space. 

The positions of colors produced by printed layers the three primary colors are 

plotted in the ground plan a* & b* which gives a bird’s eye view. 
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Munsell Color System 

In terms of the basics of color system i.e., we are exhibiting the representative 

color system for describing the color of objects. 

The diagram shown here is used as a scale for object color. It displays the color 

solids of the Munsell Color System, the one most commonly used in Japan and the 

United States. 

The Munsell Color System, first published in 1905, was created by Albert H. 

Munsell (1858-1918) an American painter and art teacher. 

Munsell described the system he created in his "Atlas of the Munsell Color 

System". 

A later work, the "Munsell Book of Color" based on his Atlas, was first issued 

in 1929. In 1943, the Colorimetry Committee of The Optical Society of America 

scientifically revised Munsell's work, reissuing it as the Munsell Renotation System. It 

is this revised version which is commonly known today at the Munsell Color System.  

In Japan, the Munsell Color System has been adopted as JIS Standard Color System 

for object-color. 

In the Munsell Color System, a single color is represented by three separate 

parameters (three dimensions) of color: hue(H), value(V) and chroma(C). 

Hue expresses the basic quality of the color; there are a total of ten hues 

consisting of the five basic hues "red(R), yellow(Y), green(G), blue(B) and purple(P)" 

and five intermediate hues :"yellow red(YR), green yellow(GY), blue green(BG) , 

purple blue(PB) and red purple(RP)." These form a hue cycle arranged in sequence on 

the circumference. For each hue, there is a number from 0 to 10 placed before the 

symbol for the hue. It denotes value, the measure of lightness. The lightest white is 

given a 10 and placed at the top, while black is given a 0 and placed at the very 

bottom. Between these two extremes, shades of gray are arranged in perceptible equal 

steps. Chroma is the measure of the saturation of color. The central axis of achromatic 

color is defined as 0 and the scale is arranged concentrically. The farther one moves 

away from the center, the greater the saturation of the color. The three dimensions of 

color - hue, value and chroma - indicated also by numbers to the right of the decimal 

point, are utilized as an accurate yardstick for representing object-color. The steps 

employed are set up so that the degree of differentiation between each step is 
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perceived as equal. A value differential of 1 and a chroma differential of 2 are set up 

such that they are perceived visually as having the same degree of difference. 

In this diagram, hue is placed on a scale of 40 marked off at intervals of 2.5, value is 

placed on a scale of 10 marked off at intervals of 1 and chroma is marked off at 

intervals of 2. With respect to chroma, the ceiling value for color saturation will vary 

with each hue. 

Although printed reproduction does not allow for an absolutely accurate color 

rendering, it should give you a good idea of the concept of the Munsell Color System 

and the shape of the color spaces. The indication for a single color is expressed by hue, 

value and chroma, in that order. For instance, we use an indication like 5R4/14 to 

accurately transfer data about color. 
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Silicones for medical applications; selecting the proper grade 

and test protocol 

Due to inherent low toxicity, pure silicones present a low risk for unfavorable 

biological reactions and have gained wide industrial and medical recognition and 

acceptance. There are several basic manufacturers of silicones suitable for use in 

health care applications; General Electric, Wacker, Bayer, Dow Corning, Rhone 

Poulenc, Shin Etsu, Nusil Technologies and Applied Silicone Corporation.  

The primary difference between suppliers is the level of testing and 

commitment to serving a particular application.  Historically, most large silicone 

manufacturers have chosen to aggressively exclude themselves from uses of silicone 

in the human body for over 30 days due to the potential liabilities.  To my knowledge 

only two suppliers are willing to continue serving the long term implantable silicone 

market; Nusil Technologies and Applied Silicone Corporation.  

When referring to silicones, the industry often uses terms such as "Industrial 

Grade", "Medical Grade", "Health Care Grade" and even "Implant Grade" which are 

not universally accepted and typically depend on a particular supplier's definition.  

When using these terms, be sure that the context matches the intent of the supplier.  

There are four levels of testing which are often recognized in the medical products 

business:  

1.  "Food Grade" which is defined under CFR 177.2710.  This calls out a list of 

approved generic ingredients and additives and some test methods to evaluate 

candidate materials.  "Food Grade", while it has in the past given a level of security in 

the medical products business, is currently not widely used or accepted to assess 

silicones for medical application. 

2.  "USP Class 6" is a battery of biological tests defined in USP XXII, Part 88, 

which was primarily designed for evaluating plastics used in packaging drugs.  Any 

"Food Grade" material, which means most silicones, which will pass this test series, 

can be called “USP Class 6".  It is a four part evaluation involving animal (rat and 

rabbit) testing extracts of saline, cottonseed oil and alcohol along with a 5 day rabbit 

intramuscular implantation test.  While this level of testing is widely used and 
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accepted in the medical products business, the meaning of the results and the level of 

safety assurance for medical devices is limited.  For instance, it would be possible to 

pass USP Class 6 while still showing up as cytotoxic, mutagenic, hemolytic or 

sensitizing in other biological testing. 

3.  The next level of testing is sometimes called "Medical Grade" as defined by 

Dow Corning and is based on widely accepted industry practice.  In addition to 

performing USP Class 5 biological testing, tissue cell culture testing and a 90 day 

rabbit intramuscular implantation test with histopathology are performed.  Additional 

tests sometimes include skin sensitization, pyrogenicity, and hemolysis.  What is not 

obvious, but clearly true, is that Dow Corning performed a host of other mechanical, 

chemical, animal, biochemical, cell culture tests and clinical evaluations to create the 

data base for determining that their silicone formulations were safe for human 

implantation and that the tests listed were just confirmatory and not intended to be a 

universally accepted criterion to be used by any other vendor of silicones or other 

biomaterials.  

4.  The next level of accepted testing, sometimes called "Dow Corning Medical 

Grade Equivalent", was created by the Silicone Task Force which was created in 1992 

by HIMA with the co-operation and participation of the FDA which wanted to make 

sure that a continuing supply of implantable silicones was available after Dow Corning 

announced they were withdrawing these materials from general distribution effective 

March, 1993.  The objective of the Silicone Task Force was to create a data base on 

silicones which were "not substantially different" from Dow Corning medical silicones 

which are widely recognized as biocompatible and were the predominant implantable 

silicones.  The Guidelines were published by the FDA as a supplement to the Federal 

Register, Volume 58, N. 127 published in July, 1993.  The required testing is very 

extensive and requires special equipment and training.  A copy of the results of a 

typical test summary comparing a Dow Corning Medical Grade 50 Durometer 

Silicone to an Applied Silicone 50 Durometer alternative is shown below.  The test 

methods, test results and other information has been assembled into Master Files by 

the raw material manufacturers and filed with the FDA.  By authorization of the raw 
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material supplier, device manufacturers can reference this data to support the safety 

and efficacy of their products.  

FDA Material Master Files have been around for a long time and many 

suppliers of health care silicones have provided such files to the FDA.  The difference 

between most material master files and those that comply with the May 1993 

Guidelines is that the files are in a format that is almost universally acceptable for all 

silicone devices submitted to the FDA.  The FDA can be accurately quoted as saying 

"we only want to look at the data once."  Thus, device manufacturers do not have to 

repeat expensive and time consuming preclinical physical, chemical and 

biocompatibility testing and can concentrate on device design and performance.   

Preclinical testing of the chemical and toxilogical properties will only address the 

biocompatibility of a silicone material. When selecting or changing vendors of an 

implant quality silicone, the device manufacturer must carefully evaluate the required 

clinical performance of the completed device.  

The latest FDA endorsed level of testing was published in May 1995 and is 

often called the "Blue Book Memorandum" and is based on ISO 10993 Part 1 

"Biological Evaluation of Medical Devices".  The Blue Book Memorandum covers a 

variety of biomaterials from IV tubing sets to dental cements to long term implantable 

devices made of metals, ceramics, plastics and elastomers.  This testing guide replaced 

the "Tripartite Guidance" which was a sometimes confusing and often misinterpreted 

document.  ISO 10993 allows a multidisciplinary approach to materials qualification.  

Where extensive valid scientific data and clinical experience has clearly established 

the suitability of a material, such as pure silicone compounds, for medical devices, 

some tests can be avoided.  Typical cancer/long term toxicity takes four years and 

$250,000 to complete and should not be entered into lightly.  A reputable toxicologist 

should be consulted and can often demonstrate safety for a given application from an 

existing data base.  Often, the required testing can be accessed through the raw 

material supplier's Material Master File.  

When evaluating what level of testing is needed, you must consider:  

1. Will this device reside in the human body over 30 days?  



Sita Thaworanunta  Appendix / 90 

2. What FDA regulations apply?  

3. What qualification testing and lot to lot testing is needed by the user and the FDA?  

4. What testing is available from the raw material supplier and what testing must the 

device manufacturer generate?  

5. What will the qualification cost?  

6. How long will it take?  

When selecting a supplier for a health care application, there are several 

aspects to consider:  

1. Is the vendor willing to serve the market application?  

2. Does the vendor have required the staff and facilities?  

3. Does the Vendor understand and follow Good Manufacturing Procedures as defined 

by CFR 21.820.  

4. Does the Vendor have an adequate Quality System such as ISO 9000?  

5. Is the vendor willing to formulate a product to meet your physical and processing 

requirements?  

6.  Is the vendor willing and able to provide the information required to perform the 

qualification testing and evaluation?  

If the answers to these questions are not clear, find a consultant with direct 

experience in qualifying materials for medical devices.  Poorly qualified consultants 

can cause unnecessary delays and expenses so check references and monitor 

performance carefully.  When in doubt ask for a second opinion.  Often competent 

advice can be obtained from the raw material supplier or biological test laboratories at 

minimal cost.  A new resource is also available.  At the HIMA Device Workshop in 

July 1995, Dr. Bruce Burlington and his reorganized FDA staff also demonstrated both 

the commitment and ability to support medical device manufacturers.  Do not burden 

the FDA or your company with unnecessary or redundant testing.  
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