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ABSTRACT 
        Primers are used as aids to increase the bond strength between acrylic resins 
and facial silicone. A Literature review suggests that different kinds of primers, 
acrylic resins, and facial silicones have different effectiveness in the bond strength. 
The purpose of this study was to evaluate the tensile bond strength of two acrylic 
resins (autopolymerizing and light-polymerizing acrylic resins) and MDX4-4210 
silicone using five primers and no primer as a control group. The primers used in 
this study were A-304, A-306, A-330G, Epicon, and Sofreline Tough. One 
hundred and twenty specimens were divided into twelve groups, ten specimens 
each, according to the combination of two acrylic resins / MDX4-4210 silicone / 
five primers and no primer. All specimens were loaded in tension mode in the 
Universal Testing Machine with a crosshead speed 50 mm/min until the bonding 
failure occurred.  
        The results showed a significant difference in the interaction of five primer 
and two acrylic resins on tensile bond strength to MDX4-4210 silicone (p<0.001). 
The highest bond strength was found with combination light-polymerizing acrylic 
resin / A306 when bonded with MDX4-4210 silicone. For the autopolymerizing 
acrylic resin used to bond to MDX4-4210 silicone, the highest tensile bond 
strength was found in Epicon group, followed by A330G, SOFRELLINER 
TOUGH, A304, and A306. For the light-polymerizing acrylic resin group, the 
highest tensile bond strength was found in A306 primer, followed by A304, 
A330G, Epicon, and SOFRELINER TOUGH. 
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      CHAPTER I 

INTRODUCTION 
 

 

         Maxillofacial prosthetics is the branch of prosthodontics concerning the 

restoration and/or replacement of stomatognathic and craniofacial structures with 

prostheses that may or may not be removed on a regular or elective basis (1). 

Maxillofacial prosthodontists play a crucial role in rehabilitation for the patients 

suffered from craniofacial deformity.  The causes of craniofacial defects are:  

1. Trauma  

2. Treatment of neoplasm 

               3.   Congenital malformations 

        Restoration of craniofacial defect can be rehabilitated via facial prosthesis.  Bone 

anchorage implant system is widely used for better retention of facial prosthesis.  

According to the success of the implant dentistry, the application of implant retained 

facial prosthesis such as an auricular prosthesis, nasal prostheses, orbital prostheses, 

was extensively used.  

        The report about the success rate of implant retained facial prostheses is varied 

depending on the location of the defect. The implant placement at mastoid bone for 

retaining auricular prostheses is the most successful when compared with nasal bone or 

orbital bone (2). 

        The success rate of the treatment outcome in the maxillofacial rehabilitation’s 

patient depends on many factors such as; the type of defects, patient expectation, 

maxillofacial prosthodontist’s experience, and the materials used to fabricate the facial 

prosthesis. 

        The materials properties are one of the most interesting fields because the currently 

used materials do not have the perfect properties that fulfill our requirements. 

        The materials used to fabricate the facial prostheses include acrylic resin, facial 

silicone, and polyurethane.  Sometimes the material will be used alone or in 

combination with other materials. For example, the implant retained auricular prosthesis 
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uses the acrylic resin in combined with facial silicone.  The acrylic resin is used to form 

the housing of the attachment because it rigid enough to secure the attachment in place 

and create the mechanical lock to prevent the dislodging of the attachment.  Whereas 

the facial silicone is used to form a natural look of an ear pinna, therefore, both of these 

materials have to adhere together.  

        According to the chemical nature of acrylic resin and facial silicone, they cannot 

chemically bond together.  Therefore, a primer is needed to enhance the bond.  Many 

companies have tried to produce the primer to solve that problem.  

        Nowadays, the value of the bond strength between acrylic resin and facial silicone 

is minute.  The compatibility of the primer when using with different facial silicone and 

type of acrylic resin is unknown.  Therefore, to find the maximum bond strength when 

using various kinds of acrylic resin and primers is the best way to achieve the desirable 

clinical outcome.  

 

 

Objectives of the study 

 
        1.  To evaluate whether tensile bond strength to MDX 4-4210 silicone depends on 

primer and acrylic type. 

        2.  To evaluate the tensile bond strength of five primers used to bond MDX 4-4210 

silicone to autopolymerizing acrylic resin. 

        3.  To evaluate the tensile bond strength of five primers used to bond MDX 4-4210 

silicone to light-polymerizing acrylic resin. 

 

 

Statements of hypotheses 

 
        1.  There is no statistically difference in the interaction of type of acrylic resins 

and type of primers used to bond to MDX 4-4210 silicone. 

        2.  There is no statistically difference among five primers used to bond MDX 4-

4210 silicone to autopolymerizing acrylic resin. 
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        3.  There is no statistically difference among five primers used to bond MDX 4-

4210 silicone to light-polymerizing acrylic resin. 

 

 

 Clinical implications 

 

        1.  The bond strength between facial silicone and acrylic resin is the weakest point 

of the implant retained facial prosthesis and the relation among the type of silicone, 

acrylic resin, and primer has a closely correlation.  Therefore, to find the maximum 

bond strength when using different acrylic resins and primers with MDX 4-4210 facial 

silicone is the most important to achieve the ultimate success.  

        2.  The longevity of the facial prosthesis seems to be longer since the most 

common failure, the dislodgement of facial silicone from the acrylic resin is solved. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

Ideally properties of maxillofacial prosthetic material 

 
        Beumer et al, 1996 (2) revised the ideal properties of the material used for facial 

prostheses and explained their properties that required in fabrication of facial 

prostheses.  

Ideally properties of maxillofacial prosthetic material are; 

1. Physical and mechanical properties 

• Tissue-like surface 

• High edge strength 

• High elongation 

• High resistance to abrasion 

• High tear strength 

• High tensile strength 

• Low glass transition temperature 

• Low specific gravity 

• Low surface tension 

• Low thermal conductivity 

• Non-inflammation 

• No water sorption 

• Softness compatible to tissue 

• Translucency 

• Variable flexibility without addition of leachable plasticizer 

• Softness that maintains during use 

• Usable life of two or more years 

• Resistance to environmental discoloration 
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        The material should present the sufficient flexibility for using on the movable 

tissue beds, dimensionally stable, be light in weight, suitable for fabricating the thin 

edges margin to enhance the esthetic result.  The variation in temperature should not 

affect the physical properties.  The thermal conductivity should be sufficiently low for 

using in cold environment. 

2. Processing characteristics 

• Adjustability 

• Chemically inertness after process 

• Ease of intrinsic and extrinsic coloring with commercially available colorants 

• Ease of mold fabrication 

• Ease of processing 

• Ease of repair or refabrication if needed 

• Good detail reproduction 

• High enough viscosity for maintaining the coloring silicone in place 

• Long shelf-life 

• Long working time 

• Low enough viscosity for ease of processing 

• Low processing temperature 

• Low sensitivity to contamination during processing 

• Non-inflammation 

• No polymerization by-products 

• Non-toxic components 

• No porosity after process 

• No color change after processing 

• No smell before and after processing 

• Reusable molds 

• Retaining the intrinsic and extrinsic coloration  

• Short processing time 

        The material should be easily processed with the instrument available in dental 

laboratory, enough working time, enough viscosity for processing, use the dental stone 

mold that can be fabricated in dental laboratory, low polymerization temperature is 
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required to allow the reusable mold, and low sensitivity to contamination during 

processing. 

3. Biological properties 

• Tissue compatibility  

• Non-allergy 

• Non-toxicity 

• Absence of taste and odor 

• Cleansibility without loss of detail at surface or margins 

• Resistance to disinfectant 

• Inertness to solvents and skin adhesives 

• Permeability of the moisture release from the underlying tissue 

• Resistance to growth of microorganisms 

• Softness maintained during use 

• Usable life of two or more year 

        The material should be stable when exposed to the normal environmental during 

using such as; UV rays, secretion from sebaceous, nasal, salivary, and adhesive and 

their solvents.  The material should not have toxic, allergenic, or carcinogenic effect, 

and it must be biocompatible.  

        The color should sufficiently stable when clean and remove the adhesive, inert to 

the solvent that use to remove the facial adhesive.  The longevity of the prosthesis 

should be durable more than two years. 

  
 

The fabrication of facial prostheses 

 
        The facial prosthesis is a maxillofacial prosthesis that artificially replaces a 

portion of the face lost due to surgery, trauma, or congenital absence (1). 

        The facial prosthesis can be divided into 3 categories: 

 1.  Auricular prosthesis (ear) 

 2.  Orbital prosthesis (eye) 

        3.  Mid–face prosthesis (nose) 
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        In general, the fabrication of the facial prosthesis has the same procedures (2) 

such as impression, sculpting, processing prosthesis, delivery and retention. Every 

procedure is very important and need the delicate to achieve the esthetic results.  

Therefore, the attempt to find the new materials and the new methods to fabricate the 

facial prosthesis is very challenge.   

        The retention of facial prostheses is also important.  The retention of facial 

prostheses is accomplished by 

 1.  bony or soft tissue undercut 

 2.  tissue adhesives 

 3.  osseointegrated implants 

        The using implant retained facial prosthesis can improve the retention of the 

prosthesis; hence, the patient’s acceptance to wear the prosthesis is increased.  

Furthermore, the esthetics can be improved by making the margin of the prosthesis 

thinner in order to adapt well with the tissue bed, especially on the movable tissue 

around the defect area. 

        The advantages of the osseointegrated implant retained facial prosthesis can be 

summarized as follow: (2) 

        1. The facial prosthesis’s retention and stability can be improved during patient 

wearing. 

        2. Patients are more convenient because they do not necessary to use facial 

adhesive, it will improve patient’s skin hygiene. 

        3.  The skin allergy is reduced since the facial adhesive is not used. 

        4.  The prosthesis can be placed accurately and easily. 

        5.  The maintenance of the facial prosthesis is quite easy because the patient does 

not necessary to remove and reapply the facial adhesive daily. 

        6.  The life span of the facial prosthesis is increased because the patient does not 

necessary to clean the facial adhesive daily. 

        7.  The esthetic will be improved especially at the marginal edge because the 

margin can be made thinner.  

        The implant retained facial prosthesis is a threaded titanium implant with a 

diameter of 3.75 mm.  The length of implant is 3 and 4 mm (Fig. 2-1). 
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  Figure 2-1   Extraoral implant (flange type)  

 

        Implant retained facial prosthesis can be placed in many parts of facial bone such 

as placing implant at orbital bone to retain orbital prosthesis, mastoid process in 

temporal bone to retain auricular prosthesis, and the bone around the nasal cavity to 

retain the nasal or mid-facial prosthesis (Fig. 2-2). 

 

                                              

                                                       A                             B 
                     Figure 2-2 A  The implant used to retain auricular prosthesis (ear) 

                            B  The implant retained orbital prosthesis (eye) 

 

        By using implant retained facial prosthesis, there are many materials to be used 

together in multiple layers; attachment system, acrylic resin housing and facial 

silicone. 

        The attachment is a mechanical device for the fixation, retention, and 

stabilization of a prosthesis uses as a joint to connect the implant and the prosthesis 

(1). The attachment consists of two parts, patrix (male part), and matrix (female part).  

In general, the patrix part is attached onto the implant and the matrix part is embedded 

into the prosthesis.  Some systems use patrix part embedded into the prosthesis 

whereas matrix part is connected onto the implant instead.  
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        There are several kinds of attachment system such as clip-bar, magnet, and ball 

available in the market (Fig. 2-3). 

 

                                   
                

 

                           
 

Figure 2-3.  The pictures show four types of attachment usually used to connect with 

implant to retain facial prosthesis.  

A. cross-sectional view, clip-bar attachment consists of (a) metal bar (b) plastic clip 

and (c) metal housing   

B. Ball attachment consists of (a) male post (b) retentive female ring (c) gingival cuff   

C.  Magnet attachment consists of (a) metal keeper (b) magnet and  

D. Locator attachment consists of (a) female socket (b) male part (c) processing male 

(d) pry-out and snap-in tool (e) female connecting tool and (f) locator female 

connected to implant. 

         

        For more understanding about implant retained facial prosthesis, the author will 

briefly explain about the clip-bar attachment system mostly used to retain auricular 

A 

DC 

B
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prosthesis.  The components of the clip-bar system consist of gold cylinder, gold 

screw, gold bar, and metal clip (Fig. 2-4).  

                 
    Figure  2-4   The components of the clip-bar attachment system. 

 

        The fabrication of implant retained auricular prosthesis is start from the abutment 

connection to the implant (Fig. 2-5A).  The impression was taken at the abutment 

level to fabricate the master mould for fabricating the prosthesis in the laboratory.  

After the mould was fabricated, then the gold cylinder was screw into the abutment on 

the master mould.  The bar is soldered onto the gold cylinder in the laboratory.  The 

acrylic resin housing is secured the metal clip in place to lock onto the gold bar (Fig. 

2-5B).  Then the clip-bar was tried on the patient and ear wax was sculpted attached to 

the acrylic housing (Fig. 2-5C).  Before the final wax was changed to the facial 

silicone, the three-piece mould was fabricated (Fig. 2-5D).  After the mould was ready 

to pack facial silicone; the acrylic resin housing surface was greased with acetone and 

treated with primer to enhance the bond strength between the acrylic resin housing and 

facial silicone (Fig. 2-5E).  After facial silicone was set, the auricular prosthesis is 

ready to try on the patient (Fig. 2-5F). 

Gold cylinder 

Metal clip 

Gold bar 

Gold screw 
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Figure 2-5   The procedure of processing clip-bar attachment to retain auricular 

prosthesis. 

A   An abutment placement   

B   Acrylic resin housing with metal clip fixed onto the bar   

C   The wax pattern of the ear prosthesis   

D   Three-piece master mould,   

E   Acrylic resin housing’s surface treatment, and   

F   Final auricular prosthesis tries on. 

primer 

A 

E 

D C 

B 

F 
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        Briefly, there are three materials must use in multiple layers to fabricate the facial 

prosthesis; acrylic resin, facial silicone, attachment system, by using primer to 

enhance the bond between acrylic resin and facial silicone (Fig. 2-6). 

 

                                           

 

 

 

 

 

 

 

 

 

 

Figure 2-6  The schematic picture showed the multiple layers of implant retained 

facial prosthesis using clip-bar attachment system. 

 

        In the following review literature, the author will mainly focus on the acrylic 

resins, facial silicones, and primers mostly used in dental profession.  

 

 

Acrylic resins 

 
        Acrylic resins are the most widely used and well-known materials among 

dentists.   

        The most common resin used in dentistry is poly(methyl methacrylate) resin. 

        Poly(methyl methacrylate) polymers were introduced as denture base materials 

since 1937 (3). Pure poly(methyl methacrylate) is a colorless, transparent solid that 

can be tinted to facilitate its use in dental applications. Poly(methyl methacrylate) is 

usually supplied as powder-liquid system.  The liquid contains nonpolymerized 

IMPLANT 

FACIAL SILICONE 

ACRYLIC RESIN 

METAL CLIPS 

 GOLD BAR 

GOLD CYLINDER 

ABUTMENT 
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methyl methacrylate and the powder contains prepolymerized poly(methyl 

methacrylate) resin in the form of small particles.  

        The reaction that converts monomer, a chemical compound capable of reacting to 

form a polymer, to polymer can be explained by this schematic.   

  

        Monomer + monomer + monomer + monomer               

 

 

     — Mer — Mer — Mer — Mer — 

   

        The addition polymerization can be divided into 4 stages; induction, 

propagation, chain transfer, and termination. 

  

        Induction 

 

        An induction stage can be divided into two steps; 1. activation and 2. initiation.  

In the activation step, Benzoyl peroxide will be activated by using a chemical agent, 

heat, visible light, or ultraviolet light to become free radicals (Fig. 2-7). 

        When the free radical contacts with the monomer molecule, methyl methacrylate, 

one of the electrons in the double bond is attracted to the free radical to form an 

electron pair and a covalent bond between the free radical and the monomer molecule, 

leaving the other electron of the double bond unpaired (Fig. 2-8A and B). 

 

 

 

     

 

 

 

 

Figure 2-7   The reaction shows the separation or decomposition of benzoyl peroxide 

to a free radical. 

Polymerization 

Heat, chemical or 

visible light 

O 

O • O 

O 

O 

O

Benzoyl peroxide 

2 

Free radical 
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        Therefore, the benzoyl peroxide radical will bond to one side of the monomer 

molecule, leading to unpaired electron at the other end to form a new free radical (Fig. 

2-8 C and D).  The induction stage is finished and continues to the propagation stage.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-8  A,B,C, and D.  The picture shows the reaction in the induction phase. 

 

        Propagation  

 

        The free radical-monomer complex formed then acts as a new free radical. As 

this complex approaches other methyl methacrylate molecules, the free electron 

interacts with the double bond of the methyl methacrylate molecule to form a dimer, 

trimer, and so forth, then, a new longer free radical is formed (Fig. 2-9). 
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Figure 2-9   The picture shows the reaction in the propagation. 

 

        Theoretically, the chain reactions should continue until all of the monomer has 

been converted to a polymer but the growth of the polymer chain is ceased when one 

of the numbers of possible termination reactions destroys the reactive center.  The 

termination stage will be discussed later.  

        This process occurs rapidly and evolves considerable heat that is called 

exothermic heat.   

 

        Chain transfer 

 

        This stage, the active free radical of a growing chain is transferred to another 

molecule and a new free radical creates a further growth.  The transferring electron 

can be occurred either with the methyl methacrylate molecule (Fig. 2-10) or the 

inactivated polymer chain (represent by A).  The inactivated polymer chain can be 

occurred either from chain transfer reaction (represent by A in Fig. 2-11.) or 

termination reaction.  
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Figure 2-10  Chain transfer reaction. 

 

 

                      
             

Figure 2-11  Another type of chain transfer reaction. 

 

        Termination  

 

        The termination reaction of the addition polymerization occurs in two situations; 

1. Direct coupling of two free radical chain ends and 2. The exchange of a hydrogen 

atom from one growing chain to another.  

A 

A
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        The direct coupling situation occurs when two free radicals interact and form a 

covalent bond.  The chain becomes deactivated which are called terminated chain 

(Fig. 2-12). 

 

 

 

 

 

 

 

 

  

 

 

 

Figure 2-12   Termination occurs when two free radicals interact and form a covalent 

bond. 

 

        The other situation is the exchange of a hydrogen atom from one growing chain 

to another.  This situation occurs when two free radicals react with each other, transfer 

hydrogen atom to another, and forms a double bond (Fig. 2-13).  The double bond 

molecule, inactivated molecule, (A) can be reactivated by chain transfer reaction to 

become the activated polymer chain and continue the chain growth in propagation 

stage. 
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             Figure 2-13  Another type of termination reaction 

 

 

        Poly(methyl methacrylate) (3)  

 

        Poly(methyl methacrylate) is a transparent resin.  The physical and mechanical 

properties of the most commonly used heat-polymerized acrylic resins are summarized 

in Table 2-1. 

 

Table 2-1.  Some properties of  poly(methyl methacrylate) (3, 4)  

 

Properties Unit 

Physical properties  

     Thermal conductivity  5.7 x 10-4  ºC/m 

     Coefficient of thermal expansion 81x 10-6 /ºC 

     Sorption 0.60 mg/cm2 

     Solubility 0.02 mg/cm2 

Density  1.19 g/cm3 

Glass transition temperature (Tg) 125º C 

A
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 Table 2-1.  Some properties of  poly(methyl methacrylate) (Continued)  

 

Mechanical properties  

Compressive strength  76 MPa 

Impact strength 27-31 J/m 

Fatigue strength (cycle at 17.2 MPa) 1.5 x 106 MPa 

Tensile strength 48-62 MPa 

Transverse strength 78-86 MPa 

Modulus of elasticity 3.8 GPa 

Elongation 1-2 % 

Transverse deflection at 3500 g 2.0 mm 

Transverse deflection at 5000 g 4.0 mm 

Knoop hardness number 15-17 kg/mm2 

Fracture toughness 2.3 MN/m-1.5 

 

         

        From the Table 2-1, the acrylic resins are poor heat-conducting materials.  When 

the denture wearers wear the denture, they might not feel the effect of the increased 

temperature.  Therefore, the normal physiological warmth-stimulation to the 

underneath tissue might be lost.  In contrast, this property seems to be good for the 

implant retained facial prosthesis since the reduction of the cold and heat transferring 

to the implant body.  

        Poly(methyl methacrylate) can absorb a small amount of water when placed in an 

aqueous environment.  This water has an effect on the mechanical and dimensional 

properties of the polymer.  When water molecules penetrate the poly(methyl 

methacrylate) mass, and occupy positions between polymer chains which causes the 

absorption.  This situation will produce two important effects.  Firstly, it causes a 

slight expansion of the polymerized mass.  Secondly, in general, when poly(methyl 

methacrylate) was kept in air, the residual monomer will be evaporated causing the 

distortion of the poly(methyl methacrylate).  Water molecules can prevent the 

entanglement of polymer chains.  Therefore, the recommendation in keeping denture 

in water-filled container when they are not in use is very important to prevent the 
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minute changes in the dimensions and fit that cause the uncomfortable to the denture 

wearers. 

        Poly(methyl methacrylate) is the thermoplastic polymer.  Thermoplastic behavior 

is a characteristic or property of a material that allows it to be softened by the 

application of heat and return to the hardened state on cooling (1). 

        Thermoplastic polymer is the polymeric material made of linear and/or branched 

chains that softens when heated above the critical temperature, glass transition 

temperature (Tg), at which molecular motion begins to force the chains apart (3). 

Therefore, the glass transition temperature is the temperature that the thermal 

expansion coefficient occurs, indicating increased molecular mobility.  The glass 

transition temperature of poly(methyl methacrylate is 125ºC (5). When a poly(methyl 

methacrylate) is heated to its Tg or higher temperature, the weak polar bonds are 

broken and move freely.  In this stage, the material becomes soft.  When the 

temperature is decreased, the poly(methyl methacrylate) will be hardened.  At room 

temperature, therefore, the poly(methyl methacrylate) becomes hard. 

        According to this property, when poly(methyl methacrylate) is used as the 

attachment housing that need the rigidity to secure the matrix (female) part, then the 

uncured facial silicones are masked on top and accelerated the polymerization with the 

high processing temperature.  Therefore, the polymerized temperature should not 

reach to the glass transition temperature of the poly(methyl methacrylate).  Although 

silicone can be cured at 150°C, (6) therefore, the proper temperature that used to 

polymerize faical silicones attached to the poly(methyl methacrylate) is around 70°C.   

        Acrylic resin used as the denture base materials required several properties such 

as; smooth surface after polishing, freedom from porosity, color stability, water 

absorption and weight loss due to leaching.  In addition, the most important 

mechanical property is transverse deflection.  The three point transverse loading is 

used to determine the deflection of the denture base.  The deflection value should be 

less than 2.5 mm when using the applied force from 1,500 to 3,500 grams.  When the 

applied force is increased from 1,500 to 5,000 grams, the deflection should be 

between 2.0 and 5.5 mm (5) 

        Transverse deflection property indicates that the material is rigid enough to 

secure the attachments that uses in implant-retained facial prosthesis. 
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        The acrylic resins can be divided according to the method of initiate of 

polymerization into 3 groups. 

1. Heat-activated acrylic resin 

2. Chemically-activated acrylic resin 

3. Light-activated acrylic resin 

        The polymerization of poly(methyl methacrylate) composes of 4 stages as 

previously described. The difference initiator causes different kinds of polymerization. 

        The composition of poly(methyl methacrylate) is varied depending on the 

manufacturers.  Generally, the composition of heat-activated and chemically-activated 

poly(methyl methacrylate) composes of polymer (powder) and monomer (liquid).  The 

powder contains prepolymerized poly(methyl methacrylate) resin in the form of small 

beads and the liquid contains nonpolymerized methyl methacrylate.  The compositions 

of these acrylic resins are summarized in Table 2-2. 

 

Table 2-2   The composition of heat-activated and chemically-activated acrylic resins. 

 

Polymer Monomer  

Type of acrylic resins composition function composition function 

Prepolymerized 

poly(methyl 

methacrylate) 

 Methyl 

methacrylate 

 

Benzoyl 

peroxide 

initiator Hydroquinone Inhibitor 

 

 

 

Heat-activated 

  Glycol 

dimethacrylate 

Cross link agent 
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Table 2-2   The composition of heat-activated and chemically-activated acrylic resins. 

(Continued) 

 

Prepolymerized 

poly(methyl 

methacrylate) 

 Methyl 

methacrylate 

 

Benzoyl 

peroxide 

initiator Tertiary 

amine*** 

Chemical 

activator 

  Hydroquinone Inhibitor 

 

 

 

Chemically-activated 

  Glycol 

dimethacrylate 

Cross-link agent

 

*** Tertiary amine is the chemical agent used to decompose benzoyl peroxide.  

 

        Heat-activated acrylic resins (3)  

 

        As previously noted, the different initiators cause different kinds of 

polymerization.  As the name implied, heat-activated acrylic resins use thermal energy 

to activate or decompose benzoyl peroxide to become free radical and continue to the 

initiation step in the induction stage through the propagation stage until finish the 

polymerization reaction. 

        The liquid (monomer) contains nonpolymerized methyl methacrylate with small 

amount of hydroquinone.  Hydroquinone added to the monomer acts as an inhibitor to 

prevent undesirable polymerization. 

        In addition, Glycol dimethacrylate is used as a cross-link agent.  The structure of 

glycol dimethacrylate is similar to methyl methacrylate (Fig. 2-14). 
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Figure 2-14  The structure of the glycol dimethacrylate. 

 

        Therefore, this component may be incorporated into the growing polymer chains.  

        Glycol dimethacrylate contains two double bonds per molecule.  This character 

serves as a bridge that links two polymer chains together (Fig. 2-15).  As a result of 

the cross linking, the netlike structure will increase the resistance to the deformation of 

the poly(methyl methacrylate).  Cross-linking agents are added into the liquid 

component at concentration of 1% to 2% by volume. 

        The new structure of the cross-linked poly(methyl methacrylate) is shown in Fig. 

2-15.  
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Figure 2-15 Chemical structure of the formation of the cross-linked poly(methyl 

methacrylate).  Ethylene glycol ditmethacrylate is incorporated into poly(methyl 

methacrylate) chains and may form a bridge or interconnection such chains. 

  

        The advantages of heat-activated acrylic resins over the chemically-activated 

acrylic resins are; (3)  

        1. The degree of polymerization of heat-activated is higher.   

        2. The amount of unreacted monomer of the heat-activated acrylic resins is less 

than chemically-activated acrylic resins.  The residual monomers create two major 

problems.  Firstly, they act as a plasticizer that result in decreased transverse strength 

of the acrylic resins.  Secondly, the remaining monomer causes a potential tissue 

irritation. 

        3. The color stability is better because chemically-activated acrylic resins contain 

tertiary amine.  The remaining of this component will be oxidized by oxygen resulting 

in color instability. 
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        Chemically-activated acrylic resins 

 

        Chemical activator can be used to induce polymerization of the poly(methyl 

methacrylate) instead of using thermal energy.  Tertiary amine, such as dimethyl-

para-toluidine, was added into the liquid monomer causing the decomposition of 

benzoyl peroxide to become the free radical.  Then, the polymerization progresses in 

similar to the heat-activated systems as previously described.  

        According to their polymerization, chemically activated acrylic resins can also be 

called as cold-curing, self-curing, or autopolymerizing resins. 

 

        Light-activated acrylic resins 

 

        The visible light-activated acrylic resins have been introduced to dental field for 

several years.  This type of acrylic resins use visible light curing machine, the wave 

length between 450-490 nm, (4) as the activator. The product is supplied in premixed 

sheets, claylike consistency, and is stored in lightproof pouches to prevent the 

inadvertent polymerization.  

        For light-activated acrylic resin, it consists of a urethane dimethacrylate matrix 

with an acrylic copolymer, microfine silica fillers, and high molecular weight acrylic 

resin monomers.  Acrylic resin beads are included as organic filler.  The 

camphorquinone serves as a photoinitiator for the polymerization.  

 

 

Facial silicones 

 

        Silicones are synthetic polymers which backbone is made of repeating silicon to 

oxygen bonds.  Besides oxygen atoms that bond to the silicon atom organic group 

such as methyl groups are also bonded to the silicon atom.  The most common silicone 

is polydimethylsiloxane, abbreviated as PDMS, that contains basic repeating unit 

called “siloxane” (Fig. 2-16). 
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        Figure 2-16  The formula of siloxane and polydimethylsiloxane. 

  

        The methyl group can be replaced with others organic group such as phenyl, 

vinyl, and trifluoropropyl.  The presence of organic groups attached to the inorganic 

backbone gives silicones a combination of unique properties, making possible their 

use as fluids, emulsions, compounds, resin, and elastomers in various applications. 

        History of silicone chemistry started from 1824 by Berzelius (6) and has been 

developed up to now. The history of development of silicone was rewritten from 

reprinted from Biomaterials Science, 2nd edition Table 2-3. 

        The silicone polymers syntheses consist of 4 basic steps (6). The reactions were 

rewritten from Biomaterials Science, 2nd edition. Table 2-4. 

 1.  Silica reduction to silicon 

 2.  Chlorosilanes synthesis 

 3.  Chlorosilanes hydrolysis 

 4.  Polymerization and polycondensation 

 

Table 2-3.  Key Milestones in the development of silicone chemistry (rewritten from 

reprinted from Biomaterials Science, 2nd edition.) 
1824 Berzelius discovers silicon by the reduction of potassium fluorosilicate with potassium:  

4K + K2SiF6                 Si + 6KF. Reacting silicon with chlorine gives a volatile 

compound later identified as tetrachlorosilane,  SiCl4: Si + 2Cl2              SiCl4. 

1863 Friedel and Craft synthesize the first silicon organic compound, tetraethylsilane: 

2Zn(C2H5)2 + SiCl4               Si(C2H5)4 + 2ZnCl2. 

1871 Ladenburg observes that diethyldiethoxysilane, (C2H5)2Si(OC2H5)2, in the presence of a 

diluted acid gives an oil that decomposes only at a “very high temperature” 

1901-1930s Kipping lays the foundation of organosilicon chemistry with the preparation of various 

silanes by means of Grignard reactions and the hydrolysis of chlorosilanes to yield “large 

molecules.” The polymeric nature of the silicones is confirmed by the work of Stock. 
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Table 2-3.  Key Milestones in the development of silicone chemistry (rewritten from 

reprinted from Biomaterials Science, 2nd edition.) (Continued) 

 
1940s In the 1940s, silicones become commercial materials after Hyde of Dow Corning 

demonstrates the thermal stability and high electrical resistance of silicone resins, and 

Rochow of General Electric finds a direct method to prepare silicones from silicon and 

methylchloride. 

 

 

Table 2-4.  The basic steps in silicone polymer synthesis (rewritten from reprinted 

from Biomaterials Science, 2nd edition.)  

 

1.  Silica reduction to silicon 
 

2. Chlorosilane synthesis 

3. Chlorosilanes hydrolysis 

 
4. Polymerization and 

polycondensation 

 
 

 

        Silicone material, a thermoset material, was commercially available in 1943 (7). 

Silicone materials have been used in medical field since 1953.  The first product, S-

7911, was investigated by Dow-Corning Center. 

 Silicone rubber polymers are classified as: (8) 

        1. Polydimethylsiloxanes 

        2. methylvinyl/dimethylsiloxanes 



 Natdhanai  Chotprasert      Literature Review  /    28

        3. phenyldimethylsiloxanes 

        4. fluorodimethylsiloxanes 

        The first two groups are medical grade polymers and the rest are industrial grade 

polymers.  The facial silicones available in the market mostly are medical grade. 

        Silicones can be divided into 5 groups, according to their applications (2).  

        1.  Implant  Grade : which requires the material that undergo extensive testing 

and must meet or exceed ISO 14949 requirements (9). Recent health problems caused 

by silicone breast implants have created controversies regarding the safety of the 

material to implant interstitially. 

        For implant grade, the International standard organization (ISO 14949) has set 

the standard of composition and purity testing. 

        The compositions consist of; 

- Silicone polymer  60-80 % 

- Reinforcing agent  less than 40 % 

- Crosslinking agent  1-5 % 

- Catalyst    <0.5 % 

- Inhibitor    <1.0 % 

 The purity testing consists of; 

- Metal contamination 

- Particulate contamination 

- Cytotoxicity 

- Substances soluble in hexane 

- Determination of volatile matter 

        2.  Medical Grade, which is approved for external use only.  Most commonly 

used this material in fabrication of maxillofacial prostheses.  Adverse reactions caused 

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

reported.  

        3.  Food Grade, which is a new type of facial silicone.  The cost is lower than 

medical grade silicone. 

        4.  Clean Grade, which is mostly used for industrial applications. 

        5.  Industrial grade, which is mostly used for industrial applications. 
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        The facial silicones can be categorized by the temperature of the polymerization 

as the requiring heat for vulcanization (HTV silicones) and room temperature 

vulcanization (RTV silicones) (2).  

 

        Heat-vulcanized silicone (10)   

 

        Heat-vulcanized silicones are not commonly used for maxillofacial prostheses.  

HTV silicone is usually a white, opaque material with highly viscous, putty like 

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

The vulcanization mechanism is based on unsaturated vinyl terminated poly(siloxane) 

using addition reaction with the aid of a platinum catalyst (3, 11, 12) (Fig. 2-17). 

        In an addition reaction, hydrogen atoms in the backbone structure of the 

polymethyl hydrogen siloxane chain (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 activated by a platinum salt catalyst. 

        The reaction is considerably sensitive.  Sulfur contamination from natural latex 

gloves affects the setting of the addition silicone.  To prevent the contamination during 

mixing the addition silicone, using vinyl glove is recommended.  

        The advantages of HTV are: (2)  

1. excellent thermal stability 

2. color stability when exposed to UV light 

3. Biologically inert 

        The most disadvantage of HTV is that high processing temperature (about 220º 

C) is needed so the metal mold is recommended to use while packing the heat-

vulcanized silicone. 
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Figure 2-17  Top, the addition reaction of HTV silicone. 

                            Bottom, the final structure after addition reaction. 

 

From the above chemical reaction can be rewritten as follow (9). 
 

 

                 ≡Si─CH=CH2   +   H─Si≡                       ≡Si─CH2─CH2─Si≡ 

  

     

 

where        H─Si    is silicon hydride 

    ─CH=CH2    is vinyl group  

 

 

Polymethyl 

hydrogen 

il

Divinyl 

polydimethyl 

il

Platinum 

Pt complex 

Polymer Crosslinking Elastomer 
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        The reaction is considerably sensitive.  Sulfur contamination from natural latex 

gloves affects the setting of the addition silicone.  To prevent the contamination during 

mixing the addition silicone, using vinyl glove is recommended.  

        The advantages of HTV are: (2)  

4. excellent thermal stability 

5. color stability when exposed to UV light 

6. Biologically inert 

        The most disadvantage of HTV is that high processing temperature (about 220º 

C) is needed so the metal mold is recommended to use while packing the heat-

vulcanized silicone.   

 

        Room-temperature-vulcanized silicone (10)  

 

        Because of their acceptable physical properties and ease of processing, room-

temperature-vulcanized silicones have become popular among the maxillofacial 

prosthodontists.  

        The vulcanization of RTV silicone can be divided into 2 types; (6) one-part RTV 

and two-part RTV. The sample of one-part RTV used in maxillofacial prosthetics is 

Silastic Medical Adhesive type A and two-part RTV is facial silicone used 

condensation reaction. 

        For one-part RTV silicone, the products are ready to apply and require no 

mixing.  One-part RTV is supplied as the sealed tubes that contain hydroxyl end-

blocked polydimethylsiloxane and a large excess of methyltriacetoxysilane resulting 

the chains that contain two acetoxy functional groups [1] as shown in Fig. 2-18. 
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      Figure 2-18   The chemical formula of the one-part RTV silicone. 

 

        When the material was removed from the tube, the acetoxy groups [1] are 

hydrolyzed by the ambient moisture, the silanol group [2] will be formed which allow 

further condensation to occur as shown in Fig. 2-19. 

 

 
 

 

Figure 2-19   The hydrolyzed acetoxy groups to the silanol group. 

 

        Then two chains have been linked, and the reaction will proceed further from the 

remaining acetoxy groups represent by [1] and [2].  An organometallic tin catalyst is 

used and H2O is used as the second component to process the polymerization.  Acetic 

acid is released as a by product of the reaction (Fig.2-20).  To prevent the problem 

from the acetic acid, using other cross linking agents such as oximosilane or 

alkoxysilane instead of acetoxysilane can be done.  

 

[1] 

[1] [2] 
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Figure 2-20   The polymerization of the one-part RTV silicone.  Acetic acid is released 

as a by product. 

 

        In two-part RTV silicone, the cross linking starts upon mixing the two 

components, a hydroxyl end-blocked polymer and an alkoxysilane such as tetra-n-

propoxysilane as shown in Fig. 2-21. 

 

 
 

Figure 2-21.  A condensation reaction in the two-part RTV silicone. 

 

        Normally, an organotin salt is used as the catalyst.  The alcohol is released as a 

by-product of the reaction, leading to a slightly shrinkage upon cure (0.5 to 1 % linear 

[1] [2] 
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shrinkage).  According to their undesirable shrinkage, the condensation silicone is not 

suitable for fabrication of parts with precise tolerances. 

        This silicone can be polymerized in the dental stone mold, but stronger molds 

such as epoxy resins or metal molds can be used. 

        The disadvantages of RTV silicone are poor edge strength and difficulty in 

coloring (2, 12). 

        The most popular facial silicone, (2, 7, 13, 14) SILASTIC® MDX4-4210, was 

investigated by Dow-Corning in 1977 (5).  

 

 

        SILASTIC® MDX4-4210 (14)  

  

        MDX4-4210 is one sample of RTV silicone.  It is a medical grade silicone 

elastomer which is the most popular among clinicians (2) because of their acceptable 

properties. Combining the advantage of both HTV silicone and RTV silicone, Silastic 

MDX4-4210 is developed by Dow Corning Corporation which is dramatically 

increased in tear strength, translucency compared with the old generation of Silastic 

silicone (13).  MDX4-4210 is a pourable two-component product, elastomer 

component and curing agent component. Elastomer base consists of a dimethyl 

siloxane polymer, dimethylvinyl-terminated, reinforcing silica (triethylated silica 15-

40% by weight) and a platinum catalyst.  The curing agent consists of a 

dimethylsiloxane polymer and dimethylvinyl-terminated >60% by weight, an inhibitor 

and a siloxane crosslinker (dimethyl, methylhydrogen siloxane). 

        Silastic MDX4-4210 is based primarily on a modified polydimethylsiloxane 

(PDMS) structure.  The vulcanization is the addition reaction between Si-H groups to 

silicon-vinyl units using the platinum catalyst initiates the crosslinking reaction (13).  

        Many researchers have studied the mechanical properties of the MDX4-4210.  

The results have shown that MDX4-4210 was accepted to use as the facial prostheses 

(2, 7, 13, 14).  Presently, there are no ADA specifications for facial silicones. 

However, in 1980 (13) Lewis and Castleberry proposed the goal of maxillofacial 

elastomer and concluded that the properties of many materials for extraoral prostheses 
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were accepted but the further study or improvement of the materials are essential. The 

properties of maxillofacial elastomer are summarized in Table 2-5. 

 

Table 2-5.  The goal of processing, mechanical, and physical properties of 

maxillofacial elastomer was proposed in 1980. (13) 

 

Properties Goal 

Processing characteristics  

      Viscosity at ambient temperature < 75,000 cps 

     Color Colorless 

     Solubility parameter 9-11 cal½ 

     Working time 15-60 min 

     Curing temperature <100°C 

     Curing time 1-2 hr 

Mechanical and physical properties  

     Tear strength 30-100 psi 

     Tensile strength 1000-2000 psi 

     Modulus at 100% elongation 50-250 psi 

     Elongation at break 400-800 % 

     Glass transition temperature <0°C 

     Heat distortion temperature >120°C 

     Critical surface tension 30-45 dynes/cm 

     Coefficient of friction 0.4-0.6 

     Hardness 25-35 shore A 

     Water absorption None  

         

 

        The curing time that gives sufficiently cured MDX4-4210 is approximately 24 

hours at 23ºC.  But the full cure is achieved in about three days at room temperature.  

The curing time may be accelerated by heat.  The relationship of the curing time and 

the curing temperature is as follows: 
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 5 hours  40ºC 

 2 hours  55ºC 

 30 minutes 75ºC 

 15 minutes 100ºC 

        Not only the thickness of the prosthesis but also the thickness of the mold affects 

the curing time since longer curing time is required to compensate for the time needed 

to heat the entire part to the desired curing temperature (15).  

        The polymerization of SILASTIC® MDX4-4210 may be inhibited by traces of 

amines, sulfur, nitrogen oxide, organo-tin compounds, and carbon monoxide.  In 

addition, the catalyst residues from silicone elastomers that have been catalyzed by tin 

salts or peroxides may also inhibit the polymerization. 

        The suitable properties of facial silicone were classified into three categories (7)  

        1. Processing characteristics such as; low viscosity working time, intrinsic and 

extrinsic coloration, lower temperature, lack of solubility 

        2. Mechanical properties such as; tensile strength, tensile modulus, tear 

resistance, surface hardness, percent of elongation 

        3. Patient accommodation properties such as; nonallergic, nontoxic, 

noncarcinogenic, hygienic, chemical and environmental stability, low specific gravity, 

easy adherent to living tissue, thermal conductivity, and moderate cost. 

  

 

Primers 

 
        The American Society for Testing Materials (ASTM) (16) defined primer as “a 

coating applied to a surface, prior to the application of an adhesive, to improve the 

performance of the bond”. 

        Primers are surface treatments used to promote the bonding between 

unvulcanized silicone rubber and the surface of which a bond is desired.  

        The primer enhancing the bonding between facial silicone and acrylic resin 

usually has one component.  A 304, A 306, A 330G from Factor II, Incorporation and 

Epicon from DREVE-DENTAMID GMBH are examples of primers available in 

Thailand.  
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        The primers used in maxillofacial prosthetics are dilute solutions of silane 

coupling agents and other active ingredients.  Silane coupling agents contain two types 

of reactivity, inorganic and organic structure, in the same molecule (17). 

        A silane coupling agent (18) will act as an interface between an inorganic 

substrate and an organic material to bond together.  A simplified picture of the 

coupling mechanism is shown in Fig. 2-22. 

 

               
 

Figure 2-22   The picture shows the action of the silane coupling agent. 

 

        Bonding of silanes to inorganic substrate (17) 

 

        There are four steps to bond to the inorganic substrate.  

        1. Hydrolysis 

        2. Condensation 

        3. Hydrogen Bonding 

        4. Bond formation 

        Initially, the alkoxy groups will be hydrolyzed and released by-product; 

methanol.  Secondly, the hydrolyzed alkoxy group will condense to become 

oligomers.  Thirdly, methoxy group upon hydrolysis is oriented and bond to hydroxyl 

sites on the substrate. Finally, a covalent bond is formed with the substrate and 

released water (Fig. 2-23). 
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Figure 2-23  The reaction of the silane coupling agent on the inorganic surface. 

 

        Bonding of silanes to Polymer (Organic substrate) 

 

        The bonding to the polymer can be divided into 2 types depending on the type of 

the polymer, thermoset or thermoplastic polymers.  

        The bonding to the thermoset polymers depends on the selection of the reactivity 

of the silane which matches to the reactivity of the thermoset polymers. For example, 

an epoxysilane or aminosilane will bond to an epoxy resin; an aminosilane will bond 

to a phenolic resin; and a methacrylate silane will bond through styrene crosslinking to 

an unsatuarated polyester resin. 
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        The bonding to the thermoplastic polymers (18) can be explained by inter-

diffusion and inter-penetrating network (IPN) formation in the phase region (Fig. 2-

24). 

 
Figure 2-24   The action of silane coupling agent bonded to silica (inorganic substrate) 

and polymer (organic substrate). 

 

        The compatibility between the type of thermoplastic polymers and the silane is 

considerable important to achieve the optimum IPN formation.  

        The exactly action of the primer used for facial silicone has not been declared.  In 

addition, the specifically primer used to each brand of facial silicone is still unknown. 

        The companies (19) that supply the facial silicone recommend the primers to 

enhance the bond strength between facial silicone and other substrates without any 

details about the material, composition, and chemical agents. In addition, the exactly 

structure of the facial silicone and acrylic resin are not declared.  Therefore, the 

compatibility of the facial silicone, the type acrylic resin, and the primer is obscure.  

        The study of the effect of the primer can be divided into two major groups 

depending on the type of the silicone, extraoral silicone and intraoral silicone. 

        Three most common testing methods used to study the bond strength of the 

silicone and acrylic resin are; (13)  

1. Peel test 

2. Tensile test 

Chemically 

B d d I t f

Diffuse 
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3. Shear test 

 

        The effect of the different testing methods was done in 1996 (20) by Al-Athel and 

Jagger. The study was investigated an effect of test method on the bond strength of a 

silicone resilient denture lining material.  The materials that used in this study were 

Molloplast-B denture lining material and Trevalon denture base material.  The 

different bond strength test methods used in this study were: (1) peel test (2) tensile 

test and (3) shear test.  The results were shown in Table 2-6.  From this study, they 

found that the bond strength test results are highly dependent on the test method. 

 

Table 2-6.  The mean bond strength among different test methods  (Al -Athel and 

Jagger) (20) 

 

         

 

        From the Table 2-6, peel test was shown 100% cohesive failure that indicated the 

least satisfactory test for evaluating the adhesive bond strength. 

        The peel test specimen was shown in Fig. 2-25.  The results of the peel test can 

be peel, snap, or tear.  Most common found in literature review is tear type (cohesive 

failure) (20, 21). 

Test method           Mean bond strength          SD          Coefficient of           Type of  

                                        (n=10)                                        % variation             failure 

Peel test                       2.59 N/mm2                  0.18                  7.11             100% cohesive 

Tensile test                  1.22 N/mm2                  0.07                  5.77              90% adhesive 

                                                                                                                      10% cohesive 

Shear test                     1.39 N/mm2                  0.07                  5.05              90% adhesive 

                                                                                                                      10% cohesive 
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        The mastication consists of various force directions, mostly horizontal force. The 

peel test is believed to simulate that force.  The debonding of soft relining denture 

base occurs mostly at the flanges of the denture (border of the denture).  Therefore 

many researchers use this test to evaluate the bond strength between soft relining 

material and acrylic denture base (20-22). 

        In the peel test, the stress is limited to a line at the edge of the joint.  While 

testing the soft relining material will be stretched and pulled away from the acrylic 

denture base. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Figure 2-25   The peel test specimen and the results were shown. 

    

        Therefore, the peel bond strength was calculated with the lowering formula 

where the peeling angle was considered 180 degrees. 
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Peel strength   =    F 

 
W

1+λ 
2

+ 1 
 

  

    

Where   F   =  applied force 

     W  =  width of specimen in the peeling area 

     λ  =  extension ratio of the liner 

  

        For the shear test, (Fig. 2-26) the stresses were not evenly distributed.  At the 

edges the stresses are much greater causes the tearing of the facial silicone especially 

for the silicones that have a low tensile and tear strength (20, 22). In addition when the 

specimen thickness is increased the stress concentration is also increased.  

 

        Figure 2-26  The shear specimen and direction of the loading forces. 

 

 The shear bond strength was calculated from the equation below. 

 

 

  

 

 

        The tensile bond strength effectively establishes the potential for an adhesive 

bond (23). Furthermore, the tensile bond strength is not caused by tensile forces alone, 

(24, 25) because some shear forces are also developed in this test (Fig. 2-27).   
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Figure 2-27 The tensile test specimen was shown, (a) the components of the test 

specimen, (b) the phenomenon of the soft resilient material under the testing status, (c) 

the result of the adhesive failure after tested. 

 

        According to the property of the soft resilient material, under testing status, the 

material will show significant stretching and necking caused the decreased cross 

PMMA rod Collar (polyethylene) 

Test material 

Acrylic Denture Base 

Adhesive failure 

(a) 

(b) 

(c) 
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section of the resilient material.  Therefore, at the border of the test specimen, some 

shear forces develop (23, 24) Fig. 2-28. 

 

                   
Figure 2-28   The illustration of the shear forces and tensile forces in tensile test. 

 

        Therefore, the most widely testing method uses among researchers is tensile test 

(20, 25-32). 

        The tensile bond strength was calculated from the same equation as the shear 

bond strength. 

 

 

The effect of primers on extraoral silicones 

 
        There are few studies to investigate on the effect of primers used for facial 

silicone (30, 33-37). All studies used different kinds of facial silicone, acrylic resins, 

and primers to evaluate the bond strength between facial silicone and acrylic resin by 

using many test methods that available such as shear test, (33, 35, 36) peel test (37) 

and tensile test (30, 34). 

Shear force 

Tensile force 
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        In 1991, 2002 and 2003 Polyzois et al (33, 35, 36) used overlap joint model to 

evaluate the interfacial shear bond strength between the facial silicone and acrylic 

resin. The materials used in their study were summarized in Table 2-7. 

        In 1991, (36) investigators studied the effect of bonding agents on the bond 

strength of two facial silicone to a visible light-activated resin when using various 

kinds of primers.  In addition, this study was also studied in the effect of intensive heat 

aging on the bond strength in 0, 30, and 120 days by keeping in an oven at 50ºC for 30 

and 120 days.  The materials and companies used in this study were summarized in 

Table 2-7.  The bonding agents used in this study was Triad VLC bonding agent and 

two silane coupling agents; Z-6032 and Z-6076.  

        The researchers divided the studied groups into 3 heat-aging groups, 0, 30, and 

120 days.  Each group consisted of six combinations of three bonding agent and two 

facial silicones.  

        The result found that Z-6032 had the maximum bond strength compared with 

others above-mentioned bonding agents.  The heat aging of the three bonding agents 

had no substantial effect on the bond strength.  

        Furthermore, this study found that all specimens failed at the adhesive interface 

except for three samples when using Cosmesil SM4 facial silicone with Z6032 silane 

that have the cohesive failure (the silicone was torn before dislodged from the acrylic 

resin). 

 

        In 2002, (35) the study was to evaluate the interface bond strength between two 

facial silicones and three types of denture resins by using one primer (Principality 

medical). Table 2-7.  The facial silicone that used in this study were Cosmesil 

(condensation silicone), and Ideal, (addition silicone).  Three acrylic resins consisted 

of SR 3/60, (heat-curing acrylic resin), SR 3/60 Quick, (autopolymerizing acrylic 

resin), and Triad VLC, (light-curing acrylic resin).  The study was divided into six 

combinations of two facial silicones and three acrylic resins.  The primer used in this 

study was Principality Medical that supplied with the Cosmesil silicone. 

        The results showed that: 

1. The type of facial silicone and denture resin significantly affected their 

interfacial bond strength.  The dominant factor was the facial silicone. 
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2. Significant interaction between silicones and denture resins was noted, 

indicating specificity of various materials combinations. 

3. Cosmesil silicone had higher bond strength when using with all type of 

acrylic resins in this study (SR 3/60, SR 3/60 Quick, and Triad resins) 

compared with Ideal facial silicone when other variables were control such as 

primer, reaction time of primer, resin surface preparation, and curing method 

of silicone, were constant. 

        From this study pointed out that there is no “universal primer” for every kind of 

applications. 

         

        In 2003, (33) the study investigated the bond strength of two facial silicone to SR 

3/60 NF (autopolymerizing acrylic resin) by using different types of primers. Table 2-

7.  The study was divided into six combinations of two facial silicone and three mixed 

ratio of primers.  The Cosmesil and Ideal facial silicone were again used in this study.  

The three mixed primers were  

        1. Cosmesil primer (used as a control),  

        2. Cosmesil primer + Z6020 silane (50/50 by volume), and  

        3. Cosmesil primer + Silquest A174 in 50/50 by volume. 

        The results found that: 

1. The bond strength ranged from 0.026 MPa to 0.219 MPa. 

2. Cosmesil primer seems to promote adhesive bonding between Cosmesil facial 

silicone (condensation silicone) and SR 3/60 NF (autopolymerizing acrylic 

resin) whereas it gives a weak bond with Ideal facial silicone (addition 

silicone). 

3. Mixtures of Cosmesil primer with primers containing bulky side groups, such 

as Z-6020 and Silquest A-174, improve adhesion of Ideal facial silicone to the 

acrylic resin but have an adverse effect with Cosmesil facial silicone. 

4. Optimization of adhesive bonding can be achieved by proper selection of the 

system facial silicone/primer.  The compatibility of the components of these 

systems can be attributed to various physicochemical interactions taking place 

during application. 

        From the above study, it can be concluded that: 
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1. There are no specific primer used to enhance the bond strength between facial 

silicone and acrylic resin. 

2. The strength of the bond is dependent on the substrate, how it is treated and 

degreased, the primer selected, curing time of the primer type, and curing 

method of the silicone selected (35).  

3. There is no “universal primer” for every kind of application. 

 

Table 2-7.  The materials used in the study of Polyzois in 1991, 2002, and Frangou et 

al in 2003. 

 
Researcher/year Silicone Acrylic resin Primers/silane 

Polyzois,1991 (33) ●Silskin II  

(Chas F. Thackray, Leeds, UK) 

 

●Cosmesil SM4 

(Cosmedica, Gwent, UK) 

 

●Triad VLC 

(Dentsply, York, PA) 

●Triad VLC bonding agent 

(Dentsply, York, PA) 

●Z-6032 

(Dow Corning, Brussels, Belgium) 

●Z-6076 

(Dow Corning, Brussels, Belgium) 

Polyzois,2002 (36) ●Cosmesil 

(Principality Medical) 

 

● Ideal 

(Orthomax) 

●SR 3/60 

(Ivoclar) 

●SR 3/60 Quick 

(Ivoclar) 

●Triad VLC 

(Dentsply, York, PA) 

●Principality medical 

 

Frangou et al,2003 

(37) 

●Cosmesil 

(Principality Medical) 

 

●Ideal 

(Orthomax) 

SR 3/60 NF 

(Ivoclar) 

 

●Cosmesil 

●Z-6020 

(Dow Corning, Brussels, Belgium) 

●Silquest A174 

(Osi Specialties S.A) 

  

 

        In 1996, (37) Taft et al used peel test according to the standard test method for 

adhesion-in-peel force of elastomeric joint sealants of the American Society for 

Testing Materials. The purpose of this study was to compare the peel force of a 

silicone adhesive type A to adhere between autopolymerizing 

poly(methylmethacrylate) and light-polymerizing urethane dimethacrylate gel with 

polyurethane sheet by using two surface textures, pumice and bead.  The study was 
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divided into 10 combinations of two acrylic resin as mentioned above and 5 surface 

treatments.  

 (1) Pumice only without primer 

 (2) Pumice + 1205 primer  

 (3) Pumice + S2260 primer  

 (4) Bead     + 1205 primer 

 (5) Bead     + S2260 primer 

        The multiple layers of specimen can be schematically drawn as follow; 

 

 

 

 

  

 

 

  *PMMA  =  poly(methyl methacrylate) 

  *UDMA  =  urethane dimethacrylate 

 

        The results found all adhesive failure between the acrylic resin and the silicone 

adhesive type A. 

1. The 1205 primer showed a statistically significantly stronger bond compared 

with S2260 and no primer regardless of which type of resin or surface 

preparation was used. 

2. The 1205 primer showed the highest bond strength followed by without primer 

and S-2260 primer respectively. 

   

        In 1989, (30) McMordie et al, used tensile test to evaluate the bond strength 

between Silastic 891 facial silicone with Lucitone 199 heat cured acrylic resin by 

using three primers. The study was divided into four groups one control (without 

primer) and three primers; A4040, 1200, S2260. 

        The result was found that all three primers had bond strength greater than without 

primer group.  The Dow Corning 4040 primer showed the highest bond strength. 

Polyurethane sheet

primer

Adhesive A

Tape 

primer

PMMA or UDMA*
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        In 1996, (34) Polyzois, used the dumbbell design of tensile test specimen (Fig. 2-

29) to compare the two facial silicone curing techniques, microwave and dry-heat 

curing methods, on the bond strength of four facial silicones applied to acrylic resin. 

The materials used in the study were summarized in the Table 2-8. 

 

 Table 2-8.  The materials used by Polyzois in 1996. 

 
Researcher/year Facial    silicone               Acrylic resin Primers/silane 
Polyzois,1996 

(35) 

●MDX4-4210 

●Mollomed 

●SilskinII 

●A-2186 

●Acron MC ●Primo Adhesive 

 

  The results found that: 

1. The type of facial silicone significantly affected the tensile bond strength to 

polymerized acrylic resin. 

2. The curing method of facial silicones had no significant effect on the tensile 

bond strength; hence microwaves can be used instead of dry heat to cure facial 

silicone when time is limited. 

3. Mollomed had the highest tensile bond strength and MDX4-4210 and A-2186 

had the lowest, whereas Silskin II showed intermediate tensile bond strength. 

 

           
 

Figure 2-29   Show the dumbbell tensile test specimen used in Polyzois’s study in 

1996. 

 

        Not only the bonding of facial silicone to acrylic resin was evaluated but also the 

facial silicone bonded to other materials was done.  Polyurethane sheet lined facial 
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silicone is the material used to improve the edge strength of the facial silicone 

introduced by Udagama since 1987 (38). Many primers were tested to find the 

strongest bond strength between polyurethane sheet and different silicones, (39, 40) 

and the effect of cleaning technique (41). 

 

 

The effect of the primers on intraoral silicones 

 
        Many researchers have done the studies about permanent soft denture lining 

material bonded to the denture acrylic base.  Permanent soft denture lining materials 

can be divided into four groups according to their chemical structures, 1. plasticized 

acrylic resins either chemical or heat cured, 2. vinyl resins, 3. polyurethane and 

polyphosphazine rubbers, and 4. silicone rubbers (26).  

        All studies used different kinds of soft denture silicone, acrylic resins, and 

primers to evaluate the bond strength by using many techniques that were available 

such as shear test (20), peel test (21, 22, 42), and most commonly used tensile test (22, 

23, 26-29, 31, 34, 42, 43).  

        The literature review, the implant retained facial prosthesis has increased the 

quality of life for the patient suffered from losing their part of the face.  In addition, 

the developing in medical field has increased the life expectancy of the patient who 

got head and neck cancer.  Therefore, the longevity of the prosthesis seems to be less 

especially the most common failure of the prosthesis is the dislodging of the facial 

silicone from the acrylic resin housing.  Therefore, the purpose of this study is to find 

the maximum bond strength when using different kinds of acrylic resin and primers 

which compatible with the most popular used MDX4-4210 facial silicone in Thailand.  
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CHAPTER III 

MATERIALS AND METHODS 

 

 

Materials 

 
1. Acrylic resins (Table 3-1) (Fig. 3-1) 

- Autopolymerizing acrylic resin (Ortho-Jet® Lot No. 1380-4006, Lang Dental 

MFG.Co.,Inc., U.S.A.) 

- Light-polymerizing acrylic resin (Lightplast ®  Lot No. 2A427A 0806, 

DREVE-DENTAMID GMBH, Unna, Germany)  

 

            

 

 

 

 

 

 

 

  

 

Figure 3-1  The acrylic resins used in this study. 

    A  Autopolymeizing acrylic resin 

    B  Light-polymerizing acrylic resin 

 

2. Primers (Table 3-1) (Fig. 3-2) 

- A304 (Lot No. RZ 21196, Factor II Inc., U.S.A.) 

- A306 (Lot No. R 31436, Factor II Inc., U.S.A.) 

- A330G (Lot No. 004472, Factor II Inc., U.S.A.) 

A B 
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- SOFRELINER TOUGH (Tokuyama Dental Corporation, Japan) 

- Epicon (DREVE-DENTAMID GMBH, Unna, Germany) 

 

    
       Figure 3-2  The primers used in this study. 

 

3. Silicone elastomer base (Silastic® MDX4-4210, Medical grade elastomer, 

Factor II Inc., Batch No. 0001995434, Factor II Inc., U.S.A.)  (Table 3-1) (Fig. 

3-3). 

 

          
 

Figure 3-3  The MDX 4-4210 silicone used in this study. 

 

4. Silicone elastomer curing agent (Silastic® MDX4-4210, Medical grade 

elastomer, Factor II Inc., Batch No. 0002036097, Factor II Inc., U.S.A.) (Table 

3-1) (Fig. 3-3). 

5. Silicon carbide paper No.800 

6. carbide bur 
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7. Tin foil substitute separating media (Lot No.0405111, Factor II Inc., U.S.A.) 

8. Cotton with plastic applicator 

9. Acetone 

10. Thixotropic agent (Factor II Inc., U.S.A.) 

11. Disposable vinyl glove (Med-Comfort, Germany) 

12. Double clip (U.A. Import Export CO.LTD.) 

13. Power Glue® (Cyanoacrylate adhesive, Alteco Chemical PTE LTD.) 

 

Apparatus 

 
   1.  Visible light cure system (Trubyte TRIAD 2000, Dentsply) (Fig. 3-4) 

 

 

 

 

 

 

 

 

 

Figure 3-4   The visible light cure system (Trubyte TRIAD 2000, Dentsply) was used 

in this study. 

 

   2.  Micromotor (Kavo EWL type 4990) 

   3.  Weighing machine (Acculab VI-600, U.S.A.) 

   4.  Hot air oven (Scientific Promotion CO. LTD.) 

        5.  Hydraulic Press 660 (Silfadent, Italy) 

        6.  Uultrasonic cleanser (Sultan®, Pro-sonic® 1000, U.S.A.)  

        7.  Universal testing machine (Instron model 5566, Instron Corporation, Canton, 

MA, U.S.A.)  
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Methods 

 
        The study was evaluated two acrylic resins (autopolymerizing and light-

polymerizing acrylic resins) and five primers on tensile bond strength to MDX 4-4210 

silicone.  The study was divided into 12 groups that can be schematically drawn in 

Fig. 3-5. 

        The trade name, manufacturer, and composition of MDX 4-4210 silicone, acrylic 

resins, and primers used in this study were summarized in Table 3-1 

 

 

 
 

 

   

 

 

     

Figure 3-5  The study groups used in this study  
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Acrylic resin  

Autopolymerizing 

acrylic resin 

Ortho-Jet® Lang Dental 

MFG.Co.,Inc., U.S.A. 
Polymer:  methacrylate polymer 

                 Dialkyl phthalate 

Monomer: methyl methacrylate 

                   N,N-dimethyl-p-toluidine 

Light-

polymerizing 

acrylic resin 

Lightplast ® DREVE-DENTAMID 

GMBH, Unna, Germany 
-urethanedimethacrylate 

-glass ceramic pearls 

-photo-inhibitor (phosphinoxide) 

Table 3-1  Facial silicone, acrylic resins, and primers used in this experiment.(15, 44, 45) 

Materials Trade name Manufacturer Composition 

Silicone MDX 4-4210 Factor II Inc., 

U.S.A. 

Base: -dimethyl siloxane polymer 

          -dimethylvinyl-terminated 

          -reinforced silica (trimethylated 

silica 15-40 %) 

          -platinum catalyst 

Catalyst: -dimethylsiloxane polymer 

               -dimethylvinyl-terminated 

               -inhibitor 

               -siloxane crosslinker  

                 (dimethyl,    

methylhydrogen siloxane) 

 

A304 Factor II Inc., U.S.A. Unknown 

A306 Factor II Inc., U.S.A. Unknown 

A330G Factor II Inc., U.S.A. Unknown 

SOFRELINER 

TOUGH 

Tokuyama Dental 

Corporation, Japan 

-Ethyl acetate 94-98 % 

-Polymethylmethacrylate with  

     polyorganosiloxane 1-3 % 

-Polyethylmethacrylate 1-3 % 

Primers 

      

Epicon DREVE-DENTAMID 

GMBH, Unna, Germany 

Unknown  
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1. Metal mold 

 

        Three-piece mold that comprises the upper, middle and lower parts, were made 

from metal (Fig. 3-6). 

        The upper and lower parts had round-shape 4 hollows (30 mm diameter and 3 

mm depth). 

 

 

                        
        

Figure 3-6  Metal mold used in this study top view and side view. 

       

        2.  Fabrication of autopolymerizing acrylic resin discs 

         

        One hundred and eighty acrylic resin discs were fabricated (120 for testing discs 

and 60 for acrylic bases).  

        The metal mold was lubricated with tin foil substitute separating media before 

acrylic resins were packed.  The autopolymerizing acrylic resin were mixed (powder 

and liquid ratio 3:1 by weight), and packed into the lubricated mold after dough stage.  

        The molds were closed and packed into the hydraulic pressure under 3000 kg.  

After completely set, the acrylic resins were removed from the mold and trimmed the 

excess margin.  The surface was treated with silicon carbide paper No. 800, cleaned 

by using ultrasonic cleanser 15 minutes, and kept in the water container.  
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        3.  Fabrication of light-polymerizing acrylic resin discs 

         

        One hundred and eighty light-polymerizing acrylic resin discs were fabricated 

(120 for testing discs and 60 for acrylic bases).  

        The mold was lubricated with tin foil substitute separating media before 

Lightplast ® were packed.  The molds were closed and packed into the hydraulic 

pressure under 3000 kg.  After completely packed, the molds were opened and cured 

in the visible light curing unit (Fig. 3-4) 5 minutes.  Then removed the acrylic resin 

discs from the mold and put in the light curing unit to cure the other side 5 minutes.  

After completely set, light-polymerizing acrylic resins were removed and trimmed the 

excess margin.  The surface was treated with silicon carbide paper No. 800, cleaned 

by using ultrasonic cleanser 15 minutes, and kept in the water container. 

 

        4. Preparation of tensile bond strength specimens 

 

        1.  One hundred and twenty autopolymerizing acrylic resin discs and were 

divided into 6 groups, twenty pieces each. 

        2.  One hundred and twenty light-polymerizing acrylic resin discs and were 

divided into 6 groups, twenty pieces each. 

        3.  The test specimen of both autopolymerizing and light-polymerizing acrylic 

resins used the same procedures as followed (Fig. 3-7).   

        4.  The acrylic resin discs were table dried.  Acetone was applied onto the testing 

surface using a clean plastic handle cotton tip applicator to clean the surface.  Allow 

the solvent to fully evaporate for 30 minutes at room temperature (Fig. 3-8). 
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    Figure 3-7   The tensile test specimen used in this study. 

 

        5.  The primer was evenly applied onto the testing surface in a thin layer and 

allowed it to dry for 1 hour (Fig. 3-8). 

 

                                     
  

Figure 3-8  The surface of the acrylic resin discs were treated with acetone and 

primer. 

  

        6.  A metal collar, (10 mm in diameter) was placed in the middle of each testing 

disc (Fig. 3-9). 

 

 

Metal rod 

Acrylic resins 
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Metal base 
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Figure 3-9  The 10 mm diameter metal collar was placed in the middle position of the 

acrylic resin testing plate. 

 

        7. Silastic® MDX4-4210, Medical grade elastomer, was mixed according to the 

manufacturer recommendation.  A drop of  thixotropic agent was added to 10 mg of 

the silicone to form a silicone paste, which makes the handling of the silicone easier 

and provides the sufficient pressure buildup inside the mold to eliminate air bubbles.  

        8.  The mixed silicones were injected into the metal collar by using the silicone 

syringe and then the other acrylic resin disc was closed onto the filled silicone metal 

collar.  Double clip was used to clamp and secure the specimens in place (Fig. 3-10). 

 

                                         
  

Figure 3-10   Each test specimen was clamped by using a double clip. 

 

        9.  The testing specimens were kept at 70 ºC in the hot air oven for 30 minutes. 

        10.  After removal of specimens from hot air oven, allow the testing specimens 

to cool at room temperature. 

        11.  A metal rod was adhered to one side of the specimen and then attached to 

the acrylic base with metal base on the other side using cyanoacrylate glue (Fig. 3-11) 
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Figure 3-11   The metal rods were attached to the testing specimens. 

 

        12.  The prepared specimens were then kept in room temperature for three days 

before testing. 

 

        5. Tensile bond strength testing  

 

        1.  The specimens were tested in tension mode with crosshead speed 50 mm/min. 

        2.  The specimens were clamped into the Universal testing machine (Fig. 3-12) 

 

                             
 

Figure 3-12   The test specimen was subjected to tensile load using Universal testing 

machine. 

 

Upper part of Instron 

machine 

Prepared 

specimens 

Lower part of 

Instron machine 
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        3.  The load was applied to the specimen until the specimens was separated. 

        4.  The tensile bond strength (MPa) was calculated as force at failure (N) divided 

by the bonding area (mm2). 

 

 

 

 

 

 

 

Statistical analysis 

 
        The data was analyzed by microcomputer.  Means and standard deviation were 

computed.  The interaction of five primers and two acrylic resins on tensile bond 

strength to MDX 4-4210 silicone was evaluated by two-way ANOVA statistic.  When 

a significant difference was detected, the multiple comparisons test, Tukey HSD, was 

used to determine the pair differences.   

        The tensile bond strength of five primers used to bond MDX 4-4210 silicone to 

autopolymerizing and light-polymerizing acrylic resin were analyzed.  The control 

group was cut from the data in order to reduce the effect of the control group.  

Shapiro-Wilk test was used to determine the normality of the data in each group.  The 

Levene test was used to determine the homogeneity of the variances.  If the result 

showed the normal distribution and the variances were equal the one-way ANOVA 

was used to evaluate the difference among primers.  When a significant statistical 

difference was detected, the multiple comparisons test, Tukey HSD, was used to 

determine the pair differences.   

        On the other hand, if the data showed the normality was not normal or the 

variances were not equal, the non-parametric statistic, Kruskal-Wallis Test, was used.  

When a significantly difference was detected, the multiple comparisons test for non-

parametric statistic was manually calculated (equation 1) to determine the pair 

differences (46, 47). 

Bond strength (MPa) = F/A 

where     F = maximum force (N) and  

       A = bonding area of the sample (mm2) 
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        The multiple comparisons test for non-parametric statistic (equation 1) was 

shown below; 

                                   
where Ri and Rj are the rank sums of the two groups. 

 N is the sum of sample size of all groups. 

 ni  and nj are the sample sizes of the two groups. 

 t1-(α/2) is the (1-α/2) quartile of the t distribution obtained from the t distribution 

 table with N-k degree of freedom. 

 

                                                    
 

                                          
 

If there are no ties:       S2  =  N (N+1)/12 

 

                                             
 

where   N is the sum of the sample size of all groups.  

(1) 
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CHAPTER IV 

RESULTS 
 

 

 The mean and standard deviation were shown in Table 4-1.   

 

Table 4-1. The mean and standard deviation of the tensile test. 

 

Acrylic resins 

Autopolymerizing acrylic resin Light polymerized acrylic resin Primers 

Mean S.D. Mean S.D. 

A304 0.738 0.1089 1.2645 0.2161 

A306 0.5857 0.0779 1.9542 0.4250 

A330G 1.5886 0.1287 1.2603 0.3448 

SOFRELINER 

TOUGH 

1.1099 0.2054 1.0393 0.2426 

Epicon 1.6913 0.3362 1.219 0.3852 

Control 0.2232 0.1718 0.3848 0.0676 

 

 

 

The interaction between type of primers and acrylic resins used to bond to MDX 

4-4210 silicone. 

 

        The statistical analysis showed the significance in the interaction of five primers 

and two acrylic resins on tensile bond strength to MDX 4-4210 silicone at 5 % 

significance level (p value < 0.001) (see appendix). 

        From Fig. 4-1, the means plot of autopolymerizing and light-polymerizing 

acrylic resins showed the intersection.  It indicated that there was interaction between 

two acrylic resins.  
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Figure 4-1  The interaction of the autopolymerizing and light-polymerizing acrylic 

resin 

 

 

The tensile bond strength of five primers used to bond MDX 4-4210 silicone to 

autopolymerizing acrylic resin. 

 

        The mean and standard deviation values were shown in Table 4-2.  The control 

group was discarded in order to reduce the effect of the control group.  The data 

showed the normal distribution was not normal and the variances were not equal (see 

appendix).  Therefore, the non-parametric statistic, Kruskal-Wallis Test, was used.  

The results showed that there are some differences among five primers used to bond 

MDX 4-4210 silicone to autopolymerizing acrylic resin at 5 % significance level (p 

value < 0.001) (see appendix). 
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Table 4-2  The means and standard deviations of the autopolymerizing acrylic resin 

group. 

 

Autopolymerizing acrylic resin 

Primers 

Mean SD 

A304 0.738 0.1089 

A306 0.5857 0.0779 

A330G 1.5886 0.1287 

SOFRELINER 

TOUGH 

1.1099 0.2054 

Epicon 1.6913 0.3362 

 

 

 The multiple comparison for non-parametric was manually calculated to 

determine the pair difference.  The results of the effect of primers on the tensile bond 

strength between the autopolymerizing acrylic resin and MDX4-4210 silicone showed 

that; (Fig. 4-2) 

        1. The highest tensile bond strength was found in Epicon group, followed by 

A330G, SOFRELLINER TOUGH, A304, and A306 respectively.  

        2.  Epicon, and A330G had no significantly difference in tensile bond strength.  

        3. Epicon, and A330G had tensile bond strength significantly greater than 

SOFRELINER TOUGH, A304, and A306, respectively at 5% significance level. 

        4. SOFRELINER TOUGH, A304, and A306 had tensile bond strength 

significantly difference at 5% significance level.  
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  A horizontal line shows no significant difference at 5% significance level. 

  

 

Figure 4-2  The multiple comparison for non-parametric test in autopolymerizing 

acrylic resin. 

 

The tensile bond strength of five primers used to bond MDX 4-4210 silicone to 

light-polymerizing acrylic resin.  

 

        The mean and standard deviation values were shown in Table 4-3.  The control 

group was discarded from the data analysis in order to reduce the effect of the control 

group.  The data showed the normal distribution and the variances were equal as 

shown in Table 4-6 and 4-7.  Therefore, the parametric statistic, one-way ANOVA 

Test, was used.  The results showed that there are some differences among five 

primers used to bond MDX 4-4210 silicone to light-polymerizing acrylic resin at 5 % 

significance level (p value < 0.001) (see appendix). 
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Table 4-3  The mean and standard deviation of the light-polymerizing acrylic resin. 

 

Light polymerized acrylic resin 
Primers 

Mean SD 

A304 1.2645 0.2161 

A306 1.9542 0.4250 

A330G 1.2603 0.3448 

SOFRELINER 

TOUGH 

1.0393 0.2426 

Epicon 1.219 0.3852 

 

 

        The multiple comparisons, Tukey HSD test, was used to determine the pair 

difference.  The results of the effect of primers on the tensile bond strength between 

the light polymerizing acrylic resin and MDX4-4210 silicone showed that: (Fig. 4-3) 

        1.  The highest tensile bond strength was found in A306 primer, followed by 

A304, A330G, Epicon, and SOFRELINER TOUGH respectively. 

        2.  A304, A330G, Epicon, and SOFRELINER TOUGH had no significantly 

difference in tensile bond strength (p value = 0.559) (see appendix).  

        3.  A306 had tensile bond strength significantly greater than all primers at 5% 

significance level.  
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        A horizontal line shows no significant difference at 5% significance level. 

 

 

Figure 4-3    The multiple comparison of tensile bond strength in light-polymerizing 

acrylic resin. 

 



Fac. Of Grad. Studies, Mahidol Univ.                                          M.Sc. (Maxillofacial Prosthetics)  /    69

 

CHAPTER V 

DISCUSSION 
         

 

        The purpose of the study was to evaluate the effect of the different primers on 

tensile bond strength when bonding 2 acrylic resins to a facial silicone.  This is 

important in fabricating the implant retained auricular prosthesis.  

        According to the reviewed literature, a few studies have evaluated the bonding of 

the facial silicone with various kinds of primer (30, 33-37) (Table 5-1). There is no 

study that evaluates the bonding between the primers and the available acrylic resins 

in Thailand. 

  

The result of the pilot study (Table 5-1) 
 

        The first and second pilot studies were summarized and compared with this study 

as shown in Table 4-1. 

        According to the literature review the most popular test method is lap shear test 

since the researchers claimed that it simulated the force while the patient removed the 

prosthesis (33, 35, 36).  

        Therefore, the first pilot study was carried out by using the primer in stock with 

lap shear test.   

        The result of the first pilot study showed a 100% adhesive interface failure and 

very low shear bond strength (0.036-0.083 MPa) Table 5-1. The reason for this may 

be due to reducing in the effectiveness of primer from its storage.  According to the 

recommendation of the manufacturer, the shelf life of the primer when stored below 

40ºC is 6 months after the date of shipment.  In addition, after the bottle is opened the 

effectiveness of the primer will be reduced because the primer was easily hydrolyzed 

upon contact with the atmospheric moisture (19).   

        Unfortunately the primers have been delivered with notification of neither 

manufacturing date nor expire date.   
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Table 5-1. The studies of the bonding facial silicone with various kinds of primers. 

 
 

 

Researcher 

 

 

Silicone 

 

 

Acrylic resin 

 

 

Primers/silane 

 

Crosshead  

speed 

(mm /min.) 

 

Surface area 

of test 

specimen 

(mm2) 

 

Bond strength 

(MPa) / mode 

of failure 

 

 

Test 

method 

McMordie, 

(30) 

Silastic 891 Lucitone 199 ●A4040 

●S2260 

●1200 

12.5 Not mention 

 

 

12.8-38.8 

lbs/inch/min 

adhesive& 

cohesive 

Tensile 

strength 

Polyzois, 

(36) 

●Silskin II 

●Cosmesil 

SM4 

 

●Triad VLC 

 

●Triad VLC 

bonding agent 

●Z-6032 

●Z-6076 

50 299 

 

 

0.053-0.263 

adhesive 

Shear 

strength 

Polyzois, 

(34) 

●MDX4-4210 

●Mollomed 

●SilskinII 

●A-2186 

●Acron MC ●Primo 

Adhesive 

50 113.14 

 

 

0.063-0.529 

adhesive 

Tensile 

strength 

Polyzois, 

(35) 

●Cosmesil 

● Ideal 

●SR 3/60 

●SR 3/60 

Quick 

●Triad VLC 

●Principality 

medical 

50 299 

 

 

0.03-0.23 

adhesive 

Shear 

strength 

Frangou et 

al, (33) 

●Cosmesil 

●Ideal 

SR 3/60 NF 

 

●Cosmesil 

●Z-6020 

●Silquest 

A174 

50 299 

 

0.026-0.219 

adhesive 

Shear  

strength 

First pilot 

study 

●MDX4-4210 ●Ortho-jet 

 

●A-304 

 

50 299 

 

0.036-0.083 

adhesive 

Shear 

strength 

Second pilot 

study 

●MDX4-4210 ●Ortho-jet 

 

●A-304 new 

 

50 299 

 

0.246 

***cohesive 

Shear 

strength 

This study ●MDX4-4210 ●Ortho-jet 

●Light-plast 

●A-304 

●A-306 

●A330-G 

● Sofreliner  

●Epicon 

50 78.57 

 

 

0.586-1.954 

adhesive 

Tensile 

strength 

 

         

        After the new primers were delivered, the second pilot study which used the 

same lap shear test was carried out.  The shear bond strength increased to 0.246 MPa 
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and all specimens showed a cohesive failure in the silicone specimen instead of 

adhesive failure (Table 5-1).   

        To confirm the result of the second pilot study, new test were carried out by 

reducing the overlap space between acrylic resin and facial silicone to 10 mm instead 

of 23 mm in the previous design.  The result found the same cohesive failure. 

         This situation can be implied that the tensile and tear strength of the MDX 4-

4210 facial silicone is less than the adhesive bond strength of both materials.  

Therefore, the cohesive failure was shown in the second pilot study.  

        The cohesive failure found in our pilot study may be caused by two main factors.  

The first factor, as previously discussed by Al-Athel et al (20) and Kutay (22), about 

the relationship between cohesive failure in lap shear test and the physical properties, 

tensile and tear strength, of the silicone material. If the tensile and tear strength of the 

material are less than the shear bond strength, the cohesive failure will occur.  This 

factor results from the weakness of the material. 

        Secondly, mixing Silastic MDX 4-4210 which is a 2-part silicone type can cause 

bubbles resulting in the internal porosity of the silicone material as shown in Fig. 5-1.  

The more internal porosity, the less tensile strength which causes the cohesive failure 

of the silicone during testing. 

  

 
Figure 5-1   The lap shear test specimen that used in the first and second pilot study.  

 The arrow indicates the position where cohesive failure was mostly found.  

         

        The cohesive failure mostly happens at the edge of acrylic resin as shown in 

yellow- arrow.  This area has the high stress concentration causing the tearing of the 

silicone (20). 
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        Theoretically, internal porosity of MDX 4-4210 can be prevented by using 

thixotropic agent (1 drop per 10 mg silicone according to the recommendation of the 

manufacturer) (47). Even though the thixotropic agent was used in this study, the 

internal porosity was still found in the test specimen (Fig. 5-1). 

        In this study, to prevent the porosity, not only the thixotropic was used but also 

the silicone syringe was used to fill the silicone into the metal collar on the acrylic 

resin specimen. 

        The result can be compared with the study of Polyzois et al and Frangou et al  

(33, 35, 36) (Table 5-1).  All studies used lap shear test and showed 100% adhesive 

failure even the bond strength range from 0.026 up to 0.263 MPa.  In contrast, in our 

study the cohesive failure was shown even the shear bond strength (0.246 MPa) is less 

than 0.263 MPa that found in Polyzois’s study.  

        This event can be explained that the tensile and tear strength of the facial silicone 

used in Polyzois’s studies and our study were different (Table 5-1).  From the study of 

the Polyzois, Ideal (Orthomax), Cosmesil (Principality), and Silskin II (Chas F) facial 

silicone were used.  On the other hand, our study used MDX 4-4210 (Factor II) (Table 

4-1).  From this result, it can be implied that the tensile and tear strength of the 

silicones used in Polyzois’s study were higher than the MDX 4-4210 in our study.  

This implication can be confirmed with the study of Dootz et al (48).  The study 

found that the Cosmesil had tensile strength greater than MDX 4-4210 (5.07 and 4.04 

MPa respectively).  

      

The effect of dental stone mold and metal mold         

      
        Many materials have been used to fabricate the molds for fabricating 

maxillofacial prostheses such as metal, silicone, and dental stone (49). 

        Dental stone molds are convenient to fabricate and commonly used among 

clinicians (2).  The major disadvantage of stone molds is that they tend to break, are 

difficult to clean, and cannot be used repeatedly.  

        Metal molds are more expensive and difficult to fabricate, but when used with an 

appropriate mold-releasing agent, they can be cleaned and used repeatedly.  Metal 
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molds are often used for optimization of new material formulations and evaluation of 

materials (50). 

        In 1999, Lai et al (50) evaluated the hardness, tensile strength, and ultimate 

elongation of A-2186 by using stainless steel molds compared with dental stone 

molds.  The results found that the hardness, tensile strength, and ultimate elongation 

of A-2186 cured in stainless steel molds were significantly higher than A-2186 cured 

in dental stone molds.   

        Therefore, the metal molds were used in this study in order to eliminate the 

adverse effect of the dental stone mold on the tensile bond strength.   

         

The effect of the test method 

 
        There are three most common tests to evaluate the bond strength, shear, peel, and 

tensile bond strength.  The advantages of each test are different.  The selection of the 

test method depends on the forces that simulate the real situation of the prosthesis as 

previously reviewed.  

        Most of the studies have evaluated the bond strength of the soft relining material 

and the acrylic denture base.  In contrast, there are only a few papers available in 

Thailand that study about facial silicone bonded to acrylic resin (Some journals are 

not available in Thailand). 

        Soft relining materials when using as the soft liner underneath the denture have 

to withstand various type of forces during chewing.  In contrast, in normal usage, the 

implant retained facial prostheses have to withstand only the removal force and the 

direction of the force is mostly perpendicular to the bond surface.  Therefore, the 

tensile test method was chosen because it simulated the force direction the same as 

our prostheses.     

        Furthermore, the properties of the soft resilient material were mentioned in the 

literature review.  Under testing status, the material showed a significant stretching 

and necking that caused the decreased cross section of the resilient material.  

Therefore, at the border of the test specimen, some shear forces developed (23, 24) 

Fig.2-28. Therefore, tensile test used in this study seemed to produce both tensile 
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bond strength at the middle and the shear bond strength at the border area that closed 

to the real force that happened while removing the facial prosthesis, especially 

auricular prosthesis. 

        The objective of this study was to evaluate the bond strength of the acrylic resin 

and facial silicone.  According to the pilot study that used lap shear test showed the 

cohesive failure in the silicone specimen.  It can be implied that the adhesive bond 

strength between acrylic resin and facial silicone is greater than the tensile strength of 

the facial silicone.  Therefore, the result does not show the adhesive bond strength 

value.  

        From all of these points of view, the tensile bond strength was chosen in this 

study.  

        There are many designs for testing tensile bond strength as shown in Fig. 5-2 that 

can be roughly divided into two groups; 1. Butt tensile test with rigid clamped (20, 28, 

29, 34, 42, 43) 2. Butt tensile test with self alignment (22, 23, 27, 31).  

 

                           
 

       

Figure 5-2   The various kinds of butt tensile test specimen,  

A. butt tensile test specimen with rigid clamped,   

B. butt tensile test specimen with self-alignment, and  

C. butt tensile test specimen with self-alignment used in this study. 

 

        In 1995 Emmer (27) reported that the butt tensile test specimen with rigid 

clamped showed the damaged specimen at the peripheral area while clamping 

especially for the non-straight-line specimen. Therefore, he proposed the self-

alignment butt tensile test specimen to prevent the undesired force (nonaxial force) 

exerted to the specimen before testing. 

A                               B                            C       
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        In this study, all samples showed adhesive failure (Fig. 5-3).  Our results were 

similar to previous studied (Table 4-1) from Polyzois and Frangou (33-36).  In 

contrast McMordie’s study (30) showed both adhesive and cohesive failure.  

 

                             
 

Figure 5-3  The tensile bond strength specimen was adhesively failed after subjected 

to tensile load. 

         

The effect of the type of acrylic resin 

 
        The most common acrylic resins used to fabricate the attachment housing are 

autopolymerizing and light-polymerizing acrylic resin.  

        Our study, statistical analysis showed the significant difference between 

autopolymerizing and light-polymerizing acrylic resin. 

        The result showed the light-polymerizing acrylic resin had tensile bond strength 

greater than autopolymerizing acrylic resin (p value < 0.001 at the 5% significance 

level).  The same result was found in Polyzois’s study (35) which evaluated the shear 

bond strength by using 3 types of acrylic resins, autopolymerizing, heat-polymerizing, 

and light-polymerizing acrylic resin, and two types of silicones, addition and 

condensation silicone. The result of using addition silicone in combination with 

autopolymerizing and light-polymerizing acrylic resin showed that the light-
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polymerizing acrylic resin had shear strength significantly higher than 

autopolymerizing acrylic resin at the 5% significance level.  

        In addition, for the control group (without primer) the light-polymerizing acrylic 

resin was still shown a little higher tensile bond strength than autopolymerizing 

acrylic resin, 0.3848 and 0.2232 MPa respectively (Table 4-1).  This situation can be 

assumed that not only primer but also other factors such as the chemical reaction 

between acrylic resin and unpolymerized facial silicone, surface texture of acrylic 

resin, surface treatment, may affect the bond strength.  

  

The effect of the combination of primers and acrylic resins 

 
        From statistical analysis (see appendix) showed that the combination of acrylic 

resins and primers affected the tensile bond strength of acrylic resin and MDX 4-4210 

at the 5% significance level.  (p value < 0.001)  

        All studies from literature review (30, 33, 34, 36, 37) reported that the different 

kinds of primers had different results in the bond strength. Only one study from 

Polyzois and Frangou, (35) reported the using different kinds of acrylic resins (heat-

polymerizing, autopolymerizing, and light-polymerizing acrylic resin) with only one 

primer (Principality medical primer) Table 5-1 showed that the acrylic resin 

influenced the bond strength between the acrylic resin and facial silicone.  

        From literature review, many studies showed that there is no universal primer 

used to bond acrylic resin and facial silicone (30, 33, 34, 36).  This study confirmed 

that no primer can be used as a universal primer to all kinds of acrylic resins.   

 

The effect of the type of primers  

 
        According to testing the effect of the primer when using and not using (control) 

primer on the tensile bond strength showed the dramatically different.  

         The primer, therefore, can be concluded that it is necessary as an enhancing 

agent to optimize the bond strength between acrylic resin and facial silicone. 
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        This study confirms the study of the effect of the primer from McMordie and 

King (30) (Table 5-1) that the use of primer will significantly enhance the bond 

strength between acrylic resin and facial silicone from 12.8 lbs/inches/minute for 

control group (without primer) to 38.8 lbs/inches/minute for the Dow Corning 4040 

group. 

        The properties of all primers used in this study were summarized in the Table 5-

2.  These primers used for medical grade facial silicones with platinum cured except 

Sofreliner Tough that used for addition cured silicone soft relining.  Other four 

primers were used for facial silicone supplied from two main companies.  The primers 

A304, A306, and A330-G were used for platinum cured facial silicones from Factor 

II, Inc, U.S.A whereas Epicon primer was specifically used for the Episil-E facial 

silicone from DREVE-DENTAMID GMBH, Germany. 

 

Table 5-2  The properties of the primers used in this study 

 
Product/ 

company 

Chemical 

name 

Organic 

reactivity 

(Alkyl type) 

Inorganic 

reactivity 

(Alkoxy ) 

 

Applications 

Resin system 

compatibility 

A304 

(Factor II 

Inc., 

U.S.A.) 

unknown unknown unknown various substrates such as 

metals, glass, ceramics, 

some plastics, and other 

silicone materials. 

Platinum cured 

silicone 

A306 

(Factor II 

Inc., 

U.S.A.) 

Unknown Unknown Unknown various substrates such as 

metals, glass, ceramics, 

some plastics, and other 

silicone materials. 

Platinum cured 

silicone 

A330G 

(Factor II 

Inc., 

U.S.A.) 

Unknown Unknown Unknown improve the adhesion 

of addition cured silicones 

to various plastics. 

 

Platinum cured 

silicone 
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     Table 5-2  The properties of the primers used in this study (cont.) 

    
Sofreliner 

(Tokuyama 

Dental 

Corporation

, Japan) 

●Ethyl acetate 

●Polymethyl

methacrylate 

with 

polyorganosil

oxane 

●Polyethylme

thacrylate 

   Addition cured 

silicone soft 

relining 

Epicon 

(DREVE-

DENTAMID 

GMBH, 

Unna, 

Germany) 

unknown unknown unknown  Platinum cured 

silicone 

 

 

        All primers that used in this study were chemically unknown.  The company 

recommended using the specifically primer with their facial silicone.  Although in this 

study MDX 4-4210 silicone was used but Epicon primer and the SOFRELINER 

TOUGH were used in addition to three recommended primers determine the bond 

strength.   

        The result found insignificant difference in the bond strength compared with 

other primers that supplied for medical grade facial silicone with platinum cured.   

        For more understanding between the primer and silane, the definition of the 

primer and silane coupling agent should be cleared.  The primers are dilute solution of 

silane coupling agents and other active ingredients.  The solvents serve as a delivery 

for the active ingredients in a thin, uniform coating, enhance surface cleaning, and in 

some cases, aid the penetration of the active ingredients into the bonding surface. 

        From the above definition, primers are the diluted silane coupling agent.  Some 

researcher used 100% silane coupling agent as a primer to enhance the bondding 

between acrylic resin and facial silicone. (33, 36)  Although the effectiveness of 

primer and silane coupling agent are unclear. 
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        From this study, the highest tensile bond strength was found in A306 primer that 

used to bond light-polymerizing acrylic resin and MDX 4-4210 silicone.  In contrast, 

A306 primer when used to bond autopolymerizing acrylic resin and MDX 4-4210 

silicone showed the lowest tensile bond strength.  Therefore, the appropriate primer 

selection is considerable importance.   

        The chemical names, benefits, applications, and resin compatibility of silane or 

primers used in previous studies in literature review were summarized in Table 5-3.   

 

Further study 

 
        The factors affected to the bond strength between acrylic resins and facial 

silicones are unclear.   

        Substrate surface treatment is one factor that affected to the bond strength.  Many 

researchers have evaluated the technique of surface treatment.  Some researchers (37, 

51) believed that the roughen surface will enhance the bond strength.  In contrast, 

some researchers (31, 42, 43) proposed that the roughen surface will reduce the bond 

strength since the roughening surface weakened the bond because of the stress 

concentration caused by discontinuities of the surface and air or gas entrapment at the 

interface, which could further weaken the bond by the created voids. 

        Therefore, the recommendation of substrate surface treatment is still unclear; the 

further study should be done to declare the appropriate protocol. 

        Furthermore, the action of the chemically bond between acrylic resin and facial 

silicone is unknown because the chemical structure of acrylic resin, facial silicone, 

and primer are unknown.  Therefore, the finding the appropriate primer or universal 

primer that can use with various kinds of acrylic resin and facial silicone is very 

challenge.  

        Lastly, the result of using acrylic resin dough stage bond to the unpolymerized 

facial silicone is unclear.  Amin et al and Jagger et al (42, 43) used the acrylic resin 

dough stage to bond with facial silicones.  The result found that the bond strength is 

increased.  Further study to confirm the result and to find the proper recommendation 

should be proposed. 



Natdhanai  Chotprasert Discussion  /     80

 



Fac. Of Grad. Studies, Mahidol Univ.                                          M.Sc. (Maxillofacial Prosthetics)  /    81

 



Natdhanai  Chotprasert Discussion  /     82

 



Fac. Of Grad. Studies, Mahidol Univ.                                          M.Sc. (Maxillofacial Prosthetics)  /    83

 

CHAPTER VI 

CONCLUSION 
 

 

        The tensile bond strength of two acrylic resins, autopolymerizing acrylic resin 

and light-polymerizing acrylic resin, to MDX 4-4210 silicone using five primers were 

evaluated.  In addition, the combinations of acrylic resins and primers were 

investigated.  Within the parameters of the materials used and the study design, the 

following conclusion may be made: 

        1.  The type of acrylic resins and primers affect to the tensile bond strength 

when used to bond to MDX 4-4210 silicone. 

        2. The highest tensile bond strength was found in combination of light-

polymerizing acrylic resin and A306 primer that bonded to MDX 4-4210 silicone. 

        3.  Epicon primer showed the highest tensile bond strength and significantly 

higher than other primers except A330G when bonded MDX 4-4210 silicone to 

autopolymerizing acrylic resin. 

        4.  A306 primer showed the highest tensile bond strength and significantly 

higher than other primers when bonded MDX 4-4210 silicone to light-polymerizing 

acrylic resin. 
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APPENDIX 

 

 

Table A1 The two-way ANOVA test in the tensile bond strength among 

autopolymerizing acrylic resin, light-polymerizing acrylic resin and MDX 4-4210 

silicone using five primers.  

Tests of Between-Subjects Effects

Dependent Variable: MPa

31.440a 11 2.858 39.953 .000
143.107 1 143.107 2000.442 .000

1.263 1 1.263 17.655 .000
18.244 5 3.649 51.006 .000
11.933 5 2.387 33.360 .000

7.726 108 .072
182.272 120

39.166 119

Source
Corrected Model
Intercept
acrylicresin
primer
acrylicresin * primer
Error
Total
Corrected Total

Type III Sum
of Squares df Mean Square F Sig.

R Squared = .803 (Adjusted R Squared = .783)a. 
 

Table A2  The normality test in the tensile bond strength between autopolymerizing 

acrylic resin and MDX 4-4210 silicone using five primers. 

Tests of Normality

.166 10 .200* .910 10 .281

.144 10 .200* .942 10 .581

.139 10 .200* .967 10 .858

.196 10 .200* .794 10 .012

.196 10 .200* .902 10 .232

primer
A304
A306
A330G
Epicon
SOFREL

MPa
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 
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Table A3 The levene’s test of variances in the tensile bond strength between 

autopolymerizing acrylic resin and MDX 4-4210 silicone using five primers. 

 

Test of Homogeneity of Variance

2.951 4 45 .030
1.858 4 45 .135

1.858 4 16.913 .165

2.594 4 45 .049

Based on Mean
Based on Median
Based on Median and
with adjusted df
Based on trimmed mean

MPa

Levene
Statistic df1 df2 Sig.

 

 

Table A4  The Kruskal-Wallis test in the tensile bond strength between 

autopolymerizing acrylic resin and MDX 4-4210 silicone using five primers. 

       

Ranks

10 14.90
10 7.10
10 40.10
10 24.65
10 40.75
50

primer
1
2
3
4
5
Total

MPa
N Mean Rank

        

Test Statisticsa,b

42.233
4

.000

Chi-Square
df
Asymp. Sig.

MPa

Kruskal Wallis Testa. 

Grouping Variable: primerb. 
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Table A5  The normality test in the tensile bond strength between light-polymerizing 

acrylic resin and MDX 4-4210 silicone using five primers. 

Tests of Normality

.205 10 .200* .903 10 .235

.159 10 .200* .909 10 .277

.277 10 .029 .893 10 .184

.176 10 .200* .931 10 .453

.250 10 .077 .875 10 .113

primer
A304
A306
A330G
Epicon
SOFREL

MPa
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 
 

 

Table A6  The levene’s test of variances in the tensile bond strength between light-

polymerizing acrylic resin and MDX 4-4210 silicone using five primers. 

 

Test of Homogeneity of Variance

2.052 4 45 .103
1.172 4 45 .336

1.172 4 35.546 .340

1.938 4 45 .121

Based on Mean
Based on Median
Based on Median and
with adjusted df
Based on trimmed mean

MPa

Levene
Statistic df1 df2 Sig.
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Table A7 The one-way ANOVA test in the tensile bond strength between light-

polymerizing acrylic resin and MDX 4-4210 silicone using five primers. 

ANOVA

MPa

4.941 4 1.235 11.159 .000
4.981 45 .111
9.922 49

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 

 

Table A8 The multiple comparison, Tukey HSD test in the tensile bond strength 

between light-polymerizing acrylic resin and MDX 4-4210 silicone using five 

primers. 

        

 

 

 

MPa 
Tukey HSD a 

10 1.039300
10 1.219000
10 1.260300
10 1.264500
10 1.954200

.559 1.000

primer 
Sofreliner
Epicon 
A330G 
A304 
A306 
Sig. 

N 1 2
Subset for alpha = .05

Means for groups in homogeneous subsets are displayed.
Uses Harmonic Mean Sample Size = 10.000.a. 



 

 

BIOGRAPHY 
 

 

NAME                                                  Mr. Natdhanai  Chotprasert 

DATE OF BIRTH                             26 February 1973 

PLACE OF BIRTH                           Bangkok, Thailand                           

INSTITUTIONS ATTENDED             Khonkaen University, 1991-1997: 

            Doctor of Dental Surgery 

    Mahidol University, 1999-2001: 

                                                                                Graduate Diploma in Clinical Science  

                                                                 (Prosthodontics) 

    Mahidol University, 2004-2006: 

             Master of Science (Maxillofacial  

                                                                      Prosthodontics)              

HOME ADDRESS  18/68 Royal Park 3, Soi Aree 2, 

Phaholyothin Rd., Phayathai,    

Bangkok, 10400 

    Tel : 02619-7911 

POSITION & OFFICE                            2001–Present, Department of      

                        Faculty of Dentistry, Mahidol University, 

   Bangkok, Thailand         

                               Position : Lecturer  

       
Fac. Of Grad. Studies, Mahidol Univ.                                          M.Sc. (Maxillofacial Prosthetics)  /  93 




