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ABSTRACT 

 
 

An obturator is a dental device used to close the oroantral communication. There are 

various  obturator designs using different materials; one design uses a joint made by heat 

polymerizing acrylic resin and silicone. The purpose of this study was to evaluate the tensile 

bond strength of acrylic resin (Heat polymerizing acrylic resin) and ODONTOSIL silicone  

using four different primers. The primers used in this study were A304, A306, A330G, and 

SOFRELINER TOUGH. Forty specimens were divided into four groups, each group 

consisting of ten specimens, according to the combination of acrylic resin, ODONTOSIL 

silicone and primer. All specimens were loaded in tension mode in the Universal Teating 

Machine with a crosshead speed at 20 mm/min until bonding failure occurred.The results 

showed significant differences in the interaction between acrylic resin and the four primers on 

tensile bond strength to ODONTOSIL silicone (p<0.001). SOFRELINER TOUGH showed 

the highest tensile bond strength and was significatly higher than the other primers. It was 

followed by A330G, A304, and A306 repectively. A330G and A304 had no significant 

difference in tensile bond strangth, but they were significantly higher than A306. The lowest 

tensile bond strength was found with A306 which was significantly lower than the other 

primers. These findings showed that the best primer to bond ODONTOSIL silicone and heat 

polymerizing acrylic resin is SOFRELINER TOUGH.   
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CHAPTER I 

INTRODUCTION  
 
 

  Maxillary defects resulted from surgical treatment of the benign and malignant 

neoplasms, trauma and congenital defect may cause problems with deglutition, 

mastication, speech and cosmetic (1). To treat the defects, a surgical reconstruction 

may be a beneficial method to restore some small palatal defects, whereas a 

prostheses replacement is suitable for a larger one. The rehabilitation of the defect can 

be managed by maxillary obturator prosthesis.    

      

Obturator is a prosthesis used to close a congenital or acquired tissue opening, 

primarily of the hard palate and contiguous alveolar structures.  Prosthetic restoration 

of the defect often includes use of a surgical obturator, interim obturator and definitive 

obturator (2). 

 

        To achieve that aim the obturator prosthesis should have a good mechanical 

property. Retention of the prosthesis is very important factor that make the patient   

satisfied in the prostheses. It is the quality inherent in the prosthesis acting to resist the 

forces of dislodgement along the path of placement.  Factors that effect to the 

retention of the prosthesis are the remaining structure after surgical ablative and 

prosthesis design. 

 

       For the dentate maxillectomy patient, the remaining teeth are used to providing 

retention of the obturator prosthesis by using the retentive arms of removable partial 

denture framework. Contrary, the edentulous maxillectomy patient, only the 

remaining alveolar ridge and an undercut of the defect can be used to retain the 

obturator prosthesis causing insufficient retention compare to the dentate patient. 
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  The degrees of undercuts are depended on location of the line of palatal 

resection, if the defect is small the undercut from the defect is not needed. But in the 

larger defect, the retention can be improved by extending the obturator bulb into the 

defect.   

 

The material used to fabricate the obturator prostheses is heat polymerizing 

acrylic resins that most widely used and well-known materials among dentists. The 

acrylic resin is used to fabrication the base of an obturator and still used to fabricate 

the obturator bulb also. The hard acrylic resin can create problems with the nasal 

tissue due to irritation of fragile mucosa lining at the turbinates and sinuses,  thus 

limiting extension into the undercut (3). 

 

Therefore, materials that used for fabrication of the obturator also are 

important. Silicone is used to combine with acrylic resin in order to improve retention 

by either lining the obturator surface or using as an obturator bulb which attach to 

acrylic resin base. The advantages of using silicone obturator are the area of flexible 

bulb can permit into greater undercut areas of the defect, thus provide better 

mechanical retention and seal of the obturator (4, 5). 

 

 It is very difficult to bond the silicone intra-oral to acrylic resin. Hence 

manufacturers have developed primers to enhance the bond. It has been recognized 

that there is no “universal primer “for every kind of application. Now many 

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

Therefore, the study of the effects of different primers on the bond strength 

between silicone and the heat-cured acrylic resin and finding the best combination of 

silicone/primer that give the highest bond strength are necessary for maxillofacial 

prostheses.  
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Objectives of the study 
 
 

To evaluate the tensile bond strength between ODONTOSIL silicone and heat 

polymerizing acrylic resin by the use of four primers. 

 

Statements of hypothesis 
 
 

There is no statistic difference in the tensile bond strength between 

ODONTOSIL silicone and heat polymerizing acrylic resin when four primers were 

used.   
 

Clinical implications 
 

 

This study will be beneficial to dentist in selecting primer that provides high 

bond strength when used to bond ODONTOSIL silicone with heat polymerizing 

acrylic resin, most often related in fabrication of the Oburator prosthesis used in 

rehabilitation of patient with maxillary defect.     
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CHAPTER II 

LITERATURE REVIEW  

 
 
The palate  

The palate is the roof of the mouth and the floor of the nasal cavities. It separates 

the oral cavities from the nasal cavities and the nasopharynx, the part of the pharynx 

superior to the soft palate. The palate consists of two regions: the hard palate anterior 

is made of bone and soft palate posterior is made of muscles (6). (Fig.2-1) 

 
 

 
 
 

    Figure 2-1: The anatomy of the palatal bone (7) 

 

 
The hard palate is vaulted and thin horizontal bony plate of the skill; it located 

in the roof of the mouth and holds the roots of the upper teeth. The anterior two thirds 

of the palate have a bone skeleton form that composes the palatine processes of the 

maxillae and the horizontal plates of the palatine bones.   

 
 
 
 

Soft palate 

Hard palate 
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The soft palate is the movable posterior third of the palate and is suspended 

from posterior border of the hard palate. The soft palate has no bone skeleton but it 

has the palatine aponeurosis which attaches to the posterior edge of the hard palate 

and a posterior muscular part. Uvula is the tissue in the medium posterior extension 

areas, the soft palate have any muscles which aids in the closure of thevelopharyngeal 

complex during deglutination and speech.  

When swallowing, the soft palate is tensed to allow the tongue to press against 

it for squeezing the bolus of the food to the back of the mouth and for preventing 

passage of the food into the nasal cavity, the soft palate is elevated posterior and 

superior against the wall of the pharynx (6). 

During speech, the soft palate is raised upwards and backwards by 

palatopharygeal  sphincter  contraction,  at the same time the posterior wall of the 

pharynx raise and move forward forming round ridge to contact the soft palate 

forming valve seal to preventing the exhaled air from lung enter the nasal cavity 

through oropharynx. But during quiet breathing with the mouth close, the muscle of 

the pharynx and soft palate are relaxed, the air passes nasopharynx to the nose 

directly. 

 
Palatal defect 

 
The palatal defects can be divided into congenital and acquired defects which 

may involve the hard palate, soft palate or both. 

The hard defect is resulted from various etiologies that cause a communication 

between the nasal and oral cavity. 

Soft palate effect is resulted from velopharyngeal deficiencies.  Classifications 

of velopharyngeal deficiencies, on the basis of physiology and structural integrity are 

palatal insufficient and palatal incompetency. Palatal insufficiency refers to patient 

with inadequate length of the hard or soft palate to affect velopharyngeal closure but 

the remaining tissue can move within normal velopharyngeal structure but unable to 

affect velopharyngeal closure mechanism (8). 

In a case of velum insufficiency the soft palate is raised upward and backward 

but cannot contract with posterior pharyngeal wall. The exhaled air pass freely into 
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oral and nasal cavity, food and liquid tend to leak to nasopharynx.  Furthermore, in 

the consonant sound articulations, the velum assist in the formation of various stop 

position and served as an obturator between nasopharynx and oropharynx.  The sound 

will be clear from completely separate nasal from oral cavity. If the patients have an 

insufficient velum, this disability made them cannot speak with an articulation and 

clear voice or may have hypernasal speech (8,9). 

Repairing of such defect may be accomplished by surgery, prosthetic 

replacement or combination of both.  The best method of treatment for individuals 

should be evaluated by both surgeon and prosthodontist and allows patient to make an 

informed decision concerning the management of the palatal defect (8, 9, 10). 

Size, location and etiology of the defects influence the method of 

rehabilitation.  If the defect is small, such as those resulted from trauma, laceration, or 

the tissue loss, reconstructive surgery is recommended. The mucosa is closed, raw 

surface are left to granulate or are covered with split thickness skin graft.  If the 

reconstructive surgery fails, prosthesis may require. 

If the defect is large, particularly those resulted from tumors, obturator can 

assist for closure.  an observation of defect when curative therapy is confirmed.  Then 

final prosthesis can be made. 

When it is a large hard palate defect, or the reason of defect is contraindication 

for surgical correction, like an impaired of blood supply, the prosthetic obturations is 

prefer.  Flap surgery may not be indicated for large defect due to the lack of control in 

site of flap and revision may require multiple procedures.  If there is other cancer 

therapy such as radiotherapy, the cellular injuries characterized by hypoxic, 

hypovasular and hypocellular tissue (11). 

For a large soft palate defect, it is difficult to restore a normal function by 

surgery. Velopharyngeal closures require a coordinate effort from a number of 

adjacent muscles.  When the large amount of soft palate is lost, pharyngeal flap are 

not sufficient due to the lack of control of flap tissue.  Thus, the prosthetic obturation 

is preferred method of treatment for the quality of functions. 

Prosthodontic therapy is the replacement of the defect by using an obturator so 

that the patient can function as closely normal as possible. 
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Classification of the palatal defect  

In the 1978, Aramany classified the partially edentulous maxillectomy dental 

arches into six groups (12,13). 

The defect class I: Midline resection.  The resection is made along the midline 

of the maxilla. (Fig.2-2)   

The defect class II: Unilateral resection. The defect is unilateral, the 

premaxilla and premaxillary dentition on the contralateral side is maintained.     

(Fig.2-2) 

The defect class III: Central resection. The defect involved central portion of 

hard palate and part of soft palate may include, but it does not involved the remaining 

teeth. (Fig. 2-2) 

The defect class IV: Bilateral anterior-posterior resection.  The defect included 

one maxilla and the premaxilla on the nonsurgical side, which leaves abilateral 

anterior and unilateral posterior defect.(Fig. 2-2) 

The defect class V: Posterior resection.  The defect is bilateral and lied 

posterior to the remaining abutment teeth. (Fig. 2-2) 

The defect class VI: Anterior resection. The defect occurs in anterior palatal 

area. (Fig. 2-2) 

 
 

 
 
 
                   A                                         B                                                    C 
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                     D                                          E                                         F 

Figure 2-2: Classification of the palatal defect (A) Class I. (B) Class II. (C) Class III. 

(D) Class IV. (E) Class V. (F) Class VI. 

 
Historical review of an obturator 

 
   The oburator,  an appliance that use for closing any defects of the palate  has 

had interesting evolution.  In the past, an attempt to obdurate the palatal defect is 

made by using cotton wool, oakum or wax for the stuffing of the defects. 

In 1530, Ambrose Pare (9, 14),   is considered to be the first to use an obturator 

to close palatal defects. Pare‘s palatal obturator buttons, were retained by pieces of 

sponge or metal secured in the manner of a cuff link (Fig. 2-3). 

 
 

 
   

Figure 2-3: Paré’s button obturator retained by metal cuff link (A) 

arrangement (left ) and sponge (right ) ,which expand when wet (B) ( from Arthur H. 

Maxillofacial prosthetics : Evolution and practical application in patient rehabilitation, 

J pros. Dent, 15:554-569, 1965 ) 

 In 18 th century, Pierre Fauchard (15, 16) described about his obturator that 

retained by horizontal wings.  The patient can place in its position from the oral side 

and use floor of the nose for support (Fig.2-4). These wings was more hygienic and 

gave better retention than the sponge but in the beginning of 18 th  century,  the 

retention of prostheses still came from the defect only. 
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Figure 2-4: Fauchard’s winged obturator (from Aramany, M.A.: A history of 

prosthetic management of cleft palate; Paré to Suersen. Cleft Palate J 8:415, 1971). 

 

In 1757, Bourde suggested that silk ligatures attached to support a less bulky 

sheet metal cover to obturature the defect in a less destructive manner.  These 

prostheses did not include artificial teeth and recommended for small perforation of 

the hard palate. 

In 1923, Fitzgibbon (15) introduced an rigid entirely metal obturator prostheses.  

Because of entirely metal construction, hygienic is improved from easy cleaning   but 

the heavy weight and recontouring after tissue changes become problematic.  

In 1965, Payne AGL et al used latex rubber balloon attached to a denture by 

means of silicone rubber into which is incorporated an air valve. The balloon is 

inflated with air to fill the surgical defect. It is light in weight ,  easy cleaning and 

maintenance (17). 

In 1967, Ampil et al used a hollow silicone bulb obturator attached to acrylic 

resin base with adhesive (18). 

In 1969, Brown used an interchangeable flask for fabrication of a rigid hollow 

bulb obturator (19). 

In 1969, Mahady used two flask with interchangeable part for fabrication of a 

rigid hollow bulb obturator (20). 

In 1970, Chalian et al fabricated a piece of hollow bulb obturator using an 

autopolymerized acrylic resin shim (21). 
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In 1975, Ohyama et al fabricated a hollow silicone obturator over hollow resin 

shim (22). 

In 1976, Matalon et al used the granulated sugar method for hollow obturator 

fabrication (23). 

In 1979, Parr, employed the combination obturator which had rigid and white 

silicone rubber (4). 

In 1989,  Brinbach , directly converted a solid to hollow obturator (24). 

 Prior to World War II, polymethyl metacrylate resin (PMMA) was developed 

and was used as the principal denture-base material since ease of manipulation and 

improved esthetic quality. 

 

The fabrication of obturator prosthesis for acquired maxillary defect 
 

The obturator prosthesis is the prosthodontic therapy for replacement of the 

palatal defect with a patient who has had maxillary resection that cause by cancer (25). 

 

The obturaor prosthesis can be divided into 3 types: 

1.  Surgical obturator  

2.   Interim  obturator   

3.    Definitive obturator  

 

The fabrication of the obturator prosthesis has the same procedures such as 

impression, record centric relation,   mount the casts on an articulator, and arrange the 

teeth and try - in setup for esthetics, complete the final wax-up of the maxillary 

denture, processing prosthesis, delivery and insertion. 

Materials that used for fabrication of the obturator are important. Therefore, 

the attempt to find the new materials and the new methods to fabricate obtturator 

prosthesis is very challenge.   

In general, acrylic resin is the most widely used to fabricate the obturator 

prosthesis, But acrylic resin obturator fastened solidly to a denture creates problems in 

the sinus region, when movement of the hard acrylic resin obturator in the palatal 

defect causes an irritation of the edges of the hard palate and turbinate bones. 
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For edentulous maxillectomy patient.  In a larger defect, hard or soft tissue 

undercut which may use for retention, the extension into the defect by using acrylic 

resin bulb of obturator prosthesis cannot improved retention well, because the rigid 

acrylic resin bulb cannot into undercut of the defect that made the prosthesis easy to 

removed that make patient not satisfied in the prostheses.(Fig2-5) 

 

 

   
 

                        A                                                                B 

 

Figure 2-5: the limitation of the obturator prosthesis inserted in edentulous 

maxillectomy patient. 

 

Silicone bulb can be used in the prosthesis (Fig.2-6). It is used in combination 

with acrylic resin to improve retention. The  Obturator bulb which attaches to acrylic 

resin base provides stability, retention, and decreased weight of  an obturator of 

residual palatal defect.  

The silicone bulb is used in defects with hard or soft tissue undercuts which 

may be used for retention (Fig.2-7).  The soft flexible material may be extend to 

contact with tissues which normally would not be contracted by a hard material. This 

provides additional support and stability for the prosthesis. 

A stable silicone bulb and insert can be used to fill the undercut of the open 

sinus in order to provide more retention and less irritation than the usual hard acrylic 

resin obturator fastened to denture. 
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Advantages of using a silicone bulb obturator 
 
1. Permit the placement of the pliable bulb into greater undercut areas of the defect. 

2. Allow more undercut to be used for retention.  

3. Hold the denture more securely in place. 

4. Seal off the surgical defect tightly. 

5. Much lighter in weight than an acrylic resin denture obturator.  

6. Fill the undercuts to the open sinus in order to provide more retention.  Less 

irritation than the usual hard acrylic resin obturator fastened to dentures. 

7. Allow the patient to chew with the denture. 

8. Increase stability of the obturator prosthesis. 

 
 

       
 
                      A                                                 B                                          C 
 

       

                           D                                            E                                          F 

 

Figure 2-6: The processing of ODONTOSIL silicone bonded to acrylic resin. 

A. The obturator prosthesis. 

B. Duplicate the master cast. 
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 C. Blue line defined the limit of the silicone bulb. 

D. The acrylic resin bulb was trimmed, and primer was applied on     acrylic 

resin surface. 

E. Injection the ODONTOSIL silicone in the master cast. 

F. The denture base cover on the master cast for bonding acrylic resin and 

ODONTOSIL silicone. 

 

   
 

        Figure 2-7: the obturator with ODONTOSIL silicone bulb. 

 
 

Two materials are used to fabricate the obturator prosthesis, i.e. acrylic resin 

and ODONTOSIL silicone.  Primers are used to enhance the bond between acrylic 

resin and ODONTOSIL silicone. ( Fig. 2- 8 ) 

 

 

 

  

 

 

 

Figure 2-8: The schematic picture showed the layers of denture base attach 

with silicone bulb. 

 

 

 

 ODONTOSIL SILICON 

        ACRYLIC RESIN 
Primer 
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PRIMERS  
 

Primers are used to promote the bonding between unvulcanized silicone rubber 

and acrylic resin. 

The primer enhancing the bonding between silicone and acrylic resin usually 

has one component. A 304 G, A 306, A330G from Factor II, Incorporation are 

examples available in Thailand. 

  The primers used in maxillofacial prosthetics are composed of 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 (26). 

A silane coupling agent (27) 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 2-9) 

 

 
 

 Figure 2-9.    The picture shows the action of the silane coupling agent.           

(A guide to silane solutions. Factor II, Inc. U.S.A. http://www.dowcorning.com/ 

content/ publishedlit / SILANE-GUIDE.Pdf) 

 

Bonding of silanes to inorganic substrate (26) 

 

There are four steps in bonding silane to the inorganic substrate.  
 

1. Hydrolysis 
 

2. Condensation  

3. Hydrogen Bonding  

4. Bond formation 
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Initially, the alkoxy groups are  hydrolyzed and by-product; methanol is 

released.  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 water is released (Fig 2-10). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

      Figure 2-10. The reaction of the silane coupling agent on the inorganic surface. 
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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. 

The bonding to the thermoplastic polymers (27) can be explained by inter-

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

( Fig2-11).           
 

 

Chemically                     Diffuse 
 

 

 
 

 

Figure 2-11. The action of silane coupling agent bonded to silica (inorganic 

substrate) and polymer (organic substrate) (27). 
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Information of primers A-330G, A-304, A306 (28) 

 
 

Factor II’s A-330G, A-304, A-306 silicone primer are specially formulated, 

one component, beige primer. They are designed to be used with platinum cure 

systems. The conventional silicone primers have not proved to be satisfactory. They 

are an air drying primer designed to improve the adhesion of addition cured silicone to 

various plastics. 

For best bonding results, the following procedure is recommended. 

Thoroughly clean and degrease the surface with a chlorinated solvent 1:1:1 

trichloroethane acetone. After dried, apply a uniform thin coat of primer. A t room 

temperature and 50 % relative humidity, the primer coat should be allowed to dry a 

minimum of ½-2 hour. Because this primer is actuated by atmospheric moisture, 

lower humidity will require a longer drying time. If the surface dries to heavy whitish 

haze or chalk appearance, the coatings are too thick, clean and reapply. 

Storage below 40˚C in original unopened container, this product has a 6-

month shelf from date of shipment. Containers should be kept tightly closed, because 

the cleaner/primer hydrolyzes upon contact with atmospheric moisture and prolonged 

exposure will reduce or destroy its effectivenss. 

 
ODONTOSIL (29) 

 

ODONTOSIL is a product of DREVE- DENTAMID GMBH from Germany, 

it is clear – transparent material; especially tear resistant, addition – vulcanizing 

silicone in double cartridges.  Due to the platinum hardener system is shows practical 

no shrinkage. Odontosil vulcanizes by mixing the two components, temperature is not 

necessary but can accelerate the polymerization. 
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Table 2-1. The technical data of ODONTOSIL: 
 

 

 

 

 

 

 

 

 

 

 

 

Table 2-2: The physical and chemical properties of ODONTOSIL:  
 
Form :                                                Highly viscous 

Color :                                               Transparent 

Odour : Weak, characteristic                         

Boiling point : >  150 ºC 

Flash point :                                         >  200 ºC 

Ignition temperature :                                 >  300 ºC 

Decomposition temperature :                     >  200 ºC 

Density at 23˚ C :                                       1.1-1.2 g/cm3 

Solubility in water :                                    Not miscible 

 
 

 

 ODONTOSIL 

Total processing time 5 ±0, 5 min 

Deflasking 30 ±2 min 

Setting time Approx. 120 min 

Consistency Type 2-medium consistency 

Deformation under 

pressure 

< 4, 0 % 

Retention after deformation   > 99, 5 % 

Color Transparent 

Copyright by Mahidol University



  Fac. of Grad. Studies, Mahidol Univ.                                        M.Sc. (Maxillofacial Prosthetics) / 19 
  

 

Acrylic resin: 

Since the 1940s, Acrylic resins are the most materials that used to fabricate 

denture base in dentistry (30). 

Poly (methyl methacrylate) resin is the most common resin that used in 

dentistry.  Pure poly (methyl methacrylate) is a colorless, transparent solid; the 

polymer can be tinted to facilitate its use in dental applications.  Poly (methyl 

methacrylate) denture base material usually is supplied as a powder-liquid system.  

The liquid contains nonpolymerized methyl methacrylate and the powder contains 

prepolymerized poly (methyl methacrylate) resin in the form of small beads.  

In addition polymerization chain reaction process can be divided into four 

stages: induction, propagation, chain transfer, and termination.  

 

Induction 

 
The processes control an induction stage can be divided in two steps: 

activation and initiation. Free radicals can be generated by activation of radical- 

producing molecules using a second chemical, heat, visible light, and ultraviolet light. 

(Fig 2-12) In dentistry chemical agents, heat and visible light are most often used. 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 2-12: The reaction shows the decomposition of benzoyl peroxide to a free 

radical. 
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O 
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In initiation step, the unpaired electron of the free radical approaches the 

methyl methacrylate molecule, one of the electrons in the double bond is attracted to 

the free radical to form an electron pair and convalent bond between the free radical 

and the monomer molecule.  When this occurs the remaining unpaired electron makes 

the new molecule a free radical (Fig 2-13). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2-13: Instruction of initiation reaction 

 

Propagation 

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

radical. As this complex approaches other methyl methacrylate molecules, the free 

electron interact with double bond of the methyl methacrylate molecule to from a 

dimer, trimer, and so forth, a new longer free radical is formed (Fig2-14). 
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Theoretically, the chain reactions should continue until all of the monomer has 

been converted to a polymer but the growth of the polymer chain ceases when the 

center is destroyed by the one of a number of possible termination reactions. 

This process occurs rapidly and considerable heat is evolved, the reactions are 

exothermic. 

 

 
 
 
 

Figure 2-14: The picture of the reaction in the propagation 

 
 
Chain transfer 
 

In this process, the active free radical of a growing chain is transferred to 

another molecule and a new free radical for further growth is created.  The chain 

transfer can be occurred when a free radical approaches a methyl methacrylate 

molecule and donates a hydrogen atom to the methyl methacrylate molecule.  The free 

radical rearranges to form a double bond and becomes unreactive and the new 

monomeric to form a free radical is formed that can participate in a chain-propagation 

reaction (Fig2-15). 
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Figure 2-15: The chain transfer reaction 

 

Another type of chain transfer can occur when a propagating chain interacts with the 

passivated segment. During the interaction, the passive segment becomes active while 

the active segment becomes passive (Fig 2-16). 

      

            
 

 

Figure 2-16: Another type of chain transfer reaction 
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Termination  

The addition polymerization reaction are terminated by direct coupling of two 

free radical chain ends and by the exchange of a hydrogen atom from one growing 

chain to another (Fig  2-17). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-17: Termination occurs when two free radicals interact and form a covalent 

bond 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-18: Another type of termination reaction 
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Poly (methyl methacrylate) (30) 

Poly (methyl methacrylate) is the thermoplastic polymer.  Thermoplastic 

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

application of heat and turn to the hardened state on cooling. 

 The thermoplastic polymer is the polymeric material made of linear and 

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

transition temperature (Tg), which molecular motion begins to force the chains apart 
(30).  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 125 ºC (31). When a 

poly(methyl methacrylate) is heated to 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) become hard. The physical and 

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

summarized: 

 

The physical properties of poly(methyl methacrylate) (30,32) 

 

- Thermal conductivity   = 5.7 x 10-4 ºC/m 

- Coefficient of thermal expansion  = 81 x 10-6 / ºC 
- Sorption     = 0.60 mg /cm2 

- Solubility     = 0.02 mg /cm2 

- Density          =  1.19 g / cm3 

- Glass transition temperature  = 125 º C 

 

 

 

 
 
 

Copyright by Mahidol University



  Fac. of Grad. Studies, Mahidol Univ.                                        M.Sc. (Maxillofacial Prosthetics) / 25 
  

 

The mechanical properties of poly(methyl methacrylate) (30,32) 

 

- Compressive strength   = 76 MPa 

- Tensile strength    = 48-62 MPa 

- Transverse strength   =  78-86 MPa 

- Modulus of elasticity   = 3.8 GPa 

- Fracture toughness   = 2.3 MN / m-1.5 

- Knoop hardness number   = 15-17 Kg / mm2 

- Transverse deflection at 3500 g  = 2.0 mm 

- Transverse deflection at 5000 g  = 4.0 mm 

- Elongation     = 1-2 %  

 

The polymerization processes useful for dental resins are commonly activated 

by one of three energy sources:  heat, chemicals, and light.  Most denture base resins 

are polymerized by heat activation. Free radicals are generated by heat,  which then 

initiate and propagate the polymerization of methyl methacrylate monomer(30). 

A second type of induction system is chemically activated at ambient oral 

temperature. Such a system consists of at least two reactants that, when mixed 

together, undergo a chemical reaction that generates free radicals.  During storage, 

these components must be separated from each other; when mixing  the tertiary amine 

(the activator) coupled with benzoyl peroxide (the initiator),initiate the 

polymerization. 

A third type of induction system is light-activated. In this system, photons 

from a light source activate the initiator to generate free radicals that, in turn, can 

initiate the polymerization process. When this system was first introduced to the 

dentistry, ultra violet light was used. 
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The acrylic resins can be divided according to the method of initiation of 

polymerization into 3 groups: 

1. Heat-activated acrylic resin 

2. Chemically-activated acrylic resin 

3. Light-activated acrylic resin 

4. Light-activated acrylic resin 

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

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

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

manufactures. The composition of heat-activated and chemically-activated 

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

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

small breads and the liquid contains nonpolymerized methyl methacrylate. The 

compositions of these acrylic resins are summarized:  
 

Table 2-3. The composition of heat-activated and chemically-activated acrylic resins. 

 

Type of 

acrylic resins 

Polymer Monomer 

composition function composition function 

 

 

Heat-activated 

Prepolymerized 

poly(methyl 

methacrylate) 

 Methyl 

methacrylate 

 

Benzoyl 

peroxide 

initiator Hydroquinone Inhibitor 

  Glycol 

dimethacrylate 

Cross-linking 

agent 
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Chemically-

activated 

Prepolymerized 

poly(methyl 

methacrylate) 

 Methyl 

methacrylate 

 

Benzoyl 

peroxide 

initiator Tertiary 

amine*** 

Chemical 

activator 

  Hydroquinone Inhibitor 

  Glycol 

dimethacrylate 

Cross-linking 

agent 
 

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

Heat-activated acrylic resins (30) 

 
The heat-activated acrylic resin materials are used in the fabrication of  all denture 

base. The thermal energy is used to activate or decompose benzoyl peroxide to 

generate free radical. The initiation step in the induction stage through the 

propagation stage then continuous until finishes the  polymerization reaction.  As 

previously noted, the heat-activated acrylic resins include powder and liquid 

components.  

The powder is consisted of prepolymerized  poly (methyl methacrylate)  and a 

small amount of benzoyl proxide. 

The liquid (monomer) contains nonpolymerized methyl methacrylate with 

small amounts of hydroquinone. Hydroquinone is added as an inhibitor  to prevent 

undesirable polymerization. 

The liquid (monomer) is required a cross-linking agent such as, ethylene 

glycol dimethacrylate.  The chemical and structure of the ethylene glycol 

dimethacrylate is shown in (Fig 2-19). 
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Figure 2-19: The structure of the ethylene glycol dimethacrylate. 

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

Methyl methacrylate possesses one carbon-carbon double bond per molecule, Glycol 

dimethacrylate possesses two double bonds per molecule. This character serves as a 

bridge that links two polymer chains together.  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 incorporated into the liquid component of      

1% to 2% by volume. 
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    The new structure of the cross-linked poly (methyl methacrylate) is shown 

in (Fig 2-20).  

 

 

 
 

 

Figure 2-20: 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 the heat-activated acrylic resins over the chemically-

activated acrylic resins are (30)  

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.  First, they act as plasticizers 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 is used to induce polymerization of the poly (methyl 

methacrylate ),  it does not require the application of the thermal energy.  Chemical 

activation is accomplished through the addition of a tertiary amine, such as dimethyl-

para-toluidine into the liquid monomer causing decomposition of benzoyl peroxide, 

the free radical is produced and polymerization is initiated.  Then the polymerization 

progresses similarly to the heat-activated systems as previously described. 

As a result to their polymerization, chemically activated acrylic resins often 

are referred to as cold curing, self-curing, or autopolymerizing resins. 

 

Light-activated acrylic resins 

 
The visible light-activated acrylic resins have been used for several years. It 

consists a matrix of urethane dimethacrylate,  microfine silica, and high molecular 

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

visible light is the activator, whereas camphorquinone serves as the initiator for 

polymerization.  The product is supplied in premixed sheets, claylike consistency and 

is stored in lightproof pouches to prevent the inadvertent polymerization. 

 

Testing methods 
 

The methods used to study the bond strength of silicon and acrylic resin can be 

devised (33): 

 

1. Peel test 

2. Tensile test 

3. Shear test 

 

 

In 1996, Al- Athelet et al studied the effects of different testing methods on 

the bond strength of a silicone resilient denture lining material (34).  The Molloplast-B 

denture lining material and Trevalon denture base material were materials that used in 
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this study. The bond strength test methods used in this study were: peel test, tensile 

test, and shear test.  The results were show in table 2-4.  From this study, they found 

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

 

Table 2-4: the mean bond strength among different test methods (Al-Athel et al) (34) 

 
 

Test method Mean bond 

strength 

( n=10 ) 

SD Coefficient of  

% variation 

Type of  

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% cohesive 

 10% adhesive 

 
 
 

The Peel test  showned 100% cohesive failure that indicated the least 

satisfactory test for evaluating the adhesive bond strength. The peel test  was shown in 

(Fig: 2-21). The results of the peel test can be peel, snap, tear.  Most common found 

in literature review is tear type (cohesive failure) (34, 35)  

Therefore many researchers use this test to evaluate the bond strength between 

soft relining material and acrylic resin.  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 resin. 
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Peel strength   =    F 
 
 

W 

1+λ 

2 
+ 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    Figure 2-21: The peel test specimen and the results were shown. 
 

 

 

 

 

 

Where   F = applied force 
  
                                              W = width of specimen in the peeling area 

                                                λ = extension ratio of the liner 

 

Soft lining 
Adhesive bond 

Separating sheet Acrylic base 

peel 

snap 

tear 

N/mm 
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About the shear test(Fig 2-22), the stresses were not evenly distributed. At the edges 

the stresses are much greater causes the tearing of the silicone that have a low tensile 

and tear strength (34, 35). When the specimen thickness is increased the stress 

concentration is also increased. 

 

 

 Silicon elastomer 

 

 

PMMA 
 

Figure 2-22: The shear specimen and direction of the loading forces 

 
Bond strength =        Maximum load (N) 

            Cross sectional area (mm2) 
 
 
The tensile bond strength effectively establishes the potential for an adhesive bond 
(36). However, the tensile bond strength is not caused by tensile forces alone          
(37,38), because some shear forces are also developed in this test ( Fig 2-23) 
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Figure 2-23: 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 test. 

 

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

material will show significant stretching and necking caused the decreased cross 

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

shear forces develop (36, 37) (Fig2-24). 

 

 
      Figure 2-24: The illustration of the shear forces and tensile forces in tensile test. 

Copyright by Mahidol University



  Fac. of Grad. Studies, Mahidol Univ.                                        M.Sc. (Maxillofacial Prosthetics) / 35 
  

 

Therefore, the most widely testing method uses among researchers is tensile test 
(34,38,39) 

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

strength. 

 

STONE AND METAL MOLDS 
 

A number of materials have been used to construct molds to fabricate 

maxillofacial prostheses, notably metal, silicone, and dental stone (40). 

Dental stone molds are convenient to make and remake, and therefore are 

commonly used in fabricating clinical prostheses. The major disadvantage of stone 

molds is that they tend to break, are difficult to clean and cannot be used repeatedly. 

Metal mold is more expensive and difficult to construct, but when used with 

an appropriate mold releasing agent, they can be cleaned and used repeatedly. Metal 

mold is often used for optimization of new material formulations and evaluation of 

materials (41) 

 

THE RESEARCH RELATED TO THE EFFECT OF PRIMERS ON THE 

BOND STRENGTH OF SILICONES AND ACRYLIC RESINS 

 

In 1988, Singer et al. (42) studied the effect of primers on the bond strength of 

silicone and polyurethane. They evaluated the bond strength of silicone elastomers 

Adhesive A (Silastic 891) and MDX 4-4210 (Dow Corning Corp.,Midland, Mich.) to 

polyurethane (J.P.Stevens, Easthampton, Mass)  with three commercial primers (Dow 

Corning A-4040, S-2260 , and 1205). The America Society for Testing Materials test 

method for adhesion in- peel of elastomeric joint sealants was used as a guide in 

designing the research protocol. The results reported that the S-2260 and A-4040 

primers formed the strongest bond strength between the polyurethane sheet and the 

silicone mixture of MDX4-4210 and adhesive A. MDX 4-4210 used alone as the body 

of the sample showed low mean bond strength values and exhibited unzipping in 

samples of all three primers. 
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In 1989, McMordie et al. (43) had evaluated the bond strength between Silastic 

891 and poly (methyl methacrylate) by using three different primers (The Dow 

Corning 4040, S-2260 and 1200). The result showed that all primers increased the 

bond strength and the Dow corning 4040 primer had the highest bond strength. 

In 1991, Polyzois et al.(44) investigated the bond strength of three commercially 

available bonding agents (Triad VLC bonding, Z-6032, Z-6076) when bonding two 

facial silicone elastomers (Silskin II, Cosmesil SM4) to a visible light-activated resin 

(Triad/Dentsply). They found that the heat aging of the bonding agents used in their 

study between a light –polymerizing denture resin and silicones had no substantial 

effect on the bonding strength. The results also showed that the Z-6032 silane proved 

to be more suitable for the systems tested than did the adhesive agent supplied by the 

manufacturer of the visible light-activated resin. 

In 1992, Kawano et al.(45) compared the bond strength of six soft liners  

(Prolastic, VinaSoft , Flexor, Molloblast-B, Novus , and Super-Soft ) to poly(methyl 

methacrylate) denture resin (Lucitone 199, Densply International, Pa) by using 

different  primers ( Novus Bond, The Hygienic Corp., Akron, Ohio). They found that 

the bond strength was related to the components of materials. The bond strength of 

Novus could be improved by using the recommended bonding agent and bonded 

Novus at 26.1 kg/cm2 had the highest bond strength of all materials tested 

[Molloplast- B (heat- cured silicone) at 17.6 kg/cm2, Super-Soft (Plasticized PMMA) 

at 16.7 kg/cm2, Flexor (Copolymer) at 11.3 kg/cm2, Vina-Soft (Vinyl) at 11.0 kg/cm2 

and Prolastic (RTV silicone) at 9.6 kg/cm2, respectively]. 

In 1994, Collard et al. (46) investigated two primers (S-2260/ Dow, 1250/ 

Dow), three polymerization methods, and seven primer reaction times to determine 

the conditions for optimum adhesive bond strength between silicone MDX 4-4210 

and Polyurethane resin. The results showed that the bond strength were significantly 

greater for polyurethane treated with primer 1250 rather than S-2260 regardless of the 

polymerization method or primer reaction time. Neither any single polymerization 

method nor single primer reaction time consistently yielded greater bond strength. 
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 In 1995, Emmer et al.(47) researched bond strength  of permanent soft denture 

liners of Triad ( Dentsply/ York Div.,York, Pa), Astron (Astron Dental.Wheeling, 

III.), Molloblast- B ( Buffalo Dental Mfg.Co.,Sysosset, N.Y.), Perma Soft (Nue Dent, 

Cambridge, Mass) and Super Soft (Coe Laboratories, Chicago, III,.) bonded to the 

acrylic denture base resin Lucitone 199(Dentsply/ York Div.) by using bonding agents 

(Triad unfilled resin silane). The results indicated Molloblast- B was a silicone and 

must be coupled with silane so that the liner bonded to the silane, which in turn 

copolymerizes with denture base resin. They also found that this material was ductile 

and weak, and bonding at the interface was stronger than the cohesive strength of the 

liner. 

In 1996, Al-Athel et al. (34) compared the peel, tensile, and shear bond strength 

values of commonly used denture soft- lining material Molloblast- B (Regneri and 

Co, Karlsruhe, Germany) bonded to a poly(methyl methacrylate) denture base resin 

Trevalon (Dentsply Ltd., Weybridge, Surrey, England). The results of this study have 

confirmed that the bond strength of test results were highly dependent on test method. 

The findings emphasized the need for caution when interpreting and comparing 

results of laboratory studies presented in the literature.  

Polyzois et al. (48) compared two curing methods (microwave irradiation and 

dry heat) on the tensile bond strength of four silicone facial materials (Mollomed / 

Germany, A-2186/Factor II, Silskin II/ ChasF.Thackray- England, MDX 4-4210/Dow 

Corp) to cured acrylic resin (Acron MC/ Japan). The result showed that the bond 

strength was affected by the type of silicone material and not by curing method. 

Taff et al.(49) evaluated the adhesion in peel force of silicone adhesive 

(Silicone Adhesive A, Dow Corning Corp.) to the autopolymerizing poly(methyl 

methacrylate (Dentsply, Milford, Del.) and light- polymerized urethane 

dimethacrylate gel(Triad, Dentsply Intl.,York, Pa.) with two surface primers (Dow 

Corning 1205, Dow Corning S-2260). The results showed that the 1205 primer 

produced an adhesion in peel force statistically significant stronger (p<0.05) regarded 

of which type of resin or surface preparation was used. 
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In 1997, Kawano et al.(50) compared the bond strength of six soft liners  

(Prolastic, VinaSoft , Flexor, Molloblast-B, Novus , and Super-Soft ) to poly(methyl 

methacrylate) resin (Lucitone 199, Densply International, Pa) by using different  

primers ( Novus Bond, The Hygienic Corp., Akron, Ohio, No.890701, 031115,10049, 

890710). The sample were fabricated by processing them against unpolymerized 

poly(methyl methacrylate) and against polymerized  poly(methyl methacrylate). The 

results showed that the bond strength when processed against unpolymerized 

poly(methyl methacrylate) ranged from 0.48 to 2.60 MPa, and when processed against 

polymerized poly (methyl methacrylate) ranged from 0.94 to 2.54 MPa. It was 

concluded that the bonding could be influenced by the processing method. All bond 

strengths increased when the liners were processed against polymerized PMMA 

except for Novus, which had no significant difference, and Vina Soft, which had a 

bond strength decreased. 

In 2001, McCabe et al.(36) studied the peel bond strength and tensile bond 

strength between three polyvinylsiloxane denture soft liners GC reline Soft, GC 

Reline Extrasoft, GC reline, Ultrasoft (GC Europe, NV) and a heat-cured acrylic resin 

Lucitone 199 (Dentsply,USA) by using two adhesive systems (Vinyl-silane adhesive 

dissolved in either toluene or ethyl acetate). The results showed that there were 

significant differences in bond strength between materials for both tensile bond 

strength and peel strength. Overall, the ethyl acetate based adhesive produced higher 

bond strength than the toluene based adhesive although the tensile bond strength for 

UltraSoft was not influenced by which adhesive was used. The mode of failure was 

affected by choice of adhesive. 

In 2002, Polyzois et al.(51) evaluated the interfacial bond strength between two 

silicone facial elastomers (Cosmesil/ Principally Medical, Ideal/ Orthomax) and three 

denture resins (SR 3/60/ Ivoclar, SR3/60 Quick/ Ivoclar, Triad VLC/ Dentsply) by  

using primer (Pricipallity Medical). The authors used the “overlap-joint” model to 

evaluate the bond strength, and the samples were placed in tension until failure. The 

results showed that Cosmesil condensation- type silicone had higher bond strength 

with three different types of denture resins compared to Ideal addition silicone. And 

the author also concluded that the type of silicone elastomer and denture resin 

significantly affected their interfacial bond strength. 
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In 2003, Frangou et al.(52) investigated the bond strength of Comesil 

(Principality) condensation type silicone and Ideal (Orthomax) addition type silicone 

elastomers to SR 3/60 NF (Ivoclar) autopolymerizing acrylic resin by using three 

primers Comesil (Cat No: CO70), Z-6020 (Dow Corning) and Silquest A-174 (Osi 

Specialties S.A). The results obtained in this study led to the conclusion that the 

optimization of adhesive bonding can be achieved by proper selection of the system 

silicone elastomer/ primers. And the compatibility of the components of these systems 

can be attributed to various physicochemical interactions taking place during 

application. 

Kulak-Ozkan et al.(53) studied the effect of thermocycling on tensile bond 

strength of six silicones (Ufigel C, Ufigel P, Mollosil, Molloblast B, Permafix, and 

Permaflex) and denture base resin PMMA. The results indicated that the bond 

strength of soft lining silicone materials had significantly decreased after themocyling 

except Ufigel C and Mollosil. 

In 2004, Minami et al.(54) studied the effect of surface treatment on the 

bonding of an autopolymerizing silicone soft denture liner (Sofreliner/ Tokuyama) to 

a denture base resin (Pour resin/ Shofu) by using two adhesive primers (Sofreliner/ 

Tokuyama and Reline Primer/ GC). The bonding surfaces of denture base cylinders 

were polished with 600-grit silicon carbide paper and pretreated with Sofreliner 

primer or reline primer after air abrasion. The results showed that roughening of the 

denture resin surface with air-particle abrasion was not effective for enhancing failure 

load and maintaining longevity of the silicone soft denture liner and acrylic resin 

tested. Cyclic thermal stress was one factor degrading the bond between silicone soft 

denture liner and acrylic resin denture base. 

In 2006, Natdhanai (55) was studied the effect of primers (A 304, A306, 

A330G, Factor II Inc.,U.S.A.  E-picon, DREVE-DENTAMID GMBH, Unna, 

Germany.  SOFRELINER TOUGH, Tokuyama Dental Corporation, Japan. ) on 

tensile bond strength between MDX 4-4210 silicone and two acrylic resin                    

(autopolymerizing, Ortho-Jet ® , Lang Dental MFG. Co., Inc., U.S.A. and Light-

polymerizing acrylic resin, Lightplast® DREVE-DENTAMID GMBH, Unna,  

Germany). The results showed that, the type of acrylic resins and primers affected  the 

tensile bond strength when used to bond to MDX 4-4210 silicone. The highest tensile 

Copyright by Mahidol University



Douangsavanh Pengmanivong   Literature Review / 40 
 

 

bond strength was found in combination of light-polymerizing acrylic resin and A306 

primer that bonded to MDX 4-4210 silicone. 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.  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. 

 

In 2006, Doan (56) studied the effect of primers (A 304, A306, A330G, Factor 

II Inc., U.S.A.  E-picon, DREVE-DENTAMID GMBH, Unna, Germany.  

SOFRELINER TOUGH, Tokuyama Dental Corporation, Japan. ) on bond strength of 

silicones (MDX 4-4210 and Episil-E) to autopolymerizing (acrylic resin 

autopolymerizing, Ortho-Jet ® , Lang Dental MFG. Co., Inc., U.S.A.). The results 

showed that, the bond strength was affected by  the type of silicones, primers and 

interaction between silicone and primer when using primers to adhere silicone and 

acrylic resin.  The highest bond strength was found with combination Episil-E / 

Epicon when bonded to Ortho-Jet acrylic resin. The weakest bond strength was found 

with combination MDX4-4210/ A306 when bonded to Ortho-jet acrylic resin. When 

using five primers to bond MDX4-4210 silicone and Ortho- Jet acrylic resin, the 

highest bond strength was found in A330-G, followed by Epicon, Sofreline Tough, 

A304, and A306, respectively. When using five primers to bond Episil-E and Ortho-

Jet acrylic resin, Epicon had the highest tensile bond strength, A304, A306, Sofreline 

Tough showed the lowest, whereas A330-G had intermediate tensile bond strength. 

A304, A306, Sofreline Tough had no significant differences tensile bond strength to 

adhere Episil-E silicone and Ortho-Jet acrylic resin. 
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CHAPTER III 

MATERIALS AND METHODS 

 

   Materials   
 

1. Acrylic resins (Fig. 3-1) 

-     Heat polymerizing acrylic resin (Rodex, standard heat-curing for cross - 

linked denture base.) 

 

 

 
          Figure 3-1:  The heat polymerizing acrylic resin used in this study. 
 

 
2. Primers (Fig. 3-2) 

- A304 (Lot No. L 4, 2587 Factor II Inc., U.S.A.) 

- A306 (Lot No. BT 39284, Factor II Inc., U.S.A.) 

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

- SOFRELINER TOUGH (Lot No. X882Y7 Tokuyama Dental Corporation, 

Japan) 
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Figure 3-2: The primers used in this study. 
 

 

3. ODONTOSIL (Lot No. 612010-612013. 2008. DREVE –NTAMIDGMBH 

Max-Plank- Strabe 31 59423 Unna / Germany) (Fig. 3-3). 

 

 

 
 

 

Figure 3-3:  The ODONTOL silicone used in this study. 
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4. Sand paper No.800 

5. Carbide bur 

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

7. Cotton with plastic applicator 

8. Acetone 

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

 

Apparatus 
 
 

1. Hydraulic Press 660 ( Silfadent, Italy ) (Fig. 3-4) 
 
 

 
 
 

Figure 3-4:   Hydraulic Press 660 ( Silfadent, Italy )  was used in this study. 
 

 
 

2. Micromotor (Kavo EWL type 4990)  

3. Universal testing machine (Instron model 5566, Instron Corportion, Canton, 

MA, U.S.A.) 

4. Drilling machine. 
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Methods 

         This study evaluated the bond between heat polymerizing acrylic resin and  

ODONTOSIL silicone by the use of four primers. Therefore, the specimens were 

divided in to 4 groups, each group consisting of10 specimens. 

 

  1. Metal mold 
 

The metal mold was used:  

1.1 . Big metal  mold : 

A two - piece mold that included upper and lower parts was made from 

stainless steel (Fig 3-6). The upper and lower parts had 10 cylindrical hollows (10 mm 

diameter, and 30 mm length (Fig3-6). 

 

  
A             B        C 

Figure 3-6: A big metal mold used in this study (top and side view). 

            A. The lower part. B. The upper part C. Top and side view 

 

1.2 . Small metal mold: 

 A six - piece mold that comprises two pieces upper,   two pieces middle, and 

two pieces lower was made from stainless steel (Fig 3-7). 

(The upper and lower parts separated by two middle pieces had cylindrical 

hollow (10 mm diameter,  and 30 mm length) (Fig 3-7). 
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Figure 3-7: A small metal mold used in this study (top view and side view). 

A. The upper part. B. The middle part. C. The lower part. 

         E.   Cross sectional view of assembled small mold. 

      F.   Top and side view. 

 

2 .Fabrication of Heat polymerizing acrylic resin cylinder  
 

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

acrylic resin were packed. Heat polymerizing acrylic resin were mixed (powder and 

liquid ratio 3:1 by weight) in a glass jar and packed into the big mold after dough 

stage. The molds were closed and packed into the hydraulic under 3000 kg (Fig.  3-8). 

The mold was heat cured according to manufacturers instructions. The acrylic resin 

was removed from the mold and trimmed with an acrylic bur; the surface of acrylic 

resin was polished with sand paper No. 800 under water irrigation. The specimens 

were kept in water at room temperature. (Fig 3-9) 

 

 

A 

B 

E F 
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Figure 3-8: Fabrication of the heat polymerizing acrylic resin cylinder.  

 

Acrylic resins were packed into the mold after dough stage and packed into the 

hydraulic pressure. 

 

 

 

 
 

 

             Figure 3-9:  Heat polymerizing acrylic resin cylinders. 
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3. Preparation of tensile bond strength specimens  

 

1. Eighty heat polymerizing acrylic resin cylinders  were divided into 4 groups, 

twenty pieces each. 

2. The acrylic resin cylinder were drilled by the drilling machine and used as a 

key lock at the Universal testing machine. (Fig 3-10). 

 

 
 

 

Figure 3-10: The acrylic resin cylinders were drilled for using as a key lock at the 

Universal testing machine. 

 

3. The acrylic resin cylinders were table dried, the testing surface was cleaned by 

using acetone. These specimens were dried for 30 minutes, allowing the solvent to 

fully evaporate. 

 

The primer was evenly applied twice in opposite direction onto the    acrylic resin 

surface (with a thin coat) by using the plastic brush and allowed to dry for 1:30 hours. 

(Fig 3-11) 
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Figure 3-11: The surface of the acrylic resin cylinders were treated with acetone 

and primer. 

 

4. Two acrylic resin cylinders were placed inside the small metal molds; one in 

each (Upper and lower side). 

The other side of the small mold was closed. After that the two small pieces      

(10 mm diameter, 3 mm high) was inserted into the lower side.(Fig 3-12) 

 

 

     
 

   Fig. 3-12:    The acrylic resin cylinder was placed inside of the small metal mold.          
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5. The ODONTOSIL silicone was injected onto the acrylic resin cylinder surface 

that placed in the small metal mold. Then the upper and lower metal molds 

were connected together. (Fig 3-13) 

6. The prepared specimens were then kept in room temperature for five days 

before testing. 

 

 

              
 

Fig 3-13: The ODONTOSIL silicone was injected into the acrylic resin cylinder 

surface. 

 

4. Tensile bond strength testing  
 

1. The specimens were tested in tension mode with crosshead speed 20 mm/min. 

2. The specimens were clamped into the Universal testing machine (Fig3-14) 

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

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

bonding area ( mm2). 
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Figure 3-14: The test specimen was subjected to tensile load using Universal testing 

machine 

 

 

 

 

 

 

 

 

Statistical analysis 
 

         The data was analyzed by microcomputer. Means and standard deviation 

were computed.  The tensile bond strength data was evaluated by One -way ANOVA 

statistics.  When a significant difference was detected, the multiple comparisons test, 

Tukey HSD, was used to determine the pair differences. 

Upper part of Instron 
machine 

Prepared 
specimens 

Lower part of 
Instron machine 

Bond strength (MPa) = F/A 
 

Where     F = maximum force (N) and  
 

        A = bonding area of the sample (mm2) 
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The tensile bond strength of four primers used to bond ODONTOSIL silicone 

to heat polymerizing acrylic resin was analyzed. 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. 
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CHAPTER IV  

RESULTS 
 

The tensile bond strength of four primers used to bond ODONTOSIL silicone to 

heat polymerizing acrylic resin. 

The mean, standard deviation and coefficient of variation values were shown 

in Table 4-1.  The normality test was done using the Kolmogorov-Smirnov test. The 

result showed all the test groups passed the normality test, the boxplot showed that the 

data contained one unusually large value, 2.410 MPa in SOFRELINER group (see 

appendix). Therefore the highest value was cut out from the data before analyses. 

Then the data was computed again and showed all groups were normally distributed 

(p > 0.05).  Then the levene’s test of Equality of variances was computed to evaluate 

the homogeneity of the data. The result showed that all groups had equal variances. 

(p=0.077)  

Therefore, the parametric statistic, One-way ANOVA Test, was used.  The 

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

ODONTOSIL silicone to heat polymerizing acrylic resin. The highest tensile bond 

strength was found in SOFRELINER TOUGH group, followed by A330G, A304, and 

A306 respectively.   Table 4-1 

Table 4-1. The means and standard deviations of the bond strengths (MPa) of 

ODONTOSIL silicone to heat polymerizing acrylic resin. 

Primers Bond value
Mean SD CV % 

A304 1.037 0.123 11.861 
A306 0.769 0.078 10.143 
A330G 1.139 0.065 5.706 
SOFRELINER 
TOUGH 

1.652 0.142 8.595 
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The multiple comparison tests, Tukey HSD, were used to determine the pair 

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

the heat polymerizing acrylic resin and ODONTOSIL silicone showed that; (Fig4-1) 

1. SOFRELINER TOUGTH had significant higher tensile bond strength than 

other primers. 

2. A330G and A304 had no significant difference in tensile bond strength, but 

significantly higher than A306. 

3. A306 had the lowest tensile bond strength. 

Figure 4-1: The multiple comparison tests in heat polymerizing acrylic resin. 
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CHAPTER V  

DISCUSSION 

 
The objective of this study was to evaluate the tensile bond strength between 

ODONTOSIL silicone and heat polymerizing acrylic resin by the use of four primers. 

It is necessary in fabricating the obturator prosthesis. The test method that used in this 

study was tensile test that depends on the force that simulates the situation of the 

prosthesis when used in the patient. 

There is no study about the bonding between ODONTOSIL silicone and heat 

polymerizing acrylic by using different primers in Thailand. In contrast,  there has the 

study of the effect of the different primers on tensile bone strength between acrylic 

resin to facial silicone  at Maxillofacial prosthetic service, faculty of dentistry, 

Mahidol University, Thailand. (55) 

 

The effect of dental stone mold and metal mold  
 

There are many kinds of materials such as metal, silicone, dental stone that 

used to fabricate the mold for fabricating the maxillofacial prostheses (40). 

Dental stone molds are convenient to fabricate and commonly used among 

clinicians. The major disadvantage of stone molds is that they tend to break, difficult 

to clean, and cannot be used repeatedly (8). 

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 

molds are often used for optimization of new material formulations and evaluation of 

materials (41). 

Therefore, in this study, we used the metal molds to fabricate all specimens. 
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The preparation of the specimen surface 
 

Many techniques to prepare denture base resin for bonding to silicone were 

reported.(43,51) Polyzois et al.(51) found that the higher bond strength was obtained 

when the resin base was finished with 80-grit SiC paper than when it was finished 

with 240, 260, 600 or 1000-grit SiC paper. In another study, Frangou and colleagues 

also claimed that when the bonding surface of the resin specimens was finished with a 

polishing machine used with 80-grit SiC paper under a constant flow of water, the 

bond strength increased.(52) On the contrary, Amin (57) reported that roughening the 

acrylic resin base by sandblasting before applying a silicone material had a weakening 

effect on the bond. Jagger et al. (58) claimed that roughening the resin surface with an 

acrylic bur weakened the bond because of the stress concentration caused by 

discontinuities of the surface and entrapped air or gas at the interface, which could 

further weaken the bond by the created voids. Similar results were reported by Miami 
(54), who proved that roughening of the denture surface with air- particle abrasion was 

not effective for enhancing failure load and maintaining longevity of the silicone and 

acrylic resin. Taft et al. (49) found that adhesion in peel test showed no statistically 

significant difference from bead or pumiced only surface preparation. 

 

McCabe used an 800-grit SiC paper to prepare acrylic resin substrate in their 

study to evaluate peel bond strength and tensile strength between soft liner silicones 

and acrylic resin denture bases. (34)  Nowadays, the best way to prepare a denture resin 

base is unclear, the mechanical surface preparation of denture bases before application 

of silicone may not be warranted (54, 56) 

 

In this study, we are using the same protocol of McCabe by using an 800-grit 

SiC paper under constant flow of water to prepare heat polymerizing acrylic resin 

substrates. 
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The application of the primer to the specimen surface 
 

For the best bonding result, the following procedure is recommended, All 

organic contaminates must be removed by using a solvent such as acetone or 1:1:1 

trichlorethane and allow solvent to fully evaporate for usually 30 minutes at room 

temperature. The primer must be evenly coated on surfaces to obtain adhesion. 

Optimal adhesion was achieved when only a very thin, uniform coat of primer was 

applied. In this study, a small plastic brush was used only one time (disposed of after 

using) to apply primer to the resin base. At room temperature and 50 % relative 

humidity, the primer coat should be allowed to dry a minimum of ½- 2 hour.  Because 

the primer is actuated by atmospheric moisture, lower humidity will require a longer 

drying time. If the surface is dried to a heavy whitish haze or chalky appearance, the 

coating will be too thick. (28) In this case, cleaning and reapplying must be done. 

 

In this study, all specimens surface are not heavy whitish or chalky 

appearance. 

 

The designing of tensile test specimen  
 

There are many design of the tensile test specimens for testing the bond 

strength between the silicone bond with acrylic resin by using primer. Generally, there 

are three test methods to evaluate the bond strength such as peel, shear, and tensile 

bond strength.  The selection of the test method is depended on the forces that 

simulate the situation of the prosthesis used in the patient. 

 There are many designs for testing tensile bond strength as shown in Fig. 5-1   

that can be roughly divided into two groups; 1. Butt tensile test with rigid clamped 
(34,45,50,48,56)  2. Butt tensile test with self alignment (36, 47, 54). 
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   A      B        C 

 
Figure 5-1: The various kinds of butt tensile test specimens. 

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 1996, Polyzois,(48) used the dumbbell design of tensile test specimen  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. 

In 2001, MaCabe et al (36) designed the butt tensile test specimen to evaluate 

the bond strength between three polyvinylsiloxane denture soft liner and a heat-cured 

acrylic resin denture base. 

In 2006, Natdhanai (55) using the same protocol of McCabe to compare the 

effect of primer on the tensile bond strength between MIDX4-4210 silicone and two 

acrylic resins.  All samples showed adhesive failure. 

In this study, we used the tensile test method to evaluate the bond strength of 

different primers to bond ODONTOSIL silicone to heat polymerizing acrylic resin. 

First, we designed the tensile test specimen similar to that of  McCabe (55) 

protocol. After the tensile testing by using Universal testing machine, not only tensile 

but also shear stress was occurred , because of difficulty in controlling the correct 

position between the metal rod, metal collar, and metal base to be straight when 

fabricated the tensile test specimen (Fig5-2). 
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Figure 5-2: The position of the metal rod, metal collar, and metal base were not 

straight while bond silicone to acrylic resin by using primer. 

 

Second, we designed the tensile test specimens in cylindrical shape (Fig 5-3).  

Only the tensile strength was observed during the test and adhesive failure was shown 

for all samples  and the result found all samples showed adhesive failure.  Our results 

were similar to that found by Natdhanai (55). 

 

 

 
 

Figure 5-3: the tensile specimen used in this study. 

 

Metal rod 

Metal collar 

Metal base 

Heat polymerizing acrylic 
resin 

  ODONTOSIL silicone 

Heat polymerizing acrylic 
resin 
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The result of the study: 
 

Table 5-1: Bond strength between ODONTOSIL and heat polymerizing acrylic resin 

using four primers. 

 
 

Primers 
 

Silicone 
 

Acrylic resin 
 

Crosshead 
speed (mm / 

min ) 

 
Surface area of 
test Specimen    
( mm2) / test 

 
Bond strength   
( MPa ) / mode 

of failure 

 
A-306 

 
 
 
 
 
 

ODONTOSIL 

 
 
 
 
 
 

Rodex 

 
 
 
 
 
 

20 

 
 
 
 
 

78.5 
Tensile 
strength 

 
0.674 – 0.885 

Adhesive 

 
A-304 

 
0.823 – 1.217 

Adhesive 

 
A-330G 

 
1.044  – 1.238 

Adhesive 

 
Sofreliner 

tough 

 
1.471 – 1.822 

Adhesive 

 

 

All primers were new. The results of the study were similar to those of Natdhanai and 

Doan (Table 5-2), all specimens showed a 100 % adhesive interface failure. 
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Comparison with the previous studies 
 

Table 5-2: Comparison with the previous studies 
 

 
Researcher / 

year  

 
Silicone 

 
Acrylic 

resin 

 
Primers 

 
Crosshead 

speed        
(mm / min ) 

 
Surface area 

of test 
Specimen     

( mm2) / test 

 
Bond 

strength     
( MPa ) / 
mode of 
failure 

 
Minami 

2004 

 
Sofreliner 

 
Shofu 

 
- SR                
- ASR             
- RL                
- ARL        
 
         

 
25.4 

 
50.24 

 
1.5 – 2.1 
Adhesive     

&   
Cohesive 

 
Natdanai 

2006 

 
MDX4-4210 

   
- Ortho-jet 
- Light 
 -plast 

 
- A-304 
- A-306 
 -A330-G 
- Sofreliner  
 -Epicon 
 
 

 
50 

 
78.5 

 
Tensile 
strength 

 
0.586-1.954 

 
Adhesive 

 

 
Doan 
2006 

 
- MDX4-4210 

 - Episil-E 

   
- Ortho-jet 

 
-A-304 
-A-306 
-A330-G 
-Sofreliner  
-Epicon 
 
 

 
50 

 
78.5 

 
Tensile 
strength 

 
0.408-2.362 

 
Adhesive 

 
This study 

 
ODONTOSIL 

 
Rodex 

 
-A-304 
-A-306 
-A330-G 
-Sofreliner  

 

 
20 

 
78.5    

Tensile 
strength 

 
0.674 -1.838 

Adhesive 
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The previous study, they had evaluated the bond strength between facial 

silicone and auto polymerizing acrylic resin by using different primer, the surface area 

of the test specimen is 78,5 mm2 and testing in tension mode with crosshead speed 50 

mm/min (Table 5-2). The result showed all specimens are adhesive interface failure 

100%. 

In this study used ODONTOSIL silicone bond to heat polymerizing acrylic 

resin by using primer A304, A306, A 330G, and SOFRELINER TOUUGH, for the 

surface area of test specimen is similar with the previous study, the testing in tension 

mode with crosshead speed 20 mm/min, because of  for simulated the force while the 

patient removed the prosthesis. In normal usage, the obturator prosthesis have to 

withstand only removal force and direction of the force is mostly perpendicular to the 

bond surface, it simulated the force direction the same as prosthesis. 

The result of this study can be compared with the study of Natdhanai and 

Doan (55, 56).they used lap tensile test and showed 100 % adhesive failure even the 

bond strength rang from 0.586 to 1,954 MPa and 0.408 to 2.362 MPa.(Table 5-2 ). In 

this study used the same procedure of  Natdhanai and Doan study, the result showed 

that the bond strengths of silicone to acrylic resin using primer depended on the 

combination of resin, primer, silicone exceed, in tensile strength ( rang 0.674-1.838 

MPa)(Table 5-2). 
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CHAPTER VI 

CONCLUSION 

 
 

This study investigated bond strength of ODONTOSIL silicone to heat 

polymerizing acrylic resin by using four primers. Within the parameters of the 

materials used and the study design, the following conclusion may be made  

 

1. SOFRELINER TOUGH showed the highest tensile bond strength and significantly 

higher than other primers followed by A330G, A304, and A306 respectively when 

bonded ODONTOSIL silicone to heat polymerizing acrylic resin. 

2. A330G and A304 had no significant difference in tensile bond strength; but 

significantly higher than A306. 

3. A306 had the lowest tensile bond strength and significantly lower than other 

primers. 
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APPENDIX 

 
 

Table A-1:  The normality test in the tensile bond strength between heat polymerizing 

acrylic resin and ODONTOSIL silicone using four primers. 
 

Tests of Normality

.141 10 .200* .963 10 .815

.240 10 .106 .867 10 .093

.120 10 .200* .952 10 .697

.245 10 .092 .811 10 .020

GROUP
A304
A306
A330G
sofrelin

BOND
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 

  
 
 
 

10101010N =

GROUP

sofrelinA330GA306A304

BO
N

D

3.0

2.5

2.0

1.5

1.0

.5

40
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             Although all the test groups passed the normality test, the boxplot indecated 

that there is an outlier in the softreliner group. Therefore the value 2.410 was not in 

included in statical analysis. 

 

Table A-2: The normality test in the tensile bond strength between heat polymerizing 

acrylic resin and ODONTOSIL silicone using four primers after cutout some value. 

 

Tests of Normalityb

.141 10 .200* .963 10 .815

.240 10 .106 .867 10 .093

.120 10 .200* .952 10 .697

.165 9 .200* .914 9 .344

GROUP
A304
A306
A330G
sofrelin

BOND
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

This is a lower bound of the true significance.*. 

Lilliefors Significance Correctiona. 

There are no valid cases for BOND. Statistics cannot be computed.b. 
 

 

  After cutting off the value, we find out that all the value is accepted: 
 
 

9101010N =

GROUP

sofrelinA330GA306A304

BO
N

D

2.0

1.8

1.6

1.4

1.2

1.0

.8

.6

.4
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After the estimating the equity of group variance, the outcome is: 
 
 

Levene's Test of Equality of Error Variancesa

Dependent Variable: BOND

2.478 3 35 .077
F df1 df2 Sig.

Tests the null hypothesis that the error variance of
the dependent variable is equal across groups.

Design: Intercept+GROUPa. 

 
 
   
The  One-way ANOVA and multiple comparison:  
 
Table A-3: The One-way ANOVA test in the tensile bond strength amomg heat 

polymerizing acrylic resin and ODONTOSIL silicone using  four primers. 

 

 
Tests of Between-Subjects Effects 

 
 
Dependent Variable: BOND 
 

Source 
Type III Sum 
of Squares df Mean Square F Sig. 

Corrected Model 3.840(a) 3 1.280 114.114 .000 
Intercept 51.463 1 51.463 4587.525 .000 
GROUP 3.840 3 1.280 114.114 .000 
Error .393 35 .011     
Total 54.653 39      
Corrected Total 4.233 38      
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Table A-4: The multiple comparisons, Tukey HSD test in the tensile bond strength 

between heat polymerizing acrylic resin and ODONTOSIL silicone using four 

primers. 

 
   BOND 
 
Tukey B  

GROUP N 

Subset 

1 2 3 
A306 10 .76970   
A304 10  1.03750  
A330G 10  1.13990  
sofrelin 9   1.65256
  

Means for groups in homogeneous subsets are displayed. Based on Type III Sum of Squares The error 
term is Mean Square(Error) = .011. 
a  Uses Harmonic Mean Sample Size = 9.730. 
b  The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels are 
not guaranteed. 
c  Alpha = .05. 
 
 
The table shown that primer A304 and A330G are the same subset, but deferent 

subset between primer A306 and SOFRELINER TOUGHT, meaning that the primer 

A304 and A330G had no significant difference in tensile bond strength, but had 

significant difference in tensile bond strength between primer A304 and 

SOFRELINER TOUGH. 
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