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ABSTRACT 
 

 The absence of chemical bonding between the poly(methyl methacrylate) 
(PMMA) denture base and the Co-Cr metal framework is a significant clinical 
problem in removable partial dentures, which often introduces microleakage.  
Therefore, 4-META has been used to improve the adhesion between partial denture 
alloys and PMMA.     
  The purpose of this study was to evaluate the effect of 4-META/ acetone 
concentration (by weight) on the shear bond strength of a heat-cured acrylic resin 
denture base material to Co-Cr alloy. Disk specimens were bonded with 4-
META/acetone of six concentrations (0%, 5%, 10%, 15%, 20%, 25%). Shear bond 
strengths were determined immediately after 10,000 cycles of thermocycling at a 
 crosshead speed of 0.5 mm/min. 
 Shear bond strengths of the primed Co-Cr alloy surface with 4-META/acetone 
to the heat-cured acrylic resin were significantly higher than to the unprimed 
specimen. (p < 0.05) The 5% 4-META/acetone group showed the lowest shear bond 
strength but there were not statistically significant differences when compared with 
15% and 25% 4-META/acetone.(p<0.05) Moreover, 10% and 20% 4-META/acetone 
showed significantly higher bond strength than 5% 4-META/acetone but no 
significant difference when compared with 15% and 25% concentration of 4-
META/acetone.(p < 0.05) 
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บทคัดยอ 
  
 การไมมีการยึดอยูทางเคมีระหวาง   ฐานฟนเทียมโพลิเมทิลเมทาคริเลตกับ     โครงโลหะ
โคบอลต-โครเมียมเปนปญหาทางคลินิกในฟนเทียมชนิดถอดไดบางสวน  อยางมีนัยสําคัญ    ซ่ึง
นําไปสูความลมเหลวของการรั่วซึมของฐานฟนเทียม     ดังนั้นโฟ-เมตา จึงถูกนํามาใชเพื่อชวยเพิ่ม
การยึดเกาะระหวางโลหะเจือในฟนเทียมบางสวน  กับ โพลิเมทิลเมทาคริเลต 
 วัตถุประสงคของการศึกษาครั้งนี้เพื่อประเมินผลของความเขนขนโฟ-เมตา/อะซิโตน(โดย
น้ําหนัก)   ตอ คาแรงเฉือนของวัสดุทําฐานฟนเทียมเรซินอะคริลิกชนิดบมตัวดวยความรอน    กับ
โลหะเจือโคบอลต-โครเมียม    โดยอะคริลิกแผนกลมจะยึดดวย  โฟ-เมตา/อะซิโตนที่ความเขมขน
ตางๆกัน 6ระดับ (0%, 5%, 10%, 15%, 20%, 25%)   จากนั้นหาคาแรงเฉือนทันทีหลังจากผาน
เทอรโมไซคลิง 10,000 รอบ ดวยความเร็วของหัวกดที่ 0.5 มม. / นาที 
 คาแรงเฉือนของพื้นผิวโลหะเจือโคบอลต-โครเมียมกับเรซินอะคริลิกชนิดบมตัวดวยความ
รอน เมื่อทาดวยโฟ-เมตา มีคาสูงกวาเมื่อไมทาโฟ-เมตาอยางมีนัยสําคัญ (p < 0.05) กลุมโฟ- เมตา / 
อะซิโตนที่ความเขมขน 5% ใหคาแรงเฉือนต่ําที่สุด แตไมพบความแตกตางทางสถิติเมื่อเปรียบเทียบ
กับโฟ-เมตา/อะซิโตนที่ความเขมขน 15% และ 25%  นอกจากนี้โฟ-เมตา/อะซิโตนที่ความเขมขน 
10% และ 20% ใหคาแรงเฉือนที่มากกวาโฟ-เมตา/อะซิโตนที่ความเขมขน 5% แตไมพบความ
แตกตางทางสถิติเมื่อเปรียบเทียบกับโฟ-เมตา/อะซิโตนที่ความเขมขน 15% และ 25% (p < 0.05) 
 

 29 หนา 
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CHAPTER  I 

INTRODUCTION 
 
 

 In removable partial dentures, the use of a metal base offers many advantages; 

such as the development of highly polished surfaces which reduce the tendency of 

plaque, micro-organisms and stain accumulation , increased strength and thermal 

conductivity and a decrease in water absorption and processing error. Also, the reduced 

thickness of the prosthesis adds to patient comfort. The most commonly used material 

in the fabrication of denture base is poly(methyl methacrylate)(PMMA) resin(1). 

However, as a denture base material, acrylic resin has been used particularly because 

of the easier attachment of artificial teeth to the metal framework.  

 The absence of a chemical bond between the metal framework and the resin 

denture base in several unfavorable properties inheres in removable partial 

prostheses.The absence of a chemical bond directly affects the metal-resin interface. A 

microscopic a space exists between the metal framework and the resin denture base. 

Differences in the coefficient of thermal expansion between these components may 

further amplify this potential space, contributing to increased microleakage of oral 

fluids and microorganisms. Microleakage in the region of the internal and external 

finishing lines results in discoloration, deterioration of the denture base material, and 

introduction of potentially pathogenic microorganisms that may be harbored within the 

crevice and contribute to an adverse soft tissue response. Weak adhesion and lack of a 

chemical bond cause separation of the denture base from the framework(2,3).  

For approximately 20 years, the application of a 4-methacryloxyethyl 

trimellitate anhydride (4-META) bonding system to removable partial dentures has 

been studied and discussed as a way to prevent the problems previously 

mentioned.(2,3) Takeyama et al.(4) increased the bond strength of acrylic resin to 175 

kg/cm2 (17.17 MPa) with bovine enamel by adding a newly discovered material, 4-

META and tri-n-butyl borane (TBB) to the resin. 

Tanaka et al.(5) improved the bond durability of a new 4-META opaque  resin 

by oxidation of the metal surfaces. This material would adhere to tooth surfaces and 
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dental alloys. 4-META is carboxylic acid derivative with bifunctional monomer in 

form adhesive resin monomer and adhesive resin cement. Several reports have been 

published in the Japanese literatures describing a denture base acrylic resin that 

incorporates 5% 4-META in   the monomer and adhesive resin cement (4,5,6,7,8). 

Yasuda et al.(6) reported the frequency of fracture and amount of straining associated 

with 4-META denture base resin. Their 5-year study revealed that 4-META resin used 

with a Co-Cr metal base formed a strong bond, which in turn decreased staining, 

microleakage, and separation of denture bases. 

 Yasuda et al.(9) reported that higher bond strength was obtained for cobalt-

chromium alloy with a  4-META bonding system and also suggested in a longitudinal 

in vivo research study that the bond formation between these materials were clinically 

stable. 

 However, there have been no studied which investigated the optimum 

concentration of 4-META to perform the maximum shear bond strength of acrylic 

resin to cobalt- chromium alloy.  

 
Objective of the study 

 The purpose of this study was to evaluate the effect of 4-META/acetone 

concentration (by weight) on the shear bond strength of a heat-cured acrylic resin 

denture base material to cobalt-chromium alloy. 

 
Research hypothesis 

 Different 4-META/acetone concentrations have effect on the shear bond 

strengths of a heat- cured acrylic resin to cobalt-chromium alloy. 
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CHAPTER  II 

LITERATURE  REVIEW 

 
 

 In removable partial dentures, acrylic resin has been used particularly because 

of the easier attachment of artificial teeth to the metal framework. The most commonly 

used material in the fabrication of denture base is poly(methyl methacrylate)(PMMA) 

resin. This resin is supplied as a polymer powder consisting of prepolymerized 

methylmethacrylate (MMA) and  a liquid monomer consisting of MMA. The powder 

usually contains a catalyst(such as benzoyl peroxide), and liquid monomer usually 

contains an inhibitor(such as hydroquinone). Autopolymerizing systems also contain a 

chemical activator (a tertiary aromatic amine, such as dimethyl-p-toludine).Heat is the 

initiator in heat processed acrylic resin systems. PMMA is colorless in its pure state,but    

is easily tinted by adding pigments and fibers to resemble natural soft tissues (1). 

 The disadvantages of PMMA acrylic resin include low strength, low resistance 

to abrasion, thermal expansion, water sorption, polymerization shrinkage, and absence 

of chemical bond to metals used for removable partial denture frameworks. 

Compensation for low strength may be achieved by increasing the thickness of the 

denture base, although bulky contours may affect patient acceptance. Reduced strength 

increases the susceptibility to flexure fatigue or impact fracture of the denture base. 

This is especially true when increased forces are applied or when the thickness of the 

denture base must be compromised (such as overdentures, limited inter-ridge distance, 

etc). In these situations, high-impact-resistant acrylic resins are indicated. Johnston et 

al.(10) demonstrated that the use of a grafted PMMA improves the resistance of 

denture bases to flexure fatigue and impact fracture. This is significant since most 

mechanical stresses on dentures are flexural. 

 The absence of chemical bonding between the PMMA denture base and the Co-

Cr metal framework is a significant clinical problem in removable partial 

prosthodontics, often leading to microleakage and bond failure. A microscopic space 

exists between the metal framework and the acrylic resin denture base. Differences in 
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the coefficient of thermal expansion between the metal and resin may further amplify 

this potential space, contributing to increased microleakage, and resulting in 

discoloration, deterioration of the denture base material, and introduction of 

microorganisms that  may be harbored within the crevice and contribute to an 

unfavorable soft-tissue response (2,3). 

 Optimizing shear bond strength at resin-metal interface of removable 

prostheses is essential for the success of prosthodontic treatment (11,12). 

Microleakage of the denture bases leads to the harboring of microorganisms, foul 

smell, staining, and finally deterioration of the denture base. Weak adhesion and lack 

of a chemical bond cause separation of the denture base from the framework (2,3).  

 A variety of methods are available to bond resin materials to prosthetic alloys. 

Bonding systems may be categorized as mechanical, chemical, or a combination of the 

two (13,14,15). 

1.Mechanical bonding    

1.1 Macromechanical bonding relies on visible features such as beads, loops, 

perforations, bars, nail head , open lattice and meshwork for retention. 

1.2 Micromechanical bonding includes electrolytic etching, gel etchants, 

sandblasting with alumina oxide. Air abrading increases surface area, 

produces micromechanical retention and enhances wetting by increasing 

surface-free energy. 

2.Chemical bonding 

2.1 Interfacial bonding relies on an intermediate ceramic or tin layer ( fused to 

the alloy surface) to which resin cements can bond ; interfacial glass coating 

(Silicoater, Heraeus Kulzer GmbH,Wehrheim; and Rocatec, ESPE/Premier, 

Seefeld, Germany), tin-plating techniques (Micro-Tin, Danville Engineering, 

Daville, Calif.) 

2.2 Adhesive bonding : bonding between chemical reactive groups in adhesive 

resins such as 4-META and the oxide layer on the alloy surface. 

 

Correct positioning of the finish lines and the sharply undercut line angles of 

the denture resin margin are also required to prevent failure of the resin at the junction 

with the framework (3). 



Fac. of Grad. Studies, Mahidol Univ.                                                                 M.Sc.(Prosthodontics)  / 5

 Chemical bonding of resin materials to metal alloys has offered certain clinical 

advantages so mechanical retention can be avoided. The chemical attachment of an 

opaque layer to metal surface limited microleakage at the resin-metal interface that 

occurred because of polymerization shrinkage and mismatch of the coefficient of 

thermal expansion between the composite and the metal (13,15). Lawson(16) showed 

that alternative alloys of Co-Cr offered higher resin-metal bonding strengths than 

conventional alloys. In the study by Pesun et al.(17), surface pretreatment Co-Cr alloy  

with airborne particle abrasion by use of aluminum oxide before silanization increased 

the shear bond strength significantly compared with untreated specimens. Rosentritt et 

al.(18) reported that pretreatment with airborne particle abrasion with aluminum oxide 

and silanization provided stable shear bond strength of resin-metal bonds after 

thermocycling. 

 New bonding system may be classified into four main groups, according to 

chemical adhesion on metal framework : 

1.Silicate layer-silane coupling agents : laboratory system .The silicoater 

system is the earliest reported retentive system (19). The basic element of this bonding 

system is a silicate layer that is formed pyrollytically on the surface of alloys with the 

use of a special device. The silane solution is applied on this layer as a couping agent 

between free ions of the silicate surface and ends of organic polymer chains of the 

opaque material. The Silicoater-MD bonding system evolved from this original 

system. Another system classified in this group is the Rocatec bonding system. In this 

system, the silicate layer is formed by sandblasting with a silicate-quartz medium (110 

to 120 µm grain size).When sandblasting particles contact metal surfaces, their kinetic 

energy is transformed to thermal energy, which may reach the melting point of the 

alloy. The melting is limited to 1 or 2 microns from the surface, and high energy is 

released to form the silicate layer by trapping silicate particles on the alloy surface. A 

silane solution is also applied as a coupling agent. 

2.Active acrylate monomers : polyfluormetacrylate bonding agents ; The layers 

of bonding agents applied were active acrylate monomers and polyfluormethacrylates, 

which also contributed to the hydrophobic behavior of a polymerized layer. A 

chlorsulfonate was also added to render the interface more elastic. The layer of 
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bonding agents was provided with a paste consistency and applied on a sandblasted 

alloy surface and finally polymerized. 

3.Tin oxide layer ; The layer is then oxidized in a strong hydrogen  peroxide 

solution that results in a thin film of tin oxides. 

4.Bifunctional monomer (dual function group); in one hand of resin is C=C 

group for bonding with resin monomer and the other hand is functional group for 

bonding with other substrate such as metal. 

 A recently developed acrylic resin denture base material that contains 4-

methacryloxyethyl trimetellilate anhydride (4-META) has been described (Meta-Dent, 

Sun Medical Company, Kyoto, Japan) (9). The material is composed of a conventional 

powder-liquid PMMA/MMA system that incorporates 5% 4-META in the monomer. 

The adhesive monomer 4-META, originally developed at the Tokyo University Dental 

College, is a monomer whose molecular structure contains both a hydrophilic and a 

hydrophobic base. It occurs in nature as a white crystalline structure with a melting 

point of 950C to 960C. It can be prepared by the condensation of 2-hydroxyethyl 

methacrylate and trimellitic anhydride chloride in the presence of pyridine to remove 

hydrogen chloride. When it is added to the acrylic monomer, the molecule forms both 

a hydrophilic bond and a hydrophobic bond, which is responsible for the chemical 

bonding to certain dental alloys. This acrylic resin demonstrates an increased bond to 

certain metal alloys compared with conventional denture base material. A 1% to 5% 

concentration of 4-META appears to provide optimal bonding and may eliminate the 

disadvantages of PMMA denture bases related to the lack of chemical bonding (20). 

The dental adhesive resins that contain 4–META are given in Table 1-1. 

In 1986, Tanaka et al.(21) evaluated the bond strengths of Orthomite Super-

Bond(Sun Medical) to Ni-Cr and Co-Cr alloys. This material adhered to enamel and 

oxidized dental alloys. The authors found that it was more difficult to develop a stable 

oxidized layer with a Ni-Cr alloy than with a Co-Cr alloy. Co-Cr alloy contained a 

higher concentration of chromium, a metal that oxidized in lower concentrations of 

oxygen. Tanaka et al. demonstrated that Ni-Cr alloys had superior bond strengths after 

air-particle abrasion with alumina and oxidation with 1% weight potassium maganate 

in 3% sulfuric acid. In contrast, Co-Cr alloys showed sufficient bond strengths after 

air-particle abrasion and ultrasonic wave washing only.   
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Table 1-1   4-META product information 
Product  name Use Distributor Available 

Orthomite Super-Bond 

Super-Bond C&B 

Meta-Dent 

Meta-Fast 

Cover-Up 

Acrylic Solder 

Cover-Up II 

Amalgambond 

C&B Metabond 

Etch-Free 

Amalgambond Plus 

EasyBond 

TotalBond 

Orthodontic bracket bonding material

Luting agent 

Heat-polymerizing denture base resin

Autopolymerizing denture base resin 

Tooth-colored resin 

Autopolymerizing denture base resin 

Dentin bonding agent 

Dentin bonding agent 

Luting agent 

Porcelain priming agent 

Dentin bonding agent 

Dentin bonding agent 

Luting agent 

Sun Medical Co,Kyoto,Japan 

Sun Medical Co 

Sun Medical Co 

Sun Medical Co 

Parkell, Farmingdale, N.Y. 

Parkell 

Parkell 

Parkell 

Parkell 

Parkell 

Parkell 

Parkell 

Parkell 

1980-present 

1982-present 

1981-present 

1985-present 

1987-1992 

1987-present 

1988-1995 

1989-1996 

1990-present 

1990-present 

1995-present 

1997-present 

2000-present 

  

In 1988, Jacobson et al.(2) compared the shear bond strengths of Meta-Dent 

(acrylic resin denture base material that contains 5% 4-META in the monomer) and a 

conventional denture base (Lucitone 199; LD Caulk Co, Milford, Del.) to Co-Cr alloy. 

The acrylic resins were bonded to four different patterns of metal plates : a flat plate, a 

flat plate with two posts, a flat plate with small mesh, and a flat plate with large mesh. 

The highest bond strength was achieved with Meta-Dent bonded to flat metal plates 

(16.67MPa), which indicated that a chemical bond existed between the two materials. 

The lowest bond strength was recorded for Lucitone 199 with flat metal plates; no 

measurement was obtained because the specimens debonded during the deflasking 

procedure, which indicated no bond between these two materials. The highest bond 

strength obtained with Lucitone 199 was in conjunction with flat metal plates with two 

posts (10.44 MPa). Because this value was lower than that obtained when Meta-Dent 

was bonded to flat metal plates (16.67 MPa), it can be concluded that chemical 

bonding was stronger than mechanical retention.   

 4-META is carboxylic acid derivative with bifunctional monomer in formed 

adhesive resin monomer (Superbond liquid) and adhesive resin cement . C&B 

Metabond is an unfilled polymethacrylate resin whose chemically reactive group is 4-

META. Early in vitro studies demonstrated that the material had improved bond 

durability when the alloy’s surface was oxidized before cementation (21, 22). 



Sukit Anutongsriwilai                                                                                              Literature Review  / 8 

Oxidation was accomplished by heating, immersion in a solution of potassium 

permanganate and sulfuric acid, or tin plating. The bonding mechanism is thought to 

be the result of hydrogen bond formation between the oxides on the alloy and 4-

META. Today, the oxidation pretreatment is considered unnecessary, as many in vitro 

studies have demonstrated that of the adhesive cements tested, C&B Metabond forms 

the strongest bond to an alloy that is electrolytically etched, air-abraded or silicoated 

(23).   

 In 2000, Taira et al.(24) tested the shear bond strength of three metal primers to 

titanium and reported that the metal primer which contained 4-META increased bond 

strength to base metal alloy. 4-META could bond to Co-Cr alloy and was used in 

relining metal base with PMMA acrylic resin.   

 In 1997,Canay et al.(14) tested the shear bond strength of the 4-META 

adhesive resin to three different retentive metal framework designs and acrylic 

resins.( Lucitone 199,QC acrylic resin) Co-Cr alloys that were air abraded with 50 µm 

aluminium oxide produced the higest bond strength values. The flat plane samples 

treated with 4-META exhibited higher bond strength values. The order of strength of 

the retentive designs for the 4-META treated samples were flat planes, mesh and ring-

shaped designs and in the group of untreated samples in the order of mesh, ring-shaped 

and flat planes. It can be concluded that bond strength is proportional to the surface 

area of metal. Various framework designs and whether 4-META is applied or not are 

quit significant factors in the shear bond resistance between acrylic resin and metal 

alloy. 

 In 1996, Yoshida et al.(25) investigated the shear bond strengths of 3 resin 

cements used with 3 adhesive primers for metal on 2 metal alloys after 0, 20,000, and 

50,000 thermocycles. The cement were Imperva Dual (Shofu), Panavia 21 (Kuraray), 

and Super-Bond C&B (Sun Medical); the primers were Metal Primer (GC Dental 

Industrial Corp,Tokyo,Japan) , V-Primer(Sun Medical), and Cesead Opaque 

Primer(Kuraray); and the metal alloys were Ag-Pd-Cu-Au and Co-Cr. V-Primer was 

effective in improving the bond strength of Super-Bond C&B with Ag-Pd-Cu-Au. Co-

Cr alloy primed with Cesead Opaque Primer followed by Super-Bond C&B or 

Imperva Dual produced the strongest shear bond strengths after 50,000 themocycles 
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among the 3 metal primers. Both metal groups produced relatively high bond 

strengths. 

 In 1997, Taira et al.(26) reported that the surface treatment of titanium with 

primers containing either 4-META, MAC10, 4-AET,BPDM, or MEPS   increased the 

shear bond strength to titanium. The primers containing 4-META,MAC10 and MEPS 

were superior to 4-AET and BPDM as adhesive promoters for titanium. The strongest 

and the most consistent bond was achieved by the combination of 4-META primer and 

the tri-n-butylborane(TBB) resin.  

 In 1998, NaBadalung et al.(27) compared the bond strength of a denture base 

acrylic resin to a cobalt chromium partial denture alloy by using two surface 

pretreatments(sandblast and electrochemical etch) with three adhesive primers (Lee 

Metal Primer, Acrylic solder and CR Inlay cement).In this investigation, without 

primer the sandblast and electrochemical etch demonstrated no difference in 

micromechanical retention and the bond strength of the denture base resin-treated 

alloy were very low. After thermocyling for 1,000 cycles, the bond strength of all 

primed specimens was reduced significantly, especially on the specimens with Acrylic 

Solder. This study agrees with Khasavneh et al.(28) that the adhesive acrylic 

resin(containing 4-META in monomer with conventional polymer)produced higher 

bond strength to cobalt chromium alloy than the conventional resin. Furthermore, the 

storage conditions (dry, water, water with thermocycling) had a significant effect upon 

the bond strength of both resins. Thermocycling and water storage produced a further 

decline in bond strength. Thermocycling results in mechanical stress at the resin/metal 

interface as a consequence of the difference between the expansion of coefficients and 

causes a deterioration in the bond strength. 

In 2000, Ohkubo et al.(29) examined the shear bond strengths of the denture 

base resin to cast pure titanium, Ti-6Al-4V, and a cobalt-chromium alloy using various 

adhesive primers.(Metal Primer II, Cesead Opaque primer, Meta Base , experimental 

primer, Siloc bonding system) Primers significantly improved shear bond strengths of 

denture base resin to all metals, among which no significant differences were found.  

Composite resin veneered restorations are now widely used in prosthodontics. 

However, the chief disadvantage of resin facings compared with ceramometal 

techniques has been poor bonding between veneer material and the metal framework. 
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Mechanical retentions such as undercut, beads, loops, and wires have been 

indispensable for retaining facing on the cast metal. Tanaka et al.(30) reported that 

spherical retention devices of approximately 200µm in diameter were desirable for 

acrylic resin veneers for retention and for minimizing marginal leakage. The 

application of functional methacrylate was another attempt to improve the bonding 

between the veneer and the metal framework. 

 The opaque resin containing 4-META monomer was used as a bonding agent 

to bind a metal framework with veneered composite resin. Tanaka et al.(5) developed 

a heat-cured adhesive opaque resin that contained 4-META. The 4-META/MMA-TBB 

opaque resin bonded strongly to cobalt-chromium alloy with a high chromium content. 

Barzilay et al.(23) used self-cured 4-META/MMA-TBB resin (Superbond C&B, Sun-

Medical Co., Ltd., Kyoto, Japan) to bind light-cured composite resin and alloys. 

Chemical retention of 4-META and Silicoat materials provided superior bond strength 

for laboratory light-cured composite to metal compared with mechanical retention. 

Etched-4-META and small-bead Silicoat material elevated bond strength but were not 

significantly different from 4-META material. 

 However, the opaque resin displayed poor bonding to the precious alloys. 

Because 4-META monomer demonstrated affinity to the metal oxides, such as 

chromium oxide, various treatments of the metal surface were developed to create a 

metal oxide layer on the precious alloys. Tanaka et al.(31)described heat treatment of 

gold alloys for resin-bonded fixed partial dentures that were seated with 4-

META/MMA-TBB resin. The alloy surface to be bonded was covered with copper 

oxide that improved the bond between the 4-META resin and the alloy .Matsumura et 

al.(22) used heated or Sn-plated type II alloy with 4-META/MMA-TBB opaque resin 

to increase bond strength of the light-cured composite resin to metal framework. 

 In 1999, Kountouras et al.(32) reported that the adhesive primer/opaque system 

based upon 4-META and MDP maintained the highest bond strength throughout the 

conditioning, its low displacement at yield indicated that it was suitable for rigid areas 

of a removable partial denture. 

 In 2002, Hisamatsu et al.(33) reported that the combined use of a silane primer 

and unfilled resin bonding agent generally showed greater strength for the use of one 

or the other alone. 
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CHAPTER III 

MATERIALS AND METHODS 
 
 
MATERIALS AND APPARATUS 

 

1. Heat cured PMMA resin (Triplex Hot, Ivoclar, Germany) 

2. Autopolymerizing PMMA resin (Triplex Cold, Ivoclar, Germany) 

3. Cobalt-Chromium alloy(63.5%Co, 29%Cr, 5%Mo;Wironit®, USA) 

4. 4-META powder (Sun Medical, Japan ) 

5. Acetone 

6. Phosphate-bonded investment ( Biosint® extra , Degussa Dental, Italy) 

7. Dark color bottle 

8. Silicon carbide paper # 600 grit 

9. Plaster of Paris (Siam Gypsum plaster L.P., Thailand)   

10. Putty Silicone (Siligum®, Ivoclar, Germany) 

11. Cup and spatula for mixing acrylic resin 

12. Polyethylene tube with a circular hole 25 mm.in diameter ×15 mm. in heigth 

13. Blue Inlay Wax(Type I Class I ,Kerr Corp, Romulus MI) 

14. Sodium alginate solution (CMS Detrey, Dentsply, England) 

15. Dental flask (Hanua Engineering Co, Inc, Buffalo, NY) 

16. Flask  press (Hanua Engineering Co, Inc, Buffalo, NY) 

17. Constant temperature baths and circulators  

18. Thermocycling (Tc 600, KMIT. (Ladkrabang), Bangkok, Thailand) Figure 3-1 

19. Universal Testing Machine (Instron Model 5566,Instron Corp, Canton, Mass, 

USA) Figure 3-2 

20. Light microscope (original magnification ×40) 

21. Induction casting machine (Nautilus MC, Bego, Germany) 

22. Sandblast (Bash, Dental farm, Italy) 

23. Al2O3 50  µm (Korox, Bego, Germany) 
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 Figure 3-1  Thermocycling machine (Tc 600, KMIT. (Ladkrabang), Bangkok,   

                             Thailand) 

 

 
 

Figure 3-2  Universal testing machine : Instron model 5566 ( Instron Corp.  

                   Canton, Mass,  USA ) 
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METHODS 

 
1. Adhesive monomer preparation. 

 Adhesive monomers (4-META/acetone) in 5 concentration of 4-META (5%,  

10%, 15%, 20%, 25% by weight) were prepared and stored in the dark color bottles. 

For example 4-META/acetone 5% by weight, 5 gram 4-META powder was mixed 

with 95 grams acetone. ( the density of acetone = 0.792 gram / ml) 

 
2. Specimen preparation (Co-Cr alloy & Heat-cured acrylic resin) 

 2.1 Disk-shaped Co-Cr alloy specimens were cast from Blue inlay wax (15 

mm. in diameter and 1 mm. thick) using Co-Cr alloy (63.5% Co, 29% Cr, 5% Mo; 

Wironit®, USA) in the phosphate-bonded investment mold in an induction casting 

machine. After casting, 48 cast disks were divested and finished with No.600 silicon 

carbide abrasive paper under water. (Figure 3-3) 

 

  
 

Figure 3-3  Show disk-shaped wax patterns and Co-Cr alloy specimens. 

 

 2.2 The Co-Cr alloy disks were placed at the center of the polyethylene tube 

(25 mm. in diameter and 15 mm. in height) with surface bonding site facing the flat 

glass. Then, an autopolymerizing PMMA resin (Triplex Cold, Ivoclar, Germany) were 

mixed (powder 100 grams per monomer 30 ml.) and poured into the polyethylene 

tube. After the autopolymerizing PMMA resin completely hardened, the surface 

bonding site was finished with No.600 silicon carbide abrasive paper under water. 

(Figure 3-4) 
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             Figure 3-4  Co-Cr alloy specimen after finishing with No.600 silicon carbide  

                                 abrasive paper under water. 

 

2.3 Then the Co-Cr alloy specimens with randomized matching 4 specimens at 

a time in plaster stone within a dental flask were lubricated with petroleum gel and 

placed in lower half of the dental flask. After the plaster stone completely hardened, 

the stone molds were washed, cleaned thoroughly in stream, and air-dried.  

 

2.4 The cylindrical metals (10 mm. in diameter and 5 mm thick in size) for heat 

curing PMMA resin patterns were positioned at the center of each Co-Cr alloy disk. 

(Figure 3-5) Sodium  alginate solution was applied on the gypsum mold and the mold 

was air dried. Then the putty silicone was mixed and adapted on each cylindrical 

metal, the upper half of the dental flask was placed over the lower half  of the dental 

flask and the plaster stone was mixed, poured to fill the inside of the upper half and 

pressed until close to the lower half of the dental flask.  

                                
Figure 3-5  The cylindrical metal was positioned at the center of each Co-Cr  

                    alloy disk. 
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2.5 After the dental stone had set and the cylindrical metals were removed, the 

putty silicone molds were washed to remove the residue, cleaned thoroughly, and air-

dried. The bonding sites were sandblasted with 50µ Al2O3 under 0.50 MPa pressure for 

2 minutes with a nozzle distance of 10 mm. by  using acrylic jig . 

 

Subsequently, the Co-Cr alloy surface was randomly assigned into 6 groups, 

each group had 8 samples. The Co-Cr alloy surface was treated with the following 

regimens. 

 Group 1 : 4-META 0% by weight (pure acetone)                                         

 Group 2 : 4-META 5% by weight / 95 % acetone 

 Group 3 : 4-META 10% by weight / 90 % acetone  

 Group 4 : 4-META 15% by weight / 85 % acetone 

 Group 5 : 4-META 20% by weight / 80 % acetone 

 Group 6 : 4-META 25% by weight / 75 % acetone 

The 4-META/acetone were mixed and applied in two layers on the bonding 

site with a brush, then heat curing PMMA resin (Triplex Hot, Ivoclar, Germany) were 

mixed according to the manufacture’s instruction (powder 23.4 grams per monomer 10 

ml) and were packed in the upper half of the dental flask. 

  

 2.6 After packing, the flasks were placed in a flask press and allowed to bench 

process for 30 minutes. Then they were immersed in the water in the constant 

temperature bath and circulator at room temperature. The temperature was raised 

slowly to 73±1 ºC and maintained for 90 minutes and cured at 100 ºC for 30 minutes. 

After completion of the polymerization cycle, the flasks were allowed to cool to room 

temperature for at least 30 minutes. 

 

 2.7 The specimens were deflasked and carefully removed. Any flash or excess 

of acrylic resin material was smoothed with burs. (Figure 3-6) 
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Figure 3-6 Any flash or excess of acrylic resin material was smoothed with  

                               burs.  

 

 2.8 The specimens were placed in water at 37± 1ºC and stored for 24 hours. 

The specimens were  further thermocycled in water which had temperature between  

4± 1 ºC to 60± 1 ºC for 10,000 cycles with a 30 second dwell time before  

testing.  

 

3. Shear bond  strength testing 

Immediately after thermocycling, the specimens were subjected to shear bond 

strength test with a universal testing machine (Instron Model 5566, Instron Corp, 

Canton, Mass, USA) with a pushing device used at a cross head speed 0.5 mm/min 

until fracture. (Figure 3-7) The shear bond strengths were calculated by dividing the 

fracture load by bonded surface area of the test samples; according to the following 

formula:  

 

B=F/S 

B = shear bond strength (MPa) 

F = load at fracture (N)  

S = bonded surface area (mm2). 
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                       Figure 3-7 Apparatus for testing shear bond strengths. 

 

4.Observation of Failure  mode 

 After shear bond testing, the fractured interface of the specimens were 

inspected under an optimal light microscope (original magnification ×40) to assess the 

location and type of bond failure. The failure modes were classified into 3 categories : 

(A) adhesive failure at adhesive-acrylic resin, (B) cohesive failure  and (C) 

Combination of cohesive and adhesive failures. 

 

Statistical analysis of results 

 For each condition, the mean and standard deviation of shear bond strengths 

were calculated and recorded. The shear bond strength data in each group were 

subjected to Kolmogorov-Smirnov test for normal distribution test. The Levene’s test 

was used to determine the homogeneity among the group variances.  

Statistical analysis of the difference among the test group was carried out with 

one-way ANOVA and Tukey’s Multiple-Range test for test at a 0.05 significance 

level. 
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CHAPTER IV 

RESULTS 
 
 

Means and standard deviations were computed and presented in Table 4-1 and 

Figure 4-1. From the Kolmogorov-Smirnov test the data distribution of the bond 

failure load in all groups were normal (p>0.05). The Levene’s test revealed that the 

variances of each group were not statistically different (p>0.05).  

 

Table 4-1 Shear bond strengths between heat-cured acrylic resin and Co-Cr alloy. 

 
4-META  Concentration       Sample  

      Number      0%       5%     10%      15%      20%     25% 

           1 

           2 

           3 

           4 

           5 

           6 

           7 

           8  

       X 

       X 

       X 

       X 

       X 

       X 

       X 

       X 

     2.57 

     2.80 

      2.91 

      3.11 

      3.63 

      3.76 

      3.77 

      4.60 

    3.43 

    4.16 

    4.27 

    4.40 

    4.51 

    4.52 

    5.03 

     5.37 

     3.23 

     3.37 

     3.50 

     3.88 

     4.17 

     4.19 

     4.28 

     4.73 

     3.31 

     3.82 

     4.59 

     4.68 

     4.71 

     5.01 

     5.36 

     5.51 

    2.82 

     3.34 

     3.45 

     3.97 

     4.08 

     4.43 

     4.51 

     4.91 

       Mean 

         SD 

       3.39 

      0.67 

     4.46 

     0.58 

     3.92 

     0.52 

     4.63 

     0.74 

     3.94 

     0.69 

 
Note :   X = Heat-cured acrylic resin dislodged  from  the Co-Cr alloy during  
                     thermocycling. 
 

 
 
During thermocycling for 10,000 cycles, all of acrylic resins in the control 

group (0% 4-META/acetone) dislodged from the Co-Cr alloy. Therefore, shear bond 

strength test could not be carried out for the specimen in this group. 
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The same identical letters in the bar indicate no statistically significant differences. (p<0.05)           
 

Figure 4-1 Mean shear bond strengths of heat-cured acrylic resin to Co-Cr  

                   alloy with various 4-META/acetone concentration. 

 

The result of ANOVA was shown in Table 4-2. The effects of                       

4-META/acetone concentration was statistically significant at the 0.05 level.  

 

 

Table 4-2 One–way ANOVA of shear bond strengths affected by various                                   

                 4-META/acetone concentration. 

 
Source Sum of Squares       df   Mean Square         F         Sig. 

Between Groups 

Within Groups 

Total 

7.667 

14.602 

22.270 

       4 

      35

      39

1.917 

.417 

    4.595 .004

 

 Tukey’s Multiple-Range statistics revealed that 5% 4-META/acetone group 

was statistically significant differences in shear bond strength from the other groups 
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but the difference were no significant between 10%, 15%, 20% and 25% 4-

META/acetone group. ( Figure 4-1) 

 

Observation of Failure  modes 

 After thermocycling for 10,000 cycles, all of the bond failures occurred 

adhesively between heat-cured acrylic resin and Co-Cr alloy. Adhesive failure without 

the fragment of denture base resin on the metal surface occurred. There was no 

cohesive failure within the resin found in this study. 

 

                                 
 
Figure 4-2  Adhesive failure at heat-cured acrylic resin-Co-Cr alloy interface. 

 
 
                                

Co-Cr alloy 

Bonded surface 
area 

Acrylic resin 
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CHAPTER  V 

DISCUSSION 
 
 

 In removable partial dentures there is normally no chemical bonding between 

the cast alloy and PMMA denture base. Mechanical retention of the resin to the casting 

is required and presents a significant challenge during the design of partial dentures. 

Recently developing adhesive denture base resins which contain the adhesive 

monomer 4-META (4-methacryloxyethyl trimellitate anhydride) can be created a 

chemical bond to partial denture alloys.  

Yasuda et al.(6) reported in 1985 on longitudinal in vivo research project that 

evaluated the clinical performance of 4-META denture base materials after an average 

of 5 years of normal function in 35 patients. Ninety-five locations on the partial 

dentures were evaluated, and two processing techniques were used. First technique 

involved coating the Co-Cr metal with autopolymerizing resin using incremental brush 

application of thin layer of 4-META resin followed by the processing of a 

conventional heat-polymerized PMMA denture base coating (coating method). The 

second technique involved the use of a heat-processed 4-META denture base resin 

only (dough method). 

The researchers evaluated the finish line areas for 1) fracture or macroscopic 

loss of bond, 2) staining with the application of plaque-disclosing solution, 3) 

deterioration or discoloration of the resin-metal interface, 4) redness or inflammation 

of the underlying mucosa. One fracture was observed in the area of the resin-metal 

interface. Over one half of the areas received a grade of zero (no stain) with respect to 

staining from penetration of the disclosing solution. The coating method demonstrated 

slightly significant. Neither deterioration nor discoloration was observed in any or the 

dough method samples. Deterioration was not noted in the coating method samples; 

however, a marked brownish discoloration of the autopolymerized layer was observed. 

The mucosa underlying the prosthesis did not demonstrate redness or inflammation in 

any of the patients. This clinical longitudinal study further demonstrated the reduction 
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in microleakage at the metal-resin interface, and suggests a clinically stable bond 

formation between 4-META acrylic resin and removable partial denture alloys.  

 In this study, 2 thin layers of 4-META/acetone was applied to Co-Cr alloy 

using incremental brush prior to the processing of a conventional heat-polymerized 

PMMA denture base. The 4-META material was easy to apply, less technique-

sensitive and required minimal equipment. The film thickness of the 4-META may be 

a limiting factor to the shear failure mode. However, we applied 4-META/acetone 

only as a thin layer onto the Co-Cr alloy and acetone was easy to evaporate. 

 Thermocycling results in mechanical stress at the resin/metal interface as a 

consequence of the difference between the coefficients of thermal expansion and 

causes a deterioration in the bond of acrylic resin. Sandblasting alloy surfaces 

produced roughness which allows conventional resins to be mechanically retained. 

However the shear bond strength is reduced by both water storage and thermocycling. 

This result agree with the studies of NaBadalung and Powers (27). Thermocycling had 

a great effect on bond strength of the specimens. According to this study, the shear 

bond strengths of acrylic resins were tested with respect to long-term thermocycling 

(10,000 cycles). Such tests simulate the oral environment and are important in 

predicting the clinical response of denture base materials. Then, effect of 4-META on 

shear bond strength were prominent. 

The results of this study demonstrated that the shear bond strengths of the 

primed Co-Cr alloy surface with 4-META/acetone to the heat-cured acrylic resin were 

significantly higher than the unprimed specimen. 4-META/acetone produced chemical 

bond between Co-Cr alloy and the acrylic resin that like as the previous studies (14, 

24, 25, 27). The chromium content of the Co-Cr alloy produced a thin oxide layer in 

room temperature air, making it ideal for bond development with 4-META (6). Also, 

air abrasion of the surface with alumina oxide produced the highest bond strength 

value (5). Similarly, in this study the specimens were air abraded with 50 µ Al2O3 

which provided microretention. A chemical bond is formed between the treated alloy 

surface and acrylic resin. Jacobson et al.(2) were not able to produce adhesion between 

a heat-cured conventional acrylic product and electropolished Co-Cr alloy; no 

mechanical retention being possible on that surface. However, when that resin was 

replaced with an acrylic resin containing 4-META, adhesion was enhanced. Moreover, 
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Khasawneh et al.(28) reported that the adhesive acrylic resin containing 4-META 

(Metafast) produced higher bond strength than the conventional resin. Shimizu et 

al.(34) reported that the shear bond strengths of the autopolymerizing denture base 

resin to either cast Ti-6Al-7Nb alloy or Co-Cr alloy were significantly improved 

because of the use of the metal conditioners. 

The dental adhesive resins which are the commercial products usually contain 

5% of 4-META by volume added to the monomer to provide optimal bonding strength 

of the acrylic resin that originally developed at the Tokyo University Dental Collage 

(9) and suggested by Takeyama et al.(4).Several reports have been published in the 

Japanese literature describing a denture base acrylic resin that incorporates 4-META 

as 5% of the monomer and adhesive resin cement (4,5,6,7,8). This study demonstrated 

that 5% - 25% concentration of 4-META/acetone could promote the bonding. 5% of 4-

META/acetone showed the lowest bonding but there were no significant difference 

when compared with 15% 4-META/acetone and 25% 4-META/acetone. 10% and 20% 

of 4-META/acetone showed significantly higher bond strength than 5% 4-

META/acetone but no significant difference when compared with 15% and 25% 

concentration of 4-META/acetone. With the limited of this study, a 10% concentration 

was chose as an appropriated concentration to use for this application. In this study, 

10% concentration of 4-META/acetone was showed better result than 5 % 

concentration of 4-META/acetone. It may be due to the film thickness of 4-META 

was too thin to bond when applied 5% 4-META/acetone and when curing heat-

processed PMMA resin, some 4-META was denature. Moreover, at higher 

concentrations, the amount of water absorbed increases, which adversely affects bond 

strength (9).   

 All unprimed specimens dislodged from Co-Cr alloy during thermocycling and 

adhesive failure occurred in all primed specimens after thermocycling when tested the 

shear bond strength. The following results were shown that there were chemical 

bonding of 4-META adhesive between the acrylic resin and Co-Cr alloy. However, the 

bond strength values were quite very low because of the surface area bonding was 

narrow and chemical bonding was not powerfully to exhibit. However, sandblasted 

surface with aluminum oxide may produce some residual alumina particle on Co-Cr 

alloy surface which reduced the bond strength (19). Moreover, the difference in these 
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strengths was attributed to the increased polymerization shrinkage observed with the 

heat-activated systems and the reduced wetting of the metal surface with monomer 

inherent in the compression packing of the heat-processed resin.   

 In addition to its use in removable partial dentures fabrication, 4-

META/acetone may offer additional applications. This material can be recommended 

for removable partial denture repair. The use of 4-META/acetone permits bonding to 

the Co-Cr denture base, which prevents microleakage in the area of the finish lines. 

The otherwise complicated relining of a metal based complete denture may be 

simplified with the use of 4-META/acetone. Longitudinal investigations will be 

required to reveal clinical performance of this resin system.  
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CHAPTER  VI 

CONCLUSION 
 

  
Within the limits of our study, the following conclusions can be drawn: 

1. The shear bond strengths of the primed Co-Cr alloy surface with 4-

META/acetone to the heat-cured acrylic resin were significantly higher than 

unprimed specimen. 

2. 4-META/acetone promoted chemical bonding between the heat-cured acrylic 

resin and Co-Cr alloy. 

3. Adhesive failure occurred in all primed Co-Cr alloy surface with 4-

META/acetone. 

4. 10% of 4-META/acetone was chosen as an appropriated concentration to use 

for this application. 
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