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ABSTRACT 
       The objectives of this study were to investigate the degree of conversion and 
ultimate micro-tensile strength of a 2 step, self-etching adhesive system (Clearfil SE 
Bond) and 3 all-in-one, self-etching adhesive systems (Adper Prompt,G-bond,Clearfil 
S3 Bond)  
       The adhesives were used according to the manufacturer’s instructions and light-
curing was accomplished with a conventional halogen light-source for 40 s. Degree of 
conversion was determined by of FTIR-ATR spectroscopy. Uncured and cured 
specimens were exposed on the surface of a diamond attenuated total reflectance 
crystal. Infrared spectra were analyzed for the degree of conversion by comparison of 
the ratio of absorption intensities of aliphatic carbon double bond against an internal 
standard before and after polymerization. Five specimens were made for each test 
condition. To evaluate the ultimate micro-tensile strength of the cured adhesives, 15 
specimens were prepared by curing each adhesive resin in a dumbbell-shaped mould. 
The cured specimens were stored for 24 hrs before the ultimate micro-tensile strength 
test using a universal testing machine at a crosshead speed of 1.0 mm/ min. Degree of 
conversion and micro-tensile strength value were analyzed statistically using one-way 
ANOVA and LSD multiple comparison at 95% confidence interval. 
       There were significant differences among the various resin adhesives in the degree 
of conversion and the ultimate micro-tensile strength. The degrees of conversion of G-
bond and Clearfil S3 Bond were 92.00±0.54 % and 90.92±0.22 % which were higher 
than the other groups. The lowest values were recorded for Adper Prompt at 
47.01±1.55%. Clearfil SE Bond showed the degree of conversion of 80.82 ± 1.18 %. 
For the ultimate micro-tensile strength, Clearfil S3 Bond and G-bond showed values 
of 48.61±1.65 and 46.71±3.95 MPa respectively. Adper Prompt had the lowest values 
of 14.44±2.11 MPa whereas the ultimate micro-tensile strength of Clearfil SE Bond 
was 39.75±2.51 MPa.  
       In conclusion, Clearfil S3 Bond and G-Bond showed higher degrees of conversion 
and micro-tensile strength values than Clearfil SE Bond and Adper Prompt.  The 
lowest values were those of Adper Prompt. 
 

KEY  WORDS: SELF-ETCHING ADHESIVE / DEGREE OF CONVERSION /    
                             ULTIMATE MICRO-TENSILE STRENGTH. 
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บทคัดยอ 
       วัตถุประสงคของการศึกษานี้ เพื่อประเมินอัตราการเกิดปฏิกิริยาโพลีเมอไรเซชั่นและคากําลังแรงอัลทิเมทไม
โครเทนไซลของ สารยึดติดเซลฟเอทชิ่ง ๔ ชนิด 
       ใชสารยึดติด ๔ ชนิดไดแก เคลียรฟล เอสอี บอนด, เคลียรฟล ไตรเอส บอนด, แอดเพอร พรอมท และ จี 
บอนด การใชวัสดุทําตามคําแนะนําของบริษัทผูผลิตและฉายแสงดวยเครื่องฉายแสงแฮลโลเจนเปนเวลา ๔๐ วินาที 
โดยเตรียมช้ินตัวอยางทั้งโมโนเมอรและโพลีเมอรอยางละ ๕ ช้ินเพื่อทดสอบหาคาอัตราการเกิดปฏิกิริยาโพลีเมอ
ไรเซชั่น ดวยเครื่องมือวิเคราะหชนิดและปริมาณสาร (FTIR-ATR spectroscopy) โดยนําช้ินตัวอยางทั้งโมโนเมอร
และโพลีเมอรไปสัมผัสที่ผิวของผลึกเพชรรวมแสงสะทอน แลวนําสเปกตัมที่ไดไปหาคาอัตราการเกิดปฏิกิริยาโดย
การเปรียบเทียบอัตราสวนการดูดกลืนคลื่นรังสีของ คารบอนดพันธะคู ขณะกอนและหลังเกิดปฏิกิริยาโพลีเมอไร
เซชั่น   สําหรับคากําลังแรงอัลทิเมทไมโครเทนไซลของโพลีเมอรทําการเตรียมช้ินตัวอยางเปนรูปดัมเบลจํานวน 
๑๕ ช้ินตัวอยางจากแบบหลอและฉายแสงแลวนําไปเก็บเปนเวลา ๒๔ ช่ัวโมงกอนนํามาทดสอบดวยเครื่องทดสอบ
แรงสากล โดยใชความเร็วในการดึง ๑ มิลลิเมตรตอนาทีทําการวิเคราะหขอมูลทางสถิติดวย one-way ANOVA 
       ผลการศึกษาพบความแตกตางของคาอัตราการเกิดปฏิกิริยาโพลีเมอไรเซชั่นและคากําลังแรงไมโครเทนไซล
อยางมีนัยสําคัญระหวางวัสดุที่ทําการทดสอบ จี บอนด และ เคลียรฟล ไตรเอส บอนด แสดงอัตราการเกิดปฏิกิริยา
โพลีเมอไรเซชั่นสูงเทากับ ๙๒.๐๐ ± ๐.๕๔ %. และ ๙๐.๙๒ ± ๐.๒๒% ตามลําดับ แอดเพอร พรอมท ใหคาอัตรา
การเกิดปฏิกิริยาโพลีเมอไรเซชั่นต่ําสุด ๔๗.๐๑ ± ๑.๕๕% ขณะที่ เคลียรฟล เอสอี บอนด เทากับ  ๘๐.๘๑ ± 
๑.๑๘ % คากําลังแรงอัลทิเมทไมโครเทนไซลทั้ง จี บอนด และ เคลียรฟล ไตรเอส บอนด ใหคาสูงเทากับ ๔๖.๗๑ 
± ๓.๙๕ และ ๔๘.๖๑ ± ๑.๖๕ เมกะปาสคาลขณะที่ แอดเพอร  พรอมท ใหคาแรงอัลทิเมทไมโครเทนไซลตํ่าสุด 
๑๔.๔๔ ± ๒.๑๑ เมกะปาสคาล สวนคาแรงอัลทิเมทไมโครเทนไซลของ เคลียรฟล เอสอี บอนด เทากับ ๓๙.๗๕ ± 
๒.๕๑    เมกะปาสคาล 
       ผลการศึกษาสรุปวาทั้ง เคลียรฟล ไตรเอส บอนด และ จี บอนด แสดงคาอัตราการเกิดปฏิกิริยาโพลีเมอไร
เซชั่นและคากําลังแรงอัลทิเมทไมโครเทนไซลสูงกวาวัสดุชนิดอื่นรองลงมาคือ เคลียรฟล เอสอี บอนด สวน แอด
เพอร พรอมท ใหคาตํ่าสุด 
๗๔ หนา 
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  CHAPTER I 

INTRODUCTION 
  

        Wide variety of adhesive systems are being used in modern dental resin-based 

restorative materials to provide an adequate bond between the restorative material and  

the tooth structure. Depending on the clinical approach of the smear layer, the 

adhesive systems can be classified into total-etching and self-etching adhesive 

systems. Total-etching adhesive systems are the systems which the smear layer is 

completely removed using acidic conditioner. These systems can be divided into two- 

and three-step adhesive systems, depending on a combination or a separation of a 

primer and an adhesive resin. The self-etching adhesive systems are the systems that 

are modify and incorporate the smear layer in the bonding process. The self-etching 

adhesive systems can be subdivided into one- and two-step systems, depending on the 

number of clinical application steps (1-2), or subdivided into mild, moderate and 

aggressive self-etching adhesive systems, depending on their pH (3).  The total-

etching adhesive systems work well but are more time consuming to clinical approach 

and more sensitive to technique (4) than the self-etching adhesive systems that are  

simplified and shorten the bonding procedures. (1-2)  

 In order to provide a good bond to dentin, the self-etching adhesive systems 

must be able to dissolve and penetrate through the smear layer into the subsurface 

dentin to form an authentic hybrid layer (5). If the self-etching adhesive systems are not 

able to penetrate through the smear layer, no authentic hybrid layer will form and 

cohesive failure within smear layers will occur. Thus, the authentic hybrid layer is 

important to form a good bond no matter the thickness of hybrid layer is. It was 

reported that there was no correlation between the thickness of hybrid layer and the 

bond strength.  A thin hybrid layer could created high bond strength to sound dentin.(6-

8) The strength of the resin-dentin bond also depend upon the mechanical properties of 

the polymerized resin components (9) such as the micro-tensile strength. It was 

reported that the ultimate micro-tensile strength of the adhesive resin could be 

estimated the micro-tensile bond strength of the adhesive resin to the dentin.(10) 



Tippaporn Trakoolsoontorn                                                                                               Introduction  /  2 

 
Many studies revealed that the mechanical properties of the cured adhesive resin were 

some of the most important factors that determined the bond strength.(9-10) Moreover, 

the degree of polymerization or crosslinked  polymeric matrix systems plays a 

potentially significant role in determining the ultimate physical and mechanical 

properties of the resin based material.(11) If the polymerization of these resin is 

inadequate, the results will be inferior physical and mechanical properties, such as poor 

resistance to withstand cyclic stresses when have occlusal loading  or  insufficient to 

resist the shrinkage stress from the polymerizing composite resin. This will results in 

gap formation around the cavity margins and subsequent microleakage, pulpal irritation 

or recurrent caries.(12) 

        Many studies examined the degree of conversion of bonding resin by using the 

technique of fourier transform infrared spectroscopy (FTIR). (11,13-16)  Attenuated 

total reflectance (ATR) spectroscopy is one of  a special technique of  FTIR (17) to 

detect the degree of conversion of dental resin.(14-16)  Since this technique can be 

done under room conditions and the sample preparation is simple without the problem 

of specimen thickness and nondestructive approach .(17) 

         Nowadays, the continuing developments in dental material sciences have led to 

improve their formulations, resulting in the current availability of a wide range of 

adhesive systems. However, there are few reports concerning the degree of conversion 

and the mechanical properties of newly developed self-etching adhesives. Thus, the 

purposes of this study were to investigate the degree of conversion and the micro-

tensile strengths of 4 commercial available self-etching adhesive systems. 
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CHAPTER II 

OBJECTIVES 

 

The objectives of the study were 
1. To investigate the degree of conversion of  4 commercial self-etching adhesive 

systems: Clearfil SE Bond, Clearfil S3 Bond, Adper Prompt and G-Bond. 

2. To  study  the ultimate micro-tensile strengths  of 4 commercial self-etching 

adhesive systems:  Clearfil SE Bond, Clearfil S3 Bond, Adper Prompt and G-Bond 

 

Hypothesis 
        H0  :There  was  no  significant  different  in the  degree  of  conversion  among     

                 various materials. 

H1 :There was significant different in the degree of conversion among various 

materials. 

H0 :There was no significant different in the ultimate micro-tensile strengths 

among various materials. 

H1 :There was significant different in the ultimate micro-tensile strengths among 

various materials. 
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CHAPTER III 

LITERATURE REVIEW 

 
         There are four related topics to be reviewed as follows 

                1. Polymerization 

                2. Dentin bonding systems 

                3. Fourier transform infrared spectroscopy 

4. Micro-tensile test 

 

Polymerization 
         Polymers are prepared by a process called polymerization, which consists of 

the monomer units becoming chemically linked together to form high molecular 

weight molecules. The polymerization process may take place by several different 

mechanisms, but most polymerization reactions fall into two basic types: addition 

polymerization and condensation polymerization. Important addition polymerization 

reactions are free radical, ring opening, and ionic reactions. The free radical polymeri-

zation has commonly been used in dental resin restoration material.(18) 

         Free radical polymerization reactions usually occur with unsaturated molecules 

containing double bonds. In any case, the reaction is initiated by a free radical and this 

type of reaction no by product is obtained. The reaction takes place in three stages 

called the initiation, propagation, and termination stages. The reaction may be 

accelerated by heat, light, and chemical agents.(18)  

         The initiation stage involves creation of the free radical active centre from the 

radical producing molecules (initiators).(Fig 1) A free radical is an atom or group of 

atoms possessing an unpair electron. When the free radical and its unpaired electron 

approach a monomer with its high-electron-density double bond, an electron is 

extracted, and it pairs with the free radical to from a bond between the radical and the 

monomer molecule, leaving the other electron of the double bond unpaired. Thus the 
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original radical bonds to one side of the monomer molecule and forms a new free 

radical site at the other end.  The reaction is now initiated  and  the  shifting of  the free 

electron to  the end of the growing chain, which describes the propagation stage.   (Fig 

2) (18)  

                                                
 

 
Fig 1 : Activation of benzyl peroxide (BPO). During activation, the -o-o- bond is 

broken, and the electron pair is split between the two fragments. The dot adjacent to 

the oxygen of the free radical symbolizes the unpaired electron. (From Anusavice. 

Phillips’Science of Dental Materials, 11thed)              

                                              
 

 

                                                                             
Fig 2 : Initiation of a methyl methacrylate molecule. As the unpaired electron of the 

free radical approaches the methyl methacrylate molecule (A&B), one of the electrons 

in the double bond is attracted to the free radical to from an electron pair and a 

covalent bond between the free radical and the monomer molecule (C&D). When this 

occurs, the remaining unpaired electron makes the new molecule a free radical (D). 

(From Anusavice. Phillips’Science of Dental Materials, 11thed ) 

Initiator 
(BOP) 

Free radical 

Initiation
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         The direct resin restoration system usually used light-activated, photons from a 

light source activate the initiator to generate free radicals. The free radical initiating 

system, consisting of a photo-sensitizer and initiator. Camphorquinone (CQ) is a 

commonly used photosensitizes that absorbs blue light with wavelengths between 400-

500 nm. Amine initiators are suitable for interaction with CQ, such as dimethylamino- 

ethyl methacrylate (DMAEMA). When exposure to light in the blue region 

(wavelength of 400-500 nm) produces an excited state of the photosensitizes, which 

then interacts with the amine to form free radicals that initiate addition polymerization. 

         The propagation stage involves growth of the polymer chain and the 

propagation reaction continues until the growing free radical is terminated. (Fig 3)(18) 

                           
 

                                                                                         

         
                                 
Fig 3 : Propagation and chain growth. As the initiated molecule approaches other 

methyl methacrylate molecules, the free electron interacts with the double bond of the 

methyl methacrylates molecule, and a new, longer free radical is formed. (From 

Anusavice. Phillips’Science of Dental Materials, 11thed) 

Chain growth 

Propagation 

Etc.
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The termination stage of additional polymerization reactions are most often by direct 

coupling of two free radical chain ends. (18) 

         The polymerization of dimethacrylates produces densely crosslinked networks, 

resins, which find wide applications in dentistry such as dental composites, pit and 

fissure sealants, dentine bonding agents and cements. (19) 

         The most common dimethacrylate monomer in current commercial dental resin 

is Bis-GMA, which is the reaction product of bisphenol A and glycidyl ester 

methacrylate (GMA), bisphenol A ethoxylated dimethacrylate(Bis-EMA), triethylene 

glycol dimethacrylate (TEGDMA), urethane dimethacrylate (UDMA) (Fig 4) 
 

                                 Bis-GMA 

2,2-bis-[4-(2-hydroxy-3-methacryloyloxyprop-1-

oxy)phenyl]propane] 

or 

              Bisphenol A glycol dimethacrylate 

 

                                                                                               

                                                                                                                          TEGDMA                                     

                                                                                      Triethyleneglycol dimethacrylate 

 

 

 

                                 UDMA 

1,6-bis-(methacryloyloxy-2-

ethoxycarbonylamino)-2,4,4-trimethylhexane 

or 

Urethane dimethacrylate 

 
                                      

                                     Bis-EMA 

Bisphenol A ethoxylated dimethacrylate 

(4 ethylene oxide groups/bisphenol A group) 

 

 

 Fig 4 : Chemical structures of the dimethacrylate monomers used. (From Sideridou I, 

Tserki V, Papanastasiou G) (13) 
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Adhesive systems 

         Bonding agents are low-viscosity resins dissolved in solvents that penetrate 

porosities in the tooth surfaces created by etching. The solvents are typically acetone 

or ethyl alcohol. Some water-based systems are also available. Bonding agents can be 

viewed as two components. The first is a resin primer that penetrates etched dentin and 

enamel and lays down a resin layer that subsequently bonds chemically with a resin 

adhesive that is applied over it. A primer is more important on dentin than enamel 

because it contains hydrophilic groups that penetrate wet, etched dentin. The second is 

a resin adhesive that chemically bonds to the primer and contains hydrophobic group 

that will chemically bonds to resin restorative materials such as resin composite.  

 

Classification of adhesive systems 

         Depending  on  the  clinical   approach  of  the  smear  layer  produced  by 

cavity  preparation , adhesive systems can be classified into 2 group (2). 

                 1. Total-etching  adhesive systems  

                 2. Self-etching  adhesive systems 

 

Total - etching  adhesive systems 

         These systems are completely remove the smear layer by simultaneous 

application of an acidic conditioners to enamel and dentin surface. 

          Most products use a three-component system consisting of a acidic 

conditioner, primer, and adhesive. 

        1. Acidic conditioner is usually a phosphoric acid which uses to heavily 

remove the smear layer and demineralize peritubular and intertubular surface dentin. 

The depth of demineralization depends on type of acid, its concentration, and etching 

time. (2,20). 

             2. Primer is usually a bifunctional monomer in a volatile solvent. Due to their 

volatile characteristics, the solvents such as acetone or alcohol can displace water from 

the dentinal surface and the moist collagen network. A bifunctional monomer is one 

that has a hydrophilic end (i.e., one with an affinity for water) and a hydrophobic end 

(one lacking an affinity for water) ; examples of bifunctional monomers include  
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HEMA (hydroxyethyl methacrylate) , 4-META (4 methacryloxyethyl trimellitate 

anhydride).(21) (Fig 5) 

         Primer is used to link the hydrophilic dentin and the hydrophobic adhesive 

resin  because of its bifunctional nature (i.e hydrophilic end of primer bonds to the wet 

dentin and its hydrophobic end bonds to the adhesive resin). Thus, promote infiltration 

of demineralized peritubular and intertubular dentin by its own monomers and those of 

the adhesive resin. 

 

 

HEMA 

(hydroxyethyl methacrylate) 

 
 

 

(4 methacryloxyethyl trimellitate anhydride) 

 

Fig 5 : Chemical structures of the bifunctional monomers used in dental resin adhesive 

( From Hybridization of Dental Hard Tissues )(22)        

                  

 3. Adhesive (bonding resin) is an unfilled or partially-filled resin ,that is mostly 

hydrophobic monomer (such as Bis-GMA) and  may contain some component of the 

primer (e.g. HEMA) in an attempt to promote increased bond  strength. The actions of 

bonding resin are to combine with the primers monomers to form a resin-reinforced 

hybrid layer ( resin-dentin interdiffusion zone ) , to penetrate into the dentin tubules to 



Tippaporn Trakoolsoontorn                                                                                 Review of Literature  / 10 

 
forms resin tags ,and to provide methacrylate groups to bond with the subsequently 

placed resin composite. 

         Total-etching adhesive systems are subdivided in two- and three-step systems, 

depending respectively on combined or a separate application of a primer and adhesive 

resin.  

 
Self-etching adhesive systems         

         Some two-component bonding agents have incorporated acidic groups in the 

primer so called acidic monomer.  The acidic monomer will demineralize dentin and 

allow penetration of the resin without the need for rinsing and drying. These are called 

self-etching primers that partially demineralize the smear layer and the underlying 

dentine surface without removing the dissolved smear layer remnants and unplugging 

the tubule orifices.(3) 

         Most common self-etching adhesives involve two application steps with the 

self-etching primer followed by a more hydrophobic adhesive resin which covers the 

self-etching primer, resulting in two-step self-etching adhesives. To make self-etching 

primer systems even simpler, manufacturers have recently introduced single-step self-

etching adhesives or so called all-in-one adhesives which combining the conditioning, 

priming and the application of an adhesive resin into a single application. Besides, on 

the basis of the number of application steps, self-etching adhesives should also be 

subdivided into mild, moderate and aggressive self-etching adhesives, depending on 

their pH. The more aggressive system completely solubilized the smear layer and 

smear plugs.(3)  

         For the self-etching adhesive, water is an essential component to enable 

ionization of the acidic monomers in self-etching adhesive systems to generate 

hydrogen ions necessary for effective demineralization of the smear layer and hard 

dental tissues.(3)  

 Self-etching adhesives may be made acidic via three approaches (3) 

1. The first approach utilizes polymerizable, methacrylate based resin monomers 

that contain carboxylic, phosphoric, sulphonic acid moieties or their esters. 

2. The second approach incorporates mineral or organic acids as additives to 

nonacidic hydrophilic resin monomers. 
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3.  The third approach is to mix mineral or organic acids with acidic hydrophilic 

monomers. 

 The first approach in utilizing methacrylate-based acidic resin monomers is  

including the acid and the polymerizable functional groups are within the same 

molecule. 

        Phosphonates such as vinyl phosphonic acid and vinylbenzyl phosphonic acid  

which were used for more than 25 years ago as enamel and dentin adhesives. These 

were developed when the prevailing bonding concept of that era was that the resins 

chelated with calcium in the substrate. Thus, these acids were neutralized to maximize 

their chelation potential which negate their potential etching effect on dental hard 

tissues. 

        Phosphoric acid esters such as 2-methacryloyloxyethyl phenyl hydrogen 

phosphate (phenyl-P) have also been investigated as potential dentin adhesive 

components. However, the initial concentration of these monomers was about 5 wt% 

and bond strength to dentin was low. A di-penta-erythritol-penta-acrylate phosphate 

esters (PENTA) were also developed for bonding to smear layer-covered.            

        Unsaturated di- and tri-carboxylated methacrylate monomers  such as  4-

acryloylo xyethyltrimellitic acid (4-AET) and 11-methacryloyloxy-1 ,1-

undecanedicarboxylic acid ( MAC-10)  with concentration up to 50 wt % have also 

been used in comercial   self-etching primer formulations.        

        The second approach was fabricated by adding either nonpolymerizable 

mineral acid or polymerizable organic acid to water-soluble, hydrophilic resin 

monomer solutions. The lower pKa of these acids render these primers acidic enough 

to etch beyond the smear layer and demineralize the underlying intact dentin. The 

disadvantage of using a separate acid component is that they may demineralize the 

subsurface dentin deeper than resin component can infiltrate. If nonpolymerizable 

acidic substances penetrate deeper into dentin than do the hydrophilic monomers, 

incomplete resin infiltration may occur. This phenomenon has been observed in earlier 

versions of this type of self-etching primers containing maleic acid and HEMA. Such 

as Scotchbond 2 (3M Company, St Paul, MN, USA) and Syntac (Vivadent, Schaan, 

Liechtenstein). 
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         The third approach, strong inorganic acids (e.g. phosphoric acid), acid 

anhydrides (e.g. phosphorous pentoxide) or nonpolymerizing organic acids (e.g. citric 

acid) may be added to the acidic resin monomers to further increase the acidity of the 

mixture to improve enamel etching. 

         Contemporary self-etching adhesives were developed based on modifications 

of the first and second approaches. In the first approach, the bond strength to dentin 

was low since these primers are only weakly acidic, they could not etch through the 

smear layer to demineralize the subsurface dentin .(23) 

         The use of acidic polymerizable monomers with phosphoric acid functional 

groups such as phenyl-P and 10-methacryloxydecyldihydrogen phosphate(MDP) have 

increased in concentration from the original 5 wt% to 20-30 wt% to improved etching 

potential.(24-25) The etching potential of the self-etching primers resulted in the 

formation of a thin hybridized complex when compare to total-etching systems. These 

layer consist of a surface zone of hybridized smear layer and a subsurface authentic 

hybrid layer. Despite the presence of a thin hybridized complex that was generally less 

than 2 µm thick, high initial bond strengths were reported for sound dentin. (6)  

         Generally the hybrid layer consists of approximately 70 vol% of resin and 30 

vol% of collagen fiber. (26)  Under such circumstances, the strength of the resin dentin 

bond would depend on the strength of the polymerized resin components (9) such as 

the ultimate micro-tensile strength of the adhesive resin can be estimate the micro-

tensile bond strength to dentin.(10) Thus, the mechanical properties of the adhesive 

resin in the hybrid layer should play an important role in creation of a durability of the 

bond strength. 

         Also, the bond strength to dentin  depends on, (i) the interaction between the 

bonding agent and the resin composite(27), (ii) the harmony of the degree of 

demineralization with the self-etching primer and the integrity of the resin monomer 

infiltration.(28), (iii) especially, the strength of cured adhesive resin which depends on 

their composition and degree of conversion. 
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The degree of conversion 

         The degree of conversion (DC) of resin materials is the degree to which carbon 

double bonds (C=C) are converted into carbon single bonds (C-C) (29). 

          The degree of conversion of resins is a major factor influencing their ultimate 

physical and mechanical properties. In general, the higher the conversion of double 

bonds, the greater the mechanical properties.(11)  DC and cross-linking density are 

influenced by several factors such as the chemical structure of the monomer, the 

composition of materials, wavelength and intensity of the light. 

          Factor influencing the degree of conversion of resins 

1. The band of wavelengths is emitting by the curing unit must be inside the 

range of maximum sensitivity of the photosensitized initiator of the different 

bonding agent.(30) 

2. The light intensity, which provides the energy to excite the photoinitiator. It 

well known that the distance from the light tip and the resin surface was the 

factor that would affect the conversion. There was exponential decrease in light 

intensity  value when increased distance from the tip of light guide.(31) 

3. The monomer composition of the resin. The conversion was increase in the 

order(13) :  Bis-GMA < Bis-EMA < UDMA < TEGDMA and mixtures of Bis-GMA 

with the other dimethacrylates was good, such as Bis-GMA/TEGDMA mixture 

is higher than that of UDMA/TEGDMA. 

4. The concentration of photoinitiator. The degree of conversion was maximum at 

a suitable concentration than the higher and lower concentrations of the  

initiator.(14) 

5. The effect of solvent in primer. After application of the self-etching primer, the 

primed dentin  surface is air dried, because primer contains solvents, such as 

water, ethanol and acetone. These solvents may have an adverse effect on the 

polymerization of the adhesive resin applied after the priming step. (32-33)  

6. The incompatibility between the ternary redox catalysts with the acidic 

functional monomer. The adhesives resins are cured by a free radical 

polymerization reaction utilizing camphorquinone (CQ) as a visible-light 

activated photoinitiator. The CQ requires a coinitiator for an effective 

polymerization process to occur, and a tertiary amine reducing agent is 
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employed to produce reactive radicals for polymerization. It is possible that the 

tertiary amines in adhesive resins can be neutralized by the acidic functional 

monomers and lose their activity as reducing agents in redox reactions, thus 

resulting in poor polymerization.(4,27) The acidity of self-etching adhesives is 

increased with the incorporation of higher concentration of hydrophilic and 

acid monomers.(34) 

         There is also some concerning about the aggressiveness of the acids used. 

Sanospeculated that the acidic environment in such systems could lead to poor 

polymerization, resulting in water sorption and extraction of incompletely polymerized 

resin containing hydrophilic monomers or small oligomers by nanoleakage. (35)  This  

results in deterioration of the resin matrix and low adhesive layer strength, which may  

insufficient to resist polymerization shrinkage stresses when the overlying composite 

resin is polymerized or to withstand cyclic stresses when have occlusal loading. Also, 

an infiltration of the resin monomers into the demineralized dentin, the complete 

polymerization of monomers is required to create a stable bond.(36)  

         Among several methods to determine the degree of conversion of resin 

materials, Fourier transform infrared spectroscopy (FTIR) has been proven to be a 

powerful technique and widely used to detects the degree of conversion of resins 

directly before and after curing of materials.(11,13-16) 

 

Fourier transform infrared spectroscopy (FTIR) 

         The majority of analyses done to assign conversion in dental resins and 

composites have been based on the use of infrared spectroscopy which provides a 

direct measure of unreacted methacrylate group. 

          Infrared spectroscopy is the study of the interaction of infrared light with 

matter. Light is composed of electric and magnetic waves. The electric part of light, 

called the electric vector, that interacts with molecules. The term "infrared" covers the 

range of the electromagnetic spectrum between 0.78 and 1000 um. It is useful to 

divide the infra red region into three sections; near, mid and far infra red (17) as 

shown in table 1 
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Table 1 : The range of the electromagnetic spectrum.(17) 
 

Region Wavelength range (µm) Wavenumber range (cm-1) 
 

Near 
 

0.78 - 2.5 12800 - 4000 

Middle 
 

2.5 – 50 4000 - 200 

Far 
 

50 -1000 200 - 10 

 

         The wavelength of a light wave is the distance between adjacent crests or 

troughs. The wavenumber of a light wave is defined as the reciprocal of the 

wavelength. Wavenumber is really a measure of the number of waves there are in 

centimeter. Wavenumbers are the units typically used in infrared spectroscopy to 

denote different kinds of light.   

                               Wavenumber    =     ________ 1___________                                      

                                                                wavelength in centimeters 

         Fourier Transform Infrared Spectroscopy (FTIR) is an analytical technique 

used to characterize and identified the structural make-up of molecules. This technique 

measures the absorption of various infrared light wavelengths by the material of 

interest. These infrared absorption bands identify specific molecular components and 

structures.  

         The majority of FTIRs operate in mid-infrared radiation at region lies between 

4000-400 cm-1. 

 

Theory of infrared absorption (17) 

         All molecules are made up of atoms linked by chemical bond. When infrared 

radiation interactions with matter it can be absorbed, causing the chemical bonds in the 

material to vibrate. The presence of chemical bonds in a material is a necessary 

condition for infrared absorbance to occur. Chemical structural fragments within 

molecules, known as functional groups, tend to absorb infrared radiation in the same 

wavenumber range regardless of the structure of the rest of the molecule that the 

functional group is in. For instance, the C=O stretch of a carbonyl group occurs at 

1700 cm-1 in ketones, aldehydes, and carboxylic acids. This means there is a 
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correlation between the wavenumbers at which a molecule absorbs infrared radiation 

and its structure.  

         Therefore, IR spectroscopy is based on the fact that molecules absorb 

electromagnetic radiation in the IR region. This molecular reaction is related to the 

presence of individual functional groups, which cause absorption bands in defined 

areas of the IR spectrum. In other words, a functional group can be identified by its IR 

absorption band. 

         When the sample is irradiated by an infrared beam whose frequency is changed 

continuously, the molecule will absorb certain frequencies as the energy is consumed 

in vibration (stretching or bending). The transmitted beam corresponding to the region 

of absorption will naturally be weakened, and thus a recording of the intensity of the 

transmitted infrared beam versus wave numbers will give a curve showing absorption 

bands.  

         In addition to chemical structures, infrared spectra can provide quantitative 

information as well , such as the concentration of a molecule in a sample. The basis of 

all quantitative analyses in FTIR is Beer’s law, which relates concentration to 

absorbance , and has the following form: 

A= εbc  

              A   is absorbance. 

              ε    is the absorbtivity. 

              b    is the path length of the sample - that is, the path length of    

                    the cuvette in which the sample is contained. We will express   

                    this measurement in centimetres. 

              c    is the concentration of the compound in solution. 

 

         The absorbance is measured as a peak height, peak height ratio, peak area, or 

peak area ratio from the FTIR spectrum. The absorptivity is the proportionality 

constant between concentration and absorbance. It changes from molecule to 

molecule, and from wavenumber to wavenumber for a given molecule. The 

absorptivity is a fundamental physical property of the molecule. 
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Infrared spectrometer 

         An instrument used to obtain an infrared spectrum is called an infrared spectro- 

meter which has components (17)  

              1. Source of infrared radiation. 

              2. Wavelength selector (interferometer). 

              3. Sample container (“cell”) or Infrared transmitting materials. 

              4. Light detector or Infrared detector. 

              5. A computer. 

 

1. Source of infrared radiation  

         Source is usually some solid material to provide radiant energy in the infrared 

region of the electromagnetic spectrum when electricity is passed through the source, 

and the resistance of the source to the electricity causes it to heat up and give off 

infrared radiation . 

         The Nernst Glower is a source composed mainly of oxides rare earths such as 

zirconium, yttrium and thorium and the Globar is silicon carbide rod. All these sources 

are fairly efficient emitters of infrared radiation.  

2. Interferometer 

         An interferometer is a device that sets of wavelengths to pass depending on the 

location of the moving mirror. By moving the mirror, one can scan through all 

possible sets of wavelengths required for the absorption experiment. 

3.  Infrared transmitting materials 

         Cells for holding samples or windows within the spectrometer must be made of 

infrared transmitting material. Window material such as NaCl, KCl ,KBr,CsBr and CsI  

,which are soluble in water.  Some of window materials such as ZnSe or AgCl do not 

dissolve in water. 

4.  Infrared detector 

         Detector is a device which measures the infrared energy of the source which 

has passed through the spectrometer. It is connected to the spectrometer’s electronics 

and change infrared intensity into an electrical signal. The signal is turned into 

voltage, which is amplified, processed, and digitized to generate a spectrum. 



Tippaporn Trakoolsoontorn                                                                                 Review of Literature  / 18 

 
Sampling technique 

        Infrared sampling techniques are many techniques and each technique is 

intended for use with specific types of samples. 

1. Transmission techniques(17) 

        This is  known  as  the  transmission technique of sampling that infrared 

spectra is to  pass the  infrared  beam  directly  through  the sample. It works on solids, 

liquids, gases, and polymers as shown in picture.(Fig 6) 

 

 
 

                                                                                                   
Fig 6 : An illustration of transmission FTIR sampling, where the infrared beam passes 

through the sample then strikes the detector. 

 

        The major disadvantages of this technique is the thickness problem. Generally, 

samples should be between 1-20 microns thick.  

   1.1 Transmission  techniques for solids : This can be divided into two classes 

        Class I the techniques best suited for samples are powders or samples can be 

ground into a powder are called KBr pellets. These methods focus on grinding the 

sample to reduce its particle size, then diluting the sample in an inert matrix so the 

appropriate amount of light passes through the sample. 

        Class II, preparing samples as thin films that is to make the film between 1-20 

microns in thickness so it lets the right amount of light through for infrared analysis.  

        However , this techniques is difficult to adjust the thickness or concentration of 

samples so the appropriate amount of light passes through the sample and time 

consuming sample preparation may be required. 

IR Beam 

SAMPLE

Detector
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          1.2 Transmission techniques for liquids 

        Capillary thin film method : the simplest way to obtain transmission spectra of 

organic liquids is to place a drop or smear of the sample on a KBr window, place a 

second window on top of the first, and place the resulting sandwich directly in the 

infrared beam.  

       There are some problems with this method. First, it is difficult to perform on 

liquids containing water because water will dissolve the KBr windows. Second, 

volatile liquids will evaporate to some extent while their spectrum is being obtained. 

Thus, this method is unsuitable for quantitative analysis.  

                 2.  Reflectance techniques(17) 

        Reflectance sampling techniques differ from transmission techniques in that 

the infrared beam is bounced off the sample instead of passing through the sample. 

This is a reflection method which makes    use of the physical phenomena of light 

reflection at the interface of  two media of different indices of refraction. 

        In a reflection experiment, typical depths of penetration are 1-10 microns. The 

sample’s surface contributes most strongly to the spectrum. This is in contrast to 

transmission techniques, where the bulk of a sample rather than the surface contribute 

the spectrum. 

        The fact that reflectance techniques obtain the spectrum of the surface of a 

sample is good if the surface is of interest. However, the chemical composition of 

sample’s surface can not different from that of the bulk, so the transmission and 

reflection spectra of the same sample can look totally similar. 

        The advantage of reflectance techniques over transmittance methods is there is 

no thickness problem. The sample preparation for reflectance samples is faster and 

easier than for transmittance samples. The other advantage of some reflectance 

techniques is that they are nondestructive. The sample is left intact after its spectrum is 

obtained, which means the sample can be used for other subsequent analyses. 

       Attenuated total reflectance (ATR) 

        The Attenuated total reflectance technique is used to obtain the spectra of 

solids, liquids, semisolids, and thin films. It is useful for surface analysis and for 

samples which are difficult to prepare for transmission spectroscopy. 
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         The IR beam is passed into a medium of high index of refraction (the ATR 

crystal) which is in intimate contact with a medium of lower index of refraction (the 

sample). The ATR crystal is usually made from silicon, germanium or thallium 

bromide/iodine (KRSS). The IR beam is reflected at the interface of the crystal and the 

sample. During reflection, the IR beam penetrates the surface layers of the sample. As 

the penetration depth amounts to a few micrometres (depending on the indices of 

refraction, wavenumber, and the angle of incidence), a surface IR spectrum of the 

sample is obtained, as shown in Figure 7:    

                         

 
         Good contact between the sample and the crystal is crital to ensure the IR beam 

penetrates into the sample. Also, the surface of sample should be smooth to give a 

good specular reflectance spectrum. 
        How deeply the infrared radiation will penetrate into a sample is know as the 

depth of penetration (DP). DP is given by the following equation: (17) 

DP  =                                  1________ 

                        2¶WNc (sin 2 Ø – N2cs)1/2 

 

           DP  =   depth of penetration 

           W   =   wavenumber 

           Nc  =   crystal refractive index 

           Ø   =   angle of incidence 

           Nsc   =   Nsample / Ncrystal 

  

  Sample

Detector 
IR beam 

     ATR Crystal 

Fig 7: A schematic diagram of an attenuated total reflectance(17) 
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         The resulting graph of the absorption experiment is called “an absorption 

spectrum”. The vertical axis is proportional to the logarithm of light absorbed, and the 

horizontal axis is the wavelength or frequency of light passed through the sample.(Fig 

8) 

 

 
Fig 8: Representative Fourier transform infrared spectrum of UDMA/TEGDMA 

resin.(From Moin Jan C, Nomura Y, Urabe H, Okazaki M, Shintani H )(14) 

 
 
         To determine the degree of conversion of the cured resin, Fourier transform 

infrared spectroscopy was used and, fourier transform infrared attenuated total 

reflection (FTIR/ATR) spectroscopy has been shown to be an effective nondestructive 

approach for the several studies (15,37-38).  

         The degree of conversion of resin has been determined successfully by 

comparison between the aliphatic C=C absorption peak at about 1640 cm-1 and the 

aromatic C=C absorption peak at about 1600 cm-1 (39-40).  Because a UDMA-based 

resin does not contain the aromatic C=C as does Bis-GMA, another choice is 

necessary instead of the aromatic band as an internal reference. Also, carbonyl C=O 

(1730 cm-1) and urethane N=H (3350 cm-1) in UDMA/TEGDMA resin were selected. 

The carbonyl C=O peak has a strong intensity, but has a problem in that the C=O band 

may partially change because of the formation of some polymeric ester groups by the 

conversion of some of the C=C bonds of the monomer during polymerization. On the 

other hand, the urethane N=H band is stable during polymerization, but the N=H peak 
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is weak and is influenced by water in the atmosphere. Thus, the measurement of the 

N=H peak is difficult. Yoshida et al (41) indicated that calculation of the degree of 

conversion for three types of unfilled UDMA-based resins yielded statistically similar 

degree of conversion regardless of whether the carbonyl or urethane absorption peak 

was used as an internal standard. Accordingly, the degree of conversion of cured 

samples should be calculated using the aromatic C=C or the carbonyl C=O peak as an 

internal standard. 

         Therefore, the measured infrared spectra on the upper surface of the cured 

samples contained a peak of aliphatic C=C at about 1640 cm-1 and aromatic C=C 

absorption at about 1600 cm-1 or carbonyl group C=O at about 1730 cm-1. The peak 

value of aliphatic C=C decreased according to the polymerization processing, but that 

of the aromatic C=C or the carbonyl C=O did not change. Thus, the degree of 

conversion was determined by comparison of the peak values (before and after curing) 

of the aliphatic C=C and the aromatic C=C or the carbonyl C=O.(42) 

 

Micro-tensile test 
         The development of mechanical tests, tensile strength is one of the mechanical 

tests, to provide data on the mechanical properties of these new dental materials. 

Tensile strength is the resistance of material to a stretching force. Tensile tests 

measure the force required to break a specimen. The data is often used to specify a 

material, to design parts to withstand application force and as a quality control check 

of materials. 

         A new method for tensile testing , which can be called the micro-tensile  test 

was first developed  in 1994  by  Sano(43) to obtain the ultimate tensile bond strength 

to human and bovine dentin using very small hour-glass or dumbbell shaped 

specimens.  

         In the micro-tensile bond test, the occlusal surface of the tooth is ground 

flat, and the entire surface is treated with an adhesive system then a resin composite 

crown is built up. After curing and storage in 37 C° water for 1 day, the specimen is 

serially sectioned parallel to the long axis of the tooth, approximately 0.7 mm. thick , 

using a low speed diamond saw. The resulting slabs are composed of an upper haft of 
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resin composite and a lower half of dentin. The bonded area is trimmed using a 

superfine diamond bur to create an hourglass shape with a cross-sectional area of 

approximatedly 1 mm2 to ensure maximum stress development at that region. The 

bonded surface area that was tested was calculated from the specimen thickness and 

width which was measured with a digital micrometer. The ends of the specimens were 

attached to microgrips of a Bencor Multi-T device (Danville Engineering, 

Danville,CA,USA) with cyanoacrylate cement. The device was then placed in a 

universal testing machine and stressed at speed of 1 mm/min in tension.(Fig 9) 

                                 

                                     

                                                  

Fig 9: Schematic illustration of the arrangement of the specimens for micro-tensile 

bond strength tests: 

(A) Occlusal flattening, bonding procedureat the surface and 

construction of a block of composite resin. 

(B) Longitudinal cut to obtain slices of about 7 mm. thick and 

confection of the notch, leaving a cross section of about 1mm2. 

                       (C)     Specimen glued to the jig to tensile test. 

(From  JBC. Meira , RY. Ballester, RG. Lima , R. Martins de Souza ,L.Driemeier J. of 

the Braz. Soc. of Mech. Sci. & Eng 2005;3:310-313) 

  

 The obvious difference between conventional tensile test and this new testing 

method is the size of the specimen. According to the Griffith defect theory, when 

testing uniform material in tension, the tensile strength of a brittle material decreases 

with increasing cross-sectional area.  This result may be due to the distribution of 
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defects in the material because a large specimen probably contains many more defects 

compared to smaller specimens. The defects can be air bubbles, non uniform 

thicknesses or others that can lead to non uniform stress distributions and may initiate 

fractures at the defects.(44) Pashley, suggested that the small size of the specimens 

used in the micro-tensile method has led to a more favorable stress distribution, and 

the failure of material which are closer to their true ultimate strengths.(44)   

        When using micro-tensile strength testing, the small areas permits better stress 

distribution during testing. Stress might concentrate at the weak portion of specimens 

during testing. If defects existed within the specimens, failure could occur at that point 

because of the stress concentration.  

        The greatest advantages of this technique is that one can obtain exclusively 

adhesive bond failures of materials if the bonded surface area is about 1 mm.2  and 

multiple specimens can be obtained from a single tooth . If the cross-sectional area of 

each specimen is the same, one can calculate a mean and standard deviation of the 

bond strength of a material to a single tooth.(44) 

        The disadvantages of the method are that it is technically difficult. When the 

necking zone is selected, the cross-sectional surface area is adjusted with a diamond 

bur under copious air-water spray. If one uses too much lateral pressure on the bur, the 

bond will fail. If the bur is not concentric, it can produce sufficient vibrations to 

damage the specimen. Materials or regions that produce low bond strengths often fail 

during trimming. Care must be taken during sectioning to avoid heat production. A 

slow-speed saw blade lubricated with water is required. Special equipment is required 

to ensure proper alignment of the specimen and application of uniform tensile stress 

without any torsion effects.(44) 

        Pashley  in 1995(9) reported that the strengths of resin tags can use to evaluate 

the strength of resin-dentin bond and tensile bond strength was significantly correlated 

to the tensile strength of the resin. Micro-tensile strength testing of resin can also be 

used to evaluate the tensile strength of resin by using very small hour-glass or 

dumbbell shaped specimens. 
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CHAPTER IV 

MATERIALS AND METHODS 

 
Materials 

The materials and equipments used in this study were as follow 

1.  Four commercial self-etching adhesive systems (table 2)   

Table 2 Self-etching adhesive systems used in this study and their compositions. 
 

Tested 

group 
System Material 

Composition 

(Lot no.) 
pH manufacturer 

 
 

Group 
1 

Two-step 
self-

etching 
adhesive 

Clearfil SE 
Bond 

 

Primer 
(Lot00644A) 
Water, Ethanol 
MDP 
HEMA 
Hydrophilic 
dimethacrylate 
Camphorquinone 
N,N-Diethanol 
p-toluidine 
Bonding 
(Lot 00915A) 
MDP 
Bis-GMA 
HEMA 
Hydrophobic 
dimethacrylate 
Camphorquinone 
N,N-Diethanol 
p-toluidine 
Silanated colloidal- 
silica 
 

 
 

1.9* 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

KURARAY 

Co,Okayama, 

Japan 
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Tested 

group 
System Material 

Composition 

(Lot no.) 
pH manufacturer 

Group 2 

One-step 
self-

etching 
adhesive 

Adper 
Prompt 

Liquid A 
(Lot 220056) 
Methacrylated 
phosphoric 
esters 
Bis-GMA 
Initiators based 
on 
Camphorquinone
Stabilizers 
Liquid B 
(Lot218117) 
Water 
HEMA 
Polyalkenoic 
acid 
Copolymer 
Stabilizers 

0.35* 
 

3M ESPE 

Co, St Paul, 

MN,USA 

 
 

Group 3 

One-step 
self-

etching 
adhesive 

Clearfil S3 
Bond 

MDP 
Bis-GMA 
HEMA 
Hydrophobic 
dimethacrylate 
dl-
Camphorquinone
Ethyl alcohol 
Water 
Silanated  
colloidal- silica 
(Lot 00047A) 

2.44** 

KURARAY 

Co,Okayama,

Japan 

 

Group 4 

 
One-step 

self-
etching 

adhesive 

G-Bond 

 
4-MET 
Phosphate 
monomer 
UDMA 
Water, Acetone 
Silica filler 
Photo initiator 
(Lot 0509201) 

2.25** 

GC Co . 

Tokyo , 

Japan 

 

 

*   Oper Dent 2005:30(4):481-491 

** Eur J Oral Sci 2006;114:160-166 
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2. Light curing unit  (Elipar TM 2500 3M ESPE Dental products St. Pual, 

MN,USA) ( Light intensity > 700 mW/cm2 ) 

3. Resin composite shade A2 ( Z250, 3M Dental Products St.Pual, MN, USA) 

(batch no 5HY) 

4. Additional silicone impression material  for the preparation of silicone mould 

(Provil novo, Heraeus Kulzer Inc,Armonk,USA) 

5. A mould (from 4) for the  preparation of  a dumbbell-shape specimen for test 

micro-tensile strength test.  The dimension is 0.8 ± 0.05 mm in thickness  and    

1.3 ± 0.05 mm in width.(Fig 15) 

6. A mould for the preparation of cylindrical specimens for evaluation of the degree 

of conversion.  The dimension is  5.28 ± 0.05 mm in diameter and 0.8 ± 0.05 mm 

in thickness. (Fig 12)  

7. Silicon carbide (SiO) paper # 600 grit (Buehler Ltd., Lake Buff, IL, USA) 

8. Electronic digital caliper , accurate to 0.01 mm (Model No CD-15CW Mitutoyo 

Corp .Tokyo, Japan) 

9.  Universal testing machine (Instron Model 5566, Instron Corp., 

Buckinghamshire, UK) (Fig 10) 

10. Cyanoacrylate adhesive (Model Repair II Blue , Dentsply-Sankin, Tokyo, Japan) 

11. A Fourier transform infrared spectroscopy machine (Nicolet Magna 750 FT-IR 

spectrometer, Nicolet Instrument Corp., Madison, WI, USA) with 

microattenuated total reflectance using a diamond  crystal (Fig11) 

12. An Incubator (Incubator model 1545,Sheldon Inc,USA) 

13. Scanning electron microscope ( Model JSM 5410 LV, JEOL Co, Tokyo, Japan)
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Fig 10 :Universal testing machine. 

 

 

 

Fig 11: The Fourier transform infrared spectroscopy equipment. 
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Methods  

Part I  Evaluation of  the degree of conversion of self-etching adhesive 

resin 

        Five specimens of each adhesive resin were prepared to determine the degree 

of conversion. 

        The degree of conversion of the cured and uncured adhesive resin were 

determined by using an ATR fourier transform infrared spectroscopy. The measured 

infrared spectra on the upper surface of the samples contained the aliphatic carbon-

carbon double bond (C=C) and the aromatic (C..C) or the carbonyl C=O component, 

the aliphatic C=C group was a characteristic infrared(IR) absorption peak around 1637 

cm-1 the aromatic C..C peak around 1609 cm-1 and the carbonyl C=O peak around 

1718 cm-1. The peak value of the aliphatic C=C decreased according to the 

polymerization processing, but that of the aromatic C..C or the carbonyl C=O did not 

change.  

        Measurement of the residual double bond was made on a relative basis by 

comparing the C=C unpolymerized methacrylate stretching vibration to that of the 

C..C stretching vibration of the aromatic ring for adhesive resins containing Bis-GMA 

or to the C=O stretching vibration of the aliphatic group for adhesive resins containing 

UDMA. The aromatic C..C and the carbonyl C=O peak were used as internal 

standards for Bis-GMA-based and UDMA-based adhesive resins, respectively. 

        By using the change in the ratio of the aliphatic C=C before and after curing, 

the degree of conversion of the aliphatic C=C into C-C was calculated using the 

following formula. 
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Degree of conversion (%)  =    Am - Ap   x  100 

                                                     Am 

                                  

                                Am     =               Absorbance (C=C) of monomer 

                                                    Absorbance (C..C or C=O) of monomer   

 

                                 Ap     =              Absorbance (C=C) of  polymer   

                                                    Absorbance (C..C or C=O) of polymer   

 

 

Sample preparation for the measurement of degree of conversions 

1. Uncured sample (monomer): Five independent measurements of each group 

were prepared by the following procedures. 

        A drop of primer and adhesive resin in group 1(Clearfil SE Bond) and liquid A 

and liquid B in group 2(Adper Prompt) was applied step by step as described in table 3 

into the mixing dish and mixed until  the mixture turned homogeneous. Then, a drop 

of the mixture from group 1 & 2 and from a drop of dispensing liquid from group 3 

(Clearfil S3 Bond) & 4 (G-Bond) were each applied onto the surface of an ATR 

crystal which was placed into the spectrometer for IR spectroscopy (Fig 11). Spectra 

was collected under the following conditions: double reflections 400–4000 cm-1, wave 

number 4 cm-1 resolution, 128 scans 1-5 µm penetration depth. Infrared analysis of 

group 1-4 were then performed and analyzed by using omnic and origin program. All 

spectrums were subtracted, base line corrected and normalized before analyzed. 
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Table 3 : Application procedures of adhesive systems 

Tested Group Material Application  

Group 1 Clearfil SE Bond 

1. Apply primer into a mixing dish, 

left for 20 seconds. 

2. Evaporate the volatile ingredients 

with a mild oil-free air stream for 1-2 

sec. 

3. Apply adhesive resin into the 

mixing dish and mix both components 

with a disposable brush tips until 

homogeneous. 

4. Air dry by using a gentle oil-free 

air stream. 

 

Group 2 

 

 

 

 

 

Adper Prompt 

1. Apply 1 drop of liquid A and 1 

drop of liquid B into the mixing dish. 

Mix both components with a 

disposable applicator until a clear, 

yellowish solution without streaking 

results. 

2. Leave the mixed solution in dish 

for 15 seconds. 

3 Air dry 
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Group3 Clearfil S3 Bond 

 

1. Apply adhesive into a mixing dish. 

Leave undisturbed for 20 seconds. 

2. Air dries by blowing high-pressure 

air for more than 5 seconds. 

Group 4 G-Bond 

 

1. Apply adhesive into a mixing dish. 

2. Leave undisturbed for 10 seconds. 

3. Dry thoroughly under high pressure 

for 5 sec. 

 

 

    2.  Cured sample (polymer) : Independent measurements of five specimens in 

each group were prepared by the following procedures. 

        The sample in each group was mixed as in table 3. The mixture was applied 

into a mould made from additional silicone impression material as show in Fig 12.  

The top surface of mixture was covered with a mylar strip and a glass cover slip (Fig 

13), and light cured for 40 seconds with the light-curing unit. Next, the specimen was 

carefully removed from the mould using an explorer and a forcep to avoid surface 

contamination. After irradiation, the cured specimens were kept in 100% humidity at 

37 °C for 24 hours before testing. After storage the cured specimens were placed into 

the spectrometer for IR spectroscopy measurement. Spectra will be collected under the 

following conditions: double reflections 400–4000 cm-1, wavenumber 4 cm-1 

resolution, 128 scans, 1-5 µm penetration depth. Infrared analysis of group 1-4 then 

performed and analyzed by using omnic and origin program. All spectrums were 

subtracted, base line corrected and normalized before analyzed. 
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Fig 12:  Silicone mould for FTIR testing (polymer) 

 

 

 

 

Fig 13 : Adhesive resin placed into the mould and covered with a mylar strip and a 

glass cover slip before light-curing. 
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Part II  Evaluation of  ultimate micro-tensile strengths of self-etching adhesive 

resin 

        For measuring ultimate micro-tensile strengths, fifteen specimens of each 

group were prepared by using a silicone mould (0.8 ± 0.05 mm in thickness, 1.3 ± 0.05 

mm in width) made of additional silicone to make a dumbbell-shaped specimen as 

described by Sano and others (1995b) as shown in Fig 14.       

 

Fig 14 : Diagram of a dumbbell-shape preparation of  a specimen for ultimate micro-

tensile strengths test. 

 

        The resin composites were placed into both ends of a dumbbell-shaped mould 

(Fig15, 16), followed by light irradiation of each end for 40 seconds. The adhesive in 

each group was mixed as in table 4 and was filled into the space between cured resin 

composite moulds. Then, the mixture was covered with a mylar strip and a glass cover 

slip (Fig 17). The mixture was light-cured for 40 seconds. After that the specimen was 

removed from the mould. Next, the cured specimens were kept in 100% humidity at 

3 mm. 

3 mm. 1.
3 

± 
0.

05
 m

m
. 

0.
8 

± 
0.

05
 m

m
. 

   Resin composite 

   Resin composite 

Adhesive resin  
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37 °C for 24 hours before the ultimate micro-tensile strengths test. Before testing, the 

excess resin at the margin of each specimen was removed by grinding with 600 grit 

abrasive paper under running water. The thickness and width of specimens were 

confirmed by using a micrometer with the accuracy of 0.01 mm.  The specimen was 

then attached to the grips of a Bencore-multi T device using a small amount of the 

cyanoacrylate adhesive. The device was placed on the universal testing machine. The 

ultimate micro-tensile strengths were determined at a crosshead speed of 1.0 mm/ 

minute until fracture of the specimen occurs (Fig 18). The ultimate micro-tensile 

strengths in MPa were calculated from the peak load at failure divided by the original 

cross-sectional area at the smallest section. 

 

 

 

 

 

Fig 15: The dumbbell-shaped silicone mould preparation of a specimen for ultimate 

micro-tensile strengths test. 
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Fig 16: Resin composites were placed into both end of the dumbbell-shaped mould. 

 
 

 

 

 
 
 

Fig 17: Adhesive resin was filled into a centre of the dumbbell-shaped mould and is 

covered with a mylar strip and a glass cover slip before light-curing. 
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Fig 18: The specimens were attached to the grips of a testing apparatus on a universal 

testing machine. 

 
 
 
SEM observation of fractured specimens 

        The fractured surface of each specimen in each group was ultrasonic cleaned in 

distilled water and dried in desiccator. After that, the surface of fractured specimens 

were prepared by sputter coating in gold palladium. Then, the specimens were 

examined with a SEM at an acceleration voltage of 15 KV and at 75 times 

magnifications.  
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Statistical analysis 
        The data from the degree of conversion and micro-tensile strength were 

analyzed statistically for normal distribution by Kolmogorov-Smirnov test. One-way 

ANOVA and LSD multiple comparison were used to analyze and determine the 

difference among groups at 95% confident interval.  
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CHAPTER V 

RESULTS 

 

Part I Evaluation of the degree of conversion of self-etching adhesive 

resin 
        The results of degree of conversion of 4 self-etching adhesive resins were 

reported in mean values in table 4. 

 

Table 4 Mean values of degree of conversion of all material. (mean ±SD) 

Dental adhesives Degree of conversion (%) 

G-Bond  92.00 ± 0.54 a  
Clearfil S3 Bond 90.92 ± 0.22 a 
Clearfil SE Bond 80.82 ± 1.18 b 

Adper Prompt 47.01 ± 1.55 c 
  
Groups with the same superscript letter are not significantly different (p >0.05). 
 
 
        The results showed that G-Bond and Clearfil S3 Bond provided similar value 

of degree of conversion which was not significantly different from each other.(p=0.15) 

Adper Prompt showed the lowest DC in this study which was significantly lower than 

the other adhesives.(p<0.01) The mixture of primer and bonding resin of Clearfil SE 

had significantly lower DC than G-Bond (p<0.01)  and Clearfil S3 Bond (p<0.01)  but 

higher than that of Adper Prompt. (p<0.01)                               
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Fig 19 : Representative fourier transform infrared spectrum of G-Bond. 

A: unpolymerized sample  

B: polymerized sample 

 
        The degree of conversion of the uncured (Fig 19 A) and cured (Fig 19 B) of G-

Bond was measured by using peak of the aliphatic carbon-carbon double bond (C=C) 

and the carbonyl (C=O) component. The peak value of the aliphatic C=C of cured G-

Bond decreased according to the polymerization processing when compared to the 

uncured G-Bond, but that of the carbonyl (C=O) did not change. 

 

B 

C=C

C=O

A
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Fig 20: Representative fourier transform infrared spectrum of Clearfil S3 Bond. 

A: unpolymerized sample  

B: polymerized sample 

 

        The degree of conversion of the uncured (Fig20A) and cured (Fig 20B) of 

Clearfil S3 Bond was measured by using peak of the aliphatic carbon-carbon double 

bond (C=C) and the aromatic(C..C) component. The peak value of the  aliphatic C=C 

of cured Clearfil S3 Bond decreased according to the polymerization processing when 

compared to the uncured Clearfil S3 Bond, but that of the aromatic(C..C) did not 

change. 

 

A 

B 

C=C

 C..C
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Fig 21: Representative fourier transform infrared spectrum of Clearfil SE Bond. 

A: unpolymerized sample  

B: polymerized sample 

 

        The degree of conversion of the uncured (Fig 21 A) and cured (Fig 21 B) of 

Clearfil SE Bond was measured by using peak of the aliphatic carbon-carbon double 

bond (C=C) and the aromatic(C..C) component. The peak value of the  aliphatic C=C 

of cured Clearfil SE Bond decreased according to the polymerization processing when 

compared to the uncured Clearfil SE Bond, but that of the aromatic(C..C) did not 

change. 

C=C

C..C

B

A 
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Fig 22:  Representative fourier transform infrared spectrum of Adper Prompt. 

A: unpolymerized sample  

B: polymerized sample 

 

        The degree of conversion of the uncured (Fig 22 A) and cured (Fig 22 B) of 

Adper Prompt was measured by using peak of the aliphatic carbon-carbon double 

bond (C=C) and the carbonyl (C=O) component. The peak value of the aliphatic C=C 

of cured Adper Prompt decreased according to the polymerization processing when 

compared to the uncured Adper Prompt, but that of the carbonyl (C=O) did not 

change.

C=O

C=C

A 

B
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Part II Ultimate micro-tensile strength of self-etching adhesive resin 

        The mean values results of ultimate micro-tensile strength of 4 self-etching 

adhesive resins are reported in table 5. 

 

Table 5 Ultimate micro-tensile strength of self-etching dental adhesives (mean ±SD) 

Dental adhesives Ultimate micro-tensile strength   
( MPa ) 

Clearfil S3 Bond 48.61  ±  1.65 a 

G-Bond 46.71  ±  3.95 a 

Clearfil SE Bond 39.75  ±  2.51 b 

Adper Prompt 14.44  ±  2.11 c 

   
 Groups with the same superscript letter are not significantly different (p>0.05) 
    
 
        The all-in-one adhesives, Clearfil S3 Bond and G-Bond provided similar 

ultimate micro-tensile strength(p=0.07), which were higher than those of Clearfil SE 

Bond (p<0.01) and Adper Prompt. (p<0.01)  Adper Prompt had the lowest ultimate 

micro-tensile strength  compared to the other adhesives. (p<0.01) 
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Analysis of the fracture surface 

        All specimens were fractured at the narrowest portion. Observation under SEM 

at low magnification (x75) revealed different morphology of the fracture surfaces. The 

fracture surface of G-Bond and Clearfil SE Bond (Fig 23) showed numerous voids of 

various sizes. However, for the fracture surface of Clearfil S3 Bond and Adper Prompt 

smooth homogenous surface without any void were observed. (Fig 23) 

          

                                  

                               
Fig 23: SEM pictures of the fractured surface of G-Bond (A), Clearfil SE Bond (B), 

Clearfil S3 Bond(C) and Adper Prompt (D) (X75) 
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CHAPTER VI 

 DISCUSSION 

 

        Dentin adhesive is currently improved to reduce the number of application 

steps and to simplify the bonding procedures. Generally, self-etching adhesive systems 

were developed and classified as one-step and two-step systems according to the 

number of application steps.(1)  Clearfil SE Bond is a two-step, self-etching system 

whereas Adper Prompt is a one-step, two-bottle self-etching and Clearfil S3 Bond , G-

Bond are one-step , one –bottle self-etching system. 

        The resin components in these simplified adhesives are usually composed of 

acidic hydrophilic monomer, water, HEMA, and bifunctional dimethacrylate 

monomer. The etching potential through the smear layer into the underlying dentin is 

partly depended on the increasing concentration of acidic hydrophilic monomer (25 

,46), resulting in increasing hydrophilicity of the resin systems. The resin monomer 

which increased hydrophilicity is less hydrolytically stable (47) and exhibit increased 

permeability.(48) Many studies reported that the higher water sorption within the 

polymerized adhesive layer might result in reduction of bonding durability.(35,49-50)                     

Moreover, the remaining of water in the uncure monomer prior light curing might lead 

to incomplete polymerization of the resin monomers.(51-52) If the polymerization of 

these monomers is incomplete, hydrophilic monomers or small oligomers may be 

extracted or hydrolyzed by the presence of nanoleakage.(53)  In addition, residual 

resin monomers may also alter the mechanical properties of the polymerized adhesive 

layer, leading to the reduction of bonding efficacy and stability.(47) 

        Generally, adhesive resins have favorable mechanical properties when they are 

sufficiently cured.(41) The results of this study revealed significantly different degree 

of conversion and ultimate micro-tensile strength among various self-etching resin 

adhesives. Adper Prompt exhibited significantly the lowest degree of conversion 

values (47.01±1.55%) than the other adhesives tested. This result was corresponded to 

the previous study which showed that the degree of conversion of Adper Prompt was 
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lower than 50% .(54)  For the all-in-one, self-etching adhesives, the contents of acidic 

monomers and water in their composition are elevated to increase the acidity of the 

systems.  Water is an essential component, since it is a medium for ionization of acidic 

monomer to provide hydrogen ions which are necessary for the demineralization of the 

smear layer and dental hard tissue.(3)  The solvent used in Adper Prompt is water. For 

Adper Prompt, the phosphoric acid esters and water are distributed in a ratio of 80: 20 

by volume (55).  As water is known to be insufficient volatile when compare to 

ethanol or acetone. Moreover, Adper Prompt contained HEMA in composition which 

has affinity to water because of its bifunctional monomer. Thus, make it’s more 

difficult volatilization of water before curing.(56) The residual water from incomplete 

evaporation could interfere polymerization of the resin adhesive.(57) This may be the 

cause of lower degree of conversion of Adper Prompt when compared to the other 

adhesives. Ultimate micro-tensile strength of Adper Prompt was also the lowest value 

in this study. The possible explanation migth be related to the lower degree of 

conversion and the absence of fillers in their compositions when compared to Clearfil 

S3 Bond , Clearfil SE Bond and G-Bond .  

        From the present study, G-Bond and Clearfil S3 Bond showed a high degree of 

conversion more than 85 %. These results were in agreement with the result of a 

previous study.(36) G-Bond, consist of acetone as a solvent and does not contain 

HEMA. HEMA is a bifunctional monomer that has an affinity to hydrophobic 

monomers. The advantage of such compositions may be omissible the formation of 

water-retaining HEMA polygel (53) and easier volatilization of water before curing. 

Moreover, the instruction of G-Bond also recommend that the resin adhesive should 

be thoroughly and strongly air dried to removed the excess water.  For these reasons, 

there might be few water remained in the bonding resin prior to light-curing and 

results in higher degree of conversion of resin monomer.(57)  Another reason might be 

due to a well balanced ratio of its components which might promote higher degree of 

conversion. 

        When compared to the other 4 adhesives tested, SEM observation of G-Bond 

revealed a greater number of voids at the fractured surface of specimen after ultimate 

micro-tensile test (Fig23D). This is probably due to the absence of HEMA in the 

composition of G-Bond which is different from the other adhesives.  Since HEMA is a 



Tippaporn Trakoolsoontorn                                                                                                 Discussion  / 48 

 
suitable medium between hydrophilic and hydrophobic monomer(22), the absence of 

HEMA may results in phase separation between the solvent and monomer components 

within this HEMA-free, all-in-one resin adhesive.(58)  When acetone which is a 

solvent in G-Bond starts to evaporate, the solvent – monomer balance is broken. Thus, 

water is separate from the other adhesive components and results in the entrapment of 

droplets within the resin adhesive.(59) Beside that, it might also be due to a strong air–

blowing prior light curing of the resin, some water and solvents were evaporated 

quickly resulting in a viscous resinous material with entrapped of air bubbles in the 

resin adhesive. From the results of this study, although G-Bond had many voids at the 

fracture surface, these voids had less effect to the strength of polymerized materials. 

The higher ultimate micro-tensile strength (46.71 ± 3.95 MPa) of this adhesive was 

probably due either to the high degree of conversion or to its higher filler contents (5 

% by weight).  

        For the Clearfil SE Bond various sizes of voids were also observed on the 

fracture surface but less than that found on the fracture surface of G-Bond. These 

voids were probably due to the mixture of primer and adhesive of Clearfil SE Bond 

that induced air bubble into the mixture. It was interesting that the voids found in the 

primer-adhesive mixture in Clearfil SE Bond might be different from that found in the 

G-Bond. For the G-Bond, voids might due to the inherent nature of the composition, 

while in the Clearfil SE Bond, primer might be intentionally mixed with adhesive for 

the experiment purpose in this study. However, this was different from the clinical use 

of Clearfil SE Bond which primer is actually applied on dentin surface before 

subsequent application of adhesive resin, the inclusion of voids might be less than that 

found in this study.  

        It is interesting that for Adper Prompt which also require mixing of liquid A 

and B, the fracture surfaces revealed homogenous surface without any bubbles. The 

differences between the mixture of Clearfil SE Bond and Adper Prompt was that, 

before mixing with the adhesive resin, the primer of Clearfil SE Bond was left 

undisturbed for 20 sec. prior to air evaporation of the solvents. This resulted in slightly 

higher viscosity of primer as well as less solvent remaining which make it more 

difficult to mix with adhesive resin to a homogenous liquid. However, for the Adper 



Fac of Grad. Studies, Mahidol Univ.                                                         M.Sc.(Operative Dentistry) / 49 
 

Prompt, liquid A and B were mixed immediately after dispensing prior to the 

evaporation of the solvent which results in more homogenous liquid. 

        The SEM analysis of the fractured surface of Clearfil S3 Bond also revealed a 

smooth, homogenous surface without any void. The manufacturer of Clearfil S3 Bond 

claimed that this system presents a molecular dispersion technology which enables the 

two–phase liquids of hydrophilic and hydrophobic components to be maintained in a 

homogeneous state.(60) This might reduce phase separation and increase the degree of 

conversion to more than 85% which was in line with a previous study.(36) This high 

degree of conversion might also result in higher ultimate micro-tensile strength of the 

polymerized material. 

        In this study, the curing time of 40 sec from one direction on top of the 

adhesive was used instead of 10-20 sec curing time as recommended by 

manufacturers’ instruction. The reason for using this longer curing time than the 

manufacturers’ instruction because of the amount of adhesive or primer/adhesive 

mixtures use for preparing the cured specimens were 2-3 times more than the actual 

amount used in clinical situation. In our pilot study, the curing time of 10 or 20 sec 

according to manufacturers’ instruction were used that was found insufficiently harden 

the entire monomer in the mould especially for the primer/adhesive mixture of Clearfil 

SE Bond. The minimum curing time which was able to cure the adhesive in the mould 

was found to be 40 sec. Thus, this 40 sec curing time was used for all adhesives. One 

study also reported that degree of conversion of resin was close to maximum when 

light-curing for 40 sec. Longer than 40 sec, no significant increase in degree of 

polymerization was found.(61) For the Clearfil SE Bond in the similar previous 

studies, (62) the ratio of 1:3 of primer/adhesive mixture were used. However, the ratio 

of 1:1 of primer/adhesive that used in the current study was the same as actual ratio 

dispensing before used in clinical situation. This might be the reason of the lower 

ultimate micro-tensile strength of 1:1 primer/adhesive mixture in this study (39.75 

MPa) compared to that of 1:3 primer/adhesive mixture (90 MPa) in those studies. (62) 

        Clearfil SE Bond showed significantly lower degree of conversion and ultimate 

micro-tensile strength in this study when compared with those of G Bond and Clearfil 

S3 Bond. This might be related to the mixing of acidic primer with adhesive resin in a 

ratio 1:1. Clearfil SE Bond are cured by a free radical polymerization reaction utilizing 
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camphorquinone as a light activated photoinitiator and tertiary amine as a co-initiator. 

It is possible that the tertiary amines in adhesive resins can be neutralized by the acidic 

functional monomers (27) within the mixing of primer and adhesive resin. This 

resulted in lower degree of polymerization of the cured resin in this study. In clinical 

situation, acidic primer is usually being applied onto the dentin surface and penetrates 

beyond the smear layer into intact dentin. The acidity of the first applied primer may 

be buffered by the mineral components of the smear layer and intact dentin and had 

less effect when mixed with subsequently applied adhesive resin.(62) But in this study, 

the primer was mixed directly with adhesive resin on the surface of mixing dish prior 

pouring into the mould resulting in the acidity of acidic primer could not be partly 

neutralized as on the dentin surface. Thus the acidity of primer might have more 

effective when mixing with the adhesive resin in the mixing dish than on the dentin 

surface. Another reason for the lower degree of conversion might be due to the sol- 

vents used in Clearfil SE Bond which are ethanol and water. Water is more difficult to 

be removed compared to the other volatile solvents. (57) Moreover, Clearfil SE Bond 

also contains HEMA which is a bifunctional monomer that has an affinity to water and 

thus, make it even more difficult to remove the water before light curing.(56)  

Residual water could inhibit free-radical polymerization and might also formed a 

hydrogel with HEMA within the resin adhesive and decrease the strength of resin.(53) 

        Although, both G-Bond and Clearfil S3 Bond show higher degree of conver- 

sion and ultimate micro-tensile strength in this study. Many previous studies, showed 

higher bond strength to dentin of Clearfil SE Bond when compared to the other self-

etching all in one adhesives.(58,63-66)  These difference might be due to less ability 

of the one-step, self-etching adhesives to seal the dentin surface. Many studies have 

reported that the hydrophilicity of the all–in-one adhesives behaves as a semi-

permeable membrane after polymerization, allowing fluids to pass through and 

seriously jeopardizing the bonding.(67-69) Whereas, For Clearfil SE Bond as a two-

step self-etching adhesive, a relatively hydrophobic adhesive resin layer is being 

placed over the hydrophilic primer, which can seal dentin and reduce fluids movement  

to weaken the bonding.(70) 
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 The results might suggest that there was correlation between degree of 

conversion and ultimate micro-tensile strength of adhesive systems. When sufficiently 

light-cured, two all in one adhesive (Clearfil S3 Bond,G-Bond) provided degree of 

conversion and ultimate micro-tensile strength higher than 2 steps self-etching Clearfil 

SE Bond. However, in addition to the degree of conversion and mechanical properties, 

the clinical performance of these adhesives are depend on many variable factors to 

provide a good bond.(3,8) These factors are an interaction of the adhesive with dentin 

such as the ability of materials to dissolve and penetrate through the smear layer into 

the subsurface dentin to form an authentic hybrid layer, the effect of dentinal fluid, or 

the depth of the dentin.(58) Thus, for the material selection in clinical used, not only 

materials factor, but bonding efficiency and clinical performance of these adhesive 

should be the factors of concerning as well. 
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CHAPTER VII 

CONCLUSIONS 
 

        This study examined the degree of conversion and ultimate micro-tensile 

strength of 4 self-etching adhesives (Clearfil SE Bond, Adper Prompt, Clearfil S3 

Bond, and G-Bond). The results led to the following conclusion: 

        The degree of conversion was statistically significant different among various 

resin adhesives. Clearfil S3 Bond and G-Bond revealed significantly higher degree of 

conversion value as compared to Clearfil SE Bond and Adper Prompt. The lowest 

degree of conversion was Adper Prompt. 

        Ultimate micro-tensile strength was statistically significant differences among 

various resin adhesives. The values were corresponding to the degree of conversion.  

Clearfil S3 Bond and G-Bond provided significantly higher ultimate micro-tensile 

strength than Clearfil SE Bond and Adper Prompt. The significantly lowest ultimate 

micro-tensile strength was that of Adper Prompt. 
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The raw data obtained in the study. 

The  degree of conversion 

 

Clearfil SE Bond 
 

Specimens Area of C=C Area of C..C Ratio of 
C=C/C..C 

1 1.217 0.469        2.595 
2 1.218 0.469        2.597 
3 1.233 0.415 2.734 
4 1.240 0.444         2.793 

MONOMER 

5 1.132 0.463        2.445 
1 0.198 0.315 0.540 
2 0.156 0.294 0.531 
3 0.168 0.334 0.503 
4 0.221 0.435 0.508 

POLYMER 

5 0.191 0.432 0.442 
 
 
 

Clearfil S3 Bond 

Specimens Area of C=C Area of C..C Ratio of 
C=C/C..C 

1 1.051 0.667 1.576 
2 1.052 0.668 1.575 
3 1.036 0.665 1.558 
4 1.058 0.681 1.554 

MONOMER 

5 1.071 0.699 1.532 
1 0.076 0.532 0.143 
2 0.076 0.530 0.143 
3 0.084 0.611 0.138 
4 0.077 0.556 0.139 

POLYMER 

5 0.077 0.531 0.145 
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G-Bond 

Specimens Area of C=C Area of C=O Ratio of      
C=C / C=O 

1 1.164 26.190 0.045 
2 1.175 26.229 0.045 
3 1.159 25.970 0.045 
4 1.188 26.957 0.044 

MONOMER 

5 1.203 26.618 0.045 
1 0.063 19.043 0.003 
2 0.083 23.631 0.004 
3 0.073 21.514 0.003 
4 0.068 20.634 0.003 

POLYMER 

5 0.083 23.477 0.004 
 
 
 

Adper Prompt 

Specimens Area of C=C Area of C=O Ratio of     
C=C / C=O 

1 10.687 1.226 0.115 
2 13.492 1.554 0.115 
3 10.047 1.157 0.115 
4 10.045 1.156 0.115 

MONOMER 

5 10.291 1.191 0.116 
1 8.327 0.199 0.060 
2 9.176 0.580 0.063 
3 6.834 0.418 0.061 
4 5.161 0.323 0.062 

POLYMER 

5 8.534 0.499 0.058 
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Fourier transform infrared spectrum of Clearfil S3 Bond. 

A: unpolymerized sample  

B: polymerized sample 
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Fourier transform infrared spectrum of G-Bond. 

A: unpolymerized sample  

B: polymerized sample 
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Fourier transform infrared spectrum of Clearfil SE Bond. 

A: unpolymerized sample  

B: polymerized sample 
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Fourier transform infrared spectrum of Adper Prompt. 

A: unpolymerized sample  

B: polymerized sample 
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The ultimate micro-tensile strength  
 

Clearfil SE Bond 

specimens Load at Max.Load 
(N) 

Stress at Max.Load 
(MPa) 

 
1 30.763 37.244 
2 37.022 42.617 
3 30.527 42.411 
4 29.704 41.267 
5 30.248 37.151 
6 34.698 40.230 
7 37.176 42.007 
8 30.699 37.077 
9 31.337 38.049 
10 35.439 36.185 
11 37.819 43.271 
12 34.808 36.578 
13 37.874 40.464 
14 36.888 41.082 
15 40.245 42.928 

 
 

Adper Prompt  
 

specimens Load at Max.Load 
(N) 

Stress at Max.Load 
(MPa) 

 
1 10.631 14.346 
2 12.133 16.374 
3 12.835 17.321 
4 10.361 13.982 
5 12.424 16.766 
6 12.705 17.146 
7 13.226 13.905 
8 12.663 14.502 
9 14.281 16.355 
10 13.023 14.914 
11 10.972 11.242 
12 13.158 15.408 
13 9.933 11.825 
14 11.009 11.238 
15 9.792 11.309 



Fac of Grad. Studies, Mahidol Univ.                                                         M.Sc.(Operative Dentistry) / 67 
 

 

Clearfil S3 Bond 

specimens Load at Max.Load 
(N) 

Stress at Max.Load 
(MPa) 

 
1 45.480 48.653 
2 35.727 48.405 
3 42.440 51.921 
4 41.153 49.701 
5 38.995 46.942 
6 40.899 48.550 
7 36.166 49.139 
8 42.866 50.886 
9 40.022 49.575 
10 39.699 47.126 
11 32.612 46.856 
12 37.655 46.643 
13 39.242 45.946 
14 41.349 48.412 
15 40.711 50.428 

 
 
 

G-Bond 

specimens Load at Max.Load 
(N) 

Stress at Max.Load 
(MPa) 

 
1 36.012 43.971 
2 40.566 47.495 
3 43.590 51.037 
4 37.377 42.595 
5 43.176 48.556 
6 40.914 46.230 
7 45.126 52.387 
8 38.466 46.000 
9 35.944 42.307 
10 43.403 52.996 
11 35.580 41.304 
12 35.472 41.055 
13 46.110 52.102 
14 36.123 44.874 
15 39.044 47.672 
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Statistic analysis 
 
The degree of conversion 
 
    
Adper Prompt 
 

Case Processing Summary

5 100.0% 0 .0% 5 100.0%SelectedCON
N Percent N Percent N Percent

Valid Missing Total
Cases

 
 

Tests of Normality

.179 5 .200* .929 5 .517SelectedCON
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

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

Lilliefors Significance Correctiona. 
 

 
 
 
 
Clearfil SE Bond 
 

Case Processing Summary

5 100.0% 0 .0% 5 100.0%SelectedCON
N Percent N Percent N Percent

Valid Missing Total
Cases

 
 

Tests of Normality

.322 5 .097 .726 5 .027SelectedCON
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

Lilliefors Significance Correctiona. 
 



Fac of Grad. Studies, Mahidol Univ.                                                         M.Sc.(Operative Dentistry) / 69 
 

 
Clearfil S3 Bond 
 

Case Processing Summary

5 100.0% 0 .0% 5 100.0%SelectedCON
N Percent N Percent N Percent

Valid Missing Total
Cases

 
 

Tests of Normality

.260 5 .200* .921 5 .479SelectedCON
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

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

Lilliefors Significance Correctiona. 
 

 
 
G-Bond 

Case Processing Summary

5 100.0% 0 .0% 5 100.0%SelectedCON
N Percent N Percent N Percent

Valid Missing Total
Cases

 
 

Tests of Normality

.344 5 .054 .892 5 .383SelectedCON
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

Lilliefors Significance Correctiona. 
 

 
 
Oneway 
 

ANOVA

CON

6655.443 3 2218.481 1718.184 .000
20.659 16 1.291

6676.102 19

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.
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Post Hoc Tests 
 

Multiple Comparisons 
 

Dependent Variable: CON  
 

95% Confidence Interval 
  

(I) 
 

(J) 

Mean 
Difference 

(I-J) 
 

Std. Error
 

Sig. 
 

Lower Bound Upper Bound 

SE -33.81000 .71866 .000 -35.33349 -32.28651 

TS -43.91400 .71866 .000 -45.43749 -42.39051 
AP 

 
 

G -44.99400 .71866 .000 -46.51749 -43.47051 

AP 33.81000 .71866 .000 32.28651 35.33349 

TS -10.10400 .71866 .000 -11.62749 -8.58051 
SE 

 
 

G -11.18400 .71866 .000 -12.70749 -9.66051 

AP 43.91400 .71866 .000 42.39051 45.43749 

SE 10.10400 .71866 .000 8.58051 11.62749 
TS 

 
 

G -1.08000 .71866 .152 -2.60349 .44349 

AP 44.99400 .71866 .000 43.47051 46.51749 

SE 11.18400 .71866 .000 9.66051 12.70749 

 
LSD 

 
 
 
 
 
 
 
 
 
 
 

G 
 
 

TS 1.08000 .71866 .152 -.44349 2.60349 

 
*  The mean difference is significant at the .05 level. 
 
 



Fac of Grad. Studies, Mahidol Univ.                                                         M.Sc.(Operative Dentistry) / 71 
 

The ultimate micro-tensile strength 
 
Adper Prompt 
 

Case Processing Summary

15 100.0% 0 .0% 15 100.0%SelectedMBT
N Percent N Percent N Percent

Valid Missing Total
Cases

 
 

Tests of Normality

.150 15 .200* .904 15 .121SelectedMBT
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

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

Lilliefors Significance Correctiona. 
 

 
 
Clearfil SE Bond 

Case Processing Summary

15 100.0% 0 .0% 15 100.0%SelectedMBT
N Percent N Percent N Percent

Valid Missing Total
Cases

 
 

Tests of Normality

.182 15 .194 .889 15 .069SelectedMBT
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

Lilliefors Significance Correctiona. 
 

 
 
Clearfil S3 Bond 

Case Processing Summary

15 100.0% 0 .0% 15 100.0%SelectedMBT
N Percent N Percent N Percent

Valid Missing Total
Cases
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Tests of Normality

.141 15 .200* .969 15 .800SelectedMBT
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

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

Lilliefors Significance Correctiona. 
 

 
 
G-Bond 

Case Processing Summary

15 100.0% 0 .0% 15 100.0%SelectedMBT
N Percent N Percent N Percent

Valid Missing Total
Cases

 
Tests of Normality

.122 15 .200* .937 15 .394SelectedMBT
Statistic df Sig. Statistic df Sig.

Kolmogorov-Smirnova Shapiro-Wilk

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

Lilliefors Significance Correctiona. 
 

 
 
Oneway 
 

ANOVA

MBT

11184.51 3 3728.169 479.938 .000
435.009 56 7.768

11619.52 59

Between Groups
Within Groups
Total

Sum of
Squares df Mean Square F Sig.

 
 
 
 
 
 



Fac of Grad. Studies, Mahidol Univ.                                                         M.Sc.(Operative Dentistry) / 73 
 

Post Hoc Tests 
Multiple Comparisons 

Dependent Variable: MT  
 

95% Confidence Interval 
  

(I) 
 

(J) 

Mean 
Difference 

(I-J) 
 

Std. Error
 

Sig. 
 

Lower Bound Upper Bound 

SE -25.46187 1.01771 .000 -27.50059 -23.42315 

TS -34.17000 1.01771 .000 -36.20872 -32.13128 
AP 

 
 

G -32.26320 1.01771 .000 -34.30192 -30.22448 

AP 25.46187 1.01771 .000 23.42315 27.50059 

TS -8.70813 1.01771 .000 -10.74685 -6.66941 
SE 

 
 

G -6.80133 1.01771 .000 -8.84005 -4.76261 

AP 34.17000 1.01771 .000 32.13128 36.20872 

SE 8.70813 1.01771 .000 6.66941 10.74685 
TS 

 
 

G 1.90680 1.01771 .066 -.13192 3.94552 

AP 32.26320 1.01771 .000 30.22448 34.30192 

SE 6.80133 1.01771 .000 4.76261 8.84005 

 
LSD 

 
 
 
 
 
 
 
 
 
 
 

G 
 
 

TS -1.90680 1.01771 .066 -3.94552 .13192 

 
*  The mean difference is significant at the .05 level. 
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