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Abstract 
To compare the shear strength of bonds between 

dentin and self-etch resin cement systems with or 

without tertiary amine, and that of bonds 

between 1- and 2-step self-etch adhesive 

systems. Sixty-three third molars were sectioned 

mesio-distally and their external surfaces were 

ground to expose dentin. They were randomly 

divided into three groups of forty-two half-tooth 

specimens: Group 1, Panavia™ F2.0 (which 

contains tertiary amine) with ED® Primer II, 

Group 2, Nexus® 3 (which contains free-tertiary 

amine) with OptiBond™ XTR (a 2-step self-etch 

adhesive system) and Group 3, Nexus® 3 with 

∫∑§—¥¬àÕ 
 °“√»÷°…“‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡·¢Áß·√ß¬÷¥

‡©◊Õπ√–À«à“ßº‘«‡π◊ÈÕøíπ°—∫‡√´‘π´’‡¡πµå∑’Ë„™â·≈–‰¡à„™â 

‡∑Õ√å‡∑’¬√’‡Õ¡’π‡¡◊ËÕ„™â√à«¡°—∫“√¬÷¥µ‘¥√–∫∫‡´≈øá-

‡Õµ™å ·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß√–À«à“ß„™â√à«¡°—∫

“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å·∫∫ 2 ¢—ÈπµÕπ ·≈–¢—Èπ

µÕπ‡¥’¬« ‚¥¬„™âøíπ°√“¡∂“«√´’Ë∑’Ë“¡ 63 ´’Ë µ—¥·∫àß

§√÷Ëßøíπ„π·π«„°≈â°≈“ß‰°≈°≈“ß µ—¥º‘«øíπ¥â“ππÕ°

„Àâ‡π◊ÈÕøíπ‡º¬º÷Ëß ÿà¡·∫àß‡ªìπ 3 °≈ÿà¡ °≈ÿà¡≈– 42 ™‘Èπ 

°≈ÿà¡∑’Ë 1 „™âæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å∑’Ë¡’‡∑Õ√å‡∑’¬√’ 

‡Õ¡’π√à«¡°—∫Õ’¥’‰æ√‡¡Õ√å∑Ÿ °≈ÿà¡∑’Ë 2 „™â‡π°´—∑√’∑’Ë‰¡à¡’

‡∑Õ√å‡∑’¬√’‡Õ¡’π√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å‡ªìπ“√

¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å·∫∫ 2 ¢—ÈπµÕπ °≈ÿà¡∑’Ë 3 „™â

‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—π‡ªìπ“√¬÷¥µ‘¥

∫∑«‘∑¬“°“√ 
Original Article 
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√–∫∫‡´≈øá‡Õµ™å·∫∫¢—ÈπµÕπ‡¥’¬« ∑”°“√¬÷¥·∑àß‡√´‘π

§Õ¡‚æ‘µ‡¢â“°—∫º‘«‡π◊ÈÕøíπ¥â«¬‡√´‘π´’‡¡πµå·µà≈–™π‘¥ 

·µà≈–°≈ÿà¡·∫àß‡ªìπ 2 °≈ÿà¡¬àÕ¬ °≈ÿà¡·√° 22 ™‘Èπ ·™àπÈ”

°≈—ËπÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß 

Õ’°°≈ÿà¡ 20 ™‘Èππ”‰ª‡¢â“‡§√◊ËÕß‡∑Õ√å‚¡‰´§≈‘ß 5000 

√Õ∫„ππÈ”Õÿ≥À¿Ÿ¡‘ 5 ·≈– 55 Õß»“‡´≈‡´’¬ π”™‘Èπ

µ—«Õ¬à“ß°≈ÿà¡≈– 20 ™‘Èπ (n=20) ∑¥Õ∫§«“¡·¢Áß·√ß

¬÷¥‡©◊Õπ¥â«¬‡§√◊ËÕß∑¥Õ∫“°≈ π”§à“∑’Ë‰¥â¡“«‘‡§√“–Àå

∑“ß∂‘µ‘ »÷°…“≈—°…≥–æ◊Èπº‘«°“√¬÷¥µ‘¥¥â«¬°≈âÕß 

®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥ æ∫«à“§à“‡©≈’Ë¬

§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¢Õß‡√´‘π´’‡¡πµå“¡™π‘¥·µ°

µà“ß°—πÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ (p<0.05) „π∑—ÈßÕß „π∑—ÈßÕß „π∑

¿“«– ‚¥¬°≈ÿà¡∑’Ë 2 „Àâ§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ

Ÿß∑’Ëÿ¥ √Õß≈ß¡“§◊Õ°≈ÿà¡∑’Ë 3 ·≈–°≈ÿà¡∑’Ë 1 „Àâ§à“µË”

∑’Ëÿ¥ ‡√´‘π´’‡¡πµå∑ÿ°°≈ÿà¡À≈—ß·™àπÈ” 24 ™—Ë«‚¡ß¡’§à“

‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊ÕπŸß°«à“°≈ÿà¡‡∑Õ√å‚¡‰´§≈‘ß

Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ √ÿª‰¥â«à“‡√´‘π´’‡¡πµå∑’Ë‰¡à¡’

‡∑Õ√å‡∑’¬√’‡Õ¡’π„Àâ§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊ÕπŸß

°«à“™π‘¥∑’Ë¡’‡∑Õ√å‡∑’¬√’‡Õ¡’π ·≈–‡¡◊ËÕ„™â√à«¡°—∫“√¬÷¥

µ‘¥√–∫∫‡´≈øá‡Õµ™å·∫∫ 2 ¢—ÈπµÕπ„Àâ§à“‡©≈’Ë¬§«“¡

·¢Áß·√ß¬÷¥‡©◊ÕπŸß°«à“·∫∫¢—ÈπµÕπ‡¥’¬« §«“¡™◊Èπ·≈–

°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘¡’º≈∑”„Àâ§à“‡©≈’Ë¬§«“¡·¢Áß

·√ß¬÷¥‡©◊Õπ¢Õß‡√´‘π´’‡¡πµå≈¥≈ß 

§””§—≠: “√µ—ÈßµâπªØ‘°‘√‘¬“ ‡√´‘π´’‡¡πµå “√¬÷¥µ‘¥

√–∫∫‡´≈øá‡Õµ™å §à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ ‡∑Õ√å‡∑’¬√’

‡Õ¡’π 

OptiBond™ All-In-One (a 1-step self-etch 

adhesive system). Resin composite rods were 

bonded to each specimen in all three groups with 

the respective resin cements. Each group was 

divided into two subgroups. The first subgroup, 

consisting of twenty-two specimens, was stored 

in distilled water at 37°C for 24 hours and the 

second subgroup, consisting of twenty speci-

mens, was subjected to thermocycling (5000 

cycles, in water baths at 5°C and 55°C). Twenty 

specimens (n=20) from each subgroup were 

loaded in a Universal Testing Machine for shear 

bond strength testing. The resin-dentin interfaces 

of each first subgroup were examined by SEM. 

The mean shear bond strength of three different 

resin cement groups were significantly different 

(p<0.05) in both conditions. The highest mean 

shear bond strength was obtained with Group 2, 

followed by Group 3 and Group 1 showed the 

lowest bond strength. The mean shear bond 

strength of the water storage groups were 

significantly higher than those of the thermo-

cycling groups. In conclusions, the shear bond 

strength of the resin cement without tertiary 

amine seems better than the resin cement that 

contains tertiary amine. And when the resin 

cement without tertiary amine was used with the 

2-step self-etch adhesive, it provided greater 

bond strength than with the 1-step self-etch 

adhesive. Thermocycling process decreased the 

shear strength of bonds between resin cements 

and dentin. 

Keywords: initiator agents, resin cement, self-

etch adhesive system, shear bond strength, 

tertiary amine 
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∫∑π” 
     ªí®®ÿ∫—π‡√´‘π´’‡¡πµå (resin cements) ‡ªìπ«—¥ÿ∑’Ë‰¥â

√—∫§«“¡π‘¬¡„π°“√„™â¬÷¥™‘Èπß“π∫Ÿ√≥–‚¥¬ÕâÕ¡ (indirect

restorations) ‡π◊ËÕß®“°“¡“√∂¬÷¥µ‘¥‰¥â°—∫øíπ·≈–™‘Èπ

ß“π Õ’°∑—Èß¬—ß¡’§ÿ≥¡∫—µ‘∑“ß°“¬¿“æ∑’Ë¥’ ‡™àπ ¡’§«“¡

·¢Áß·√ßŸß ¡’§à“§«“¡·¢Áß·√ß¬÷¥µ‘¥ (bond strength)

°—∫º‘«øíπŸß ¡’°“√≈–≈“¬µ—«µË” ≈¥°“√√—Ë«´÷¡∫√‘‡«≥¢Õ∫ 

Õ’°∑—Èß¬—ß¡’’„Àâ‡≈◊Õ°‡æ◊ËÕ§«“¡«¬ß“¡(1,2) ‡√´‘π´’‡¡πµå¡’

À≈“¬ª√–‡¿∑·µ°µà“ß°—π‰ª ‡¡◊ËÕæ‘®“√≥“µ“¡√–∫∫°“√

¬÷¥µ‘¥ (adhesive systems) “¡“√∂·∫àß‰¥â 3 √–∫∫§◊Õ 

√–∫∫‚∑∑Õ≈‡Õµ™å (total-etch adhesive system) √–∫∫

‡´≈øá‡Õµ™å (self-etch adhesive system) ·≈–√–∫∫

‡´≈øá·Õ¥Œ’´’ø (self adhesive system)(3) √–∫∫

‡´≈øá‡Õµ™å·≈–√–∫∫‡´≈øá·Õ¥Œ’´’ø‰¥â√—∫°“√æ—≤π“¢÷Èπ

¡“ ‡π◊ËÕß®“°ªí≠À“„π‡√◊ËÕß§«“¡ÕàÕπ‰À«µàÕ¢—ÈπµÕπ°“√

„™âß“π (technique-sensitivity) ·≈–Õ“°“√‡’¬«øíπ∑’Ë‡°‘¥

®“°°“√„™â‡√´‘π´’‡¡πµå∑’Ë„™â√à«¡°—∫“√¬÷¥µ‘¥ (adhesive 

or bonding agent) ¢Õß√–∫∫‚∑∑Õ≈‡Õµ™å √–∫∫

‡´≈øá‡Õµ™å¡’°“√∑”ß“π∑’Ë·µ°µà“ß®“°√–∫∫‚∑∑Õ≈‡Õµ™å 

‚¥¬®–¡’‚¡‚π‡¡Õ√å∑’Ë¡’§«“¡‡ªìπ°√¥ (acidic monomer)

∑”°“√ª√—∫¿“æ™—Èπ‡¡’¬√å (smear layer) ‡°‘¥°“√

≈–≈“¬·√à∏“µÿ (demineralization) „π‡π◊ÈÕøíπ∫“ßà«π

‰ªæ√âÕ¡Ê °—∫°“√æ“‡√´‘π‚¡‚π‡¡Õ√å (resin monomer) 

·∑√°´÷¡‡¢â“‰ª„πà«π∑’Ë≈–≈“¬·√à∏“µÿ·≈â«(4) √–∫∫‡´≈øá 

‡Õµ™å∑’Ë„™â¡’°“√º≈‘µÕÕ°¡“„π 2 √Ÿª·∫∫§◊Õ ·∫∫ 2 ¢—Èπ

µÕπ (2-step self-etch adhesive system) ·≈–·∫∫¢—Èπ

µÕπ‡¥’¬« (1-step self-etch adhesive system)(5)

 ¡’°“√»÷°…“æ∫«à“ √–∫∫‡´≈øá‡Õµ™å¡’¢âÕ®”°—¥„π

°“√„™âß“π‡¡◊ ËÕ„™â√à«¡°—∫‡√´‘π´’‡¡πµå™π‘¥∫à¡µ—«¥â«¬

µπ‡Õß (self-cured resin cement) À√◊Õ™π‘¥∫à¡µ—«Õß

√Ÿª·∫∫√à«¡°—π (dual-cured resin cement) ´÷Ëßªí≠À“∑’Ë

æ∫‡°‘¥®“°§«“¡‰¡à‡¢â“°—π∑“ß‡§¡’ (chemical incom-

patibility) πÕ°®“°π’È √–∫∫‡´≈øá‡Õµ™å·∫∫¢—ÈπµÕπ

‡¥’¬«¬—ßæ∫ªí≠À“°“√‡◊ËÕ¡≈“¬ (degradation) ∑’Ë

∫√‘‡«≥º‘«—¡º—¢Õß‡√´‘π´’‡¡πµå°—∫“√¬÷¥µ‘¥√à«¡¥â«¬ 

‡π◊ËÕß®“°≈—°…≥–™—Èπ‰Œ∫√‘¥ (hybrid layer) ∑’Ë‡°‘¥¢÷Èπ

¢Õß“√¬÷¥µ‘¥ª√–‡¿∑π’È¬Õ¡„ÀâπÈ”ºà“π‰¥â∫“ßà«π (semi-

permeable membrane)(6,7)

 §«“¡‰¡à‡¢â“°—π∑“ß‡§¡’‡°‘¥®“°ªØ‘°‘√‘¬“°√¥‡∫ 

(acid-base reaction) √–À«à“ß‚¡‚π‡¡Õ√å∑’Ë¡’§«“¡‡ªìπ 

°√¥„π√–∫∫‡´≈øá‡Õµ™å°—∫‡∑Õ√å‡∑’¬√’‡Õ¡’π (tertiary 

amine) ∑’Ë‡ªìπ¥à“ß ‡∑Õ√å‡∑’¬√’‡Õ¡’π∂Ÿ°„™â‡ªìπ“√‡√àß

ªØ‘°‘√‘¬“ (accelerator) „π°“√‡√‘Ë¡µâπªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å

‰√‡´™—π (polymerization) ¢Õß‡√´‘π´’‡¡πµå™π‘¥∫à¡µ—«

¥â«¬µπ‡Õß À√◊Õ™π‘¥∫à¡µ—«Õß√Ÿª·∫∫√à«¡°—π ´÷Ëß„™â√à«¡

°—∫‡∫π‚´Õ‘≈‡ªÕ√åÕÕ°‰´¥å (benzoyl peroxide) „π°“√

‡ªìπ“√µ—ÈßµâπªØ‘°‘√‘¬“ (initiating agents)(8) ‚¥¬

ªØ‘°‘√‘¬“°√¥‡∫∑’Ë‡°‘¥¢÷Èπ ∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß‡Õ¡’π

≈¥≈ß ‡π◊ËÕß®“°‚¡‚π‡¡Õ√å∑’Ë¡’§«“¡‡ªìπ°√¥‰ª·¬àß®—∫°—∫

‡∑Õ√å‡∑’¬√’‡Õ¡’π ‡ªìπº≈„Àâ°“√‡°‘¥Õπÿ¡Ÿ≈Õ‘√– (free 

radicals) ∑’Ë®”‡ªìπ„π°“√‡√‘Ë¡µâπªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å‰√‡´

™—π≈¥≈ß(9,10) °“√¢—¥¢«“ßªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å‰√‡´™—π∑’Ë‡°‘¥

¢÷Èπ‰¡à‡æ’¬ß·µà‡°‘¥„π™—Èπ“√¬÷¥µ‘¥‡∑à“π—Èπ ·µà¬—ß‡°‘¥„π

∫√‘‡«≥æ◊Èπº‘«à«π∑’Ë‡ªìπ™—ÈπÕÕ°´‘‡®πÕ‘πŒ‘∫‘∑ (oxygen-

inhibited layer) ¢Õß™—Èπ“√¬÷¥µ‘¥À≈—ß‡°‘¥°“√∫à¡µ—«

·≈â«´÷ËßÕ¬Ÿà√–À«à“ß“√¬÷¥µ‘¥°—∫‡√´‘π´’‡¡πµå¥â«¬(9-11)

 πÕ°®“°π’ÈÀ≈—ß°“√‡°‘¥ªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å‰√‡´™—π ™—Èπ

‰Œ∫√‘¥∑’Ë‡°‘¥®“°√–∫∫‡´≈øá‡Õµ™å·∫∫¢—ÈπµÕπ‡¥’¬«¬—ß¡’

≈—°…≥–‡ªìπ™—Èπ∑’ËπÈ”·æ√àºà“π‰¥â∫“ßà«π ‚¥¬πÈ”®“°∑àÕ

‡π◊ÈÕøíπ (dentinal tubules) ®–‡√‘Ë¡·æ√à®“°™—Èπ‰Œ∫√‘¥

ºà“π“√¬÷¥µ‘¥‰ªŸà™— Èπ¢Õß‡√´‘π´’‡¡πµå ´÷Ëß Tay ·≈– 

Pashley ‡√’¬°≈—°…≥–∑’Ë‡°‘¥¢÷Èππ’È«à“ ª√“°Ø°“√≥å«Õ‡µÕ√å-Pashley ‡√’¬°≈—°…≥–∑’Ë‡°‘¥¢÷Èππ’È«à“ ª√“°Ø°“√≥å«Õ‡µÕ√å-Pashley

∑√’ (water tree phenomenon)(12,13) „π∑“ß§≈‘π‘°®–àß

º≈„Àâ§à“§«“¡·¢Áß·√ß¬÷¥µ‘¥µË”·≈–‡°‘¥§«“¡≈â¡‡À≈«

¢Õß«—¥ÿ∫Ÿ√≥–µ“¡¡“‰¥â ·µà‰¡àæ∫ªí≠À“π’È„π√–∫∫

‡´≈øá‡Õµ™å·∫∫ 2 ¢—ÈπµÕπ ‡π◊ËÕß®“°¡’°“√§—Ëπ°≈“ß¥â«¬

™—Èπ¢Õß“√¬÷¥µ‘¥´÷Ëß¡’§«“¡‰¡à™Õ∫πÈ”·≈–¬Õ¡„ÀâπÈ”ºà“π

‰¥âπâÕ¬°«à“(16) ®“°À≈“¬°“√»÷°…“∑’Ë‡ª√’¬∫‡∑’¬∫§à“

§«“¡·¢Áß·√ß¬÷¥µ‘¥¢Õß√–∫∫‡´≈øá‡Õµ™å√–À«à“ß√–∫∫

‡´≈øá‡Õµ™å·∫∫ 2 ¢—ÈπµÕπ ·≈–·∫∫¢—ÈπµÕπ‡¥’¬«‡¡◊ËÕ„™â

√à«¡°—∫‡√´‘π§Õ¡‚æ‘µ (resin composite) À√◊Õ‡√´‘π

´’‡¡πµå™π‘¥∫à¡µ—«¥â«¬µπ‡Õß À√◊Õ™π‘¥∫à¡µ—«Õß√Ÿª·∫∫

√à«¡°—π à«π„À≠àæ∫«à“√–∫∫‡´≈øá‡Õµ™å·∫∫ 2 ¢—ÈπµÕπ

„Àâ§à“§«“¡·¢Áß·√ß¬÷¥µ‘¥∑’ËŸß°«à“·∫∫¢—ÈπµÕπ‡¥’¬«(14-19)                                                                                                                                                                                                                                                                                        

 ¡’ß“π«‘®—¬∑’Ë∑”°“√»÷°…“‡æ◊ËÕ·°âªí≠À“§«“¡‰¡à‡¢â“ ¡’ß“π«‘®—¬∑’Ë∑”°“√»÷°…“‡æ◊ËÕ·°âªí≠À“§«“¡‰¡à‡¢â“ ¡’ß“π«‘®—¬∑’Ë∑”°“√»÷°…“‡æ◊ËÕ·°âªí≠À“§«“¡‰¡à‡¢

°—π∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“°√¥‡∫√–À«à“ß‚¡‚π‡¡Õ√å∑’Ë¡’§«“¡
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‡ªìπ°√¥°—∫‡∑Õ√å‡∑’¬√’‡Õ¡’π ‚¥¬‡µ‘¡“√µ—ÈßµâπªØ‘°‘√‘¬“

√à«¡ (co-initiator) ‡¢â“‰ª√à«¡°—∫“√µ—ÈßµâπªØ‘°‘√‘¬“

√–∫∫‡∫π‚´Õ‘≈‡ªÕ√åÕÕ°‰´¥å√à«¡°—∫‡∑Õ√å‡∑’¬√’‡Õ¡’π¢Õß

“√¬÷¥µ‘¥ ‡™àπ °√¥∫“√å∫‘∑Ÿ√‘° (barbituric acid)(8,20)

°√¥·Õ§Õ√å∫‘° (ascorbic acid)(8,21) ·≈–‡°≈◊Õ¢Õß°√¥

´—≈øîπ‘° (sulfinic acid salts)(8,20-22) ‡ªìπµâπ ´÷Ëßæ∫«à“àß

º≈„Àâ§à“§«“¡·¢Áß·√ß¬÷¥µ‘¥Ÿß¢÷ÈπÕ¬à“ß¡’π—¬”§—≠ ·µàº≈„Àâ§à“§«“¡·¢Áß·√ß¬÷¥µ‘¥Ÿß¢÷ÈπÕ¬à“ß¡’π—¬”§—≠ ·µàº≈„Àâ§à“§«“¡·¢Áß·√ß¬÷¥µ‘¥

‡¡◊ËÕ‰¡àπ“π¡“π’È‰¥â¡’°“√º≈‘µ‡√´‘π´’‡¡πµå™π‘¥∫à¡µ—«Õß

√Ÿª·∫∫√à«¡°—π∑’ Ë‰¡à„™â‡∫π‚´Õ‘≈‡ªÕ√åÕÕ°‰´¥å√à«¡°—∫ 

‡∑Õ√å‡∑’¬√’‡Õ¡’π‡ªìπ“√µ—ÈßµâπªØ‘°‘√‘¬“ ´÷Ëß∫√‘…—∑ºŸâº≈‘µ

Õâ“ß«à““¡“√∂·°âªí≠À“§«“¡‰¡à‡¢â“°—π¥—ß°≈à“«‰¥â ·≈–

¡’§à“§«“¡·¢Áß·√ß¬÷¥µ‘¥Ÿß‡¡◊ËÕ‡∑’¬∫°—∫‡√´‘π´’‡¡πµå„π

√–∫∫‡´≈øá‡Õµ™å™π‘¥∑’Ë¡’‡Õ¡’π(23,24) ·≈–¬—ß„™â√à«¡°—∫“√

¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å·∫∫ 2 ¢—ÈπµÕπ‰¥â ∑”„Àâ∫√‘‡«≥

º‘«∑’Ë—¡º—°—π¢Õß‡√´‘π´’‡¡πµå°—∫“√¬÷¥µ‘¥‡°‘¥°“√ºπ÷° º‘«∑’Ë—¡º—°—π¢Õß‡√´‘π´’‡¡πµå°—∫“√¬÷¥µ‘¥‡°‘¥°“√ºπ÷° º‘«∑’Ë—¡º

(seal) ∑’Ë¥’(25) ·°âªí≠À“°“√‡◊ËÕ¡≈“¬®“°°“√∑’Ë™—Èπ“√

¬÷¥µ‘¥„π√–∫∫‡´≈øá‡Õµ™å·∫∫¢—ÈπµÕπ‡¥’¬«¬Õ¡„ÀâπÈ”

·æ√àºà“π„π∫√‘‡«≥π’È‰¥â ·µà°“√»÷°…“‡°’Ë¬«°—∫‡√´‘π-

´’‡¡πµå¥—ß°≈à“«¬—ß¡’πâÕ¬ ¥—ßπ—ÈπºŸâ«‘®—¬®÷ßµâÕß°“√»÷°…“∂÷ß

§à“§«“¡·¢Áß·√ß¬÷¥µ‘¥¢Õß‡√´‘π´’‡¡πµå¥—ß°≈à“« ‡æ◊ËÕ‡ªìπ

¢âÕ¡Ÿ≈ª√–°Õ∫°“√æ‘®“√≥“‡≈◊Õ°„™â‡√´‘π´’‡¡πµå„π√–∫∫

‡´≈øá‡Õµ™å‰¥âÕ¬à“ß‡À¡“–¡ 

«—µ∂ÿª√–ß§å¢Õß°“√»÷°…“

1. ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ (shear 

bond strength) √–À«à“ßº‘«‡π◊ÈÕøíπ (dentin surface)

°—∫‡√´‘π´’‡¡πµå∑’ Ë„™â‡∑Õ√å‡∑’¬√’‡Õ¡’π√à«¡°—∫“√µ—Èßµâπ

ªØ‘°‘√‘¬“√à«¡·≈–‰¡à„™â‡∑Õ√å‡∑’¬√’‡Õ¡’π‡ªìπ“√‡√àßªØ‘°‘√‘¬“

‡¡◊ËÕ„™â√à«¡°—∫“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å  

2. ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ√–À«à“ß

º‘«‡π◊ÈÕøíπ°—∫‡√´‘π´’‡¡πµå∑’Ë‰¡à„™â‡∑Õ√å‡∑’¬√’‡Õ¡’π‡ªìπ“√

‡√àßªØ‘°‘√‘¬“‡¡◊ËÕ„™â√à«¡°—∫“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å

·∫∫ 2 ¢—ÈπµÕπ ·≈–·∫∫¢—ÈπµÕπ‡¥’¬«  

 3. ‡æ◊ ËÕ»÷°…“§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¢Õß‡√´‘π

´’‡¡πµå‡¡◊ËÕ„™â√à«¡°—∫“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å·µà≈–

™π‘¥ ‡¡◊ËÕ‡«≈“ºà“π‰ª‚¥¬¡’¿“«–§«“¡™◊Èπ ·≈–°“√‡ª≈’Ë¬π

·ª≈ßÕÿ≥À¿Ÿ¡‘´÷Ëß‡ªìπ¿“«–∑’Ë‡°‘¥„π™àÕßª“° 

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ «—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ «—¥
 øíπ°√“¡·∑â´’Ë∑’Ë“¡¢Õß¡πÿ…¬å®”π«π 63 ´’Ë ‡°Á∫ 

„π“√≈–≈“¬‰∑¡Õ≈§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.1 (0.1% 

thymol solution) π”¡“µ—¥·∫àß§√÷Ëßøíπµ“¡·π«„°≈â

°≈“ß‰°≈°≈“ß (mesio-distal) µ—¥º‘«‡§≈◊Õ∫øíπ„π

µ”·Àπàß°÷Ëß°≈“ß„°≈â·°â¡·≈–°÷Ëß°≈“ß„°≈â≈‘Èπ (mid-

buccal and mid-lingual surface) „Àâ‡π◊ÈÕøíπ‡º¬º÷Ëß‡ªìπ

√–π“∫ ‚¥¬¡’æ◊Èπ∑’Ëª√–¡“≥ 4x4 µ“√“ß¡‘≈≈‘‡¡µ√ ®“°

π—Èππ”øíπ≈ß·∫∫À≈àÕ‚≈À–¬÷¥¥â«¬‡√´‘πÕ’æÁÕ°´’ (epoxy 

resin) ‰¥â™‘Èπ∑¥Õ∫ 126 ™‘Èπ π”‰ª¢—¥º‘«‡π◊ÈÕøíπ‚¥¬„™â

‡§√◊ËÕß¢—¥°√–¥“…∑√“¬ (Grinding/Polishing Machine,

MEGA Advance Co.,Ltd., China) ∑’Ë§«“¡≈–‡Õ’¬¥ 

600 °√‘µ (grit) „Àâº‘«‡π◊ÈÕøíπ‡√’¬∫·≈–‡°‘¥≈—°…≥–¢Õß

™—Èπ‡¡’¬√å (standardized smear layer) ‡≈◊Õ°µ”·Àπàß

‡π◊ÈÕøíπ∑’Ë®–∑”°“√¬÷¥‚¥¬„™â°√–¥“…°“«‡®“–√Ÿ„Àâ¡’¢π“¥

‡âπºà“π»Ÿπ¬å°≈“ß 3 ¡‘≈≈‘‡¡µ√ µ‘¥∫√‘‡«≥‡π◊ÈÕøíπ„π

·∫∫À≈àÕ ÿà¡·∫àß°≈ÿà¡∑¥≈ÕßÕÕ°‡ªìπ 3 °≈ÿà¡ °≈ÿà¡≈– 

42 ™‘Èπµ“¡™π‘¥¢Õß‡√ ‘́π ’́‡¡πµå·≈–“√¬÷¥µ‘¥√–∫∫‡´≈øá

‡Õµ™å∑’Ë„™â¥—ßπ’È§◊Õ °≈ÿà¡∑’Ë 1 „™â‡√´‘π´’‡¡πµåæ“π“‡«’¬‡Õø

Õß®ÿ¥»Ÿπ¬å (Panavia™ F2.0, Kuraray Noritake 

Dental Inc., Japan) ∑’Ë¡’‡∑Õ√å‡∑’¬√’‡Õ¡’π‡ªìπà«π

ª√–°Õ∫√à«¡°—∫Õ’¥’‰æ√‡¡Õ√å∑Ÿ (ED® Primer II, 

Kuraray Noritake Dental Inc., Japan) °≈ÿà¡∑’Ë2 „™â

‡√´‘π´’‡¡πµå‡π°´—∑√’ (Nexus® 3, Kerr Corporation, 

USA) ∑’Ë‰¡à¡’‡∑Õ√å‡∑’¬√’‡Õ¡’π‡ªìπà«πª√–°Õ∫√à«¡°—∫

ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å ÕÕøµ (OptiBond™ XTR, Kerr 

Corporation, USA) ´÷Ëß‡ªìπ“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å

·∫∫ 2 ¢—ÈπµÕπ °≈ÿà¡∑’Ë 3 „™â‡√´‘π´’‡¡πµå‡π°´—∑√’√à«¡°—∫

ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—π (OptiBond™ All-In-One, 

Kerr Corporation, USA) ´÷Ëß‡ªìπ“√¬÷¥µ‘¥√–∫∫

‡´≈øá‡Õµ™å·∫∫¢—ÈπµÕπ‡¥’¬« ∑”°“√‡µ√’¬¡º‘«øíπ·≈–¬÷¥

·∑àß‡√´‘π§Õ¡‚æ‘µ (resin composite rods) ¢π“¥‡âπ

ºà“π»Ÿπ¬å°≈“ß 3 ¡‘≈≈‘‡¡µ√¥â«¬‡√´‘π´’‡¡πµå·µà≈–°≈ÿà¡

≈ß∫π™‘Èπ∑¥Õ∫ √“¬≈–‡Õ’¬¥à«πª√–°Õ∫·≈–«‘∏’°“√„™â

‡√´‘π´’‡¡πµå·≈–“√¬÷¥µ‘¥·µà≈–™π‘¥¥—ß·¥ß„πµ“√“ß∑’Ë 

1 ¢≥–∑”°“√¬÷¥µ‘¥„™âµÿâ¡πÈ”Àπ—° 20 π‘«µ—π°¥∑—∫∫π

·∑àß‡√´‘π§Õ¡‚æ‘µ ‰¥â™‘ Èπ∑¥Õ∫¥—ß√Ÿª∑’Ë 1 ·∫àß™‘Èπ

∑¥Õ∫·µà≈–°≈ÿà¡‡ªìπ 2 °≈ÿà¡¬àÕ¬ °≈ÿà¡·√°®”π«π 22 
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µ“√“ß∑’Ë 1 ™◊ËÕ∑“ß°“√§â“ ∫√‘…—∑ºŸâº≈‘µ à«πª√–°Õ∫ ·≈–«‘∏’°“√„™âß“π¢Õß‡√´‘π´’‡¡πµå·≈–“√¬÷¥µ‘¥ 
Table 1 Trade names, manufacturers, compositions and application techniques of resin cements and 

adhesive agents
Product names and 

manufacturers 
Compositions Application techniques Batch number 

ED® primer II (Kuraray 
Noritake Dental Inc., Japan) 

A: MDP, HEMA, 5-MASA*, 
DEPT**, water  
B: 5-MASA*, DEPT**, 
SBSA , water                                                                                                                                                                                                          

- mix equal amounts of ED 
primer II A&B; must be used 
within 5 minutes after mixing 
- apply to the dentin surface; 
wait 30 sec.; gently air dry; 
do not rinse and light-cure 

051381

Panavia™ F2.0 (Kuraray 
Noritake Dental Inc., Japan) 

A paste: MDP, Bis-MPEPP, 
hydrophobic and hydrophilic 
DMAs, BPO, CQ, silica filler 
B paste: Bis-MPEPP, hydro-
phobic and hydrophilic 
DMAs, DEPT**, Sodium-
2,4,6-TPBSA, silica filler, 
barium glass filler, TiO2, NaF 

- dispense equal amounts of 
paste A&B (half a turn); mix 
for 20 sec.  
- apply to the resin composite 
rod; cement the rod to the 
dentin surface  
- remove excess cement; 
light-cure 4 sides of rod for 
20 sec. per side      

Optibond™ XTR (Kerr 
Corp., USA) 

Primer: GPDM*, hydrophilic 
mono- and di-functional  
methacrylate, water, acetone, 
ethanol, CQ  
Adhesive: hydrophobic, 
structural and cross-linking 
monomers, ethanol, CQ, 
barium glass filler, nano-
silica filler 

- apply primer to dentin 
surface; scrub the surface 
with a brushing motion for 20 
sec.; air thin for 5 sec. with 
medium air pressure  
- shake adhesive bottle 
briefly; apply adhesive to 
dentin surface with light 
brushing motion for 15 sec.; 
air thin for 5 sec.; light-cure 
for 10 sec. 

4229734 

Optibond™ All-In-One (Kerr 
Corp., USA) 

Mono- and di-functional 
methacrylate esters, GPDM*,  
water, acetone, ethanol, filler 

- scrub the surface with a 
brushing motion for 20 sec.; 
apply a second application; 
thoroughly dry the adhesive 
gentle air first and then 
medium air for at least 5 sec.; 
light-cure for 10 sec. 

4331532 

Nexus® 3 (Kerr Corp., USA) Base: methacrylate ester 
monomers, HEMA, 2-PTU
Catalyst: methacrylate ester 
monomers, HEMA, CHPO , 
TiO

2
, pigments 

- dispense the mixed cement 
on the mixing paper  
- apply to the resin composite 
rod; cement the rod to the 
dentin surface   
- remove excess cement; 
light-cure 4 sides of rod for 
20 sec. per side  

4460365 

*acidic monomer, **tertiary amine, Nexus 3 initiator, Nexus 3 initiator, Nexus 3 accelerator, Nexus 3 accelerator, co-initiator MDP: 10-methacryloyloxydecyl 
hydrogen phosphate, HEMA: 2-hydroxyethyl methacrylate, 5-MASA: N-methacryloyl 5-aminosalicylic acid, DEPT: N,N-di (2-
hydroxyethyl) p-toluidine, SBSA: Sodium benzene sulfinate , Bis-MPEPP: 2, 2-Bis-(4-methacryloxypolyethoxy phenyl) propane, 
Sodium 2, 4, 6-TPBSA: Sodium 2, 4, 6-triisopropyl benzene sulfinate, BPO: benzoyl peroxide, DMA: dimethacrylate, CQ: 
Camphoroquinone, TiO

2
: Titanium Dioxide, NaF: Sodium fluoride, GPDM: Glycerol phosphate dimethacrylate, PTU: 

Pyridylthiourea, CHPO: Cumene hydroperoxide  
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™‘Èπ·™à„ππÈ”°≈—Ëπ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 

24 ™—Ë«‚¡ß à«πÕ’°°≈ÿà¡®”π«π 20 ™‘Èππ”‰ª‡¢â“‡§√◊ËÕß 

‡∑Õ√å‚¡‰´§≈‘ß (thermocycling, KMITL, Thailand)

®”π«π 5000 √Õ∫∑’ËπÈ”Õÿ≥À¿Ÿ¡‘ 5 ·≈– 55 Õß»“

‡´≈‡´’¬  

 π”™‘Èπ∑¥Õ∫°≈ÿà¡≈– 20 ™‘Èπ‰ª∑¥Õ∫§à“§«“¡·¢Áß

·√ß¬÷¥‡©◊Õπ¥â«¬‡§√◊ËÕß∑¥Õ∫“°≈ (Instron® 5566 

Universal Testing Machine, Instron (Thailand) 

Limited, Thailand) ¥—ß√Ÿª∑’Ë 2 ¥â«¬Õ—µ√“‡√Á«¢ÕßÀ—«°¥ 

0.5 ¡‘≈≈‘‡¡µ√µàÕπ“∑’ ∫—π∑÷°§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ∑’Ë

∑”„Àâ‡√´‘π´’‡¡πµåÀ≈ÿ¥ÕÕ°®“°º‘«‡π◊ÈÕøíπ π”‰ª§”π«≥

§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ·µà≈–°≈ÿà¡ ®“°π—Èππ”

µ—«Õ¬à“ß∑—ÈßÀ¡¥¡“àÕß¥Ÿ≈—°…≥–§«“¡≈â¡‡À≈«∫√‘‡«≥∑’Ë

‡°‘¥°“√À≈ÿ¥¢Õß‡√ ‘́π ’́‡¡πµå°—∫‡π◊ÈÕøíπ¥â«¬°≈âÕß®ÿ≈∑√√»πå

™π‘¥‡µÕ√‘‚Õ (Stereomicroscope, OLYMPUS, Japan)

°”≈—ß¢¬“¬ 56 ‡∑à“ ‚¥¬®”·π°‡ªìπ 5 °≈ÿà¡‰¥â·°à °“√

·µ°„π™—Èπ‡π◊ÈÕøíπ (cohesive failure within dentin)

°“√·µ°À—°∫√‘‡«≥√Õ¬µàÕ√–À«à“ß‡π◊ÈÕøíπ°—∫‡√´‘π´’‡¡πµå 

(adhesive failure between dentin and resin cement)

°“√·µ°À—°∫√‘‡«≥√Õ¬µàÕ√–À«à“ß‡π◊ÈÕøíπ°—∫‡√´‘π´’‡¡πµå

√à«¡°—∫°“√·µ°À—°„π™—Èπ‡√´‘π´’‡¡πµå À√◊Õ°“√·µ°À—°

·∫∫√«¡ (mixed failure) °“√·µ°„π™—Èπ‡√´‘π´’‡¡πµå 

(cohesive failure within resin cement) ·≈–°“√

·µ°À—°∫√‘‡«≥√Õ¬µàÕ√–À«à“ß‡√´‘π´’‡¡πµå°—∫‡√´‘π§Õ¡-

‚æ‘µ (adhesive failure between resin cement and 

resin composite)       

 π”™‘Èπ∑¥Õ∫®“°°≈ÿà¡∑’Ë·™àπÈ” 24 ™—Ë«‚¡ß°≈ÿà¡≈– 2 

µ—«Õ¬à“ß¡“µ—¥ºà“°≈“ß (cross sectioned) ∫√‘‡«≥æ◊Èπº‘«

°“√¬÷¥µ‘¥ (resin-dentin interface) π”‰ªàÕß¥Ÿæ◊Èπº‘«

°“√¬÷¥µ‘¥¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥ 

(Scanning electron microscope (SEM), JEOL JSM-

6610LV SEM, Japan) ∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 

‡∑à“ 

 π”§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ∑’Ë‰¥â¡“«‘‡§√“–Àå¢âÕ¡Ÿ≈

∑“ß∂‘µ‘¥â«¬‚ª√·°√¡ SPSS V17.0 (SPSS Inc., 

USA) ‚¥¬°“√®”·π°§«“¡·ª√ª√«π·∫∫Õß∑“ß

(Two-way ANOVA) ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 

(p<0.05) ·≈–„™â∂‘µ‘‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ™π‘¥∑Ÿ°’¬å 

(Tukey’s multiple comparison test) ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫

§«“¡·µ°µà“ß√–À«à“ß·µà≈–°≈ÿà¡  

      

º≈°“√»÷°…“ 
°“√∑¥Õ∫§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ

 §à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¢Õß°≈ÿà¡∑¥≈Õß∑—Èß 6 

°≈ÿà¡ ·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¥—ß·¥ß„πµ“√“ß∑’Ë 2 

®“°°“√«‘‡§√“–Àå§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ‚¥¬„™â∂‘µ‘

§«“¡·ª√ª√«π·∫∫Õß∑“ß∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 

95 (p<0.05) æ∫«à“™π‘¥¢Õß‡√´‘π´’‡¡πµå∑’Ë„™â√à«¡°—∫“√

√Ÿª∑’Ë 1 ·¥ß™‘Èπ∑¥Õ∫À≈—ß¬÷¥·∑àß‡√´‘π§Õ¡‚æ‘µ‡¢â“°—∫

º‘«‡π◊ÈÕøíπ¥â«¬‡√´‘π´’‡¡πµå 
Figure 1 resin composite rods were luted with 

resin cement on dentin speciments 

√Ÿª∑’Ë 2 ·¥ß°“√∑¥Õ∫§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¥â«¬‡§√◊ËÕß√Ÿª∑’Ë 2 ·¥ß°“√∑¥Õ∫§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¥â«¬‡§√◊ËÕß√Ÿª∑’Ë 2

∑¥Õ∫“°≈™π‘¥Õ‘µ√Õπ 
Figure 2 Shear bond strength test with Instron®

Universal Testing Machine 
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¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å ·≈–‡«≈“ (·™àπÈ” 24 ™—Ë«‚¡ß ·≈–

À≈—ß°“√∑”‡∑Õ√å‚¡‰´§≈‘ß) „Àâº≈·µ°µà“ß°—πÕ¬à“ß¡’π—¬

”§—≠∑“ß∂‘µ‘  

 ®“°°“√‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ™π‘¥∑Ÿ°’¬å√–À«à“ß§à“

‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¢Õß·µà≈–°≈ÿà¡∑¥≈Õß æ∫«à“

°≈ÿà¡·™àπÈ” 24 ™—Ë«‚¡ß ∑ÿ°°≈ÿà¡¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’

π—¬”§—≠∑“ß∂‘µ‘∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ‚¥¬

°≈ÿà¡∑’Ë∑”°“√¬÷¥¥â«¬‡√´‘π´’‡¡πµå‡π°´—∑√’√à«¡°—∫ÕÕøµ‘°≈ÿà¡∑’Ë∑”°“√¬÷¥¥â«¬‡√´‘π´’‡¡πµå‡π°´—∑√’√à«¡°—∫ÕÕøµ‘°≈ÿà¡∑

∫Õπ¥å‡ÕÁ°´å∑’Õ“√å„Àâ§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊ÕπŸß

∑’Ëÿ¥ (25.32±2.24 MPa) µ“¡¥â«¬°≈ÿà¡∑’Ë∑”°“√¬÷¥¥â«¬

‡√´‘π´’‡¡πµå‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—π 

(21.99±2.01 MPa) ·≈–°≈ÿà¡∑’Ë∑”°“√¬÷¥¥â«¬‡√´‘π

´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’‰æ√‡¡Õ√å∑Ÿ„Àâ

§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊ÕπµË”∑’Ëÿ¥ (15.21±1.90 

MPa)  

 °≈ÿà¡∑’Ëºà“π°“√∑”‡∑Õ√å‚¡‰´§≈‘ß 5000 √Õ∫ ∑ÿ°°≈ÿà¡

¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘∑’ Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ‚¥¬°≈ÿà¡∑’Ë∑”°“√¬÷¥¥â«¬‡√´‘π

´’‡¡πµå‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å„Àâ§à“

‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊ÕπŸß∑’Ëÿ¥ (18.32±2.60 MPa)

µ“¡¥â«¬°≈ÿà¡∑’Ë∑”°“√¬÷¥¥â«¬‡√´‘π´’‡¡πµå‡π°´—∑√’√à«¡

°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—π (13.82±2.19 MPa) ·≈–

°≈ÿà¡∑’Ë∑”°“√¬÷¥¥â«¬‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥

»Ÿπ¬å√à«¡°—∫Õ’¥’‰æ√‡¡Õ√å∑Ÿ„Àâ§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥

‡©◊ÕπµË”∑’Ëÿ¥ (11.83±1.94 MPa)  

 ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡·™àπÈ” 24 ™—Ë«‚¡ß ·≈–

°≈ÿà¡‡∑Õ√å‚¡‰´§≈‘ß 5000 √Õ∫ æ∫«à“°≈ÿà¡·™àπÈ” 24 

™—Ë«‚¡ß‰¡à«à“∑”°“√¬÷¥µ‘¥¥â«¬‡√´‘π´’‡¡πµå™π‘¥„¥Ê „Àâ§à“

‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ∑’ËŸß°«à“°≈ÿà¡‡∑Õ√å‚¡‰´§≈‘ß

Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘  

≈—°…≥–°“√·µ°À—°

 ≈—°…≥–°“√·µ°À—°¢Õß‡√´‘π´’‡¡πµå°—∫º‘«‡π◊ÈÕøíπ 

‰¥âº≈¥—ß·ºπ¿Ÿ¡‘√Ÿª∑’Ë 3 ‚¥¬à«π„À≠à‡ªìπ°“√·µ°À—°

∫√‘‡«≥√Õ¬µàÕ√–À«à“ß‡π◊ÈÕøíπ°—∫‡√´‘π´’‡¡πµå√à«¡°—∫°“√

·µ°À—°„π™—Èπ‡√´‘π´’‡¡πµå À√◊Õ°“√·µ°À—°·∫∫√«¡ ·≈–

‰¡à¡’°≈ÿà¡„¥¡’°“√·µ°À—°∑—ÈßÀ¡¥„π™—Èπ‡π◊ÈÕøíπ·≈–„π™—Èπ

‡√´‘π´’‡¡πµå À√◊Õ°“√·µ°À—°·∫∫‚§Œ’´’ø‡≈¬ 

µ“√“ß 2 §à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ·≈–à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß·µà≈–°≈ÿà¡°“√∑¥≈Õß  µ“√“ß 2 §à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ·≈–à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß·µà≈–°≈ÿà¡°“√∑¥≈Õß  µ“√“ß 2

Table 2 Means and standard deviations of shear bond strength from each experimental group 

Adhesive agents and resin cements 
Means of shear bond strength (MPa) 

Water storage 24 hours Thermocycling 5000 cycles 

ED® Primer II+Panavia™ F2.0 15.21D ± 1.90 11.83E ± 1.94 

OptiBond™ XTR+Nexus® 3 25.32A ± 2.24 A ± 2.24 A 18.32C ± 2.60 

OptiBond™ All-In-One+Nexus® 3 21.99B ± 2.01 13.82D ± 2.19 

Values are mean ±standard deviations. Groups with the same upper case superscripts are not significantly different (p<0.05). 

√Ÿª∑’Ë 3 ·ºπ¿Ÿ¡‘·¥ß‡ªÕ√å‡´Áπµå≈—°…≥–§«“¡≈â¡‡À≈«À≈—ß√Ÿª∑’Ë 3 ·ºπ¿Ÿ¡‘·¥ß‡ªÕ√å‡´Áπµå≈—°…≥–§«“¡≈â¡‡À≈«À≈—ß√Ÿª∑’Ë 3

°“√∑¥Õ∫·√ß‡©◊Õπ 
Figure 3 Diagram shows percentage of failure 

mode after shear testing 

TC: Thermocycling, Ad-D/RC: adhesive failure between 
dentin and resin cement, Ad-RC/C: adhesive failure between 
resin cement and resin composite 

º≈°“√àÕß°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫

àÕß°√“¥

 ≈—°…≥–°“√¬÷¥µ‘¥¢Õß‡π◊ÈÕøíπ°—∫‡√´‘π´’‡¡πµå·µà≈–

™π‘¥À≈—ß·™àπÈ” 24 ™—Ë«‚¡ß∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 

‡∑à“æ∫«à“ °≈ÿà¡∑’Ë∑”°“√¬÷¥¥â«¬‡√´‘π´’‡¡πµåæ“π“‡«’¬‡Õø

Õß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’‰æ√‡¡Õ√å∑Ÿ æ∫°“√‡°‘¥‡√´‘π·∑Á° 

(resin tag) „π™—Èπ‡π◊ÈÕøíπ ¥—ß√Ÿª∑’Ë 4 ´÷Ëßæ∫≈—°…≥–¥—ß

°≈à“«„π°≈ÿà¡∑’Ë∑”°“√¬÷¥¥â«¬‡√´‘π´’‡¡πµå‡π°´—∑√’√à«¡
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√Ÿª∑’Ë 4 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’√Ÿª∑’Ë 4 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’√Ÿª∑’Ë 4
‰æ√‡¡Õ√å∑Ÿ∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’
‰æ√‡¡Õ√å∑Ÿ∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’
C:‰æ√‡¡Õ√å∑Ÿ∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (C:‰æ√‡¡Õ√å∑Ÿ∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (  ‡√´‘π§Õ¡‚æ‘µ, RC: ‡√´‘π´’‡¡πµå, D: ‡π◊ÈÕøíπ) 

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’
 ‡π◊ÈÕøíπ) 

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡æ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’

Figure 4 SEM images of resin-dentin interface formed by Panavia™ F2.0 with EDFigure 4 SEM images of resin-dentin interface formed by Panavia™ F2.0 with EDFigure 4 ® Primer II at 500x ® Primer II at 500x ®

and 1000x magnifications (C: resin composite, RC: resin cement, D: dentin) 

C RC D C RC D 

√Ÿª∑’Ë 5 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’√Ÿª∑’Ë 5 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’√Ÿª∑’Ë 5
Õ“√å∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’
Õ“√å∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’
C:Õ“√å∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (C:Õ“√å∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (  ‡√´‘π§Õ¡‚æ‘µ, RC: ‡√´‘π´’‡¡πµå, A: ™—Èπ“√¬÷¥µ‘¥, 

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’
 ™—Èπ“√¬÷¥µ‘¥, 

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’
D: ‡π◊ÈÕøíπ) 

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’
 ‡π◊ÈÕøíπ) 

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’

Figure 5 SEM images of resin-dentin interface formed by NexusFigure 5 SEM images of resin-dentin interface formed by NexusFigure 5 ® 3 with OptiBond® 3 with OptiBond® ™ XTR at 500x and 
1000x magnifications (C: resin composite, RC: resin cement, A: adhesive, D: dentin) 

C 
RC 

A D 
RC A D 

√Ÿª∑’Ë 6 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π√Ÿª∑’Ë 6 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π√Ÿª∑’Ë 6
«—π∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π
«—π∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π
C:«—π∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (C:«—π∑’Ë°”≈—ß¢¬“¬ 500 ·≈– 1000 ‡∑à“ (  ‡√´‘π§Õ¡‚æ‘µ, RC: ‡√´‘π´’‡¡πµå, A: ™—Èπ“√¬÷¥µ‘¥, 

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π
 ™—Èπ“√¬÷¥µ‘¥, 

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π
D: ‡π◊ÈÕøíπ) 

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π
 ‡π◊ÈÕøíπ) 

 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥·¥ßæ◊Èπº‘«°“√¬÷¥µ‘¥„π°≈ÿà¡‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π

Figure 6 SEM images of resin-dentin interface formed by NexusFigure 6 SEM images of resin-dentin interface formed by NexusFigure 6 ® 3 with OptiBond® 3 with OptiBond® ™ All-In-One at 500x 
and 1000x magni-fications (C: resin composite, RC: resin cement, A: adhesive, D: dentin) 

C 
RC 

A D RC A 
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°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å ·≈–ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—π

‡™àπ‡¥’¬«°—π ¥—ß√Ÿª∑’Ë 5 ·≈– 6 

 ∑—Èß 3 °≈ÿà¡‡ÀÁπ™—Èπ‰Œ∫√‘¥‰¥â‰¡à™—¥‡®π ·µàæ∫‡√´‘π

·∑Á°¡’§«“¡Àπ“·πàπ·≈–§«“¡¬“«¡“°∑’Ëÿ¥„π°≈ÿà¡‡√´‘π

´’‡¡πµå‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å √Õß≈ß

¡“§◊Õ °≈ÿà¡‡√´‘π´’‡¡πµå‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å 

ÕÕ≈Õ‘π«—π ·≈–°≈ÿà¡‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥

»Ÿπ¬å√à«¡°—∫Õ’¥’‰æ√‡¡Õ√å∑Ÿæ∫≈—°…≥–‡√´‘π·∑Á°¡’§«“¡

Àπ“·πàπ·≈–§«“¡¬“«πâÕ¬∑’Ëÿ¥ √Ÿª√à“ß∫“ß·≈–—Èπ                                                                 

 ≈—°…≥–™—Èπ´’‡¡πµå∑’Ëæ∫„π°≈ÿà¡‡√´‘π´’‡¡πµåæ“π“-

‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’‰æ√‡¡Õ√å∑Ÿ¡’≈—°…≥–‡ªìπ

™—Èπ‡¥’¬«°—π‚¥¬µ≈Õ¥ ·µàº‘«¡’§«“¡æ√ÿπ¡“°°«à“ ¥—ß√Ÿª∑’Ë 

4 µà“ß®“°≈—°…≥–∑’Ëæ∫„π°≈ÿà¡‡√´‘π´’‡¡πµå‡π°´—∑√’ 

√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å ·≈–ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π

«—π ´÷Ëß‡ÀÁπ§«“¡·µ°µà“ßÕ¬à“ß™—¥‡®π√–À«à“ß™—Èπ“√¬÷¥

µ‘¥·≈–™—Èπ‡√´‘π´’‡¡πµå ≈—°…≥–º‘«¡’§«“¡æ√ÿππâÕ¬°«à“ 

¥—ß√Ÿª∑’Ë 5 ·≈– 6 

∫∑«‘®“√≥å 
 ‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å∑’ Ë„™â„π°“√

»÷°…“§√—Èßπ’È®—¥‡ªìπ‡√´‘π´’‡¡πµå™π‘¥∫à¡µ—«Õß√Ÿª·∫∫

√à«¡°—π „™â√à«¡°—∫Õ’¥’‰æ√‡¡Õ√å∑Ÿ´÷Ëß‡ªìπ√–∫∫‡´≈øá‡Õµ™å 

¡’‡∫π‚´Õ‘≈‡ªÕ√åÕÕ°‰´¥å√à«¡°—∫‡∑Õ√å‡∑’¬√’‡Õ¡’π‡ªìπ“√¡’‡∫π‚´Õ‘≈‡ªÕ√åÕÕ°‰´¥å√à«¡°—∫‡∑Õ√å‡∑’¬√’‡Õ¡’π‡ªìπ“√¡’‡∫π‚´Õ‘≈‡ªÕ√åÕÕ°‰´¥å√à«¡°—

µ—ÈßµâπªØ‘°‘√‘¬“¢ÕßªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å‰√‡´™—π(2) ®÷ß‡≈◊Õ°

„™â‡ªìπµ—«·∑π¢Õß‡√´‘π´’‡¡πµå∑’Ë¡’‡∑Õ√å‡∑’¬√’‡Õ¡’π‡ªìπ

à«πª√–°Õ∫‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ

°—∫‡√´‘π´’‡¡πµå‡π°´—∑√’´÷Ëß‰¡à¡’‡∑Õ√å‡∑’¬√’‡Õ¡’π ‚¥¬æ∫

«à“§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¢Õß‡√´‘π´’‡¡πµåæ“π“-

‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬åÀ≈—ß·™àπÈ” 24 ™—Ë«‚¡ß∑’Ë‰¥â®“°°“√

»÷°…“π’È§◊Õ 15.21 ‡¡°–ª“§“≈ ´÷Ëß¡’§à“„°≈â‡§’¬ß°—∫

À≈“¬°“√»÷°…“∑’Ëºà“π¡“À≈“¬°“√»÷°…“∑’Ëºà“π¡“À≈“¬°“√»÷°…“∑ (26-29) ·≈–æ∫≈—°…≥–°“√·µ° 

À—°à«π„À≠à‡ªìπ·∫∫·Õ¥Œ’´’ø ‰¡àæ∫°“√·µ°À—°·∫∫ 

‚§Œ’´’ø ‡√´‘π´’‡¡πµå‡π°´—∑√’®—¥‡ªìπ‡√´‘π´’‡¡πµå™π‘¥∫à¡

µ—«Õß√Ÿª·∫∫√à«¡°—π‡™àπ‡¥’¬«°—π  ·µàº≈‘µ¢÷Èπ¡“‚¥¬¡’

®ÿ¥‡¥àπÕ¬Ÿà∑’Ë°“√‡ª≈’Ë¬π“√µ—ÈßµâπªØ‘°‘√‘¬“®“°∑’Ë‡§¬„™â

√–∫∫‡ªÕ√åÕÕ°‰´¥å√à«¡°—∫‡∑Õ√å‡∑’¬√’‡Õ¡’π ‡ªìπ√–∫∫∑’Ë

‰¡à„™â‡Õ¡’π ¡’¢âÕ¥’§◊Õ “¡“√∂°”®—¥ªí≠À“§«“¡‰¡à‡¢â“

°—π®“°ªØ‘°‘√‘¬“°√¥‡∫∑’Ë‡°‘¥®“°‚¡‚π‡¡Õ√å∑’Ë¡’§«“¡

‡ªìπ°√¥„π√–∫∫‡´≈øá‡Õµ™å∑”ªØ‘°‘√‘¬“°—∫‡∑Õ√å‡∑’¬√’

‡Õ¡’π‰¥â ¥—ßπ—Èπ®÷ß„™â√à«¡°—∫“√¬÷¥µ‘¥‰¥â∑ÿ°√–∫∫‚¥¬‰¡à

µâÕß„™â·Õ§µ‘‡«‡µÕ√å (activator) √à«¡¥â«¬(23,24) ´÷Ëß®“°

°“√»÷°…“π’Èæ∫«à“‡√´‘π´’‡¡πµå‡π°´—∑√’„Àâº≈°“√¬÷¥µ‘¥∑’Ë

¥’°«à“‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬åÕ“®‡π◊ËÕß¡“

®“°‡Àµÿº≈¢â“ßµâπ „π¢≥–∑’Ë‡√´‘π´’‡¡πµåæ“π“‡«’¬‡Õø

Õß®ÿ¥»Ÿπ¬å‰¥â∑”°“√·°âªí≠À“¥—ß°≈à“« ‚¥¬°“√‡µ‘¡

‡°≈◊Õ‚´‡¥’¬¡‡∫π´’π´—≈‰ø‡πµ (sodium benzene 

sulfinate salts) ‡æ‘Ë¡‡¢â“‰ª‡ªìπ“√µ—ÈßµâπªØ‘°‘√‘¬“√à«¡„™â

√à«¡°—∫“√µ—ÈßµâπªØ‘°‘√‘¬“‡ªÕ√åÕÕ°‰´¥å/‡Õ¡’π(6) ‚¥¬

‡°≈◊Õ‚´‡¥’¬¡‡∫π´’π´—≈‰ø‡πµ®–∑”ªØ‘°‘√‘¬“°—∫‚¡‚π-

‡¡Õ√å∑’Ë¡’§«“¡‡ªìπ°√¥ ‡°‘¥‡ªìπÕπÿ¡Ÿ≈Õ‘√–øïπ‘≈ (phenyl

free radical) À√◊ÕÕπÿ¡Ÿ≈Õ‘√–‡∫π ’́π —́≈‚øπ‘≈ (benzene-

sulfonyl free radical) ‡æ◊ËÕ‡√‘Ë¡µâπªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å‰√-

‡´™—π¢Õß‡√´‘π´’‡¡πµå‰¥âÕ’°∑“ßÀπ÷Ëß(20) ∑”„Àâ‡∑Õ√å‡∑’¬√’ 

‡Õ¡’π∑’Ë¡’Õ¬Ÿà‰¡à‰¥â‡°‘¥ªØ‘°‘√‘¬“°√¥‡∫‰ª¡“° ®÷ß“¡“√∂

∑”Àπâ“∑’Ë‡ªìπ“√‡√àßªØ‘°‘√‘¬“‰¥â ´÷Ëß®“°°“√»÷°…“æ∫«à“ 

‡°≈◊Õ‚´‡¥’¬¡´—≈‰ø‡πµ“¡“√∂‡æ‘Ë¡§à“§«“¡·¢Áß·√ß¬÷¥

µ‘¥¢Õß‡√´‘π´’‡¡πµå™π‘¥∫à¡µ—«Õß√Ÿª·∫∫√à«¡°—π„π

¿“«–ª√“»®“°·ß‰¥â ·µà‰¡à‡∑à“°—∫‡¡◊ËÕ∑”°“√©“¬·ß

√à«¡¥â«¬(21,30) Õ¬à“ß‰√°Áµ“¡‡°≈◊Õ‚´‡¥’¬¡‡∫π´’π´—≈‰ø-

‡πµ‡ªìπµ—«®—∫ÕÕ°´‘‡®π∑’Ë¥’ ¥—ßπ—Èπ‡¡◊ËÕ—¡º—°—∫ÕÕ°´‘‡®π 

‡°≈◊Õ‚´‡¥’¬¡‡∫π´’π´—≈‰ø‡πµ∫“ßà«π®–∂Ÿ°ÕÕ°´‘‰¥´å 

(oxidize) ·≈–‰¡à“¡“√∂∑”Àπâ“∑’Ë‡ªìπ“√µ—ÈßµâπªØ‘°‘√‘¬“

√à«¡„πªØ‘°‘√‘¬“√’¥Õ°´å‡æ◊ËÕ√â“ßÕπÿ¡Ÿ≈Õ‘√–‰¥â¡∫Ÿ√≥å  ‡æ◊ËÕ√â“ßÕπÿ¡Ÿ≈Õ‘√–‰¥â¡∫Ÿ√≥å  ‡æ◊ËÕ√â“ßÕπÿ¡Ÿ≈Õ‘√–‰¥â¡∫Ÿ√≥å

®÷ß‡ªìπ‰ª‰¥â«à“‰¡à“¡“√∂ °”®—¥ªØ‘°‘√‘¬“°√¥‡∫‰¥âÀ¡¥ 

∑”„ÀâªØ‘° ‘√ ‘¬“‚æ≈’‡¡Õ√å‰√‡´™—π∑’ Ë ‡° ‘¥¢÷ Èπ‡°‘¥‰¥â‰¡à

¡∫Ÿ√≥å(31)¡∫Ÿ√≥å(31)¡∫Ÿ√≥å  ·≈–„π°“√»÷°…“π’È°≈ÿà¡∑’Ë„™â‡√ ‘́π ’́‡¡πµåæ“π“-

‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’‰æ√‡¡Õ√å∑Ÿ‰¡à‰¥â¡’°“√„™â

ÕÕ°´‘°“√å¥∑Ÿ (Oxyguard II, Kuraray Noritake 

Dental Inc., Japan) ‡§≈◊Õ∫∑—∫à«π¢Õß‡√´‘π´’‡¡πµå

∫√‘‡«≥√Õ¬µàÕ√–À«à“ß‡π◊ÈÕøíπ°—∫·∑àß‡√´‘π§Õ¡‚æ‘µÀ≈—ß

°“√¬÷¥µ‘¥¥â«¬‡√´‘π´’‡¡πµå ®÷ß‡°‘¥™—ÈπÕÕ°´‘‡®πÕ‘πŒ‘∫‘∑∑’Ë

º‘«‡√´‘π´’‡¡πµåà«π∑’Ë‡ªìπ√Õ¬µàÕ‰¥â ÕÕ°´‘‡®π∑’Ë§â“ßÕ¬Ÿà®÷ß

¡’‚Õ°“∑”ªØ‘°‘√‘¬“°—∫‡°≈◊Õ‚´‡¥’¬¡‡∫π´’π´—≈‰ø‡πµ„π

‡√´‘π´’‡¡πµå‰¥â¡“°°«à“°√≥’∑’ Ë¡’°“√„™âÕÕ°´‘°“√å¥∑Ÿ

‡§≈◊Õ∫∑—∫ ¥—ßπ—Èπ∂â“¡’°“√„™âÕÕ°´‘°“√å¥∑Ÿ√à«¡¥â«¬πà“®–

∑”„Àâ‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å¡’§à“§«“¡
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·¢Áß·√ß¬÷¥‡©◊Õπ¥’¢÷Èπ 

 Õ’°‡Àµÿº≈Àπ÷Ëß∑’Ëπà“®–‡ªìπ‰ª‰¥â Õ“®‡π◊ËÕß¡“®“°

°“√∑’Ë∫√√®ÿ¿—≥±å¢Õß‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥

»Ÿπ¬å‡ªìπ·∫∫ 2 À≈Õ¥·¬° ª√–°Õ∫¥â«¬à«π‡∫ 

(base) ·≈–§–µ–≈‘µå (catalyst) ∑”„Àâ¢≥–∑”°“√º¡

¥â«¬¡◊Õ Õ“®‡°‘¥øÕßÕ“°“»„π‡π◊ÈÕ‡√´‘π´’‡¡πµå‰¥â(32,33)

πÕ°®“°π—Èπ¡’§«“¡‡ªìπ‰ª‰¥âŸß∑’ËÕ—µ√“à«π√–À«à“ß‡∫

·≈–§–µ–≈‘µå∑’Ë„™âÕ“®‰¡à‡∑à“°—π ∑”„Àâ‡°‘¥§«“¡‰¡à

¡¥ÿ≈¬å∑“ß‡§¡’ àßº≈µàÕ°“√‡°‘¥ªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å‰√- 

‡´™—π∑’Ë‰¡à¡∫Ÿ√≥åµ“¡¡“‰¥â(34) ‚¥¬¿“æ®“°°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥ √Ÿª∑’Ë 4, 5 ·≈– 6 æ∫√Ÿæ√ÿπ„π

‡π◊ÈÕ¢Õß‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å¡“°°«à“

‡√´‘π´’‡¡πµå‡π°´—∑√’∑’Ëª√–°Õ∫¥â«¬‡∫·≈–§–µ–≈‘µå

Õ¬Ÿà„πÀ≈Õ¥§Ÿà°—π ¡’°“√º¡·∫∫À≈Õ¥©’¥ÕÕ‚µ¡‘°´å 

(auto-mixed syringe)(24)

 πÕ°®“°π’Èª√‘¡“≥«—¥ÿÕ—¥·∑√°¬—ßàßº≈µàÕ°“√¬÷¥

µ‘¥¥â«¬‡™àπ°—π ·¡â«à“‡√´‘π´’‡¡πµå∑’Ë¡’ª√‘¡“≥«—¥ÿÕ—¥

·∑√°¡“°°«à“®–¡’§ÿ≥¡∫—µ‘‡™‘ß°≈∑’Ë¥’°«à“ ‡™àπ §«“¡

·¢Áß·√ß (strength) §«“¡‡Àπ’¬« (stiffness) Ÿß°«à“

‡ªìπµâπ(1) Õ¬à“ß‰√°Áµ“¡¡’°“√»÷°…“∑’Ëæ∫«à“ª√‘¡“≥«—¥ÿ

Õ—¥·∑√°∑’Ë¡“°°«à“¡’º≈∑”„Àâ√–¥—∫°“√‡°‘¥‚æ≈’‡¡Õ√å 

(polymer) ≈¥≈ß ‚¥¬®“°°“√»÷°…“¢Õß Tezvergil-

Mutluay ·≈–§≥–(35) æ∫«à“ª√‘¡“≥«—¥ÿÕ—¥·∑√°∑’Ë¡“°

¡’º≈≈¥Õ—µ√“°“√‡ª≈’ Ë¬π‚¡‚π‡¡Õ√å‡ªìπ‚§‚æ≈’‡¡Õ√å 

(copolymer) ¢Õß‡√´‘π´’‡¡πµå™π‘¥∫à¡µ—«Õß√Ÿª·∫∫

√à«¡°—π ‡π◊ËÕß®“°«—¥ÿÕ—¥·∑√°∑’Ë¡“°®–∑”„Àâª√‘¡“≥

‡√´‘π‚¡‚π‡¡Õ√å¡’—¥à«πµË” ‡°‘¥“¬‚æ≈’‡¡Õ√å‰¥âπâÕ¬ ‡√´‘π‚¡‚π‡¡Õ√å¡’—¥à«πµË” ‡°‘¥“¬‚æ≈’‡¡Õ√å‰¥âπâÕ¬ ‡√´‘π‚¡‚π‡¡Õ√å¡’—¥à«πµË” ‡°‘¥“¬‚æ≈’‡¡Õ√å‰¥âπ

∑”„Àâ√–¥—∫°“√‡°‘¥‚æ≈’‡¡Õ√å≈¥≈ß Õ’°∑—Èß§«“¡¢âπÀπ◊¥∑’Ë

‡æ‘Ë¡¢÷Èπ®“°ª√‘¡“≥«—¥ÿÕ—¥·∑√°∑’Ë¡“°∑”„ÀâÕπÿ¡Ÿ≈Õ‘√–

∂Ÿ°®”°—¥°“√‡§≈◊ËÕπ∑’Ë‰¥â(36) ®“°°“√»÷°…“π’È‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫ª√‘¡“≥«—¥ÿÕ—¥·∑√°„π‡√´‘π´’‡¡πµå∑—ÈßÕß™π‘¥ 

æ∫«à“‡√´‘π´’‡¡πµå‡π°´—∑√’¡’ª√‘¡“≥«—¥ÿÕ—¥·∑√°√âÕ¬

≈– 43.3 ‚¥¬ª√‘¡“µ√(37) à«π‡√´‘π´’‡¡πµåæ“π“‡«’¬‡Õø

Õß®ÿ¥»Ÿπ¬å¡’ª√‘¡“≥«—¥ÿÕ—¥·∑√°√âÕ¬≈– 59 ‚¥¬

ª√‘¡“µ√(38) ®“°ª√‘¡“≥«—¥ÿÕ—¥·∑√°∑’Ë¡“°°«à“¢Õß‡√´‘π

´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬åÕ“®¡’º≈∑”„Àâ√–¥—∫°“√

‡°‘¥‚æ≈’‡¡Õ√å≈¥≈ß ¬àÕ¡àßº≈µàÕ§à“°“√¬÷¥µ‘¥ ∑”„Àâ

‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å¡’§à“§«“¡·¢Áß·√ß

¬÷¥µ‘¥µË”°«à“‡√´‘π´’‡¡πµå‡π°´—∑√’  

 √–∫∫“√¬÷¥µ‘¥∑’Ë„™â√à«¡°—∫‡√´‘π´’‡¡πµåπà“®–¡’º≈

µàÕ§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¥â«¬ ‡æ√“–∂÷ß·¡â«à“‚¥¬à«π

ª√–°Õ∫·≈â«‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å®—¥

‡ªìπ‡√´‘π´’‡¡πµå∑’Ë„™â√à«¡°—∫√–∫∫‡´≈øá‡Õµ™å·∫∫ 2 ¢—Èπ

µÕπ ‚¥¬Õ’¥’‰æ√‡¡Õ√å∑Ÿ·∫àß‡ªìπ 2 ¢«¥§◊Õ ‰æ√‡¡Õ√å‡ÕµÕπ ‚¥¬Õ’¥’‰æ√‡¡Õ√å∑Ÿ·∫àß‡ªìπ 2 ¢«¥§◊Õ ‰æ√‡¡Õ√å‡ÕµÕπ ‚¥¬Õ

·≈–∫’ (Primer A and B) ‚¥¬∑—Èß 2 ¢«¥‰¡àæ∫à«π¢Õß

‡√´‘π‚¡‚π‡¡Õ√å∑’Ë‰¡à™Õ∫πÈ”´÷Ëß‡ªìπà«π∑’Ë∑”„Àâ‡°‘¥°“√¬÷¥

µ‘¥ ®÷ß‡À¡◊Õπ‡ªìπ°“√·¬°¢—ÈπµÕπ°“√∑““√¬÷¥µ‘¥ ‚¥¬

à«ππ’È®–‰ª√«¡Õ¬Ÿà°—∫à«π¢Õß‡√´‘π´’‡¡πµå´÷ Ëß‡ªìπ‰¥-

‡¡∑“§√—¬‡≈µ‚¡‚π‡¡Õ√å (dimethacrylate monomer)

·µà‡¡◊ ËÕæ‘®“√≥“∂÷ß¢— ÈπµÕπ°“√„™âß“π·≈â«¡’≈—°…≥–

§≈â“¬‡ªìπ·∫∫¢—ÈπµÕπ‡¥’¬« ·≈–‰¡à¡’°“√©“¬·ß“√¬÷¥

µ‘¥°àÕπ ¥â«¬¢—ÈπµÕπ°“√„™âß“π¥—ß°≈à“«Õ“®∑”„Àâ‡°‘¥

≈—°…≥–™—Èπ“√¬÷¥µ‘¥∑’Ë∫“ß·≈–¬Õ¡„ÀâπÈ”ºà“π‰¥â ‡ªìπ

º≈„Àâ§«“¡·¢Áß·√ß¬÷¥µ‘¥∑’Ë‰¥â¡’§à“µË” µà“ß®“°ÕÕø-

µ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å∑’Ë„™â√à«¡°—∫‡√´‘π´’‡¡πµå‡π°´—∑√’´÷Ëß

‡ªìπ“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å·∫∫ 2 ¢—ÈπµÕπ ‚¥¬¡’¢—Èπ

µÕπ°“√∑““√‰æ√‡¡Õ√åµ“¡¥â«¬°“√∑““√¬÷¥µ‘¥ ·≈–

¡’°“√©“¬·ß“√¬÷¥µ‘¥°àÕπ∑”°“√¬÷¥™‘Èπß“π ´÷Ëß°“√∂Ÿ°

§—Ëπ°≈“ß¥â«¬™—Èπ“√¬÷¥µ‘¥∑’Ë‰¡à™Õ∫πÈ”∑”„ÀâπÈ”®“°∑àÕ

‡π◊ÈÕøíπºà“π¡“Ÿà™—Èπ¢Õß‡√´‘π´’‡¡πµå‰¥âπâÕ¬(14,39) Õ’°∑—Èß

°“√©“¬·ßÕ“®àßº≈„Àâ√–¥—∫°“√‡ª≈’Ë¬π‚¡‚π‡¡Õ√å„π

™—Èπ“√¬÷¥µ‘¥·≈–™—Èπ‰Œ∫√‘¥¥’¢÷Èπ ‡ªìπº≈„Àâ§à“§«“¡·¢Áß

·√ß¬÷¥µ‘¥Ÿß¢÷Èπ‰¥â(17) ¥—ß¿“æ∑’Ë‰¥â®“°°“√àÕß°≈âÕß 

®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫àÕß°√“¥¢Õß‡√´‘π´’‡¡πµå

‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å ·≈–ÕÕøµ‘

∫Õπ¥åÕÕ≈Õ‘π«—π ¥—ß√Ÿª∑’Ë 5 ·≈– 6 ·¥ß™—Èπ“√¬÷¥µ‘¥

§—Ëπ√–À«à“ß‡√´‘π´’‡¡πµå°—∫‡π◊ÈÕøíπ ¥â«¬‡Àµÿº≈‡¥’¬«°—π 

°“√©“¬·ßÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—π´÷ Ëß‡ªìπ“√¬÷¥µ‘¥°“√©“¬·ßÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—π´÷ Ëß‡ªìπ“√¬÷¥µ‘¥°“√©“¬·ßÕÕøµ‘∫Õπ¥

√–∫∫‡´≈øá‡Õµ™å·∫∫¢—ÈπµÕπ‡¥’¬«Õ“®‡ªìπº≈∑”„Àâ§à“

‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ∑’Ë‰¥âŸß°«à“Õ’¥’‰æ√‡¡Õ√å∑Ÿ√à«¡

°—∫‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å ·µà§à“∑’Ë‰¥â¬—ß§ß

µË”°«à“ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å®“°≈—°…≥–∑’Ë¡’§«“¡™Õ∫

πÈ”¡“°°«à“¢Õß√–∫∫‡´≈øá‡Õµ™å·∫∫¢—ÈπµÕπ‡¥’¬«‡Õß 

πÕ°®“°π’È°“√¡’µ—«∑”≈–≈“¬À≈ß‡À≈◊ÕÕ¬Ÿà®“°°“√‡ªÉ“≈¡

‰¡à‡æ’¬ßæÕ ®“°°“√∑’ËÕ’¥’‰æ√‡¡Õ√å∑Ÿ¡’πÈ”‡ªìπµ—«∑”≈–≈“¬

‡æ’¬ßÕ¬à“ß‡¥’¬«´÷ Ëß√–‡À¬‰¥â¬“°°«à“°“√„™â‡Õ∑“πÕ≈ 
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(ethanol) À√◊ÕÕ–´’‚µπ (acetone) √à«¡¥â«¬ ‡™àπ „π“√

‰æ√‡¡Õ√å¢ÕßÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å ·≈–ÕÕøµ‘∫Õπ¥å 

ÕÕ≈Õ‘π«—π ®÷ßÕ“®∑”„Àâ§«“¡‡ªìπ°√¥¢Õß‚¡‚π‡¡Õ√å¬—ß

‰¡àÀ¡¥‰ª ·≈–πÈ”∑’Ë‡À≈◊Õ§â“ßÕ¬Ÿà‡Õß¬—ß‰ª¢—¥¢«“ß°“√

‡°‘¥ªØ‘°‘√‘¬“‚æ≈’‡¡Õ√å‰√‡´™—π‰¥â(40)  

 ‡¡◊ËÕæ‘®“√≥“„πà«π¢Õß“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å

√–À«à“ß·∫∫ 2 ¢—ÈπµÕπ ·≈–¢—ÈπµÕπ‡¥’¬«∑’Ë„™â√à«¡°—∫

‡√´‘π´’‡¡πµå‡π°´—∑√’À≈—ß·™àπÈ” 24 ™—Ë«‚¡ßæ∫«à“ ÕÕøµ‘-

∫Õπ¥å‡ÕÁ°´å∑’Õ“√å´÷Ëß‡ªìπ“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å·∫∫ 

2 ¢—ÈπµÕπ„Àâ§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊ÕπŸß°«à“‡¡◊ËÕ„™â

√à«¡°—∫ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—π´÷Ëß‡ªìπ“√¬÷¥µ‘¥√–∫∫

‡´≈øá‡Õµ™å·∫∫¢—ÈπµÕπ‡¥’¬«Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ 

ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å‡ªìπ«—¥ÿ∑’Ëº≈‘µÕÕ°Ÿà∑âÕßµ≈“¥ 

‰¥â‰¡àπ“π ∑”„Àâ¡’°“√»÷°…“§àÕπ¢â“ßπâÕ¬ ·≈–∑—ÈßÀ¡¥

‡ªìπ°“√»÷°…“∑’Ë„™â√à«¡°—∫‡√´‘π§Õ¡‚æ‘µ´÷Ëß‡ªìπ«—¥ÿÕÿ¥

øíπ(41,42) ‰¡àæ∫°“√»÷°…“∑’Ë„™â√à«¡°—∫‡√´‘π´’‡¡πµå Õ¬à“ß‰√ ‰¡àæ∫°“√»÷°…“∑’Ë„™â√à«¡°—∫‡√´‘π´’‡¡πµå Õ¬à“ß‰√ ‰¡àæ∫°“√»÷°…“∑’Ë„™

°Áµ“¡‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫„π·ßà¢Õß√–∫∫°“√¬÷¥µ‘¥æ∫«à“º≈

°“√»÷°…“π’ÈÕ¥§≈âÕß°—∫À≈“¬°“√»÷°…“∑’Ëæ∫«à“°“√„™â

‡√´‘π§Õ¡‚æ‘µÀ√◊Õ‡√´‘π´’‡¡πµå‡¡◊ËÕ„™â√à«¡°—∫“√¬÷¥µ‘¥

√–∫∫‡´≈øá‡Õµ™å·∫∫ 2 ¢—ÈπµÕπµà“ß„Àâ§à“‡©≈’Ë¬§«“¡·¢Áß

·√ß¬÷¥µ‘¥Ÿß°«à“·∫∫¢—ÈπµÕπ‡¥’¬«(14-19) ·≈–®“°°“√

»÷°…“¢Õß Sezinando ·≈–§≥–(41) ´÷Ëß‰¥â∑”°“√‡ª√’¬∫

‡∑’¬∫§à“§«“¡·¢Áß·√ß¬÷¥¥÷ß√–¥—∫®ÿ≈¿“§ (microtensile 

bond strength) ¢ÕßÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å ·≈–ÕÕøµ‘-

∫Õπ¥åÕÕ≈Õ‘π«—π°—∫‡π◊ÈÕøíπ æ∫«à“‡¡◊ËÕ„™âÕÕøµ‘∫Õπ¥å-

‡ÕÁ°´å∑’Õ“√å√à«¡°—∫‡√´‘π§Õ¡‚æ‘µ„Àâ§à“§«“¡·¢Áß·√ß¬÷¥

µ‘¥Ÿß°«à“ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—π ·¡â«à“§à“®–‰¡à·µ°µà“ß

°—πÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ ·µà‡¡◊ËÕπ”¡“‡∑’¬∫‡§’¬ß°—∫

°“√»÷°…“„π§√—Èßπ’È„Àâº≈‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«°—π ‚¥¬∑’Ë

‰¡à¡’º≈¢ÕßªØ‘°‘√‘¬“°√¥‡∫¡“‡°’Ë¬«¢âÕß®“°°“√∑’Ë‡π°-

´—∑√’‰¡à¡’‡∑Õ√å‡∑’¬√’‡Õ¡’π‡ªìπ“√‡√àßªØ‘°‘√‘¬“·≈â« ·µà¬—ß

§ßæ∫«à“ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—π„Àâ§à“°“√¬÷¥µ‘¥∑’ËµË”°«à“

ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√åÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ ∑’Ë‡ªìπ

‡™àππ’ÈÕ“®‡π◊ËÕß¡“®“°“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å·∫∫ 

¢— ÈπµÕπ‡¥’¬«¡’™— Èπ“√¬÷¥µ‘¥∑’ Ë¬Õ¡„ÀâπÈ”ºà“π‰¥â∫“ß

à«π(6,7,12,14,31,32) ´÷Ëß®–∑”„Àâ‡°‘¥°“√‡◊ËÕ¡≈“¬∑’Ë∫√‘‡«≥

º‘«—¡º—¢Õß‡√´‘π´’‡¡πµå°—∫“√¬÷¥µ‘¥ µà“ß®“°ÕÕøµ‘-

∫Õπ¥å‡ÕÁ°´å∑’Õ“√å∑’Ë¡’°“√§—Ëπ°≈“ß¥â«¬™—Èπ“√¬÷¥µ‘¥∑’Ë‰¡à

™Õ∫πÈ” ®÷ß‰¡àæ∫≈—°…≥–™—Èπ“√¬÷¥µ‘¥∑’Ë¬Õ¡„ÀâπÈ”ºà“π™Õ∫πÈ” ®÷ß‰¡àæ∫≈—°…≥–™—Èπ“√¬÷¥µ‘¥∑’Ë¬Õ¡„ÀâπÈ”ºà“π™Õ∫πÈ” ®÷ß‰¡àæ∫≈—°…≥–™—Èπ“√¬÷¥µ‘¥∑’Ë¬Õ¡„ÀâπÈ

‰¥â ∑”„ÀâπÈ”®“°∑àÕ‡π◊ÈÕøíπºà“π‰ªŸà™— Èπ‡√´‘π´’‡¡πµå‰¥â

πâÕ¬(14) ®÷ß„Àâ§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ∑’Ë¥’°«à“°≈ÿà¡

Õ◊ËπÊ ∂÷ß·¡â®–ºà“π°“√‡∑Õ√å‚¡‰´§≈‘ß·≈â«°Áµ“¡   

 ”À√—∫§à“‡©≈’Ë¬§«“¡·¢Áß·√ß¬÷¥‡©◊ÕπÀ≈—ß‡∑Õ√å‚¡‰´

§≈‘ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√·™àπÈ” 24 ™—Ë«‚¡ß ‰¡à«à“®–‡ªìπ

‡√´‘π´’‡¡πµåæ“π“‡«’¬‡ÕøÕß®ÿ¥»Ÿπ¬å√à«¡°—∫Õ’¥’‰æ√-

‡¡Õ√å∑Ÿ À√◊Õ‡π°´—∑√’√à«¡°—∫ÕÕøµ‘∫Õπ¥å‡ÕÁ°´å∑’Õ“√å 

·≈–ÕÕøµ‘∫Õπ¥åÕÕ≈Õ‘π«—πµà“ß„Àâ§à“∑’Ë≈¥≈ßÕ¬à“ß¡’π—¬

”§—≠∑“ß∂‘µ‘ ‡π◊ËÕß®“°°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘¿“¬

„µâ§«“¡™◊Èπ¢≥–∑”‡∑Õ√å‚¡‰´§≈‘ß √à«¡°—∫√–¬–‡«≈“∑’Ë™‘Èπ

∑¥Õ∫·™àπÈ”π“π°«à“ 24 ™—Ë«‚¡ß ∑”„Àâ‡°‘¥§«“¡‡§âπ

‡™‘ß°≈ (mechanical stress) ®“°—¡ª√–‘∑∏‘Ï°“√¢¬“¬

µ—«¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë‰¡à‡∑à“°—π¢Õß‡π◊ÈÕøíπ ‡√´‘π´’‡¡πµå ·≈–

‡√´‘π§Õ¡‚æ‘µ ¡’º≈∑”„Àâ‡°‘¥§«“¡≈â¡‡À≈«¢Õß°“√¬÷¥

µ ‘¥∑ ’ Ë√Õ¬µ àÕ√–À« à“ß‡π ◊ ÈÕø íπ·≈–« —¥ ÿ∫Ÿ√≥–‰¥ â(43)

πÕ°®“°π’È‡¡◊ËÕ¡’°“√¥Ÿ¥´÷¡πÈ”àßº≈„Àâ‡°‘¥°“√¬àÕ¬≈“¬

°“√¬÷¥µ‘¥√–À«à“ß‡¡∑√‘°´å (matrix) ·≈–«—¥ÿÕ—¥·∑√°

‚¥¬πÈ”·≈–Õÿ≥À¿Ÿ¡‘ (hydrothermal degradation) ´÷Ëß

‡°‘¥®“°¢∫«π°“√‡∑Õ√å‚¡‰´§≈‘ß∑”„Àâ™—Èπ‡√´‘π´’‡¡πµå‡°‘¥

°“√ÕàÕπµ—«≈ß ‡°‘¥°“√≈“¬¢Õßµ—«‡√´‘π´’‡¡πµå‡Õß(44)

·≈–°“√°√–®“¬·√ß∫√‘‡«≥√Õ¬µàÕ√–À«à“ß‡√´‘π´’‡¡πµå

·≈–º‘«‡π◊ÈÕøíπ‡ª≈’Ë¬π·ª≈ß‰ª ∂÷ß·¡â®–¡’·√ß¡“°√–∑”

‡æ’¬ß‡≈Á°πâÕ¬°Á∑”„Àâ‡°‘¥°“√À≈ÿ¥‰¥â(33,44) Õ¥§≈âÕß°—∫

≈—°…≥–°“√À≈ÿ¥∑’Ëæ∫¢Õß°≈ÿà¡‡√´‘π´’‡¡πµå‡π°´—∑√’‡ªìπ

·∫∫·Õ¥Œ’´’ø¡“°¢÷ÈπÀ≈—ß°“√∑”‡∑Õ√å‚¡‰´§≈‘ß Õ¬à“ß‰√

°Áµ“¡”À√—∫°“√»÷°…“π’Èæ∫«à“°“√∑”‡∑Õ√å‚¡‰´§≈‘ß 

5000 √Õ∫Õ“®¬—ß‰¡à‡æ’¬ßæÕ„Àâ√ÿª‰¥â«à“‡¡◊ËÕ‡«≈“ºà“π‰ª

°“√„™â‡√´‘π´’‡¡πµå√à«¡°—∫“√¬÷¥µ‘¥√–∫∫‡´≈øá‡Õµ™å

™π‘¥„¥„Àâ§à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¥’∑’Ëÿ¥ √ÿª‰¥â‡æ’¬ß«à“

À≈—ß∑”‡∑Õ√å‚¡‰´§≈‘ß·≈â« §à“§«“¡·¢Áß·√ß¬÷¥‡©◊Õπ¢Õß

‡√´‘π´’‡¡πµå„π∑ÿ°°≈ÿà¡°“√∑¥≈Õß≈¥≈ß ´÷Ëßπà“®–‡ªìπº≈

®“°§«“¡‡◊ËÕ¡¢Õß‡√´‘π´’‡¡πµå¥—ß°≈à“«‰ª·≈â«¢â“ßµâπ  

∫∑√ÿª 
 ¿“¬„µâ¢Õ∫‡¢µ°“√»÷°…“„π§√—Èßπ’È√ÿª‰¥â«à“ 

∫∑√ÿª 
 ¿“¬„µâ¢Õ∫‡¢µ°“√»÷°…“„π§√—Èßπ’È√ÿª‰¥â«à“ 

∫∑√ÿª 

 1. ‡√´‘π´’‡¡πµå∑’Ë‰¡à„™â‡∑Õ√å‡∑’¬√’‡Õ¡’π‡ªìπ“√‡√àß
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