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∫∑π”

‡´√“¡‘° (ceramic) ‡ªìπ«— ¥ÿ™π‘¥Àπ÷Ëß∑’Ë„™â°—πÕ¬à“ß·æ√à

À≈“¬„π∑“ß∑—πµ°√√¡ ”À√—∫ √â“ß™‘Èπß“π∫Ÿ√≥–πÕ°™àÕßª“°
(indirect restoration) ‡™àπ ∑”‡§≈◊Õ∫øíπ‡∑’¬¡ (veneer)
Õÿ¥Ωíß (inlay) Õÿ¥§√Õ∫ (onlay) ·°π‡´√“¡‘° (core)  ”À√—∫
ß“π§√Õ∫øíπÀ√◊Õ –æ“πøíπ À√◊Õ‡ªìπ«— ¥ÿ‡§≈◊Õ∫·°π‚≈À–
À√◊Õ·°π‡´√“¡‘° ”À√—∫ß“π§√Õ∫øíπÀ√◊Õ –æ“πøíπ1 ‡æ√“–
‡´√“¡‘°„Àâ∑—Èß§«“¡·¢Áß·√ß·≈–§«“¡ «¬ß“¡§≈â“¬§≈÷ß°—∫øíπ
∏√√¡™“µ‘ ¡’‡ ∂’¬√¿“æ¢Õß ’ (color stability) ¡’§«“¡
‚ª√àß· ß (translucency) ·≈–„Àâº≈ ”‡√Á®∑“ß§≈‘π‘°∑’Ë¥’2,3

Õ¬à“ß‰√°Áµ“¡ ™‘Èπß“π‡´√“¡‘°Õ“®‡°‘¥°“√√â“« ·µ°∫‘Ëπ
À√◊Õ·µ°À—°‰¥â¿“¬À≈—ß°“√„™âß“π ¡’√“¬ß“π∂÷ßÕ—µ√“§«“¡
≈â¡‡À≈« (failure rate) ‡π◊ËÕß®“°°“√·µ°∫‘Ëπ¢Õß‡§≈◊Õ∫
‡´√“¡‘°ÕÕ°®“°·°π‚≈À–«à“‡°‘¥¢÷Èπ∂÷ß√âÕ¬≈– 81 ‚¥¬¡’
 “‡Àµÿ¡“®“°°“√ÕÕ°·∫∫‚§√ß √â“ß¢Õß™‘Èπß“π∑’Ë‰¡à‡À¡“– ¡
°“√¡’®ÿ¥∫°æ√àÕß∫√‘‡«≥√Õ¬µàÕ√–À«à“ß‡´√“¡‘°°—∫‚≈À–
§«“¡‰¡à‡¢â“°—π¢Õß —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡Àµÿ§«“¡√âÕπ
(coefficient of thermal expansion) √–À«à“ß‡´√“¡‘°°—∫‚≈À–
‡´√“¡‘°¡’§«“¡Àπ“‡°‘π‰ª·≈–¡’‚≈À–∑’Ë√Õß√—∫‰¡à‡æ’¬ßæÕ √«¡∑—Èß
°“√√—∫·√ß∑’Ë¡“°‡°‘π‰ªÀ√◊Õ°“√‡°‘¥Õÿ∫—µ‘‡ÀµÿµàÕøíπ2,4,5  ”À√—∫
°“√∫Ÿ√≥–¥â«¬‡´√“¡‘°≈â«π (all ceramic restoration) °Á
æ∫«à“¡’°“√·µ°∫‘Ëπ‰¥â‡™àπ°—π ‚¥¬‡©æ“–°“√·µ°∫‘Ëπ¢Õß‡´√“¡‘°
∑’Ë„™â‡ªìπ à«π‡§≈◊Õ∫ÕÕ°®“° à«π·°π‡´√“¡‘°6

°“√·µ°¢Õß™‘Èπß“π‡´√“¡‘°∑’Ëª√–°Õ∫¥â«¬ à«π·°π
·≈– à«π‡§≈◊Õ∫π—ÈπÕ“®‡°‘¥‰¥â 3 ≈—°…≥–5 §◊Õ °“√·µ°∫‘Ëπ
„π‡´√“¡‘° à«π‡§≈◊Õ∫‡æ’¬ßÕ¬à“ß‡¥’¬« À√◊Õ°“√·µ°∫‘Ëπ
∫√‘‡«≥√Õ¬µàÕ√–À«à“ß‡´√“¡‘° à«π‡§≈◊Õ∫°—∫ à«π·°π ∑’Ë
∑”„Àâ¡’∑—Èßº‘«‡´√“¡‘° à«π‡§≈◊Õ∫·≈–º‘«¢Õß à«π·°π‡º¬º÷Ëß
À√◊Õ°“√·µ°À—°¢Õß‡´√“¡‘° à«π‡§≈◊Õ∫¡“°®π∑”„Àâ¡’ à«π
·°π‡º¬º÷Ëß‡ªìπ∫√‘‡«≥°«â“ßÀ√◊Õ∑—ÈßÀ¡¥ ÷́Ëß‚¥¬¢∫«π°“√
º≈‘µ‡´√“¡‘° ®–‰¡à “¡“√∂‡µ‘¡‡´√“¡‘°„À¡à‡¢â“‰ª¬÷¥µ‘¥°—∫
«— ¥ÿ∫Ÿ√≥–‡´√“¡‘°‡¥‘¡‰¥â‚¥¬µ√ß„π™àÕßª“°7 «‘∏’∑’Ë¥’∑’Ë ÿ¥„π
°“√·°â‰¢ªí≠À“°“√·µ°∫‘Ëπ¢Õß‡´√“¡‘°°Á§◊Õ «‘‡§√“–ÀåÀ“
 “‡Àµÿ·≈–√◊ÈÕ·°â‰¢‡æ◊ËÕ √â“ß™‘Èπß“π„À¡à ·µà„π∫“ß§√—Èß °“√
√◊ÈÕ™‘Èπß“π‡¥‘¡∑”„Àâ‡°‘¥§«“¡√Ÿâ ÷°∑’Ë‰¡à¥’·°àºŸâªÉ«¬‡æ√“–‡ ’¬∑—Èß
‡«≈“·≈–§à“„™â®à“¬ ®÷ß¡’°“√·π–π”∂÷ß«‘∏’´àÕ¡·´¡™‘Èπß“π
‡´√“¡‘°∑’Ë·µ°∫‘Ëπ„π™àÕßª“° ‡æ◊ËÕ‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√
√—°…“‡™‘ßÕπÿ√—°…åÀ√◊Õ‡æ◊ËÕ·°âªí≠À“©ÿ°‡©‘π∑“ß§≈‘π‘° ‚¥¬

‡©æ“–Õ¬à“ß¬‘Ëß°√≥’∑’Ë‡°‘¥°“√·µ°∫‘Ëπ„πµ”·Àπàß∑’Ë‡°’Ë¬«¢âÕß
°—∫§«“¡ «¬ß“¡ Õ¬à“ß‰√°Áµ“¡°“√´àÕ¡·´¡™‘Èπß“π‡´√“¡‘°
∑’Ë·µ°∫‘Ëπ„π™àÕßª“° ®–∑”„π°√≥’∑’Ë‡ªìπ°“√·µ°∫‘Ëπ¢Õß
‡´√“¡‘°∑’Ë‡ªìπ à«π‡§≈◊Õ∫‡∑à“π—Èπ À“°‚§√ßÀ√◊Õ·°π‡´√“¡‘°
∑’Ë„™â„π°“√∑”§√Õ∫øíπ·≈– –æ“πøíπ‡´√“¡‘°≈â«π¡’°“√√â“«
À√◊Õ·µ°À—° ®–‰¡à “¡“√∂ à́Õ¡·´¡‰¥â ®”‡ªìπ∑’Ë®–µâÕß∑”™‘Èπ
ß“π„À¡à ∫∑§«“¡ª√‘∑—»πåπ’È®–°≈à“«∂÷ß°“√´àÕ¡·´¡‡´√“¡‘°
∑’Ë·µ°À—°„π™àÕßª“°„πÀ—«¢âÕµà“ßÊ‡∑’Ë‡°’Ë¬«¢âÕß§◊Õ ™π‘¥·≈–
Õß§åª√–°Õ∫¢Õß‡´√“¡‘° «— ¥ÿ∑’Ëπ”¡“„™â„π°“√´àÕ¡·´¡
°“√‡µ√’¬¡æ◊Èπº‘«·≈–°≈‰°°“√¬÷¥µ‘¥ «‘∏’°“√´àÕ¡·´¡ §«“¡
·¢Áß·√ß°“√¬÷¥µ‘¥ ·≈–Õ—µ√“°“√Õ¬Ÿà√Õ¥¢Õß°“√ à́Õ¡·´¡

™π‘¥·≈–Õß§åª√–°Õ∫¢Õß‡´√“¡‘°

‡´√“¡‘° “¡“√∂·∫àßµ“¡Õß§åª√–°Õ∫æ◊Èπ∞“π‰¥â 3 ™π‘¥
§◊Õ

1. ‡´√“¡‘°∑’Ë¡’´‘≈‘°“‡ªìπÕß§åª√–°Õ∫æ◊Èπ∞“π (silica-
based ceramics) ‰¥â·°à æÕ√ǻ ‡≈π‡ø≈¥å ª“µ‘° (feldspathic
porcelain: SiO2-Al2O3-Na2O-K2O) æÕ√å´‡≈π‡ø≈¥å
 ª“µ‘°∑’Ë¡’°“√‡ √‘¡º≈÷°≈‘«‰´¥å‡æ◊ËÕ‡æ‘Ë¡§«“¡·¢Áß·√ß (leucite-
reinforced feldspathic porcelain: SiO2-Al2O3-K2O) ·≈–
‡´√“¡‘°≈‘‡∑’¬¡‰¥´‘≈‘‡°µ (lithium-disilicate ceramics:
SiO2-Li2O)

æÕ√å´‡≈π‡ø≈¥å ª“µ‘°¡’§«“¡·¢Áß·√ß‰¡à¡“°π—° ¡’
Õß§åª√–°Õ∫æ◊Èπ∞“π‡ªìπ´‘≈‘°Õπ‰¥ÕÕ°‰´¥åª√–¡“≥√âÕ¬≈–
60-64 ·≈–Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥åª√–¡“≥√âÕ¬≈– 20-238 ¡—°
„™â‡ªìπ«— ¥ÿ‡§≈◊Õ∫‡æ◊ËÕªî¥º‘«‚≈À–¢Õß§√Õ∫øíπÀ√◊Õ –æ“π
øíπ‚≈À–‡§≈◊Õ∫‡´√“¡‘° À√◊Õ„™â‡ªìπ«— ¥ÿ‡§≈◊Õ∫ªî¥∑—∫·°π
‡´√“¡‘°≈â«π™π‘¥∑’Ë¡’§«“¡·¢Áß·√ß Ÿß‡æ◊ËÕ‡æ‘Ë¡§«“¡ «¬ß“¡9

À√◊Õ„™â„πß“π∫Ÿ√≥–‡§≈◊Õ∫øíπ‡∑’¬¡ Õÿ¥Ωíß À√◊Õ Õÿ¥§√Õ∫8

™◊ËÕ∑“ß°“√§â“¢Õß‡´√“¡‘°™π‘¥π’È‰¥â·°à «’µâ“ «’‡ÕÁ¡‡§ (VITA
VMK: Vivadent, Schaan, Liechtenstein) «’µâ“∫≈Õ§ ¡“√å°∑Ÿ
(VITABLOCS Mark II: VITA Zahnfabrik, Bad
Sackingen, Germany) «’µâ“ ‰µ√≈—°´å∫≈Õ§ (VITA TriLuxe
Bloc: VITA Zahnfabrik, Bad Sackingen, Germany) ·≈–
«’µâ“∫≈Õ§ ‡Õ ‡µµ‘° ‰≈πå (VITABLOCS Esthetic Line:
VITA Zahnfabrik, Bad Sackingen, Germany)8 æÕ√å´
‡≈π‡ø≈¥å ª“µ‘°∑’Ë¡’°“√‡ √‘¡º≈÷°≈‘«‰´¥å®–¡’§«“¡·¢Áß·√ß
¡“°¢÷Èπ °“√‡ √‘¡º≈÷°≈‘«‰´¥å®–™à«¬‡æ‘Ë¡§à“ —¡ª√– ‘∑∏‘Ï°“√
¢¬“¬µ—«‡Àµÿ§«“¡√âÕπ∑’Ë‡À¡“– ¡ °—∫·°π‚≈À–·≈–‡æ‘Ë¡§«“¡
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‡§âπ·√ßÕ—¥ (compressive stress)10 ·≈–∂â“∑”°“√‡º“´È”À≈“¬
§√—Èß·≈–ª≈àÕ¬„Àâ‡¬Áπµ—«≈ßÕ¬à“ß™â“Ê ®–∑”„Àâ¡’°“√µ°º≈÷°
≈‘«‰´¥å„πæÕ√å´‡≈π‰¥â¥’¬‘Ëß¢÷Èπ10 ®÷ß¡’§«“¡·¢Áß·√ß¡“°°«à“
æÕ√ǻ ‡≈π‡ø≈¥å ª“µ‘°∏√√¡¥“·≈–¬—ß§ß§«“¡ «¬ß“¡∑’Ë¥’¡“°
·µà§«“¡·¢Áß·√ß°Á¬—ß‰¡à Ÿß¡“°π—° ®÷ß‡À¡“– ”À√—∫ß“π
∫Ÿ√≥–‡§≈◊Õ∫øíπ‡∑’¬¡ Õÿ¥Ωíß Õÿ¥§√Õ∫·≈–§√Õ∫øíπÀπâ“8

™◊ËÕ∑“ß°“√§â“¢Õß‡´√“¡‘°™π‘¥π’È‰¥â·°à ‰Õæ’‡Õ  ‡ÕÁ¡‡æ√ 
(IPS Empress: Ivoclar Vivadent, Schaan, Liechtenstein)
ÕÕªµ‘¡Õ≈ ‡æ√ ‡´‡∫‘≈ ‡´√“¡‘° (Optimal Pressable ceramic:
Jeneric Pentron, Connecticut, U.S.A.) ·≈– ‰Õæ’‡Õ 
‚ª√·§¥ (IPS ProCAD: Ivoclar Vivadent, Schaan,
Liechtenstein)8  ”À√—∫‡´√“¡‘°≈‘‡∑’¬¡‰¥´‘≈‘‡°µπ—Èπ ‡´√“¡‘°
™π‘¥π’È¡’§«“¡·¢Áß·√ß‡æ‘Ë¡¢÷Èπ  “¡“√∂π”¡“„™â„πß“π –æ“πøíπ
¢π“¥ —ÈπÊ11 ™◊ËÕ∑“ß°“√§â“¢Õß‡´√“¡‘°™π‘¥π’È‰¥â·°à ‰Õæ’‡Õ 
‡ÕÁ¡‡æ√ ∑Ÿ (IPS Empress 2: Ivoclar Vivadent, Schaan,
Liechtenstein) ·≈– ‰Õæ’‡Õ  Õ’·¡° ǻ ‡æ√  (IPS e.max
Press: Ivoclar Vivadent, Schaan, Liechtenstein)

2. ‡´√“¡‘°∑’Ë¡’Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å‡ªìπÕß§åª√–°Õ∫æ◊Èπ∞“π
(aluminum oxide based ceramics : Al2O3) ‰¥â·°à ‡´√“¡‘°
™π‘¥∑’Ë¡’·°â«·∑√°´÷¡‡¢â“‰ª„π·°πÕ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å (glass-
infiltrated aluminum oxide ceramics) ·≈–‡´√“¡‘°™π‘¥
∑’Ë¡’Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å„πª√‘¡“≥ Ÿß (densely-sintered
aluminum oxide ceramics)

‡´√“¡‘°™π‘¥∑’Ë¡’·°â«·∑√° ÷́¡‡¢â“‰ª„π·°πÕ–≈Ÿ¡‘π—¡
ÕÕ°‰´¥å®–¡’§«“¡·¢Áß·√ß Ÿß º‘«¥â“ππÕ°‡§≈◊Õ∫¥â«¬æÕ√å´
‡≈π‡ø≈¥å ª“µ‘° ™◊ËÕ∑“ß°“√§â“¢Õß‡´√“¡‘°™π‘¥π’È§◊Õ Õ‘π´’·√¡
Õ–≈Ÿ¡‘π“ (In-Ceram Alumina: VITA, Zahnfabrik,
Germany) ´÷Ëß¡’Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å√âÕ¬≈– 80 ∂÷ß 82 ·≈–¡’
´‘≈‘°“√âÕ¬≈– 5 ‚¥¬πÈ”Àπ—°12 ‡´√“¡‘°™π‘¥π’È¡’§à“§«“¡·¢Áß·√ß
¥—¥ (flexural strength) ¡“°°«à“‡´√“¡‘°™π‘¥‡ø≈¥å ª“µ‘°
3-4 ‡∑à“  “¡“√∂„™â‡ªìπ·°π¢Õß«— ¥ÿ∫Ÿ√≥–·∑π°“√„™â‚§√ß
‚≈À–„πß“π –æ“πøíπ6 ‡æ◊ËÕ≈¥§«“¡∑÷∫· ß¢Õß·°π‡´√“¡‘°
®÷ß¡’°“√º ¡·¡°π’‡ ’́¬¡‡¢â“°—∫Õ–≈Ÿ¡‘π“‡æ◊ËÕ‡æ‘Ë¡§«“¡‚ª√àß· ß
¡“°¢÷Èπ ‡™àπ º≈‘µ¿—≥±åÕ‘π ’́·√¡  ªî‡π≈ (In-Ceram Spinell:
MgAl2O3: VITA Zahnfabrik, Germany) ·µà®–∑”„Àâ§«“¡
·¢Áß·√ß≈¥≈ß¡“° ®÷ß„™â ”À√—∫ß“π §√Õ∫øíπÀπâ“‡∑à“π—Èπ13

·≈–‰¥â¡’°“√æ—≤π“‡´√“¡‘°™π‘¥Õ‘π´’·√¡Õ–≈Ÿ¡‘π“‡¥‘¡„Àâ¡’
§«“¡·¢Áß·√ß¢÷Èπ ‚¥¬‡µ‘¡‡´Õ√å‚§‡π’¬¡ÕÕ°‰´¥å‡¢â“‰ª ‰¥â·°à
º≈‘µ¿—≥±å Õ‘π´’·√¡ ‡´Õ√å‚§‡π’¬ (In-Ceram Zirconia: VITA
Zahnfabrik, Germany) ´÷Ëß¡’Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥åª√–¡“≥

√âÕ¬≈– 67 ‡´Õ√å‚§‡π’¬¡ÕÕ°‰´¥å√âÕ¬≈– 13 ·≈– ·≈π∑“π—¡
Õ–≈Ÿ¡‘π—¡´‘≈‘‡°µ ª√–¡“≥√âÕ¬≈– 20 ‚¥¬πÈ”Àπ—°14 ·µà
‡π◊ËÕß®“°¡’§«“¡∑÷∫· ß¡“°®÷ß„™â ”À√—∫ß“π§√Õ∫øíπ·≈–
 –æ“πøíπ∫√‘‡«≥øíπÀ≈—ß πÕ°®“°π—Èπ¬—ß¡’‡´√“¡‘°™π‘¥∑’Ë¡’
Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å„πª√‘¡“≥ Ÿß ‡™àπ º≈‘µ¿—≥±å‚æ√‡´√“
ÕÕ≈´’·√¡ (Procera AllCeram: Nobel Biocare AB,
Goteborg, Sweden) ́ ÷Ëß¡’Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å‡ªìπÕß§åª√–°Õ∫
∂÷ß√âÕ¬≈– 99.9 ¡’§«“¡·¢Áß·√ß Ÿß√Õß®“°‡´√“¡‘°™π‘¥‡´Õ√å
‚§‡π’¬¡ÕÕ°‰´¥å „™â‡ªìπ·°π¢Õß§√Õ∫øíπÀ√◊Õ –æ“πøíπ9

3. ‡´√“¡‘°™π‘¥∑’Ë¡’‡´Õ√å‚§‡π’¬¡‰¥ÕÕ°‰´¥å‡ªìπÕß§å
ª√–°Õ∫æ◊Èπ∞“π (zirconium dioxide-based ceramic:
ZrO2) ‰¥â·°à ¬‘µ‡µ√’¬¡ ‡µµ√–‚°πÕ≈ ‡´Õ√å‚§‡π’¬ æÕ≈‘§√‘ µÕ≈
(yttrium tetragonal zirconia polycrystals: ZrO2 stabilized
by Y2O3) ́ ÷Ëß¡’°“√º ¡¬‘µ‡µ√’¬¡ÕÕ°‰´¥å (yttrium-oxide:
Y2O3) ‡¢â“°—∫‡´Õ√å‚§‡π’¬∫√‘ ÿ∑∏‘Ï∑”„Àâ‡´Õ√å‚§‡π’¬¡’§«“¡§ß
µ—«Õ¬Ÿà„π ¿“«–º≈÷°·∫∫‡µµ√–‚°πÕ≈ ‡ªìπº≈„Àâ‡æ‘Ë¡§«“¡·¢Áß
·√ß·≈–µâ“π∑“πµàÕ°“√·µ°À—°8 ‡´√“¡‘°™π‘¥π’È¡’§à“§«“¡
·¢Áß·√ß¥—¥ 900-1200 ‡¡°°–ª“ §“≈ (MPa)15 (¥—ßµ“√“ß
∑’Ë 1)15,16  “¡“√∂π”¡“„™â‡ªìπ·°π§√Õ∫øíπÀ√◊Õ –æ“πøíπ
¢π“¥¬“« ‚¥¬‡©æ“–„πµ”·ÀπàßøíπÀ≈—ß17 ™◊ËÕ∑“ß°“√§â“¢Õß
‡´√“¡‘°™π‘¥π’È‰¥â·°à ≈“«“ (Lava: 3M ESPE, St. Paul,
Minnesota, U.S.A.) ‡´Õ§Õπ (Cercon: Dentsply Ceramco,
York, Pennsylvania, U.S.A.) ‚æ√‡´√“ ÕÕ≈‡´Õ§Õπ
(Procera AllZirkon: Nobel Biocare AB, Goteborg,
Sweden) ¥’´’ ‡´Õ§Õπ (DC-Zirkon: DCS Dental AG,
Allschwil, Switzerland) ·≈–‡¥π‡´Õ (Denzir: Decim AB,
Skelleftea, Sweden)8

«— ¥ÿ∑’Ëπ”¡“„™â„π°“√ à́Õ¡·´¡‡´√“¡‘°

„πªí®®ÿ∫—π «— ¥ÿ∑’Ëπ‘¬¡„™â„π°“√ à́Õ¡·´¡‡´√“¡‘°¡“°
∑’Ë ÿ¥§◊Õ ‡√´‘π§Õ¡‚æ ‘µ (resin composite) ‡π◊ËÕß®“°‡ªìπ
«— ¥ÿ∑’Ë¡’ ’§≈â“¬§≈÷ß°—∫∑—Èßøíπ∏√√¡™“µ‘·≈–‡´√“¡‘° ¡’ ’„Àâ
‡≈◊Õ°À≈“°À≈“¬  “¡“√∂°¥Õ—¥„Àâ·π∫°—∫æ◊Èπº‘«‰¥â¥’ ·≈–
¢—¥·µàß‰¥â‡√’¬∫·≈–¡—π‡ß“ ™à«¬≈¥°“√‡°“–µ‘¥¢Õß·ºàπ§√“∫
®ÿ≈‘π∑√’¬å ‡√´‘π§Õ¡‚æ ‘µ™π‘¥‰¡‚§√øî≈ (microfill) ¡’
 ¡∫—µ‘„π°“√¢—¥·µàß∑’Ë¥’·µà¡’§«“¡·¢Áß·√ßµË”·≈–¡’Õ—µ√“°“√
 ÷°∑’Ë Ÿß18 ®÷ß‰¡à‡À¡“– „π°“√´àÕ¡·´¡‡´√“¡‘°„πµ”·Àπàß∑’ËµâÕß
√—∫·√ß∫¥‡§’È¬« ‡√´‘π§Õ¡‚æ ‘µ™π‘¥·¡§‚§√øî≈ (macrofill)
„Àâ°“√¬÷¥µ‘¥°—∫º‘«‡´√“¡‘°‰¥â¥’·µà¢—¥·µàßæ◊Èπº‘«„Àâ‡√’¬∫‰¥â¬“°18
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 à«π‡√´‘π§Õ¡‚æ ‘µ™π‘¥‰Œ∫√‘¥ (hybrid) ‰¥â·°à ‰¡‚§√‰Œ∫√‘¥
(microhybrid) ·≈–π“‚π‰Œ∫√‘¥ (nanohybrid) ¡’°“√
ª√—∫ª√ÿß„Àâ¡’ ¡∫—µ‘°“√¢—¥·µàß °“√¬÷¥µ‘¥·≈–§«“¡·¢Áß·√ß∑’Ë
¥’19  “¡“√∂„™â´àÕ¡·´¡‡´√“¡‘°∑’Ë·µ°∫‘Ëπ‰¥â¥’20 „π°√≥’∑’Ë
µâÕß°“√ªî¥ ’¢Õß‚≈À–  “¡“√∂‡≈◊Õ°„™â‡√´‘π§Õ¡‚æ ‘µ™π‘¥
∑’Ë¡’§«“¡∑÷∫· ß Ÿß (high opacity composite) À√◊Õ„™â ’
‡√´‘π™π‘¥∑÷∫· ß (resin tint-opaquer) √à«¡°—∫‡√ ‘́π§Õ¡
‚æ ‘µ21,22

πÕ°®“°π’È ¬—ß¡’°“√„™â°≈“ ‰Õ‚Õ‚π‡¡Õ√ǻ ’‡¡πµå (glass
ionomer cement) ·≈–‡√ ‘́π¡Õ¥‘ø“¬¥å °≈“ ‰Õ‚Õ‚π‡¡Õ√å
´’‡¡πµå (resin-modified glass ionomer cement) „π°“√
´àÕ¡™‘Èπß“π‡´√“¡‘°23 ‚¥¬‡©æ“–°√≥’∑’Ë¡’º‘«‚≈À–‡º¬º÷Ëß

‡π◊ËÕß®“° “¡“√∂¬÷¥°—∫‚≈À–‰¥â¥â«¬æ—π∏–∑“ß‡§¡’ ·¡â«à“
«— ¥ÿ®–¡’§«“¡∑÷∫· ß  “¡“√∂‡≈◊Õ° ’„Àâ°≈¡°≈◊π°—∫‡´√“¡‘°
·≈–ª≈¥ª≈àÕ¬ø≈ŸÕÕ‰√¥å‰¥â ·µà„Àâ§«“¡ «¬ß“¡·≈–¡’§«“¡
·¢Áß·√ß ‰¡à Ÿß‡∑à“°“√„™â‡√´‘π§Õ¡‚æ ‘µ23,24

°“√‡µ√’¬¡æ◊Èπº‘«‡´√“¡‘°·≈–°≈‰°°“√¬÷¥µ‘¥√–À«à“ß

‡√ ‘́π§Õ¡‚æ ‘µ°—∫‡´√“¡‘°

°“√‡µ√’¬¡æ◊Èπº‘«‡´√“¡‘°¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ‡æ‘Ë¡ª√– ‘∑∏‘-
¿“æ°“√¬÷¥µ‘¥°—∫‡√´‘π§Õ¡‚æ ‘µ ´÷Ëß°“√¬÷¥µ‘¥¡’ 2 ≈—°…≥–
§◊Õ °“√¬÷¥µ‘¥∑“ß°≈ (mechanical bonding) ·≈– °“√¬÷¥
µ‘¥∑“ß‡§¡’ (chemical bonding) °“√∑”„Àâ‡°‘¥°“√¬÷¥µ‘¥
∑“ß°≈¡’«‘∏’°“√‡µ√’¬¡æ◊Èπº‘«¢Õß‡´√“¡‘°‰¥âÀ≈“¬«‘∏’‡™àπ

µ“√“ß∑’Ë 1 §«“¡·¢Áß·√ß¥—¥·≈–§«“¡∑π∑“π°“√·µ°À—°¢Õß‡´√“¡‘°™π‘¥µà“ßÊ

Table 1 Flexural strength and fracture toughness of ceramic systems

Type of ceramic Flexural strength Fracture toughness
(MPa)  (MPaëm1/2)

Silica-based ceramics or Glass-based ceramic

Feldspathic porcelain 55-87 0.9-1.5

Leucite-reinforced feldspathic porcelain 73-182 1.0-2.0

Lithium-disilicate ceramics 300-400 2.8-3.5

Aluminum oxide based ceramics

Glass-infiltrated In-Ceram Alumina 236-600 3.1-4.61

aluminum oxide In-Ceram Spinell 150-350 2.7

ceramics In-Ceram Zirconia 421-800 6-8

Densely-sintered Procera AllCeram 487-699 4.48-6
aluminum oxide
ceramics

Zirconium dioxide-based ceramic

Yttrium tetragonal Zirconia polycrystals 900-1200 9-10
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1. °“√‡µ√’¬¡¥â«¬À—«°√Õ°“°‡æ™√ (diamond bur)
‡ªìπ°“√∑”„Àâ‡°‘¥≈—°…≥–¢√ÿ¢√–‡ªìπ√àÕß (groove) À√◊Õ  à«π
§Õ¥™à«¬°“√¬÷¥µ‘¥ (undercuts) ‡æ◊ËÕ‡æ‘Ë¡æ◊Èπ∑’Ëº‘« —¡º— 
·≈–™à«¬„π°“√¬÷¥°—∫‡√ ‘́π§Õ¡‚æ ‘µ Õ¬à“ß‰√°Áµ“¡ °“√‡µ√’¬¡
æ◊Èπº‘«¥â«¬«‘∏’π’È‰¡à “¡“√∂§“¥‡¥“º≈¢Õß°“√¬÷¥µ‘¥∑’Ë®–‡°‘¥¢÷Èπ
„π√–¬–¬“« ·≈–Õ“®‡æ‘Ë¡√Õ¬√â“«¢¬“¬ºà“πº‘«≈ß‰ª„π‡π◊ÈÕ
¢Õß‡´√“¡‘°·≈–°àÕ„Àâ‡°‘¥°“√·µ°À—°¢Õß™‘Èπß“π‰¥â25

2. °“√‡µ√’¬¡¥â«¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘° (hydrofluoric
acid) ‡ªìπ«‘∏’∑’Ëπ‘¬¡„™â°—π·æ√àÀ≈“¬·≈–¡’ª√– ‘∑∏‘¿“æ„π
°“√ª√—∫ ¿“ææ◊Èπº‘«‡´√“¡‘° ‚¥¬‡©æ“–°“√‡µ√’¬¡æ◊Èπº‘«¥â«¬
°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°√à«¡°—∫°“√∑“ “√‰´‡≈π (silane) ´÷Ëß®–
™à«¬‡æ‘Ë¡§«“¡·¢Áß·√ßæ—π∏–‡©◊Õπ (shear bond strength) À√◊Õ
§«“¡·¢Áß·√ßæ—π∏–¥÷ß (tensile bond strength) ‰¥â20,26-28

°“√‡µ√’¬¡æ◊Èπº‘«∑”‚¥¬∑“°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°§«“¡‡¢â¡¢âπ
√âÕ¬≈– 2.5-10 π“π 1-3 π“∑’ °√¥®–≈–≈“¬‡¡∑√‘°´å·°â«
(glass matrix) ∫“ßµ”·Àπàß¢Õßæ◊Èπº‘« ∑”„Àâ‡°‘¥√Ÿæ√ÿπ ∑’Ë
¡’√Ÿª√à“ß‰¡à·πàπÕπ ∑”„Àâ “√¬÷¥µ‘¥ “¡“√∂·∑√°‡¢â“‰ªÕ¬Ÿà
√–À«à“ß™àÕß«à“ß∑’Ë‡°‘¥¢÷Èπ  àß‡ √‘¡°“√¬÷¥µ‘¥‡™‘ß°≈√–¥—∫®ÿ≈¿“§
(micromechanical retention) °—∫‡√´‘π§Õ¡‚æ ‘µ20

°“√„™â°√¥ª√—∫ ¿“ææ◊Èπº‘«‡´√“¡‘°®–„Àâº≈·µ°µà“ß°—π
¢÷Èπ°—∫™π‘¥·≈–Õß§åª√–°Õ∫¢Õß‡´√“¡‘° °“√‡µ√’¬¡æ◊Èπº‘«
¢Õß‡´√“¡‘°„π°≈ÿà¡∑’Ë¡’´‘≈‘°“‡ªìπÕß§åª√–°Õ∫æ◊Èπ∞“π¡—°„Àâ
º≈∑’Ë¥’29,30 „π¢≥–∑’Ë‡´√“¡‘°™π‘¥Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å·≈–
™π‘¥‡´Õ√å‚§‡π’¬¡ÕÕ°‰´¥å ´÷Ëß¡’°“√ª√—∫ª√ÿßæ—≤π“„Àâ‡´√“¡‘°
¡’§«“¡·¢Áß·√ß¡“°¢÷Èπ ®–µâ“π∑“πµàÕ°“√°—¥°√àÕπ¥â«¬°√¥
¡“°¢÷Èπ ∑”„Àâæ◊Èπº‘«¢Õß«— ¥ÿæ«°π’È¢√ÿ¢√–‰¡à‡æ’¬ßæÕµàÕ°“√
¬÷¥µ‘¥12 ¡’√“¬ß“π«à“ °“√‡µ√’¬¡æ◊Èπº‘«‡´√“¡‘°¥â«¬°√¥
‰Œ‚¥√ø≈ŸÕÕ√‘°§«√„™â√à«¡°—∫°“√∑“ “√‰´‡≈π‡æ◊ËÕ‡æ‘Ë¡°“√
¬÷¥µ‘¥„Àâ¡“°¢÷Èπ31

·µàÕ¬à“ß‰√°Áµ“¡ °“√„™â°√¥‰Œ‚¥√ø≈ŸÕÕ√‘° ”À√—∫°“√
´àÕ¡·´¡‡´√“¡‘°„π™àÕßª“°µâÕß„Àâ§«“¡√–¡—¥√–«—ßÕ¬à“ß¡“°
‡æ√“–À“°°√¥‰Œ‚¥√ø≈ŸÕÕ√‘° —¡º— °—∫‡π◊ÈÕ‡¬◊ËÕ®–∑”„Àâ‡°‘¥°“√
µ“¬¢Õß‡π◊ÈÕ‡¬◊ËÕ‰¥â‡¡◊ËÕ‡«≈“ºà“π‰ª 24-48 ™—Ë«‚¡ß √«¡∑—Èß
∑”„Àâ‡°‘¥°“√°√àÕπ¢Õß°√–®°µ“‰¥â‡™àπ°—π  À“°µâÕß„™â°√¥‰Œ‚¥√
ø≈ŸÕÕ√‘°„π°“√´àÕ¡·´¡‡´√“¡‘°„π™àÕßª“° ®–µâÕß„ à·ºàπ
¬“ß°—ππÈ”≈“¬∑’Ë¡’§«“¡·π∫∫√‘‡«≥¢Õ∫¢Õß§√Õ∫øíπ∑’Ë¥’
‡æ◊ËÕªÑÕß°—πÕ—πµ√“¬·°à‡π◊ÈÕ‡¬◊ËÕ ·≈–§«√„ à·«àπµ“„Àâ°—∫ºŸâªÉ«¬
√«¡∑—Èß∑—πµ·æ∑¬å·≈–ºŸâ™à«¬∑—πµ·æ∑¬å‡æ◊ËÕªÑÕß°—π¥«ßµ“
¢≥–∑”°“√ à́Õ¡·´¡5

3. °“√‡µ√’¬¡æ◊Èπº‘«¥â«¬ø≈ŸÕÕ‰√¥åÕ–´‘¥Ÿ‡√∑‡∑¥øÕ ‡øµ
‡®≈ (‡Õæ’‡Õø‡®≈, acidulated phosphate fluoride: APF
gel) ‡π◊ËÕß®“°°“√„™â°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°Õ“®®–∑”„Àâ‡°‘¥Õ—πµ√“¬
µàÕ‡π◊ÈÕ‡¬◊ËÕ„π™àÕßª“°‰¥â ®÷ß¡’°“√π” “√∑’Ë¡’ƒ∑∏‘Ï‡ªìπ°√¥
™π‘¥Õ◊Ëπ¡“„™â‡µ√’¬¡æ◊Èπº‘«‡´√“¡‘°·∑π ‡™àπ °“√„™â‡Õæ’‡Õø‡®≈
§«“¡‡¢â¡¢âπ√âÕ¬≈– 1.23 °—¥º‘«‡´√“¡‘°‡ªìπ‡«≈“ 10 π“∑’
æ∫«à“ ¡’§«“¡ª≈Õ¥¿—¬·≈–¡’ª√– ‘∑∏‘¿“æ„π°“√‡µ√’¬¡æ◊Èπ
º‘«‡´√“¡‘°™π‘¥∑’Ë¡’´‘≈‘°“‡ªìπÕß§åª√–°Õ∫æ◊Èπ∞“π26 ·µà°“√
»÷°…“¢Õß Tylka ·≈– Stewart12 æ∫«à“  ¿“ææ◊Èπº‘«‡´√“¡‘°
∑’Ë‡µ√’¬¡¥â«¬‡Õæ’‡Õø‡®≈®–‡√’¬∫¡“°°«à“·≈–‡æ‘Ë¡°“√¬÷¥µ‘¥‰¥â
πâÕ¬°«à“°“√‡µ√’¬¡º‘«¥â«¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘° ¡’°“√·π–π”
«à“ °“√‡µ√’¬¡æ◊Èπº‘«¥â«¬‡Õæ’‡Õø‡®≈ §«√„™â√à«¡°—∫°“√∑“ “√
‰´‡≈π‡æ◊ËÕ‡æ‘Ë¡°“√¬÷¥µ‘¥„Àâ¡“°¢÷Èπ31

4. °“√‡µ√’¬¡æ◊Èπº‘«¥â«¬°“√‡ªÉ“¥â«¬Õπÿ¿“§Õ–≈Ÿ¡‘π—¡
ÕÕ°‰´¥å (air abrasion with aluminum oxide) °“√‡ªÉ“º‘«
‡´√“¡‘°¥â«¬Õπÿ¿“§Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å¢π“¥ 50 ‰¡‚§√‡¡µ√
¥â«¬‡§√◊ËÕß‡ªÉ“∑√“¬„π™àÕßª“° (intra-oral sandblasting
device) ·√ß¥—π 3-35 °‘‚≈°√—¡µàÕµ“√“ß‡´πµ‘‡¡µ√ ∑”„Àâ‡°‘¥
≈—°…≥–æ◊Èπº‘«∑’Ë¢√ÿ¢√– ‡æ‘Ë¡æ◊Èπ∑’Ë„π°“√¬÷¥µ‘¥·≈–≈¥·√ßµ÷ßº‘«
(surface tension)  àß‡ √‘¡„Àâ‡°‘¥°“√¬÷¥µ‘¥‡™‘ß°≈√–¥—∫
®ÿ≈¿“§32 πÕ°®“°π’È ¬—ß™à«¬≈¥§«“¡‡ ’Ë¬ß∑’ËºŸâªÉ«¬®–‰¥â√—∫
Õ—πµ√“¬®“°°“√„™â°√¥„π°“√ à́Õ¡‡´√“¡‘°„π™àÕßª“°‰¥â5  °“√
‡ªÉ“º‘«‡´√“¡‘°™π‘¥∑’Ë¡’́ ‘≈‘°“‡ªìπÕß§åª√–°Õ∫æ◊Èπ∞“ππ“π‡°‘π
‰ª Õ“®∑”„Àâ‡°‘¥°“√·µ°À—°À√◊Õ Ÿ≠‡ ’¬‡π◊ÈÕ‡´√“¡‘°¡“°
‡°‘π‰ª33 ·µà°“√‡ªÉ“º‘«‡´√“¡‘°™π‘¥∑’Ë¡’Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å‡ªìπ
Õß§åª√–°Õ∫æ◊Èπ∞“π ®–∑”„Àâ‡°‘¥≈—°…≥–æ◊Èπº‘«∑’Ë¢√ÿ¢√–¥’°«à“
°“√„™â°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°°—¥º‘«  ”À√—∫‡´√“¡‘°™π‘¥‡´Õ√å-
‚§‡π’¬¡ÕÕ°‰´¥åπ—Èπ ‰¡à«à“®–‡µ√’¬¡æ◊Èπº‘«¥â«¬°√¥À√◊Õ‡ªÉ“¥â«¬
Õπÿ¿“§Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å√à«¡°—∫°“√∑“ “√‰´‡≈π ®–‡æ‘Ë¡°“√
¬÷¥µ‘¥‰¥âπâÕ¬¡“°34-36

5. °“√‡µ√’¬¡æ◊Èπº‘«¥â«¬°“√‡ªÉ“¥â«¬Õπÿ¿“§´‘≈‘°ÕπÕÕ°‰́ ¥å
(air abrasion with silicon oxide) √–∫∫‚√§“‡∑§ (Rocatec

system) ‡ªìπ°“√∑”„Àâ‡°‘¥ ™—Èπ´‘≈‘°“§≈ÿ¡∫πº‘«¢Õß‡´√“¡‘°
‚¥¬°“√‡ªÉ“Õπÿ¿“§ ‘́≈‘°ÕπÕÕ°‰´¥å¢π“¥ 110-120 ‰¡‚§√‡¡µ√
´÷Ëß‡ªìπÕπÿ¿“§Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπº‘«¢Õß
Õπÿ¿“§¥â«¬°√¥´‘≈‘́ ‘° (silicic acid) ¥â«¬·√ß¥—π∑’Ë§àÕπ¢â“ß Ÿß
∑”„ÀâÕπÿ¿“§´‘≈‘°ÕπÕÕ°‰´¥å‡¢â“‰ªΩíß∑’Ëº‘«¢Õß‡´√“¡‘° «‘∏’
°“√π’È∑”„Àâ¡’°“√‡æ‘Ë¡ª√‘¡“≥ ‘́≈‘°“∫πæ◊Èπº‘«34-37 ‰¥â√âÕ¬≈–
15.8 ∂÷ß 19.7 ‚¥¬πÈ”Àπ—°38 ∑”„Àâ‡´√“¡‘° “¡“√∂‡™◊ËÕ¡°—∫
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 “√‰´‡≈π‰¥â¥’¢÷Èπ34-36,38 °“√∑“ “√‰´‡≈π∑—∫∑”„Àâ¡’°“√¬÷¥
µ‘¥√–À«à“ß‡√ ‘́π§Õ¡‚æ ‘µ·≈–º‘«‡´√“¡‘°¥â«¬«‘∏’∑“ß°≈·≈–
∑“ß‡§¡’√à«¡°—π25 °“√‡µ√’¬¡æ◊Èπº‘«¥â«¬«‘∏’π’È¡’°“√·π–π”„Àâ
ª≈“¬À—«©’¥µ—Èß©“°°—∫æ◊Èπº‘«·≈–Àà“ßª√–¡“≥ 10 ¡‘≈≈‘‡¡µ√
‚¥¬„™â‡«≈“°“√‡ªÉ“ª√–¡“≥ 13 «‘π“∑’25 πÕ°®“°√–∫∫
‚√§“‡∑§·≈â«¬—ß¡’√–∫∫‚§‡®∑ (CoJet system) ́ ÷Ëß‡µ√’¬¡æ◊Èπ
º‘«¥â«¬°“√‡ªÉ“Õπÿ¿“§ ‘́≈‘°ÕπÕÕ°‰´¥å¢π“¥ 30 ‰¡‚§√‡¡µ√
·≈–∑“∑—∫¥â«¬ “√‰´‡≈π1,39 ´÷Ëß®–™à«¬ àß‡ √‘¡°“√¬÷¥µ‘¥„π
≈—°…≥–‡¥’¬«°—∫°“√‡µ√’¬¡º‘«¥â«¬√–∫∫‚√§“‡∑§14

®“°°“√»÷°…“¢Õß Bottino ·≈–§≥–14 æ∫«à“ °“√‡ªÉ“
¥â«¬Õπÿ¿“§´‘≈‘°ÕπÕÕ°‰´¥å ∑—Èß√–∫∫‚√§“‡∑§·≈–‚§‡®∑
™à«¬‡æ‘Ë¡§à“§«“¡·¢Áß·√ß°“√¬÷¥µ‘¥¢Õß‡√ ‘́π°—∫Õ‘π´’·√¡‡´Õ√å
‚§‡π’¬ ·µà‰¡àæ∫§«“¡·µ°µà“ß¢Õß§«“¡·¢Áß·√ß°“√¬÷¥µ‘¥
√–À«à“ß°“√‡µ√’¬¡º‘«¥â«¬√–∫∫∑—Èß Õß   ”À√—∫‡´√“¡‘°º≈‘µ¿—≥±å
Õ‘π´’·√¡Õ–≈Ÿ¡‘π“·≈–‚æ√‡´√“ÕÕ≈´’·√¡  ́ ÷Ëß¡’ª√‘¡“≥ ‘́≈‘°“µË”
°“√‡ªÉ“º‘«¥â«¬Õπÿ¿“§´‘≈‘°ÕπÕÕ°‰´¥å¥â«¬√–∫∫‚√§“‡∑§À√◊Õ
√–∫∫‚§‡®∑·≈–∑“ “√‰´‡≈π  “¡“√∂ àß‡ √‘¡°“√¬÷¥µ‘¥°—∫
‡√´‘π§Õ¡‚æ ‘µ‰¥â¡“°¢÷Èπ37,40 ·µà§à“§«“¡·¢Áß·√ß°“√¬÷¥µ‘¥
¢Õß‚æ√‡´√“ÕÕ≈´’·√¡®–¡’§à“µË”°«à“Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
‡π◊ËÕß®“°«— ¥ÿ¡’§«“¡·¢Áßº‘« Ÿß ∑”„ÀâÕπÿ¿“§ ‘́≈‘°“·∑√°µ—«‰ª
∫πæ◊Èπº‘«‰¥â¬“°°«à“40  à«π‡´√“¡‘°™π‘¥‡´Õ√å‚§‡π’¬¡ÕÕ°‰´¥å
π—Èπ °“√‡ªÉ“¥â«¬Õπÿ¿“§ ‘́≈‘°ÕπÕÕ°‰´¥å¥â«¬√–∫∫‚§‡®∑·≈–
∑“ “√‰´‡≈π‡§≈◊Õ∫®–„Àâ§à“§«“¡·¢Áß·√ß°“√¬÷¥µ‘¥‡æ‘Ë¡ Ÿß¢÷Èπ17

°“√¬÷¥µ‘¥∑“ß‡§¡’√–À«à“ß‡´√“¡‘°°—∫‡√´‘π§Õ¡‚æ ‘µ∑”
‰¥â‚¥¬°“√∑“ “√‰´‡≈πÀ√◊ÕÕÕ·°π‚π‰´‡≈π (organosilane
coupling agent) ·≈– “√¬÷¥µ‘¥ (adhesive agent)  “√
‰´‡≈π‡ªìπ “√ àß‡ √‘¡°“√¬÷¥µ‘¥ ¡’≈—°…≥–‡ªìπ‚¡‡≈°ÿ≈∑’Ë¡’°“√
∑”ß“π‰¥â Õß≈—°…≥– §◊Õ ª≈“¬¢â“ßÀπ÷Ëß “¡“√∂∑”ªØ‘°‘√‘¬“
°—∫æ◊Èπº‘«Õπ‘π∑√’¬å (inorganic surface) ‡™àπ ‡´√“¡‘° ·≈–
ª≈“¬¢â“ßÀπ÷Ëß “¡“√∂∑”ªØ‘°‘√‘¬“°—∫æ◊Èπº‘«Õ‘π∑√’¬å (organic
surface) ‡™àπ ‡√ ‘́π´’‡¡πµå À√◊Õ “√¬÷¥µ‘¥41 °“√∑”„Àâ¡’°“√
¬÷¥µ‘¥∑“ß‡§¡’√–À«à“ßæ◊Èπº‘«Õ‘π∑√’¬å·≈–æ◊Èπº‘«Õπ‘π∑√’¬å ¥â«¬
°“√‡§≈◊Õ∫ “√‰´‡≈π‡√’¬°«à“ °√–∫«π°“√‰´‡≈π‰π‡´™—π
(silanization) °≈‰°°“√¬÷¥µ‘¥√–À«à“ß ‡√´‘π§Õ¡‚æ ‘µ ‰´‡≈π
·≈–‡´√“¡‘° ‡√‘Ë¡®“°‰´‡≈π ≈“¬µ—«¥â«¬πÈ” (hydrolyze) ‚¥¬
¡’°√¥À√◊Õ§«“¡√âÕπ‡ªìπµ—«‡√àßªØ‘°‘√‘¬“°≈“¬‡ªìπ‰´‡≈ππÕ≈
(silanol)42 ®“°π—Èπ´‘≈‘§Õπ (silicon) „π‰´‡≈ππÕ≈®–‡°‘¥
°“√¬÷¥°—∫´‘≈‘§Õπ‰¥ÕÕ°‰´¥å „π‡´√“¡‘°¥â«¬æ—π∏–‚§«“‡≈π∑å
(covalent bond) ´÷Ëß°“√¬÷¥∑’Ë‡°‘¥¢÷Èπ‡√’¬°«à“ æ—π∏–‰´≈Õ°‡´π
(siloxane bond)40,42  ‡¡◊ËÕπ”‡√´‘π§Õ¡‚æ ‘µ¡“¬÷¥µ‘¥  ª≈“¬

¢â“ßÀπ÷Ëß¢Õß‰´‡≈ππÕ≈®–∑”ªØ‘°‘√‘¬“¬÷¥µ‘¥°—∫ “√„π°≈ÿà¡
‡¡∑∑“§√‘‡≈∑ (methacrylate) ¢Õß‡√ ‘́π§Õ¡‚æ ‘µ °“√
‡µ√’¬¡æ◊Èπº‘«‡´√“¡‘° ¥â«¬‰´‡≈π®– àß‡ √‘¡„Àâ‡°‘¥·√ß¬÷¥µ‘¥∑“ß
‡§¡’√–À«à“ß‡´√“¡‘°·≈–‡√´‘π§Õ¡‚æ ‘µ32,43,44 ∑—Èßπ’È  “√
‰´‡≈π “¡“√∂·∫àß‰¥â 3 °≈ÿà¡„À≠àÊ‡§◊Õ (1) æ√’‰Œ‚¥√‰≈ ǻ
‰´‡≈π ‰æ√¡å‡¡Õ√å (Prehydrolyzed silane primer) ‡™àπ
º≈‘µ¿—≥±åÕÕ≈ ∫Õπ¥å ∑Ÿ (All Bond 2) ·≈–‚¡‚π∫Õπ¥å‡Õ 
(Monobond-S) ÷́Ëß„™âß“πßà“¬ ·µà¡’§«“¡§ßµ—«πâÕ¬ ∑”„Àâ
Õ“¬ÿ°“√‡°Á∫√—°…“ —Èπ (2) Õ—π‰Œ‚¥√‰≈ ǻ ‰´‡≈π ‰æ√¡å‡¡Õ√å
(Unhydrolyzed silane primer) ‡™àπ º≈‘µ¿—≥±åÕÕ¡‚§
‰æ√¡å‡¡Õ√å (Ormco primer) ∑’Ë¡’§«“¡§ßµ—«·≈–Õ“¬ÿ°“√‡°Á∫
√—°…“∑’Ëπ“π°«à“°≈ÿà¡∑’Ë 1 ·≈– (3) 2-À√◊Õ 3-≈‘§«‘¥‰´‡≈π
‰æ√¡å‡¡Õ√å (2-or 3-liquid silane primer) ‡™àπ º≈‘µ¿—≥±å
æÕ√å´‡≈π ‰≈‡πÕ√å ‡ÕÁ¡ (Porcelain Liner M) ´÷Ëß√–∫∫
π’È®–¡’°“√∫√√®ÿ·¬°¢«¥√–À«à“ß “√‰´‡≈π°—∫ “√‰æ√¡å‡¡Õ√å
∑’Ë¡’µ—«°√–µÿâπªØ‘°‘√‘¬“ ‚¡‚π‡¡Õ√å∑’Ë¡’ ¿“æ‡ªìπ°√¥„π “√
‰æ√¡å‡¡Õ√å®–∑”Àπâ“∑’Ë°√–µÿâπ„Àâ “√‰´‡≈π‡°‘¥ªØ‘°‘√‘¬“ ™à«¬
 àß‡ √‘¡°“√¬÷¥µ‘¥√–À«à“ß‡´√“¡‘°°—∫«— ¥ÿ∫Ÿ√≥–∑’Ë¡’ “√‡√ ‘́π
‡ªìπÕß§åª√–°Õ∫æ◊Èπ∞“π‰¥â¥’°«à“°“√„™â  “√‰´‡≈π™π‘¥
‡¥’¬«°—π‡µ√’¬¡æ◊Èπº‘«‚¥¬‰¡à‰¥â‡µ‘¡µ—«°√–µÿâπªØ‘°‘√‘¬“45

°“√„Àâ§«“¡√âÕπÀ≈—ß®“°∑“ “√‰´‡≈π (∑’ËÕÿ≥À¿Ÿ¡‘
ª√–¡“≥ 60 Õß»“‡´≈‡´’¬ ) ®–™à«¬‡æ‘Ë¡§«“¡·¢Áß·√ß¢Õß
°“√¬÷¥µ‘¥ ‡π◊ËÕß®“°‡ªìπ°“√°”®—¥πÈ”À√◊Õ ‘Ëßª≈Õ¡ªπ∫πæ◊Èπ
º‘«ÕÕ°‰ª À√◊Õ§«√∑“ “√‰´‡≈π∑‘Èß‰«â°àÕπ°“√¬÷¥°—∫‡√ ‘́π
Õ¬à“ßπâÕ¬ 3 π“∑’41

 ”À√—∫ “√¬÷¥µ‘¥π—Èπ  „πªí®®ÿ∫—π “¡“√∂·∫àßµ“¡¢—ÈπµÕπ
°“√∑”ß“π‰¥â‡ªìπ 3 √–∫∫ ‰¥â·°à (1) √–∫∫ 3 ¢—ÈπµÕπ ª√–°Õ∫
¥â«¬¢—ÈπµÕπ°“√‡µ√’¬¡º‘«øíπ¥â«¬°√¥øÕ øÕ√‘° ∑“‰æ√¡å-
‡¡Õ√å·≈–∑“ “√¬÷¥µ‘¥ (2) √–∫∫ 2 ¢—ÈπµÕπ ´÷Ëß·∫àß¬àÕ¬‰¥â
µ“¡≈—°…≥–°“√°”®—¥™—Èπ‡ ¡’¬√å (smear layer) ‰¥â‡ªìπ √–∫∫
∑’Ë‡µ√’¬¡º‘«øíπ¥â«¬ °√¥øÕ øÕ√‘° ·≈â«∑“ “√‰æ√¡å‡¡Õ√å
·≈– “√¬÷¥µ‘¥∑’Ë∂Ÿ°√«¡‰«â„π¢«¥‡¥’¬«°—π ·≈–√–∫∫∑’Ë‡µ√’¬¡
º‘«øíπ‚¥¬°“√∑“ “√‰æ√¡å‡¡Õ√å∑’Ë¡’ƒ∑∏‘Ï‡ªìπ°√¥·≈â«∑“ “√¬÷¥
µ‘¥ ·≈– (3) √–∫∫¢—ÈπµÕπ‡¥’¬« ‡ªìπ√–∫∫∑’Ë√«¡‡Õ“Õß§å
ª√–°Õ∫∑—Èß “¡ à«π¢Õß√–∫∫·√°‡¢â“‰«â„π¢«¥‡¥’¬«‡æ◊ËÕ≈¥
¢—ÈπµÕπ°“√∑”ß“π46  ”À√—∫°“√ à́Õ¡·´¡ ‡´√“¡‘°∑’Ë·µ°À—°π—Èπ
 “√¬÷¥µ‘¥∑’Ë‡À¡“–„π°“√π”¡“‡µ√’¬¡æ◊Èπº‘«‡´√“¡‘°§◊Õ  “√¬÷¥
µ‘¥¢Õß√–∫∫ 3 ¢—ÈπµÕπ ‡π◊ËÕß®“°¡’Õß§åª√–°Õ∫∑’Ë™—¥‡®π ¡’
≈—°…≥–‰¡à™Õ∫πÈ” ∑”Àπâ“∑’Ë¬÷¥°—∫ à«πª≈“¬‚¡‡≈°ÿ≈¢Õß
‰´‡≈π‡¢â“°—∫‡√ ‘́π§Õ¡‚æ ‘µ‰¥â¥’41
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°“√‡µ√’¬¡æ◊Èπº‘«·≈–°≈‰°°“√¬÷¥µ‘¥√–À«à“ß‚≈À–

°—∫‡√ ‘́π§Õ¡‚æ ‘µ

„π°√≥’∑’Ë¡’°“√·µ°À—°∫√‘‡«≥√Õ¬µàÕ√–À«à“ß‡´√“¡‘°

°—∫·°π‚≈À– ®–∑”„Àâ¡’∑—Èß‡´√“¡‘°·≈–º‘«‚≈À–‡º¬º÷Ëß °“√
¬÷¥µ‘¥‚≈À–°—∫‡√´‘π§Õ¡‚æ ‘µ∑”‰¥â 2 ≈—°…≥–‡™àπ‡¥’¬«°—π§◊Õ
°“√¬÷¥µ‘¥∑“ß°≈·≈–°“√¬÷¥µ‘¥∑“ß‡§¡’ ÷́Ëß°“√∑”„Àâ‡°‘¥°“√
¬÷¥µ‘¥∑“ß°≈ “¡“√∂∑”‰¥âÀ≈“¬«‘∏’ §◊Õ

1. °“√‡µ√’¬¡æ◊Èπº‘«‚≈À–¥â«¬°“√‡ªÉ“¥â«¬Õπÿ¿“§Õ–≈Ÿ¡‘π—¡
ÕÕ°‰´¥å ´÷Ëß™à«¬°”®—¥™—ÈπÕÕ°‰´¥åÀ√◊Õ ‘Ëßªπ‡ªóôÕπº‘«‚≈À–
∑”„Àâ‡°‘¥æ◊Èπº‘«À¬“∫·≈–‡æ‘Ë¡æ◊Èπ∑’Ëº‘« —¡º—  ∑”„Àâ‡°‘¥°“√
¬÷¥µ‘¥∑“ß°≈√–¥—∫®ÿ≈¿“§·≈–‡°‘¥°“√¬÷¥µ‘¥∑“ß‡§¡’°—∫‡√ ‘́π
´’‡¡πµå∑’Ë¡’°≈ÿà¡øíß°å™—π™π‘¥‚¡‚π‡¡Õ√åøÕ ‡øµ (phosphate
monomer) ‡™àπ æ“π“‡«’¬ ‡ÕÁ° ǻ (Panavia Ex: Kurarey,
Japan)47

2. °“√‡µ√’¬¡æ◊Èπº‘«‚≈À–¥â«¬°“√„™â°√¥°—¥¥â«¬°√–· 
‰øøÑ“ (electrochemical etching) «‘∏’π’È®– √â“ß„Àâ‡°‘¥≈—°…≥–
æ◊Èπº‘«‰¡à‡√’¬∫ ‡æ‘Ë¡æ◊Èπ∑’Ëº‘« —¡º— ·≈– àß‡ √‘¡°“√¬÷¥µ‘¥°—∫
‡√´‘π§Õ¡‚æ ‘µ Livaditis ·≈– Thompson48 ‡ªìπºŸâæ—≤π“
«‘∏’°“√π’È·≈–π”¡“„™â§√—Èß·√°„πªï §.». 1982 µàÕ¡“ Jackson
·≈– Healey49 ‰¥â∑”°“√æ—≤π“‡§√◊ËÕß¡◊Õ ”À√—∫„™â‡µ√’¬¡
æ◊Èπº‘«‚≈À–„π™àÕßª“°‰¥â §◊Õ ·®§ —πÕ‘‡≈§‚µ√≈—¬µ‘° ‡Õ∑‡™Õ√å
(Jackson Electrolytic Etcher) Õ¬à“ß‰√°Áµ“¡ °“√„™â
°√¥°—¥¥â«¬°√–· ‰øøÑ“„Àâº≈¥’‡©æ“–°—∫‚≈À–„π°≈ÿà¡‚≈À–
º ¡‰√â °ÿ≈ (base metal alloy) ‡™àπ π‘‡°‘≈-‚§√‡¡’¬¡ (nickel-
chromium) ·≈– ‚§∫Õ≈µå-‚§√‡¡’¬¡ (cobalt-chromium)48

·µà„™â‰¡à‰¥âº≈°—∫°≈ÿà¡‚≈À–º ¡¡’ °ÿ≈ (noble metal alloy)
‡™àπ ‚≈À–º ¡¢Õß∑Õß (gold) æ—≈‡≈‡¥’¬¡ (palladium)
·æ≈∑‘π—¡ (platinum) ·≈– ‡ß‘π (silver) πÕ°®“°π’È ¬—ß¡’¢âÕ
¥âÕ¬Õ◊ËπÊ ‡™àπ ‡§√◊ËÕß¡◊Õ¡’√“§“·æß „™â‡«≈“π“π ‡°‘¥§«“¡
º‘¥æ≈“¥‰¥âßà“¬ ·≈–§«∫§ÿ¡æ◊Èπº‘«∑’Ë„™â°√¥°—¥‰¥â¬“° πÕ°®“°
π—Èπ „πªí®®ÿ∫—π°Á¡’∑“ß‡≈◊Õ°Õ◊ËπÊ „π°“√‡µ√’¬¡æ◊Èπº‘«¢Õß‚≈À–
∑”„Àâ¡’°“√„™â«‘∏’π’ÈπâÕ¬≈ß47

3. °“√‡µ√’¬¡æ◊Èπº‘«‚≈À–¥â«¬°“√„™â “√‡§¡’°—¥ (chemical
etching) ‚¥¬„™â “√‡§¡’ª√–‡¿∑°√¥‡¢â¡¢âπ∑’Ëª√–°Õ∫¥â«¬
(1) °√¥‰πµ√‘° (nitric acid) √âÕ¬≈– 50 ‚¥¬ª√‘¡“µ√ (2)
°√¥‰Œ‚¥√§≈Õ√‘° (hydrochloric acid) √âÕ¬≈– 25 ‚¥¬
ª√‘¡“µ√ ·≈– (3) ‡¡∑“πÕ≈ (methanol) √âÕ¬≈– 25 ‚¥¬
ª√‘¡“µ√50 °—¥º‘«‚≈À– ®–‰¥â√Ÿª·∫∫°“√°—¥º‘«∑’Ë¡’≈—°…≥–µ◊Èπ

°«à“°√≥’∑’Ë„™â°√¥°—¥¥â«¬°√–· ‰øøÑ“ «‘∏’°“√‡µ√’¬¡æ◊Èπº‘«
‚≈À–¥â«¬°“√„™â “√‡§¡’°—¥‡ªìπ«‘∏’∑’Ëßà“¬  “¡“√∂„™â‡µ√’¬¡
æ◊Èπº‘«„π™àÕßª“°‰¥â·≈–∑” È́”‰¥â°√≥’∑’Ë‡°‘¥§«“¡≈â¡‡À≈«„π
°“√¬÷¥µ‘¥47 ·µà‡π◊ËÕß®“°„™â°√¥∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß ®÷ßÕ“®
‡ªìπÕ—πµ√“¬°—∫‡π◊ÈÕ‡¬◊ËÕ‰¥âÀ“°„™âß“πÕ¬à“ß‰¡à√–¡—¥√–«—ß

4. °“√‡µ√’¬¡æ◊Èπº‘«‚≈À–¥â«¬°“√©“∫¥â«¬¥’∫ÿ° (elec-
trolytic tin plating) ‡ªìπ«‘∏’∑’Ë„™â°√–· ‰øøÑ“ √â“ß„Àâ‡°‘¥
™—ÈπÕÕ°‰´¥å¥’∫ÿ°∫“ßÊ ‡§≈◊Õ∫º‘«‚≈À– ÷́ËßÕ“®∑”°“√‡ªÉ“º‘«
‚≈À–¥â«¬Õπÿ¿“§Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å°àÕπ°“√‡§≈◊Õ∫º‘« ‡æ◊ËÕ
„Àâº‘«‚≈À– –Õ“¥·≈–‰¥âº‘«∑’Ë¢√ÿ¢√– ™à«¬‡æ‘Ë¡°“√¬÷¥µ‘¥¢Õß
‚≈À–°—∫¥’∫ÿ° ®“°π—Èπ‡§≈◊Õ∫º‘«‚≈À–‚¥¬„™â‡§√◊ËÕß¡◊Õ‡§≈◊Õ∫
¥’∫ÿ°„π™àÕßª“° ‡™àπ ‰¡‚§√∑‘π (micro-tin)51 ·≈â«≈â“ßπÈ”
·≈–‡ªÉ“º‘«„Àâ·Àâß‡æ◊ËÕ∑“‡√´‘π∑÷∫· ß°àÕπªî¥º‘«¥â«¬‡√´‘π
§Õ¡‚æ ‘µ ¢∫«π°“√°“√‡µ√’¬¡º‘«π’È®–‰¥â≈—°…≥–°“√¬÷¥µ‘¥
∑“ß°≈√–¥—∫®ÿ≈¿“§·≈–‡°‘¥°“√¬÷¥µ‘¥∑“ß‡§¡’52 °“√‡µ√’¬¡
æ◊Èπº‘«‚≈À–¥â«¬°“√©“∫¥â«¬¥’∫ÿ° “¡“√∂„™â‡µ√’¬¡æ◊Èπº‘«
‚≈À–∑—Èß°≈ÿà¡‚≈À–º ¡¡’ °ÿ≈·≈–‚≈À–º ¡‰√â °ÿ≈53

5. °“√‡µ√’¬¡æ◊Èπº‘«‚≈À–¥â«¬°“√‡ªÉ“¥â«¬Õπÿ¿“§´‘≈‘-
°ÕπÕÕ°‰´¥å ‡π◊ËÕß®“°°“√‡µ√’¬¡æ◊Èπº‘«‚≈À–°≈ÿà¡‚≈À–º ¡
¡’ °ÿ≈¥â«¬«‘∏’‡ªÉ“¥â«¬Õπÿ¿“§Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å À√◊Õ°“√„™â
°√¥°—¥¥â«¬°√–· ‰øøÑ“ À√◊Õ„™â “√‡§¡’°—¥º‘« ¬—ß„Àâ§à“·√ß
¬÷¥√–À«à“ß‚≈À–°—∫‡√´‘π§Õ¡‚æ ‘µµË”47 ®÷ß¡’°“√æ—≤π“«‘∏’°“√
‡ªÉ“º‘«‚≈À–°≈ÿà¡‚≈À–º ¡¡’ °ÿ≈¥â«¬Õπÿ¿“§ ‘́≈‘°ÕπÕÕ°‰´¥å
‡æ◊ËÕ √â“ß™—Èπ´‘≈‘°“∫πº‘«‚≈À–·≈–∑“∑—∫¥â«¬ “√‰´‡≈π‡æ◊ËÕ„Àâ
‡√ ‘́π§Õ¡‚æ ‘µ¬÷¥µ‘¥°—∫™—Èπ ‘́≈‘°“‰¥â ‚¥¬‡°‘¥°“√¬÷¥µ‘¥∑—Èß
∑“ß°≈·≈–∑“ß‡§¡’47,54,55 √–∫∫∑’Ë “¡“√∂π”¡“„™â‡µ√’¬¡
æ◊Èπº‘«‚≈À–„π™àÕßª“°‰¥â·°à √–∫∫‚√§“‡∑§·≈–√–∫∫‚§‡®∑
‚¥¬¡’«‘∏’°“√‡µ√’¬¡º‘«‚≈À–‡™àπ‡¥’¬«°—∫°√≥’∑’Ë„™â‡µ√’¬¡º‘«
‡´√“¡‘°¥—ß∑’Ë‰¥âÕ∏‘∫“¬‰«â¢â“ßµâπ

°“√‡ª√’¬∫‡∑’¬∫§à“·√ß¥÷ß¢Õß™‘Èπ∑¥ Õ∫‚≈À–º ¡‰√â
 °ÿ≈™π‘¥π‘‡°‘≈-‚§√‡¡’¬¡∑’Ë¬÷¥°—∫‡√´‘π§Õ¡‚æ ‘µ À≈—ß°“√‡µ√’¬¡
æ◊Èπº‘«‚≈À–¥â«¬Õπÿ¿“§ ‘́≈‘°ÕπÕÕ°‰´¥å¥â«¬√–∫∫‚√§“‡∑§
·≈–√–∫∫‚§‡®∑ ‚¥¬‡°Á∫™‘Èπ∑¥ Õ∫„ππÈ”°≈—ËπÕÿ≥À¿Ÿ¡‘ 37
Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 30 90 150 ·≈– 360 «—π æ∫«à“ §à“
·√ß¥÷ß¢Õß™‘Èπ∑¥ Õ∫∑’Ë‡µ√’¬¡¥â«¬√–∫∫‚√§“‡∑§ Ÿß°«à“√–∫∫
‚§‡®∑Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘25

 ”À√—∫°“√¬÷¥µ‘¥∑“ß‡§¡’π—Èπ ∑”‚¥¬°“√∑“º‘«‚≈À–¥â«¬
 “√¬÷¥‰æ√¡å‡¡Õ√å‚≈À– (metal adhesive primer) °“√
∑“ “√¬÷¥‰æ√¡å‡¡Õ√å‚≈À–„™âª√—∫ª√ÿß°“√¬÷¥µ‘¥¢Õß‚≈À–‚¥¬
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‡©æ“–°≈ÿà¡‚≈À–º ¡¡’ °ÿ≈ ‡π◊ËÕß®“°«‘∏’°“√Õ◊Ëπ¡—°µâÕß„™â
Õÿª°√≥å‡©æ“–∑’Ë¡’√“§“·æß·≈–¡’¢—ÈπµÕπ∑’ËÕ“®‡°‘¥§«“¡º‘¥
æ≈“¥‰¥âßà“¬ °“√∑“ “√¬÷¥‰æ√¡å‡¡Õ√å‚≈À– “¡“√∂∑”‰¥âßà“¬
√“§“‰¡à·æß·≈–‰¡àµâÕß„™â‡§√◊ËÕß¡◊Õæ‘‡»…„¥Ê‡ “√¬÷¥‰æ√¡å‡¡Õ√å
‚≈À–®–¡’À¡Ÿàøíß°å™—π∑’Ë¡’ª≈“¬¥â“πÀπ÷Ëß∑”Àπâ“∑’Ë¬÷¥°—∫º‘«‚≈À–
·≈–ª≈“¬Õ’°¥â“πÀπ÷Ëß¬÷¥°—∫‡√ ‘́π§Õ¡‚æ ‘µ  ‚¥¬ “¡“√∂®”·π°
 “√¬÷¥‰æ√¡å‡¡Õ√å‚≈À–µ“¡À¡Ÿàøíß°å™—π‰¥â¥—ßµ“√“ß∑’Ëg256,57

®“°°“√»÷°…“æ∫«à“  “√¬÷¥‰æ√¡å‡¡Õ√å‚≈À–·µà≈–°≈ÿà¡
®– àß‡ √‘¡°“√¬÷¥µ‘¥°—∫‚≈À–·µà≈–™π‘¥‰¥â·µ°µà“ß°—π‰ª¢÷Èπ
°—∫™π‘¥¢ÕßÀ¡Ÿàøíß°å™—π·≈–Õß§åª√–°Õ∫¢Õß “√¬÷¥‰æ√¡å‡¡Õ√å

‚≈À–π—Èπ ‚¥¬ “√¬÷¥‰æ√¡å‡¡Õ√å‚≈À–∑’Ë¡’À¡Ÿàøíß°å™—π‡ªìπ
Õπÿæ—π∏å¢Õß°√¥§“√å∫Õ° ‘́≈‘°·≈–°√¥øÕ øÕ√‘°„Àâ°“√¬÷¥µ‘¥
‰¥â¥’°—∫°≈ÿà¡‚≈À–º ¡‰√â °ÿ≈ ‡π◊ËÕß®“°∫πº‘«‚≈À–°≈ÿà¡π’È®–¡’
™—ÈπÕÕ°‰´¥å∑’Ë∑”ªØ‘°‘√‘¬“‡§¡’°—∫À¡Ÿàøíß°å™—π¢Õß “√¬÷¥‰æ√¡å‡¡Õ√å
‚≈À–∑—Èß Õß°≈ÿà¡‰¥â¥’58 ·µà “√‰æ√¡å‡¡Õ√å‚≈À–°≈ÿà¡π’È®–„Àâ
§à“·√ß¬÷¥µ‘¥µË”°—∫°≈ÿà¡‚≈À–º ¡¡’ °ÿ≈Õ¬à“ß¡’π—¬ ”§—≠∑“ß
 ∂‘µ‘59,60  πÕ°®“°π’ÈÀ¡Ÿàøíß°å™—π∑’Ë‡ªìπÕπÿæ—π∏å¢Õß°√¥øÕ øÕ√‘°
‚¥¬‡©æ“–‡ÕÁ¡¥’æ’ ®–‡°‘¥ªØ‘°‘√‘¬“‡§¡’°—∫‚§√‡¡’¬¡ÕÕ°‰´¥å
¢Õßº‘«‚≈À–º ¡‰√â °ÿ≈™π‘¥‚§∫Õ≈µå-‚§√‡¡’¬¡ ‰¥â¥’°«à“À¡Ÿà
øíß°å™—π∑’Ë¡’Õπÿæ—π∏å¢Õß°√¥§“√å∫Õ°´‘≈‘°61

µ“√“ß∑’Ë 2 À¡Ÿàøíß°å™—π·≈–Õß§åª√–°Õ∫¢Õßº≈‘µ¿—≥±å “√¬÷¥‰æ√¡å‡¡Õ√å‚≈À–

Table 2 Functional groups and components of the metal adhesive primer products

Functional groups Components Products

Carboxylic acid derivative 4-META Superbond  liquid (Sunmedical Co Ltd, Moriyama,

Japan)

4-AET Acryl Bond (Shofu Inc., Kyoto, Japan)

BPDM All Bond 2 Primer B (Bisco Inc., Itasca. IL, USA)

MAC-10 MR Bond (Tokuyama Dental Corp., Tokyo, Japan)

Phosphoric acid derivative MP Eye Sight Opaque Primer

(Kanebo Corp., Tokyo, Japan)

MDP Alloy primer = MDP +VTD

(Kuraray Medical Inc., Tokyo, Japan)

Thiophosphoric acid derivatives MEPS Metal Primer (GC Corp., Tokyo, Japan)

Thione, Thiol group VTD or VBATDT V Primer (Sunmedical Co Ltd, Moriyama, Japan)

Alloy primer = MDP +VTD (Kuraray

Medical Inc., Tokyo, Japan)

MTU-6 Metaltite (Tokuyama Dental Corp., Tokyo, Japan)

4-META: 4- methacryloxyethyl trimellitate anhydride; 4-AET : 4-acryloyloxyethyl trimellitate; BPDM : adduct
of 2-hydroxyethyl methacrylate and 3,4,4û,5û-biphenyltetracarboxylic anhydride; MAC-10: 11-
methacryloyloxyundecan-1,1-dicarboxylic acid; MP: methacrylate-phosphate; MDP: methacryloyloxydecyl
dihydrogen phosphate; MEPS : methacryloyloxyalkylthiophosphate derivative; VTD or VBATDT: 6-(4-vinyl
benzyl-n-propyl) amino-1,3,5-triazine-2,4-dithiol-dithione tautomer; MTU-6: 6-methacryloyloxyhexyl-2-
thiouracil-5-carboxylate
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°“√‡µ√’¬¡º‘«‚≈À–‚§∫Õ≈µå-‚§√‡¡’¬¡ ·≈–‚≈À–‰∑‡∑‡π’¬¡
¥â«¬ “√¬÷¥‰æ√¡å‡¡Õ√å‚≈À–∑’Ë¡’À¡Ÿàøíß°å™—π∑’Ë‡ªìπÕπÿæ—π∏å¢Õß
°√¥øÕ øÕ√‘° (‡ÕÁ¡¥’æ’) ·≈–À¡Ÿàøíß°å™—π∑’Ë‡ªìπÕπÿæ—π∏å¢Õß
°√¥‰∑‚ÕøÕ øÕ√‘° (‡ÕÁ¡Õ’æ’‡Õ ) ®–™à«¬‡æ‘Ë¡§à“·√ß¬÷¥µ‘¥
„Àâ Ÿß¢÷Èπ62 ·µà‡ÕÁ¡Õ’æ’‡Õ ®–„Àâ§à“°“√¬÷¥µ‘¥µË”°«à“‡ÕÁ¡¥’æ’
‡¡◊ËÕ„™â‡µ√’¬¡º‘«‚≈À–‚§∫Õ≈µå-‚§√‡¡’¬¡ ‡π◊ËÕß®“°‡ÕÁ¡Õ’æ’‡Õ 
¡’ —¥ à«π¢ÕßÀ¡Ÿàøíß°å™—πøÕ ‡øµπâÕ¬°«à“63

°“√‡µ√’¬¡º‘«‚≈À–º ¡¡’ °ÿ≈ “¡“√∂„™â “√¬÷¥‰æ√¡å‡¡Õ√å
‚≈À–∑’Ë¡’À¡Ÿàøíß°å™—π∑’Ë‡ªìπÕπÿæ—π∏å¢Õß°√¥‰∑‚ÕøÕ øÕ√‘°
·≈–À¡Ÿàøíß°å™—π‰∑ÕÕ≈‡æ◊ËÕ‡æ‘Ë¡°“√¬÷¥µ‘¥°—∫‡√ ‘́π‰¥âÕ¬à“ß¡’
ª√– ‘∑∏‘¿“æ ‚¥¬æ∫«à“ ‡ÕÁ¡Õ’æ’‡Õ „Àâ§à“·√ß¬÷¥µ‘¥ Ÿß°«à“«’∑’¥’

‡æ√“–À¡Ÿàøíß°å™—π∑’Ë„™â∑”ªØ‘°‘√‘¬“‡§¡’¢Õß‡ÕÁ¡Õ’æ’‡Õ §◊Õ°≈ÿà¡

‡¡Õ√å·§ª‚µ (mercapto group)  “¡“√∂∑”ß“π‰¥â¥’°«à“À¡Ÿà

øíß°å™—π¢Õß«’∑’¥’´÷Ëß°Á§◊Õ°≈ÿà¡‰∑ÕÕ≈ (thiol group)59,60

«‘∏’°“√ à́Õ¡·´¡‡´√“¡‘°„π™àÕßª“°

°àÕπ∑”°“√‡µ√’¬¡æ◊Èπº‘«‡´√“¡‘°·≈–/À√◊Õ‚≈À– ®–µâÕß

·¬°∫√‘‡«≥∑’Ë®– à́Õ¡·´¡¥â«¬·ºàπ¬“ß°—ππÈ”≈“¬‡æ◊ËÕªÑÕß°—π

Õ—πµ√“¬µàÕ‡π◊ÈÕ‡¬◊ËÕÕàÕπ„π™àÕßª“°·≈–°—π§«“¡™◊Èπ ®“°π—Èπ

∑”°“√‡µ√’¬¡æ◊Èπº‘«‡´√“¡‘°·≈–/À√◊Õ‚≈À– µ“¡≈—°…≥–

°“√·µ°À—° ¥—ß·ºπº—ß √ÿª„π√Ÿª∑’Ë 1 ·≈– 2

°“√‡µ√’¬¡º‘«‡´√“¡‘°
▲

▲ ▲

▲

▲▲

▲

▲

™π‘¥∑’Ë¡’´‘≈‘°“‡ªìπÕß§åª√–°Õ∫æ◊Èπ∞“π

‡µ√’¬¡º‘«¥â«¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°

À√◊Õ‡Õæ’‡Õø‡®≈À√◊Õ‡ªÉ“¥â«¬Õπÿ¿“§

Õ–≈‘¡‘π—¡ÕÕ°‰´¥å

™π‘¥∑’Ë¡’Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥åÀ√◊Õ‡´Õ√å‚§‡π’¬¡ÕÕ°‰´¥å

‡ªìπÕß§åª√–°Õ∫æ◊Èπ∞“π

‡ªÉ“¥â«¬Õπÿ¿“§´‘≈‘°ÕπÕÕ°‰´¥å

∑“ “√¬÷¥µ‘¥·≈â«∫Ÿ√≥–¥â«¬‡√´‘π§Õ¡‚æ ‘µ

∑“ “√‰´‡≈π

√Ÿª∑’Ë 1 ·ºπº—ß· ¥ß°“√‡µ√’¬¡º‘«‡´√“¡‘°

Fig. 1 Diagram of ceramic surface preparation
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§«“¡·¢Áß·√ß°“√¬÷¥µ‘¥

®“°º≈°“√∑¥ Õ∫§à“§«“¡·¢Áß·√ß°“√¬÷¥µ‘¥„π°“√ à́Õ¡

‡´√“¡‘°∑’Ë·µ°À—°¥â«¬«‘∏’°“√µà“ßÊ‡°—πæ∫«à“ §à“§«“¡·¢Áß·√ß

°“√¬÷¥µ‘¥¡’§à“ª√–¡“≥ 10-30 ‡¡°°–ª“ §“≈ ‡™àπ °“√»÷°…“

¢Õß Atsuta ·≈–§≥–57 æ∫«à“°“√∑¥ Õ∫·√ß‡©◊Õπ

√–À«à“ß‡√´‘π§Õ¡‚æ ‘µ°—∫‚≈À–º ¡¡’ °ÿ≈ ∑’Ë‰¥â√—∫°“√‡µ√’¬¡

æ◊Èπº‘«¥â«¬°“√‡ªÉ“¥â«¬Õπÿ¿“§Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å¢π“¥ 50

‰¡‚§√‡¡µ√ ·≈–∑“ “√¬÷¥‰æ√¡å‡¡Õ√å‚≈À–∑’Ë¡’À¡Ÿàøíß°å™—π‡ªìπ

Õπÿæ—π∏å¢Õß°≈ÿà¡‰∑‚ÕπÀ√◊Õ‰∑ÕÕ≈  ¡’§à“‡©≈’Ë¬§«“¡·¢Áß·√ß°“√

¬÷¥µ‘¥ 28.4 ‡¡°°–ª“ §“≈  à«π°“√»÷°…“¢Õß Appeldoorn

√Ÿª∑’Ë 2 ·ºπº—ß· ¥ß°“√‡µ√’¬¡º‘«‚≈À–

Fig. 2 Diagram of metal surface preparation

°“√‡µ√’¬¡º‘«‚≈À–

▲ ▲

▲ ▲ ▲

▲

▲▲▲

▲

▲

▲

▲

▲

▲

‚≈À–º ¡‰√â °ÿ≈ ‚≈À–º ¡¡’ °ÿ≈

‡ªÉ“¥â«¬Õπÿ¿“§Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å
À√◊Õ„™â°√¥°—¥¥â«¬°√–· ‰øøÑ“À√◊Õ
„™â “√‡§¡’°—¥º‘«

‡ªÉ“¥â«¬Õπÿ¿“§
´‘≈‘°ÕπÕÕ°‰´¥å

©“∫¥â«¬¥’∫ÿ° ‡ªÉ“¥â«¬Õπÿ¿“§
Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å

∑“ “√¬÷¥‰æ√¡å‡¡Õ√å∑’Ë¡’À¡Ÿàøíß°å™—π
∑’Ë¡“®“°°√¥§“√å∫Õ° ‘́≈‘°À√◊Õ®“°
°√¥øÕ øÕ√‘°

∑“ “√‰´‡≈π

∑“ “√¬÷¥µ‘¥ ©“¬· ß ·≈â«∫Ÿ√≥–¥â«¬‡√´‘π§Õ¡‚æ ‘µ

∑“ “√∑÷∫· ß‡√ ‘́π ©“¬· ß ·≈â«∑“ “√ªÑÕß°—πÕÕ° ‘́‡®π (oxygard)

√Õ„Àâ “√∑÷∫‡√ ‘́π·¢Áßµ—«‡µÁ¡∑’Ëµ“¡§”·π–π”¢Õß·µà≈–∫√‘…—∑

∑“ “√¬÷¥‰æ√¡å‡¡Õ√å∑’Ë¡’
À¡Ÿàøíß°å™—π∑’Ë¡“®“°°√¥
‰∑‚ÕøÕ øÕ√‘°À√◊Õ
À¡Ÿàøíß°å™—π°≈ÿà¡‰∑‚Õπ
À√◊Õ‰∑ÕÕ≈
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·≈–§≥–64 æ∫«à“ §«“¡·¢Áß·√ß°“√¬÷¥µ‘¥·∫∫‡©◊Õπ √–À«à“ß

‡√´‘π§Õ¡‚æ ‘µ°—∫‡´√“¡‘°™π‘¥∑’Ë¡’´‘≈‘°“À√◊Õ·°â«‡ªìπÕß§å

ª√–°Õ∫æ◊Èπ∞“π ∑’Ë‰¥â√—∫°“√‡µ√’¬¡æ◊Èπº‘«¥â«¬º≈‘µ¿—≥±å∑’Ë„™â

´àÕ¡·´¡‡´√“¡‘°∑’Ë¡’®”Àπà“¬„π∑âÕßµ≈“¥ 8 ™π‘¥ À≈—ß°“√·™à

πÈ”‡ªìπ√–¬–‡«≈“ 24 ™—Ë«‚¡ß ¡’§à“‡©≈’Ë¬√–À«à“ß 12.0 ± 2.3 ∂÷ß

23.5‡±‡5.3 ‡¡°°–ª“ §“≈ ·≈–§à“§«“¡·¢Áß·√ß°“√¬÷¥µ‘¥

À≈—ß°“√·™àπÈ”∑’Ë¡’°“√‡ª≈’Ë¬π·ª≈ßÕÿ≥À¿Ÿ¡‘ ‡ªìπ√–¬–‡«≈“ 3

‡¥◊Õπ ¡’§à“‡©≈’Ë¬ 4.2‡±‡1.0 ∂÷ß 20.7‡±‡1.7 ‡¡°°–ª“ §“≈

·≈–°“√»÷°…“¢Õß Bottino ·≈–§≥–14 æ∫«à“ §«“¡·¢Áß·√ß

°“√¬÷¥µ‘¥·∫∫¥÷ß√–¥—∫®ÿ≈¿“§√–À«à“ß‡√ ‘́π§Õ¡‚æ ‘µ°—∫

‡´√“¡‘°º≈‘µ¿—≥±åÕ‘π´’·√¡‡´Õ√å‚§‡π’¬ ∑’Ë‰¥â√—∫°“√‡µ√’¬¡

æ◊Èπº‘«¥â«¬°“√°“√æàπ¥â«¬Õπÿ¿“§Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å¢π“¥

Õπÿ¿“§ 110 ‰¡‚§√‡¡µ√ °“√‡µ√’¬¡æ◊Èπº‘«¥â«¬√–∫∫‚√§“‡∑§

·≈–°“√‡µ√’¬¡æ◊Èπº‘«¥â«¬√–∫∫‚§‡®∑ ¡’§à“§«“¡·¢Áß·√ß

°“√¬÷¥µ‘¥ 15.1‡±‡5.3 23.0‡±‡6.7 ·≈– 26.8‡±‡7.4 ‡¡°°–ª“ §“≈

µ“¡≈”¥—∫  à«π°“√»÷°…“¢Õß Valandro40 æ∫«à“§à“§«“¡

·¢Áß·√ß°“√¬÷¥µ‘¥·∫∫¥÷ß√–¥—∫®ÿ≈¿“§ (micro tensile) √–À«à“ß

‡√´‘π§Õ¡‚æ ‘µ°—∫‡´√“¡‘°º≈‘µ¿—≥±å‚æ√‡´√“ÕÕ≈´’·√¡

Õ‘π´’·√¡Õ–≈Ÿ¡‘π“·≈–Õ‘π´’·√¡‡´Õ√å‚§‡π’¬ ∑’Ë‰¥â√—∫°“√‡µ√’¬¡

æ◊Èπº‘«¥â«¬°“√æàπÕπÿ¿“§Õ–≈Ÿ¡‘π“¢π“¥Õπÿ¿“§ 110 ‰¡‚§√‡¡µ√

·≈–°“√‡µ√’¬¡æ◊Èπº‘«¥â«¬√–∫∫‚§‡®∑ ¡’§à“ 12.7-17.3 ·≈–

18.5-31.2 ‡¡°°–ª“ §“≈

Õ—µ√“°“√Õ¬Ÿà√Õ¥¢Õß°“√´àÕ¡·´¡‡´√“¡‘°„π™àÕßª“°

 ¿“æ·«¥≈âÕ¡„π™àÕßª“°¡’Õ‘∑∏‘æ≈Õ¬à“ß¡“°µàÕ§«“¡

∑π∑“π¢Õß°“√ à́Õ¡·´¡‡´√“¡‘°‚¥¬µ√ß„π™àÕßª“° «— ¥ÿ

ª√–‡¿∑‡√ ‘́πæ◊Èπ∞“π (resin-base) ¡’°“√ ÷°¢Õßº‘«·≈–¥Ÿ¥

πÈ”®“° ‘Ëß·«¥≈âÕ¡‰¥â ÷́Ëß àßº≈‡ ’¬µàÕ ¡∫—µ‘∑“ß°≈¢Õß‡√ ‘́π

§Õ¡‚æ ‘µ∑’Ë„™ấ àÕ¡·´¡5 ·≈– √â“ßªí≠À“µàÕ§«“¡ «¬ß“¡‰¥â65

°“√»÷°…“„πÀâÕßªØ‘∫—µ‘°“√ à«π„À≠àæ∫«à“ °“√´àÕ¡·´¡

‡´√“¡‘°¥â«¬‡√´‘π§Õ¡‚æ ‘µ„Àâº≈ ”‡√Á®∑’Ë¥’2,4,5,14,17  à«π

°“√»÷°…“∑“ß§≈‘π‘°¡’‡æ’¬ß°“√µ‘¥µ“¡º≈§«“¡ ”‡√Á®·≈–

Õ—µ√“°“√Õ¬Ÿà√Õ¥¢Õß°“√ à́Õ¡·´¡„π√–¬– —Èπ‡∑à“π—Èπ (6 ‡¥◊Õπ

∂÷ß 2 ªï)66,67 ·≈–æ∫«à“ „Àâº≈°“√ à́Õ¡·´¡∑’Ë¥’‡™àπ°—π ‚¥¬

°“√»÷°…“∑“ß§≈‘π‘°¢Õß Özcan ·≈–§≥–66 „πªï 2002 æ∫

«à“ §«“¡≈â¡‡À≈«®–‡°‘¥¢÷Èπ‡√Á«∑’Ë ÿ¥¿“¬„π 1 ∂÷ß 3 ‡¥◊Õπ

À≈—ß®“°°“√´àÕ¡·´¡

«‘®“√≥å·≈– √ÿª

°àÕπ∑’Ë®–‡√‘Ë¡∑”°“√ à́Õ¡·´¡‡´√“¡‘°‚¥¬µ√ß„π™àÕßª“°

‰¥âπ—Èπ §«√®–µ√«®·≈–ª√–‡¡‘π‡æ◊ËÕæ‘®“√≥“„Àâ∑√“∫ “‡Àµÿ
¢Õß°“√·µ°À—°°àÕπ°“√ à́Õ¡·´¡ ‡™àπ ∂â“°“√·µ°À—°¡“®“°
°“√∫¥‡§’È¬«À√◊Õ°“√‚§âßßÕ¢Õß‚§√ß √â“ß (substructure flex-
ure) °“√´àÕ¡·´¡Õ“®„Àâº≈„π√–¥—∫·§àæÕ„™â68 ∂â“°“√
·µ°À—°‡°‘¥¡“®“°Õÿ∫—µ‘‡ÀµÿµàÕ«— ¥ÿ∫Ÿ√≥–À√◊Õ¢âÕº‘¥æ≈“¥∑“ß
‡∑§π‘§√–À«à“ß°“√º≈‘µ™‘Èπß“π °“√ à́Õ¡·´¡Õ“®∂◊Õ‡ªìπ∑“ß
‡≈◊Õ°∑’Ë¥’„π°“√·°â‰¢ªí≠À“68 °“√ à́Õ¡§«√∑”„π°√≥’∑’Ë·°π
‚≈À–À√◊Õ·°π‡´√“¡‘°¢â“ß„µâÕ¬Ÿà„π ¿“æ¥’·≈–‰¡à„™à “‡Àµÿ¢Õß
°“√·µ°À—° ‚¥¬‡≈◊Õ°«‘∏’°“√‡µ√’¬¡æ◊Èπº‘«„Àâ‡À¡“– ¡µ“¡
≈—°…≥–°“√·µ°À—°‡æ◊ËÕ àß‡ √‘¡°“√¬÷¥µ‘¥∑’Ë¥’25 °“√‡µ√’¬¡
æ◊Èπº‘«‡´√“¡‘°À√◊Õ‚≈À–¥â«¬°“√‡ªÉ“æàπ¥â«¬Õπÿ¿“§µà“ßÊ √à«¡
°—∫°“√„™â “√‰´‡≈π·≈– “√¬÷¥µ‘¥  “¡“√∂∑”„Àâ‡°‘¥°“√¬÷¥µ‘¥
°—∫‡√ ‘́π§Õ¡‚æ ‘µ∑’Ë¥’ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß °“√„™â‡§√◊ËÕß¡◊Õ
æ‘‡»…‡™àπ ‡§√◊ËÕß‡ªÉ“Õπÿ¿“§´‘≈‘°ÕπÕÕ°‰´¥å ‡§√◊ËÕß‡µ√’¬¡
º‘«‚≈À–¥â«¬°“√„™â°√¥°—¥¥â«¬°√–· ‰øøÑ“  “√‡§¡’ À√◊Õ
‡§√◊ËÕß©“∫¥’∫ÿ° ·µà§≈‘π‘°∑—πµ·æ∑¬å‚¥¬∑—Ë«‰ª¡—°‰¡à¡’‡§√◊ËÕß¡◊Õ
‡À≈à“π’È ∫“ß§≈‘π‘°Õ“®®–¡’‡§√◊ËÕß‡ªÉ“Õπÿ¿“§Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å
§≈‘π‘° à«π„À≠à¡—°®–¡’°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°  “√‰´‡≈π  “√
¬÷¥‰æ√¡å‡¡Õ√å‚≈À– ·≈– “√¬÷¥µ‘¥ ÷́Ëß·√ß°“√¬÷¥µ‘¥¢Õß°“√
´àÕ¡‡´√“¡‘°¥â«¬°“√„™â°√¥·≈– “√‡§¡’¡—°®–πâÕ¬°«à“°“√ à́Õ¡
∑’Ë„™â‡§√◊ËÕß‡ªÉ“Õπÿ¿“§√à«¡°—∫°“√„™â “√‡§¡’39,47 „π°√≥’°“√
´àÕ¡·´¡‡´√“¡‘°∑’Ë‰¡à∑√“∫ª√–«—µ‘«à“ºŸâªÉ«¬‰¥â√—∫°“√∫Ÿ√≥–
¥â«¬‡´√“¡‘°™π‘¥„¥ À“°‰¡à¡’‡§√◊ËÕß‡ªÉ“Õπÿ¿“§Õ–≈Ÿ¡‘π—¡ÕÕ°‰´¥å
·π–π”„Àâ‡µ√’¬¡º‘«‡´√“¡‘°¥â«¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘° °àÕπ∑’Ë
®–∑“ “√‰´‡≈π  “√¬÷¥µ‘¥·≈–∫Ÿ√≥–¥â«¬‡√´‘π§Õ¡‚æ ‘µ
‚¥¬°“√„™â°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°µâÕß√–¡—¥√–«—ß‡ªìπÕ¬à“ß¡“°
µâÕß “¡“√∂„ à·ºàπ¬“ß°—ππÈ”≈“¬∑’Ë¡’§«“¡·π∫µ“¡¢Õ∫¢Õß
§√Õ∫øíπ∑’ËµâÕß°“√´àÕ¡·´¡‰¥â‡ªìπÕ¬à“ß¥’ ‡æ◊ËÕªÑÕß°—π°“√
 —¡º— °—∫‡π◊ÈÕ‡¬◊ËÕ ∂â“À“°‰¡à “¡“√∂„ à·ºàπ¬“ß°—ππÈ”≈“¬‰¥â¥’
§«√æ‘®“√≥“„™â‡Õæ’‡Õø‡®≈‡µ√’¬¡º‘«‡´√“¡‘°·∑π  à«π°“√
‡µ√’¬¡æ◊Èπº‘«‚≈À–§«√ √â“ß„Àâ‡°‘¥æ◊Èπº‘«∑’Ë¢√ÿ¢√–‡™àπ°“√°√Õ
¥â«¬À—«°√Õ°“°‡æ™√À√◊Õ‡ªÉ“¥â«¬Õπÿ¿“§µà“ßÊ‡·≈â«∑“ “√¬÷¥
‰æ√¡å‡¡Õ√å‚≈À–∑’Ë‡À¡“– ¡°—∫™π‘¥‚≈À– ‚¥¬Õ“® —ß‡°µ
™π‘¥¢Õß‚≈À–‰¥â®“° ’‚≈À– ·≈â«∑“ “√∑÷∫‡√´‘πÀ√◊Õ‡≈◊Õ°„™â
‡√´‘π§Õ¡‚æ ‘µ∑’Ë¡’§«“¡∑÷∫· ßªî¥ ’ –∑âÕπ‚≈À–°àÕπ∫Ÿ√≥–
¥â«¬‡√´‘π§Õ¡‚æ ‘µ∑’Ë‡À¡“– ¡µàÕ‰ª Õ¬à“ß‰√°Áµ“¡ ∂â“·°π
¢Õß°“√∫Ÿ√≥–‡ªìπ “‡Àµÿ¢Õß°“√·µ°À—° À√◊Õ°√≥’∑’Ë¡’°“√
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·µ°À—°¢Õß‡§≈◊Õ∫‡´√“¡‘°‰ª¡“°·≈–¡’ à«π‚≈À–‡º¬º÷Ëß‡ªìπ
 à«π„À≠àÀ√◊Õ∑—ÈßÀ¡¥ °“√´àÕ¡·´¡‚¥¬µ√ß„π™àÕßª“°®–„Àâ
º≈∑’Ë‰¡à¥’π—° Õ“®æ‘®“√≥“∑”™‘Èπß“π„À¡à25

°“√´àÕ¡·´¡«— ¥ÿ∫Ÿ√≥–ª√–‡¿∑‡´√“¡‘°≈â«πÀ√◊Õ‡´√“¡‘°
‡§≈◊Õ∫·°π‚≈À–‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ë¥’ ”À√—∫°“√·°âªí≠À“
©ÿ°‡©‘π·≈–°“√√—°…“‡™‘ßÕπÿ√—°…å„π∑“ß§≈‘π‘° Õ¬à“ßπâÕ¬°Á
 “¡“√∂¬◊¥√–¬–‡«≈“„π°“√„™âß“πÀ√◊Õ°“√∑”™‘Èπß“π„À¡à‰¥â
√–¬–Àπ÷Ëß ∑—Èßπ’È §«√¡’°“√µ‘¥µ“¡·≈–ª√–‡¡‘πº≈°“√√—°…“‡ªìπ
√–¬–Ê‡‡æ◊ËÕ„Àâ∑√“∫∂÷ßÕ—µ√“°“√Õ¬Ÿà√Õ¥„π°“√´àÕ¡·´¡∑“ß
§≈‘π‘°„π√–¬–¬“«µàÕ‰ª

‡Õ° “√Õâ“ßÕ‘ß

1. Haselton DR, Diaz-Arnold AM, Dunne JT Jr. Shear
bond strengths of 2 intraoral porcelain repair systems
to porcelain or metal substrates. J Prosthet Dent.
2001;86:526-31.

2. Leibrock A, Degenhart M, Behr M, Rosentritt M,
Handel G. In vitro study of the effect of thermo-
and load-cycling on the bond strength of porcelain
repair systems. J Oral Rehabil. 1999;26:130-7.

3. Blatz MB. Long-term clinical success of all-
ceramic posterior restorations. Quintessence Int.
2002;33:415-26.

4. Diaz-Arnold AM, Wistrom DW, Aquilino SA,
Swift EJ Jr. Bond strengths of porcelain repair
adhesive systems. Am J Dent. 1993;6:291-4.

5. Chung KH, Hwang YC. Bonding strengths of
porcelain repair systems with various surface
treatments. J Prosthet Dent. 1997;78:267-74.

6. Lu YC, Tseng H, Shih YH, Lee SY. Effects of
surface treatments on bond strength of glass-
infiltrated ceramic. J Oral Rehabil. 2001;28:805-13.

7. Llobell A, Nicholls JI, Kois JC, Daly CH. Fatigue
life of porcelain repair systems. Int J Prosthodont.
1992;5:205-13.

8. Conrad HJ, Seong WJ, Pesun IJ. Current ceramic
materials and systems with clinical recommenda-
tions: a systematic review. J Prosthet Dent. 2007;
98:389-404.

9. Andersson M, Oden A. A new all-ceramic crown.
A dense-sintered, high-purity alumina coping with

porcelain. Acta Odontol Scand. 1993;51:59-64.
10. Kelly JR, Nishimura I, Campbell SD. Ceramics in

dentistry: historical roots and current perspectives.
J Prosthet Dent. 1996;75:18-32.

11. Blatz MB, Sadan A, Kern M. Resin-ceramic bonding:
a review of the literature. J Prosthet Dent. 2003;

89:268-74.
12. Tylka DF, Stewart GP. Comparison of acidulated

phosphate fluoride gel and hydrofluoric acid etchants
for porcelain-composite repair. J Prosthet Dent.
1994;72:121-7.

13. Magne P, Belser U. Esthetic improvements and in

vitro testing of In-Ceram Alumina and Spinell
ceramic. Int J Prosthodont. 1997;10:459-66.

14. Bottino MA, Valandro LF, Scotti R, Buso L. Effect
of surface treatments on the resin bond to zirconium-
based ceramic. Int J Prosthodont. 2005;18:60-5.

15. Raigrodski AJ. Contemporary materials and tech-

nologies for all-ceramic fixed partial dentures: a
review of the literature. J Prosthet Dent. 2004;92:
557-62.

16. Wen MY, Mueller HJ, Chai J, Wozniak WT.
Comparative mechanical property characterization
of 3 all-ceramic core materials. Int J Prosthodont.

1999;12:534-41.
17. Ozcan M, van der Sleen JM, Kurunmaki H, Vallittu PK.

Comparison of repair methods for ceramic-fused-to-
metal crowns. J Prosthodont. 2006;15:283-8.

18. Lutz F, Setcos JC, Phillips RW, Roulet JF. Dental
restorative resins. Types and characteristics. Dent

Clin North Am. 1983;27:697-712.
19. Gregory WA, Moss SM. Effects of heterogeneous

layers of composite and time on composite repair
of porcelain. Oper Dent. 1990;15:18-22.

20. Stangel I, Nathanson D, Hsu CS. Shear strength of
the composite bond to etched porcelain. J Dent

Res. 1987;66:1460-5.



« ∑—πµ ®ÿÃ“œ 2553;33:51-66 √—ß√Õß · ß ÿ«Õ ·≈–§≥– 63

21. Trushkowsky R. Reduction of the fragmental
layer to achieve a more durable porcelain repair.
Compendium. 1992;13:24, 26, 28.

22. Zhukovsky L, Godder B, Settembrini L, Scherer
W. Repairing porcelain restorations intraorally:
techniques and materials. Compend Contin Educ
Dent. 1996;17:18, 20, 22.

23. Reston EG, Filho SC, Arossi G, Cogo RB, Rocha
Cdos S, Closs LQ. Repairing ceramic restorations:
final solution or alternative procedure? Oper Dent.
2008;33:461-6.

24. Mount GJ. Clinical performance of glass-ionomers.
Biomaterials. 1998;19:573-9.

25. Ozcan M. Evaluation of alternative intra-oral
repair techniques for fractured ceramic-fused-to-
metal restorations. J Oral Rehabil. 2003;30:194-203.

26. Lacy AM, LaLuz J, Watanabe LG, Dellinges M.
Effect of porcelain surface treatment on the bond
to composite. J Prosthet Dent. 1988;60:288-91.

27. Nicholls JI. Tensile bond of resin cements to
porcelain veneers. J Prosthet Dent. 1988;60:443-7.

28. Bailey JH. Porcelain-to-composite bond strengths
using four organosilane materials. J Prosthet Dent.
1989;61:174-7.

29. Kamada K, Yoshida K, Atsuta M. Effect of ceramic
surface treatments on the bond of four resin luting
agents to a ceramic material. J Prosthet Dent. 1998;
79:508-13.

30. Estafan D, Dussetschleger F, Estafan A, Jia W.
Effect of prebonding procedures on shear bond
strength of resin composite to pressable ceramic.
Gen Dent. 2000;48:412-6.

31. Stacey GD. A shear stress analysis of the bonding
of porcelain veneers to enamel. J Prosthet Dent.
1993;70:395-402.

32. Schneider W, Powers JM, Pierpont HP. Bond
strength of composites to etched and silica-coated
porcelain fusing alloys. Dent Mater. 1992;8:211-5.

33. Kern M, Thompson VP. Sandblasting and silica
coating of a glass-infiltrated alumina ceramic: volume

loss, morphology, and changes in the surface
composition. J Prosthet Dent. 1994;71:453-61.

34. Awliya W, Oden A, Yaman P, Dennison JB, Razzoog
ME. Shear bond strength of a resin cement to
densely sintered high-purity alumina with various
surface conditions. Acta Odontol Scand. 1998;56:
9-13.

35. Madani M, Chu FC, McDonald AV, Smales RJ.
Effects of surface treatments on shear bond strengths
between a resin cement and an alumina core. J
Prosthet Dent. 2000;83:644-7.

36. Ozcan M, Alkumru HN, Gemalmaz D. The effect
of surface treatment on the shear bond strength
of luting cement to a glass-infiltrated alumina
ceramic. Int J Prosthodont. 2001;14:335-9.

37. Blixt M, Adamczak E, Linden LA, Oden A,
Arvidson K. Bonding to densely sintered alumina
surfaces: effect of sandblasting and silica coating
on shear bond strength of luting cements. Int J
Prosthodont. 2000;13:221-6.

38. Kern M, Thompson VP. Bonding to glass infiltrated
alumina ceramic: adhesive methods and their
durability. J Prosthet Dent. 1995;73:240-9.

39. Frankenberger R, Kramer N, Sindel J. Repair
strength of etched vs silica-coated metal-ceramic
and all-ceramic restorations. Oper Dent. 2000;25:
209-15.

40. Valandro LF, Ozcan M, Bottino MC, Bottino MA,
Scotti R, Bona AD. Bond strength of a resin
cement to high-alumina and zirconia-reinforced
ceramics: the effect of surface conditioning. J Adhes
Dent. 2006;8:175-81.

41. Barghi N. To silanate or not to silanate: making a
clinical decision. Compend Contin Educ Dent.
2000;21:659-62, 64.

42. Ozcan M, Matinlinna JP, Vallittu PK, Huysmans
MC. Effect of drying time of 3-methacryloxy-
propyltrimethoxysilane on the shear bond strength
of a composite resin to silica-coated base/noble alloys.
Dent Mater. 2004;20:586-90.



CU Dent J. 2010;33:51-66Sangsuwor R, et al64

43. Tjan AH, Nemetz H. A comparison of the shear

bond strength between two composite resins and

two etched ceramic materials. Int J Prosthodont.

1988;1:73-9.

44. Rada RE. Intraoral repair of metal ceramic resto-

rations. J Prosthet Dent. 1991;65:348-50.

45. Nogami T, Tanoue N, Atsuta M, Matsumura H.

Effectiveness of two-liquid silane primers on bonding

sintered feldspathic porcelain with a dual-cured

composite luting agent. J Oral Rehabil. 2004;31: 770-4.

46. Tyas MJ, Burrow MF. Adhesive restorative materials:

a review. Aust Dent. J 2004;49:112-21.

47. Ozcan M, Pfeiffer P, Nergiz I. A brief history and

current status of metal-and ceramic surface-

conditioning concepts for resin bonding in dentistry.

Quintessence Int. 1998;29:713-24.

48. Livaditis GJ, Thompson VP. Etched castings: an

improved retentive mechanism for resin-bonded

retainers. J Prosthet Dent. 1982;47:52-8.

49. Jackson TR, Healey KW. Chairside electrolytic

etching of cast alloys for resin bonding. J Prosthet

Dent. 1985;54:764-9.

50. Love LD, Breitman JB. Resin retention by immer-

sion-etched alloy. J Prosthet Dent. 1985;53:623-4.

51. McCaughey AD. Sandblasting and tin-plating-

surface treatments to improve bonding with resin

cements. Dent Update. 1993;20:153-7.

52. van der Veen JH, Bronsdijk AE, Siagter AP, van de

Poel AC, Arends J. Tensile bond strength of

Comspan resin to six differently treated metal

surfaces. Dent Mater. 1988;4:272-7.

53. Zidan O. Etched base-metal alloys: comparison of

relief patterns, bond strengths and fracture modes.

Dent Mater. 1985;1:209-13.

54. Peutzfeldt A, Asmussen E. Silicoating: evaluation

of a new method of bonding composite resin to

metal. Scand J Dent Res. 1988;96:171-6.

55. Hansson O, Moberg LE. Evaluation of three

silicoating methods for resin-bonded prostheses.

Scand J Dent Res. 1993;101:243-51.

56. Taira Y, Yoshida K, Matsumura H, Atsuta M.

Phosphate and thiophosphate primers for bonding

prosthodontic luting materials to titanium. J Prosthet

Dent. 1998;79:384-8.

57. Atsuta M, Matsumura H, Tanaka T. Bonding fixed

prosthodontic composite resin and precious metal

alloys with the use of a vinyl-thiol primer and an

adhesive opaque resin. J Prosthet Dent. 1992;67:

296-300.

58. Taira Y, Yanagida H, Matsumura H, Yoshida K,

Atsuta M, Suzuki S. Adhesive bonding of titanium

with a thione-phosphate dual functional primer and

self-curing luting agents. Eur J Oral Sci. 2000;

108:456-60.

59. Yoshida K, Atsuta M. Effect of MMA-PMMA

resin polymerization initiators on the bond strengths

of adhesive primers for noble metal. Dent Mater.

1999;15:332-6.

60. Yoshida K, Atsuta M. Effects of adhesive primers

for noble metals on shear bond strengths of resin

cements. J Dent. 1997;25:53-8.

61. Yoshida K, Sawase T, Watanabe I, Atsuta M. Shear

bond strengths of four resin cements to cobalt-

chromium alloy. Am J Dent. 1995;8:285-8.

62. Yoshida K, Taira Y, Sawase T, Atsuta M. Effects

of adhesive primers on bond strength of self-cur-

ing resin to cobalt-chromium alloy. J Prosthet Dent.

1997;77:617-20.

63. Matsumura H, Tanaka T, Taira Y, Atsuta M. Bonding

of a cobalt-chromium alloy with acidic primers

and tri-n-butylborane-initiated luting agents. J

Prosthet Dent. 1996;76:194-9.

64. Appeldoorn RE, Wilwerding TM, Barkmeier WW.

Bond strength of composite resin to porcelain with



« ∑—πµ ®ÿÃ“œ 2553;33:51-66 √—ß√Õß · ß ÿ«Õ ·≈–§≥– 65

newer generation porcelain repair systems. J Prosthet

Dent. 1993;70:6-11.

65. Bertolotti RL, Lacy AM, Watanabe LG. Adhesive

monomers for porcelain repair. Int J Prosthodont.

1989;2:483-9.

66. Ozcan M, Niedermeier W. Clinical study on

the reasons for and location of failures of

metal-ceramic restorations and survival of repairs.

Int J Prosthodont. 2002;15:299-302.

67. Burke FJ. Repair of metal-ceramic restorations

using an abrasive silica-impregnating technique:

two case reports. Dent Update. 2002;29:398-402.

68. Robbins JW. Intraoral repair of the fractured porcelain

restoration. Oper Dent. 1998;23:203-7.



CU Dent J. 2010;33:51-66Sangsuwor R, et al66

Intraoral ceramic repair

Rungrong Sangsuwor D.D.S.
1

Chaiwat Maneenut D.D.S., MDSc., TBOD., FRCDT., Ph.D.
2

Charuphan Oonsombat D.D.S., Grad Dip.(Oper Dent), Cert. in Oper. Dent., M.S., ABOD.
2

1Graduate Student, Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University
2Department of Operative Dentistry, Faculty of Dentistry, Chulalongkorn University

Abstracts

Ceramic is a favorite dental restorative material. Although it is an esthetic and strong material,
it can be cracked or fractured during service. For some patients, complete removal of damaged ceramic
restoration is sometimes undesirable due to time-consuming and cost, direct resin composite repair
is the alternative method for conservative and emergency treatment especially in area of esthetic
concern. The purpose of this article is to review about the intraoral repair of fractured ceramic in the
topics of types and components of ceramic, materials used for repairing, surface preparation and
bond mechanism, methods of repairing, bond strength and survival rate of ceramic repair.

(CU Dent J. 2010;33:51-66)
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