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∫∑§—¥¬àÕ

«— ¥ÿ‡√ ‘́π§Õ¡‚æ ‘µ∂Ÿ°·π–π”¡“„™â‡ªìπ«— ¥ÿ∫Ÿ√≥–øíπ§√—Èß·√°„πªï §.». 1956 ∫√‘…—∑ºŸâº≈‘µ‰¥â¡’°“√
æ—≤π“«— ¥ÿ™π‘¥π’È¡“Õ¬à“ßµàÕ‡π◊ËÕß∑—Èß„π à«π¢Õß«— ¥ÿÕ—¥·∑√°·≈–‡¡∑√‘° ǻÕ‘π∑√’¬å Õ¬à“ß‰√°Áµ“¡ ·¡â«à“«— ¥ÿ‡√´‘π
§Õ¡‚æ ‘µ„πªí®®ÿ∫—π®–· ¥ß§ÿ≥ ¡∫—µ‘∑’Ë¥’‡À¡“–°—∫°“√π”‰ª„™â„π∑“ß§≈‘π‘° ·µà¬—ß§ßæ∫§à“°“√À¥µ—«®“°°“√
‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π®“°µ—««— ¥ÿ‡Õß„π√–¥—∫Àπ÷Ëß´÷Ëß∑”„Àâ‡°‘¥ªí≠À“µà“ßÊ µ“¡¡“ ªí®®ÿ∫—π¡’·π«§‘¥„π°“√

„™â‡√´‘π§Õ¡‚æ ‘µ∑’Ë‰¡à„™â‡¡∑“§√—¬‡≈∑‡ªìπ à«πª√–°Õ∫„π‡¡∑√‘° ǻÕ‘π∑√’¬å‡æ◊ËÕ≈¥ªí≠À“¥—ß°≈à“«

(« ∑—πµ ®ÿÃ“œ 2555;35:65-78)
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∫∑π”

«— ¥ÿ§Õ¡‚æ ‘µ À¡“¬∂÷ß ç«— ¥ÿ∑’Ë‡°‘¥®“°«— ¥ÿ∑’Ë·µ°µà“ß
°—π 2 ™π‘¥¢÷Èπ‰ª√«¡µ—«°—π ‚¥¬‰¡à‡°‘¥ªØ‘°‘√‘¬“‡§¡’´÷Ëß°—π
·≈–°—π ‚¥¬«— ¥ÿ∑’Ë√«¡µ—«°—ππ’È¡’º‘«Àπâ“∑’Ë·¬°®“°°—πÕ¬à“ß
™—¥‡®π ·≈–¡’§ÿ≥ ¡∫—µ‘∑’Ë¥’°«à“À√◊ÕÕ¬Ÿà√–À«à“ß§ÿ≥ ¡∫—µ‘¢Õß
«— ¥ÿ∑’Ë‡ªìπÕß§åª√–°Õ∫é ‚¥¬∑“ß∑—πµ°√√¡À¡“¬§«“¡∂÷ß
ç«— ¥ÿ‡√ ‘́π§Õ¡‚æ ‘µé «— ¥ÿ‡√ ‘́π§Õ¡‚æ ‘µ∑“ß∑—πµ°√√¡
‰¥â∂Ÿ°æ—≤π“‡ªìπ∑’Ë¬Õ¡√—∫‰¥â™à«ßªï §.». 1960 ‚¥¬ Dr. Rafael
L. Bowen ‡æ◊ËÕ„™â„π°“√∫Ÿ√≥–øíπ∫√‘‡«≥∑’ËµâÕß°“√§«“¡
 «¬ß“¡‚¥¬‡©æ“–øíπÀπâ“1,2

«— ¥ÿ‡√´‘π§Õ¡‚æ ‘µª√–°Õ∫¥â«¬ à«π‡¡∑√‘°´åÕ‘π∑√’¬å
(Organic matrix) ·≈– à«π«— ¥ÿÕ—¥·∑√°Õπ‘π∑√’¬å (Inor-
ganic filler) ‡™◊ËÕ¡°—π¥â«¬ “√‡™◊ËÕ¡µàÕ (coupling agent)
§ÿ≥ ¡∫—µ‘µà“ßÊ ¢Õß«— ¥ÿ∑’Ë· ¥ßÕÕ°¡“®–¡’§«“¡ —¡æ—π∏å°—∫
Õß§åª√–°Õ∫∑—Èß 3  à«π ‡™àπ °“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘-
‡¡Õ‰√‡´™—π (Polymerization shrinkage)3 ·≈–°“√¥Ÿ¥´—∫πÈ”
(Water sorption)4,5 ¡’§«“¡ —¡æ—π∏å°—∫ à«π∑’Ë‡ªìπ‡¡∑√‘°´å
Õ‘π∑√’¬å·≈–«— ¥ÿÕ—¥·∑√°Õπ‘π∑√’¬å

‡π◊ËÕß®“°«— ¥ÿ‡√ ‘́π§Õ¡‚æ ‘µ∑’Ë∂Ÿ°º≈‘µ¢÷Èπ„π√–¬–·√°
π—Èπ¡’§ÿ≥ ¡∫—µ‘∑’Ë¬—ß‡ªìπªí≠À“µàÕ°“√„™âß“π ®÷ß‰¥â√—∫°“√
æ—≤π“®π‰¥â§ÿ≥ ¡∫—µ‘∑’Ë‡À¡“– ¡°—∫°“√„™âß“π∑“ß§≈‘π‘°
·µàªí≠À“∑’Ë¬—ßæ∫Õ¬Ÿà„πªí®®ÿ∫—π §◊Õ °“√À¥µ—«®“°ªØ‘°‘√‘¬“
æÕ≈‘‡¡Õ‰√‡´™—π∑’Ë‡°‘¥®“°Õß§åª√–°Õ∫¢Õß«— ¥ÿ‡Õß ®“°°“√
 ”√«®§à“°“√À¥µ—«¥—ß°≈à“«¢Õß«— ¥ÿ∑’Ë¡’¢“¬„π∑âÕßµ≈“¥æ∫
«à“§à“°“√À¥µ—«¥—ß°≈à“«¡’§à“√–À«à“ß 1.6-8% ‚¥¬ª√‘¡“µ√6-8

º≈¢Õß°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—πÀ≈—ß®“°„™â
∫Ÿ√≥–‚æ√ßøíπ “¡“√∂∑”„Àâ‡°‘¥·√ß¥÷ß√–À«à“ßºπ—ß‚æ√ßøíπ
‡¢â“À“°—π9,10 º≈∑’Ëµ“¡¡“ §◊Õ ‡°‘¥°“√‚§âßßÕ¢ÕßªÿÉ¡øíπ (Cusp
deflection)11 ∑”„Àâ‡°‘¥°“√‡ ’¬«øíπ¿“¬À≈—ß°“√∫Ÿ√≥–
(Post-operative sensitivity) ·≈–°“√À¥µ—«¢Õß«— ¥ÿ àßº≈
∑”„Àâ‡°‘¥√Õ¬√—Ë«´÷¡√–¥—∫‰¡§√Õπ (Microleakage)12,13

°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ßøíπ (Tooth deformation) √Õ¬√â“«
™—Èπ‡§≈◊Õ∫øíπ (Enamel cracks) ·≈–√Õ¬ºÿ´È” (Secondary
caries) ®–‡ÀÁπ‰¥â«à“‡°‘¥ªí≠À“µà“ßÊ µ“¡¡“¿“¬À≈—ß
°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π ¥—ßπ—Èπ ‡æ◊ËÕ≈¥ªí≠À“
¥—ß°≈à“« ®÷ß¡’§«“¡æ¬“¬“¡æ—≤π“Õß§åª√–°Õ∫¢Õß«— ¥ÿ‡æ◊ËÕ
„Àâ¡’°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π≈¥≈ß „π√–¬–·√°
¡’°“√æ—≤π“„π à«π¢Õß«— ¥ÿÕ—¥·∑√°Õπ‘π∑√’¬å‡ªìπ à«π„À≠à
„π¢≥–∑’Ëªí®®ÿ∫—π‰¥â¡’·π«‚πâ¡∑’Ë®–À—π¡“æ—≤π“„π à«π¢Õß

¡ÕπÕ‡¡Õ√å¡“°¢÷Èπ®“°‡¥‘¡∑’Ëπ‘¬¡„™â “√°≈ÿà¡‰¥‡¡∑“§√—¬‡≈∑
‡æ’¬ß™π‘¥‡¥’¬«4 ‚¥¬¡’°“√π”¡ÕπÕ‡¡Õ√å™π‘¥Õ◊Ëπ¡“„™â√à«¡¥â«¬
À√◊Õ‡ª≈’Ë¬π‡ªìπ¡ÕπÕ‡¡Õ√å™π‘¥Õ◊Ëπ∑’Ë‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√-
‡´™—π·∫∫«ß·À«π‡ªî¥ (Ring-opening polymerization)
°“√π”π“‚π‡∑§‚π‚≈¬’¡“™à«¬ª√—∫ª√ÿß à«π‡¡∑√‘°´åÕ‘π∑√’¬å°Á
‡ªìπ§«“¡°â“«Àπâ“∑“ßÕÿµ “À°√√¡°“√º≈‘µ∑’Ë¡’ à«π™à«¬„π
°“√æ—≤π“«— ¥ÿ

„π∫∑§«“¡ª√‘∑—»πåπ’È®–°≈à“«∂÷ß™π‘¥¢Õß¡ÕπÕ‡¡Õ√å
·≈–§«“¡°â“«Àπâ“„π°“√æ—≤π“Õß§åª√–°Õ∫¥—ß°≈à“«‡æ◊ËÕ
π”‰ª Ÿà«— ¥ÿ‡√ ‘́π§Õ¡‚æ ‘µ∑’Ëª√“»®“°À√◊Õ¡’§à“°“√À¥µ—«
®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—πµË”

À≈—°°“√„π°“√æ—≤π“ à«π‡√´‘π‡¡∑√‘° ǻ‡æ◊ËÕπ”‰ª Ÿà

«— ¥ÿ‡√´‘π§Õ¡‚æ ‘µ∑’Ë¡’§à“°“√À¥µ—«®“°ªØ‘°‘√‘¬“

æÕ≈‘‡¡Õ‰√‡´™—πµË”

«— ¥ÿ‡√´‘π§Õ¡‚æ ‘µ„πªí®®ÿ∫—π¡’§à“°“√À¥µ—«®“°
ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π‚¥¬‡©≈’Ë¬∑’Ë 2-3% ‚¥¬ª√‘¡“µ√6-8

§à“°“√À¥µ—«∑’Ë ‡°‘¥¢÷Èππ’È®–¡“°À√◊ÕπâÕ¬¢÷ÈπÕ¬Ÿà°—∫Õß§å
ª√–°Õ∫¢Õß«— ¥ÿ  à«π‡¡∑√‘°´åÕ‘π∑√’¬å‡ªìπÕß§åª√–°Õ∫Àπ÷Ëß
∑’Ë¡’°“√æ—≤π“Õ¬à“ßµàÕ‡π◊ËÕß‡æ◊ËÕπ”‰ª Ÿà°“√≈¥§à“°“√À¥µ—«
®“°°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π ‚¥¬À≈—°°“√„π
°“√æ—≤π“ “¡“√∂∑”‰¥â 2 ∑“ßÀ≈—°Ê6 ¥—ßπ’È

°“√≈¥µ”·Àπàß∑’Ë‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—πµàÕª√‘¡“µ√
¢Õß‡√ ‘́π§Õ¡‚æ ‘µ “¡“√∂∑”‰¥â 2 ·∫∫ ·∫∫∑’ËÀπ÷Ëß §◊Õ
°“√‡æ‘Ë¡πÈ”Àπ—°‚¡‡≈°ÿ≈µàÕµ”·Àπàß∑’Ë‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡́ ™—π
(Increasing the molecular weight per reactive group)7

°“√‡æ‘Ë¡πÈ”Àπ—°‚¡‡≈°ÿ≈®“°¡ÕπÕ‡¡Õ√å∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈πâÕ¬
‡ªìπ¡ÕπÕ‡¡Õ√å∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈¡“°∑”„Àâ§à“°“√À¥µ—«≈¥≈ß
‰¥âÕ¬à“ß¡’π—¬ ”§—≠ ‡™àπ πÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß‡¡∑‘≈‡¡∑“§√—¬‡≈∑
§◊Õ 86.1 °√—¡µàÕ‚¡≈ ¢≥–∑’ËπÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß∫‘ ®’‡ÕÁ¡‡Õ
§◊Õ 514.6 °√—¡µàÕ‚¡≈ §à“°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√-
‡´™—π¢Õß‡¡∑‘≈‡¡∑“§√—¬‡≈∑ §◊Õ 22.5% ‚¥¬ª√‘¡“µ√  à«π
§à“°“√À¥µ—«¢Õß∫‘ ®’‡ÕÁ¡‡Õ §◊Õ 2-8% ‚¥¬ª√‘¡“µ√ (‰¡à‰¥â
„ à«— ¥ÿÕ—¥·∑√°) ·µà°“√∑’Ë¡ÕπÕ‡¡Õ√å¡’‚¡‡≈°ÿ≈∑’Ë„À≠à∑”„Àâ
‡°‘¥§«“¡Àπ◊¥¡“°¬“°·°à°“√„™âß“π Õ’°∑“ßÀπ÷Ëß §◊Õ
°“√‡æ‘Ë¡ª√‘¡“≥«— ¥ÿÕ—¥·∑√° (Increasing the filler load)6

°“√‡æ‘Ë¡ª√‘¡“≥«— ¥ÿÕ—¥·∑√°∑”„Àâ —¥ à«π¢Õß‡¡∑√‘°´åÕ‘π∑√’¬å
≈¥≈ß ¥—ßπ—Èπ À¡Ÿà„π°“√‡°‘¥ªØ‘°‘√‘¬“®÷ß≈¥≈ß‡ªìπº≈„Àâ
°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π≈¥≈ßµ“¡¡“ ‡™àπ
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§Õ¡‚æ ‘µ™π‘¥‰À≈·ºà (Flowable composite) ∑’Ë¡’
ª√‘¡“≥«— ¥ÿÕ—¥·∑√° 45-67% ‚¥¬πÈ”Àπ—° ®–¡’§à“°“√À¥
µ—«Õ¬Ÿà∑’Ë   4.0-5.5% ‚¥¬ª√‘¡“µ√ §Õ¡‚æ ‘µ‰Œ∫√‘¥ (Hybrid
composite) ∑’Ë¡’«— ¥ÿÕ—¥·∑√° 74-79% ‚¥¬πÈ”Àπ—°¡’§à“°“√
À¥µ—«Õ¬Ÿà∑’Ë 1.9-3.5% ‚¥¬ª√‘¡“µ√ §Õ¡‚æ ‘µ·∫∫°¥Õ—¥
(Packable composite) ∑’Ë¡’«— ¥ÿÕ—¥·∑√° 82% ‚¥¬πÈ”Àπ—°
¡’§à“°“√À¥µ—«Õ¬Ÿà∑’Ë 1.7% ‚¥¬ª√‘¡“µ√

°“√æ—≤π“‡æ◊ËÕ≈¥°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π
·∫∫∑’Ë Õß §◊Õ °“√‡ª≈’Ë¬π·ª≈ß™π‘¥¢Õß¡ÕπÕ‡¡Õ√å
«— ¥ÿ‡√´‘π§Õ¡‚æ ‘µ 80-90% ¡’¡ÕπÕ‡¡Õ√å‡ªìπ∫‘ ®’‡ÕÁ¡‡Õ´÷Ëß
‡ªìπ “√‰¥‡¡∑“§√—¬‡≈∑ ∂Ÿ°‡ πÕ‚¥¬ Dr. Rafael L. Bowen
„πªï §.». 1956 ‚¥¬¡ÕπÕ‡¡Õ√å„π°≈ÿà¡π’È¬—ß„Àâ§à“°“√À¥µ—«
®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π„π√–¥—∫Àπ÷Ëß ®÷ß¡’§«“¡æ¬“¬“¡
∑’Ë®–æ—≤π“¡ÕπÕ‡¡Õ√å™π‘¥Õ◊Ëπ¡“·∑π∑’Ë¡ÕπÕ‡¡Õ√å„π°≈ÿà¡
∫‘ ®’‡ÕÁ¡‡Õ‡æ◊ËÕ«—µ∂ÿª√– ß§å„π°“√æ¬“¬“¡≈¥§à“°“√À¥µ—«
®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π ‡™àπ ¡ÕπÕ‡¡Õ√å«ß·À«π‡ªî¥
(Ring opening monomer) ≈‘§«‘¥§√‘ µ—≈≈’π ¡ÕπÕ‡¡Õ√å
(Liquid-crystalline monomers) ÕÕ‚¡‡´Õ√å (ORMOCERs)
‰´‚≈‡√π (Silorane) ‡ªìπµâπ

°“√æ—≤π“‡√´‘π¡ÕπÕ‡¡Õ√å„π‡√´‘π§Õ¡‚æ ‘µ

‡¡∑‘≈‡¡∑“§√—¬‡≈∑‡√ ‘́π¡ÕπÕ‡¡Õ√å (Methyl

methacrylate resin monomers)

‡¡∑‘≈‡¡∑“§√—¬‡≈∑∂Ÿ° —ß‡§√“–Àå¢÷Èπ¡“„π™à«ßªï §.».
190014 ‚¥¬„π√–¬–·√°π”‰ª„™â‡ªìπ«— ¥ÿ„π°“√∑”∞“πøíπ

ª≈Õ¡·≈– à«πª√–°Õ∫„π«— ¥ÿ∫Ÿ√≥–øíπ·∫∫Õ‘π‰¥‡√°15 ®π
°√–∑—Ëßªï §.». 1940 ¡’°“√„™â‡∫π‚´Õ‘≈‡ªÕ√åÕÕ°‰´¥å‡∑Õ‡∑’¬-
√’‡Õ¡’π (Benzoyl peroxide-tertiary amine) ‡ªìπµ—«
°√–µÿâπªØ‘°‘√‘¬“¢Õßµ—«µ—Èßµâπ„πªØ‘°‘√‘¬“√’¥Õ° ǻ¢Õßµ—«‡√‘Ë¡µâπ
ªØ‘°‘√‘¬“∑”„Àâ‡¡∑‘≈‡¡∑“§√—¬‡≈∑ “¡“√∂‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ-
‰√‡´™—π¢÷Èπ¿“¬„µâÕÿ≥À¿Ÿ¡‘ÀâÕß π”‰ª Ÿà°“√„™â‡¡∑‘≈‡¡∑“§√—¬‡≈∑
‡ªìπ à«πª√–°Õ∫„π«— ¥ÿ∫Ÿ√≥–øíπ·∫∫‰¥‡√°°‡¡∑‘≈‡¡∑“§√—¬‡≈∑
‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·∫∫‡µ‘¡ (Additional
polymerization) ºà“π∑“ßæ—π∏–§Ÿà√–À«à“ß§“√å∫ÕπÕ–µÕ¡
(C=C double bond) µàÕ°—π‡°‘¥‡ªìπ “¬æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘-
‡¡∑‘≈‡¡∑“§√—¬‡≈∑ (Polymethylmethacrylate) (√Ÿª∑’Ë 1)
Õ¬à“ß‰√°Áµ“¡ ·¡â®–¡’§«“¡ «¬ß“¡„π√–¬–‡√‘Ë¡·√°·µà¡’
√“¬ß“πæ∫°“√À¥µ—«®“°°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π Ÿß
(22.5% ‚¥¬ª√‘¡“µ√) ¡’°“√¢¬“¬µ—«‡¡◊ËÕ‰¥â√—∫§«“¡√âÕπ Ÿß
°“√‡ª≈’Ë¬π ’¿“¬À≈—ß°“√∫Ÿ√≥– °“√‡°‘¥√Õ¬ºÿ´È” ¢“¥°“√
¬÷¥µ‘¥°—∫‚§√ß √â“ßøíπ·≈–Õ—πµ√“¬µàÕ‡π◊ÈÕ‡¬◊ËÕ‚æ√ßª√– “∑
øíπ16,17 ¥â«¬ªí≠À“¥—ß°≈à“«∑”„Àâ‡¡∑‘≈‡¡∑“§√—¬‡≈∑‰¡à‰¥â
√—∫§«“¡π‘¬¡·≈–‰¡àπ”¡“„™â‡ªìπ¡ÕπÕ‡¡Õ√å¢Õß«— ¥ÿ∫Ÿ√≥–
 ’‡À¡◊Õπøíπ

Õ’æÕ° ’́‡√´‘π¡ÕπÕ‡¡Õ√å (Epoxy resin monomers)

‡π◊ËÕß®“°ªí≠À“¢Õß°“√∫Ÿ√≥–øíπ‚¥¬«— ¥ÿ∑’Ë¡’ à«π
ª√–°Õ∫¢Õß‡¡∑‘≈‡¡∑“§√—¬‡≈∑ Dr. Rafael L. Bowen ‰¥â
æ—≤π“Õ’æÕ° ’́‡√ ‘́π¡ÕπÕ‡¡Õ√å (√Ÿª∑’Ë 2) ¢÷Èπ‡æ◊ËÕ∑¥·∑π
‡¡∑‘≈‡¡∑“§√—¬‡≈∑ ‚¥¬¡’Õ—µ√“°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ-
‰√‡´™—ππâÕ¬°«à“‡¡∑‘≈‡¡∑“§√—¬‡≈∑ √«¡∑—Èß¡’§à“ —¡ª√– ‘∑∏‘Ï
°“√¢¬“¬µ—«‡¡◊ËÕ‰¥â√—∫§«“¡√âÕπ °“√¬÷¥µ‘¥°—∫‚§√ß √â“ßøíπ

√Ÿª∑’Ë 1 · ¥ß°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·∫∫‡µ‘¡¢Õß‡¡∑‘≈‡¡∑“§√—¬‡≈∑‰ª‡ªìπæÕ≈‘‡¡∑‘≈‡¡∑“§√—¬‡≈∑

Fig. 1 Additional polymerization of methyl methacrylate to poly(methyl methacrylate)
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§«“¡§ß∑π¢Õß ’‡ªìπ∑’Ë¬Õ¡√—∫®÷ß∂Ÿ°π”¡“„™â‡ªìπ¡ÕπÕ‡¡Õ√å
¢Õß«— ¥ÿ∫Ÿ√≥– ’‡À¡◊Õπøíπ„π™à«ßªï §.». 195118 Õ’æÕ°-
´’‡√ ‘́π‡ªìπ¡ÕπÕ‡¡Õ√å∑’Ë “¡“√∂‡°‘¥°“√·¢Áßµ—«‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
‚¥¬‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·∫∫‡µ‘¡ (Addition poly-
merization) ºà“π∑“ßÀ¡Ÿà«ß·À«πÕ’æÕ°‰´¥å∑’Ëª≈“¬ “¬∑—Èß
2 ¢â“ß ·µà‡π◊ËÕß®“°«— ¥ÿ‡√ ‘́π§Õ¡‚æ ‘µ∑’Ë¡’¡ÕπÕ‡¡Õ√å‡ªìπ
Õ’æÕ°´’‡√´‘π®–‡°‘¥ªØ‘°‘√‘¬“°“√·¢Áßµ—«∑’Ë§àÕπ¢â“ß™â“ ∑”„Àâ
‡ªìπÕÿª √√§µàÕ°“√π”‰ª„™â„π°“√∫Ÿ√≥–øíπ„π™àÕßª“°

∫‘ ®’‡ÕÁ¡‡Õ‡√´‘π¡ÕπÕ‡¡Õ√å (Bis-GMA resin

monomers)

Dr. Rafael L. Bowen  —ß‡§√“–Àå¡ÕπÕ‡¡Õ√å„π°≈ÿà¡
∫‘ ®’‡ÕÁ¡‡Õ¢÷Èπ¡“„πªï §.». 19561 ‡æ◊ËÕ∑¥·∑π¡ÕπÕ‡¡Õ√å
„π°≈ÿà¡Õ’æÕ°´’ ∫‘ ®’‡ÕÁ¡‡Õ (Bis-GMA) ¡’™◊ËÕ∑“ß‡§¡’ §◊Õ
2, 2-bis [4-(2-hydroxy-3-methacrylyl-oxypropoxy)

phenyl] propane ¡’‚§√ß √â“ß‡ªìπ‰∫øíß°å™—ππÕ≈‚¡‡≈°ÿ≈
(Bifunctional molecule) ‚¥¬ª≈“¬∑—Èß 2 ¥â“π‡ªìπÀ¡Ÿà
‡¡∑“§√—¬‡≈∑ (Dimethacrylate group) ‡°‘¥ªØ‘°‘√‘¬“ æÕ≈‘
‡¡Õ‰√‡´™—π·∫∫‡µ‘¡ºà“π∑“ßÕπÿ¡Ÿ≈Õ‘ √– (Free radical
addition polymerization) æÕ≈‘‡¡Õ√å¢Õß∫‘ ®’‡ÕÁ¡‡Õ¡’
‚§√ß √â“ß‡ªìπµ“¢à“¬ (Cross-link polymer)  “¬¬“«´âÕπ
∑—∫°—π‰ª¡“ (√Ÿª∑’Ë 3) °“√‡°‘¥ªØ‘°‘√‘¬“·∫∫π’È∑”„Àâ√–¬–
√–À«à“ß‚¡‡≈°ÿ≈‡ª≈’Ë¬π®“°√–¬–®“°·√ß·«π‡¥Õ√å«“≈ å‡ªìπ
√–¬–®“°æ—π∏–‚§«“‡≈π∑å∑’Ë™‘¥°—π¡“°¢÷Èπ∑”„Àâ‡°‘¥°“√À¥
µ—«®“°°“√‡°‘¥ªØ‘°‘√‘¬“µ“¡¡“

°“√„™â∫‘ ®’‡ÕÁ¡‡Õ¡ÕπÕ‡¡Õ√å∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ Ÿß
·¡â«à“®–≈¥°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·≈–
ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘∑“ß°≈∫“ßª√–°“√„Àâ¥’¢÷Èπ ·µà∑”„Àâ«— ¥ÿ¡’
§«“¡Àπ◊¥¡“°¢÷Èπ ‡ªìπº≈„Àâ¬“°·°à°“√§«∫§ÿ¡«— ¥ÿ„Àâ·π∫

√Ÿª∑’Ë 2 · ¥ß Ÿµ√‚§√ß √â“ß¢ÕßÕ’æÕ° ’́‡√ ‘́π

Fig. 2 Organic structure of epoxy resin

√Ÿª∑’Ë 3 · ¥ßæÕ≈‘‡¡Õ√å·∫∫µ“¢à“¬¢Õß∫‘ ®’‡ÕÁ¡‡Õ

Fig. 3 Cross-linked polymerization of bis-GMA
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°—∫‚æ√ßøíπ ¥—ßπ—Èπ ‡æ◊ËÕ∑’Ë®–·°âªí≠À“π’È®÷ß‰¥âπ”¡ÕπÕ‡¡Õ√å
∑’Ë¡’πÈ”Àπ—°‚¡‡≈°ÿ≈µË”·≈–§àÕπ¢â“ß‡À≈«¡“‡ªìπ “√‡®◊Õ®“ß
(Diluent monomers) ∫‘ ®’‡ÕÁ¡‡Õ‡æ◊ËÕ≈¥§«“¡Àπ◊¥≈ß„Àâ
‡À¡“– ¡°—∫°“√„™âß“π„π§≈‘π‘°  “√‡®◊Õ®“ß¥—ß°≈à“« §◊Õ
∑’Õ’®’¥’‡ÕÁ¡‡Õ (TEGDMA, triethyleleglycol dimethacrylate)
¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ 286 °√—¡µàÕ‚¡≈19-21 ‚¥¬∑’Õ’®’¥’‡ÕÁ¡‡Õ¡’
§à“°“√À¥µ—«Õ¬Ÿà∑’Ë 14% ‚¥¬ª√‘¡“µ√22 «— ¥ÿ‡√´‘π§Õ¡‚æ ‘µ
„πªí®®ÿ∫—π¡’ à«π‡¡∑√‘°´åÕ‘π∑√’¬å∑’Ë‡ªìπ∫‘ ®’‡ÕÁ¡‡Õ√à«¡°—∫
∑’Õ’®’¥’‡ÕÁ¡‡Õ‡ªìπ à«π„À≠à ·µà°“√„™â∑’Õ’®’¥’‡ÕÁ¡‡Õ√à«¡°—∫
∫‘ ®’‡ÕÁ¡‡Õ “¡“√∂‡æ‘Ë¡°“√¥Ÿ¥ ÷́¡πÈ”·≈–°“√À¥µ—«®“°ªÆ‘°‘√‘¬“
æÕ≈‘‡¡Õ‰√‡´™—π¢Õß«— ¥ÿ22 ·¡â«à“‡√´‘π§Õ¡‚æ ‘µ à«π¡“°
®–¡’°“√„™â∫‘ ®’‡ÕÁ¡‡Õ‡ªìπ‡¡∑√‘° ǻÕ‘π∑√’¬å ·µà°Á¡’‡√´‘π§Õ¡-
‚æ ‘µÕ¬Ÿà®”π«πÀπ÷Ëß∑’Ë„™â ¬ŸÕ’¥’‡ÕÁ¡‡Õ (UEDMA) ∫‘ Õ’‡ÕÁ¡‡Õ
(Bis-EMA) ‡ªìπ à«πÀ≈—°¢Õß‡¡∑√‘° ǻÕ‘π∑√’¬å

¡ÕπÕ‡¡Õ√å«ß·À«π‡ªî¥ (Ring opening mono-

mers)

¡ÕπÕ‡¡Õ√å«ß·À«π‡ªî¥ À¡“¬∂÷ß ¡ÕπÕ‡¡Õ√å∑’Ë‡°‘¥
ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—πºà“π°“√‡ªî¥¢Õß«ß·À«π§Ÿà∑’Ëª≈“¬∑—Èß

2 ¥â“π ‚¥¬‡°‘¥°“√·µ°¢Õßæ—π∏–‚§«“‡≈π∑å¢Õß«ß·À«π
ÕÕ°·≈– √â“ß‡ªìπæ—π∏–‚§«“‡≈π∑å„À¡à°—∫‚¡‡≈°ÿ≈∂—¥‰ª23

°“√·µ°¢Õß«ß·À«ππ’È¡’º≈∑”„Àâ‡°‘¥°“√¢¬“¬µ—«¢Õß‚¡‡≈°ÿ≈
¡ÕπÕ‡¡Õ√å‡æ◊ËÕ™¥‡™¬°—∫°“√À¥µ—«®“°°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘-
‡¡Õ‰√‡´™—π ¡ÕπÕ‡¡Õ√å™π‘¥·√°„π°≈ÿà¡π’È‡ªìπ “√ª√–°Õ∫
‰∫‰´§≈‘° (Bicyclic compounds) ‡™àπ  ‰ª‚√ÕÕ‚∏§“√å-
∫Õ‡π∑ (Spiro-orthocar bonates; SOC)24 (√Ÿª∑’Ë 4)
∂Ÿ°π”‡ πÕ„πªï §.». 197525 ‚¥¬ Dr. William J. Bailey
·≈–‰¥âæ—≤π“µàÕ‡π◊ËÕß¡“®π∂÷ßªí®®ÿ∫—π ´÷Ëß·¡â«à“®– “¡“√∂
≈¥°“√À¥µ—«®“°ªØ‘°‘√‘¬“≈ß‰¥â®“°°“√¢¬“¬µ—«¿“¬À≈—ß°“√
‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·≈–¡’æÕ≈‘‡¡Õ√å∑’Ë·¢Áß·√ß¢÷Èπ
„π¢≥–‡¥’¬«°—π°Á∑”„Àâ°“√¥Ÿ¥πÈ”·≈–°“√≈–≈“¬πÈ”‡æ‘Ë¡¡“°
¢÷Èπ‡™àπ°—π ∑”„Àâ‡°‘¥ªí≠À“„π°“√π”¡“„™â„π∑“ß§≈‘π‘°25

≈‘§«‘¥§√‘ µ—≈≈’π¡ÕπÕ‡¡Õ√å (Liquid-crystalline

monomers)

≈‘§«‘¥§√‘ µ—≈≈’π¡ÕπÕ‡¡Õ√åÕ“»—¬À≈—°°“√°“√®—¥‡√’¬ß
‚§√ß √â“ß„À¡à¢Õß¡ÕπÕ‡¡Õ√å¿“¬À≈—ß°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘-
‡¡Õ‰√‡´™—π ‚¥¬ª°µ‘ “√¢Õß‡À≈« (Liquid) ‚¡‡≈°ÿ≈®–¡’

√Ÿª∑’Ë 4 · ¥ß Ÿµ√‚§√ß √â“ß·≈–æÕ≈‘‡¡Õ√å¢Õß ‰ª‚√ÕÕ‚∏§“√å∫Õ‡π∑

Fig. 4 Organic structure and polymer structure of spiro-orthocarbonate

√Ÿª∑’Ë 5 · ¥ß°“√‡√’¬ßµ—«¢ÕßÕ–µÕ¡„π¿“«–¢Õßº≈÷° (A), ¢Õß‡À≈« (B), °÷Ëß¢Õß‡À≈«·≈–º≈÷° (C)

Fig. 5 Atomic structure in solid state (A), liquid state (B), liquid-crystal state (C)

(A) (B) (C)



CU Dent J. 2012;35:65-78Kittichaisri A, et al70

°“√®—¥‡√’¬ßµ—«Õ¬à“ß‰¡à‡ªìπ√–‡∫’¬∫  à«π “√º≈÷° (Solid)
‚¡‡≈°ÿ≈®–¡’°“√®—¥‡√’¬ßµ—«‡ªìπ√–‡∫’¬∫µ“¡µ”·Àπàß·≈–∑‘»∑“ß
‡¥’¬«°—π  “√°÷Ëß¢Õß‡À≈«·≈–º≈÷° (Liquid-crystalline)
‚¡‡≈°ÿ≈®–¡’°“√®—¥‡√’¬ßµ—«‰ª„π∑‘»∑“ß‡¥’¬«°—π·≈–‡°’Ë¬«æ—π
°—∫Õ–µÕ¡¢â“ß‡§’¬ß ÷́Ëß‰¡à‡ªìπ√–‡∫’¬∫‡∑à“ “√º≈÷° (√Ÿª∑’Ë 5) „π
™à«ßªï §.». 1997 Dr. Henry R. Rawls ·≈–§≥– π”‡ πÕ
≈‘§«‘¥§√‘ µ—≈≈’π¡ÕπÕ‡¡Õ√å (√Ÿª∑’Ë 6) ¡“„™â‡ªìπ à«πª√–°Õ∫
„π«— ¥ÿ∫Ÿ√≥–‡√ ‘́π§Õ¡‚æ ‘µ ´÷Ëß‡ªìπ¡ÕπÕ‡¡Õ√å„π ¿“«–
°÷Ëß¢Õß‡À≈«·≈–º≈÷° (Liquid-crystalline state) ‡ªìπ “√∑’Ë
„™â¿“¬„πÀπâ“®Õ·Õ≈ ’́¥’ (LCD displays) °“√‡°‘¥æÕ≈‘‡¡Õ√å
®–‡ªìπ°“√‡ª≈’Ë¬π®“°‚§√ß √â“ß∑’Ë¡’°“√®—¥‡√’¬ß‚¡‡≈°ÿ≈∑’Ë‡ªìπ
√Ÿª·∫∫‡©æ“– (Nematic phase) ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß (25-35°C)
„π ¿“«–°÷Ëß¢Õß‡À≈«·≈–º≈÷°‰ª‡ªìπ‚§√ß √â“ßÕ —≥∞“π
(Isotropic amorphous phase)26 ‡ªìπ‚§√ß √â“ß∑’Ë¡’°“√
‡√’¬ßµ—«°—π‡ªìπ‡ âπµ√ßÕ¬à“ß‰¡à‡ªìπ√–‡∫’¬∫ ∑”„Àâ‡°‘¥°“√
¢¬“¬µ—«∫“ß à«πÀ√◊Õ∑—ÈßÀ¡¥‡æ◊ËÕ™¥‡™¬°—∫°“√À¥µ—«®“°
ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π ≈‘§«‘¥§√‘ µ—≈æÕ≈‘‡¡Õ√å· ¥ß
§ÿ≥ ¡∫—µ‘¢Õß§«“¡‰¡à¬◊¥À¬ÿàπ·≈–§«“¡Àπ◊¥µË” ‚¥¬‚§√ß √â“ß
∑’Ë¡’°“√®—¥‡√’¬ß‚¡‡≈°ÿ≈∑’Ë‡ªìπ√Ÿª·∫∫‡©æ“–®–¡’§à“°“√À¥µ—«
®“°°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π 1.3%-2.1% ‚¥¬
ª√‘¡“µ√27 Õ¬à“ß‰√°Áµ“¡ ·¡â§à“°“√À¥µ—«®“°°“√‡°‘¥
ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π®–≈¥≈ß·µà§«“¡Àπ◊¥∑’Ë‰¥â®–πâÕ¬
·≈–‰¡à¡’§«“¡¬◊¥À¬ÿàπ √«¡∑—Èß°“√ —ß‡§√“–Àå≈‘§«‘¥§√‘ µ—≈≈’π-
¡ÕπÕ‡¡Õ√å¡’√“§“ Ÿß®÷ß‡ªìπ¢âÕ®”°—¥„π°“√π”‰ª„™â·≈–¬—ß§ß
µâÕß‰¥â√—∫°“√æ—≤π“µàÕ‰ª

ÕÕ‚¡‡´Õ√å (ORMOCERs)

ÕÕ‚¡‡´Õ√å (ORMOCERs ¬àÕ¡“®“° ORganic
MOdifying CERramics)28 ‡ªìπ«— ¥ÿº ¡√–À«à“ß à«π
Õπ‘π∑√’¬å·≈– à«πÕ‘π∑√’¬å (Inorganic-organic hybrid
copolymer) ª√– ∫§«“¡ ”‡√Á®¡“π“π„πÕÿµ “À°√√¡°“√
‡§≈◊Õ∫º‘««— ¥ÿæ≈“ µ‘°·≈–‡§√◊ËÕß·°â« √«¡∑—Èß‡ªìπ à«πÀπ÷Ëß
„πÕÿª°√≥å°’Ã“ ‡™àπ ≈Ÿ°°Õ≈åø ≈Ÿ°‡∑ππ‘  ‡ªìπµâπ ®“°°“√
æ—≤π“¢Õß Dr. Herbert Wolter „πªï §.». 199829 „π
°“√π”ÕÕ‚¡‡´Õ√å¡“„™â‡ªìπ à«πª√–°Õ∫¢Õß«— ¥ÿ‡√ ‘́π§Õ¡-
‚æ ‘µæ∫«à“¡’°“√À¥µ—«®“°°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—πµË”
∑π∑“πµàÕ°“√ ÷° ·≈– “¡“√∂‡¢â“°—∫‡π◊ÈÕ‡¬◊ËÕ„π™àÕßª“°‰¥â¥’

ÕÕ‚¡‡´Õ√å¡’ à«πÕπ‘π∑√’¬å‡ªìπ‚§√ß √â“ßÀ≈—°„π°“√
‡°‘¥‡§√◊Õ¢à“¬‚¥¬ºà“π°√–∫«π°“√‚´≈-‡®≈ (Sol-gel
processing)28 „π¢—ÈπµÕπ°“√º≈‘µ·≈– à«πÕ‘π∑√’¬å‡ªìπ à«π
¬àÕ¬∑’Ë‡°“–∑“ß¥â“π¢â“ß®–‡°‘¥‡§√◊Õ¢à“¬Õ‘π∑√’¬å®“°ªØ‘°‘√‘¬“
æÕ≈‘‡¡Õ‰√‡´™—π (Organic crosslinking or polymeriza-
tion) ®“°°“√∫à¡µ—«¥â«¬Õÿ≥À¿Ÿ¡‘À√◊Õ°“√∫à¡µ—«¥â«¬· ß¢÷Èπ
Õ¬Ÿà°—∫™π‘¥¢ÕßÀ¡ŸàÕ‘π∑√’¬å ‚¥¬®–‰¥â‡ªìπ‚§√ß √â“ß·∫∫‡ âπµ√ß
À√◊Õ‚§√ß √â“ß 3 ¡‘µ‘ (√Ÿª∑’Ë 7) À¡ŸàÕ‘π∑√’¬å∑’Ëª√– ∫§«“¡ ”‡√Á®
„π°“√π”¡“„™â §◊Õ À¡Ÿà‡¡∑“§√—¬‡≈∑ ‡¡◊ËÕπ”¡“‡ªìπ¡ÕπÕ‡¡Õ√å
®–‰¥â “√∑’Ë‡√’¬°«à“ ‡¡∑“§√—¬‡≈∑¡Õ¥‘ø“¬¥åæÕ≈’‰´≈Õ°‡´π
(Methacrylate modified polysiloxanes) ‡π◊ËÕß®“°°“√
‡°‘¥‡§√◊Õ¢à“¬¢ÕßÕÕ‚¡‡´Õ√åπ’È à«πÀ≈—°®–‡ªìπ‡§√◊Õ¢à“¬
Õπ‘π∑√’¬å ¥—ßπ—Èπ §ÿ≥ ¡∫—µ‘∑’Ë· ¥ßÕÕ°¡“®–¡’·π«‚πâ¡‰ª

√Ÿª∑’Ë 6 · ¥ß Ÿµ√‚§√ß √â“ß¢Õß≈‘§«‘¥§√‘ µ—≈≈’π¡ÕπÕ‡¡Õ√å

Fig. 6 Structure of liquid-crystalline monomer
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∑“ß§ÿ≥ ¡∫—µ‘¢Õß à«πÕπ‘π∑√’¬å ‡™àπ ¡’§«“¡‡ª√“– Ÿß (High
brittle) ·≈–§«“¡‚ª√àß· ß (transparent) ≈¥≈ß29 ®÷ßµâÕß
„™â√à«¡°—∫ “√‰¥‡¡∑“§√—¬‡≈∑‡√´‘π·≈– “√‡®◊Õ®“ß∑’Õ’®’¥’‡ÕÁ¡‡Õ
‡æ◊ËÕ™à«¬ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘„Àâ¡’§«“¡¬◊¥À¬ÿàπ¡“°¢÷Èπ‡À¡“–
°—∫°“√„™âß“π∑“ß§≈‘π‘° «— ¥ÿ‡√ ‘́π§Õ¡‚æ ‘µ∑’Ë∂Ÿ°º≈‘µ¢÷Èπ
¥â«¬‡∑§‚π‚≈¬’π’È §◊Õ Definite (Degussa, Germany),
AdmiraTM (Voco, Germany), Ceram X (Dentsply,
Germany)

‰´‚≈‡√π (Siloranes)

Dr. Wolfgang Weinmann ·≈–§≥– „πªï §.». 20056

‰¥â‡ πÕ¡ÕπÕ‡¡Õ√å™π‘¥„À¡à ™◊ËÕ ‰´‚≈‡√π (Silorane) ‡ªìπ
¡ÕπÕ‡¡Õ√å∑’Ë‡°‘¥®“°°“√√«¡µ—«√–À«à“ß ‰´≈Õ°‡´π (Silox-
anes) °—∫ ÕÕ°´’‡√π (Oxiranes) ‚¥¬‰´≈Õ°‡´π¡’§ÿ≥ ¡∫—µ‘
‰¡à™Õ∫πÈ” (Hydrophobicity) π‘¬¡„™â„πÕÿµ “À°√√¡°“√
‡§≈◊Õ∫º‘««— ¥ÿ  à«πÕÕ°´’‡√πÀ√◊Õ‡Õ∑’≈’πÕÕ°‰´¥å (Ethylene
oxide) ¡’ Ÿµ√‚¡‡≈°ÿ≈ §◊Õ C2H4O ¡’‚§√ß √â“ß‡ªìπ«ß·À«π

µ“√“ß∑’Ë 1 · ¥ß°“√‡ª√’¬∫‡∑’¬∫™π‘¥¡ÕπÕ‡¡Õ√å∑’Ë‡ªìπÕß§åª√–°Õ∫·≈–§à“°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π¢Õß

«— ¥ÿ‡√ ‘́π§Õ¡‚æ ‘µ„π∑âÕßµ≈“¥33

™◊ËÕ°“√§â“ ‡√´‘π‡¡∑√‘°´å √âÕ¬≈–°“√À¥µ—«‚¥¬ ªï∑’ËÕÕ° ∫√‘…—∑

(Brand) (Resin matrix) ª√‘¡“µ√ (Year of (Manufacturer)

%Vol Shrinkage introduction)

(Deviation)

Herculite Methacrylate 2.78(0.10) 1993

XRV ester monomers

Kerr (USA)

Tetric Bis-GMA 2.98(0.08) 1996 Ivoclar-Vivadent

Ceram UDMA (USA)

TEGDMA

Spectrum Bis-GMA 3.49(0.47) 1996 Dentsply (USA)

TPH UDMA

Bis-EMA

Solitaire Bis-GMA 3.71(0.09) 1997 Heraeus-Kulzer

HPMA (Germany)

ETMA

Silicium

tetraacrylate

SureFil Bis-GMA 2.36(0.05) 1998 Dentsply (USA)

UDMA
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µ“√“ß∑’Ë 1 (µàÕ)

™◊ËÕ°“√§â“ ‡√´‘π‡¡∑√‘°´å √âÕ¬≈–°“√À¥µ—«‚¥¬ ªï∑’ËÕÕ° ∫√‘…—∑

(Brand) (Resin matrix) ª√‘¡“µ√ (Year of (Manufacturer)

%Vol Shrinkage introduction)

(Deviation)

Definite Dimethacrylates 2.45 (0.19) 1998 Degussa/Dentsply

Silicium (Germany)

dimethacrylate

(ORMOCERs)

P60 Bis-GMA

UDMA

Bis-EMA 2.13(0.13) 1999 3M ESPE (USA)

Filtek Bis-GMA 2.14(0.04) 1999 3M ESPE (USA)

Z250 Bis-EMA

UDMA

In-TenS Dimethacrylate 2.14(0.02) 2001 Ivoclar-Vivadent

resins (USA)

Aelite LS Bis-GMA 2.29(0.23) 2002 Bisco (USA)

Bis-EMA

TEGDMA

Filtek Bis-GMA 2.32(0.03) 2002 3M ESPE (USA)

Supreme Bis-EMA

UDMA

TEGDMA

Venus Bis-GMA 3.05(0.06) 2002 Heraeus-Kulzer

(Germany)

EsthetX Bis-GMA 3.37(0.26) 2002 Dentsply (USA)

Bis-EMA

TEGDMA

Grandio Bis-GMA 2.10(0.23) 2003 VOCO (USA)

TEGDMA

Quixfil Methacrylate 2.12(0.13) 2003 Dentsply (USA)

resins
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√Ÿª∑’Ë 7 · ¥ß‚§√ß √â“ßÀ≈—°¢ÕßÕÕ‚¡‡´Õ√å∑’Ë¡’ à«π¢Õß‚¡‡≈°ÿ≈∑’Ë·µ°µà“ß°—π 4 ·∫∫

Fig. 7 Four organic structures of ORMOCERS consisting of 4 types of molecule

µ“√“ß∑’Ë 1 (µàÕ)

™◊ËÕ°“√§â“ ‡√´‘π‡¡∑√‘°´å √âÕ¬≈–°“√À¥µ—«‚¥¬ ªï∑’ËÕÕ° ∫√‘…—∑

(Brand) (Resin matrix) ª√‘¡“µ√ (Year of (Manufacturer)

%Vol Shrinkage introduction)

(Deviation)

Solitaire 2 Bis-EMA 3.64(0.05) 2003 Heraeus-Kulzer

UDMA (Germany)

TEGDMA

Premise Methacrylate 1.80(0.22) 2004 Kerr (USA)

ester monomers

Tetric Dimethacrylate 2.03(0.02) 2005 Ivoclar-Vivadent

EvoCeram resins (USA)

Silorane Silorane resin 0.99(0.07) 2005 3M ESPE (USA)
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æÕ≈‘‡¡Õ√å¢ÕßÕÕ°´’‡√π¡’°“√À¥µ—«µË”·≈–¡’‡ ∂’¬√¿“æµàÕ
·√ß∑“ß°≈·≈–·√ß∑“ß‡§¡’ Ÿß®÷ßπ”¡“„™â„πÕÿµ “À°√√¡À≈“¬
™π‘¥ ‡™àπ ·√°‡°µ‡∑ππ‘  Õÿª°√≥å‡≈àπ °’ Õÿµ “À°√√¡°“√∫‘π
·≈–√∂¬πµå ‡ªìπµâπ ‡¡◊ËÕ‡°‘¥°“√√«¡µ—«°—π®–‰¥â “√‰´‚≈‡√π
∑’Ë¡’‰´≈Õ°‡´π‡ªìπ·°π (Backbone) ·≈–¡’ÕÕ° ‘́‡√π‡ªìπ
 à«πª≈“¬ “¬ (√Ÿª∑’Ë 8) ∑”„Àâ‰´‚≈‡√π¡’§ÿ≥ ¡∫—µ‘¢Õß “√
∑—Èß Õß™π‘¥ §◊Õ §«“¡‡¢â“°—∫‡π◊ÈÕ‡¬◊ËÕ‰¥â¥’ ¡’§ÿ≥ ¡∫—µ‘‰¡à
™Õ∫πÈ”·≈–≈¥°“√‡°‘¥°“√À¥µ—«®“°ªØ‘°‘√‘¬“‡¡◊ËÕ‡°‘¥æÕ≈‘‡¡Õ√å

°“√‡°‘¥æÕ≈‘‡¡Õ√å¢Õß‰´‚≈‡√π‡°‘¥ºà“π∑“ß«ß·À«π¢Õß
ÕÕ°´’‡√π„πªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·∫∫«ß·À«π‡ªî¥¥â«¬°“√
‡µ‘¡·§∑‰ÕÕÕπ (Cationic ring opening polymerization)
‚¥¬∂Ÿ°°√–µÿâπ®“°µ—«‡√‘Ë¡ªØ‘°‘√‘¬“∑’Ë¡’ª√–®ÿ∫«° (Acidic
cation) ∑’Ëµ”·ÀπàßÕ–µÕ¡§“√å∫Õπ∫π‚¡‡≈°ÿ≈ÕÕ° ’́‡√π‡°‘¥
‡ªìπª√–®ÿ∫«°·≈–¡’ƒ∑∏‘Ï‡ªìπ°√¥ ´÷Ëß‡ªìπµ”·Àπàß∑’Ë‡°‘¥
§“√å∫Õ‡π™—π (Carbonation) °—∫ÕÕ° ‘́‡®π¢ÕßÕÕ° ’́‡√π‚¡‡≈°ÿ≈
∂—¥‰ª·≈–‡°‘¥‡ªìπæÕ≈‘‡¡Õ√å

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√‡°‘¥æÕ≈‘‡¡Õ√å¢Õß‡¡∑“§√—¬‡≈∑
æ∫«à“°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·∫∫«ß·À«π‡ªî¥¢Õß
‰´‚≈‡√π®–‰¡à‡°‘¥ªØ‘°‘√‘¬“°—∫ÕÕ° ‘́‡®π¿“¬πÕ°∑”„Àâ‰¡à‡°‘¥
‡ªìπ™—Èπ∑’Ë‰¡à·¢Áßµ—«∑’Ë‡°‘¥®“°°“√ —¡º— °—∫ÕÕ°´‘‡®π (Oxygen
inhibition layer) ‡À¡◊Õπ„π‡¡∑“§√—¬‡≈∑∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“
æÕ≈‘‡¡Õ‰√‡´™—π¥â«¬°“√‡µ‘¡Õπÿ¡Ÿ≈Õ‘ √– (Radical polymer-
ization) ∑’Ë “¡“√∂‡°‘¥™—Èπ¥—ß°≈à“«‰¥â Õ¬à“ß‰√°Áµ“¡  ‘Ëß∑’Ë
‡À¡◊Õπ°—π §◊Õ ¡’ à«πº ¡¢Õß “√·§¡øÕ§«‘‚ππ (Camphor-
quinone) ∑’Ë‡ªìπµ—«‡√‘Ë¡µâπªØ‘°‘√‘¬“‡À¡◊Õπ„π‡¡∑“§√—¬‡≈∑-

§Õ¡‚æ ‘µ ‰´‚≈‡√π§Õ¡‚æ ‘µ· ¥ß§ÿ≥ ¡∫—µ‘§«“¡‰¡à™Õ∫πÈ”
(Hydrophobicity)30 ¡’§«“¡‡ ∂’¬√·≈–‰¡à≈–≈“¬„π¢Õß
‡À≈«™’«¿“æ (Biological fluid) ‡™àπ πÈ”≈“¬ πÈ”¬àÕ¬31

πÕ°®“°π’È ®“°º≈°“√∑¥ Õ∫§à“°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘-
‡¡Õ‰√‡´™—π¢Õß‡√ ‘́π§Õ¡‚æ ‘µ 7 ™π‘¥6 æ∫«à“ ‰´‚√‡≈π-
§Õ¡‚æ ‘µ¡’§à“°“√À¥µ—« 0.94% ‚¥¬ª√‘¡“µ√ (Bonded
disk) ·≈– 0.99% ‚¥¬ª√‘¡“µ√ (Archimedes) µ√ß°—∫º≈
°“√»÷°…“¢Õß Ernst ·≈–§≥– „πªï §.». 200432

∫∑«‘®“√≥å

°“√æ—≤π“Õß§åª√–°Õ∫µà“ßÊ ¢Õß«— ¥ÿ‡ªìπ‡æ’¬ßÀπ÷Ëß„π
ªí®®—¬À≈“¬Ê Õ¬à“ß∑’Ë™à«¬„Àâ«— ¥ÿ¡’§à“°“√À¥µ—«®“°ªØ‘°‘√‘¬“
æÕ≈‘‡¡Õ‰√‡´™—πµË”≈ß „π∫∑§«“¡ª√‘∑√√»πåπ’È‰¥â°≈à“«∂÷ß
§«“¡‡ªìπ¡“¢Õß¡ÕπÕ‡¡Õ√å ·µà≈–™π‘¥∑’Ë¡’§«“¡æ¬“¬“¡
π”¡“„™â‡ªìπ à«π‡¡∑√‘°´åÕ‘π∑√’¬å¢Õß«— ¥ÿ‡√´‘π§Õ¡‚æ ‘µ

°“√‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π¢Õß¡ÕπÕ‡¡Õ√å∑’Ë¡’º≈µàÕ§à“
°“√À¥µ—« √«¡∂÷ßº≈°“√»÷°…“µà“ßÊ ∑’Ë®–π”‰ª Ÿà°“√æ—≤π“
¢Õß¡ÕπÕ‡¡Õ√å„πÕπ“§µ Õ¬à“ß‰√°Áµ“¡¬—ß¡’ªí®®—¬¿“¬„πÕ◊ËπÊ
∑’Ë¡’º≈µàÕ§à“°“√À¥µ—« ‡™àπ ª√‘¡“≥«— ¥ÿÕ—¥·∑√°Õπ‘π∑√’¬å6

¡’°“√»÷°…“‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥«— ¥ÿÕ—¥·∑√°Õπ‘π∑√’¬å„π«— ¥ÿ„Àâ¡’
ª√‘¡“≥¡“°¢÷Èπ·≈–≈¥ª√‘¡“≥¡ÕπÕ‡¡Õ√å≈ß ∑”„Àâ≈¥

®”π«πÀ¡Ÿà°“√‡°‘¥ªØ‘°‘√‘¬“·≈–≈¥§à“°“√À¥µ—«®“°°“√‡°‘¥
ªØ‘°‘√‘¬“ πÕ°®“°π’È ¢π“¥¢Õß«— ¥ÿÕ—¥·∑√°°Á¡’º≈µàÕ§à“
°“√À¥µ—«¥â«¬‡™àπ°—π34

√Ÿª∑’Ë 8 · ¥ß‚§√ß √â“ß‰´‚≈‡√π∑’Ë¡’æ—π∏–‰´≈Õ°‡´π‡ªìπ·°π°≈“ß·≈–ª≈“¬ “¬‡ªìπÕÕ°´’‡√π

Fig. 8 Organic structure of silorane has siloxane bond in core, and oxerane in terminal area
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‰¥‡¡∑“§√—¬‡≈∑¡ÕπÕ‡¡Õ√å ‡™àπ ∫‘ ®’‡ÕÁ¡‡Õ ∫‘ Õ’‡ÕÁ¡‡Õ
¬Ÿ¥’‡ÕÁ¡‡Õ ∑’Õ’®’¥’‡ÕÁ¡‡Õ ‡ªìπ¡ÕπÕ‡¡Õ√å à«π„À≠à∑’Ë„™â„π à«π
‡¡∑√‘°´åÕ‘π∑√’¬å¢Õß«— ¥ÿ‡√´‘π§Õ¡‚æ ‘µ„πªí®®ÿ∫—π ∑—Èß∑’Ë„™â
∫‘ ®’‡ÕÁ¡‡Õ‡æ’¬ß™π‘¥‡¥’¬«·≈–„™â¡ÕπÕ‡¡Õ√å√à«¡°—π¢Õß∑—Èß
4 ™π‘¥ ·¡â«à“¡’°“√„™â¡ÕπÕ‡¡Õ√å™π‘¥π’È°—πÕ¬à“ß·æ√àÀ≈“¬
·µà°Á¬—ß§ß¡’°“√»÷°…“‡æ◊ËÕæ—≤π“¡ÕπÕ‡¡Õ√åÕÕ°¡“„π√Ÿª·∫∫
µà“ßÊ ‡™àπ °“√‡æ‘Ë¡πÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß¡ÕπÕ‡¡Õ√å„Àâ Ÿß¢÷Èπ
‚¥¬°“√‡µ‘¡À¡Ÿà‡¡∑‘≈∑’Ë “¬‚ à́·≈–°“√≈¥À¡Ÿà„π°“√‡°‘¥ªØ‘°‘√‘¬“
≈ß‚¥¬°“√∑”„Àâ‚§√ß √â“ß¢Õß¡ÕπÕ‡¡Õ√å„À≠à¢÷ÈπÀ√◊Õ‡µ‘¡
À¡Ÿàøíß°å™—π∑’Ë‰¡à‡°‘¥ªØ‘°‘√‘¬“·∑π∑’Ë‡¡∑“§√—¬‡≈∑∑’Ëª≈“¬¢â“ß„¥
¢â“ßÀπ÷Ëß ‡ªìπµâπ ∂÷ß·¡âº≈°“√»÷°…“®–æ∫«à“«‘∏’°“√‡À≈à“π’È
®– “¡“√∂≈¥§à“°“√À¥µ—«®“°ªØ‘°‘√‘¬“‰¥â ·µà¡ÕπÕ‡¡Õ√å∑’Ë
‰¥â¡’ªí≠À“„π‡√◊ËÕß§ÿ≥ ¡∫—µ‘Õ◊ËπÊ ‡™àπ °“√¥Ÿ¥πÈ” §«“¡‡¢â“
°—π‰¥â°—∫‡π◊ÈÕ‡¬◊ËÕ„π™àÕßª“° ÷́Ëß¬—ß§ßµâÕß‰¥â√—∫°“√»÷°…“‡æ◊ËÕ
æ—≤π“Õ¬à“ßµàÕ‡π◊ËÕßµàÕ‰ª

°“√‡ª≈’Ë¬π·ª≈ß™π‘¥¢Õß¡ÕπÕ‡¡Õ√å®“°°≈ÿà¡‰¥‡¡∑“-
§√—¬‡≈∑‰ª‡ªìπ¡ÕπÕ‡¡Õ√å™π‘¥Õ◊Ëπ ∑—Èß°“√„™â¡ÕπÕ‡¡Õ√å∑’Ë‡°‘¥
ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π·∫∫«ß·À«π‡ªî¥∑”„Àâ‡°‘¥°“√¢¬“¬µ—«
¢Õß¡ÕπÕ‡¡Õ√å™¥‡™¬°“√À¥µ—«®“°ªØ‘°‘√‘¬“ ‡™àπ  ‰ª‚√ÕÕ-
‚∏§“√å∫Õ‡πµ·≈–¡ÕπÕ‡¡Õ√å„π°≈ÿà¡‡¥’¬«°—π ·µà¬—ß¡’ªí≠À“
„π°“√‡À≈◊ÕÀ¡Ÿà∑’Ë‰¡à∑”ªØ‘°‘√‘¬“¡“°‡°‘π‰ª

‰´‚≈‡√π§Õ¡‚æ ‘µ‡ªìπ§Õ¡‚æ ‘µ∑’Ë„™âÀ≈—°°“√‡°‘¥
ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π‡™àπ‡¥’¬«°—∫¡ÕπÕ‡¡Õ√å«ß·À«π‡ªî¥
‚¥¬‡¡◊ËÕ‡°‘¥ªØ‘°‘√‘¬“®–‡°‘¥°“√‡ªî¥¢Õß«ß·À«π‡ªìπ‡ âπµ√ß
‡æ◊ËÕ™¥‡™¬√–¬–°“√À¥µ—«®“°ªØ‘°‘√‘¬“¥—ß°≈à“« „π¢≥–∑’Ë
‡¡∑“§√—¬‡≈∑§Õ¡‚æ ‘µ®–‡°‘¥°“√À¥µ—«®“°ªØ‘°‘√‘¬“
‡π◊ËÕß®“°°“√‡™◊ËÕ¡µàÕ¢Õß¡ÕπÕ‡¡Õ√å·µà≈–µ—« ´÷Ëß°“√∑’Ë®–
æ—≤π“¡ÕπÕ‡¡Õ√å∑’Ë™à«¬≈¥°“√À¥µ—«À≈—ß‡°‘¥ªØ‘°‘√‘¬“π—Èπ
À≈—°°“√‡°‘¥ªØ‘°‘√‘¬“·∫∫¡ÕπÕ‡¡Õ√å«ß·À«π‡ªî¥‡ªìπ∑“ß
‡≈◊Õ°Àπ÷Ëß∑’Ë¡’·π«‚πâ¡®–ª√– ∫§«“¡ ”‡√Á®

ÕÕ‚¡‡´Õ√å‡ªìπ¡ÕπÕ‡¡Õ√å∑’Ëª√– ∫º≈ ”‡√Á®„π°“√„™â‡ªìπ
 à«π¢Õß‡¡∑√‘°´åÕ‘π∑√’¬å¢Õß«— ¥ÿ‡√´‘π§Õ¡‚æ ‘µ (Definite;
Degussa, Admira; VOCO, Ceram-X; DENTSPLY) ‚¥¬
‚§√ß √â“ß∑“ß‡§¡’¢ÕßÕÕ‚¡‡´Õ√åπ—Èπ¡’§«“¡‡ªìπÕπ‘π∑√’¬å Ÿß
∑”„Àâ‡°‘¥§«“¡‡ª√“– Ÿßµ“¡‰ª¥â«¬ ®÷ß¡’°“√„™â¡ÕπÕ‡¡Õ√å
√à«¡°—∫‰¥‡¡∑“§√—¬‡≈∑À√◊Õ∑’Õ’®’¥’‡ÕÁ¡‡Õ‡æ◊ËÕ™à«¬‡ √‘¡
§ÿ≥ ¡∫—µ‘¢ÕßÕÕ‚¡‡´Õ√å∑’Ë¡’§«“¡‡ª√“– Ÿß„Àâ¡’§«“¡¬◊¥À¬ÿàπ
¡“°¢÷Èπ ·¡â«à“ÕÕ‚¡‡´Õ√å®– “¡“√∂∑”ÕÕ°¡“„π√Ÿª
º≈‘µ¿—≥±å‰¥â·≈â«·µà¬—ß§ß¡’°“√À¥µ—«®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ-

‰√‡´™—πÕ¬Ÿà πÕ°®“°π’È§ÿ≥ ¡∫—µ‘µà“ßÊ ¬—ß„°≈â‡§’¬ß°—∫‡¡∑“-
§√—¬‡≈∑§Õ¡‚æ ‘µ·µà‡¡◊ËÕ‡∑’¬∫µâπ∑ÿπ°“√º≈‘µ∑’Ë Ÿß°«à“‡¡∑“§√—¬-
‡≈∑§Õ¡‚æ ‘µ¡“°∑”„Àâ§«“¡π‘¬¡„π°“√‡≈◊Õ°„™âÕÕ‚¡‡´Õ√å
≈¥≈ß

 √ÿª

ªí®®ÿ∫—π¡ÕπÕ‡¡Õ√å„π à«π‡¡∑√‘°´åÕ‘π∑√’¬å¢Õß«— ¥ÿ‡√´‘π-
§Õ¡‚æ ‘µ„π∑âÕßµ≈“¥ à«π¡“°‡ªìπ “√°≈ÿà¡‰¥‡¡∑“§√—¬‡≈∑
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Abstracts

In 1956, resin composites have been introduced as restorative material in dentistry.
Manufacturers have been working on the development of new resin composite by modifying filler
particles and resin matrix. Although recent resin composites have been developed for clinical used,
the polymerization shrinkage is remained. The shrinkage is an intrinsic property of the methacrylate
resin matrix, which results in dimensional change during polymerization. Recently, non-methacrylate
resin matrix has been developed to overcome the polymerization shrinkage problem.

(CU Dent J. 2012;35:65-78)
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