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2¿“§«‘™“∑—πµ°√√¡À—µ∂°“√ §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„π
ª√–‡∑»‰∑¬∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥å‡¡◊ËÕº ¡°—∫·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈  ‡ª√’¬∫‡∑’¬∫°—∫ æÕ√åµ·≈π¥å
´’‡¡πµå ’¢“«∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥åº ¡¥â«¬πÈ”°≈—Ëπ ·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õº ¡¥â«¬πÈ”°≈—Ëπ

«— ¥ÿ·≈–«‘∏’°“√ ‡µ√’¬¡æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬®“° Õß∫√‘…—∑∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥åº ¡¥â«¬
πÈ”°≈—ËπÀ√◊Õ¢Õß‡À≈«∑’Ë¡’ “√‡√àß°“√·¢Áßµ—« ( “√≈–≈“¬∑’Ë¡’√âÕ¬≈– 5 ¢Õß·§≈‡´’¬¡§≈Õ‰√¥å ·≈–√âÕ¬≈– 1 ¢Õß
‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ) ·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õº ¡¥â«¬πÈ”°≈—Ëπ °≈ÿà¡≈– 10 µ—«Õ¬à“ß µ√«® Õ∫Õß§åª√–°Õ∫∑“ß‡§¡’
¢Õß´’‡¡πµå∑’Ë·¢Áßµ—«·≈â«¥â«¬°“√«‘‡§√“–Àå°“√‡≈’È¬«‡∫π√—ß ’‡ÕÁ°´å »÷°…“≈—°…≥– —≥∞“π«‘∑¬“¥â«¬°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈§µ√Õπ™π‘¥ àÕß°√“¥ «—¥§«“¡‡ªìπ°√¥¥à“ß √–¬–‡«≈“·¢Áßµ—« §«“¡∑÷∫√—ß ’ §«“¡∑π·√ßÕ—¥ ·≈– ¿“æ≈–≈“¬‰¥â
«‘‡§√“–Àåº≈°“√∑¥≈Õß¥â«¬ ∂‘µ‘§«“¡·ª√ª√«π·∫∫∑“ß‡¥’¬« (p < 0.05)

º≈°“√»÷°…“ ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õº ¡¥â«¬πÈ”°≈—Ëπ·≈–æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥åº ¡¥â«¬πÈ”°≈—Ëπ
À√◊Õº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ¡’Õß§åª√–°Õ∫∑“ß‡§¡’§≈â“¬§≈÷ß°—π ¬°‡«âπ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ
®–¡’º≈÷°≈–‡Õ’¬¥ ‚¥¬‰¡àæ∫Õπÿ¿“§¢π“¥„À≠à ·≈–¡’Õπÿ¿“§¢Õß·§≈‡´’¬¡‰Œ¥√Õ°‰´¥åª–ªπÕ¬Ÿà‡≈Á°πâÕ¬
§«“¡‡ªìπ°√¥¥à“ß¢Õß´’‡¡πµå∑ÿ°™π‘¥‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«„π™à«ß·√° ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ®–¡’§«“¡‡ªìπ¥à“ß Ÿß∑’Ë ÿ¥
(12.07) ‡¡◊ËÕ´’‡¡πµå·¢Áßµ—«‡µÁ¡∑’Ë æÕ√åµ·≈π¥å´’‡¡πµå∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ®–¡’§«“¡
‡ªìπ¥à“ß Ÿß°«à“æÕ√åµ·≈π¥å´’‡¡πµå∑’Ëº ¡¥â«¬πÈ”°≈—ËπÕ¬à“ß¡’π—¬ ”§—≠ ´’‡¡πµå∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑
∑‘≈‡´≈≈Ÿ‚≈ ®–¡’‡«≈“°“√°àÕµ—«∑’Ë —Èπ°«à“ ·µà¡’§«“¡∑π·√ßÕ—¥∑’Ë 21 «—π Ÿß°«à“´’‡¡πµå°≈ÿà¡∑’Ëº ¡πÈ”°≈—ËπÕ¬à“ß¡’
π—¬ ”§—≠∑“ß ∂‘µ‘ ´’‡¡πµå∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ¡’ ¿“æ≈–≈“¬‰¥â¡“°°«à“‰«∑å‚ª√√Ÿ∑
‡ÕÁ¡∑’‡Õ„π«—π·√°Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·µà‡¡◊ËÕºà“π‰ª 21 «—π ´’‡¡πµå∑—Èß 5 °≈ÿà¡¡’ ¿“æ≈–≈“¬‰¥â‰¡à·µ°µà“ß°—π
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 √ÿª æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥å‡¡◊ËÕº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈
‡´≈≈Ÿ‚≈ ®–¡’√–¬–‡«≈“°“√·¢Áßµ—«∑’ËπâÕ¬°«à“ ·µà¡’§«“¡∑π·√ßÕ—¥ Ÿß°«à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ́ ’‡¡πµå∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ
¡’ ¿“æ≈–≈“¬‰¥â∑’Ë 21 «—π ·≈–§«“¡∑÷∫√—ß ’‰¡à·µ°µà“ß®“°‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ¡’§«“¡‡ªìπ¥à“ßµË”°«à“‰«∑å‚ª√√Ÿ∑
‡ÕÁ¡∑’‡Õ‡≈Á°πâÕ¬ ´÷Ëß§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ‚¥¬√«¡¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–
‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ¡’§«“¡‡À¡“– ¡·≈–‡ªìπ‰ª‰¥â∑’Ë®–æ—≤π“‡æ◊ËÕπ”¡“„™â·∑π‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ‰¥â„πÕπ“§µ

(« ∑—πµ ®ÿÃ“œ 2553;33:207-20)

§” ”§—≠: §ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ; ·§≈‡´’¬¡§≈Õ‰√¥å; æÕ√åµ·≈π¥å´’‡¡πµå; ‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ; ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ;
Õß§åª√–°Õ∫∑“ß‡§¡’
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∫∑π”
°“√∑”»—≈¬°√√¡‡ÕÁπ‚¥¥Õπµ‘° å (endodontic surgery)

‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß„π°“√√—°…“√“°øíπ „π°√≥’∑’Ë°“√√—°…“√“°øíπ
‰¡àª√– ∫§«“¡ ”‡√Á® À√◊Õ‰¡à “¡“√∂‡¢â“ Ÿà§≈Õß√“°øíπ®“°
∑“ßµ—«øíπ‰¥â ´÷Ëß°“√∑”»—≈¬°√√¡‡ÕÁπ‚¥¥Õπµ‘° å‚¥¬∑—Ë«‰ª
®–µâÕß¡’°“√µ—¥ª≈“¬√“°øíπ (apicoectomy) ·≈–°“√Õÿ¥
¬âÕπª≈“¬√“°øíπ (retrograde filling)1,2 °“√„™â¡‘‡πÕ√—≈‰µ√
ÕÕ°‰´¥å·Õ°°√‘‡°µ À√◊Õ ‡ÕÁ¡∑’‡Õ (Mineral Trioxide
Aggregate; MTA) ‡ªìπ«— ¥ÿÕÿ¥¬âÕπª≈“¬√“°øíππ—Èπ‰¥â√—∫
§«“¡π‘¬¡¡“°„πªí®®ÿ∫—π ‡π◊ËÕß®“°¡’§ÿ≥ ¡∫—µ‘∑’Ë‡Àπ◊Õ°«à“
«— ¥ÿÕÿ¥¬âÕπª≈“¬√“°øíπ™π‘¥Õ◊ËπÊ À≈“¬ª√–°“√ ‡™àπ ¡’§«“¡
‡ªìπ°√¥¥à“ß Ÿß3 ¡’§«“¡‡¢â“°—π‰¥â°—∫‡π◊ÈÕ‡¬◊ËÕ (biocompatibility)
∑’Ë¥’3-8  àß‡ √‘¡°“√‡°‘¥„À¡à (regeneration) ¢Õß‡π◊ÈÕ‡¬◊ËÕ
ª√‘∑—πµå9 ·≈– “¡“√∂°√–µÿâπ„Àâ‡°‘¥°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ·¢Áß
(hard tissue formation) ‰¥â10 Õ¬à“ß‰√°Áµ“¡‡ÕÁ¡∑’‡Õ°Á¬—ß¡’
¢âÕ‡ ’¬Õ¬Ÿà∫“ßª√–°“√ ‡™àπ √–¬–‡«≈“°“√°àÕµ—«∑’Ëπ“π „™âß“π
¬“°3,11 ·≈–√“§“·æß

æÕ√åµ·≈π¥å´’‡¡πµå (Portland cement) ´÷Ëß‡ªìπ à«π
ª√–°Õ∫À≈—°„π‡ÕÁ¡∑’‡Õ12-15 ‰¥â∂Ÿ°»÷°…“‡ª√’¬∫‡∑’¬∫°—∫
‡ÕÁ¡∑’‡Õ „π·ßà¢Õß§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ Õß§åª√–°Õ∫∑“ß
‡§¡’16 §«“¡‡¢â“°—π‰¥â°—∫‡π◊ÈÕ‡¬◊ËÕ17-19 ·≈–°“√»÷°…“„π
 —µ«å∑¥≈Õß10,17 æ∫«à“æÕ√åµ·≈π¥å´’‡¡πµå¡’§ÿ≥ ¡∫—µ‘„°≈â
‡§’¬ß°—∫‡ÕÁ¡∑’‡Õ ·µà¡’√“§“∑’Ë∂Ÿ°°«à“‡ÕÁ¡∑’‡Õ¡“° ®÷ß¡’§«“¡
æ¬“¬“¡π”æÕ√åµ·≈π¥ǻ ’‡¡πµå¡“ª√—∫ª√ÿß§ÿ≥¿“æ·≈–π”¡“
„™â∑¥·∑π‡ÕÁ¡∑’‡Õ

‡ÕÁ¡∑’‡Õ·≈–æÕ√åµ·≈π¥ǻ ’‡¡πµå¡’√–¬–‡«≈“°“√·¢Áßµ—«π“π
®÷ß¡’°“√„ à “√‡æ◊ËÕ‡√àß√–¬–‡«≈“°“√·¢Áßµ—«„Àâ‡√Á«¢÷Èπ ´÷Ëßæ∫
«à“°“√º ¡·§≈‡´’¬¡§≈Õ‰√¥å (calcium chloride) °—∫‡ÕÁ¡∑’‡Õ
À√◊ÕæÕ√åµ·≈π¥ǻ ’‡¡πµå®–™à«¬‡√àß√–¬–‡«≈“°“√·¢Áßµ—«‰¥â20-22

‡¡∑∑‘≈‡´≈≈Ÿ‚≈  (methyl cellulose) ‡ªìπµ—«ª√– “π
(emulsifier) ∑’Ëπ‘¬¡„™â„πÕÿµ “À°√√¡¬“·≈–‡§√◊ËÕß ”Õ“ß
‰¡à‡ªìπæ‘… ·≈–‰¡à∑”„Àâ‡°‘¥°“√·æâ ∂Ÿ°π”¡“º ¡°—∫·§≈‡´’¬¡
øÕ ‡øµ (calcium phosphate) ∑’Ë‡ªìπ‚§√ß√à“ß (scaffold)
 ”À√—∫‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°„π∑“ß°“√·æ∑¬å‡æ◊ËÕ™à«¬„Àâ·§≈‡´’¬¡
øÕ ‡øµ·¢Áßµ—«‡√Á«·≈–∂Ÿ°™–≈â“ß„π√–À«à“ß°“√ºà“µ—¥πâÕ¬≈ß
Ber ·≈–§≥–20 π”·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ 
º ¡°—∫æÕ√åµ·≈π¥å´’‡¡πµå æ∫«à“™à«¬„Àâ´’‡¡πµå·¢Áßµ—«‡√Á«

¢÷Èπ√Ÿª·≈–„™âß“πßà“¬¢÷Èπ

æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬º ¡
∫‘ ¡—µÕÕ°‰´¥å‰¥â∂Ÿ°π”¡“∑¥ Õ∫‡ª√’¬∫‡∑’¬∫°—∫‰«∑å‚ª√√Ÿ∑
‡ÕÁ¡∑’‡Õ (white ProRoot MTA) æ∫«à“¡’Õß§åª√–°Õ∫∑“ß
‡§¡’ §ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ16 ·≈–§«“¡‡ªìπæ‘…µàÕ‡´≈ √â“ß
°√–¥Ÿ°¢Õß¡πÿ…¬å (human osteoblast) ‰¡à·µ°µà“ß°—π23

´÷ËßæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬º ¡¥â«¬
∫‘ ¡—µÕÕ°‰´¥å Õ“®π”¡“æ—≤π“·≈–„™â·∑π‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ
∑’Ë¡’√“§“·æß‰¥â„πÕπ“§µ ·µàÕ¬à“ß‰√°Áµ“¡√–¬–‡«≈“°“√
·¢Áßµ—«∑’Ëπ“π ¬—ß§ß‡ªìπªí≠À“¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«
∑’Ëº ¡¥â«¬∫‘ ¡—µÕÕ°‰´¥å ·≈–¬—ß‰¡à¡’°“√»÷°…“„¥∑”°“√‡ª√’¬∫
‡∑’¬∫Õß§åª√–°Õ∫∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß
æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº ¡¥â«¬∫‘ ¡—µÕÕ°‰´¥å ∑’Ë
ª√—∫ª√ÿß§ÿ≥¿“æ¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ 
°“√»÷°…“π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’
·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢ÕßæÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ
„πª√–‡∑»‰∑¬∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥å‡¡◊ËÕº ¡°—∫·§≈‡´’¬¡§≈Õ‰√¥å
·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈  ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫æÕ√åµ·≈π¥å´’‡¡πµå
 ’¢“«∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥å‡¡◊ËÕº ¡¥â«¬πÈ”°≈—Ëπ ·≈–‰«∑å‚ª√√Ÿ∑
‡ÕÁ¡∑’‡Õº ¡¥â«¬πÈ”°≈—Ëπ

«— ¥ÿ·≈–«‘∏’°“√
°“√»÷°…“π’È„™âæÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»-

‰∑¬®“° Õß∫√‘…—∑∑’Ë‰¥â√—∫√Õß®“°¡“µ√∞“πÕÿµ “À°√√¡‰∑¬
(¡Õ°.) À¡“¬‡≈¢ 133 ª√—∫ª√ÿß§ÿ≥¿“æ¥â«¬∫‘ ¡—µÕÕ°‰´¥å
º ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å√âÕ¬≈– 5 ·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ 
√âÕ¬≈– 1 ‡ª√’¬∫‡∑’¬∫°—∫æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„π
ª√–‡∑»‰∑¬∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥åº ¡¥â«¬πÈ”°≈—Ëπ ·≈–‰«∑å‚ª√√Ÿ∑
‡ÕÁ¡∑’‡Õ∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ ́ ÷Ëß„™â‡ªìπ°≈ÿà¡§«∫§ÿ¡„π°“√»÷°…“π’È

°“√‡µ√’¬¡æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»-
‰∑¬°—∫∫‘ ¡—µÕÕ°‰´¥å

º ¡æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«·µà≈–∫√‘…—∑°—∫∫‘ ¡—µ
ÕÕ°‰´¥å (Fluka, Sigma-Aldrich Chemie GmbH, Buchs,
Spain) „πÕ—µ√“ à«π 4:1 ‚¥¬πÈ”Àπ—° ¥â«¬‡§√◊ËÕß∫¥·≈–
º ¡ “√ (grinding machine) ‡ªìπ‡«≈“ 2 π“∑’ ‚¥¬º ¡
§√—Èß≈– 100 °√—¡
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°“√‡µ√’¬¡·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ 
 ”À√—∫‡ªìπ à«ππÈ”

º ¡‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ¥â«¬°“√Õÿàπ “√≈–≈“¬„ππÈ”°≈—Ëπ
√à«¡°—∫°“√„™â·∑àß·¡à‡À≈Á°§π “√ (magnetic stirrer) ·≈–
º ¡‡¢â“¥â«¬°—π°—∫ “√≈–≈“¬·§≈‡´’¬¡§≈Õ‰√¥å ®π‰¥â à«ππÈ”
∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡§≈Õ‰√¥å√âÕ¬≈– 5 ·≈–‡¡∑∑‘≈
‡´≈≈Ÿ‚≈ √âÕ¬≈– 1 ‚¥¬ª√‘¡“µ√

°“√‡µ√’¬¡µ—«Õ¬à“ß‡æ◊ËÕ„™â„π°“√∑¥ Õ∫Õß§åª√–°Õ∫
∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ

º ¡ à«πºß¢ÕßæÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥å
À√◊Õºß‡ÕÁ¡∑’‡Õ°—∫ à«ππÈ”∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡§≈Õ‰√¥å
√âÕ¬≈– 5 ·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ √âÕ¬≈– 1 À√◊ÕπÈ”°≈—Ëπ „π
Õ—µ√“ à«πºß 1 °√—¡µàÕ à«ππÈ” 0.33 ¡‘≈≈‘≈‘µ√

°“√·∫àß°≈ÿà¡∑¥≈Õß
·∫àß°≈ÿà¡∑¥≈Õß‡ªìπ 5 °≈ÿà¡¥—ßπ’È

1. æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∫√‘…—∑∑’Ë 1 ∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥å
º ¡¥â«¬πÈ”°≈—Ëπ (CW)

2. æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∫√‘…—∑∑’Ë 1 ∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥å
º ¡¥â«¬ à«ππÈ”∑’Ë¡’·§≈‡´’¬¡§≈Õ‰√¥å√âÕ¬≈– 5 ·≈–‡¡∑∑‘≈
‡´≈≈Ÿ‚≈ √âÕ¬≈– 1 (CA)

3. æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∫√‘…—∑∑’Ë 2 ∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥å
º ¡¥â«¬πÈ”°≈—Ëπ (KW)

4. æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∫√‘…—∑∑’Ë 2 ∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥å
º ¡¥â«¬ à«ππÈ”∑’Ë¡’·§≈‡´’¬¡§≈Õ‰√¥å√âÕ¬≈– 5 ·≈–‡¡∑∑‘≈
‡´≈≈Ÿ‚≈ √âÕ¬≈– 1 (KA)

5. ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õº ¡¥â«¬πÈ”°≈—Ëπ (MTA)

‡¡◊ËÕº ¡ à«πºß·≈– à«ππÈ”¢Õß´’‡¡πµå·µà≈–°≈ÿà¡·≈â«
∑‘Èß‰«â„Àâ·¢Áßµ—«„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ∑’ËÕÿ≥À¿Ÿ¡‘ 37
Õß»“‡´≈‡´’¬  §«“¡™◊Èπ —¡æ—∑∏å√âÕ¬≈– 95 ®“°π—Èππ”‰ª
»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¥—ßµàÕ‰ªπ’È

°“√»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’

π”µ—«Õ¬à“ß∑’Ë·¢Áßµ—«‡µÁ¡∑’Ë·≈â«∑—Èß 5 °≈ÿà¡ ¡“∫¥≈–‡Õ’¬¥
·≈–«‘‡§√“–Àå “√ª√–°Õ∫®“°°“√«‘‡§√“–Àåº≈÷°‚¥¬«‘∏’«‘‡§√“–Àå

°“√‡≈’È¬«‡∫π√—ß ’‡ÕÁ°´å¥â«¬‡§√◊ËÕß‡ÕÁ°´‡√¬å¥‘ø·ø√Á°‚µ¡‘‡µÕ√å
(X-ray diffractometer) (Bruker AXS Model D8 Discover,
Karlsruhe, Germany)

°“√»÷°…“≈—°…≥– —≥∞“π«‘∑¬“ (morphological
characteristic) ¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ
™π‘¥ àÕß°√“¥ (Scanning Electron Microscope)

π”µ—«Õ¬à“ß∑’Ë·¢Áßµ—«‡µÁ¡∑’Ë∑—Èß 5 °≈ÿà¡ ‰ª„ à„πµŸâ°”®—¥§«“¡
™◊Èπ (dessicator) ‡ªìπ‡«≈“ 2 «—π ·≈â«π”‰ª‡§≈◊Õ∫Õπÿ¿“§
∑Õß ·≈–µ√«®¥Ÿ≈—°…≥– —≥∞“π«‘∑¬“¥â«¬°≈âÕß®ÿ≈∑√√»πå
™π‘¥ àÕß°√“¥ ∑’Ë°”≈—ß¢¬“¬ 2000 ·≈– 10000 ‡∑à“ ∫—π∑÷°¿“æ
¥â«¬√–∫∫¥‘®‘µ—≈ (Semafor 5.0 digital imaging system)

°“√«—¥§à“§«“¡‡ªìπ°√¥¥à“ß

‡¡◊ËÕº ¡ à«πºß·≈– à«ππÈ”¢Õß´’‡¡πµå·µà≈–™π‘¥„π
·¡àæ‘¡æå´‘≈‘‚§π «—¥§à“§«“¡‡ªìπ°√¥¥à“ßÀ≈—ßº ¡∑—π∑’µ—Èß·µà
π“∑’∑’Ë 2 ∂÷ßπ“∑’∑’Ë 60 ¥â«¬‡§√◊ËÕß«—¥§«“¡‡ªìπ°√¥¥à“ß¥‘®‘µ—≈
(Orion 370, Orion research Inc., Boston, MA, USA)
‚¥¬«‘∏’«—¥‚¥¬µ√ß®“°æ◊Èπº‘«µ—«Õ¬à“ß ∫—π∑÷°§à“∑ÿ°Ê 2 π“∑’
‚¥¬«—¥®“°µ—«Õ¬à“ß°≈ÿà¡≈– 10 ™‘Èπ À“§à“‡©≈’Ë¬„π·µà≈–™à«ß
‡«≈“·≈â«π”§à“‰ª∫—π∑÷°°√“ø

°“√∑¥ Õ∫‡«≈“·¢Áßµ—« (setting time)

ª√–¬ÿ°µå®“°¡“µ√∞“π‡Õ¥’‡ÕÀ¡“¬‡≈¢ 50 ªï 2008
(ADA : American Dental Association specification no.
50; 2008) ‚¥¬º ¡´’‡¡πµå·µà≈–°≈ÿà¡≈ß„π·¡àæ‘¡æå‡À≈Á°°≈â“
‰√â π‘¡ ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π 10 ¡‘≈≈‘‡¡µ√ ·≈– Ÿß
2 ¡‘≈≈‘‡¡µ√ «—¥√–¬–‡«≈“·¢Áßµ—«„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘·≈–
§«“¡™◊Èπ —¡æ—∑∏å∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  §«“¡™◊Èπ
 —¡æ—∑∏å√âÕ¬≈– 95 ‚¥¬„™â‡¢Á¡°¥∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß 2
¡‘≈≈‘‡¡µ√ Àπ—° 100 °√—¡ ∑ÿ°Ê 30 «‘π“∑’ ®π‰¡àæ∫√Õ¬°¥
∫π™‘Èπµ—«Õ¬à“ß ∫—π∑÷°§à“√–¬–‡«≈“°“√·¢Áßµ—« ‚¥¬«—¥®“°
µ—«Õ¬à“ß°≈ÿà¡≈– 10 ™‘Èπ ·≈â«À“§à“‡©≈’Ë¬

°“√∑¥ Õ∫§«“¡∑π·√ßÕ—¥ (compressive strength)

ª√–¬ÿ°µå®“°¡“µ√∞“π‰Õ‡Õ ‚Õ 9917-1 ªï 2003
(International organization for standardization: ISO
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9917-1, 2003) ‚¥¬º ¡´’‡¡πµå·µà≈–°≈ÿà¡≈ß„π·¡àæ‘¡æå·∫∫
«ß·À«π·¬° à«π‰¥â (split ring mould) ∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß
4 ¡‘≈≈‘‡¡µ√ ·≈– Ÿß 6 ¡‘≈≈‘‡¡µ√ ‡°Á∫‰«â„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘
·≈–§«“¡™◊Èπ —¡æ—∑∏å∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  §«“¡™◊Èπ
 —¡æ—∑∏å√âÕ¬≈– 95 ®π·¢Áßµ—«‡µÁ¡∑’Ë π”™‘Èπß“π¡“µ√«®À“®ÿ¥
∫°æ√àÕß ‡≈◊Õ°‡©æ“–™‘Èπß“π∑’Ë ¡∫Ÿ√≥åπ”‰ª„ à„ππÈ”°≈—Ëπ∑’Ë
Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ ®π§√∫‡«≈“ 1 «—π ·≈– 21 «—π
π”µ—«Õ¬à“ß¡“∑¥ Õ∫§«“¡∑π·√ßÕ—¥¥â«¬‡§√◊ËÕßÕ‘π µ√Õπ
8872 (Instron 8872 Testing Machine, Instron Ltd., High
Wycombe, UK)

°“√∑¥ Õ∫ ¿“æ≈–≈“¬‰¥â (solubility)

ª√–¬ÿ°µå®“°¡“µ√∞“π‡Õ¥’‡Õ À¡“¬‡≈¢ 30 ªï 1991
(ADA : American Dental Association specification no.
30, 1991) ‚¥¬º ¡´’‡¡πµå·µà≈–°≈ÿà¡·≈–≈«¥∑Õß·¥ß∑’Ë‰¡à
≈–≈“¬πÈ”·≈–‰¡à‡°‘¥ π‘¡ ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 0.25
¡‘≈≈‘‡¡µ√ ¬“« 15 ‡´πµ‘‡¡µ√ „ à≈ß„π·¡àæ‘¡æå·∫∫«ß·À«π
·¬° à«π‰¥â ∑’Ë¡’‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π 20 ¡‘≈≈‘‡¡µ√
 Ÿß 1.5 ¡‘≈≈‘‡¡µ√ ‡°Á∫„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ‡ªìπ
‡«≈“ 24 ™—Ë«‚¡ß π”µ—«Õ¬à“ßÕÕ°®“°·¡àæ‘¡æå ‡≈◊Õ°‡©æ“–
™‘Èπß“π∑’Ë ¡∫Ÿ√≥å «—¥πÈ”Àπ—°‡√‘Ë¡µâπ¥â«¬‡§√◊ËÕß™—Ëß “√§«“¡
≈–‡Õ’¬¥∑»π‘¬¡ 5 µ”·Àπàß π”™‘Èπß“π„ à„π¢«¥∫√√®ÿπÈ”°≈—Ëπ
50 ¡‘≈≈‘≈‘µ√ ‡°Á∫∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“
1 «—π 7 «—π ·≈– 21 «—π ‡¡◊ËÕ§√∫‡«≈“π”µ—«Õ¬à“ß‰ª‡°Á∫„π
‡§√◊ËÕß°”®—¥§«“¡™◊Èπ 6 ™—Ë«‚¡ß ·≈â«™—ËßπÈ”Àπ—°„π·µà≈–™à«ß‡«≈“
π”¢âÕ¡Ÿ≈‰ª«‘‡§√“–Àå¥â«¬ ∂‘µ‘§«“¡·ª√ª√«π∑“ß‡¥’¬« ∑’Ë
√–¥—∫π—¬ ”§—≠ 0.05

°“√∑¥ Õ∫§«“¡∑÷∫√—ß ’ (radiopacity)

ª√–¬ÿ°µåµ“¡¡“µ√∞“π‰Õ‡Õ ‚Õ 6876 ªï 2001 (In-
ternational organization for standardization: ISO 6876,
2001) ‚¥¬º ¡´’‡¡πµå·µà≈–°≈ÿà¡≈ß„π·¡àæ‘¡æå‡À≈Á°°≈â“‰√â π‘¡
¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π 10 ¡‘≈≈‘‡¡µ√ ·≈– Ÿß 1
¡‘≈≈‘‡¡µ√ ‡°Á∫„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ —¡æ—∑∏å∑’Ë
Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬  §«“¡™◊Èπ —¡æ—∑∏å√âÕ¬≈– 95
∑¥ Õ∫§«“¡∑÷∫√—ß ’ ‚¥¬«“ß∫π·ºàπ√—∫√—ß ’øÕ øÕ√å
(phosphor plate) ¢π“¥‡∫Õ√å 4 ‚¥¬∂à“¬¿“æ√—ß ’‡ª√’¬∫‡∑’¬∫
°—∫Õ≈Ÿ¡‘‡π’¬¡ ‡µÁª‡«¥®å (aluminium step wedge) ∑’Ë¡’
§«“¡∫√‘ ÿ∑∏‘Ï¢ÕßÕ≈Ÿ¡‘‡π’¬¡¡“°°«à“√âÕ¬≈– 98 ·≈–¡’§«“¡Àπ“

0.5 ¡‘≈≈‘‡¡µ√∂÷ß 9 ¡‘≈≈‘‡¡µ√ ‚¥¬¡’§«“¡Àπ“‡æ‘Ë¡¢÷Èπ∑ÿ°Ê
0.5 ¡‘≈≈‘‡¡µ√ ∂à“¬¿“æ√—ß ’¥â«¬‡§√◊ËÕß∂à“¬¿“æ√—ß ’ (GX 1000,
Gendex corporation, IL US) ∑’Ë 70 °‘‚≈‚«≈∑å (kV) 15
¡‘≈≈‘·Õ¡·ª√å (mA) ‡«≈“ 0.22 «‘π“∑’ °”Àπ¥√–¬–∑“ß
√–À«à“ß°√–∫Õ°√—ß ’ ∂÷ß·ºàπ√—∫√—ß ’øÕ øÕ√å∑’Ë 15 ‡´πµ‘‡¡µ√
ª√–¡«≈¿“æ√—ß ’¥â«¬‡§√◊ËÕßÕà“π¿“æ√—ß ’ (Kodak CR7400,
Carestream health, NY, US) ·≈–«—¥§à“§«“¡∑÷∫√—ß ’‚¥¬
‡ª√’¬∫‡∑’¬∫§à“‡°√¬å ‡°≈ (grey scale value) ¥â«¬‚ª√·°√¡
§Õ¡æ‘«‡µÕ√å (Infinitt Full PACS, soule, Korea) ∑¥ Õ∫
°≈ÿà¡≈– 10 µ—«Õ¬à“ß ·≈–«‘‡§√“–Àå¥â«¬ ∂‘µ‘§«“¡·ª√ª√«π
∑“ß‡¥’¬« ∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

º≈°“√»÷°…“
®“°°“√»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß

°“¬¿“æ¢ÕßæÕ√åµ·≈π¥ǻ ’‡¡πµå∑—Èß 5 °≈ÿà¡ ‰¥âº≈°“√»÷°…“¥—ßπ’È

Õß§åª√–°Õ∫∑“ß‡§¡’ æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«®“°
∑—Èß Õß∫√‘…—∑∑’Ë¡’∫‘ ¡—µÕÕ°‰´¥å‡¡◊ËÕº ¡¥â«¬πÈ”°≈—Ëπ ·≈–‡¡◊ËÕ
º ¡¥â«¬ à«ππÈ”∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡§≈Õ‰√¥å√âÕ¬≈–
5 ·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ √âÕ¬≈– 1 ¡’Õß§åª√–°Õ∫∑“ß‡§¡’
§≈â“¬§≈÷ß°—π ‚¥¬æ∫ à«πª√–°Õ∫À≈—° §◊Õ ·§≈‡´’¬¡´‘≈‘‡°
µÕÕ°‰´¥å (calcium silicate oxide) ·≈–∫‘ ¡—µÕÕ°‰´¥å
 à«π‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ®–æ∫·§≈‡´’¬¡
´‘≈‘‡°µÕÕ°‰´¥å ∫‘ ¡—µÕÕ°‰´¥å ·≈–·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å
(calcium hydroxide) (√Ÿª∑’Ë 1)

°“√»÷°…“≈—°…≥– —≥∞“π«‘∑¬“¥â«¬°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥ æ∫«à“´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬
·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈  (CA ·≈– KA) ¡’
°“√ √â“ßº≈÷°„π≈—°…≥–µà“ßÊ ¡“°°«à“ „π¢≥–∑’Ë´’‡¡πµå
°≈ÿà¡∑’Ëº ¡¥â«¬πÈ” (CW ·≈– KW) ®–æ∫Õπÿ¿“§¢ÕßæÕ√åµ
·≈π¥å´’‡¡πµå∑’Ë‰¡à‰¥â∑”ªØ‘°‘√‘¬“¡“°°«à“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
≈—°…≥– —≥∞“π«‘∑¬“¢Õß‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ·≈–æÕ√åµ·≈π¥å
´’‡¡πµåæ∫«à“º≈÷°¢Õß‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ¡’¢π“¥‡≈Á°·≈–
≈–‡Õ’¬¥¡“°°«à“æÕ√åµ·≈π¥å´’‡¡πµå (√Ÿª∑’Ë 2)

§«“¡‡ªìπ°√¥¥à“ß §«“¡‡ªìπ°√¥¥à“ß¢Õß´’‡¡πµå∑’Ëº ¡
πÈ”°≈—Ëπ (CW ·≈– KW) ‡√‘Ë¡µâπ∑’Ë 10.14 ·≈– 10.10 µ“¡
≈”¥—∫ ́ ’‡¡πµå∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ 
(CA ·≈– KA) ¡’§«“¡‡ªìπ°√¥¥à“ß‡√‘Ë¡µâπ∑’Ë 10.48 ·≈– 10.43
µ“¡≈”¥—∫ ´÷Ëß Ÿß°«à“´’‡¡πµå∑’Ëº ¡πÈ”°≈—Ëπ (CW ·≈– KW)
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Õ¬à“ß¡’π—¬ ”§—≠ (p < 0.05) ·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ¡’§«“¡
‡ªìπ°√¥¥à“ßÀ≈—ßº ¡∑—π∑’∑’Ë 11.22 ´÷Ëß Ÿß°«à“´’‡¡πµå∑ÿ°°≈ÿà¡
Õ¬à“ß¡’π—¬ ”§—≠ (p < 0.05)

‡¡◊ËÕºà“π‰ª 30 π“∑’ ´’‡¡πµå∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ (CW
·≈– KW) ¡’§«“¡‡ªìπ°√¥¥à“ß 11.08 ·≈– 10.17 µ“¡≈”¥—∫
´÷ËßπâÕ¬°«à“´’‡¡πµå∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈

‡´≈≈Ÿ‚≈  (CA ·≈– KA) ·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ (11.54
11.43 ·≈– 11.64 µ“¡≈”¥—∫) Õ¬à“ß¡’π—¬ ”§—≠ (p < 0.05)

‡¡◊ËÕ ‘Èπ ÿ¥π“∑’∑’Ë 60 ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ¡’§«“¡‡ªìπ°√¥
¥à“ß 12.07 ́ ÷Ëß Ÿß°«à“´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å
·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈  (CA ·≈– KA) (´÷Ëß¡’§«“¡‡ªìπ°√¥¥à“ß
11.71 ·≈– 11.61 µ“¡≈”¥—∫) Õ¬à“ß¡’π—¬ ”§—≠ (p < 0.05)

√Ÿª∑’Ë 1 Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß´’‡¡πµå∑’Ë·¢Áßµ—«·≈â«
Fig. 1 Chemical composition of set samples

BO, bismuth oxide; C2SO, dicalcium silicate oxide; C3SO, tricalcium silicate oxide; CH, calcium hydrox-
ide; CW, Portland cement 1 with sterile water; CA, Portland cement 1 with setting accelerant; KW, Portland cement
2 with sterile water; KA, Portland cement 2 with setting accelerant; MTA, white ProRoot MTA
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 à«π´’‡¡πµå∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ (CW ·≈– KW) ®–¡’§«“¡
‡ªìπ°√¥¥à“ß 11.43 ·≈– 11.46 µ“¡≈”¥—∫ ´÷ËßµË”°«à“´’‡¡πµå
°≈ÿà¡∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈  (CA
·≈– KA) ·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡ÕÕ¬à“ß¡’π—¬ ”§—≠ (p < 0.05)
„π≈—°…≥–‡¥’¬«°—∫‡¡◊ËÕ‡√‘Ë¡º ¡

´’‡¡πµå∑—Èß 5 °≈ÿà¡®–¡’§à“§«“¡‡ªìπ°√¥¥à“ß Ÿß¢÷ÈπÕ¬à“ß
√«¥‡√Á«„π™à«ß 12 π“∑’·√° ·≈–®–‡æ‘Ë¡¢÷ÈπÕ¬à“ß™â“Ê ®π´’‡¡πµå
·¢Áßµ—«‡µÁ¡∑’Ë (√Ÿª∑’Ë 3)

‡«≈“·¢Áßµ—« ´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å
·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈  (CA ·≈– KA) ®–¡’‡«≈“·¢Áßµ—«∑’Ë‡√Á«
°«à“´’‡¡πµå∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ (CW ·≈– KW) ·≈–‰«∑å‚ª√
√Ÿ∑‡ÕÁ¡∑’‡ÕÕ¬à“ß¡’π—¬ ”§—≠ (p < 0.05) (µ“√“ß∑’Ë 1)

§«“¡∑π·√ßÕ—¥ ∑’Ë™à«ß‡«≈“ 1 «—π ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ
´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ 
(CA ·≈– KA) ¡’§«“¡∑π·√ßÕ—¥¡“°°«à“´’‡¡πµå°≈ÿà¡∑’Ëº ¡

√Ÿª∑’Ë 2 ≈—°…≥–∑“ß —≥∞“π«‘∑¬“¿“¬„µâ°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á§µ√Õπ¢Õß´’‡¡πµå·µà≈–™π‘¥
Fig. 2 Morphology of samples using scanning electron microscope

CW, Portland cement 1 with sterile water; CA, Portland cement 1 with setting accelerant; KW, Portland
cement 2 with sterile water; KA, Portland cement 2 with setting accelerant; MTA, white ProRoot MTA
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¥â«¬πÈ”°≈—Ëπ (CW ·≈– KW) Õ¬à“ß¡’π—¬ ”§—≠ (p < 0.05)
·≈–∑’Ë™à«ß‡«≈“ 21 «—π À≈—ß·¢Áßµ—« æÕ√åµ·≈π¥å´’‡¡πµå°≈ÿà¡∑’Ë
º ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈  (CA ·≈–
KA) ¡’§«“¡∑π·√ßÕ—¥¡“°°«à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ·≈–
æÕ√åµ·≈π¥å´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ (CW ·≈æ KW)
Õ¬à“ß¡’π—¬ ”§—≠ (p < 0.05) ‚¥¬§à“‡©≈’Ë¬§«“¡∑π·√ßÕ—¥¢Õß
´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ 
®–¡“°°«à“´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ∑’Ë‡«≈“ 1 «—π ·≈–
21 «—π (µ“√“ß∑’Ë 1)

 ¿“æ≈–≈“¬‰¥â ∑’Ë™à«ß‡«≈“ 1 «—π ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ
·≈–´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ (CW ·≈– KW) ¡’ ¿“æ
≈–≈“¬‰¥â∑’ËπâÕ¬°«à“´’‡¡πµå∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å√âÕ¬≈–
5 ·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ √âÕ¬≈– 1 (CA ·≈– KA) Õ¬à“ß¡’π—¬
 ”§—≠ (p < 0.05)  à«πæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«®“°∑—Èß 2
∫√‘…—∑ ∑—Èß∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ·≈–·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑
∑‘≈‡´≈≈Ÿ‚≈ ¡’ ¿“æ≈–≈“¬‰¥â∑’Ë‰¡à·µ°µà“ß°—π

∑’Ë™à«ß‡«≈“ 7 «—π ́ ’‡¡πµå∫√‘…—∑∑’Ë 1 ∑’Ëº ¡¥â«¬·§≈‡´’¬¡
§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ¡’ ¿“æ≈–≈“¬‰¥â¡“°°«à“
´’‡¡πµå∫√‘…—∑∑’Ë 1 ∑’Ëº ¡¥â«¬πÈ”°≈—ËπÕ¬à“ß¡’π—¬ ”§—≠ (p <

0.05) ·µà‰¡à·µ°µà“ß°—∫´’‡¡πµå°≈ÿà¡Õ◊ËπÊ ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ
·≈–´’‡¡πµå∑ÿ°°≈ÿà¡¡’ ¿“æ≈–≈“¬‰¥â∑’Ë‰¡à·µ°µà“ß°—πÀ≈—ß®“°
ºà“π‰ª 21 «—π (µ“√“ß∑’Ë 2)

§«“¡∑÷∫√—ß ’ ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ¡’§«“¡∑÷∫√—ß ’‡∑’¬∫
‡∑à“°—∫Õ≈Ÿ¡‘‡π’¬¡∫√‘ ÿ∑∏‘Ï∑’Ë¡’§«“¡Àπ“ 5.65 ¡‘≈≈‘‡¡µ√ ́ ’‡¡πµå
°≈ÿà¡∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ (CW ·≈– KW) ¡’§«“¡∑÷∫√—ß ’‡∑à“°—∫
4.88 ·≈– 4.76 ¡‘≈≈‘‡¡µ√¢ÕßÕ≈Ÿ¡‘‡π’¬¡µ“¡≈”¥—∫ ·≈–
´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ 
(CA ·≈– KA) ¡’§«“¡∑÷∫√—ß ’‡∑à“°—∫ 5.17 ·≈– 5.11 ¡‘≈≈‘‡¡µ√
¢ÕßÕ≈Ÿ¡‘‡π’¬¡ µ“¡≈”¥—∫ ´÷Ëß‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ¡’§«“¡∑÷∫
√—ß ’¡“°°«à“´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ (CW ·≈– KW)
Õ¬à“ß¡’π—¬ ”§—≠ (p < 0.05) ·µà‰¡à·µ°µà“ß®“°´’‡¡πµå°≈ÿà¡
∑’Ëº ¡·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈  (CA ·≈– KA)
(µ“√“ß∑’Ë 1)

«‘®“√≥å
®“°°“√»÷°…“Õß§åª√–°Õ∫∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß

°“¬¿“æ¢ÕßæÕ√åµ·≈π¥ǻ ’‡¡πµå·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õæ∫«à“
≈—°…≥–∑“ß —≥∞“π«‘∑¬“¢ÕßæÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ

√Ÿª∑’Ë 3 §«“¡‡ªìπ°√¥¥à“ß¢Õßµ—«Õ¬à“ß∑’Ë»÷°…“∑ÿ°Ê 2 π“∑’ ‡ªìπ‡«≈“ 60 π“∑’
Fig. 3 pH value of samples in every 2 minutes for 60 minutes

CW, Portland cement 1 with sterile water; CA, Portland cement 1 with setting accelerant; KW, Portland
cement 2 with sterile water; KA, Portland cement 2 with setting accelerant; MTA, white ProRoot MTA
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µ“√“ß∑’Ë 1 §à“‡©≈’Ë¬‡«≈“°“√·¢Áßµ—« §«“¡∑π·√ßÕ—¥ ·≈–§«“¡∑÷∫√—ß ’
Table 1. Setting time, compressive strength and radiopacity

Cement Setting time Compressive strength Radiopacity
type (minute) (MPa) (mm Aluminium)

Mean ± (SD) Mean ± (SD) Mean ± (SD) Mean ± (SD)
1 day 21 days

CW 72.90 (± 1.70)(a) 40.70 (± 4.26)(a) 77.59 (± 3.46)(a) 4.88 (± 0.32)(a)

CA 55.85 (± 2.63)(b) 49.05 (± 4.41)(b) 90.54 (± 4.82)(b) 5.17 (± 0.26)(ab)

KW 80.05 (± 3.61)(a) 41.35 (± 3.14)(a) 80.61 (± 4.10)(a) 4.76 (± 0.38)(a)

KA 57.15 (± 1.80)(b) 52.15 (± 3.60)(b) 91.95 (± 4.63)(b) 5.11 (± 0.32)(ab)

MTA 81.30 (± 1.99)(a) 48.27 (± 3.44)(b) 82.36 (± 3.58)(a) 5.66 (± 0.48)(b)

Different letter çaé and çbé in the same row indicates the significant difference (p < 0.05) CW, Portland cement 1
with sterile water; CA, Portland cement 1 with setting accelerant; KW, Portland cement 2 with sterile water; KA,
Portland cement 2 with setting accelerant; MTA, white ProRoot MTA

µ“√“ß∑’Ë 2 §à“‡©≈’Ë¬ ¿“æ≈–≈“¬‰¥â¢Õß´’‡¡πµå∑’Ë·¢Áßµ—«·≈â«

Table 2. Mean solubility of set samples

Cement type Solubility (%)
Mean ± (SD)

1 day 7 days 21 days

CW 1.15 (± 0.29)(ab) 0.75 (± 0.17)(a) 0.75 (± 0.17)(a)

CA 1.43 (± 0.27)(b) 0.91 (± 0.08)(b) 0.88 (± 0.13)(a)

KW 1.09 (± 0.25)(ab) 0.77 (± 0.13)(ab) 0.77 (± 0.13)(a)

KA 1.35 (± 0.09)(b) 0.79 (± 0.11)(ab) 0.81 (± 0.13)(a)

MTA 0.91 (± 0.10)(ac) 0.85 (± 0.10)(ab) 0.64 (± 0.14)(a)

Different letter çaé, çbé and çcé in the same row indicates the significant difference (p < 0.05) CW, Portland
cement 1 with sterile water; CA, Portland cement 1 with setting accelerant; KW, Portland cement 2 with sterile
water; KA, Portland cement 2 with setting accelerant; MTA, white ProRoot MTA

„πª√–‡∑»‰∑¬¡’Õπÿ¿“§¢π“¥„À≠àª–ªπÕ¬Ÿà ´÷ËßÕπÿ¿“§·≈–
º≈÷°∑’Ëæ∫„π‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ®–¡’¢π“¥‡≈Á°°«à“ ́ ÷Ëß Õ¥§≈âÕß
°—∫°“√»÷°…“∑’Ëºà“π¡“∑’Ëæ∫«à“‰«∑å‚ª√Ÿ∑‡ÕÁ¡∑’‡Õ¡’¢π“¥Õπÿ¿“§
∑’Ë‡≈Á°°«à“æÕ√åµ·≈π¥å´’‡¡πµå24,25 ´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬
·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ®–¡’°“√°àÕµ—«‡ªìπº≈÷°
¡“°°«à“°≈ÿà¡∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ ´÷Ëß —ß‡°µ‰¥â®“°Õπÿ¿“§¢π“¥
„À≠à∑’Ë‡À≈◊ÕÕ¬Ÿà„π°≈ÿà¡∑’Ëº ¡πÈ”°≈—Ëπ ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°

·§≈‡´’¬¡§≈Õ‰√¥å “¡“√∂‡√àß„Àâ´’‡¡πµå‡°‘¥ªØ‘°‘√‘¬“‰¥â¡“°
°«à“·≈–√«¥‡√Á«¢÷Èπ  à«π≈—°…≥–∑“ß —≥∞“π«‘∑¬“¢Õß‰«∑å
‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ®–æ∫«à“¡’≈—°…≥–º≈÷°∑’Ë≈–‡Õ’¬¥ ·≈–¢π“¥
Õπÿ¿“§‡≈Á°°«à“æÕ√åµ·≈π¥å´’‡¡πµå ´’‡¡πµå∫√‘…—∑∑’Ë 1 ∑’Ëº ¡
¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ¡’≈—°…≥–º≈÷°
·µ°µà“ß®“°´’‡¡πµå°≈ÿà¡Õ◊Ëπ ´÷ËßÕ“®‡ªìπº≈®“°°“√º ¡
·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ‡¢â“‰ª ∑”„Àâ°“√ √â“ß
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º≈÷°‡ª≈’Ë¬π·ª≈ß‰ª πÕ°®“°π’È „π¢≥–‡µ√’¬¡™‘Èπß“π¢Õß
´’‡¡πµå°≈ÿà¡π’È  —ß‡°µæ∫«à“‡ªìπ´’‡¡πµå°≈ÿà¡∑’Ë¡’§«“¡™◊Èπ Ÿß
∑’Ë ÿ¥ ·¡â«à“®–°”®—¥§«“¡™◊Èπ„πµŸâ°”®—¥§«“¡™◊Èπ·≈â«°Áµ“¡
´÷ËßÕ“®¡’§«“¡‡°’Ë¬«¢âÕß°—∫°“√°àÕµ—«¢Õßº≈÷° ´÷Ëß®”‡ªìπµâÕß
»÷°…“µàÕ‰ª

 ”À√—∫°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¢Õß´’‡¡πµå∑’Ë
·¢Áßµ—«‡µÁ¡∑’Ë·≈â«æ∫«à“´’‡¡πµå∑ÿ°°≈ÿà¡¡’ à«πª√–°Õ∫À≈—°
‡ªìπ·§≈‡´’¬¡´‘≈‘‡°µÕÕ°‰´¥å·≈–∫‘ ¡—µÕÕ°‰´¥å ·µà‰¡àæ∫
·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å„πæÕ√åµ·≈π¥å´’‡¡πµå∑—Èß 4 °≈ÿà¡ Õ“®
‡π◊ËÕß¡“®“°ª√‘¡“≥·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å∑’Ë‡°‘¥¢÷Èπ¡’ª√‘¡“≥
πâÕ¬‡¡◊ËÕ‡∑’¬∫°—∫·§≈‡´’¬¡´‘≈‘‡°µÕÕ°‰´¥å ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’
‡Õæ∫Õß§åª√–°Õ∫∑“ß‡§¡’‡™àπ‡¥’¬«°—∫´’‡¡πµå°≈ÿà¡Õ◊ËπÊ ·≈–
æ∫·§≈‡´’¬¡‰Œ¥√Õ°‰´¥åª√‘¡“≥‡≈Á°πâÕ¬ ´÷ËßÕ“®‡ªìπº≈¡“
®“°Õπÿ¿“§¢Õß‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ∑’Ë¡’¢π“¥‡≈Á°°«à“ ∑”„Àâ
ªØ‘°‘√‘¬“‡°‘¥‰¥â¡“°·≈–∑—Ë«∂÷ß ∑”„Àâ‰¥âª√‘¡“≥¢Õß·§≈‡´’¬¡
‰Œ¥√Õ°‰´¥å¡“°‡æ’¬ßæÕ∑’Ë®–µ√«®æ∫‰¥â ·µàÕ¬à“ß‰√°Áµ“¡
§«“¡‡ªìπ°√¥¥à“ß¢Õß´’‡¡πµå∑ÿ°°≈ÿà¡ Ÿß¢÷Èππ—∫µ—Èß·µà‡√‘Ë¡º ¡
®π´’‡¡πµå·¢Áßµ—« ´÷Ëß§«“¡‡ªìπ°√¥¥à“ßÕ“®®–‡°‘¥®“°·§≈‡´’¬¡
ÕÕ°‰´¥å∑’Ë∑”ªØ‘°‘√‘¬“°—∫πÈ”·≈–§«“¡™◊Èπ‡°‘¥‡ªìπ·§≈‡´’¬¡
‰Œ¥√Õ°‰´¥å ·≈–·µ°µ—«‰¥âÀ¡Ÿà‰Œ¥√Õ°´‘≈ (hydroxyl
group)26,27 ´÷Ëß°“√‡µ√’¬¡µ—«Õ¬à“ß‡æ◊ËÕ«‘‡§√“–Àå “√ª√–°Õ∫
®“°°“√«‘‡§√“–Àå°“√‡≈’È¬«‡∫π√—ß ’‡ÕÁ°´å ™‘Èπµ—«Õ¬à“ß®–§àÕπ
¢â“ß·Àâß·≈–¡’§«“¡™◊ÈππâÕ¬ ´÷ËßÕ“®‡ªìπº≈„Àâµ√«®‰¡àæ∫
·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å„πæÕ√åµ·≈π¥å´’‡¡πµå

§«“¡‡ªìπ°√¥¥à“ß¢Õß´’‡¡πµå∑ÿ°°≈ÿà¡®–‡æ‘Ë¡¢÷ÈπÕ¬à“ß
√«¥‡√Á«„π™à«ß·√° ·≈–®–‡æ‘Ë¡¢÷ÈπÕ¬à“ß™â“Ê ‡¡◊ËÕ´’‡¡πµå‡√‘Ë¡
·¢Áßµ—« ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°´’‡¡πµå∑’Ë·¢Áßµ—«¡“°¢÷Èπ®–¬Õ¡
„ÀâπÈ”´÷¡ºà“π‰¥â≈¥≈ß πÈ”®–‡¢â“∑”ªØ‘°‘√‘¬“‰¥â™â“·≈–‡°‘¥
º≈‘µ¿—≥±å∑’Ë∑”„Àâ‡°‘¥§«“¡‡ªìπ¥à“ß„πÕ—µ√“∑’ËπâÕ¬≈ß ·µà‡¡◊ËÕ
´’‡¡πµå∂Ÿ°º ¡¥â«¬ à«ππÈ”∑’Ë¡’·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈
‡´≈≈Ÿ‚≈  ∑”„ÀâªØ‘°‘√‘¬“°“√°àÕµ—«‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á« ‡π◊ËÕß®“°
·§≈‡´’¬¡§≈Õ‰√¥å “¡“√∂·∑√°´÷¡‡¢â“ Ÿà√Ÿæ√ÿπ„π´’‡¡πµå‰¥â¥’
·≈–‡ªìπ°“√æ“πÈ”‡¢â“ ŸàÕπÿ¿“§∑’ËÕ¬Ÿà≈÷°‡¢â“‰ª„π™‘Èπ´’‡¡πµå
·≈–‡°‘¥ªØ‘°‘√‘¬“‰¥â¡“°¢÷Èπ28 ∑”„Àâ¡’º≈‘µ¿—≥±å∑’Ë∑”„Àâ‡°‘¥
§«“¡‡ªìπ¥à“ß‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á« ®÷ßæ∫«à“´’‡¡πµå°≈ÿà¡∑’Ëº ¡
·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ¡’§«“¡‡ªìπ¥à“ß Ÿß¢÷Èπ
‡√Á«°«à“‡¡◊ËÕ‡∑’¬∫°—∫´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ ·µàÕ¬à“ß‰√
°Áµ“¡·¡â«à“æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬
 Õß∫√‘…—∑®–¡’§«“¡‡ªìπ°√¥¥à“ß∑’Ë‰¡à Ÿß‡∑à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ
·µà°Á Ÿß‡æ’¬ßæÕ∑’Ë®–∑”≈“¬®ÿ≈™’æ‰¥â29 ®÷ßπà“®–¡’º≈µâ“π

®ÿ≈™’æ·≈– “¡“√∂ª√—∫ ¿“æ§«“¡‡ªìπ°√¥¥à“ß¢Õß‡π◊ÈÕ‡¬◊ËÕ
‚¥¬√Õ∫‰¥â‰¡à·µ°µà“ß°—π

´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈
‡´≈≈Ÿ‚≈ ¡’§«“¡∑π·√ßÕ—¥∑’Ë Ÿß°«à“´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬πÈ”
·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ‡π◊ËÕß®“°ªØ‘°‘√‘¬“°“√°àÕµ—«∑’Ë‡°‘¥¢÷Èπ
‡√Á«°«à“ ∑”„Àâ´’‡¡πµå¡’§«“¡·¢Áß·√ß¡“°°«à“∑—Èß„π™à«ß‡«≈“
1 «—π ·≈– 21 «—π

®“°°“√»÷°…“π”√àÕß‡°’Ë¬«°—∫‡«≈“·¢Áßµ—«¢Õß´’‡¡πµå
‡¡◊ËÕ„™â·¡àæ‘¡æå∑’Ë¡’¢π“¥µà“ß°—π®–‰¥â√–¬–‡«≈“·¢Áßµ—«∑’Ëµà“ß°—π
∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°æ◊Èπ∑’Ëº‘«¢Õß´’‡¡πµå„π·µà≈–·¡àæ‘¡æå‰¡à
‡∑à“°—π „π°“√»÷°…“π’È∑¥ Õ∫‡«≈“°“√·¢Áßµ—«¢Õß´’‡¡πµå
µ“¡¡“µ√∞“π‡Õ¥’‡ÕÀ¡“¬‡≈¢ 53 ªï 2008 ´÷Ëß·π–π”„Àâ„™â
·¡àæ‘¡æå‚≈À–¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 10 ¡‘≈≈‘‡¡µ√ Àπ“ 2
¡‘≈≈‘‡¡µ√ æ∫«à“√–¬–‡«≈“°“√·¢Áßµ—«¢Õß´’‡¡πµå∑’Ëº ¡¥â«¬
 “√‡√àß°“√·¢Áßµ—«®–≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ ´÷Ëß‡ªìπº≈¡“®“°
·§≈‡´’¬¡§≈Õ‰√¥ǻ ÷Ëß¡’§ÿ≥ ¡∫—µ‘¥Ÿ¥πÈ” (hygroscopic) ∑”„Àâ
πÈ” “¡“√∂‡¢â“∑”ªØ‘°‘√‘¬“°—∫Õπÿ¿“§¢Õß´’‡¡πµå‰¥âßà“¬¢÷Èπ22

‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ´÷Ëß∑”Àπâ“∑’Ë‡ªìπµ—«ª√– “π®–∑”„ÀâπÈ”∑’Ë„™â
„πÕ—µ√“ à«πº ¡¢Õß à«ππÈ”πâÕ¬≈ß  àßº≈„Àâ´’‡¡πµå·¢Áßµ—«
‰¥â‡√Á«¢÷Èπ πÕ°®“°π’È¬—ßæ∫«à“´’‡¡πµå∑’Ëº ¡¥â«¬·§≈‡´’¬¡
§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ®–¡’‡π◊ÈÕ‡π’¬π·≈– “¡“√∂ªíôπ·µàß
‰¥âßà“¬°«à“

 ¿“æ≈–≈“¬‰¥â„π«—π∑’Ë 1 ¢Õß‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ·≈–
´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ‰¡à¡’§«“¡·µ°µà“ß°—π ·µà®–¡’
 ¿“æ≈–≈“¬‰¥â∑’ËπâÕ¬°«à“´’‡¡πµå°≈ÿà¡∑’Ëº ¡¥â«¬ à«ππÈ”∑’Ë¡’
·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ Õ¬à“ß¡’π—¬ ”§—≠ ∑—Èßπ’È
Õ“®‡π◊ËÕß¡“®“°‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ‡ªìπ “√∑’Ë “¡“√∂≈–≈“¬πÈ”
‰¥â¥’ ®÷ß∑”„Àâ‡°‘¥ ¿“æ≈–≈“¬‰¥â∑’Ë¡“°„π™à«ß·√° ·µà‡¡◊ËÕ
´’‡¡πµå·¢Áßµ—«‡µÁ¡∑’Ë®π∂÷ß«—π∑’Ë 21 æ∫«à“´’‡¡πµå∑ÿ°°≈ÿà¡¡’ ¿“æ
≈–≈“¬‰¥â∑’Ë‰¡à·µ°µà“ß°—π ·µàÕ¬à“ß‰√°Áµ“¡´’‡¡πµå∑ÿ°°≈ÿà¡„π
∑ÿ°™à«ß‡«≈“¡’ ¿“æ≈–≈“¬‰¥â∑’Ëºà“π‡°≥±åµ“¡¡“µ√∞“π
‰Õ‡Õ ‚Õ 6876 ªï 2001 ´÷Ëß°”Àπ¥„Àâ ¿“æ≈–≈“¬‰¥âµâÕß‰¡à
¡“°°«à“√âÕ¬≈– 3

°“√»÷°…“π’Èº ¡∫‘ ¡—µÕÕ°‰´¥å„πÕ—µ√“ à«π√âÕ¬≈– 20
„πæÕ√åµ·≈π¥å´’‡¡πµå ’¢“« ‡π◊ËÕß®“°¡’°“√»÷°…“∑’Ë·π–π”«à“
√âÕ¬≈– 20 ¢Õß∫‘ ¡—µÕÕ°‰´¥å®–∑”„Àâ´’‡¡πµå¡’§«“¡∑÷∫
‡æ’¬ßæÕµàÕ°“√„™âß“π„π§≈Õß√“°øíπ30 ´’‡¡πµå∑’Ëº ¡¥â«¬
·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ®–æ∫«à“¡’§«“¡∑÷∫
√—ß ’∑’Ë‰¡à·µ°µà“ß®“°‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ  à«π´’‡¡πµå°≈ÿà¡∑’Ë
º ¡¥â«¬πÈ”°≈—Ëπ®–¡’§«“¡∑÷∫√—ß ’∑’ËπâÕ¬°«à“ °“√»÷°…“π’Èæ∫«à“
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§«“¡∑÷∫√—ß ’¢Õß´’‡¡πµå·µà≈–™π‘¥‡∑’¬∫‡∑à“°—∫Õ≈Ÿ¡‘‡π’¬¡
§«“¡Àπ“ 4.75 ∂÷ß 5.65 ¡‘≈≈‘‡¡µ√ ´÷ËßπâÕ¬°«à“°“√»÷°…“∑’Ë
ºà“π¡“‡≈Á°πâÕ¬ (6.04 ∂÷ß 6.74 ¡‘≈≈‘‡¡µ√)11,15 Õ“®‡π◊ËÕß¡“
®“°§«“¡∫√‘ ÿ∑∏‘Ï¢ÕßÕ≈Ÿ¡‘‡π’¬¡∑’Ë«—¥‡∑’¬∫ ·≈–™—Èπ§«“¡Àπ“
∑’Ë‡æ‘Ë¡¢÷Èπ·µà≈–™—Èπ„π·µà≈–°“√»÷°…“·µ°µà“ß°—π °“√»÷°…“π’È
‡≈◊Õ°„™âÕ≈Ÿ¡‘‡π’¬¡∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï¡“°°«à“√âÕ¬≈– 98 ·≈–
™—Èπ§«“¡Àπ“‡æ‘Ë¡¢÷Èπ™—Èπ≈– 0.5 ¡‘≈≈‘‡¡µ√ ´÷Ëß¡’§«“¡
≈–‡Õ’¬¥¡“°°«à“°“√»÷°…“∑’Ëºà“π¡“15 πÕ°®“°π’È°“√»÷°…“π’È
¬—ß‰¥âæ—≤π“„™â°“√∂à“¬¿“æ√—ß ’¥‘®‘µÕ≈·≈–‡∑’¬∫§«“¡∑÷∫
√—ß ’®“°§à“‡°√¬å ‡°≈¥â«¬‚ª√·°√¡§Õ¡æ‘«‡µÕ√å ´÷Ëß®–≈¥§«“¡
§≈“¥‡§≈◊ËÕπ„π¢—ÈπµÕπ°“√≈â“ßøî≈¡å·≈–°“√Õà“π§à“§«“¡∑÷∫
√—ß ’‰¥â¥’°«à“

®“°°“√æ—≤π“§ÿ≥¿“æ¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ë
º≈‘µ„πª√–‡∑»‰∑¬ ‚¥¬º ¡´’‡¡πµå°—∫ “√‡√àß‡«≈“·¢Áßµ—«®–
‰¥â´’‡¡πµå∑’Ë¡’§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ∑’Ë¥’ ·µàÕ¬à“ß‰√°Áµ“¡¬—ß
®”‡ªìπµâÕß»÷°…“§«“¡‡¢â“°—π‰¥â∑“ß™’«¿“æ·≈–°“√µÕ∫ πÕß
¢Õß‡π◊ÈÕ‡¬◊ËÕ„π√à“ß°“¬ —µ«å∑¥≈Õß°àÕππ”‰ª®√‘ß„π¡πÿ…¬å

 √ÿª
æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑’Ë¡’∫‘ ¡—µ

ÕÕ°‰´¥å‡¡◊ËÕº ¡¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ 
®–¡’√–¬–‡«≈“°“√·¢Áßµ—«∑’ËπâÕ¬°«à“ ·≈–¡’§«“¡∑π·√ßÕ—¥ Ÿß
°«à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ·≈–´’‡¡πµå∑’Ëº ¡¥â«¬πÈ”°≈—Ëπ ¡’ ¿“æ
≈–≈“¬‰¥â∑’Ë 21 «—π ·≈–§«“¡∑÷∫√—ß ’‰¡à·µ°µà“ß®“°‰«∑å‚ª√
√Ÿ∑‡ÕÁ¡∑’‡Õ¡’§«“¡‡ªìπ¥à“ßµË”°«à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ‡≈Á°πâÕ¬
´÷Ëß§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ‚¥¬√«¡¢ÕßæÕ√åµ·≈π¥ǻ ’‡¡πµå∑’Ëº ¡
¥â«¬·§≈‡´’¬¡§≈Õ‰√¥å·≈–‡¡∑∑‘≈‡´≈≈Ÿ‚≈ ¡’§«“¡‡À¡“– ¡
·≈–‡ªìπ‰ª‰¥â∑’Ë®–æ—≤π“‡æ◊ËÕπ”¡“„™â·∑π‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ
‰¥â„πÕπ“§µ

°‘µµ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥∑ÿπ π—∫ πÿπ®“°‚§√ß°“√„π·ºπæ—≤π“«‘™“°“√

®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ (∑ÿπ®ÿÃ“œ 100 ªï) ∑’Ë π—∫ πÿπ‡ß‘π∑ÿπ
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Abstracts

Objective To investigate the chemical composition and physical properties of Thai white Portland
cement with bismuth oxide mixing with calcium chloride and methyl cellulose compared to Thai white
Portland cement with bismuth oxide when mixed with sterile water and white ProRoot MTA mixed
with sterile water.

Materials and methods  Ten samples of Thai white Portland cements from two manufacturers with
bismuth oxide mixed with sterile water or liquid with additive (5% calcium chloride and 1% methyl
cellulose) and white ProRoot MTA mixed with sterile water were prepared in each group. Chemical
composition of set cement was analyzed with X-ray diffractometer and morphological characteristic
was observed by SEM. The pH, setting time, radiopacity, compressive strength and solubility were
tested. The results were analyzed with one-way ANOVA at 0.05 level of confidence.

Results White ProRoot MTA mixed with sterile water and Thai white Portland cement with bismuth
oxide mixed with calcium chloride and methyl cellulose or mixed with sterile water have the similar
chemical composition. However, particles of white ProRoot MTA appeared smaller than the two
Portland cements. Small amount of calcium hydroxide was detected in white ProRoot MTA mixed
with sterile water but not in other groups. The pH of all cements were rapidly increased after mixing.
White ProRoot MTA showed the highest pH (12.07) when cements were fully set. White Portland
cements with calcium chloride and methylcellulose has the significantly higher pH than the groups
mixed with sterile water. The setting time of white Portland cements mixed with calcium chloride and
methylcellulose was statistically significantly shorter but higher compressive strength at 21 days when
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compared to the cements mixed with sterile water. White Portland cements mixed with calcium
chloride and methycellulose have the statistically significant higher solubility than the cements mixed
with sterile water in the first day but all cements have the similar solubility after 21 days.

Conclusion Thai white Portland cements with bismuth oxide mixing with calcium chloride and
methyl cellulose have shorter setting time but higher compressive strength when compared to those
mixed with sterile water, while, the solubility at 21 days and radiopacity are similar to those of white
ProRoot MTA. However, their pH are slightly lower than white ProRoot MTA. Overall physical
properties of Portland cement with calcium chloride and methycellulose is satisfactory and has
potential to be developed as a substitutable material in the future.

(CU Dent J. 2010;33:207-20)

Key words: calcium chloride; chemical composition; methyl cellulose; physical property; Portland
cement; white ProRoot MTA


