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1π‘ ‘µª√‘≠≠“¡À“∫—≥±‘µ  “¢“«‘∑¬“‡ÕÁπ‚¥¥Õπµå ¿“§«‘™“∑—πµ°√√¡À—µ∂°“√ §≥–∑—πµ·æ∑¬»“ µ√å
 ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
2¿“§«‘™“∑—πµ°√√¡À—µ∂°“√ §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ à«πª√–°Õ∫∑“ß‡§¡’ ·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«
∑’Ëº≈‘µ„πª√–‡∑»‰∑¬ Õß∫√‘…—∑º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å ·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ

«— ¥ÿ·≈–«‘∏’°“√ «‘‡§√“–Àå à«πª√–°Õ∫∑“ß‡§¡’·≈–¢π“¥Õπÿ¿“§¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»
‰∑¬º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å ·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ‚¥¬„™â‡§√◊ËÕß‡ÕÁ°´‡√¬åÕπ“‰≈µ‘§—≈‰¡‚§√ ‚§ª‚æ√∫ ·≈–‡§√◊ËÕß
«‘‡§√“–Àå¢π“¥Õπÿ¿“§ «‘‡§√“–Àå≈—°…≥– —≥∞“π«‘∑¬“¢Õß«— ¥ÿ‚¥¬„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥
®“°π—Èπ«—¥§«“¡‡ªìπ°√¥-‡∫  ∑ÿ° 1 π“∑’ ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ‚¥¬„™â¡“µ√§«“¡‡ªìπ°√¥-‡∫  ∑’Ë¡’‡∑¡‡æÕ√å-
‡√‡®Õ√å§Õ¡‡æπ‡ ∑Õ‘‡≈Á°‚∑√¥ «—¥§«“¡∑÷∫√—ß ’¢Õß«— ¥ÿ ‚¥¬π”¡“‡ª√’¬∫‡∑’¬∫°—∫Õ≈Ÿ¡‘‡π’¬¡ ‡µÁª‡«¥®å µ“¡
¡“µ√∞“π‰Õ‡Õ ‚Õ 6876(2001)  à«π‡«≈“·¢Áßµ—««—¥µ“¡§”·π–π”¢Õß ¡“§¡«‘®—¬«— ¥ÿ·Ààß À√—∞Õ‡¡√‘°“ ¿“¬„µâ
¡“µ√∞“π‰Õ‡Õ ‚Õ 6876(2001) §«“¡∑π·√ßÕ—¥·≈–§«“¡ “¡“√∂„π°“√≈–≈“¬«—¥µ“¡‰Õ‡Õ ‚Õ 9917-1(2003)
·≈–¡“µ√∞“π‡Õ¥’‡ÕÀ¡“¬‡≈¢ 30 µ“¡≈”¥—∫ «‘‡§√“–Àåº≈°“√∑¥≈Õß„™â ∂‘µ‘‡™‘ßæ√√≥π“ °“√«‘‡§√“–Àå§«“¡·ª√
ª√«π·∫∫∑“ß‡¥’¬«·≈– Õß∑“ß ·≈–°“√∑¥ Õ∫∑’

º≈°“√»÷°…“  à«πª√–°Õ∫∑“ß‡§¡’ ¢π“¥Õπÿ¿“§ ·≈–≈—°…≥– —≥∞“π«‘∑¬“¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ
„πª√–‡∑»‰∑¬∑—Èß 2 ∫√‘…—∑ º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å§≈â“¬°—∫‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ §«“¡∑÷∫√—ß ’¢ÕßæÕ√åµ·≈π¥å
´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2 ∫√‘…—∑º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å¡’§à“¡“°°«à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡ÕÕ¬à“ß¡’π—¬ ”§—≠
(p < .05) ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1 ·≈– 2 º ¡°—∫∫‘ ¡—µ-
ÕÕ°‰´¥å¡’§à“§«“¡‡ªìπ°√¥-‡∫ ‡∑à“°—∫ 12.5 12.5 ·≈– 12.6 ∑’Ë‡«≈“ 23 24 ·≈– 16 π“∑’ µ“¡≈”¥—∫
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∫∑π”

øíπ∑’ËµâÕß‰¥â√—∫°“√√—°…“∑“ß»—≈¬°√√¡‡ÕÁπ‚¥¥Õπµ‘° å
(surgical endodontic treatment) ÷́ËßµâÕß¡’°“√µ—¥ª≈“¬
√“°øíπ (apicoectomy) ¡—°®–µâÕß¡’°“√„ à«— ¥ÿÕÿ¥¬âÕπ
ª≈“¬√“°øíπ (retrograde filling) √à«¡¥â«¬‡ ¡Õ1-3 ¡‘‡πÕ√—≈-
‰µ√ÕÕ°‰´¥å·Õ°°√‘‡°µ À√◊Õ ‡ÕÁ¡∑’‡Õ (Mineral Trioxide
Aggregate; MTA) ́ ÷Ëß‡ªìπ«— ¥ÿ∫Ÿ√≥–µ—«„À¡à∑’Ëæ—≤π“¡“®“°
æÕ√åµ·≈π¥å´’‡¡πµå (Portland cement) ‡æ◊ËÕ„™â‡ªìπ«— ¥ÿÕÿ¥
¬âÕπª≈“¬√“°øíπ4-6 ¡’ 2 √Ÿª·∫∫ §◊Õ  ’‡∑“ (gray version)
·≈– ’¢“« (white version)7,8 ∑—Èß 2 √Ÿª·∫∫¡’ à«πª√–°Õ∫À≈—°
∑’Ë§≈â“¬°—π ‰¥â·°à æÕ√åµ·≈π¥ǻ ’‡¡πµå√âÕ¬≈– 75 ∫‘ ¡—µÕÕ°‰´¥å
(Bismuth oxide; Bi2O3) √âÕ¬≈– 20 ·≈–¬‘ª —́¡√âÕ¬≈– 5

„πªí®®ÿ∫—ππ‘¬¡π”‡ÕÁ¡∑’‡Õ¡“„™â‡ªìπ«— ¥ÿ„πß“π√—°…“∑“ß
‡ÕÁπ‚¥¥Õπµ‘° å¡“°¢÷Èπ ‡π◊ËÕß®“°§ÿ≥ ¡∫—µ‘∑’Ë‡¥àπ°«à“«— ¥ÿ
µ—«Õ◊ËπÀ≈“¬ª√–°“√ ‡™àπ ¡’§à“§«“¡‡ªìπ°√¥-‡∫  12.5
„°≈â‡§’¬ß°—∫·§≈‡ ’́¬¡‰Œ¥√Õ°‰´¥å (Calcium hydroxide;
Ca(OH)2)

4,5,9-24 ·≈–¬—ß°√–µÿâπ„Àâ‡°‘¥°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ·¢Áß
(hard tissue formation)25 Õ¬à“ß‰√°Áµ“¡‡ÕÁ¡∑’‡Õ¬—ß¡’¢âÕ‡ ’¬
§◊Õ ¡’‡«≈“·¢Áßµ—«π“π „™âß“π¬“° ·≈–√“§“∑’Ë§àÕπ¢â“ß·æß26

æÕ√åµ·≈π¥å´’‡¡πµå´÷Ëß‡ªìπµâπ·∫∫¢Õß‡ÕÁ¡∑’‡Õπ—Èπ ¡’
‰Œ¥√Õ≈‘°·§≈‡ ’́¬¡ ‘́≈‘‡°µ (hydraulic calcium silicate) ‡ªìπ
 à«πª√–°Õ∫À≈—° ªí®®ÿ∫—π®÷ß¡’°“√π”‡Õ“æÕ√åµ·≈π¥ǻ ’‡¡πµå
¡“‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß·∑π‡ÕÁ¡∑’‡Õ ‡π◊ËÕß®“°√“§“‰¡à·æß
·µà‡π◊ËÕß®“°æÕ√åµ·≈π¥ǻ ’‡¡πµåπ—Èπ ¡’§à“§«“¡∑÷∫√—ß ’ (radio-
pacity) πâÕ¬ ®÷ß®”‡ªìπµâÕßº ¡∫‘ ¡—µÕÕ°‰´¥å ‡æ◊ËÕ„Àâ¡’§à“

§«“¡∑÷∫√—ß ’‡æ‘Ë¡¢÷Èπ ·≈–„Àâ “¡“√∂¡Õß‡ÀÁπ‰¥â®“°¿“æ
∂à“¬√—ß ’ ‚¥¬∫‘ ¡—µÕÕ°‰´¥å¡’≈—°…≥–‡ªìπºß ’‡À≈◊Õß ‰¡à¡’
°≈‘Ëπ ¡’§«“¡‡ªìπæ‘…µË” ·≈–‰¡à‡ªìπ “√°àÕ¡–‡√Áß ¥—ßπ—Èπ°“√
»÷°…“π’È¡’«—µ∂ÿª√– ß§å ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ à«πª√–°Õ∫∑“ß‡§¡’
(chemical composition) ·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß
æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ „πª√–‡∑»‰∑¬ (Thai White
Portland cements) ®“° Õß∫√‘…—∑ º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å
·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ (White ProRoot MTA) ‚¥¬¡’
 ¡¡ÿµ‘∞“π°“√»÷°…“«à“ à«πª√–°Õ∫ ∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘
∑“ß°“¬¿“æ¢ÕßæÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬
‡¡◊ËÕπ”¡“º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å®–¡’§ÿ≥ ¡∫—µ‘§≈â“¬°—∫‰«∑å
‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ÷́ËßÕ“®π”¡“„™â∑¥·∑π‡ÕÁ¡∑’‡Õ∑’Ë‡ªìπ«— ¥ÿπ”
‡¢â“·≈–¡’√“§“·æß

«— ¥ÿ·≈–«‘∏’°“√

°“√»÷°…“π’È‡≈◊Õ°‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ·≈–æÕ√åµ·≈π¥å
´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬ 2 ∫√‘…—∑ ÷́Ëß‰¥â√—∫°“√
√—∫√Õß®“°¡“µ√∞“πÕÿµ “À°√√¡·Ààßª√–‡∑»‰∑¬ (¡Õ°.)
‡≈¢∑’Ë 13327

°“√‡µ√’¬¡æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„π

ª√–‡∑»‰∑¬°—∫∫‘ ¡—µÕÕ°‰´¥å

º ¡æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬
·µà≈–∫√‘…—∑°—∫∫‘ ¡—µÕÕ°‰´¥å (º≈‘µ¿—≥±å FLUKA) „π
Õ—µ√“ à«π 4 : 1 ‚¥¬πÈ”Àπ—°¥â«¬‡§√◊ËÕß∫¥·≈–º ¡ “√ (grinding
machine) ‡æ◊ËÕ„Àâ‰¥â«— ¥ÿ∑’Ë√«¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π

æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1 º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å®–¡’‡«≈“‡√‘Ë¡µâπ·¢Áßµ—« ·≈–‡«≈“
·¢Áßµ—«‡µÁ¡∑’ËπâÕ¬ ÿ¥ πÕ°®“°π’È¬—ß¡’§«“¡∑π·√ßÕ—¥¡“°∑’Ë ÿ¥À≈—ß®“° 1 «—π (37.027 ‡¡°°–ª“ §“≈) ·µà‰«∑å-
‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ®–¡’§«“¡∑π·√ßÕ—¥¡“°∑’Ë ÿ¥À≈—ß®“° 21 «—π (449.686 ‡¡°°–ª“ §“≈) ·≈–‰¡à¡’§«“¡·µ°µà“ß
Õ¬à“ß¡’π—¬ ”§—≠¢Õßµ—«Õ¬à“ß∑—ÈßÀ¡¥„π°“√∑¥ Õ∫ ¿“æ°“√≈–≈“¬‰¥â∑’Ë 1 7 ·≈– 21 «—π (p > .05)

 √ÿª æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2 ∫√‘…—∑º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å ·≈–‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ¡’
 à«πª√–°Õ∫∑“ß‡§¡’ ·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ§≈â“¬°—π

(« ∑—πµ ®ÿÃ“œ 2551;31:145-58)

§” ”§—≠: §ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ; ∫‘ ¡—µÕÕ°‰´§å; æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬; ‰«∑å‚ª√√Ÿ∑
‡ÕÁ¡∑’‡Õ;  à«πª√–°Õ∫∑“ß‡§¡’
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°“√‡µ√’¬¡µ—«Õ¬à“ß‡æ◊ËÕ„™â„π°“√»÷°…“ à«πª√–°Õ∫

∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ

º ¡ºß‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ°—∫πÈ”°≈—Ëπ„πÕ—µ√“ à«πµ“¡
∫√‘…—∑ºŸâº≈‘µ·π–π” ·≈–º ¡ºß¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå ’
¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬ ·≈–æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ë
º≈‘µ„πª√–‡∑»‰∑¬º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å°—∫πÈ”°≈—Ëπ „π
Õ—µ√“ à«πºß 1 °√—¡ µàÕπÈ”°≈—Ëπ 0.3 ¡‘≈≈‘≈‘µ√ „Àâ‰¥â à«πº ¡
∑’Ë‡ªìπ‡π◊ÈÕ‡¥’¬«°—π

°“√»÷°…“ à«πª√–°Õ∫∑“ß‡§¡’

π” à«πºß¢Õß‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ æÕ√åµ·≈π¥å´’‡¡πµå
 ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬ ·≈–æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ë
º≈‘µ„πª√–‡∑»‰∑¬º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å‰ª«‘‡§√“–Àå à«π
ª√–°Õ∫∑“ß‡§¡’¥â«¬‡§√◊ËÕß‡Õ° ǻ‡√¬åÕπ“‰≈µ‘§—≈‰¡‚§√ ‚§ª‚æ√∫
(X-ray analytical microscope probe, XGT-5000,
Horiba, Japan) ¥â«¬°”≈—ß¢¬“¬ 400 ‰¡‚§√‡¡µ√

°“√»÷°…“¢π“¥Õπÿ¿“§ (particle sizes)

π”´’‡¡πµå¡“·¢«π≈Õ¬„ππÈ” √à«¡°—∫°“√„™â “√∑’Ë¡’
§ÿ≥ ¡∫—µ‘™à«¬„π°“√·µ°µ—« ‡æ◊ËÕ‰¡à„Àâ´’‡¡πµå®—∫µ—«‡ªìπ°âÕπ
À≈—ß®“°π—Èππ”´’‡¡πµå∑’Ë·¢«π≈Õ¬Õ¬Ÿà„ππÈ”‰ª«‘‡§√“–ÀåÀ“¢π“¥
¢ÕßÕπÿ¿“§¥â«¬‡§√◊ËÕß«‘‡§√“–Àå ‚¥¬‡§√◊ËÕß®–π”«— ¥ÿ∑’Ë·¢«π
≈Õ¬„ππÈ”ºà“π≈”· ß∑’ËÕ¬Ÿà„π‡§√◊ËÕß ·≈â«®÷ßª√–¡«≈º≈ÕÕ°
¡“‡ªìπ¢π“¥¢ÕßÕπÿ¿“§

°“√»÷°…“≈—°…≥– —≥∞“π«‘∑¬“ (morphological

characteristics) ¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ

™π‘¥ àÕß°√“¥ (Scanning Electron Microscope)

»÷°…“∑—Èß à«πºß·≈–µ—«Õ¬à“ß∑’Ë·¢Áßµ—«‡µÁ¡∑’Ë ‚¥¬º ¡
 à«πºß°—∫πÈ”°≈—Ëπµ“¡∑’Ë°≈à“«¡“·≈â«¢â“ßµâπ ·≈–π”‰ª‡°Á∫‰«â
„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ (humidity chamber)
°”Àπ¥„Àâ¡’Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  §«“¡™◊Èπ —¡æ—∑∏å
√âÕ¬≈– 95 ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èππ” à«πºß·≈–µ—«Õ¬à“ß
∑’Ë·¢Áßµ—«‡µÁ¡∑’Ë·≈â« ‰ª‡°Á∫‰«â„πµŸâ°”®—¥§«“¡™◊Èπ (dessicator)
∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 2 «—π ·≈â«®÷ß‡§≈◊Õ∫
¥â«¬Õπÿ¿“§∑Õß ·≈–π”‰ªµ√«®¥Ÿ≈—°…≥– —≥∞“π«‘∑¬“¥â«¬
°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥∑’Ë°”≈—ß¢¬“¬ 3500 ‡∑à“
∫—π∑÷°¿“æ¥â«¬√–∫∫¥‘®‘∑—≈ (Semafor 5.0 digital imaging
system)

°“√«—¥§à“§«“¡∑÷∫√—ß ’

ª√–¬ÿ°µåµ“¡¡“µ√∞“π‰Õ‡Õ ‚Õ 6876(2001) (ISO :
International standard organization 6876 : 2001)28 ‚¥¬
º ¡«— ¥ÿ ·≈–„ à≈ß„π·¡àæ‘¡æå∑’Ë¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß¿“¬„π
(internal diameter) 10.0 ¡‘≈≈‘‡¡µ√ (± 0.1 ¡‘≈≈‘‡¡µ√) ·≈–
 Ÿß 1 ¡‘≈≈‘‡¡µ√ (± 0.1 ¡‘≈≈‘‡¡µ√) ªî¥ à«π∫π·≈– à«π≈à“ß
¢Õß·¡àæ‘¡æå¥â«¬ ‰≈¥å·°â« (glass slide) ‡°Á∫‰«â„πµŸâ§«∫§ÿ¡
Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èπ∑¥ Õ∫
À“§«“¡∑÷∫√—ß ’‚¥¬«“ßµ—«Õ¬à“ß‰«â∫π·ºàπøî≈å¡ (Kodak
Insight Dental Film, Film Speed F, LOT 410 7520,
Kodak, Rochester, NY, USA) ∑’Ë¡’Õ≈Ÿ¡‘‡π’¬¡ ‡µÁª‡«¥®åÕ¬Ÿà
(95% aluminium stepwedge 0.5-9 ¡‘≈≈‘‡¡µ√) ∂à“¬¿“æ
√—ß ’¥â«¬‡§√◊ËÕß∂à“¬¿“æ√—ß ’ (GX 1000, GENDEX corpo-
ration, Illinois, USA) µ—Èß§à“‰«â∑’Ë 60 °‘‚≈‚«≈µå (kV) °√–· 
‰øøÑ“ (current) 10 ¡‘≈≈‘·Õ¡·ª√å (mA) ·≈–√–¬–‡«≈“„π
°“√ —¡º— √—ß ’ (exposure times) 0.12 «‘π“∑’ °”Àπ¥√–¬–∑“ß
∑’Ë°√–∫Õ°√—ß ’Àà“ß®“°·ºàπøî≈å¡ 21 ‡´πµ‘‡¡µ√ ≈â“ß·ºàπøî≈å¡
¥â«¬‡§√◊ËÕß≈â“ßøî≈å¡Õ—µ‚π¡—µ‘ (810Plus, Dent X, Elmsford,
NY) π”‰ª§”π«≥À“§à“§«“¡∑÷∫√—ß ’¥â«¬‡§√◊ËÕß«—¥§«“¡
‡¢â¡¿“æ√—ß ’ (densitometer) (Darklight duo ref; Medset,
Hamburg, Germany) ∑¥ Õ∫‚¥¬∑” È́”µ—«Õ¬à“ß≈– 10 §√—Èß
·≈–«‘‡§√“–Àå¥â«¬°“√∑¥ Õ∫∑’ (t-test) ∑’Ë√–¥—∫π—¬ ”§—≠ .05

°“√«—¥§à“§«“¡‡ªìπ°√¥ - ‡∫ 

º ¡´’‡¡πµå ·≈–«—¥§à“§«“¡‡ªìπ°√¥-‡∫ ¥â«¬¡“µ√

§«“¡‡ªìπ°√¥-‡∫  ∑’Ë¡’‡∑¡‡æÕ‡√‡®Õ√å§Õ¡‡æπ‡ ∑Õ‘‡≈Á°‚∑√¥

(pH meter with temperature compensated electrode;

Orion PerpHectLog R meter; Model 370; Orion Re-

search Inc., Boston, MA, USA) ∫—π∑÷°§à“∑ÿ° 1 π“∑’

‡ªìπ‡«≈“ 60 π“∑’À≈—ß®“°º ¡ «—¥§à“·µà≈–µ—«Õ¬à“ß´È” 3 §√—Èß

·≈â«π”§à“‰ª∫—π∑÷°°√“ø

°“√∑¥ Õ∫‡«≈“·¢Áßµ—« (setting times)

ª√–¬ÿ°µåµ“¡¡“µ√∞“π‰Õ‡Õ ‚Õ 6876(2001)28 ´÷Ëß

·π–π”°“√«—¥‡«≈“·¢Áßµ—«¢Õß«— ¥ÿµ“¡ ¡“§¡«‘®—¬«— ¥ÿ·Ààß
 À√—∞Õ‡¡√‘°“ (ASTM : American Society for Testing
and Materials C 266-03)29 ́ ÷Ëß®–«—¥‡«≈“·¢Áßµ—« 2 ™à«ß §◊Õ
‡«≈“∑’Ë«— ¥ÿ‡√‘Ë¡·¢Áßµ—« (initial setting times) ·≈–‡«≈“∑’Ë
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«— ¥ÿ·¢Áßµ—«‡µÁ¡∑’Ë (final setting times) ‚¥¬º ¡ ’́‡¡πµå
·≈–„ à≈ß„π·¡àæ‘¡æå∑’Ë¡’‡ âπºà“»Ÿπ¬å°≈“ß¿“¬„π 15 ¡‘≈≈‘‡¡µ√
·≈– Ÿß 5 ¡‘≈≈‘‡¡µ√∑’Ë«“ß‰«â∫π·∑àπ‚≈À– (metal block)
«—¥‡«≈“·¢Áßµ—«∑—Èß 2 ™à«ß¿“¬„µâµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ
∫—π∑÷°‡«≈“∑—ÈßÀ¡¥∑’Ë„™â «‘‡§√“–Àåº≈¥â«¬ ∂‘µ‘§«“¡·ª√ª√«π
·∫∫∑“ß‡¥’¬« (One-Way ANOVA) ∑’Ë√–¥—∫π—¬ ”§—≠ .05

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

ª√–¬ÿ°µåµ“¡¡“µ√∞“π‰Õ‡Õ ‚Õ 9917-1(2003)30 ‚¥¬
º ¡ ’́‡¡πµå ·≈–„ à≈ß„π·¡àæ‘¡æå·∫∫«ß·À«π·¬° à«π‰¥â
(split ring moulds) ∑’Ë¡’‡ âπºà“»Ÿπ¬å°≈“ß¿“¬„π 4 ¡‘≈≈‘‡¡µ√
·≈– Ÿß 6 ¡‘≈≈‘‡¡µ√ ‡°Á∫‰«â„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ
®π∂÷ß‡«≈“·¢Áßµ—«‡µÁ¡∑’Ë ‡Õ“µ—«Õ¬à“ßÕÕ°®“°·¡àæ‘¡æå µ√«®
À“®ÿ¥∫°æ√àÕß π”‰ª„ à„ππÈ”‡ªìπ‡«≈“ 1 «—π ·≈– 21 «—π
‡¡◊ËÕ§√∫√–¬–‡«≈“µ“¡∑’Ë°”Àπ¥ π”µ—«Õ¬à“ßÕÕ°¡“∑¥ Õ∫
§«“¡∑π·√ßÕ—¥ ¥â«¬‡§√◊ËÕßÕ‘π µ√Õπ 8872 (Instron 8872
Testing Machine, Instron Ltd., High Wycombe, UK)
π”§à“∑’Ë‰¥â‰ª§”π«≥µ“¡ Ÿµ√

C = 4P/¶D2

°”Àπ¥ P ‡ªìπ·√ß∑’Ë¡“°∑’Ë ÿ¥∑’Ë∑”„Àâ«— ¥ÿ‡°‘¥°“√·µ°À—°
Àπà«¬‡ªìππ‘«µ—π ·≈– C ‡ªìπ§à“§«“¡∑π·√ßÕ—¥ «‘‡§√“–Àåº≈
¥â«¬ ∂‘µ‘§«“¡·ª√ª√«π·∫∫ Õß∑“ß (Two-Way ANOVA)
∑’Ë√–¥—∫π—¬ ”§—≠ .05

°“√∑¥ Õ∫ ¿“æ≈–≈“¬‰¥â (solubility)

ª√–¬ÿ°µå®“°¡“µ√∞“π‡Õ¥’‡Õ À¡“¬‡≈¢ 30 (ADA :
American Dental Association specification no. 30)31

‚¥¬º ¡´’‡¡πµå ·≈–π”«— ¥ÿæ√âÕ¡ “¬‡∫Á¥µ°ª≈“ (wire) ∑’Ë
‰¡à≈–≈“¬πÈ” (¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß 0.25 ¡‘≈≈‘‡¡µ√ ·≈–¬“«
50 ¡‘≈≈‘‡¡µ√) „ à≈ß„π·¡àæ‘¡æå·∫∫«ß·À«π·¬° à«π‰¥â ¡’
‡ âπºà“»Ÿπ¬å°≈“ß¿“¬„π 20 ¡‘≈≈‘‡¡µ√ (± 0.1 ¡‘≈≈‘‡¡µ√)
·≈– Ÿß 1.5 ¡‘≈≈‘‡¡µ√ ∑’ËÕ¬Ÿà∫π‰¡≈“√å µ√‘ª (mylar strip)
∫π·ºàπ‚≈À– (metal plate) ·≈â«ªî¥∑—∫¥â«¬‰¡≈“√å µ√‘ªÕ’°
§√—Èß °àÕπªî¥∑—∫Õ’°§√—Èß¥â«¬·ºàπ‚≈À– π”‰ª¬÷¥„πµ—«Àπ’∫¬÷¥
(clamp) ·≈–‡°Á∫‰«â„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘·≈–§«“¡™◊Èπ ‡ªìπ
‡«≈“ 24 ™—Ë«‚¡ß ®“°π—Èππ”µ—«Õ¬à“ßÕÕ°®“°µ—«Àπ’∫¬÷¥ ·≈–
·¡àæ‘¡æå µ√«®¥Ÿ§«“¡‡√’¬∫√âÕ¬ «—¥πÈ”Àπ—°‡√‘Ë¡µâπ ·≈â«π”‰ª

„ à„π¢«¥ª“°°«â“ß∑’Ë¡’πÈ”°≈—Ëπ∫√√®ÿÕ¬Ÿà 50 ¡‘≈≈‘≈‘µ√ ‡°Á∫‰«â∑’Ë
Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  ‡ªìπ√–¬–‡«≈“ 1 «—π 7 «—π ·≈–
21 «—π ‡¡◊ËÕ§√∫‡«≈“π”µ—«Õ¬à“ßÕÕ°®“°¢«¥ª“°°«â“ß‰ª
‡°Á∫‰«â„π‡§√◊ËÕß°”®—¥§«“¡™◊Èπ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ·≈â«™—ËßπÈ”Àπ—°
¥â«¬‡§√◊ËÕß™—Ëß “√§«“¡≈–‡Õ’¬¥∑»π‘¬¡ 5 µ”·Àπàß °àÕππ”
°≈—∫„ à¢«¥ª“°°«â“ßÕ’°§√—Èß π”πÈ”Àπ—°¢Õßµ—«Õ¬à“ß„π·µà≈–
™à«ß‡«≈“¡“§”π«≥À“ ¿“æ°“√≈–≈“¬‰¥â π”¢âÕ¡Ÿ≈∑’Ë‰¥â‰ª
«‘‡§√“–Àå¥â«¬ ∂‘µ‘§«“¡·ª√ª√«π·∫∫ Õß∑“ß∑’Ë√–¥—∫π—¬
 ”§—≠ .05

º≈°“√»÷°…“

 à«πª√–°Õ∫∑“ß‡§¡’ ¢π“¥Õπÿ¿“§ ·≈–≈—°…≥–

 —≥∞“π«‘∑¬“

æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2 ∫√‘…—∑
¡’ à«πª√–°Õ∫∑“ß‡§¡’§≈â“¬°—∫‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ¬°‡«âπ
∫‘ ¡—µÕÕ°‰´¥å ´÷Ëß®–‰¡àæ∫„πæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑—Èß 2
∫√‘…—∑ ·µà®–æ∫„π‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕº ¡
∫‘ ¡—µÕÕ°‰´¥å„πÕ—µ√“ à«π 1 : 4 ≈ß‰ª„πæÕ√åµ·≈π¥ǻ ’‡¡πµå
 ’¢“«∑—Èß 2 ∫√‘…—∑ ®–‰¥â à«πª√–°Õ∫∑“ß‡§¡’ ·≈–¡’
®”π«π∫‘ ¡—µÕÕ°‰´¥å§àÕπ¢â“ß„°≈â‡§’¬ß°—∫‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ
(µ“√“ß∑’Ë 1)

≈—°…≥– —≥∞“π«‘∑¬“ à«πºß¢ÕßæÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«
∑’Ëº≈‘µ„πª√–‡∑»‰∑¬ 2 ∫√‘…—∑À≈—ß®“°º ¡∫‘ ¡—µÕÕ°‰´¥å
·≈â« (√Ÿª∑’Ë 1D ·≈– 1E) æ∫¡’≈—°…≥–¢Õßº‘«∑’ËÀ¬“∫°«à“°àÕπ
º ¡∫‘ ¡—µÕÕ°‰´¥å‡≈Á°πâÕ¬ (√Ÿª∑’Ë 1B ·≈– 1C) ·µà®–§≈â“¬
§≈÷ß°—∫‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ (√Ÿª∑’Ë 1A) πÕ°®“°π—Èπ¬—ßæ∫«à“
‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ®–¡’≈—°…≥– —≥∞“π«‘∑¬“ à«πº‘«À≈—ß®“°
«— ¥ÿ·¢Áßµ—«‡µÁ¡∑’Ë (√Ÿª∑’Ë 2A) À¬“∫«à“æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«
∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2 ∫√‘…—∑ º ¡∫‘ ¡—µÕÕ°‰´¥å‡≈Á°πâÕ¬
(√Ÿª∑’Ë 2D ·≈– 2E)

æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2
∫√‘…—∑®–¡’¢π“¥Õπÿ¿“§„À≠à ÿ¥‚¥¬æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«
∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1 ¡’¢π“¥Õπÿ¿“§ 17.28 ± 13.11
‰¡‚§√‡¡µ√ ·≈–æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬
∫√‘…—∑∑’Ë 2 ¡’¢π“¥Õπÿ¿“§ 18.74 ± 13.91 ‰¡‚§√‡¡µ√ Õ¬à“ß‰√
°Áµ“¡‡¡◊ËÕº ¡æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß
2 ∫√‘…—∑°—∫∫‘ ¡—µÕÕ°‰´¥å·≈–π”‰ª«‘‡§√“–Àå¢π“¥Õπÿ¿“§
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°≈—∫æ∫«à“¢π“¥Õπÿ¿“§¢Õß “√¡’¢π“¥≈¥≈ß ‚¥¬æÕ√åµ
·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1 º ¡
∫‘ ¡—µÕÕ°‰´¥å¡’¢π“¥Õπÿ¿“§ 14.49 ± 10.77 ‰¡‚§√‡¡µ√ ·≈–
æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 º ¡
∫‘ ¡—µÕÕ°‰´¥å¡’¢π“¥Õπÿ¿“§ 16.60 ± 12.27 ‰¡‚§√‡¡µ√
 à«π‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ¡’¢π“¥Õπÿ¿“§‡≈Á°∑’Ë ÿ¥‚¥¬¡’¢π“¥
Õπÿ¿“§ 12.48 ± 7.291 ‰¡‚§√‡¡µ√

§«“¡∑÷∫√—ß ’

æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1
·≈–∫√‘…—∑∑’Ë 2 °àÕπº ¡∫‘ ¡—∑ÕÕ°‰´¥å ®–¡’§à“§«“¡∑÷∫√—ß ’
µË”°«à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡ÕÕ¬à“ß¡’π—¬ ”§—≠ (p < .05) (µ“√“ß
∑’Ë 2) ·µà‡¡◊ËÕ‡µ‘¡∫‘ ¡—µÕÕ°‰´¥å≈ß‰ª·≈â«°≈—∫æ∫«à“¡’§à“
§«“¡∑÷∫√—ß ’¡“°°«à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ‡≈Á°πâÕ¬Õ¬à“ß¡’π—¬
 ”§—≠ (p < .05) ·µà‰¡àæ∫§«“¡·µ°µà“ß√–À«à“ßæÕ√åµ·≈π¥å
´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2 ∫√‘…—∑ À≈—ß®“°º ¡
°—∫∫‘ ¡—µÕÕ°‰´¥å (µ“√“ß∑’Ë 2)

µ“√“ß∑’Ë 1  à«πª√–°Õ∫∑“ß‡§¡’¢Õß‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1 æÕ√åµ·≈π¥å
´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1 º ¡∫‘ ¡—µÕÕ°‰´¥å
·≈–æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 º ¡∫‘ ¡—µÕÕ°‰´¥å (√âÕ¬≈–‚¥¬πÈ”Àπ—°)

Table 1 Chemical composition of White ProRoot MTA, Thai White Portland cement brand I, Thai White
Portland cement brand II, Thai White Portland cement brand I adding bismuth oxide and Thai White
Portland cement brand II adding bismuth oxide (percent by weight)

Chemical Percent by weight

composition White Thai White Portland cement Thai White Portland cement

ProRoot Brand I Brand II Brand I Brand II

MTA adding adding

bismuth oxide bismuth oxide

Mg 0.48 0.56 0.53 0.49 0.51
Al 1.76 1.68 1.65 1.65 1.53
Si 10.96 14.76 14.91 9.04 9.46
S 0.70 3.11 3.24 0.81 0.83
Ca 50.58 79.52 79.18 50.63 50.91
Ti 0.03 0.12 0.12 0.05 0.04
Cr 0.00 0.01 0.03 0.01 0.01
Fe 0.22 0.19 0.26 0.18 0.15
Ni 0.00 0.01 0.00 0.00 0.00
Sr 0.09 0.04 0.08 0.03 0.07
Cd 0.00 0.00 0.00 0.00 0.00
Pb 0.04 0.00 0.00 0.09 0.11
Bi 35.14 0.00 0.00 36.97 36.38
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√Ÿª∑’Ë 1 ≈—°…≥– —≥∞“π«‘∑¬“ à«πºß¢Õß‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ (A) æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1 (B)
æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 (C) æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1
º ¡∫‘ ¡—µÕÕ°‰´¥å (D) ·≈–æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 º ¡∫‘ ¡—µÕÕ°‰´¥å (E)

Fig. 1 Morphological characteristics of White ProRoot MTA (A), Thai White Portland cement brand I (B),
Thai White Portland cement brand II (C), Thai White Portland cement brand I adding bismuth oxide (D),
and Thai White Portland cement brand II adding bismuth oxide (E)
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√Ÿª∑’Ë 2 ≈—°…≥– —≥∞“π«‘∑¬“¢Õßµ—«Õ¬à“ß·¢Áßµ—«‡µÁ¡∑’Ë¢Õß‰«∑åæÕ√åµ·≈π¥å´’‡¡πµå (A) æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„π
ª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1 (B) æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 (C) æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ë
º≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1 º ¡∫‘ ¡—µÕÕ°‰´¥å (D) ·≈–æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2
º ¡∫‘ ¡—µÕÕ°‰´¥å (E)

Fig. 2 Morphological characteristics of fully set of White ProRoot MTA (A), Thai White Portland cement
brand I (B), Thai White Portland cement brand II (C), Thai White Portland cement brand I adding
bismuth oxide (D), and Thai White Portland cement brand II adding bismuth oxide (E)



CU Dent J. 2008;31:145-58Sirichaivongsakul S,  Panichuttra A152

§à“§«“¡‡ªìπ°√¥-‡∫ 

´’‡¡πµå®–¡’§à“§«“¡‡ªìπ°√¥-‡∫ µË”‡¡◊ËÕº ¡‡ √Á®„À¡à
·µà‡¡◊ËÕ‡«≈“ºà“π‰ª 16 π“∑’ æ∫«à“æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«
∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 º ¡∫‘ ¡—µÕÕ°‰´¥å®–¡’§à“
§«“¡‡ªìπ°√¥-‡∫ §ß∑’Ë §◊Õ 12.6  à«π‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ
·≈–æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1
º ¡∫‘ ¡—µÕÕ°‰´¥å®–¡’§à“§«“¡‡ªìπ°√¥-‡∫ §ß∑’Ë¥â«¬§à“ 12.5
‡¡◊ËÕ‡«≈“ºà“π‰ª 23 ·≈– 24 π“∑’µ“¡≈”¥—∫ (√Ÿª∑’Ë 3)

‡«≈“·¢Áßµ—«

æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1
º ¡∫‘ ¡—µÕÕ°‰´¥å®–¡’‡«≈“·¢Áßµ—«‡√‘Ë¡µâπ 110.6 ± 4.50 π“∑’
·≈–‡«≈“·¢Áßµ—«‡µÁ¡∑’Ë 225.40 ± 2.27 π“∑’ ´÷ËßπâÕ¬°«à“‰«∑å
‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ·≈–æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»-
‰∑¬∫√‘…—∑∑’Ë 2 º ¡∫‘ ¡—µÕÕ°‰´¥åÕ¬à“ß¡’π—¬ ”§—≠ (p < .05)
¢≥–∑’Ë‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ·≈–æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ
„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å¡’‡«≈“·¢Áß

µ“√“ß∑’Ë 2 §à“‡©≈’Ë¬  à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π §à“µË” ÿ¥ ·≈–§à“ Ÿß ÿ¥ ¢Õß§«“¡∑÷∫√—ß ’¢Õßµ—«Õ¬à“ß‡∑’¬∫°—∫Õ≈Ÿ¡‘‡π’¬¡ ‡µÁª‡«¥®å

Table 2 Mean, S.D., minimum and maximum of radiopacity of samples compared to aluminium stepwedge

Materials Radiopacity (Step)

Mean S.D. Minimum Maximum

White ProRoot MTA 5.50 0.00 5.50 5.50
Thai White Portland cement brand I 1.26* 0.09 1.26 1.36
Thai White Portland cement brand II 1.26* 0.10 1.16 1.36
Thai White Portland cement brand I adding bismuth oxide 5.62** 0.098 5.57 5.90
Thai White Portland cement brand II adding bismuth oxide 5.61** 0.10 5.54 5.89

* Significantly less than White ProRoot MTA (p < .05)
**Significantly higher than White ProRoot MTA (p < .05)

√Ÿª∑’Ë 3 · ¥ß§à“§«“¡‡ªìπ°√¥-‡∫ ¢Õßµ—«Õ¬à“ß°“√»÷°…“∑ÿ°Ê 1 π“∑’ ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß

Fig. 3 demonstrated the pH value of samples every 1 minute for 1 hour.
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µ“√“ß∑’Ë 3 §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§«“¡∑π·√ßÕ—¥¢Õß«— ¥ÿ∑’Ë 1 «—π ·≈– 21 «—π (‡¡°°–ª“ §“≈)

Table 3 Mean and S.D. of compressive strength of materials at 1 day and 21 days (MPa)

Materials Compressive strength (MPa)

1 day 21 day

Mean S.D. Mean S.D.

White ProRoot MTA 35.800 0.152 449.686 1.142
Thai White Portland cement brand I adding bismuth oxide 37.027 0.682 103.467 0.084
Thai White Portland cement brand II adding bismuth oxide 32.292 1.59671 85.805 0.384

µ—«‡√‘Ë¡µâπ‰¡à·µ°µà“ß°—π ‚¥¬¡’§à“ 149.40 ± 1.50 π“∑’ ·≈–
143.40 ± 9.29 π“∑’µ“¡≈”¥—∫ ·µà¡’‡«≈“·¢Áßµ—«‡µÁ¡∑’Ëµà“ß°—π
Õ¬à“ß¡’π—¬ ”§—≠ (p < .05) ‚¥¬‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ„™â‡«≈“
‡æ◊ËÕ·¢Áßµ—«‡µÁ¡∑’Ë 315.80 ± 2.53 π“∑’ ́ ÷Ëßπ“π°«à“æÕ√åµ·≈π¥å
´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 º ¡°—∫∫‘ ¡—µ-
ÕÕ°‰´¥å∑’Ë¡’§à“ 265.80 ± 2.69 π“∑’

§«“¡∑π·√ßÕ—¥

æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1
º ¡∫‘ ¡—µÕÕ°‰´¥å¡’§à“§«“¡∑π·√ßÕ—¥‡©≈’Ë¬¡“° ÿ¥ ‡¡◊ËÕ·™à
∑‘Èß‰«â„ππÈ” 1 «—π √Õß≈ß¡“‡ªìπ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ·≈–æÕ√åµ-

·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 º ¡∫‘ ¡—µ-
ÕÕ°‰´¥å (µ“√“ß∑’Ë 3) ·µà‡¡◊ËÕ·™àµ—«Õ¬à“ß∑‘Èß‰«â„ππÈ” 21 «—π
æ∫«à“ ‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ¡’§à“§«“¡∑π·√ßÕ—¥ Ÿß ÿ¥ √Õß≈ß
¡“‡ªìπæÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1
º ¡∫‘ ¡—µÕÕ°‰´¥å ·≈–æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„π
ª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 º ¡∫‘ ¡—µÕÕ°‰´¥å (µ“√“ß∑’Ë 3)

 ¿“æ≈–≈“¬‰¥â

´’‡¡πµå∑—Èß 3 ™π‘¥ ¡’ ¿“æ≈–≈“¬‰¥â‰¡à·µ°µà“ß°—π
Õ¬à“ß¡’π—¬ ”§—≠ ‡¡◊ËÕ‡«≈“ºà“π‰ª 1 «—π 7 «—π ·≈– 21 «—π
(µ“√“ß∑’Ë 4)

µ“√“ß∑’Ë 4 §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß ¿“æ≈–≈“¬‰¥â¢Õß«— ¥ÿ ‡¡◊ËÕ‡«≈“ºà“π‰ª 1 «—π 7 «—π ·≈– 21 «—π (√âÕ¬≈–)

Table 4 Mean and S.D. of solubility of materials after 1 day, 7 days and 21 days (percent)

Materials Radiopacity (Step)

After 1 day After 7 days After 21 days

Mean S.D. Mean S.D. Mean S.D.

White ProRoot MTA 0.79429 0.12650 0.39521 0.17977 0.20967 0.09063
Thai White Portland cement brand I 0.76062 0.12238 0.33526 0.11962 0.15659 0.08846
adding bismuth oxide

Thai White Portland cement brand II 0.78842 0.12303 0.25668 0.13186 0.19805 0.17539
adding bismuth oxide
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ªí®®ÿ∫—π°“√»÷°…“∑’Ë‡ª√’¬∫‡∑’¬∫‡°’Ë¬«°—∫ à«πª√–°Õ∫
∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ√–À«à“ß‡ÕÁ¡∑’‡Õ·≈–
æÕ√åµ·≈π¥å´’‡¡πµå¡’§àÕπ¢â“ßπâÕ¬8,26,32-39 ‡π◊ËÕß®“°‡æ‘Ëß
‡√‘Ë¡¡’°“√π”æÕ√åµ·≈π¥å´’‡¡πµå¡“„™â ·≈–¬—ßµâÕß¡’°“√‡µ‘¡
 “√∫“ß™π‘¥‡æ◊ËÕ„Àâ‰¥â§ÿ≥ ¡∫—µ‘∑’Ë “¡“√∂π”¡“„™â‰¥â„°≈â‡§’¬ß
°—∫‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ

°“√»÷°…“π’È‡ªìπ°“√»÷°…“‡ª√’¬∫‡∑’¬∫ à«πª√–°Õ∫
∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå ’
¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑’Ë‰¥â√—∫°“√√—∫√Õß®“°¡“µ√∞“π
Õÿµ “À°√√¡·Ààßª√–‡∑»‰∑¬ (¡Õ°.) ‡≈¢∑’Ë 13327 ´÷Ëß‡ªìπ
¡“µ√∞“π∑’Ë°”Àπ¥§ÿ≥ ¡∫—µ‘¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«
´÷Ëß¡’‡æ’¬ß 2 ∫√‘…—∑‡∑à“π—Èπ ‡∑’¬∫°—∫‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ´÷Ëß¡’
√“§“§àÕπ¢â“ß Ÿß ®“°°“√«‘‡§√“–Àå à«πª√–°Õ∫∑“ß‡§¡’¢Õß
æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬æ∫«à“ ¡’Õß§å
ª√–°Õ∫¢Õß·√à∏“µÿ∑’Ë§≈â“¬°—∫‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ¬°‡«âπ
∫‘ ¡—µÕÕ°‰´¥å §≈â“¬°—∫°“√»÷°…“¢Õß Song ·≈–§≥–8

∑’Ë»÷°…“ à«πª√–°Õ∫∑“ß‡§¡’¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå·≈–
‡ÕÁ¡∑’‡Õ™π‘¥µà“ßÊ æ∫«à“ æÕ√åµ·≈π¥ǻ ’‡¡πµå¡’ à«πª√–°Õ∫
À≈—°µà“ß®“°‡ÕÁ¡∑’‡Õ ‚¥¬‰¡àæ∫∫‘ ¡—µÕÕ°‰´¥å ´÷Ëß∫‘ ¡—µ-
ÕÕ°‰´¥å®–¡’º≈µàÕ§«“¡∑÷∫√—ß ’¢Õß«— ¥ÿ ®“°°“√»÷°…“§«“¡
∑÷∫√—ß ’æ∫«à“ æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬
∑—Èß 2 ∫√‘…—∑ ¡’§«“¡∑÷∫√—ß ’πâÕ¬°«à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ·≈–
¬—ßµË”°«à“‡°≥±å¢Õß‰Õ‡Õ ‚Õ 6876(2001)28 §≈â“¬°—∫°“√
»÷°…“¢Õß Danesh ·≈–§≥–38 ∑’Ë»÷°…“‡°’Ë¬«°—∫§ÿ≥ ¡∫—µ‘
§«“¡∑÷∫√—ß ’¢Õß‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ·≈–æÕ√åµ·≈π¥ǻ ’‡¡πµå 2 ™π‘¥
„πª√–‡∑»‡¬Õ√¡π’æ∫«à“ ‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ®–¡’§«“¡∑÷∫√—ß ’
¡“°°«à“æÕ√åµ·≈π¥ǻ ’‡¡πµå∑—Èß 2 ™π‘¥Õ¬à“ß¡’π—¬ ”§—≠ Õ¬à“ß‰√
°Áµ“¡ ‡¡◊ËÕπ”æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬
∑—Èß 2 ∫√‘…—∑º ¡°—∫∫‘ ¡—µÕÕ°‰´¥åµ“¡Õ—µ√“ à«π 4 : 1
(Õ—µ√“ à«π®“°°“√»÷°…“π”√àÕß) ®– àßº≈„Àâ à«πª√–°Õ∫
∑“ß‡§¡’·≈–§«“¡∑÷∫√—ß ’¢ÕßæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ
„πª√–‡∑»‰∑¬∑—Èß 2 ∫√‘…—∑ §≈â“¬°—∫‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ÷́Ëß
·¡â«à“®“°º≈°“√«‘‡§√“–Àå∑“ß ∂‘µ‘®–æ∫«à“æÕ√åµ·≈π¥ǻ ’‡¡πµå
 ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2 ∫√‘…—∑º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å
®–¡’§à“§«“¡∑÷∫√—ß ’¡“°°«à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡ÕÕ¬à“ß¡’π—¬ ”§—≠
·µà®“°°“√ª√–‡¡‘π¿“æ√—ß ’¢—Èπµâπ¥â«¬µ“‡ª≈à“°àÕππ”¡“«—¥
§à“§«“¡∑÷∫√—ß ’¥â«¬‡§√◊ËÕß«—¥§«“¡‡¢â¡¿“æ√—ß ’ æ∫«à“®–¡’
§«“¡∑÷∫√—ß ’‰¡à·µ°µà“ß°—π ´÷Ëß®–„Àâº≈§«“¡∑÷∫√—ß ’§≈â“¬°—π

‡¡◊ËÕæ‘®“√≥“π”‰ª„™â®√‘ß∑“ß§≈‘π‘°∑’ËµâÕß¡’°“√ª√–‡¡‘π®“°
¿“æ√—ß ’¥â«¬µ“‡ª≈à“

®“°°“√«‘‡§√“–Àå¢π“¥Õπÿ¿“§æ∫«à“ æÕ√åµ·≈π¥ǻ ’‡¡πµå
 ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2 ∫√‘…—∑¡’¢π“¥Õπÿ¿“§„À≠à
·µà‡¡◊ËÕπ”æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2
∫√‘…—∑‰ªº ¡°—∫∫‘ ¡—µÕÕ°‰´¥å¥â«¬‡§√◊ËÕß∫¥·≈–º ¡ “√
°≈—∫æ∫«à“¡’¢π“¥Õπÿ¿“§≈¥≈ß ´÷ËßÕ“®‡ªìπº≈‡π◊ËÕß®“°°“√
∫¥·≈–º ¡∑’ËÀ«—ßº≈‡æ◊ËÕ„ÀâæÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ
„πª√–‡∑»‰∑¬√«¡µ—«‡ªìπ‡π◊ÈÕ‡¥’¬«°—π°—∫∫‘ ¡—µÕÕ°‰´¥åπ—Èπ
 àßº≈„ÀâæÕ√åµ·≈π¥å´’‡¡πµå‰¥â√—∫°“√∫¥‡æ‘Ë¡‡µ‘¡®“°°“√
∫¥√–À«à“ß¢—ÈπµÕπ°“√º≈‘µ  àßº≈„Àâ¢π“¥Õπÿ¿“§≈¥≈ß
Õ¬à“ß‰√°Áµ“¡‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ¬—ß§ß¡’¢π“¥Õπÿ¿“§‡≈Á°∑’Ë ÿ¥
 ”À√—∫≈—°…≥– —≥∞“π«‘∑¬“∑—Èß„π à«πºß·≈–µ—«Õ¬à“ß°“√
»÷°…“∑’Ëº ¡°—∫πÈ”¢Õß ’́‡¡πµå∑—Èß 3 ™π‘¥æ∫«à“ ≈—°…≥– —≥∞“π-
«‘∑¬“ à«πºß¢ÕßæÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬
2 ∫√‘…—∑À≈—ß®“°º ¡∫‘ ¡—µÕÕ°‰´¥å·≈â«æ∫¡’≈—°…≥–¢Õßº‘«
∑’ËÀ¬“∫°«à“°àÕπº ¡∫‘ ¡—µÕÕ°‰´¥å‡≈Á°πâÕ¬ ·µà®–§≈â“¬§≈÷ß
°—∫‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ πÕ°®“°π—Èπ¬—ßæ∫«à“‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’
‡Õ¡’≈—°…≥– —≥∞“π«‘∑¬“ à«πº‘«À≈—ß®“°«— ¥ÿ·¢Áßµ—«‡µÁ¡∑’Ë
À¬“∫«à“æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2
∫√‘…—∑ º ¡∫‘ ¡—µÕÕ°‰´¥å‡≈Á°πâÕ¬

º≈°“√»÷°…“§«“¡‡ªìπ°√¥-‡∫ ¢Õß ’́‡¡πµå∑—Èß 3 ™π‘¥
æ∫«à“ §à“§«“¡‡ªìπ°√¥-‡∫ À≈—ßº ¡‡ √Á®¡’§à“µË” ·≈–®–‡æ‘Ë¡
¢÷Èπ®π∂÷ß√–¬–‡«≈“Àπ÷Ëß®÷ß®–¡’§à“§ß∑’Ë ‚¥¬‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ
·≈–æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 1
º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å®–¡’§à“§«“¡‡ªìπ°√¥-‡∫ §ß∑’Ë‡∑à“°—∫
12.5 ∑’Ë‡«≈“ 23 π“∑’ ·≈– 24 π“∑’µ“¡≈”¥—∫  à«πæÕ√åµ-
·≈π¥å´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∫√‘…—∑∑’Ë 2 º ¡°—∫
∫‘ ¡—µÕÕ°‰´¥å®–¡’§à“§«“¡‡ªìπ°√¥-‡∫ §ß∑’Ë‡∑à“°—∫ 12.6 ∑’Ë
‡«≈“ 16 π“∑’ ´÷Ëß§≈â“¬°—∫°“√»÷°…“¢Õß Islam ·≈–§≥–37

∑’Ë»÷°…“‡°’Ë¬«°—∫§à“§«“¡‡ªìπ°√¥-‡∫ ¢Õß‡ÕÁ¡∑’‡Õ·≈–æÕ√åµ-
·≈π¥ǻ ’‡¡πµå∑—Èß ’‡∑“·≈–¢“«æ∫«à“ §à“§«“¡‡ªìπ°√¥-‡∫ ¢Õß
«— ¥ÿ®–¡’§à“µË” ·≈–®–¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ√–¬–‡«≈“ºà“π‰ª 10 π“∑’
À≈—ß®“°π—Èπ®–¡’§à“§«“¡‡ªìπ°√¥-‡∫ §ß∑’Ë ´÷Ëß§à“§«“¡‡ªìπ
°√¥-‡∫ ¢Õßµ—«Õ¬à“ß°“√»÷°…“¡’§à“„°≈â‡§’¬ß°—∫§«“¡‡ªìπ
°√¥-‡∫ ¢Õß·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å ¥—ßπ—Èπµ—«Õ¬à“ß°“√»÷°…“
∑—Èß 3 µ—«Õ¬à“ßπà“®–¡’º≈™à«¬ àß‡ √‘¡„Àâ‡°‘¥°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ
·¢Áß§≈â“¬·§≈‡ ’́¬¡‰Œ¥√Õ°‰´¥å ‡¡◊ËÕ„™â‡ªìπ«— ¥ÿÕÿ¥¬âÕπª≈“¬
√“°øíπ‰¥â ÷́Ëß§≈â“¬°—∫°“√»÷°…“¢Õß Holland ·≈–§≥–25 ∑’Ë
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Ωíß∑àÕ‡π◊ÈÕøíπ (dentin tube) ∑’Ë¡’‡ÕÁ¡∑’‡Õ æÕ√åµ·≈π¥ǻ ’‡¡πµå
À√◊Õ ·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å≈ß‰ª„π‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π„µâº‘«Àπ—ß
¢ÕßÀπŸ·√∑ (rat subcutaneous connective tissue) ·≈–
«‘‡§√“–Àåº≈°“√µÕ∫ πÕß¢Õß‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π„µâº‘«Àπ—ß¢Õß
ÀπŸ·√∑∑“ß«‘∑¬“‡π◊ÈÕ‡¬◊ËÕ (histological analysis) ‡¡◊ËÕ
‡«≈“ºà“π‰ª 7 «—π ·≈– 30 «—π æ∫«à“‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—π„µâ
º‘«Àπ—ß¢ÕßÀπŸ·√∑®–µÕ∫ πÕßµàÕ«— ¥ÿ∑—Èß 3 ™π‘¥§≈â“¬°—π
‚¥¬‡°‘¥‡ªìπ‡π◊ÈÕ‡¬◊ËÕ·¢Áß∑’Ë‡√’¬ßµ—«‰¡à‡ªìπ√–‡∫’¬∫ ¡’≈—°…≥–
§≈â“¬ –æ“π (irregular tissue like a bridge) ÷́Ëß®“°º≈
°“√»÷°…“ √ÿª«à“«— ¥ÿ∑—Èß 3 ™π‘¥¡’°≈‰°°“√‡Àπ’Ë¬«π”„Àâ‡°‘¥
‡π◊ÈÕ‡¬◊ËÕ·¢Áß∑’Ë§≈â“¬°—π

 ”À√—∫°“√»÷°…“‡°’Ë¬«°—∫‡«≈“·¢Áßµ—«π—Èπ ‰¥â‡≈◊Õ°»÷°…“
‡«≈“·¢Áßµ—« 2 ™à«ß‡«≈“ §◊Õ ‡«≈“·¢Áßµ—«‡√‘Ë¡µâπ ·≈–‡«≈“
·¢Áßµ—«‡µÁ¡∑’Ë ́ ÷ËßÕâ“ßÕ‘ß®“°¡“µ√∞“π‰Õ‡Õ ‚Õ 6876(2001)28

∑’Ë·π–π”„Àâ«—¥√–¬–‡«≈“°“√·¢Áßµ—«µ“¡ ¡“§¡«‘®—¬«— ¥ÿ·Ààß
 À√—∞Õ‡¡√‘°“ (ASTM C 226-03)29  ”À√—∫æÕ√åµ·≈π¥å
´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬ ®–°”Àπ¥Õ—µ√“ à«πº ¡
¥—ßπ’È §◊Õ ºß : πÈ” ‡∑à“°—∫ 1 °√—¡ : 0.3 ¡‘≈≈‘≈‘µ√ ‚¥¬π”¡“
®“°°“√»÷°…“π”√àÕß ÷́Ëßæ∫«à“ Õ—µ√“ à«ππ’È‰¥â´’‡¡πµå∑’Ë‡ªìπ
‡π◊ÈÕ‡¥’¬«°—π ·≈–¡’§«“¡°≈¡°≈◊π (consistency) ‡À¡“– ¡
‰¡à¢âπÀ√◊Õ‡À≈«®π‡°‘π‰ª  àßº≈¥’µàÕ°“√π”¡“„™â ·≈–‰¥â
§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ∑’Ë‡À¡“– ¡ ‡™àπ ‡«≈“·¢Áßµ—«∑’Ë‰¡à‡√Á«
À√◊Õπ“π®π‡°‘π‰ª ®“°º≈°“√»÷°…“æ∫«à“æÕ√åµ·≈π¥å
´’‡¡πµå ’¢“«∑’Ëº≈‘µ„πª√–‡∑»‰∑¬º ¡°—∫∫‘ ¡—µÕÕ°‰´¥å∑—Èß 2
∫√‘…—∑ ¡’‡«≈“·¢Áßµ—«‡µÁ¡∑’ËπâÕ¬°«à“‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ ÷́Ëß§≈â“¬
°—∫°“√»÷°…“¢Õß Islam ·≈–§≥–37 ∑’Ë»÷°…“‡°’Ë¬«°—∫√–¬–
‡«≈“°“√·¢Áßµ—«¢Õß‡ÕÁ¡∑’‡Õ·≈–æÕ√åµ·≈π¥å´’‡¡πµå∑—Èß ’‡∑“
·≈– ’¢“«‚¥¬Õâ“ßÕ‘ß®“°¡“µ√∞“π‡¥’¬«°—∫°“√»÷°…“π’È ·≈–
º≈°“√»÷°…“æ∫«à“æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«¡’‡«≈“·¢Áßµ—«‡µÁ¡
∑’ËπâÕ¬°«à“‡ÕÁ¡∑’‡Õ ’¢“« ÷́Ëßπà“®–‡ªìπº≈¥’µàÕ°“√„™â„π∑“ß
§≈‘π‘°∑’Ëπ”¡“ªî¥ª≈“¬√“°øíπ À√◊Õªî¥√Õ¬∑–≈ÿ ÷́ËßÕ“®®–
µâÕß —¡º— °—∫§«“¡™◊Èπ

§«“¡∑π·√ßÕ—¥¢Õß ’́‡¡πµå∑—Èß 3 ™π‘¥®–‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ
√–¬–‡«≈“ºà“π‰ª ́ ÷Ëß§≈â“¬°—∫°“√»÷°…“¢Õß Islam ·≈–§≥–37

∑’Ë»÷°…“‡°’Ë¬«°—∫§«“¡∑π·√ßÕ—¥¢Õß‡ÕÁ¡∑’‡Õ ’‡∑“·≈– ’¢“«
·≈–æÕ√åµ·≈π¥å´’‡¡πµå ’‡∑“·≈– ’¢“« ´÷Ëß‰¥âº≈°“√»÷°…“
§≈â“¬°—∫°“√»÷°…“„π§√—Èßπ’È ‚¥¬æ∫«à“§«“¡∑π·√ßÕ—¥¢Õß
´’‡¡πµå®–¡’§à“‡æ‘Ë¡¢÷Èπ ‡¡◊ËÕ‡°Á∫‰«â„ππÈ”‡¡◊ËÕ√–¬–‡«≈“ºà“π‰ª
®÷ßÕ“®°≈à“«‰¥â«à“§«“¡™◊Èπ¡’º≈ àß‡ √‘¡„Àâ§«“¡∑π·√ßÕ—¥¡’§à“

‡æ‘Ë¡¢÷Èπ‰¥â ·≈–®“°¿“¬„µâ ¿“«–¢Õß°“√»÷°…“π’È ·¡â®–æ∫
§«“¡·µ°µà“ß√–À«à“ß°≈ÿà¡°“√»÷°…“¢Õß´’‡¡πµå∑—Èß 3 ™π‘¥ ‡¡◊ËÕ
‡«≈“ºà“π‰ª 1 «—π ·≈– 21 «—π Õ¬à“ß‰√°Áµ“¡°Á¡’º≈πâÕ¬¡“°
‡¡◊ËÕæ‘®“√≥“„™â´’‡¡πµå¥—ß°≈à“«‡ªìπ«— ¥ÿÕÿ¥¬âÕπª≈“¬√“°
‡π◊ËÕß®“°‰¡à‰¥â√—∫·√ß®“°°“√∫¥‡§’È¬«‚¥¬µ√ß

´’‡¡πµå∑—Èß 3 ™π‘¥¡’§«“¡ “¡“√∂„π°“√≈–≈“¬‰¡à·µ°
µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ (p > .05) ·≈–¡’§à“°“√≈–≈“¬µ—«
πâÕ¬¡“°‡¡◊ËÕ‡«≈“ºà“π‰ª 1 «—π 7 «—π ·≈– 21 «—π Õ¬à“ß‰√
°Áµ“¡®“°°“√»÷°…“¢Õß Islam ·≈–§≥–37 æ∫«à“‡ÕÁ¡∑’‡Õ
 ’¢“«¡’°“√≈–≈“¬µ—«¡“°°«à“æÕ√åµ·≈π¥å´’‡¡πµå ’¢“« ´÷Ëß
· ¥ß„Àâ‡ÀÁπ«à“æÕ√åµ·≈π¥å´’‡¡πµå ’¢“«∑’Ë§ÿ≥ ¡∫—µ‘‡°’Ë¬«°—∫
°“√≈–≈“¬µ—«∑’Ë¥’°«à“‡ÕÁ¡∑’‡Õ ’¢“« ®÷ßπà“®–‡ªìπª√–‚¬™πå
‡¡◊ËÕæ‘®“√≥“π”¡“„™â‡ªìπ«— ¥ÿÕÿ¥¬âÕπª≈“¬√“° ‡π◊ËÕß®“°
µâÕß¡’°“√ —¡º— °—∫§«“¡™◊Èπ‚¥¬µ√ß

 √ÿª

¿“¬„µâ ¿“«–°“√»÷°…“π’Èæ∫«à“æÕ√åµ·≈π¥ǻ ’‡¡πµå ’¢“«
∑’Ëº≈‘µ„πª√–‡∑»‰∑¬∑—Èß 2 ∫√‘…—∑ ‡¡◊ËÕº ¡°—∫∫‘ ¡—µÕÕ°‰´¥å
·≈â«¡’ à«πª√–°Õ∫∑“ß‡§¡’·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ à«π
„À≠à§≈â“¬°—∫‰«∑å‚ª√√Ÿ∑‡ÕÁ¡∑’‡Õ

°‘µµ‘°√√¡ª√–°“»

ºŸâ«‘®—¬„§√à¢Õ¢Õ∫æ√–§ÿ≥ ∑ÿπæ—≤π“«‘™“°“√®ÿÃ“œ 100 ªï
∑’Ë„Àâ‡ß‘π π—∫ πÿπß“π«‘®—¬§√—Èßπ’È ·≈–»Ÿπ¬å‡§√◊ËÕß¡◊Õ«‘®—¬«‘∑¬“-
»“ µ√å·≈–‡∑§‚π‚≈¬’ ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ∑’Ë‰¥â„Àâ§«“¡
™à«¬‡À≈◊Õ ·≈–„Àâ§«“¡‡Õ◊ÈÕ‡øóôÕ„π°“√∑”ß“π«‘®—¬Õ¬à“ß¥’¬‘Ëß
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Abstract

Objective To compare the chemical composition and physical properties of two Thai White Portland
cements adding bismuth oxide and White ProRoot MTA.

Materials and methods X-ray analytical microscope probe and particle size analyzer were used to
determine chemical composition and particle sizes of two Thai White Portland cements adding bismuth
oxide and White ProRoot MTA. Scanning electron microscopy was used to analyze morphological
characteristics. Then pH meter with temperature compensated electrode was used to measure pH value
every 1 minute for 1 hour. Radiopacity of the sample was compared with aluminium stepwedge under
ISO 6876(2001). Setting times were determined under the protocol of the American Society of Testing
and Materials recommended by ISO 6876(2001). Compressive strength and solubility were determined
under ISO 9917-1(2003) and ADA specification no. 30, respectively. Descriptive statistical analyses,
One-way ANOVA, Two-way ANOVA and t-test were used to analyze the experimental data.

Results Chemical composition, particle sizes and morphological characteristics of two Thai White
Portland cements adding bismuth oxide were similar to those of White ProRoot MTA. Radiopacity of
two Thai brands adding bismuth oxide was significantly more than White ProRoot MTA (p < .05).
White ProRoot MTA, Thai White Portland cement brand I and brand II adding bismuth oxide showed
pH 12.5, 12.5 and 12.6 at 23, 24 and 16 minutes, respectively. Thai White Portland cement brand I
adding bismuth oxide exhibited the lowest initial and final setting times and also showed the highest
compressive strength after 1 day (37.027 MPa). However, White ProRoot MTA displayed the highest
compressive strength after 21 days (449.686 MPa). The result of solubility test revealed no statistical
difference among all samples at 1, 7 and 21 days (p > .05).

Conclusion Two Thai White Portland cements adding bismuth oxide and White ProRoot MTA were
similar in chemical composition and physical properties.

(CU Dent J. 2008;31:145-58)

Key words: bismuth oxide; chemical compositions; physical properties; Thai White Portland cement;
White ProRoot MTA


