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∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ»÷°…“§à“°”≈—ß·√ß¥÷ß‰¥Õ–‡¡∑√—≈·≈–§«“¡∑π·√ßÕ—¥¢Õß«— ¥ÿÕÿ¥øíπ™—Ë«§√“«™π‘¥´‘ß§åÕÕ°‰´¥å-
·§≈‡´’¬¡´—≈‡øµ∑’Ëæ—≤π“¢÷Èπ„À¡à

«— ¥ÿ·≈–«‘∏’°“√  —ß‡§√“–Àå‚§æÕ≈‘‡¡Õ√å√–À«à“ßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π¥â«¬°√–∫«π°“√
æÕ≈‘‡¡Õ‰√‡´™—π·∫∫¥‘ø‡øÕ‡√π‡™’¬≈‰¡‚§√Õ‘¡—≈™—π‡æ◊ËÕ„™â‡ªìπ«— ¥ÿ‡ √‘¡·√ß„Àâ°—∫«— ¥ÿÕÿ¥øíπ™—Ë«§√“« ‚¥¬ª√—∫
‡ª≈’Ë¬πÕ—µ√“ à«π√–À«à“ßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π‡ªìπ 1:1 1:2 1:3 ·≈– 1:4 ®“°π—Èππ”¡“º ¡°—∫
´‘ß§åÕÕ°‰´¥å ·§≈‡´’¬¡´—≈‡øµ·≈–«— ¥ÿÕ◊ËπÊ ÷́Ëß®–‰¥â«— ¥ÿÕÿ¥™—Ë«§√“«∑’Ëæ—≤π“¢÷Èπ„À¡à∑—ÈßÀ¡¥ 4  Ÿµ√ ·≈–·∫àß‡ªìπ
4 °≈ÿà¡‡æ◊ËÕ„™â„π°“√»÷°…“ ‚¥¬„™â‡§«‘µ ‡ªìπ°≈ÿà¡§«∫§ÿ¡‡µ√’¬¡™‘Èπµ—«Õ¬à“ß°≈ÿà¡≈– 15 ™‘Èπ ‡æ◊ËÕÀ“§à“°”≈—ß·√ß¥÷ß
‰¥Õ–‡¡∑√—≈∑’Ë¥—¥·ª≈ß®“°¥“√å‡«≈≈å ·≈–‡µ√’¬¡™‘Èπµ—«Õ¬à“ß°≈ÿà¡≈– 30 ™‘Èπ ‡æ◊ËÕÀ“§à“§«“¡∑π·√ßÕ—¥µ“¡«‘∏’∑’Ë
¥—¥·ª≈ß®“°¡“µ√∞“π “°≈ ‰Õ‡Õ ‚Õ 3107/2004 «‘‡§√“–Àåº≈‚¥¬„™â ∂‘µ‘°“√«‘‡§√“–Àå§«“¡·ª√ª√«π∑“ß‡¥’¬«
∑’Ë√–¥—∫π—¬ ”§—≠∑“ß ∂‘µ‘ 0.05

º≈°“√»÷°…“ «— ¥ÿÕÿ¥øíπ™—Ë«§√“«™π‘¥´‘ß§åÕÕ°‰´¥å-·§≈‡´’¬¡´—≈‡øµ∑’Ë‡ √‘¡·√ß¥â«¬‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈
‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π„πÕ—µ√“ à«πµà“ßÊ „Àâ§à“‡©≈’Ë¬°”≈—ß·√ß¥÷ß·≈–§«“¡∑π·√ßÕ—¥∑’Ë·µ°µà“ß°—π∑ÿ° Ÿµ√
‡¡◊ËÕª√‘¡“≥¢ÕßæÕ≈‘ ‰µ√’π‡æ‘Ë¡¢÷Èπ §à“‡©≈’Ë¬°”≈—ß·√ß¥÷ß·≈–§«“¡∑π·√ßÕ—¥¡’§à“≈¥≈ß ‚¥¬ Ÿµ√∑’Ë„™âÕ—µ√“ à«π¢Õß
æÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µµàÕæÕ≈‘ ‰µ√’π‡∑à“°—∫ 1:1 „Àâ§à“‡©≈’Ë¬¢Õß°”≈—ß·√ß¥÷ß‰¥Õ–‡¡∑√—≈·≈–§à“‡©≈’Ë¬§«“¡∑π
·√ßÕ—¥¡“°∑’Ë ÿ¥ ·≈–¬—ß¡’§à“¡“°°«à“‡§«‘µÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05)

 √ÿª «— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑’Ëæ—≤π“¢÷Èπ„À¡à∑’Ë‡ √‘¡·√ß¥â«¬‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π
„πÕ—µ√“ à«π 1:1 ¡’°”≈—ß·√ß¥÷ß‰¥Õ–‡¡∑√—≈·≈–§«“¡∑π·√ßÕ—¥¡“°°«à“‡§«‘µÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

(« ∑—πµ ®ÿÃ“œ 2555;35:157-66)

§” ”§—≠: °”≈—ß·√ß¥÷ß; §«“¡∑π·√ßÕ—¥; ‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π; «— ¥ÿÕÿ¥øíπ
™—Ë«§√“«ª√–‡¿∑´‘ß§åÕÕ°‰´¥å-·§≈‡´’¬¡´—≈‡øµ



CU Dent J. 2012;35:157-66Thamrongananskul N, et al158

∫∑π”

«— ¥ÿÕÿ¥øíπ™—Ë«§√“« (temporary filling material)
§◊Õ «— ¥ÿ∑’Ë„™â∫Ÿ√≥–øíπ™—Ë«§√“«„π™à«ß√–¬–‡«≈“Àπ÷Ëß ‚¥¬¡’
√–¬–‡«≈“°“√„™âß“π„π™àÕßª“°π“ππ—∫ —ª¥“ÀåÀ√◊Õ¡“°°«à“π—Èπ
∑—Èßπ’È®”‡ªìπµâÕß¡’§«“¡·¢Áß·√ß„π√–¥—∫∑’Ë “¡“√∂µâ“π∑“π
µàÕ°“√„™âß“π„π™àÕßª“°‰¥â ªí®®ÿ∫—π¡’°“√„™â«— ¥ÿÕÿ¥øíπ
™—Ë«§√“«‡æ◊ËÕ°“√√—°…“∑“ß∑—πµ°√√¡À≈“¬ª√–‡¿∑ Õ“∑‘‡™àπ
„™â‡æ◊ËÕ«‘‡§√“–Àåµ‘¥µ“¡Õ“°“√¢Õß‚√§ „™â„πß“π√—°…“§≈Õß
√“°øíπ∑’Ë‰¡à “¡“√∂∑”°“√√—°…“‡ √Á®‰¥â„π§√—Èß‡¥’¬« (multivisit
endodontic) „™âªî¥‚æ√ßøíπ∑’Ë‡µ√’¬¡ ”À√—∫«— ¥ÿÕÿ¥Ωíß (inlay)
·≈–Õÿ¥™àÕß °√Ÿ∑’ËÀ≈—°¬÷¥¢Õß√“°‡∑’¬¡ πÕ°®“°π’È«— ¥ÿÕÿ¥
øíπ™—Ë«§√“«¬—ß¡’Àπâ“∑’Ë™à«¬„Àâøíπ´’Ëπ—Èπ¬—ß§ß∑”Àπâ“∑’Ë‰¥âµ“¡ª°µ‘
√—°…“µ”·Àπàß‡¥‘¡¢Õßøíπ (positioning) √«¡∑—Èß™à«¬„π‡√◊ËÕß
§«“¡ «¬ß“¡¥â«¬1 µ—Èß·µàÕ¥’µ∂÷ßªí®®ÿ∫—π¡’°“√„™â«— ¥ÿÀ≈“¬™π‘¥
‡æ◊ËÕ‡ªìπ«— ¥ÿÕÿ¥øíπ™—Ë«§√“« ‡™àπ ‘́ß§åøÕ ‡øµ´’‡¡πµå
æÕ≈‘§“√å∫Õ°´‘‡≈µ´’‡¡πµå °≈“ ‰Õ‚Õ‚π‡¡Õ√å´’‡¡πµå ‡√´‘π
§Õ¡æÕ ‘µ ´‘ß§åÕÕ°‰´¥å¬Ÿ®‘πÕ≈´’‡¡πµå ·≈–«— ¥ÿÕÿ¥øíπ
™—Ë«§√“«ª√–‡¿∑´‘ß§åÕÕ°‰´¥å-·§≈‡´’¬¡´—≈‡øµ (zinc
oxide-calcium sulfate based temporary filling
material) ‚¥¬ª√–‡¿∑À≈—ßπ’È‡ªìπ«— ¥ÿÕÿ¥øíπ™—Ë«§√“«™π‘¥
 ”‡√Á®√Ÿª∑’Ë “¡“√∂„™âß“π‰¥â∑—π∑’‚¥¬‰¡àµâÕßº ¡ ´÷Ëß¡’ à«π
ª√–°Õ∫À≈—° §◊Õ ́ ‘ß§åÕÕ°‰´¥å (zinc oxide) ·§≈‡ ’́¬¡´—≈‡øµ
(calcium sulfate) ́ ‘ß§ǻ —≈‡øµ (zinc sulfate) ·∫‡√’¬¡´—≈‡øµ
(barium sulfate) æÕ≈‘‰«π‘≈·Õ ’́‡∑µ (polyvinyl acetate)
‡Õ∑‘≈‘π∫‘ ‰¥·Õ ’́‡∑µ (ethylenebisdiacetate) ·≈–∑—≈°å
(talc) ‡ªìπµâπ ‚¥¬º≈‘µ¿—≥±å∑’ËÕÕ°«“ß®”Àπà“¬·≈–‡ªìπ∑’Ë
π‘¬¡„π§≈‘π‘° §◊Õ ‡§«‘µ (CavitTM; 3M Espe, Seefeld,
Germany) µàÕ¡“∫√‘…—∑ºŸâº≈‘µ‰¥âπ”‡§«‘µ®’ (CavitTM G)
·≈–‡§«‘µ¥—∫‡∫‘≈¬Ÿ (CavitTM W) ÕÕ°«“ß®”Àπà“¬µ“¡≈”¥—∫
‚¥¬º≈‘µ¿—≥±å∑—Èß 3 ™π‘¥π’È¡’ª√‘¡“≥¢Õß‡√´‘π„πÕß§åª√–°Õ∫
∑’Ë·µ°µà“ß°—π ́ ÷Ëß àßº≈µàÕ§à“§«“¡·¢Áßº‘« (surface hardness)
¢Õß«— ¥ÿÀ≈—ß°“√°àÕµ—« Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ‡∑’¬∫ ¡∫—µ‘¢Õß
«— ¥ÿª√–‡¿∑‡§«‘µ∑—Èß 3 ™π‘¥ æ∫«à“‡§«‘µ¡’§«“¡·¢Áßº‘«¡“°
∑’Ë ÿ¥ ∂—¥¡“‡ªìπ‡§«‘µ¥—∫‡∫‘≈¬Ÿ ·≈–‡§«‘µ®’ µ“¡≈”¥—∫2

¢âÕ¥’¢Õß«— ¥ÿÕÿ¥øíπ™—Ë«§√“« ‘́ß§åÕÕ°‰´¥å-·§≈‡ ’́¬¡
´—≈‡øµ §◊Õ  –¥«°„π°“√„™âß“π √◊ÈÕÕÕ°ßà“¬ ¡’°“√ºπ÷°µ“¡
¢Õ∫∑’Ë¥’ ´÷Ëß∑”„Àâµâ“π°“√√—Ë«´÷¡‰¥â¥’¥â«¬ ‡æ√“–«— ¥ÿ™π‘¥π’È¡’
°“√¢¬“¬µ—«‡¡◊ËÕ —¡º— §«“¡™◊Èπ (hygroscopic expansion)
·≈–¡’§à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«‡™‘ß‡ âπ Ÿß (high coefficient

of linear expansion) ∂÷ß√âÕ¬≈– 18 ÷́Ëß¡“°°«à“«— ¥ÿ
ª√–‡¿∑ ‘́ß§åÕÕ°‰´¥å¬Ÿ®‘πÕ≈∂÷ß 2 ‡∑à“3  ”À√—∫¢âÕ¥âÕ¬¢Õß
«— ¥ÿÕÿ¥øíπ™—Ë«§√“«™π‘¥π’È ‰¥â·°à æ∫°“√√—Ë«´÷¡ºà“π‡π◊ÈÕ«— ¥ÿ
 Ÿß°àÕπ∑’Ë«— ¥ÿ®–°àÕµ—« ¡∫Ÿ√≥å ¡’§«“¡∑π·√ßÕ—¥µË” (low
compressive strength) °àÕµ—«™â“ ·≈–¡’°“√ ≈“¬µ—«„ππÈ” Ÿß
(high water disintegration) ®“°ß“π«‘®—¬¢Õß Widerman
·≈–§≥–3 ∑’Ë»÷°…“‡ª√’¬∫‡∑’¬∫§«“¡∑π·√ßÕ—¥¢Õß‡§«‘µ°—∫
´‘ß§åÕÕ°‰´¥å¬Ÿ®‘πÕ≈æ∫«à“‡§«‘µ¡’§à“§«“¡∑π·√ßÕ—¥‡æ’¬ß
§√÷ËßÀπ÷Ëß¢Õß ‘́ß§åÕÕ°‰´¥å¬Ÿ®‘πÕ≈‡∑à“π—Èπ ‚¥¬ Webber ·≈–
§≥–4 ·π–π”«à“À“°µâÕß°“√„Àâ¡’∑—Èß°≈ ¡∫—µ‘∑’Ë¥’·≈–
 “¡“√∂µâ“π∑“π°“√√—Ë«´÷¡‰¥â ‡§«‘µµâÕß¡’§«“¡Àπ“Õ¬à“ßπâÕ¬
3.5 ¡‘≈≈‘‡¡µ√ Draheim ·≈–§≥–5 »÷°…“‡ª√’¬∫‡∑’¬∫
§«“¡∑π·√ßÕ—¥¢Õß‡§«‘‡∑§ (cavitec) ·≈–‰ÕÕ“√å‡ÕÁ¡ (IRM)
´÷Ëß∑—Èß Õßº≈‘µ¿—≥±å‡ªìπ«— ¥ÿª√–‡¿∑ ‘́ß§åÕÕ°‰´¥å¬Ÿ®‘πÕ≈æ∫
«à“‡§«‘‡∑§¡’§«“¡∑π·√ßÕ—¥πâÕ¬°«à“‰ÕÕ“√å‡ÕÁ¡Õ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘µ‘ Ono ·≈– Matsumoto6 æ∫«à“‡§«‘µ®’¡’
§«“¡∑π·√ßÕ—¥µË” ́ ÷Ëß‰¡à‡æ’¬ßæÕ∑’Ë®–∑π·√ß∫¥‡§’È¬«„πøíπÀ≈—ß
·≈–‰¡à·π–π”„Àâ„™â„π‚æ√ßøíπ∑’Ë¡’°“√ Ÿ≠‡ ’¬‡π◊ÈÕøíπÀ≈“¬¥â“π
(complex cavity)  ”À√—∫°“√»÷°…“°”≈—ß·√ß¥÷ß´÷Ëß‡ªìπ
 ¡∫—µ‘‡™‘ß°≈∑’Ë ”§—≠ Õ’°ª√–°“√Àπ÷Ëß¢Õß«— ¥ÿÕÿ¥øíπ™—Ë«§√“«
¬—ß‰¡àæ∫°“√«à“¡’°“√»÷°…“·≈–√“¬ß“πº≈

«— ¥ÿÕÿ¥øíπ™—Ë«§√“«ª√–‡¿∑´‘ß§åÕÕ°‰´¥å-·§≈‡´’¬¡
´—≈‡øµπ’È¡’°“√º≈‘µ„πÀ≈“¬ª√–‡∑»¥â«¬™◊ËÕ∑“ß°“√§â“∑’Ëµà“ß°—π
·≈–¬—ß‰¡àæ∫«à“¡’°“√º≈‘µ„πª√–‡∑»‰∑¬ ‚¥¬ªï 2008  ÿæ—™√“
·≈–§≥–7 ‰¥âæ—≤π“«— ¥ÿÕÿ¥øíπ™—Ë«§√“«ª√–‡¿∑ ‘́ß§åÕÕ°‰´¥å-
·§≈‡´’¬¡´—≈‡øµ¢÷Èπ„À¡à ‡æ◊ËÕ„Àâ¡’ ¡∫—µ‘°“√ ≈“¬µ—«„π
πÈ”πâÕ¬°«à“«— ¥ÿÕÿ¥øíπ™—Ë«§√“«¬’ËÀâÕ‡§«‘µ ‚¥¬ª√—∫ª√ÿß
Õ—µ√“ à«π¢Õß´‘ß§åÕÕ°‰´¥åµàÕ·§≈‡´’¬¡´—≈‡øµ√à«¡°—∫„™â
‰¥‰Õ‚´‚ππ‘≈ø∑“‡≈µ À√◊Õ¥’‰Õ‡ÕÁπæ’ (diisononyl phthalate
or DINP) ‡ªìπæ≈“ µ‘‰´‡´Õ√å (plasticizer) ´÷Ëß‡ªìπ “√∑’Ë¡’
§«“¡ª≈Õ¥¿—¬„π°“√π”¡“„™â°—∫√à“ß°“¬¡πÿ…¬å8,9 ∂÷ß·¡â
«— ¥ÿ∑’Ëæ—≤π“¢÷Èπ„À¡à¡’§«“¡∑πµàÕ°“√ ≈“¬µ—«„ππÈ”∑’Ë¥’ ·µà
 ¡∫—µ‘¥â“π§«“¡∑π·√ßÕ—¥¬—ß¡’§à“µË”°«à“‡§«‘µ ¥—ßπ—Èπ§≥–
ºŸâ«‘®—¬®÷ß¡’§«“¡ª√– ß§å∑’Ë®–æ—≤π“«— ¥ÿÕÿ¥øíπ™—Ë«§√“«
ª√–‡¿∑ ‘́ß§åÕÕ°‰´¥å-·§≈‡ ’́¬¡ —́≈‡øµ„Àâ¡’§à“°”≈—ß·√ß¥÷ß
·≈–§«“¡∑π·√ßÕ—¥∑’Ë Ÿß¢÷Èπ ‚¥¬„™âÕ—µ√“ à«π¢Õß´‘ß§å
ÕÕ°‰´¥åµàÕ·§≈‡´’¬¡´—≈‡øµ (20:40) ´÷Ëß‡ªìπ Ÿµ√®“°ß“π
«‘®—¬¢Õß ÿæ—™√“·≈–§≥–∑’Ë„Àâ§à“°“√ ≈“¬µ—«„ππÈ”µË”∑’Ë ÿ¥¡“
‡ √‘¡·√ß¥â«¬‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ°—∫
æÕ≈‘ ‰µ√’π (copolymer PMMA-PS)



« ∑—πµ ®ÿÃ“œ 2555;35:157-66 π‘¬¡ ∏”√ß§åÕπ—πµå °ÿ≈ ·≈–§≥– 159

«—µ∂ÿª√– ß§å„π°“√«‘®—¬§√—Èßπ’È‡æ◊ËÕ»÷°…“§à“°”≈—ß·√ß¥÷ß
·≈–§à“§«“¡∑π·√ßÕ—¥¢Õß«— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑’Ëæ—≤π“¢÷Èπ„À¡à
∑’Ë‡ √‘¡·√ß¥â«¬‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ°—∫
æÕ≈‘ ‰µ√’π ·≈–‡ª√’¬∫‡∑’¬∫°—∫‡§«‘µ ‚¥¬¡’ ¡¡µ‘∞“π §◊Õ
«— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑’Ëæ—≤π“„À¡àÕ¬à“ßπâÕ¬ 1  Ÿµ√ ¡’§à“‡©≈’Ë¬
°”≈—ß·√ß¥÷ß·≈–§«“¡∑π·√ßÕ—¥¡“°°«à“À√◊Õ‡∑à“°—∫‡§«‘µ

«— ¥ÿ·≈–«‘∏’°“√

 “√‡§¡’·≈–«— ¥ÿµà“ßÊ ∑’Ë„™â —ß‡§√“–Àå‚§æÕ≈‘‡¡Õ√å·≈–
„π°“√‡µ√’¬¡«— ¥ÿÕÿ¥øíπ™—Ë«§√“«‡ªìπº≈‘µ¿—≥±å¢Õß ‘́°¡“-
Õ—≈¥√‘™ (Sigma-Aldrich Chemie Gmbh, Munich,
Germany)

°“√ —ß‡§√“–Àå‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“

§√‘‡≈µ°—∫æÕ≈‘ ‰µ√’π

°√–∫«π°“√ —ß‡§√“–Àå‚§æÕ≈‘‡¡Õ√å·∫∫¥‘ø‡øÕ‡√π‡™’¬≈
‰¡‚§√Õ‘¡—≈™—π (differential microemulsion) ‰¥â¥—¥·ª≈ß
¡“®“°«‘∏’°“√¢Õß»√’ ÿ¥“·≈–§≥–10 ‚¥¬„™â‚´‡¥’¬¡‚¥‡¥´‘≈
´—≈‡øµ (sodium dodecyl sulphate, SDS) ‡ªìπ “√≈¥·√ß
µ÷ßº‘«™π‘¥·Õπ‰ÕÕÕπ‘° (anionic) ·≈– 2,2′ ‡Õ‚´∫‘ ‰Õ‚´∫‘«
∑‘‚√‰π‰µ√å≈ (azobisisobutyronitrile, AIBN) ‡ªìπ “√‡√‘Ë¡
µâπªØ‘°‘√‘¬“ (initiator) ÷́Ëß°“√ —ß‡§√“–Àå‚§æÕ≈‘‡¡Õ√å¢Õß
æÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π®–‡°‘¥æÕ≈‘‡¡Õ‰√‡´™—π
·∫∫√«¡µ—«‚¥¬Õπÿ¡Ÿ≈Õ‘ √– (free radical addition poly-
merization) ‚¥¬¡’¢—ÈπµÕπÕ¬à“ß¬àÕ¥—ßπ’È

‡√‘Ë¡®“°°“√≈â“ß‡¡∑‘≈‡¡∑“§√‘‡≈µ¡ÕπÕ‡¡Õ√å (methyl
methacrylate monomer) ·≈– ‰µ√’π¡ÕπÕ‡¡Õ√å (styrene
monomer) ¥â«¬ “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å §«“¡‡¢â¡¢âπ
√âÕ¬≈– 10 ®”π«π 3 §√—Èß ‚¥¬„™â°√«¬·¬° (separatory
funnel) ‡æ◊ËÕ°”®—¥ “√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ (inhibitor) ®“°
π—Èπ≈â“ßµàÕ¥â«¬πÈ”°≈—Ëπ·≈–∑¥ Õ∫¥â«¬°√–¥“…≈‘µ¡— ®π§à“
§«“¡‡ªìπ°√¥-¥à“ß (pH) ‡ªìπ°≈“ß „ à‚´‡¥’¬¡ —́≈‡øµ∑’Ë
ª√“»®“°πÈ” (Na2SO4 anhydrous) „πÕ—µ√“ à«π 100 °√—¡
µàÕ≈‘µ√ µ—Èß∑‘Èß‰«â 30 π“∑’ ·≈â«°√Õß‚´‡¥’¬¡´—≈‡øµÕÕ° ‡µ√’¬¡
SDS ·≈– AIBN „πÕ—µ√“ à«π 10 µàÕ 1 ‚¥¬πÈ”Àπ—°„π
πÈ”°≈—Ëπ∑’ËÕ—µ√“ à«π 1 µàÕ 2.5 ‚¥¬πÈ”Àπ—° [(SDS+AIBN):
πÈ”°≈—Ëπ‡∑à“°—∫ 1:2.5] „π¢«¥°âπ°≈¡·∫∫ 3 §Õ ¢π“¥ 500
¡‘≈≈‘≈‘µ√ ∑’Ë¡’·∑àß·¡à‡À≈Á°°«π “√ (magnetic bar)  à«π

§«∫·πàπ (condenser) ·≈–™àÕßºà“π ”À√—∫°ä“´‰π‚µ√‡®π
®“°π—Èπºà“π°ä“´‰π‚µ√‡®π≈ß„π¢«¥°âπ°≈¡‡æ◊ËÕ‰≈à„ÀâÕ“°“»
∑’ËÕ¬Ÿà¿“¬„π¢«¥ÕÕ°ª√–¡“≥ 5 π“∑’ „Àâ§«“¡√âÕπ°—∫
ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡´’¬  ‚¥¬„™â‡§√◊ËÕß„Àâ§«“¡
√âÕπ (heating mantle) æ√âÕ¡°—∫µ—Èß√–¥—∫°“√°«π„Àâ∑”ß“π
∑’Ë§«“¡‡√Á«ª√–¡“≥ 100 √Õ∫µàÕπ“∑’ ‡µ√’¬¡‡¡∑‘≈‡¡∑“§√‘
‡≈µ¡ÕπÕ‡¡Õ√å·≈– ‰µ√’π¡ÕπÕ‡¡Õ√å∑’Ë‰¥â®“°°“√‡µ√’¬¡
¢â“ßµâπ„πÕ—µ√“ à«π 1:1 1:2 1:3 ·≈– 1:4 „π¢«¥√Ÿª°√«¬
(separation funnel) §«∫§ÿ¡¡ÕπÕ‡¡Õ√å„ÀâÀ¬¥Õ¬à“ß™â“Ê
≈ß„π “√≈–≈“¬∑’Ë¡’°“√°«πÕ¬Ÿàµ≈Õ¥‡«≈“¿“¬„µâ∫√√¬“°“»
¢Õß°ä“´‰π‚µ√‡®π ¥—ß√Ÿª∑’Ë 1 ¢—ÈπµÕππ’È„™â‡«≈“ª√–¡“≥ 3
™—Ë«‚¡ß À≈—ß®“°¡ÕπÕ‡¡Õ√åÀ¬¥ ÿ¥∑â“¬À¡¥≈ß·≈â«„Àâ
ªØ‘°‘√‘¬“§ß¥”‡π‘πµàÕ‰ªÕ’° 1 ™—Ë«‚¡ß ®“°π—ÈπÀ¬ÿ¥„Àâ§«“¡
√âÕπ·≈–ª≈àÕ¬„Àâ¢Õßº ¡‡¬Áπµ—«≈ß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈â«®÷ß‡∑
¢Õßº ¡≈ß„π∫’°‡°Õ√å∑’Ë¡’‡¡∑‘≈·Õ≈°ÕŒÕ≈åÕ¬Ÿà ¥—ß√Ÿª∑’Ë 2
®“°π—Èπ°√Õß·≈–≈â“ß¢Õßº ¡¥â«¬‡¡∑‘≈·Õ≈°ÕŒÕ≈å·≈–πÈ”°≈—Ëπ
3 §√—Èß ‚¥¬„™â‡§√◊ËÕß™à«¬¥Ÿ¥ (suction pump) π” “√∑’Ë°√Õß
‰¥â‰ª∑”„Àâ·Àâß„πµŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 60 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“
3 «—π ́ ÷Ëß®–‰¥âºß‚§æÕ≈‘‡¡Õ√å∑’Ë —ß‡§√“–Àå‰¥â¡’≈—°…≥–¥—ß√Ÿª∑’Ë 3
·≈–‡¡◊ËÕ àÕß¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥
æ∫«à“ºß‚§æÕ≈‘‡¡Õ√å¡’¢π“¥‡≈Á°°«à“ 1 ‰¡‚§√‡¡µ√ ¥—ß√Ÿª∑’Ë 4

°“√‡µ√’¬¡«— ¥ÿÕÿ¥øíπ™—Ë«§√“«ª√–‡¿∑´‘ß§åÕÕ°‰´¥å-

·§≈‡ ’́¬¡ —́≈‡øµ

«— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑’Ë‡µ√’¬¡¢÷Èπª√–°Õ∫¥â«¬ ́ ‘ß§åÕÕ°‰´¥å
·§≈‡ ’́¬¡ —́≈‡øµ ‘́ß§å´—≈‡øµ ‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈
‡¡∑“§√‘‡≈µ°—∫æÕ≈‘ ‰µ√’π·≈– “√Õ◊ËπÊ ´÷Ëß¡’πÈ”Àπ—°§‘¥‡ªìπ
√âÕ¬≈– 20 40 8 9 ·≈– 23 µ“¡≈”¥—∫ ‚¥¬«— ¥ÿÕÿ¥øíπ
™—Ë«§√“« Ÿµ√∑’Ë 1 2 3 ·≈– 4 ®–¡’‚§æÕ≈‘‡¡Õ√å∑’Ë¡’Õ—µ√“ à«π
√–À«à“ßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ°—∫æÕ≈‘ ‰µ√’π‡ªìπ 1:1 1:2 1:3
·≈– 1:4 µ“¡≈”¥—∫ ‚¥¬°“√™—Ëß “√‡§¡’ à«π∑’Ë‡ªìπºß¥â«¬
‡§√◊ËÕß™—Ëß«‘‡§√“–Àå §«“¡≈–‡Õ’¬¥∑»π‘¬¡ 3 µ”·Àπàß (ana-
lytical balance, A & D Weighing, California, USA) ¥Ÿ¥
‰¥‰Õ‚´‚ππ‘«ø∑“‡≈µµ“¡πÈ”Àπ—°∑’Ë§”π«≥‰¥â¥â«¬‰¡‚§√ªî‡ªµ
(Socorex, Calibra 822, Switzerland) ‡√‘Ë¡®“°º ¡
‚§æÕ≈‘‡¡Õ√å°—∫‰¥‰Õ‚´‚ππ‘«ø∑“‡≈µ ‚¥¬∑‘Èß‰«â„π¿“™π–∑’Ë¡’
Ω“ªî¥‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ´÷Ëß®–‰¥â¢Õß‡À≈«∑’Ë¡’ ’„ ¢âπ
®“°π—Èπ®÷ß‡µ‘¡Õß§åª√–°Õ∫Õ◊ËπÊ ·≈–∫¥„Àâ‡¢â“°—π¥â«¬‚°√àß
(mortar) ‡ªìπ‡«≈“ 10 π“∑’ ®π«— ¥ÿ¥—ß°≈à“«¡’≈—°…≥–‡ªìπ
‡π◊ÈÕ‡¥’¬«°—π ¥—ß√Ÿª∑’Ë 5 ‡µ√’¬¡«— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑—ÈßÀ¡¥
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4 °≈ÿà¡ ∑’Ë¡’ à«πª√–°Õ∫¢Õß‚§æÕ≈‘‡¡Õ√å„πÕ—µ√“ à«π∑’Ëµà“ß°—π
4 Õ—µ√“ à«π ´÷Ëß°”Àπ¥„Àâ‡ªìπ Ÿµ√∑’Ë 1 2 3 ·≈– 4 ‚¥¬„π
·µà≈–°≈ÿà¡®–‡µ√’¬¡«— ¥ÿÕÿ¥øíπ™—Ë«§√“«¥—ß°≈à“«π’È®”π«π 3 ™ÿ¥
®“°°“√»÷°…“π”√àÕß‰¥â∑”°“√∑¥ Õ∫§«“¡‡∑’Ë¬ß¢Õß°“√º ¡
«— ¥ÿ„π·µà≈–§√—Èß·≈â«æ∫«à“«— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑’Ë‡µ√’¬¡¢÷Èπ„À¡à

®”π«π 3 ™ÿ¥¡’§à“°”≈—ß·√ß¥÷ß·≈–§à“§«“¡∑π·√ßÕ—¥µà“ß°—π
Õ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p > 0.05) ®÷ß∑”°“√ ÿà¡µ—«Õ¬à“ß
(simple random sampling) ®“°«— ¥ÿ„π·µà≈–™ÿ¥ ‡æ◊ËÕπ”
¡“∑¥ Õ∫°”≈—ß·√ß¥÷ß‰¥Õ–‡¡∑√—≈ (diametral tensile
strength)11 ·≈–§«“¡∑π·√ßÕ—¥

√Ÿª∑’Ë 1 · ¥ß‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√ —ß‡§√“–Àå‚§æÕ≈‘‡¡Õ√å
Fig. 1 shows the apparatus used for copolymer synthesis.

√Ÿª∑’Ë 2 · ¥ß‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π∑’Ë —ß‡§√“–Àå‰¥â°àÕπ∑’Ë®–∑”„Àâ·Àâß
Fig. 2 shows the copolymer of polymethyl methacrylate and polystyrene before being dried.

√Ÿª∑’Ë 3 · ¥ßºß‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π À≈—ß®“°Õ∫„Àâ·Àâß
Fig. 3 shows the powder of copolymer (PMMA-PS) after being dried.



« ∑—πµ ®ÿÃ“œ 2555;35:157-66 π‘¬¡ ∏”√ß§åÕπ—πµå °ÿ≈ ·≈–§≥– 161

‡µ√’¬¡™‘Èπµ—«Õ¬à“ß°≈ÿà¡≈– 15 ™‘Èπ  ”À√—∫∑¥ Õ∫°”≈—ß
·√ß¥÷ß‰¥Õ–‡¡∑√—≈®“°·¡à·∫∫æÕ≈‘‡∑∑√–ø≈ŸÕÕ‚√‡Õ∑‘≈’π
(polytetrafluoroethylene) ¥—ß√Ÿª∑’Ë°6a ∑’Ë¡’¢π“¥‡ âπºà“π
»Ÿπ¬å°≈“ß«ß„π‡∑à“°—∫ 6 ¡‘≈≈‘‡¡µ√ ·≈– Ÿß 3 ¡‘≈≈‘‡¡µ√ «“ß

·¡à·∫∫∫π·ºàπ·°â« ‰≈¥å π”«— ¥ÿÕÿ¥øíπ™—Ë«§√“«„ à·≈–Õ—¥
„Àâ·πàπ ª“¥ à«π‡°‘πÕÕ° „Àâº‘«Àπâ“¢Õß«— ¥ÿÕÿ¥™—Ë«§√“«
‡ ¡Õ¢Õ∫¢Õß·¡à·∫∫∑—Èß Õß¥â“π ®“°π—Èππ”™‘Èπß“π·≈–·¡à
·∫∫·™àπÈ”°≈—Ëπ∑’ËÕ¬Ÿà„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ (Incubator,

√Ÿª∑’Ë 4 · ¥ß¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥¢Õßºß‚§æÕ≈‘‡¡Õ√å∑’Ë°”≈—ß¢¬“¬ 20,000 ‡∑à“
Fig. 4 shows illustration of copolymer from SEM at 20,000 X.

√Ÿª∑’Ë 5 · ¥ß¿“æ«— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑’Ëªíôπ‡ªìπ°âÕπ (a) ‡§«‘µ (b) «— ¥ÿ∑’Ëæ—≤π“¢÷Èπ„À¡à
Fig. 5 shows the spheres of temporary filling materials (a) Cavit (b) the newly developed of temporary filling

material.

a b

√Ÿª∑’Ë 6 · ¥ß·¡à·∫∫æÕ≈‘‡∑∑√–ø≈ŸÕÕ‚√‡Õ∑‘≈’π  ”À√—∫¢÷Èπ√Ÿª™‘Èπµ—«Õ¬à“ß‡æ◊ËÕ∑¥ Õ∫°”≈—ß·√ß¥÷ß‰¥Õ–‡¡∑√—≈ (a) ·≈–™‘Èπ
µ—«Õ¬à“ß¢Õß«— ¥ÿÕÿ¥™—Ë«§√“«∑’Ë¢÷Èπ‡ √Á®·≈â« (b)

Fig. 6 shows polytetrafluoroethylene molds preparing the specimens for diametral tensile strength testing (a) and
the temporary filling material specimens (b).
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Contherm 160M, Contherm Scientific Ltd., New
Zealand) ∑’Ë 37 ± 1 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß
·°–™‘Èπµ—«Õ¬à“ßÕÕ°®“°·¡à·∫∫ ¥—ß√Ÿª∑’Ë 6b ·≈â«·™à„ππÈ”
°≈—ËπÕÿ≥À¿Ÿ¡‘ 23 ± 1 Õß»“‡´≈‡ ’́¬  π“π 15 π“∑’ °àÕπ∑’Ë
®–π”™‘Èπµ—«Õ¬à“ß¡“∑¥ Õ∫°”≈—ß·√ß¥÷ß‰¥Õ–‡¡∑√—≈¥â«¬‡§√◊ËÕß
∑¥ Õ∫‡Õπ°ª√– ß§å (Lloyd universal testing machine
ModelLR10K) ‚¥¬°”Àπ¥„Àâ§«“¡‡√Á«¢ÕßÀ—«°¥ (cross-
head speed) ‡∑à“°—∫ 0.50 ¡‘≈≈‘‡¡µ√/π“∑’ ®π°√–∑—Ëß™‘Èπ
µ—«Õ¬à“ß‡°‘¥°“√·µ°À—° ∫—π∑÷°§à“·√ß°¥ Ÿß ÿ¥∑’Ë∑”„Àâ™‘Èπ
µ—«Õ¬à“ß·µ° ¡’Àπà«¬‡ªìππ‘«µ—π ®“°π—Èπ§”π«≥§à“°”≈—ß·√ß
¥÷ß‚¥¬„™â Ÿµ√

 DTS = 2P/πDT

DTS §◊Õ °”≈—ß·√ß¥÷ß (‡¡°–ª“ °“≈)
P §◊Õ ·√ß°¥ Ÿß ÿ¥∑’Ë∑”„Àâ™‘Èπµ—«Õ¬à“ß·µ° (π‘«µ—π)
D §◊Õ ‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß™‘Èπµ—«Õ¬à“ß (¡‘≈≈‘‡¡µ√)
T §◊Õ §«“¡Àπ“¢Õß™‘Èπµ—«Õ¬à“ß (¡‘≈≈‘‡¡µ√)

§”π«≥¢âÕ¡Ÿ≈‚¥¬„™â ∂‘µ‘∑¥ Õ∫°“√«‘‡§√“–Àå§«“¡·ª√ª√«π
∑“ß‡¥’¬« ·≈–°“√‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ™π‘¥∫Õπ‡øÕ√å‚√π‘
∑’Ë√–¥—∫π—¬ ”§—≠∑“ß ∂‘µ‘ 0.05

 à«π°“√∑¥ Õ∫§à“§«“¡∑π·√ßÕ—¥¥â«¬«‘∏’°“√∑’Ë¥—¥·ª≈ß
®“°¡“µ√∞“π “°≈ ‰Õ‡Õ ‚Õ 3107/200412 ‚¥¬‡µ√’¬¡™‘Èπ
µ—«Õ¬à“ß°≈ÿà¡≈– 30 ™‘Èπ ®“°·¡à·∫∫‚≈À–™π‘¥·¬° à«π (split

molds) ∑’Ë¡’™àÕß∑√ß°√–∫Õ°¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 4

¡‘≈≈‘‡¡µ√ ·≈– Ÿß 6 ¡‘≈≈‘‡¡µ√ ¥—ß√Ÿª∑’Ë 7a «“ß·¡à·∫∫∫π

·ºàπ·°â« ‰≈¥å ∑“º‘«·¡à·∫∫∑—ÈßÀ¡¥¥â«¬‡®≈°≈’‡´Õ√’π

(glycerine jelly) „ à«— ¥ÿ·≈–Õ—¥„Àâ·πàπ ª“¥ à«π‡°‘πÕÕ°

®“°π—Èππ”™‘Èπß“π·≈–·¡à·∫∫·™àπÈ”°≈—Ëπ‡°Á∫„πµŸâ§«∫§ÿ¡

Õÿ≥À¿Ÿ¡‘∑’Ë 37 ± 1 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ®÷ß

·°–™‘Èπµ—«Õ¬à“ßÕÕ° ¥—ß√Ÿª∑’Ë 7b ·≈–·™àπÈ”°≈—Ëπ∑’ËÕÿ≥À¿Ÿ¡‘

23 ± 1 Õß»“‡´≈‡ ’́¬  π“π 15 π“∑’ À“§«“¡∑π·√ßÕ—¥¥â«¬

‡§√◊ËÕß∑¥ Õ∫‡Õπ°ª√– ß§å¥â«¬§«“¡‡√Á«¢ÕßÀ—«°¥‡∑à“°—∫

1.00 ¡‘≈≈‘‡¡µ√/π“∑’ ∫—π∑÷°§à“·√ß°¥ Ÿß ÿ¥∑’Ë∑”„Àâ™‘Èπ

µ—«Õ¬à“ß·µ° ¡’Àπà«¬‡ªìππ‘«µ—π ®“°π—Èπ§”π«≥§à“§«“¡∑π

·√ßÕ—¥‚¥¬„™â Ÿµ√

 C = 4F/πd2

C §◊Õ §«“¡∑π·√ßÕ—¥ (‡¡°–ª“ °“≈)

F §◊Õ ·√ß°¥ Ÿß ÿ¥∑’Ë∑”„Àâ™‘Èπµ—«Õ¬à“ß·µ° (π‘«µ—π)

d §◊Õ ‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß™‘Èπµ—«Õ¬à“ß (¡‘≈≈‘‡¡µ√)

§”π«≥§à“‡©≈’Ë¬§«“¡∑π·√ßÕ—¥¢Õß«— ¥ÿÕÿ¥øíπ™—Ë«§√“«

∑ÿ°°≈ÿà¡·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß√–À«à“ß°≈ÿà¡‚¥¬„™â

 ∂‘µ‘°“√«‘‡§√“–Àå§«“¡·ª√ª√«π∑“ß‡¥’¬« ·≈–„™â°“√‡ª√’¬∫

‡∑’¬∫‡™‘ß´âÕπ™π‘¥·∑¡‡Œπ (Tamhaneûs test) ∑’Ë√–¥—∫π—¬

 ”§—≠∑“ß ∂‘µ‘ 0.05

µ“√“ß∑’Ë 1 · ¥ß§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“°”≈—ß·√ß¥÷ß·≈–§«“¡∑π·√ßÕ—¥¢Õß«— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑’Ëæ—≤π“¢÷Èπ
„À¡à∑—Èß 4  Ÿµ√ ·≈–«— ¥ÿ¬’ËÀâÕ‡§«‘µ

Table 1 Table shows mean and standard deviation of the diametral tensile and compressive strengths of newly
developed temporary filling material in 4 formulas and Cavit.

Formula Diametral tensile strength Compressive strength

(PMMA:PS) (MPa) (MPa)

1 (1:1) 4.038 ± 0.203a 10.693 ± 0.709a

2 (1:2) 3.799 ± 0.163b 7.046 ± 0.350b

3 (1:3) 3.016 ± 0.124c 5.124 ± 0.352c

4 (1:4) 2.726 ± 0.176d 4.381 ± 0.438d

Cavit 3.614 ± 0.144b 9.781 ± 0.362e

Same superscript letter means not significantly different between each column (p > 0.05).
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º≈°“√»÷°…“

º≈∑’Ë‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 1  ”À√—∫§à“‡©≈’Ë¬°”≈—ß·√ß
¥÷ß‰¥Õ–‡¡∑√—≈¢Õß«— ¥ÿÕÿ¥øíπ™—Ë«§√“«æ∫«à“ Ÿµ√∑’Ë 1 ¡’§à“
¡“°∑’Ë ÿ¥ §◊Õ 4.038 ± 0.203 ‡¡°–ª“ °“≈ ‚¥¬·µ°µà“ß®“°
 Ÿµ√Õ◊ËπÊ ·≈–‡§«‘µÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05)
‚¥¬ ∑’Ë Ÿµ√∑’Ë 2 3 4 ·≈–‡§«‘µ¡’§à“‡©≈’Ë¬°”≈—ß·√ß¥÷ß‡∑à“°—∫
3.799 ± 0.163 3.016 ± 0.124 2.726 ± 0.176 ·≈– 3.614 ±

0.144 ‡¡°–ª“ °“≈ µ“¡≈”¥—∫ ·≈–æ∫«à“ Ÿµ√∑’Ë 2 ¡’§à“
‡©≈’Ë¬°”≈—ß·√ß¥÷ß·µ°µà“ß®“°‡§«‘µÕ¬à“ß‰¡à¡’π—¬ ”§—≠∑“ß ∂‘µ‘
(p > 0.05) ¢≥–∑’Ë Ÿµ√∑’Ë 3 ·≈– 4 ¡’§à“‡©≈’Ë¬°”≈—ß·√ß¥÷ßπâÕ¬
°«à“‡§«‘µÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05)  à«π§à“§«“¡
∑π·√ßÕ—¥ æ∫«à“¡’«— ¥ÿÕÿ¥øíπ™—Ë«§√“«  Ÿµ√∑’Ë 1 ¡’§à“‡©≈’Ë¬
§«“¡∑π·√ßÕ—¥¡“°°«à“ Ÿµ√∑’Ë 2 3 4 ·≈–‡§«‘µÕ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘µ‘ (p < 0.05) ‚¥¬  Ÿµ√∑’Ë 1 2 3 4 ·≈–
‡§«‘µ¡’§à“‡©≈’Ë¬§«“¡∑π·√ßÕ—¥ §◊Õ 10.693 ± 0.709 7.046 ±

0.350 5.124 ± 0.352 4.381 ± 0.438 ·≈– 9.781 ± 0.362
‡¡°–ª“ °“≈ µ“¡≈”¥—∫

«‘®“√≥å

«— ¥ÿÕÿ¥øíπ™—Ë«§√“«™π‘¥´‘ß§åÕÕ°‰´¥å-·§≈‡ ’́¬¡´—≈‡øµ
∑’Ë ÿæ—™√“·≈–§≥–æ—≤π“¢÷Èπ„À¡à‡ªìπ«— ¥ÿ∑’ËÕ¬Ÿà„π√Ÿªæ√âÕ¡®–
„™âß“π‰¥â∑—π∑’ ‰¡àµâÕß¡’¢—ÈπµÕπ°“√º ¡  “¡“√∂°àÕµ—«‚¥¬
Õ“»—¬πÈ”À√◊Õ§«“¡™◊Èπ ·≈–¡’§à“°“√ ≈“¬µ—«„ππÈ”µË” ·µà‡¡◊ËÕ
°àÕµ—« ¡∫Ÿ√≥å°≈—∫¡’§à“§«“¡∑π·√ßÕ—¥πâÕ¬°«à“‡§«‘µ ¥—ßπ—Èπ
°“√»÷°…“§√—Èßπ’È®÷ß¡ÿàßæ—≤π“ ¡∫—µ‘¥â“π°”≈—ß·√ß¥÷ß·≈–§«“¡
∑π·√ßÕ—¥´÷Ëß‡ªìπµ—«™’È«—¥ ”§—≠∑’Ë· ¥ß∂÷ß§«“¡ “¡“√∂¢Õß

«— ¥ÿÕÿ¥øíπ„π°“√µâ“π∑“πµàÕ·√ß∫¥‡§’È¬«„π™àÕßª“° ‡π◊ËÕß®“°
«— ¥ÿÕÿ¥øíπ™—Ë«§√“«ª√–‡¿∑π’È‰¡à¡’°“√°”Àπ¥¡“µ√∞“π∑’Ë‡°’Ë¬«
°—∫°“√∑¥ Õ∫ ¡∫—µ‘‡™‘ß°≈ ¥—ßπ—Èπ°“√À“§à“°”≈—ß·√ß¥÷ß
‰¥Õ–‡¡∑√—≈·≈–§«“¡∑π·√ßÕ—¥®÷ß‰¥â¥—¥·ª≈ß®“°¥“√å‡«≈≈å11

·≈–®“°¡“µ√∞“π “°≈ ‰Õ‡Õ ‚Õ 3107/200412 µ“¡≈”¥—∫

§à“§«“¡∑π·√ßÕ—¥¢Õß«— ¥ÿ∑’Ë„™âÕÿ¥øíπ‡ªìπ§à“∑’Ë· ¥ß∂÷ß
§«“¡·¢Áß·√ß¢Õß«— ¥ÿπ—ÈπÊ ∑’Ë “¡“√∂∑πµàÕ·√ßÕ—¥°àÕπ∑’Ë®–
‡°‘¥°“√·µ°ÕÕ° ‚¥¬¡’§«“¡ —¡æ—π∏å°—∫«— ¥ÿ∑’Ë∫√√®ÿ„π
‚æ√ßøíπ∑’Ë¡’ºπ—ß¥â“π¢â“ß‚Õ∫≈âÕ¡∑—Èß 4 ¥â“π ‡™àπ ‚æ√ßøíπ
ª√–‡¿∑∑’ËÀπ÷Ëß (cavity class I) ·µà„π°√≥’∑’Ë«— ¥ÿÕÿ¥∂Ÿ°
∫√√®ÿ„π‚æ√ßøíπ∑’Ë¡’ºπ—ß¥â“π¢â“ß‚Õ∫≈âÕ¡‰¡à§√∫∑—Èß 4 ¥â“π
‡™àπ ‚æ√ßøíπª√–‡¿∑∑’Ë Õß (cavity class II) ·≈–‡¡◊ËÕ‰¥â
√—∫·√ß∫¥‡§’È¬«®–‡°‘¥·√ß°√–∑”∑’Ë™‘Èπ«— ¥ÿ 2 ≈—°…≥–„À≠àÊ
§◊Õ ‡°‘¥·√ßÕ—¥ (compression force) ≥ ¥â“π∑’Ëµ‘¥°—∫ºπ—ß
øíπ∑’Ë‚Õ∫™‘Èπ«— ¥ÿ‰«â ·≈–‡°‘¥·√ß¥÷ß (tensile force) ≥ ¥â“π
∑’Ëª√“»®“°ºπ—ßøíπ‚Õ∫≈âÕ¡ ‡¡◊ËÕ·√ß∑’Ë°√–∑”∫π™‘Èπ«— ¥ÿ¡’
ª√‘¡“≥‡°‘π¢’¥§«“¡ “¡“√∂¢Õß«— ¥ÿ∑’Ë®–∑π‰¥â ™‘Èπ«— ¥ÿ°Á®–
‡°‘¥°“√·µ°À—°‡ªìπ Õß à«π ÷́Ëß¡’≈—°…≥–‡™àπ‡¥’¬«°—π°—∫
°“√∑¥ Õ∫«— ¥ÿ¥â«¬«‘∏’°“√¥÷ß (tensile test) ·µà«— ¥ÿ∑’Ë¡’
§«“¡‡ª√“–‰¡à “¡“√∂„™â«‘∏’°“√∑¥ Õ∫À“§à“°”≈—ß·√ß¥÷ß·∫∫
«‘∏’‚¥¬µ√ß (direct tensile strength test) ‰¥â ®÷ßµâÕß„™â«‘∏’
∑“ßÕâÕ¡ (indirect tensile strength test) ÷́Ëß§à“∑’Ë‰¥â‡√’¬°«à“
°”≈—ß·√ß¥÷ß‰¥Õ–‡¡∑√—≈ ¥—ßπ—Èπ„π°“√»÷°…“§√—Èßπ’È®÷ß∑”°“√
∑¥ Õ∫À“§à“§«“¡∑π·√ß¥÷ß·≈–§«“¡∑π·√ßÕ—¥¢Õß«— ¥ÿ
Õÿ¥øíπ™—Ë«§√“« ‡æ◊ËÕ„Àâ§√Õ∫§≈ÿ¡°“√Õÿ¥„π‚æ√ßøíπ∑—Èß™π‘¥∑’Ë
¡’ºπ—ß‚Õ∫≈âÕ¡§√∫·≈–‰¡à§√∫∑—Èß 4 ¥â“π

a b

√Ÿª∑’Ë 7 · ¥ß·¡à·∫∫‚≈À–™π‘¥·¬° à«π ”À√—∫¢÷Èπ√Ÿª™‘Èπµ—«Õ¬à“ß‡æ◊ËÕ∑¥ Õ∫§«“¡∑π·√ßÕ—¥ (a) ·≈–™‘Èπµ—«Õ¬à“ß¢Õß«— ¥ÿ
Õÿ¥™—Ë«§√“«∑’Ë¢÷Èπ√Ÿª‡ √Á®·≈â« (b)

Fig. 7 shows split metal molds preparing the specimens for compressive strength testing (a) and the temporary
filling material specimens (b).
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°“√»÷°…“π’È¬—ß‰¥â —ß‡§√“–Àå‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈
‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π·≈â«º ¡°—∫‰¥‰Õ‚´‚ππ‘≈ø∑“‡≈µ
∑’Ë∑”Àπâ“∑’Ë‡ªìπæ≈“ µ‘‰´‡´Õ√å ´÷Ëß‡ªìπ¢Õß‡À≈«™π‘¥‡¥’¬«
„πÕß§åª√–°Õ∫¢Õß«— ¥ÿÕÿ¥™—Ë«§√“«∑’Ëæ—≤π“¢÷Èπ„À¡à ‡¡◊ËÕ
æ‘®“√≥“§à“æ“√“¡‘‡µÕ√å°“√≈–≈“¬¢Õß‡Œπ‡´π (Hansen
solubility parameter) ÷́Ëß‡ªìπ§à“∑’Ë∫àß∫Õ°∂÷ß§«“¡ “¡“√∂
„π°“√≈–≈“¬‡¢â“°—π‰¥â¢Õß«— ¥ÿ æ∫«à“‰¥‰Õ‚´‚ππ‘«ø∑“‡≈µ13

 “¡“√∂≈–≈“¬æÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π‰¥â14

·µà‡π◊ËÕß®“°≈—°…≥–Õπÿ¿“§¢Õß‚§æÕ≈‘‡¡Õ√å∑’Ë¡’≈—°…≥–
§àÕπ¢â“ß‡ªìπ∑√ß°≈¡ ®÷ß∑”„Àâ¡’æ◊Èπº‘«∑’Ë®”°—¥∑’Ë®– —¡º— °—∫
‰¥‰Õ‚´‚ππ‘«ø∑“‡≈µ ¥—ßπ—Èπ®÷ßµâÕß∑‘Èß “√º ¡√–À«à“ß
‚§æÕ≈‘‡¡Õ√å°—∫‰¥‰Õ‚´‚ππ‘«ø∑“‡≈µ‰«â 24 ™—Ë«‚¡ß ‡æ◊ËÕ„Àâ
‡°‘¥°“√‡ªìπ°“√≈–≈“¬∑’Ë ¡∫Ÿ√≥å ´÷Ëß®–‰¥â¢Õß‡À≈«∑’Ë¡’≈—°…≥–
¢âπ„  ‚¥¬¢Õß‡À≈«π’ÈπÕ°®“°®–∑”Àπâ“∑’Ë‡ √‘¡·√ß·≈–≈¥
§«“¡‡ª√“–·≈â«¬—ß‡ªìπµ—«ª√– “π (binder) Õß§åª√–°Õ∫Õ◊ËπÊ
‡¢â“¥â«¬°—π ‡°‘¥‡ªìπ “√º ¡∑’Ë¡’≈—°…≥–‡ªìπ‡π◊ÈÕ‡¥’¬«°—π∑’Ë
 “¡“√∂ªíôπ‰¥â

°√–∫«π°“√‚§æÕ≈‘‡¡Õ‰√‡´™—π À¡“¬∂÷ß °“√π”
¡ÕπÕ‡¡Õ√å¡“°°«à“Àπ÷Ëß™π‘¥¡“æÕ≈‘‡¡Õ‰√´å‡¢â“¥â«¬°—π‡æ◊ËÕ
ª√—∫ª√ÿß ¡∫—µ‘¢ÕßæÕ≈‘‡¡Õ√å ‚¥¬·π«§«“¡§‘¥∑’Ëπ”‡Õ“∑—Èß
æÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π¡“‡ªìπÕß§åª√–°Õ∫
¢Õß«— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑’Ëæ—≤π“¢÷Èπ„À¡à ‰¥â¡“®“°«— ¥ÿÕÿ¥øíπ
™—Ë«§√“«¬’ËÀâÕ ç‰ÕÕ“√å‡ÕÁ¡é ´÷Ëß‡ªìπ«— ¥ÿª√–‡¿∑ ‘́ß§åÕÕ°‰´¥å
¬Ÿ®‘πÕ≈∑’Ë‡ √‘¡·√ß¥â«¬æÕ≈‘‡¡∑“§√‘‡≈µ16-19 ∑’Ë∑”„Àâ¡’§«“¡
∑πµàÕ°“√¢—¥ ÷° (abrasive resistance) ·≈–¡’§à“§«“¡∑π
·√ßÕ—¥∑’Ë‡æ‘Ë¡¢÷Èπ ¢≥–§à“°“√≈–≈“¬µ—«„ππÈ”°≈—∫≈¥≈ß20 ·≈–
®“°«— ¥ÿÕÿ¥øíπ™—Ë«§√“«¬’ËÀâÕ ç§“≈ ‘́πÕ≈é (Kalzinol) ∑’Ë‡ªìπ
«— ¥ÿª√–‡¿∑´‘ß§åÕÕ°‰´¥å¬Ÿ®‘πÕ≈∑’Ë‡ √‘¡·√ß¥â«¬æÕ≈‘ ‰µ√’π17

´÷Ëß “¡“√∂‡æ‘Ë¡§à“§«“¡∑π·√ßÕ—¥‡ªìπ 2 ‡∑à“¢Õß«— ¥ÿª√–‡¿∑
´‘ß§åÕÕ°‰´¥å¬Ÿ®‘πÕ≈ª°µ‘21 ¥—ßπ—Èπ„π°“√»÷°…“§√—Èßπ’È®÷ßπ”
¡ÕπÕ‡¡Õ√å∑—Èß Õß™π‘¥¡“‚§æÕ≈‘‡¡Õ‰√´å°—π„πÕ—µ√“ à«πµà“ßÊ
®“°º≈°“√»÷°…“æ∫«à“‚§æÕ≈‘‡¡Õ√å∑’Ë —ß‡§√“–Àå¢÷Èπ„πÕ—µ√“
 à«π∑’Ëµà“ß°—π∑—Èß 4  Ÿµ√„Àâ ¡∫—µ‘‡™‘ß°≈∑’Ë·µ°µà“ß°—π ‚¥¬æ∫
«à“ Ÿµ√∑’Ë 2 3 ·≈– 4 §◊Õ  Ÿµ√∑’Ë¡’Õ—µ√“ à«π¢ÕßæÕ≈‘ ‰µ√’π
∑’Ë‡æ‘Ë¡¢÷Èπ®–„Àâ§à“‡©≈’Ë¬°”≈—ß·√ß¥÷ß·≈–§«“¡∑π·√ßÕ—¥¢Õß
«— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑’Ë≈¥≈ß·≈–¡’§à“µË”°«à“ Ÿµ√∑’Ë 1 Õ“®‡ªìπ
‡æ√“–«à“‡¡◊ËÕº ¡‰¥‰Õ‚´‚ππ‘≈ø∑“‡≈µ°—∫ºß‚§æÕ≈‘‡¡Õ√å∑’Ë
‡æ‘Ë¡Õ—µ√“ à«π¢ÕßæÕ≈‘ ‰µ√·≈â«‰¥â¢Õß‡À≈«∑’Ë¡’§«“¡Àπ◊¥
¡“°¢÷Èπ ÷́Ëß§«“¡Àπ◊¥Õ—π‡π◊ËÕß®“°ª√‘¡“≥¢ÕßæÕ≈‘ ‰µ√’π∑’Ë
‡æ‘Ë¡¢÷ÈπÕ“®‰ª∫¥∫—ß°“√¥Ÿ¥πÈ”·≈–√∫°«π°“√°àÕµ—«¢Õß

·§≈‡ ’́¬¡ —́≈‡øµ‡Œ¡‘‰Œ‡¥√µ ∑’Ëª°µ‘®–‡°‘¥°“√°àÕµ—«¥â«¬πÈ”
¥—ß ¡°“√22

CaSO4. 2 H2O + 12 H2O         CaSO4. 2H2O

· ¥ß„Àâ‡ÀÁπ«à“„π°“√æ—≤π“ ¡∫—µ‘§«“¡∑π·√ßÕ—¥·≈–°”≈—ß
·√ß¥÷ß¢Õß«— ¥ÿÕÿ¥øíπ™—Ë«§√“«ª√–‡¿∑π’È‡°’Ë¬«¢âÕß°—∫ªí®®—¬
À≈“¬ª√–°“√ ‡™àπ ™π‘¥·≈–ª√‘¡“≥¢ÕßæÕ≈‘‡¡Õ√å∑’Ëπ”¡“
‡ √‘¡·√ß πÕ°®“°π’ÈπÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß‚§æÕ≈‘‡¡Õ√å°ÁÕ“®
‡ªìπªí®®—¬Àπ÷Ëß∑’Ë àßº≈µàÕ ¡∫—µ‘¢Õß«— ¥ÿÕÿ¥™—Ë«§√“«‰¥â ´÷Ëß
µâÕß∑”°“√»÷°…“µàÕ„πÕπ“§µ  à«π°“√»÷°…“‡æ◊ËÕª√—∫ª√ÿß
 ¡∫—µ‘Õ◊ËπÊ ·≈–∑¥ Õ∫ ¡∫—µ‘‡æ‘Ë¡‡µ‘¡ ‡™àπ √–¬–‡«≈“°àÕµ—«
(setting time) §«“¡‡¢â“°—π‰¥â°—∫‡π◊ÈÕ‡¬◊ËÕ (biocompatibility)
°“√∑¥ Õ∫∑’Ë®”≈Õß ¿“«–·≈–°“√„™âß“π®√‘ß„π™àÕßª“°°Á
‡ªìπ ‘Ëß®”‡ªìπ ‡æ◊ËÕ„Àâ “¡“√∂º≈‘µ«— ¥ÿÕÿ¥øíπ™—Ë«§√“«π’È„™â‡Õß
‰¥â„πª√–‡∑»µàÕ‰ª

 √ÿª

«— ¥ÿÕÿ¥øíπ™—Ë«§√“«∑’Ë ‡µ√’¬¡¢÷Èπ®“°°“√ —ß‡§√“–Àå
‚§æÕ≈‘‡¡Õ√å¢ÕßæÕ≈‘‡¡∑‘≈‡¡∑“§√‘‡≈µ·≈–æÕ≈‘ ‰µ√’π„π
Õ—µ√“ à«π 1 µàÕ 1 ¡’§à“§«“¡∑π·√ßÕ—¥·≈–§à“°”≈—ß·√ß¥÷ß¡“°
°«à“‡§«‘µÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05)

°‘µµ‘°√√¡ª√–°“»

°“√»÷°…“§√—Èßπ’È‰¥â√—∫∑ÿπ π—∫ πÿπ ®“°∑ÿπÕÿ¥Àπÿπ
«‘∑¬“π‘æπ∏å ”À√—∫π‘ ‘µ ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
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Abstract

Objective To study the diametral tensile and compressive strengths of newly developed zinc
oxide-calcium sulfate based temporary filling material.

Materials and methods The reinforcing copolymer PMMA-PS were performed by altering the ratio
of poly (methylmethacrylate) and polystyrene as 1:1, 1:2, 1:3 and 1:4 in the copolymerization process.
The copolymers were then mixed with zinc oxide, calcium sulphate, and other materials that provided
4 formulas and divided into 4 groups. Cavit was used as a control group. Fifteen specimens from each
group were prepared and measured diametral tensile strength that modified from Darvell. For the
compressive strength test, thirty specimens from each group were prepared and measured according to
the method modified from ISO 3107/2004. The data were statistically analyzed using one-way ANOVA
at p = 0.05.

Results Diametral tensile strength and compressive strengths of all groups of newly developed
temporary filling material were significantly different between groups. Increasing in amount of
polystyrene decreased material strength. In the group prepared with copolymer PMMA-PS ratio 1:1
showed the highest mean of diametral tensile and compressive strengths and it provided strength
significantly higher than Cavit at the 0.05 level of significance.

Conclusion The newly developed temporary filling materials from copolymer PMMA-PS ratio 1:1
had significantly higher diametral tensile and compressive strengths than Cavit.

(CU Dent J. 2012;35:157-66)

Key words: compressive strength; copolymer PMMA-PS; diametral tensile strength; zinc
oxide-calcium sulfate based temporary filling material


