
 ∑“ß‡¥’¬« ∑’Ë√–¥—∫π—¬ ”§—≠ .0 5 æ∫«à“

∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å  ‡æ◊ËÕ»÷°…“¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‚≈À–º ¡π‘°‡°‘≈-‰∑‡∑‡π’¬¡ ™π‘¥¬◊¥À¬ÿàπ¬‘Ëß¬«¥ ∑’Ë∂Ÿ°°√–µÿâπ

‚¥¬«‘∏’„Àâ§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß  ·≈–‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‚≈À–º ¡¥—ß°≈à“«

°—∫≈«¥‚≈À–º ¡¬’ËÀâÕ‡¥’¬«°—π∑’Ë‰¡à‰¥â√—∫°“√°√–µÿâπ

«— ¥ÿ·≈–«‘∏’°“√   à«πª≈“¬¢Õß≈«¥‚§âß¢÷Èπ√Ÿª ”‡√Á® Àπâ“µ—¥ ’Ë‡À≈’Ë¬¡º◊πºâ“ ¢π“¥ 0.01 6x 0.022 π‘È «2 ®”π«π 2

¬’ËÀâÕ§◊Õ ¬’ËÀâÕ‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ ¢Õß∫√‘…—∑‚∑¡’ ·≈–¬’ËÀâÕ‰π‰∑ ¢Õß∫√‘…—∑ÕÕ¡‚° §«“¡¬“« 21.5 ¡‘≈≈‘‡¡µ√

∑”°“√∑¥ Õ∫§«“¡ßÕ “¡®ÿ¥ ‡æ◊ËÕ»÷°…“¢π“¥·√ß§◊π°≈—∫ ∑’Ë 4 √–¬–°“√§◊π°≈—∫ §◊Õ 2.0, 1.5, 1.0 ·≈– 0.5 ¡‘≈≈‘‡¡µ√

·≈–°√–µÿâπ‚¥¬«‘∏’„Àâ§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ‚¥¬„™â°√–· ‰øøÑ“„π√–¥—∫∑’Ë‡À¡“– ¡ ”À√—∫°“√

¥—¥≈«¥ ‡ªìπ‡«≈“ 3, 4 À√◊Õ 5 «‘π“∑’ ·≈–‰¥âÕâ“ßÕ‘ß∂÷ß§à“Õÿ≥À¿Ÿ¡‘∑“ß∑ƒ…Æ’ ∑’Ë‰¥â®“°°“√§”π«≥µ“¡°ÆÕπÿ√—°…åæ≈—ßß“π

º≈°“√»÷°…“  ‡¡◊ËÕ«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘¥â«¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π

§à“‡©≈’Ë¬¢Õß¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‚≈À–º ¡ ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬«‘∏’„Àâ§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫≈«¥¬’ËÀâÕ‡¥’¬«°—π∑’Ë‰¡à‰¥â√—∫°“√°√–µÿâππ—Èπ ¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘„π∑ÿ°√–¬–

°“√§◊π°≈—∫

 √ÿª ¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‚≈À–º ¡ ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬«‘∏’„Àâ§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ¡’§à“

¡“°°«à“¢Õß≈«¥¬’ËÀâÕ‡¥’¬«°—π∑’Ë‰¡à‰¥â√—∫°“√°√–µÿâπ ·≈–¢π“¥·√ß§◊π°≈—∫·ª√º—πµ“¡§à“Õÿ≥À¿Ÿ¡‘∑“ß∑ƒ…Æ’∑’Ë‰¥â®“°

°“√§”π«≥µ“¡°ÆÕπÿ√—°…åæ≈—ßß“π „π™à«ß 421.4 ∂÷ß 520.5 Õß»“‡´≈‡´’¬ 

(« ∑—πµ ®ÿÃ“œ 2548;28:19-28)

§” ”§—≠:  °“√∑¥ Õ∫§«“¡ßÕ “¡®ÿ¥; ·√ß§◊π°≈—∫; ≈«¥‚≈À–º ¡π‘°‡°‘≈-‰∑‡∑‡π’¬¡ ™π‘¥¬◊¥À¬ÿàπ¬‘Ëß¬«¥; «‘∏’„Àâ

§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß

0.016 x 0.022 π‘È«2  ®”π«π 2

¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‚≈À–º ¡π‘°‡°‘≈-‰∑‡∑‡π’¬¡

™π‘¥¬◊¥À¬ÿàπ¬‘Ëß¬«¥ ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬«‘∏’„Àâ§«“¡√âÕπ

®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß

»√“«¥’  °—≈¬“≥¿“§¬å
1
  ∑.∫.

«—™√–  ‡æ™√§ÿªµå
2
  ∑.∫., Dip. in Ortho. (Bergen), Õ.∑. (∑—πµ°√√¡®—¥øíπ)

®‘πµπ“  »‘√‘™ÿ¡æ—π∏å
2
  ∑.∫., ∑.¡. (∑—πµ°√√¡®—¥øíπ), Õ.∑. (∑—πµ°√√¡®—¥øíπ)

1 π‘ ‘µ∫—≥±‘µ»÷°…“ ¿“§«‘™“∑—πµ°√√¡®—¥øíπ §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
2 ¿“§«‘™“∑—πµ°√√¡®—¥øíπ §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

∫∑« ‘ ∑¬“°“√
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∫∑π”

≈«¥‚≈À–º ¡π‘°‡°‘≈-‰∑‡∑‡π’¬¡ ™π‘¥¬◊¥À¬ÿàπ¬‘Ëß¬«¥

(superelastic nickel titanium alloy wire) ‡ªìπ≈«¥∑“ß∑—πµ-

°√√¡®—¥øíπ™π‘¥Àπ÷Ëß ∑’Ë¡’‚≈À–π‘°‡°‘≈·≈–‚≈À–‰∑‡∑‡π’¬¡‡ªìπ

Õß§åª√–°Õ∫À≈—° ¡’§ÿ≥ ¡∫—µ‘‡©æ“–§◊Õ§ÿ≥ ¡∫—µ‘¬◊¥À¬ÿàπ

¬‘Ëß¬«¥1-8 ´÷ËßÀ¡“¬∂÷ß °“√∑’Ë≈«¥ “¡“√∂„Àâ·√ß„πª√‘¡“≥

πâÕ¬·≈–‡°◊Õ∫§ß∑’ËÕ¬à“ßµàÕ‡π◊ËÕß„π¢≥–§◊π°≈—∫ Ÿà√Ÿª√à“ß‡¥‘¡

(deactivation) À≈—ß®“°∂Ÿ°∑”„Àâ‡ª≈’Ë¬π√Ÿª√à“ß‰ª ´÷Ëß‡∑’¬∫‰¥â

°—∫·√ß∑’Ë≈«¥°√–∑”„Àâøíπ‡§≈◊ËÕπ∑’Ëµ“¡°“√§◊π°≈—∫¢Õß≈«¥

‡π◊ËÕß®“°‡ªìπ≈«¥∑’Ë¡’§«“¡ “¡“√∂„π°“√§◊π°≈—∫ Ÿß (high

springback) ®÷ß‰¥â√—∫§«“¡π‘¬¡Õ¬à“ß¡“°„π∑“ß∑—πµ°√√¡®—¥øíπ

°“√· ¥ß§ÿ≥ ¡∫—µ‘¬◊¥À¬ÿàπ¬‘Ëß¬«¥ ‡°‘¥®“°°“√‡ª≈’Ë¬π«—Ø¿“§

(phase transformation) ¢Õß‚≈À–9-11 ´÷Ëß·∫àß‰¥â 2 «—Ø¿“§

µ“¡‚§√ß √â“ß‚¡‡≈°ÿ≈§◊Õ «—Ø¿“§ÕÕ ‡∑‰πµå (austenitic phase)

·≈–«—Ø¿“§¡“√å‡∑π‰´µå (martensitic phase)  ́ ÷Ëß®–¡’§ÿ≥ ¡∫—µ‘

‡™‘ß°≈·µ°µà“ß°—π «—Ø¿“§ÕÕ ‡∑‰πµå¡’‡ ∂’¬√¿“æ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß

¡’≈—°…≥–·¢Áß·≈–§ß√Ÿª‰¥â¥’ µ√ß¢â“¡°—∫«—Ø¿“§¡“√å‡∑π‰´µå

´÷Ëß¡’‡ ∂’¬√¿“æ∑’ËÕÿ≥À¿Ÿ¡‘µË” ¡’≈—°…≥–π‘Ë¡·≈–∂Ÿ°‡ª≈’Ë¬π√Ÿª

‰¥âßà“¬ ‚≈À–∑—Èß Õß«—Ø¿“§ “¡“√∂º—π°≈—∫‰¥â (reversible)

¥â«¬«‘∏’ª√“»®“°°“√·æ√à (diffusionless transformation)11,12

§ÿ≥ ¡∫—µ‘¬◊¥À¬ÿàπ¬‘Ëß¬«¥¢Õß≈«¥‚≈À–º ¡¥—ß°≈à“« ‡ªìπº≈

®“°°“√‡ª≈’Ë¬π·ª≈ß Ÿà«—Ø¿“§¡“√å‡∑π‰´µå‚¥¬Õ“»—¬§«“¡‡§âπ

·≈–°“√‡ª≈’Ë¬π°≈—∫ Ÿà«—Ø¿“§ÕÕ ‡∑‰πµå‰¥â‡¡◊ËÕ§«“¡‡§âπÀ√◊Õ

·√ß°√–∑”∂Ÿ°ª≈¥ª≈àÕ¬12-16

≈«¥‚≈À–º ¡π‘°‡°‘≈-‰∑‡∑‡π’¬¡ ™π‘¥¬◊¥À¬ÿàπ¬‘Ëß¬«¥

·¡â®–¡’§ÿ≥ ¡∫—µ‘∑’Ë¥’¥—ß°≈à“«¢â“ßµâπ ·µà¡’¢âÕ®”°—¥„π°“√„™âß“π

∑“ß§≈‘π‘° §◊Õ ¥—¥À√◊Õ∑”„Àâ‡ª≈’Ë¬π√ŸªÕ¬à“ß∂“«√ (permanent

deformation) ‰¥â¬“°  ®÷ß∂Ÿ°º≈‘µ„π√Ÿª¢Õß≈«¥‚§âß¢÷Èπ√Ÿª ”‡√Á®

(preformed archwire) Õ¬à“ß‰√°Áµ“¡ „π°“√ªØ‘∫—µ‘ß“π∑“ß

§≈‘π‘°∫“ß°√≥’®”‡ªìπµâÕß¥—¥À√◊Õª√—∫‡ª≈’Ë¬π√Ÿª√à“ß≈«¥ ‡æ◊ËÕ

„Àâ‡À¡“– ¡°—∫ºŸâªÉ«¬·µà≈–√“¬ ´÷ËßÀ“°µâÕß°“√¥—¥¥â«¬·√ß

ª°µ‘∑’Ë‰¡à‡°‘π¢’¥®”°—¥°“√‡ª≈’Ë¬π√Ÿª·∫∫Õ‘≈“ µ‘° ®”‡ªìπµâÕß

Õ“»—¬ªí®®—¬°“√‡ª≈’Ë¬πÕÿ≥À¿Ÿ¡‘‡æ◊ËÕª√—∫√Ÿª·∫∫°“√‡√’¬ßµ—«

¢Õß‚¡‡≈°ÿ≈¿“¬„π „Àâ “¡“√∂§ß√Ÿª√à“ß„À¡à‰¥âÕ¬à“ß∂“«√

Miura ·≈–§≥–17 ‰¥â§‘¥§âπ‡§√◊ËÕß¡◊Õ∑’Ë„Àâæ≈—ßß“π§«“¡

√âÕπ ‚¥¬Õ“»—¬§ÿ≥ ¡∫—µ‘§«“¡µâ“π∑“π°√–· ‰øøÑ“¢Õß‚≈À–

∑’Ë‡ªìπÕß§åª√–°Õ∫¿“¬„π¢Õß‡ âπ≈«¥ À√◊Õ‡√’¬°«à“«‘∏’„Àâ

§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß (direct electric

resistance heat treatment method) ‡æ◊ËÕ„Àâ “¡“√∂¥—¥

À√◊Õª√—∫‡ª≈’Ë¬π√Ÿª√à“ß≈«¥‰¥âÕ¬à“ß∂“«√µ“¡µâÕß°“√¢≥–„™â

ß“π∑“ß§≈‘π‘° ‚¥¬√–¥—∫°√–· ‰øøÑ“®– —¡æ—π∏å°—∫‡«≈“∑’Ë„Àâ

°√–· ‰øøÑ“ºà“π‡ âπ≈«¥°≈à“«§◊Õ ∂â“„™â√–¥—∫°√–· ‰øøÑ“ Ÿß

®–„Àâ‡«≈“∑’Ë°√–· ‰øøÑ“ºà“π‡ âπ≈«¥πâÕ¬ ·µà∂â“„™â√–¥—∫

°√–· ‰øøÑ“µË” ®–„Àâ‡«≈“∑’Ë°√–· ‰øøÑ“ºà“π‡ âπ≈«¥π“π¢÷Èπ

®“°°ÆÕπÿ√—°…åæ≈—ßß“π (Law of Energy Conserva-

tion)18 ∑’Ë«à“ æ≈—ßß“π‰¡à¡’°“√ Ÿ≠À“¬ ·µà “¡“√∂‡ª≈’Ë¬π·ª≈ß

®“°√Ÿª·∫∫Àπ÷Ëß‰ªÕ’°√Ÿª·∫∫Àπ÷Ëß‰¥âπ—Èπ °“√„Àâ§«“¡√âÕπ®“°

·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ®–‡ª≈’Ë¬π·ª≈ßæ≈—ßß“π‰øøÑ“

‡ªìπæ≈—ßß“π§«“¡√âÕπ ´÷Ëß§”π«≥‰¥â®“° Ÿµ√ ¥—ßπ’È

T   =   Tr + (1.85 x 10-13) tI2

‡¡◊ËÕ T §◊Õ Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ¿“¬„π‡ âπ≈«¥  (Õß»“‡´≈‡ ’́¬ )

Tr §◊Õ Õÿ≥À¿Ÿ¡‘ÀâÕß (Õß»“‡´≈‡´’¬ )

I §◊Õ °√–· ‰øøÑ“ (·Õ¡·ª√å)

t §◊Õ ‡«≈“ («‘π“∑’)

§≥–ºŸâ«‘®—¬‰¥âµ— Èß ¡¡µ‘∞“π«à“≈«¥‚≈À–º ¡π‘°‡°‘≈-

‰∑‡∑‡π’¬¡ ™π‘¥¬◊¥À¬ÿàπ¬‘Ëß¬«¥ ≥ ∫√‘‡«≥∑’Ë‰¥â√—∫°√–· 

‰øøÑ“∑’Ë‡À¡“– ¡ ”À√—∫°“√¥—¥≈«¥π—Èπ ¡’¢π“¥·√ß§◊π°≈—∫

µà“ß®“°≈«¥¬’ËÀâÕ‡¥’¬«°—π∑’Ë‰¡à‰¥â√—∫°√–· ‰øøÑ“ ®÷ß‰¥â‡≈◊Õ°

»÷°…“„π≈«¥‚≈À–º ¡π‘°‡°‘≈-‰∑‡∑‡π’¬¡ ™π‘¥¬◊¥À¬ÿàπ¬‘Ëß¬«¥

´÷Ëß· ¥ß«—Ø¿“§ÕÕ ‡∑‰πµå∑’ ËÕÿ≥À¿Ÿ¡‘ÀâÕß19 ‰¥â·°à ¬’ ËÀâÕ

‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ (Sentalloy Heavy) ¢Õß∫√‘…—∑‚∑¡’

(Tomy) ·≈–¬’ËÀâÕ‰π‰∑ (NiTi) ¢Õß∫√‘…—∑ÕÕ¡‚° (Ormco)

∑’Ë¡’™à«ßÕÿ≥À¿Ÿ¡‘¢Õß°“√‡ª≈’Ë¬π«—Ø¿“§‡∑à“°—∫ 9-22 ·≈– 5-16

Õß»“‡´≈‡´’¬  µ“¡≈”¥—∫

«— ¥ÿ·≈–«‘∏’°“√

®“°°“√∑’Ëß“π«‘®—¬π’ÈµâÕß°“√»÷°…“¢π“¥·√ß§◊π°≈—∫¢Õß

≈«¥‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ ·≈–≈«¥‰π‰∑ ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬

«‘∏’„Àâ§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ´÷ËßÕ¬Ÿà„π

√–¥—∫∑’Ë‡À¡“– ¡ ”À√—∫°“√¥—¥≈«¥π—Èπ ®÷ß®”‡ªìπµâÕß∑√“∫

√–¥—∫°√–· ‰øøÑ“∑’Ë‡À¡“– ¡¥—ß°≈à“«°àÕπ «‘∏’°“√«‘®—¬®÷ß‰¥â

·∫àß‡ªìπ 2 ¢—ÈπµÕπ ¥—ßπ’È

¢—ÈπµÕπ∑’Ë 1 °“√»÷°…“√–¥—∫°√–· ‰øøÑ“∑’ Ë ‡À¡“– ¡

 ”À√—∫°“√¥—¥≈«¥ ‚¥¬«‘∏’„Àâ§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“

°√–· µ√ß
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‡µ√’¬¡ à«πª≈“¬¢Õß≈«¥‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ ·≈–

≈«¥‰π‰∑ ª√–‡¿∑≈«¥‚§âß¢÷Èπ√Ÿª ”‡√Á® Àπâ“µ—¥ ’Ë‡À≈’Ë¬¡º◊πºâ“

¢π“¥ 0.016 x 0.022 π‘È«2  ”À√—∫¢“°√√‰°√≈à“ß §«“¡¬“«

25 ¡‘≈≈‘‡¡µ√ (¡¡.) ¬’ËÀâÕ≈– 90 ‡ âπ „™â‡§√◊ËÕß°”‡π‘¥‰øøÑ“

°√–· µ√ß‡∫π‡¥Õ√å‚´‡√Õ√å-∑Ÿ (√Ÿª∑’Ë 1)  ́ ÷Ëß· ¥ß√–¥—∫°√–· ‰øøÑ“

À¡“¬‡≈¢ 1 ∂÷ß 9 À√◊Õ¡’ª√‘¡“≥°√–· ‰øøÑ“·∑â®√‘ß ®“°°“√

«—¥¥â«¬·Õ¡¡‘‡µÕ√å ¢Õß∫√‘…—∑ Daiichi √ÿàπ DM209  §à“Õÿ≥À¿Ÿ¡‘

∑“ß∑ƒ…Æ’∑’ Ë‰¥â®“°°“√§”π«≥µ“¡°ÆÕπÿ√ —°…åæ≈—ßß“π

‡¡◊ËÕ°”Àπ¥„ÀâÕÿ≥À¿Ÿ¡‘ÀâÕß¡’§à“‡∑à“°—∫ 25 Õß»“‡´≈‡´’¬ 

¥—ß· ¥ß‰«â„πµ“√“ß∑’Ë 1 ‡ âπ≈«¥∑’Ë»÷°…“®–‰¥â√—∫°√–· ‰øøÑ“

®“°‡§√◊ËÕß‡∫π‡¥Õ√å‚´‡√Õ√å-∑Ÿ ‚¥¬ºà“π§’¡ª“°π° (bird beak

pliers) 2 Õ—π ´÷Ëß®—∫≈«¥®“°ª≈“¬¥â“π´â“¬·≈–¢«“ ‚¥¬¢Õ∫

¥â“π„π¢Õß§’¡Àà“ß®“°ª≈“¬≈«¥ 4.5 ·≈– 1 ¡¡. µ“¡≈”¥—∫

∑”„Àâ‰¥â√–¬–Àà“ß√–À«à“ß§’¡‡∑à“°—∫ 19.5 ¡¡. ¬÷¥‡ âπ≈«¥·≈–

§’¡∑—Èß ÕßÕ—π∑’Ë®—∫≈«¥¥—ß°≈à“«°—∫‡§√◊ËÕß¡◊Õ™à«¬¥—¥≈«¥‡ªìπ

√Ÿª∑’Ë 1  ‡§√◊ËÕß°”‡π‘¥‰øøÑ“°√–· µ√ß ‡∫π‡¥Õ√å‚´‡√Õ√å-∑Ÿ (∫√‘…—∑
‚∑¡’ ª√–‡∑»≠’ËªÿÉπ) ´÷Ëßª√–°Õ∫¥â«¬ªÿÉ¡‡ªî¥-ªî¥ (A); Àπâ“®Õ
· ¥ß√–¥—∫°√–· ‰øøÑ“ À¡“¬‡≈¢ 1 ∂÷ß 9 (B); ªÿÉ¡ª√—∫√–¥—∫
°√–· ‰øøÑ“ (C); ·≈–§’¡ª“°π°®”π«π 2 ‡≈à¡ (D)
Fig. 1 Direct electric current machine: Bender Soarer-II
(Tomy Co. Ltd., Japan) comprising On-Off switch (A);
electric current level monitor: No.1-9 (B); current level
adjustment switch (C); and two bird-beak pliers (D)

µ“√“ß∑’Ë 1  · ¥ßª√‘¡“≥°√–· ‰øøÑ“·∑â®√‘ß ·≈–§à“Õÿ≥À¿Ÿ¡‘∑“ß∑ƒ…Æ’∑’Ë‰¥â®“°°“√§”π«≥µ“¡°ÆÕπÿ√—°…åæ≈—ßß“π¢Õß≈«¥‚≈À–º ¡
π‘°‡°‘≈-‰∑‡∑‡π’¬¡ ™π‘¥¬◊¥À¬ÿàπ¬‘Ëß¬«¥ ‡¡◊ËÕ‰¥â√—∫°√–· ‰øøÑ“„π√–¥—∫∑’Ë·µ°µà“ß°—π ‡ªìπ‡«≈“ 3, 4 ·≈– 5 «‘π“∑’
Table 1  The real electric currents and theoretical temperature calculated by the use of the Law of Energy Conservation of
superelastic nickel-titanium alloy wire after an application of the different levels of electric currents in 3, 4 or 5 seconds

3 seconds 5 seconds4 seconds

1

2

3

4

5

6

7

8

9

 2.59

 3.89

 5.25

 6.57

 7.90

 9.36

10.65

11.90

13.15

97.4

188.2

322.3

490.6

698.2

970.0

1,248.5

1,552.5

1,890.3

121.5

242.6

421.4

645.8

922.6

1,285.0

1,656.3

2,061.7

2,512.0

145.6

297.0

520.5

801.0

1,147.0

1,600.0

2,064.1

2,570.8

3,133.8

Theoretical temperature

(

C)

Electric current

(level)

Real electric

current

(ampere)

C

D

A B
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¡ÿ¡©“° (√Ÿª∑’Ë 2) µàÕ‡§√◊ËÕß§«∫§ÿ¡°√–· ‰øøÑ“·∫∫®—∫‡«≈“

∑’Ë “¡“√∂µ—Èß‡«≈“∑”ß“π‡ªìπ«‘π“∑’‰¥âµ—Èß·µà 1 ∂÷ß 10 «‘π“∑’  ‚¥¬

µ—Èß‡«≈“∑’Ë 3 «‘π“∑’ ‡æ◊ËÕ§«∫§ÿ¡°“√∑”ß“π¢Õß‡§√◊ËÕß‡∫π‡¥Õ√å

‚´‡√Õ√å-∑Ÿ ·≈–µ—Èß√–¥—∫°√–· ‰øøÑ“∑’ËÀ¡“¬‡≈¢ 1  π”‡ âπ≈«¥

∑’ Ë‰¥â√—∫°√–· ‰øøÑ“·≈â« ¡“«—¥¡ÿ¡µ“¡¢Õ∫¥â“π„π¥â«¬

‰¡â∫√√∑—¥«—¥¡ÿ¡ (Ruler protractor) ¬’ËÀâÕ HOL ª√–‡∑»‰µâÀ«—π

∑’Ë “¡“√∂Õà“π§à“‰¥â≈–‡Õ’¬¥ 0.5 Õß»“ °“√«—¥¡ÿ¡°√–∑”‚¥¬

ºŸâ«‘®—¬‡æ’¬ß§π‡¥’¬« ∑’Ë‰¥âΩñ°Ωπ®π¡’§«“¡πà“‡™◊ËÕ∂◊Õ∑“ß ∂‘µ‘

÷́Ëß§«“¡·¡àπ¬” (precision) „π°“√«—¥§à“¡ÿ¡ È́”„π≈«¥‡ âπ‡¥‘¡

®“°°“√«‘‡§√“–Àå À —¡æ—π∏å·∫∫‡æ’¬√å —π (Pearson correla-

tion) ‰¥â§à“ —¡ª√– ‘∑∏‘Ï (r) ‡∑à“°—∫ 0.0998 ·≈–∑”°“√∑¥ Õ∫∑’

 ”À√—∫°≈ÿà¡µ—«Õ¬à“ß Õß°≈ÿà¡∑’Ë —¡æ—π∏å°—π (paired-sample

T test) ‰¥â§à“æ’ (p-value) ‡∑à“°—∫ .066  ∑” È́”‚¥¬‡ª≈’Ë¬π≈«¥

‡ âπ„À¡à∑ÿ°§√—Èß®π§√∫ 10 ‡ âπ ®“°π—Èπ‡ª≈’Ë¬π√–¥—∫°√–· ‰øøÑ“

‡ªìπÀ¡“¬‡≈¢ 2 ∂÷ß 9 ·≈–ª√—∫µ—Èß‡«≈“‡ªìπ 4 À√◊Õ 5 «‘π“∑’

µ“¡≈”¥—∫ ∑”®π§√∫„π≈«¥‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ ·≈–≈«¥

‰π‰∑

√–¥—∫°√–· ‰øøÑ“∑’Ë‡À¡“– ¡ ”À√—∫°“√¥—¥≈«¥π—Èπ ‡≈◊Õ°

®“°√–¥—∫°√–· ‰øπâÕ¬∑’Ë ÿ¥ ´÷Ëß∑”„Àâ§à“¡ÿ¡∑’Ë«—¥‰¥â®“°¢Õ∫

„π¢Õß‡ âπ≈«¥ ¿“¬À≈—ß°“√¥—¥‡ªìπ¡ÿ¡©“°·≈–„Àâ§«“¡√âÕπ

®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ¡’§à“„°≈â‡§’¬ß 90 Õß»“

¡“°∑’ Ë ÿ¥ ‚¥¬‡ âπ≈«¥‰¡à‡°‘¥≈—°…≥–√âÕπ·¥ß¢≥–‰¥â√—∫

°√–· ‰øøÑ“ ´÷Ëß· ¥ß«à“≈«¥‰¥â√—∫§«“¡√âÕπ∑’Ë¡“°‡°‘π‰ª

 ”À√—∫°“√„™âß“π„π∑“ß§≈‘π‘°20 ‡¡◊ËÕ„Àâ°√–· ‰øøÑ“·°à≈«¥

‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ ·≈–≈«¥‰π‰∑ ‡ªìπ‡«≈“ 3, 4 À√◊Õ

5 «‘π“∑’ µ“¡§”·π–π”¢Õß∫√‘…—∑ºŸâº≈‘µ‡§√◊ËÕß¡◊Õ°”‡π‘¥‰øøÑ“

°√–· µ√ß ‡æ◊ ËÕ‡ªìπ¢âÕ¡Ÿ≈„π°“√‡≈◊Õ°√–¥—∫°√–· ‰øøÑ“

 ”À√—∫°“√«‘®—¬¢—ÈπµÕπ∑’Ë 2

¢—ÈπµÕπ∑’Ë 2  °“√»÷°…“¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‚≈À–º ¡

π‘°‡°‘≈-‰∑‡∑‡π’¬¡ ™π‘¥¬◊¥À¬ÿàπ¬‘Ëß¬«¥ ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬«‘∏’„Àâ

§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ‡¡◊ËÕ„™â°√–· 

‰øøÑ“∑’Ë‡À¡“– ¡

‡µ√’¬¡≈«¥‡™àπ‡¥’¬«°—∫¢—ÈπµÕπ∑’Ë 1 ‚¥¬¡’§«“¡¬“« 21.5

¡¡. ¬’ËÀâÕ≈– 30 ‡ âπ ·≈â«„Àâ°√–· ‰øøÑ“·°à‡ âπ≈«¥ ‚¥¬µ—Èß

√–¥—∫°√–· ‰øøÑ“®“°‡§√◊ËÕß‡∫π‡¥Õ√å‚´‡√Õ√å-∑Ÿ µ“¡º≈°“√

»÷°…“∑’Ë‰¥â®“°¢—ÈπµÕπ∑’Ë 1 ·≈–µ—Èß‡«≈“‡ªìπ 3, 4 À√◊Õ 5 «‘π“∑’

µ“¡≈”¥—∫  ®“°π—Èπ∑” È́”‚¥¬‡ª≈’Ë¬π≈«¥‡ âπ„À¡à∑ÿ°§√—Èß®π§√∫

10 ‡ âπ ·≈â«°”Àπ¥®ÿ¥∫π‡ âπ≈«¥∑’ËµâÕß°“√»÷°…“¢π“¥·√ß

§◊π°≈—∫ ‰¥â·°à ≈«¥∑’Ë‰¡à‰¥â√—∫°√–· ‰øøÑ“ ≈«¥∑’Ë‰¥â√—∫°√–· 

‰øøÑ“∑’Ë‡À¡“– ¡‡ªìπ‡«≈“ 3, 4 À√◊Õ 5 «‘π“∑’ ∑—Èß Õß¬’ËÀâÕ

°“√»÷°…“¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥ °√–∑”‚¥¬π”‡ âπ≈«¥∑’Ë

µâÕß°“√»÷°…“«“ß„π√àÕß·∫√°‡°µ Õßµ—« ∑’Ë∂Ÿ°¬÷¥∫π·∫∫

®”≈Õß‚≈À– ‚¥¬„Àâ®ÿ¥°÷Ëß°≈“ß·∫√°‡°µÀà“ß®“°ª≈“¬≈«¥∑—Èß

 Õß¢â“ß 3.5 ¡¡. ·≈â«¬÷¥≈«¥°—∫·∫√°‡°µ¥â«¬¬“ß«ß·À«π

√—¥øíπ ́ ÷Ëß°√–∑”‚¥¬ºŸâ«‘®—¬‡æ’¬ß§π‡¥’¬« ∑’Ë‰¥âΩñ°Ωπ°“√§«∫§ÿ¡

¢π“¥·√ß∑’Ë„™â ”À√—∫„ à¬“ß«ß·À«π¥—ß°≈à“« „Àâ¡’¢π“¥„°≈â‡§’¬ß

°—π ∑ÿ°§√—Èß  ¿“¬„µâ°“√¥Ÿ·≈¢Õß∑—πµ·æ∑¬å®—¥øíπ∑’Ë¡’ª√– ∫°“√≥å

°«à“ 20 ªï ®“°π—Èπ∑¥ Õ∫¢π“¥·√ß§◊π°≈—∫¥â«¬‡§√◊ËÕß≈Õ¬¥å-

¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß¡“™’π (LLOYD Universal Testing

Machine) √ÿàπ LR 10K ∑’Ë„™âµÿâ¡πÈ”Àπ—°¢π“¥ 100 π‘«µ—π

·≈–À—«°¥≈«¥Àπâ“µ—¥√Ÿª ’Ë‡À≈’Ë¬¡º◊πºâ“ ¢π“¥ 2.5 x 3 ¡¡.2

‚¥¬ª√—∫À—«°¥≈«¥„Àâ¥â“π∑’Ë¡’§«“¡°«â“ß 3 ¡¡. ´÷Ëß‡∑’¬∫‰¥â

°—∫¢π“¥§«“¡°«â“ß¢Õß·∫√°‡°µøíπ°√“¡πâÕ¬≈à“ß 1 ´’Ë ∑’Ë®–

°¥≈ß∫π‡ âπ≈«¥µ√ß®ÿ¥°÷ Ëß°≈“ß√–À«à“ß·∫√°‡°µ∑—Èß Õß

·≈–°”Àπ¥„Àâ§√Õ ‡Œ¥ (crosshead) ‡§≈◊ËÕπ∑’Ë„π·π«¥‘Ëß¥â«¬

§«“¡‡√Á« 0.5 ¡¡.µàÕπ“∑’ „π∑‘»∑“ß≈ß·≈–¢÷Èπ ‡æ◊ËÕ∑”„Àâ≈«¥

‡ª≈’Ë¬π¡‘µ‘‰ª®“°‡¥‘¡·≈–§◊π°≈—∫ Ÿà√Ÿª√à“ß‡¥‘¡„π·π«¥‘Ëß ∑’Ë√–¬–

‰°≈ ÿ¥ 2 ¡¡.21 ∫—π∑÷°º≈‡ªìπ¢π“¥·√ß∑’Ë√–¬–°“√§◊π°≈—∫

2.0, 1.5, 1.0 ·≈– 0.5 ¡¡. ®“°π—Èπ„ à≈«¥‡ âπ„À¡à∑’ËµâÕß°“√

∑¥ Õ∫®π§√∫„π≈«¥∑—Èß Õß¬’ËÀâÕ ‚¥¬¬“ß«ß·À«π ”À√—∫

¬÷¥≈«¥°—∫·∫√°‡°µ®–∂Ÿ°‡ª≈’Ë¬π„À¡à∑ÿ°§√—Èß „π°“√∑¥ Õ∫

≈«¥·µà≈–‡ âπ À“§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß¢π“¥

√Ÿª∑’Ë 2  ‡§√◊ËÕß¡◊Õ ”À√—∫°“√¥—¥≈«¥„Àâ‡ªìπ¡ÿ¡©“°

Fig. 2  The machine for perpendicularity bending of a wire
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µ“√“ß∑’Ë 2  · ¥ß√–¥—∫°√–· ‰øøÑ“∑’Ë‡À¡“– ¡ ·≈–§à“‡©≈’Ë¬¢Õß¡ÿ¡∑’Ë«—¥‰¥â®“°¢Õ∫„π¢Õß≈«¥‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ (S) ·≈–≈«¥‰π‰∑

(N) ·≈–°“√®—¥·∫àß°≈ÿà¡µ—«Õ¬à“ß

Table 2   The optimum electric current level and mean of angle measured from the inner border of Sentalloy Heavy (S) and

NiTi (N) and divided sample groups.

·√ß§◊π°≈—∫¢Õß≈«¥∑—Èß Õß¬’ËÀâÕ ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬«‘∏’„Àâ§«“¡

√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ‡¡◊ËÕ‰¥â√—∫°√–· ‰øøÑ“

∑’Ë‡À¡“– ¡ ‡ªìπ‡«≈“ 3, 4 À√◊Õ 5 «‘π“∑’ ∑’Ë√–¬–°“√§◊π°≈—∫

4 √–¬– ‰¥â·°à 2.0, 1.5, 1.0 À√◊Õ 0.5 ¡¡. ®“°π—Èπ∑¥ Õ∫

§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬¢Õß¢π“¥·√ß§◊π°≈—∫√–À«à“ß≈«¥∑’Ë

‰¡à‰¥â√—∫°√–· ‰øøÑ“ °—∫≈«¥¬’ËÀâÕ‡¥’¬«°—π·µà‰¥â√—∫°√–· 

‰øøÑ“„π√–¥—∫∑’Ë‡À¡“– ¡ ‡ªìπ‡«≈“ 3, 4 À√◊Õ 5 «‘π“∑’

„π·µà≈–√–¬–°“√§◊π°≈—∫ ‚¥¬„™â ∂‘µ‘°“√«‘‡§√“–Àå§«“¡

·ª√ª√«π∑“ß‡¥’¬« (One-Way ANOVA) ∑’Ë√–¥—∫π—¬ ”§—≠

.05 ·≈–‡ª√’¬∫‡∑’¬∫§«“¡·µ°µà“ß√–À«à“ß°≈ÿà¡À√◊Õ°“√∑¥ Õ∫

·∫∫®—∫§ŸàæÀÿ§Ÿ≥ (Multiple Comparison Tests) ¥â«¬ ∂‘µ‘

∫Õπ‡øÕ‚√π’ (Bonferroni) ·≈– ∂‘µ‘·∑¡‡Œπ (Tamhane)

‡¡◊ ËÕ§«“¡·ª√ª√«π√–À«à“ß°≈ÿà¡¡’§à“‡∑à“°—π·≈–‰¡à‡∑à“°—π

µ“¡≈”¥—∫

º≈°“√»÷°…“

¢—ÈπµÕπ∑’Ë 1  º≈°“√»÷°…“√–¥—∫°√–· ‰øøÑ“∑’Ë‡À¡“– ¡

§à“‡©≈’ Ë¬¢Õß¡ÿ¡∑’ Ë« —¥‰¥â®“°¢Õ∫„π¢Õß‡ âπ≈«¥¿“¬À≈—ß

°“√¥—¥‡ªìπ¡ÿ¡©“°¢Õß≈«¥‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ ·≈–≈«¥

‰π‰∑ ‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 2

¢—ÈπµÕπ∑’Ë 2  °“√»÷°…“§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π

¢Õß¢π“¥·√ß§◊π°≈—∫ ¢Õß≈«¥‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ ®”π«π

4 °≈ÿà¡ „π√–¬–°“√§◊π°≈—∫ 4 √–¬–π—Èπ ‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 3

·≈– 4 ‚¥¬æ∫«à“

- §à“‡©≈’Ë¬¢Õß¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥ ∑’Ë‰¡à‰¥â√—∫

·≈–‰¥â√—∫°√–· ‰øøÑ“∑’Ë‡À¡“– ¡ ¡’§à“·µ°µà“ß°—π„π∑ÿ°√–¬–

°“√§◊π°≈—∫ ¬°‡«âπ°≈ÿà¡∑’Ë 1 °—∫°≈ÿà¡∑’Ë 3 ≥ √–¬–°“√§◊π°≈—∫

2.0 ¡¡.

- §à“‡©≈’Ë¬¢Õß¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥ ∑’Ë∂Ÿ°°√–µÿâπ

‚¥¬«‘∏’„Àâ§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ∑’Ë‡«≈“

·µ°µà“ß°—π ¡’§à“·µ°µà“ß°—π„π∑ÿ°√–¬–°“√§◊π°≈—∫ ¬°‡«âπ

°≈ÿà¡∑’Ë 2 °—∫°≈ÿà¡∑’Ë 3 ≥ √–¬–°“√§◊π°≈—∫ 1.0 ·≈– 0.5 ¡¡.

°≈ÿà¡∑’Ë 3 °—∫°≈ÿà¡∑’Ë 4  ≥ √–¬–°“√§◊π°≈—∫ 0.5 ¡¡.  à«π°≈ÿà¡

∑’ Ë 2 °—∫°≈ÿ à¡∑’ Ë 4 ‰¡à¡’§«“¡·µ°µà“ß°—π„π∑ÿ°√–¬–°“√

§◊π°≈—∫

Sample group

0

Mean of angle

(degree)

Optimum electric

current level

Stimulated time

(second)

Types of

wire

1

2

3

4

1

2

3

4

0

4

3

3

0

4

3

3

0

3

4

5

0

3

4

5

S

N

122.15

124.00

120.00

0

121.00

123.50

119.50
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µ“√“ß∑’Ë 4 · ¥ß°“√‡ª√’¬∫‡∑’¬∫‡™‘ß ấÕπ ¢Õß§à“‡©≈’Ë¬¢Õß¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ ¥â«¬ ∂‘µ‘∫Õπ‡øÕ‚√π’ ∑’Ë√–¬–
°“√§◊π°≈—∫ 2.0, 1.5 ·≈– 0.5 ¡‘≈≈‘‡¡µ√ ·≈–¥â«¬ ∂‘µ‘·∑¡‡Œπ ∑’Ë√–¬–°“√§◊π°≈—∫ 1.0 ¡‘≈≈‘‡¡µ√
Table 4  The Multiple Comparisons of mean of the deactivation force of Sentalloy Heavy by Bonferroni test at 2.0, 1.5 and
0.5 mm deactivation distance and by Tamhane test at 1.0 mm deactivation distance

µ“√“ß∑’Ë 3  · ¥ß§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß¢π“¥·√ß§◊π°≈—∫ (π‘«µ—π)  ¢Õß≈«¥‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’ (S) ·≈–≈«¥‰π‰∑ (N)
„π√–¬–°“√§◊π°≈—∫ 4 √–¬–
Table 3  Mean and standard deviation of deactivation force (newton) of Sentalloy Heavy (S) and NiTi (N) at 4 deactivation
distances

Mean of deactivation force (M) and standard deviation (SD)

at 4 deactivation distances

SDM M MSD SD

4.765

6.102

5.628

6.374

5.765

6.802

6.483

6.888

0.170

0.426

0.482

0.179

0.088

0.257

0.432

0.162

4.764

6.062

5.595

6.312

5.488

6.200

5.898

6.257

0.156

0.360

0.447

0.194

0.173

0.464

0.535

0.457

4.407

5.278

5.065

5.366

5.275

5.968

5.674

6.000

0.204

0.216

0.424

0.376

0.183

0.435

0.748

0.557

Types of

wire

S

N

1

2

3

4

1

2

3

4

Sample

group 1.5 mm 1.0 mm 0.5 mm

12.467

13.666

12.977

13.726

15.400

16.130

15.941

16.137

2.0 mm

M SD

0.344

0.370

0.591

0.475

0.393

0.281

0.350

0.282

§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß¢π“¥·√ß§◊π°≈—∫

¢Õß≈«¥‰π‰∑ ®”π«π 4 °≈ÿà¡ „π√–¬–°“√§◊π°≈—∫ 4 √–¬–π—Èπ

‰¥â· ¥ß‰«â„πµ“√“ß∑’Ë 3 ·≈– 5 ‚¥¬æ∫«à“

- §à“‡©≈’Ë¬¢Õß¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥ ∑’Ë‰¡à‰¥â√—∫·≈–

‰¥â√—∫°√–· ‰øøÑ“∑’Ë‡À¡“– ¡ ¡’§à“·µ°µà“ß°—π„π∑ÿ°√–¬–°“√

§◊π°≈—∫ ¬°‡«âπ°≈ÿà¡∑’Ë 1 °—∫°≈ÿà¡∑’Ë 3 ≥ √–¬–°“√§◊π°≈—∫ 1.0

·≈– 0.5 ¡¡.

- §à“‡©≈’Ë¬¢Õß¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥ ∑’Ë∂Ÿ°°√–µÿâπ

* Statistically significant difference at p < .05

0.000*

0.102

0.000*

0.010*

1.000

0.005*

1

1

1

2

2

3

2

3

4

3

4

4

0.000*

0.000*

0.000*

0.024*

0.515

0.000*

0.000*

0.001*

0.000*

0.112

0.369

0.003*

0.000*

0.000*

0.000*

0.872

1.000

0.255*

p-value at 4 deactivation distancesComparison between

sample groups
1.5 mm 1.0 mm 0.5 mm2.0 mm
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µ“√“ß∑’Ë 5  · ¥ß°“√‡ª√’¬∫‡∑’¬∫‡™‘ß ấÕπ ¢Õß§à“‡©≈’Ë¬¢Õß¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‰π‰∑ ¥â«¬ ∂‘µ‘∫Õπ‡øÕ‚√π’ ∑’Ë√–¬–°“√§◊π°≈—∫ 2.0,
1.0 ·≈– 0.5 ¡‘≈≈‘‡¡µ√ ·≈–¥â«¬ ∂‘µ‘·∑¡‡Œπ ∑’Ë√–¬–°“√§◊π°≈—∫ 1.5 ¡‘≈≈‘‡¡µ√
Table 5  The Multiple Comparisons of mean of the deactivation force of NiTi by Bonferroni test at 2.0, 1.0 or 0.5 mm
deactivation distance and by Tamhane test at 1.5 mm deactivation distance

* Statistically significant difference at p < .05

‚¥¬«‘∏’„Àâ§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß∑’Ë‡«≈“

·µ°µà“ß°—π ¡’§à“‰¡à·µ°µà“ß°—π‡≈¬„π∑ÿ°√–¬–°“√§◊π°≈—∫
¬°‡«âπ°≈ÿà¡∑’Ë 3 °—∫°≈ÿà¡∑’Ë 4 ≥ √–¬–°“√§◊π°≈—∫ 1.5 ¡¡.

«‘®“√≥å

º≈°“√«‘®—¬π’È ´÷Ëßæ∫«à“√–¥—∫°√–· ‰øøÑ“∑’Ë‡À¡“– ¡
 ”À√—∫°“√¥—¥≈«¥ ¡’§«“¡ —¡æ—π∏å°—∫‡«≈“∑’Ë≈«¥‰¥â√—∫°√–· 
‰øøÑ“π—Èπ  Õ¥§≈âÕß°—∫º≈°“√»÷°…“¢Õß Miura ·≈–§≥–17

°≈à“«§◊Õ ∂â“‡«≈“∑’Ë„Àâ°√–· ‰øøÑ“ºà“π‡ âπ≈«¥πâÕ¬ ®–µâÕß„™â
√–¥—∫°√–· ‰øøÑ“ Ÿß ·µà∂â“‡«≈“∑’Ë„Àâ°√–· ‰øøÑ“π“π¢÷Èπ ®–
„™â√–¥—∫°√–· ‰øøÑ“µË”≈ß §◊Õ ≥ ‡«≈“ 3 ·≈– 4 «‘π“∑’π—Èπ
√–¥—∫°√–· ‰øøÑ“∑’Ë‡À¡“– ¡®–‡ªìπÀ¡“¬‡≈¢ 4 ·≈– 3 µ“¡
≈”¥—∫ Õ¬à“ß‰√°Áµ“¡ ≥ ‡«≈“ 4 ·≈– 5 «‘π“∑’π—Èπ √–¥—∫°√–· 
‰øøÑ“∑’Ë‡À¡“– ¡ §◊ÕÀ¡“¬‡≈¢ 3 ‡∑à“°—π ÷́ËßÕ“®‡°‘¥‡π◊ËÕß®“°
¢âÕ®”°—¥¢Õß‡§√◊ËÕß‡∫π‡¥Õ√å‚´‡√Õ√å-∑Ÿ ∑’Ë„™â„πß“π«‘®—¬π’È∑’Ë
‰¥â°”Àπ¥√–¥—∫°√–· ‰øøÑ“ ”À√—∫„™âß“π‡ªìπÀ¡“¬‡≈¢ 1
∂÷ß 9 ‡∑à“π—Èπ ¥—ßπ—Èπ ª√‘¡“≥°√–· ‰øøÑ“∑’Ë·∑â®√‘ß¢Õß·µà≈–
À¡“¬‡≈¢®÷ß‰¥â∂Ÿ°°”Àπ¥‰«â·≈â«‚¥¬∫√‘…—∑ºŸâº≈‘µ ·≈–∑”„Àâ
‰¡à “¡“√∂ª√—∫‡ª≈’Ë¬π‰¥â‡Õßµ“¡µâÕß°“√ ‡ªìπº≈„Àâ§à“¡ÿ¡∑’Ë
«—¥‰¥â®“°¢Õ∫„π¢Õß‡ âπ≈«¥¿“¬À≈—ß°“√¥—¥‡ªìπ¡ÿ¡©“° ≥
‡«≈“ 4 ·≈– 5 «‘π“∑’ ·µ°µà“ß°—π ·¡â®–„™â√–¥—∫°√–· ‰øøÑ“
À¡“¬‡≈¢ 3 ‡∑à“°—π°Áµ“¡ °≈à“«§◊Õ ≥ ‡«≈“ 5 «‘π“∑’ §à“¡ÿ¡

∑’Ë«—¥‰¥â®“°¢Õ∫„π¢Õß‡ âπ≈«¥ ¡’§à“„°≈â‡§’¬ß°—∫ 90 Õß»“

¡“°°«à“∑’Ë‡«≈“ 4 «‘π“∑’ ∑—Èßπ’ÈÕ“®‡π◊ËÕß®“°§«“¡·µ°µà“ß¢Õß

æ≈—ßß“π§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ ´÷Ëß¡’º≈µàÕ§«“¡ “¡“√∂„π°“√

‡ª≈’Ë¬π√Ÿª·∫∫°“√‡√’¬ßµ—«¢Õß‚¡‡≈°ÿ≈¿“¬„π¢Õß≈«¥‚≈À–

º ¡π‘°‡°‘≈-‰∑‡∑‡π’¬¡

‡¡◊ËÕæ‘®“√≥“º≈°“√«‘®—¬§√—Èßπ’È ‡°’Ë¬«°—∫¢π“¥·√ß§◊π°≈—∫
¢Õß≈«¥ ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬«‘∏’„Àâ§«“¡√âÕπ®“°·√ßµâ“π∑“π
‰øøÑ“°√–· µ√ß ‡¡◊ËÕ„™â°√–· ‰øøÑ“∑’Ë‡À¡“– ¡ ‡ªìπ‡«≈“ 3, 4
À√◊Õ 5 «‘π“∑’π—Èπ æ∫«à“·µ°µà“ß®“°º≈°“√»÷°…“¢Õß Miura
·≈–§≥–17 ´÷ Ëß‰¥â»÷°…“¢π“¥·√ß§◊π°≈—∫®“°°“√∑¥ Õ∫
§«“¡ßÕ “¡®ÿ¥∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ¢Õß≈«¥‡®·ªπ‘ ‰π‰∑ ™π‘¥
≈«¥‚§âß¢÷Èπ√Ÿª ”‡√Á® Àπâ“µ—¥«ß°≈¡ ¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß
0.016 π‘È« ´÷Ëß‰¥â√—∫§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß
3.5 ·Õ¡·ª√å „π≈«¥ à«π∑’Ë‡ªìπµ”·ÀπàßøíπÀπâ“·≈– à«π∑’Ë‡ªìπ
µ”·Àπàßøíπ°√“¡πâÕ¬ ‡ªìπ‡«≈“ 60 ·≈– 15 π“∑’ µ“¡≈”¥—∫π—Èπ
æ∫«à“ ¢π“¥·√ß§◊π°≈—∫®–¡’§à“≈¥≈ß‡¡◊ËÕ≈«¥‰¥â√—∫°√–· ‰øøÑ“
π“π¢÷Èπ °≈à“«§◊Õ ¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥ à«π∑’Ë‡ªìπµ”·Àπàß
øíπÀπâ“ ®–¡’§à“πâÕ¬°«à“ à«π∑’Ë‡ªìπµ”·Àπàßøíπ°√“¡πâÕ¬
·≈– à«π∑’Ë‡ªìπµ”·Àπàßøíπ°√“¡ ´÷Ëß‰¡à‰¥â√—∫°√–· ‰øøÑ“
‡≈¬π—Èπ ¡’¢π“¥·√ß§◊π°≈—∫¡“°∑’Ë ÿ¥ §«“¡·µ°µà“ß¢Õß
º≈°“√»÷°…“¢â“ßµâπ°—∫º≈°“√»÷°…“§√—Èßπ’È Õ“®‡π◊ËÕß®“°§«“¡

0.000*

0.008*

0.000*

0.083

0.946

0.022*

0.000*

0.005*

0.000*

1.000

1.000

1.000

2

3

4

3

4

4

p-value at 4 deactivation distances

1.5 mm2.0 mm

1

1

1

2

2

3

Comparison between

sample groups

0.004*

0.240

0.002*

0.751

1.000

0.421

1.0 mm

0.032*

0.580

0.022*

1.000

1.000

1.000

0.5 mm
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·µ°µà“ß¢Õßª√‘¡“≥°√–· ‰øøÑ“·∑â®√‘ß∑’Ë≈«¥‰¥â√—∫ √–¬–
‡«≈“∑’Ë≈«¥‰¥â√—∫°√–· ‰øøÑ“·≈–§«“¡¬“«≈«¥ à«π∑’Ë‰¥â√—∫
°√–· ‰øøÑ“ ™π‘¥·≈–ª√‘¡“≥‚≈À–∑’Ë‡ªìπÕß§åª√–°Õ∫¿“¬„π
¢Õß‚≈À–º ¡ √«¡∑—Èß¢—ÈπµÕπ·≈–°√√¡«‘∏’„π°“√º≈‘µ ‚¥¬°“√
∑¥≈Õß¢Õß Miura ·≈–§≥–17 π—Èπ ‰¥â„Àâ‰øøÑ“°√–· µ√ß·°à
‡ âπ≈«¥„πª√‘¡“≥∑’ËπâÕ¬°«à“ ¥â«¬‡«≈“∑’Ëπ“π°«à“ ·≈–≈«¥
 à«π∑’Ë‰¥â√—∫°√–· ‰øøÑ“¡’§«“¡¬“«°«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫
«‘∏’°“√∑’Ë„™â„π°“√«‘®—¬§√—Èßπ’È ¥—ßπ—Èπ ®÷ßÕ“®‡ªìπº≈„Àâæ≈—ßß“π
‰øøÑ“À√◊Õæ≈—ßß“π§«“¡√âÕπ∑’Ë‡°‘¥¢÷ Èπ°—∫≈«¥ à«π∑’Ë‰¥â√—∫
°√–· ‰øøÑ“ ¡’§à“·µ°µà“ß°—π ·≈–¡’º≈µàÕ¢π“¥·√ß§◊π°≈—∫

°“√‡æ‘Ë¡¢÷Èπ¢Õß¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥∑—Èß Õß¬’ËÀâÕ
µ“¡°“√‡æ‘ Ë¡¢÷ Èπ¢Õß§à“Õÿ≥À¿Ÿ¡‘∑“ß∑ƒ…Æ’∑’ Ë‰¥â®“°°“√
§”π«≥µ“¡°ÆÕπÿ√—°…åæ≈—ßß“π„π™à«ß 421.4 ∂÷ß 520.5 Õß»“
‡´≈‡´’¬ π—Èπ æ∫«à“®“°º≈°“√«‘®—¬§√—Èßπ’È·µ°µà“ß®“°º≈°“√
«‘®—¬¢Õß Miura ·≈–§≥–2 ∑’Ë»÷°…“¢π“¥·√ß§◊π°≈—∫ ´÷Ëß‰¥â
∑¥ Õ∫§«“¡ßÕ “¡®ÿ¥ ¢Õß≈«¥‡®·ªπ‘ ‰π‰∑ ∑’Ë‰¥â√—∫§«“¡√âÕπ
®“°°“√·™à„πÕà“ß∫√√®ÿ‡°≈◊Õ‰π‡µ√∑ ∑’ËÕÿ≥À¿Ÿ¡‘ 400 ·≈– 500
Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 5, 10, 60 ·≈– 120 π“∑’ µ“¡≈”¥—∫
·≈–æ∫«à“ ¢π“¥·√ß§◊π°≈—∫¢≥–· ¥ß§ÿ≥ ¡∫—µ‘¬◊¥À¬ÿàπ
¬‘Ëß¬«¥¡’§à“≈¥≈ß‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ·≈–/À√◊Õ√–¬–‡«≈“π“π¢÷Èπ
§«“¡·µ°µà“ß®“°º≈°“√»÷°…“„π§√—Èßπ’È Õ“®‡π◊ËÕß®“°§«“¡
·µ°µà“ß¢Õß™π‘¥·≈–ª√‘¡“≥‚≈À–∑’Ë‡ªìπÕß§åª√–°Õ∫¿“¬„π
¢Õß‡ âπ≈«¥ √«¡∂÷ß°√√¡«‘∏’„π°“√º≈‘µ πÕ°®“°π’È √Ÿª·∫∫
·≈–√–¬–‡«≈“°“√„Àâ§«“¡√âÕπ·°à‡ âπ≈«¥ ‚¥¬°“√∑¥≈Õß¢Õß
Miura ·≈–§≥–2  ‰¥â„Àâ§«“¡√âÕπ‚¥¬°“√·™à„πÕà“ß∫√√®ÿ‡°≈◊Õ
‰π‡µ√∑ ·≈–„™â√–¬–‡«≈“∑’Ëπ“π°«à“°“√«‘®—¬§√—Èßπ’È

Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈°“√«‘®—¬§√—Èßπ’È°—∫°“√
«‘®—¬¢Õß Yoneyama ·≈–§≥–22 ́ ÷Ëß‰¥â»÷°…“¢π“¥·√ß§◊π°≈—∫
¢≥–‡ª≈’Ë¬π°≈—∫ Ÿà«—Ø¿“§ÕÕ ‡∑‰πµå À√◊Õ∑√“π ‘́™—ππÕ≈‚À≈¥
(transitional load) ¢Õß≈«¥‚≈À–º ¡π‘°‡°‘≈-‰∑‡∑‡π’¬¡
™π‘¥¬◊¥À¬ÿàπ¬‘Ëß¬«¥ ∑’Ë‰¥â√—∫§«“¡√âÕπ®“°°“√·™à„πÕà“ß∫√√®ÿ
‡°≈◊Õ‰π‡µ√∑ „π™à«ßÕÿ≥À¿Ÿ¡‘ 733 ∂÷ß 813 ‡§≈«‘π (460
∂÷ß 540 Õß»“‡´≈‡ ’́¬ ) ‡ªìπ‡«≈“ 30 π“∑’ ·≈–æ∫«à“¢π“¥
·√ß§◊π°≈—∫¢Õß≈«¥¢≥–‡ª≈’Ë¬π°≈—∫ Ÿà«—Ø¿“§ÕÕ ‡∑‰πµå ¡’§à“
‡æ‘Ë¡¢÷Èπµ“¡§à“Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπ ´÷Ëß§≈â“¬°—∫º≈°“√«‘®—¬§√—Èßπ’È
∑’Ë‰¥âæ∫«à“¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥∑’Ë°√–µÿâπ‚¥¬«‘∏’„Àâ§«“¡
√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ·ª√º—πµ“¡§à“Õÿ≥À¿Ÿ¡‘
∑“ß∑ƒ…Æ’∑’Ë‰¥â®“°°“√§”π«≥µ“¡°ÆÕπÿ√—°…åæ≈—ßß“π „π™à«ß

421.4 ∂÷ß 520.5 Õß»“‡´≈‡´’¬ ‡™àπ°—π Õ¬à“ß‰√°Áµ“¡

Yoneyama ·≈–§≥–22 ‰¥âæ‘®“√≥“‡©æ“–¢π“¥·√ß§◊π°≈—∫

¢≥–· ¥ß§ÿ≥ ¡∫—µ‘¬◊¥À¬ÿàπ¬‘Ëß¬«¥ „π¢≥–∑’Ë°“√«‘®—¬§√—Èßπ’È‰¥â

»÷°…“¢π“¥·√ß∑’Ë 4 √–¬–°“√§◊π°≈—∫ §◊Õ 2.0, 1.5, 1.0 ·≈–

0.5 ¡¡. ´÷Ëß‡∑’¬∫‰¥â°—∫·√ß∑’Ë≈«¥°√–∑”°—∫øíπ‡æ◊ËÕ„Àâ‡°‘¥°“√

‡§≈◊ËÕπ∑’Ë ´÷Ëß∑—πµ·æ∑¬å®—¥øíπ§«√„Àâ§«“¡ π„®

°“√«‘®—¬§√—Èßπ’Èæ∫«à“¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‡´π∑Õ≈-

≈Õ¬ ™π‘¥‡Œø«’ ·≈–≈«¥‰π‰∑ ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬«‘∏’„Àâ§«“¡

√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß ‡¡◊ËÕ‰¥â√—∫°√–· ‰øøÑ“

∑’Ë‡À¡“– ¡ ‡ªìπ‡«≈“ 3, 4 À√◊Õ 5 «‘π“∑’π—Èπ ·ª√º—πµ“¡°“√

‡æ‘Ë¡¢÷Èπ¢Õß§à“Õÿ≥À¿Ÿ¡‘∑“ß∑ƒ…Æ’∑’Ë‰¥â®“°°“√§”π«≥µ“¡°Æ

Õπÿ√—°…åæ≈—ßß“π „π™à«ß 421.4 ∂÷ß 520.5 Õß»“‡´≈‡´’¬ 

 “¡“√∂ª√–¬ÿ°µå„™âß“π„π∑“ß§≈‘π‘°‰¥â ‡™àπ °√≥’∑’ËµâÕß°“√

¥—¥≈«¥¥—ß°≈à“«√à«¡°—∫µâÕß°“√‡ª≈’Ë¬π·ª≈ß¢π“¥·√ß§◊π°≈—∫

 “¡“√∂∑”‰¥â‚¥¬°√–µÿâπ≈«¥ à«π∑’ËµâÕß°“√‚¥¬«‘∏’„Àâ§«“¡

√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß √à«¡°—∫°“√¥—¥À√◊Õª√—∫

‡ª≈’Ë¬π√Ÿª√à“ß ‡™àπ °“√¥—¥≈«¥‡ªìπ¢—Èπ (step bend) ∑’Ëµ”·Àπàß

‰°≈°≈“ßµàÕøíπµ—¥´’ Ë¢â“ß ‡æ◊ ËÕ‡ª≈’ Ë¬π√–¥—∫„π·π«¥‘ Ëß¢Õß

øíπÀπâ“·≈–øíπÀ≈—ß ‚¥¬®—∫§’¡„Àâ¡’√–¬–Àà“ß‡∑à“°—∫≈«¥ à«π∑’Ë

‡ªìπµ”·Àπàßøíπ‡¢’È¬«·≈–øíπ°√“¡πâÕ¬∑—Èß Õß´’Ë ´÷ËßµâÕß°“√

‡ª≈’Ë¬π·ª≈ß¢π“¥·√ß§◊π°≈—∫ ·≈â«„Àâ°√–· ‰øøÑ“„π√–¥—∫∑’Ë

‡À¡“– ¡ ‡æ◊ËÕ„Àâ≈«¥ à«ππ’È¡’¢π“¥·√ß§◊π°≈—∫¡“°°«à“≈«¥

 à«π∑’Ë‡ªìπµ”·ÀπàßøíπÀπâ“∑’Ë‰¡à‰¥â√—∫°√–· ‰øøÑ“ ®“°π—Èπ¥—¥

≈«¥‡ªìπ¡ÿ¡Õ’°§√—Èß„π√–π“∫‡¥’¬«°—π·µà∑‘»∑“ßµ√ß¢â“¡ ‚¥¬

®—∫§’¡„Àâ¡’√–¬–Àà“ßπâÕ¬∑’Ë ÿ¥∑’Ë‰¡à∑”„Àâ§’¡∑—Èß ÕßÕ—π —¡º— °—π

¢≥–„Àâ°√–· ‰øøÑ“·°à‡ âπ≈«¥ ‡æ◊ËÕªÑÕß°—π°√–· ‰øøÑ“≈—¥«ß®√

«‘∏’π’È®–∑”„Àâ‰¥â≈«¥∑’Ë∂Ÿ°¥—¥‡ªìπ¢—Èπ∑’Ëµ”·Àπàß‰°≈°≈“ßµàÕøíπ

µ—¥´’Ë¢â“ß ‚¥¬≈«¥ à«π∑’Ë‡ªìπµ”·Àπàßøíπ‡¢’È¬«·≈–øíπ°√“¡

πâÕ¬∑—Èß Õß´’Ë ®–¡’¢π“¥·√ß§◊π°≈—∫¡“°°«à“≈«¥ à«π∑’Ë‡ªìπ

µ”·ÀπàßøíπÀπâ“ ·≈–‡π◊ËÕß®“°¢π“¥·√ß∑’Ë‡À¡“– ¡ (optimum

force)23  ”À√—∫°“√‡§≈◊ËÕπøíπÀπâ“·≈–øíπÀ≈—ß¡’§«“¡·µ°µà“ß

°—π µ“¡¢π“¥æ◊Èπ∑’Ëº‘«√“°øíπ à«π∑’ËΩíßÕ¬Ÿà„π°√–¥Ÿ° (root

surface area) Õ¬à“ß‡ªìπ —¥ à«π‚¥¬µ√ßµàÕ°—π ¥—ßπ—Èπ «‘∏’

„Àâ§«“¡√âÕπ®“°·√ßµâ“π∑“π‰øøÑ“°√–· µ√ß„π°“√¥—¥

À√◊Õª√—∫‡ª≈’Ë¬π√Ÿª√à“ß≈«¥‚≈À–º ¡π‘°‡°‘≈-‰∑‡∑‡π’¬¡ ™π‘¥

¬◊¥À¬ÿàπ¬‘Ëß¬«¥ √à«¡°—∫°“√‡ª≈’Ë¬π·ª≈ß¢π“¥·√ß§◊π°≈—∫®÷ß

¡’ª√–‚¬™πåÕ¬à“ß¡“° ”À√—∫ ¿“«°“√≥åπ’È
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 √ÿª

1. ¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‡´π∑Õ≈≈Õ¬ ™π‘¥‡Œø«’
·≈–≈«¥‰π‰∑ ∑’Ë∂Ÿ°°√–µÿâπ‚¥¬«‘∏’„Àâ§«“¡√âÕπ®“°·√ßµâ“π
∑“π‰øøÑ“°√–· µ√ß ‡¡◊ËÕ‰¥â√—∫°√–· ‰øøÑ“„π√–¥—∫∑’Ë‡À¡“– ¡
 ”À√—∫°“√¥—¥≈«¥ ‡ªìπ‡«≈“ 3, 4 À√◊Õ 5 «‘π“∑’ ¡’§à“¡“°°«à“
¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥¬’ËÀâÕ‡¥’¬«°—π∑’Ë‰¡à‰¥â√—∫°√–· ‰øøÑ“
∑’Ë∑ÿ°√–¬–°“√§◊π°≈—∫ 4 √–¬– §◊Õ 2.0, 1.5, 1.0 ·≈– 0.5 ¡¡.

2. °“√‡æ‘Ë¡¢÷Èπ¢Õß¢π“¥·√ß§◊π°≈—∫¢Õß≈«¥‡´π∑Õ≈≈Õ¬
™π‘¥‡Œø«’ ·≈–≈«¥‰π‰∑ ∑’ Ë‰¥â√—∫°√–· ‰øøÑ“„π√–¥—∫∑’ Ë
‡À¡“– ¡ ”À√—∫°“√¥—¥≈«¥ ·ª√º—πµ“¡°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“
Õÿ≥À¿Ÿ¡‘∑“ß∑ƒ…Æ’ ∑’Ë‰¥â®“°°“√§”π«≥µ“¡°ÆÕπÿ√—°…åæ≈—ßß“π

„π™à«ß 421.4 ∂÷ß 520.5 Õß»“‡´≈‡´’¬ 
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The deactivation force of superelastic nickel-

titanium alloy wire stimulated by the direct

electric resistance heat treatment method

Abstract

Objectives   To study the deactivation force of superelastic nickel-titanium alloy wires treated by the
direct electric resistance heat treatment method and to compare the deactivation forces of treated and
non-treated groups in the same brand.
Materials and methods  The distal ends of 0.016x0.022 inches2 preformed rectangular archwires,
Sentalloy Heavy type (Tomy Co. Ltd.) and NiTi (Ormco Co. Ltd.) were cut into 21.5 millimeters and
tested by three-point bending method to study the deactivation force at 4 deactivation distances (2.0,
1.5, 1.0 and 0.5 millimeters). The optimum electric currents for wire bending in 3, 4 or 5 seconds were
used for treating the wires. Calculated by using the Law of Energy Conservation, the theoretical
temperatures were referred.
Results   The means of the deactivation forces were analytically compared by a One-way ANOVA
at p = .05.  In each brand and every deactivation distance, the deactivation forces between the treated
and non-treated groups were significantly different.
Conclusion   The deactivation forces in the treated group were higher than those in the untreated group
of each brand. In addition, the increasing in the deactivation forces of the treated group varied in
accordance with the theoretical temperatures between 421.4 and 520.5oC.

(CU Dent J. 2005;28:19-28)

Key words:  deactivation force; direct electric resistance heat treatment method; superelastic nickel-

titanium alloy wire; three-point bending method

 0.016 x 0.022 inches2

One-Way ANOVA


