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‡À≈Á°°≈â“‰√â π‘¡‡¡◊ËÕ¡—¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°

≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å

«√‘π∑√“ Õÿ¥µ¡–ªí≠≠“ ∑.∫. (‡°’¬√µ‘π‘¬¡)1

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

πÿ™π“Ø ≥ √–πÕß Ph.D.3

1π‘ ‘µ∫—≥±‘µ»÷°…“ ¿“§«‘™“∑—πµ°√√¡®—¥øíπ §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
2¿“§«‘™“∑—πµ°√√¡®—¥øíπ §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
3 ”π—°«‘®—¬·≈–æ—≤π“«‘∑¬“°“√À≈—ß°“√‡°Á∫‡°’Ë¬«·≈–·ª√√Ÿªº≈‘µº≈°“√‡°…µ√ °√–∑√«ß‡°…µ√·≈– À°√≥å

∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß≈«¥·≈–·∫√Á°‡°µ‡À≈Á°°≈â“‰√â π‘¡‡¡◊ËÕ¡—¥≈«¥¥â«¬
Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å 4  Ÿµ√∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥·µ°µà“ß°—π 3 ·∫∫

«— ¥ÿ·≈–«‘∏’°“√ π”≈«¥‡À≈Á°°≈â“‰√â π‘¡∑’Ë¡’Àπâ“µ—¥¢π“¥ 0.016 x 0.022 π‘È«¡“‡§≈◊ËÕπºà“π√àÕß¢Õß·∫√Á°‡°µ
‡À≈Á°°≈â“‰√â π‘¡™π‘¥‡Õ¥®å‰« å¡“µ√∞“π ”À√—∫øíπ°√“¡πâÕ¬´’Ë∑’ËÀπ÷Ëß∑’Ë¡’√àÕß¢π“¥ 0.018 x 0.025 π‘È« ‚¥¬¡—¥≈«¥
¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å 4  Ÿµ√ ‰¥â·°à  Ÿµ√∑’Ë‰¡à¡’´‘≈‘°“ ¡’´‘≈‘°“√âÕ¬≈– 30 ¡’
´‘≈‘°“√âÕ¬≈– 45 ·≈–¡’´‘≈‘°“√âÕ¬≈– 55 ‚¥¬·µà≈– Ÿµ√¡’√Ÿª√à“ßÀπâ“µ—¥¢Õß«ß¬“ß·∫àß‡ªìπ 3 ·∫∫ ‰¥â·°à Àπâ“µ—¥
«ß°≈¡ «ß√’ ·≈– ’Ë‡À≈’Ë¬¡ ∫—π∑÷°¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ‚¥¬„™â‡§√◊ËÕß™‘¡—¥ ÷¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß¡“™’π ·≈â«∑”°“√
«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑‘»∑“ß‡¥’¬«¢Õß§à“‡©≈’Ë¬·≈–‡ª√’¬∫‡∑’¬∫·∫∫æÀÿ§Ÿ≥¢Õß§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ
¥â«¬°“√«‘‡§√“–Àå·∑¡‡Œπ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 0.05

º≈°“√»÷°…“ ‡¡◊ËÕ¡—¥≈«¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å Ÿµ√∑’Ë‰¡à¡’́ ‘≈‘°“„Àâ§à“‡©≈’Ë¬
·√ß‡ ’¬¥∑“π ∂‘µπâÕ¬∑’Ë ÿ¥ √Õß≈ß¡“‡ªìπ Ÿµ√∑’Ë¡’´‘≈‘°“√âÕ¬≈– 30 √âÕ¬≈– 45 ·≈–√âÕ¬≈– 55 µ“¡≈”¥—∫ ·≈–
 ”À√—∫√Ÿª√à“ßÀπâ“µ—¥¢Õß¬“ßæ∫«à“ ¬“ß∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡„Àâ§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µπâÕ¬∑’Ë ÿ¥µ“¡¥â«¬
Àπâ“µ—¥√Ÿª«ß√’·≈– ’Ë‡À≈’Ë¬¡µ“¡≈”¥—∫ ‚¥¬∑ÿ°°≈ÿà¡¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë√–¥—∫ 0.05
¬°‡«âπ√–À«à“ß°≈ÿà¡∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡ ·≈–«ß√’
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∫∑π”

°“√‡§≈◊ËÕπ∑’Ë¢Õßøíπ∑“ß∑—πµ°√√¡®—¥øíπ§«√¡’°“√„™â·√ß
∑’Ë¡’¢π“¥‡À¡“– ¡ ‡æ◊ËÕ„Àâ°“√‡§≈◊ËÕπ∑’Ë¢Õßøíπ‡ªìπ‰ªÕ¬à“ß
¡’ª√– ‘∑∏‘¿“æ √«¥‡√Á« ‚¥¬‰¡à∑”„Àâ‡°‘¥Õ—πµ√“¬µàÕ‡π◊ÈÕ‡¬◊ËÕ
ª√‘∑—πµå‚¥¬√Õ∫1-3 °≈«‘∏’„π°“√‡§≈◊ËÕπ∑’Ë¢Õßøíπ„π∑“ß
∑—πµ°√√¡®—¥øíπ«‘∏’Àπ÷Ëß∑’Ëπ‘¬¡„™â §◊Õ °“√‡§≈◊ËÕπøíπ·∫∫
‡≈◊ËÕπ‰∂≈ ‚¥¬øíπ∑’Ë∂Ÿ°¬÷¥°—∫µ‘¥°—∫·∫√Á°‡°µ®–‡§≈◊ËÕπ‰∂≈‰ª
µ“¡≈«¥‚§âß ‡¡◊ËÕ‰¥â√—∫·√ß°√–∑”∑’Ë‡À¡“– ¡ ·µà«‘∏’π’È¡’¢âÕ¥âÕ¬
§◊Õ ¡’·√ß à«πÀπ÷Ëß Ÿ≠‡ ’¬‰ª‡π◊ËÕß®“°·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ
√–À«à“ß≈«¥°—∫√àÕß¢Õß·∫√Á°‡°µ¢≥–∑’Ëøíπ¡’°“√‡§≈◊ËÕπ∑’Ë
¥—ßπ—Èπ·√ß®—¥øíπ∑’Ë∑—πµ·æ∑¬å„ÀâµâÕß¡“°°«à“·√ß‡ ’¬¥∑“π
√–À«à“ß≈«¥·≈–·∫√Á°‡°µ‡∑à“π—Èπ øíπ®÷ß®–¡’°“√‡§≈◊ËÕπ∑’Ë
‰¥â3-5 ´÷Ëß·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èππ’È®– àßº≈„Àâ°“√‡§≈◊ËÕπøíπ
™â“≈ß ·≈–µâÕß°“√À≈—°¬÷¥‡æ‘Ë¡¡“°¢÷Èπ ∂â“¡’·√ß‡ ’¬¥∑“π
¡“°Õ“®∑”„ÀâµâÕßæ‘®“√≥“‡æ‘Ë¡·√ß„π°“√‡§≈◊ËÕπøíπ¡“°¢÷Èπ
‡™àπ°—π ·µà·√ß∑’Ë¡“°‡°‘π‰ª¬àÕ¡∑”„Àâ‡°‘¥§«“¡‡ ’¬À“¬µàÕ
Õ«—¬«–ª√‘∑—πµå ·≈–∑”„Àâ·√ßπ—Èπ°≈“¬‡ªìπ·√ß∑’Ë‡À¡“– ¡
µàÕ°“√‡§≈◊ËÕπøíπ∑’Ë‡ªìπÀ≈—°¬÷¥·∑π ∑”„Àâ‡°‘¥°“√ Ÿ≠‡ ’¬À≈—°
¬÷¥·≈– àßº≈‡ ’¬µàÕ°“√√—°…“∑“ß∑—πµ°√√¡®—¥øíπ‰¥â3,5-8

·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ„π°“√‡§≈◊ËÕπøíπ·∫∫‡≈◊ËÕπ‰∂≈
·∫àßÕÕ°‰¥â‡ªìπ 2 ≈—°…≥– ‰¥â·°à ·√ß‡ ’¬¥∑“π ∂‘µ (static
friction) ·≈–·√ß‡ ’¬¥∑“π®≈πå (kinetic friction)4,9 ·√ß
‡ ’¬¥∑“π ∂‘µ‡ªìπ·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ‡¡◊ËÕ¡’°“√ —¡º— °—π
¢Õß·∫√Á°‡°µ°—∫≈«¥¢≥–∑’Ë¬—ßÀ¬ÿ¥π‘ËßÕ¬Ÿà°—∫∑’Ë‚¥¬·√ß‡ ’¬¥∑“π
 ∂‘µ®–µâ“π‰¡à„Àâ≈«¥‡§≈◊ËÕπ∑’Ëºà“π√àÕß¢Õß·∫√Á°‡°µ ´÷Ëß·√ß
π’È®–¡’§à“ Ÿß ÿ¥‡¡◊ËÕ«—µ∂ÿ°”≈—ß®–‡§≈◊ËÕπ∑’Ë  à«π·√ß‡ ’¬¥∑“π
®≈πå‡ªìπ·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ„π¢≥–∑’Ë≈«¥‡≈◊ËÕπ‰∂≈ºà“π√àÕß
¢Õß·∫√Á°‡°µ¥â«¬§«“¡‡√Á«§ß∑’Ë ·≈–‡°‘¥¢÷Èπµ≈Õ¥‡«≈“∑’Ë≈«¥
¡’°“√ —¡º— °—∫·∫√Á°‡°µ ´÷Ëß·√ß‡ ’¬¥∑“π®≈πåπ’È®–¡’§à“πâÕ¬
°«à“·√ß‡ ’¬¥∑“π ∂‘µ‡ ¡Õ10 „π∑“ßªØ‘∫—µ‘ °“√‡§≈◊ËÕπ∑’Ë

¢Õßøíπ¥â«¬≈«¥∑“ß∑—πµ°√√¡®—¥øíπ¡‘‰¥â‡ªìπ°“√‡§≈◊ËÕπ∑’ËÕ¬à“ß
µàÕ‡π◊ËÕß‚¥¬µ≈Õ¥ ·µà‡ªìπ°“√‡§≈◊ËÕπ∑’Ë ≈—∫À¬ÿ¥æ—°‡ªìπ™à«ß
 —ÈπÊ ¥—ßπ—Èπ®÷ß‡™◊ËÕ«à“·√ß‡ ’¬¥∑“π ∂‘µ¡’∫∑∫“∑ ”§—≠°«à“
·√ß‡ ’¬¥∑“π®≈πå ‡π◊ËÕß¥â«¬·√ß®—¥øíπ∑’Ë∑—πµ·æ∑¬å„Àâ
®”‡ªìπµâÕß¡“°°«à“·√ß‡ ’¬¥∑“π ∂‘µ∑’Ë‡°‘¥¢÷Èπ√–À«à“ß≈«¥
·≈–·∫√Á°‡°µ∑ÿ°§√—Èß øíπ®÷ß®–¡’°“√‡§≈◊ËÕπ∑’Ë‰¥â7,9

¢π“¥¢Õß·√ß‡ ’¬¥∑“π√–À«à“ß≈«¥·≈–·∫√Á°‡°µ¢÷Èπ
Õ¬Ÿà°—∫À≈“¬ªí®®—¬ ‡™àπ ™π‘¥¢Õß«— ¥ÿ∑’Ë„™â∑”≈«¥·≈–
·∫√Á°‡°µ5-7,9,11-13 ¢π“¥¢Õß≈«¥·≈–·∫√Á°‡°µ5,6,9,12-14

¡ÿ¡°√–∑”√–À«à“ß≈«¥·≈–·∫√Á°‡°µ9,14,15 √–¬–Àà“ß
√–À«à“ß·∫√Á°‡°µ16  ¿“æ„π™àÕßª“°14,16 ‡ªìπµâπ πÕ°®“°π’È
≈—°…≥– «‘∏’°“√·≈–«— ¥ÿ∑’Ë„™â„π°“√¡—¥≈«¥‡¢â“°—∫·∫√Á°‡°µ°Á
‡ªìπªí®®—¬ ”§—≠Õ’°ªí®®—¬Àπ÷Ëß∑’Ë¡’º≈µàÕ·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ
®“°°“√»÷°…“∑’Ëºà“π¡“ à«π„À≠àæ∫«à“°“√¡—¥¥â«¬¬“ßÕ’≈“ 
‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å®–‡°‘¥·√ß‡ ’¬¥∑“π∑’Ë¡“°°«à“°“√¡—¥¥â«¬
≈«¥¡—¥‡À≈Á°°≈â“‰√â π‘¡17,18 ´÷Ëß·µ°µà“ß®“°∫“ß√“¬ß“π
°“√»÷°…“∑’Ëæ∫«à“‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠‡°‘¥¢÷Èπ
√–À«à“ß°“√¡—¥¥â«¬¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å·≈–≈«¥¡—¥
‡À≈Á°°≈â“‰√â π‘¡9 ∑—Èßπ’È¢÷ÈπÕ¬Ÿà°—∫·√ß∑’Ë∑—πµ·æ∑¬å„™â„π°“√¡—¥
¥â«¬≈«¥¡—¥‡À≈Á°°≈â“‰√â π‘¡ πÕ°®“°π’È¬—ß¡’°“√»÷°…“∑’Ë°≈à“«
∂÷ß°“√¡—¥¥â«¬¬“ßÕ’≈“ ‚µ‡¡Õ√‘°∑’Ë¡’¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß∑’Ë
·µ°µà“ß°—π®– àßº≈µàÕ·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ19

‡π◊ËÕß®“°§«“¡ –¥«° ∫“¬„π°“√„™â °“√ª√–À¬—¥‡«≈“
·≈–§à“„™â®à“¬∑”„Àâ°“√„™â¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å„π°“√
¡—¥≈«¥‡¢â“°—∫√àÕß¢Õß·∫√Á°‡°µ¬—ß§ß‡ªìπ∑’Ëπ‘¬¡ ·≈–„π
ª√–‡∑»‰∑¬¡’∑√—æ¬“°√∑“ß∏√√¡™“µ‘¡“°¡“¬ Àπ÷Ëß„ππ—Èπ§◊Õ
¬“ß∏√√¡™“µ‘ ®÷ß¡’ºŸâ√‘‡√‘Ë¡∑”°“√º≈‘µ¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°
‡®Õ√å®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å´÷Ëß∑”®“°¬“ß∏√√¡™“µ‘∑’Ëπ”
¡“ª√—∫‚§√ß √â“ß‚¥¬„™â “√‡§¡’®”æ«°°√¥‡ªÕ√åÕÕ° ’́Ë ·≈–
¡’°“√»÷°…“∂÷ß§ÿ≥ ¡∫—µ‘¢Õß¬“ßÕ’≈“ ‚µ‡¡Õ√‘°®“°¬“ß

 √ÿª ·√ß‡ ’¬¥∑“π ∂‘µ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ¡—¥≈«¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘
Õ’æÕ°‰´¥å∑’Ë¡’ à«πº ¡¢Õß ‘́≈‘°“∑’Ë‡æ‘Ë¡¢÷Èπ ·≈–√Ÿª√à“ßÀπâ“µ—¥¢Õß«ß¬“ß¡’º≈µàÕ·√ß‡ ’¬¥∑“π ∂‘µ ‚¥¬¬“ß∑’Ë¡’√Ÿª
√à“ßÀπâ“µ—¥ ’Ë‡À≈’Ë¬¡∑”„Àâ‡°‘¥·√ß‡ ’¬¥∑“π ∂‘µ¡“°°«à“«ß√’·≈–«ß°≈¡Õ¬à“ß¡’π—¬ ”§—≠ ·µà‰¡àæ∫§«“¡·µ°µà“ß
Õ¬à“ß¡’π—¬ ”§—≠√–À«à“ß°≈ÿà¡∑’Ë¡—¥≈«¥¥â«¬¬“ß√Ÿª√à“ßÀπâ“µ—¥«ß√’ ·≈–«ß°≈¡

(« ∑—πµ ®ÿÃ“œ 2556;36:21-30)

§” ”§—≠: ·∫√Á°‡°µ‡À≈Á°°≈â“‰√â π‘¡; ¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å; ¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å; ·√ß‡ ’¬¥∑“π ∂‘µ;
≈«¥‡À≈Á°°≈â“‰√â π‘¡



« ∑—πµ ®ÿÃ“œ 2556;36:21-30 «√‘π∑√“ Õÿ¥µ¡–ªí≠≠“  ·≈–§≥– 23

∏√√¡™“µ‘Õ’æÕ°‰´¥åπ’È ®“°º≈°“√»÷°…“æ∫«à“ “¡“√∂π”¬“ß
∏√√¡™“µ‘π’È¡“æ—≤π“ ·≈–ª√–¬ÿ°µå„™â„πß“π∑“ß∑—πµ°√√¡
®—¥øíπ‰¥â20 Õ¬à“ß‰√°Áµ“¡‰¡à‡§¬¡’ºŸâ∑”°“√∑¥≈Õß„π·ßà¢Õß
 Ÿµ√º ¡∑“ß‡§¡’¢Õß¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å∑’Ë¡’ª√‘¡“≥´‘≈‘°“
„π à«πº ¡∑’Ë·µ°µà“ß°—π ·≈–√Ÿª√à“ßÀπâ“µ—¥¢Õß«ß¬“ß®– àß
º≈µàÕ·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ√–À«à“ß≈«¥·≈–·∫√Á°‡°µÀ√◊Õ‰¡à
„π°“√»÷°…“§√—Èßπ’È®÷ß‰¥âπ”¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å∑’Ëº≈‘µ
®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å 4  Ÿµ√∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥∑’Ë·µ°
µà“ß°—π3 ·∫∫¡“»÷°…“‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π ∂‘µ∑’Ë
‡°‘¥¢÷Èπ√–À«à“ß≈«¥·≈–·∫√Á°‡°µ‡À≈Á°°≈â“‰√â π‘¡

«— ¥ÿ·≈–«‘∏’°“√

π”≈«¥‡À≈Á°°≈â“‰√â π‘¡¬’ËÀâÕÕÕ¡‚°‚§ÕÕ‡ªÕ‡√™—Ëπ
(Ormco Corporation, USA) ∑’Ë¡’Àπâ“µ—¥¢π“¥ 0.016 x 0.022
π‘È« ¡“‡§≈◊ËÕπºà“π√àÕß¢Õß·∫√Á°‡°µ‡À≈Á°°≈â“‰√â π‘¡™π‘¥
‡Õ¥®å‰« å¡“µ√∞“π ”À√—∫øíπ°√“¡πâÕ¬´’Ë∑’ËÀπ÷Ëß¬’ËÀâÕ‰¥π“≈ÁÕ°
(Dyna-lockTM Bracket, 3M Unitek,USA) ∑’Ë¡’√àÕß¢π“¥
0.018 x 0.025 π‘È« ‚¥¬¡—¥≈«¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å
º≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å 4  Ÿµ√ ‰¥â·°à  Ÿµ√∑’Ë‰¡à¡’́ ‘≈‘°“

 Ÿµ√∑’Ë¡’´‘≈‘°“√âÕ¬≈– 30  Ÿµ√∑’Ë¡’´‘≈‘°“√âÕ¬≈– 45 ·≈– Ÿµ√∑’Ë
¡’´‘≈‘°“√âÕ¬≈– 55 ‚¥¬·µà≈– Ÿµ√¡’√Ÿª√à“ßÀπâ“µ—¥¢Õß«ß¬“ß
·∫àß‡ªìπ 3 ·∫∫ ‰¥â·°à Àπâ“µ—¥«ß°≈¡ «ß√’ ·≈– ’Ë‡À≈’Ë¬¡
√«¡‡ªìπ 12 °≈ÿà¡ °≈ÿà¡≈– 30 µ—«Õ¬à“ß √«¡∑—ÈßÀ¡¥ 360 µ—«Õ¬à“ß
¡“∑¥ Õ∫À“¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ‚¥¬„™â‡§√◊ËÕß™‘¡—¥ ÷
¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß¡“™’π ‚¥¬π”·∫√Á°‡°µ¡“¬÷¥Õ¬Ÿà∫π·∑àß
‚≈À–∑’Ë„™â‡æ◊ËÕ™à«¬°”Àπ¥µ”·Àπàß¢Õß·∫√Á°‡°µ ¬÷¥·∑àß‚≈À–
∑’Ë¡’·∫√Á°‡°µ‡¢â“°—∫ à«πøî°‡Œ¥ (fix head) ¢Õß‡§√◊ËÕß™‘¡—¥ ÷
¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß¡“™’π√ÿàπÕ’·´¥ (Shimadzu Universal
Testing Machine, EZ Test EZ-L/EZ-s Series) ·≈â«
π”≈«¥‡À≈Á°°≈â“‰√â π‘¡¡“¬÷¥°—∫ à«π§√Õ ‡Œ¥ (cross head)
¢Õß‡§√◊ËÕß∑¥ Õ∫ ‡¡◊ËÕ‰¥âµ”·Àπàß∑’Ë¡’¡ÿ¡°√–∑”√–À«à“ß≈«¥
·≈–·∫√Á°‡°µ‡ªìπ 0 Õß»“·≈â«®÷ß¡—¥≈«¥¥â«¬¬“ßÕ’≈“ 
‚µ‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘∑—Èß 12 °≈ÿà¡ (√Ÿª∑’Ë 1)
®“°π—Èπ®÷ß‡√‘Ë¡¥÷ß≈«¥ºà“π√àÕß¢Õß·∫√Á°‡°µ‚¥¬„™âµÿâ¡πÈ”Àπ—°
¢π“¥ 50 π‘«µ—π §«“¡‡√Á« 0.1 ¡‘≈≈‘‡¡µ√/π“∑’ ‡ªìπ‡«≈“
5 π“∑’ √«¡‰¥â√–¬–∑“ß 0.5 ¡‘≈≈‘‡¡µ√ °“√·ª≈º≈·√ß‡ ’¬¥
∑“π ∂‘µ∑”‰¥â‚¥¬ª√–‡¡‘π®“°°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß
·√ß∑’Ë„™â„π°“√¥÷ß°—∫√–¬–∑“ß∑’Ë·∫√Á°‡°µ‡§≈◊ËÕπ‰ª ‡¡◊ËÕ‡ âπ
°√“ø∑’Ë‡°‘¥®“°·√ß¥÷ß‡æ‘Ë¡¢÷Èπ®π∂÷ß®ÿ¥ Ÿß ÿ¥¢Õß‡ âπ°√“ø®ÿ¥

√Ÿª∑’Ë 1 §«“¡ —¡æ—π∏å¢Õß≈«¥·≈–·∫√Á°‡°µ‡À≈Á°°≈â“‰√â π‘¡¢≥–∑”°“√∑¥≈Õß‚¥¬‡§√◊ËÕß™‘¡—¥ ÷¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß¡“™’π

Fig. 1 Relationship between a stainless steel wire and bracket while testing with the Shimadzu Universal Testing
Machine
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·√°°àÕπ∑’Ë®–¡’°“√≈¥≈ßÀ√◊Õ§ß∑’Ë¢Õß‡ âπ°√“ø ‚¥¬∑’Ë®ÿ¥ Ÿß ÿ¥π’È
·√ß∑’ËÕà“π‰¥â §◊Õ §à“·√ß‡ ’¬¥∑“π ∂‘µ¡’Àπà«¬‡ªìππ‘«µ—π
∑”°“√∫—π∑÷°º≈®π§√∫∑ÿ°°≈ÿà¡ ·≈–∑¥ Õ∫°“√°√–®“¬µ—«
¢Õß¢âÕ¡Ÿ≈¥â«¬«‘∏’‚§≈‚¡‚°√Õø ‡¡ÕπÕø (Kolmogorov-
Smirnov method) ®“°π—Èπ®÷ßπ”º≈°“√∑¥ Õ∫¡“∑”°“√
«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑‘»∑“ß‡¥’¬«¢Õß§à“‡©≈’Ë¬ (one-
way ANOVA) ·≈–∑”°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫
∫√“«πåøÕ√å´‘∑ (Brown-Forsyth) ®“°°“√∑¥ Õ∫æ∫«à“
§à“§«“¡·ª√ª√«π¢Õß¢âÕ¡Ÿ≈·µà≈–°≈ÿà¡¡’§à“‰¡à‡∑à“°—π ®÷ßπ”
¢âÕ¡Ÿ≈¡“«‘‡§√“–Àå∑“ß ∂‘µ‘‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß°≈ÿà¡‚¥¬„™â
 ∂‘µ‘°“√‡ª√’¬∫∑’¬∫·∫∫æÀÿ§Ÿ≥ (multiple comparison
test) ¥â«¬«‘∏’·∑¡‡Œπ∑’∑Ÿ (Tamhaneûs T2) ‚¥¬°“√
«‘‡§√“–Àå∑“ß ∂‘µ‘∑—ÈßÀ¡¥°”Àπ¥„Àâ¡’√–¥—∫π—¬ ”§—≠ 0.05

º≈°“√»÷°…“

‡¡◊ËÕæ‘®“√≥“§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß≈«¥
·≈–·∫√Á°‡°µ‡¡◊ËÕ¡—¥≈«¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°

¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å∑—Èß 4  Ÿµ√æ∫«à“§à“‡©≈’Ë¬·√ß‡ ’¬¥
∑“π ∂‘µ¡’§à“‡æ‘Ë¡ Ÿß¢÷Èπ ‡¡◊ËÕ¡’ª√‘¡“≥¢Õß ‘́≈‘°“„π à«πº ¡
¢Õß¬“ß∑’Ë¡“°¢÷Èπ ‚¥¬ “¡“√∂‡√’¬ß≈”¥—∫§à“‡©≈’Ë¬·√ß‡ ’¬¥
∑“π ∂‘µ®“°πâÕ¬‰ªÀ“¡“°‰¥â¥—ßπ’È Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å
º≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å Ÿµ√∑’Ë‰¡à¡’ à«πº ¡¢Õß´‘≈‘°“
 Ÿµ√∑’Ë¡’´‘≈‘°“√âÕ¬≈– 30  Ÿµ√∑’Ë¡’´‘≈‘°“√âÕ¬≈– 45 ·≈– Ÿµ√∑’Ë
¡’´‘≈‘°“√âÕ¬≈– 55 µ“¡≈”¥—∫ ‚¥¬‡¡◊ËÕ∑”°“√«‘‡§√“–Àå∑“ß
 ∂‘µ‘æ∫«à“¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë√–¥—∫
0.05 ¢Õß§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ‡¡◊ËÕ¡—¥≈«¥¥â«¬¬“ß∑—Èß
4  Ÿµ√

‡¡◊ËÕæ‘®“√≥“§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß≈«¥
·≈–·∫√Á°‡°µ‡¡◊ËÕ¡—¥≈«¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°
¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥·µ°µà“ß°—π 3 ·∫∫
æ∫«à“ ¬“ß∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡„Àâ§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π
 ∂‘µπâÕ¬∑’Ë ÿ¥ µ“¡¥â«¬Àπâ“µ—¥√Ÿª«ß√’·≈– ’Ë‡À≈’Ë¬¡µ“¡
≈”¥—∫ ‚¥¬∑ÿ°°≈ÿà¡¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß
 ∂‘µ‘∑’Ë√–¥—∫ 0.05 ¬°‡«âπ√–À«à“ß°≈ÿà¡∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡
·≈–«ß√’ (µ“√“ß∑’Ë 1 ·≈– √Ÿª∑’Ë 2)

µ“√“ß∑’Ë 1 §à“‡©≈’Ë¬  à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π §à“µË” ÿ¥ ·≈–§à“ Ÿß ÿ¥¢Õß·√ß‡ ’¬¥∑“π ∂‘µ

Table 1 Mean, standard deviation, minimum and maximum of static frictional force

Group Mean Standard deviation Minimum Maximum

1 0.365 0.028 0.323 0.410

2 0.370 0.025 0.307 0.410

3 0.396 0.0273 0.359 0.490

4 0.984 0.033 0.912 1.067

5 1.002 0.032 0.956 1.099

6 1.050 0.057 0.980 1.171

7 1.326 0.018 1.297 1.359

8 1.328 0.018 1.299 1.359

9 1.409 0.013 1.388 1.429

10 1.558 0.068 1.373 1.643

11 1.578 0.034 1.503 1.637

12 1.612 0.020 1.583 1.673
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«‘®“√≥å

°“√«‘®—¬„π§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“·≈–‡ª√’¬∫‡∑’¬∫
·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß≈«¥‡À≈Á°°≈â“‰√â π‘¡·≈–·∫√Á°‡°µ
‡À≈Á°°≈â“‰√â π‘¡ ‡¡◊ËÕ¡—¥≈«¥¥â«¬¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å
∑’Ëº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å 4  Ÿµ√ ‰¥â·°à  Ÿµ√∑’Ë‰¡à¡’
´‘≈‘°“‡ªìπ à«πº ¡  Ÿµ√∑’Ë¡’́ ‘≈‘°“‡ªìπ à«πº ¡√âÕ¬≈– 30  Ÿµ√
∑’Ë¡’´‘≈‘°“‡ªìπ à«πº ¡√âÕ¬≈– 45 ·≈– Ÿµ√∑’Ë¡’´‘≈‘°“‡ªìπ à«π
º ¡√âÕ¬≈– 55 ·≈–·µà≈– Ÿµ√¡’√Ÿª√à“ßÀπâ“µ—¥ 3 ·∫∫ ‰¥â·°à
√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡ «ß√’ ·≈– ’Ë‡À≈’Ë¬¡

°“√»÷°…“«‘®—¬„π§√—Èßπ’È‡≈◊Õ°„™â¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å
∑’Ëº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å ‡π◊ËÕß®“°¬“ß∏√√¡™“µ‘
‡ªìπ‚æ≈’‡¡Õ√å™π‘¥Àπ÷Ëß∑’Ë¡’ ¡∫—µ‘‡¥àπÀ≈“¬ª√–°“√∑’Ë«— ¥ÿÕ◊Ëπ‰¡à
 “¡“√∂‡∑’¬∫‡§’¬ß‰¥â ‚¥¬‡©æ“– ¡∫—µ‘§«“¡¬◊¥À¬ÿàπ
(elasticity) §◊Õ ‡¡◊ËÕ„Àâ·√ß¥÷ß¬“ß®– “¡“√∂¬◊¥µ—«‰¥âÀ≈“¬‡∑à“
¢Õß§«“¡¬“«‡¥‘¡ ·≈–‡¡◊ËÕª≈àÕ¬·√ßÕÕ°¬“ß°Á®–°≈—∫§◊π Ÿà
√Ÿª√à“ß·≈–§«“¡¬“«‡¥‘¡21 ¬“ß∏√√¡™“µ‘∂Ÿ°π”‰ª„™â„π°“√º≈‘µ

º≈‘µ¿—≥±å¬“ßµà“ßÊ ¡“°¡“¬ ·µà¬“ß∏√√¡™“µ‘°Á¡’¢âÕ‡ ’¬À≈—°
§◊Õ °“√‡ ◊ËÕ¡ ¿“æ‡√Á«¿“¬„µâ· ß·¥¥ ÕÕ° ‘́‡®π ‚Õ‚´π ·≈–
§«“¡√âÕπ ‡π◊ËÕß®“°‚¡‡≈°ÿ≈¢Õß¬“ß∏√√¡™“µ‘¡’æ—π∏–§Ÿà
(double bond) Õ¬Ÿà¡“° ∑”„Àâ¬“ß«àÕß‰«µàÕ°“√∑”ªØ‘°‘√‘¬“
°—∫ÕÕ°´‘‡®π·≈–‚Õ‚´π‚¥¬¡’· ß·¥¥ ·≈–§«“¡√âÕπ‡ªìπµ—«
‡√àßªØ‘°‘√‘¬“ ¥—ßπ—Èπ„π√–À«à“ß°“√º≈‘µº≈‘µ¿—≥±å®÷ßµâÕß¡’°“√
‡µ‘¡ “√‡§¡’∫“ß™π‘¥ ( “√„π°≈ÿà¡¢Õß antide-gradants) ‡æ◊ËÕ
¬◊¥Õ“¬ÿ°“√„™âß“π πÕ°®“°π’È¬“ß∏√√¡™“µ‘¬—ß¡’ª√– ‘∑∏‘¿“æ
°“√∑πµàÕ “√≈–≈“¬‰¡à¡’¢—È« πÈ”¡—π·≈– “√‡§¡’µË” ®÷ß‰¥â¡’
°“√π”¬“ß∏√√¡™“µ‘¡“ª√—∫‚§√ß √â“ß‚¥¬„™â “√‡§¡’®”æ«°
°√¥‡æÕ√åÕÕ°´’Ë (peroxy acid) ‡√’¬°«à“ ¬“ß∏√√¡™“µ‘Õ’
æÕ°‰´¥å (ENR) ‚¥¬¡’°“√º≈‘µ¢÷Èπ‡æ◊ËÕª√—∫ª√ÿß ¡∫—µ‘∫“ß
ª√–°“√¢Õß¬“ß∏√√¡™“µ‘„Àâ¥’¢÷Èπ ‡™àπ ∑”„Àâ¬“ß¡’§«“¡‡ªìπ
¢—È«¡“°¢÷Èπ  “¡“√∂∑πµàÕπÈ”¡—π·≈–µ—«∑”≈–≈“¬∑’Ë‰¡à¡’¢—È«‰¥â
¥’¢÷Èπ  “¡“√∂∑πµàÕ‚Õ‚´π·≈–°“√´÷¡ºà“π¢ÕßÕ“°“»‰¥â¥’
‡æ√“–æ—π∏–§Ÿà„π‚§√ß √â“ß¬“ß∏√√¡™“µ‘¡’ª√‘¡“≥πâÕ¬≈ß21

*statistically significant level of 0.05

√Ÿª∑’Ë 2 °“√‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß≈«¥·≈–·∫√Á°‡°µ‡À≈Á°°≈â“‰√â π‘¡‡¡◊ËÕ¡—¥≈«¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å
º≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å 4  Ÿµ√ ∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥·µ°µà“ß°—π 3 ·∫∫

Fig. 2 Comparison of the static friction between stainless steel wire and bracket ligated with elastomeric ligature
fabricated from 4 formulations of epoxidized natural rubber with 3 different cross section configurations.
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®÷ß “¡“√∂π”¡“ª√–¬ÿ°µå‡ªìπÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å∑’Ë„™â„π
ß“π∑—πµ°√√¡®—¥øíπ‰¥â ‡π◊ËÕß®“°§ÿ≥ ¡∫—µ‘∑’ËµâÕß°“√¢Õß
Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å §◊Õ “¡“√∂¬÷¥‡ âπ≈«¥®—¥øíπ„ÀâÕ¬Ÿà
„π√àÕß¢Õß·∫√Á°‡°µ ¡’§«“¡¬◊¥À¬ÿàπ‡æ’¬ßæÕ„π°“√∂Õ¥„ à
¢≥–„™âß“π °àÕ„Àâ‡°‘¥·√ß‡ ’¬¥∑“π∑’Ë‡À¡“– ¡√–À«à“ß≈«¥
·≈–·∫√Á°‡°µ¢≥–∑’Ëøíπ¡’°“√‡§≈◊ËÕπ∑’Ë ‰¡à‡°‘¥°“√‡ ◊ËÕ¡ ≈“¬
‡¡◊ËÕ —¡º— °—∫πÈ” πÈ”≈“¬ πÈ”¡—π °√¥ À√◊Õ¥à“ß ·≈–Õÿ≥À¿Ÿ¡‘
∑’Ë‡ª≈’Ë¬π·ª≈ß®“°Õ“À“√ ‡§√◊ËÕß¥◊Ë¡∑’Ë√—∫ª√–∑“π ‰¡à‡ªìπ∑’Ë
¬÷¥‡°“–¢Õß‡»…Õ“À“√·≈–§√“∫®ÿ≈‘π∑√’¬å ‡¢â“°—π‰¥â¥’°—∫
‡π◊ÈÕ‡¬◊ËÕ„π™àÕßª“°22,23 ·≈–„π°“√»÷°…“§√—Èßπ’È‡≈◊Õ°∑¥ Õ∫
¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å∑’Ë¡’ª√‘¡“≥¢Õß “√µ—«‡µ‘¡´‘≈‘°“∑’Ë
·µ°µà“ß°—π  “√µ—«‡µ‘¡¡’Õ¬Ÿà¥â«¬°—πÕ¬ŸàÀ≈“°À≈“¬™π‘¥
™π‘¥∑’Ë„™â°—πÕ¬à“ß°«â“ß¢«“ß„πÕÿµ “À°√√¡¬“ß ‰¥â·°à  “√
µ—«‡µ‘¡®”æ«°‡¢¡à“¥”·≈– ‘́≈‘°“ ‡¢¡à“¥”‡ªìπ “√µ—«‡µ‘¡∑’Ë∂Ÿ°
π”¡“„™â‡æ◊ËÕ‡ √‘¡·√ß¡“°∑’Ë ÿ¥„π‚√ßß“πÕÿµ “À°√√¡24,25

·µà‡π◊ËÕß®“°‡¢¡à“¥”‡ªìπ “√µ—«‡µ‘¡∑’Ë¡’ ’¥” ®÷ß∑”„Àâº≈‘µ-
¿—≥±å∑’Ë‰¥â¡’ ’¥”‡™àπ‡¥’¬«°—π ¥—ßπ—Èπ„π°“√º≈‘µÕ’≈“ ‚µ‡¡Õ√‘°
≈‘‡°‡®Õ√å°“√‡≈◊Õ°„™â “√µ—«‡µ‘¡ ‘́≈‘°“®÷ß‡ªìπ°“√‡À¡“– ¡°«à“
‚¥¬ “√µ—«‡µ‘¡´‘≈‘°“¡’≈—°…≥–‡ªìπÕπÿ¿“§¢Õß·¢Áß¢π“¥‡≈Á°
∑’Ë∂Ÿ°‡µ‘¡≈ß‰ª„π¬“ß‡æ◊ËÕ«—µ∂ÿª√– ß§åÀ≈“¬Õ¬à“ß ‰¥â·°à ‡ªìπ
 “√‡æ‘Ë¡§«“¡·¢Áß·√ß„π¬“ß ‡æ‘Ë¡§«“¡µâ“π∑“πµàÕ·√ß¥÷ß
°“√ ÷°À√Õ ·≈–°“√©’°¢“¥¢Õß¬“ß24 √«¡∑—Èß¬—ß™à«¬≈¥
µâπ∑ÿπ„π°“√º≈‘µ ‡π◊ËÕß®“° “√µ—«‡µ‘¡ à«π„À≠à¡’√“§“∂Ÿ°
°«à“¬“ß∏√√¡™“µ‘ ®“°°“√»÷°…“∑’Ëºà“π¡“æ∫«à“°“√„ à “√µ—«
‡µ‘¡´‘≈‘°“‡¢â“‰ª„πÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å∑’Ëº≈‘µ®“°¬“ß∏√√¡™“µ‘
Õ’æÕ°‰´¥å¡“°¢÷Èπ ®– àßº≈„ÀâÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å¡’§«“¡
µâ“π∑“πµàÕ·√ß¥÷ß∑’Ë Ÿß¢÷Èπ ¡’§«“¡·¢Áßº‘«·∫∫™Õ√å‡Õ¡“°¢÷Èπ20

∑—Èßπ’È‡π◊ËÕß®“°ª√‘¡“≥¢ÕßÕπÿ¿“§ ‘́≈‘°“∑’Ë‡æ‘Ë¡¡“°¢÷Èπ „π
¢≥–∑’Ë¡’‡π◊ÈÕ¬“ß„πª√‘¡“≥‡∑à“‡¥‘¡ §«“¡Àπ“·πàπ¢Õß
«ß¬“ß®÷ß‡æ‘Ë¡¡“°¢÷Èπ  àßº≈„Àâ¬“ß¡’§«“¡·¢Áßº‘«·∫∫°√–¥â“ß
¡“°¢÷Èπ ·≈–§«“¡≈◊Ëπ¢Õß‡π◊ÈÕ¬“ß∫√‘‡«≥æ◊Èπº‘«≈¥≈ß¡’§«“¡
¢√ÿ¢√–¡“°¢÷Èπ æ◊Èπº‘«∑’Ë¡’§«“¡¢√ÿ¢√–¡“°°«à“¬àÕ¡ àßº≈„Àâ¡’
·√ß‡ ’¬¥∑“π Ÿß¢÷Èπ ´÷Ëß Õ¥§≈âÕß°—∫º≈°“√»÷°…“„π§√—Èßπ’È
‡¡◊ËÕæ‘®“√≥“ Ÿµ√º ¡∑“ß‡§¡’¢Õß¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å
∑—Èß 4  Ÿµ√æ∫«à“§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß≈«¥·≈–
·∫√Á°‡°µ‡À≈Á°°≈â“‰√â π‘¡∑’Ë‡°‘¥¢÷Èπ¡’§«“¡·µ°µà“ß°—π ‚¥¬¡’
§à“‡√’¬ß≈”¥—∫®“°πâÕ¬‰ª¡“°¥—ßπ’È Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å
º≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å∑’Ë‰¡à¡’ à«πº ¡¢Õß ‘́≈‘°“
(0.38 π‘«µ—π) Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘
Õ’æÕ°‰´¥å∑’Ë¡’ à«πº ¡¢Õß ‘́≈‘°“√âÕ¬≈– 30 (1.01 π‘«µ—π)

Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å∑’Ë¡’
 à«πº ¡¢Õß´‘≈‘°“√âÕ¬≈– 45 (1.35 π‘«µ—π) ·≈–Õ’≈“ ‚µ
‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å∑’Ë¡’ à«πº ¡
¢Õß ‘́≈‘°“√âÕ¬≈– 55 (1.58 π‘«µ—π) ´÷Ëß‡¡◊ËÕ∑”°“√«‘‡§√“–Àå
∑“ß ∂‘µ‘æ∫«à“§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß≈«¥·≈–
·∫√Á°‡°µ‡À≈Á°°≈â“‰√â π‘¡‡¡◊ËÕ¡—¥≈«¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘
‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å∑—Èß 4  Ÿµ√¡’§«“¡
·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

πÕ°®“°π’È„π°“√»÷°…“«‘®—¬§√—Èßπ’È¬—ß‰¥â∑¥ Õ∫„π‡√◊ËÕß¢Õß
√Ÿª√à“ßÀπâ“µ—¥¢Õß¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘°‡°‡®Õ√å∑’Ë·µ°µà“ß°—π
‡π◊ËÕß®“°°“√»÷°…“«‘®—¬„π≈—°…≥–π’Èæ∫‰¥âπâÕ¬ °“√»÷°…“
 à«π„À≠à¢Õß¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å®–‡ªìπ°“√»÷°…“
‡°’Ë¬«°—∫°“√ Ÿ≠‡ ’¬·√ß„π√–¬–·√°À≈—ß°“√„™âß“π °“√„ à ’
°“√„ àø≈ŸÕÕ‰√¥å √«¡∂÷ß‡ âπºà“»Ÿπ¬å°≈“ß∑’Ë·µ°µà“ß°—π19

®“°°“√»÷°…“„π§√—Èßπ’È ‡¡◊ËÕæ‘®“√≥“√Ÿª√à“ßÀπâ“µ—¥¢Õß
Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å∑’Ë
·µ°µà“ß°—π 3 ·∫∫ æ∫«à“§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß
√Ÿª√à“ßÀπâ“µ—¥∑—Èß 3 ·∫∫ ¡’§«“¡·µ°µà“ß°—π ‚¥¬‡√’¬ß≈”¥—∫
®“°πâÕ¬‰ª¡“°‰¥â¥—ßπ’È √Ÿª√à“ßÀπâ“µ—¥«ß°≈¡ √Ÿª√à“ßÀπâ“µ—¥
«ß√’ ·≈–√Ÿª√à“ßÀπâ“µ—¥ ’Ë‡À≈’Ë¬¡ ‚¥¬‡¡◊ËÕ∑”°“√«‘‡§√“–Àå∑“ß
 ∂‘µ‘∑’Ë√–¥—∫π—¬ ”§—≠ 0.05 æ∫«à“§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ
¢Õß∑ÿ°°≈ÿà¡¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠ ¬°‡«âπ
√–À«à“ß∑’Ë°≈ÿà¡∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡ ·≈–«ß√’ ´÷Ëßº≈°“√
»÷°…“π’È Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Griffiths ·≈–§≥–∑’Ë
‰¥â∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π ∂‘µ∑’Ë‡°‘¥¢÷Èπ√–À«à“ß
≈«¥‡À≈Á°°≈â“‰√â π‘¡·≈–·∫√Á°‡°µ 3 ™π‘¥ ‰¥â·°à (1) ·∫√Á°‡°µ
‡À≈Á°°≈â“‰√â π‘¡ (2) ‡´≈øá‰≈‡°µ‘Èß·∫√Á°‡°µ„π√Ÿª·∫∫∑’Ëªî¥
∫“π‡≈◊ËÕπ·≈–‡ªî¥∫“π‡≈◊ËÕπ ·≈– (3) ·∫√Á°‡°µ‡´√“¡‘° ‡¡◊ËÕ
¡—¥≈«¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å 3 ·∫∫ ‰¥â·°à (1) ́ ÿª‡ªÕ√å
 ≈‘Í° (Super Slick, TP Orthodontics, LaPorte, Ind)
´÷Ëß‡ªìπÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å∑’Ë¡’°“√‡§≈◊Õ∫ “√À≈àÕ≈◊Ëπ‚æ≈’
‡¡Õ√‘° (polymeric-coated) (2) Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å∑’Ë
¡’√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡ ·≈– (3) Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å∑’Ë¡’
√Ÿª√à“ßÀπâ“µ—¥ ’Ë‡À≈’Ë¬¡ º≈°“√»÷°…“æ∫«à“‡´≈øá‰≈‡°µ‘Èß
·∫√Á°‡°µ°àÕ„Àâ‡°‘¥·√ß‡ ’¬¥∑“ππâÕ¬∑’Ë ÿ¥ √Õß≈ß¡“ §◊Õ
°“√¡—¥≈«¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥
«ß°≈¡ ÿ́ª‡ªÕ√å ≈‘Í° ·≈–Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å∑’Ë¡’√Ÿª√à“ß
Àπâ“µ—¥ ’Ë‡À≈’Ë¬¡ µ“¡≈”¥—∫ ‚¥¬æ∫§«“¡·µ°µà“ßÕ¬à“ß¡’
π—¬ ”§—≠„π∑ÿ°°≈ÿà¡°“√∑¥≈Õß26 ‡™àπ‡¥’¬«°—∫ Dowling



« ∑—πµ ®ÿÃ“œ 2556;36:21-30 «√‘π∑√“ Õÿ¥µ¡–ªí≠≠“  ·≈–§≥– 27

·≈–§≥–œ ´÷Ëß‰¥â∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π ∂‘µ
∑’Ë‡°‘¥¢÷Èπ‡¡◊ËÕ¡—¥≈«¥¥â«¬¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å 5 ™π‘¥
‰¥â·°à (1) ¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡
 ’‡∑“ (2) ¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡
 ’„  (3) ¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡
 ’ â¡ (4) ¬“ßÕ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡
 ’‡∑“ ·≈–‡§≈◊Õ∫¥â«¬ø≈ŸÕÕ‰√¥å ·≈– (5) ¬“ßÕ’≈“ ‚µ‡¡Õ√‘°
≈‘‡°‡®Õ√å√Ÿª√à“ßÀπâ“µ—¥ ’Ë‡À≈’Ë¬¡  ’‡∑“ ‚¥¬ 4 ·∫∫·√°‡°‘¥®“°
°“√º≈‘µ‚¥¬°“√©’¥‡¢â“‰ª„π·∫∫À≈àÕ (injection moulding)
®÷ß∑”„Àâ‡°‘¥¬“ß∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥«ß°≈¡  à«π·∫∫ ÿ¥∑â“¬
‡°‘¥®“°°“√º≈‘µ‚¥¬°“√µ—¥®“°À≈Õ¥¬“ßÕ’≈“ ‚µ‡¡Õ√‘°
(die-punching) ÷́Ëß∑”„Àâ‰¥â¬“ß∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥ ’Ë‡À≈’Ë¬¡
®“°º≈°“√»÷°…“æ∫«à“¬“ß∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥ ’Ë‡À≈’Ë¬¡  ’‡∑“
„Àâ§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ¡“°∑’Ë ÿ¥Õ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ
‡∑’¬∫°≈—∫°≈ÿà¡Õ◊ËπÊ27 ∑—Èßπ’ÈÕ“®‡°‘¥®“°«ß¬“ß∑’Ë¡’√Ÿª√à“ßÀπâ“
µ—¥ ’Ë‡À≈’Ë¬¡®–¡’æ◊Èπ∑’Ëº‘« —¡º— ∑’Ë¡“°°«à“ ·≈–¡’∫√‘‡«≥∑’Ë‡ªìπ
‡À≈’Ë¬¡¡ÿ¡ ÷́Ëß∑”„Àâ¡’§à“ —¡ª√– ‘∑∏‘Ï·√ß‡ ’¬¥∑“π ∂‘µ¡“°
°«à“4  àßº≈„Àâ«ß¬“ß∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥ ’Ë‡À≈’Ë¬¡¡’§à“‡©≈’Ë¬·√ß
‡ ’¬¥∑“π ∂‘µ Ÿß ÿ¥ ‡¡◊ËÕ‡∑’¬∫°—∫«ß¬“ß∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥
«ß°≈¡ ·≈–«ß√’

 √ÿª

‡¡◊ËÕæ‘®“√≥“ª√‘¡“≥ “√µ—«‡µ‘¡ ‘́≈‘°“„πÕ’≈“ ‚µ‡¡Õ√‘°
≈‘‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥åæ∫«à“·√ß‡ ’¬¥∑“π
 ∂‘µ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ¡—¥≈«¥¥â«¬Õ’≈“ ‚µ‡¡Õ√‘°≈‘
‡°‡®Õ√åº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å∑’Ë¡’ à«πº ¡¢Õß´‘≈‘°“
∑’Ë¡“°¢÷Èπ ·≈–‡¡◊ËÕæ‘®“√≥“√Ÿª√à“ßÀπâ“µ—¥¢Õß«ß¬“ß æ∫«à“¡’
º≈µàÕ·√ß‡ ’¬¥∑“π ∂‘µ ‚¥¬¬“ß∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥ ’Ë‡À≈’Ë¬¡
∑”„Àâ‡°‘¥·√ß‡ ’¬¥∑“π ∂‘µ¡“°°«à“«ß√’·≈–«ß°≈¡Õ¬à“ß¡’
π—¬ ”§—≠ ·µà‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠√–À«à“ß
°≈ÿà¡∑’Ë¡—¥≈«¥¥â«¬¬“ß√Ÿª√à“ßÀπâ“µ—¥«ß√’·≈–«ß°≈¡°“√»÷°…“
„π§√—Èßπ’È‡ªìπ°“√∑¥≈Õß„πÀâÕßªØ‘∫—µ‘°“√ ÷́Ëß°√–∑”¿“¬πÕ°
™àÕßª“° ∑”„Àâ‰¡à “¡“√∂§√Õ∫§≈ÿ¡ªí®®—¬∑“ß™’«¿“æ¡“°¡“¬
Õ“∑‘‡™àπ πÈ”≈“¬  ¿“æ§«“¡‡ªìπ°√¥-¥à“ß ™à«ßÕÿ≥À¿Ÿ¡‘„π
™àÕßª“°∑’Ë·ª√‡ª≈’Ë¬πµ“¡Õ“À“√∑’Ë√—∫ª√–∑“π ·√ß∫¥‡§’È¬«
º≈‘µ¿—≥±å∑”§«“¡ –Õ“¥™àÕßª“°∑’ËºŸâªÉ«¬„™â ‡ªìπµâπ ¥—ßπ—Èπ
°“√«‘®—¬π’È„™â‡ªìπ‡æ’¬ß·π«∑“ß„π°“√»÷°…“§ÿ≥ ¡∫—µ‘¢Õß¬“ß
Õ’≈“ ‚µ‡¡Õ√‘°≈‘‡°‡®Õ√å∑’Ëº≈‘µ®“°¬“ß∏√√¡™“µ‘Õ’æÕ°‰´¥å
·µà¬—ß‰¡à “¡“√∂π”‰ªÕâ“ßÕ‘ß∂÷ß ¿“æ°“√„™âß“π®√‘ß„π™àÕß
ª“°‰¥âÕ¬à“ß ¡∫Ÿ√≥å ®÷ß§«√∑’Ë®–¡’°“√»÷°…“µàÕ‰ª„π ¿“«–
∑’Ë„™âß“π®√‘ß„π™àÕßª“°ºŸâªÉ«¬

°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
 ”À√—∫∑ÿπÕÿ¥Àπÿπ«‘∑¬“π‘æπ∏å ”À√—∫π‘ ‘µª√–®”ªïß∫ª√–¡“≥
2555 ¢Õ¢Õ∫æ√–§ÿ≥ Õ“®“√¬å ‰ææ√√≥ æ‘∑¬“ππ∑å ∑’Ë™à«¬
„Àâ§”ª√÷°…“∑“ß¥â“π ∂‘µ‘·≈–°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈„πß“π«‘®—¬
§√—Èßπ’È ¢Õ¢Õ∫§ÿ≥ ∫√‘…—∑ ∑—πµ ¬“¡ «‘ “À°‘® ®”°—¥ ∫√‘…—∑
·Õ§§Õ√å¥ §Õ√åªÕ‡√™—Ëπ ®”°—¥ ·≈– ∂“∫—π«‘®—¬¬“ß °√¡«‘™“
°“√‡°…µ√ ∑’Ë„Àâ°“√ π—∫ πÿπ‡§√◊ËÕß¡◊Õ·≈–«— ¥ÿ∑’Ë„™â„π°“√
»÷°…“ ¢Õ¢Õ∫§ÿ≥‡®â“Àπâ“∑’Ë»Ÿπ¬å«‘®—¬∑—πµ«— ¥ÿ»“ µ√å §≥–
∑—πµ·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ∑’Ë„Àâ§«“¡
√à«¡¡◊Õ·≈–„Àâ§”ª√÷°…“„π°“√„™â‡§√◊ËÕß¡◊Õ∑¥ Õ∫µà“ßÊ „π
°“√»÷°…“§√—Èßπ’È
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Abstract

Objective To compare the static frictional forces between stainless steel wire and bracket ligated with
elastomeric ligatures fabricated from 4 formulations of epoxidized natural rubber, and 3 different cross
section configurations.

Materials and methods The 0.016 x 0.022 inch stainless steel wire was used with the 0.018 x 0.025
inch slot first premolar standard edgewise stainless steel bracket, and ligated with elastomeric ligatures
fabricated from 4 formulations of epoxidized natural rubber, which were epoxidized natural rubber
without silica, with 30% silica, with 45% silica, and with 55% silica. Each formulation had 3 different
cross section configurations, which were round, eclipse and rectangular. The static frictional force was
measured by using the Shimadzu Universal Testing Machine. One-way analysis of variance and
multiple comparisons with Tamhaneûs T2 were used to analyze the difference of the static frictional
force between groups at the statistically significant level of 0.05

Results Elastomeric ligature fabricated from epoxidized natural rubber without silica group showed
the lowest static frictional force followed by the 30% silica, 45% silica, and 55% silica groups respectively.
For the cross section configuration, the round groups showed the lowest static frictional force followed
by the eclipse and rectangular groups respectively. There were statistically significant differences of
static frictional force among all groups at the significance level of 0.05, except for the round and
eclipse groups.



CU Dent J. 2013;36:21-30Udtamapanya W, et al30

Conclusion The static frictional force was significantly greater when the percentage of silica in
elastomeric ligature fabricated from epoxidized natural rubber increased. For cross section configuration,
the rectangular groups produced significantly higher static frictional force than the eclipse and round
groups. However, there was no statistically significant difference between the eclipse and the round
groups.

(CU Dent J. 2013;36:21-30)

Key words: elastomeric ligature; epoxidized natural rubber; stainless steel bracket; stainless steel
wire; static frictional force


