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

∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π√–À«à“ß‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫‰√â·√ß 2 ™π‘¥ §◊Õ ¥“¡Õπ
∑√’‡ÕÁ¡‡ÕÁ°´å∑’Ë¡’°“√ÕÕ°·∫∫°“√¬÷¥®—∫≈«¥·∫∫∫“π ‰≈¥å·≈– ¡“√å∑§≈‘ª∑’Ë¡’§≈‘ª 2 ¢â“ß‡æ◊ËÕ¬÷¥®—∫≈«¥ ·≈–
·∫√Á°‡°µ∏√√¡¥“‡®¡‘π’Ë∑’Ë¡—¥¥â«¬«ßÕ’≈“ ‚∑‡¡Õ√å

«— ¥ÿ·≈–«‘∏’°“√ ‡ªìπ°“√∑¥≈Õß„π ¿“«–·Õ§µ’ø∑’Ë·∫àß°≈ÿà¡µ—«Õ¬à“ßÕÕ°‡ªìπ 3 °≈ÿà¡ °≈ÿà¡≈– 30 µ—«Õ¬à“ß
‚¥¬„™â≈«¥‡À≈Á°°≈â“‰√â π‘¡¢π“¥ 0.019 x 0.025 π‘È« ∑’Ë¡ÿ¡«‘°ƒµ 3 Õß»“ ‡§≈◊ËÕπºà“π√àÕß·∫√Á°‡°µ¡“Õà“π§à“·√ß
‡ ’¬¥∑“π∑’Ë‰¥â®“°‡§√◊ËÕß≈Õ¬¥å ¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘Èß ·≈â«∑”°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑‘»∑“ß‡¥’¬«¢Õß§à“
‡©≈’Ë¬·≈–‡ª√’¬∫‡∑’¬∫·∫∫æÀÿ§Ÿ≥¢Õß§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ„π 3 °≈ÿà¡¥â«¬°“√«‘‡§√“–Àå·∑¡‡Œπ∑’Ë√–¥—∫
§«“¡‡™◊ËÕ¡—Ëπ 0.05

º≈°“√»÷°…“ ·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ¡’§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π∑’ËπâÕ¬∑’Ë ÿ¥ (0.203 ± 0.083 π‘«µ—π)
√Õß≈ß¡“‡ªìπ ¡“√å∑§≈‘ª (0.297 ± 0.074 π‘«µ—π) ·≈–·∫√Á°‡°µ∏√√¡¥“¡’§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π∑’Ë¡“°∑’Ë ÿ¥
(1.865 ± 0.404 π‘«µ—π) ®“°°“√‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π„π∑—Èß 3 °≈ÿà¡ æ∫«à“∑—Èß 3 °≈ÿà¡¡’§«“¡·µ°µà“ß
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë√–¥—∫ 0.05

 √ÿª „π ¿“«–·Õ§µ’ø ·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ·≈–·∫√Á°‡°µ ¡“√å∑§≈‘ª¡’·√ß‡ ’¬¥∑“ππâÕ¬°«à“·∫√Á°‡°µ
∏√√¡¥“Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·≈–√–À«à“ß‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫‰√â·√ß 2 ™π‘¥ æ∫«à“·∫√Á°‡°µ¥“¡Õπ
∑√’‡ÕÁ¡‡ÕÁ°´å ¡’·√ß‡ ’¬¥∑“π∑’ËπâÕ¬°«à“·∫√Á°‡°µ ¡“√å∑§≈‘ªÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

(« ∑—πµ ®ÿÃ“œ 2551;31:159-69)

§” ”§—≠: ‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫‰√â·√ß; ·∫√Á°‡°µ∏√√¡¥“; ·√ß‡ ’¬¥∑“π ∂‘µ;  ¿“«–·Õ§µ’ø
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∫∑π”

°“√‡§≈◊ËÕπøíπ‚¥¬„™â‡§√◊ËÕß¡◊Õ®—¥øíπ·∫∫µ‘¥·πàπ ®”‡ªìπ

µâÕßÕ“»—¬°“√„Àâ·√ßºà“π‰ª¬—ß·∫√Á°‡°µ (bracket) ∑’Ë¬÷¥µ‘¥

∫πº‘«‡§≈◊Õ∫øíπ‡æ◊ËÕ¥÷ßøíπ„Àâ‡§≈◊ËÕπ‰ª„πµ”·Àπàß∑’ËµâÕß°“√

®÷ß¡—°æ∫∫àÕ¬∑’Ëøíπ‰¡à “¡“√∂‡§≈◊ËÕπ‰ª„πµ”·Àπàßµà“ßÊ ‰¥â

‡π◊ËÕß¡“®“°·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ„π°“√‡§≈◊ËÕπøíπ‰ª∫π

≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ (arch wire) ¡’À≈“¬ªí®®—¬∑’Ë¡’

º≈µàÕ°“√‡§≈◊ËÕπøíπ ‰¥â·°à ·∫√Á°‡°µ ≈«¥ «‘∏’°“√·≈–«— ¥ÿ∑’Ë

„™â¬÷¥≈«¥°—∫·∫√Á°‡°µ µ≈Õ¥®π ¿“«–·«¥≈âÕ¡Õ◊ËπÊ ∑’Ë

‡°’Ë¬«¢âÕß ‡¡◊ËÕ≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ∑’Ë„ àÕ¬Ÿà„π√àÕß

·∫√Á°‡°µ‰¥â√—∫·√ß°√–∑”ºà“π‰ª¬—ß·∫√Á°‡°µ ·√ß®–∂à“¬∑Õ¥

 Ÿàøíπ·µà≈–´’Ë´÷Ëß·√ß¥—ß°≈à“«π’È®–Õ¬ŸàÀà“ß®“°®ÿ¥»Ÿπ¬å°≈“ß¢Õß

øíπ∑”„Àâ‡°‘¥‚¡‡¡πµå¢Õß·√ß (moment of force) ¡’º≈∑”„Àâ

øíπ¡’°“√≈â¡‡Õ’¬ß (tipping) ®π°√–∑—Ëß¡ÿ¡¢Õß√àÕß·∫√Á°‡°µ

 —¡º— °—∫≈«¥„π‡«≈“‡¥’¬«°—π∂÷ß 2 µ”·Àπàß „π¢≥–∑’ËÕ’°

√–π“∫Àπ÷Ëßøíπ®–¡’°“√À¡ÿπ (rotation) ‡≈Á°πâÕ¬®π°√–∑—Ëß

≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ —¡º— °—∫∞“π¢Õß√àÕß·∫√Á°‡°µ

·≈–Ω“ªî¥∑“ß¥â“πÀπâ“¢Õß·∫√Á°‡°µÀ√◊Õ≈«¥ºŸ°¡—¥ (ligature

wire) ¡ÿ¡∑’Ë≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ‡√‘Ë¡¡’°“√ —¡º— °—π

°—∫·∫√Á°‡°µπ’È‡√’¬°«à“¡ÿ¡«‘°ƒµ (critical angle) ·≈–

 ¿“«–∑’Ë≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ·≈–√àÕß·∫√Á°‡°µ

 —¡º— °—π„π≈—°…≥–∑’Ë¡’¡ÿ¡«‘°ƒµ‡°‘¥¢÷Èπ‡√’¬°«à“ ¿“«–·Õ°µ’ø

(active configuration) (√Ÿª∑’Ë 1) °“√‡§≈◊ËÕπ∑’Ë¢Õßøíπ®–

‡°‘¥¢÷Èπ∑—π∑’∑’Ë¡’·√ß°√–∑”∑’Ë·∫√Á°‡°µ·≈–‡°‘¥°àÕπ∑’Ë®–¡’°“√

‡≈◊ËÕπ‰∂≈¢Õßøíπ‡π◊ËÕß®“°øíπÕ¬Ÿà„π°√–¥Ÿ°‡∫â“øíπ∑’Ë¬÷¥Õ¬Ÿà¥â«¬

‡ÕÁπ¬÷¥ª√‘∑—πµå (periodontal ligament) ∑’Ë¬◊¥À¬ÿàπ‰¥â ‡¡◊ËÕ

øíπ‡√‘Ë¡‡≈◊ËÕπ‰∂≈‰ª∫π≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ ∂â“≈«¥

‚§âßπ’È¡’§«“¡·¢Áßµ÷ß (stiffness) ‡æ’¬ßæÕ®–‰¡à‡°‘¥°“√º‘¥√Ÿª

(deform) ∑”„Àâøíπ®–¬—ß§ß√—°…“ ¿“æ°“√≈â¡‡Õ’¬ß·≈–

À¡ÿπ‡≈Á°πâÕ¬„π¢≥–∑’Ë¡’°“√‡≈◊ËÕπ‰∂≈Õ¬à“ßµàÕ‡π◊ËÕß‰ª∫π

≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ1 ‚¥¬ª°µ‘‡¡◊ËÕøíπ‰¥â√—∫·√ß∑’Ë

‡À¡“– ¡„π°“√‡§≈◊ËÕπøíπ øíπ®–‡§≈◊ËÕπ‡ªìπ√–¬–∑“ß

ª√–¡“≥ 1 ¡‘≈≈‘‡¡µ√µàÕ‡¥◊ÕπÀ√◊Õ 0.23 x 10-4 ¡‘≈≈‘‡¡µ√

µàÕπ“∑’ ¥—ßπ—Èπ®“°°“√‡§≈◊ËÕπ∑’Ë∑’Ë™â“¡“°„π≈—°…≥–¥—ß°≈à“«

∑”„Àâ§à“·√ß‡ ’¬¥∑“π®≈πå (kinetic friction) ¡’§à“„°≈â

‡§’¬ßÀ√◊Õ‡À¡◊Õπ°—∫§à“·√ß‡ ’¬¥∑“π ∂‘µ (static friction)2

√Ÿª∑’Ë 1 · ¥ß ¿“«–æ“  ’ø·≈–·Õ§µ’ø„π√–À«à“ß∑’Ë¡’°≈‰°°“√‡≈◊ËÕπ‰∂≈

Fig. 1 demonstrates passive and active configuration in sliding mechanic.

IBD = inter bracket distance

θ = angle

θc = critical angle
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„πªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“·∫√Á°‡°µ „π√Ÿª·∫∫„À¡à
‡æ◊ËÕÕ”π«¬§«“¡ –¥«°„Àâ·°à∑—πµ·æ∑¬å®—¥øíπ ‚¥¬„™â°≈‰°
™‘Èπ à«π¢Õß·∫√Á°‡°µ‡Õß∑’Ë “¡“√∂‡ªî¥·≈–ªî¥√àÕß·∫√Á°‡°µ
∑“ß¥â“πÀπâ“¢Õß·∫√Á°‡°µ‚¥¬‰¡àµâÕß„™â°“√¡—¥≈«¥‚§âß∑“ß
∑—πµ°√√¡®—¥øíπ„ÀâÕ¬Ÿà„π√àÕß·∫√Á°‡°µ¥â«¬≈«¥ºŸ°¡—¥À√◊Õ
«ßÕ’≈“ ‚∑‡¡Õ√å ∑’Ë‡√’¬°«à“ ‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ (self-
ligating bracket)3 ´÷Ëß°≈‰°¢Õß·∫√Á°‡°µ™π‘¥π’È·µ°µà“ß°—π
‰ª„π·∫√Á°‡°µ·µà≈–·∫∫ ´÷Ëß¢÷ÈπÕ¬Ÿà°—∫∫√‘…—∑ºŸâº≈‘µ‡´≈øá-
‰≈‡°µµ‘Èß·∫√Á°‡°µ  “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ 2 °≈ÿà¡„À≠àÊ
µ“¡√Ÿª·∫∫¢Õß·√ß°√–∑” (mode of action) ∑’Ë·∫√Á°‡°µ¡’
µàÕ‡ âπ≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ4 ‰¥â·°à

1. ‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫‰√â·√ß (passive) ‡ªìπ
·∫√Á°‡°µ∑’Ë¡’Ω“ªî¥-‡ªî¥ À√◊Õ§≈‘ª®—∫≈«¥∑“ß¥â“πÀπâ“∑’Ë‰¡à
‰¥â àß·√ß°¥≈ß‰ª¬—ß≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ ‡™àπ
·∫√Á°‡°µ„π√–∫∫¥“¡Õπ (DAMON, Ormco, U.S.A.)
 ¡“√å∑§≈‘ª (SmartClip, 3M Unitek, U.S.A.)

2. ‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫¡’·√ß (active) ‡ªìπ
·∫√Á°‡°µ∑’Ë®– àß·√ß°¥‰ª¬—ß≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ
‡æ◊ËÕ„ÀâÕ¬Ÿà¿“¬„π√àÕß·∫√Á°‡°µ ‡™àπ ·∫√Á°‡°µ ªï¥ (SPEED,
Strite Industries Limited, Canada)

‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ√–∫∫ ¡“√å∑§≈‘ª ‰¥â√—∫°“√
æ—≤π“√Ÿª·∫∫µàÕ¡“®“°·∫√Á°‡°µ„π‡§√◊ËÕß¡◊Õ√–∫∫ MBT

Versatile+ ‚¥¬¬÷¥À≈—°ª√—™≠“∑’Ë«à“ ¡’§ÿ≥ª√–‚¬™πå„™â Õ¬¡“°
(maximum versatility) ‡ªìπ·∫√Á°‡°µªï°§Ÿà¢π“¥°≈“ß
(mid-size twin bracket) ¡’°“√°”Àπ¥°“√„™âß“π (bracket
prescription) ·≈–„Àâ·√ß„π¢π“¥∑’Ë‡∫“ (use of light
force) ‡ªìπ·∫√Á°‡°µ ¡“√å∑§≈‘ª∑’Ë„™â°≈‰°®“° π‘∑‘πÕ≈§≈‘ª
(nitinol clip) 2 µ—«∑’ËÕ¬Ÿà∫π·∫√Á°‡°µ∑”Àπâ“∑’Ëªî¥-‡ªî¥
·∫∫¬◊¥À¬ÿàπ‡æ◊ËÕ√Õß√—∫‡ âπ≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ∑’Ë®–„ à
‡¢â“„π√àÕß·∫√Á°‡°µ ‚¥¬∑’Ë‰¡à¡’ª√–µŸ∫“π‡≈◊ËÕπ (sliding door)
À√◊Õ ≈—° (latch) (√Ÿª∑’Ë 2) ‡æ√“–‡™◊ËÕ«à“ª√–µŸ∫“π‡≈◊ËÕπ
À√◊Õ ≈—°π’È®–∑”„Àâ‡°‘¥ªí≠À“µà“ßÊ ‡™àπ °“√µ‘¥¢Õßª√–µŸ
∫“π‡≈◊ËÕπ∑”„Àâ‡ªî¥‰¡àÕÕ° À√◊Õ°“√∑’Ëª√–µŸ∫“π‡≈◊ËÕπ‡ªî¥
§â“ßÕ¬Ÿàµ≈Õ¥‡«≈“ À√◊Õ°“√‡°‘¥°“√ – ¡¢Õß·ºàπ§√“∫
®ÿ≈‘π∑√’¬å∫πª√–µŸ∫“π‡≈◊ËÕππ’ÈÕ“®°≈à“«‰¥â«à“·∫√Á°‡°µ ¡“√å∑
§≈‘ªπ’È‡ªìπ‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µÕ¬à“ß·∑â®√‘ß (true self-
ligating bracket) ‡π◊ËÕß®“°§≈‘ª®–ªî¥µ—«‡Õß‚¥¬Õ—µ‚π¡—µ‘
„π∑—π∑’∑’Ë„ à‡ âπ≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ‡¢â“„π√àÕß
·∫√Á°‡°µ ‚¥¬∑’Ë‰¡àµâÕßªî¥ª√–µŸ∫“π‡≈◊ËÕπ„π¿“¬À≈—ß‡À¡◊Õπ
‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ™π‘¥Õ◊Ëπ πÕ°®“°π’È®“°°“√∑’Ë·∫√Á°-
‡°µ ¡“√å∑§≈‘ª‡ªìπ·∫√Á°‡°µ·∫∫§ŸàÕ¬à“ß·∑â®√‘ß (true twin
design) ·≈â«¬—ß∑”„Àâ∑—πµ·æ∑¬å¡’∑“ß‡≈◊Õ°„π°“√¬÷¥‡ âπ
≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ„Àâ‡¢â“°—∫√àÕß·∫√Á°‡°µ‡æ’¬ß§√÷Ëß
‡¥’¬«¥â«¬≈«¥ºŸ°¡—¥À√◊Õ¬“ß«ßÕ’≈“ ‚∑‡¡Õ√å∑’Ë„™â∑—Ë«‰ª„π°√≥’
∑’Ëøíπ¡’°“√´âÕπ‡°Õ¬à“ß¡“°5

√Ÿª∑’Ë 2 ·∫√Á°‡°µ ¡“√å∑§≈‘ª∑’Ë¡’π‘∑‘πÕ≈§≈‘ª 2 µ—«

Fig. 2 The SmartClip bracket with two nitinol clips
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‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ√–∫∫¥“¡Õπ ‰¥â∂Ÿ°§‘¥§âπ·≈–
æ—≤π“‚¥¬ Dr. Dwight Damon ‚¥¬™π‘¥·√° §◊Õ ¥“¡Õπ
‡Õ ·Õ≈«—π (DAMON SL I) „πªï §.». 19966 µàÕ¡“„πªï
§.». 2000 ‰¥âæ—≤π“µàÕ¡“‡ªìπ ¥“¡Õπ‡Õ ·Õ≈∑Ÿ (DAMON
SL II) ∑’Ë‰¥â„™â°—πÕ¬à“ß·æ√àÀ≈“¬ ·≈–„πªï §.». 2004 ‰¥â
æ—≤π“¡“‡ªìπ¥“¡Õπ∑√’ (DAMON 3) ·≈–≈à“ ÿ¥‡¡◊ËÕªï
§.». 2005 ‡ªìπ·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ (DAMON
3MX) ´÷Ëß‡ªìπ·∫√Á°‡°µ√ÿàπ≈à“ ÿ¥„π√–∫∫¢Õß¥“¡Õπ ‚¥¬®–
¡’≈—°…≥–¢Õßª√–µŸ∫“π‡≈◊ËÕπ ÷́Ëß∂◊Õ‡ªìπºπ—ß¥â“π∑’Ë 4 ¢Õß
√àÕß·∫√Á°‡°µ∑’Ë “¡“√∂∫—ß§—∫„Àâ≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ
Õ¬Ÿà¿“¬„π√àÕß·∫√Á°‡°µ ∑”„Àâ√àÕß·∫√Á°‡°µ¡’≈—°…≥–§≈â“¬∑àÕ
(tube) (√Ÿª∑’Ë 3) ÷́Ëß®–∑”„Àâ‡§√◊ËÕß¡◊Õ„π√–∫∫π’È‡ªìπ‡§√◊ËÕß¡◊Õ
·∫∫‰√â·√ß (passive appliance)7

ª√–‚¬™πå¢Õß°“√„™â‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ∑’ËºŸâº≈‘µπ”
¡“Õâ“ß‡ª√’¬∫‡∑’¬∫°—∫°“√„™â·∫√Á°‡°µ∏√√¡¥“ (conventional
bracket) ¡’Õ¬ŸàÀ≈“¬¢âÕ ·µà∑’Ë™—¥‡®π·≈–‡ªìπ§ÿ≥ª√–‚¬™πå
À≈—°¢Õß°“√‡≈◊Õ°„™â‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ°Á§◊Õ §«“¡
 –¥«° ∫“¬¢Õß∑—πµ·æ∑¬å∑’Ë‰¡à®”‡ªìπµâÕß‡ ’¬‡«≈“„π°“√
¬÷¥≈«¥‚§âß∑“ß∑—πµ°√√¡®—¥øíπ‡¢â“°—∫√àÕß·∫√Á°‡°µ¥â«¬≈«¥
ºŸ°¡—¥À√◊Õ¬“ß«ßÕ’≈“ ‚∑‡¡Õ√å ·µà„πªí®®ÿ∫—π¡—°¡’°“√°≈à“«
∂÷ßª√–‚¬™πåÕ’°≈—°…≥–Àπ÷Ëß §◊Õ °“√∑’Ë‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ
¡’·√ß‡ ’¬¥∑“π∑’ËπâÕ¬°«à“·∫√Á°‡°µ∏√√¡¥“8 ÷́Ëßª√–‚¬™πå
¢Õß≈—°…≥–π’È∑”„Àâ∑—πµ·æ∑¬å®—¥øíπ “¡“√∂„™â·√ß„π°“√
‡§≈◊ËÕπøíπÕ¬à“ß‡À¡“– ¡ (optimal force) ‰¡à°àÕ„Àâ‡°‘¥
Õ—πµ√“¬µàÕ‡π◊ÈÕ‡¬◊ËÕ√Õ∫ª≈“¬√“°øíπ (periapical tissue) ·≈–
∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπøíπ∑’Ë¡“°∑’Ë ÿ¥9

¡’π—°«‘®—¬À≈“¬∑à“π»÷°…“‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π
√–À«à“ß·∫√Á°‡°µ∏√√¡¥“·≈–‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ ‚¥¬º≈
°“√»÷°…“µà“ßÊ  Õ¥§≈âÕß‰ª„π∑“ß‡¥’¬«°—π«à“ ‡´≈øá‰≈‡°µµ‘Èß
·∫√Á°‡°µ¡’·√ß‡ ’¬¥∑“π∑’ËπâÕ¬°«à“·∫√Á°‡°µ∏√√¡¥“1,10-15

·≈–¡’°“√»÷°…“‡ª√’¬∫‡∑’¬∫√–À«à“ß‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ
·∫∫‰√â·√ß·≈–·∫∫¡’·√ßæ∫«à“ ‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫
‰√â·√ß¡’·√ß‡ ’¬¥∑“π∑’ËπâÕ¬°«à“·∫∫¡’·√ß10,13,15 „π¢≥–∑’Ë
¬—ß‰¡à¡’°“√»÷°…“‡ª√’¬∫‡∑’¬∫‡æ◊ËÕÀ“·√ß‡ ’¬¥∑“π√–À«à“ß
 ¡“√å∑§≈‘ª·≈–¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ∑’Ë‡ªìπ·∫∫‰√â·√ß‡À¡◊Õπ°—π
´÷Ëß‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ∑—Èß 2 ™π‘¥π’È‰¥â¡’∫√‘…—∑π”‡¢â“¡“
®—¥®”Àπà“¬·≈–„™â¿“¬„πª√–‡∑»‰∑¬‰¥â√–¬–‡«≈“Àπ÷Ëß·≈â«
¥—ßπ—Èπ°“√»÷°…“«‘®—¬„π§√—Èßπ’È®÷ß‡ªìπ°“√‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π
√–À«à“ß‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫‰√â·√ß 2 ™π‘¥ §◊Õ
·∫√Á°‡°µ ¡“√å∑§≈‘ª·≈–¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ°´å ¢≥–∑’Ë¡’°“√
‡§≈◊ËÕπ·∫∫‡≈◊ËÕπ‰∂≈„π≈—°…≥–≈â¡‡Õ’¬ß¿“¬„µâ¡ÿ¡«‘°ƒµ
‚¥¬∑¥≈Õß„πÀâÕßªØ‘∫—µ‘°“√‡æ◊ËÕπ”º≈∑’Ë‰¥â¡“™à«¬„Àâ∑—πµ-
·æ∑¬å®—¥øíπ “¡“√∂‡≈◊Õ°„™â·∫√Á°‡°µ™π‘¥‡´≈øá‰≈‡°µµ‘Èß
·∫√Á°‡°µ„π‡§√◊ËÕß¡◊Õ®—¥øíπ™π‘¥µ‘¥·πàπ„πºŸâªÉ«¬‰¥âÕ¬à“ß
‡À¡“– ¡µàÕ‰ª

«— ¥ÿ·≈–«‘∏’°“√

°≈ÿà¡µ—«Õ¬à“ß

„π°“√»÷°…“§√—Èßπ’È°≈ÿà¡µ—«Õ¬à“ßª√–°Õ∫¥â«¬ ‡´≈øá
‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫‰√â·√ß 2 ™π‘¥ ·≈–·∫√Á°‡°µ∏√√¡¥“
1 ™π‘¥ ·µà≈–™π‘¥¡’®”π«π 30 µ—«Õ¬à“ß ‚¥¬≈«¥∑’Ë„™â∑¥ Õ∫
§à“·√ß‡ ’¬¥∑“π¥—ßπ’È

√Ÿª∑’Ë 3  ·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ°´å∑’Ë¡’ª√–µŸ∫“π‡≈◊ËÕπ

Fig. 3  The Damon 3MX bracket with sliding door
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1. ‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫‰√â·√ß ”À√—∫øíπ‡¢’È¬«
¢π“¥ 0.022 π‘È« x 0.028 π‘È« §◊Õ ·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ
®”π«π 30 µ—«Õ¬à“ß

2. ‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫‰√â·√ß ”À√—∫øíπ‡¢’È¬«
¢π“¥ 0.022 π‘È« x 0.028 π‘È« §◊Õ ·∫√Á°‡°µ ¡“√å∑§≈‘ª ®”π«π
30 µ—«Õ¬à“ß

3. ·∫√Á°‡°µ‡À≈Á°°≈â“‰√â π‘¡∏√√¡¥“ ”À√—∫øíπ‡¢’È¬«
¢π“¥ 0.022 π‘È« x 0.028 π‘È« §◊Õ ·∫√Á°‡°µ‡®¡‘π’Ë ®”π«π
30 µ—«Õ¬à“ß

4. ≈«¥‡À≈Á°°≈â“‰√â π‘¡¢π“¥ 0.019 x 0.025 π‘È«
(Stainless steel, 3M Unitek, U.S.A.) ®”π«π 90 ‡ âπ

∑”°“√«—¥§«“¡ Ÿß¢Õß√àÕß·∫√Á°‡°µ §«“¡°«â“ß„π·π«
„°≈â°≈“ß-‰°≈°≈“ß¢Õß·∫√Á°‡°µ·≈–§«“¡ Ÿß≈«¥®”π«π
™π‘¥≈– 5 µ—«Õ¬à“ß¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß
°√“¥ (scanning electron microscope) ‡æ◊ËÕ§”π«≥À“
§à“¡ÿ¡«‘°ƒµ·≈–°”Àπ¥¡ÿ¡°√–∑”√–À«à“ß≈«¥·≈–·∫√Á°‡°µ
®“° ¡°“√¥—ßπ’È16

¡ÿ¡«‘°ƒµ = 57.32 (CLEARANCE INDEX)
(BRACKET INDEX)

CLEARANCE INDEX  = 1-ENGAGEMENT
INDEX

ENGAGEMENT INDEX = ¢π“¥≈«¥„π·π«¥‘Ëß/
¢π“¥√àÕß·∫√Á°‡°µ„π·π«¥‘Ëß

BRACKET INDEX = ¢π“¥§«“¡°«â“ß·∫√Á°‡°µ
„π·π«„°≈â°≈“ß-‰°≈°≈“ß/ ¢π“¥√àÕß·∫√Á°‡°µ„π·π«¥‘Ëß

®“°°“√«—¥¢π“¥¢Õß·∫√Á°‡°µ √àÕß·∫√Á°‡°µ·≈–§«“¡ Ÿß
¢Õß≈«¥¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ æ∫
«à“§«“¡ Ÿß‡©≈’Ë¬¢Õß√àÕß·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ°´å‡∑à“°—∫
0.595 ¡‘≈≈‘‡¡µ√ „π¢≥–∑’Ë§«“¡ Ÿß‡©≈’Ë¬¢Õß√àÕß·∫√Á°‡°µ
 ¡“√å∑§≈‘ª‡∑à“°—∫ 0.616 ¡‘≈≈‘‡¡µ√  Ÿß°«à“·∫√Á°‡°µ¥“¡Õπ
∑√’‡ÕÁ¡‡ÕÁ°´åÕ¬Ÿà 0.021 ¡‘≈≈‘‡¡µ√  à«π§«“¡°«â“ß„π·π«„°≈â
°≈“ß·≈–‰°≈°≈“ßæ∫«à“ §«“¡°«â“ß‡©≈’Ë¬¢Õß·∫√Á°‡°µ
¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ°´å‡∑à“°—∫ 2.844 ¡‘≈≈‘‡¡µ√ „π¢≥–∑’Ë·∫√Á°‡°µ
 ¡“√å∑§≈‘ª¡’§«“¡°«â“ß‡∑à“°—∫ 3.815 ¡‘≈≈‘‡¡µ√°«â“ß°«à“
·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ°´åÕ¬Ÿà 0.971 ¡‘≈≈‘‡¡µ√ §«“¡ Ÿß
‡©≈’Ë¬¢Õß≈«¥¡’§à“‡∑à“°—∫ 0.478 ¡‘≈≈‘‡¡µ√®“°¢π“¥¢Õß
·∫√Á°‡°µ √àÕß·∫√Á°‡°µ·≈–§«“¡ Ÿß¢Õß≈«¥¥—ß°≈à“«‡¡◊ËÕπ”
¡“§”π«≥À“§à“¡ÿ¡«‘°ƒµ æ∫«à“·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ°´å
·∫√Á°‡°µ ¡“√å∑§≈‘ª·≈–·∫√Á°‡°µ‡®¡‘π’Ë ¡’§à“¡ÿ¡«‘°ƒµ 2.362
2.002 ·≈– 1.379 Õß»“µ“¡≈”¥—∫ (µ“√“ß∑’Ë 1)

¥—ßπ—Èπ®÷ß°”Àπ¥¡ÿ¡°√–∑”„π°“√∑¥≈Õß§√—Èßπ’È∑’Ë 3 Õß»“
„π∑ÿ°Ê °≈ÿà¡µ—«Õ¬à“ß ®“°π—Èπ∑”°“√ √â“ßµ—«°”Àπ¥µ”·Àπàß
·∫√Á°‡°µ‡æ◊ËÕ„Àâ√àÕß·∫√Á°‡°µ„π∑ÿ°°≈ÿà¡µ—«Õ¬à“ßÕ¬Ÿà„πµ”·Àπàß
·≈–√–π“∫‡¥’¬«°—π ®“°π—Èππ”‰ª∑¥ Õ∫À“§à“·√ß‡ ’¬¥∑“π
 ∂‘µ¥â«¬‡§√◊ËÕß≈Õ¬¥å¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘Èß (Lloyd universal
testing machine) ‚¥¬°”Àπ¥¡ÿ¡°√–∑”√–À«à“ß√àÕß
·∫√Á°‡°µ°—∫≈«¥‡À≈Á°°≈â“‰√â π‘¡¢π“¥ 0.019 x 0.025 π‘È«
∑’Ë 3 Õß»“ ‚¥¬·∫√Á°‡°µ‡®¡‘π’Ë∑’Ë‡ªìπ·∫√Á°‡°µ∏√√¡¥“®–¬÷¥
≈«¥¥â«¬°“√„™â«ßÕ’≈“ ‚∑‡¡Õ√å Õà“π§à“·√ß‡ ’¬¥∑“π ∂‘µ∑’Ë
‰¥â®“°°√“øÀπà«¬‡ªìππ‘«µ—π·≈â«∫—π∑÷°º≈®π§√∫∑ÿ°°≈ÿà¡
µ—«Õ¬à“ß

µ“√“ß∑’Ë 1 · ¥ß§à“‡©≈’Ë¬§«“¡ Ÿß√àÕß·∫√Á°‡°µ §«“¡°«â“ß·∫√Á°‡°µ ·≈–§à“¡ÿ¡«‘°ƒµ„π·∫√Á°‡°µ∑—Èß 3 ™π‘¥

Table 1 Mean of height of bracket slot, width of bracket and critical angle of three bracket types

Bracket types Height of bracket slot (mm.) Width of bracket (mm.) Critical angle (degree)

Damon 3MX 0.595 2.844 2.362
Smartclip 0.616 3.815 2.002
Gemini 0.560 3.400 1.379
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∑”°“√∑¥ Õ∫§«“¡πà“‡™◊ËÕ∂◊Õ¢ÕßºŸâÕà“π§à“‚¥¬‡©æ“–
®ÿ¥ Ÿß ÿ¥¢Õß‡ âπ°√“ø∑’Ëª√“°Ø®“°‡§√◊ËÕß≈Õ¬¥å¬ŸπÕ‡«Õ√å·´≈
‡∑ µ‘Èß ¿“¬À≈—ß®“°∑’Ë∑”°“√Õà“π§à“·≈–∫—π∑÷°º≈„π§√—Èß·√°
·≈â« 1 ‡¥◊Õπ∂—¥¡“ ®÷ß∑”°“√Õà“π§à“Õ’°§√—ÈßÀπ÷Ëßπ”º≈∑’Ë‰¥â
®“°°“√Õà“π§à“„π∑—Èß Õß§√—Èß¡“‡ª√’¬∫‡∑’¬∫§«“¡ —¡æ—π∏å¢Õß
§à“∑’ËÕà“π‰¥â¥â«¬°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å‡æ’¬√å —π (Pearson
correlation) ·≈–∑¥ Õ∫§«“¡·µ°µà“ß¢Õß§à“∑’ËÕà“π‰¥â¥â«¬
 ∂‘µ‘∑’ (paired T-test) ·≈–∑¥ Õ∫¥â«¬ Ÿµ√¢Õß¥“Àå≈‡∫‘√å°
(Dahlbergûs formula)  (Σd2/2n) ®“°π—Èπ∑”°“√«‘‡§√“–Àå
¢âÕ¡Ÿ≈§à“·√ß‡ ’¬¥∑“π ∂‘µ¥â«¬‚ª√·°√¡ ”‡√Á®√Ÿª‡Õ æ’
‡Õ ‡Õ  ”À√—∫«‘π‚¥« å‡«Õ√å™—Ëπ 11.5 (SPSS for Windows,
version 11.5) ‡æ◊ËÕ§”π«≥§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ∑—Èß
3 °≈ÿà¡µ—«Õ¬à“ß ·≈–«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑‘»∑“ß‡¥’¬«
(One way analysis of variance) ∑’Ë√–¥—∫π—¬ ”§—≠ 0.05
·≈– ∂‘µ‘°“√‡ª√’¬∫‡∑’¬∫æÀÿ§Ÿ≥ (Multiple comparison test)
¥â«¬«‘∏’·∑¡‡Œπ∑’∑Ÿ (Tamhaneûs T2)

º≈°“√»÷°…“

°“√∑¥ Õ∫«—¥§«“¡πà“‡™◊ËÕ∂◊Õ¢ÕßºŸâ«—¥®“°°“√«‘‡§√“–Àå
§«“¡ —¡æ—π∏å‡æ’¬√å —π·≈– ∂‘µ‘∑’æ∫«à“°“√«—¥§à“¡’§«“¡ —¡æ—π∏å
‰ª„π∑‘»∑“ß‡¥’¬«°—π·≈–‰¡à¡’·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

∑’Ë√–¥—∫π—¬ ”§—≠ 0.05 (r = 0.999) (P = 0.13) ·≈–®“°
°“√∑¥ Õ∫¥â«¬ Ÿµ√¢Õß¥“Àå≈‡∫‘√å°∑’Ë n = 30 æ∫«à“§à“∑’Ë
§”π«≥¡“‰¥â¡’§à“‡∑à“°—∫ 0.02 π‘«µ—π ÷́Ëß¡’¢π“¥∑’Ë‰¡à¡“°
°«à“§à“§«“¡º‘¥æ≈“¥∑’Ë®–‡°‘¥®“°°“√Õà“π§à“∑’Ë‰¥â®“°‡§√◊ËÕß
≈Õ¬¥å∑’Ë¡’§à“‡∑à“°—∫ 0.02 π‘«µ—π17 ®“°°“√∑¥ Õ∫¥—ß°≈à“«
∑—ÈßÀ¡¥®÷ß √ÿª«à“ºŸâ«—¥§à“¡’§«“¡πà“‡™◊ËÕ∂◊Õ„π°“√«—¥§à“

®“°°“√«—¥§à“·√ß‡ ’¬¥∑“π ∂‘µ¢Õß·µà≈–°≈ÿà¡ “¡“√∂
§”π«≥‡æ◊ËÕÀ“§à“‡©≈’Ë¬ (mean) ¢Õß¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ
 à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π (standard deviation) §à“πâÕ¬∑’Ë ÿ¥
(minimum) ·≈–§à“¡“°∑’Ë ÿ¥ (maximum) ¢Õß·√ß‡ ’¬¥
∑“π ∂‘µ„π 3 °≈ÿà¡µ—«Õ¬à“ß ‰¥â·°à ·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡-
‡ÕÁ°´å  ¡“√å∑§≈‘ª ·≈–‡®¡‘π’Ë (µ“√“ß∑’Ë 2)

®“°º≈°“√∑¥≈Õßæ∫«à“ §à“‡©≈’Ë¬¢Õß¢π“¥·√ß‡ ’¬¥
∑“π ∂‘µ„π·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ°´å¡’§à“πâÕ¬∑’Ë ÿ¥ §◊Õ
0.203 ± 0.083 π‘«µ—π ∂—¥¡“‡ªìπ ¡“√å∑§≈‘ª §◊Õ 0.297 ±

0.074 π‘«µ—π ·≈–·∫√Á°‡°µ‡®¡‘π’Ë∑’Ë‡ªìπ°≈ÿà¡§«∫§ÿ¡®–¡’§à“
‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ∑’Ë¡“°∑’Ë ÿ¥ §◊Õ 1.865 ± 0.404 π‘«µ—π

®“°°“√«‘‡§√“–Àå§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ∑—Èß 3
°≈ÿà¡µ—«Õ¬à“ß‚¥¬„™â ∂‘µ‘°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫
∑‘»∑“ß‡¥’¬« æ∫«à“¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑’Ë
√–¥—∫ 0.05 ®÷ß∑”°“√«‘‡§√“–Àå¥â«¬ ∂‘µ‘·∑¡‡Œπ∑’∑Ÿ ‡æ◊ËÕ

µ“√“ß∑’Ë 2 §à“‡©≈’Ë¬¢Õß¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ  à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π §à“πâÕ¬∑’Ë ÿ¥ ·≈–§à“¡“°∑’Ë ÿ¥¢Õß·∫√Á°‡°µ (π‘«µ—π)
„π°≈ÿà¡µ—«Õ¬à“ß 3 °≈ÿà¡

Table 2 Mean, standard deviation, minimum and maximum (newtons) of the static frictional resistance of three
bracket types

Bracket types Mean (N) Standard Deviation (N) Minimum (N) Maximum (N)

Damon 3 MX (n = 30) 0.203 0.083 0.079 0.398
Smartclip (n = 30) 0.297 0.074 0.197 0.410
Gemini (n = 30) 1.865 0.404 1.060 2.864

�������
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æ‘®“√≥“§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ„π·∫√Á°‡°µ§Ÿà„¥∑’Ë
·µ°µà“ß°—π (µ“√“ß∑’Ë 3) æ∫«à“§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π
 ∂‘µ√–À«à“ß·∫√Á°‡°µ ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ·≈– ¡“√å∑§≈‘ª¡’
§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ÷́Ëßº≈µà“ß¢Õß§à“
‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ∑—Èß 2 ™π‘¥π’ÈÕ¬Ÿà
„π™à«ß 0.044 - 0.144 π‘«µ—π ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95
§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ¥“¡Õπ∑√’
‡ÕÁ¡‡ÕÁ°´å ·≈–‡®¡‘π’Ë¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
´÷Ëßº≈µà“ß¢Õß§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ
∑—Èß 2 ™π‘¥π’ÈÕ¬Ÿà„π™à«ß 1.473-1.852 π‘«µ—π ∑’Ë√–¥—∫§«“¡
‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ·≈–§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π√–À«à“ß
·∫√Á°‡°µ ¡“√å∑§≈‘ª·≈–‡®¡‘π’Ë¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ ´÷Ëßº≈µà“ß¢Õß§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ
√–À«à“ß·∫√Á°‡°µ∑—Èß 2 ™π‘¥π’ÈÕ¬Ÿà„π™à«ß 1.380-1.758 π‘«µ—π
∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95

«‘®“√≥å

°“√»÷°…“„π§√—Èßπ’È‰¥â∑”°“√∑¥≈ÕßÀ“§à“·√ß‡ ’¬¥∑“π
 ∂‘µ∑’Ë‡°‘¥¢÷Èπ®“°°“√‡§≈◊ËÕπ∑’Ë·∫∫‡≈◊ËÕπ‰∂≈√–À«à“ß·∫√Á°‡°µ
°—∫≈«¥‡À≈Á°°≈â“‰√â π‘¡¿“¬„µâ ¿“«–·Õ°µ’ø ´÷Ëß‰¥â¡’°“√
§”π«≥À“§à“¡ÿ¡«‘°ƒµ∑’Ë¡’„π·∫√Á°‡°µ·µà≈–™π‘¥·≈â«∑”°“√
‡æ‘Ë¡Õß»“¢÷ÈπÕ’°‡æ◊ËÕ„Àâ·πà„®«à“ ·∫√Á°‡°µ∑ÿ°™π‘¥∑’Ë„™â„π°“√
∑¥≈Õß®–Õ¬Ÿà¿“¬„µâ ¿“«–·Õ°µ’øπ’È∑—ÈßÀ¡¥ ®“°°“√§”π«≥
§à“¡ÿ¡«‘°ƒµ„π·∫√Á°‡°µ∏√√¡¥“ ·∫√Á°‡°µ ¡“√å∑§≈‘ª·≈–

·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ‰¥â§à“¡ÿ¡«‘°ƒµ‡ªìπ 1.379  2.002
·≈– 2.362 Õß»“µ“¡≈”¥—∫ ®÷ß‰¥â°”Àπ¥¡ÿ¡∑’Ë„™â„π∑ÿ°
·∫√Á°‡°µ‡∑à“°—∫ 3 Õß»“ ÷́Ëß¡“°°«à“§à“∑’Ë§”π«≥‰¥â‡æ◊ËÕ„Àâ
„°≈â‡§’¬ß§à“¡ÿ¡«‘°ƒµ∑’Ë‡°‘¥¢÷Èπ®√‘ß·≈– Õ¥§≈âÕß°—∫°“√»÷°…“
∑’Ëºà“π¡“ ´÷Ëßæ∫«à“§à“¡ÿ¡«‘°ƒµ®“°°“√§”π«≥®–¡’§à“πâÕ¬
°«à“¡ÿ¡«‘°ƒµ∑’Ë‡°‘¥¢÷Èπ®√‘ß13 °“√‡≈◊Õ°„™â§à“·√ß‡ ’¬¥∑“π
 ∂‘µ„π°“√»÷°…“§√—Èßπ’È‡π◊ËÕß¡“®“°§à“¢Õß·√ß‡ ’¬¥∑“π ∂‘µ
∑’Ë‡°‘¥¢÷Èπ„π·∫√Á°‡°µ·µà≈–™π‘¥ ‡ªìπ®ÿ¥∑’Ë¡’§«“¡·¡àπ¬”·≈–
πà“‡™◊ËÕ∂◊Õ„π°“√«—¥·≈–Õà“π§à“ √«¡∑—Èß°“√‡§≈◊ËÕπøíπ¿“¬
À≈—ß‰¥â√—∫·√ß∑“ß∑—πµ°√√¡®—¥øíπ∑’Ë‡À¡“– ¡®–‡°‘¥°“√
‡§≈◊ËÕπ∑’Ë‡ªìπ√–¬–∑“ß∑’ËπâÕ¬¡“° §◊Õ 0.23 x 10-4 ¡‘≈≈‘‡¡µ√
µàÕπ“∑’ ¥—ßπ—Èπ®“°°“√‡§≈◊ËÕπ∑’Ë∑’Ë™â“¡“°„π≈—°…≥–¥—ß°≈à“«
∑”„Àâ§à“·√ß‡ ’¬¥∑“π®≈πå¡’§«“¡„°≈â‡§’¬ßÀ√◊Õ‡∑à“°—∫§à“·√ß
‡ ’¬¥∑“π ∂‘µ ´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“∑’Ëºà“π¡“18

®“°§à“¡ÿ¡«‘°ƒµ®–æ∫«à“ ·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ
®–¡’§à“¡ÿ¡«‘°ƒµª√–¡“≥ 2.362 Õß»“ „π¢≥–∑’Ë·∫√Á°‡°µ
 ¡“√å∑§≈‘ª®–¡’§à“¡ÿ¡«‘°ƒµª√–¡“≥ 2.002 Õß»“ ·∫√Á°‡°µ
∑’Ë¡’¡ÿ¡«‘°ƒµ∑’Ë¡“°°«à“®–∑”„Àâ‡°‘¥√–¬–ª≈Õ¥ (clearance)
„π°“√≈â¡‡Õ’¬ß∑’Ë¡“°°«à“ ∑”„Àâ‡¡◊ËÕ‡°‘¥°“√‡§≈◊ËÕπ∑’Ë‰ª∫π
≈«¥·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ®÷ß¡’¢π“¥∑’ËπâÕ¬°«à“ ®“°°“√∑’Ë
¢π“¥¢Õß·∫√Á°‡°µ àßº≈∂÷ß§à“¡ÿ¡«‘°ƒµ´÷Ëß®–¡’º≈µàÕ§à“·√ß
‡ ’¬¥∑“π ∂‘µ·∫√Á°‡°µ ¡“√å∑§≈‘ª®÷ß¡’·π«‚πâ¡∑’Ëπà“®–‡°‘¥
·√ß‡ ’¬¥∑“π∑’Ë¡“°°«à“‡¡◊ËÕ≈«¥≈â¡‡Õ’¬ß∑”¡ÿ¡„πÕß»“‡¥’¬«°—π
·≈–®“°º≈°“√∑¥≈Õßæ∫«à“ ·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ°´å¡’
§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π∑’ËπâÕ¬°«à“·∫√Á°‡°µ ¡“√å∑§≈‘ª §◊Õ

µ“√“ß∑’Ë 3 º≈°“√«‘‡§√“–Àå§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ¥â«¬ ∂‘µ‘·∑¡‡Œπ∑’∑Ÿ

Table 3 Analysis the mean of static friction using Tamhaneûs T2

TYPE TYPE Sig. 95% Confidence Interval
Lower Bound Upper Bound

Damon 3MX Smartclip .000 -0.144 -0.044
Control .000 -1.852 -1.473

Smartclip Damon 3MX .000 0.044 0.144
Control .000 -1.758 -1.380

Control Damon 3MX .000 1.473 1.852
Smartclip .000 1.380 1.758
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0.203 ·≈– 0.297 π‘«µ—π µ“¡≈”¥—∫ ∑—Èßπ’ÈÕ“®®–‡π◊ËÕß¡“
®“°°“√ÕÕ°·∫∫√–∫∫„π°“√¬÷¥®—∫≈«¥∑’Ë·µ°µà“ß°—π °≈à“«§◊Õ
„π·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ°´å‰¥â„™â√–∫∫„π°“√¬÷¥®—∫≈«¥
·∫∫∑’Ë‡ªìπΩ“ ‰≈¥åªî¥-‡ªî¥„π≈—°…≥–∑’Ë‡ªìπ∫“π‡≈◊ËÕπ „π
¢≥–∑’Ë·∫√Á°‡°µ ¡“√å∑§≈‘ª„™â√–∫∫„π°“√¬÷¥®—∫≈«¥·∫∫
§≈‘ªÀπ’∫∑’Ë¥â“π¢â“ß∑—Èß 2 ¢â“ß¢Õßµ—«·∫√Á°‡°µ ´÷Ëß‡¡◊ËÕ„ à≈«¥
≈ß‰ª„π√àÕß·∫√Á°‡°µ ¡“√å∑§≈‘ª ≈«¥®–µâÕß∂Ÿ°°¥·≈–‡∫’¬¥
„Àâ§≈‘ª∑’Ë∑”¡“®“°π‘°‡°‘≈‰∑‡∑‡π’¬¡π’ÈÕâ“ÕÕ°‡æ◊ËÕ√—∫≈«¥„Àâ
‡¢â“‰ªÕ¬Ÿà¿“¬„π√àÕß·∫√Á°‡°µ ´÷Ëß∂â“≈«¥¡’¢π“¥„À≠à (0.019 x
0.025 π‘È«) ∑’Ë„™â„π°“√»÷°…“π’Èæ∫«à“ °“√°¥„Àâ≈«¥ºà“π§≈‘ª
‡¢â“‰ª¿“¬„π√àÕß·∫√Á°‡°µπ—ÈπµâÕßÕ“»—¬·√ß„π°“√°¥∑’Ë¡“°
æÕ ¡§«√ ∑”„Àâ≈«¥‡À≈Á°°≈â“‰√â π‘¡‡°‘¥√Õ¬§√Ÿ¥¢÷Èπ®“°
§≈‘ª∑—Èß Õß¢â“ß ∑”„Àâ‡¡◊ËÕ‡§≈◊ËÕπ≈«¥∑’Ë¡’√Õ¬§√Ÿ¥ºà“π√àÕß
·∫√Á°‡°µÕ“®®–∑”„Àâ‡°‘¥·√ß‡ ’¬¥∑“π∑’Ë‡æ‘Ë¡¢÷Èπ‰¥â „π¢≥–
∑’Ë·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ„™â≈—°…≥–¢Õß°“√‡ªî¥ªî¥∫“π
‡≈◊ËÕπ„π°“√¬÷¥®—∫≈«¥ ∑”„Àâ≈«¥‰¡à‡°‘¥√Õ¬‡À¡◊Õπ·∫√Á°‡°µ
 ¡“√å∑§≈‘ª ®÷ß„Àâº≈·√ß‡ ’¬¥∑“π∑’ËπâÕ¬°«à“ ‡¡◊ËÕ‡ª√’¬∫
‡∑’¬∫·√ß‡ ’¬¥∑“π√–À«à“ß·∫√Á°‡°µ∏√√¡¥“°—∫‡´≈øá‰≈‡°µµ‘Èß
·∫√Á°‡°µæ∫«à“ ·∫√Á°‡°µ∏√√¡¥“¡’·√ß‡ ’¬¥∑“π∑’Ë¡“°°«à“
‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ‡æ√“–·∫√Á°‡°µ∏√√¡¥“¡’·√ß°¥∑’Ë
≈«¥®“°°“√¡—¥¥â«¬«ßÕ’≈“ ‚∑‡¡Õ√å‡æ◊ËÕ„Àâ≈«¥Õ¬Ÿà¿“¬„π
√àÕß·∫√Á°‡°µ ´÷Ëßµà“ß®“°‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ∑—Èß 2 ™π‘¥
∑’Ë‰¡à¡’°“√¡—¥„π≈—°…≥–¥—ß°≈à“«∑”„Àâ·√ß‡ ’¬¥∑“π∑’Ëæ∫¡’
¢π“¥∑’ËπâÕ¬°«à“

¡’°“√»÷°…“„πÕ¥’µ∑’Ë∑”°“√∑¥≈Õß‡ª√’¬∫‡∑’¬∫·√ß
‡ ’¬¥∑“π„π°“√‡§≈◊ËÕπ∑’Ë„π≈—°…≥–Õ◊Ëπæ∫«à“ °“√‡§≈◊ËÕπ∑’Ë
·∫∫À¡ÿπ·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ°´å¡’·√ß‡ ’¬¥∑“π∑’Ë
¡“°°«à“·∫√Á°‡°µ ¡“√å∑§≈‘ª „π¢≥–∑’Ë‰¡à¡’§«“¡·µ°µà“ß°—π
¢Õß°“√‡§≈◊ËÕπ∑’Ë·∫∫Õ‘π∑√Ÿ™—Ëπ (intrusion) ·≈–æ∫«à“·∫√Á°-
‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ¡’·√ß‡ ’¬¥∑“π∑’Ë¡“°°«à“·∫√Á°‡°µ
 ¡“√å∑§≈‘ª„π≈—°…≥–°“√‡§≈◊ËÕπ∑’Ë·∫∫∑Õ√å° (torque) ∑—Èßπ’È
‡π◊ËÕß®“°§«“¡ Ÿß√àÕß·∫√Á°‡°µ·≈–§«“¡°«â“ß·∫√Á°‡°µ∑’Ë
·µ°µà“ß°—π18 ·≈–®“°°“√∑¥≈Õß„π ¿“«–æ“  ’ø (passive
configuration) æ∫«à“ ·∫√Á°‡°µ∑—Èß 2 ™π‘¥¡’·√ß‡ ’¬¥∑“π
∑’Ë‰¡à·µ°µà“ß°—π19

°“√»÷°…“‡√◊ËÕß·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ„π¢≥–‡§≈◊ËÕπ
øíπ à«π¡“°®–‡ªìπ°“√»÷°…“„πÀâÕßªØ‘∫—µ‘°“√ ‚¥¬‡ª√’¬∫
‡∑’¬∫§à“·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß≈«¥·≈–·∫√Á°‡°µ√Ÿª·∫∫
µà“ßÊ ´÷Ëß·µà≈–∫√‘…—∑‰¥âº≈‘µ√Ÿª·∫∫¢Õß‡´≈øá‰≈‡°µµ‘Èß
·∫√Á°‡°µ·µ°µà“ß°—π ®÷ß‡ªìπªí®®—¬∑’Ë¡’º≈µàÕ·√ß‡ ’¬¥∑“π
‚¥¬‡©æ“–„π ¿“«–·Õ°µ’ø ‡™àπ ¢π“¥¢Õß·∫√Á°‡°µ √Ÿª·∫∫
°“√º≈‘µ™‘Èπ à«π¢Õß°“√¬÷¥®—∫≈«¥∑’Ë·µ°µà“ß°—π ´÷Ëß®–‡ªìπ
¢âÕ®”°—¥„π°“√‡ª√’¬∫‡∑’¬∫§à“·√ß‡ ’¬¥∑“π¢Õß·∫√Á°‡°µ
·µà≈–∫√‘…—∑ ®÷ß‡ πÕ·π–„Àâ∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫·√ß
‡ ’¬¥∑“π„π·∫√Á°‡°µ∑’Ë¡’¢π“¥√àÕß·∫√Á°‡°µ∑’Ë‡∑à“°—π„π∑ÿ° à«π
·≈–¡’™‘Èπ à«π¢Õß°“√¬÷¥®—∫≈«¥∑’Ë§≈â“¬°—π Õ“®®–™à«¬„Àâ
∑√“∫∂÷ßªí®®—¬Õ◊ËπÊ ∑’Ë¡’º≈µàÕ·√ß‡ ’¬¥∑“πÕ¬à“ß™—¥‡®πµàÕ‰ª

 √ÿª

∑’Ë ¿“«–·Õ°µ’ø ‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ·∫∫‰√â·√ß¡’
§à“·√ß‡ ’¬¥∑“π∑’ËπâÕ¬°«à“·∫√Á°‡°µ∏√√¡¥“Õ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ ‚¥¬·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ∑’Ë ¿“«–·Õ§µ’ø„π
·∫√Á°‡°µ∑—Èß 3 ™π‘¥  “¡“√∂‡√’¬ß≈”¥—∫®“°πâÕ¬‰ª¡“°∑’Ë ÿ¥
‰¥â¥—ßπ’È ‡´≈øá‰≈‡°µµ‘Èß·∫√Á°‡°µ¥“¡Õπ∑√’‡ÕÁ¡‡ÕÁ° ǻ ‡´≈øá-
‰≈‡°µµ‘Èß·∫√Á°‡°µ ¡“√å∑§≈‘ª·≈–·∫√Á°‡°µ∏√√¡¥“ ´÷Ëß
·∫√Á°‡°µ∑—Èß 3 ™π‘¥π’È¡’§à“·√ß‡ ’¬¥∑“π∑’Ë·µ°µà“ß°—πÕ¬à“ß¡’
π—¬ ”§—≠∑“ß ∂‘µ‘

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ®“°ΩÉ“¬«‘®—¬ §≥–∑—πµ-
·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ·≈–¢Õ¢Õ∫æ√–§ÿ≥
Õ“®“√¬å‰ææ√√≥ æ‘∑¬“ππ∑å ∑’Ë™à«¬°√ÿ≥“·π–π”¥â“π ∂‘µ‘
·≈–°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈„πß“π«‘®—¬π’È‰¥â√—∫§«“¡Õπÿ‡§√“–Àå
‡§√◊ËÕß¡◊Õ·≈–«— ¥ÿ∑’Ë„™â„π°“√«‘®—¬∫“ß à«π®“° ∫√‘…—∑ ∑—πµ-
 ¬“¡ «‘ “À°‘® ®”°—¥ ·≈– ∫√‘…—∑ ·Õ§§Õ√å¥ §Õ√åªÕ‡√™—Ëπ
®”°—¥ √«¡∑—Èß§«“¡√à«¡¡◊Õ„π°“√„™â‡§√◊ËÕß¡◊Õ∑¥ Õ∫µà“ßÊ
®“°‡®â“Àπâ“∑’Ë»Ÿπ¬å«‘®—¬∑—πµ«— ¥ÿ»“ µ√å §≥–∑—πµ·æ∑¬»“ µ√å
®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ∑“ß§≥–ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥¡“
≥ ‚Õ°“ π’È ·≈–¢Õ¢Õ∫æ√–§ÿ≥ √». ∑æ. ¥√.  ÿπ∑√“
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Abstract

Objective The purpose of this study was to compare the frictional resistance of two types of passive
self-ligating brackets and a conventional bracket. The two passive self-ligating brackets were Damon
3MX that kept the wire inside the slot by a sliding door and Smartclip that held the wire by two slipping
clips while the conventional bracket (Gemini) kept the wire inside the slot by an elastomeric ring.

Materials and methods Three experimental groups were tested by using three different materials in
active configuration. Each group consisted of 30 samples. At critical angle 3 degrees, static frictional
resistance was evaluated by Lloyd universal testing machine while the 0.019 inch x 0.025 inch stainless
steel wire was moved in the bracket slot. One-way analysis of variance and multiple comparisons with
Tamhaneûs T2 were used to analyze the difference of the static frictional resistance among three groups
at statistically significant level 0.05.

Results The findings revealed that Damon 3MX showed the lowest frictional resistance (0.203 ± 0.083
newton) followed by Smartclip (0.297 ± 0.074 newton) and Gemini (1.865 ± 0.404 newton), respec-
tively. There were statistically significant differences of the frictional resistance among three groups at
level 0.05.

Conclusion In the active configuration, Damon 3MX bracket and Smartclip bracket produced lower
frictional force than the conventional bracket did. Between two self-ligating brackets, Damon 3MX
demonstrated lower frictional force than that of Smartclip with statistical significance.

(CU Dent J. 2008;31:159-68)
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