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°“√‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß

·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥∑“ß

∑—πµ°√√¡®—¥øíπµà“ß™π‘¥∑’Ë¡ÿ¡°√–∑”µà“ß°—π

„π ¿“«–‡ªï¬°

æ√‡æ™√ À√Ÿ®‘µ√«—≤π“ ∑.∫.1

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

ªî¬“√—µπå Õ¿‘«—≤π°ÿ≈ ∑.∫., ∑.¡. (∑—πµ°√√¡®—¥øíπ)2

1π‘ ‘µÀ≈—° Ÿµ√«‘∑¬“»“ µ√¡À“∫—≥±‘µ  “¢“∑—πµ°√√¡®—¥øíπ ¿“§«‘™“∑—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√’¬∫‡∑’¬∫¢π“¥¢Õß·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥„π∑“ß
∑—πµ°√√¡®—¥øíπ 4 ™π‘¥ „ππÈ”≈“¬‡∑’¬¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 ± 1 Õß»“‡´≈‡ ’́¬  ‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–
≈«¥„π·π«„°≈â°≈“ß-‰°≈°≈“ß‡ªìπ 0 1 ·≈– 2 Õß»“

«— ¥ÿ·≈–«‘∏’°“√ π”·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡™π‘¥‡Õ¥®å‰« å¡“µ√∞“π ”À√—∫øíπ‡¢’È¬«∑’Ë¡’√àÕß¢π“¥ 0.018 x
0.025 π‘È« ·≈–≈«¥ 4 ™π‘¥∑’Ë¡’Àπâ“µ—¥¢π“¥ 0.016 x 0.022 π‘È«‡∑à“°—π ‰¥â·°à ≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ ≈«¥
π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬·√ßª“π°≈“ß ≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬·√ß¡“° ·≈–≈«¥∑’‡ÕÁ¡‡Õ ’Œ—ππ’¥‘«
¡“∑¥ Õ∫À“¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ‚¥¬„™â‡§√◊ËÕß≈Õ¬¥å¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß¡“™’π ∑”°“√«—¥‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß
·∫√Á°‡°µ·≈–≈«¥„π·π«„°≈â°≈“ß-‰°≈°≈“ß‡ªìπ 0 1 ·≈– 2 Õß»“„ππÈ”≈“¬‡∑’¬¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 ± 1 Õß»“‡´≈‡´’¬ 
®“°π—Èπ‡ª√’¬∫‡∑’¬∫¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥ ‚¥¬„™â ∂‘µ‘«‘‡§√“–Àå§«“¡·ª√ª√«π Õß
∑“ß∑’Ë√–¥—∫π—¬ ”§—≠ .05

º≈°“√»÷°…“ ®“°°“√∑¥ Õ∫§«“¡·µ°µà“ß¢Õß¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥∑—Èß 4 ™π‘¥
æ∫«à“‰¡à¡’§«“¡§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥¡’§à“‡∑à“°—π ·µà
®“°°“√«‘‡§√“–Àå≈«¥·µà≈–™π‘¥‡¡◊ËÕ¡ÿ¡°√–∑”·µ°µà“ß°—π æ∫«à“¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¡ÿ¡°√–∑”
‡æ‘Ë¡¢÷Èπ„π≈«¥∑ÿ°™π‘¥ ·µàæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠¢Õß¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ‡©æ“–‡¡◊ËÕ¡ÿ¡°√–∑”‡æ‘Ë¡
¢÷Èπ®“° 0 ‡ªìπ 2 Õß»“ (§à“æ’ = .004, .028, .002 µ“¡≈”¥—∫) ¬°‡«âπ„π≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡∑’Ë‰¡àæ∫§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠¢Õß¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ‡¡◊ËÕ¡ÿ¡°√–∑”¡’§à“‡æ‘Ë¡¢÷Èπ
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∫∑π”

°“√‡§≈◊ËÕπ∑’Ë¢Õßøíπ∑“ß∑—πµ°√√¡®—¥øíπ‡°‘¥®“°°“√
„Àâ·√ß°√–∑”∑’Ëøíπ ÷́Ëß«‘∏’Àπ÷Ëß∑’Ëπ‘¬¡„™â §◊Õ °“√‡§≈◊ËÕπøíπ„Àâ
‡≈◊ËÕπ‰∂≈‰ªµ“¡≈«¥‚§âß®—¥øíπ (sliding mechanics) ‚¥¬
°“√„Àâ·√ß∑’Ë·∫√Á°‡°µ ·≈–‡¡◊ËÕ¡’°“√ —¡º— °—π√–À«à“ß
·∫√Á°‡°µ·≈–≈«¥¬àÕ¡µâÕß¡’·√ß‡ ’¬¥∑“π‡°‘¥¢÷Èπ1 ´÷Ëß·√ß
‡ ’¬¥∑“π∑’Ë¡“°‡°‘π‰ª®–∑”„Àâøíπ∑’ËµâÕß°“√„Àâ‡§≈◊ËÕπ (moving
unit) ¡’°“√‡§≈◊ËÕπ∑’Ë‰¥â¬“°  àßº≈„Àâ∑—πµ·æ∑¬åµâÕß‡æ‘Ë¡¢π“¥
¢Õß·√ß°√–∑” ®πÕ“®∑”„Àâ·√ßπ—Èπ°≈“¬‡ªìπ·√ß∑’Ë‡À¡“– ¡
(optimal force)  ”À√—∫øíπ∑’Ë‡ªìπÀ≈—°¬÷¥ (anchored unit)
¡“°°«à“ ∑”„Àâ‡°‘¥°“√ Ÿ≠‡ ’¬À≈—°¬÷¥ (loss of anchorage)
·≈–‡°‘¥º≈‡ ’¬µàÕ°“√√—°…“∑“ß∑—πµ°√√¡®—¥øíπ‰¥â

·√ß‡ ’¬¥∑“π·∫àß‡ªìπ 2 ™π‘¥2 ‰¥â·°à ·√ß‡ ’¬¥∑“π ∂‘µ
(static frictional force) ·≈–·√ß‡ ’¬¥∑“π®≈πå (kinetic
frictional force) ‚¥¬·√ß‡ ’¬¥∑“π ∂‘µ‡ªìπ·√ß‡ ’¬¥∑“π∑’Ë
‡°‘¥¢÷Èπ√–À«à“ßæ◊Èπº‘«∑—Èß Õß¢Õß«—µ∂ÿ∑’Ë —¡º— °—π ·µà¬—ß‰¡à‡°‘¥
°“√‡§≈◊ËÕπ∑’Ëºà“π°—π¢Õßæ◊Èπº‘«∑—Èß Õß ÷́Ëß®–¡’§à“ Ÿß ÿ¥‡¡◊ËÕ
«—µ∂ÿ°”≈—ß®–‡§≈◊ËÕπ∑’Ë  à«π·√ß‡ ’¬¥∑“π®≈πå‡ªìπ·√ß‡ ’¬¥-
∑“π∑’Ë‡°‘¥¢÷Èπ¢≥–æ◊Èπº‘«Àπ÷Ëß‡§≈◊ËÕπ∑’Ë∫πÕ’°æ◊Èπº‘«Àπ÷Ëß¥â«¬
Õ—µ√“‡√Á«§ßµ—« ´÷Ëß‚¥¬ª°µ‘¡—°¡’§à“µË”°«à“·√ß‡ ’¬¥∑“π ∂‘µ
‡≈Á°πâÕ¬

¢π“¥·√ß‡ ’¬¥∑“π√–À«à“ß·∫√Á°‡°µ·≈–≈«¥¢÷ÈπÕ¬Ÿà
°—∫À≈“¬ªí®®—¬1,3 ‡™àπ ™π‘¥¢Õß«— ¥ÿ ¢π“¥·∫√Á°‡°µ ¢π“¥
≈«¥ √–¬–√–À«à“ß·∫√Á°‡°µ (interbracket span) ·≈–«‘∏’
¡—¥≈«¥‚§âß‡¢â“°—∫·∫√Á°‡°µ πÕ°®“°π’È ¿“æ„π™àÕßª“°°Á
‡ªìπÕ’°ªí®®—¬Àπ÷Ëß∑’Ë¡’º≈µàÕ¢π“¥·√ß‡ ’¬¥∑“π ‡π◊ËÕß®“°°“√
»÷°…“¢Õß Kusy ·≈–§≥–4 æ∫«à“ ·√ß‡ ’¬¥∑“π√–À«à“ß
·∫√Á°‡°µ·≈–≈«¥≈¥≈ß„π ¿“«–∑’Ë¡’πÈ”≈“¬‡¡◊ËÕ‡∑’¬∫°—∫
 ¿“«–·Àâß

®“°°“√»÷°…“À≈“¬‡√◊ËÕßæ∫«à“ ·√ß‡ ’¬¥∑“π∑’Ë‡°‘¥¢÷Èπ
√–À«à“ß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥‡À≈Á°°≈â“‰¡à
‡ªìπ π‘¡¡’¢π“¥πâÕ¬∑’Ë ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫·√ß‡ ’¬¥∑“π√–À«à“ß
·∫√Á°‡°µ·≈–≈«¥™π‘¥Õ◊Ëπ∑’Ë„™â„π∑“ß∑—πµ°√√¡®—¥øíπ3,5-7

·µà≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡¡’¢âÕ‡ ’¬∑’Ë ”§—≠ §◊Õ ¡’§«“¡·¢Áßµ÷ß
(stiffness)  Ÿß °“√§◊πµ—«°≈—∫ (springback) µË”8 ‡¡◊ËÕ≈«¥
‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß®–°àÕ„Àâ‡°‘¥·√ß°√–∑”µàÕµ—«øíπ
Õ¬à“ß¡“° ¥â«¬‡Àµÿπ’È®÷ß®”‡ªìπµâÕß„™â≈«¥™π‘¥Õ◊ËπÊ √à«¡¥â«¬
„π°“√√—°…“∑“ß∑—πµ°√√¡®—¥øíπ

≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡ (nickel-titanium) ·≈–≈«¥
‡∫µ“‰∑‡∑‡π’¬¡ (beta-titanium) ‡ªìπ≈«¥∑’Ë‰¥â√—∫§«“¡
π‘¬¡¡“°„π∑“ß∑—πµ°√√¡®—¥øíπ ‡π◊ËÕß®“°≈«¥∑—Èß 2 ™π‘¥‡ªìπ
≈«¥∑’Ë¡’°“√§◊πµ—«°≈—∫ Ÿß „Àâ·√ß‡∫“§àÕπ¢â“ß§ß∑’Ë·≈–µàÕ‡π◊ËÕß
πÕ°®“°π’È≈«¥‡∫µ“‰∑‡∑‡π’¬¡¬—ß “¡“√∂¥—¥‡ªìπ√Ÿª√à“ß‰¥â¥’
¡’§«“¡·¢Áßµ÷ßª“π°≈“ß ‡™◊ËÕ¡¥â«¬‰øøÑ“‰¥â ·≈–∑’Ë ”§—≠ §◊Õ
‰¡à¡’ à«πª√–°Õ∫¢Õßπ‘°‡°‘≈ ∑”„Àâ “¡“√∂„™â„πºŸâªÉ«¬∑’Ë·æâ
π‘°‡°‘≈9 Õ¬à“ß‰√°Áµ“¡≈«¥ 2 ™π‘¥π’È¡’¢âÕ‡ ’¬∑’Ë ”§—≠ §◊Õ ¡’
·√ß‡ ’¬¥∑“π¡“°‡¡◊ËÕ —¡º— °—∫·∫√Á°‡°µ ®÷ß¡’°“√æ—≤π“‡æ◊ËÕ
≈¥¢âÕ¥âÕ¬‡√◊ËÕß·√ß‡ ’¬¥∑“π¢Õß≈«¥ 2 ™π‘¥π’È‚¥¬°“√
ª√—∫ª√ÿßº‘«Àπâ“‡æ◊ËÕ≈¥·√ß‡ ’¬¥∑“π10-12 „π¢≥–∑’Ë¬—ß§ß
§ÿ≥ ¡∫—µ‘∑’Ë¥’ à«πÕ◊Ëπ‰«â

Õ¬à“ß‰√°Áµ“¡°“√»÷°…“∑’Ë‡°’Ë¬«¢âÕß°—∫·√ß‡ ’¬¥∑“π ∂‘µ
√–À«à“ß·∫√Á°‡°µ·≈–≈«¥µà“ß™π‘¥∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿßº‘«Àπâ“
¬—ß‰¡à¡“°æÕ °“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫
¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ
 π‘¡·≈–≈«¥„π∑“ß∑—πµ°√√¡®—¥øíπ 4 ™π‘¥ §◊Õ ≈«¥
‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ ·≈–≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡ ≈«¥
‡∫µ“‰∑‡∑‡π’¬¡∑’Ëºà“π°“√ª√—∫ª√ÿßº‘«Àπâ“ ‰¥â·°à ≈«¥‡´π∑—≈-
≈Õ¬·√ßª“π°≈“ß ≈«¥‡´π∑—≈≈Õ¬·√ß¡“° ·≈–≈«¥∑’‡ÕÁ¡‡Õ

 √ÿª ·√ß‡ ’¬¥∑“π ∂‘µ∑’Ë‡°‘¥¢÷Èπ„π≈«¥∑—Èß 4 ™π‘¥ ‰¡à¡’§«“¡·µ°µà“ß°—π‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥
‡∑à“°—π ·µà¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ Ÿß¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡æ‘Ë¡¢÷Èπ®“° 0
‡ªìπ 2 Õß»“ ¬°‡«âπ„π°≈ÿà¡≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡

(« ∑—πµ ®ÿÃ“œ 2551;31:169-78)

§” ”§—≠: ·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡; ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥„π·π«„°≈â°≈“ß-‰°≈°≈“ß;
·√ß‡ ’¬¥∑“π ∂‘µ; ≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡; ≈«¥‡∫µ“‰∑‡∑‡π’¬¡; ≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡
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 ’Œ—ππ’¥‘« ‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥„π·π«
„°≈â°≈“ß-‰°≈°≈“ß‡ªìπ 0 1 ·≈– 2 Õß»“„ππÈ”≈“¬‡∑’¬¡∑’Ë
¡’°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘„π™à«ß 37 ± 1 Õß»“‡´≈‡´’¬ ‡æ◊ËÕ‡≈’¬π
·∫∫ ¿“æ™àÕßª“°

«— ¥ÿ·≈–«‘∏’°“√

π”·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡™π‘¥‡Õ¥®å‰« å¡“µ√∞“π
 ”À√—∫øíπ‡¢’È¬«√ÿàπ‰¥π“≈ÁÕ° (Dyna-lockTM Brackets,
3M Unitek, USA) 120 µ—« ·≈–≈«¥„π∑“ß∑—πµ°√√¡®—¥øíπ 4
™π‘¥∑’Ë¡’Àπâ“µ—¥ ’Ë‡À≈’Ë¬¡¢π“¥ 0.016 x 0.022 π‘È« ‰¥â·°à
≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ (stainless steel straight length,
G&H, USA) ≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬·√ßª“π°≈“ß
(SENTALLOY medium, TOMY, Japan) ≈«¥π‘°‡°‘≈
‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬·√ß¡“° (SENTALLOY heavy,
TOMY, Japan) ≈«¥∑’‡ÕÁ¡‡Õ ’Œ—ππ’¥‘« (TMA COLORSTM,
honeydew, Ormco, Mexico) ™π‘¥≈– 30 ‡ âπ ¡“∑”°“√
»÷°…“·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥„ππÈ”≈“¬‡∑’¬¡
∑’Ëº≈‘µ‚¥¬¿“§«‘™“‡¿ —™«‘∑¬“ §≥–∑—πµ·æ∑¬»“ µ√å ®ÿÃ“-
≈ß°√≥å¡À“«‘∑¬“≈—¬ ·≈–¡’°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¢≥–∑¥≈Õß
„ÀâÕ¬Ÿà„π™à«ß 37 ± 1 Õß»“‡´≈‡ ’́¬ ‡æ◊ËÕ‡≈’¬π·∫∫ ¿“æ™àÕßª“°

«—¥¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥
‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡ªìπ 0 1 ·≈– 2 Õß»“
µ“¡≈”¥—∫ ‚¥¬°“√·∫àß≈«¥·µà≈–™π‘¥‡ªìπ 3 °≈ÿà¡¬àÕ¬
°≈ÿà¡≈– 10 ‡ âπ ‡µ√’¬¡°“√∑¥≈Õß‚¥¬π”·∑àßÕ–§√‘≈‘°∑’Ë¡’
·∫√Á°‡°µ¬÷¥Õ¬Ÿà¡“µàÕ‡¢â“°—∫‡§√◊ËÕß¡◊Õª√—∫µ—Èß§à“¡ÿ¡·∫√Á°‡°µ
®“°π—Èππ”‡§√◊ËÕß¡◊Õπ’È‰ªµàÕ°—∫ à«π§√Õ ‡Œ¥ (cross head)
¢Õß‡§√◊ËÕß≈Õ¬¥å¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß¡“™’π√ÿàπ·Õ≈‡Õøæ≈— 
(Lloyd Universal Testing Machine, LF plus, Lloyd
Instruments, UK) ·≈–µ—Èß¡ÿ¡¢Õß·∫√Á°‡°µ„Àâ‡ªìπ 0 Õß»“
°—∫·π«¥‘Ëß  à«π≈«¥∑’Ë„™â∑¥ Õ∫®–∂Ÿ°¬÷¥·πàπ„π≈—°…≥–¢π“π
°—∫·π«¥‘ËßÕ¬Ÿà°—∫À—«¬÷¥¥â“π≈à“ß ‚¥¬À—«¬÷¥¥â“π≈à“ßπ’È®–Õ¬Ÿà
¿“¬„π°≈àÕß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘´÷Ëß¡’πÈ”≈“¬‡∑’¬¡∑’ËÕÿ≥À¿Ÿ¡‘
37 ± 1 Õß»“‡´≈‡ ’́¬  ¡—¥≈«¥°—∫·∫√Á°‡°µ¥â«¬«ßÕ’≈“ ‚∑-
‡¡Õ√å¬’ËÀâÕ‡§≈π‚√ (Clenroe, USA) (√Ÿª∑’Ë 1) ‡æ◊ËÕ„Àâ‰¥â
§«“¡ —¡æ—π∏å¢Õß¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡ªìπ 0
Õß»“ (√Ÿª∑’Ë 2) ‡√‘Ë¡°“√∑¥≈Õß‚¥¬°”Àπ¥„Àâ§√Õ ‡Œ¥´÷Ëß
µàÕ°—∫µÿâ¡πÈ”Àπ—° (load cell) ¢π“¥ 50 π‘«µ—π ‡§≈◊ËÕπ∑’Ë¢÷Èπ
¥â«¬§«“¡‡√Á« 0.1 ¡¡.µàÕπ“∑’ ‡ªìπ√–¬–∑“ß 0.5 ¡¡. ∑”°“√
∫—π∑÷°·√ß‡ ’¬¥∑“π ∂‘µ (Àπà«¬‡ªìππ‘«µ—π) ®“°°√“ø· ¥ß
§«“¡ —¡æ—π∏å√–À«à“ß·√ß∑’Ë„™â„π°“√¥÷ß°—∫√–¬–∑“ß∑’Ë·∫√Á°‡°µ
‡§≈◊ËÕπºà“π≈«¥‰ª®“°®Õ§Õ¡æ‘«‡µÕ√å· ¥ßº≈ ‚¥¬∫—π∑÷°

√Ÿª∑’Ë 1 §«“¡ —¡æ—π∏å¢Õß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥¢≥–∑”°“√∑¥≈Õß‚¥¬‡§√◊ËÕß≈Õ¬¥å¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß¡“™’π
„ππÈ”≈“¬‡∑’¬¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 ± 1 Õß»“‡´≈‡´’¬ 

Fig. 1 Relationship between a stainless steel bracket and a wire while testing with the Lloyd universal testing
machine in the artificial saliva at 37 ± 1 ÌC
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≥ µ”·Àπàß∑’Ë Ÿß ÿ¥µ”·Àπàß·√°°àÕπ∑’Ë®–¡’°“√≈¥≈ßÀ√◊Õ
§ß∑’Ë¢Õß‡ âπ°√“ø À≈—ß®“°∑¥≈Õß°≈ÿà¡∑’Ë¡’¡ÿ¡°√–∑”√–À«à“ß
·∫√Á°‡°µ·≈–≈«¥‡ªìπ 0 Õß»“‡√’¬∫√âÕ¬·≈â« „Àâ∑¥≈Õß∑’Ë
¡ÿ¡ 1 ·≈– 2 Õß»“‚¥¬°“√ª√—∫¡ÿ¡¢Õß·∫√Á°‡°µ„Àâ‡ªìπ 1 ·≈–
2 Õß»“°—∫·π«¥‘Ëß°àÕπ°“√∑¥ Õ∫ ®“°π—Èπ∑”°“√∑¥≈Õß
¥â«¬«‘∏’°“√‡¥’¬«°—∫¡ÿ¡°√–∑”‡ªìπ 0 Õß»“

°“√∑¥ Õ∫§«“¡‡∑’Ë¬ßµ√ß„π°“√∫—π∑÷°º≈¢ÕßºŸâ«‘®—¬
∑”‚¥¬°“√π”¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√∫—π∑÷° 2 §√—Èß∑’Ë¡’√–¬–‡«≈“Àà“ß
°—π 1  —ª¥“Àå¡“‡ª√’¬∫‡∑’¬∫‚¥¬„™â ∂‘µ‘«‘‡§√“–Àå —¡ª√– ‘∑∏‘Ï
 À —¡æ—π∏å¢Õß‡æ’¬√å —π (Pearsonûs correlation coefficient)

·≈–°“√∑¥ Õ∫∑’ ”À√—∫°≈ÿà¡µ—«Õ¬à“ß Õß°≈ÿà¡∑’Ë —¡æ—π∏å°—π
(Paired-t test)

π”¢âÕ¡Ÿ≈∑—ÈßÀ¡¥¡“‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß
·∫√Á°‡°µ·≈–≈«¥∑—Èß 4 ™π‘¥∑’Ë¡ÿ¡°√–∑” 0 1 ·≈– 2 Õß»“
‚¥¬„™â ∂‘µ‘«‘‡§√“–Àå§«“¡·ª√ª√«π Õß∑“ß (Two-way
ANOVA) ∑’Ë√–¥—∫π—¬ ”§—≠ .05 ®“°π—Èπ«‘‡§√“–Àå§«“¡
·µ°µà“ß¢Õß§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ
‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬
·√ß¡“° ‚¥¬„™â ∂‘µ‘«‘‡§√“–Àå§«“¡·ª√ª√«π∑“ß‡¥’¬«·∫∫
æ“√“‡¡∑√‘° (One-way ANOVA) ·≈– ∂‘µ‘°“√‡ª√’¬∫‡∑’¬∫

√Ÿª∑’Ë 2 §«“¡ —¡æ—π∏å¢Õß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥∑’Ë∑”°“√»÷°…“

Fig. 2 Relationship between a stainless steel bracket and a wire
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‡™‘ß´âÕπ∫Õπ‡øÕ√å‚√π’ (Bonferroni) „π¢≥–∑’Ë°≈ÿà¡µ—«Õ¬à“ß
∑’Ë„™â≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ ≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈-
≈Õ¬·√ßª“π°≈“ß ≈«¥∑’‡ÕÁ¡‡Õ ’Œ—ππ’¥‘« ®”‡ªìπµâÕß„™â ∂‘µ‘
«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∫√“«πåøÕ√ǻ ‘∑ (Brown-Forsyth)
·≈– ∂‘µ‘°“√‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ·∑¡‡Œπ å∑’∑Ÿ (Tamhaneûs
T2) ‡π◊ËÕß®“°¡’§à“§«“¡·ª√ª√«π‰¡à‡∑à“°—π ‚¥¬ ∂‘µ‘«‘‡§√“–Àå
∑’Ë„™â∑—ÈßÀ¡¥°”Àπ¥„Àâ¡’√–¥—∫π—¬ ”§—≠ .05

º≈°“√»÷°…“

‡¡◊ËÕæ‘®“√≥“º≈∑’Ë‡°‘¥®“°¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ
·≈–≈«¥„π·π«„°≈â°≈“ß-‰°≈°≈“ß  ‚¥¬æ‘®“√≥“·¬°∑’≈–¡ÿ¡
æ∫«à“ §à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ¢Õß°≈ÿà¡µ—«Õ¬à“ß∑ÿ°
°≈ÿà¡¡’§à“‰ª„π∑“ß‡¥’¬«°—π ‚¥¬‡√’¬ß≈”¥—∫®“°πâÕ¬‰ª¡“°
¥—ßπ’È ≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ ≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈-
≈Õ¬·√ßª“π°≈“ß ≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬·√ß¡“°

·≈–≈«¥∑’‡ÕÁ¡‡Õ ’Œ—ππ’¥‘« ¬°‡«âπ‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß
·∫√Á°‡°µ·≈–≈«¥‡ªìπ 0 Õß»“ æ∫«à“§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π
 ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬
·√ßª“π°≈“ß¡’§à“πâÕ¬∑’Ë ÿ¥ (√Ÿª∑’Ë 3) ·µà‡¡◊ËÕ∑”°“√
«‘‡§√“–Àå∑“ß ∂‘µ‘‰¡àæ∫«à“¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠
¢Õß·√ß‡ ’¬¥∑“π√–À«à“ß·∫√Á°‡°µ·≈–≈«¥∑—Èß 4 ™π‘¥‡¡◊ËÕ
¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡ªìπ¡ÿ¡‡¥’¬«°—π

‡¡◊ËÕæ‘®“√≥“º≈∑’Ë‡°‘¥®“°°“√‡ª≈’Ë¬π·ª≈ß™π‘¥≈«¥
æ∫«à“ ≈«¥∑—Èß 4 ™π‘¥¡’§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ‡æ‘Ë¡
¢÷Èπ‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡æ‘Ë¡¢÷Èπ®“° 0
‡ªìπ 1 ·≈– 2 Õß»“µ“¡≈”¥—∫ ·µà°“√«‘‡§√“–Àå∑“ß ∂‘µ‘æ∫
«à“ ¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠‡©æ“–‡¡◊ËÕ¡ÿ¡°√–∑”
√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡ªìπ 0 ·≈– 2 Õß»“ (§à“æ’ = .004,
.028, .002 µ“¡≈”¥—∫) ¬°‡«âπ„π°≈ÿà¡≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ
 π‘¡ ‰¡àæ∫«à“¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠‡¡◊ËÕ¡ÿ¡°√–∑”
√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡ª≈’Ë¬π·ª≈ß‰ª ¥—ß· ¥ß„π√Ÿª∑’Ë 3

√Ÿª∑’Ë 3 °“√‡ª√’¬∫‡∑’¬∫·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥ 4 ™π‘¥ ‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ
·≈–≈«¥„π·π«„°≈â°≈“ß-‰°≈°≈“ß‡ªìπ 0 1 ·≈– 2 Õß»“ µ“¡≈”¥—∫

Fig. 3 Comparison of the static frictional forces between stainless steel brackets and 4 types of orthodontic wires
when the second-order angulations between the brackets and the wires are 0, 1 and 2 degrees, respectively.
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«‘®“√≥å

ß“π«‘®—¬π’È‰¥â»÷°…“·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ
·≈–≈«¥∑“ß∑—πµ°√√¡®—¥øíπ‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ
·≈–≈«¥‡ªìπ 0 1 ·≈– 2 Õß»“„ππÈ”≈“¬‡∑’¬¡∑’Ë¡’°“√§«∫§ÿ¡
Õÿ≥À¿Ÿ¡‘„ÀâÕ¬Ÿà„π™à«ß 37 ± 1 Õß»“‡´≈‡´’¬  ‡æ◊ËÕ‡≈’¬π·∫∫
 ¿“æ™àÕßª“° ‚¥¬≈«¥∑’Ë‡≈◊Õ°„™â ‰¥â·°à ≈«¥‡À≈Á°°≈â“‰¡à
‡ªìπ π‘¡ ≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬·√ßª“π°≈“ß
≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬·√ß¡“° ·≈–≈«¥∑’‡ÕÁ¡‡Õ ’
Œ—ππ’¥‘« ´÷Ëß≈«¥ 3 ™π‘¥À≈—ß‡ªìπ≈«¥∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿßº‘«
Àπâ“¡“®“°∫√‘…—∑ºŸâº≈‘µ‡æ◊ËÕ≈¥¢âÕ¥âÕ¬„π‡√◊ËÕß·√ß‡ ’¬¥∑“π

°“√∑’Ë‡≈◊Õ°»÷°…“·√ß‡ ’¬¥∑“π ∂‘µ‡¡◊ËÕ¡ÿ¡°√–∑”
√–À«à“ß·∫√Á°‡°µ·≈–≈«¥„π·π«„°≈â°≈“ß-‰°≈°≈“ß‡ªìπ
0 1 ·≈– 2 Õß»“ ‡π◊ËÕß®“°µâÕß°“√„Àâ¡ÿ¡¥—ß°≈à“«‡ªìπµ—«·∑π
¢Õß§«“¡ —¡æ—π∏å¢Õß¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ°—∫≈«¥
¢≥–∑’Ë¡’§à“‡ªìπ 0 Õß»“ ¡ÿ¡«‘°ƒµ (critical contact angle)
·≈–¡ÿ¡∑’Ë¡“°°«à“¡ÿ¡«‘°ƒµ ‡π◊ËÕß®“°¡ÿ¡ 0 Õß»“§«√®–‡ªìπ
¡ÿ¡∑’Ë‡°‘¥¢÷ÈπÀ≈—ß®“°ºà“π√–¬–ª√—∫√–¥—∫øíπ (leveling phase)
·≈â« ·µàÕ¬à“ß‰√°Áµ“¡ ·ºπ°“√√—°…“∑“ß∑—πµ°√√¡®—¥øíπ‰¡à
‰¥â®∫≈ß∑’Ë√–¬–ª√—∫√–¥—∫øíπ‡æ’¬ß‡∑à“π—Èπ ·µà¬—ßµâÕßºà“π
¢—ÈπµÕπ°“√√—°…“Õ’°À≈“¬√–¬– ‡™àπ ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√
«‘π‘®©—¬«à“µâÕß¡’°“√∂Õπøíπ°√“¡πâÕ¬√à«¡°—∫°“√√—°…“°Á®–
µâÕß¡’√–¬–¥÷ßøíπ‡¢’È¬« (canine retraction phase) ¥—ßπ—Èπ
·¡â«à“øíπ‰¥â√—∫°“√ª√—∫√–¥—∫‡√’¬∫√âÕ¬·≈â« ·µàÀ“°«à“¡’°“√„Àâ
·√ß„π°“√‡§≈◊ËÕπøíπæ∫«à“ øíπ®–¡’°“√≈â¡‡Õ’¬ß·≈–µ—Èßµ√ß
 ≈—∫°—π‰ª6,7 ∑”„Àâ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥
‡ª≈’Ë¬π·ª≈ß‰ª√–À«à“ß°“√‡§≈◊ËÕπ¢Õßøíπ¥â«¬  à«π¡ÿ¡ 1
Õß»“∂◊Õ‡ªìπµ—«·∑π∑’Ë„°≈â‡§’¬ß∑’Ë ÿ¥¢Õß¡ÿ¡«‘°ƒµ∑’Ë‰¥â®“°°“√
§”π«≥§«“¡ —¡æ—π∏å√–À«à“ß¢π“¥√àÕß·∫√Á°‡°µ·≈–
¢π“¥≈«¥13 ‡π◊ËÕß®“°¡ÿ¡«‘°ƒµ∑’Ë·∑â®√‘ß¢Õß·∫√Á°‡°µ·≈–
≈«¥∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È §◊Õ 0.837 Õß»“ ‚¥¬¡ÿ¡π’È§«√
‡ªìπ¡ÿ¡∑’Ë¡’§à“¡“°∑’Ë ÿ¥∑’Ë‡°‘¥¢÷Èπ‡¡◊ËÕøíπ¡’°“√≈â¡‡Õ’¬ß„π√–À«à“ß
°“√‡§≈◊ËÕπ¢Õßøíπ À√◊Õ‡ªìπ¡ÿ¡∑’Ë∑”„Àâ™àÕß«à“ß√–À«à“ß
·∫√Á°‡°µ·≈–≈«¥‰¡àª√“°Ø¢÷Èπ‡ªìπ§√—Èß·√°∑’Ë¡ÿ¡∑·¬ß14 ·µà
„π∫“ß§√—ÈßÀ“°¡’·√ß„π°“√‡§≈◊ËÕπøíπ∑’Ë¡“°‡°‘π‰ª ÷́ËßÕ“®‡ªìπ
º≈µ“¡®“°°“√„™â¬“ß¥÷ß∑—Èß„π¢“°√√‰°√‡¥’¬«°—πÀ√◊Õ√–À«à“ß
¢“°√√‰°√ (intramaxillary or intermaxillary elastic
traction)15 ª√–°Õ∫°—∫§«“¡°«â“ß¢Õß™àÕß‡ÕÁπ¬÷¥ª√‘∑—πµå
(periodontal ligament space) „πºŸâªÉ«¬®—¥øíπ¡’§«“¡°«â“ß
¡“°°«à“§πª°µ‘16 æ∫«à“øíπ‡¢’È¬«®–¡’°“√≈â¡‡Õ’¬ß‰ªÕ¬à“ß

√«¥‡√Á«„π™à«ß·√° ®“°°“√≈â¡‡Õ’¬ß¢ÕßøíπÕ¬à“ß√«¥‡√Á«π’È
À“°‡°‘¥¢÷Èπ„π≈«¥∑’Ë¡’¡Õ¥Ÿ≈— ¢Õß§«“¡¬◊¥À¬ÿàπ (modulus
of elasticity) µË” ·≈–√–¬–√–À«à“ß·∫√Á°‡°µ (interbracket
span) ¡“° Õ“®∑”„Àâ≈«¥‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß√Ÿª√à“ß·∫∫
¬◊¥À¬ÿàπ (elastic deformation) ¥—ßπ—Èπ‚Õ°“ ∑’Ë®–‡°‘¥¡ÿ¡
«‘°ƒµ·≈–°“√¬÷¥‡Àπ’Ë¬« (binding) √–À«à“ß·∫√Á°‡°µ·≈–
≈«¥¬àÕ¡¡’¡“°°«à“17 ®÷ß‡≈◊Õ°„™â¡ÿ¡ 2 Õß»“‡ªìπµ—«·∑π¢Õß
¡ÿ¡∑’Ë¡“°°«à“¡ÿ¡«‘°ƒµÀ√◊Õ¡ÿ¡∑’Ë∑”„Àâ‡°‘¥°“√¬÷¥‡Àπ’Ë¬« Õ¬à“ß‰√
°Áµ“¡ °“√»÷°…“§√—Èßπ’È§≥–ºŸâ«‘®—¬‰¥â®”≈Õß°“√»÷°…“„π°√≥’
∑’Ë≈«¥∑ÿ°™π‘¥¡’≈—°…≥–‡ªìπ‡ âπµ√ß ¥—ßπ—Èπ®÷ß‰¥â∑”°“√µ√÷ß
≈«¥∑’Ëª≈“¬∑—Èß Õß¢â“ß„Àâ·πàπ ∑”„Àâ·µ°µà“ß®“° ¿“æ„π
™àÕßª“°®√‘ß∑’ËÕ“®¡’°“√¢¬—∫¢Õß≈«¥ ‡π◊ËÕß®“°≈«¥‰¡à‰¥â∂Ÿ°
¡—¥·πàπÕ¬Ÿà°—∫·∫√Á°‡°µ

πÕ°®“°π’È°“√∑’Ë»÷°…“„ππÈ”≈“¬‡∑’¬¡°Á¡’º≈µàÕ·√ß
‡ ’¬¥∑“π ‡π◊ËÕß®“°¡’À≈“¬°“√»÷°…“æ∫§«“¡·µ°µà“ß¢Õß
·√ß‡ ’¬¥∑“π‡¡◊ËÕ∑”°“√∑¥≈Õß„π ¿“«–‡ªï¬°·≈– ¿“«–
·Àâß4,18,19 ‚¥¬ Kusy ·≈–§≥–4 ∑”°“√»÷°…“‡ª√’¬∫‡∑’¬∫
§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π (frictional coefficients)
√–À«à“ß·∫√Á°‡°µ 2 ™π‘¥ §◊Õ ·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡
·∫√Á°‡°µ‚æ≈’§√‘ µ—≈‰≈πåÕ–≈Ÿ¡‘π“ (polycrystalline alumina)
°—∫≈«¥ 4 ™π‘¥ ‰¥â·°à ≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ ≈«¥
‚§∫Õ≈µå‚§√‡¡’¬¡ ≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡ ≈«¥‡∫µ“‰∑‡∑‡π’¬¡
„π ¿“«–·Àâß·≈– ¿“«–‡ªï¬°‚¥¬„™âπÈ”≈“¬¢ÕßºŸâ«‘®—¬ æ∫«à“
‡¡◊ËÕÕ¬Ÿà„π ¿“«–‡ªï¬°≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡·≈–≈«¥‡∫µ“-
‰∑‡∑’¬¡¡’§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π≈¥≈ß „π¢≥–∑’Ë≈«¥
‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡°≈—∫¡’§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π
‡æ‘Ë¡¢÷Èπ ®÷ßÕ“®°≈à“«‰¥â«à“ ¿“æ™àÕßª“°‡Õ◊ÈÕÕ”π«¬µàÕ°“√
„™â≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡·≈–≈«¥‡∫µ“‰∑‡∑‡π’¬¡„π°“√‡§≈◊ËÕπ
øíπ ‡π◊ËÕß®“°¡’§à“ —¡ª√– ‘∑∏‘Ï§«“¡‡ ’¬¥∑“π≈¥≈ß®“°
 ¿“«–·Àâß ®÷ßÕ“®‡ªìπ‰ª‰¥â«à“πÕ°®“°º≈¢Õß°“√ª√—∫ª√ÿß
º‘«Àπâ“‡æ◊ËÕ≈¥·√ß‡ ’¬¥∑“π¢Õß≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡
‡´π∑—≈≈Õ¬·≈–≈«¥∑’‡ÕÁ¡‡Õ ’Œ—ππ’¥‘«·≈â« Õ’° “‡ÀµÿÀπ÷Ëß∑’Ë
·√ß‡ ’¬¥∑“π¢Õß≈«¥¥—ß°≈à“«‰¡à·µ°µà“ß®“°≈«¥‡À≈Á°°≈â“
‰¡à‡ªìπ π‘¡π—ÈπÕ“®‡ªìπº≈¡“®“°°“√∑¥≈Õß„π ¿“«–‡ªï¬°
‚¥¬„™âπÈ”≈“¬‡∑’¬¡¥—ß‡™àπ„π°“√«‘®—¬§√—Èßπ’È

®“°º≈°“√«‘®—¬„π§√—Èßπ’È∑’Ë‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬-
 ”§—≠√–À«à“ß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥ 4 ™π‘¥
‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡ªìπ¡ÿ¡‡¥’¬«°—π ‰¡à
«à“®–‡ªìπ 0 1 À√◊Õ 2 Õß»“°Áµ“¡ ¥—ßπ—Èπ≈«¥π‘°‡°‘≈‰∑‡∑-
‡π’¬¡‡´π∑—≈≈Õ¬‰¡à«à“®–‡ªìπ¢π“¥·√ßª“π°≈“ßÀ√◊Õ·√ß¡“°
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À√◊Õ≈«¥∑’‡ÕÁ¡‡Õ ’Œ—ππ’¥‘«°Á‡ªìπÕ’°∑“ß‡≈◊Õ°¢Õß≈«¥∑’Ë “¡“√∂
‡≈◊Õ°„™â‰¥â ‡æ√“–πÕ°®“°§ÿ≥ ¡∫—µ‘∑’Ë¥’¢Õß≈«¥∑’Ë¡’Õ¬Ÿà‡¥‘¡
√à«¡°—∫°“√∑’Ë≈«¥‰¥â√—∫°“√æ—≤π“≈¥·√ß‡ ’¬¥∑“πÕ’° ∑”„Àâ
 “¡“√∂„™â„π°√≥’∑’ËµâÕß°“√„Àâøíπ‡§≈◊ËÕπ‰¥â¥’ ·µàÕ¬à“ß‰√
°Áµ“¡‡π◊ËÕß®“°§ÿ≥ ¡∫—µ‘∑’Ë¥’¢÷Èπ¢Õß≈«¥¬àÕ¡∑”„Àâ√“§“ Ÿß¢÷Èπ
¥â«¬ ¥—ßπ—Èπ®÷ßµâÕßæ‘®“√≥“°“√„™â„Àâ‡À¡“– ¡‡ªìπ√“¬Ê ‰ª
‡™àπ ºŸâªÉ«¬∑’Ë¡’§«“¡Õ¥∑πµàÕ°“√‡®Á∫ª«¥πâÕ¬ °ÁÕ“®‡≈◊Õ°„™â
≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬À√◊Õ≈«¥∑’‡ÕÁ¡‡Õ ’Œ—ππ’¥‘«
‡π◊ËÕß®“°¡’°“√„Àâ·√ß∑’Ë‡∫“ À√◊Õ°√≥’∑’Ë≈—°…≥–øíπ°àÕπ°“√
‡§≈◊ËÕπøíπ À“°¬—ß¡’°“√´âÕπ‡°‡À≈◊ÕÕ¬Ÿà‡≈Á°πâÕ¬°àÕπ°“√¥÷ß
øíπ‡¢’È¬«À√◊Õ°“√¥÷ßøíπÀπâ“‡æ◊ËÕªî¥™àÕß«à“ß°ÁÕ“®„™â≈«¥∑’‡ÕÁ¡-
‡Õ ’Œ—ππ’¥‘«™à«¬ª√—∫√–¥—∫§«“¡·µ°µà“ß∑’Ë‡À≈◊ÕÕ¬Ÿà‡æ’¬ß‡≈Á°
πâÕ¬ ®“°π—Èπ°Á„™â‡§≈◊ËÕπøíπµàÕ ∑”„Àâ‰¡àµâÕß‡ª≈’Ë¬π≈«¥∫àÕ¬
 à«π„πºŸâªÉ«¬∑—Ë«‰ª∑’ËÀ≈—ß®“°‰¥â√—∫°“√ª√—∫√–¥—∫øíπ·≈â«¡’
°“√‡√’¬ßµ—«¢Õßøíπ§àÕπ¢â“ß¥’°Á§«√„™â≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ
 π‘¡„π°“√‡§≈◊ËÕπøíπ‡æ◊ËÕªî¥™àÕß«à“ß ‡π◊ËÕß®“°¡’§ÿ≥ ¡∫—µ‘
æ◊Èπ∞“π¥’·≈–√“§“∂Ÿ°

Õ¬à“ß‰√°Áµ“¡ ‡π◊ËÕß®“°°“√»÷°…“§√—Èßπ’È‡ªìπ°“√«‘®—¬‡™‘ß
∑¥≈Õß„πÀâÕßªØ‘∫—µ‘°“√ (in-vitro experimental study) ∂÷ß
·¡â«à“¡’§«“¡æ¬“¬“¡‡≈’¬π·∫∫ ¿“æ™àÕßª“° ·µà¬—ß¡’
§«“¡·µ°µà“ßÕ’°À≈“¬¥â“π ‡™àπ Õÿ≥À¿Ÿ¡‘¢Õß™àÕßª“°∑’Ë
Õ“®‡ª≈’Ë¬π·ª≈ß‰ª®“°Õ“À“√À√◊Õ‡§√◊ËÕß¥◊Ë¡∑’Ë√—∫ª√–∑“π
Õß§åª√–°Õ∫¢ÕßπÈ”≈“¬‡∑’¬¡·≈–πÈ”≈“¬®√‘ß °“√∑”ß“π¢Õß
°≈â“¡‡π◊ÈÕ∫¥‡§’È¬« ́ ÷Ëß ‘Ëß‡À≈à“π’ÈÕ“®¡’Õ‘∑∏‘æ≈µàÕ·√ß‡ ’¬¥∑“π
¥—ßπ—Èπ°“√π”º≈°“√«‘®—¬π’È‰ª„™â°—∫ºŸâªÉ«¬®√‘ß®÷ßÕ“®‰¡à‰¥âº≈‡ªìπ
‰ªµ“¡°“√∑¥≈Õß∑—ÈßÀ¡¥ ®÷ß§«√∑’Ë®–¡’°“√»÷°…“µàÕ‰ª„π
 ¿“«–∑’Ë¡’πÈ”≈“¬®√‘ß À√◊Õ∑”°“√»÷°…“®“°≈«¥∑’Ë„™âß“π®√‘ß
®“°™àÕßª“°¢ÕßºŸâªÉ«¬

 √ÿª

‡¡◊ËÕæ‘®“√≥“¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥„π·π«

„°≈â°≈“ß-‰°≈°≈“ß∑’≈–¡ÿ¡ §◊Õ 0 1 ·≈– 2 Õß»“ æ∫«à“ §à“
‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ¢Õß≈«¥∑—Èß 4 °≈ÿà¡‰¡à¡’§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠ ·µà‡¡◊ËÕæ‘®“√≥“µ“¡™π‘¥≈«¥ æ∫
«à“ §à“‡©≈’Ë¬¢Õß¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ¡ÿ¡
°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡æ‘Ë¡¢÷Èπ ·µàæ∫«à“¡’§«“¡
·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠‡©æ“–‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß
·∫√Á°‡°µ·≈–≈«¥¡’§à“‡ªìπ 0 ·≈– 2 Õß»“ ¬°‡«âπ„π°≈ÿà¡≈«¥

‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡∑’Ë‰¡àæ∫«à“¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬
 ”§—≠‡¡◊ËÕ¡ÿ¡°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡ª≈’Ë¬π·ª≈ß‰ª

°‘µµ‘°√√¡ª√–°“»

§≥–ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
 ”À√—∫∑ÿπÕÿ¥Àπÿπ«‘∑¬“π‘æπ∏å ”À√—∫π‘ ‘µ ¢Õ¢Õ∫æ√–§ÿ≥
Õ“®“√¬å‰ææ√√≥ æ‘∑¬“ππ∑å ∑’Ë„Àâ§”ª√÷°…“¥â“π ∂‘µ‘∑’Ë„™â«‘®—¬
√Õß»“ µ√“®“√¬å‡ “«√®πå ™à«¬®ÿ≈®‘µ√å ºŸâ™à«¬»“ µ√“®“√¬å
¥√.  ‘√’√—µπå ®“√ÿ®‘π¥“ §ÿ≥ ¡æß…å ™ÿµ‘°ÿ≈ «— ¥‘Ï ¿“§«‘™“
«— ¥ÿ»“ µ√å §≥–«‘∑¬“»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ·≈–
√Õß»“ µ√“®“√¬å ™—¬√—µπå «‘«—≤πå«√æ—π∏å ∑’Ë„Àâ§”·π–π”·≈–
Õ”π«¬§«“¡ –¥«°„π°“√„™â‡§√◊ËÕß≈Õ¬¥å¬Ÿπ‘‡«Õ√å·´≈
‡∑ µ‘ß¡“™’π ¢Õ¢Õ∫§ÿ≥∫√‘…—∑ ‚∑¡’ ®”°—¥ (ª√–‡∑»≠’ËªÿÉπ) ∑’Ë
 π—∫ πÿπ≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡‡´π∑—≈≈Õ¬ ”À√—∫„™â„π°“√
»÷°…“ ·≈– ∫√‘…—∑ ∑—πµ- ¬“¡ «‘ “À°‘® ®”°—¥ ∑’Ë π—∫ πÿπ
·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡„π√“§“æ‘‡»…
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Abstract

Objective To compare the static frictional forces measured in 37 ± 1 ÌC artificial saliva between
stainless steel brackets and 4 types of orthodontic wires when the angulations between the brackets
and the wires are 0, 1 and 2 degrees, respectively.

Materials and methods The static frictional forces of the 0.018 inch slot canine standard edgewise
brackets and 4 types of 0.016 x 0.022 inch wires which were stainless steel, Sentalloy medium,
Sentalloy heavy and TMA COLORTM (honeydew) were measured by using the Lloyd universal
testing machine at the second-order angulations of 0, 1 and 2 degrees. The measurements were
made in the artificial saliva at 37 ± 1 ÌC. Two-way ANOVA was used to test for significant
differences of the static frictional forces among the groups of specimens at the significant level
of .05.

Results There was no difference in the static frictional forces between the brackets and the 4 wire
groups when the second-order angulation was equal. However, the static frictional forces were
increased when the second-order angulation increased. The significant difference was found when the
angulation rose from 0 to 2 degrees only (p-value = .004, .028 and .002, respectively) except for the
stainless steel wire group which the significant difference of the static frictional forces when the
second-order angulation increased was not found.
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Conclusion There was no difference in the static frictional forces between the brackets and the 4 wire
groups. However, except for the stainless steel group, the static frictional forces rose significantly when
the second-order angulation increased from 0 to 2 degrees.

(CU Dent J. 2008;31:169-78)

Key words: beta-titanium wire; nickel-titanium wire; second-order angulation; stainless steel bracket;
stainless steel wire; static frictional force


