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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≈’Ë¬π·ª≈ß¢Õß¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡°—∫
≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ ·≈–≈«¥‡∫µ“‰∑‡∑‡π’¬¡ ¿“¬À≈—ß®“°∑’Ëºà“π°“√·™à„π “√≈–≈“¬∑’Ë‰¥â®“°º≈‘µ¿—≥±å
ø≈ŸÕÕ‰√¥å 3 ™π‘¥

«— ¥ÿ·≈–«‘∏’°“√ π”·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡™π‘¥¡“µ√∞“π¢Õßøíπ‡¢’È¬«∑’Ë¡—¥µ‘¥°—∫≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡
·≈–≈«¥‡∫µ“‰∑‡∑‡π’¬¡ °≈ÿà¡≈– 25 µ—«Õ¬à“ß ·™à„π “√≈–≈“¬ø≈ŸÕÕ‰√¥å∑’Ë‰¥â®“°°“√º ¡πÈ”≈“¬‡∑’¬¡°—∫¬“ ’øíπ
º ¡ø≈ŸÕÕ‰√¥å πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å ·≈–‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫ ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  «—¥§à“·√ß
‡ ’¬¥∑“π ∂‘µ¥â«¬‡§√◊ËÕß≈Õ¬¥å¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß·¡™™’π ‚¥¬„™âµÿâ¡πÈ”Àπ—°¢π“¥ 5 π‘«µ—π ¥÷ß¥â«¬§«“¡‡√Á« 0.1
¡¡./π“∑’ ‡ªìπ√–¬–∑“ß 0.5 ¡¡. ∑”°“√‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß°≈ÿà¡µà“ßÊ ‚¥¬„™â ∂‘µ‘
«‘‡§√“–Àå§«“¡·ª√ª√«π Õß∑“ß∑’Ë√–¥—∫π—¬ ”§—≠ .05

º≈°“√»÷°…“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ ¡’‡æ’¬ß°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫‡∑à“π—Èπ∑’Ë¡’§à“‡©≈’Ë¬·√ß
‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ∑—Èß„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡À≈Á°°≈â“
‰¡à‡ªìπ π‘¡ ·≈–≈«¥‡∫µ“‰∑‡∑‡π’¬¡ ‚¥¬¡’§à“æ’‡∑à“°—∫ .013 ·≈– .000 µ“¡≈”¥—∫ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫√–À«à“ß≈«¥
∑—Èß 2 ™π‘¥∑’Ëºà“π°“√·™à„π “√≈–≈“¬‡¥’¬«°—π æ∫«à“¡’‡æ’¬ß°≈ÿà¡¬“ ’øíπ·≈–‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫‡∑à“π—Èπ
∑’Ë§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ¢Õß°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡∫µ“‰∑‡∑‡π’¬¡¡’§à“¡“°°«à“°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡À≈Á°°≈â“
‰¡à‡ªìπ π‘¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ‚¥¬¡’§à“æ’‡∑à“°—∫ .003 ·≈– .004 µ“¡≈”¥—∫



CU Dent J. 2008;31:179-92Chantarawaratit P, Chengprapakorn S180

∫∑π”

ºŸâªÉ«¬∑’Ë‰¥â√—∫°“√√—°…“¥â«¬‡§√◊ËÕß¡◊Õ®—¥øíπ™π‘¥µ‘¥·πàπ
(fixed orthodontic appliance) ®–¡’‚Õ°“ ‡°‘¥°“√ Ÿ≠‡ ’¬
·√à∏“µÿ®“°º‘«‡§≈◊Õ∫øíπ‰¥âßà“¬°«à“ºŸâªÉ«¬∑—Ë«‰ª1,2 ¥â«¬‡Àµÿπ’È
∑—πµ·æ∑¬å®÷ßπ‘¬¡„ÀâºŸâªÉ«¬∑’Ë„ à‡§√◊ËÕß¡◊Õ®—¥øíπ™π‘¥µ‘¥·πàπ„™â
º≈‘µ¿—≥±åø≈ŸÕÕ‰√¥å‡æ◊ËÕªÑÕß°—π°“√‡°‘¥√Õ¬¥à“ß¢“«À√◊Õøíπºÿ
‚¥¬‡©æ“–„π√Ÿª·∫∫¢Õß¬“ ’øíπº ¡ø≈ŸÕÕ‰√¥å ·≈–πÈ”¬“
∫â«πª“°ø≈ŸÕÕ‰√¥å ÷́ËßºŸâªÉ«¬ “¡“√∂„™â‰¥â‡Õß‡ªìπª√–®”

∂÷ß·¡âø≈ŸÕÕ‰√¥å®–¡’ª√–‚¬™πåÕ¬à“ß¡“° ·µà°ÁÕ“®°àÕ
„Àâ‡°‘¥Õÿª √√§µàÕ°“√√—°…“∑“ß∑—πµ°√√¡®—¥øíπ‰¥â‡™àπ°—π
‡π◊ËÕß®“°¡’º≈°“√«‘®—¬¬◊π¬—π«à“ø≈ŸÕÕ‰√¥å “¡“√∂∑”„Àâ‡°‘¥
°“√°—¥°√àÕπ¢Õßæ◊Èπº‘«¢Õß·∫√Á°‡°µ·≈–≈«¥‰¥âÀ≈“¬™π‘¥3-13

§«“¡¢√ÿ¢√–¢Õßæ◊Èπº‘«·∫√Á°‡°µ·≈–≈«¥∑’Ë ‡°‘¥®“°°“√
°—¥°√àÕπ‡ªìπ “‡ÀµÿÀπ÷Ëß∑’Ë∑”„Àâ·√ß‡ ’¬¥∑“π√–À«à“ß·∫√Á°‡°µ
·≈–≈«¥‡æ‘Ë¡¢÷Èπ ®÷ßÕ“®‡ªìπ‡Àµÿ„Àâ‡°‘¥§«“¡¬ÿàß¬“°„π°“√
‡§≈◊ËÕπøíπ ·≈–Õ“®®”‡ªìπµâÕß‡æ‘Ë¡√–¬–‡«≈“„π°“√√—°…“
∑“ß∑—πµ°√√¡®—¥øíπµ“¡¡“

ß“π«‘®—¬§√—Èßπ’È®÷ß¡ÿàß»÷°…“º≈¢Õß°“√„™âº≈‘µ¿—≥±å
ø≈ŸÕÕ‰√¥å∑’Ë¡’µàÕ·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥
¿“¬À≈—ß®“°°“√·™à·∫√Á°‡°µ·≈–≈«¥„π “√≈–≈“¬®“°º≈‘µ-
¿—≥±åø≈ŸÕÕ‰√¥å 3 ™π‘¥∑’ËºŸâªÉ«¬∑’Ë„ à‡§√◊ËÕß¡◊Õ®—¥øíπ™π‘¥µ‘¥
·πàπ¡—°®–„™â„π™’«‘µª√–®”«—π ‰¥â·°à ¬“ ’øíπº ¡ø≈ŸÕÕ‰√¥å
πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å ·≈–‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫
‡æ◊ËÕ„Àâ∑√“∫º≈¢Õß°“√„™âº≈‘µ¿—≥±åø≈ŸÕÕ‰√¥å‡À≈à“π’ÈµàÕ§à“
·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥

«— ¥ÿ·≈–«‘∏’°“√

°“√‡µ√’¬¡µ—«Õ¬à“ß ”À√—∫·™à„π “√≈–≈“¬°√–∑”‚¥¬
‡µ√’¬¡≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ (Stainless Steel, Ormco,
USA) ·≈–≈«¥‡∫µ“‰∑‡∑‡π’¬¡ (TMA, Ormco, USA) ∑’Ë

‡ªìπ‡ âπµ√ß ¬“« 30 ¡¡. ™π‘¥≈– 100 ‡ âπ  ÿà¡µ—«Õ¬à“ß·∫√Á°‡°µ
‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ (Dyna-lock, 3M Unitek, Germany)
2 µ—« ·≈–≈«¥™π‘¥≈– 2 ‡ âπ π”‰ª àÕß°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ (scanning electron microscope)
‡æ◊ËÕ∫—π∑÷°≈—°…≥–æ◊Èπº‘«¢Õß·∫√Á°‡°µ·≈–≈«¥∑’Ë‰¡à‰¥âºà“π
°“√·™à„π “√≈–≈“¬„¥Ê ®“°π—Èπ¬÷¥≈«¥µ‘¥°—∫·∫√Á°‡°µ¥â«¬
«ßÕ’≈“ ‚∑‡¡Õ√å (elastomeric ring) ¬’ËÀâÕ∑—ø (Tuff,
CLENROE technologies, USA) ·∫àß°≈ÿà¡µ—«Õ¬à“ßµ“¡
™π‘¥¢Õß≈«¥‡ªìπ 2 °≈ÿà¡„À≠à ®”π«π°≈ÿà¡≈– 100 µ—«Õ¬à“ß
®“°π—Èπ·∫àß°≈ÿà¡µ—«Õ¬à“ß·µà≈–°≈ÿà¡ÕÕ°‡ªìπ 4 °≈ÿà¡¬àÕ¬
°≈ÿà¡≈– 25 µ—«Õ¬à“ß ‚¥¬°≈ÿà¡∑’Ë 1 §◊Õ °≈ÿà¡§«∫§ÿ¡´÷Ëß‰¡à‰¥â
ºà“π°“√·™à„π “√≈–≈“¬„¥Ê °≈ÿà¡∑’Ë 2 3 ·≈– 4 §◊Õ °≈ÿà¡∑’Ë
π”‰ª·™à„π “√≈–≈“¬®“°¬“ ’øíπº ¡ø≈ŸÕÕ‰√¥å  “√≈–≈“¬
®“°πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å ·≈– “√≈–≈“¬®“°‡®≈ø≈ŸÕÕ‰√¥å
™π‘¥‡§≈◊Õ∫ µ“¡≈”¥—∫

‡µ√’¬¡ “√≈–≈“¬®“°º≈‘µ¿—≥±åø≈ŸÕÕ‰√¥å∑—Èß 3 ™π‘¥
‚¥¬º ¡°—∫πÈ”≈“¬‡∑’¬¡®“°¿“§«‘™“‡¿ —™«‘∑¬“ §≥–∑—πµ-
·æ∑¬»“ µ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ µ“¡Õ—µ√“ à«π¥—ßπ’È
¬“ ’øíπ§Õ≈‡°µ√ ¬Õ¥π‘¬¡ (Colgate, Colgate-Palmolive
Company, Thailand) º ¡°—∫πÈ”≈“¬‡∑’¬¡„πÕ—µ√“ à«π
¬“ ’øíπ 1 °√—¡µàÕπÈ”≈“¬‡∑’¬¡ 4 ¡≈. º ¡„Àâ‡ªìπ‡π◊ÈÕ
‡¥’¬«°—π®π‡°‘¥øÕß πÈ”¬“∫â«πª“°¬’ËÀâÕÕÕ√—≈-∫’ ∑Ÿ∏·Õπ¥å
°—¡·§√å‰¡àº ¡·Õ≈°ÕŒÕ≈å (Oral-B Tooth and Gum
Care Alcohol-Free Mouth Rinse, P&G, Thailand)
º ¡°—∫πÈ”≈“¬‡∑’¬¡„πÕ—µ√“ à«π 8.5 µàÕ 1 ·≈–‡®≈ø≈ŸÕÕ‰√¥å
™π‘¥‡§≈◊Õ∫À√◊Õ‡®≈·Õ ‘́¥Ÿ·≈µ‡µ∑øÕ ‡øµø≈ŸÕÕ‰√¥å¬’ËÀâÕ
´‘°µ’‡´°‡§‘≈‡∑ µå (60 Second Taste, Pascal, USA) º ¡
°—∫πÈ”≈“¬‡∑’¬¡„πÕ—µ√“ à«π 1 µàÕ 1.4

Õ—µ√“ à«π„π°“√º ¡¬“ ’øíπ°—∫πÈ”≈“¬‡∑’¬¡§”π«≥
®“°ª√‘¡“≥¬“ ’øíπ∑’Ë°Õß∑—πµ “∏“√≥ ÿ¢ °√¡Õπ“¡—¬
°√–∑√«ß “∏“√≥ ÿ¢ ·π–π”„Àâ„™â„π°“√·ª√ßøíπ„πºŸâ„À≠à

 √ÿª °“√·™à·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ ≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥‡∫µ“‰∑‡∑‡π’¬¡„π “√≈–≈“¬®“°
‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫∑”„Àâ§à“‡©≈’Ë¬¢Õß·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘

(« ∑—πµ ®ÿÃ“œ 2551;31:179-92)

§” ”§—≠: °“√°—¥°√àÕπ; ·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡; ø≈ŸÕÕ‰√¥å; ·√ß‡ ’¬¥∑“π ∂‘µ; ≈«¥‡∫µ“‰∑‡∑‡π’¬¡; ≈«¥
‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡
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π—Ëπ§◊Õ 1 °√—¡/§√—Èß14 º ¡°—∫πÈ”≈“¬‡∑’¬¡ª√‘¡“≥ 4 ¡≈. ∑’Ë
§”π«≥®“°ª√‘¡“≥πÈ”≈“¬∑’Ë§ßÕ¬Ÿà„π™àÕßª“° (residual
saliva) ®”π«π 1 ¡≈15 √«¡°—∫ª√‘¡“≥πÈ”≈“¬‡∑’¬¡∑’Ë‰¥â®“°
°“√§Ÿ≥Õ—µ√“‡©≈’Ë¬¢Õß°“√À≈—ËßπÈ”≈“¬¢≥–∂Ÿ°°√–µÿâπµàÕπ“∑’
π—Ëπ§◊Õ 1.5 ¡≈./π“∑’16,17 °—∫®”π«ππ“∑’∑’Ë„™â„π°“√·ª√ßøíπ
§◊Õ 2 π“∑’ ´÷Ëß‡ªìπ√–¬–‡«≈“Õ¬à“ßπâÕ¬∑’Ë ÿ¥∑’Ë°Õß∑—πµ-
 “∏“√≥ ÿ¢ °√¡Õπ“¡—¬ °√–∑√«ß “∏“√≥ ÿ¢14 ·π–π”„Àâ
„™â„π°“√·ª√ßøíπ 1 §√—Èß ¥—ßπ—Èπª√‘¡“≥πÈ”≈“¬‡∑’¬¡∑’Ë„™â
‡æ◊ËÕ®”≈Õßª√‘¡“≥πÈ”≈“¬∑’ËÀ≈—ËßÕÕ°¡“º ¡°—∫¬“ ’øíπ„π°“√
·ª√ßøíπ 1 §√—Èß §◊Õ 4 ¡≈.

Õ—µ√“ à«π„π°“√º ¡πÈ”¬“∫â«πª“°°—∫πÈ”≈“¬‡∑’¬¡
§”π«≥®“°ª√‘¡“≥πÈ”¬“∫â«πª“°∑’Ë√–∫ÿ‰«âµ“¡§”·π–π”„π
©≈“°¢Õßº≈‘µ¿—≥±å §◊Õ 15 ¡≈./§√—Èß º ¡°—∫πÈ”≈“¬‡∑’¬¡
ª√‘¡“≥ 1.75 ¡≈. ´÷Ëß§”π«≥®“°ª√‘¡“≥πÈ”≈“¬∑’Ë§ßÕ¬Ÿà„π
™àÕßª“°®”π«π 1 ¡≈. √«¡°—∫ª√‘¡“≥πÈ”≈“¬‡∑’¬¡∑’Ë‰¥â®“°
°“√§Ÿ≥Õ—µ√“‡©≈’Ë¬¢Õß°“√À≈—ËßπÈ”≈“¬¢≥–∂Ÿ°°√–µÿâπµàÕπ“∑’
π—Ëπ§◊Õ 1.5 ¡≈./π“∑’ °—∫®”π«ππ“∑’∑’Ë„™â„π°“√Õ¡πÈ”¬“
∫â«πª“°∑’Ë√–∫ÿ‰«âµ“¡§”·π–π”„π©≈“°¢Õßº≈‘µ¿—≥±å
π—Ëπ§◊Õ 30 «‘π“∑’/§√—Èß À√◊Õ 0.5 π“∑’/§√—Èß ¥—ßπ—Èπª√‘¡“≥
πÈ”≈“¬‡∑’¬¡∑’Ë„™â‡æ◊ËÕ®”≈Õßª√‘¡“≥πÈ”≈“¬∑’ËÀ≈—ËßÕÕ°¡“º ¡
°—∫πÈ”¬“∫â«πª“°„π°“√Õ¡πÈ”¬“ 1 §√—Èß §◊Õ 1.75 ¡≈.

Õ—µ√“ à«π„π°“√º ¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫º ¡°—∫
πÈ”≈“¬‡∑’¬¡§”π«≥®“°ª√‘¡“≥‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫∑’Ë
°Õß∑—πµ “∏“√≥ ÿ¢ °√¡Õπ“¡—¬ °√–∑√«ß “∏“√≥ ÿ¢
·π–π”„Àâ„™â„π°“√‡§≈◊Õ∫ 1 §√—Èß π—Ëπ§◊Õ ª√–¡“≥ 1 „π 3
¢Õß∂“¥‡§≈◊Õ∫ø≈ŸÕÕ‰√¥å À√◊Õ 5 ¡≈./§√—Èß18 º ¡°—∫πÈ”≈“¬
‡∑’¬¡ª√‘¡“≥ 7 ¡≈. ´÷Ëß§”π«≥®“°ª√‘¡“≥πÈ”≈“¬∑’Ë§ßÕ¬Ÿà
„π™àÕßª“°®”π«π 1 ¡≈. √«¡°—∫ª√‘¡“≥πÈ”≈“¬‡∑’¬¡∑’Ë‰¥â
®“°°“√§Ÿ≥Õ—µ√“‡©≈’Ë¬¢Õß°“√À≈—ËßπÈ”≈“¬¢≥–∂Ÿ°°√–µÿâπµàÕπ“∑’
π—Ëπ§◊Õ 1.5 ¡≈./π“∑’ °—∫®”π«ππ“∑’∑’Ë„™â„π°“√Õ¡πÈ”¬“
∫â«πª“°∑’Ë√–∫ÿ‰«âµ“¡§”·π–π”„π©≈“°¢Õßº≈‘µ¿—≥±å π—Ëπ§◊Õ
4 π“∑’/§√—Èß ¥—ßπ—Èπª√‘¡“≥πÈ”≈“¬‡∑’¬¡∑’Ë„™â‡æ◊ËÕ®”≈Õß
ª√‘¡“≥πÈ”≈“¬∑’ËÀ≈—ËßÕÕ°¡“º ¡°—∫πÈ”¬“∫â«πª“°„π°“√Õ¡
πÈ”¬“ 1 §√—Èß §◊Õ 7 ¡≈.

®“°π—Èπ«—¥§à“§«“¡‡ªìπ°√¥-‡∫  (pH) ¢Õß “√≈–≈“¬
∑—Èß 3 ™π‘¥∑’Ëº ¡‡ √Á® ·≈â«¥â«¬¡“µ√§«“¡‡ªìπ°√¥-‡∫ 
(pH meter) ™π‘¥≈– 3 §√—Èß π”¡“À“§à“‡©≈’Ë¬¢Õß§à“§«“¡
‡ªìπ°√¥-‡∫ ¢Õß “√≈–≈“¬·µà≈–™π‘¥

π”µ—«Õ¬à“ß„π°≈ÿà¡¬àÕ¬∑’Ë 2 ‰ª·™à„π “√≈–≈“¬∑’Ë‰¥â®“°

¬“ ’øíππ“π 336 π“∑’‡æ◊ËÕ®”≈Õß°“√·ª√ßøíπ«—π≈– 2 §√—Èß

§√—Èß≈– 2 π“∑’14 „π™à«ß‡«≈“ 12  —ª¥“Àå π”°≈ÿà¡¬àÕ¬∑’Ë 3 ‰ª

·™à„π “√≈–≈“¬®“°πÈ”¬“∫â«πª“°π“π 84 π“∑’ ‡æ◊ËÕ®”≈Õß

°“√„™âπÈ”¬“∫â«πª“°«—π≈– 2 §√—Èß §√—Èß≈– 30 «‘π“∑’ „π™à«ß

‡«≈“ 12  —ª¥“Àå  à«π°≈ÿà¡¬àÕ¬∑’Ë 4 π”‰ª·™à„π “√≈–≈“¬

®“°‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫π“π 4 π“∑’ ‡æ◊ËÕ®”≈Õß°“√

‡§≈◊Õ∫‡®≈ø≈ŸÕÕ‰√¥å∑’Ë°√–∑”‚¥¬∑—πµ·æ∑¬å 1 §√—Èß ÷́Ëß¡—°

®–°√–∑”∑ÿ° 6 ‡¥◊Õπ ∑”°“√·™àµ—«Õ¬à“ß„π∂â«¬æ≈“ µ‘°∑’Ë¡’

Ω“ªî¥·≈–π”‰ª„ à„π‡§√◊ËÕßÕ‘π§Ÿ‡∫‡µÕ√å‡™°‡°Õ√å (incubator

shaker) ‡æ◊ËÕ„Àâ¡’°“√·°«àß¢Õß “√≈–≈“¬Õ¬à“ß ¡Ë”‡ ¡Õ 80

√Õ∫/π“∑’ ·≈–§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑’Ë 37 Õß»“‡´≈‡ ’́¬  ‡¡◊ËÕ

§√∫µ“¡‡«≈“∑’Ë°”Àπ¥ ∑”°“√«—¥§à“§«“¡‡ªìπ°√¥-‡∫ ¢Õß

 “√≈–≈“¬∑—Èß 3 ™π‘¥Õ’°§√—Èß ®“°π—Èπ ÿà¡µ—«Õ¬à“ß·∫√Á°‡°µ

·≈–≈«¥®“°·µà≈–°≈ÿà¡µ—«Õ¬à“ß ®”π«π°≈ÿà¡≈– 2 µ—«Õ¬à“ß

π”‰ª àÕß°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥‡æ◊ËÕ

∫—π∑÷°≈—°…≥–æ◊Èπº‘«¢Õß·∫√Á°‡°µ·≈–≈«¥¿“¬À≈—ß®“°∑’Ë

ºà“π°“√·™à„π “√ ≈–≈“¬µ“¡‡«≈“∑’Ë°”Àπ¥

π”·∫√Á°‡°µ∑’Ë¬÷¥µ‘¥Õ¬Ÿà°—∫·∑àßÕ–§√‘≈‘° (acrylic) ¥â«¬

°“«‰´¬“‚πÕ–§√‘‡≈µ (cyanoacrylate) ¬÷¥‡¢â“°—∫‡§√◊ËÕß¡◊Õ

∑’ËµàÕ°—∫ à«π§√Õ ‡Œ¥¢Õß‡§√◊ËÕß≈Õ¬¥å¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß·¡™™’π

√ÿàπ·Õ≈Õ“√å 10 ‡§ (Lloyd Universal Testing Machine,

LR10K, Lloyd Instruments, UK) ª√—∫¡ÿ¡·∫√Á°‡°µ„Àâ∑”

¡ÿ¡ 1 Õß»“°—∫≈«¥∑’Ë®–„™â∑¥ Õ∫¥â«¬‡§√◊ËÕß¡◊Õ ”À√—∫µ—Èß¡ÿ¡

®“°π—Èπ¬÷¥≈«¥‡¢â“°—∫‡§√◊ËÕß¡◊Õ ”À√—∫¬÷¥≈«¥„Àâ·πàπ„π

µ”·Àπàß∑’Ë°”Àπ¥‰«â ‚¥¬„Àâ≈«¥Õ¬Ÿà„π·π«¥‘Ëß ¡—¥·∫√Á°‡°µ

‡¢â“°—∫≈«¥¥â«¬«ßÕ’≈“ ‚∑‡¡Õ√å‚¥¬„™â ‡µ√∑™Ÿ∑‡µÕ√å (straight

shooter)

«—¥·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‚¥¬„™â

‡§√◊ËÕß≈Õ¬¥å¬Ÿπ‘‡«Õ√å·´≈‡∑ µ‘ß·¡™™’π ‚¥¬„™âµÿâ¡πÈ”Àπ—°

(load cell) 5 π‘«µ—π ¥÷ß¥â«¬§«“¡‡√Á« 0.1 ¡¡./π“∑’ ‡ªìπ

√–¬–∑“ß 0.5 ¡¡. ∫—π∑÷°§à“·√ß‡ ’¬¥∑“π ∂‘µ®“°°√“ø· ¥ß

§«“¡ —¡æ—π∏å√–À«à“ß·√ß∑’Ë„™â„π°“√¥÷ß°—∫√–¬–∑“ß∑’Ë·∫√Á°‡°µ

‡§≈◊ËÕπºà“π≈«¥‰ª ‚¥¬‡≈◊Õ°µ”·Àπàß∑’Ë Ÿß ÿ¥¢Õß°√“ø°àÕπ

∑’Ë‡ âπ°√“ø· ¥ß°“√≈¥≈ßÀ√◊Õ§ß∑’Ë¢Õß§à“·√ß∑’Ë„™â„π°“√¥÷ß

‚¥¬«—¥‡ªìπÀπà«¬π‘«µ—π »÷°…“‡ª√’¬∫‡∑’¬∫§à“·√ß‡ ’¬¥∑“π

 ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥∑—Èß 2 ™π‘¥ µ“¡«—µ∂ÿª√– ß§å

°“√«‘®—¬
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°“√æ‘ Ÿ®πå∑“ß ∂‘µ‘∂÷ßÕ‘∑∏‘æ≈¢Õßµ—«·ª√∑—Èß Õß ́ ÷Ëß‰¥â·°à

™π‘¥¢Õß≈«¥·≈–™π‘¥¢Õß “√≈–≈“¬ ∑’Ë¡’µàÕ§à“·√ß‡ ’¬¥∑“π

 ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥°√–∑”‚¥¬„™â ∂‘µ‘«‘‡§√“–Àå

§«“¡·ª√ª√«π Õß∑“ß (Two-way ANOVA) ∑’Ë√–¥—∫

π—¬ ”§—≠ .05 ®“°π—Èπ«‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬

¢Õß¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥‡À≈Á°-

°≈â“‰¡à‡ªìπ π‘¡∑’Ëºà“π°“√·™à„π “√≈–≈“¬∑’Ë‰¥â®“°º≈‘µ¿—≥±å

ø≈ŸÕÕ‰√¥åµà“ß™π‘¥°—π‚¥¬„™â ∂‘µ‘«‘‡§√“–Àå§«“¡·ª√ª√«π

∑“ß‡¥’¬«·∫∫æ“√“‡¡∑√‘° (One-way ANOVA) ·≈– ∂‘µ‘

°“√‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ∫Õπ‡øÕ√å‚√π’ (Bonferroni) ∑’Ë

√–¥—∫π—¬ ”§—≠ .05 „π¢≥–∑’Ë°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡∫µ“

‰∑‡∑‡π’¬¡®”‡ªìπµâÕß„™â ∂‘µ‘«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫

∫√“«åπøÕ√å´‘∏ (Brown-Forsyth) ·≈– ∂‘µ‘°“√‡ª√’¬∫

‡∑’¬∫‡™‘ß´âÕπ·∑¡‡Œπ å∑’∑Ÿ (Tamhaneûs T2) ‡π◊ËÕß®“°¡’

§à“§«“¡·ª√ª√«π‰¡à‡∑à“°—π ·≈–«‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß

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

µà“ß™π‘¥°—π∑’Ëºà“π°“√·™à„π “√≈–≈“¬∑’Ë‰¥â®“°º≈‘µ¿—≥±å

ø≈ŸÕÕ‰√¥å™π‘¥‡¥’¬«°—π‚¥¬„™â ∂‘µ‘«‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß

§à“‡©≈’Ë¬·∫∫∑’ (Independent t-test) ∑’Ë√–¥—∫π—¬ ”§—≠ .05

º≈°“√»÷°…“

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß°≈ÿà¡

µ—«Õ¬à“ß∑’Ë„™â≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡æ∫«à“ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

°—∫°≈ÿà¡§«∫§ÿ¡¡’‡æ’¬ß°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫∑’Ë¡’§à“‡©≈’Ë¬

·√ß‡ ’¬¥∑“π ∂‘µ‡æ‘Ë¡¢÷ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (§à“

æ’‡∑à“°—∫ .013) ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π

 ∂‘µ√–À«à“ß°≈ÿà¡µ—«Õ¬à“ß∑’Ëºà“π°“√·™à„π “√≈–≈“¬ 3 ™π‘¥

æ∫«à“ §à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π¢Õß°≈ÿà¡¬“ ’øíπ¡’§à“πâÕ¬°«à“

°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (§à“

æ’‡∑à“°—∫ .035) „π¢≥–∑’Ë§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ¢Õß°≈ÿà¡
πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘°—∫°≈ÿà¡µ—«Õ¬à“ß°≈ÿà¡Õ◊ËπÊ ¥—ß· ¥ß„π√Ÿª∑’Ë 1

* = statistically significant difference at p < .05
** = statistically significant difference at p < .01
*** = statistically significant difference at p < .001

√Ÿª∑’Ë 1 °“√‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ ·≈–≈«¥‡∫µ“‰∑‡∑‡π’¬¡

Fig. 1 Comparison the mean static friction forces of stainless steel wire groups and beta-titanium wire groups
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 à«π„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡∫µ“‰∑‡∑‡π’¬¡æ∫«à“
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡§«∫§ÿ¡ ¡’‡æ’¬ß°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å
™π‘¥‡§≈◊Õ∫‡™àπ°—π∑’Ë¡’§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ‡æ‘Ë¡¢÷ÈπÕ¬à“ß
¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (§à“æ’‡∑à“°—∫ .000) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“
‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡∫µ“
‰∑‡∑‡π’¬¡ ÷́Ëßºà“π°“√·™à„π “√≈–≈“¬ 3 ™π‘¥ æ∫«à“§à“
‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ¢Õß°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫¡’§à“
¡“°°«à“§à“‡©≈’Ë¬¢Õß°≈ÿà¡¬“ ’øíπ·≈–°≈ÿà¡πÈ”¬“∫â«πª“°
ø≈ŸÕÕ‰√¥åÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ‚¥¬¡’§à“æ’‡∑à“°—∫ .004
·≈– .015 µ“¡≈”¥—∫ ·µà‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘µ‘‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ
√–À«à“ß°≈ÿà¡¬“ ’øíπ·≈–°≈ÿà¡πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å ¥—ß
· ¥ß„π√Ÿª∑’Ë 1

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬¢Õß¢π“¥·√ß‡ ’¬¥∑“π ∂‘µ
√–À«à“ß≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥‡∫µ“‰∑‡∑‡π’¬¡„π
°≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡∑’Ëºà“π°“√·™à„π “√≈–≈“¬∑’Ë‰¥â®“°

º≈‘µ¿—≥±åø≈ŸÕÕ‰√¥å™π‘¥‡¥’¬«°—πæ∫«à“ °≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â
≈«¥‡∫µ“‰∑‡∑‡π’¬¡¡’§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ¡“°°«à“
°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡Õ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘‡©æ“–„π°≈ÿà¡¬“ ’øíπ·≈–°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥
‡§≈◊Õ∫‡∑à“π—Èπ ‚¥¬¡’§à“æ’‡∑à“°—∫ .003 ·≈– .004 µ“¡≈”¥—∫
 à«π„π°≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å‰¡àæ∫
§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘¢Õß§à“‡©≈’Ë¬·√ß‡ ’¬¥-
∑“π ∂‘µ√–À«à“ß°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥∑—Èß 2 ™π‘¥ ¥—ß· ¥ß
„π√Ÿª∑’Ë 2

¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥
· ¥ß„Àâ‡ÀÁπ«à“ æ◊Èπº‘«¢Õß·∫√Á°‡°µ·≈–≈«¥∑—Èß 2 ™π‘¥„π
°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫¡’°“√°—¥°√àÕπ¡“°°«à“æ◊Èπº‘«¢Õß
·∫√Á°‡°µ·≈–≈«¥„π°≈ÿà¡Õ◊ËπÊ Õ¬à“ß™—¥‡®π ‚¥¬æ◊Èπº‘«¢Õß
·∫√Á°‡°µ„π°≈ÿà¡¬“ ’øíπ·≈–πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥åπ—Èπ∂Ÿ°
°—¥°√àÕπ‡ªìπ√àÕß≈÷°·≈–·§∫ °√–®“¬µ—«Õ¬Ÿà∑—Ë«‰ª ·µàæ◊Èπº‘«
 à«π„À≠à¬—ß‡√’¬∫‡À¡◊Õπ°—∫·∫√Á°‡°µ„π°≈ÿà¡§«∫§ÿ¡ „π¢≥–

**  =   statistically significant difference at p < .01

√Ÿª∑’Ë 2 °“√‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–≈«¥‡∫µ“‰∑‡∑‡π’¬¡
„π°≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡∑’Ëºà“π°“√·™à„π “√≈–≈“¬™π‘¥‡¥’¬«°—π

Fig. 2 Comparison the mean static friction forces of stainless steel wire groups to those of beta-titanium wire
groups which were immersed in the same solution
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∑’Ëæ◊Èπº‘«¢Õß·∫√Á°‡°µ„π°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫¡’°“√
À≈ÿ¥≈Õ°‡ªìπ·Õàß°«â“ß ∑”„Àâæ◊Èπº‘«¡’§«“¡¢√ÿ¢√–¡“° ¥—ß
√Ÿª∑’Ë 3 ‡¡◊ËÕæ‘®“√≥“≈—°…≥–°“√°—¥°√àÕπ¢Õßæ◊Èπº‘«¢Õß≈«¥
„π°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫æ∫«à“ æ◊Èπº‘«≈«¥¡’°“√

°—¥°√àÕπ‡ªìπ√àÕßµ“¡‡ âπ„π·π«¢«“ß∑’Ë‡°‘¥®“°°√–∫«π°“√
º≈‘µ‡™àπ‡¥’¬«°—∫„π°≈ÿà¡¬“ ’øíπ·≈–πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å
·≈–¬—ßæ∫°“√·µ°√â“«·≈–À≈ÿ¥≈Õ°¢Õßæ◊Èπº‘«¢Õß≈«¥Õ’°¥â«¬
¥—ß√Ÿª∑’Ë 4

√Ÿª∑’Ë 3 ¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥¢Õßæ◊Èπº‘«¢Õß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡¢Õß°≈ÿà¡µ—«Õ¬à“ß
∑’Ë„™â≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ (§Õ≈—¡πå´â“¬) ·≈–°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡∫µ“‰∑‡∑‡π’¬¡ (§Õ≈—¡πå¢«“) „π°≈ÿà¡§«∫§ÿ¡
(A, B) °≈ÿà¡∑’Ëºà“π°“√·™à„π “√≈–≈“¬®“°¬“ ’øíπº ¡ø≈ŸÕÕ‰√¥å (C, D) °≈ÿà¡∑’Ëºà“π°“√·™à„π “√≈–≈“¬®“°πÈ”¬“
∫â«πª“°ø≈ŸÕÕ‰√¥å (E, F) ·≈–°≈ÿà¡∑’Ëºà“π°“√·™à„π “√≈–≈“¬®“°‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫ (G, H)

Fig 3. Scanning electron micrographs of stainless steel bracket surfaces of stainless steel wire groups (left
column) and beta-titanium wire groups (right column) in the control group (A, B), toothpaste solution-
immersed groups (C, D) mouthwash solution-immersed groups (E, F) and APF solution-immersed
groups (G, H)
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√Ÿª∑’Ë 4 ¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥¢Õßæ◊Èπº‘«¢Õß≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ (§Õ≈—¡πå´â“¬) ·≈–
≈«¥‡∫µ“‰∑‡∑‡π’¬¡ (§Õ≈—¡πå¢«“) „π°≈ÿà¡§«∫§ÿ¡ (A, B) °≈ÿà¡∑’Ëºà“π°“√·™à„π “√≈–≈“¬®“°¬“ ’øíπº ¡ø≈ŸÕÕ‰√¥å
(C, D) °≈ÿà¡∑’Ëºà“π°“√·™à„π “√≈–≈“¬®“°πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å (E, F) ·≈–°≈ÿà¡∑’Ëºà“π°“√·™à„π “√≈–≈“¬®“°
‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫ (G, H)

Fig 4. Scanning electron micrographs of stainless steel wire surfaces (left column) and beta-titanium wire
surfaces (right column) in the control group (A, B), toothpaste solution-immersed groups (C, D) mouth-
wash solution-immersed groups (E, F) and APF solution-immersed groups (G, H)
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º≈¢Õß°“√«—¥§à“‡©≈’Ë¬§«“¡‡ªìπ°√¥-‡∫ ¢Õß “√≈–≈“¬
æ∫«à“  “√≈–≈“¬®“°‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫¡’ƒ∑∏‘Ï‡ªìπ°√¥
¡“°∑’Ë ÿ¥√Õß≈ß¡“ §◊Õ  “√≈–≈“¬®“°πÈ”¬“∫â«πª“°  à«π
 “√≈–≈“¬®“°¬“ ’øíπ¡’§ÿ≥ ¡∫—µ‘‡ªìπ°≈“ß ¥—ß· ¥ß„πµ“√“ß
∑’Ë 1 ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§«“¡‡¢â¡¢âπ¢Õßø≈ŸÕÕ‰√¥å‰ÕÕÕπ
√–À«à“ß “√≈–≈“¬ø≈ŸÕÕ‰√¥å 3 ™π‘¥æ∫«à“ “√≈–≈“¬®“°‡®≈
ø≈ŸÕÕ‰√¥å ™π‘¥‡§≈◊Õ∫¡’√–¥—∫§«“¡‡¢â¡¢âπ¢Õßø≈ŸÕÕ‰√¥å‰ÕÕÕπ
 Ÿß∑’Ë ÿ¥ √Õß≈ß¡“ §◊Õ  “√≈–≈“¬®“°¬“ ’øíπ ·≈– “√≈–≈“¬
®“°πÈ”¬“∫â«πª“° µ“¡≈”¥—∫ ¥—ß· ¥ß„πµ“√“ß∑’Ë 1

«‘®“√≥å

√–¬–‡«≈“„π°“√·™àµ—«Õ¬à“ß·≈–§«“¡‡¢â¡¢âπ¢Õß “√
≈–≈“¬·µà≈–™π‘¥„πß“π«‘®—¬§√—Èßπ’È‰¥âæ¬“¬“¡®”≈Õß°“√„™â
º≈‘µ¿—≥±åø≈ŸÕÕ‰√¥å„π™’«‘µª√–®”«—π¢ÕßºŸâªÉ«¬„π™à«ß√–¬–
‡«≈“ 12  —ª¥“Àå ´÷Ëß‡ªìπ™à«ß‡«≈“∑’Ë≈«¥‡À≈’Ë¬¡ 1 ‡ âπ¡—°®–
∂Ÿ°„™âÕ¬à“ßµàÕ‡π◊ËÕß„π™àÕßª“°  à«π “‡Àµÿ∑’Ë°”Àπ¥¡ÿ¡
°√–∑”√–À«à“ß·∫√Á°‡°µ·≈–≈«¥„Àâ‡∑à“°—∫ 1 Õß»“‡π◊ËÕß®“°
‡ªìπ§à“ª√–¡“≥¢Õß¡ÿ¡«‘°ƒµ∑’Ë¡’¢π“¥ 0.8310 Õß»“ °“√
°”Àπ¥¢π“¥¡ÿ¡„π°“√«‘®—¬„Àâ‡∑à“°—∫¡ÿ¡«‘°ƒµ‡ªìπ°“√§«∫§ÿ¡
æ◊Èπ —¡º— √–À«à“ß·∫√Á°‡°µ·≈–≈«¥„Àâ®”°—¥Õ¬Ÿà„π·π«
∑·¬ß¡ÿ¡∑ÿ°§√—Èß∑’Ë∑”°“√∑¥ Õ∫ ÷́Ëß·µ°µà“ß‰ª®“°°“√°”Àπ¥
§à“¡ÿ¡„π°“√«‘®—¬„Àâ‡ªìπ 0 Õß»“∑’Ë≈«¥ “¡“√∂ —¡º— °—∫
·∫√Á°‡°µ‰¥âÀ≈“°À≈“¬√Ÿª·∫∫

º≈®“°°“√»÷°…“æ∫«à“ ∑—Èß„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥
‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡∫µ“‰∑‡∑‡π’¬¡
¡’‡æ’¬ß°≈ÿà¡µ—«Õ¬à“ß∑’Ëºà“π°“√·™à„π “√≈–≈“¬®“°‡®≈ø≈ŸÕÕ‰√¥å
™π‘¥‡§≈◊Õ∫‡∑à“π—Èπ∑’Ë¡’§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ¡“°°«à“°≈ÿà¡
§«∫§ÿ¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“
¢Õß Kao ·≈–§≥–5 ∑’Ëæ∫«à“§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ
√–À«à“ß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡°—∫≈«¥‡À≈Á°°≈â“
‰¡à‡ªìπ π‘¡ ≈«¥‡∫µ“‰∑‡∑‡π’¬¡ ·≈–≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡
¿“¬À≈—ß®“°ºà“π°“√·™à„ππÈ”¬“·Õ´‘¥Ÿ‡≈µ‡µ∑øÕ ‡øµø≈ŸÕÕ‰√¥å
∑’Ë¡’§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.2 ¡’§à“¡“°°«à“°≈ÿà¡§«∫§ÿ¡∑’Ëºà“π
°“√·™à„ππÈ”≈“¬‡∑’¬¡Õ¬à“ß¡’π—¬ ”§—≠

¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥
‰¥â· ¥ß„Àâ‡ÀÁπ«à“æ◊Èπº‘«¢Õß·∫√Á°‡°µ·≈–≈«¥∑—Èß 2 ™π‘¥„π
°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫¡’°“√°—¥°√àÕπ¡“°°«à“æ◊Èπº‘«¢Õß
·∫√Á°‡°µ·≈–≈«¥„π°≈ÿà¡Õ◊ËπÊ Õ¬à“ß™—¥‡®π ‚¥¬ “‡Àµÿ∑’Ë
µ—«Õ¬à“ß„π°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫∂Ÿ°°—¥°√àÕπ¡“°°«à“
µ—«Õ¬à“ß„π°≈ÿà¡Õ◊ËπÊ Õ“®‡ªìπ‡æ√“– “√≈–≈“¬®“°‡®≈
ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫¡’§«“¡‡¢â¡¢âπ¢Õßø≈ŸÕÕ‰√¥å‰ÕÕÕπ Ÿß∂÷ß
12,282.80 æ’æ’‡ÕÁ¡ ´÷Ëß¡“°°«à“ “√≈–≈“¬®“°¬“ ’øíπº ¡
ø≈ŸÕÕ‰√¥å·≈– “√≈–≈“¬®“°πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å∑’Ë¡’
§«“¡‡¢â¡¢âπ¢Õßø≈ŸÕÕ‰√¥å‰ÕÕÕπ 996.02 æ’æ’‡ÕÁ¡ ·≈–
225.97 æ’æ’‡ÕÁ¡ µ“¡≈”¥—∫ ‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫®÷ß
 “¡“√∂∑”„Àâ‡°‘¥°“√°—¥°√àÕπ¢Õßæ◊Èπº‘«·∫√Á°‡°µ·≈–≈«¥‰¥â
¡“°°«à“ ÷́Ëß Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Huang4 ∑’Ëæ∫«à“
æ◊Èπº‘«¢Õß≈«¥π‘°‡°‘≈‰∑‡∑‡π’¬¡∑’Ëºà“π°“√·™à„π‡®≈ø≈ŸÕÕ‰√¥å

µ“√“ß∑’Ë 1 °“√‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬§«“¡‡ªìπ°√¥-‡∫ ·≈–§«“¡‡¢â¡¢âπ¢Õßø≈ŸÕÕ‰√¥å‰ÕÕÕπ√–À«à“ß “√≈–≈“¬ø≈ŸÕÕ‰√¥å 3 ™π‘¥

Table 1 comparison the mean pH and fluoride ion concentration of three types of fluoride solutions
Solution

Solution Mean pH Fluoride ion concentration
(ppm)

Toothpaste solution 7.00 996.02

Mouthwash solution 6.09 225.97

Fluoride gel solution 5.18 12,282.80
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∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õßø≈ŸÕÕ‰√¥å‰ÕÕÕπ Ÿß (17,000 æ’æ’‡ÕÁ¡) ¡’
°“√°—¥°√àÕπ¡“°°«à“≈«¥„π°≈ÿà¡§«∫§ÿ¡∑’Ëºà“π°“√·™à„ππÈ”≈“¬
‡∑’¬¡Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘  à«π≈«¥∑’Ëºà“π°“√·™à„π
πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å·≈–„ππÈ”≈“¬‡∑’¬¡∑’Ëº ¡¬“ ’øíπ
ø≈ŸÕÕ‰√¥å∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õßø≈ŸÕÕ‰√¥å‰ÕÕÕπµË” (πâÕ¬°«à“
2,500 æ’æ’‡ÕÁ¡) °≈—∫‰¡àæ∫«à“¡’°“√°—¥°√àÕπ¢Õßæ◊Èπº‘«≈«¥ ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫°≈ÿà¡§«∫§ÿ¡

 “‡ÀµÿÕ’°ª√–°“√Àπ÷Ëß ‰¥â·°à §«“¡‡ªìπ°√¥¢Õß “√
≈–≈“¬ °“√»÷°…“ à«π„À≠àæ∫«à“  ¿“«–∑’Ë‡ªìπ°√¥®– àß‡ √‘¡
„Àâ‡°‘¥°“√°—¥°√àÕπ¢Õß·∫√Á°‡°µ·≈–≈«¥6,10,19 ‡π◊ËÕß®“°
„π ¿“«–∑’Ë‡ªìπ°√¥  “√ª√–°Õ∫ø≈ŸÕÕ‰√¥å∑’Ë¡’ª√–®ÿ ‡™àπ
‚´‡¥’¬¡ø≈ŸÕÕ‰√¥å (sodium fluoride) À√◊Õ‰Œ‚¥√‡®πø≈ŸÕÕ‰√¥å
(hydrogen fluoride)  “¡“√∂∑”≈“¬™—Èπ¢Õßøî≈å¡ÕÕ°‰´¥å
(oxide film) ∑’ËÕ¬Ÿà∫πº‘«¢Õß‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡·≈–
‚≈À–º ¡‰∑‡∑‡π’¬¡‰¥â ‡æ√“– “√ª√–°Õ∫ø≈ŸÕÕ‰√¥å®–∑”
ªØ‘°‘√‘¬“°—∫‰Œ‚¥√‡®π‰ÕÕÕπ∑”„Àâ‡°‘¥°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°
(hydrofluoric acid) ¢÷Èπ ¥—ß ¡°“√

NaF + H+ → HF + Na+

∫πæ◊Èπº‘«¢Õß‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ °√¥‰Œ‚¥√ø≈ŸÕÕ√‘°
∑’Ë‰¥âπ’È®–∑”ªØ‘°‘√‘¬“°—∫‚§√‡¡’¬¡ÕÕ°‰´¥å (chromium oxide)
¥—ß ¡°“√µàÕ‰ªπ’È

Cr2O3 + 6HF → 2CrF3 + 3H2O

·≈–∫πæ◊Èπº‘«¢Õß‚≈À–º ¡‰∑‡∑‡π’¬¡ °√¥‰Œ‚¥√-
ø≈ŸÕÕ√‘°®–∑”ªØ‘°‘√‘¬“°—∫‰∑‡∑‡π’¬¡ÕÕ°‰´¥å (titanium
oxide) ¥—ß ¡°“√µàÕ‰ªπ’È

Ti2O3 + 6HF → 2TiF3 + 3H2O

À√◊Õ TiO2 + 4HF → TiF4 + 2H2O

À√◊Õ TiO2 + 2HF → TiOF2 + H2O

 “√ª√–°Õ∫ø≈ŸÕÕ‰√¥å∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“‡À≈à“π’È
 “¡“√∂≈–≈“¬πÈ”‰¥â ®÷ß∑”„Àâ‡°‘¥°“√ Ÿ≠‡ ’¬™—Èπ¢Õßøî≈å¡
ÕÕ°‰´¥å∑’Ëª°ªÑÕßæ◊Èπº‘«¢Õß‚≈À–‰ª ·≈–∑”„Àâ‡°‘¥°“√
°—¥°√àÕπµ“¡¡“3,20

º≈®“°°“√»÷°…“„π§√—Èßπ’Èæ∫«à“  “√≈–≈“¬®“°‡®≈
ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫¡’§à“§«“¡‡ªìπ°√¥-‡∫  5.18 ́ ÷ËßµË”°«à“

 “√≈–≈“¬®“°¬“ ’øíπº ¡ø≈ŸÕÕ‰√¥å·≈–πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å
∑’Ë¡’§à“§«“¡‡ªìπ°√¥-‡∫  7.00 ·≈– 6.09 µ“¡≈”¥—∫
 “√≈–≈“¬®“°‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫®÷ß¡’§«“¡‡¢â¡¢âπ
¢Õß‰Œ‚¥√‡®π‰ÕÕÕπ¡“°°«à“ “√≈–≈“¬Õ◊ËπÊ ¥â«¬‡Àµÿπ’È®÷ß
 àßº≈„Àâµ—«Õ¬à“ß „π°≈ÿà¡ ‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫∂Ÿ°°—¥°√àÕπ
‰¥â¡“°°«à“µ—«Õ¬à“ß„π°≈ÿà¡Õ◊ËπÊ

¥—ßπ—Èπ‡¡◊ËÕæ◊Èπº‘«¢Õß·∫√Á°‡°µ·≈–≈«¥„π°≈ÿà¡‡®≈
ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫∂Ÿ°°—¥°√àÕπ¡“°°«à“„π°≈ÿà¡Õ◊ËπÊ ®÷ß∑”„Àâ
¡’§«“¡¢√ÿ¢√–¢Õßæ◊Èπº‘«‡æ‘Ë¡¢÷Èπ  àßº≈∑”„Àâ§à“·√ß‡ ’¬¥∑“π
 ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–≈«¥¢Õß°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥
‡§≈◊Õ∫¡’§à“¡“°°«à“°≈ÿà¡µ—«Õ¬à“ß°≈ÿà¡Õ◊ËπÊ

 à«π¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ·∫∫
 àÕß°√“¥∑’Ë· ¥ß°“√°—¥°√àÕπ¢Õßæ◊Èπº‘«¢Õß·∫√Á°‡°µ·≈–≈«¥
∑—Èß 2 ™π‘¥∑’Ëºà“π°“√·™à„π “√≈–≈“¬®“°¬“ ’øíπ ·≈–πÈ”¬“∫â«π
ª“°ø≈ŸÕÕ‰√¥å ¥—ß· ¥ß„π√Ÿª∑’Ë 3 ·≈– 4 Õ“® “¡“√∂π”¡“
Õ∏‘∫“¬ “‡Àµÿ¢Õß°“√‡æ‘Ë¡¢÷Èπ¢Õß§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ
¢Õß°≈ÿà¡¬“ ’øíπ ·≈–πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å‡¡◊ËÕ‡ª√’¬∫
‡∑’¬∫°—∫§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ¢Õß°≈ÿà¡§«∫§ÿ¡ ∂÷ß·¡â«à“
®–‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘°Áµ“¡

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß
°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥ 2 ™π‘¥æ∫«à“ „π°≈ÿà¡πÈ”¬“∫â«πª“°
·≈–°≈ÿà¡§«∫§ÿ¡∑’Ë‰¡à‰¥âºà“π°“√·™à„π “√≈–≈“¬„¥Ê ‰¡àæ∫
§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘¢Õß§à“‡©≈’Ë¬·√ß‡ ’¬¥-
∑“π ∂‘µ ´÷Ëß¢—¥·¬âß°—∫°“√»÷°…“∑’Ëºà“π¡“∑’Ëæ∫«à“ ≈«¥‡∫µ“-
‰∑‡∑‡π’¬¡∑”„Àâ‡°‘¥·√ß‡ ’¬¥∑“π ∂‘µ√–À«à“ß·∫√Á°‡°µ·≈–
≈«¥‰¥â¡“°°«à“≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡21-24 ¡’‡æ’¬ß°≈ÿà¡
µ—«Õ¬à“ß∑’Ë„™â≈«¥‡∫µ“‰∑‡∑‡π’¬¡„π°≈ÿà¡¬“ ’øíπ ·≈–°≈ÿà¡‡®≈
ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫‡∑à“π—Èπ∑’Ë¡’§à“‡©≈’Ë¬¢Õß¢π“¥·√ß‡ ’¬¥∑“π
 ∂‘µ Ÿß°«à“°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡Õ¬à“ß¡’π—¬
 ”§—≠∑“ß ∂‘µ‘ ÷́Ëß Õ¥§≈âÕß°—∫¿“æ∂à“¬®“°°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥∑’Ë· ¥ß„Àâ‡ÀÁπ«à“ ≈«¥‡∫µ“‰∑‡∑‡π’¬¡
„π°≈ÿà¡¬“ ’øíπ·≈–°≈ÿà¡‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫¡’°“√°—¥°√àÕπ
¢Õßæ◊Èπº‘«¡“°°«à“„π°≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡πÈ”¬“∫â«πª“°
ø≈ŸÕÕ‰√¥åÕ¬à“ß‡ÀÁπ‰¥â™—¥‡®π ́ ÷ËßÕ“®¡’ “‡Àµÿ¡“®“°§«“¡‡¢â¡¢âπ
¢Õßø≈ŸÕÕ‰√¥å‰ÕÕÕπ„π “√≈–≈“¬®“°‡®≈ø≈ŸÕÕ‰√¥å™π‘¥
‡§≈◊Õ∫∑’Ë¡’§à“ Ÿß¡“° ·≈–√–¬–‡«≈“„π°“√·™àµ—«Õ¬à“ß„π°≈ÿà¡
¬“ ’øíπ∑’Ë¬“«π“π°«à“°≈ÿà¡µ—«Õ¬à“ß°≈ÿà¡Õ◊ËπÊ ®÷ß∑”„Àâ°“√
°—¥°√àÕπ¢Õß≈«¥‡∫µ“‰∑‡∑‡π’¬¡·≈–≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡
„π “√≈–≈“¬∑—Èß 2 ™π‘¥π’È¡’§«“¡·µ°µà“ß°—π¡“°°«à“„π°≈ÿà¡
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§«∫§ÿ¡·≈–°≈ÿà¡πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å ®÷ß àßº≈∑”„Àâ‡°‘¥
§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬·√ß‡ ’¬¥∑“π ∂‘µµ“¡¡“„π∑’Ë ÿ¥

Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫≈—°…≥–¢Õß°“√°—¥°√àÕπ
¢Õßæ◊Èπº‘«·∫√Á°‡°µ√–À«à“ß°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥ 2 ™π‘¥∑’Ë
ºà“π°“√·™à„π “√≈–≈“¬®“°‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫æ∫«à“
æ◊Èπº‘«¢Õß·∫√Á°‡°µ„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ
 π‘¡¡’°“√À≈ÿ¥≈Õ°‡ªìπ·ºàπ ∑”„Àâ‡°‘¥≈—°…≥–‡ªìπ·Õàß°«â“ß
·µà‰¡àæ∫≈—°…≥–°“√°—¥°√àÕπ·∫∫‡ªìπ√àÕß „π¢≥–∑’Ëæ◊Èπº‘«
¢Õß·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë„™â≈«¥
‡∫µ“‰∑‡∑‡π’¬¡°≈—∫æ∫≈—°…≥–°“√°—¥°√àÕπ‡ªìπ√àÕß‡™àπ‡¥’¬«
°—∫·∫√Á°‡°µ„π°≈ÿà¡¬“ ’øíπ·≈–πÈ”¬“∫â«πª“°ø≈ŸÕÕ‰√¥å  ·µà
√àÕß∑’Ëæ∫¡’§«“¡°«â“ß·≈–§«“¡≈÷°¡“°°«à“ πÕ°®“°π’È¬—ßæ∫
°“√À≈ÿ¥≈Õ°¢Õßæ◊Èπº‘«¢Õß‚≈À–‰¥â‡™àπ‡¥’¬«°—π°—∫°≈ÿà¡µ—«Õ¬à“ß
∑’Ë„™â≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡∑’Ëºà“π°“√·™à„π “√≈–≈“¬®“°
‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫ ·µà¡’°“√À≈ÿ¥≈Õ°¢Õßæ◊Èπº‘«„π
ª√‘¡“≥∑’ËπâÕ¬°«à“  “‡Àµÿ∑’Ë‡ªìπ‡™àππ’È “¡“√∂Õ∏‘∫“¬‰¥â¥â«¬
∑ƒ…Æ’°“√°—¥°√àÕπ·∫∫°—≈«“π‘° (galvanic corrosion) π—Ëπ
§◊Õ ‡¡◊ËÕ‚≈À– 2 ™π‘¥Õ¬Ÿà„π “√≈–≈“¬Õ‘‡≈Á°‚∑√‰≈µå‡¥’¬«°—π
‚≈À–∑’Ë¡’§à“»—°¬å√’¥—°™—π¡“µ√∞“π (standard electrode
potential, E0)  Ÿß°«à“®–‡°‘¥ªØ‘°‘√‘¬“√’¥—°™—π (reduction
reaction) ∑”Àπâ“∑’Ë‡ªìπ¢—È«·§‚∑¥ (cathode) ¡’°“√√—∫
Õ‘‡≈Á°µ√Õπ  à«π‚≈À–∑’Ë¡’§à“»—°¬å√’¥—°™—π¡“µ√∞“πµË”°«à“®–
∑”Àπâ“∑’Ë‡ªìπ¢—È«·Õ‚π¥ (anode) ·≈–‡°‘¥ªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—π
(oxidation reaction) ¡’°“√ Ÿ≠‡ ’¬Õ‘‡≈Á°µ√Õπ ∑”„Àâ¡’°“√
°—¥°√àÕπ‡°‘¥¢÷Èπ∑’Ë¢—È«·Õ‚π¥ À≈—°°“√π’È‰¥â∂Ÿ°π”‰ªª√–¬ÿ°µå„™â
„π°“√ªÑÕß°—π°“√°—¥°√àÕπÀ√◊Õ°“√‡°‘¥ π‘¡¢Õß‚≈À–„πß“π
Õÿµ “À°√√¡¢π“¥„À≠à∑’Ë®”‡ªìπµâÕß¡’°“√·™à‚≈À–„ππÈ”À√◊Õ
Ωíß‚≈À–„µâ¥‘π ‚¥¬‡√’¬°°—π«à“ °“√ªÑÕß°—π·∫∫·§‚∑¥‘°
(cathodic protection) ‡™àπ °“√µàÕ‚≈À–Õ–≈Ÿ¡‘‡π’¬¡À√◊Õ
 —ß°– ’‡¢â“°—∫∑àÕ àßπÈ”¡—π∑’Ë∑”®“°‡À≈Á° ‡æ◊ËÕ„ÀâÕ–≈Ÿ¡‘‡π’¬¡À√◊Õ
 —ß°– ’∑”Àπâ“∑’Ë‡ªìπ¢—È«·Õ‚π¥ ·¬àß®à“¬Õ‘‡≈Á°µ√Õπ ‡ªìπµâπ25

¥—ßπ—Èπ‡¡◊ËÕ·™à·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡æ√âÕ¡°—∫≈«¥‡∫µ“
‰∑‡∑‡π’¬¡ ·∫√Á°‡°µ‡À≈Á°°≈â“‡ªìπ π‘¡∑’Ë¡’§à“»—°¬å√’¥—°™—π
¡“µ√∞“π Ÿß°«à“®÷ß∑”Àπâ“∑’Ë‡ªìπ¢—È«·§‚∑¥  à«π≈«¥‡∫µ“
‰∑‡∑‡π’¬¡∑’Ë¡’§à“»—°¬å√’¥—°™—π¡“µ√∞“πµË”°«à“∑”Àπâ“∑’Ë‡ªìπ
¢—È«·Õ‚π¥ ∑”„Àâ≈«¥‡∫µ“‰∑‡∑‡π’¬¡„π°≈ÿà¡π’È¡’°“√°—¥°√àÕπ
¡“° „π¢≥–∑’Ë·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡°≈—∫¡’°“√°—¥°√àÕπ
πâÕ¬°«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫·∫√Á°‡°µ‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡
∑’Ë·™àæ√âÕ¡°—∫≈«¥‡À≈Á°°≈â“‰¡à‡ªìπ π‘¡ ¥â«¬‡Àµÿπ’È°“√‡§≈◊Õ∫
‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫„π¢≥–∑’Ë„™â·∫√Á°‡°µ‡À≈Á°°≈â“

‰¡à‡ªìπ π‘¡√à«¡°—∫≈«¥∑’Ë∑”®“°‚≈À–º ¡‰∑‡∑‡π’¬¡ ®÷ßÕ“®
™à«¬≈¥°“√°—¥°√àÕπ¢Õß·∫√Á°‡°µ≈ß‰¥â ·µà§«√‡ª≈’Ë¬π≈«¥
¿“¬À≈—ß®“°°“√‡§≈◊Õ∫‡®≈ø≈ŸÕÕ‰√¥å™π‘¥‡§≈◊Õ∫
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Abstract

Objective To investigate and compare the levels of static frictional forces between stainless steel
brackets and two types of orthodontic wires after immersion in three types of solutions which contained
fluoride products.

Materials and methods Canine standard stainless steel brackets (Dyna-lock, 3M Unitek) with
stainless steel wires (Stainless Steel, Ormco) and beta-titanium wires (TMA, Ormco) were immersed
in three types of the solutions which contained the artificial saliva and fluoride products: fluoride
toothpaste, fluoride mouthwash and fluoride gel (APF) at 37 ÌC. In this study, each group included
25 bracket-wire specimens. The static frictional forces were measured by using a Lloyd Universal
Testing Machine, Model LR 10 K (Lloyd Instruments, UK) with a 5-N load cell. The wires were
ligated by elastomeric rings to the brackets which were attached to the crosshead of the machine.
The brackets were pulled up at a speed of 0.1 mm per minute for a distance of 0.5 mm. The control
tests were performed using specimens that had not been dipped in any solution. Two-way ANOVA
(α = 0.05) was used to test for significant differences among the groups of specimens.
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Results When comparing the control groups, only the mean static frictional forces of the
APF-immersed groups in both stainless steel wire group and beta-titanium wire group were
significantly greater than those of their control groups at p = .013 and p = .000, respectively. When
comparing the mean static frictional forces of stainless steel groups to those of beta-titanium groups
which were immersed in the same solution, the mean static frictional forces of stainless steel groups
were lower than those of beta-titanium groups in which the specimens were dipped in the toothpaste
solution and the APF solution at p = .003 and p = .004, respectively. There was no significant
difference between the mean static frictional forces of stainless steel group and beta-titanium group
in the control group and the mouthwash solution-immersed group.

Conclusion Immersion of stainless steel brackets, stainless steel wires and beta-titanium wires in
the APF solution can increase the static frictional forces between brackets and archwires.

(CU Dent J. 2008;31:179-92)

Key words: beta-titanium wire; corrosion; fluoride; stainless steel bracket; stainless steel wire; static
friction


