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

∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫°“√ ÷°·≈–§«“¡À¬“∫º‘«¢Õß‡√ ‘́π§Õ¡‚æ ‘µ 4 ™π‘¥ À≈—ß°“√·ª√ß¥â«¬¬“ ’øíπ
‡æ◊ËÕøíπ¢“« 4 º≈‘µ¿—≥±å

«— ¥ÿ·≈–«‘∏’°“√ ‡µ√’¬¡™‘Èπµ—«Õ¬à“ß‡√´‘π§Õ¡‚æ ‘µ™π‘¥π“‚πøî≈≈å (øî≈‡∑§ ’́ 350 ‡Õ° ǻ∑’) π“‚π‰Œ∫√‘¥ (‡ŒÕ√å§Ÿ
‰≈∑åÕ—≈µ√“) ‰¡‚§√øî≈≈å (¥Ÿ√“øî≈«’‡Õ ) ·≈–‰¡‚§√‰Œ∫√‘¥ (øî≈‡∑§ ’́ 250) ™π‘¥≈– 64 ™‘Èπ ®“°·∫∫À≈àÕ‚≈À– ·∫àß
™‘Èπµ—«Õ¬à“ß‡√ ‘́π§Õ¡‚æ ‘µ·µà≈–™π‘¥ÕÕ°‡ªìπ 4 °≈ÿà¡ °≈ÿà¡≈– 16 ™‘Èπ µ“¡™π‘¥¢Õß¬“ ’øíπ‡æ◊ËÕøíπ¢“« 4 º≈‘µ¿—≥±å
‰¥â·°à  ª“√å§‡§‘≈‰«∑å ø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ß §Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß ·≈–‡ Á́π‚´¥“¬πå‰«∑å‡∑ππ‘ß
«—¥ª√‘¡“µ√·≈–§«“¡À¬“∫º‘«‚¥¬„™â‡§√◊ËÕß‚ª√‰ø‚≈¡‘‡µÕ√å°àÕπ·≈–À≈—ß°“√·ª√ß¥â«¬‡§√◊ËÕß·ª√ßÕ—µ‚π¡—µ‘ ‡¡◊ËÕ„™â
·√ß„π°“√·ª√ß 300 °√—¡ §«“¡‡√Á« 90 √Õ∫µàÕπ“∑’ ®”π«π 20,000 √Õ∫ «‘‡§√“–Àåº≈°“√∑¥≈Õß∑’Ë‰¥â¥â«¬ ∂‘µ‘
§«“¡·ª√ª√«π·∫∫ Õß∑“ß ·≈– ∂‘µ‘·∑¡‡Œπ∑’Ë√–¥—∫π—¬ ”§—≠ 0.05

º≈°“√»÷°…“ À≈—ß°“√·ª√ß¥â«¬¬“ ’øíπ‡æ◊ËÕøíπ¢“«∑ÿ°º≈‘µ¿—≥±åæ∫«à“¥Ÿ√“øî≈«’‡Õ ‡°‘¥°“√ ÷°·≈–§«“¡À¬“∫-
º‘«µà“ß®“°‡ŒÕ√å§Ÿ‰≈∑åÕ—≈µ√“ øî≈‡∑§ ’́ 350 ‡Õ° ǻ∑’ ·≈–øî≈‡∑§ ’́ 250 Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05)
‡´Áπ‚´¥“¬πå‰«∑å‡∑ππ‘ß∑”„Àâ‡√ ‘́π§Õ¡‚æ ‘µ∑—Èß 4 ™π‘¥ ‡°‘¥°“√ ÷°¡“°°«à“ ª“√å§‡§‘≈‰«∑å §Õ≈‡°µ·Õ¥«“π å‰«∑å-
‡∑ππ‘ß ·≈–ø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ß ‡´Áπ‚´¥“¬πå‰«∑å‡∑ππ‘ß  ª“√å§‡§‘≈‰«∑å ·≈–§Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß
∑”„Àâ‡√´‘π§Õ¡‚æ ‘µ‡°‘¥§«“¡À¬“∫º‘«¡“°°«à“ø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ß

 √ÿª ¥Ÿ√“øî≈«’‡Õ ‡°‘¥°“√ ÷°·≈–§«“¡À¬“∫º‘«¡“°∑’Ë ÿ¥À≈—ß·ª√ß¥â«¬¬“ ’øíπ‡æ◊ËÕøíπ¢“«∑ÿ°º≈‘µ¿—≥±å ‡ Á́π‚´¥“¬πå
‰«∑å‡∑ππ‘ß  ª“√å§‡§‘≈‰«∑å ·≈–§Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß ∑”„Àâ‡√ ‘́π§Õ¡‚æ ‘µ à«π„À≠à‡°‘¥°“√ ÷°·≈–
§«“¡À¬“∫º‘«¡“°°«à“ø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ß

(« ∑—πµ ®ÿÃ“œ 2555;35:105-18)

§” ”§—≠: °“√ ÷°; °“√ ÷°®“°°“√·ª√ß; §«“¡À¬“∫º‘«; ¬“ ’øíπ‡æ◊ËÕøíπ¢“«; ‡√´‘π§Õ¡‚æ ‘µ
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∫∑π”

‡√´‘π§Õ¡‚æ ‘µ (resin composite) ¡’°“√„™âß“π
Õ¬à“ß°«â“ß¢«“ß‡π◊ËÕß®“°¡’§«“¡ «¬ß“¡ ·≈–‡ªìπ°“√∫Ÿ√≥–
øíπ∑’Ë Ÿ≠‡ ’¬‡π◊ÈÕøíππâÕ¬ ªí®®ÿ∫—π®÷ß¡’°“√æ—≤π“ ¡∫—µ‘∑“ß
°“¬¿“æ·≈–∑“ß°≈ (physical and mechanical pro-
perties) Õ¬à“ßµàÕ‡π◊ËÕß1 ∑—Èß¥â“π§«“¡ «¬ß“¡ §«“¡¡—π‡ß“2

§«“¡§ß∑π¢Õß ’ §«“¡·¢Áß·√ß ·≈–§«“¡µâ“π∑“π°“√ ÷°3

‡√´‘π§Õ¡‚æ ‘µª√–°Õ∫¥â«¬ 3 Õß§åª√–°Õ∫ ‰¥â·°à ‡√´‘π
‡¡∑√‘°´å (resin matrix) «— ¥ÿÕ—¥·∑√° (filler) ·≈– “√
‡™◊ËÕ¡µ‘¥ (silane coupling agent) ‡√ ‘́π‡¡∑√‘°´å à«π„À≠à
¡’ à«πª√–°Õ∫¢ÕßÕ–‚√‡¡µ‘° (aromatic) À√◊ÕÕ–≈‘ø“µ‘°
(aliphatic) ‰¥‡¡∑“§√—¬‡≈∑¡ÕπÕ‡¡Õ√å (dimethacrylate
monomer)  “¡“√∂‡°‘¥ªØ‘°‘√‘¬“°“√‡°‘¥æÕ≈‘‡¡Õ√å (polymeri-
zation) ‰¥â‡¡◊ËÕ∂Ÿ°°√–µÿâπ¥â«¬ªØ‘°‘√‘¬“‡§¡’ (chemical
activation) À√◊Õ°√–µÿâπ¥â«¬· ß∑’Ë “¡“√∂¡Õß‡ÀÁπ‰¥â (visible-
light activation)4 «— ¥ÿÕ—¥·∑√°‡ªìπ à«πª√–°Õ∫∑’Ë¡’Àπâ“∑’Ë
„π°“√‡æ‘Ë¡§«“¡·¢Áß·√ß∑”„Àâ‡√´‘π§Õ¡‚æ ‘µ¡’ ¡∫—µ‘∑“ß°≈
∑’Ë¥’¢÷Èπ ‡™àπ ¡’§«“¡·¢Áßº‘«·≈–§«“¡µâ“π∑“π°“√ ÷°∑’Ë¡“°¢÷Èπ5

 “√‡™◊ËÕ¡µ‘¥∑”Àπâ“∑’Ë‡ªìπµ—«°≈“ß„π°“√‡™◊ËÕ¡µàÕ√–À«à“ß‡√´‘π
‡¡∑√‘°´å·≈–«— ¥ÿÕ—¥·∑√°4 ‡√ ‘́π§Õ¡‚æ ‘µ “¡“√∂®”·π°
µ“¡¢π“¥¢Õß«— ¥ÿÕ—¥·∑√°‰¥â¥—ßπ’È ¡“‚§√øî≈≈å‡√´‘π§Õ¡‚æ ‘µ
(macrofilled resin composites) ‡ªìπ‡√ ‘́π§Õ¡‚æ ‘µ∑’Ë
¡’«— ¥ÿÕ—¥·∑√°¢π“¥„À≠à‡©≈’Ë¬ 10-20 ‰¡‚§√‡¡µ√ ‡¡◊ËÕ‡°‘¥
°“√ ÷°¢Õß‡√ ‘́π‡¡∑√‘°´å®–∑”„Àâæ◊Èπº‘«‡°‘¥≈—°…≥–¢√ÿ¢√–¡’
§«“¡¡—π‡ß“µË” ‰¡‚§√øî≈≈å‡√´‘π§Õ¡‚æ ‘µ (microfilled resin
composites) §◊Õ ‡√´‘π§Õ¡‚æ ‘µ∑’Ë¡’«— ¥ÿÕ—¥·∑√°¢π“¥
‡≈Á°‚¥¬¡’¢π“¥‡©≈’Ë¬ 0.01-0.05 ‰¡‚§√‡¡µ√ ‡¡◊ËÕ¢—¥·≈â«®–¡’
§«“¡‡√’¬∫·≈–§«“¡¡—π‡ß“¡“°¢÷Èπ ‡À¡“– ”À√—∫°“√∫Ÿ√≥–
øíπÀπâ“ ·µà¡’¢âÕ¥âÕ¬ §◊Õ ¡’§«“¡µâ“π∑“π°“√ ÷°µË”®÷ß‰¡à
‡À¡“– ¡„π°“√∫Ÿ√≥–øíπ∫√‘‡«≥∑’Ë√Õß√—∫·√ß ‰Œ∫√‘¥‡√ ‘́π
§Õ¡‚æ ‘µ (hybrid resin composites) §◊Õ ‡√ ‘́π§Õ¡‚æ ‘µ
™π‘¥∑’Ë¡’«— ¥ÿÕ—¥·∑√°¢π“¥·µ°µà“ß°—πÕ¬à“ßπâÕ¬ Õß™π‘¥‡ªìπ
 à«πª√–°Õ∫À≈—° Õ—π‰¥â·°à«— ¥ÿÕ—¥·∑√°¢π“¥„À≠à·≈–‡≈Á°
∑’Ë¡’¢π“¥‡©≈’Ë¬ 10-20 ·≈– 0.01-0.05 ‰¡‚§√‡¡µ√ µ“¡≈”¥—∫6

´÷Ëß¡’°“√æ—≤π“¢÷Èπ‡æ◊ËÕ√«¡ ¡∫—µ‘§«“¡¡—π‡ß“·≈–§«“¡·¢Áß·√ß
‰«â¥â«¬°—π ¥â«¬‡Àµÿπ’È®÷ß “¡“√∂∫Ÿ√≥–‰¥â∑—ÈßøíπÀπâ“·≈–øíπ-
À≈—ß4 µàÕ¡“¡’°“√æ—≤π“‰Œ∫√‘¥‡√ ‘́π§Õ¡‚æ ‘µ„Àâ¡’«— ¥ÿÕ—¥-
·∑√°¢π“¥‡≈Á°≈ß ‚¥¬¡’¢π“¥‡≈Á°°«à“ 1 ‰¡‚§√‡¡µ√ ́ ÷Ëß‡√’¬°«à“
‰¡‚§√‰Œ∫√‘¥ ‡√ ‘́π§Õ¡‚æ ‘µ (microhybrid resin compos-
ites) ∑”„Àâ«— ¥ÿ¡’°“√„™âß“π‰¥âßà“¬ ·≈– “¡“√∂¢—¥‡ß“‰¥â

‡√’¬∫¡—π¡“°¢÷Èπ1 ªí®®ÿ∫—π¡’°“√æ—≤π“‡√´‘π§Õ¡‚æ ‘µ™π‘¥
„À¡à‡ªìπ‡√ ‘́π§Õ¡‚æ ‘µ∑’Ë¡’«— ¥ÿÕ—¥·∑√°¢π“¥‡≈Á°≈ß„π√–¥—∫
π“‚π‡¡µ√ ‚¥¬«— ¥ÿÕ—¥·∑√°¡’¢π“¥‡©≈’Ë¬ 0.1-100 π“‚π‡¡µ√
®÷ß‡√’¬°‡√ ‘́π§Õ¡‚æ ‘µ™π‘¥π’È«à“ π“‚π§Õ¡‚æ ‘µ (nano-
composites) π“‚π§Õ¡‚æ ‘µ¡’¢π“¥«— ¥ÿÕ—¥·∑√°‡≈Á°°«à“
‰¡‚§√øî≈≈å‡√´‘π§Õ¡‚æ ‘µ·µà¡’ª√‘¡“≥¡“°°«à“ ‡π◊ËÕß®“°¡’
°“√π”π“‚π‡∑§‚π‚≈¬’¡“„™âæ—≤π“°“√®—¥‡√’¬ßµ—«¢Õß«— ¥ÿ
Õ—¥·∑√°„π‡√ ‘́π‡¡∑√‘°´å ®÷ß∑”„Àâ¡’ ¡∫—µ‘∑“ß°≈·≈–∑“ß
°“¬¿“æ∑’Ë¥’¢÷Èπ  “¡“√∂„™âß“π‰¥âßà“¬ ¡’§«“¡·¢Áß·√ß¥÷ß
(tensile strength) §«“¡·¢Áß·√ß°¥ (compressive strength)
§«“¡µâ“π∑“π°“√·µ°À—° (resistance to fracture) ¡“°¢÷Èπ7

·≈– “¡“√∂§ß§«“¡¡—π‡ß“ (gloss retention) ‰¥â¥’¢÷Èπ¥â«¬8,9

π“‚π§Õ¡‚æ ‘µ “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ 2 ™π‘¥ §◊Õ π“‚πøî≈≈å
‡√´‘π§Õ¡‚æ ‘µ (nanofilled resin composites) ·≈–π“‚π
‰Œ∫√‘¥‡√´‘π§Õ¡‚æ ‘µ (nanohybrid resin composites)7

°“√·ª√ßøíπ‡ªìπ°“√¥Ÿ·≈§«“¡ –Õ“¥™àÕßª“°∑’Ë„™â„π
™’«‘µª√–®”«—π ‡æ◊ËÕ§«∫§ÿ¡°“√‡°‘¥§√“∫®ÿ≈‘π∑√’¬å (dental
plaque) ∑’Ë¥’∑’Ë ÿ¥  “¡“√∂∑”‡Õß‰¥âßà“¬  –¥«° ·≈–ª√–À¬—¥
·µà°“√·ª√ßøíπ¥â«¬¬“ ’øíπ°Á‡ªìπ “‡ÀµÿÀ≈—°∑’Ë∑”„Àâ‡°‘¥°“√-
 ÷°¢Õß«— ¥ÿ∫Ÿ√≥–∫√‘‡«≥§Õøíπ·≈–∫√‘‡«≥øíπÀπâ“‰¥â10 ÷́Ëß
°“√ ÷°¢Õß«— ¥ÿ∫Ÿ√≥–∑’Ë‡°‘¥¢÷Èπ®–π”‰ª Ÿà°“√‡ª≈’Ë¬π·ª≈ß
≈—°…≥–æ◊Èπº‘«∑”„Àâ«— ¥ÿ¡’§«“¡À¬“∫º‘«∑’Ë¡“°¢÷Èπ °“√¡’§«“¡
À¬“∫º‘«∑’Ë¡“°¢÷Èππ’È∑”„Àâ‡°‘¥º≈‡ ’¬µà“ßÊ µ“¡¡“‰¥â ‡™àπ
°“√ – ¡§√“∫®ÿ≈‘π∑√’¬å¡“°¢÷Èπ °“√‡°‘¥øíπºÿ´È” (secondary
caries) ·≈–‚√§ª√‘∑—πµåÕ—°‡ ∫ (periodontitis)11 ¬“ ’øíπ
∑’Ë„™â„πªí®®ÿ∫—π¡’À≈“¬™π‘¥ ‰¥â·°à ¬“ ’øíπªÑÕß°—πøíπºÿ
¬“ ’øíπ≈¥°“√‡°‘¥§√“∫®ÿ≈‘π∑√’¬å ¬“ ’øíπ≈¥°“√‡ ’¬«øíπ
·≈–¬“ ’øíπ‡æ◊ËÕøíπ¢“« ‚¥¬¬“ ’øíπ·µà≈–™π‘¥®–¡’ ¡∫—µ‘
·µ°µà“ß°—π‰ª µ“¡ ¡∫—µ‘¢Õß “√∑’Ë‡æ‘Ë¡‡µ‘¡≈ß‰ª„π¬“ ’øíπ
™π‘¥π—ÈπÊ ªí®®ÿ∫—π§«“¡ «¬ß“¡‡¢â“¡“¡’∫∑∫“∑„π°“√¥”√ß
™’«‘µ¡“°¢÷Èπ ¬“ ’øíπ‡æ◊ËÕøíπ¢“«®÷ß¡’ºŸâπ‘¬¡„™â¡“° ¬“ ’øíπ
‡æ◊ËÕøíπ¢“«¡’ ¡∫—µ‘‡¥àπ §◊Õ ∑”Àπâ“∑’ËøÕ° ’øíπ §«∫§ÿ¡·≈–
°”®—¥§√“∫ ’∫πµ—«øíπ‡æ◊ËÕ∑”„Àâøíπ¥Ÿ¢“«¢÷Èπ  à«πª√–°Õ∫
„π°“√∑”Àπâ“∑’ËøÕ° ’øíπ §◊Õ  “√øÕ° ’ (bleaching agents)
‰¥â·°à ‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å (hydrogen peroxide) ·≈–
§“√å∫“‰¡¥å‡ªÕ√åÕÕ°‰´¥å (carbamide peroxide)  à«π
ª√–°Õ∫„π°“√∑”Àπâ“∑’Ë°”®—¥§√“∫ ’ §◊Õ  “√¢—¥ ’ (abrasive
agents) ‰¥â·°à ‚´‡¥’¬¡‰∫§“√å∫Õ‡πµ (sodium bicarbonate)
Õ–≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å (aluminium oxide) ‰Œ‡¥√µ´‘≈‘°“
(hydrated silica) ·≈–·§≈‡ ’́¬¡§“√å∫Õ‡πµ (calcium
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carbonate) ‡ªìπµâπ12 ‚¥¬¬“ ’øíπ‡æ◊ËÕøíπ¢“«·µà≈–º≈‘µ¿—≥±å
Õ“®¡’∑—Èß Õß à«πª√–°Õ∫√à«¡°—π À√◊Õ¡’‡æ’¬ß à«πª√–°Õ∫
‡¥’¬«‡∑à“π—Èπ °“√∑’Ë¬“ ’øíπ‡æ◊ËÕøíπ¢“«¡’ à«πª√–°Õ∫„π°“√
‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√°”®—¥§√“∫ ’‡æ◊ËÕ∑”„Àâøíπ¢“«¢÷Èππ’ÈÕ“®
 àßº≈∑”„Àâ‡°‘¥°“√ ÷°¢Õßøíπ·≈–«— ¥ÿ∫Ÿ√≥–µ“¡¡“‰¥â ´÷Ëß
ªí®®—¬∑’Ë‰¥â°≈à“«¡“π’ÈÕ“® àßº≈µàÕ°“√‡ª≈’Ë¬π·ª≈ß≈—°…≥–∑“ß
°“¬¿“æ¢Õßæ◊Èπº‘««— ¥ÿ °“√»÷°…“∂÷ßº≈¢Õß¬“ ’øíπ‡æ◊ËÕøíπ
¢“«µà“ßº≈‘µ¿—≥±åµàÕ°“√ ÷°·≈–§«“¡À¬“∫º‘«¢Õß‡√´‘π
§Õ¡‚æ ‘µ¬—ß¡’πâÕ¬ Õ’°∑—Èß‡√´‘π§Õ¡‚æ ‘µ¬—ß¡’°“√æ—≤π“
Õ¬à“ßµàÕ‡π◊ËÕß ®÷ß‡ªìπ∑’Ëπà“ π„®∑’Ë®–»÷°…“∂÷ßº≈¢Õß¬“ ’øíπ
‡æ◊ËÕøíπ¢“«∑’Ë¡’®”Àπà“¬„πª√–‡∑»‰∑¬µàÕ°“√ ÷°·≈–§«“¡
À¬“∫º‘«¢Õß‡√ ‘́π§Õ¡‚æ ‘µ™π‘¥µà“ßÊ

°“√»÷°…“§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“µ√
°“√ ÷°·≈–°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«¢Õß‡√ ‘́π§Õ¡‚æ ‘µ
4 ™π‘¥ §◊Õ π“‚πøî≈≈å‡√´‘π§Õ¡‚æ ‘µ π“‚π‰Œ∫√‘¥‡√ ‘́π
§Õ¡‚æ ‘µ ‰¡‚§√øî≈≈å‡√´‘π§Õ¡‚æ ‘µ ·≈–‰¡‚§√‰Œ∫√‘¥
‡√´‘π§Õ¡‚æ ‘µ ®“°°“√·ª√ß¥â«¬¬“ ’øíπ‡æ◊ËÕøíπ¢“«µà“ß
º≈‘µ¿—≥±å ‚¥¬¡’ ¡¡ÿµ‘∞“π°“√«‘®—¬«à“™π‘¥¢Õß‡√´‘π§Õ¡‚æ ‘µ
·≈–™π‘¥º≈‘µ¿—≥±å¢Õß¬“ ’øíπ‡æ◊ËÕøíπ¢“«¡’º≈µàÕ°“√ ÷°
·≈–§«“¡À¬“∫º‘«¢Õß‡√´‘π§Õ¡‚æ ‘µÀ≈—ß°“√·ª√ß ‚¥¬°“√-
 ÷°·≈–§«“¡À¬“∫º‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ·µà≈–™π‘¥À≈—ß·ª√ß
¥â«¬¬“ ’øíπ‡æ◊ËÕøíπ¢“«º≈‘µ¿—≥±å‡¥’¬«°—π¡’§à“·µ°µà“ß°—π ·≈–
°“√ ÷°·≈–§«“¡À¬“∫º‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ™π‘¥‡¥’¬«°—π
À≈—ß·ª√ß¥â«¬¬“ ’øíπ‡æ◊ËÕøíπ¢“«µà“ßº≈‘µ¿—≥±å¡’§à“·µ°µà“ß°—π

µ“√“ß∑’Ë 1 ‡√ ‘́π§Õ¡‚æ ‘µ∑’Ë„™â„π°“√»÷°…“

Table 1 Resin composites used in the study

Resin Composition Filler level Manufacturer Lot

composites (%w/w) number

(Type) %v/v

Filtek Z350 XT Matrix: Bis-GMA, UDMA, 78.5 (63.3) 3M ESPE, St. Paul, N133353
(Nanofill) Bis-EMA, TEGDMA Minnesota, USA

Filler: SiO2 nanofiller,
ZrO2 nanofiller,
ZrO2/ SiO2 nanocluster

Herculite Ultra Matrix: Bis-GMA, Bis-EMA, 78 Kerr, Orange, 3444583
(Nanohybrid) TEGDMA California, USA

Filler: Silica nanofiller,
Prepolymerized filler,
Barium glass filler

Durafill VS Matrix: Bis-GMA, UDMA, 52 (40) Heraeus Kulzer 010211,
(Microfill) TEGDMA Gruner, Hanau,

Filler: Silicon dioxide Germany
Filtek Z250 Matrix: Bis-GMA, UDMA, 82 (60) 3M ESPE, St. Paul, N145600
(Microhybrid) Bis-EMA Minnesota, USA

Filler: Zirconia/Silica

Bis-GMA = Bisphenol A-diglycidyl methacrylate
UDMA = Urethane dimethacrylate
Bis-EMA = Bisphenol A-polyethylene glycol diether dimethacrylate
TEGDMA = Tetraethylene glycol dimethacrylate
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«— ¥ÿ·≈–«‘∏’°“√

‡µ√’¬¡™‘Èπµ—«Õ¬à“ß®“°‡√ ‘́π§Õ¡‚æ ‘µ 4 ™π‘¥ §◊Õ
π“‚πøî≈≈å‡√ ‘́π§Õ¡‚æ ‘µ (øî≈‡∑§ ’́ 350 ‡Õ° ǻ∑’) π“‚π
‰Œ∫√‘¥‡√´‘π§Õ¡‚æ ‘µ (‡ŒÕ√å§Ÿ‰≈∑åÕ—≈µ√“) ‰¡‚§√øî≈≈å‡√´‘π
§Õ¡‚æ ‘µ (¥Ÿ√“øî≈«’‡Õ ) ·≈–‰¡‚§√‰Œ∫√‘¥‡√ ‘́π§Õ¡‚æ ‘µ
(øî≈‡∑§´’ 250) ¥—ßµ“√“ß∑’Ë 1 ™π‘¥≈– 64 ™‘Èπ √«¡ 256 ™‘Èπ
‚¥¬π”‡√ ‘́π§Õ¡‚æ ‘µ„ à≈ß„π·∫∫À≈àÕ‚≈À–∑’Ë‡®“–™àÕßµ√ß
°≈“ß¢π“¥§«“¡°«â“ß x ¬“« x  Ÿß‡∑à“°—∫ 2 x 5 x 2 ¡‘≈≈‘‡¡µ√
„Àâ‡µÁ¡·≈â«ªî¥¥â«¬·∂∫„ ‡´≈≈Ÿ≈Õ¬¥å (celluloid strip) ·≈–
„™â·∑àß°√–®°„  (glasslab) °¥∑—∫¥â“π∫π‡ªìπ‡«≈“ 30 «‘π“∑’
‡æ◊ËÕ°”®—¥«— ¥ÿ à«π‡°‘πÕÕ° ‡¡◊ËÕ§√∫°”Àπ¥π”·∑àß°√–®°„ 
ÕÕ°·≈–©“¬· ß∑’Ë™‘Èπµ—«Õ¬à“ß∑—π∑’¥â«¬‡§√◊ËÕß©“¬· ß™π‘¥‰≈∑å
Õ’¡‘µµ‘ß‰¥‚Õ¥ (Light-emitting diode lamp, Elipar S10,
3M ESPE, Minnesota, USA) ‡ªìπ‡«≈“ 20 «‘π“∑’
‚¥¬§«∫§ÿ¡§«“¡‡¢â¡· ß‰¡àµË”°«à“ 800 ¡‘≈≈‘«—µµåµàÕ
µ“√“ß‡´πµ‘‡¡µ√ «—¥§«“¡‡¢â¡· ß®“°‡§√◊ËÕß«—¥æ≈—ßß“π√—ß ’
(Radiometer, Demitron, Kerr, California, USA) ‡¡◊ËÕ
«— ¥ÿ·¢Áßµ—«·≈â«π”·∂∫„ ‡´≈≈Ÿ≈Õ¬¥åÕÕ° „™â„∫¡’¥‡∫Õ√å 15
°”®—¥«— ¥ÿ à«π‡°‘πÕÕ°„ÀâæÕ¥’°—∫¢Õ∫¢Õß·∫∫À≈àÕ‚≈À–®–
‰¥â™‘Èπµ—«Õ¬à“ß¥—ß√Ÿª∑’Ë 1 ‡°Á∫™‘Èπµ—«Õ¬à“ß„ππÈ”°≈—Ëπ‡ªìπ‡«≈“
24 ™—Ë«‚¡ß „πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬  °àÕπ°“√
∑¥≈Õß

®“°π—Èππ”™‘Èπµ—«Õ¬à“ß¢÷Èπ®“°πÈ”°≈—Ëπ ´—∫„Àâ·Àâß ¬÷¥
™‘Èπµ—«Õ¬à“ß°—∫∞“πæ≈“ µ‘°∑’Ë¬÷¥·πàπ°—∫∞“π¢Õß‡§√◊ËÕß«—¥
§«“¡À¬“∫º‘«‚ª√‰ø‚≈¡‘‡µÕ√å (Profilometer, TalyScan 150,
Taylor Hobson Ltd., Leicester, England) ‡æ◊ËÕªÑÕß°—π

‰¡à„Àâ™‘Èπµ—«Õ¬à“ß‡°‘¥°“√‡§≈◊ËÕπ∑’Ë·≈–Õ¬Ÿà„πµ”·Àπàß‡¥‘¡‡¡◊ËÕ
«—¥æ◊Èπº‘«À≈—ß°“√·ª√ß «—¥æ◊Èπº‘«™‘Èπµ—«Õ¬à“ß°àÕπ°“√·ª√ß
¥â«¬‡§√◊ËÕß«—¥§«“¡À¬“∫º‘«™π‘¥ª≈“¬‡¢Á¡‡æ™√ (Diamond
stylus tip) √—»¡’ 2 ‰¡‚§√‡¡µ√ ‚¥¬∑”°“√«—¥∫√‘‡«≥°÷Ëß°≈“ß
™‘Èπµ—«Õ¬à“ß¢π“¥§«“¡°«â“ß x ¬“«‡∑à“°—∫ 2 x 1 ¡‘≈≈‘‡¡µ√
¥â«¬§«“¡‡√Á«À—«‡¢Á¡§ß∑’Ë 3,000 ‰¡‚§√‡¡µ√µàÕ«‘π“∑’ ‡¡◊ËÕ«—¥
æ◊Èπº‘«‡ √Á®·≈â«∑”°“√∫—π∑÷°¿“ææ◊Èπº‘«°àÕπ°“√·ª√ß ®“°
π—Èπ·∫àß™‘Èπµ—«Õ¬à“ß‡√´‘π§Õ¡‚æ ‘µ·µà≈–™π‘¥ÕÕ°‡ªìπ 4 °≈ÿà¡
°≈ÿà¡≈– 16 ™‘Èπ ‡æ◊ËÕ∑”°“√·ª√ß¥â«¬¬“ ’øíπ‡æ◊ËÕøíπ¢“« 4
º≈‘µ¿—≥±å §◊Õ  ª“√å§‡§‘≈‰«∑å ø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ß
§Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß ·≈–‡ Á́π‚´¥“¬πå‰«∑å‡∑ππ‘ß
¥—ßµ“√“ß∑’Ë 2 ∑”°“√·ª√ß™‘Èπµ—«Õ¬à“ß¥â«¬·ª√ß ’øíπ‰π≈Õπ
™π‘¥ÕàÕππÿà¡ª≈“¬¢π·ª√ßÕ¬Ÿà„π√–π“∫‡¥’¬«°—π (Adult Soft,
Premium, Accord, Samutprakarn, Thailand) „π “√
≈–≈“¬¬“ ’øíπ‚¥¬¡’Õ—µ√“ à«π¬“ ’øíπµàÕπÈ”°≈—Ëπ‡∑à“°—∫ 25
°√—¡µàÕ 40 ¡‘≈≈‘≈‘µ√13 º ¡ “√≈–≈“¬¬“ ’øíπ„Àâ‡¢â“°—π
¥â«¬‡§√◊ËÕß°«π·∫∫·µ°µ—« (Dispension mixer, Ultra-turrax
T25 Basic, IKA labortechnik Janke & Kunkel Gmb H
& Co. KG, Staufen, Germany) ‡ªìπ‡«≈“ 30 «‘π“∑’ ®“°
π—Èπ·ª√ß™‘Èπµ—«Õ¬à“ß¥â«¬‡§√◊ËÕß·ª√ßÕ—µ‚π¡—µ‘ (V-8 Cross
Brushing Machine, SABRI Dental Enterprises Inc.,
Illinois, USA) ¥—ß√Ÿª∑’Ë 2 ®”π«π 20,000 √Õ∫ ¥â«¬§«“¡‡√Á«
90 √Õ∫µàÕπ“∑’ ·√ß°¥ 300 °√—¡ «—¥§à“·√ß°¥®“°‡§√◊ËÕß«—¥
ª√‘¡“≥§«“¡µ÷ß (Dontrix tension gauge, Dontrix 16 OZ,
E.T.M. Corparation, 3M Unitex, California, USA) ‡¡◊ËÕ
§√∫®”π«π√Õ∫∑’Ë°”Àπ¥∑”°“√‡ª≈’Ë¬π·ª√ß ’øíπ„À¡à∑ÿ°§√—Èß13

‡§√◊ËÕß·ª√ßÕ—µ‚π¡—µ‘ “¡“√∂·ª√ß™‘Èπµ—«Õ¬à“ß‰¥â√Õ∫≈– 8 ™‘Èπ

√Ÿª∑’Ë 1 ™‘Èπµ—«Õ¬à“ß‡√ ‘́π§Õ¡‚æ ‘µ„π·∫∫À≈àÕ‚≈À–

Fig. 1 Resin composite specimen mounted in the metal mold
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‚¥¬„πÀπ÷Ëß√Õ∫®–∑”°“√·ª√ß‡√ ‘́π§Õ¡‚æ ‘µ∑—Èß 4 ™π‘¥ ™π‘¥
≈– 2 ™‘Èπ „π “√≈–≈“¬¬“ ’øíπº≈‘µ¿—≥±å‡¥’¬«°—π∑—ÈßÀ¡¥
¬“ ’øíπ·µà≈–º≈‘µ¿—≥±å®–∑”°“√·ª√ß∑—ÈßÀ¡¥ 8 √Õ∫ ·≈–
‡¡◊ËÕ∑”°“√·ª√ß‡ √Á®„π·µà≈–√Õ∫®–∑”°“√À¡ÿπ‡«’¬πµ”·Àπàß
™‘Èπµ—«Õ¬à“ß‡√´‘π§Õ¡‚æ ‘µ·µà≈–™π‘¥‰ª∑ÿ°µ”·Àπàß ‡æ◊ËÕ≈¥
¢âÕº‘¥æ≈“¥®“°°“√·ª√ß„π·µà≈–µ”·Àπàß¢Õß‡§√◊ËÕß·ª√ß
Õ—µ‚π¡—µ‘

À≈—ß°“√·ª√ß≈â“ß™‘Èπµ—«Õ¬à“ß¥â«¬πÈ” –Õ“¥ —́∫„Àâ·Àâß
·≈â«π”¡“«—¥æ◊Èπº‘«À≈—ß°“√·ª√ß ‚¥¬¬÷¥™‘Èπµ—«Õ¬à“ß‰«â„π
µ”·Àπàß‡¥‘¡ «—¥æ◊Èπº‘«À≈—ß°“√·ª√ß‚¥¬µ—Èß§à“‡§√◊ËÕß«—¥§«“¡
À¬“∫º‘«µ“¡§à“∑’Ë°”Àπ¥‰«â°àÕπ°“√·ª√ß ∫—π∑÷°¿“æ∑’Ë‰¥â
®“°π—Èπ‡≈◊Õ°¢âÕ¡Ÿ≈¿“æ∑’Ë∑”°“√∫—π∑÷°‰«â°àÕπ·≈–À≈—ß°“√
·ª√ß„π‡§√◊ËÕß«—¥§«“¡À¬“∫º‘«∑’≈–™‘Èπµ—«Õ¬à“ß „™â§” —Ëß
§”π«≥À“§à“§«“¡·µ°µà“ß¢Õßª√‘¡“µ√°àÕπ·≈–À≈—ß°“√·ª√ß

µ“√“ß∑’Ë 2 ¬“ ’øíπ‡æ◊ËÕøíπ¢“«∑’Ë„™â„π°“√»÷°…“

Table 2 Whitening dentifrices used in the study

Dentifrice Particle type (wt%) Manufacturer Lot number

Sparkle White Hydrated Silica* Kuron, Pronova 324MF020710
Laboratories,
Bangkok, Thailand

Fluocaril Precipitated Calcium Carbonate DKSH, IDS 01310810
Healthy 10% Manufacturing Ltd.,
Whitening Hydrated Silica 14.5% Pathumthani, Thailand
Colgate Hydrated Silica* Colgate-Palmolive, 120510TH111G
Advanced Chonburi, Thailand
Whitening
Sensodyne Hydrated Silica 21% GSK, Neocosmed, 1690810
Whitening Pathumthani,

Thailand

*No information from the manufacturer

√Ÿª∑’Ë 2 °“√·ª√ß™‘Èπµ—«Õ¬à“ß‡√´‘π§Õ¡‚æ ‘µ‚¥¬ “√≈–≈“¬¬“ ’øíπ‡æ◊ËÕøíπ¢“«∫π‡§√◊ËÕß·ª√ßÕ—µ‚π¡—µ‘

Fig. 2 Resin composite specimens being brushed with the whitening dentifrice slurry on the brushing machine
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®–‰¥â§à“°“√ ÷°¢Õß‡√ ‘́π§Õ¡‚æ ‘µ ·≈–§”π«≥À“§à“°“√
‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«¢Õß‡√ ‘́π§Õ¡‚æ ‘µ‚¥¬π”§à“§«“¡
À¬“∫º‘«À≈—ß°“√·ª√ß≈∫ÕÕ°¥â«¬§à“§«“¡À¬“∫º‘«°àÕπ
°“√·ª√ß

π”§à“°“√ ÷°·≈–°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«¢Õß
·µà≈–°≈ÿà¡°“√∑¥≈Õß¡“À“§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π

¡“µ√∞“π ®“°π—Èππ”¢âÕ¡Ÿ≈¡“«‘‡§√“–Àå∑“ß ∂‘µ‘¥â«¬ ∂‘µ‘°“√
∑¥ Õ∫§«“¡·ª√ª√«π Õß∑“ß (Two way Analysis of
Variance) ‡æ◊ËÕ∑¥ Õ∫ªØ‘ —¡æ—π∏å∑“ß ∂‘µ‘ (statistical
interaction) ¢Õß∑—Èß Õßªí®®—¬„π°“√»÷°…“§√—Èßπ’È §◊Õ ™π‘¥
¢Õß‡√´‘π§Õ¡‚æ ‘µ·≈–™π‘¥º≈‘µ¿—≥±å¢Õß¬“ ’øíπ‡æ◊ËÕøíπ¢“«
®“°π—Èπ‡ª√’¬∫‡∑’¬∫§à“°“√ ÷°·≈–°“√‡ª≈’Ë¬π·ª≈ß§«“¡-

µ“√“ß∑’Ë 3 §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õßª√‘¡“µ√∑’Ë Ÿ≠À“¬¢Õß‡√´‘π§Õ¡‚æ ‘µ¿“¬À≈—ß°“√·ª√ß (≈Ÿ°∫“»°å‰¡‚§√‡¡µ√)

Table 3 Mean and standard deviation of volume loss of the resin composites after brushing (µm3)

Material Filtek Z350XT Herculite Ultra Durafill VS Filtek Z250

Mean (SD)

Sparkle white 13.56 (3.76)A,B,b 19.08 (7.10)B,a 134.76(32.78)C,a 11.05 (2.20)A,b

Fluocaril healthy 6.27 (2.52)B,a 18.49 (5.68)C,a 119.46 (34.50)D,a 1.80 (1.01)A,a

whitening

Colgate advanced 10.61 (3.76)B,a,b 23.79 (9.40)C,a 114.44 (35.26)D,a 2.14 (0.76)A,a

whitening

Sensodyne whitening 30.39 (10.08)B,c 73.22 (18.36)C,b 142.28 (47.57)D,a 11.26 (3.98)A,b

There is no difference between values within a line that are marked with the same uppercase letter (Tamhaneûs test, p < 0.05).
There is no difference between values within a column that are marked with the same lowercase letter (Tamhaneûs test, p < 0.05).

√Ÿª∑’Ë 3 ≈—°…≥–æ◊Èπº‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ 4 ™π‘¥ À≈—ß°“√·ª√ß¥â«¬¬“ ’øíπ ª“√å§‡§‘≈‰«∑å

Fig. 3 Surface pattern of 4 types of resin composite after brushing with Sparkle Whitening
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À¬“∫º‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ√–À«à“ß°≈ÿà¡°“√∑¥≈Õß ‚¥¬„™â
 ∂‘µ‘°“√∑¥ Õ∫·∫∫·∑¡‡Œπ (Tamhaneûs test) °“√-
«‘‡§√“–Àå¢âÕ¡Ÿ≈∑—ÈßÀ¡¥π’È„™â‚ª√·°√¡§Õ¡æ‘«‡µÕ√å ”‡√Á®√Ÿª

∑“ß ∂‘µ‘ (SPSS version 16.0 for Windows; SPSS Inc.,
Illinois, USA) °”Àπ¥§à“π—¬ ”§—≠∑“ß ∂‘µ‘∑’Ë√–¥—∫π—¬ ”§—≠
0.05

µ“√“ß∑’Ë 4 §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«¢Õß‡√ ‘́π§Õ¡‚æ ‘µ¿“¬À≈—ß°“√·ª√ß
(‰¡‚§√‡¡µ√)

Table 4 Mean and standard deviation of differences in surface roughness of the resin composites after brushing
(µm)

Material Filtek Z350XT Herculite Ultra Durafill VS Filtek Z250

Mean (SD)

Sparkle white 0.21 (0.08)B,a 0.23 (0.04)B,a 3.31 (0.56)C,b 0.07 (0.03)A,a,b

Fluocaril healthy 0.09 (0.05)A,b 0.37 (0.08)B,b 1.81 (0.32)C,a 0.05 (0.04)A,a

whitening

Colgate advanced 0.21 (0.05)A,a 0.47 (0.14)B,b,c 2.93 (0.79)C,b 0.13 (0.06)A,b

whitening

Sensodyne whitening 0.23 (0.14)B,b 0.76 (0.27)C,c 2.96 (0.69)D,b 0.07 (0.04)A,a,b

There is no difference between values within a line that are marked with the same uppercase letter (Tamhaneûs test, p < 0.05).

There is no difference between values within a column that are marked with the same lowercase letter (Tamhaneûs test, p < 0.05).

√Ÿª∑’Ë 4 ≈—°…≥–æ◊Èπº‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ 4 ™π‘¥ À≈—ß°“√·ª√ß¥â«¬¬“ ’øíπø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ß

Fig. 4 Surface pattern of 4 types of resin composite after brushing with Fluocaril Healthy Whitening
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º≈°“√»÷°…“

®“°°“√»÷°…“‡ª√’¬∫‡∑’¬∫°“√ ÷°·≈–°“√‡ª≈’Ë¬π·ª≈ß
§«“¡À¬“∫º‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ 4 ™π‘¥ À≈—ß°“√·ª√ß
¥â«¬¬“ ’øíπ‡æ◊ËÕøíπ¢“« 4 º≈‘µ¿—≥±å ‰¥â§à“‡©≈’Ë¬·≈– à«π-
‡∫’Ë¬ß‡∫π¡“µ√∞“π¥—ß· ¥ß„πµ“√“ß∑’Ë 3 ·≈– 4 µ“¡≈”¥—∫
‡¡◊ËÕπ”¢âÕ¡Ÿ≈¡“«‘‡§√“–Àå¥â«¬ ∂‘µ‘°“√∑¥ Õ∫§«“¡·ª√ª√«π
 Õß∑“ß æ∫«à“™π‘¥¢Õß‡√´‘π§Õ¡‚æ ‘µ·≈–™π‘¥º≈‘µ¿—≥±å
¢Õß¬“ ’øíπ‡æ◊ËÕøíπ¢“«¡’ªØ‘ —¡æ—π∏å∑“ß ∂‘µ‘µàÕ°“√ ÷°·≈–
°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«¢Õß‡√ ‘́π§Õ¡‚æ ‘µ (p < 0.00)

·≈–æ∫°“√¡’ªØ‘ —¡æ—π∏å∑“ß ∂‘µ‘¢Õß™π‘¥¢Õß‡√ ‘́π§Õ¡‚æ ‘µ
‡¡◊ËÕæ‘®“√≥“√à«¡°—∫™π‘¥º≈‘µ¿—≥±å¢Õß¬“ ’øíπ‡æ◊ËÕøíπ¢“«µàÕ
°“√ ÷°·≈–°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«¢Õß‡√ ‘́π§Õ¡‚æ ‘µ
(p < 0.00)

®“°µ“√“ß∑’Ë 3 æ∫«à“‡√´‘π§Õ¡‚æ ‘µµà“ß™π‘¥‡°‘¥°“√ ÷°
∑’Ë·µ°µà“ß°—πÀ≈—ß°“√·ª√ß¥â«¬¬“ ’øíπ‡æ◊ËÕøíπ¢“«∑ÿ°
º≈‘µ¿—≥±å ‚¥¬¥Ÿ√“øî≈«’‡Õ ‡°‘¥°“√ ÷°¡“°∑’Ë ÿ¥·≈–µà“ß®“°
‡√´‘π§Õ¡‚æ ‘µ™π‘¥Õ◊ËπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05)
√Õß≈ß¡“‰¥â·°à ‡ŒÕ√å§Ÿ‰≈∑åÕ—≈µ√“ øî≈‡∑§´’ 350 ‡Õ°´å∑’ ·≈–

√Ÿª∑’Ë 6 ≈—°…≥–æ◊Èπº‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ 4 ™π‘¥ À≈—ß°“√·ª√ß¥â«¬¬“ ’øíπ‡´Áπ‚´¥“¬πå‰«∑å‡∑ππ‘ß

Fig. 6 Surface pattern of 4 types of resin composite after brushing with Sensodyne Whitening

√Ÿª∑’Ë 5 ≈—°…≥–æ◊Èπº‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ 4 ™π‘¥ À≈—ß°“√·ª√ß¥â«¬¬“ ’øíπ§Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß

Fig. 5 Surface pattern of 4 types of resin composite after brushing with Colgate Advanced Whitening



« ∑—πµ ®ÿÃ“œ 2555;35:105-18 ≥—∞°“πµå «ß…åª√–∑’ª»‘√‘  ·≈–§≥– 113

øî≈‡∑§ ’́ 250 µ“¡≈”¥—∫ ·≈–æ∫«à“¥Ÿ√“øî≈«’‡Õ ‡°‘¥°“√ ÷°
¡“°µ“¡·π«°“√·ª√ßµà“ß®“°‡√´‘π§Õ¡‚æ ‘µ™π‘¥Õ◊Ëπ ‡¡◊ËÕ
·ª√ß¥â«¬¬“ ’øíπ∑ÿ°º≈‘µ¿—≥±å (√Ÿª∑’Ë 3-6) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
™π‘¥º≈‘µ¿—≥±å¢Õß¬“ ’øíπ‡æ◊ËÕøíπ¢“«µàÕ°“√ ÷°¢Õß‡√ ‘́π-
§Õ¡‚æ ‘µæ∫«à“¬“ ’øíπ‡æ◊ËÕøíπ¢“«∑ÿ°º≈‘µ¿—≥±å∑”„Àâ
¥Ÿ√“øî≈«’‡Õ ‡°‘¥°“√ ÷°¡“°‰¡à·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ ‡´Áπ‚´¥“¬πå‰«∑å‡∑ππ‘ß∑”„Àâ‡ŒÕ√å§Ÿ‰≈∑åÕ—≈µ√“·≈–
øî≈‡∑§´’ 350 ‡Õ° ǻ∑’ ‡°‘¥°“√ ÷°¡“°°«à“¬“ ’øíπº≈‘µ¿—≥±å
Õ◊ËπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05) ·≈–‡´Áπ‚´¥“¬πå
‰«∑å‡∑ππ‘ß·≈– ª“√å§‡§‘≈‰«∑å∑”„Àâøî≈‡∑§´’ 250 ‡°‘¥°“√ ÷°
¡“°°«à“§Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß ·≈–ø≈Ÿ‚Õ§“√’≈‡Œ≈∑å
µ’‰«∑å‡∑ππ‘ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05)

®“°µ“√“ß∑’Ë 4 æ∫«à“‡√´‘π§Õ¡‚æ ‘µµà“ß™π‘¥‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«·µ°µà“ß°—πÀ≈—ß°“√·ª√ß¥â«¬
¬“ ’øíπ‡æ◊ËÕøíπ¢“«∑ÿ°º≈‘µ¿—≥±å ‚¥¬¥Ÿ√“øî≈«’‡Õ ‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«¡“°∑’Ë ÿ¥ ·≈–µà“ß®“°‡√´‘π§Õ¡-
‚æ ‘µ™π‘¥Õ◊ËπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.00) ‡ŒÕ√å§Ÿ‰≈∑å
Õ—≈µ√“√Õß≈ß¡“ ·≈–øî≈‡∑§´’ 250 ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
§«“¡À¬“∫º‘«πâÕ¬∑’Ë ÿ¥ (√Ÿª∑’Ë 3-6) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫™π‘¥
º≈‘µ¿—≥±å¢Õß¬“ ’øíπ‡æ◊ËÕøíπ¢“«µàÕ°“√‡ª≈’Ë¬π·ª≈ß§«“¡
À¬“∫º‘«¢Õß‡√ ‘́π§Õ¡‚æ ‘µ æ∫«à“‡ Á́π‚´¥“¬πå‰«∑å‡∑ππ‘ß
 ª“√å§‡§‘≈‰«∑å ·≈–§Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß ∑”„Àâ¥Ÿ√“øî≈
«’‡Õ ·≈–øî≈‡∑§´’ 250 ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«
·µ°µà“ß®“°ø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ßÕ¬à“ß¡’π—¬ ”§—≠
∑“ß ∂‘µ‘ (p < 0.05) ‡´Áπ‚´¥“¬πå‰«∑å‡∑ππ‘ß ·≈–§Õ≈‡°µ
·Õ¥«“π å‰«∑å‡∑ππ‘ß∑”„Àâ‡ŒÕ√å§Ÿ‰≈∑åÕ—≈µ√“‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
§«“¡À¬“∫º‘«‰¡à·µ°µà“ß°—π  ª“√å§‡§‘≈‰«∑å·≈–§Õ≈‡°µ
·Õ¥«“π å‰«∑å‡∑ππ‘ß∑”„Àâøî≈‡∑§ ’́ 350 ‡Õ° ǻ∑’‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«‰¡à·µ°µà“ß°—π

«‘®“√≥å

°“√»÷°…“§√—Èßπ’È‡ªìπ°“√»÷°…“°“√ ÷°·≈–°“√‡ª≈’Ë¬π·ª≈ß
§«“¡À¬“∫º‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ ®“°°“√·ª√ß¥â«¬
¬“ ’øíπ‡æ◊ËÕøíπ¢“« ‚¥¬®”≈Õß°“√·ª√ß¥â«¬‡§√◊ËÕß·ª√ß
Õ—µ‚π¡—µ‘„πÀâÕßªØ‘∫—µ‘°“√ ‡√ ‘́π§Õ¡‚æ ‘µ∑’Ëπ”¡“∑¥≈Õß 4
º≈‘µ¿—≥±å ‰¥â·°à øî≈‡∑§´’ 350 ‡Õ°´å∑’ ‡ŒÕ√å§Ÿ‰≈∑åÕ—≈µ√“
¥Ÿ√“øî≈«’‡Õ  ·≈–øî≈‡∑§ ’́ 250 ‡ªìπ‡√´‘π§Õ¡‚æ ‘µ™π‘¥
π“‚πøî≈≈å π“‚π‰Œ∫√‘¥ ‰¡‚§√øî≈≈å ·≈–‰¡‚§√‰Œ∫√‘¥ µ“¡
≈”¥—∫ ´÷Ëß‡ªìπ‡√´‘π§Õ¡‚æ ‘µ∑’Ë¡’¢π“¥·≈–ª√‘¡“≥¢Õß«— ¥ÿ

Õ—¥·∑√°·µ°µà“ß°—π ·≈–¡’°“√„™âÕ¬à“ß·æ√àÀ≈“¬1

ªí®®ÿ∫—π§«“¡ «¬ß“¡·≈–§«“¡µâÕß°“√¡’øíπ¢“«¡’§«“¡
π‘¬¡¡“°¢÷Èπ ®÷ß∑”„Àâ·π«‚πâ¡°“√„™âº≈‘µ¿—≥±å‡æ◊ËÕøíπ¢“«¡’
¡“°¢÷Èπ¥â«¬12 ¬“ ’øíπ‡ªìπº≈‘µ¿—≥±å‡æ◊ËÕøíπ¢“«™π‘¥Àπ÷Ëß∑’Ë
 “¡“√∂„™â‡Õß‰¥â –¥«° ¬“ ’øíπ‡æ◊ËÕøíπ¢“«∑’Ëπ”¡“∑¥≈Õß 4
º≈‘µ¿—≥±å ‰¥â·°à  ª“√å§‡§‘≈‰«∑å ø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ß
§Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß ·≈–‡ Á́π‚´¥“¬πå‰«∑å‡∑ππ‘ß
‡π◊ËÕß®“°‡ªìπº≈‘µ¿—≥±å∑’Ë¡’®”Àπà“¬‚¥¬∑—Ë«‰ª À“ ◊́ÈÕ‰¥âßà“¬
·≈–‡ªìπ∑’Ë√Ÿâ®—°„π∑âÕßµ≈“¥‡·ª√ß ’øíπ∑’Ë„™â‡ªìπ·ª√ß ’øíπ¢π·ª√ß
‰π≈àÕπ™π‘¥ÕàÕππÿà¡ ÷́Ëß‡ªìπ¢π·ª√ß™π‘¥∑’Ë¡’ª√– ‘∑∏‘¿“æ„π
°“√∑”§«“¡ –Õ“¥‚¥¬‰¡à°àÕ„Àâ‡°‘¥Õ—πµ√“¬µàÕ‡Àß◊Õ°·≈–
øíπ14 ª≈“¬¢π·ª√ßÕ¬Ÿà„π√–π“∫‡¥’¬«°—π‡æ◊ËÕ„Àâ·√ß∑’Ë‡∑à“
°—πµ≈Õ¥·π«°“√·ª√ß ·√ß∑’Ë„™â„π°“√·ª√ß‡∑à“°—∫ 300 °√—¡
‡æ√“–‡ªìπ·√ß∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥§√“∫®ÿ≈‘π∑√’¬å‰¥â¥’15

πÕ°®“°π’È®“°°“√»÷°…“¢Õß Ganss16 ·≈–§≥–„πªï §.».
2009 ¬—ßæ∫«à“·√ß∑’Ë‡À¡“– ¡„π°“√·ª√ßøíπ‰¡à§«√¡’§à“‡°‘π
300 °√—¡ ‡π◊ËÕß®“°°“√·ª√ß¥â«¬·√ß∑’Ë¡“°¢÷Èπ®–∑”„Àâ‡°‘¥
‡Àß◊Õ°√àπ·≈–°“√ ÷°∫√‘‡«≥§Õøíπ‰¥â §«“¡‡√Á«∑’Ë„™â„π°“√·ª√ß
‡∑à“°—∫ 90 §√—ÈßµàÕπ“∑’ ‡∑à“°—π∑ÿ°°≈ÿà¡°“√∑¥≈Õß „πªï §.».
2005 Teixeira11 ·≈–§≥– ‰¥â∑”°“√∑¥≈Õß‡ª√’¬∫‡∑’¬∫
°“√ ÷°®“°°“√·ª√ß‰¡‚§√‰Œ∫√‘¥·≈–π“‚πøî≈≈å‡√´‘π
§Õ¡‚æ ‘µ À≈—ß°“√·ª√ß¥â«¬®”π«π 10,000 20,000 50,000
·≈– 100,000 √Õ∫ æ∫«à“‡√´‘π§Õ¡‚æ ‘µ∑—Èß Õß™π‘¥‡√‘Ë¡‡°‘¥
°“√ ÷°·µ°µà“ß°—π‡¡◊ËÕ·ª√ß 20,000 √Õ∫ °“√∑¥≈Õß§√—Èßπ’È
®÷ß®”≈Õß°“√·ª√ß®”π«π 20,000 √Õ∫ ‡æ◊ËÕ»÷°…“§«“¡
·µ°µà“ß¢Õß°“√ ÷°À≈—ß°“√·ª√ß¢Õß‡√´‘π§Õ¡‚æ ‘µ·µà≈–™π‘¥
·≈–‡¡◊ËÕ∑”°“√·ª√ß§√∫®”π«π√Õ∫∑’Ë°”Àπ¥·≈â«®–∑”°“√
‡ª≈’Ë¬π·ª√ß ’øíπ„À¡à∑ÿ°§√—Èß13

®“°°“√∑¥≈Õßæ∫«à“°“√ ÷°·≈–°“√‡ª≈’Ë¬π·ª≈ß§«“¡
À¬“∫º‘«¢Õß‡√ ‘́π§Õ¡‚æ ‘µ À≈—ß°“√·ª√ß¥â«¬¬“ ’øíπ‡æ◊ËÕ
øíπ¢“«∑ÿ°º≈‘µ¿—≥±å‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«°—π §◊Õ ¥Ÿ√“øî≈«’‡Õ 
‡°‘¥°“√ ÷°·≈–°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«¡“°∑’Ë ÿ¥ √Õß
≈ß¡“ ‰¥â·°à ‡ŒÕ√å§Ÿ‰≈∑åÕ—≈µ√“ øî≈‡∑§´’ 350 ‡Õ°´å∑’ ·≈–
øî≈‡∑§´’ 250 µ“¡≈”¥—∫ º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“‡√´‘π
§Õ¡‚æ ‘µ∑—Èß 4 ™π‘¥π’Èøî≈‡∑§ ’́ 250 ¡’ ¡∫—µ‘„π°“√µâ“π∑“π
°“√ ÷°®“°°“√¢—¥∂Ÿ‰¥â¥’∑’Ë ÿ¥ øî≈‡∑§´’ 350 ‡Õ°´å∑’ ‡ŒÕ√å§Ÿ-
‰≈∑åÕ—≈µ√“√Õß≈ß¡“ ·≈–¥Ÿ√“øî≈«’‡Õ µâ“π∑“π°“√ ÷°®“°
°“√¢—¥∂Ÿ¥âÕ¬∑’Ë ÿ¥ OûBrien ·≈– Yee17 „πªï §.». 1980 ‰¥â
Õ∏‘∫“¬∂÷ß “‡Àµÿ°“√ ÷°¢Õß‡√´‘π§Õ¡‚æ ‘µ«à“‡°‘¥‰¥â®“°°“√
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·µ°À—° (fracture) °“√ Ÿ≠‡ ’¬Õπÿ¿“§¢Õß«— ¥ÿÕ—¥·∑√°
°“√ ÷°¢Õß‡√´‘π‡¡∑√‘° ǻ √Õ¬√â“«®“°§«“¡≈â¡‡À≈«¢Õß‡√ ‘́π
‡¡∑√‘°´å ·≈–°“√‡°‘¥øÕßÕ“°“»„π«— ¥ÿ ÷́Ëßªí®®—¬∑’Ë∑”„Àâ‡°‘¥
°“√ ÷°‡À≈à“π’È®– àßº≈„Àâ‡√´‘π§Õ¡‚æ ‘µ‡°‘¥§«“¡À¬“∫º‘«∑’Ë
µà“ß°—π‰¥â

®“°°“√∑¥≈Õßπ’Èøî≈‡∑§´’ 250 ‡°‘¥°“√ ÷°πâÕ¬∑’Ë ÿ¥
´÷Ëßøî≈‡∑§´’ 250 ‡ªìπ‡√´‘π§Õ¡‚æ ‘µ™π‘¥‰¡‚§√‰Œ∫√‘¥∑’Ë¡’
«— ¥ÿÕ—¥·∑√°¢π“¥„À≠à·≈–¡’ª√‘¡“≥¡“°°«à“‡√ ‘́π§Õ¡‚æ ‘µ
™π‘¥Õ◊Ëπ∑’Ë„™â„π°“√∑¥≈Õß °“√∑¥≈Õßπ’È„Àâº≈°“√∑¥≈Õß
‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß¢Õß Wang18 ·≈–§≥–„πªï §.». 2004
´÷Ëß∑”°“√∑¥ Õ∫°“√ ÷°À≈—ß°“√·ª√ß‚¥¬°“√™—ËßπÈ”Àπ—°∑’Ë
‡ª≈’Ë¬π·ª≈ß‰ª Wang æ∫«à“‡√´‘π§Õ¡‚æ ‘µ∑’Ë¡’ª√‘¡“≥
«— ¥ÿÕ—¥·∑√°¡“°°«à“®–‡°‘¥°“√ ÷°πâÕ¬°«à“‡√´‘π§Õ¡‚æ ‘µ
∑’Ë¡’ª√‘¡“≥«— ¥ÿÕ—¥·∑√°πâÕ¬°«à“Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
‡π◊ËÕß®“°«— ¥ÿÕ—¥·∑√°‡ªìπ à«πª√–°Õ∫∑’Ë¡’§«“¡·¢Áß·√ß Ÿß
°«à“®÷ß “¡“√∂ªÑÕß°—π°“√ ÷°®“°°“√·ª√ß¢Õß‡√ ‘́π‡¡∑√‘° ǻ
‰¥â19,20 ‡¡◊ËÕ‡√´‘π‡¡∑√‘°´å‡°‘¥°“√ ÷°πâÕ¬®÷ß∑”„Àâ‰¡à‡°‘¥°“√
À≈ÿ¥¢Õß«— ¥ÿÕ—¥·∑√°∫√‘‡«≥æ◊Èπº‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ‡ªìπº≈
„Àâ‡√´‘π§Õ¡‚æ ‘µ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«≈¥≈ß22

πÕ°®“°ª√‘¡“≥«— ¥ÿÕ—¥·∑√°·≈â«®“°°“√»÷°…“¢Õß
Kon21 ·≈–§≥– „πªï 2006 ‡ª√’¬∫‡∑’¬∫°“√ ÷°®“°°“√
·ª√ß¥â«¬·√ß¢π“¥ 300 °√—¡ æ∫«à“‡√´‘π§Õ¡‚æ ‘µ∑’Ë‡°‘¥
°“√ ÷°πâÕ¬∑’Ë ÿ¥¡’°“√‡º¬¢Õß«— ¥ÿÕ—¥·∑√°¢π“¥„À≠à∫√‘‡«≥
æ◊Èπº‘«À≈—ß°“√·ª√ß ‡¡◊ËÕµ√«®¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ
™π‘¥ àÕß°√“¥ ®÷ß‡ªìπ‰ª‰¥â«à“°“√‡º¬¢Õß«— ¥ÿÕ—¥·∑√°¢π“¥
„À≠à∫√‘‡«≥æ◊Èπº‘«À≈—ß°“√·ª√ßπ’È®–‡ªìπµ—«¢—¥¢«“ß°“√ ÷°
®“°°“√·ª√ß¢Õß‡√ ‘́π‡¡∑√‘°´å„π‡√ ‘́π§Õ¡‚æ ‘µ‰¥â ‡™àπ
‡¥’¬«°—∫°“√∑¥≈Õßπ’Èøî≈‡∑§ ’́ 250 ¡’«— ¥ÿÕ—¥·∑√°¢π“¥
„À≠à∑’Ë ÿ¥ ®÷ß‡°‘¥°“√ ÷°À≈—ß°“√·ª√ßπâÕ¬∑’Ë ÿ¥ øî≈‡∑§´’ 350
‡Õ° ǻ∑’·≈–‡ŒÕ√å§Ÿ‰≈∑åÕ—≈µ√“‡°‘¥°“√ ÷°πâÕ¬√Õß≈ß¡“ Õ“®
‡π◊ËÕß®“°‡√´‘π§Õ¡‚æ ‘µ Õß™π‘¥π’È‡ªìππ“‚π§Õ¡‚æ ‘µ ´÷Ëß
„π à«π¢Õß«— ¥ÿÕ—¥·∑√°ª√–°Õ∫‰ª¥â«¬«— ¥ÿÕ—¥·∑√°¢π“¥
„À≠à·≈–‡≈Á°√à«¡°—π ‚¥¬øî≈‡∑§ ’́ 350 ‡Õ°´å∑’‡ªìππ“‚π
§Õ¡‚æ ‘µ™π‘¥π“‚πøî≈≈å∑’Ë¡’«— ¥ÿÕ—¥·∑√°ª√–°Õ∫¥â«¬π“-
‚π‡¡Õ√å ´÷Ëß‡ªìπ«— ¥ÿÕ—¥·∑√°¢π“¥‡≈Á°√–¥—∫π“‚π‡¡µ√ Õ¬Ÿà
‡ªìπÕπÿ¿“§‡¥’Ë¬«‰¡à¡’°“√√«¡°≈ÿà¡¢Õß´‘≈‘°“¢π“¥ 20 π“‚π-
‡¡µ√ ·≈–‡´Õ√å‚§‡π’¬¢π“¥ 4-11 π“‚π‡¡µ√ ·≈–π“‚π-
§≈— ‡µÕ√å´÷Ëß¡’¢π“¥„À≠à°«à“π“‚π‡¡Õ√å‡°‘¥®“°°“√√«¡°≈ÿà¡
¢Õß´‘≈‘°“¥â«¬°—π‡ÕßÀ√◊Õ ‘́≈‘°“√à«¡°—∫‡´Õ√å‚§‡π’¬√å¡’¢π“¥

ª√–¡“≥ 0.6-10 ‰¡‚§√‡¡µ√22  à«π‡ŒÕ√å§Ÿ‰≈∑åÕ—≈µ√“‡ªìπ
π“‚π‰Œ∫√‘¥‡√ ‘́π§Õ¡‚æ ‘µª√–°Õ∫¥â«¬«— ¥ÿÕ—¥·∑√°¢π“¥
‡≈Á°¢Õß ‘́≈‘°“¢π“¥ 20-50 π“‚π‡¡µ√ ·∫‡√’¬¡°≈“  å ·≈–
«— ¥ÿÕ—¥·∑√°¢π“¥„À≠à™π‘¥æ√’æÕ≈‘‡¡Õ√å‰√ ǻÕ¬Ÿà√à«¡°—π1,22

¥Ÿ√“øî≈«’‡Õ ‡ªìπ‰¡‚§√øî≈≈å‡√ ‘́π§Õ¡‚æ ‘µ¡’«— ¥ÿ
Õ—¥·∑√°™π‘¥´‘≈‘°“¢π“¥‡≈Á°ª√–¡“≥ 0.4 ‰¡‚§√‡¡µ√ ÷́Ëß¡’
¢π“¥„À≠à°«à“ ‘́≈‘°“„ππ“‚π§Õ¡‚æ ‘µ ·µà¥Ÿ√“øî≈«’‡Õ ¡’
«— ¥ÿÕ—¥·∑√°‡æ’¬ß™π‘¥‡¥’¬«·≈–¡’≈—°…≥–‡ªìπ‡π◊ÈÕ‡¥’¬«°—π
(homogenous)4 √à«¡°—∫¡’ª√‘¡“≥«— ¥ÿÕ—¥·∑√°πâÕ¬ ®÷ß
∑”„Àâ‡°‘¥°“√ ÷°¡“°°«à“‡√´‘π§Õ¡‚æ ‘µ™π‘¥Õ◊ËπÕ¬à“ß¡’π—¬
 ”§—≠ ‚¥¬≈—°…≥–°“√ ÷°¢Õß¥Ÿ√“øî≈«’‡Õ À≈—ß°“√·ª√ß®–
‡°‘¥°“√ ÷°µ“¡·π«°“√·ª√ß¢Õß¢π·ª√ß ’øíπÕ¬à“ß™—¥‡®π
µà“ß®“°‡√´‘π§Õ¡‚æ ‘µÕ’° “¡™π‘¥ ®÷ß‡ªìπ‰ª‰¥â«à“®“°°“√-
 ÷°∑’Ë‡°‘¥¢÷Èπ¡“°π’È∑”„Àâ‡°‘¥§«“¡À¬“∫º‘«∑’Ë¡“°µ“¡‰ª¥â«¬

·µà°“√∑¥≈Õß§√—Èßπ’È„Àâº≈µà“ß®“°°“√∑¥≈Õß¢Õß
Tanoue23 ·≈–§≥– „πªï §.». 2000 ÷́Ëßæ∫«à“‡√´‘π§Õ¡‚æ-
 ‘µ∑’Ë¡’ª√‘¡“≥«— ¥ÿÕ—¥·∑√°√âÕ¬≈– 80 ‚¥¬πÈ”Àπ—° À≈—ß°“√
·ª√ß¥â«¬·√ß 350 °√—¡ ®”π«π 20,000 √Õ∫ ‡°‘¥°“√ ÷°
¡“°°«à“‡√ ‘́π§Õ¡‚æ ‘µ∑’Ë¡’ª√‘¡“≥«— ¥ÿÕ—¥·∑√°√âÕ¬≈– 70
‚¥¬πÈ”Àπ—° ·≈–‡√´‘π§Õ¡‚æ ‘µ∑’Ë¡’ª√‘¡“≥«— ¥ÿÕ—¥·∑√°‡∑à“
°—π¬—ß‡°‘¥°“√ ÷°∑’Ë·µ°µà“ß°—π¥â«¬ · ¥ß„Àâ‡ÀÁπ«à“ª√‘¡“≥
°“√ ÷°‰¡à¡’§«“¡ —¡æ—π∏å°—∫ª√‘¡“≥«— ¥ÿÕ—¥·∑√°„π‡√´‘π-
§Õ¡‚æ ‘µ ·≈–®“°°“√∑¥≈Õß¢Õß Chung „πªï §.». 199024

æ∫«à“ª√‘¡“≥«— ¥ÿÕ—¥·∑√°„π‡√´‘π§Õ¡‚æ ‘µ‰¡à‰¥â¡’Õ‘∑∏‘æ≈
µàÕ§ÿ≥ ¡∫—µ‘°“√µâ“π∑“π°“√ ÷°¢Õß«— ¥ÿ·µà¡’º≈µàÕ§ÿ≥ ¡∫—µ‘
∑“ß°≈Õ◊Ëπ ‡™àπ §«“¡·¢Áßº‘«¢Õß«— ¥ÿ πÕ°®“°π’È¬—ß¢÷ÈπÕ¬Ÿà°—∫
 à«πª√–°Õ∫¢Õß‡√ ‘́π‡¡∑√‘°´å„π‡√ ‘́π§Õ¡‚æ ‘µ∑’Ë„™â„π°“√
∑¥≈Õß ‚¥¬™π‘¥‡√ ‘́π‡¡∑√‘°´å∑’Ë„™â„π°“√∑¥≈Õß§√—Èßπ’È‡ªìπ
¡ÕπÕ‡¡Õ√å™π‘¥∫‘ øïπÕ≈-‡Õ-‰¥‰°≈´‘¥‘≈‡¡∑“§√—¬‡≈∑
(bisphenol A-diglycidyl methacrylate; Bis-GMA) ÷́Ëß
‡ªìπ¡ÕπÕ‡¡Õ√å∑’Ë¡’§«“¡Àπ◊¥ Ÿß (high viscosity) ®÷ß®”‡ªìπ
µâÕß¡’°“√‡µ‘¡¡ÕπÕ‡¡Õ√å∑’Ë¡’§«“¡Àπ◊¥µË”°«à“‡æ◊ËÕ‡®◊Õ®“ß
(diluents) ‡™àπ ‡µµ√–‡Õ∑’≈’π‰°≈§Õ≈‰¥‡¡∑“§√—¬‡≈µ
(tetraethylene glycol dimethacrylate; TEGDMA) ‡π◊ËÕß
®“°¡’πÈ”Àπ—°‚¡‡≈°ÿ≈ (molecular weight) πâÕ¬°«à“ ·µà
‡µµ√–‡Õ∑’≈’π‰°≈§Õ≈‰¥‡¡∑“§√—¬‡≈µ∑”„Àâ‡√´‘π§Õ¡‚æ ‘µ
‡°‘¥°“√À¥µ—«®“°°“√‡°‘¥ªØ‘°‘√‘¬“°“√‡°‘¥æÕ≈‘‡¡Õ√å Ÿß·≈–¡’
°“√¥Ÿ¥´÷¡πÈ” (water sorption) ¡“°25 ®÷ß¡’°“√„™â¬Ÿ√’‡∑π‰¥
‡¡∑“§√—¬‡≈µ (urethane dimethacrylate; UDMA) ·≈–
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∫‘ øïπÕ≈-‡Õ-æÕ≈’‡Õ∑’≈’π‰°≈§Õ≈‰¥Õ’‡∏Õ√å‰¥‡¡∑“§√—¬‡≈µ
(bisphenol A-polyethylene glycol diether dimethacrylate;
Bis-EMA) ÷́Ëß¡’πÈ”Àπ—°‚¡‡≈°ÿ≈¡“°√à«¡¥â«¬ ‡æ◊ËÕ≈¥°“√
À¥µ—«®“°°“√‡°‘¥ªØ‘°‘√‘¬“°“√‡°‘¥æÕ≈‘‡¡Õ√å∑”„Àâ«— ¥ÿ¡’ ¡∫—µ‘
∑“ß°≈∑’Ë¥’4 ·≈–‡æ◊ËÕ„Àâ¡’§«“¡Àπ◊¥‡À¡“– ¡°—∫°“√„™âß“π22

®–‡ÀÁπ‰¥â«à“¡ÕπÕ‡¡Õ√å·µà≈–™π‘¥¡’ ¡∫—µ‘∑’Ëµà“ß°—π‰ª ¥—ßπ—Èπ
ª√‘¡“≥·≈–™π‘¥¢Õß¡ÕπÕ‡¡Õ√å„π‡√´‘π‡¡∑√‘° ǻ®÷ß¡’º≈µàÕ
 ¡∫—µ‘∑“ß°≈¢Õß‡√´‘π§Õ¡‚æ ‘µ ÷́Ëß·µà≈–∫√‘…—∑ºŸâº≈‘µ®–¡’
 à«πª√–°Õ∫·≈–ª√‘¡“≥¢Õß¡ÕπÕ‡¡Õ√å·µà≈–™π‘¥µà“ß°—π‰ª
πÕ°®“°π’È·µà≈–∫√‘…—∑¬—ß¡’°“√ª√—∫ ¿“ææ◊Èπº‘««— ¥ÿÕ—¥-
·∑√°‡æ◊ËÕ„Àâ‡°‘¥°“√¬÷¥µ‘¥°—∫‡√ ‘́π‡¡∑√‘° ǻ∑’Ë·µ°µà“ß°—π ∑”„Àâ
‡√´‘π§Õ¡‚æ ‘µ¡’‚§√ß √â“ß√–¥—∫‚¡‡≈°ÿ≈µà“ß°—π ®÷ß àßº≈µàÕ
§ÿ≥ ¡∫—µ‘°“√µâ“π∑“π°“√ ÷°¢Õß‡√ ‘́π§Õ¡‚æ ‘µ¥â«¬23

º≈°“√∑¥ Õ∫°“√ ÷°·≈–§«“¡À¬“∫º‘«„π°“√∑¥≈Õß
§√—Èßπ’È‡ªìπ‰ª„π∑‘»∑“ß‡¥’¬«°—π‡§◊Õ‡‡√´‘π§Õ¡‚æ ‘µ∑’Ë‡°‘¥°“√ ÷°
¡“°®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«¡“° ·≈–‡√´‘π
§Õ¡‚æ ‘µ∑’Ë‡°‘¥°“√ ÷°πâÕ¬®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫
º‘«πâÕ¬µ“¡‰ª¥â«¬ µ√ß°—π¢â“¡°—∫°“√∑¥≈Õß¢Õß Teixeira11

·≈–§≥– „πªï §.». 2005 æ∫«à“øî≈‡∑§´’ 250 ´÷Ëß¡’ª√‘¡“≥
«— ¥ÿÕ—¥·∑√°¡“°°«à“·≈–¡’¢π“¥„À≠à°«à“øî≈‡∑§ ÿæ√’¡ ·µà
‡°‘¥°“√ ÷°À≈—ß°“√·ª√ß¡“°°«à“·≈–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§«“¡
À¬“∫º‘«∑’ËπâÕ¬°«à“Õ’°¥â«¬ °“√∑¥≈Õß¢Õß Teixeira · ¥ß
„Àâ‡ÀÁπ«à“§ÿ≥ ¡∫—µ‘„π°“√µâ“π∑“π°“√ ÷°‰¡à¡’§«“¡ —¡æ—π∏å
°—∫°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«¢Õß‡√´‘π§Õ¡‚æ ‘µ
πÕ°®“°π’Èº≈°“√∑¥≈Õß∑’Ë‡À¡◊ÕπÀ√◊Õµà“ß°—πÕÕ°‰ª¢Õß
·µà≈–°“√∑¥≈Õß¬—ß¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß‡§√◊ËÕß¡◊Õ∑’Ë„™â«—¥
°“√ ÷°·≈–§«“¡À¬“∫º‘« ™π‘¥¢Õß‡§√◊ËÕß·ª√ßÕ—µ‚π¡—µ‘
·√ß∑’Ë„™â„π°“√·ª√ß ®”π«π√Õ∫°“√·ª√ß ™π‘¥·≈–≈—°…≥–
¢Õß¢π·ª√ß ’øíπ √«¡∂÷ß™π‘¥·≈–§«“¡‡¢â¡¢âπ¢Õß “√¢—¥ ’
„π “√≈–≈“¬¬“ ’øíπ∑’Ë„™â„π°“√∑¥≈Õß¥â«¬

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫™π‘¥¢Õß¬“ ’øíπ‡æ◊ËÕøíπ¢“«µàÕ°“√ ÷°
¢Õß‡√´‘π§Õ¡‚æ ‘µæ∫«à“‡´Áπ‚´¥“¬πå‰«∑å‡∑ππ‘ß∑”„Àâ‡√´‘π-
§Õ¡‚æ ‘µ∑ÿ°™π‘¥‡°‘¥°“√ ÷°¡“°∑’Ë ÿ¥ ‚¥¬‡©æ“–∑”„Àâ‡ŒÕ√å-
§Ÿ‰≈∑åÕ—≈µ√“·≈–øî≈‡∑§´’ 350 ‡Õ°´å∑’‡°‘¥°“√ ÷°¡“°°«à“
¬“ ’øíπ™π‘¥Õ◊ËπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ·≈–¬“ ’øíπ∑ÿ°
™π‘¥∑”„Àâ¥Ÿ√“øî≈«’‡Õ ‡°‘¥°“√ ÷°¡“°‰¡à·µ°µà“ß°—π º≈°“√
∑¥≈Õß§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“‡ Á́π‚´¥“¬πå‰«∑å‡∑ππ‘ß∑”„Àâ‡°‘¥
°“√ Ÿ≠‡ ’¬«— ¥ÿ∫√‘‡«≥æ◊Èπº‘«∑’Ë —¡º— °—∫°“√·ª√ß¡“°∑’Ë ÿ¥
‡¡◊ËÕæ‘®“√≥“®“° à«πª√–°Õ∫¢Õß¬“ ’øíπ·µà≈–º≈‘µ¿—≥±å

æ∫«à“¬“ ’øíπ‡æ◊ËÕøíπ¢“«∑—Èß 4 º≈‘µ¿—≥±å ‰¡à¡’ à«πª√–°Õ∫
¢Õß “√øÕ° ’ ‡™àπ ‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å ÷́Ëß‡ªìπ “√∑’Ë¡’
§«“¡ “¡“√∂„π°“√·µ°µ—«‡ªìπÕπÿ¡Ÿ≈Õ‘ √– (free radical)  Ÿß
‚¥¬Õπÿ¡Ÿ≈Õ‘ √–∑’Ë‡°‘¥¢÷ÈπÕ“® àßº≈‡ ’¬µàÕ°“√‡™◊ËÕ¡√–À«à“ß
‡√´‘π‡¡∑√‘°´å·≈–«— ¥ÿÕ—¥·∑√° ´÷ËßÕ“®‡ªìπ‡Àµÿ∑”„Àâ‡°‘¥°“√
·µ°√â“« (crack propagation) ·≈–§«“¡À¬“∫º‘«¢Õß«— ¥ÿ
∑’Ë¡“°¢÷Èπµ“¡¡“ ¬“ ’øíπ‡æ◊ËÕøíπ¢“«∑’Ë„™â„π°“√∑¥≈Õß§√—Èßπ’È
¡’ à«πª√–°Õ∫ ”§—≠ §◊Õ  “√¢—¥ ’‡æ◊ËÕ∑”Àπâ“∑’Ë°”®—¥§√“∫ ’
∫πµ—«øíπ ‚¥¬·µà≈–º≈‘µ¿—≥±å®–¡’™π‘¥ ¢π“¥ ·≈–ª√‘¡“≥
¢Õß “√¢—¥ ’∑’Ë·µ°µà“ß°—π‰ª ‡´Áπ‚´¥“¬πå‰«∑å‡∑ππ‘ß
ª√–°Õ∫¥â«¬ “√¢—¥ ’™π‘¥´‘≈‘°“ª√‘¡“≥√âÕ¬≈– 21 ‚¥¬πÈ”Àπ—°
 ª“√å§‡§‘≈‰«∑å·≈–§Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ßª√–°Õ∫¥â«¬
 “√¢—¥ ’™π‘¥ ‘́≈‘°“‡™àπ‡¥’¬«°—π‡·µà‰¡à∑√“∫∂÷ßª√‘¡“≥ “√¢—¥-
 ’®“°∫√‘…—∑ºŸâº≈‘µ ¬“ ’øíπ “¡º≈‘µ¿—≥±åπ’È∑”„Àâ‡√ ‘́π§Õ¡-
‚æ ‘µ à«π„À≠à‡°‘¥°“√ ÷°¡“°°«à“ø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ß
´÷Ëßª√–°Õ∫¥â«¬ “√¢—¥ ’™π‘¥´‘≈‘°“ª√‘¡“≥√âÕ¬≈– 14.5 ‚¥¬
πÈ”Àπ—° ·≈–·§≈‡´’¬¡§“√å∫Õ‡πµª√‘¡“≥√âÕ¬≈– 10 ‚¥¬
πÈ”Àπ—°°®–‡ÀÁπ‰¥â«à“¬“ ’øíπ∑’Ë¡’ “√¢—¥ ’™π‘¥´‘≈‘°“‡æ’¬ßÕ¬à“ß‡¥’¬«
∑”„Àâ‡√ ‘́π§Õ¡‚æ ‘µ‡°‘¥°“√ ÷°¡“°°«à“¬“ ’øíπ∑’Ë¡’ “√¢—¥ ’
™π‘¥ ‘́≈‘°“√à«¡°—∫·§≈‡´’¬¡§“√å∫Õ‡πµ ®“°°“√∑¥≈Õß¢Õß
Camargo26 ·≈–§≥– „πªï §.». 2001 æ∫«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫
§à“°“√ ÷°¢Õß “√¢—¥ ’µà“ß™π‘¥∑’Ë¡’¢π“¥‡∑à“°—π ´‘≈‘°“¡’§à“
°“√ ÷°¡“µ√∞“π¢Õß‡π◊ÈÕøíπ¡“°°«à“·§≈‡ ’́¬¡§“√å∫Õ‡πµ26

·≈–´‘≈‘°“¡’§à“§«“¡·¢Áßº‘«¡“°°«à“·§≈‡´’¬¡§“√å∫Õ‡πµ¥â«¬27

´÷Ëß‡ªìπº≈„Àâ‡°‘¥°“√ ÷°¢Õß‡√ ‘́π§Õ¡‚æ ‘µ¡“°°«à“ πÕ°®“°
§à“§«“¡·¢Áßº‘«¢Õß “√¢—¥ ’·≈â«ªí®®—¬∑’Ë∑”„Àâ‡°‘¥°“√ ÷°¢Õß
¬“ ’øíπ¬—ß¢÷Èπ°—∫¢π“¥ √Ÿª√à“ß °“√°√–®“¬ ·≈–§«“¡‡¢â¡¢âπ
¢Õß “√¢—¥ ’„π¬“ ’øíπ28

º≈°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«æ∫«à“‡´Áπ‚´¥“¬πå‰«∑å-
‡∑ππ‘ß  ª“√å§‡§‘≈‰«∑å ·≈–§Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß
∑”„Àâ¥Ÿ√“øî≈«’‡Õ ·≈–øî≈‡∑§´’ 250 ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß
§«“¡À¬“∫º‘«·µ°µà“ß®“°ø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ß
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ ‡´Áπ‚´¥“¬πå‰«∑å‡∑ππ‘ß·≈–§Õ≈-
‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß∑”„Àâ‡ŒÕ√å§Ÿ‰≈∑åÕ—≈µ√“‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«‰¡à·µ°µà“ß°—π ·≈– ª“√å§‡§‘≈‰«∑å
·≈–§Õ≈‡°µ·Õ¥«“π å‰«∑å‡∑ππ‘ß∑”„Àâøî≈‡∑§´’ 350 ‡Õ° ǻ∑’
‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«‰¡à·µ°µà“ß°—π ®–‡ÀÁπ‰¥â
«à“ø≈Ÿ‚Õ§“√’≈‡Œ≈∑åµ’‰«∑å‡∑ππ‘ß∑”„Àâ‡√´‘π§Õ¡‚æ ‘µ à«π„À≠à
‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§«“¡À¬“∫º‘«πâÕ¬°«à“¬“ ’øíπº≈‘µ¿—≥±å
Õ◊Ëπ · ¥ß„Àâ‡ÀÁπ«à“¬“ ’øíπ∑’Ë¡’ à«πª√–°Õ∫¢Õß·§≈‡´’¬¡
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§“√å∫Õ‡πµ√à«¡°—∫ ‘́≈‘°“∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß§«“¡-
À¬“∫º‘«πâÕ¬°«à“ ‘́≈‘°“‡æ’¬ßÕ¬à“ß‡¥’¬« ÷́Ëß„Àâº≈°“√∑¥≈Õß
‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß¢Õß Amaral29 ·≈–§≥– „πªï§.».
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‡æ◊ËÕøíπ¢“« 4 º≈‘µ¿—≥±å∑’Ë¡’®ÿ¥ª√– ß§å„π°“√ªÑÕß°—π·≈–
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Abstracts

Objective The purpose of this study was to investigate wear and surface roughness of 4 types of resin
composite after brushing using 4 products of whitening dentifrice.

Materials and methods Sixty-four specimens of each resin composite: nanofill (Filtek Z350 XT),
nanohybrid (Herculite Ultra), microfill (Durafill VS) and microhybrid (Filtek Z250) were made using
metal molds. Each type of resin composite was divided into 4 groups of 16 specimens according to 4
products of whitening dentifrices: Sparkle White, Fluocaril Healthy Whitening, Colgate Advanced
Whitening and Sensodyne Whitening. The volume and surface roughness were measured using a
profilometer before and after brushing in a brushing machine with a load of 300 grams, speed of 90
strokes per minute, at 20,000 strokes. Results were analyzed by two-way ANOVA and Tamhaneûs test
at a significant level of 0.05.

Results After brushing with all dentrifrices, Durafill VS showed significantly different wear and
surface roughness from Herculite Ultra, Filtek Z350 XT and Filtek Z250 (p < 0.05). Sensodyne
Whitening produced more wear of resin composites than Sparkle White, Colgate Advanced Whitening
and Fluocaril Healthy Whitening. Sensodyne Whitening, Sparkle White and Colgate Advanced
Whitening produced more surface roughness of resin composites than Fluocaril Healthy Whitening.

Conclusion Durafill VS showed the most wear and surface roughness when brushed with all whitening
dentifrices. Sensodyne Whitening, Sparkle White and Colgate Advanced Whitening produced more
wear and surface roughness of resin composites than Fluocaril Healthy Whitening.

(CU Dent J. 2012;35:105-18)
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