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∫∑§—¥¬àÕ

«—µ∂ÿª√– ß§å ‡æ◊ËÕ —ß‡§√“–Àå·≈–»÷°…“≈—°…≥–¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®π∑’Ë °—¥®“°Àπ—ß ÿ°√º ¡‰Œ¥√Õ°´’Õ–æ“‰∑µå
 ”À√—∫°“√π”‰ª„™â‡ªìπ‚§√ß§È”¬—π„π°“√™—°π”„Àâ‡°‘¥°“√´àÕ¡·´¡°√–¥Ÿ°

«— ¥ÿ·≈–«‘∏’°“√ §Õ≈≈“‡®π∑’Ë„™â„π°“√‡µ√’¬¡‚§√ß§È”¬—π„π°“√»÷°…“π’È  °—¥‰¥â®“°°“√≈–≈“¬Àπ—ß ÿ°√„π°√¥
√à«¡°—∫‡Õπ‰´¡å ·≈–µ°µ–°Õπ¥â«¬‡°≈◊Õ π”§Õ≈≈“‡®π∑’Ë °—¥‰¥â¡“∑”‡ªìπ “√≈–≈“¬∑’Ë¡’§«“¡‡¢â¡¢âπ √âÕ¬≈– 1.5
√âÕ¬≈– 2 ·≈–√âÕ¬≈– 2.5 ‚¥¬πÈ”Àπ—°µ“¡≈”¥—∫ ·≈â«º ¡‡¢â“°—∫º≈÷°‰Œ¥√Õ° ’́Õ–æ“‰∑µå „πÕ—µ√“ à«π‰Œ¥√Õ° ’́
Õ–æ“‰∑µåµàÕ “√≈–≈“¬§Õ≈≈“‡®π 1:10 (πÈ”Àπ—°µàÕª√‘¡“µ√)  “√º ¡¢Õß§Õ≈≈“‡®π·≈–‰Œ¥√Õ°´’Õ–æ“‰∑µå
∂Ÿ°∑”„Àâ‡ªìπ‚§√ß§È”¬—π∑’Ë¡’≈—°…≥–§≈â“¬øÕßπÈ”¥â«¬°“√·™à·¢Áß·≈–Õ∫·Àâß‡¬◊Õ°·¢Áß‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ‚¥¬„™â
Õÿ≥À¿Ÿ¡‘„π°“√·™à·¢Áß·µ°µà“ß°—π 2 °≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë∑”„ÀâÕÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß™â“Ê ·≈–°≈ÿà¡∑’Ë∑”„Àâ
Õÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß√«¥‡√Á« ®“°π—Èπ∑”„Àâ‚§√ß§È”¬—π§Õ≈≈“‡®π§ßµ—«¥â«¬°“√∑”ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß
»÷°…“≈—°…≥–‚§√ß √â“ß‚¥¬≈–‡Õ’¬¥¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®π∑’Ë —ß‡§√“–Àå¿“¬„µâ ¿“«–·µ°µà“ß°—π¥â«¬
°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥ ·≈–»÷°…“¢π“¥¢Õß√Ÿæ√ÿπ¥â«¬°≈âÕß®ÿ≈∑√√»πå™π‘¥· ß¢“« «‘‡§√“–Àå
§«“¡·µ°µà“ß¢Õß¢π“¥√Ÿæ√ÿπ¥â«¬«‘∏’°“√∑“ß ∂‘µ‘

º≈°“√»÷°…“ ‚§√ß§È”¬—π§Õ≈≈“‡®π∑’Ë —ß‡§√“–Àå¢÷Èπ¥â«¬«‘∏’°“√¥—ß°≈à“« ¡’≈—°…≥–§≈â“¬øÕßπÈ” °¥π‘Ë¡  ’¢“«
‰¡à¡’°≈‘Ëπ·≈–≈–≈“¬πÈ”‰¥âÕ¬à“ß√«¥‡√Á« ·≈–‡¡◊ËÕºà“π°“√∑”ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß·≈â« ‚§√ß§È”¬—π¡’§«“¡§ßµ—«
¡“°¢÷Èπ ®“°°“√»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥æ∫«à“‚§√ß§È”¬—π¡’≈—°…≥–‡ªìπ√Ÿæ√ÿπ
ª√–°Õ∫¥â«¬·ºàπ∑’Ë‡°‘¥®“°°“√Õ—¥·πàπ¢Õß‡ âπ„¬§Õ≈≈“‡®π®”π«π¡“° “π°—π‰ª¡“ ‚¥¬¡’º≈÷°¢Õß‰Œ¥√Õ° ’́
Õ–æ“‰∑µåµ‘¥Õ¬Ÿà∑’Ëºπ—ß¢Õß√Ÿæ√ÿπ‡À≈à“π’È ®“°°“√»÷°…“‡ª√’¬∫‡∑’¬∫≈—°…≥–¢Õß‚§√ß§È”¬—π∑’Ë‡µ√’¬¡¿“¬„µâ ¿“«–
∑’Ë·µ°µà“ß°—π æ∫«à“‚§√ß§È”¬—π∑’Ëº≈‘µ®“°§Õ≈≈“‡®π∑’Ë¡’§«“¡‡¢â¡¢âπ·µ°µà“ß°—π ¡’§à“‡©≈’Ë¬¢Õß¢π“¥√Ÿæ√ÿπ‰¡à
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∫∑π”

°√–∫«π°“√ à́Õ¡·´¡∫“¥·º≈∑’Ë‡°‘¥¢÷Èπ°—∫°√–¥Ÿ° Õ“®
‡°‘¥‰¥â„π≈—°…≥–¢Õß°“√´àÕ¡·´¡¥â«¬‡π◊ÈÕ‡¬◊ËÕ¬÷¥µàÕ (repair
by connective tissue) À√◊Õ´àÕ¡·´¡¥â«¬‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°
∑—Èßπ’È¢÷Èπ°—∫™π‘¥¢Õß‡´≈≈å∑’Ë‡§≈◊ËÕπ‡¢â“¡“„π∫√‘‡«≥∑’Ë‡π◊ÈÕ‡¬◊ËÕ
∂Ÿ°∑”≈“¬‰¥â‡√Á«∑’Ë ÿ¥1 ‚¥¬ª°µ‘·≈â«‡´≈≈å¢Õß‡π◊ÈÕ‡¬◊ËÕ¬÷¥µàÕ
¡—°‡§≈◊ËÕπ¡“¬—ßµ”·Àπàß∑’Ë‡ªìπ∫“¥·º≈‰¥â‡√Á«°«à“‡´≈≈å™π‘¥Õ◊Ëπ
·≈–∑”„Àâ‡°‘¥°“√´àÕ¡·´¡∫“¥·º≈¥â«¬‡π◊ÈÕ‡¬◊ËÕ¬÷¥µàÕÀ√◊Õ
‡π◊ÈÕ‡¬◊ËÕ‰ø∫√—  (fibrous tissue) ´÷Ëß°“√À“¬¢Õß·º≈„π
≈—°…≥–π’È ‡¡◊ËÕ‡°‘¥°“√µ‘¥‡™◊ÈÕ È́”®–‡°‘¥°“√∑”≈“¬Õ¬à“ß√«¥
‡√Á«2 ¥â«¬‡Àµÿ¥—ß°≈à“«®÷ß‰¥â¡’°“√æ—≤π“«‘∏’°“√√—°…“∫“¥·º≈
∑’Ë‡°‘¥¢÷Èπ°—∫°√–¥Ÿ°À≈“¬«‘∏’ ‡™àπ °“√ª≈Ÿ°°√–¥Ÿ°‚¥¬„™â
°√–¥Ÿ°®“°µ—«ºŸâªÉ«¬‡Õß À√◊Õ°√–¥Ÿ°∑’Ë —ß‡§√“–Àå®“° ‘Ëß¡’™’«‘µ
™π‘¥Õ◊Ëπ °“√ª≈Ÿ°°√–¥Ÿ°√à«¡°—∫°“√„™â·ºàπ‡¬◊ËÕ¢«“ß°—Èπ (barrier
membrane) ‡æ◊ËÕ¢—¥¢«“ß‡´≈≈å¢Õß‡π◊ÈÕ‡¬◊ËÕ¬÷¥µàÕ‰¡à„Àâ‡¢â“
¡“„π∫√‘‡«≥∫“¥·º≈·≈– π—∫ πÿπ°“√ßÕ°„À¡à¢Õß°√–¥Ÿ°
®“°‡´≈≈å°√–¥Ÿ°∫√‘‡«≥„°≈â‡§’¬ß∑’Ë‡§≈◊ËÕπ¡“¬—ß∫“¥·º≈
πÕ°®“°π’È „πªí®®ÿ∫—π¬—ß¡’°“√π”‡Õ“«— ¥ÿ∑“ß™’«¿“æµà“ßÊ
¡“„™â‡ªìπ‚§√ß§È”¬—π (scaffold) „ à„π∫“¥·º≈ ‡æ◊ËÕ„Àâ‡ªìπ
·π«∑“ß ”À√—∫°“√‡§≈◊ËÕπ∑’Ë·≈–‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å
°√–¥Ÿ°À√◊Õ‡´≈≈åµâπ°”‡π‘¥ (stem cells) ¢Õß‡´≈≈å°√–¥Ÿ°
‡¢â“‰ª¬—ß∫√‘‡«≥¢Õß∫“¥·º≈ ·≈–‡°‘¥°“√ à́Õ¡·´¡¥â«¬
°√–¥Ÿ°‰¥â3

≈—°…≥–¢Õß‚§√ß§È”¬—π∑’Ë¥’ §«√¡’§«“¡‡¢â“°—π‰¥â¥’°—∫
‡π◊ÈÕ‡¬◊ËÕ ¡’Õ—µ√“°“√¬àÕ¬ ≈“¬‡∑à“°—∫Õ—µ√“°“√ √â“ß¢Õß
‡π◊ÈÕ‡¬◊ËÕ„À¡à ¡’§ÿ≥ ¡∫—µ‘‡ªìπ‚§√ß 3 ¡‘µ‘∑’Ë¡’§«“¡æ√ÿπ‡æ◊ËÕ„Àâ
‡´≈≈å “¡“√∂¬÷¥‡°“– ‡®√‘≠‡µ‘∫‚µ ·≈–‡æ‘Ë¡®”π«π‰¥â4 ≈—°…≥–

¢Õß√Ÿæ√ÿπ —ß‡°µ‰¥â®“°¢π“¥¢Õß√Ÿæ√ÿπ √Ÿª√à“ß ‡ âπ‡™◊ËÕ¡√–À
«à“ß√Ÿæ√ÿπ √–¥—∫¢Õß§«“¡æ√ÿπ·≈–æ◊Èπ∑’Ëº‘« ´÷Ëß≈—°…≥–‡À≈à“
π’È®–™à«¬∑”„Àâ‡´≈≈å∑’Ë¡’§«“¡‡°’Ë¬«¢âÕß°—∫°“√´àÕ¡·´¡
‡π◊ÈÕ‡¬◊ËÕ√«¡∂÷ßÀ≈Õ¥‡≈◊Õ¥·≈– “√Õ“À“√µà“ßÊ ‡§≈◊ËÕπ∑’Ë‡¢â“
¡“„π‚§√ß§È”¬—π‰¥â ‚¥¬ªí®®—¬∑’Ë ”§—≠∑’Ë ÿ¥ §◊Õ ¢π“¥¢Õß
√Ÿæ√ÿπ5 ¡’°“√√“¬ß“π∂÷ß¢π“¥¢Õß‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß
√Ÿæ√ÿπ∑’Ë‡À¡“– ¡„π°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å µ—Èß·µà¢π“¥
‡≈Á°°«à“ 100 ‰¡‚§√‡¡µ√6 ®π∂÷ß¢π“¥ 500 ‰¡‚§√‡¡µ√7,8

«— ¥ÿ∑’Ëπ”¡“ —ß‡§√“–Àå‡ªìπ‚§√ß§È”¬—πÕ“®‡ªìπ«— ¥ÿ‰¥â®“°
∏√√¡™“µ‘ À√◊Õ®“° “√ —ß‡§√“–Àå∑’Ë¡’§ÿ≥ ¡∫—µ‘‡À¡“– ¡9

‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå¢÷Èπ®“°«— ¥ÿ∏√√¡™“µ‘ à«π„À≠à¡—°∑”¢÷Èπ
®“°‡¡∑√‘°´åπÕ°‡´≈≈å (extracellular matrix) ∑’Ë‡´≈≈å¡’
§«“¡§ÿâπ‡§¬ ¥—ßπ—Èπ‚§√ß§È”¬—π™π‘¥π’È®÷ß¡’§«“¡‡¢â“°—π‰¥â¥’°—∫
‡π◊ÈÕ‡¬◊ËÕ  “¡“√∂√Õß√—∫°“√¬÷¥‡°“–·≈–°“√‡®√‘≠‡µ‘∫‚µ¢Õß
‡´≈≈å‰¥â¥’10 ·µà¡’¢âÕ‡ ’¬ §◊Õ ¢“¥§«“¡·¢Áß·√ß ¬àÕ¬ ≈“¬ßà“¬
∑”„Àâ‡°‘¥§«“¡¬ÿàß¬“°‡¡◊ËÕπ”‰ª„™â„πÀâÕßªØ‘∫—µ‘°“√À√◊Õπ”‰ª
„™â®√‘ß∑“ß§≈‘π‘°11 ‚¥¬∑—Ë«‰ª‚§√ß§È”¬—π∑’Ëº≈‘µ®“°∏√√¡™“µ‘
π‘¬¡º≈‘µ®“°§Õ≈≈“‡®π (collagen) ÷́Ëß‡ªìπ‚ª√µ’π∑’Ë‡ªìπ
 à«πª√–°Õ∫À≈—°¢Õß√à“ß°“¬ §Õ≈≈“‡®πæ∫‰¥âª√–¡“≥
√âÕ¬≈– 30 ¢Õßª√‘¡“≥‚ª√µ’π∑—ÈßÀ¡¥„π√à“ß°“¬ √«¡∑—Èß
‡ªìπ‡¡∑√‘° ǻÀ≈—°¢Õß‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°12 §Õ≈≈“‡®π∑’Ëπ”¡“
 —ß‡§√“–Àå‚§√ß§È”¬—π  à«π„À≠à‡ªìπ§Õ≈≈“‡®π™π‘¥∑’Ë I
(type I collagen) ∑’Ë‰¥â®“° —µ«å ‡™àπ «—«13 ·≈– ÿ°√14 ¢âÕ¥’
¢Õß‚§√ß§È”¬—π∑’Ë‰¥â®“°§Õ≈≈“‡®π §◊Õ §Õ≈≈“‡®π‡ªìπ à«π
Àπ÷Ëß¢Õß‡¡∑√‘°´åπÕ°‡´≈≈å ®÷ß¡’°“√µÕ∫ πÕß∑“ß√–∫∫
¿Ÿ¡‘§ÿâ¡°—πµË”15  “¡“√∂°√–µÿâπ„Àâ¡’°“√¬÷¥‡°“–¢Õß‡´≈≈å‰¥â¥’
„™â‰¥â¥’°—∫∫“¥·º≈„πµ”·Àπàßµà“ßÊ ∑—Èß∫√‘‡«≥∑’Ë‡ªìπ‡π◊ÈÕ‡¬◊ËÕ

·µ°µà“ß°—π (p > 0.05) „π¢≥–∑’Ë‚§√ß§È”¬—π∑’Ëº≈‘µ®“°§Õ≈≈“‡®π∑’Ë¡’§«“¡‡¢â¡¢âπ‡¥’¬«°—π ·µà‡µ√’¬¡¿“¬„µâ ¿“«–
·™à·¢Áßµà“ß°—π ¡’¢π“¥¢Õß√Ÿæ√ÿπ·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p < 0.05) °≈à“«§◊Õ ‚§√ß§È”¬—π∑’Ë„™â
Õÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß™â“Ê ¢π“¥‡©≈’Ë¬¢Õß√Ÿæ√ÿπ„À≠à°«à“‚§√ß§È”¬—π∑’Ë„™âÕÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß√«¥‡√Á«

 √ÿª §Õ≈≈“‡®π∑’Ë °—¥‰¥â®“°Àπ—ß ÿ°√ ‡¡◊ËÕπ”‰ªº ¡°—∫‰Œ¥√Õ° ’́Õ–æ“‰∑µå  “¡“√∂π”‰ªº≈‘µ‡ªìπ‚§√ß§È”¬—π∑’Ë
§ßµ—«‰¥â¥â«¬«‘∏’Õ∫·Àâß‡¬◊Õ°·¢Áß√à«¡°—∫°“√∑”ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß ‚¥¬≈—°…≥–·≈–¢π“¥¢Õß√Ÿæ√ÿπ‚§√ß§È”¬—π
§Õ≈≈“‡®πº ¡‰Œ¥√Õ°´’Õ–æ“‰∑µå ¡’§«“¡ —¡æ—π∏å°—∫§«“¡‡√Á«„π°“√≈¥µË”≈ß¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√·™à·¢Áß ·µà‰¡à
 —¡æ—π∏å°—∫§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬§Õ≈≈“‡®π∑’Ë„™â„π°“√ —ß‡§√“–Àå

(« ∑—πµ ®ÿÃ“œ 2555;35:1-14)

§” ”§—≠: ‚§√ß§È”¬—π; §Õ≈≈“‡®π®“°Àπ—ß ÿ°√; «‘»«°√√¡‡π◊ÈÕ‡¬◊ËÕ; ‰Œ¥√Õ° ’́Õ–æ“‰∑µå
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ÕàÕπ (soft tissue)16 ·≈–∫√‘‡«≥∑’Ë‡ªìπ‡π◊ÈÕ‡¬◊ËÕ·¢Áß (hard
tissue)17 ®—¥À“‰¥âßà“¬®“°∏√√¡™“µ‘ ·≈–¡’°“√¬àÕ¬ ≈“¬
‰¥â‡Õß ·µà¢âÕ‡ ’¬¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®π §◊Õ ¢“¥§«“¡
·¢Áß·√ß ·≈–¬àÕ¬ ≈“¬ßà“¬ ‚§√ß§È”¬—π§Õ≈≈“‡®π∑’Ë‡ªìπ
º≈‘µ¿—≥±å∑“ß°“√§â“ à«π„À≠à®÷ß¡’°“√ª√—∫ª√ÿß§ÿ≥¿“æ„Àâ
‡À¡“– ¡°—∫°“√„™âß“π¡“°¢÷Èπ¥â«¬°“√∑”ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß
(cross linking) ‚¡‡≈°ÿ≈¢Õß§Õ≈≈“‡®π18 ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß
π’È “¡“√∂∑”‰¥âÀ≈“¬«‘∏’ ‡™àπ „™â§«“¡√âÕπ (dehydrothermal)
„™â√—ß ’Õ—≈µ√“‰«‚Õ‡≈µ19 À√◊Õ„™â “√‡§¡’ ‡™àπ °≈Ÿµ“√“≈¥’‰Œ¥å
(glutaraldehyde)20 ·≈–øÕ√å¡—≈¥’‰Œ¥å (formaldehyde)21

 “√‡§¡’ Õß™π‘¥π’È ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß°≈Ÿµ“√“≈¥’‰Œ¥å¡’
§«“¡‡ªìπæ‘…µàÕ‡´≈≈å ÷́Ëß àßº≈„Àâ‡°‘¥°“√µ“¬¢Õß‡´≈≈å·≈–
°“√À“¬¢Õß∫“¥·º≈™â“≈ß22 ªí®®ÿ∫—π¡’°“√„™â “√ª√–°Õ∫¢Õß
1-‡Õ∑‘≈-3-(3-‰¥‡¡∑‘≈Õ–¡‘‚π‚æ√æ‘≈)-§“√å‚∫‰¥‰Õ‰¡¥å
(1-ethyl-3-(3-dimethyl aminopropyl) carbodiimide, EDC)
·≈– “√‡ÕÁπ‰Œ¥√Õ°´’´—° ‘́π‘‰¡¥å (N-hydroxysuccinimide,
NHS) ¡“„™â‡ªìπ “√„πªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß ÷́Ëßæ∫«à“ “¡“√∂
™à«¬„Àâ‚§√ß§È”¬—π§Õ≈≈“‡®π¡’§«“¡§ßµ—«·≈–‰¡à‡ªìπæ‘…µàÕ
‡´≈≈å23

‚§√ß§È”¬—π§Õ≈≈“‡®π∑’Ë‡ªìπº≈‘µ¿—≥±å∑“ß°“√§â“  à«π
„À≠àº≈‘µ®“°‡ÕÁπ¬÷¥°≈â“¡‡π◊ÈÕ·≈–º‘«Àπ—ß¢Õß«—«24 ·µàæ∫
«à“°“√„™â‡π◊ÈÕ‡¬◊ËÕ®“°«—«¡’§«“¡‡ ’Ë¬ßµàÕ°“√‡°‘¥¿“«–·∑√°´âÕπ
·≈–Õ“®∑”„Àâ‡°‘¥°“√µ‘¥‡™◊ÈÕ·≈–·æ√à°√–®“¬¢Õß‚√§«—«∫â“
(Mad cow disease) ‰¥â25 °“√º≈‘µ‚§√ß§È”¬—π§Õ≈≈“‡®π
„πªí®®ÿ∫—π®÷ßæ¬“¬“¡„™â§Õ≈≈“‡®π®“° ‘Ëß¡’™’«‘µ™π‘¥Õ◊Ëπ¡“
∑¥·∑π§Õ≈≈“‡®π®“°«—« ‡™àπ §Õ≈≈“‡®π®“°Àπ—ß ÿ°√14

Àπ—ßª≈“∑–‡≈26 ·≈–‡ÕÁπ¬÷¥°≈â“¡‡π◊ÈÕ¡â“27 ‡ªìπµâπ πÕ°®“°
°“√„™â‚§√ß§È”¬—π¡“™à«¬‡ªìπÀ≈—°¬÷¥„Àâ°—∫‡´≈≈å·≈â« ¬—ß¡’°“√
‡µ‘¡·µàß‚§√ß§È”¬—π¥â«¬‚¡‡≈°ÿ≈∑’Ë‡°’Ë¬«°—∫°“√ àß —≠≠“≥°“√
∑”ß“π√–À«à“ß‡´≈≈å ‡™àπ ‚°√∑·ø°‡µÕ√å™π‘¥µà“ßÊ (growth
factors) À√◊Õ “√∑’Ë “¡“√∂¥÷ß¥Ÿ¥À√◊Õ°√–µÿâπ‡´≈≈å°√–¥Ÿ°„Àâ
‡§≈◊ËÕπ∑’Ë¡“¬—ß∫“¥·º≈‰¥â¥’¬‘Ëß¢÷Èπ µ—«Õ¬à“ß¢Õß “√¥—ß°≈à“«∑’Ë
π‘¬¡„™â ‰¥â·°à ‰Œ¥√Õ°´’Õ–æ“‰∑µå (hydroxyapatite)

‰Œ¥√Õ°´’Õ–æ“‰∑µå ‡ªìπ “√Õπ‘π∑√’¬å∑’Ë¡’Õß§åª√–°Õ∫
À≈—° §◊Õ ·§≈‡´’¬¡·≈–øÕ ‡øµ ¡’ Ÿµ√‚§√ß √â“ß §◊Õ
Ca10(PO4)6(OH)2 æ∫‰¥â„π à«πª√–°Õ∫¢Õß°√–¥Ÿ°·≈–
øíπ„π¡πÿ…¬å ¥â«¬≈—°…≥– ¡∫—µ‘∑’Ë¡’§«“¡§≈â“¬§≈÷ß°—π°—∫
 à«πª√–°Õ∫¢Õß°√–¥Ÿ° ·≈–¡’°“√»÷°…“æ∫«à“‰Œ¥√Õ° ’́
Õ–æ“‰∑µå¡’§«“¡‡¢â“°—π‰¥â¥’°—∫‡π◊ÈÕ‡¬◊ËÕ·≈– “¡“√∂‡Àπ’Ë¬«π”

„Àâ‡´≈≈å‡®√‘≠‡µ‘∫‚µ‰¥â¥’28 ®÷ß¡’°“√π”‰Œ¥√Õ° ’́Õ–æ“‰∑µå¡“
º≈‘µ‡ªìπ‚§√ß§È”¬—π ”À√—∫°“√´àÕ¡·´¡°√–¥Ÿ°29 ·µà‰Œ¥√Õ°
´’Õ–æ“‰∑µå‡Õß¡’§«“¡‡ª√“– Ÿß·≈–‰¡à‡À¡“–∑’Ë®–π”¡“º≈‘µ
‡ªìπ‚§√ß§È”¬—π‡¥’Ë¬« ®÷ßπ‘¬¡π”¡“„™â√à«¡°—∫§Õ≈≈“‡®π„π
°“√º≈‘µ‡ªìπ‚§√ß§È”¬—π‡≈’È¬ß‡´≈≈å30 ¡’°“√»÷°…“∑’Ë√“¬ß“π
∂÷ßº≈¥’¢Õß‚§√ß§È”¬—π∑’Ë‡°‘¥®“°°“√º ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå
°—∫§Õ≈≈“‡®π æ∫«à“™à«¬∑”„Àâ‚§√ß§È”¬—π§ß√Ÿª√à“ß‰¥â¥’
µâ“π∑“πµàÕ°“√≈–≈“¬·≈–°“√¬àÕ¬ ≈“¬¥â«¬‡Õπ‰´¡å§Õ≈≈“
®’‡π ‰¥â¥’°«à“‚§√ß§È”¬—π∑’Ë¡’§Õ≈≈“‡®π‡ªìπ à«πª√–°Õ∫
‡æ’¬ßÕ¬à“ß‡¥’¬«31 Õ’°∑—Èß¡’§ÿ≥ ¡∫—µ‘‡Àπ’Ë¬«π”„Àâ¡’·§≈‡ ’́¬¡
æÕ°æŸπ (calcification) ‰¥â¥’Õ’°¥â«¬28

®“°°“√»÷°…“¢Õß Hutmacher32 æ∫«à“«‘∏’°“√
ª√–¥‘…∞å‚§√ß§È”¬—π‡≈’È¬ß‡´≈≈å¡’À≈“¬«‘∏’ ·≈–·µà≈–«‘∏’¡’
§«“¡·µ°µà“ß°—πÕÕ°‰ª ∑—Èßπ’È¢÷Èπ°—∫™π‘¥·≈–√Ÿª√à“ß¢Õß
‚§√ß§È”¬—π √«¡∂÷ßªí®®—¬µâπ∑ÿπ„π°“√º≈‘µ  ”À√—∫°“√¢÷Èπ√Ÿª
¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®ππ—Èππ‘¬¡¢÷Èπ√Ÿª¥â«¬«‘∏’°“√∑”„Àâ
·Àâß‚¥¬·™à·¢Áß (Freeze drying) ‡æ√“–‡ªìπ«‘∏’∑’Ë∑”‰¥âßà“¬
 “¡“√∂√–‡À‘¥µ—«∑”≈–≈“¬ÕÕ°‰ª‰¥â¥’33 ´÷Ëß«‘∏’°“√π’È®–
∑”„Àâ‰¥â¢π“¥¢Õß√Ÿæ√ÿπ∑’Ë·µ°µà“ß°—π¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘∑’Ë„™â„π
°“√·™à·¢Áß34

®“°ªí≠À“‡°’Ë¬«°—∫°“√·æ√à°√–®“¬¢Õß‚√§«—«∫â“ °“√
„™â«—µ∂ÿ¥‘∫∑’Ë¡“®“°Àπ—ß ÿ°√®÷ß‡ªìπ∑“ß‡≈◊Õ°∑’Ëª≈Õ¥¿—¬
ª√–°Õ∫°—∫ ÿ°√‡ªìπ —µ«å‡»√…∞°‘®∑’Ë‡≈’È¬ß°—π·æ√àÀ≈“¬„π
ª√–‡∑»‰∑¬ ®÷ßÀ“‰¥âßà“¬ ·≈–√“§“‰¡à·æß ß“π«‘®—¬π’È®÷ß¡’
«—µ∂ÿª√– ß§å„π°“√ °—¥§Õ≈≈“‡®π®“°Àπ—ß ÿ°√ ·≈–»÷°…“
≈—°…≥–¢Õß√Ÿæ√ÿπ‚§√ß§È”¬—π∑’Ëª√–¥‘…∞å®“°§Õ≈≈“‡®π∑’Ë °—¥
‰¥âº ¡‰Œ¥√Õ°´’Õ–æ“‰∑µå ‚¥¬„™â§«“¡‡¢â¡¢âπ¢Õß§Õ≈≈“‡®π
·≈–Õÿ≥À¿Ÿ¡‘„π°“√·™à·¢Áß∑’Ë·µ°µà“ß°—π„π°“√¢÷Èπ√Ÿª‚§√ß§È”¬—π

«— ¥ÿ·≈–«‘∏’°“√

°“√ °—¥§Õ≈≈“‡®π®“°Àπ—ß ÿ°√

§Õ≈≈“‡®π∑’Ë„™â„π°“√»÷°…“π’È ‡µ√’¬¡®“°º‘«Àπ—ß ¥
¢Õß ÿ°√ ¥â«¬«‘∏’°“√≈–≈“¬„π°√¥∑’Ëº ¡‡Õπ‰´¡å ·≈–µ°
µ–°Õπ§Õ≈≈“‡®π¥â«¬‡°≈◊Õ (salt precipitation) ÷́Ëß
¥—¥·ª≈ß®“°«‘∏’¢Õß Rousseau ·≈– Gagnieu35 ‚¥¬„π
¢—Èπ·√°π”º‘«Àπ—ß ÿ°√¡“≈â“ß„Àâ –Õ“¥¥â«¬πÈ”°≈—Ëπ 4 Õß»“
‡´≈‡´’¬  3 §√—Èß ®“°π—Èπµ—¥‡ªìπ™‘Èπ‡≈Á°Ê π”‰ª·™à„π°√¥
‰Œ‚¥√§≈Õ√‘° §«“¡‡¢â¡¢âπ 0.015 ‚¡≈“√å ∑’Ëº ¡‡æª´‘π
(pepsin) „πª√‘¡“≥ 20 ¡‘≈≈‘°√—¡µàÕπÈ”Àπ—°¢ÕßÀπ—ß ÿ°√
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1 °√—¡ ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬ 
‚¥¬„™âª√‘¡“µ√¢Õß°√¥º ¡‡Õπ‰´¡å‰¡àπâÕ¬°«à“ 50 ‡∑à“¢Õß
ª√‘¡“µ√Àπ—ß ÿ°√ ®“°π—Èππ” à«πº ¡∑—ÈßÀ¡¥‰ªªíòπ¥â«¬
‡§√◊ËÕß‡À«’Ë¬ßµ°µ–°Õπ (Sigma 6K15, Germany) ¥â«¬
§à“·√ß‡À«’Ë¬ßÀπ’»Ÿπ¬å°≈“ß 10,000 x g ‡ªìπ‡«≈“ 45 π“∑’
∑‘Èß à«πµ–°Õπ ÷́Ëßª√–°Õ∫¥â«¬‡»…‡π◊ÈÕ‡¬◊ËÕ‰ª π”‡©æ“– à«π
‡À≈«¡“µ°µ–°Õπ„Àâ‰¥â§Õ≈≈“‡®π¥â«¬‡°≈◊Õ‚´‡¥’¬¡§≈Õ‰√¥å
„Àâ‰¥â§«“¡‡¢â¡¢âπ ÿ¥∑â“¬¢Õß‡°≈◊Õ‡ªìπ 0.6 ‚¡≈“√å π”‰ª
‡À«’Ë¬ßµ°µ–°ÕπÕ’°§√—Èß ‡°Á∫‡©æ“– à«πµ–°Õπ´÷Ëß à«π„À≠à
ª√–°Õ∫¥â«¬§Õ≈≈“‡®π ∑”°“√≈–≈“¬µ–°Õπ§Õ≈≈“‡®π
„π°√¥·≈–µ°µ–°Õπ¥â«¬‡°≈◊Õ È́” 2 §√—Èß‡æ◊ËÕ„Àâ‰¥â§Õ≈≈“‡®π
∑’Ë –Õ“¥ ®“°π—Èπ∑”°“√°”®—¥‡°≈◊Õ∑’Ë„™âµ°µ–°Õπ§Õ≈≈“‡®π
¥â«¬°“√∑” ‰¥Õ–‰≈´‘  (dialysis) ¢Õß “√≈–≈“¬§Õ≈≈“‡®π
„π°√¥·Õ´‘µ‘°§«“¡‡¢â¡¢âπ 0.1 ‚¡≈“√å ‚¥¬„™â‡¬◊ËÕ‰¥Õ–‰≈ ‘́ 
∑’Ë¡’§«“¡ “¡“√∂®”°—¥°“√´÷¡ºà“π¢Õß‚¡‡≈°ÿ≈∑’Ë¡’πÈ”Àπ—°
12,000-14,000 ¥“≈µ—π (Spectra/Por dialysis membrane,
MW cut off 12,000-14,000, Spectrum Medical, USA)
∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 4 «—π  “√≈–≈“¬
§Õ≈≈“‡®π∑’Ëª√“»®“°‡°≈◊Õªπ‡ªóôÕπ ∂Ÿ°π”‰ªÕ∫·Àâß‡¬◊Õ°·¢Áß
(lyophilization Flexi-Dry MP, Sigma, USA) ‡ªìπ‡«≈“
24 ™—Ë«‚¡ß

°“√‡µ√’¬¡‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ° ’́

Õ–æ“‰∑µå

π”§Õ≈≈“‡®π∑’Ëºà“π°“√Õ∫·Àâß‡¬◊Õ°·¢Áß‰ª≈–≈“¬„π
°√¥·Õ´‘µ‘° §«“¡‡¢â¡¢âπ 0.5 ‚¡≈“√å „Àâ‰¥â§«“¡‡¢â¡¢âπ¢Õß
§Õ≈≈“‡®π 1.5, 2 ·≈– 2.5 °√—¡µàÕª√‘¡“µ√°√¥ 100 ¡‘≈≈‘≈‘µ√
‡°Á∫ “√≈–≈“¬§Õ≈≈“‡®π∑—Èß 3 §«“¡‡¢â¡¢âπ∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“
‡´≈‡´’¬  ®π “√≈–≈“¬§Õ≈≈“‡®π‡ªìπ«ÿâπ¢âπ ®“°π—Èπ‡µ‘¡ºß
‰Œ¥√Õ°´’Õ–æ“‰∑µå (Sigma-Aldrich, USA) „πÕ—µ√“ à«π
‰Œ¥√Õ° ’́Õ–æ“‰∑µå :  “√≈–≈“¬§Õ≈≈“‡®π ‡ªìπ 1:10
(πÈ”Àπ—°µàÕª√‘¡“µ√) §π„Àâ‡¢â“°—π π” “√≈–≈“¬§Õ≈≈“‡®π
º ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå ‡∑„ à·∫∫æ‘¡æåæ≈“ µ‘°¢π“¥°«â“ß
30 ¡‘≈≈‘‡¡µ√ ¬“« 30 ¡‘≈≈‘‡¡µ√ ·≈– Ÿß 5 ¡‘≈≈‘‡¡µ√ ®“°
π—Èππ”·∫∫æ‘¡æå∑’Ë‰¥â‰ª·™à·¢Áß ‚¥¬·∫àß‡ªìπ 2 °≈ÿà¡ °≈ÿà¡·√°
∑”„Àâ “√≈–≈“¬º ¡·¢Áßµ—«‚¥¬≈¥Õÿ≥À¿Ÿ¡‘Õ¬à“ß™â“Ê ¥â«¬
°“√π”‰ª·™à·¢Áß∑’ËÕÿ≥À¿Ÿ¡‘ -20 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 30
π“∑’ µ“¡¥â«¬∑’ËÕÿ≥À¿Ÿ¡‘ -80 Õß»“‡´≈‡´’¬ Õ’° 30 π“∑’
°≈ÿà¡∑’Ë 2 π”‰ª·™à·¢Áß‚¥¬≈¥Õÿ≥À¿Ÿ¡‘≈ßÕ¬à“ß√«¥‡√Á« ¥â«¬

°“√·™à∑’ËÕÿ≥À¿Ÿ¡‘ -80 Õß»“‡´≈‡´’¬ ∑—π∑’ ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß
·≈â«π”·∫∫æ‘¡æå∑—Èß Õß‰ªÕ∫·Àâß‡¬◊Õ°·¢Áß ‡ªìπ‡«≈“ 24
™—Ë«‚¡ß ®–‰¥â‡ªìπ‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ°´’
Õ–æ“‰∑µå∑’Ë¡’≈—°…≥–§≈â“¬øÕßπÈ”

°“√∑”ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß‚§√ß§È”¬—π§Õ≈≈“‡®π

º ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå

 “√∑’Ë„™â„πªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß§Õ≈≈“‡®π„π°“√»÷°…“π’È
‡ªìπ “√º ¡¢Õß 33 ¡‘≈≈‘‚¡≈“√å 1-‡Õ∑‘≈-3-(3-‰¥‡¡∑‘≈-
Õ–¡‘‚π‚æ√æ‘≈)-§“√å‚∫‰¥‰Õ‰¡¥å °—∫ 6 ¡‘≈≈‘‚¡≈“√å ‡ÕÁπ‰Œ
¥√Õ°´’´—°´‘π‘‰¡¥å (Sigma-Aldrich, USA) „π “√≈–≈“¬
∫—ø‡øÕ√å∑’Ëª√–°Õ∫¥â«¬ 50 ¡‘≈≈‘‚¡≈“√å ¢Õß 2-¡Õ‚ø‰≈‚π
Õ’‡∑π´—≈‚øπ‘°·Õ´‘¥ (2-morpholinoethane sulphonic
acid) ·≈–‡Õ∑“πÕ≈ √âÕ¬≈– 4023 ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß∑”
‚¥¬·™à‚§√ß§È”¬—π§Õ≈≈“‡®π∑’Ë —ß‡§√“–Àå¢÷Èπ„π “√‡™◊ËÕ¡¢«“ß
¿“¬„µâ ¿“«– Ÿ≠≠“°“»∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“ 2 ™—Ë«‚¡ß
®“°π—Èπ≈â“ß¥â«¬πÈ”°≈—Ëπ®”π«π¡“° π”‰ªÕ∫·Àâß‡¬◊Õ°·¢Áß
Õ’°§√—Èß

°“√»÷°…“Õß§åª√–°Õ∫‰Œ¥√Õ°´’Õ–æ“‰∑µå„π

‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå

π”‚§√ß§È”¬—π∑’Ëº≈‘µ¢÷Èπ„π·µà≈–°≈ÿà¡∫¥≈–‡Õ’¬¥·≈–
«‘‡§√“–ÀåÀ“‰Œ¥√Õ° ’́Õ–æ“‰∑µå„π‚§√ß§È”¬—π ‚¥¬«‘∏’
«‘‡§√“–Àå°“√‡≈’È¬«‡∫π√—ß ’‡ÕÁ°´å¥â«¬‡§√◊ËÕß‡ÕÁ°´‡√¬å¥‘ø·ø√Á°
‚µ¡‘‡µÕ√å (X-ray diffractometer Bruker AXS Model
D8 Discover, Germany)

°“√»÷°…“≈—°…≥–√Ÿæ√ÿπ¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®π

º ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå

∑”°“√»÷°…“≈—°…≥–‚§√ß √â“ß‚¥¬≈–‡Õ’¬¥¢Õß‚§√ß§È”
¬—π§Õ≈≈“‡®π∑’Ë —ß‡§√“–Àå‰¥â¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ
™π‘¥ àÕß°√“¥ (scanning electron microscope JEOL,
Japan) ‚¥¬ ÿà¡‡≈◊Õ°‚§√ß§È”¬—π∑’Ëª√–¥‘…∞å¢÷Èπ„π·µà≈–°≈ÿà¡
°≈ÿà¡≈– 1 ™‘Èπ µ—¥µ”·Àπàß°÷Ëß°≈“ß¢Õß‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå
¢÷Èπ„Àâ¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 5 ¡‘≈≈‘‡¡µ√ Àπ“ 3 ¡‘≈≈‘‡¡µ√
®“°π—Èπ‡µ√’¬¡µ—«Õ¬à“ß ”À√—∫°“√»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈Á°µ√Õπ ‚¥¬∑”„Àâ·Àâß∑’Ë®ÿ¥«‘°ƒµ‘ (critical point drying)
°àÕπ∑’Ë®–π”‰ª¬÷¥µ‘¥∫π·ºàπ∑Õß‡À≈◊Õß (specimen stub)
·≈–‡§≈◊Õ∫º‘«µ—«Õ¬à“ß¥â«¬Õπÿ¿“§∑Õß (gold particles) »÷°…“
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≈—°…≥–æ◊Èπº‘«·≈–§«“¡æ√ÿπ¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®π¥â«¬
°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥∑’Ë 15 °‘‚≈‚«≈µå ∑’Ë
°”≈—ß¢¬“¬ 100 ‡∑à“ ∫—π∑÷°¿“æ¥â«¬√–∫∫¥‘®‘µ—≈ (Semafor

5.0 digital imaging system JEOL, Japan)
 ”À√—∫°“√«‘‡§√“–Àå¢π“¥¢Õß√Ÿæ√ÿπ (pore size) ¢Õß

‚§√ß§È”¬—π§Õ≈≈“‡®π¡’¢—ÈπµÕπ §◊Õ π”‚§√ß§È”¬—π∑’Ë‰¥â®“°
·ºàπæ‘¡æåæ≈“ µ‘°¢Õß·µà≈–°≈ÿà¡ µ—¥„Àâ¡’¢π“¥‡ âπºà“π
»Ÿπ¬å°≈“ß 5 ¡‘≈≈‘‡¡µ√  Ÿß 3 ¡‘≈≈‘‡¡µ√ ®”π«π 5 ™‘Èπ ∑’Ë
µ”·Àπàß°÷Ëß°≈“ß·≈–¡ÿ¡∑—Èß 4 ¢Õß‚§√ß§È”¬—π∑”°“√‡µ√’¬¡™‘Èπ
µ—«Õ¬à“ß  ”À√—∫°“√µ—¥„Àâ‡ªìπ·ºàπ∫“ß¥â«¬æ“√“øîπ (paraffin
section) µ—¥‡ªìπ·ºàπ∫“ß¢π“¥ 5 ‰¡‚§√‡¡µ√ ¬âÕ¡¥â«¬ ’
Œ’¡“∑ÁÕ°‰´≈’π (haematoxylin)  ÿà¡ ‰≈¥å®”π«π 5 ¿“æ
«—¥æ◊Èπ∑’Ë¢Õß√Ÿæ√ÿπ¢Õß‚§√ß§È”¬—π¥â«¬°≈âÕß®ÿ≈∑√√»πå√–∫∫
„™â· ß¢“« (BH-2, Olympus optical, Japan) ∑’Ë°”≈—ß¢¬“¬
10 ‡∑à“ ∫—π∑÷°¿“æ¥â«¬™ÿ¥‚ª√·°√¡∂à“¬¿“æ Motic Advance
Image 3.2 (Motic China Group, China) «—¥¢π“¥¢Õß
√Ÿæ√ÿπ¥â«¬‡§√◊ËÕß¡◊Õ«—¥æ◊Èπ∑’ËÕ‘ √– (irregular) ‚¥¬«—¥¢π“¥
¢Õßæ◊Èπ∑’Ë¢Õß√Ÿæ√ÿπ∑ÿ°«ß∑’Ë¡’‡ âπ≈âÕ¡√Õ∫™—¥‡®π «—¥∑ÿ°«ß∑’Ë
ª√“°Ø„π¿“æ ºŸâ«—¥¢π“¥¢Õß√Ÿæ√ÿπ‡æ’¬ß§π‡¥’¬«·≈–ºà“π°“√
ª√—∫§«“¡·¡àπ¬”„π°“√«—¥√Ÿæ√ÿπ ¥â«¬°“√«—¥¿“æ¢Õß¢π“¥
æ◊Èπ∑’Ë√Ÿæ√ÿπ 2 §√—Èß π”§à“‡©≈’Ë¬∑’Ë‰¥â¡“∑¥ Õ∫§«“¡·µ°µà“ß

¢Õß§à“‡©≈’Ë¬ ‚¥¬„™â ∂‘µ‘∑¥ Õ∫·æ√å∑’‡∑ ∑å (paired t-test)
∑’Ë√–¥—∫π—¬ ”§—≠ 0.05 §à“∑’Ë‰¥â‡ªìπ§à“¢π“¥¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ
¡’Àπà«¬‡ªìπµ“√“ß‰¡‚§√‡¡µ√ π”§à“∑’Ë‰¥â¡“À“§à“‡©≈’Ë¬¢Õß
æ◊Èπ∑’Ë√Ÿæ√ÿπ «‘‡§√“–Àå§«“¡·µ°µà“ß¢Õß§à“‡©≈’Ë¬®“°‚§√ß
§È”¬—π·µà≈–°≈ÿà¡»÷°…“¥â«¬ ∂‘µ‘πÕπæ“√“‡¡µ√‘° (non-
parametric) ™π‘¥§√Ÿ §—≈«—≈≈‘  (Kruskal-Wallis) °“√‡ª√’¬∫
‡∑’¬∫æÀÿ§Ÿ≥ ‚§‚π‡«Õ Õ‘π·¡π (multiple comparisons,
all pairwise comparison : Conover Inman) ∑’Ë√–¥—∫π—¬
 ”§—≠ 0.05 ¥â«¬‚ª√·°√¡  ·µ∑ å‰¥‡√§∑å øÕ√å «‘π‚¥« å
‡«Õ√å™—π 2.7.2 (StatsDirect for Windows version
2.7.2)

º≈°“√»÷°…“

°“√ °—¥§Õ≈≈“‡®π®“°Àπ—ß ÿ°√¥â«¬«‘∏’°“√≈–≈“¬„π°√¥
·≈–µ°µ–°Õπ¥â«¬‡°≈◊Õ„π°“√»÷°…“π’È æ∫«à“Àπ—ß ÿ°√ ¥
®”π«π 100 °√—¡  “¡“√∂ °—¥‰¥â§Õ≈≈“‡®π∑’ËÕ∫·Àâß‡¬◊Õ°
·¢Áß‰¥âª√–¡“≥ 0.9 °√—¡ ·≈–‡¡◊ËÕπ”§Õ≈≈“‡®π¥—ß°≈à“«¡“
º ¡°—∫‰Œ¥√Õ°´’Õ–æ“‰∑µå·≈– —ß‡§√“–Àå‡ªìπ‚§√ß§È”¬—π
‚¥¬„™â§«“¡‡¢â¡¢âπ¢Õß§Õ≈≈“‡®π„π°√¥ √âÕ¬≈– 1.5, 2 ·≈–
2.5 °√—¡ ·≈–ºà“π°“√Õ∫‡¬◊Õ°·¢Áß∑’Ë ¿“«–µà“ß°—π 2  ¿“«–
æ∫«à“‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå¢÷Èπ∑ÿ°°≈ÿà¡¡’≈—°…≥–‡ªìπ√Ÿæ√ÿπ

√Ÿª∑’Ë 1 ≈—°…≥–∑“ß°“¬¿“æ¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå∑’Ë —ß‡§√“–Àå¢÷Èπ®“°§Õ≈≈“‡®π§«“¡‡¢â¡¢âπ
√âÕ¬≈– 1.5, 2.0 ·≈– 2.5 ‚¥¬„™âÕÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß™â“Ê (slow) ·≈–Õÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß√«¥‡√Á« (fast)

Fig. 1 Physical characteristic of collagen mixed with hydroxyapatite scaffold fabricated from 1.5%, 2.0% and
2.5% collagen under slow and fast freezing conditions.
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§≈â“¬øÕßπÈ” ¡’ ’¢“« (√Ÿª∑’Ë 1) °¥π‘Ë¡ ‰¡à¡’°≈‘Ëπ ·≈–‡¡◊ËÕπ”
‚§√ß§È”¬—π‡À≈à“π’È‰ª·™à„ππÈ”°≈—Ëπ°àÕπ∑”ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß
æ∫«à“‚§√ß§È”¬—π∑ÿ°°≈ÿà¡¡’≈—°…≥–π‘Ë¡‡À≈« ‰¡à§ßµ—« ´÷Ëß
¿“¬À≈—ß®“°°“√∑”ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ßæ—π∏–·≈â« ‚§√ß§È”
¬—π‡À≈à“π’ÈÕÿâ¡πÈ”‰¥â¥’ °¥·¢Áß¢÷Èπ ¡’§«“¡§ßµ—«¡“°¢÷Èπ ‚¥¬ ’
‰¡à‡ª≈’Ë¬π·ª≈ß

®“°°“√»÷°…“Õß§åª√–°Õ∫‰Œ¥√Õ°´’Õ–æ“‰∑µå„π
‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå‡æ◊ËÕ«‘‡§√“–Àå
À“‰Œ¥√Õ°´’Õ–æ“‰∑µå ‚¥¬«‘∏’«‘‡§√“–Àå°“√‡≈’È¬«‡∫π√—ß ’
‡ÕÁ°´å¥â«¬‡§√◊ËÕß‡ÕÁ°´‡√¬å¥‘ø·ø√Á°‚µ¡‘‡µÕ√å æ∫«à“¡’º≈÷°
¢Õß‰Œ¥√Õ° ’́Õ–æ“‰∑µå‡ªìπ à«πª√–°Õ∫„π‚§√ß§È”¬—π
(√Ÿª∑’Ë 2)

√Ÿª∑’Ë 2 Õß§åª√–°Õ∫¢Õßº≈÷°‰Œ¥√Õ°´’Õ–æ“‰∑µå„π‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ°´’Õ–æ“‰∑µå∑’Ë»÷°…“¥â«¬«‘∏’‡ÕÁ°´‡√¬å
¥‘ø·ø√Á°‚µ¡‘‡µÕ√å

Fig. 2 Hydroxyapatite crystal in collagen mixed with hydroxyapaptite scaffold studied by X-ray diffractometer

√Ÿª∑’Ë 3 ¿“æ∂à“¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå · ¥ß≈—°…≥–
ºπ—ß¢Õß√Ÿæ√ÿπ¡’º≈÷°‰Œ¥√Õ° ’́Õ–æ“‰∑µå‡°“– (≈Ÿ°»√™’È)

Fig. 3 Scanning electron micrograph of collagen mixed with hydroxyapaptite demonstrates the hydroxyapatite
crystals attaching at the wall of the pores. (arrows)
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√Ÿª∑’Ë 4 ¿“æ∂à“¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå· ¥ß≈—°…≥–
¢Õß√Ÿæ√ÿπ¢Õß‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π∑’Ë§«“¡‡¢â¡¢âπµà“ß°—π·≈–ºà“π°“√·™à·¢Áß∑’Ë ¿“«–µà“ß°—π

(A) ‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π√âÕ¬≈– 1.5 ·≈–¿“¬„µâÕÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß™â“Ê

(a) ‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π√âÕ¬≈– 1.5 ·≈–¿“¬„µâÕÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß√«¥‡√Á«
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(B) ‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π√âÕ¬≈– 2.0 ·≈–¿“¬„µâÕÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß™â“Ê

(b) ‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π√âÕ¬≈– 2.0 ·≈–¿“¬„µâÕÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß√«¥‡√Á«

(C) ‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π√âÕ¬≈– 2.5 ·≈–¿“¬„µâÕÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß™â“Ê

(c) ‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π√âÕ¬≈– 2.5 ·≈–¿“¬„µâÕÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß√«¥‡√Á«

Fig. 4 Scanning electron micrographs of collagen mixed with hydroxyapaptite scaffold demonstrate the pores of
the scaffold fabricated under different collagen concentrations and different freeze drying conditions.

(A) Scaffold fabricated from 1.5% collagen under slow freezing condition.

(a) Scaffold fabricated from 1.5% collagen under fast freezing condition.

(B) Scaffold fabricated from 2.0% collagen under slow freezing condition.

(b) Scaffold fabricated from 2.0% collagen under fast freezing condition.

(C) Scaffold fabricated from 2.5% collagen under slow freezing condition.

(c) Scaffold fabricated from 2.5% collagen under fast freezing condition.

µ“√“ß∑’Ë 1 §à“¡—∏¬∞“π¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ¢Õß‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π∑’Ë§«“¡‡¢â¡¢âπµà“ß°—π·≈–ºà“π°“√·™à·¢Áß∑’Ë
 ¿“«–µà“ß°—π

Table 1 Median of pore area of the scaffold fabricated under different collagen concentrations and different
freezing conditions.

Collagen Pore area (µm2) under Pore area (µm2) under

concentration slow freezing condition fast freezing condition

Median (I.Q) Mean Median (I.Q) Mean

(Max-Min) Max-Min

1.5% collagen 8,404 (10,895-7,152) 9,384 5,136 (6,173-3,181) 4,919

(17,467-5,642) (11,421-2,045)

2.0% collagen 8,088 (9,837-6,943) 8,347 4,298 (6,135-3,343) 4,878

(11,078-6,126) (7,604-2,430)

2.5% collagen 8,553 (10,588-7,376) 9,666 5,156 (6,759-4,465) 5,487

(22,118-6,901) (7,906-3,673)
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®“°°“√»÷°…“≈—°…≥–¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡
‰Œ¥√Õ° ’́Õ–æ“‰∑µå∑’Ëºà“π°“√‡™◊ËÕ¡¢«“ß·≈â«¥â«¬°≈âÕß
®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥ æ∫«à“‚§√ß§È”¬—π‡À≈à“π’È
ª√–°Õ∫¥â«¬‡ âπ„¬§Õ≈≈“‡®π∑’ËÕ—¥°—π·πàπ‡ªìπ·ºàπ·≈– “π
°—π‰ª¡“‡°‘¥‡ªìπ√Ÿæ√ÿπ∑’Ë¡’º≈÷°¢Õß‰Œ¥√Õ° ’́Õ–æ“‰∑µå‡°“–
°√–®“¬Õ¬Ÿà∑—Ë«‰ª∫π·ºàπ§Õ≈≈“‡®π (√Ÿª∑’Ë 3) ‡¡◊ËÕæ‘®“√≥“
‚§√ß§È”¬—π§Õ≈≈“‡®π‰Œ¥√Õ°´’Õ–æ“‰∑µå∑’Ë ‡µ√’¬¡®“°
§Õ≈≈“‡®π∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ °—π¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°-
µ√Õπ™π‘¥ àÕß°√“¥ æ∫«à“¢π“¥¢Õß√Ÿæ√ÿπ¢Õß°≈ÿà¡∑’Ë„™â
Õÿ≥À¿Ÿ¡‘·™à·¢ÁßµË”≈ßÕ¬à“ß√«¥‡√Á« ¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß
¢Õß√Ÿæ√ÿπª√–¡“≥ 100 ‰¡‚§√‡¡µ√ ¢≥–∑’Ë°≈ÿà¡∑’Ë≈¥Õÿ≥À¿Ÿ¡‘
·™à·¢ÁßµË”≈ßÕ¬à“ß™â“Ê ®–¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß√Ÿæ√ÿπ
‚¥¬ª√–¡“≥¡“°°«à“ 100 ‰¡‚§√‡¡µ√ (√Ÿª∑’Ë 4)

®“°°“√»÷°…“°“√«—¥¢π“¥¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ¥â«¬°≈âÕß
®ÿ≈∑√√»πå∑’Ë„™â√–∫∫· ß¢“« °àÕπ°“√«—¥ ºŸâ«‘®—¬‰¥â∑¥ Õ∫
§«“¡·¡àπ¬”„π°“√«—¥ ‚¥¬«—¥§à“‡©≈’Ë¬¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ 2 §√—Èß
·≈â«π”¡“‡ª√’¬∫‡∑’¬∫°—π æ∫«à“§à“‡©≈’Ë¬¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ‰¡à¡’

§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p = 0.436) ∑”°“√

«—¥¢π“¥¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ„π‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π

∑’Ë§«“¡‡¢â¡¢âπµà“ß°—π·≈–ºà“π°“√·™à·¢Áß°àÕπ°“√Õ∫‡¬◊Õ°·¢Áß

∑’Ë ¿“«–µà“ß°—π¥â«¬°“√«—¥¢π“¥¢Õß√Ÿæ√ÿπ‡À≈à“π’È º≈°“√«—¥

· ¥ß‰«â„πµ“√“ß∑’Ë 1

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ¢Õß‚§√ß§È”¬—π

„π·µà≈–°≈ÿà¡‚¥¬„™â ∂‘µ‘∑¥ Õ∫§√Ÿ §—≈«—≈≈‘ ·≈–°“√‡ª√’¬∫

‡∑’¬∫æÀÿ§Ÿ≥¥â«¬°“√∑¥ Õ∫‚§‚π‡«Õ Õ‘π·¡π æ∫«à“§à“

‡©≈’Ë¬¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ¢Õß‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå¢÷Èπ¥â«¬°“√

·™à·¢Áß‚¥¬≈¥Õÿ≥À¿Ÿ¡‘≈ßÕ¬à“ß™â“Ê „π·µà≈–§«“¡‡¢â¡¢âπ

¢Õß§Õ≈≈“‡®π¡’§à“‡©≈’Ë¬¢Õß√Ÿæ√ÿπ¡“°°«à“§à“‡©≈’Ë¬¢Õß¢π“¥

æ◊Èπ∑’Ë√Ÿæ√ÿπ¢Õß‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå¢÷Èπ¥â«¬°“√·™à·¢Áß‚¥¬

≈¥Õÿ≥À¿Ÿ¡‘≈ßÕ¬à“ß√«¥‡√Á« Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p <

0.05) ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬¢Õß√Ÿæ√ÿπ∑’Ëº≈‘µ¢÷Èπ‡¡◊ËÕ

§«“¡‡¢â¡¢âπ¢Õß§Õ≈≈“‡®π·µ°µà“ß°—π æ∫«à“§à“‡©≈’Ë¬¢Õß

¢π“¥√Ÿæ√ÿπ‰¡à·µ°µà“ß°—π (p > 0.05) (√Ÿª∑’Ë 5)

√Ÿª∑’Ë 5 §à“‡©≈’Ë¬¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ¢Õß‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π∑’Ë§«“¡‡¢â¡¢âπ
µà“ß°—π·≈–ºà“π°“√·™à·¢Áß∑’Ë ¿“«–µà“ß°—π

Fig. 5 Mean of pore area of collagen mixed with hydroxyapaptite scaffold fabricated under different collagen
concentrations and different freezing conditions.
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«‘®“√≥å

¥—ß∑’Ë‰¥â°≈à“«·≈â««à“ °“√„™â§Õ≈≈“‡®π®“°«—«∑”„Àâ¡’
‚Õ°“ ‡ ’Ë¬ß°—∫°“√µ‘¥‡™◊ÈÕ‚√§∑’Ë¡“®“°«—« ®÷ß‰¥â¡’°“√ °—¥
§Õ≈≈“‡®π®“° ‘Ëß¡’™’«‘µ™π‘¥Õ◊Ëπ‡æ◊ËÕ„™â·∑π ‡™àπ  ÿ°√14

¡â“27 Àπ—ßª≈“∑–‡≈26  ”À√—∫°“√»÷°…“π’È ‰¥â‡≈◊Õ°∑’Ë®– °—¥
§Õ≈≈“‡®π®“°Àπ—ß ÿ°√ ‡π◊ËÕß®“°À“‰¥âßà“¬·≈–√“§“∂Ÿ°
Õ’°∑—Èß¡’°“√»÷°…“∑’Ë· ¥ß„Àâ‡ÀÁπ«à“‚§√ß§È”¬—π∑’Ëº≈‘µ®“°Àπ—ß
 ÿ°√  “¡“√∂∑”„Àâ‡´≈≈å∫ÿÀ≈Õ¥‡≈◊Õ¥‡æ‘Ë¡®”π«π‰¥â¥’14 «‘∏’
°“√ °—¥§Õ≈≈“‡®π “¡“√∂∑”‰¥â‚¥¬°“√≈–≈“¬°√¥‡æ’¬ßÕ¬à“ß
‡¥’¬« À√◊Õ„™â°√¥√à«¡°—∫‡Õπ‰´¡å ´÷Ëß„π°“√»÷°…“π’È‰¥â‡≈◊Õ°„™â
°“√ °—¥¥â«¬°√¥√à«¡°—∫‡Õπ‰´¡å‡æª´‘π ‚¥¬ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ
§◊Õ ‡Õπ‰´¡å∑”≈“¬æ—π∏–‡æª‰∑¥å∑’Ë à«πª≈“¬¢Õß‚¡‡≈°ÿ≈
¢Õß§Õ≈≈“‡®π∑’Ë °—¥‰¥â ∑”„Àâ§Õ≈≈“‡®π∂Ÿ°µ—¥‡ªìπ “¬ —Èπ
≈ß ∑’Ë‡√’¬°«à“ çÕ–∑’‚≈§Õ≈≈“‡®πé (atelocollagen) ¥—ßπ—Èπ
§Õ≈≈“‡®π∑’Ë °—¥‰¥â¥â«¬«‘∏’°“√π’È®÷ß¡’¢π“¥‚¡‡≈°ÿ≈ —Èπ°«à“«‘∏’
°“√≈–≈“¬§Õ≈≈“‡®π¥â«¬°√¥‡æ’¬ßÕ¬à“ß‡¥’¬« ¢âÕ¥’¢Õß°“√
 °—¥§Õ≈≈“‡®π¥â«¬«‘∏’°“√π’È §◊Õ ¡’°“√°”®—¥ à«π¢Õß
‚¡‡≈°ÿ≈∑’Ë°√–µÿâπ√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ÕÕ°‰ª36

„π√–¬–·√°‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ° ’́-
Õ–æ“‰∑µå∑’Ë —ß‡§√“–Àå¢÷Èπ‰¡à¡’§«“¡§ßµ—«·≈–¬àÕ¬ ≈“¬ßà“¬
∑”„Àâ¬“°·°à°“√π”‰ª„™â„π∫“¥·º≈ ‡æ√“–‰¡à “¡“√∂§ß√Ÿª
‡ªìπ‚§√ß„Àâ‡´≈≈å‡°‘¥°“√¬÷¥‡°“–·≈–‡§≈◊ËÕπ∑’Ë‰¥â µ≈Õ¥®π
‰¡à “¡“√∂§ß√Ÿª√à“ß·≈–‡°Á∫æ◊Èπ∑’Ë„Àâ°—∫°“√‡®√‘≠¢Õß‡´≈≈å
°√–¥Ÿ°‰¥â ·≈–®– àßº≈„Àâ‡°‘¥≈—°…≥–°“√´àÕ¡·´¡∫“¥·º≈
‡ªìπ‡π◊ÈÕ‡¬◊ËÕ‰ø∫√—  ‚§√ß§È”¬—π∑’Ë¥’®÷ßµâÕß¡’§«“¡·¢Áß·√ß
‡æ◊ËÕ§ß™àÕß«à“ß∫√‘‡«≥∫“¥·º≈ °“√»÷°…“π’È®÷ß‡æ‘Ë¡§«“¡§ß
µ—«¢Õß‚§√ß§È”¬—π¥â«¬°“√‡™◊ËÕ¡¢«“ß‚¡‡≈°ÿ≈¢Õß§Õ≈≈“‡®π
¥â«¬ “√ 1-‡Õ∑‘≈-3-(3-‰¥‡¡∑‘≈Õ–¡‘‚π‚æ√æ‘≈)-§“√å‚∫-
‰¥‰Õ‰¡¥å√à«¡°—∫‡ÕÁπ‰Œ¥√Õ° ’́´—°´‘π‘‰¡¥å ´÷Ëß‡ªìπ “√„π°≈ÿà¡
§“√å‚∫‰¥‰Õ‰¡¥å ‚¥¬ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ß∑’Ë‡°‘¥¢÷Èπ ‡°‘¥®“°°“√
°√–µÿâπª≈“¬§“√å∫Õ° ‘́≈ (carboxyl terminus) ¢Õß‡ âπ„¬
§Õ≈≈“‡®π„Àâ∑”ªØ‘°‘√‘¬“°—∫ª≈“¬Õ–¡‘‚π¢Õß‡ âπ„¬§Õ≈≈“‡®π
Õ◊Ëπ∑’ËÕ¬Ÿà„°≈â‡§’¬ß ∑”„Àâ‡°‘¥°“√‡™◊ËÕ¡‚¬ßæ—π∏– ‚§√ß§È”¬—π
§Õ≈≈“‡®π∑’Ë‰¥â®÷ß¡’§«“¡·¢Áß·√ß·≈–§ßµ—«¡“°¢÷Èπ37 Õ’°∑—Èß
¬—ß¡’°“√»÷°…“æ∫«à“ “√ 1-‡Õ∑‘≈-3-(3-‰¥‡¡∑‘≈Õ–¡‘‚π-
‚æ√æ‘≈)-§“√å‚∫‰¥‰Õ‰¡¥å√à«¡°—∫‡ÕÁπ‰Œ¥√Õ°´’´—°´‘π‘‰¡¥å ¡’
§«“¡‡¢â“°—π‰¥â¥’°—∫‡´≈≈å·≈–‡π◊ÈÕ‡¬◊ËÕ24,38

‚§√ß§È”¬—π∑’Ëº≈‘µ®“°§Õ≈≈“‡®πº ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå
‡ªìπ«— ¥ÿ∑“ß™’«¿“æ∑’Ë¡’§«“¡‡À¡“– ¡°—∫°“√π”¡“„™ấ àÕ¡·´¡

·º≈°√–¥Ÿ° ¡’°“√»÷°…“∑’Ë· ¥ß„Àâ‡ÀÁπ«à“§Õ≈≈“‡®πº ¡
‰Œ¥√Õ°´’Õ–æ“‰∑µå¡’ ¡∫—µ‘∑“ß°≈·≈–Õ—µ√“°“√¬àÕ¬ ≈“¬
‡À¡“– ¡°«à“°“√„™â§Õ≈≈“‡®πÕ¬à“ß‡¥’¬«„π°“√º≈‘µ‚§√ß§È”
¬—π‡≈’È¬ß‡´≈≈å39 ·≈–¡’°“√»÷°…“„™â‚§√ß§È”¬—π§Õ≈≈“‡®π
º ¡‰Œ¥√Õ° ’́Õ–æ“‰∑µå„π°“√‡ √‘¡°√–¥Ÿ°¢“°√√‰°√ ®“°
π—Èπª√–‡¡‘πº≈∑“ß®ÿ≈°“¬«‘¿“§ 1 ªï æ∫«à“¡’§«“¡‡¢â“°—π‰¥â
¥’∑“ß™’«¿“æ‡ªìπÕ¬à“ß¡“°40

‡¡◊ËÕ»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥
æ∫«à“ ‚§√ß§È”¬—π§Õ≈≈“‡®πº ¡‰Œ¥√Õ°´’Õ–æ“‰∑µåÀ≈—ß
°“√∑”ªØ‘°‘√‘¬“‡™◊ËÕ¡¢«“ßª√–°Õ∫¥â«¬‡ âπ„¬§Õ≈≈“‡®π∑’Ë
Õ—¥°—π·πàπ‡ªìπ·ºàπ º≈÷°¢Õß‰Œ¥√Õ°´’Õ–æ“‰∑µå‰¥âµ‘¥Õ¬Ÿà∑’Ë
ºπ—ß¢Õß√Ÿæ√ÿπ ‡¡◊ËÕ»÷°…“¢π“¥¢Õß√Ÿæ√ÿπ¥â«¬°“√µ—¥‡ªìπ
·ºàπ∫“ß·≈â«¥Ÿ¥â«¬¥â«¬°≈âÕß®ÿ≈∑√√»πå∑’Ë„™â√–∫∫· ß¢“« æ∫
«à“‡¡◊ËÕ§«“¡‡¢â¡¢âπ¢Õß§Õ≈≈“‡®π‡æ‘Ë¡¡“°¢÷Èπ §à“‡©≈’Ë¬¢Õß
æ◊Èπ∑’Ë√Ÿæ√ÿπ∑’Ë‰¥â‰¡à·µ°µà“ß ÷́Ëßº≈°“√»÷°…“π’È·µ°µà“ß®“°
°“√»÷°…“¢Õß Tierney ·≈–§≥–41 ∑’Ëæ∫«à“§«“¡‡¢â¡¢âπ
¢Õß§Õ≈≈“‡®π¡’º≈°—∫¢π“¥¢Õß√Ÿæ√ÿπ ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“®“°
°“√»÷°…“π’È„™â§Õ≈≈“‡®π∑’Ë¡’§«“¡‡¢â¡¢âπ¡“°°«à“ §◊Õ „™â
§Õ≈≈“‡®π√âÕ¬≈– 1.5 °√—¡¢÷Èπ‰ª „π¢≥–∑’Ë°“√»÷°…“¢Õß
Tierney ·≈–§≥– „™â§«“¡‡¢â¡¢âπ¢Õß§Õ≈≈“‡®π‡æ’¬ß√âÕ¬≈–
0.25-1 °√—¡‡∑à“π—Èπ Õ’°∑—Èß«‘∏’°“√«—¥¢π“¥¢Õß√Ÿæ√ÿπ°Á·µ°µà“ß
°—π ‚¥¬ Tierney ·≈–§≥– „™â«‘∏’°“√«—¥¢π“¥¢Õß√Ÿæ√ÿπ®“°
§à“‡©≈’Ë¬¢Õß‡ âπºà“π»Ÿπ¬å°≈“ß∑’Ë°«â“ß∑’Ë ÿ¥·≈–·§∫∑’Ë ÿ¥¢Õß
√Ÿæ√ÿπ ®÷ß‰¡à “¡“√∂‡ª√’¬∫‡∑’¬∫‰¥â Õ¬à“ß‰√°Áµ“¡ ¢π“¥¢Õß
√Ÿæ√ÿπ∑’Ë‰¥â®“°°≈âÕß®ÿ≈∑√√»πå∑’Ë„™â√–∫∫· ß¢“«¡’√Ÿª√à“ß§≈â“¬
«ß√’ ‰¡à ¡Ë”‡ ¡Õ ∑”„Àâ°“√„™â§à“‡©≈’Ë¬¢Õß‡ âπºà“π»Ÿπ¬å°≈“ß
¢Õß√Ÿæ√ÿπ‰¡à¡’§«“¡‡À¡“– ¡‡∑à“∑’Ë§«√ °“√»÷°…“π’È®÷ß„™â
¢π“¥¢Õßæ◊Èπ∑’Ë ‡æ◊ËÕ‡ªìπµ—«·∑π¢π“¥¢Õß√Ÿæ√ÿπ

‡¡◊ËÕæ‘®“√≥“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥
∂÷ß¢π“¥¢Õß√Ÿæ√ÿπ∑’Ë‡°‘¥®“°°“√„™âÕÿ≥À¿Ÿ¡‘·™à·¢Áß∑’Ë·µ°µà“ß
°—π∑—Èß Õß ¿“«–æ∫«à“°≈ÿà¡∑’Ë≈¥Õÿ≥À¿Ÿ¡‘·™à·¢ÁßÕ¬à“ß™â“Ê ®–
¡’¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß√Ÿæ√ÿπ¡“°°«à“ 100 ‰¡‚§√‡¡µ√
´÷Ëßµà“ß®“°°≈ÿà¡∑’Ë„™âÕÿ≥À¿Ÿ¡‘·™à·¢Áß∑’ËµË”≈ßÕ¬à“ß√«¥‡√Á«∑’Ë¡’
¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß√Ÿæ√ÿπª√–¡“≥ 100 ‰¡‚§√‡¡µ√
´÷Ëß§à“∑’Ë‰¥â„°≈â‡§’¬ß°—∫§à“‡©≈’Ë¬¢Õß√Ÿæ√ÿπ®“°°“√»÷°…“¢Õß
Kang ·≈–§≥–42 ∑’Ë∑”°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘„π°“√·™à
·¢Áß‚§√ß§È”¬—π‡®≈≈“µ‘π∑’ËÕÿ≥À¿Ÿ¡‘ -20 Õß»“‡´≈‡´’¬  -80
Õß»“‡´≈‡ ’́¬  ·≈–·™à„π‰π‚µ√‡®π‡À≈« ¡’§à“‡©≈’Ë¬¢Õß√Ÿæ√ÿπ
250 ± 120 85 ± 35 ·≈– 45 ± 5 ‰¡‚§√‡¡µ√ µ“¡≈”¥—∫
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·≈–‡¡◊ËÕæ‘®“√≥“§à“‡©≈’Ë¬¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ‡¡◊ËÕ»÷°…“¥â«¬«‘∏’°“√
µ—¥‡ªìπ·ºàπ∫“ß·≈â«¥Ÿ¥â«¬¥â«¬°≈âÕß®ÿ≈∑√√»πå∑’Ë„™â√–∫∫· ß¢“«
æ∫«à“§à“‡©≈’Ë¬¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ¡’§«“¡ Õ¥§≈âÕß°—∫ ¿“«–¢Õß
Õÿ≥À¿Ÿ¡‘·™à·¢Áß∑’Ë·µ°µà“ß°—π °≈à“«§◊Õ ‡¡◊ËÕ„™âÕÿ≥À¿Ÿ¡‘·™à
·¢Áß∑’ËµË”≈ßÕ¬à“ß√«¥‡√Á«®–∑”„Àâ¢π“¥¢Õßæ◊Èπ∑’Ë√Ÿæ√ÿπ¢Õß‚§√ß
§È”¬—π¡’§à“πâÕ¬°«à“°“√„™âÕÿ≥À¿Ÿ¡‘·™à·¢Áß∑’ËµË”≈ßÕ¬à“ß™â“Ê
‡™àπ‡¥’¬«°—π°—∫°“√»÷°…“Õ◊ËπÊ5,34,42 ‡π◊ËÕß®“°‡¡◊ËÕ„™â
Õÿ≥À¿Ÿ¡‘·™à·¢Áß∑’ËµË”≈ßÕ¬à“ß™â“Ê ¡’®”π«πº≈÷°πÈ”·¢Áß‡°‘¥
¢÷ÈππâÕ¬ ·≈–¢¬“¬¢π“¥„À≠à¢÷Èπ·∑√°´÷¡‡¢â“‰ª√–À«à“ß‡ âπ
„¬§Õ≈≈“‡®π®÷ß∑”„Àâ‡°‘¥√Ÿæ√ÿπ¢π“¥„À≠à°«à“√Ÿæ√ÿπ¢Õß‚§√ß§È”
¬—π∑’Ë„™âÕÿ≥À¿Ÿ¡‘·™à·¢Áß∑’ËµË”≈ßÕ¬à“ß√«¥‡√Á«42

 ”À√—∫º≈°“√»÷°…“∂÷ß¢π“¥√Ÿæ√ÿπ∑’Ë‡À¡“– ¡°—∫°“√
‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å Itala ·≈–§≥–6 æ∫«à“¢π“¥¢Õß
√Ÿæ√ÿπ∑’Ë‡À¡“– ¡ ”À√—∫°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å°√–¥Ÿ°
¡’§à“‡©≈’Ë¬‡ âπºà“π»Ÿπ¬å°≈“ßµË” ÿ¥ª√–¡“≥ 75-100 ‰¡‚§√‡¡µ√
„π¢≥–∑’Ë°“√»÷°…“¢Õß Oh ·≈–§≥–43 æ∫«à“¢π“¥¢Õß√Ÿ
æ√ÿπ∑’Ë‡À¡“– ¡ ”À√—∫°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å°√–¥Ÿ°¡’
§à“‡©≈’Ë¬‡ âπºà“π»Ÿπ¬å°≈“ßÕ¬Ÿà∑’Ëª√–¡“≥ 300-400 ‰¡‚§√‡¡µ√
´÷Ëß¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ™π‘¥ àÕß°√“¥æ∫«à“
¢π“¥√Ÿæ√ÿπ¢Õß‚§√ß§È”¬—π∑’Ëª√–¥‘…∞å¢÷ÈπÕ¬Ÿà„π™à«ß¥—ß°≈à“«
®÷ßπ—∫«à“‚§√ß§È”¬—π§Õ≈≈“‡®π®“°Àπ—ß ÿ°√º ¡‰Œ¥√Õ° ’́-
Õ–æ“‰∑µå „π°“√»÷°…“π’È¡’¢π“¥√Ÿæ√ÿπ∑’Ë‡À¡“– ¡°—∫°“√
‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å°√–¥Ÿ°

Õ¬à“ß‰√°Áµ“¡ ‚§√ß§È”¬—π∑’Ëª√–¥‘…∞å¢÷Èππ’È¬—ß¡’¢âÕ∫°æ√àÕß
∫“ßª√–°“√ ‡™àπ °“√°√–®“¬¢Õß‰Œ¥√Õ° ’́Õ–æ“‰∑µå∑’Ëºπ—ß¢Õß
√Ÿæ√ÿπ ·≈–¢π“¥¢Õß√Ÿæ√ÿπ∑’Ë‰¥â¬—ß‰¡à ¡Ë”‡ ¡Õ ®÷ß®”‡ªìπµâÕß
¡’°“√æ—≤π“µàÕ  ”À√—∫°“√¢÷Èπ√Ÿª‚§√ß§È”¬—π„Àâ‰¥â¢π“¥¢Õß
√Ÿæ√ÿπ∑’Ë ¡Ë”‡ ¡Õπ’È OûBrien ·≈–§≥–34 √“¬ß“π«à“°“√≈¥
Õÿ≥À¿Ÿ¡‘·™à·¢Áß„π°“√º≈‘µ‚§√ß§È”¬—π„Àâ§ß∑’Ë®–∑”„Àâ¢π“¥
¢Õß√Ÿæ√ÿπ∑’Ë‰¥â ¡Ë”‡ ¡Õ ´÷Ëß§≥–ºŸâ«‘®—¬®–‰¥â∑”°“√∑¥ Õ∫
·≈–æ—≤π“‚§√ß§È”¬—π„π√–¬–µàÕ‰ª

‚§√ß§È”¬—π∑’Ë —ß‡§√“–Àå®“°§Õ≈≈“‡®π∑’Ë‰¥â®“°Àπ—ß ÿ°√
º ¡‰Œ¥√Õ°´’Õ–æ“‰∑µå„π°“√»÷°…“π’È  “¡“√∂π”¡“ª√–¬ÿ°µå
„™â„πß“π∑“ß∑—πµ°√√¡‰¥âÀ≈“¬ “¢“ ‡™àπ »—≈¬°√√¡
ª√‘∑—πµå∑’Ë¡’°“√∑–≈ÿ¢Õß°√–¥Ÿ° »—≈¬°√√¡°√–¥Ÿ°„π¢“°√√‰°√
·≈–„∫Àπâ“®“° “‡ÀµÿÕÿ∫—µ‘‡ÀµÿÀ√◊Õ°“√µ—¥‡π◊ÈÕßÕ° „™â∑¥·∑π
°√–¥Ÿ°∑’Ë Ÿ≠‡ ’¬‰ª¡“°¿“¬À≈—ß®“°°“√∂Õπøíπ‡æ◊ËÕ§ß ¿“æ
¢Õß —π‡Àß◊Õ° ß“π∑—πµ°√√¡√“°‡∑’¬¡ ·≈–ß“π√—°…“§≈Õß
√“°øíπ ´÷ËßÕ“®π”¡“„™â‡ªìπ«— ¥ÿ°—Èπ√Ÿ‡ªî¥ª≈“¬√“°øíπ∑’Ë‡ªî¥

°«â“ß„π°“√∑”‡Õ‡æ§´‘øî‡§™—π (apexification) °àÕπ∑”
°“√Õÿ¥¥â«¬¡‘‡πÕ√—≈‰µ√ÕÕ°‰´¥å·Õ°°√‘‡°µ À√◊Õ‡ÕÁ¡∑’‡Õ
(Mineral Trioxide Aggregate; MTA) ·∑π°“√„™â·ºàπ
‡¬◊ËÕ§Õ≈≈“‡®π ÷́Ëß¡’√“§“·æß

 √ÿª
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Abstracts

Objective To fabricate and characterize collagen scaffolds from porcine skin collagen mixed with
hydroxyapatite for using as scaffolds in guided bone regeneration.

Materials and methods The collagen used in this study was extracted from porcine skin by dissolving
in acid-enzyme mixture and salt precipitation. Three different concentrations (1.5% 2% and 2.5%
by weight) of the extracted collagen solutions were mixed with hydroxyapatite at the ratio of
hydroxyapatite : collagen = 1:10 (weight/volume). The collagen-hydroxyapatite mixtures were
fabricated to sponge-like scaffolds by 24-hour freeze drying method under 2 conditions, slow freezing
and fast freezing. The fabricated scaffolds were then cross-linked to increase their stability.
Ultrastructural characteristics of the scaffolds prepared by different conditions were studied using
scanning electron microscopy. Determination of the scaffold pore sizes was performed under the light
microscope and the data were statistically analyzed.

Results All collagen/hydroxyapatite scaffolds fabricated in this study were sponge-like, soft,
white, odorless and easily dissolved in water. Cross-linking of these scaffolds helped increasing their
stability. These scaffolds were porous under scanning electron microscopic observation. The walls of
the pores were made up of interconnecting sheaths of tightly packed collagen fibers with hydroxyapatite
crystals decorated at the surface. The pore sizes of scaffolds prepared from different collagen
concentrations were not statistically different (p > 0.05) while the pore sizes of the scaffolds prepared
under different freezing conditions were statistically different (p < 0.05). The scaffolds prepared under
slow freezing condition had larger pore sizes than those prepared under fast freezing condition.

Conclusion Porcine skin collagen mixed with hydroxyapatite can be fabricated to porous scaffold by
freeze drying and cross-linking techniques. The morphological characteristics and the pore sizes of
scaffolds were related to the rate of freezing condition but not to collagen concentration.

(CU Dent J. 2012;35:1-14)
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