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Abstract

Biomaterial is the material  that used for replace the tissue of  any organ  and  has biocompatibility with the

normal tissue. Biomaterials are widely used in human medicine, particularly in orthopedic and dental application.

Biomaterials are synthetic polymers, ceramics, natural polymers and bone. In veterinary medicine, biomaterials

are used to repair bone defects in dog but still in low of numbers. The uses of  biomaterials in bone defects offers

structure for scaffolding cellular invasion and provide biological case  to guide bone regeneration. Almost data

of biomaterial usage in dogs came from research works. Their general properties including mechanical and

physiological have been descripted. Observation of biomaterial in clinical use is advised for any complication

that may occur.
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∫∑§—¥¬àÕ

«— ¥ÿ™’«¿“æ§◊Õ«— ¥ÿ∑’Ë “¡“√∂„™â·∑π‡π◊ÈÕ‡¬◊ËÕ à«πÀπ÷Ëß à«π„¥¢ÕßÕ«—¬«–‚¥¬∑’Ë‰¡à‡°‘¥ªØ‘°‘√‘¬“μàÕμâ“π®“°√à“ß°“¬

·≈– “¡“√∂°√–μÿâπ„Àâ¡’°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ„À¡à∑¥·∑π„π à«ππ—Èπ‰¥â ´÷Ëß«— ¥ÿ™’«¿“æ¡’°“√„™â°—πÕ¬à“ß°«â“ß¢«“ß„π∑“ß°“√

·æ∑¬å  ‚¥¬‡©æ“–∑“ß¥â“π∑—πμ°√√¡·≈–ÕÕ√å‚∏ªî¥‘° å «— ¥ÿ™’«¿“æ‡ªìπ«— ¥ÿ‰¥âÀ≈“¬ª√–‡¿∑ ‡™àπ  “√æ«°‚æ≈‘‡¡Õ√å —ß‡§√“–Àå

‡´√“¡‘° ‚æ≈‘‡¡Õ√å®“°∏√√¡™“μ‘·≈–‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ° „π∑“ß —μ«·æ∑¬åπ—Èπ¡’°“√„™â«— ¥ÿ™’«¿“æ‡æ◊ËÕ°“√√—°…“™àÕß«à“ß„π‡π◊ÈÕ‡¬◊ËÕ

°√–¥Ÿ°¢Õß ÿπ—¢ ·μà¬—ß¡’°“√„™â„π∑“ß§≈‘π‘°§àÕπ¢â“ßπâÕ¬ ´÷Ëß¢âÕ¡Ÿ≈∑’Ë‰¥â à«π„À≠à®–¡“®“°ß“π«‘®—¬‡ªìπÀ≈—° °“√„™â«— ¥ÿ™’«¿“æ

‡æ◊ËÕ°“√√—°…“™àÕß«à“ß„π‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°π—Èπ ®–™à«¬„Àâ‡°‘¥‚§√ß √â“ß∑’Ë‡À¡“– ¡μàÕ°“√‡®√‘≠·≈–‡ª≈’Ë¬π√Ÿª√à“ß¢Õß‡´≈‡æ◊ËÕæ—≤π“

‰ª‡ªìπ‡´≈°√–¥Ÿ°·≈– √â“ß‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°μàÕ‰ª ‚¥¬∫∑§«“¡π’È‰¥â°≈à“«∂÷ß√“¬≈–‡Õ’¬¥‡°’Ë¬«°—∫≈—°…≥–∑“ß √’√«‘∑¬“·≈–≈—°…≥–

∑“ß°≈»“ μ√åμà“ßÊ¢Õß«— ¥ÿ™’«¿“æ ·μà„π à«π°“√„™â«— ¥ÿ™’«¿“æ„π∑“ß§≈‘π‘°π—Èπ ®–μâÕß¡’°“√»÷°…“‡æ◊ËÕμ‘¥μ“¡ ¿“«–·∑√°´âÕπ

μà“ßÊ ∑’ËÕ“®‡°‘¥¢÷Èπ‰¥âμàÕ‰ª

§” ”§—≠ :  «— ¥ÿ™’«¿“æ, ™àÕß«à“ß°√–¥Ÿ°,  ÿπ—¢
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∫∑π”

ªí≠À“À√◊Õ¿“«–∑’Ë ‡π◊ÈÕ°√–¥Ÿ°∫“ß à«π Ÿ≠À“¬‰ª

À√◊Õ‡°‘¥™àÕß«à“ß∑’Ëμ—«°√–¥Ÿ° (Bone defect) „π ÿπ—¢π—Èπ Õ“®¡’

 “‡Àμÿ¡“®“°Õÿ∫—μ‘‡Àμÿ °“√ºà“μ—¥‡π◊ÈÕßÕ°∑’Ë°√–¥Ÿ°À√◊Õ°“√μ—¥

μàÕ°√–¥Ÿ° (Osteotomy) ‡æ◊ËÕ™à«¬√—°…“‚√§∑’Ë∑”„Àâ°√–¥Ÿ°º‘¥

√Ÿª√à“ß À“°™àÕß«à“ß¢Õß°√–¥Ÿ°∑’Ë‡°‘¥¢÷Èπ¡’¢π“¥§àÕπ¢â“ß„À≠à

°“√√—°…“À√◊Õ°“√ºà“μ—¥¥â«¬«‘∏’∑—Ë«‰ªÕ“®®– àßº≈„Àâ°“√

‡™◊ËÕ¡μ—«¢Õß°√–¥Ÿ°‡°‘¥‰¥â™â“ (Delayed union) À√◊ÕÕ“®‰¡à

‡°‘¥°“√‡™◊ËÕ¡μàÕ¢Õß°√–¥Ÿ°‡≈¬ (non-union) ´÷Ëß°“√√—°…“„π

 ÿπ—¢π—Èπ®–„™â°“√ª≈Ÿ°∂à“¬°√–¥Ÿ° (bone graft) ‡ªìπÀ≈—°

´÷Ëß°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°π—Èπ‡ªìπ√Ÿª·∫∫Àπ÷Ëß¢Õß«— ¥ÿ™’«¿“æ

(Biomaterials)‚¥¬™π‘¥¢Õß°√–¥Ÿ°∑’Ëπ”¡“ª≈Ÿ°∂à“¬ à«π„À≠à

‡ªìπ™π‘¥ Autobone graft ·μà ”À√—∫ Allograft ·≈– Xenograft

π—Èπ¬—ß¡’°“√„™â∑’Ë‰¡à·æ√àÀ≈“¬ „πªí®®ÿ∫—π∑“ß°“√·æ∑¬å‰¥â

¡’°“√π”‡Õ“«— ¥ÿ™’«¿“æ (biomaterials) Õ◊ËπÊ ∑’Ë‰¡à„™à°“√

ª≈Ÿ°∂à“¬°√–¥Ÿ°¡“„™â„π°“√√—°…“ºŸâªÉ«¬‡æ‘Ë¡ Ÿß¢÷Èπ ‚¥¬‡©æ“–

Õ¬à“ß¬‘Ë ß∑“ß¥â “π∑—πμ°√√¡·≈–ÕÕ√å‚∏ªî¥‘° å  ‚¥¬

«—μ∂ÿª√– ß§å¢Õß°“√„™â«— ¥ÿ™’«¿“æ §◊Õ ‡æ◊ËÕ™à«¬„Àâ‡°‘¥

°“√ √â“ß‡π◊ÈÕ ‡¬◊ËÕ°√–¥Ÿ°„À¡à„π∫√‘ ‡«≥∑’Ë¡’™àÕß«à“ß¢Õß

°√–¥Ÿ°‡°‘¥¢÷Èπ ‚¥¬«— ¥ÿ™’«¿“æμà“ßÊ ∑’Ëπ”¡“„™â§«√®–¡’

ª√– ‘∑∏‘¿“æ„°≈â‡§’¬ß°—∫«‘∏’°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°·≈–‡°‘¥

º≈¢â“ß‡§’¬ß„ÀâπâÕ¬∑’Ë ÿ¥‚¥¬«— ¥ÿ™’«¿“æ‡À≈à“π’È®–∑”Àπâ“∑’Ë

‡ªìπ‚§√ß √â“ß scaffold ‡æ◊ËÕ„Àâ∑’ËÕ¬Ÿà°—∫‡´≈∑’Ë “¡“√∂‡®√‘≠

·≈– “¡“√∂‡ª≈’Ë¬π√Ÿª (osteoconduction) ‰ª‡ªìπ‡´≈°√–¥Ÿ°

«— ¥ÿ™’«¿“æ∑’Ë “¡“√∂π”¡“„™â„π°“√√—°…“™àÕß«à“ß¢Õß°√–¥Ÿ°

‡™àπ synthetic polymers, ceramics ‡ªìπμâπ °“√„™â«— ¥ÿ

™’«¿“æ‡æ◊ËÕ°“√√—°…“™àÕß«à“ß¢Õß°√–¥Ÿ°¢Õß ÿπ—¢„πªí®®ÿ∫—π

 à«π„À≠à‡ªìπ°“√»÷°…“„πß“π«‘®—¬ ‡æ◊ËÕπ”¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√

»÷°…“‰ª‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π„Àâ°—∫°“√„™âª√–‚¬™πå„π¡πÿ…¬å

¡“°°«à“°“√»÷°…“‡æ◊ËÕ„™â„π ÿπ—¢‚¥¬μ√ß

«— ¥ÿ™’«¿“æ∑’Ë„™â‡æ◊ËÕ™à«¬°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°

1. °“√ª≈Ÿ°∂à“¬°√–¥Ÿ° (Bone graft) π—∫‡ªìπ à«π

Àπ÷Ëß¢Õß«— ¥ÿ™’«¿“æ·≈–°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°‡ªìπ«‘∏’∑’Ëπ‘¬¡

„™â„π°“√√—°…“™àÕß«à“ß¢Õß°√–¥Ÿ°°—π¡“°∑’Ë ÿ¥ ÷́Ëß≈—°…≥–

°√–¥Ÿ°∑’Ëπ”¡“ª≈Ÿ°∂à“¬®–¡’ 2 √Ÿª·∫∫ §◊Õ cancellous ·≈–

cortical bone graft ‚¥¬ cancellous bone graft ®–¡’≈—°…≥–

‡ªìπ°√–¥Ÿ°∑’Ë¡’√Ÿæ√ÿπ (trabeculae bone) ·≈–¡’‡´≈°√–¥Ÿ°Õ“¬ÿ

πâÕ¬Õ¬Ÿà„πª√‘¡“≥ Ÿß√«¡∂÷ß¡’°“√μÕ∫ πÕßμàÕ°“√‡°‘¥

‡ âπ‡≈◊Õ¥„À¡à‰¥â¥’°«à“ cortical bone graft¥—ßπ—Èπ®÷ßπ‘¬¡π”

cancellous bone graft ‰ª„™â„π°“√√—°…“°√–¥Ÿ°∑’Ë¡’°“√‡™◊ËÕ¡

μ—«™â“ (delayed  union) À√◊Õ°√≥’‡°‘¥°“√‰¡à‡™◊ËÕ¡μ—«¢Õß°√–¥Ÿ°

(non-union) À√◊Õ™à«¬„Àâ¡’°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°„À¡à‰¥â‡√Á«

¢÷Èπ‡™àπ„π°√≥’°“√‡™◊ËÕ¡¢âÕμàÕμà“ßÊ (arthodesis) ·μàª√‘¡“≥

¢Õßcancellous bone graft ∑’Ë‰¥â®–¡’‰¡à¡“°π—°  à«π cortical

bone graft ®–¡’°√–¥Ÿ° à«π∑’Ë‡ªìπ‚§√ß·¢Áß (cortex) ‡ªìπÀ≈—°

‚¥¬®–‰¥â¡“®“° à«π∑’Ë‡ªìπ diaphysis ¢Õß°√–¥Ÿ° long bone

∑”„Àâ¡’ ‡´≈∑’Ë ‡ªìπ‡´≈°√–¥Ÿ°Õ“¬ÿπâÕ¬Õ¬Ÿà ‡æ’¬ß‡≈Á°πâÕ¬·μà

 “¡“√∂„™â‡æ◊ËÕ§ß§«“¡¬“«·≈–™à«¬√—∫πÈ”Àπ—°‰¥â∫“ß à«π

®÷ß¡—°„™â cortical bone graft ‡æ◊ËÕ√—°…“„π°√≥’∑’Ë¡’™àÕß«à“ß

°√–¥Ÿ°¢π“¥„À≠à ‚¥¬°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°π—ÈπÀ“°æ‘®“√≥“

®“°ºŸâ„Àâ (donor) ®– “¡“√∂·∫àßÕÕ°‰¥â‡ªìπ 3 √Ÿª·∫∫ À≈—°

§◊Õ Autogenous bone graft (Autograft), Allograft ·≈–

Xenograft πÕ°®“°π’È¬—ß¡’°“√ª≈Ÿ°∂à“¬°√–¥Ÿ° —ß‡§√“–Àå

(synthetic  bone  substitudes) ∑’Ë‡√’¬°«à“ alloplastic graft Õ’°

√Ÿª·∫∫Àπ÷Ëß ‚¥¬√Ÿª·∫∫°√–¥Ÿ°∑’Ëπ”¡“ª≈Ÿ°∂à“¬∑’Ë‡ªìπ·∫∫

Autogenous bone graft (Autograft) ®–„Àâº≈°“√√—°…“¥’

∑’Ë ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫°—∫ª≈Ÿ°∂à“¬°√–¥Ÿ°√Ÿª·∫∫Õ◊ËπÊ (Szentimrev

et al. 1995; Fitch et al.1997) autograft ¡’∑—Èß cortical

·≈– cancellous ´÷Ëß®“°°“√»÷°…“°“√ª≈Ÿ°∂à“¬°√–¥Ÿ° cortical

autograft 2 ≈—°…≥– §◊Õ free bone graft ·≈–°“√ª≈Ÿ°∂à“¬

™π‘¥∑’Ë¡’°≈â“¡‡π◊ÈÕμ‘¥Õ¬Ÿà (graft with muscle pedicles) æ∫

«à“°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°™π‘¥∑’Ë¡’°≈â“¡‡π◊ÈÕμ‘¥Õ¬Ÿà®–¡’°“√

‡™◊ËÕ¡μ—«∑’Ë¥’°«à“ (Bell et al. 1985) ·μà®– “¡“√∂°√–∑”‰¥â

‡©æ“–°√≥’∑’Ë¡’°√–¥Ÿ°Õ’° à«πÕ¬Ÿà„°≈â‡§’¬ß°—π‡™àπ°√–¥Ÿ°

radius ·≈– ulna ·≈–¢âÕ¥’Õ’°ª√–°“√§◊Õ‰¡à‡°‘¥¿“«–

·∑√° ấÕπ®“°°“√μàÕμâ“π¢Õß‡π◊ÈÕ‡¬◊ËÕ °“√ª≈Ÿ°∂à“¬°√–¥Ÿ°

≈—°…≥–π’È¡’¢âÕ¥’ 2 ª√–°“√ §◊Õ ¡’‚§√ß √â“ß scaffold ·≈–

‡´≈°√–¥Ÿ°∑’Ëæ√âÕ¡„π°“√ √â“ß°√–¥Ÿ°‰¥â∑—π∑’·≈–¬—ß¡’ à«π

ª√–°Õ∫¢Õß collagen type I ÷́Ëß™à«¬„Àâ‡°‘¥°“√ √â“ß

‡ âπ‡≈◊Õ¥¡“À≈àÕ‡≈’È¬ß°√–¥Ÿ°∑’Ëª≈Ÿ°∂à“¬ ·μà„π°“√ª≈Ÿ°∂à“¬

°√–¥Ÿ°·∫∫ Autograft π—Èπ¡’¢âÕ¥âÕ¬„π à«π∑’Ë —μ«å®–μâÕß∂Ÿ°

ºà“μ—¥„π à«πÕ◊ËπÕ’°Àπ÷Ëßμ”·Àπàß  àßº≈„Àâ —μ«å‰¥â√—∫§«“¡

‡®Á∫ª«¥‡æ‘Ë¡¢÷Èπ·≈–‡æ‘Ë¡√–¬–‡«≈“„π°“√ºà“μ—¥ Õ’°∑—Èß®–‰¡à

 “¡“√∂¥”‡π‘π°“√ºà“μ—¥‰¥âÀ“° ÿπ—¢¡’ ÿ¢¿“æ‰¡à ¡∫Ÿ√≥å

(Rohanizadeh et al. 2008)  à«π°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°Õ’° 2 ·∫∫

§◊Õ °“√∑” Allograft ‡ªìπ°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°∑’Ëπ”¡“®“° ÿπ—¢

μ—«Õ◊Ëπ ·≈–Õ’°·∫∫Àπ÷Ëß §◊Õ xenograft ‡ªìπ°“√ª≈Ÿ°∂à“¬

°√–¥Ÿ°∑’Ë‰¥â¡“®“° —μ«åμà“ß™π‘¥ ‚¥¬°√–¥Ÿ°∑’Ë®–π”‰ªª≈Ÿ°∂à“¬

„π 2 ·∫∫π’È ®–∂Ÿ°‡°Á∫√—°…“„π 3 ≈—°…≥– §◊Õ frozen,
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freeze-dried ·≈– freeze-dried demineralized ®÷ß∑”„Àâ

¡’§«“¡ –¥«°„π°“√„™âß“π¡“°°«à“°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°

·∫∫  Autograft ·μà à«π„À≠à¡—°®–∂Ÿ°‡°Á∫√—°…“„π≈—°…≥–

demineralized ®÷ß∑”„Àâ¡’§ÿ≥ ¡∫—μ‘„π°“√‡ªìπ scaffold „Àâ

‡´≈°√–¥Ÿ°‡®√‘≠‰¥âπâÕ¬ ‚¥¬¬—ß§ß‡À≈◊Õ„π‡æ’¬ß à«π¢Õß

Collagen Type I ´÷Ëß¬—ß°√–μÿâπ„Àâ‡°‘¥°“√ √â“ß‡ âπ‡≈◊Õ¥‡¢â“‰ª

‡≈’È¬ß∫√‘‡«≥∑’Ëª≈Ÿ°∂à“¬°√–¥Ÿ°‰¥â ¢âÕ¥âÕ¬¢Õß°“√ª≈Ÿ°∂à“¬

°√–¥Ÿ° ∑—Èß„π·∫∫ Allograft ·≈– Xenograft Õ’°ª√–°“√

§◊Õ ®–μâÕßºà“π°√–∫«π°“√À≈“¬¢—ÈπμÕπ ‡™àπ ∑¥ Õ∫∂à“¬

‡æ◊ËÕμ√«®À“‚√§μ‘¥μàÕμà“ßÊ ·≈–∑”°“√¶à“‡™◊ÈÕ¥â«¬√—ß ’Õ’°§√—Èß

Àπ÷Ëß ´÷Ëß®“°°“√∑¥≈Õß„™â Allograft ¢Õß ÿπ—¢æ∫«à“°“√ √â“ß

°√–¥Ÿ°¬—ß„Àâº≈≈—æ∏å∑’Ë‰¡à¥’ (Paskalev et al. 2006)  à«π°“√

„™â Xenograft ∑’Ë¡“®“° commercial demineralized purified

natural bone graft of bovine origin (LUBBOC®) æ∫«à“‰¡à¡’

ªØ‘°‘√‘¬“μàÕμâ“π¢Õß‡π◊ÈÕ‡¬◊ËÕ·≈–„Àâº≈„π°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ

°√–¥Ÿ°∑’Ë¡’ª√– ‘∑∏‘¿“æ (Osailan 1996)  à«π°“√„™â Human

Cancellous Xenograft „π ÿπ—¢π—Èπªí®®ÿ∫—π¬—ß‰¡àª√– ∫º≈ ”‡√Á®

(Paskalev et al. 2006)  ”À√—∫„π à«π alloplastic ´÷Ëß‡ªìπ

«— ¥ÿ —ß‡§√“–Àå„πÀ≈“¬√Ÿª·∫∫ ‡™àπ synthetic hydroxyapatite

ceramics, bioactive glass, deorganified bovine bone π—Èπ

®–¡’¢âÕ¥’§≈â“¬°—∫ allograft ·≈– xenograft §◊Õ ‰¡àμâÕß¡’°“√

ºà“μ—¥‡æ‘Ë¡„π à«πÕ◊Ëπ¢Õß√à“ß°“¬ √«¡∂÷ß “¡“√∂‡Àπ’Ë¬«π”„Àâ

‡°‘¥°“√ √â“ß‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ° (osteoconduction) ‰¥â ·≈–®–μâÕß

‰¡à∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“μàÕμâ“π®“°‡π◊ÈÕ‡¬◊ËÕ¢Õß√à“ß°“¬ (Jame

Mah et al. 2004)

2. °≈ÿà¡ Polymers „π°≈ÿà¡π’Èªí®®ÿ∫—π¬—ß¡’°“√»÷°…“

‡æ◊ËÕ„™âª√–‚¬™πå„π ÿπ—¢§àÕπ¢â“ßπâÕ¬  “√ª√–°Õ∫„π°≈ÿà¡π’È

‡™àπ Polylactic acid (PLA) Polyglycolic acid (PQA) ·≈–

Copolymurs ¢Õß PLA °—∫ PGA (PLGA) (Xu et al. 2010)

À√◊Õ “√æ«°polyurethane  “√ª√–°Õ∫‡À≈à“π’È à«π„À≠à®–

Õ¬Ÿà„π√Ÿª¢Õß«— ¥ÿ‡¬Á∫¿“¬„π (suture materials) ´÷Ëß¡’¢âÕ¥’∑’Ë‰¡à

‡°‘¥°“√μàÕμâ“π¢Õß‡π◊ÈÕ‡¬◊ËÕ (non-immunogenic) ‰¡à‡°‘¥æ‘…

·≈– “¡“√∂¥Ÿ¥´÷¡‰¥â (bioabsorbable) πÕ°®“°π’È  “√°≈ÿà¡π’È

¬—ß “¡“√∂π”‰ª„™â√à«¡°—∫ “√Õ◊Ëπ∑’Ë¡’‚§√ß √â“ß scaffold ∑’Ë¡’

√Ÿæ√ÿπ·μà¡’°“√ ≈“¬∑’Ë§àÕπ¢â“ß‡√Á« ‡™àπ gelatin ‡æ◊ËÕ„Àâ‡°‘¥°“√

 ≈“¬∑’Ë™â“≈ß ·μà®“°°“√»÷°…“§√—Èßπ’Èæ∫«à“ ‡´≈°√–¥Ÿ°®–‡®√‘≠

‰¥âπâÕ¬ ‡π◊ËÕß®“° “√ PLGA ‡¢â“‰ª·∑√°Õ¬Ÿà„π√Ÿæ√ÿπ ∑”„Àâ

™àÕß«à“ßÀ√◊Õ√Ÿæ√ÿπ¿“¬„π gelatin ≈¥≈ß (Rohanizadeh et al.

2008)

3. «— ¥ÿ ceramic ∑’Ë¡’‚§√ß √â“ß 3 ¡‘μ‘‰¥â∂Ÿ°π”¡“„™â

‡æ◊ËÕ√—°…“™àÕß«à“ß„π°√–¥Ÿ°°—π§àÕπ¢â“ß¡“°«— ¥ÿ ceramic „π

™à«ß·√°¡—°®–‡ªìπæ«° glass composition ‡π◊ËÕß®“°‡ªìπ«— ¥ÿ

∑’Ë¡’ “√ª√–°Õ∫∑’Ë§ßμ—«‰¡à∑”ªØ‘°‘√‘¬“ (almost complete inert)

∑”„Àâ‰¡à°àÕ„Àâ‡°‘¥°“√μàÕμâ“π¢Õß‡π◊ÈÕ‡¬◊ËÕ ¡’§à“ —¡ª√– ‘∑∏‘

°“√¢¬“¬μ—«‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ¡’§à“μË” ‡π◊ÈÕ«— ¥ÿ¡’§«“¡·¢Áß

·μà·μ° (brittleness)‰¥âßà“¬·≈–¡’¢âÕ¥âÕ¬„π à«π∑’Ë®–‡ ◊ËÕ¡

 ¿“æ™â“ ∑”„Àâ°√–¥Ÿ°‰¡à “¡“√∂‡¢â“‰ª·∑π∑’Ë‰¥â∑—ÈßÀ¡¥

(Johnson et al. 1996)  “√ ceramics ∑’Ëπ‘¬¡„™â §◊Õ ·§≈‡´’Ë¬¡

øÕ ‡øμ (Calcium Phosphate) À√◊Õ∑’Ë√Ÿâ®—°°—π„π™◊ËÕ

Hydroxyapatite (HA) ‰¥â¡’°“√π”¡“„™â·∑π°“√ª≈Ÿ°∂à“¬°√–¥Ÿ°

„π»—≈¬°√√¡°√–¥Ÿ°°—πÕ¬à“ß·æ√àÀ≈“¬ (Kohn and Ducheyne

1992) ‚¥¬ hydroxyapatite  “¡“√∂º≈‘μ‰¥â‚¥¬°“√∑”„Àâ

‡°‘¥°“√μ°μ–°Õπ¢Õß “√≈–≈“¬∑’Ë¡’·§≈‡ ’́¬¡·≈–øÕ ‡øμ

Õ‘ÕÕπ (calcium phosphate) ·≈–¬—ß¡’°“√º≈‘μ‡æ◊ËÕ°“√§â“„π√Ÿª

·∫∫∑’Ë °—¥¡“®“°°√–¥Ÿ° °“√ √â“ß°√–¥Ÿ°∑¥·∑π‡¡◊ËÕ„™â

·§≈‡´’¬¡øÕ ‡øμ®–¢÷Èπ°—∫ªí®®—¬À≈—° §◊Õ ¢π“¥¢Õß√Ÿæ√ÿπ

(porosity) Daculsi ·≈– Passuti (1990) ‰¥âª√–‡¡‘πº≈¢Õß

¢π“¥√Ÿæ√ÿπ (size of porosity) æ∫«à“¢π“¥¢Õß√Ÿæ√ÿπ∑’Ë¡’

ª√– ‘∑∏‘¿“æμàÕ°“√‡®√‘≠¢Õß°√–¥Ÿ° ®–¡’¢π“¥ª√–¡“≥

100 mμ πÕ°®“°π’È ¬—ß¡’ “√ª√–°Õ∫Õ’°ª√–‡¿∑ §◊Õ

Synthetic hydroxylapatite (tricalcium phosphate, TCP) ´÷Ëß

∂Ÿ°º≈‘μ¡“‡æ◊ËÕ„™â∑“ß°“√·æ∑¬å‚¥¬‡©æ“– ‡π◊ËÕß®“° “¡“√∂

∂Ÿ°¥Ÿ¥´÷¡‰¥â (resorbable form) ·≈–‡¡◊ËÕ∂Ÿ°¥Ÿ¥´÷¡·≈â«®–‡À≈◊Õ

 à«π¢Õß·§≈‡´’¬¡‰«â´÷Ëß ‡À¡“–μàÕ°“√‡®√‘≠¢Õß°√–¥Ÿ°

μàÕ‰ª (Nascimento  et al. 2007)

4. ‚æ≈≈‘‡¡Õ√å®“°∏√√¡™“μ‘ ´÷Ëß “√‚æ≈‘‡¡Õ√åπ’È  ‡ªìπ

 à«πª√–°Õ∫¢Õß°√–¥Ÿ° øíπ ·≈–‡π◊ÈÕ‡¬◊ËÕ‡°’Ë¬«æ—πμà“ßÊ

‚¥¬ “¡“√∂ °—¥¡“®“° —μ«åÀ√◊Õ¡πÿ…¬å‰¥â  “√‚æ≈‘‡¡Õ√å„π

°≈ÿà¡π’È‰¥â·°à Collagen, Gelatin, Hyaluronic acid ·≈– Chitosan

´÷Ëß¡’°“√»÷°…“„π°“√„™â√—°…“™àÕß«à“ß¢Õß°√–¥Ÿ°  “√„π°≈ÿà¡

π’È¡’¢âÕ¥’‡Àπ◊Õ°«à“«— ¥ÿ —ß‡§√“–Àå™π‘¥Õ◊Ëπ ‡π◊ËÕß¥â«¬‡ªìπ

 “√ª√–°Õ∫‚ª√μ’π (protein-derived materials) ∑”„Àâ¡’

§«“¡ “¡“√∂‡¢â“‰¥â°—∫‡π◊ÈÕ‡¬◊ËÕ‰¥â¥’ (excellent biocompability)

(Rohanizadeh et al. 2008) ·≈–≈—°…≥–¢Õß “√ª√–°Õ∫

æ«° Collagen À√◊Õ Gelatin ®–¡’‚§√ß √â“ß∑’Ë‡ªìπ scaffold

‰¥â¥’ ‡π◊ËÕß®“°¡’√Ÿæ√ÿπ§àÕπ¢â“ß Ÿß·μà¡’¢âÕ¥âÕ¬§◊Õ ≈“¬

μ—« (biodegradation)‰¥â§àÕπ¢â“ß‡√Á«®÷ß¡—°¡’°“√‡æ‘Ë¡

 “√ª√–°Õ∫Õ◊Ëπ‡æ‘Ë¡‰ª ‡™àπ collagen √à«¡°—∫ hydroxyapatite

‡æ◊ËÕ„Àâ¡’§«“¡§ßμ—«¡“°¢÷Èπ·≈–‡æ‘Ë¡§«“¡ “¡“√∂„π°“√§ß
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√Ÿª≈—°…≥–‚§√ß √â“ß 3 ¡‘μ‘‰¥â¡“°¢÷Èπ‡¡◊ËÕ‡∑’¬∫°—∫ collagen

‡æ’¬ßÕ¬à“ß‡¥’¬« (Yamauchi et al. 2004) ¡’°“√‡æ‘Ë¡

 “√ª√–°Õ∫Õ◊Ëπ‡æ◊ËÕ‡ √‘¡„Àâ¡’ª√– ‘∑∏‘ ¿“æ„π°“√ √â“ß

‡π◊ÈÕ‡¬◊ËÕ°√–¥Ÿ°‰¥â¥’¢÷Èπ‡™àπ °“√„™â recombinant human bone

morphogenetic protein-2 (rhBMP-2) (Faria 2007) À√◊Õ

°“√„™â Hyalulonic acid√à«¡°—∫‚æ≈‘‡¡Õ√å (Goodstone et al.

2004; Lin and Liu 2006)

¬—ß¡’«— ¥ÿ™’«¿“æÕ’°°≈ÿà¡Àπ÷Ëß §◊Õ nanomaterial ‡ªìπ

«— ¥ÿ∑’Ë¡“®“°‚≈À– ceramic À√◊Õ‚æ≈‘‡¡Õ√å ‚¥¬«— ¥ÿ‡À≈à“π’È®–

¡’¢π“¥¢Õß à«π∑’Ë‡≈Á°∑’Ë ÿ¥ª√–¡“≥¢π“¥ 1-100 π“‚π‡¡μ√

‡™àπ nanostructure, nanocrystals, nanoparticle, nanofiber

®“°°“√»÷°…“æ∫«à“«— ¥ÿ„π°≈ÿà¡ nanomaterial ®– “¡“√∂

‡æ‘Ë¡°“√μÕ∫ πÕß¢Õß√à“ß°“¬ (biological response) ‡™àπ

∑”„Àâ‚ª√μ’π∑’Ë¡’Àπâ“∑’Ë¬÷¥‡´≈∑”ß“π‰¥â¥’¢÷Èπ °“√‡ª≈’Ë¬π·ª≈ß

¢Õß‡´≈‰ª‡ªìπ‡´≈ √â“ß°√–¥Ÿ° ‡æ‘Ë¡°“√º≈‘μ·≈–À≈—Ëß “√

extracellular matrix molecule (Nair and Laurencin 2008)

·≈–‡æ‘Ë¡°“√∑”ß“π¢Õß‡´≈ osteoblast ·≈– osteoclast ‰¥â‡¡◊ËÕ

‡ª√’¬∫‡∑’¬∫°—∫«— ¥ÿ®”æ«°‡¥’¬«°—π·μà¡’¢π“¥∑’Ë„À≠à°«à“

(micrometer-size) (Chistenson et al. 2006; Dalby et al.

2006) ·μà°“√»÷°…“«— ¥ÿ„π°≈ÿà¡π’È à«π„À≠à¬—ß‡ªìπ°“√»÷°…“

„πÀâÕßªØ‘∫—μ‘°“√‡ªìπ à«π„À≠à¬—ß‰¡à¡’°“√»÷°…“„π ÿπ—¢

¡“°π—°

∫∑ √ÿª°“√„™â«— ¥ÿ∑“ß™’«¿“æ‡æ◊ËÕ™à«¬„π°“√ √â“ß°√–¥Ÿ°

∑¥·∑π

«— ¥ÿ∑“ß™’«¿“æ„πªí®®ÿ∫—π∑’Ë„™â„π∑“ß°“√·æ∑¬åπ—Èπ

¡’°“√§‘¥§âπ«— ¥ÿ„À¡àÊ∑’Ë¡’§«“¡À≈“°À≈“¬¡“°¢÷Èπ·≈–«— ¥ÿ

„π·μà≈–ª√–‡¿∑°Á®–¡’§ÿ≥ ¡∫—μ‘‡©æ“–μ—«∑’Ë·μ°μà“ß°—π‰ª

´÷Ëß¢âÕ¡Ÿ≈‡°’Ë¬«°—∫º≈¢Õß°“√ √â“ß°√–¥Ÿ°¢Õß«— ¥ÿ™’«¿“æ

‡À≈à“π’È  ”À√—∫„π∑“ßªØ‘∫—μ‘∑’Ë„™â„π°“√√—°…“ ÿπ—¢∑’Ë¡’ªí≠À“

™àÕß«à“ß¢Õß°√–¥Ÿ°¬—ß¡’°“√π”‰ª„™â®√‘ß§àÕπ¢â“ßπâÕ¬ ÷́Ëßº≈

®“°°“√∑¥≈Õßμà“ßÊ · ¥ß„Àâ‡ÀÁπ«à“ «— ¥ÿ∑“ß™’«¿“æ‡À≈à“π’È

 “¡“√∂π”¡“„™â‡æ◊ËÕ™à«¬„π°“√ √â“ß°√–¥Ÿ°∑¥·∑π‰¥â ·μà

°“√‡≈◊Õ°„™â«— ¥ÿ·μà≈–ª√–‡¿∑ Õ“®®–μâÕßæ‘®“√≥“„π°“√

√—°…“·μà≈–√“¬·≈–¬—ß§ßμâÕß¡’°“√»÷°…“·≈–√«∫√«¡¢âÕ¡Ÿ≈

μàÕ‰ª„π à«π¢Õßº≈°“√√—°…“„π ÿπ—¢ªÉ«¬ ‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈

„π°“√‡≈◊Õ°„™â«— ¥ÿ∑“ß™’«¿“æ∑’Ë‡À¡“– ¡μàÕ‰ª
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