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กฤติรัตน เกียรติศิริโรจน

º·¤Ñ´Â‹Í
 ä·à·à¹ÕÂÁáÅÐâÅËÐ¼ÊÁä·à·à¹ÕÂÁä Œ́ÃÑº¡ÒÃÂÍÁÃÑºÍÂ‹Ò§á¾Ã‹ËÅÒÂÇ‹ÒÁÕ¤Ø³ÊÁºÑμ Ôμ ŒÒ¹·Ò¹μ ‹Í¡ÒÃ¡Ñ´¡Ã‹Í¹ä´Œ´ÕáÅÐ

ÊÒÁÒÃ¶à¢ŒÒ¡Ñ¹ä´Œ´Õ¡Ñºà¹×éÍàÂ×èÍ¡ÃÐ´Ù¡ áμ ‹¤ÇÒÁÊÒÁÒÃ¶à¢ŒÒ¡Ñ¹ä´Œ´Õ·Ò§ªÕÇÀÒ¾¹Ñé¹¢Öé¹ÍÂÙ‹¡Ñº¼ÔÇ¿�Å�ÁºÒ§¢Í§ä·à·à¹ÕÂÁÍÍ¡ä« �́·Õè

à¡Ô´¢Öé¹àÍ§μÒÁ¸ÃÃÁªÒμ Ôº¹¾×é¹¼ÔÇ¢Í§ä·à·à¹ÕÂÁ «Öè§à»š¹ÍØ»ÊÃÃ¤·ÕèÊíÒ¤ÑÞ·Õè·íÒãËŒä·à·à¹ÕÂÁäÁ‹ÊÒÁÒÃ¶ÂÖ´μ Ô´¡Ñº¡ÃÐ´Ù¡ä´Œ ¡ÒÃ

ÈÖ¡ÉÒμ ‹Ò§æ ¾ÂÒÂÒÁ·Õè̈ ÐÁØ‹§¾Ñ²¹ÒËÃ×Íà»ÅÕèÂ¹á»Å§¼ÔÇÊÑÁ¼ÑÊ¢Í§ÇÑÊ´Øà¾×èÍãËŒÁÕ¡ÒÃμÍºÊ¹Í§·Ò§ªÕÇÀÒ¾·Õè́ Õ¢Öé¹ áÅÐÊ‹§àÊÃÔÁãËŒ¡ÒÃ

àª×èÍÁ»ÃÐÊÒ¹¡Ñ¹ÃÐËÇ‹Ò§¡ÃÐ´Ù¡áÅÐÃÒ¡¿̃¹à·ÕÂÁà¡Ố ä Œ́ÍÂ‹Ò§ÃÇ´àÃçÇáÅÐá¢ç§áÃ§ º·¤ÇÒÁ¹ÕéÁÕÇÑμ¶Ø»ÃÐÊ§¤�à¾×èÍÍ Ô̧ºÒÂ¶Ö§ÇÔ̧ Õμ ‹Ò§æ 

·ÕèãªŒã¹¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ¢Í§ÃÒ¡¿̃¹à·ÕÂÁª¹Ố ä·à·à¹ÕÂÁáÅÐá¹Çâ¹ŒÁ¡ÒÃ¾Ñ²¹Òã¹Í¹Ò¤μà¾×èÍÊ‹§àÊÃÔÁãËŒà¡Ố ¡ÒÃàª×èÍÁ»ÃÐÊÒ¹

·Õè́ ÕÃÐËÇ‹Ò§¡ÃÐ´Ù¡áÅÐÃÒ¡¿¹̃à·ÕÂÁ áÅÐ¹íÒàÊ¹Í¢ŒÍÁÙÅà¡ÕèÂÇ¡ÑºÇÔ̧ Õ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇä·à·à¹ÕÂÁ¢Í§ÃÐººÃÒ¡¿¹̃à·ÕÂÁ·ÕèÁṎ íÒË¹‹ÒÂ

ã¹àªÔ§¡ÒÃ¤ŒÒã¹»ÃÐà·Èä·Â à¾×èÍà»š¹¢ŒÍÁÙÅãËŒ·Ñ¹μá¾·Â�ÊÒÁÒÃ¶àÅ×Í¡ãªŒÃÒ¡¿̃¹à·ÕÂÁä Œ́ÍÂ‹Ò§àËÁÒÐÊÁ

¤íÒÊíÒ¤ÑÞ: ¡ÒÃ»ÃÑº¼ÔÇä·à·à¹ÕÂÁ, ÃÒ¡¿̃¹à·ÕÂÁ, ¡ÒÃàª×èÍÁ»ÃÐÊÒ¹¡Ñº¡ÃÐ´Ù¡

¤³Ð·Ñ¹μá¾·ÂÈÒÊμÃ � ÁËÒÇÔ·ÂÒÅÑÂ¸ÃÃÁÈÒÊμÃ �

º·¹íÒ
 ·Ñ¹μ¡ÃÃÁÃÒ¡à·ÕÂÁàÃÔèÁà»š¹·ÕèÃÙŒ¨Ñ¡ÍÂ‹Ò§á¾Ã‹ËÅÒÂ

ÁÒ¡¢Öé¹ã¹»˜¨¨ØºÑ¹ à¹×èÍ§¨Ò¡à»š¹·Ò§àÅ×Í¡ãËÁ‹ã¹¡ÒÃºÙÃ³Ð

¿̃¹¢Í§¼ÙŒ·ÕèÊÙÞàÊÕÂ¿̃¹ä»¨Ò¡ÊÒàËμ Øμ ‹Ò§æ ¡ÒÃÈÖ¡ÉÒà¡ÕèÂÇ¡Ñº

ÃÒ¡¿̃¹à·ÕÂÁä Œ́ÁÕÁÒËÅÒÂ·ÈÇÃÃÉáÅÐÁÕ¡ÒÃ¾Ñ²¹ÒÁÒ¡¢Öé¹

àÃ×èÍÂæ â´ÂÍÒÈÑÂ·ÄÉ®Õ¢Í§¡ÒÃ·ÕèÇÑÊ´Ø·ÕèãªŒ·íÒÃÒ¡¿̃¹à·ÕÂÁ

ÊÒÁÒÃ¶àª×èÍÁ»ÃÐÊÒ¹¡Ñº¡ÃÐ´Ù¡ä Œ́ (osseointegration) «Öè§

ÅÑ¡É³Ð·Ò§¨ØÅ¡ÒÂÇÔÀÒ¤ÈÒÊμÃ �¢Í§à¹×éÍàÂ×èÍ (histological 

section) áÊ´§ãËŒàËç¹ÅÑ¡É³Ð·Õè¡ÃÐ´Ù¡áÅÐÃÒ¡¿¹̃à·ÕÂÁÊÑÁ¼ÑÊ

¡Ñ¹ÍÂ‹Ò§ã¡ÅŒªÔ´ (close contact)ñ ¢³Ð·ÕèÅÑ¡É³Ð·Ò§¤ÅÔ¹Ô¡

¾ºÀÒÇÐ¡ÒÃÂÖ´á¢ç§ÃÐËÇ‹Ò§ÃÒ¡¿̃¹à·ÕÂÁ¡Ñº¡ÃÐ´Ù¡ÍÂ‹Ò§ÁÕ

àÊ¶ÕÂÃÀÒ¾ (stability and ankylosis)ò 

 »˜¨¨ØºÑ¹ÇÑÊ´Ø·ÕèãªŒ·íÒÃÒ¡¿˜¹à·ÕÂÁÊ‹Ç¹ãËÞ‹·íÒÁÒ¨Ò¡

ä·à·à¹ÕÂÁ à¹×èÍ§¨Ò¡ÁÕ¤Ø³ÊÁºÑμ Ô¤ÇÒÁà¢ŒÒ¡Ñ¹ä´Œ´Õ·Ò§ªÕÇÀÒ¾

¡Ñºà¹×éÍàÂ×èÍ (biocompatible) ÁÕÅÑ¡É³ÐàªÔ§¡Å·Õè´ÕáÅÐÊÒÁÒÃ¶

μ ŒÒ¹¡ÒÃÊÖ¡¡Ã‹Í¹ä´Œó ÇÑÊ´Øä·à·à¹ÕÂÁ·Õè¹íÒÁÒãªŒ·íÒÃÒ¡¿˜¹

à·ÕÂÁ¹ÔÂÁãªŒä·à·à¹ÕÂÁÃÐ´Ñº ô (G4Ti) ·ÕèÃÙŒ¨Ñ¡¡Ñ¹ã¹ª×èÍ¢Í§

ä·à·à¹ÕÂÁºÃÔÊØ·¸Ôì·Ò§¡ÒÃ¤ŒÒ (commercially pure titanium) 

«Öè§ÁÕÊ‹Ç¹»ÃÐ¡ÍºÍ×è¹æ àª‹¹ àËÅç¡ áÅÐÍÍ¡«Ôà¨¹ÁÒ¼ÊÁ¹ŒÍÂ

¡Ç‹ÒÃŒÍÂÅÐ ñ áÅÐä·à·à¹ÕÂÁÃÐ´Ñº õ (G5Ti) ËÃ×Í Ti-6Al-4V 

«Öè§¨ÐÁÕÊ‹Ç¹»ÃÐ¡Íº¢Í§ÍÅÙÁÔà¹ÕÂÁÃŒÍÂÅÐ ö áÅÐÇÒà¹à´ÕÂÁ

ÃŒÍÂÅÐ ô ¼ÊÁÍÂÙ‹à¾×èÍà¾ÔèÁ¤ÇÒÁá¢ç§áÃ§ãËŒÇÑÊ´Øô ¶Ö§áÁŒÇ‹Ò

ä·à·à¹ÕÂÁ¨Ðà»š¹ÇÑÊ´Ø·ÕèàÅ×Í¡ãªŒà»š¹ÅíÒ´ÑºáÃ¡æ ã¹¡ÒÃ·íÒ

ÃÒ¡¿̃¹à·ÕÂÁ áμ ‹à¹×èÍ§¨Ò¡ä·à·à¹ÕÂÁäÁ‹ÁÕ¤Ø³ÊÁºÑμ Ôã¹¡ÒÃÍÍ¡

Ä·¸Ôìä Œ́·Ò§ªÕÇÀÒ¾ (bioactive) ̈ Ö§äÁ‹ÊÒÁÒÃ¶ÂÖ´μ Ô´¡Ñº¡ÃÐ´Ù¡

ä Œ́â´ÂμÃ§ ËÃ×ÍÍÕ¡¹ÑÂË¹Öè§¤×Í âÅËÐä·à·à¹ÕÂÁäÁ‹ÊÒÁÒÃ¶ÂÖ́

ÍÂÙ‹ä Œ́´ŒÇÂ¤Ø³ÊÁºÑμ ÔàªÔ§¡Å¡Ñºà¹×éÍàÂ×èÍ¢Í§¡ÃÐ Ù́¡·ÕèÅŒÍÁÃÍº

ä´Œõ ¡ÒÃÈÖ¡ÉÒμ ‹Ò§æ ¾ÂÒÂÒÁ·Õè̈ ÐÁØ‹§¾Ñ²¹ÒËÃ×Íà»ÅÕèÂ¹á»Å§

¼ÔÇÊÑÁ¼ÑÊ¢Í§ÇÑÊ´Øà¾×èÍãËŒÁÕ¡ÒÃμÍºÊ¹Í§·Ò§ªÕÇÀÒ¾·Õè´Õ¢Öé¹ 

áÅÐÊ‹§àÊÃÔÁãËŒ¡ÒÃàª×èÍÁ»ÃÐÊÒ¹¡Ñ¹ÃÐËÇ‹Ò§¡ÃÐ´Ù¡áÅÐ

ÃÒ¡¿˜¹à·ÕÂÁà¡Ô´ä´ŒÍÂ‹Ò§ÃÇ´àÃçÇáÅÐá¢ç§áÃ§ ÍÂ‹Ò§äÃ¡çμÒÁ

»˜¨¨ÑÂ·ÕèÊíÒ¤ÑÞ·ÕèÁÕ¼Å·íÒãËŒà¡Ô´¡ÒÃàª×èÍÁ»ÃÐÊÒ¹·Õè´Õ¹Ñé¹ 

¹Í¡¨Ò¡¨Ð¢Öé¹ÍÂÙ‹¡ÑºÇÑÊ´Ø·ÕèãªŒ·íÒÃÒ¡¿˜¹à·ÕÂÁáÅŒÇ ÂÑ§¢Öé¹ÍÂÙ‹

¡Ñº¡ÒÃÍÍ¡áºº áÅÐÅÑ¡É³Ð¼ÔÇ¢Í§ÃÒ¡à·ÕÂÁ ÅÑ¡É³Ð¢Í§

¡ÃÐ´Ù¡ à·¤¹Ô¤ã¹¡ÒÃ¼‹Òμ Ñ´ áÅÐÀÒÃÐã¹¡ÒÃÃÑº¹éíÒË¹Ñ¡¢Í§

ÃÒ¡¿̃¹à·ÕÂÁ Œ́ÇÂö

ÇÑ¹·ÕèÃÑºº·¤ÇÒÁ: ñø ¾ÄÉÀÒ¤Á òõõõ ÇÑ¹·ÕèÍ¹ØÞÒμãËŒμ Õ¾ÔÁ¾�: òò ÊÔ§ËÒ¤Á òõõõ
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 º·¤ÇÒÁ¹ÕéÁÕÇÑμ¶Ø»ÃÐÊ§¤�à¾×èÍÍ¸ÔºÒÂ¶Ö§ÇÔ¸Õμ ‹Ò§æ ·Õè

ãªŒã¹¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ¢Í§ÃÒ¡¿¹̃à·ÕÂÁª¹Ố ä·à·à¹ÕÂÁáÅÐ

á¹Çâ¹ŒÁ¡ÒÃ¾Ñ²¹Òã¹Í¹Ò¤μ à¾×èÍÊ‹§àÊÃÔÁãËŒà¡Ô´¡ÒÃàª×èÍÁ

»ÃÐÊÒ¹·Õè́ ÕÃÐËÇ‹Ò§¡ÃÐ´Ù¡áÅÐÃÒ¡¿¹̃à·ÕÂÁ áÅÐ¹íÒàÊ¹Í¢ŒÍÁÙÅ

à¡ÕèÂÇ¡ÑºÇÔ̧ Õ¡ÒÃ»ÃÑºÊÀÒ¾¼ÔÇä·à·à¹ÕÂÁ¢Í§ÃÐººÃÒ¡¿̃¹à·ÕÂÁ

·ÕèÁÕ¨íÒË¹‹ÒÂã¹àªÔ§¡ÒÃ¤ŒÒã¹»ÃÐà·Èä·Â à¾×èÍà»š¹¢ŒÍÁÙÅãËŒ

·Ñ¹μá¾·Â�ÊÒÁÒÃ¶àÅ×Í¡ãªŒÃÒ¡¿̃¹à·ÕÂÁä Œ́ÍÂ‹Ò§àËÁÒÐÊÁ

¡ÃÐºÇ¹¡ÒÃμÍºÊ¹Í§·Ò§ªÕÇÀÒ¾¢Í§Ã‹Ò§¡ÒÂ
¢³Ð»ÅÙ¡½˜§ÃÒ¡¿̃¹à·ÕÂÁ (Biological aspects of 
implantation)
 ã¹ÃÐÂÐàÃÔèÁáÃ¡·Õè·íÒ¡ÒÃ½˜§ÃÒ¡¿̃¹à·ÕÂÁã¹¡ÃÐ´Ù¡

¨ÐÁÕ¡ÒÃμÍºÊ¹Í§¢Í§à«ÅÅ �μ ‹ÍÃÒ¡¿˜¹à·ÕÂÁã¹ÅÑ¡É³Ð¢Í§

ÊÔè§á»Å¡»ÅÍÁ â´Â»¯Ô¡ÔÃÔÂÒ¡ÒÃÍÑ¡àÊºà¡Ố ¢Öé¹à¾×èÍμÍºÊ¹Í§

μ ‹Í¡ÒÃºÒ´à¨çºã¹¢Ñé¹μÍ¹¡ÒÃ¼‹Òμ Ñ́ «Öè§¡ÃÐμ ØŒ¹ãËŒà¡Ố ¡ÒÃÊÃŒÒ§

Í¹ØÁÙÅÍÔÊÃÐ (free radicals) à»š¹¨íÒ¹Ç¹ÁÒ¡ä»·íÒ»¯Ô¡ÔÃÔÂÒ

¡ÑºÍÍ¡«Ôà¨¹ÊÃŒÒ§à»š¹ªÑé¹Ë¹Òæ ¢Í§ä·à·à¹ÕÂÁä´ÍÍ¡ä« �́ 

(Titanium dioxide ; TiO
2
 ) ·Õè¼ÔÇ¢Í§ä·à·à¹ÕÂÁ ¢³Ðà ṌÂÇ¡Ñ¹

á¤Åà«ÕÂÁáÅÐ¿ÍÊ¿ÍÃÑÊäÍÍÍ¹¨Ò¡¡ÃÐ Ù́¡¨Ðà¢ŒÒä»ÃÇÁ¡Ñº

¼ÔÇ·Õè¢ÃØ¢ÃÐ¢Í§ä·à·à¹ÕÂÁä´ÍÍ¡ä«´ � ÊÃŒÒ§¡ÒÃàª×èÍÁ»ÃÐÊÒ¹

·Õèá¢ç§áÃ§ÃÐËÇ‹Ò§¡ÃÐ´Ù¡áÅÐÃÒ¡¿˜¹à·ÕÂÁ÷ ¨Ò¡¡ÒÃÈÖ¡ÉÒ

¾ºÇ‹Ò ¡ÃÐºÇ¹¡ÒÃÊÃŒÒ§¡ÃÐ´Ù¡ÃÍºæ ÃÒ¡¿̃¹à·ÕÂÁ¨Ðà¡Ô´

¢Öé¹ã¹ ò ·ÔÈ·Ò§μÃ§¡Ñ¹¢ŒÒÁ¡Ñ¹¤×Í ¡ÒÃ¡ÃÐμ ØŒ¹ãËŒÁÕ¡ÒÃÊÃŒÒ§

¡ÃÐ´Ù¡¨Ò¡à«ÅÅ�¡ÃÐ´Ù¡·ÕèÊÑÁ¼ÑÊÍÂÙ‹ºÃÔàÇ³ÃÒ¡¿̃¹à·ÕÂÁä»ÂÑ§

à«ÅÅ�¡ÃÐ´Ù¡·ÕèÁÕÍÂÙ‹à´ÔÁ (Contact osteogenesis) áÅÐ¡ÒÃÊÃŒÒ§

¡ÃÐ´Ù¡¨Ò¡à«ÅÅ�¡ÃÐ´Ù¡·ÕèÁÕÍÂÙ‹à´ÔÁä»ÂÑ§¼ÔÇ¢Í§ÃÒ¡¿̃¹à·ÕÂÁ 

(Distance osteogenesis)ø «Öè§¶ŒÒã¹¢Ñé¹μÍ¹¹Õéà¡Ô´¡ÒÃ»¹à»„œÍ¹

ËÃ×ÍÁÕ¡ÒÃ·íÒÅÒÂ¢Í§ªÑé¹ä·à·à¹ÕÂÁä´ÍÍ¡ä«´ � ¨Ð·íÒãËŒà¡Ô´

¾ÂÒ Ô̧ÊÀÒ¾ÂÑºÂÑé§¡ÒÃÊÃŒÒ§¡ÒÃàª×èÍÁ»ÃÐÊÒ¹¢Í§¡ÃÐ´Ù¡¡Ñº

ÃÒ¡¿̃¹à·ÕÂÁËÃ×Í·ÕèàÃÕÂ¡Ç‹Ò ÀÒÇÐ¡ÒÃÍÑ¡àÊºÃÍºÊÔè§»ÅÙ¡¿̃¹ 

(Peri-implantitis)÷ 

 ¡ÒÃ»ÃÐàÁÔ¹¤ÇÒÁÊíÒàÃç¨¢Í§¡ÒÃ·íÒÃÒ¡¿˜¹à·ÕÂÁã¹

ÃÐÂÐÂÒÇ ¨Ð»ÃÐàÁÔ¹ä´Œ¨Ò¡»ÃÔÁÒ³¢Í§¡ÃÐ´Ù¡·ÕèÊÑÁ¼ÑÊ¡Ñº

ÃÒ¡¿̃¹à·ÕÂÁ (Bone-to-implant contact; BIC) «Öè§¡ÒÃÈÖ¡ÉÒ¾ºÇ‹Ò

¼ÔÇÃÒ¡¿̃¹à·ÕÂÁ·Õè¢ÃØ¢ÃÐ¨Ðª‹ÇÂÊ‹§àÊÃÔÁãËŒà¡Ô´¡ÒÃÊÃŒÒ§áÅÐÁÕ

¡ÒÃàª×èÍÁ»ÃÐÊÒ¹·Õè´Õ¢Í§¡ÃÐ´Ù¡¡Ñº¼ÔÇ¢Í§ÃÒ¡¿̃¹à·ÕÂÁä´Œ´Õ

¢Öé¹ù ÃÙ»Ã‹Ò§¢Í§ä·à·à¹ÕÂÁà»š¹ÍÕ¡Í§¤�»ÃÐ¡ÍºË¹Öè§¢Í§¡ÒÃ

ÍÍ¡áººÃÒ¡¿˜¹à·ÕÂÁ ¡‹Í¹·Õè¨Ðà¾ÔèÁàμ ÔÁËÃ×Íà»ÅÕèÂ¹á»Å§¼ÔÇ

ÊÑÁ¼ÑÊÀÒÂ¹Í¡ãËŒÁÕÅÑ¡É³Ðà©¾ÒÐ «Öè§»˜¨¨ØºÑ¹¹ÔÂÁãªŒÃÒ¡¿̃¹

à·ÕÂÁ·ÕèÁÕÅÑ¡É³Ðà»š¹à¡ÅÕÂÇ·Ã§¡ÃÐºÍ¡ ËÃ×Í·Ã§¡ÃÇÂ¤ÅŒÒÂ

ÃÙ»Ã‹Ò§¢Í§ÃÒ¡¿̃¹ (Threaded-cylindical or conical) áÅÐÁÕ¡ÒÃ

à¾ÔèÁàμ ÔÁÅÑ¡É³Ðμ ‹Ò§æ àª‹¹ ·íÒÃÍÂºÒ¡ Ã‹Í§ ÃÙ ËÃ×Í·íÒãËŒà»š¹

â¾Ã§ à¾×èÍãËŒà¡Ố ¡ÒÃÂÖ́ à¡ÒÐ¢Í§¡ÃÐ´Ù¡ä Œ́́ Õ¢Öé¹ ̈ Ò¡¡ÒÃÈÖ¡ÉÒ

¢Í§ Hall Jñð ¾ºÇ‹Ò ä·à·à¹ÕÂÁ·ÕèÁÕÅÑ¡É³Ðà»š¹à¡ÅÕÂÇÊÒÁÒÃ¶

à»ÅÕèÂ¹ª¹Ô´¢Í§áÃ§·Õè¡ÃÐ·íÒμ ‹Í¡ÃÐ´Ù¡¢³Ð·ÕèÁÕ¡ÒÃ½˜§ÃÒ¡¿̃¹

à·ÕÂÁ¨Ò¡áÃ§à©×Í¹ (shear force) à»š¹áÃ§ÍÑ´ (compressive 

force) ·Õèà¾ÔèÁ¢Öé¹ «Öè§¨Ðª‹ÇÂÊ‹§àÊÃÔÁãËŒÃÒ¡¿̃¹à·ÕÂÁÂÖ´ÍÂÙ‹ã¹

μ íÒáË¹‹§·Õèμ ŒÍ§¡ÒÃä´ŒÍÂ‹Ò§ÁÑè¹¤§¢Öé¹ 

 ÇÔ¸Õ¡ÒÃà»ÅÕèÂ¹á»Å§¾×é¹¼ÔÇ¢Í§ä·à·à¹ÕÂÁÍÒ¨áº‹§

ÍÍ¡§‹ÒÂæ â´ÂÍÒÈÑÂÇÔ̧ Õ¡ÒÃ·íÒÇ‹Ò ¡ÒÃà»ÅÕèÂ¹á»Å§¹Ñé¹à»š¹¡ÒÃ

àÍÒÇÑÊ´ØÍÍ¡¨Ò¡¼ÔÇä·à·à¹ÕÂÁáÅŒÇ·íÒãËŒà¡Ô´¤ÇÒÁ¾ÃØ¹·Õè¼ÔÇ 

(subtraction processed) ËÃ×Íà»š¹¡ÒÃàμ ÔÁÇÑÊ´ØÅ§ä» â´Â¡ÒÃ

à¤Å×Íº¼ÔÇä·à·à¹ÕÂÁ (additive processes)ññ à»š¹μ Œ¹

¡ÒÃà»ÅÕèÂ¹á»Å§ÃÙ»Ã‹Ò§¾×é¹¼ÔÇ¢Í§ä·à·à¹ÕÂÁ 
(Morphological surface modification)

ñ. ÃÒ¡¿̃¹à·ÕÂÁáºº¼ÔÇàÃÕÂºÃ‹ÇÁ¡Ñº¡ÒÃà»†Ò·ÃÒÂ·Õè¼ÔÇ 

(Machined and blasted surface)

 Branemark implant (Nobel Biocare) à»š¹ÃÒ¡¿˜¹

à·ÕÂÁÃÐººáÃ¡·Õè¹íÒÁÒãªŒμ Ñé§áμ ‹»‚ ¤.È. ñùöù ÁÕÃÙ»Ã‹Ò§ ó ÁÔμ Ô

·ÕèÁÕ¤ÇÒÁË¹Ò (bulk) ÅÑ¡É³ÐÀÒÂ¹Í¡¤ÅŒÒÂÊ¡ÃÙ ¤×ÍÁÕÅÑ¡É³Ð

à»š¹à¡ÅÕÂÇμ ×é¹æ ·Õèμ ‹Íà¹×èÍ§¡Ñ¹ (turned screw) ¼ÔÇÊÑÁ¼ÑÊ

ÀÒÂ¹Í¡ÁÕ¤ÇÒÁËÂÒºàÅç¡¹ŒÍÂÁÕ¤‹Òâ´Âà©ÅÕèÂ»ÃÐÁÒ³ 

ð.ùö äÁâ¤ÃàÁμÃ ã¹§Ò¹ÇÔ¨ÑÂ·Ò§·Ñ¹μ¡ÃÃÁÃÒ¡à·ÕÂÁàÃÕÂ¡

ÅÑ¡É³Ð¼ÔÇª¹Ô´¹ÕéÇ‹Ò ‘machined or turn surface’ «Öè§ËÁÒÂ

¶Ö§¡ÒÃ·Õèä·à·à¹ÕÂÁÁÕ¼ÔÇ·ÕèàÃÕÂºñò Branemark implant ä´Œ

¶Ù¡¹íÒÁÒãªŒÍÂÙ‹ª‹Ç§ÃÐÂÐàÇÅÒË¹Öè§¶Ö§áÁŒÇ‹Ò¡ÒÃμ Ô´μÒÁ¼Å¡ÒÃ

ÃÑ¡ÉÒ·Ò§¤ÅÔ¹Ô¡¾ºÇ‹Ò ÃÒ¡¿̃¹à·ÕÂÁÃÐºº¹ÕéãËŒ¼Å¡ÒÃÃÑ¡ÉÒ·Õè

´Õ áμ ‹¢ŒÍàÊÕÂ¤×Íμ ŒÍ§ãªŒÃÐÂÐàÇÅÒã¹¡ÒÃÃÑ¡ÉÒ¹Ò¹ñó ̈ ¹¡ÃÐ·Ñè§

ã¹»‚ ¤.È. ñùùð ¡ÒÃÈÖ¡ÉÒÇÔ¨ÑÂá¹Ð¹íÒÇ‹Ò ÃÒ¡¿̃¹à·ÕÂÁ·ÕèÁÕ

¤ÇÒÁËÂÒº¢Í§¼ÔÇ»Ò¹¡ÅÒ§·ÕèÍÂÙ‹ã¹ª‹Ç§ ñ-ò äÁâ¤ÃàÁμÃ ̈ Ð

ÁÕ¡ÒÃμÍºÊ¹Í§¢Í§¡ÃÐ Ù́¡ã¹¡ÒÃàª×èÍÁμ Ô´¡Ñº¼ÔÇä·à·à¹ÕÂÁ·Õè

á¢ç§áÃ§ÁÒ¡¢Öé¹ñò áμ ‹¡ÒÃμÍºÊ¹Í§¢Í§¡ÃÐ´Ù¡·ÕèÁÒ¡¢Öé¹äÁ‹

ä Œ́ºÍ¡¶Ö§¤ÇÒÁÊíÒàÃç¨ã¹·Ò§¤ÅÔ¹Ô¡ à¹×èÍ§¨Ò¡¡ÒÃÈÖ¡ÉÒ¾º

Ç‹Ò ä·à·à¹ÕÂÁ·ÕèÁÕ¤ÇÒÁËÂÒº¢Í§¼ÔÇ·ÕèÁÒ¡¢Öé¹ (ÁÒ¡¡Ç‹Ò ò 

äÁâ¤ÃàÁμÃ) ¨Ðà¾ÔèÁ¼ÔÇÊÑÁ¼ÑÊ¢Í§ä·à·à¹ÕÂÁáÅÐ¡ÃÐ´Ù¡à¾ÔèÁ

¢Öé¹áμ ‹̈ ÐÊ‹§¼ÅãËŒà¡Ố ¡ÒÃÃÑèÇ«ÖÁ¢Í§äÍÍÍ¹ «Öè§¨Ð·íÒãËŒà¡Ố ¡ÒÃ

ÍÑ¡àÊº¢Í§à¹×éÍàÂ×èÍÃÍºÃÒ¡¿¹̃à·ÕÂÁμÒÁÁÒñó-ñõ ÃÒ¡¿̃¹à·ÕÂÁ

·ÕèÇÒ§¢ÒÂã¹·ŒÍ§μÅÒ´Ê‹Ç¹ãËÞ‹¨ÐÁÕ¤ÇÒÁËÂÒº¼ÔÇ»Ò¹¡ÅÒ§ 

(ñ-ò äÁâ¤ÃàÁμÃ) áÅÐÁÑ¡¨ÐÁÕ¡ÒÃ»ÃÑº¼ÔÇ¢Í§ä·à·à¹ÕÂÁà¾ÔèÁ

àμ ÔÁ·Ò§à¤ÁÕ ËÃ×ÍÇÔ¸ÕÍ×è¹æ Ã‹ÇÁ´ŒÇÂ à¾×èÍÁØ‹§ËÇÑ§ãËŒà¡Ô´¡ÒÃ

àª×èÍÁ»ÃÐÊÒ¹¢Í§¡ÃÐ´Ù¡·Õè´Õ áÅÐ·íÒãËŒ¼ÅÔμÀÑ³±�ÁÕ¤ÇÒÁà»š¹

àÍ¡ÅÑ¡É³ �à©¾ÒÐ¢Í§μ¹àÍ§
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ò. ¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ¢Í§ä·à·à¹ÕÂÁâ´Â¡ÒÃà»†Ò·ÃÒÂáÅÐ

¡ÒÃãªŒ¡Ã´¡Ñ´ (Blasting and acid etching)

 à»š¹¡ÒÃ»ÃÑº¼ÔÇ¢Í§ä·à·à¹ÕÂÁãËŒ¢ÃØ¢ÃÐ â´ÂÇÔ̧ Õ¡ÒÃ

à»†Ò·ÃÒÂ´ŒÇÂÍ¹ØÀÒ¤¢Í§«ÔÅÔ¡Ò (silica) äÎ´ÃÍ¡«ÕÍÐ¾Òä·´ � 

(Hydroxyapatite) ä·à·à¹ÕÂÁä´ÍÍ¡ä«´� (TiO
2
) ËÃ×ÍÍÐÅÙÁÔ¹Ò 

(Alumina) ¢¹Ò´μ ‹Ò§æ áÅŒÇμÒÁ´ŒÇÂ¡ÒÃãªŒ¡Ã´·ÕèÁÕ¤ÇÒÁà¢ŒÁ¢Œ¹

ÊÙ§¡Ñ´·Õè¼ÔÇ¢Í§ä·à·à¹ÕÂÁ ÊÒÃÅÐÅÒÂ¢Í§¡Ã´·Õè¹ÔÂÁãªŒ àª‹¹ 

Ê‹Ç¹¼ÊÁ¢Í§¡Ã´äÎâ´Ã¿ÅÙÍÍÅÔ¡áÅÐ¡Ã´ä¹μÃÔ¡ ËÃ×ÍÊ‹Ç¹

¼ÊÁ¢Í§¡Ã´äÎâ´Ã¤ÅÍÅÔ¡¡Ñº¡Ã´«ÑÅ¿ÅÙÅÔ¡¡çä´Œ ¡ÃÐºÇ¹¡ÒÃ¹Õé

ÁÕ¨Ø´»ÃÐÊ§¤ �à¾×èÍ·íÒãËŒ¼ÔÇ¢Í§ä·à·à¹ÕÂÁÁÕÅÑ¡É³Ð¢ÃØ¢ÃÐäÁ‹

ÊÁèíÒàÊÁÍ ¡ÒÃãªŒ¡Ã´¡Ñ´¨Ðà»ÅÕèÂ¹á»Å§â¤Ã§Ã‹Ò§¢¹Ò´àÅç¡

·Õè¼ÔÇ¢Í§ÃÒ¡¿̃¹à·ÕÂÁãËŒÁÕÅÑ¡É³Ð·ÕèàËÁ×Í¹¡Ñ¹ËÃ×Íà»š¹à¹×éÍ

à´ÕÂÇ¡Ñ¹ áÅÐà¾×èÍ¡íÒ¨Ñ´ÊÔè§Ê¡»Ã¡·ÕèËÅ§àËÅ×ÍÍÂÙ‹ÍÍ¡¨Ò¡

¼ÔÇä·à·à¹ÕÂÁ «Öè§¹Í¡¨Ò¡¨Ðª‹ÇÂãËŒà«ÅÅ �ÊÃŒÒ§¡ÃÐ´Ù¡à¢ŒÒä»

ÂÖ´à¡ÒÐ·Õè¼ÔÇ¢Í§âÅËÐä Œ́´Õ¢Öé¹áÅŒÇ ÂÑ§ª‹ÇÂãËŒ·ÔÈ·Ò§¡ÒÃÊÃŒÒ§

¡ÃÐ´Ù¡ä»ÂÑ§ºÃÔàÇ³¹Ñé¹à¡Ô´ä´Œ§‹ÒÂ¢Öé¹ñö

 àÁ×èÍäÁ‹¹Ò¹ÁÒ¹ÕéÃÒ¡¿̃¹à·ÕÂÁÃÐººË¹Öè§·ÕèÇÒ§¢ÒÂã¹

·ŒÍ§μÅÒ´ ä´Œà»ÅÕèÂ¹á»Å§ÇÔ¸Õ¡ÒÃ·íÒãËŒ»ÃÒÈ¨Ò¡àª×éÍáÅÐÇÔ¸Õ

¡ÒÃà¡çºÃÒ¡¿˜¹à·ÕÂÁ·Õè¼‹Ò¹¡ÃÐºÇ¹¡ÒÃà»†Ò·ÃÒÂáÅÐ¡ÒÃãªŒ

¡Ã´¡Ñ´¼ÔÇ â´Â¡ÒÃÅŒÒ§¼ÔÇ¢Í§ä·à·à¹ÕÂÁÀÒÂãμ Œ¡ÒÃ»¡¤ÅØÁ

¢Í§¡�Ò«ä¹âμÃà¨¹ à¾×èÍ»‡Í§¡Ñ¹äÁ‹ãËŒ¼ÔÇ¢Í§ÃÒ¡¿̃¹à·ÕÂÁÊÑÁ¼ÑÊ

¡ÑºÍÒ¡ÒÈ áÅŒÇà¡çºãËŒÊ¹Ô·ã¹ËÅÍ´·ÕèºÃÃ¨Ø¹éíÒà¡Å×ÍºÃÔÊØ·¸Ôì 

(isotonic saline solution) ÇÔ¸Õ¡ÒÃ¹Õéà»š¹¡ÒÃ¤Çº¤ØÁ¡ÒÃà¡Ô´

»¯Ô¡ÔÃÔÂÒäÎ´ÃÍ¡«ÔàÅªÑ¹ (hydroxylation) «Öè§¨Ðä»¤Çº¤ØÁ

¡ÒÃáÅ¡à»ÅÕèÂ¹ OH-group à¢ŒÒä»ã¹âÁàÅ¡ØÅ¢Í§ TiO
2
 áÅÐ

Å´¡ÒÃ»¹à»„œÍ¹¢Í§ÊÒÃäÎâ´Ã¤ÒÃ �ºÍ¹·Õè¼ÔÇ¢Í§ÃÒ¡¿˜¹à·ÕÂÁ

â´ÂäÁ‹ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÅÑ¡É³Ð¢Í§¼ÔÇâÅËÐ áμ ‹¨Ð·íÒãËŒ¼ÔÇ

¢Í§ä·à·à¹ÕÂÁÁÕ¤ÇÒÁÊÒÁÒÃ¶ã¹¡ÒÃ´Ù´«Ñº¹éíÒ (wettability) 

ä´Œ´Õ¢Öé¹ñ÷ Schwarz áÅÐ¤³Ðñø ä Œ́»ÃÐàÁÔ¹¼Å¢Í§¡ÒÃÊÃŒÒ§

¡ÃÐ´Ù¡·Õèà¡Ô´¢Öé¹ãËÁ‹ ËÅÑ§¨Ò¡·ÕèÁÕ¡ÒÃ½˜§ÃÒ¡¿˜¹à·ÕÂÁÃÐºº·Õè

ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÇÔ̧ Õ¡ÒÃ·íÒãËŒ»ÃÒÈ¨Ò¡àª×éÍáÅÐÇÔ̧ Õà¡çºÃÒ¡¿¹̃

à·ÕÂÁ (hydrophilic sandblasted and acid-etched: SLActive) 

ã¹ÊØ¹Ñ¢à»ÃÕÂºà·ÕÂº¡ÑºÃÒ¡¿˜¹à·ÕÂÁà ỐÁ·Õè¼‹Ò¹à©¾ÒÐ

¡ÃÐºÇ¹¡ÒÃà»†Ò·ÃÒÂáÅÐ¡ÒÃãªŒ¡Ã´¡Ñ´¼ÔÇ (SLA) ¾ºÇ‹ÒËÅÑ§

¨Ò¡·ÕèÁÕ¡ÒÃËÒÂ¢Í§á¼Å ò ÊÑ»´ÒË � ¡ÅØ‹Á¢Í§ÃÒ¡¿̃¹à·ÕÂÁ·Õè

ÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§ÇÔ̧ Õ¡ÒÃà¡çº ÁÕ¡ÒÃÊÃŒÒ§»ÃÔÁÒ³¡ÃÐ´Ù¡ÊÑÁ¼ÑÊ

¡ÑºÃÒ¡¿¹̃à·ÕÂÁ (BIC) ÃŒÍÂÅÐ ÷ô áÅÐà¾ÔèÁà»š¹ÃŒÍÂÅÐ øô ËÅÑ§

¨Ò¡ ñò ÊÑ»´ÒË � ¢³Ð·Õè¾º¡ÒÃÊÃŒÒ§¡ÃÐ´Ù¡¢Í§ÃÒ¡¿̃¹à·ÕÂÁ

áººà´ÔÁà¾ÕÂ§ÃŒÍÂÅÐ õö ã¹ÃÐÂÐáÃ¡áÅÐà¾ÔèÁà»š¹ÃŒÍÂÅÐ 

÷ö ã¹ÃÐÂÐμ ‹ÍÁÒ ̈ Ò¡¡ÒÃ·´ÊÍº·Ò§Ê¶Ôμ Ô¾º¤ÇÒÁáμ¡μ ‹Ò§

ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞ¢Í§¡ÒÃÊÃŒÒ§¡ÃÐ´Ù¡ÃÐËÇ‹Ò§ÃÒ¡¿˜¹à·ÕÂÁ·Ñé§

ÊÍ§ª¹Ố ã¹ÃÐÂÐ ò ÊÑ»´ÒË �áÃ¡ áμ ‹äÁ‹¾º¤ÇÒÁáμ¡μ ‹Ò§ÍÂ‹Ò§

ÁÕ¹ÑÂÊíÒ¤ÑÞã¹ª‹Ç§ ñò ÊÑ»´ÒË � ¡ÒÃÈÖ¡ÉÒ¢Í§ Bornstein áÅÐ

¤³Ðñù ä Œ́Ê¹ÑºÊ¹Ø¹¼Å¡ÒÃ·´ÅÍ§´Ñ§¡Å‹ÒÇ â´Â¡ÒÃÈÖ¡ÉÒ·Ñé§

ÊÍ§ä Œ́ÊÃØ»¼Å¡ÒÃ·´ÅÍ§Ç‹Ò ¡ÒÃ´Ñ´á»Å§¼ÔÇä·à·à¹ÕÂÁâ´Â

¡ÒÃà»ÅÕèÂ¹ÇÔ¸Õ¡ÒÃà¡çºáÅÐ¡ÒÃ·íÒãËŒ»ÃÒÈ¨Ò¡àª×éÍ ¨Ðª‹ÇÂÊ‹§

àÊÃÔÁãËŒ¡ÒÃÊÃŒÒ§¡ÃÐ´Ù¡ÁÒàª×èÍÁμ Ô´¡ÑºÃÒ¡¿˜¹à·ÕÂÁã¹ÃÐÂÐ

áÃ¡à¡Ô´ä´Œ´Õ¢Öé¹ áμ ‹¡ÒÃà»ÅÕèÂ¹á»Å§·Ò§à¤ÁÕÍÒ¨¨ÐÁÕ¼Åμ ‹Í

â¤Ã§ÊÃŒÒ§¢¹Ò´àÅç¡·Õè¼ÔÇ¢Í§ÃÒ¡¿˜¹à·ÕÂÁã¹ÃÐÂÐáÃ¡ ËÅÑ§

¨Ò¡¡ÒÃ½˜§ÃÒ¡¿̃¹à·ÕÂÁ â´ÂÍÒ¨ä»Ãº¡Ç¹¤Ø³ÊÁºÑμ Ô·Ò§

ªÕÇ¡ÅÈÒÊμÃ �¢Í§¡ÃÐºÇ¹¡ÒÃÊÃŒÒ§¡ÃÐ´Ù¡¢Öé¹ÁÒãËÁ‹

ó. ÇÔ¸Õ¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ¢Í§ä·à·à¹ÕÂÁ Œ́ÇÂ¿ÅÙÍÍäÃ �́ 

(Fluoride surface treatment)

 ÇÔ¸Õ¡ÒÃ¹Õéà»š¹¡ÒÃ»ÃÑº¼ÔÇ¢Í§ä·à·à¹ÕÂÁ·Ò§à¤ÁÕ â´Â

ä·à·à¹ÕÂÁ¨Ð·íÒ»¯Ô¡ÔÃÔÂÒä Œ́́ Õ¡Ñº¿ÅÙÍÍäÃ´ �äÍÍÍ¹ã¹ÊÒÃÅÐÅÒÂ

¡Ã´äÎâ´Ã¿ÅÙÍÍÃÔ¡ ÊÃŒÒ§à»š¹ä·à·à¹ÕÂÁàμμÃÐ¿ÅÙÍÍäÃ´ � 

(TiF
4
) ·ÕèÅÐÅÒÂ¹éíÒä´Œ «Öè§ÁÕ¼Å·íÒãËŒ¼ÔÇ¢Í§ä·à·à¹ÕÂÁÁÕ

»ÃÐÊÔ·¸ÔÀÒ¾ã¹¡ÒÃ·íÒ»¯Ô¡ÔÃÔÂÒä´Œ´Õòð ¨Ò¡¡ÒÃÈÖ¡ÉÒ

¤Ø³ÅÑ¡É³ÐàªÔ§¡ÅáÅÐ¡ÒÃÈÖ¡ÉÒâ¤Ã§ÊÃŒÒ§·Ò§¨ØÅÀÒ¤¾º

Ç‹Ò ¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ¢Í§ä·à·à¹ÕÂÁÇÔ¸Õ¹Õé ¨Ð·íÒãËŒ¡ÃÐ´Ù¡

ÊÒÁÒÃ¶ÂÖ´à¡ÒÐ¡ÑºÃÒ¡¿˜¹à·ÕÂÁä Œ́ÍÂ‹Ò§á¢ç§áÃ§ËÅÑ§¨Ò¡

·ÕèÁÕ¡ÒÃËÒÂ¢Í§á¼Å â´Â¿ÅÙÍÍäÃ´ �¨Ðä»·íÒ»¯Ô¡ÔÃÔÂÒ¡Ñº

äÎ´ÃÍ¡«ÕÍÐ¾Òä·´ � (hydroxyapatite) ÊÃŒÒ§à»š¹¿ÅÙÃÒÍÐ¾Òä·´ � 

(fl uorapatite) àª×èÍÁμ Ố ¡Ñº¡ÃÐ´Ù¡ÃÍºæ ÃÒ¡¿̃¹à·ÕÂÁòñ Ellingsen 

JE áÅÐ¤³Ðòð ·´ÊÍº¡ÒÃãªŒáÃ§ã¹¡ÒÃ´Ö§ÃÒ¡¿̃¹à·ÕÂÁ·Õè½˜§

ã¹¡ÃÐμ ‹ÒÂª¹Ô´·Õèä Œ́ÃÑºáÅÐäÁ‹ä´ŒÃÑº¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ´ŒÇÂ

¿ÅÙÍÍäÃ �́ ¼Å·Õèä Œ́¾ºÇ‹Ò ä·à·à¹ÕÂÁ·Õèä Œ́ÃÑº¡ÒÃà»ÅÕèÂ¹á»Å§

¼ÔÇ´ŒÇÂ¿ÅÙÍÍäÃ �́μ ŒÒ¹·Ò¹μ ‹ÍáÃ§´Ö§ÁÒ¡¡Ç‹Ò¡ÅØ‹Á¤Çº¤ØÁÍÂ‹Ò§

ÁÕ¹ÑÂÊíÒ¤ÑÞ ¢³Ð·Õè Occuzzo M áÅÐ¤³Ðòò áÊ´§¼ÅÊíÒàÃç̈ ·Ò§

¤ÅÔ¹Ô¡ã¹¡ÒÃãªŒ§Ò¹áÅÐ¡ÒÃÅ§¹éíÒË¹Ñ¡ (functional loading) ¢Í§

ÃÒ¡¿̃¹à·ÕÂÁ·Õèä Œ́ÃÑº¡ÒÃà»ÅÕèÂ¹¼ÔÇä·à·à¹ÕÂÁ Œ́ÇÂ¿ÅÙÍÍäÃ �́ 

ÀÒÂã¹ ó ÊÑ»´ÒË �ËÅÑ§¨Ò¡·Õè·íÒ¡ÒÃ»ÅÙ¡½˜§ÃÒ¡¿̃¹à·ÕÂÁ

ã¹ºÃÔàÇ³¿˜¹¡ÃÒÁº¹ ã¹»˜¨¨ØºÑ¹ÃÒ¡¿˜¹à·ÕÂÁ·ÕèÇÒ§¢ÒÂã¹

àªÔ§¡ÒÃ¤ŒÒ ÁÕÃÐººÃÒ¡¿˜¹à·ÕÂÁ·Õèä´ŒÃÑº¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ

´ŒÇÂÊÒÃ¿ÅÙÍÍäÃ �́â´ÂÍÒÈÑÂÇÔ¸Õ¡ÒÃàÅÕÂ¹áºº»¯Ô¡ÔÃÔÂÒ·ÕèÍÂÙ‹

ã¹¸ÃÃÁªÒμ Ô·Ò§ªÕÇÀÒ¾¢Í§ÊÒÃ¿ÅÙÍÍäÃ´ � (biomimetic agent) 

ÇÒ§¢ÒÂã¹·ŒÍ§μÅÒ´áÅÐÊÒÁÒÃ¶¹íÒÁÒãªŒä Œ́ã¹¤ÅÔ¹Ô¡

ô. ¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ¢Í§ä·à·à¹ÕÂÁ´ŒÇÂ¡ÃÐºÇ¹¡ÒÃ·Ò§

ä¿¿‡Òà¤ÁÕª¹Ô´áÍâ¹ä´à«ªÑ¹ (Electrochemical anodization)

 áÍâ¹ä´à«ªÑ¹ à»š¹¡ÃÐºÇ¹¡ÒÃ·Ò§ä¿¿‡Òà¤ÁÕ·Õè¹ÔÂÁ

ãªŒã¹¡ÒÃà¾ÔèÁ¾×é¹¼ÔÇ¢¹Ò´àÅç¡áÅÐà»ÅÕèÂ¹á»Å§ªÑé¹¢Í§ÍÍ¡ä«´ �

·Õè¼ÔÇ¢Í§ä·à·à¹ÕÂÁ â´Â»¯Ô¡ÔÃÔÂÒÍÍ¡«Ôà´ªÑ¹·Õèà¡Ô´¢Öé¹¨Ð

à»ÅÕèÂ¹á»Å§ÅÑ¡É³Ðà©¾ÒÐ¢Í§ªÑé¹ÍÍ¡ä«´ �ãËŒÁÕ¤Ø³ÅÑ¡É³Ð·Õè
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à¢ŒÒ¡Ñ¹ä´Œ́ Õ·Ò§ªÕÇÀÒ¾¡Ñºà¹×éÍàÂ×èÍÁÒ¡¢Öé¹òó ÇÔ̧ Õ¡ÒÃ·íÒä´Œâ´Â¹íÒ

ÃÒ¡¿̃¹à·ÕÂÁáª‹Å§ã¹ÊÒÃÅÐÅÒÂ·Õèà»š¹Ê×èÍ¹íÒä¿¿‡Ò«Öè§à»š¹¡Ã´·Õè

ÁÕ¤ÇÒÁà¢ŒÁ¢Œ¹ÊÙ§ (H
2
SO

4
 H

3
PO

4
 HNO

3
 HF) ·Õèμ íÒáË¹‹§¢ÑéÇºÇ¡ 

(anode) ¢Í§à«ÅÅ �ä¿¿‡Òà¤ÁÕ àÁ×èÍ»Å‹ÍÂ¡ÃÐáÊä¿¿‡Ò·ÕèáÃ§´Ñ¹ 

ñðð âÇÅμ� Å§ä»ã¹ÊÒÃÅÐÅÒÂ¨ÐÁÕ¡ÒÃà¤Å×èÍ¹·Õè¢Í§»ÃÐ Ø̈

äÍÍÍ¹ä»ÂÑ§¢ÑéÇºÇ¡¢Í§à«ÅÅ�·íÒãËŒà¡Ô´à»š¹ªÑé¹¢Í§ÍÍ¡ä« �́·Õè

ÁÕ¤ÇÒÁË¹ÒÁÒ¡¡Ç‹Ò ñððð ¹Òâ¹àÁμÃ Ê‹§¼ÅãËŒä·à·à¹ÕÂÁÁÕ

ÅÑ¡É³Ðà»š¹ª‹Í§Ç‹Ò§¢¹Ò´àÅç¡·Õè¼ÔÇ¢¹Ò´ ð.ðö-ñò äÁâ¤ÃàÁμÃ 

«Öè§¨Ðª‹ÇÂãËŒà«ÅÅ �ÊÃŒÒ§¡ÃÐ´Ù¡ä»ÂÖ́ à¡ÒÐ·Õè¼ÔÇ¢Í§ÃÒ¡¿̃¹à·ÕÂÁ

à¾ÔèÁ¢Öé¹òó áÍâ¹ä´à«ªÑ¹à»š¹¡ÃÐºÇ¹¡ÒÃ·íÒ·Õè¤‹Í¹¢ŒÒ§«Ñº«ŒÍ¹

áÅÐ¢Öé¹ÍÂÙ‹¡Ñºμ ÑÇá»ÃËÅÒÂª¹Ô´ àª‹¹ áÃ§´Ñ¹¢Í§¡ÃÐáÊä¿¿‡Ò 

ÃÐ´Ñº¤ÇÒÁà¢ŒÁ¢Œ¹¢Í§¡Ã´ ËÃ×ÍÊ‹Ç¹»ÃÐ¡ÍºáÅÐÍØ³ËÀÙÁÔ¢Í§

ÊÒÃÅÐÅÒÂÍÔàÅç¡â·ÃäÅμ�

õ. ÇÔ¸Õ¡ÒÃ¡Ñ´¼ÔÇä·à·à¹ÕÂÁ´ŒÇÂàÅà«ÍÃ �Ã‹ÇÁ¡ÑºÇÔ¸Õ 

Micro arc oxidation (Laser etching and micro arc oxidation)

 ¡ÒÃãªŒàÅà«ÍÃ�ã¹¡ÒÃ¡Ñ́ ¡Ã‹Í¹¼ÔÇâÅËÐÃ‹ÇÁ¡Ñº¡ÒÃãªŒ

¡ÃÐºÇ¹¡ÒÃ·Ò§ä¿¿‡Òà¤ÁÕª¹Ô´ micro arc oxidation à»š¹ÍÕ¡

ÇÔ¸ÕË¹Öè§·ÕèãªŒã¹¡ÒÃ´Ñ´á»Å§¾×é¹¼ÔÇ¢Í§ä·à·à¹ÕÂÁ àÅà«ÍÃ �à»š¹

ÇÔ Õ̧ãËÁ‹·Õè¹íÒÁÒãªŒà¾×èÍ¤Çº¤ØÁ¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇÊÑÁ¼ÑÊ¢Í§

ÃÒ¡¿̃¹à·ÕÂÁãËŒÁÕ¤ÇÒÁ¾ÃØ¹μÒÁ·Õèμ ŒÍ§¡ÒÃ â´Â¤Çº¤ØÁ¤ÇÒÁÅÖ¡ 

ÃÐÂÐË‹Ò§áÅÐàÊŒ¹¼‹Ò¹ÈÙ¹Â�¡ÅÒ§¢Í§ª‹Í§Ç‹Ò§¢Í§¤ÇÒÁ¾ÃØ¹ãËŒ

ÁÕÅÑ¡É³Ðà©¾ÒÐ à¾×èÍãËŒà¡Ô´¡ÒÃàª×èÍÁμ Ô´·Õè´ÕÃÐËÇ‹Ò§ÃÒ¡¿˜¹

à·ÕÂÁáÅÐ¡ÃÐ´Ù¡ ¡ÒÃ¡Ñ́ ¼ÔÇ¢Í§ä·à·à¹ÕÂÁ´ŒÇÂàÅà«ÍÃ�à·¤¹Ô¤

¨Ðà»š¹¡ÒÃà»ÅÕèÂ¹á»Å§â¤Ã§ÊÃŒÒ§¢¹Ò´àÅç¡¢Í§ä·à·à¹ÕÂÁãËŒ

ÁÕ¤ÇÒÁá¢ç§ÁÒ¡¢Öé¹ ·¹·Ò¹μ ‹Í¡ÒÃÊÖ¡¡Ã‹Í¹ä´Œ´Õ áÅÐª‹ÇÂÅ´

¡ÒÃ»¹à»„œÍ¹·Õè¼ÔÇ¢Í§ä·à·à¹ÕÂÁ â´ÂÂÑ§¤§¤‹Ò¤ÇÒÁËÂÒº¢Í§

¼ÔÇáÅÐ¤ÇÒÁË¹Ò¢Í§ªÑé¹ÍÍ¡ä«´ �·ÕèÃÐ´ÑºÁÒμÃ°Ò¹òô Plasma 

electrolytic oxidation (PEO) ËÃ×Í·ÕèÃÙŒ̈ Ñ¡¡Ñ¹ã¹ª×èÍ Micro arc oxi-

dation (MAO) à»š¹¡ÃÐºÇ¹¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ¢Í§ä·à·à¹ÕÂÁ

·Ò§ä¿¿‡Òà¤ÁÕ â´Â¡ÒÃÊÃŒÒ§ªÑé¹¢Í§ÍÍ¡ä« �́à¤Å×Íº·Õè¼ÔÇ¢Í§

ä·à·à¹ÕÂÁ·íÒãËŒ¼ÔÇÁÕ¤ÇÒÁ¾ÃØ¹ áÅÐ¡ÒÃ¤§ÍÂÙ‹¢Í§ªÑé¹ÍÍ¡ä«´ �

¨Ðª‹ÇÂÊ‹§àÊÃÔÁãËŒ¡ÒÃ¨Ñ´àÃÕÂ§μ ÑÇ¢Í§¡ÃÐ Ù́¡ÃÍºæ ÃÒ¡¿̃¹

à·ÕÂÁä Œ́́ Õ¢Öé¹ ¡ÃÐºÇ¹¡ÒÃ¹Õé̈ Ð¤ÅŒÒÂ¡Ñº¡ÃÐºÇ¹¡ÒÃáÍâ¹ä´à«

ªÑ¹áμ ‹áμ¡μ ‹Ò§¡Ñ¹μÃ§·Õè MAO ÁÕÈÑ¡ÂÀÒ¾·Ò§ä¿¿‡Ò·ÕèÊÙ§¡Ç‹Òòõ

 Gao Z áÅÐ¤³Ðòö ä Œ́ÈÖ¡ÉÒ¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ

¢Í§ä·à·à¹ÕÂÁ´ŒÇÂÇÔ̧ Õ¡ÒÃ¡Ñ́ ¼ÔÇ´ŒÇÂàÅà«ÍÃ �¡‹Í¹áÅŒÇμÒÁ´ŒÇÂ

¡ÒÃãªŒà·¤¹Ô¤ MAO â´ÂÇÔ̧ Õ¡ÒÃ·íÒàÃÔèÁ¨Ò¡¡ÒÃ·íÒ¤ÇÒÁÊÐÍÒ´

ÃÒ¡¿̃¹à·ÕÂÁ´ŒÇÂà¤Ã×èÍ§ÍÑÅμÃÒâ«¹Ô¡¡‹Í¹·Õè̈ Ð¡Ñ́ ¼ÔÇä·à·à¹ÕÂÁ

´ŒÇÂàÅà«ÍÃ�ª¹Ô´ Nd:YAG ·Õè¡íÒÅÑ§ õð ¡ÔâÅÇÑμμ� ¤Å×è¹¤ÇÒÁ¶Õè 

÷.õ ¡ÔâÅàÎÔÃ �μ áÅÐ»ÃÔÁÒ³¡ÃÐáÊä¿¿‡Ò ñö.ô áÍÁá»Ã � ËÅÑ§

¨Ò¡¹Ñé¹ ¹íÒÃÒ¡¿¹̃à·ÕÂÁä»áª‹ã¹ÊÒÃÅÐÅÒÂÍÔàÅç¤â·ÃäÅμ�¡‹ÍãËŒ

à¡Ố »¯Ô¡ÔÃÔÂÒä¿¿‡Òà¤ÁṌ ŒÇÂÇÔ̧ Õ MAO ·Õè¤ÇÒÁ¶Õè øðð ¡ÔâÅàÎÔÃ �μ 

áÅÐ¤‹Ò¤ÇÒÁμ ‹Ò§ÈÑ¡Â�ä¿¿‡Ò óõð âÇÅμ� à»š¹àÇÅÒ ñõ ÇÔ¹Ò·Õ 

¹íÒÃÒ¡¿̃¹à·ÕÂÁ·Õèä´ŒÁÒÇÔà¤ÃÒÐË�́ ŒÇÂà·¤¹Ô¤àÍ¡«àÃÂ�́ Ô¿á¿Ã¡

ªÑ¹ (X-ray diffraction: XRD) ¾ºªÑé¹¢Í§ä·à·à¹ÕÂÁä´ÍÍ¡ä«´ �

ã¹ÃÙ»â¤Ã§ÊÃŒÒ§¼ÅÖ¡áººÍÐ¹Òà·Ê (anatase) ¡ÒÃÈÖ¡ÉÒÍ×è¹æ

áÊ´§ãËŒàËç¹Ç‹Ò ¡ÒÃà»ÅÕèÂ¹á»Å§â¤Ã§ÊÃŒÒ§·Ò§¨ØÅÀÒ¤¢Í§

ªÑé¹ÍÍ¡ä«´ �·Õè¼ÔÇä·à·à¹ÕÂÁÁÕ¤ÇÒÁÊÑÁ¾Ñ¹¸ �¡Ñº¤‹Ò¤ÇÒÁμ ‹Ò§

ÈÑ¡Â�ä¿¿‡Ò·ÕèãªŒã¹¡ÃÐºÇ¹¡ÒÃ MAO â´Â¶ŒÒà¾ÔèÁ¤‹Ò¤ÇÒÁμ ‹Ò§

ÈÑ¡Â�ä¿¿‡Ò¨ÐÁÕ¼Å·íÒãËŒà¾ÔèÁ¤ÇÒÁËÂÒº ¤ÇÒÁ¾ÃØ¹áÅÐ¤ÇÒÁ

Ë¹Ò¢Í§ªÑé¹ä·à·à¹ÕÂÁÍÍ¡ä« �́´ŒÇÂò÷ ¡ÒÃãªŒà·¤¹Ô¤¡ÒÃ¡Ñ´

¼ÔÇä·à·à¹ÕÂÁ´ŒÇÂàÅà«ÍÃ �Ã‹ÇÁ¡Ñº¡ÒÃãªŒ¡ÃÐºÇ¹¡ÒÃä¿¿‡Òà¤ÁÕ

ª¹Ô´ MAO ¨Ð·íÒãËŒ¡Åä¡¡ÒÃàª×èÍÁμ Ô´¢Í§¡ÃÐ Ù́¡à¡Ô´¢Öé¹´ŒÇÂ

¡ÃÐºÇ¹¡ÒÃÂÖ́ à¡ÒÐàªÔ§¡Å (mechanical interlocking) Ã‹ÇÁ¡Ñº

¡ÒÃÊÃŒÒ§¾Ñ¹¸Ð·Ò§à¤ÁÕã¹ÃÐ´Ñº¨ØÅÀÒ¤ (microchemical bonding) 

 

ÇÔ¸Õ¡ÒÃà¤Å×Íº¼ÔÇä·à·à¹ÕÂÁ´ŒÇÂäÎ´ÃÍ¡«ÕÍÐ¾Òä·´ � 
(Hydroxyapatite coating on the implant 

Surface by various methods)
ñ. ÇÕ¸Õ¾ÅÒÊÁÒÊà»ÃÂ�äÎ´ÃÍ¡«ÕÍÐ¾Òä·´ � (Plasma sprayed 

hydroxyapatite, PSHA) 

 ¡ÒÃ¾‹¹¼§äÎ´ÃÍ¡«ÕÍÐ¾Òä·μ� (HA) ¼‹Ò¹à»ÅÇä¿

·ÕèÍØ³ËÀÙÁÔÊÙ§ «Öè§¨Ð·íÒãËŒ¼§ HA ºÒ§Ê‹Ç¹ÁÕ¡ÒÃËÅÍÁÅÐÅÒÂ

áÅÐáμ¡μ ÑÇà»š¹äÍÍÍ¹à¢ŒÒä»à¤Å×Íº·Õè¼ÔÇ¢Í§ä·à·à¹ÕÂÁ ÇÔ¸Õ

¡ÒÃ¹Õé̈ ÐÍÒÈÑÂ¡�Ò«·Õèä´Œ̈ Ò¡¡ÒÃáμ¡μ ÑÇà»š¹äÍÍÍ¹¢Í§¾ÅÒÊÁÒ

à»š¹¾ÅÑ§¢Ñºà¤Å×èÍ¹Ê‹Ç¹¼§¢Í§ HA ·ÕèËÅÍÁàËÅÇä»à¤Å×Íº·Õè

¼ÔÇä·à·à¹ÕÂÁâ´ÂÁÕ¤ÇÒÁË¹Ò»ÃÐÁÒ³ õð äÁâ¤ÃàÁμÃòø 

äÎ´ÃÍ¡«ÕÍÐ¾Òä·μ�à»š¹ÊÒÃá¤Åà«ÕÂÁ¿ÍÊà¿μ·ÕèÁÕÊÁºÑμ Ô

¤ÇÒÁà¢ŒÒ¡Ñ¹ä´Œ´Õ·Ò§ªÕÇÀÒ¾ (biocompatibility) áÅÐÁÕÊÁºÑμ Ô

äºâÍáÍ¤·ÔÇÔμ Õ (bioactivity) «Öè§ÊÒÁÒÃ¶ÊÃŒÒ§¾Ñ¹¸Ðà¤ÁÕ·Õè

á¢ç§áÃ§ÃÐËÇ‹Ò§ÇÑÊ´Ø¡Ñº¡ÃÐ´Ù¡ÃÍºæ ÃÒ¡¿¹̃à·ÕÂÁ áμ ‹à¹×èÍ§¨Ò¡

äÎ´ÃÍ¡«ÕÍÐ¾Òä· �́ÂÖ́ μ Ố ¡Ñºä·à·à¹ÕÂÁ·Õè¼‹Ò¹¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ 

â´Â¡ÒÃà»†Ò·ÃÒÂáÅÐ¡ÒÃãªŒ¡Ã´¡Ñ´´ŒÇÂ¡ÒÃÂÖ´à¡ÒÐàªÔ§¡Å 

·íÒãËŒà»š¹¢ŒÍàÊÕÂ¢Í§ÇÔ¸Õ¾ÅÒÊÁÒÊà»ÃÂ �¨Ò¡¡ÒÃ·ÕèÁÕÃÒÂ§Ò¹

¤ÇÒÁÅŒÁàËÅÇ¢Í§¡ÒÃàª×èÍÁ»ÃÐÊÒ¹ÃÐËÇ‹Ò§ä·à·à¹ÕÂÁ¡Ñº

ªÑé¹¢Í§äÎ´ÃÍ¡«ÕÍÐ¾Òä·´�·Õèà¤Å×ÍºÍÂÙ‹·Õè¼ÔÇ (adhesive fail-

ure) â´ÂáÊ´§ÀÒÇÐÍÑ¡àÊºà¡Ô´¢Öé¹ËÅÑ§¡ÒÃ½˜§ÃÒ¡¿̃¹à·ÕÂÁ

ã¹¡ÃÐ´Ù¡òù ´ŒÇÂàËμ Ø¼Å´Ñ§¡Å‹ÒÇ¡ÒÃãªŒÃÒ¡¿˜¹à·ÕÂÁ·Õè¼‹Ò¹

¡ÃÐºÇ¹¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ´ŒÇÂ¾ÅÒÊÁÒÊà»ÃÂ � HA ã¹

·Ò§¤ÅÔ¹Ô¡¨Ö§Å´Å§ áμ ‹¤Ø³ÊÁºÑμ ÔäºâÍáÍ¤·ÔÇÔμ Õ¢Í§á¤Åà«ÕÂÁ

¿ÍÊà¿μ ÍÒ¨à»š¹»ÃÐâÂª¹ �ã¹¡ÒÃÊÃŒÒ§¡ÒÃÂÖ´à¡ÒÐ¢Í§

¡ÃÐ´Ù¡à¾ÔèÁ¢Öé¹ã¹ºÃÔàÇ³·ÕèÁÕ»ÃÔÁÒ³áÅÐ¤Ø³ÀÒ¾¢Í§¡ÃÐ´Ù¡

äÁ‹à¾ÕÂ§¾Í
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ò. ÇÔ¸Õà¤Å×Íº¼ÔÇáººäÍ¡ÒÂÀÒ¾ã¹ÊÙÞÞÒ¡ÒÈ 

(Vacuum deposition technique or sputter deposition) 

 ¡ÃÐºÇ¹¡ÒÃà¤Å×Íº¼ÔÇä·à·à¹ÕÂÁ´ŒÇÂ HA à»š¹ªÑé¹

ºÒ§æ â´ÂÇÔ¸Õ¡ÒÃÂÔ§»ÃÐ¨ØäÍÍÍ¹·ÕèÁÕ¾ÅÑ§§Ò¹ÊÙ§ä»ÂÑ§ HA 

·íÒãËŒ HA ÃÐàËÂáÅÐáμ¡μ ÑÇã¹ÃÙ»¢Í§¾ÅÒÊÁÒà¡ÒÐ·Õè¼ÔÇ

ä·à·à¹ÕÂÁã¹ÊÀÒ¾ÊÙÞÞÒ¡ÒÈ ÇÔ¸Õà¤Å×Íº¼ÔÇáººäÍ¡ÒÂÀÒ¾

ÊÒÁÒÃ¶ÊÃŒÒ§á¼‹¹¿�Å�ÁºÒ§æ (¹ŒÍÂ¡Ç‹Ò õ äÁâ¤ÃàÁμÃ) 

à¤Å×Íº¼ÔÇä·à·à¹ÕÂÁ áμ ‹à¹×èÍ§¨Ò¡¡ÃÐºÇ¹¡ÒÃ¹Õéà¡Ô´¢Öé¹ÍÂ‹Ò§

ªŒÒæ ¨Ö§ÁÕ¡ÒÃ¹íÒÊ¹ÒÁáÁ‹àËÅç¡ÁÒãªŒÃ‹ÇÁ¡ÑºÃÐººÊ»˜μàμÍÃÔ§

áººä ấÍ´ (diode sputtering) à¾×èÍ¾Ñ²¹ÒãËŒ¡ÃÐºÇ¹¡ÒÃà¤Å×Íº

¼ÔÇà¡Ố ä´Œ́ Õ¢Öé¹«Öè§àÃÕÂ¡Ç‹Ò ÃÐºº¤Å×è¹ÇÔ·ÂØáÁ¡¹ÕμÃÍ¹Ê»μ̃àμÍÃÔ§ 

(radio frequency magnetron sputtering, RF) ÇÔ̧ Õ¹Õéà»š¹à·¤¹Ô¤

ÁÒμÃ°Ò¹ã¹¡ÒÃà¤Å×Íº¼ÔÇä·à·à¹ÕÂÁ Œ́ÇÂÊÒÃá¤Åà«ÕÂÁ

¿ÍÊà¿μ ¢ŒÍ´Õ¡ç¤×ÍÊÒÁÒÃ¶ÊÃŒÒ§¡ÒÃÂÖ´à¡ÒÐä´ŒÍÂ‹Ò§á¢ç§áÃ§

¡ÑºâÅËÐä·à·à¹ÕÂÁ áÅÐ¡ÒÃ»ÃÑºÍÑμÃÒÊ‹Ç¹ÃÐËÇ‹Ò§á¤Åà«ÕÂÁ

áÅÐ¿ÍÊà¿μ ÃÇÁ·Ñé§»ÃÔÁÒ³¼ÅÖ¡·Õèμ ŒÍ§¡ÒÃã¹¡ÒÃà¤Å×Íº¼ÔÇ¡ç

ÊÒÁÒÃ¶»ÃÑºà»ÅÕèÂ¹ä Œ́§‹ÒÂ ̈ Ò¡¡ÒÃÈÖ¡ÉÒ¢Í§ Vercaigne áÅÐ

¤³Ðóð «Öè§·íÒ¡ÒÃÈÖ¡ÉÒ¡ÒÃãªŒà·¤¹Ô¤ RF ã¹ÊÑμÇ �·´ÅÍ§â´Â

áÊ´§¼Å¡ÒÃà¡Ô´ BIC ã¹à»ÍÃ �à«ç¹μ�ÊÙ§ 

ó. ÇÔ¸Õâ«Å-à¨Å áºº¨Ø‹Áà¤Å×Íº (Sol gel and dip coating 

method)

 à»š¹ÍÕ¡ÇÔ¸ÕË¹Öè§ã¹¡ÒÃàμÃÕÂÁ HA ãËŒà»š¹¿�Å�ÁºÒ§æ

à¤Å×Íº·Õè¼ÔÇä·à·à¹ÕÂÁ·ÕèÁÕ¤ÇÒÁË¹ÒáÅÐÃÙ»Ã‹Ò§ÊÁèíÒàÊÁÍ ËÅÑ¡

¡ÒÃ¢Í§ÇÔ¸Õâ«Å-à¨Å ¤×Í ÊÒÃ·ÕèãªŒàμÃÕÂÁ¨Ðà»ÅÕèÂ¹¨Ò¡ÊÀÒÇÐ

¢Í§àËÅÇ (sol) ä»à»š¹à¨Å (gel) ·ÕèÍÂÙ‹ã¹ÅÑ¡É³Ð¡Öè§á¢ç§´ŒÇÂ

»¯Ô¡ÔÃÔÂÒäÎâ´ÃÅÔ«ÔÊ (hydrolysis) áÅÐ»¯Ô¡ÔÃÔÂÒ¾ÍÅÔàÁÍäÃà«ªÑ¹ 

(Polymerization) á¼‹¹¿�Å�ÁºÒ§æ ¨Ðà¢ŒÒä»à¤Å×Íº·Õè¼ÔÇ

ä·à·à¹ÕÂÁâ´ÂÇÔ¸Õ¨Ø‹Áà¤Å×ÍºÅ§ã¹à¨Å·Õèà»‚Â¡ (wet gel) ËÅÑ§

¨Ò¡¹Ñé¹ ¹íÒä·à·à¹ÕÂÁ·ÕèÁÕà¨Åà¤Å×ÍºÍÂÙ‹ä»ÃÐàËÂ¹éíÒÍÍ¡áÅŒÇ

¹íÒä»à¼Ò¨Ðä´ŒÊÒÃÍÍ¡ÁÒã¹ÃÙ»¼ÅÖ¡·ÕèË¹Òá¹‹¹·ÕèºÃÔàÇ³¼ÔÇ

âÅËÐä·à·à¹ÕÂÁóñ ¢ŒÍ´Õ¢Í§ÇÔ¸Õ¹Õé¤×Í¢Ñé¹μÍ¹¡ÒÃ·íÒ§‹ÒÂ ÃÒ¤Ò

¶Ù¡ ÊÒÃ·ÕèàμÃÕÂÁä´ŒÁÕ¢¹Ò´Í¹ØÀÒ¤¹Òâ¹·ÕèÊÒÁÒÃ¶¤Çº¤ØÁÍ§¤ �

»ÃÐ¡Íºä´Œ´ÕáÅÐÁÕ¤ÇÒÁºÃÔÊØ·¸ÔìÊÙ§ ÍÂ‹Ò§äÃ¡çμÒÁ¡ÒÃ»ÃÑº

ÊÀÒÇÐã¹¡ÒÃàμÃÕÂÁ´ŒÇÂÇÔ̧ Õâ«Å-à¨Å àª‹¹ ª¹Ố ¢Í§¡Ã´ ¤ÇÒÁ

à¢ŒÁ¢Œ¹¢Í§¡Ã´ ÍØ³ËÀÙÁÔã¹¡ÒÃà¼Ò ·íÒãËŒä´ŒÍ¹ØÀÒ¤¢Í§ÊÒÃÁÕ

¤Ø³ÊÁºÑμ Ô·Ò§¡ÒÂÀÒ¾·Õèáμ¡μ ‹Ò§¡Ñ¹´ŒÇÂóò 

ô. ¡ÃÐºÇ¹¡ÒÃ·Ò§ä¿¿‡Ò (Electrolytic process)

 ¡ÒÃà¤Å×Íº¼ÔÇä·à·à¹ÕÂÁ´ŒÇÂá¤Åà«ÕÂÁ¿ÍÊà¿μ

â´ÂÍÒÈÑÂ¡ÃÐºÇ¹¡ÒÃä¿¿‡Ò «Öè§¨ÐÊÃŒÒ§¼ÅÖ¡ HA à¤Å×Íº·Õè¼ÔÇ

ä´ŒàËÁÒÐÊÁÊíÒËÃÑº¡ÒÃÂÖ́ à¡ÒÐ¢Í§à«ÅÅ �¡ÃÐ´Ù¡áÅÐáÊ´§¡ÒÃ

à¾ÔèÁ¨íÒ¹Ç¹¡ÒÃÂÖ´à¡ÒÐä´ŒÍÂ‹Ò§ÃÇ´àÃçÇ ÇÔ¸Õ¡ÒÃ¹ÕéÂÑ§¤§ä Œ́ÃÑº

¤ÇÒÁÊ¹ã¨¨Ò¡¹Ñ¡ÇÔ̈ ÑÂËÅÒÂæ ¡ÅØ‹Á à¹×èÍ§¨Ò¡à»š¹¡ÃÐºÇ¹¡ÒÃ

·ÕèÊÒÁÒÃ¶»ÃÑº»ÃØ§¼ÔÇ·Õèà¤Å×ÍºãËŒÁÕ¤ÇÒÁ¢ÃØ¢ÃÐÊÙ§ ÊÒÁÒÃ¶

¤Çº¤ØÁ¤ÇÒÁË¹ÒáÅÐÊ‹Ç¹»ÃÐ¡Íº·Ò§à¤ÁÕ¢Í§ÊÒÃà¤Å×Íº

¼ÔÇä´Œ â´Â¡ÒÃà»ÅÕèÂ¹á»Å§Ê‹Ç¹»ÃÐ¡Íº ÍØ³ËÀÙÁÔ áÅÐ¤ÇÒÁ

à¢ŒÁ¢Œ¹¢Í§ÊÒÃÅÐÅÒÂ·Õèà»š¹Ê×èÍä¿¿‡Ò ¡ÃÐºÇ¹¡ÒÃ¹Õéà¡Ô´¢Öé¹·Õè

ÍØ³ËÀÙÁÔμ èíÒ (øð Í§ÈÒà«Åà«ÕÂÊ) ·íÒãËŒäÁ‹ÁÕ¡ÒÃà»ÅÕèÂ¹à¿Ê

â¤Ã§ÊÃŒÒ§¢Í§á¤Åà«ÕÂÁ¿ÍÊà¿μ´ŒÇÂóó 

á¹Çâ¹ŒÁ¡ÒÃ¾Ñ²¹Òà¾×èÍà»ÅÕèÂ¹á»Å§¼ÔÇÊÑÁ¼ÑÊ
¢Í§ÃÒ¡¿̃¹à·ÕÂÁã¹Í¹Ò¤μ

 ã¹»˜¨¨ØºÑ¹¡ÒÃ¾Ñ²¹Ò¼ÔÇ¢Í§ÃÒ¡¿̃¹à·ÕÂÁÁØ‹§ãËŒ

¤ÇÒÁÊíÒ¤ÑÞä»ã¹ÃÐ Ñ́º¹Òâ¹ «Öè§à¡ÕèÂÇ¢ŒÍ§¡ÑºÊÒÃªÕÇâÁàÅ¡ØÅ 

(biomolecular) ·Õèà»š¹ÊÒÃà¤ÁÕ·ÕèÁÕÍÂÙ‹ã¹Ã‹Ò§¡ÒÂÁ¹ØÉÂ� â´Â

á¹Ç¤ÇÒÁ¤Ố à¡ÕèÂÇ¡Ñº¡ÒÃÊÃŒÒ§¼ÔÇÊÑÁ¼ÑÊ¢Í§ÃÒ¡¿̃¹à·ÕÂÁãËŒÁÕ

Ê‹Ç¹»ÃÐ¡Íº¢Í§âÁàÅ¡ØÅã¹¡ÅØ‹Áà»»ä·´ � â»Ãμ Õ¹ ËÃ×ÍÊÒÃ·ÕèÁÕ

Ä·¸Ôì¡ÃÐμ ØŒ¹ãËŒà«ÅÅ�μ ‹Ò§æ ÁÕ¡ÒÃà¨ÃÔÞàμ Ôºâμ (growth factors) 

à¤Å×ÍºÍÂÙ‹·Õè¼ÔÇ à¡Ố ¢Öé¹¨Ò¡ÊÁÁØμ Ô°Ò¹·ÕèÇ‹Ò¡ÒÃàÅÕÂ¹áººÊÀÒÇÐ

ÊÔè§áÇ´ÅŒÍÁ¢Í§¡ÃÐ Ù́¡·Õè»ÃÐ¡Íº´ŒÇÂÍÔ¹·ÃÕÂ�ÊÒÃ¨íÒ¾Ç¡ col-

lagenous protein áÅÐÊÒÃÍ¹Ô¹·ÃÕÂ� àª‹¹ á¤Åà«ÕÂÁ¿ÍÊà¿μ 

¨ÐÊÒÁÒÃ¶Ê‹§àÊÃÔÁãËŒ¼ÔÇ¢Í§ÃÒ¡¿˜¹à·ÕÂÁÍÂÙ‹ã¹ÊÀÒÇÐ·Õè

ÊÒÁÒÃ¶¡ÃÐμ ØŒ¹¡ÒÃμÍºÊ¹Í§·Ò§ªÕÇÀÒ¾ä´Œ â´Âà»‡ÒËÁÒÂ

¡ç¤×Í¡ÒÃÊÃŒÒ§¡ÒÃÂÖ´à¡ÒÐ¢Í§à«ÅÅ �ãËŒà¡Ô´¢Öé¹â´ÂμÃ§¡Ñº¼ÔÇ

ä·à·à¹ÕÂÁ «Öè§¨Ðà¡Ố ¢Öé¹ä´Œ ò ·Ò§¤×Í à¡Ố ¨Ò¡¡ÒÃÂÖ́ à¡ÒÐ¢Í§

âÁàÅ¡ØÅ·ÕèÊÒÁÒÃ¶ÂÖ´à¡ÒÐ¡Ñºμ ÑÇÃÑº (receptors) ä´Œàª‹¹ fi bro-

nectin, vitronectin, osteogenin áÅÐ bone sialoprotein áÅÐ

à¡Ố ¨Ò¡ osteotropic effect ¢Í§ÊÒÃªÕÇâÁàÅ¡ØÅàËÅ‹Ò¹Ñé¹·ÕèªÑ¡¹íÒ

¤ÇÒÁà»š¹ mitogenicity ¢Í§ÊÒÃâ»Ãμ Õ¹ã¹¡ÅØ‹Á·Õèà¡ÕèÂÇ¢ŒÍ§¡Ñº

¡ÒÃà¨ÃÔÞáÅÐ«‹ÍÁÊÃŒÒ§à¹×éÍàÂ×èÍ (interleukin growth factor-

I, FGF-2, platelet derived growth factor-BB) ã¹¡ÒÃà¾ÔèÁ

»ÃÐÊÔ·¸ÔÀÒ¾¡ÒÃÊÑ§à¤ÃÒÐË�¤ÍÅÅÒà¨¹¢Í§à«ÅÅ�¡ÃÐ´Ù¡à¾×èÍ

àË¹ÕèÂÇ¹íÒãËŒÁÕ¡ÒÃÊÃŒÒ§¡ÃÐ´Ù¡ãËÁ‹à¡Ố ¢Öé¹ (osteoinduction)óó,óô 

 ÃÒ¡¿̃¹à·ÕÂÁ·ÕèÁÕ¢ÒÂã¹àªÔ§¡ÒÃ¤ŒÒã¹»ÃÐà·Èä·Â

ÁÕËÅÒÂÃÐºº (μÒÃÒ§·Õè ñ) Ê‹Ç¹ãËÞ‹à»š¹ÃÐºº·Õè¹íÒà¢ŒÒÁÒ

¨Ò¡μ ‹Ò§»ÃÐà·È áÅÐÁÕºÒ§ÃÐºº·Õè¼ÅÔμ¢Öé¹ã¹»ÃÐà·Èä·Â 

â´Âáμ ‹ÅÐÃÐºº¢Í§ÃÒ¡¿˜¹à·ÕÂÁ¨ÐÁÕ¡ÒÃÍÍ¡áºº ¢¹Ò´ 

ÃÙ»Ã‹Ò§ â¤Ã§ÊÃŒÒ§ áÅÐÅÑ¡É³Ð¼ÔÇ¢Í§ÃÒ¡¿̃¹à·ÕÂÁãËŒÁÕ

ÅÑ¡É³Ð·Õèà»š¹àÍ¡ÅÑ¡É³ �¢Í§μ¹àÍ§ ÃÒ¡¿˜¹à·ÕÂÁ·Ø¡ÃÐºº

¨ÐÍŒÒ§ÍÔ§¶Ö§¡ÒÃÈÖ¡ÉÒà¡ÕèÂÇ¡ÑºÍÑμÃÒ¤ÇÒÁÊíÒàÃç¨ã¹·Ò§¤ÅÔ¹Ô¡ 

¡ÒÃàÅ×Í¡ãªŒÃÒ¡¿̃¹à·ÕÂÁÇ‹Ò¨ÐãªŒÃÐººã´ ÍÒ¨¾Ô¨ÒÃ³Ò¨Ò¡

¼ÙŒ»†ÇÂà¡ÕèÂÇ¡ÑºÅÑ¡É³Ð¡ÃÐ´Ù¡ μ íÒáË¹‹§¢Í§ÍÇÑÂÇÐ·Õèà¡ÕèÂÇ¢ŒÍ§

áÅÐ¢¹Ò´¢Í§ª‹Í§Ç‹Ò§ã¹ºÃÔàÇ³·Õèμ ŒÍ§¡ÒÃãÊ‹¿̃¹ Ã‹ÇÁ¡Ñº¡ÒÃ

¾Ô¨ÒÃ³Ò¢Í§·Ñ¹μá¾·Â�ã¹¡ÒÃàÅ×Í¡¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ

ÃÒ¡¿̃¹à·ÕÂÁ·ÕèáÊ´§¼Å¡ÒÃÈÖ¡ÉÒ·Õè´Õ
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μÒÃÒ§·Õè ñ áÊ´§ÃÐºº¢Í§ÃÒ¡¿˜¹à·ÕÂÁ·ÕèÁÕ¨íÒË¹‹ÒÂã¹»ÃÐà·Èä·ÂáÅÐÇÔ¸Õ¡ÒÃà»ÅÕèÂ¹á»Å§¼ÔÇ¢Í§ÃÒ¡¿̃¹à·ÕÂÁ

 ÃÐººÃÒ¡¿˜¹à·ÕÂÁ (ºÃÔÉÑ·) ÇÔ¸Õà»ÅÕèÂ¹á»Å§¼ÔÇä·à·à¹ÕÂÁ (Surface modifi cation)

OsseoSpeed Titanium Oxide Blasting, Fluoride surface treatment with

(Astra Tech AB, Mölindal, Sweden) hydrofl uoric acid

SLA, SLActive SLA: Coarse grit-blasting with aluminum oxide particle 

(ITI; Institute Straumann, 0.25-0.5 mm corundum grit at 5 bar, acid etching with 

Waldenburg, Switzerland) sulfuric and hydrochloric acid

 SLActive: Coarse grit-blasting with aluminum oxide particles, 

 acid etching, rinse under nitrogen protection, stored in a 

 sealed tube containing an isotonic NaCl solution

TiUnite (Nobel Biocare Holding AG, Zürich, Switzerland Electrochemical anodization

Nanotite (3i Implant Innovation,  Sol gel deposition method using discrete crystalline 

Palm Beach Garden, FL, USA) deposition (DCD) of CaP

Friadent plus Large grit blasting, acid etching in hydrochloric acid/sulfuric 

(Dentsply Friadent, Mannheim, Germany) acid/hydrofl uoric acid/oxalic acid, neutralized with a proprietary 

 process of Dentsply Friadent

BioHorizons Laser-lock microchannels using laser etching to the collars of

(BioHorizons, USA) implant and RBT or HA coating on the implant body

Bicon (Bicon, USA) High-energy sputter deposition

Screw-Vent Implant MTX Microtextured surface and MP-1 HA coating 

(Zimmer Dental, USA) 

Intra-lock (Intra-Lock, USA) Calcium phosphate low impregnated surface (Ossean)

Osstem (Osstem Implant, Korea) RBM (Resorbable blasting media) surface using HA powder

Implantium (Identium, Korea) Sandblasted with large grits and acid etching

Axiom Implant Grit-blasting process using biphasic calcium phosphate (BCP) 

(Anthogyr, France) resorbable blasted meia

PW Plus Implant Sandblasting and acid etching with the own technique of 

(PW Plus, Thailand) the company

ÊÃØ»
 ·Ñ¹μ¡ÃÃÁÃÒ¡à·ÕÂÁà»š¹¡ÒÃÃÑ¡ÉÒÃÙ»áººË¹Öè§·Õè

ä´ŒÃÑº¡ÒÃÂÍÁÃÑºÍÂ‹Ò§¡ÇŒÒ§¢ÇÒ§ã¹¡ÒÃºÙÃ³ÐãËŒ¼ÙŒ»†ÇÂ·ÕèÁÕ

¡ÒÃÊÙÞàÊÕÂ¿̃¹¸ÃÃÁªÒμ Ô »˜̈ ¨ØºÑ¹ÇÑÊ´Ø·ÕèãªŒ·íÒÃÒ¡¿̃¹à·ÕÂÁÊ‹Ç¹

ãËÞ‹·íÒÁÒ¨Ò¡ä·à·à¹ÕÂÁ à¹×èÍ§¨Ò¡ÁÕ¤Ø³ÊÁºÑμ Ô¤ÇÒÁà¢ŒÒ¡Ñ¹ä Œ́

´Õ·Ò§ªÕÇÀÒ¾¡Ñºà¹×éÍàÂ×èÍ (biocompatible) ÁÕÅÑ¡É³ÐàªÔ§¡Å·Õè

´ÕáÅÐÊÒÁÒÃ¶μ ŒÒ¹¡ÒÃÊÖ¡¡Ã‹Í¹ä´Œ ¡ÒÃ»ÃÐàÁÔ¹¤ÇÒÁÊíÒàÃç¨

¢Í§¡ÒÃ·íÒÃÒ¡¿˜¹à·ÕÂÁ¨Ð»ÃÐàÁÔ¹ä´Œ¨Ò¡»ÃÔÁÒ³¢Í§¡ÃÐ´Ù¡

·ÕèÊÑÁ¼ÑÊ¡ÑºÃÒ¡¿¹̃à·ÕÂÁ ¡ÒÃÈÖ¡ÉÒÇÔ̈ ÑÂμ ‹Ò§æ ä Œ́ÁØ‹§ÈÖ¡ÉÒáÅÐ

¤Ô´¤Œ¹ÇÔ¸Õ¡ÒÃ»ÃÑº¼ÔÇâ¤Ã§ÊÃŒÒ§¢Í§ÃÒ¡¿̃¹à·ÕÂÁ·Ñé§ã¹ÃÐ´Ñº

¨ØÅÀÒ¤áÅÐÃÐ´Ñº¹Òâ¹ à¾×èÍÊ‹§àÊÃÔÁãËŒÁÕ¡ÒÃÊÃŒÒ§áÅÐÁÕ¡ÒÃ

à¤Å×èÍ¹·Õè¢Í§à«ÅÅ�ä»ÂÖ´à¡ÒÐ·Õè¼ÔÇÃÒ¡¿̃¹à·ÕÂÁä Œ́à¾ÔèÁ¢Öé¹ ã¹

Í¹Ò¤μÍÒ¨ÁÕÃÒ¡¿̃¹à·ÕÂÁ·ÕèÁÕ¡ÒÃ»ÃÑº¼ÔÇâ´ÂÇÔ¸Õ¡ÒÃà¤Å×Íº

¼ÔÇ´ŒÇÂÊÒÃªÕÇâÁàÅ¡ØÅ·ÕèàÅÕÂ¹áººÊÀÒÇÐáÇ´ÅŒÍÁ¢Í§¡ÃÐ Ù́¡ 

â´ÂÊÒÁÒÃ¶¡ÃÐμ ØŒ¹¡ÒÃÊÃŒÒ§¡ÃÐ´Ù¡μÒÁÅÑ¡É³Ð·Õèà¡Ô´¢Öé¹ã¹

¸ÃÃÁªÒμ ÔÁÒãªŒã¹¤ÅÔ¹Ô¡ä Œ́ áÅÐ¹Õè¡ç¤×Í¡ÒÃ¾Ñ²¹ÒÍÕ¡ÃÐ´Ñº¢Ñé¹

Ë¹Öè§¢Í§§Ò¹·Ñ¹μ¡ÃÃÁÃÒ¡à·ÕÂÁ
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Abstract
Surface Modifi cation of Titanium Implant Infl uenced to Osseointegration

Kritirat Kiatsirirote

Faculty of Dentistry, Thammasat University

 Titanium and its alloy are the most widely used material for dental implants as these materials are highly 

biocompatible and possess excellent mechanical properties and corrosion resistance. However, their application as implant 

materials is lack of bioactive behavior, on the other words, they cannot form a direct mechanically stable bond between 

their surface and the surrounding bone tissue. To overcome this limitation, research efforts have focused on modifying 

implant surface to improve the biological response. Several techniques of surface treatments have been developed and 

applied to promote the mechanism of osseointegration with faster and stronger bone formation. This article is object to 

review on the various surface modifi cation techniques and their potential effects on the performance of dental implant 

which are currently used and available for commercial in Thailand. In addition, the future trends in dental implant surfaces 

are discussed.

Key words: Surface modifi cation, Dental implants, Osseointegration


