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AÓ·ÛÎfiËÛË

OÛÙfi: BÈÔÏÔÁÈÎ¤˜ ‰È·‰ÈÎ·Û›Â˜ ÒÚˆÛË˜ Î·Ù¿ÁÌ·ÙÔ˜

°È·ÓÓÔÔ‡ÏÔ˘ AÁÁÂÏÈÎ‹1, KÔÚÚ¤˜ NÂÎÙ¿ÚÈÔ˜2, ZÂÚ‚Ô‡-B¿Ï‚Ë ºÏÒÚ·3

O ÔÛÙ›ÙË˜ ÈÛÙfi˜ Â›Ó·È ¤Ó·˜ ‰˘Ó·ÌÈÎfi˜ ̇ ˆÓÙ·Ófi˜ ÈÛÙfi˜ ÌÂ ÌÂÁ¿ÏË ÔÚÁ¿ÓˆÛË ÛÂ ‰ÔÌ‹, Ô˘ ÚÔ-
ÛÊ¤ÚÂÈ fi¯È ÌfiÓÔ ÛÙ·ÙÈÎ‹ ˘ÔÛÙ‹ÚÈÍË, ·ÏÏ¿ ‰È·ı¤ÙÂÈ ÌÂÁ¿ÏË Î˘ÙÙ·ÚÈÎ‹ Î·È ·ÓfiÚÁ·ÓË ÈÎ·ÓfiÙË-
Ù·. TÔ Î¿Ù·ÁÌ· ÙˆÓ ÔÛÙÒÓ Â›Ó·È ¤Ó·˜ Û˘Ó‹ıË˜ ÙÚ·˘Ì·ÙÈÛÌfi˜ ÙÔ˘ ÛÒÌ·ÙÔ˜ Î·È ·ÊÔÚ¿ ÛÙËÓ Ù¤-
ÏÂÈ· ‹ ·ÙÂÏ‹ Ï‡ÛË ÙË˜ Û˘Ó¤¯ÂÈ·˜ ·˘ÙÔ‡. Afi ÙË ÛÙÈÁÌ‹ ÙË˜ ‰ËÌÈÔ˘ÚÁ›·˜ ÂÓfi˜ Î·Ù¿ÁÌ·ÙÔ˜, ÙÔ
ÔÛÙfi ·Ú¯›˙ÂÈ Ì›· ÔÏ‡ÏÔÎË ‰È·‰ÈÎ·Û›· ·Ó·Á¤ÓÓËÛË˜ Ô˘ Ô‰ËÁÂ› ÛÙËÓ ÒÚˆÛË. H ‰È·‰ÈÎ·Û›·
·˘Ù‹ ÂÚÈÏ·Ì‚¿ÓÂÈ ‚ÈÔÏÔÁÈÎ¤˜ Î·È ÂÌ‚ÈÔÌË¯·ÓÈÎ¤˜ ·Ú·Ì¤ÙÚÔ˘˜. MÂÙ¿ ·fi Î¿Ù·ÁÌ·, Ë Î˘ÙÙ·-
ÚÈÎ‹ ÌÂÙ·Ó¿ÛÙÂ˘ÛË, Ë ‰È·ÊÔÚÔÔ›ËÛË ÙˆÓ Î˘ÙÙ¿ÚˆÓ, Ë Û‡ÓıÂÛË ÙˆÓ ÈÛÙÒÓ Î·È Ë ·ÂÏÂ˘ı¤Úˆ-
ÛË Î˘ÙÔÎÈÓÒÓ Î·È ·˘ÍËÙÈÎÒÓ ·Ú·ÁfiÓÙˆÓ, Ú˘ıÌ›˙ÔÓÙ·È ·fi ÙÔ ÌË¯·ÓÈÎfi ÂÚÈ‚¿ÏÏÔÓ Î·ıÒ˜ Î·È
·fi Û˘ÛÙËÌ·ÙÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜. H ‰È·‰ÈÎ·Û›· ·ÔÎ·Ù¿ÛÙ·ÛË˜ Ù·ÍÈÓÔÌÂ›Ù·È ÛÂ ÚˆÙÔÁÂÓ‹
Î·È ‰Â˘ÙÂÚÔÁÂÓ‹ ÒÚˆÛË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜. H ÚˆÙÔÁÂÓ‹˜ ÒÚˆÛË ÂÚÈÏ·Ì‚¿ÓÂÈ ÙÔÓ ÂÓ‰Ô-
ÌÂÌ‚Ú·ÓÈÎfi Û¯ËÌ·ÙÈÛÌfi ÔÛÙÔ‡ Î·È ÙËÓ ¿ÌÂÛË ·Ó·‰fiÌËÛË ̄ ˆÚ›˜ ÙÔ Û¯ËÌ·ÙÈÛÌfi Î¿ÏÔ˘ Á‡Úˆ ·-
fi ÙÔ Î¿Ù·ÁÌ·. A˘Ù‹ Ë Ô‰fi˜ ‰ÂÓ ·ÎÔÏÔ˘ıÂ›Ù·È Û˘Ó‹ıˆ˜ Î·Ù¿ ÙË Ê˘ÛÈÎ‹ ‰È·‰ÈÎ·Û›· ÂÔ‡ÏˆÛË˜
ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜. ¶ÚˆÙÔÁÂÓ‹˜ ÒÚˆÛË Ú·ÁÌ·ÙÔÔÈÂ›Ù·È fiÙ·Ó ̆ ¿Ú¯ÂÈ Û˘Ó‰˘·ÛÌfi˜ ·Ó·ÙÔÌÈ-
Î‹˜ ·Ó¿Ù·ÍË˜, ÛÙ·ıÂÚÔÔ›ËÛË˜ Î·È Û˘Ì›ÂÛË˜ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜. H ‰È·‰ÈÎ·Û›· ÙË˜ ‰Â˘ÙÂÚÔÁÂ-
ÓÔ‡˜ ÒÚˆÛË˜ Ï·Ì‚¿ÓÂÈ ̄ ÒÚ· ÛÂ Î·Ù¿ÁÌ·Ù· ÌÂ ·ÚÂÎÙfiÈÛË Î·È Î¿ÔÈÔ˘ ‚·ıÌÔ‡ ÎÈÓËÙÈÎfiÙË-
Ù· ÛÙ· Î·ÙÂ·ÁfiÙ· ¿ÎÚ·. ¶ÂÚÈÏ·Ì‚¿ÓÂÈ ·ÓÙ›‰Ú·ÛË Î·È ·fi ÙÔ ÂÚÈfiÛÙÂÔ Î·È ·fi ÙÔ˘˜ ¤ÚÈÍ Ì·-
Ï·ÎÔ‡˜ ÈÛÙÔ‡˜. T˘ÈÎ¿ ¯·Ú·ÎÙËÚ›˙ÂÙ·È ·fi ÙÚ›· ·ÏÏËÏÔÂÈÎ·Ï˘ÙfiÌÂÓ· ÛÙ¿‰È·: ÙÔ Û¯ËÌ·ÙÈ-
ÛÌfi ·ÈÌ·ÙÒÌ·ÙÔ˜ Î·È ÙËÓ ·Ú¯ÈÎ‹ ÊÏÂÁÌÔÓÒ‰Ë ·fiÎÚÈÛË, ÙËÓ ÂÈ‰ÈfiÚıˆÛË Î·È ÙËÓ ·Ó¿Ï·ÛË. 
H ÒÚˆÛË ÙˆÓ Î·Ù·ÁÌ¿ÙˆÓ ¤¯ÂÈ ÛËÌ·ÓÙÈÎ¤˜ ÂÊ·ÚÌÔÁ¤˜ ÛÙËÓ ÔÚıÔ·È‰ÈÎ‹, ÛÙË ÁÓ·ıÔÚÔÛˆ-
ÈÎ‹ ¯ÂÈÚÔ˘ÚÁÈÎ‹, ÛÙËÓ ÂÚÈÔ‰ÔÓÙÈÎ‹ ıÂÚ·Â›·.
™ÎÔfi˜ ·˘Ù‹˜ ÙË˜ ÌÂÏ¤ÙË˜ Â›Ó·È Ë ·ÚÔ˘Û›·ÛË ÙË˜ ‚·ÛÈÎ‹˜ ‚ÈÔÏÔÁ›·˜ ÙË˜ ÒÚˆÛË˜ ÙÔ˘ Ô-
ÛÙÔ‡. H ÂÚÈÁÚ·Ê‹ ÙˆÓ ÈÔ ÛËÌ·ÓÙÈÎÒÓ ÙÔÈÎÒÓ ÌÔÚ›ˆÓ, ÙˆÓ Î˘ÙÙ·ÚÈÎÒÓ Î·È ÌÔÚÈ·ÎÒÓ Ô‰ÒÓ
Ô˘ ÂÌÏ¤ÎÔÓÙ·È ÛÙËÓ ÒÚˆÛË ÙˆÓ ÔÛÙÒÓ, Î·ıÒ˜ Î·È ÙˆÓ Èı·ÓÒÓ ·ÏÏËÏÂÈ‰Ú¿ÛÂˆÓ Ô˘ Ï·Ì-
‚¿ÓÔ˘Ó ¯ÒÚ· Î·Ù¿ ÙË ‰È·‰ÈÎ·Û›· ÂÔ‡ÏˆÛË˜ ÙÔ˘ ÔÛÙÔ‡. 
A˘Ù¤˜ ÔÈ ÏËÚÔÊÔÚ›Â˜ Â›Ó·È ··Ú·›ÙËÙÂ˜ ÛÙ· Ï·›ÛÈ· ÙË˜ ¤ÚÂ˘Ó·˜ Ô˘ ÛÙÔ¯Â‡Ô˘Ó ÛÙËÓ ·Ó¿-
Ù˘ÍË Ó¤ˆÓ ıÂÚ·Â˘ÙÈÎÒÓ ÌÂıfi‰ˆÓ ÁÈ· ÙËÓ ·ÔÎ·Ù¿ÛÙ·ÛË ÙˆÓ Î·Ù·ÁÌ¿ÙˆÓ ÙˆÓ ÔÛÙÒÓ.
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EI™A°ø°H

O ÔÛÙ›ÙË˜ ÈÛÙfi˜ Â›Ó·È ¤Ó·˜ ‰˘Ó·ÌÈÎfi˜ ˙ˆÓÙ·Ófi˜ ÈÛÙfi˜
Ô˘ ·ÚÔ˘ÛÈ¿˙ÂÈ È‰È·›ÙÂÚÔ ÂÓ‰È·Ê¤ÚÔÓ ÏfiÁˆ ÙˆÓ ‰ÔÌÈ-
ÎÒÓ ÙÔ˘ È‰ÈÔÙ‹ÙˆÓ Ô˘ Û˘Ó‰¤ÔÓÙ·È ¿ÌÂÛ· ÌÂ ÙË ‰ÔÌÈÎ‹
Û‡ÓıÂÛË ÙÔ˘ ÔÛÙÔ‡. T· ·ÓfiÚÁ·Ó· Û˘ÛÙ·ÙÈÎ¿ Â›Ó·È Î˘-
Ú›ˆ˜ ˘Â‡ı˘Ó· ÁÈ· ÙËÓ ·ÓÙÔ¯‹ ÙÔ˘ ÔÛÙÔ‡ ÛÂ Û˘Ì›ÂÛË
Î·È ÛÂ ‰˘ÛÎ·Ì„›·, ÂÓÒ Ù· ÔÚÁ·ÓÈÎ¿ Û˘ÛÙ·ÙÈÎ¿ ·Ú¤-
¯Ô˘Ó ÙÈ˜ ·ÓÙ›ÛÙÔÈ¯Â˜ È‰ÈfiÙËÙÂ˜ ÛÂ Ù¿ÛË. TÔ Î¿Ù·ÁÌ· ÙˆÓ
ÔÛÙÒÓ Â›Ó·È ¤Ó·˜ ·fi ÙÔ˘˜ Û˘ÓËı¤ÛÙÂÚÔ˘˜ ÙÚ·˘Ì·ÙÈ-
ÛÌÔ‡˜ Î·È Û˘Ó‰¤ÂÙ·È ÌÂ ÙÔ ÎfiÛÙÔ˜ ıÂÚ·Â›·˜, ÙËÓ ·Ò-
ÏÂÈ· ÙË˜ ÎÔÈÓˆÓÈÎ‹˜ ·Ú·ÁˆÁÈÎfiÙËÙ·˜ Î·È ÙËÓ ·ÙÔÌÈÎ‹
·Ó·ËÚ›·1. ŒÓ· Î¿Ù·ÁÌ· Û˘ÓÔ‰Â‡ÂÙ·È ÌÂ ‰È·ÊfiÚÔ˘
‚·ıÌÔ‡ ÙÚ·˘Ì·ÙÈÛÌÔ‡˜ ÙˆÓ Ì·Ï·ÎÒÓ ÈÛÙÒÓ Ô˘ ÙÔ Â-
ÚÈ‚¿ÏÏÔ˘Ó, Û˘ÌÂÚÈÏ·Ì‚·ÓÔÌ¤ÓË˜ ÙË˜ ·ÚÔ¯‹˜ ·›Ì·-
ÙÔ˜ Î·È ÛÙÈ˜ ÂÚÈÛÛfiÙÂÚÂ˜ ÂÚÈÙÒÛÂÈ˜ Ô‰ËÁÂ› ÛÂ ˘Ô-
‚·ıÌÈÛÌ¤ÓË ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘ ÎÈÓËÙÈÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜. T·
Î·Ù¿ÁÌ·Ù· Û˘Ó‹ıˆ˜ Û˘Ì‚·›ÓÔ˘Ó ÏfiÁˆ ÙÒÛÂˆÓ, ÙÚÔ-
¯·›ˆÓ ·Ù˘¯ËÌ¿ÙˆÓ ‹ ·ıÏËÙÈÎÒÓ ÙÚ·˘Ì·ÙÈÛÌÒÓ. ÕÏÏÔÈ
·Ú¿ÁÔÓÙÂ˜ fiˆ˜ Ë ÌÂ›ˆÛË ÙË˜ ÔÛÙÈÎ‹˜ ˘ÎÓfiÙËÙ·˜ Î·È
Ë ÔÛÙÂÔfiÚˆÛË ·˘Í¿ÓÔ˘Ó ÙË Û˘¯ÓfiÙËÙ· ÙˆÓ Î·Ù·ÁÌ¿-
ÙˆÓ. T· Î·Ù¿ÁÌ·Ù· ·ÔÙÂÏÔ‡Ó ¤Ó· ÛËÌ·ÓÙÈÎfi Ì¤ÚÔ˜ ÙÔ˘
ÚÔ¸ÔÏÔÁÈÛÌÔ‡ ÁÈ· ÙËÓ ÚˆÙÔ‚¿ıÌÈ· ÂÚ›ı·Ï„Ë. EÈ-
Ï¤ÔÓ ÛÂ Û˘Ó‰˘·ÛÌfi ÌÂ ÙËÓ ·‡ÍËÛË ÙÔ˘ Ì¤ÛÔ˘ fiÚÔ˘ Ë-
ÏÈÎ›·˜ ÛÙÔÓ Ï·Ó‹ÙË, ÚÔ‚Ï¤ÂÙ·È ·‡ÍËÛË ÙˆÓ Î·Ù·Á-
Ì¿ÙˆÓ1. 
TÔ ÔÛÙfi ·ÔÙÂÏÂ› ¤Ó· ·ÍÈÔı·‡Ì·ÛÙÔ ˘ÏÈÎfi Î·ıÒ˜ ¤¯ÂÈ
ÙË ‰˘Ó·ÙfiÙËÙ· Ó· ·Ó·ÁÂÓÓ¿Ù·È Ï‹Úˆ˜, ÛÂ ·ÓÙ›ıÂÛË ÌÂ
ÙÔ˘˜ Ì·Ï·ÎÔ‡˜ ÈÛÙÔ‡˜ fiÔ˘ Î·Ù¿ ÙËÓ ÂÔ‡ÏˆÛË ÙˆÓ
ÏËÁÒÓ Û¯ËÌ·Ù›˙ÔÓÙ·È Ô˘Ï¤˜. E›Ó·È ¤Ó·˜ ÈÛÙfi˜ Ô˘ ˘Ê›-
ÛÙ·Ù·È Û˘ÓÂ¯Ò˜ ·ÔÚÚfiÊËÛË Î·È ·Ó¿Ï·ÛË (remo-
deling) ÌÂ ÙË ‰Ú¿ÛË ÙˆÓ ÔÛÙÂÔÎÏ·ÛÙÒÓ Î·È ÙˆÓ ÔÛÙÂÔ-
‚Ï·ÛÙÒÓ ¤ÙÛÈ ÒÛÙÂ Ó· ‰È·ÙËÚÂ›Ù·È Ë ÔÌÔÈÔÛÙ·Û›· ÙÔ˘ Î·È
Ë ÏÂÈÙÔ˘ÚÁÈÎ‹ ·ÔÛÙÔÏ‹ ÙÔ˘2. ¶·Ú¿ ÙËÓ ÈÎ·ÓfiÙËÙ· ·Ó·-
‰fiÌËÛË˜ ÙˆÓ ÔÛÙÒÓ, Û˘¯Ó¿ ·Ú·ÙËÚÂ›Ù·È Î·ı˘ÛÙ¤ÚËÛË
ÙË˜ ÂÔ‡ÏˆÛË˜ ‹ ·ÎfiÌ· Î·È ÌË ¤ÓˆÛË ÙˆÓ ÔÛÙÒÓ3. 
H ÂÔ‡ÏˆÛË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ Â›Ó·È ¤Ó·˜ ÂÚ›ÏÔÎÔ˜ Û˘-
ÓÙÔÓÈÛÌfi˜ ‰È·ÊfiÚˆÓ Î˘ÙÙ·ÚÈÎÒÓ Î·È ÌË¯·ÓÈÎÒÓ Â˘·›-
ÛıËÙˆÓ ‰ÈÂÚÁ·ÛÈÒÓ. H Î·Ù·ÓfiËÛË ·˘ÙÒÓ ıÂˆÚÂ›Ù·È ·Ó·-
ÁÎ·›· ÚÔÎÂÈÌ¤ÓÔ˘ ÔÈ ¯ÂÈÚÔ˘ÚÁÔ› Ó· ‰ËÌÈÔ˘ÚÁ‹ÛÔ˘Ó ÙÔ
‚¤ÏÙÈÛÙÔ ıÂÚ·Â˘ÙÈÎfi ÂÚÈ‚¿ÏÏÔÓ ÁÈ· ¤Ó· ÙÚ·˘Ì·ÙÈÛÌ¤-
ÓÔ ÔÛÙfi4. 
™‡ÌÊˆÓ· ÌÂ ÌÂÏ¤ÙÂ˜ Ë ÌË¯·ÓÈÎ‹ ‰È¤ÁÂÚÛË ÌÔÚÂ› Ó·
ÚÔÎ·Ï¤ÛÂÈ Î¿Ù·ÁÌ· ‹ Ó· ÌÂÙ·‚¿ÏÂÈ ÙÔÓ Î‡ÎÏÔ ÙÔ˘ ‚ÈÔ-
ÏÔÁÈÎÔ‡ ÌË¯·ÓÈÛÌÔ‡5. TÔ Ì¤ÁÂıÔ˜ Î·È Ë Î·ÙÂ‡ı˘ÓÛË ÙË˜
ÊfiÚÙÈÛË˜ ÂËÚÂ¿˙ÂÈ Â›ÛË˜ ÙËÓ ÂÛˆÙÂÚÈÎ‹ ÂÓÙ·ÙÈÎ‹ Î·-
Ù¿ÛÙ·ÛË ÛÙÔÓ ˘fi ‰ÈfiÚıˆÛË ÈÛÙfi6. Œ¯Ô˘Ó Á›ÓÂÈ ÔÏÏ¤˜
ÌÂÏ¤ÙÂ˜ ÁÈ· ÙËÓ Î·Ù·ÓfiËÛË ÙˆÓ ÌË¯·ÓÈÛÌÒÓ ·Ó·‰fiÌË-
ÛË˜, ÏÂÈÙÔ˘ÚÁ›·˜ Î·È ÒÚˆÛË˜ ÙˆÓ ÔÛÙÒÓ, Î·ıÒ˜ Î·È
ÙÔ˘ ÚfiÏÔ˘ Ô˘ ·›˙Ô˘Ó Ù· Î‡ÙÙ·Ú· ÛÂ ·˘Ù¤˜ ÙÈ˜ ‰È·‰È-
Î·Û›Â˜, Ô˘ ·ÊÔÚÔ‡Ó ÙfiÛÔ ÙÈ˜ ÌË¯·ÓÈÎ¤˜ fiÛÔ Î·È ÙÈ˜ ‚ÈÔ-
ÏÔÁÈÎ¤˜ ·Ú·Ì¤ÙÚÔ˘˜ Ô˘ ˘ÂÈÛ¤Ú¯ÔÓÙ·È Î·Ù¿ ÙË ‰È·-
ÊÔÚÔÔ›ËÛË ÙˆÓ ÈÛÙÒÓ. 
T¤ÛÛÂÚ· Û˘ÛÙ·ÙÈÎ¿ ÛÙÔ ÛËÌÂ›Ô ÙÚ·˘Ì·ÙÈÛÌÔ‡ Û˘Ì‚¿Ï-
ÏÔ˘Ó ÛÙË ‰È·‰ÈÎ·Û›· ÙË˜ ÂÔ‡ÏˆÛË˜, Ô ÊÏÔÈfi˜, ÙÔ Â-
ÚÈfiÛÙÂÔ, Ô Ì˘ÂÏfi˜ ÙˆÓ ÔÛÙÒÓ Î·È ÔÈ ÂÍˆÙÂÚÈÎÔ› Ì·Ï·ÎÔ›
ÈÛÙÔ›. H ¤ÎÙ·ÛË Ô˘ ·ÊÔÚ¿ Î¿ıÂ ÛÙÔÈ¯Â›Ô ÂÍ·ÚÙ¿Ù·È ·fi
ÙÈ˜ Û˘Óı‹ÎÂ˜ Ô˘ ˘¿Ú¯Ô˘Ó ÛÙÔÓ ÙÚ·˘Ì·ÙÈÛÌ¤ÓÔ ÈÛÙfi,
fiˆ˜ ÙÔ Â›Â‰Ô ·˘ÍËÙÈÎÒÓ ·Ú·ÁfiÓÙˆÓ, ÔÚÌÔÓÒÓ,
ıÚÂÙÈÎÒÓ Ô˘ÛÈÒÓ, pH, ¤ÓÙ·ÛË ÙÔ˘ ÔÍ˘ÁfiÓÔ˘, ÙÔ ËÏÂ-
ÎÙÚÈÎfi ÂÚÈ‚¿ÏÏÔÓ Î·È Ë ÌË¯·ÓÈÎ‹ ÛÙ·ıÂÚfiÙËÙ· ÙÔ˘ Î·-
Ù¿ÁÌ·ÙÔ˜7.
AÓ Î·È ÔÈ ÚfiÛÊ·ÙÂ˜ ÂÍÂÏ›ÍÂÈ˜ ÛÙË ÌÔÚÈ·Î‹ ‚ÈÔÏÔÁ›· Ì·˜

‚Ô‹ıËÛ·Ó Ó· Î·Ù·ÓÔ‹ÛÔ˘ÌÂ Î·Ï‡ÙÂÚ· Ù· Î˘ÙÙ·ÚÈÎ¿ Î·È
ÌÔÚÈ·Î¿ ÌÔÓÔ¿ÙÈ· Ô˘ Ô‰ËÁÔ‡Ó ÛÙËÓ ÂÔ‡ÏˆÛË ÙÔ˘
Î·Ù¿ÁÌ·ÙÔ˜, ·Ú·Ì¤ÓÂÈ ÛÂ ÌÂÁ¿ÏÔ ‚·ıÌfi Ì›· ¿ÁÓˆÛÙË
Î·È Î·Ï¿ ÂÓÔÚ¯ËÛÙÚˆÌ¤ÓË ‰È·‰ÈÎ·Û›· Ô˘ ÍÂÎÈÓ¿ ÛÂ ·-
¿ÓÙËÛË ÛÂ ÙÚ·˘Ì·ÙÈÛÌfi.
™ÎÔfi˜ ·˘Ù‹˜ ÙË˜ ÌÂÏ¤ÙË˜ Â›Ó·È Ë ·ÚÔ˘Û›·ÛË ÙË˜ ‚·-
ÛÈÎ‹˜ ‚ÈÔÏÔÁ›·˜ ÙË˜ ÒÚˆÛË˜ ÙÔ˘ ÔÛÙÔ‡. H ÂÚÈÁÚ·Ê‹
ÙˆÓ ÈÔ ÛËÌ·ÓÙÈÎÒÓ ÙÔÈÎÒÓ ÌÔÚ›ˆÓ, ÙˆÓ Î˘ÙÙ·ÚÈÎÒÓ Î·È
ÌÔÚÈ·ÎÒÓ Ô‰ÒÓ Ô˘ ÂÌÏ¤ÎÔÓÙ·È ÛÙËÓ ÒÚˆÛË ÙˆÓ Ô-
ÛÙÒÓ, Î·ıÒ˜ Î·È ÙˆÓ Èı·ÓÒÓ ·ÏÏËÏÂÈ‰Ú¿ÛÂˆÓ Ô˘
Ï·Ì‚¿ÓÔ˘Ó ¯ÒÚ· Î·Ù¿ ÙË ‰È·‰ÈÎ·Û›· ÂÔ‡ÏˆÛË˜ ÙÔ˘ Ô-
ÛÙÔ‡.
A˘Ù¤˜ ÔÈ ÏËÚÔÊÔÚ›Â˜ Â›Ó·È ··Ú·›ÙËÙÂ˜ ÛÙ· Ï·›ÛÈ·
ÙË˜ ¤ÚÂ˘Ó·˜ Ô˘ ÛÙÔ¯Â‡Ô˘Ó ÛÙËÓ ·Ó¿Ù˘ÍË Ó¤ˆÓ ıÂÚ·-
Â˘ÙÈÎÒÓ ÌÂıfi‰ˆÓ ÁÈ· ÙËÓ ·ÔÎ·Ù¿ÛÙ·ÛË ÙˆÓ Î·Ù·ÁÌ¿-
ÙˆÓ ÙˆÓ ÔÛÙÒÓ.

TO O™TO

TÔ ÛÎÂÏÂÙÈÎfi Û‡ÛÙËÌ·, ÛËÌ·ÓÙÈÎfi ÁÈ· ÙÔ ÛÒÌ· ÙfiÛÔ ·fi
ÌÂÙ·‚ÔÏÈÎ‹˜ fiÛÔ Î·È ·fi ÂÌ‚ÈÔÌË¯·ÓÈÎ‹˜ ·fi„Âˆ˜, Â›-
Ó·È Î·Ù·ÛÎÂ˘·ÛÌ¤ÓÔ ·fi ÌÂÌÔÓˆÌ¤Ó· ÔÛÙ¿ Î·È ·fi ÙÔ
Û˘Ó‰ÂÙÈÎfi ÈÛÙfi Ô˘ Ù· Û˘Ó‰¤ÂÈ (¯fiÓ‰ÚÔ˜), ÌÂ Ù· ÚÒÙ·
Ó· ·ÔÙÂÏÔ‡Ó Ù· Î‡ÚÈ· Û˘ÛÙ·ÙÈÎ¿ ÙÔ˘ ÛÎÂÏÂÙÈÎÔ‡ Û˘-
ÛÙ‹Ì·ÙÔ˜ Î·È Ó· ‰È·Ê¤ÚÔ˘Ó ·fi ÙÔÓ Û˘Ó‰ÂÙÈÎfi ÈÛÙfi ÛÂ
·Î·Ì„›· Î·È ·ÓÙÔ¯‹. T· ÔÛÙ¿ Â›Ó·È fiÚÁ·Ó· ÙÔ˘ ÂÚÂÈÛÙÈ-
ÎÔ‡ ÈÛÙÔ‡. B·ÛÈÎ¤˜ ÏÂÈÙÔ˘ÚÁ›Â˜ ÙˆÓ ÔÛÙÒÓ Â›Ó·È Ë ÛÙ‹ÚÈ-
ÍË ÙÔ˘ ÛÒÌ·ÙÔ˜, Ë ÚÔÛÙ·Û›· ÙˆÓ Â˘·ıÒÓ ÔÚÁ¿ÓˆÓ
Î·È ÙÔ˘ ·ÈÌÔÔÈËÙÈÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜, Ë ÎÈÓËÙÈÎfiÙËÙ· ÙˆÓ
Ì˘ÒÓ. ¶ÂÚÈ¤¯Ô˘Ó ÙÔ 99% ÙÔ˘ Û˘ÓÔÏÈÎÔ‡ ·Û‚ÂÛÙ›Ô˘ ÙÔ˘
ÛÒÌ·ÙÔ˜ Î·È ·›˙Ô˘Ó ÌÂ›˙ÔÓ· ÚfiÏÔ ÛÙË Û˘ÓÙ‹ÚËÛË ÙÔ˘
·Û‚ÂÛÙ›Ô˘ ÛÙÔÓ ÔÚÁ·ÓÈÛÌfi. ¢È·ÙËÚÔ‡Ó ÙËÓ ÔÌÔÈfiÛÙ·ÛË
ÙˆÓ ÌÂÙ·ÏÏÈÎÒÓ ÛÙÔÈ¯Â›ˆÓ Î·È ÙËÓ ÈÛÔÚÚÔ›· ÔÍ¤ˆÓ ‚¿-
ÛÂˆÓ, ÏÂÈÙÔ˘ÚÁÔ‡Ó ˆ˜ ·Ôı‹ÎË ·˘ÍËÙÈÎÒÓ ·Ú·ÁfiÓÙˆÓ
Î·È Î˘ÙÔÎÈÓÒÓ Î·È ·Ú¤¯Ô˘Ó ÙÔ ÂÚÈ‚¿ÏÏÔÓ ÁÈ· ÙËÓ ·ÈÌÔ-
Ô›ËÛË ÛÙÔ Ì˘ÂÏfi ÙˆÓ ÔÛÙÒÓ8.

MÔÚÊÔÏÔÁ›· - M·ÎÚÔÛÎÔÈÎ‹ ÌÔÚÊ‹ ÙˆÓ ÔÛÙÒÓ
T· ÔÛÙ¿ Î·ÙËÁÔÚÈÔÔÈÔ‡ÓÙ·È ·Ó¿ÏÔÁ· ÌÂ ÙÔ Û¯‹Ì·
ÙÔ˘˜: ÛÂ Ï·Ù¤· ‹ Â›Â‰·, Ì·ÎÚ¿ ‹ ·˘ÏÔÂÈ‰‹, ‚Ú·¯¤·
Î·È ·Î·Ó›ÛÙÔ˘ Û¯‹Ì·ÙÔ˜ ÔÛÙ¿. ø˜ ÚÔ˜ ÙËÓ ·Ú¯ÈÙÂÎÙÔÓÈ-
Î‹ ‰ÔÌ‹: ÛÙÔ ÂÍˆÙÂÚÈÎfi Î·È Û˘Ì·Á¤˜ ‹ ÊÏÔÈÒ‰Â˜ ÔÛÙfi
(cortical) Î·È ÙÔ ÂÛˆÙÂÚÈÎfi ÛÔÁÁÒ‰Â˜ ÔÛÙfi (trebecular
/cancellous), Ô˘ Û¯ËÌ·Ù›˙ÂÙ·È ·fi ¤Ó· Î˘„ÂÏÒ‰Â˜ ‰›-
ÎÙ˘Ô ‰ÔÎÈ‰ˆÙÒÓ Ï·ÎÒÓ Î·È Ú¿‚‰ˆÓ (ÌÂ ¿¯Ô˜ Î·Ù¿ Ì¤-
ÛÔ fiÚÔ 50-400mm) ‰È¿Û·ÚÙÔ ÛÙ· ÙÌ‹Ì·Ù· ÙÔ˘ Ì˘ÂÏÔ‡
ÙˆÓ ÔÛÙÒÓ (‰ÔÎÈ‰Ò‰Â˜). ™˘ÓÂÒ˜, ¤¯ÂÈ ÌÈÎÚfiÙÂÚË ˘-
ÎÓfiÙËÙ· Î·È Â›Ó·È ·ÚÎÂÙ¿ ÔÚÒ‰Â˜. TÔ ÊÏÔÈÒ‰Â˜ ÔÛÙfi
(ÂÚ›Ô˘ 80%) Â›Ó·È ˘ÎÓfi, ÛÙÂÚÂfi Î·È ·ÔÙÂÏÂ› ÙÔ ÂÍˆ-
ÙÂÚÈÎfi ÂÚ›‚ÏËÌ· Î¿ıÂ ÔÛÙÔ‡8. TÔ ÊÏÔÈÒ‰Â˜ Î·È ÛÔÁ-
ÁÒ‰Â˜ ÔÛÙfi ‰È·Ê¤ÚÔ˘Ó ˆ˜ ÚÔ˜ ÙËÓ ÔÛÙÈÎ‹ ˘ÎÓfiÙËÙ·,
·ÏÏ¿ Î·È ˆ˜ ÚÔ˜ ÙËÓ ·Ú¯ÈÙÂÎÙÔÓÈÎ‹ ‰ÔÌ‹, Î·ıÈÛÙÒÓÙ·˜
ÙË Û˘ÌÂÚÈÊÔÚ¿ ÙÔ˘ ·ÓÈÛÔÙÚÔÈÎ‹. AÓ¿ÌÂÛ· ÛÙÔ ÊÏÔÈ-
Ò‰Â˜ Î·È ÛÙÔ ÛÔÁÁÒ‰Â˜ ÔÛÙfi, ÂÌÊ·Ó›˙ÂÙ·È ‰È·ÊÔÚÂÙÈ-
Î‹ ÌÂÙ·‚ÔÏÈÎ‹ Î·ıÒ˜ Î·È ÌË¯·ÓÈÎ‹ Û˘ÌÂÚÈÊÔÚ¿ Î·È ·-
ÓÙÔ¯‹. 

AÁÁÂ›ˆÛË ÔÛÙÒÓ
™Â ·ÓÙ›ıÂÛË ÌÂ ÙÔ ¯ÔÓ‰ÚÈÎfi ÈÛÙfi Ô˘ ÛÙÂÚÂ›Ù·È ·ÁÁÂ›ˆ-
ÛË˜, Ô ÔÛÙ›ÙË˜ ÈÛÙfi˜ ¤¯ÂÈ ¤Ó· ÔÏ‡ÏÔÎÔ Û‡ÛÙËÌ· ·Á-
ÁÂ›ˆÛË˜ Ô˘ Á›ÓÂÙ·È ÌÂ: ·) Ù· A‚¤ÚÛÂÈ· Û˘ÛÙ‹Ì·Ù·, ‰Ë-
Ï·‰‹ Û‡ÌÏÂÁÌ· ÔÌfiÎÂÓÙÚˆÓ ÂÙ·Ï›ˆÓ Ô˘ ÂÚÈ‚¿ÏÏÂÈ
¤Ó· ÛˆÏ‹Ó· Ô˘ ÂÚÈ¤¯ÂÈ ·ÁÁÂ›·, ÓÂ‡Ú· Î·È ̄ ·Ï·Úfi Û˘Ó-
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‰ÂÙÈÎfi ÈÛÙfi. O ÛˆÏ‹Ó·˜ ·˘Ùfi˜ ÔÓÔÌ¿˙ÂÙ·È ÛˆÏ‹Ó·˜ ÙÔ˘
Õ‚ÂÚ˜ (Havers) Î·È ‚) ÙÔ˘˜ ÛˆÏ‹ÓÂ˜ ÙÔ˘ BfiÏÎÌ·Ó (Volk-
mann’s) Ô˘ Â›Ó·È ÂÈÌ‹ÎÂÈ˜ ÛˆÏ‹ÓÂ˜ Î¿ıÂÙÔÈ ÛÙ· A‚¤Ú-
ÛÂÈ· Û˘ÛÙ‹Ì·Ù· Ô˘ ‚Ú›ÛÎÔÓÙ·È ÛÙÔ ÂÚÈfiÛÙÂÔ, ÙÔ Û˘Ó-
‰ÂÙÈÎfi ÂÚ›‚ÏËÌ· ÙÔ˘ ÔÛÙ›ÙË ÈÛÙÔ‡8.

™‡ÛÙ·ÛË ÙˆÓ ÔÛÙÒÓ
T· ÔÛÙ¿ ·ÔÙÂÏÔ‡ÓÙ·È ·fi Î˘ÙÙ·ÚÈÎ¿ Î·È ÌË Î˘ÙÙ·ÚÈÎ¿
Û˘ÛÙ·ÙÈÎ¿. O ÔÛÙ›ÙË˜ ÈÛÙfi˜ ·ÔÙÂÏÂ›Ù·È ·fi Ù¤ÛÛÂÚÂÈ˜
Ù‡Ô˘˜ ÔÛÙÈÎÒÓ Î˘ÙÙ¿ÚˆÓ (bone cells), Ù· ·‰È·ÊÔÚÔ-
Ô›ËÙ· ÌÂÛÂÁ¯˘Ì·ÙÈÎ¿ Î‡ÙÙ·Ú· (stem cells), ÙÔ˘˜ ÔÛÙÂ-
Ô‚Ï¿ÛÙÂ˜ (osteoblasts), Ù· ÔÛÙÂÔÎ‡ÙÙ·Ú· (osteocytes)
Î·È ÙÔ˘˜ ÔÛÙÂÔÎÏ¿ÛÙÂ˜ (osteoclasts). TÔ ÔÛÙfi Û˘ÓÙ›ıÂ-
Ù·È ·fi ÙÔ˘˜ ÔÛÙÂÔ‚Ï¿ÛÙÂ˜, Û˘ÓÙËÚÂ›Ù·È ·fi Ù· ÔÛÙÂÔ-
Î‡ÙÙ·Ú· Î·È ·Ô‰ÔÌÂ›Ù·È ·fi ÙÔ˘˜ ÔÛÙÂÔÎÏ¿ÛÙÂ˜. T· ·-
‰È·ÊÔÚÔÔ›ËÙ· Î‡ÙÙ·Ú· (ÌÈÎÚ¿, ÌÔÓÔ‡ÚËÓ· Î·È ÌÂ Ï›Á·
ÔÚÁ·Ó›‰È·) Â˘Ú›ÛÎÔÓÙ·È ÛÙ· Î·Ó¿ÏÈ· ÙˆÓ ÔÛÙÒÓ, ÛÙÔ ÂÓ-
‰fiÛÙÂÔ Î·È ÙÔ ÂÚÈfiÛÙÂÔ, Î·È ·Ó ‰Â¯ıÔ‡Ó Î·Ù¿ÏÏËÏÔ Â-
Ú¤ıÈÛÌ· ‰È·ÊÔÚÔÔÈÔ‡ÓÙ·È ÛÂ ÔÛÙÂÔ‚Ï¿ÛÙÂ˜8.
OÛÙÈÎ‹ ıÂÌ¤ÏÈÔ˜ Ô˘Û›·: H ÌÂÛÔÎ˘ÙÙ¿ÚÈ· Ô˘Û›· ÙÔ˘ Ô-
ÛÙ›ÙË ÈÛÙÔ‡ (bone matrix) ·ÔÙÂÏÂ›Ù·È Î·Ù¿ 60-70% ·fi
·ÓfiÚÁ·ÓË ıÂÌ¤ÏÈ· Ô˘Û›· Ô˘ ¤¯ÂÈ ÂÌÔÙÈÛÙÂ› ÌÂ ·ÓfiÚ-
Á·Ó· ¿Ï·Ù·, Î·Ù¿ 5-8% ·fi ÓÂÚfi ÂÓÒ ÙÔ ˘fiÏÔÈÔ Â›Ó·È
ÎÔÏÏ·ÁfiÓÂ˜ ›ÓÂ˜ (ÔÚÁ·ÓÈÎ‹ Ô˘Û›·). H ·ÓfiÚÁ·ÓË Ô˘Û›· ·-
ÔÙÂÏÂ›Ù·È Î˘Ú›ˆ˜ ·fi ÎÚ˘ÛÙ¿ÏÏÔ˘˜ ˘‰ÚÔÍ˘··Ù›ÙË
Ô˘ ‚Ú›ÛÎÔÓÙ·È Î·Ù¿ Ì‹ÎÔ˜ ÙˆÓ ÎÔÏÏ·ÁfiÓˆÓ ÈÓÈ‰›ˆÓ. OÈ
ÎÚ‡ÛÙ·ÏÏÔÈ ˘‰ÚÔÍ˘··Ù›ÙË Û¯ËÌ·Ù›˙ÔÓÙ·È Î˘Ú›ˆ˜ ·fi
·Û‚¤ÛÙÈÔ Î·È ÊÒÛÊÔÚÔ, ·ÚfiÏÔ Ô˘ ̆ ¿Ú¯Ô˘Ó Î·È ÚÔ-
ÛÌ›ÍÂÈ˜ Î·È ·ÓÙÈÎ·Ù·ÛÙ¿ÛÂÈ˜ ·fi ·ÓıÚ·ÎÈÎ¿ ¿Ï·Ù·, ˘-
‰ÚÔÍÂ›‰ÈÔ, Ó¿ÙÚÈÔ, ÊıfiÚÈÔ, ÛÙÚfiÓÙÈÔ Î.¿. Ô˘ ·ÓÙ·Ó·-
ÎÏÔ‡Ó ÙÔ ‰È·ÈÙËÙÈÎfi ÈÛÙÔÚÈÎfi, ÙËÓ Î·Ù¿ÛÙ·ÛË ˘ÁÂ›·˜, ÙË
ı¤ÛË ÙÔ˘ ÈÛÙÔ‡ Î·È ÙËÓ ËÏÈÎ›·. ¶ÔÛÔÛÙfi 20% ÙÔ˘ Û˘ÓÔ-
ÏÈÎÔ‡ ‚¿ÚÔ˘˜ ÙË˜ ÌÂÛÔÎ˘ÙÙ¿ÚÈ· Ô˘Û›·˜ ··ÚÙ›˙ÂÙ·È ·-
fi ÔÚÁ·ÓÈÎ¿ ÌÈÎÚÔÌfiÚÈ· TÔ 90% ÙÔ˘ ÔÚÁ·ÓÈÎÔ‡ ÙÌ‹Ì·-
ÙÔ˜ ·ÔÙÂÏÂ›Ù·È ·fi ÎÔÏÏ·ÁfiÓÔ Ù‡Ô˘ I Î·È ÙÔ ÂÓ·ÔÌÂ›-
Ó·Ó 10% ·fi ÌÈÎÚÔ‡ ÌÂÁ¤ıÔ˘˜ ÚˆÙÂ˚ÓÔÁÏ˘Î¿ÓÂ˜, ¿Ï-
ÏÂ˜ ÌË ÎÔÏÏ·ÁÔÓÔ‡¯Â˜ ÚˆÙÂ˝ÓÂ˜ Î·È ÌÈÎÚ‹ ÔÛfiÙËÙ·
ÎÔÏÏ·ÁfiÓÔ˘ Ù‡Ô˘ V. H Û˘ÓÂÈÛÊÔÚ¿ ÙÔ˘ ÎÔÏÏ·ÁfiÓÔ˘
ÛÙËÓ ·ÓÙÔ¯‹ ÙÔ˘ ÔÛÙÔ‡ Â›Ó·È È‰È·›ÙÂÚ· ÛËÌ·ÓÙÈÎ‹ (ÂÈÎ.1).

TÔ ÔÚÁ·ÓÈÎfi ÙÌ‹Ì· ÙÔ˘ ÔÛÙÔ‡ ‰›ÓÂÈ ÙÔ Û¯‹Ì· ÙÔ˘ Î·È
Û˘Ì‚¿ÏÏÂÈ ÛÙËÓ ·ÓÙÔ¯‹ ÙÔ˘ ÛÂ Û˘Ì›ÂÛË. H ·ÔÙÈÙ¿Óˆ-
ÛË (ÌÂÙ¿ÏÏˆÛË) ÙË˜ ıÂÌ¤ÏÈ·˜ Ô˘Û›·˜ Â›Ó·È ̆ Â‡ı˘ÓË ÁÈ·
ÙÈ˜ ÌË¯·ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÙÔ˘ ÒÚÈÌÔ˘ ÔÛÙ›ÙË ÈÛÙÔ‡ (·ÓÙÔ-
¯‹ Î·È ·Î·Ì„›·). E¿Ó ·Ê·ÈÚÂıÂ› ¤Ó· ·fi Ù· ‰‡Ô ÙÌ‹Ì·Ù·
‰ÂÓ Â¤Ú¯ÂÙ·È Î·ÌÈ¿ ·ÏÏ·Á‹ ÛÙÔ Û¯‹Ì· ÙÔ˘ ÔÛÙÔ‡. AÓÙ›-
ıÂÙ·, Â›Ó·È ÂÌÊ·ÓÂ›˜ ÔÈ ÌÂÙ·‚ÔÏ¤˜ ÙË˜ ÌË¯·ÓÈÎ‹˜ ÙÔ˘
Û˘ÌÂÚÈÊÔÚ¿˜, fiÙ·Ó ·Ê·ÈÚÂıÂ› ÙÔ ·ÓfiÚÁ·ÓÔ ÙÌ‹Ì·. T·

ÔÛÙ¿ Á›ÓÔÓÙ·È È‰È·›ÙÂÚ· Â‡Î·ÌÙ· Î·È ÌÔÚÂ› Ó· ÛÙÚÂ-
‚ÏˆıÔ‡Ó ‹ Ó· Î·ÌÊıÔ‡Ó, ¯ˆÚ›˜ Ó· Û˘Ì‚Â› Î¿Ù·ÁÌ·.
ŸÙ·Ó ·Ê·ÈÚÂıÂ› ÙÔ ÔÚÁ·ÓÈÎfi ÙÌ‹Ì·, Ù· ÔÛÙ¿ Á›ÓÔÓÙ·È È-
‰È·›ÙÂÚ· Â‡ıÚ˘Ù·. H ˆÚ›Ì·ÓÛË ÙË˜ ıÂÌ¤ÏÈ·˜ Ô˘Û›·˜
Û˘ÓÔ‰Â‡ÂÙ·È ·fi ·‡ÍËÛË ÙË˜ ·Î·Ì„›·˜ ÙÔ˘ ÔÛÙÔ‡, ÁÂ-
ÁÔÓfi˜ Ô˘ ÂÍËÁÂ› ÙË ‰È·ÊÔÚÂÙÈÎ‹ ÌË¯·ÓÈÎ‹ Û˘ÌÂÚÈÊÔ-
Ú¿ ÙˆÓ ÔÛÙÒÓ ÙˆÓ ·È‰ÈÒÓ, fiÙ·Ó ˘Ê›ÛÙ·ÓÙ·È Î·Ù¿ÁÌ·Ù·.

MÈÎÚÔÛÎÔÈÎ‹ ÌÔÚÊ‹ ÔÛÙÒÓ
OÛÙÂÔÂÈ‰¤˜: OÈ ÔÛÙÂÔ‚Ï¿ÛÙÂ˜ Û¯ËÌ·Ù›˙Ô˘Ó ÂÈÊ¿ÓÂÈÂ˜
·fi ÌË ·ÔÙÈÙ·ÓˆÌ¤ÓË ıÂÌ¤ÏÈÔ Ô˘Û›·, ÙÔ ÔÛÙÂÔÂÈ‰¤˜,
¿Óˆ ÛÙÈ˜ ÂÈÊ¿ÓÂÈÂ˜ ÙË˜ ‹‰Ë ·ÔÙÈÙ·ÓˆÌ¤ÓË˜ ıÂÌÂÏ›-
Ô˘ Ô˘Û›·˜. TÔ ÔÛÙÂÔÂÈ‰¤˜ ÌÂÙ·ÏÏÒÓÂÙ·È ·Ì¤Ûˆ˜ ÌÂÙ¿
ÙÔ Û¯ËÌ·ÙÈÛÌfi ÙÔ˘. AÔÙÂÏÂ›Ù·È ·fi ¤Ó· ‰›ÎÙ˘Ô ÈÓÒÓ
ÎÔÏÏ·ÁfiÓÔ˘ Ù‡Ô˘ I Î·È Â›Ó·È Ì·Ï·Îfi Î·È Â‡Ï·ÛÙÔ. ¶·-
ÚÔ˘ÛÈ¿˙ÂÈ ÌÂÈˆÌ¤ÓË ÌË¯·ÓÈÎ‹ ·ÓÙÔ¯‹ Î·È ÛÂ ·ıÔÏÔÁÈ-
Î¤˜ Î·Ù·ÛÙ¿ÛÂÈ˜, Ô˘ ‰Â Á›ÓÂÙ·È ÌÂÙ¿ÏÏˆÛ‹ ÙÔ˘, ·-
ÚÔ˘ÛÈ¿˙ÔÓÙ·È ·Ú·ÌÔÚÊÒÛÂÈ˜ Î·È Î·Ù¿ÁÌ·Ù·. 
ÕÌÔÚÊÔ Î·È ÂÙ·ÏÈÒ‰Â˜ ÔÛÙÔ‡Ó: ™‡ÌÊˆÓ· ÌÂ ÙÔÓ ÙÚfi-
Ô ‰È¿Ù·ÍË˜ ÙˆÓ ÈÓÒÓ ÎÔÏÏ·ÁfiÓÔ˘ ÁÈ· ÙÔ Û¯ËÌ·ÙÈÛÌfi
ÙÔ˘ ÔÛÙÂÔÂÈ‰Ô‡˜, ‰È·ÎÚ›ÓÔÓÙ·È ‰˘Ô Ù‡ÔÈ ÌÂÙ·ÏÏˆÌ¤ÓÔ˘
ÔÛÙÔ‡: 1. TÔ ¿ÌÔÚÊÔ ‹ ‰ÈÎÙ˘ˆÙfi (·ÓÒÚÈÌÔ, ÚˆÙÔÁÂÓ¤˜)
ÛÂ ·˘Ùfi ÔÈ ›ÓÂ˜ ÙÔ˘ ÎÔÏÏ·ÁfiÓÔ˘ Â›Ó·È Ù˘¯·›· ÙÔÔıÂÙË-
Ì¤ÓÂ˜ ¯ˆÚ›˜ Î¿ÔÈÔ Û˘ÁÎÂÎÚÈÌ¤ÓÔ ÚÔÛ·Ó·ÙÔÏÈÛÌfi. 2.
TÔ ÂÙ·ÏÈÒ‰Â˜ (ÒÚÈÌÔ, ‰Â˘ÙÂÚÔÁÂÓ¤˜) ÛÙÔ ÔÔ›Ô ÔÈ ›ÓÂ˜
ÙÔ˘ ÎÔÏÏ·ÁfiÓÔ˘ Â›Ó·È ÙÔÔıÂÙËÌ¤ÓÂ˜ ·Ú¿ÏÏËÏ· ÌÂÙ·-
Í‡ ÙÔ˘˜ Î·È Û¯ËÌ·Ù›˙Ô˘Ó ÔÏÏ·Ï¤˜ ÛÙÚÒÛÂÈ˜ ‹ ÂÙ¿ÏÈ·
ÌÂ Ù· ÔÛÙÂÔÎ‡ÙÙ·Ú· Ó· ‚Ú›ÛÎÔÓÙ·È ·Ó¿ÌÂÛ· ·fi ·˘Ù¿.
™Â ·ÓÙ›ıÂÛË ÌÂ ÙÔ ¿ÌÔÚÊÔ ÔÛÙfi ÙÔ ÔÔ›Ô ÂÓ·ÔÙ›ıÂÙ·È
¿Óˆ ÛÂ ÈÓÒ‰Ë ÈÛÙfi, ÙÔ ÂÙ·ÏÈÒ‰Â˜ ÔÛÙfi Û¯ËÌ·Ù›˙ÂÙ·È
ÌfiÓÔ ÛÂ ‹‰Ë ˘¿Ú¯Ô˘ÛÂ˜ ÂÈÊ¿ÓÂÈÂ˜. TÔ ÂÙ·ÏÈÒ‰Â˜ Ô-
ÛÙfi, ·ÚÔ˘ÛÈ¿˙ÂÈ ÌÈÎÚfiÙÂÚË Î˘ÙÙ·ÚÔ‚Ú›ıÂÈ· Î·È ÌÂÙ·-
‚ÔÏÈÎ‹ ‰Ú·ÛÙËÚÈfiÙËÙ· ·ÏÏ¿ ÌÂÁ·Ï‡ÙÂÚË ÌË¯·ÓÈÎ‹ ·-
ÓÙÔ¯‹. 

O™TIKO KATA°MA

K¿Ù·ÁÌ· Â›Ó·È Ë Ù¤ÏÂÈ· ‹ ·ÙÂÏ‹˜ Ï‡ÛË ÙË˜ ‰È·ÚıÚˆÙÈÎ‹˜
Û˘Ó¤¯ÂÈ·˜ ÙÔ˘ ÔÛÙÔ‡, Ë ÔÔ›· ÚÔ¤Î˘„Â ÌÂ ÊÔÚÙ›Ô ·Ú-
ÎÂÙ¤˜ ÊÔÚ¤˜ ˘„ËÏfiÙÂÚÔ ·fi ÙËÓ ·ÓÙÔ¯‹ ÙÔ˘ Î·ÙÂ-
ÛÙÚ·ÌÌ¤ÓÔ˘ Ì¤ÚÔ˘˜ ÙÔ˘ ÛÎÂÏÂÙÔ‡. MÈ· Ù¤ÙÔÈ· ·ıÔÏÔ-
ÁÈÎ‹ Î·Ù¿ÛÙ·ÛË ÌÔÚÂ› Ó· Û˘Ì‚Â› fi¯È ÌfiÓÔ ÏfiÁˆ ÙÚ·˘-
Ì·ÙÈÛÌÔ‡, ·ÏÏ¿ Î·È ˆ˜ ·ÔÙ¤ÏÂÛÌ· ‰È·ÊfiÚˆÓ ÓfiÛˆÓ, ÔÈ
ÔÔ›Â˜ Û˘ÓÔ‰Â‡ÔÓÙ·È ·fi ÛËÌ·ÓÙÈÎ¤˜ ·ÏÏ·Á¤˜ ÛÙÈ˜ È‰Èfi-
ÙËÙÂ˜ ·ÓÙÔ¯‹˜ ÙˆÓ ÔÛÙÒÓ. 

T‡ÔÈ Î·Ù¿ÁÌ·ÙÔ˜
T· Î·Ù¿ÁÌ·Ù· ÌÔÚÔ‡Ó Ó· Ù·ÍÈÓÔÌËıÔ‡Ó ÛÂ ÔÏÏ¤˜ ‚¿-
ÛÂÈ˜8. A˘Ù¤˜ ÂÚÈÏ·Ì‚¿ÓÔ˘Ó ÙÔ˘˜ ·ÈÙÈÒ‰ÂÈ˜ ·Ú¿ÁÔÓÙÂ˜,
ÙËÓ ¤ÓÙ·ÛË ÙË˜ ‚›·˜, ÙËÓ ÂÈÎÔÈÓˆÓ›· ‹ ÌË ÙÔ˘ Î·Ù¿ÁÌ·-
ÙÔ˜ ÌÂ ÙÔ ÂÚÈ‚¿ÏÏÔÓ, ÙËÓ ¤ÎÙ·ÛË ÙË˜ Î¿ÎˆÛË˜ ÙÔ˘ Ô-
ÛÙÔ‡, ÙÔ ÌË¯·ÓÈÛÌfi, ÙË ÌÂÙ·ÙfiÈÛË ÙˆÓ Î·ÙÂ·ÁfiÙˆÓ ÙÌË-
Ì¿ÙˆÓ, ÙË ÊÔÚ¿ ÙË˜ ÁÚ·ÌÌ‹˜ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ (ÂÈÎ. 2).
B·ÛÈÎÔ› ÛÙfi¯ÔÈ ÙË˜ ·ÓÙÈÌÂÙÒÈÛË˜ ÙˆÓ Î·Ù·ÁÌ¿ÙˆÓ
Â›Ó·È: 
1. H ·Ó¿Ù·ÍË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜, ÒÛÙÂ Ó· ·ÔÎ·Ù·ÛÙ·ıÂ›
Ô ¿ÍÔÓ·˜ Î·È Ë ·Ó·ÙÔÌ›· ÙÔ˘ ÔÛÙÔ‡.
2. H ·ÎÈÓËÙÔÔ›ËÛË ÙÔ˘ Î·Ù·ÁÌ·ÙÈÎÔ‡ ÔÛÙÔ‡ Ó· Â›Ó·È
ÁÚ‹ÁÔÚË Î·È ·ÛÊ·Ï‹˜.
3. H ˘ÔÛÙ‹ÚÈÍË ÙË˜ ‰È·‰ÈÎ·Û›·˜ ÙË˜ ÒÚˆÛË˜, ÂÍ·-
ÛÊ·Ï›˙ÔÓÙ·˜ ÙÈ˜ ‚ÈÔÏÔÁÈÎ¤˜ Î·È ÂÌ‚ÈÔÌË¯·ÓÈÎ¤˜ ÚÔ¸Ô-
ı¤ÛÂÈ˜, ··Ú·›ÙËÙÂ˜ ÁÈ· ÙËÓ Â˘fi‰ˆÛ‹ ÙË˜. 
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EÈÎfiÓ· 1: ¢È·ÁÚ·ÌÌ·ÙÈÎ‹ Û‡ÛÙ·ÛË ÔÛÙÔ‡.



¶øPø™H KATA°MATO™
TÔ ÔÛÙfi Â›Ó·È ¤Ó·˜ ÈÛÙfi˜ Ô˘ ˘Ê›ÛÙ·Ù·È Û˘ÓÂ¯Ò˜ ·ÔÚ-
ÚfiÊËÛË Î·È ·Ó¿Ï·ÛË (remodeling) ÌÂ ÙË ‰Ú¿ÛË ÙˆÓ Ô-
ÛÙÂÔÎÏ·ÛÙÒÓ Î·È ÙˆÓ ÔÛÙÂÔ‚Ï·ÛÙÒÓ ¤ÙÛÈ ÒÛÙÂ Ó· ‰È·-
ÙËÚÂ›Ù·È Ë ÔÌÔÈÔÛÙ·Û›· ÙÔ˘ Î·È Ë ÏÂÈÙÔ˘ÚÁÈÎ‹ ·ÔÛÙÔÏ‹
ÙÔ˘2. H ÂÔ‡ÏˆÛË ÂÓfi˜ Î·Ù¿ÁÌ·ÙÔ˜ Â›Ó·È Ì›· Û‡ÓıÂÙË
‰È·‰ÈÎ·Û›· Ë ÔÔ›· Î·Ù·Ï‹ÁÂÈ ÛÙËÓ Â·Ó·‰ËÌÈÔ˘ÚÁ›·
ÙÔ˘ ÔÛÙ›ÙË ÈÛÙÔ‡ Î·È ÙËÓ ·ÔÎ·Ù¿ÛÙ·ÛË ÙË˜ ÔÛÙÈÎ‹˜ Û˘-
Ó¤¯ÂÈ·˜ Ô˘ ÔÓÔÌ¿˙ÂÙ·È ÒÚˆÛË. H ÒÚˆÛË Â›Ó·È ·Ï-
ÏËÏÔ˘¯›· ‚ÈÔÏÔÁÈÎÒÓ ‰ÈÂÚÁ·ÛÈÒÓ, fiˆ˜ Ë ÌÂÙ·Ó¿ÛÙÂ˘-
ÛË, Ë ‰È·ÊÔÚÔÔ›ËÛË Î·È Ô ÔÏÏ·Ï·ÛÈ·ÛÌfi˜ Ô˘ ·ÊÔ-
Ú¿ Ù· ÊÏÂÁÌÔÓÒ‰Ë Î‡ÙÙ·Ú·, ÙÔ˘˜ ·ÁÁÂÈÔ‚Ï¿ÛÙÂ˜, ÙÔ˘˜
ÈÓÔ‚Ï¿ÛÙÂ˜, ÙÔ˘˜ ¯ÔÓ‰ÚÔ‚Ï¿ÛÙÂ˜ Î·È ÙÔ˘˜ ÔÛÙÂÔ‚Ï¿-
ÛÙÂ˜. OÈ ‰ÈÂÚÁ·Û›Â˜ ·˘Ù¤˜, Ì¤Ûˆ ÙˆÓ Î˘ÙÙ¿ÚˆÓ Û˘Óı¤-
ÙÔ˘Ó Î·È ·ÂÏÂ˘ıÂÚÒÓÔ˘Ó ‚ÈÔÂÓÂÚÁ¤˜ Ô˘Û›Â˜ Î·È Û˘ÛÙ·-
ÙÈÎ¿ ÂÍˆÎ˘ÙÙ¿ÚÈ·˜ ıÂÌ¤ÏÈ·˜ Ô˘Û›·˜ fiˆ˜ ‰È¿ÊÔÚÔ˘˜
Ù‡Ô˘˜ ÎÔÏÏ·ÁfiÓÔ˘ Î·È ·˘ÍËÙÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜. H ‰È·-
‰ÈÎ·Û›· ÙË˜ ÂÈÛÎÂ˘‹˜ ÂÚÈ¤¯ÂÈ ÙË ‰ËÌÈÔ˘ÚÁ›· ÂÓ‰È¿ÌÂ-
ÛˆÓ ÈÛÙÒÓ fiˆ˜ Ô ÈÓÒ‰Ë˜ ÈÛÙfi˜, Ô ¯fiÓ‰ÚÈÓÔ˜ ÈÛÙfi˜ Î·È
ÙÔ ¿ˆÚÔ ÚˆÙÔÁÂÓ¤˜ ÔÛÙfi ÚÈÓ ÙËÓ ÙÂÏÈÎ‹ Ê¿ÛË ÙÔ˘
Û¯ËÌ·ÙÈÛÌÔ‡ ÔÛÙÔ‡. H ·ÚÔ˘Û›· ÙˆÓ ÂÓ‰È¿ÌÂÛˆÓ ÈÛÙÒÓ
Â›Ó·È ··Ú·›ÙËÙË ÁÈ· ÙËÓ ·ÔÎ·Ù¿ÛÙ·ÛË ÙË˜ ÌË¯·ÓÈÎ‹˜
ÛÙ·ıÂÚfiÙËÙ·˜, ÛÙÔ ÛËÌÂ›Ô ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜9. ¶ÚÔ¸Ô-
ı¤ÙÂÈ ÛÙ·ıÂÚfi ÂÚÈ‚¿ÏÏÔÓ (·ÎÈÓËÙÔÔ›ËÛË), ÔÛÙÈÎ‹ Â·-
Ê‹ ÙˆÓ Î·ÙÂ·ÁfiÙˆÓ ¿ÎÚˆÓ Î·È ‰È·Ù‹ÚËÛË ÙË˜ Î˘ÎÏÔÊÔ-
Ú›·˜. H ÂÔ‡ÏˆÛË ÙˆÓ Î·Ù·ÁÌ¿ÙˆÓ ÂÏ¤Á¯ÂÙ·È ·fi ·-
Ú¿ÁÔÓÙÂ˜ Ô˘ ·ÊÔÚÔ‡Ó Û˘ÓÔÏÈÎ¿ ÙÔÓ ÔÚÁ·ÓÈÛÌfi ·ÏÏ¿
Î·È ·fi ÙÔÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜.

KÏ·ÛÈÎ‹ ÈÛÙÔÏÔÁÈÎ‹ ÚÔÛ¤ÁÁÈÛË ÒÚˆÛË˜ 
Î·Ù¿ÁÌ·ÙÔ˜
IÛÙÔÏÔÁÈÎ¿, Ë ÒÚˆÛË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ ‰È·ÎÚ›ÓÂÙ·È ÛÂ
ÚˆÙÔÁÂÓ‹ (¿ÌÂÛË) Î·È ‰Â˘ÙÂÚÔÁÂÓ‹ (¤ÌÌÂÛË) ÒÚˆÛË.
MÂÁ¿ÏÔ Ì¤ÚÔ˜ ÙË˜ ÁÓÒÛË˜ Û¯ÂÙÈÎ¿ ÌÂ Ù· Û˘Ì‚¿ÓÙ· ÛÂ
ÌÔÚÈ·Îfi Â›Â‰Ô, Î·ıÒ˜ Î·È Ù· ¯ÚÔÓÈÎ¿ Î·È ¯ˆÚÈÎ¿ ¯·-
Ú·ÎÙËÚÈÛÙÈÎ¿ ÙÔ˘˜ ¤¯Ô˘Ó ‰È·ÏÂ˘Î·ÓıÂ› ÌÂ ÂÈÚ·Ì·ÙÈÎ¤˜
ÌÂÏ¤ÙÂ˜ ÛÂ ·ÚÔ˘Ú·›Ô˘˜9.

¶ÚˆÙÔÁÂÓ‹˜ (¿ÌÂÛË) ÒÚˆÛË Î·Ù¿ÁÌ·ÙÔ˜
H ÚˆÙÔÁÂÓ‹˜ ÒÚˆÛË Â›Ó·È ÌÈ· Û¿ÓÈ· ‰È·‰ÈÎ·Û›· ÛÙË
Ê‡ÛË Î·È Û˘Ó‹ıˆ˜ Â›Ó·È ·ÚÔ‡Û· ÌÂÙ¿ ·fi È·ÙÚÈÎ‹ ·-
Ú¤Ì‚·ÛË ÌÂ ¿Î·ÌÙË ÂÛˆÙÂÚÈÎ‹ ÛÙÂÚ¤ˆÛË (ÂÈÎ. 3).
¶ÂÚÈÏ·Ì‚¿ÓÂÈ ÙÔÓ ÂÓ‰ÔÌÂÌ‚Ú·ÓÈÎfi Û¯ËÌ·ÙÈÛÌfi ÔÛÙÔ‡
Î·È ÙËÓ ¿ÌÂÛË ·Ó·‰fiÌËÛË ¯ˆÚ›˜ ÙÔ Û¯ËÌ·ÙÈÛÌfi ÒÚÔ˘
Á‡Úˆ ·fi ÙÔ Î¿Ù·ÁÌ·. AÊÔÚ¿ ÌfiÓÔ ÙÈ˜ ÂÚÈÙÒÛÂÈ˜ ÌÈ-
ÎÚÒÓ ·Ú·ÌÔÚÊÒÛÂˆÓ, Â›ÙÂ ÌÂ ÌÈÎÚ¿ ÎÂÓ¿ ‹ ¿ÌÂÛË Â·-
Ê‹ ÙˆÓ ¿ÎÚˆÓ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ ÙÔ˘ Û˘Ì·ÁÔ‡˜ ÔÛÙÔ‡

Î·È ÂÚÈÙÒÛÂÈ˜ È‰·ÓÈÎÒÓ Û˘ÓıËÎÒÓ ÒÚˆÛË˜, fiˆ˜
ÌË¯·ÓÈÎ‹ ÛÙ·ıÂÚfiÙËÙ· Î·È ·Ô˘Û›· ÎÂÓÔ‡9,10. H ÂÚ›Ùˆ-
ÛË ÒÚˆÛË˜ ÌÂ ÌÈÎÚfi Î·Ù·ÁÌ·ÙÈÎfi ÎÂÓfi ÔÓÔÌ¿˙ÂÙ·È ˘-
ÌÂÓÔÁÂÓ‹˜. H ˘ÌÂÓÔÁÂÓ‹˜ ÒÚˆÛË ÚÔÎ‡ÙÂÈ ÛÂ ‰‡Ô
ÛÙ¿‰È·. •ÂÎÈÓ¿ ÌÂ ÔÛÙÈÎ‹ Â›ÛÙÚˆÛË ÛÂ fiÏË ÙËÓ ÂÈÊ¿-
ÓÂÈ· ÙˆÓ Î·ÙÂ·ÁfiÙˆÓ ¿ÎÚˆÓ Î·È ·ÎÔÏÔ˘ıÂ› ÌÂ ÔÛÙÈÎ‹ ·-
Ó·Î·Ù·ÛÎÂ˘‹. ™ÙÔ ÚÒÙÔ ÛÙ¿‰ÈÔ ‰ËÌÈÔ˘ÚÁÂ›Ù·È ¤Ó· È-
ÎÚ›ˆÌ· ·fi ‰ÈÎÙ˘ˆÙfi ÔÛÙfi Î·È ·ÎÔÏÔ˘ıÂ› Ô Û¯ËÌ·ÙÈ-
ÛÌfi˜ ÂÙ·ÏÈÒ‰Ô˘˜ ÔÛÙÔ‡ ̂ ˜ ÛÙ‹ÚÈÁÌ·. O ÚÔÛ·Ó·ÙÔÏÈ-
ÛÌfi˜ ÙÔ˘ Ó¤Ô˘ ÔÛÙÔ‡ Ô˘ Û¯ËÌ·Ù›˙ÂÙ·È ÛÂ ·˘Ùfi ÙÔ ÛÙ¿-
‰ÈÔ Â›Ó·È ÂÁÎ¿ÚÛÈÔ˜ ÛÂ Û¯¤ÛË ÌÂ ·˘ÙfiÓ Ô˘ ¤¯ÂÈ ÙÔ ·Ú¯È-
Îfi ÂÙ·ÏÈÒ‰Â˜ ÔÛÙfi. ™Â ·˘Ù‹ ÙË Ê¿ÛË ‰ÂÓ ÚÔËÁÂ›Ù·È
ÙË˜ ·Ú·ÁˆÁ‹˜ ÔÛÙÔ‡ ¯fiÓ‰ÚÈÓÔ˜ ‹ ÈÓÔ¯fiÓ‰ÚÈÓÔ˜ ÈÛÙfi˜.
™ÙÔ ‰Â‡ÙÂÚÔ ÛÙ¿‰ÈÔ ÒÚˆÛË˜ ·˘Ù‹˜ ÙË˜ ÌÔÚÊ‹˜ ·Ú¯›-
˙ÂÈ Ë ÂÌÊ¿ÓÈÛË ÙˆÓ ·‚ÂÚÛÈ·ÓÒÓ Û˘ÛÙËÌ¿ÙˆÓ (Haversian
systems) Ù· ÔÔ›· Â·Ó·Î·Ù·ÛÎÂ˘¿˙Ô˘Ó Ù· ÓÂÎÚˆÙÈÎ¿
¿ÎÚ· ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ ÌÂ ÙÔÓ ÚÔÛ·Ó·ÙÔÏÈÛÌfi ÙˆÓ Ô-
ÛÙÂfiÓˆÓ ÙÔ˘ ÓÂÔÛ¯ËÌ·ÙÈÛÌ¤ÓÔ˘ ÔÛÙÔ‡ Ó· Â›Ó·È fiÌÔÈÔ˜
ÌÂ ·˘ÙfiÓ ÚÔ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜9,11. ™ÙËÓ ÒÚˆÛË ÌÂ ¿ÌÂ-
ÛË Â·Ê‹ ÔÈ ÔÛÙÂfiÓÂ˜ ÌÔÚÔ‡Ó Ó· ·Ó·Ù˘¯ıÔ‡Ó ‰È· Ì¤-
ÛÔ˘ ÙË˜ Î·Ù·ÁÌ·ÙÈÎ‹˜ ÂÛÙ›·˜ ·Ú¿ÏÏËÏ· ÌÂ ÙÔÓ ÂÈÌ‹-
ÎË ¿ÍÔÓ· ÙÔ˘ ÔÛÙÔ‡ ¯ˆÚ›˜ Ó· ÚÔËÁËıÂ› Ë ÂÁÎ¿ÚÛÈ· Â-
Ó·fiıÂÛË ¿ˆÚÔ˘ ÚˆÙÔÁÂÓÔ‡˜ ÔÛÙÔ‡ (woven) ·Ó¿ÌÂ-
Û· ÛÙ· ÔÛÙÂÔÙÂÌ¿¯È·. Yfi ·˘Ù¤˜ ÙÈ˜ Û˘Óı‹ÎÂ˜ ÔÈ ÔÛÙÂÔ-
ÎÏ¿ÛÙÂ˜ ·fi ÙË Ì›· ÏÂ˘Ú¿ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ ·ÓÙ·ÔÎÚ›-
ÓÔÓÙ·È ÛÙÔ ÂÚ¤ıÈÛÌ· ÙË˜ ·ÔÚÚfiÊËÛË˜ Û¯ËÌ·Ù›˙ÔÓÙ·˜
ÎÒÓÔ˘˜ (cutting cones) Ô˘ ‰È·ÂÚÓÔ‡Ó ÙËÓ Î·Ù·ÁÌ·ÙÈ-
Î‹ ÂÛÙ›·. A˘Ù‹ Ë ÎÔÈÏfiÙËÙ· Û¯ËÌ·Ù›˙ÂÙ·È ·fi ÙË ‰Ú¿ÛË
ÙˆÓ ÔÛÙÂÔÎÏ·ÛÙÒÓ Î·È ÙËÓ ·ÔÚÚfiÊËÛË ÙˆÓ ÓÂÎÚˆÙÈ-
ÎÒÓ ÛÙÔÈ¯Â›ˆÓ Î·È ÂÈÏ¤ÔÓ ÂÈÙÚ¤ÂÈ ÙË ‰ÈÂ›Û‰˘ÛË ÙÚÈ-
¯ÔÂÈ‰ÒÓ ·ÁÁÂ›ˆÓ Î·È ÙË ‰ËÌÈÔ˘ÚÁ›· Ó¤ˆÓ ·‚ÂÚÛÈ·ÓÒÓ
Û˘ÛÙËÌ¿ÙˆÓ (Haversian systems). TÔ ‰›ÎÙ˘Ô ÙˆÓ ·ÈÌÔ-
ÊfiÚˆÓ ·ÁÁÂ›ˆÓ Û˘ÓÔ‰Â‡ÔÓÙ·È ·fi ÂÓ‰ÔıËÏÈ·Î¿ Î‡ÙÙ·-
Ú· Î·È Úfi‰ÚÔÌ· ÔÛÙÈÎ¿ Î‡ÙÙ·Ú· ÁÈ· ÙË ‰ËÌÈÔ˘ÚÁ›· Ô-
ÛÙÔ‚Ï·ÛÙÒÓ. OÈ ÔÛÙÂÔ‚Ï¿ÛÙÂ˜ ·ÎÔÏÔ˘ıÔ‡Ó ·Ì¤Ûˆ˜ ÁÈ·
Ó· ÁÂÌ›ÛÔ˘Ó Ù· Î·Ó¿ÏÈ· ÌÂ Ó¤Ô˘˜ ÔÛÙÂfiÓÂ˜, ÙÈ˜ ‚·ÛÈÎ¤˜
ÌÔÓ¿‰Â˜ ÙÔ˘ ÔÛÙÔ‡, Ô˘ ÁÂÊ˘ÚÒÓÔ˘Ó ÙËÓ Î·Ù·ÁÌ·ÙÈÎ‹
ÂÛÙ›·9,11.
AÎÙÈÓÔÏÔÁÈÎ¿ ÛÙËÓ ÚˆÙÔÁÂÓ‹ ÒÚˆÛË ‰È·ÈÛÙÒÓÂÙ·È
·Ô˘Û›· ÂÓ‰ÔÛÙÈÎÔ‡ Î·È ÂÚÈÔÛÙÈÎÔ‡ ÒÚÔ˘ Î·È ÚÔÔ-
‰Â˘ÙÈÎ¿ ÂÍ¿ÏÂÈ„Ë ÙË˜ ÏÂÙ‹˜ Î·Ù·ÁÌ·ÙÈÎ‹˜ ÁÚ·ÌÌ‹˜.

¢Â˘ÙÂÚÔÁÂÓ‹˜ (¤ÌÌÂÛË) ÒÚˆÛË Î·Ù¿ÁÌ·ÙÔ˜
™Â Î·Ù¿ÁÌ·Ù· ÌÂ ·ÚÂÎÙfiÈÛË Î·È ÎÈÓËÙÈÎfiÙËÙ· Î¿ÔÈÔ˘
‚·ıÌÔ‡ ÛÙ· Î·ÙÂ·ÁfiÙ· ¿ÎÚ·, ·ÎÔÏÔ˘ıÂ›Ù·È Ë ‰È·‰ÈÎ·-
Û›· ÙË˜ ‰Â˘ÙÂÚÔÁÂÓÔ‡˜ ÒÚˆÛË˜, fiÔ˘ ÛÙÔ ÌË¯·ÓÈÛÌfi
Û˘ÌÌÂÙ¤¯Ô˘Ó ÙÔ ÂÚÈfiÛÙÂÔ Î·È ÔÈ ¤ÚÈÍ Ì·Ï·ÎÔ› ÈÛÙÔ›. H
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EÈÎfiÓ· 2: §ÔÍfi, ·ÚÂ-
ÎÙÔÈÛÌ¤ÓÔ Î¿Ù·ÁÌ·. 

EÈÎfiÓ· 3:
EÛˆÙÂÚÈÎ‹ 
ÔÛÙÂÔÛ‡ÓıÂÛË.



ÛËÌ·ÓÙÈÎfiÙÂÚË ‰ÈÂÚÁ·Û›· ÂÔ‡ÏˆÛË˜ ˘ÏÔÔÈÂ›Ù·È ÛÙÔ
ÂÚÈfiÛÙÂÔ. H ‰Â˘ÙÂÚÔÁÂÓ‹˜ ÒÚˆÛË Î·Ù¿ÁÌ·ÙÔ˜ ·ÊÔ-
Ú¿ ÙËÓ ÏÂÈÔÓfiÙËÙ· ÙˆÓ Î·Ù·ÁÌ¿ÙˆÓ Î·È ÂÚÈÏ·Ì‚¿ÓÂÈ
ÙÔ Û˘Ó‰˘·ÛÌfi ÂÓ‰ÔÌÂÌ‚Ú·ÓÈÎ‹˜ Î·È ÂÓ‰Ô¯ÔÓ‰ÚÈÎ‹˜ 
ÔÛÙÂÔÔ›ËÛË˜, ÌÂ Â·ÎfiÏÔ˘ıÔ ÙÔ Û¯ËÌ·ÙÈÛÌfi Î¿ÏÔ˘9. 
H ÂÓ‰ÔÌÂÌ‚Ú·ÓÈÎ‹ ÔÛÙÂÔÔ›ËÛË ÂÚÈÏ·Ì‚¿ÓÂÈ ÙÔ Û¯Ë-
Ì·ÙÈÛÌfi ÔÛÙÔ‡ ·Â˘ıÂ›·˜, ¯ˆÚ›˜ ÚÒÙ· Ó· Û¯ËÌ·Ù›˙Â-
Ù·È Ô ¯fiÓ‰ÚÔ˜, ·fi ÔÛÙÂÔÚÔÁÔÓÈÎ¿ Î‡ÙÙ·Ú·, Î·È ·‰È·-
ÊÔÚÔÔ›ËÙ· ÌÂÛÂÁ¯˘Ì·ÙÈÎ¿ Î‡ÙÙ·Ú· Ô˘ ‚Ú›ÛÎÔÓÙ·È
ÛÙÔ ÂÚÈfiÛÙÂÔ, Ì·ÎÚ‡ÙÂÚ· ·fi ÙÔ ÛËÌÂ›Ô Î·Ù¿ÁÌ·ÙÔ˜.
K·Ù·Ï‹ÁÂÈ ÛÂ Û¯ËÌ·ÙÈÛÌfi Î¿ÏˆÓ, Ô˘ ÂÚÈÁÚ¿ÊÂÙ·È È-
ÛÙÔÏÔÁÈÎ¿ ˆ˜ «ÛÎÏËÚfi˜ ÒÚÔ˜».
O ÒÚÔ˜ Ô˘ Û¯ËÌ·Ù›˙ÂÙ·È ·fi ÙËÓ ÂÓ‰Ô¯ÔÓ‰ÚÈÎ‹ ÔÛÙÂ-
ÔÔ›ËÛË Û¯ËÌ·Ù›˙ÂÙ·È ÂÓÙfi˜ ÙË˜ ÂÚÈÔ¯‹˜ ÙÔ˘ Î·Ù¿ÁÌ·-
ÙÔ˜ Î·È ÂÚÈÏ·Ì‚¿ÓÂÈ ÙËÓ ·Ó¿Ù˘ÍË ̄ fiÓ‰ÚÔ˘ ÛÂ ·¿ÓÙË-
ÛË ÙË˜ ̆ ÔÍ›·˜ Ô˘ ÔÊÂ›ÏÂÙ·È ÛÙËÓ ¤ÏÏÂÈ„Ë ·ÚÔ¯‹˜ ·›-
Ì·ÙÔ˜. T· ¯ÔÓ‰ÚÔÎ‡ÙÙ·Ú· ÚÔ¤Ú¯ÔÓÙ·È ·fi ÌÂÛÂÁ¯˘-
Ì·ÙÈÎ¿ ‚Ï·ÛÙÔÎ‡ÙÙ·Ú· MSCs ÙÔ˘ ÂÓ‰ÔÛÙ¤Ô˘ Î·È ÙÔ˘ Â-
ÚÈÔÛÙ¤Ô˘. AÎÔÏÔ˘ıÂ› Ë ·Û‚ÂÙÔÔ›ËÛË ÙË˜ Ì‹ÙÚ·˜ ÙÔ˘
¯fiÓ‰ÚÔ˘. T· ˘ÂÚÙÚÔÊÈÎ¿ ¯ÔÓ‰ÚÔÎ‡ÙÙ·Ú· ˘Ô‚¿ÏÏÔ-
ÓÙ·È ÛÂ ·fiÙˆÛË Î·È Ë ·Û‚ÂÛÙÔÔÈËÌ¤ÓË Ì‹ÙÚ· ·Ô-
Ì·ÎÚ‡ÓÂÙ·È ÌÂ ÂÈÛ‚ÔÏ‹ ÔÛÙÂÔÎÏ·ÛÙÒÓ Î·È ·ÈÌÔÊfiÚˆÓ
·ÁÁÂ›ˆÓ, ·ÎÔÏÔ˘ıÔ‡ÌÂÓË ·fi Û¯ËÌ·ÙÈÛÌfi ÔÛÙÒÓ Ô˘
ÚÔÎ·ÏÂ›Ù·È ·fi ÔÛÙÂÔ‚Ï¿ÛÙÂ˜12. H ÒÚˆÛË ÙÔ˘ Î·Ù¿Á-
Ì·ÙÔ˜ ÂËÚÂ¿˙ÂÙ·È Î·È ·fi ÂÍˆÙÂÚÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜,
Û˘ÌÂÚÈÏ·Ì‚·ÓÔÌ¤ÓÔ˘ ÙÔ˘ ÌË¯·ÓÈÎÔ‡ ÂÚÈ‚¿ÏÏÔÓÙÔ˜
ÛÙÔ ÛËÌÂ›Ô Î·Ù¿ÁÌ·ÙÔ˜. H Î›ÓËÛË ÛÙÔ ÛËÌÂ›Ô Î·Ù¿ÁÌ·-
ÙÔ˜ ¤¯ÂÈ ˆ˜ ·ÔÙ¤ÏÂÛÌ· ÙËÓ ÂÔ‡ÏˆÛË Î˘Ú›ˆ˜ Ì¤Ûˆ
ÙÔ˘ Û¯ËÌ·ÙÈÛÌÔ‡ ¯fiÓ‰ÚÔ˘ (ÂÓ‰Ô¯ÔÓ‰ÚÈÎ‹ ÔÛÙÂÔÔ›Ë-
ÛË), Ë ‰Â ÛÙ·ıÂÚfiÙËÙ· Â˘ÓÔÂ› ÙÔÓ ¿ÌÂÛÔ Û¯ËÌ·ÙÈÛÌfi Ô-
ÛÙÔ‡ (ÂÓ‰ÔÌÂÌ‚Ú·ÓÈÎ‹ ÔÛÙÂÔÔ›ËÛË). T· ÂÚÈÛÛfiÙÂÚ·
Ì·ÎÚÔ¯ÚfiÓÈ· Î·Ù¿ÁÌ·Ù· ÔÛÙÒÓ ıÂÚ·Â‡ÔÓÙ·È ÌÂ Û˘Ó-
‰˘·ÛÌfi ÂÓ‰ÔÌÂÌ‚Ú·ÓÈÎ‹˜ Î·È ÂÓ‰Ô¯ÔÓ‰ÚÈÎ‹˜ ÔÛÙÂÔÔ›-
ËÛË˜. H ÂÓ‰Ô¯ÔÓ‰ÚÈÎ‹ Î·ıÒ˜ Î·È Ë ÂÓ‰ÔÌÂÌ‚Ú·ÓÈÎ‹ Ô-
ÛÙÂÔÔ›ËÛË ·Ú¿ÁÔ˘Ó ‰ÈÎÙ˘ˆÙfi ÔÛÙfi (woven bone) ÌÂ
Î·ÎÒ˜ ÔÚÁ·ÓˆÌ¤ÓË Ì‹ÙÚ· ̆ ‰ÚÔÍ˘··Ù›ÙË. A˘Ùfi Â›Ó·È Â-
Í·ÈÚÂÙÈÎ¿ ÛËÌ·ÓÙÈÎfi Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ÂÔ‡ÏˆÛË˜
Î·Ù¿ÁÌ·ÙÔ˜, Î·ıÒ˜ ··ÈÙÂ›Ù·È ÁÚ‹ÁÔÚÔ˜ Û¯ËÌ·ÙÈÛÌfi˜
Ó¤ˆÓ ÔÛÙÒÓ ÁÈ· ÙËÓ Ù·¯Â›· ÂÓÔÔ›ËÛË ÙˆÓ Î·ÙÂ·ÁfiÙˆÓ
ÙÌËÌ¿ÙˆÓ Î·È ÙËÓ ·ÔÎ·Ù¿ÛÙ·ÛË ÙË˜ ÌË¯·ÓÈÎ‹˜ ÛÙ·ıÂ-
ÚfiÙËÙ·˜ ÙÔ˘ ÔÛÙÔ‡. O Ú˘ıÌfi˜ ÌÂÙ·ÙfiÈÛË˜ ÙˆÓ ‰ÈÎÙ˘ˆ-
ÙÒÓ ÔÛÙÒÓ ÌÔÚÂ› Ó· Â›Ó·È 2-4 ÊÔÚ¤˜ ÌÂÁ·Ï‡ÙÂÚÔ˜ ·fi
ÙÔÓ Û¯ËÌ·ÙÈÛÌfi ‰ÔÎÈ‰Ò‰Ô˘˜ ÔÛÙÔ‡. TÔ ‰ÈÎÙ˘ˆÙfi ÔÛÙfi
ı· ·Ó·‰È·ÌÔÚÊˆıÂ› ·ÚÁfiÙÂÚ· ·fi ÔÛÙÂÔÎÏ¿ÛÙÂ˜ ÛÂ
‰ÔÎÈ‰Ò‰Â˜ ÔÛÙfi (lamellar bone)12. 
AÎÙÈÓÔÏÔÁÈÎ¿ ÛÙË ‰Â˘ÙÂÚÔÁÂÓ‹ ÒÚˆÛË ‰È·ÈÛÙÒÓÂÙ·È
Ô Û¯ËÌ·ÙÈÛÌfi˜ ÂÌÊ·ÓÔ‡˜ ÂÍˆÙÂÚÈÎÔ‡ ÒÚÔ˘. TÈ˜ ÙÂÏÂ˘-
Ù·›Â˜ ‰ÂÎ·ÂÙ›Â˜, Ô ˘ÂÚ·ÏÔ˘ÛÙÂ˘Ì¤ÓÔ˜ ‰È·¯ˆÚÈÛÌfi˜
ÛÂ ÚˆÙÔÁÂÓ‹ Î·È ‰Â˘ÙÂÚÔÁÂÓ‹ ÒÚˆÛË, ¤¯ÂÈ ·ÓÙÈÎ·Ù·-
ÛÙ·ıÂ›. 

™Ù¿‰È· ÂÔ‡ÏˆÛË˜ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜
H ‰Â˘ÙÂÚÔÁÂÓ‹˜ ÒÚˆÛË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ ÌÔÚÂ› Ó· ıÂ-
ˆÚËıÂ› ˆ˜ ÌÈ· ÛÂÈÚ¿ ÙÚÈÒÓ ‰È·ÎÚÈÙÒÓ ÛÙ·‰›ˆÓ Ô˘ ÂÌ-
Ê·Ó›˙ÔÓÙ·È ‰È·‰Ô¯ÈÎ¿ Î·È ·ÏÏËÏÂÈÎ·Ï‡ÙÔÓÙ·È ÛÂ Î¿-
ÔÈÔ ‚·ıÌfi. TÔ ÛÙ¿‰ÈÔ Û¯ËÌ·ÙÈÛÌÔ‡ ·ÈÌ·ÙÒÌ·ÙÔ˜ Î·È
ÊÏÂÁÌÔÓ‹˜, ÙË˜ ÂÈ‰ÈfiÚıˆÛË˜ Î·È ÙË˜ ·Ó·Î·Ù·ÛÎÂ˘‹˜. 
EÓÒ ÔÈ ‚ÈÔÏÔÁÈÎ¤˜ ·fi„ÂÈ˜ Î·È ÔÈ Î˘ÙÙ·ÚÈÎ¤˜ ÂÈ‰Ú¿ÛÂÈ˜
ÙË˜ Ê¿ÛË˜ ·ÈÌ·ÙÒÌ·ÙÔ˜ ÛÙËÓ ÂÔ‡ÏˆÛË ÙˆÓ ÔÛÙÒÓ ·-
Ú·Ì¤ÓÔ˘Ó ·Û·ÊÂ›˜, Ë ·ÈÌ·ÙÒ‰Ë˜ Ê¿ÛË Â›Ó·È ÎÚ›ÛÈÌË ÁÈ·
ÙËÓ ¤Ó·ÚÍË ÙË˜ ıÂÚ·Â˘ÙÈÎ‹˜ ‰È·‰ÈÎ·Û›·˜. H ·Ê·›ÚÂÛ‹
ÙÔ˘ Ô‰ËÁÂ› ÛÂ Î·ı˘ÛÙÂÚËÌ¤ÓË ‹ ÌË ÂÔ‡ÏˆÛË13. ™˘ÓÂ-
Ò˜, Ù· ·ÈÌ·ÙÒÌ·Ù· Î·È Ù· ÂÈÙ˘¯Ò˜ ıÂÚ·Â˘Ì¤Ó· Î·-

Ù¿ÁÌ·Ù· ·Ú¤¯Ô˘Ó ÙÔ Î·Ù¿ÏÏËÏÔ ÂÚÈ‚¿ÏÏÔÓ ÁÈ· ÙËÓ ÂÎ-
Î›ÓËÛË ·ÚÎÂÙÒÓ Î˘ÙÙ·ÚÈÎÒÓ Î·È ‚ÈÔÏÔÁÈÎÒÓ ‰Ú·ÛÙËÚÈÔ-
Ù‹ÙˆÓ ÎÚ›ÛÈÌˆÓ ÁÈ· ÂÈÙ˘¯Ò˜ ÂÔ˘ÏˆÌ¤Ó· Î·Ù¿ÁÌ·-
Ù·13,14. 
AÌ¤Ûˆ˜ ÌÂÙ¿ ·fi ÙÔ Î¿Ù·ÁÌ· (24-48 ÒÚÂ˜), ¤Ó· ·ÈÌ¿Ùˆ-
Ì· ÛÙËÓ ÂÚÈÔ¯‹ ¤Ú¯ÂÙ·È Ó· Î·Ï‡„ÂÈ ÙÔ ÎÂÓfi ÙÔ˘ Î·Ù¿Á-
Ì·ÙÔ˜. ¶ÚÔ¤Ú¯ÂÙ·È ·fi Ú‹ÍË ·ÁÁÂ›ˆÓ ÙÔ˘ ÔÛÙÔ‡, ÂÚÈÔ-
ÛÙ¤Ô˘, ÂÓ‰ÔÛÙ¤Ô˘ Î·È ÙˆÓ Ì·Ï·ÎÒÓ ÌÔÚ›ˆÓ Ì¤¯ÚÈ ÙÔ˘ ÛË-
ÌÂ›Ô˘ fiÔ˘ ·Ú·Ì¤ÓÂÈ ·Ó¤·ÊÔ ÙÔ ·Ó·ÛÙÔÌˆÙÈÎfi ‰›ÎÙ˘Ô
ÙˆÓ ·ÁÁÂ›ˆÓ ÙÔ˘ Havers, ‰ËÏ·‰‹ ÛÂ Ì‹ÎÔ˜ ÂÚ›Ô˘ 1-2
mm15. H ·ÔÎfiÏÏËÛË ÙˆÓ Ì·Ï·ÎÒÓ ÌÔÚ›ˆÓ, ÛÂ Û˘Ó‰˘·-
ÛÌfi ÌÂ ÙË ‰È·ÎÔ‹ ÙË˜ Û˘Ó¤¯ÂÈ·˜ ÙË˜ ÙÚÔÊÔÊfiÚÔ˘ ·Ú-
ÙËÚ›·˜, ÚÔÎ·ÏÔ‡Ó ··ÁÁÂ›ˆÛË Î·È ¿ÏÏÔÙÂ ¿ÏÏÔ˘ ‚·ı-
ÌÔ‡ Ó¤ÎÚˆÛË ÙˆÓ ÔÛÙÈÎÒÓ ¿ÎÚˆÓ. H ·ÚÔ˘Û›· ÙÔ˘ Û˘Ófi-
ÏÔ˘ ÙˆÓ ÓÂÎÚˆÌ¤ÓˆÓ ÈÛÙÒÓ ÚÔÎ·ÏÂ› ¿ÌÂÛË Î·È ¤ÓÙÔÓË
·ÓÙ›‰Ú·ÛË ÊÏÂÁÌÔÓ‹˜, Ô˘ ÂÎ‰ËÏÒÓÂÙ·È ÌÂ ·ÁÁÂÈÔ-
‰È·ÛÙÔÏ‹ Î·È ÂÍ›‰ÚˆÛË Ï¿ÛÌ·ÙÔ˜, Î·È ÙÂÏÈÎ¿ Ô‰ËÁÂ› ÛÂ
ÔÍ‡ Ô›‰ËÌ· ÛÙËÓ ÂÚÈÔ¯‹ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜. TÔ ·ÈÌ¿ÙˆÌ·
ÏÂÈÙÔ˘ÚÁÂ› ˆ˜ ÚÔÛˆÚÈÓfi ÈÎÚ›ˆÌ· ÁÈ· Î˘ÙÙ·ÚÈÎ‹ ‰Ú·-
ÛÙËÚÈfiÙËÙ· Î·È ·Ú¤¯ÂÈ ¤Ó· Î·Ù¿ÏÏËÏÔ ÂÚÈ‚¿ÏÏÔÓ ÁÈ·
ÙÔÓ Î·Ù·ÚÚ¿ÎÙË ÙˆÓ ‚ÈÔÏÔÁÈÎÒÓ ÁÂÁÔÓfiÙˆÓ Ô˘ ·ÎÔ-
ÏÔ˘ıÔ‡Ó Ù· ÔÔ›· Ô‰ËÁÔ‡Ó ÛÙËÓ ÒÚˆÛË16. TÔ ·Ú¯ÈÎfi
·ÈÌ¿ÙˆÌ· ÌÂÙ¿ ·fi ÙÔÓ ÙÚ·˘Ì·ÙÈÛÌfi Â›Ó·È ÛËÌ·ÓÙÈÎ‹
ËÁ‹ ÙˆÓ ÌÔÚ›ˆÓ Ô˘ ‰ÈÂÁÂ›ÚÔ˘Ó ÙË ÊÏÂÁÌÔÓ‹ Î·È ÙÔÓ
ÔÏÏ·Ï·ÛÈ·ÛÌfi. ºÏÂÁÌÔÓÒ‰Ë˜ ·ÓÙ›‰Ú·ÛË ‰Ú·ÛÙËÚÈÔ-
ÔÈÂ›Ù·È ÛÙËÓ ÂÚÈÔ¯‹ Á‡Úˆ ·fi ÙË ‚Ï¿‚Ë ÙˆÓ ÔÛÙÒÓ3,17.
T· ÊÏÂÁÌÔÓÒ‰Ë Î‡ÙÙ·Ú· (ÎÔÎÎÈÔÎ‡ÙÙ·Ú·, Ì·ÎÚÔÊ¿Á·.
Ì·ÛÙÔÎ‡ÙÙ·Ú·, ÔÏ˘ÌÔÚÊÔ‡ÚËÓ·, ÏÂÌÊÔÎ‡ÙÙ·Ú·) ·-
Ô‰ÔÌÔ‡Ó ÙÔ˘˜ ÓÂÎÚˆÌ¤ÓÔ˘˜ ÈÛÙÔ‡˜, ÂÎÎÚ›ÓÔ˘Ó Î˘ÙÔÎ›-
ÓÂ˜, ÛËÌ·ÓÙÈÎ¤˜ ÛÙË Ú‡ıÌÈÛË ÙˆÓ ·Ú¯ÈÎÒÓ ÁÂÁÔÓfiÙˆÓ
ÙË˜ ÒÚˆÛË˜. K·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙÔ˘ ÚÒÙÔ˘ 24ˆÚÔ˘
ÎÔÚ˘ÊÒÓÂÙ·È Ë ¤ÎÊÚ·ÛË ÙË˜ IL-1 Î·È ÙË˜ IL-6 Î·È ÛÙË Û˘-
Ó¤¯ÂÈ· ·Ú·ÙËÚÂ›Ù·È Ù·¯Â›· ÌÂ›ˆÛ‹ ÙÔ˘˜ ÒÛÙÂ Ì¤¯ÚÈ ÙÔ
ÙÚ›ÙÔ 24ˆÚÔ Ù· Â›Â‰· ·˘ÙÒÓ ÙˆÓ Î˘ÙÔÎÈÓÒÓ Û¯Â‰fiÓ Â›-
Ó·È ÌË ·ÓÈ¯ÓÂ‡ÛÈÌ·18. T· ·ÔÛ˘ÓÙÂıÂÈÌ¤Ó· ·ÈÌÔÂÙ¿ÏÈ·
ÙÔ˘ ·ÈÌ·ÙÒÌ·ÙÔ˜, ·ÂÏÂ˘ıÂÚÒÓÔ˘Ó ¯ËÌÂÈÔÙ·ÎÙÈÎÔ‡˜
·Ú¿ÁÔÓÙÂ˜19. EÎÙfi˜ ·fi ·Ú¿ÁÔÓÙÂ˜ ‹ÍË˜ ·ÂÏÂ˘ıÂ-
ÚÒÓÔ˘Ó ÙÔÓ ·Ú¿ÁÔÓÙ· ·Ó¿Ù˘ÍË˜ ÙˆÓ ·ÈÌÔÂÙ·Ï›ˆÓ
(PDGF) Î·È ÙÔÓ ·˘ÍËÙÈÎfi ·Ú¿ÁÔÓÙ· TGF-‚. OÈ ·ÁÁÂÈÔ-
ÁfiÓÂ˜ È‰ÈfiÙËÙÂ˜ ÙÔ˘ ·ÈÌ·ÙÒÌ·ÙÔ˜ ÚÔÎ·ÏÔ‡ÓÙ·È Ì¤Ûˆ
ÙÔ˘ ·ÁÁÂÈ·ÎÔ‡ ÂÓ‰ÔıËÏÈ·ÎÔ‡ ·˘ÍËÙÈÎÔ‡ ·Ú¿ÁÔÓÙ·
(VEGF)20. 
™ÙÔ Ù¤ÏÔ˜ ÙÔ˘ ÊÏÂÁÌÔÓÒ‰Ô˘˜ ÛÙ·‰›Ô˘, Ô ·Ú¯ÈÎ¿ ÙÚ·˘-
Ì·ÙÈÛÌ¤ÓÔ˜ ÈÛÙfi˜ ·ÓÙÈÎ·ı›ÛÙ·Ù·È ·fi ÈÓÒ‰Ë ÈÛÙfi. A˘Ùfi˜
Ô ·ÙÚ·ÎÙÔÂÈ‰‹˜ Î·È Î˘Ú›ˆ˜ ÌË ·Û‚ÂÛÙÈˆı‹˜ ÈÛÙfi˜, ·Ô-
Î·ÏÔ‡ÌÂÓÔ˜ ÒÚÔ˜ Ì·Ï·ÎÒÓ ÈÛÙÒÓ (procallus), ·ÚÂÌ-
‚·›ÓÂÈ ÌÂÙ·Í‡ ÙˆÓ ¿ÎÚˆÓ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ ÙˆÓ ÔÛÙÒÓ,
·ÏÏ¿ ‰ÂÓ ÚÔÛÊ¤ÚÂÈ Î·Ì›· ‰ÔÌÈÎ‹ ·Î·Ì„›· ÁÈ· ÙËÓ ·Ó¿-
ÏË„Ë ÙÔ˘ ‚¿ÚÔ˘˜. AÎÔÏÔ‡ıˆ˜, ÂÓÂÚÁÔÔÈÔ‡ÓÙ·È Ù· ÌÂ-
ÛÂÁ¯˘Ì·ÙÈÎ¿ Î‡ÙÙ·Ú· ÙÔ˘ Ì·Ï·ÎÔ‡ ÈÛÙÔ‡ Î·È ÙˆÓ ÔÛÙÒÓ
Ô˘ ÂÚÈ‚¿ÏÏÔ˘Ó ÙË ÁÚ·ÌÌ‹ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ Î·È ‰È·ÊÔ-
ÚÔÔÈÔ‡ÓÙ·È ÛÂ ¯ÔÓ‰ÚÔ‚Ï¿ÛÙÂ˜ Ô˘ ·Ú¿ÁÔ˘Ó ¯fiÓ‰ÚÔ,
ÈÓÒ‰Ë ̄ fiÓ‰ÚÔ Î·È ̆ ·ÏÔÂÈ‰‹. O ÓÂÔÛ˘ÛÙ·ıÂ›˜ ̄ fiÓ‰ÚÔ˜ ̆ -
Ê›ÛÙ·Ù·È ÔÛÙÂÔÔ›ËÛË. EÈÏ¤ÔÓ, Ì›· ÌÔÚÊ‹ ‚Ï·ÛÙÔ-
Î˘ÙÙ¿ÚÚˆÓ (osteoprogenitor) ÂÓÂÚÁÔÔÈÔ‡ÓÙ·È ÛÂ ÔÛÙÂ-
Ô‚Ï¿ÛÙÂ˜ Î·È ÂÈÙÚ¤ÂÙ·È Ë ÂÓ·fiıÂÛË ·Û‚ÂÛÙ›Ô˘ ÛÙ·
ÔÛÙ¿, ÌÂ ·ÔÙ¤ÏÂÛÌ· ÙË ÛÎÏ‹Ú˘ÓÛË ÙÔ˘ ÔÛÙÔ‡3. Y¿Ú-
¯ÂÈ ¿ÌÂÛË Û¯¤ÛË ÌÂÙ·Í‡ ÙË˜ ÌÂÙ¿ÏÏˆÛË˜ ÙÔ˘ ÒÚÔ˘ Î·È
ÙË˜ ÌË¯·ÓÈÎ‹˜ ·ÓÙÔ¯‹˜ ÙÔ˘. H ÔÛfiÙËÙ· Î·È Ë ˘ÎÓfiÙË-
Ù· ÙÔ˘ ÛÎÏËÚÔ‡ ÒÚÔ˘ ÂÍ·ÚÙ¿Ù·È ·fi ÙË ÌË¯·ÓÈÎ‹ ÊfiÚ-
ÙÈÛË ÙË˜ Î·Ù·ÁÌ·ÙÈÎ‹˜ ÂÚÈÔ¯‹˜, Ô˘ ‰Ú· ˆ˜ Ú˘ıÌÈ-
ÛÙ‹˜, ÒÛÙÂ ÙÔ ÓÂÔÛ¯ËÌ·ÙÈÛı¤Ó ÔÛÙfi Ó· ¤¯ÂÈ ÙÂÏÈÎ¿ ÙÈ˜ ›-
‰ÈÂ˜ ÂÌ‚ÈÔÌË¯·ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ ÌÂ ÙÔ ·Ú¯ÈÎfi ÔÛÙfi. M¤Ûˆ
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ÙË˜ ÔÛÙÈÎ‹˜ ·Ó·Î·Ù·ÛÎÂ˘‹˜ ÂÈ‰ÈÒÎÂÙ·È Ë ·ÔÎ·Ù¿ÛÙ·-
ÛË ·˘ÙÒÓ ÙˆÓ È‰ÈÔÙ‹ÙˆÓ Î·È Ë ÔÔ›· ÌÔÚÂ› Ó· ‰È·ÚÎ¤ÛÂÈ
·fi Ì‹ÓÂ˜ Ì¤¯ÚÈ ¯ÚfiÓÈ·. 
H ÔÛÙÈÎ‹ ·Ó·Î·Ù·ÛÎÂ˘‹ Ï·Ì‚¿ÓÂÈ ¯ÒÚ· ÛÂ ÂÚÈÔÚÈÛÌ¤-
ÓÔ ·ÚÈıÌfi ÂÛÙÈÒÓ Î·È fi¯È ÛÂ ÔÏfiÎÏËÚÔ ÙÔÓ ÔÛÙ›ÙË ÈÛÙfi
Û˘Á¯ÚfiÓˆ˜, ·ÏÏ¿ ÛÂ ÂÓ·ÏÏ·Á‹ ı¤ÛÂˆÓ, ·Ó¿ÏÔÁ· ÌÂ ÙÈ˜
·Ó¿ÁÎÂ˜ Î·È Ú·ÁÌ·ÙÔÔÈÂ›Ù·È ÌÂ ‚¿ÛË ÙÔ ÓfiÌÔ ÙÔ˘
Wolff. O ÌË¯·ÓÈÛÌfi˜ Ô˘ Ú˘ıÌ›˙ÂÈ ÙËÓ Û˘ÌÂÚÈÊÔÚ¿ ÙˆÓ
ÔÛÙÂÔÎ˘ÙÙ¿ÚˆÓ ıÂˆÚÂ›Ù·È ˆ˜ Â›Ó·È ËÏÂÎÙÚÈÎ‹˜ Ê‡ÛÂ-
ˆ˜21. H ‰È·‰ÈÎ·Û›· ÙË˜ ÔÛÙÈÎ‹˜ ·Ó·Î·Ù·ÛÎÂ˘‹˜ ·Ú¯›˙ÂÈ
ÌÂ ÙËÓ ·ÔÚÚfiÊËÛË ÙÌ‹Ì·ÙÔ˜ ÙÔ˘ ÒÚÔ˘ ‰È¿ Ì¤ÛÔ˘
ÙˆÓ ÔÛÙÂÔÎÏ·ÛÙÒÓ Î·È Û˘ÓÂ¯›˙ÂÙ·È ÌÂ ÙËÓ ·fiıÂÛË, ÛÙ·
ÛËÌÂ›· ·ÔÚÚfiÊËÛË˜ Ó¤Ô˘ ÂÙ·ÏÈÒ‰Ô˘˜ ÔÛÙÔ‡, Ô˘
·Ú¿ÁÂÙ·È ·fi ÙÔ˘˜ ÔÛÙÂÔ‚Ï¿ÛÙÂ˜. H ·ÓÙÈÎ·Ù¿ÛÙ·ÛË
·˘Ù‹ Á›ÓÂÙ·È Â·Ó·Ï·Ì‚·ÓfiÌÂÓ·. °È· Î¿ıÂ Î‡ÎÏÔ ··È-
ÙÔ‡ÓÙ·È 3 ¤ˆ˜ 4 Ì‹ÓÂ˜ ·Ó¿ ÌÔÓ¿‰· Î·È Ë Û˘ÓÔÏÈÎ‹ ·Ó·-
Î·Ù·ÛÎÂ˘‹ ÙÔ˘ ÒÚÔ˘ ÛÙÔÓ ¿ÓıÚˆÔ ¤¯ÂÈ ‰È¿ÚÎÂÈ· 1 ¤-
ˆ˜ 4 ¤ÙË.

BÈÔ¯ËÌÈÎÔ› ÙÔÈÎÔ› ·Ú¿ÁÔÓÙÂ˜ Ô˘ ÂËÚÂ¿˙Ô˘Ó ÙËÓ
ÒÚˆÛË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜
AÚÎÂÙÔ› ·Ú¿ÁÔÓÙÂ˜ ‚ÈÔÏÔÁÈÎ‹˜ ·Ó¿Ù˘ÍË˜ ÂËÚÂ¿˙Ô˘Ó
ÙË ‰È·‰ÈÎ·Û›· ÂÔ‡ÏˆÛË˜ ÙˆÓ ÔÛÙÒÓ Ú˘ıÌ›˙ÔÓÙ·˜ ÙÔÓ
Î˘ÙÙ·ÚÈÎfi ÔÏÏ·Ï·ÛÈ·ÛÌfi, ÙË ÌÂÙ·Ó¿ÛÙÂ˘ÛË, ÙË ‰È·-
ÊÔÚÔÔ›ËÛË Î·È ¿ÏÏÂ˜ Î˘ÙÙ·ÚÈÎ¤˜ ‰ÈÂÚÁ·Û›Â˜. TÔÈÎ¿
ÌfiÚÈ· Î·È Û˘ÛÙËÌ·ÙÈÎÔ› ·Ú¿ÁÔÓÙÂ˜ ÚÔ¿ÁÔ˘Ó ÙËÓ Â-
Ô‡ÏˆÛË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜. K·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ÒÚˆ-
ÛË˜, ¤Ó·˜ ·ÚÈıÌfi˜ ÛËÌ·ÙÔ‰ÔÙÈÎÒÓ ÌÔÚ›ˆÓ ·Ú¯›˙ÂÈ Î·È
ÚÔˆıÂ› ÙËÓ ·Ï˘Û›‰· ÙˆÓ ÁÂÁÔÓfiÙˆÓ ÙÔ˘ ÂÓ‰Ô¯ÔÓ‰ÚÈ·-
ÎÔ‡ Î·È ÂÓ‰ÔÌÂÌ‚Ú·ÓÈÎÔ‡ Û¯ËÌ·ÙÈÛÌÔ‡ ÔÛÙÔ‡ ÌÂ ÙËÓ
ÚfiÛÏË„Ë ·‰È·ÊÔÚÔÔ›ËÙˆÓ ÌÂÛÂÁ¯˘Ì·ÙÈÎÒÓ ‚Ï·ÛÙÔ-
Î˘ÙÙ¿ÚˆÓ (MSCs) Î·È ÔÛÙÂÔÚÔÁÔÓÈÎÒÓ Î˘ÙÙ¿ÚˆÓ Ô˘
ÔÏÏ·Ï·ÛÈ¿˙ÔÓÙ·È Î·È ‰È·ÊÔÚÔÔÈÔ‡ÓÙ·È ÛÂ ÔÛÙÂÔ‚Ï¿-
ÛÙÂ˜22.
T· ÙÔÈÎ¿ ÌfiÚÈ· ÛËÌ·ÙÔ‰fiÙËÛË˜ Ô˘ Û˘ÌÌÂÙ¤¯Ô˘Ó ÌÔ-
ÚÔ‡Ó Ó· Ù·ÍÈÓÔÌËıÔ‡Ó ÛÂ ÙÚÂÈ˜ ÔÌ¿‰Â˜: ·) ÙÈ˜ ÚÔ-ÊÏÂÁ-
ÌÔÓÒ‰ÂÈ˜ Î˘ÙÔÎ›ÓÂ˜, ‚) ÙÔ˘˜ ·˘ÍËÙÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜
(ÙË˜ ˘ÂÚÔÈÎÔÁ¤ÓÂÈ·˜ TGF-‚ Î·È ¿ÏÏÔ˘˜) Î·È Á) ÙÈ˜ ÌÂ-
Ù·ÏÏÔÚˆÙÂ˚Ó¿ÛÂ˜ Î·È ÙÔ˘˜ ·ÁÁÂÈÔÁÂÓÂÙÈÎÔ‡˜ ·Ú¿ÁÔ-
ÓÙÂ˜22,23.

·) ¶ÚÔ-ÊÏÂÁÌÔÓÒ‰ÂÈ˜ Î˘ÙÔÎ›ÓÂ˜
OÈ ÊÏÂÁÌÔÓÒ‰ÂÈ˜ Î˘ÙÔÎ›ÓÂ˜ ÂÌÏ¤ÎÔÓÙ·È ÛÙËÓ ÒÚˆÛË
Î·Ù·ÁÌ¿ÙˆÓ Î·Ù¿ ÙËÓ ¤Ó·ÚÍË ÙˆÓ ‰È·‰ÈÎ·ÛÈÒÓ ·ÔÎ·Ù¿-
ÛÙ·ÛË˜ ÙÔ˘ ÙÚ·˘Ì·ÙÈÛÌÔ‡, fiÔ˘ ·Ú¿ÁÔÓÙ·È Î·È ÏÂÈ-
ÙÔ˘ÚÁÔ‡Ó ·Ì¤Ûˆ˜ ÌÂÙ¿ ÙÔÓ ÙÚ·˘Ì·ÙÈÛÌfi Î·È ÁÈ· ¤Ó· Â-
ÚÈÔÚÈÛÌ¤ÓÔ ¯ÚÔÓÈÎfi ‰È¿ÛÙËÌ·. ™Ù· ÂÓ‰È¿ÌÂÛ· ÛÙ¿‰È·
ÙË˜ ÒÚˆÛË˜, ÔÚÈÛÌ¤ÓÂ˜ Î˘ÙÔÎ›ÓÂ˜ ÂÓÂÚÁÔÔÈÔ‡Ó ÙÔ˘˜
ÔÛÙÂÔÎÏ¿ÛÙÂ˜ ÁÈ· ÙËÓ ·Ê·›ÚÂÛË ÙÔ˘ ·ÓÔÚÁ·ÓÔÔÈËÌ¤-
ÓÔ˘ ̄ fiÓ‰ÚÔ˘, ÂÓÒ ¿ÏÏÂ˜ Û˘ÌÌÂÙ¤¯Ô˘Ó ÛÙÔ ÌÂÙ·ÁÂÓ¤ÛÙÂ-
ÚÔ ÛÙ¿‰ÈÔ ÙË˜ ·Ó·‰fiÌËÛË˜ ÙÔ˘ ÔÛÙÔ‡. OÈ Î˘ÙÔÎ›ÓÂ˜ ÂÎ-
ÎÚ›ÓÔÓÙ·È fi¯È ÌfiÓÔ ·fi Ì·ÎÚÔÊ¿Á· Î·È ÊÏÂÁÌÔÓÒ‰Ë
Î‡ÙÙ·Ú· ·ÏÏ¿ Î·È ·fi Î‡ÙÙ·Ú· ÌÂÛÂÁ¯˘Ì·ÙÈÎ‹˜ ÚÔ¤-
ÏÂ˘ÛË˜ Ô˘ ‚Ú›ÛÎÔÓÙ·È ÛÙÔ ÂÚÈfiÛÙÂÔ. O ÛËÌ·ÓÙÈÎfiÙÂ-
ÚÔ˜ ÚfiÏÔ˜ ·˘ÙÒÓ ÙˆÓ ÌÔÚ›ˆÓ Â›Ó·È Ë ̄ ËÌÂÈÔÙ·ÎÙÈÎ‹ ‰Ú¿-
ÛË ÙÔ˘˜ ÛÂ ¿ÏÏ· ÊÏÂÁÌÔÓÒ‰Ë Î‡ÙÙ·Ú·, ÂÓÈÛ¯‡Ô˘Ó ÙË
Û‡ÓıÂÛË ÂÍˆÎ˘ÙÙ¿ÚÈ·˜ Ô˘Û›·˜, ‰ÈÂÁÂ›ÚÔ˘Ó ÙËÓ ·ÁÁÂÈÔ-
Á¤ÓÂÛË Î·È ÚÔÛÏ·Ì‚¿ÓÔ˘Ó ÂÓ‰ÔÁÂÓ‹ ÈÓˆ‰ÔÁfiÓ· Î‡ÙÙ·-
Ú· ÛÙËÓ ÂÚÈÔ¯‹ ÙÔ˘ ÙÚ·˘Ì·ÙÈÛÌÔ‡22. H ÈÓÙÂÚÏÂ˘Î›ÓË-1
(IL-1), Ë ÈÓÙÂÚÏÂ˘Î›ÓË-6 (IL-6) Î·È Ô ·Ú¿ÁÔÓÙ·˜ Ó¤ÎÚˆ-
ÛË˜ fiÁÎˆÓ - · (TNF-·) ¤¯ÂÈ ‚ÚÂıÂ› fiÙÈ Û˘ÌÌÂÙ¤¯Ô˘Ó ÛÙËÓ
·Ú¯ÈÎ‹ Ê¿ÛË ÙË˜ ‰È·‰ÈÎ·Û›·˜ ÂÈ‰ÈfiÚıˆÛË˜17. EÌÊ·Ó›-
˙Ô˘Ó ¤ÎÊÚ·ÛË ·È¯Ì‹˜ ÙÔ ÚÒÙÔ 24ˆÚÔ ÌÂÙ¿ ÙÔÓ ÙÚ·˘-

Ì·ÙÈÛÌfi, Ù· Â›Â‰¿ ÙÔ˘˜ ÌÂÈÒÓÔÓÙ·È Î·Ù¿ ÙÔ Û¯ËÌ·ÙÈ-
ÛÌfi ÙÔ˘ ¯fiÓ‰ÚÔ˘ Î·È ·˘Í¿ÓÔÓÙ·È ÁÈ· ‰Â‡ÙÂÚË ÊÔÚ¿ Î·-
Ù¿ ÙË Ê¿ÛË ÙË˜ ·Ó·‰fiÌËÛË˜ ÙÔ˘ ÔÛÙÔ‡. 
H Î˘ÙÔÎ›ÓË TNF-a ÚÔˆıÂ› ÙËÓ ÚfiÛÏË„Ë ÌÂÛÂÁ¯˘Ì·ÙÈ-
ÎÒÓ Î˘ÙÙ¿ÚˆÓ, ÚÔÎ·ÏÂ› ·fiÙˆÛË ÙˆÓ ˘ÂÚÙÚÔÊÈÎÒÓ
¯ÔÓ‰ÚÔÎ˘ÙÙ¿ÚˆÓ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ÂÓ‰Ô¯ÔÓ‰ÚÈÎ‹˜
ÔÛÙÂÔÔ›ËÛË˜ Î·È ÂÓÂÚÁÔÔÈÂ› ÙË ÏÂÈÙÔ˘ÚÁ›· ÙˆÓ ÔÛÙÂÔ-
ÎÏ·ÛÙÒÓ24. H ·Ô˘Û›· TNF-a ¤¯ÂÈ ˆ˜ ·ÔÙ¤ÏÂÛÌ· Î·ı˘-
ÛÙÂÚËÌ¤ÓË Â·Ó·ÚÚfiÊËÛË ÙÔ˘ ·ÓÔÚÁ·ÓÔÔÈËÌ¤ÓÔ˘
¯fiÓ‰ÚÔ˘, ·ÚÂÌÔ‰›˙ÔÓÙ·˜ ÙÔÓ Û¯ËÌ·ÙÈÛÌfi Ó¤Ô˘ Ô-
ÛÙÔ‡23.

‚) ¶·Ú¿ÁÔÓÙÂ˜ ·Ó¿Ù˘ÍË˜ Î·È ‰È·ÊÔÚÔÔ›ËÛË˜
OÈ ·˘ÍËÙÈÎÔ› ·Ú¿ÁÔÓÙÂ˜ Â›Ó·È ‚ÈÔÏÔÁÈÎÔ› ÌÂÛÔÏ·‚ËÙ¤˜
Ô˘ Ú˘ıÌ›˙Ô˘Ó ·ÓÙÈ‰Ú¿ÛÂÈ˜ ÎÏÂÈ‰È¿ ÛÙËÓ ÈÛÙÈÎ‹ ÂÔ‡Ïˆ-
ÛË fiˆ˜ ÙË ¯ËÌÂÈÔÙ·Í›·, ÙË ‰È·ÊÔÚÔÔ›ËÛË Î·È ÙËÓ Î˘Ù-
Ù·ÚÈÎ‹ Û‡ÓıÂÛË. H ‰Ú¿ÛË ÙÔ˘˜ ÂÎÊÚ¿˙ÂÙ·È ‰È·Ì¤ÛÔ˘
Û˘ÁÎÂÎÚÈÌ¤ÓˆÓ ˘Ô‰Ô¯¤ˆÓ ÛÙËÓ Î˘ÙÙ·ÚÈÎ‹ ÌÂÌ‚Ú¿ÓË
Î·È Ô‰ËÁÂ› ÛÂ ÌÂÙ·‚ÔÏ‹ ÙÔ˘ ÌÂÙ·‚ÔÏÈÛÌÔ‡ ÙˆÓ Î˘ÙÙ¿-
ÚˆÓ ÛÙfi¯ˆÓ. EÂÈ‰‹ ÔÈ ·˘ÍËÙÈÎÔ› ·Ú¿ÁÔÓÙÂ˜ ÂÎÊÚ¿˙Ô-
ÓÙ·È Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ‰È·ÊÔÚÂÙÈÎÒÓ Ê¿ÛÂˆÓ ÙË˜ ÂÔ‡-
ÏˆÛË˜ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜, ¤¯ÂÈ ıÂˆÚËıÂ› fiÙÈ ÌÔÚÔ‡Ó Ó·
¯ÚËÛÈÌÂ‡ÛÔ˘Ó ˆ˜ ‰˘ÓËÙÈÎÔ› ıÂÚ·Â˘ÙÈÎÔ› ·Ú¿ÁÔÓÙÂ˜
ÁÈ· ÙËÓ ÂÓ›Û¯˘ÛË ÙË˜ ·ÔÎ·Ù¿ÛÙ·ÛË˜ ÙˆÓ ÔÛÙÒÓ. H ÂÈ-
ÏÔÁ‹ ÂÓfi˜ Î·Ù¿ÏÏËÏÔ˘ ÊÔÚ¤· ‹ Û˘ÛÙ‹Ì·ÙÔ˜ ¯ÔÚ‹ÁË-
ÛË˜ ÁÈ· ¤Ó·Ó Û˘ÁÎÂÎÚÈÌ¤ÓÔ ·˘ÍËÙÈÎfi ·Ú¿ÁÔÓÙ· Â›Ó·È ·-
·Ú·›ÙËÙË ÁÈ· Ó· ÚÔÎ·Ï¤ÛÂÈ ¤Ó· Û˘ÁÎÂÎÚÈÌ¤ÓÔ ‚ÈÔÏÔÁÈ-
Îfi ·ÔÙ¤ÏÂÛÌ·.

ñ H ˘ÂÚÔÈÎÔÁ¤ÓÂÈ· ÙÔ˘ ·˘ÍËÙÈÎÔ‡ ·Ú¿ÁÔÓÙ· TGF-‚
Transforming growth factor-‚ (TGF-‚) superfamily 
T· ÌfiÚÈ· TGF-‚ Â›Ó·È Ì¤ÏË Ì›·˜ ÌÂÁ¿ÏË˜ ÔÈÎÔÁ¤ÓÂÈ·˜ ÂÎ-
ÎÚÈÙÈÎÒÓ ·Ú·ÁfiÓÙˆÓ Ô˘ ·Ó·Ê¤ÚÔÓÙ·È ˆ˜ TGF-‚ ˘Â-
ÚÔÈÎÔÁ¤ÓÂÈ·. A˘Ù‹ Ë ˘ÂÚÔÈÎÔÁ¤ÓÂÈ· ·Ú·ÁfiÓÙˆÓ ‰ÂÓ
ÂÚÈÏ·Ì‚¿ÓÂÈ ÌfiÓÔ Ù· ÈÛfiÌÔÚÊ· ÙÔ˘ TGF-‚, ·ÏÏ¿ Î·È ·-
ÎÙÈ‚›ÓÂ˜, ÌÔÚÊÔÁÂÓÂÙÈÎ¤˜ ÚˆÙÂ˝ÓÂ˜ ÔÛÙÒÓ (BMPs), ·-
Ú¿ÁÔÓÙÂ˜ ‰È·ÊÔÚÔÔ›ËÛË˜ ·Ó¿Ù˘ÍË˜ (GDFs) Î·È ‰È¿-
ÊÔÚÔ˘˜ ¿ÏÏÔ˘˜ ÂÎÎÚÈÙÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜. TÔ˘Ï¿¯ÈÛÙÔÓ
34 Ì¤ÏË ¤¯Ô˘Ó Ù·˘ÙÔÔÈËıÂ› ÛÙÔ ·ÓıÚÒÈÓÔ ÁÔÓÈ‰›ˆÌ·25.
EÈ‰ÈÎ¿ Ì¤ÏË ·˘Ù‹˜ ÙË˜ ˘ÂÚÔÈÎÔÁ¤ÓÂÈ·˜, ÛÙ· ÔÔ›· Û˘-
ÌÂÚÈÏ·Ì‚¿ÓÔÓÙ·È ÌÔÚÊÔÁÂÓÂÙÈÎ¤˜ ÚˆÙÂ˝ÓÂ˜ ÔÛÙÔ‡
(BMP 1-8), ·Ú¿ÁÔÓÙÂ˜ ·Ó¿Ù˘ÍË˜ Î·È ‰È·ÊÔÚÔÔ›ËÛË˜
(GDF-1, 5, 8, 10) Î·È ·Ú¿ÁÔÓÙ·˜ ÌÂÙ·Û¯ËÌ·ÙÈÌÔ‡ ‚‹Ù·
(TGF-‚1, ‚2, ‚3), ÚÔ¿ÁÔ˘Ó ‰È¿ÊÔÚ· ÛÙ¿‰È· ÂÓ‰ÔÌÂÌ-
‚Ú·ÓÈÎ‹˜ Î·È ÂÓ‰Ô¯ÔÓ‰ÚÈ·Î‹˜ ÔÛÙÂÔÔ›ËÛË˜ Î·Ù¿ ÙË
‰È¿ÚÎÂÈ· ÙË˜ ÒÚˆÛË˜ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜26. 

MÂÙ·ÙÚÂÙÙÈÎfi˜ ·˘ÍËÙÈÎfi˜ ·Ú¿ÁÔÓÙ·˜ ‚ (TGF-‚)
Transforming gro-wth factor ‚ (TGF-‚)
O ÌÂÙ·ÙÚÂÙÙÈÎfi˜ ·˘ÍËÙÈÎfi˜ ·Ú¿ÁÔÓÙ·˜ ‚ (TGF-‚) ·-
Ú¿ÁÂÙ·È ÛÙËÓ Î·Ù·ÁÌ·ÙÈÎ‹ ÂÛÙ›· ·fi Ù· ·ÈÌÔÂÙ¿ÏÈ·, Ù·
ÊÏÂÁÌÔÓÒ‰Ë Î‡ÙÙ·Ú· (ÌÔÓÔÎ‡ÙÙ·Ú·, Ì·ÎÚÔÊ¿Á·), ÔÛÙÂ-
Ô‚Ï¿ÛÙÂ˜, ÔÛÙÂÔÎÏ¿ÛÙÂ˜ Î·È ¯ÔÓ‰ÚÔÎ‡ÙÙ·Ú·. O TGF-‚
‚Ú›ÛÎÂÙ·È ÂÍˆÎ˘ÙÙ¿ÚÈ· ÛÙÔ ·ÈÌ¿ÙˆÌ· (Î·Ù·ÁÌ·ÙÈÎ‹ Â-
ÛÙ›· Î·È ÂÚÈfiÛÙÂÔ) Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ¿ÌÂÛË˜ ·ÓÙ›-
‰Ú·ÛË˜ ÛÙÔÓ ÙÚ·˘Ì·ÙÈÛÌfi (Î·Ù¿ ÙÈ˜ ÚÒÙÂ˜ 24 ÒÚÂ˜).
™ÙË ÊÏÂÁÌÔÓÒ‰Ë Ê¿ÛË ÙÔ mRNA ÙÔ˘ TGF-‚ ÂÎÊÚ¿˙ÂÙ·È
·ÛıÂÓÒ˜ ÛÙÔÓ ÔÏÏ·Ï·ÛÈ·ÛÌfi ÙˆÓ ÌÂÛÂÁ¯˘Ì·ÙÈÎÒÓ
Î·È ÂÓ‰ÔıËÏÈ·ÎÒÓ Î˘ÙÙ¿ÚˆÓ. ¶·Ú·ÙËÚÂ›Ù·È ˘„ËÏ‹ ¤Î-
ÊÚ·Û‹ ÙÔ˘ ÛÙÔÓ ÔÏÏ·Ï·ÛÈ·ÛÌfi ÙˆÓ ÔÛÙÂÔ‚Ï·ÛÙÒÓ
Î·Ù¿ ÙËÓ ÂÓ‰ÔÌÂÌ‚Ú·ÓÒ‰Ë ÔÛÙÂÔÔ›ËÛË, ÛÙÔÓ ÔÏÏ·-
Ï·ÛÈ·ÛÌfi ÙˆÓ ¯ÔÓ‰ÚÔÎ˘ÙÙ¿ÚˆÓ (fi¯È ÙˆÓ ˘ÂÚÙÚÔÊÈ-
ÎÒÓ ¯ÔÓ‰ÚÔÎ˘ÙÙ¿ÚˆÓ) Î·Ù¿ ÙË Ê¿ÛË ÙË˜ ¯ÔÓ‰ÚÔÁ¤ÓÂ-
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ÛË˜, Î·ıÒ˜ Î·È Î·Ù¿ ÙË Ê¿ÛË ÙË˜ ÂÓ‰Ô¯fiÓ‰ÚÈÓË˜ ÔÛÙÂÔ-
Ô›ËÛË˜. E›ÛË˜, ÌÔÚÂ› Ó· ÂÌÏ¤ÎÂÙ·È ÛÙË Ê˘ÛÈÔÏÔÁÈ-
Î‹ Û‡˙Â˘ÍË Û¯ËÌ·ÙÈÛÌÔ‡ ÔÛÙÔ‡ ÌÂ Â·Ó·ÚÚfiÊËÛË27.
AÚ¯ÈÎ¿ ÂÌÊ·Ó›˙ÂÙ·È Û·Ó ·ÓÂÓÂÚÁfi ÂÙ›‰ÈÔ ÙÔ ÔÔ›Ô Â-
ÓÂÚÁÔÔÈÂ›Ù·È ·fi ÙÈ˜ Û˘Óı‹ÎÂ˜ ÔÍ¤ˆÛË˜ ÛÙÔÓ ÒÚÔ Î·È
·fi ÙÈ˜ ÚˆÙÂ¿ÛÂ˜ Î·È Î·Ù·Ï‹ÁÂÈ ˆ˜ Ô ÈÔ ‰˘Ó·Ùfi˜ ¯Ë-
ÌÂÈÔÚÔÛÂÏÎ˘ÛÙÈÎfi˜ ·Ú¿ÁÔÓÙ·˜ Ô˘ ·Ó·ÁÓˆÚ›˙ÂÙ·È ·-
fi Ù· Ì·ÎÚÔÊ¿Á·. O TGF-‚ ÚÔ¿ÁÂÈ Â›ÛË˜ ÙËÓ ·ÁÁÂÈÔ-
Á¤ÓÂÛË, ÙË ‰È¤ÁÂÚÛË ÙÔ˘ ÔÛÙÈÎÔ‡ Û¯ËÌ·ÙÈÛÌÔ‡ Ì¤Ûˆ
ÙË˜ Î·ıÔ‰‹ÁËÛË˜ ÙË˜ ‰È·ÊÔÚÔÔ›ËÛË˜ ÙˆÓ ÂÚÈÔÛÙÈ-
ÎÒÓ ÌÂÛÂÁ¯˘Ì·ÙÈÎÒÓ Î˘ÙÙ¿ÚˆÓ ÛÂ ¯ÔÓ‰ÚÔ‚Ï¿ÛÙÂ˜ Î·È
ÔÛÙÂÔ‚Ï¿ÛÙÂ˜. ÕÏÏÂ˜ ‰Ú¿ÛÂÈ˜ ÙÔ˘ TGF-‚ ÂÚÈ¤¯Ô˘Ó ÙË
‰È·ÊÔÚÔÔ›ËÛË ÙˆÓ ÔÛÙÂÔ‚Ï·ÛÙÒÓ Î·È ÙËÓ ÂÈÌÂÙ¿ÏÏˆ-
ÛË, ·Ó·ÛÙ¤ÏÏÔÓÙ·˜ ÙËÓ ÔÛÙÂÔÎÏ·ÛÙÈÎ‹ ‰Ú·ÛÙËÚÈfiÙËÙ·,
ÙÔ Û¯ËÌ·ÙÈÛÌfi ÙˆÓ ÔÛÙÂÔÎÏ·ÛÙÒÓ Î·È ·˘Í¿ÓÔÓÙ·˜ ÙËÓ
·Ú·ÁˆÁ‹ ¿ÏÏˆÓ ÔÛÙÈÎÒÓ Î·È ̄ fiÓ‰ÚÈÓˆÓ ·Ú·ÁfiÓÙˆÓ fi-
ˆ˜ ÔÈ Ù‡ÔÈ ÎÔÏÏ·ÁfiÓÔ˘ 1, 2, 3, 4, 6 Î·È 10, ÊÈÌÚÔÓÂ-
ÎÙ›ÓË˜, ÔÛÙÂÔÔÓÙ›ÓË˜, ÔÛÙÂÔÓÂÎÙ›ÓË˜, ıÚÔÌ‚ÔÛÔÓ‰›-
ÓË˜, ÚˆÙÂÔÁÏ˘Î¿ÓÂ˜ Î·È ·ÏÎ·ÏÈÎ‹˜ ÊˆÛÊÙ¿ÛË˜28,29.

ñ OÛÙÈÎ¤˜ MÔÚÊÔÁÂÓÂÙÈÎ¤˜ ¶ÚˆÙÂ˝ÓÂ˜ BMPs
(Bone morphogenetic proteins)
OÈ ·Ú¿ÁÔÓÙÂ˜ BMPs Â›Ó·È ÔÏ‡ÙÚÔ· ÌÔÚÊÔÁÔÓ›‰È· Ù·
ÔÔ›· ·Ú¿ÁÔÓÙ·È ÂÓÙfi˜ ÙË˜ ECM ·fi ÔÛÙÂÔÚÔÁfi-
ÓÔ˘˜, ÔÛÙÂÔ‚Ï¿ÛÙÂ˜, ÌÂÛÂÁ¯˘Ì·ÙÈÎ¿ Î‡ÙÙ·Ú· Î·È ¯ÔÓ-
‰ÚÔÎ‡ÙÙ·Ú·. ¶·›˙Ô˘Ó ÎÚ›ÛÈÌÔ ÚfiÏÔ ÛÙË Ú‡ıÌÈÛË ÙË˜ ·-
Ó¿Ù˘ÍË˜, ‰È·ÊÔÚÔÔ›ËÛË˜ Î·È ·fiÙˆÛË˜ ‰È·ÊfiÚˆÓ
Î˘ÙÙ·ÚÈÎÒÓ Ù‡ˆÓ, Û˘ÌÂÚÈÏ·Ì‚·ÓÔÌ¤ÓˆÓ ÙˆÓ ÔÛÙÂÔ-
‚Ï·ÛÙÒÓ, ÙˆÓ ¯ÔÓ‰ÚÔ‚Ï·ÛÙÒÓ, ÙˆÓ ÓÂ˘ÚÈÎÒÓ Î˘ÙÙ¿ÚˆÓ
Î·È ÙˆÓ ÂÈıËÏÈ·ÎÒÓ Î˘ÙÙ¿ÚˆÓ30. OÈ BMPs ÂÎÙfi˜ ÙË˜
BMP-1, Â›Ó·È ÏÂÈÙÔ˘ÚÁÈÎÔ› ·Ó·Ù˘ÍÈ·ÎÔ› ·Ú¿ÁÔÓÙÂ˜
Ô˘ ·Ó‹ÎÔ˘Ó ÛÙËÓ ˘ÂÚÔÈÎÔÁ¤ÓÂÈ· ÙÔ˘ TGF-‚ Î·È ÂÚÈ-
Ï·Ì‚¿ÓÔ˘Ó ·˘ÍËÙÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜ Î·È ·Ú¿ÁÔÓÙÂ˜
‰È·ÊÔÚÔÔ›ËÛË˜ (growth and differentiating factors,
GDFs). AÚ¯ÈÎ¿ ÙÔ 1965 Ô Urist ÛÙËÓ ÚÔÛ¿ıÂÈ· ‰ÈÂÚÂ‡-
ÓËÛË˜ ÙˆÓ ‰È·‰ÈÎ·ÛÈÒÓ Ô˘ Û˘ÌÌÂÙ¤¯Ô˘Ó ÛÙËÓ ÂÔ‡Ïˆ-
ÛË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ ˘¤ıÂÛÂ ÙËÓ ‡·ÚÍË ÙˆÓ ÌÔÚÊÔÁÂ-
ÓÂÙÈÎÒÓ ÚˆÙÂ˚ÓÒÓ ÙˆÓ ÔÛÙÒÓ (BMPs). ŒÎÙÔÙÂ ÂÎÙÂÙ·-
Ì¤ÓË ¤ÚÂ˘Ó· ‚Ú›ÛÎÂÙ·È ÛÂ ÂÍ¤ÏÈÍË ÁÈ· ÙËÓ ÂÚ·ÈÙ¤Úˆ ·-
ÔÛ·Ê‹ÓÈÛË ÙÔ˘ ÚfiÏÔ˘ ÙˆÓ BMPs ÛÙËÓ ÒÚˆÛË ÙÔ˘ Î·-
Ù¿ÁÌ·ÙÔ˜31. ¶ÂÚ›Ô˘ 20 Ì¤ÏË ÙË˜ ÔÈÎÔÁ¤ÓÂÈ·˜ ÙˆÓ BMPs
¤¯Ô˘Ó ·Ó·ÁÓˆÚÈÛıÂ› Î·È ̄ ·Ú·ÎÙËÚÈÛıÂ›, Ô˘ ‰È·ÈÚÔ‡ÓÙ·È
ÛÂ ÙÔ˘Ï¿¯ÈÛÙÔÓ Ù¤ÛÛÂÚÈ˜ ‰È·ÊÔÚÂÙÈÎ¤˜ ̆ ÔÔÌ¿‰Â˜ ·Ó¿-
ÏÔÁ· ÌÂ ÙËÓ ÚˆÙÔÁÂÓ‹ ·ÎÔÏÔ˘ı›· ÙˆÓ ·ÌÈÓÔÍ¤ˆÓ ÙÔ˘˜.
E›Ó·È ÛÙÂÓ¿ ‰ÔÌÈÎ¿ Î·È ÏÂÈÙÔ˘ÚÁÈÎ¿ Û˘Ó‰Â‰ÂÌ¤ÓÂ˜. ø-
ÛÙfiÛÔ, Ë Î¿ıÂ Ì›· ¤¯ÂÈ ¤Ó· ÌÔÓ·‰ÈÎfi ÚfiÏÔ Î·ıÒ˜ Î·È ¤Ó·
ÍÂ¯ˆÚÈÛÙfi ÚfiÙ˘Ô ¤ÎÊÚ·ÛË˜ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜ ‰È·-
‰ÈÎ·Û›·˜ ÒÚˆÛË˜ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜24,32. TÔ Î·ÓÔÓÈÛÙÈÎfi
ÙÔ˘˜ ·ÔÙ¤ÏÂÛÌ· ÂÍ·ÚÙ¿Ù·È ·fi ÙÔÓ Ù‡Ô ÙÔ˘ Î˘ÙÙ¿ÚÔ˘
ÛÙfi¯Ô˘, ÙÔ ÛÙ¿‰ÈÔ ÙË˜ ‰È·ÊÔÚÔÔ›ËÛË˜, ÙËÓ ÙÔÈÎ‹ Û˘-
ÁÎ¤ÓÙÚˆÛË Ô˘ ÂÚÈ‚¿ÏÏÂÈ ÙÔÓ Û˘Ó‰¤ÙË, Î·ıÒ˜ Î·È ·fi
·ÏÏËÏÂÈ‰Ú¿ÛÂÈ˜ ÌÂ ¿ÏÏÔ˘˜ Î˘ÎÏÔÊÔÚÔ‡ÓÙÂ˜ ·Ú¿ÁÔ-
ÓÙÂ˜33. X·Ú·ÎÙËÚÈÛÙÈÎ¿ ÔÈ BMPs ‰ÚÔ˘Ó ˆ˜ ·Ú¿ÁÔÓÙÂ˜
Î˘ÙÙ·ÚÈÎÒÓ ÛËÌ¿ÙˆÓ. O ÚfiÏÔ˜ ÙÔ˘˜ ÛÙËÓ ÔÛÙÈÎ‹ ·Ú·-
ÁˆÁ‹ Î·È ÂÔ‡ÏˆÛË Î·Ù¿ÁÌ·ÙÔ˜ ¤¯ÂÈ ·Ô‰ÂÈ¯ıÂ› fiÙÈ Â›-
Ó·È ÎÚ›ÛÈÌÔ˜, ‰Â‰ÔÌ¤ÓÔ˘ fiÙÈ Â¿ÁÔ˘Ó ¤Ó·Ó Î·Ù·ÚÚ¿ÎÙË
ÁÂÁÔÓfiÙˆÓ ÁÈ· ̄ ÔÓ‰ÚÔ-ÔÛÙÂÔÁ¤ÓÂÛË, fiˆ˜ ̄ ËÌÂÈÔÙ·Í›·,
ÔÏÏ·Ï·ÛÈ·ÛÌfi ÌÂÛÂÁ¯˘Ì·ÙÈÎÒÓ Î˘ÙÙ¿ÚˆÓ, ‰È·ÊÔÚÔ-
Ô›ËÛË ÔÛÙÂÔÚÔÁÔÓÈÎÒÓ Î˘ÙÙ¿ÚˆÓ, ·ÁÁÂÈÔÁ¤ÓÂÛË, Î·È
ÂÏÂÁ¯fiÌÂÓË Û‡ÓıÂÛË ÂÍˆÎ˘ÙÙ·ÚÈÎ‹˜ Ì‹ÙÚ·˜34,35. MÂÙ·Í‡
fiÏˆÓ ÙˆÓ BMPs, Ë BMP-2 ¤¯ÂÈ ÙË ÌÂÁ·Ï‡ÙÂÚË ‚ÈÔÏÔÁÈÎ‹
‰Ú·ÛÙÈÎfiÙËÙ·36. ™‡ÌÊˆÓ· ÌÂ ÌÂÏ¤ÙÂ˜ ÔÈ BMPs Â›Ó·È ·-
ÚÔ‡ÛÂ˜ ÛÙ· Ì¤ÚË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ Î·È ̆ ¿Ú¯Ô˘Ó Û·ÊÂ›˜

ÂÓ‰Â›ÍÂÈ˜ ÔÈ ÔÔ›Â˜ ˘ÔÛÙËÚ›˙Ô˘Ó ÙÔ ÚfiÏÔ ÙˆÓ BMPs ÛÂ
·˘Ù‹ ÙË ‰È·‰ÈÎ·Û›·. In vivo Î·È in vitro ÌÂÏ¤ÙÂ˜ ¤¯Ô˘Ó ‰Â›-
ÍÂÈ fiÙÈ ÔÈ Î˘ÙÙ·ÚÈÎÔ› Ù‡ÔÈ Ô˘ Û˘Óı¤ÙÔ˘Ó Ó¤Ô ÔÛÙfi Î·Ù¿
‰È¿ÚÎÂÈ· ÙË˜ ÂÔ˘ÏˆÙÈÎ‹˜ ‰È·‰ÈÎ·Û›·˜, ·ÔÙÂÏÔ‡Ó ÛÙfi-
¯Ô ÁÈ· ÙÈ˜ BMPs Î·È ÚÔÛ‰¤ÓÔÓÙ·È ÛÙÔ˘˜ ˘Ô‰Ô¯Â›˜ ÙˆÓ
BMPs. H ·ÓÔÛÔ˚ÛÙÔ¯ËÌÈÎ‹ ÂÓÙfiÈÛË ÙˆÓ BMP-2 Î·È
BMP-4 ÛÙËÓ ÂÚÈÔ¯‹ ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ ÛÂ ÔÓÙ›ÎÈ· ‰ËÏÒ-
ÓÂÈ fiÙÈ ÔÈ BMPs ·ÂÏÂ˘ıÂÚÒıËÎ·Ó ·fi ÙËÓ ÔÛÙÈÎ‹ ıÂÌ¤-
ÏÈ· Ô˘Û›· Î·È ÙÔ ÂÚÈfiÛÙÂÔ ÙËÓ ÒÚ· ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ Î·È
Â›Ó·È ÈÎ·Ó¤˜ ÛÙË Û˘Ó¤¯ÂÈ· Ó· ‰Ú¿ÛÔ˘Ó ÛÂ Î‡ÙÙ·Ú· ÛÙfi-
¯Ô˘˜ ÙË˜ ÂÚÈÔ¯‹˜ ‹ Ó· «ÛÙÚ·ÙÔÏÔÁ‹ÛÔ˘Ó» Î‡ÙÙ·Ú· ÛÙÔ
ÛËÌÂ›Ô ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ fiÔ˘ ‰È·ÊÔÚÔÔÈÔ‡ÓÙ·È ÛÂ Ô-
ÛÙÂÔ‚Ï¿ÛÙÂ˜. OÈ BMPs ÌÔÚÔ‡Ó Â›ÛË˜ Ó· ‰ÈÂÁÂ›ÚÔ˘Ó
ÙË Û‡ÓıÂÛË Î·È ÙËÓ ¤ÎÎÚÈÛË ¿ÏÏˆÓ ·˘ÍËÙÈÎÒÓ ·Ú·Áfi-
ÓÙˆÓ ÔÛÙÔ‡ Î·È ·ÁÁÂÈÔÁfiÓÔ˘ fiˆ˜ Ô ·˘ÍËÙÈÎfi˜ ·Ú¿ÁÔ-
ÓÙ·˜ Ù‡Ô˘ ÈÓÛÔ˘Ï›ÓË˜ (IGF) Î·È Ô ·ÁÁÂÈ·Îfi˜-ÂÓ‰ÔıËÏÈ·-
Îfi˜ ·˘ÍËÙÈÎfi˜ ·Ú¿ÁÔÓÙ·˜ (VEGF). ¶ÂÚ·ÈÙ¤Úˆ, ¤¯ÂÈ
‰ÂÈ¯ıÂ› fiÙÈ BMPs ÌÔÚÔ‡Ó Ó· ‰ÈÂÁÂ›ÚÔ˘Ó ÙÔ Û¯ËÌ·ÙÈÛÌfi
ÔÛÙÔ‡ ÌÂ ¿ÌÂÛË ÂÓÂÚÁÔÔ›ËÛË ÙˆÓ ÂÓ‰ÔıËÏÈ·ÎÒÓ Î˘Ù-
Ù¿ÚˆÓ Î·È ÙË ‰È¤ÁÂÚÛË ÙË˜ ·ÁÁÂÈÔÁ¤ÓÂÛË˜22,37. EÈÏ¤ÔÓ
ÔÈ BMPs ÌÔÚÔ‡Ó Ó· Û˘ÓÙÂıÔ‡Ó ·fi ÔÛÙÂÔ‚Ï¿ÛÙÂ˜ Ô˘
ÚÔ¸¿Ú¯Ô˘Ó ÛÙÔ ÔÛÙfi Î·È ÙÔ ÂÚÈfiÛÙÂÔ Î·È Ó· ÂÓÂÚÁÔ-
ÔÈËıÔ‡Ó ·fi Î˘ÙÙ·ÚÔÎ›ÓÂ˜ ÔÈ ÔÔ›Â˜ ·ÂÏÂ˘ıÂÚÒıË-
Î·Ó Î·Ù¿ ÙË ‰È·‰ÈÎ·Û›· ÙË˜ ÒÚˆÛË˜38,39. 

ñ A˘ÍËÙÈÎfi˜ ·Ú¿ÁÔÓÙ·˜ PDGF
(Platelet Derived Growth Factor) 
O ·Ú·ÁfiÌÂÓÔ˜ ·fi Ù· ·ÈÌÔÂÙ¿ÏÈ· ·˘ÍËÙÈÎfi˜ ·Ú¿ÁÔ-
ÓÙ·˜ PDGF Â›Ó·È ÌÈ· ÔÌÔ- ‹ ÂÙÂÚÔ-‰ÈÌÂÚ‹˜ ÚˆÙÂ˝ÓË Ô˘
·ÔÙÂÏÂ›Ù·È ·fi ‰ÈÛÔ˘ÏÊ›‰È· Û˘Ó‰Â‰ÂÌ¤Ó· ÌÂ A- Î·È B-
ÔÏ˘ÂÙÈ‰ÈÎ¤˜ ·Ï˘Û›‰Â˜. MÔÚÂ› Ó· ˘¿ÚÍÂÈ Â›ÙÂ ÛÂ Ô-
ÌÔ‰ÈÌÂÚ‹ ÌÔÚÊ‹ (PDGF-AA, PDGF-BB), Â›ÙÂ ÛÂ ÂÙÂÚÔ‰È-
ÌÂÚ‹ ÌÔÚÊ‹ (PDGF-AB). OÈ ‰È·ÊÔÚÂÙÈÎ¤˜ ÈÛÔÌÔÚÊ¤˜
ÙÔ˘ PDGF (AA, AB, BB) ÂÈ‰ÚÔ‡Ó ÛÙ· Î‡ÙÙ·Ú· ÛÙfi¯Ô˘˜
ÌÂ ‰È·ÊÔÚÂÙÈÎ‹ ÂÍÂÈ‰›ÎÂ˘ÛË ÛÙÈ˜ ‰‡Ô Û¯ÂÙÈÎ¤˜ ‰ÔÌÈÎ¿
ÚˆÙÂ˝ÓÂ˜ ÙˆÓ ˘Ô‰Ô¯¤ˆÓ ÎÈÓ¿ÛË˜ - Ù˘ÚÔÛ›ÓË˜, ÁÓˆ-
ÛÙÔ‡˜ ˆ˜ «·-˘Ô‰Ô¯Â›˜» Î·È «‚-˘Ô‰Ô¯Â›˜». OÈ ˘Ô‰Ô-
¯Â›˜ PDGF ÂÓÂÚÁÔÔÈÔ‡ÓÙ·È ÌÂ ‰¤ÛÌÂ˘ÛË ÙÔ˘ ˘ÔÎ·Ù·-
ÛÙ¿ÙË Î·È Â·ÎfiÏÔ˘ıÔ ‰ÈÌÂÚÈÛÌfi ÙÔ˘ ˘Ô‰Ô¯¤·27,40. MÂ-
Ï¤ÙÂ˜ ·Ó·Ê¤ÚÔ˘Ó fiÙÈ Ô PDGF Â›Ó·È ¤Ó·˜ ‚·ÛÈÎfi˜ ·Ú¿-
ÁÔÓÙ·˜ ÛÙËÓ ·ÔÎ·Ù¿ÛÙ·ÛË ÔÛÙÔ‡. O PDGF ·ÂÏÂ˘ıÂ-
ÚÒÓÂÙ·È ·fi Ù· ·ÈÌÔÂÙ¿ÏÈ· ÛÙËÓ ÂÚÈÔ¯‹ ÙÔ˘ ·ÈÌ·ÙÒ-
Ì·ÙÔ˜. E›Ó·È ¤Ó·˜ ÈÛ¯˘Úfi˜ ̄ ËÌÂÈÔÙ·ÎÙÈÎfi˜ ‰ÈÂÁ¤ÚÙË˜ ÁÈ·
ÊÏÂÁÌÔÓÒ‰Ë Î‡ÙÙ·Ú· Î·È ¤Ó· ÛËÌ·ÓÙÈÎfi ÔÏÏ·Ï·ÛÈ·-
ÛÙÈÎfi Î·È ÌÂÙ·Ó·ÛÙÂ˘ÙÈÎfi ÂÚ¤ıÈÛÌ· ÁÈ· Ù· ÌÂÛÂÁ¯˘Ì·ÙÈ-
Î¿ ‚Ï·ÛÙÔÎ‡ÙÙ·Ú· (MSCs) Î·È ÙÔ˘˜ ÔÛÙÂÔ‚Ï¿ÛÙÂ˜41,42.
AÓ Î·È ¤¯ÂÈ ·Ô‰ÂÈ¯ıÂ› fiÙÈ Ù· Î‡ÙÙ·Ú· ÙˆÓ ÔÛÙÒÓ ·Ú¿-
ÁÔ˘Ó Î·È ·ÓÙ·ÔÎÚ›ÓÔÓÙ·È ÛÙÔÓ PDGF, Ô ÚfiÏÔ˜ ÙÔ˘ ÛÙËÓ
ÒÚˆÛË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ ‰ÂÓ ¤¯ÂÈ Î·ıÔÚÈÛıÂ› Ï‹Úˆ˜,
Î·ıÒ˜ ÙÔ ·ÎÚÈ‚¤˜ ıÂÚ·Â˘ÙÈÎfi ‰˘Ó·ÌÈÎfi ÙÔ˘ PDGF ·-
Ú·Ì¤ÓÂÈ ·Û·Ê¤˜22,43.

ñ ¶·Ú¿ÁÔÓÙ·˜ ·Ó¿Ù˘ÍË˜ ÈÓÔ‚Ï·ÛÙÒÓ FGFs 
(Fibroblast Growth Factor)
OÈ ·˘ÍËÙÈÎÔ› ·Ú¿ÁÔÓÙÂ˜ FGFs ˘¿Ú¯Ô˘Ó ÛÂ ÛËÌ·ÓÙÈ-
Î¤˜ ÔÛfiÙËÙÂ˜ ÛÙ· ÔÛÙ¿ Î·È ·ÚÎÂÙ¤˜ ÌÂÏ¤ÙÂ˜ ¤¯Ô˘Ó ‰Â›-
ÍÂÈ fiÙÈ ÌÔÚÂ› Ó· ÂÌÏ¤ÎÔÓÙ·È ÛÂ Ê˘ÛÈÔÏÔÁÈÎ‹ ÂÔ‡Ïˆ-
ÛË Î·Ù¿ÁÌ·ÙÔ˜44. OÈ FGFs Î·È ÔÈ ·ÓÙ›ÛÙÔÈ¯ÔÈ ˘Ô‰Ô¯Â›˜
ÙÔ˘˜ FGFR Û˘ÓÈÛÙÔ‡Ó ÌÈ· ÌÂÁ¿ÏË, ÔÏ‡ÏÔÎË ÔÈÎÔÁ¤-
ÓÂÈ· ÛËÌ·ÙÔ‰ÔÙÈÎÒÓ ÌÔÚ›ˆÓ Ù· ÔÔ›· ÂÓ¤¯ÔÓÙ·È ÛÂ ÔÈ-
ÎÈÏ›· ‰ÈÂÚÁ·ÛÈÒÓ fiˆ˜ Ë ÂÌ‚Ú˘ÔÓÈÎ‹ ·Ó¿Ù˘ÍË Î·È Ë È-
ÛÙÈÎ‹ ÔÌÔÈfiÛÙ·ÛË. H ÔÈÎÔÁ¤ÓÂÈ· ÙˆÓ FGFs ÂÚÈÏ·Ì‚¿ÓÂÈ
Û‹ÌÂÚ·, ÂÓÓ¤· ‰ÔÌÈÎ¿ Û˘Ó·Ê‹ ÔÏ˘ÂÙ›‰È·. AÔÙÂÏÔ‡-

23ÂÏÏËÓÈÎ‹ ÓÔÛÔÎÔÌÂÈ·Î‹ Ô‰ÔÓÙÈ·ÙÚÈÎ‹ 12: 17-26, 2019

AÓ·ÛÎfiËÛË



ÓÙ·È ·fi Ì›· ÂÍˆÎ˘ÙÙ¿ÚÈ· ÂÚÈÔ¯‹ ‰¤ÛÌÂ˘ÛË˜ ÙÔ˘
ÚÔÛ‰¤Ì·ÙÔ˜, Ì›· ‰ÈÂÌÂÌ‚Ú·ÓÈÎ‹ Î·È Ì›· ÂÓ‰ÔÎ˘ÙÙ¿ÚÈ·
ÂÚÈÔ¯‹ ÌÂ ÂÓÂÚÁfiÙËÙ· ÎÈÓ¿ÛË˜ - Ù˘ÚÔÛ›ÓË˜. MÂÙ¿ ÙËÓ
¤ÎÎÚÈÛË ‹ Î·È ·ÂÏÂ˘ı¤ÚˆÛ‹ ÙÔ˘˜ ·fi Ù· Î‡ÙÙ·Ú·, ÔÈ
FGFs ‰ÂÛÌÂ‡ÔÓÙ·È ÈÛ¯˘Ú¿ ÛÂ ÚˆÙÂÔÁÏ˘Î¿ÓÂ˜ ıÂÈ˚Î‹˜
Ë·Ú¿ÓË˜ (Heparan Sulfate Proteoglycans, HSPGs)45,46.
™ÙÔÓ ÂÓ‹ÏÈÎ· ÔÈ ÔÛÙÂÔ‚Ï¿ÛÙÂ˜ ÂÎÊÚ¿˙Ô˘Ó FGFR
(FGFR1, FGFR2, FGFR3), ·Ú¿ÁÔ˘Ó FGFs, Ô˘ ÛÙË Û˘-
Ó¤¯ÂÈ· ·ÔıËÎÂ‡ÔÓÙ·È ÛÙËÓ ÔÛÙÈÎ‹ ıÂÌ¤ÏÈ· Ô˘Û›· (.¯.
FGF2) Î·È ÂÓ¤¯ÔÓÙ·È ÛÙËÓ ÔÛÙÂÔÁ¤ÓÂÛË. H Û˘Ì‚ÔÏ‹
ÙÔ˘˜ ÛÙÈ˜ ‰ÈÂÚÁ·Û›Â˜ Ô˘ Ï·Ì‚¿ÓÔ˘Ó ̄ ÒÚ· ÛÙÔ ÔÛÙfi Â-
ÚÈÏ¤ÎÂÙ·È Î·È ·fi ÙÔ ÁÂÁÔÓfi˜ fiÙÈ ·ÏÏËÏÂÈ‰ÚÔ‡Ó ÌÂ
ÔÈÎÈÏ›· ÛËÌ·ÙÔ‰ÔÙÈÎÒÓ ÌÔÓÔ·ÙÈÒÓ fiˆ˜ ÙÔ˘ TGF-‚,
ÙÔ˘ VEGF, ÙˆÓ MMPs, ÙˆÓ IGF Î.·. OÈ FGFs Â›Ó·È ·Úfi-
ÓÙÂ˜ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙˆÓ ÚÒÙˆÓ ÛÙ·‰›ˆÓ ÙË˜ ÒÚˆ-
ÛË˜ Î·È ·›˙Ô˘Ó ÎÚ›ÛÈÌÔ ÚfiÏÔ ÛÙËÓ ·ÁÁÂÈÔÁ¤ÓÂÛË Î·È
ÛÙË ÌÈÙÔÁ¤ÓÂÛË ÙˆÓ ÌÂÛÂÁ¯˘Ì·ÙÈÎÒÓ Î˘ÙÙ¿ÚˆÓ. O fiÍÈ-
ÓÔ˜ ·˘ÍËÙÈÎfi˜ ·Ú¿ÁÔÓÙ·˜ ÙˆÓ ÈÓÔ‚Ï·ÛÙÒÓ (a-FGF,
FGF-1) Ú˘ıÌ›˙ÂÈ Î˘Ú›ˆ˜ ÙÔÓ ÔÏÏ·Ï·ÛÈ·ÛÌfi ÙˆÓ ¯ÔÓ-
‰ÚÔÎ˘ÙÙ¿ÚˆÓ Î·È Èı·ÓfiÙ·Ù· Â›Ó·È ÛËÌ·ÓÙÈÎfi˜ Î·Ù¿ ÙËÓ
ˆÚ›Ì·ÓÛ‹ ÙÔ˘˜, ÂÓÒ Ô ‚·ÛÈÎfi˜ ·˘ÍËÙÈÎfi˜ ·Ú¿ÁÔÓÙ·˜
ÙˆÓ ÈÓÔ‚Ï·ÛÙÒÓ (b-FGF, FGF-2) ÂÎÊÚ¿˙ÂÙ·È ·fi ÙÔ˘˜ Ô-
ÛÙÂÔ‚Ï¿ÛÙÂ˜ Î·È Â›Ó·È ÁÂÓÈÎ¿ ÈÛ¯˘ÚfiÙÂÚÔ˜ ·fi ÙÔÓ a-
FGF32,47. MÂÏ¤ÙÂ˜ ¤¯Ô˘Ó ‰Â›ÍÂÈ fiÙÈ Ô b-FGF ‰ÈÂÁÂ›ÚÂÈ ÙËÓ
ÂÓ‰ÔÌÂÌ‚Ú·ÓÒ‰Ë Î·È ÂÓ‰Ô¯fiÓ‰ÚÈ· ÔÛÙÂÔÔ›ËÛË, ‚ÔËı¿
Î·Ù¿ ÙËÓ ÂÔ˘ÏˆÙÈÎ‹ ‰È·‰ÈÎ·Û›· ·ÏÏ¿ Î·Ù·ÛÙ¤ÏÏÂÈ ÙËÓ
ÂÚÈÔÛÙÈÎ‹ ·ÓÙ›‰Ú·ÛË. O a-FGF ÂÈ‰Ú¿ ıÂÙÈÎ¿ ·˘Í¿ÓÔ-
ÓÙ·˜ ÙËÓ ‰ËÌÈÔ˘ÚÁ›· Ó¤Ô˘ ÔÛÙÔ‡ Î·È ÙËÓ ˘ÎÓfiÙËÙ· ·˘-
ÙÔ‡. E›ÛË˜ ›Ûˆ˜ Ó· ÂÈ‰Ú¿ ÛÙË ÌÈÎÚÔ·Ú¯ÈÙÂÎÙÔÓÈÎ‹ Â-
Ófi˜ ÙÚ·˘Ì·ÙÈÛÌ¤ÓÔ˘ ÔÛÙÔ‡ Î·È Ó· ·ÔÙÚ¤ÂÈ ÙËÓ ·Ò-
ÏÂÈ· ÔÛÙÈÎ‹˜ Ì¿˙·˜ ÂÌÔ‰›˙ÔÓÙ·˜ ÙËÓ ‰Ú¿ÛË ÙˆÓ ÔÈ-
ÛÙÚÔÁfiÓˆÓ48.

ñ ¶·Ú¿ÁÔÓÙÂ˜ Ù‡Ô˘ ÈÓÛÔ˘Ï›ÓË˜ IGFs 
(Insulin-like Growth Factors)
OÈ ·˘ÍËÙÈÎÔ› ·Ú¿ÁÔÓÙÂ˜ Ù‡Ô˘ ÈÓÛÔ˘Ï›ÓË˜ (IGFs) Â›Ó·È
ÛËÌ·ÓÙÈÎÔ› ÙÔÈÎÔ› Ú˘ıÌÈÛÙ¤˜ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÒÚˆ-
ÛË˜. AÓ Î·È Ë ·ÓÂ¿ÚÎÂÈ· ÙÔ˘ IGFI Â›Ó·È ÁÓˆÛÙfi fiÙÈ ·˘-
Í¿ÓÂÈ ÙÔÓ Î›Ó‰˘ÓÔ Î·ı˘ÛÙÂÚËÌ¤ÓË˜ ‹ Î·È ÌË ÂÔ‡ÏˆÛË˜
ÛÂ ËÏÈÎÈˆÌ¤ÓÔ˘˜ ÏËı˘ÛÌÔ‡˜, ÔÈ ˘ÔÎÂ›ÌÂÓÔÈ ÌË¯·ÓÈ-
ÛÌÔ› Ô˘ Û˘Ì‚¿ÏÏÔ˘Ó ÛÂ ·˘Ùfi ·Ú·Ì¤ÓÔ˘Ó ·Û·ÊÂ›˜. OÈ
ËÁ¤˜ ÙˆÓ IGFs (IGF-I Î·È II) Â›Ó·È Ë Ì‹ÙÚ· ÙˆÓ ÔÛÙÒÓ, Ù·
ÂÓ‰ÔıËÏÈ·Î¿ Î‡ÙÙ·Ú·, ÔÈ ÔÛÙÂÔ‚Ï¿ÛÙÂ˜ Î·È Ù· ¯ÔÓ‰ÚÔ-
Î‡ÙÙ·Ú·. H Û‡ÓıÂÛË ÙÔ˘˜ ÂËÚÂ¿˙ÂÙ·È ·fi ÔÏÏÔ‡˜ ·-
Ú¿ÁÔÓÙÂ˜ fiˆ˜ Ô TGF‚, Ô FGF, Ô PDGF Î·È ÔÈ ÚÔÛÙ·-
ÁÏ·Ó‰›ÓÂ˜. O IGF-I ·ÛÎÂ› ÙË ‰Ú¿ÛË ÙÔ˘ ÌÂÙ¿ ·fi Û‡Ó‰Â-
ÛË ÌÂ ÙÔÓ IGF1R, Ô ÔÔ›Ô˜ ÂÓÂÚÁÔÔÈÂ› ¤Ó·Ó ·ÚÈıÌfi ÂÓ-
‰ÔÎ˘ÙÙ·ÚÈÎÒÓ Ô‰ÒÓ ÛËÌ·ÙÔ‰fiÙËÛË˜. H Û˘ÁÎ¤ÓÙÚˆÛË
ÙÔ˘ IGF-I ÛÙÔÓ ÔÚfi Ú˘ıÌ›˙ÂÙ·È Î˘Ú›ˆ˜ ·fi ÙËÓ ·˘ÍËÙÈÎ‹
ÔÚÌfiÓË49. K·Ù¿ ÙËÓ ÂÔ‡ÏˆÛË Î·Ù¿ÁÌ·ÙÔ˜, Ô IGF-I Â-
ÌÏ¤ÎÂÙ·È ÛÙÔÓ Î˘ÙÙ·ÚÈÎfi ÔÏÏ·Ï·ÛÈ·ÛÌfi Î·È ÙË ‰È·-
ÊÔÚÔÔ›ËÛË ÙˆÓ ÌÂÛÂÁ¯˘Ì·ÙÈÎÒÓ Î˘ÙÙ¿ÚˆÓ, ÙˆÓ ÂÚÈÔ-
ÛÙÈÎÒÓ Î˘ÙÙ¿ÚˆÓ, ÙˆÓ ÔÛÙÂÔ‚Ï·ÛÙÒÓ, ÙˆÓ ÔÛÙÂÔÎÏ·-
ÛÙÒÓ Î·È ÙˆÓ ̄ ÔÓ‰ÚÔÎ˘ÙÙ¿ÚˆÓ ÌÂ ·˘ÙÔÎÚÈÓ‹ Î·È ‹ ·Ú·-
ÎÚÈÓ‹ ÙÚfiÔ. AÔÙÂÏ¤ÛÌ·Ù· ÌÂÏÂÙÒÓ ¤¯Ô˘Ó ‰Â›ÍÂÈ fiÙÈ Ô
IGF-I Ú˘ıÌ›˙ÂÈ ÙÔÓ ÔÛÙÂÔ‚Ï·ÛÙÈÎfi ÔÏÏ·Ï·ÛÈ·ÛÌfi, ÙË
‰È·ÊÔÚÔÔ›ËÛË, ÙËÓ ÂÈ‚›ˆÛË Î·È ÙË Û‡ÓıÂÛË ÙË˜ ÔÛÙÈ-
Î‹˜ Ì‹ÙÚ·˜50. EÈÏ¤ÔÓ ‰ÈÂÁÂ›ÚÂÈ ÙËÓ ¤ÎÎÚÈÛË VEGF Ùfi-
ÛÔ ·fi ÙÔ˘˜ ÔÛÙÂÔ‚Ï¿ÛÙÂ˜ fiÛÔ Î·È ·fi Ù· ¯ÔÓ‰ÚÔÎ‡Ù-
Ù·Ú· ÁÈ· ÙËÓ ÚÔÒıËÛË ÙË˜ ·ÁÁÂÈÔÁ¤ÓÂÛË˜51. O IGF-I Â›-
Ó·È 4 ¤ˆ˜ 7 ÊÔÚ¤˜ ÈÔ ÈÛ¯˘Úfi˜ ·fi IGF-II52. O IGF-II Â›Ó·È
Ô Û˘ÓÙÂÏÂÛÙ‹˜ ·Ó¿Ù˘ÍË˜ Ô˘ ‚Ú¤ıËÎÂ ÛÙËÓ ˘„ËÏfiÙÂ-
ÚË Û˘ÁÎ¤ÓÙÚˆÛË ÛÙË Ì‹ÙÚ· ÙÔ˘ ÔÛÙÔ‡. O IGF-II ‰Ú· ÛÂ

ÌÂÙ·ÁÂÓ¤ÛÙÂÚÔ ÛÙ¿‰ÈÔ ÙË˜ ÂÓ‰Ô¯ÔÓ‰ÚÈÎ‹˜ ÔÛÙÂÔÔ›Ë-
ÛË˜, Û¯ËÌ·Ù›˙ÂÈ Î·È ‰ÈÂÁÂ›ÚÂÈ ÙËÓ ·Ú·ÁˆÁ‹ ÎÔÏÏ·ÁfiÓÔ˘
Ù‡Ô˘ I, ÙË Û‡ÓıÂÛË ÙÔ˘ ̄ fiÓ‰ÚÔ˘ Î·È ÙÔÓ Î˘ÙÙ·ÚÈÎfi ÔÏ-
Ï·Ï·ÛÈ·ÛÌfi53. 

Á) MÂÙ·ÏÏÔÚˆÙÂÈÓ¿ÛÂ˜ Î·È ·ÁÁÂÈÔÁÂÓÂÙÈÎÔ› ·Ú¿-
ÁÔÓÙÂ˜
H ‚¤ÏÙÈÛÙË ÂÔ‡ÏˆÛË ÙÔ˘ ÔÛÙÔ‡ ÂÍ·ÚÙ¿Ù·È Â›ÛË˜ ·fi
ÙËÓ ·ÈÌ·ÙÈÎ‹ ·ÚÔ¯‹ Î·È Î·Ù¿ Û˘Ó¤ÂÈ· ··ÈÙÂ› ÙËÓ ·Ó¿-
Ù˘ÍË Ó¤ˆÓ ·ÈÌÔÊfiÚˆÓ ·ÁÁÂ›ˆÓ. K·Ù¿ ÙËÓ ‰È¿ÚÎÂÈ· ÙË˜
ÂÔ‡ÏˆÛË˜ Ë ÌÂÙ¿‚·ÛË ·fi ¤Ó· ¯fiÓ‰ÚÈÓÔ ÒÚÔ ÛÙÔ
Û¯ËÌ·ÙÈÛÌfi Ó¤Ô˘ ÔÛÙÔ‡, ÂÚÈÏ·Ì‚¿ÓÂÈ Û˘ÓÙÔÓÈÛÌ¤Ó·
‚ÈÔÏÔÁÈÎ¿ Û˘Ì‚¿ÓÙ·. KÂÓÙÚÈÎfi ÛÙÔÈ¯Â›Ô ·˘Ù‹˜ ÙË˜ ÌÂÙ¿-
‚·ÛË˜ Â›Ó·È Ë ·fiÙˆÛË ÙˆÓ ¯ÔÓ‰ÚÔÎ˘ÙÙ¿ÚˆÓ, Ë ·ÔÈ-
ÎÔ‰fiÌËÛË ÙË˜ Ì‹ÙÚ·˜ ÙÔ˘ ¯fiÓ‰ÚÔ˘, Ë ·Ó¿Ù˘ÍË Ó¤ˆÓ
·ÁÁÂ›ˆÓ Î·È Ë ¤Ó·ÚÍË Û¯ËÌ·ÙÈÛÌÔ‡ Ó¤Ô˘ ÔÛÙÔ‡54. K·Ù¿
ÙË ‰È¿ÚÎÂÈ· ÙˆÓ ÙÂÏÈÎÒÓ ÛÙ·‰›ˆÓ ÙË˜ ÂÓ‰Ô¯ÔÓ‰ÚÈÎ‹˜ Ô-
ÛÙÂÔÔ›ËÛË˜ Î·È ÙË˜ ·Ó·‰fiÌËÛË˜ ÙÔ˘ ÔÛÙÔ‡, ÂÈ‰ÈÎ¤˜ ÌÂ-
Ù·ÏÏÔÚˆÙÂÈÓ¿ÛÂ˜ (MMPs) ˘Ô‚·ıÌ›˙Ô˘Ó ÙÔÓ ¯fiÓ‰ÚÔ
Î·È ÙÔ ÔÛÙfi, ÂÈÙÚ¤ÔÓÙ·˜ ÙËÓ ‰ÈÂ›Û‰˘ÛË ÙˆÓ ·ÈÌÔÊfi-
ÚˆÓ ·ÁÁÂ›ˆÓ23,24. AÚÎÂÙ¤˜ ÌÂÏ¤ÙÂ˜ ¤¯Ô˘Ó ‰Â›ÍÂÈ ÙÔÓ ÚfiÏÔ
ÙË˜ MMP-9 ÛÙËÓ ÒÚˆÛË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜55,56. H ·ÁÁÂÈÔ-
Á¤ÓÂÛË ÈÛÙÂ‡ÂÙ·È fiÙÈ Ú˘ıÌ›˙ÂÙ·È Ì¤Ûˆ ‰‡Ô ‰È·ÊÔÚÂÙÈ-
ÎÒÓ Ô‰ÒÓ, ÙÔ ÌÔÓÔ¿ÙÈ Ô˘ ÂÍ·ÚÙ¿Ù·È ·fi ÙÔÓ ·ÁÁÂÈ·Îfi
ÂÓ‰ÔıËÏÈ·Îfi ·˘ÍËÙÈÎfi ·Ú¿ÁÔÓÙ· (VEGF) Î·È ÙÔ ÌÔÓÔ-
¿ÙÈ Ô˘ ÂÍ·ÚÙ¿Ù·È ·fi ÙËÓ ·ÁÁÂÈÔÔÈËÙ›ÓË57. MÂÏ¤ÙÂ˜ ¤-
¯Ô˘Ó ‰Â›ÍÂÈ fiÙÈ Ë ÛËÌ·ÙÔ‰fiÙËÛË VEGF ·›˙ÂÈ ÎÂÓÙÚÈÎfi
ÚfiÏÔ ÛÙË ÓÂÔ-·ÁÁÂÈÔÁ¤ÓÂÛË Î·È ÛÙÔ Û¯ËÌ·ÙÈÛÌfi ÂÓ‰Ô-
¯ÔÓ‰ÚÈÎÔ‡ ÔÛÙÔ‡. EÈÏ¤ÔÓ, Ë ·ÔÎ·Ù¿ÛÙ·ÛË Î·Ù¿ÁÌ·-
ÙÔ˜ ÂÓÈÛ¯‡ÂÙ·È ·fi ÂÍˆÁÂÓÂ›˜ VEGFs58,59. E›ÛË˜ ÈÔ
ÚfiÛÊ·ÙÂ˜ ÌÂÏ¤ÙÂ˜ ¤¯Ô˘Ó ‰Â›ÍÂÈ fiÙÈ ÔÈ ·Ú¿ÁÔÓÙÂ˜
BMPs ‰ÈÂÁÂ›ÚÔ˘Ó ÙËÓ ¤ÎÊÚ·ÛË ÙÔ˘ ·Ú¿ÁÔÓÙ· VEGF ·-
fi ÔÛÙÂÔ‚Ï¿ÛÙÂ˜24. M›· ‰Â‡ÙÂÚË Ô‰fi˜ Ô˘ Ú˘ıÌ›˙ÂÈ ÙËÓ
·ÁÁÂÈ·Î‹ ·Ó¿Ù˘ÍË ÂÚÈÏ·Ì‚¿ÓÂÈ ÙÈ˜ ·ÁÁÂÈÔÔÈËÙ›ÓÂ˜ I
Î·È II Î·È ÙÔ˘˜ ˘Ô‰Ô¯Â›˜ ÙÔ˘˜. OÈ ·ÁÁÂÈÔÔÈËÙ›ÓÂ˜ Â›Ó·È
·ÁÁÂÈ·Î¤˜ ÌÔÚÊÔÁÂÓÂÙÈÎ¤˜ ÚˆÙÂ˝ÓÂ˜ Ô˘ Û¯ÂÙ›˙ÔÓÙ·È
ÌÂ ÙÔ Û¯ËÌ·ÙÈÛÌfi ÌÂÁ·Ï‡ÙÂÚˆÓ ·ÁÁÂ›ˆÓ Î·È ÙËÓ ·Ó¿-
Ù˘ÍË ·Ú¿ÏÂ˘ÚˆÓ ÎÏ¿‰ˆÓ ·fi ˘¿Ú¯ÔÓÙ· ·ÁÁÂ›·. O
ÚfiÏÔ˜ ÙÔ˘˜ ÛÙËÓ ·ÔÎ·Ù¿ÛÙ·ÛË Î·Ù¿ÁÌ·ÙÔ˜ ‰ÂÓ Â›Ó·È
ÙfiÛÔ Î·Ï¿ Î·Ù·ÓÔËÙfi˜ fiÛÔ Ë Ô‰fi˜ VEGF.

™YM¶EPA™MATA

TÔ ÔÛÙfi Â›Ó·È ¤Ó· ·ÍÈÔı·‡Ì·ÛÙÔ ̆ ÏÈÎfi Ô˘ ¤¯ÂÈ ÙË ‰˘Ó·-
ÙfiÙËÙ· Ó· ·Ó·ÁÂÓÓ¿Ù·È Ï‹Úˆ˜, ÛÂ ·ÓÙ›ıÂÛË ÌÂ ÙÔ˘˜ Ì·-
Ï·ÎÔ‡˜ ÈÛÙÔ‡˜ fiÔ˘ Î·Ù¿ ÙËÓ ÂÔ‡ÏˆÛË ÙˆÓ ÏËÁÒÓ
Û¯ËÌ·Ù›˙ÔÓÙ·È Ô˘Ï¤˜. 
H ÂÔ‡ÏˆÛË ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜ Â›Ó·È ·ÔÙ¤ÏÂÛÌ· ÌÈ·˜ Ô-
Ï‡ÏÔÎË˜ ÛÂÈÚ¿˜ ‚ÈÔ¯ËÌÈÎÒÓ ‰ÈÂÚÁ·ÛÈÒÓ Ô˘ ÌÔÚÂ› Ó·
Ô‰ËÁ‹ÛÔ˘Ó ÛÙËÓ ·ÔÎ·Ù¿ÛÙ·ÛË ÙË˜ ÌË¯·ÓÈÎ‹˜ ÛÙ·ıÂ-
ÚfiÙËÙ·˜ ÛÙÔ ÛËÌÂ›Ô ÙÔ˘ Î·Ù¿ÁÌ·ÙÔ˜, Î·ıÒ˜ Î·È ÙˆÓ
‚ÈÔ¯ËÌÈÎÒÓ È‰ÈÔÙ‹ÙˆÓ ÙÔ˘ ÔÛÙÔ‡. 
™Â ·˘Ù‹ ÙË ÌÂÏ¤ÙË ·ÚÔ˘ÛÈ¿ÛıËÎÂ Ë ‚·ÛÈÎ‹ ‚ÈÔÏÔÁ›·
ÙË˜ ÒÚˆÛË˜ ÙÔ˘ ÔÛÙÔ‡, Î·ıÒ˜ Î·È Ë Û‡Á¯ÚÔÓË ÁÓÒÛË
Û¯ÂÙÈÎ¿ ÌÂ Ù· ÈÔ ÛËÌ·ÓÙÈÎ¿ ÙÔÈÎ¿ ÌfiÚÈ·, ÙÈ˜ ·ÏÏËÏÂÈ-
‰Ú¿ÛÂÈ˜ Î·È ÙÈ˜ Ô‰Ô‡˜ Ô˘ ÂÌÏ¤ÎÔÓÙ·È ÛÙËÓ ÒÚˆÛË
ÙˆÓ ÔÛÙÒÓ. ¶Ú¤ÂÈ Ó· ÂÈÛËÌ·ÓıÂ› fiÙÈ Û˘ÛÙËÌ·ÙÈÎÔ› ·-
Ú¿ÁÔÓÙÂ˜ Î·È ¿ÏÏÔÈ Â›ÛË˜ ÌË¯·ÓÈÛÌÔ› Ê·›ÓÂÙ·È Ó· ¤-
¯Ô˘Ó ÛËÌ·ÓÙÈÎÔ‡˜ ÚfiÏÔ˘˜ ÛÙËÓ ·Ó·Á¤ÓÓËÛË ÙˆÓ ÔÛÙÒÓ.
¶·ÚfiÙÈ ÔÈ ÁÓÒÛÂÈ˜ Ì·˜ ¤¯Ô˘Ó ‚ÂÏÙÈˆıÂ› ÛËÌ·ÓÙÈÎ¿ Û¯Â-
ÙÈÎ¿ ÌÂ ÙËÓ Î·Ù·ÓfiËÛË ÙˆÓ ÔÏÏ·ÏÒÓ Î·È ÔÏ‡ÏÔÎˆÓ
ÌÔÚÈ·ÎÒÓ Ô‰ÒÓ Ô˘ Ï·Ì‚¿ÓÔ˘Ó ¯ÒÚ· Î·Ù¿ ÙË ‰È·‰ÈÎ·-
Û›· ÂÔ‡ÏˆÛË˜ ÙÔ˘ ÔÛÙÔ‡, ÔÏÏ¿ ÂÚˆÙ‹Ì·Ù· ·Ú·Ì¤-
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ÓÔ˘Ó ·Ó·¿ÓÙËÙ·. ¶ÈÛÙÂ‡ÂÙ·È fiÙÈ ÔÈ ‚ÂÏÙ›ˆÛË ÙˆÓ ÁÓÒ-
ÛÂÒÓ Ì·˜, ÌÔÚÂ› Ó· Ô‰ËÁ‹ÛÂÈ ÛÙËÓ ·Ó¿Ù˘ÍË Ó¤ˆÓ ıÂ-
Ú·Â˘ÙÈÎÒÓ ÌÂıfi‰ˆÓ ÁÈ· ÙËÓ ·ÔÎ·Ù¿ÛÙ·ÛË ÙˆÓ Î·Ù·Á-
Ì¿ÙˆÓ. ¶ÚÔ˜ ÙËÓ Î·ÙÂ‡ı˘ÓÛË ·˘Ù‹ ··ÈÙÂ›Ù·È ÂÚ·ÈÙ¤-
Úˆ ¤ÚÂ˘Ó· Î·È Î·Ï¿ Û¯Â‰È·ÛÌ¤ÓÂ˜ ÎÏÈÓÈÎ¤˜ ‰ÔÎÈÌ¤˜.

SUMMARY

Bone: The biology of fracture healing

Giannopoulou Angeliki, Korres Nektarios, 
Zervou-Valvi Flora

hellenic hospital dentistry 12: 17-26, 2019 

Bone tissue is a dynamic living tissue with big
organisation in structure, that offers not only static
support, but allocates big cellular and inorganic faculty.
The Bone fracture is a usual wound of body and refers to
the perfect or incomplete solution of continuity of this.
Fracture healing is a complex and well orchestrated
regenerative process, initiated in response to injury,
resulting in optimal skeletal repair and restoration of
skeletal function. This process includes biological and
biomechanical parameters. Following a fracture, the
cellular immigration, the differentiation of cells, the
composition of tissues and the cytokine Release and
augmentative factors, are regulated by the mechanic
environment as well as by systematic factors. In classical
histological terms, fracture healing has been divided into
direct (primary) and indirect (secondary) fracture
healing. Direct fracture healing is a rare process in
nature. Direct fracture healing occurs when rigid internal
fixation anatomically reduces the fracture fragments,
thereby reducing inter-fragmentary distances. During
this process, little or no periosteal response is noted (no
callus formation). The process of secondary porosis
occurs in displaced fractures and some degree of
mobility in the lower extremities. The secondary porosi
includes reaction from both the periosteum and
surrounding soft tissues. Bone healing occurs via the
classical healing cascade characterized by the
inflammatory, the repair and the remodeling phases.
Fracture healing has important applications in
orthopaedics, maxillofacial surgery, periodontal disease.
In this paper, we summarize the basic biology of healing
fractures. We summarize the current knowledge of the
most important molecules involved in the sequence of
events during fracture healing.
This information is necessary for research aimed at
developing new therapeutic methods to repair bone
fractures.

Key words: Bone; bone healing; molecular biology;
bone morphogenetic protein; angiogenesis; cytokine.

BIB§IO°PAºIA

1. Bonafede M, Espindle D, Bower A.G: The direct and
indirect costs of long bone fractures in a working age US
population. J. Med. Econ 2013; 16(1): 169178. 

2. Schenk R. Biology of fracture repair. In: Browner BD,
Jupiter JB, Levine AM, Trafton PG, eds. Skeletal Trauma,
Philadelphia. Saunders 1992: 31-75. 

3. Einhorn T.A: Enhancement of fracture-healing. J Bone Joint
Surg Am 1995; 77(6): 940956. 

4. Einhorn T.A, Gerstenfeld L.C: Fracture healing:
mechanisms and interventions. Nat Rev Rheumatol 2015;
11(1): 4554. 

5. Claes L, Augat P, Suger G, Wilke HJ: Influence of size and
stability of the osteotomy gap on the success of fracture
healing. J Orthop Res 1997; 15(4): 577-84. 

6. Park S.H, O’ConnorK, McKellop H, Sarmiento A: The
influence of active shear or compressive motion on
fracture-healing. J Bone Joint Surg Am 1998; 80: 868-878. 

7. Riedel GE, Valentin-Opran A: Clinical evaluation of rhBMP-
2/ACS in orthopaedic trauma: a progress report.
Orthopaedics 1999; 22: 663-665. 

8. ™˘ÌÂˆÓ›‰Ë˜ ¶: OÚıÔ·È‰ÈÎ‹ - Î·ÎÒÛÂÈ˜ Î·È ·ı‹ÛÂÈ˜ ÙÔ˘
Ì˘ÔÛÎÂÏÂÙÈÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜. University Studio Press. 
£ÂÛÛ·ÏÔÓ›ÎË 1996: 48-51. 

9. Einhorn T.A:The cell and molecular biology of fracture
healing. Clin Orthop Relat Res 1998;(355):S7-S21. 

10. McKibbin B:The biology of fracture healing in long bones. 
J Bone Joint Surg Br 1978; 60-B(2):150-162. 

11. Dimitriou R, Jones E, McGonagle D, Giannoudis P: Bone
regeneration:current concepts and future directions. BMC
Med 2011; 9: 66. 

12. Bigham-Sadegh A, Oryan A: Basic concepts regarding
fracture healing and the current options and future
directions in managing bone fractures. Int Wound J 2015;
12(3): 238-47. 

13. Kolar P, Schmidt-Bleek K, Schell H, Gaber T, Toben D,
Schmidmaier G et al: The early fracture hematoma and its
potential role in fracture healing. Tissue Eng B Rev 2010;
16(4): 427-434. 

14. Schmidt-Bleek K, Petersen A, Dienelt A, Schwarz C, Duda
G.N: Initiation and early control of tissue regeneration-bone
healing as a model system for tissue regeneration. Expert
Opin Biol Ther 2014; 14(2): 247-259. 

15. Claes L, Recknagel S, Ignatius A: Fracture healing under
healthy and inflammatory conditions. Nat Rev Rheumatol
2012; 8: 133-143. 

16. Echeverri L.F, Herrero M.A, Lopez J.M, Oleaga G: Early
stages of bone fracture healing: formation of a
fibrincollagen scaffold in the fracture hematoma. Bull Math
Biol 2015; 77(1): 156-183. 

17. Udupa KN, Prasad G: Chemical and histochemical studies
on the organic constituents in fracture repair in rats. J Bone
Joint Surg Br 1963; 45: 770-779. 

18. Cho TJ, Gerstenfeld LC, Einhorn TA: Differential temporal
expression ofmembers of the transforming growth factor
beta superfamily duringmurine fracture healing. J Bone
Miner Res 2002; 7: 513-520. 

19. Hankenson K.D, Gagne K, Shaughnessy M: Extracellular
signaling molecules to promote fracture healing and bone
regeneration. Adv Drug Deliv Rev 2015; 94: 312. 

20. Street J, Winter D, Wang JH, Wakai A, McGuinness A,
Redmond HP: Is human fracture hematoma inherently
angiogenic? Clin Orthop Relat Res 2000; 378: 224-37. 

21. LaStayo PC, Winters KM, Hardy M: Bone Healing, Fracture
Management and Current Concepts Related to the Hand.
J Hand Ther 2003; 16: 81-93. 

22. Nikolaou V.S, Tsiridis E: Pathways and signalling
molecules. Curr Orthop 2007; 21(4): 249-257. 

23. Gerstenfeld LC, Cullinane DM, Barnes GL, Graves DT,

25ÂÏÏËÓÈÎ‹ ÓÔÛÔÎÔÌÂÈ·Î‹ Ô‰ÔÓÙÈ·ÙÚÈÎ‹ 12: 17-26, 2019

AÓ·ÛÎfiËÛË



Einhorn TA: Fracture healing as a post-natal developmental
process: molecular, spatial, and temporal aspects of its
regulation. J Cell Biochem 2003; 88: 873-884. 

24. Tsiridis E, Upadhyay N, Giannoudis P:Molecular aspects of
fracture healing: which are the important molecules? Injury
2007; 38 Suppl 1: S11-25. 

25. Tardif G, Hum D, Pelletier JP, Boileau C, Ranger P, Martel-
Pelletier J: Differential gene expression and regulation of
the bone morphogenetic protein antagonists follistatin and
gremlin in normal and osteoarthritic human chondrocytes
and synovial . fibroblasts.Arthritis Rheum 2004; 50(8):
2521-2530. 

26. Ten Dijke P, Fu J, Schaap P, Roelen BA: Signal
transduction of bone morphogenetic proteins in osteoblast
differentiation. J Bone Joint Surg Am 2003; 85-A Suppl 3:
34-8. 

27. Barnes G.L, Kostenuik P.J, Gerstenfeld L.C, Einhorn
T.A:Growth factor regulation of fracture repair. J Bone
Miner Res 1999; 14(11): 1805-1815. 

28. Marsell R, Einhorn TA:The biology of fracture healing. Int Inj
2011; 42: 551-555. 

29. Phillips AM:Overview of the fracture healing cascade. Int Inj
2005; 36S: S5-S7. 

30. Sakou T: Bone morphogenetic proteins: from basic studies
to clinical approaches. Bone 1998; 22(6): 591-603. 

31. Urist M.R: Bone: formation by autoinduction. Science 1965;
150(698): 893-899. 

32. Dimitriou R., Tsiridis E., Giannoudis P.V:Current concepts
of molecular aspects of bone healing. Injury 2005: 36 (12);
1392-1404.  

33. Groeneveld EHJ, Burger EH: Bone morphogenetic proteins
in human bone regeneration. Eur J Endocrinol 2000;
142(1): 9-21.

34. Sakou T: Bone morphogenetic proteins: from basic studies
to clinical approaches. Bone 1998; 22(6): 591-603. 

35. Chena D, Zhaob M, Mundy G: Bone Morphogenetic
Proteins. Growth Factors 2004; 22(4): 233-24. 

36. Wozney JM, Seeherman HJ: Protein-based tissue
engineering in bone and cartilage repair. Curr Opin
Biotechnol 2004; 15: 392-8. 

37. Valdimarsdottir G , Goumans MJ, Rosendahl A, Brugman
M, Itoh S, Lebrin F et al: Stimulation of Id1 expression by
bone morphogenetic protein is sufficient and necessary for
bone morphogenetic protein-induced activation of
endothelial cells. Circulation 2002; 106 (17): 2263-2270. 

38. Ishidou Y, Kitajima I, Obama H, Maruyama I, Murata F,
Imamura T et al: Enhanced expression of type I receptors
for bone morphogenetic proteins during bone formation. 
J Bone Min Res 1995: 10: 1651-1659. 

39. Nakase T, Nomura S, Yoshikawa H, Hashimoto J, Hirota S,
Kitamura Y et al: Transient and localized expression of
bone morphogenetic protein 4 messenger RNA during
fracture healing. J Bone Miner Res 1994: 9: 651-659. 

40. C.E. Hart, D.F. Bowen-Pope: Platelet-derived growth factor
receptor: current views of the two-subunit model J Invest
Dermatol 1990; 94(6): 53S-57S. 

41. Heldin C.H., Westermark B. Mechanism of action and 
in vivo role of platelet-derived growth factor. Physiol Rev
1999; 79:1283-1316. 

42. J.R. Lieberman, A. Daluiski, T.A. Einhorn:The role of growth
factors in the repair of bone. Biology and clinical
applications. J Bone Joint Surg Am 2002: 84-A (6); 1032-
1044. 

43. Marden L.J, Fan R.S.P, Pierce G.F, Reddi A.H, Hollinger
J.O: Platelet derived growth factor inhibits bone
regeneration induced by osteogenin, a bone
morphogenetic protein, in rat craniotomy defects. J Clin
Invest 1993; 92: 2897-2905. 

44. Radomsky ML, Thompson AY , Spiro RC , Poser JW:
Potential role of fibroblast growth factor in enhancement of
fracture healing. Clin Orthop Relat Res. 1998; (355 Suppl):

S283-93. 
45. Shuyan Dai, Zhan Zhou, Zhuchu Chen, Guangyu Xu,

Yongheng Chen: Fibroblast Growth Factor Receptors
(FGFRs): Structures and Small Molecule Inhibitors. Cells
2019; 8(6): 614. 

46. Xu X, Weinstein M, Li C, Xu X Deng C: Fibroblast growth
factor receptors (FGFRs) and their roles in limb
development. Cell Tissue Res 1999; 296: 33-43. 

47. Lieberman JR, Daluiski A, Einhorn TA. The role of growth
factors in the repair of bone. Biology and clinical
applications. J Bone Joint Surg 2002; 84(6): 1032-44. 

48. Dailey L, Ambrosetti D, Mansukhani A, Basilico C:
Mechanisms underlying differential responses to FGF
signaling. Cytokine Growth Factor Rev 2005; 16: 233-247. 

49. Solheim E:Growth factors in bone. Int Orthop 1998; 22:
410-416. 

50. Bikle D, Majumdar S, Laib A, Powell-Braxton L, Rosen C,
Beamer W et al: The skeletal structure of insulin-like growth
factor I-deficient mice. J Bone Miner Res 2001; 16(12):
23209. 

51. Deckers MM, Karperien M, van der Bent C, Yamashita T,
Papapoulos SE , L?wik CW: Expression of vascular
endothelial growth factors and their receptors during
osteoblast differentiation. Endocrinology 2000; 141(5): 166-
774. 

52. Lind M: Growth factors, possible new clinical tools:a review.
Acta Orthop Scand 1996; 67: 407-417. 

53. Prisell PT, Edwall D, Lindblad JB, Levinovitz A, Norstedt G:
Expression of insulin-like growth factors during bone
induction in rat. Calcif Tissue Int 1993; 53: 201-205. 

54. Lehmann W , Edgar CM, Wang K, Cho TJ, Barnes GL,
Kakar S et al: Tumor necrosis factor alpha (TNF-alpha)
coordinately regulates the expression of specific matrix
metalloproteinases (MMPS) and angiogenic factors during
fracture healing. Bone 2005; 36(2): 300-310. 

55. Vu TH, Shipley JM, Bergers G, Berger JE, Helms JA,
Hanahan D et al: MMP-9/gelatinase B is a key regulator of
growth plate angiogenesis and apoptosis of hypertrophic
chondrocytes. Cell 1998; 93(3): 411-422. 

56. Takahara M, Naruse T, Takagi M, Orui H, Ogino T: Matrix
metalloproteinase-9 expression, tartrate-resistant acid
phosphatase activity, and DNA fragmentation in vascular
and cellular invasion into cartilage preceding primary
endochondral ossification . in long bones. J Orthop Res
2004; 22 (5): 1050-1057. 

57. Suri C, Jones PF, Patan S, Bartunkova S, Maisonpierre PC,
Davis S, et al: Requisite role of angiopoietin-1, a ligand for
the TIE2 receptor, during embryonic angiogenesis. Cell
1996; 87: 1171-1180. 

58. Gerber HP, Vu TH, Ryan AM, Kowalski J, Werb Z, Ferrara
N: VEGF couples hypertrophic cartilage remodeling,
ossification and angiogenesis during endochondral bone
formation. Nat Med 1999; 5: 623-628. 

59. Street J, Bao M, deGuzman L, Bunting S, Peale FV, Jr
Ferrara N, et al: Vascular endothelial growth factor
stimulates bone repair by promoting angiogenesis and
bone turnover. Proc Natl Acad Sci USA 2002; 99: 9656-
9661.

26

AÓ·ÛÎfiËÛË

¢ÈÂ‡ı˘ÓÛË ÁÈ· ÂÈÎÔÈÓˆÓ›·:
AÁÁÂÏÈÎ‹ °È·ÓÓÔÔ‡ÏÔ˘
O‰ÔÓÙÈ·ÙÚÈÎfi TÌ‹Ì· 
- EÈ‰ÈÎ‹ MÔÓ¿‰· AMEA
°.N. «AÛÎÏËÈÂ›Ô BÔ‡Ï·˜» 
B. ¶·‡ÏÔ˘ 1, TK 16673, BÔ‡Ï·
ÙËÏ. 2132163320
e mail: a.tsironi@yahoo.gr

ÂÏÏËÓÈÎ‹ ÓÔÛÔÎÔÌÂÈ·Î‹ Ô‰ÔÓÙÈ·ÙÚÈÎ‹ 12: 17-26, 2019


