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Afi ÙÈ˜ ·Ú¯¤˜ ÙÔ˘ 20Ô˘ ·ÈÒÓ· Ë ÛÙ·ıÂÚÔÔ›ËÛË ÙË˜ ÛÔÓ‰˘ÏÈÎ‹˜ ÛÙ‹ÏË˜ Î·È Ë ÛÔÓ-

‰˘ÏÔ‰ÂÛ›· ¯ÚËÛÈÌÔÔÈÔ‡ÓÙ·È ÁÈ· ÙËÓ ·ÓÙÈÌÂÙÒÈÛË Ï‹ıÔ˘˜ ·ı‹ÛÂˆÓ ÙË˜ ÛÔÓ‰˘ÏÈÎ‹˜

ÛÙ‹ÏË˜, fiˆ˜ Î·Ù¿ÁÌ·Ù·, fiÁÎÔÈ, ÛÔÓ‰˘ÏÔÏ›ÛıËÛË, ÂÎÊ‡ÏÈÛË ÙÔ˘ ÌÂÛÔÛÔÓ‰‡ÏÈÔ˘ ‰›ÛÎÔ˘

Î.¿.1,6,9,13,14,27,32. §fiÁˆ ÙË˜ ‰˘ÛÎÔÏ›·˜ ÛÙËÓ Â›ÙÂ˘ÍË ÛÙ·ıÂÚ‹˜ ÛÔÓ‰˘ÏÔ‰ÂÛ›·˜, ¤¯Ô˘Ó Î·Ù¿

Î·ÈÚÔ‡˜ ¯ÚËÛÈÌÔÔÈËıÂ› ‰È¿ÊÔÚ· Û˘ÛÙ‹Ì·Ù· ÂÛˆÙÂÚÈÎ‹˜ ÛÙ·ıÂÚÔÔ›ËÛË˜ ÙË˜ ÛÔÓ‰˘ÏÈ-

Î‹˜ ÛÙ‹ÏË˜, ÌÂ ÛÎÔfi ÙËÓ ·ÎÈÓËÙÔÔ›ËÛ‹ ÙË˜, Ì¤¯ÚÈ Ó· ÂÈÙÂ˘¯ıÂ› Ë ÛÔÓ‰˘ÏÔ‰ÂÛ›·. AÚ¯È-

Î¿, Ë ÛÙÂÚ¤ˆÛË ÛÙÔ˘˜ ÛÔÓ‰‡ÏÔ˘˜ ÁÈÓfiÙ·Ó Ì¤Ûˆ ÙˆÓ ÂÚÈÂÙ¿ÏÈˆÓ ·ÁÎ›ÛÙÚˆÓ. Afi Ù· Ì¤-

Û· ÙÔ˘ 20Ô˘ ·ÈÒÓ· ¿Ú¯ÈÛÂ Ë ¯Ú‹ÛË ÙˆÓ ‰È·˘¯ÂÓÈÎÒÓ ‚È‰ÒÓ, ÔÈ ÔÔ›Â˜ Â›Ó·È Ï¤ÔÓ Ë ‚¿ÛË

Î¿ıÂ Û˘ÛÙ‹Ì·ÙÔ˜ ÛÔÓ‰˘ÏÔ‰ÂÛ›·˜.

O ÚÒÙÔ˜ Ô˘ ¯ÚËÛÈÌÔÔ›ËÛÂ ‚›‰Â˜ ÛÙË ÛÔÓ‰˘ÏÈÎ‹ ÛÙ‹ÏË ‹Ù·Ó Ô King9, ÙÔ 1944. O

Boucher1 ÙÔ 1959 ÂÚÈ¤ÁÚ·„Â ÁÈ· ÚÒÙË ÊÔÚ¿ ÙË ¯Ú‹ÛË ‚È‰ÒÓ ‰È· Ì¤ÛÔ˘ ÙÔ˘ ·˘¯¤Ó· ÙÔ˘

ÛÔÓ‰‡ÏÔ˘ ÁÈ· ÙËÓ Â›ÙÂ˘ÍË ÛÔÓ‰˘ÏÔ‰ÂÛ›·˜. O Roy Camille22 ıÂˆÚÂ›Ù·È ˘Â‡ı˘ÓÔ˜ ÁÈ·

ÙËÓ ÙÂÏÂÈÔÔ›ËÛË Î·È ÙËÓ Â˘ÚÂ›· ‰È¿‰ÔÛË ÙË˜ ¯Ú‹ÛË˜ ÙˆÓ ‰È·˘¯ÂÓÈÎÒÓ ‚È‰ÒÓ.

O ·˘¯¤Ó·˜ ÙˆÓ ÛÔÓ‰‡ÏˆÓ ·ÔÙÂÏÂ›Ù·È ·fi ¤Ó·Ó ÂÏÏÂÈÙÈÎfi Î‡ÏÈÓ‰ÚÔ ÊÏÔÈÒ‰Ô˘˜ ÔÛÙÔ‡,

Ô ÔÔ›Ô˜ ÂÚÈ‚¿ÏÏÂÈ ¤Ó· ÏÂÙfi ÙÌ‹Ì· ÛÔÁÁÒ‰Ô˘˜ ÔÛÙÔ‡. H ‰È¿ÌÂÙÚÔ˜ ÙÔ˘ ·˘¯¤Ó· ·˘Í¿-

ÓÂÈ ‚·ıÌÈ·›· ·fi ÙËÓ ·˘¯ÂÓÈÎ‹ ÛÙËÓ ÈÂÚ‹ ÌÔ›Ú· ÙË˜ ÛÔÓ‰˘ÏÈÎ‹˜ ÛÙ‹ÏË˜, ÌÂ Ì¤ÛË ‰È¿ÌÂ-

ÙÚÔ ÌÂÙ·Í‡ 7,1-7,7 mm ÛÙÔ Â›Â‰Ô £12 Î·È 9,2-15 mm ÛÙÔ Â›Â‰Ô O522. ™ÙÈ˜ Á˘Ó·›ÎÂ˜,

Ë Ì¤ÛË ‰È¿ÌÂÙÚÔ˜ Â›Ó·È, ÁÂÓÈÎ¿, ÌÈÎÚfiÙÂÚË. O ·˘¯¤Ó·˜ ÙˆÓ ÛÔÓ‰‡ÏˆÓ ıÂˆÚÂ›Ù·È ÙÔ ÈÔ È-

Û¯˘Úfi ÛËÌÂ›Ô Û˘ÁÎÚ¿ÙËÛË˜ ÛÙË ÛÔÓ‰˘ÏÈÎ‹ ÛÙ‹ÏË. O Steffe28 ÂÚÈÁÚ¿ÊÂÈ ÙÔÓ ·˘¯¤Ó· ˆ˜

ÙÔÓ ˘Ú‹Ó· ÈÛ¯‡Ô˜ ª (force nucleus) ÙÔ˘ ÛÔÓ‰‡ÏÔ˘. M¤Ûˆ ÙÔ˘ ·˘¯¤Ó· Á›ÓÂÙ·È Ë ÌÂÙ·-

ÊÔÚ¿ ÙˆÓ ÊÔÚÙ›ˆÓ ·fi Ù· ÚfiÛıÈ· ÛÙ· Ô›ÛıÈ· ÛÔÓ‰˘ÏÈÎ¿ ÛÙÔÈ¯Â›·. MÂ ÙË ̄ Ú‹ÛË ÙˆÓ ‰È-

·˘¯ÂÓÈÎÒÓ ‚È‰ÒÓ ÌÔÚÂ› Ó· ÂÈÙÂ˘¯ıÂ› ¤ÏÂÁ¯Ô˜ ÙË˜ ÎÈÓËÙÈÎfiÙËÙ·˜ Î·È ÙˆÓ ÙÚÈÒÓ ÎÔÏfiÓˆÓ

Î·È Ó· Á›ÓÂÈ ÙÚÈÛ‰È¿ÛÙ·ÙË ÛÙ·ıÂÚÔÔ›ËÛË ÛÂ Î¿ıÂ ÛÔÓ‰˘ÏÈÎfi Â›Â‰Ô. MÂ ·˘Ùfi ÙÔÓ ÙÚfi-

Ô, Ë ÛÙ·ıÂÚÔÔ›ËÛË ÙË˜ ÛÔÓ‰˘ÏÈÎ‹˜ ÛÙ‹ÏË˜ ÌÔÚÂ› Ó· ÂÈÙÂ˘¯ıÂ› ÌÂ ÙË Û˘ÌÌÂÙÔ¯‹ ÌÈ-

ÎÚfiÙÂÚÔ˘ ·ÚÈıÌÔ‡ ÛÔÓ‰‡ÏˆÓ ·fi fi,ÙÈ ÌÂ Ù· Û˘Ì‚·ÙÈÎ¿ Û˘ÛÙ‹Ì·Ù· Ù‡Ô˘ Harrington ‹

Luke. ŒÙÛÈ, ‰È·ÙËÚÔ‡ÓÙ·È ·Ó¤·Ê· ÂÚÈÛÛfiÙÂÚ· ÛÔÓ‰˘ÏÈÎ¿ Â›Â‰· Î·È ·ÔÊÂ‡ÁÔÓÙ·È

ÔÈ ÂÎÙÂÙ·Ì¤ÓÂ˜ ·ÔÎÔÏÏ‹ÛÂÈ˜ Ì·Ï·ÎÒÓ ÌÔÚ›ˆÓ, ÌÂ Ù· ÏÂÔÓÂÎÙ‹Ì·Ù· Ô˘ ·˘Ùfi Û˘ÓÂ¿-

ÁÂÙ·È. E›ÛË˜, ÛÂ ·ÓÙ›ıÂÛË ÌÂ Ù· ÂÚÈÂÙ¿ÏÈ· ¿ÁÎÈÛÙÚ· Î·È Û‡ÚÌ·Ù·, ÔÈ ‰È·˘¯ÂÓÈÎ¤˜ ‚›‰Â˜

‰ÂÓ ÂÚÈÔÚ›˙Ô˘Ó ÙË ‰È¿ÌÂÙÚÔ ÙÔ˘ ÓˆÙÈ·›Ô˘ ÛˆÏ‹Ó·11 (ÂÈÎfiÓ· 1). 

H ̄ Ú‹ÛË ÙˆÓ Û˘ÛÙËÌ¿ÙˆÓ ‰È·˘¯ÂÓÈÎÒÓ ‚È‰ÒÓ ··ÈÙÂ› ̄ ÂÈÚÔ˘ÚÁfi ÂÍÔÈÎÂÈˆÌ¤ÓÔ ÌÂ Ù· Û˘-

ÛÙ‹Ì·Ù· ·˘Ù¿, Î·ıÒ˜ Î·È ¿ÚÈÛÙË ÁÓÒÛË ÙË˜ ·Ó·ÙÔÌ›·˜ ÙË˜ ÂÚÈÔ¯‹˜. Œ¯Ô˘Ó ·Ó·ÊÂÚıÂ›

ÔÏÏ¤˜ ÂÚÈÙÒÛÂÈ˜ Ï·Óı·ÛÌ¤ÓË˜ ÙÔÔı¤ÙËÛ‹˜ ÙÔ˘˜. H Â›ÛÔ‰Ô˜ ÙË˜ ‚›‰·˜ Ì¤Û· ÛÙÔ ÓˆÙÈ-

·›Ô ÛˆÏ‹Ó· ÌÔÚÂ› Ó· ·ÔÙÂÏ¤ÛÂÈ ÌÂÁ¿ÏÔ Î›Ó‰˘ÓÔ ÁÈ· ÙË ÛÎÏËÚ‹ Ì‹ÓÈÁÁ·, ÙÔ ÓˆÙÈ·›Ô Ì˘Â-

Ïfi Î·È ÙËÓ ÈÔ˘Ú›‰·23. H ¤ÍÔ‰Ô˜ ÙˆÓ ‚È‰ÒÓ ‰È·Ì¤ÛÔ˘ ÙÔ˘ Î·ÙÒÙÂÚÔ˘ ¤Ûˆ ÙÔÈ¯ÒÌ·ÙÔ˜ ÙÔ˘

·˘¯¤Ó· ÌÔÚÂ› Ó· ÚÔÎ·Ï¤ÛÂÈ ‚Ï¿‚Ë ÛÙËÓ ·Ó·‰˘fiÌÂÓË ÓÂ˘ÚÈÎ‹ Ú›˙· Ô˘ ÂÊ¿ÙÂÙ·È ÌÂ ÙÔ
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Î·ÙÒÙÂÚÔ ¤Ûˆ fiÚÈÔ ÙÔ˘ ·˘¯¤Ó·. H ‰ÈÂ›Û‰˘ÛË Ì¤Ûˆ ÙÔ˘

ÚfiÛıÈÔ˘ ÊÏÔÈÔ‡ ÙÔ˘ ÛÔÓ‰˘ÏÈÎÔ‡ ÛÒÌ·ÙÔ˜ ÌÔÚÂ› Ó·

ÚÔÎ·Ï¤ÛÂÈ ‚Ï¿‚Ë ÙˆÓ ÌÂÁ¿ÏˆÓ ·ÁÁÂ›ˆÓ, Â›ÙÂ ·Â˘ıÂ›·˜

Â›ÙÂ ÏfiÁˆ ÙË˜ ÌÂÙ·ÁÂÓ¤ÛÙÂÚË˜ ‰È¿‚ÚˆÛË˜ ÙˆÓ ·ÁÁÂ›ˆÓ

·fi ÚÔÛÙÚÈ‚‹ ÌÂ ÙÈ˜ ÚÔ¤¯Ô˘ÛÂ˜ ÛÂ›ÚÂ˜. I‰È·›ÙÂÚË˜ Â-

ÈÎÈÓ‰˘ÓfiÙËÙ·˜ Â›Ó·È Ë ÂÚÈÔ¯‹ ·ÚÈÛÙÂÚ¿, ¿ÓˆıÂÓ ÙÔ˘ O2

ÛÔÓ‰‡ÏÔ˘, ÏfiÁˆ ÙË˜ ÁÂÈÙÓÈ¿ÛÂˆ˜ ÌÂ ÙËÓ ÎÔÈÏÈ·Î‹ ·ÔÚ-

Ù‹.

¶ÔÏÏ¤˜ ¤ÚÂ˘ÓÂ˜ ¤¯Ô˘Ó Á›ÓÂÈ ÁÈ· Ó· ÌÂÏÂÙËıÔ‡Ó ÔÈ ·-

Ú¿ÁÔÓÙÂ˜ Ô˘ ÂËÚÂ¿˙Ô˘Ó ÙË ÛÙ·ıÂÚfiÙËÙ· ÙÔÔı¤ÙËÛË˜

ÙˆÓ ‚È‰ÒÓ Î·È Î·Ù’ Â¤ÎÙ·ÛË ÙË ÛÙ·ıÂÚfiÙËÙ· ÙË˜ ÛÔÓ-

‰˘ÏÔ‰ÂÛ›·˜10,28,36. H ·ÏÔ‡ÛÙÂÚË Î·È ÛËÌ·ÓÙÈÎfiÙÂÚË ·-

Ú¿ÌÂÙÚÔ˜, ·fi ÎÏÈÓÈÎ‹ ¿Ô„Ë, Â›Ó·È Ë ‰‡Ó·ÌË Ô˘ ··È-

ÙÂ›Ù·È ÁÈ· ÙËÓ ·fiÛ˘ÚÛË ÙÔ˘ ÛËÌÂ›Ô˘ Â·Ê‹˜ ‚›‰·˜ ÔÛÙÔ‡

(pull- out strength). H ‰‡Ó·ÌË ·fiÛ˘ÚÛË˜ ¤¯ÂÈ ‚ÚÂıÂ› fiÙÈ

¤¯ÂÈ ¿ÌÂÛË Û¯¤ÛË ÌÂ Ù· ÌË¯·ÓÈÎ¿ ¯·Ú·ÎÙËÚÈÛÙÈÎ¿ ÙË˜ ‚›-

‰·˜, fiˆ˜ ÙÔ Â›‰Ô˜ (Î˘ÏÈÓ‰ÚÈÎÔ‡ ‹ ÎˆÓÈÎÔ‡ Û¯‹Ì·ÙÔ˜),

ÙÔ Ì‹ÎÔ˜ ÙË˜, Ë ÂÍˆÙÂÚÈÎ‹ Î·È ÂÛˆÙÂÚÈÎ‹ ‰È¿ÌÂÙÚÔ˜, ÙÔ

‚‹Ì· Î·È ÙÔ ‚¿ıÔ˜ ÙÔ˘ ÛÂÈÚ¿Ì·ÙÔ˜2,8,12,15,16,18,21,25,26,28,35. ¶·-

Ú¿ÁÔÓÙÂ˜ fiˆ˜ Ô ÙÚfiÔ˜ ÂÈÛ·ÁˆÁ‹˜ ÙË˜ ‚›‰·˜, Ë ÁˆÓ›·

ÂÈÛ·ÁˆÁ‹˜, Ë ÌË ¯Ú‹ÛË ÛÂÈÚ·Ì·ÙÔÎfiÊÙË, Ë ¯Ú‹ÛË ÙÚ˘-

·ÓÈÔ‡ ÌfiÓÔ ÛÙ· ·Ú¯ÈÎ¿ ÛÙ¿‰È· Î·È Ë ·ÔÊ˘Á‹ ·ÏÈÓ-

‰ÚfiÌËÛË˜ ÂËÚÂ¿˙Ô˘Ó ÛËÌ·ÓÙÈÎ¿ ÙË ‰‡Ó·ÌË ·fiÛ˘Ú-

ÛË˜5,10,26,29,30,31. H ·Ê·›ÚÂÛË Î·È Ë Â·Ó·ÙÔÔı¤ÙËÛË ÙË˜ ‚›-

‰·˜, Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÂÂÌ‚¿ÛÂˆÓ ·Ó·ıÂÒÚËÛË˜, ÂÏ·Ù-

ÙÒÓÂÈ Â›ÛË˜ ÔÏ‡ ÙËÓ ·Ú¯ÈÎ‹ ÛÙ·ıÂÚfiÙËÙ· ÙË˜ ÛÙÂÚ¤ˆ-

ÛË˜, ÂÈÊ¤ÚÔÓÙ·˜ ÌÂÁ¿ÏË ÌÂ›ˆÛË ÙË˜ ‰‡Ó·ÌË˜ ·fiÛ˘Ú-

ÛË˜20,21. T¤ÏÔ˜, ·fi ÙÔ˘˜ ÈÔ ÛËÌ·ÓÙÈÎÔ‡˜ ·Ú¿ÁÔÓÙÂ˜ ÛÙ·-

ıÂÚfiÙËÙ·˜ Â›Ó·È Ë ÔÈfiÙËÙ· ÙÔ˘ ·Ú·ÎÂ›ÌÂÓÔ˘ ÛÔÁÁÒ-

‰Ô˘˜ ÔÛÙÔ‡.

Œ¯ÂÈ ·Ô‰ÂÈ¯ıÂ› fiÙÈ ÙÔ ÔÛÙÂÔÔÚˆÙÈÎfi ÔÛÙfi Û˘ÓÙÂÏÂ›

ÛÙË ÌÈÎÚ‹ ÛÙ·ıÂÚfiÙËÙ· ÙË˜ ‚›‰·˜ ÌÂ ¯·ÌËÏ‹ ‰‡Ó·ÌË ·-

fiÛ˘ÚÛË˜, ÌÂ ·ÔÙ¤ÏÂÛÌ· ÙËÓ ÚÒÈÌË ̄ ·Ï¿ÚˆÛ‹ ÙË˜ Î·È

ÙËÓ ·ÔÙ˘¯›· ÙË˜ ÛÔÓ‰˘ÏÔ‰ÂÛ›·˜5,7,19,24,36. 

°È· Ó· ÂÈÙÂ˘¯ıÂ› Ë Ì¤ÁÈÛÙË ‰˘Ó·Ù‹ ÛÙ·ıÂÚfiÙËÙ· ÙË˜ ‰È-

·˘¯ÂÓÈÎ‹˜ ‚›‰·˜ Î·È ÙË˜ ÛÔÓ‰˘ÏÔ‰ÂÛ›·˜ ÛÂ ÔÛÙÂÔÔ-

ÚˆÙÈÎÔ‡˜ ·ÛıÂÓÂ›˜ Î·È ÛÂ ·ÛıÂÓÂ›˜ Ô˘ ̆ Ô‚¿ÏÏÔÓÙ·È ÛÂ

ÂÂÌ‚¿ÛÂÈ˜ ·Ó·ıÂÒÚËÛË˜ ¤¯Ô˘Ó ̄ ÚËÛÈÌÔÔÈËıÂ› ‰È¿ÊÔ-

ÚÔÈ ÙÚfiÔÈ. A˘ÙÔ› ÂÚÈÏ·Ì‚¿ÓÔ˘Ó ÙËÓ ·‡ÍËÛË ÙË˜ ‰È·Ì¤-

ÙÚÔ˘ Î·È ÙÔ˘ Ì‹ÎÔ˘˜ ÙË˜ ‚›‰·˜, ÙË ¯Ú‹ÛË ·ÎÚ˘ÏÈÎÔ‡ ÙÛÈ-

Ì¤ÓÙÔ˘ Á‡Úˆ ·fi ÙË ‚›‰·, fiˆ˜ Â›ÛË˜ Î·È ÙË ¯Ú‹ÛË ·-

ÎÙˆÌ¤ÓˆÓ ÔÛÙÈÎÒÓ ÌÔÛ¯Â˘Ì¿ÙˆÓ17,18,21,31,33. H ̄ Ú‹ÛË ‚›‰·˜

ÌÂÁ¿ÏË˜ ‰È·Ì¤ÙÚÔ˘, Î·ıÒ˜ Î·È Ë ·‡ÍËÛË ÙÔ˘ Ì‹ÎÔ˘˜ ÙË˜

Ê·›ÓÂÙ·È fiÙÈ ÂÈÊ¤ÚÔ˘Ó ÛËÌ·ÓÙÈÎ‹ ‚ÂÏÙ›ˆÛË ÙË˜ ‰‡Ó·ÌË˜

·fiÛ˘ÚÛË˜ (pull out strength). H ¯Ú‹ÛË ÙÔ˘ ·ÎÚ˘ÏÈÎÔ‡

ÙÛÈÌ¤ÓÙÔ˘ ˘fi ›ÂÛË Á‡Úˆ ·fi ÙË ‚›‰· ·˘Í¿ÓÂÈ ÙË ‰‡Ó·-

ÌË ·fiÛ˘ÚÛË˜ ÛËÌ·ÓÙÈÎ¿, Î·Ù¿ 96%20,34,36.

OÈ Ï‡ÛÂÈ˜ fiÌˆ˜ ·˘Ù¤˜ ‰ÂÓ Â›Ó·È ¿ÌÔÈÚÂ˜ ÂÈÏÔÎÒÓ. H

ÙÔÔı¤ÙËÛË ‚›‰·˜, ÌÂÁ¿ÏË˜ ‰È·Ì¤ÙÚÔ˘ ÛÂ Û¯¤ÛË ÌÂ ÙË

‰È¿ÌÂÙÚÔ ÙÔ˘ ·˘¯¤Ó·, ÌÔÚÂ› Ó· ÚÔÎ·Ï¤ÛÂÈ Ï·ÛÙÈÎ‹ ·-

Ú·ÌfiÚÊˆÛË ‹ Î·È Î¿Ù·ÁÌ· ÙÔ˘ ·˘¯¤Ó· ÙÔ˘ ÛÔÓ‰‡ÏÔ˘,

ÌÂ Û˘Ó¤ÂÈ· ÓÂ˘ÚÈÎ‹ ‚Ï¿‚Ë. H ̄ Ú‹ÛË ‚È‰ÒÓ ÌÂÁ¿ÏÔ˘ Ì‹-

ÎÔ˘˜ ÂÓ¤¯ÂÈ ÙÔÓ Î›Ó‰˘ÓÔ ‰È¿ÙÚËÛË˜ ÙÔ˘ ÚfiÛıÈÔ˘ ÊÏÔÈ-

Ô‡ ÙÔ˘ ÛÔÓ‰‡ÏÔ˘, ÌÂ ·ÔÙ¤ÏÂÛÌ· ·ÁÁÂÈ·Î‹ ‚Ï¿‚Ë. H

¯Ú‹ÛË ÙÔ˘ ·ÎÚ˘ÏÈÎÔ‡ ÙÛÈÌ¤ÓÙÔ˘ ÂÌÊ·Ó›˙ÂÈ ÎÈÓ‰‡ÓÔ˘˜ ‰ÈÂÁ-

¯ÂÈÚËÙÈÎ¿, ÏfiÁˆ ÙË˜ ıÂÚÌÈÎ‹˜ ‚Ï¿‚Ë˜ ÙˆÓ ÓÂ˘ÚÈÎÒÓ ÛÙÔÈ-

¯Â›ˆÓ ÙË˜ ÂÚÈÔ¯‹˜, Î·È ‰ËÌÈÔ˘ÚÁÂ› ÌÂÁ¿ÏÂ˜ ÙÂ¯ÓÈÎ¤˜ ‰˘-

ÛÎÔÏ›Â˜ ÛÙËÓ ·Ê·›ÚÂÛ‹ ÙÔ˘ ÛÂ ÂÚ›ÙˆÛË Â·ÓÂÁ¯Â›ÚË-

ÛË˜. H ¯Ú‹ÛË ·ÎÙˆÌ¤ÓˆÓ ÔÛÙÈÎÒÓ ÌÔÛ¯Â˘Ì¿ÙˆÓ, ˘fi

EÈÎfiÓ· 1.
MÂ›ˆÛË ÙÔ˘

Â‡ÚÔ˘˜ ÙÔ˘

ÛÔÓ‰˘ÏÈÎÔ‡

ÛˆÏ‹Ó· ·fi

ÙË ¯Ú‹ÛË Â-

ÚÈÂÙ·Ï›ˆÓ ·-

ÁÎ›ÛÙÚˆÓ.

EÈÎfiÓ· 3. ™Ù·ıÂÚÔÔ›ËÛË Î·Ù¿ÁÌ·ÙÔ˜

O1 ÛÂ ËÏÈÎÈˆÌ¤ÓÔ ·ÛıÂÓ‹ ÌÂ ̄ Ú‹ÛË ‰È-

·˘¯ÂÓÈÎÒÓ ‚È‰ÒÓ ‰È·ÙÂÈÓÔÌ¤ÓÔ˘ ¿ÎÚÔ˘.

EÈÎfiÓ· 2. ¢È·˘¯Â-

ÓÈÎ‹ ‚›‰· ‰È·ÙÂÈÓÔ-

Ì¤ÓÔ˘ ¿ÎÚÔ˘.
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ÙË ÌÔÚÊ‹ Â›ÙÂ ·˘ÙÔÌÔÛ¯Â˘Ì¿ÙˆÓ Â›ÙÂ ¿ÏÏÔÌÔÛ¯Â˘Ì¿ÙˆÓ

Â›ÙÂ ÙˆÓ ÓÂÔÙ¤ÚˆÓ Û˘ÓıÂÙÈÎÒÓ ÌÔÛ¯Â˘Ì¿ÙˆÓ, Ì¤Û· ÛÙË

Ô‹ ÙË˜ ‚›‰·˜, ¤¯ÂÈ ·Ô‰ÂÈ¯ıÂ› fiÙÈ ‰ÂÓ ÂÈÊ¤ÚÂÈ ‚ÂÏÙ›ˆ-

ÛË ÙË˜ ‰‡Ó·ÌË˜ ·fiÛ˘ÚÛË˜8,19,20,21.

§fiÁˆ ÙË˜ Â˘ÚÂ›·˜ Ï¤ÔÓ ¯Ú‹ÛË˜ ÙˆÓ ‰È·˘¯ÂÓÈÎÒÓ ‚È-

‰ÒÓ Î·È ÙË˜ ·‡ÍËÛË˜ ÙÔ˘ Ì¤ÛÔ˘ fiÚÔ˘ ËÏÈÎ›·˜ ÙˆÓ ·ÛıÂ-

ÓÒÓ Ô˘ ˘Ô‚¿ÏÏÔÓÙ·È ÛÂ ÂÂÌ‚¿ÛÂÈ˜ ÛÔÓ‰˘ÏÔ‰ÂÛ›·˜,

Ë Î·Î‹ ÔÈfiÙËÙ· ÙÔ˘ ÔÛÙÔ‡, Â›ÙÂ ÏfiÁˆ ÙË˜ ÚÔ¸¿Ú¯Ô˘-

Û·˜ ÔÛÙÂÔfiÚˆÛË˜ Â›ÙÂ ÏfiÁˆ ÚÔËÁËıÂ›Û·˜ Â¤Ì‚·ÛË˜

ÛÔÓ‰˘ÏÔ‰ÂÛ›·˜, Â›Ó·È ¤Ó·˜ ·fi ÙÔ˘˜ Î‡ÚÈÔ˘˜ ·Ú¿ÁÔ-

ÓÙÂ˜ ÌË¯·ÓÈÎ‹˜ ·ÔÙ˘¯›·˜ ÙˆÓ Û‡Á¯ÚÔÓˆÓ Û˘ÛÙËÌ¿ÙˆÓ.

OÈ ¤ÚÂ˘ÓÂ˜ ¤¯Ô˘Ó ÛÙÚ·ÊÂ› ÛÙË ‰ËÌÈÔ˘ÚÁ›· Ó¤ˆÓ ˘ÏÈÎÒÓ,

“ÊÈÏÈÎÒÓ” ÚÔ˜ ÙÔ ÔÛÙÂÔoÚˆÙÈÎfi ÔÛÙfi, Î·ıÒ˜ Î·È ÛÙË

Û¯Â‰›·ÛË Ó¤ˆÓ ÌË¯·ÓÈÛÌÒÓ, ÔÈ ÔÔ›ÔÈ ı· ÂÈÙÚ¤„Ô˘Ó ÙËÓ

Î·Ï‡ÙÂÚË ·ÁÎ˘ÚÔ‚fiÏËÛË ÙˆÓ ˘ÏÈÎÒÓ ÛÂ ÔÛÙ¿ ÌÂ ÌÂÈˆ-

Ì¤ÓË ÌË¯·ÓÈÎ‹ ·ÓÙÔ¯‹.

™ÙÔ Ï·›ÛÈÔ ·˘Ùfi, ‰ËÌÈÔ˘ÚÁ‹ıËÎÂ ÌÈ· Ó¤·˜ Û¯Â‰›·ÛË˜

‚›‰·, ÌÂ ÛÎÔfi Ó· ‚ÂÏÙÈÒÛÂÈ ÙË ÛÙÂÚ¤ˆÛ‹ ÙË˜ ÛÂ ÔÛÙ¿ ÌÂÈ-

ˆÌ¤ÓË˜ ÌË¯·ÓÈÎ‹˜ ·ÓÙÔ¯‹˜, Ì¤Ûˆ ÂÓfi˜ ÂÈ‰ÈÎÔ‡ ÌË¯·ÓÈ-

ÛÌÔ‡ ‰ÈÂÁ¯ÂÈÚËÙÈÎ‹˜ ·‡ÍËÛË˜ ÙË˜ ‰È·Ì¤ÙÚÔ˘ ÙÔ˘ ÚfiÛıÈ-

Ô˘ ¿ÎÚÔ˘ ÙË˜, ̄ ˆÚ›˜ fiÌˆ˜ ÙËÓ ·ÓÙ›ÛÙÔÈ¯Ë ·‡ÍËÛË ÙË˜ ‰È·-

Ì¤ÙÚÔ˘ ÙÔ˘ ‰È·˘¯ÂÓÈÎÔ‡ ÙÌ‹Ì·Ùfi˜ ÙË˜ (‰È·˘¯ÂÓÈÎ‹ ‚›‰·

‰È·ÙÂÈÓÔÌ¤ÓÔ˘ ¿ÎÚÔ˘ - Expansive Pedicle Screw) (ÂÈÎfi-

Ó· 2). H ‚›‰· ·˘Ù‹ Â›Ó·È Î˘ÏÈÓ‰ÚÈÎÔ‡ Û¯‹Ì·ÙÔ˜, ÌÂ ÂÍˆ-

ÙÂÚÈÎ‹ ‰È¿ÌÂÙÚÔ 7 mm Î·È ÂÛˆÙÂÚÈÎ‹ 2,5 mm. º¤ÚÂÈ ‰È·-

¯ˆÚÈÛÙÈÎ¤˜ ·‡Ï·ÎÂ˜ Î·Ù¿ Ù· ÚfiÛıÈ· 2/3 ·˘Ù‹˜. MÂ ·˘Ùfi

ÙÔÓ ÙÚfiÔ, ‰ËÌÈÔ˘ÚÁÔ‡ÓÙ·È Ù¤ÛÛÂÚ· ÙÂÚ‡ÁÈ·, Ù· ÔÔ›·

Ì¤Ûˆ ÌÈ·˜ ‰Â‡ÙÂÚË˜ ÂÛˆÙÂÚÈÎ‹˜ ‚›‰·˜ ·ÓÔ›ÁÔ˘Ó Î·È ·˘-

Í¿ÓÔ˘Ó ÙË ‰È¿ÌÂÙÚÔ ÙÔ˘ ÚfiÛıÈÔ˘ ÙÌ‹Ì·ÙÔ˜ Î·Ù¿ 2 mm

ÂÚ›Ô˘. 

A˘Ù‹ Ë ·‡ÍËÛË Û˘Ì‚·›ÓÂÈ ÛÙÔ ÙÌ‹Ì· ÙË˜ ‚›‰·˜ Ô˘ ‚Ú›-

ÛÎÂÙ·È Ì¤Û· ÛÙÔ ÛÔÓ‰˘ÏÈÎfi ÛÒÌ·, ¯ˆÚ›˜ Ó· ÂËÚÂ¿˙Â-

Ù·È ÙÔ ‰È·˘¯ÂÓÈÎfi ÙÌ‹Ì·. K·Ù’ ·˘Ùfi ÙÔÓ ÙÚfiÔ ·ÔÊÂ‡ÁÂ-

Ù·È Ë Ï·ÛÙÈÎ‹ ·Ú·ÌfiÚÊˆÛË Î·È ÙÔ Èı·Ófi Î¿Ù·ÁÌ· ÙÔ˘

·˘¯¤Ó· Î·Ù¿ ÙËÓ ÂÈÛ·ÁˆÁ‹ ÙË˜ ‚›‰·˜. MÂ ÙÔ ¿ÓÔÈÁÌ· ÙˆÓ

ÙÂÚ˘Á›ˆÓ ÂÈÙ˘Á¯¿ÓÂÙ·È Ù·˘Ùfi¯ÚÔÓ· Ë Û˘Ì›ÂÛË ÙÔ˘ ÛÔÁ-

ÁÒ‰Ô˘˜ ÔÛÙÔ‡ ÛÙËÓ ÂÚÈÔ¯‹ Â·Ê‹˜ ‚›‰·˜-ÔÛÙÔ‡, ‰ËÌÈ-

Ô˘ÚÁÒÓÙ·˜ ¤ÙÛÈ Î·Ï‡ÙÂÚÔ ̆ fiÛÙÚˆÌ· ÁÈ· ÙË Û˘ÁÎÚ¿ÙËÛË

ÙË˜ ‚›‰·˜ (ÂÈÎfiÓÂ˜ 3, 4). TÔ ÙÌ‹Ì· ÙË˜ ‚›‰·˜ Ô˘ Â›Ó·È Â-

ÓÙfi˜ ÙÔ˘ ·˘¯¤Ó· ‰Â Ê¤ÚÂÈ ·˘Ï·ÎÒÛÂÈ˜, ÌÂ ·ÔÙ¤ÏÂÛÌ· Ó·

¤¯ÂÈ ˘„ËÏ‹ ·ÓÙÔ¯‹ ÛÙÈ˜ Î·ÌÙÈÎ¤˜ ·Ú·ÌÔÚÊÒÛÂÈ˜ Ô˘

Â›Ó·È ¤ÓÙÔÓÂ˜ ÛÙÔ ÛËÌÂ›Ô ÙÔ˘ ·˘¯¤Ó·.

EªµπOª∏Ã∞¡π∫∏ ª∂§∂∆∏ ™À°∫ƒπ™∏™ ∆∏™
¢À¡∞ª∏™ ∞¶O™Àƒ™∏™ (PULL-OUT
STRENGTH) ª∂∆∞•À ∫ø¡π∫ø¡ µπ¢ø¡ ∫∞π
µπ¢ø¡ ¢π∞∆∂π¡OM∂¡OÀ ∞∫ƒOÀ4

AÓıÚÒÈÓÔÈ Î·ÙÂ„˘ÁÌ¤ÓÔÈ ÛfiÓ‰˘ÏÔÈ ¯ÚËÛÈÌÔÔÈ‹-

ıËÎ·Ó ÁÈ· ÙË Û‡ÁÎÚÈÛË ÙË˜ ‰‡Ó·ÌË˜ ·fiÛ˘ÚÛË˜ ÌÂÙ·Í‡

‚È‰ÒÓ ‰È·ÙÂÈÓfiÌÂÓÔ˘ ¿ÎÚÔ˘ (expansive pedicle screw) Î·È

‰È·˘¯ÂÓÈÎÒÓ ÎˆÓÈÎÒÓ ‚È‰ÒÓ, ÙÔÔıÂÙËÌ¤ÓˆÓ ¯ˆÚ›˜ ÙË

¯Ú‹ÛË ÛÂÈÚ·Ì·ÙÔÎfiÊÙË (conical self tapping pedicle

screw), ÂÍˆÙÂÚÈÎ‹˜ ‰È·Ì¤ÙÚÔ˘ 6,35 mm (ÂÈÎfiÓ· 5). ŸÏÔÈ

ÔÈ ÛfiÓ‰˘ÏÔÈ ‹Ù·Ó ¯·ÌËÏ‹˜ ÔÛÙÈÎ‹˜ ˘ÎÓfiÙËÙ·˜, ÌÂ Ì¤-

ÛÔ fiÚÔ BMD 0.62±0.44gr/cm2. ™Â Î¿ıÂ ÛfiÓ‰˘ÏÔ ÙÔ-

ÔıÂÙ‹ıËÎÂ ·fi Ì›· ‰È·˘¯ÂÓÈÎ‹ ‚›‰· ‰È·ÙÂÈÓfiÌÂÓÔ˘ ¿-

ÎÚÔ˘ Î·È Ì›· ÎˆÓÈÎ‹ ‚›‰· (ÂÈÎfiÓ· 6). 

Y‹ÚÍÂ ÂÚ·ÈÙ¤Úˆ Ù·ÍÈÓfiÌËÛË ÙˆÓ ÛÔÓ‰‡ÏˆÓ ÛÂ 2 Ô-

Ì¿‰Â˜, ·Ó¿ÏÔÁ· ÌÂ ÙËÓ ÔÛÙÈÎ‹ ÙÔ˘˜ ˘ÎÓfiÙËÙ·, ÒÛÙÂ Ó·

ÌÂÏÂÙËıÂ› ÍÂ¯ˆÚÈÛÙ¿ Ë Û˘ÌÂÚÈÊÔÚ¿ ÙË˜ ‚›‰·˜ ÛÂ ÔÛÙ¿

ÂÏ·ÙÙˆÌ¤ÓË˜ Î·È ÛÂ ÔÛÙ¿ Ê˘ÛÈÔÏÔÁÈÎ‹˜ ÔÛÙÈÎ‹˜ ˘ÎÓfi-

EÈÎfiÓ· 4. MÂÙÂÁ¯ÂÈÚËÙÈÎ‹ Ì·-

ÁÓËÙÈÎ‹ ÙÔÌÔÁÚ·Ê›· ‚È‰ÒÓ ‰È·-

ÙÂÈÓÔÌ¤ÓÔ˘ ¿ÎÚÔ˘ ÙÔÔıÂÙË-

Ì¤ÓˆÓ ÛÂ ÛfiÓ‰˘ÏÔ ÙË˜ £M™™.

EÈÎfiÓ· 6. AÎÙÈÓÔÁÚ·Ê›· ·Ó-

ıÚÒÈÓÔ˘ ÛÔÓ‰‡ÏÔ˘ ‰ÂÈÎÓ‡-

Ô˘Û· ÙÈ˜ ÚÔ˜ ÌÂÏ¤ÙË ‰È·˘¯Â-

ÓÈÎ¤˜ ‚›‰Â˜ ÙÔÔıÂÙËÌ¤ÓÂ˜ Ì¤-

Ûˆ ÙˆÓ ·ÓÙ›ÛÙÔÈ¯ˆÓ ·˘¯¤ÓˆÓ

ÙÔ˘ ÛÔÓ‰‡ÏÔ˘.

EÈÎfiÓ· 5. OÈ

‚›‰Â˜ ÚÔ˜ ÌÂ-

Ï¤ÙË. H ‰È¿ÌÂ-

ÙÚÔ˜ ÙÔ˘ ÙÂÏÈ-

ÎÔ‡ ÙÌ‹Ì·ÙÔ˜

ÙË˜ ‚›‰·˜ ‰È·-

ÙÂÈÓÔÌ¤ÓÔ˘ ¿-

ÎÚÔ˘ ·˘Í¿ÓÂ-

Ù·È Î·Ù¿ 2 mm

Ì¤Û  ̂ÂÓfi  ̃‰Â˘-

Ù¤ÚÔ˘ ÂÛˆÙÂÚÈ-

ÎÔ‡ ÎÔ¯Ï›·.
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ÙËÙ·˜. ™ÙÔ Ù¤ÏÔ˜ ÙË˜ ÌÂÏ¤ÙË˜ ‚Ú¤ıËÎÂ fiÙÈ ÔÈ ‚›‰Â˜ ‰È·ÙÂÈ-

ÓfiÌÂÓÔ˘ ¿ÎÚÔ˘ ·ÚÔ˘Û›·Û·Ó ·˘ÍËÌ¤ÓË ‰‡Ó·ÌË ·fi-

Û˘ÚÛË˜ Î·Ù¿ 20% ÛÙÔ Û‡ÓÔÏÔ ÙˆÓ ‰ÂÈÁÌ¿ÙˆÓ. ™ÙËÓ Ô-

Ì¿‰·, fiÌˆ˜, ÙˆÓ ÛÔÓ‰‡ÏˆÓ ÌÂ ¯·ÌËÏ‹ BMD Ë ·‡ÍËÛË

ÙË˜ ‰‡Ó·ÌË˜ ·fiÛ˘ÚÛË˜ ‹Ù·Ó 50% (›Ó·Î·˜ 1).

™Àª¶∂ƒ∞™ª∞
H ‚›‰· ‰È·ÙÂÈÓfiÌÂÓÔ˘ ¿ÎÚÔ˘ Â›Ó·È ÌÈ· ¯Ú‹ÛÈÌË ÚÔ-

Ûı‹ÎË ÛÙË Ê·Ú¤ÙÚ· ÙÔ˘ Û‡Á¯ÚÔÓÔ˘ ̄ ÂÈÚÔ˘ÚÁÔ‡ ÙË˜ ÛÔÓ-

‰˘ÏÈÎ‹˜ ÛÙ‹ÏË˜. H ÂÌ‚ÈÔÌË¯·ÓÈÎ‹ ÙË˜ Î·È ÔÈ Û˘ÁÎÚÈÙÈÎ¤˜

ÂÚÁ·ÛÙËÚÈ·Î¤˜ ÌÂÏ¤ÙÂ˜ ÂÈ‚Â‚·ÈÒÓÔ˘Ó ÙË ÏÔÁÈÎ‹ ÙÔ˘ Û¯Â-

‰È·ÛÌÔ‡ ÙË˜ ÌÂ ÙËÓ ·‡ÍËÛË ÙË˜ ‰‡Ó·ÌË˜ ·fiÛ˘ÚÛË˜. A˘-

Ùfi Â›Ó·È È‰È·›ÙÂÚ· ÂÌÊ·Ó¤˜ ÛÂ ÔÛÙ¿ ÌÂÈˆÌ¤ÓË˜ ·ÓÙÔ¯‹˜,

fiˆ˜ Ù· ÔÛÙÂÔoÚˆÙÈÎ¿ ÔÛÙ¿, ‹ ÂÎÂ› Ô˘ ¤¯ÂÈ ÚÔËÁËıÂ›

¿ÏÏË ÚÔËÁÔ‡ÌÂÓË Â¤Ì‚·ÛË. £· ̄ ÚÂÈ·ÛıÔ‡Ó, fiÌˆ˜, ÔÈ

··Ú·›ÙËÙÂ˜ ÎÏÈÓÈÎ¤˜ ÌÂÏ¤ÙÂ˜ ÁÈ· Ó· ÂÈ‚Â‚·ÈˆıÂ› Ë ¯ÚË-

ÛÈÌfiÙËÙ· ·˘ÙÔ‡ ÙÔ˘ Â›‰Ô˘˜ ÙË˜ ‚›‰·˜ Î·È ÁÈ· Ó· Î·ıÈÂÚˆ-

ıÂ› Ë ¯Ú‹ÛË ÙË˜ ÛÙË ¯ÂÈÚÔ˘ÚÁÈÎ‹ ÙË˜ ÛÔÓ‰˘ÏÈÎ‹˜ ÛÙ‹-

ÏË˜.

Bπµ§πO°ƒ∞ºπ∞
1. Boucher HH. A method of spinal fusion. J Bone Joint Surg

1959, 41 B:248-259.

2. Chapman JR, Harrington RM, Lee KM, et al. Factors affecting

the pullout strength of cancellous bone screws. J Biomech Eng

1996, 118:391-398.

3. Coe JD, Warden KE, Herzig MA, McAfee PC. Influence of

bone mineral density on the fixation of thoracolumbar implants:

a comparative study of transpedicular screws, laminar hooks,

and spinous process wires. Spine 1997, 9:902-907.

4. Cook DS, Salked LS, Whitecloud ST, Barbera J. Biomechanical

evaluation and preliminary clinical experience with an expansive

pedicle screw design. Spine 2000, 13:230-236.

5. Daftari TK, Horton WC, Hutton WC. Correlations between

screw hole preparation, torque of insertion, and pullout strength

for spinal screws. J Spinal Disord 1994, 7:139-145.

6. Graham CE. Lumbosacral fusion using internal fixation with

a spinous process for the graft. Clin Orthop 1984, 140:72-77.

7. Halvorson TL, Kelly LA, Whitecloud TS, and Cook SD.

Transpedicular screw pullout strengths in normal and osteoporotic

human spines. Trans Orthop Res Soc 1991, 16:24.

8. Halvorson TL, Kelley LA, Thomas KA, Whitecloud TS, Cook

SD. Effects of bone mineral density on pedicle screw fixation.

Spine 1994, 19:2415-2420.

9. King D. Internal fixation for lumbo-sacral fusion. Am J Surg

1944, 66:357.

10. Krag MH, Beynnon BD, Pope MH, DeCoster TA. Depth of

insertion of transpedicular vertebral screws into human vertebrae:

effect upon screw-vertebra interface strength. J Spinal Disord

1989, 1:287-294.

11. Krag MH, Johnson CC, Van Hal ME, Haugh LD, Grobler LJ.

Hole preparation techniques for transpedicle screws. Effect

on pull-out strength from human cadaveric vertebrae. Spine

1991, 16:181-184.

12. Kwok AW, Finkelstein JA, Woodside T, Hearn TC, Hu RW.

Insertional torque and pull-out strengths of conical and cylindrical

pedicle screws in cadaveric bone. Spine 1996, 21:2429-2434.

13. Louis R. Fusion of the lumbar and sacral spine by internal

fixation with screw plates. Clin Orthop 1986, 203:18-33.

14. Luque E. Interpeduncular segmental fixation. Clin Orthop Rel

Res 1986, 203:54-59.

15. McLain RF, Fry MF, Mosely TA, Sharkey NA. Lumbar pedicle

screw salvage: Lumbar pedicle screw salvage: pullout testing

of three different pedicle screw designs. J Spinal Disord 1995,

8:62-68.

16. Moran JM, Berg WS, Berry JL, Geiger JM, Steffee AD.

Transpedicular screw fixation. J Orthop Rel Res 1989, 7:107-

114.

17. Misenhimer GR, Peek RD, Wiltse LL, Rothman SLG, Widell

EH. Anatomic analysis of pedicle cortical and cancellous

diameter as related to screw size. Spine 1989, 14:367-372.

18. Nunamaker DM, Perren SM. Force measurements in screw

fixation. J Biomech 1976, 203:54-57.

19. Okuyama K, Sato K, Abe E, et al. Stability of transpedicle

screwing for the osteoporotic spine: in vitro study of the

mechanical stability. Spine 1993, 18:2240-2245.

20. Pfeifer BA, Krag MH, Johnson C. Repair of failed transpedicle

screw fixation: A biomechanical study. Spine 1993, 18:350-

353.

21. Polly DW, Orchowski JR, Ellenbogen RG. Revision pedicle

screws: Bigger, longer shims - what is best? Spine 1998,

12:1374-1375.

22. Roy-Camille R, Saillant G, Mazel C. Internal fixation of the

lumbar spine with pedicle screw plating. Clin Orthop Rel Res

1986, 203:7-17.

23. Sapkas G, Ppadakis SA, Stathakopoulos DP, Tsarouchas J,

Kyratzoulis J. Complications associated with pedicle srew

fixation in thoracic, lumbar and sacral segments of the spine.

Acta Orthop Hell 1998.

24. Sell P, Collins M, Dove J. Pedicle screws: axial pull-out strength

in the lumbar spine. Spine 1988, 13:1075-1076.

25. Skinner R, Maybee J, Transfeldt E, Venter R, Chalmers W.

Experimental pullout testing and comparison of variables in

transpedicular screw fixation: a biomechanical study. Spine

1990, 15:195-201.

26. Smith SS, Abitbol JJ, Carlson GD, et al. The effects of depth

of penetration, screw orientation, and bone density on sacral

¶›Ó·Î·˜ 1.

M¤ÛË ‰‡Ó·ÌË OÛÙÂÔÔÚˆÙÈÎfi ÔÛÙfi º˘ÛÈÔÏÔÁÈÎfi ÔÛÙfi 
·fiÛ˘ÚÛË˜ (BMD 0.28±0.12) (BMD 0.95±0.34)
(Newton)
Self-tapping ‚›‰· 206N 330N

B›‰· ‰È·ÙÂÈÓfiÌÂÓÔ˘ 

¿ÎÚÔ˘ 307N 419N

MÂÙ·‚ÔÏ‹ ÙË˜ 

‰‡Ó·ÌË˜ ·fiÛ˘ÚÛË˜ +49% +28%



212

screw fixation. Spine 1993, 18:1006-1010.

27. Stauffer ES. Internal fixation of fractures of the thoracolumbar

spine. J Bone Joint Surg 1986, 66A:1136-1138.

28. Steffee AD, Biscup RS, Stikowski DJ. Segmental spine plates

with pedicle screw fixation. Clin Orthop 1986, 203:45-53.

29. Swartz DE, Wittenberg RH, Shea M, White AA, Hayes WC.

Physical and mechanical properties of calf lumbosacral trabecular

bone. J Biomech 1991, 24:1059-1068.

30. Tencer AF, Hampton D, Eddy S. Biomechanical properties

of threaded inserts for lumbar interbody spinal fusion. Spine

1995, 20:2408-2414.

31. Vangsness CT, Carter DR, Frankel VH. In vitro evaluation of

the loosening characteristics of self-tapped and nonself-tapped

cortical bone screws. Clin Orthop Rel Res 1981, 157:279-286.

32. Wilste L. A review of ìStabilization of the lower thoracic and

lumbar spine with external fixation by FP Magerl, MD. Clin

Orthop 1986, 203:63-66.

33. Wittenberg RH, Shea M, Swartz DE, et al. Importance of bone

mineral density in instrumented spine fusions. Spine 1991,

16:647-652.

34. Wittenberg RH, Lee KS, Shea M, White AA, Hayes WC. Effect

of screw diameter, insertion technique, and bone cement

augmentation of pedicular screw fixation strength. Clin Orthop

Rel Res 1993, 296:278-287.

35. Zdeblick TA, Kunz DN, Cooke ME, McCabe R. Pedicle screw

pullout strength. Correlation with insertional torque. Spine

1993, 18:1673-1676.

36. Zindrick MR, Wilste LL, Widell EH, et al. A biomechanical

study of intrapenduncular screw fixation in the lumbosacral

spine. Clin Orthop 1986, 203:99-112.


