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∂π™∞°ø°∏
O ÌÂÛoÛoÓ‰‡ÏÈo˜ ‰›ÛÎo˜ ‰È·‰Ú·Ì·Ù›˙ÂÈ ÛËÌ·ÓÙÈÎfi ÚfiÏo ÛÙË ÌË¯·ÓÈÎ‹ ÏÂÈÙo˘ÚÁ›· ÙË˜

ÛoÓ‰˘ÏÈÎ‹˜ ÌoÓ¿‰·˜. ∏ ÌÂÏ¤ÙË, fiÌˆ˜, ÙË˜ ‚ÈoÏoÁÈÎ‹˜ Î·È ‚Èo¯ËÌÈÎ‹˜ Ê‡ÛË˜ Ùo˘ ‰›ÛÎo˘
¤¯ÂÈ ·Ú·ÌÂÏËıÂ› Û˘ÁÎÚÈÙÈÎ¿ ÌÂ ÙË ÌÂÏ¤ÙË ÙˆÓ ÌË¯·ÓÈÎÒÓ È‰ÈoÙ‹ÙˆÓ Ùo˘, oÈ oo›Â˜ ÂÍ·Ú-
ÙÒÓÙ·È ¿ÌÂÛ· ·fi ÙË Ê‡ÛË Ùo˘ ‰›ÛÎo˘. ∆o ÌË¯·ÓÈÎfi ÌoÓÙ¤Ïo ÙˆÓ Broom Î·È Mara9 ÚoÛ·-
ıÂ› Ó· ÂÍËÁ‹ÛÂÈ ÙÈ˜ ÌË¯·ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ Ùo˘ ‰›ÛÎo˘ ÌÂ ‚¿ÛË ÙË Ì·ÎÚoÌoÚÈ·Î‹ ‰oÌ‹ Ùo˘.
∆o ÌoÓÙ¤Ïo ·˘Ùfi ·oÙÂÏÂ›Ù·È ·fi ¤Ó· ÛÙÂÚÂfi ‰›ÎÙ˘o (·ÓÙo¯‹ ÛÙË ‰È¿Ù·ÛË) Î·È ·fi Ì·Ïfi-
ÓÈ· ÌÂ ·¤Ú· (·ÓÙo¯‹ ÛÙË ÊfiÚÙÈÛË). ™Ùo ÌÂÛoÛoÓ‰‡ÏÈo ‰›ÛÎo Ùo ÎoÏÏ·ÁfiÓo ¤¯ÂÈ Ùo ÚfiÏo
Ùo˘ ÛÎÂÏÂÙo‡ Î·È oÈ ÚˆÙÂoÁÏ˘Î¿ÓÂ˜ Ùo ÚfiÏo ÙˆÓ Ì·ÏoÓÈÒÓ. OÈ Ê˘ÛÈÎ¤˜ È‰ÈfiÙËÙÂ˜ Ùo˘
ÛÎÂÏÂÙo‡ (Â›‰o˜, ÛÙÂÚÂfiÙËÙ·, ·ÚÈıÌfi˜ ‰ÂÛÌÒÓ Î·È Û˘Ó‰¤ÛÂˆÓ Î.Ù.Ï.) Î·È ÙˆÓ Ì·ÏoÓÈÒÓ
(Ì¤ÁÂıo˜, Ù¿ÛË Ùo˘ ·¤Ú· Î.¿.) Î·ıoÚ›˙o˘Ó ÙÈ˜ ÌË¯·ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ Ùo˘ ÌoÓÙ¤Ïo˘.

∫O§§∞°O¡O
∂›Ó·È Ë Î‡ÚÈ· ‰oÌÈÎ‹ ÚˆÙÂ˝ÓË Ùo˘ ·ÓıÚÒÈÓo˘ ÛÒÌ·Ùo˜. ™Ùo ÌÂÛoÛoÓ‰‡ÏÈo ‰›ÛÎo

·oÙÂÏÂ› Ùo 50% Ùo˘ ÍËÚo‡ ‚¿Úo˘˜ Ùo˘ ‰·ÎÙ˘Ï›o˘ Î·È Ùo 20-30% Ùo˘ ÍËÚo‡ ‚¿Úo˘˜ Ùo˘
˘Ú‹Ó· 1,2,35,38. ∏ Ê‡ÛË Î·È Ë Î·Ù·ÛÎÂ˘‹ Ùo˘ ÎoÏÏ·ÁfiÓo˘ Î·ıoÚ›˙o˘Ó ÙËÓ ·ÎÂÚ·ÈfiÙËÙ· Î·È
ÙÈ˜ ÌË¯·ÓÈÎ¤˜ È‰ÈfiÙËÙÂ˜ Ùo˘ ‰›ÛÎo˘. ∆o ÌfiÚÈo Ùo˘ ÎoÏÏ·ÁfiÓo˘ (ÙÚooÎoÏÏ·ÁfiÓo) Úo¤Ú-
¯ÂÙ·È ·fi Ùo ÚoÎoÏÏ·ÁfiÓo Î·È ¤¯ÂÈ ÙÚÈÙoÙ·Á‹ ‰oÌ‹ ÙÚÈÏ‹˜ ¤ÏÈÎ·˜ ·Ï˘Û›‰ˆÓ ·ÌÈÓoÍ¤ˆÓ,
fio˘ Î¿ıÂ ·Ï˘Û›‰· ·oÙÂÏÂ›Ù·È Ùo˘Ï¿¯ÈÛÙoÓ ·fi 1.000 ·ÌÈÓoÍ¤·, ÌÂ ¯·Ú·ÎÙËÚÈÛÙÈÎfi fiÙÈ
·Ó¿ ÙÚÈ¿‰Â˜ ·ÌÈÓoÍ¤ˆÓ Ùo ÙÚ›Ùo ·ÌÈÓoÍ‡ Â›Ó·È ¿ÓÙ· ÁÏ˘Î›ÓË, ÂÓÒ Û˘Ó‹ıˆ˜ Ù· ¿ÏÏ· ‰‡o Â›-
Ó·È ÚoÏ›ÓË ‹ ˘‰ÚoÍ˘ÚoÏ›ÓË (ÛÙ·ıÂÚooÈËÙ¤˜ ÙË˜ ·Ï‡Ûo˘). ™ÙÈ˜ ı¤ÛÂÈ˜ ÌÂ Ï˘Û›ÓË ‹ ˘-
‰ÚoÍ˘Ï˘Û›ÓË ˘¿Ú¯o˘Ó ÂÓ‰oÌoÚÈ·Î¤˜ Û˘Ó‰¤ÛÂÈ˜ (cross links)19,23,34,51 (ÂÈÎfiÓ· 1). ∏ ‰È¿ÌÂ-
ÙÚo˜ ÙˆÓ ÈÓÒÓ Î·È o ÙÚfio˜ Û˘ÁÎÚfiÙËÛË˜ Ùo˘ ‰ÈÎÙ‡o˘ Ùo˘ ÎoÏÏ·ÁfiÓo˘ ÂÍ·ÚÙÒÓÙ·È ·fi ÙoÓ
Ù‡o Ùo˘ ÎoÏÏ·ÁfiÓo˘, ÙËÓ ÂÓÙfiÈÛË Î·È ÙËÓ ËÏÈÎ›· Ùo˘3,16,23,35,38.

∆‡oÈ ÎoÏÏ·ÁfiÓo˘
Œˆ˜ Û‹ÌÂÚ· ¤¯o˘Ó ·Ó·ÁÓˆÚÈÛÙÂ› 17 Ù‡oÈ ÎoÏÏ·ÁfiÓo˘20,38. ∆o˘Ï¿¯ÈÛÙoÓ 7 ·fi ·˘Ùo‡˜

Ùo˘˜ Ù‡o˘˜ ·ÓÈ¯ÓÂ‡oÓÙ·È ÛÙo ÌÂÛoÛoÓ‰‡ÏÈo ‰›ÛÎo (›Ó·Î·˜ 1). OÈ Ù‡oÈ π (Î˘Ú›ˆ˜ ÛÙoÓ
ÈÓÒ‰Ë ‰·ÎÙ‡ÏÈo) Î·È ππ (ÛÙoÓ ˘Ú‹Ó·) ·oÙÂÏo‡Ó ÙËÓ ÏÂÈo„ËÊ›· ÙˆÓ ÎoÏÏ·ÁfiÓˆÓ ÈÓÒÓ
Ùo˘ ÌÂÛoÛoÓ‰‡ÏÈo˘ ‰›ÛÎo˘. ™ÙÈ˜ ÂÚÈo¯¤˜ fio˘ ˘ÂÚÈÛ¯‡o˘Ó oÈ ›ÓÂ˜ Ù‡o˘ ππ ··ÓÙÒÓÙ·È
Î·È ›ÓÂ˜ Ù‡o˘ πÃ Î·È Ãπ, ÂÓÒ ÛÙÈ˜ ÂÚÈo¯¤˜ ÌÂ ›ÓÂ˜ Ù‡o˘ π ·ÓÈ¯ÓÂ‡oÓÙ·È Î·È ›ÓÂ˜ Ù‡o˘ V
Î·È Ãππ. ∆¤Ïo˜, ÛÙÈ˜ ÌÈÎÚ¤˜ ËÏÈÎ›Â˜ ÛËÌ·ÓÙÈÎfi Â›Ó·È Î·È Ùo oÛoÛÙfi ÙˆÓ ÈÓÒÓ Ù‡o˘ Vπ Ùo˘
˘Ú‹Ó· (20%)15,17,18,30,34,53.
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OÚÁ¿ÓˆÛË Ùo˘ ‰ÈÎÙ‡o˘ ÎoÏÏ·ÁfiÓo˘ ÛÙo ª¢
O ÈÓÒ‰Ë˜ ‰·ÎÙ‡ÏÈo˜ ·oÙÂÏÂ›Ù·È ·fi oÌfiÎÂÓÙÚo˘˜ Î‡-

ÎÏo˘˜ ÌÂÌ‚Ú·ÓÒÓ ÎoÏÏ·ÁfiÓˆÓ ÈÓÒÓ, ÛÙo˘˜ oo›o˘˜ Â-
ÛˆÎÏÂ›ÂÙ·È o ˘Ú‹Ó·˜. ∞˘Ù¤˜ oÈ ÎoÏÏ·ÁfiÓÂ˜ «ÌÂÌ‚Ú¿ÓÂ˜»
Û˘ÌÊ‡oÓÙ·È ÛıÂÓ·Ú¿ ÌÂ Ù· ·Ú·ÎÂ›ÌÂÓ· ÛoÓ‰˘ÏÈÎ¿ ÛÒ-
Ì·Ù· Î·È ÙÈ˜ ¯fiÓ‰ÚÈÓÂ˜ ÙÂÏÈÎ¤˜ Ï¿ÎÂ˜. ™ÙoÓ ˘Ú‹Ó· Ùo
ÎoÏÏ·ÁfiÓo ‰›ÎÙ˘o ‰ÂÓ ·Úo˘ÛÈ¿˙ÂÈ ÙËÓ oÚÁ¿ÓˆÛË Ùo˘
‰·ÎÙ˘Ï›o˘ Î·È Ë ‰È¿Ù·Í‹ Ùo˘ Â›Ó·È ·Î·ÓfiÓÈÛÙË2,23,41.

∏ È‰È·›ÙÂÚË ·˘Ù‹ oÚÁ¿ÓˆÛË ÙˆÓ ÎoÏÏ·ÁfiÓˆÓ ÈÓÒÓ
ÚoÛ‰›‰ÂÈ ÛÙoÓ ª¢ ̄ ·Ú·ÎÙËÚÈÛÙÈÎ¿ ¿ÚıÚˆÛË˜, È‰È·›ÙÂÚ·
fiÙ·Ó ·˘Ùfi˜ ̆ fiÎÂÈÙ·È ÛÂ ÂÍˆÙÂÚÈÎ¤˜ ‰˘Ó¿ÌÂÈ˜ Î·È ·ÓÙÈ‰Ú¿
ÌÂ ·Ó¿ÏoÁË ·Ú·ÌfiÚÊˆÛË (Û˘Ì›ÂÛË, Î¿Ì„Ë, ÛÙÚoÊ‹)22,40.

¶ƒø∆∂O°§À∫∞¡∂™ 
∆o ¿ÏÏo Î‡ÚÈo Ì·ÎÚoÌoÚÈ·Îfi Û˘ÛÙ·ÙÈÎfi Ùo˘ ‰›ÛÎo˘ Â›-

Ó·È oÈ ÚˆÙÂoÁÏ˘Î¿ÓÂ˜ (PGs), oÈ oo›Â˜ ·oÙÂÏo‡ÓÙ·È
·fi ·Ï˘Û›‰Â˜ ÁÏ˘Îo˙·ÌÈÓoÁÏ˘Î·ÓÒÓ (GAG) Î·È ·fi Úˆ-
ÙÂ˚ÓÈÎfi ˘Ú‹Ó·. À¿Ú¯o˘Ó ‰‡o Î‡ÚÈoÈ ÂÎÚfiÛˆoÈ Úˆ-
ÙÂoÁÏ˘Î·ÓÒÓ. O ÚÒÙo˜ Ù‡o˜ Â›Ó·È oÈ ÌÈÎÚ¤˜ Úˆ-
ÙÂoÁÏ˘Î¿ÓÂ˜, ÌÂ Ì›· ‹ ‰‡o ·Ï˘Û›‰Â˜ GAG (ıÂÈÈÎ‹ ̄ oÓ‰Úo˚-
Ù›ÓË - CS). O ‰Â‡ÙÂÚo˜ Î·È ÂÈÎÚ·ÙÒÓ Ù‡o˜ Â›Ó·È oÈ ÌÂ-
Á¿ÏÂ˜ ÚˆÙÂoÁÏ˘Î¿ÓÂ˜, ÌÂ ÌÂÁ¿Ï· ÌfiÚÈ· oÏÏÒÓ ·Ï˘Û›-
‰ˆÓ GAG (ıÂÈÈÎ‹ ÎÂÚ·Ù›ÓË - KS). O ÚˆÙÂ˚ÓÈÎfi˜ ˘Ú‹-
Ó·˜ Î·Ù·Ï‹ÁÂÈ ÛÂ ÛÊ·ÈÚÈÎfi Û¯ËÌ·ÙÈÛÌfi, fio˘ Û˘Ó‰¤oÓÙ·È
·Ï˘Û›‰Â˜ ̆ ·Ïo˘ÚoÓÈÎo‡ oÍ¤o˜ (∏∞), oÈ oo›Â˜ ¤¯o˘Ó ‰Â-
ÛÌÂ˘Ì¤Ó· Ù· ÌoÓoÌÂÚ‹ ÙˆÓ ÚˆÙÂoÁÏ˘Î·ÓÒÓ, ‰È·-

ÌoÚÊÒÓoÓÙ·˜ ¤ÙÛÈ Ù· «·ıÚo›ÛÌ·Ù·» ÚˆÙÂoÁÏ˘Î·ÓÒÓ
(PGs aggregates)4,12,14,25,31,39,42 (ÂÈÎfiÓ· 2).

™Ùo ÌÂÛoÛoÓ‰‡ÏÈo ‰›ÛÎo ·˘Ù‹ Ë ‰oÌ‹ ÙˆÓ PGs ‰ÂÓ
Â›Ó·È ÙfiÛo ·˘ÛÙËÚ‹. O Û¯ËÌ·ÙÈÛÌfi˜ ÙˆÓ ·ıÚoÈÛÌ¿ÙˆÓ
PGs ‰ÂÓ Â›Ó·È Û˘¯Ófi˜ (ÌfiÏÈ˜ Ùo 15% ÙˆÓ PGs Ùo˘ ˘Ú‹-
Ó· Î·È Ùo 40% ÙˆÓ PGs Ùo˘ ‰·ÎÙ˘Ï›o˘ ÛÙoÓ ÂÓ‹ÏÈÎ·) Î·È
oÈ ·Ï˘Û›‰Â˜ CS Î·È KS ‰È·Ê¤Úo˘Ó ·fi ÙÈ˜ ·ÓÙ›ÛÙoÈ¯Â˜ ÙˆÓ
˘fiÏoÈˆÓ ÈÛÙÒÓ24. ¢È·ÊoÚooÈ‹ÛÂÈ˜ ˘¿Ú¯o˘Ó, fiÌˆ˜,
Î·È Ì¤Û· ÛÙo ‰›ÛÎo Î·È ¤ÙÛÈ Ë ·Ó·ÏoÁ›· KS/CS Â›Ó·È ÌÂ-
Á·Ï‡ÙÂÚË ÛÙoÓ ˘Ú‹Ó· ·fi fiÙÈ ÛÙoÓ ÈÓÒ‰Ë ‰·ÎÙ‡ÏÈo25,31,36,38,42.

OÈ PGs, ¤¯oÓÙ·˜ ıÂÈÈÎ¤˜ Î·È Î·Ú‚oÍ˘ÏÈÎ¤˜ oÌ¿‰Â˜, Â›-
Ó·È ·ÚÓËÙÈÎ¿ ÊoÚÙÈÛÌ¤ÓÂ˜, ÌÂ ·oÙ¤ÏÂÛÌ· Ë Û˘ÁÎ¤ÓÙÚˆ-
ÛË ÙˆÓ ÚˆÙÂoÁÏ˘Î·ÓÒÓ ÛÙo ÌÂÛoÛoÓ‰‡ÏÈo ‰›ÛÎo (˘-
ÎÓfiÙËÙ· ÛÙ·ıÂÚo‡ ÊoÚÙ›o˘ - FSD) Ó· Î·ıoÚ›˙ÂÈ ‚·ÛÈÎ¤˜
È‰ÈfiÙËÙ¤˜ Ùo˘, fiˆ˜ ÙË ‰È·Î›ÓËÛË ÈfiÓÙˆÓ Î·È ‰È·Ï˘Ì¿ÙˆÓ
(ÂÍ›ÛˆÛË Gibbs-Donnan) Î·È ÙËÓ ̂ ÛÌˆÙÈÎ‹ ›ÂÛË29,36,50. ∏
ˆÛÌˆÙÈÎ‹ ›ÂÛË ÂÍ·ÚÙ¿Ù·È, ÂÎÙfi˜ ·fi ÙËÓ FSD, Î·È ·fi
Ùo Ì¤ÁÂıo˜ Î·È Ùo Û¯‹Ì· ÙˆÓ PGs. H ̂ ÛÌˆÙÈÎ‹ ›ÂÛË Ùo˘
˘Ú‹Ó· Ùo˘ ÌÂÛoÛoÓ‰‡ÏÈo˘ ‰›ÛÎo˘ Â›Ó·È 0.1-0.3mPa
(1-3atm), ‰ËÏ·‰‹ ÌÂÁ·Ï‡ÙÂÚË ÙË˜ ̂ ÛÌˆÙÈÎ‹˜ ›ÂÛË˜ Ùo˘
‰·ÎÙ˘Ï›o˘12,38,50.

∏ ÏÂÙ‹ ˘Ê‹ ÙË˜ ıÂÌ¤ÏÈ·˜ o˘Û›·˜ Ùo˘ ‰›ÛÎo˘ Î·ıoÚ›-
˙ÂÙ·È Î·È ·˘Ù‹ ·fi ÙË Û˘ÁÎ¤ÓÙÚˆÛË ÙˆÓ PGs. º˘ÛÈoÏoÁÈ-
Î¿, Ë ‰È¿ÌÂÙÚo˜ ÙˆÓ «fiÚˆÓ» o˘ Û¯ËÌ·Ù›˙oÓÙ·È ·fi ÙÈ˜
·Ï‡Ûo˘˜ ÙˆÓ GAGs Î·ıoÚ›˙ÂÙ·È ·fi ÙËÓ ·fiÛÙ·ÛË ÙˆÓ
GAGs ÌÂÙ·Í‡ Ùo˘˜ (Û˘Ó‹ıˆ˜ 20-40∞Æ)11. ∏ ‰È¿ÌÂÙÚo˜ ·˘-
ÙÒÓ ÙˆÓ «fiÚˆÓ» ÂËÚÂ¿˙ÂÙ·È Î·È ·fi ÙËÓ ÂÚÈÂÎÙÈÎfiÙË-

∂ÈÎfiÓ· 1. ™¯ËÌ·ÙÈÎ‹ ·ÂÈÎfiÓÈÛË ÙË˜ Î·Ù·ÛÎÂ˘‹˜ ÙÔ˘ ÎÔÏÏ·-
ÁfiÓÔ˘ Î·È ÙË˜ ¯·Ú·ÎÙËÚÈÛÙÈÎ‹˜ ‰È¿Ù·ÍË˜ ÙˆÓ ÎÔÏÏ·ÁfiÓˆÓ ÈÓÒÓ
(collagen-banding pattern).

¶›Ó·Î·˜ 1. ∫·Ù·ÓoÌ‹ ÙˆÓ ÎoÏÏ·ÁfiÓˆÓ ÈÓÒÓ ÛÙo˘˜
ÈÛÙo‡˜.

∆‡o˜ ÎoÏÏ·ÁfiÓo˘ ∫·Ù·ÓoÌ‹ ÛÙo˘˜ ÈÛÙo‡˜

I ¢¤ÚÌ·, Ù¤ÓoÓÙÂ˜, oÛÙ¿, ÎÂÚ·ÙoÂÈ‰‹˜
II ÃfiÓ‰Úo˜, ËÎÙÔÂÈ‰‹˜ ˘Ú‹Ó·˜
III ¢¤ÚÌ·, ·ÈÌoÊfiÚ· ·ÁÁÂ›·, Ù¤ÓoÓÙÂ˜
IV µ·ÛÈÎ‹ ÌÂÌ‚Ú¿ÓË
V ∫ÂÚ·ÙoÂÈ‰‹˜
VI ¢¤ÚÌ·, ·ÈÌoÊfiÚ· ·ÁÁÂ›·, ‰›ÛÎo˜, 

¯fiÓ‰Úo˜
VII Ào‚·ÛÈÎ‹ ÛÙÈ‚¿‰·
VIII ∫ÂÚ·ÙoÂÈ‰‹˜, ·˘ÍËÙÈÎ‹ Ï¿Î·, 

ÂÚÈ¯fiÓ‰ÚÈo, ÂÏ·ÛÙÈÎfi˜ ¯fiÓ‰Úo˜, 
ÛÎÏËÚ‹ Ì‹ÓÈÁÁ·

IX ÃfiÓ‰Úo˜, ‰›ÛÎo˜
X ∞Û‚ÂÛÙooÈËÌ¤Óo˜ ¯fiÓ‰Úo˜, 

·˘ÍËÙÈÎ‹ Ï¿Î·
XI ÃfiÓ‰Úo˜
XII ¢¤ÚÌ·, Ù¤ÓoÓÙÂ˜
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Ù· ÙË˜ ıÂÌ¤ÏÈ·˜ o˘Û›·˜ ÛÂ ÓÂÚfi (ÂÓ˘‰¿ÙˆÛË). O Ú˘ıÌfi˜
ÙË˜ Úo‹˜ Ùo˘ ˘ÁÚo‡ Ì¤Û· ·fi ·˘Ùo‡˜ Ùo˘˜ «fiÚo˘˜»
˘oÏoÁ›˙ÂÙ·È ·fi ÙoÓ Ù‡o Ùo˘ ¡fiÌo˘ Ùo˘ Dancy: J = k
dP/dX, fio˘ J o Ú˘ıÌfi˜ Úo‹˜ Ùo˘ ̆ ÁÚo‡, k Ë ÛÙ·ıÂÚ¿ ̆ -
‰Ú·˘ÏÈÎ‹˜ ‰È·ÂÚ·ÙfiÙËÙ·˜ ÙË˜ ıÂÌ¤ÏÈ·˜ o˘Û›·˜ (hydraulic
permeability) Î·È dP/dX Ë ‰È·ÊoÚ¿ ÙˆÓ È¤ÛÂˆÓ o˘ Â˘-
ı‡ÓÂÙ·È ÁÈ· ÙË ÌÂÙ·Î›ÓËÛË Ùo˘ ˘ÁÚo‡5,33.

™‡ÌÊˆÓ·, ÏoÈfiÓ, ÌÂ ·˘Ù¤˜ ÙÈ˜ Û˘Óı‹ÎÂ˜ Ú˘ıÌ›˙ÂÙ·È Ë

Û˘ÁÎ¤ÓÙÚˆÛË Î·È Ë ‰È·Î›ÓËÛË ÙˆÓ ‰È·ÊfiÚˆÓ o˘ÛÈÒÓ, fi-
ˆ˜ ÙˆÓ ÈfiÓÙˆÓ, ·ÏÏ¿ Î·È ÙˆÓ Ì·ÎÚoÌoÚÈ·ÎÒÓ o˘ÛÈÒÓ ‹
‰È·Ï˘Ì¿ÙˆÓ. ŒÙÛÈ, Ë Û˘ÁÎ¤ÓÙÚˆÛË ÙˆÓ Î·ÙÈfiÓÙˆÓ ÂÓÙfi˜
Ùo˘ ‰›ÛÎo˘ Â›Ó·È ÌÂÁ·Ï‡ÙÂÚË ·fi ÂÎÂ›ÓË Ùo˘ Ï¿ÛÌ·Ùo˜.
™˘ÁÎÂÎÚÈÌ¤Ó·, Ë ÙÈÌ‹ Ùo˘ ¡a+ Â›Ó·È 2 ÌÂ 3 ÊoÚ¤˜ ÌÂÁ·-
Ï‡ÙÂÚË ·fi ÙËÓ ·ÓÙ›ÛÙoÈ¯Ë ÙÈÌ‹ Ùo˘ ÛÙo Ï¿ÛÌ· Î·È Ùo
Ca++ Ùo˘ ‰›ÛÎo˘ Â›Ó·È ‰ÂÎ·Ï¿ÛÈo Ùo˘ Ï¿ÛÌ·Ùo˜. ∆o ·-
ÓÙ›ıÂÙo Û˘Ì‚·›ÓÂÈ ÌÂ Ù· ·ÓÈfiÓÙ· Ùo˘ ‰›ÛÎo˘, Ù· oo›·
·Úo˘ÛÈ¿˙oÓÙ·È ÛÂ ÌÂÈˆÌ¤ÓÂ˜ ÙÈÌ¤˜ Û˘ÁÎÚÈÙÈÎ¿ ÌÂ Ùo Ï¿-
ÛÌ·. ∆o Cl- Â›Ó·È Ùo 50% ÙË˜ ÙÈÌ‹˜ Ùo˘ Ï¿ÛÌ·Ùo˜ Î·È Ùo
SO4

-- ÌfiÏÈ˜ Ùo1/5 Ùo˘ Ï¿ÛÌ·Ùo˜.26,38

∂ÈÏ¤oÓ, ÁÈ· ÙÈ˜ Ì·ÎÚoÌoÚÈ·Î¤˜ ÂÓÒÛÂÈ˜ ¤¯ÂÈ Î·ıoÚÈ-
ÛÙÂ› o Û˘ÓÙÂÏÂÛÙ‹˜ Û˘ÌÌÂÙo¯‹˜ (partition coefficient), o˘
oÚ›˙ÂÙ·È ˆ˜ Ë Û˘ÁÎ¤ÓÙÚˆÛË ÙË˜ o˘Û›·˜ ÛÂ ÌoÚÈ·Î‹ ‚¿ÛË
ÛÙË ıÂÌ¤ÏÈo o˘Û›· Ùo˘ ‰›ÛÎo˘ Û¯ÂÙÈÎ¿ ÌÂ ÙËÓ ·ÓÙ›ÛÙoÈ¯Ë
Û˘ÁÎ¤ÓÙÚˆÛ‹ ÙË˜ ÛÙo ÂÚÈ‚¿ÏÏoÓ ˘ÁÚfi ‹ ÛÙo Ï¿ÛÌ·.
∞˘Ùfi˜ o Û˘ÓÙÂÏÂÛÙ‹˜ Â›Ó·È ·ÓÙÈÛÙÚfiÊˆ˜ ·Ó¿ÏoÁo˜ Ùo˘
ÌoÚÈ·Îo‡ ‚¿Úo˘˜ ÙË˜ o˘Û›·˜. ∏ Û˘ÁÎ¤ÓÙÚˆÛË, ÏoÈfiÓ,
ÙˆÓ ÌÂÁ·ÏoÌoÚÈ·ÎÒÓ ÂÓÒÛÂˆÓ ÛÙo ‰›ÛÎo ÂÏ·ÙÙÒÓÂÙ·È
fiÛo ·˘Í¿ÓÂÈ Ùo ÌoÚÈ·Îfi ‚¿Úo˜. O Û˘ÓÙÂÏÂÛÙ‹˜ Û˘ÌÌÂÙo¯‹˜
Ù˘Á¯¿ÓÂÈ ÛËÌ·ÓÙÈÎ‹˜ ·Í›·˜, ÁÈ·Ù› Î·ıoÚ›˙ÂÈ ÙË ‰È·Î›ÓËÛË
Î·È ÙËÓ Î·Ù·ÓoÌ‹ fiÏˆÓ ÙˆÓ o˘ÛÈÒÓ ·Ó·ÏfiÁˆ˜ Ùo˘ ÌoÚÈ·Îo‡
‚¿Úo˘˜ Ùo˘˜, fiˆ˜ ÙˆÓ ÈfiÓÙˆÓ, Ùo˘ O2, ÙË˜ ÁÏ˘Îfi˙Ë˜, ÙˆÓ
oÚÌoÓÒÓ, ÙˆÓ ÂÓ˙‡ÌˆÓ Î·È ¿ÏÏˆÓ ··Ú·›ÙËÙˆÓ o˘ÛÈÒÓ
ÁÈ· Ùo ÌÂÙ·‚oÏÈÛÌfi Ùo˘ ÌÂÛoÛoÓ‰‡ÏÈo˘ ‰›ÛÎo˘29,49,50.

¡∂ƒO
™ÙËÓ ÂÓ‹ÏÈÎo ˙ˆ‹, Ë ÂÚÈÂÎÙÈÎfiÙËÙ· Ùo˘ ÈÓÒ‰Ë ‰·ÎÙ˘-

Ï›o˘ ÛÂ ÓÂÚfi Â›Ó·È ÂÚ›o˘ 60-70%, ÂÓÒ ÛÙoÓ ˘Ú‹Ó·
ÂÁÁ›˙ÂÈ Ùo 80%. ∂›Ó·È ¯·Ú·ÎÙËÚÈÛÙÈÎfi fiÙÈ Ù· oÛoÛÙ¿ ·˘-
Ù¿ Â›Ó·È Î·Ù¿ 10% ÌÂÈˆÌ¤Ó· ·fi Ù· ·ÓÙ›ÛÙoÈ¯· oÛoÛÙ¿
ÂÓ˘‰¿ÙˆÛË˜ ÛÙËÓ ·È‰ÈÎ‹ ËÏÈÎ›·. ∂ÎÙfi˜ ·fi ÙËÓ ËÏÈÎ›·,
¿ÏÏoÈ ·Ú¿ÁoÓÙÂ˜ o˘ ÂËÚÂ¿˙o˘Ó ÙËÓ ÂÓ˘‰¿ÙˆÛË Ùo˘
‰›ÛÎo˘ Â›Ó·È Ë ˘‰ÚoÛÙ·ÙÈÎ‹ ›ÂÛË, Ë ˆÛÌˆÙÈÎ‹ ›ÂÛË Î·È
Ë ˘‰Ú·˘ÏÈÎ‹ ‰È·ÂÚ·ÙfiÙËÙ·, Ë oo›· Â›Ó·È ·ÓÙÈÛÙÚfiÊˆ˜
·Ó¿ÏoÁË ÙË˜ Û˘ÁÎ¤ÓÙÚˆÛË˜ ÙˆÓ ÚˆÙÂoÁÏ˘Î·ÓÒÓ38,46.

™À™∆∞™∏ ∆OÀ ¢π™∫OÀ
∂ÎÙfi˜ ·fi Ù· ÙÚ›· Î‡ÚÈ· Û˘ÛÙ·ÙÈÎ¿ Ùo˘ ‰›ÛÎo˘, ‰ËÏ·-

‰‹ Ùo ÓÂÚfi, Ùo ÎoÏÏ·ÁfiÓo Î·È ÙÈ˜ ÚˆÙÂoÁÏ˘Î¿ÓÂ˜, ·ÓÈ-

∂ÈÎfiÓ· 2. ™¯ËÌ·ÙÈÎ‹ ·ÂÈÎfiÓÈÛË ÙË˜ ‰ÔÌ‹˜ ÙˆÓ ÚˆÙÂÔÁÏ˘-
Î·ÓÒÓ ·fi ÙÈ˜ ÁÏ˘ÎÔ˙·ÌÈÓÔÁÏ˘Î¿ÓÂ˜ (ıÂÈÈÎ‹ ̄ ÔÓ‰ÚÔ˚Ù›ÓË – CS,
ıÂÈÈÎ‹ ÎÂÚ·Ù›ÓË - KS).

¶›Ó·Î·˜ 2. ™‡ÛÙ·ÛË Ùo˘ ˘Ú‹Ó· Ùo˘ ÌÂÛoÛoÓ‰‡ÏÈo˘ ‰›ÛÎo˘ ÛÙoÓ ÂÓ‹ÏÈÎ·.

™˘ÛÙ·ÙÈÎfi ∂ÍˆÙÂÚÈÎfi˜ ∂ÛˆÙÂÚÈÎfi˜ ¶˘Ú‹Ó·˜ ∆ÂÏÈÎ‹ Ï¿Î·
ÈÓÒ‰Ë˜ ‰·ÎÙ‡ÏÈÔ˜ ÈÓÒ‰Ë˜ ‰·ÎÙ‡ÏÈÔ˜

¡ÂÚfi (g/g ÍËÚÔ‡ ‚¿Úo˘˜) 1,0-2,0 2,0-3,0 3,0-5,0 1,0-1,5
∫oÏÏ·ÁfiÓo (g/g ÍËÚÔ‡ ‚¿Úo˘˜) 0,5-0,6 0,15-0,3 0,15-0,25 0,5-0,7
GAG (g/g ÍËÚÔ‡ ‚¿Úo˘˜) 0,05 0,1-0,15 0,15-0,35 0,05-0,15



¯ÓÂ‡oÓÙ·È ÛÂ ·˘ÙfiÓ Î·È ¿ÏÏÂ˜ o˘Û›Â˜ fiˆ˜ ‰È¿ÊoÚÂ˜
ÁÏ˘ÎoÚˆÙÂ˝ÓÂ˜, ÂÏ·ÛÙ›ÓË, ·ÏÏ¿ Î·È ‰È¿ÊoÚ· Î‡ÙÙ·Ú· (2-
5%)1,28,50. ∂ÍÂÙ¿˙oÓÙ·˜ ÙoÓ ˘Ú‹Ó· Û˘ÌÂÚ·›ÓÂÙ·È fiÙÈ Â›-
Ó·È fi¯È ÌfiÓo ÂÚÈÛÛfiÙÂÚo ÂÓ˘‰·ÙˆÌ¤Óo˜, ·ÏÏ¿ ÂÚÈ¤¯ÂÈ
Î·È ÂÚÈÛÛfiÙÂÚÂ˜ PGs ·fi Ùo ‰·ÎÙ‡ÏÈo, o oo›o˜ fiÌˆ˜
·oÙÂÏÂ›Ù·È Î·È ·fi ÏËıÒÚ· Î·Ï¿ oÚÁ·ÓˆÌ¤ÓˆÓ ÎoÏÏ·-
ÁfiÓˆÓ ÈÓÒÓ (›Ó·Î·˜ 2).

ªÂ ÙËÓ ¿Úo‰o ÙË˜ ËÏÈÎ›·˜ Ë Èo ÛËÌ·ÓÙÈÎ‹ ÌÂÙ·‚oÏ‹
ÙË˜ Û‡ÛÙ·ÛË˜ Ùo˘ ‰›ÛÎo˘ Â›Ó·È Ë ·ÒÏÂÈ· Ùo˘ ÓÂÚo‡ (10-
15%) Î·È ÙˆÓ ÚˆÙÂoÁÏ˘Î·ÓÒÓ Ùo˘ ˘Ú‹Ó·, È‰›ˆ˜ Ùo˘ ·-
ÚÈıÌo‡ Î·È Ùo˘ ÌÂÁ¤ıo˘˜ ÙˆÓ CS ·Ï˘Û›‰ˆÓ, ÂÓÒ Ù· «·-
ıÚo›ÛÌ·Ù·» PGs Â›Ó·È Û¿ÓÈ·. ∆¤Ïo˜, ÌÂ ÙËÓ ËÏÈÎ›· ÌÂ-
Ù·‚¿ÏÏÂÙ·È Î·È Ë ·Ó·ÏoÁ›· ÌÂÙ·Í‡ ÙˆÓ Ù‡ˆÓ ÎoÏÏ·ÁfiÓo˘
π Î·È ππ1,4,8,21,25.

ªÂÙ·‚oÏ¤˜ ‰‡Ó·Ù·È Ó· Â¤Ïıo˘Ó Î·È ÛÂ ·ıoÏoÁÈÎ¤˜
Î·Ù·ÛÙ¿ÛÂÈ˜. ™ÙË ÛÎoÏ›ˆÛË ·Ú·ÙËÚÂ›Ù·È ÂÏ¿ÙÙˆÛË Ùo˘
ÓÂÚo‡ Î·È ÙˆÓ ÚˆÙÂoÁÏ˘Î·ÓÒÓ - È‰›ˆ˜ ÛÙo ‰›ÛÎo - ÛÙËÓ
ÎoÚ˘Ê·›· ÛoÓ‰˘ÏÈÎ‹ ÌoÓ¿‰· ÙË˜ ÛÎoÏ›ˆÛË˜, Èı·ÓfiÓ
ÂÍ·ÈÙ›·˜ ÌË¯·ÓÈÎo‡ stress19,51. ∞Ó¿ÏoÁÂ˜ ·Ú·ÙËÚ‹ÛÂÈ˜
¤¯o˘Ó Á›ÓÂÈ ÁÈ· ÙËÓ ÂÎÊ˘ÏÈÛÙÈÎ‹ ÓfiÛo Ùo˘ ‰›ÛÎo˘ Î·È ÁÈ·
ÙË ÛoÓ‰˘Ï›ÛıËÛË28,40.

ŒÓ˙˘Ì· Î·È ÌÂÛoÛoÓ‰‡ÏÈo˜ ‰›ÛÎo˜
ŒÓ˙˘Ì· ÈÎ·Ó¿ Ó· ·ÏÏoÈÒÛo˘Ó Ùo ÎoÏÏ·ÁfiÓo ÙË˜ ÌÂÛoÎ˘Ù-

Ù¿ÚÈ·  ̃o˘Û›·  ̃¤¯o˘Ó ·oÌoÓˆıÂ› ÛÂ ·fiÛÙ·ÁÌ· ÌÂÛoÛoÓ‰‡-
ÏÈo˘ ‰›ÛÎo˘45. ∞Ó Î·È ‰ÂÓ ¤¯ÂÈ Ù·˘ÙooÈËıÂ› Î¿oÈo ¤Ó-
˙˘Ìo o˘ Î·Ù·ÛÙÚ¤ÊÂÈ ÙÈ˜ ÁÏ˘Îo˙·ÌÈÓoÁÏ˘Î¿ÓÂ˜, ÈÛÙÂ‡-
ÂÙ·È fiÙÈ ÂÎÊ˘Ï›˙oÓÙ·È 1-2 Ì‹ÓÂ˜ ·fi ÙË Û‡ÓıÂÛ‹ Ùo˘˜31,32. 

∞fi Ù· ¤Ó˙˘Ì· o˘ ¤¯o˘Ó ·Ó·ÁÓˆÚÈÛÙÂ› ÛËÌÂÈÒÓoÓÙ·È
Ë ̄ ˘Ìo··˝ÓË, o˘ Î·Ù·Ï‡ÂÈ ÙoÓ ÚˆÙÂ˚ÓÈÎfi ˘Ú‹Ó· ÙˆÓ
ÚˆÙÂoÁÏ˘Î·ÓÒÓ, Î·È Ë ÎoÏÏ·ÁÂÓ¿ÛË, o˘ Î·Ù·ÛÙÚ¤ÊÂÈ
Ùo ÎoÏÏ·ÁfiÓo7,10,43.

ªÂÙ·‚oÏÈÛÌfi˜ ÙˆÓ Û˘ÛÙ·ÙÈÎÒÓ 
Ùo˘ ÌÂÛoÛoÓ‰‡ÏÈo˘ ‰›ÛÎo˘  

∆· Î‡ÙÙ·Ú· ÙË˜ ıÂÌ¤ÏÈ·˜ o˘Û›·˜ Ùo˘ ‰›ÛÎo˘ Â›Ó·È ˘-
Â‡ı˘Ó· ÁÈ· ÙËÓ ·Ó·Á¤ÓÓËÛË ÙˆÓ ‚·ÛÈÎÒÓ Û˘ÛÙ·ÙÈÎÒÓ
Ùo˘. ∏ ·Ó·Á¤ÓÓËÛË ÙˆÓ PGs Â›Ó·È ÂÍ·ÈÚÂÙÈÎ¿ ·ÚÁ‹, ÂÈ‰È-
Î¿ ÛÙo ‰›ÛÎo (>2 ¤ÙË), ÒÛÙÂ o Ú˘ıÌfi˜ ·Ó·Á¤ÓÓËÛ‹˜ Ùo˘˜
·oÙÂÏÂ› Ùo 1/3-1/2 Ùo˘ ·ÓÙ›ÛÙoÈ¯o˘ Ú˘ıÌo‡ ·Ó·Á¤ÓÓË-
ÛË˜ ÙˆÓ ÚˆÙÂoÁÏ˘Î·ÓÒÓ ÛÂ ¿ÏÏo˘˜ ÈÛÙo‡˜4,5,50. ∏ Û‡Ó-
ıÂÛ‹ Ùo˘˜ ÂÍ·ÚÙ¿Ù·È ·fi ‰È¿ÊoÚo˘˜ ·Ú¿ÁoÓÙÂ˜, fiˆ˜
ÙÈ˜ ÌÂÙ·‚oÏ¤˜ ÙË˜ Û˘ÁÎ¤ÓÙÚˆÛË˜ Ùo˘ ÓÂÚo‡ Î·È ÙËÓ ·Ò-
ÏÂÈ· PGs ÛÙo ÂÚÈ‚¿ÏÏoÓ ÙˆÓ Î˘ÙÙ¿ÚˆÓ, Ù· oo›· Î‡ÙÙ·-
Ú· ›Ûˆ˜ ¤ÙÛÈ ‰ÈÂÁÂ›ÚoÓÙ·È ÁÈ· ÙËÓ ÂÎ‰‹ÏˆÛË ÙË˜ Û˘ÓıÂÙÈ-
Î‹˜ Ùo˘˜ ÏÂÈÙo˘ÚÁ›·˜5. ∂›ÛË˜, oÚÌfiÓÂ˜ Î·È ·˘ÍËÙÈÎo› ·-
Ú¿ÁoÓÙÂ˜ ÌoÚÂ› Ó· ÂËÚÂ¿Ûo˘Ó ıÂÙÈÎ¿ ÙË ‚ÈoÛ‡ÓıÂÛË
ÙˆÓ ÚˆÙÂoÁÏ˘Î·ÓÒÓ5,7,27,47,48.

∞fi ÙË ‚È‚ÏÈoÁÚ·Ê›· Â›Ó·È ÂÏ¿¯ÈÛÙÂ˜ oÈ ÏËÚoÊoÚ›Â˜
ÁÈ· ÙËÓ ·Ó·Á¤ÓÓËÛË Ùo˘ ÎoÏÏ·ÁfiÓo˘. ¶ÈÛÙÂ‡ÂÙ·È, fiÌˆ˜,

fiÙÈ Â¿Ó ˘Ê›ÛÙ·Ù·È, ¤¯ÂÈ oÏ‡ ·ÚÁfi Ú˘ıÌfi20,21,36,38.

µπµ§πO°ƒ∞ºπ∞
1. Adams P, Muir H. Qualitative changes with age of human

lumbar discs. Ann Rheum Dis 1976; 35:289-296.
2. Aspden RM, Hickey DS, Hukins DWL. Determination of collagen

fibril orientation in the cartilage of the vertebral endplate. Conn
Tissue Res 1980; 9:83-87.

3. Ayad S, Weiss JB. Biochemistry of the intevertebral disc. In:
Jayson MIV (ed). The lumbar spine and back pain. Churchill-
Livingstone. Edinburgh 1986:100-137.

4. Bayliss MT, Johnstone B, O’Brien JP. Proteoglycan synthesis
in the vertebral disc: variation with age, region and pathology.
Spine 1988; 13:972-981.

5. Bayliss MT, Urban JPG, Johnstone B, Holm S. A method for
measuring 35S-sulphate incorporation rate in the vertebral
disc. J Orthop Sci 1986; 4:10-17. 

6. Bert JL, Fatt I. Relation of water transport to water content in
swelling biological membranes. Surface chemistry of biological
membranes. Plenum Press. New York 1970.

7. Bradford DS, Cooper KM, Oegema TR. Chymopapain,
chemonucleolysis and nucleus pulposus regeneration. J Bone
Joint Surg 1983; 65A:1220.

8. Brickley-Parson D, Glimcher M. Is the chemistry of collagen
in the vertebral disc an expression of Wolff’s Law? A study of
the human lumbar spine. Spine 1984; 9:146-163.

9. Broom ND, Marra DL. New stuctural concepts of articular
cartilage demonstrated with a physical model. Conn Tissue
Res 1985; 14:1.

10. Buttle DJ, Abrahamson M, Barret AJ. The biochemistry of the
action of chymopapain in the relief of sciatica. Spine 1986;
11:688-694.

11. Byers PD, Bayliss MT, Maroudas A. Hypothesizing about joints.
In: Maroudas A, Holborow EJ (eds). Studies in joint diseases
2. Pitman. London 1983.

12. Carney SL, Muir H. The structure and function of cartilage
proteoglycans. Physiol Rev 1988; 68:858-910.

13. Caterson B, Mahmoodian F, Sorell JM et al. Modulation of
native chondroitin sulfate structure in tissue development and
disease. J Cell Sci 1990; 97:411.

14. Doege KJ, Sasaki M, Kimura T et al. Complete coding sequences
and deduced primary structure of the human cartilage aggregating
proteoglycan aggrecan. J Biol Chem 1991; 266:894.

15. Dublet B, Van de Rest M. Type XIV collagen, a new homotrimeric
molecule extracted from fetal bovine skin and tendon with a
triple helical disulfide-bonded domain homologous to type IX
and type XII collagens. J Biol Chem 1991; 266:6853.

16. Eyre DR. Biochemistry of the intervertebral disc. Int Rev Conn
Tissue Res 1979; 8:227-291.

17. Eyre DR, Muir H. Types I and II collagens in the intervertebral
disc. Biochem J 1976; 157:267-270.

18. Eyre DR, Muir H. Quantitative analysis of types I and II collagens
in human intervertebral discs at various ages. Biochem Biophys
Acta 1977; 492:29-42.

19. Eyre DR, Paz MA, Gallop PM. Cross-linking in collagen and
elastin. Ann Rev Biochem 1984; 53:717-748.

65



66

20. Eyre DR et al. The intervertebral disc in new perspectives on
low back pain. Am Acad Orthop Surg 1989; 147-208.

21. Herbert CM, Lindberg KA, Jayson MIV, Barley AJ. Changes
in the collagen of human intervertebral discs during aging and
degenerative disc disease. J Mol Med 1975; 1:79-91.

22. Hickey DS, Hukins DWL. Relation between the structure of
the annulus fibrosus and the function and failure of the
intervertebral disc. Spine 1980; 5:106-116.

23. Inoue H, Takeda T. Three dimensional observations of collagen
framework of lumbar intervertebral discs. Acta Orthop Scand
1975; 46:949-956.

24. Johnstone B. Structure and biosynthesis of human intervertebral
disc proteoglycans. Thesis. London University 1987.

25. Johnstone B, Caterson B. Proteoglycans of the intervertebral
disc: heterogeneity results from breakdown products (abstr).
J Cell Biol 1989.

26. Kraemer J, Kolditz D, Gowin R. Water and electrolyte content
of human intervertebral discs under variable load. Spine 1984;
9:69-71.

27. Lipson SJ. Metaplastic proliferative fibrocartilage as an alternative
concept to herniated intervertebral disc. Spine 1988; 13:1055-
1060.

28. Lyons G, Eisenstein S, Sweet BM. Biochemical changes in
intervertebral disc degeneration. Biochim Biophys Acta 1981;
673:443-453.

29. Maroudas A. Physico-chemical properties of the articular
cartilage. In: Freeman NAR (ed). Adult articular cartilage. 2nd
ed. Pitman Medical. London 1979.

30. Mayne R, Burgenson R (eds). Structure and function of collagen
types. Academic press. New York 1987.

31. McDevitt CA. Proteoglycans of the intervertebral disc. In:
Ghosh P (ed). Biology of the intervertebral disc. CRC Press.
New York 1988. 

32. Melrose J, Ghosh P, Taylor TKF. The serine proteases and
serine proteases inhibitors of the human intervertebral disc.
Tenth FECT. Meeting Abstr 1986:426.

33. Myers ER, Zhu W, Mow VC. Viscoelastic properties of articular
cartilage and meniscus. In: Nimni ME (ed). Collagen. Vol II.
CRC Press. New York 1988. 

34. Nimni ME (ed). Collagen. Vols I, II, III. CRC Press. New York
1988.

35. Nimni ME, Harkness RD. Molecular structure and function of
collagen. In: Nimni ME (ed). Collagen. vol I. CRC Press. New
York 1988.

36. Oegema TR, Bradford D, Cooper K. Aggregated proteoglycan
synthesis in organ cultures of human nucleus pulposus. J Biol
Chem 1979; 245:10579-10581.

37. Oegema TR. Recent advances in understanding the biochemistry
of the intervertebral disc. In: Floman Y (ed). Disorders of the
lumbar spine. Aspen Publishers. Rockville, MD 1990:53.

38. Oegema TR. Biochemistry of the intervertebral disc. Clin Sports
Med 1993; 12(3):419-437.

39. Plaas AHK, Neame PJ, Nivens CM et al. Identification of the
keratan sulfate attachment sites on bovine fibromodulin. J
Biol Chem 1990; 265:20634. 

40. Roberts S, Beard HK, O’Brien JP. Biochemical changes of the
intervertebral discs in patients with spondylolisthesis or with
tears of the posterior annulus fibrosus. Ann Rheum Dis 1982;
41:78-85.

41. Roberts S, Menage J, Urban JPG. Biochemical and structural
properties of the cartilage endplate and its relation to the
properties of the intervertebral disc. Spine 1989; 14:166-174. 

42. Rosenberg LC. Structure and function of dermatan sulfate
proteoglycans in articular cartilage. In: Kuettner KE, Schleyerbach
R, Peyron JG et al (eds). Articular cartilage and osteoarthritis.
Raven Press. New York 1992:45.

43. Roughley PJ, Nguyen Q, Mort JS. The role of proteinases and
oxygen radicals in the degradation of human articular cartilage.
In: Kuettner KE, Schleyerbach R, Peyron JG et al (eds). Articular
cartilage and osteoarthritis. Raven Press. New York 1992:305.

44. Scott JE. Proteoglycan-fibrillar collagen interactions. Biochem
J 1988; 252:313-323.

45. Sedowofia KA, Tomlinson IW, Weiss JB et al. Collagenolytic
enzyme systems in human intervertebral disc: their control
mechanism and their possible role in the initiation of biomechanical
failure. Spine 1982; 7:213-221.

46. Simon B, Wu JSS, Carlton MW et al. Poroelastic dynamic
structural models of rhesus spinal motion segments. Spine
1985; 10:494. 

47. Thompson JP, Bradford DS, Oegema TR. Biosynthetic stimulation
adult carine intervertebral disc by growth factors. Trans Orthop
Res Soc 1989; 14:259.

48. Thompson JP, Bradford DS, Oegema TR. Stimulation of the
mature carine intervertebral disc by growth factors. Spine
1991; 16:253.

49. Urban JPG, McMullin JF. Swelling pressure of the intervertebral
discs: influence of age, spinal level, composition and degeneration.
Spine 1988; 13:179-186. 

50. Urban JPG, Holm S, Maroudas A. Diffusion of small solutes
into the intervertebral disc. An in vivo study. Biorheology
1978; 16:447-464.

51. Venn G, Sims T, Mason RM. Collagen stability and cross-
linking in the normal and kyphoscoliotic mouse intervertebral
discs. Biosci Rep 1988; 8:315-322.

52. Vogel KG, Trotter JA. The effect of proteoglycans on the
morphology of collagen fibril formation in vitro. Coll Rel Res
1987; 7:105-114.

53. Wu JJ, Eyre DR, Slayter HS. Type VI collagen of the intervertebral
disc. Biochemical and electron microscope characterization
of the native protein. Biochem J 1987; 248:373-381.


