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°È· ÔÏ‡ Î·ÈÚfi ˘‹Ú¯Â Ë

¿Ô„Ë fiÙÈ Ë ‰È·‰ÈÎ·Û›· ÙË˜

Á‹Ú·ÓÛË˜ Â›Ó·È ·˘ÛÙËÚÒ˜

ÚÔÁÚ·ÌÌ·ÙÈÛÌ¤ÓË ÛÙÔ ÁÂÓÂÙÈÎfi

·Ú¯Â›Ô Î¿ıÂ Â›‰Ô˘˜, ÙÔ ÔÔ›Ô

¤¯ÂÈ ÔÚÈÛÌ¤ÓÔ ¯ÚfiÓÔ ˙ˆ‹˜. ΔÔ

ÁÂÁÔÓfi˜ ·˘Ùfi ·Ú·ÏÏËÏ›˙ÂÙ·È ÌÂ

ÙËÓ ÚÔÁÚ·ÌÌ·ÙÈÛÌ¤ÓË ÁÂÓÂÙÈÎ‹

·Ó¿Ù˘ÍË ÙˆÓ Ê¿ÛÂˆÓ ÙÔ˘

Î‡ÎÏÔ˘ ÙË˜ ˙ˆ‹˜.

∏ ‰È·‰ÈÎ·Û›· ÙË˜ Á‹Ú·ÓÛË˜

·Ú·Ì¤ÓÂÈ Î·È Û‹ÌÂÚ· ¤Ó· ·›ÓÈÁ-

Ì·, ·ÔÙÂÏÂ› ·ÓÙÈÎÂ›ÌÂÓÔ ¤ÚÂ˘-

Ó·˜ ·ÏÏ¿ Â›Ó·È ‰‡ÛÎÔÏÔ Ó·

Î·ıÈÂÚˆıÂ› ÌÈ· ·Ú¯ÈÎ‹ ·ÈÙ›· Î·È

Ó· ‰È·Ù˘ˆıÂ› ÌÈ· ıÂˆÚ›· ÂÓÔ-

Ô›ËÛË˜,  Ô˘ Ó· ÂÍËÁÂ› ÙË ÌÔÚÈ·-

Î‹ ‚¿ÛË ›Ûˆ ·fi ÙË ‰È·‰ÈÎ·Û›·

·˘Ù‹ (Vandervoort 2002), Î·ıÒ˜

ÔÈ ÂÚÂ˘ÓËÙÈÎ¤˜ ÚÔÛ¿ıÂÈÂ˜ ÛÙÔ

Â‰›Ô ·˘Ùfi ‚Ú›ÛÎÔÓÙ·È ÛÂ ÓËÈ·-

Îfi ÛÙ¿‰ÈÔ. °È· ·˘Ùfi ÙÔ ÏfiÁÔ Ù·

·›ÙÈ· ÙË˜ Á‹Ú·ÓÛË˜ ÂÚÂ˘ÓÒÓÙ·È

ÛÂ ‰È¿ÊÔÚ· Û˘ÛÙ‹Ì·Ù· ÙÔ˘ ÔÚÁ·-

ÓÈÛÌÔ‡ Ì·˜. ΔÔ Ê¿ÛÌ· ·˘ÙÒÓ ÙˆÓ

Û˘ÛÙËÌ¿ÙˆÓ Â›Ó·È ÌÂÁ¿ÏÔ. ∞fi

ÙË ÏÂÈÙÔ˘ÚÁ›·, ÁÈ· ·Ú¿‰ÂÈÁÌ·,

ÙÔ˘ ·ÓÔÛÔÔÈËÙÈÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜

-Ë ÂÎÊ‡ÏÈÛË ÙÔ˘ ÔÔ›Ô˘ Ô‰ËÁÂ›

ÛÂ ÂÏÏÈ‹ ·ÓÙÈÌÂÙÒÈÛË ÌÔÏ˘-

ÛÌ·ÙÈÎÒÓ ÓfiÛˆÓ, ÁÂÁÔÓfi˜ ÙÔ

ÔÔ›Ô ·Ô‰›‰ÂÙ·È ÛÂ ·ÓÒÌ·Ï·

ÚˆÙÂ˚ÓÈÎ¿ Â›Â‰·, Ô˘ Ê·›ÓÂ-

Ù·È Ó· ·˘Í¿ÓÔÓÙ·È ÛÂ Û˘¯ÓfiÙËÙ·

ÌÂ ÙËÓ ËÏÈÎ›·- Ì¤¯ÚÈ ÙËÓ ÂÓ‰ÔÎÚÈ-

ÓÔÏÔÁ›· ÙË˜ Á‹Ú·ÓÛË˜, ÙÈ˜ ‰ÔÌÈ-

Î¤˜ ·ÏÏ·Á¤˜ ÛÙÔÓ ÂÁÎ¤Ê·ÏÔ, ÙË

ÌÓ‹ÌË Î.·.

Δ· ÙÂÏÂ˘Ù·›· ¯ÚfiÓÈ· ¤¯Ô˘Ó

‰È·Ù˘ˆıÂ› ‰È¿ÊÔÚÂ˜ ıÂˆÚ›Â˜,

ÁÈ· Ó· Î·Ù·ÛÙÂ› Ë ‰È·‰ÈÎ·Û›· ÙË˜

Á‹Ú·ÓÛË˜ ÂÚÈÛÛfiÙÂÚÔ Î·Ù·ÓÔË-

Ù‹. ŒÓÙÔÓÔ ÂÓ‰È·Ê¤ÚÔÓ ·ÚÔ˘-

ÛÈ¿˙ÂÈ Ë ÌÈÙÔ¯ÔÓ‰ÚÈ·Î‹ ıÂˆÚ›·,

Û‡ÌÊˆÓ· ÌÂ ÙËÓ ÔÔ›· Â›Ó·È ·Ô-

‰ÂÎÙfi fiÙÈ Ë Á‹Ú·ÓÛË Û¯ÂÙ›˙ÂÙ·È

ÌÂ ÙË Û˘ÛÛÒÚÂ˘ÛË ·ÓÙÈ‰Ú·ÛÙÈ-

ÎÒÓ ÂÈ‰ÒÓ ÔÍ˘ÁfiÓÔ˘ (ROS-

reactive oxygen species), ÙËÓ ÚÔ-

ÎÏËıÂ›Û· ÔÍÂÈ‰ˆÙÈÎ‹ ˙ËÌÈ¿ Î·È

ÙË ÏÂÈÙÔ˘ÚÁÈÎ‹ ¤ÎÙˆÛË ÛÙ· ÌÈÙÔ-

¯fiÓ‰ÚÈ· (Marzani et al 2005).

∫·Ù¿ ÙÔ˘˜ Melov et al (2000),

¤¯ÂÈ ·ÚÔ˘ÛÈ·ÛÙÂ› fiÙÈ Ë ÂÓ‰ÔÁÂ-

Ó‹˜ ·Ú·ÁˆÁ‹ ROS ÛÂ Ê˘ÛÈÔÏÔ-

ÁÈÎ¤˜ ‰È·‰ÈÎ·Û›Â˜ Â›Ó·È ¤Ó·

ÛËÌ·ÓÙÈÎfi Ì¤ÙÚÔ ÁÈ· ÙËÓ ‰È¿Ú-

ÎÂÈ· ÙË˜ ˙ˆ‹˜. 

∏ ÌÈÙÔ¯ÔÓ‰ÚÈ·Î‹ ıÂˆÚ›· Â›Ó·È,

Â›ÛË˜, ‚·ÛÈÛÌ¤ÓË ÛÙË Û˘ÛÛÒ-

ÚÂ˘ÛË ÙˆÓ Î·Ù·ÛÙÚÂÙÈÎÒÓ

ÌÂÙ·ÏÏ·ÁÒÓ ÙÔ˘ mtRNA Î·Ù¿ ÙË

‰È¿ÚÎÂÈ· ÙË˜ ˙ˆ‹˜ (Melov et al

1995, Wei et al 1996, Kovalenko

et al 1998, Holliday 2000, Wang

et al 2001). Δ¤ÙÔÈÂ˜ ÌÂÙ·ÏÏ·Á¤˜

ÙÔ˘ mtRNA ÚÔÎ·ÏÔ‡Ó ‰È·ÁÚ·-

Ê¤˜, ·ÓÙÈÎ·Ù·ÛÙ¿ÛÂÈ˜ ‚¿ÛÂˆÓ,

Û‡ÓÙÔÌÔ˘˜ ‰ÈÏ·ÛÈ·ÛÌÔ‡˜, ÔÍÂÈ-

‰ˆÙÈÎ‹ ˙ËÌÈ¿, ·ÚÂÌÔ‰›˙Ô˘Ó ÙËÓ

Î˘ÙÙ·ÚÈÎ‹ ·Ú·ÁˆÁ‹ ATP Î·È

ÚÔÎ·ÏÔ‡Ó ·Ú¤Ì‚·ÛË ÛÙËÓ

·Ó·ÓÂ˘ÛÙÈÎ‹ ÏÂÈÙÔ˘ÚÁ›· ÙˆÓ

·Ï˘Û›‰ˆÓ ÙˆÓ ÌÈÙÔ¯ÔÓ‰Ú›ˆÓ Î·È

ÙˆÓ Ì˘ÒÓ (Kunz et al 2000).

∂ÈÚÔÛı¤Ùˆ˜, Ë Á‹Ú·ÓÛË
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∏ ·ÚÔ‡Û· ÂÚÁ·Û›· ·ÔÙÂÏÂ› ÌÈ· ÚÔÛ¿ıÂÈ· ·Ó·ÛÎfiËÛË˜ ÙË˜ ‰ÈÂıÓÔ‡˜ ·ÚıÚÔ-

ÁÚ·Ê›·˜ ÌÂ ÛÎÔfi Ó· Î·Ù·ÛÙÂ› Î·Ù·ÓÔËÙ‹, Û‡ÌÊˆÓ· ÌÂ Ù· ˘¿Ú¯ÔÓÙ· ‰Â‰ÔÌ¤Ó·,

Ë ‰È·‰ÈÎ·Û›· ÙË˜ Á‹Ú·ÓÛË˜, Ô ÙÚfiÔ˜ ÌÂ ÙÔÓ ÔÔ›Ô ÂÈ‰Ú¿ ÛÙÔ Ì˘˚Îfi ÈÛÙfi Î·È Ë

Î·Ù¿ÏÏËÏË Ê˘ÛÈÎÔıÂÚ·Â˘ÙÈÎ‹ ÚÔÛ¤ÁÁÈÛË Î·È ·ÓÙÈÌÂÙÒÈÛË ÙˆÓ ÂÏÏÂÈÌÌ¿ÙˆÓ

Ô˘ ÚÔÎ‡ÙÔ˘Ó.

¶·Ú·Ù›ıÂÓÙ·È ÛÙÔÈ¯Â›· ÁÈ· ÙËÓ Â›‰Ú·ÛË ÙË˜ Á‹Ú·ÓÛË˜ ÛÂ Â›Â‰Ô Ì˘˚ÎÔ‡ Î˘ÙÙ¿-

ÚÔ˘, ÛÙÔÓ ÓÂ˘ÚÈÎfi ÈÛÙfi, ÛÙË ‰ÔÌ‹ ÔÏfiÎÏËÚÔ˘ ÙÔ˘ Ì˘fi˜ Î·È ÛÙÈ˜ ·Ú·Ì¤ÙÚÔ˘˜ ÙË˜

Ì˘˚Î‹˜ ·fi‰ÔÛË˜ Î·È ÙË˜ ÏÂÈÙÔ˘ÚÁÈÎfiÙËÙ·˜.

™Â ÁÂÓÈÎ¤˜ ÁÚ·ÌÌ¤˜, ·Ú·ÙËÚÂ›Ù·È ÙÒÛË ÛÙÈ˜ ‚·ÛÈÎ¤˜ Î˘ÙÙ·ÚÈÎ¤˜ ÏÂÈÙÔ˘ÚÁ›Â˜

(ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË, ÂÓ˙˘ÌÈÎ‹ ‰Ú·ÛÙËÚÈfiÙËÙ·, ·ÓÙÈÁÚ·Ê‹ mtRNA, ROS), Ô˘ Ô‰Ë-

ÁÂ› ÛÂ ·‡ÍËÛË ÙˆÓ Î·Ù·‚ÔÏÈÎÒÓ Î·È ÌÂ›ˆÛË ÙˆÓ ·Ó·‚ÔÏÈÎÒÓ ‰Ú·ÛÙËÚÈÔÙ‹ÙˆÓ ÙÔ˘

Î˘ÙÙ¿ÚÔ˘. ∂›ÛË˜, ·Ú·ÙËÚÂ›Ù·È ÂÎÊ‡ÏÈÛË ÙÔ˘ ÎÈÓËÙÈÎÔ‡ ÓÂ˘ÚÈÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜

(ÌÂ›ˆÛË ·ÚÈıÌÔ‡ ÎÈÓËÙÈÎÒÓ ÓÂ˘ÚÒÓˆÓ, ÌÂ›ˆÛË ÙË˜ Ù·¯‡ÙËÙ·˜ ·ÁˆÁ‹˜ ÂÚÂı›ÛÌ·ÙÔ˜,

‚Ï¿‚Â˜ ÛÙÈ˜ ÓÂ˘ÚÔÌ˘ÈÎ¤˜ Û˘Ó¿„ÂÈ˜), ÌÂ Û˘ÓÂ·ÁfiÌÂÓÂ˜ ·ÏÏÔÈÒÛÂÈ˜ ÛÙË ‰ÔÌ‹ ÔÏfi-

ÎÏËÚÔ˘ ÙÔ˘ Ì˘fi˜. OÈ ‰È·‰ÈÎ·Û›Â˜ ·˘Ù¤˜, ÌÂ ÙË ÛÂÈÚ¿ ÙÔ˘˜, ÚÔÎ·ÏÔ‡Ó ÂÌÊ·ÓÂ›˜

·ÏÏ·Á¤˜ ÛÙÈ˜ Û˘ÓÈÛÙÒÛÂ˜ ÙË˜ Ì˘˚Î‹˜ ·fi‰ÔÛË˜ (‰‡Ó·ÌË, ·ÓÙÔ¯‹, ÈÛ¯‡˜), ÔÈ ÔÔ›Â˜

ı¤ÙÔ˘Ó ÛÔ‚·ÚÔ‡˜ ÂÚÈÔÚÈÛÌÔ‡˜  ÛÙÈ˜ ÏÂÈÙÔ˘ÚÁÈÎ¤˜ ÈÎ·ÓfiÙËÙÂ˜ ÙˆÓ ËÏÈÎÈˆÌ¤ÓˆÓ. 

∂ÈÚÔÛı¤Ùˆ˜, Á›ÓÂÙ·È ÌÈ· ·Ó·ÊÔÚ¿ ÛÙË Ê˘ÛÈÎÔıÂÚ·Â˘ÙÈÎ‹ ·Ú¤Ì‚·ÛË, Ë ÔÔ›·,

ÌÂ Î‡ÚÈÔ Ì¤ÛÔ ÙËÓ ¿ÛÎËÛË, Û˘Ì‚¿ÏÏÂÈ ÛÙËÓ ÚfiÏË„Ë Î·È ÙËÓ ÌÂÚÈÎ‹ ·ÔÎ·Ù¿ÛÙ·-

ÛË ÙˆÓ ÎÈÓËÙÈÎÒÓ ÏÂÈÙÔ˘ÚÁÈÎÒÓ ÂÏÏÂÈÌÌ¿ÙˆÓ Î·Ù¿ ÙË Á‹Ú·ÓÛË Î·È ÂÈ‚Ú·‰‡ÓÂÈ

ÙÔ˘˜ Ú˘ıÌÔ‡˜ ÙˆÓ ÂÎÊ˘ÏÈÛÙÈÎÒÓ ‰È·‰ÈÎ·ÛÈÒÓ. 

§¤ÍÂÈ˜ ÎÏÂÈ‰È¿: Á‹Ú·ÓÛË, Ì˘˚Îfi˜ ÈÛÙfi˜, ÓÂ˘ÚÔÌ˘˚Î¤˜ ·ÏÏ·Á¤˜, ¿ÛÎËÛË 
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Á›ÓÂÙ·È  Î·Ù·ÓÔËÙ‹ ÌÂ ÙÔÓ ÂÍÂÏÈ-

ÎÙÈÎfi ÙÚfiÔ –ıÂˆÚ›·, Û‡ÌÊˆÓ·

ÌÂ ÙÔÓ ÔÔ›Ô Ë Ê˘ÛÈÎ‹ ÂÈÏÔÁ‹

Â˘ÓÔÂ› ¤ÓÙÔÓ· ÙË ÁÂÓÂÙÈÎ‹

·Ú·ÏÏ·Á‹ Ì¤Ûˆ ÙˆÓ ÌÂÙ·ÏÏ¿ÍÂ-

ˆÓ (Cortopassi and Wong 1999).

ÕÏÏË ÌÈ· ıÂˆÚ›· Â›Ó·È Ë ÙÂÏÔÌÂ-

ÚÈ‰ÈÎ‹, Û‡ÌÊˆÓ· ÌÂ ÙËÓ ÔÔ›· Ù·

ÙÂÏÔÌÂÚ‹ -Ù· ¿ÎÚ· ÙˆÓ ¯ÚˆÌÔ-

ÛˆÌ¿ÙˆÓ Ù· ÔÔ›· ¤¯Ô˘Ó ÛÙ·ıÂ-

Úfi Ì‹ÎÔ˜– ÛÙ·‰È·Î¿ ¯¿ÓÔ˘Ó ÙÔ

Ì‹ÎÔ˜ ÙÔ˘˜ ÌÂ ·ÔÙ¤ÏÂÛÌ· ÙËÓ

ÚÔÔ‰Â˘ÙÈÎ‹ ÌÂ›ˆÛË ÙË˜ ÈÎ·ÓfiÙË-

Ù·˜ ‰È·›ÚÂÛË˜, Ë ÔÔ›· Ô‰ËÁÂ› ÛÂ

Î˘ÙÙ·ÚÈÎ¤˜ ·ÏÏ·Á¤˜, ÔÈ ÔÔ›Â˜

Û¯ÂÙ›˙ÔÓÙ·È ÌÂ ÙËÓ Á‹Ú·ÓÛË

(Bodnar et al 1998).

∂Ó Ù¤ÏÂÈ, Ë Á‹Ú·ÓÛË Â˘ı‡ÓÂÙ·È

ÁÈ· ¤Ó·Ó ·ÚÈıÌfi Ê˘ÛÈÔÏÔÁÈÎÒÓ

ÙÚÔÔÔÈ‹ÛÂˆÓ ÛÙÔ ·ÓıÚÒÈÓÔ

ÛÒÌ· Ô˘ ÂÚÈÏ·Ì‚¿ÓÔ˘Ó ÌÂ›ˆ-

ÛË ÙˆÓ ·ÂÚfi‚ÈˆÓ Î·È ÏÂÈÙÔ˘ÚÁÈ-

ÎÒÓ ÈÎ·ÓÔÙ‹ÙˆÓ, ¤¯ÂÈ ÌÈ· ¯·Ú·-

ÎÙËÚÈÛÙÈÎ‹ Â›‰Ú·ÛË ÛÙÔ˘˜ ÛÎÂ-

ÏÂÙÈÎÔ‡˜ Ì˘˜ Î·È Û¯ÂÙ›˙ÂÙ·È ÌÂ

ÌÂ›ˆÛË ÛÙË Ì¿˙·, ÙË ‰‡Ó·ÌË Î·È

ÙËÓ Ù·¯‡ÙËÙ· Û˘ÛÙÔÏ‹˜ (Fulle et

al 2004).

OÈ ÁÂÓÂÙÈÎÔ› ·Ú¿ÁÔÓÙÂ˜, ·fi

ÙÔ˘˜ ÔÔ›Ô˘˜ ÂÍ·ÚÙ¿Ù·È Ë Á‹Ú·Ó-

ÛË, ·ÔÙÂÏÔ‡Ó ÙÔ˘˜ ÚˆÙÔÁÂÓÂ›˜

·Ú¿ÁÔÓÙÂ˜, ÔÈ ÔÔ›ÔÈ fi¯È ÌfiÓÔ

‰ÂÓ Â›Ó·È ‰˘Ó·Ùfi Ó· ÂËÚÂ·-

ÛÙÔ‡Ó, ·ÏÏ¿ Ô‡ÙÂ Î·Ó Ó· Î·Ù·-

ÓÔËıÔ‡Ó Ï‹Úˆ˜, ÙÔ˘Ï¿¯ÈÛÙÔÓ

ÚÔ˜ ÙÔ ·ÚfiÓ. ∞ÓÙ›ıÂÙ·, ÔÈ

·Ú¿ÁÔÓÙÂ˜, Ô˘ ·Ó·Ê¤ÚÔÓÙ·È

ˆ˜ ‰Â˘ÙÂÚÔÁÂÓÂ›˜ (ÂÚÈ‚·ÏÏÔÓÙÈ-

ÎÔ› ·Ú¿ÁÔÓÙÂ˜, ¿ÛÎËÛË, ‰È·ÙÚÔ-

Ê‹ Î.¿.), ·Ó Î·È ‰ÂÓ ÌÔÚÔ‡Ó Ó·

ÂËÚÂ¿ÛÔ˘Ó ¿ÌÂÛ· ÙËÓ ·Ó·fi-

ÊÂ˘ÎÙË ÂÎÊ˘ÏÈÛÙÈÎ‹ ‰È·‰ÈÎ·Û›·

ÙË˜ Á‹Ú·ÓÛË˜, ˆÛÙfiÛÔ ÂËÚÂ¿-

˙Ô˘Ó Û·ÊÒ˜ ÙÔ ÚÔÛ‰fiÎÈÌÔ ˙ˆ‹˜,

ÙËÓ ÔÈfiÙËÙ· ˙ˆ‹˜ Î·È ÙÔ Î·ÏÒ˜ ‹

Î·ÎÒ˜ «ÏÂÈÙÔ˘ÚÁÂ›Ó» Î¿ıÂ

Û˘ÛÙ‹Ì·ÙÔ˜ ÙÔ˘ ÔÚÁ·ÓÈÛÌÔ‡.

™ÙÔ˘˜ ‰Â˘ÙÂÚÔÁÂÓÂ›˜ ·˘ÙÔ‡˜

·Ú¿ÁÔÓÙÂ˜ Â›Ó·È Ô˘ ÂÂÌ‚·›-

ÓÔ˘Ó fiÏÔÈ ÔÈ Â·ÁÁÂÏÌ·Ù›Â˜ ˘ÁÂ›-

·˜, Î·È ·Ó¿ÌÂÛ· ÙÔ˘˜ ÔÈ Ê˘ÛÈÎÔ-

ıÂÚ·Â˘Ù¤˜. ™˘ÁÎÂÎÚÈÌ¤Ó·, ÔÈ

ÙÂÏÂ˘Ù·›ÔÈ ÂÂÌ‚·›ÓÔ˘Ó ÛÙÔÓ

·Ú¿ÁÔÓÙ· Ê˘ÛÈÎ‹ ‰Ú·ÛÙËÚÈfiÙË-

Ù· ˆ˜ ıÂÚ·Â˘ÙÈÎfi Î·È ˆ˜ ÚÔÏË-

ÙÈÎfi Ì¤ÛÔ. μ¤‚·È·, ÁÈ· Ó· Â›Ó·È

ÂÈÙ˘¯ËÌ¤ÓÔ ¤Ó· ÚfiÁÚ·ÌÌ·

Ê˘ÛÈÎÔıÂÚ·Â›·˜ ÛÂ ¿ÙÔÌ· ÙÚ›-

ÙË˜ ËÏÈÎ›·˜, ı· Ú¤ÂÈ Ô Ê˘ÛÈÎÔ-

ıÂÚ·Â˘Ù‹˜ Ó· ¤¯ÂÈ Ï‹ÚË ÁÓÒÛË

ÙÔ˘ Ò˜ ÂËÚÂ¿˙ÂÈ Ë Á‹Ú·ÓÛË

fiÏÔ˘˜ ÙÔ˘˜ ‚ÈÔÏÔÁÈÎÔ‡˜ ÈÛÙÔ‡˜,

Ò˜ Ù· Ì¤Û· Ô˘ ‰È·ı¤ÙÂÈ ÌÔ-

ÚÔ‡Ó Ó· ÂÚÈÔÚ›ÛÔ˘Ó ‹ Ó· Î·ı˘-

ÛÙÂÚ‹ÛÔ˘Ó ÙÈ˜ Û˘Ó¤ÂÈÂ˜ ÙË˜

Á‹Ú·ÓÛË˜ ÛÙÔÓ ÔÚÁ·ÓÈÛÌfi Î·È ÛÂ

ÔÈÂ˜ ÂÚÈÙÒÛÂÈ˜ ÌÔÚÂ› Ú·Á-

Ì·ÙÈÎ¿ Ó· Â¤Ì‚ÂÈ. OÈ Û˘Ó¤ÂÈÂ˜

ÙË˜ Á‹Ú·ÓÛË˜, Ô˘ ÂÚÈÛÛfiÙÂÚÔ

ÂÓ‰È·Ê¤ÚÔ˘Ó ÙÔ˘˜ Ê˘ÛÈÎÔıÂÚ·-

Â˘Ù¤˜, Â›Ó·È ·˘Ù¤˜ Ô˘ Ï·Ì‚¿-

ÓÔ˘Ó ¯ÒÚ· ÛÙÔ Ì˘˚Îfi ÈÛÙfi

Î˘Ú›ˆ˜, ·ÏÏ¿ Î·È ÛÙÔ ÓÂ˘ÚÈÎfi

ÈÛÙfi, ÛÙÔÓ ÔÛÙ›ÙË Î·È ÛÙÔ Î·Ú-

‰È·ÁÁÂÈ·Îfi Û‡ÛÙËÌ·.
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Neuromuscular changes during aging

A B S T R A C TA B S T R A C T

The aim of the present study is to review the current data concerning aging, the way

it affects the muscle tissue and the proper therapeutic approach in order to deal with

the age-related deficits.

Information is focused on the effect of aging on the muscle cell, the nervous system, the

muscle morphology and on the parameters of muscle function and functional ability.

Generally, reductions take place at the basic cellular functions (protein synthesis,

enzyme activities, mtRNA transcription, ROS), that cause an increase of catabolic

and a decrease of anabolic cellular activities. Moreover, degenerative procedures of

the nervous system take place (a decrease in the number of motor neurons, a decrease

in nerve conduction velocity, neuromuscular junction degeneration), that cause

changes at the muscle function and morphology. These procedures severely alter the

parameters of muscle function (muscle strength, endurance, power), and set

important limitations on the functional abilities of the elderly.  

Moreover, a report about the physiotherapist’s intervention is made, who, by means

of exercise, contributes in the prevention and the partial rehabilitation of kinetic

functional deficits and decelerates the  degenerative processes.  

Key words: aging, muscle tissue, neuromuscular changes, exercise   
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™¯‹Ì· 1. ¶ÚˆÙÔÁÂÓÂ›˜ Î·È ‰Â˘ÙÂÚÔÁÂÓÂ›˜ ·Ú¿ÁÔÓÙÂ˜ Á‹Ú·ÓÛË˜.
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∞§§∞°∂™ ™∂ ∫ÀΔΔ∞ƒπ∫O
∂¶π¶∂¢O

∏ Á‹Ú·ÓÛË Û¯ÂÙ›˙ÂÙ·È ÌÂ ÌÈ·

ÛÂÈÚ¿ ‚ÈÔ¯ËÌÈÎÒÓ ·ÏÏ·ÁÒÓ, ÔÈ

ÔÔ›Â˜ ¤¯Ô˘Ó ÔÏÏ·Ï¿ ·ÔÙÂÏ¤-

ÛÌ·Ù· Î·È ÛÂ ·‰Ú¤˜ ÁÚ·ÌÌ¤˜

Ï‹ÙÙÔ˘Ó ‚·ÛÈÎ¿ ÛÙÔÈ¯Â›· ÙÔ˘

ÌÂÙ·‚ÔÏÈÛÌÔ‡, ‰ÔÌÈÎ¿ Î·È ÂÓÂÚ-

ÁÂÈ·Î¿ ÌfiÚÈ· fiˆ˜ ÔÈ ÚˆÙÂ˝ÓÂ˜

Î·È ÙÔ DNA, Î·È Ô‰ËÁÔ‡Ó ÛÙË

Û˘ÛÛÒÚÂ˘ÛË ·ÓÙÈ‰Ú·ÛÙÈÎÒÓ

ÂÈ‰ÒÓ ÔÍ˘ÁfiÓÔ˘ (ROS).

Δ¤ÙÔÈ·  ·ÓÙÈ‰Ú·ÛÙÈÎ¿ ÛÙÔÈ¯Â›·,

‰È·ÌÔÚÊÒÓÔÓÙ·È ÛÂ fiÏÔ˘˜ ÙÔ˘˜

ÈÛÙÔ‡˜, Ô‰ËÁÔ‡Ó ÛÂ ÔÍÂÈ‰ˆÙÈÎ‹

›ÂÛË, Ë ÔÔ›· ‚Ï¿ÙÂÈ Î˘ÙÙ·ÚÈ-

Î¿ ÛÙÔÈ¯Â›· - DNA, ÚˆÙÂ˝ÓÂ˜

Î·È ÏÈ›‰È· - ÌÂ Û˘Ó¤ÂÈ· ˙ËÌÈ¿

ÛÂ Î‡ÙÙ·Ú· Î·È ÈÛÙÔ‡˜, ‰È·Î˘ÙÙ·-

ÚÈÎ¤˜ Î·È ÌÂÛÔÎ˘ÙÙ¿ÚÈÂ˜ ÌÂÌ‚Ú¿-

ÓÂ˜ Ì˘˚ÎÒÓ ÈÓÒÓ. ∫·Ù¿ ÙË Á‹Ú·Ó-

ÛË Ë ·Ú·ÁˆÁ‹ ROS ·˘Í¿ÓÂÙ·È

ÏfiÁˆ ÌÈ·˜ ÌÂÙ·ÏÏ·ÁÌ¤ÓË˜ ÏÂÈ-

ÙÔ˘ÚÁ›·˜ ÙË˜ ·Ó·ÓÂ˘ÛÙÈÎ‹˜ ·Ï˘-

Û›‰·˜ Î·È ÌÈ·˜ ·ÓÂ·ÚÎÔ‡˜ ÏÂÈ-

ÙÔ˘ÚÁ›·˜ ·ÓÙÈÔÍÂÈ‰ˆÙÈÎÒÓ Î˘„Â-

ÏÒÓ (Fulle et al 2004).

∏ Û˘ÛÛÒÚÂ˘ÛË ·˘Ù‹ ROS Î·È Ë

ÔÍÂÈ‰ˆÙÈÎ‹ ˙ËÌÈ¿ ÚÔÎ·ÏÂ›

·ÏÏ·Á‹ ÛÙÔ˘˜ Ú˘ıÌÈÛÙÈÎÔ‡˜

ÌË¯·ÓÈÛÌÔ‡˜ Ì˘ÒÓ fiˆ˜ Ô ÌË¯·-

ÓÈÛÌfi˜ Û˘˙Â‡ÍÂˆÓ Û˘ÛÙÔÏ‹˜-‰È¤-

ÁÂÚÛË˜, Ô˘ ÂÏ¤Á¯ÂÈ ÙÈ˜ ÌÂÙ·ÎÈÓ‹-

ÛÂÈ˜ ·Û‚ÂÛÙ›Ô˘ Ì¤Û· Î·È ¤Íˆ ·fi

ÙÔ Û·ÚÎÔÏ·ÛÌ·ÙÈÎfi ‰›ÎÙ˘Ô

(Meydani and Evans 1993). ¶ÚÔ-

Î·ÏÂ› Â›ÛË˜, ÙËÓ ·‡ÍËÛË ÙˆÓ

ÔÍÂÈ‰ˆÙÈÎÒÓ ÚÔ˚fiÓÙˆÓ (Mecocci

et al 1999) ÌÂ ÙËÓ ËÏÈÎ›· Î·È ÌÈ·

¯·Ú·ÎÙËÚÈÛÙÈÎ‹ ·‡ÍËÛË ÛÙÔÓ

·ÚÈıÌfi Î·È ÙËÓ ÔÈÎÈÏ›· ÙˆÓ ÌÈÙÔ-

¯ÔÓ‰ÚÈ·ÎÒÓ ·Ó·‰ÈÔÚÁ·ÓÒÛÂˆÓ

DNA (Melov et al 1995).

OÈ Kent-Braun Î·È Ng (2000)

‰È·›ÛÙˆÛ·Ó ÌÂ›ˆÛË ÛÙËÓ ÔÍÂÈ-

‰ˆÙÈÎ‹ ÈÎ·ÓfiÙËÙ· ÙÔ˘ ·ÓıÚˆ›-

ÓÔ˘ ÛÎÂÏÂÙÈÎÔ‡ Ì˘fi˜, ˆ˜ ·ÔÙ¤-

ÏÂÛÌ· Á‹Ú·ÓÛË˜, ÂÓÒ Î·È ÔÈ

Hepple et al (2003) ‰È·›ÛÙˆÛ·Ó

ÌÂÈˆÌ¤ÓË ÔÍÂÈ‰ˆÙÈÎ‹ ÈÎ·ÓfiÙËÙ·

ÛÙÔÓ ÛÎÂÏÂÙÈÎfi Ì˘ ·ÚÔ˘Ú·›ˆÓ,

Ô˘ ÚÔÎ¿ÏÂÛÂ ÌÈ· ÂÏ¿ÙÙˆÛË

ÛÙËÓ ·ÂÚÔ‚ÈÎ‹ ‰Ú·ÛÙËÚÈfiÙËÙ·

Î·È ·˘Ùfi ı· ÌÔÚÔ‡ÛÂ Ó· Û˘Ó‰Â-

ıÂ› ÌÂ ÌÈ· ËÏÈÎÈ·Î‹ ÌÂ›ˆÛË ÛÙËÓ

·Ó·ÓÂ˘ÛÙÈÎ‹ ‰Ú·ÛÙËÚÈfiÙËÙ·

ÙˆÓ ÌÈÙÔ¯ÔÓ‰Ú›ˆÓ.

OÈ ÛÎÂÏÂÙÈÎÔ› Ì‡Â˜ Â›Ó·È ÌÔÓ·-

‰ÈÎÔ› ÛÙÈ˜ ··ÈÙ‹ÛÂÈ˜ ÙÔ˘˜, Î·È Ë

‰˘Ó·ÙfiÙËÙ· Ó· ·Ó·ÏËÊıÔ‡Ó ÔÈ

ÔÏ‡ ÁÚ‹ÁÔÚÂ˜ ·ÏÏ·Á¤˜ ÛÙÔÓ

ÂÓÂÚÁÂÈ·Îfi ·ÓÂÊÔ‰È·ÛÌfi Î·È ÛÙË

·Ú·ÁˆÁ‹ ÔÍ˘ÁfiÓÔ˘ ÛÙË ‰È¿Ú-

ÎÂÈ· ÙË˜ Û˘ÛÙÔÏ‹˜, ÙÔ˘˜  Î·ıÈÛÙ¿

ÂÈÚÚÂÂ›˜ ÛÙËÓ ·‡ÍËÛË ·ÓÙÈ‰Ú·-

ÛÙÈÎÒÓ ÂÈ‰ÒÓ ÔÍ˘ÁfiÓÔ˘, ˆ˜ ·Ô-

Ù¤ÏÂÛÌ· ·‡ÍËÛË˜ ÙË˜ ÚÔ‹˜ ËÏÂ-

ÎÙÚÔÓ›ˆÓ ÛÙËÓ ·Ó·ÓÂ˘ÛÙÈÎ‹

·Ï˘Û›‰·, Ô˘ Ô‰ËÁÂ› ÛÂ ÌÂÈˆÌ¤ÓË

·ÓÙÈÔÍÂÈ‰ˆÙÈÎ‹ ÈÎ·ÓfiÙËÙ·, ÙË˜

ÔÔ›·˜,  Èı·ÓfiÙ·Ù·, Ì¤ÁÈÛÙÔ˜

·Ú·ÁˆÁfi˜ Â›Ó·È Ë ·Ï˘Û›‰·

ÌÂÙ·ÊÔÚ¿˜ ËÏÂÎÙÚÔÓ›ˆÓ (Lee

and Wie 1997).

Œ¯ÔÓÙ·˜, ÏÔÈfiÓ, ‹‰Ë ·Ó·ÊÂÚ-

ıÂ› ÛÙË ÌÂ›ˆÛË ÙË˜ ·ÂÚÔ‚ÈÎ‹˜

‰Ú·ÛÙËÚÈfiÙËÙ·˜, Û¯ÂÙÈÎ¿ ÌÂ Ù·

ÂÓÂÚÁÂÈ·Î¿ Û˘ÛÙ‹Ì·Ù· ·Ú·ÙË-

ÚÂ›Ù·È ÌÂ›ˆÛË ÌÂ ÙËÓ ËÏÈÎ›· ÛÙÔ

ÌÂÙ·‚ÔÏÈÛÌfi ÙË˜ ÁÏ˘Îfi˙Ë˜ Î·È

ÙˆÓ ÏÈ·ÚÒÓ ÔÍ¤ˆÓ (Johnson et

al 1999) Î·È ÁÂÓÈÎfiÙÂÚ· ÛÂ ÂÓÂÚ-

ÁÂÈ·Î¿ ÌfiÚÈ· fiˆ˜ ÙÔ ÎÈÙÚÈÎfi

¿Ï·˜ Î·È ÙÔ ATP, ·ÏÏ¿ Î·È ÛÙÈ˜

Î·Ú‚ÔÍ˘Ï¿ÛÂ˜, ‰ËÏ·‰‹ ÛÙËÓ

ÂÓ˙˘ÌÈÎ‹ ‰Ú·ÛÙËÚÈfiÙËÙ· ÛÙÔÓ

Î‡ÎÏÔ ÙÔ˘ Krebs. ∂›ÛË˜ ·Ú·ÙË-

ÚÔ‡ÓÙ·È ÌÂÈˆÌ¤ÓÂ˜ ‰Ú·ÛÙËÚÈfiÙË-

ÙÂ˜ ·ÏÎ·ÏÈÎ‹˜ ÊˆÛÊ·Ù¿ÛË˜ Î·È

·˘ÍËÌ¤Ó· Â›Â‰· fiÍÈÓË˜ Êˆ-

ÛÊ·Ù¿ÛË˜, Ù· ÔÔ›· Â˘Ú‹Ì·Ù·

Î·Ù·‰ÂÈÎÓ‡Ô˘Ó ÙÈ˜ ·˘Í·ÓfiÌÂÓÂ˜

Î·Ù·‚ÔÏÈÎ¤˜ ‰È·‰ÈÎ·Û›Â˜ ÛÙÔ˘˜

ÁËÚ·ÈÔ‡˜ Ì‡Â˜ (Carmeli et al

1993, Safadi et al 1997). OÈ ÌÂÈˆ-

Ì¤ÓÂ˜, Â›ÛË˜, ‰Ú·ÛÙËÚÈfiÙËÙÂ˜

ÙË˜ ·ÏÎ·ÏÈÎ‹˜ ÊˆÛÊ·Ù¿ÛË˜

ÂÓ‰¤¯ÂÙ·È Ó· ÚÔÎ·Ï¤ÛÔ˘Ó ‰È¿-

Û·ÛË ‹ ˙ËÌÈ¿ ÛÙÔ Û·ÚÎÂ›ÏËÌ·,

ÚÔÔ‰Â˘ÙÈÎ‹ ·ÒÏÂÈ· ÙˆÓ Úˆ-

ÙÂ˚ÓÒÓ ÛÙÔ Ì˘, Ë ÔÔ›· Ô‰ËÁÂ› ÛÂ

ÌÂ›ˆÛË ÛÙÔÓ ·ÚÈıÌfi Î·È ÙÔ Ì¤ÁÂ-

ıÔ˜ ÙˆÓ Û·ÚÎÔÌÂÚ›ˆÓ (Fruhbeck

et al 1996).

™˘ÓÂ¯›˙ÔÓÙ·˜ ÙËÓ ·Ó·ÊÔÚ¿ Ì·˜

ÛÂ ÂÓ˙˘ÌÈÎ¿ ÌfiÚÈ· Î·È ÛÙËÓ ÂÓ˙˘-

ÌÈÎ‹ ‰Ú·ÛÙËÚÈfiÙËÙ·, ÌÂÁ¿ÏÔ

ÂÓ‰È·Ê¤ÚÔÓ ·ÚÔ˘ÛÈ¿˙Ô˘Ó ÔÈ

·ÏÏ·Á¤˜ ÛÙÈ˜ ‰ÈÂÚÁ·Û›Â˜ ÙÔ˘

ÚˆÙÂ˚ÓÈÎÔ‡ Î‡ÎÏÔ˘ (Û‡ÓıÂÛË,

˘Ô‚¿ıÌÈÛË, ÂÈÛÎÂ˘‹) ÛÙÔÓ Ì˘

Ô˘ ÁÂÚÓ¿ Î·È ·˘Ùfi ÂÈ‰Ú¿ ÛÙÈ˜

ÌÂÙ·‚ÔÏÈÎ¤˜ ÈÎ·ÓfiÙËÙÂ˜ Î·È ÛÙËÓ

ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË. ªÂ›ˆÛË ÛÙËÓ

ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË  ÌÂ ÙËÓ ËÏÈÎ›·

¤¯Ô˘Ó ‰È·ÈÛÙÒÛÂÈ ÔÏÏÔ› ÂÚÂ˘-

ÓËÙ¤˜ (Viner et al 1999, Nair

2000, Welle et al 1995). Œ¯ÂÈ,

Â›ÛË˜, ‚ÚÂıÂ› Î·È ÌÂ›ˆÛË Î·Ù¿

40% ÙÔ˘ ÔÛÔÛÙÔ‡ ÙË˜ ÌÈÙÔ¯ÔÓ-

‰ÚÈ·Î‹˜ ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË˜

(Kwong and Sohal 2000) Î·È

Î·Ù¿ ÙÔ˘˜ Rooyackers et al.

(1997) ·Ó·Ê¤ÚÂÙ·È ÌÈÎÚfiÙÂÚÔ

ÔÛÔÛÙfi Û‡ÓıÂÛË˜ ÌÈÙÔ¯ÔÓ‰ÚÈ·-

ÎÒÓ ÚˆÙÂ˚ÓÒÓ ÛÙÔ˘˜ ÛÎÂÏÂÙÈ-

ÎÔ‡˜ Ì˘˜ ÌÂ ÙËÓ ¿ÚÔ‰Ô ÙË˜ ËÏÈ-

Î›·˜. Δ¤ÏÔ˜, ÔÈ Florini et al

(1985) Î·È Willis et al (1998) ‰È·-

›ÛÙˆÛ·Ó fiÙÈ Ë ·˘ÍËÙÈÎ‹ ÔÚÌfiÓË

Ë ÔÔ›· ˘ÔÎÈÓÂ› ÙË Û‡ÓıÂÛË

HSCFi, Û˘ÛÙ·ÙÈÎfi Ô˘ Â›Ó·È ‚ÈÔ-

ÏÔÁÈÎfi˜ ÌÂÛÔÏ·‚ËÙ‹˜ ÁÈ· ÙËÓ

ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË, ÌÂÈÒÓÂÙ·È

ÛÙÔ˘˜ ÁÂÚ·ÛÌ¤ÓÔ˘˜ Ì˘˜, ÁÂÁÔÓfi˜

ÙÔ ÔÔ›Ô ÂÓ Ì¤ÚÂÈ Ô‰ËÁÂ› ÛÙË ÌÂÈ-

ˆÌ¤ÓË ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË.

™Â ÌÈ· ¤ÚÂ˘Ó· ÙÔ˘˜ ÔÈ Short et

al. (2004) Î·Ù¤ÁÚ·„·Ó fiÙÈ Ë

Î·Ù·ÛÙÚÔÊ‹ ÙˆÓ ÚˆÙÂ˚ÓÒÓ
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·˘Í¿ÓÂÙ·È 4-5% ·Ó¿ ‰ÂÎ·ÂÙ›· ÌÂ

ÌÂ›ˆÛË 3% ÙË˜ Ì˘˚Î‹˜ Ì¿˙·˜, Ë

ÔÔ›· ·Ú·ÙËÚÂ›Ù·È ÌÂÙ¿ ÙËÓ

Ù¤Ù·ÚÙË ‰ÂÎ·ÂÙ›· ÙË˜ ˙ˆ‹˜. OÈ

Balagopal et al (1997) ‰È·›ÛÙˆ-

Û·Ó fiÙÈ ÙÔ ÔÛÔÛÙfi Û‡ÓıÂÛË˜

ÌÈÎÙÒÓ ÚˆÙÂ˚ÓÒÓ ÙˆÓ Ì˘ÒÓ Î·È

ÚˆÙÂ˚ÓÒÓ ÔÏfiÎÏËÚÔ˘ ÙÔ˘ ÛÒÌ·-

ÙÔ˜ Â›Ó·È ÌÈÎÚfiÙÂÚÔ ÛÙÔ˘˜ ËÏÈ-

ÎÈˆÌ¤ÓÔ˘˜ ¿Óˆ ÙˆÓ 65 ÂÙÒÓ ·fi

fiÙÈ ÛÙÔ˘˜ ÌÂÛ‹ÏÈÎÂ˜ 45-55 ÂÙÒÓ

Î·È ÙÔ˘˜ Ó¤Ô˘˜ 18-30 ÂÙÒÓ. ∞Í›˙ÂÈ

Ó· ÛËÌÂÈˆıÂ› fiÙÈ Ë Û·ÚÎÔÏ·-

ÛÌ·ÙÈÎ‹ ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË ‰ÂÓ

‰È¤ÊÂÚÂ ÛÙÈ˜ ÙÚÂÈ˜ ÏËı˘ÛÌÈ·Î¤˜

ÔÌ¿‰Â˜. ∂Ó‰È·Ê¤ÚÔÓ Â›Ó·È fiÙÈ Ô

Ú˘ıÌfi˜ Û‡ÓıÂÛË˜ Ì˘ÔÛ›ÓË˜, Ë

ÔÔ›· Â›Ó·È ÚˆÙÂ˝ÓË ÎÏÂÈ‰› ÁÈ·

ÙË Û‡Û·ÛË, ÌÔÚÂ› Ó· Î·ıÔÚ›-

ÛÂÈ ÙË Ì˘˚Î‹ ‰‡Ó·ÌË. ∂ÈÚÔÛı¤-

Ùˆ˜, Ë Û‡ÓıÂÛË ÙË˜ ‚·ÚÈ¿˜ ·Ï˘Û›-

‰·˜ Ì˘ÔÛ›ÓË˜ (MHC), ÚˆÙÂ˝ÓË˜

·ÚÌfi‰È·˜ ÁÈ· ÙËÓ ˘‰ÚfiÏ˘ÛË ÙÔ˘

ATP ÌÂÈÒÓÂÙ·È ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤-

ÓÔ˘˜ (Balagopal et al 2001).

¶·ÚfiÌÔÈ· ÌÂÏ¤ÙË Î·Ù·‰ÂÈÎÓ‡ÂÈ

ÌÂ›ˆÛË Î·È ÛÙÔÓ Ú˘ıÌfi Û‡ÓıÂÛË˜

·ÎÙ›ÓË˜ (Barazzoni  et al 2000).

∂›Ó·È ÛËÌ·ÓÙÈÎfi Ó· ·Ó·Ê¤ÚÔ˘-

ÌÂ fiÙÈ Ë Á‹Ú·ÓÛË ÂÈÊ¤ÚÂÈ ·ÏÏ·-

Á¤˜ ÛÙË ‰Ú·ÛÙËÚÈfiÙËÙ· ÙË˜ Na,K-

ATP¿ÛË˜ ÛÙÔ˘˜ ÛÎÂÏÂÙÈÎÔ‡˜ Ì˘˜,

ÔÈ ÔÔ›Â˜ ¤¯Ô˘Ó ÛËÌ·ÓÙÈÎ¤˜

Ê˘ÛÈÔÏÔÁÈÎ¤˜ Î·È ·ıÔÏÔÁÈÎ¤˜

Û˘Ó¤ÂÈÂ˜. ∂ÂÈ‰‹ Ë Na,K-

ATP¿ÛË ¤ÌÌÂÛ· ‰È·ÌÔÚÊÒÓÂÈ ÙË

Û˘ÛÙ·ÏÙÈÎ‹ ÏÂÈÙÔ˘ÚÁ›· ÙÔ˘ ÛÎÂ-

ÏÂÙÈÎÔ‡ Ì˘fi˜, ÔfiÙÂ ÔÈ ·ÏÏ·Á¤˜

ÛÙË ‰Ú·ÛÙËÚÈfiÙËÙ¿ ÙË˜ ÌÔÚÂ› Ó·

·›ÍÔ˘Ó ÚfiÏÔ ÛÙË Û¯ÂÙÈ˙fiÌÂÓË ÌÂ

ÙËÓ ËÏÈÎ›· ÚfiˆÚË Ì˘˚Î‹ Îfiˆ-

ÛË, ÌÈ· ·ıÔÏÔÁÈÎ‹ Î·Ù¿ÛÙ·ÛË

ÌÂ Û‡ÓıÂÙË ·ÈÙÈÔÏÔÁ›·. ∞ÎfiÌË,

ÌÂ›ˆÛË ÙË˜ ‰Ú·ÛÙËÚÈfiÙËÙ·˜ ÙË˜

Na,K-ATP¿ÛË˜ ÛÙÔ ÛÎÂÏÂÙÈÎfi Ì˘

ÌÔÚÂ› Ó· ÂÎı¤ÛÂÈ ÙÔ Ì˘ÔÎ¿Ú‰ÈÔ

ÛÂ ˘„ËÏfiÙÂÚ· ÂÍˆÎ˘ÙÙ·ÚÈÎ¿ Â›-

Â‰· ∫·Ï›Ô˘, ÁÂÁÔÓfi˜ Ô˘ ı·

ÌÔÚÔ‡ÛÂ Ó· ÂËÚÂ¿ÛÂÈ ÙËÓ ËÏÂ-

ÎÙÚÔÊ˘ÛÈÔÏÔÁ›· ÙÔ˘ Ì˘ÔÎ·Ú‰›Ô˘

(Zhang et al 2006).

°È· Ù· ‰ÔÌÈÎ¿ ÙÒÚ· ÌfiÚÈ· ÔÈ

Barazzoni et al (2000), ÌÂÙ¿ ·fi

¤ÚÂ˘Ó· ÛÂ ÙÚˆÎÙÈÎ¿, ·Ú·Ù‹ÚË-

Û·Ó fiÙÈ ˘¿Ú¯ÂÈ ÌÂ›ˆÛË ÛÙÔÓ

·ÚÈıÌfi ·ÓÙÈÁÚ·ÊÒÓ ÌÈÙÔ¯ÔÓ‰ÚÈ·-

ÎÔ‡ DNA ÌÂ ÙËÓ Á‹Ú·ÓÛË Î·È

ÌÂÁ·Ï‡ÙÂÚÂ˜ ·ÏÏ·Á¤˜ Û˘ÓÙÂÏÔ‡-

ÓÙ·È ÛÙÔ˘˜ ÔÍÂÈ‰ˆÙÈÎÔ‡˜ Ì˘˜

(Ì‡Â˜ Ô˘ ·ÔÙÂÏÔ‡ÓÙ·È Î˘Ú›ˆ˜

·fi Ì˘˚Î¤˜ ›ÓÂ˜ Ù‡Ô˘ π Î·È ÛÙÔ˘˜

ÔÔ›Ô˘˜ ·Ú¿ÁÂÙ·È ÂÓ¤ÚÁÂÈ·

Î˘Ú›ˆ˜ ÌÂ ·ÂÚfi‚ÈÔ ÙÚfiÔ).

ŒÚÂ˘ÓÂ˜ ‰Â›¯ÓÔ˘Ó, Â›ÛË˜, ‰È·-

ÁÚ·Ê‹ ÌÈÙÔ¯ÔÓ‰ÚÈ·ÎÔ‡ DNA

·ÏÏ¿ Î·È ÌÂ›ˆÛË ÌÂ ÙËÓ ËÏÈÎ›·

ÛÙ· Â›Â‰· mRNA ÙˆÓ ÌÈÙÔ¯ÔÓ-

‰ÚÈ·ÎÒÓ ÚˆÙÂ˚ÓÒÓ, Ô˘ Îˆ‰ÈÎÔ-

ÔÈÔ‡ÓÙ·È ·fi ÌÈÙÔ¯ÔÓÚÈ·Î¿ Î·È

˘ÚËÓÈÎ¿ ÁÔÓ›‰È· (Balagopal et

al 1997,  Short et al 2004).

Δ¤ÏÔ˜, ÂÈÛËÌ·›ÓÂÙ·È fiÙÈ ÔÈ

Volpi et al (2001) ‰Â ‚Ú‹Î·Ó

Î·Ì›· ‰È·ÊÔÚ¿ (‹ ˘Ô‚¿ıÌÈÛË)

·Ó¿ÌÂÛ· ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤ÓÔ˘˜ Î·È

ÙÔ˘˜ Ó¤Ô˘˜ ÛÙËÓ ÚˆÙÂ˚ÓÔÛ‡ÓıÂ-

ÛË  ÔÏfiÎÏËÚÔ˘ ÙÔ˘ ÛÒÌ·ÙÔ˜ Î·È

ÛÙËÓ ÌÈÎÙ‹ ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË  ÙˆÓ

Ì˘ÒÓ. ¶Èı·Ófi˜ ·Ú¿ÁÔÓÙ·˜ Ô˘

Ô‰‹ÁËÛÂ ÛÂ ·˘Ùfi ÙÔ ·ÔÙ¤ÏÂÛÌ·,

ÙÔ ÔÔ›Ô ¤Ú¯ÂÙ·È ÛÂ ·ÓÙ›ıÂÛË ÌÂ

fiÙÈ ¤¯ÂÈ ÚÔ·Ó·ÊÂÚıÂ›, Â›Ó·È Ë

¤ÏÏÂÈ„Ë Ù˘ÔÔ›ËÛË˜ ÙË˜ ‰È·ÙÚÔ-

Ê‹˜ Î·È Ê˘ÛÈÎÒÓ ‰Ú·ÛÙËÚÈÔÙ‹-

ÙˆÓ ÙÔ˘ ‰Â›ÁÌ·ÙÔ˜ Î·Ù¿ ÙË ‰È¿Ú-

ÎÂÈ· ÙË˜ ÌÂÏ¤ÙË˜.

ŒÓ·˜ ¿ÏÏÔ˜ Èı·Ófi˜ ·Ú¿ÁÔ-

ÓÙ·˜, Ô˘ ı· ÌÔÚÔ‡ÛÂ Ó· ÂËÚÂ-

¿ÛÂÈ ÙÈ˜ ÌÂÙÚ‹ÛÂÈ˜ ÙË˜ Ì˘˚Î‹˜

ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË˜, Â›Ó·È Ë

ÂÚÈÔ¯‹ ÙˆÓ Â·Ó·Ï·Ì‚·ÓfiÌÂ-

ÓˆÓ ‚ÈÔ„ÈÒÓ. £ÂˆÚËÙÈÎ¿, Â·Ó·-

Ï·Ì‚·ÓfiÌÂÓÂ˜ ‚ÈÔ„›Â˜ ·fi ÙËÓ

›‰È· ÂÚÈÔ¯‹, ÌÂÙ·‚¿ÏÏÔ˘Ó ÙË

‰È·‰ÈÎ·Û›· ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË˜,

ÂÍ·ÈÙ›·˜ ÙË˜ ·ÓÙ›‰Ú·ÛË˜ ÛÙÔÓ

ÙÚ·˘Ì·ÙÈÛÌfi, ÙÔ ÔÔ›Ô ÛËÌ·›ÓÂÈ

ÂÚ¤ıÈÛÌ· ÁÈ· ·Ó·‰È·ÌfiÚÊˆÛË

ÙË˜ ‰È·‰ÈÎ·Û›·˜. ∏ ·Ó·‰È·ÌfiÚ-

ÊˆÛË ·˘Ù‹ ÂÚÈÏ·Ì‚¿ÓÂÈ ·˘ÍË-

Ì¤ÓË ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË

(Karakelides and Nair 2005). 

ŒÓ· ¿ÏÏÔ Û‡ÓËıÂ˜ Úfi‚ÏËÌ·

ÛÂ fiÏÂ˜ ÙÈ˜ cross-sectional

·ÓıÚÒÈÓÂ˜ ÌÂÏ¤ÙÂ˜, Â›Ó·È fiÙÈ

ÌÂÏÂÙÒÓÙ·È ‰È·ÊÔÚÂÙÈÎ¤˜ ÁÂÓÈ¤˜

·ÓıÚÒˆÓ, ÔÈ ÔÔ›ÔÈ Â›Ó·È ÂÎÙÂ-

ıÂÈÌ¤ÓÔÈ ÛÂ ‰È·ÊÔÚÂÙÈÎ¤˜ ÂÚÈ-

‚·ÏÏÔÓÙÈÎ¤˜ ÂÈÚÚÔ¤˜. ∂›Ó·È

Èı·Ófi, fiÙÈ fiÏÂ˜ ÔÈ ·Ú·ÙËÚÔ‡ÌÂ-

ÓÂ˜ ·ÏÏ·Á¤˜, ‰ÂÓ Â›Ó·È ·ÔÎÏÂÈ-

ÛÙÈÎ¿ ÂÍ·ÈÙ›·˜ ÙË˜ Â›‰Ú·ÛË˜ ÙÔ˘

Á‹Ú·ÙÔ˜, ·ÏÏ¿ Î·È ÂÍ·ÈÙ›·˜ ÙˆÓ

·ÏÏ·ÁÒÓ ÛÙÔ ÂÚÈ‚¿ÏÏÔÓ Ô˘ Ë

Î¿ıÂ ÁÂÓÈ¿  ¤˙ËÛÂ. ∂›ÛË˜, ·ÏÏ·-

Á¤˜ ÛÙÔ˘˜ ·Ú¿ÁÔÓÙÂ˜ ‰È·ÙÚÔ-

Ê‹˜, ·Ûı¤ÓÂÈÂ˜, Â›Â‰Ô ¿ÛÎËÛË˜

Î·È ¿ÏÏÔÈ ¿ÁÓˆÛÙÔÈ ·Ú¿ÁÔÓÙÂ˜

ÌÔÚÂ› Ó· Û˘Ì‚¿ÏÏÔ˘Ó Î·È ÛÙËÓ

Ì˘˚Î‹ ¤ÎÙˆÛË (Karakelides and

Nair 2005).

ΔÔ ÔÛÔÛÙfi Û‡ÓıÂÛË˜

ÌÈÎÙÒÓ ÚˆÙÂ˚ÓÒÓ ÙˆÓ

Ì˘ÒÓ Î·È ÚˆÙÂ˚ÓÒÓ 

ÔÏfiÎÏËÚÔ˘ ÙÔ˘ 

ÛÒÌ·ÙÔ˜ Â›Ó·È ÌÈÎÚfiÙÂ-

ÚÔ ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤ÓÔ˘˜

¿Óˆ ÙˆÓ 65 ÂÙÒÓ ·fi fiÙÈ

ÛÙÔ˘˜ ÌÂÛ‹ÏÈÎÂ˜ 45-55

ÂÙÒÓ Î·È ÙÔ˘˜ Ó¤Ô˘˜ 

18-30 ÂÙÒÓ
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¶ÔÏÏ¤˜ Â›Ó·È ÔÈ ÂÎÊ˘ÏÈÛÙÈÎ¤˜

·ÏÏ·Á¤˜ ÏfiÁˆ ËÏÈÎ›·˜ Ô˘ ·Ú·-

ÙËÚÔ‡ÓÙ·È ÛÙÔ ÓÂ˘ÚÈÎfi Û‡ÛÙËÌ·

Î·È ÂËÚÂ¿˙Ô˘Ó ÙÔ˘˜ ÛÎÂÏÂÙÈ-

ÎÔ‡˜ Ì‡Â˜. ∞˘Ù¤˜, ·Ó Î·È ÍÂÎÈÓ¿-

ÓÂ ·Ì¤Ûˆ˜ ÌÂÙ¿ ÙËÓ ÔÏÔÎÏ‹ÚˆÛË

ÙË˜ ˆÚ›Ì·ÓÛË˜ ÙÔ˘ ·ÈÛıËÙÈÎfi-

ÎÈÓËÙÈÎÔ‡ ÓÂ˘ÚÈÎÔ‡ ÈÛÙÔ‡ (15

¤ÙË), ‰È·ÙËÚÔ‡ÓÙ·È ÛÂ ÛÙ·ıÂÚ¿

Â›Â‰· Ì¤¯ÚÈ Ù· 60 ¤ÙË (Thomas

et al 1997, Booth et al 1994). 

ŸÛÔÓ ·ÊÔÚ¿ ÛÙÔ ÎÂÓÙÚÈÎfi ÓÂ˘-

ÚÈÎfi Û‡ÛÙËÌ·, ÛÂ ÏËı˘ÛÌfi Ô˘

ÂÍÂÙ¿ÛÙËÎÂ ·fi ÙÔ˘˜ Stevens et

al (2001), ‚Ú¤ıËÎÂ ˆ˜ Ù· Â›Â-

‰· ÎÂÓÙÚÈÎ‹˜ ÂÓÂÚÁÔÔ›ËÛË˜ ÙÔ˘

ÓÂ˘ÚÈÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜ ÁÈ· ÙËÓ

·Ú·ÁˆÁ‹ Û˘ÛÙÔÏ‹˜ ‹Ù·Ó ÌÂÈˆ-

Ì¤Ó· ÛÙÔ 40% ÙÔ˘ ËÏÈÎÈˆÌ¤ÓÔ˘

ÏËı˘ÛÌÔ‡. OÈ Yue et al (1999)

˘ÔÛÙËÚ›˙Ô˘Ó ˆ˜ Ë ÌÂ›ˆÛË ·˘Ù‹

ÔÊÂ›ÏÂÙ·È, ÂÓ Ì¤ÚÂÈ, Î·È ÛÙËÓ

·ÒÏÂÈ· ÓÂ˘ÚÒÓˆÓ ·fi ÙÔÓ

ÊÏÔÈfi. ™ÙÔ ÂfiÌÂÓÔ Â›Â‰Ô, ÛÙÔ

ÓˆÙÈ·›Ô Ì˘ÂÏfi, ·Ú·ÙËÚÂ›Ù·È

ÛËÌ·ÓÙÈÎ‹ ÌÂ›ˆÛË ÛÙÔÓ ·ÚÈıÌfi

ÙˆÓ ÎÈÓËÙÈÎÒÓ ÓÂ˘ÚÒÓˆÓ ÛÂ ËÏÈ-

ÎÈˆÌ¤Ó· ¿ÙÔÌ· (Lexell et al

1986). ™˘ÁÎÂÎÚÈÌ¤Ó·, ÔÈ

Tomlinson Î·È Irving (1977)

·Ú·Ù‹ÚËÛ·Ó ·˘ÍËÌ¤ÓÔ ·ÚÈıÌfi

ÓÂÎÚÒÓ ÓÂ˘ÚÒÓˆÓ ÛÙË ÛÔÓ‰˘ÏÈ-

Î‹ ÛÙ‹ÏË ËÏÈÎÈˆÌ¤ÓˆÓ ¿Óˆ ÙˆÓ

60, Ô˘ ¤ÊÙ·ÓÂ Ì¤¯ÚÈ ÙÔ 50%. 

™Â Â›Â‰Ô ÂÚÈÊÂÚÈÎÔ‡ ÓÂ˘ÚÈ-

ÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜, ÔÈ ·ÏÏ·Á¤˜

ÂÚÈÏ·Ì‚¿ÓÔ˘Ó ÙÌËÌ·ÙÈÎ‹ ·Ô-

Ì˘ÂÏ›ÓˆÛË ÙˆÓ ÎÈÓËÙÈÎÒÓ ÓÂ˘ÚÒ-

ÓˆÓ (Fuglsang- Frederiksen

1997) Ô˘ Ô‰ËÁÂ› ÛÂ ÌÂ›ˆÛË ÙË˜

Ù·¯‡ÙËÙ·˜ ·ÁˆÁ‹˜ ÂÚÂı›ÛÌ·ÙÔ˜

(Wang et al 1999) Î·È ·ÒÏÂÈ·

ÎÈÓËÙÈÎÒÓ ÓÂ˘ÚÒÓˆÓ (Doherty et

al 1993, Monemi et al 1998, Galea

1996). H ·ÒÏÂÈ· ÎÈÓËÙÈÎÒÓ ÓÂ˘-

ÚÒÓˆÓ Ï·Ì‚¿ÓÂÈ ¯ÒÚ· ·ÓÂÍ¿ÚÙË-

Ù· ·fi ÙÔÓ Ù‡Ô ÙˆÓ Ì˘˚ÎÒÓ ÈÓÒÓ

Ô˘ ÓÂ˘ÚÒÓÔ˘Ó (Doherty et al

1993). ΔÔ ÓÂ˘ÚÈÎfi Û‡ÛÙËÌ·,

¿ÓÙˆ˜, ÌÂ ÛÎÔfi Ó· ÌÂÈÒÛÂÈ ÙÔÓ

Ú˘ıÌfi ·ÒÏÂÈ·˜ ÙË˜ Ì˘˚Î‹˜ ‰‡Ó·-

ÌË˜, Ô˘ ÚÔÎ·ÏÂ›Ù·È ·fi ÙË  ÌÂ›-

ˆÛË ÙÔ˘ ·ÚÈıÌÔ‡ ÙˆÓ ÎÈÓËÙÈÎÒÓ

ÓÂ˘ÚÒÓˆÓ, ¯ÚËÛÈÌÔÔÈÂ› ¤Ó·Ó

·ÓÙÈÛÙ·ıÌÈÛÙÈÎfi ÌË¯·ÓÈÛÌfi.

ªÂÙ¿ ÙËÓ ·ÒÏÂÈ· Î¿ÔÈˆÓ ÎÈÓË-

ÙÈÎÒÓ ÓÂ˘ÚÒÓˆÓ ÂÓfi˜ Ì˘ Î·È ÙËÓ

¤ÏÏÂÈ„Ë ÓÂ‡ÚˆÛË˜ ÙˆÓ ·ÓÙ›ÛÙÔÈ-

¯ˆÓ Ì˘˚ÎÒÓ ÈÓÒÓ, Î¿ÔÈÔÈ ·fi

ÙÔ˘˜ ÁÂÈÙÔÓÈÎÔ‡˜ ÂÓ·ÔÌÂ›Ó·ÓÙÂ˜

ÓÂ˘ÚÒÓÂ˜ ·Ú¿ÁÔ˘Ó ÂÈÏ¤ÔÓ

·ÍÔÓÈÎ¤˜ ‰È·ÎÏ·‰ÒÛÂÈ˜, ÔÈ ÔÔ›-

Â˜ Û˘Ó‰¤ÔÓÙ·È ÌÂ ÌÂÚÈÎ¤˜ ·fi

·˘Ù¤˜ ÙÈ˜ "ÔÚÊ·Ó¤˜" Ì˘˚Î¤˜ ›ÓÂ˜

(Vandervoort 2002). ΔËÓ ˘fiıÂ-

ÛË ·˘Ù‹ ˘ÔÛÙËÚ›˙ÂÈ Î·È Ë ÔÌ·-

‰ÔÔ›ËÛË ‘Î·Ù¿ Ù‡Ô’ Ì˘˚ÎÒÓ

ÈÓÒÓ Ô˘ ·Ú·Ù‹ÚËÛ·Ó ÔÈ  Lexell

et al (1986). §fiÁˆ ·˘ÙÒÓ ÙˆÓ

·ÏÏ·ÁÒÓ ·Ú·ÙËÚÂ›Ù·È ÌÂ›ˆÛË

ÛÙÔÓ ·ÚÈıÌfi ÙˆÓ ÎÈÓËÙÈÎÒÓ ÌÔÓ¿-

‰ˆÓ (Brown 1972, Campbell et al

1973,  Sica et al 1976), ÙËÓ ÔÔ›·

ÔÈ Brown et al (1988) ˘ÔÏfiÁÈÛ·Ó

ÛÙÔ 50% Î·È ÔÈ McNeil et al

(2005) ÛÙÔ 40% ÛÂ ÔÏ‡ ËÏÈÎÈˆ-

Ì¤Ó· ¿ÙÔÌ·. ∂›ÛË˜ ·Ú·ÙËÚÂ›-

Ù·È ·‡ÍËÛË ÛÙÔ Ì¤ÁÂıÔ˜ ÙˆÓ ÎÈÓË-

ÙÈÎÒÓ ÌÔÓ¿‰ˆÓ (‰ËÏ·‰‹ Î¿ıÂ

ÎÈÓËÙÈÎ‹ ÌÔÓ¿‰· ÂÌÂÚÈ¤¯ÂÈ

ÂÚÈÛÛfiÙÂÚÂ˜ Ì˘˚Î¤˜ ›ÓÂ˜)

(Stalberg and Fawcett 1982). 

Δ¤ÏÔ˜, ÛÙÈ˜ ·ÏÏ·Á¤˜ ÛÙÔÓ ÓÂ˘-

ÚÈÎfi ÈÛÙfi Ú¤ÂÈ Ó· ·Ó·ÊÂÚıÔ‡Ó

Î·È ÔÈ ·ÏÏ·Á¤˜ ÛÙËÓ ÓÂ˘ÚÔÌ˘˚Î‹

Û‡Ó·„Ë. OÈ  Lexell et al (1994)

·Ó·Ê¤ÚÔ˘Ó ÌÂ›ˆÛË ÛÙËÓ ·ÂÏÂ˘-

ı¤ÚˆÛË ÓÂ˘ÚÔ‰È·‚È‚·ÛÙÒÓ Î·È

ÌÂ›ˆÛË ÙÔ˘ ·ÚÈıÌÔ‡ ÙˆÓ ˘Ô‰Ô-

¯¤ˆÓ ·ÎÂÙ˘ÏÔ¯ÔÏ›ÓË˜, ÂÓÒ Ô Oda

(1984) ·Ó·Ê¤ÚÂÈ ·‡ÍËÛË ÛÙÔ

Ì‹ÎÔ˜ ÙË˜ ÙÂÏÈÎ‹˜ ÎÈÓËÙÈÎ‹˜ Ï¿-

Î·˜ (Δ∫¶), ÙÂÌ·¯ÈÛÌfi ·˘Ù‹˜ Î·È

·˘ÍËÌ¤ÓÔ ·ÚÈıÌfi ‰È·ÎÏ·‰ÒÛÂˆÓ

ÛÙÔ˘˜ ÚÔÛ˘Ó·ÙÈÎÔ‡˜ ¿ÍÔÓÂ˜.

∂›ÛË˜ ·Ó¤ÊÂÚÂ ˆ˜ Ë Δ∫¶ ·Ô-

ÙÂÏÂ›ÙÔ ·fi ÌÂÁ·Ï‡ÙÂÚÔ ·ÚÈıÌfi

ÌÈÎÚfiÙÂÚˆÓ ÔÌ¿‰ˆÓ ˘Ô‰Ô¯¤ˆÓ

·ÎÂÙ˘ÏÔ¯ÔÏ›ÓË˜, ÂÓÒ ÂÓÙÔ›ÛÙË-

Î·Ó ‰È¿Û·ÚÙÔÈ ÂÚÈÛ˘Ó·ÙÈÎÔ›

˘Ô‰Ô¯Â›˜, Î¿ÙÈ Ô˘ ‰ÂÓ ·Ú·ÙË-

ÚÂ›Ù·È ÛÂ Ó¤Ô˘˜ ·ÓıÚÒÔ˘˜.

∞ÒÏÂÈ· ÎÈÓËÙÈÎÒÓ 
ÓÂ˘ÚÒÓˆÓ ÛÙÔ ¡ª

∞ÒÏÂÈ· ÓÂ˘ÚÒÓˆÓ 
·fi ÙÔÓ ÊÏÔÈfi

ªÂ›ˆÛË ÙË˜ 
Ù·¯‡ÙËÙ·˜ ·ÁˆÁ‹˜

ÂÚÂı›ÛÌ·ÙÔ˜

ªÂÈˆÌ¤Ó· 
Â›Â‰· ÎÂÓÙÚÈÎ‹˜ 

ÂÓÂÚÁÔÔ›ËÛË˜

ªÂ›ˆÛË ·ÚÈıÌÔ‡ 
ÎÈÓËÙÈÎÒÓ ÌÔÓ¿‰ˆÓ Î·È
·‡ÍËÛË ÛÙÔ Ì¤ÁÂıfi˜

ÙÔ˘˜

ΔÌËÌ·ÙÈÎ‹ 
·ÔÌ˘ÂÏ›ÓˆÛË 
ÙˆÓ ÎÈÓËÙÈÎÒÓ 

ÓÂ˘ÚÒÓˆÓ

∞ÏÏ·Á¤˜ ÛÙÈ˜ ÓÂ˘ÚÔ-
Ì˘˚Î¤˜ Û˘Ó¿„ÂÈ˜

™¯‹Ì· 2.  ™¯ÂÙÈ˙fiÌÂÓÂ˜ ÌÂ ÙËÓ ËÏÈÎ›· ·ÏÏ·Á¤˜ ÛÙÔÓ ÓÂ˘ÚÈÎfi ÈÛÙfi.

∞§§∞°∂™ ™ΔO
¡∂Àƒπ∫O π™ΔO
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∞§§∞°∂™ ™Δ∏ ¢Oª∏
ΔOÀ ªÀO™

OÈ ÚÔ·Ó·ÊÂÚıÂ›ÛÂ˜ ·ÏÏ·Á¤˜

ÛÙË Û‡ÛÙ·ÛË ÙÔ˘ Ì˘˚ÎÔ‡ Î˘ÙÙ¿-

ÚÔ˘ Î·È ÛÙÔ ÓÂ˘ÚÈÎfi Û‡ÛÙËÌ·,

Î·ıÒ˜ Î·È Ë Û˘Ó‹ıË˜ ÌÂ›ˆÛË ÙË˜

‰Ú·ÛÙËÚÈfiÙËÙ·˜ Ô˘ Â¤Ú¯ÂÙ·È

ÌÂ ÙËÓ ·‡ÍËÛË ÙË˜ ËÏÈÎ›·˜, ·Ô-

ÙÂÏÔ‡Ó ·Ú¿ÁÔÓÙÂ˜ Ô˘ ÂËÚÂ¿-

˙Ô˘Ó ÛËÌ·ÓÙÈÎ¿ ÙË ÌÔÚÊÔÏÔÁ›·

ÙˆÓ Ì˘ÒÓ. ∂ÌÊ·ÓÂ›˜ Î·È ˘„ËÏ‹˜

ÛËÌ·Û›·˜ ·ÏÏ·Á¤˜ Û˘Ì‚·›ÓÔ˘Ó

ÛÙÔÓ ·ÚÈıÌfi Î·È ÙÔ Ì¤ÁÂıÔ˜ ÙˆÓ

Ì˘˚ÎÒÓ ÈÓÒÓ, ÛÙËÓ ·Ó·ÏÔÁ›· ÙÔ˘

Ù‡Ô˘ ÙˆÓ Ì˘˚ÎÒÓ ÈÓÒÓ, ÛÙËÓ

Ì˘˚Î‹ Ì¿˙·, ÛÙËÓ ·Ó·ÏÔÁ›· Û˘Ó-

‰ÂÙÈÎÔ‡ ÈÛÙÔ‡ ÛÙÔÓ Ì˘ Î.Ï.. 

ŸÛÔÓ ·ÊÔÚ¿ ÛÙÔÓ ·ÚÈıÌfi ÙˆÓ

Ì˘˚ÎÒÓ ÈÓÒÓ, ·˘Ùfi˜ ÌÂÈÒÓÂÙ·È ÌÂ

‚¿ÛË ÌË¯·ÓÈÛÌÔ‡˜ Ô˘ Â›Ó·È

ÂÍÂÈ‰ÈÎÂ˘Ì¤ÓÔÈ ÁÈ· Î¿ıÂ Ì˘,

ÏfiÁˆ ÁÂÓÂÙÈÎÔ‡ ÂÏ¤Á¯Ô˘, Ê˘ÛÈÎ‹˜

‰Ú·ÛÙËÚÈfiÙËÙ·˜, ÓÂ˘ÚÈÎÒÓ Î·È

ÔÚÌÔÓÈÎÒÓ ÚÔÛ·ÚÌÔÁÒÓ

(Monemi et al 1996). ŒÙÛÈ ÛÙÔÓ

¤Íˆ Ï·Ù‡ Ì˘ ·Ú·ÙËÚÂ›Ù·È ÌÂ›ˆ-

ÛË ÙÔ˘ Û˘ÓÔÏÈÎÔ‡ ·ÚÈıÌÔ‡ ÙˆÓ

ÈÓÒÓ Î·Ù¿ 39% ·fi Ù· 20 ÛÙ· 80

¤ÙË (Ì¤ÁÈÛÙÔ˜ ·ÚÈıÌfi˜ ÈÓÒÓ ÛÙ·

24.2 ¤ÙË), ¯ˆÚ›˜ ÛËÌ·ÓÙÈÎ‹ ·ÏÏ·-

Á‹ ÛÙËÓ ·Ó·ÏÔÁ›· ÈÓÒÓ Ù‡Ô˘ π

Î·È Ù‡Ô˘ ππ (Lexell et al 1988) ‹

ÌÂ ·‡ÍËÛË ÛÙËÓ  ·Ó·ÏÔÁ›· ÈÓÒÓ

Ù‡Ô˘ π (Larsson et al 1978).

∞ÓÙ›ıÂÙ·, ÛÙÔ ‰ÈÎ¤Ê·ÏÔ ‚Ú·¯Èfi-

ÓÈÔ Ë ÌÂ›ˆÛË ·ÊÔÚ¿ ÂÚÈÛÛfiÙÂÚÔ

ÙÈ˜ ›ÓÂ˜ Ù‡Ô˘ ππ‚, ÚÔÎ·ÏÒÓÙ·˜

¤ÙÛÈ ÌÈ· ÌÂ›ˆÛË ÛÙËÓ ·Ó·ÏÔÁ›·

"ÁÚ‹ÁÔÚˆÓ" ÈÓÒÓ (Monemi et al

1996). °ÂÓÈÎ¿, ÔÈ ÂÚÂ˘ÓËÙ¤˜ Û˘Ì-

ÊˆÓÔ‡Ó ˆ˜ Ë ÌÂ›ˆÛË ÙÔ˘ ·ÚÈı-

ÌÔ‡ ÙˆÓ ÈÓÒÓ ·ÊÔÚ¿ ÂÚÈÛÛfiÙÂ-

ÚÔ ÛÙÈ˜ ›ÓÂ˜ Ù‡Ô˘ II ·Ú¿ Ù‡Ô˘

I (Lexell 1995, Coggan et al 1990,

Kirkendall and Garrett 1998,

Larsson et al 1978), ÌÂ Û˘ÓÂ·Áfi-

ÌÂÓË ·‡ÍËÛË ÛÙËÓ ·Ó·ÏÔÁ›· ÈÓÒÓ

Ù‡Ô˘ I (Golnick et al 1972,

Holloszy et al 1991). 

∞˘Ùfi ÙÔ ÚfiÙ˘Ô ·ÏÏ·Á‹˜, ·Ó

Î·È ÙÔ ÈÔ Û‡ÓËıÂ˜, ‰ÂÓ ÈÛ¯‡ÂÈ

ÁÈ· fiÏÔ˘˜ ÙÔ˘˜ Ì˘˜.  ™Â ·ÓÙ›ıÂÛË

ÌÂ ÙÔ˘˜ Ì˘˜ ÙˆÓ ¿ÎÚˆÓ, ÏÔÈfiÓ,

ÛÙÔÓ Ì·ÛËÙ‹Ú· Ë ÌÂ›ˆÛË ÙÔ˘

·ÚÈıÌÔ‡ ÙˆÓ ÈÓÒÓ ·ÊÔÚ¿ Î˘Ú›ˆ˜

›ÓÂ˜ Ù‡Ô˘ I, Ë ·Ó·ÏÔÁ›· ÙˆÓ

ÔÔ›ˆÓ ÌÂÈÒÓÂÙ·È ·fi 79% ÛÙÔ˘˜

Ó¤Ô˘˜ ÛÂ 57% ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤-

ÓÔ˘˜, ÂÓÒ ·Ú¿ÏÏËÏ· ·Ú·ÙËÚÂ›-

Ù·È ·‡ÍËÛË ÛÙÔÓ ·ÚÈıÌfi ÈÓÒÓ

Ù‡Ô˘ II· Î·È II‚ (ÔÈ ÔÔ›Â˜ Â›Ó·È

Û¿ÓÈÂ˜ ˆ˜ ÂÏ¿¯ÈÛÙÂ˜ ÛÙÔ˘˜

Ó¤Ô˘˜). ∏ Èı·Ó‹ ÂÍ‹ÁËÛË, Ô˘

·Ú¤¯ÂÙ·È ·fi ÙÔ˘˜ Û˘ÁÎÂÎÚÈÌ¤-

ÓÔ˘˜ ÂÚÂ˘ÓËÙ¤˜, ÁÈ· ÙÔ Ê·ÈÓfiÌÂ-

ÓÔ ÙË˜ ·ÏÏ·Á‹˜ ÛÙËÓ ·Ó·ÏÔÁ›·

ÙˆÓ ÈÓÒÓ Â›Ó·È Ë ÂÈÏÂÎÙÈÎ‹ ·Ò-

ÏÂÈ· ÙˆÓ "·ÚÁÒÓ" ÎÈÓËÙÈÎÒÓ ÓÂ˘-

ÚÒÓˆÓ Î·È Ë Â·Ó·ÓÂ‡ÚˆÛË ÙˆÓ

ÈÓÒÓ Ù‡Ô˘ I ·fi "ÁÚ‹ÁÔÚÔ˘˜"

ÎÈÓËÙÈÎÔ‡˜ ÓÂ˘ÚÒÓÂ˜, ÁÈ· ÙÔÓ

Ì·ÛËÙ‹Ú· (Monemi et al 1996),

ÂÓÒ ÙÔ ·ÓÙ›ÛÙÚÔÊÔ Ê·›ÓÂÙ·È Ó·

ÈÛ¯‡ÂÈ ÁÈ· ÙÔ˘˜ Ì˘˜ ÙˆÓ ¿ÎÚˆÓ

(Lexell 1995). ∏ ÌÂ›ˆÛË ÙÔ˘

·ÚÈıÌÔ‡ ÙˆÓ ÈÓÒÓ Â›Ó·È ·ÚÁ‹

Ì¤¯ÚÈ Ù· 50 ¤ÙË Î·È ÌÂÙ¿ ÂÈÙ·¯‡-

ÓÂÙ·È, ÚÔÎ·ÏÒÓÙ·˜ ÛÙ· 80 ¤ÙË

·ÒÏÂÈÂ˜ Ì¤¯ÚÈ Î·È 50% ÛÙÔÓ

·ÚÈıÌfi ÙˆÓ ÈÓÒÓ (Lexell 1995).

∂ÎÙfi˜ ·fi ÙÈ˜ ·ÏÏ·Á¤˜ ÛÙÔÓ

·ÚÈıÌfi Î·È ÙËÓ ·Ó·ÏÔÁ›· ÙˆÓ

ÈÓÒÓ, ÌÂ ÙËÓ ·‡ÍËÛË ÙË˜ ËÏÈÎ›·˜

ÂËÚÂ¿˙ÂÙ·È ÛËÌ·ÓÙÈÎ¿ Î·È Ë

‰È¿ÌÂÙÚÔ˜ ÙˆÓ ÈÓÒÓ. ¶·Ú·ÙËÚÂ›-

Ù·È ÌÂ›ˆÛË ÛÙÔ Ì¤ÁÂıÔ˜ ÙˆÓ ÈÓÒÓ,

Ë ÔÔ›· ·ÊÔÚ¿ ÂÚÈÛÛfiÙÂÚÔ ÙÈ˜

›ÓÂ˜ Ù‡Ô˘ II (Coggan et al 1990),

·Ó Î·È ·˘Ù‹ Ë ÌÂ›ˆÛË Â›Ó·È ‰È·-

ÊÔÚÂÙÈÎ‹ ÁÈ· Î¿ıÂ Ì˘. ŒÙÛÈ, ÛÙÔÓ

¤Ûˆ Ï·Ù‡, ÔÈ ›ÓÂ˜ Ù‡Ô˘ I ‰ÂÓ

ÂËÚÂ¿ÛÙËÎ·Ó ÛÂ Ì¤ÁÂıÔ˜ ·fi

ÙËÓ ·‡ÍËÛË ÙË˜ ËÏÈÎ›·˜, ÂÓÒ ÔÈ

Ù‡Ô˘ II ÌÂÈÒıËÎ·Ó ÛËÌ·ÓÙÈÎ¿,

Î·Ù¿ 26% ·fi Ù· 20 ÛÙ· 80 ¤ÙË

(Lexell et al 1988). OÈ Lexell &

Downham (1992) ˘ÔÛÙËÚ›˙Ô˘Ó

ˆ˜, ·Ó Î·È Ë ·Ó·ÏÔÁ›· ÛÙÔÓ Ù‡Ô

ÈÓÒÓ ÛÙÔÓ ¤Íˆ Ï·Ù‡ ‰ÂÓ ·ÏÏ¿˙ÂÈ

ÌÂ ÙËÓ ËÏÈÎ›·, ÙÔ Ì¤ÁÂıÔ˜ ÙˆÓ

ÈÓÒÓ Ù‡Ô˘ ππ ÌÂÈÒÓÂÙ·È ÔÏ‡,

ÚÔÎ·ÏÒÓÙ·˜ ÂÌÊ·Ó‹ ·ÒÏÂÈ·

Û˘ÛÙ·ÏÙÔ‡ ÈÛÙÔ‡ Ù·¯Â›·˜ Û˘ÛÙÔ-

Ï‹˜. ™ÙÔÓ ‰ÈÎ¤Ê·ÏÔ ‚Ú·¯ÈfiÓÈÔ

Î·È ÙÔÓ Ì·ÛËÙ‹Ú· ËÏÈÎÈˆÌ¤ÓˆÓ Ë

ÌÂ›ˆÛË ÛÙË ‰È¿ÌÂÙÚÔ ·ÊÔÚÔ‡ÛÂ

ÂÍ›ÛÔ˘ ÙÈ˜ ›ÓÂ˜ Ù‡Ô˘ π Î·È Ù‡Ô˘

ππ (Monemi et al 1996). ™ÙÔ

Ì·ÎÚfi ÂÏÌ·ÙÈÎfi ÌÂÈÒıËÎÂ Î·Ù¿

37% ÙÔ Ì¤ÁÂıÔ˜ ÙˆÓ ÈÓÒÓ Ù‡Ô˘

ππ‚, ÌÂ›ˆÛË Ô˘ ÚÔÎ¿ÏÂÛÂ ÙÔ

ÌÂÁ·Ï‡ÙÂÚÔ Ì¤ÚÔ˜ ·fi ÙË ÌÂ›ˆÛË

ÛÙË Ì¿˙· ÙÔ˘ Ì˘fi˜ (30%)

(Holloszy et al 1991). OÈ  Husom

et al (2005) ·Ó·Ê¤ÚÔ˘Ó ÌÂ›ˆÛË

15% ÛÙÔ ¿¯Ô˜ ÙˆÓ ÈÓÒÓ Ù‡Ô˘ π

ÙÔ˘ ˘ÔÎÓËÌÈ‰›Ô˘ ÛÂ ËÏÈÎÈˆÌ¤Ó·

ÔÓÙ›ÎÈ· Î·È Î·Ì›· ÌÂ›ˆÛË ÛÙÈ˜

·ÓÙ›ÛÙÔÈ¯Â˜ ›ÓÂ˜ ÙÔ˘ Á·ÛÙÚÔÎÓË-

Ì›Ô˘. ™ËÌÂÈÒÓÔ˘Ó, Â›ÛË˜, ˆ˜

Î·Ù¿ ÙËÓ ¤ÏÏÂÈ„Ë ‰Ú·ÛÙËÚÈfiÙË-

Ù·˜ ÔÈ ›ÓÂ˜ ÙˆÓ ËÏÈÎÈˆÌ¤ÓˆÓ

ÂÌÊ·Ó›˙Ô˘Ó ÌÈÎÚfiÙÂÚË ÌÂ›ˆÛË

ÛÙË ‰È¿ÌÂÙÚÔ ·fi ÙÈ˜ "ÓÂ·Ú¤˜"

›ÓÂ˜ (10% Î·È 23% ·ÓÙÈÛÙÔ›¯ˆ˜).

OÈ Monemi et al (1999) ·Ó·Ê¤-

ÚÔ˘Ó ˆ˜ Ë ‰È¿ÌÂÙÚÔ˜ ÙˆÓ ÈÓÒÓ

ÙÔ˘ ¤Íˆ ÙÂÚ˘ÁÔÂÈ‰‹ ‹Ù·Ó ÌÈÎÚfi-

∂ÌÊ·ÓÂ›˜ Î·È ˘„ËÏ‹˜

ÛËÌ·Û›·˜ ·ÏÏ·Á¤˜ Û˘Ì-

‚·›ÓÔ˘Ó ÛÙÔÓ ·ÚÈıÌfi

Î·È ÙÔ Ì¤ÁÂıÔ˜ ÙˆÓ 

Ì˘˚ÎÒÓ ÈÓÒÓ, ÛÙËÓ

·Ó·ÏÔÁ›· ÙÔ˘ Ù‡Ô˘ 

ÙˆÓ Ì˘˚ÎÒÓ ÈÓÒÓ, 

ÛÙËÓ Ì˘˚Î‹ Ì¿˙·, ÛÙËÓ

·Ó·ÏÔÁ›· Û˘Ó‰ÂÙÈÎÔ‡

ÈÛÙÔ‡ ÛÙÔÓ Ì˘ ÎÏ.
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ÙÂÚË ÁÈ· fiÏÂ˜ ÙÈ˜ ›ÓÂ˜, Î˘Ú›ˆ˜ ÙÈ˜

ππ‚, ÂÓÒ Î·È ÁÈ· ÙÔÓ ‰ÈÁ¿ÛÙÔÚ· Ë

ÌÂ›ˆÛË ÛÙË ‰È¿ÌÂÙÚÔ ·ÊÔÚÔ‡ÛÂ

fiÏÂ˜ ÙÈ˜ ›ÓÂ˜. Δ· ·ÔÙÂÏ¤ÛÌ·Ù·

ÙË˜ ¤ÚÂ˘Ó·˜ ÙˆÓ Fraysse et al

(2006) ¤‰ÂÈÍ·Ó ˆ˜ Ë ÌÂ›ˆÛË ÛÙË

‰È¿ÌÂÙÚÔ ÙˆÓ ÈÓÒÓ ÙÔ˘ Á·ÛÙÚÔ-

ÎÓËÌ›Ô˘ (Ô ÔÔ›Ô˜ ·ÔÙÂÏÂ›Ù·È

Î˘Ú›ˆ˜ ·fi Ù‡Ô˘ ππ) ‹Ù·Ó 31%

Î·È ÙÔ˘ ˘ÔÎÓËÌÈ‰›Ô˘ (Î˘Ú›ˆ˜

·fi Ù‡Ô˘ π) 10%. º·›ÓÂÙ·È, ÏÔÈ-

fiÓ, ˆ˜ Î·È ·fi ·˘Ù‹ ÙËÓ ·ÏÏ·-

Á‹ ÂËÚÂ¿˙ÔÓÙ·È ÂÚÈÛÛfiÙÂÚÔ ÔÈ

›ÓÂ˜ Ù‡Ô˘ ππ.

∏ ÌÂ›ˆÛË ÛÙÔÓ ·ÚÈıÌfi (Lexell

et al 1988) Î·È ÙÔ Ì¤ÁÂıÔ˜ ÙˆÓ

ÈÓÒÓ (Roubenoff and Castaneda

2001, Lexell 1985), ÔÈ ÓÂ˘ÚÔÏÔÁÈ-

Î¤˜ ·ÏÏ·Á¤˜ Ô˘ ÚÔ·Ó·Ê¤ÚıË-

Î·Ó, ÛÂ Û˘Ó‰˘·ÛÌfi ÌÂ ÙËÓ ·‰Ú¿-

ÓÂÈ· Î·È ÙË ÌÂ›ˆÛË ÙË˜ ‰Ú·ÛÙË-

ÚÈfiÙËÙ·˜ (Lexell et al 1988, Fitts

et al 2001) Ô‰ËÁÔ‡Ó ÛÂ ÁÚ‹ÁÔÚË

Î·È ÛËÌ·ÓÙÈÎ‹ ·ÒÏÂÈ· Ì¿˙·˜

Î·È ‰‡Ó·ÌË˜. ΔÔ Ê·ÈÓfiÌÂÓÔ ÔÓÔ-

Ì¿˙ÂÙ·È Û·ÚÎÔÂÓ›· Î·È, fiˆ˜

Î·È Ù· ·›ÙÈ· Ô˘ ÙÔ ÚÔÎ·ÏÔ‡Ó,

‰È·Ê¤ÚÂÈ ·fi Ì˘ ÛÂ Ì˘. °ÂÓÈÎ¿

ÂËÚÂ¿˙ÂÈ ÂÓÙÔÓfiÙÂÚ· ÙÔ˘˜

¿Ó‰ÚÂ˜ ·fi fiÙÈ ÙÈ˜ Á˘Ó·›ÎÂ˜

(Janssen et al 2000) Î·È ¤¯ÂÈ

ÌÂÁ·Ï‡ÙÂÚË Â›‰Ú·ÛË ÛÙÔ˘˜ Ì˘˜

ÙˆÓ Î¿Ùˆ ¿ÎÚˆÓ ·fi fiÙÈ ÛÂ

·˘ÙÔ‡˜ ÙˆÓ ¿Óˆ ¿ÎÚˆÓ (Dutta

and Hadley 1995, Mizuno 1991).

∏ ·ÒÏÂÈ· ÙË˜ Ì˘˚Î‹˜ Ì¿˙·˜

˘ÔÏÔÁ›ÛıËÎÂ ÛÙÔ 20%-30% ·fi

Ù· 20 ÛÙ· 80 ¤ÙË (Carmeli et al

2002) ÂÓÒ ÔÈ Frontera et al (2000)

Ì¤ÙÚËÛ·Ó ÙËÓ ›‰È· ÌÂ›ˆÛË ÛÂ

¿ÙÔÌ· 70 ÂÙÒÓ. ∞fi ÙÔ˘˜ Ì˘˜ ÙˆÓ

¿ÎÚˆÓ, ÂÚÈÛÛfiÙÂÚÔ ÂËÚÂ¿˙Ô-

ÓÙ·È ·˘ÙÔ› ÌÂ ÌÂÁ·Ï‡ÙÂÚË ·Ó·ÏÔ-

Á›· ÛÂ ›ÓÂ˜ Ù‡Ô˘ II (Fraysse et al

2006,Thompson, 2002, Frontera

et al 2000, Kirkendall and Garrett

1998, Lexell and Downham

1992). ŒÙÛÈ, Ô Á·ÛÙÚÔÎÓ‹ÌÈÔ˜

¯¿ÓÂÈ ÂÚÈÛÛfiÙÂÚË Ì¿˙· Î·È

‰‡Ó·ÌË ·fi ÙÔÓ ˘ÔÎÓËÌ›‰ÈÔ

(Thompson et al 1998). OÈ

Holloszy et al (1991), ÌÂ ÂÈÚ¿-

Ì·Ù· ÛÂ ÔÓÙ›ÎÈ·, ˘ÔÏfiÁÈÛ·Ó

ÙËÓ ·ÒÏÂÈ· Ì¿˙·˜ ÙÂÙÚ·ÎÂÊ¿-

ÏÔ˘ Î·È Á·ÛÙÚÔÎÓËÌ›Ô˘ ÛÙÔ 27%

(ÔÈ Ì‡Â˜ ·˘ÙÔ› ¤¯Ô˘Ó ÔÏ‡ ÌÂÁ¿ÏË

·Ó·ÏÔÁ›· ÛÂ ›ÓÂ˜ Ù‡Ô˘ II), ÂÓÒ

·˘Ù‹ ÙÔ˘ ˘ÔÎÓËÌÈ‰›Ô˘ (89%

Ù‡Ô˘ I) ÌfiÏÈ˜ ÛÙÔ 11%. OÈ Lexell

et al (1988) ˘ÔÏfiÁÈÛ·Ó ÙËÓ ÌÂ›ˆ-

ÛË ÛÙËÓ ÂÈÊ¿ÓÂÈ· ‰È·ÙÔÌ‹˜ ÙÔ˘

¤Íˆ Ï·Ù‡ ÛÙÔ 40% ·fi Ù· 20

ÛÙ· 80 ¤ÙË. ™Ù· 50 ¤ÙË, Ë ·ÓÙ›-

ÛÙÔÈ¯Ë ÌÂ›ˆÛË ‹Ù·Ó 10% Î·È ÛÙË

Û˘Ó¤¯ÂÈ· ÂÈÙ·¯‡ÓıËÎÂ. 

Δ¤ÏÔ˜, Ú¤ÂÈ Ó· ·Ó·Ê¤ÚÔ˘ÌÂ

Î·È ÙÈ˜ ·ÏÏ·Á¤˜ Ô˘ Û¯ÂÙ›˙ÔÓÙ·È

ÌÂ Ù· ˘fiÏÔÈ· Â›‰Ë ÈÛÙÒÓ Ô˘

‚Ú›ÛÎÔÓÙ·È ÛÙÔÓ Ì˘. ∏ ÂÓ·fiıÂ-

ÛË ÂÓ‰ÔÌ˘˚ÎÒ˜ ÏÈÒ‰Ô˘˜ Î·È

Û˘Ó‰ÂÙÈÎÔ‡ ÈÛÙÔ‡ ·˘Í¿ÓÂÙ·È

ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤ÓÔ˘˜ Ì˘˜ (∫ent-

μraun and Ng 2000). ™˘ÁÎÂÎÚÈ-

Ì¤Ó·, ÂÓÒ ÛÂ ÓÂ·Ú¿ ¿ÙÔÌ· ÔÈ

¿ÏÏÔÈ ÈÛÙÔ› (ÂÎÙfi˜ ÙÔ˘ Ì˘˚ÎÔ‡)

Î·Ï‡ÙÔ˘Ó ÙÔ 30% ÙË˜ ÂÈÊ¿ÓÂÈ-

·˜ ‰È·ÙÔÌ‹˜ ÙÔ˘ Ì˘fi˜, ÛÂ ËÏÈÎÈˆ-

Ì¤ÓÔ˘˜ Î·Ï‡ÙÔ˘Ó  Ì¤¯ÚÈ Î·È ÙÔ

50%  ÙË˜ ÂÈÊ¿ÓÂÈ·˜ ‰È·ÙÔÌ‹˜

(Lexell et al 1988). ∏ ·‡ÍËÛË ÛÂ

·˘ÙÔ‡˜ ÙÔ˘˜ ÈÛÙÔ‡˜ ÛÙÔ Ì˘ÔÙÂÓfi-

ÓÙÈÔ Û‡ÓÔÏÔ ·˘Í¿ÓÂÈ ÙËÓ ·ÓÂÏ·-

ÛÙÈÎfiÙËÙ¿ ÙÔ˘ (Valour and

Pousson 2003). 

∞§§∞°∂™ ™Δ∏ ªÀ´∫∏
∞¶O¢O™∏ ∫∞π
§∂πΔOÀƒ°π∫OΔ∏Δ∞

OÈ ·ÏÏ·Á¤˜ ÛÙË Û‡ÛÙ·ÛË Î·È ÙË

‰ÔÌ‹ ÙÔ˘ Ì˘fi˜, Ô˘ Û˘Ì‚·›ÓÔ˘Ó

Î·Ù¿ ÙË Á‹Ú·ÓÛË, ÂËÚÂ¿˙Ô˘Ó

fiÏÂ˜ ÙÈ˜ Û˘ÓÈÛÙÒÛÂ˜ ÙË˜ Ì˘˚Î‹˜

·fi‰ÔÛË˜, ·ÏÏ¿ Î·È ÙË ÏÂÈÙÔ˘ÚÁÈ-

ÎfiÙËÙ·. ™˘ÁÎÂÎÚÈÌ¤Ó·, ÚÔÎ·-

ÏÂ›Ù·È ·ÒÏÂÈ· ‰‡Ó·ÌË˜, Ù·¯‡ÙË-

Ù·˜ Û˘ÛÙÔÏ‹˜, ·ÓÙÔ¯‹˜ Î·È Ì˘˚Î‹˜

·fi‰ÔÛË˜ (Evans 1995).

ª˘˚Î‹ ‰‡Ó·ÌË

∏ ‰‡Ó·ÌË ÂÓfi˜ Ì˘ ·˘Í¿ÓÂÙ·È

Î·ı’ fiÏË ÙË ‰È¿ÚÎÂÈ· ÙË˜ ·È‰È-

Î‹˜ ËÏÈÎ›·˜ Î·ıÒ˜ ÔÈ Ì˘˚Î¤˜ ›ÓÂ˜

ÌÂÁ·ÏÒÓÔ˘Ó ÛÂ ‰È¿ÌÂÙÚÔ Î·È

Ì‹ÎÔ˜ (Fuglsang- Frederiksen

1997), ÂÓÒ ·fi ÙËÓ Ù¤Ù·ÚÙË ‰ÂÎ·-

ÂÙ›· ˙ˆ‹˜, ÔfiÙÂ Î·È ÍÂÎÈÓ¿ Ë

Á‹Ú·ÓÛË, ÚÔÔ‰Â˘ÙÈÎ¿ ÌÂÈÒÓÂÙ·È

Ô ·ÚÈıÌfi˜ ÙˆÓ Ì˘˚ÎÒÓ ÈÓÒÓ

(Lexel, 1995) Î·È Ë ÂÈÊ¿ÓÂÈ·

‰È·ÙÔÌ‹˜ ÙÔ˘ Ì˘fi˜  Î·È ˆ˜ Â·Îfi-

ÏÔ˘ıÔ Ë Ì˘˚Î‹ ‰‡Ó·ÌË (Kent-

Braun and Ng 1999, Frontera et

al 2000). ∏ ÌÂ›ˆÛË ÛÙËÓ ÎÂÓÙÚÈÎ‹

ÂÓÂÚÁÔÔ›ËÛË ÌÔÚÂ› Ó· ÂÍËÁ‹-

ÛÂÈ ÙËÓ ·ÒÏÂÈ· ‰‡Ó·ÌË˜ Ô˘ ‰ÂÓ

ÌÔÚÂ› Ó· ·Ô‰ÔıÂ› ÛÙËÓ ·Ò-

ÏÂÈ· Ì¿˙·˜ Î·È ÌfiÓÔ (Harridge et

al 1999, Roos et al 1997, Hopp

1993). ™˘ÓÂÒ˜, fiÛÔ ·˘Í¿ÓÂÙ·È Ë

ËÏÈÎ›·, ÔÈ ·ÏÏ·Á¤˜ ÛÂ ÔÏfiÎÏËÚÔ

ÙÔ ÓÂ˘ÚÔÌ˘˚Îfi Û‡ÓÔÏÔ ÚÔÎ·-

ÏÔ‡Ó ÌÂ›ˆÛË ÙË˜ ÈÎ·ÓfiÙËÙ·˜

·Ú·ÁˆÁ‹˜ ‰‡Ó·ÌË˜ (Roos et al

1999, De Serres and Enoka 1998).

∏ Ì¤ÁÈÛÙË Ì˘˚Î‹ ‰‡Ó·ÌË ÂÈ-

Ù˘Á¯¿ÓÂÙ·È Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÙË˜

ÙÚ›ÙË˜ ‰ÂÎ·ÂÙ›·˜ ÙË˜ ˙ˆ‹˜ ÙÔ˘

·ÓıÚÒÔ˘ Î·È ¤ÂÈÙ· ÌÂÈÒÓÂÙ·È

ÌÂ ÙËÓ ËÏÈÎ›·. OÈ ÌÂÈÒÛÂÈ˜ ÛÙËÓ

ÈÛÔÌÂÙÚÈÎ‹ ‰‡Ó·ÌË Â›Ó·È ÌÈÎÚ¤˜

Ì¤¯ÚÈ ÙËÓ ËÏÈÎ›· ÙˆÓ 60 ÂÙÒÓ,

fiÔ˘ ÌÂÙ¿ ·Ú·ÙËÚÂ›Ù·È ÌÈ· ÌÂ›-

ˆÛË ÙË˜ Ù¿ÍË˜ ÙÔ˘ 1-2% ·Ó¿ ¤ÙÔ˜

(Skelton et al 1994, Vandervoort

2002). ™Ù· 70 ¤ÙË Ë Ì˘˚Î‹ ‰‡Ó·ÌË

ÌÂÈÒÓÂÙ·È 25-30% (Frontera et al

2000). OÈ Metter et al (1997),

·Ó·Ê¤ÚÔ˘Ó 20% ÌÂ›ˆÛË ÙË˜ ÈÛÔ-

ÌÂÙÚÈÎ‹˜ Ì˘˚Î‹˜ ‰‡Ó·ÌË˜ ÙˆÓ

¿Óˆ ¿ÎÚˆÓ ÛÙ· 70 ¤ÙË.

ªÂ ÛÎÔfi ÙËÓ ·ÍÈÔÏfiÁËÛË ËÏÈ-

ÎÈ·ÎÒÓ ‰È·ÊÔÚÒÓ ÛÙË Ì˘˚Î‹

‰‡Ó·ÌË Ú·ÁÌ·ÙÔÔÈ‹ıËÎÂ ¤ÚÂ˘-
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Ó· ÛÂ ‰Â›ÁÌ· 654 ·ÙfiÌˆÓ ËÏÈÎ›·˜

20-93 ÂÙÒÓ. ªÂÙÚ‹ıËÎÂ Ë ÈÛÔÌÂ-

ÙÚÈÎ‹, ÌÂÈÔÌÂÙÚÈÎ‹ Î·È ÏÂÈÔÌÂ-

ÙÚÈÎ‹ Ì¤ÁÈÛÙË ÚÔ‹ ÛÙÔ˘˜ ÂÎÙÂ›-

ÓÔÓÙÂ˜ ÙÔ˘ ÁfiÓ·ÙÔ˜, ÙfiÛÔ ÛÂ

ÌÈÎÚ¤˜ (0,52 rad/s) fiÛÔ Î·È ÛÂ

ÌÂÁ¿ÏÂ˜ Ù·¯‡ÙËÙÂ˜ (3,14 rad/s).

OÈ ÌÂÈÒÛÂÈ˜ ‹Ù·Ó ÁÈ· ÙÔ˘˜ ¿Ó‰ÚÂ˜

30% ÁÈ· ÙË ÌÂÈÔÌÂÙÚÈÎ‹ Ì¤ÁÈÛÙË

ÚÔ‹ Î·È 19% ÁÈ· ÙËÓ ÏÂÈÔÌÂ-

ÙÚÈÎ‹ Ì¤ÁÈÛÙË ÚÔ‹, ÂÓÒ ÁÈ· ÙÈ˜

Á˘Ó·›ÎÂ˜ Ù· ÔÛÔÛÙ¿ ·˘Ù¿ ‹Ù·Ó

28% Î·È 11%, ·ÓÙ›ÛÙÔÈ¯·. °È· Ó·

·ÍÈÔÏÔÁËıÔ‡Ó ËÏÈÎÈ·Î¤˜ ‰È·ÊÔ-

Ú¤˜ ÛÙËÓ ÈÎ·ÓfiÙËÙ· ·Ôı‹ÎÂ˘ÛË˜

Î·È ¯ÚËÛÈÌÔÔ›ËÛË˜ ÂÏ·ÛÙÈÎ‹˜

ÂÓ¤ÚÁÂÈ·˜, ÚÔÛ‰ÈÔÚ›ÛÙËÎÂ Ô

Î‡ÎÏÔ˜ ‚Ú¿¯˘ÓÛË˜ - ‰È¿Ù·ÛË˜ Î·È

‚Ú¤ıËÎÂ fiÙÈ ÔÈ ËÏÈÎÈˆÌ¤ÓÂ˜

Á˘Ó·›ÎÂ˜ ·ÚÔ˘Û›·˙·Ó Î·Ï‡ÙÂÚË

·Ôı‹ÎÂ˘ÛË Î·È ¯ÚËÛÈÌÔÔ›ËÛË

ÂÏ·ÛÙÈÎ‹˜ ÂÓ¤ÚÁÂÈ·˜ ÛÂ Û¯¤ÛË ÌÂ

ÙÔ˘˜ ¿ÓÙÚÂ˜ ·ÓÙ›ÛÙÔÈ¯Ë˜ ËÏÈÎ›·˜

·ÏÏ¿ Î·È ÛÂ Û¯¤ÛË ÌÂ Ù· ÓÂ·Ú¿

¿ÙÔÌ· (Lindle et al 1997).

∞ÍÈÔÛËÌÂ›ˆÙÂ˜ ÙÚÔÔÔÈ‹ÛÂÈ˜

Î·Ù¿ ÙË ‰È·‰ÈÎ·Û›· ÙË˜ Á‹Ú·ÓÛË˜

Â›Ó·È Ë ÌÂÈˆÌ¤ÓË ‰‡Ó·ÌË ÛÂ ‰È¿-

ÊÔÚÂ˜ ÁˆÓ›Â˜ ÙË˜ ¿ÚıÚˆÛË˜

ÛÙÔ˘˜ Ú·¯È·›Ô˘˜ Î·ÌÙ‹ÚÂ˜ ÙË˜

Ô‰ÔÎÓËÌÈÎ‹˜ (Van Schaik et al

1994), Ë ÌÂÈˆÌ¤ÓË ‰‡Ó·ÌË ÙˆÓ

Î·ÌÙ‹ÚˆÓ ÙÔ˘ ·ÁÎÒÓ· ÛÂ ‰È·-

ÊÔÚÂÙÈÎ¤˜ ÁˆÓÈ·Î¤˜ Ù·¯‡ÙËÙÂ˜

(Pousson et al 2001)  Î·È Ë ¯·ÌË-

ÏfiÙÂÚË Ì¤ÁÈÛÙË Ù·¯‡ÙËÙ· Û˘ÛÙÔ-

Ï‹˜ ÁÈ· ÙÔ˘˜ ÂÏÌ·ÙÈ·›Ô˘˜

Î·ÌÙ‹ÚÂ˜ ÙË˜ Ô‰ÔÎÓËÌÈÎ‹˜ Î·È

ÁÈ· ÙÔ˘˜ ÂÎÙÂ›ÓÔÓÙÂ˜ ÛÙÔ ÁfiÓ·ÙÔ

(Ferri et al 2003). ™Â ¤ÚÂ˘Ó¿

ÙÔ˘˜, ÔÈ Ochala et al (2004) ¤‰ÂÈ-

Í·Ó fiÙÈ Ë ÚÔ‹ ÙË˜ Ì¤ÁÈÛÙË˜ ÂÎÔ‡-

ÛÈ·˜ Û˘ÛÙÔÏ‹˜ ÙˆÓ ÂÏÌ·ÙÈ·›ˆÓ

Î·ÌÙ‹ÚˆÓ ÙË˜ Ô‰ÔÎÓËÌÈÎ‹˜

‹Ù·Ó ÛËÌ·ÓÙÈÎ¿ ¯·ÌËÏfiÙÂÚË

ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤ÓÔ˘˜ ÛÂ Û¯¤ÛË ÌÂ

ÙÔ˘˜ Ó¤Ô˘˜ ÌÂ ‰È·ÊÔÚ¿ 37%.

º·›ÓÂÙ·È ˆ˜ Ë Ì˘˚Î‹ ‰‡Ó·ÌË

ÙË˜ ÏÂÈÔÌÂÙÚÈÎ‹˜ Û˘ÛÙÔÏ‹˜ ‰È·-

ÙËÚÂ›Ù·È Î·Ï‡ÙÂÚ· ÌÂ ÙËÓ ËÏÈÎ›·

(Porter et al 1995, Poulin et al

1992). ™Â ¤ÚÂ˘Ó· ÙˆÓ

Vandervoort et al (1990), ÔÈ Û¯Â-

ÙÈÎ¤˜ Ì¤ÁÈÛÙÂ˜ ÚÔ¤˜ ÙˆÓ ÂÎÙÂÈ-

ÓfiÓÙˆÓ ÛÙÔ ÁfiÓ·ÙÔ ËÏÈÎÈˆÌ¤ÓˆÓ

Á˘Ó·ÈÎÒÓ, ÂÎÊÚ·˙fiÌÂÓÂ˜ ˆ˜

ÔÛÔÛÙfi ÙˆÓ ·ÓÙ›ÛÙÔÈ¯ˆÓ ÚÔÒÓ

ÙˆÓ ÓÂ·ÚÒÓ Á˘Ó·ÈÎÒÓ, ‚Ú¤ıËÎ·Ó

˘„ËÏfiÙÂÚÂ˜ ÁÈ· ÙËÓ ÏÂÈÔÌÂÙÚÈÎ‹

Û˘ÛÙÔÏ‹ (60-75%) ·fi fiÙÈ ÁÈ· ÙË

ÌÂÈÔÌÂÙÚÈÎ‹ Û˘ÛÙÔÏ‹ (45-50%).

™‡ÌÊˆÓ· ÌÂ ÙÔ˘˜ Hortobagyi et

al (1995), Ë ÌÂ›ˆÛË ÙË˜ ÏÂÈÔÌÂ-

ÙÚÈÎ‹˜ ‰‡Ó·ÌË˜ ÙˆÓ ÂÎÙÂÈÓfiÓÙˆÓ

ÙÔ˘ ÁfiÓ·ÙÔ˜ Â›Ó·È 9¡ ·Ó¿ ‰ÂÎ·Â-

Ù›·, ÂÓÒ Ë ÌÂ›ˆÛË ÙË˜ ÌÂÈÔÌÂÙÚÈ-

Î‹˜ ‰‡Ó·ÌË˜ Â›Ó·È 31¡ ·Ó¿ ‰ÂÎ·-

ÂÙ›·.  

°È· ÙÔ˘˜ ÂÏÌ·ÙÈ·›Ô˘˜ Î·È

Ú·¯È·›Ô˘˜ Î·ÌÙ‹ÚÂ˜ ÙË˜ Ô‰Ô-

ÎÓËÌÈÎ‹˜, ÔÈ Porter et al (1997)

‚Ú‹Î·Ó fiÙÈ ÔÈ ËÏÈÎÈˆÌ¤ÓÂ˜ Á˘Ó·›-

ÎÂ˜ ·ÚÔ˘Û›·Û·Ó ÏÂÈÔÌÂÙÚÈÎ¤˜

Ì¤ÁÈÛÙÂ˜ ÚÔ¤˜ Ô˘ ·ÓÙÈÛÙÔÈ¯Ô‡-

Û·Ó ÛÂ 97-100% ÙˆÓ ·ÓÙ›ÛÙÔÈ¯ˆÓ

ÚÔÒÓ ÙˆÓ ÓÂ·ÚÒÓ Á˘Ó·ÈÎÒÓ. OÈ

Brooks Î·È Faulkner (1994) ¤‰ÂÈ-

Í·Ó fiÙÈ Ù· ËÏÈÎÈˆÌ¤Ó· ÔÓÙ›ÎÈ·

·Ó¤Ù˘Í·Ó ‰˘Ó¿ÌÂÈ˜ 30% ˘„ËÏfi-

ÙÂÚÂ˜ ·fi ·˘Ù¤˜ ÙˆÓ ÂÓ‹ÏÈÎˆÓ

ÔÓÙÈÎÈÒÓ Î·Ù¿ ÙË ‰È¿ÚÎÂÈ· ÏÂÈ-

ÔÌÂÙÚÈÎ‹˜ Û˘ÛÙÔÏ‹˜ ÙˆÓ ÈÓÒÓ ÙÔ˘

Ì·ÎÚ‡ Î·ÌÙ‹Ú· ÙˆÓ ‰·ÎÙ‡ÏˆÓ

(·Ó·Ê¤ÚÔÓÙ·È fiÌˆ˜ ÛÂ ‰È·ÊÔÚÂ-

ÙÈÎfi ÔÚÁ·ÓÈÛÌfi Î·È ÛÂ ¿ÏÏË

Ì˘˚Î‹ ÔÌ¿‰·). ∞˘Ùfi ·Ú·ÙËÚ‹-

ıËÎÂ Î·È ÛÂ ÔÏfiÎÏËÚÔ ÙÔÓ ˘Ô-

ÎÓËÌ›‰ÈÔ ÛÙ· ÔÓÙ›ÎÈ· (Phillips et

al 1991). ŸÛÔÓ ·ÊÔÚ¿ ÛÙ· ¿Óˆ

¿ÎÚ·, ÂÈ‚Â‚·ÈÒÓÂÙ·È Ë Û¯ÂÙÈÎ‹

‰È·Ù‹ÚËÛË ÙË˜ ÏÂÈÔÌÂÙÚÈÎ‹˜

‰‡Ó·ÌË˜ ÌÂ ÙËÓ ËÏÈÎ›· (Poulin et

al 1992).

∏ ‰È·Ù‹ÚËÛË ÙË˜ ÏÂÈÔÌÂÙÚÈÎ‹˜

‰‡Ó·ÌË˜ ÌÂ ÙËÓ ËÏÈÎ›· Ê·›ÓÂÙ·È

Ó· Â›Ó·È ·ÓÂÍ¿ÚÙËÙË ÙË˜ ÔÏÈÎ‹˜

Ì˘˚Î‹˜ Ì¿˙·˜, ÙÔ˘ Ù‡Ô˘ ‹ ÙÔ˘

ÌÂÁ¤ıÔ˘˜ ÙˆÓ ÈÓÒÓ (Hortobagyi

et al 1995), ·ÏÏ¿ ÔÈ ÌË¯·ÓÈÛÌÔ›

›Ûˆ ·fi ·˘Ùfi ÙÔ Û¯ÂÙÈÎfi ÏÂÔ-

Ó¤ÎÙËÌ· ÛÙËÓ ÏÂÈÔÌÂÙÚÈÎ‹ Ì˘˚Î‹

Û˘ÛÙÔÏ‹ ·Ú·Ì¤ÓÔ˘Ó ·‰ÈÂ˘ÎÚ›ÓÈ-

ÛÙÔÈ. øÛÙfiÛÔ, Â›Ó·È Èı·Ófi Ó·

ÚÔ¤Ú¯ÂÙ·È ·fi ·ÏÏ·Á¤˜ ÛÙÈ˜

ÎÔÏÏÒ‰ÂÈ˜ È‰ÈfiÙËÙÂ˜ ÙÔ˘ Ì˘fi˜

(Martin et al 1996), ·fi ÙÚÔÔ-

ÔÈ‹ÛÂÈ˜ ÛÙ· ·ıËÙÈÎ¿ ÛÙÔÈ¯Â›·

Î·È ÛÂ ÂÁÁÂÓÂ›˜ ·Ú¿ÁÔÓÙÂ˜ Ô˘

Û¯ÂÙ›˙ÔÓÙ·È ÌÂ ÙÈ˜ ÂÁÎ¿ÚÛÈÂ˜

Á¤Ê˘ÚÂ˜ (Hortobagyi et al 1995),

·ÏÏ·Á¤˜ ÛÙÈ˜ È‰ÈfiÙËÙÂ˜ ÙˆÓ

Û˘ÛÙ·ÏÙÒÓ ÛÙÔÈ¯Â›ˆÓ (Pousson et

al 2001) ‹ ˘„ËÏfiÙÂÚÔ ÔÛfi Û˘Ó-

‰ÂÙÈÎÔ‡ ÈÛÙÔ‡ (Lexell and

Downham 1991). 

∂›Ó·È ÁÓˆÛÙfi fiÙÈ Ë ·ÚÓËÙÈÎ‹

Â›‰Ú·ÛË ÙË˜ Á‹Ú·ÓÛË˜ ÛÙË

Ì˘˚Î‹ ÏÂÈÙÔ˘ÚÁ›· ÌÔÚÂ› Ó· Â›Ó·È

‰È·ÊÔÚÂÙÈÎ‹ ÛÙÈ˜ ‰È¿ÊÔÚÂ˜ Ì˘˚-

Î¤˜ ÔÌ¿‰Â˜ (Bemben et al 1996,

∏ ‰È·Ù‹ÚËÛË ÙË˜ ÏÂÈÔÌÂÙÚÈÎ‹˜ ‰‡Ó·ÌË˜ 
ÌÂ ÙËÓ ËÏÈÎ›· Ê·›ÓÂÙ·È Ó· Â›Ó·È ·ÓÂÍ¿ÚÙËÙË 

ÙË˜ ÔÏÈÎ‹˜ Ì˘˚Î‹˜ Ì¿˙·˜, ÙÔ˘ Ù‡Ô˘ ‹ 
ÙÔ˘ ÌÂÁ¤ıÔ˘˜ ÙˆÓ ÈÓÒÓ (Hortobagyi et al 1995),
·ÏÏ¿ ÔÈ ÌË¯·ÓÈÛÌÔ› ›Ûˆ ·fi ·˘Ùfi ÙÔ Û¯ÂÙÈÎfi

ÏÂÔÓ¤ÎÙËÌ· ÛÙËÓ ÏÂÈÔÌÂÙÚÈÎ‹ Ì˘˚Î‹ Û˘ÛÙÔÏ‹
·Ú·Ì¤ÓÔ˘Ó ·‰ÈÂ˘ÎÚ›ÓÈÛÙÔÈ
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Lynch et al 1999, Hunter et al

2000). ¶Ú¿ÁÌ·ÙÈ, ÌÂ ÙË Á‹Ú·ÓÛË,

Ë Ì¤ÁÈÛÙË ·fi‰ÔÛË ÙˆÓ ÂÏÌ·ÙÈ-

·›ˆÓ Î·ÌÙ‹ÚˆÓ ÙË˜ Ô‰ÔÎÓËÌÈ-

Î‹˜ ·ÏÏ¿˙ÂÈ ÛÂ ÌÂÁ·Ï‡ÙÂÚË ¤ÎÙ·-

ÛË ·fi fiÙÈ Ë ·fi‰ÔÛË ÙˆÓ Ú·¯È-

·›ˆÓ Î·ÌÙ‹ÚˆÓ (Simoneau et al

2005). ∞ÎfiÌË, Ë Û¯ÂÙÈ˙fiÌÂÓË ÌÂ

ÙËÓ ËÏÈÎ›· ÌÂ›ˆÛË ÙË˜ ‰‡Ó·ÌË˜

Â›Ó·È ÌÈÎÚfiÙÂÚË Î·È Á›ÓÂÙ·È

·ÚÁfiÙÂÚ· ÛÙ· ¿Óˆ ¿ÎÚ· ·fi fiÙÈ

ÛÙ· Î¿Ùˆ ¿ÎÚ· (Bemben et al

1991, Frontera et al 1991). O

Galea (1996) ·Ó·Ê¤ÚÂÈ fiÙÈ Ô ‚·ı-

Ìfi˜ ÙˆÓ ·ÏÏ·ÁÒÓ Ô˘ Û˘Ì‚·›-

ÓÔ˘Ó ÛÙÔ Ì˘˚Îfi ÈÛÙfi ‰È·Ê¤ÚÂÈ

ÌÂÙ·Í‡ ÎÂÓÙÚÈÎÒÓ Î·È ÂÚÈÊÂÚÈ-

ÎÒÓ Ì˘ÒÓ.

ª˘˚Î‹ πÛ¯‡˜

ªÂÙ¿ Ù· 65 ¤ÙË Ë ÌÂ›ˆÛË ÛÙË

Ì˘˚Î‹ ÈÛ¯‡ Â›Ó·È ÙË˜ Ù¿ÍË˜ ÙÔ˘

3,5% ·Ó¿ ¤ÙÔ˜ (Skelton et al

1994). OÈ ÂÚÂ˘ÓËÙ¤˜ ·˘ÙÔ› ¤‰ÂÈ-

Í·Ó fiÙÈ Ë ÌÂ›ˆÛË ÛÙË Ì˘˚Î‹ ÈÛ¯‡

‹Ù·Ó ÁÚËÁÔÚfiÙÂÚË ·fi fiÙÈ Ë ÌÂ›-

ˆÛË ÛÙË ‰‡Ó·ÌË ÙˆÓ ÂÎÙÂÈÓfiÓÙˆÓ

ÛÙÔ ÁfiÓ·ÙÔ ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤ÓÔ˘˜

¿Ó‰ÚÂ˜. ∂ÈÏ¤ÔÓ, ¤‰ÂÈÍ·Ó fiÙÈ Ë

Û¯ÂÙÈÎ‹ ÈÛ¯‡˜ (Ù˘ÔÔÈËÌ¤ÓË ÌÂ

ÙÔ ÛˆÌ·ÙÈÎfi ‚¿ÚÔ˜) ÂËÚÂ¿˙ÂÈ

ÙÔÓ ¯ÚfiÓÔ ÁÈ· ÙËÓ ¤ÁÂÚÛË ·fi ÙËÓ

Î·Ú¤ÎÏ·. ™Â ¿ÏÏË ¤ÚÂ˘Ó· Ë Û¯Â-

ÙÈÎ‹ ÈÛ¯‡˜ ÙˆÓ ÂÎÙÂÈÓfiÓÙˆÓ ÙÔ˘

ÁfiÓ·ÙÔ˜ ‹Ù·Ó 25-41% ¯·ÌËÏfiÙÂ-

ÚË ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤ÓÔ˘˜ (Petrella

et al 2005). ∏ Û¯ÂÙÈÎ‹ ÈÛ¯‡˜ ÙˆÓ

Ì˘ÒÓ ÙË˜ Á·ÛÙÚÔÎÓËÌ›·˜ ÙˆÓ ËÏÈ-

ÎÈˆÌ¤ÓˆÓ ‹Ù·Ó ÙÔ 55,2% ÙË˜

·ÓÙ›ÛÙÔÈ¯Ë˜ ÈÛ¯‡Ô˜ ÙˆÓ ÓÂ·ÚÒÓ

(Thom et al 2005). 

°È· ÙÔ˘˜ ÂÏÌ·ÙÈ·›Ô˘˜ Î·ÌÙ‹-

ÚÂ˜ ·Ú·ÙËÚ‹ıËÎÂ ¿Óˆ ·fi

50% ÌÂ›ˆÛË ÙË˜ Û¯ÂÙÈÎ‹˜ ÈÛ¯‡Ô˜

ÌÂÙ·Í‡ ÙˆÓ 20 Î·È 80 ÂÙÒÓ

(Runge et al 2004). OÈ McNeil et

al (2007) Ì¤ÙÚËÛ·Ó ÙË Û¯ÂÙÈÎ‹

ÈÛ¯‡ ÙˆÓ Ú·¯È·›ˆÓ Î·ÌÙ‹ÚˆÓ

ÙË˜ Ô‰ÔÎÓËÌÈÎ‹˜ ÛÂ ÙÚÂÈ˜ ËÏÈ-

ÎÈ·Î¤˜ ÔÌ¿‰Â˜ ËÏÈÎ›·˜ 26, 65 Î·È

84 ÂÙÒÓ Î·È ÙË ‚Ú‹Î·Ó ÌÂÈˆÌ¤ÓË

Î·Ù¿ 25% ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤ÓÔ˘˜ ÛÂ

Û‡ÁÎÚÈÛË ÌÂ ÙÔ˘˜ Ó¤Ô˘˜, Î·Ù¿

60% ÛÙÔ˘˜ ÔÏ‡ ËÏÈÎÈˆÌ¤ÓÔ˘˜ ÛÂ

Û‡ÁÎÚÈÛË ÌÂ ÙÔ˘˜ Ó¤Ô˘˜ Î·È 40%

ÛÙÔ˘˜ ÔÏ‡ ËÏÈÎÈˆÌ¤ÓÔ˘˜ ÛÂ

Û‡ÁÎÚÈÛË ÌÂ ÙÔ˘˜ ËÏÈÎÈˆÌ¤ÓÔ˘˜.

™Â ¤ÚÂ˘Ó· ÙˆÓ DeVita Î·È

Hortobagyi (2000) ÌÂÙÚ‹ıËÎÂ Ë

ÈÛ¯‡˜ ÙˆÓ Ì˘ÒÓ ÙÔ˘ ÈÛ¯›Ô˘, ÙÔ˘

ÁfiÓ·ÙÔ˜ Î·È ÙË˜ Ô‰ÔÎÓËÌÈÎ‹˜.

OÈ ËÏÈÎÈˆÌ¤ÓÔÈ ·ÚÔ˘Û›·Û·Ó

279% ÂÚÈÛÛfiÙÂÚÔ ¤ÚÁÔ ÛÙÔ

ÈÛ¯›Ô, 39% ÏÈÁfiÙÂÚÔ ¤ÚÁÔ ÛÙÔ

ÁfiÓ·ÙÔ Î·È 29% ÏÈÁfiÙÂÚÔ ¤ÚÁÔ

ÛÙËÓ Ô‰ÔÎÓËÌÈÎ‹ Û˘ÁÎÚÈÓfiÌÂÓÔÈ

ÌÂ ÙÔ˘˜ ÓÂ·ÚÔ‡˜, fiÙ·Ó ÂÚ·ÙÔ‡Ó

ÌÂ ÙËÓ ›‰È· Ù·¯‡ÙËÙ·. º·›ÓÂÙ·È

ˆ˜, Ì·˙› ÌÂ ÙË ÌÂ›ˆÛË ÛÙÈ˜ ÎÈÓË-

ÙÈÎ¤˜ Î·È ·ÈÛıËÙ‹ÚÈÂ˜ ÏÂÈÙÔ˘Ú-

Á›Â˜, Ë Á‹Ú·ÓÛË ÚÔÎ·ÏÂ› ÌÂÙ·-

ÙfiÈÛË ÙË˜ ÏÂÈÙÔ˘ÚÁ›·˜, ·ÏÏ·Á‹

ÛÙÔ Û¯‹Ì· ‚¿‰ÈÛË˜ Î·È ÌÂÁ·Ï‡ÙÂ-

ÚÂ˜ ··ÈÙ‹ÛÂÈ˜ ·fi ¿ÏÏÔ˘˜ Ì˘˜.

∞ÓÙÔ¯‹

∏ ÈÛÔÌÂÙÚÈÎ‹ Ì˘˚Î‹ ·ÓÙÔ¯‹

Â›Ó·È Ë ÈÎ·ÓfiÙËÙ· ÂÊ·ÚÌÔÁ‹˜

Î¿ÔÈÔ˘ ÔÛÔÛÙÔ‡ (Û˘Ó‹ıˆ˜

50%) ÙË˜ Ì¤ÁÈÛÙË˜ ÈÛÔÌÂÙÚÈÎ‹˜

‰‡Ó·ÌË˜ ÁÈ· Î¿ÔÈÔ ¯ÚÔÓÈÎfi ‰È¿-

ÛÙËÌ· (Aniansson et al 1978,

Larsson and Karlson 1978). ∏

Û¯ÂÙÈÎ‹ ·ÓÙÔ¯‹ ÙË˜ Ï·‚‹˜ ÙÔ˘

¯ÂÚÈÔ‡  ‚Ú¤ıËÎÂ ˘„ËÏfiÙÂÚË

ÛÙÔ˘˜ 70¯ÚÔÓÔ˘˜ ·Ú¿ ÛÙÔ˘˜

Ó¤Ô˘˜ ËÏÈÎ›·˜ 20-30 ÂÙÒÓ

(Aniansson et al 1978). ª¿ÏÈÛÙ·,

‰ÂÓ ¿ÏÏ·ÍÂ Ù· ÂfiÌÂÓ· 5 ¯ÚfiÓÈ·

(Aniansson et al 1983). ™‡ÌÊˆÓ·

ÌÂ ÙÔ˘˜ Narici et al (1991), Ë ÈÛÔ-

ÌÂÙÚÈÎ‹ ·ÓÙÔ¯‹ ÙÔ˘ ÚÔÛ·ÁˆÁÔ‡

ÙÔ˘ ·ÓÙ›¯ÂÈÚ· ·˘Í¿ÓÂÙ·È ÁÚ·ÌÌÈ-

Î¿ ÌÂ ÙËÓ ËÏÈÎ›·. º·›ÓÂÙ·È ˆ˜ Ë

ÌÂ›ˆÛË ÛÙË ‰‡Ó·ÌË "ÂÍÈÛÔÚÚÔ-

Â›Ù·È" ·fi Î·Ï‡ÙÂÚË ·ÓÙÔ¯‹

(Sperling 1980). ∞ÚÎÂÙÔ› ÂÚÂ˘ÓË-

Ù¤˜ ·Ô‰›‰Ô˘Ó ÙË ‰È·Ù‹ÚËÛË ÙË˜

·ÓÙÔ¯‹˜ ÛÂ ˘„ËÏ¿ Â›Â‰· ÛÂ

·‡ÍËÛË ÛÙËÓ ·Ó·ÏÔÁ›· ÈÓÒÓ ‚Ú·-

‰Â›·˜ Û˘ÛÙÔÏ‹˜ (Petrofsky and

Lind 1975, Larsson and Karlson

1978).

™Â ¤ÚÂ˘Ó· ÙˆÓ Hunter et al

(2005) Û˘ÁÎÚ›ıËÎÂ Ë ÈÎ·ÓfiÙËÙ·

·Ú·ÁˆÁ‹˜ ÈÛÔÌÂÙÚÈÎÔ‡ ¤ÚÁÔ˘

ÛÙÔ 20% ÙË˜ Ì¤ÁÈÛÙË˜ ÂÎÔ‡ÛÈ·˜

Û˘ÛÙÔÏ‹˜ ·fi ÙÔ˘˜ Î·ÌÙ‹ÚÂ˜

ÙÔ˘ ·ÁÎÒÓ·, ·Ó¿ÌÂÛ· ÛÂ 8

¿Ó‰ÚÂ˜ ËÏÈÎ›·˜ 18-31 ÂÙÒÓ Î·È ÛÂ

8 ¿Ó‰ÚÂ˜ ËÏÈÎ›·˜ 67-76 ÂÙÒÓ, ÔÈ

ÔÔ›ÔÈ Â›¯·Ó ›‰È· Ì¤ÁÈÛÙË ÈÛÔÌÂ-

ÙÚÈÎ‹ ‰‡Ó·ÌË. Δ· ·ÔÙÂÏ¤ÛÌ·Ù·

¤‰ÂÈÍ·Ó fiÙÈ ÔÈ ËÏÈÎÈˆÌ¤ÓÔÈ ‹Ù·Ó

¶INAKA™ 1. ™¯ÂÙÈ˙fiÌÂÓÂ˜ ÌÂ ÙËÓ ËÏÈÎ›· ÌÂÈÒÛÂÈ˜ ÛÙË Ì˘˚Î‹ ‰‡Ó·ÌË.
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ÈÎ·ÓÔ› Ó· ‰È·ÙËÚ‹ÛÔ˘Ó ÙË Û˘ÛÙÔ-

Ï‹ ÁÈ· ÌÂÁ·Ï‡ÙÂÚÔ ¯ÚÔÓÈÎfi ‰È¿-

ÛÙËÌ·. OÈ Laforest et al (1990)

Ì¤ÙÚËÛ·Ó ÙË ‰‡Ó·ÌË ÙˆÓ Î·ÌÙ‹-

ÚˆÓ Î·È ÙˆÓ ÂÎÙÂÈÓfiÓÙˆÓ ÛÙÔ

ÁfiÓ·ÙÔ Î·È ÙËÓ ·ÓÙÔ¯‹ ÙˆÓ ÂÎÙÂÈ-

ÓfiÓÙˆÓ Î·È Î·Ù¤ÏËÍ·Ó ÛÙÔ

Û˘Ì¤Ú·ÛÌ· ˆ˜ Ë ËÏÈÎ›· Û¯ÂÙ›-

˙ÂÙ·È ÌÂ ÌÂ›ˆÛË ÛÙË Ì˘˚Î‹ ‰‡Ó·-

ÌË ·ÏÏ¿ fi¯È ÛÙËÓ ·ÓÙÔ¯‹.

™Â ¤ÚÂ˘Ó· ÙˆÓ Desrosiers et al

(1997), ÛÂ ÙÚÂÈ˜ ËÏÈÎÈ·Î¤˜ ÔÌ¿-

‰Â˜ ËÏÈÎ›·˜ 60-69, 70-79 Î·È ¿Óˆ

ÙˆÓ 80 ÂÙÒÓ, ÌÂÙÚ‹ıËÎÂ Ë ÈÛÔÌÂ-

ÙÚÈÎ‹ ·ÓÙÔ¯‹ ÙË˜ Ï·‚‹˜. Δ· ·Ô-

ÙÂÏ¤ÛÌ·Ù· ¤‰ÂÈÍ·Ó ˆ˜, ·Ó Î·È

˘‹Ú¯Â Ù¿ÛË ÁÈ· ÌÂ›ˆÛË ÛÙË ÈÛÔ-

ÌÂÙÚÈÎ‹ ·ÓÙÔ¯‹ ÙË˜ Ï·‚‹˜, ‰ÂÓ

˘‹Ú¯Â ÛÙ·ÙÈÛÙÈÎÒ˜ ÛËÌ·ÓÙÈÎ‹

‰È·ÊÔÚ¿ ÌÂ ÙËÓ ·‡ÍËÛË ÙË˜ ËÏÈ-

Î›·˜. ∞ÎfiÌË, ÙÔ ÂÈÎÚ·Ù¤˜ ¿Óˆ

¿ÎÚÔ Â›¯Â ÌÂÁ·Ï‡ÙÂÚË ·ÓÙÔ¯‹ Î·È

ÌfiÓÔ ·˘ÙÔ› Ô˘ ‰Ô‡ÏÂ˘·Ó ÔÏ‡

Î·È ÌÂ ‰‡Ó·ÌË Ù· ¯¤ÚÈ· Â›¯·Ó

Î·Ï‡ÙÂÚË ·ÓÙÔ¯‹. OÈ ÂÚÂ˘ÓËÙ¤˜

Û˘ÌÂÚ·›ÓÔ˘Ó ˆ˜ Ë Û¯ÂÙÈÎ‹

·ÓÙÔ¯‹ ‰Â ÌÂÈÒÓÂÙ·È. ŸÌˆ˜, Ë

ÌÂ›ˆÛË ÛÙË ‰‡Ó·ÌË Î·È ÛÙËÓ ·fi-

Ï˘ÙË ·ÓÙÔ¯‹ ÚÔÎ·ÏÂ› ¤ÎÙˆÛË

ÙË˜ ÈÎ·ÓfiÙËÙ·˜ ÂÎÙ¤ÏÂÛË˜ ¤ÓÙÔ-

ÓˆÓ Â·Ó·Ï·Ì‚·ÓfiÌÂÓˆÓ ‰Ú·-

ÛÙËÚÈÔÙ‹ÙˆÓ. ∞˘Ùfi Â›Ó·È Û‡ÌÊˆ-

ÓÔ Î·È ÌÂ ¿ÏÏË ¤ÚÂ˘Ó·

(Vandervoort et al 1986). ∏ ÌÂ›ˆ-

ÛË ÛÙËÓ ·fiÏ˘ÙË ·ÓÙÔ¯‹ ÂÈÙ·¯‡-

ÓÂÙ·È ÌÂÙ¿ Ù· 60 ¤ÙË (Larsson and

Karlson 1978).

§ÂÈÙÔ˘ÚÁÈÎfiÙËÙ·

™‡ÌÊˆÓ· ÌÂ ÙËÓ CBS Statistics

Netherlands (1997), ÙÔ 20% ÙˆÓ

·ÙfiÌˆÓ ËÏÈÎ›·˜ 65-75 ÂÙÒÓ ¯ÚÂÈ-

¿˙ÔÓÙ·È ‚Ô‹ıÂÈ· ÁÈ· ÙËÓ ÂÎÙ¤ÏÂ-

ÛË Î·ıËÌÂÚÈÓÒÓ ‰Ú·ÛÙËÚÈÔÙ‹ÙˆÓ

Î·È ÙÔ ÔÛÔÛÙfi ·˘Ùfi ·˘Í¿ÓÂÙ·È

ÛÙÔ 45% ÁÈ· ¿ÙÔÌ· ËÏÈÎ›·˜ ¿Óˆ

ÙˆÓ 85 ÂÙÒÓ. OÈ ÚÒÙÂ˜ ‰Ú·ÛÙË-

ÚÈfiÙËÙÂ˜ Ô˘ ÂËÚÂ¿˙ÔÓÙ·È Â›Ó·È

ÙÔ ÂÚ¿ÙËÌ·, Ë ¿ÓÔ‰Ô˜ ÛÎ¿Ï·˜

Î·È Ë ¤ÁÂÚÛË ÙÔ˘ ÎÔÚÌÔ‡ ·fi ÙËÓ

Î·Ú¤ÎÏ· ‹ ÙÔ ÎÚÂ‚¿ÙÈ.

∏ ÌÂ›ˆÛË ÙË˜ Ì˘˚Î‹˜ Ì¿˙·˜ Î·È

‰‡Ó·ÌË˜ (Û·ÚÎÔÂÓ›·) ÚÔÎ·ÏÂ›

·ÒÏÂÈ· Ê˘ÛÈÔÏÔÁÈÎ‹˜ ÏÂÈÙÔ˘Ú-

Á›·˜, Ô‰ËÁÂ› ÛÂ ÌÂÈˆÌ¤ÓÂ˜ ‰Ú·-

ÛÙËÚÈfiÙËÙÂ˜, ÙÒÛÂÈ˜ Î·È ÛÔ‚·-

ÚÔ‡˜ ÙÚ·˘Ì·ÙÈÛÌÔ‡˜ (Carmeli et

al 2002), ÌÂÁ·Ï‡ÙÂÚË ÓÔÛËÚfiÙËÙ·

Î·È ·ÒÏÂÈ· ÏÂÈÙÔ˘ÚÁÈÎ‹˜ ·˘ÙÔ-

ÓÔÌ›·˜ (Carmeli et al 2000,

Vandervoort and Symons 2001).

∏ ÎÈÓËÙÈÎ‹ ·Ó·ËÚ›· ÏfiÁˆ Û·Ú-

ÎÔÂÓ›·˜, Ô‰ËÁÂ› ÛÙË Ê˘ÛÈÎ‹

·Ó·ËÚ›· Î·È ÛÙÔ ı¿Ó·ÙÔ (Fried

and Guralnik 1997). ¶ÂÚ›Ô˘

Á‡Úˆ ÛÙ· 60 ¤ÙË ÔÈ ·ÏÏ·Á¤˜ ÛÙÔ

ÓÂ˘ÚÔÌ˘˚Îfi Û‡ÓÔÏÔ Á›ÓÔÓÙ·È

ÂÌÊ·ÓÂ›˜ Î·È ÂËÚÂ¿˙Ô˘Ó ÙËÓ

Î·ıËÌÂÚÈÓ‹ ‰Ú·ÛÙËÚÈfiÙËÙ·

(Hakkinen & Hakkinen 1995,

Harridge et al 1999). OÈ ·ÏÏ·Á¤˜

·˘Ù¤˜, ÛÂ Û˘Ó‰˘·ÛÌfi ÌÂ ¯·ÌËÏ¿

Â›Â‰· Ê˘ÛÈÎ‹˜ ‰Ú·ÛÙËÚÈfiÙË-

Ù·˜, ÌÔÚÔ‡Ó Ó· Ô‰ËÁ‹ÛÔ˘Ó ÛÂ

ÂÚ·ÈÙ¤Úˆ ÌÂ›ˆÛË ÙË˜ ÏÂÈÙÔ˘ÚÁÈ-

Î‹˜ ÈÎ·ÓfiÙËÙ·˜ (Phillips and

Haskell 1995).

¶ÔÏÏÔ› ÂÚÂ˘ÓËÙ¤˜ ÙÔÓ›˙Ô˘Ó ÙË

ÛËÌ·Û›· ÙË˜ ‰‡Ó·ÌË˜ ÙÔ˘ ÙÂÙÚ·-

ÎÂÊ¿ÏÔ˘ ÁÈ· ÙËÓ ÂÈÙ˘¯‹ ¤ÁÂÚÛË

·fi Î·Ú¤ÎÏ· Î·È ÙË ‚¿‰ÈÛË. ªÈ·

¤ÚÂ˘Ó· ¤‰ÂÈÍÂ fiÙÈ Ë ‰‡Ó·ÌË ÙÔ˘

ÙÂÙÚ·ÎÂÊ¿ÏÔ˘ Â›Ó·È ÔÏ‡ ÛËÌ·-

ÓÙÈÎ‹ ÁÈ· Ó· ·Ó·Ù˘¯ıÂ› Ë ÚÔ‹

Ô˘ ¯ÚÂÈ¿˙ÂÙ·È ÛÙÔ ÁfiÓ·ÙÔ ÁÈ· Ó·

ÌÔÚ¤ÛÔ˘Ó ÔÈ ÏÂÈÙÔ˘ÚÁÈÎ¿ ÂÚÈÔ-

ÚÈÛÌ¤ÓÔÈ ËÏÈÎÈˆÌ¤ÓÔÈ Ó· ÛËÎˆ-

ıÔ‡Ó ·fi ÌÈ· Î·Ú¤ÎÏ· ( Hughes

et al 1996). ™Â ¤ÚÂ˘Ó· ÙˆÓ

Scarborough et al (1999), ÔÈ ËÏÈ-

ÎÈˆÌ¤ÓÔÈ Ô˘ Â›¯·Ó ÌÂÁ·Ï‡ÙÂÚË

‰‡Ó·ÌË ÙÂÙÚ·ÎÂÊ¿ÏÔ˘, ÛËÎÒıË-

Î·Ó ·fi ÙËÓ Î·Ú¤ÎÏ· ÈÔ ÁÚ‹ÁÔ-

Ú·, ·Ú¿ÁÔÓÙ·˜ ÌÂÁ·Ï‡ÙÂÚË

Î·Ù·ÎfiÚ˘ÊË Î·È ÔÈÛıÔÚfiÛıÈ·

ÔÚÌ‹, ÂÙ˘¯·›ÓÔÓÙ¿˜ ÙÔ ÌÂ ÌÂÁ·-

Ï‡ÙÂÚË ÛÙ·ıÂÚfiÙËÙ· Î·È ÈÎ·ÓfiÙË-

Ù· ÂÏ¤Á¯Ô˘ ÙË˜ Î›ÓËÛË˜, ·ÓÂÍ·Ú-

Ù‹Ùˆ˜ ÙË˜ ÛÙÚ·ÙËÁÈÎ‹˜ ¤ÁÂÚÛË˜.

OÈ Schencman et al (1996), ·¤-

‰ÂÈÍ·Ó fiÙÈ ˘¿Ú¯ÂÈ Û¯¤ÛË ÌÂÙ·Í‡

‰‡Ó·ÌË˜ Î¿Ùˆ ¿ÎÚÔ˘ Î·È ÈÎ·Ófi-

ÙËÙ·˜ ÂÈÙ˘¯Ô‡˜ ¤ÁÂÚÛË˜ ·fi

Î·Ú¤ÎÏ·. Œ‰ÂÈÍ·Ó, ·ÎfiÌË, ˆ˜

˘¿Ú¯ÂÈ ÛËÌ·ÓÙÈÎ‹ Û˘Û¯¤ÙÈÛË

·Ó¿ÌÂÛ· ÛÙË Û˘Ó‰˘·ÛÌ¤ÓË Ì¤ÁÈ-

ÛÙË ÚÔ‹ ÛÙÈ˜ ·ÚıÚÒÛÂÈ˜ ÙˆÓ

Î¿Ùˆ ¿ÎÚˆÓ Î·È ÛÙË ÏÂÈÙÔ˘ÚÁÈÎ‹

ÚÔÛ¤ÁÁÈÛË. ∏ ‰ÔÎÈÌ·Û›· ÁÈ·

ÏÂÈÙÔ˘ÚÁÈÎ‹ ÚÔÛ¤ÁÁÈÛË Â›Ó·È

·ÍÈfiÈÛÙË Î·È ¤¯ÂÈ ˘„ËÏ‹ ÈÎ·Ófi-

ÙËÙ· Úfi‚ÏÂ„Ë˜ ÙÒÛÂˆÓ ÛÂ

˘ÂÚ‹ÏÈÎÔ˘˜ (Duncan et al 1990).

∏ ·ÒÏÂÈ· Ì˘˚Î‹˜ Ì¿˙·˜ Î·È

‰‡Ó·ÌË˜, ÛÂ ˘ÂÚ‹ÏÈÎ· ¿ÙÔÌ·,

¤¯ÂÈ Û¯¤ÛË ÌÂ ÙË ÌÂ›ˆÛË ÛÙËÓ

Ù·¯‡ÙËÙ· ‚¿‰ÈÛË˜ (Fiatarone et

al 1990, Brown et al 1995). ™Â

·ÚfiÌÔÈ· ÏËı˘ÛÌÈ·Î‹ ÔÌ¿‰·,

ÔÈ Bassey et al (1992) ¤‰ÂÈÍ·Ó fiÙÈ

Ë ‰‡Ó·ÌË ÙˆÓ ÂÎÙÂÈÓfiÓÙˆÓ ÙÔ˘

Ô‰ÈÔ‡ ¤¯ÂÈ Û¯¤ÛË ÌÂ ÙËÓ ÂÎÙ¤ÏÂ-

ÛË ÏÂÈÙÔ˘ÚÁÈÎÒÓ ÎÈÓ‹ÛÂˆÓ, fiˆ˜

·Ó¤‚·ÛÌ· ÛÎ¿Ï·˜ Î·È ‚¿‰ÈÛË.

ŸÙ·Ó ÓÂ·ÚÔ› Î·È ËÏÈÎÈˆÌ¤ÓÔÈ

ÂÚ·ÙÔ‡Ó ÌÂ ÙËÓ ›‰È· Ù·¯‡ÙËÙ·,

∏ ÌÂ›ˆÛË ÙË˜ Ì˘˚Î‹˜
Ì¿˙·˜ Î·È ‰‡Ó·ÌË˜ 
ÚÔÎ·ÏÂ› ·ÒÏÂÈ·

Ê˘ÛÈÔÏÔÁÈÎ‹˜ 
ÏÂÈÙÔ˘ÚÁ›·˜, Ô‰ËÁÂ› ÛÂ

ÌÂÈˆÌ¤ÓÂ˜ ‰Ú·ÛÙËÚÈfiÙË-
ÙÂ˜, ÙÒÛÂÈ˜ Î·È ÛÔ‚·-
ÚÔ‡˜ ÙÚ·˘Ì·ÙÈÛÌÔ‡˜,

ÌÂÁ·Ï‡ÙÂÚË ÓÔÛËÚfiÙËÙ·
Î·È ·ÒÏÂÈ· ÏÂÈÙÔ˘ÚÁÈÎ‹˜

·˘ÙÔÓÔÌ›·˜
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ÙÔ Ì‹ÎÔ˜ ÙÔ˘ ‚‹Ì·ÙÔ˜ Â›Ó·È 4%

ÌÈÎÚfiÙÂÚÔ Î·È Ô Ú˘ıÌfi˜ ‚¿‰ÈÛË˜

4% ˘„ËÏfiÙÂÚÔ˜ ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤-

ÓÔ˘˜ ·fi fiÙÈ ÛÙÔ˘˜ ÓÂ·ÚÔ‡˜ (De

Vita and Hortobagyi 2000).

ÕÏÏË ·ÏÏ·Á‹ Ô˘ ·ÚÔ˘ÛÈ¿-

˙Ô˘Ó ÔÈ ËÏÈÎÈˆÌ¤ÓÔÈ Â›Ó·È Ë ·‡ÍË-

ÛË ÙÔ˘ Â‡ÚÔ˘˜ Ù·Ï¿ÓÙˆÛË˜ ÛÙËÓ

fiÚıÈ· ÛÙ¿ÛË, ÙÔ ÔÔ›Ô ıÂˆÚÂ›Ù·È

ˆ˜ ¤Ó·˜ Î·Ïfi˜ ‰Â›ÎÙË˜ ÂÏ¤Á¯Ô˘

ÙË˜ ÈÛÔÚÚÔ›·˜. ªÈ· ÌÂÏ¤ÙË ÂÍ¤-

Ù·ÛÂ 500 ¿ÙÔÌ· ËÏÈÎ›·˜ ·fi 40

¤ˆ˜ 80 ÂÙÒÓ, Ô˘ ‰ÂÓ Â›¯·Ó Î·Ì›·

·ıÔÏÔÁ›· Î·È ‚Ú‹ÎÂ fiÙÈ Ë ÛÙ·ÛÈ-

Î‹ Ù·Ï¿ÓÙˆÛË ·˘Í·ÓfiÙ·Ó ÌÂ

Î¿ıÂ ‰ÂÎ·ÂÙ›· ˙ˆ‹˜. ŒÙÛÈ, Ë

ÌÂÁ·Ï‡ÙÂÚË ·˘ıfiÚÌËÙË Ù·Ï¿ÓÙˆ-

ÛË ÂÌÊ·ÓÈ˙fiÙ·Ó ÛÙÔ˘˜ 80¯ÚÔÓÔ˘˜

(Toupet et al 1992). ∏ ¯·ÌËÏ‹

‰˘Ó·ÌÈÎ‹ ÛÙ·ıÂÚÔÔ›ËÛË Ô˘

·Ú·ÙËÚÂ›Ù·È ÛÂ ÔÏÏÔ‡˜ ËÏÈÎÈˆ-

Ì¤ÓÔ˘˜ Û˘Ó‹ıˆ˜ ÚÔÎ·ÏÂ›Ù·È

·fi ¯ÚfiÓÈ· ÂÎÊ‡ÏÈÛË ÙÔ˘ ÓÂ˘ÚÔ-

Ì˘˚ÎÔ‡, Ì˘ÔÛÎÂÏÂÙÈÎÔ‡ Î·È

ÛˆÌ·ÙÔ·ÈÛıËÙÈÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜,

ÏfiÁˆ ÁÂÓÂÙÈÎÒÓ ·Ú·ÁfiÓÙˆÓ,

ÙÚfiÔ˘ ˙ˆ‹˜ ÎÏ (Lord et al

1991).  

∂¶π¢ƒ∞™∏ Δ∏™ ∞™∫∏™∏™

∂›‰Ú·ÛË ÛÙÈ˜ Î˘ÙÙ·ÚÈÎ¤˜
ÏÂÈÙÔ˘ÚÁ›Â˜

Δ· ·ÔÙÂÏ¤ÛÌ·Ù· ·fi ÔÏÏ¤˜

ÂÈÚ·Ì·ÙÈÎ¤˜ ÌÂÏ¤ÙÂ˜ ‰Â›¯ÓÔ˘Ó

fiÙÈ Ë ÂÊ·ÚÌÔÁ‹ Â·ÚÎÔ‡˜ ¿ÛÎË-

ÛË˜ ‚ÂÏÙÈÒÓÂÈ ÙÈ˜ ‚ÈÔ¯ËÌÈÎ¤˜

·Ú·Ì¤ÙÚÔ˘˜ Î·Ù¿ ÙËÓ Á‹Ú·ÓÛË

ÙÔ˘ ÛÎÂÏÂÙÈÎÔ‡ Ì˘fi˜, ÂÓÒ Ë

·‰Ú¿ÓÂÈ· Î·È Ë ·ÎÈÓËÙÔÔ›ËÛË

¤¯Ô˘Ó ·ÚÓËÙÈÎ¤˜ Û˘Ó¤ÂÈÂ˜ ÛÂ

·˘Ù¤˜ (Carmeli et al 2002). ª¿ÏÈ-

ÛÙ·, ÏfiÁˆ ·¯ÚËÛ›·˜ ·Ú·ÙËÚÂ›-

Ù·È ÌÂÈˆÌ¤ÓË ÚˆÙÂ˚ÓÔÛ‡ÓıÂÛË,

·˘ÍËÌ¤ÓË ÚˆÙÂ˚ÓÈÎ‹ ˘Ô‚¿ıÌÈ-

ÛË, ·‡ÍËÛË ÙË˜ ÔÍÂÈ‰ˆÙÈÎ‹˜ ›Â-

ÛË˜ Î·È ·ÏÏ·Á‹ ÛÙÔ Ì¤ÁÂıÔ˜ Î·È

ÙÔÓ ·ÚÈıÌfi ÙˆÓ Û·ÚÎÔÌÂÚ›ˆÓ

(Zarzhevsky et al 2001). ∞ÓÙ›ıÂ-

Ù·, Ë ¿ÛÎËÛË ÌÂÈÒÓÂÈ ÙË Û˘ÛÛÒ-

ÚÂ˘ÛË ÂÏÂ‡ıÂÚˆÓ ÚÈ˙ÒÓ ÔÍ˘Áfi-

ÓÔ˘, ÌÂ ·ÔÙ¤ÏÂÛÌ· ÙËÓ ·‡ÍËÛË

ÙÔ˘ ·ÂÚfi‚ÈÔ˘ ÌÂÙ·‚ÔÏÈÛÌÔ‡

ÛÙÔ˘˜ Ì˘˜ (Fulle et al 2004).           

ªÂÚÈÎ¿ ·fi Ù· ·ÔÙÂÏ¤ÛÌ·Ù·

ÙË˜ ¿ÛÎ‹ÛË˜ ÛÙÔ Î˘ÙÙ·ÚÈÎfi Â›-

Â‰Ô Û‡ÌÊˆÓ· ÌÂ ÙÔÓ Ji (2001,

2002), Â›Ó·È Ë ‰È·ÌfiÚÊˆÛË ÙÔ˘

Î˘„ÂÏÔÂÈ‰Ô‡˜ ·ÓÙÈÔÍÂÈ‰ˆÙÈÎÔ‡

·Ì˘ÓÙÈÎÔ‡ Û˘ÛÙ‹Ì·ÙÔ˜, ÌÂ ·ÔÙ¤-

ÏÂÛÌ· ÙËÓ ·ÓÙÈÔÍÂÈ‰ˆÙÈÎ‹ ÚÔ-

Û·ÚÌÔÁ‹, Ë ÔÔ›· ÈÛÔÚÚÔÂ› ÙËÓ

ÔÍÂÈ‰ˆÙÈÎ‹ ›ÂÛË Î·È ÙËÓ ˙ËÌÈ¿

Î·Ù¿ ÙËÓ Á‹Ú·ÓÛË.

™Â ¿ÏÏÂ˜ ¤ÚÂ˘ÓÂ˜, fiˆ˜ ÙˆÓ

Welle et al (1995), Yarasheski et

al (1999), Hasten et al (2000) Î·È

Balagopal et al (2001),  ·Ú·ÙË-

Ú‹ıËÎÂ fiÙÈ ÔÈ ·ÛÎ‹ÛÂÈ˜ ·ÓÙ›ÛÙ·-

ÛË˜ ·˘Í¿ÓÔ˘Ó ÙËÓ Ì˘˚Î‹ ÚˆÙÂ˚-

ÓÔÛ‡ÓıÂÛË. ΔÔ ›‰ÈÔ ·ÎÚÈ‚Ò˜

·Ú·ÙËÚ‹ıËÎÂ ÛÙËÓ ¤ÚÂ˘Ó· ÙˆÓ

Short et al (2004), ÌÂ ÙËÓ ‰È·ÊÔ-

Ú¿ fiÙÈ ÙÔ ·ÔÙ¤ÏÂÛÌ· ·˘Ùfi

ÚÔ‹ÏıÂ ÌÂÙ¿ ·fi 4 Ì‹ÓÂ˜ ·ÂÚfi-

‚È·˜ ¿ÛÎËÛË˜. ∂›ÛË˜, ÛÙÈ˜ ¤ÚÂ˘-

ÓÂ˜ ÙˆÓ Coggan et al (1990,

1992), Proctor et al (1995) Î·È

Proctor & Joyner (1997), Ù· ·Ô-

ÙÂÏ¤ÛÌ·Ù· ¤‰ÂÈÍ·Ó fiÙÈ ÌÂ ÙÈ˜

·ÛÎ‹ÛÂÈ˜ ·ÓÙÔ¯‹˜ ·˘Í¿ÓÂÙ·È Ë

ÔÈfiÙËÙ· ÙË˜ ÌÈÙÔ¯ÔÓ‰ÚÈ·Î‹˜

ÚˆÙÂ˝ÓË˜ ÛÙÔ˘˜ Ì˘˜ Î·È ‚ÂÏÙÈÒ-

ÓÂÙ·È Ë Ê˘ÛÈÎ‹ Î·Ù¿ÛÙ·ÛË.

¶·ÚfiÏ· ·˘Ù¿, ÔÈ Armstrong et al

(1991) Î·È Ô Friden & Lieber

(2001), ¤‰ÂÈÍ·Ó fiÙÈ ÔÈ Â·Ó·Ï·Ì-

‚·ÓfiÌÂÓÂ˜ ÏÂÈÔÌÂÙÚÈÎ¤˜ Û˘ÛÙÔ-

Ï¤˜ ÚÔÎ·ÏÔ‡Ó ÂÚÈÛÛfiÙÂÚË Î˘Ù-

Ù·ÚÈÎ‹ ˙ËÌÈ¿ (ÛÂ ‚·ÛÈÎ¿ ‰ÔÌÈÎ¿

ÛÙÔÈ¯Â›· Ì˘˚ÎÔ‡ Î˘ÙÙ¿ÚÔ˘ .¯.

DNA, ÚˆÙÂ˝ÓÂ˜). 

™Â Â›Â‰Ô Ì˘˚ÎÒÓ ÈÓÒÓ, ÌÂ

ÚfiÁÚ·ÌÌ· ·ÛÎ‹ÛÂˆÓ ·ÓÙÔ¯‹˜

ÛÂ ¿Ó‰ÚÂ˜ ËÏÈÎÈ·Î‹˜ ÔÌ¿‰·˜ 56-

65 ÂÙÒÓ, ·Ú·ÙËÚ‹ıËÎÂ ·‡ÍËÛË

ÙÔ˘ ÌÂÁ¤ıÔ˘˜ ÙˆÓ ÈÓÒÓ Ù‡Ô˘ I

Î·È II (Larsson 1982), ÂÓÒ ÛÙËÓ

¤ÚÂ˘Ó· ÙˆÓ Singh et al (1999)

·Ú·ÙËÚ‹ıËÎÂ ·‡ÍËÛË ÙÔ˘ ÌÂÁ¤-

ıÔ˘˜ ÙˆÓ ÈÓÒÓ Ù‡Ô˘ II, ÌÂ 10

Â‚‰ÔÌ¿‰Â˜ ·ÛÎ‹ÛÂˆÓ ·ÓÙ›ÛÙ·-

ÛË˜ Î·È Û˘ÌÏËÚÒÌ·Ù· ‰È·ÙÚÔ-

Ê‹˜, ÌÂ ÙËÓ ‰È·ÊÔÚ¿ fiÙÈ ÔÈ Singh

et al. ·Ú·Ù‹ÚËÛ·Ó Î·È ÔÛÙÂÔÌ˘-

˚Î‹ ·Ó·‰È·ÌfiÚÊˆÛË ÛÙÔ˘˜ ËÏÈ-

ÎÈˆÌ¤ÓÔ˘˜.   

™Â ¤ÚÂ˘Ó· ÙˆÓ Reeves et al

(2004) ·Ú·ÙËÚ‹ıËÎÂ ·‡ÍËÛË

ÙÔ˘ Ì‹ÎÔ˘˜ ÙˆÓ ‰ÂÛÌ›‰ˆÓ Î·Ù¿

9%, ¿Ú· Î·È ÙÔ˘ ·ÚÈıÌÔ‡ ÙˆÓ

Û·ÚÎÔÌÂÚ›ˆÓ ÌÂ Û˘ÓÂ·ÎfiÏÔ˘ıÔ

·ÔÙ¤ÏÂÛÌ· ÙËÓ ·‡ÍËÛË ÙË˜

‰‡Ó·ÌË˜ Î·È ÙÔ˘ Â‡ÚÔ˘˜ ÙÚÔ¯È¿˜

ÙÔ˘ Ì˘fi˜, ÌÂÙ¿ ·fi ÚfiÁÚ·ÌÌ·

·ÛÎ‹ÛÂˆÓ ·ÓÙ›ÛÙ·ÛË˜ ÁÈ· 14

Â‚‰ÔÌ¿‰Â˜ ÛÙÔÓ ¤Íˆ Ï·Ù‡. 

∂›‰Ú·ÛË 
ÛÙË Ì˘˚Î‹ ‰‡Ó·ÌË

Δ· ·ÔÙÂÏ¤ÛÌ·Ù· ÙˆÓ ÂÚÂ˘ÓÒÓ

‰Â›¯ÓÔ˘Ó fiÙÈ Ù· ËÏÈÎÈˆÌ¤Ó· ¿ÙÔÌ·

·ÓÙ·ÔÎÚ›ÓÔÓÙ·È È‰·ÓÈÎ¿ ÛÂ ÚÔ-

ÁÚ¿ÌÌ·Ù· ÏÂÈÔÌÂÙÚÈÎÒÓ ·ÛÎ‹-

ÛÂˆÓ Î·È ·ÛÎ‹ÛÂˆÓ ÌÂ ·ÓÙ›ÛÙ·ÛË

ÌÂ ÛÎÔfi ÙËÓ ·‡ÍËÛË ÙË˜ Ì˘˚Î‹˜

‰‡Ó·ÌË˜. 

OÈ Frontera et al (1988), ÂÊ¿Ú-

ÌÔÛ·Ó ÚfiÁÚ·ÌÌ· ÂÓ‰˘Ó¿ÌˆÛË˜

ÙˆÓ Î·ÌÙ‹ÚˆÓ Î·È ÂÎÙÂÈÓfiÓÙˆÓ

∏ ÂÊ·ÚÌÔÁ‹ Â·ÚÎÔ‡˜
¿ÛÎËÛË˜ ‚ÂÏÙÈÒÓÂÈ ÙÈ˜

‚ÈÔ¯ËÌÈÎ¤˜ ·Ú·Ì¤ÙÚÔ˘˜
Î·Ù¿ ÙËÓ Á‹Ú·ÓÛË ÙÔ˘
ÛÎÂÏÂÙÈÎÔ‡ Ì˘fi˜, ÂÓÒ Ë
·‰Ú¿ÓÂÈ· Î·È Ë ·ÎÈÓËÙÔ-
Ô›ËÛË ¤¯Ô˘Ó ·ÚÓËÙÈÎ¤˜

Û˘Ó¤ÂÈÂ˜ ÛÂ ·˘Ù¤˜
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ÙÔ˘ ÁfiÓ·ÙÔ˜ ÛÂ ¿Ó‰ÚÂ˜ ËÏÈÎÈ·Î‹˜

ÔÌ¿‰·˜ 60-72 ÂÙÒÓ ÁÈ· 12 Â‚‰Ô-

Ì¿‰Â˜. ∏ ·ÓÙ›ÛÙ·ÛË ‹Ù·Ó 80%

ÙË˜ ÌÈ·˜ Ì¤ÁÈÛÙË˜ Â·Ó¿ÏË„Ë˜

Î·È Á›ÓÔÓÙ·Ó 3 ÛÂÙ ÙˆÓ 8 Â·Ó·-

Ï‹„ÂˆÓ 3 ÊÔÚ¤˜ ÙËÓ Â‚‰ÔÌ¿‰·.

Δ· ·ÔÙÂÏ¤ÛÌ·Ù· Ô˘ Î·Ù·ÁÚ¿-

ÊËÎ·Ó ‹Ù·Ó 100% ·‡ÍËÛË ÙË˜

‰‡Ó·ÌË˜ ÛÙÔ˘˜ ÂÎÙÂ›ÓÔÓÙÂ˜ Î·È

200% ÛÙÔ˘˜ Î·ÌÙ‹ÚÂ˜ ÙÔ˘ ÁfiÓ·-

ÙÔ˜. ™Â ·ÚfiÌÔÈ· ¤ÚÂ˘Ó·, ÔÈ

Fiatarone et al. (1990), ÂÊ¿ÚÌÔ-

Û·Ó ÚfiÁÚ·ÌÌ· ÂÓ‰˘Ó¿ÌˆÛË˜

ÙˆÓ ÂÎÙÂÈÓfiÓÙˆÓ ÙÔ˘ ÁfiÓ·ÙÔ˜ ÛÂ

¿Ó‰ÚÂ˜ ËÏÈÎ›·˜ 86-96 ÂÙÒÓ Î·È Ù·

·ÔÙÂÏ¤ÛÌ·Ù· Î·Ù¤ÁÚ·„·Ó  ·‡ÍË-

ÛË ÙË˜ ‰‡Ó·ÌË˜ Î·Ù¿ 174%.

™Â ¤ÚÂ˘Ó· ÙˆÓ Hakkinen et al

(1998) ÂÊ·ÚÌfiÛÙËÎÂ ÚfiÁÚ·ÌÌ·

·ÛÎ‹ÛÂˆÓ ·ÓÙ›ÛÙ·ÛË˜  ÛÂ ËÏÈÎÈˆ-

Ì¤ÓÔ˘˜ Î·È ·Ú·ÙËÚ‹ıËÎÂ ÌÂ›ˆ-

ÛË ÙË˜ Û˘ÓÂÓÂÚÁÔÔ›ËÛË˜ (co-

activation) ÙˆÓ ·ÓÙ·ÁˆÓÈÛÙÒÓ

Ì˘ÒÓ, ÌÂ ·ÔÙ¤ÏÂÛÌ· ÙËÓ ·‡ÍËÛË

ÙË˜ ‰‡Ó·ÌË˜ ÙˆÓ ÚˆÙ·ÁˆÓÈÛÙÒÓ

Ì˘ÒÓ. 

™Â ·ÓÙ›ıÂÛË ÌÂ ÙÈ˜ ÚÔËÁÔ‡ÌÂ-

ÓÂ˜ ¤ÚÂ˘ÓÂ˜, ÛÙËÓ ¤ÚÂ˘Ó· ÙˆÓ

Ades et al (1996), ÂÎÙfi˜ ·fi ÙËÓ

·‡ÍËÛË ÙË˜ ‰‡Ó·ÌË˜ ·Ú·ÙËÚ‹-

ıËÎÂ Î·È Ë ·‡ÍËÛË ÙË˜ ·ÓÙÔ¯‹˜

ÛÙÔ ÂÚ¿ÙËÌ·, ÛÂ ¿ÙÔÌ· ËÏÈÎÈ·-

Î‹˜ ÔÌ¿‰·˜ ¿Óˆ ÙˆÓ 65 ÂÙÒÓ

ÌÂÙ¿ ·fi ÂÊ·ÚÌÔÁ‹ ·ÛÎ‹ÛÂˆÓ

·ÓÙ›ÛÙ·ÛË˜ ÁÈ· 3 Ì‹ÓÂ˜. ∂›ÛË˜,

ÛÙËÓ ¤ÚÂ˘Ó· ÙˆÓ Fiatarone et al.

(1994), ÂÎÙfi˜ ÙË˜ ·‡ÍËÛË˜ ÙË˜

‰‡Ó·ÌË˜ Î·Ù¿ 125% ÛÙÔ˘˜ Ì˘˜,

·Ú·ÙËÚ‹ıËÎÂ Î·È ‚ÂÏÙ›ˆÛË ÙË˜

‚¿‰ÈÛË˜ Î·È  ÙË˜ ·Ófi‰Ô˘ ÛÎ¿Ï·˜.   

OÈ Wu et al (2002) Î·È ÔÈ Lan et

al (1998) ÂÊ¿ÚÌÔÛ·Ó ÚfiÁÚ·ÌÌ·

·fi ·ÛÎ‹ÛÂÈ˜ Tai Chi ÛÙÔ˘˜

Î·ÌÙ‹ÚÂ˜ Î·È ÙÔ˘˜ ÂÎÙÂ›ÓÔÓÙÂ˜

ÙÔ˘ ÁfiÓ·ÙÔ˜. ∂ÈÏ¤¯ÙËÎ·Ó ‰˘Ô

ÔÌ¿‰Â˜, Ë ÌÈ· ‹Ù·Ó ·˘Ù‹ Ô˘ ı·

¤Î·ÓÂ ÙÈ˜ ·ÛÎ‹ÛÂÈ˜ Tai Chi

(·Ú¯·›· ÎÈÓÂ˙ÈÎ‹ ÔÏÂÌÈÎ‹ Ù¤¯ÓË,

Ë ÔÔ›· ÂÚÈÏ·Ì‚¿ÓÂÈ ÌÈ· ÛÂÈÚ¿

·fi ·ÚÁ¤˜ ·ÏÏ¿ Û˘ÓÂ¯fiÌÂÓÂ˜

ÎÈÓ‹ÛÂÈ˜ ÙÔ˘ ÛÒÌ·ÙÔ˜) Î·È Ë ¿ÏÏË

‹Ù·Ó Ë ÔÌ¿‰· ÂÏ¤Á¯Ô˘. Δ· ·ÔÙÂ-

Ï¤ÛÌ·Ù· ÙË˜ ¤ÚÂ˘Ó·˜ ·˘Ù‹˜ ¤‰ÂÈ-

Í·Ó ·‡ÍËÛË ÙË˜ ‰‡Ó·ÌË˜ ÙˆÓ

ÂÎÙÂÈÓfiÓÙˆÓ ÛÙÔ ÁfiÓ·ÙÔ ÛÙËÓ

ÔÌ¿‰· ÙÔ˘ Tai Chi.

∂›‰Ú·ÛË 
ÛÙË Ì˘˚Î‹ ·ÓÙÔ¯‹

∏ ‚·ÛÈÎ‹ ·Ú¯‹ ÙˆÓ ÚÔÁÚ·Ì-

Ì¿ÙˆÓ ÁÈ· ÙËÓ ·‡ÍËÛË ÙË˜ ·ÓÙÔ-

¯‹˜ Â›Ó·È fiÙÈ Ë ÂÈ‚¿Ú˘ÓÛË Ú¤-

ÂÈ Ó· ¤¯ÂÈ ÈÎ·ÓÔÔÈËÙÈÎ‹, ·ÏÏ¿

Ì¤ÙÚÈ·, ¤ÓÙ·ÛË Î·È ·˘ÍËÌ¤ÓË

‰È¿ÚÎÂÈ·. ªÂ Ù· ÚÔÁÚ¿ÌÌ·Ù·

ÁÈ· ÙËÓ ·‡ÍËÛË ÙË˜ ·ÓÙÔ¯‹˜ ·Ó·-

Ì¤ÓÂÙ·È ÔÏÏ·Ï·ÛÈ·ÛÌfi˜ Ì˘˚-

ÎÒÓ ÙÚÈ¯ÔÂÈ‰ÒÓ, ·‡ÍËÛË ÙË˜ ÔÍÂÈ-

‰ˆÙÈÎ‹˜ ÂÓ˙˘Ì·ÙÈÎ‹˜ ‰Ú·ÛÙËÚÈfi-

ÙËÙ·˜ Î·È ÛËÌ·ÓÙÈÎ¤˜ ‚ÂÏÙÈÒÛÂÈ˜

ÙË˜ Ì¤ÁÈÛÙË˜ Î·Ù·Ó¿ÏˆÛË˜ ÔÍ˘-

ÁfiÓÔ˘.

™Â ¤ÚÂ˘Ó· ÙˆÓ Coggan et al

(1992), ÌÂÙ¿ ·fi ÂÊ·ÚÌÔÁ‹ ÚÔ-

ÁÚ¿ÌÌ·ÙÔ˜   ‚¿‰ÈÛË˜/ ÙÚÂÍ›Ì·ÙÔ˜

9-12 ÌËÓÒÓ ÛÂ ËÏÈÎÈ·Î‹ ÔÌ¿‰·

60-70 ÂÙÒÓ, ÌÂ ÚÔÔ‰Â˘ÙÈÎ¿

·˘Í·ÓfiÌÂÓË ÂÈ‚¿Ú˘ÓÛË, ÛÙÔ

80% ÙË˜ Ì¤ÁÈÛÙË˜ Î·Ú‰È·Î‹˜

Û˘¯ÓfiÙËÙ·˜ ÁÈ· 45 ÏÂÙ¿ ÙË Ì¤Ú·,

4 Ì¤ÚÂ˜ ÙËÓ Â‚‰ÔÌ¿‰·, ·Ú·ÙË-

Ú‹ıËÎÂ ·‡ÍËÛË ÛÙË ÌÈÙÔ¯ÔÓ‰ÚÈ·-

Î‹ ·Ó·ÓÂ˘ÛÙÈÎ‹ ÈÎ·ÓfiÙËÙ· ÛÙÔ

Á·ÛÙÚÔÎÓ‹ÌÈÔ Î·È 20% ·‡ÍËÛË

ÛÙËÓ ˘ÎÓfiÙËÙ· ÙˆÓ ÙÚÈ¯ÔÂÈ‰ÒÓ.  

OÈ Aniansson & Gustafsson

¶INAKA™ 2. ∞˘Í‹ÛÂÈ˜ ÛÙË Ì˘˚Î‹ ‰‡Ó·ÌË ÌÂÙ¿ ·fi ÚÔÁÚ¿ÌÌ·Ù· ¿ÛÎËÛË˜.
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(1981) ÂÊ¿ÚÌÔÛ·Ó ÚfiÁÚ·ÌÌ·

·ÓÙÔ¯‹˜ 12 Â‚‰ÔÌ¿‰ˆÓ ÌÂ ‚¿‰È-

ÛË/ ÙÚ¤ÍÈÌÔ ÛÙÔ 70% ÙË˜ Ì¤ÁÈÛÙË˜

ÚfiÛÏË„Ë˜ ÔÍ˘ÁfiÓÔ˘ VO2 ÛÂ

ËÏÈÎÈ·Î‹ ÔÌ¿‰· 70-75 ÂÙÒÓ. Δ·

·ÔÙÂÏ¤ÛÌ·Ù· ¤‰ÂÈÍ·Ó ·ÏÏ·Á¤˜

ÛÙËÓ ˘ÎÓfiÙËÙ· ÙˆÓ ÙÚÈ¯ÔÂÈ‰ÒÓ,

ÛÙÈ˜ ÌÂÙ·‚ÔÏÈÎ¤˜ ‰Ú·ÛÙËÚÈfiÙËÙÂ˜

ÙˆÓ Ì˘ÒÓ Î·È ÛÙÔ ÌÈÙÔ¯ÔÓ‰ÚÈ·Îfi

fiÁÎÔ.

∂›‰Ú·ÛË ÛÙËÓ ÂÏ·ÛÙÈÎfi-
ÙËÙ· 

™Â ¤ÚÂ˘Ó· ÙˆÓ Feland et al

(2001), ‰ÈÂÚÂ˘Ó‹ıËÎÂ Ë Â›‰Ú·ÛË

ÙÚÈÒÓ Ù‡ˆÓ ‰È¿Ù·ÛË˜ ÌÂ ‰È·ÊÔ-

Ú¤˜ ÛÙË ‰È¿ÚÎÂÈ· ÂÊ·ÚÌÔÁ‹˜ ÙÔ˘˜

ÛÂ 62 ËÏÈÎÈˆÌ¤ÓÔ˘˜ ¿Óˆ ÙˆÓ 65

ÂÙÒÓ. ∏ ‰È¿Ù·ÛË ·ÊÔÚÔ‡ÛÂ ÙÔ˘˜

Ô›ÛıÈÔ˘˜ ÌËÚÈ·›Ô˘˜ Ô˘ ÎÚ›ıË-

Î·Ó ‚Ú·¯˘Ì¤ÓÔÈ Î·È ‰È·ÙÂ›ÓÔÓÙ·Ó

5 ÊÔÚ¤˜ ÙËÓ Â‚‰ÔÌ¿‰· ÁÈ· 6

Â‚‰ÔÌ¿‰Â˜ ÁÈ· 15 ‹ 30 ‹ 60 ‰Â˘-

ÙÂÚfiÏÂÙ·. Δ· ·ÔÙÂÏ¤ÛÌ·Ù·

¤‰ÂÈÍ·Ó ·‡ÍËÛË ÙË˜ ÙÚÔ¯È¿˜ Î›ÓË-

ÛË˜ ·fi ÙË ‰È¿Ù·ÛË Î·È Ë ·‡ÍËÛË

‹Ù·Ó ·Ó¿ÏÔÁË ÙÔ˘ ¯ÚfiÓÔ˘ ÂÊ·Ú-

ÌÔÁ‹˜ ÙË˜ ‰È¿Ù·ÛË˜. 

∏ ÂÊ·ÚÌÔÁ‹ ÙˆÓ ‰È·Ù¿ÛÂˆÓ

ÛÙÔ˘˜ ËÏÈÎÈˆÌ¤ÓÔ˘˜ Ú¤ÂÈ Ó·

Á›ÓÂÙ·È ÌÂ È‰È·›ÙÂÚË ÚÔÛÔ¯‹

ÂÂÈ‰‹ Ô Î›Ó‰˘ÓÔ˜ Ì˘˚ÎÒÓ Î·È

ÔÛÙÈÎÒÓ Î·ÎÒÛÂˆÓ Â›Ó·È ·˘ÍËÌ¤-

ÓÔ˜ ÛÂ ·˘Ù‹ ÙËÓ ËÏÈÎÈ·Î‹ ÔÌ¿‰·.

∂›‰Ú·ÛË 
ÛÙË ÏÂÈÙÔ˘ÚÁÈÎfiÙËÙ·

Δ· ·ÔÙÂÏ¤ÛÌ·Ù· ÙˆÓ ·ÛÎ‹ÛÂ-

ˆÓ ·ÓÙ›ÛÙ·ÛË˜ ÛÙË ÏÂÈÙÔ˘ÚÁÈÎfi-

ÙËÙ· Â›Ó·È ÂÓÙ˘ˆÛÈ·Î¿. ¶·Ú·-

ÙËÚ‹ıËÎÂ ·‡ÍËÛË ÙË˜ Ù·¯‡ÙËÙ·˜

‚¿‰ÈÛË˜, Ì¤¯ÚÈ Î·È 48% ÛÂ ˘Â-

Ú‹ÏÈÎ· ¿ÙÔÌ· 86-96 ÂÙÒÓ, ‡ÛÙÂÚ·

·fi ‰˘Ó·ÌÈÎ‹ ¿ÛÎËÛË ÌÂ ·ÓÙÈ-

ÛÙ¿ÛÂÈ˜ (Fiatarone et al 1994). ∏

›‰È· ÂÚÂ˘ÓËÙÈÎ‹ ÔÌ¿‰· (1990)

·Ó¤ÊÂÚÂ ÛËÌ·ÓÙÈÎ¤˜ ‚ÂÏÙÈÒÛÂÈ˜

ÛÙËÓ Ù·¯‡ÙËÙ· ‚¿‰ÈÛË˜ Î·È ÛÙËÓ

ÈÎ·ÓfiÙËÙ· ·Ó¿‚·ÛË˜ ÛÎ¿Ï·˜,

(11,8 % Î·È 28,4% ·ÓÙ›ÛÙÔÈ¯·) ÛÂ

100 ËÏÈÎÈˆÌ¤Ó· ¿ÙÔÌ· ‡ÛÙÂÚ·

·fi ˘„ËÏ‹˜ ¤ÓÙ·ÛË˜ ¿ÛÎËÛË ÌÂ

·ÓÙÈÛÙ¿ÛÂÈ˜.
™Â ¤ÚÂ˘Ó· ÙˆÓ Gillies et al

(1999) ÂÊ·ÚÌfiÛÙËÎÂ ÚfiÁÚ·ÌÌ·
ÏÂÈÙÔ˘ÚÁÈÎÒÓ ·ÛÎ‹ÛÂˆÓ ÛÂ 20
¿ÙÔÌ· ËÏÈ·Î‹˜ ÔÌ¿‰·˜ ¿Óˆ ÙˆÓ
70 ÂÙÒÓ. ªÂÙ¿ ·fi ÂÊ·ÚÌÔÁ‹
ÏÂÈÙÔ˘ÚÁÈÎÒÓ ·ÛÎ‹ÛÂˆÓ fiˆ˜

ÂÚ¿ÙËÌ·, ¤ÁÂÚÛË ÙÔ˘ ÛÒÌ·ÙÔ˜
·fi Î·Ú¤ÎÏ· Î·È ¿ÓÔ‰Ô Î·È
Î¿ıÔ‰Ô ÛÎ¿Ï·˜ ÛÙË ÌÈ· ÔÌ¿‰·,
Î·È ·ÛÎ‹ÛÂˆÓ fiˆ˜ ÛÙ·˘ÚfiÏÂÍ·
Î·È ‹ÈÂ˜ ·ÛÎ‹ÛÂÈ˜ ÙˆÓ ¿Óˆ
¿ÎÚˆÓ Î·È ÙÔ˘ ÎÔÚÌÔ‡ ·fi Î·ıÈ-
ÛÙ‹ ı¤ÛË, ·Ú·ÙËÚ‹ıËÎÂ ‚ÂÏÙ›ˆ-
ÛË ÛÙË ‚¿‰ÈÛË ÙË˜ ÚÒÙË˜ ÔÌ¿-
‰·˜ Î·È ‚ÂÏÙ›ˆÛË ÛÙËÓ ¤ÁÂÚÛË
ÙÔ˘ ÛÒÌ·ÙÔ˜ ·fi ÙËÓ Î·Ú¤ÎÏ·
Î·È ÙËÓ ¿ÓÔ‰Ô Î·È Î¿ıÔ‰Ô ÛÎ¿-
Ï·˜ Î·È ÁÈ· ÙÈ˜ ‰˘Ô ÔÌ¿‰Â˜. øÛÙfi-
ÛÔ, Ë ÚÒÙË ÔÌ¿‰· ·ÚÔ˘Û›·ÛÂ
ÌÂÁ·Ï‡ÙÂÚË ‚ÂÏÙ›ˆÛË ÛÂ Û¯¤ÛË
ÌÂ ÙË ‰Â‡ÙÂÚË Î·È Ì¿ÏÈÛÙ· ÛÙËÓ
¤ÁÂÚÛË ÙÔ˘ ÛÒÌ·ÙÔ˜ ·fi ÙËÓ
Î·Ú¤ÎÏ· ÁÈ· ÙÚÂÈ˜ Û˘ÓÂ¯fiÌÂÓÂ˜
ÊÔÚ¤˜ ‹Ù·Ó Î·Ù¿ 1 ÌÂ 4,5 sec ÈÔ
ÁÚ‹ÁÔÚË ·fi ÙËÓ ÚÒÙË Ì¤ÙÚËÛË.   

™Â ¿ÏÏË ¤ÚÂ˘Ó·, ÂÊ·ÚÌfiÛÙËÎÂ
ÚfiÁÚ·ÌÌ· ÏÂÈÙÔ˘ÚÁÈÎÒÓ ·ÛÎ‹-
ÛÂˆÓ Î·È ·ÛÎ‹ÛÂˆÓ ÌÂ ·ÓÙ›ÛÙ·ÛË
ÛÂ 24 Á˘Ó·›ÎÂ˜ ËÏÈÎ›·˜ ¿Óˆ ÙˆÓ
70 ÂÙÒÓ. OÈ ‰˘Ô ÔÌ¿‰Â˜ ¤Î·Ó·Ó
ÙÈ˜ ·ÛÎ‹ÛÂÈ˜ 3 ÊÔÚ¤˜ ÙËÓ Â‚‰ÔÌ¿-

‰· ÁÈ· ÌÈ· ÒÚ· Â› 12 Â‚‰ÔÌ¿‰Â˜.
Δ· ·ÔÙÂÏ¤ÛÌ·Ù· ÙË˜ ¤ÚÂ˘Ó·˜
¤‰ÂÈÍ·Ó fiÙÈ Î·È Ù· ‰˘Ô ÚÔÁÚ¿Ì-
Ì·Ù· ·ÛÎ‹ÛÂˆÓ ‚ÂÏÙÈÒÓÔ˘Ó ÙËÓ
ÏÂÈÙÔ˘ÚÁÈÎfiÙËÙ· ÛÙÈ˜ ËÏÈÎÈˆÌ¤-
ÓÂ˜ Á˘Ó·›ÎÂ˜, ÌÂ ÙÈ˜ ÏÂÈÙÔ˘ÚÁÈÎ¤˜
·ÛÎ‹ÛÂÈ˜ Ó· ˘ÂÚÙÂÚÔ‡Ó Î·È Ó·
Â›Ó·È ÈÔ ÂÊÈÎÙ¤˜ ·fi ÙÈ˜ ·ÛÎ‹-
ÛÂÈ˜ ÌÂ ·ÓÙ›ÛÙ·ÛË (de Vreede et
al 2004).    

∂›ÛË˜, ÔÈ Kutner et al (1997),
Jacobson et al (1997) Î·È ÔÈ  Tse
& Baily (1992), ·¤‰ÂÈÍ·Ó fiÙÈ Ë
ÂÍ¿ÛÎËÛË ÛÙÔ Tai Chi, ‚ÂÏÙÈÒÓÂÈ
ÙËÓ fiÚıÈ· ÛÙ¿ÛË, ÙËÓ ·ÈÛıËÙÈÎfi-
ÙËÙ· (ÌÂ ÙÈ˜ ·ÚÁ¤˜ ÎÈÓ‹ÛÂÈ˜), ÙËÓ
Ì˘˚Î‹ Û˘Ó·ÚÌÔÁ‹ Î·È ÙËÓ ‰˘Ó·ÌÈ-
Î‹ ÈÛÔÚÚÔ›·. 

OÈ Rooks et al (1997), ·Ó·Ê¤-
ÚÔ˘Ó ÛËÌ·ÓÙÈÎ¤˜ ‚ÂÏÙÈÒÛÂÈ˜ ÛÙËÓ
Ù·¯‡ÙËÙ· ·Ó¿‚·ÛË˜ ÛÎ·ÏÔ·-
ÙÈÒÓ ÙË˜ Ù¿ÍË˜ ÙÔ˘ 22%, Î·È ÛÙËÓ
ÈÎ·ÓfiÙËÙ· ¿ÚÛË˜ ÂÓfi˜ ·ÓÙÈÎÂÈÌ¤-
ÓÔ˘ ·fi ÙÔ ¤‰·ÊÔ˜ ÙË˜ Ù¿ÍË˜ ÙÔ˘
24%, ÌÂÙ¿ ·fi ¿ÛÎËÛË Ì˘˚Î‹˜
ÂÓ‰˘Ó¿ÌˆÛË˜ ÌÂ Ï¿ÛÙÈ¯· Î·È
ÂÏÂ‡ıÂÚ· ‚¿ÚË, ‰È¿ÚÎÂÈ·˜ 10
ÌËÓÒÓ ÛÂ 131 ËÏÈÎÈˆÌ¤Ó· ¿ÙÔÌ·
¿Óˆ ÙˆÓ 65 ÂÙÒÓ. 

Δ¤ÏÔ˜, ÔÈ Mackey & Robinovitch
(2005), ˘ÔÛÙËÚ›˙Ô˘Ó fiÙÈ ÔÈ ËÏÈ-
ÎÈˆÌ¤ÓÔÈ ÌÂ ÌÂÁ·Ï‡ÙÂÚË ÈÛ¯‡ ÛÙ·
Î¿Ùˆ ¿ÎÚ· ·ÚÔ˘ÛÈ¿˙Ô˘Ó ÌÈÎÚfi-
ÙÂÚË Û˘¯ÓfiÙËÙ· ÙÒÛÂˆÓ.

™Àª¶∂ƒ∞™ª∞Δ∞

OÈ ·ÏÏ·Á¤˜ Ô˘ Â¤Ú¯ÔÓÙ·È ÛÙÔ

Ì˘˚Îfi ÈÛÙfi ÌÂ ÙËÓ ¿ÚÔ‰Ô ÙˆÓ

¯ÚfiÓˆÓ Â›Ó·È ˆ˜ ¤Ó· ÛËÌ·ÓÙÈÎfi

‚·ıÌfi ·Ó·fiÊÂ˘ÎÙÂ˜. ∏ Ê˘ÛÈÎÔ-

ıÂÚ·Â›· ÂÈ¯ÂÈÚÂ› Ó· ÚÔÏ¿‚ÂÈ

Î·Ù¿ ÙÔ ‰˘Ó·Ùfi ‹ Ó· ·Ó·ÛÙÚ¤„ÂÈ

ÙÈ˜ ÂÈÙÒÛÂÈ˜ ÙÔ˘ Á‹Ú·ÙÔ˜ ÛÙÔ

ÓÂ˘ÚÔÌ˘˚Îfi Û‡ÓÔÏÔ Î˘Ú›ˆ˜ Ì¤Ûˆ

ÙˆÓ ÚÔÁÚ·ÌÌ¿ÙˆÓ ¿ÛÎËÛË˜. ∏

Û˘ÌÌÂÙÔ¯‹ ÙˆÓ ËÏÈÎÈˆÌ¤ÓˆÓ ÛÂ

ÚÔÁÚ¿ÌÌ·Ù· ¿ÛÎËÛË˜ Û˘Ì‚¿Ï-

ÏÂÈ ÛËÌ·ÓÙÈÎ¿ ÛÙË ‚ÂÏÙ›ˆÛË ÙË˜

˘ÁÂ›·˜, ÛÙËÓ ÔÈfiÙËÙ· ˙ˆ‹˜ Î·È

ÛÙË Ê˘ÛÈÎ‹ ·ÓÂÍ·ÚÙËÛ›· ÙÔ˘˜.

ªÂ Ù· ÚÔÁÚ¿ÌÌ·Ù·
ÁÈ· ÙËÓ ·‡ÍËÛË ÙË˜
·ÓÙÔ¯‹˜ ·Ó·Ì¤ÓÂÙ·È

ÔÏÏ·Ï·ÛÈ·ÛÌfi˜ Ì˘˚-
ÎÒÓ ÙÚÈ¯ÔÂÈ‰ÒÓ, ·‡ÍË-

ÛË ÙË˜ ÔÍÂÈ‰ˆÙÈÎ‹˜
ÂÓ˙˘Ì·ÙÈÎ‹˜ ‰Ú·ÛÙË-
ÚÈfiÙËÙ·˜ Î·È ÛËÌ·ÓÙÈ-

Î¤˜ ‚ÂÏÙÈÒÛÂÈ˜ ÙË˜
Ì¤ÁÈÛÙË˜ Î·Ù·Ó¿Ïˆ-

ÛË˜ ÔÍ˘ÁfiÓÔ˘

pages 46-65new 22-10-07 13:46 ™ÂÏ›‰·58



A N A ™ K O ¶ H ™ H

£∂ª∞Δ∞ ºÀ™π∫√£∂ƒ∞¶∂π∞™ ñ Δ√ª√™ 4 - Δ∂ÀÃ√™ 6 - ∞¶ƒπ§π√™ - ª∞´√™ - π√À¡π√™ 2007 5 9

1.  Ades, P.A., Ballor, D.L., Ashikaga, T., Utton,
J.L., Nair, K.S., (1996) Weight training improves
walking endurance in healthy elderly persons.
Annals of Internal Medicine 124, 568-572.
2.  Aniansson, A., Grimby, G., Hedberg, M.,
Rungren, A. and Sperling L., (1978)   Muscle
function in old age. Scand. J. Rehabil. Med., Suppl.
6, 43-49.
3.  Aniansson, A., Gustaffson E., (1981) Physical
training in elderly men with special reference to
quadriceps muscle strength and morphology. Clin.
Physiol. 1:87
4.  Aniansson, A., Sperling, L., Rungren, A. and
Lehnberg, E. (1983) Muscle function in 75-year-old
men and women. A longitudinal study. Scand. J.
Rehabil. Med., Suppl. 9. 92-102.  
5.  Armstrong, R.B., Warren, G.L., Warren, J.A.,
(1991) Mechanisms of exercise-induced muscle fiber
injury. Sports Med.12, 184-207.
6.  Balagopal, P., Rooyackers, O. E., Adey, D. B.,
Ades, P. A., and Nair, K. S. (1997) Effects of aging
on in vivo synthesis of skeletal muscle myosin heavy-
chain and sarcoplasmic protein in humans. Am. J.
Physiol. 273(4 Pt. 1), E790–E800.
7.  Balagopal, P., Schimke, J. C., Ades, P. A., Adey,
D., and Nair, K. S. (2001) Age effect on transcript
levels and synthesis rate of muscle MHC and
response to resistance exercise. Am. J. Physiol.
Endocrinol. Metab. 280, E203–E208.
8.  Barazzoni, R., Short, K.R., and Nair, K.S. (2000)
Effects of aging on mitochondrial DNA copy
number and cytochrome c oxidase gene expression
in rat skeletal muscle, liver, and heart. J. Biol. Chem.
275, 3343–3347.
9.  Bassey, E.J., Fiatarone, M.A., O’Neill, E.F.,
Kelly, M., Evans, W.J., Lipsitz, L.A., (1992) Leg
extensor power and functional performance in very
old men and women. Clinical Science 82, 321-327.
10.  Bemben, M.G., Massey, B.H., Bemben, D.A.,
Misner, J.E., Boileau, R.A., (1991) Isometric muscle
force production as function of age in healthy 20-74
year old men. Med. Sci. Sports Exerc. 11, 1302-1310.
11.  Bemben, M.G., Massey, B.H., Bemben, D.A.,
Misner, J.E., Boileau, R.A. (1996) Isometric
intermittent endurance of four muscle groups in
men aged 20–74 yr. Med Sci Sports
Exerc;28(1):145–54.
12.  Bodnar, A.G., Ouellette, M., Frolkis, M., Holt,
S.E., Chiu, C.P., Morin, G.B., Harley, C.B., Shay,
J.W., Lichtsteiner, S., and Wright, W.E., (1998)
Extension of life-span by introduction of telomerase
into normal human cells. Science 279, 349–352.
13.  Booth, F.W., Weeden, S.H., Tseng, B.S., (1994)
Effect of aging on human skeletal muscle and motor
function, Med Sci Sports Exerc.;26(5):556-60.   
14.  Brooks, S.V., Faulkner, J.A., (1994) Isometric,
shortening and lengthening contractions of muscle
fiber segments from adult and old mice. Am J.
Physiol. 267, C507-C513.
14.  Brown, W. F., (1972) A method for estimating
the number of motor units in thenar muscles and the
changes in motor unit count with ageing, J. Neurol.
Neurosurg. Psychiat., 35: 845-852.
15.  Brown, W.F., Strong, M.J., Snow, R., (1988)
Methods for estimating numbers of motor units in
biceps-brachialis muscles and losses of motor units
with aging. Muscle and Nerve 11, 423-432.
16.  Brown, M., Sinacore, D.R., Host, H.H., (1995)
The relationship of strength to function in the older
adult. Journals of Gerontology. Series A, Biological
Sciences and Medical Sciences 50, 55- 59.
17.  Campbell, M.J., A.J. McComas and F. Petito
(1973) Physiological changes in ageing muscles, J.
Neurol. Neurosurg. Psychiat., 36: 174-182.
18.  Carmeli, E., Coleman, R., Reznick, A.Z., (2002)
The biochemistry of aging muscle. Experimental
Gerontology 37, 477-489.
19.  Carmeli, E., Hochberg, Z., Livne, E.,
Lichtenstein, I., Kestelboim, C., Silbermann, M.,
Reznick, A.Z., (1993) Effect of growth hormone on
gastrocnemius muscle of aged rats after
immobilization: biochemistry and morphology. J.
Appl. Physiol. 75, 1529-1535.
20. Carmeli, E., Reznick, A.Z., Coleman, R.,
Carmeli, V., (2000) Muscle strength and mass of
lower extremities in relation to functional abilities in
elderly adults. Gerontology 46, 249-257.

21. CBS Statistics Netherlands, Ministry of Health,
Welfare and Sports. Vademecum of health statistics
of the Netherlands (1997) s-Gravenhage
(Netherlands): SDU; 1997.p 130-1.
22. Coggan, A.R., Spina, R.G., King, D.S., et al.,
(1992) Skeletal muscle adaptations to endurance
training in 60-70 year-old men and women. J. Appl.
Physiol. 72: 1780-1786.
20. Coggan, A.R., Spina, R.J., Rogers, M.A., King,
D.S., Brown, M., Nemeth, P.M., Holloszy, J.O.,
(1990) Histochemical and enzymatic characteristics
of skeletal muscle in master athletes. J. Appl.
Physiol.;68(5):1896-901.
24. Cortopassi, G.A., Wong, A., (1999)
Mitochondria in organismal aging and
degeneration. Biochimica et Biophysica Acta
(BBA)- Bioenergetics 1410(2),183-193.
25. De Serres, S.J., Enoka, R.M., (1998) Older
adults can maximally activate the biceps brachii
muscle by voluntary command. J. Appl.
Physiol.;84:284-91.
26. Desrosiers, J., Bravo, G., Hébert R. (1997)
Isometric grip endurance of healthy elderly men and
women. Archives of Gerontology and Geriatrics 24,
75-85.
27. DeVita P., Hortobagyi, T., (2000) Age causes a
redistribution of joint torques and powers during
gait. J. Appl. Physiol.;88(5):1804-11.
28. De Vreede, P. L., Samson M. M., van Meeteren,
N. L., van der Bom, J. G., Duursma, S. A., Verhaar,
H. J., (2004) Functional Tasks Exercise Versus
Resistance Exercise to Improve Daily Function in
Older Women: A Feasibility Study. Arch Phys Med
Rehabil (85) 1952-1961.
29. Doherty, T.J., Vandervoort, A.A., Brown, W.F.,
(1993) Effects of ageing on the motor unit: A brief
review. Can J Appl Physiol. 18, 331–58.
30. Duncan, P.W., Weiner, D.K., Chandler, J.,
Studenski, S., (1990) Functional reach: a new
clinical measure of balance. J. Gerontol. 45, 192-
195.
31. Dutta, C., Hadley, E.C., (1995) The significance
of sarcopenia in old age. J. Gerontol. A Biol. Sci.
Med. Sci. 50, 1–4.
32. Evans, W.J., (1995) What is sarcopenia? J.
Gerontol. A. Biol. Sci. Med. Sci. 50 Spec No: 5–8.
33. Feland, J.B., Myrer, J.W., Schulthies, S.S., et al.,
(2001) The effect of duration of stretching of the
hamstring muscle group for increasing range of
motion in people aged 65 years or older. Phys Ther.
81: 1100-1117.
34. Ferri, A., Scaglioni, G., Pousson, M.,
Capodaglio, P., Van Hoecke, J., Narici, M.V., (2003)
Strength and power changes of the human plantar
flexors and knee extensors in response to resistance
training in old age. Acta Physiol. Scand. 177, 69–78.
35. Fiatarone, ª.∞., Marks, ∂.C., Ryan, ¡.O.,
Meredith, C.¡., Lispitz, π.∞. Evans, W.J., (1990)
High intensity strength training in nonagenarians:
effects on skeletal muscle. J∞ª∞; 263:3.029-3.034.
36. Fiatarone, M., O'Neil, E. and Ryan, N., (1994)
Exercise training and nutritional supplementation
for physical frailty in very elderly people. New
England Journal of Medicine, 330, 25, 1769-75.
37. Fitts, R.H., Riley, D.R., Widrick, J.J., (2001)
Functional and structural adaptations of skeletal
muscle to microgravity. J Exp Biol. 204, 3201–3208.
38. Florini, J.R., Prinz, P.N., Vittielo, M.V., Hintz,
R.L., (1985) Somatomedin-C levels in healthy young
and old men: relationship to peak and 24-hour
integrated levels of growth hormone. J. Gerontol.
40, 2-7.
39. Fraysse, B., Desaphy, J., Rolland, J., Pierno, S.,
Liantonio, A., Giannuzzi, V., Camerino, C.,
Didonna, M.P., Cocchi, D., De Luca, A., Camerino,
D.C., (2006) Fiber type-related changes in rat
skeletal muscle calcium homeostasis during aging
and restoration by growth hormone. Neurobiology
of Disease 21 372 – 380.
40. Friden, J., Lieber, R.L., (2001) Eccentric
exercise-indused injuries to contractile and
cytoskeletal muscle fiber components. Acta Physiol.
Scand. 171, 321-326.
41. Fried, L.P., Guralnik, J.M., (1997) Disability in
older adults: evidence regarding significance,
etiology, and risk. J.Am.Geriatr. Soc. 45, 92–100.
42. Frontera, W. R., Hughes, V. A., Fielding, R. A.,

Fiatarone, M. A., Evans, W. J., and Roubenoff, R.
(2000) Aging of skeletal muscle: A 12-yr
longitudinal study. J. Appl. Physiol.88, 1321–1326.
43. Frontera, W.R., Hughes, V.A., Lutz, K.J., Evans,
W.J., (1991) A cross-sectional study of muscle
strength and mass in 45- to-78-yr-old men and
women. J. Appl. Physiol. 71, 644–650.
44. Frontera, W.R., Meredith, C.N., O’Reilly, K.P.,
Knuttgen, H.C., Evans, W., (1988) Strength
conditioning in older men: skeletal muscle
hypertrophy and improved function. Journal of
Applied Physiology. 64:1038-1044.
45. Fruhbeck, G., Muguerza, B., Castilla-Cortazar,
I., Santidrian, S., (1996) Effect of aging on the rate
of muscle protein turnover in rat. Rev. Esp. Fisiol.
52, 207-214.
46. Fuglsang-Frederiksen, A., (1997) Age-related
neurophysiological changes in muscles,
Electroencephalography and Clinical
Neurophysiology, Volume 103, Issue 1, July, p 9.
47. Fulle, S., Protasi, F., Di Tano, G., Pietrangelo,
T., Beltramin, A., Boncompagni, S., Vecchiet, L.,
Fan_, G., (2004) The contribution of reactive oxygen
species to sarcopenia and muscle ageing.
Experimental Gerontology 39 17–24.
48. Galea, V., (1996) Changes in motor unit
estimates with aging. J Clin Neurophysiol.;
13(3):253-60 
49. Gillies, E., Aitchinson, T., MacDonald, J., Grant,
S., (1999) Outcomes of a12-week functional exercise
program for institutionalised elderly people.
Physiotherapy, 85, 7, 349-357.
50. Gollnick, P.D., Armstrong, R.B., Saubert, C.W.,
Piehl, K., Saltin, B., (1972) Enzyme activity and fiber
composition in skeletal muscle of untrained and
trained men. J Appl Physiol. 33, 312–9.
51. Harridge, S.D., Kryger, A., Stensgaard, A.,
(1999) Knee extensor strength, activation, and size
in very elderly people following strength training.
Muscle Nerve 1999; 22:831-9.
52. Hakkinen, K., Hakkinen, A., (1995)
Neuromuscular adaptations during intensive
strength training in middle-aged elderly males and
females. Electromyogr Clin Neurophysiol; 35:137-
47.
53. Hakkinen, K., Kallinen, M., Izquierdo, M.,
Jokelainen, K., Lassila, H., Malkia, E., (1998)
Changes in agonist-antagonist EMG, muscle CSA,
and force during strength training in middle-aged
and older people. Journal of Applied Physiology;
84(4):1341–9.
54. Hasten, D.L., Pak-Loduca, J., Obert, K.A.,
Yarasheski, K.E., (2000) Resistance exercise acutely
increases MHC and mixed muscle protein synthesis
rates in 78-84 and 23-32 yr olds. American Journal
of Physiology-Endocrinology and Metabolism 278,
E620-E626.
55. Hepple, R.T., Hagen, J.L., Krause, D.J., Jackson,
C.C., (2003) Aerobic power declines with aging in
rat skeletal muscles perfused at matched convective
O2 delivery. J. Appl. Physiol. 94, 744–751.
56. Holliday, R., (2000) Reflections in mutation
research. Somatic mutation and ageing. Mutat. Res.
463, 173-178.
57. Holloszy, J.O., Chen, M., Cartee, G.D., Young,
J.C., (1991) Skeletal muscle atrophy in old rats:
differential changes in the three fiber types. Mech
Ageing Dev. Oct; 60(2):199-213. 
58. Hopp, J.F., (1993) Effects of age and resistance
training on skeletal muscle: a review. Phys
Ther;73:361-73
59. Hortobagyi, T., Zheng, D., Weidner, M.,
Lambert, N.J., Westbrook, S., Houmard, J.A.,
(1995) The influence of aging on muscle strength
and muscle fiber characteristics with special
reference to eccentric strength. J. Gerontol. Biol.
Sci. 6, B399- B406.
60. Hughes, M.A., Schenkman, M.L., (1996) Chair
rise strategy in the functionally impaired elderly. J
Rehabil Res Dev;33:409–12.
61. Hunter,S.K., Critchlow,A., Enoka,R.M., (2005)
Muscle endurance is greater for old men compared
with strength-matched young men. J Appl Physiol.
Sep; 99(3):890-7.
62. Hunter, S.K., Thompson, M.W., Adams, R.D.,
(2000) Relationships among age-associated strength
changes and physical activity level, limb dominance,

and muscle group in women. J Gerontol A Biol Sci
Med Sci; 55(6):B264–73.
63. Husom, A.D., Ferrington, D.A., Thompson,
L.V., (2005) Age-related differences in the adaptive
potential of type I skeletal muscle fibers. Exp
Gerontol.; 40(3):227-35.
64. Jacobson, B.H., Chen, H.C., Cashel, C.,
Guerrero, L., (1997) The effect of Tai Chi Chuan
training on balance, kinesthetic sense, and strength.
Percept Mot Skills; 84:27-33.
65. Janssen, I., Heymsfield, S.B., Wang, Z., Ross, R.,
(2000) Skeletal muscle mass and distribution in 468
men and women aged 18–88 yr. J. Appl. Physiol. 89,
81–88.
66. Ji, L.L., (2001) Exercise at old age: does it
increase or alleviate oxidative stress? Ann. NY
Acad. Sci. 928, 236–247.
67. Ji, L.L., (2002) Exercise-induced modulation of
antioxidant defense. Ann. NY Acad. Sci. 959, 82–92.
68. Johnson, F.B., Sinclair, D.A., Guarente, L.,
(1999) Molecular biology of aging. Cell 96:291–302.
69. Karakelides, H., and Nair, S., (2005) Sarcopenia
of Aging and Its Metabolic Impact. Current Topics
in Developmental Biology, Vol. 68, 123-148.
70. Kent-Braun, J.A., Ng, A.V., (1999) Specific
strength and voluntary muscle activation in young
and elderly women and men. Journal of Applied
Physiology 87 (1), 22–29.
71. Kent-Braun, J.A., Ng, A.V., (2000) Skeletal
muscle oxidative capacity in young and older women
and men. J. Appl. Physiol. 89, 1072–1078.
72. Kirkendall, D.T., Garrett, W.E. Jr., (1998) The
effects of aging and training on skeletal muscle. Am
J Sports Med. ;26(4):598-602.
73. Kovalenko, S.A., Kopsidas, G., Islam, M.M.,
Heffernan, D., Fitzpatrick, J., Caragouinis, A.,
Gingold, E., Linnane, A.W.,  (1998) The age-
associated decrease in the amount of amplifiable
full-length mitochondrial DNA in human skeletal
muscle. Biochem. Mol. Biol. Int. 46, 1233-1241.
74. Kunz, W.S., Kudin, A., Vielhaber, S., Elger,
C.E., Attardi, G., Villani, G., (2000) Flux control of
cytochrome c oxidase in human skeletal muscle. J.
Biol. Chem. 275, 27741-27745.
75. Kutner, N.G., Barnhart, H., Wolf, S.L.,
McNeely, E., Xu, T., (1997) Self-report benefits of
Tai Chi practice by older adults. J Gerontol B
Psychol Sci Soc Sci; 52:242-6.
76. Kwong, L.K., Sohal, K.S., (2000) Age-related
changes in the activities of mitochondrial electron
transport complexes in various tissues of the mouse.
Arch. Biochem. Biophys. 373, 16-22.
77. Laforest, S., St-Pierre, D.M., Cyr, J., Gayton, D.,
(1990) Effects of age and regular exercise on muscle
strength and endurance. Eur J Appl Physiol Occup
Physiol.; 60(2):104-11.
78. Lan C, Lai JS, Chen SY, Wong MK. (1998) 12-
month Tai Chi training in the elderly: its effect on
health fitness. Med Sci Sports Exerc; 30:345-51.
79. Larsson, L., (1982) Physical training effects on
muscle morphology in sedentary males at different
ages. Medicine and Science in Sports and Exercise
14, 203-206.
80. Larsson, L. and Karlsson, J., (1978) Isometric
and dynamic endurance as a function of age and
skeletal muscle characteristics. Acta Physiol. Scand.
104. 129 136.
81. Larsson, L., Sjödin, B., Karlsson, J., (1978)
Histochemical and biochemical changes in human
skeletal muscle with age in sedentary males, age
22–65 years. Acta Physiol Scand. 103, 31–39.
82. Lee, H.C., Wie, Y.H., (1997) Role of
mitochondria in human aging. J. Biomed. Sci. 4,
319–326.
83. Lexell, J., (1985) Distribution of different fibre
types in human skeletal muscles, Umeli University
Medical Dissertations, New Series No. 154.
84. Lexell, J., (1995) Human aging, muscle mass,
and fiber type composition. J. Gerontol. 50A, 11–16.
85. Lexell, J., Downham, D.Y., (1991) The
occurrence of fibre type grouping in healthy human
muscle: a quantitative study of cross-sections of
whole vastus lateralis from men between the age of
15 and 83 years. Acta. Neuropathol. 81, 377-381.
86. Lexell, J., Downham, D., (1992) What is the
effect of ageing on type 2 muscle fibres? J Neurol
Sci. Feb;107(2):250-1.

ANAºOPE™

pages 46-65new 22-10-07 13:46 ™ÂÏ›‰·59



A N A ™ K O ¶ H ™ H

6 0 £∂ª∞Δ∞ ºÀ™π∫√£∂ƒ∞¶∂π∞™ ñ Δ√ª√™ 4 - Δ∂ÀÃ√™ 6 - ∞¶ƒπ§π√™ - ª∞´√™ - π√À¡π√™ 2007

87. Lexell, J., Downham, D. and Sjostrom, M.,
(1986) Distribution of Different Fibre Types in
Human Skeletal Muscles Fibre Type Arrangement
in m. vastus lateralis from Three Groups of
Healthy Men Between 15 and 83 Years. Journal of
the Neurological Sciences, 72:211-222
88. Lexell, J., Jarvis, J.C., Currie, J., Downham,
D.Y., Salmons, S., (1994) Fibre type composition
of rabbit tibialis anterior and extensor digitorum
longus muscles. J Anat.;185 ( Pt 1):95-101.
89. Lexell, J., Taylor, C.C., Sjostrom, M., (1988)
What is the cause of the ageing atrophy? Total
number, size and proportion of different fiber
types studied in whole vastus lateralis muscle from
15- to 83-year-old men. J Neurol Sci.;84(2-3):275-
94.
90. Lindle, R.S., Metter, E.J., Lynch, N.A., Fleg,
J.L., Fozard, J.L., Tobin, J., Roy, T.A., Hurley,
B.F.,  (1997) Age and gender comparisons of
muscle strength in 654 women and men aged 20-93
yr. J Appl Physiol.;83(5):1581-7.
91. Lord, S.R., Clark, R.D., Webster, I.W., (1991)
Postural stability and associated physiological
factors in a population of aged persons. J Gerontol
Med Sci; 46:69–76.
92. Lynch, N.A., Metter, E.J., Lindle, R.S., Fozard,
J.L., Tobin, J.D., Roy, T.A., (1999) Muscle quality.
I. Age-associated differences between arm and leg
muscle groups. J Appl Physiol; 86(1):188–94.
93. Mackey, D.C., Robinovitch, S.N., (2005)
Mechanisms underlying age-related differences in
ability to recover balance with the ankle strategy.
Gait & Posture, In Press, Corrected Proof,
Available online 12 January.
94. Martin, A., Morlon, B., Pousson, M., Van
Hoecke, J., (1996) Viscosity of elbow flexor
muscles during maximal eccentric and concentric
actions. Eur. J. Appl. Physiol. 73, 157-162.
95. Marzani, B., Felzani, G., Bellomo, R.G.,
Vecchiet, J., Marzatico, F., (2005) Human muscle
aging: ROS-mediated alterations in rectus
abdominis and vastus lateralis muscles.
Experimental Gerontology 40 959–965.
96. McNeil, C.J., Doherty, T.J., Stashuk, D.W.,
Rice, C.L., (2005) The effect of contraction
intensity on motor unit number estimates of the
tibialis anterior. Clin Neurophysiol.; 116(6):1342-
1347.
97. McNeil, C.J., Vandervoort, A.A., Rice, C.L.,
(2007) Peripheral impairments cause a progressive
age-related loss of strength and velocity-
dependent power in the dorsiflexors. J Appl
Physiol. 15; [Epub ahead of print]
98. Mecocci, P., Fan_, G., Fulle, S., MacGarvey,
U., Shinobu, L., Polidori, M.C., Cherubini, A.,
Vecchiet, J., Senin, U., Beal, M.F., (1999) Age
dependent increases in oxidative damage to DNA,
lipids, and proteins in human skeletal muscle. Free
Radic. Biol. Med. 26, 303–308.
99. Melov, S., Ravenscroft, J., Malik, S., Gill, M.S.,
Walker, D.W., Clayton, P.E., Wallace, D.C.,
Malfroy, B.N., Doctrow, S.R., Lithgow, G.J.,
(2000) Extension of life-span with superoxide
dismutase/catalase mimetics. Science 289,
1567–1569.
100. Melov, S., Shoffner, J.M., Kaufman, A. and
Wallace, D.C., (1995) Marked increase in the
number and variety of mitochondrial DNA
rearrangements in aging human skeletal muscle.
Nucleic Acids Res. 23, pp. 4122–4126.
101. Metter, E.J., Conwit, R., Tobin, J., Fozard,
J.L., (1997) Age-associated loss of power and
strength in the upper extremities in women and
men. J. Gerontol. Biol. Scie. 52A, B267-B276. 
102. Meydani, M., Evans, W.J., (1993) Free
radicals, exercise and aging. In: Yu, B.P., (Ed.),
Free Radical in Aging, CRC Press, Boca Raton,
FL, pp.183–204.
103. Mizuno, M., (1991) Human respiratory
muscles: fibre morphology and capillary supply.
Eur Respir J. 4, 587–601.
104. Monemi, M., Eriksson, P.O., Dubail, I.,
Butler-Browne, G.S., Thornell, L.E.,  (1996) Fetal
myosin heavy chain increases in human masseter
muscle during aging. FEBS Lett. 13;386(1):87-90.
105. Monemi, M., Eriksson, P.O., Eriksson, A.,

Thornell, L.E., (1998) Adverse changes in fibre
type composition of the human masseter versus
biceps brachii muscle during aging Journal of
Neurological Sciences 154-35–48.
106. Monemi, M., Thornell, L.E., Eriksson, P.O.,
(1999) Diverse changes in fibre type composition
of the human lateral pterygoid and digastric
muscles during aging. Journal of the Neurological
Sciences 171-38–48.
107. Nair, K.S., (2000) Age-related changes in
muscle. Mayo. Clin. Proc. 75, 14-18.
108. Narici, M.V., Bordini, M., Cerretelli, P.,
(1991) Effect of aging on human adductor pollicis
muscle function. J Appl Physiol;74:1227-81.
109. Ochala, J., Lambertz, D, Pousson, M.,
Goubel, F., Van Hoecke, J., (2004) Changes in
mechanical properties of human plantar flexor
muscles in ageing. Experimental Gerontology 39
349–358.
110. Oda, K., (1984) Age changes of motor
innervation and acetylcholine receptor distribution
on human skeletal muscle fibres. Journal of the
Neurological Sciences, 66: 327-338.
111. Petrella, J.K., Kim, J.S., Tuggle, S.C., Hall,
S.R., Bamman, M.M., (2005) Age differences in
knee extension power, contractile velocity, and
fatigability. J Appl Physiol.;98(1):211-20.
112. Petrofsky, J.S. and Lind, A.R. (1975) Aging,
isometric strength and endurance and
cardiovascular responses to static effort. J. Appl.
Physiol., 38, 91-95.
113. Phillips, S.K., Bruce, S.A., Woledge, R.C.,
(1991) In mice, the muscle weakness due to age is
absent during stretching. J. Physiol. Lond. 437, 63-
70.
114. Phillips, W.T., Haskell, W.L., (1995)
Muscular fitness- easing the burden of disability
for elderly adults. Journal of Aging and Physical
Activity 3, 261-289. 
115. Porter, M.M., Myint, A., Kramer, J.F.,
Vandervoort, A.A., (1995) Concentric and
eccentric knee extension strength in older and
younger men and women. Can. J. Appl. Physiol.
20, 429-439.
116. Porter, M.M., Vandervoort, A.A., Kramer,
J.F., (1997) Eccentric peak torque of plantar and
dorsi flexors maintained in older women. J.
Gerontol. Biol. Sci. 52, B125-B131. 
117. Poulin, M.J., Vandervoort, A.A., Patterson,
D.H., Kramer, J.F., Conningham, D.A., (1992)
Concentric and eccentric torques of knee and
elbow extension in young and older men. Can. J.
sports Sci. 17, 3-7.
118. Pousson, M., Lepers, R., Van Hoecke, J.,
(2001). Changes in isokinetic torque and muscular
activity of elbow flexors muscles with age. Exp.
Gerontol. 36, 1687–1698.
119. Proctor, D.N., Joyner, M.J., (1997) Skeletal
muscle mass and the reduction of VO2-max in
trained older subjects. J. Appl. Physiol. 82,
1411–1415.
120. Proctor, D.N., Sinning, W.E., Walro, J.M.,
Sieck, G.C., Lemon, P.W., (1995) Oxidative
capacity of human muscle fiber types: effects of
age and training status. Journal of Applied
Physiology 78, 2033-2038.
121. Reeves, N.D., Narici, M.V., Maganaris, C.N.,
(2004) Effect of resistance training on skeletal
muscle-specific force in elderly humans. Journal of
Applied Physiology; 96(3):885–92.
122. Rooks, D. S., ∫iel, D.ƒ., Parsons, C., Hayes,
W., (1997) Self-paced resistance training and
walking exercise in community-dwelling older
adults: effects on servomotor performance.
Journal of Gerontology; 52∞: ª 161--ª168.
123. Roos, M.R., Rice, C.L., Vandervoort, A.A.,
(1997) Age-related changes in motor unit function.
Muscle Nerve; 20:679-90.
124. Roos, M.R., Rice, C.L., Connelly, D.M.,
Vandervoort, A.A., (1999) Quadriceps muscle
strength, contractile properties, and motor unit
firing rates in young and old men. Muscle Nerve;
22:1094-103.
125. Rooyackers, O.E., Balagopal, P., and Nair,
K.S., (1997) Measurement of synthesis rates of
specific muscle proteins using needle biopsy
samples. Muscle Nerve Suppl. 5, S93–S96.
126. Roubenoff, R., Castaneda, C., (2001)

Sarcopenia-understanding the dynamics of aging
muscle. JAMA 286, 1230–1231.
127. Runge, M., Rittweger, J., Russo, C.R.,
Schiessl, H., Felsenberg, D., (2004) Is muscle
power output a key factor in the age-related
decline in physical performance? A comparison of
muscle cross section, chair-rising test and jumping
power. Clin Physiol Funct Imaging.;24(6):335-40.
128. Safadi, A., Livne, E., Reznick, A.Z.,
(1997).Characterization of alkaline and acid
phosphatase from skeletal muscles of young and
old rats. Arch. Gerontol. Geriatr. 24, 183-196.
129. Scarborough, M.D., Krebs, D.E., Harris, B.A.,
(1999) Quadriceps muscle strength and dynamic
stability in elderly Persons. Gait and Posture 10
10–20.
130. Schenkman, M., Hughes, M.A., Samsa, G.,
Studenski, S., (1996) The relative importance of
strength and balance in chair rise by functionally
impaired older individuals. J Am Geriatr Soc;
44:1441–6.
131. Short, K. R., Vittone, J. L., Bigelow, M. L.,
Proctor, D. N., and Nair, K. S., (2004) Age and
aerobic exercise training effects on whole body and
muscle protein metabolism. Am. J. Physiol.
Endocrinol. Metab. 286, E92–E101.
132. Sica, R.E.P., Sanz, O.P., and Colombi, A.,
(1976) The effects of ageing upon the human
soleus muscle, Medicina (B. Aires), 36: 443-446.
133. Simoneau, E., Martin, A., Van Hoecke, J.,
(2005).Muscular performances at the ankle joint in
young and elderly men. J Gerontol A Biol Sci Med
Sci; 60(4):439–47.
134. Singh, M. A., Ding, W., Manfredi, T. J.,
Solares, G. S., O’Neill, E. F., Clements, K. M.,
Ryan, N. D., Kehayias, J. J., Fielding, R. A., and
Evans, W. J. (1999) Insulin-like growth factor I in
skeletal muscle after weight-lifting exercise in frail
elders. Am. J. Physiol. 277(1 Pt. 1), E135–E143.
135. Skelton,D.A., Greig,C.A., Davies,J.M.,
Young,A., (1994) Strength, power and related
functional ability of healthy people aged 65-89
years.Age Ageing.;23 (5):371-7.
136. Skelton, D., Greig, C., Malbot, K., and
Young, A., (1994) Does increased strength and
power improve functional ability in healthy elderly
women? Clinical Science, 86 (suppl, 30), 27.
137. Sperling, L., (1980) Evaluation of upper
extremity function in 70-year-old men and women.
Scand. J.Rehabil. Med., 12, 139-144.
138. Stalberg, E., Fawcett, P.R., (1982) Macro
EMG in healthy subjects of different ages. J
Neurol Neurosurg Psychiatry.; 45(10):870-8.
139. Stevens, J.E., Binder-Macleod, S., Snyder-
Mackler, L., (2001) Characterization of the human
quadriceps muscle in active elders. Arch Phys Med
Rehabil;82:973-8.
140. Thom, J.M., Morse, C.I., Birch, K.M., Narici,
M.V. (2005) Triceps surae muscle power, volume,
and quality in older versus younger healthy men. J
Gerontol A Biol Sci Med Sci. Sep;60(9):1111-7.
141. Thomas, A., Paci, C., d'Andreamatteo, G.,
Curatola, L. and Onofrj, M., (1997) Age-related
changes of evoked potentials
Electroencephalography and Clinical
Neurophysiology, Volume 103, Issue 1, Page 9.
142. Thompson, L.V., (2002) Skeletal muscle
adaptations with age, inactivity, and therapeutic
exercise. J. Orthop. Sports Phys. Ther. 32, 44–57.
143. Thompson, L.V., Johnson, S.A., Shoeman,
J.A., (1998) Single soleus muscle fiber function
after hindlimb unweighting in adult and aged rats.
J. Appl. Physiol. 84, 1937–1942.
144. Tomlinson, B. E. and. Irving, D., (1977) The
numbers of limb motor neurons in the human
lumbosacral cord throughout life, J. Neurol. Sci.,
34: 213-219.
145. Toupet, M., Gagey, P.M., Heuschen, S.,
(1992) Vestibular patients and aging subjects lose
use of input and expend more energy in static
postural control. In: Vellas B, Toupet M,
Rubenstein L, Albarede JL, Christen Y, eds. Falls,
balance and gait disorders in the elderly. Paris:
Elsevier, 183-198.
146. Tse, S.K., Bailey, D.M., (1992) Tai chi and
postural control in the well elderly. Am J Occup
Ther;46:295-300.
147. Valour, D., Pousson, M., (2003) Compliance

changes of the series elastic component of elbow
flexor muscles with age in human. Pflügers
Arch.445, 721–727.
148. Vandervoort, A.A., (2002) Aging of the
human neuromuscular system. Muscle Nerve 25,
17–25.
149. Vandervoort, A.A., Hayes, H.C. and
Bélanger, A.Y., (1986) Strength and endurance of
skeletal muscle in the elderly. Physiother. Can., 38,
167-173.
150. Vandervoort, A.A., Kramer, J.F., Wharram,
E.R., (1990) Eccentric knee strength of elderly
females. J. Gerontol. Biol. Sci. 45, B125- B128.
Vandervoort, A.A., Symons, T.B., (2001)
Functional and metabolic consequences of
sarcopenia. Can. J. Appli. Physiol. 26, 90-101.
151. Van Schaik, C.S., Hicks, A.L., McCartney, N.,
(1994) An evaluation of the length-tension
relationship in elderly human ankle dorsiflexors. J.
Gerontol. 49, 121–127.
152. Viner, R.I., Ferrington, D.A., Williams, T.D.,
Woodhoyse, L., Yarasheski, K.E., Miller, C.A.,
Askansas, V., Engel, W.K., Bhasin, S., Attardi, G.,
(1999) Protein modification during biological
aging: selective tyrosine nitration of the SERCA2a
isoform of the sarcoplasmatic reticulum Ca2+-
ATPase in skeletal muscle. Biochem. J. 340; 657-
669.
153. Volpi, E., SheYeld-Moore, M., Rasmussen,
B. B., and Wolfe, R. R., (2001) Basal muscle
aminoacid kinetics and protein synthesis in healthy
young and older men [see comment]. JAMA 286,
1206–1212.
154. Wang, F.C., DePasqua, V., Delwaide, P.J.,
(1999) Age related changes in fastest and slowest
conducting axons of thenar motor units. Muscle
Nerve. 22:1022-1029. 
155. Wang, Y., Michikawa, Y., Mallidis, C., Bai,
Y., Bigelowi, D.J., Schoneich, C., (2001) Muscle
specific mutation accumulate with aging in critical
mtDNA control sites for replication. Proc. Natl.
Acad. Sci. 98, 4022-4027.
156. Wei, Y.H., Kao, S.H., Lee, H.C., (1996)
Simultaneous increase of mitochondrial DNA
deletions and lipid peroxidation in human aging.
Ann. NY Acad. Sci. 786, 24-43.
157. Welle, S., Thornton, C., and Statt, M., (1995)
Myofibrillar protein synthesis in young and old
human subjects after three months of resistance
training. Am. J. Physiol. 268(3 Pt. 1),E422–E427.
158. Willis, P.E., Chadan, S.G., Baracos, V.,
Parkhoyse, W.S., (1998) Restoration of insulin-like
growth factor I action in skeletal muscle of old
mice. Am. J. Physiol. 275, E525-E530.
159. Wu, G., Zhao, F., Zhou, X., Wie, L. (2002)
Improvement of Isokinetic Knee Extensor
Strength and Reduction of Postural Sway in the
Elderly From Long-Term Tai Chi Exercise. Arch
Phys Med Rehabil (83) 1364-1369.
160.Yarasheski, K.E., Pak-Loduca, J., Hasten,
D.L., Obert, K.A., Brown, M.B., Sinacore, D.R.,
(1999) Resistance exercise training increases
mixed muscle protein synthesis rate in frail women
and men 76 yr old. American Journal of Physiology
277, E118-E125.
161. Yue, G.H., Ranganathan, V.K., Siemionow,
V., Liu, J.Z., Sahgal, V., (1999) Older adults
exhibit a reduced ability to fully activate their
biceps brachii muscle. J Gerontol A Biol Sci Med
Sci. May; 54(5):M249-53.

162. Zarzhevsky N., Menashe O., Carmeli E., Stein

H., Reznick A.Z., (2001). Capacity for recovery

and possible mechanisms in immobilization

atrophy of young and old animals. NY Acad. Sci.

928, 212-225.

163. Zhang, L., Morris, K.J., Ng, Y.K., (2006)

Fiber type-specific immunostaining of the

Na+,K+-ATPase subunit isoforms in skeletal

muscle: Age-associated differential changes.

Biochimica et Biophysica Acta 1762 783–793.

pages 46-65new 22-10-07 13:46 ™ÂÏ›‰·60


