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9HUOHW]XQJ�GHV�.QLHJHOHQNHV�

(UJHEQLVVH��'LH�7LELDYHUVFKLHEXQJ�GHU�YHUOHW]WHQ�.QLHJHOHQNH�ZDU�EHL�D[LDO�HQWODVWHWHP�%HLQ�QRFK

JHULQJI�JLJ�HUK|KW��'LH�/DWHQ]]HLW�GHU�5HIOH[DNWLYLWlWHQ�YRQ�GHQ�VWDELOLVLHUHQGHQ�0XVNHOQ�ZDU�EHL

GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�VLJQLILNDQW�XP�FD������YHUOlQJHUW��'LH�L(0*�ZDUHQ�EHL�GHQ�YHUOHW]WHQ

6SRUWOHUQ�VRZRKO�DXI�GHU�YHUOHW]WHQ�6HLWH��DOV�DXFK�DXI�GHU�NRQWUDODWHUDOHQ�6HLWH�HUK|KW�

6FKOXVVIROJHUXQJHQ�� (LQ� 8QWHUVFKLHG� ]ZLVFKHQ� YHUOHW]WHQ� XQG� UHNRQVWUXLHUWHQ� .QLHJHOHQNHQ

NRQQWH�KLQVLFKWOLFK�GHU�PHFKDQLVFKHQ�3DUDPHWHU�QXU�QRFK�EHL�D[LDO�HQWODVWHWHP�%HLQ�QDFKJHZLHVHQ

ZHUGHQ�� (V� NRQQWHQ� MHGRFK� QRFK� EHGHXWHQGH� QHXURSK\VLRORJLVFKH� 8QWHUVFKLHGH� ]ZLVFKHQ� GHQ

YHUOHW]WHQ� XQG�GHQ� LQWDNWHQ�.QLHJHOHQNHQ�EHL� DOOHQ�9HUVXFKVEHGLQJXQJHQ�QDFKJHZLHVHQ�ZHUGHQ�

'LHVHU� %HIXQG� LVW� XP� VR� EHPHUNHQVZHUWHU�� GD� GLH� 6SRUWOHU� QDFK� LKUHU� 9HUOHW]XQJ� DOOH� RSHUDWLY

YHUVRUJW� XQG� YROOVWlQGLJ� UHKDELOLWLHUW� ZDUHQ�� 0LW� GLHVHU� QHXDUWLJHQ� XQG� KRFKVHQVLEOHQ

8QWHUVXFKXQJVPHWKRGH� LVW� HV� GDKHU� XQWHU� DQGHUHP� DXFK� P|JOLFK�� GHQ� (LQIOXVV� YRQ

7UDLQLQJVPHWKRGHQ�DXI�GLH�IXQNWLRQHOOH�6WDELOLWlW�DP�.QLHJHOHQN�]X�XQWHUVXFKHQ�

6FKODJZ|UWHU��.QLHJHOHQN��IXQNWLRQHOOH�6WDELOLWlW��YRUGHUHV�.UHX]EDQG��(0*��5HIOH[�
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,Q�HLQHU�=HLW��LQ�GHU�GLH�$WKOHWHQ�LQ�GHU�/HLVWXQJVVSLW]H�PLW�%HODVWXQJVXPIlQJHQ�XQG�²LQWHQVLWlWHQ

NRQIURQWLHUW�ZHUGHQ��GLH�QLFKW�PHKU�VWHLJHUEDU�VFKHLQHQ��U�FNHQ�TXDOLWDWLYH�$VSHNWH�GHV�7UDLQLQJV

LQ�GHQ�9RUGHUJUXQG�GHV�,QWHUHVVHV��(V�JLOW�GDKHU�DXFK�=ZDQJVSDXVHQ��EHGLQJW�GXUFK�9HUOHW]XQJHQ

]X�YHUPHLGHQ��GD�VLH�QLFKW�QXU�6FKPHU]HQ��VRQGHUQ�LQ�GHU�5HJHO�DXFK�HLQHQ�/HLVWXQJVYHUOXVW�QDFK

VLFK� ]LHKHQ�� 'DGXUFK� ZLUG� GLH� N|USHUOLFKH� 8QYHUVHKUWKHLW� HLQHV� $WKOHWHQ� ]ZDU� QLFKW� ]XU

KLQUHLFKHQGHQ�� DEHU� LPPHUKLQ� GRFK� ]XU� QRWZHQGLJHQ� %HGLQJXQJ� VSRUWOLFKHU� +|FKVWOHLVWXQJ�

*HVXQGKHLW� U�FNW� LQ�GHQ�%HUHLFK� HLQHU� NRQGLWLRQHOOHQ�(LJHQVFKDIW�� GLH� HV� ]X� YHUEHVVHUQ� XQG� DXI

HLQHP�KRKHQ�1LYHDX�]X�HUKDOWHQ�JLOW�

0XVNHONUlIWH�ZHUGHQ�GXUFK�*HOHQNH� LQ�lX�HUOLFK�VLFKWEDUH�%HZHJXQJHQ��EHUWUDJHQ��'D�LP�6SRUW

KlXILJ�VHKU�KRKH�0XVNHONUlIWH�]XP�(LQVDW]�NRPPHQ��VLQG�DQ�GLH�6WDELOLWlW�GHU�*HOHQNH��ZHOFKH�GLH

.UlIWH��EHUWUDJHQ��VHKU�KRKH�$QIRUGHUXQJHQ�JHVWHOOW��0DU[HU�������:LHFN�9HUGRQN��������8P�GLH

*HOHQNH� LP�+RFKOHLVWXQJVVSRUW�QLFKW�YRU]HLWLJ�]X�]HUVW|UHQ�� LVW�HV�]XP�HLQHQ�YRQ�JUXQGOHJHQGHU

%HGHXWXQJ��GLH�GDV�*HOHQN�XPJHEHQGH�0XVNXODWXU�IXQNWLRQHOO�DXI]XWUDLQLHUHQ��=XP�DQGHUHQ�LVW�GLH

.HQQWQLV� GHV� 6WDELOLWlWV]XVWDQGHV� GHU�*HOHQNH� LQ� LKUHU� )XQNWLRQ�� G�K�� ZlKUHQG� GHU� %HODVWXQJ� LQ

VSRUWOLFKHQ�%HZHJXQJHQ��YRQ�HOHPHQWDUHP�,QWHUHVVH�

'DV� .QLHJHOHQN� LVW� HLQH� GHU� DP� KlXILJVWHQ� YRQ� 9HUOHW]XQJHQ� EHWURIIHQHQ� .|USHUUHJLRQHQ� GHV

VSRUWWUHLEHQGHQ� 0HQVFKHQ� �(ULNVVRQ� ������� %HVRQGHUV� JHIlKUGHW� VLQG� 6SRUWOHU� VRJHQDQQWHU

.RQWDNWVSRUWDUWHQ� �%DOOVSLHOH��.DPSIVSRUWDUWHQ��XQG� LP�DOSLQHQ�6NLVSRUW� �1LJJ� HW� DO�� �������'LH

)UDJH��RE�HLQ�$WKOHW�LUJHQGZDQQ�LP�/DXIH�VHLQHV�6SRUWWUHLEHQV�YRQ�HLQHU�9HUOHW]XQJ�EHWURIIHQ�ZLUG

RGHU�QLFKW��KlQJW�GDEHL�QLFKW�QXU�YRQ�H[WHUQHQ�)DNWRUHQ�GHU�lX�HUHQ�%HODVWXQJ�DE��VRQGHUQ�DXFK

YRQ�LQWHUQHQ�)DNWRUHQ�GHU�%HDQVSUXFKEDUNHLW�HLQHV�$UWKURQV��-DQVVHQ�HW�DO���������)�U�GLH�6WDELOLWlW

GHU� *HOHQNH� LVW� GHU� =XVWDQG� GHV� DNWLYHQ� XQG� SDVVLYHQ� %HZHJXQJVDSSDUDWHV� PD�JHEHQG�� ,Q

EHVRQGHUV� JHIlKUGHWHQ� 6SRUWDUWHQ� VROOWHQ� GLHVH� )DNWRUHQ� ]�%�� VFKRQ� EHL� GHU� 7DOHQWVLFKWXQJ� LP

6LQQH�HLQHU�3UlYHQWLRQ�EHU�FNVLFKWLJW�ZHUGHQ�

(LQH�GHU�KlXILJVWHQ�9HUOHW]XQJHQ�GHV�.QLHJHOHQNHV�LP�/HLVWXQJVVSRUW�LVW�GLH�5XSWXU�GHV�YRUGHUHQ

.UHX]EDQGHV� �(ULNVVRQ� ������� +RKH� lX�HUH� %HODVWXQJHQ� I�KUHQ� KLHU� ]X� JUR�HQ� LQQHUHQ

%HDQVSUXFKXQJHQ� �$Q� HW� DO�� ������ 0DUNROI� HW� DO�� ������ 1LJJ� HW� DO�� ������� $OV� )DNWRUHQ� GHU

%HDQVSUXFKXQJ�NRPPHQ�QHEHQ�GHU�lX�HUHQ�%HODVWXQJ� LQVEHVRQGHUH�GLH�%DQGVWDELOLWlW� VRZLH�GHU

=XVWDQG� GHU� 0XVNXODWXU�� GLH� GDV� *HOHQN� XPJLEW� XQG� VWDELOLVLHUW�� LQ� )UDJH�� 1DFK� HLQHP

.UHX]EDQGUL�� VLQG� GLH� $XVVLFKWHQ� DXI� Y|OOLJH� :LHGHUKHUVWHOOXQJ� GHU� 6SRUWIlKLJNHLW� XQG� HLQ
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&RPHEDFN�LP�6SLW]HQVSRUW�XQWHUVFKLHGOLFK��6LH�KlQJHQ�ZLHGHUXP�YRQ�GHQ�]ZHL�JHQDQQWHQ�LQWHUQHQ

)DNWRUHQ�DE��=XP�HLQHQ�YRP�*HVFKLFN�GHV�$U]WHV�GLH� OLJDPHQWlUH�,QWHJULWlW�GHV�*HOHQNHV�GXUFK

HLQ�JHHLJQHWHV�9HUIDKUHQ�ZLHGHUKHU]XVWHOOHQ��]XP�DQGHUHQ�YRP�(UIROJ�GHU�5HKDELOLWDWLRQ�LQ�LKUHP

%HP�KHQ��.UDIW�XQG�.RRUGLQDWLRQ�GHU�JHOHQNVWDELOLVLHUHQGHQ�0XVNXODWXU�ZLHGHU�DXI]XWUDLQLHUHQ�

,P� %HUHLFK� GHU� 3UlYHQWLRQ� XQG� 5HKDELOLWDWLRQ� YRQ� .QLHJHOHQNYHUOHW]XQJHQ� LP� /HLVWXQJVVSRUW

G�UIWH� GLH� H[DNWH� 'LDJQRVH� GHV� OLJDPHQWlUHQ� XQG� GHV� PXVNXOlUHQ� =XVWDQGHV� DOV� IXQNWLRQHOOH

6WDELOLWlW�GHV�.QLHJHOHQNHV�GHPQDFK�HLQH�ZHVHQWOLFKH�5ROOH�VSLHOHQ��'D]X�ZXUGH�LP�5DKPHQ�GLHVHU

'LVVHUWDWLRQ�HLQ�QHXHV�0HVVJHUlW�XQG�HLQH�0HWKRGH�HQWZLFNHOW��PLW�GHQHQ�HV�QXQ�P|JOLFK�LVW��GLH

6WDELOLWlW�GHV�.QLHJHOHQNHV�XQWHU�IXQNWLRQHOOHQ�%HGLQJXQJHQ�]X�HUIDVVHQ�

'LH� (QWZLFNOXQJ� GHV� 0HVVJHUlWHV� XQG� GHU� 8QWHUVXFKXQJVPHWKRGH� ZDU� EHJOHLWHW� YRQ� HLQHP

IUXFKWEDUHQ� XQG� IUHXQGVFKDIWOLFKHQ� .OLPD� LQ� GHU� $UEHLWVJUXSSH� %LRPHFKDQLN� DP� ,QVWLWXW� I�U

6SRUWZLVVHQVFKDIW�GHU�8QLYHUVLWlW�6WXWWJDUW�

'DKHU� P|FKWH� LFK� EHVRQGHUV� :DOWHU� 5DSS�� 3K'� +DQV�-RVHI� *URV� XQG� 'U�� -�UJHQ� (GHOPDQQ�

1XVVHU�I�U�]DKOUHLFKH�*HVSUlFKH�XQG�Q�W]OLFKH�+LQZHLVH�GDQNHQ�

'U��:LOIULHG�$OW�XQG�'U��+HLQ]�/RKUHU�YRP�6SRUWPHGL]LQLVFKHQ�,QVWLWXW�LQ�)UDQNIXUW�P|FKWH�LFK

I�U�GLH�0LWDUEHLW�EHL�GHU�9DOLGLHUXQJ�GHV�0HVVJHUlWHV�GDQNHQ�

,FK�P|FKWH�PLFK�DXFK�KHU]OLFK�EHL�DOO�GHQ�6WXGLHUHQGHQ�GHU�8QLYHUVLWlW�6WXWWJDUW�EHGDQNHQ��GLH�PLU

]XP�7HLO�PLW�(QJHOVJHGXOG�DOV�3UREDQGHQ�]XU�9HUI�JXQJ�VWDQGHQ�

0HLQ� EHVRQGHUHU� 'DQN� JLOW� +HUUQ� 3URI�� 'U�� $OEHUW� *ROOKRIHU� I�U� GLH� LQ� MHGHU� +LQVLFKW

DXVJH]HLFKQHWH�%HWUHXXQJ�GLHVHU�$UEHLW�
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1.1 Problembeschreibung und Ziele dieser Arbeit
1LFKW�QXU�9HUVFKOHL�HUVFKHLQXQJHQ�LQIROJH�YRQ�ODQJIULVWLJHQ�)HKO��RGHU�hEHUEHODVWXQJHQ��VRQGHUQ

DXFK� DNXWH� 9HUOHW]XQJHQ� ]ZLQJHQ� GLH� $WKOHWHQ� LP� /HLVWXQJVVSRUW� LPPHU� ZLHGHU� ]X

7UDLQLQJVXQWHUEUHFKXQJHQ�� GLH� YRQ�/HLVWXQJVHLQEX�HQ� EHJOHLWHW� VLQG��'DV�.QLHJHOHQN� EHUHLWHW� LQ

GLHVHP�=XVDPPHQKDQJ�GHP�VSRUWWUHLEHQGHQ�0HQVFKHQ�KlXILJ�$QODVV�]XU�6RUJH��(ULNVVRQ�������

1HEHQ� GHU� /D[L]LWlW� GHV� .DSVHO�%DQG�$SSDUDWHV� XQG� GHU� PXVNXOlUHQ� 6SDQQXQJ� VSLHOW� GLH� D[LDO

ZLUNHQGH� *HZLFKWVNUDIW� HLQH� ZLFKWLJH� 5ROOH� EHL� GHU� 0RGXODWLRQ� GHU� 6WLIIQHVVHLQVWHOOXQJ� DP

.QLHJHOHQN� �0DUNROI� HW� DO�� ������ 6RORPRQRZ� HW� DO�� ������+ROOLV� HW� DO�� ������ 7RU]LOOL� HW� DO�� �����

:L�PH\HU�HW�DO��������%H\QQRQ�HW�DO���������'LH�6WLIIQHVV�JLEW�GDV�9HUKlOWQLV�YRQ�.UDIWlQGHUXQJ

XQG�:HJlQGHUXQJ�ZLHGHU��6LH�GU�FNW�GDEHL�DXV��ZLH�YLHO�:LGHUVWDQG�GDV�$UWKURQ�HLQHU�$XVOHQNXQJ

HQWJHJHQVHW]W� XQG� NDQQ� GDKHU� DOV� 0D�� I�U� GLH� *HOHQNVWDELOLWlW� JHOWHQ�� 'LH� JHOHQNXPJUHLIHQGH

0XVNXODWXU�EHVLW]W�HLQHQ�JUR�HQ�(LQIOXVV�DXI�GLH�*HOHQNVWDELOLWlW��0DUNROI�HW�DO��������%DUDWWD�HW�DO�

������ )UQGDN�%HUDVL� ������ 2·&RQQRU� ������� ,Q� GHQ� ELVODQJ� GXUFKJHI�KUWHQ� 5RXWLQHGLDJQRVHQ

ZHUGHQ� GLHVH� (LQIOXVVJU|�HQ� �EHUZLHJHQG� LQ� XQIXQNWLRQHOOHQ�� SDVVLYHQ� 6LWXDWLRQHQ�� DQ

HQWVSDQQWHQ�� OLHJHQGHQ� 3DWLHQWHQ� �EHUSU�IW� �6WUREHO� HW� DO�� ������� 'LH� hEHUWUDJEDUNHLW� YRQ

(UJHEQLVVHQ�SDVVLYHU�6WDELOLWlWVWHVWV�DXI�GLH�IXQNWLRQHOOH�6WDELOLWlW�GHV�*HOHQNHV�LVW�GDKHU�LQ�)UDJH�]X

VWHOOHQ�

'LH�(UIDVVXQJ�GHU� IXQNWLRQHOOHQ�6WDELOLWlW�DP�.QLHJHOHQN�U�FNW�HUVW� LQ� M�QJHUHU�9HUJDQJHQKHLW� LQ

GDV� )RUVFKXQJVLQWHUHVVH� �/DIRUWXQH� HW� DO�� ������ $QGULDFFKL�%LUDFN� ������ /\VKROP� HW� DO�� �����

3IHLIHU�������%UXKQ�*ROOKRIHU��������'DEHL�PXVV�LQ�GHU�5HJHO�DEHU�ZHLWHUKLQ�PLW�'LDJQRVHJHUlWHQ

XQG�0HWKRGHQ�JHDUEHLWHW�ZHUGHQ��GLH�I�U�8QWHUVXFKXQJHQ�DQ�VLW]HQGHQ�RGHU�OLHJHQGHQ�3UREDQGHQ

HQWZLFNHOW� ZXUGHQ�� :LH� VLFK� HLQ� XQYHUOHW]WHV�� YHUOHW]WHV� RGHU� EHUHLWV� RSHULHUWHV� *HOHQN� LQ� GHU

)XQNWLRQ�YHUKlOW��NDQQ�DXIJUXQG�GHUDUWLJHU�8QWHUVXFKXQJHQ�QLFKW�YRUKHUJHVDJW�ZHUGHQ��:DOOD�HW�DO�

������7HJQHU�HW�DO��������

=XU�3U�IXQJ�GHV�)XQNWLRQV]XVWDQGHV�GHV�.QLHJHOHQNHV�VWHKHQ�HLQH�5HLKH�YRQ�'LDJQRVHYHUIDKUHQ

]XU�9HUI�JXQJ��YRQ�GHQHQ�6WUREHO�HW�DO���������HLQH�KHUYRUUDJHQGH�'DUVWHOOXQJ�ELHWHQ��ZHOFKH�GHU

YRUJHVWHOOWHQ� $UEHLW� ]X� *UXQGH� JHOHJW� ZXUGH�� %LOGJHEHQGH� 9HUIDKUHQ�� ZLH� ]�%�� UDGLRORJLVFKH

'LDJQRVWLN�RGHU�PDJQHWLVFKH�5HVRQDQ]WRPRJUDSKLH�XQG�LQYDVLYH�9HUIDKUHQ��ZLH�]�%��$UWKURVNRSLH
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ZXUGHQ� GDEHL� QLFKW� EHU�FNVLFKWLJW�� GD� VLH� GHU� )UDJHVWHOOXQJ� QDFK� IXQNWLRQHOOHU� 6WDELOLWlW� QLFKW

DQJHPHVVHQ� VFKLHQHQ��1HEHQ�GHU�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV�PXVV� JHUDGH� LP�+LQEOLFN

DXI� GLH� IXQNWLRQHOOH� 6WDELOLWlW� DP� .QLHJHOHQN� XQEHGLQJW� GLH� 0XVNHOIXQNWLRQ� HUIDVVW� ZHUGHQ�

%HU�FNVLFKWLJW�ZXUGHQ�GDKHU�PDQXHOOH�XQG�LQVWUXPHQWHOOH�9HUIDKUHQ�]XU�'LDJQRVH�GHU�/D[L]LWlW�GHV

.DSVHO�%DQG�$SSDUDWHV� XQG� GHU� 0XVNHOIXQNWLRQ�� GLH� ]XP� 7HLO� DXV� GHU� RUWKRSlGLVFKHQ� XQG

SK\VLRWKHUDSHXWLVFKHQ�3UD[LV�EHNDQQW�VLQG�

'D� PLW� GHQ� ELVKHU� EHNDQQWHQ� 8QWHUVXFKXQJVPHWKRGHQ� HLQH� 'LDJQRVH� GHU� 6WDELOLWlW� GHV

.QLHJHOHQNHV� LQ� IXQNWLRQHOOHQ� 6LWXDWLRQHQ� QLFKW� GXUFKI�KUEDU� LVW�� ZXUGH� LP� 5DKPHQ� GLHVHU

'LVVHUWDWLRQ�HLQ�QHXHV�0HVVJHUlW�XQG�HLQH�0HWKRGH�HQWZLFNHOW��PLW�GHQHQ�HV�QXQ�P|JOLFK�LVW��GLH

6WDELOLWlW� GHV� .QLHJHOHQNHV� XQWHU� IXQNWLRQHOOHQ� %HGLQJXQJHQ� ]X� HUIDVVHQ�� 'D]X� ZHUGHQ� DP

VWHKHQGHQ�3UREDQGHQ�9HUIDKUHQ�]XU�$EVLFKHUXQJ�YRQ�3DUDPHWHUQ�HUDUEHLWHW��XP�GLH�/D[L]LWlW�GHV

.DSVHO�%DQG�$SSDUDWHV�XQG�GLH�0XVNHOIXQNWLRQ�]X�EHXUWHLOHQ�

8P� GLH� IXQNWLRQHOOH� 6WDELOLWlW� GHV� .QLHJHOHQNHV� ]X� HUIDVVHQ�� PXVV� LQ� HLQHU� I�U� GDV� .QLHJHOHQN

IXQNWLRQHOOHQ� 6LWXDWLRQ� XQWHUVXFKW� ZHUGHQ�� 'LH� IXQNWLRQHOOH� 6LWXDWLRQ�� GLH� PHVVPHWKRGLVFK� DP

EHVWHQ� ]X� NRQWUROOLHUHQ� LVW�� LVW� GHU� DXIUHFKWH� 6WDQG�� 'LH� XQWHUH� ([WUHPLWlW� XQG� GDPLW� DXFK� GDV

.QLHJHOHQN�HUI�OOHQ�GDEHL�]ZDU�QLFKW�GLH�)XQNWLRQ�GHU�/RNRPRWLRQ��DEHU�GHU�.|USHUVFKZHUSXQNW

PXVV� �EHU� GHU� 8QWHUVW�W]XQJVIOlFKH� JHKDOWHQ� ZHUGHQ�� 'DEHL� ZHUGHQ� GLH� ]ZHL� ZHVHQWOLFKHQ

0HUNPDOH�YRQ�6LWXDWLRQHQ��GLH� I�U�GDV�.QLHJHOHQN� IXQNWLRQHOO� VLQG�� HUI�OOW��=XP�HLQHQ�GLH� D[LDOH

%HODVWXQJ� GHV� *HOHQNHV� GXUFK� GDV� .|USHUJHZLFKW�� ]XP� DQGHUHQ� HLQH� $QVSDQQXQJ� GHU

NQLHJHOHQNXPJUHLIHQGHQ� 0XVNXODWXU�� 'DKHU� ZXUGHQ� GLH� 3UREDQGHQ� LQ� GLHVHU� $UEHLW� LP� 6WHKHQ

XQWHUVXFKW��(V�ZXUGHQ�GDEHL� ]ZHL�.HQQZHUWH� HUKREHQ��GLH�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV

XQG�GLH�0XVNHOIXQNWLRQ��'LH�/D[L]LWlW�ZLUG� �EHU� HLQH�5HLKH� YRQ�PHFKDQLVFKHQ�3DUDPHWHUQ��ZLH

]�%�� GLH� 7LELDYHUVFKLHEXQJ� HUIDVVW�� GLH�0XVNHOIXQNWLRQ�ZLUG� �EHU� YHUVFKLHGHQH�(0*�3DUDPHWHU�

ZLH�]�%��GHU�=HLWSXQNW�GHV�(LQVDW]HV�XQG�GLH�+|KH�GHU�PXVNXOlUHQ�$NWLYLWlW�TXDQWLIL]LHUW�

'DV�YHUOHW]WH�%HLQ�GHU�3UREDQGHQ�HLQHU�9HUVXFKVJUXSSH�ZXUGH�KLQVLFKWOLFK�GLHVHU�3DUDPHWHU�PLW

GHUHQ� LQWDNWHP� %HLQ� YHUJOLFKHQ�� =XVlW]OLFK� ZXUGHQ� GLHVH� 3DUDPHWHU� EHL� GHQ� 3UREDQGHQ� HLQHU

.RQWUROOJUXSSH�HUKREHQ��'LH�3UREDQGHQ�GHU�([SHULPHQWDOJUXSSH�KDWWHQ�DOOH�HLQVHLWLJ�HLQHQ�$EULVV

GHV� YRUGHUHQ�.UHX]EDQGHV�� GHU� RSHUDWLY� UHNRQVWUXLHUW� XQG� UHKDELOLWLHUW� ZXUGH�� (V�ZXUGHQ� GDEHL

EHZXVVW�3UREDQGHQ�JHZlKOW��GLH�DOV�VSRUWWDXJOLFK�DXV�GHU�%HKDQGOXQJ�HQWODVVHQ�ZRUGHQ�ZDUHQ�XQG

GLH� VLFK� VHOEVW� DOV� EHVFKZHUGHIUHL� EH]HLFKQHWHQ�� 'DKHU� ZDU� DQ]XQHKPHQ�� GDVV� VLFK� GLH� HKHPDOV

YHUOHW]WHQ�.QLHJHOHQNH�KLQVLFKWOLFK�GHU�HUKREHQHQ�3DUDPHWHU�DOV�IXQNWLRQHOO�VWDELO�GDUVWHOOWHQ�
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,Q� GLHVHU� 8QWHUVXFKXQJ� VROOWH� GLH� )UDJH� JHNOlUW� ZHUGHQ�� RE� VLFK� GLH� YHUOHW]WHQ� %HLQH� QDFK

2SHUDWLRQ�XQG�5HKDELOLWDWLRQ�KLQVLFKWOLFK�GHU�HUKREHQHQ�6WDELOLWlWVSDUDPHWHU�LQ�HLQHU�IXQNWLRQHOOHQ

6LWXDWLRQ� YRQ� GHQ� LQWDNWHQ� %HLQHQ� XQG� GHQHQ� GHU� .RQWUROOJUXSSH� XQWHUVFKHLGHQ� RGHU� QLFKW�

$XIJUXQG� GHU� $XVZDKO� GHU� 3UREDQGHQ� GHU� ([SHULPHQWDOJUXSSH�� GLH� DOOH� EHVFKZHUGHIUHL� XQG

VSRUWWDXJOLFK�ZDUHQ��NRQQWH�GDYRQ�DXVJHJDQJHQ�ZHUGHQ��GDVV�VLFK�NHLQH�8QWHUVFKLHGH�KLQVLFKWOLFK

GHU�IXQNWLRQHOOHQ�6WDELOLWlW�GHV�.QLHJHOHQNHV�]ZLVFKHQ�GHQ�YHUOHW]WHQ�%HLQHQ��GHQ�LQWDNWHQ�%HLQHQ

XQG�GHQHQ�GHU�.RQWUROOJUXSSH�]HLJHQ�Z�UGHQ�

1.2 Grundlegende Begriffe und deren Bedeutung
)XQNWLRQHOOH� *HOHQNVWDELOLWlW� LVW� QDFK� :DJQHU�6FKDEXV� ������� GXUFK� GLH� )lKLJNHLW� FKDUDNWHULVLHUW�

*HOHQNDNWLYLWlWHQ� ]X� NRQWUROOLHUHQ�� 8QWHU� $NWLYLWlWHQ� VLQG� GDEHL� VRZRKO� %HZHJXQJHQ�� DOV� DXFK

%HODVWXQJHQ�LQ�5XKH�]X�YHUVWHKHQ��'DPLW�VLQG�VRZRKO�G\QDPLVFKH��DOV�DXFK�VWDWLVFKH�6LWXDWLRQHQ

JHPHLQW�� 'LH� )DNWRUHQ�� GLH� GDV� *HOHQN� LQ� VHLQHU� )XQNWLRQ� VWDELOLVLHUHQ�� VLQG� KLHU� GDV

QHXURPXVNXOlUH�6\VWHP��GLH�.DSVHO�%DQG�6WUXNWXUHQ�XQG�GLH�*HOHQNJHRPHWULH�

:L�PH\HU� HW� DO�� ������� XQWHUVFKHLGHQ� SDVVLYH� 6WDELOLWlW� XQG� DNWLYH� 6WDELOLWlW�� 'LH� SDVVLYH� 6WDELOLWlW

KlQJW� YRQ� GHQ� PHFKDQLVFKHQ� (LJHQVFKDIWHQ� GHV� JHOHQNXPJHEHQGHQ� :HLFKWHLOJHZHEHV� XQG� GHU

*HOHQNJHRPHWULH�DE��'HQ�+DXSWDQWHLO�KDEHQ�GDEHL�GLH�DP�*HOHQN�DQVHW]HQGHQ�%lQGHU��$XFK�GLH

DP�*HOHQN�DQJUHLIHQGH�0XVNXODWXU�WUlJW�PLW�LKUHQ�PHFKDQLVFKHQ�(LJHQVFKDIWHQ�XQG�YRU�DOOHP�PLW

LKUHP� $NWLYLHUXQJVQLYHDX� ]XU� SDVVLYHQ� 6WDELOLWlW� EHL�� 'DKHU� LVW� GLH� SDVVLYH� 6WDELOLWlW� QXU� EHL

YROONRPPHQHU�5HOD[DWLRQ�GHU�0XVNXODWXU�LVROLHUW�]X�EHWUDFKWHQ�

'LH�DNWLYH�6WDELOLWlW� DP�.QLHJHOHQN�KlQJW�YRQ�GHQ�)DNWRUHQ�GHU�SDVVLYHQ�6WDELOLWlW� DE��=XVlW]OLFK

KDEHQ�MHGRFK�QRFK�GLH�D[LDOH�%HODVWXQJ�GHV�%HLQHV�PLW�GHP�.|USHUJHZLFKW�XQG�GLH�0XVNHONUlIWH

GHU� DP�.QLHJHOHQN� DQJUHLIHQGHQ�0XVNXODWXU� HLQHQ� HQWVFKHLGHQGHQ�(LQIOXVV� DXI�GLH� 6WDELOLWlW� DP

.QLHJHOHQN�� %HLGH� )DNWRUHQ� HUK|KHQ� GHQ� $QSUH�GUXFN� GHU� *HOHQNNRQJUXHQWHQ�� I�KUHQ� ]X

HUK|KWHU�5HLEXQJ�XQG�ZLUNHQ�GDKHU�VWDELOLVLHUHQG��:L�PH\HU�HW�DO��������

6WDELOLWlW� LVW� QDFK� 6WUREHO� HW� DO�� �������� GDV� VXEMHNWLYH� (PSILQGHQ� GHV� 8QWHUVXFKHUV� E]Z�� GHV

3DWLHQWHQ��(V�KDQGHOW�VLFK�GDEHL�XP�HLQ�TXDOLWDWLYHV�0HUNPDO��VR]XVDJHQ�XP�GHP�*HVDPWHLQGUXFN�

GHQ�GDV�*HOHQN�KLQWHUOlVVW��6WDELOLWlW� LVW�QLFKW�GLUHNW�TXDQWLWDWLY�PHVVEDU��ZRKO�JLEW�HV�DEHU�HLQLJH

3DUDPHWHU�� GLH� GLH� 6WDELOLWlW� HLQHV� *HOHQNHV� EHVFKUHLEHQ� N|QQHQ�� ,Q� NOLQLVFKHQ� 8QWHUVXFKXQJHQ

ZLUG� GLH� /D[L]LWlW� HLQHV� *HOHQNHV� JHPHVVHQ�� ZRPLW� GLH� %DQGORFNHUKHLW� JHPHLQW� LVW�� 'LHVHV

TXDQWLWDWLYH�0HUNPDO�EH]HLFKQHW�GLH�%HZHJXQJ�]ZHLHU�*HOHQNNRQJUXHQWHQ�UHODWLY�]XHLQDQGHU��GLH

GXUFK� HLQH� .UDIWHLQZLUNXQJ� YHUXUVDFKW� ZLUG�� 'LHVH� .UDIWHLQZLUNXQJ� NDQQ� GDEHL� GXUFK� GHQ
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8QWHUVXFKHU�YRQ�DX�HQ�HLQJHOHLWHW�ZHUGHQ��SDVVLYH�/D[L]LWlWVWHVWV��RGHU�GXUFK�0XVNHONRQWUDNWLRQ

GHV�3UREDQGHQ�VHOEVW�DXVJHO|VW�ZHUGHQ��DNWLYH�/D[L]LWlWVWHVWV��

'LH�SK\VLRORJLVFKH�%HZHJXQJ�GHU�*HOHQNNRQJUXHQWHQ�UHODWLY�]XHLQDQGHU�LVW�HLQH�JHNRSSHOWH�%HZHJXQJ

VLFK� �EHUODJHUQGHU� 7UDQVODWLRQV�� XQG� 5RWDWLRQVEHZHJXQJHQ�� %HL� HLQHP� DQWHULRUHQ� /D[L]LWlWVWHVW� ]�%�

�EHUODJHUQ�VLFK�DQWHULRUH�7UDQVODWLRQ��,QQHQURWDWLRQ�XQG�SUR[LPDOH�7UDQVODWLRQ�GHU�7LELD��EH]RJHQ

DXI�HLQ�DOV�RUWVIHVW�JHGDFKWHV�)HPXU��'DKHU�ZLUG� LQ�$QOHKQXQJ�DQ�6WUREHO� HW� DO�� ������� LQ�GLHVHU

$UEHLW� QLFKW� YRQ� HLQHU� DQWHULRUHQ� 7UDQVODWLRQ� GLH� 5HGH� VHLQ�� GD� GLHVHU� 7HUPLQXV� GLH� �EULJHQ

%HZHJXQJVDQWHLOH� XQEHU�FNVLFKWLJW� OlVVW�� VRQGHUQ� YRQ� HLQHU� YRUGHUHQ� 6FKXEODGH� RGHU� YRQ� HLQHU

7LELDYHUVFKLHEXQJ�

)XQNWLRQHOOH� 6WDELOLWlW� NHQQ]HLFKQHW� GDEHL� GLH� 6WDELOLWlW� HLQHV� *HOHQNHV� LQ� VHLQHU� )XQNWLRQ�� 'DV

.QLHJHOHQN� KDW� DOV� %HVWDQGWHLO� GHU� *OLHGHUNHWWH� GHU� XQWHUHQ� ([WUHPLWlW� LP� ZHVHQWOLFKHQ� ]ZHL

)XQNWLRQHQ��=XP�HLQHQ�PXVV�GHU�.|USHUVFKZHUSXQNW��EHU�GHU�8QWHUVW�W]XQJVIOlFKH�JHKDOWHQ�XQG

JHJHQ�GLH�6FKZHUNUDIW�JHVW�W]W�ZHUGHQ��XP�GHQ�DXIUHFKWHQ�6WDQG�]X�JHZlKUOHLVWHQ��]XP�DQGHUHQ

P�VVHQ�0XVNHONUlIWH�IOH[LEHO�DXI�GLH�$X�HQZHOW��EHUWUDJHQ�ZHUGHQ��XP�HLQH�2UWVYHUlQGHUXQJ�GHV

.|USHUVFKZHUSXQNWHV� LP� 5DXP� ]X� HUP|JOLFKHQ� XQG� GDGXUFK� )RUWEHZHJXQJ� ]X� JHZlKUOHLVWHQ

�7LWWHO�������

)�U� GLHVH� $UEHLW� ZXUGH� IXQNWLRQHOOH� 6WDELOLWlW� DP�.QLHJHOHQN� DOV� 6WDELOLWlW� GHV� .QLHJHOHQNHV� LP

DXIUHFKWHQ�6WDQG�GHILQLHUW��'DEHL�XPIDVVW�GLH�6WDELOLWlW�HLQH�SDVVLYH�XQG�HLQH�DNWLYH�.RPSRQHQWH�

'HU�SDVVLYH�$QWHLO�GHU�6WDELOLWlW�ZXUGH��EHU�GLH�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV�� GHU� DNWLYH

$QWHLO�GHU�6WDELOLWlW�ZXUGH��EHU�GLH�0XVNHOIXQNWLRQ�RSHUDWLRQDOLVLHUW��'LH�3DUDPHWHU�GHU�/D[L]LWlW

GHV� .DSVHO�%DQG�$SSDUDWHV� ZXUGHQ� YRQ� GHU� DQWHULRUHQ� 7LELDYHUVFKLHEXQJ� DEJHOHLWHW�� 8P� GLH

0XVNHOIXQNWLRQ�DE]XVFKlW]HQ��ZXUGHQ�GLH�2EHUIOlFKHQHOHNWURP\RJUDPPH�GHU�NQLHVWDELOLVLHUHQGHQ

0XVNXODWXU�DEJHOHLWHW�

1.3 Literaturübersicht und Stand der Forschung

1.3.1 Laxizität des Kapsel-Band-Apparates
'DV� .QLHJHOHQN� ZLUG� YHUHLQIDFKW� DOV� 'UHKVFKDUQLHUJHOHQN� EH]HLFKQHW�� ZRPLW� ]ZHL� URWDWRULVFKH

.RPSRQHQWHQ� GHU� .QLHJHOHQNEHZHJXQJ� EHVFKULHEHQ� ZHUGHQ�� QlPOLFK� GLH� HLQZlUWV�DXVZlUWV�

5RWDWLRQ�XP�GLH�/RQJLWXGLQDODFKVH�XQG�GLH�)OH[LRQ�([WHQVLRQ�XP�GLH�7UDQVYHUVDODFKVH� �6RERWWD

������� 'LH� SK\VLRORJLVFKH� %HZHJXQJ� GHU� *HOHQNNRQJUXHQWHQ� UHODWLY� ]XHLQDQGHU� LVW� MHGRFK� HLQH

JHNRSSHOWH�%HZHJXQJ� VLFK� �EHUODJHUQGHU�7UDQVODWLRQV�� XQG�5RWDWLRQVEHZHJXQJHQ��'HVKDOE�ZLUG
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GLH�.QLHJHOHQNEHZHJXQJ�DXFK�DOV�5ROO�*OHLW�0HFKDQLVPXV�EH]HLFKQHW� �+DFNHQEUXFK�������=DEHO

������

(LQH�GHU�+DXSWIXQNWLRQHQ�GHV�YRUGHUHQ�.UHX]EDQGHV�LQQHUKDOE�GLHVHU�0HFKDQLN�EHVWHKW�GDULQ��GDV

$XVPD�� GHU� H[WHQVLRQVQDKHQ� DQWHULRUHQ� 7LELDYHUVFKLHEXQJ� ]X� EHJUHQ]HQ� �0�OOHU� ������� 'DV

YRUGHUH�.UHX]EDQG�LVW�GDKHU�HLQHU�GHU�ZLFKWLJVWHQ�.QLHVWDELOLVDWRUHQ�XQG�ZLUG�LP�+LQEOLFN�DXI�GLH

DQWHULRUH�7LELDYHUVFKLHEXQJ�DOV�ÅSULPDU\�UHVWUDLQW´�EHWUDFKWHW��+ROOLV�HW�DO��������1R\HV�HW�DO��������

'LH� NLQHPDWLVFKH� )XQNWLRQVZHLVH� GHU� EHLGHQ� .UHX]ElQGHU� ZXUGH� ODQJH� =HLW� DOV� �EHUVFKODJHQH�

HEHQH�9LHUJHOHQNNHWWH�PRGHOOLHUW��ZREHL�PDQ�VLFK�SXQNWXHOOH�8UVSU�QJH�XQG�$QVlW]H�GHU�EHLGHQ

%lQGHU�XQG�GLH�%lQGHU�VHOEVW�DOV�KRPRJHQH�6WDQJHQ�YRUVWHOOHQ�PXVV��0HQVFKLN�������

'LHVHV� 0RGHOO� YHUN�U]W� GLH� 5HDOLWlW� DOOHUGLQJV� HUKHEOLFK�� (V� ZHUGHQ� GDEHL� QXU� GLH� ]HQWUDOHQ

VWDELOLVLHUHQGHQ�6WUXNWXUHQ�EHU�FNVLFKWLJW��GLH�SHULSKHUHQ�6WUXNWXUHQ�EOHLEHQ�XQEHU�FNVLFKWLJW��'LH

%HZHJXQJHQ�GHV�.QLHJHOHQNHV�ODXIHQ�DXFK�QLFKW�QXU�LQ�GHU�6DJLWWDOHEHQH�DE��VRQGHUQ�LQ�DOOHQ�GUHL

(EHQHQ��+XLVNHV�%ODQNHYRRUW��������'DU�EHU�KLQDXV�VLQG�GLH�8UVSU�QJH�XQG�$QVlW]H�GHU�%lQGHU

NHLQHVIDOOV�SXQNWI|UPLJ�VRQGHUQ�PHKU�RGHU�ZHQLJHU�DXVJHGHKQWH�$UHDOH��9RQ�GHQ�8UVSUXQJV��XQG

$QVDW]DUHDOHQ� DXVJHKHQG�� YHUZULQJHQ� VLFK� GLH� )DVHUQ� GHV� YRUGHUHQ� .UHX]EDQGHV� PLWHLQDQGHU�

ZREHL� VLFK� IXQNWLRQHOO� ]ZHL� )DVHUV\VWHPH�� DQWHURPHGLDOH� )DVHUQ� XQG� SRVWHURODWHUDOH� )DVHUQ�

YRQHLQDQGHU�XQWHUVFKHLGHQ�ODVVHQ��:DJQHU�6FKDEXV��������'DGXUFK�VLQG�LQ�$EKlQJLJNHLW�YRQ�GHU

)OH[LRQVVWHOOXQJ� GHV� .QLHJHOHQNHV� LPPHU� XQWHUVFKLHGOLFKH� )DVHUQ� DQJHVSDQQW�� ZlKUHQG� DQGHUH

HQWVSDQQW�VLQG��=DEHO�������

0HQVFKLN��������NRQQWH�QDFKZHLVHQ��GDVV�GLH�$QVDW]��XQG�8UVSUXQJVDUHDOH�GHU�.UHX]ElQGHU�XQG

GHU� 6HLWHQElQGHU� DXI� HLQHU� %XUPHVWHU�.XUYH� OLHJHQ�� 'LH� %XUPHVWHU�.XUYH� VHW]W� VLFK� DXV� HLQHU

Abbildung 1: Roll-Gleit-Mechanismus und überschlagene
Viergelenkkette. Die femoralen Auflagepunkte (Kreise) für die
beiden unterschiedlichen Kniewinkel liegen weiter auseinander,
als die tibialen (Dreiecke). Das bedeutet, dass das Femur auf der
Tibia im Verlaufe der Kniebeugung eine Gleitbewegung
absolviert. Die Tatsache, dass es für die beiden betrachteten
Kniewinkel zwei unterschiedliche Auflagepunkte sowohl für die
Tibia (helles und dunkles Dreieck), als auch für das Femur
(heller und dunkler Kreis) gibt, macht deutlich, dass auch eine
Abrollbewegung des Femur auf der Tibia stattfindet. Die beiden
Kreuzbänder sind als schwarze, durchzogene bzw. gestrichelte
Linien eingezeichnet, deren femorale Ursprungs- und tibiale
Ansatzpunkte die vier Gelenke der überschlagenen
Viergelenkkette bilden (Müller 1982).
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$QJHONXELN� XQG� HLQHU� 6FKHLWHONXELN� ]XVDPPHQ�� 'LH� EHLGHQ� .UHX]ElQGHU� NUHX]HQ� VLFK� LP

PRPHQWDQHQ� 'UHK]HQWUXP� GHV� *HOHQNHV� �YHUJO�� $EE�� ���� 'LH� $QJHONXELN� OLHJW� SUR[LPDO� GHV

PRPHQWDQHQ� 'UHK]HQWUXPV� GHV� *HOHQNHV�� GLH� 6FKHLWHONXELN� OLHJW� GLVWDO� GHV� PRPHQWDQHQ

'UHK]HQWUXPV��9HUELQGHW�PDQ�HLQHQ�3XQNW�DXI�GHU�6FKHLWHONXELN��EHU�HLQH�*HUDGH��GLH�GXUFK�GDV

PRPHQWDQH�'UHK]HQWUXP�GHV�*HOHQNHV�JHKW��PLW�HLQHP�3XQNW�DXI�GHU�$QJHONXELN��VR�ODXIHQ�GLHVH

EHLGHQ�3XQNWH�DXI�DQJHQlKHUWHQ�.UHLVEDKQHQ��VR�GDVV� LKU�$EVWDQG�YRQHLQDQGHU�DXI�GHU�*HUDGHQ

SUDNWLVFK� JOHLFK� EOHLEW�� 6R� N|QQHQ� GLH� .UHX]ElQGHU� XQG� 6HLWHQElQGHU� RKQH� HLQH� QHQQHQVZHUWH

/lQJHQlQGHUXQJ�GHQ�JHVDPWHQ�%HZHJXQJVUDGLXV�GHV�*HOHQNHV�GXUFKODXIHQ��'LH�8UVSUXQJV��XQG

$QVDW]DUHDOH�GHU�.UHX]��XQG�6HLWHQElQGHU�VWHKHQ�GDKHU�LQ�HLQHU�HQJHQ�ZHFKVHOVHLWLJHQ�%H]LHKXQJ�

'LH� bQGHUXQJ� HLQHV� 3DUDPHWHUV�� G�K�� $QVDW]�� 8UVSUXQJ� RGHU� /lQJH� HLQHV� %DQGHV�� ]�%�� GXUFK

9HUOHW]XQJ� XQG� 2SHUDWLRQ�� EHHLQIOXVVW� GDKHU� QDFKKDOWLJ� GLH� .LQHPDWLN� GHV� JHVDPWHQ� *HOHQNHV

�6WUREHO�1HXPDQQ�������

1.3.1.1 Manuelle Testverfahren
=XU� NOLQLVFKHQ� 'LDJQRVH� YRQ� 9HUOHW]XQJHQ� GHV� YRUGHUHQ� .UHX]EDQGHV� VWHKHQ� YHUVFKLHGHQH

PDQXHOOH�7HVWYHUIDKUHQ�XQG�*HUlWH�]XU�9HUI�JXQJ��9RQ�GHQ�PDQXHOOHQ�7HVWV�LVW�GHU�EHNDQQWHVWH

GHU�/DFKPDQ�7HVW��EHL�GHP�GHU�3DWLHQW�PLW�HLQHP�.QLHZLQNHO�YRQ�����DXI�GHP�5�FNHQ�OLHJW��ZREHL

GHU� 8QWHUVXFKHU� GHQ� 8QWHUVFKHQNHO� GHV� 3DWLHQWHQ� QDFK� YRUQH� ]LHKW�� 'LH� 9HUVFKLHEEDUNHLW� GHV

8QWHUVFKHQNHOV� JHJHQ�EHU� GHP�2EHUVFKHQNHO� LQ� VDJLWWDOHU� (EHQH� QDFK� DQWHULRU� LVW� DOV� ÅYRUGHUH

6FKXEODGH´�EHNDQQW��5XSS�HW�DO���������'LHVH�3U�IXQJ�GHU�YRUGHUHQ�6FKXEODGH�LQ�H[WHQVLRQVQDKHU

*HOHQNVWHOOXQJ�KDW�GHQ�9RUWHLO��GDVV� VLFK�HLQH� ,QVXIIL]LHQ]� GHV�YRUGHUHQ�.UHX]EDQGHV�EHVRQGHUV

Abbildung 2: Ursprung und Ansatz von Kreuz- und Seitenbändern
liegen auf einer Burmester – Kurve, deshalb sind Ausrichtungen
und Längen dieser Strukturen genau determiniert. Die
Veränderung eines dieser Parameter führt daher unweigerlich zu
einer Beeinflussung der Kinematik des gesamten Kniegelenks
(Müller 1982).
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DXIIlOOLJ� DXVZLUNW�� ZHLO� JHUDGH� LQ� GLHVHU� *HOHQNZLQNHOVWHOOXQJ� GLH� 6WDELOLVLHUXQJVIXQNWLRQ� GHV

YRUGHUHQ�.UHX]EDQGHV�EHVRQGHUV�DXVJHSUlJW�LVW��/RVHH��������(UIDKUHQH�8QWHUVXFKHU�N|QQHQ�DP

$XVPD��GHU�YRUGHUHQ�6FKXEODGH�LP�6HLWHQYHUJOHLFK�$XVVDJHQ��EHU�GHQ�OLJDPHQWlUHQ�=XVWDQG�GHU

.QLHJHOHQNH� HLQHV� 3DWLHQWHQ� PDFKHQ� �$QGHUVRQ�/LEVFRPE� ������ 1HXVFKZDQGHU� HW� DO�� �����

6WUREHO�1HXPDQQ�������

'HU�/DFKPDQ�7HVW�NDQQ�DXFK�DOV�DNWLYHU�7HVW�GXUFKJHI�KUW�ZHUGHQ��LQGHP�GLH�7LELDYHUVFKLHEXQJ

QLFKW�GXUFK�GHQ�8QWHUVXFKHU�DXVJHO|VW�ZLUG��VRQGHUQ�GXUFK�HLQH�4XDGUL]HSVNRQWUDNWLRQ�GXUFK�GHQ

3DWLHQWHQ�VHOEVW��'HU�8QWHUVXFKHU�IL[LHUW�GDEHL�OHGLJOLFK�GHQ�)X��GHV�3DWLHQWHQ�XQG�IRUGHUW�GLHVHQ

DXI��GHQ�0��TXDGULFHSV�DQ]XVSDQQHQ��%HL�HLQHU�,QVXIIL]LHQ]�GHV�YRUGHUHQ�.UHX]EDQGHV�OlVVW�VLFK�GLH

7LELDYHUVFKLHEXQJ� HQWZHGHU� PLW� GHQ� )LQJHUQ�� GLH� DP� *HOHQNVSDOW� DXIJHOHJW� VLQG�� I�KOHQ� RGHU

PDQFKPDO�VRJDU�PLW�EOR�HP�$XJH�HUNHQQHQ��6WUREHO�HW�DO��������

1HEHQ�GLHVHQ�7HVWV��EHL�GHQHQ�GHU�3DWLHQW�LQ�GHU�5HJHO�DXI�GHP�5�FNHQ�OLHJW��H[LVWLHUHQ�DXFK�HLQLJH

)XQNWLRQVWHVWV��EHL�GHQHQ�GHU�3DWLHQW�GLH�7LELDYHUVFKLHEXQJ�LP�6WHKHQ�RGHU�/DXIHQ�VHOEVW�DXVO|VW�

%HLP�*LYLQJ�ZD\�7HVW�QDFK�-DNRE��������OHKQW�GHU�3DWLHQW�DQ�GHU�:DQG�XQG�JHKW�ODQJVDP�LQ�GLH

.QLHEHXJH�� ZREHL� GHU� 8QWHUVXFKHU� PLW� VHLQHQ� +lQGHQ� HLQHQ� 9DOJXVVWUH�� DXI� GDV� .QLHJHOHQN

DXV�EW��%HL�HLQHU�,QVXIIL]LHQ]�GHV�YRUGHUHQ�.UHX]EDQGHV�NDQQ�GLH�SO|W]OLFKH�5HSRVLWLRQ�GHU�7LELD

DOV�5XFN�JHI�KOW�ZHUGHQ��ZREHL�GDV�.QLHJHOHQN�QDFKJLEW��'DU�EHU�KLQDXV�ZHUGHQ�3HUIRUPDQFHWHVWV

ZLH� GHU� (LQEHLQVSUXQJWHVW�� �HU�)LJXUODXIHQ� RGHU� 7UHSSDXI�� XQG� 7UHSSDEODXIHQ� GXUFKJHI�KUW

�7HJQHU� HW� DO�� ������*DXIILQ�7URSS��������'LH�/HLVWXQJVIlKLJNHLW� LQ�GHUDUWLJHQ�.RPSOH[WHVWV� LVW

DOOHUGLQJV�QXU�EHGLQJW�YRP�=XVWDQG�GHV�.QLHJHOHQNHV�DEKlQJLJ��+LHU� VSLHOHQ�DXFK�)DNWRUHQ��ZLH

GHU�DOOJHPHLQH�NRQGLWLRQHOOH�=XVWDQG�VRZLH�GLH�0RWLYDWLRQ�GHV�3DWLHQWHQ�HLQH�JUR�H�5ROOH�

'LH�ELV�KLHUKHU�EHVFKULHEHQHQ�PDQXHOOHQ�RGHU�YLVXHOOHQ�7HVWYHUIDKUHQ�VLQG�]XU�3U�IXQJ��RE�HLQH

9HUOHW]XQJ�GHV�YRUGHUHQ�.UHX]EDQGHV�YRUOLHJW�RGHU�QLFKW��QDFK�ZLH�YRU�GLH�0HWKRGH�GHU�:DKO�I�U

GLH�NOLQLVFKH�3UD[LV��6LH�N|QQHQ�XQG�VROOHQ�GXUFK�DSSDUDWLYH�7HVWYHUIDKUHQ�QLFKW�HUVHW]W�� VRQGHUQ

OHGLJOLFK� HUJlQ]W� ZHUGHQ�� 6ROO� ]�%�� GHU� 9HUODXI� HLQHU� 5HKDELOLWDWLRQVPD�QDKPH� GRNXPHQWLHUW

ZHUGHQ�� VR� NRPPW�PDQ� XP� GLH� JHQDXH�4XDQWLIL]LHUXQJ� GHU� 7LELDYHUVFKLHEXQJ� QLFKW� XPKLQ�� GD

DQVRQVWHQ� QXU� LQGLUHNWH� 0HVVSDUDPHWHU�� ZLH� ]�%�� 0XVNHOXPIDQJ� VRZLH� 8PIDQJ�� 5RWDWLRQ� XQG

)OH[LRQ�GHV�.QLHJHOHQNHV�]XU�9HUI�JXQJ�VWHKHQ��'DKOVWHGW�'DOHQ�������%DXPJDUWO�7KLHPHO�������

$XI� GLH� 9LHO]DKO� GHU� ZHLWHUHQ� PDQXHOOHQ� 7HVWV� ]XU� (UIDVVXQJ� GHU� /D[L]LWlW� GHV� .DSVHO�%DQG�

$SSDUDWHV�ZLUG�KLHU�QLFKW�HLQJHJDQJHQ��GD�VLH�VLFK�I�U�ZLVVHQVFKDIWOLFKH�8QWHUVXFKXQJHQ�DXIJUXQG

IHKOHQGHU�5HSURGX]LHUEDUNHLW�GHU�(UJHEQLVVH�XQG�IHKOHQGHU�2EMHNWLYLWlW�QLFKW�HLJQHQ��:LOO�PDQ�DOVR

GLH� 7LELDYHUVFKLHEXQJ� JHQDX� TXDQWLIL]LHUHQ�� VR� VROOWH� GLHV� XQEHGLQJW� PLW� HLQHU� 7HVWDSSDUDWXU
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JHVFKHKHQ��GD�GLH�VXEMHNWLYH�(LQVFKlW]XQJ�GHV�8QWHUVXFKHUV�KLHUI�U�]X�XQJHQDX�LVW��6WUREHO�HW�DO�

������

1.3.1.2 Instrumentelle Testverfahren
%HL�GHQ�PHGL]LQLVFKHQ�'LDJQRVHJHUlWHQ�KDW� VLFK�EHVRQGHUV�GDV�.7����� �0HG0HWULF�&RUS��� 6DQ

'LHJR��KHUYRUJHWDQ��'DEHL�ZLUG�HLQ�*HKlXVH�PLWWHOV�]ZHLHU�.OHWWEDQGDJHQ�DQ�GHU�9RUGHUVHLWH�GHV

8QWHUVFKHQNHOV� DQJHEUDFKW�� 'DV� (QGH� HLQHV� +HEHODUPHV� ZLUG� DXI� GHU� 3DWHOOD�� GDV� (QGH� HLQHV

DQGHUHQ�+HEHODUPHV�DXI�GHU�7XEHURVLWDV�WLELDH�DXIJHOHJW��'D�EHUHLWV�EHL� OHLFKWHU�.QLHEHXJXQJ�GLH

3DWHOOD�DQ�GHQ�)HPXUNRQG\OHQ�DQOLHJW��NDQQ�GLH�3DWHOOD�DOV�5HSUlVHQWDQW�GHV�2EHUVFKHQNHONQRFKHQV

EHWUDFKWHW� ZHUGHQ�� 'LH� 7XEHURVLWDV� WLELDH� UHSUlVHQWLHUW� GHQ� 8QWHUVFKHQNHONQRFKHQ�� (LQH

7LELDYHUVFKLHEXQJ�UHODWLY�]XP�)HPXU�ZLUG�GDKHU�LQ�HLQH�5RWDWLRQVEHZHJXQJ�GHU�EHLGHQ�+HEHODUPH

UHODWLY�]XHLQDQGHU�XPJHZDQGHOW��GLH�GDQQ�DXI�HLQHU�$QDORJXKU�DQJH]HLJW�ZLUG��'LH�7LELDWUDQVODWLRQ

NDQQ�GXUFK�HLQH�.UDIW�EHUWUDJXQJ��EHU�HLQHQ�+HEHODUP�DP�8QWHUVFKHQNHO�DXVJHO|VW�ZHUGHQ��'LH

DXIJHZDQGWH� .UDIW� ZLUG� GXUFK� DNXVWLVFKH� 6LJQDOH� PLW� GUHL� XQWHUVFKLHGOLFKHQ� )UHTXHQ]HQ� LQ� GLH

%HUHLFKH���1�²���1����1�²����1�XQG��EHU����1�HLQJHWHLOW��0HG0HWULF�&RUS���6DQ�'LHJR�������

Abbildung 3: KT1000 MedMetric Corp., San Diego

'LH�8QWHUVXFKXQJVDQRUGQXQJ� LVW� KLHU� GLH� JOHLFKH�ZLH� EHLP�/DFKPDQ�7HVW��ZREHL� HLQ� GHILQLHUWHU

.QLHZLQNHO�YRQ�FD������)OH[LRQ�GXUFK�HLQ�XQWHUOHJWHV�2EHUVFKHQNHOWHLO�NRQVWDQW�JHKDOWHQ�ZLUG��(LQ

)X�WHLO�VW�W]W�GLH�)��H�QDFK�ODWHUDO�DE��VR�GDVV�GLH�)��H� LQ�HLQHU� OHLFKWHQ�$X�HQURWDWLRQ�JHKDOWHQ

ZHUGHQ��RKQH�GDVV�GHU�3DWLHQW�GLH�0XVNXODWXU�]XU�6WDELOLVLHUXQJ�GHU�)X�KDOWXQJ�DQVSDQQHQ�PXVV�

,Q�GLHVHU�8QWHUVXFKXQJVDQRUGQXQJ�ZHUGHQ�]XU�'LDJQRVH�GHV�YRUGHUHQ�.UHX]EDQGHV�GHU�SDVVLYH
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YRUGHUH�6FKXEODGHQWHVW�PLW���1�RGHU���1�GXUFKJHI�KUW��:LUG�GLH�7LELDYHUVFKLHEXQJ�QLFKW�GXUFK

=XJ�DP�+HEHODUP��VRQGHUQ�PLW�GHU�+DQG�GHV�8QWHUVXFKHUV�DXI�GHU�'RUVDOVHLWH�GHV�8QWHUVFKHQNHOV

GHV� 3DWLHQWHQ� HLQJHOHLWHW�� VR� NDQQ� GHU� 6FKXEODGHQWHVW� DOV� PD[LPDO� PDQXHOOHU� 7HVW� GXUFKJHI�KUW

ZHUGHQ��'DEHL�NDQQ�GLH�.UDIW�DOOHUGLQJV�QLFKW�GRNXPHQWLHUW�ZHUGHQ��2KQHKLQ�LVW�HV�EHLP�.7����

QLFKW�P|JOLFK��GLH�]XU�$XVO|VXQJ�GHU�7LELDYHUVFKLHEXQJ�DXIJHZDQGWH�.UDIW�]X�UHJLVWULHUHQ��VLH�NDQQ

OHGLJOLFK�LQ�GLH�JHQDQQWHQ�%HUHLFKH�XQWHUWHLOW�ZHUGHQ��'DKHU�ZLUG�GDV�.7�����]XVlW]OLFK�PLW�HLQHP

[�\�3ORWWHU�]XU�JUDSKLVFKHQ�'DUVWHOOXQJ�GHU�0HVVZHUWH�XQWHU�GHP�1DPHQ�.7�����DQJHERWHQ�

'XUFK�GLH�(LQWHLOXQJ�LQ�YHUVFKLHGHQH�.UDIWEHUHLFKH�NDQQ�EHLP�.7�����]XVlW]OLFK�HLQ�VRJHQDQQWHU

&RPSOLDQFH�,QGH[� HUUHFKQHW� ZHUGHQ�� LQGHP� PDQ� GHQ� ��1� ²� 0HVVZHUW� YRP� ��1� ²� 0HVVZHUW

VXEWUDKLHUW��%HL� LQWDNWHP�.UHX]EDQG�OLHJW�GHU�&RPSOLDQFH�,QGH[�EHL��PP�LQ�DQWHULRUHU�5LFKWXQJ�

EHL�9HUOHW]XQJHQ�GHV�YRUGHUHQ�.UHX]EDQGHV�]ZLVFKHQ��PP�XQG��PP��6WUREHO� HW� DO�� �������'LH

+HUVWHOOHUILUPD�JLEW�LP�*HJHQVDW]�]X�6WUREHO�HW�DO��HLQHQ�Å���SRXQG����SRXQG�FRPSOLDQFH�LQGH[´

DQ��DOVR�GHQ�'LIIHUHQ]ZHUW�]ZLVFKHQ����1�XQG���1��/DXW�+HUVWHOOHU�OLHJW�GLHVHU�&RPSOLDQFH�,QGH[

I�U� LQWDNWH� .QLHJHOHQNH� EHL� ���PP� LQ� DQWHULRUHU� 5LFKWXQJ�� EHL� 9HUOHW]XQJHQ� GHV� YRUGHUHQ

.UHX]EDQGHV� HWZD� XP��PP� �0HG0HWULF�&RUS��� ������� ,P�*HJHQVDW]� GD]X� ODJ� GHU�&RPSOLDQFH�

,QGH[� LQ�HLQHU�8QWHUVXFKXQJ�YRQ�)RUVWHU�HW�DO�� �������EHL� LQWDNWHQ�.QLHJHOHQNHQ�EHL����PP��EHL

YHUOHW]WHQ�.QLHJHOHQNHQ�GDJHJHQ�EHL����PP�

Abbildung 4: Compliance-Index (MedMetric Corp., San Diego 1995)

,Q�GHU�/LWHUDWXU�ZHUGHQ� MHGRFK�PHLVW�QXU�GLH�0HVVZHUWH�GHU�7LELDYHUVFKLHEXQJ� I�U�GLH�HLQ]HOQHQ

.UDIWEHUHLFKH�JHQDQQW��6LH�VFKZDQNHQ�LP�0LWWHOZHUW�EHL�LQWDNWHP�.UHX]EDQG�I�U�GHQ���1�²�:HUW
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]ZLVFKHQ�����XQG����PP�� I�U�GHQ���1�²�:HUW�]ZLVFKHQ����� XQG�����PP�XQG� I�U�GHQ�PD[LPDO

PDQXHOOHQ�:HUW�]ZLVFKHQ�����XQG�����PP��%HL�YHUOHW]WHP�.UHX]EDQG�VFKZDQNHQ�VLH�LP�0LWWHOZHUW

I�U�GHQ���1�²�:HUW�]ZLVFKHQ�����XQG�����PP��I�U�GHQ���1�²�:HUW�]ZLVFKHQ�����XQG�����PP�XQG

I�U� GHQ�PD[LPDO� PDQXHOOHQ�:HUW� ]ZLVFKHQ� ����� XQG� ����PP�� %HVVHU� DOV� GLH� $EVROXWZHUWH� GHU

7LELDYHUVFKLHEXQJ�VFKHLQHQ�GDJHJHQ�GLH�6HLWHQGLIIHUHQ]HQ�GHU�7LELDYHUVFKLHEXQJHQ�LQQHUKDOE�HLQHV

,QGLYLGXXPV� ]XU� 'LDJQRVH� JHHLJQHW�� 'LH� 'LIIHUHQ]HQ� YRQ� LQWUDLQGLYLGXHOOHQ� 9HUJOHLFKHQ� EHL

EHLGVHLWLJ� LQWDNWHQ�.QLHJHOHQNHQ� ZHUGHQ� LQ� GHU� /LWHUDWXU� LP�0LWWHOZHUW� LPPHU�PLW� NOHLQHU� RGHU

JOHLFK� �PP� DQJHJHEHQ�� ZRJHJHQ� LQWUDLQGLYLGXHOOH� 9HUJOHLFKH� HLQHV� LQWDNWHQ� .QLHJHOHQNHV� PLW

HLQHP� YHUOHW]WHQ� LP� 0LWWHOZHUW� LPPHU� 'LIIHUHQ]HQ� YRQ� �PP� RGHU� JU|�HU� HUEUDFKWHQ�� 'D� GLH

8QWHUVXFKXQJVHUJHEQLVVH�I�U�GHQ�PD[LPDO�PDQXHOOHQ�7HVW�DP�]XYHUOlVVLJVWHQ�VLQG��VROOWH�GLHVHU�]XU

(UPLWWOXQJ� GHU� �PP� *UHQ]H� DQJHZDQGW� ZHUGHQ�� ZHQQ� HV� GDUXP� JHKW�� HLQHQ� .UHX]EDQGUL�

QDFK]XZHLVHQ�� RGHU� DXV]XVFKOLH�HQ�� �'DQLHO� HW� DO�� ������ ������ $QGHUVRQ�/LEVFRPE� �����

'DKOVWHGW�'DOHQ�������1HXVFKZDQGHU�HW�DO��������%DFK�HW�DO��������$QGHUVVRQ�������5XSS�HW�DO�

������6WUDQG�6ROKHLP�������6WUREHO� HW� DO���������'LH�*HQDXLJNHLW��PLW�GHU�GLH�7LELDYHUVFKLHEXQJ

GDEHL�DQJHJHEHQ�ZXUGH��LVW�HWZDV�VFKPHLFKHOKDIW�I�U�GDV�.7������GD�GLH�6NDOD�GHU�$QDORJXKU��DXI

GHU�GLH�0HVVZHUWH�DXVJHJHEHQ�ZHUGHQ��LQ�0LOOLPHWHUVFKULWWH�HLQJHWHLOW� LVW��VR�GDVV�GLH�*HQDXLJNHLW

LP�%HUHLFK�YRQ�=HKQWHOPLOOLPHWHUQ�QXU�GXUFK�%HUHFKQXQJ�HLQHV�0LWWHOZHUWHV�HQWVWHKW��'UDJDQLFK

HW�DO��������3DOPLWLHU�HW�DO��������

'DV�.7�����VWHOOW�XQWHU�GHQ�.QLHDUWKURPHWHUQ�VR]XVDJHQ�GHQ�VWDWH�RI�WKH�DUW�GDU��ZHQQJOHLFK��EHU

GLH� *�WHNULWHULHQ� GLHVHV� *HUlWHV� 8QHLQLJNHLW� KHUUVFKW�� 'LH� .RUUHODWLRQ� GHU� DQWHURSRVWHULRUHQ

7LELDYHUVFKLHEXQJ� JHPHVVHQ� PLW� GHP� .7����� XQG� GHU� %HZHJXQJ� YRQ� .QRFKHQPDUNHUQ�� GLH

]HLWJOHLFK�LQ�HLQHP�LQ�YLWUR�([SHULPHQW�DXIJHQRPPHQ�ZXUGHQ��LVW�PLW�������DQJHJHEHQ�XQG�GDPLW

QDKH]X�SHUIHNW��'DQLHO�HW�DO��������'DQLHO��������'LH�5HSURGX]LHUEDUNHLW�GHU�0HVVHUJHEQLVVH�ZDU�LQ

HLQHP�9HUJOHLFK�YRQ�YLHU�XQWHUVFKLHGOLFKHQ�0HVVJHUlWHQ�I�U�GDV�.7�����DP�EHVWHQ��ZREHL�KLHU�GLH

WHVW�UHWHVW�9DULDELOLWlW�EHL��������ODJ��6WHLQHU�HW�DO���������'HU�0HVVIHKOHU�ZDU�EHL�GLHVHP�7HVW�I�U

GDV�.7�����DP�JHULQJVWHQ��'LH�GLDJQRVWLVFKH�([DNWKHLW�OLHJW�EHLP�.7�����EHL������G�K������DOOHU

YHUOHW]WHQ� XQG� LQWDNWHQ� .QLHJHOHQNH�� GLH� JHWHVWHW� ZXUGHQ�� ZXUGHQ� DXIJUXQG� GHV� 7HVWV� PLW� GHP

*HUlW�NRUUHNW�DOV�YHUOHW]W�RGHU�LQWDNW�NODVVLIL]LHUW��,Q�GLHVHU�8QWHUVXFKXQJ�VFKQHLGHQ�DOOHUGLQJV�]ZHL

.RQNXUUHQ]SURGXNWH�EHVVHU�DE������E]Z�������

)RUVWHU�HW�DO���������XQWHUVXFKWHQ�GLH�,QWUD��XQG�,QWHUXQWHUVXFKHU�9DULDELOLWlW�EHL�YLHU�XQYHUOHW]WHQ

3UREDQGHQ�XQG�VHFKV�3UREDQGHQ�PLW�GLDJQRVWL]LHUWHP�$EULVV�GHV�YRUGHUHQ�.UHX]EDQGHV�YRU�GHU

5HNRQVWUXNWLRQ��'DEHL� NRQQWHQ� EHL�0HVVXQJHQ� GHU� $EVROXWZHUWH� DP� MHZHLOV� JOHLFKHQ� .QLH� QXU

����GHU�0HVVZHUWH�UHSURGX]LHUW�ZHUGHQ��1XU�����GHU�0HVVZHUWH�EH]RJHQ�DXI�GDV�JOHLFKH�.QLH

ODJHQ� LQQHUKDOE� HLQHV� &OXVWHUV� YRQ� �PP�� $XFK� GLH� :LHGHUKROXQJVPHVVXQJHQ� EHL� MHZHLOV
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LGHQWLVFKHQ� 8QWHUVXFKHUQ� ZDU� XQEHIULHGLJHQG�� 1XU� HWZD� ���� GHU� :LHGHUKROXQJVPHVVXQJHQ

HUJDEHQ� JOHLFKH� :HUWH�� ZLH� EHL� GHU� HUVWHQ� 0HVVXQJ�� 'DJHJHQ� HUJDEHQ� ���� GHU

:LHGHUKROXQJVPHVVXQJHQ� 'LIIHUHQ]HQ� ]XU� HUVWHQ� 0HVVXQJ� YRQ� �PP� RGHU� PHKU�� %HLP

6HLWHQYHUJOHLFK�GHU�.QLHJHOHQNH�LQQHUKDOE�HLQHV�3UREDQGHQ�NRQQWHQ�QXU�EHL�����GHU�0HVVXQJHQ

LQWDNWH� .QLHJHOHQNH� YRQ� YHUOHW]WHQ� .QLHJHOHQNHQ� NRUUHNW� XQWHUVFKLHGHQ� ZHUGHQ�� 'LHVHU� :HUW

ZXUGH�YRQ�����GHU�XQYHUOHW]WHQ�3UREDQGHQ�HUUHLFKW��ZlKUHQG�����GHU�YHUOHW]WHQ�3UREDQGHQ�GLHVH

NULWLVFKH�0DUNH�QLFKW��EHUVFKULWWHQ��'HU�6HLWHQYHUJOHLFK�EHL�GHQ�XQYHUOHW]WHQ�3UREDQGHQ�HUJDE�LQ

����GHU�)lOOH�HLQHQ�&RPSOLDQFH�,QGH[�YRQ����PP�RGHU�ZHQLJHU��$OOHUGLQJV�ZXUGH�GLHVHV�(UJHEQLV

DXFK�I�U�����GHU�)lOOH�EHL�GHQ�YHUOHW]WHQ�3UREDQGHQ�HU]LHOW��VR�GDVV�GLH�$XWRUHQ�GHQ�&RPSOLDQFH�

,QGH[�DOV�XQVHQVLEOHQ�3DUDPHWHU�I�U�GLH�'LDJQRVH�GHV�YRUGHUHQ�.UHX]EDQGHV�HLQVWXIWHQ��,QVJHVDPW

NRPPHQ�GLH�$XWRUHQ�]X�GHP�6FKOXVV��GDVV�GLH�0HVVXQJ�GHU�DQWHULRUHQ�/D[L]LWlW�GHV�.DSVHO�%DQG�

$SSDUDWHV�PLW�GHP�.7�����LQ�LKUHU�8QWHUVXFKXQJ�HLQH�QLFKW�XQHUKHEOLFKH�$Q]DKO�IDOVFK�SRVLWLYHU

XQG�IDOVFK�QHJDWLYHU�(UJHEQLVVH�SURGX]LHUWH�

1HEHQ� GHP� .7����� H[LVWLHUW� QRFK� HLQH� 5HLKH� ZHLWHUHU� 0HVVJHUlWH� ]XU� (UIDVVXQJ� GHU

7LELDYHUVFKLHEXQJ�� GLH� DOOHUGLQJV� EHL� ZHLWHP� QLFKW� GLH� 9HUEUHLWXQJ� GHV� .7����� IDQGHQ

�$QGHUVVRQ�*LOOTXLVW�������/\VKROP�HW�DO���������6WUREHO�HW�DO���������ELHWHQ�KLHU�HLQH�YROOVWlQGLJH

hEHUVLFKW��6WUREHO�1HXPDQQ��������KDEHQ�VHOEVW�HLQ�*HUlW�]XU�(UIDVVXQJ�GHU�7LELDYHUVFKLHEXQJ

�./7��YRUJHVWHOOW��'DEHL�ZLUG��EHU�HLQHQ�LQGXNWLYHQ�:HJDXIQHKPHU��GHU�DQ�GHU�7XEHURVLWDV�WLELDH

DQOLHJW��GHU�:HJ�GHV�6FKLHQEHLQNRSIHV�UHODWLY�]X�GHP�DQ�GHU�3DWHOOD�DQOLHJHQGHQ�5DKPHQ�JHPHVVHQ�

'LH� 8QWHUVXFKXQJVDQRUGQXQJ� LVW� ZLHGHUXP� GLH� JOHLFKH�� ZLH� EHLP� /DFKPDQ�7HVW�� GHU� KLHU� DOV

PD[LPDO�PDQXHOOHU�7HVW�GXUFKJHI�KUW�ZLUG��'LH�DXIJHZDQGWH�.UDIW�ZLUG�QLFKW�UHJLVWULHUW��ZRKO�DEHU

GLH��EHU�GHQ�0HVVWDVWHU�HUIDVVWH�7LELDYHUVFKLHEXQJ��0LW�HLQHU�YHUJOHLFKEDUHQ�.RQVWUXNWLRQ�N|QQHQ

GLH�3DWLHQWHQ�LQ�HLQHP�5|QWJHQKDOWHJHUlW�PLW�HLQVWHOOEDUHU�.QLHIOH[LRQ�XQG�8QWHUVFKHQNHOURWDWLRQ

HLQJHVSDQQW�XQG�XQWHUVXFKW�ZHUGHQ��6WHGWIHOG�6WUREHO��������'LH�$XVZHUWXQJ�GHU�0HVVHUJHEQLVVH

NDQQ�GUHLGLPHQVLRQDO�GDUJHVWHOOW�ZHUGHQ��ZREHL�GLH�.QLHIOH[LRQ�XQG�GLH�8QWHUVFKHQNHOURWDWLRQ�DOV

XQDEKlQJLJH� *U|�HQ� EHU�FNVLFKWLJW� ZHUGHQ�� 'LH� GULWWH� 'LPHQVLRQ� EHVFKUHLEW� GLH

7LELDYHUVFKLHEXQJ�� 'LH� ]XU� 7LELDYHUVFKLHEXQJ� DXIJHZDQGWH� .UDIW� ILQGHW� KLHU� NHLQH

%HU�FNVLFKWLJXQJ�

9HU]LFKWHW�PDQ�DXI�GLH�9DULDWLRQ�YRQ�.QLHIOH[LRQ�XQG�8QWHUVFKHQNHOURWDWLRQ��LQGHP�PDQ�KLHUI�U

HLQHQ�GHILQLHUWHQ�:HUW�YRUJLEW��VR�JHQ�JW�HLQH�]ZHLGLPHQVLRQDOH�'DUVWHOOXQJ�GHU�(UJHEQLVVH��:HQQ

PDQ� ]XVlW]OLFK� ]XU� 7LELDYHUVFKLHEXQJ� JOHLFK]HLWLJ� GLH� DXVO|VHQGH� .UDIW� UHJLVWULHUW�� NDQQ� GLH

%H]LHKXQJ� ]ZLVFKHQ� DXIJHZDQGWHU� .UDIW� XQG� UHVXOWLHUHQGHU� 7LELDYHUVFKLHEXQJ� DOV� +\VWHUHVH

GDUJHVWHOOW� ZHUGHQ� �0DUNROI� HW� DO�� ������ 'DQLHO� HW� DO�� ������ 0HG0HWULF� &RUS��� ������� $XI� GHU

2UGLQDWH�ZLUG�GLH�.UDIW�DXIJHWUDJHQ��DXI�GHU�$EV]LVVH�GLH�7LELDYHUVFKLHEXQJ��'DV�9RU]HLFKHQ�JLEW
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GDEHL�GLH�5LFKWXQJ�GHU�ZLUNVDPHQ�.UDIW�XQG�GHU�7LELDYHUVFKLHEXQJ�DQ��3RVLWLYH�:HUWH�EHGHXWHQ

HLQH�.UDIWULFKWXQJ�QDFK�DQWHULRU��QHJDWLYH�:HUWH�EHGHXWHQ�HLQH�.UDIWULFKWXQJ�QDFK�SRVWHULRU��'LH

%HGHXWXQJ�GHV�9RU]HLFKHQV�I�U�GLH�2ULHQWLHUXQJ�GHU�7LELDYHUVFKLHEXQJ�NDQQ�PDQ�EHLP�.7����

QXU�DXV�GHU�/DJH�GHU�0HVVNXUYH�LQQHUKDOE�GHU�YLHU�4XDGUDQWHQ�LP�.RRUGLQDWHQV\VWHP�HUVFKOLH�HQ�

GD�GLH�$EV]LVVH�QLFKW�DXVUHLFKHQG�EHVFKULIWHW� LVW��$XFK� I�U�GLH�7LELDYHUVFKLHEXQJ�EHGHXWHQ�GDQQ

SRVLWLYH� :HUWH� HLQH� %HZHJXQJVULFKWXQJ� QDFK� DQWHULRU�� QHJDWLYH� :HUWH� HLQH� %HZHJXQJVULFKWXQJ

QDFK�SRVWHULRU��0HG0HWULF�&RUS���������

%HL�0DUNROI�HW�DO���������ZHLVHQ�GLH�9RU]HLFKHQ�I�U�.UDIW�XQG�7LELDYHUVFKLHEXQJ�XQJ�QVWLJHUZHLVH

LQ�GLH�HQWJHJHQJHVHW]WH�5LFKWXQJ��3RVLWLYH�:HUWH�EHGHXWHQ�KLHU� I�U�GLH�.UDIW�HLQH�5LFKWXQJ�QDFK

DQWHULRU�I�U�GLH�7LELDYHUVFKLHEXQJ�GDJHJHQ�HLQH�5LFKWXQJ�QDFK�SRVWHULRU��)�U�QHJDWLYH�:HUWH�JLOW

HQWVSUHFKHQGHV�LQ�HQWJHJHQJHVHW]WHU�5LFKWXQJ��$Q�GHU�+\VWHUHVLVVFKOHLIH�ODVVHQ�VLFK�QDFK�0DUNROI

HW�DO��]ZHL�3DUDPHWHU��GLH�/D[L]LWlW��GHILQLHUW�DOV�7LELDWUDQVODWLRQ�EHL�HLQHU�.UDIW�YRQ�����E]Z�����1�

VRZLH� GLH� 6WLIIQHVV�� GHILQLHUW� DOV� .UDIWDQVWLHJ� SUR� /lQJHQ]XQDKPH� �∆)�∆O�� HUPLWWHOQ�� ,Q� GHU

JUDSKLVFKHQ�'DUVWHOOXQJ� HQWVSULFKW� GLH� 6WLIIQHVV� GHU�7DQJHQWHQVWHLJXQJ� GHU�+\VWHUHVLVVFKOHLIH� DQ

HLQHP�GHILQLHUWHQ�3XQNW��0DUNROI�HW�DO��������-RKDQVVRQ�HW�DO��������

6WUREHO�HW�DO���������JHEHQ�I�U�GLH�%HUHFKQXQJ�GHU�6WLIIQHVV�HLQHQ�.UDIWZHUW�YRQ���1�DQ��ZlKUHQG

LQ�HLQLJHQ�2ULJLQDODUEHLWHQ�YRQ�0DUNROI�HW�DO���������������HLQ�.UDIWZHUW�YRQ����1�]XU�%HUHFKQXQJ

GHU�6WLIIQHVV�DQJHJHEHQ�LVW��9HUOHW]XQJHQ�GHV�.DSVHO�%DQG�$SSDUDWHV�I�KUHQ�]X�HUK|KWHU�/D[L]LWlW

XQG�YHUULQJHUWHU�6WLIIQHVV��6WUREHO�HW�DO��������

Abbildung 5: Laxity und Stiffness (Markolf et al. 1978; 1981)
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0DUNROI� HW� DO�� ������� ������ XQWHUVXFKWHQ� PLW� GLHVHQ� 3DUDPHWHUQ� YRUQHKPOLFK� GHQ� (LQIOXVV� GHU

.QLHJHOHQNPXVNXODWXU� XQG� GHU� D[LDOHQ� %HODVWXQJ� GHV� %HLQHV� PLW� GHP� .|USHUJHZLFKW� DXI� GLH

SDVVLYH�6WDELOLWlW�DP�.QLHJHOHQN��'HPQDFK�LVW�HV�EHL�D[LDO�XQEHODVWHWHP�%HLQ�PLW�HLQHP�.QLHZLQNHO

YRQ�����)OH[LRQ�P|JOLFK��GLH�6WLIIQHVV�GXUFK�.RQWUDNWLRQ�GHU�.QLHJHOHQNPXVNXODWXU�XP�GDV�=ZHL�

ELV�9LHUIDFKH�]X�HUK|KHQ��XQG�GLH�/D[L]LWlW�XP����²�����]X�UHGX]LHUHQ��'LH�D[LDOH�%HODVWXQJ�GHV

%HLQHV�PLW� ���1� LQ� YLWUR� I�KUWH� EHL� HLQHP�.QLHZLQNHO� YRQ� ����)OH[LRQ� ]X� HLQHU�5HGXNWLRQ�GHU

/D[L]LWlW� LQ� DQWHURSRVWHULRUHU�5LFKWXQJ�XP����²� ����XQG� HLQHU�(UK|KXQJ�GHU� 6WLIIQHVV� DXI� GDV

'RSSHOWH��'LH�DQWHULRUH�7LELDYHUVFKLHEXQJ�EHWUXJ� LQ�YLYR�EHL�HLQHP�.QLHZLQNHO�YRQ�����)OH[LRQ

PLW� D[LDO� XQEHODVWHWHP� %HLQ� XQG� HQWVSDQQWHU� 0XVNXODWXU� GXUFKVFKQLWWOLFK� ���PP�� GLH� DQWHULRUH

6WLIIQHVV�EHWUXJ�XQWHU�JOHLFKHQ�%HGLQJXQJHQ�������1�P�

:lKUHQG� GLH� =XRUGQXQJ� GHV� 9RU]HLFKHQV� GHU� 0HVVZHUWH� ]XU� 5LFKWXQJ� YRQ� .UDIW� XQG

7LELDWUDQVODWLRQ�ZLOON�UOLFK� LVW�XQG�DOV�.RQYHQWLRQ�DN]HSWLHUW�ZHUGHQ�NDQQ�� OHXFKWHW�GLH�:DKO�GHU

$FKVHQ�DXV�PDWKHPDWLVFKHU�6LFKW�QLFKW�JDQ]�HLQ��,Q�GHU�YRQ�0DUNROI�HW�DO���������XQG�0HG0HWULF

&RUS���������JHZlKOWHQ�=XRUGQXQJ�ZLUG�GLH�.UDIW�DOV�)XQNWLRQ�GHU�7LELDYHUVFKLHEXQJ�GDUJHVWHOOW�

'DEHL�VFKHLQHQ�8UVDFKH�XQG�:LUNXQJ�YHUWDXVFKW��GD�LQ�:LUNOLFKNHLW�HLQH�.UDIW�HLQJHOHLWHW�ZLUG��XP

HLQH� 7LELDYHUVFKLHEXQJ� ]X� YHUXUVDFKHQ� XQG� QLFKW� XPJHNHKUW�� 'DKHU� VROOWH� EHVVHU� GLH

7LELDYHUVFKLHEXQJ�DOV�)XQNWLRQ�GHU�.UDIW�GDUJHVWHOOW�ZHUGHQ��GDV�KHL�W��VLH�VROOWH�DXI�GHU�2UGLQDWH

DXIJHWUDJHQ�ZHUGHQ�XQG�GLH�.UDIW�DXI�GHU�$EV]LVVH��(V�HUVFKHLQW�DX�HUGHP�J�QVWLJHU��I�U�LGHQWLVFKH

5LFKWXQJHQ�YRQ�.UDIW�XQG�7LELDYHUVFKLHEXQJ�GDV�LGHQWLVFKH�9RU]HLFKHQ�]X�ZlKOHQ�

'LH�PDQXHOOHQ�XQG�LQVWUXPHQWHOOHQ�8QWHUVXFKXQJVPHWKRGHQ�]XU�'LDJQRVWLN�GHV�.QLHJHOHQNHV�VLQG

LQ�GHU�NOLQLVFKHQ�3UD[LV�HWDEOLHUW��VLH�KDEHQ�MHGRFK�GHQ�1DFKWHLO��GDVV�VLH�I�U�8QWHUVXFKXQJHQ�DP

OLHJHQGHQ�3DWLHQWHQ�XQWHU�(QWODVWXQJ�GHV�.QLHJHOHQNHV�NRQ]LSLHUW� VLQG��$XV�8QWHUVXFKXQJHQ�DP

6SUXQJJHOHQN� LVW� MHGRFK� EHNDQQW�� GDVV� GLH� 9HUVFKLHEEDUNHLW� ]ZHLHU� *HOHQNNRQJUXHQWHQ� XQWHU

(QWODVWXQJ�GHV�*HOHQNHV�QRFK�NHLQH�$XVVDJH��EHU�GLH�IXQNWLRQHOOH�6WDELOLWlW�GHV�*HOHQNHV�]XOlVVW

�/RKUHU�HW�DO��������6FKHXIIHOHQ�������*ROOKRIHU�HW�DO���������$XFK�DP�.QLHJHOHQN�EHVWHKW�]ZLVFKHQ

GHU�SDVVLYHQ�XQG�GHU�IXQNWLRQHOOHQ�6WDELOLWlW�NHLQH�VWUHQJH�%H]LHKXQJ��:DOOD�HW�DO��������7HJQHU�HW

DO��������

'LH� REHQJHQDQQWHQ� 8QWHUVXFKXQJVPHWKRGHQ� KHOIHQ� GHP� $U]W� ]X� HQWVFKHLGHQ�� RE� EHL� HLQHU

9HUOHW]XQJ�YHUPXWOLFK�GDV�YRUGHUH�.UHX]EDQG�DEJHULVVHQ�ZXUGH�XQG�RE�HLQH�2SHUDWLRQ�QRWZHQGLJ

LVW��:LH�VLFK�HLQ�XQYHUOHW]WHV��YHUOHW]WHV�RGHU�EHUHLWV�RSHULHUWHV�*HOHQN�LQ�GHU�)XQNWLRQ�YHUKlOW��NDQQ

VR�QLFKW�GLDJQRVWL]LHUW�ZHUGHQ��:L�PH\HU�HW�DO���������+HU]RJ�HW�DO���������NRQQWHQ�DP�.DW]HQNQLH

RKQH� YRUGHUHV� .UHX]EDQG� QRFK� HLQ� -DKU� QDFK� GHU� 9HUOHW]XQJ� GHXWOLFKH� 8QWHUVFKLHGH� LQ� GHU

6WDELOLWlW�EHL� VWDWLVFKHU�%HODVWXQJ�GHV�*HOHQNHV� LP�9HUJOHLFK�PLW�GHP�*DQJELOG�EHL�G\QDPLVFKHU
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%HODVWXQJ� GHV� *HOHQNHV� IHVWVWHOOHQ�� :lKUHQG� VLFK� GLH� YHUOHW]WHQ� .QLHJHOHQNH� EHL� VWDWLVFKHU

%HODVWXQJ� XQDXIIlOOLJ� YHUKLHOWHQ�� RIIHQEDUWHQ� VLFK� LP�*DQJELOG� QRFK� HUKHEOLFKH�8QWHUVFKLHGH� ]X

GHQ�LQWDNWHQ�.QLHJHOHQNHQ��$OV�SUREOHPDWLVFK�HUZLHV�VLFK�LQ�GLHVHP�=XVDPPHQKDQJ�YRU�DOOHP�GLH

DQWHURSRVWHULRUH�,QVWDELOLWlW��GD�GLH�5RWDWLRQVVWDELOLWlW�EHUHLWV�YLHU�0RQDWH�QDFK�9HUOHW]XQJ�ZLHGHU

KHUJHVWHOOW�ZDU�

=XU�'LDJQRVH�GHU�6WDELOLWlW�GHV�.QLHJHOHQNHV�LQ�IXQNWLRQHOOHQ�6LWXDWLRQHQ�ZXUGH�LP�5DKPHQ�GLHVHU

8QWHUVXFKXQJHQ�HLJHQV�HLQ�QHXHV�0HVVJHUlW�HQWZLFNHOW��PLW�GHP�HV�P|JOLFK� LVW��GLH�/D[L]LWlW�GHV

.DSVHO�%DQG�$SSDUDWHV� DP� .QLHJHOHQN� XQWHU� IXQNWLRQHOOHQ� %HGLQJXQJHQ�� ]�%�� DP� VWHKHQGHQ

3UREDQGHQ�]X�PHVVHQ��'LHVHV�ZLUG�QRWZHQGLJ��GD�QHEHQ�GHU�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV

XQWHU�(QWODVWXQJ�GHV�%HLQHV�QRFK�ZHLWHUH�)DNWRUHQ�HLQHQ�(LQIOXVV�DXI�GLH�IXQNWLRQHOOH�6WDELOLWlW�GHV

.QLHJHOHQNHV� KDEHQ� �:L�PH\HU� HW� DO�� ������� ,P� 6WDQG� ZLUG� GDV� %HLQ� D[LDO� EHODVWHW�� 'XUFK� GLH

D[LDOHQ� .UDIWNRPSRQHQWHQ� YRQ� *HZLFKWVNUDIW� XQG� %RGHQUHDNWLRQVNUDIW�� GLH� VHQNUHFKW� DXI� GLH

*HOHQNIOlFKHQ�VWHKHQ��ZHUGHQ�)HPXU�XQG�7LELD�VWlUNHU�DXIHLQDQGHU�JHSUHVVW��ZDV��EHU�HLQH�HUK|KWH

5HLEXQJ�GD]X�I�KUW��GDVV�HLQHU�7LELDYHUVFKLHEXQJ�PHKU�:LGHUVWDQG�HQWJHJHQ�JHVHW]W�ZLUG��0DUNROI

HW� DO�� ������ +ROOLV� HW� DO�� ������ 7RU]LOOL� HW� DO�� ������� %H\QQRQ� HW� DO�� ������� NRQQWHQ� EHL

6SDQQXQJVPHVVXQJHQ� DP� YRUGHUHQ�.UHX]EDQG� LQ� HLQHP�.QLHZLQNHO� YRQ� ���� )OH[LRQ�PLW� HLQHU

DQWHULRUHQ�=XJODVW� YRQ� ���1�]ZDU� NHLQH�8QWHUVFKLHGH� LQ� GHU� 6SDQQXQJ� ]ZLVFKHQ� VLW]HQGHU� XQG

VWHKHQGHU� .|USHUSRVLWLRQ� HUNHQQHQ�� 'HU� 6SDQQXQJVDQVWLHJ� YRQ� GHU� =XJHQWODVWXQJ� ]XU

=XJEHODVWXQJ�ELV����1�ZDU�MHGRFK�LP�6LW]HQ�GHXWOLFK�JU|�HU��DOV�LP�6WHKHQ�

(LQHQ� YHUJOHLFKEDUHQ� (IIHNW� KDW� HLQH� .RNRQWUDNWLRQ� YRQ� LVFKLRNUXUDOHU� 0XVNXODWXU� XQG

4XDGUL]HSV��$XFK�GDEHL�HQWVWHKHQ�.UDIWNRPSRQHQWHQ��GLH�VHQNUHFKW�DXI�GLH�*HOHQNIOlFKH�JHULFKWHW

VLQG�� VR�GDVV�)HPXU�XQG�7LELD�VWlUNHU�DXIHLQDQGHU�JHSUHVVW�ZHUGHQ��'DV�*HOHQN�ZLUG��ZLHGHUXP

�EHU� HLQH� HUK|KWH� 5HLEXQJ�� JHJHQ� HLQH� 7LELDYHUVFKLHEXQJ� VWDELOLVLHUW� �0DUNROI� HW� DO�� �����

6RORPRQRZ�HW�DO��������)UQGDN�%HUDVL�������2·&RQQRU�������/\VKROP�HW�DO��������%H\QQRQ�HW�DO�

������� 'LH� 0XVNHONUDIWNRPSRQHQWHQ�� GLH� SDUDOOHO� ]XU� *HOHQNIOlFKH� JHULFKWHW� VLQG�� DEHU� LQ

DQWHURSRVWHULRUHU� 5LFKWXQJ� GLH� HQWJHJHQJHVHW]WH� 2ULHQWLHUXQJ� KDEHQ�� KHEHQ� VLFK� EHL� HLQHU

.RNRQWUDNWLRQ� YRQ� 4XDGUL]HSV� XQG� ,VFKLRNUXUDOHQ� WHLOZHLVH� JHJHQVHLWLJ� DXI�� VR� GDVV� YRQ� GHQ

0XVNHONUlIWHQ� NHLQ� GHVWDELOLVLHUHQGHV� 0RPHQW� DXVJHKW� �'HYLWD� HW� DO�� ������� =XGHP� I�KUW� HLQH

.RNRQWUDNWLRQ� ]X� HLQHU� JOHLFKPl�LJHUHQ� 'UXFNYHUWHLOXQJ� �EHU� GLH� JHVDPWHQ� *HOHQNIOlFKHQ

�%DUDWWD�HW�DO���������:RMW\V�HW�DO���������EHULFKWHQ�YRQ�HLQHU�5HGXNWLRQ�GHU�7LELDYHUVFKLHEXQJ�YRQ

GXUFKVFKQLWWOLFK����PP�DXI����PP�EHL�8QWHUVXFKXQJHQ�PLW�3DWLHQWHQ�RKQH�YRUGHUHV�.UHX]EDQG�LQ

HLQHP� .QLHZLQNHO� YRQ� ���� )OH[LRQ�� HLQHU� D[LDOHQ� %HODVWXQJ� YRQ� ���1� XQG� HLQHU� DQWHULRUHQ

=XJNUDIW�YRQ�HEHQIDOOV����1�
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,Q�)ROJH�YRQ�PXVNXOlUHU�(UP�GXQJ�NDQQ�HLQH�(UK|KXQJ�WLELDOHU�9HUVFKLHEXQJ�UHJLVWULHUW�ZHUGHQ�

G�K��GDV�*HOHQN�ZLUG�PLW�]XQHKPHQGHU�(UP�GXQJ�LQVWDELOHU��'DKHU�N|QQWH�PXVNXOlUH�(UP�GXQJ

HLQH�EHGHXWHQGH�5ROOH�LQ�GHU�3DWKRPHFKDQLN�YRQ�.QLHYHUOHW]XQJHQ�VSLHOHQ��:RMW\V�HW�DO��������

1.3.2 Muskelfunktion
'LH� )XQNWLRQVZHLVH� GHU� 0XVNXODWXU� NDQQ� DQ� YHUVFKLHGHQHQ� 3DUDPHWHUQ� �EHUSU�IW� ZHUGHQ�� 'LH

$XVSUlJXQJ� PRWRULVFKHU� *UXQGHLJHQVFKDIWHQ�� ZLH� .UDIW�� $XVGDXHU�� 6FKQHOOLJNHLW� E]Z�

.RRUGLQDWLRQ� XQG� )OH[LELOLWlW� LVW� PHKU� RGHU� ZHQLJHU� DEKlQJLJ� YRQ� GHU� /HLVWXQJVIlKLJNHLW� GHU

0XVNXODWXU� �0DUWLQ� HW� DO�� ������� (LQLJH� .RPSRQHQWHQ� GLHVHU� *UXQGHLJHQVFKDIWHQ� ZHUGHQ� GD]X

KHUDQJH]RJHQ�� GLH� $UEHLWVIlKLJNHLW� GHU� 0XVNXODWXU� DE]XVFKlW]HQ�� ,P� =XVDPPHQKDQJ� PLW

3UlYHQWLRQ� XQG�5HKDELOLWDWLRQ� YRQ�9HUOHW]XQJHQ� VLQG� YRU� DOOHP�(UVFKHLQXQJVIRUPHQ� GHU� .UDIW�

.UDIWDXVGDXHU��XQG�GLH�)OH[LELOLWlW�GHU�0XVNXODWXU�YRQ�,QWHUHVVH��=lWWHUVWU|P�HW�DO��������3HUKRQHQ

HW�DO���������,Q�$EKlQJLJNHLW�YRP�0HVVSULQ]LS�ZHUGHQ�GDKHU� LQ�GHU�5HJHO�HQWZHGHU�VWDWLVFK�RGHU

G\QDPLVFK�GLH�ZLOON�UOLFKH�0D[LPDONUDIW�E]Z��PD[LPDOHV�'UHKPRPHQW��$UEHLW��/HLVWXQJ�RGHU�GLH

PD[LPDOH�%HZHJXQJVDPSOLWXGH�HLQHV�$UWKURQV�HUIDVVW��.DQQXV�������

:LFKWLJ�LVW��]X�HUZlKQHQ��GDVV�EHL�GHUDUWLJHQ�0HVVXQJHQ�LPPHU�GHU�%UXWWRRXWSXW�HLQHV�JHVDPWHQ

$UWKURQV�� G�K�� HLQHV� 1HUY�0XVNHO�*HOHQN�6\VWHPV� HUKREHQ� ZLUG�� ZREHL� PDQ� VLFK� GXUFK� GLH

0HVVHUJHEQLVVH� $XIVFKOXVV� �EHU� GHQ� PRUSKRORJLVFKHQ� XQG� SK\VLRORJLVFKHQ� =XVWDQG� GHU

0XVNXODWXU�HUKRIIW��'LH�$XVSUlJXQJ�GHU�0HVVSDUDPHWHU�ZLUG�GXUFK�YHUVFKLHGHQH�(LQIOXVVJU|�HQ

GHV�$UWKURQV�GHWHUPLQLHUW��+ROOPDQQ�+HWWLQJHU�������6WUREHO�HW�DO��������

Abbildung 6: Kokontraktion von Quadrizeps und Ischiokruralmuskulatur.
FM = Muskelzugkraft, FK = Teilkomponente Kompressionskraft, FS =
Teilkomponente Scherkraft. (abgeändert nach Sobotta 1997)
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Komponenten funktioneller Gelenkstabilität

Rekrutierung
Frequenzierung
Synchronisation

intra- und intermuskuläre
Koordination

schmerzbedingte
Tonuserhöhung

Inhibition

reflektorische
Prozesse

neuromuskuläre Einflußgrößen

Muskelquerschnitt
Faserzusammensetzung

Kapillarisierung
metabolische Kapazität

konditionell-energetische
Faktoren

muskuläre Einflußgrößen

Hebelverhältnisse
Form des Gelenkes

Bänder- und
Sehnenlänge

anthropometrische
Faktoren

arthronale Einflußgrößen

Funktionelle Gelenkstabilität

1.3.2.1 Manuelle Testverfahren
,Q� GHU� 5HKDELOLWDWLRQ�ZLUG� GHU�9HUODXI� HLQHU� 7UDLQLQJVWKHUDSLH� XQWHU� DQGHUHP� GDGXUFK� HYDOXLHUW�

GDVV�PDQ�GLH�0XVNXODWXU�GLH�GDV�.QLHJHOHQN�VWDELOLVLHUW��HLQHU�/HLVWXQJVGLDJQRVH�XQWHU]LHKW��$XFK

KLHU� VLQG� HLQH� 5HLKH� YRQ� PDQXHOOHQ� XQG� LQVWUXPHQWHOOHQ� 7HVWYHUIDKUHQ� LP� *HEUDXFK�� 'LH

EHNDQQWHVWHQ�PDQXHOOHQ� 7HVWV� VLQG� GLH�0XVNHOIXQNWLRQVWHVWV� QDFK� -DQGD� �������� 'DEHL� YHUVXFKW

PDQ�� GXUFK� JHHLJQHWH� .|USHUSRVLWLRQHQ�PLW� GHILQLHUWHQ� *HOHQNZLQNHOVWHOOXQJHQ� GLH� ]X� WHVWHQGH

0XVNXODWXU� LQ�HLQH�JHZ�QVFKWH�$UEHLWVOlQJH�]X�EULQJHQ�XQG�JOHLFK]HLWLJ� DQGHUH�0XVNHOQ��GLH�GLH

7HVWEHZHJXQJ� EHHLQIOXVVHQ� N|QQWHQ�� DXV]XVFKDOWHQ�� 1XQ� NDQQ� HQWZHGHU� GLH� .UDIW� �EHU� GHQ

:LGHUVWDQG� GHV� 8QWHUVXFKHUV�� RGHU� GLH� 'HKQIlKLJNHLW� GHU� 0XVNXODWXU� �EHU� GLH

%HZHJXQJVDPSOLWXGH�GHV�*HOHQNHV�DEJHVFKlW]W�ZHUGHQ��.HQGDOO�.HQGDOO�������-DQGD��������'LHVH

PDQXHOOHQ� 7HVWYHUIDKUHQ� KDEHQ� lKQOLFKH� 1DFKWHLOH�� ZLH� GLH� PDQXHOOHQ� 7HVWYHUIDKUHQ� ]XU

%HVWLPPXQJ�GHU�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV��'LH�(UJHEQLVVH�YHUVFKLHGHQHU�8QWHUVXFKHU

RGHU� HLQHV� 8QWHUVXFKHUV� ]X� YHUVFKLHGHQHQ� =HLWSXQNWHQ� VLQG� QXU� PLW� 9RUEHKDOW� ]X� YHUJOHLFKHQ�

'DKHU�VLQG�VLH�I�U�ZLVVHQVFKDIWOLFKH�8QWHUVXFKXQJHQ�LQ�IXQNWLRQHOOHQ�6LWXDWLRQHQ�QLFKW�JHHLJQHW�

1.3.2.2 Instrumentelle Testverfahren
%HL�GHQ�LQVWUXPHQWHOOHQ�7HVWYHUIDKUHQ�KDEHQ�VLFK�LVRNLQHWLVFKH�6\VWHPH�GXUFKJHVHW]W��6LH�HUIUHXHQ

VLFK� YRU� DOOHP� LQ� GHU� 5HKDELOLWDWLRQ� ZDFKVHQGHU� %HOLHEWKHLW� X�D�� GHVKDOE�� ZHLO� VLH� VRZRKO� DOV

'LDJQRVHLQVWUXPHQW�� ZLH� DXFK� DOV� 7UDLQLQJVJHUlW� JOHLFKHUPD�HQ� HLQVHW]EDU� VLQG�� 0DQ� YHUVXFKW

GDEHL� DSSDUDWLY� HLQH� %HZHJXQJ� PLW� JOHLFKEOHLEHQGHU� *HVFKZLQGLJNHLW� EHL� IL[LHUWHU

%HZHJXQJVULFKWXQJ�PLW�DNNRPPRGLHUHQGHP�:LGHUVWDQG�YRU]XJHEHQ��)URE|VH��������+lXILJ�ZLUG

HLQH�NRQ]HQWULVFKH�XQG�HLQH�H[]HQWULVFKH�3KDVH�KLQWHUHLQDQGHU�JHVFKDOWHW��6R�N|QQHQ�%HXJXQJ�XQG

6WUHFNXQJ� LQ� HLQHP� *HOHQN� DOWHUQLHUHQG� LQ� %HZHJXQJV]\NOHQ� GXUFKJHI�KUW� ZHUGHQ�� $Q� GHQ
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8PNHKUSXQNWHQ�GHU�%HZHJXQJ�VLQG�DOOHUGLQJV�%UHPV��XQG�%HVFKOHXQLJXQJVSKDVHQ�QRWZHQGLJ�� LQ

GHQHQ� VWUHQJJHQRPPHQ� NHLQH� LVRNLQHWLVFKHQ� 9HUKlOWQLVVH� KHUUVFKHQ� �3HUULQ� ������ 0D\HU� HW� DO�

������+RUVWPDQQ�HW�DO��������

,P�%H]XJ�DXI�GLH�6WDELOLWlW�DP�.QLHJHOHQN�]�%��QDFK�9HUOHW]XQJHQ�GHV�YRUGHUHQ�.UHX]EDQGHV� LVW

YRU�DOOHP�GLH�NQLHEHXJHQGH� �,VFKLRNUXUDOH�� XQG�GLH�NQLHVWUHFNHQGH�0XVNXODWXU� �4XDGULFHSV�� YRQ

,QWHUHVVH�� 0DQ� WHVWHW� GLH� NQLHEHXJHQGH� XQG� GLH� NQLHVWUHFNHQGH� 0XVNXODWXU� KLQVLFKWOLFK� LKUHU

.UDIWIlKLJNHLWHQ�� LQGHP� PDQ� DQ� LVRNLQHWLVFKHQ� 7UDLQLQJVJHUlWHQ� PLW� XQWHUVFKLHGOLFKHQ

:LQNHOJHVFKZLQGLJNHLWHQ�GHQ�'UHKPRPHQWYHUODXI�LQ�GHU�.QLHEHXJXQJ�XQG�LQ�GHU�.QLHVWUHFNXQJ

HUIDVVW� �)URE|VH� ������ +DQWHO� HW� DO�� ������� 9RQ� GHQ� %HUXIVJHQRVVHQVFKDIWHQ� JLEW� HV� KLHUI�U

VWDQGDUGLVLHUWH� 7HVWSURWRNROOH� �6WUREHO� HW� DO�� ������� ,Q� GHU� 'DUVWHOOXQJ� GHV� 'UHKPRPHQW�=HLW�

9HUODXIHV� XQG� GHU� :LQNHOJUDGH� HLQHU� DOWHUQLHUHQGHQ� ([WHQVLRQV�)OH[LRQV�%HZHJXQJ� DP

LVRNLQHWLVFKHQ� %HLQFXUOHU� ODVVHQ� VLFK� EHL� .UHX]EDQGLQVXIIL]LHQ]� KlXILJ� W\SLVFKH

'UHKPRPHQWHLQEU�FKH�E]Z��8QUHJHOPl�LJNHLWHQ�LQ�GHU�([WHQVLRQVSKDVH�QDFKZHLVHQ��GLH�LP�(0*

GHU�.QLHJHOHQNVWUHFNHU�HLQH�.RQYHUJHQ]�]HLJHQ��'HU�'UHKPRPHQWHLQEUXFK�ZLUG�DOV�5HVXOWDW�GHU

,QKLELWLRQ�LP�(0*�GHU�([WHQVRUHQ�JHZHUWHW��6RORPRQRZ�HW�DO��������

$OV�OHLVWXQJVUHOHYDQWH�3DUDPHWHU�KDEHQ�VLFK� LQ�GHU�,VRNLQHWLN�X��D��GDV�PD[LPDOH�'UHKPRPHQW� LQ

GHU�.QLHEHXJXQJ�XQG�LQ�GHU�.QLHVWUHFNXQJ�VRZLH�GHU�4XRWLHQW�DXV�GLHVHQ�EHLGHQ�0HVVZHUWHQ��GHU

VRJHQDQQWH� +DPVWULQJV�4XDGULFHSV�4XRWLHQW� �+�4�4XRWLHQW�� HUZLHVHQ� �6FKDUI� HW� DO�� �����

:HLQKDUW�%HUQHWW��������/LHJW�GHU�+�4�4XRWLHQW�MH�QDFK�:LQNHOJHVFKZLQGLJNHLW�LQ�HLQHP�%HUHLFK

YRQ����������VR�VSULFKW�PDQ�YRQ�PXVNXOlUHU�%DODQFH��DQGHUQIDOOV�YRQ�HLQHU�PXVNXOlUHQ�'\VEDODQFH

�&DPSEHOO�*OHQQ�������.DQQXV�HW�DO��������

'DV�(QWVWHKHQ�HLQHU�PXVNXOlUHQ�'\VEDODQFH�ZLUG�LQ]ZLVFKHQ�QLFKW�PHKU�QXU�GHU�XQWHUVFKLHGOLFKHQ

)DVHU]XVDPPHQVHW]XQJ�YRQ�$QWDJRQLVWHQ�]XJHVFKULHEHQ��ZRQDFK�0XVNHOQ�PLW��EHUZLHJHQG�IDVW�

WZLWFK�ILEUHV�]XU�$EVFKZlFKXQJ�QHLJHQ��GDJHJHQ�0XVNHOQ�PLW��EHUZLHJHQG�VORZ�WZLWFK�ILEUHV�]XU

9HUN�U]XQJ��$XFK�GLH�(LQWHLOXQJ� LQ�+DOWH�� XQG�%HZHJXQJVPXVNXODWXU� WUlJW� ]XU�(UNOlUXQJ�QLFKW

YLHO� EHL�� YLHOPHKU� PXVV� GHP� 8PVWDQG� 5HFKQXQJ� JHWUDJHQ� ZHUGHQ�� GDVV� GDV� 9HUKDOWHQ� GHU

0XVNXODWXU� ZHVHQWOLFK� YRQ� LKUHU� QHXURQDOHQ� $QVWHXHUXQJ� DEKlQJW� �.OHH� ������ ������ 1HXPDQQ

�������'HU�PXVNXOlUH�%DODQFH]XVWDQG�NDQQ�GXUFK�VFKPHU]EHGLQJWH��UHIOHNWRULVFKH�,QKLELWLRQ��DEHU

DXFK� GXUFK� WUDLQLQJVEHGLQJWH�� PRWRULVFKH� 6WHUHRW\SHQ� RGHU� GXUFK� KDELWXHOOH� )HKOKDOWXQJHQ� LP

$OOWDJ� DXV� GHP� *OHLFKJHZLFKW� JHUDWHQ� �%RHUQHUW�'LSSROG� ������� 8P� GHU� %HGHXWXQJ� GHU

QHXURQDOHQ� $QVWHXHUXQJ� GHU� 0XVNXODWXU� LP� =XVDPPHQKDQJ� PLW� GHU� (QWVWHKXQJ� PXVNXOlUHU

'\VEDODQFHQ� 5HFKQXQJ� ]X� WUDJHQ�� KDW� VLFK� LQ]ZLVFKHQ� GHU� %HJULII� GHU� ÅQHXURPXVNXOlUHQ

'\VEDODQFHQ´�HLQJHE�UJHUW��)UHLZDOG�HW�DO��������
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*HUDGH�GXUFK�GDV�7UDLQLQJ�LQ�GHU�RIIHQHQ�%HZHJXQJVNHWWH��ZLH�]�%��DP�%HLQFXUOHU��N|QQHQ�VROFKH

%HXJHU�6WUHFNHU�'\VEDODQFHQ�HQWVWHKHQ�RGHU�YHUVWlUNW�ZHUGHQ��'DU�EHU�KLQDXV�ZLUG�EHLP�7UDLQLQJ

LQ� GHU� RIIHQHQ� %HZHJXQJVNHWWH� GDV� .QLHJHOHQN� HUK|KWHQ� 6FKHUNUlIWHQ� DXVJHVHW]W�� ZDV� PLW

YHUJU|�HUWHQ�7LELDWUDQVODWLRQHQ�HLQKHU�JHKW��GD�LP�9HUJOHLFK�]XU�JHVFKORVVHQHQ�%HZHJXQJVNHWWH�GLH

JHOHQNVWDELOLVLHUHQGH�.RNRQWUDNWLRQ�GHU�$QWDJRQLVWHQ�IHKOW��.DXIPDQ�HW�DO��������

'LH� 7HUPLQRORJLH� LQ� GHU� /LWHUDWXU� LVW� KLHU� VHKU� XQHLQKHLWOLFK�� 'LH� %HJULIIH� NLQHWLVFKH� .HWWH

�3DOPLWLHU�HW�DO���������NLQHPDWLVFKH�.HWWH��6WUREHO�HW�DO��������XQG�%HZHJXQJVNHWWH��6HJHVVHU�HW�DO�

������ 3lVVOHU�6KHOERXUQH� ������ ZHUGHQ� GDEHL� V\QRQ\P� JHEUDXFKW�� 8QWHU� HLQHU� RIIHQHQ

%HZHJXQJVNHWWH�YHUVWHKW�PDQ�%HZHJXQJHQ��EHL�GHQHQ�GDV�GLVWDOH�6HJPHQW��)X����GHU�*OLHGHUNHWWH

�%HLQ��IUHL�EHZHJW�ZHUGHQ�NDQQ��RKQH�GDVV�GDGXUFK�%HZHJXQJHQ�LQ�DQGHUHQ�*HOHQNHQ�HU]ZXQJHQ

Z�UGHQ��'LHV�LVW�EHLP�/DXIHQ�LQ�GHU�6FKZXQJSKDVH�GHV�%HLQHV�GHU�)DOO��+LHU�N|QQHQ�)X����.QLH�

XQG�+�IWJHOHQN�LVROLHUW�QDFKHLQDQGHU�EHZHJW�ZHUGHQ��7UDLQLQJV�EXQJHQ�LQ�GHU�RIIHQHQ�.HWWH�VLQG

PHLVW� LVROLHUWH� (LQJHOHQN�EXQJHQ�� ZLH� ]�%�� DP�.QLHVWUHFNJHUlW� RGHU� DP� %HLQFXUOHU�� XQG� DQ� GHQ

PHLVWHQ�LVRNLQHWLVFKHQ�7UDLQLQJVJHUlWHQ��3lVVOHU�6KHOERXUQH��������,P�EH]XJ�DXI�GDV�.QLHJHOHQN

EHGHXWHW� GLHV�� GDV� ,VFKLRNUXUDO�� XQG� 4XDGUL]HSVPXVNXODWXU� GLH� JHJHQVlW]OLFKHQ� $XIJDEHQ� GHU

)OH[LRQ� XQG� ([WHQVLRQ� HUI�OOHQ�� GDV� KHL�W�� VLH� DUEHLWHQ� DQWDJRQLVWLVFK�� %HL� HLQHU� LVROLHUWHQ

.QLHVWUHFNXQJ� PLW� )OH[LRQVZLQNHOQ� YRQ� ZHQLJHU� DOV� ���� I�KUW� GLH� DQWHULRU� JHULFKWHWH

6FKHUNUDIWNRPSRQHQWH� GHV�4XDGUL]HSV� ]X� HLQHU�9HQWUDOLVDWLRQ�GHU�7LELD�� GLH� �EHUZLHJHQG� GXUFK

GDV� YRUGHUH� .UHX]EDQG� NRPSHQVLHUW� ZHUGHQ� PXVV�� GD� GLH� ,VFKLRNUXUDOPXVNXODWXU� LKUH

V\QHUJLVWLVFKH� :LUNXQJ� ]XP� YRUGHUHQ� .UHX]EDQG� QLFKW� HQWIDOWHQ� NDQQ� �'UDJDQLFK� HW� DO�� �����

%H\QQRQ�HW�DO��������

9RQ� HLQHU� JHVFKORVVHQHQ� %HZHJXQJVNHWWH� VSULFKW� PDQ�� ZHQQ� GDV� GLVWDOH� 6HJPHQW� �)X���� GHU

*OLHGHUNHWWH� �%HLQ�� IL[LHUW� LVW�� 'LHV� LVW� EHLP� /DXIHQ� LQ� GHU� 6W�W]SKDVH� GHV� %HLQHV� GHU� )DOO�� 'LH

)L[LHUXQJ�GHV�)X�HV�KDW�GDEHL�]XU�)ROJH��GDVV�%HZHJXQJHQ�LQ�HLQHP�*HOHQN�LPPHU�%HZHJXQJHQ�LQ

GHQ�DQGHUHQ�*HOHQNHQ�HU]ZLQJHQ��%HL�GHU�%HLQVWUHFNXQJ�LQ�GHU�JHVFKORVVHQHQ�.HWWH�DUEHLWHQ�GLH

0XVNHOQ� LQ� VRJHQDQQWHQ�0XVNHOVFKOLQJHQ� �7LWWHO� �������'LH� 6WUHFNHUVFKOLQJH� GHV�%HLQHV� XPIDVVW

GDEHL�XQWHU�DQGHUHP�VRZRKO�GLH�LVFKLRNUXUDOH�0XVNXODWXU��GLH�DP�+�IWJHOHQN�VWUHFNW��DOV�DXFK�GLH

4XDGUL]HSVPXVNXODWXU�� GLH� DP� .QLHJHOHQN� VWUHFNW�� ,P� EH]XJ� DXI� HLQH� %HLQVWUHFNXQJ� LQ� GHU

JHVFKORVVHQHQ� %HZHJXQJVNHWWH� DUEHLWHQ� DOVR� ,VFKLRNUXUDOPXVNXODWXU� XQG� 4XDGUL]HSVPXVNXODWXU

V\QHUJLVWLVFK� �3DOPLWLHU� HW� DO�� ������� )�U� GDV� .QLHJHOHQN� EHGHXWHW� GLHVH� .RNRQWUDNWLRQ� PHKU

6WDELOLWlW�� GD� GLH� 6FKHUNUDIWNRPSRQHQWHQ� YRQ� ,VFKLRNUXUDOHQ� XQG� 4XDGUL]HSV� LQ� GLH

HQWJHJHQJHVHW]WH�5LFKWXQJ�ZHLVHQ�XQG�VLFK�JHJHQVHLWLJ�DXVJOHLFKHQ��/XW]�HW�DO��������6HJHVVHU�HW�DO�

�����
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'LHVH�7DWVDFKH�PXVV�YRU� DOOHP� LP� IU�KHQ�SRVWRSHUDWLYHQ� 6WDGLXP�EHU�FNVLFKWLJW�ZHUGHQ��GD� HLQ

7UDQVSODQWDW�QDFK�HWZD�YLHU�:RFKHQ� LQ�HLQH�8PEDXSKDVH�HLQWULWW��GLH�PLW�HLQHU�6FKZlFKXQJ�GHV

7UDQVSODQWDWHV�HLQKHU�JHKW��,Q�.QLHZLQNHOVWHOOXQJHQ�QDKH�GHU�*HOHQNVWUHFNXQJ�I�KUW�GLH�=XJNUDIW

GHV�0��TXDGULFHSV�YRU�DOOHP�EHL�VHKU�ZHLW�GLVWDO�DQJHEUDFKWHP�:LGHUODJHU�]X�HLQHU�9HQWUDOLVDWLRQ

GHU�7LELD���$Q�HW�DO��������+ROOLV�HW�DO��������%H\QQRQ�HW�DO���������+LHU�EHVWHKW�GLH�*HIDKU�HLQHU

%DQGORFNHUXQJ�� ZRGXUFK� GLH� (UJHEQLVVH� GHU� 2SHUDWLRQ� JHIlKUGHW� ZHUGHQ� �0DU[HU� ������

,VRNLQHWLVFKH�6\VWHPH� VWHOOHQ�EHL� UHIOHNWLHUWHU� XQG�SUREOHPRULHQWLHUWHU�$QZHQGXQJ�GHQQRFK� HLQH

VLQQYROOH� (UJlQ]XQJ� ]X� KHUN|PPOLFKHQ� 5HKDELOLWDWLRQVWHFKQLNHQ� GDU�� 'LH� 'LDJQRVH� GHU

0XVNHOIXQNWLRQ� LQ� GHU� RIIHQHQ� %HZHJXQJVNHWWH� KDW� DOOHUGLQJV� GHQ� 1DFKWHLO�� GDVV� GLH

$OOWDJVPRWRULN�� GLH� LQ� GHU� 5HJHO� LQ� GHU� JHVFKORVVHQHQ� %HZHJXQJVNHWWH� DEOlXIW�� HLQH� DQGHUH

$QVWHXHUXQJ� GHU� 0XVNXODWXU� XQG� 3URSULR]HSWLRQ� GHV� *HOHQNHV� EHGLQJW� �3DOPLWLHU� HW� DO�� �����

6WUREHO�HW�DO���������(V�H[LVWLHUW�DOOHUGLQJV�GHU]HLW�NHLQH�0|JOLFKNHLW��HLQHQ�HLQ]HOQHQ�0XVNHO�LQ�GHU

JHVFKORVVHQHQ�NLQHPDWLVFKHQ�.HWWH�DXVVFKOLH�OLFK�PLW�GHP�LVRNLQHWLVFKHQ�6\VWHP�]X�WHVWHQ��'DKHU

LVW�GLHVHV�9HUIDKUHQ�]XU�(UIDVVXQJ�GHU�0XVNHOIXQNWLRQ�LP�EH]XJ�DXI�GLH�IXQNWLRQHOOH�6WDELOLWlW�DP

.QLHJHOHQN�QLFKW�JHHLJQHW�

8QWHU�GHU�3UlPLVVH��GDVV�]�%��EHLP�6NLIDKUHQ�GLH�=HLW��GLH�YRQ�HLQHP�WUDXPDWLVLHUHQGHQ�(UHLJQLV�ELV

]XU�=HUVW|UXQJ�PRUSKRORJLVFKHU�6WUXNWXUHQ�YHUVWUHLFKW��JHUDGH�PDO���PV�EHWUlJW��-RKDQVVRQ�HW�DO�

������� VWHOOW� VLFK� LQVEHVRQGHUH� LP� +LQEOLFN� DXI� 5H]LGLYWUDXPHQ� GLH� )UDJH�� RE� GLH� HUKREHQHQ

3DUDPHWHU��GLH�YRQ�GHU�ZLOON�UOLFKHQ�0D[LPDONUDIW�DEKlQJHQ��JHHLJQHWH�0HVVZHUWH� VLQG��XP��EHU

GLH� IXQNWLRQHOOH� 6WDELOLWlW� HLQHV�.QLHJHOHQNHV� QDFK� HLQHU� 7UDLQLQJVWKHUDSLH� $XVVDJHQ� PDFKHQ� ]X

N|QQHQ�� ,Q� KRFKG\QDPLVFKHQ� VSRUWOLFKHQ� 3UR]HVVHQ� ZLUG� YHUPXWOLFK� GLH� =HLW� LQ� HLQHU

WUDXPDWLVLHUHQGHQ�6LWXDWLRQ�I�U�GLH�0XVNXODWXU�QLFKW�DXVUHLFKHQ��XP�LKUH�PD[LPDOHQ�.UDIWZHUWH�]X

PRELOLVLHUHQ��5DFN�������6M|ODQGHU��������'LH�IXQNWLRQHOOH�6WDELOLWlW�HLQHV�*HOHQNHV�VFKHLQW�ZHQLJHU

HLQH�)UDJH�GHU�PD[LPDO�HUUHLFKEDUHQ�.UDIWZHUWH�GHU�JHOHQNVWDELOLVLHUHQGHQ�0XVNXODWXU��DOV�YLHOPHKU

HLQH�)UDJH�GHU�QHXURSK\VLRORJLVFKHQ�$QVWHXHUXQJ�XQG�.RRUGLQDWLRQ�GHUVHOEHQ�

'DKHU�HUVFKHLQW�HV�LP�=XVDPPHQKDQJ�PLW�GHU�IXQNWLRQHOOHQ�6WDELOLWlW�GHV�.QLHJHOHQNHV�VLQQYROOHU�

GLH� 0XVNHOIXQNWLRQ� �EHU� GLH� QHXURSK\VLRORJLVFKH� $QVWHXHUXQJ� XQG� .RRUGLQDWLRQ� GHU

JHOHQNVWDELOLVLHUHQGHQ� 0XVNXODWXU� DE]XVFKlW]HQ� �6FKLPHN� ������ :LWWHNRSI�5�KO� ������� 'LH

0HWKRGH�GHU�:DKO�KLHUI�U�LVW�GLH�(OHNWURP\RJUDSKLH��'LH�8QWHUVXFKXQJVVLWXDWLRQ�PXVV�GDEHL��ZLH

EHL�GHU�'LDJQRVH�GHU�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV��P|JOLFKVW�IXQNWLRQHOO�VHLQ�

9RQ�GHQ�PHLVWHQ�VRJHQDQQWHQ�SDVVLYHQ�6WUXNWXUHQ��YRU�DOOHP�DEHU�YRP�YRUGHUHQ�.UHX]EDQG�XQG

YRQ� GHU� *HOHQNNDSVHO� ZHL�� PDQ�� GDVV� VLH� VHQVRULVFK� LQQHUYLHUW� VLQG� XQG� GDVV� VLH� LQ� HLQHP

5HIOH[ERJHQ�PLW�GHU�LVFKLRNUXUDOHQ�0XVNXODWXU�YHUVFKDOWHW�VLQG��*U�EHU�HW�DO��������6RORPRQRZ�HW
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DO��������*UDELQHU�HW�DO���������,Q�]DKOUHLFKHQ�$UEHLWHQ�NRQQWH�GHU�PRUSKRORJLVFKH�1DFKZHLV�YRQ

5H]HSWRUHQ� YRP�7\S� ,� ²� ,9�� GHUHQ�(LQWHLOXQJ� DXI�)UHHPDQ�:\NH� ������� ]XU�FN� ]X� I�KUHQ� LVW�

]XQlFKVW� I�U� GDV� YRUGHUH� .UHX]EDQG� GHU� .DW]H�� GDQQ� DXFK� I�U� GDV� YRUGHUH� .UHX]EDQG� GHV

0HQVFKHQ�HUEUDFKW�ZHUGHQ��6FKXOW]�HW�DO��������=LPQ\�HW�DO��������+DODWD�+DXV��������'HPQDFK

XQWHUVFKHLGHW� PDQ� GLH� DUWLNXOlUHQ� 5H]HSWRUHQ�� GLH� LP� �EULJHQ� DXIIDOOHQGH� bKQOLFKNHLWHQ� ]X

5H]HSWRUHQ� LQ� QLFKW�DUWLNXOlUHQ�*HZHEHQ� KDEHQ�� DXIJUXQG� LKUHU� PRUSKRORJLVFKHQ� (UVFKHLQXQJ�

LKUHU� D[RQDOHQ� 5HL]OHLWXQJVJHVFKZLQGLJNHLW� XQG� GHU� FKDUDNWHULVWLVFKHQ� 5HL]TXDOLWlWHQ�� I�U� GLH� VLH

VHQVLEHO�VLQG�

5H]HSWRUHQ� YRP� 7\S� ,�� GHQ� 58)),1,�.|USHUFKHQ� lKQOLFK�� VLQG� ODQJVDP� DGDSWLHUHQGH

5H]HSWRUHQ�� GLH� HLQH� QLHGULJH� 5HL]VFKZHOOH� EHVLW]HQ�� 6LH� DUEHLWHQ� VWDWLVFK� XQG� G\QDPLVFK� XQG

VLJQDOLVLHUHQ� LQWUDDUWLNXOlUHQ� 'UXFN�� *HOHQNSRVLWLRQ�� %HZHJXQJVDPSOLWXGH� XQG� *HVFKZLQGLJNHLW

GHU�%HZHJXQJ�

5H]HSWRUHQ�YRP�7\S�,,��GHQ�3$&,1,�.|USHUFKHQ�lKQOLFK��VLQG�VFKQHOO�DGDSWLHUHQGH�5H]HSWRUHQ�

GLH�HLQH�QLHGULJH�6FKZHOOH�KDEHQ��6LH�DUEHLWHQ�UHLQ�G\QDPLVFK�XQG�VLJQDOLVLHUHQ�VRZRKO�SRVLWLYH��DOV

DXFK�QHJDWLYH�%HVFKOHXQLJXQJ�GHU�*HOHQNEHZHJXQJ�

5H]HSWRUHQ� YRP� 7\S� ,,,�� GHQ� *2/*,�6HKQHQRUJDQHQ� lKQOLFK�� VLQG� ODQJVDP� DGDSWLHUHQGH

5H]HSWRUHQ� PLW� HLQHU� HKHU� KRKHQ� 5HL]VFKZHOOH�� 6LH� DUEHLWHQ� �EHUZLHJHQG� G\QDPLVFK� XQG

VLJQDOLVLHUHQ�GLH�6SDQQXQJ�LP�%DQG�ZlKUHQG�GHU�%HZHJXQJ�GHV�*HOHQNHV�

5H]HSWRUHQ� YRP� 7\S� ,9� KDEHQ� NHLQH� NRUSXVNXOlUH� 6WUXNWXU�� HV� KDQGHOW� VLFK� GDEHL� XP� IUHLH

1HUYHQHQGLJXQJHQ�� (V� VLQG� LP� *HJHQVDW]� ]X� GHQ� 5H]HSWRUW\SHQ� ,�� ,,� XQG� ,,,� NHLQH� UHLQHQ

0HFKDQRUH]HSWRUHQ��VRQGHUQ�HKHU�&KHPRUH]HSWRUHQ��VRJHQDQQWH�1R]L]HSWRUHQ��6LH�UHDJLHUHQ�QXU

DXI� DEQRUPDO� KRKH�� PHFKDQLVFKH� %HODVWXQJHQ� XQG� DXI� FKHPLVFKH� (QW]�QGXQJVPHGLDWRUHQ�

'DGXUFK�VLQG�VLH�LQ�GHU�/DJH��6FKPHU]�]X�VLJQDOLVLHUHQ�

0LWWHOV� GLHVHU� 5H]HSWRUHQ� VLQG� GDV� YRUGHUH� .UHX]EDQG� XQG� GLH� �EULJHQ� VRJHQDQQWHQ� SDVVLYHQ

6WUXNWXUHQ�GHV�.QLHJHOHQNHV�LQ�GHU�/DJH��GDV�=16�PLW�HLQHU�9LHO]DKO�YRQ�,QIRUPDWLRQHQ��EHU�GHQ

=XVWDQG�XQG�GLH�%HZHJXQJ�GHV�.QLHJHOHQNHV��ZLH�*HOHQNSRVLWLRQ��5LFKWXQJ��*HVFKZLQGLJNHLW�XQG

%HVFKOHXQLJXQJ� YRQ� %HZHJXQJHQ�� VRZLH� 6FKPHU]]XVWlQGH�� ]X� YHUVRUJHQ� �6FKXWWH� HW� DO�� �����

+DXV�+DODWD�������0L\DWVX�HW�DO��������5HXWHU�HW�DO��������%O�PHO�.UDDW]�������

$OOH� YLHU� 5H]HSWRUW\SHQ� NRQQWHQ� LQ]ZLVFKHQ� PRUSKRORJLVFK� I�U� GDV� YRUGHUH� .UHX]EDQG

]ZHLIHOVIUHL� LGHQWLIL]LHUW� ZHUGHQ�� 'LH� VHQVRULVFKHQ� ,PSXOVH� GHU� *HOHQNUH]HSWRUHQ� ZHUGHQ� �EHU

1HUYHQIDVHUQ�XQWHUVFKLHGOLFKHU�'LFNH�XQG�XQWHUVFKLHGOLFKHU�5HL]OHLWXQJVJHVFKZLQGLJNHLW�� GLH� GHQ
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7\SHQ�,,��,,,�XQG�,9�]XJHRUGQHW�ZHUGHQ��DEJHOHLWHW��6FKLPHN�������.UDXVSH�HW�DO��������)URPP�HW

DO�� �������'LH� DIIHUHQWHQ� )DVHUQ� GHV� YRUGHUHQ� .UHX]EDQGHV� WUHIIHQ� X�D�� PLW� GHQHQ� GHV� KLQWHUHQ

.UHX]EDQGHV�XQG�GHQHQ�GHU�0HQLVNHQ�]XVDPPHQ�XQG�ELOGHQ�GHQ�SRVWHULRU�DUWLFXODU�QHUYH��3$1��

hEULJH�.QLHVWUXNWXUHQ�ZLH�]�%��GLH�6HLWHQElQGHU�XQG�GDV�.QLHVFKHLEHQEDQG�ZHUGHQ�YRP�PHGLDO

DUWLFXODU� QHUYH� �0$1�� RGHU� YRP� ODWHUDO� DUWLFXODU� QHUYH� �/$1�� YHUVRUJW�� 'LH� GUHL�*HOHQNQHUYHQ

OHLWHQ�VlPWOLFKH�6LQQHVTXDOLWlWHQ�YRP�.QLHJHOHQN�DQ�GDV�=16�ZHLWHU��+DXV�HW�DO��������5HXWHU�HW�DO�

������

'HU�SK\VLRORJLVFKH�1DFKZHLV��GDVV�GLH�5H]HSWRUHQ� LP�.UHX]EDQG� LQ�HLQHP�5HIOH[ERJHQ�PLW�GHU

LVFKLRNUXUDOHQ�0XVNXODWXU�YHUVFKDOWHW�VLQG��JHODQJ�EHLP�0HQVFKHQ�HUVWPDOV�*U�EHU�HW�DO����������6LH

NRQQWHQ� GXUFK� 'HKQXQJ� GHV� YRUGHUHQ� .UHX]EDQGHV� UHIOHNWRULVFKH� .RQWUDNWLRQHQ� GHU

V\QHUJLVWLVFKHQ� �LVFKLRNUXUDOHQ�� 0XVNXODWXU� SURYR]LHUHQ�� 'LH� )UDJH�� RE� HV� HLQH� GLUHNWH�

QHXURSK\VLRORJLVFKH� 9HUELQGXQJ� ]ZLVFKHQ� GHP� YRUGHUHQ� .UHX]EDQG� XQG� GHU� V\QHUJLVWLVFK

DUEHLWHQGHQ� LVFKLRNUXUDOHQ�0XVNXODWXU� JLEW��ZDU� DOOHUGLQJV� QRFK� HLQLJH�=HLW� NRQWURYHUV� GLVNXWLHUW

ZRUGHQ�

*UDELQHU� HW� DO�� NRQQWHQ� QRFK� ����� NHLQH� 5HDNWLRQ� GHU� LVFKLRNUXUDOHQ� 0XVNXODWXU� DXI� LVROLHUWH

4XDGUL]HSVNRQWUDNWLRQHQ�EHL�XQWHUVFKLHGOLFKHQ�.QLHZLQNHOVWHOOXQJHQ�UHJLVWULHUHQ��6LH�ZHUWHWHQ�GLHV

DOV�%HOHJ�GDI�U��GDVV�HLQH�QHXURSK\VLRORJLVFKH�9HUELQGXQJ�]ZLVFKHQ�GHP�YRUGHUHQ�.UHX]EDQG�XQG

GHU�LVFKLRNUXUDOHQ�0XVNXODWXU�QLFKW�H[LVWLHUW��6FKRQ�HLQ�-DKU�VSlWHU�DOOHUGLQJV�UHLKWH�*UDELQHU�VLFK

LQ�GLH�*UXSSH�GHU�%HI�UZRUWHU�HLQHU�VROFKHQ�9HUELQGXQJ�HLQ��GD�GDV�JOHLFKH�8QWHUVXFKXQJVGHVLJQ

VLJQLILNDQWH�8QWHUVFKLHGH� LQ� GHU�$NWLYLHUXQJ� GHU� LVFKLRNUXUDOHQ�0XVNXODWXU� ]ZLVFKHQ�3UREDQGHQ

PLW� XQG� RKQH� .UHX]EDQGYHUOHW]XQJHQ� HUEUDFKWH� �*UDELQHU� ������� 'DEHL� ZDU� GLH� LVFKLRNUXUDOH

0XVNXODWXU� EHL� GHQ�9HUOHW]WHQ� VWlUNHU� DNWLY�� DOV� EHL� GHQ�8QYHUOHW]WHQ�� 6RORPRQRZ� HW� DO�� ������

I�KUWHQ� HLQHQ� GLUHNWHQ� 1DFKZHLV� GDU�EHU�� GDVV� ]ZLVFKHQ� GHP� YRUGHUHQ� .UHX]EDQG� XQG� GHU

LVFKLRNUXUDOHQ�0XVNXODWXU�HLQH�9HUELQGXQJ�EHVWHKW�� LQGHP�VLH� DP�.DW]HQNQLH�HLQH�=XJEHODVWXQJ

GLUHNW� DP� YRUGHUHQ� .UHX]EDQG� HLQOHLWHWHQ� XQG� GDGXUFK� HLQH� LP� (0*� QDFKZHLVEDUH

$NWLYLWlWVVWHLJHUXQJ�GHU�LVFKLRNUXUDOHQ�0XVNXODWXU�YHUXUVDFKWHQ��3RSH�HW�DO���������EH]ZHLIHOWHQ�GLH

([LVWHQ]� HLQHV� /&$�5HIOH[HV�� VLH� NRQQWHQ� PLW� SK\VLRORJLVFKHQ� %HODVWXQJHQ� DP� YRUGHUHQ

.UHX]EDQG�GHU�.DW]H�NHLQH�$NWLYLHUXQJ�GHU�2EHUVFKHQNHOPXVNXODWXU�DXVO|VHQ��'LH�V\QHUJLVWLVFKH

:LUNXQJ� GHU� LVFKLRNUXUDOHQ� 0XVNXODWXU� ]XP� YRUGHUHQ� .UHX]EDQG� ZXUGH� LQ]ZLVFKHQ� LQ� YLHOHQ

DQGHUHQ�6WXGLHQ�EHVWlWLJW��1RDFN�6FKDUI�������6RORPRQRZ�HW�DO��������6M|ODQGHU�������-RKDQVVRQ

HW�DO��������.UDXVSH�HW�DO��������

:LH�PXVV�PDQ�VLFK�QXQ�GLH�:LUNVDPNHLW�HLQHV�VROFKHQ�YRUGHUHQ�.UHX]EDQGUHIOH[HV�YRUVWHOOHQ"�(V

NDQQ� VLFK� EHLP� /&$�5HIOH[� QXU� XP� HLQHQ�PHGLXP�ODWHQF\�UHIOH[� RGHU� HLQHQ� ORQJ�ODWHQF\�UHIOH[
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KDQGHOQ��(LQ�VKRUW�ODWHQF\�UHIOH[�VFKHLGHW�DXV��GD�KLHU�NHLQ�(LJHQUHIOH[�YRUOLHJW��:HLO�HV�VLFK�EHLP

/&$�5HIOH[� XP� HLQHQ� )UHPGUHIOH[� KDQGHOW�� ZHUGHQ� 5HIOH[XPODXI]HLWHQ� YRQ� PHKU� DOV� ��PV� ]X

HUZDUWHQ�VHLQ��+RXN�5\PHU��������%HL�GHQ�YRQ�-RKDQVVRQ�HW�DO�� �������DQJHJHEHQHQ�=HLWHQ�YRQ

��PV�]ZLVFKHQ�WUDXPDWLVLHUHQGHP�(UHLJQLV�XQG�GHU�=HUVW|UXQJ�PRUSKRORJLVFKHU�6WUXNWXUHQ�Z�UGH

GDKHU�MHGH�UHIOHNWRULVFKH�.RQWUDNWLRQ�GHU�LVFKLRNUXUDOHQ�0XVNXODWXU�]X�VSlW�NRPPHQ��DOV�GDVV�VLH

LKUH�6FKXW]IXQNWLRQ�I�U�GDV�YRUGHUH�.UHX]EDQG�UHFKW]HLWLJ�HQWIDOWHQ�N|QQWH��5DFN�������3RSH�HW�DO�

�������(LQH�HQWVSDQQWH�LVFKLRNUXUDOH�0XVNXODWXU�ZlUH�QLFKW�LQ�GHU�/DJH�GDV�YRUGHUH�.UHX]EDQG�]X

VFK�W]HQ��ZHQQ�VLH��EHU�HLQHQ�/&$�5HIOH[�α�PRWRULVFK�LQQHUYLHUW�Z�UGH�

'LH� LVFKLRNUXUDOH�0XVNXODWXU� NDQQ� LKUH� V\QHUJLVWLVFKH� )XQNWLRQ� I�U� GDV� YRUGHUH�.UHX]EDQG� QXU

HQWIDOWHQ��ZHQQ�PDQ�VLFK�YRUVWHOOW��GDVV�VLH��EHU�GHQ�/&$�5HIOH[�γ�PRWRULVFK�LQQHUYLHUW�ZLUG��'DV

EHGHXWHW��GDVV�GDV�.UHX]EDQG��EHU� VHLQH�6HQVRUHQ�6LQQHVTXDOLWlWHQ�ZLH�/lQJH��/lQJHQlQGHUXQJ�

6SDQQXQJ�XQG�6SDQQXQJVlQGHUXQJ�SHUPDQHQW�UHJLVWULHUW�XQG�]XP�=16�OHLWHW��ZHOFKHV�GDUDXI�KLQ

GLH� 0XVNHOVSLQGHOQ� GHU� LVFKLRNUXUDOHQ� 0XVNXODWXU� �EHU� GLH� γ�0RWRQHXURQHQ� HQWVSUHFKHQG� GHU

UHJLVWULHUWHQ�%HDQVSUXFKXQJ� HLQVWHOOW� �6RORPRQRZ� HW� DO�� ������ 6M|ODQGHU� ������� $IIHUHQ]HQ� QLFKW

QXU�DXV�GHQ�*HOHQNUH]HSWRUHQ��VRQGHUQ�DXFK�DXV�GHU�3HULSKHULH�XQG�DXV�GHP�=16�ZHUGHQ�LQ�GHQ

γ�0RWRQHXURQHQ� YHUVFKDOWHW�� GLH� LKUHUVHLWV� GLH� ,QQHUYDWLRQ� GHU� 0XVNHOVSLQGHO� UHJXOLHUHQ�� 'LHVH

NRPSOH[H�9HUDUEHLWXQJ�VHQVRULVFKHU�$IIHUHQ]HQ�]XU�HIIHUHQWHQ�$QVWHXHUXQJ�GHU�0XVNXODWXU��EHU

GDV� γ�0RWRQHXURQHQ�6\VWHP� PRGXOLHUW� GHQ� 7RQXV� LQ� GHU� LVFKLRNUXUDOHQ� 0XVNXODWXU� LQ

$EKlQJLJNHLW� YRQ� GHU� PRPHQWDQHQ� %HODVWXQJVVLWXDWLRQ� �-RKDQVVRQ� HW� DO�� ������� ,Q� GLHVHP

=XVDPPHQKDQJ�ZlUH� DOOHUGLQJV� DXFK� YRUVWHOOEDU�� GDVV� GLH� $IIHUHQ]HQ� DXV� GHP�*HOHQN� XQG� GHU

3HULSKHULH��EHU�VSLQDOH�,QWHUQHXURQH�YHUVFKDOWHW�ZHUGHQ�XQG�GDVV��EHU�GLHVH�VSLQDOHQ�,QWHUQHXURQH

HLQ�GLUHNWHU�=XJULII�DXI�GLH�α�0RWRQHXURQH�HUIROJW�

'HU�/&$�5HIOH[�I�KUW�ZDKUVFKHLQOLFK�QLFKW�]X�HLQHU�GLUHNWHQ�.RQWUDNWLRQ�GHU�$UEHLWVPXVNXODWXU�

VRQGHUQ�YHUlQGHUW�GLH�(UUHJEDUNHLW�LKUHU�α�0RWRQHXURQH��(LQH�GHUDUW�YRULQQHUYLHUWH�0XVNXODWXU�LVW

QXQ� DXFK� LQ� GHU� /DJH�� KRKH� ]XVlW]OLFKH� %HODVWXQJVVSLW]HQ� GXUFK� ]XVlW]OLFK� DXIJHVFKDOWHWH� α�

PRWRULVFKH�5HIOH[H� DE]XEDXHQ�XQG� VHLQH� V\QHUJLVWLVFKH�)XQNWLRQ� I�U� GDV�YRUGHUH�.UHX]EDQG� ]X

HQWIDOWHQ��'HU�/&$�5HIOH[�VWHOOW�DOVR�HKHU�HLQH�NRQWLQXLHUOLFK�UHJHOQGH�$QSDVVXQJ�GHU�PXVNXOlUHQ

$NWLYLWlW�GHU�.QLHVWDELOLVDWRUHQ�DQ�GLH�%HZHJXQJVVLWXDWLRQ�XQG�GHUHQ�9HUlQGHUXQJHQ�GDU��DOV�HLQHQ

HLQPDOLJ� XPODXIHQGHQ�� VSRQWDQHQ� 6FKXW]UHIOH[� �*ULJJ� ������ 1\ODQG� HW� DO�� ������� 'DV� γ�

0RWRQHXURQHQ�6\VWHP� LVW� GDEHL� PLW� VHLQHU� 0XVNHOVSLQGHO� GLH� OHW]WH� ,QWHJUDWLRQVVWHOOH� GHV

VHQVRULVFKHQ� ,QSXWV� I�U� GLH�0XVNHONRRUGLQDWLRQ� �6M|ODQGHU� ������ -RKDQVVRQ� HW� DO�� �������'D� GLH

$IIHUHQ]HQ� GHU� 0XVNHOVSLQGHOQ� DQ� GHU� 5HJXODWLRQ� GHU� 0XVNHOVWLIIQHVV� WHLOKDEHQ�� WUDJHQ

ZDKUVFKHLQOLFK� GLH� 5H]HSWRUHQ� GHU� .QLHJHOHQNElQGHU� �EHU� GDV� γ�0RWRQHXURQHQ�6\VWHP� ]XU
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9RUHLQVWHOOXQJ�GHU�6WLIIQHVV�GHU�.QLHJHOHQNPXVNHOQ�XQG�GDGXUFK� ]XU� 6WLIIQHVV� GHV�.QLHJHOHQNHV

XQG�]XU�IXQNWLRQHOOHQ�6WDELOLWlW�GHV�*HOHQNHV�EHL��*ROOKRIHU�HW�DO��������-RKDQVVRQ�HW�DO��������

α γMN

,QVEHVRQGHUH�EHL�9HUOHW]XQJHQ�GHV�YRUGHUHQ�.UHX]EDQGHV�JHKW�GHP�.QLHJHOHQN�QLFKW�QXU�HWZDV

YRQ�VHLQHU�OLJDPHQWlUHQ�6WDELOLWlW�YHUORUHQ��VRQGHUQ�HV�ZLUG�DXFK�HLQ�7HLO�VHLQHU�6HQVRULN�]HUVW|UW�

GHU�/&$�5HIOH[� LVW� XQWHUEURFKHQ� �&RUULJDQ� HW� DO�� ������(FNKDUGW� HW� DO�� ������ %RUVD� HW� DO�� ������

$XFK�GXUFK�HLQH�2SHUDWLRQ�NDQQ�GLH�]HUVW|UWH�6HQVRULN�]XQlFKVW�QLFKW�ZLHGHU�KHUJHVWHOOW�ZHUGHQ�

HV� LVW� VRJDU� DQ]XQHKPHQ�� GDVV� GXUFK�(LQVFKQLWWH� LQ� GLH�*HOHQNNDSVHO� EHL� GHU�2SHUDWLRQ�ZHLWHUH

VHQVRULVFKH�1HUYHQHQGLJXQJHQ�]HUVW|UW�ZHUGHQ��6M|ODQGHU�HW�DO��������)URPP�HW�DO��������

'XUFK� GHQ� XQWHUEURFKHQHQ� DUWKURNLQHWLVFKHQ� 5HIOH[� IHKOHQ� EDKQHQGH�� VHQVRULVFKH� 3RWHQWLDOH�

'DKHU� P�VVWH� PDQ� DQQHKPHQ�� GDVV� GLH� LVFKLRNUXUDOH� 0XVNXODWXU� LQ� )ROJH� HLQHU� DQWHULRUHQ

7LELDYHUVFKLHEXQJ�EHL�.UHX]EDQGYHUOHW]WHQ�ZHQLJHU�VWDUN�DNWLYLHUW�ZLUG�DOV�EHL�.UHX]EDQGLQWDNWHQ�

*U�EHU� HW� DO�� ������� EHULFKWHQ� GDJHJHQ� YRQ� HLQHU� YHUVWlUNWHQ� $NWLYLHUXQJ� GHU

,VFKLRNUXUDOPXVNXODWXU�EHL�GXUFKWUHQQWHP�YRUGHUHP�.UHX]EDQG��6RORPRQRZ�HW�DO���������NRQQWHQ

EHL� .UDIWPHVVXQJHQ� DQ� HLQHP� 3DWLHQWHQ� QDFK� $EULVV� GHV� YRUGHUHQ� .UHX]EDQGHV� LQ� GHU

LVRNLQHWLVFKHQ�.QLHVWUHFNXQJ�HEHQIDOOV�HLQH�YHUVWlUNWH�$NWLYLWlW�GHU� ,VFKLRNUXUDOHQ�XQG�]XVlW]OLFK

HLQH� ,QKLELWLRQ� GHV� 4XDGUL]HSV�� GLH� YRQ� HLQHP� PHVVEDUHQ� 'UHKPRPHQWHLQEUXFK� EHJOHLWHW� ZDU�

IHVWVWHOOHQ�� 6LH� VFKORVVHQ� GDUDXV�� GDVV� GLH� �EULJHQ� 5H]HSWRUHQ� GHV� .QLHJHOHQNHV� DXIJUXQG� GHV

)HKOHQV� GHV� YRUGHUHQ� .UHX]EDQGHV� HLQH� YHUVWlUNWH� DQWHULRUH� 7LELDYHUVFKLHEXQJ� UHJLVWULHUHQ�� GLH

Abbildung 7: α-γ-motorische Koppelung: Afferenzen aus
der Haut, aus dem Gelenk und aus dem Muskel werden
über ein Hinterhornneuron im Rückenmark (IN) an das
ZNS weitergeleitet. Über absteigende Bahnen (B) werden
Impulse aus höhergelegenen Regionen zugeleitet. Die
Summe dieser Reize kann nun über die α-Motoneuronen
(αMN) direkt zur Kontraktion des betreffenden Muskels
führen, wenn eine gewisse Reizintensität überschritten wird.
In der Regel bestimmt jedoch diese Reizsumme über die γ-
Motoneuronen (γMN) die Stiffnesseinstellung der
Muskulatur. Die Muskelspindeln, die auf diese Art und
Weise sensibilisiert sind, können nun direkt über die α-
Motoneuronen (αMN) monosynaptische Dehnungsreflexe
auslösen. (abgeändert nach Schmidt/Thews 1997)
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GXUFK� HLQH�4XDGUL]HSVLQKLELWLRQ� XQG� HLQH� YHUVWlUNWH�$NWLYLHUXQJ�GHU� ,VFKLRNUXUDOHQ� NRPSHQVLHUW

ZHUGHQ�VROO�

(LQLJH� $XWRUHQ� PDFKWHQ� VLFK� YHUOHW]XQJV�� XQG� RSHUDWLRQVEHGLQJWH� 9HUlQGHUXQJHQ� GLHVHU

QHXURSK\VLRORJLVFKHQ� 9HUELQGXQJ� ]ZLVFKHQ� GHP� YRUGHUHQ� .UHX]EDQG� XQG� GHU� LVFKLRNUXUDOHQ

0XVNXODWXU�]X�QXW]H��XP�8QWHUVFKLHGH�]ZLVFKHQ�.UHX]EDQGYHUOHW]WHQ�PLW�XQWHUVFKLHGOLFK� ODQJHQ

5HJHQHUDWLRQVSKDVHQ� E]Z�� 8QYHUOHW]WHQ� QDFK]XZHLVHQ� �7LERQH�$QWLFK� ������ %HDUG� HW� DO�� �����

������ :RMW\V�+XWVRQ� ������� :lKUHQG� %HDUG� HW� DO�� ������� QDFK� HLQJHOHLWHWHU� 7LELDYHUVFKLHEXQJ

HLQHQ�8QWHUVFKLHG�]ZLVFKHQ�.UHX]EDQGYHUOHW]WHQ�XQG�*HVXQGHQ�LP�EH]XJ�DXI�GLH�/DWHQ]]HLW�GHU

5HIOH[DNWLYLWlW�LQ�GHU�LVFKLRNUXUDOHQ�0XVNXODWXU�QDFKZHLVHQ�NRQQWHQ��EHVFKUHLEHQ�:RMW\V�+XVWRQ

�������EHL�.UHX]EDQGYHUOHW]WHQ�PLW�XQWHUVFKLHGOLFK�ODQJHU�5HJHQHUDWLRQVSKDVH�8QWHUVFKLHGH�LQ�GHQ

/DWHQ]]HLWHQ�XQG� LQ�GHU�+|KH�GHU� ,QQHUYDWLRQ�� -HQQLQJV�6HHGKRP� �������NRQQWHQ�EHL� lKQOLFKHU

9HUVXFKVDQRUGQXQJ�GLH�(UJHEQLVVH�YRQ�%HDUG�HW�DO���������DOOHUGLQJV�QLFKW�UHSURGX]LHUHQ�

,Q� HLQLJHQ� QHXHUHQ� 8QWHUVXFKXQJHQ� ZXUGH� GHU� +�5HIOH[� DOV� 'LDJQRVWLNXP� HLQJHVHW]W�� 'LHVH

7HFKQLN�JHKW�DXI�3DXO�+RIIPDQQ��������]XU�FN��6LH�OlVVW�$XVVDJHQ��EHU�GLH�Å'XUFKOlVVLJNHLW´�YRQ

5HIOH[EDKQHQ� VRZLH� GLH� (UUHJEDUNHLW� GHU�0XVNHOVSLQGHOQ� ]X�� 'DEHL� ZLUG� HLQ� PRQRV\QDSWLVFKHU

'HKQXQJVUHIOH[�GXUFK�HOHNWULVFKH�5HL]XQJ�HLQHV�0XVNHOQHUYHQ�YRQ�DX�HQ�LQGX]LHUW��0XVNHOQHUYHQ

HQWKDOWHQ� LQ� GHU� 5HJHO� VRZRKO� DIIHUHQWH�� DOV� DXFK� HIIHUHQWH� )DVHUQ�� 'D� GLH� ,D�)DVHUQ� �DIIHUHQWH

%DKQHQ�� GLH� QLHGULJVWH� 6FKZHOOH� DOOHU� 1HUYHQIDVHUQ� EHVLW]HQ�� OHLWHQ� VLH� EHUHLWV� EHL� QLHGULJHQ

6SDQQXQJHQ� ������9�� GHQ� YRQ� DX�HQ� LQGX]LHUWHQ� 5HL]� ZHLWHU�� 'HVKDOE� QLPPW� GDV� HQWVWDQGHQH

$NWLRQVSRWHQWLDO�GHQ�:HJ��EHU�GLH�DIIHUHQWH�%DKQ�]XP�5�FNHQPDUN��ZR�HU�DXI�HLQH�HIIHUHQWH�%DKQ

XPJHVFKDOWHW�XQG�DQ�GLH�PRWRULVFKH�(QGSODWWH�GHV�]XJHK|ULJHQ�0XVNHOV�ZHLWHUJHOHLWHW�ZLUG��'RUW

NDQQ�HU�PLW�GHP�2EHUIOlFKHQ�(0*�DOV�5HIOH[DQWZRUW� �+�:HOOH��VLFKWEDU�JHPDFKW�ZHUGHQ��:LUG

GHU�1�� WLELDOLV� LQ� GHU�.QLHNHKOH� YRQ� DX�HQ� HOHNWULVFK� JHUHL]W�� VR� NRPPW� GHU�+�5HIOH[�PLW� HLQHU

/DWHQ]�YRQ������PV� DP�0�� WULFHSV� VXUDH� DQ�� -H�K|KHU�GDEHL� GLH�5HL]LQWHQVLWlW�� GHVWR� JU|�HU� GLH

5HIOH[DQWZRUW�

(UK|KW� PDQ� GLH� 5HL]LQWHQVLWlW� ZHLWHU� �!��9��� VR� ZHUGHQ� QLFKW� QXU� GLH� ,D�$IIHUHQ]HQ� JHUHL]W�

VRQGHUQ�]XQHKPHQG�DXFK�α�0RWRQHXURQH��HIIHUHQWH�%DKQHQ���'HU�5HL]�EUHLWHW�VLFK�QXQ�QLFKW�QXU

�EHU�GLH�DIIHUHQWH�%DKQ�]XP�5�FNHQPDUN�XQG�YRQ�GRUW��EHU�GLH�HIIHUHQWH�%DKQ�]XP�0XVNHO�KLQ

DXV��VRQGHUQ�HU�QLPPW�DXFK�GHQ�GLUHNWHQ�:HJ��EHU�GDV�α�0RWRQHXURQ�]XU�PRWRULVFKHQ�(QGSODWWH�

'D� GLHVHU� :HJ�� XQWHU� $XVODVVXQJ� GHV� 5�FNHQPDUNHV�� ZHVHQWOLFK� N�U]HU� LVW�� NDQQ� GLHVH

5HIOH[DQWZRUW��0�:HOOH��ZHVHQWOLFK�IU�KHU�LP�0XVNHO�UHJLVWULHUW�ZHUGHQ��,P�%HLVSLHO�GHV�1��WLELDOLV

XQG�GHV�0��WULFHSV�VXUDH�WULWW�GLH�0�$QWZRUW�PLW�HLQHU�/DWHQ]�YRQ�����PV�DXI��0DQQ�NDQQ�QXQ�DOVR

LP�(0*�]ZHL�5HL]DQWZRUWHQ�UHJLVWULHUHQ��]XHUVW�GLH�0�:HOOH�XQG�GDQQ�GHQ�+�5HIOH[�
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:LUG� GLH� 5HL]VWlUNH� QXQ� ZHLWHU� HUK|KW�� VR� ZLUG� GLH� +�$QWZRUW� LPPHU� NOHLQHU�� GLH� 0�$QWZRUW

GDJHJHQ� LPPHU�JU|�HU��ELV� HV�EHL�5HL]VWlUNHQ�XP����9�]X�HLQHU�Y|OOLJHQ�8QWHUGU�FNXQJ�GHU�+�

$QWZRUW�GXUFK�GLH�0�$QWZRUW�NRPPW��6FKPLGW�7KHZV��������'DEHL�EUHLWHW�VLFK�GHU�5HL]� LP�α�

0RWRQHXURQ� QXQ� QLFKW� PHKU� QXU� RUKWRGURP�� GDV� KHL�W� LQ� 5LFKWXQJ� PRWRULVFKHU� (QGSODWWH�

VRQGHUQ�DXFK�DQWLGURP��DOVR�VR]XVDJHQ�HQWJHJHQ�GHU�(LQEDKQVWUD�H�DXI�HLQHU�HIIHUHQWHQ�)DVHU� LQ

5LFKWXQJ�5�FNHQPDUN�DXV��$XI�GLHVHP�:HJ�WULIIW�HU�DXI�GLH�HQWJHJHQNRPPHQGH��XPJHVFKDOWHWH�+�

5HIOH[�$QWZRUW��ZREHL�VLFK�EHLGH�JHJHQVHLWLJ�DXVO|VFKHQ��:L�PH\HU�HW�DO��������

'LH�*U|�H�GHU�+�5HIOH[�$QWZRUW�KlQJW�GDEHL�QLFKW�QXU�YRQ�GHU�+|KH�GHU�5HL]LQWHQVLWlW��DOVR�GHU

HOHNWULVFKHQ� 6WLPXODWLRQ�GHV�1HUYHQ� YRQ� DX�HQ� DE�� VRQGHUQ� DXFK� YRP� DIIHUHQWHQ�(LQVWURP� DXV

GHP�=16�RGHU�HEHQ�DXV�GHP�γ�0RWRQHXURQHQ�6\VWHP��-RKDQVVRQ�HW�DO���������+lOW�PDQ�QXQ�GLH

lX�HUHQ�%HGLQJXQJHQ�NRQVWDQW�� VR� VWHOOW� GLH�$PSOLWXGH� GHV�+�5HIOH[HV� HLQ� JHQDXHV�0D�� I�U� GLH

(UUHJEDUNHLW�GHU�VWLPXOLHUWHQ�QHXURPXVNXOlUHQ�(LQKHLW�GDU�

:L�PH\HU�HW�DO���������NRQQWHQ�PLW�GLHVHU�7HFKQLN�8QWHUVFKLHGH�]ZLVFKHQ�LQWDNWHQ�.QLHJHOHQNHQ

XQG�.QLHJHOHQNHQ�PLW�9HUOHW]XQJHQ�GHV�YRUGHUHQ�.UHX]EDQGHV�IHVWVWHOOHQ��'D]X�O|VWHQ�VLH�EHL�GHQ

3UREDQGHQ� GXUFK� 6WLPXODWLRQ� GHV� 1�� IHPRUDOLV� +�5HIOH[H� DXV�� GLH� VLH� DP� 0�� YDVWXV� PHGLDOLV

DEOHLWHWHQ��'XUFK�=XJ�DP�8QWHUVFKHQNHO�QDFK�DQWHULRU�ZXUGH�GDV�YRUGHUH�.UHX]EDQG�JHGHKQW��%HL

.QLHJHOHQNHQ� PLW� LQWDNWHP� YRUGHUHP� .UHX]EDQG� I�KUWH� GLH� 'HKQXQJ� ]X� HLQHU� UHIOHNWRULVFKHQ

,QKLELWLRQ� GHV� 4XDGUL]HSV�� ZDV� VLFK� LQ� HLQHU� 9HUULQJHUXQJ� GHU� +�5HIOH[�$PSOLWXGH� EHPHUNEDU

PDFKWH�� 'LH� 6LJQDOH� DXV� GHP� LQWDNWHQ� YRUGHUHQ� .UHX]EDQG� I�KUWHQ� EHL� %HODVWXQJ� ]X� HLQHU

9HUULQJHUXQJ�GHU�(UUHJEDUNHLW�GHUMHQLJHQ�$UEHLWVPXVNXODWXU��ZHOFKH�GLH�%HODVWXQJ�I�U�GDV�YRUGHUH

.UHX]EDQG� QRFK� HUK|KHQ� Z�UGH�� %HL� .QLHJHOHQNHQ� PLW� GXUFKWUHQQWHP� YRUGHUHP� .UHX]EDQG

I�KUWH�GLH�'HKQXQJ�]X�HLQHP�$QZDFKVHQ�GHU�+�5HIOH[�$PSOLWXGH��GD�GLH�LQKLELWRULVFKHQ�(LQIO�VVH

DXV�GHP�YRUGHUHQ�.UHX]EDQG�IHKOWHQ�XQG�OHGLJOLFK�GLH�'HKQXQJVUHL]H�GHU�4XDGUL]HSVPXVNXODWXU

HLQHQ�(LQIOXVV�DXI�GLH�+�5HIOH[�$PSOLWXGH�KDWWHQ�

'LH�(UJHEQLVVH�GLHVHU�8QWHUVXFKXQJ�VWHKHQ�DOOHUGLQJV�LQ�HLQHP�JHZLVVHQ�:LGHUVSUXFK�]X�%HIXQGHQ

DXV� GHU� NOLQLVFKHQ� 3UD[LV�� GD� 9HUOHW]XQJHQ� GHV� YRUGHUHQ� .UHX]EDQGHV� KlXILJ� PLW� HLQHU

4XDGUL]HSVDWURSKLH� HLQKHU� JHKHQ� �&RUULJDQ� HW� DO�� ������� 'LHVH� 7DWVDFKH� GHXWHW� HKHU� DXI� HLQH

UHIOHNWRULVFKH�,QKLELWLRQ�GHV�4XDGUL]HSV�DXIJUXQG�GHV�YHUlQGHUWHQ�QHXURQDOHQ�,QSXWV�DOV�)ROJH�GHU

9HUOHW]XQJ�KLQ��DOV�DXI�HLQH�9HUVWlUNXQJ�GHU�(UUHJEDUNHLW�YRQ�0RWRQHXURQHQ�GHV�4XDGUL]HSV��'HU

4XDGUL]HSV�]HLJW� VLFK�QDFK�9HUOHW]XQJHQ�GHV�YRUGHUHQ�.UHX]EDQGHV�KlXILJ� WKHUDSLHUHVLVWHQW�XQG

EOHLEW� PDQFKPDO� QRFK� ODQJH� =HLW� QDFK� GHU� 9HUOHW]XQJ� KLQVLFKWOLFK� VHLQHU� .UDIWZHUWH� GHIL]LWlU

�6RORPRQRZ�HW�DO��������
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'LH� QDFK� 9HUOHW]XQJHQ� GHV� YRUGHUHQ� .UHX]EDQGHV� KlXILJ� DXIWUHWHQGH� 4XDGUL]HSVDWURSKLH� ZLUG

JHPHLQKLQ� DOV� 5HIOH[LQKLELWLRQ� ]XP� 6FKXW]� GHV� YHUOHW]WHQ� .QLHJHOHQNHV� YRU� YHQWUDOLVLHUHQGHQ

.UDIWNRPSRQHQWHQ�� GLH� GXUFK�.RQWUDNWLRQ� GHV�4XDGUL]HSV� HQWVWHKHQ�� LQWHUSUHWLHUW� �6FKDUI� HW� DO�

������6Q\GHU�0DFNOHU�HW� DO���������'XUFK�6SDQQXQJVPHVVXQJHQ�DP�YRUGHUHQ�.UHX]EDQG�NRQQWH

HLQH� %HODVWXQJ� GHV� YRUGHUHQ� .UHX]EDQGHV� EHL� LVROLHUWHU� 4XDGUL]HSVNRQWUDNWLRQ� ELV� ]XP

VRJHQDQQWHQ�4XDGUL]HSVQHXWUDOZLQNHO�EHL�ZHQLJHU�DOV�����.QLHIOH[LRQ�QDFKJHZLHVHQ�ZHUGHQ��$Q�HW

DO�� ������ %H\QQRQ� HW� DO�� ������� (LQH� JOHLFK]HLWLJH� .RNRQWUDNWLRQ� GHU� LVFKLRNUXUDOHQ� 0XVNXODWXU

I�KUW� LP� 9HUJOHLFK� ]XU� LVROLHUWHQ� 4XDGUL]HSVNRQWUDNWLRQ� ]X� HLQHU� (QWODVWXQJ� GHV� YRUGHUHQ

.UHX]EDQGHV��%DUDWWD�HW�DO��������'UDJDQLFK�HW�DO��������2·&RQQRU�������0RUH�HW�DO��������5DXQHVW

HW�DO��������

,QZLHZHLW� HLQH� 8QWHUEUHFKXQJ� GHV� /&$�5HIOH[HV� LUUHYHUVLEHO� LVW� XQG� RE� HV� IXQNWLRQHOOH

.RPSHQVDWLRQVPHFKDQLVPHQ� JLEW�� LVW� QRFK� XQJHNOlUW� �-RKDQVVRQ� HW� DO�� ������ *|UW]HQ�6FKXOLW]

�������)URPP�HW�DO���������NRQQWHQ�DP�.UHX]EDQGWUDQVSODQWDW�GHV�.DQLQFKHQV�EHUHLWV����:RFKHQ

QDFK� GHU� 2SHUDWLRQ� QHX� HLQJHZDFKVHQH� 1HUYHQIDVHUQ� LP� 7UDQVSODQWDW� QDFKZHLVHQ�

$XVGLIIHUHQ]LHUWH�5H]HSWRUHQ�NRQQWHQ�VLH�MHGRFK�DXFK�QDFK�OlQJHUHU�=HLW�QRFK�QLFKW�QDFKZHLVHQ�

%LHGHUW�HW�DO���������JHODQJ�DOOHUGLQJV�]XP�HLQHQ�GHU�PRUSKRORJLVFKH�1DFKZHLV�YRQ�1R]L]HSWRUHQ

LP� .UHX]EDQGWUDQVSODQWDW� �/LJ�� SDWHOODH�� GHV� 0HQVFKHQ� GXUFKVFKQLWWOLFK� ��� 0RQDWHQ� QDFK� GHU

2SHUDWLRQ�� ]XP� DQGHUHQ� NRQQWHQ� VLH� DUWKURVNRSLVFK� GXUFK� =XJ� DP� .UHX]EDQGWUDQVSODQWDW� PLW

GHP�7DVWKDNHQ�HLQ�6FKPHU]HPSILQGHQ�EHL�GHQ�PHLVWHQ�3UREDQGHQ�DXVO|VHQ�

'HU� HLQGHXWLJH� 1DFKZHLV�� GDVV� GLH� QHX� HLQJHZDFKVHQHQ� QHXURQDOHQ� 6WUXNWXUHQ� ZLHGHU� GLH� YROOH

IXQNWLRQHOOH� %HGHXWXQJ� HUODQJHQ�� VWHKW� DOOHUGLQJV� ELVODQJ� QRFK� DXV��'XUFK� GLH� 9HUlQGHUXQJ� GHV

VHQVRULVFKHQ� $QWHLOHV� GHV� 5HIOH[ERJHQV� PLW� GHU� JHOHQNVWDELOLVLHUHQGHQ� 0XVNXODWXU� ZLUG� VLFK

YHUPXWOLFK� DXFK� GLH� IXQNWLRQHOOH� 6WDELOLWlW� DP�.QLHJHOHQN� YHUlQGHUQ�� (V� LVW� GDKHU� DQ]XQHKPHQ�

GDVV� VLFK� 3UREDQGHQ�PLW� 9HUOHW]XQJHQ� GHV� YRUGHUHQ�.UHX]EDQGHV� DXFK� QDFK�:LHGHUKHUVWHOOXQJ

YRQ�JHVXQGHQ�3UREDQGHQ�KLQVLFKWOLFK�LKUHV�5HIOH[YHUKDOWHQV�DP�.QLHJHOHQN�XQWHUVFKHLGHQ�
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'D� PLW� GHQ� ELVKHU� EHNDQQWHQ� 8QWHUVXFKXQJVPHWKRGHQ� HLQH� 'LDJQRVH� GHU� 6WDELOLWlW� GHV

.QLHJHOHQNHV�LQ�IXQNWLRQHOOHQ�6LWXDWLRQHQ�QXU�VFKZHU�]X�UHDOLVLHUHQ�LVW��ZXUGH�HLQ�QHXHV�0HVVJHUlW

HQWZLFNHOW�� PLW� GHP� HV� QXQ� P|JOLFK� LVW�� GLH� 6WDELOLWlW� GHV� .QLHJHOHQNHV� LQ� IXQNWLRQHOOHQ

%HGLQJXQJHQ�XQWHU�%HODVWXQJ��]�%��DP�VWHKHQGHQ�3UREDQGHQ�]X�PHVVHQ�

Abbildung 8: Messvorrichtung zur Erfassung der Tibiaverschiebung

'DV� 0HVVJHUlW� XPIDVVW� ]ZHL� /LQHDUSRWHQWLRPHWHU�� GLH� LQ� HLQHP� *HVWHOO� DP� 8QWHUVFKHQNHO� GHV

3UREDQGHQ�IL[LHUW�VLQG��'LH�0HVVVWUHFNHQ�GHU�3RWHQWLRPHWHU�VLQG�]XHLQDQGHU�XQG�]XP�7LELDSODWHDX

SDUDOOHO��'DV� HUVWH� 3RWHQWLRPHWHU� ZLUG� DQ� GHU� 3DWHOOD� DQJHEUDFKW�� GDV� ]ZHLWH� DQ� GHU� 7XEHURVLWDV

WLELDH�� 'D� GLH� .QLHVFKHLEH� EHUHLWV� EHL� OHLFKWHU� .QLHEHXJXQJ� DXI� GHQ� )HPXUNRQG\OHQ� GHV

2EHUVFKHQNHONQRFKHQV�DXIOLHJW��ZLUG�MHGH�7UDQVODWLRQVEHZHJXQJ�GHV�2EHUVFKHQNHOV�UHODWLY�]X�GHP

*HVWHOO��EHU�GLH�.QLHVFKHLEH��EHUWUDJHQ�XQG�GXUFK�GDV�REHUH�3RWHQWLRPHWHU�HUIDVVW��$QDORJ�GD]X

Linearpotentiometer

Kraftaufnehmer
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ZHUGHQ�%HZHJXQJHQ�GHV�8QWHUVFKHQNHOV�UHODWLY�]X�GHP�*HVWHOO�YRP�XQWHUHQ�3RWHQWLRPHWHU�HUIDVVW�

'LH�'LIIHUHQ]�GHU�EHLGHQ�0HVVZHUWH�LVW�HLQ�0D��I�U�GLH�%HZHJXQJ�GHU�EHLGHQ�.QRFKHQ�LQ�VDJLWWDOHU

(EHQH�UHODWLY�]XHLQDQGHU��'HU�XQWHUH�0HVVZHUWDXIQHKPHU�ZlUH�UHGXQGDQW��ZHQQ�HV�P|JOLFK�ZlUH�

GDV� *HVWHOO� YROONRPPHQ� IHVW� XQG� XQEHZHJOLFK� DP� 8QWHUVFKHQNHO� ]X� IL[LHUHQ�� %HVRQGHUV� LQ

IXQNWLRQHOOHQ�6LWXDWLRQHQ�LVW�HLQH�PLQLPDOH�%HZHJXQJ�GHV�*HVWHOOHV�DP�8QWHUVFKHQNHO��YHUXUVDFKW

GXUFK�0DVVHQWUlJKHLW�RGHU�GXUFK�:HLFKWHLOYHUVFKLHEXQJHQ�LQIROJH�YRQ�0XVNHONRQWUDNWLRQHQ�QLFKW

DXV]XVFKOLH�HQ�� ,QVEHVRQGHUH� %HZHJXQJHQ� GHV� 0HVVJHUlWHV� LQ� VDJLWWDOHU� (EHQH� UHODWLY� ]XP

8QWHUVFKHQNHO� Z�UGHQ� HLQHQ� 0HVVIHKOHU� HU]HXJHQ�� 'DKHU� PXVV� GLHVHU� %HZHJXQJVDQWHLO� GHV

0HVVJHUlWHV� GXUFK� GDV� XQWHUH� 3RWHQWLRPHWHU� HUIDVVW� XQG� PLW� GHP� 0HVVZHUW� GHV� REHUHQ

3RWHQWLRPHWHUV�YHUUHFKQHW�ZHUGHQ��'LH�3RWHQWLRPHWHU�KDEHQ�HLQHQ�0HVVZHJ�YRQ���PP�XQG�VLQG

VR�JHHLFKW��GDVV�GHUHQ�1XOOSXQNW�LQ�GHU�0LWWH�GHV�0HVVZHJHV�OLHJW��G�K��VLH�KDEHQ�YRP�1XOOSXQNW

DXV�HLQHQ�0HVVZHJ�YRQ�MH���PP�LQ�DQWHULRUHU�XQG�LQ�SRVWHULRUHU�5LFKWXQJ��'XUFK�)HGHUQ�ZHUGHQ

GLH� 6HQVRUHQ� PLW� HLQHU� .UDIW� YRQ� FD�� ��1� DQ� GLH� DQDWRPLVFKHQ� .RQWDNWVWHOOHQ� DQJHSUH�W�� 'LH

6LJQDOH�GHU�3RWHQWLRPHWHU�ZHUGHQ�YHUVWlUNW�XQG�$�'�JHZDQGHOW�YRP�&RPSXWHU�HLQJH]RJHQ��'LH

%LOGXQJ�GHU�0HVVZHUWGLIIHUHQ]�]XU�(UPLWWOXQJ�GHU�7LELDYHUVFKLHEXQJ�NDQQ�VRZRKO�KDUGZDUHPl�LJ

DOV�DXFK�VRIWZDUHPl�LJ�HUIROJHQ�

vorne links

1

2

3
4a

5
6
7
8
9

10
11
12
13
14

4b
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Trägergestell:
1 = Schienbeinplatte
2 = Schienbeinpolster
3 = Trägerplattform

Rahmen:
4 = Rahmenquerträger
14 = Rahmenlängsträger

Meßwertaufnehmer Tibia:
5 = Querträger
6 = Schlitten
7 = Klemmschraube (Schlitten)
8 = Gleitschiene
9 = Linearpotentiometer
10 = Klemmschrauben (Querträger)
11 = Klemmschraube (Gleitschiene)
12 = Schiebeachse mit Rückstellfeder
13 = Kontaktplatte
Meßwertaufnehmer Patella:

Der Meßwertaufnehmer an der Patella ist baugleich mit dem an der Tibia. Die Elemente 5 - 13 sind hier analog
angeordnet. Der besseren Übersichtlichkeit wegen wurden die Nummern der Elemente des Meßwertaufnehmers
an der Patella in der Zeichnung weggelassen.

Abbildung 9: Technische Realisation des Messprinzips

'LH� WHFKQLVFKH�8PVHW]XQJ�GHV�0HVVSULQ]LSV�EUDFKWH�HLQ�*HUlW�KHUYRU�� GDV� LP�:HVHQWOLFKHQ� DXV

GUHL�7HLOHQ�EHVWHKW��'HP�7UlJHUJHVWHOO��GHP�5DKPHQ�I�U�GLH�0HVVZHUWDXIQHKPHU�XQG�GHQ�EHLGHQ

0HVVZHUWDXIQHKPHUQ�

'DV�7UlJHUJHVWHOO�GLHQW�GHU�$XIJDEH��GHQ�5DKPHQ�PLW�GHQ�0HVVZHUWDXIQHKPHUQ�DP�8QWHUVFKHQNHO

GHV� 3UREDQGHQ� ]X� IL[LHUHQ�� (V� EHVWHKW� DXV� HLQHP�:LQNHO� DXV� $OXPLQLXPEOHFK�� GHVVHQ� OlQJHUHU

6FKHQNHO� GLH� 6FKLHQEHLQSODWWH� ���� ELOGHW� XQG� GHVVHQ� N�U]HUHU� 6FKHQNHO� GLH� 7UlJHUSODWWIRUP� ���

GDUVWHOOW�� 'LH� 6FKLHQEHLQSODWWH� ���� LVW� JHJHQ� GDV� 6FKLHQEHLQ� GHV� 3UREDQGHQ� PLW� HLQHP

6FKLHQEHLQSROVWHU� ���� DXV� 6W\URSRU� DEJHVW�W]W��'LH� 6FKLHQEHLQSODWWH� ���� LVW� DXV�*HZLFKWVJU�QGHQ

PLW� HLQHU� $XVVSDUXQJ� YHUVHKHQ�� 'DV� 6FKLHQEHLQSROVWHU� ���� XPVFKOLH�W� GLH� 9HQWUDOVHLWH� GHV

8QWHUVFKHQNHOV� XQG� LVW� DXI� GHU� ,QQHQVHLWH� GHQ� DQDWRPLVFKHQ� .RQWXUHQ� GHV� 8QWHUVFKHQNHOV

QDFKHPSIXQGHQ�� 'DV� 7UlJHUJHVWHOO� ZLUG� PLW� ]ZHL� EUHLWHQ�� HODVWLVFKHQ� .OHWWElQGHUQ� ]LUNXOlU� DP

8QWHUVFKHQNHO�GHV�3UREDQGHQ�IL[LHUW��ZREHL�DXI�P|JOLFKVW�IHVWHQ�+DOW�]X�DFKWHQ�LVW��'DGXUFK�VROO

P|JOLFKVW� KRKH� 3DVVJHQDXLJNHLW� XQG� RSWLPDOHU� 7UDJHNRPIRUW� JHZlKUOHLVWHW� ZHUGHQ�� 'LH

.OHWWElQGHU�ZXUGHQ�GHU�hEHUVLFKWOLFKNHLW�ZHJHQ�LQ�GHU�=HLFKQXQJ�QLFKW�GDUJHVWHOOW�

'HU�5DKPHQ��GHU�GLH�0HVVZHUWDXIQHKPHU�EHKHUEHUJW��EHVWHKW�DXV�]ZHL�5DKPHQTXHUWUlJHUQ�����XQG

]ZHL�5DKPHQOlQJVWUlJHUQ�������'HU�XQWHUH�5DKPHQTXHUWUlJHU���D��ZLUG�PLW�GHU�7UlJHUSODWWIRUP����

YHUVFKUDXEW�� VR� GDVV� 7UlJHUJHVWHOO� XQG� 5DKPHQ� IHVW� PLWHLQDQGHU� YHUEXQGHQ� VLQG�� 'LH

5DKPHQOlQJVWUlJHU������VLQG�DXV�HLQHP�5XQGVWDKO�PLW�YHUFKURPWHU�2EHUIOlFKH�JHIHUWLJW��VR�GDVV�GLH

4XHUWUlJHU�GHU�0HVVZHUWDXIQHKPHU�����DXI�GHQ�5DKPHQOlQJVWUlJHUQ������UHLEXQJVDUP�LQ�YHUWLNDOHU

5LFKWXQJ� QDFK� SUR[LPDO� RGHU� GLVWDO� YHUVFKREHQ� ZHUGHQ� N|QQHQ�� 'DGXUFK� VROO� JHZlKUOHLVWHW

ZHUGHQ��GDVV�GHU�YHUWLNDOH�$EVWDQG�]ZLVFKHQ�GHP�$XIODJHSXQNW�GHV�XQWHUHQ�0HVVZHUWDXIQHKPHUV

DQ�GHU�7XEHURVLWDV� WLELDH�XQG�GHP�$XIODJHSXQNW�GHV�REHUHQ�0HVVZHUWDXIQHKPHUV�DQ�GHU�3DWHOOD

GHQ� LQGLYLGXHOOHQ� DQDWRPLVFKHQ�*HJHEHQKHLWHQ� RSWLPDO� DQJHSDVVW� ZHUGHQ� NDQQ��'LH�4XHUWUlJHU

GHU�0HVVZHUWDXIQHKPHU� ���� ZHUGHQ�PLW� MH� ]ZHL�.OHPPVFKUDXEHQ� ����� LQ� LKUHU� 3RVLWLRQ� DQ� GHQ

5DKPHQOlQJVWUlJHUQ������IL[LHUW�
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'LH� EHLGHQ� 0HVVZHUWDXIQHKPHU� VLQG� %DXJOHLFK�� GDKHU� ZLUG� LQ� GHU� =HLFKQXQJ� QXU� GHU� XQWHUH

0HVVZHUWDXIQHKPHU� EHVFKULHEHQ�� $XI� GHP� 4XHUWUlJHU� GHV� 0HVVZHUWDXIQHKPHUV� ���� LVW� HLQ

6FKOLWWHQ�����DXIJHEUDFKW��GHU�LQ�KRUL]RQWDOHU�5LFKWXQJ�QDFK�PHGLDO�RGHU�ODWHUDO�DXI�GHP�4XHUWUlJHU

����YHUVFKREHQ�ZHUGHQ�NDQQ��'DKHU� LVW�HV�P|JOLFK��PLW�GHP�VHOEHQ�0HVVJHUlW� OLQNHV�XQG�UHFKWHV

.QLH�]X�PHVVHQ��VRZLH�LQGLYLGXHOOH�DQDWRPLVFKH�*HJHEHQKHLWHQ�]X�EHU�FNVLFKWLJHQ��'HU�6FKOLWWHQ

���� ZLUG� PLW� HLQHU� .OHPPVFKUDXEH� ���� LQ� VHLQHU� 3RVLWLRQ� DXI� GHP� 4XHUWUlJHU� ���� IL[LHUW�� 'DV

/LQHDUSRWHQWLRPHWHU�����ZLUG�LQ�GLH�*OHLWVFKLHQH�����HLQJHI�KUW�XQG�PLW�HLQHU�.OHPPVFKUDXEH�����

LQ�VHLQHU�3RVLWLRQ�LQ�GHU�*OHLWVFKLHQH�IL[LHUW��'DV�/LQHDUSRWHQWLRPHWHU�����NDQQ�LQ�GHU�*OHLWVFKLHQH

���� LQ� KRUL]RQWDOHU� 5LFKWXQJ� QDFK� DQWHULRU� RGHU� SRVWHULRU� YHUVFKREHQ� ZHUGHQ�� XP� GHQ

DQDWRPLVFKHQ�*HJHEHQKHLWHQ�JHUHFKW�]X�ZHUGHQ�

%HL� GHP� YHUZHQGHWHQ� /LQHDUSRWHQWLRPHWHU� KDQGHOW� HV� VLFK� XP� SRWHQWLRPHWULVFKH�� OLQHDUH

:HJDXIQHKPHU� PLW� Å/HLW� ²� 3ODVWLN´� ²� (OHPHQW� GHU� )LUPD� 0HJDWURQ�� 3RVLWLRQVlQGHUXQJHQ� GHU

DQDWRPLVFKHQ�6WUXNWXUHQ�ZHUGHQ��EHU�GLH�.RQWDNWSODWWHQ�������GLH�DQ�GHU�7XEHURVLWDV�WLELDH�XQG�DQ

GHU� 3DWHOOD� DQJHEUDFKW� VLQG� UHJLVWULHUW�� 'LH�.RQWDNWSODWWH� ����� LVW� DXI� GHU� 6FKLHEHDFKVH� ����� GHV

3RWHQWLRPHWHUV� YHUVFKUDXEW�� 'LH� 6FKLHEHDFKVH� ����� GHV� /LQHDUSRWHQWLRPHWHUV� EHVLW]W� HLQH

5�FNVWHOOIHGHU� PLW� HLQHU� *HJHQNUDIW� YRQ� FD�� ��1�� VR� GDVV� HLQ� SHUPDQHQWHU� .RQWDNW� GHU

.RQWDNWSODWWH� ����� PLW� GHQ� DQDWRPLVFKHQ� 6WUXNWXUHQ� JHZlKUOHLVWHW� LVW�� 'DV� YHUZHQGHWH

/LQHDUSRWHQWLRPHWHU�EHVLW]W�HLQHQ�0HVVZHJ�YRQ���PP�EHL�HLQHU�$XIO|VXQJ�YRQ�����PP�

'LH� 6LJQDOH� GHU� /LQHDUSRWHQWLRPHWHU� ZHUGHQ� YRUYHUVWlUNW�� VR� GDVV� HLQH�:HJlQGHUXQJ� YRQ� �PP

HLQHU�6SDQQXQJVlQGHUXQJ�YRQ� ���9�DQ�GHU�$�'�²�:DQGOHUNDUWH� GHV�(LQ]XJUHFKQHUV� HQWVSULFKW�

%HL� YROOVWlQGLJ� DXVJHIDKUHQHU� 6FKLHEHDFKVH� OLHJHQ�²���9� DP�$�'�²�:DQGOHU� DQ�� EHL� YROOVWlQGLJ

HLQJHIDKUHQHU�6FKLHEHDFKVH�OLHJHQ�����9�DP�$�'�²:DQGOHU�DQ��:LUG�GDV�/LQHDUSRWHQWLRPHWHU�YRU

GHU� 0HVVXQJ� DXI� �9� JHHLFKW�� VWHKHQ� HQWVSUHFKHQG� ��PP�0HVVZHJ� LQ� DQWHULRUHU� 5LFKWXQJ� XQG

��PP�LQ�SRVWHULRUHU�5LFKWXQJ�]XU�9HUI�JXQJ��'LH�6LJQDOH�GHU�EHLGHQ�/LQHDUSRWHQWLRPHWHU�ZHUGHQ

LP� 6LQQH� HLQHU� 'LIIHUHQ]ELOGXQJ� YHUUHFKQHW�� VR� GDVV� GDV� (UJHEQLV� LQ� $EKlQJLJNHLW� YRQ� VHLQHP

9RU]HLFKHQ�GLH�7LELDYHUVFKLHEXQJ�LQ�DQWHULRUHU�RGHU�SRVWHULRUHU�5LFKWXQJ�JHJHQ�EHU�GHP�)HPXU�LQ

0LOOLPHWHUQ�DQ]HLJW�
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Abbildung 10: Messgerät in der Untersuchungssituation

2.1 Methoden
9RU� GHU� HLJHQWOLFKHQ� 8QWHUVXFKXQJ�PLW� GHQ� 3UREDQGHQ�PXVVWH� GDV� QHX� NRQVWUXLHUWH� 0HVVJHUlW

YDOLGLHUW� ZHUGHQ�� 'LHV� ZXUGH� LQ� YLWUR� DP� /HLFKHQSUlSDUDW� GXUFKJHI�KUW�� LQGHP� GLH� :HUWH� GHV

0HVVJHUlWHV� PLW� GHQ� (UJHEQLVVHQ� HLQHU� JOHLFK]HLWLJ� GXUFKJHI�KUWHQ� 5|QWJHQXQWHUVXFKXQJ

YHUJOLFKHQ� ZXUGHQ�� 'D]X� ZXUGH� HLQ� DE� 0LWWH� 2EHUVFKHQNHO� DPSXWLHUWHV� 3UlSDUDW� PLW

.OHWWEDQGDJHQ�DP�GLVWDOHQ�8QWHUVFKHQNHO�XQG�PLW�6WHLQHPDQQlJHOQ�DP�2EHUVFKHQNHO��VR�ZHLW�ZLH

P|JOLFK�SUR[LPDO��DXI�HLQHP�8QWHUJHVWHOO�IL[LHUW��'DGXUFK�ZDU�JHZlKUOHLVWHW��GDVV�GHU�.QLHZLQNHO

GHV� 3UlSDUDWHV� YRQ� ���� �EHU� GLH� JHVDPWH� 0HVVXQJ� ZHLWHVWJHKHQG� NRQVWDQW� JHKDOWHQ� ZXUGH�

=XVlW]OLFK�ZXUGH�DXFK�GHU�)X��PLW�.OHWWEDQGDJHQ�]LUNXOlU�DP�*HVWHOO�IL[LHUW��XP�GDV�$XVPD��GHU

7LELDURWDWLRQ�]X�UHGX]LHUHQ��hEHU�HLQH�%DQGVFKOLQJH�XQG�HLQH�8POHQNXQJ�ZXUGH�HLQ�*HZLFKW�YRQ

��NJ�E]Z����NJ�DP�SUR[LPDOHQ�8QWHUVFKHQNHO�IL[LHUW��ZRGXUFK�KLHU�HLQH�.UDIW�YRQ�FD�����1�E]Z�

���1�HLQJHOHLWHW�ZXUGH��'LHVH�.UDIW�YHUXUVDFKWH�HLQH�7LELDYHUVFKLHEXQJ�LQ�DQWHULRUHU�5LFKWXQJ��$P

8QWHUVFKHQNHO�GHV�3UlSDUDWHV�ZXUGH�GDV�*HVWHOO�GHV�0HVVJHUlWHV�DQJHOHJW��'LH�0HVVZHUWDXIQHKPHU

ZXUGHQ� LQ� GDV�*HVWHOO� HLQJHEUDFKW��ZREHL� GHU� REHUH�0HVVZHUWDXIQHKPHU� DQ� GHU� 3DWHOOD� XQG� GHU

XQWHUH� 0HVVZHUWDXIQHKPHU� DQ� GHU� 7XEHURVLWDV� WLELDH� DQJHOHJW� ZXUGH�� 'LH� JHVDPWH
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9HUVXFKVDQRUGQXQJ� EHIDQG� VLFK� YRU� HLQHP�5|QWJHQVFKLUP�� VR� GDVV� GDV� .QLHJHOHQN� YRQ�PHGLDO

GXUFK�GHQ�VHLWOLFKHQ�6WUDKOHQJDQJ�LQ�GHU�VDJLWWDOHQ�(EHQH�HUIDVVW�ZHUGHQ�NRQQWH�

Abbildung 11: Versuchsaufbau zur Validierung des Messgerätes

1XQ�ZXUGHQ�GLH�3RVLWLRQHQ�YRQ�2EHU��XQG�8QWHUVFKHQNHO�LQ�GHU�VDJLWWDOHQ�(EHQH�PLW�GHP�*HUlW

XQG�GXUFK�5|QWJHQ�EHVWLPPW�� LQGHP� MHZHLOV�]HLWJOHLFK� LPPHU�HLQH�0HVVXQJ�PLW�GHP�*HUlW�XQG

HLQH�5|QWJHQDXIQDKPH�DQJHIHUWLJW�ZXUGH��0HVVXQJ�XQG�5|QWJHQDXIQDKPH�ZXUGHQ�LPPHU�HLQPDO

RKQH�� GDQQ� HLQPDO� PLW� *HZLFKWVEHODVWXQJ� DP� 3UlSDUDW� GXUFKJHI�KUW�� 'LH� 'LIIHUHQ]� DXV� GHU

3RVLWLRQVPHVVXQJ� PLW� *HZLFKWVEHODVWXQJ� XQG� RKQH� *HZLFKWVEHODVWXQJ� LVW� HLQ� 0D�� I�U� GLH

DQWHULRUH�7LELDYHUVFKLHEXQJ��GLH�VLFK�DXI�*UXQG�GHU�.UDIWHLQZLUNXQJ�GHV�DQJHKlQJWHQ�*HZLFKWHV

HUJLEW�� 1XQ� NDQQ� PDQ� GLH� 7LELDYHUVFKLHEXQJ�� GLH� DXV� GHQ� EHLGHQ� 0HVVXQJHQ� PLW� GHP� *HUlW

HUUHFKQHW�ZXUGH��PLW� GHU� 7LELDYHUVFKLHEXQJ� GLH� DXV� GHQ� EHLGHQ� JOHLFK]HLWLJ�PLW� GHQ�0HVVXQJHQ

DQJHIHUWLJWHQ�5|QWJHQDXIQDKPHQ�HUUHFKQHW�ZXUGH��YHUJOHLFKHQ��%HLP�0HVVJHUlW� HUJHEHQ� VLFK�GLH

3RVLWLRQHQ� GHU� *HOHQNVNRQJUXHQWHQ� DXV� GHQ� 0HVVZHUWHQ� GHU� /LQHDUSRWHQWLRPHWHU�� 7KHRUHWLVFK

ODVVHQ� GLH� /LQHDUSRWHQWLRPHWHU� HLQH� *HQDXLJNHLW� YRQ� ����PP� ]X�� 'D� GLHV� SK\VLRORJLVFK� DEHU

NHLQHQ� 6LQQ� PDFKW�� VLQG� GLH� :HUWH� DXI� ���PP� JHQDX� DQJHJHEHQ�� 'LH� $XVZHUWXQJ� GHU

5|QWJHQELOGHU� HUIROJWH� QDFK� HLQHP� 9HUIDKUHQ�� GDV� EHL� -DFREVHQ� ������� EHVFKULHEHQ� LVW�� 'LH

*HQDXLJNHLW�GHU�DQJHJHEHQHQ�:HUWH�EHWUlJW����PP�

Linearpotentiometer

Kraftaufnehmer

Zugseil

Gewicht

Röntgenschirm

Zugumlenkung
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Abbildung 12: Röntgenaufnahme zur Validierung des Messgerätes

-HGHV� 9HUVXFKVSDDU� �HQWODVWHW� ²� EHODVWHW�� ZXUGH� GUHLPDO� PLW� ��NJ� XQG� GUHLPDO� PLW� ��NJ

GXUFKJHI�KUW�� VR� GDVV� 0HVVZHUWH� XQG� 5|QWJHQDXIQDKPHQ� YRQ� ��� (LQ]HOYHUVXFKHQ� E]Z�� VHFKV

9HUVXFKVSDDUHQ� HUKREHQ� ZXUGHQ�� 'DQDFK� ZXUGH� EHL� GHP� 3UlSDUDW� GDV� YRUGHUH� .UHX]EDQG

GXUFKWUHQQW�� XQG� GDV� JHVDPWH� 9HUVXFKVSURWRNROO� ZXUGH� ZLHGHUKROW�� $XV� ��� (LQ]HOYHUVXFKHQ

ZXUGHQ� LQVJHVDPW� ���9HUVXFKVSDDUH� JHELOGHW�� ZRUDXV� VLFK� ��� 7LELDYHUVFKLHEXQJHQ� HUJDEHQ��'LH

:HUWH�GHU�0HVVXQJHQ�PLW�GHP�*HUlW�XQG�GLH�(UJHEQLVVH�GHU�5|QWJHQDXIQDKPHQ�ZXUGHQ��XP�VLH

PLWHLQDQGHU� YHUJOHLFKHQ� ]X� N|QQHQ�� LQ� HLQH� 7DEHOOH� HLQJHWUDJHQ�� 'DEHL� VLQG� 0HVVZHUWH� XQG

5|QWJHQDXIQDKPHQ� GXUFK� GLH� 6SDOWHQ� UHSUlVHQWLHUW�� ZlKUHQG� JOHLFKH� 0HVV]HLWSXQNWH� GXUFK� GLH

=HLOHQ� UHSUlVHQWLHUW� VLQG�� 1DFK� MHZHLOV� GUHL� 0HVVZHUWSDDUHQ� �'RSSHO]HLOHQ�� VLQG� 0LWWHOZHUWH

HLQJHWUDJHQ��'LH�(QGHUJHEQLVVH�GHU�7LELDYHUVFKLHEXQJHQ� I�U�GDV�0HVVJHUlW� �6FKXE�0J�� XQG�GDV

5|QWJHQ��6FKXE�5|��VLQG�JUDX�XQWHUOHJW��GLH�$EZHLFKXQJHQ�GHU�:HUWH�YRQ�0HVVJHUlW�XQG�5|QWJHQ

�$EZ���VWHKHQ�LQ�GHU�OHW]WHQ�6SDOWH��$OOH�:HUWH�VLQG�LQ�0LOOLPHWHUQ�DQJHJHEHQ�

Linearpotentiometer

Linearpotentiometer



9RUXQWHUVXFKXQJ

��

2.2 Ergebnisse

Tabelle 1: Vergleich der Messwerte des Gerätes mit den Auswertungen der Röntgenbilder

V Nr. Bein ACL Last Pos. Pat. Pos. Tib. Dif. Gerät Schub Mg Röntgen Schub Rö Abw.
1 entlastet mit 10kg -3906 -2930 -976 -0,976 15
2 belastet mit 10kg -7813 -5274 -2539 -2,539 -1,6 13,5 -1,5 -0,1
3 entlastet mit 10kg -3906 -2930 -976 -0,976 15,5
4 belastet mit 10kg -7813 -5274 -2539 -2,539 -1,6 14 -1,5 -0,1
5 entlastet mit 10kg -2278 -1953 -325 -0,325 15,5
6 belastet mit 10kg -7617 -5078 -2539 -2,539 -2,2 13,5 -2,0 -0,2
7 entlastet mit 20kg -3906 -2930 -976 -0,976 -1,8 14,5 -1,7 -0,1
8 belastet mit 20kg -11005 -8008 -2997 -2,997 -2,0 13 -1,5 -0,5
9 entlastet mit 20kg -4492 -3320 -1172 -1,172 15,5

10 belastet mit 20kg -12500 -8008 -4492 -4,492 -3,3 13,5 -2,0 -1,3
11 entlastet mit 20kg -4688 -3516 -1172 -1,172 15,5
12 belastet mit 20kg -12696 -8203 -4493 -4,493 -3,3 13 -2,5 -0,8
13 entlastet ohne 10kg -1367 -391 -976 -0,976 -2,9 13,5 -2,0 -0,9
14 belastet ohne 10kg -8766 -4297 -4469 -4,469 -3,5 10 -3,5 0,0
15 entlastet ohne 10kg -4102 -1758 -2344 -2,344 14,5
16 belastet ohne 10kg -10866 -4167 -6699 -6,699 -4,4 10,5 -4,0 -0,4
17 entlastet ohne 10kg -4428 -1758 -2670 -2,67 14,5
18 belastet ohne 10kg -11361 -4297 -7064 -7,064 -4,4 9 -5,5 1,1
19 entlastet ohne 20kg -4688 -1953 -2735 -2,735 -4,1 14 -4,3 0,3
20 belastet ohne 20kg -14454 -6836 -7618 -7,618 -4,9 9,5 -4,5 -0,4
21 entlastet ohne 20kg -4883 -2051 -2832 -2,832 14
22 belastet ohne 20kg -14698 -6836 -7862 -7,862 -5,0 9 -5,0 0,0
23 entlastet ohne 20kg -4981 -2149 -2832 -2,832 14
24 belastet ohne 20kg -15040 -7031 -8009 -8,009 -5,2 8,5 -5,5 0,3

-5,0 -5,0 0,0

%HL�HLQHU�$QDO\VH�GHU�(UJHEQLVVH�IlOOW�DXI��GDVV�LQ�GHU�9HUVXFKVDQRUGQXQJ�PLW�GLHVHP�.QLHZLQNHO

DXFK� EHL� GXUFKWUHQQWHP� YRUGHUHP� .UHX]EDQG� XQG� HLQHU� =XJODVW� YRQ� ��NJ� GLH� DQWHULRUH

7LELDYHUVFKLHEXQJ�QLFKW� JU|�HU� LVW� DOV� ���PP� �0HVVJHUlW�� E]Z�� ���PP� �5|QWJHQ���0DUNROI� HW� DO�

�������KDEHQ�DQ�LQWDNWHQ�.QLHJHOHQNHQ�EHL�HLQHP�.QLHZLQNHO�YRQ�����)OH[LRQ�PLW�HLQHU�=XJNUDIW

YRQ����1�LQ�YLWUR�HLQH�GXUFKVFKQLWWOLFKH�DQWHULRUH�7LELDYHUVFKLHEXQJ�YRQ����PP�JHPHVVHQ��'LH

:HUWH�DXV�GLHVHU�8QWHUVXFKXQJ�EHL�JOHLFKHQ�%HGLQJXQJHQ�EHWUDJHQ����PP�I�U�GDV�0HVVJHUlW�XQG

���PP� I�U� GLH� 5|QWJHQXQWHUVXFKXQJ�� -DFREVHQ� ������� HUPLWWHOWH� U|QWJHQRORJLVFK� EHL� JOHLFKHQ

9HUVXFKVEHGLQJXQJHQ� PLW� HLQHU� DQWHULRUHQ� =XJODVW� YRQ� ��NJ� LQ� YLYR� HLQH� GXUFKVFKQLWWOLFKH

DQWHULRUH�7LELDYHUVFKLHEXQJ�YRQ����PP��'LH�YHUJOHLFKEDUHQ�:HUWH�GLHVHU�8QWHUVXFKXQJ�EHWUDJHQ

���PP�I�U�GDV�0HVVJHUlW�XQG����PP�I�U�GLH�5|QWJHQXQWHUVXFKXQJ�

'LH� :HUWH� I�U� GLH� 7LELDYHUVFKLHEXQJHQ� ZHUGHQ� LQQHUKDOE� HLQHU� 'UHLHUJUXSSH� PLW� LGHQWLVFKHQ

9HUVXFKVEHGLQJXQJHQ�YRP�HUVWHQ�]XP�OHW]WHQ�9HUVXFK�JU|�HU��%HWUDFKWHW�PDQ�GLH�$EZHLFKXQJHQ

GHU�:HUWH�YRQ�0HVVJHUlW�XQG�5|QWJHQ��VR�HUNHQQW�PDQ�NHLQH�6\VWHPDWLN��GD�HLQPDO�GDV�0HVVJHUlW�

GDV� DQGHUH� 0DO� GDV� 5|QWJHQ� GLH� JU|�HUHQ� 7LELDYHUVFKLHEXQJHQ� HUPLWWHOW�� 'LH� PD[LPDOH

$EZHLFKXQJ� YRQ� ���PP�PXVV� YHUPXWOLFK� DXI� HLQH� )HKOPHVVXQJ� PLW� GHP�*HUlW� ]XU�FNJHI�KUW

ZHUGHQ�� 'DEHL� N|QQWH� DEHU� DXFK� GLH� JHULQJHUH� *HQDXLJNHLW�� PLW� GHU� GLH� :HUWH� GHU

5|QWJHQDXIQDKPHQ�DQJHJHEHQ�VLQG��HLQH�5ROOH�VSLHOHQ��8P�HLQ�0D��I�U�GLH�hEHUHLQVWLPPXQJ�GHU
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HUPLWWHOWHQ� 7LELDYHUVFKLHEXQJHQ� GHV� 0HVVJHUlWHV� PLW� GHP� 5|QWJHQ� ]X� HUPLWWHOQ�� ZXUGHQ

:HUWHSDDUH� JHELOGHW� XQG� LQ� HLQ� 'LDJUDPP� HLQJHWUDJHQ�� 'DEHL� VLQG� GLH� :HUWH� GHU

5|QWJHQDXIQDKPHQ�DXI�GHU�$EV]LVVH�� GLH�7LELDYHUVFKLHEXQJHQ�GHV�0HVVJHUlWHV� DXI� GHU�2UGLQDWH

DEJHWUDJHQ�
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Abbildung 13: Vergleich der Messwerte des Gerätes mit den Auswertungen der Röntgenbilder

'LH�:HUWHSDDUH� VWUHXHQ� XP� HLQH� *HUDGH�� $XV� GHQ� :HUWHSDDUHQ� ZXUGH� HLQH� OLQHDUH� 5HJUHVVLRQ

EHUHFKQHW��GLH�PLW�HLQHP�%HVWLPPWKHLWVPD��YRQ�5ñ �����LQVJHVDPW�HLQHQ�KRKHQ�=XVDPPHQKDQJ

]ZLVFKHQ�GHQ� 7LELDYHUVFKLHEXQJHQ� GHU�*HUlWHPHVVXQJ� XQG� GHP�5|QWJHQ� EHVWlWLJW��'DKHU� NDQQ

GDV�QHX�HQWZLFNHOWH�0HVVJHUlW�DOV�KLQUHLFKHQG�YDOLGH�DN]HSWLHUW�ZHUGHQ�
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3.1 Methoden
'LH� IXQNWLRQHOOH� 6WDELOLWlW�� UHSUlVHQWLHUW� GXUFK� GLH� /D[L]LWlW� GHV� .DSVHO�%DQG�$SSDUDWHV� XQG� GLH

0XVNHOIXQNWLRQ�� ZXUGH� YHUJOHLFKHQG� DQ� JHVXQGHQ� 3UREDQGHQ� �1 ���� XQG� 3UREDQGHQ� PLW

.UHX]EDQGYHUOHW]XQJ�QDFK�:LHGHUKHUVWHOOXQJ�� DOVR�PLW�.UHX]EDQGHUVDW]� �1 ���� XQWHUVXFKW�� %HL

GHQ�3UREDQGHQ�PLW�.UHX]EDQGHUVDW]�ZXUGH�LPPHU�GDV�LQWDNWH�XQG�GDV�YHUOHW]WH�%HLQ�XQWHUVXFKW�

'LH� 3UREDQGHQ� ZDUHQ� ELV� DXI� ]ZHL� 6WXGLHUHQGH� GHV� )DFKHV� 6SRUWZLVVHQVFKDIW� GHU� 8QLYHUVLWlW

6WXWWJDUW��Z ���P ����

,Q� GHU� 9HUVXFKVEHGLQJXQJ� PLW� ODQJVDPHU� .UDIWHLQOHLWXQJ� ZDUHQ� KDXSWVlFKOLFK� GLH� UHLQ

PHFKDQLVFKHQ� 3DUDPHWHU� GHU�*HOHQNVWDELOLWlW� YRQ� ,QWHUHVVH��8P� GLH� /D[L]LWlW� GHV� .DSVHO�%DQG�

$SSDUDWHV�]X�HUIDVVHQ��ZXUGH�GHQ�VWHKHQGHQ�3UREDQGHQ��EHU�HLQH�6FKOLQJH�XQG�8POHQNUROOHQ�HLQ

*HZLFKW� DP�8QWHUVFKHQNHO� DQJHKlQJW�� $QDORJ� ]XU� $XVO|VXQJ� GHU� YRUGHUHQ� 6FKXEODGH� HU]HXJWH

GLHVHV�*HZLFKW�DP�8QWHUVFKHQNHO�LQ�VDJLWWDOHU�(EHQH�HLQH�.UDIW�QDFK�DQWHULRU��'DV�$XVKlQJHQ�XQG

ZLHGHU� $QKHEHQ� GHV� *HZLFKWHV� HUIROJWH� ODQJVDP� ����V��� VR� GDVV� VLFK� GLH� =XJNUDIW� DOOPlKOLFK

HQWIDOWHWH�XQG�GHU�8QWHUVFKHQNHO�ODQJVDP�EHZHJW�ZXUGH��(V�ZXUGH�PLW�*HZLFKWHQ�YRQ���NJ�E]Z�

��NJ�JH]RJHQ��ZRGXUFK�DOVR�.UlIWH�YRQ�HWZD����1�E]Z�����1�HQWVWDQGHQ��'LH�=XJNUDIW�ZXUGH

PLW� HLQHP�.UDIWDXIQHKPHU� �.LVWOHU�� GRNXPHQWLHUW�� 'LH� 3UREDQGHQ� VWDQGHQ� K�IWEUHLW�PLW� EHLGHQ

)X�VRKOHQ�DP�%RGHQ��GLH�)��H�LQ�HLQHU�ÅQDW�UOLFKHQ´�6WHOOXQJ�PLW�GHQ�)X�VSLW]HQ�OHLFKW�DXVZlUWV

JHGUHKW��'DGXUFK�ZXUGH�GLH�8QWHUVFKHQNHOURWDWLRQ�ZlKUHQG�GHU�0HVVXQJ�HLQJHVFKUlQNW��'HU�)X�

GHV� JHPHVVHQHQ� %HLQHV� ZXUGH� ]XVlW]OLFK�PLW� HLQHP�PHFKDQLVFKHQ� $QVFKODJ� JHJHQ� 9HUUXWVFKHQ

QDFK� YHQWUDO� JHVLFKHUW�� 'LH� D[LDOH� %HODVWXQJ� GHV� %HLQHV� ZXUGH� YDULLHUW� �EHODVWHW� �� HQWODVWHW��� 'LH

3UREDQGHQ�HUKLHOWHQ�GLH�$QZHLVXQJ��GHQ�.QLHZLQNHO�� GHU�PLW� HLQHP�*RQLRPHWHU� �3HQQ\	*LOHV�

UHJLVWULHUW�ZXUGH��EHL�����)OH[LRQ�P|JOLFKVW�NRQVWDQW�]X�KDOWHQ��XP�URWDWLRQVEHGLQJWH�(LQIO�VVH�DXI

GLH� 0HVVZHUWH� P|JOLFKVW� DXV]XVFKOLH�HQ�� 'DU�EHU� KLQDXV� ZXUGHQ� GLH

2EHUIOlFKHQHOHNWURP\RJUDPPH�GHU�0P�JDVWURFQHPLXV�PHGLDOLV�� VHPLWHQGLQRVXV��ELFHSV� IHPRULV�

UHFWXV�IHPRULV��YDVWXV�ODWHUDOLV�XQG�YDVWXV�PHGLDOLV�DXIJH]HLFKQHW��XP�GLH�5HDNWLRQ�GHU�0XVNXODWXU

DXI�GLH�'HVWDELOLVLHUXQJ�GHV�*HOHQNHV�]X�NRQWUROOLHUHQ�
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Abbildung 14: Versuchsaufbau zur Erfassung der Tibiaverschiebung und der Muskelfunktion

'D�LQ�GHU�9HUVXFKVEHGLQJXQJ�PLW�ODQJVDPHU�.UDIWHLQOHLWXQJ�KDXSWVlFKOLFK�GLH�OLJDPHQWlUH�6WDELOLWlW

GHV� .QLHJHOHQNHV� LQWHUHVVLHUWHQ�� ZXUGHQ� IROJHQGH� 3DUDPHWHU� HUKREHQ�� 7LELDYHUVFKLHEXQJ�

&RPSOLDQFH�,QGH[�� 6WLIIQHVV� EHL� QLHGULJHQ� XQG� EHL� KRKHQ� =XJNUlIWHQ�� 3URJUHVVLRQ� XQG

(QHUJLHELODQ]��=XU�.RQWUROOH�ZXUGHQ�GDV�0D[LPXP�GHU�HLQJHOHLWHWHQ�.UDIW��GHU�.QLHZLQNHO� XQG

GLH�(0*V�GHU�%HLQPXVNXODWXU�HUIDVVW��'LH�'DWHQ�ZXUGHQ�$�'�JHZDQGHOW�XQG�PLW�HLQHU�)UHTXHQ]

YRQ����+]�LQ�GHQ�3&�HLQJH]RJHQ��'LH�5RKGDWHQ�ZXUGHQ��EHU� I�QI�(LQ]HOYHUVXFKH�DXIVXPPLHUW

XQG� JHPLWWHOW�� 'LH� (0*V�ZXUGHQ� JOHLFKJHULFKWHW�� 8P� HLQ� 0D�� I�U� GLH� $NWLYLWlWVVWHLJHUXQJ� GHU

0XVNXODWXU�DOV�5HDNWLRQ�DXI�GLH�.UDIWHLQOHLWXQJ�]X�HUKDOWHQ��ZXUGHQ�GLH�(0*V�LQWHJULHUW��(V�ZXUGH

HLQ����PV�,QWHJUDO�YRU�GHU�HLJHQWOLFKHQ�.UDIWHLQOHLWXQJ�JHELOGHW��XQG�HLQ�,QWHJUDO�YRQ���PV�YRU�ELV

��PV� QDFK� GHP� .UDIWPD[LPXP�� 'DV� ,QWHJUDO� ]XP� =HLWSXQNW� GHV� .UDIWPD[LPXPV� ZXUGH� DP

,QWHJUDO�YRU�GHU�.UDIWHLQOHLWXQJ�UHODWLYLHUW��'LHVHU�IRUWDQ�DOV�,QWHJUDOTXRWLHQW�EH]HLFKQHWH�:HUW�ZXUGH

DOV�0D�� I�U� GLH�$NWLYLWlWVVWHLJHUXQJ�KHUDQJH]RJHQ�� XP�GHQ�(LQIOXVV� GHU� %HLQPXVNXODWXU� DXI� GLH

PHFKDQLVFKHQ�3DUDPHWHU�]X�NRQWUROOLHUHQ��'DEHL�EHGHXWHW�HLQ�JUR�HU�,QWHJUDOTXRWLHQW�HLQH� VWDUNH

$NWLYLWlWVVWHLJHUXQJ� GHU� EHWUHIIHQGHQ� 0XVNXODWXU�� 'LH� 3RVLWLRQVVLJQDOH� GHU� /LQHDUSRWHQWLRPHWHU

XQG� GHV� :LQNHOJRQLRPHWHUV� DP� .QLHJHOHQN� ZXUGHQ� LQ� GHQ� 9HUVXFKHQ� PLW� ODQJVDPHU

.UDIWHLQOHLWXQJ�PLW���+]�WLHISDVVJHILOWHUW�

Zugvorrichtung

Zugseil

Zuglast

Messgerät für die Tibiaverschiebung

Kraftaufnehmer
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'HU��EHU�GDV�3RWHQWLRPHWHU�DQ�GHU�7LELD�HUKDOWHQH�:HJ�GHV�8QWHUVFKHQNHOV�ZXUGH�YRQ�GHP��EHU

GDV� 3RWHQWLRPHWHU� DQ� GHU� 3DWHOOD� HUKDOWHQH�:HJ� GHV�2EHUVFKHQNHOV� VXEWUDKLHUW��'LHVH�'LIIHUHQ]

ZXUGH�DOV�:HJ�GHU�.QRFKHQWHLOH�LQ�GHU�0HVVHEHQH�UHODWLY�]XHLQDQGHU�LQWHUSUHWLHUW�XQG�DOV�0D��I�U

GLH�DQWHURSRVWHULRUH�7LELDYHUVFKLHEXQJ�KHUDQJH]RJHQ�

3.1.1 Tibiaverschiebung
%HL�GHQ�9HUVXFKHQ�PLW� ODQJVDPHU�.UDIWHLQOHLWXQJ�ZXUGH� GLH�7LELDYHUVFKLHEXQJ� DOV� )XQNWLRQ�GHU

HLQJHOHLWHWHQ�.UDIW� GDUJHVWHOOW�� 'DV� 9RU]HLFKHQ� GHU�:HUWH� I�U�.UDIW� XQG� 7LELDYHUVFKLHEXQJ� JLEW

GHUHQ� MHZHLOLJH� 5LFKWXQJ� DQ�� (LQ� SRVLWLYHV� 9RU]HLFKHQ� EHGHXWHW� GDEHL�� GDVV� GLH� .UDIW� XQG� GLH

7LELDYHUVFKLHEXQJ�LQ�SRVWHULRUH�5LFKWXQJ�ZHLVHQ� �ÅKLQWHUH�6FKXEODGH´���HLQ�QHJDWLYHV�9RU]HLFKHQ

NHQQ]HLFKQHW�HQWVSUHFKHQG�HLQH�.UDIW�XQG�HLQH�7LELDYHUVFKLHEXQJ��GLH�LQ�DQWHULRUH�5LFKWXQJ�ZHLVHQ

�ÅYRUGHUH�6FKXEODGH´���'LHV�LVW�EHL�9HUJOHLFKHQ�PLW�$UEHLWHQ�YRQ�0DUNROI�HW�DO���������XQG�'DQLHO

HW�DO���������]X�EHDFKWHQ��GD�KLHU�GLH�9RU]HLFKHQ�WHLOZHLVH�GLH�HQWJHJHQJHVHW]WH�5LFKWXQJ�DQ]HLJHQ�

,Q� GHU� JUDILVFKHQ� 'DUVWHOOXQJ� HUJLEW� VLFK� GDEHL� HLQ� VFKOHLIHQDUWLJHV� *HELOGH�� lKQOLFK� GHU

+\VWHUHVLVVFKOHLIH� HLQHU� )HGHU�� ZLH� VLH� DXV� GHU� SK\VLNDOLVFKHQ� 0HFKDQLN� EHNDQQW� LVW�� $P

DFKVHQIHUQHQ�8PNHKUSXQNW� GHU�.XUYH� OlVVW� VLFK� GDV�0D[LPXP� GHU� HLQJHOHLWHWHQ�.UDIW� XQG� GDV

0D[LPXP�GHU�DXIJHWUHWHQHQ�7LELDYHUVFKLHEXQJ�DEOHVHQ��'LH�PD[LPDOH�DQWHULRUH�7LELDYHUVFKLHEXQJ

LQ�0LOOLPHWHUQ�EHL����1�HQWVSULFKW�GHU�/D[LW\�QDFK�0DUNROI�HW�DO���������EHL�GLHVHP�.UDIWZHUW�
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Laxity: ∆l bei 200N

Abbildung 15:Tibiaverschiebung als Funktion der eingeleiteten Kraft
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)XQNWLRQHOO� EHGHXWHW� GLHVHU� 3DUDPHWHU� GLH� 9HUVFKLHEEDUNHLW� GHU� 7LELD� LQ� DQWHULRUHU� 5LFKWXQJ

JHJHQ�EHU� GHP� )HPXU� EHL� HLQHU� GHILQLHUWHQ� .UDIWHLQZLUNXQJ�� )�U� GDV� NUHX]EDQGLQVXIIL]LHQWH

.QLHJHOHQN�LVW�HLQH�YHUJU|�HUWH�7LELDYHUVFKLHEXQJ�NHQQ]HLFKQHQG�

7��� 'D� GLH� YHUOHW]WHQ� .QLHJHOHQNH� GHU� 8QWHUVXFKXQJVJUXSSH� HUIROJUHLFK� UHNRQVWUXLHUW� ZRUGHQ

ZDUHQ��ZXUGH�NHLQ�8QWHUVFKLHG�LQ�GHU�7LELDYHUVFKLHEXQJ�JHJHQ�EHU�GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG

GHQHQ�GHU�.RQWUROOJUXSSH�HUZDUWHW��(V�ZXUGH�HUZDUWHW��GDVV�VLFK�GLH�7LELDYHUVFKLHEXQJ�GXUFK�GLH

D[LDOH�%HODVWXQJ�GHV�%HLQHV�YHUULQJHUQ�Z�UGH�

3.1.2 Compliance-Index
$XIJUXQG�GHU�8QWHUVXFKXQJHQ�YRQ�'DQLHO� HW� DO�� ����������KDW� VLFK�GHU� VRJHQDQQWH�&RPSOLDQFH�

,QGH[�DOV�ZHLWHUHV�GLDJQRVWLVFKHV�0HUNPDO�HWDEOLHUW��'HU�&RPSOLDQFH�,QGH[� LVW� GLH�'LIIHUHQ]� DXV

GHU� 7LELDYHUVFKLHEXQJ� HLQHV� KRKHQ� XQG� HLQHV� QLHGULJHQ� .UDIWZHUWHV�� ZREHL� GLH� :HUWH� I�U� GLH

7UDQVODWLRQ� YRP� Å+LQZHJ´� GHU� 6FKOHLIH� DEJHOHVHQ� ZHUGHQ�� $XIJUXQG� GHU� XQWHUVFKLHGOLFKHQ

$QJDEHQ�EHL� 6WUREHO� HW� DO�� ������� XQG�GHU�+HUVWHOOHUILUPD�GHV�.7����� �0HG0HWULF�&RUS�� �����

ZXUGH� LQ�GLHVHQ�8QWHUVXFKXQJHQ�GHU�&RPSOLDQFH�,QGH[� DOV�'LIIHUHQ]� DXV�GHU�7LELDYHUVFKLHEXQJ

EHL����1�XQG�EHL���1�EHUHFKQHW��'HU�&RPSOLDQFH�,QGH[� VROO� HLQHP�FKDUDNWHULVWLVFKHQ�0HUNPDO

5HFKQXQJ� WUDJHQ�� GDV� GLH� +\VWHUHVHQ� YRQHLQDQGHU� XQWHUVFKHLGHW�� ,Q� GHU� JUDILVFKHQ� 'DUVWHOOXQJ

HUNHQQW� PDQ�� GDVV� GLH� +\VWHUHVLVVFKOHLIHQ� QLFKW� ÅJHUDGH´� VLQG�� VRQGHUQ� LPPHU� HLQH� HWZDV

ÅEDQDQHQI|UPLJH´�*HVWDOW�KDEHQ�

'HU�&RPSOLDQFH�,QGH[�VWHOOW�GDEHL�GHQ�9HUVXFK�GDU��GLH�3URJUHVVLRQ�LQ�GHU�)HGHUNHQQOLQLH�DOV�HLQHQ

HLQ]HOQHQ� )HGHUNHQQZHUW� I�U� GDV�.QLHJHOHQN� GDU]XVWHOOHQ�� (U� KDW� GDEHL� GHQ� 9RUWHLO�� GDVV� HU� DOV

HLQ]HOQHU�=DKOHQZHUW� VHKU� HLQIDFK� ]X� LQWHUSUHWLHUHQ� XQG�GHVKDOE� I�U� GLH�'LDJQRVH� VHKU� OHLFKW� ]X

KDQGKDEHQ�LVW��$OV�'LIIHUHQ]�GHU�7UDQVODWLRQ�EHL���1�XQG����1�PDFKW�HU�I�U�VLFK�DOOHLQH�EHWUDFKWHW

MHGRFK� OHGLJOLFK� $XVVDJHQ� �EHU� GDV� 9HUKDOWHQ� ]ZLVFKHQ� ��1� XQG� ���1�� (LQ� 9HUJOHLFK� GHU

.XUYHQDEVFKQLWWH�KRKHU�XQG�QLHGULJHU�.UDIWZHUWH�PLWHLQDQGHU�ZLUG�HUVW�P|JOLFK��ZHQQ�PLQGHVWHQV

HQWZHGHU�GHU�$EVROXWZHUW�GHU�7UDQVODWLRQ�EHL���1�RGHU�EHL����1�PLWEHWUDFKWHW�ZLUG��$X�HUGHP

EH]LHKW� VLFK� GHU� &RPSOLDQFH�,QGH[� OHGLJOLFK� DXI� GHQ� .XUYHQDEVFKQLWW� PLW� DQVWHLJHQGHQ

.UDIWZHUWHQ�� HV� LVW� MHGRFK� DXFK� DXI� GHP� .XUYHQDEVFKQLWW� PLW� DEVWHLJHQGHQ� .UDIWZHUWHQ� HLQ

SURJUHVVLYHV�9HUKDOWHQ� ]X� HUNHQQHQ��'LH� IXQNWLRQHOOH�%HGHXWXQJ� GHV�&RPSOLDQFH�,QGH[� OLHJW� LP

YHUlQGHUWHQ� :LGHUVWDQG�� GHQ� GDV� *HOHQN� K|KHUHQ� =XJNUlIWHQ� HQWJHJHQVHW]W�� 'HU� &RPSOLDQFH�

,QGH[� LOOXVWULHUW�GLH�(ODVWL]LWlW�GHV�*HOHQNHV�]ZLVFKHQ�]ZHL�.UDIWZHUWHQ� �0HG0HWULF�&RUS��������

$XFK�GHU�&RPSOLDQFH�,QGH[�LVW�EHLP�NUHX]EDQGYHUOHW]WHQ�.QLHJHOHQN�YHUJU|�HUW�
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7��� $XIJUXQG� GHU� HUIROJUHLFKHQ� 5HNRQVWUXNWLRQ� GHU� YHUOHW]WHQ� .QLHJHOHQNH� ZXUGH� DXFK� EHLP

&RPSOLDQFH�,QGH[�NHLQ�8QWHUVFKLHG�]X�GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG�GHQHQ�GHU�.RQWUROOJUXSSH

HUZDUWHW�� 9RQ� GHU� D[LDOHQ� %HODVWXQJ� GHV� %HLQHV�ZXUGH� HUZDUWHW�� GDVV� VLH� GHQ� &RPSOLDQFH�,QGH[

UHGX]LHUHQ�Z�UGH�
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Abbildung 16: Compliance–Index

9HUVXFKW� PDQ� GLH� 6FKOHLIHQ� QDFK� GHU� 0HWKRGH� GHU� NOHLQVWHQ� $EZHLFKXQJVTXDGUDWH� GXUFK� HLQH

PDWKHPDWLVFKH� )XQNWLRQ� lKQOLFK� HLQHU� )HGHUNHQQOLQLH� ]X� DSSUR[LPLHUHQ�� VR� HLJQHW� VLFK� HLQ

3RO\QRP� ]ZHLWHU� 2UGQXQJ� LPPHU� EHVVHU� DOV� HLQH� OLQHDUH� 5HJUHVVLRQ�� (LQ� 3RO\QRP� K|KHUHU

2UGQXQJ�EULQJW�NDXP�]XVlW]OLFKHQ�,QIRUPDWLRQVJHZLQQ��$XFK�EHL�SK\VLNDOLVFKHQ�)HGHUQ�NDQQ�PDQ

)HGHUQ�PLW�OLQHDUHU�XQG�QLFKWOLQHDUHU�.HQQOLQLH�XQWHUVFKHLGHQ��)HGHUQ�PLW�QLFKWOLQHDUHU�.HQQOLQLH

]HLFKQHQ� VLFK� GXUFK� HLQ� SURJUHVVLYHV�9HUKDOWHQ� DXV�� G�K�� VLH� VHW]HQ� HLQHU� ZHLWHUHQ�'HKQXQJ� EHL

]XQHKPHQGHU�$XVOHQNXQJ�HLQHQ�LPPHU�JU|�HU�ZHUGHQGHQ�:LGHUVWDQG�HQWJHJHQ��,QWHUSUHWLHUW�PDQ

GDV�.QLHJHOHQN� LQ� GLHVHP�=XVDPPHQKDQJ� DOV� )HGHU�� VR� EHGHXWHW� GLHV�� GDVV� GLH�$XVOHQNXQJ� GHV

8QWHUVFKHQNHOV�PLW�LGHQWLVFKHQ�.UDIW]XZDFKVUDWHQ�EHL�KRKHQ�.UDIWZHUWHQ�ZHQLJHU�VWDUN�DQZlFKVW�

DOV� EHL� QLHGULJHQ�� :HQQ� GLH� =XJNUDIW� ZHLWHU� HUK|KW� ZLUG�� RKQH� GDVV� GHU� 8QWHUVFKHQNHO� HLQH

]XVlW]OLFKH�7UDQVODWLRQ�HUIlKUW��VR�EHVLW]W�GDV�.QLHJHOHQN�HLQHQ�GHILQLHUWHQ�(QGSXQNW��6WHLJHUW�PDQ

GLH�=XJNUDIW�GDU�EHU�KLQDXV��VR�NDQQ�HV�]X�VWUXNWXUHOOHQ�6FKlGHQ�DP�.QLHJHOHQN�NRPPHQ�
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3.1.3 Stiffness
0DUNROI� HW� DO�� ������� GHILQLHUHQ� DQ� GLHVHU� LGHDOLVLHUWHQ�0HVVNXUYH� GLH� 6WLIIQHVV� DOV� 4XRWLHQW� DXV

.UDIWlQGHUXQJ�SUR�/lQJHQlQGHUXQJ� �∆)�∆O��EHL�HLQHP�.UDIWZHUW�YRQ����1�� ,Q�GHU�JUDSKLVFKHQ

'DUVWHOOXQJ� HQWVSULFKW� GLHV� GHP� .HKUZHUW� GHU� 7DQJHQWHQVWHLJXQJ� GHV� 3RO\QRPV� EHL� HLQHP

.UDIWZHUW�YRQ����1��:LH�JHUDGH� LQ�GLHVHU�*UDSKLN�VHKU�DQVFKDXOLFK�GDUJHVWHOOW� LVW�� OlVVW�DXFK�GLH

6WLIIQHVV�DOV�SXQNWXHOOHU�(LQ]HOZHUW�OHGLJOLFK�$XVVDJHQ��EHU�HLQHQ�EHVWLPPWHQ�0HVVZHUWEHUHLFK�]X�

VLH�UHSUlVHQWLHUW�HLQHQ�UlXPOLFK�EHJUHQ]WHQ�.XUYHQDEVFKQLWW��'DKHU�LVW�GLH�6WLIIQHVV�QLFKW�JHHLJQHW�

GHQ�JHVDPWHQ�.XUYHQYHUODXI�]X�EHVFKUHLEHQ��'LHV�PDJ�PLW�HLQ�*UXQG�GDI�U�VHLQ��GDVV�DXFK�GLHVHU

3DUDPHWHU�]XU�'LDJQRVH�GHV�.QLHJHOHQNHV�NHLQH�JUR�H�%HDFKWXQJ�LQ�GHU�/LWHUDWXU�IDQG�

y = 2E-05x2 + 0,0218x - 0,0226
R2 = 0,9548

Kraft (N)

T
ib

ia
ve

rs
ch

ie
bu

ng
 (

m
m

)

Schublade
Polynomisch (Schublade)

Stiffness: ∆F/∆l bei 100N

Abbildung 17: Approximation der Hysteresisschleife durch Polynom zweiter Ordnung

Gleichung 1: Berechnung des Polynoms nach der Methode der kleinsten Quadrate

Konstanteccbxcxcby =++= 21
2

21 ,,

'DKHU�ZXUGH� LQ� GLHVHU�$UEHLW� ]XVlW]OLFK� QRFK� HLQ� DQGHUHU�$QVDW]� HQWZLFNHOW��'LH� )XQNWLRQ� YRQ

.UDIW�XQG�7UDQVODWLRQ��G�L��GLH�+\VWHUHVLVVFKOHLIH��NDQQ�QlKHUXQJVZHLVH�GXUFK�HLQ�3RO\QRP�]ZHLWHU

2UGQXQJ� GDUJHVWHOOW� ZHUGHQ��'DEHL� ILQGHW� GLH� 3URJUHVVLYLWlW� GHV� )HGHUV\VWHPV�.QLHJHOHQN� LKUHQ

$XVGUXFN�LQ�GHU�1LFKWOLQHDULWlW�GHU�5HJUHVVLRQVJOHLFKXQJ��(LQ�3RO\QRP�]ZHLWHU�2UGQXQJ�LVW�MHGRFK

QLFKW� PHKU� VR� HLQIDFK� ]X� LQWHUSUHWLHUHQ�� ZLH� HLQ� HLQ]HOQHU� =DKOHQZHUW� XQG� LVW� GDKHU� I�U� GLH

'LDJQRVH�ZHQLJ�JHHLJQHW��'DKHU�ZXUGH�GDV�3RO\QRP�]ZHLWHU�2UGQXQJ�LQ�]ZHL�OLQHDUH�)XQNWLRQHQ

]HUOHJW��'LH�+\VWHUHVLVVFKOHLIH�ZXUGH�LQ�]ZHL�%HUHLFKH�JHJOLHGHUW��HLQHQ�%HUHLFK�QLHGHUHU�.UDIWZHUWH
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YRP�1XOOSXQNW�ELV�]XP�KDOEHQ�PD[LPDOHQ�.UDIWZHUW�� XQG�HLQHQ�%HUHLFK�KRKHU�.UDIWZHUWH�YRP

KDOEHQ� PD[LPDOHQ� .UDIWZHUW� ELV� ]XP� .UDIWPD[LPXP�� 1XQ� ZXUGH� I�U� GHQ� %HUHLFK� QLHGULJHU

.UDIWZHUWH�QDFK�GHU�0HWKRGH�GHU�NOHLQVWHQ�4XDGUDWH�HLQH�OLQHDUH�5HJUHVVLRQ�JHUHFKQHW��GLH�LQ�GHU

JUDILVFKHQ� 'DUVWHOOXQJ� LQ� 5LFKWXQJ� GHU� KRKHQ� .UDIWZHUWH� H[WUDSROLHUW� ZXUGH�� )�U� GHQ� %HUHLFK

KRKHU�.UDIWZHUWH�ZXUGH�HEHQIDOOV�QDFK�GHU�0HWKRGH�GHU�NOHLQVWHQ�4XDGUDWH�HLQH�OLQHDUH�5HJUHVVLRQ

JHUHFKQHW�� GLH� LQ� GHU� JUDILVFKHQ� 'DUVWHOOXQJ� LQ� 5LFKWXQJ� GHU� QLHGULJHQ� .UDIWZHUWH� H[WUDSROLHUW

ZXUGH��'DGXUFK�HUKlOW�PDQ�]ZHL�VLFK�NUHX]HQGH�*HUDGHQ�PLW�XQWHUVFKLHGOLFKHQ�6WHLJXQJHQ�

y = 0,0133x - 0,7746
R2 = 0,7825

y = 0,0189x - 0,0693
R2 = 0,8399
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Abbildung 18: Graphische Darstellung der Stiffness bei niedrigen und hohen Kraftwerten

Gleichung 2: Berechnung der Stiffness bei niedrigen und hohen Kraftwerten, sowie der Progression
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$XV� GHU� DOOJHPHLQHQ�*OHLFKXQJ� I�U� *HUDGHQ� ODVVHQ� VLFK� GLH� 6WHLJXQJVIDNWRUHQ� H[WUDKLHUHQ�� 'HU

.HKUZHUW�GLHVHU�6WHLJXQJVIDNWRUHQ� LVW� LQ�$QDORJLH� ]X�0DUNROI� HW� DO�� ������� HLQ�$XVGUXFN� I�U� GLH

.UDIWlQGHUXQJ� SUR� /lQJHQlQGHUXQJ� �∆)�∆O��� DOVR� HLQH�0D�]DKO� I�U� GLH� 6WLIIQHVV� GHV� *HOHQNHV�

'LHVH� 3DUDPHWHU� I�U� GLH� 6WLIIQHVV� VLQG� QXQ� QLFKW�PHKU� DQ� HLQHQ� HLQ]HOQHQ�.UDIWZHUW� JHEXQGHQ�

VRQGHUQ� UHSUlVHQWLHUHQ� GHQ� JHVDPWHQ� REHUHQ� XQG� GHQ� JHVDPWHQ� XQWHUHQ�.XUYHQDEVFKQLWW�� 0DQ

HUKlOW� DOVR� DXIJUXQG� GLHVHU� %HUHFKQXQJHQ� MH� HLQHQ� 3DUDPHWHU� I�U� GLH� 6WLIIQHVV� EHL� QLHGHUHQ

.UDIWZHUWHQ�XQG�HLQHQ�3DUDPHWHU� I�U�GLH�6WLIIQHVV�EHL�KRKHQ�.UDIWZHUWHQ��$XI�GHU� IXQNWLRQHOOHQ

(EHQH� JLEW� GLH� 6WLIIQHVV� DQ�� ZLH� YLHO� :LGHUVWDQG� HLQ� *HOHQN� HLQHU� GHILQLHUWHQ� $XVOHQNXQJ
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HQWJHJHQVHW]W�� $P� NUHX]EDQGLQVXIIL]LHQWHQ�.QLHJHOHQN� Z�UGH�PDQ� HLQH� YHUULQJHUWH� 6WLIIQHVV� LP

9HUJOHLFK�PLW�LQWDNWHQ�.QLHJHOHQNHQ�HUZDUWHQ�

7���'D�GLH�YHUOHW]WHQ�.QLHJHOHQNH�QDFK� HUIROJUHLFKHU�5HNRQVWUXNWLRQ� XQWHUVXFKW�ZXUGHQ��ZDUHQ

NHLQH�9HUlQGHUXQJHQ�LP�%H]XJ�DXI�GLH�*HOHQNVWLIIQHVV�JHJHQ�EHU�GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG

GHQHQ�GHU�.RQWUROOJUXSSH�]X�HUZDUWHQ��'LH�D[LDOH�%HODVWXQJ�GHV�%HLQHV�VROOWH�GLH�*HOHQNVWLIIQHVV

HUK|KHQ�

3.1.4 Progression
1XQ�NDQQ�PDQ�GLHVH�EHLGHQ�3DUDPHWHU�I�U�GLH�6WLIIQHVV�PLWHLQDQGHU�LQ�%H]LHKXQJ�VHW]HQ��'LYLGLHUW

PDQ�GLH�.HKUZHUWH�GHV�6WHLJXQJVIDNWRUV�GHU�OLQHDUHQ�5HJUHVVLRQ�QLHGULJHU�.UDIWZHUWH��D��XQG�GHV

6WHLJXQJVIDNWRUV�GHU�OLQHDUHQ�5HJUHVVLRQ�KRKHU�.UDIWZHUWH��F���VR�HUKlOW�PDQ�HLQHQ�4XRWLHQWHQ��GHU

DOV�0D��I�U�GLH�3URJUHVVLRQ�GHU�)HGHUNHQQOLQLH�KHUDQJH]RJHQ�ZHUGHQ�NDQQ�

+DEHQ�EHLGH�5HJUHVVLRQVJHUDGHQ�GLH�JOHLFKH�6WHLJXQJ��G�K��VLQG�VLH�SDUDOOHO�]XHLQDQGHU�� VR�KDW�GLH

3URJUHVVLRQ� DXIJUXQG� LGHQWLVFKHU�6WHLJXQJVIDNWRUHQ�GHQ�:HUW� HLQV�� 6WHLJW�GLH�*HUDGH� LP�%HUHLFK

QLHGULJHU�.UDIWZHUWH� VWlUNHU� DOV� GLH�*HUDGH� LP�%HUHLFK� KRKHU�.UDIWZHUWH�� VR�ZLUG� GHU�4XRWLHQW

JU|�HU�DOV�HLQV��XPJHNHKUW�ZLUG�HU�EHL�VWHLOHUHU�*HUDGH�LP�%HUHLFK�KRKHU�.UDIWZHUWH�NOHLQHU�DOV�HLQV�

-H�JU|�HU�DOVR�GLHVHU�4XRWLHQW��GHVWR�SURJUHVVLYHU�IHGHUW�GDV�.QLHJHOHQN��%HL�3URJUHVVLRQHQ�NOHLQHU

DOV�HLQV�OLHJW�HLQ�GHJUHVVLYHV�9HUKDOWHQ�YRU��$XFK�GLHVHU�6DFKYHUKDOW�WUDW�LQ�]ZHL�YRQ�����)lOOHQ�DXI�

'LH� IXQNWLRQHOOH� %HGHXWXQJ� GLHVHV� 3DUDPHWHUV� OLHJW� GDULQ�� GDVV� HU� GLH� 9HUlQGHUXQJ� GHV

:LGHUVWDQGHV� GHV� .QLHJHOHQNHV� JHJHQ�EHU� HLQHU� YHUJU|�HUWHQ� $XVOHQNXQJ� EHVFKUHLEW�� 'D� HLQ

.QLHJHOHQN�PLW�.UHX]EDQGLQVXIIL]LHQ]�JHUDGH�EHL�K|KHUHQ�.UDIWZHUWHQ�GHQ�:LGHUVWDQG�JHJHQ�EHU

HLQHU�7LELDYHUVFKLHEXQJ�QLFKW� LQ�GHP�0D�H� VWHLJHUQ�NDQQ��ZLH� HLQ� LQWDNWHV�.QLHJHOHQN��ZlUH� DP

YHUOHW]WHQ�.QLHJHOHQN�HLQH�JHULQJHUH�3URJUHVVLRQ�]X�HUZDUWHQ�

7��� $P� HUIROJUHLFK� UHNRQVWUXLHUWHQ� .QLHJHOHQN� ZXUGHQ� NHLQH� 8QWHUVFKLHGH� EH]�JOLFK� GHU

3URJUHVVLRQ�LP�9HUJOHLFK�PLW�GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG�GHQHQ�GHU�.RQWUROOJUXSSH�HUZDUWHW�
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y = 0,0089x - 0,0992
R2 = 0,7348

y = 0,0091x - 0,03
R2 = 0,5731
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Abbildung 19: Progression=1

y = 0,0167x - 2,618
R2 = 0,6435

y = 0,038x - 0,6985
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Abbildung 20: Progression>1
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y = 0,0083x + 0,1069
R2 = 0,747

y = 0,007x + 0,0256
R2 = 0,6415
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Abbildung 21: Progression<1

3.1.5 Energie
(LQ� ZHLWHUHV� FKDUDNWHULVWLVFKHV� 0HUNPDO�� GDV� GLH� 6FKOHLIHQ� YRQHLQDQGHU� XQWHUVFKHLGHW�� LVW� GHUHQ

Å%DXFKLJNHLW´��:lKUHQG� HLQLJH� +\VWHUHVHQ� LQ� GHU� JUDILVFKHQ� 'DUVWHOOXQJ� VHKU� VFKODQN� VLQG� XQG

QDKH]X� OLQLHQI|UPLJ� HUVFKHLQHQ�� VLQG� DQGHUH� ZLHGHUXP� DXIJHEODVHQ� XQG� YRQ� IOlFKLJHU� *HVWDOW�

%HUHFKQHW� PDQ� GHQ� )OlFKHQLQKDOW� GLHVHU� 6FKOHLIHQ�� LQGHP� PDQ� GLH� :HJGLIIHUHQ]� GHU

7LELDYHUVFKLHEXQJ� �EHU� GHU� HLQJHOHLWHWHQ� .UDIW� LQWHJULHUW�� VR� HUKlOW� PDQ� HLQ� 0D�� I�U� GLH

+\VWHUHVHDUEHLW� E]Z�� GLH�(QHUJLH�� GLH� EHLP�+HUDXV]LHKHQ�XQG�=XU�FNJOHLWHQ� GHV�8QWHUVFKHQNHOV

XPJHVHW]W�ZXUGH��*ULHVKDEHU�)DXVW�������

Gleichung 3: Berechnung der Energiebilanz
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%HL�HLQHU�LGHDOHQ�)HGHU�Z�UGH�GLH�JHVDPWH�(QHUJLH��GLH�EHLP�$XVOHQNHQ�GHU�)HGHU�LQYHVWLHUW�ZXUGH�

EHLP�=XVDPPHQ]LHKHQ�GHU�)HGHU�ZLHGHU� ]XU�FNJHZRQQHQ��'LH�(QHUJLHELODQ]�ZlUH� DXVJHJOLFKHQ

XQG� GHU� )OlFKHQLQKDOW� GHU� 6FKOHLIH� ZlUH� GDPLW� QXOO�� G�K�� GLH� 6FKOHLIH� Z�UGH� ]X� HLQHU� /LQLH

]XVDPPHQIDOOHQ�
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Abbildung 22: Energie > 0
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Abbildung 23: Energie >> 0

(LQH�ÅEDXFKLJH´�6FKOHLIH�GHXWHW�GDUDXIKLQ��GDVV�EHLP�+HUDXV]LHKHQ�GHV�8QWHUVFKHQNHOV��G�K��EHLP

$XVOHQNHQ�GHU�)HGHU��PHKU�(QHUJLH� LQYHVWLHUW�ZXUGH��DOV�EHLP�=XU�FNJOHLWHQ�GHV�8QWHUVFKHQNHOV

�G�K��EHLP�=XVDPPHQ]LHKHQ�GHU�)HGHU��ZLHGHU�]XU�FNJHZRQQHQ�ZXUGH��'LH��EULJH�(QHUJLH�ZXUGH
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YHUPXWOLFK�DXIJUXQG�GHU�9LVNRVLWlW�GHU�*HZHEH�XQG�GHU�'UXFNEHODVWXQJ�GHU�*HOHQNIOlFKHQ�GXUFK

GDV�.|USHUJHZLFKW� LQ�)ROJH� YRQ�5HLEXQJ� LQ�:lUPHHQHUJLH� XPJHZDQGHOW��%HL� GHU�(QHUJLHELODQ]

PXVV�GDV�9RU]HLFKHQ�PLW�EHU�FNVLFKWLJW�ZHUGHQ��(LQ�SRVLWLYHV�9RU]HLFKHQ�EHGHXWHW�GDEHL��GDVV�ZLH

REHQ�EHVFKULHEHQ��PHKU�PHFKDQLVFKH�(QHUJLH�LQYHVWLHUW�DOV�]XU�FNJHZRQQHQ�ZXUGH��(LQ�QHJDWLYHV

9RU]HLFKHQ� GHXWHW� GDUDXI� KLQ�� GDVV� EHLP� =XU�FNJOHLWHQ� GHV� 8QWHUVFKHQNHOV� PHKU� PHFKDQLVFKH

(QHUJLH�]XU�FNJHZRQQHQ��DOV�]XP�+HUDXV]LHKHQ�GHV�8QWHUVFKHQNHOV�LQYHVWLHUW�ZXUGH��'LHV�LVW�I�U

HLQ�UHLQ�PHFKDQLVFKHV�6\VWHP�QLFKW�YRUVWHOOEDU��GHQQ�GDPLW�ZlUH�GDV�3HUSHWXXP�PRELOH�HUIXQGHQ�

6LHKW�PDQ�VLFK�GLH�JUDILVFKH�'DUVWHOOXQJ�GHU�)lOOH�DQ��GLH�HLQH�QHJDWLYH�(QHUJLHELODQ]�DXIZHLVHQ��VR

VWHOOW�PDQ�IHVW��GDVV�GLHVH�6FKOHLIHQ�.UHX]XQJVSXQNWH�DXIZHLVHQ�
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Abbildung 24: Energie < 0

'DEHL� ZHUGHQ� DXI� GHP� Å+LQZHJ´� EHUHLWV� JU|�HUH� 7LELDYHUVFKLHEXQJHQ� I�U� HLQLJH� .UDIWZHUWH

JHPHVVHQ� DOV� EHL� GHQ� JOHLFKHQ� .UDIWZHUWHQ� DXI� GHP� Å5�FNZHJ´�� ,P� *HJHQVDW]� ]X� HLQHP� UHLQ

PHFKDQLVFKHQ�6\VWHP�VLQG�DP�)HGHUV\VWHP�.QLHJHOHQN�0XVNHOQ�EHWHLOLJW��GLH�]X�XQWHUVFKLHGOLFKHQ

=HLWSXQNWHQ� DNWLY� ZHUGHQ� N|QQHQ� XQG� GDGXUFK� GLH� )HGHUNHQQUDWH� XQG� GLH� )RUP� GHU� 6FKOHLIHQ

EHHLQIOXVVHQ�N|QQHQ��6R� LVW� ]�%�� YRUVWHOOEDU��GDVV�YRU�DOOHP�GLH� LVFKLRNUXUDOH�0XVNXODWXU�GHU�YRQ

DX�HQ� HLQJHOHLWHWHQ� =XJNUDIW� LQ� DQWHULRUHU� 5LFKWXQJ� HQWJHJHQZLUNW� XQG� GLH� YRUGHUH� 6FKXEODGH

VR]XVDJHQ�YRQ�KLQWHQ�ZLHGHU�]X]LHKW��$XIJUXQG�GHU�9HUVXFKVDQRUGQXQJ��EHL�GHU�GLH�3UREDQGHQ�LP

6WHKHQ� XQWHUVXFKW� ZHUGHQ�� PXVV� DXFK� GHU� 4XDGUL]HSV� DNWLY� VHLQ�� XP� GHQ� DXIUHFKWHQ� 6WDQG� ]X

VLFKHUQ��(LQH�0RGXODWLRQ�LQ�GHU�0XVNHOVSDQQXQJ�GHV�4XDGUL]HSV�ZLUG�YHUPXWOLFK�HEHQIDOOV�HLQHQ
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(LQIOXVV�DXI�GLH�)RUP�GHU�6FKOHLIH�KDEHQ��GD�VHLQ�=XJ�HLQH�.RPSRQHQWH�EHVLW]W��GLH�LQ�GLH�JOHLFKH

5LFKWXQJ� ZHLVW�� ZLH� GLH� YRQ� DX�HQ� HLQJHOHLWHWH� =XJNUDIW�� =XQHKPHQGH� 0XVNHOVSDQQXQJ� LP

4XDGUL]HSV� ZlKUHQG� GHU� 0HVVXQJ� ZLUG� GHQ� (IIHNW� GHU� YRQ� DX�HQ� HLQJHOHLWHWHQ� =XJNUDIW

YHUVWlUNHQ�� GD� GLH� EHLGHQ� .UlIWH� GLH� JOHLFKH� 2ULHQWLHUXQJ� KDEHQ�� (LQH� .RNRQWUDNWLRQ� GHU

LVFKLRNUXUDOHQ� 0XVNXODWXU� PLW� GHU� 4XDGUL]HSVPXVNXODWXU� HUK|KW� GHQ� $QSUH�GUXFN� XQG� GLH

5HLEXQJ� ]ZLVFKHQ� GHQ� *HOHQNNRQJUXHQWHQ�� GDGXUFK� ZLUG� GDV� $XVPD�� GHU� 7LELDYHUVFKLHEXQJ

YHUULQJHUW�� 'LH� (QHUJLHELODQ]� ZLUG� YHUPXWOLFK� GXUFK� GHQ� 6SDQQXQJV]XVWDQG� E]Z�� GXUFK

6SDQQXQJVYHUlQGHUXQJHQ�LQ�GHU�%HLQPXVNXODWXU�ZlKUHQG�GHU�0HVVXQJ�EHHLQIOXVVW��'DPLW�NDQQ�GLH

JHZRQQHQH� (QHUJLH� XQWHU� 8PVWlQGHQ� DOV� GDV� (UJHEQLV� PXVNXOlUHU� $UEHLW� LQWHUSUHWLHUW� ZHUGHQ�

)XQNWLRQHOO� JLEW� GLHVHU�3DUDPHWHU� DQ�� RE�GDV�.QLHJHOHQN� VLFK� EHL� GHU�$XVOHQNXQJ� HKHU� SODVWLVFK

YHUKlOW� XQG�(QHUJLH� DEVRUELHUW��ZDV� LQ� HLQLJHQ�)lOOHQ�PLW�'HKQXQJVU�FNVWlQGHQ� DXFK�QDFK� GHP

(QGH�GHU�.UDIWHLQOHLWXQJ�HLQKHU�JLQJ��RGHU�RE�VLFK�GDV�*HOHQN�HKHU�HODVWLVFK�YHUKlOW�XQG�LQYHVWLHUWH

(QHUJLH�HYHQWXHOO�LQ�)RUP�PXVNXOlUHU�$UEHLW�ZLHGHU�]XU�FNJLEW�

$XIJUXQG�GHU�%HIXQGH�DXV�GHU�/LWHUDWXU�P�VVWH�PDQ�DP�.QLHJHOHQN�PLW�,QVXIIL]LHQ]�GHV�YRUGHUHQ

.UHX]EDQGHV� LP� 9HUJOHLFK� ]XP� LQWDNWHQ� .QLHJHOHQN� EHL� 7LELDYHUVFKLHEXQJHQ� PLW� PRGHUDWHU

*HVFKZLQGLJNHLW�PLW�HLQHU�YHUVWlUNWHQ�$NWLYLHUXQJ�GHU�,VFKLRNUXUDOPXVNXODWXU�UHFKQHQ��*U�EHU�HW

DO��������6RORPRQRZ�HW�DO���������'D�GLH�YHUOHW]XQJV��XQG�RSHUDWLRQVEHGLQJWHQ�9HUlQGHUXQJHQ�LQ

GHU�$QVWHXHUXQJ�GHU�0XVNXODWXU�]XP�7HLO��EHU�OlQJHUH�=HLW�HUKDOWHQ�EOHLEHQ��LVW�GLHVHU�%HIXQG�DXFK

I�U�GLH�UHNRQVWUXLHUWHQ�.QLHJHOHQNH�GHU�8QWHUVXFKXQJVJUXSSH�]X�HUZDUWHQ��:RMW\V�+XVWRQ�������

7���)�U�GLH�YHUOHW]WHQ�.QLHJHOHQNH�GHU�8QWHUVXFKXQJVJUXSSH�ZXUGH�HLQ�JHULQJHUHU�(QHUJLHYHUOXVW

HUZDUWHW��DOV�I�U�GLH�LQWDNWHQ�.QLHJHOHQNH�XQG�GLH�.QLHJHOHQNH�GHU�.RQWUROOJUXSSH��9RQ�GHU�D[LDOHQ

%HODVWXQJ�GHV�%HLQHV�ZXUGH�HUZDUWHW��GDVV�VLH�GHQ�(QHUJLHYHUOXVW�UHGX]LHUHQ�Z�UGH�

3.1.6 Statistik
'LH� :HLWHUYHUDUEHLWXQJ� GHU� 'DWHQ� HUIROJWH� PLW� 6366� I�U� :LQGRZV� ����� =XQlFKVW� ZXUGHQ� GLH

.RQWUROOYDULDEOHQ�DXI�VLJQLILNDQWH�0LWWHOZHUWXQWHUVFKLHGH� LP�EH]XJ�DXI�GLH�*UXSSHQ]XJHK|ULJNHLW

GHU� 3UREDQGHQ� XQWHUVXFKW�� 'DQQ� ZXUGHQ� GLH� .ULWHULXPVYDULDEOHQ� DXI� 1RUPDOYHUWHLOXQJ� XQG

9DULDQ]KRPRJHQLWlW�JHSU�IW��XP�GLH�$XVZDKO�GHU�]XU�9HUI�JXQJ�VWHKHQGHQ�VWDWLVWLVFKHQ�9HUIDKUHQ

IHVW]XOHJHQ�� -HGHU� PHFKDQLVFKH� 3DUDPHWHU� ZXUGH� GDUDXIKLQ� HLQ]HOQ� LQ� HLQHU� 0HKUZHJ� ²

9DULDQ]DQDO\VH�DXI�0LWWHOZHUWXQWHUVFKLHGH�LP�+LQEOLFN�DXI�VHLQH�)DNWRUHQ��EHUSU�IW��'DEHL�JLQJHQ

DOV�)DNWRUHQ�GHU�=XVWDQG�GHV�.QLHJHOHQNHV�� DOVR�GLH�*UXSSH� �,QWDNW�²�9HUOHW]W�²�.RQWUROOH���GLH

%HODVWXQJ� GHV� %HLQHV� �EHODVWHW� ²� HQWODVWHW�� XQG� GLH� =XJODVW� �OHLFKW� ²� VFKZHU�� HLQ�� 'LH

,QWHJUDOTXRWLHQWHQ�GHU�0XVNHOQ�ZXUGHQ�]HLWJOHLFK�PLW�GHQ�+DXSWHIIHNWHQ�DOV�.RYDULDWHQ�HLQJHI�KUW�

XP� HLQHQ� P|JOLFKHQ� (LQIOXVV� GHU� 0XVNXODWXU� HUNHQQHQ� ]X� N|QQHQ�� 'LH� 0LWWHOZHUWXQWHUVFKLHGH
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ZXUGHQ� GDQQ� HLQHU� 6LJQLILNDQ]SU�IXQJ� XQWHU]RJHQ�� )�U� GLH� 7LELDYHUVFKLHEXQJ� XQG� GHQ

&RPSOLDQFH�,QGH[� ZXUGHQ� 5HJUHVVLRQVDQDO\VHQ� GXUFKJHI�KUW�� XP� GHQ� =XVDPPHQKDQJ� GLHVHU

9DULDEOHQ� XQWHUHLQDQGHU� ]X� TXDQWLIL]LHUHQ�� =XP� 6FKOXVV� ZXUGH� GHU� =XVDPPHQKDQJ� GHU

PHFKDQLVFKHQ� 3DUDPHWHU� XQWHUHLQDQGHU� XQG� PLW� GHQ� ,QWHJUDOTXRWLHQWHQ� �EHUSU�IW�� LQGHP

.RUUHODWLRQHQ�EHUHFKQHW�ZXUGHQ�

3.2 Ergebnisse

3.2.1 Ergebnisse der Kontrollvariablen

3.2.1.1 Kraft
'LH�=XJODVW�]XP�DXVO|VHQ�GHU�7LELDYHUVFKLHEXQJ�ZXUGH�YDULLHUW��(V�ZXUGH�PLW�*HZLFKWHQ�YRQ���NJ

XQG���NJ�JH]RJHQ��VR�GDVV�XQDEKlQJLJ�YRP�=XVWDQG�GHV�.QLHJHOHQNHV�XQG�YRQ�GHU�%HODVWXQJ�GHV

%HLQHV� =XJNUlIWH� YRQ� FD�� ���1� E]Z�� ���1� HUZDUWHW� ZXUGHQ�� %HL� JOHLFKHU� /DVW� VLQG� GLH

0LWWHOZHUWXQWHUVFKLHGH�LP�EH]XJ�DXI�GHQ�=XVWDQG�GHV�.QLHJHOHQNHV�XQG�GLH�%HODVWXQJ�GHV�%HLQHV

QLFKW�VLJQLILNDQW��'HU�0LWWHOZHUW��EHU�DOOH�*UXSSHQ�EHL�GHU�OHLFKWHQ�/DVW�EHWUlJW������1��6'����1��

EHL� GHU� VFKZHUHQ� /DVW� EHWUlJW� HU� �����1� �6'� ����1��� 'LH� 6FKZDQNXQJHQ� LQ� GHQ� .UDIWZHUWHQ

HUJDEHQ� VLFK� DXI� *UXQG� GHU� 9HUVXFKVEHGLQJXQJHQ�� 'LH� %DQGVFKOLQJH� PLW� GHP�.UDIWDXIQHKPHU

ZXUGH�DQJHOHJW�XQG�GDV�6HLO�PLW�GHP�GLH�.UDIW�HLQJHOHLWHW�ZXUGH��ZXUGH�VR�YRUJHVSDQQW��GDV�RSWLVFK

NHLQ�'XUFKKDQJ�PHKU� HUNHQQEDU�ZDU��'DQDFK�ZXUGH� GHU�.UDIWDXIQHKPHU� HOHNWURQLVFK� DXI�1XOO

]XU�FNJHVHW]W��'DEHL�N|QQHQ�8QWHUVFKLHGH�LQ�GHU�9RUVSDQQXQJ�GHV�6HLOHV�HQWVWDQGHQ�VHLQ��VR�GDVV

QDFK�$QKlQJHQ�GHV�*HZLFKWHV�PLQLPDO�XQWHUVFKLHGOLFKH�0D[LPDONUDIWZHUWH�HQWVWDQGHQ�VHLQ�

Reiz langsam     Bein axial belastet

schwerleicht

-80

-100

-120

-140

-160

-180

-200

-220

M
ea

n 
+

- 
1 

S
D

 K
ra

ft 
(N

)

1212 1212 1212N =

Knie

Intakt

Verletzt

Kontrolle

Bein axial entlastet

schwerleicht

-80

-100

-120

-140

-160

-180

-200

-220
1212 1212 1212N =

anteriore Zuglast

Abbildung 25: Mittelwerte der Zugkräfte bei langsamer Krafteinleitung
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3.2.1.2 Kniewinkeländerung
'LH�3UREDQGHQ�KDWWHQ�GLH�$QZHLVXQJ��GHQ�.QLHZLQNHO�ZlKUHQG�GHU�0HVVXQJ�P|JOLFKVW�NRQVWDQW

]X� KDOWHQ�� XP� URWDWLRQVEHGLQJWH� 0HVVZHUWYHUlQGHUXQJHQ� JHULQJ� ]X� KDOWHQ�� ,QVJHVDPW� IlOOW� GLH

.QLHZLQNHOlQGHUXQJ�ZlKUHQG� GHU�0HVVXQJ�PLW� GXUFKVFKQLWWOLFK� HWZD� ]ZHL�:LQNHOJUDGHQ� JHULQJ

JHQXJ�DXV��XP�URWDWLRQVEHGLQJWH�0HVVZHUWlQGHUXQJHQ�YHUQDFKOlVVLJHQ�]X�N|QQHQ�

3.2.1.3 Integralquotienten
'LH�,QWHJUDOTXRWLHQWHQ�ZXUGHQ�HUKREHQ��XP�HLQH�=X��RGHU�$EQDKPH�PXVNXOlUHU�$NWLYLWlW�ZlKUHQG

GHU�0HVVXQJ�]X�UHJLVWULHUHQ��6LH�ZXUGHQ�EHUHFKQHW��LQGHP�HLQ�4XRWLHQW�JHELOGHW�ZXUGH�DXV�HLQHP

���PV� ,QWHJUDO� YRU� GHU� .UDIWHLQOHLWXQJ� XQG� HLQHP� ���PV� ,QWHJUDO� ZlKUHQG� GHU� PD[LPDOHQ

.UDIWZLUNXQJ��'DKHU� VWHOOHQ�GLH� ,QWHJUDOTXRWLHQWHQ�HLQ�0D��I�U�GLH�$NWLYLWlWVVWHLJHUXQJ�DXIJUXQG

GHU�.UDIWHLQOHLWXQJ�GDU��(LQH�9HUlQGHUXQJ�GHU�PXVNXOlUHQ�$NWLYLWlW�ZlKUHQG�GHU�0HVVXQJ�N|QQWH

GLH�PHFKDQLVFKHQ�3DUDPHWHU�EHHLQIOXVVHQ��,Q�GHU�%HGLQJXQJ�%HLQ�HQWODVWHW��=XJODVW�OHLFKW�HUJHEHQ

VLFK�VLJQLILNDQWH�0LWWHOZHUWXQWHUVFKLHGH�GHU�YHUOHW]WHQ�.QLHJHOHQNH�]X�GHQ�LQWDNWHQ�XQG�GHQHQ�GHU

.RQWUROOJUXSSH� I�U� GHQ� 0�� YDVWXV� ODWHUDOLV�� 'LH� 0LWWHOZHUWH� GHU� YHUOHW]WHQ� .QLHJHOHQNH� ZDUHQ

JHJHQ�EHU� GHQ� LQWDNWHQ� XQG� GHQHQ� GHU�.RQWUROOJUXSSH� QLHGULJHU�� GDV� EHGHXWHW�� GDVV� GHU� 9DVWXV

PHGLDOLV�LQ�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�ZHQLJHU�DNWLY�ZDU��DOV�EHL�GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG
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GLH� 8QWHUVFKLHGH� DEHU� LQ� NHLQHU� 9HUVXFKVEHGLQJXQJ� VLJQLILNDQW�� 'LHV� N|QQWH� DOV� ,QGL]� I�U� HLQH

YHUOHW]XQJVEHGLQJWH�� UHIOHNWRULVFKH� 4XDGUL]HSVLQKLELWLRQ� JHZHUWHW� ZHUGHQ�� 8QWHUVFKLHGH� LQ� GHQ

PHFKDQLVFKHQ� 3DUDPHWHUQ� LP� EH]XJ� DXI� GHQ� =XVWDQG� GHV� .QLHJHOHQNHV� N|QQWHQ� GDKHU� PLW

8QWHUVFKLHGHQ�LQ�GHU�$NWLYLHUXQJ�GHU�0XVNXODWXU�LQ�=XVDPPHQKDQJ�VWHKHQ�
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Abbildung 26: Mittelwerte des Aktivitätszuwachses des M. vastus lateralis aufgrund der Krafteinleitung
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3.2.2 Ergebnisse der Kriteriumsvariablen
9RU�GHU�HLJHQWOLFKHQ�VWDWLVWLVFKHQ�'DWHQYHUDUEHLWXQJ�ZXUGHQ�DOOH�'DWHQ�DXI�1RUPDOYHUWHLOXQJ�XQG

9DULDQ]KRPRJHQLWlW�JHSU�IW��(;3/25(���'D�GLH�'DWHQ�GHQ�.ULWHULHQ�I�U�1RUPDOYHUWHLOXQJ�XQG

9DULDQ]KRPRJHQLWlW�HQWVSUDFKHQ��ZXUGHQ�VLH�XQWUDQVIRUPLHUW�I�U�GLH�ZHLWHUI�KUHQGHQ�VWDWLVWLVFKHQ

8QWHUVXFKXQJHQ� KHUDQJH]RJHQ�� /HGLJOLFK� GLH� DOV� .RQWUROOYDULDEOHQ� KLQ]XJH]RJHQHQ

,QWHJUDOTXRWLHQWHQ�GHU�0XVNHOQ� HQWVSUDFKHQ�QLFKW� GHQ�$QIRUGHUXQJHQ� DQ�1RUPDOYHUWHLOXQJ� XQG

9DULDQ]KRPRJHQLWlW��GDKHU�ZXUGHQ�GLH�:HUWH�GLHVHU�9DULDEOHQ�LQ�5lQJH�WUDQVIRUPLHUW��EHYRU�VLH�LQ

ZHLWHUH�%HUHFKQXQJHQ�HLQJHI�KUW�ZXUGHQ�

-HGHU�PHFKDQLVFKH� 3DUDPHWHU� ZXUGH� HLQ]HOQ� LQ� HLQHU�0HKUZHJ� ²� 9DULDQ]DQDO\VH� �$129$�� DXI

0LWWHOZHUWXQWHUVFKLHGH� LP�+LQEOLFN�DXI� VHLQH�)DNWRUHQ��EHUSU�IW��'DEHL� JLQJHQ� DOV�)DNWRUHQ�GHU

=XVWDQG� GHV�.QLHJHOHQNHV�� GLH� %HODVWXQJ� GHV� %HLQHV� XQG� GLH� =XJODVW� HLQ�� 8P� HLQHQ�P|JOLFKHQ

(LQIOXVV�GHU�0XVNXODWXU�HUNHQQHQ�]X�N|QQHQ��ZXUGHQ�GLH�,QWHJUDOTXRWLHQWHQ�GHU�0XVNHOQ�]HLWJOHLFK

PLW� GHQ� +DXSWHIIHNWHQ� DOV� .RYDULDWHQ� HLQJHI�KUW�� 'LH� (UJHEQLVVH� ZHUGHQ� LQ� GHQ� IROJHQGHQ

$EVFKQLWWHQ�GHU�HLQ]HOQHQ�9DULDEOHQ�HUOlXWHUW�

3.2.2.1 Tibiaverschiebung
'D�GLH�,QWHUDNWLRQHQ�GHU�)DNWRUHQ�NHLQHQ�VLJQLILNDQWHQ�(LQIOXVV�DXI�GLH�7LELDYHUVFKLHEXQJ�KDEHQ

XQG�GDV�0RGHOO� LQVJHVDPW�DOV�VLJQLILNDQW�DXVJHZLHVHQ� LVW��NDQQ�GDV�0RGHOO�DQJHQRPPHQ�ZHUGHQ�

$OOH� )DNWRUHQ�� DXFK� GHU� =XVWDQG� GHV� .QLHJHOHQNHV�� KDEHQ� HLQHQ� VLJQLILNDQWHQ� (LQIOXVV� DXI� GLH

7LELDYHUVFKLHEXQJ�

Tabelle 2: Mehrweg Varianzanalyse für die Tibiaverschiebung

ANOVA
Hierarchical Method

Sig. B
Tibia-
verschiebung

Main Effects with
Covariates

(Combined) .000

Knie (Gruppe) .017
Beinlast (axial) .000
Zuglast (anterior) .000
Covariate Gastrocnemius .136 -1.024E-02

Biceps femoris .254 -7.807E-03
Semitendinosus .027 -1.823E-02
Rectus femoris .148 9.758E-03
Vastus lateralis .002 -2.378E-02
Vastus medialis .837 -1.849E-03

2-Way Interactions (Combined) .652
Knie * Beinlast .412
Knie * Zuglast .574
Beinlast * Zuglast .524

Model .000
Covariates entered with main effects
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$XFK� ]ZHL� GHU� VHFKV� DOV� .RYDULDWHQ� HLQJHI�KUWHQ� ,QWHJUDOTXRWLHQWHQ� �0P� VHPLWHQGLQRVXV� XQG

YDVWXV� ODWHUDOLV�� ]HLJHQ� HLQHQ� VLJQLILNDQWHQ� =XVDPPHQKDQJ� PLW� GHU� 7LELDYHUVFKLHEXQJ�� 'LH

(IIHNWJU|�H� LVW� GDEHL� DOOHUGLQJV� JHULQJ�� 9HUJOHLFKW� PDQ� GLH� =XVDPPHQKDQJVPD�H� GHU� )DNWRUHQ

XQWHUHLQDQGHU��VR�HUNHQQW�PDQ��GDVV�GHU�=XVWDQG�GHV�.QLHJHOHQNHV�HLQHQ�VHKU�JHULQJHQ�(LQIOXVV�DXI

GLH�7LELDYHUVFKLHEXQJ�KDW�� JHULQJHU�QRFK� DOV�GHU�(LQIOXVV�� GHQ�GLH�%HODVWXQJ�GHV�%HLQHV� XQG� GLH

=XJODVW�DXI�GLH�7LELDYHUVFKLHEXQJ�KDEHQ�

Tabelle 3: Einfluss der Faktoren auf die Kriteriumsvariable Tibiaverschiebung

Factor Summary
Eta Beta

Adjusted for
Factors

Adjusted for Factors and
Covariates

Tibiaverschiebung Knie (Gruppe) .195 .194 .240
Beinlast (axial) .426 .421 .431
Zuglast (anterior) .347 .346 .341

'DV� %HVWLPPWKHLWVPD�� GHV� 0RGHOOV� PLW� )DNWRUHQ� YHUEHVVHUW� VLFK� GXUFK� +LQ]XQDKPH� GHU

.RYDULDWHQ��VR�GDVV�PDQ�YRQ�HLQHU�%HHLQIOXVVXQJ�GHU�7LELDYHUVFKLHEXQJ�GXUFK�GLH�%HLQPXVNXODWXU

DXVJHKHQ�NDQQ��'HU�9RUKHUVDJHEHUHLFK�YHUJU|�HUW�VLFK�YRQ�����DXI�����

Tabelle 4: Bestimmtheitsmaß des Modells für die Tibiatranslation

Model Goodness of Fit
Factors Factors and Covariates
R R Squared R R Squared

Tibiaverschiebung by Knie (Gruppe),
Beinlast (axial), Zuglast (anterior) with
gastrocnemius, biceps femoris,
semitendinosus, rectus femoris, vastus
lateralis, vastus medialis

.581 .337 .656 .431

'LH� LQ� GHQ� 9DULDQ]DQDO\VHQ� EHVFKULHEHQHQ� =XVDPPHQKlQJH� ]ZLVFKHQ� GHQ� )DNWRUHQ� XQG

.ULWHULXPVYDULDEOHQ� VROOWHQ� TXDQWLIL]LHUW� ZHUGHQ�� 8P� 8QWHUVFKLHGH� LQ� GHQ� 0LWWHOZHUWHQ� GHU

PHFKDQLVFKHQ�3DUDPHWHU�LQ�$EKlQJLJNHLW�YRQ�GHQ�)DNWRUHQ�=XVWDQG�GHV�.QLHJHOHQNHV��%HODVWXQJ

GHV�%HLQHV�XQG�+|KH�GHU�=XJODVW�EHZHUWHQ�]X�N|QQHQ��ZXUGHQ�GLH�8QWHUVFKLHGH�DXI�6LJQLILNDQ]

JHSU�IW��'D]X�ZXUGHQ�MHZHLOV�]ZHL�XQDEKlQJLJH�6WLFKSUREHQ�PLWHLQDQGHU�YHUJOLFKHQ��(QWVSUHFKHQG

GHU�'DWHQODJH�ZXUGHQ�SDUDPHWULVFKH�7HVWV��7�7(67��JHZlKOW�

'LH� 6LJQLILNDQ]SU�IXQJ� GHU�0LWWHOZHUWXQWHUVFKLHGH� LP� EH]XJ� DXI� GHQ�=XVWDQG� GHV�.QLHJHOHQNHV

ZXUGH�JUXSSLHUW�QDFK�GHQ�YLHU�9HUVXFKVEHGLQJXQJHQ��%HLQ�EHODVWHW�²�HQWODVWHW��=XJODVW� VFKZHU�²

OHLFKW��GXUFKJHI�KUW��,P�*HJHQVDW]�]XP�(UJHEQLV�GHU�0HKUZHJ�²�9DULDQ]DQDO\VH��ZR�GHU�(LQIOXVV

GHV�=XVWDQGHV� GHV�.QLHJHOHQNHV� VLJQLILNDQW�ZDU��ZDUHQ� GLH�0LWWHOZHUWXQWHUVFKLHGH� GHU� HLQ]HOQHQ

*UXSSHQ�XQWHUHLQDQGHU�LP�7�7HVW�QLFKW�VLJQLILNDQW��,Q�GHQ�9HUVXFKVEHGLQJXQJHQ�PLW�HQWODVWHWHP
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%HLQ�VLQG�GLH�7LELDYHUVFKLHEXQJHQ�GHU�YHUOHW]WHQ�.QLHJHOHQNH�DOOHUGLQJV�WHQGHQ]LHOO�JU|�HU��DOV�GLH

GHU�LQWDNWHQ�.QLHJHOHQNH�XQG�GHQHQ�GHU�.RQWUROOJUXSSH�

Bein axial entlastet

schwerleicht

-1,0

-1,5

-2,0

-2,5

-3,0

-3,5

-4,0

-4,5

-5,0
1212 1212 1212N =

Reiz langsam      Bein axial belastet

schwerleicht

-,8

-1,0

-1,2

-1,4

-1,6

-1,8

-2,0

-2,2

-2,4

-2,6

-2,8
-3,0

1212 1212 1212N =

Knie

Intakt

Verletzt

Kontrolle

anteriore Zuglast

M
ea

n 
+

- 
1 

S
D

 V
er

sc
hi

eb
un

g 
(m

m
)

Abbildung 27: Tibiaverschiebung bei langsamer Krafteinleitung

)�U� GLH� 6LJQLILNDQ]SU�IXQJ� GHU� 0LWWHOZHUWXQWHUVFKLHGH� KLQVLFKWOLFK� GHU� )DNWRUHQ� %HODVWXQJ� GHV

%HLQHV�XQG�+|KH�GHU�=XJODVW�ZXUGHQ�GLH�*UXSSHQ�]XVDPPHQJHIDVVW��'LH�0LWWHOZHUWXQWHUVFKLHGH

VLQG� VRZRKO� LP�+LQEOLFN� DXI� GLH� %HODVWXQJ� GHV� %HLQHV� DOV� DXFK� LP�+LQEOLFN� DXI� GLH� +|KH� GHU

=XJODVW� K|FKVW� VLJQLILNDQW�� 8QWHU� %HU�FNVLFKWLJXQJ� GHV� 9RU]HLFKHQV� LVW� GLH� DQWHULRUH

7LELDYHUVFKLHEXQJ�EHL�HQWODVWHWHP�%HLQ�XQG�VFKZHUHU�=XJODVW�JU|�HU�DOV�EHL�EHODVWHWHP�%HLQ�XQG

OHLFKWHU�=XJODVW�
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Abbildung 28: Tibiaverschiebung, Gruppen zusammengefasst

)DVVW�PDQ�GLH�9HUVXFKVEHGLQJXQJHQ�PLW� OHLFKWHU�XQG� VFKZHUHU� DQWHULRUHU�=XJODVW� ]XVDPPHQ�� VR

HUNHQQW�PDQ�XQWHU�D[LDOHU�(QWODVWXQJ�GHV�%HLQHV�HLQH�YHUJU|�HUWH�7LELDYHUVFKLHEXQJ�LQ�DQWHULRUHU

5LFKWXQJ�EHL� GHQ� YHUOHW]WHQ�.QLHJHOHQNHQ� LP�9HUJOHLFK�PLW� GHQ� XQYHUOHW]WHQ�.QLHJHOHQNHQ� XQG
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GHQHQ�GHU�.RQWUROOJUXSSH��'LHV�GHXWHW�DXI�HLQH�JU|�HUH�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV�EHL

GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�XQWHU�D[LDOHU�(QWODVWXQJ�GHV�%HLQHV�KLQ�
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Abbildung 29: Tibiaverschiebung, leichte und schwere anteriore Zuglast zusammengefasst

7���(QWJHJHQ�GHU�HLQJDQJV�IRUPXOLHUWHQ�+\SRWKHVH�NRQQWH�EHL�GHQ�UHNRQVWUXLHUWHQ�.QLHJHOHQNHQ

]XPLQGHVW� LP� D[LDO� HQWODVWHWHQ� =XVWDQG� QRFK� HLQH� YHUJU|�HUWH� 7LELDYHUVFKLHEXQJ� IHVWJHVWHOOW

ZHUGHQ��'LH�D[LDOH�%HODVWXQJ�GHV�%HLQHV�UHGX]LHUWH�ZLH�HUZDUWHW�GLH�7LELDYHUVFKLHEXQJ�

3.2.2.2 Compliance-Index
'HU� &RPSOLDQFH�,QGH[� ZXUGH� LQ� HLQHU� 0HKUZHJ� ²� 9DULDQ]DQDO\VH� �$129$�� DXI

0LWWHOZHUWXQWHUVFKLHGH� LP�+LQEOLFN�DXI� VHLQH�)DNWRUHQ��EHUSU�IW��'DEHL� JLQJHQ� DOV�)DNWRUHQ�GHU

=XVWDQG� GHV� .QLHJHOHQNHV� �*UXSSHQ�� ,QWDNW� ²� 9HUOHW]W� ²� .RQWUROOH��� GLH� %HODVWXQJ� GHV� %HLQHV

�EHODVWHW� ²� HQWODVWHW�� XQG� GLH� =XJODVW� �OHLFKW� ²� VFKZHU�� HLQ�� 8P� HLQHQ� P|JOLFKHQ� (LQIOXVV� GHU

0XVNXODWXU� HUNHQQHQ� ]X� N|QQHQ��ZXUGHQ� GLH� ,QWHJUDOTXRWLHQWHQ� GHU�0XVNHOQ� ]HLWJOHLFK�PLW� GHQ

+DXSWHIIHNWHQ�DOV�.RYDULDWHQ�HLQJHI�KUW�

'D�GLH�,QWHUDNWLRQHQ�GHU�)DNWRUHQ�NHLQHQ�VLJQLILNDQWHQ�(LQIOXVV�DXI�GHQ�&RPSOLDQFH�,QGH[�KDEHQ

XQG�GDV�0RGHOO� LQVJHVDPW�DOV�VLJQLILNDQW�DXVJHZLHVHQ� LVW��NDQQ�GDV�0RGHOO�DQJHQRPPHQ�ZHUGHQ�

6RZRKO�GHU�=XVWDQG�GHV�.QLHJHOHQNHV��DOV�DXFK�GLH�%HODVWXQJ�GHV�%HLQHV�KDEHQ�HLQHQ�VLJQLILNDQWHQ

(LQIOXVV� DXI� GHQ� &RPSOLDQFH�,QGH[�� 'HU� &RPSOLDQFH�,QGH[� LVW� LP� *HJHQVDW]� ]XU

7LELDYHUVFKLHEXQJ� XQDEKlQJLJ� YRQ� GHU� DXIJHZHQGHWHQ� =XJODVW�� 'LHV� ZDU� ]X� HUZDUWHQ�� GD� GHU

&RPSOLDQFH�,QGH[� DOV�'LIIHUHQ]ZHUW� DXV� GHQ� 7LELDYHUVFKLHEXQJHQ� EHL� ��1�XQG� ���1� HUUHFKQHW

ZLUG� XQG� GDPLW� XQDEKlQJLJ� GDYRQ� LVW�� RE� PLW� ��NJ� RGHU� PLW� ��NJ� JH]RJHQ� ZLUG�� 1XU� GHU

,QWHJUDOTXRWLHQW�GHV�0��YDVWXV�ODWHUDOLV�]HLJW�HLQHQ�VLJQLILNDQWHQ�=XVDPPHQKDQJ�]XP�&RPSOLDQFH�

,QGH[�
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Tabelle 5: Mehrweg Varianzanalyse für den Compliance-Index

ANOVA
Hierarchical Method

Sig. B
Compliance-
Index

Main Effects with
Covariates

(Combined) .000

Knie (Gruppe) .025
Beinlast (axial) .000
Zuglast (anterior) .114
Covariate Gastrocnemius .381 -2.414E-03

Biceps femoris .310 -2.799E-03
Semitendinosus .057 -6.308E-03
Rectus femoris .106 4.396E-03
Vastus lateralis .002 -9.674E-03
Vastus medialis .565 -2.083E-03

2-Way Interactions (Combined) .937
Knie * Beinlast .646
Knie * Zuglast .949
Beinlast * Zuglast .590

Model .000
Covariates entered with main effects

'HU� (LQIOXVV�� GHQ� GLH� %HODVWXQJ� GHV� %HLQHV� DXI� GHQ� &RPSOLDQFH�,QGH[� KDW�� LVW� JU|�HU� DOV� GHU

(LQIOXVV��GHQ�GHU�=XVWDQG�GHV�.QLHJHOHQNHV�DXV�EW��'HQQRFK�LVW�KLHU�GHU�=XVDPPHQKDQJ�]ZLVFKHQ

GHP� =XVWDQG� GHV� .QLHJHOHQNHV� XQG� GHP� &RPSOLDQFH�,QGH[� VLJQLILNDQW�� $OOHUGLQJV� VLQG� EHLGH

(LQIO�VVH�LQKDOWOLFK�ZHQLJ�EHGHXWVDP�

Tabelle 6: Einfluss der Faktoren auf die Kriteriumsvariable Compliance-Index

Factor Summary
Eta Beta

Adjusted for
Factors

Adjusted for Factors and
Covariates

Compliance-Index Knie (Gruppe) .206 .200 .233
Beinlast (axial) .384 .383 .392
Zuglast (anterior) .118 .119 .125

'HU�9RUKHUVDJHEHUHLFK�YHUJU|�HUW�VLFK�YRQ�����DXI�����GXUFK�+LQ]XQDKPH�GHU�.RYDULDWHQ��VR

GDVV�PDQ�YRQ�HLQHP�(LQIOXVV�GHU�%HLQPXVNXODWXU�DXI�GHQ�&RPSOLDQFH�,QGH[�DXVJHKHQ�NDQQ�

Tabelle 7: Bestimmtheitsmaß des Modells für den Compliance-Index

Model Goodness of Fit
Factors Factors and Covariates
R R Squared R R Squared

Compliance-Index by Knie (Gruppe),
Beinlast (axial), Zuglast (anterior) with
gastrocnemius, biceps femoris,
semitendinosus, rectus femoris, vastus
lateralis, vastus medialis

.450 .202 .554 .307

5HJUHVVLRQVDQDO\VHQ� �5(*5(66,21�� ZXUGHQ� GXUFKJHI�KUW�� XP� GHQ� =XVDPPHQKDQJ� GHV

&RPSOLDQFH�,QGH[�PLW�GHU�PD[LPDOH�7LELDYHUVFKLHEXQJ�]X�HUNHQQHQ��'LH�(UJHEQLVVH�VLQG�QDFK�GHU
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$XVSUlJXQJ� GHU� )DNWRUHQ� %HODVWXQJ� GHV� %HLQHV� XQG�+|KH� GHU� =XJODVW� JUXSSLHUW�� 'LH�*UXSSHQ

,QWDNW�²�9HUOHW]W�²�.RQWUROOH�ZXUGHQ�]XVDPPHQJHIDVVW�

'LH�5HJUHVVLRQVPRGHOOH�VLQG�DOOHVDPW�KRFKVLJQLILNDQW��ZREHL�GDV�0D��I�U�GHQ�=XVDPPHQKDQJ�GHV

&RPSOLDQFH�,QGH[�PLW�GHU�7LELDYHUVFKLHEXQJ�KRFK�ELV�VHKU�KRFK�LVW��(LQH�JUR�H�7LELDYHUVFKLHEXQJ

JHKW�GHPQDFK�DOVR�LQ�GHU�5HJHO�DXFK�PLW�HLQHP�JUR�HQ�&RPSOLDQFH�,QGH[�HLQKHU��$XIJUXQG�GLHVHV

KRKHQ� =XVDPPHQKDQJHV� LVW� GHU� ]XVlW]OLFKH� ,QIRUPDWLRQVZHUW� GHV� &RPSOLDQFH�,QGH[� JHJHQ�EHU

GHU�7LELDYHUVFKLHEXQJ�HKHU�JHULQJ�

Partial Regression Plot

Dependent Variable: Compliance-Index
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Abbildung 30: Gegenseitiger Einfluss von maximaler Tibiaverschiebung und Compliance-Index

8P�8QWHUVFKLHGH� LQ�GHQ�0LWWHOZHUWHQ�GHV�&RPSOLDQFH�,QGH[� LQ�$EKlQJLJNHLW� YRQ�GHQ�)DNWRUHQ

=XVWDQG� GHV� .QLHJHOHQNHV�� %HODVWXQJ� GHV� %HLQHV� XQG� +|KH� GHU� =XJODVW� EHZHUWHQ� ]X� N|QQHQ�

ZXUGHQ�GLH�8QWHUVFKLHGH�DXI�6LJQLILNDQ]�JHSU�IW��7�7(67��

'LH� 6LJQLILNDQ]SU�IXQJ� GHU�0LWWHOZHUWXQWHUVFKLHGH� LP� EH]XJ� DXI� GHQ�=XVWDQG� GHV�.QLHJHOHQNHV

ZXUGH�JUXSSLHUW�QDFK�GHQ�YLHU�9HUVXFKVEHGLQJXQJHQ��%HLQ�EHODVWHW�²�HQWODVWHW��=XJODVW� VFKZHU�²
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OHLFKW��GXUFKJHI�KUW��,Q�GHU�%HGLQJXQJ�HQWODVWHW�²�VFKZHU�HUJDE�VLFK�HLQ�VLJQLILNDQWHU�8QWHUVFKLHG

]ZLVFKHQ�GHQ�*UXSSHQ�,QWDNW�XQG�9HUOHW]W�
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Abbildung 31: Compliance-Index bei langsamer Krafteinleitung

$OOH� *UXSSHQ� ZXUGHQ� I�U� GLH� 6LJQLILNDQ]SU�IXQJ� GHU� 0LWWHOZHUWXQWHUVFKLHGH� KLQVLFKWOLFK� GHU

)DNWRUHQ�%HODVWXQJ�GHV�%HLQHV�XQG�+|KH�GHU�=XJODVW�]XVDPPHQJHIDVVW��GD�VLH�VLFK�QLFKW�VLJQLILNDQW

YRQHLQDQGHU� XQWHUVFKHLGHQ�� 'LH� 0LWWHOZHUWXQWHUVFKLHGH� VLQG� LP� +LQEOLFN� DXI� GLH� %HODVWXQJ� GHV

%HLQHV� VHKU� VLJQLILNDQW�� 8QWHU� %HU�FNVLFKWLJXQJ� GHV� 9RU]HLFKHQV� LVW� GHU� &RPSOLDQFH�,QGH[� LQ

DQWHULRUHU�5LFKWXQJ�XQWHU�(QWODVWXQJ�GHV�%HLQHV�JU|�HU�DOV� XQWHU�%HODVWXQJ�� ,P�+LQEOLFN�DXI�GLH

+|KH�GHU�=XJODVW�HUJDEHQ�VLFK�GDJHJHQ�ZLH�EHL�GHU�0HKUZHJ�²�9DULDQ]DQDO\VH�NHLQH�VLJQLILNDQWHQ

0LWWHOZHUWXQWHUVFKLHGH�

)DVVW�PDQ�GLH�9HUVXFKVEHGLQJXQJHQ�PLW�OHLFKWHU�XQG�VFKZHUHU�DQWHULRUHU�=XJODVW�]XU�3U�IXQJ�GHU

JUXSSHQVSH]LILVFKHQ�0LWWHOZHUWXQWHUVFKLHGH�]XVDPPHQ��VR�HQWVWHKW�LQ�GHU�8QWHUVXFKXQJ�PLW�D[LDO

HQWODVWHWHP� %HLQ� EHL� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� HLQ� JU|�HUHU� &RPSOLDQFH�,QGH[� LQ� DQWHULRUHU

5LFKWXQJ��DOV�EHL�GHQ�XQYHUOHW]WHQ�.QLHJHOHQNHQ�XQG�GHQHQ�GHU�.RQWUROOJUXSSH��$XFK�GLHV�LVW�HLQ

,QGL]� I�U� HLQH�YHUJU|�HUWH�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV� EHL� GHQ� YHUOHW]WHQ�.QLHJHOHQNHQ

XQWHU� D[LDOHU� (QWODVWXQJ�� %HL� EHODVWHWHP� %HLQ� KDW� GLH� .RQWUROOJUXSSH� GHQ� JU|�WHQ� &RPSOLDQFH�

,QGH[��GLH�.RQWUROOJUXSSH�KDW�DOVR�GLH�JU|�HUH�/D[L]LWlW��'LHV�NDQQ�HLQ�,QGL]�GDI�U�VHLQ��GDVV�GLH

.RQWUROOJUXSSH�LQ�GHU�8QWHUVXFKXQJVVLWXDWLRQ�HQWVSDQQWHU�LVW�DOV�GLH�([SHULPHQWDOJUXSSH�
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Abbildung 32: Compliance-Index, leichte und schwere anteriore Zuglast zusammengefasst

7��� $XFK� GHU� &RPSOLDQFH�,QGH[� ZDU� HQWJHJHQ� GHU� HLQJDQJV� IRUPXOLHUWHQ� +\SRWKHVH� EHL� GHQ

UHNRQVWUXLHUWHQ�.QLHJHOHQNHQ�]XPLQGHVW�LP�D[LDO�HQWODVWHWHQ�=XVWDQG�QRFK�JHULQJI�JLJ�YHUJU|�HUW�

'LH�D[LDOH�%HODVWXQJ�UHGX]LHUWH�ZLH�HUZDUWHW�GHQ�&RPSOLDQFH�,QGH[�

3.2.2.3 Stiffness bei niedrigen Zugkräften
'LH�6WLIIQHVV�ZXUGH�LQ�HLQHU�0HKUZHJ�²�9DULDQ]DQDO\VH��$129$��DXI�0LWWHOZHUWXQWHUVFKLHGH�LP

+LQEOLFN�DXI�LKUH�)DNWRUHQ��EHUSU�IW��'HU�=XVWDQG�GHV�.QLHJHOHQNHV��*UXSSHQ��,QWDNW�²�9HUOHW]W�²

.RQWUROOH���GLH�%HODVWXQJ�GHV�%HLQHV��EHODVWHW�²�HQWODVWHW��XQG�GLH�=XJODVW��OHLFKW�²�VFKZHU��ZXUGHQ

DOV� )DNWRUHQ� HLQEH]RJHQ�� 'LH� ,QWHJUDOTXRWLHQWHQ� GHU� 0XVNHOQ� ZXUGHQ� ]HLWJOHLFK� PLW� GHQ

+DXSWHIIHNWHQ�DOV�.RYDULDWHQ�HLQJHI�KUW�

'LH� ,QWHUDNWLRQHQ� GHU� )DNWRUHQ� KDEHQ� NHLQHQ� VLJQLILNDQWHQ� (LQIOXVV� DXI� GLH� 6WLIIQHVV� XQG� GDV

0RGHOO�LVW�LQVJHVDPW�DOV�VLJQLILNDQW�DXVJHZLHVHQ��GDKHU�NDQQ�GDV�0RGHOO�DQJHQRPPHQ�ZHUGHQ��'HU

=XVWDQG�GHV�.QLHJHOHQNHV�XQG�GLH�+|KH�GHU�=XJODVW�KDEHQ�NHLQHQ�VLJQLILNDQWHQ�(LQIOXVV�DXI�GLH

6WLIIQHVV��GLH�%HODVWXQJ�GHV�%HLQHV�KDW�GDJHJHQ�HLQHQ�VHKU�VLJQLILNDQWHQ�(LQIOXVV�DXI�GLH�6WLIIQHVV�

'LH�6WLIIQHVV�LVW�ZLH�GHU�&RPSOLDQFH�,QGH[�XQDEKlQJLJ�YRQ�GHU�DXIJHZHQGHWHQ�=XJODVW��'LHV�ZDU

QLFKW� XQEHGLQJW� ]X� HUZDUWHQ�� GD� GLH� 6WLIIQHVV� LP� XQWHUHQ� %HUHLFK� YRQ� 1XOO� ELV� ]XP� KDOEHQ

PD[LPDOHQ�.UDIWZHUW�EHUHFKQHW�ZXUGH��XQG�GHU�KDOEH�PD[LPDOH�.UDIWZHUW�QDW�UOLFK�YRQ�GHU�+|KH

GHU� PD[LPDOHQ� =XJNUDIW� DEKlQJW�� 6RZRKO� GLH� ,QWHJUDOTXRWLHQWHQ� GHU� 0P� ELFHSV� IHPRULV� XQG

VHPLWHQGLQRVXV�DOV�DXFK�GHU�GHV�0��YDVWXV�ODWHUDOLV�]HLJHQ�HLQHQ�VLJQLILNDQWHQ�=XVDPPHQKDQJ�]XU

6WLIIQHVV��7DEHOOH����

'LH� %HODVWXQJ� GHV� %HLQHV� KDW�PLW� $EVWDQG� GHQ� JU|�WHQ� (LQIOXVV� DXI� GLH� 6WLIIQHVV� EHL� QLHGULJHU

=XJNUDIW��7DEHOOH����
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Tabelle 8: Mehrweg Varianzanalyse für die Stiffness bei geringen Zugkräften

ANOVA
Hierarchical Method

Sig. B
Stiffness
low

Main Effects with
Covariates

(Combined) .000

Knie (Gruppe) .528
Beinlast (axial) .000
Zuglast (anterior) .314
Covariate Gastrocnemius .634 -.269

Biceps femoris .033 -1.214
Semitendinosus .021 -1.579
Rectus femoris .134 .836
Vastus lateralis .047 -1.244
Vastus medialis .753 .233

2-Way Interactions (Combined) .294
Knie * Beinlast .284
Knie * Zuglast .298
Beinlast * Zuglast .257

Model .001
b  Covariates entered with main effects

Tabelle 9: Einfluss der Faktoren auf die Kriteriumsvariable Stiffness bei geringen Zugkräften

Factor Summary
Eta Beta

Adjusted for Factors Adjusted for Factors and Covariates
Stiffness low Knie (Gruppe) .088 .087 .099

Beinlast (axial) .313 .312 .321
Zuglast (anterior) .081 .079 .072

'XUFK� +LQ]XQDKPH� GHU� .RYDULDWHQ� YHUJU|�HUW� GHU� 9RUKHUVDJHEHUHLFK� VLFK� YRQ� ���� DXI� ����

GDKHU� LVW� ]XPLQGHVW� HLQ� JHULQJHU� (LQIOXVV� GHU� %HLQPXVNXODWXU� DXI� GLH� 6WLIIQHVV� ZDKUVFKHLQOLFK�

LQVJHVDPW�NDQQ�DEHU�GDV�%HVWLPPWKHLWVPD��GLHVHV�0RGHOOV�QLFKW�]XIULHGHQ�VWHOOHQ�

Tabelle 10: Bestimmtheitsmaß des Modells für die Stiffness bei geringen Zugkräften

Model Goodness of Fit
Factors Factors and Covariates
R R Squared R R Squared

Stiffness low by Knie (Gruppe), Beinlast
(axial), Zuglast (anterior) with
gastrocnemius, biceps femoris,
semitendinosus, rectus femoris, vastus
lateralis, vastus medialis

.334 .112 .462 .214

8P�8QWHUVFKLHGH�LQ�GHQ�0LWWHOZHUWHQ�GHU�6WLIIQHVV�LQ�$EKlQJLJNHLW�YRQ�GHQ�)DNWRUHQ�=XVWDQG�GHV

.QLHJHOHQNHV�� %HODVWXQJ� GHV� %HLQHV� XQG� +|KH� GHU� =XJODVW� EHZHUWHQ� ]X� N|QQHQ�� ZXUGHQ� GLH

8QWHUVFKLHGH�DXI�6LJQLILNDQ]�JHSU�IW��7�7(67��

'LH� 6LJQLILNDQ]SU�IXQJ� GHU�0LWWHOZHUWXQWHUVFKLHGH� LP� EH]XJ� DXI� GHQ�=XVWDQG� GHV�.QLHJHOHQNHV

ZXUGH�JUXSSLHUW�QDFK�GHQ�YLHU�9HUVXFKVEHGLQJXQJHQ��%HLQ�EHODVWHW�²�HQWODVWHW��=XJODVW� VFKZHU�²
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OHLFKW��GXUFKJHI�KUW��,Q�GHU�%HGLQJXQJ�PLW�D[LDO�EHODVWHWHP�%HLQ�HUJDE�VLFK�NHLQ�HLQGHXWLJHU�7UHQG

LP� EH]XJ� DXI� GLH� *UXSSHQ]XJHK|ULJNHLW�� (V� HQWVWDQG� GHU� (LQGUXFN�� DOV� VHL� GLH� 6WLIIQHVV� LQ� GHU

%HGLQJXQJ�PLW�D[LDO�HQWODVWHWHP�%HLQ�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�JHULQJI�JLJ�QLHGULJHU��DOV�EHL

GHQ� LQWDNWHQ� .QLHJHOHQNHQ� XQG� GHQHQ� GHU� .RQWUROOJUXSSH�� ,Q� GLHVHP� =XVDPPHQKDQJ� PXVV

DOOHUGLQJV� QRFKPDOV� DQ� GLH�(UJHEQLVVH� GHU�9DULDQ]DQDO\VH� HULQQHUW�ZHUGHQ�� GLH� GHQ�(LQIOXVV� GHU

*UXSSHQ]XJHK|ULJNHLW�DXI�GLH�6WLIIQHVV�DOV�QLFKW�VLJQLILNDQW�DXVJHZLHVHQ�KDW�
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Abbildung 33: Stiffness bei niedrigen Kraftwerten und langsamer Krafteinleitung

'D� GLH� *UXSSHQ� VLFK� QLFKW� VLJQLILNDQW� YRQHLQDQGHU� XQWHUVFKHLGHQ�� ZXUGHQ� VLH� I�U� GLH

6LJQLILNDQ]SU�IXQJ�GHU�0LWWHOZHUWXQWHUVFKLHGH�KLQVLFKWOLFK�GHU�)DNWRUHQ�%HODVWXQJ�GHV�%HLQHV�XQG

+|KH�GHU�=XJODVW�]XVDPPHQJHIDVVW��'LH�0LWWHOZHUWXQWHUVFKLHGH�VLQG�LP�+LQEOLFN�DXI�GLH�%HODVWXQJ

GHV�%HLQHV�VHKU�VLJQLILNDQW��'LH�6WLIIQHVV�LVW�XQWHU�D[LDOHU�(QWODVWXQJ�GHV�%HLQHV�GHXWOLFK�QLHGULJHU

DOV�XQWHU�D[LDOHU�%HODVWXQJ��,P�+LQEOLFN�DXI�GLH�+|KH�GHU�=XJODVW�HUJDEHQ�VLFK�ZLH�EHL�GHU�0HKUZHJ

²�9DULDQ]DQDO\VH�NHLQH�VLJQLILNDQWHQ�0LWWHOZHUWXQWHUVFKLHGH��,Q�GHU�%HGLQJXQJ�PLW�D[LDO�HQWODVWHWHP

%HLQ� LVW� GLH� 6WLIIQHVV� EHL� GHQ� YHUOHW]WHQ�.QLHJHOHQNHQ� JHULQJI�JLJ� QLHGULJHU�� DOV� EHL� GHQ� LQWDNWHQ

.QLHJHOHQNHQ�XQG�GHQHQ�GHU�.RQWUROOJUXSSH�� ,Q�GHU�%HGLQJXQJ�PLW�D[LDO�EHODVWHWHP�%HLQ� LVW�GLH

6WLIIQHVV� EHL� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� GDJHJHQ� K|KHU�� $XFK� GLHVHV� (UJHEQLV� NDQQ� HLQ� ,QGL]

GDI�U� VHLQ�� GDVV� GLH� 3UREDQGHQ� EHL� D[LDOHU� %HODVWXQJ� GHV� %HLQHV� LQ� GHU� 8QWHUVXFKXQJVVLWXDWLRQ

DQJHVSDQQWHU� VLQG�� DOV� GLH� 3UREDQGHQ� GHU� .RQWUROOJUXSSH�� %HL� D[LDOHU� (QWODVWXQJ� NDQQ� GLH

%HLQPXVNXODWXU�HQWVSDQQW�ZHUGHQ��GD�GDV�%HLQ�NHLQ�.|USHUJHZLFKW�WUDJHQ�PXVV��'DKHU�PDFKW�VLFK

KLHU�GLH�HUK|KWH�/D[L]LWlW�GHU�YHUOHW]WHQ�.QLHJHOHQNH� LQ�HLQHU�JHULQJHUHQ�6WLIIQHVV�EHPHUNEDU��'D

GLH�9DULDQ]DQDO\VH� GHQ�(LQIOXVV� GHU�*UXSSHQ]XJHK|ULJNHLW� DXI� GLH� 6WLIIQHVV� DOV� QLFKW� VLJQLILNDQW

DXVJHZLHVHQ� KDW�� G�UIHQ� GLH� JUXSSHQVSH]LILVFKHQ� 8QWHUVFKLHGH� KLHU� QLFKW� �EHUEHZHUWHW� ZHUGHQ�

,QVJHVDPW� LVW�GLH�6WLIIQHVV�EHL�QLHGULJHQ�.UDIWZHUWHQ��EHUZLHJHQG�YRQ�GHU� D[LDOHQ�%HODVWXQJ�GHV

%HLQHV�DEKlQJLJ��'DEHL�LVW�GLH�6WLIIQHVV�JU|�HU��ZHQQ�GDV�%HLQ�EHODVWHW�LVW�
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Abbildung 34: Stiffness bei niederen Zugkräften, leichte und schwere anteriore Zuglast zusammengefasst

3.2.2.4 Stiffness bei hohen Zugkräften
'LH�0LWWHOZHUWXQWHUVFKLHGH�GHU�6WLIIQHVV�ZXUGHQ�LQ�HLQHU�0HKUZHJ�²�9DULDQ]DQDO\VH��$129$��LP

+LQEOLFN�DXI�GLH�)DNWRUHQ��EHUSU�IW��'HU�=XVWDQG�GHV�.QLHJHOHQNHV��*UXSSHQ��,QWDNW�²�9HUOHW]W�²

.RQWUROOH���GLH�%HODVWXQJ�GHV�%HLQHV��EHODVWHW�²�HQWODVWHW��XQG�GLH�=XJODVW��OHLFKW�²�VFKZHU��ZXUGHQ

DOV� )DNWRUHQ� HLQEH]RJHQ�� 'LH� ,QWHJUDOTXRWLHQWHQ� GHU� 0XVNHOQ� NRQQWHQ� LQ� GLHVHP� 0RGHOO� QLFKW

EHU�FNVLFKWLJW�ZHUGHQ��GD�GDV�0RGHOO�PLW�.RYDULDWHQ�QLFKW�VLJQLILNDQW�ZDU�

'LH� ,QWHUDNWLRQHQ� GHU� )DNWRUHQ� KDEHQ� NHLQHQ� VLJQLILNDQWHQ� (LQIOXVV� DXI� GLH� 6WLIIQHVV� XQG� GDV

0RGHOO�RKQH�.RYDULDWHQ�LVW�LQVJHVDPW�DOV�VLJQLILNDQW�DXVJHZLHVHQ��GDKHU�NDQQ�HV�DN]HSWLHUW�ZHUGHQ�

'HU�=XVWDQG�GHV�.QLHJHOHQNHV�XQG�GLH�+|KH�GHU�=XJODVW�KDEHQ�NHLQHQ�VLJQLILNDQWHQ�(LQIOXVV�DXI

GLH� 6WLIIQHVV�� GLH� %HODVWXQJ� GHV� %HLQHV� KDW� GDJHJHQ� HLQHQ� VHKU� VLJQLILNDQWHQ� (LQIOXVV� DXI� GLH

6WLIIQHVV��'LH�6WLIIQHVV�LVW�DXFK�EHL�KRKHQ�.UDIWZHUWHQ�XQDEKlQJLJ�YRQ�GHU�DXIJHZHQGHWHQ�=XJODVW�

Tabelle 11: Mehrweg Varianzanalyse für die Stiffness bei hohen Zugkräften

ANOVA
Hierarchical Method
Sig.

Stiffness high Main Effects (Combined) .001
Knie (Gruppe) .323
Beinlast (axial) .000
Zuglast (anterior) .241

2-Way Interactions (Combined) .627
Knie * Beinlast .278
Knie * Zuglast .846
Beinlast * Zuglast .455

Model .008
a  Stiffness high by Knie, Beinlast, Zuglast

'LH�%HODVWXQJ�GHV�%HLQHV�KDW�DOV�HLQ]LJHU�)DNWRU�HLQHQ�VLJQLILNDQWHQ�(LQIOXVV�DXI�GLH�6WLIIQHVV�EHL

KRKHU�=XJNUDIW�
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Tabelle 12: Einfluss der Faktoren auf die Kriteriumsvariable Stiffness bei hohen Zugkräften

Factor Summary
Eta Beta

Adjusted for Factors
Stiffness high Knie (Gruppe) .120 .120

Beinlast (axial) .323 .323
Zuglast (anterior) .094 .094

a  Stiffness high by Knie, Beinlast, Zuglast

'HU� 9RUKHUVDJHEHUHLFK� OLHJW� EHL� ����� GDKHU� NDQQ� GDV� %HVWLPPWKHLWVPD�� GLHVHV� 0RGHOOV� QLFKW

]XIULHGHQ� VWHOOHQ��(V� VLQG� QRFK�ZHLWHUH�� LQ� GLHVHU�8QWHUVXFKXQJ� XQNRQWUROOLHUWH� )DNWRUHQ� DQ� GHU

$XVSUlJXQJ�GHU�6WLIIQHVV�EHWHLOLJW�

Tabelle 13: Bestimmtheitsmaß des Modells für die Stiffness bei hohen Zugkräften

Model Goodness of Fit
R R Squared

Stiffness high by Knie (Gruppe), Beinlast (axial), Zuglast (anterior) .357 .127

7URW]� GHU� JHULQJHQ� $EKlQJLJNHLW� GHU� 6WLIIQHVV� YRQ� GHQ� )DNWRUHQ� =XVWDQG� GHV� .QLHJHOHQNHV�

%HODVWXQJ�GHV�%HLQHV�XQG�+|KH�GHU�=XJODVW�ZXUGHQ�GLH�8QWHUVFKLHGH��EHUSU�IW��7�7(67��

'LH� 6LJQLILNDQ]SU�IXQJ� GHU�0LWWHOZHUWXQWHUVFKLHGH� LP� EH]XJ� DXI� GHQ�=XVWDQG� GHV�.QLHJHOHQNHV

ZXUGH�JUXSSLHUW�QDFK�GHQ�YLHU�9HUVXFKVEHGLQJXQJHQ��%HLQ�EHODVWHW�²�HQWODVWHW��=XJODVW� VFKZHU�²

OHLFKW��GXUFKJHI�KUW��,Q�GHU�%HGLQJXQJ�PLW�D[LDO�EHODVWHWHP�%HLQ�HUJDE�VLFK�NHLQ�HLQGHXWLJHU�7UHQG

LP�EH]XJ�DXI�GLH�*UXSSHQ]XJHK|ULJNHLW�� ,Q�GLHVHP�=XVDPPHQKDQJ�PXVV� DXFK�QRFKPDOV� DQ�GLH

(UJHEQLVVH�GHU�9DULDQ]DQDO\VH�HULQQHUW�ZHUGHQ��GLH�GHQ�(LQIOXVV�GHU�*UXSSHQ]XJHK|ULJNHLW�DXI�GLH

6WLIIQHVV�DOV�QLFKW�VLJQLILNDQW�DXVJHZLHVHQ�KDW�
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Abbildung 35: Stiffness bei hohen Kraftwerten und langsamer Krafteinleitung
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'D� GLH� *UXSSHQ� VLFK� QLFKW� VLJQLILNDQW� YRQHLQDQGHU� XQWHUVFKHLGHQ�� ZXUGHQ� VLH� I�U� GLH

6LJQLILNDQ]SU�IXQJ�GHU�0LWWHOZHUWXQWHUVFKLHGH�KLQVLFKWOLFK�GHU�)DNWRUHQ�%HODVWXQJ�GHV�%HLQHV�XQG

+|KH�GHU�=XJODVW�]XVDPPHQJHIDVVW��'LH�0LWWHOZHUWXQWHUVFKLHGH�VLQG�LP�+LQEOLFN�DXI�GLH�%HODVWXQJ

GHV�%HLQHV�VHKU�VLJQLILNDQW��'LH�6WLIIQHVV�LVW�XQWHU�D[LDOHU�(QWODVWXQJ�GHV�%HLQHV�GHXWOLFK�QLHGULJHU

DOV�XQWHU�D[LDOHU�%HODVWXQJ��,P�+LQEOLFN�DXI�GLH�+|KH�GHU�=XJODVW�HUJDEHQ�VLFK�ZLH�EHL�GHU�0HKUZHJ

²�9DULDQ]DQDO\VH� NHLQH� VLJQLILNDQWHQ�0LWWHOZHUWXQWHUVFKLHGH��'D� GLH�9DULDQ]DQDO\VH� GHQ�(LQIOXVV

GHU�*UXSSHQ]XJHK|ULJNHLW�DXI�GLH�6WLIIQHVV�DOV�QLFKW�VLJQLILNDQW�DXVJHZLHVHQ�KDW��HU�EULJW�VLFK�KLHU

HLQH�ZHLWHUJHKHQGH�%HWUDFKWXQJ�
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Abbildung 36: Stiffness bei hohen Zugkräften, leichte und schwere anteriore Zuglast zusammengefasst

7���'LH� 6WLIIQHVV� ]HLJWH� VRZRKO� EHL� QLHGULJHQ� DOV� DXFK�EHL� KRKHQ�.UDIWZHUWHQ� HQWVSUHFKHQG�GHU

+\SRWKHVH�NHLQHQ�V\VWHPDWLVFKHQ�8QWHUVFKLHG�]ZLVFKHQ�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ��GHQ�LQWDNWHQ

.QLHJHOHQNHQ�XQG�GHQHQ�GHU�.RQWUROOJUXSSH��$OOHUGLQJV�ZXUGH�GLH�6WLIIQHVV�ZLH�HUZDUWHW�GXUFK�GLH

D[LDOH�%HODVWXQJ�GHV�%HLQHV�HUK|KW�

3.2.2.5 Progression
'LH�3URJUHVVLRQ�ZXUGH�LQ�HLQHU�0HKUZHJ�²�9DULDQ]DQDO\VH��$129$��DXI�0LWWHOZHUWXQWHUVFKLHGH

LP� +LQEOLFN� DXI� LKUH� )DNWRUHQ� �EHUSU�IW�� 'HU� =XVWDQG� GHV� .QLHJHOHQNHV� �*UXSSHQ�� ,QWDNW� ²

9HUOHW]W� ²� .RQWUROOH��� GLH� %HODVWXQJ� GHV� %HLQHV� �EHODVWHW� ²� HQWODVWHW�� XQG� GLH� =XJODVW� �OHLFKW� ²

VFKZHU��ZXUGHQ� DOV�)DNWRUHQ� HLQEH]RJHQ��'LH� ,QWHJUDOTXRWLHQWHQ�GHU�0XVNHOQ�ZXUGHQ� ]HLWJOHLFK

PLW�GHQ�+DXSWHIIHNWHQ�DOV�.RYDULDWHQ�HLQJHI�KUW�

'D� GDV� 0RGHOO� DXFK� RKQH� .RYDULDWHQ� QLFKW� VLJQLILNDQW� ZDU�� PXVVWH� GLH� 9DULDQ]DQDO\VH� I�U� GLH

%HGLQJXQJHQ� %HLQ� D[LDO� EHODVWHW� ²� HQWODVWHW� JHWUHQQW� GXUFKJHI�KUW� ZHUGHQ�� 'DGXUFK� ZDU� GDV

(LQ]HOPRGHOO�PLW�.RYDULDWHQ� I�U�GLH�%HGLQJXQJ�%HLQ�D[LDO� HQWODVWHW� VLJQLILNDQW�� GLH� ,QWHUDNWLRQHQ

GHU�)DNWRUHQ�KDEHQ�GDEHL� NHLQHQ� VLJQLILNDQWHQ�(LQIOXVV� DXI� GLH�3URJUHVVLRQ�� VR� GDVV� GDV�0RGHOO
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DQJHQRPPHQ� ZHUGHQ� NDQQ�� 'DV� 0RGHOO� I�U� GLH� %HGLQJXQJ� %HLQ� D[LDO� EHODVWHW� ZDU� DXFK� RKQH

.RYDULDWHQ�QLFKW�VLJQLILNDQW��VR�GDVV��EHU�GHQ�=XVDPPHQKDQJ�GHU�NRQWUROOLHUWHQ�)DNWRUHQ�PLW�GHU

3URJUHVVLRQ�LQ�GLHVHU�8QWHUVXFKXQJ�NHLQH�$XVVDJHQ�JHPDFKW�ZHUGHQ�N|QQHQ�

%HL� D[LDO� HQWODVWHWHP� %HLQ� KDW� GHU� =XVWDQG� GHV� .QLHJHOHQNHV� XQG� GLH� +|KH� GHU� =XJODVW� HLQHQ

VLJQLILNDQWHQ�(LQIOXVV�DXI�GLH�3URJUHVVLRQ��'LH�DOV�.RYDULDWHQ�HLQJHI�KUWHQ�,QWHJUDOTXRWLHQWHQ�GHU

0XVNHOQ�]HLJHQ�OHGLJOLFK�I�U�GHQ�0��JDVWURFQHPLXV�PHGLDOLV�HLQHQ�VLJQLILNDQWHQ�=XVDPPHQKDQJ�]XU

3URJUHVVLRQ�

Tabelle 14: Mehrweg Varianzanalyse für die Progression bei axial entlastetem Bein

ANOVA
Hierarchical
Method

Sig. B
Progression Main Effects with Covariates (Combined) .003

Knie (Gruppe) .044
Zuglast (anterior) .002
Covariate Gastrocnemius .024 1.482E-02

Biceps femoris .325 7.020E-03
Semitendinosus .484 -5.630E-03
Rectus femoris .137 -9.723E-03
Vastus lateralis .171 1.014E-02
Vastus medialis .618 4.357E-03

2-Way Interactions Knie * Zuglast .252
Model .005

a  Covariates entered with main effects
b  Beinlast = entlastet

8QWHU� (LQEH]XJ� GHU� .RYDULDWHQ� LVW� GHU� (LQIOXVV� GHU� DQWHULRUHQ� =XJODVW� XQG� GHV� =XVWDQGHV� GHV

.QLHJHOHQNV�DXI�GLH�3URJUHVVLRQ�HWZD�JOHLFK�JUR���7DEHOOH�����

Tabelle 15: Einfluss der Faktoren auf die Kriteriumsvariable Progression bei axial entlastetem Bein

Factor Summary
Eta Beta

Adjusted for Factors Adjusted for Factors and Covariates
Progression Knie (Gruppe) .273 .279 .311

Zuglast (anterior) .345 .349 .349
a  Beinlast = entlastet

Tabelle 16: Bestimmtheitsmaß des Modells für die Progression bei axial entlastetem Bein

Model Goodness of Fit
Factors Factors and Covariates
R R Squared R R Squared

Progression by Knie (Gruppe), Beinlast
(axial), Zuglast (anterior) with
gastrocnemius, biceps femoris,
semitendinosus, rectus femoris, vastus
lateralis, vastus medialis

.444 .197 .570 .325

a  Beinlast = entlastet
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'XUFK� +LQ]XQDKPH� GHU� .RYDULDWHQ� YHUJU|�HUW� GHU� 9RUKHUVDJHEHUHLFK� VLFK� YRQ� ���� DXI� ����

GDKHU� LVW�HLQ�JHULQJHU�(LQIOXVV�GHU�%HLQPXVNXODWXU�DXI�GLH�3URJUHVVLRQ�ZDKUVFKHLQOLFK�� LQVJHVDPW

EOHLEW�GDV�%HVWLPPWKHLWVPD��GLHVHV�0RGHOOV�JHULQJ��7DEHOOH�����

8P�8QWHUVFKLHGH�LQ�GHQ�0LWWHOZHUWHQ�GHU�3URJUHVVLRQ�LQ�$EKlQJLJNHLW�YRQ�GHQ�)DNWRUHQ�=XVWDQG

GHV�.QLHJHOHQNHV��%HODVWXQJ�GHV�%HLQHV�XQG�+|KH�GHU�=XJODVW�EHZHUWHQ�]X�N|QQHQ��ZXUGHQ�GLH

8QWHUVFKLHGH�DXI�6LJQLILNDQ]�JHSU�IW��7�7(67��

'LH� 6LJQLILNDQ]SU�IXQJ� GHU�0LWWHOZHUWXQWHUVFKLHGH� LP� EH]XJ� DXI� GHQ�=XVWDQG� GHV�.QLHJHOHQNHV

ZXUGH�JUXSSLHUW�QDFK�GHQ�YLHU�9HUVXFKVEHGLQJXQJHQ��%HLQ�EHODVWHW�²�HQWODVWHW��=XJODVW� VFKZHU�²

OHLFKW��GXUFKJHI�KUW��'XUFK�GLH�0LWWHOZHUWYHUJOHLFKH�HQWVWDQG�GHU�(LQGUXFN�� DOV� KlWWHQ�ZHGHU� GLH

+|KH�GHU�DQWHULRUHQ�=XJNUDIW��QRFK�GLH�D[LDOH�%HODVWXQJ�GHV�%HLQHV�HLQHQ�QHQQHQVZHUWHQ�(LQIOXVV

DXI� GLH� $XVSUlJXQJ� GHU� 3URJUHVVLRQ�� 'LH� 3URJUHVVLRQ� OLHJW� LP� JHVDPWHQ� .ROOHNWLY� XQWHU� GHQ

JHZlKOWHQ�9HUVXFKVEHGLQJXQJHQ�EHL�HWZD������GDV�EHGHXWHW��GDVV�GLH�6WLIIQHVV� LP�REHUHQ�%HUHLFK

GHU�=XJNUDIW�HWZD�XP�GLH�+lOIWH�JU|�HU�LVW��DOV�GLH�6WLIIQHVV�LP�QLHGULJHQ�%HUHLFK�GHU�=XJNUDIW�

$OOHUGLQJV�VFKHLQW�VLFK�GHU�7UHQG�GHU�3URJUHVVLRQ� LP�EH]XJ�DXI�GLH�*UXSSHQ]XJHK|ULJNHLW�GXUFK

GLH� D[LDOH�%HODVWXQJ�GHV�%HLQHV� JHUDGH]X� XP]XNHKUHQ��:lKUHQG� VLFK� GLH� YHUOHW]WHQ�.QLHJHOHQNH

XQWHU� D[LDOHU� %HODVWXQJ� GHV� %HLQHV� WHQGHQ]LHOO� ZHQLJHU� SURJUHVVLY� GDUVWHOOHQ�� DOV� GLH� LQWDNWHQ

.QLHJHOHQNH�XQG�GLH�GHU�.RQWUROOJUXSSH��VLQG�GLH�YHUOHW]WHQ�.QLHJHOHQNH�EHL�D[LDO�HQWODVWHWHP�%HLQ

SURJUHVVLYHU�� DOV� GLH� XQYHUOHW]WHQ� XQG� GLH� GHU� .RQWUROOJUXSSH�� 'HU� 8QWHUVFKLHG� ]ZLVFKHQ� GHQ

YHUOHW]WHQ�XQG�XQYHUOHW]WHQ� LVW� EHL� HQWODVWHWHP�%HLQ� XQG� VFKZHUHU�=XJODVW� VLJQLILNDQW�� ,Q� GLHVHP

=XVDPPHQKDQJ� P�VVHQ� DOOHUGLQJV� QRFKPDOV� GLH� (UJHEQLVVH� GHU� 9DULDQ]DQDO\VH� LQ� (ULQQHUXQJ

JHUXIHQ�ZHUGHQ��ZRQDFK�EHL�D[LDO�EHODVWHWHP�%HLQ�NHLQH�JHVLFKHUWHQ�=XVDPPHQKlQJH�]ZLVFKHQ�GHU

3URJUHVVLRQ�XQG�GHQ�)DNWRUHQ�+|KH�GHU�=XJODVW�XQG�=XVWDQG�GHV�.QLHJHOHQNHV�KHUJHVWHOOW�ZHUGHQ

NRQQWHQ�
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Zuglast
schwerleicht

M
ea

n 
+

- 
1 

S
D

 P
ro

gr
es

si
on

3,0

2,5

2,0

1,5

1,0

,5

Knie

Intakt

Verletzt

Kontrolle
1212 1212 1212N =

Bein axial entlastet

schwerleicht

3,5

3,0

2,5

2,0

1,5

1,0

,5
1212 1212 1212N =

Abbildung 37: Progression bei langsamer Krafteinleitung

:HQQ�PDQ�GLH�%HGLQJXQJ�PLW� OHLFKWHU�XQG�PLW� VFKZHUHU�=XJODVW� ]XVDPPHQIDVVW�� GDQQ�YHUVWlUNW

VLFK�GHU�(LQGUXFN��EHU�GDV�JHJHQVlW]OLFKH�9HUKDOWHQ�GHU�*UXSSHQ�LP�EH]XJ�DXI�GLH�D[LDOH�%HODVWXQJ

GHV�%HLQHV��:lKUHQG�GLH�LQWDNWHQ�.QLHJHOHQNH�XQG�GLH�GHU�.RQWUROOJUXSSH�EHL�D[LDOHU�%HODVWXQJ�GHV

%HLQHV� HLQH� K|KHUH� 3URJUHVVLRQ� DXIZHLVHQ� DOV� EHL� D[LDOHU� (QWODVWXQJ� GHV� %HLQHV�� LVW� HV� EHL� GHQ

YHUOHW]WHQ�.QLHJHOHQNHQ� JHQDX� XPJHNHKUW��'LH� YHUOHW]WHQ�.QLHJHOHQNH� YHUKDOWHQ� VLFK� EHL� D[LDOHU

(QWODVWXQJ�GHV�%HLQHV�SURJUHVVLYHU�DOV�EHL�D[LDOHU�%HODVWXQJ��$XFK�GLHVHV�(UJHEQLV�NDQQ�DOV�,QGL]

I�U� HLQH� HUK|KWH�$QVSDQQXQJ� GHU� 3UREDQGHQ� DP� YHUOHW]WHQ� %HLQ� EHL� D[LDOHU� %HODVWXQJ� JHZHUWHW

ZHUGHQ�
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Abbildung 38: Progression, leichte und schwere anteriore Zuglast zusammengefasst

7��� 'LH� 3URJUHVVLRQ� ]HLJWH� HQWVSUHFKHQG� GHU� +\SRWKHVH� NHLQHQ� V\VWHPDWLVFKHQ� 8QWHUVFKLHG

]ZLVFKHQ�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ��GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG�GHQHQ�GHU�.RQWUROOJUXSSH�

6LH�PXVV�DOOHUGLQJV�DXIJUXQG�LKUHU�JHJHQVlW]OLFKHQ�(UJHEQLVVH�I�U�GDV�D[LDO�EHODVWHWH�%HLQ�XQG�I�U

GDV�D[LDO�HQWODVWHWH�%HLQ�JHWUHQQW�EHWUDFKWHW�ZHUGHQ�
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3.2.2.6 Energie
,Q�HLQHU�0HKUZHJ�²�9DULDQ]DQDO\VH��$129$��JLQJHQ�DOV�)DNWRUHQ�GHU�=XVWDQG�GHV�.QLHJHOHQNHV�

GLH� %HODVWXQJ� GHV� %HLQHV� XQG� GLH� =XJODVW� HLQ�� 8P� HLQHQ� (LQIOXVV� GHU� 0XVNXODWXU� DXI� GLH

(QHUJLHELODQ]� HUNHQQHQ� ]X� N|QQHQ�� ZXUGHQ� GLH� ,QWHJUDOTXRWLHQWHQ� GHU� 0XVNHOQ� DOV� .RYDULDWHQ

HLQJHI�KUW�

=ZDU� KDEHQ� GLH� ,QWHUDNWLRQHQ� GHU� )DNWRUHQ� NHLQHQ� VLJQLILNDQWHQ�(LQIOXVV� DXI� GLH� (QHUJLHELODQ]�

DEHU� GDV� 0RGHOO� LQVJHVDPW� LVW� JHUDGH� HEHQ� QLFKW� VLJQLILNDQW�� VR� GDVV� HV� K|FKVWHQV� 7HQGHQ]HQ

DXI]HLJHQ� NDQQ�� 9RQ� GHQ� )DNWRUHQ� KDW� OHGLJOLFK� GLH� %HODVWXQJ� GHV� %HLQHV� HLQHQ� VLJQLILNDQWHQ

(LQIOXVV� DXI� GLH� (QHUJLHELODQ]�� GDI�U� VWHKHQ� GLH� ,QWHJUDOTXRWLHQWHQ� ]ZHLHU�0XVNHOQ� �0P� ELFHSV

IHPRULV�XQG�YDVWXV�ODWHUDOLV��LQ�VLJQLILNDQWHP�=XVDPPHQKDQJ�PLW�LKU�

Tabelle 17: Mehrweg Varianzanalyse für die Energie

ANOVA
Hierarchical Method

Sig. B
Energie Main Effects with

Covariates
(Combined) .039

Knie (Gruppe) .150
Beinlast (axial) .045
Zuglast (anterior) .351
Covariate Gastrocnemius .445 -.248

Biceps femoris .014 -.806
Semitendinosus .628 .188
Rectus femoris .992 3.388E-03
Vastus lateralis .046 .719
Vastus medialis .831 9.066E-02

2-Way Interactions (Combined) .531
Knie * Beinlast .917
Knie * Zuglast .162
Beinlast * Zuglast .598

Model .081
Residual
Total

Covariates entered with main effects

Tabelle 18: Einfluss der Faktoren auf die Kriteriumsvariable Energie

Factor Summary
Eta Beta

Adjusted for Factors Adjusted for Factors and
Covariates

Energie Knie (Gruppe) Band .162 .162 .113
Beinlast (axial) Belast .167 .166 .166
Zuglast (anterior) Last .078 .077 .076

'HU�9RUKHUVDJHEHUHLFK�YHUGRSSHOW�VLFK�GXUFK�+LQ]XQDKPH�GHU�.RYDULDWHQ��VR�GDVV�PDQ�YRQ�HLQHU

%HHLQIOXVVXQJ�GHU�(QHUJLHELODQ]�GXUFK�GLH�%HLQPXVNXODWXU�DXVJHKHQ�NDQQ��,QVJHVDPW�LVW�MHGRFK�GHU

9RUKHUVDJHEHUHLFK�PLW�����VHKU�JHULQJ�
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Tabelle 19: Bestimmtheitsmaß des Modells für die Energie

Model Goodness of Fit
Factors Factors and Covariates
R R Squared R R Squared

Energie by Knie (Gruppe), Beinlast
(axial), Zuglast (anterior) with
gastrocnemius, biceps femoris,
semitendinosus, rectus femoris, vastus
lateralis, vastus medialis

.245 .060 .368 .136

9RQ�GHQ�)DNWRUHQ�KDW�YRU�DOOHP�GLH�%HODVWXQJ�GHV�%HLQHV�HLQHQ�(LQIOXVV�DXI�GLH�(QHUJLHELODQ]��DEHU

DXFK�GHU�=XVWDQG�GHV�.QLHJHOHQNHV�XQG�GLH�+|KH�GHU�=XJODVW�VWHKHQ�LP�=XVDPPHQKDQJ�PLW�LKU�

'LH�0LWWHOZHUWXQWHUVFKLHGH�LP�EH]XJ�DXI�GHQ�=XVWDQG�GHV�.QLHJHOHQNHV��JUXSSLHUW�QDFK�GHQ�YLHU

9HUVXFKVEHGLQJXQJHQ��ZDUHQ�DOOHVDPW�QLFKW�VLJQLILNDQW��,Q�GHQ�9HUVXFKVEHGLQJXQJHQ�PLW�VFKZHUHU

=XJODVW� OLH�HQ� VLFK� MHGRFK� WHQGHQ]LHOO� JHULQJHUH�(QHUJLHYHUOXVWH� EHL� GHQ� YHUOHW]WHQ�.QLHJHOHQNHQ

QDFKZHLVHQ�

Reiz langsam      Bein axial belastet
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Abbildung 39: Energie bei langsamer Krafteinleitung

)DVVW� PDQ� GLH� *UXSSHQ� I�U� GLH� 6LJQLILNDQ]SU�IXQJ� GHU� 0LWWHOZHUWXQWHUVFKLHGH� KLQVLFKWOLFK� GHU

)DNWRUHQ� %HODVWXQJ� GHV� %HLQHV� XQG� +|KH� GHU� =XJODVW� ]XVDPPHQ�� VR� VLQG� GLH

0LWWHOZHUWXQWHUVFKLHGH� LP�+LQEOLFN�DXI�GLH�%HODVWXQJ�GHV�%HLQHV� VLJQLILNDQW�� LP�+LQEOLFN�DXI�GLH

+|KH� GHU� =XJODVW� QLFKW� VLJQLILNDQW�� 'HU� (QHUJLHYHUOXVW� LVW� XQWHU� (QWODVWXQJ� JU|�HU� DOV� XQWHU

%HODVWXQJ��%HL� VFKZHUHU�=XJODVW� LVW�GHU�(QHUJLHYHUOXVW� WHQGHQ]LHOO� JU|�HU� DOV�EHL� OHLFKWHU�=XJODVW�

:HQQ�PDQ�GLH�%HGLQJXQJHQ�OHLFKWH�XQG�VFKZHUH�DQWHULRUH�=XJODVW�]XVDPPHQIDVVW��VR�ZHLVHQ�GLH

YHUOHW]WHQ� .QLHJHOHQNH� VRZRKO� EHL� D[LDOHU� %HODVWXQJ� DOV� DXFK� EHL� D[LDOHU� (QWODVWXQJ� HLQHQ

WHQGHQ]LHOO�JHULQJHUHQ�(QHUJLHYHUOXVW�DXI�DOV�GLH�LQWDNWHQ�.QLHJHOHQNH�XQG�GLH�GHU�.RQWUROOJUXSSH�
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Abbildung 40: Energie, leichte und schwere anteriore Zuglast zusammengefasst

7��� (QWVSUHFKHQG� GHQ� (UZDUWXQJHQ� ZDU� GHU� (QHUJLHYHUOXVW� I�U� GLH� YHUOHW]WHQ� .QLHJHOHQNH� GHU

8QWHUVXFKXQJVJUXSSH� JHULQJHU�� DOV� I�U� GLH� LQWDNWHQ� .QLHJHOHQNH� XQG� GLH� .QLHJHOHQNH� GHU

.RQWUROOJUXSSH��'HU�(QHUJLHYHUOXVW�ZDU�EHL�D[LDO�EHODVWHWHP�%HLQ�ZLH�HUZDUWHW�JU|�HU�

3.3 Zusammenfassung
$XIJUXQG�GHU�%HUHFKQXQJHQ�VWHOOW� VLFK�NODU�KHUDXV��GDVV� GLH� HUKREHQHQ�PHFKDQLVFKHQ�3DUDPHWHU

]XU�%HVFKUHLEXQJ�GHU�IXQNWLRQHOOHQ�6WDELOLWlW�GHV�.QLHJHOHQNHV�KDXSWVlFKOLFK�PLW�GHU�%HODVWXQJ�GHV

%HLQHV� YDULLHUHQ�� 'LH� IXQNWLRQHOOH� 6WDELOLWlW� DP� .QLHJHOHQN� ZLUG� XQWHU� GHQ� JHZlKOWHQ

9HUVXFKVEHGLQJXQJHQ�GXUFK�GLH�%HODVWXQJ�GHV�%HLQHV�PLW�GHP�.|USHUJHZLFKW� VWDUN� HUK|KW��'LH

*U|�H� GHV� GHVWDELOLVLHUHQGHQ� 5HL]HV� EHHLQIOXVVW� GLH� IXQNWLRQHOOH� 6WDELOLWlW� LQ� GHQ� JHZlKOWHQ

9HUVXFKVEHGLQJXQJHQ�HUVW�LQ�]ZHLWHU�/LQLH�

'LH�7LELDYHUVFKLHEXQJ� LQ� DQWHULRUHU�5LFKWXQJ��GHU�&RPSOLDQFH�,QGH[� LQ� DQWHULRUHU�5LFKWXQJ� XQG

GHU� (QHUJLHYHUOXVW� LVW� JU|�HU� EHL� HQWODVWHWHP� %HLQ� DOV� EHL� EHODVWHWHP� %HLQ�� 'LH� 6WLIIQHVV� LVW

HUZDUWXQJVJHPl�� EHL� EHODVWHWHP� %HLQ� K|KHU� DOV� EHL� HQWODVWHWHP� %HLQ�� 'LH� HQWVSUHFKHQG� GHU

9HUVXFKVEHGLQJXQJHQ� JUXSSLHUWHQ� 'DWHQ� ODVVHQ� I�U� GLH� 3URJUHVVLRQ� DXI� GHU� *UXQGODJH� GHU

XQWHUVXFKWHQ�3UREDQGHQ�NHLQH�HLQGHXWLJHQ�8QWHUVFKLHGH�HUNHQQHQ��ZDV�GLH�%HODVWXQJ�GHV�%HLQHV

DQEHODQJW��+LHU�YHUKDOWHQ�VLFK�GLH�YHUOHW]WHQ�.QLHJHOHQNH�JHQDX�LQ�HQWJHJHQJHVHW]WHU�5LFKWXQJ�]X

GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG�GHQHQ�GHU�.RQWUROOJUXSSH�

'LH� VWDELOLVLHUHQGH� :LUNXQJ� GHU� D[LDOHQ� %HODVWXQJ� GHV� %HLQHV� NRQQWH� PLW� DOOHQ� HUKREHQHQ

PHFKDQLVFKHQ�3DUDPHWHUQ�GHXWOLFK�QDFKJHZLHVHQ�ZHUGHQ��OHGLJOLFK�I�U�GLH�3URJUHVVLRQ�PXVV�GLHVH

$XVVDJH�HLQJHVFKUlQNW�ZHUGHQ�

8QWHUVFKLHGH�LP�=XVWDQG�GHV�.QLHJHOHQNHV�GHU�XQWHUVXFKWHQ�3UREDQGHQ�KDEHQ�EHL�D[LDO�EHODVWHWHP

%HLQ�QXU�HLQHQ�JHULQJHQ�(LQIOXVV�DXI�GLH�PHFKDQLVFKHQ�3DUDPHWHU��/HGLJOLFK�GLH�(QHUJLHELODQ]�]HLJW
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EHL� VFKZHUHU� =XJODVW� HLQHQ� HLQGHXWLJHQ� 7UHQG� LP� EH]XJ� DXI� GLH� *UXSSHQ]XJHK|ULJNHLW� GHU

.QLHJHOHQNH�� 6LH� ]HLJW� LQ� GHQ� 9HUVXFKVEHGLQJXQJHQ� PLW� VFKZHUHU� =XJODVW� HLQH� 7HQGHQ]� ]XP

UHGX]LHUWHQ�(QHUJLHYHUOXVW�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�

'LH�PHFKDQLVFKHQ�3DUDPHWHU��GLH�GLH�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV� UHSUlVHQWLHUHQ�� VWHKHQ

LQ�HLQHU�:HFKVHOZLUNXQJ�PLW�GHQ�,QWHJUDOTXRWLHQWHQ��GLH�]XU�.RQWUROOH�GHU�PXVNXOlUHQ�$NWLYLWlWHQ

XP� GDV� .QLHJHOHQN� KHUXP� HUKREHQ� ZXUGHQ�� 'DKHU� LVW� HLQH� JHJHQVHLWLJH� %HHLQIOXVVXQJ� QLFKW

DXV]XVFKOLH�HQ�� 'LH� =XVDPPHQKlQJH� ]ZLVFKHQ� GHQ� PHFKDQLVFKHQ� 3DUDPHWHUQ� XQG� GHQ

,QWHJUDOTXRWLHQWHQ�IDOOHQ�MHGRFK�GHUDUW�JHULQJ�DXV��GDVV�VLH�LQKDOWOLFK�QLFKW��EHULQWHUSUHWLHUW�ZHUGHQ

G�UIHQ�� 'HU� ZHVHQWOLFKH� VWDELOLVLHUHQGH� )DNWRU� XQWHU� GLHVHQ� IXQNWLRQHOOHQ

8QWHUVXFKXQJVEHGLQJXQJHQ� G�UIWH� GHPQDFK� GLH� D[LDOH� %HODVWXQJ� GHV� %HLQHV� PLW� GHP

.|USHUJHZLFKW�VHLQ�

9RU� DOOHP� GLH� EHLGHQ�9DVWL� VFKHLQHQ� HLQHQ� JHZLVVHQ�(LQIOXVV� DXI� GLH�$XVSUlJXQJ�PHFKDQLVFKHU

3DUDPHWHU��ZLH�7LELDYHUVFKLHEXQJ�XQG�&RPSOLDQFH�,QGH[�]X�EHVLW]HQ��'LH�7LELDYHUVFKLHEXQJ�XQG

GHU� &RPSOLDQFH�,QGH[� ZHUGHQ� PLW� GHU� $NWLYLWlW� GHU� 9DVWL� JU|�HU�� 'LH� 6WLIIQHVV� LP� KRKHQ

.UDIWEHUHLFK��GLH�3URJUHVVLRQ�XQG�GLH�(QHUJLHELODQ]�VFKHLQHQ�GDJHJHQ�QDKH]X�XQDEKlQJLJ�YRQ�GHQ

UHJLVWULHUWHQ�8QWHUVFKLHGHQ�LQ�GHU�PXVNXOlUHQ�$NWLYLWlW�]X�VHLQ�

,P�EH]XJ� DXI�GLH�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV�ZXUGH�PLW�GHQ� HUKREHQHQ�PHFKDQLVFKHQ

3DUDPHWHUQ� GLH� D[LDOH� %HODVWXQJ� GHV� %HLQHV� PLW� GHP� .|USHUJHZLFKW� DOV� GHU� PD�JHEHQGH

VWDELOLVLHUHQGH�)DNWRU�LGHQWLIL]LHUW��'LH�D[LDOH�%HODVWXQJ�GHV�%HLQHV�PRGXOLHUW�GDU�EHU�KLQDXV�DXFK

GLH�$NWLYLHUXQJ�GHU�NQLHVWDELOLVLHUHQGHQ�0XVNXODWXU��ZLH�LP�QlFKVWHQ�7HLO�QRFK�]X�]HLJHQ�VHLQ�ZLUG�

8P�GLH�7UHQGV�KLQVLFKWOLFK�GHU�*UXSSHQ]XJHK|ULJNHLW�GHU�.QLHJHOHQNH�GHXWOLFKHU�KHUYRU]XKHEHQ�

ZXUGHQ�GLH�9HUVXFKVEHGLQJXQJHQ�PLW� OHLFKWHU�XQG�VFKZHUHU�=XJODVW�]X�HLQHU�9HUVXFKVEHGLQJXQJ

]XVDPPHQJHIDVVW�� 'D� VLFK� GLH� PHFKDQLVFKHQ� 3DUDPHWHU� LP� EH]XJ� DXI� GLH� +|KH� GHU� DQWHULRUHQ

=XJODVW�QLFKW�ZHVHQWOLFK�YRQHLQDQGHU�XQWHUVFKHLGHQ��HUVFKHLQW�GLHVH�9HUIDKUHQVZHLVH�]XOlVVLJ�

'LH�YHUOHW]WHQ��XQG�UHNRQVWUXLHUWHQ��.QLHJHOHQNH�ZHLVHQ�GHPQDFK�LQ�GHU�7LELDYHUVFKLHEXQJ��GHP

&RPSOLDQFH�,QGH[� XQG� LQ� GHU� 3URJUHVVLRQ� EHL� GHU� 9HUVXFKVEHGLQJXQJ� PLW� HQWODVWHWHP� %HLQ

VLJQLILNDQWH�8QWHUVFKLHGH�]X�GHQ�LQWDNWHQ�.QLHJHOHQNHQ�DXI��'LH�8QWHUVFKLHGH�LQ�GHU�6WLIIQHVV�XQG

GHU�(QHUJLHELODQ]�EOHLEHQ�QLFKW�VLJQLILNDQW��'LH�.QLHJHOHQNH�GHU�.RQWUROOJUXSSH�YHUKDOWHQ�VLFK�EHL

GHU�7LELDYHUVFKLHEXQJ��EHL�GHU�3URJUHVVLRQ�XQG�EHL�GHU�(QHUJLHELODQ]� LQ�GHU�7HQGHQ]�VR��ZLH�GLH

LQWDNWHQ�.QLHJHOHQNH�� GLH� 8QWHUVFKLHGH� ]X� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� ZDUHQ� GDEHL� DEHU� QLFKW

VLJQLILNDQW�
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6RZRKO�GLH�7LELDYHUVFKLHEXQJ�LQ�DQWHULRUHU�5LFKWXQJ��DOV�DXFK�GHU�&RPSOLDQFH�,QGH[�LQ�DQWHULRUHU

5LFKWXQJ� VLQG� EHL� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� YHUJU|�HUW�� ZDV� DXI� HLQH� HUK|KWH� /D[L]LWlW� GHV

.DSVHO�%DQG�$SSDUDWHV�KLQGHXWHW�

'LH�3URJUHVVLRQ�GHU�YHUOHW]WHQ�.QLHJHOHQNH�LVW�JHJHQ�EHU�GHU�3URJUHVVLRQ�GHU�LQWDNWHQ�.QLHJHOHQNH

HEHQIDOOV� HWZDV� YHUJU|�HUW�� %HL� D[LDOHU� %HODVWXQJ� GHV� %HLQHV� YHUKlOW� HV� VLFK� MHGRFK� JHQDX

DQGHUVKHUXP�

'LH� (QHUJLHELODQ]� GHU� YHUOHW]WHQ� .QLHJHOHQNH� GHXWHW� DXI� HLQHQ� UHGX]LHUWHQ� (QHUJLHYHUOXVW� LP

9HUJOHLFK� ]X� GHQ� LQWDNWHQ� .QLHJHOHQNHQ� XQG� GHQHQ� GHU� .RQWUROOJUXSSH� KLQ�� 'DEHL� VLQG� GLH

8QWHUVFKLHGH�DOOHUGLQJV�QLFKW�VLJQLILNDQW��VLH�]HLJHQ�VLFK�MHGRFK�DXFK�EHL�EHODVWHWHP�%HLQ�

,QVJHVDPW�VWHOOHQ�VLFK�GLH�YHUOHW]WHQ�.QLHJHOHQNH�EHL�HQWODVWHWHP�%HLQ�YRU�DOOHP�LP�+LQEOLFN�DXI�GLH

7LELDYHUVFKLHEXQJ� XQG� GHQ�&RPSOLDQFH�,QGH[� HWZDV� LQVWDELOHU� GDU�� DOV� GLH� LQWDNWHQ�.QLHJHOHQNH

XQG�GLH�GHU�.RQWUROOJUXSSH��'LH�D[LDOH�%HODVWXQJ�GHV�%HLQHV�PLW�GHP�.|USHUJHZLFKW�OLHIHUW�HLQHQ

KRKHQ�%HLWUDJ�]XU�IXQNWLRQHOOHQ�6WDELOLWlW�GHV�.QLHJHOHQNHV��VR�GDVV�GLH�8QWHUVFKLHGH�GHU�YHUOHW]WHQ

.QLHJHOHQNH� ]X� GHQ� LQWDNWHQ� XQG� GHQHQ� GHU� .RQWUROOJUXSSH�� GLH� VLFK� EHL� HQWODVWHWHP� %HLQ

QDFKZHLVHQ�ODVVHQ��EHL�EHODVWHWHP�%HLQ�IDVW�YROOVWlQGLJ�YHUVFKZLQGHQ�

%HL�HQWODVWHWHP�%HLQ�OlVVW�VLFK�DOVR�QRFK�HLQH�PLQLPDO�HUK|KWH�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV

EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�QDFKZHLVHQ��EHL�EHODVWHWHP�%HLQ�QLFKW�PHKU�

:HQQ�PDQ�GLH�(UJHEQLVVH�GHU�9HUVXFKH�PLW�D[LDO�HQWODVWHWHP�%HLQ�KLQVLFKWOLFK�GHV�=XVWDQGHV�GHV

.QLHJHOHQNHV�]XVDPPHQIDVVW��VR�NDQQ�PDQ�IROJHQGHV�0RGHOO�NRQVWUXLHUHQ�
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Abbildung 41: Modellhafter Vergleich eines verletzten, operierten und rehabilitierten Kniegelenkes mit
einem intakten Kniegelenk bei axial entlastetem Bein

'LH�PHFKDQLVFKHQ�3DUDPHWHU�ZXUGHQ�]XU�8QWHUVXFKXQJ�GHU�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV

KHUDQJH]RJHQ�� 'LH� YHUOHW]WHQ� .QLHJHOHQNH� ]HLFKQHQ� VLFK� EHL� D[LDOHU� (QWODVWXQJ� JHJHQ�EHU� GHQ

LQWDNWHQ� GXUFK� HLQH� HUK|KWH� 7LELDYHUVFKLHEXQJ�� HLQHQ� JU|�HUHQ� &RPSOLDQFH�,QGH[�� GXUFK� HLQH

JHULQJHUH�6WLIIQHVV�EHL�QLHGHUHQ�.UDIWZHUWHQ��GXUFK�HLQH�JU|�HUH�6WLIIQHVV�EHL�KRKHQ�.UDIWZHUWHQ�

HLQH�HUK|KWH�3URJUHVVLRQ�XQG�HLQHQ�UHGX]LHUWHQ�(QHUJLHYHUOXVW�DXV�
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4.1 Methoden
'HU� 9HUVXFKVDXIEDX� ]XU� 8QWHUVXFKXQJ� GHU� 0XVNHOIXQNWLRQ� ZDU� DQDORJ� ]X� GHP�� GHU� I�U� GLH

8QWHUVXFKXQJ�GHU�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV�YHUZHQGHW�ZXUGH��YHUJO��$EE�������,Q�GHU

9HUVXFKVEHGLQJXQJ� PLW� VFKQHOOHU� .UDIWHLQOHLWXQJ� VWDQG� GHU� PXVNXOlUH� $QWHLO� GHU

*HOHQNVWDELOLVDWLRQ� LP� =HQWUXP� GHV� ,QWHUHVVHV�� 'D]X� ZXUGH� GLH� 0XVNHOIXQNWLRQ� TXDQWLIL]LHUW�

LQGHP� GLH� 5HIOH[UHDNWLRQ� GHU� JHOHQNVWDELOLVLHUHQGHQ� 0XVNXODWXU� PLW� +LOIH� YRQ� Å)DOOWHVWV´

XQWHUVXFKW�ZXUGH��'XUFK�GHQ�)DOOLPSXOV�HLQHV�OHLFKWHQ�*HZLFKWV�����NJ��DXV�HLQHU�VWDQGDUGLVLHUWHQ

+|KH� ����P�� HQWIDOWHWH� VLFK� VFKQHOO� HLQ� VHKU� KRKHU� .UDIWJUDGLHQW� ������PV��� =XU� PHFKDQLVFKHQ

6LFKHUXQJ�XQG�]XU�%HJUHQ]XQJ�GHU�.UDIW�ZXUGH�HLQH�.XQVWVWRIIEU�FNH�PLW�HLQHU�5HL�IHVWLJNHLW�YRQ

���1� E]Z�� ���1� ]ZLVFKHQ� 8QWHUVFKHQNHO� XQG� *HZLFKW� HLQJHI�JW�� 0LW� GLHVHU� $QRUGQXQJ� ZDU

VLFKHUJHVWHOOW��GDVV�GDV�.QLHJHOHQN�QXU�LQQHUKDOE�GLHVHU�%HODVWXQJVJUHQ]HQ�DQ�GDV�IDOOHQGH�*HZLFKW

JHNRSSHOW�ZDU�

         
Abbildung 42: Kunststoffbrücke zur Sicherung des Kniegelenkes und zur Begrenzung der Zugkraft

'D� LQ� GHU� 9HUVXFKVEHGLQJXQJ� PLW� VFKQHOOHU� .UDIWHLQOHLWXQJ� GLH� QHXURSK\VLRORJLVFKHQ

(LJHQVFKDIWHQ�GHV�.QLHJHOHQNHV�LP�9RUGHUJUXQG�VWDQGHQ��ZXUGHQ�GLH�(0*V�GHU�%HLQPXVNXODWXU

HUIDVVW�� (V� ZXUGHQ� GLH� 2EHUIOlFKHQHOHNWURP\RJUDPPH� GHU� 0P� JDVWURFQHPLXV� PHGLDOLV�

VHPLWHQGLQRVXV��ELFHSV�IHPRULV�� UHFWXV�IHPRULV��YDVWXV� ODWHUDOLV�XQG�YDVWXV�PHGLDOLV�DXIJH]HLFKQHW�

GDPLW� GLH� 5HDNWLRQ� GHU�0XVNXODWXU� DXI� GLH� 'HVWDELOLVLHUXQJ� GHV�*HOHQNHV� GRNXPHQWLHUW� ZHUGHQ

NRQQWH�� 8P� GLH� +|KH� GHU� PXVNXOlUHQ� $NWLYLWlW� DE]XVFKlW]HQ�� ZXUGH� GLH� PD[LPDOH� $PSOLWXGH
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HUKREHQ�XQG�HLQ�,QWHJUDOTXRWLHQW�JHELOGHW��'HU�=HLWSXQNW�GHV�(LQVDW]HV�GHU�PXVNXOlUHQ�$NWLYLWlW

ZXUGH�GDGXUFK�HUIDVVW��GDVV�GLH�/DWHQ]]HLW�GHU�0XVNXODWXU�YRP�%HJLQQ�GHV�.UDIWDQVWLHJHV�ELV�]XP

HUVWHQ�$QVWHLJHQ�GHU�(0*�²�$NWLYLWlW�JHPHVVHQ�ZXUGH�

'LH� 9HUVXFKVDQRUGQXQJ� ZDU� GLH� JOHLFKH�� ZLH� EHL� GHU� 0HVVXQJ� GHU� /D[L]LWlW� GHV� .DSVHO�%DQG�

$SSDUDWHV�� 'LH� 5RKGDWHQ� ZXUGHQ� �EHU� ]HKQ� (LQ]HOYHUVXFKH� DXIVXPPLHUW� XQG� JHPLWWHOW�� 'LH

(LQ]XJVIUHTXHQ]� EHWUXJ� GDEHL� �N+]�� GLH� 'DWHQ� ZXUGHQ� XQJHILOWHUW� �EHUQRPPHQ�� 'LH� (0*V

ZXUGHQ� JOHLFKJHULFKWHW�� =XU� .RQWUROOH� ZXUGHQ� GDV� 0D[LPXP� GHU� HLQJHOHLWHWHQ� .UDIW�� GHU

.QLHZLQNHO�XQG�GLH�7LELDYHUVFKLHEXQJ�LQ�GHU�REHQ�EHVFKULHEHQHQ�:HLVH�DXIJH]HLFKQHW�

 

Reiz schnell, Bein axial unbelastet, Zuglast schwer

gastroc. med.

bic. fem.

semitend .

rect. fem.
vast. lat.
vast. med.

Kniewinkel

Zugkraft

Translation

Patella
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100ms
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Abbildung 43: Rohdaten aufsummiert

4.1.1 Integralquotienten
8P�HLQ�0D�� I�U�GLH�$NWLYLWlWVVWHLJHUXQJ�GHU�0XVNXODWXU� DOV�5HDNWLRQ� DXI� GLH�.UDIWHLQOHLWXQJ� ]X

HUKDOWHQ��ZXUGHQ�GLH�(0*V�LQWHJULHUW��*HPHVVHQ�YRP�=HLWSXQNW�GHV�LQLWLDOHQ�$QVWHLJHQV�GHU�.UDIW

ZXUGH�HLQ����PV�,QWHJUDO�YRUKHU�XQG�HLQ����PV�,QWHJUDO�QDFKKHU�JHELOGHW��'DV�,QWHJUDO�QDFK�GHP

.UDIWDQVWLHJ�ZXUGH�DP�,QWHJUDO�YRU�GHP�.UDIWDQVWLHJ�UHODWLYLHUW��'LHVHU�IRUWDQ�DOV�,QWHJUDOTXRWLHQW

EH]HLFKQHWH�:HUW�ZXUGH�DOV�0D��I�U�GLH�$NWLYLWlWVVWHLJHUXQJ�LQWHUSUHWLHUW�

4.1.2 Amplituden
8P�GLH�PD[LPDOH�PXVNXOlUH�$NWLYLWlW�DEVFKlW]HQ�]X�N|QQHQ��ZXUGH�GLH�PD[LPDOH�$PSOLWXGH�GHV

(0*V� QDFK� GHP� $QVWHLJHQ� GHV� .UDIWZHUWHV� KHUDQJH]RJHQ�� ,Q� GHU� 5HJHO� IDQG� GLH� PD[LPDOH

$NWLYLWlW�GHU�0XVNXODWXU�LQ�HLQHP�=HLWUDXP�YRQ�FD�������PV�QDFK�GHP�LQLWLDOHQ�.UDIWDQVWLHJ�VWDWW�
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$P� .QLHJHOHQN� PLW� ,QVXIIL]LHQ]� GHV� YRUGHUHQ� .UHX]EDQGHV� ZDU� LP� 9HUJOHLFK� ]XP� LQWDNWHQ

.QLHJHOHQN� EHL� 7LELDYHUVFKLHEXQJHQ� PLW� PRGHUDWHU� *HVFKZLQGLJNHLW� PLW� HLQHU� YHUVWlUNWHQ

$NWLYLHUXQJ� GHU� ,VFKLRNUXUDOPXVNXODWXU� XQG� HLQHU� UHGX]LHUWHQ� $NWLYLHUXQJ� GHU

4XDGUL]HSVPXVNXODWXU� ]X� UHFKQHQ� �*U�EHU� HW� DO�� ������ 6RORPRQRZ� HW� DO�� ������� 'LHVH

9HUlQGHUXQJHQ� LQ�GHU�$QVWHXHUXQJ�GHU�0XVNXODWXU�EOHLEHQ�]XP�7HLO� �EHU� OlQJHUH�=HLW� HUKDOWHQ�

GDKHU� LVW� GLHVHU� %HIXQG� DXFK� I�U� GLH� UHNRQVWUXLHUWHQ� .QLHJHOHQNH� GHU� 8QWHUVXFKXQJVJUXSSH� ]X

HUZDUWHQ��:RMW\V�+XVWRQ�������

7��� $OV� ,QGL]� I�U� GLH� YHUlQGHUWH� $QVWHXHUXQJ� ZDUHQ� DQ� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� I�U� GLH

LVFKLRNUXUDOH� 0XVNXODWXU� HUK|KWH� $PSOLWXGHQ�� XQG� ,QWHJUDOZHUWH� ]X� HUZDUWHQ�� ZlKUHQG� I�U� GLH

4XDGUL]HSVPXVNXODWXU� QLHGULJHUH� :HUWH� HUZDUWHW� ZXUGHQ�� )�U� DOOH� 0XVNHOQ� ZXUGHQ� EHL� D[LDOHU

%HODVWXQJ�GHV�%HLQHV�HUK|KWH�$PSOLWXGHQ�XQG�,QWHJUDOH�HUZDUWHW�

4.1.3 Latenzzeiten
8P�GHQ�=HLWSXQNW�GHV�(LQVDW]HV�GHU�PXVNXOlUHQ�$NWLYLWlW�]X�HUPLWWHOQ��ZXUGH�GLH�/DWHQ]]HLW�GHU

PXVNXOlUHQ� 5HIOH[H� JHPHVVHQ�� 'LH� /DWHQ]]HLW� LVW� GHU� =HLWUDXP� GHU� ]ZLVFKHQ� GHP� LQLWLDOHQ

.UDIWDQVWLHJ� XQG� GHP� $QVWHLJHQ� GHU� (0*�.XUYH� YRU� GHU� PD[LPDOHQ� $PSOLWXGH� GLHVHU� .XUYH

YHUVWUHLFKW�

/DWHQ]
$PSOLWXGH

���PV�,QWHJUDO

SUDH )PD[

���PV�,QWHJUDO

SRVW )PD[

EMG

Kraft

Abbildung 44: EMG – Parameter bei schneller Krafteinleitung

7��� $Q� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� ZXUGH� I�U� GLH� ,VFKLRNUXUDOPXVNXODWXU� HLQH� YHUOlQJHUWH

/DWHQ]]HLW�HUZDUWHW��(V�ZXUGH�HUZDUWHW��GDVV�GLH�D[LDOH�%HODVWXQJ�GHV�%HLQHV�NHLQHQ�(LQIOXVV�DXI�GLH

/DWHQ]]HLW�KDEHQ�Z�UGH�
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4.1.4 Statistik
'LH� :HLWHUYHUDUEHLWXQJ� GHU� 'DWHQ� HUIROJWH� PLW� 6366� I�U� :LQGRZV� ����� =XQlFKVW� ZXUGHQ� GLH

.RQWUROOYDULDEOHQ�DXI�VLJQLILNDQWH�0LWWHOZHUWXQWHUVFKLHGH� LP�EH]XJ�DXI�GLH�*UXSSHQ]XJHK|ULJNHLW

GHU� 3UREDQGHQ� XQWHUVXFKW�� 'DQQ� ZXUGHQ� GLH� .ULWHULXPVYDULDEOHQ� DXI� 1RUPDOYHUWHLOXQJ� XQG

9DULDQ]KRPRJHQLWlW�JHSU�IW��XP�GLH�$XVZDKO�GHU�]XU�9HUI�JXQJ�VWHKHQGHQ�VWDWLVWLVFKHQ�9HUIDKUHQ

IHVW]XOHJHQ��=XHUVW�ZXUGH�GHU�=XVDPPHQKDQJ�GHU�QHXURSK\VLRORJLVFKHQ�3DUDPHWHU�XQWHUHLQDQGHU

�EHUSU�IW�� LQGHP� .RUUHODWLRQHQ� EHUHFKQHW� ZXUGHQ�� 'DUDXIKLQ� ZXUGH� MHGHU� QHXURSK\VLRORJLVFKH

3DUDPHWHU� HLQ]HOQ� LQ� HLQHU� 9DULDQ]DQDO\VH� DXI� 0LWWHOZHUWXQWHUVFKLHGH� LP� +LQEOLFN� DXI� VHLQH

)DNWRUHQ��EHUSU�IW��'DEHL�JLQJHQ�DOV�)DNWRUHQ�GHU�=XVWDQG�GHV�.QLHJHOHQNHV��*UXSSHQ��,QWDNW�²

9HUOHW]W� ²� .RQWUROOH��� GLH� %HODVWXQJ� GHV� %HLQHV� �EHODVWHW� ²� HQWODVWHW�� XQG� GLH� =XJODVW� �OHLFKW� ²

VFKZHU�� HLQ�� 0LW� +LOIH� YRQ� .RUUHODWLRQVNRHIIL]LHQWHQ� ZXUGH� GHU� =XVDPPHQKDQJ� ]ZLVFKHQ� GHQ

)DNWRUHQ� XQG� GHQ� .ULWHULXPVYDULDEOHQ� EHUHFKQHW�� 'LH� 0LWWHOZHUWXQWHUVFKLHGH� LQ� GHQ

.ULWHULXPVYDULDEOHQ�LP�EH]XJ�DXI�GLH�)DNWRUHQ�ZXUGHQ�GDQQ�HLQHU�6LJQLILNDQ]SU�IXQJ�XQWHU]RJHQ�

)�U�GLH�/DWHQ]]HLWHQ�ZXUGH�HLQH�'LVNULPLQDQ]DQDO\VH�GXUFKJHI�KUW��XP�GLH�*HQDXLJNHLW��PLW�GHU

GLH�3UREDQGHQ�NRUUHNW�GHQ�*UXSSHQ�]XJHRUGQHW�ZHUGHQ�N|QQHQ��]X�TXDQWLIL]LHUHQ�

4.2 Ergebnisse

4.2.1 Ergebnisse der Kontrollvariablen

4.2.1.1 Kraft
'XUFK� GHQ� )DOOLPSXOV� HLQHV� OHLFKWHQ� *HZLFKWV� ����NJ�� DXV� HLQHU� VWDQGDUGLVLHUWHQ� +|KH� ����P�

HQWIDOWHWH� VLFK� VFKQHOO� ������PV�� HLQ� VHKU� KRKHU� .UDIWJUDGLHQW�� hEHU� 8POHQNUROOHQ� XQG� HLQH

%DQGVFKOLQJH� DP� 8QWHUVFKHQNHO� ZXUGH� GDGXUFK� HLQH� 7LELDYHUVFKLHEXQJ� LQ� DQWHULRUHU� 5LFKWXQJ

DXVJHO|VW�� 'LH� +|KH� GHU� .UDIW�� PLW� GHU� GLH� 7LELDYHUVFKLHEXQJ� DXVJHO|VW� ZXUGH�� ZXUGH� �EHU

.XQVWVWRIIVLFKHUXQJHQ�PLW�HLQHU�5HL�IHVWLJNHLW�YRQ����1�E]Z�����1�EHJUHQ]W��VR�GDVV�XQDEKlQJLJ

YRP�=XVWDQG�GHV�.QLHJHOHQNHV�XQG�YRQ�GHU�%HODVWXQJ�GHV�%HLQHV�=XJNUlIWH�YRQ�FD�����1�E]Z�

���1� HUZDUWHW� ZXUGHQ�� %HL� JOHLFKHU� =XJODVW� VLQG� GLH� 0LWWHOZHUWXQWHUVFKLHGH� LP� EH]XJ� DXI� GHQ

=XVWDQG�GHV�.QLHJHOHQNHV�XQG�GLH�%HODVWXQJ�GHV�%HLQHV�QLFKW�VLJQLILNDQW��'HU�0LWWHOZHUW��EHU�DOOH

*UXSSHQ�EHWUlJW�EHL�GHU�OHLFKWHQ�/DVW������1��6'�����1���EHL�GHU�VFKZHUHQ�/DVW�EHWUlJW�HU������1

�6'�����1��



.DSLWHO��

��

Reiz schnell       Bein axial belastet

anteriore Zuglast
schwerleicht

-80

-100

-120

-140

-160

-180

-200

-220

-240

M
ea

n 
+

- 
1 

S
D

 K
ra

ft 
(N

)

1212 1212 1212N =

Bein axial entlastet

schwerleicht

-80

-100

-120

-140

-160

-180

-200

-220

-240

Knie

Intakt

Verletzt

Kontrolle
1212 1212 1212N =

Abbildung 45: Mittelwerte der Zugkräfte bei schneller Krafteinleitung

4.2.1.2 Kniewinkeländerung
'HQ�3UREDQGHQ�ZXUGH�GLH�$QZHLVXQJ�JHJHEHQ��GHQ�.QLHZLQNHO�ZlKUHQG�GHU�0HVVXQJ�P|JOLFKVW

NRQVWDQW� ]X�KDOWHQ�� XP� URWDWLRQVEHGLQJWH�0HVVZHUWYHUlQGHUXQJHQ�ZHLWHVWJHKHQG� DXV]XVFKOLH�HQ�

,QVJHVDPW� IlOOW� GLH� .QLHZLQNHOlQGHUXQJ� ZlKUHQG� GHU� 0HVVXQJ� PLW� GXUFKVFKQLWWOLFK� ZHQLJHU� DOV

]ZHL�:LQNHOJUDGHQ�JHULQJ�JHQXJ� DXV�� XP� URWDWLRQVEHGLQJWH�0HVVZHUWlQGHUXQJHQ� YHUQDFKOlVVLJHQ

]X�N|QQHQ�

4.2.2 Ergebnisse der Kriteriumsvariablen
9RU�GHU�HLJHQWOLFKHQ�VWDWLVWLVFKHQ�'DWHQYHUDUEHLWXQJ�ZXUGHQ�DOOH�'DWHQ�DXI�1RUPDOYHUWHLOXQJ�XQG

9DULDQ]KRPRJHQLWlW� JHSU�IW� �(;3/25(��� 'LH� /DWHQ]]HLWHQ� HQWVSUDFKHQ� GHQ� .ULWHULHQ� I�U

1RUPDOYHUWHLOXQJ� XQG� 9DULDQ]KRPRJHQLWlW�� VLH� ZXUGHQ� GDKHU� XQWUDQVIRUPLHUW� I�U� GLH

ZHLWHUI�KUHQGHQ� VWDWLVWLVFKHQ� 8QWHUVXFKXQJHQ� KHUDQJH]RJHQ�� 'LH� $PSOLWXGHQ� XQG� GLH

,QWHJUDOTXRWLHQWHQ� HLQLJHU� 0XVNHOQ� HQWVSUDFKHQ� LQ� PDQFKHQ� 9HUVXFKVEHGLQJXQJHQ� QLFKW� GHQ

$QIRUGHUXQJHQ� DQ� 1RUPDOYHUWHLOXQJ� XQG� 9DULDQ]KRPRJHQLWlW�� :HQQ� HQWVSUHFKHQG� UREXVWH�

YHUWHLOXQJVXQDEKlQJLJH�7HVWYHUIDKUHQ�I�U�HLQH�%HUHFKQXQJ�]XU�9HUI�JXQJ�VWDQGHQ��ZXUGHQ�GDKHU

GLHVH� 9HUIDKUHQ� KHUDQJH]RJHQ�� $QGHUQIDOOV� ZXUGHQ� GLH� :HUWH� GLHVHU� 9DULDEOHQ� LQ� 5lQJH

WUDQVIRUPLHUW��EHYRU�VLH�LQ�ZHLWHUH�%HUHFKQXQJHQ�HLQJHI�KUW�ZXUGHQ�

4.2.2.1 Amplituden
=XQlFKVW�ZXUGHQ�GLH�PD[LPDOHQ�$PSOLWXGHQ�LQ�HLQHU�PXOWLIDNWRULHOOHQ�9DULDQ]DQDO\VH��0$129$�

*/0�� DXI� 0LWWHOZHUWXQWHUVFKLHGH� LP� +LQEOLFN� DXI� GLH� )DNWRUHQ� �EHUSU�IW�� 'DEHL� JLQJHQ� DOV

)DNWRUHQ�GHU�=XVWDQG�GHV�.QLHJHOHQNHV��*UXSSHQ��,QWDNW�²�9HUOHW]W�²�.RQWUROOH���GLH�%HODVWXQJ�GHV

%HLQHV��EHODVWHW�²�HQWODVWHW��XQG�GLH�=XJODVW��OHLFKW�²�VFKZHU��HLQ�
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'D� LP�)DOOH�GHU�$PSOLWXGHQ�GLH� ,QWHUDNWLRQHQ�GHU�)DNWRUHQ�NHLQHQ� VLJQLILNDQWHQ�(LQIOXVV�KDEHQ

XQG�GDV�0RGHOO� LQVJHVDPW�DOV�VLJQLILNDQW�DXVJHZLHVHQ� LVW��NDQQ�GDV�0RGHOO�DQJHQRPPHQ�ZHUGHQ�

.HLQHU�GHU�)DNWRUHQ�KDW�GHPQDFK�HLQHQ�VLJQLILNDQWHQ�(LQIOXVV�DXI�GLH�$PSOLWXGHQ�

,Q�(LQZHJ�²�9DULDQ]DQDO\VHQ��21(:$<��ZXUGH�JH]LHOW�QDFK�GHP�(LQIOXVV��GHQ�GHU�=XVWDQG�GHV

.QLHJHOHQNHV� DXI� GLH� PHFKDQLVFKHQ� 3DUDPHWHU� KDW�� XQWHUVXFKW�� ,Q� ]ZHL� 'XUFKJlQJHQ� ZXUGH

JHSU�IW��RE�VLFK�GLH�0LWWHOZHUWH�GHU�QHXURSK\VLRORJLVFKHQ�3DUDPHWHU�LP�+LQEOLFN�DXI�GHQ�=XVWDQG

GHV�.QLHJHOHQNHV��,QWDNW�²�9HUOHW]W�²�.RQWUROOH��YRQHLQDQGHU�XQWHUVFKHLGHQ��,P�HUVWHQ�'XUFKJDQJ

ZXUGHQ� GLH� (UJHEQLVVH� QDFK� GHQ� )DNWRUHQ� %HODVWXQJ� GHV� %HLQHV� �EHODVWHW� ²� HQWODVWHW�� XQG� GHU

=XJODVW� �OHLFKW� ²� VFKZHU���PLW� GHU� GLH� 7LELDYHUVFKLHEXQJ� DXVJHO|VW�ZXUGH�� JUXSSLHUW�� ,P� ]ZHLWHQ

'XUFKJDQJ� ZXUGHQ� GLH� 'DWHQ� XQJUXSSLHUW� JHSU�IW�� (V� ZXUGHQ� ]XVlW]OLFK� D� SULRUL� .RQWUDVWH

JHELOGHW�� ZREHL� GLH� *UXSSHQ� .QLHJHOHQN� LQWDNW� XQG� .RQWUROOH� JHJHQ� GLH� *UXSSH� .QLHJHOHQN

YHUOHW]W� JHWHVWHW� ZXUGHQ�� $X�HUGHP� ZXUGH� I�U� GHQ� )DOO� VLJQLILNDQWHU� 0LWWHOZHUWXQWHUVFKLHGH� HLQ

SRVW�KRF�7HVW�QDFK�*DPHV�+RZHOO�DQJHIRUGHUW�

'LH�PD[LPDOHQ�$PSOLWXGHQ�GHU�0XVNHOQ�ZLHVHQ� LQ�GHU�(LQZHJ�²�9DULDQ]DQDO\VH��21(:$<�� LQ

NHLQHU�9HUVXFKVEHGLQJXQJ�HLQHQ�VLJQLILNDQWHQ�0LWWHOZHUWXQWHUVFKLHG�]ZLVFKHQ�GHQ�*UXSSHQ�,QWDNW

XQG�.RQWUROOH� DXI�GHU�HLQHQ�6HLWH�XQG�GHU�*UXSSH�9HUOHW]W� DXI�GHU� DQGHUHQ�6HLWH� DXI��$XFK�GLH

XQJUXSSLHUWHQ�'DWHQ�OLH�HQ�I�U�NHLQHQ�0XVNHO�VLJQLILNDQWH�0LWWHOZHUWXQWHUVFKLHGH�HUNHQQHQ�

8P�8QWHUVFKLHGH�LQ�GHQ�0LWWHOZHUWHQ�GHU�$PSOLWXGHQ�LQ�$EKlQJLJNHLW�YRQ�GHQ�)DNWRUHQ�=XVWDQG

GHV�.QLHJHOHQNHV��%HODVWXQJ�GHV�%HLQHV�XQG�+|KH�GHU�=XJODVW�EHZHUWHQ�]X�N|QQHQ��ZXUGHQ�GLH

8QWHUVFKLHGH� DXI� 6LJQLILNDQ]� JHSU�IW�� 'D]X� ZXUGHQ� MHZHLOV� ]ZHL� XQDEKlQJLJH� 6WLFKSUREHQ

PLWHLQDQGHU� YHUJOLFKHQ�� (QWVSUHFKHQG� GHU� 'DWHQODJH� ZXUGHQ� QLFKWSDUDPHWULVFKH� 7HVWV� �13$5

7(676�>0DQQ�:KLWQH\@��JHZlKOW�

,Q�NHLQHU�9HUVXFKVEHGLQJXQJ�HUJDE�VLFK�HLQ�VLJQLILNDQWHU�0LWWHOZHUWXQWHUVFKLHG�GHU�$PSOLWXGHQ�LQ

$EKlQJLJNHLW�YRP�=XVWDQG�GHV�.QLHJHOHQNHV��)�U�GLH�0P�ELFHSV�IHPRULV�XQG�YDVWXV�ODWHUDOLV�OlVVW

VLFK�DOOHUGLQJV�HLQH�7HQGHQ]�]XU�YHUVWlUNWHQ�$NWLYLHUXQJ�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�HUNHQQHQ�
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Abbildung 46: maximale Amplitude M. biceps femoris
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Abbildung 47: maximale Amplitude M. vastus lateralis

'LH�NQLHVWUHFNHQGHQ�0XVNHOQ�VWHKHQ�LQ�HLQHP�VHKU�VLJQLILNDQWHQ�=XVDPPHQKDQJ�PLW�GHU�%HODVWXQJ

GHV� %HLQHV�� ZlKUHQG� DXI� GHU� 6HLWH� GHU� .QLHEHXJHU� GHU� =XVDPPHQKDQJ� OHGLJOLFK� I�U� GHQ� 0�

VHPLWHQGLQRVXV� VLJQLILNDQW� LVW�� 'LH� $PSOLWXGHQ� GHU� .QLHVWUHFNHU� KDEHQ� VLJQLILNDQWH

0LWWHOZHUWXQWHUVFKLHGH�LP�EH]XJ�DXI�GLH�+|KH�GHU�=XJODVW��GHU�8QWHUVFKLHG�EHL�GHQ�.QLHEHXJHUQ

LVW�VHKU�VLJQLILNDQW�
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Abbildung 48: maximale Amplitude von Kniebeugern

Bein
entlastetbelastet

1,1

1,0

,8

,6

,4

,2

0,0

Zuglast

leicht

schwer

Reiz schnell

M
ea

n 
+

- 
1 

S
D

 A
m

pl
itu

de
 v

as
t. 

la
t. 

(m
V

)

3636 3636N =
entlastetbelastet

1,2

1,0

,8

,6

,4

,2

0,0M
ea

n 
+

- 
1 

S
D

 A
m

pl
itu

de
 v

as
t. 

m
ed

. (
m

v)

3636 3636N =

Abbildung 49: maximale Amplitude von Kniestreckern

'LH�$PSOLWXGHQ�ZXUGHQ�DOV�0D�� I�U�GLH� UHIOH[EHGLQJWH�$NWLYLWlW�GHU� VWDELOLVLHUHQGHQ�0XVNXODWXU

GHV� .QLHJHOHQNHV� KHUDQJH]RJHQ�� (LQH� $EKlQJLJNHLW� GHU� $PSOLWXGHQ� YRP� =XVWDQG� GHV

.QLHJHOHQNHV�NRQQWH�QLFKW�IHVWJHVWHOOW�ZHUGHQ��DOOHUGLQJV�ZDUHQ�GLH�0P�ELFHSV�IHPRULV�XQG�YDVWXV

ODWHUDOLV�GHU�YHUOHW]WHQ�.QLHJHOHQNH� WHQGHQ]LHOO� VWlUNHU�DNWLY�DOV�GLH�GHU� LQWDNWHQ�.QLHJHOHQNH�XQG

GHU�.RQWUROOJUXSSH��%HL�GHQ�$PSOLWXGHQ�NRQQWH�HLQ�=XVDPPHQKDQJ�]XU�%HODVWXQJ�GHV�%HLQHV�XQG

GHU�+|KH�GHU�=XJODVW�QDFKJHZLHVHQ�ZHUGHQ��'LH�$NWLYLWlW�GHU�.QLHEHXJHU�LVW�VWlUNHU�YRQ�GHU�+|KH

GHU�=XJODVW�DEKlQJLJ��ZlKUHQG�GLH�$NWLYLWlW�GHU�.QLHVWUHFNHU�VWlUNHU�YRQ�GHU�%HODVWXQJ�GHV�%HLQHV

DEKlQJW�

4.2.2.2 Integralquotienten
'D�GLH�,QWHUDNWLRQHQ�GHU�)DNWRUHQ�NHLQHQ�VLJQLILNDQWHQ�(LQIOXVV�DXI�GLH�,QWHJUDOTXRWLHQWHQ�KDEHQ

XQG�GLH�PXOWLIDNWRULHOOH�9DULDQ]DQDO\VH� �0$129$��*/0�� LQVJHVDPW� DOV� VLJQLILNDQW� DXVJHZLHVHQ
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LVW��NDQQ�DXFK�GLHVHV�0RGHOO�DQJHQRPPHQ�ZHUGHQ��:HGHU�GHU�=XVWDQG�GHV�.QLHJHOHQNHV��QRFK�GLH

%HODVWXQJ� GHV� %HLQHV� RGHU� GLH� +|KH� GHU� =XJODVW� KDEHQ� LQ� GLHVHP� 0RGHOO� HLQHQ� VLJQLILNDQWHQ

(LQIOXVV�DXI�GLH�,QWHJUDOTXRWLHQWHQ�

)�U� GLH� JUXSSLHUWHQ� 'DWHQ� HUJDE� VLFK� LQ� GHQ� (LQZHJ� ²� 9DULDQ]DQDO\VHQ� �21(:$<�� EHL� GHQ

,QWHJUDOTXRWLHQWHQ� OHGLJOLFK� I�U�GHQ�0�� VHPLWHQGLQRVXV� LQ�GHU�9HUVXFKVEHGLQJXQJ�%HLQ� HQWODVWHW�

=XJODVW�VFKZHU�HLQ�VLJQLILNDQWHU�0LWWHOZHUWXQWHUVFKLHG�LP�EH]XJ�DXI�GHQ�=XVWDQG�GHV�.QLHJHOHQNHV�

9HUJOHLFKW� PDQ� GLH� 0LWWHOZHUWH� GHU� XQJUXSSLHUWHQ� 'DWHQ�� VR� HUJHEHQ� VLFK� I�U� GLH� 0P� ELFHSV

IHPRULV� XQG� VHPLWHQGLQRVXV� VLJQLILNDQWH� 0LWWHOZHUWXQWHUVFKLHGH� LP� EH]XJ� DXI� GLH

*UXSSHQ]XJHK|ULJNHLW�

Tabelle 20: Einweg-Varianzanlyse für die Integralquotienten der Muskeln

ANOVA
Sum of Squares df Mean Square F Sig.

RANK of gastrocnemius Between Groups 274.144 2 137.072 1.301 .276
Within Groups 14644.729 139 105.358
Total 14918.873 141

RANK of biceps femoris Between Groups 700.292 2 350.146 3.327 .039
Within Groups 14839.708 141 105.246
Total 15540.000 143

RANK of semitendinosus Between Groups 821.668 2 410.834 3.992 .021
Within Groups 14409.441 140 102.925
Total 15231.108 142

RANK of rectus femoris Between Groups 52.792 2 26.396 .240 .787
Within Groups 15487.208 141 109.838
Total 15540.000 143

RANK of vastus lateralis Between Groups 144.042 2 72.021 .660 .519
Within Groups 15395.958 141 109.191
Total 15540.000 143

RANK of vastus medialis Between Groups 96.708 2 48.354 .467 .628
Within Groups 14183.292 137 103.528
Total 14280.000 139

:HQQ� PDQ� �EHU� .RQWUDVWH� JH]LHOW� QDFK� 8QWHUVFKLHGHQ� ]ZLVFKHQ� GHQ� *UXSSHQ� ,QWDNW� XQG

.RQWUROOH�DXI�GHU�HLQHQ�6HLWH�XQG�GHU�*UXSSH�9HUOHW]W�DXI�GHU�DQGHUHQ�6HLWH�VXFKW��VR�HUK|KHQ�VLFK

GLH�6LJQLILNDQ]HQ�I�U�GLH�0P�ELFHSV�IHPRULV�XQG�VHPLWHQGLQRVXV�

Tabelle 21: Einweg-Varianzanlyse mit Kontrasten

Contrast Coefficients
Kniegelenk

Contrast Intakt Verletzt Kontrolle
1 -.5 1 -.5
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Contrast Tests
Contrast Value of

Contrast
Std.
Error

t df Sig.
(2-tailed)

RANK of
gastrocnemius

Assume equal
variances

1 .36458 1.84061 .198 139 .843

Does not
assume equal
variances

1 .36458 1.79353 .203 94.845 .839

RANK of biceps
femoris

Assume equal
variances

1 4.59375 1.81354 2.533 141 .012

Does not
assume equal
variances

1 4.59375 1.83751 2.500 90.741 .014

RANK of
semitendinosus

Assume equal
variances

1 4.76795 1.79661 2.654 140 .009

Does not
assume equal
variances

1 4.76795 1.79240 2.660 94.883 .009

RANK of rectus
femoris

Assume equal
variances

1 -1.28125 1.85269 -.692 141 .490

Does not
assume equal
variances

1 -1.28125 1.91902 -.668 85.700 .506

RANK of vastus
lateralis

Assume equal
variances

1 2.09375 1.84722 1.133 141 .259

Does not
assume equal
variances

1 2.09375 1.81916 1.151 97.913 .253

RANK of vastus
medialis

Assume equal
variances

1 1.01042 1.81225 .558 137 .578

Does not
assume equal
variances

1 1.01042 1.76790 .572 102.424 .569
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Abbildung 50: Mittelwertunterschiede von Knieflexoren im bezug auf den Zustand des Kniegelenkes

'LH� 0P� YDVWXV� ODWHUDOLV� XQG� YDVWXV� PHGLDOLV� ]HLJHQ� WHQGHQ]LHOO� GDV� JOHLFKH� 9HUKDOWHQ�� ZLH� GLH

.QLHIOH[RUHQ��ZREHL�GLH�0LWWHOZHUWXQWHUVFKLHGH�LP�EH]XJ�DXI�GHQ�=XVWDQG�GHV�.QLHJHOHQNHV�QLFKW

VLJQLILNDQW�VLQG�
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Abbildung 51: Mittelwertunterschiede von Knieextensoren im bezug auf den Zustand des Kniegelenkes

'LH�,QWHJUDOTXRWLHQWHQ�GHU�GDUJHVWHOOWHQ�0XVNHOQ�VLQG�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�JHJHQ�EHU

GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG�GHQ�.QLHJHOHQNHQ�GHU�.RQWUROOJUXSSH�HUK|KW��'LH�0XVNHOQ�DQ�GHQ

YHUOHW]WHQ� .QLHJHOHQNHQ� ZHUGHQ� DXIJUXQG� GHV� GHVWDELOLVLHUHQGHQ� 5HL]HV� VWlUNHU� DNWLYLHUW�� DOV� GLH

0XVNHOQ� DQ� GHQ� LQWDNWHQ� .QLHJHOHQNHQ� XQG� DQ� GHQ� .QLHJHOHQNHQ� GHU� .RQWUROOJUXSSH�� 'LH

8QWHUVFKLHGH� LP�EH]XJ� DXI� GHQ�=XVWDQG� GHV�.QLHJHOHQNHV� VLQG� I�U� GLH�0P�ELFHSV� IHPRULV� XQG

VHPLWHQGLQRVXV�VLJQLILNDQW�E]Z��VHKU�VLJQLILNDQW�

,P�DOOJHPHLQHQ�HUJHEHQ�VLFK�NHLQH�VLJQLILNDQWHQ�0LWWHOZHUWXQWHUVFKLHGH�GHU�,QWHJUDOTXRWLHQWHQ�LP

EH]XJ� DXI� GHQ� =XVWDQG� GHV� .QLHJHOHQNHV�� ZHQQ� PDQ� GLH� 'DWHQ� HQWVSUHFKHQG� GHQ

9HUVXFKVEHGLQJXQJHQ� JUXSSLHUW�� /HGLJOLFK� GHU� 0�� VHPLWHQGLQRVXV� ]HLJW� HLQHQ� VLJQLILNDQWHQ

8QWHUVFKLHG� ]ZLVFKHQ� GHQ� *UXSSHQ� ,QWDNW� XQG� 9HUOHW]W�� 7HQGHQ]LHOO� VLQG� GLH� .QLHEHXJHU� GHU

YHUOHW]WHQ�.QLHJHOHQNH�VWlUNHU�DNWLY��DOV�GLH�GHU�LQWDNWHQ�.QLHJHOHQNH�XQG�GLH�GHU�.RQWUROOJUXSSH�

%HL� GHQ� .QLHVWUHFNHUQ� ODVVHQ� VLFK� DXFK� LQ� GHU� 7HQGHQ]� NHLQH� %H]�JH� ]XP� =XVWDQG� GHV

.QLHJHOHQNHV�KHUVWHOOHQ�
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Abbildung 52: Integralquotienten von M. biceps femoris nach Versuchsbedingungen gruppiert
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Abbildung 53: Integralquotienten von M. semitendinosus nach Versuchsbedingungen gruppiert

'LH�.QLHEHXJHU��DXVJHQRPPHQ�GHU�0��JDVWURFQHPLXV�PHGLDOLV��VWHKHQ�LQ�HLQHP�VHKU�VLJQLILNDQWHQ

=XVDPPHQKDQJ�PLW�GHU�%HODVWXQJ�GHV�%HLQHV��GHU�=XVDPPHQKDQJ�GHU�.QLHVWUHFNHU�]XU�%HODVWXQJ

GHV�%HLQHV� LVW�K|FKVW�VLJQLILNDQW��'HU�=XVDPPHQKDQJ�GHU�.QLHVWUHFNHU�]XU�+|KH�GHU�=XJODVW� LVW

VLJQLILNDQW�ELV�VHKU�VLJQLILNDQW��GLH�.QLHEHXJHU�ZHLVHQ�HLQHQ�K|FKVW�VLJQLILNDQWHQ�=XVDPPHQKDQJ

]XU�+|KH�GHU�=XJODVW�DXI�
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Abbildung 54: Integralquotienten von Knieflexoren in Abhängigkeit von den Versuchsbedingungen
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Abbildung 55: Integralquotienten von Knieextensoren in Abhängigkeit von den Versuchsbedingungen

$XFK� GLH� ,QWHJUDOTXRWLHQWHQ� ZXUGHQ� DOV� 0D�� I�U� GLH� UHIOH[EHGLQJWH� =XQDKPH� GHU� PXVNXOlUHQ

$NWLYLWlW� KHUDQJH]RJHQ��:lKUHQG� GLH� PD[LPDOHQ� $PSOLWXGHQ� DEVROXWH� *U|�HQ� VLQG�� VWHOOHQ� GLH

,QWHJUDOTXRWLHQWHQ� HLQ� DQ� GHU� $NWLYLWlW� YRU� GHU� .UDIWHLQOHLWXQJ� UHODWLYLHUWHV� 0D�� GDU�� 'LH

,VFKLRNUXUDOHQ� XQG� GLH�9DVWL� GHU� YHUOHW]WHQ�.QLHJHOHQNH�ZHUGHQ� DXIJUXQG� GHV� GHVWDELOLVLHUHQGHQ

5HL]HV�VWlUNHU�DNWLY��DOV�GLH�GHU�LQWDNWHQ�.QLHJHOHQNH�XQG�GHU�.RQWUROOJUXSSH��'HU�=XVDPPHQKDQJ

]XU� %HODVWXQJ� GHV� %HLQHV� XQG� GHU� +|KH� GHU� =XJODVW� ZDU� RIIHQVLFKWOLFK�� 'LH� $NWLYLWlW� GHU

.QLHEHXJHU� VWHLJW� VWlUNHU� XQWHU� (QWODVWXQJ� GHV� %HLQHV�� ZlKUHQG� GLH� $NWLYLWlW� GHU� .QLHVWUHFNHU

VWlUNHU�EHL�%HODVWXQJ�GHV�%HLQHV�VWHLJW�

7��� )�U� GLH� ,VFKLRNUXUDOPXVNXODWXU� KDEHQ� VLFK� ZLH� HUZDUWHW� DQ� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ

HUK|KWH�$PSOLWXGHQ�XQG�,QWHJUDOH�HLQJHVWHOOW��DQ�GHU�4XDGUL]HSVPXVNXODWXU�ZDUHQ�GLH�$PSOLWXGHQ

XQG� ,QWHJUDOH� DEHU� HQWJHJHQ� GHQ� (UZDUWXQJHQ� HEHQIDOOV� HUK|KW�� 'HU� YHUVWlUNHQGH� (LQIOXVV� DXI

$PSOLWXGHQ� XQG� ,QWHJUDOH� GXUFK� GLH� D[LDOH� %HODVWXQJ� GHV� %HLQHV� NRQQWH� QXU� I�U� GLH

4XDGUL]HSVPXVNXODWXU� EHVWlWLJW� ZHUGHQ�� GLH� ,VFKLRNUXUDOH� 0XVNXODWXU� ZXUGH� HQWJHJHQ� GHQ

(UZDUWXQJHQ�XQWHU�D[LDOHU�(QWODVWXQJ�VWlUNHU�DNWLY�

4.2.2.3 Latenzzeiten
$OOH�0XVNHOQ��ELV�DXI�GHQ�0��JDVWURFQHPLXV�PHGLDOLV�KDWWHQ�/DWHQ]]HLWHQ�YRQ������PV�JHPHVVHQ

QDFK� LQLWLDOHP� .UDIWDQVWLHJ�� 'HU� 0�� JDVWURFQHPLXV� PHGLDOLV� DQWZRUWHWH� UHJHOPl�LJ� PLW� HLQHU

/DWHQ]]HLW� YRQ� �����PV��$XIJUXQG� GHU� /DWHQ]]HLWHQ�PXVV�PDQ� DQQHKPHQ�� GDVV� HV� VLFK� GLHVHP

5HIOH[� XP� HLQHQ�(LJHQUHIOH[� KDQGHOW��'D� GLHVHU�PRQRV\QDSWLVFKHU�5HIOH[� GHV�0�� JDVWURFQHPLXV

PHGLDOLV� GXUFK� GLH� 'UXFNEHODVWXQJ� DXI� GHP� 0XVNHOEDXFK� EHLP� (LQOHLWHQ� GHU� .UDIW� PLW� GHU

=XJVFKOLQJH� YHUXUVDFKW� ZXUGH�� NDQQ� PDQ� DQQHKPHQ�� GDVV� 9HUlQGHUXQJHQ� GHV� DQJUHQ]HQGHQ
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*HOHQNV�YRUDXVVLFKWOLFK�NHLQHQ�(LQIOXVV�DXI�GLH�/DXI]HLW�GLHVHV�5HIOH[HV�KDEHQ��'DKHU�ZXUGH�HU�DXV

DOOHQ�JUXSSHQVSH]LILVFKHQ�%HWUDFKWXQJHQ�DXVJHVFKORVVHQ�

'DV� 0RGHOO� HLQHU� PXOWLIDNWRULHOOHQ� 9DULDQ]DQDO\VH� �0$129$�� */0�� LVW� I�U� GLH� 0P

JDVWURFQHPLXV�PHGLDOLV�XQG�UHFWXV�IHPRULV�LQVJHVDPW�QLFKW�VLJQLILNDQW��)�U�GLHVH�0XVNHOQ�N|QQHQ

DOVR�DXI�GHU�*UXQGODJH�GLHVHV�YDULDQ]DQDO\WLVFKHQ�0RGHOOV�NHLQH�$XVVDJHQ��EHU�GHQ�(LQIOXVV�GHU

)DNWRUHQ��=XVWDQG�GHV�.QLHJHOHQNHV��D[LDOH�%HODVWXQJ�GHV�%HLQHV�XQG�+|KH�GHU�DQWHULRUHQ�=XJODVW�

DXI� GLH� $XVSUlJXQJ� GHU� .ULWHULXPVYDULDEOHQ� �/DWHQ]]HLWHQ� GHU� 0XVNHOQ�� JHPDFKW� ZHUGHQ�� 'LH

,QWHUDNWLRQHQ�GHU�EHLGHQ�)DNWRUHQ�D[LDOH�%HODVWXQJ�GHV�%HLQHV�XQG�+|KH�GHU� DQWHULRUHQ�=XJODVW

KDEHQ� HLQHQ� VLJQLILNDQWHQ� (LQIOXVV� DXI� GLH� 0P� YDVWXV� ODWHUDOLV� XQG� PHGLDOLV�� VR� GDVV� HYHQWXHOO

DXIWUHWHQGHQ�6LJQLILNDQ]HQ�GLHVHU�EHLGHQ�(LQ]HOIDNWRUHQ�I�U�GLHVH�0XVNHOQ�NHLQH�JUR�H�%HGHXWXQJ

EHLJHPHVVHQ�ZHUGHQ�GDUI��'LH�hEHUSU�IXQJ�GHU� 6LJQLILNDQ]HQ�XQG�%HVWLPPWKHLWVPD�H� I�U� GLHVH

EHLGHQ� )DNWRUHQ� HUJLEW� RKQHKLQ�� GDVV� GHUHQ� (LQIOXVV� DXI� GLH� /DWHQ]]HLWHQ� QDFK� GLHVHP�0RGHOO

YHUQDFKOlVVLJW�ZHUGHQ�NDQQ��'HU�=XVWDQG�GHV�.QLHJHOHQNHV�KDW�GDJHJHQ�HLQHQ� VHKU� VLJQLILNDQWHQ

(LQIOXVV�DXI�GLH�/DWHQ]]HLWHQ�GHU�0P�ELFHSV� IHPRULV�� VHPLWHQGLQRVXV��YDVWXV� ODWHUDOLV�XQG�YDVWXV

PHGLDOLV��'DV�%HVWLPPWKHLWVPD��ZHLVW�GHQ�(LQIOXVV�DOV�JHULQJ�DXV�

Tabelle 22: Multifaktorielle Varianzanalyse von Latenzzeiten der Muskeln im bezug auf die Faktoren

Tests of Between-Subjects Effects

Source Dependent
Variable

Type III Sum of
Squares

F Sig. Eta
Squared

Observed
Powera

Corrected Model Gastrocnemiusb 56.062 .767 .671 .091 .393
Biceps femorisc 739.395 3.623 .000 .322 .994
Semitendinosusd 448.876 2.881 .003 .274 .972
Rectus femorise 151.244 1.253 .266 .141 .634
Vastus lateralisf 600.422 4.801 .000 .386 1.000
Vastus medialisg 575.670 3.889 .000 .337 .997

Kniegelenk Gastrocnemius 19.073 1.436 .244 .033 .300
Biceps femoris 582.648 15.701 .000 .272 .999
Semitendinosus 262.336 9.260 .000 .181 .974
Rectus femoris 13.780 .628 .536 .015 .152
Vastus lateralis 458.852 20.180 .000 .325 1.000
Vastus medialis 457.924 17.015 .000 .288 1.000

a  Computed using alpha = .05

'D� VLFK� GHU� (LQIOXVV� GHU� )DNWRUHQ� %HODVWXQJ� GHV� %HLQHV� XQG� +|KH� GHU� =XJODVW� LQ� GHU

PXOWLIDNWRULHOOHQ� 9DULDQ]DQDO\VH� DOV� YHUQDFKOlVVLJEDU� GDUJHVWHOOW� KDW�� ZXUGHQ� GLH� /DWHQ]]HLWHQ

XQJUXSSLHUW� LQ�HLQHU�(LQZHJ�²�9DULDQ]DQDO\VH� �21(:$<�� DXI�0LWWHOZHUWXQWHUVFKLHGH� LP�EH]XJ

DXI� GHQ�=XVWDQG� GHV�.QLHJHOHQNHV� XQWHUVXFKW�� )�U� GHQ� )DOO� VLJQLILNDQWHU�0LWWHOZHUWXQWHUVFKLHGH

ZXUGHQ� 3RVW� +RF� 7HVWV� QDFK� 'XQFDQ� XQG� *DPHV�+RZHOO� DQJHIRUGHUW�� 'DEHL� ]HLJHQ� GLH

/DWHQ]]HLWHQ� GHU� 0P� ELFHSV� IHPRULV�� VHPLWHQGLQRVXV�� YDVWXV� ODWHUDOLV� XQG� YDVWXV� PHGLDOLV
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VLJQLILNDQWH�ELV�VHKU�VLJQLILNDQWH�8QWHUVFKLHGH�]ZLVFKHQ�GHQ�*UXSSHQ�,QWDNW�XQG�.RQWUROOH�DXI�GHU

HLQHQ�6HLWH�XQG�GHU�*UXSSH�9HUOHW]W�DXI�GHU�DQGHUHQ�6HLWH�

Tabelle 23: Mittelwertunterschiede der Latenzzeiten im Bezug auf den Faktor Zustand des Kniegelenkes

Multiple Comparisons

Games
-Howell

Mean
Difference
(I-J)

Std.
Error

Sig. 95%
Confidence
Interval

Dependent
Variable

(I) Knie-
gelenk

(J) Knie-
gelenk

Lower
Bound

Upper
Bound

M. bic. fem. Intakt Verletzt -5.4762* .962 .000 -7.9620 -2.9904
Kontrolle -.6667 .962 .710 -2.6873 1.3540

Verletzt Intakt 5.4762* .962 .000 2.9904 7.9620
Kontrolle 4.8095* .924 .000 2.5539 7.0651

Kontrolle Intakt .6667 .962 .710 -1.3540 2.6873
Verletzt -4.8095* .924 .000 -7.0651 -2.5539

M. semitend. Intakt Verletzt -3.2393* .867 .003 -5.4783 -1.0004
Kontrolle -.8786 .848 .526 -2.8164 1.0593

Verletzt Intakt 3.2393* .867 .003 1.0004 5.4783
Kontrolle 2.3608* .830 .015 .3826 4.3389

Kontrolle Intakt .8786 .848 .526 -1.0593 2.8164
Verletzt -2.3608* .830 .015 -4.3389 -.3826

M. vast. lat. Intakt Verletzt -5.0544* .780 .000 -7.1040 -3.0049
Kontrolle -.6879 .775 .603 -2.4067 1.0308

Verletzt Intakt 5.0544* .780 .000 3.0049 7.1040
Kontrolle 4.3665* .743 .000 2.6040 6.1289

Kontrolle Intakt .6879 .775 .603 -1.0308 2.4067
Verletzt -4.3665* .743 .000 -6.1289 -2.6040

M. vast. med. Intakt Verletzt -4.4088* .842 .000 -6.5568 -2.2608
Kontrolle -3.3824E-02 .842 .999 -1.9093 1.8416

Verletzt Intakt 4.4088* .842 .000 2.2608 6.5568
Kontrolle 4.3750* .807 .000 2.4406 6.3094

Kontrolle Intakt 3.382E-02 .842 .999 -1.8416 1.9093
Verletzt -4.3750* .807 .000 -6.3094 -2.4406

*  The mean difference is significant at the .05 level.
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Abbildung 56: Latenzzeiten von Knieflexoren in Abhängigkeit vom Zustand des Kniegelenkes
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Abbildung 57: Latenzzeiten von Knieextensoren in Abhängigkeit vom Zustand des Kniegelenkes

:lKUHQG� GLH� $PSOLWXGHQ� NHLQH� 8QWHUVFKLHGH� ]ZLVFKHQ� GHQ� *UXSSHQ� ]HLJWHQ�� RIIHQEDUWHQ� GLH

/DWHQ]]HLWHQ�XQG�GLH� ,QWHJUDOTXRWLHQWHQ� WHLOZHLVH� VLJQLILNDQWH�0LWWHOZHUWXQWHUVFKLHGH� LP�+LQEOLFN

DXI� GHQ� =XVWDQG� GHV� .QLHJHOHQNHV�� %HWUDFKWHW� PDQ� GLHVH� QHXURSK\VLRORJLVFKHQ� 3DUDPHWHU�� VR

YHUKDOWHQ�VLFK�GLH�.QLHJHOHQNH�LQ�$EKlQJLJNHLW�YRQ�LKUHP�=XVWDQG��*UXSSHQ��,QWDNW�²�9HUOHW]W�²

.RQWUROOH��DXI�GHU�*UXQGODJH�GHU�YDULDQ]DQDO\WLVFKHQ�0RGHOOH�XQWHUVFKLHGOLFK�

9HUJOHLFKW� PDQ� GLH� /DWHQ]]HLWHQ� PLW� GHQ� PXVNXOlUHQ� $NWLYLWlWHQ�� UHSUlVHQWLHUW� GXUFK� GLH

,QWHJUDOTXRWLHQWHQ� XQG� GLH� $PSOLWXGHQ�� VR� IlOOW� IROJHQGHV� DXI�� :lKUHQG� GDV� $XVPD�� GHU

$NWLYLHUXQJ� GHU� .QLHEHXJHU� DXFK� GXUFK� GLH� +|KH� GHU� =XJODVW� EHHLQIOXVVW� ZLUG�� KlQJW� GLH

$NWLYLHUXQJ� GHU� .QLHVWUHFNHU� PD�JHEOLFK� YRQ� GHU� %HODVWXQJ� GHV� %HLQHV� DE�� 'HU� =XZDFKV� GHU

$NWLYLHUXQJ� GHU� .QLHEHXJHU� LVW� EHL� (QWODVWXQJ� JU|�HU�� GHU� =XZDFKV� GHU� $NWLYLHUXQJ� GHU

.QLHVWUHFNHU�LVW�GDJHJHQ�EHL�%HODVWXQJ�JU|�HU�

(LQLJH�0XVNHOQ�GHU�YHUOHW]WHQ�.QLHJHOHQNH�]HLJHQ�WHQGHQ]LHOO�VWlUNHUH�$NWLYLWlWHQ�DOV�GLH�JOHLFKHQ

0XVNHOQ�GHU�LQWDNWHQ�.QLHJHOHQNH�XQG�GHU�.RQWUROOJUXSSH��9RU�DOOHP�DEHU�]HLJHQ�GLH�/DWHQ]]HLWHQ
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GHU�0XVNHOQ�HLQHQ�VLJQLILNDQWHQ�XQG�EHGHXWVDPHQ�=XVDPPHQKDQJ�]XP�=XVWDQG�GHV�.QLHJHOHQNHV�

GDI�U� VLQG� VLH� LP� *HJHQVDW]� ]X� GHQ� ,QWHJUDOTXRWLHQWHQ� XQG� GHQ� $PSOLWXGHQ� ZHLWJHKHQG

XQDEKlQJLJ�YRQ�GHU�%HODVWXQJ�GHV�%HLQHV�XQG�YRQ�GHU�+|KH�GHU�=XJODVW�

'LH� /DWHQ]]HLWHQ� GHU� 0P� ELFHSV� IHPRULV� XQG� VHPLWHQGLQRVXV� ZHLVHQ� VLJQLILNDQWH

0LWWHOZHUWXQWHUVFKLHGH� LP�+LQEOLFN� DXI� GLH� %HODVWXQJ� GHV� %HLQHV� DXI��'LH� /DWHQ]]HLWHQ� VLQG� EHL

EHODVWHWHP�%HLQ�JHJHQ�EHU�GHQHQ�EHL�XQEHODVWHWHP�%HLQ�HWZDV�YHUOlQJHUW��'LH�+|KH�GHU�=XJODVW

KDW�DXI�NHLQHQ�GHU�XQWHUVXFKWHQ�0XVNHOQ�HLQHQ� VLJQLILNDQWHQ�(LQIOXVV��'LH�/DWHQ]]HLWHQ�GHU�0P

ELFHSV� IHPRULV�� VHPLWHQGLQRVXV�� YDVWXV� ODWHUDOLV� XQG� YDVWXV� PHGLDOLV� GHU� YHUOHW]WHQ� .QLHJHOHQNH

XQWHUVFKHLGHQ� VLFK� VLJQLILNDQW�E]Z�� VHKU� VLJQLILNDQW�YRQ�GHQHQ�GHU� LQWDNWHQ�.QLHJHOHQNH�XQG�GHU

.RQWUROOJUXSSH�

7���'LH�(UJHEQLVVH�JLQJHQ��EHU�GLH�(UZDUWXQJHQ�KLQDXV��GD�DQ�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�QLFKW

QXU�GLH�/DWHQ]]HLWHQ�GHU�,VFKLRNUXUDOPXVNXODWXU�YHUOlQJHUW�ZDUHQ��VRQGHUQ�DXFK�GLH�GHU�0P�YDVWXV

PHGLDOLV�XQG�ODWHUDOLV��'LH�D[LDOH�%HODVWXQJ�KDWWH�HQWJHJHQ�GHQ�(UZDUWXQJHQ�HLQHQ�(LQIOXVV�DXI�GLH

/DWHQ]]HLW�GHU�LVFKLRNUXUDOHQ�0XVNHOQ�
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Abbildung 58: Latenzzeiten des M. biceps femoris
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Abbildung 59: Latenzzeiten des M. semitendinosus
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Abbildung 60: Latenzzeiten des M. vastus lateralis
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Abbildung 61: Latenzzeiten des M. vastus medialis

'LH�/DWHQ]]HLWHQ�GHU�.QLHEHXJHU� VLQG�EHL�EHODVWHWHP�%HLQ�HWZDV�YHUOlQJHUW� LP�9HUJOHLFK� ]X�GHQ

/DWHQ]]HLWHQ�EHL�HQWODVWHWHP�%HLQ��,P�*HJHQVDW]�]X�GHQ�0D�HQ�GHU�PXVNXOlUHQ�$NWLYLWlW�HUJHEHQ
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VLFK�EHL�GHQ�/DWHQ]]HLWHQ�HLQGUXFNVYROOH�8QWHUVFKLHGH�LP�EH]XJ�DXI�GHQ�=XVWDQG�GHV�.QLHJHOHQNHV�

'LH�/DWHQ]]HLWHQ�GHU�YHUOHW]WHQ�.QLHJHOHQNH�VLQG�VLJQLILNDQW�YHUOlQJHUW�

)�U�GLH�/DWHQ]]HLWHQ�ZXUGH�HLQH�'LVNULPLQDQ]DQDO\VH� �',6&5,0,1$17��DQJHIRUGHUW��XP�GLH� LQ

GHQ� 9DULDQ]DQDO\VHQ�� GHU� %HUHFKQXQJ� GHU� .RUUHODWLRQHQ� XQG� GHQ� 0LWWHOZHUWYHUJOHLFKHQ

DXIJHGHFNWHQ� =XVDPPHQKlQJH� ]ZLVFKHQ� GHP� =XVWDQG� GHV� .QLHJHOHQNHV� XQG� GHQ� /DWHQ]]HLWHQ

GDKLQJHKHQG�]X��EHUSU�IHQ��RE�VLFK�GLH�XQWHUVXFKWHQ�.QLHJHOHQNH�DXIJUXQG�GHU�XQWHUVFKLHGOLFKHQ

/DWHQ]]HLWHQ�GHQ�*UXSSHQ�NRUUHNW�]XRUGQHQ�ODVVHQ�

,Q�GLH�%HUHFKQXQJ�ZXUGHQ�]XQlFKVW�DOOH�GUHL�*UXSSHQ��,QWDNW�²�9HUOHW]W�²�.RQWUROOH��HLQEH]RJHQ

�1 ������:HQQ� LQ� HLQHP�'DWHQVDW]� HLQH� /DWHQ]]HLW� DOV�PLVVLQJ� YDOXH� �1 ���� GHILQLHUW� ZDU�� VR

ZXUGH�GLHVHU�'DWHQVDW]�DXV�GHU�%HUHFKQXQJ�DXVJHVFKORVVHQ�

Tabelle 24: Anzahl der überprüften Fälle

Classification Processing Summary
Processed 144
Excluded Missing or out-of-range group codes 0

At least one missing discriminating variable 48
Used in Output 96

$XV�GHQ��EULJHQ�'DWHQVlW]HQ��1 ����GDYRQ�,QWDNW ���²�9HUOHW]W ���²�.RQWUROOH ����VROOWHQ�GLH

LQWDNWHQ�XQG�YHUOHW]WHQ�.QLHJHOHQNH�NRUUHNW�KHUDXVJHILOWHUW�ZHUGHQ�

Tabelle 25: Anzahl der herauszufilternden intakten und verletzten Kniegelenke

Prior Probabilities for Groups
Prior Cases Used in Analysis

Band Unweighted Weighted
intakt .500 27 27.000
verletzt .500 30 30.000
Total 1.000 57 57.000

'LH� *UXSSHQPLWWHOZHUWH� I�U� GLH� LQWDNWHQ� XQG� YHUOHW]WHQ� .QLHJHOHQNH� LP� EH]XJ� DXI� GHQ

*HVDPWPLWWHOZHUW�ZXUGHQ�EHUHFKQHW�

Tabelle 26: Gruppenmittelwerte im bezug auf den Gesamtmittelwert

Functions at Group Centroids
Function

Band 1
intakt -.776
verletzt .698
Unstandardized canonical discriminant functions evaluated at group means
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Abbildung 62: Verteilung in den Gruppen Intakt und Verletzt im bezug auf den Gesamtmittelwert

'LH�9HUWHLOXQJ� LQQHUKDOE� GHU�*UXSSHQ� LP� EH]XJ� DXI� GHQ�*HVDPWPLWWHOZHUW� ]HLJW�� GDVV� VLFK� GLH
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Abbildung 63: Verteilung in der Gruppe Kontrolle im bezug auf den Gesamtmittelwert und Verteilung
aller Daten im bezug auf die Gruppenmittelwerte

'DV�(UJHEQLV� GHU�'LVNULPLQDQ]IXQNWLRQ� ]HLJW�� GDVV� YRQ� GHU�.RQWUROOJUXSSH� ������ GHU�*UXSSH

,QWDNW�]XJHRUGQHW�Z�UGHQ��ZlKUHQG�������GHU�*UXSSH�9HUOHW]W�]XJHRUGQHW�Z�UGHQ��(V�ZDU�MHGRFK

QXU� QDFK� GHU� =XRUGQXQJ� GHU� LQWDNWHQ� XQG� YHUOHW]WHQ� .QLHJHOHQNH� LQ� GLH� *UXSSHQ� ,QWDNW� XQG

9HUOHW]W�JHIUDJW��9RQ�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�ZXUGHQ�DXIJUXQG�GHU�/DWHQ]]HLWHQ�����NRUUHNW

GHU�*UXSSH�9HUOHW]W�]XJHRUGQHW��YRQ�GHQ�LQWDNWHQ�ZXUGHQ�VRJDU�������NRUUHNW�GHU�*UXSSH�,QWDNW

]XJHRUGQHW�

%HWUDFKWHW�PDQ�QXU�GLH�*UXSSHQ�,QWDNW�XQG�9HUOHW]W��VR�ZXUGHQ�LQVJHVDPW�������GHU�.QLHJHOHQNH

DXIJUXQG� GHU� /DWHQ]]HLWHQ� LKUHU� 0XVNHOQ� NRUUHNW� LQ� LKUH� XUVSU�QJOLFKHQ� *UXSSHQ� HLQJHRUGQHW�

=XIDOOVEHGLQJW� ZlUH� HLQH� 7UHIIHUTXRWH� YRQ� ���� ]X� HUZDUWHQ� JHZHVHQ�� 'LH� 0HVVXQJ� GHU

/DWHQ]]HLWHQ�LQ�GLHVHU�9HUVXFKVDQRUGQXQJ�LP�UHFKWV�OLQNV�9HUJOHLFK�N|QQWH�GDKHU�DOV�]XVlW]OLFKHV

'LDJQRVWLNXP�EHL�9HUOHW]XQJHQ�GHV�YRUGHUHQ�.UHX]EDQGHV�HLQJHVHW]W�ZHUGHQ�



.DSLWHO��

���

Tabelle 27: Ergebnisse der Gruppenzuordnung

Classification Results
Predicted Group Membership Total

Knie intakt verletzt
Original Count intakt 23 4 27

verletzt 6 24 30
Ungrouped cases 25 14 39

% intakt 85.2 14.8 100.0
verletzt 20.0 80.0 100.0
Ungrouped cases 64.1 35.9 100.0

a  82,5% of original grouped cases correctly classified.

4.3 Zusammenfassung
'LH�+|KH�GHU�$NWLYLHUXQJ�HLQHV�0XVNHOV��UHSUlVHQWLHUW�GXUFK�VHLQH�PD[LPDOH�$PSOLWXGH��ZLUG�DXI

GHU�6HLWH�GHU�.QLHEHXJHU�DXFK�GXUFK�GLH�+|KH�GHU�=XJODVW�EHHLQIOXVVW��ZlKUHQG�VLH�DXI�GHU�6HLWH

GHU� .QLHVWUHFNHU� PD�JHEOLFK� YRQ� GHU� %HODVWXQJ� GHV� %HLQHV� DEKlQJW�� :lKUHQG� GHU

$NWLYLWlWV]XZDFKV�EHL�GHQ�.QLHH[WHQVRUHQ� �KHOO��XQWHU� D[LDOHU�%HODVWXQJ�GHV�%HLQHV�JU|�HU� LVW� DOV

XQWHU�(QWODVWXQJ��YHUKlOW�HV�VLFK�EHL�GHQ�.QLHIOH[RUHQ��GXQNHO��JHQDX�XPJHNHKUW��'LH�.QLHIOH[RUHQ

ZHUGHQ�EHL�D[LDO�HQWODVWHWHP�%HLQ�VWlUNHU�DNWLY��DOV�EHL�EHODVWHWHP�%HLQ�
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Abbildung 64: Aktivität der stabilisierenden Muskulatur repräsentiert durch die maximale Amplituden

:lKUHQG�GLH�*HVDPWDNWLYLWlW�GHU�VWDELOLVLHUHQGHQ�0XVNXODWXU�GHV�.QLHJHOHQNHV��UHSUlVHQWLHUW�GXUFK

GLH�PD[LPDOH�$PSOLWXGH��NHLQH�JUXSSHQVSH]LILVFKHQ�8QWHUVFKLHGH�HUNHQQHQ�OlVVW��]HLJW�VLFK�EHL�GHQ

,QWHJUDOTXRWLHQWHQ�HLQH�7HQGHQ]�]XU�YHUVWlUNWHQ�$NWLYLHUXQJ�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ��)�U

HLQLJH� 0XVNHOQ� LVW� GLHVH� 7HQGHQ]� VLJQLILNDQW�� 'HU� $NWLYLWlWV]XZDFKV�� UHSUlVHQWLHUW� GXUFK� GHQ

,QWHJUDOTXRWLHQWHQ��LVW�ZLH�EHL�GHQ�$PSOLWXGHQ�EHL�GHQ�.QLHEHXJHUQ�XQWHU�(QWODVWXQJ�GHV�%HLQHV

JU|�HU��EHL�GHQ�.QLHVWUHFNHUQ�GDJHJHQ�XQWHU�%HODVWXQJ�GHV�%HLQHV�
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Abbildung 65: Aktivität der stabilisierenden Muskulatur repräsentiert durch die Integralquotienten

'HU�(LQIOXVV�� GHQ�GHU�=XVWDQG�GHV�.QLHJHOHQNHV� DXI�GLH�+|KH�GHU�PXVNXOlUHQ�$NWLYLWlW� KDW�� LVW

QLFKW�I�U�DOOH�0XVNHOQ�VLJQLILNDQW��ZHQQ�PDQ�GLH�'DWHQ�QDFK�GHQ�9HUVXFKVEHGLQJXQJHQ�JUXSSLHUW�

$OOHUGLQJV� OlVVW� VLFK� EHL� GHQ� 0P� ELFHSV� IHPRULV�� VHPLWHQGLQRVXV�� YDVWXV� ODWHUDOLV� XQG� YDVWXV

PHGLDOLV� HLQ� 7UHQG� ]XU� YHUVWlUNWHQ� $NWLYLHUXQJ� EHL� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� IHVWVWHOOHQ�� GHU

VLJQLILNDQW�ZLUG��ZHQQ�PDQ�GLH�'DWHQ�XQJUXSSLHUW�XQWHUVXFKW�
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Abbildung 66: Integralquotienten von Knieflexoren im bezug auf den Zustand des Kniegelenkes

'LH�/DWHQ]]HLWHQ�GHU�0XVNHOQ�VLQG�QXU�ZHQLJ�DEKlQJLJ�YRQ�GHU�%HODVWXQJ�GHV�%HLQHV�XQG�YRQ�GHU

+|KH�GHU�=XJODVW��1XU�EHL�GHQ�NQLHEHXJHQGHQ�0P�ELFHSV�IHPRULV�XQG�VHPLWHQGLQRVXV�EHVWHKW�HLQ

JHULQJHU�VLJQLILNDQWHU�=XVDPPHQKDQJ�]ZLVFKHQ�GHU�%HODVWXQJ�GHV�%HLQHV�XQG�GHP�=HLWSXQNW�GHU

PXVNXOlUHQ�$NWLYLHUXQJ��'LH�/DWHQ]]HLWHQ�VLQG�EHL�EHODVWHWHP�%HLQ�HWZDV�YHUOlQJHUW� LP�9HUJOHLFK

]X� GHQ� /DWHQ]]HLWHQ� EHL� HQWODVWHWHP� %HLQ�� 'LH� /DWHQ]]HLWHQ� GHU� NQLHVWUHFNHQGHQ� 0XVNHOQ� VLQG

GDJHJHQ� EHL� HQWODVWHWHP� %HLQ� WHQGHQ]LHOO� YHUOlQJHUW�� =XU� +|KH� GHU� =XJODVW� HUJHEHQ� VLFK� NHLQH

JHVLFKHUWHQ�=XVDPPHQKlQJH�
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0HKU� QRFK� DOV� EHL� GHQ� 0D�HQ� GHU� PXVNXOlUHQ� $NWLYLWlW� HUJHEHQ� VLFK� EHL� GHQ� /DWHQ]]HLWHQ

EHGHXWHQGH� 8QWHUVFKLHGH� LP� EH]XJ� DXI� GHQ� =XVWDQG� GHV� .QLHJHOHQNHV�� 'LH� /DWHQ]]HLWHQ� GHU

YHUOHW]WHQ�.QLHJHOHQNH�VLQG�EHL�GHQ�0P�ELFHSV�IHPRULV��VHPLWHQGLQRVXV��YDVWXV�ODWHUDOLV�XQG�YDVWXV

PHGLDOLV�VLJQLILNDQW�YHUOlQJHUW��VR�GDVV�GLH�0HVVXQJ�GHU�/DWHQ]]HLWHQ�LQ�GLHVHU�9HUVXFKVDQRUGQXQJ

LP� UHFKWV�OLQNV�9HUJOHLFK� DOV� ]XVlW]OLFKHV� 'LDJQRVWLNXP� EHL� 9HUOHW]XQJHQ� GHV� YRUGHUHQ

.UHX]EDQGHV�HLQJHVHW]W�ZHUGHQ�N|QQWH�
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Abbildung 67: Latenzzeiten von Knieflexoren im bezug auf den Zustand des Kniegelenkes
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Abbildung 68: Latenzzeiten von Knieextensoren im bezug auf den Zustand des Kniegelenkes
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5.1 Diskussion der Ergebnisse

5.1.1 Mechanische Parameter
'LH� IXQNWLRQHOOH� 6WDELOLWlW� DP� .QLHJHOHQN� ZLUG� GXUFK� GLH� %HODVWXQJ� GHV� %HLQHV� PLW� GHP

.|USHUJHZLFKW�VWDUN�HUK|KW��'LHV�NRQQWH�DQKDQG�DOOHU�PHFKDQLVFKHQ�3DUDPHWHU�VHKU�HLQGUXFNVYROO

GRNXPHQWLHUW� ZHUGHQ�� (V� HUJDEHQ� VLFK� WHLOZHLVH� VHKU� VLJQLILNDQWH� 8QWHUVFKLHGH� LQ� GHQ

PHFKDQLVFKHQ�3DUDPHWHUQ�KLQVLFKWOLFK�GHU�D[LDOHQ�%HODVWXQJ�GHV�%HLQHV��0DUNROI�HW�DO��������+ROOLV

HW� DO�� ������ 7RU]LOOL� HW� DO�� ������� 'LHV� XQWHUVWUHLFKW� GLH� VWDELOLVLHUHQGH� :LUNXQJ�� GLH� GLH

JHOHQNXPVSDQQHQGH�0XVNXODWXU�XQG�GLH�D[LDOH�%HODVWXQJ�GHV�%HLQHV� LQ� IXQNWLRQHOOHQ�6LWXDWLRQHQ

DXI� GDV� *HOHQN� DXV�EHQ� �6RORPRQRZ� HW� DO�� ������ %DUDWWD� HW� DO�� ������ )UQGDN�%HUDVL� �����

2·&RQQRU� ������� 'LH� ZHVHQWOLFKHQ� VWDELOLVLHUHQGHQ� )DNWRUHQ� XQWHU� GLHVHQ� IXQNWLRQHOOHQ

8QWHUVXFKXQJVEHGLQJXQJHQ� G�UIWHQ� GHPQDFK� GLH� D[LDOH� %HODVWXQJ� GHV� %HLQHV� PLW� GHP

.|USHUJHZLFKW�XQG�0XVNHONUDIWNRPSRQHQWHQ� VHLQ��GLH�]X�HLQHU�(UK|KXQJ�GHU�.RPSUHVVLRQ�GHV

*HOHQNHV�I�KUHQ�

'LH� .UDIWZHUWH� ]XP� $XVO|VHQ� GHU� 6FKXEODGH�� PLW� GHQHQ� LQ� GLHVHQ� 8QWHUVXFKXQJHQ� JHDUEHLWHW

ZXUGHQ�� ZXUGHQ� GHU� /LWHUDWXU� HQWQRPPHQ� �0DUNROI� HW� DO�� ������ ������'DQLHO� HW� DO�� ������ �����

$QGHUVRQ�/LEVFRPE�������%DFK�HW�DO��������5XSS�HW�DO��������6WUREHO�HW�DO��������%H\QQRQ�HW�DO�

������ �������'DEHL�ZXUGH� GLH� VFKZHUH� DQWHULRUH�=XJODVW� DXV� 6LFKHUKHLWVJU�QGHQ� DQ� GLH� K|KHUHQ

.UDIWZHUWH��GLH�LQ�GHU�/LWHUDWXU�EHVFKULHEHQ�VLQG��DQJHOHKQW��2E�QXQ�PLW�GHU�OHLFKWHQ�RGHU�PLW�GHU

VFKZHUHQ�DQWHULRUHQ�=XJODVW�JH]RJHQ�ZXUGH��KDWWH�DXI�GLH�IXQNWLRQHOOH�6WDELOLWlW� LQ�GHQ�JHZlKOWHQ

9HUVXFKVEHGLQJXQJHQ�QXU�HLQHQ�HUVWDXQOLFK�JHULQJHQ�(LQIOXVV�

0DUNROI� HW� DO�� ������� EHULFKWHQ� LQ� HLQHU� LQ� YLWUR� 8QWHUVXFKXQJ� YRQ� HLQHU� XP� GHQ� )DNWRU� ����

YHUVWlUNWHQ� *HOHQNVWLIIQHVV�� ZHQQ� GDV� *HOHQN� PLW� HLQHU� .RPSUHVVLRQVNUDIW� YRQ� ���1�

HQWVSUHFKHQG� GHP� HLQEHLQLJHQ� 6WDQG� HLQHV� VFKZHUHQ� 0DQQHV�� EHODVWHW� ZDU�� LP� 9HUJOHLFK� ]XP

XQEHODVWHWHP� *HOHQN�� $QGHUHUVHLWV� LVW� DEHU� DXFK� DQ]XQHKPHQ�� GDVV� HLQH� LQ� YLWUR� HUPLWWHOWH

GXUFKVFKQLWWOLFKH�5HL�IHVWLJNHLW�GHV�YRUGHUHQ�.UHX]EDQGV�YRQ�����1�EHL�VSRUWOLFKHQ�$NWLYLWlWHQ�

ZLH� ]�%�� 6NLIDKUHQ� YHUPXWOLFK� �EHUVFKULWWHQ�ZLUG�� RKQH�GDVV� HV� ]X� VWUXNWXUHOOHQ� 6FKlGHQ� NRPPW

�-RKDQVVRQ� HW� DO�� ������� 1R\HV� HW� DO�� ������� VFKlW]HQ� GLH� %HODVWXQJ� GHV� YRUGHUHQ� .UHX]EDQGHV
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ZlKUHQG�GHQ�DOOJHPHLQHQ�$NWLYLWlWHQ�GHV�WlJOLFKHQ�/HEHQV�DXI�ELV�]X����1��,QVJHVDPW�VWHOOWHQ�GLH

LQ�GLHVHU�$UEHLW�HLQJHVHW]WHQ�.UlIWH�ZRKO�HKHU�HLQHQ�XQWHUVFKZHOOLJHQ�5HL]�I�U�GLH�.QLHJHOHQNH�LQ

GLHVHU� IXQNWLRQHOOHQ� 9HUVXFKVDQRUGQXQJ� GDU�� VR� GDVV� I�U� ]XN�QIWLJH� 8QWHUVXFKXQJHQ� LQ

$EKlQJLJNHLW�YRQ�GHU�)UDJHVWHOOXQJ�JHJHEHQHQIDOOV�PLW�K|KHUHQ�5HL]LQWHQVLWlWHQ�JHDUEHLWHW�ZHUGHQ

NDQQ�

'LH� 8QWHUVFKLHGH� LQ� GHU� 7LELDYHUVFKLHEXQJ� ZDUHQ� KLQVLFKWOLFK� GHU� *UXSSHQ]XJHK|ULJNHLW� GHU

3UREDQGHQ� QXU� EHL� HQWODVWHWHP� %HLQ� VLJQLILNDQW�� %HL� HQWODVWHWHP� %HLQ� OlVVW� VLFK� QRFK� HLQH

JHULQJI�JLJ� HUK|KWH� /D[L]LWlW� GHV� .DSVHO�%DQG�$SSDUDWHV� EHL� GHQ� YHUOHW]WHQ� XQG� RSHULHUWHQ

.QLHJHOHQNHQ� ����PP�� JHJHQ�EHU� GHQ� LQWDNWHQ� .QLHJHOHQNHQ� ����PP�� QDFKZHLVHQ�� GLH� EHL

EHODVWHWHP�%HLQ� IDVW� YROOVWlQGLJ� YHUVFKZLQGHW��'LHV� VSULFKW� I�U� HLQH� HUIROJUHLFKH� 5HNRQVWUXNWLRQ

XQG�5HKDELOLWDWLRQ�GHU�.QLHJHOHQNIXQNWLRQ�

'DPLW� NDQQ� DOOHUGLQJV� GDV� JHZlKOWH�0RGHOO� QLFKW� DXIUHFKW� HUKDOWHQ� ZHUGHQ�� GHQQ� HQWJHJHQ� GHU

HLQJDQJV�IRUPXOLHUWHQ�+\SRWKHVH�ODVVHQ�VLFK�DXFK�EHL�GHQ�HUIROJUHLFK�RSHULHUWHQ�XQG�UHKDELOLWLHUWHQ

.UHX]EDQGYHUOHW]XQJHQ� GHU� 3UREDQGHQ�� GLH� DOV� VSRUWWDXJOLFK� XQG� EHVFKZHUGHIUHL� NODVVLIL]LHUW

ZDUHQ��8QWHUVFKLHGH�LQ�GHU�IXQNWLRQHOOHQ�6WDELOLWlW�DP�.QLHJHOHQN�QDFKZHLVHQ�

$OOH�3UREDQGHQ�ELV�DXI�GUHL�ZDUHQ�6SRUWVWXGHQWHQ��GLH�LKUH�$XVELOGXQJ�DXFK�QDFK�GHU�9HUOHW]XQJ

QRFK�IRUWVHW]HQ�NRQQWHQ��'LH�DQGHUHQ�ZDUHQ�VSRUWOLFK�DNWLYH�6WXGHQWHQ��GLH�LKUH�VSRUWOLFKH�3UD[LV

QDFK� 9HUOHW]XQJ� XQG� 2SHUDWLRQ� ZLHGHU� DXIQDKPHQ�� 'LH� :HUWH�� GLH� LQ� GHU� /LWHUDWXU� I�U� GLH

7LELDYHUVFKLHEXQJ�EHL� SDVVLYHQ� 6WDELOLWlWVWHVWV� DQJHJHEHQ�ZHUGHQ�� OLHJHQ� LQ� GHU�5HJHO� HKHU� HWZDV

K|KHU�� )�U� LQWDNWH� .QLHJHOHQNH� ZHUGHQ� :HUWH� YRQ� ���PP� ²� ���PP� DQJHJHEHQ�� I�U� YHUOHW]WH

.QLHJHOHQNH�YRQ����PP�²�����PP��'DEHL�VLQG�GLH�YHUOHW]WHQ�.QLHJHOHQNH�DOOHUGLQJV�QLFKW�RSHULHUW

XQG� UHKDELOLWLHUW�� �0DUNROI� HW� DO�� ������ 'DQLHO� HW� DO�� ������ ������ $QGHUVRQ�/LEVFRPE� �����

'DKOVWHGW�'DOHQ�������1HXVFKZDQGHU�HW�DO��������%DFK�HW�DO��������$QGHUVVRQ�������5XSS�HW�DO�

������6WUDQG�6ROKHLP�������6WUREHO�HW�DO��������

0DUNROI�HW�DO���������YHUVXFKWHQ�GHQ�(IIHNW��GHQ�GLH�D[LDOH�%HODVWXQJ�GHV�%HLQHV�DXI�GLH�6WDELOLWlW

KDW�� LQ� YLWUR� ]X�PHVVHQ�� LQGHP� VLH� /HLFKHQSUlSDUDWH�PLW� WLELRIHPRUDOHQ�.RPSUHVVLRQVNUlIWHQ� LQ

+|KH�YRQ����1�EHODVWHWHQ��6LH�HUPLWWHOWHQ�I�U�LQWDNWH�.QLHJHOHQNH�EHL�HLQHP�.QLHZLQNHO�YRQ����

)OH[LRQ�HLQH�5HGXNWLRQ�GHU�DQWHURSRVWHULRUHQ�7LELDYHUVFKLHEXQJ�YRQ������������'LH�5HGXNWLRQ�GHU

7LELDYHUVFKLHEXQJ�EHWUXJ�LQ�XQVHUHQ�8QWHUVXFKXQJHQ�GXUFKVFKQLWWOLFK������2EZRKO�0DUNROI�HW�DO�

PLW�VHKU�KRKHQ�.RPSUHVVLRQVNUlIWHQ�DUEHLWHWHQ��LVW�GHU�VWDELOLVLHUHQGH�(IIHNW�GHU�D[LDOHQ�%HODVWXQJ

GHV� %HLQHV� LQ� XQVHUHQ� 8QWHUVXFKXQJHQ� GHXWOLFK� JU|�HU�� :HQQ� LQ� YLYR� GDV� %HLQ� PLW� GHP

.|USHUJHZLFKW� EHODVWHW� ZLUG�� VR� P�VVHQ� ]XVlW]OLFK� 0XVNHONUlIWH� PRELOLVLHUW� ZHUGHQ�� XP� GHQ
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.|USHUVFKZHUSXQNW� LP� (LQEHLQVWDQG� �EHU� GHU� 8QWHUVW�W]XQJVIOlFKH� ]X� KDOWHQ�� XQG� XP� GHQ

.QLHZLQNHO�]X�IL[LHUHQ��7HLONRPSRQHQWHQ�GHU�0XVNHONUlIWH�DGGLHUHQ�VLFK�GDEHL�]XU��*HZLFKWVNUDIW

XQG�EHZLUNHQ�HLQH�]XVlW]OLFKH�.RPSUHVVLRQ�GHU�*HOHQNNRQJUXHQWHQ��0DUNROI�HW�DO��������%DUDWWD�HW

DO��������)UQGDN�%HUDVL�������2·&RQQRU�������

hEHU�GHQ�&RPSOLDQFH�,QGH[�QDFK�'DQLHO� ������� ODVVHQ�VLFK� LQ�GHQ�YRUJHVWHOOWHQ�8QWHUVXFKXQJHQ

8QWHUVFKLHGH�LP�=XVWDQG�GHV�.QLHJHOHQNV�LQ�GHQ�9HUVXFKVEHGLQJXQJHQ�PLW�EHODVWHWHP�%HLQ�QLFKW

JHQDX�EHVFKUHLEHQ��/HGLJOLFK�XQWHU�D[LDOHU�(QWODVWXQJ�ODVVHQ�VLFK�PLW�GLHVHP�3DUDPHWHU�'LIIHUHQ]HQ

EHL�GHQ�.QLHJHOHQNHQ�LP�EH]XJ�DXI�GLH�*UXSSHQ]XJHK|ULJNHLW�HUNHQQHQ��HU� LVW�EHL�GHQ�YHUOHW]WHQ

.QLHJHOHQNHQ� ����PP� LQ� DQWHULRUHU� 5LFKWXQJ�� JHJHQ�EHU� GHQ� LQWDNWHQ� .QLHJHOHQNHQ� ����PP� LQ

DQWHULRUHU�5LFKWXQJ��HWZDV�HUK|KW��$XFK� LQ�GHU�/LWHUDWXU� ILQGHW�PDQ�EHL�YHUOHW]WHQ�.QLHJHOHQNHQ

��PP�²��PP��JHJHQ�EHU�XQYHUOHW]WHQ�.QLHJHOHQNHQ���PP�²����PP��HLQHQ�HUK|KWHQ�&RPSOLDQFH�

,QGH[�� DOOHUGLQJV� ZDUHQ� GLH� YHUOHW]WHQ� .QLHJHOHQNH� LQ� GHU� /LWHUDWXU� LP� *HJHQVDW]� ]X� GHQ

.QLHJHOHQNHQ�LQ�GLHVHQ�8QWHUVXFKXQJHQ�QLFKW�RSHULHUW�XQG�UHKDELOLWLHUW��'DQLHO�������6WUREHO�HW�DO�

������ 0HG0HWULF� &RUS��� ������� 'LHVHU� 8PVWDQG� XQG� GDV� JHZlKOWH� 8QWHUVXFKXQJVGHVLJQ� HLQHU

IXQNWLRQHOOHQ� 6LWXDWLRQ� HUNOlUW� GLH� UHODWLY� JHULQJHQ� :HUWH� I�U� GHQ� &RPSOLDQFH�,QGH[� LQ� GLHVHQ

8QWHUVXFKXQJHQ� LP� 9HUJOHLFK� PLW� GHQ� :HUWHQ� LQ� GHU� /LWHUDWXU�� $XFK� GHU� &RPSOLDQFH�,QGH[

GRNXPHQWLHUW� GLH� VWDELOLVLHUHQGH�:LUNXQJ� GHU� D[LDOHQ�%HODVWXQJ� GHV�%HLQHV�� HU� LVW� EHL� EHODVWHWHP

%HLQ� GXUFKVFKQLWWOLFK� XP� ���� JHJHQ�EHU� GHQ� 9HUVXFKVEHGLQJXQJHQ� PLW� HQWODVWHWHP� %HLQ

UHGX]LHUW��$XV�GHU�/LWHUDWXU�OLHJHQ�KLHU]X�NHLQH�9HUJOHLFKVGDWHQ�YRU�

'LH�YRQ�0DUNROI�HW�DO���������LQ�GLH�'LVNXVVLRQ�JHEUDFKWH�*HOHQNVWLIIQHVV��GHILQLHUW�DOV�.UDIWDQVWLHJ

SUR� /lQJHQ]XQDKPH� �∆)�∆O�� I�U� HLQHQ� .UDIWZHUW� YRQ� ���1�� LVW� EHL� YHUOHW]WHQ� .QLHJHOHQNHQ

YHUULQJHUW��ZDV�EHGHXWHW��GDVV�HLQ�YHUOHW]WHV�.QLHJHOHQN�DXI�HLQHQ�.UDIWDQVWLHJ�EHL�HLQHP�.UDIWZHUW

YRQ����1�PLW�HLQHU�JU|�HUHQ�/lQJHQlQGHUXQJ�UHDJLHUW��DOV�HLQ� LQWDNWHV�.QLHJHOHQN��6WUREHO�HW�DO�

�������6WUREHO�HW�DO��PDFKHQ�GD]X�DOOHUGLQJV�NHLQH�NRQNUHWHQ�=DKOHQDQJDEHQ��'HU�7UHQG�NRQQWH�LQ

GLHVHQ�8QWHUVXFKXQJHQ�QXU�EHL�D[LDO�HQWODVWHWHP�%HLQ�EHVWlWLJW�ZHUGHQ��XQWHU�D[LDOHU�%HODVWXQJ�ZDU

WHQGHQ]LHOO� HKHU� GDV� *HJHQWHLO� GHU� )DOO�� 'LH� *HOHQNVWLIIQHVV� KDW� LQ� GHU� /LWHUDWXU� DOV� 0HVVZHUW

DOOHUGLQJV�NHLQH�JUR�H�9HUEUHLWXQJ�JHIXQGHQ��OHGLJOLFK�DOV�WKHRUHWLVFKHV�.RQVWUXNW�ZXUGH�VLH�QRFK

OlQJHUH�=HLW�GLVNXWLHUW��6M|ODQGHU�������-RKDQVVRQ�HW�DO���������������%HL�GHU�6WLIIQHVV�QDFK�0DUNROI

HW�DO���������KDQGHOW�HV�VLFK�XP�GLH�7DQJHQWHQVWHLJXQJ�DQ�HLQHP�EHVWLPPWHQ�3XQNW�HLQHU�.XUYH��HV

ZLUG�GDKHU�GDV�9HUKDOWHQ�GHV�.QLHJHOHQNV�EHL� HLQHP�HLQ]HOQHQ�.UDIWZHUW� EHVFKULHEHQ��$XVVDJHQ

�EHU�GHQ�JHVDPWHQ�.XUYHQYHUODXI�VLQG�GDPLW�HEHQVR�ZHQLJ�ZLH�PLW�GHP�&RPSOLDQFH�,QGH[�RGHU

GHU�PD[LPDOHQ�7LELDYHUVFKLHEXQJ�P|JOLFK��'HVKDOE�ZXUGH�I�U�GLHVH�8QWHUVXFKXQJHQ�GLH�6WLIIQHVV

GHV�REHUHQ�XQG�XQWHUHQ�.XUYHQDEVFKQLWWHV�EHUHFKQHW�
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'LH� 6WLIIQHVV� I�U� QLHGULJH� .UDIWZHUWH� LVW� HUZDUWXQJVJHPl�� EHL� EHODVWHWHP� %HLQ� ����1�PP�  

������1�P��K|KHU��DOV�EHL�HQWODVWHWHP�%HLQ����1�PP� ������1�P���)�U�KRKH�.UDIWZHUWH�LVW

GLH�6WLIIQHVV�EHL�EHODVWHWHP�%HLQ�����1�PP� �������1�P��HEHQIDOOV�K|KHU��DOV�EHL�HQWODVWHWHP

%HLQ�����1�PP� ������� 1�P���'LH�D[LDOH�%HODVWXQJ�GHV�%HLQHV�PLW����1� LQ�YLWUR� I�KUWH�EHL

HLQHP�.QLHZLQNHO�YRQ�����)OH[LRQ�]X�HLQHU�(UK|KXQJ�GHU�6WLIIQHVV�DXI�GDV�'RSSHOWH��0DUNROI�HW

DO���������'LH�DQWHULRUH�6WLIIQHVV�EHWUXJ� LQ�YLYR�EHL� HLQHP�.QLHZLQNHO� YRQ�����)OH[LRQ�PLW� D[LDO

XQEHODVWHWHP� %HLQ� XQG� HQWVSDQQWHU� 0XVNXODWXU� GXUFKVFKQLWWOLFK� ������ 1�P� HQWVSUHFKHQG

���1�PP�� $XFK� DQ� GLHVHP� 3DUDPHWHU� ]HLJW� VLFK� GLH� VWDELOLVLHUHQGH� :LUNXQJ�� GLH� YRQ� GHU

IXQNWLRQHOOHQ�6LWXDWLRQ�GLHVHU�8QWHUVXFKXQJ�DXVJHKW��GHQQ�GLH�:HUWH�I�U�GLH�6WLIIQHVV�EHL�QLHGULJHQ

=XJNUlIWHQ�OLHJHQ�HWZD�HLQH�=HKQHUSRWHQ]��EHU�:HUWHQ�YRQ�0DUNROI�HW�DO����������9HUJOHLFKW�PDQ

GLH� 6WLIIQHVV� I�U� QLHGULJH� =XJNUlIWH� PLW� GHU� 6WLIIQHVV� I�U� KRKH� =XJNUlIWH�� VR� HUNHQQW� PDQ� HLQ

$QVWHLJHQ�GHU�6WLIIQHVV�PLW�]XQHKPHQGHQ�.UDIWZHUWHQ�XQG�JU|�HUHQ�7LELDYHUVFKLHEXQJHQ�

6HW]W�PDQ�GLH�EHLGHQ�3DUDPHWHU�I�U�GLH�*HOHQNVWLIIQHVV�PLWHLQDQGHU�LQ�%H]LHKXQJ��VR�VLQG�$XVVDJHQ

�EHU� GLH� 3URJUHVVLRQ� GHU� )HGHUNHQQOLQLH� GHV� .QLHJHOHQNHV� P|JOLFK�� 'LH� 3URJUHVVLRQ� LVW� UHODWLY

XQDEKlQJLJ� YRQ� GHU� +|KH� GHU� DQWHULRUHQ� =XJODVW�� 'LH� HQWVSUHFKHQG� GHU� 9HUVXFKVEHGLQJXQJHQ

JUXSSLHUWHQ�'DWHQ�ODVVHQ�I�U�GLH�3URJUHVVLRQ�DXI�GHU�*UXQGODJH�GHU�XQWHUVXFKWHQ�3UREDQGHQ�NHLQH

HLQGHXWLJHQ�8QWHUVFKLHGH�HUNHQQHQ��ZDV�GLH�%HODVWXQJ�GHV�%HLQHV�DQEHODQJW��+LHU�YHUKDOWHQ�VLFK�GLH

YHUOHW]WHQ�.QLHJHOHQNH� JHQDX� LQ� HQWJHJHQJHVHW]WHU� 5LFKWXQJ� ]X� GHQ� LQWDNWHQ� .QLHJHOHQNHQ� XQG

GHQHQ�GHU�.RQWUROOJUXSSH��:lKUHQG�GLH�3URJUHVVLRQ�EHL�GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG�GHQHQ�GHU

.RQWUROOJUXSSH�EHL�EHODVWHWHP�%HLQ�JU|�HU�LVW��DOV�EHL�HQWODVWHWHP�%HLQ��LVW�GLH�3URJUHVVLRQ�EHL�GHQ

YHUOHW]WHQ�.QLHJHOHQNHQ�EHL� HQWODVWHWHP�%HLQ� JU|�HU� DOV� EHL� EHODVWHWHP�%HLQ�� ,QVJHVDPW� OLHJW� GLH

3URJUHVVLRQ� EHL� GXUFKVFKQLWWOLFK� ����� VR� GDVV� GLH� 6WLIIQHVV� EHL� KRKHQ�.UDIWZHUWHQ� XP�GLH�+lOIWH

JU|�HU�LVW��DOV�EHL�QLHGULJHQ�.UDIWZHUWHQ��,QZLHZHLW�GLH�3URJUHVVLRQ�GHV�$UWKURQV�YRQ�PXVNXOlUHQ

$NWLYLWlWHQ� ZlKUHQG� GHU� 8QWHUVXFKXQJ� DEKlQJW�� OlVVW� VLFK� GXUFK� GLH� ]XU� .RQWUROOH� HUKREHQHQ

,QWHJUDOTXRWLHQWHQ�GHU�0XVNHOQ�QLFKW� ]ZHLIHOVIUHL�EHVWLPPHQ��'LHVH�(UJHEQLVVH� ODVVHQ� VLFK�QLFKW

PLW�'DWHQ�DXV�GHU�/LWHUDWXU�LQ�%H]LHKXQJ�VHW]HQ��GD�GLH�3URJUHVVLRQ�ELVKHU�QLFKW�DOV�0HVVSDUDPHWHU

HUKREHQ�ZXUGH�

,P� 5DKPHQ� YRQ�0DWHULDOWHVWV� LQ� YLWUR� ZLUG� GLH� 'LVVLSDWLRQVHQHUJLH� LQ� GHU� /LWHUDWXU� KlXILJ� QXU

TXDOLWDWLY� EHVFKULHEHQ�� VR� GDVV� GLH� (QHUJLHELODQ]� DOV� 3DUDPHWHU� HEHQIDOOV� QLFKW�PLW� YRUKDQGHQHQ

)RUVFKXQJVHUJHEQLVVHQ� YHUJOLFKHQ� ZHUGHQ� NDQQ�� ,Q� GLHVHP� =XVDPPHQKDQJ� EHULFKWHQ

*ULHVKDEHU�)DXVW��������YRQ�HLQHP�$QZDFKVHQ�GHU�HODVWLVFKHQ�8QYROONRPPHQKHLW�PLW�GHU�+|KH

GHU�%HODVWXQJ��(LQ�lKQOLFKHV�(UJHEQLV� VWHOOWH� VLFK� LQ�GHQ�YRUJHVWHOOWHQ�8QWHUVXFKXQJHQ�HLQ��GHQQ

EHL� GHU� VFKZHUHQ� DQWHULRUHQ� =XJODVW� ZDU� GHU� (QHUJLHYHUOXVW� IDVW� GRSSHOW� VR� KRFK� ZLH� EHL� GHU

OHLFKWHQ�DQWHULRUHQ�=XJODVW�
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'LH�JUXSSHQVSH]LILVFKHQ�8QWHUVFKLHGH�LQ�GHU�(QHUJLHELODQ]�VLQG�]ZDU�QLFKW�VLJQLILNDQW��VLH�]HLJHQ

VLFK� MHGRFK� VRZRKO� EHL� D[LDO� EHODVWHWHP�%HLQ�� DOV� DXFK� XQWHU�(QWODVWXQJ��'LH� 7DWVDFKH�� GDVV� GLH

YHUOHW]WHQ�.QLHJHOHQNH�GLH�(QHUJLH��GLH�]XP�$XVO|VHQ�GHU�6FKXEODGH�HLQJHVHW]W�ZXUGH��]X�HLQHP

JU|�HUHQ� $QWHLO� ZLHGHU� ]XU�FNJHEHQ� EHGHXWHW� VFKOLH�OLFK� QLFKWV� DQGHUHV�� DOV� GDVV� VLH� VLFK� HKHU

HODVWLVFK�YHUKDOWHQ��LP�*HJHQVDW]�]X�GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG�GHQHQ�GHU�.RQWUROOJUXSSH��GLH

VLFK�HKHU�SODVWLVFK�YHUKDOWHQ�XQG�GLH�HLQJHVHW]WH�(QHUJLH�DEVRUELHUHQ��'HU�(QHUJLHYHUOXVW�EHZHJW

VLFK�LP�'XUFKVFKQLWW�]ZLVFKHQ���1PP�� �������1P��XQG���1PP�� �������1P��

0DQ�N|QQWH�VLFK�YRUVWHOOHQ��GDVV�GLH�HUK|KWH�(ODVWL]LWlW�GHU�YHUOHW]WHQ�.QLHJHOHQNH�JHJHQ�EHU�GHQ

XQYHUOHW]WHQ� XQWHU� 8PVWlQGHQ� GDV� 5HVXOWDW� HLQHU� HUK|KWHQ� 0XVNHODQVSDQQXQJ� ZlKUHQG� GHV

9HUVXFKHV�LVW��'D�]XU�.RQWUDNWLRQ�GHU�0XVNXODWXU�(QHUJLH�DXV�GHP�6WRIIZHFKVHO�YHUEUDXFKW�ZLUG�

N|QQWH�GLH�(QHUJLHELODQ]�DOV� ,QGLNDWRU� I�U�GLH�6WLIIQHVV�GHV�*HOHQNHV�XQG�GDPLW� LQGLUHNW� I�U�GHQ

.RQWUDNWLRQV]XVWDQG�GHU�0XVNXODWXU�ZlKUHQG�GHU�0HVVXQJ� KHUDQJH]RJHQ�ZHUGHQ��'DEHL�Z�UGH

GLH� YRQ� DX�HQ� HLQJHEUDFKWH� (QHUJLH� ]XP� $XVO|VHQ� GHU� 6FKXEODGH� GXUFK� .RQWUDNWLRQ� GHU

0XVNXODWXU� ZLHGHU� ]XU�FNJHJHEHQ�� 'DKHU� ZlUH� DQ]XQHKPHQ�� GDVV� GHU� (QHUJLHYHUOXVW� XP� VR

JHULQJHU�ZlUH��MH�VWlUNHU�GLH�0XVNXODWXU�ZlKUHQG�GHU�0HVVXQJ�NRQWUDKLHUW�

'LHVH� 9RUVWHOOXQJ� NDQQ� GXUFK� GLH� ]XU� .RQWUROOH� HUKREHQHQ� ,QWHJUDOTXRWLHQWHQ� GHU� 0XVNHOQ

DOOHUGLQJV� QLFKW� JHVW�W]W� ZHUGHQ�� 'LH� (QHUJLHELODQ]� ZHLVW� ]ZDU� HLQH� VHKU� VLJQLILNDQWH�� QHJDWLYH

.RUUHODWLRQ�]XP�,QWHJUDOTXRWLHQWHQ�GHV�0��ELFHSV�IHPRULV�DXI�� VR�GDVV�GHU�(QHUJLHYHUOXVW�XP�VR

NOHLQHU� LVW�� MH� VWlUNHU�GHU�0��ELFHSV� IHPRULV�DNWLYLHUW�ZLUG��'D�GLH�.RUUHODWLRQ� MHGRFK� VHKU�JHULQJ

DXVIlOOW�� GDUI�GLHVHV�(UJHEQLV� LQKDOWOLFK�QLFKW��EHUEHZHUWHW�ZHUGHQ��'LH�$QQDKPH��GHU� UHGX]LHUWH

(QHUJLHYHUOXVW� EHL� GHQ� YHUOHW]WHQ�.QLHJHOHQNHQ� N|QQWH� GDV�(UJHEQLV� HLQHU� HUK|KWHQ�PXVNXOlUHQ

$NWLYLWlW� LP� 6LQQH� HLQHU� 6FKXW]NRQWUDNWLRQ� VHLQ�� NRQQWH� GXUFK� GLH� JOHLFK]HLWLJ� ]XU� .RQWUROOH

HUKREHQHQ�,QWHJUDOTXRWLHQWHQ�GHU�0XVNHOQ�GDKHU�QLFKW�EHVWlWLJW�ZHUGHQ�

'D�GLH�PD[LPDOH�7LELDYHUVFKLHEXQJ��GHU�&RPSOLDQFH�,QGH[�XQG�GLH�6WLIIQHVV�KDXSWVlFKOLFK�XQWHU

D[LDOHU�(QWODVWXQJ�GHV�%HLQHV�JUXSSHQVSH]LILVFKH�8QWHUVFKLHGH�GHU�.QLHJHOHQNH�RIIHQEDUWHQ��KDEHQ

GLHVH� 3DUDPHWHU� LKUH� JU|�WH� 7UHQQVFKlUIH� EHL� GHU� (UIDVVXQJ� GHU� /D[L]LWlW� GHV� .DSVHO�%DQG�

$SSDUDWHV�XQWHU�/DERUEHGLQJXQJ��ZHQQ�GLH�3UREDQGHQ�LP�6LW]HQ�RGHU�/LHJHQ�XQWHUVXFKW�ZHUGHQ�

ZREHL�GDV�%HLQ�D[LDO�HQWODVWHW� LVW��'LH� LQ�GHU�/LWHUDWXU�EHVFKULHEHQHQ�8QWHUVXFKXQJHQ��EHL�GHQHQ

GHUDUWLJH� 3DUDPHWHU� HUKREHQ� ZXUGHQ�� ZXUGHQ� GHPHQWVSUHFKHQG� LQ� GHU� 5HJHO� LP� 6LW]HQ� EHL

PXVNXOlUHU� (QWVSDQQXQJ� GXUFKJHI�KUW� �0DUNROI� HW� DO�� ������ ������ 'DQLHO� HW� DO�� ������ �����

$QGHUVRQ�/LEVFRPE� ������'DKOVWHGW�'DOHQ� ������1HXVFKZDQGHU� HW� DO�� ������ $QGHUVVRQ� �����

6WUDQG�6ROKHLP�������6WUREHO�HW�DO��������
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:LOO� PDQ� GLH� PHFKDQLVFKHQ� 3DUDPHWHU� PLW� GHQ� LQ� GHU� /LWHUDWXU� JHEUlXFKOLFKHQ�� XQWHUHQ

.UDIWZHUWHQ����1�²����1��HUKHEHQ��VR�VROOWH�PDQ�GDUDXI�DFKWHQ��GDVV�GDV�XQWHUVXFKWH�%HLQ�D[LDO

HQWODVWHW� LVW�� GD� GLH� YHUOHW]XQJVEHGLQJWHQ� 8QWHUVFKLHGH� DQVRQVWHQ� YHUVFKZLPPHQ�� 8P� LQ

IXQNWLRQHOOHQ�%HGLQJXQJHQ� XQG� ]XPDO� EHL� D[LDOHU� %HODVWXQJ� GHV� %HLQHV� XQWHUVXFKHQ� ]X� N|QQHQ�

VLQG� K|KHUH�.UDIWZHUWH� QRWZHQGLJ� �0DUNROI� HW� DO�� ������+ROOLV� HW� DO�� ������ 7RU]LOOL� HW� DO�� ������

$XIJUXQG� GHU� D[LDOHQ� .RPSUHVVLRQ� GHV� *HOHQNHV� XQG� GHU� +DIWUHLEXQJ� GHU� *HOHQNNRQJUXHQWHQ

HUVFKHLQW� HLQH� .UDIW� YRQ� PLQGHVWHQV� ���1� QRWZHQGLJ�� XP� �EHUKDXSW� HLQH� UHOHYDQWH� 6FKXEODGH

DXVO|VHQ�]X�N|QQHQ��$OOHUGLQJV�VROOWHQ�I�U�]XN�QIWLJH�8QWHUVXFKXQJHQ�LQ�IXQNWLRQHOOHQ�6LWXDWLRQHQ

.UDIWZHUWH�LP�%HUHLFK�YRQ����1�²����1�HLQJHVHW]W�ZHUGHQ�

+HU]RJ� HW� DO�� ������� KDEHQ� DQ� HLQHU� 8QWHUVXFKXQJ� DP� .DW]HQNQLH� GLH� %HGHXWXQJ� IXQNWLRQHOOHU

6WDELOLWlWVWHVWV�KHUDXVJHDUEHLWHW�� LQGHP�VLH�NLQHWLVFKH�XQG�NLQHPDWLVFKH�3DUDPHWHU�HUKREHQ�KDEHQ�

:lKUHQG� EHL� VWDWLVFKHU� %HODVWXQJ� GHV� *HOHQNHV� EHUHLWV� QDFK� YLHU� 0RQDWHQ� QRFK� NDXP� PHKU

8QWHUVFKLHGH�]ZLVFKHQ�GHP�.QLHJHOHQN�RKQH�YRUGHUHV�.UHX]EDQG�XQG�GHP�LQWDNWHQ�.QLHJHOHQN

IHVW]XVWHOOHQ�ZDU�� HUJDEHQ� VLFK� LP�*DQJELOG� EHL�G\QDPLVFKHU�%HODVWXQJ�GHV�*HOHQNHV�QRFK�QDFK

HLQHP� -DKU� GHXWOLFKH� 8QWHUVFKLHGH� ]ZLVFKHQ� GHP� YHUOHW]WHQ� XQG� GHP� LQWDNWHQ� .QLHJHOHQN�� $OV

SUREOHPDWLVFK�HUZLHV�VLFK�LQ�GLHVHP�=XVDPPHQKDQJ�YRU�DOOHP�GLH�DQWHURSRVWHULRUH�,QVWDELOLWlW��GD

GLH� 5RWDWLRQVVWDELOLWlW� EHUHLWV� YLHU� 0RQDWH� QDFK� 9HUOHW]XQJ� ZLHGHU� KHUJHVWHOOW� ZDU�� 6LH� OHLWHWHQ

GDUDXV�GLH�1RWZHQGLJNHLW�DE��GLH�7LELDYHUVFKLHEXQJ�LQ�5HODWLRQ�]XP�)HPXU��XQG�GLH�%HGHXWXQJ�GHU

0XVNHOIXQNWLRQ�I�U�GLH�6WDELOLWlW�DP�.QLHJHOHQN�JHQDX�]X�XQWHUVXFKHQ�

'LH� ,QWHJUDOTXRWLHQWHQ�� GLH� EHL� GHU� 8QWHUVXFKXQJ� PLW� ODQJVDPHU� .UDIWHLQOHLWXQJ� ]XU� .RQWUROOH

HUKREHQ�ZXUGHQ��PDFKHQ�GHXWOLFK��GDVV�GLH�EHLGHQ�9DVWL�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�ZHQLJHU

DNWLY�ZXUGHQ��DOV�EHL�GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG�GHQHQ�GHU�.RQWUROOJUXSSH��'LHV�NDQQ�DOV�,QGL]

I�U�HLQH�YHUOHW]XQJVEHGLQJWH��UHIOHNWRULVFKH�4XDGUL]HSVLQKLELWLRQ�JHZHUWHW�ZHUGHQ��6RORPRQRZ�HW

DO��������&RUULJDQ�HW�DO���������'DEHL�KDEHQ�GLH�3DUDPHWHU�GHU�PXVNXOlUHQ�$NWLYLWlWHQ�DOOHUGLQJV�QXU

HLQHQ�JHULQJHQ�(LQIOXVV�DXI�GLH�PHFKDQLVFKHQ�6WDELOLWlWVSDUDPHWHU�

5.1.2 Neurophysiologische Parameter
'LH�PHFKDQLVFKHQ�3DUDPHWHU� ]XU�%HVWLPPXQJ�GHU� /D[L]LWlW� GHV�.DSVHO�%DQG�$SSDUDWHV�ZXUGHQ

DOOH� LQ�GHQ�8QWHUVXFKXQJHQ�PLW� ODQJVDPHU�.UDIWHLQOHLWXQJ� HUKREHQ��=XVlW]OLFK�ZXUGHQ� LQ�GLHVHQ

8QWHUVXFKXQJHQ�GLH�,QWHJUDOTXRWLHQWHQ�GHU�0XVNHOQ�JHPHVVHQ��XP�HLQHQ�P|JOLFKHQ�(LQIOXVV�GHU

0XVNXODWXU�DXI�GLH�PHFKDQLVFKHQ�3DUDPHWHU�GRNXPHQWLHUHQ�]X�N|QQHQ��'LH�QHXURSK\VLRORJLVFKHQ

3DUDPHWHU� ]XU� %HVWLPPXQJ� GHU� 0XVNHOIXQNWLRQ� ZXUGHQ� LQ� GHQ� 8QWHUVXFKXQJHQ� PLW� VFKQHOOHU

.UDIWHLQOHLWXQJ�HUIDVVW�
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'DV�$XVPD��GHU�$NWLYLWlWVVWHLJHUXQJ�GHU�0XVNHOQ�DOV�)ROJH�GHV�VFKQHOOHQ�GHVWDELOLVLHUHQGHQ�5HL]HV

LVW� VWDUN� DEKlQJLJ� YRQ� GHU� %HODVWXQJ� GHV� %HLQHV�� :lKUHQG� GLH� .QLHH[WHQVRUHQ� VWlUNHU� EHL

EHODVWHWHP�%HLQ� DQVSUDFKHQ� ����� ��������ZXUGHQ�GLH�.QLHIOH[RUHQ� VWlUNHU� EHL� HQWODVWHWHP�%HLQ

DNWLY����������������'LHV�LVW�EHL�GHU�.RQ]HSWLRQ�YRQ�3UlYHQWLRQV��XQG�5HKDELOLWDWLRQV�EXQJHQ�]X

EHU�FNVLFKWLJHQ� XQG� LP� =XVDPPHQKDQJ� PLW� GHQ� 8QWHUVFKLHGHQ� LQ� GHU� 7LELDYHUVFKLHEXQJ

KLQVLFKWOLFK�GHU�%HODVWXQJ�GHV�%HLQHV�]X�VHKHQ��0DUNROI�HW�DO��������

'LH�7DWVDFKH��GDVV�GLH�.QLHH[WHQVRUHQ�EHL�EHODVWHWHP�%HLQ�VWlUNHU�DNWLY�ZXUGHQ�DOV�EHL�HQWODVWHWHP

%HLQ� LVW� YHUPXWOLFK� DXI� ]ZHL� 8UVDFKHQ� ]XU�FN]XI�KUHQ�� =XP� HLQHQ�PXVV� GHU� 4XDGUL]HSV� HLQHQ

JHZLVVHQ�*UXQGWRQXV� DXIZHLVHQ�� XP� HLQHQ�.QLHZLQNHO� YRQ� ���� )OH[LRQ� EHL� EHODVWHWHP� %HLQ� ]X

KDOWHQ��'LH�0XVNHOVSLQGHOQ� HLQHV� GHUDUW� YRUDNWLYLHUWHQ�0XVNHOV� ZHUGHQ� YRUDXVVLFKWOLFK� VHQVLEOHU

HLQJHVWHOOW�VHLQ��DOV�EHL�Y|OOLJ�HQWVSDQQWHU�0XVNXODWXU��:LUG�QXQ�HLQ�PHFKDQLVFKHU�5HL]�YRQ�DX�HQ

DXI� GDV�.QLHJHOHQN� DXVJH�EW�� VR�ZLUG� HU� �EHU� GLH�*HOHQNUH]HSWRUHQ� UHJLVWULHUW� XQG� DQ� GDV�=16

ZHLWHUJHOHLWHW�� 9RQ� GRUW� DXV� ZHUGHQ� HIIHNWRULVFKH� ,PSXOVH� DQ� GLH� NQLHVWDELOLVLHUHQGH�0XVNXODWXU

DXVJHVDQGW�� 'LHVH� ,PSXOVH� N|QQHQ� YRQ� VHQVLELOLVLHUWHQ� 0XVNHOVSLQGHOQ� PLW� K|KHUHQ� $NWLYLWlWHQ

EHDQWZRUWHW�ZHUGHQ�DOV�YRQ�XQVHQVLEHO�HLQJHVWHOOWHQ�0XVNHOVSLQGHOQ���-RKDQVVRQ�HW�DO�������

=XP�DQGHUHQ�ZXUGHQ�QHEHQ�GHQ�PD[LPDOHQ�(0*�$PSOLWXGHQ�GLH�,QWHJUDOTXRWLHQWHQ�GHU�0XVNHOQ

DOV�0D��I�U�GLH�+|KH�GHU�$NWLYLHUXQJ�KHUDQJH]RJHQ��'LH�,QWHUYDOOJUHQ]H�GHV�HLQHQ�,QWHJUDOV� OLHJW

EHL� ���PV� QDFK� GHP� .UDIWPD[LPXP�� 'HU� LQLWLDOH� .UDIWDQVWLHJ� OLHJW� EHL� ��PV� YRU� GHP

.UDIWPD[LPXP��VR�GDVV�LQVJHVDPW�$NWLYLWlWHQ�LQ�HLQHP�=HLWUDXP�YRQ�FD�����PV�QDFK�.UDIWDQVWLHJ

HUIDVVW�ZHUGHQ��,Q�GLHVHP�=HLWUDXP�N|QQHQ�VLFK�VFKRQ�SRVWXUDOH�(IIHNWH�EHPHUNEDU�PDFKHQ��GHQQ

EHL�EHODVWHWHP�%HLQ�LVW�GHU�4XDGUL]HSV�PLWYHUDQWZRUWOLFK�GDI�U��GDVV�GHU�.|USHUVFKZHUSXQNW��EHU

GHU�8QWHUVW�W]XQJVIOlFKH�JHKDOWHQ�XQG�GHU� DXIUHFKWH�6WDQG�JHZlKUOHLVWHW�ZLUG� �'LHW]� HW� DO�� �����

������7LWWHO�������

'LH�.QLHIOH[RUHQ�ZHUGHQ�VWlUNHU�EHL�HQWODVWHWHP�%HLQ�DNWLY��ZHLO�GLH� DQWHULRUH�7LELDYHUVFKLHEXQJ

LQIROJH� HLQHU� .UDIWHLQZLUNXQJ� EHL� HQWODVWHWHP� %HLQ� ZHJHQ� IHKOHQGHU� D[LDOHU� .RPSUHVVLRQ

ZHVHQWOLFK�JU|�HU�DXVIlOOW��DOV�EHL�EHODVWHWHP�%HLQ��,Q�GLHVHP�=XVWDQG�VLQG�GLH� ,VFKLRNUXUDOHQ�GLH

HLQ]LJHQ� 6\QHUJLVWHQ� ]XP� YRUGHUHQ� .UHX]EDQG�� GLH� GDKHU� HQWVSUHFKHQG� VWDUN� DNWLYLHUW� ZHUGHQ

P�VVHQ��XP�GLH�6FKXEODGH�ZLUNXQJVYROO�QDFK�DQWHULRU�]X�EHJUHQ]HQ��+ROOLV�HW�DO��������/\VKROP�HW

DO��������%H\QQRQ�HW�DO��������

'LH� VRJHQDQQWHQ� SDVVLYHQ� 6WUXNWXUHQ� GHV�.QLHJHOHQNHV� VLQG� VHQVRULVFK� LQQHUYLHUW� XQG� LQ� HLQHP

5HIOH[ERJHQ�PLW�GHU�LVFKLRNUXUDOHQ�0XVNXODWXU�YHUVFKDOWHW��6RORPRQRZ�HW�DO��������*UDELQHU������

*UDELQHU� HW� DO�� ������� %HL� 9HUOHW]XQJHQ� JHKW� GHP� .QLHJHOHQN� QLFKW� QXU� HWZDV� YRQ� VHLQHU
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OLJDPHQWlUHQ� 6WDELOLWlW� YHUORUHQ�� VRQGHUQ� HV� ZLUG� DXFK� HLQ� 7HLO� VHLQHU� 6HQVRULN� ]HUVW|UW�� 'LH

OLJDPHQWlUH�6WDELOLWlW�GHV�.QLHJHOHQNHV�NDQQ�GXUFK�HLQH�2SHUDWLRQ�UHFKW�JXW�UHNRQVWUXLHUW�ZHUGHQ�

(V� LVW� DEHU� DQ]XQHKPHQ�� GDVV� GXUFK�(LQVFKQLWWH� LQ� GLH�*HOHQNNDSVHO� EHL� GHU�2SHUDWLRQ�ZHLWHUH

VHQVRULVFKH� 1HUYHQHQGLJXQJHQ� ]HUVW|UW� ZHUGHQ� �6M|ODQGHU� ������� 'XUFK� GLH� 9HUlQGHUXQJ� GHV

VHQVRULVFKHQ�$QWHLOHV�GHV�5HIOH[ERJHQV�PLW�GHU� JHOHQNVWDELOLVLHUHQGHQ�0XVNXODWXU�YHUlQGHUW� VLFK

DXFK�GLH� IXQNWLRQHOOH� 6WDELOLWlW� DP�.QLHJHOHQN� �-RKDQVVRQ�HW� DO�� ������5HXWHU� HW� DO�� ������3IHLIHU

������� 'LHV� PDQLIHVWLHUW� VLFK� XQWHU� DQGHUHP� LQ� HLQHP� YHUlQGHUWHQ� ,QQHUYDWLRQVYHUKDOWHQ� GHU

NQLHVWDELOLVLHUHQGHQ� 0XVNXODWXU�� 'HVWDELOLVLHUHQGH� 5HL]H� ZHUGHQ� YRQ� GHU� 0XVNXODWXU� HLQHV

YHUOHW]WHQ�*HOHQNHV�YHUlQGHUW�EHDQWZRUWHW�

'DV�(LQZDFKVHQ�QHXURQDOHU�6WUXNWXUHQ�LQ�.UHX]EDQGLPSODQWDWH�NRQQWH�PRUSKRORJLVFK�LQ]ZLVFKHQ

PHKUIDFK�QDFKJHZLHVHQ�ZHUGHQ��)URPP�HW�DO��������%LHGHUW�=ZLFN�������%LHGHUW�HW�DO���������2E

GLHVH�6WUXNWXUHQ�ZLHGHU�GLH�YROOH�IXQNWLRQHOOH�%HGHXWXQJ�HUODQJHQ��LVW�DOOHUGLQJV�ELVODQJ�QRFK�QLFKW

HQGJ�OWLJ� JHNOlUW� �-RKDQVVRQ� HW� DO�� ������ *|UW]HQ� HW� DO�� ������� %LHGHUW� HW� DO�� ������� NRQQWHQ

DUWKURVNRSLVFK�GXUFK�=XJ�DP�.UHX]EDQGWUDQVSODQWDW�PLW�GHP�7DVWKDNHQ�HLQ�6FKPHU]HPSILQGHQ

EHL�GHQ�PHLVWHQ�LKUHU�3UREDQGHQ�DXVO|VHQ��0LW�GHP�/DFKPDQ�7HVW�NRQQWHQ�VLH�DP�.QLHJHOHQN�PLW

.UHX]EDQGWUDQVSODQWDW� HLQH� UHIOHNWRULVFKH�$NWLYLHUXQJ�GHU� ,VFKLRNUXUDOHQ� DXVO|VHQ��'LHVHU�5HIOH[

NDQQ�MHGRFK�QLFKW�HLQGHXWLJ�GHP�.UHX]EDQGWUDQVSODQWDW�]XJHRUGQHW�ZHUGHQ��GD�DP�.QLHJHOHQN�GLH

PHLVWHQ�VRJHQDQQWHQ�SDVVLYHQ�6WUXNWXUHQ�VHQVRULVFK�LQQHUYLHUW�VLQG��%LHGHUW�HW�DO��VFKORVVHQ�GDUDXV�

GDVV�GDV�7UDQVSODQWDW��/LJ��SDWHOODH��]XPLQGHVW�WHLOZHLVH�LP�QR]L]HSWLYHQ�6\VWHP�ZLHGHU�UHLQWHJULHUW

ZLUG�

,Q� GLHVHQ� 8QWHUVXFKXQJHQ� ZDU� GLH� ,VFKLRNUXUDOPXVNXODWXU� EHL� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ

VLJQLILNDQW� VWlUNHU� DNWLY�� DOV� EHL� GHQ� LQWDNWHQ� .QLHJHOHQNHQ� XQG� EHL� GHQ� 3UREDQGHQ� GHU

.RQWUROOJUXSSH�� (LQH� YHUVWlUNWH� $NWLYLWlW� GHU� ,VFKLRNUXUDOHQ� I�KUW� HEHQVR�� ZLH� HLQH

4XDGUL]HSVLQKLELWLRQ�]X�HLQHU�(QWODVWXQJ�GHV�.QLHJHOHQNHV�LQ�DQWHULRUHU�5LFKWXQJ��'DKHU�N|QQWHQ

EHLGH�(UHLJQLVVH�DOV�6FKXW]PD�QDKPH�YRU�7LELDYHUVFKLHEXQJHQ�LQ�DQWHULRUHU�5LFKWXQJ�LQWHUSUHWLHUW

ZHUGHQ� �6RORPRQRZ� HW� DO�� ������ %DUDWWD� HW� DO�� ������ )UQGDN�%HUDVL� ������ 'HYLWD� HW� DO�� �����

2·&RQQRU�������/\VKROP�HW�DO��������%H\QQRQ�HW�DO��������

'LH�$NWLYLWlWHQ�GHU�9DVWL�ZDUHQ�DOOHUGLQJV�LQ�GHQ�8QWHUVXFKXQJHQ�PLW�VFKQHOOHU�.UDIWHLQOHLWXQJ�EHL

GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� HEHQIDOOV� WHQGHQ]LHOO� JHJHQ�EHU� GHQ� LQWDNWHQ� XQG� GHQHQ� GHU

.RQWUROOJUXSSH� YHUVWlUNW�� :HQQ� QXQ� GLH� EHLGHQ� 9DVWL� LQ� GHQ� 9HUVXFKHQ� PLW� VFKQHOOHU

.UDIWHLQOHLWXQJ� EHL� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� VWlUNHU� DNWLY� VLQG�� DOV� EHL� GHQ� XQYHUOHW]WHQ

.QLHJHOHQNHQ�� VR� EHVWHKW�KLHU� HLQ�:LGHUVSUXFK�]X�GHQ�(UJHEQLVVHQ�GHU�9HUVXFKH�PLW� ODQJVDPHU
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.UDIWHLQOHLWXQJ��GHQQ�KLHU�ZDUHQ�GLH�9DVWL�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�ZHQLJHU�VWDUN�DNWLY��DOV

EHL�GHQ�XQYHUOHW]WHQ�.QLHJHOHQNHQ�

'LHVHU�:LGHUVSUXFK� LQ� GHQ� YRUJHVWHOOWHQ� 8QWHUVXFKXQJVHUJHEQLVVHQ� ILQGHW� VLFK� LQ� GHU� /LWHUDWXU

ZLHGHU��:L�PH\HU�HW�DO���������NRQQWHQ�PLW�+�5HIOH[�0HVVXQJHQ�8QWHUVFKLHGH�]ZLVFKHQ�LQWDNWHQ

.QLHJHOHQNHQ� XQG� .QLHJHOHQNHQ� PLW� 9HUOHW]XQJHQ� GHV� YRUGHUHQ� .UHX]EDQGHV� IHVWVWHOOHQ�� %HL

.QLHJHOHQNHQ� PLW� LQWDNWHP� YRUGHUHP� .UHX]EDQG� I�KUWH� HLQH� DQWHULRUH� =XJEHODVWXQJ� DP

8QWHUVFKHQNHO� ]X� HLQHU� YHUPLQGHUWHQ� +�5HIOH[�$QWZRUW� GHV� 4XDGUL]HSV� LP� 9HUJOHLFK� PLW

.QLHJHOHQNHQ��GHUHQ�YRUGHUH�.UHX]ElQGHU�GXUFKWUHQQW�ZDUHQ��:L�PH\HU�HW�DO���������HUNOlUWHQ�GLH

YHUPLQGHUWH�4XDGUL]HSVDNWLYLHUXQJ� GHU� NUHX]EDQGLQWDNWHQ�.QLHJHOHQNH�PLW� HLQHU� UHIOHNWRULVFKHQ

,QKLELWLRQ�GHV�4XDGUL]HSV�GXUFK�GDV�YRUGHUH�.UHX]EDQG�DOV�6FKXW]�YRU�ZHLWHUHU�'HKQXQJ��ZHOFKH

GLH�=XJNUDIW�GHV�4XDGUL]HSV�YHUXUVDFKHQ�N|QQWH��%HL�.QLHJHOHQNHQ�PLW�GXUFKWUHQQWHP�YRUGHUHP

.UHX]EDQG� I�KUWH� GLH� =XJEHODVWXQJ� GDJHJHQ� ]X� HLQHP� $QZDFKVHQ�+�5HIOH[�$PSOLWXGH�� GD� GLH

LQKLELWRULVFKHQ� (LQIO�VVH� DXV� GHP� YRUGHUHQ� .UHX]EDQG� IHKOWHQ�� $XI� GHQ� :LGHUVSUXFK� GHU

(UJHEQLVVH� GLHVHU� 8QWHUVXFKXQJ� ]X� %HIXQGHQ� DXV� GHU� NOLQLVFKHQ� 3UD[LV� ZXUGH� EHUHLWV� LQ� GHU

(LQOHLWXQJ�KLQJHZLHVHQ��6RORPRQRZ�HW�DO��������&RUULJDQ�HW�DO��������

'LH�(UJHEQLVVH�YRQ�:L�PH\HU�HW�DO�� �������VLQG� LQKDOWOLFK�VFKO�VVLJ�� VRODQJH�PDQ�GDYRQ�DXVJHKW�

GDVV� DQ� GLHVHP� 5HIOH[ERJHQ� DXVVFKOLH�OLFK� YRUGHUHV� .UHX]EDQG� XQG� 4XDGUL]HSV� EHWHLOLJW� VLQG�

'DQQ�NDQQ�PDQ�VLFK�YRUVWHOOHQ��GDVV�HLQ�YRUKDQGHQHV�YRUGHUHV�.UHX]EDQG�EHL�=XJEHODVWXQJ�HLQHQ

LQKLELWRULVFKHQ�(LQIOXVV�DXI�GLH�4XDGUL]HSVPXVNXODWXU�DXV�EW��'LHVHU�LQKLELWRULVFKH�(LQIOXVV�Z�UGH

QDW�UOLFK�PLW� GHP�9HUOXVW� GHV� YRUGHUHQ�.UHX]EDQGHV� ]XP�(UOLHJHQ� NRPPHQ��'DEHL�PXVV�PDQ

DOOHUGLQJV�DQQHKPHQ��GDVV�DXVVFKOLH�OLFK�GDV�YRUGHUH�.UHX]EDQG�'HKQXQJV]XVWlQGH�UHJLVWULHUW��XQG

DQ�GDV�=16�ZHLWHUOHLWHW��'LHV�LVW�]�%��GDQQ�GHU�)DOO��ZHQQ�RSHUDWLY�GDV�YRUGHUH�.UHX]EDQG�LVROLHUW

JHGHKQW�ZLUG��*U�EHU�HW�DO��������6M|ODQGHU�������-RKDQVVRQ�HW�DO��������%LHGHUW�HW�DO��������

:HQQ�GLH�=XJEHODVWXQJ��ZLH�EHL�:L�PH\HU�HW�DO���������DEHU�QLFKW�GLUHNW�DP�YRUGHUHQ�.UHX]EDQG�

VRQGHUQ� DP�8QWHUVFKHQNHO� HLQJHOHLWHW� ZLUG�� VR�ZLUG� QDW�UOLFK� QLFKW� QXU� GDV� YRUGHUH�.UHX]EDQG

JHGHKQW��VRQGHUQ�DXFK�DOOH��EULJHQ�6WUXNWXUHQ�DP�.QLHJHOHQN��GLH�HEHQIDOOV� VHQVRULVFK� LQQHUYLHUW

VLQG��.HQQHG\�HW�DO��������5HXWHU�HW�DO���������'DKHU�LVW�DQ]XQHKPHQ��GDVV�QLFKW�QXU�5H]HSWRUHQ

GHV�YRUGHUHQ�.UHX]EDQGHV�HLQHQ�'HKQXQJVUHL]�UHJLVWULHUHQ��VRQGHUQ�DXFK�5H]HSWRUHQ�YRQ�DQGHUHQ

6WUXNWXUHQ��]�%��GHU�*HOHQNNDSVHO�

:HQQ� QXQ� DEHU� GDV� YRUGHUH� .UHX]EDQG� IHKOW�� VR� IHKOW� QLFKW� QXU� HLQ� 'HKQXQJVVHQVRU� DP

.QLHJHOHQN��VRQGHUQ�DXFK�GHU�+DXSWVWDELOLVDWRU�GHV�.QLHJHOHQNHV�JHJHQ�HLQH�6XEOX[DWLRQ�GHU�7LELD

QDFK� YHQWUDO� �+ROOLV� HW� DO�� ������� 'DV� EHGHXWHW�� GDVV� EHL� JOHLFKHU� lX�HUHU� =XJEHODVWXQJ� DP
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8QWHUVFKHQNHO�� DXIJUXQG� GHU� JU|�HUHQ� 7LELDYHUVFKLHEXQJ�� GLH� 'HKQXQJVEHDQVSUXFKXQJ� GHU

�EULJHQ�6WUXNWXUHQ�EHL�IHKOHQGHP�YRUGHUHP�.UHX]EDQG�JU|�HU�LVW�DOV�EHL�YRUKDQGHQHP�YRUGHUHQ

.UHX]EDQG��'DQLHO�HW�DO��������1HXVFKZDQGHU�HW�DO��������6WUREHO�HW�DO���������'DKHU�ZHUGHQ�GLH

�EULJHQ� 6WUXNWXUHQ� HLQHQ� YHUVWlUNWHQ� DQWHULRUHQ� 'HKQXQJVUHL]� UHJLVWULHUHQ� XQG� DQ� GDV� =16

ZHLWHUOHLWHQ�

(V� LVW� DOOHUGLQJV� VFKZHU� YRUVWHOOEDU�� GDVV� 'HKQXQJVUHL]H� DXV� GHQ� �EULJHQ� .QLHJHOHQNVWUXNWXUHQ

QLFKW�HEHQVR�HLQHQ�LQKLELWRULVFKHQ�(LQIOXVV�DXI�GLH�4XDGUL]HSVPXVNXODWXU�DXV�EHQ�VROOWHQ��ZLH�GLHV

'HKQXQJVUHL]H� DXV� GHP� YRUGHUHQ� .UHX]EDQG� WXQ� �'UDJDQLFK� HW� DO�� ������� 'HU� 'HKQXQJVUHL]

P�VVWH�EHL� IHKOHQGHP�YRUGHUHQ�.UHX]EDQG� DXIJUXQG�GHU�YHUJU|�HUWHQ�7LELDYHUVFKLHEXQJ�XP� VR

JU|�HU� DXVIDOOHQ�� 'LHVHU� 0HFKDQLVPXV� N|QQWH� GLH� 4XDGUL]HSVLQKLELWLRQ� EHL� LVROLHUWHU

.QLHVWUHFNXQJ�� VRZLH� GLH� WHLOZHLVH� KDUWQlFNLJH� 4XDGUL]HSVDWURSKLH� QDFK� 9HUOXVW� GHV� YRUGHUHQ

.UHX]EDQGHV�HUNOlUHQ��6RORPRQRZ�HW�DO��������&RUULJDQ�HW�DO��������5DXQHVW�HW�DO��������%RUVD�HW�DO�

������

+RJHUYRUVW�%UDQG��������ELHWHQ�KLHU]X�HLQH�$UJXPHQWDWLRQ�VR]XVDJHQ�YRQ�GHU�DQGHUHQ�6HLWH�DQ�

6RODQJH�VLFK�GDV�YRUGHUH�.UHX]EDQG�LQ�HLQHP�SK\VLRORJLVFKHQ�'HKQXQJV]XVWDQG�EHILQGHW��I�KUHQ

$IIHUHQ]HQ�DXV�GHP�YRUGHUHQ�.UHX]EDQG�]X�HLQHU�)D]LOLWDWLRQ�GHV�4XDGUL]HSV��:LUG�GDV�YRUGHUH

.UHX]EDQG��EHU�GLH�SK\VLRORJLVFKHQ�*UHQ]HQ�KLQDXV�JHGHKQW�RGHU� IHKOW�GDV�YRUGHUH�.UHX]EDQG

JDU��VR�IDOOHQ�GLHVH�$IIHUHQ]HQ�DXV�XQG�GLH�)D]LOLWDWLRQ�GHV�4XDGUL]HSV�YHUVFKZLQGHW�

(LQHQ� ZHLWHUHQ� (UNOlUXQJVDQVDW]� I�U� GLH� 4XDGUL]HSVLQKLELWLRQ� ELHWHW� GLH� 5HGXQGDQ]� GHU

XQWHUVFKLHGOLFKHQ� 3URSULR]HSWRUHQ�� 'HKQXQJVEHODVWXQJHQ� ZHUGHQ� YRQ� HLQHU� 9LHO]DKO� YRQ

5H]HSWRUHQ� DXV� XQWHUVFKLHGOLFKHQ� 6WUXNWXUHQ� DQ� GDV� =16� JHPHOGHW�� :HQQ� QDFK� 9HUOXVW� GHV

YRUGHUHQ�.UHX]EDQGHV�HLQ�'HKQXQJVUHL]�DXV�GHU�*HOHQNNDSVHO�XQG��EULJHQ�6WUXNWXUHQ�UHJLVWULHUW

XQG� ZHLWHUJHOHLWHW� ZLUG�� JOHLFK]HLWLJ� DEHU� VROFKH� 'HKQXQJVLQIRUPDWLRQHQ� DXV� GHP� YRUGHUHQ

.UHX]EDQG� DXVEOHLEHQ�� VR� NDQQ� PDQ� VLFK� YRUVWHOOHQ�� GDVV� GDV� =16� GDV� $XVEOHLEHQ� YRQ

SURSULR]HSWLYHQ� ,QIRUPDWLRQHQ� DXV� GHP� YRUGHUHQ� .UHX]EDQG� DOV� 9HUOXVW� GHU� PRUSKRORJLVFKHQ

6WUXNWXU�GHV�YRUGHUHQ�.UHX]EDQGHV�LQWHUSUHWLHUW�

$XFK�LQ�GLHVHP�)DOO�VlKH�VLFK�GDV�=16�PLW�HLQHU�HUK|KWHQ�DQWHULRUHQ�,QVWDELOLWlW�GHV�.QLHJHOHQNHV

NRQIURQWLHUW��GDKHU�ZlUH�DXFK�KLHU� HLQH� UHIOHNWRULVFKH� ,QKLELWLRQ�GHV�4XDGUL]HSV� DXIJUXQG� VHLQHU

DQWHULRUHQ� .UDIWNRPSRQHQWHQ� HLQH� VLQQYROOH� 5HDNWLRQ�� 'XUFK� HLQH� UHGX]LHUWH� .RQWUDNWLRQVNUDIW

GHV� 4XDGUL]HSV� N|QQWH� HLQH� 5HGXNWLRQ� GHU� GXUFKVFKQLWWOLFKHQ� %HODVWXQJ� GHV� YRUGHUHQ

.UHX]EDQGHV� LQ� VWDWLVFKHQ� 6LWXDWLRQHQ� EHL� ZHQLJHU� DOV� ���� .QLHIOH[LRQ� KHUEHLJHI�KUW� ZHUGHQ
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�%H\QQRQ�HW�DO���������(LQH�JOHLFK]HLWLJH�.RQWUDNWLRQ�GHU�LVFKLRNUXUDOHQ�0XVNXODWXU�I�KUW�]X�HLQHU

ZHLWHUHQ�(QWODVWXQJ�GHV�YRUGHUHQ�.UHX]EDQGHV��$Q�HW�DO��������2·&RQQRU�������0RUH�HW�DO��������

'LHVH�EHLGHQ�$QVlW]H�N|QQWHQ�GLH�YHUPLQGHUWH�$NWLYLHUXQJ�GHU�EHLGHQ�9DVWL� LQ�GHQ�YRUJHVWHOOWHQ

8QWHUVXFKXQJHQ�PLW�ODQJVDPHU�.UDIWHLQOHLWXQJ�HUNOlUHQ��:LH�VWHKW�HV�QXQ�DEHU�PLW�GHU�YHUVWlUNWHQ

$NWLYLHUXQJ�GHU�EHLGHQ�9DVWL�LQ�GHQ�8QWHUVXFKXQJHQ�PLW�VFKQHOOHU�.UDIWHLQOHLWXQJ"�'LH�$UEHLWHQ�

GLH� HLQH� 4XDGUL]HSVDWURSKLH� RGHU� HLQH� 4XDGUL]HSVLQKLELWLRQ� DOV� )ROJH� HLQHU� 9HUOHW]XQJ� GHV

YRUGHUHQ� .UHX]EDQGHV� NRQVWDWLHUHQ�� EH]LHKHQ� VLFK� LQ� GHU� 5HJHO� DXI� %HZHJXQJHQ� PLW� JHULQJHU

'\QDPLN��&RUULJDQ� HW� DO�� �������EHVFKUHLEHQ�GLH�.RQVHTXHQ]HQ� YRQ�.UHX]EDQGYHUOHW]XQJHQ� I�U

GLH�3URSULR]HSWLRQ� LQ�9HUVXFKHQ�� LQ� GHQHQ� GLH� 3UREDQGHQ� YRUJHJHEHQH�*HOHQNZLQNHO� DQVWHXHUQ

P�VVHQ�� 6RORPRQRZ� HW� DO�� ������� EHREDFKWHQ� HLQH� YHUOHW]XQJVEHGLQJWH�4XDGUL]HSVLQKLELWLRQ� EHL

GHU� �.QLHVWUHFNXQJ� DQ� HLQHP� LVRNLQHWLVFKHQ�7UDLQLQJVJHUlW�PLW� HLQHU�:LQNHOJHVFKZLQGLJNHLW� YRQ

�����V�

:HQQ� QXQ� DEHU�� ZLH� LQ� GHQ�8QWHUVXFKXQJHQ�PLW� VFKQHOOHU� .UDIWHLQOHLWXQJ� HLQ� GHVWDELOLVLHUHQGHU

5HL]� PLW� KRKHU� '\QDPLN� DXI� GDV� .QLHJHOHQN� WULIIW�� VR� NDQQ� HLQ� .QLHJHOHQN� RKQH� YRUGHUHV

.UHX]EDQG�DXIJUXQG�IHKOHQGHU�5H]HSWRUHQ�XQWHU�8PVWlQGHQ�ZLFKWLJH�5HL]TXDOLWlWHQ�ZLH�]�%��GLH

5LFKWXQJ� GHU�.UDIWZLUNXQJ� QLFKW�PHKU� ZDKUQHKPHQ� �&RUULJDQ� HW� DO�� ������0L\DWVX� HW� DO�� �����

%O�PHO�.UDDW]��������'DKHU�ZlUH�GLH�HLQ]LJ�P|JOLFKH�5HDNWLRQ�HLQH�P|JOLFKVW�VFKQHOOH��DEHU�VHKU

SDXVFKDOH�XQG�XQGLIIHUHQ]LHUWH�(UK|KXQJ�GHU�6SDQQXQJ� VlPWOLFKHU�0XVNHOQ��GLH�GDV�.QLHJHOHQN

XPJHEHQ��XP�VR�HLQH�0DQWHOVSDQQXQJ�XP�GDV�*HOHQN�KHUXP�]X�HU]HXJHQ��ZRGXUFK�HV�JHJHQ�MHGH

.UDIWZLUNXQJVULFKWXQJ�VWDELOLVLHUW�Z�UGH��:HQQ�GHU�5HL]�HLQH�JHZLVVH�'\QDPLN�HUUHLFKW�� VR�ZlUH

GHPQDFK�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�PLW�HLQHU�HUK|KWHQ�$NWLYLHUXQJ�GHU�9DVWL� LP�9HUJOHLFK

PLW� GHQ� XQYHUOHW]WHQ� .QLHJHOHQNHQ� ]X� UHFKQHQ�� ZlKUHQG� LQ� $OOWDJVVLWXDWLRQHQ� XQG

5HL]NRQVWHOODWLRQHQ� PLW� QLHGULJHU� '\QDPLN� EHL� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� HLQH

4XDGUL]HSVLQKLELWLRQ� YRUOLHJW�� 'LHVHU� $QVDW]� N|QQWH� GLH� ZLGHUVSU�FKOLFKHQ

8QWHUVXFKXQJVHUJHEQLVVH� LQ� GHU� /LWHUDWXU� XQG� GDV� ZLGHUVSU�FKOLFKH� 9HUKDOWHQ� GHU� 9DVWL� LQ� GHQ

8QWHUVXFKXQJHQ�PLW�ODQJVDPHU�XQG�VFKQHOOHU�.UDIWHLQZLUNXQJ�HUNOlUHQ�

'LH�(UJHEQLVVH�DXV�GHQ�8QWHUVXFKXQJHQ�PLW�VFKQHOOHU�.UDIWHLQOHLWXQJ�Z�UGHQ�GDEHL�GHQ�%HIXQGHQ

YRQ�:L�PH\HU� HW� DO�� ������� HQWVSUHFKHQ�� VLH� G�UIHQ� LQ� GLHVHU� )UDJH� DEHU� QLFKW� �EHULQWHUSUHWLHUW

ZHUGHQ�� GD� :L�PH\HU� HW� DO�� NHLQH� $XVVDJHQ� ]XU� '\QDPLN� LKUHU� 5HL]H� XQG� ]XP� 9HUKDOWHQ� GHU

,VFKLRNUXUDOHQ�PDFKHQ�XQG�GD�GLH�(UJHEQLVVH�GLHVHU�8QWHUVXFKXQJHQ�]ZDU�I�U�GLH�,VFKLRNUXUDOHQ�

DEHU� QLFKW� I�U� GLH� 9DVWL� VLJQLILNDQW� VLQG�� +LHU� LVW� QRFK� HLQLJH� )RUVFKXQJVDUEHLW� ]X� OHLVWHQ�� XP

(UNOlUXQJHQ�I�U�GLH�VLFK�WHLOZHLVH�ZLGHUVSUHFKHQGHQ�%HIXQGH�JHEHQ�]X�N|QQHQ�
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:HQQ� GHU� DQJHERWHQH� (UNOlUXQJVDQVDW]� ]XWULIIW�� GDQQ� EHVWHKW� KLHULQ� HLQH� &KDQFH� I�U� GLH

5HKDELOLWDWLRQ�� GLH� GURKHQGH� 4XDGUL]HSVDWURSKLH� DQ]XJHKHQ�� LQGHP� PDQ� GLH� LQKLELWRULVFKHQ

(LQIO�VVH� DXV� GHP� =16� �EHUZLQGHW�� 'D� VLFK� GHU� 4XDGUL]HSV� LP� UHKDELOLWDWLYHQ� .UDIWWUDLQLQJ

DXIJUXQG� GHU� LQKLELWRULVFKHQ� (LQIO�VVH� QXU� VFKZHU� DQVSUHFKHQ� OlVVW�� VROOWH� GDV� .QLHJHOHQN� LP

5DKPHQ� HLQHV� NRRUGLQDWLYHQ� 7UDLQLQJV� JH]LHOW� XQG� GRVLHUW� GHVWDELOLVLHUW� ZHUGHQ�� XP� GLH

VWDELOLVLHUHQGH� 0XVNXODWXU� GHV� .QLHJHOHQNHV�� G�K�� DXFK� GHQ� 4XDGUL]HSV� ]XU� UHIOHNWRULVFKHQ

.RQWUDNWLRQ�]X�]ZLQJHQ��3lVVOHU�6KHOERXUQH��������'DEHL�PXVV�GDUDXI�JHDFKWHW�ZHUGHQ��GDVV�GLH

'\QDPLN�GHV� GHVWDELOLVLHUHQGHQ�5HL]HV� DXVUHLFKHQG� KRFK� LVW�� VR� GDVV� DOOH� DQ� GHU�*HOHQNVWDELOLWlW

EHWHLOLJWHQ�0XVNHOQ��DXFK�GLH�9DVWL�UHIOHNWRULVFK�NRQWUDKLHUHQ��(V�LVW�GLH�)UDJH��RE�7UDLQLQJVIRUPHQ

ZLH� 6WHKHQ� DXI� ZDFNHOLJHP� 8QWHUJUXQG�� ZLH� VLH� GHU]HLW� EHUHLWV� LQ� GHU� 5HKDELOLWDWLRQ� HLQJHVHW]W

ZHUGHQ��GLH�Q|WLJH�'\QDPLN�DXIZHLVHQ��XP�GDV�*HIRUGHUWH�]X�OHLVWHQ��$XI�GHU�DQGHUHQ�6HLWH�PXVV

QDW�UOLFK� JHZlKUOHLVWHW� VHLQ�� GDVV� GHU� GHVWDELOLVLHUHQGH� 5HL]� NHLQH� PRUSKRORJLVFKHQ� 6WUXNWXUHQ

]HUVW|UHQ�NDQQ�

'LH�+|KH�GHU�PXVNXOlUHQ�$NWLYLWlW� QDFK� GHP�GHVWDELOLVLHUHQGHQ�5HL]�ZXUGH� �EHU� GLH�PD[LPDOH

(0*�$PSOLWXGH�XQG��EHU�GHQ�4XRWLHQW�GHU�LQWHJULHUWHQ�(0*V����PV�YRU�XQG����PV�QDFK�GHU

PD[LPDOHQ� .UDIWHQWIDOWXQJ� GHV� GHVWDELOLVLHUHQGHQ� 5HL]HV� DEJHVFKlW]W�� 'LH� JUXSSHQVSH]LILVFKHQ

8QWHUVFKLHGH�ZDUHQ�EHL�GHU�PD[LPDOHQ�(0*�$PSOLWXGHQ�GHU�0XVNHOQ�QLFKW�VR�DXJHQIlOOLJ��ZLH�EHL

GHQ�HUUHFKQHWHQ�,QWHJUDOTXRWLHQWHQ�

$X�HU� GHU� +|KH� GHU� $NWLYLWlW� ZDU� QRFK� GHU� =HLWSXQNW� GHU� HLQVHW]HQGHQ� 0XVNHODNWLYLWlW� LQ

$EKlQJLJNHLW� YRP� GHVWDELOLVLHUHQGHQ� 5HL]� YRQ� ,QWHUHVVH�� 'LHVHU� =HLWSXQNW� ZXUGH� �EHU� GLH

/DWHQ]]HLW�GHU�0XVNHOQ�]ZLVFKHQ�GHP�LQLWLDOHQ�.UDIWDQVWLHJ�GHV�GHVWDELOLVLHUHQGHQ�5HL]HV�XQG�GHP

$QVWLHJ�GHU�(0*�.XUYH�GHV�0XVNHOV�DEJHVFKlW]W�

$OOH� 0XVNHOQ�� ELV� DXI� GHQ� 0�� JDVWURFQHPLXV� PHGLDOLV� KDWWHQ� /DWHQ]]HLWHQ� YRQ� �����PV� QDFK

LQLWLDOHP� .UDIWDQVWLHJ�� :RMW\V� HW� DO�� ������� EHULFKWHQ� YRQ� YHUJOHLFKEDUHQ� /DWHQ]]HLWHQ�� 'LH

JHPHVVHQHQ� /DWHQ]]HLWHQ� ODVVHQ� HLQHQ� SRO\V\QDSWLVFKHQ� 5HIOH[� YHUPXWHQ� �+RXN�5\PHU� �����

6FKPLGW�7KHZV��������'HU�0��JDVWURFQHPLXV�PHGLDOLV�DQWZRUWHWH�UHJHOPl�LJ�PLW�HLQHU�/DWHQ]]HLW

YRQ������PV��'LHVHU�PRQRV\QDSWLVFKH�5HIOH[�ZXUGH�YHUPXWOLFK�GXUFK�GLH�%DQGVFKOLQJH�DXVJHO|VW�

�EHU�GLH�GLH�DQWHULRUH�=XJNUDIW�HLQJHOHLWHW�ZXUGH��XQG�GLH��EHU�GHQ�%DXFK�GHV�0��JDVWURFQHPLXV

PHGLDOLV�JHOHJW�ZHUGHQ�PXVVWH��:RMW\V�HW�DO���������'DKHU�ZXUGH�GHU�0��JDVWURFQHPLXV�PHGLDOLV�DXV

DOOHQ�JUXSSHQVSH]LILVFKHQ�%HWUDFKWXQJHQ�DXVJHVFKORVVHQ�

(LQH�P|JOLFKH�9HUOlQJHUXQJ�GHU�/DWHQ]]HLWHQ�SRO\V\QDSWLVFKHU�5HIOH[H� LQIROJH�YRQ�9HUOHW]XQJHQ

GHV� YRUGHUHQ�.UHX]EDQGHV�ZLUG� LQ� GHU� /LWHUDWXU� QRFK� LPPHU� NRQWURYHUV� GLVNXWLHUW� �%HDUG� HW� DO�
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������ ������ -HQQLQJV�6HHGKRP� ������� :lKUHQG� %HDUG� HW� DO�� VLJQLILNDQWH� 9HUOlQJHUXQJHQ� GHU

/DWHQ]]HLW� GHU� ,VFKLRNUXUDOPXVNXODWXU� EHL� .UHX]EDQGYHUOHW]WHQ� JHJHQ�EHU� 8QYHUOHW]WHQ

IHVWVWHOOWHQ��NRQQWHQ�-HQQLQJV�6HHGKRP�PLW�GHP�JOHLFKHQ�8QWHUVXFKXQJVGHVLJQ�GLHVH�(UJHEQLVVH

QLFKW� QDFKYROO]LHKHQ�� %HDUG� HW� DO�� KDEHQ� I�U� GDV� XQYHUOHW]WH� %HLQ� LKUHU� 3UREDQGHQ� HLQH

GXUFKVFKQLWWOLFKH�/DWHQ]]HLW�GHU�,VFKLRNUXUDOPXVNXODWXU�YRQ���PV�HUPLWWHOW��I�U�GDV�YHUOHW]WH�%HLQ

EHWUXJ� GLH� /DWHQ]]HLW� LP� GXUFKVFKQLWW� ��PV�� 'DEHL� KDEHQ� VLH� LKUH� YHUOHW]WHQ� 3UREDQGHQ� GUHL

:RFKHQ� QDFK� HLQHP� DUWKURVNRSLVFKHQ� (LQJULII� XQWHUVXFKW�� VR� GDVV� GLH� 8QWHUVFKLHGH�� ZLH

-HQQLQJV�6HHGKRP�DUJXPHQWLHUHQ��HYHQWXHOO�DXI�GLH�)ROJHQ�GHV�(LQJULIIV�]XU�FN�]X�I�KUHQ�VLQG�

,Q� GHU� 8QWHUVXFKXQJ� YRQ� -HQQLQJV�6HHGKRP� ZXUGH� GLH� 7LELDYHUVFKLHEXQJ� PLW� HLQHP

%HVFKOHXQLJXQJVDXIQHKPHU�DQ�GHU�7XEHURVLWDV�WLELDH�JHPHVVHQ��'LH�%HZHJXQJ�GHV�2EHUVFKHQNHOV

ZXUGH� MHGRFK� JHQDX� VR�� ZLH� EHL� %HDUG� HW� DO�� QLFKW� UHJLVWULHUW�� VR� GDVV� ]ZDU� GHU� %HJLQQ� GHU

7LELDEHZHJXQJ� LP� 5DXP� NODU� LVW�� QLFKW� DEHU� GHU� %HJLQQ� GHU� 7LELDYHUVFKLHEXQJ� UHODWLY� ]XP

2EHUVFKHQNHO�� $Q� GLHVHP� =HLWSXQNW� YHUDQNHUQ� DOOHUGLQJV� VRZRKO� %HDUG� HW� DO��� DOV� DXFK

-HQQLQJV�6HHGKRP� LKUH� /DWHQ]]HLWHQ�� -HQQLQJV�6HHGKRP� NDPHQ� GDEHL� DXI� GXUFKVFKQLWWOLFKH

/DWHQ]]HLWHQ� DQ� GHQ� ,VFKLRNUXUDOHQ� YRQ� ��PV� I�U� GLH� YHUOHW]WHQ�.QLHJHOHQNH� XQG� ��PV� I�U� GLH

XQYHUOHW]WHQ�.QLHJHOHQNH��GHU�8QWHUVFKLHG�LVW�KLHU�QLFKW�VLJQLILNDQW��'LHVH�/DWHQ]]HLWHQ�OLHJHQ�QRFK

LP�%HUHLFK�YRQ�VKRUW�ODWHQF\�5HIOH[HQ��VR�GDVV�PDQ�DQQHKPHQ�PXVV��GDVV�HQWZHGHU�HLQ�IU�KHUHV

(UHLJQLV� DOV� GLH� PHVVEDUH� 7LELDYHUVFKLHEXQJ� GHQ� 5HIOH[� DXVO|VW� XQG� GDPLW� GLH� /DWHQ]]HLW� LQ

:DKUKHLW�OlQJHU�LVW��RGHU�GDVV�GXUFK�GHQ�9HUVXFKVDXIEDX�GLH�,VFKLRNUXUDOPXVNXODWXU�GLUHNW�JHGHKQW

ZLUG�XQG�GDGXUFK�HLQ�0XVNHOGHKQXQJVUHIOH[�DXVJHO|VW�ZLUG��(LQ�0XVNHOGHKQXQJVUHIOH[�ZLUG�GXUFK

GHQ� =XVWDQG� DP� .QLHJHOHQN� LQ� VHLQHU� /DWHQ]]HLW� DOOHUGLQJV� QLFKW� EHHLQIOXVVW�� VR� GDVV

-HQQLQJV�6HHGKRP�QDW�UOLFK�DXFK�NHLQH�JUXSSHQVSH]LILVFKHQ�8QWHUVFKLHGH�IHVWVWHOOHQ�NRQQWHQ�

'LH�*U|�H�GHV�8QWHUVFKLHGHV�LQ�GHQ�(UJHEQLVVHQ�YRQ�%HDUG�HW�DO�����PV��XQG�-HQQLQJV�6HHGKRP

���PV��I�U�GDV�LQWDNWH�%HLQ�LKUHU�3UREDQGHQ�]HLJW�DXFK��GDVV�GLH�EHLGHQ�$UEHLWVJUXSSHQ�WURW]�HLQHV

LGHQWLVFKHQ�9HUVXFKVGHVLJQV�RIIHQVLFKWOLFK�HWZDV�XQWHUVFKLHGOLFKHV�JHPHVVHQ�KDEHQ��*HULQJI�JLJH

$EZHLFKXQJHQ� LQ� GHU� +|KH� GHU� DQWHULRUHQ� =XJNUDIW� ����1� YHUVXV� ���1��� VRZLH� LQ� GHU� D[LDOHQ

%HODVWXQJ� GHV� %HLQHV� �YROOEHODVWHW� YHUVXV� WHLOEHODVWHW�� N|QQHQ� DOOHLQH� GLHVHV� XQWHUVFKLHGOLFKH

(UJHEQLV�QLFKW�HUNOlUHQ�

,Q�GHQ�YRUJHVWHOOWHQ�8QWHUVXFKXQJ�ZDUHQ�GLH�/DWHQ]]HLWHQ�HLQLJHU�0XVNHOQ�LQ�GHU�9HUVXFKVJUXSSH

DXI� GHU� RSHULHUWHQ� 6HLWH� JHJHQ�EHU� GHU� LQWDNWHQ� 6HLWH� XQG� JHJHQ�EHU� GHQ� 3UREDQGHQ� GHU

.RQWUROOJUXSSH� VLJQLILNDQW� XP� GXUFKVFKQLWWOLFK� FD�� �PV� YHUOlQJHUW�� 'LHVH� 9HUOlQJHUXQJ� GHU

/DWHQ]]HLW� PXVV� DOV� IXQNWLRQHOOHV� 'HIL]LW� DQJHVHKHQ� ZHUGHQ�� GD� GHU� 0XVNHO� LQ� HLQHU

WUDXPDWLVLHUHQGHQ� 6LWXDWLRQ�PLW� HLQHP�5HIOH[UHL]� DNWLYLHUW�ZLUG�� XQG� QDFK� GHU� /DWHQ]]HLW� VFKQHOO
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PRWRULVFKH�(LQKHLWHQ�PRELOLVLHUW�ZHUGHQ��XP�GLH�6WLIIQHVV�GHU�0XVNXODWXU�]X�HUK|KHQ�XQG�VR�HLQH

0DQWHOVSDQQXQJ�XP�GDV�*HOHQN�KHUXP�]X�HU]HXJHQ��-RKDQVVRQ�HW�DO��������*ROOKRIHU�HW�DO��������

(EHQ�GLHVHU�(IIHNW�LVW�LP�6LQQH�GHU�3UlYHQWLRQ�EHVRQGHUV�DQ]XVWUHEHQ��GD�GDV�.QLHJHOHQN�QXU�GDQQ

KLQUHLFKHQG� VWDELOLVLHUW� ZHUGHQ� NDQQ�� ZHQQ� GLH� XPVSDQQHQGHQ�0XVNHOQ� VLPXOWDQ�PLW� VFKQHOOHP

.UDIWDQVWLHJ�NRQWUDKLHUHQ�XQG�GDPLW�YHUKLQGHUQ��GDVV�WUDXPDWLVLHUHQGH�*HOHQNNUlIWH�HQWVWHKHQ�

0HKU� QRFK� DOV� EHL� GHQ� 0D�HQ� GHU� PXVNXOlUHQ� $NWLYLWlW� HUJHEHQ� VLFK� EHL� GHQ� /DWHQ]]HLWHQ

EHGHXWHQGH� 8QWHUVFKLHGH� LP� EH]XJ� DXI� GHQ� =XVWDQG� GHV� .QLHJHOHQNHV�� 'LH� /DWHQ]]HLWHQ� GHU

YHUOHW]WHQ�.QLHJHOHQNH�VLQG�EHL�GHQ�0P�ELFHSV�IHPRULV��VHPLWHQGLQRVXV��YDVWXV�ODWHUDOLV�XQG�YDVWXV

PHGLDOLV�VLJQLILNDQW�YHUOlQJHUW��VR�GDVV�GLH�0HVVXQJ�GHU�/DWHQ]]HLWHQ�LQ�GLHVHU�9HUVXFKVDQRUGQXQJ

LP� UHFKWV�OLQNV�9HUJOHLFK� DOV� ]XVlW]OLFKHV� 'LDJQRVWLNXP� EHL� 9HUOHW]XQJHQ� GHV� YRUGHUHQ

.UHX]EDQGHV�HLQJHVHW]W�ZHUGHQ�N|QQWH�

'LH� :LUNXQJVZHLVH� GHU� *HOHQNVWDELOLVLHUXQJ� �EHU� SRO\V\QDSWLVFKH� 5HIOH[H�� GLH� GXUFK

3URSULR]HSWRUHQ�GHV�*HOHQNHV�DXVJHO|VW�ZHUGHQ��ZLUG�PLW�HLQHU�6HQVLELOLVLHUXQJ�GHU�0XVNHOVSLQGHOQ

�EHU� GLH� γ�0RWRQHXURQHQ� HUNOlUW��=XP�EHVVHUHQ�9HUVWlQGQLV� NDQQ�PDQ� GLH�*HOHQNVWDELOLVLHUXQJ

PRGHOOKDIW�LQ�]ZHL�3KDVHQ�]HUJOLHGHUQ�

=XHUVW� ZLUG� DXIJUXQG� lX�HUHU� %HODVWXQJHQ� PLWWOHUHU� ,QWHQVLWlW� GXUFK� GLH� 3URSULR]HSWRUHQ� HLQ

EHVWLPPWHV� %HDQVSUXFKXQJVQLYHDX� GHV� *HOHQNHV� UHJLVWULHUW�� ZDV� GD]X� I�KUW�� GDVV� �EHU� GLH� γ�

0RWRQHXURQHQ�GDV�(UUHJEDUNHLWVQLYHDX�GHU�0XVNHOVSLQGHOQ�DEJHVHQNW�ZLUG��'LHVHU�SRO\V\QDSWLVFKH

5HIOH[� UHJXOLHUW�GDGXUFK�SHUPDQHQW�GHQ�0XVNHOWRQXV��'LHVHU�9RUJDQJ�EHHLQIOXVVW�ZHVHQWOLFK� GLH

6WLIIQHVV�XQG�GDPLW�GLH�IXQNWLRQHOOH�6WDELOLWlW�GHV�*HOHQNHV��6M|ODQGHU�������-RKDQVVRQ�HW�DO��������

:HQQ� LQ� GLHVHP�=XVWDQG�GHU�9RULQQHUYDWLRQ� HLQH� KRFKLQWHQVLYH� lX�HUH�%HODVWXQJ� DXIWULWW�� NDQQ

PDQ�VLFK�YRUVWHOOHQ��GDVV�GLHV�QXQ�QLFKW�PHKU�QXU�GLH�3URSULR]HSWRUHQ�GHV�*HOHQNHV�UHJLVWULHUHQ�

VRQGHUQ�QXQ�ZHUGHQ�YHUPXWOLFK�DXFK�PLQLPDOH�0XVNHOGHKQXQJHQ��GLH�GXUFK�*HOHQNEHZHJXQJHQ

YHUXUVDFKW�ZHUGHQ���EHU�GLH�VHQVLELOLVLHUWHQ�0XVNHOVSLQGHOQ�UHJLVWULHUW��'LHV�N|QQWH�QXQ��EHU�HLQH

(UUHJXQJ�GHU�α�0RWRQHXURQHQ�]X�HLQHU�]XVlW]OLFKHQ�0XVNHONRQWUDNWLRQ�PLW�GHP�=LHO�I�KUHQ��GLH

6WLIIQHVV�ZHLWHU� ]X� HUK|KHQ�XQG�GDGXUFK�GDV�*HOHQN�]X� VWDELOLVLHUHQ��'LHVHU� ]ZHLWH�5HIOH[ERJHQ

Z�UGH� DOVR� EHL� HQWVSUHFKHQGHU�9RUEHODVWXQJ� �EHU� GLH�0XVNHOVSLQGHOQ� XQG� QLFKW�PHKU� �EHU� GLH

3URSULR]HSWRUHQ�ODXIHQ��'HU�]ZHLWH�α�PRWRULVFKH�5HIOH[DQWHLO�ZlUH�GDQQ�DOVR�QLFKW�SRO\V\QDSWLVFK

VRQGHUQ�PRQRV\QDSWLVFK� XQG� Z�UGH� GDKHU� QXU� HWZDV� PHKU� DOV� GLH� KDOEH� /DWHQ]]HLW� EHQ|WLJHQ�

'DGXUFK�ZlUH�I�U�GLH�*HOHQNVWDELOLVDWLRQ�ZHUWYROOH�=HLW�JHZRQQHQ�
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:HQQ�HPSLULVFK�GHU�3UR]HVV�GHU�IXQNWLRQHOOHQ�*HOHQNVWDELOLVDWLRQ�XQWHUVXFKW�ZLUG��VR�ZLUG�LQ�GHU

5HJHO�QXU�HLQ�α�PRWRULVFKHU�5HIOH[��GHU�YRQ�GHQ�3URSULR]HSWRUHQ�GHV�*HOHQNHV�KHUU�KUW��HUIDVVW�

'LH�9HUVXFKVDQRUGQXQJHQ�JOHLFKHQ�VLFK�GDKLQJHKHQG��GDVV�GLH�3UREDQGHQ� LQ� HLQHU� IXQNWLRQHOOHQ

6LWXDWLRQ� XQWHUVXFKW� ZHUGHQ�� 0DQ� VWUHEW� GDEHL� DOOHUGLQJV� LQ� GHU� 5HJHO� DQ�� GDVV� GLH� 3UREDQGHQ

P|JOLFKVW�HQWVSDQQW�VWHKHQ��XP�LP�(0*�HLQH�P|JOLFKVW�JODWWH�1XOOOLQLH�]X�HUKDOWHQ��6LH�VLQG�GDEHL

DEHU� LQ�GHU�5HJHO� LQ� HLQHP� VWDUN� XQWHUVFKZHOOLJHQ�%HDQVSUXFKXQJVQLYHDX��ZDV� VLFK� GDULQ� lX�HUW�

GDVV� GLH� 0XVNXODWXU� ZHQLJ� WRQLVLHUW� LVW� XQG� GLH� 0XVNHOVSLQGHOQ� �EHU� GLH� γ�0RWRQHXURQHQ

HQWVSUHFKHQG�XQVHQVLEHO�HLQJHVWHOOW�VLQG�

'LHV�KDW�I�U�GLH�8QWHUVXFKHU�GHQ�9RUWHLO��GDVV�VLFK�HLQ]HOQH�5HIOH[H�LP�(0*�JXW�GDUVWHOOHQ�ODVVHQ�

ZHLO�VLH�DOV�6SLW]HQ�DXV�HLQHU�1XOOOLQLH�KHUDXVUDJHQ��:HQQ�QXQ�LQ�HLQH�GHUDUW�HQWVSDQQWH�0XVNXODWXU

HLQ�GHVWDELOLVLHUHQGHU�5HL]� I�U�GDV�*HOHQN�JHJHEHQ�ZLUG�� VR�ZLUG�GLH�5HIOH[DQWZRUW� LQ� GHU�5HJHO

GXUFK� GLH� 3URSULR]HSWRUHQ� GHV� *HOHQNHV� DXVJHO|VW� XQG� GDKHU� ZLUG� HV� VLFK� XP� HLQHQ

SRO\V\QDSWLVFKHQ�5HIOH[�KDQGHOQ��%HDUG�HW�DO��������*ROOKRIHU�HW�DO��������%UXKQ�*ROOKRIHU�������

'LHVHV�9HUIDKUHQ�N|QQWH�QXQ�]XU�)ROJH�KDEHQ��GDVV�GHU�]ZHLWH�5HIOH[DQWHLO�QXU�DOV�SRO\V\QDSWLVFKHU

XQG�QLFKW�DOV�PRQRV\QDSWLVFKHU�5HIOH[�HUIDVVW�ZHUGHQ�NDQQ��GD�HLQ�PRQRV\QDSWLVFKHU�5HIOH[�QXU

EHL�HLQHP�HQWVSUHFKHQGHQ�0XVNHOWRQXV�XQG�EHL�HQWVSUHFKHQGHU�6HQVLELOLWlW�GHU�0XVNHOVSLQGHOQ�LQ

.RPELQDWLRQ�PLW�GHU�HQWVSUHFKHQGHQ�5HL]LQWHQVLWlW�DXVJHO|VW�Z�UGH��'DKHU�P�VVWH�HLQVFKUlQNHQG

IRUPXOLHUW�ZHUGHQ�� GDVV� HLQH�9HUOlQJHUXQJ� GHU� /DWHQ]]HLWHQ� SRO\V\QDSWLVFKHU�5HIOH[H��ZLH� VLH� LQ

GLHVHQ� 8QWHUVXFKXQJHQ� QDFKJHZLHVHQ� ZHUGHQ� NRQQWH�� QDFK� GHU]HLWLJHP� .HQQWQLVVWDQG� DOV

IXQNWLRQHOOHV� 'HIL]LW� ]X� EHWUDFKWHQ� LVW�� 'DV� =XVDPPHQVSLHO� GHU� α�γ�0RWRULN� LQ� 6LQQH� HLQHU

IXQNWLRQHOOHQ�*HOHQNVWDELOLVLHUXQJ�LVW�GDEHL�DOOHUGLQJV�QRFK�QLFKW�KLQUHLFKHQG�JHQDX�HUIRUVFKW�

%HWUDFKWHW�PDQ�GLH�8QWHUVFKLHGH�LQ�GHQ�PD[LPDOHQ�(0*�$PSOLWXGHQ��GHQ�,QWHJUDOTXRWLHQWHQ�XQG

GHQ� /DWHQ]]HLWHQ� GHU� 0XVNHOQ� ]XVDPPHQ�� VR� JHZLQQW� PDQ� GHQ� (LQGUXFN�� GDVV� GLH

NQLHVWDELOLVLHUHQGHQ�0XVNHOQ�GHU�YHUOHW]WHQ�.QLHJHOHQNH�]ZDU�VSlWHU�UHDJLHUHQ��DOV�GLH�GHU�LQWDNWHQ

.QLHJHOHQNH� XQG� GHQHQ� GHU� .RQWUROOJUXSSH�� GDVV� VLH� DEHU� DXFK� YHUVXFKHQ� GLHVHV� IXQNWLRQHOOH

'HIL]LW�GXUFK�HLQH�YHUOlQJHUWH�$NWLYLWlW�LP�6LQQH�HLQHU�HUK|KWHQ�$NWLYLHUXQJ�ZLHGHU�DXV]XJOHLFKHQ�

$QJHVLFKWV� GHU� YRQ� -RKDQVVRQ� HW� DO�� ������� DQJHJHEHQHQ� =HLWHQ� YRQ� ��PV� ]ZLVFKHQ

WUDXPDWLVLHUHQGHP�(UHLJQLV� XQG� GHU� =HUVW|UXQJ�PRUSKRORJLVFKHU� 6WUXNWXUHQ� EHVWHKW� MHGRFK� GLH

*HIDKU�� GDVV� YRU� DOOHP� LP� +LQEOLFN� DXI� 5H]LGLYWUDXPHQ� GLH� .RPSHQVDWLRQ� HLQHU� YHUOlQJHUWHQ

/DWHQ]]HLW�QLFKW�P|JOLFK�LVW��5DFN�������
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5.2 Schlussfolgerungen und Ausblick
'DV� QHX� NRQVWUXLHUWH� 0HVVJHUlW� ZXUGH� LQ� YLWUR� DP� /HLFKHQSUlSDUDW� PLW� 5|QWJHQDXIQDKPHQ

YDOLGLHUW�� (UVWPDOLJ� LVW� HV� LQ� HLQHP� IXQNWLRQHOO� ²� NRPSOH[HQ� 8QWHUVXFKXQJVDQVDW]� P|JOLFK�

NRPSOH[H� $EVFKlW]XQJHQ� GHU� 6WDELOLWlW� GHV� .QLHJHOHQNHV� DXFK� LQ� DOOWDJVPRWRULVFK� UHOHYDQWHQ

6LWXDWLRQHQ� ]X�PDFKHQ��'DPLW� LVW� VRZRKO� LP�+LQEOLFN� DXI� 3UlYHQWLRQ�� DOV� DXFK� LP�+LQEOLFN� DXI

5HKDELOLWDWLRQ� HLQ� QHXHV�� H[DNWHV� 'LDJQRVHYHUIDKUHQ� IXQNWLRQHOOHU� *HOHQNVWDELOLWlW� JHJHEHQ�

$XIJUXQG� GHU�8QWHUVXFKXQJVHUJHEQLVVH� NRQQWHQ� GLH� 3UREDQGHQ�PLW� HLQHU� 7UDLQLQJVEHUDWXQJ� I�U

LKUH�3UlYHQWLRQ�YHUVHKHQ�ZHUGHQ�

'LH� LQ�GHQ�ELVKHULJHQ�8QWHUVXFKXQJHQ�HUSUREWH�0HWKRGH�XQG�GLH�GDEHL�JHZRQQHQHQ�(UJHEQLVVH

VLQG� JHHLJQHW�� 'HIL]LWH� LP�:LVVHQ� XP� GLH� IXQNWLRQHOOH� 6WDELOLWlW� EHKHEHQ� ]X� KHOIHQ��0LW� GLHVHP

8QWHUVXFKXQJVDQVDW]� LVW� HV� P|JOLFK�� (UNHQQWQLVVH� �EHU� GLH� 6WDELOLWlW� HLQHV� *HOHQNHV� LQ� VHLQHU

)XQNWLRQ� ]X� JHZLQQHQ�� 'LH� %HDQVSUXFKXQJ� YRQ� *HOHQNHQ� GXUFK� GLH� %HODVWXQJ� LQ

OHLVWXQJVVSRUWOLFKHU� 3UD[LV� LVW� QRFK� ZHLWKLQ� XQEHNDQQW�� :HLWHUH� 8QWHUVXFKXQJHQ� VLQG� GDKHU

QRWZHQGLJ�� XP� GLH� :LUNXQJ� YHUVFKLHGHQHU� 7KHUDSLH�� XQG� 7UDLQLQJVPD�QDKPHQ� DXI� GLH

IXQNWLRQHOOH�6WDELOLWlW�DP�.QLHJHOHQN�]X�XQWHUVXFKHQ�

0LW� GHQ� PHFKDQLVFKHQ� 3DUDPHWHUQ�� GLH� LQ� GLHVHQ� 8QWHUVXFKXQJHQ� YHUZHQGHW� ZXUGHQ�� NRQQWH

QDFKJHZLHVHQ�ZHUGHQ��GDVV�GLH�YHUOHW]WHQ�.QLHJHOHQNH�GHU�3UREDQGHQ�DXV�GHU�9HUVXFKVJUXSSH�HLQH

JHULQJI�JLJ�HUK|KWH�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV��HLQH�JHULQJI�JLJ�YHUVWlUNWH�3URJUHVVLRQ�

VRZLH� HLQHQ� HWZDV� JHULQJHUHQ�(QHUJLHYHUOXVW� DXIZLHVHQ� DOV� GLH� LQWDNWHQ�.QLHJHOHQNH� XQG� GLH� GHU

.RQWUROOJUXSSH�

%HL� HQWODVWHWHP�%HLQ�ZDUHQ�PHFKDQLVFKH�8QWHUVFKLHGH�]ZLVFKHQ�GHQ�YHUOHW]HQ�.QLHJHOHQNHQ� DXI

GHU� HLQHQ� 6HLWH� XQG� GHQ� XQYHUOHW]WHQ� .QLHJHOHQNHQ�� VRZLH� GHQHQ� GHU� .RQWUROOJUXSSH� DXI� GHU

DQGHUHQ� 6HLWH� QDFKZHLVEDU��'LHV� LVW� XP� VR� EHPHUNHQVZHUWHU�� DOV� GLH� YHUOHW]WHQ�.QLHJHOHQNH� DOOH

HUIROJUHLFK�RSHUDWLY�YHUVRUJW�XQG� UHKDELOLWLHUW�ZDUHQ��$OOH�3UREDQGHQ�ZDUHQ� DOV� VSRUWWDXJOLFK� DXV

GHU� %HKDQGOXQJ� HQWODVVHQ�� 'LH� QDFKJHZLHVHQHQ� PHFKDQLVFKHQ� 8QWHUVFKLHGH� KDWWHQ� GDEHL� NHLQH

$XVZLUNXQJ�DXI�GLH�$OOWDJVWDXJOLFKNHLW�XQG�GLH�%HILQGOLFKNHLW��GLH�GLH�3UREDQGHQ�EHULFKWHWHQ��'LHV

XQWHUVWUHLFKW�DXFK�GLH�(PSILQGOLFKNHLW�GHV�HLQJHVHW]WHQ�,QVWUXPHQWDULXPV�

'LH�7LELDYHUVFKLHEXQJ�LQ�DQWHULRUHU�5LFKWXQJ�EOHLEW�GDV�0D��DOOHU�'LQJH��ZHQQ�HV�GDUXP�JHKW��GLH

/D[L]LWlW� GHV� .DSVHO�%DQG�$SSDUDWHV� LQ� DQWHULRUHU� 5LFKWXQJ� ]X� EHVWLPPHQ�� 0LW� ]XVlW]OLFK� ]XU

7LELDYHUVFKLHEXQJ� HUKREHQHQ� PHFKDQLVFKHQ� 3DUDPHWHUQ� ZLH� &RPSOLDQFH�,QGH[�� 6WLIIQHVV�

3URJUHVVLRQ�XQG�(QHUJLHELODQ]�HQWVWHKW�DOOHUGLQJV�HLQ�GLIIHUHQ]LHUWHUHV��XQG�NRPSOH[HUHV�%LOG�YRQ

GHU�/D[L]LWlW�GHV�.DSVHO�%DQG�$SSDUDWHV�
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'HU�&RPSOLDQFH�,QGH[�ELHWHW�EHL�DXVUHLFKHQG�JUR�HU�DQWHULRUHU�=XJODVW�HEHQIDOOV�HLQH�RUGHQWOLFKH

7UHQQVFKlUIH�� DOOHUGLQJV� VWHKW� HU� LQ� HLQHP� KRKHQ� ELV� VHKU� KRKHQ� =XVDPPHQKDQJ� PLW� GHU

7LELDYHUVFKLHEXQJ��VR�GDVV�VHLQ�]XVlW]OLFKHU�,QIRUPDWLRQVZHUW�JHULQJ�LVW�

'LH�HUKREHQHQ�6WLIIQHVV�²�3DUDPHWHU�ZDUHQ�YRU�DOOHP�JHHLJQHW��GHQ�D[LDOHQ�%HODVWXQJV]XVWDQG�GHV

%HLQHV�ZLHGHU]XJHEHQ��GD�GLH�:HUWH�I�U�GLH�6WLIIQHVV�EHL�D[LDO�EHODVWHWHP�%HLQ�QDKH]X�GRSSHOW�VR

KRFK�ZDUHQ��ZLH�EHL�HQWODVWHWHP�%HLQ�

'LH� 3URJUHVVLRQ� DOV� 9HUlQGHUXQJ� GHU� 6WLIIQHVV� LQ� $EKlQJLJNHLW� YRQ� GHU� +|KH� GHU� HLQJHOHLWHWHQ

=XJNUDIW� YHUKLHOW� VLFK�EHL� GHQ� YHUOHW]WHQ�.QLHJHOHQNHQ� LP� EH]XJ� DXI� GHQ�%HODVWXQJV]XVWDQG� GHV

%HLQHV�JHQDX�LQ�HQWJHJHQJHVHW]WHU�:HLVH��ZLH�EHL�GHQ�LQWDNWHQ�.QLHJHOHQNHQ��%HL�D[LDO�HQWODVWHWHP

%HLQ�ZDU�GLH�3URJUHVVLRQ�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�JU|�HU��EHL�D[LDO�EHODVWHWHP�%HLQ�ZDU�GLH

3URJUHVVLRQ� EHL� GHQ� LQWDNWHQ� .QLHJHOHQNHQ� JU|�HU�� 6ROOWH� GLHVHU� %HIXQG� LQ� ]XN�QIWLJHQ

8QWHUVXFKXQJHQ� EHVWlWLJW� ZHUGHQ� N|QQHQ�� VR� ZlUH� GLHVHU� 3DUDPHWHU� JHHLJQHW�� 9HUOHW]XQJHQ� DP

YRUGHUHQ�.UHX]EDQG�]X�HUIDVVHQ�

'HU�(QHUJLHYHUOXVW� IDOOW� EHL� D[LDO� HQWODVWHWHP�%HLQ� JU|�HU� DXV�� DOV� EHL� D[LDO� EHODVWHWHP�%HLQ��'LH

7UHQQVFKlUIH�GLHVHV�3DUDPHWHUV�LVW�MHGRFK�QDKH]X�XQDEKlQJLJ�YRP�D[LDOHQ�%HODVWXQJV]XVWDQG�GHV

%HLQHV��'DKHU�N|QQWH�GLHVHU�3DUDPHWHU�YRQ�1XW]HQ�VHLQ��ZHQQ�GDV�%HLQ�DXIJUXQG�HLQHU�9HUOHW]XQJ

LP�D[LDO�HQWODVWHWHQ�=XVWDQG�QXU�PLW�HLQHU�JHULQJHQ�DQWHULRUHQ�=XJODVW�EHODVWHW�ZHUGHQ�NDQQ��RGHU

ZHQQ�GDV�%HLQ�LP�D[LDO�EHODVWHWHQ�=XVWDQG�XQWHUVXFKW�ZHUGHQ�VROO�

'D�GLH�PHFKDQLVFKHQ�3DUDPHWHU�LQ�GLHVHQ�8QWHUVXFKXQJHQ�OHGLJOLFK�EHL�HQWODVWHWHP�%HLQ�GLH�Q|WLJH

7UHQQVFKlUIH� EHVD�HQ�� XP�8QWHUVFKLHGH� ]ZLVFKHQ� YHUOHW]WHQ� XQG� XQYHUOHW]WHQ� .QLHJHOHQNHQ� ]X

GRNXPHQWLHUHQ��VROOWHQ�GLHVH�3DUDPHWHU�GDUDXIKLQ��EHUSU�IW�ZHUGHQ��RE�VLH�PHKU�I�U�GLH�'LDJQRVH

GHU� SDVVLYHQ� 6WDELOLWlW� LQ� XQIXQNWLRQHOOHQ� 6LWXDWLRQHQ� JHHLJQHW� VLQG�� RGHU� RE� EHL� 9HUZHQGXQJ

JU|�HUHU� =XJNUlIWH� ����1� ²� ���1�� DXVUHLFKHQGH� 7UHQQVFKlUIH� EHVWHKW�� XP� LQ� IXQNWLRQHOOHQ

6LWXDWLRQHQ�XQWHU�D[LDOHU�%HODVWXQJ�GHV�%HLQHV�]X�8QWHUVXFKHQ�

'LH�3UREDQGHQ�GHU�.RQWUROOJUXSSH�ZDUHQ�VRZRKO�KLQVLFKWOLFK�HLQLJHU�PHFKDQLVFKHU�3DUDPHWHU��DOV

DXFK�KLQVLFKWOLFK�HLQLJHU�QHXURSK\VLRORJLVFKHU�3DUDPHWHU�DOV�LQVWDELOHU�]X�EHZHUWHQ��DOV�GLH�LQWDNWHQ

%HLQH� GHU� YHUOHW]WHQ� 3UREDQGHQ�� 6R� ZDUHQ� GLH� 7LELDYHUVFKLHEXQJ� EHL� EHODVWHWHP� %HLQ� XQG� GHU

&RPSOLDQFH�,QGH[� EHL� EHODVWHWHP� %HLQ� EHL� GHU� .RQWUROOJUXSSH� DP� JU|�WHQ�� 'LH� 6WLIIQHVV� EHL

QLHGULJHQ� .UDIWZHUWHQ� XQG� EHODVWHWHP� %HLQ� ZDU� EHL� GHU� .RQWUROOJUXSSH� DP� QLHGULJVWHQ�� 'LHVH

(UJHEQLVVH� GHU� PHFKDQLVFKHQ� 3DUDPHWHU� NRUUHVSRQGLHUHQ� PLW� HLQHU� GHXWOLFK� JHULQJHUHQ

*HVDPWDNWLYLWlW�GHU�NQLHVWDELOLVLHUHQGHQ�0XVNHOQ�UHSUlVHQWLHUW�GXUFK�GLH�,QWHJUDOTXRWLHQWHQ�EHL�GHQ

3UREDQGHQ�GHU�.RQWUROOJUXSSH�
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9RU� DOOHP� GXUFK� GLH� ,QWHJUDOTXRWLHQWHQ� HQWVWHKW� GHU� (LQGUXFN�� GDVV� GLH� 3UREDQGHQ� GHU

.RQWUROOJUXSSH�LQVJHVDPW�HQWVSDQQWHU�LQ�GHU�8QWHUVXFKXQJVVLWXDWLRQ�VWHKHQ��DOV�GLH�3UREDQGHQ�GHU

([SHULPHQWDOJUXSSH�� 'DI�U� VLQG� YRU� DOOHP� ]ZHL� (UNOlUXQJVDQVlW]H� YRUVWHOOEDU�� (QWZHGHU�� GLH

DQJHVSDQQWH�+DOWXQJ� GHU� 3UREDQGHQ� GHU�([SHULPHQWDOJUXSSH� LVW� HLQH�5HDNWLRQ� DXI� GDV� HUOLWWHQH

.QLHWUDXPD��GLH�HYHQWXHOO�DXV�$QJVW�XQG�DOV�6FKXW]�YRU�HLQHP�HUQHXWHQ�.QLHWUDXPD�HQWVWDQGHQ�LVW�

2GHU�� 3HUVRQHQ� GLH� UHODWLY� DQJHVSDQQW� VLQG�� VLQG� GXUFK� LKUH� SHUPDQHQWH� $QVSDQQXQJ� HLQHP

HUK|KWHQ�9HUOHW]XQJVULVLNR�DXVJHVHW]W��ZHLO� VLH�QLFKW� LQ�GHU�/DJH�VLQG�JHJHEHQHQIDOOV� IOH[LEHO� XQG

QDFKJHEHQG� DXI� lX�HUH� .UlIWH� ]X� UHDJLHUHQ�� :RULQ� QXQ� 8UVDFKH� XQG� :LUNXQJ� HLQHU� VROFKHQ

.DXVDOEH]LHKXQJ�EHVWHKW��LVW�ELVKHU�QLFKW�]X�HQWVFKHLGHQ�

'LH� $QDO\VH� GHUMHQLJHQ� QHXURSK\VLRORJLVFKHQ� 3DUDPHWHU�� ZHOFKH� GLH� +|KH� GHU� PXVNXOlUHQ

$NWLYLWlW� EHVFKUHLEHQ�� I�KUWH� ]XQlFKVW� LQ� HLQHQ� :LGHUVSUXFK�� %HL� GHQ� 8QWHUVXFKXQJHQ� PLW

ODQJVDPHU� .UDIWHLQOHLWXQJ� ZXUGH� HLQH� UHGX]LHUWH� $NWLYLWlW� GHU� EHLGHQ� 9DVWL� EHL� GHQ� YHUOHW]WHQ

.QLHJHOHQNHQ� IHVWJHVWHOOW�� GLH� VLFK� PLW� GHU� LQ� GHU� /LWHUDWXU� KlXILJ� EHVFKULHEHQHQ

4XDGUL]HSVLQKLELWLRQ� QDFK� 9HUOHW]XQJHQ� GHV� YRUGHUHQ� .UHX]EDQGHV� GHFNW�� %HL� GHU� $QDO\VH� GHU

0XVNHOIXQNWLRQ� LQ� GHQ� 8QWHUVXFKXQJHQ� PLW� VFKQHOOHU� .UDIWHLQOHLWXQJ� ZXUGH� GDJHJHQ� I�U� GLH

,VFKLRNUXUDOHQ�XQG�GLH�9DVWL�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�HLQH�HUK|KWH�$NWLYLWlW�IHVWJHVWHOOW�

=XU�$XINOlUXQJ�GLHVHV�:LGHUVSUXFKHV�ZXUGH� DXI� GLH� XQWHUVFKLHGOLFKH�'\QDPLN� GHU� HLQJHOHLWHWHQ

7HVWVWLPXOL� LQ� GHQ� 8QWHUVXFKXQJHQ� KLQJHZLHVHQ�� %HL� ODQJVDPHU� .UDIWHLQOHLWXQJ� XQG� DOOWlJOLFKHQ

%HODVWXQJHQ� I�KUW� HLQH�4XDGUL]HSVLQKLELWLRQ� ]X� HLQHU� (QWODVWXQJ� GHV�.QLHJHOHQNHV� LQ� DQWHULRUHU

5LFKWXQJ�� %HL� VFKQHOOHU� .UDIWHLQOHLWXQJ� IHKOHQ� GHP� YHUOHW]WHQ� .QLHJHOHQN� PLW� GHP� .UHX]EDQG

ZLFKWLJH�6HQVRUHQ��GLH�Q|WLJ�VLQG��XP�5HL]TXDOLWlWHQ�ZLH�GLH�5LFKWXQJ�GHU�.UDIWZLUNXQJ�EHVWLPPHQ

]X� N|QQHQ� XQG� GDPLW� DGlTXDW� DXI� GHQ� 5HL]� ]X� UHDJLHUHQ�� 'DKHU� ZHUGHQ� SDXVFKDO� DOOH

NQLHVWDELOLVLHUHQGHQ�0XVNHOQ�DNWLYLHUW��'LH�4XDGUL]HSVLQKLELWLRQ�LVW�LQ�GLHVHU�6LWXDWLRQ�DX�HU�.UDIW

JHVHW]W�

'LH� 7DWVDFKH�� GDVV� DOOH� NQLHVWDELOLVLHUHQGHQ� 0XVNHOQ� GHU� YHUOHW]WHQ� .QLHJHOHQNH� K|KHU� DNWLYLHUW

ZHUGHQ�� DOV� GLH� VHOEHQ� 0XVNHOQ� GHU� XQYHUOHW]WHQ� .QLHJHOHQNH�� PDJ� DOV� 9HUVXFK� GHU� YHUOHW]WHQ

.QLHJHOHQNH�JHZHUWHW�ZHUGHQ��GHQ�YHUVSlWHWHQ�(LQVDW]�GHU�0XVNHOQ�GXUFK�HLQH�HUK|KWH�$NWLYLWlW

LP� 6LQQH� HLQHU� YHUOlQJHUWHQ� $NWLYLHUXQJ� ]X� NRPSHQVLHUHQ�� 'DULQ� EHVWHKW� HLQH� &KDQFH� I�U� GLH

5HKDELOLWDWLRQ��HLQH�GURKHQGH�4XDGUL]HSVLQKLELWLRQ�QDFK�9HUOHW]XQJ�GHV�YRUGHUHQ�.UHX]EDQGHV�]X

�EHUZLQGHQ�

$Q�GLHVHU�6WHOOH�ZlUH�YRQ�,QWHUHVVH��RE�GHU�DQJHERWHQH�(UNOlUXQJVDQVDW]�I�U�GDV�ZLGHUVSU�FKOLFKH

9HUKDOWHQ�GHU�9DVWL�EHL�GHQ�YHUOHW]WHQ�.QLHJHOHQNHQ�]XWULIIW��%HL�GHU�hEHUSU�IXQJ�GLHVHV�$QVDW]HV



)D]LW�XQG�$XVEOLFN

���

VROOWHQ�DXFK�GLH�(UJHEQLVVH�DXV�8QWHUVXFKXQJHQ�PLW�LVRNLQHWLVFKHQ�7UDLQLQJVJHUlWHQ�XQG�+�5HIOH[�

0HVVXQJHQ�EHU�FNVLFKWLJW�ZHUGHQ�

'LH�YHUOHW]WHQ�.QLHJHOHQNH�ZLHVHQ�DQ�HLQLJHQ�0XVNHOQ�QLFKW�QXU�HUK|KWH�$NWLYLWlWHQ�DXI��VRQGHUQ

GLH�$NWLYLHUXQJ�GLHVHU�0XVNHOQ�VHW]WH�DXFK�VSlWHU�HLQ�DOV�EHL�GHQ�LQWDNWHQ�.QLHJHOHQNHQ�XQG�GHQHQ

GHU�.RQWUROOJUXSSH��'LHVHV� IXQNWLRQHOOH�'HIL]LW�NRQQWH�DQKDQG�GHU�/DWHQ]]HLWHQ�GHU�5HIOH[H�GHU

0XVNHOQ�HLQGUXFNVYROO�GRNXPHQWLHUW�ZHUGHQ��'DPLW�VLQG�KLQVLFKWOLFK�GHU�0XVNHOIXQNWLRQ�DXIIlOOLJH

8QWHUVFKLHGH� ]ZLVFKHQ�GHQ� LQWDNWHQ�.QLHJHOHQNHQ�XQG� GHQHQ�GHU�.RQWUROOJUXSSH� DXI� GHU� HLQHQ

6HLWH� XQG� GHQ� YHUOHW]WHQ� .QLHJHOHQNHQ� DXI� GHU� DQGHUHQ� 6HLWH� DXFK� QRFK� QDFK� 2SHUDWLRQ� XQG

5HKDELOLWDWLRQ�]X�GLDJQRVWL]LHUHQ�

'LH� (UIDVVXQJ� GHU� /DWHQ]]HLWHQ� KDW� GDEHL� PHWKRGLVFKH� )UDJHQ� DXIJHZRUIHQ�� GHUHQ� .OlUXQJ

GULQJHQG� YRUDQJHWULHEHQ� ZHUGHQ� VROOWH�� 'LHV� EHWULIIW� YRU� DOOHP� GLH� 5ROOH� GHU� PXVNXOlUHQ

9RULQQHUYDWLRQ� I�U� GLH� $XVJHVWDOWXQJ� GHU� JHOHQNVWDELOLVLHUHQGHQ� 5HIOH[H�� 'DKHU� VROOWH� GDV

=XVDPPHQVSLHO�GHU�α�γ�0RWRULN�LQ�6LQQH�HLQHU�IXQNWLRQHOOHQ�*HOHQNVWDELOLVLHUXQJ�GULQJHQG�ZHLWHU

DQDO\VLHUW�ZHUGHQ�

,QVJHVDPW� OlVVW� VLFK� �EHU� GLH� YRUJHVWHOOWH� 8QWHUVXFKXQJVPHWKRGH� GHXWOLFK� ]HLJHQ�� GDVV� GLH

IXQNWLRQHOOH�6WDELOLWlW�DP�.QLHJHOHQN�QDFK�9HUOHW]XQJ�GHV�YRUGHUHQ�.UHX]EDQGHV�DXFK�GXUFK�HLQH

HUIROJUHLFKH�2SHUDWLRQ�XQG�HLQH�JHOXQJHQH�5HKDELOLWDWLRQ�EHL�GHQ�3UREDQGHQ�QLFKW�PHKU�DXI�GDV

1LYHDX�YRU�GHU�9HUOHW]XQJ�JHEUDFKW�ZHUGHQ�NRQQWH��0LW�HLQLJHQ�3DUDPHWHUQ��GLH�HUKREHQ�ZXUGHQ�

NRQQWHQ� QRFK� GHXWOLFKH� 'HIL]LWH� LQ� GHU� /D[L]LWlW� GHV� .DSVHO�%DQG�$SSDUDWHV� XQG� LQ� GHU

0XVNHOIXQNWLRQ�QDFKJHZLHVHQ�ZHUGHQ��$OOHUGLQJV�VWHOOWH�VLFK�EHL�GHQ�3UREDQGHQ�HLQH�IXQNWLRQHOOH

*HOHQNVWDELOLWlW� DXI� HLQHP� QHXHQ� 1LYHDX� HLQ�� ZHOFKH� HV� GHQ� 3UREDQGHQ� HUODXEWH�� GHQ� $OOWDJ

EHVFKZHUGHIUHL�]X�HUOHEHQ�XQG�GLH�JHZRKQWH�6SRUWSUD[LV�ZLHGHU�DXI]XQHKPHQ�

,Q� ]XN�QIWLJHQ� 8QWHUVXFKXQJHQ� N|QQWH� HV� GDUXP� JHKHQ�� GHQ� (LQIOXVV�� GHQ� XQWHUVFKLHGOLFKH

2SHUDWLRQVPD�QDKPHQ� RGHU� NRQVHUYDWLYH� 7KHUDSLHIRUPHQ� DXI� GLH� IXQNWLRQHOOH� 6WDELOLWlW� DP

.QLHJHOHQN� KDEHQ�� DXI]XNOlUHQ�� 'DKHU� VROOWHQ� DOV� QlFKVWH� $UEHLWVVFKULWWH� 8QWHUVXFKXQJHQ� PLW

3UREDQGHQ�QDFK�$EULVV�GHV�YRUGHUHQ�.UHX]EDQGHV�YRU�XQG�QDFK�GHU�5HNRQVWUXNWLRQ�GXUFKJHI�KUW

ZHUGHQ�� 'DEHL� N|QQWHQ� QHEHQ� GHQ� (UNHQQWQLVVHQ� �EHU� GLH� 9HUlQGHUXQJ� GHU� PHFKDQLVFKHQ

3DUDPHWHU� DXFK�ZLFKWLJH�(LQEOLFNH� LQ� QHXURSK\VLRORJLVFKH� )D]LOLWDWLRQV�� XQG� ,QKLELWLRQVSUR]HVVH

JHZRQQHQ�ZHUGHQ��'DU�EHU�KLQDXV�VROOWH��EHUSU�IW�ZHUGHQ��GXUFK�ZHOFKH�7UDLQLQJVPD�QDKPHQ�HV

P|JOLFK� LVW�� (LQIOXVV� DXI� GLH� IXQNWLRQHOOH� 6WDELOLWlW� DP�.QLHJHOHQN� ]X� QHKPHQ�� XQG� LQ� ZHOFKHQ

PHFKDQLVFKHQ�RGHU�QHXURSK\VLRORJLVFKHQ�3DUDPHWHU�VLFK�9HUlQGHUXQJHQ�PDQLIHVWLHUHQ�
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'LH�%HGHXWXQJ� IXQNWLRQHOOHU� 6WDELOLWlWVWHVWV� JHJHQ�EHU� SDVVLYHQ� 6WDELOLWlWVWHVWV� VWHKW� DX�HU� )UDJH�

'DEHL�VLQG�LQVEHVRQGHUH�GLH�7LELDYHUVFKLHEXQJ�LQ�5HODWLRQ�]XP�)HPXU�XQG�GLH�0XVNHOIXQNWLRQ�GLH

UHOHYDQWHQ�3DUDPHWHU�I�U�GLH�IXQNWLRQHOOH�6WDELOLWlW�DP�.QLHJHOHQN�



���

/,7(5$7859(5=(,&+1,6

��� $1�.�1��%(5*/81'�/��&221(<�:�3��&+$2�(�<��.29$&(9,&�1���������'LUHFW�LQ

YLYR�WHQGRQ�IRUFH�PHDVXUHPHQW�V\VWHP����-�%LRPHFK��������������

��� $1'(5621�$�)��/,%6&20%�$�%���������3UHRSHUDWLYH� LQVWUXPHQWHG�WHVWLQJ�RI�DQWHULRU

DQG�SRVWHULRU�NQHH�OD[LW\����$P�-�6SRUWV�0HG��������������

��� $1'(56621�$�&���������.QHH�OD[LW\�DQG�IXQFWLRQ�DIWHU�FRQVHUYDWLYH�WUHDWPHQW�RI�DQWHULRU

FUXFLDWH�OLJDQPHQW�LQMXULHV����,QW�-�6SRUWV�0HG����������������

��� $1'(56621�&��*,//48,67�-���������,QVWUXPHQWHG�WHVWLQJ�IRU�HYDOXDWLRQ�RI�VDJLWWDO�NQHH

OD[LW\����&OLQ�2UWKRS���������������

��� $1'5,$&&+,�7�3���%,5$&�'���������)XQFWLRQDO�WHVWLQJ�LQ�WKH�DQWHULRU�FUXFLDWH�OLJDPHQW�

GHILFLHQW�NQHH����&OLQ�2UWKRS������������

��� %$&+�%� 5��:$55(1�5� )�� )/<11�:�0��.52//�0��:,&.,(:,(&=� 7� /� �������

$UWKURPHWULF�HYDOXDWLRQ�RI�NQHHV�WKDW�KDYH�D�WRUQ�DFO����-�%RQH�-RLQW�6XUJ���������������

��� %$5$77$� 5�� 62/20212:� 0�� =+28� %� +�� /(7621� '�� &+8,1*$5'� 5�

'·$0%526,$�5���������0XVFXODU�FRDFWLYDWLRQ��7KH�UROH�RI�WKH�DQWDJRQLVW�PXVFXODWXUH� LQ

PDLQWDLQLQJ�NQHH�VWDELOLW\����$P�-�6SRUWV�0HG�������������

��� %$80*$57/�)��7+,(0(/�*���������8QWHUVXFKXQJ�GHV�.QLHJHOHQNV����6WXWWJDUW���7KLHPH

��� %($5'�'�-��.<%(5'�3�-��)(5*86621�&�0��'2''�&�$���������3URSULRFHSWLRQ�DIWHU

UXSWXUH�RI�WKH�DQWHULRU�FUXFLDWH�OLJDPHQW��$Q�REMHFWLYH�LQGLFDWLRQ�RI�WKH�QHHG�IRU�VXUJHU\"����-

%RQH�-RLQW�6XUJ�%U�����������

���� %($5'�'�-��.<%(5'�3�-��2
&21125�-�-��)(5*86621�&�0��'2''�&�$��������

5HIOH[�KDPVWULQJ�FRQWUDFWLRQ�ODWHQF\�LQ�DQWHULRU�FUXFLDWH�OLJDPHQW�GHILFLHQF\����-�2UWKRS�5HV�

����������

���� %(<1121�%�'�� -2+1621�5� -�� )/(0,1*�%�&�� 3(85$�*�'�� 5(167520�3�$�

1,&+2/6�&�(��323(�0�+���������7KH�HIIHFW�RI�IXQFWLRQDO�NQHH�EUDFLQJ�RQ�WKH�DQWHULRU
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FUXFLDWH�OLJDPHQW�LQ�WKH�ZHLJKWEHDULQJ�DQG�QRQZHLJKWEHDULQJ�NQHH�� � �$P�-�6SRUWV�0HG�� ���

�������

���� %(<1121� %� '�� 323(� 0� +�� :(57+(,0(5� &� 0�� -2+1621� 5� -�)/(0,1*� %

&�1,&+2/6�&�(�+2:(�-�*���������7KH�HIIHFW�RI�IXQFWLRQDO�NQHH�EUDFHV�RQ�VWUDLQ�RQ�WKH

DQWHULRU�FUXFLDWH�OLJDPHQW�LQ�YLYR����-�%RQH�-RLQW�6XUJ���������������

���� %(<1121�%��+2:(�-�*��323(�0�+��-2+1621�5�-��)/(0,1*�%�&�� ��������7KH

PHDVXUHPHQW�RI�DQWHULRU�FUXFLDWH�OLJDPHQW�VWUDLQ�LQ�YLYR����,QW�2UWKRS����������

���� %,('(57�5�0��0h//(5�:��/2%(1+2))(5�3��/$77(50$11�&��67$8))(5�(�

=:,&.� (� %� �������� 6HQVRPRWRULVFKH� )XQNWLRQ� GHV� .QLHJHOHQNHV�� � � 6SRUWRUWKRS

6SRUWWUDXPDW�������������

���� %,('(57� 50�� =:,&.� (� %� �������� /LJDPHQW�PXVFOH� UHIOH[� DUF� DIWHU� DQWHULRU� FUXFLDWH

OLJDPHQW�UHFRQVWUXFWLRQ��HOHFWURP\RJUDSKLF�HYDOXDWLRQ����$UFK�2UWKRS�7UDXPD�6XUJ�����������

��

���� %/h0(/�$��.5$$7=�8���������%HLWUDJ�]XU�IXQNWLRQHOOHQ�$QDWRPLH�XQG�QHXURPXVNXOlUHQ

6WHXHUXQJ�GHV�.QLHJHOHQNHV�DP�0RGHOOWLHU�6FKZHLQ���8QLY��'LVV��*UHLIVZDOG

���� %2(51(57� .�� ',332/'� $� �������� 'LDJQRVWLN� XQG� 7KHUDSLH� GHU� QHXURPXVNXODHUHQ

)XQNWLRQVVWRHUXQJHQ�DP�.QLHJHOHQN����'HXWVFKH�=HLWVFKULIW�I�U�6SRUWPHGL]LQ���6RQGHUKHIW�

��

���� %256$�3$�� HW� DO�� �������� 7KH� HIIHFWV� RI� MRLQW� SRVLWLRQ� DQG� GLUHFWLRQ� RI� MRLQW�PRWLRQ� RQ

SURSULRFHSWLYH�VHQVLELOLW\�LQ�DQWHULRU�FUXFLDWH�OLJDPHQW�GHILFLHQW�DWKOHWHV����$P�-�6SRUWV�0HG�

����������

���� %58+1� 6�� *2//+2)(5�$� �������� )XQNWLRQHOOH� 6WDELOLWlW� DP�.QLHJHOHQN� �� (LQH� QHXH

8QWHUVXFKXQJVPHWKRGH����'HXWVFKH�=HLWVFKULIW�I�U�6SRUWPHGL]LQ���6XSSO����������

���� %58+1�6��*2//+2)(5�$���������$�QHZ�PHWKRG�IRU�DVVHVVPHQW�RI�IXQFWLRQDO�VWDELOLW\�DW

WKH� NQHH� MRLQW�� � ,6%6·���� ;9,� ,QWHUQDWLRQDO� 6\PSRVLXP� RQ� %LRPHFKDQLFV� LQ� 6SRUWV�

.RQVWDQ]����SURFHHGLQJV���������

���� %58+1� 6�� *2//+2)(5� $� �������� )XQFWLRQDO� VWDELOLW\� DW� WKH� NQHH� MRLQW� �� D� QHZ

H[SHULPHQWDO�GHVLJQ����,QW�-�6SRUWV�0HG���6XSSO�����
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���� &$03%(//�'�(��*/(11�:���������5HKDELOLWDWLRQ�RI�NQHH� H[WHQVRU� DQG� IOH[RU�PXVFOH

VWUHQJWK� LQ� SDWLHQWV�ZLWK�PHQLVFHFWRPLHV�� OLJDPHQWRXV� UHSDLUV� DQG� FKRQGURPDODFLD�� � � 3K\V

7KHU������������

���� &255,*$1�-�3��&$6+0$1�:�)��%5$'<�0�3� ��������3URSULRFHSWLRQ� LQ� WKH� FUXFLDWH

GHILFLHQW�NQHH����-�%RQH�-RLQW�6XUJ�%U������������

���� '$+/67('7�/�-��'$/(1�1���������.QHH�OD[LW\�LQ�FUXFLDWH�OLJDPHQW�LQMXU\����$FW�2UWKRS

6FDQG��������������
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Mechanische Parameter
8P� =XVDPPHQKlQJH� ]ZLVFKHQ� GHQ� )DNWRUHQ� XQG� .RYDULDWHQ� DXI� GHU� HLQHQ� 6HLWH� XQG� GHQ

.ULWHULXPVYDULDEOHQ� DXI� GHU� DQGHUHQ� 6HLWH�� ZHOFKH� LQ� GHQ� 9DULDQ]DQDO\VHQ� HUNHQQEDU� ZXUGHQ�

JHQDXHU� ]X� IDVVHQ�� ZXUGHQ� .RUUHODWLRQHQ� EHUHFKQHW�� -H� QDFK� 6NDOHQQLYHDX� XQG

9HUWHLOXQJVFKDUDNWHULVWLN� GHU� 'DWHQ� ZXUGHQ� SDUDPHWULVFKH� E]Z�� QLFKWSDUDPHWULVFKH� 7HVWV

DQJHZHQGHW��&52667$%6��1213$5$0(75,&�&255(/$7,216��&255(/$7,216��

%HWUDFKWHW�PDQ�GLH�.RUUHODWLRQHQ�GHU�EHLGHQ�)DNWRUHQ�%HODVWXQJ�GHV�%HLQHV�XQG�+|KH�GHU�=XJODVW

PLW�GHQ�.ULWHULXPVYDULDEOHQ��VR�HUNHQQW�PDQ�HLQH�KRFKVLJQLILNDQWH�.RUUHODWLRQ�GHU�%HODVWXQJ�GHV

%HLQHV�PLW� GHU� 7LELDYHUVFKLHEXQJ�� GHP�&RPSOLDQFH�,QGH[�� GHU� 6WLIIQHVV� LQ� XQWHUHQ� XQG� REHUHQ

.UDIWEHUHLFK�XQG�GHU�(QHUJLHELODQ]��'LH�.RUUHODWLRQ�PLW�GHU�3URJUHVVLRQ�LVW�QLFKW�VLJQLILNDQW��8QWHU

%HU�FNVLFKWLJXQJ� GHU�.RGLHUXQJ� GHV� )DNWRUV� %HODVWXQJ� GHV� %HLQHV� XQG� GHU�.ULWHULXPVYDULDEOHQ

HUJHEHQ�VLFK�IROJHQGH�=XVDPPHQKlQJH�

'LH�%HODVWXQJ�GHV�%HLQHV�NRUUHOLHUW�PLW�GHU�7LELDYHUVFKLHEXQJ�GHU�6WLIIQHVV�LQ�XQWHUHQ�XQG�REHUHQ

.UDIWEHUHLFK�XQG�GHP�&RPSOLDQFH�,QGH[�JHULQJ�QHJDWLY�XQG�PLW�GHU�(QHUJLHELODQ]�JHULQJ�SRVLWLY�

G�K��XQWHU�(QWODVWXQJ�GHV�%HLQHV�VLQG�7LELDYHUVFKLHEXQJ�LQ�DQWHULRUHU�5LFKWXQJ��&RPSOLDQFH�,QGH[

XQG�GHU�(QHUJLHYHUOXVW�JU|�HU�DOV�EHL�EHODVWHWHP�%HLQ��ZlKUHQG�GLH�6WLIIQHVV�JHULQJHU�LVW��'LH�+|KH

GHU� =XJODVW� NRUUHOLHUW� OHGLJOLFK� PLW� GHU� 7LELDYHUVFKLHEXQJ� XQG� GHU� 6WLIIQHVV� LP� REHUHQ� %HUHLFK

KRFKVLJQLILNDQW�� GLH� .RUUHODWLRQHQ� VLQG� GDEHL� DOOHUGLQJV� QXU� JHULQJ� QHJDWLY�� -H� JU|�HU� DOVR� GLH

=XJODVW��GHVWR�JU|�HU�GLH�7LELDYHUVFKLHEXQJ�LQ�DQWHULRUHU�5LFKWXQJ�XQG�GHVWR�JHULQJHU�GLH�6WLIIQHVV

EHL� KRKHQ� .UDIWZHUWHQ�� 'LH� .RUUHODWLRQ� GHU� =XJODVW� PLW� GHP� &RPSOLDQFH�,QGH[� XQG� GHU

3URJUHVVLRQ�LVW�]ZDU�VLJQLILNDQW��DEHU�LQKDOWOLFK�QLFKW�PHKU�UHOHYDQW��0LW�GHU�(QHUJLHELODQ]�KDW�GLH

=XJODVW�NHLQH�VLJQLILNDQWH�.RUUHODWLRQ�

%HWUDFKWHW�PDQ� ]XGHP� GLH� =XVDPPHQKlQJH� GHU�.ULWHULXPVYDULDEOHQ� XQWHUHLQDQGHU�� VR� IlOOW� DXI�

GDVV� GLH� 7LELDYHUVFKLHEXQJ�PLW� DOOHQ� �EULJHQ� 9DULDEOHQ� KRFKVLJQLILNDQWH�.RUUHODWLRQHQ� DXIZHLVW�

0LW� GHP�&RPSOLDQFH�,QGH[� XQG�GHU� 6WLIIQHVV� NRUUHOLHUW� GLH�7LELDYHUVFKLHEXQJ�KRFK� SRVLWLY��'LH

.RUUHODWLRQHQ� GHU� 7LELDYHUVFKLHEXQJ� PLW� GHU� 3URJUHVVLRQ� XQG� GHU� (QHUJLHELODQ]� VLQG� JHULQJ

QHJDWLY�� 8QWHU� %HU�FNVLFKWLJXQJ� GHU� 9RU]HLFKHQ� EHGHXWHW� GLHV�� GDVV� GHU� &RPSOLDQFH�,QGH[�� GLH

3URJUHVVLRQ� XQG� GHU� (QHUJLHYHUOXVW� PLW� GHU� 7LELDYHUVFKLHEXQJ� LQ� DQWHULRUHU� 5LFKWXQJ� JU|�HU

ZHUGHQ��ZlKUHQG� GLH� 6WLIIQHVV� DEQLPPW��(UVWDXQOLFK� LVW� DEHU� DXFK�� GDVV� GLH� 3URJUHVVLRQ�� GLH� DOV



$QKDQJ

���

4XRWLHQW�DXV�GHU�6WLIIQHVV�LP�KRKHQ�XQG�LP�QLHGULJHQ�.UDIWEHUHLFK�EHUHFKQHW�ZXUGH��HLQH�QDKH]X

SHUIHNWH�1XOONRUUHODWLRQ�]XU�6WLIIQHVV�LP�KRKHQ�.UDIWEHUHLFK�DXIZHLVW�

Tabelle 28: Korrelationen mechanischer Parameter untereinander und mit den Versuchsbedingungen

Correlations (Spearman's rho)
Translation Compliance-Index Stiffness

low
Stiffness
high

Progression Energie

Beinlast (axial) -.449** -.386** -.415** -.497** .090 .257**
Zuglast (anterior) -.379** .167* .012 .227** .167* .127
Translation 1.000 .732** .831** .680** -.495** -.442**
Compliance-Index .732** 1.000 .804** .807** -.351** -.322**
Stiffness low .831** -.804** 1.000 .763** -.584** -.282**
Stiffness high .680** -.807** .763** 1.000 .008 -.345**
Progression -.443** -.286** -.584** .008 1.000 .069
Energie -.442** -.322** -.282** -.345** .069 1.000
**  Correlation is significant at the .01 level (2-tailed).
*  Correlation is significant at the .05 level (2-tailed).

'HU�=XVWDQG�GHV�.QLHJHOHQNHV�NRUUHOLHUW�PLW�GHQ�.ULWHULXPVYDULDEOHQ� LQVJHVDPW�VHKU�JHULQJ��'HU

=XVWDQG� GHV�.QLHJHOHQNHV� GHU� XQWHUVXFKWHQ� 3UREDQGHQ� KDW� QXU� HLQHQ� JHULQJHQ�(LQIOXVV� DXI� GLH

$XVSUlJXQJ� GHU� PHFKDQLVFKHQ� 3DUDPHWHU�� $OOHUGLQJV� N|QQHQ� GLH� .RUUHODWLRQHQ� GHU

9HUVXFKVEHGLQJXQJHQ� DXIJUXQG� GHU� XQWHUVFKLHGOLFKHQ� 6NDOHQQLYHDXV� QLFKW� PLW� GHQHQ� GHU

*UXSSHQ]XJHK|ULJNHLW�GHU�3UREDQGHQ�YHUJOLFKHQ�ZHUGHQ�

Tabelle 29: Korrelationen der mechanischen Parameter mit dem Faktor Zustand des Kniegelenkes

Directional Measures
Nominal
by Interval

.789 .968 1.00 1.00 1.00 1.00

Eta Tibia-
verschie-
bung

.121 Com-
pliance-
Index

.200 Stiff-
ness
low

.097 Stiff-
ness
high

.120 Pro-
gres-
sion

.047 Ener
-gie

.160

%HWUDFKWHW� PDQ� GLH� .RUUHODWLRQ� GHU� ]XU� .RQWUROOH� HUIDVVWHQ� ,QWHJUDOTXRWLHQWHQ� PLW� GHQ

PHFKDQLVFKHQ� 3DUDPHWHUQ�� VR� IlOOW� DXI�� GDVV� YRU� DOOHP� GLH� EHLGHQ� 9DVWL� VLJQLILNDQWH� ELV� VHKU

VLJQLILNDQWH� .RUUHODWLRQHQ� PLW� IDVW� DOOHQ� HUKREHQHQ� PHFKDQLVFKHQ� 3DUDPHWHUQ� KDEHQ�� 6LH

NRUUHOLHUHQ� VHKU�JHULQJ�ELV�JHULQJ�QHJDWLY�PLW�GHU�7LELDYHUVFKLHEXQJ��PLW�GHP�&RPSOLDQFH�,QGH[

XQG�GHU� 6WLIIQHVV� XQG� VHKU� JHULQJ�ELV� JHULQJ� SRVLWLY�PLW� GHU� 3URJUHVVLRQ� XQG� GHU�(QHUJLHELODQ]�

8QWHU�%HU�FNVLFKWLJXQJ�GHU�9RU]HLFKHQ�EHGHXWHW�GLHV�� GDVV�GLH�$NWLYLHUXQJ�GHU�.QLHVWUHFNHU�PLW

GHU�7LELDYHUVFKLHEXQJ� LQ�DQWHULRUHU�5LFKWXQJ�XQG�GHP�&RPSOLDQFH�,QGH[� LQ� DQWHULRUHU�5LFKWXQJ

JU|�HU�ZLUG��ZlKUHQG�GLH�=XQDKPH�GHU�6WUHFNHUDNWLYLHUXQJ�PLW�HLQHU�5HGXNWLRQ�GHU�6WLIIQHVV��GHU

3URJUHVVLRQ� XQG� GHV� (QHUJLHYHUOXVWHV� HLQKHU� JHKW��:HQQ� GLH� .RUUHODWLRQHQ� DXFK� YRQ� JHULQJHP

$XVPD�� VLQG�� VR� ZLUG� GRFK� GHXWOLFK�� GDVV� GLH� HUKREHQHQ� PHFKDQLVFKHQ� 3DUDPHWHU� LQ� HLQHU

:HFKVHOZLUNXQJ�PLW�GHQ�PXVNXOlUHQ�$NWLYLWlWHQ�UXQG�XP�GDV�.QLHJHOHQN�VWHKHQ�
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Tabelle 30: Korrelationen mechanischer Parameter mit den Integralquotienten der Muskeln

Correlations (Spearman's rho)
Integral Q
gast. med.

Integral Q
bic. fem.

Integral Q
semitend.

Integral Q
rect. fem.

Integral Q
vast. lat.

Integral Q
vast. med.

Translation Correlation
Coefficient

.124 -.320** -.285** -.229** -.557** -.412**

Compliance-
Index

Correlation
Coefficient

.233** -.227** -.166* -.018 -.336** -.202*

Stiffness low Correlation
Coefficient

.156* -.300** -.280** -.031 -.437** -.261**

Stiffness high Correlation
Coefficient

.285** -.191* -.245** -.114 -.330** .139

Progression Correlation
Coefficient

.069 .229** .117 -.109 .273** .200*

Energie Correlation
Coefficient

-.159 -.072** -.056 .088 .307** .196*

**  Correlation is significant at the .01 level (2-tailed).
*  Correlation is significant at the .05 level (2-tailed).

'LH�=XVDPPHQKlQJH�]ZLVFKHQ�GHQ�HUKREHQHQ�PHFKDQLVFKHQ�3DUDPHWHUQ�XQG�GHQ�]XU�.RQWUROOH

HUKREHQHQ�,QWHJUDOTXRWLHQWHQ�GHU�0XVNHOQ�VROOWHQ�GDUDXIKLQ��EHUSU�IW�ZHUGHQ��RE�HV�VLFK�GDEHL�XP

HFKWH�.RUUHODWLRQHQ�KDQGHOW��RGHU�RE�VLH�DXI�6FKHLQNRUUHODWLRQHQ�XQWHU�GHP�(LQIOXVV�GHU�)DNWRUHQ�

G�K��GHU�9HUVXFKVEHGLQJXQJHQ�]XU�FN]XI�KUHQ�VLQG��'D]X�ZXUGHQ�GLH�.RUUHODWLRQHQ�]ZLVFKHQ�GHQ

PHFKDQLVFKHQ� 3DUDPHWHUQ� HUQHXW� EHUHFKQHW� �3$57,$/� &255��� ZREHL� GHU� =XVWDQG� GHV

.QLHJHOHQNHV��GLH�%HODVWXQJ�GHV�%HLQHV�XQG�GLH�+|KH�GHU�=XJODVW�DOV�.RQWUROOYDULDEOHQ�HLQJHI�KUW

ZXUGHQ�

Tabelle 31: Partialkorrelationen mechanischer Parameter mit den Integralquotienten der Muskeln

Partial Correlations controlling for knee, axial load of the leg, anterior tibial load
Gastroc-
nemius
medialis

Biceps
femoris

Semiten-
dinosus

Rectus
femoris

Vastus
lateralis

Vastus
medialis

Partial
Correlation

Tibiaver-
schiebung

-.0972 -.1248 -.2508** .0968 -.2353** -.1699*

Compliance-
Index

-.0522 -.1046 -.2101* .1188 -.2356** -.1870*

Stiffness
low

-.0470 -.1793* -.2411** .1137 -.2221** -.1127

Stiffness
high

.0169 .1134 -.1690* .0250 -.0703 -.0232

Steigungs-
quotient

.1284 .0754 .0815 -.0813 .1537 .1296

Energie -.0409 -.2261** -.0901 .0015 .1337 .0743

**  Correlation is significant at the .01 level (2-tailed).
*  Correlation is significant at the .05 level (2-tailed).

'LH� .RUUHODWLRQHQ� ]ZLVFKHQ� GHU� 7LELDYHUVFKLHEXQJ� XQG� GHP� &RPSOLDQFH�,QGH[� PLW� GHQ

,QWHJUDOTXRWLHQWHQ� GHU� EHLGHQ� 9DVWL� EOHLEHQ� DXFK� XQWHU� (LQEH]XJ� GHU� )DNWRUHQ� DOV

.RQWUROOYDULDEOHQ� VLJQLILNDQW�� VR� GDVV� HV� VLFK� KLHUEHL� QLFKW� XP� 6FKHLQNRUUHODWLRQHQ� KDQGHOW�� 'LH

=XVDPPHQKlQJH�]ZLVFKHQ�GLHVHQ�PHFKDQLVFKHQ�3DUDPHWHUQ�XQG�GHQ�,QWHJUDOTXRWLHQWHQ�VLQG�HFKW�
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ZHQQJOHLFK� YRQ� VHKU� JHULQJHP� $XVPD��� VR� GDVV� PDQ� QXU� YRQ� HLQHU� PLQLPDOHQ� ZHFKVHOVHLWLJHQ

%HHLQIOXVVXQJ�GLHVHU�PHFKDQLVFKHQ�3DUDPHWHU�XQG�GHU�+|KH�GHU�$NWLYLHUXQJ�GHU�9DVWL� VSUHFKHQ

NDQQ��'DV� JOHLFKH� JLOW� I�U� GHQ�0�� VHPLWHQGLQRVXV�� DXFK� HU�ZHLVW�ZHLWHUKLQ� VHKU� JHULQJH� QHJDWLYH

.RUUHODWLRQHQ�]XU�7LELDYHUVFKLHEXQJ�XQG�]XU�6WLIIQHVV�DXI��GLH�VLJQLILNDQW�VLQG�

'LH� 6WLIIQHVV� LP� QLHGULJHQ� .UDIWEHUHLFK� NRUUHOLHUW� JHULQJ� QHJDWLY� PLW� GHQ� 0P� ELFHSV� IHPRULV�

VHPLWHQGLQRVXV� XQG� YDVWXV� ODWHUDOLV�� VR� GDVV� GLH�*HOHQNVWLIIQHVV� EHL� JHULQJHU� =XJNUDIW� K|KHU� LVW�

ZHQQ�GLH�$NWLYLWlW� GLHVHU�0XVNHOQ�QLHGULJHU� LVW��'LHVHV�(UJHEQLV� LVW� ]XPLQGHVW� LP�EH]XJ� DXI� GLH

5LFKWXQJ�GHU�=XVDPPHQKlQJH�XQHUZDUWHW��$XIJUXQG�GHU�JHULQJHQ�QLFKW�VLJQLILNDQWHQ�8QWHUVFKLHGH

GHU�6WLIIQHVV�LP�QLHGULJHQ�.UDIWEHUHLFK�KLQVLFKWOLFK�GHU�*UXSSHQ]XJHK|ULJNHLW�VROOWH�GHP�(UJHEQLV

DOOHUGLQJV� DXFK� NHLQH� DOO]X� KRKH� %HGHXWXQJ� EHLJHPHVVHQ� ZHUGHQ�� )�U� GLH� 6WLIIQHVV� LP� KRKHQ

.UDIWEHUHLFK� LVW� QDKH]X� NHLQ� =XVDPPHQKDQJ� ]XU� PXVNXOlUHQ� $NWLYLWlW� PHKU� IHVW]XVWHOOHQ�� 'LH

.RUUHODWLRQHQ�YRQ�(QHUJLHELODQ]�XQG�3URJUHVVLRQ�PLW�GHQ�EHLGHQ�9DVWL�HQWSXSSHQ�VLFK�GDJHJHQ�DOV

6FKHLQNRUUHODWLRQHQ��GLH� GXUFK�GLH�9HUVXFKVEHGLQJXQJHQ� DXIJHNOlUW�ZHUGHQ��'LH�.RUUHODWLRQ�GHU

(QHUJLHELODQ]�PLW�GHP�0��ELFHSV�IHPRULV�ZLUG�QXQ�VHKU�VLJQLILNDQW��EOHLEW�DEHU�LP�JHULQJ�QHJDWLYHQ

%HUHLFK��,QKDOWOLFK�EHGHXWHW�GLHV��GDVV�GHU�(QHUJLHYHUOXVW�XP�VR�JU|�HU�LVW��MH�ZHQLJHU�GHU�0��ELFHSV

IHPRULV�DNWLYLHUW�ZLUG�

Neurophysiologische Parameter
'LH� %HUHFKQXQJHQ� GHU� =XVDPPHQKlQJH� ]ZLVFKHQ� GHP� $XVPD�� GHU� $NWLYLHUXQJ� XQG� GHP

=HLWSXQNW� GHV� $NWLYLWlWVDQVWLHJHV� ]HLJHQ�� GDVV� GLH� ,QWHJUDOTXRWLHQWHQ� XQG� $PSOLWXGHQ� VLFK

JOHLFKVLQQLJ�YHUKDOWHQ��6LH�ZHLVHQ�PLWWOHUH�ELV�KRKH�.RUUHODWLRQHQ�DXI��GLH�DOOHVDPW�VHKU�VLJQLILNDQW

VLQG��'LHV�ZDU�]X�HUZDUWHQ��GD�EHLGH�GLH�+|KH�GHU�$NWLYLHUXQJ�HLQHV�0XVNHOV�UHSUlVHQWLHUHQ�

Tabelle 32: Korrelationen der Integralquotienten mit den Amplituden

Correlations
Amplitude
gast. med.

Amplitude
bic. fem.

Amplitude
semitend.

Amplitude
rect. Fem.

Amplitude
vast. lat.

Amplitude
vast. med.

Integral Q
gast. med.

.763** .274** .270** .136 .018 .114

Integral Q
bic. fem.

.200* .708** .559** -.100 -.048 .011

Integral Q
semitend.

.118 .421** .560** -.172* -.077 -.018

Integral Q
rect. fem.

.277** .180* .192* .644** .608** .533**

Integral Q
vast. lat.

.234** .251** .221** .491** .653** .582**

Integral Q
vast. med.

.255** .133 .125 .635** .706** .715**

**  Correlation is significant at the .01 level (2-tailed).
*  Correlation is significant at the .05 level (2-tailed).
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8P�]X��EHUSU�IHQ��RE�GLH�+|KH�GHU�$NWLYLHUXQJ�LQ�HLQHP�=XVDPPHQKDQJ�PLW�GHP�=HLWSXQNW�GHU

$NWLYLHUXQJ� VWHKHQ�� ZXUGHQ� I�U� MHGHQ� 0XVNHO� .RUUHODWLRQHQ� ]ZLVFKHQ� ,QWHJUDOTXRWLHQWHQ� XQG

$PSOLWXGHQ� DXI� GHU� HLQHQ� 6HLWH� XQG� GHQ� /DWHQ]]HLWHQ� DXI� GHU� DQGHUHQ� 6HLWH� EHUHFKQHW�� 8P

6FKHLQNRUUHODWLRQHQ�� YHUXUVDFKW�GXUFK�GLH�XQWHUVFKLHGOLFKHQ�9HUVXFKVEHGLQJXQJHQ�]X�YHUPHLGHQ�

ZXUGHQ�3DUWLDONRUUHODWLRQHQ��3$57,$/�&255��XQWHU�%HU�FNVLFKWLJXQJ�GHU�*UXSSHQ]XJHK|ULJNHLW

GHV�.QLHJHOHQNHV��GHU�%HODVWXQJ�GHV�%HLQHV�XQG�GHU�+|KH�GHU�=XJODVW�EHUHFKQHW�

Tabelle 33: Korrelationen der Latenzzeiten mit den Amplituden

Correlations
Amplitude
gast. med.

Amplitude
bic. fem.

Amplitude
semitend.

Amplitude
rect. Fem.

Amplitude
vast. lat.

Amplitude
vast. med.

Latenz gast.
med.

-.642** -.165 -.210* -.250* .125 -.133

Latenz bic.
fem.

-.437** -.452** -.500** -.193 .032 -.043

Latenz
semitend.

-.412** -.480** -.612** -.242* -.036 -.062

Latenz rect.
fem.

-.530** -.196 -.202 -.222* .168 -.091

Latenz vast.
lat.

-.338** -.229* -.372** .058 .172 -.058

Latenz vast.
med.

-.392** -.264* -.385** .000 .145 -.129

**  Correlation is significant at the .01 level (2-tailed).
*  Correlation is significant at the .05 level (2-tailed).

'LH� .RUUHODWLRQHQ� ]ZLVFKHQ� $PSOLWXGHQ� XQG� /DWHQ]]HLWHQ� VLQG� OHGLJOLFK� I�U� GLH� 0P� YDVWXV

PHGLDOLV� XQG� YDVWXV� ODWHUDOLV� QLFKW� VLJQLILNDQW�� )�U� GLH� �EULJHQ� 0XVNHOQ� VLQG� GLH� .RUUHODWLRQHQ

QHJDWLY�XQG�OLHJHQ�LP�JHULQJHQ�ELV�PLWWOHUHQ�%HUHLFK��-H�OlQJHU�DOVR�GLH�/DWHQ]]HLW��GHVWR�JHULQJHU�GLH

$PSOLWXGH�

Tabelle 34: Korrelationen der Latenzzeiten mit den Integralquotienten

Correlations
Integral Q
gast. med.

Integral Q
bic. fem.

Integral Q
semitend.

Integral Q
rect. Fem.

Integral Q
vast. lat.

Integral Q
vast. med.

Latenz gast.
med.

-.540** -.037 -.010 -.166 .064 .034

Latenz bic.
fem.

-.219* -.165 -.000 -.115 .016 -.013

Latenz
semitend.

-.298** -.207* -.198 -.202* -.149 -.166

Latenz rect.
fem.

-.371** -.094 -.131 -.209* .107 -.050

Latenz vast.
lat.

-.226* -.143 -.015 .049 .029 -.071

Latenz vast.
med.

-.273** -.128 -.008 .159 .066 -.003

**  Correlation is significant at the .01 level (2-tailed).
*  Correlation is significant at the .05 level (2-tailed).
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%HL� GHQ� .RUUHODWLRQHQ� GHU� ,QWHJUDOTXRWLHQWHQ� PLW� GHQ� /DWHQ]]HLWHQ� ZDUHQ� OHGLJOLFK� GLH

.RHIIL]LHQWHQ� GHU� 0P� JDVWURFQHPLXV� PHGLDOLV� XQG� UHFWXV� IHPRULV� VLJQLILNDQW�� %HL� GHQ� �EULJHQ

0XVNHOQ� ODJHQ� 6FKHLQNRUUHODWLRQHQ� YRU�� GLH� GXUFK� GLH� 9HUVXFKVEHGLQJXQJHQ� DXIJHNOlUW� ZXUGHQ�

(LQH�ZHFKVHOVHLWLJH�%HHLQIOXVVXQJ�YRQ� ,QWHJUDOTXRWLHQWHQ�XQG�/DWHQ]]HLWHQ�NDQQ�GDKHU� I�U�GLHVH

0XVNHOQ�QLFKW�DQJHQRPPHQ�ZHUGHQ�

'HPQDFK� VLQG� GLH� +|KH� GHU� $NWLYLHUXQJ� XQG� GHU� =HLWSXQNW� GHU� $NWLYLHUXQJ� HKHU� PLWHLQDQGHU

NRUUHOLHUW��ZlKUHQG�HLQ�=XVDPPHQKDQJ�]ZLVFKHQ�GHU�'DXHU�GHU�$NWLYLHUXQJ�XQG�GHP�=HLWSXQNW

GHV� %HJLQQV� GHU� $NWLYLHUXQJ� JU|�WHQWHLOV� DXI� GLH� *UXSSHQ]XJHK|ULJNHLW� XQG� DXI� GLH

9HUVXFKVEHGLQJXQJHQ� ]XU�FN]XI�KUHQ� LVW� XQG� QLFKW� DOV� HFKWH� .RUUHODWLRQHQ� ]ZLVFKHQ� GHQ

3DUDPHWHUQ�]X�LQWHUSUHWLHUHQ�LVW�

8P�GLH�*U|�HQRUGQXQJ�GHU�LQ�GHQ�9DULDQ]DQDO\VHQ�DXIJHGHFNWHQ�=XVDPPHQKlQJH�]X�SUl]LVLHUHQ�

ZXUGHQ�.RUUHODWLRQHQ�]ZLVFKHQ�GHQ�)DNWRUHQ�DXI�GHU�HLQHQ�6HLWH�XQG�GHQ�.ULWHULXPVYDULDEOHQ�DXI

GHU� DQGHUHQ� 6HLWH� EHUHFKQHW� �&52667$%6�� 1213$5$0(75,&� &255(/$7,216�

&255(/$7,216��

,P�*HJHQVDW]�]X�GHQ�(UJHEQLVVHQ�GHU�9DULDQ]DQDO\VHQ�VWHKHQ�GLH�EHLGHQ�)DNWRUHQ�%HODVWXQJ�GHV

%HLQHV� XQG� +|KH� GHU� =XJODVW� PLW� GHQ� $PSOLWXGHQ� LP� =XVDPPHQKDQJ�� 'LH� =XJODVW� NRUUHOLHUW

LPPHU�SRVLWLY�PLW�GHQ�$PSOLWXGHQ��-H�K|KHU�DOVR�GLH�=XJODVW��GHVWR�JU|�HU�GLH�$PSOLWXGH��%HL�GHQ

.QLHVWUHFNHUQ�OLHJHQ�JHULQJH�.RUUHODWLRQHQ�YRU��GLH�VLJQLILNDQW�VLQG��EHL�GHQ�.QLHEHXJHUQ�PLWWOHUH

.RUUHODWLRQHQ�� GLH� K|FKVW� VLJQLILNDQW� VLQG�� 'LH� %HODVWXQJ� GHV� %HLQHV� NRUUHOLHUW� PLW� GHQ

NQLHEHXJHQGHQ� 0XVNHOQ� JHULQJ� SRVLWLY� �WHLOZHLVH� QLFKW� VLJQLILNDQW��� PLW� GHQ� NQLHVWUHFNHQGHQ

0XVNHOQ�GDJHJHQ�KRFK�QHJDWLY��K|FKVW�VLJQLILNDQW��

Tabelle 35: Korrelationen der maximalen Amplituden mit axialer Belastung und anteriorer Zuglast

Correlations
Belastung Zuglast Gastro-

cnemius
Biceps
femoris

Semiten-
dinosus

Rectus
femoris

Vastus
lateralis

Vastus
medialis

Axiale Belastung 1.000 .000 -.113 .029 .208* -.816** -.799** -.778**
Anteriore Zuglast .000 1.000 .448** .331** .367** .167* .192* .169*
Gastrocnemius -.113 .448** 1.000 .342** .305** .292** .186* .225**
Biceps femoris .029 .331** .342** 1.000 .778** .165* .187* .204*
Semitendinosus .208* .367** .305** .778** 1.000 .052 .048 .044
Rectus femoris -.816** .167* .292** .165* .052 1.000 .864** .812**
Vastus lateralis -.799** .192* .186* .187* .048 .864** 1.000 .851**
Vastus medialis -.778** .169* .225** .204* .044 .812** .851** 1.000
**  Correlation is significant at the .01 level (2-tailed).
*  Correlation is significant at the .05 level (2-tailed).



$QKDQJ

���

'DV� EHGHXWHW�� GDVV� GLH� .QLHEHXJHU� VWlUNHU� DXI� GLH� +|KH� GHU� =XJODVW� UHDJLHUHQ�� ZlKUHQG� GLH

$NWLYLHUXQJ�GHU�.QLHVWUHFNHU�YRUZLHJHQG�GXUFK�GLH�%HODVWXQJ�GHV�%HLQHV�PRGXOLHUW�ZLUG��$XV�GHU

%HUHFKQXQJ�GHV�=XVDPPHQKDQJHV�]ZLVFKHQ�GHQ�$PSOLWXGHQ�XQG�GHP�=XVWDQG�GHV�.QLHJHOHQNHV

HUJHEHQ�VLFK�I�U�GLH�PHLVWHQ�0XVNHOQ�1XOONRUUHODWLRQHQ�

$XFK�GLH�,QWHJUDOTXRWLHQWHQ�GHU�XQWHUVXFKWHQ�0XVNHOQ�ZHLVHQ�PLW�GHQ�EHLGHQ�)DNWRUHQ�%HODVWXQJ

GHV� %HLQHV� XQG� +|KH� GHU� =XJODVW� VLJQLILNDQWH� ELV� K|FKVW� VLJQLILNDQWH� .RUUHODWLRQHQ� DXI�� 'DV

$XVPD�� GHU� .RUUHODWLRQHQ� LVW� JHULQJ� ELV� PLWWHO�� 'LH� =XJODVW� NRUUHOLHUW� LPPHU� SRVLWLY� PLW� GHQ

,QWHJUDOTXRWLHQWHQ�� VR�GDVV�GLH�+|KH�GHU�PXVNXOlUHQ�$NWLYLWlW�PLW�GHU�*U|�H�GHU�=XJODVW� VWHLJW�

'LH� %HODVWXQJ� GHV� %HLQHV� NRUUHOLHUW� PLW� GHQ� NQLHEHXJHQGHQ� 0XVNHOQ� SRVLWLY�� PLW� GHQ

NQLHVWUHFNHQGHQ�0XVNHOQ�GDJHJHQ�QHJDWLY��'DV�EHGHXWHW��GDVV�EHL�HQWODVWHWHP�%HLQ�GLH�.QLHEHXJHU

VWlUNHU��GLH�.QLHVWUHFNHU�GDJHJHQ�VFKZlFKHU�DNWLYLHUW�ZHUGHQ��DOV�EHL�EHODVWHWHP�%HLQ�

Tabelle 36: Korrelationen der Integralquotienten mit axialer Belastung und anteriorer Zuglast

Correlations
Belastung Zuglast Gastro-

cnemius
Biceps
femoris

Semiten-
dinosus

Rectus
femoris

Vastus
lateralis

Vastus
medialis

Axiale
Belastung

1.000 .000 .028 .243** .266** -.464** -.401** -.519**

Anteriore
Zuglast

.000 1.000 .409** .367** .356** .217** .231** .207*

Gastro-
cnemius

.028 .409** 1.000 .282** .373** .202* .177* .145

Biceps
femoris

.243** .367** .282** 1.000 .630** .115 .191* -.014

Semiten-
dinosus

.266** .356** .373** .630** 1.000 .103 .218** .129

Rectus
femoris

-.464** .217** .202* .115 .103 1.000 .622** .625**

Vastus
lateralis

-.401** .231** .177* .191* .218** .622** 1.000 .745**

Vastus
medialis

-.519** .207* .145 -.014 .129 .625** .745** 1.000

**  Correlation is significant at the .01 level (2-tailed).
*  Correlation is significant at the .05 level (2-tailed).

=ZLVFKHQ�GHQ�/DWHQ]]HLWHQ�GHU�0XVNHOQ�XQG�GHU�+|KH�GHU�=XJODVW�HUJHEHQ�DXFK�%HUHFKQXQJHQ

YRQ�.RUUHODWLRQHQ� NHLQH� VLJQLILNDQWHQ�=XVDPPHQKlQJH��'LH�%HODVWXQJ�GHV�%HLQHV� NRUUHOLHUW�PLW

GHQ� /DWHQ]HQ� GHU� .QLHEHXJHU� JHULQJ� QHJDWLY�� 'DV� EHGHXWHW�� GDVV� GLH� .QLHEHXJHU� VFKQHOOHU

UHDJLHUHQ��ZHQQ�GDV�%HLQ�HQWODVWHW� LVW��)�U�GHQ�0�� UHFWXV� IHPRULV�HUJLEW� VLFK� HLQH� JHULQJ�SRVLWLYH

.RUUHODWLRQ��VR�GDVV�GLHVHU�0XVNHO�EHL�EHODVWHWHP�%HLQ� VFKQHOOHU� UHDJLHUW��'LH�.RUUHODWLRQHQ�VLQG

]ZDU�VLJQLILNDQW�RGHU�VHKU�VLJQLILNDQW��VLH�VLQG�MHGRFK�QXU�YRQ�JHULQJHP�$XVPD��
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Tabelle 37: Korrelationen der Latenzzeiten mit den Faktoren Belastung des Beines und Zuglast

Correlations
Belastung Zuglast Gastro-

cnemius
Biceps
femoris

Semiten-
dinosus

Rectus
femoris

Vastus
lateralis

Vastus
medialis

Belastung 1.000 .000 -.058 -.214* -.267** .284** .057 .107
Zuglast .000 1.000 -.155 -.092 -.096 -.085 -.171 -.100
Latenz
gast. med.

-.058 -.155 1.000 .361** .356** .540** .407** .400**

Latenz bic.
fem.

-.214* -.092 .361** 1.000 .819** .365** .661** .633**

Latenz
semitend.

-.267** -.096 .356** .819** 1.000 .292** .590** .556**

Latenz rect.
fem.

.284** -.085 .540** .365** .292** 1.000 .551** .576**

Latenz
vast. lat.

.057 -.171 .407** .661** .590** .551** 1.000 .934**

Latenz
vast. med.

.107 -.100 .400** .633** .556** .576** .934** 1.000

**  Correlation is significant at the .01 level (2-tailed).
*  Correlation is significant at the .05 level (2-tailed).

'LH� %HUHFKQXQJHQ� GHV� =XVDPPHQKDQJHV� ]ZLVFKHQ� GHQ� /DWHQ]]HLWHQ� XQG� GHP� =XVWDQG� GHV

.QLHJHOHQNHV� HUJHEHQ� I�U� GLH�0P� ELFHSV� IHPRULV�� VHPLWHQGLQRVXV�� YDVWXV� ODWHUDOLV� XQG�PHGLDOLV

JHULQJH�ELV�PLWWOHUH�.RUUHODWLRQHQ��GLH�VLJQLILNDQW�ELV�VHKU�VLJQLILNDQW�VLQG�

Tabelle 38: Korrelation der Latenzzeit des M. biceps femoris mit dem Zustand des Kniegelenkes

Directional Measures
Value

Nominal by Interval Eta Biceps femoris Dependent .506
Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 77.756 40 .000
Likelihood Ratio 89.355 40 .000
Linear-by-Linear Association 3.022 1 .082

Tabelle 39: Korrelation der Latenzzeit des M. semitendinosus mit dem Zustand des Kniegelenkes

Directional Measures
Value

Nominal by Interval Eta Semitendinosus Dependent .342
Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 49.143 38 .106
Likelihood Ratio 57.102 38 .024
Linear-by-Linear Association .329 1 .566
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Tabelle 40: Korrelation der Latenzzeit des M. vastus lateralis mit dem Zustand des Kniegelenkes

Directional Measures
Value

Nominal by Interval Eta Vastus lateralis Dependent .563
Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 73.359 32 .000
Likelihood Ratio 86.236 32 .000
Linear-by-Linear Association 3.430 1 .064

Tabelle 41: Korrelation der Latenzzeit des M. vastus medialis mit dem Zustand des Kniegelenkes

Directional Measures
Value

Nominal by Interval Eta Vastus medialis Dependent .507
Chi-Square Tests

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 60.270 36 .007
Likelihood Ratio 69.451 36 .001
Linear-by-Linear Association 4.950 1 .026
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+LHUPLW� HUNOlUH� LFK�� GDVV� LFK� GLH� GHU� )DNXOWlW� I�U� *HVFKLFKWV��� 6R]LDO��� XQG
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