
Collagen Meniscal Implant

,QGLFDWLRQV�
�� $JH�OHVV�WKDQ����\HDUV
�� 3DLQ�DIWHU�SDUWLDO�PHQLVFHFWRP\

Contraindications 

�� 2VWHRDUWKULWLV��!�,,,�
�� 3DLQ�DIWHU�WRWDO�PHQLVFHFWRP\
�� $OOHUJ\�WR�LPSODQW�PDWHULDO
�� ,QIHFWLRQV
�� 5KHXPDWRLG�GLVHDVHV

Controversial 

�� $JH�PRUH�WKDQ����\HDUV
�� ,UUHSDUDEOH� DFXWH� OHVLRQV� ZLWK� PHQLVFDO� ORVV�

!�����

Case Study

$����\HDU�ROG�PDQ�FRPSODLQHG�RI�SDLQ�DQG�DQWH�
ULRU�LQVWDELOLW\�RI�WKH�OHIW�NQHH�IROORZLQJ�D�NQHH�
VSUDLQ� GXULQJ� SK\VLFDO� DFWLYLW\� WKDW� RFFXUUHG�
��PRQWKV�HDUOLHU��3K\VLFDO�H[DPLQDWLRQ�UHYHDOHG�
IXOO� UDQJH� RI� PRWLRQ� �520��� SRVLWLYH� /DFK�
PDQ�DQG�DQWHULRU�GUDZHU�WHVWV��DQG�WHQGHUQHVV�DW�
WKH�PHGLDO� ULP� RI� WKH� MRLQW�� ;�UD\V�ZHUH� QHJD�
WLYH� IRU� ERQH� DEQRUPDOLWLHV� DQG� MRLQW�PDODOLJQ�
PHQWV��ZKLOH�PDJQHWLF�UHVRQDQFH�LPDJLQJ��05,��
VKRZHG�D�FRPSOH[� WHDU�RI� WKH�SRVWHULRU�KRUQ�RI�
WKH�PHGLDO�PHQLVFXV��FRPSOHWH�DQWHULRU�FUXFLDWH�
OLJDPHQW��$&/��UXSWXUH��DQG�D�FKRQGUDO�OHVLRQ�RI�
PHGLDO�IHPRUDO�FRQG\OH�

$W�DUWKURVFRS\��DOO�WKH�OHVLRQV�ZHUH�FRQILUPHG�
�)LJ�� ����D�� E�� DQG� FROODJHQ� PHQLVFDO� LPSODQW�
�&0,��ZDV�SHUIRUPHG�DIWHU�SDUWLDO�PHQLVFHFWRP\��
LQYROYLQJ�D���FP�SRUWLRQ�RI�WKH�PHGLDO�PHQLVFXV��
$Q�$&/�UHFRQVWUXFWLRQ�ZLWK�KDPVWULQJV�ZDV�WKHQ�
FDUULHG�RXW��7KH�FKRQGUDO�OHVLRQ�PHDVXUHG���FP���
$� FDUWLODJH� VSHFLPHQ� ZDV� KDUYHVWHG� IURP� WKH�
VXSHURPHGLDO� HGJH� RI� WKH� IHPRUDO� WURFKOHD� DQG�
VHQW� WR� ODERUDWRU\� IRU� FKRQGURF\WHV� H[SDQVLRQ��
1R�FRPSOLFDWLRQV�RFFXUUHG� LQ� WKH�SRVWRSHUDWLYH�
SHULRG�� )LYH� PRQWKV� DIWHU� WKH� ILUVW� RSHUDWLRQ� D�
PDWUL[�LQGXFHG�DXWRORJRXV�FKRQGURF\WH�LPSODQ�
WDWLRQ�SURFHGXUH��*HQ]\PH��%RVWRQ��0$��86$��
ZDV�SHUIRUPHG�WR�WUHDW�WKH�FKRQGUDO�GHIHFW��,Q�WKLV�
WHFKQLTXH�� D� W\SH� ,±,,,� FROODJHQ�PHPEUDQH� DFWV�
DV� VFDIIROG� IRU� VXSSRUWLQJ� WKH� FHOOV��)L[DWLRQ�RI�
WKH�PHPEUDQH�RQ�VXEFKRQGUDO�ERQH�LV�DFKLHYHG�
XVLQJ� H[FOXVLYHO\� ILEULQ� JOXH��$W� ��\HDU� IROORZ�
XS��WKH�FOLQLFDO�DQG�IXQFWLRQDO�UHVXOWV�ZHUH�JRRG�
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DQG�05,�VKRZHG�LQWHJUDWLRQ�RI�WKH�PHQLVFDO�DQG�
FDUWLODJH�LPSODQWV��)LJ������D��E�� ActifitTM

,QGLFDWLRQV�
�� ,UUHSDUDEOH�PHGLDO�RU� ODWHUDO�PHQLVFXV�GHIHFW�

GXH� WR�SUHYLRXV�SDUWLDO�PHQLVFHFWRP\��ZKLFK�
FDXVHV�SDLQ�DQG�IXQFWLRQDO�OLPLWDWLRQ

�� %RG\�PDVV�LQGH[��%0,�������NJ�P�

Fig. 19.1 � D�$QWHULRU�FUXFLDWH�OLJDPHQW��$&/��WHDU��E�)XOO�WKLFNQHVV�FKRQGUDO�GHIHFW�RI�WKH�PHGLDO�IHPRUDO�FRQG\OH�DQG�
SRVWHULRU�KRUQ�LUUHSDUDEOH�PHQLVFDO�OHVLRQ

Fig. 19.2 � )6(�)DW�6DW��IDVW�VSLQ�HFKR�IDW�VXSSUHVVHG��$UWKUR�PDJQHWLF�UHVRQDQFH�LPDJLQJV��05,V���D�FRURQDO��E�VDJLW�
WDO�SODQHV��&ROODJHQ�PHQLVFDO�LPSODQW��&0,��GLPHQVLRQV�UHPDLQHG�XQFKDQJHG�ZLWK�D�VLJQDO�JUDGXDOO\�UHVHPEOLQJ�WKH�
PHQLVFDO�ILEURFDUWLODJH��ZKLWH�DUURZV���7KH�FKRQGURF\WH�LPSODQW�UHPDLQHG�LQ�VLWH�DQG�VKRZHG�D�K\DOLQH�OLNH�VLJQDO�ZLWK�
JRRG�UHVWRUDWLRQ�RI�WKH�DUWLFXODU�VXUIDFH��UHG�DUURZV�
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������������������

������������������



225

�� &DUWLODJH�OHVLRQ�XS�WR�JUDGH�,,,�RI�WKH�,QWHUQD�
WLRQDO�&DUWLODJH�5HSDLU� 6RFLHW\� �,&56�� FODV�
VLILFDWLRQ

�� 0HQLVFDO�ORVV�PRUH�WKDQ������

Contraindications 

�� 3RVWHULRU�URRW�OHVLRQ
�� 7RWDO�PHQLVFHFWRP\�RU�LQVXIILFLHQW�QDWLYH�WLV�

VXH�HLWKHU�RQ�WKH�DQWHULRU�RU�WKH�SRVWHULRU�KRUQ
�� &DUWLODJH�OHVLRQV�DERYH�JUDGH�,,,�RI�WKH�,&56�

FODVVLILFDWLRQ
�� 8QWUHDWHG� NQHH� LQVWDELOLW\� RU� YDUXV�YDOJXV�

GHIRUPLW\
�� ,QIHFWLRQV
�� 5KHXPDWRLG�GLVHDVHV
�� %0,�!����NJ�P��

Controversial 7KHUH� LV� QR� LQGLFDWLRQ� \HW� RQ�
DFXWH�LUUHSDUDEOH�PHQLVFDO�OHVLRQV��VLQFH�WKHUH�DUH�
QR�GDWD�DYDLODEOH�RQ�FKRQGURSURWHFWLYH�HIIHFWV�RI�
WKH�VFDIIROG�RQ�WKH�ORQJ�UXQ�

Synopsis: Author’s Recommendations

7HFKQLTXH�
�� 3DUWLDO�PHQLVFHFWRP\�XQWLO�WKH�UHG�]RQH
�� %OHHGLQJ�VWLPXODWLRQ�RI�WKH�WLVVXH�ZLWK�VKDYHU�

DQG�RU�D�QHHGOH
�� $FFXUDWH�SUHSDUDWLRQ�RI�WKH�VFDIIROG�IRU�D�SUH�

FLVH�FRQWDFW�ZLWK�WKH�QDWLYH�PHQLVFDO�WLVVXH
�� 6XWXUH�RI�WKH�VFDIIROG�LQ�WKLV�RUGHU��SRVWHULRU��

DQWHULRU��WKHQ�WKH�FHQWUDO�SDUW�

Avoid 

�� ,PSODQW�WKH�VFDIIROG�LQ�SUHVHQFH�RI�D�SRVWHULRU�
URRW�OHVLRQ

�� /HDYLQJ�WRR�PXFK�QDWLYH�WLVVXH�LQ�WKH�VLWH�RI�
WKH� OHVLRQ�� LW� FDQ� FRPSURPLVH� WKH� YDVFXODU�
LQJURZWK�

�� 6XWXUH�WKH�VFDIIROG�LQ�LWV�FHQWUDO�SDUW�DV�ILUVW��LW�
PD\�FDXVH�D�VKRUWHQLQJ�RI�WKH�GHYLFH�

Case Study

$����\HDU�ROG�KHDOWK\�PDOH��YHU\�DFWLYH�LQ�VSRUWV�
�ELF\FOH� DQG� UXQQLQJ��� SUHVHQWHG�ZLWK� D� KLVWRU\�
RI� LQFUHDVLQJ�PHGLDO�NQHH�SDLQ�ZLWKLQ�GDLO\�DF�

WLYLWLHV�� +H� KDG� SUHYLRXVO\� XQGHUJRQH� D� SDUWLDO�
PHGLDO�PHQLVFHFWRP\�ZLWK� FRPSOHWH� UHVROXWLRQ�
RI� WKH�SDLQ��3K\VLFDO� H[DPLQDWLRQ�GHPRQVWUDWHG�
%0,�RI����NJ�P���JRRG�PXVFOH�WRQH�RI�HLWKHU�RI�
WKH� ORZHU� H[WUHPLWLHV� DQG� YDUXV� DOLJQPHQW��5D�
GLRJUDSKV� VKRZHG� ZHOO� SUHVHUYHG� PHGLDO� MRLQW�
VSDFH�DQG�D�ZHLJKW�EHDULQJ�PHFKDQLFDO�D[LV�WKDW�
IHOO� WKURXJK�WKH�PLGGOH�KDOI�RI� WKH�PHGLDO� WLELDO�
SODWHDX�� FRQVLVWHQW� ZLWK� YDUXV� DOLJQPHQW� RI� ����
+LV�05,�GHPRQVWUDWHG�PHGLDO�PHQLVFDO�GHILFLHQ�
F\�DQG�D�FKRQGUDO�GHIHFW�RI�WKH�PHGLDO�VLGH�RI�WKH�
NQHH��$IWHU� GLVFXVVLRQ� RI� WUHDWPHQW� DOWHUQDWLYHV�
KH� FKRVH� WR� SURFHHG�ZLWK� WKH�$FWLILW70�VFDIIROG�
LPSODQW�WR�DGGUHVV�WKH�PHQLVFDO�GHILFLW�DQG�FRQ�
FXUUHQW�PHGLDO�RSHQLQJ�ZHGJH�KLJK�WLELDO�RVWHRW�
RP\��+72��IRU�KLV�PHGLDO�FRPSDUWPHQW�RYHUORDG�
GXH�WR�WKH�PHQLVFDO�GHILFLHQF\��)LJ������D��E��F���
2QH�\HDU�DIWHU�VXUJHU\�KH�KDG�WKH�SODWH�XVHG�IRU�
WKH�+72��UHPRYHG��96�'LQDIL[�%LRPHW��PHDVXUH�
������� WKH�NQHH�ZDV�VFRSHG�DQG�ZH� IRXQG�JRRG�
EXW�LQFRPSOHWH�LQWHJUDWLRQ�RI�WKH�VFDIIROG�LQVLGH�
WKH�QDWLYH�NQHH��)LJ������D��E��F��

+H� LV�FXUUHQWO\���\HDUV¶�SRVW�RS�DQG� LV� IXQF�
WLRQLQJ�ZHOO�ZLWK�OLWWOH�WR�QR�SDLQ�ZLWKLQ�KLV�DF�
WLYLWLHV�RI�GDLO\�OLYLQJ�DQG�VSRUW�

NUsurface®

&RQWURYHUVLDO� )RFDO�JUDGH� ,9�FKRQGUDO� OHVLRQV��
6RPH�SDWLHQWV��HVSHFLDOO\�LQ�WKH�¿UVW�LQ�PDQ�VHULHV��
KDYH�EHHQ�WUHDWHG�VXFFHVVIXOO\�HYHQ�LQ�SUHVHQFH�RI�
D�IRFDO�JUDGH�,9�OHVLRQ�ZLWKRXW�FRQG\OH�GHIRUPLW\�

Synopsis: Author’s Recommendations

7HFKQLTXH� )LUVW� VWHS�� $UWKURVFRS\�� -RLQW� GH�
EULGHPHQW� DQG� PHGLDO� PHQLVFHFWRP\� OHDYLQJ�
DERXW���PP�RI� WKH�UHPQDQW� WLVVXH��'R�QRW� WUHDW�
IRFDO�FDUWLODJH�OHVLRQ��MXVW�PDNH�VPRRWK�HGJHV�LQ�
RUGHU�WR�IDFLOLWDWH�WKH�JOLGLQJ�RI�WKH�GHYLFH�
6HFRQG�VWHS��2SHQ�VXUJHU\�� LI� WULDO� LPSODQW� OLIWV�
DQWHULRUO\� LQ� PD[LPXP� IOH[LRQ�� XVH� WKH� ELJJHU�
VL]H�� )OXRURVFRSLF� FRQWURO� RI� WKH� WULDO� GHYLFH� LV�
SRVVLEOH�

19 Alternatives to Meniscus Transplantation Outside the United States
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Avoid ,PSODQWDWLRQ� RI� WKH� GHYLFH� LQ� FDVH� RI�
LQVXIILFLHQF\�RI�WKH�SRVWHULRU�URRW��KLJKHU�ULVN�RI�
SRVWHULRU�OX[DWLRQ�
2SHQ�UHOHDVH�RI�PHGLDO�VWUXFWXUHV�

Case Example

$����\HDU�ROG�PDOH�SDWLHQW�ZDV�WUHDWHG�XVLQJ�WKH�
18VXUIDFH��0HQLVFXV�,PSODQW�RQ�0D\����������

1R� SUHYLRXV� KLVWRU\� RI� DUWKURVFRSLF� SURFH�
GXUH�RU�RWKHU�NQHH�RSHUDWLRQV��7KH�SDWLHQW¶V�PDLQ�
FRPSODLQW�ZDV�PHGLDO�SDLQ�GXULQJ�GDLO\�DFWLYLWLHV�
�VHH�TXHVWLRQQDLUHV�VFRUHV�LQ�)LJ���������7KH�05,�
VKRZHG�D�FRPSOH[�WHDU�DQG�D�FDOFLXP�S\URSKRV�
SKDWH�GHSRVLWLRQ�GLVHDVH�LQ�WKH�SRVWHULRU�KRUQ�RI�
WKH�PHGLDO�PHQLVFXV��LQWDFW�ODWHUDO�PHQLVFXV��DQG�

OLJDPHQWV��6WDQGLQJ�ELSRGDO�;�UD\V�VKRZHG�QRU�
PDO�D[LV�

*UDGH�,,,�2XWHUEULGJH��2%��FDUWLODJH�GDPDJH�
LQ� WKH� PHGLDO� FRPSDUWPHQW� ZDV� GLDJQRVHG� E\�
ERWK�05,� DQG� DUWKURVFRS\��$� VWDQGDUG� DUWKURV�
FRS\�SURFHGXUH�ZLWK�MRLQW�GHEULGHPHQW�DQG�WRWDO�
PHQLVFHFWRP\�ZDV�SHUIRUPHG��6RPH�RI�WKH�GHHS�
ILEHUV� RI� WKH�PHGLDO� FROODWHUDO� OLJDPHQW� �0&/��
ZHUH�UHOHDVHG��$Q�a��FP�LQFLVLRQ�DGMDFHQW�WR�WKH�
SDWHOODU�OLQH�ZDV�PDGH��WKURXJK�ZKLFK�D�WULDO�LP�
SODQW�ZDV� LQVHUWHG��7KH� WULDO� LPSODQW�ZDV� WHVWHG�
LQWUDRSHUDWLYHO\�IRU�520�DQG�SRWHQWLDO�LPSLQJH�
PHQW� �YLD� IOXRURVFRS\��� )LQDOO\�� WKH� DGHTXDWHO\�
VL]HG�18VXUIDFH��GHYLFH�ZDV�LPSODQWHG�

6L[� ZHHNV� DIWHU� WKH� VXUJHU\�� NQHH� SDLQ� ZDV�
ORZHU� �.QHH� LQMXU\� DQG� RVWHRDUWKULWLV� RXWFRPH�
VFRUH��.226��SDLQ� ������EXW�QRW�\HW�VLJQLILFDQWO\�

Fig. 19.3 � D�0HGLDO�VLGH�FDUWLODJH�GHJHQHUDWLYH�OHVLRQ��LQWUDUWLFXODU�PHDVXUHPHQW�RI�WKH�OHQJWK�RI�PHQLVFDO�ORVV��E�,Q�
WUDUWLFXODU�SRVLWLRQLQJ�RI�WKH�$FWLILW70��F�$FWLILW70�DIWHU�FRPSOHWLRQ�RI�VXWXUHV

Fig. 19.4 � D�$FWLILW70�DW�WKH�SRVWHULRU�KRUQ���\HDU�DIWHU�LPSODQWDWLRQ��JRRG�LQWHJUDWLRQ�EXW�QRW�FRPSOHWH��E��F�;�UD\�LQ�
$3��E��DQG�ODWHUDO��F��RQH�SRVW�+72�DQG�$FWLILW70�LPSODQWDWLRQ

V. Condello et al.
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LPSURYHG� ZKHQ� FRPSDUHG� WR� WKH� SUHRSHUDWLYH�
VFRUH� �.226� SDLQ�  ������ %HIRUH� WKH� RSHUDWLRQ��
SDLQ� RFFXUUHG� LQ� VWUHQXRXV� DFWLYLWLHV� LQFOXGLQJ�
JDLW��ZKHUHDV�DIWHU���ZHHNV��SDLQ�RFFXUUHG�RQO\�
ZKHQ� FOLPELQJ� VWDLUV� RU� ELF\FOLQJ�� 5HPDLQLQJ�
SDLQ�ZDV�IRFXVHG�LQ�WKH�SRVWHULRU�SRUWLRQ�RI�WKH�
NQHH��*DLW�ZDV� QRUPDO�� EXW� VORZ�ZKHQ� EHDULQJ�
ORDG�RQ�WKH�RSHUDWHG�NQHH��520�ZDV�VWLOO�OLPLWHG�
�H[WHQVLRQ�JDS�RI�����

6L[�PRQWKV�DIWHU�VXUJHU\��SDLQ�KDG�DOPRVW�GLV�
DSSHDUHG��(YHQ� WKH� 6SRUWV�.226� VXEVFDOH� KDG�
LPSURYHG�IURP���SUH�RS�WR����

2QH� \HDU� SRVW�RS�� WKH� SDWLHQW� KDG� QR� SDLQ�
DW� DOO�� HYHQ� XQGHU� ZHLJKW�EHDULQJ�� 7KH� 6SRUWV�
.226� VXEVFDOH� KDG� LQFUHDVHG� WR� ����+H� FRXOG�
HDVLO\�EHDU�ZHLJKW��ULGLQJ�D�ELF\FOH��RU�HYHQ�SOD\�
VRFFHU��)LJ������D��E��

,Q� DOO� UHFHQW� IROORZ�XS� YLVLWV� ���� ��� DQG� ��
\HDUV��� WKH� .226� SDLQ� VFRUH� ZDV� !����� 7KH�
6SRUWV�.226�VFRUH�ZDV�!�����1R�OLPLWDWLRQV�LQ�
520�ZHUH�REVHUYHG�

Introduction

Background )RUWXQDWHO\�� WKH� ³GRJPD´� RI� WRWDO�
PHQLVFHFWRP\� EHLQJ� WKH� RQO\� HIIHFWLYH� WUHDW�
PHQW�IRU�PHQLVFDO� LQMXULHV�KDV�EHHQ�DEDQGRQHG��
+RZHYHU��DOWKRXJK�UHVHDUFK�DQG�GHYHORSPHQW�RI�
QHZ�DQG�PRUH�HIILFLHQW�ZD\V�RI�WUHDWLQJ�PHQLVFDO�
GDPDJH�KDV�PDGH�FRQVLGHUDEOH�SURJUHVV��WKH�XOWL�
PDWH� JRDO� WR� SUHVHUYH� DV�PXFK� QDWLYH�PHQLVFDO�
WLVVXH�DV�SRVVLEOH�WKURXJK�UHSDLU�RU�RWKHU�PHDQV�
LV�RIWHQ�QRW�DFKLHYHG��0HQLVFDO�UHSDLUV�DUH�XVHG�

Fig. 19.5 � D�&RPSDULVRQ�RI�05,�LPDJHV�ZLWK�TXHVWLRQQDLUHV�VFRUH�IRU�WKH�ILUVW����PRQWKV�DIWHU�18VXUIDFH��LPSODQWD�
WLRQ��UHGXFWLRQ�RI�WKH�ERQH�RHGHPD�XQGHUQHDWK�WKH�PHGLDO�WLELDO�SODWHDX�ZLWK�QR�RWKHU�FKDQJHV��E�(YROXWLRQ�RI�.QHH�
LQMXU\�DQG�RVWHRDUWKULWLV�RXWFRPH�VFRUH��.226��VFRUHV�IRU�WKH�ILUVW���\HDUV��DFWXDOO\��DW���\HDUV¶�IROORZ�XS��.226�VFRUH�
RYHUDOO�LQFOXGLQJ�VSRUW�VXEVFDOHV�LV�����WKH�9$6�LV���DQG�WKH�:20$&�LV���

19 Alternatives to Meniscus Transplantation Outside the United States

������������������



228

WR� WUHDW� PHQLVFDO� WHDUV� LQ� ������� RI� SDWLHQWV� LQ�
PRVW� VWXGLHV� �REYLRXVO\� GHSHQGHQW� RQ� WKH� DJH�
JURXS�DQG�DVVRFLDWHG�SDWKRORJ\��H�J���$&/�WHDU���
7KH�RWKHU������RI�PHQLVFDO�WHDU�WUHDWPHQWV��SDU�
WLDO�PHQLVFHFWRP\�� DUH� ³SDUWLDO´�PHQLVFHFWRP\��
)URP�D�ELRPHFKDQLFDO�VWDQGSRLQW��WKHVH�³SDUWLDO�
PHQLVFHFWRP\´�SDWLHQWV�DUH�FORVHU� WR�PHQLVFHF�
WRP\� LQ� IXQFWLRQ� WKDQ� DQ� LQWDFW� PHQLVFXV� >�@��
$V�D�UHVXOW��WKHUH�DUH�D�ODUJH�QXPEHU�RI�SDWLHQWV�
ZLWKRXW� IXQFWLRQLQJ� PHQLVFL� DQG� D� FHUWDLQ� SHU�
FHQWDJH�ZLOO�GHYHORS�V\PSWRPV�VHFRQGDU\�WR�WKH�
DOWHUHG�VWUHVV�LQ�WKH�LSVLODWHUDO�FRPSDUWPHQW���6HH�
&KDS����IRU�DGGLWLRQDO�LQIRUPDWLRQ��

Current State of Art 1HZ�DSSURDFKHV�WR�PHQLV�
FDO�WHDU�IL[DWLRQ��SULPDULO\�DUWKURVFRSLF��DUH�FRQ�
WLQXLQJ�WR�EH�GHYHORSHG�WR�LPSURYH�PHQLVFDO�WHDU�
KHDOLQJ�>�@��$�ODUJH�QXPEHU�RI�GHYLFHV�IRU�WKH�IL[�
DWLRQ�DQG�UHSDLU�RI�GDPDJHG�PHQLVFL�DUH�DYDLODEOH�
IURP�WKH�RUWKRSHGLF�VSRUWV�PHGLFLQH�LQGXVWU\�>�@��
1HYHUWKHOHVV�� WKH� IXQFWLRQDO� RXWFRPHV� UHPDLQ�
ODUJHO\�XQFKDQJHG�IURP�HDUOLHU�UHSDLU�WHFKQLTXHV�
�RSHQ�RU�LQVLGH�RXW�ZLWK�YHUWLFDO�PDWWUHVV�VXWXUH���
'XH�WR�WKH�PHQLVFDO�WLVVXH�QDWXUH��DQG�LWV�OLPLWHG�
KHDOLQJ� FKDUDFWHULVWLFV�� QRQH� RI� WKHVH� PHWKRGV�
SURYHG�WR�JXDUDQWHH�ORQJ�WHUP�IXQFWLRQDO�UHFRY�
HU\�DQG�RU�WKH�SUHYHQWLRQ�RI�RVWHRDUWKULWLV�GHYHO�
RSPHQW�>�@�

,Q�DGGLWLRQ�WR�PHFKDQLFDO�IL[DWLRQ��ZKLFK�LV�D�
QHFHVVDU\�ILUVW�VWHS�WR�SURYLGH�D�EDVLV�IRU�KHDOLQJ��
WKHUH�LV�DFWLYH�UHVHDUFK�WR�HOXFLGDWH�QHZ�ZD\V�WR�
VWLPXODWH�WLVVXH�KHDOLQJ�WKURXJK�ELRORJLF�PHDQV��
7KH�SRWHQWLDO�RI�SODWHOHW�ULFK�SODVPD��F\WRNLQHV��
DQG�JURZWK�IDFWRUV�WR�LPSURYH�KHDOLQJ�KDV�EHHQ�
H[DPLQHG�>����@��$QRWKHU�DSSURDFK�KDV�EHHQ�FHOO�
EDVHG�WHFKQRORJLHV�DQG�WKH�DSSOLFDWLRQ�RI�WLVVXH�
HQJLQHHULQJ�WHFKQLTXHV�LQ�PHQLVFDO�UHJHQHUDWLRQ�
>�@��:KLOH� SRWHQWLDOO\� SURPLVLQJ�� QRQH� RI� WKHVH�
DSSURDFKHV� KDYH� UHDFKHG� FOLQLFDO� UHOHYDQFH� WR�
GDWH�

0HQLVFDO�WUDQVSODQWDWLRQ�LV�DQRWKHU�RSWLRQ�IRU�
WUHDWLQJ�D�PHQLVFDO�GHILFLHQW�NQHH�>�@��,Q�FHUWDLQ�
VLWXDWLRQV�� WKHVH� WUDQVSODQWV� FDQ� DOPRVW� QRUPDO�
L]H� ORDG� WUDQVPLVVLRQ� LQ� WKHVH� NQHHV�� DQG� WKXV�
SRWHQWLDOO\�SURWHFW�DUWLFXODU�FDUWLODJH�IURP�DFFHO�
HUDWHG� GHJHQHUDWLRQ� DV� VKRZQ� E\�&ROH� HW� DO�� LQ�
WKH�ODERUDWRU\�>�@��+RZHYHU�� WKHUH�LV�RQO\�ZHDN�

HYLGHQFH� WKDW�PHQLVFXV�DOORJUDIW� WUDQVSODQWDWLRQ�
GRHV�LQGHHG�SUHYHQW�VXFK�FDUWLODJH�GHJHQHUDWLRQ�
LQ�WKH�ORQJ�WHUP��IRU�H[DPSOH��9HUGRQN�HW�DO��>����@�
UHSRUWHG�WKDW�RQO\������RI�SDWLHQWV�GLG�QRW�KDYH�
GHJHQHUDWLRQ� ��� \HDUV� DIWHU�PHQLVFDO� WUDQVSODQ�
WDWLRQ��KRZHYHU�� WKLV�ZDV�QRW�D�FRQWUROOHG�VWXG\�
�VHH�&KDS�����IRU�WKH�WHFKQLTXH�RI�PHQLVFDO�WUDQV�
SODQWDWLRQ��

,Q�UHFHQW�\HDUV��SRVVLEOH�DOWHUQDWLYHV�WR�PHQLV�
FXV� WUDQVSODQWDWLRQ� KDYH� EHHQ� SURSRVHG�� 7KHVH�
WHFKQRORJLHV� PD\� EH� URXJKO\� GLYLGHG� LQWR� WZR�
FDWHJRULHV������ELRORJLFDO�RU�ELRPLPHWLF�VFDIIROGV�
DQG�����QRQELRORJLFDO�GHYLFHV��L�H���PHQLVFDO�VXE�
VWLWXWHV���7KH�ILUVW�FDWHJRU\�FRQVLVWV�RI�ELRORJLFDO�
FRQVWUXFWV�WKDW�VHUYH�DV�VFDIIROGV�WR�SURPRWH�WKH�
LQJURZWK� RI� SOXULSRWHQWLDO� FHOOV� WKDW� FRXOG� SR�
WHQWLDOO\�GLIIHUHQWLDWH�LQWR�ILEURPHQLVFRFKRQGUR�
F\WHV��7KHVH�SURGXFWV�FXUUHQWO\�DUH�0HQDIOH[70��
�RU�&0,��5H*HQ�%LRORJLFV��,QF���+DFNHQVDFN��1-��
86$�� >��@�� DQG�$FWLILW70� �2UWHT� /WG�� /RQGRQ��
8.��>��@��:KLOH� WKH�0HQDIOH[�LV�QRW� ORDG�EHDU�
LQJ��$FWLILW70�LV�GHVLJQHG�WR�EH�ORDG�EHDULQJ�DQG�
SURYLGH�LPSURYHG�NQHH�ELRPHFKDQLFV��VWUHVV�GLV�
WULEXWLRQ��XQWLO�QHZ�PHQLVFDO�WLVVXH�KDV�IRUPHG�

,Q�WKH�VHFRQG�FDWHJRU\��ELRORJLFDOO\�LQHUW�PD�
WHULDOV�DUH�LQVHUWHG�LQWR�WKH�FRPSDUWPHQW�DQG�DUH�
LPPHGLDWHO\� ORDG�EHDULQJ��EXW�GR�QRW�KDYH�ELR�
ORJLFDO� LQJURZWK� SURSHUWLHV��7KHVH�PD\� DOVR� EH�
WHUPHG�LQWHUSRVLWLRQDO�DUWKURSODVWLHV��0HWDO�DOOR\�
LQWHUSRVLWLRQDO� DUWKURSODVWLHV� LQFOXGH� WKH� L)RU�
PD70� �&RQIRUPLV� ,QF��� %XUOLQJWRQ�0$�� 86$���
DQG�WKH�8QL6SDFHU70��=LPPHU�,QF���:DUVDZ�,1��
86$���ZKLFK�LV�QR�ORQJHU�RQ�WKH�PDUNHW�>������@��
$OWHUQDWLYHO\�� WKH� LQWHUSRVLWLRQDO� DUWKURSODVW\�
PD\�EH�PDGH�RI�D�SRO\PHU��VXFK�DV�SRO\FDUERQ�
DWH�XUHWKDQH� �3&8�� �18VXUIDFH��� $FWLYH� ,P�
SODQWV�&RUS���0HPSKLV�71��86$��LQYHVWLJDWLRQDO�
VWDWXV��>��@��7KH�18VXUIDFH��DW�SUHVHQW�LV�VROHO\�
GHVLJQHG�IRU� WKH�PHGLDO�FRPSDUWPHQW��7KH�JRDO�
RI� WKLV� LPSODQW� LV� WR� SURYLGH� D� UH�HTXLOLEUDWLRQ�
RI�WKH�FRPSDUWPHQW�VWUHVV�E\�LPSURYLQJ�FRQWDFW�
DUHD�DQG�WR�DQ�XQNQRZQ�H[WHQW�E\�LQFUHDVLQJ�WKH�
MRLQW�VSDFH��WKXV�FKDQJLQJ�DOLJQPHQW�DQG�IXUWKHU�
GHFUHDVLQJ� ORDGLQJ��:LWK� GHFUHDVHG� VWUHVV�� LW� LV�
VXJJHVWHG� WKDW� WKH� LPSODQW�ZLOO� UHGXFH�SDLQ�� UH�
VWRUH�PRELOLW\��DQG�SRVVLEO\�HYHQ�SUHYHQW�IXUWKHU�
FDUWLODJH�GDPDJH�

V. Condello et al.
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Collagen Meniscus Implant

7KH� 0HQDIOH[� FROODJHQ� PHQLVFXV� LPSODQW�� IRU�
PHUO\� NQRZQ� DV� &0,�� LV� D� WLVVXH� HQJLQHHULQJ�
SURGXFW�� RULJLQDOO\� GHVFULEHG� LQ� ����� >��@�� ,W�
ZDV�GHVLJQHG�IRU�WKH�PDQDJHPHQW�RI�LUUHSDUDEOH�
PHQLVFDO�WHDUV�RU�SUHYLRXV�SDUWLDO�PHQLVFHFWRP\��
7KH�LQWHQW�ZDV�IRU�WKH�LPSODQW�WR�VWLPXODWH�UHJHQ�
HUDWLRQ�RI�PHQLVFDO�OLNH�WLVVXH�DQG�VHFRQGDULO\�WR�
SUHYHQW� GHJHQHUDWLYH� MRLQW� FKDQJHV� LQ� WKH� NQHH�
>��@�� &0,� LV� FRPSRVHG� RI� D� WKUHH�GLPHQVLRQDO�
W\SH� ,� FROODJHQ� QHWZRUN� GHULYHG� IURP� ERYLQH�
$FKLOOHV� WHQGRQ�� DQG� HQULFKHG� ZLWK� JO\FRVDPL�
QRJO\FDQV��*$*V���LQFOXGLQJ�FKRQGURLWLQ�VXOIDWH�
DQG� K\DOXURQLF� DFLG��ZLWK� WKH� JRDO� RI� VWLPXODW�
LQJ�FHOOXODU�LQJURZWK��,W�LV�SURFHVVHG�FKHPLFDOO\�
DQG�SK\VLFDOO\�WR�UHPRYH�PROHFXODU�DQWLJHQV�DQG�
QRQFROODJHQRXV�PDWHULDOV��7KH�VKDSH�LV�VLPLODU�WR�
WKH�KXPDQ�PHQLVFXV�DQG� WKH�PDWHULDOV�XVHG�DUH�
ELRFRPSDWLEOH��)LJ��������>������@�

,Q� YLWUR� VWXGLHV� VKRZHG� WKDW� ILEUREODVWV� FDQ�
PLJUDWH�LQVLGH�WKH�VFDIIROG��ZKLFK�HQKDQFHV�FHOOV�
SUROLIHUDWLRQ�DQG�H[WUDFHOOXODU�PDWUL[�SURGXFWLRQ�
>��@�� ,Q�DQLPDO� VWXGLHV��&0,�GHPRQVWUDWHG�ELR�
FRPSDWLELOLW\�DQG�UHVRUSWLRQ�WLPHV�UDQJLQJ�IURP�
��WR����PRQWKV�>��@��7KHVH�GDWD�ZHUH�FRQILUPHG�
E\�FOLQLFDO�IHDVLELOLW\�VWXGLHV��ZKLFK�VKRZHG�WKH�
IRUPDWLRQ� RI� D� PHQLVFDO�OLNH� VWUXFWXUH� ZLWKRXW�
DQ\� FDUWLODJH� GDPDJH� DQG� LPPXQRORJLF� UHDF�
WLRQ�>������@��,Q�WKH�FOLQLFDO�VHWWLQJ��WKH�YDULDEOHV�
PD\� EH� VFKHPDWLFDOO\� GLYLGHG� LQWR� WZR� JURXSV��
ELRORJLFDO�IDFWRUV��VXFK�DV�DJH�RI�WKH�SDWLHQW��GH�

JUHH�RI� MRLQW�GHJHQHUDWLRQ��HWF���DQG�PHFKDQLFDO�
IDFWRUV�� VXFK�DV� WKH�VL]H�RI� WKH� OHVLRQ��DQ\� OLPE�
PDODOLJQPHQW��DQG�NQHH�LQVWDELOLW\�WKDW�UHSUHVHQW�
UHODWLYH�FRQWUDLQGLFDWLRQV�WR�WKH�&0,�LI�QRW�FRU�
UHFWHG�EHIRUH�DQG�RU�DW� WKH� WLPH�RI�VXUJHU\��7KH�
UHVXOWV�DW�PHGLXP��DQG�ORQJ�WHUP�IROORZ�XS�DUH�
SURPLVLQJ�LI�FRUUHFW�LQGLFDWLRQV�DUH�UHVSHFWHG�DQG�
SDWLHQWV�DUH�FRPSOLDQW�ZLWK�WKH�UHKDELOLWDWLRQ�SUR�
JUDP�>��±��@�

Surgical Technique

$�&0,�LV�SHUIRUPHG�DUWKURVFRSLFDOO\��XVLQJ�WUD�
GLWLRQDO� DQWHURODWHUDO� DQG� DQWHURPHGLDO� SRUWDOV��
$IWHU�WKRURXJK�VWDQGDUG�DUWKURVFRSLF�HYDOXDWLRQ�
RI� WKH�NQHH� MRLQW��RQO\� WKH� LUUHSDUDEO\�GDPDJHG�
WLVVXH�LV�UHPRYHG��7KH�SHULSKHU\�RI�WKH�VHJPHQ�
WDO�GHIHFW�VKRXOG�KDYH�KHDOWK\�WLVVXH�LQ�WKH�UHG±
UHG� RU� UHG±ZKLWH� ]RQHV��$IWHU� GHEULGHPHQW�� WKH�
PHQLVFDO�GHIHFW� LV�VL]HG�XVLQJ�D�GHGLFDWHG�PHD�
VXULQJ�URG��DQG�WKH�&0,�LV�PHDVXUHG�DQG�WULPPHG�
WR�ILOO�WKH�GHIHFW��7UHSKLQDWLRQ�RI�WKH�UHPQDQW�DQG�
SHULPHQLVFDO� V\QRYLDO� DEUDVLRQ� RI� WKH� DGMDFHQW�
FDSVXOH�DUH�SHUIRUPHG�ZLWK�WKH�JRDO�RI�DXJPHQW�
LQJ�D�³KHDOLQJ�UHVSRQVH´�WR�SRWHQWLDOO\�DXJPHQW�
FHOOXODU�LQYDVLRQ�RI�WKH�LPSODQW�

&0,� LV� LQWURGXFHG� WKURXJK� DQ� DUWKURVFRSLF�
FDQQXOD��)RU�YLVXDOL]DWLRQ��D�³SLH�FUXVW´�SDUWLDO�UH�
OHDVH�RI�WKH�0&/�PD\�EH�SHUIRUPHG�E\�WUHSKLQD�
WLRQ�RI�WKH�OLJDPHQW�ZLWK�D�VSLQDO�QHHGOH��7KH�VFDI�
IROG�LV�VXWXUHG�WR�WKH�PHQLVFDO�UHPQDQW�XVLQJ�����
QRQDEVRUEDEOH�VXWXUHV�ZLWK�D�VWDQGDUG�DOO�LQVLGH��
LQVLGH�RXW��RU�RXWVLGH�LQ�WHFKQLTXH��9HUWLFDO�PDW�
WUHVV�VXWXUHV�DUH�XVHG�IRU�WKH�ERG\�RI�WKH�LPSODQW��
DQG�KRUL]RQWDO�PDWWUHVV�VXWXUHV�DUH�XVHG�WR�VHFXUH�
WKH�&0,�WR�WKH�SRVWHULRU�KRUQ�URRW�DQG�WKH�UHPDLQ�
LQJ�ERG\�RI�WKH�PHQLVFXV��DQWHULRU�WR�WKH�VHJPHQ�
WDO� GHIHFW��7KH� LPSODQW� VWDELOLW\� LV� WHVWHG�ZLWK� D�
SUREH�DIWHU�VXWXULQJ��)LJV��������������DQG�������

Rehabilitation

7KH� NQHH� LV� NHSW� LQ� H[WHQVLRQ� LQ� D� EUDFH� IRU� ��
ZHHNV�� 7KH� SDWLHQW� LV� LPPHGLDWHO\� DOORZHG� WR�
SHUIRUP� FRQWLQXRXV� SDVVLYH� PRWLRQ� �±�� WLPHV�
GDLO\��IOH[LRQ�VKRXOG�QRW�H[FHHG�����IRU���ZHHNV�

Fig. 19.6 � &ROODJHQ�PHQLVFXV�LPSODQW��&0,���7KH�VHPL�
FLUFXODU�VKDSH�DQG�WULDQJXODU�VHFWLRQ�OLNH�D�QRUPDO�PHQLV�
FXV�LV�HYLGHQW

19 Alternatives to Meniscus Transplantation Outside the United States
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DQG�����XQWLO�WKH�VHYHQWK�ZHHN��'XULQJ�WKH�ILUVW�
��ZHHNV��ZHLJKW�EHDULQJ�LV�QRW�DOORZHG��DQG�SD�
WLHQWV�ZDON�XVLQJ�FUXWFKHV��3DUWLDO�ZHLJKW�EHDULQJ�
LV� DOORZHG� ��ZHHNV� DIWHU� WKH� RSHUDWLRQ� DQG� IXOO�
ZHLJKW�EHDULQJ� �±��ZHHNV� WKHUHDIWHU�� 5HWXUQ� WR�
XQUHVWULFWHG�VSRUW�DFWLYLWLHV�LV�XVXDOO\�DOORZHG�DW�
��PRQWKV�

Clinical Experience

,Q� D� V\VWHPDWLF� UHYLHZ�� +DUVWRQ� HW� DO�� >��@� UH�
SRUWHG� WKH� UHVXOWV� RI� &0,� IRFXVLQJ� RQ� LWV� HI�
ILFDF\� WR� LPSURYH� SDWLHQW� IXQFWLRQ�� V\PS�
WRPV��DQG�DFWLYLW\� OHYHO��$� WRWDO�RI�����SDWLHQWV�
�PHQ� ������ ZRPHQ� ����� ������� ZRPHQ��
�����������\HDUV�RI�DJH�ZHUH�VHOHFWHG��$� WRWDO�RI�
���� VXEMHFWV� �PHQ� ������ ZRPHQ� ����� �������

ZRPHQ�� UHFHLYHG� D� &0,�� 7KH� IROORZ�XS� WLPH�
ZDV�������������PRQWKV��UDQJH� ��±����PRQWKV���
7KH� DXWKRUV� SRLQWHG�RXW� WKH� LPSRUWDQFH�RI� FRU�
UHFWLQJ� DQ\� FRPRUELWLHV� EHIRUH� &0,� LPSODQWD�
WLRQ��2YHUDOO���������RI�SDWLHQWV�KDG�FRQFRPLWDQW�
SURFHGXUHV�� VXFK� DV�$&/� UHFRQVWUXFWLRQ�� +72��
PLFURIUDFWXUH��DXWRORJRXV�FKRQGURF\WH�LPSODQWD�
WLRQ��RU�PDWUL[�LQGXFHG�DXWRORJRXV� FKRQGURF\WH�
LPSODQWDWLRQ�� 7KH� DXWKRUV� FRQFOXGHG� WKDW� NQHH�
IXQFWLRQ��V\PSWRPV��DQG�DFWLYLW\�OHYHO�JHQHUDOO\�
LPSURYHG�IROORZLQJ�&0,�XVH��EXW�SRRU�UHVHDUFK�
UHSRUW�TXDOLW\�ZDV�HYLGHQW��7KH\�KLJKOLJKWHG�WKDW�
DGGLWLRQDO� ZHOO�GHVLJQHG� ORQJ�WHUP� SURVSHFWLYH�
VWXGLHV� DUH�QHHGHG� WR�EHWWHU�GHWHUPLQH�NQHH�RV�
WHRDUWKULWLV� SUHYHQWLRQ� HIILFDF\� DQG� DSSURSULDWH�
SDWLHQW�VHOHFWLRQ�

6WXGLHV� JHQHUDOO\� UHSRUWHG� LPSURYHG� SDWLHQW�
NQHH�FRQGLWLRQ�� V\PSWRPV��DQG�DFWLYLW\� OHYHO�DW�

Fig. 19.7  &ROODJHQ�PHQLV�
FDO�LPSODQW��&0,��VXUJLFDO�
WHFKQLTXH��a�,UUHSDUDEOH�
PHQLVFDO�OHVLRQ��b�'HEULGH�
PHQW�RI�WKH�OHVLRQ��c�0HD�
VXUHPHQW�RI�WKH�PHQLVFDO�
GHIHFW�XVLQJ�D�GHGLFDWHG�
URG��d��e�&0,�LV�LQWURGXFHG�
LQ�DQ�DUWKURVFRSLF�FDQQXOD��
f�6FDIIROG�VXWXUHG�WR�WKH�
PHQLVFDO�VWXPS

V. Condello et al.
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ODVW� IROORZ�XS�EDVHG�RQ� WKH�/\VKROP�.QHH� VXU�
YH\�RU�WKH�7HJQHU�$FWLYLW\�6FDOH�>����������������
��±��@��,Q�D�SURVSHFWLYH�UDQGRPL]HG�WULDO�RQ�����
SDWLHQWV�ZLWK�D�PHDQ�RI�IROORZ�XS�RI����PRQWKV�
�UDQJH����±���PRQWKV���5RGNH\�HW�DO��>��@�UHSRUW�
HG�WKH�UHVXOWV�RI�SDWLHQWV�UHFHLYLQJ�D�&0,�FRP�
SDUHG�WR�SDWLHQWV�WUHDWHG�ZLWK�SDUWLDO�PHGLDO�PHQ�

LVFHFWRP\�DORQH��7KH�PHDQ�7HJQHU�,QGH[�YDOXHV�
DIWHU�&0,�LPSURYHG�E\����DQG�������UHVSHFWLYH�
O\��LQ�WKH�FKURQLF�DQG�DFXWH�SDWLHQW�JURXSV��FRP�
SDUHG� WR����DQG������ LPSURYHPHQWV�DPRQJ� WKH�
FKURQLF�DQG�DFXWH�SDWLHQW�JURXSV�WKDW�XQGHUZHQW�
SDUWLDO�PHGLDO�PHQLVFHFWRP\�DORQH��7KH�DXWKRUV�
FRQFOXGHG� WKDW� &0,� LPSODQWDWLRQ� DOORZHG� SD�
WLHQWV�ZLWK�D�FKURQLF�LQMXU\��WKDW�KDG�EHHQ�WUHDWHG�
ZLWK�PXOWLSOH� RSHUDWLRQV�� WR� UHJDLQ� DV�PXFK� RI�
WKHLU�SUHLQMXU\�DFWLYLW\� OHYHO�DV�SDWLHQWV�ZLWK�DQ�
DFXWH�LQMXU\��ZKR�KDG�ORVW�PXFK�OHVV�RI�WKH�PH�
QLVFXV�DW�WKH�WLPH�RI�WKH�LQGH[�VXUJHU\�������ORVV�
LQ�WKH�FKURQLFDOO\�LQMXUHG�SDWLHQWV�ZKR�UHFHLYHG�
WKH�&0,�FRPSDUHG�ZLWK����DQG������ORVV�LQ�WKH�
DFXWHO\� LQMXUHG� FRQWUROV� DQG� SDWLHQWV� ZKR� KDG�
UHFHLYHG�D�&0,��UHVSHFWLYHO\���:LWK�D�PLQLPXP�
���\HDU�IROORZ�XS��=DIIDJQLQL�HW�DO��>��@�UHSRUWHG�
D� PHDQ� RI� ����� 7HJQHU� ,QGH[� YDOXH� LPSURYH�
PHQW�DPRQJ� WKHLU�&0,�SDWLHQW�JURXS�FRPSDUHG�
WR� D�PHDQ� RI� ����� LPSURYHPHQW� DPRQJ���� SD�
WLHQWV� WKDW� XQGHUZHQW� SDUWLDO� PHGLDO� PHQLVFHF�
WRP\� DORQH�� 6WXGLHV� UHSRUWLQJ� RQ� VWDQGDUG� >����
��@�RU�SDWLHQW�VHOI�UHSRUWHG�>��±��@�,QWHUQDWLRQDO�
.QHH�'RFXPHQWDWLRQ�&RPPLWWHH��,.'&��VXUYH\�
VFRUHV�GHPRQVWUDWHG�LPSURYHPHQWV�UDQJLQJ�IURP�
������WR�������SRLQWV��RU�E\�DW�OHDVW�RQH�JUDGH�E\�
���PRQWKV�SRVWVXUJHU\��ZLWK�=DIIDJQLQL�HW�DO��>��@�
UHSRUWLQJ�DW�OHDVW�RQH�JUDGH�LPSURYHPHQW�E\�����
PRQWKV� SRVWVXUJHU\�� =DIIDJQLQL� HW� DO�� >��@� DOVR�
UHSRUWHG�&LQFLQQDWL�.QHH�5DWLQJ�6FDOH� �&.56��
UHVXOWV� WKDW� LPSURYHG� IURP� SUHVXUJHU\� OHYHOV�
����������� WR� ��������� ������ SRLQWV��� ���������
������SRLQWV���DQG���������� ������SRLQWV��DW����
DQG����PRQWKV�DQG�����\HDUV�SRVWVXUJHU\��UHVSHF�
WLYHO\�� ,Q� WKHLU� VLQJOH� FDVH� UHSRUW�� 5RQJD� HW� DO��
>��@� UHSRUWHG�&.56�VFRUH� LPSURYHPHQW� IURP�D�
SUHVXUJHU\������WR������DW����PRQWKV�SRVWVXUJHU\��
8VLQJ� DQ� DFWLYLW\� VFRUH� ��� �VWUHQXRXV� DFWLYLW\��
�� �PRGHUDWH� DFWLYLW\�� �� �OLJKW� DFWLYLW\�� �� �VHG�
HQWDU\��DQG��� �XQDEOH�WR�SHUIRUP�VSRUWV�DFWLYLW\��
RI� WKHLU� RZQ� GHVLJQ�� 6WRQH� HW� DO�� >��@� UHSRUWHG�
WKDW� SUHVXUJHU\� OHYHOV� RI� ����������� LPSURYHG� WR�
�����������������DW���PRQWKV��DQG�WR����������������
DW����PRQWKV�SRVWVXUJHU\�

6WXGLHV� WKDW� SHUIRUPHG� VHFRQG�ORRN� DUWKURV�
FRS\�ZLWK�RU�ZLWKRXW�ELRSV\�JHQHUDOO\�REVHUYHG�
PHQLVFXV�OLNH� ILEURFDUWLODJLQRXV� WLVVXH� UHJHQ�
HUDWLRQ� >���� ���� ��@�ZLWK� LQFUHDVLQJ�PDWXULW\� DW�

Fig. 19.8 � )LQDO�DUWKURVFRSLF�YLHZ�RI�&0,�DIWHU�LPSODQWD�
WLRQ�����LPSODQW������UHVLGXDO�QDWLYH�PHQLVFXV���Ż��IHPR�
UDO�FRQG\OH��DQG�����QRQDEVRUEDEOH�VXWXUH

Fig. 19.9 � $SSHDUDQFH�RI�WKH�LPSODQW�DW���PRQWKV�����LP�
SODQW������UHVLGXDO�QDWLYH�PHQLVFXV���Ż��IHPRUDO�FRQG\OH��
DQG�����QRQDEVRUEDEOH�VXWXUH
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ORQJHU�IROORZ�XS��%XOJKHURQL�HW�DO��>��@�UHSRUWHG�
QR� .HOOJUHQ±/DZUHQFH� JUDGH� FKDQJHV� ��� �QRU�
PDO�� �� �VHYHUH� RVWHRDUWKULWLV�� �Q� ����� ���������
RU� VOLJKW� LQFUHDVHV� WR�JUDGH��±�� �Q� �������������
RU� JUDGH� �� �Q� ���� ������� DW� ���PRQWKV� SRVWVXU�
JHU\�� 5RGNH\� HW� DO�� >��@� UHSRUWHG� QR� QRWHZRU�
WK\�FKDQJHV� LQ� WLELRIHPRUDO� MRLQW� VSDFH�RU�D[LDO�
DOLJQPHQW�� DQG� QR� )DLUEDQNV� SURJUHVVLRQ� DW� ���
PRQWKV�SRVWVXUJHU\��6WHDGPDQ�HW�DO��>��@�UHSRUW�
HG�WKDW�DW�ERWK����PRQWKV�DQG�����\HDUV�SRVWVXU�
JHU\��WLELRIHPRUDO�MRLQW�KHLJKWV�ZHUH�XQFKDQJHG�
LQ��������������RI�SDWLHQWV� WKDW�UHFHLYHG�D�&0,��
GHFUHDVHG�������PP�LQ����� ���������RI�SDWLHQWV��
DQG�LQFUHDVHG�!�����PP�LQ������������RI�SDWLHQWV��
6WRQH� HW� DO�� >��@� LQ� WKHLU� ORQJLWXGLQDO� FDVH� VH�
ULHV� UHSRUWHG� QR� WLELRIHPRUDO� MRLQW� VSDFH� KHLJKW�
FKDQJHV� DW� ��� PRQWKV� IROORZLQJ� &0,� VXUJHU\��
=DIIDJQLQL�HW�DO��>��@�UHSRUWHG�WKDW�DW����PRQWKV�
IROORZLQJ� &0,� LPSODQWDWLRQ�� WLELRIHPRUDO� MRLQW�
VSDFH� KHLJKW� ZDV� XQFKDQJHG� LQ� ���� ������� RI�
SDWLHQWV�� EXW� GHFUHDVHG� E\� ��PP� LQ� ���� �������
RI�SDWLHQWV��$W�D�PHDQ�RI�����PRQWKV�IROORZ�XS�
SRVW�&0,�VXUJHU\��=DIIDJQLQL�HW�DO�� >��@�GLG�QRW�
REVHUYH� VLJQLILFDQW�PHGLDO� MRLQW� OLQH� QDUURZLQJ�
FRPSDUHG�WR�WKH�FRQWUDODWHUDO�NQHH�LQ�VWXG\�JURXS�
SDWLHQWV��ZKLOH� WKH�SDUWLDO�PHGLDO�PHQLVFHFWRP\�
FRQWURO� JURXS� GHPRQVWUDWHG� D� ���������� PP� UH�
GXFWLRQ� LQ� WKH� LQYROYHG� MRLQW�VSDFH��8VLQJ�05,�
WHFKQLTXHV��%XOJKHURQL� HW� DO�� >��@� UHSRUWHG� WKDW�
RULJLQDO�&0,�VL]H�GHFUHDVHG�LQ���������Q� �����RI�
SDWLHQWV� DW� ���PRQWKV� SRVWVXUJHU\�� DQG� VHFRQG�

ORRN� DUWKURVFRS\� SHUIRUPHG� LQ� IRXU� SDWLHQWV� DW�
���� ���� ���� DQG����PRQWKV� �RQH�SDWLHQW� DW� HDFK�
LQWHUYDO��UHYHDOHG�D�QHZ�WLVVXH�FRPSOH[�WKDW�ZDV�
VPDOOHU�WKDQ�WKH�RULJLQDO�LPSODQW��*HQRYHVH�HW�DO��
>��@�UHSRUWHG�WKDW����������������RI�VXEMHFWV�KDG�
QR�&0,�VL]H�UHGXFWLRQ�DW���PRQWKV�SRVWVXUJHU\��
KRZHYHU�� WKLV� SHUFHQWDJH� GHFUHDVHG� WR� �������
��������DQG�������� �������DW����DQG����PRQWKV�
SRVWVXUJHU\�� UHVSHFWLYHO\� �)LJ�� �������� %LRSVLHV�
FRQILUPHG� SURJUHVVLYH� ���±������ &0,� VL]H� UH�
GXFWLRQ�RYHU�WKLV�WLPH�SHULRG�>��@��5RGNH\�HW�DO��
>��@� UHSRUWHG� GHFUHDVHG� &0,� VL]H� DW� �� ZHHNV�
SRVWVXUJHU\�ZLWK� D� VPDOOHU� QHZ� WLVVXH� FRPSOH[�
WKDQ�D�QRUPDO�PHQLVFXV��+RZHYHU�� WKH\�GLG�QRW�
REVHUYH�IXUWKHU�VL]H�FKDQJHV�DW����PRQWKV�SRVW�
VXUJHU\��6HYHUDO�VWXGLHV�>������������������������
���� ��@� UHSRUWHG� SURJUHVVLYHO\� GHFUHDVLQJ�05,�
VLJQDO� LQWHQVLW\� ZLWK� ILEURFDUWLODJLQRXV� PHQLV�
FDO�OLNH� WLVVXH� PDWXUDWLRQ�� KRZHYHU�� =DIIDJQLQL�
HW�DO��>��@�DOVR�UHSRUWHG�P\[RLG�GHJHQHUDWLRQ�DW�
WKH�&0,� KHDOLQJ� VLWH� LQ� ILYH� SDWLHQWV� DW� ��� DQG�
���PRQWK�IROORZ�XS��DQG�OHVV�WLVVXH�YROXPH�WKDQ�
DW�&0,�VXUJHU\��0RUH�UHFHQWO\��ZLWK�D�PLQLPXP�
IROORZ�XS�RI����\HDUV��=DIIDJQLQL�HW�DO�� >��@�UH�
SRUWHG� DQ�05,� VLJQDO� FRPSDWLEOH� ZLWK� P\[RLG�
GHJHQHUDWLRQ� LQ� !������ RI� WKHLU� VWXG\� JURXS��
5RGNH\�HW�DO�� >��@� UHSRUWHG������PHDQ�RULJLQDO�
PHQLVFDO� GHIHFW� ILOOLQJ� DW� ��� PRQWKV� SRVWVXU�
JHU\��,Q�D�ODWHU�IROORZ�XS�VWXG\��6WHDGPDQ�HW�DO��
>��@� UHSRUWHG� WKDW� WKH� RULJLQDO� PHQLVFDO� GHIHFW�
ZDV������ ILOOHG� DW� ���� \HDUV� SRVWVXUJHU\��8VLQJ�

Fig. 19.10 � 0DJQHWLF�UHVRQDQFH�LPDJLQJ��05,���7��'3�VDJLWWDO�LPDJHV�ZLWK�IDW�VXSSUHVVLRQ���E\�FRXUWHV\�RI�*HQRYHVH��
D���PRQWKV�SRVWRSHUDWLYHO\��WKH�LPSODQW�VKRZV�D�QRQKRPRJHQHRXV�VLJQDO��DUURZ��DQG�DSSHDUV�LQ�FRQWLQXLW\�ZLWK�WKH�
FDSVXOH��E�&RQWURO�DW���\HDUV��WKH�VLJQDO�DSSHDUV�PRUH�KRPRJHQHRXV��DUURZ���EXW�WKH�LPSODQW�LV�GHFUHDVHG�LQ�VL]H

V. Condello et al.
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ELRSVLHV��5RGNH\�HW�DO��>��@�DQG�6WHDGPDQ�HW�DO��
>��@� REVHUYHG� PHQLVFXV� ILEURFKRQGURF\WH�OLNH�
FHOOV�LQ�WKH�&0,�RI�DOO�VXEMHFWV�LQ�WKHLU�FDVH�VH�
ULHV�� ,Q� WKHLU� ODWHU� ZRUN�� WKH\� UHSRUWHG� WKDW� DOO�
&0,�UHFLSLHQWV�VKRZHG�HYLGHQFH�RI�QHZO\�GHYHO�
RSLQJ� ILEURFKRQGURF\WLF�PDWUL[� IRUPDWLRQ� >��@��
8VLQJ� HOHFWURQ� PLFURVFRS\�� 5HJX]]RQL� HW� DO��
>��@� REVHUYHG� SDUDOOHO� ODFXQDH� ZDOOV� ZLWK� FRO�
ODJHQ� ILEULOV�� EORRG� YHVVHOV�� DQG� ILEUREODVW�OLNH�
FHOOV�DW���PRQWKV�IROORZLQJ�SRVWHULRU�KRUQ�&0,�
XVH�LQ�IRXU�VXEMHFWV��1R�LQIODPPDWRU\�FHOOV�ZHUH�
GHWHFWHG�>��@��6WRQH�HW�DO��>��@�UHSRUWHG�WKDW�EH�
WZHHQ���DQG���PRQWKV�SRVWVXUJHU\�WKH�&0,�ZDV�
JUDGXDOO\�UHSODFHG�ZLWK�LPPDWXUH�FROODJHQ��,Q�D�
VLQJOH�FDVH�VWXG\�XVLQJ�VHFRQG�ORRN�DUWKURVFRS\��
5RQJD�HW�DO��>��@�UHSRUWHG�WKDW�EORRG�YHVVHOV�DQG�
FROODJHQ� ILEULOV�ZHUH�HYLGHQW�ZLWKLQ� WKH�&0,�DW�
��PRQWKV�SRVWVXUJHU\�

+DUVWRQ�HW�DO��>��@�DOVR�UHSRUWHG�RQ�WKH�TXDOLW\�
RI� DUWLFOHV� SXEOLVKHG� DFFRUGLQJ� WR� WKH�0RGLILHG�
&ROHPDQ� 0HWKRGRORJ\� 6FRUH�� 7KLV� VFRUH�� GH�
VLJQHG�WR�YDOLGDWH�UHVHDUFK�UHSRUW�PHWKRGRORJLFDO�
TXDOLW\���� �ORZHVW�TXDOLW\������ �KLJKHVW�TXDOLW\���
UHYHDOHG� D� ZLGH� UDQJLQJ�� EXW� JHQHUDOO\� ORZ� UH�
VHDUFK�UHSRUW�TXDOLW\���������������UDQJH� ���±�����
7KH� IDFWRUV� ZKLFK� VKRZHG� JUHDWHVW� YDULDELOLW\�
ZHUH�VWXG\�VL]H��GHVFULSWLRQ�RI�SRVWRSHUDWLYH�UH�
KDELOLWDWLRQ��SURFHGXUHV�IRU�DVVHVVLQJ�RXWFRPHV��
DQG�GHVFULSWLRQ�RI�WKH�VXEMHFW�VHOHFWLRQ�SURFHVV�

ActifitTM

$FWLILW��E\�2UWHT�%LRHQJLQHHULQJ�/WG���/RQGRQ��
8.��KDV� LPSURYHG� HDUO\�ELRPHFKDQLFDO� SURSHU�
WLHV� DQG� KDQGOLQJ� SURSHUWLHV�ZKHQ� FRPSDUHG� WR�
&0,��$FWLILW70�ZKLFK�UHFHLYHG�D�&(�PDUN�LQ�-XO\�
������LV�D�ELRGHJUDGDEOH��V\QWKHWLF�DFHOOXODU�VFDI�
IROG�FRPSRVHG�E\� WZR�FRPSRQHQWV�� D�SRO\HVWHU�
�SRO\�İ�HSVLORQ��FDSURODFWRQH�  � VRIW� VHJPHQWV��
DQG�SRO\XUHWKDQH�� �VWLII�VHJPHQWV���)LJ����������
$QLPDO� VWXGLHV� SHUIRUPHG� LQ� WKH� ����V� H[DP�
LQHG�GLIIHUHQW�SRO\PHUV�DV�SRWHQWLDO�PDWHULDO�IRU�
PHQLVFDO�UHSODFHPHQW��)URP�WKRVH�VWXGLHV��D�VHW�
RI� UHTXLUHPHQWV� IRU� DQ�RSWLPDO� LPSODQW�ZDV�HV�
WDEOLVKHG��7KHVH�UHTXLUHPHQWV�LQFOXGH�SRUH�VL]H��
SRURVLW\�� UDWH� RI� GHJUDGDWLRQ�� GHJUDGDWLRQ� SURG�
XFWV��PHFKDQLFDO� SURSHUWLHV�� DQG� HDVH� RI� XVH� LQ�

DQ�DUWKURVFRSLF�SURFHGXUH�>��@��2QFH�LPSODQWHG�
LQ� WKH�YDVFXODUL]HG�SRUWLRQ�RI� WKH�PHQLVFXV�� WKH�
VFDIIROG�SURYLGHV�D� WKUHH�GLPHQVLRQDO�PDWUL[�RI�
LQWHUFRQQHFWHG�SRUHV�IRU�YDVFXODU�LQJURZWK�>��@�

%LRGHJUDGDWLRQ�VWDUWV�LQ�WKH�SUHVHQFH�RI�ZDWHU�
WKURXJK�K\GURO\VLV�RI�WKH�HVWHU�ERQGV�LQ�WKH�SRO\�
İ�HSVLORQ��FDSURODFWRQH��7KLV�SURFHVV�LV�HVWLPDW�
HG� WR� WDNH�EHWZHHQ���DQG���\HDUV��7KH�SRO\XUH�
WKDQH� FRPSRQHQWV� DUH� PRUH� VWDEOH� DQG� DUH� QRW�
H[SHFWHG�WR�GHJUDGH�H[WUDFHOOXODUO\��EXW�UDWKHU�WR�
EH�SKDJRF\WL]HG�E\�PDFURSKDJHV�RU�JLDQW�FHOOV��
ZKLFK�ILQDOO\�OHDGV�WR�GHJUDGDWLRQ�>������@��3UH�
FOLQLFDO�VWXGLHV�LQ�GRJV�KDYH�VKRZQ�FRPSOHWH�LQ�
ILOWUDWLRQ�RI� WKH�SRURXV�VWUXFWXUH�DIWHU���PRQWKV�
DQG�FRPSOHWH�LQWHJUDWLRQ�ZLWK�SHULSKHU\�FDSVXOH�
DIWHU���PRQWKV�>��@��7KH�$FWLILW70�LV�DYDLODEOH�LQ�
WZR�FRQILJXUDWLRQV��PHGLDO�DQG�ODWHUDO�

Surgical Technique

6WDQGDUG� DQWHURODWHUDO� DQG� DQWHURPHGLDO� SRUWDOV�
DUH�XVHG�� D� WUDQVSDWHOODU�SRUWDO� FDQ�EH�XVHIXO� LQ�
PRUH�GLIILFXOW�FDVHV��7\SLFDOO\��D�OHJ�KROGHU�ZLWK�D�
ODWHUDO�VXSSRUW�RQ�WKH�FHQWUDO�WKLUG�RI�WKH�WKLJK�IRU�
YDOJXV�VWUHVV�DLGV�LQ�YLVXDOL]DWLRQ��7KH�ILUVW�VWHS�
LV�WR�YHULI\�ZKHWKHU�WKH�UHPQDQW�PHQLVFDO�WLVVXH�
LV� VXIILFLHQW� WR�KROG� WKH� VFDIIROG�� LQWDFW� DQWHULRU�
DQG� SRVWHULRU� KRUQV� DQG� HQRXJK� WLVVXH� ��� PP�
UHPQDQW��RI�WKH�PHQLVFDO�ULP�IRU�WKH�$FWLILW70�LQ�
JURZWK��)RU�WKH�ODWHUDO�PHQLVFXV��LW�LV�PDQGDWRU\�

Fig. 19.11 � $FWLILW70�PHQLVFXV�LPSODQW��DYDLODEOH�LQ�WZR�
FRQILJXUDWLRQ�� PHGLDO� DQG� ODWHUDO�� ,W¶V� D� ELRGHJUDGDEOH��
V\QWKHWLF� DFHOOXODU� VFDIIROG� FRPSRVHG� E\� D� SRO\HVWHU�
�SRO\�İ�HSVLORQ��FDSURODFWRQH� �VRIW� VHJPHQWV�� DQG� SRO\�
XUHWKDQH�� �VWLII�VHJPHQWV�
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WR�KDYH�DQ�LQWDFW�PHQLVFDO�EULGJH�DFURVV�WKH�SRS�
OLWHDO� KLDWXV� WR� HQVXUH� D� SURSHU� IL[DWLRQ� RI� WKH�
VFDIIROG�DQG��VXEVHTXHQWO\��SURSHU�LQJURZWK�

7KH�UHPQDQW�WLVVXH�LV�H[FLVHG�WR�WKH�YDVFXODU�
UHG�RQ�UHG� ]RQH� RU� LQWR� WKH� UHG�RQ�ZKLWH� ]RQH�
VLPLODU� WR� WKH�0HQDIOH[� SUHSDUDWLRQ�� ZKLFK� LQ�
FOXGHV� SHULPHQLVFDO� V\QRYLDO� VWLPXODWLRQ� DQG�
WUHSKLQDWLRQ��)LJ���������

$IWHU�PHQLVFDO�SUHSDUDWLRQ��WKH�GHIHFW�LV�PHD�
VXUHG�ZLWK� D� VSHFLDO� UXOHU� DQG� D� JXLGH� VXSSOLHG�
LQ� WKH�$FWLILW70� NLW�� 7KH� PHDVXUHPHQW� LV� WDNHQ�
DORQJ�WKH�LQQHU�PDUJLQ�RI�WKH�GHIHFW��)LJ����������

7KH�$FWLILW70�LV�WKHQ�WDLORUHG�WR�ILW�WKH�PHQLVFDO�
GHIHFW�XVLQJ�D�VFDOSHO�WR�PDNH�D�VKDUS�PDUJLQ�IRO�
ORZLQJ�WZR�PDLQ�UXOHV�
�����2YHUVL]LQJ� WKH� OHQJWK� E\� �� PP� IRU� GHIHFWV�

����FP��DQG�E\���PP�IRU�GHIHFWV����FP��WKLV�LV�
QHFHVVDU\�EHFDXVH�RI� WKH�VSRQJH�OLNH�FRQVLV�
WHQF\�RI� WKH�PDWHULDO��ZKLFK� UHGXFHV� LWV�YRO�
XPH�DIWHU�VXWXULQJ��)LJ���������

�����7KH�DQWHULRU�FXW�RI�WKH�$FWLILW70�LV�PDGH�DW�DQ�
DQJOH�RI�DWWDFN�RI���±����LQ�RUGHU�WR�DOORZ�D�
SHUIHFW�ILW�LQWR�WKH�QDWLYH�PHQLVFXV�FXW�DW�WKH�
VDPH�DQJOH��)LJ����������

7KH�$FWLILW70� �FODPSHG�RQ� LWV� SRVWHULRU� SDUW�� LV�
LQVHUWHG� LQWR� WKH� MRLQW� WKURXJK� DQ� HQODUJHG� DQ�
WHURPHGLDO� RU� DQWHURODWHUDO� SRUWDO� �IRU� PHGLDO�
DQG� ODWHUDO� PHQLVFDO� GHILFLW�� UHVSHFWLYHO\��� DQG�

Fig. 19.12 � 3UHSDUDWLRQ� RI� WKH�PHQLVFDO� EHG� IRU� WKH�$F�
WLILW70��GHEULGHPHQW�RI� WKH� UHPQDQW� WLVVXH�GHHSO\� WR� WKH�
YDVFXODU�UHG�]RQH�VSXU�ZLWK�D�VSLQDO�QHHGOH

Fig. 19.13 � $�VSHFLDO�UXOHU�ZLWK�LWV�JXLGH��LQFOXGHG�LQ�WKH�
$FWLILW70�NLW�� LV� XVHG� IRU� WKH�PHDVXUHPHQW�RI� WKH�GHIHFW�
OHQJWK

Fig. 19.14 � 2YHUVL]LQJ�WKH�OHQJWK�RI�WKH�VFDIIROG�LV�QHFHV�
VDU\�EHFDXVH�WKH�VSRQJH�OLNH�FRQVLVWHQF\�RI�WKH�PDWHULDO�
UHGXFHV�LWV�YROXPH�DIWHU�VXWXULQJ

Fig. 19.15 � 7KH�DQWHULRU�FXW�LV�PDGH�DW�DQ�DQJOH�RI���±����
IRU� D�EHWWHU� ILW� LQWR� WKH�QDWLYH�PHQLVFXV� FXW� DW� WKH� VDPH�
DQJOH

V. Condello et al.
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UHOHDVHG�FORVH�WR�WKH�PHQLVFDO�EHG��$�EOXQW�REWX�
UDWRU�RU�D�SUREH�PD\�IDFLOLWDWH�FRUUHFW�SODFHPHQW�
�)LJ�������D��E��

7KH� IL[DWLRQ� RI� WKH� VFDIIROG� PD\� EH� GRQH�
ZLWK�DOO� LQVLGH� VXWXUHV�RU�ZLWK� WKH� LQVLGH�RXW�RU�
RXWVLGH�LQ� WHFKQLTXH�� GHSHQGLQJ� RQ� WKH� VLWH� RI�
WKH� OHVLRQ� DQG� WKH� SHUVRQDO� H[SHULHQFH� RI� WKH�
VXUJHRQ��7KH� ILUVW� VXWXUH� VKRXOG�EHJLQ� IURP� WKH�
PRVW�SRVWHULRU�SDUW�� MRLQLQJ� WKH�$FWLILW70� WR� WKH�
QDWLYH�PHQLVFXV� WLVVXH�ZLWK� D� KRUL]RQWDO� VXWXUH�
�QRW� WRR� WLJKW�� VLQFH� LW� PD\� FXW� WKH� VFDIIROG¶V�
VWUXFWXUH�DQG�RU�PRGLI\�LWV�SRVLWLRQ���)LJ����������
$� VHFRQG�KRUL]RQWDO� VXWXUH� VKRXOG� IL[� WKH� DQWH�
ULRU�SDUW�RI�WKH�$FWLILW70�WR�WKH�DQWHULRU�QDWLYH�WLV�
VXH��)LJ�������D��E���IROORZHG�E\�QRQDEVRUEDEOH�
YHUWLFDO�VXWXUHV��ZKHUH�SRVVLEOH��DORQJ�WKH�ERG\�
RI� WKH� VFDIIROG�� ,Q� WKH� ODWHUDO�PHQLVFXV�D� VXWXUH�

WKURXJK�WKH�SRSOLWHXV�PXVFOH�LV�QRW�GHWULPHQWDO��
7KH�VWDELOLW\�RI�WKH�$FWLILW70��RQFH�IL[HG��LV�WHVW�
HG�ZLWK� D� SUREH� DQG�� VXEVHTXHQWO\�� WKURXJK� WKH�
520�RI�WKH�NQHH��)LJ���������

Rehabilitation

$� VSHFLDOO\� GHVLJQHG� UHKDELOLWDWLRQ� SURWRFRO�
LV� DYDLODEOH� DV� ERRNOHW� LQ� WKH�$FWLILW70� NLW� DQG�
SXEOLVKHG� HOVHZKHUH� >���� ��@�� 7KLV� UHKDELOLWD�
WLRQ�SURWRFRO�VKRXOG�EH�VWULFWO\�IROORZHG��VLQFH�LW�
SURYLGHV�FRQGLWLRQV��IHOW�E\�WKH�PDQXIDFWXUHU��WR�
EH� RSWLPDO� IRU� KHDOLQJ� DQG� SURWHFWLRQ� RI� QHZO\�
UHJHQHUDWHG�WLVVXH�

,Q�EULHI��QR�ZHLJKW�EHDULQJ�IRU���ZHHNV��SDU�
WLDO�ZHLJKW�EHDULQJ�IURP�WKH�IRXUWK�ZHHN�RQZDUG�
ZLWK�JUDGXDO� LQFUHDVH� LQ� ORDGLQJ�GXULQJ� WKH�IRO�
ORZLQJ�ZHHNV��7KH� WRWDO� UHKDELOLWDWLRQ� SURJUDP�
ZLOO�WDNH���±���ZHHNV��5HVXPSWLRQ�RI�VSRUWV�FDQ�
EHJLQ�DW���PRQWKV�DIWHU�RUWKRSHGLF�FRQVXOWDWLRQ��
DQG�FRQWDFW�VSRUWV�VKRXOG�QRW�EH�UHVXPHG�EHIRUH�
��PRQWKV�DIWHU�VXUJHU\�

Clinical Experience

%HIRUH�$FWLILW70�ZDV�UHOHDVHG�ZLGHO\��D�SURVSHF�
WLYH�� PXOWLFHQWHU� SURRI�RI�SULQFLSOH� VWXG\� ZDV�
FRQGXFWHG�LQ�QLQH�FHQWHUV�LQ�(XURSH��7KH�JRDO�RI�
WKH�VWXG\�ZDV�WR�DVVHVV�WKH�WLVVXH�LQJURZWK�DW���
DQG����PRQWKV�DIWHU�LQGH[�VXUJHU\�DQG�WKH�VDIHW\�

Fig. 19.16 � D� ,QWUDUWLFXODU� LQVHUWLRQ�RI� WKH�GHYLFH�FODPSHG�RQ� LWV�SRVWHULRU�SDUW��E�*RRG�ILW�ZLWK� WKH� UHPQDQW�RI� WKH�
SRVWHULRU�KRUQ

Fig. 19.17 � 7KH�ILUVW�KRUL]RQWDO�VXWXUH��DOO�LQVLGH��VKRXOG�
MRLQ�WKH�UHPQDQW�SRVWHULRU�KRUQ�WR�WKH�$FWLILW70
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RI�WKH�VFDIIROG�>��@��(IILFDF\��FOLQLFDO�RXWFRPHV�
SHUFHLYHG�SDLQ��IXQFWLRQDOLW\��DQG�TXDOLW\�RI�OLIH��
ZDV� DVVHVVHG� DW� ��� ��� ���� DQG� ��� PRQWKV� DIWHU�
LQGH[�VXUJHU\�>��@��'HWDLOV�RI�UHVXOWV�DUH�ZHOO�GH�
VFULEHG�LQ�WKH�DERYH�PHQWLRQHG�SDSHUV�

.H\�SRLQWV�RI�WKHVH�VWXGLHV�DUH�
�� (DUO\� WLVVXH� LQJURZWK� LQWR� WKH� VFDIIROG� DW�

��PRQWKV
�� %LRFRPSDWLELOLW\� RI� WKH� VFDIIROG� DQG� PHQLV�

FXV�OLNH�WLVVXH�IRXQG�DW�ELRSV\�DW����PRQWKV
�� &OLQLFDOO\� DQG� VWDWLVWLFDOO\� VLJQLILFDQW�

LPSURYHPHQWV�LQ�DOO�FOLQLFDO�RXWFRPHV�VFRUHV�
DW����PRQWKV��GHPRQVWUDWLQJ�LPSURYHPHQW�LQ�
ERWK�SDLQ�DQG�IXQFWLRQ

�� 6WDEOH�RU�LPSURYHG�,&56�JUDGHV�REVHUYHG�LQ�
�������DW����PRQWKV�

,Q� WKH� DXWKRU¶V� GHSDUWPHQW�� $FWLILW70� VFDIIROG�
LPSODQWDWLRQ� ZDV� VWDUWHG� LQ� ������ 6LQFH� WKHQ��
���SDWLHQWV�ZLWK�DQ�DYHUDJH�DJH�RI����\HDUV�DQG�
��PRQWKV� ���±���\HDUV��KDYH�EHHQ� WUHDWHG��7KH�
PHDQ�IROORZ�XS�ZDV����PRQWKV� ��±���PRQWKV���
$PRQJ����PDOH�DQG���IHPDOH�SDWLHQWV����SDWLHQWV�
UHFHLYHG�D�ODWHUDO�PHQLVFXV�LPSODQW��DQG����D�PH�
GLDO��7KH�LPSODQWDWLRQ�RI�$FWLILW70�ZDV�DVVRFLDW�
HG�ZLWK�D�YDOJXV�RVWHRWRP\��+72��LQ�IRXU�FDVHV�
DQG�ZLWK�VXSUDFRQG\ODU�IHPRUDO�YDUXV�RVWHRWRP\�
�'LVWDO� )HPRUDO� 2VWHRWRP\�� LQ� RQH� FDVH�� ,Q� ��
SDWLHQWV�� DQ�$&/� UHFRQVWUXFWLRQ�ZLWK�KDPVWULQJ�
WHQGRQV�ZDV�SHUIRUPHG�

)ROORZLQJ� $FWLILW70�� JRRG� WR� H[FHOOHQW� UH�
VXOWV�ZHUH�DFKLHYHG�LQ�QHDUO\������RI�WKH�FDVHV��
7KH�,.'&�VKRZHG����SDWLHQWV�LQ�JURXS�$�����LQ�
JURXS�%��DQG���LQ�JURXS�&��$SSO\LQJ�WKH�/\VKROP�
VFRUH�����SDWLHQWV�KDG�H[FHOOHQW�UHVXOWV�

$OO� SDWLHQWV� H[SHULHQFHG� D� VXEVWDQWLDO� GH�
FUHDVH�LQ�SDLQ��DV�ZHOO�DV�LPSURYHG�IXQFWLRQ�DQG�
TXDOLW\�RI�OLIH��,PSODQWDWLRQ�RI�WKLV�PHQLVFDO�VFDI�
IROG�FRPELQHG�ZLWK�$&/�UHFRQVWUXFWLRQ�RU�D�FRU�
UHFWLRQ� RI� D� OLPE�PDODOLJQPHQW� DFKLHYHG� EHWWHU�
UHVXOWV��:RUVH� UHVXOWV� ZHUH� DVVRFLDWHG� ZLWK� GH�
JHQHUDWLYH�FKDQJHV�RI�WKH�LQYROYHG�FRPSDUWPHQW�
�!����RI�,&56���RU�ZLWK�XQFRUUHFWHG�D[LDO�GHYLD�
WLRQ���±����

7KHVH� UHVXOWV��GHVSLWH�D�YHU\�VKRUW� IROORZ�XS�
SHULRG��DUH�LQ�DJUHHPHQW�ZLWK�D�WUHQG�WRZDUG�LP�
SURYHPHQWV� LQ� DOO� FOLQLFDO� RXWFRPHV� VFRUHV�� GH�
VFULEHG�LQ�WKH�PXOWLFHQWHU�SURVSHFWLYH�VWXG\�SXE�
OLVKHG�E\�9HUGRQN�HW�DO��>��@�

Fig. 19.18 � D��E�6HTXHQFH�RI�KRUL]RQWDO�VXWXUH�IRU�IL[DWLRQ�RI�WKH�DQWHULRU�SDUW�RI�WKH�$FWLILW70�WR�WKH�DQWHULRU�QDWLYH�
WLVVXH

Fig. 19.19 � )LQDO� YLVLRQ� RI� WKH�$FWLILW70� DIWHU� IL[DWLRQ��
7KH�VWDELOLW\�LV�WHVWHG�ZLWK�D�SUREH

V. Condello et al.
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Interpositional Arthroplasty: 
NUsurface®

Background

$�QRQIL[HG�� VHOI�FHQWHUHG��PHGLDO�PHQLVFXV� LP�
SODQW��18VXUIDFH���)LJ���������KDV�EHHQ�GHYHO�
RSHG�DV� D�EULGJH� WUHDWPHQW� IRU�PLGGOH�DJHG�SD�
WLHQWV� >��@�� VXIIHULQJ� IURP� MRLQW� SDLQ� DVVRFLDWHG�
ZLWK�ORVV�RI�PHQLVFDO�IXQFWLRQ��7KH�FRQFHSW�RI�D�
PHGLDO�PHQLVFXV�LPSODQW�ZLWK�D�UHOLDEOH�ELRPH�
FKDQLFDO�SHUIRUPDQFH�GLIIHUV�IURP�WKH�DERYH�WZR�
SURGXFWV�DV�LW�GRHV�QRW�UHO\�RQ�UHJHQHUDWLRQ�

Geometry and Material 7KH� FRQFHSW� RI� D� QRQ�
DQFKRUHG� GHYLFH� DOORZV� D� VLPSOH� LPSODQWDWLRQ�
WKURXJK� D� PLQLDUWKURWRP\� ZLWKRXW� GDPDJLQJ�
ERQH�� FDUWLODJH�� RU� OLJDPHQWV�� WKXV� OHDYLQJ� DOO�
VXFFHVVLYH� WUHDWPHQW�RSWLRQV�RSHQ��7KH� LPSODQW�
ZDV�GHVLJQHG�DV�D�FRPSRVLWH�FRQVWUXFW�PDGH�RI�
3&8��UHLQIRUFHG�FLUFXPIHUHQWLDOO\�ZLWK�XOWUDKLJK�
PROHFXODU� ZHLJKW� SRO\HWK\OHQH� �8+0:3(��
ILEHUV��'\QHHPD��3XULW\��'60���HPEHGGHG�GXU�
LQJ� WKH�PDQXIDFWXULQJ�SURFHVV� WR� UHSURGXFH� WKH�
VWUXFWXUDO�FKDUDFWHULVWLFV�RI�WKH�QDWXUDO�PHQLVFXV��
ZKLFK�FRQVLVWV�RI�D�VROLG�PDWUL[�HPEHGGHG�ZLWK�
D�KLJKO\�RULHQWDWHG�FROODJHQ�ILEHU�QHWZRUN�>��@��
7KH�SOLDEOH�PDWUL[�PDWHULDO�LV�GLVWULEXWLQJ�DUWLFX�
ODU� SUHVVXUH� E\� SHUPLWWLQJ� ORFDO�PDWHULDO� GHIRU�
PDWLRQ��ZKHUHDV�WKH�UHLQIRUFHPHQW�LV�GHVLJQHG�WR�
UHVWUDLQ�PDWUL[� IORZ�DQG�EHDU� D� KLJK�SRUWLRQ�RI�
WKH�VWUHVVHV��3&8�LV�FRQVLGHUHG�D�GXUDEOH�PDWHULDO�

ZLWK�KLJK� UHVLVWDQFH� WR� ORQJ�WHUP�ZHDU�� DV�SXE�
OLVKHG�LQ�VHYHUDO�SUHYLRXV�SXEOLFDWLRQV�>��±��@�

$�UHSUHVHQWDWLYH�JHRPHWULF�GHVLJQ�IRU�WKH�PH�
QLVFXV�VKDSH�ZDV�IRUPHG��EDVHG�RQ�WKH�DQDO\VLV�
RI�PRUH� WKDQ�����KXPDQ�NQHH�05,�VFDQV� >��@��
7KH� ODWHUDO� DVSHFW� RI� WKH� LPSODQW� ERG\�ZDV� GH�
VLJQHG� WR� IRUP�D� IXOO� GLVFRLG� VKDSH�E\� FUHDWLQJ�
DQ�DUWLILFLDO�³EULGJH´�DORQJ�WKH�JDS�EHWZHHQ�WKH�
RULJLQDO�PHGLDO�LQVHUWLRQ�SRLQWV�RI�WKH�PHQLVFXV�
�WKH�UHJLRQ�RI�WKH�LQWHUFRQG\ODU�QRWFK���7KH�SUHV�
HUYDWLRQ� RI� WKH� FUXFLDWH� OLJDPHQWV� DQG� SUHYHQ�
WLRQ� RI� XQGHVLUHG� LPSLQJHPHQW�ZHUH� WDNHQ� LQWR�
DFFRXQW�LQ�WKH�GHVLJQ��DV�ZHOO�DV�NQHH�DOLJQPHQW�
DQG�VWDELOLW\�

6HYHQ�VL]HV�DUH�DYDLODEOH�WKDW�VKRXOG�EH�DSSOL�
FDEOH�IRU�a�����RI�WKH�SRSXODWLRQ�>��@��7KH�YROX�
PHWULF�GLIIHUHQFH�EHWZHHQ�VL]HV�LV�a����

Biomechanical Testing %LRPHFKDQLFDO� RSWLPL�
]DWLRQ�RI� WKH�PDWHULDO�SURSHUWLHV�� DV�ZHOO� DV� WKH�
IXQFWLRQDOLW\�RI�WKH�LPSODQW��ZDV�EDVHG�RQ�VWDWLF�
DQG� G\QDPLF�PHDVXUHPHQWV� LQ� YLWUR� LQ� FDGDYHU�
NQHHV��IDWLJXH�WHVWV��DQG�ILQLWH�HOHPHQW��)(��DQDO�
\VHV�

Static In vitro Measurements 7KH� ELRPHFKDQL�
FDO�HYDOXDWLRQ�RI�WKH�LPSODQW�LQFOXGHG�PRUH�WKDQ�
������LQ�YLWUR�FRPSUHVVLRQ�WHVWV�LQ�PRUH�WKDQ����
FDGDYHULF�NQHHV��DVVHVVLQJ�WKH�LPSODQW¶V�DELOLW\�WR�
GLVWULEXWH�ORDG�RQ�WKH�WLELDO�SODWHDX��7KH�FRPSUHV�
VLRQ�WHVW�SURWRFRO�LV�GHVFULEHG�LQ�GHWDLO�HOVHZKHUH�
>��@�� ,Q� EULHI�� WKH� LPSODQWV� ZHUH� LQVHUWHG� LQWR�
WKH�PHGLDO�FRPSDUWPHQW�RI�FDGDYHULF�NQHHV��DQG�
ZHUH�ORDGHG�XQGHU�PHGLDO�FRPSUHVVLRQ�VLPLODU�WR�
WKH�SK\VLRORJLFDO�ORDG�GXULQJ�JDLW��3UHVVXUH�GLV�
WULEXWLRQ�XQGHU�WKH�LPSODQW�ZDV�PHDVXUHG�XWLOL]�
LQJ�IOH[LEOH�VHQVRUV��7HNVFDQ�,QF���%RVWRQ��0$��
DQG� FRPSDUHG� WR� WKRVH� DWWDLQHG� IRU� WKH� QDWXUDO�
PHQLVFXV� SULRU� WR� PHQLVFHFWRP\� �)LJ�� �����D���
&RQWDFW� SUHVVXUH� GLVWULEXWLRQV�PHDVXUHG� RQ� WKH�
WLELDO�SODWHDX�ZHUH�LQ�YHU\�JRRG�DJUHHPHQW�ZLWK�
WKRVH�PHDVXUHG� XQGHU� WKH� LQWDFW� QDWXUDO�PHQLV�
FXV�RI� WKH� VSHFLILF�NQHH� �)LJ�������E���&DOFXOD�
WLRQ�RI�3HDN�WR�$YHUDJH�SUHVVXUH�UHODWLRQ��3$5��
������������DQG�FRQWDFW�DUHD������������PP���IRU�
WKH� LPSODQW� ZHUH� VWDWLVWLFDOO\� LQGLVWLQJXLVKDEOH�
ZKHQ� FRPSDUHG� WR� 3$5� ������������ DQG� FRQWDFW�

Fig. 19.20 � 7KH�18VXUIDFH���D�PHGLDO�PHQLVFXV�LPSODQW�
PDGH� RI� SRO\FDUERQDWH�XUHWKDQH� �3&8��� UHLQIRUFHG� FLU�
FXPIHUHQWLDOO\�ZLWK�XOWUDKLJK�PROHFXODU�ZHLJKW�SRO\HWK�
\OHQH��8+0:3(��ILEHUV��'\QHHPD��3XULW\��'60�
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DUHD� ���������� PP��� PHDVXUHG� IRU� WKH� QDWXUDO�
PHQLVFXV��S���������

Dynamic In vitro Measurements ,Q�RUGHU�WR�HYDO�
XDWH� WKH� VWDELOLW\� RI� WKH� LPSODQW� XQGHU� GLIIHUHQW�
NLQHPDWLF� FRQGLWLRQV�� D� FDGDYHU�EDVHG�� URERWLF�
NQHH� G\QDPLF� VLPXODWRU� ZDV� XVHG� �&OHYHODQG�
&OLQLFV��2+��>��@��6L[�FDGDYHULF�NQHHV�ZHUH�SUH�
VFUHHQHG�SULRU� WR�VLPXODWLRQ�E\�05,�DQG�;�UD\�
IRU� VL]LQJ�� DQG� WR� DVVXUH� OLJDPHQW� LQWHJULW\� DQG�
QR� FOLQLFDO� DEQRUPDOLWLHV�� 7KH� NQHHV� ZHUH� SUH�
DVVLJQHG� UDQGRPO\� WR� GLVSOD\� FRPELQDWLRQV� RI�
QRUPDO� DQG� LQFUHDVHG� OD[LW\� IROORZLQJ� DQ�0&/�
UHOHDVH��DQG����RI�SRVWHULRU�KRUQ�UHPRYDO��QRUPDO��
H[FHVVLYH��DQG�WRWDO���(DFK�VSHFLPHQ�ZDV�IL[HG�WR�
���RI�IUHHGRP�IRUFH�WRUTXH�VHQVRU�DQG�SODFHG�RQ�
D�URERWLF�PDQLSXODWRU��5RWRSRG�5������3DUDOOHO�
5RERWLFV�6\VWHP��+DPSWRQ��1+�� LQ� D�ZD\� WKDW�
UHWDLQHG�DV�PXFK�VRIW�WLVVXH�DV�SRVVLEOH��0RWLRQ�
DQG� ORDGLQJ�FRQGLWLRQV�ZHUH�VLPXODWHG�G\QDPL�
FDOO\� E\� UHSOLFDWLQJ� WKH� ORDGV� DQG� NQHH� IOH[LRQ�
PRWLRQ��)ROORZLQJ��HDFK�NQHH�ZDV�SODFHG�XQGHU�
SK\VLRORJLF� MRLQW� ORDGLQJ�ZLWK� WKUHH� UHSHWLWLRQV�
RI� LPSODQW� VL]HV� �QRUPDO��XQGHUVL]HG�� DQG�RYHU�
VL]HG��

,Q�JHQHUDO��WKH�QRQDQFKRUHG�18VXUIDFH��LP�
SODQW�ZDV�IRXQG�WR�EH�VWDEOH�LQ�WKH�MRLQW��,PSODQ�
WDWLRQ�RI�DQ�XQGHUVL]HG�LPSODQW��DQG�WKH�SUHVHQFH�

RI�DQ�$&/� WHDU��KRZHYHU�� LQFUHDVHG� WKH� ULVN� IRU�
VXEOX[DWLRQ�GLVORFDWLRQ�� &RQYHUVHO\�� WKHUH� ZHUH�
QR�VXEOX[DWLRQ�RU�GLVORFDWLRQ�HSLVRGHV�ZKHQ�WKH�
LPSODQW�ZDV�RSWLPL]HG�RU�XSVL]HG�LQ�SDWLHQWV�ZLWK�
FRPSOHWH�UHPRYDO�RI�WKH�SRVWHULRU�URRW�

Fifteen-Million Cycles Fatigue Test &\FOLF�
PHFKDQLFDO� FRPSUHVVLRQ�FRPSUHVVLRQ� ORDGLQJ�
ZDV�DSSOLHG� WR� WKH� LPSODQW�DFFRUGLQJ� WR� IDWLJXH�
WHVWV� UHTXLUHPHQWV� �,62�������� 05,�EDVHG�
8+0:3(�UHSOLFDV�RI�WLELD�DQG�IHPXU�ZHUH�XVHG�
DV� FRPSUHVVLRQ� VXUIDFHV�� )LIWHHQ�PLOOLRQ� ORDG�
LQJ� F\FOHV�ZHUH� DSSOLHG�RQ� HDFK� VSHFLPHQ�� DQG�
WKH� LPSODQW¶V� VWUXFWXUH� DQG� IXQFWLRQDOLW\� ZHUH�
H[DPLQHG�EHIRUH�DQG�DIWHU� WKH� WHVWV��7KHVH� WHVWV�
GHPRQVWUDWHG� WKDW� WKH� LPSODQW¶V� FRPSRQHQWV��
3&8� DQG� 8+0:3(� ILEHUV�� ZHUH� QRW� DIIHFWHG�
LQ�WKH�ORQJ�WHUP�LQ�UHVSHFW�WR�IRUP��ILEHU�PDWUL[�
ERQGLQJ��DQG�VWUXFWXUH±IXQFWLRQ�UHODWLRQVKLS��1R�
VLJQLILFDQW� GLPHQVLRQDO� FKDQJHV� ZHUH� REVHUYHG�
GXULQJ�WKH�FRXUVH�RI�WKH�WHVWV��DQG�SUHVVXUH�GLVWUL�
EXWLRQV�SRVW����PLOLRQ� ORDGLQJ�F\FOHV� UHPDLQHG�
VLPLODU�WR�WKRVH�PHDVXUHG�SULRU�WR�WKH�WHVWV�

Finite Element Analysis $Q� )(� PRGHO� RI� WKH�
PHGLDO� NQHH� ZLWK� WKH� 3&8� LPSODQW� LQVLGH� ZDV�
GHYHORSHG�DQG�LQWHUQDO�VWUDLQV�VWUHVVHV�GHYHORSHG�
LQ�WKH�3&8�EXON�DQG�WKH�8+0:3(�ILEHUV�ZHUH�

Fig. 19.21 � D� 3UHVVXUH� GLVWULEXWLRQ� XQGHU� WKH� LPSODQW�PHDVXUHG�ZLWK� IOH[LEOH� VHQVRUV� �7HNVFDQ� ,QF��� %RVWRQ��0$���
E�&RQWDFW�SUHVVXUH�GLVWULEXWLRQV�RQ�WKH�WLELDO�SODWHDX�ZHUH�LQ�YHU\�JRRG�DJUHHPHQW�ZLWK�WKRVH�PHDVXUHG�XQGHU�WKH�LQWDFW�
QDWXUDO�PHQLVFXV�RI�WKH�VSHFLILF�NQHH

V. Condello et al.
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FDOFXODWHG�>��@��7KH�PRGHO�JHRPHWU\�ZDV�EDVHG�
RQ�05,�VFDQV�RI�D�FDGDYHULF�VSHFLPHQ�DQG�DQD�
O\]HG� XQGHU� ������ 1� FRPSUHVVLRQ�� FRPSDUDEOH�
WR� WKH�ELRPHFKDQLFDO� HYDOXDWLRQ� DQG�RWKHU�SXE�
OLVKHG�)(�PRGHOV��7KH�PRGHO�ZDV�YDOLGDWHG�E\�
FRPSDULQJ� FRPSXWDWLRQDO� UHVXOWV� WR� DQDORJRXV�
WLELDO� SODWHDX� FRQWDFW� SUHVVXUHV�� PHDVXUHG� LQ�
FDGDYHULF�NQHHV�LQ�YLWUR�>��@��3HDN�VWUHVVHV�LQ�WKH�
3&8�ZHUH� DOO� ORZHU� WKDQ� WKH�PD[LPDO� DOORZHG�
VWUHVV�����03D���6LPLODUO\��WKH�SHDN�WHQVLOH�VWUHVV�
FDOFXODWHG� LQ� WKH� ILEHUV�ZDV� VLJQLILFDQWO\� ORZHU�
WKDQ�WKH�PDWHULDO¶V�\LHOG�VWUHVV������*3D��

Pre- and Intraoperative Sizing Validation: Cadaver 

Study 7KH�FXUUHQW�VXUJLFDO�WHFKQLTXH�LV�EDVHG�RQ�
FDGDYHU� VWXGLHV�� LQ� ZKLFK� WKH� VSHFLILF� VXUJLFDO�
VWHSV�ZHUH�WHVWHG��7KH�JRDOV�RI�WKH�VWXG\�ZHUH�WR�
VWDQGDUGL]H� WKH� VXUJLFDO� SURFHGXUH�� DQG� WR� YDOL�
GDWH�WKH�SUH��DQG�LQWUDRSHUDWLYH�VL]LQJ�SURFHGXUH�

(LJKW� FDGDYHULF� NQHHV� �PDOH� ���� IHPDOH� ����
��±���\HDUV¶�ROG��KDG�;�UD\��$3�DQG�ODWHUDO��DQG�
05,�VFDQV�EHIRUH�WKH�H[SHULPHQW��DQG�SUHRSHUD�
WLYH�VL]H�VHOHFWLRQ�ZDV�FRQGXFWHG�XVLQJ�ERWK�05,�
DQG�DQ�;�UD\�WHPSODWH�V\VWHP�>��@��7KH�05,�VL]�
LQJ�UHVXOWV�ZHUH�NHSW�EOLQGHG�IURP�WKH�VXUJHRQV�
SDUWLFLSDWLQJ� LQ� WKH� ODE�� LQ�RUGHU� WR�YDOLGDWH� WKH�
;�UD\�EDVHG� WHPSODWH� V\VWHP� �)LJ�� �������� ,P�
SODQWDWLRQ�RI�WULDO�LPSODQWV�ZDV�FRQGXFWHG�VWDUW�
LQJ�IURP�WKH�VPDOOHVW�SUHGLFWHG�VL]H��,QWUDRS�VL]H�
VHOHFWLRQ� ZDV� EDVHG� RQ� ERWK� IOXRURVFRS\�� DQG�
DUWKURVFRSLF� HYDOXDWLRQV�� DQG� ZDV� FRPSDUHG� WR�
05,�VFDQV�WDNHQ�SRVWLPSODQWDWLRQ�

7KH� UDGLR�RSDTXH� WULDO� LPSODQWV� XVHG� LQ� WKH�
FDGDYHU�VWXG\�SURYHG�WR�EH�DQ�H[FHOOHQW�WRRO�IRU�
HYDOXDWLRQ� RI� WKH� LPSODQW� PRYHPHQW� LQ� WHUPV�
RI� DQWHULRU� RYHUKDQJ� DQG� LPSODQW� WUDFNLQJ� GXU�
LQJ� 520��$OVR� WKH� ;�UD\� WHPSODWHV� SURYHG� WR�
EH�VLPSOH�WR�XVH��HDVLHU� WKDQ�05,�EDVHG�VL]LQJ��
%DVHG�RQ�WKLV�VHW�RI�H[SHULPHQWV��D�VL]LQJ�DOJR�
ULWKP�ZDV�GHYHORSHG�WR�EH�XVHG�DV�SDUW�RI�WKH�VXU�
JLFDO�WHFKQLTXH��)LJ���������

Animal Study 7KH� ODVW� SUHFOLQLFDO� VWDJH� ZDV� D�
VKHHS� VWXG\� LQ�ZKLFK� DQ� H[WHQVLYH� SRVWLPSODQ�
WDWLRQ�TXDQWLWDWLYH�FDUWLODJH�HYDOXDWLRQ�ZDV�FRQ�
GXFWHG�PLFURVFRSLFDOO\�>��@��7KH�PDWHULDO�SURS�
HUWLHV�RI� WKH�GHYLFH�ZHUH� WDLORUHG� WR�SURYLGH� DQ�
RSWLPDO� SUHVVXUH� GLVWULEXWLRQ� DELOLW\� WR� UHGXFH�

FDUWLODJH�ORDGV��DQG�WKXV��UHOLHYH�SDLQ��%HLQJ�DEOH�
WR�FRQIRUP�PRGHUDWHO\�XQGHU�ORDG��ZLWKRXW�ULVN�
LQJ� LWV� LQWHJULW\�� LV� DQRWKHU� LPSRUWDQW� IHDWXUH�RI�
WKLV� FRQFHSW�� ZKLFK� GLVWLQJXLVKHV� LW� IURP� RWKHU�
LQWHUSRVLWLRQDO�GHYLFHV�

$OO� SURFHGXUHV� ZHUH� DSSURYHG� E\� WKH� ,QVWL�
WXWLRQDO�$QLPDO�&DUH�DQG�8VH�&RPPLWWHH�RI�WKH�
7HFKQLRQ� 8QLYHUVLW\�� ,VUDHO� �������������� DQG�
DUH�GHVFULEHG�LQ�GHWDLO�HOVHZKHUH�>��@��6L[�HZHV�
��±�� \HDUV�� ��±��� NJ�� ZHUH� DOORFDWHG� IRU� WKLV�
VWXG\��7KH�VKHHS�XQGHUZHQW�D�IXOO�PHQLVFHFWRP\�
RI� WKH� PHGLDO� PHQLVFXV� RI� WKHLU� OHIW� NQHH�� DQG�
ZHUH�LPSODQWHG�ZLWK�D�3&8�PHQLVFXV�VXEVWLWXWH�
�)LJ�������D±F���6PDOOHU�MRLQW�WROHUDQFH�LQ�VKHHS�
UHTXLUHG� WKH� UHOHDVH� DQG� UHDWWDFKPHQWV� RI� WKH�
0&/�IURP�WKH�HSLFRQG\OH�WR�HDVH�WKH�LQVHUWLRQ�RI�
WKH�LPSODQW��6XEVHTXHQW�WR�WKH�UHKDELOLWDWLRQ�SH�
ULRG��WKH�VKHHS�ZHUH�UHORFDWHG�WR�D�ODUJH�SHQ�DQG�
ZHUH�DOORZHG�WR�DPEXODWH�IUHHO\��)XQFWLRQDOLW\�RI�
WKH�MRLQW�ZDV�DVVHVVHG�E\�PHDVXULQJ�PRELOLW\�DQG�
520��$QLPDOV�ZHUH�HXWKDQL]HG�DW����Q� ����DQG���
�Q� ����PRQWKV��&DUWLODJH�DQG�WKH�VXUURXQGLQJ�VRIW�
WLVVXHV�RI�ERWK�NQHHV�ZHUH�DVVHVVHG�PDFURVFRSL�
FDOO\�DQG�PLFURVFRSLFDOO\��XVLQJ�D�VHPLTXDQWLWD�
WLYH� KLVWRORJLFDO� DQDO\VLV�� EDVHG� RQ� D� PRGLILHG�
0DQNLQ�VFDOH�>��@��7KH�FRQWUDODWHUDO�NQHH�VHUYHG�
DV�FRQWURO�

)URP� JURVV� LQVSHFWLRQ�� WKH� 3&8� LPSODQW� UH�
PDLQHG�ZHOO�VHFXUHG�WKURXJKRXW�WKH�H[SHULPHQ�
WDO�SHULRG�DQG�VKRZHG�QR�YLVLEOH�VLJQV�RI�ZHDU��
*URVV� DQG�PLFURVFRSLF� H[DPLQDWLRQV�RI� WKH� H[�
SODQWHG� 3&8� LPSODQW¶V� VXUIDFHV� GLG� QRW� UHYHDO�
DQ\�FKDQJHV�LQ�WKHLU�VWUXFWXUDO�RU�PDWHULDO�SURS�
HUWLHV�� +LVWRORJLFDO� DQDO\VLV� VKRZHG� UHODWLYHO\�
PLOG� GHJHQHUDWLYH� FKDQJHV� LQ� WKH� DUWLFXODU� FDU�
WLODJH� WKDW�ZHUH�GRPLQDWHG�E\�D� ORVV�RI�SURWHR�
JO\FDQ�FRQWHQW�DQG�FDUWLODJH�VWUXFWXUH��+RZHYHU��
WKH�WRWDO�RVWHRDUWKULWLF�VFRUH�GLG�QRW�VLJQLILFDQWO\�
GLIIHU� EHWZHHQ� WKH� FRQWURO� DQG� RSHUDWHG� NQHHV��
DQG�WKHUH�ZHUH�QR�GLIIHUHQFHV� LQ� WKH�VHYHULW\�RI�
GHJHQHUDWLYH� FKDQJHV� EHWZHHQ� �� DQG� �� PRQWKV�
SRVWVXUJHU\��)LJV��������DQG��������

Indications

,Q� OLJKW� RI� RXU� H[SHULHQFH� IURP� D� ILUVW�LQ�PDQ�
VHULHV�FRQGXFWHG�LQ�WKH�DXWKRU¶V�KRVSLWDO�LQ�1HJUDU�

19 Alternatives to Meniscus Transplantation Outside the United States
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�9HURQD�� ,WDO\�� XQSXEOLVKHG� GDWD��� ZH� KDYH� GH�
VFULEHG�LQFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD�IRU�18�
VXUIDFH��FDQGLGDWHV��VXPPDUL]HG�LQ�7DEOH�������
7KHVH� EHFDPH� WKH� EDVLV� RI� D�PXOWLFHQWHU� VWXG\��
FXUUHQWO\�JRLQJ�RQ�LQ�(XURSH�DQG�,VUDHO�

Surgical Technique

Arthroscopy 7KH� SDWLHQW� LV� SODFHG� LQ� D� VXSLQH�
SRVLWLRQ� DQG� WKH� RSHUDWLYH� H[WUHPLW\� LV� SODFHG�
LQ�D� OHJ�KROGHU��7KH� WRXUQLTXHW� LV�SODFHG�RQ� WKH�

SUR[LPDO� WKLUG� RI� WKH� WKLJK�� 6WDQGDUG� DQWHURODW�
HUDO� DQG� DQWHURPHGLDO� SRUWDOV� DUH� HVWDEOLVKHG��
6RPHWLPHV�� D� SRVWHU�PHGLDO� SRUWDO� FDQ� EH� XVHG�
IRU�PDQDJLQJ�WKH�VWDELOLW\�DQG�WKH�SRVLWLRQ�RI�WKH�
GHYLFH�GXULQJ� IOH[LRQ�H[WHQVLRQ� LQ� WKH�SRVWHULRU�
DUHD��7KLV�SRUWDO�LV�PDGH�ZLWK�WKH�NQHH�IOH[HG�DW�
�����ZLWK�WKH�DLG�RI�WUDQVLOOXPLQDWLRQ�DQG�D�VSLQDO�
QHHGOH�DSSUR[LPDWHO\���FP�DERYH�WKH�MRLQW�OLQH��
$�����PP�FDQQXOD�LV�OHIW�LQ�WKLV�SRUWDO�

$�MRLQW� LQVSHFWLRQ�LV�DFFXUDWHO\�SHUIRUPHG�LQ�
RUGHU� WR�FRQILUP� WKH� LQWHJULW\�RI� WKH� ODWHUDO� DQG�
SDWHOORIHPRUDO� FRPSDUWPHQWV�� WKH� FUXFLDWH� OLJD�
PHQWV��DQG�WKH�V\QRYLDO�WLVVXH��$Q�HTXDOO\�DFFX�

Fig. 19.22  ;�UD\�WHPSODWH�
V\VWHP�YDOLGDWHG�GXULQJ�D�
EOLQGHG�VWXG\�RQ�FDGDYHUV

V. Condello et al.

������������������



241

Fig. 19.23  6L]LQJ�DOJR�
ULWKP�GHYHORSHG�GXULQJ�WKH�
FDGDYHU�VWXG\�WKDW�PD\�EH�
XVHG�DV�SDUW�RI�WKH�SUH�RS�
SODQQLQJ

Fig. 19.24 � ,PSODQWDWLRQ�V\VWHP�DGDSWHG�WR�WKH�VKHHS�DQDWRP\��D�7KH�LPSODQW��E�,QVHUWLRQ�DIWHU�WRWDO�PHQLVFHFWRP\�DQG�
PHGLDO�FROODWHUDO�OLJDPHQW��0&/��GHWDFKPHQW��F�)L[DWLRQ�RI�WKH�GHYLFH�WR�WKH�WLELD��VXUJLFDO�WHFKQLTXH�
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UDWH�LQVSHFWLRQ�RI�WKH�V\QRYLDO�WLVVXH�XQGHUQHDWK�
WKH�SRVWHULRU�FUXFLDWH�OLJDPHQW�DQG�WKH�SUHVHQFH�
RI� RVWHRSK\WHV� DORQJ� WKH� ODWHUDO� FRQWRXU� RI� WKH�
PHGLDO� IHPRUDO� FRQG\OH� DUH� PDQGDWRU\�� LQ� WKLV�
DUHD�WKH�ODWHUDO�HGJH�RI�WKH�PHQLVFXV�LPSODQW�PD\�
LPSLQJH�RQ�VXFK�K\SHUWURSKLF�VWUXFWXUHV��FDXVLQJ�
PDOSRVLWLRQLQJ�RI�WKH�GHYLFH�

7KH� FDUWLODJH� VWDWXV� LQ� WKH� PHGLDO� FRPSDUW�
PHQW�LV�LQVSHFWHG��JUDGH�,9�OHVLRQV�DQG�IHPRUDO�
FRQG\OH�GHIRUPLW\�DUH�DEVROXWH�FRQWUDLQGLFDWLRQV�
WR�18VXUIDFH���7KH�DUWLFXODU�FDUWLODJH�WUHDWPHQW�
LV�D�VXSHUILFLDO�GHEULGHPHQW��WR�VPRRWK�WKH�HGJHV�
RI�WKH�OHVLRQV�WR�DOORZ�D�IUHH�VOLGLQJ�RI�WKH�GHYLFH�
RQ� WKH� IHPRUDO� FRQG\OH��$� VHFRQG� FKHFN�RI� WKH�
FDUWLODJH�VWDWXV�PXVW�EH�SHUIRUPHG�ZLWK� WKH�GH�
ILQLWLYH� LPSODQW�� GXULQJ� IOH[LRQ�H[WHQVLRQ� WULDOV��
LW�LV�SRVVLEOH�WR�YHULI\�LI�WKH�HGJHV�RI�WKH�OHVLRQV�
PD\�KDPSHU� WKH�VOLGLQJ�SDWK�RI� WKH�GHYLFH�DQG��

LQ�VXFK�D�FDVH��IXUWKHU�HGJH�VPRRWKLQJ�KDV�WR�EH�
SHUIRUPHG�

7KH� LQQHU�SDUW�RI� WKH�PHGLDO�PHQLVFXV� LV� UH�
PRYHG� FRPSOHWHO\� XVLQJ� VWDQGDUG� LQVWUXPHQWD�
WLRQ�DQG�WHFKQLTXHV��,W�LV�FRQYHQLHQW�WR�VWDUW�IURP�
WKH� SRVWHULRU� WRZDUG� WKH� DQWHULRU� KRUQ�� DOZD\V�
SD\LQJ�DWWHQWLRQ�WR�OHDYH�WKH�RXWHU�SDUW�RI�WKH�FLU�
FXPIHUHQWLDO�ILEHUV��DERXW���PP��DQG�WKH�SRVWH�
ULRU�URRW�RI�WKH�PHQLVFXV�LQWDFW��7KH�UHPQDQW�WLV�
VXH�DWWDFKHG�WR�WKH�FDSVXOH�VKRXOG�IRUP�DQ�HODV�
WLF�ERUGHU� IRU� WKH�GHYLFH��ZKLFK� VKRXOG�SUHYHQW�
HYHQWXDO�LPSODQW�GLVORFDWLRQV�

Open Surgery $� ORQJLWXGLQDO� VNLQ� LQFLVLRQ� LV�
PDGH� DORQJ� WKH�PHGLDO� VLGH� RI� WKH� SDWHOOD�ZLWK�
WKH� NQHH� IOH[HG� DW� ����� DSSUR[LPDWHO\� �±�� FP�
ORQJ��VWDUWLQJ�IURP�WKH�DSH[�RI�WKH�SDWHOOD�GRZQ�
WR�WKH�PHGLDO�WLELDO�PHWDSK\VLV��)LJ����������$IWHU�
WKH� FDSVXODU� LQFLVLRQ�� VRPH� V\QRYLDO� WLVVXH� DQG�

Fig. 19.25 � &DUWLODJH�FRQGLWLRQ����PRQWKV�SRVWLPSODQWDWLRQ��DV�GHPRQVWUDWHG�LQ�UHSUHVHQWDWLYH�WUDQVYHUVH�LPDJHV�RI�WKH�
RSHUDWHG�IHPXU��D���FRQWURO�IHPXU��E���RSHUDWHG�WLELD��F���DQG�FRQWURO�WLELD��G���0DUNLQJV�UHSUHVHQW�DQWHULRU��$���SRVWHULRU�
�3���PHGLDO��0���DQG�ODWHUDO��/��DVSHFWV��RSHUDWHG��2��DQG�FRQWURO��&��MRLQWV

V. Condello et al.
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IDW�SDG�FDQ�EH�UHPRYHG�WR�LPSURYH�YLVXDOL]DWLRQ�
RI�WKH�PHGLDO�VLGH�RI�WKH�MRLQW�IURP�WKH�FDSVXOH�WR�
WKH�QRWFK�DUHD��7KH�DQWHULRU�KRUQ�RI� WKH�PHQLV�
FXV�LV�UHPRYHG�DW�WKLV�VWDJH�RI�WKH�VXUJHU\��,I�WKH�
LQWHUPHQLVFDO� OLJDPHQW�PXVW� EH� FXW� LQ� RUGHU� WR�
FUHDWH�PRUH�URRP�IRU�WKH�18VXUIDFH��LQVHUWLRQ��
LW�ZLOO�EH�VXWXUHG�EDFN�DW�WKH�HQG�RI�WKH�VXUJHU\�

NUsurface® Insertion 3UHRSHUDWLYHO\�� LW� LV�SRV�
VLEOH� WR� GHWHUPLQH� WKH� DSSURSULDWH� VL]H� RI� WKH�
LPSODQW� XVLQJ� D� WHPSODWH� VXSHULPSRVHG� RQ� D�
VWDQGDUGL]HG� ;�UD\� RI� WKH� NQHH�� ZKLFK� PHD�
VXUHV� WKH�GLPHQVLRQ�RI� WKH�PHGLDO�FRPSDUWPHQW�
LQ� WKH� DQWHURSRVWHULRU� DQG�PHGLDO±ODWHUDO� GLUHF�
WLRQV��6HYHQ�LPSODQW�VL]HV�DUH�DYDLODEOH�IURP�VL]H�
��±����(DFK�VWHS�LQ�VL]H�UHSUHVHQWV�DQ�LQFUHDVH�RI�
a����LQ�DOO�GLPHQVLRQV�

)RU� HDFK� LPSODQW� VL]H� D� WULDO� GHYLFH� RI� WKH�
VDPH� GLPHQVLRQ�� EXW�ZLWK� D� FLUFXPIHUHQWLDO� UD�
GLR�RSDTXH� OLQH� IRU� LQWUDRSHUDWLYH� IOXRURVFRSLF�
SRVLWLRQLQJ�FRQWURO�LV�DYDLODEOH��)LJ���������

7KH�RSWLPDO�SRVLWLRQ�IRU�WKH�GHYLFH�LQVHUWLRQ�
LV� DURXQG� ���� RI� NQHH� IOH[LRQ� LQ� YDOJXV� VWUHVV��

7KH� GHYLFH� LV� FODPSHG� E\� D� GHGLFDWHG� LQVHUWHU�
�)LJ���������WKDW�KROGV�LW�DORQJ�WKH�DQWHULRU�ERUGHU��
$IWHU�WKH�18VXUIDFH��LV�SODFHG�LQWR�WKH�PHGLDO�
FRPSDUWPHQW�� VHYHUDO� F\FOLF� IOH[LRQ�H[WHQVLRQ�
PRYHPHQWV� DUH� SHUIRUPHG� WR� FHQWHU� WKH� GHYLFH��
7KH�LQVSHFWLRQ�VKRXOG�IRFXV�RQ�PHGLDO�VLGH�RYHU�
KDQJ��D�IHZ�PLOOLPHWHUV�RI�PHGLDO�H[WUXVLRQ�DUH�
ZHOO� WROHUDWHG� E\� WKH� PHGLDO� FDSVXODU�OLJDPHQW�
VWUXFWXUHV��)LJ����������$YRLGLQJ�ODWHUDO�LPSLQJH�
PHQW� LQ� WKH� QRWFK� DUHD� LV� DQRWKHU� NH\� SRLQW� WR�
DOORZ�JRRG�VOLGLQJ�PRYHPHQW� �)LJ����������7KH�
18VXUIDFH�� WULDO� SRVLWLRQ� FDQ� HDVLO\� EH� FRQ�
WUROOHG� E\� IOXRURVFRS\�� WKLV� DOORZV� QRW� RQO\� WR�
FRQILUP�WKH�VWDWLF�SRVLWLRQ��EXW�DOVR�WKH�GLVSODFH�
PHQW� LQ� IOH[LRQ� DQG� H[WHQVLRQ�� DQG� WR� FRPSDUH�
GLIIHUHQW� VL]HV��7KH�SRVWHURPHGLDO�SRUWDO�DOORZV�
YLVXDOL]DWLRQ� RI� WKH� LPSODQW� VWDWLFDOO\��'\QDPL�
FDOO\��WKLV�LV�WHFKQLFDOO\�GHPDQGLQJ�RU�VRPHWLPHV�
LPSRVVLEOH�� VLQFH� LQ� IOH[LRQ� WKH� SRVWHULRU� VSDFH�
QDUURZV�DQG�WKH�DUWKURVFRSH�PD\�EH�SXVKHG�RXW�
VLGH�WKH�FDSVXOH�

Fig. 19.26  0RGLILHG�
0DQNLQ�RVWHRDUWKULWLV�
VFRUHV�RI�FRQWURO�DQG�
LPSODQWHG�MRLQWV����PRQWKV�
SRVWLPSODQWDWLRQ��FDOFX�
ODWHG�IRU�WKH�SDWHOOD��a���
IHPXU��b���WLELD��c���DQG�
WRWDO�MRLQW��d�
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7KH�LQVHUWLRQ�RI�WKH�GHILQLWLYH�LPSODQW�LV�SHU�
IRUPHG�XVLQJ�WKH�VDPH�WHFKQLTXH�GHVFULEHG�HDU�
OLHU�

&DSVXODU�FORVXUH�LV�SHUIRUPHG�LQ�WKH�VWDQGDUG�
IDVKLRQ�� ZKLOH� HYDOXDWLQJ� IRU� SRVVLEOH� DQWHULRU�
LPSLQJHPHQW� LQ� IXOO� H[WHQVLRQ��$� GUDLQ�PD\� EH�
XVHG�IRU�WKH�ILUVW�QLJKW�

Rehabilitation

7KH�NQHH�LV�SODFHG�LQ�D�FDVW�LQ�IXOO�H[WHQVLRQ�IRU�
WKH�ILUVW�ZHHN��)URP�WKH�ILUVW�GD\�SRVW�RS��SDUWLDO�
ZHLJKW�EHDULQJ� DQG� TXDGULFHSV� LVRPHWULF� H[HU�
FLVHV� DUH� DOORZHG�� )XOO�ZHLJKW�EHDULQJ� DV� WROHU�
DWHG�� K\GURWKHUDS\�� DQG� H[HUFLVHV� LQ� FORVHG� NL�
QHWLF�FKDLQ�DUH�VWDUWHG�LQ�WKH�VHFRQG�ZHHN��2SHQ�
NLQHWLF�FKDLQ�H[HUFLVHV�DUH�DOORZHG�DIWHU���ZHHNV��

3URSULRFHSWLYH� H[HUFLVHV� DUH� HQFRXUDJHG�� VLQFH�
ODFN� RI� SURSULRFHSWLRQ� VHHPV� WR� EH� RQH� RI� WKH�
PDLQ�FRPSODLQWV�RI� WKH�SDWLHQWV�GXULQJ� WKH� ILUVW�
�±��PRQWKV��SRVW�RS�

Clinical Experience

$�ILUVW�LQ�PDQ�VHULHV�KDV�EHHQ�FRQGXFWHG� LQ� WKH�
DXWKRU¶V�GHSDUWPHQW�VWDUWLQJ�LQ�0D\�������,QFOX�
VLRQ�FULWHULD�ZHUH�WKRVH�PHQWLRQHG�LQ�7DEOH�������
EXW�ZHUH�H[WHQGHG�WR�JUDGH���FDUWLODJH�GHJHQHUD�
WLYH� GLVHDVH� DFFRUGLQJ� WR� 2XWHUEULGJH� &ODVVLIL�
FDWLRQ��7KH� VHFRQG�PDMRU� GLIIHUHQFH� YHUVXV� WKH�
PHQWLRQHG� LQFOXVLRQ� FULWHULD�ZDV� WKDW�� QR� DWWHQ�
WLRQ�KDG�EHHQ�GLUHFWHG�WR�WKH�SRVWHULRU�URRW�VWDWXV�
RI�WKH�LQYROYHG�PHQLVFXV��7KHVH�WZR�GLIIHUHQFHV�
ZHUH�PDLQO\�UHVSRQVLEOH�IRU�PRVW�RI�WKH�IDLOXUHV�

Table 19.1  ,QFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD�IRU�SRWHQWLDO�18VXUIDFH��SDWLHQWV
,QFOXVLRQ�FULWHULD ([FOXVLRQ�FULWHULD

+DYH�D�GHJHQHUDWLYH�DQG�RU�WRUQ�PHGLDO�PHQLVFXV�DQG�RU�
SUHYLRXV�PHQLVFHFWRP\�FRQILUPHG�E\�GLDJQRVWLF�05,

+DYH�HYLGHQFH�RI�D�JUDGH�,9�DUWLFXODU�FDUWLODJH�ORVV�RQ�
WKH�PHGLDO�WLELDO�SODWHDX�RU�IHPRUDO�FRQG\OH�WKDW�FRXOG�
FRQWDFW�WKH�18VXUIDFH��LPSODQW

+DYH�D�SDLQ�VFRUH�RI����RU�OHVV�RQ�WKH�.226�SDLQ�VFDOH��
ZLWK�����EHLQJ�QRUPDO

+DYH�ODWHUDO�FRPSDUWPHQW�SDLQ�ZLWK�ODWHUDO�DUWLFXODU�FDU�
WLODJH�GDPDJH�JUHDWHU�WKDQ�JUDGH�,,��2%���DQG�RU�ODWHUDO�
PHQLVFXV�WHDU�V�

%H�LQ�QHXWUDO�DOLJQPHQW������RI�WKH�PHFKDQLFDO�D[LV +DYH�D�YDUXV�RU�YDOJXV�NQHH�GHIRUPLW\�!���GHJUHHV
%H�EHWZHHQ�WKH�DJH�RI����DQG����\HDUV�DW�WKH�WLPH�RI�WKH�
SODQQHG�VXUJHU\

+DYH�D�OD[LW\�OHYHO�RI�PRUH�WKDQ�,,�DFFRUGLQJ�WR�WKH�,&56�
VFRUH��VHFRQGDU\�WR�SUHYLRXV�LQMXU\�RI�WKH�$&/��DQG�RU�
3&/��DQG�RU�/&/��DQG�RU�0&/
+DYH�SDWHOOD�LQVWDELOLW\�RU�QRQDQDWRPLFDOO\�SRVLWLRQHG�
SDWHOOD
+DYH�SDWHOODU�FRPSDUWPHQW�SDLQ�DQG�RU�SDWHOODU�DUWLFXODU�
FDUWLODJH�GDPDJH�JUHDWHU�WKDQ�*UDGH�,,�2%
1HHG�D�WLELDO�RVWHRWRP\�DW�WKH�WLPH�RI�VXUJHU\
+DYH�DQ�$&/�UHFRQVWUXFWLRQ�SHUIRUPHG�����PRQWKV�
EHIRUH�LPSODQWLQJ�WKH�18VXUIDFH��GHYLFH
+DYH�DQ\�W\SH�RI�SUHYLRXVO\�LPSODQWHG�SURVWKHWLF�PHQLV�
FXV�RU�OLJDPHQW�RU�NQHH�LPSODQW�PDGH�RI�SODVWLF
+DYH�D�NQHH�IOH[LRQ�FRQWUDFWXUH�!����
%H�XQDEOH�WR�IOH[�WKH�NQHH�WR����
+DYH�D�OHJ�OHQJWK�GLVFUHSDQF\�FDXVLQJ�D�QRWLFHDEOH�OLPS
+DYH�KDG�D�SUHYLRXV�PDMRU�NQHH�FRQG\OH�VXUJHU\
+DYH�DQ\�W\SH�RI�NQHH�MRLQW�LQIODPPDWRU\�GLVHDVH�LQFOXG�
LQJ�6MRJUHQ¶V�V\QGURPH
%H�PRUELGO\�REHVH�ZLWK�D�%0,�!���

$&/�DQWHULRU�FUXFLDWH�OLJDPHQW��%0,�ERG\�PDVV�LQGH[��,&56�,QWHUQDWLRQDO�&DUWLODJH�5HSDLU�6RFLHW\��.226�NQHH�LQMXU\�
DQG�RVWHRDUWKULWLV�RXWFRPH�VFRUH��/&/�ODWHUDO�FROODWHUDO�OLJDPHQW��0&/�PHGLDO�FROODWHUDO�OLJDPHQW��05,�PDJQHWLF�UHVR�
QDQFH�LPDJLQJ��2%�RXWHU�EULGJH��3&/�SRVWHULRU�FUXFLDWH�OLJDPHQW

V. Condello et al.
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DQG� LPSODQW� GLVORFDWLRQV� �XQSXEOLVKHG� GDWD���
%DVHG�RQ�WKLV�GDWD��LQ�0DUFK������D�SURVSHFWLYH��
PXOWLFHQWHU�� QRQUDQGRPL]HG�� RSHQ� ODEHO� VWXG\�
ZDV�VWDUWHG�LQ�(XURSH�DQG�,VUDHO��VHYHQ�FHQWHUV��

7KXV�IDU��LQ�RXU�SHUVRQDO�VHULHV�����SDWLHQWV���
QR�GLVORFDWLRQ�RU�RWKHU�IDLOXUH�ZDV�REVHUYHG��7KH�
FXUUHQW� DYHUDJH� IROORZ�XS� ���� ��PRQWKV�� LV� VWLOO�
WRR� VKRUW� WR� GUDZ� DQ\� VLJQLILFDQW� FRQFOXVLRQ��
7KH� UHVXOWV� RI� DOO� FOLQLFDO� RXWFRPH� VFRUHV� XVHG�
�,.'&��.226��9$6�� DQG�(4��'�� GHPRQVWUDWH�
DQ�DSSDUHQW�WUHQG�WRZDUG�DQ�LPSURYHPHQW�ZLWKLQ�
D�VHOHFWHG�SRSXODWLRQ�RYHU����\HDUV�RI�DJH��ZLWK�
PHGLDO� SDLQ� DQG� LPSDLUHG� IXQFWLRQDOLW\� GXH� WR�
PHGLDO�PHQLVFXV�LQVXIILFLHQF\�

Conclusions

0HQLVFXV� UHSODFHPHQW� VWLOO� UHSUHVHQWV� DQ� XQ�
UHVROYHG� SUREOHP� LQ� RUWKRSHGLFV�� 0HQLVFDO� DO�
ORJUDIWV�KDYH�EHHQ�VKRZQ�WR�KHDO�WR�WKH�FDSVXOH�
DQG� UHOLHYH� SDLQ� >��@�� +RZHYHU�� LQ� DGGLWLRQ� WR�
SUREOHPV� UHODWHG� WR� DYDLODELOLW\�� VL]H� PDWFKLQJ��
FRVW�� DQG� ULVN� RI� GLVHDVH� WUDQVPLVVLRQ�� DOORJUDIW�
PHQLVFL� XQGHUJR� UHPRGHOLQJ� DIWHU� LPSODQWD�
WLRQ��FDXVLQJ�VKULQNDJH�DQG�UHGXFHG�PHFKDQLFDO�
VWUHQJWK�>������@��7KHVH�IDFWRUV�PD\�OHDG�WR�WHDU�
LQJ�RI� WKH�DOORJUDIW�DQG�FRQWULEXWH� WR�DQ�XQHYHQ�
GLVWULEXWLRQ�RI�ORDG��LQVWDELOLW\��DQG�UHFXUUHQFH�RI�
GHJHQHUDWLYH�GDPDJH�

0HQLVFDO� VXEVWLWXWHV� EDVHG� RQ� V\QWKHWLF�
RU� QDWXUDO� SRO\PHUV� KDYH� EHHQ� GHVFULEHG� >����
��±��@��0RVW� RI� WKHVH� SURVWKHVHV� DUH� EDVHG� RQ�
ELRGHJUDGDEOH�PDWHULDOV��ZKLFK� IRUP� WHPSRUDU\�
VFDIIROGV�WKDW�GHJUDGH�LQ�WKH�ERG\�RYHU�WLPH�DQG�
DUH� UHSODFHG� JUDGXDOO\� E\� QHZO\� IRUPHG� WLVVXH��
3RWHQWLDO�VKRUWFRPLQJV�RI� WKLV�DSSURDFK�LQFOXGH�
WKH�ODFN�RI�GXUDELOLW\��DVVRFLDWHG�ZLWK�PRVW�ELR�
GHJUDGDEOH�PDWHULDOV�XQGHU�LQ�YLYR�NQHH�ORDGLQJ�
FRQGLWLRQV�>������@��DV�ZHOO�DV� WKH�YDULDELOLW\�LQ�
WKH�LQGLYLGXDO�SDWLHQW¶V�ELRORJLFDO�UHVSRQVH�WR�WKH�
LPSODQW��OLPLWHG�DJH�RI�WKH�WDUJHW�SRSXODWLRQ��DQG�
WKH�TXDOLW\�RI�WKH�WLVVXH�IRUPHG�

&XUUHQWO\��FRQVHUYDWLYH�FDUH��H�J���NQHH�EUDF�
LQJ�� DFWLYLW\� PRGLILFDWLRQ�� DQG� LQMHFWLRQV��� DQG�
HYHQ� SULPDU\�� VHFRQGDU\�� RU� PXOWLSOH� PHQLV�
FHFWRPLHV�� UHSUHVHQW� WKH� PDLQVWUHDP� WUHDWPHQW�

19 Alternatives to Meniscus Transplantation Outside the United States

Fig. 19.28 � ,QWUDRSHUDWLYH� IOXRURVFRSLF� DQWHURSRVWHULRU�
YLHZ�RI�WKH�WULDO

������������������

Fig. 19.27 � 7KH�VNLQ�LQFLVLRQ�LV�PDGH�RQ�WKH�PHGLDO�VLGH�
RI�WKH�SDWHOOD��DSSUR[LPDWHO\���WR���FP�ORQJ
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IRU� D�����\HDU�ROG�SDWLHQW�ZLWK� V\PSWRPV� IURP�
PHQLVFDO� IXQFWLRQDO� GHILFLHQF\�� $W� D� ODWHU� DJH��
H�J���ROGHU�WKDQ����\HDUV��FOLQLFLDQV�RIWHQ�FKRRVH�
DUWKURSODVW\��7UDGLWLRQDO�XQLFRPSDUWPHQWDO�NQHH�
DUWKURSODVW\� �8.$�� LV� UHJDLQLQJ� SRSXODULW\�� EXW�
UHTXLUHV� VLJQLILFDQW� ERQH� UHVHFWLRQ� DQG� VXEVH�
TXHQW�PRGLILFDWLRQ�RI�WKH�SDWLHQW¶V�DFWLYLW\��7RWDO�
NQHH�DUWKURSODVW\��7.$��LV�D�UHOLDEOH�SURFHGXUH��
EXW� LW� LV� QRW� XVXDOO\� UHFRPPHQGHG� IRU� \RXQJHU�
SDWLHQWV��OHVV�WKDQ����\HDUV�RI�DJH��ZKR�PLJKW�UH�
TXLUH�VXEVHTXHQW�UHYLVLRQ�VXUJHU\�

7KH�WUHDWPHQW�JDS�QRWHG�DERYH�PD\�QRZ�KDYH�
WUHDWPHQW� RSWLRQV� ZKLFK� DUH� LQ� WKH� LQYHVWLJD�
WLRQDO� VWDJH�� )XUWKHU� UHVHDUFK� DQG� GHYHORSPHQW�
PD\� HYHQWXDOO\� H[WHQG� WKHVH� ELRORJLFDO� RSWLRQV�
WR� PRUH� FKDOOHQJLQJ� PHQLVFDO� OHVLRQV�� LQ� RUGHU�
WR�WUXO\�UHJHQHUDWH�PHQLVFDO�WLVVXH�ZLWK�ELRORJL�
FDO�DQG�ELRPHFKDQLFDO�SURSHUWLHV�FORVH�WR�QDWLYH�
PHQLVFXV�

Fig. 19.29  'HGLFDWHG�
LQVWUXPHQWV�WR�LQVHUW�DQG�WR�
SXOO�RXW�WKH�18VXUIDFH�

V. Condello et al.
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