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INTRODUCTION 
7KHUH�LV�D�VL]DEOH�XQPHW�GHPDQG�IRU�HIIHFWLYH�VPDOO�GLDPHWHU�YDVFXODU�

SURVWKHVHV� IRU� XVH� LQ� FRURQDU\� E\SDVV� VXUJHU\�� &XUUHQWO\�� WKH� EHVW�

UHSODFHPHQWV�IRU�RFFOXGHG�DUWHULHV�DUH�DXWRORJRXV�DUWHULHV��ZKLFK�KDYH�

D�FXPXODWLYH�SDWHQF\�UDWH�RI�XS�WR�����DIWHU���\HDUV�>�@��KRZHYHU�WKHLU�

DYDLODELOLW\�LV�OLPLWHG��'RQRU�YHLQV�RI�DSSURSULDWH�GLPHQVLRQV�DUH�PRUH�

DYDLODEOH�DQG�IUHTXHQWO\�XVHG�GHVSLWH�VXEVWDQWLDOO\�ORZHU�SDWHQF\������

DIWHU���\HDUV��>�@��7R�DGGUHVV�WKLV�VKRUWDJH��PDQ\�JURXSV�KDYH�FUHDWHG�

WLVVXH�HQJLQHHUHG�EORRG�YHVVHOV��7(%9V��XVLQJ�YDULRXV�WHFKQLTXHV�WKDW�

JURVVO\� UHVHPEOH� QDWLYH� YHVVHOV�� EXW� LQ� DQLPDO� VWXGLHV�� WKHLU�

SHUIRUPDQFH�ZDV�LQIHULRU�WR�WKDW�RI�DXWRORJRXV�YHLQV�>�@��5RXJKO\�����

RI�7(%9V�KDG�GHFUHDVHG�SDWHQF\�LQ���PRQWK��FRPSDUHG�ZLWK�����RI�

YHLQ� JUDIWV� LQ� �� \HDU� >�@��:H�SURSRVH� WKDW� LQWDFW� DXWRORJRXV� DUWHULHV��

QRW�WKH�FHOOV�GHULYHG�IURP�WKHP��PD\�EH�DQ�DWWUDFWLYH�VWDUWLQJ�SRLQW�IRU�

HQJLQHHUHG�DUWHULHV��FDSLWDOL]LQJ�RQ�WKH�DELOLW\�RI�LQWDFW�DUWHULHV�WR�JURZ�

DQG�UHPRGHO�LQ�UHVSRQVH�WR�FKDQJHV�LQ�WKHLU�PHFKDQLFDO�HQYLURQPHQW��
�

3UHYLRXV� UHVXOWV� VKRZHG� WKDW� DUWHULHV� IURP�QHRQDWDO� SLJV� ���NJ��ZHUH�

DEOH� WR� HORQJDWH� ����� LQ� �� GD\V�� UHWDLQLQJ� D� ���� LQFUHDVH� XSRQ�

UHPRYDO� IURP� WKH� V\VWHP�� EXW� WKH\� ZHUH� QRW� YLDEOH� >�@�� 9LDELOLW\�

LPSURYHG� ZKHQ� XVLQJ� DUWHULHV� IURP� MXYHQLOH� ���� NJ�� DQG� DGROHVFHQW�

�����NJ��SLJV��ZKLOH�UHWDLQHG�HORQJDWLRQ�������ZDV�SRVVLEOH�RQO\�ZLWK�

MXYHQLOHV� >�@�� 6SHFLDO� HPSKDVLV� LV� PDGH� RQ� FKDUDFWHUL]LQJ� WKH�PDMRU�

FRPSRQHQWV�RI�WKLV�OHQJWK�DQG�PDVV�LQFUHDVH��VXFK�DV�FROODJHQ��

�

MATERIALS AND METHODS 
7KH� VWHDG\� IORZ� SHUIXVLRQ� V\VWHP� FRQVLVWHG� RI� D� SHULVWDOWLF� SXPS��

FRPSOLDQFH� FKDPEHU�� DUWHU\� FKDPEHU�� DQG� UHVHUYRLU�� DOO� FRQQHFWHG�

XVLQJ�7\JRQ� ODERUDWRU\� WXELQJ��3UHVVXUH�ZDV�GHWHUPLQHG� LQ� UHDO� WLPH�

ZLWK� WUDQVGXFHUV� XSVWUHDP� DQG� GRZQVWUHDP� IURP� WKH� DUWHU\� DQG�

DFTXLUHG� XVLQJ� D� /DE9LHZ�� *DV� H[FKDQJH� ZDV� SURYLGHG� WR� ERWK� WKH�

DUWHU\� FKDPEHU� DQG� UHVHUYRLU� YLD� ��� &2�� EXEEOLQJ� FKDPEHUV�� 7KH�

HQWLUH� V\VWHP�� H[FHSW� IRU� WKH� SXPS��ZDV�PDLQWDLQHG� LQ� D� GDUN�� ��R&�

HQYLURQPHQW��$OO�FRPSRQHQWV�ZHUH�VWHULOL]HG�DQG�DVVHPEOHG�VWHULOHO\��

)RU�VRPH�H[SHULPHQWV�WKH�VWHDG\�IORZ�V\VWHP�ZDV�PRGLILHG�WR�VXVWDLQ�

SXOVDWLOH�SUHVVXUH�ZLWK�FRQWURO�RYHU�PHDQ�SUHVVXUH�DQG�DPSOLWXGH��

�

$UWHULHV� IURP� MXYHQLOH� SLJV� ����NJ��ZHUH�KDUYHVWHG�E\� FDUGLRWKRUDFLF�

VXUJHRQV�DW�WKH�&KLOGUHQ
V�+RVSLWDO�RI�3KLODGHOSKLD�DQG�WUDQVSRUWHG�LQ�

LFH�FROG� FXOWXUH� PHGLXP� �'XOEHFFR
V� 0RGLILHG� (DJOH
V� 0HGLXP�

VXSSOHPHQWHG�ZLWK�����IHWDO�ERYLQH�VHUXP������8�P/�SHQLFLOOLQ�DQG�

����PJ�P/�VWUHSWRP\FLQ���ZKLOH�DUWHULHV�IURP�DGROHVFHQW�DUWHULHV�ZHUH�

REWDLQHG� IURP� IUHVKO\� VDFULILFHG� DQLPDOV� IURP� D� ORFDO� DEDWWRLU��8SRQ�

DUULYDO�� DUWHULHV� ZHUH� FOHDQHG� RI� H[FHVV� DGYHQWLWLD� DQG� FRQQHFWLYH�

WLVVXH�� DQG� VDPSOHV� ZHUH� WDNHQ� IRU� KLVWRORJ\� DQG� PHFKDQLFDO�

HYDOXDWLRQ�� $UWHULHV� ZHUH� LQVWDOOHG� LQWR� WKH� DUWHU\� FKDPEHU� E\�

FDQQXODWLRQ� RI� WKH� DUWHU\� RQWR� VWDLQOHVV� VWHHO� URGV� YLD� VLON� VXWXUHV��

ZKHUH�WKH�RXWHU�GLDPHWHUV�RI�WKH�URG�DQG�DUWHU\�URXJKO\�PDWFKHG��
�

7KH�LQLWLDO�H[WHQVLRQ�UDWLR��O��ZDV�GHWHUPLQHG�IRU�HDFK�VDPSOH�������r�

������� DQG� HDFK� DUWHU\�ZDV� LQVWDOOHG� DW� WKLV� OHQJWK��7KH� FKDPEHU�ZDV�

WKHQ�ILOOHG�ZLWK�FXOWXUH�PHGLXP�XQWLO�WKH�DUWHU\�ZDV�VXEPHUJHG��a����

P/���FRQQHFWHG�WR�WKH�SHUIXVLRQ�V\VWHP�FRQWDLQLQJ�a����P/�RI�FXOWXUH�

PHGLXP� DQG� SHUIXVHG� XVLQJ� a���� RI� LQ� YLYR� IORZ� UDWH�� 7KHVH�

FRQGLWLRQV� LPSURYHG� YLDELOLW\� LQ� QHRQDWDO� DQG� DGROHVFHQW� DUWHULHV�

SHUIXVHG�DW�IL[HG�OHQJWK�>�@��$UWHULHV�ZHUH�DFXWHO\�VWUHWFKHG������GD\�

IURP� GD\� �� WR� ��� DQG� KHOG� DW� FRQVWDQW� OHQJWK� RWKHUZLVH�� &RQWURO�

MXYHQLOH�DUWHULHV�ZHUH�SHUIXVHG�DW�SK\VLRORJLFDO�OHQJWK�IRU���GD\V��
�
6DPSOHV� IURP� VHOHFW� IUHVKO\� KDUYHVWHG� DQG� FXOWXUHG� DUWHULHV� ZHUH�

HYDOXDWHG� XVLQJ� DQ� ,QVWURQ� ����� V\VWHP� DW� WKH� 0F.D\� 2UWKRSHGLF�

5HVHDUFK� /DE� �'U� /RXLV� 6RVORZVN\��� 6DPSOHV� ZHUH� WHVWHG� DW� URRP�

WHPSHUDWXUH�ZKLOH�K\GUDWHG�ZLWK�&D�IUHH�3%6���
�

RESULTS 
$� WRWDO� RI� ��� FDURWLG� DUWHULHV� IURP� MXYHQLOH� SLJV� ZHUH� SHUIXVHG� DQG�

HLWKHU�HORQJDWHG��Q� �����HORQJDWHG�DUWHULHV����RU�XVHG�DV�FRQWUROV��Q� �

���� 7KH� DYHUDJH� HORQJDWLRQ� DWWDLQHG� ZLWKLQ� WKH� V\VWHP� ZDV� ����� r�

������DQG������r������XSRQ�UHPRYDO�DV�VHHQ�LQ�ILJXUH���EHORZ��1RQH�

RI� WKH� FRQWURO� DUWHULHV� UHWDLQHG� D� OHQJWK� LQFUHDVH�� 2QH� DUWHU\� ZDV�

UHPRYHG�IURP�WKH�SHUIXVLRQ�V\VWHP�RQ�GD\���GXH�WR�D�OHDN��2QH�DUWHU\�

IDLOHG�RQ�GD\���IRU�WHFKQLFDO�UHDVRQV��ZKLOH�RQH�DUWHU\�IDLOHG�RQ�GD\���

IRU�QR�DSSDUHQW�UHDVRQ��2QH�FRQWURO�ZDV�UHPRYHG�RQ�GD\����
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Figure 1. Juvenile artery length (n = 6, ** p<0.005)) �
�
7KH�ZDOO� WKLFNQHVV� RI� FRQWURO� DUWHULHV�ZDV� a���� OHVV� WKDQ� HORQJDWHG�

DQG�IUHVK�DUWHULHV��S�����������ZKHUHDV�HORQJDWHG�DUWHULHV�ZHUH�VLPLODU�

WR� IUHVKO\� KDUYHVWHG� VSHFLPHQV�� 7KLV� GHFUHDVH� LV� FRQVLVWHQW� ZLWK� LQ�

YLYR�H[SHULPHQWV�WKDW�VKRZHG�D�GLUHFW�UHODWLRQVKLS�EHWZHHQ�GHFUHDVHG�

WUDQVPXUDO� SUHVVXUH� DQG� DUWHULDO� WKLFNQHVV� >�@�� 7KHVH� GDWD� SUHVHQWHG�

LQGLFDWH� WKDW� LQFUHDVHG� D[LDO� VWUDLQ� LV� VXIILFLHQW� WR� UHWDLQ� DUWHULDO�

WKLFNQHVV�HYHQ�LQ�FRQGLWLRQV�WKDW�QRUPDOO\�FDXVH�D�VXEVWDQWLDO�ORVV���
�

7KH� ZHW� ZHLJKW� RI� HORQJDWHG� DUWHULHV� LQFUHDVHG� ����� r� ������ DIWHU�

HORQJDWLRQ��ZKLOH�WKH�GU\�ZHW�ZHLJKW�UDWLR�DQG�FROODJHQ�FRQWHQW�SHU�GU\�

ZHLJKW� UHPDLQHG� VLPLODU� IRU� DOO� WKUHH� FDVHV��2YHUDOO� FROODJHQ� FRQWHQW�

LQFUHDVHG�����LQ�HORQJDWHG�DUWHULHV��ZKLOH�FRQWUROV�VDZ�QR�LQFUHDVH����

 
Figure 2. Juvenile artery wet weight and collagen content  
�

6WDLQLQJ�RI�VHOHFW�HORQJDWHG�DQG�IUHVK�MXYHQLOH�DUWHULHV�IRU�HODVWLQ�ZDV�

SHUIRUPHG�XVLQJ� WKH�(ODVWLF�VWDLQ��6LJPD���DQG�DOVR�DXWRIOXRUHVFHQFH��

(ORQJDWHG� DUWHULHV� VKRZHG� VXEVWDQWLDO� HODVWLQ� FRQWHQW�� ZKLFK� ZDV�

VRPHZKDW� IUDJPHQWHG� DQG� OHVV�RUJDQL]HG� WKDQ� IUHVK� VDPSOHV��6WXGLHV�

DUH�XQGHUZD\�WR�TXDQWLI\�HODVWLQ�FRQWHQW�IRU�DOO�HORQJDWHG��FRQWURO�DQG�

IUHVK�DUWHULHV��DV�ZHOO�DV�DVVHVVLQJ�HODVWLQ�DOLJQPHQW�DQG�DUUDQJHPHQW��

�

,PPHGLDWHO\� SULRU� WR� UHPRYDO� IURP� WKH� SHUIXVLRQ� V\VWHP� RQ� GD\� ���

WKUHH� HORQJDWHG� DUWHULHV� ZHUH� WHVWHG� IRU� YDVRDFWLYH� UHVSRQVH� WR�

QRUHSLQHSKULQH� �1(�� DQG� VRGLXP� QLWURSUXVVLGH� �613��� E\�PHDVXULQJ�

WKH�SUHVVXUH�GURS�DFURVV�WKH�DUWHULHV�RYHU�WLPH��$GGLWLRQ�RI�1(����[����

��0��Q� ����RU���[������0��Q� ������FDXVHG�D�SUHVVXUH�LQFUHDVH�RI������r�

����� PP+J� LQ� ����� r� ���� PLQXWHV�� $GGLWLRQ� RI� 613� ��� [� ����� 0��

FDXVHG�D�GHFUHDVH�RI������r������PP+J�LQ�����r�����PLQXWHV��
�

7KUHH� DUWHULHV� IURP� DGROHVFHQW� DUWHULHV� ZHUH� HORQJDWHG� ���� XQGHU�

VLPLODU� FRQGLWLRQV� EXW� DOO� WKUHH� IDLOHG� SULRU� WR� FRPSOHWLRQ�� 2WKHU�

DUWHULHV� IDLOHG�ZKHQ�DWWHPSWHG� WR�HORQJDWH������LQ���GD\V��Q� ����RU�

���GD\V��Q� �����7KUHH�DUWHULHV�UHPDLQHG�YLDEOH�DIWHU�����HORQJDWLRQ�LQ�

��GD\V��Q� ����RU����GD\V��Q� �����EXW�UHWDLQHG�QR�OHQJWK�LQFUHDVH��
�

7KH� FHOOXODULW\�� VWUXFWXUH� DQG IUHVKO\� KDUYHVWHG�� FRQWURO��

DQG� HORQJDWHG� MXYHQLOH� DQG DUWHULHV� ZHUH� VLPLODU�� DV�

DVVHVVHG� LQ� KLVWRORJLFDO� VHFW ZLWK� +� 	� (�� 3&1$� DQG�

781(/��7KH�PDMRULW\�RI�DUWHU HQGRWKHOLDO�FRYHUDJH��ZKLOH�

WZR� HORQJDWHG� DQG� RQH� FRQWU

VWDLQLQJ�RI�IUHVK��HORQJDWHG�DQG�FRQWURO�VDPSOHV�UHYHDOHG�PLQLPDO�FHOO�

GHDWK�� XQOHVV� WKH� DUWHU\� ZDV� GHQXGHG�� 7KLV� ZDV� FRQVLVWHQW� ZLWK�

SUHYLRXV� ILQGLQJV� WKDW� GHQXGHG� DUWHULHV� H[SHULHQFHG� SURJUHVVLYH� FHOO�

GHDWK��LUUHVSHFWLYH�RI�HORQJDWLRQ�SURFHGXUHV�>�@��9LDELOLW\�ZDV�UHWDLQHG�

DV�VKRZQ�E\�DQ�077�LQGH[�RI������r������IRU�HORQJDWHG�DUWHULHV��DQG�

����� r� ����� IRU� FRQWUROV�� ZKHUH� WKH� LQGH[� LV� WKH� UDWLR� RI� UHODWLYH�

PLWRFKRQGULDO�DFWLYLW\�RI�FXOWXUHG�WR�IUHVK�DUWHULHV��
�

7KH�XOWLPDWH�VWUHVV�DQG�VWUDLQ�SURSHUWLHV�ZHUH�GHWHUPLQHG�IRU�MXYHQLOH�

DUWHULHV�DV�VKRZQ�EHORZ��:KLOH�QRW�VLJQLILFDQW��WKHUH�ZDV�D�VXEVWDQWLDO�

GHFUHDVH�LQ�FLUFXPIHUHQWLDO�VWUHVV�IRU�HORQJDWHG�DUWHULHV��

�

)UHVK�DUWHULHV�� (ORQJDWHG�

DUWHULHV��

&RQWURO�

DUWHULHV��

AXIAL �Q� ���� �Q� ���� �Q� ����

8OWLPDWH�VWUHVV��03D�� ������������ ������������ �������������

8OWLPDWH�VWUDLQ����� ������������ ����������� �����������

CIRCUMFERENTIAL �Q� ���� �Q� ���� �

8OWLPDWH�VWUHVV��03D�� ������������ ������������ 1�$��

8OWLPDWH�VWUDLQ����� ����������� ������������ 1�$��

Table 1. Juvenile artery ultimate mechanical properties 
�

DISCUSSION 
7R�EHWWHU� DVVHVV� WKH�SKHQRPHQD�SUHVHQW� LQ� HORQJDWHG� DUWHULHV�� IXUWKHU�

ZRUN�LV�EHLQJ�SHUIRUPHG�WR�LGHQWLI\�DQG�TXDQWLI\�PROHFXODU�PDUNHUV�RI�

UHPRGHOLQJ�� VXFK� DV�003��	��� �ERWK� FOHDYH� FROODJHQ� ,��� XVLQJ�57�

3&5� DQG� VWDLQLQJ� WHFKQLTXHV�� $GGLWLRQDO� VWXGLHV� DUH� SODQQHG� WR� XVH�

JHQH�DUUD\V�DQG�FOXVWHU�DQDO\VLV�WR�DQDO\]H�WKH�UHVSRQVH�RI�WKH�DUWHULHV�

WR� WKH� FKDQJHV� LQ� D[LDO� VWUDLQ� DQG�PHFKDQLFDO� VWLPXOL� �SUHVVXUH�� IORZ�

UDWH��� 6WXGLHV� DUH� DOVR� XQGHUZD\� WR� LQYHVWLJDWH� H[WUDFHOOXODU� PDWUL[�

FRPSRQHQWV��VXFK�DV�JO\FRVDPLQRJO\FDQV��*$*��DQG�'1$�FRQWHQW�WR�

TXDQWLI\�DQG�DVVHVV�WKH�REVHUYHG�WLVVXH�JURZWK�LQ�HORQJDWHG�DUWHULHV��
�

:H� KDYH� SHUIRUPHG� SUHOLPLQDU\� H[SHULPHQWV� XVLQJ� D� PRUH� DFWLYH�

PHFKDQLFDO�HQYLURQPHQW��VSHFLILFDOO\� LQ�YLYR�SXOVDWLOH�SUHVVXUH��a����

r� ��� PP+J�� DQG� YLVFRVLW\� �a�� F3�� ZLWK� LQFUHDVHG� IORZ� UDWH� �a����

PO�PLQ��� 2XU� K\SRWKHVLV� LV� WKDW� D� PRUH� PHFKDQLFDOO\� DFWLYH�

HQYLURQPHQW� ZLOO� GHFUHDVH� WKH� QHJDWLYH� UHPRGHOLQJ� DVVRFLDWHG� ZLWK�

UHGXFHG�IORZ�DQG�SUHVVXUH��:KLOH�LQLWLDO�UHVXOWV�VKRZ�WKDW�WKH�DUWHULHV�

DUH�YLDEOH�DQG�KLVWRORJLFDOO\�VLPLODU�WR�IUHVK�DUWHULHV��IXUWKHU�WHVWLQJ�LV�

UHTXLUHG�WR�GHWHUPLQH�KRZ�WKH�UHPRGHOLQJ�FRPSDUHV�WR�SUHYLRXV�ZRUN��
�

)XUWKHU�VWXGLHV�DUH�EHLQJ�SHUIRUPHG�WR�FRPSDUH�WKH�PHWKRG�E\�ZKLFK�

DUWHULHV� DUH� HORQJDWHG��&XUUHQW� WHFKQLTXHV� XVH� D�PDQXDO� VWHS� ORDGLQJ�

DSSURDFK�� ZKLFK� LV� OLNHO\� QRQ�SK\VLRORJLFDO�� $� SURWRW\SH� KDV� EHHQ�

EXLOW� WR� FRQWLQXRXVO\� HORQJDWH� DUWHULHV� LQFOXGLQJ� TXDQWLILFDWLRQ� DQG�

IHHGEDFN�RI�D[LDO�IRUFH��7KH�SURWRW\SH�LV�EHLQJ�HYDOXDWHG�WR�LQYHVWLJDWH�

WKH�GLIIHUHQFHV� LQ� WKH�UHPRGHOLQJ�UHVSRQVH�EHWZHHQ�FRQWLQXRXV�VWUDLQ�

UDWH��VWHS�LQFUHDVHV�LQ�VWUDLQ��DV�ZHOO�DV�FRQVWDQW�IRUFH�HORQJDWLRQ��

�
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