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��GURFRQGXFWLYH��UHVVLQJ����5HYLH�

�QLUXGK���DMDQ���5DYL�.XPDU�&KLWWRULD����PUXWKD�-�6�

�H��H����W�FOH -RXUQDO�RI�*OREDO�0HGLFDO�(GXFDWLRQ�DQG�5HVHDUFK
9ROXPH���1XPEHU����-DQXDU����-XQH�����

�EVWUDFW

*RRG�ZRXQG� SUHSDUDWLRQ� LV� UHTXLUHG� LQ�ZRXQG� KHDOLQJ�� 5HPRYDO� RI� GHDG� DQG� QHFURWLF�
WLVVXH�E�� DXWRO�VLV� RU� WKRURXJK�GHEULGHPHQW�� IROORZHG�E�� HIIHFWLYH� H[XGDWH� FRQWURO��PDWUL[�
PHWDOORSURWHLQDVH� LQKLELWLRQ��DQG� FRQWURO� RI� EDFWHULDO�ELREXUGHQ� VKRXOG�DOORZ� WUHDWPHQW� IRU�
H[WHQGHG� SHULRGV��0DQ�� FOLQLFLDQV� UHO�� RQ� WKH� 7,0(� �7LVVXH�� ,QIHFWLRQ�,QIHFWLRQ��0RLVWXUH�
%DODQFH� DQG� :RXQG� (GJH�� IUDPHZRUN� WR� KHOS� WKHP� SUHSDUH� WKH� ZRXQG� EHG�� DQG� PDQ��
GLIIHUHQW�GUHVVLQJV�DUH�DYDLODEOH�WR�DLG�GLJHVWLRQ��FRQWURO�H[XGDWH��UHGXFH�EDFWHULDO�ELREXUGHQ��
DQG� LQKLELWLRQ� RI� PHWDOORSURWHLQDVH�� 7KLV� UHYLHZ� DUWLFOH� GHVFULEHV� WKH� SHUIRUPDQFH� RI� D�
K�GURFRQGXFWLYH�GUHVVLQJ�FRQWDLQLQJ�OHYDILEHU��ZKLFK�DLGV�LQ�ZRXQG�EHG�SUHSDUDWLRQ�WKURXJK�
DEVRUSWLRQ��VHSDUDWLRQ��DQG�UHWHQWLRQ�

.H��RUGV��+�GUR�FRQGXFWLYH��:RXQG�EHG��8OFHU�

�R��WR�FLWH�WKLV�DUWLFOH�
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�XWKRU� �IILOLDWLRQ�� �-XQLRU� 5HVLGHQW�� �6HQLRU� 5HVLGHQW��
'HSDUWPHQW� RI� 3ODVWLF� 6XUJHU��� �3URIHVVRU�� +HDG� RI� ,7�
:LQJ� DQG� 7HOHPHGLFLQH�� 'HSDUWPHQW� RI� 3ODVWLF� 6XUJHU�� ��
7HOHPHGLFLQH�� -DZDKDUODO� ,QVWLWXWH� RI� 3RVWJUDGXDWH� 0HGLFDO�
(GXFDWLRQ�DQG�5HVHDUFK��3RQGLFKHUU����������,QGLD�

&RUUHVSRQGLQJ��XWKRU��5DYL�.XPDU�&KLWWRULD��3URIHVVRU��
+HDG� RI� ,7�:LQJ� DQG� 7HOHPHGLFLQH�� 'HSDUWPHQW� RI� 3ODVWLF�
6XUJHU����7HOHPHGLFLQH��-DZDKDUODO�,QVWLWXWH�RI�3RVWJUDGXDWH�
0HGLFDO�(GXFDWLRQ�DQG�5HVHDUFK��3RQGLFKHUU����������,QGLD�

(�PDLO��GUFKLWWRULD#�DKRR�FRP

5HFHLYHG�RQ������������

�FFHSWHG�RQ������������

,1752�8&7,21

$�:RXQG� KHDOLQJ� LV� WKH� UHVXOW� RI� D� G�QDPLF��
LQWHUDFWLYH�SURFHVV� WKDW� EHJLQV� DW� WKH� WLPH� RI�

LQMXU��DQG�LQYROYHV�VROXEOH�PHGLDWRUV��YDULRXV�FHOO�
W�SHV��DQG�WKH�H[WUDFHOOXODU�PDWUL[�

This�process�is�barrierfree�and�follows�a�speci�c�
chronological�order.�A�wound�is�de�ned�as�a�serious�
ZRXQG�ZKHQ�LW�FRPSOHWHV�WKH�QHFHVVDU��DQG�WLPHO��

KHDOLQJ�SURFHVV�DQG�SHUPDQHQWO��UHVWRUHV�WKH�ERG��
DQG�LWV�LQWHJULW��

2Q� WKH� FRQWUDU��� LQ� FKURQLF� ZRXQGV�� WKH�
QHFHVVDU��DQG�WLPHO��SURFHGXUHV�DUH�QRW� IROORZHG�
WR�HVWDEOLVK�D�JRRG�UHODWLRQVKLS�EHWZHHQ�WKH�ERG��
DQG� WKH� FRQQHFWLRQ�7KH�ZRXQG�KHDOLQJ�SURFHVV� LV�
ORQJ�� XQVXFFHVVIXO�� XQFRRUGLQDWHG�� DQG� KDV� SRRU�
RXWFRPHV�

&KURQLF� ZRXQGV� DUH� YHU�� SDLQIXO�� 7KHUH� LV� DQ�
increase�in�proin�ammatory�cytokines,�an�increase�
LQ� SURWHDVHV� VXFK� DV� PDWUL[� PHWDOORSURWHLQDVHV�
�003V���DQG�D�GHFUHDVH�LQ�JURZWK�

Chronic� skin� in�ammation� and� soft� tissue�
in�ammation� are� similar.� All� diseases� are�
FKDUDFWHUL]HG�E��UHSHDWHG�WUDXPD��UHODWLYH�LVFKHPLD��
DQG�SHUVLVWHQW�LOOQHVVHV�VXFK�DV�LQIHFWLRXV�GLVHDVHV�

8VH�RI�K�GURFRQGXFWLYH�GUHVVLQJ

‡� 'LDEHWLF�IRRW�XOFHUV��')8V�

‡� 9HQRXV�VWDVLV�XOFHUV��968V�

‡� 3UHVVXUH�XOFHUV��38V�
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��G�RFR�G�FW������H������

+�GURFRQGXFWLQJ�QRQ�DGKHVLYH� GUHVVLQJV� KDYH�
WZR� W�SHV� RI� DEVRUEHQW� FURVV�VHFWLRQDO� VWUXFWXUHV�
WKDW�FDQ�ZRUN�LQ�WKH�ZRXQG�SUHSDUDWLRQ�EHG��7KLV�
dressing� actively� removes� excess� �uid� and� other�
GHEULV�IURP�WKH�ZRXQG��7KDQNV�WR�LWV�XQLTXH�GHVLJQ��
it�is�possible�to�remove�large�amounts�of��uid�and�
GHEULV� IURP� WKH� ZRXQG� LQWR� WKH� GUHVVLQJ�� 7KLV�
dressing�uses�capillary�action�to�pump��uid�from�
WKH�ZRXQG�DW�XS�WR����FF�SHU�KRXU�DQG�PDLQWDLQ�LWV�
integrity�when�moist.� It� also�effectively�detoxi�es�
WKH� ZRXQG� E�� UHPRYLQJ� WR[LF� OHDNV� IURP� WKH�
GUHVVLQJ��)LEULQ�FDQ�DVVLVW�LQ�VHOHFWLYH�GHEULGHPHQW�
RI�ZRXQGV�E��UHPRYLQJ�VORXJK�DQG�QHFURWLF�WLVVXH�
DQG�NHHSLQJ�JUDQXODWLRQ�WLVVXH�LQ�SODFH�

Rapid� transfer� of� �uid� into� this� dressing� can�
break� down� the� weak� collagen� �bers� that� hold�
QHFURWLF� WLVVXH� WR� WKH� ZRXQG� VXUIDFH�� .QRZQ�
DV� �K�GURFRQGXFWLYH� GHEULGHPHQW��� XQZDQWHG�
WLVVXH� LV�VHOHFWLYHO��UHPRYHG�� OHDYLQJ�KHDOWK��DQG�
YLVLEOH�WLVVXH�LQWDFW�RQ�GLJLWDO�LPDJH�DQDO�VLV���2YHU�

WLPH��KHDOWK�� WLVVXH� LV�SUHVHUYHG� DQG� LQFUHDVHV�DV�
D� SHUFHQWDJH� RI� WKH� WRWDO� ZRXQG� YROXPH�� ZKLOH�
QHFURWLF�WLVVXH�LV�SUHVHUYHG��6HOHFWLYH�GHEULGHPHQW�
UHGXFHV�YROXPH�LQ�SDLQ�DQDO�VLV��

0(&��1,60�2)��&7,21

7KH� WUHDWPHQW� SURFHVV� RI� WKHVH� ZRXQGV� LV� WR�
SUHSDUH� WKH� ZRXQG� EHG� E�� UHPRYLQJ� QHFURWLF�
WLVVXH�� UHGXFH� ZRXQG� H[XGDWH�� UHGXFH� LQIHFWLRQ��
UHPRYH�WR[LQV�DQG�FORVH�WKH�ZRXQGV�

$Q� LGHDO� GUHVVLQJ� VKRXOG� NHHS� WKH� S+� PRLVW��
EDODQFH� WKH� ZRXQG�� DEVRUE� H[XGDWH�� SUHYHQW�
LQIHFWLRQ�� UHGXFH� LQWHUIHUHQFH� ZLWK� KHDOLQJ� WLVVXH�
XQGHU�WKH�GUHVVLQJ�VWURNH��UHGXFH�SDWLHQW�SDLQ��DQG�
UHGXFH�GUHVVLQJ�FKDQJHV���7KH�WKLFNQHVV�RI�ZRXQGV�
GUHVVLQJ�GHSHQGV�RQ�WKH�GHSWK�RI�WKH�ZRXQG�DQG�
WKH�FRPRUELGLWLHV��7KHUH�LV�QR�QHHG�WR�XVH�DQWLELRWLFV�
IRU�VHFRQG�GHJUHH�EXUQV��7KH�IUHTXHQF��RI�GUHVVLQJ�
FKDQJHV� LV� DUELWUDU�� DQG� LV� GHWHUPLQHG� E�� WKH�
amount�of��uid�or�the�structure�of�the�dressing.

+�GURFRQGXFWLYH� ZRXQG� GUHVVLQJV� KDYH� EHHQ�
VKRZQ� WR� UHOHDVH�ZRXQG� H[XGDWH��ZRXQG� GHEULV��
EDFWHULD��DQG�003V���7KLV�GUHVVLQJ�LV�WKUHH�OD�HUHG�
and�uses�Leva��ber�technology�construction�(Fig�1).

)LJ�����7KH�PHFKDQLVP�RI�DFWLRQ�RI�K�GURFRQGXFWLYH�GUHVVLQJ�FRQWDLQLQJ�OHYDILEUH

�7KH�SURFHVV�DSSHDUV�WR�UHVXOW�IURP�D�FRPELQDWLRQ�
RI� SK�VLFDO� SURSHUWLHV�� FDSLOODU�� DFWLRQ�� K�GUR�
FRQGXFWLRQ�DQG�HOHFWURVWDWLF�HIIHFWV�ZRUN�WRJHWKHU��
This�combination�of�effects� is� speci�c�to�dressing.�
Capillary� action� is� the� ability� of� a� liquid� to� �ow�
LQWR�D�QDUURZ�VSDFH�ZLWKRXW�WKH�DLG�RI�DQG�DJDLQVW�
H[WHUQDO�IRUFHV�VXFK�DV�JUDYLW����,W�LV�IRUPHG�E��WKH�
DWWUDFWLRQ� RI� OLTXLG�PROHFXOHV� WR� VROLG� PROHFXOHV��
7KLV� HIIHFW� FDQ�EH� VHHQ�ZKHQ� OLTXLG� LV� HPEHGGHG�
LQ�SRURXV�PDWHULDOV�VXFK�DV�FHUWDLQ�WH[WLOHV��:DWHU�
PROHFXOHV� DUH� DOZD�V� DWWUDFWHG� WR� HDFK�RWKHU� DQG�
IRUP�WHPSRUDU��K�GURJHQ�ERQGV�ZLWK�HDFK�RWKHU��
EXW�WKH��DUH�DOVR�VLPLODU�WR�RWKHU�PROHFXOHV�FDOOHG�
K�GURSKLOLF� PROHFXOHV�� VXFK� DV� WKRVH� LQ� GUHVVLQJ�
�bers.�� 7KHVH� IRUFHV� FDQ� SXOO�ZDWHU� WR� DQ�� SRLQW��
7KH�GUHVVLQJ�V� WLQ�� SRUHV� DFW� OLNH� WLQ�� FDSLOODULHV��

allowing� them� to� absorb� large� amounts� of� �uid.�
+�GURFRQGXFWLRQ� LV� WKH� PRYHPHQW� RI� ZDWHU� LQ�
YHUWLFDO� DQG� KRUL]RQWDO� GLUHFWLRQV�� 7KLV� DFWLRQ� LV�
JRYHUQHG� E�� 'DUF��V� ODZ�� ZKLFK� GHVFULEHV� WKH�
ability�of�liquid�to��ow�through�a�porous�medium.��
/LTXLGV� FDQ� PRYH� IURP� D� ZHW� VXUIDFH� WR� D� GU��
VXUIDFH�GHVSLWH�JUDYLW���$�VXEFDWHJRU��RI�K�GUDXOLF�
FRQGXFWLRQ� LV� WUDQVSLUDWLRQ� DQG� GHSHQGV� RQ� WKH�
ability� of� �uid� to� evaporate� from� the� edges� or�
VXUIDFHV� RI� SRURXV� PDWHULDOV� WR� PRYH� WKHP�� 7KLV�
K�GUDXOLF�FRQGXFWLRQ�FDUULHV��UHWDLQV�DQG�WUDQVIHUV�
ZRXQG�H[XGDWH�YHUWLFDOO��DQG�KRUL]RQWDOO��LQWR�WKH�
GUHVVLQJ��6WDWLF�HOHFWULFLW��UHVXOWV�IURP�WKH�DWWUDFWLYH�
RU� VWURQJ� IRUFH� EHWZHHQ� WZR� HOHFWULFDO� ERGLHV��
$OWKRXJK� FDSLOODU�� DFWLRQ� DQG� K�GURFRQGXFWLYLW��
GHVFULEH� WKH� UHPRYDO� RI� H[XGDWHV� DQG� VXEVWDQFHV�

$QLUXGK�'ZDMDQ��5DYL�.XPDU�&KLWWRULD��$PUXWKD�-�6��+�GURFRQGXFWLYH�'UHVVLQJ��$�5HYLHZ
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FRQWDLQHG� LQ� H[XGDWHV�� WKH�� GR� QRW� LQFOXGH� WKHLU�
DELOLW��WR�GUDZ�EDFWHULD�DQG�FHOOXODU�FRQWDPLQDQWV�
�VXFK� DV� SURWHDVHV�� IURP� WKH� ZRXQG� LQWR� WKH�
GUHVVLQJ�� 7KLV� SURFHVV� LV� GXH� WR� WKH� HOHFWURVWDWLF�
LQWHUDFWLRQ�EHWZHHQ�WKH�EDFWHULD�DQG�WKH�PDWHULDO�

$GYDQWDJHV�DQG�DSSOLFDWLRQV

7KH� IUHTXHQF�� RI� GUHVVLQJ� FKDQJHV� LV� RSWLRQDO�
and� is� determined� by� the� amount� of� �uid� or� the�
VWUXFWXUH�RI�WKH�GUHVVLQJ��,Q�D�VWXG��E��2UWL]�HW�DO���LW�
ZDV�QRWHG�WKDW�WKHUH�ZDV�D�GHFUHDVH�LQ�WKH�QXPEHU�
RI�EDFWHULD�LQ�WKH�FXOWXUH�FRQWDLQLQJ�056$��DQG�DQ�
LQFUHDVH�LQ�WKH�QXPEHU�RI�EDFWHULD� LQ� WKH�GUHVVLQJ�
LWVHOI�� 7KH� GHFUHDVH� LQ� SURWHLQ� FRQFHQWUDWLRQ� RYHU�
WLPH� LQGLFDWHV� WKDW� WKH� SURGXFW� LV� DEOH� WR� DWWUDFW�
RWKHU�SURWHLQV��VXFK�DV�YLUXOHQFH�IDFWRUV��IURP�WKH�
ZRXQG���$�VWXG��SXEOLVKHG�E��'LDQH�HW�DO��IRXQG�WKDW�
003���DQG�003���OHYHOV�LQ�WLVVXHV�GHFUHDVHG�RYHU�
WLPH��LQGLFDWLQJ�WKDW�003V�ZHUH�DEVRUEHG�LQWR�WKH�
GUHVVLQJ�DQG�VXJJHVWHG�WKDW�WKLV�PD��EH�DVVRFLDWHG�
ZLWK�FKURQLF�ZRXQGV���The�extracted��uid�has�also�
EHHQ�VKRZQ�WR�FRQWDLQ�EORRG�QHFHVVDU��WR�PDLQWDLQ�
the�bio�lm�and�assist�in�its�disintegration.�In�a�study�
FRQGXFWHG�E��5DQGDOO� HW�DO��� LW�ZDV�REVHUYHG� WKDW�
WKHUH�ZDV�QR�PDFHUDWLRQ� LQ� WKH�ZRXQG�DQG� WKHUH�
ZDV�OHVV�HU�WKHPD��:RXQG�KHDOLQJ�DOVR�LPSURYHG��
7KUHH�ZRXQGV�KHDOHG� RU�ZHUH�FORVH� WR�KHDOLQJ� LQ�
WKH���ZHHNV�RI�WKH�VWXG����$�UHSRUW�E��5DFKHO�HW�DO�
FRQFOXGHG� WKDW� LW� FRQWUROV� H[XGDWH� IURP� GUDLQDJH�
RI�VHFRQG�GHJUHH�EXUQV�DQG�VKRXOG�EH�HIIHFWLYH�DV�
D� FRDWLQJ� IRU� VNLQ� JUDIWV�� 7KH� DELOLW�� WR� HOLPLQDWH�
exudate,� bacteria,� and� in�ammatory� cytokines�
ZLOO� KHOS� DFFHOHUDWH� JUDIW� VLWH� FORVXUH��7HUU�� HW� DO��
GHPRQVWUDWHG� WKDW�XVH�RI� WKLV�GUHVVLQJ�LQ�SDWLHQWV�
ZLWK�%XUXOL�XOFHUV�FRXOG�UHGXFH�QHFURWLF�WLVVXH�DQG�
ZRXQG� VKHGGLQJ� WKURXJK� DXWRO�WLF� GHEULGHPHQW��
UHGXFH� ZRXQG� GUDLQDJH�� LQFUHDVHG� JUDQXODWLRQ�
WLVVXH� LQ� WKH�ZRXQG�� DQG� UHGXFHV� WKH�SDLQ� RI� WKH�
ZRXQG���

&21&/86,21�

$�K�GURFRQGXFWLYH�GUHVVLQJ�GHVLJQHG�WR�UHPRYH�
RII� H[FHVVLYH� H[XGDWH�� EDFWHULD� DQG� F�WRNLQHV�� ,W�
can�remove�more�wound�exudate��uid�than�usual�
JDX]H�GUHVVLQJV�

+�GURFRQGXFWLYH� GUHVVLQJ� LV� HIIHFWLYH� ZKHQ�
XVHG� ZLWK� DVVRFLDWHG� RWKHU� PHWKRGV� IRU� ZRXQG�
EHG�SUHSDUDWLRQ��,W�DSSHDUV�WR�SUHSDUH�ZRXQG�EHG�
ZLWKLQ�D�VKRUW�WLPH��6XFK�D�UHVXOW�ZRXOG�UHPRYH�WKH�

GHOHWHULRXV� HIIHFWV� RI� H[FHVV� ZRXQG� H[XGDWH� DQG�
KHOS�ZLWK�KHDOLQJ�RI�WKH�ZRXQG�

5()(5(1&(6

��� &RXFK�.6��'LVFRYHULQJ�K�GURFRQGXFWLYH�GUHVVLQJV��
2VWRP��:RXQG�0DQDJH����������������

��� /LYLQJVWRQ�0��:ROYRV�7��+�GURFRQGXFWLYH�GHEULGH��
PHQW��$�QHZ�SHUVSHFWLYH�LQ�UHGXFLQJ�VORXJK�DQG�QH��
FURWLF�WLVVXH��3UHVHQWHG�DW���WK�$QQXDO�6�PSRVLXP�
RQ�$GYDQFHG�:RXQG�&DUH�DQG�WKH�:RXQG�+HDOLQJ�
6RFLHW��0HHWLQJ��'DOODV��7;������

��� 6�� &�� 6DED�� �&OLQLFDO� (YDOXDWLRQ� &RPSDULQJ� RI�
$TXDFHO�� $J� +�GURILEHU�� 'UHVVLQJ� YHUVXV�
3HWURODWXP� *DX]H� ZLWK� $QWLELRWLF� 2LQWPHQW� LQ�
3DUWLDO�7KLFNQHVV�%XUQV�LQ�D�3HGLDWULF�%XUQ�&HQWHU���
-RXUQDO� RI� %XUQ� &DUH� �� 5HVHDUFK�� 9RO�� ���� 1R�� ���
������SS���������

��� '��2FKV��0��*�8EHUWL��*��$��'RQDWH��0��$EHUFURPELH��
5�-�� � 0DQQDUL� DQG� :�� *�� 3D�QH�� �(YDOXDWLRQ� RI�
0HFKDQLVPV� RI� $FWLRQ� RI� D� +�GURFRQGXFWLYH�
:RXQG� 'UHVVLQJ�� 'UDZWH[�� LQ� &KURQLF� :RXQGV���
:RXQGV��9RO������1R�����������SS������

��� :LNLSHGLD��7KH�)UHH�(QF�FORSHGLD���&DSWLRQ���������

��� )UDF)RFXV� &KHPLFDO� 'LVFORVXUH� 5HJLVWU��� �)OXLG�
)ORZ�LQ�WKH�6XEVXUIDFH��'DUF��V/DZ����������

��� 2UWL]� 57�� 0RIIDWW� /7�� 5REVRQ� 0&�� -RUGDQ� 0+��
6KXSS� -:�� ,Q� YLYR� DQG� LQ� YLWUR� HYDOXDWLRQ� RI� WKH�
SURSHUWLHV� RI� 'UDZWH[/HYD)LEHU� ZRXQG� GUHVVLQJ�
LQ�DQ�LQIHFWHG�EXUQ�ZRXQG�PRGHO��2VWRP��:RXQG�
0DQDJHPHQW�������6HS��������

��� 2FKV� '�� *HRUJLQD� 8EHUWL� 0�� 'RQDWH� *$��
$EHUFURPELH�0��0DQQDUL�5-��3D�QH�:*��(YDOXDWLRQ�
RI� PHFKDQLVPV� RI� DFWLRQ� RI� D� K�GURFRQGXFWLYH�
ZRXQG� GUHVVLQJ� �'UDZWH[�� LQ� FKURQLF� ZRXQGV��
2VWRP��:RXQG�0DQDJHPHQW������������

��� :ROFRWW�5'��&R[�6��7KH�HIIHFWV�RI�D�K�GURFRQGXFWLYH�
GUHVVLQJ� RQ� ZRXQG� ELRILOP�� 2VWRP��:RXQG�
0DQDJHPHQW�������������

���� 5REVRQ� 0&�� 2UWL]� 57�� 0RIIDWW� /7�� -RUGDQ� 0+��
6KXSS� -:�� 2FKV� '�� 8EHUWL� 0*�� 'RQDWH� *$��
$EHUFURPELH�0��:ROYRV�7��0DUWLQ�:HQGHONHQ�'3��
,QQRYDWLRQV�IRU�ZRXQG�EHG�SUHSDUDWLRQ��WKH�UROH�RI�
'UDZWH[K�GURFRQGXFWLYH� GUHVVLQJV�� ,Q3URFHHGLQJV�
RI�D�6�PSRVLXP�RI�,QYHVWLJDWRUV������6HS���

���� 5REVRQ� 0&�� 2UWL]� 57�� 0RIIDWW� /7�� -RUGDQ� 0+��
6KXSS� -:�� 2FKV� '�� 8EHUWL� 0*�� 'RQDWH� *$��
$EHUFURPELH�0��:ROYRV�7��0DUWLQ�:HQGHONHQ�'3��
,QQRYDWLRQV�IRU�ZRXQG�EHG�SUHSDUDWLRQ��WKH�UROH�RI�
'UDZWH[K�GURFRQGXFWLYH� GUHVVLQJV�� ,Q3URFHHGLQJV�
RI�D�6�PSRVLXP�RI�,QYHVWLJDWRUV������6HS���

$QLUXGK�'ZDMDQ��5DYL�.XPDU�&KLWWRULD��$PUXWKD�-�6��+�GURFRQGXFWLYH�'UHVVLQJ��$�5HYLHZ


