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1HZ�,QGLDQ�-RXUQDO�RI�6XUJHU��
9ROXPH����1XPEHU�����-XO����6HSWHPEHU�����

'2,��KWWSV���G[�GRL�RUJ����������QLMV������������������

2ULJLQDO�DUWLFOH

(YDO�DWLRQ�RI�5HFWDO�&RPSOLDQFH�DPRQJVW�,QGLYLG�DOV��
�LWK�+HPRUUKRLGV��LWK�RU��LWKR�W�)LVV�UH�DQG�LWV��

&RPSDULVRQ��LWK�+HDOWK��,QGLYLG�DOV

9DV��9DVKLVKWKD���6�VKU�W��JUD�DO���5LQHOOH�0DVFDUHQKDV����
6UL�.ULVKQD�'DV���9LMD���URUD�

+R��WR�FLWH�WKLV�DUWLFOH�

9DVX�9DVKLVKWKD��6XVKUXW��JUDZDO��5LQHOOH�0DVFDUHQKDV�HW�DO��(YDOXDWLRQ�RI�5HFWDO�FRPSOLDQFH�DPRQJVW�LQGLYLGXDOV�
ZLWK� +HPRUUKRLGV� ZLWK� RU� ZLWKRXW� ILVVXUH� DQG� LWV� FRPSDULVRQ� ZLWK� +HDOWK�� LQGLYLGXDOV�1HZ� ,QGLDQ� -� 6XUJ��
�����������������

&RUUHVSRQGLQJ� ��WKRU�� 9DV�� 9DVKLVKWKD�� '1%�
*HQHUDO� 6XUJHU��� 'HSDUWPHQW� RI� /DSDUVFRSLF� DQG�
*HQHUDO�6XUJHU���6LU�*DQJD�5DP�+RVSLWDO��1HZ�'HOKL�
��������,QGLD�

(�PDLO��YDVX�YDVKLVKWKD���#JPDLO�FRP

��WKRU�V��IILOLDWLRQ�������'1%�*HQHUDO�6XUJHU������06��'HSDUWPHQW�RI�/DSDUVFRSLF�DQG�*HQHUDO�6XUJHU���6LU�*DQJD�
5DP�+RVSLWDO��1HZ�'HOKL���������,QGLD�

�EVWUDFW

�DF��UR��G����SK�VLRORJLFDO�EDVLV�RI�WKH�DLOPHQWV�
OLNH� KHPRUUKRLGV� DQG� ILVVXUH� LV� QHFHVVDU�� IRU�
V�PSWRP�VSHFLILF�WUHDWPHQW�RI�SDWLHQWV��:H�DLPHG�WR�
HYDOXDWH�UHFWDO�FRPSOLDQFH�DQG�UHVWLQJ�DQDO�SUHVVXUH�
E��DQDO�PDQRPHWU��DV�DQ�REMHFWLYH�SDUDPHWHU�WR�WKH�
GLVHDVH� LQ� WKHVH� SDWLHQWV� DQG� FRPSDUH� WKHP� ZLWK�
FRQWUROV�

0DWHULDO� D�G� 0HW�RG��� 6WXG�� FRQGXFWHG� LQ� ����
SDWLHQWV��DIWHU�LQIRUPHG�FRQVHQW�DQG�,5%�DSSURYDO�LQ�
LQVWLWXWLRQDO�VHWXS��GLYLGHG� LQWR��� JURXSV��*URXS� ���
SDWLHQWV�ZLWK�+HPRUUKRLGV�DQG�ILVVXUH�LQ�DQR��+�)���
JURXS� ��+HPRUUKRLGV� ZLWKRXW� ILVVXUH� �+�)�� DQG�
JURXS� ��FRQWUROV� ZLWKRXW� DQ�� DQRUHFWDO� SDWKRORJ���
�OO�SDWLHQWV�XQGHUZHQW�DQRUHFWDO�PDQRPHWU���UHVXOWV�
HYDOXDWHG��QRWHG��DQG�FRPSDUHG�EHWZHHQ�DOO�WKH�WKUHH�
JURXSV��5HFWDO�FRPSOLDQFH�DQG�UHVWLQJ�DQDO�SUHVVXUH�
FDOFXODWHG� DQG� FRPSDUHG�� DQG� LWV� VLJQLILFDQFH�
HYDOXDWHG�XVLQJ�VWDWLVWLFDO�DQDO�VLV�

�H��OW�� (DFK� JURXS� FRQVLVWLQJ� RI� ��� SDWLHQWV�
XQGHUZHQW� �QRUHFWDO� PDQRPHWU�� DQG� UHFWDO�
FRPSOLDQFH�FRPSDUHG�EHWZHHQ�DOO�WKH� WKUHH�JURXSV��
*URXS� �� �+�)�� ZDV� IRXQG� WR� KDYH� PHDQ� UHFWDO�

FRPSOLDQFH� RI� ������� “� ����� P/�PP+J�� *URXS� ��
�+�)�� KDG� D�PHDQ� YDOXH� RI� ����� “� ����� P/�PP+J�
DQG�*URXS����FRQWUROV��KDG�������“������P/�PP+J�
RI� FRPSOLDQFH�� *URXS� �� KDG� UHVWLQJ� DQDO� SUHVVXUH�
RI� ������� “� �����PP+J��*URXS� ��KDG� ������ “� ������
PP+J� DQG� *URXS� �� KDG� ������ “� �����PP+J�� 7KH�
GLIIHUHQFH� LQ� UHFWDO� FRPSOLDQFH� DQG� UHVWLQJ� DQDO�
SUHVVXUH�ZDV�VWDWLVWLFDOO��VLJQLILFDQW�EHWZHHQ�*URXS�
������DQG�JURXS��������*URXS���KDG�D� ORZHU�UHFWDO�
FRPSOLDQFH� DQG� KLJKHU� UHVWLQJ� DQDO� SUHVVXUH� WKDQ�
JURXS���EXW�QRW�VWDWLVWLFDOO��VLJQLILFDQW��

�R�FO��LR��� +HPRUUKRLGV� FDXVH� VLJQLILFDQW�
GHFUHDVH�LQ�UHFWDO�FRPSOLDQFH�DQG�LQFUHDVH�LQ�UHVWLQJ�
DQDO�SUHVVXUH��PRUH�SURQRXQFHG�LQ�ILVVXUH�LQ�DQR�DV�
FRPSDUHG� WR� KHDOWK�� LQGLYLGXDOV�� 7KHUHIRUH�� WKHVH�
YDOXHV�FDQ�EH�XVHG�DV�WKH�REMHFWLYH�SDUDPHWHU�ZKLFK�
VKRXOG�EH�URXWLQHO��PHDVXUHG� LQ� WKHVH�SDWLHQWV� DQG�
WUHDWPHQW�DLPHG�DW�FRUUHFWLRQ�RI�WKH�VDPH��

.H��RUGV�� +HPRUUKRLGV�� DQDO� ILVVXUH�� UHFWDO�
FRPSOLDQFH��UHVWLQJ�DQDO�SUHVVXUH��DQDO�PDQRPHWU��

,QWURG�FWLRQ

1RUPDO�GHIHFDWLRQ� LV�D�FRPSOH[�SURFHVV�UHTXLULQJ�
VHQVRU�� SHUFHSWLRQ�� SK�VLRORJLFDO� FR�RUGLQDWLRQ�
i.e.,�as�the�rectum�distends�there�is�re�ex�relaxation�
RI� VSKLQFWHU� PXVFOHV� DQG� DQ� LQFUHDVH� LQ� LQWUD�
DEGRPLQDO� SUHVVXUH�� �QDO� FRQWLQHQFH� LV� PRVW�
LPSRUWDQWO�� PDLQWDLQHG� E�� UHVWLQJ� DQDO� WRQH��
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PDLQWDLQHG�����E��WKH�LQWHUQDO�DQDO�VSKLQFWHU��,�6��
DQG�����E��WKH�H[WHUQDO�DQDO�VSKLQFWHU��(�6�����QDO�
FRQWLQHQFH� LV� DOVR� PDLQWDLQHG� E�� UHFWXP� DFWLQJ�
DV� D� UHVHUYRLU� E�� YLUWXH� RI� LWV� DELOLW�� WR� UHOD[� LQ�
UHVSRQVH� WR� GLVWHQVLRQ�� WKLV� �DGDSWLYH� UHOD[DWLRQ��
GLVVLSDWHV�WKH�GHVLUH�RI�GHIHFDWLRQ�E��ORZHULQJ�WKH�
LQWUD�OXPLQDO� SUHVVXUH� DQG� DFFRPPRGDWLQJ� PRUH�
VWRRO�DQG�E��YROXQWDU��FRQWUDFWLRQ�RI�WKH�(�6��7KLV�
forms� the�basis�of�Rectal�Compliance� and� re�ects�
LWV�GLVWHQVLELOLW��� �5HFWDO�FRPSOLDQFH� LV� D� G�QDPLF�
YDOXH�DQG�FDQ�EH�FDOFXODWHG�GXULQJ�DQDO�PDQRPHWU��
by�in�ating�an�intra-rectal�balloon�and�measuring�
WKH�SUHVVXUH�DW�WKH�PD[LPXP�WROHUDEOH�YROXPH�DQG�
SORWWLQJ�D�G9�G3�FXUYH���1RUPDO�UHFWDO�FRPSOLDQFH�
LV������P/�PP+J���

5HFWDO� FRPSOLDQFH� DVVHVVHV� WKH� UHFWDO� ZDOO�
stiffness�which�is�said�to�be�reduced�in�in�ammatory�
conditions� like� �ssure� in� ano,� which� can� cause�
D� K�SHUVHQVLWLYH� UHFWXP��� (YHQ� KLJKHU� JUDGHV� RI�
KHPRUUKRLGV� FDQ� KDYH� GHFUHDVHG� FRPSOLDQFH� DQG�
increased� pressure� due� in�ammatory� changes�
DQG� YDVFXODU� K�SHUSODVLD�� 5HVWLQJ� DQDO� SUHVVXUHV�
�QRUPDO�  � ������ PP+J�� DUH� HOHYDWHG� LQ� ERWK�
hemorrhoids� and� anal� �ssure� as� compared� to�
normal,�with�values�higher�in��ssure�in�ano.Thus,�
UHFWDO� FRPSOLDQFH� RIIHUV� D� XQLTXH� RSSRUWXQLW�� WR�
�ll�the�paucity�of�an�objective�parameter�to�gauze�
the� disease� in� patients� of� hemorrhoids/�ssure.
2XU�VWXG��ZDV� WR�FDOFXODWH�UHFWDO� FRPSOLDQFH�DQG�
UHVWLQJ� DQDO� SUHVVXUH� LQ� SDWLHQWV� VXIIHULQJ� IURP�
hemorrhoids�with�or�without��ssure�and�comparing�
WKH�YDOXH�ZLWK�KHDOWK��LQGLYLGXDOV�DIWHU�HYDOXDWLQJ�
WKHP�REMHFWLYHO���

0DWHULDO�DQG�0HWKRGV

6WXG��ZDV�FRQGXFWHG�LQ�����SDWLHQWV�DGPLWWHG�LQ�6LU�
*DQJD�5DP�+RVSLWDO�DIWHU�ZULWWHQ�LQIRUPHG�FRQVHQW�
DQG�,5%��HWKLFDO�FRPPLWWHH��DSSURYDO��3DWLHQWV�ZLWK�
DQ�� DQRUHFWDO� SDWKRORJ�� DSDUW� IURP� KHPRUUKRLGV�
or��ssure,�any�operated�cases�of�anorectal� region,�
WKRVH� RQ� SURORQJHG� PHGLFDWLRQ�� SDWLHQWV� ZLWK�
K�SRWK�URLGLVP�� K�SHUSDUDWK�URLGLVP�� GLDEHWHV�
PHOOLWXV� ZHUH� H[FOXGHG� IURP� WKH� VWXG��� 3DWLHQWV�
XQGHU� WKH� DJH� RI� ��� �HDUV� RU� DERYH� ��� �HDUV� DQG�
WKRVH�ZKR�UHIXVHG� WR� WDNH�SDUW� LQ� WKH� VWXG��ZHUH�
DOVR� H[FOXGHG�� 7KHVH� SDWLHQWV� ZHUH� GLYLGHG�
LQWR� WKUHH� JURXSV� �� LQFOXGHG� SDWLHQWV� KDYLQJ�
Hemorrhoids� with� �ssure� (H+F),� n=50,� Group� 2�
LQFOXGHG� SDWLHQWV� KDYLQJ� +HPRUUKRLGV� ZLWKRXW�
�ssure�(H-F),�n=50�and�Group�3�included�patients�
ZLWKRXW�DQ��DQRUHFWDO�SDWKRORJ���&���Q �����OO�WKH�
JURXSV�ZHUH�VXEMHFWHG�WR��QDO�0DQRPHWU��XVLQJ�D�

PXOWL�FKDQQHO�ZDWHU�SHUIXVHG�PDQRPHWHU�RI�PDNH�
“Mui� Scienti�c:� Mississauga,� Ontario,� Canada”.�
7KH� SUHVVXUH� DQG� YROXPH� YDOXHV�ZHUH� PHDVXUHG�
ZLWK�WKHVH�YDOXHV�WKH�VRIWZDUH�FDOFXODWHG�WKH�5HFWDO�
FRPSOLDQFH�LQ�HDFK�SDWLHQW�DW�WKH�WLPH�RI�PD[LPXP�
WROHUDEOH� YROXPH�� UHVWLQJ� DQDO� SUHVVXUH� ZDV� DOVR�
PHDVXUHG�� &RPSDULVRQV� ZHUH� GRQH� EHWZHHQ�
WKH� YDOXHV� LQ� FRQWUROV� ZLWK� WKH� SDWLHQWV� ZLWK�
KHPRUUKRLGV�DQG�WKRVH�ZLWK�ERWK�KHPRUUKRLGV�DQG�
�ssure.�Statistical� analysis�was�done�by�SPSS�and�
IRU� FRPSDULVRQ� &KL�VTXDUH� WHVW�� �QRYD� WHVW� DQG�
/HYHQH�V�WHVW�ZHUH�XVHG�DV�DSSOLFDEOH�DQG�D�S�YDOXH�
of�<0.05�was�considered�as�statistically�signi�cant.

5HV�OW

7KH� VWXG�� LQFOXGHG� ���� SDWLHQWV� GLYLGHG� LQWR�
�� JURXSV� ZLWK� ��� SDWLHQWV� HDFK� *URXS� �� �+�)��
patients� with� hemorrhoids� and� �ssure,� Group� 2�
(H-F)� patients� with� hemorrhoids� without� �ssure�
DQG�*URXS���&RQWURO�JURXS��&RPSDULVRQ�ZDV�GRQH�
EHWZHHQ�DOO�WKUHH�JURXSV�DQG�UHVXOWV�ZHUH�DQDO�]HG��
5HFWDO�FRPSOLDQFH�ZDV�IRXQG�WR�EH�ORZHVW�LQ�*URXS�
��ZLWK�D�PHDQ�RI��������“������P/�PP+J��KLJKHU�
WKDQ� WKDW�ZDV� VHHQ� LQ�*URXS� �� �PHDQ� ����� “� �����
P/�PP+J��DQG�QRUPDO�YDOXHV�ZHUH�VHHQ�LQ�*URXS�
��PHDQ�YDOXH�������“������P/�PP+J��7DEOH����

7DEOH����&RPSDULVRQ�RI�UHFWDO�FRPSOLDQFH�

5HFWDO�
&RPSOLDQFH�
�0HDQ���P/�
PP+J�

+LJKHVW�
YDO�H�P/�
PP+J�

/R�HVW�
YDO�H�P/�
PP+J�

*URXS���
�+HPRUUKRLGV���
ILVVXUH��

�������“������ ����� �����

*URXS���
�+HPRUUKRLGV���
ILVVXUH��

�����“������ ������ ����

*URXS���
�&RQWUROV��

������“������ ������� ����

&RPSDULVRQ� EHWZHHQ� WKH� JURXSV� ZDV� GRQH� WR�
deduce� that� rectal� compliance� was� signi�cantly�
ORZHU�LQ�*URXS���DV�FRPSDUHG�WR�ERWK�*URXS���DQG�
*URXS� ���:KHQ� UHFWDO� FRPSOLDQFH�ZDV� FRPSDUHG�
EHWZHHQ� *URXS� �� DQG� *URXS� ��� *URXS� �� KDG� D�
ORZHU�FRPSOLDQFH�DV�FRPSDUHG� WR�*URXS����EXW� LW�
was�not�statistically�signi�cant.

7DEOH� ��� &RPSDULVRQ� RI� GLIIHUHQFH� LQ� UHFWDO� FRPSOLDQFH�
EHWZHHQ�WKH���JURXSV�

*UR�S�����
*UR�S��

*UR�S�����
*UR�S��

*UR�S�����
*UR�S��

3��YDOXH ����� ����� �����



1����������������1�������������������S�����������

��

7KH�FRPSDULVRQ�RI�UHFWDO�FRPSOLDQFH�EHWZHHQ�WKH�
PDOHV�DQG�IHPDOHV�ZDV�QRW�IRXQG�WR�EH�VWDWLVWLFDOO��
signi�cant�amongst�all�the�groups�(Table�3).

7DEOH����&RPSDULVRQ�RI�UHFWDO�FRPSOLDQFH�DPRQJVW�JHQGHUV�

5HFWDO�
&RPSOLDQFH�
�P/�PP+J�

3�YDO�H

*URXS��� 0DOH� ����“������

�����
)HPDOH ����“������

*URXS��� 0DOH� ������“������

�����
)HPDOH �����“�����

*URXS��� 0DOH� ������“������

�����
)HPDOH� ������“�����

5HVWLQJ�DQDO�SUHVVXUH�ZDV�IRXQG�WR�EH�WKH�KLJKHVW�
LQ�*URXS���ZLWK�D�PHDQ�RI��������“�������PP+J��
IXUWKHU�ORZHU�LQ�*URXS��������“�������PP+J�DQG�
QRUPDO� YDOXHV� LQ� *URXS� ��� ������ “� ������ PP+J�
PHDQ�YDOXH��7DEOH����

7DEOH����5HVWLQJ�DQDO�SUHVVXUHV�LQ�WKH���JURXSV�

0HDQ�UHVWLQJ�
DQDOSUHVV�UH�
�PHDQ��PP+J�

+LJKHVW�
YDO�H�

�PP+J�

/R�HVW�
YDO�H�PP+J�

*URXS��� �������“������� ������� ������

*URXS��� ������“������� ������ �����

*URXS��� ������“������� ������ �����

&RPSDULVRQ�EHWZHHQ�WKH�WKUHH�JURXSV�ZDV�GRQH�
and� the� difference� was� found� to� be� signi�cantly�
KLJKHU� LQ� *URXS� �� DV� FRPSDUHG� WR� *URXS� �� DQG�
����PRQJVW�*URXS���DQG�*URXS����*URXS���KDG�D�
KLJKHU�UHVWLQJ�DQDO�SUHVVXUH��EXW�WKH�GLIIHUHQFH�ZDV�
not�statistically�signi�cant�(Table�5).

7DEOH����&RPSDULVRQ�RI�UHVWLQJ�DQDO�SUHVVXUHV�EHWZHHQ�WKH�
��JURXSV�

*UR�S������
*UR�S��

*UR�S������
*UR�S��

*UR�S������
*UR�S��

3�YDOXH ����� ����� �����

'LVF�VVLRQ

:H� FRQGXFWHG� WKLV� VWXG�� WR� HYDOXDWH� REMHFWLYHO���
E�� DQDO� PDQRPHWU�� WKH� FKDQJHV� WKDW� RFFXU� LQ�
Hemorrhoids� with� or� without� �ssure� and� we�
solidi�ed� our� �ndings� by� comparing� them� with�
LQGLYLGXDOV� ZLWKRXW� DQ�� DQRUHFWDO� SDWKRORJ��� ,Q�
RXU�VWXG��ZH�IRXQG�WKDW�*URXS����+�)��KDG�JUHDWO��
reduced�rectal�compliance,��ssure�in�ano�being�an�
in�ammatory� condition.� Group� 2� (H-F)� also� had�
ORZHU�UHFWDO�FRPSOLDQFH��EXW�LW�ZDV�QRW�DV�UHGXFHG�
DV�*URXS���� WKLV� FDQ�EH� DWWULEXWHG� WR� WKH� IDFW� WKDW�

KLJKHU� JUDGHV� RI� KHPRUUKRLGV� DOVR� KDYH� VRPH�
in�ammatory� changes� in� the� rectal� wall,� as� also�
VKRZQ�E��+R��6HRZ�&KRHQ�DQG�*RK�LQ�WKHLU�VWXG��
showing�vascular�wall�in�ammation�and�also�that�
RI�DQDO�FXVKLRQV��*URXS���KDG�QRUPDO�FRPSOLDQFH�
which�was�signi�cantly�higher� than�Group�1,� this�
JURXS�DOVR�KDG�D�FRPSOLDQFH�KLJKHU�WKDQ�*URXS���
but�the�difference�was�not�signi�cant.�

�PRQJVW� DOO� WKH� WKUHH� JURXSV� WKHUH� ZDV� QR�
signi�cant� difference� in� compliance�when� gender�
ZDV� FRPSDUHG�� 7KH� SDWLHQWV� VXIIHULQJ� IURP�
both� hemorrhoids� and� �ssure� (Group� 1)� had� the�
PD[LPXP�UHVWLQJ�DQDO�SUHVVXUH�ZKHUHDV�WKRVH�ZLWK�
RQO��KHPRUUKRLGV��*URXS����KDG�D�ORZHU�SUHVVXUH��
EXW�LW�ZDV�VWLOO�KLJKHU�WKDQ�WKH�QRUPDO�LQGLYLGXDOV�
�*URXS�����+R�HW�DO�� LQ�WKHLU�VWXG��VKRZHG�VLPLODU�
�ndings� with� higher� resting� anal� pressures� in�
KHPRUUKRLGV� DQG� ORZHU� UHFWDO� FRPSOLDQFH� ZKHQ�
FRPSDUHG�WR�KHDOWK��SHRSOH����

7KHUHIRUH�� ZH� FRQFOXGH� KHPRUUKRLGV� FDXVH�
a� signi�cant� decrease� in� rectal� compliance� and�
LQFUHDVH� LQ� UHVWLQJ� DQDO� SUHVVXUH�� ZKLFK� LV� PRUH�
pronounced� when� associated� with� �ssure� in�
DQR�� GHSLFWLQJ� WKH� IDFW� WKDW� UHFWDO� FRPSOLDQFH� LV�
signi�cantly�decreased�in�in�ammatory�conditions�
RI� DQRUHFWXP� DQG� LQFUHDVLQJ� WKH� DQDO� SUHVVXUH��
5HFWDO�FRPSOLDQFH�LQ�FRPELQDWLRQ�ZLWK�UHVWLQJ�DQDO�
SUHVVXUH�YLD� DQDO� PDQRPHWU��� VKRXOG� EH� XVHG� DV�
WKH�URXWLQH�REMHFWLYH�SDUDPHWHU�IRU�WKHVH�DQRUHFWDO�
SDWKRORJLHV� DQG� WUHDWPHQW� DLPHG� DW� FRUUHFWLRQ� RI�
WKHP��

5HIHUHQFHV

��� %KDUXFKD��(��3HOYLF�IORRU���QDWRP��DQG�IXQFWLRQ��
1HXURJDVWURHQWHURO�0RWLO�����������������

��� *UHJHUVHQ� +�� .DVVDE� *�� %LRPHFKDQLFV� RI� WKH�
JDVWURLQWHVWLQDO� WUDFW�� 1HXURJDVWURHQWHURO� 0RWLO�
�������������������

��� �UKDQ� 3�� )DYHUGLQ� &�� 3HUVR]� %�� 'HYURHGH� *��
'XERLV� )�� 'RUQLF� &�� HW� DO�� 5HODWLRQVKLS� EHWZHHQ�
YLVFRHODVWLF� SURSHUWLHV� RI� WKH� UHFWXP� DQG� DQDO�
SUHVVXUH�LQ�PDQ��-��SSO�3K�VLRO������������������

��� 1HZPDQ��-XOOLDQD���'HIHFDWLRQ�GLVRUGHUV�DQG�WKH�
UROH� RI� GHIHFRJUDSK��� 5DGLRORJLF� 7HFKQRORJ���
�PHULFDQ� 6RFLHW�� RI� 5DGLRORJLF� 7HFKQRORJLVWV��
������+LJK%HDP�5HVHDUFK�����'HF�������

��� 9DUPD� -6�� 6PLWK� �1�� 5HSURGXFLELOLW�� RI� WKH�
SURFWRPHWURJUDP��*XW������������������

��� 6FKXVWHU� 00�� &URZHOO� 0'�� .RFK� ./�
�HGV��� 0DQRPHWU�� LQ� 6KXVWHU� �WODV� RI�
*DVWURHQWHURLQWHVWLQDO� 0RWLOLW�� LQ� +HDOWK� DQG�
'LVHDVH�� �QG� HG�� +DPLOWRQ�� /RQGRQ�� %&� 'HFNHU��
�����

9DVX�9DVKLVKWKD��6XVKUXW��JUDZDO��5LQHOOH�0DVFDUHQKDV�HW�DO��(YDOXDWLRQ�RI�5HFWDO�&RPSOLDQFH�DPRQJVW�
,QGLYLGXDOV�ZLWK�+HPRUUKRLGV�ZLWK�RU�ZLWKRXW�)LVVXUH�DQG�LWV�&RPSDULVRQ�ZLWK�+HDOWK��,QGLYLGXDOV
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��� %KDUXFKD� �(�� )OHWFKHU� -*�� +DUSHU� &0� HW� DO��

5HODWLRQVKLS� EHWZHHQ� V�PSWRPV� DQG� GLVRUGHUHG�
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