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Short Communication

&OLQLFDO�&RPPHQWDU���*OHQRKXPHUDO�,QWHUQDO�5RWDWLRQ��HILFLW��*,5��

6QHKD�9LVKZDQDWK

�%675�&7

*,5'�LV�D�FRQFHSW�UHODWHG�WR�VKRXOGHU�LQMXU���,W�FDXVHV�OLPLWDWLRQ�LQ�WKH�UDQJH�RI�PRWLRQ��
6KRXOGHU� MRLQW� SOD�V� DQ� LPSRUWDQW� UROH� LQ� WKURZLQJ�� VHUYLQJ� � RU� RWKHU� DFWLYLWLHV� UHODWHG� WR�
VKRXOGHU�� *,5'� LV� DQ� LPSRUWDQW� SDWKRORJ��ZKLFK� VKRXOG� EH� FRQVLGHUHG� IRU� HYDOXDWLRQ� LQ�
VSRUWV�SDO�HUV��7KXV�WKLV�FOLQLFDO�FRPPHQWDU��VSHDNV�DERXW�WKLV�SDWKRORJ��*,5'�

.H�ZRUGV��,QWHUQDO�URWDWLRQ�GHILFLW��([WHUQDO�URWDWLRQ�JDLQ��7RWDO�UDQJH�RI�PRWLRQ�

+RZ�WR�FLWH�WKLV�DUWLFOH��
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�XWKRU� �IILOLDWLRQ�� �VVRFLDWH� 3URIHVVRU�� 'HSDUWPHQW� RI�
3K�VLRWKHUDS����OYD�V�&ROOHJH�RI�3K�VLRWKHUDS��DQG�UHVHDUFK�
&HQWUH���OYD�V�+HDOWK�FHQWUH�&RPSOH[��0XGELGUL��.DUQDWDND�
��������,QGLD�

&RUUHVSRQGLQJ� �XWKRU�� � 9LVKZDQDWK� 6QHKD�� �VVRFLDWH�
3URIHVVRU�� 'HSDUWPHQW� RI� 3K�VLRWKHUDS��� �OYD�V� &ROOHJH� RI�
3K�VLRWKHUDS�� DQG� UHVHDUFK� &HQWUH�� �OYD�V� +HDOWK� FHQWUH�
&RPSOH[��0XGELGUL��.DUQDWDND���������,QGLD

(�PDLO��VQHKDSW#JPDLO�FRP

5HFLHYHG�RQ������������ �FFHSWHG�RQ�����������

,1752�8&7,21

2QH� RI� WKH� LPSRUWDQW� FRQFHSWV� UHODWHG� WR�
VKRXOGHU� LQMXU�� OLNH� WKH� ORVV� RI� VKRXOGHU�

PRWLRQ� ZDV� WKRURXJKO�� GLVFXVVHG� LQ� WKH�
FRQWH[W� RI� WKH� RYHUKHDG� DWKOHWH�� *OHQR�KXPHUDO�
internal� rotation� de�cit� (GIRD)� in� isolation� is�
QRW� D� SDWKRORJLF� SURFHVV�� 7KURZHUV� ZLWK� *,5'�
IUHTXHQWO��DUULYH�DW�WKH�FOLQLF�DV�D�UHVXOW�RI�VKRXOGHU�
SDWKRORJ�� GHYHORSLQJ�� ,QWUD�DUWLFXODU� VKRXOGHU�
SDWKRORJ�� �ODEUXP�� MRLQW� FDSVXOH�� DUWLFXODU�VLGHG�
URWDWRU� FXII��� H[WUD�DUWLFXODU� VKRXOGHU� SDWKRORJ��
�EXUVDO�VLGHG� URWDWRU� FXII�� DFURPLRQ��� DQG�
SDWKRORJ�� RI� WKH� WKURZLQJ� NLQHWLF� FKDLQ� �ORZHU�

H[WUHPLW���FRUH��VFDSXOD��DQG�HOERZ��FRPSULVH�WKH�
SDWKRORJLF� SURFHVV� LQ� WKURZLQJ� VKRXOGHUV� ZLWK�
*,5'�� 7KH� RYHUKHDG� WKURZLQJ� PRWLRQ� LV� XVHG�
LQ� PDQ�� FRPPRQ� FRPSHWLWLYH� DQG� UHFUHDWLRQDO�
VSRUWLQJ�DFWLYLWLHV�

7R�EH�VXFFHVVIXO�DW�SLWFKLQJ��ERWK�KLJK�YHORFLW��
DQG� DFFXUDF�� KDYH� WR� RFFXU� UHSHWLWLYHO��� ZLWKRXW�
FDXVLQJ� LQMXU�� WR� WKH� VRIW� WLVVXHV� DURXQG� WKH�
JOHQRKXPHUDO� MRLQW� WKDW� DLG� LQ� VWDELOLVDWLRQ� DQG�
G�QDPLF� FRQWURO����� *OHQRKXPHUDO� �*+�� LQWHUQDO�
rotation� de�cit� (GIRDis� an� adaptive� process� that�
UHVXOWV� LQ� ,5� ORVV� LQ� WKH� WKURZLQJ�VKRXOGHU���V�RI�
right� now,�GIRD� is� identi�ed� by� a� 20°� loss� of� IR�
UHODWLYH�WR�WKH�FRQWUDODWHUDO�VKRXOGHU��+RZHYHU��QRW�
HYHU��*,5'�LV�SDWKRJHQLF��DQG�ZKHQ�WKH�VKRXOGHUV��
WRWDO� URWDWLRQDO� PRWLRQ� �750�� LV� V�PPHWULF��
GHFUHDVHG� ,5� �LQ� FRPSDULVRQ� WR� QRQWKURZLQJ�
VKRXOGHU��PLJKW�H[LVW�ZLWKRXW�FRQFXUUHQW�VKRXOGHU�
GLVHDVH�� 7KH� KXPHUXV�V� HQKDQFHG� UHWURWRUVLRQ�
�GHFUHDVHG� DQWHYHUVLRQ��� ZKLFK� FDXVHV� WKH� DUF� RI�
PRWLRQ� WR� PRYH� PRUH� SRVWHULRUO�� �H[WHUQDOO����
LV� SDUWLDOO�� WR� EODPH� IRU� WKLV�� 2Q� WKH� RWKHU� KDQG��
SDWKRORJLF� *,5'� RFFXUV� ZKHQ� 750� ��� LV� ORVW� LQ�
UHODWLRQ�WR�WKH�FRQWUDODWHUDO�VKRXOGHU��

7KH� FKDQJH� LQ�PRWLRQ� WKDW� VSRUWVPHQ�ZKR�XVH�
WKH�RYHUKHDG�WKURZLQJ�DFWLRQ�H[SHULHQFH�LV�RQH�RI�
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WKHVH�DGDSWDWLRQV��7R�JHQHUDWH�WKH�VWURQJ�URWDWLRQDO�
IRUFHV� UHTXLUHG� WR� SLWFK� WKH�EDOO�� IRU� LQVWDQFH�� WKH�
WKURZLQJ�VKRXOGHU�PD��QRUPDOO��H[WHUQDOO��URWDWH�
DURXQG�������ZKLFK�LV�WKH�DPRXQW�RI�JOHQRKXPHUDO�
UDQJH� RI� PRWLRQ� �520�� REWDLQHG� DW� WKH� HQG� RI�
WKH� FRFNLQJ� SKDVH� RI� WKURZLQJ�� 7KH� UHVHDUFK� KDV�
consistently�identi�ed�this�particular�feature�of�the�
RYHUKHDG� WKURZLQJ� PRWLRQ� DV� D� ORVV� RI� VKRXOGHU�
JOHQRKXPHUDO� ,5� DQG� DQ� LQFUHDVH� LQ� VKRXOGHU�
JOHQRKXPHUDO�H[WHUQDO�URWDWLRQ��(5���1HYHUWKHOHVV��
WKH�JOHQRKXPHUDO�MRLQW��VFDSXORWKRUDFLF�DUWLFXODWLRQ��
DQG�H[WHQVLRQ�RI�WKH�VSLQH�V�VHJPHQWV�DUH�DPRQJ�WKH�
NLQHPDWLF�FKDLQ�SDUWV�WKDW�DUH�XWLOLVHG�WR�DFFRPSOLVK�
WKH�ZKROH�������3LWFKHUV�H[SHULHQFH� WKLV�FKDQJH� LQ�
WRWDO�DUF�RI�PRWLRQ�HYHQ�ZKHQ�WKHLU�ELODWHUDO�7520�
�L�H���VXP�RI�(5���VXP�RI�,5��LV�HTXDO��

0(��85(0(1���(&�1,48(���

�WKOHWHV�WKDW�XVH�WKH�RYHUKHDG�WKURZLQJ�PRWLRQ�
H[SHULHQFH� RQH� RI� WKHVH� DGDSWDWLRQV� D� VKLIW� LQ�
PRWLRQ�� 7�SLFDOO��� WKH� WKURZLQJ� VKRXOGHU� PD��
URWDWH� H[WHUQDOO�� WR� D�PD[LPXP�RI� ������ZKLFK� LV�
WKH�JOHQRKXPHUDO�UDQJH�RI�PRWLRQ��520��REWDLQHG�
DW� WKH�HQG�RI� WKH�FRFNLQJ�SKDVH�RI� WKURZLQJ��7KLV�
URWDWLRQDO�IRUFH�LV�QHFHVVDU��WR�SLWFK�WKH�EDOO�

A� common� �nding� in� patient� groups� and� in�
RYHUKHDG� DWKOHWHV� OLNH� SURIHVVLRQDO� DQG� DPDWHXU�
EDVHEDOO� SLWFKHUV�� VRIWEDOO� SOD�HUV�� DQG� WHQQLV�
SOD�HUV� LV�WKH�VHOHFWLYH�ORVV�RI�,5�VKRXOGHU�PRWLRQ�
RQ�WKH�GRPLQDQW�H[WUHPLW�����EXEEOH�LQFOLQRPHWHU�
RU� D� QRUPDO� JRQLRPHWULF� WHFKQLTXH� FDQ� EH� XVHG�
WR� WHVW� VKRXOGHU� UDQJH� RI�PRWLRQ�� 7KH� IXOFUXP� RI�
WKH� JRQLRPHWHU� WHFKQLTXH� LV�SRVLWLRQHG� DERYH� WKH�
ROHFUDQRQ�SURFHVV�

� 7KH� SDWLHQW� VKRXOG� EH� SRVLWLRQHG� VXSLQH�ZLWK�
WKH�HOERZ�H[WHQGHG�WR�����DQG�WKH�VKRXOGHU�DW�����
RI�DEGXFWLRQ�LQ�WKH�VFDSXODU�SODQH���������DQWHULRU�
WR� WKH� FRURQDO� SODQH�� LQ� RUGHU� WR� DVVHVV� VKRXOGHU�

,5�� 7KH� IRUHDUP� LV� SRVLWLRQHG� YHUWLFDOO�� WR� VWDUW��
7KH�JOHQRKXPHUDO�MRLQW�LV�WKHQ�SDVVLYHO��LQWHUQDOO��
URWDWHG�E��WKH�H[DPLQHU�ZKLOH�JHQWO��SDOSDWLQJ�WKH�
FRUDFRLG� SURFHVV� WR� VWDELOLVH� WKH� VFDSXOD�� IHHO� IRU�
PRWLRQ��DQG�UHGXFH�WKH�DPRXQW�RI�VFDSXORWKRUDFLF�
FRQWULEXWLRQ� RU� FRPSHQVDWRU�� PRYHPHQW� WKDW�
KDSSHQV� DW� WKH� FRQFOXVLRQ� RI� ,5� PRWLRQ�� 7KH�
PHDVXUHPHQW� VKRXOG� EH� PDGH� ZKHQ� WKH� VFDSXOD�
VWDUWV�WR�VKLIW� LQWR�SURWUDFWLRQ�DQG�RU�DQWHULRU� WLOW��
�)LJ�����

,W�LV�DGYLVHG�WR�XVH�D�WRZHO�UROO�RU�WKH�FOLQLFLDQ�V�
VXSSRUWLQJ� KDQG�V�� WR� SRVLWLRQ� WKH� KXPHUXV�
FRQVLVWHQWO�� WKURXJKRXW� WKH� PHDVXUHPHQW� WR�
JXDUDQWHH�WKDW�LW�VWD�V�LQ�WKH�SURSHU�SRVLWLRQ�7KUHH�
DSSURDFKHV�WR�JOHQRKXPHUDO�MRLQW�,5�PHDVXUHPHQW�
KDYH�EHHQ�H[DPLQHG�E��:LON�H��D���7KHVH�DSSURDFKHV�
DUH�� QR� VWDELOLVDWLRQ�� VWDELOLVDWLRQ� ZLWK� KDQG� RQ�
IURQW� RI� VKRXOGHU�� DQG�&�VKDSH� VWDELOLVDWLRQ� ZLWK�
�ngers�posteriorly�and�thumb�on�coracoid�process.�
7KH�VWDELOLVDWLRQ�PHWKRG�WKDW�SURGXFHG�WKH�RSWLPDO�
DPRXQW�RI�VFDSXODU�VWDELOLVDWLRQ�DQG�SURYHG�UHOLDEOH�
LQ�ERWK�LQWUD�UDWHU�DQG�LQWHU�UDWHU�DSSOLFDWLRQV�ZDV�
WKH��&��VKDSH�W�SH�JUDVS��DV�LOOXVWUDWHG�

7KH� VKRXOGHU� LV� QRUPDOO�� SRVLWLRQHG� LQ� WKH�
VFDSXODU�SODQH���������DQWHULRU�WR�WKH�FRURQDO�SODQH��
DQG� DEGXFWHG� WR� ��� GHJUHHV�GXULQJ�PHDVXUHPHQW�
LQ�RUGHU�WR�DVVHVV�VKRXOGHU�(5��,W�LV�DGYLVHG�WR�XVH�
D� WRZHO� UROO� RU� WKH� FOLQLFLDQ�V� VXSSRUWLQJ� KDQG�V��
WR� SRVLWLRQ� WKH� SDWLHQW� FRQVLVWHQWO�� VR� WKDW� WKH�
KXPHUXV� VWD�V� LQ� WKH�GHVLUHG�SRVLWLRQ� GXULQJ� WKH�
PHDVXUHPHQW��7KH�IRUHDUP�LV�SRVLWLRQHG�YHUWLFDOO��
�SHUSHQGLFXODU� WR� WKH� VXSSRUW� VXUIDFH�� WR� EHJLQ�
ZLWK��1H[W�� ZKLOH� NHHSLQJ� WKH� VFDSXOD� VWDEOH�� WKH�
H[DPLQHU�SDVVLYHO��H[WHUQDOO��URWDWHV�WKH�KXPHUXV��
:KHQ�UHVLVWDQFH� WR�DGGLWLRQDO�PRELOLW�� LV� IHOW�DQG�
DWWHPSWV�WR�RYHUFRPH�LW�UHVXOW�LQ�D�SRVWHULRU�WLOW�RU�
UHWUDFWLRQ�RI�WKH�VFDSXOD��WKH�JOHQRKXPHUDO�(5�KDV�
UHDFKHG�LWV�HQG�UDQJH���)LJ�����

)LJ�����0HDVXUHPHQW�RI�JOHQRKXPHUDO�LQWHUQDO�URWDWLRQ )LJ�����0HDVXUHPHQW�RI�JOHQRKXPHUDO�H[WHUQDO�URWDWLRQ�

Sneha�Vishwanath.�Clinical�Commentary:�Glenohumeral�Internal�Rotation�De�cit�(GIRD)



�27-�����O�P�����1�P��������-���������0���������

��Sneha�Vishwanath.�Clinical�Commentary:�Glenohumeral�Internal�Rotation�De�cit�(GIRD)

�Q��WKURZLQJ�DWKOHWH�ZKR�SUHVHQWV�ZLWK�VKRXOGHU�
LVVXHV�VKRXOG�EH�KLJKO��VXVSLFLRXV�EHFDXVH�*,5'�LV�
TXLWH�SUHYDOHQW� LQ� RYHUKHDG� WKURZHUV�� �V� D� UHVXOW��
SDVVLYH� ,5� DQG� 750� RI� WKH� VKRXOGHU� QHHG� WR� EH�
HYDOXDWHG�LQ�DOO�WKURZHUV�H[SHULHQFLQJ�VKRXOGHU�SDLQ��
7KH� SDWLHQW� VKRXOG� OLH� VXSLQH� RQ� WKH� H[DPLQDWLRQ�
WDEOH�LQ�RUGHU�WR�HYDOXDWH�ORVV�RI�,5�RI�WKH�VKRXOGHU��
DFFRUGLQJ� WR� WKH� DXWKRUV�� VXJJHVWHG� PHWKRG�� ��
JRQLRPHWHU�FDQ�EH�XVHG�WR�HYDOXDWH�WKH�GLVFUHSDQFLHV�
EHWZHHQ�WKH�WKURZLQJ�VKRXOGHU�V�0D[LPXP�3DVVLYH�
(5�DQG�,5�DQG�WKH�FRQWUDODWHUDO�H[WUHPLW���)LJ�����

&UXFLDOO���WKH�PRPHQW�VKRUWO��EHIRUH�WKH�VFDSXOD�
VWDUWV� WR� OLIW� RII� WKH� H[DPLQDWLRQ� VXUIDFH� LV� WKH�
de�nition�of�maximum�passive� IR.�A�discrepancy�
RI�����RU�JUHDWHU�ZKHQ�FRPSDUHG�WR�WKH�FRQWUDODWHUDO�
VLGH�LV�W�SLFDOO��VHHQ�DV�LQGLFDWLYH�RI�*,5'��KRZHYHU�
WKH�SUHFLVH�FULWHULD�LV�XS�IRU�GHEDWH��7KH�VKRXOGHU�V�
750�LV�HTXDO� WR� WKH�VXP�RI� LWV�PD[LPXP�(5�DQG�
,5�� )RU� PRVW� DWKOHWHV� ZKR� WKURZ� WKHLU� ZHLJKW�
RYHUKHDG��ELODWHUDO�V�PPHWU��LQ�750�LV�LGHDO��7KLV�
DSSURDFK� KDV� EHHQ� GHPRQVWUDWHG� WR� KDYH� PRUH�
UHSURGXFLELOLW��DQG�LV�XQDIIHFWHG�E��VFDSXORWKRUDFLF�
RU�HOERZ�PRWLRQ��PDNLQJ� LW�WKH�SUHIHUUHG�ZD��IRU�
PHDVXULQJ�,5�LQVWHDG�RI�GHWHUPLQLQJ�WKH�YHUWHEUDO�
OHYHO�WKDW�FDQ�EH�UHDFKHG�ZKHQ�PRYLQJ�WKH�DUP�XS�
WKH�EDFN�

�KH� /LQN� �HW�HHQ� �LUG� �� �URP� �� �KR�OGHU�
,QM�ULHV���

The�TROM�concept�was��rst�put� forth�by�Wilk�
HW�DO���LQ�ZKLFK�D�7520�DUF�LV�FDOFXODWHG�E��DGGLQJ�
WKH�DPRXQWV�RI�(5�DQG�,5�DW�����RI�DEGXFWLRQ��)LJ��
����7520�LV�D�XVHIXO�HYDOXDWLRQ�LQVWUXPHQW�DQG�D�
FUXFLDO�SDUW�RI�WKH�3520�WKURZHUV�VKRXOGHU�H[DP��
:LON� H�� D��� KDYH� SURSRVHG� WKH� LGHD� RI� H[WHUQDO�
rotation�de�ciency�(ERD)�recently.

The� difference� of� fewer� than� �ve� degrees�
EHWZHHQ� WKH� H[WHUQDO� URWDWLRQ� RI� WKH� WKURZLQJ�
VKRXOGHU�DQG�WKH�QRQWKURZLQJ�VKRXOGHU�LV�NQRZQ�
as�an�external�rotation�de�ciency.�Consequently,�an�
(5�GLIIHUHQFH�RI�PRUH�WKDQ���GHJUHHV�LV�DQWLFLSDWHG�
ZKHQ� FRPSDULQJ� D� SOD�HU�V� (5� 3520� IURP� VLGH�
WR� VLGH�� 7KLV� ZRXOG� VXJJHVW� WKDW� D� SOD�HU�V� (5�
JDLQ�RQ�KLV�WKURZLQJ�VLGH�LV�VXEVWDQWLDO�HQRXJK�WR�
FRQWULEXWH�WR�WKH�GHPDQGV�RI�WKURZLQJ��SDUWLFXODUO��
GXULQJ� WKH� ODWH� FRFNLQJ� SKDVH� RI� WKH� SLWFKLQJ�
PRWLRQ����SLWFKHU�ZLWK�(5�VLGH�WR�VLGH�GLIIHUHQFH�RI�
���GHJ�PD��LPSDUW�LQFUHDVHG�VWUHVVHV�RQ�WKH�VWDWLF�
JOHQRKXPHUDO� VWDELOL]HUV�� WKHUHE�� FRQWULEXWLQJ�
WR� DQ� LQFUHDVHG� ULVN� RI� LQMXU�� RYHU� WKH� FDUHHU� RI�
WKH� DWKOHWH�� 7KHUHIRUH�� WKH� DXWKRUV� EHOLHYH� 7520�
differences,�especially�where�there�is�an�insuf�cient�

)LJ�����D��7RWDO�UDQJH�RI�PRWLRQ��7520��GRPLQDQW�VKRXOGHU��E��7520��QRQ�GRPLQDQW�VKRXOGHU�

(5�3520�RQ�WKH�GRPLQDQW�VLGH�DV�FRPSDUHG�WR�WKH�
QRQ�GRPLQDQW�VLGH��PD��SXW�WKH�SLWFKHU�DW�D�KLJKHU�
ULVN�IRU�LQMXU��

7KH� OHDGLQJ� SDWKRORJLF� SURFHVV� LQ� *,5'� LV�
SRVWHULRU� FDSVXODU� DQG� URWDWRU�FXII� WLJKWQHVV��
GXH� WR� WKH� UHSHWLWLYH� FRFNLQJ� WKDW� RFFXUV�ZLWK� WKH�
RYHUKHDG� WKURZLQJ� PRWLRQ�� �FKLHYLQJ� LQFUHDVHG�
(5� LQ� WKH�PD[LPDOO�� DEGXFWHG�SRVLWLRQ� LV� WKRXJKW�
WR�KHOS�LQFUHDVH�WKURZLQJ�YHORFLW���'XULQJ�SLWFKLQJ��
ELRPHFKDQLFDO� VWXGLHV� KDYH� VKRZQ� VKRXOGHU� (5�
FDQ�H[FHHG�������,5�DFFHOHUDWLRQ�FDQ�H[FHHG��������
VHFRQG�� DQG� ,5� WRUTXH� FDQ� H[FHHG� ���1�P�� 7KHVH�

NLQHPDWLF�H[WUHPHV�SODFH�D�KLJK�DPRXQW�RI�VWUHVV�RQ�
WKH� VWDWLF� DQG� G�QDPLF� VWDELOL]HUV� RI� WKH� VKRXOGHU��
LQFOXGLQJ�WKH�URWDWRU�FXII��MRLQW�FDSVXOH��DQG�ODEUXP��
:LWK�HDFK�SLWFK��WKHVH�VWUXFWXUHV�DUH�ORDGHG�WR�OHYHOV�
WKDW�DSSURDFK�WKHLU�XOWLPDWH�ORDG�WR�IDLOXUH��PDNLQJ�
WKHP� H[WUHPHO�� YXOQHUDEOH� WR� LQMXU��� �OWKRXJK� D�
VLQJOH�WUDXPDWLF�HYHQW�FDQ�OHDG�WR�D�VKRXOGHU�LQMXU���
PRUH�FRPPRQO��LW�LV�UHSHWLWLYH�RYHUXVH�WKDW�OHDGV�WR�
QXPHURXV�SDWKRORJLF�FRQGLWLRQV��LQFOXGLQJ�SRVWHULRU�
ODEUDO� WHDUV�� SDUWLDO� DUWLFXODU�VLGHG� SRVWHURVXSHULRU�
URWDWRU�FXII� WHDUV�� DQG� VXSHULRU� ODEUDO� DQWHULRU�WR�
SRVWHULRU� �6/�3�� WHDUV�� ,Q� DGGLWLRQ� WR� VKRXOGHU�
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SDWKRORJ���SDWLHQWV�DOVR�GLVSOD��VFDSXODU�G�VNLQHVLD�
DQG� DUH� SUHGLVSRVHG� WR� XOQDU� FROODWHUDO� OLJDPHQW�
�8&/��WHDUV�DW�WKH�HOERZ�

�&21&/86,21

,Q�VXPPDU���LI�WKH�RYHUKHDG�DWKOHWH�KDV�DOWHUDWLRQV�
RI� JOHQRKXPHUDO� PRWLRQ�� D� FRPSUHKHQVLYH�
H[DPLQDWLRQ�PXVW� EH�SHUIRUPHG� WR�GHWHUPLQH� WKH�
direction�of�motion�that�is�limited�and�the�speci�c�
WLVVXHV� WKDW� FDXVH� WKH� OLPLWDWLRQ�� ,Q� RYHUKHDG�
DWKOHWHV� D� OLPLWDWLRQ� RI� JOHQRKXPHUDO� PRWLRQ� LV�
UHTXLUHG� WR� SHUIRUP� PRWLRQV� VXFK� DV� WKURZLQJ�
DQG�VHUYLQJ��7KLV�ORVV�RI�PRWLRQ�LV�QRUPDO�DQG�QRW�
SDWKRORJLF��,Q�H[WUHPH�FDVHV�JOHQRKXPHUDO�PRWLRQ�

PD��EH� UHVWULFWHG� WR� WKH�SRLQW�RI� DFWXDOO�� FDXVLQJ�
SDWKRORJ��� 7KHQ�� WKH� DSSURSULDWH� LQWHUYHQWLRQ� WR�
address� identi�ed� limitations� can� be� chosen� from�
WKRVH� SUHVHQWHG� LQ� WKLV� FRPPHQWDU��� ZKLFK� DUH�
SURYLGHG� EDVHG� XSRQ� D� UHYLHZ� RI� WKH� HYLGHQFH��
ZKHQ�DYDLODEOH�

5()(5(1&(6

��� :LON�(�H��D���7KH�,QWHUQDWLRQDO�-RXUQDO�RI�6SRUWV�
3K�VLFDO� 7KHUDS�� ������ 2FWREHU�� 9ROXPH� ���
1XPEHU����3DJH����

��� 5RVH� DQG� 1RRQDQ�� 2SHQ� �FFHVV� -RXUQDO� RI�
6SRUWV�0HGLFLQH��������������
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