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LAY ABSTRACT
Individuals with upper limb loss are often offered prost-
hetic hands during the rehabilitation process, to restore 
body balance and compensate for lack of grip ability. Pro-
sthetic hands with multiple grip functions have been de-
YHORSHG�WR�IDFLOLWDWH�¿QH�PRWRU�VNLOOV�DQG�HQDEOH�DQ�HUJR-
nomic movement pattern. However, the impact of these 
hands on the users’ daily life has been sparsely studied, 
and the results have been inconsistent. This study evalu-
ates the effect of multi-grip hands on the performance of 
daily activities, pain-related disability and prosthesis use, 
compared to single-grip hands. Based on our results, a 
multi-grip hand was more useful than a single-grip mo-
GHO�IRU�SHUIRUPDQFH�RI�VSHFL¿F��LQGLYLGXDOO\�FKRVHQ�DFWL-
vities. Further, prosthesis use increased and pain-related 
disability was reduced by the use of a multi-grip hand. 
0XOWL�JULS�SURVWKHWLF�KDQGV�VHHP�WR�¿OO�D�JDS�LQ�SURVWKHWLF�
rehabilitation and facilitate activity performance, and are 
something clinicians can recommend to their patients.

Objective: To evaluate the effect of multi-grip myo-
electric prosthetic hands on performance of daily ac-
tivities, pain-related disability and prosthesis use, in 
comparison with single-grip myoelectric prosthetic 
hands. 
Design: Single-case AB design.
Patients: Nine adults with upper-limb loss participa-
ted in the study. All had previous experience of sing-
le-grip myoelectric prostheses and were prescribed 
a prosthesis with multi-grip functions.
Methods: To assess the changes in daily activities, 
pain-related disability and prosthesis use between 
single-grip and multi-grip myoelectric prosthetic 
hands, the Canadian Occupational Performance Mea-
sure, Pain Disability Index, and prosthesis wearing 
time were measured at multiple time-points. Visual 
assessment of graphs and multi-level linear regres-
sion were used to assess changes in the outcome 
measures. 
Results: At 6 months’ follow-up self-perceived per-
formance and satisfaction scores had increased, 
prosthesis wearing time had increased, and pain-
related disability had reduced in participants with 
musculoskeletal pain at baseline. On average, 8 of 
the 11 available grip types were used. Most useful 
were the power grip, tripod pinch and lateral pinch. 
Conclusion: The multi-grip myoelectric prosthetic 
hand has favourable effects on performance of, and 
satisfaction with, individually chosen activities, pro-
stheses use and pain-related disability. A durable 
single-grip myoelectric prosthetic hand may still be 
needed for heavier physical activities. With structu-
red training, a standard 2-site electrode control sys-
tem can be used to operate a multi-grip myoelectric 
prosthetic hand.

Key words: DPSXWDWLRQ��OLPE�ORVV��DUWL¿FLDO�OLPEV��DFWLYLWLHV�
of daily living; pain-related disability; linear models; patient 
satisfaction.
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Individuals with upper limb loss due to amputation or 
UHGXFWLRQ�GH¿FLHQF\�SUHVHQW�DW�ELUWK�DUH�RIWHQ�RIIHUHG�

prosthetic hands during rehabilitation, in order to restore 
ERG\�EDODQFH�DQG�FRPSHQVDWH�IRU�ODFN�RI�JULS�DELOLW\������
7R�LPSURYH�WKH�XVDELOLW\�RI�WKH�SURVWKHVLV��P\RHOHFWULF�
prosthetic hands have been developed with multiple 
JULS�IXQFWLRQV�WR�IDFLOLWDWH�¿QH�PRWRU�VNLOOV��&RPSDUHG�
ZLWK�PRVW�VLQJOH�JULS�SURVWKHVHV��PDQ\�RI�WKH�PXOWL�JULS�
hands are available in smaller sizes and have a more 
QDWXUDO� DSSHDUDQFH��7KHVH� LPSURYHPHQWV�KDYH�EHHQ�
UHTXHVWHG�E\�SURVWKHVLV�XVHUV�WKHPVHOYHV��VLQFH�VRPH�
DFWLYLWLHV�FDQ�EH�GLI¿FXOW�WR�SHUIRUP�ZLWK�VLQJOH�JULS�
P\RHOHFWULF�SURVWKHVHV������)XUWKHUPRUH��P\RHOHFWULF�
SURVWKHVHV�ZLWK�PXOWL�JULS�IXQFWLRQV�KDYH�WKH�SRWHQWLDO�
WR�HQDEOH�D�QDWXUDO�PRYHPHQW�SDWWHUQ������ZKLFK��RYHU�
WLPH��PD\�UHGXFH�SDLQ�GXH�WR�D�UHGXFWLRQ�LQ�FRPSHQ-
VDWRU\�PRYHPHQWV�� DQG�DYRLGDQFH�RI�RYHUXVH�RI� WKH�
FRQWUDODWHUDO�OLPE���±�����RU�SUHYHQW�WKH�RQVHW�RI�SDLQ��
7KH�QHZ�PXOWL�JULS�IXQFWLRQV�DUH�LQWHQGHG�WR�LQFUHDVH�
DFWLYH�SDUWLFLSDWLRQ�LQ�VRFLHW\��+RZHYHU��WKH�LPSDFW�RI�
PXOWL�JULS�KDQGV�RQ�WKH�XVHUV¶�GDLO\�OLIH�KDV�EHHQ�OLWWOH�
VWXGLHG��DQG�WKH�UHVXOWV�DUH�LQFRQVLVWHQW��6RPH�VWXGLHV�
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KDYH�VKRZQ�WKDW�PXOWL�JULS�KDQG�IXQFWLRQV�EULQJ�DGGL-
tional value to users, but also leave a substantial margin 
IRU�LPSURYHPHQW��ZLWK�VRPH�DFWLYLWLHV�VWLOO�EHLQJ�HDVLHU�
WR�SHUIRUP�ZLWK�D�VLQJOH�JULS�P\RHOHFWULF�KDQG����±�����
2WKHU�VWXGLHV�GLG�QRW�¿QG�DQ\�LPSURYHG�SHUIRUPDQFH�
with the multi-grip hands compared with single-grip 
P\RHOHFWULF�SURVWKHVHV��������±�����4XDOLWDWLYH�VWXGLHV�
KDYH�VKRZQ�WKDW�WKH�DSSHDUDQFH�RI�PXOWL�JULS�KDQGV�LV�
SUHIHUUHG�RYHU�VLQJOH�JULS�SURVWKHVHV�LQ�VRFLDO�VLWXDWLRQV�
����������DQG�WKDW�WKH�PXOWL�JULS�GHVLJQ�DOVR�IDFLOLWDWHG�
WKH�HPERGLPHQW�RI�WKH�SURVWKHVLV�������+RZHYHU��ERWK�
XVHUV�DQG�FOLQLFLDQV�UHSRUWHG�WKDW�PDQ\�RI�WKH�PXOWL�JULS�
IXQFWLRQV�DUH�UDUHO\�XVHG�������7KHUH�DUH�VHYHUDO�SRV-
VLEOH�UHDVRQV�IRU�WKLV��QRWDEO\�WKDW�DOO�IXQFWLRQV�LQ�WKH�
PXOWL�JULS�KDQG�QHHG�WR�EH�PDVWHUHG��ZKLFK�PD\�WDNH�
WLPH��WUDLQLQJ�DQG��LQHYLWDEO\��UHTXLUH�KLJKHU�FRJQLWLYH�
ORDG�������$QRWKHU�UHDVRQ�IRU�QRW�XVLQJ�WKH�IXOO�SRWHQWLDO�
RI�WKH�PXOWL�JULS�KDQG�PD\�EH�LQFRPSOHWH�WUDLQLQJ������
�����:LWK�LQDGHTXDWH�WUDLQLQJ�WKH�SDWLHQWV�PD\�XVH�WKHLU�
PXOWL�JULS�KDQG�LQ�WKH�VDPH�ZD\�DV�WKH\�KDYH�XVHG�D�
VLQJOH�JULS�SURVWKHVLV�����������
,Q�VXPPDU\��WKHUH�PD\�EH�D�PLVPDWFK�EHWZHHQ�WKH�

SDWLHQWV¶�ZLVK�IRU�EHWWHU�SURVWKHWLF�GHYLFHV�DQG�WKHLU�
DFWXDO�XVH�RI�WKH�QHZ�GHYLFHV��&XUUHQW�NQRZOHGJH�LV�
LQFRQFOXVLYH�DQG�IXUWKHU�VWXGLHV�DUH�QHHGHG�WR�VXSSRUW�
UHKDELOLWDWLRQ�FOLQLFLDQV�LQ�WKHLU�SUHVFULSWLRQ�GHFLVLRQV��
4XHVWLRQV�DULVH�DV�WR�ZKHWKHU�H[WHQVLYH�WUDLQLQJ�LQ�FRQ-
WURO�VNLOOV�DQG�XVH�RI�PXOWL�JULS�IXQFWLRQV�ZLOO�IDFLOLWDWH�
DFWXDO�XVH�RI�WKH�SURVWKHVLV��DQG�ZKHWKHU�WKLV�ZLOO�KDYH�
DQ�HIIHFW�RQ�SURVWKHVLV�XVHUV¶�DFWLYLW\�SHUIRUPDQFH�DQG�
SDLQ�UHODWHG�GLVDELOLW\�
7KH�RYHUDOO�DLP�RI�WKLV�VWXG\�ZDV�WKHUHIRUH�WR�HYD-

OXDWH� WKH� HIIHFW� RI�PXOWL�JULS�P\RHOHFWULF� SURVWKHWLF�
KDQGV� RQ� WKH� SHUIRUPDQFH� RI� GDLO\� DFWLYLWLHV�� SDLQ�
UHODWHG�GLVDELOLW\� DQG�SURVWKHVLV� XVH�� LQ� FRPSDULVRQ�
ZLWK� VLQJOH�JULS�P\RHOHFWULF� SURVWKHWLF� KDQGV��$�
VHFRQGDU\�DLP�ZDV�WR�VWXG\�WKH�XVHUV¶�DELOLW\�WR�OHDUQ�
DQG�XVH�WKH�PXOWL�JULS�KDQG�IXQFWLRQV�ZLWK�D�VWDQGDUG�
��VLWH�FRQWURO�V\VWHP�

METHODS
%RWK�D�VLQJOH�EDVHOLQH��IRU�$&0&�DQG�6+$3�GDWD��DQG�D�PXOWLSOH�
EDVHOLQH�VLQJOH�FDVH�$%�GHVLJQ�ZDV�XVHG� ���������� ,Q�3KDVH�$�
�EDVHOLQH���HDFK�SDUWLFLSDQW�ZDV�DVVHVVHG�PXOWLSOH�WLPHV��RQFH�D�
ZHHN��IRU�SHUIRUPDQFH�RI�GDLO\�DFWLYLWLHV�DQG�SDLQ�UHODWHG�GLVDEL-
OLW\�ZKHQ�XVLQJ�WKHLU�VLQJOH�JULS�P\RHOHFWULF�KDQG��$�WRWDO�RI��±��
EDVHOLQH�PHDVXUHPHQWV�DUH�UHTXLUHG�WR�REWDLQ�D�VWDEOH�EDVHOLQH�������
DQG���PHDVXUHPHQWV�ZHUH�IRXQG�WR�EH�VXI¿FLHQW�WR�REWDLQ�D�VWDEOH�
HVWLPDWH�IRU�WKHVH�YDULDEOHV�DV�EDVHOLQH�LQ�DOO�SDUWLFLSDQWV��6RPH�RI�
WKH�SDUWLFLSDQWV�ZHUH�QRW�DYDLODEOH�IRU�EDVHOLQH�PHDVXUHPHQWV�IRU���
ZHHNV�LQ�D�URZ��7KLV�UHVXOWHG�LQ�D�EDVHOLQH�SHULRG�RI��±��ZHHNV��$�
VLQJOH�EDVHOLQH�PHDVXUH�IRU�SURVWKHVLV�VNLOO�DQG�XVH��UHVSHFWLYHO\��
ZHUH�REWDLQHG�WR�DYRLG�OHDUQLQJ�HIIHFW�IURP�UHSHDWHG�DVVHVVPHQWV��
6XEVHTXHQWO\��D�PXOWL�JULS�KDQG�ZDV�¿WWHG�DQG�WUDLQLQJ�EHJDQ��WKH�
LQWHUYHQWLRQ���3KDVH�%��IROORZ�XS��VWDUWHG�RQ�WKH�VHFRQG�GD\�DIWHU�

WKH�¿WWLQJ��)RU�WKLV�SKDVH�WKH�RXWFRPH�YDULDEOHV�ZHUH�PHDVXUHG�
XVLQJ�D�PXOWL�JULS�KDQG�RQ�D�PD[LPXP�RI���RFFDVLRQV�RYHU�D�
SHULRG�RI���PRQWKV��7DEOH�,���7KH�PHDVXUHPHQWV�IURP�SKDVH�%�DUH�
FRPSDUHG�ZLWK�EDVHOLQH�PHDVXUHPHQWV�IURP�SKDVH�$�
7KH�LQFOXVLRQ�FULWHULD�ZHUH��DJH����\HDUV�RU�ROGHU��XSSHU�OLPE�

ORVV�GXH�WR�DPSXWDWLRQ�RU�UHGXFWLRQ�GH¿FLHQF\�SUHVHQW�DW�ELUWK��
EHLQJ�D�SUHYLRXV�XVHU�RI�D�VLQJOH�JULS�P\RHOHFWULF�SURVWKHVLV��
DQG�KDYLQJ�KDG�WUDLQLQJ�LQ�XVLQJ�LW��DQG�KDYLQJ�FXUUHQWO\�EHLQJ�
SUHVFULEHG�D�PXOWL�JULS�SURVWKHWLF�KDQG��$�V\VWHP�ZLWK�DQ�H[WUD��
WHPSRUDU\��PXOWL�JULS�KDQG�RI�WKH�VDPH�W\SH�DV�SUHVFULEHG�ZDV�
RUJDQL]HG�IRU�HDFK�SDUWLFLSDQW��LQ�RUGHU�WR�IDFLOLWDWH�FRPSOLDQFH�
ZLWK�WKH�SURFHGXUH�LQ�WKH�FDVH�RI�EUHDNGRZQV�RI�WKH�PXOWL�JULS�
KDQG��,Q�WKLV�VWXG\��DOO�SURVWKHVHV�DUH�IXQGHG�E\�WKH�JRYHUQPHQW�
DQG�WKHUH�LV�QR�FRVW�IRU�WKH�LQGLYLGXDO��7KLV�VWXG\�ZDV�DSSURYHG�
E\�WKH�5HJLRQDO�(WKLFV�&RPPLWWHH�LQ�8SSVDOD��DSSURYDO�QXPEHU�
�����������3ULRU�WR�LQFOXVLRQ��DOO�SDWLHQWV�ZKR�ZHUH�SUHVFULEHG�
D�PXOWL�JULS�KDQG�EHWZHHQ�$XJXVW������DQG�2FWREHU������UH-
FHLYHG�YHUEDO�DQG�ZULWWHQ�LQIRUPDWLRQ�DERXW�WKH�VWXG\�DQG�ZHUH�
LQYLWHG�WR�SDUWLFLSDWH��$OO�SDUWLFLSDQWV�VLJQHG�D�ZULWWHQ�FRQVHQW��

Measurement instruments 

7KH�&DQDGLDQ�2FFXSDWLRQDO�3HUIRUPDQFH�0HDVXUH��&230�������
ZDV�XVHG�WR�PHDVXUH�SHUIRUPDQFH�RI�GDLO\�DFWLYLWLHV��7KH�&230�
LV�D�ZLGHO\�XVHG�LQWHUYLHZHU�DGPLQLVWHUHG�JHQHULF�LQVWUXPHQW��,Q�
D�VHPL�VWUXFWXUHG�LQWHUYLHZ��WKH���PRVW�LPSRUWDQW�DFWLYLWLHV�WKDW�
DUH�DIIHFWHG�E\�WKH�KHDOWK�FRQGLWLRQ�DUH�GH¿QHG�E\�WKH�SDWLHQW��
DQG�WKH�TXDOLW\�RI��DQG�VDWLVIDFWLRQ�ZLWK��SHUIRUPDQFH�RI�WKHVH�
DFWLYLWLHV�DUH�VFRUHG�RQ�D��±���VFDOH��%DVHG�RQ�WKH�VFRUHV�IRU�WKHVH�
��DFWLYLWLHV��PHDQ�VFRUHV�DUH�FDOFXODWHG�IRU�SHUIRUPDQFH�TXDOLW\�
DQG�VDWLVIDFWLRQ�ZLWK�SHUIRUPDQFH��$�KLJKHU�VFRUH�LQGLFDWHV�KLJKHU�
TXDOLW\�RI�SHUIRUPDQFH�RU�JUHDWHU�VDWLVIDFWLRQ�ZLWK�SHUIRUPDQFH��
7KH�PLQLPDO�FOLQLFDO�LPSRUWDQW�GLIIHUHQFH�LV�VHW�DW���SRLQWV��)RU�
WKLV�VWXG\�WKH�YDOLGDWHG�6ZHGLVK�YHUVLRQ�RI�WKH�&230������ZDV�
XVHG��$OO�RI�WKH�FKRVHQ�DFWLYLWLHV�UHTXLUHG�¿QH�PRWRU�VNLOOV�DQG�
ZHUH�LPSRUWDQW�LQ�WKH�LQGLYLGXDO¶V�GDLO\�OLIH�DW�KRPH��DW�ZRUN�RU�LQ�
OHLVXUH�WLPH��VXFK�DV�GUHVVLQJ�FKLOGUHQ�DQG�XVLQJ�D�PRELOH�SKRQH��
7KH�HIIHFW�RQ�SDLQ�UHODWHG�GLVDELOLW\�ZDV�PHDVXUHG�ZLWK�WKH�3DLQ�

'LVDELOLW\�,QGH[��3',��������7KLV�JHQHULF�LQVWUXPHQW�PHDVXUHV�WKH�
LPSDFW�RI�SURORQJHG�SDLQ�RQ�D�SHUVRQ¶V�DELOLW\�WR�SDUWLFLSDWH�LQ�
HVVHQWLDO�OLIH�DFWLYLWLHV��7KH�3',�LV�DEOH�WR�GHWHFW�IURP�ORZ�WR�KLJK�
OHYHOV�RI�SDLQ�UHODWHG�GLVDELOLW\�RQ�D��±���VFDOH�LQ���GLPHQVLRQV��
7KH�VFRUHV�RQ�DOO�WKH�GLPHQVLRQV�DUH�VXPPHG�RQ�D�VFDOH�RI��±����
ZKHUH�D�KLJKHU�VFRUH�LQGLFDWHV�PRUH�REVWDFOHV�LQ�HVVHQWLDO�OLIH�DFWL-
YLWLHV�GXH�WR�SDLQ��7KH�PLQLPDO�GHWHFWDEOH�FKDQJH��0'&��IRU�3',�
LV�GHSHQGHQW�RQ�WKH�EDVHOLQH�VFRUH��IRU�VFRUHV�������WKH�0'&� ���
SRLQWV����±����WKH�0'&� ����SRLQWV��DQG�������WKH�0'&� ����SRLQWV�
3URVWKHVLV�VNLOO�ZDV�PHDVXUHG�E\�WKH�$VVHVVPHQW�RI�&DSDFLW\�IRU�

0\RHOHFWULF�&RQWURO��$&0&�����������DQG�D�PRGL¿HG�6RXWKDPS-
WRQ�+DQG�$VVHVVPHQW�3URFHGXUH��6+$3��������7KH�$&0&�LV�DQ�
REVHUYDWLRQ�EDVHG�DVVHVVPHQW�RI�WKH�SDWLHQW¶V�FDSDFLW\�IRU�FRQWURO�
RI�D�P\RHOHFWULF�SURVWKHVLV��,W�FRQVLVWV�RI����LWHPV�FRYHULQJ�VSHFL¿F�
FRQWURO�VNLOOV��ZLWK�HDFK�LWHP�EHLQJ�VFRUHG�RQ�D��±��VFDOH��ZKHUH���
is not capable�DQG���LV�extremely capable��7KH�$&0&�UDZ�VFRUHV�
DUH�SURFHVVHG�WKURXJK�WKH�$&0&�ZHEVLWH��ZKLFK�WUDQVIRUPV�WKH�
RYHUDOO�VFRUH�LQWR�$&0&�XQLWV��UDQJHV��±������+LJKHU�VFRUHV�LQGL-
FDWH�JUHDWHU�DELOLW\��7KH�LQWUD�UDWHU�0'&�IRU�$&0&�LV������ORJLWV�
������ZKLFK�LV�HTXDO�WR�����XQLWV�RQ�WKH��±����VFDOH��)RU�WKLV�VWXG\�
D�FRPELQDWLRQ�RI���$&0&�DFWLYLWLHV�ZDV�XVHG��Mixing a pudding 
and Setting table���,Q�RUGHU�IRU�D�EOLQGHG�$&0&�UHVHDUFKHU��+/��
WR�VFRUH�WKH�SDWLHQWV��WKH�SHUIRUPDQFH�ZDV�¿OPHG�E\�D�FOLQLFLDQ�
RU�DQRWKHU�UHVHDUFKHU��&:���7KH�EOLQGHG�UHVHDUFKHU�GLG�QRW�KDYH�
DQ\�FRQQHFWLRQ�ZLWK�WKH�FOLQLF�DQG�GLG�QRW�NQRZ�DQ\�RI�WKH�SDUWL-
FLSDQWV��7KLV�UHVHDUFKHU�YLHZHG�WKH�¿OPV�LQ�D�UDQGRP�RUGHU�DQG�
VFRUHG�WKH�FRGHG�SDWLHQW¶V�FDSDFLW\�IRU�P\RHOHFWULF�FRQWURO��7KH�
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Effect of multi-grip myoelectric prosthetic hands on daily activities p. 3 of 11

PRGL¿HG�YHUVLRQ�RI�WKH�6+$3�WHVW�ZDV�XVHG�WR�PHDVXUH�WKH�WLPH�
WDNHQ�WR�PRYH�REMHFWV�IURP�WKH�6+$3�ERDUG�E\�XVH�RI��DQG�VZLWFK�
EHWZHHQ��WKH�GLIIHUHQW�SUH�GHWHUPLQHG�JULS�W\SHV��)LYH�JHRPHWULF�
REMHFWV�IURP�WKH�RULJLQDO�6+$3�WHVW�ZHUH�XVHG��VHH�)LJ����IRU�WKH�
PRGL¿HG�6+$3�ERDUG�DQG�REMHFWV���7KHUH�LV�D�KHDY\�DQG�D�OLJKW�
YHUVLRQ�RI�HDFK�REMHFW��,QVWHDG�RI�PRYLQJ�HYHU\�REMHFW��DQG�WLPLQJ�
WKHP�VHSDUDWHO\��DV�LQ�WKH�RULJLQDO�6+$3�WHVW��SDUWLFLSDQWV�ZHUH�LQ-
VWUXFWHG�WR�WUDQVIHU�WKH���REMHFWV�LQ���ZHLJKW�FDWHJRU\�LQ�D�VHTXHQFH��
VZLWFKLQJ�JULS�W\SH�EHWZHHQ�HDFK�REMHFW�DQG�RQO\�PHDVXULQJ�WKH�
WRWDO�WLPH��LQ�V��WR�PRYH�DOO���REMHFWV��7KLV�ZDV�UHJLVWHUHG�VHSDUDWHO\�
IRU�OLJKW�REMHFWV�DQG�KHDY\�REMHFWV��$�ORZ�VFRUH�LQGLFDWHV�JUHDWHU�
VSHHG�DQG�VNLOO�DW�WKH�WDVN��
$�VWXG\�VSHFL¿F�TXHVWLRQQDLUH�ZDV�XVHG�WR�REWDLQ�LQIRUPDWLRQ�

RQ�SURVWKHVLV�XVH��FKDUDFWHULVWLFV�RI�WKH�SDUWLFLSDQWV�DQG�WR�LQYHVWL-
JDWH�WKH�SHUFHLYHG�XVHIXOQHVV�DQG�DFWXDO�XVH�RI�HDFK�DYDLODEOH�JULS�
W\SH��3URVWKHVLV�XVH�ZDV�PHDVXUHG�DV�VHOI�UHSRUWHG�ZHDULQJ�WLPH�
�LQ�K�SHU�GD\���7KH�XVHIXOQHVV�RI�HDFK�RI�WKH����DYDLODEOH�JULS�
W\SHV�ZDV�UHSRUWHG�RQ�D��±��VFDOH��ZKHUH��� �not useful���� �slightly 
useful���� �very useful�DQG�� extremely useful��7KH�DFWXDO�XVH�RI�
WKH�JULS� W\SHV�ZDV�VFRUHG�RQ�D��±��VFDOH��ZKHUH��� �not used, 
�� �used a little���� �used often�DQG��� �used to the maximum�

Procedure
)ROORZLQJ�SUHVFULSWLRQ�RI�D�PXOWL�JULS�KDQG��SDWLHQWV�YLVLWLQJ�WKH�
SURVWKHWLF�RXWSDWLHQW�FOLQLF�LQ�gUHEUR��6ZHGHQ�ZHUH�LQIRUPHG�
DERXW�WKH�VWXG\�DQG�LQYLWHG�WR�SDUWLFLSDWH��,I�WKH�SDWLHQW�DFFHSWHG��
WKH�¿UVW�EDVHOLQH�PHDVXUHPHQWV�ZHUH�WDNHQ��
Phase A.�:LWKLQ� �� EDVHOLQH�PHDVXUHV�� WKH�¿UVW�PHDVXUH� �LQ-
FOXGLQJ�WKH�VWXG\�VSHFL¿F�TXHVWLRQQDLUH��ZDV�DVVHVVHG�DW� WKH�
FOLQLF�� DQG� WKH�RWKHU���PHDVXUHV�ZHUH� DVVHVVHG�RQOLQH�RU�E\�
SKRQH�EHFDXVH�RI�WKH�ORQJ�GLVWDQFH�SDUWLFLSDQWV�KDG�WR�WUDYHO�WR�
WKH�FOLQLF��7KH�SHUIRUPDQFH�WHVWV��$&0&�DQG�PRGL¿HG�6+$3�
were measured once at the clinic, with the participants wearing 
WKHLU�VLQJOH�JULS�SURVWKHVLV��
Intervention.�7KH� LQWHUYHQWLRQ� LQFOXGHG�¿WWLQJ� D�PXOWL�JULS�
KDQG�DQG�D�SHULRG�RI�WUDLQLQJ�DQG�IROORZ�XS��$IWHU�¿WWLQJ�WKH�
PXOWL�JULS�KDQG��WKH�SDUWLFLSDQWV�KDG�DQ�LQLWLDO���GD\V�RI�LQWHQ-
VLYH�WUDLQLQJ�DW�WKH�FOLQLF��6XEVHTXHQWO\���±��K�RI�WUDLQLQJ�ZDV�
SURYLGHG�DW�HYHU\�IROORZ�XS��DIWHU���ZHHNV�DQG�DIWHU���������DQG�
��PRQWKV��3DUWLFLSDQWV�FRPSOHWHG�D�WRWDO�RI���±���K�RI�WUDLQLQJ��
7KH�WUDLQLQJ�ZDV�OHG�E\�DQ�RFFXSDWLRQDO�WKHUDSLVW�DQG�SHUIRUPHG�
DFFRUGLQJ�WR�WKH�VWUXFWXUHG�WUDLQLQJ�PHWKRG�³6WHSZLVH�7UDLQLQJ�

Table I.�6WHSV�LQ�WKH�LQWHUYHQWLRQ�DQG�WKH�UHVHDUFK�SURFHVV��EDVHOLQH��¿WWLQJ��WUDLQLQJ�DQG�IROORZ�XS

Steps Action of the treating occupational therapist Action of the researcher 

Phase A: Baseline
Participant wearing the single-grip hand
Baseline 1 visit Casting for a new socket. 

Choice of components and design to meet the patient’s needs, together 
ZLWK�D�FHUWL¿HG�SURVWKHWLVW�

Obtaining written informed consent. 
Collecting participants’ characteristics data.
Collecting baseline data: self-reported assessment of COPM, 
PDI and prosthesis wearing time (h per day).
$GPLQLVWHULQJ�PRGL¿HG�6+$3�DQG�¿OPLQJ�$&0&�DFWLYLWLHV�
performed with the single-grip hand.

Baseline 2 phone call Collecting baseline data: self-reported assessment of COPM, 
PDI and prosthesis wearing time

Baseline 3 phone call Collecting baseline data: self-reported assessment of COPM, 
PDI and prosthesis wearing time

Intervention
Phase B: Follow-up
Participant wearing the multi-grip hand
Day 1 Fitting of multi-grip hand and start of 2-day intensive training: 

Information and familiarization with the multi-grip prosthesis functions. 
STAIR: integration training (step 1–2) and structured control training 
(step 3–6). 

Day 2 STAIR: integration training (step 1–2), structured control training (step 
3–6), and activity performance training (step 7–13).

$GPLQLVWHULQJ�PRGL¿HG�6+$3�SHUIRUPHG�ZLWK�WKH�PXOWL�JULS�
hand.
Filming the ACMC activities Set table and Mixing a pudding 
performed with the multi-grip hand.

��ZHHN�DIWHU�¿WWLQJ�
with a multi-grip hand 

Phone call follow-up of home training. Verbal support if needed.

��ZHHNV�DIWHU�¿WWLQJ� Repetition of completed STAIR steps and continued training at step 9–13 
XVLQJ�WKH�LQGLYLGXDO�&230�DFWLYLWLHV��VWDUWLQJ�ZLWK�WKH�¿UVW�JRDO��
Homework.

Collecting multi-grip hand data:
Self-reported assessment of PDI and prosthesis wearing time. 
$GPLQLVWHULQJ�PRGL¿HG�6+$3�DQG�¿OPLQJ�$&0&�DFWLYLWLHV�

��PRQWK�DIWHU�¿WWLQJ� Repetition of completed STAIR steps and continued training at step 9–13 
using the individual COPM activities: second and third goal. 
Homework.

Collecting multi-grip hand data:
Self-reported assessment of COPM, PDI and prosthesis 
wearing time. 
$GPLQLVWHULQJ�PRGL¿HG�6+$3�DQG�¿OPLQJ�$&0&�DFWLYLWLHV�

��PRQWKV�DIWHU�¿WWLQJ� Repetition of STAIR control training and continued training at STAIR step 
�±����7UDLQLQJ�XVLQJ�WKH�LQGLYLGXDO�&230�DFWLYLWLHV��IRXUWK�DQG�¿IWK�JRDO��
Homework.

Collecting multi-grip hand data:
Self-reported assessment of COPM, PDI and prosthesis 
wearing time. 
$GPLQLVWHULQJ�PRGL¿HG�6+$3�DQG�¿OPLQJ�$&0&�DFWLYLWLHV�

��PRQWKV�DIWHU�¿WWLQJ� Repetition of STAIR control training and continued STAIR training 
according to the patient’s needs. Performance training in new individual 
COPM activities. 
Multi-grip settings adjusted if needed. Homework if needed.

Collecting multi-grip hand data:
Self-reported assessment of COPM, PDI and prosthesis 
wearing time.
$GPLQLVWHULQJ�PRGL¿HG�6+$3�DQG�¿OPLQJ�$&0&�DFWLYLWLHV�

��PRQWKV�DIWHU�¿WWLQJ� Individual activity training according to the patient’s needs. 
Multi-grip settings adjusted if needed.

Collecting multi-grip hand data:
Self-reported assessment of COPM, PDI, prosthesis wearing 
time, usefulness and actual use of the 11 grip types.
$GPLQLVWHULQJ�PRGL¿HG�6+$3�DQG�¿OPLQJ�$&0&�DFWLYLWLHV�

ACMC: Assessment of Capacity for Myoelectric Control; COPM: Canadian Occupational Performance Measure; PDI: Pain Disability Index; SHAP: Southampton 
Hand Assessment Procedure; STAIR: Stepwise Training for an Advanced and Integrated prosthetic Routine.

J Rehabil Med 53, 2021
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C. Widehammar et al.p. 4 of 11

OHYHO���UHSUHVHQWHG�WKH�LQGLYLGXDO�DQG�OHYHO���UHSUHVHQWHG�PXOWLSOH�
PHDVXUHPHQW�RFFDVLRQV�IURP�EDVHOLQH�WR���PRQWKV�WKDW�ZHUH�QHVWHG�
ZLWKLQ�OHYHO����'DWD�ZHUH�XQEDODQFHG��$&0&�KDG�������PLVVLQJ�
�������6+$3�KDG������PLVVLQJ��������&230�KDG������PLVVLQJ�
������DQG�3',�KDG������REVHUYDWLRQ�PLVVLQJ�������7KHUH�ZDV�QR�
PLVVLQJQHVV�LQ�FRYDULDWHV��6LQFH�PXOWLOHYHO�PRGHOV�GR�QRW�UHTXLUH�
EDODQFHG�GDWD�IRU�DQDO\VLV��DOO�DYDLODEOH�GDWD�ZHUH�XWLOL]HG�IRU�DQDO\VLV��
5DQGRP�LQWHUFHSW�DQG�VORSH��LQGHSHQGHQW�FRYDULDQFH�DQG�PD[LPXP�
OLNHOLKRRG�PHWKRGV�ZHUH�XVHG��7ZR�PRGHOV�ZHUH�¿WWHG��ZLWK�DQG�
ZLWKRXW�DGMXVWPHQW��ZLWK�WKH�¿UVW�LQFOXGLQJ�WKH�QXPEHU�RI�\HDUV�RI�
SURVWKHVLV�XVH�DQG�DJH��DV�FRQWLQXRXV�YDULDEOHV��DQG�VH[��7R�DVVHVV�
WKH�SRVVLELOLW\�RI�7\SH�,�HUURU�LQ�UHODWLRQ�WR�WKH�XVH�RI�PD[LPXP�
OLNHOLKRRG�IRU� WKH�VPDOO�VDPSOH�VL]H�� WKH�DQDO\VHV�ZHUH�UHSHDWHG�
XVLQJ�UHVWULFWHG�PD[LPXP�OLNHOLKRRG�ZLWK�DOWHUQDWLYH�FRPSXWDWLR-
QDO�PHWKRGV�IRU�WKH�FDOFXODWLRQ�RI�GHJUHHV�RI�IUHHGRP��VXFK�DV�WKH�
.HQZDUG�5RJHU�SURFHGXUH�������%HFDXVH�WKH�UHVXOWV�ZHUH�VLPLODU�
EHWZHHQ�WKH�GLIIHUHQW�PHWKRGV��WKH�UHVXOWV�REWDLQHG�IURP�WKH�PD[L-
PXP�OLNHOLKRRG�PHWKRG�DUH�SUHVHQWHG�KHUH��)ROORZ�XS�WLPH�ZDV�XVHG�
DV�D�FDWHJRULFDO�YDULDEOH��ZLWK�3KDVH�$��EDVHOLQH��DV�WKH�UHIHUHQFH��
7KH�FRHI¿FLHQWV�LQGLFDWH�GLIIHUHQFHV�LQ�VFRUHV�EHWZHHQ�EDVHOLQH�DQG�
HDFK�IROORZ�XS�RFFDVLRQ�LQ�3KDVH�%��&RQ¿GHQFH�LQWHUYDOV��&,V��QRW�
RYHUODSSLQJ�]HUR�ZHUH�FRQVLGHUHG�WR�LQGLFDWH�D�VWDWLVWLFDOO\�VLJQL¿FDQW�
GLIIHUHQFH��7KH�3',�DQG�WKH�PRGL¿HG�6+$3�VKRZHG�QRQ�FRQVWDQW�
YDULDELOLW\�RI�HUURUV�DFURVV�IROORZ�XS�WLPH��WKHUHIRUH�WKH�DQDO\VHV�
ZHUH�UHSHDWHG�XVLQJ�ORJ�WUDQVIRUPDWLRQ��IRU�PRGL¿HG�6+$3��DQG�
VTXDUH�URRW�WUDQVIRUPDWLRQ��IRU�3',���$V�WKH�FRQFOXVLRQ�UHPDLQHG�
HVVHQWLDOO\� WKH�VDPH�DIWHU� WKHVH� WUDQVIRUPDWLRQV�� WKH�UHVXOWV� IURP�
XQWUDQVIRUPHG�GDWD�DUH�SUHVHQWHG�KHUH��7KH�SHUFHLYHG�XVHIXOQHVV�
DQG�VHOI�UHSRUWHG�DFWXDO�XVH�RI�HDFK�RI�WKH����GLIIHUHQW�JULS�W\SHV�
DUH�SUHVHQWHG�DV�WKH�SHUFHQWDJH�RI�SDUWLFLSDQWV�JLYLQJ�HDFK�UDQNLQJ��
7ZR�VHQVLWLYLW\�DQDO\VHV�ZHUH�SHUIRUPHG��)LUVW����LQGLYLGXDOV�ZLWK�
ELODWHUDO�XSSHU�DQG�ELODWHUDO�ORZHU�OLPE�DPSXWDWLRQV�ZHUH�H[FOXGHG��
6HFRQGO\����3',�DQDO\VHV�ZHUH�SHUIRUPHG����ZLWK�DOO�SDUWLFLSDQWV�DQG�
��ZLWK�WKH���SDUWLFLSDQWV�ZKR�UHSRUWHG�SDLQ�DW�EDVHOLQH��'DWD�DQDO\VLV�
ZDV�SHUIRUPHG�XVLQJ�6WDWD�6WDWLVWLFDO�6RIWZDUH��5HOHDVH����DQG�����
6WDWD&RUS��������&ROOHJH�6WDWLRQ��7;��6WDWD&RUS�//&�

RESULTS

Participants
1LQH�SDWLHQWV� ���PDOHV�� IURP� WKH�QDWLRQDO�SURVWKHWLF�
RXWSDWLHQW�FOLQLF� LQ�gUHEUR��6ZHGHQ�ZHUH� LQYLWHG�DQG�
DOO�DJUHHG�WR�SDUWLFLSDWH�LQ�WKH�VWXG\��7KH\�KDYH�YDULRXV�
FDXVHV�RI�OLPE�ORVV�DQG�YDULRXV�SURVWKHVLV�ZHDULQJ�WLPH�
�VHH�7DEOH�,,���$OO�VWXG\�SDUWLFLSDQWV�ZHUH�¿WWHG�ZLWK�D�
EHELRQLF�PXOWL�JULS�KDQG�IURP�2WWRERFN��9LHQQD��$XVWULD�
XVLQJ���VLWH�GLUHFW�FRQWURO�DQG�ZHUH�IROORZHG�XS�IRU���
PRQWKV���)LJ�����

IRU�DQ�$GYDQFHG�DQG�,QWHJUDWHG�SURVWKHWLF�5RXWLQH´��67$,5��
������7KH�67$,5�WUDLQLQJ�LQFOXGHV�LQWHJUDWLRQ�WUDLQLQJ��FRQWURO�
WUDLQLQJ�DQG�WUDLQLQJ�LQ�GDLO\�DFWLYLWLHV��,Q�DGGLWLRQ�WR�WKH�LQWHQ-
VLYH�WUDLQLQJ�DQG�IROORZ�XSV��WKH�SDUWLFLSDQWV�SUDFWLVHG�DW�KRPH�
WKH�WDVNV�VHOHFWHG�WKURXJK�WKH�&230�LQWHUYLHZ��$OO�SDUWLFLSDQWV�
still had access to their single-grip prosthesis, but were encou-
UDJHG�WR�XVH�WKH�PXOWL�JULS�SURVWKHVLV�DV�PXFK�DV�WKH\�FRXOG��

Phase B��7KLV�SKDVH�VWDUWHG�RQ�WKH�VHFRQG�GD\�DIWHU�¿WWLQJ�WKH�
QHZ�PXOWL�JULS�KDQG�DQG�FRQWLQXHG�IRU�XS�WR���PRQWKV��$W�HDFK�
IROORZ�XS��WKH�SDUWLFLSDQWV�YLVLWHG�WKH�FOLQLF�DQG�ZHUH�DVVHVVHG�
RQ�WKH�IROORZLQJ�PHDVXUHV��$&0&��PRGL¿HG�6+$3��DQG�SURV-
WKHVLV�ZHDULQJ�WLPH��7KH�&230�DQG�3',�ZHUH�PHDVXUHG�DW�WKH�
IROORZ�XSV�DIWHU���������DQG���PRQWKV��7KH�&230�DVVHVVPHQWV�
were based on the same activities that each participant had 
FKRVHQ�IRU�WKH�EDVHOLQH�PHDVXUHV��$W�WKH���PRQWK�IROORZ�XS��
WKH�SHUFHLYHG�XVHIXOQHVV�DQG�DFWXDO�XVH�RI� WKH�GLIIHUHQW�JULS�
W\SHV�ZHUH�DVVHVVHG��$IWHU�WKH�IROORZ�XS�PHDVXUHV�ZHUH�WDNHQ��
67$,5�WUDLQLQJ�ZDV�LPSOHPHQWHG�

Analyses 

7KH�FKDQJHV�LQ�&230��3',��$&0&��DQG�PRGL¿HG�6+$3�VFRUHV�
ZHUH�DVVHVVHG�XVLQJ�ERWK�YLVXDO�DVVHVVPHQW�RI�JUDSKV� �����DQG�
PXOWLOHYHO�OLQHDU�UHJUHVVLRQ�PRGHOV�������,Q�WKH�PXOWLOHYHO�PRGHOV��

Fig. 1. The Southampton Hand Assessment Procedure (SHAP) board 
SUHSDUHG�IRU�WKH�PRGL¿HG�6+$3�WHVW�ZLWK���JHRPHWULF�VROLG�REMHFWV��D�
sphere for spherical grip, a cylinder for power grip, a triangular prism for 
tripod pinch, a thin rectangular prism for pinch grip, and a cuboid with a 
thin rectangular prism “handle” for lateral pinch). There is a heavy and 
a light version of each object. The photograph shows the heavy objects. 
(DFK�REMHFW�¿WV�LQWR�D�PDWFKLQJ�VORW�LQ�WKH�ERDUG��,Q�WKH�PRGL¿HG�6+$3�
test, the participant moves the 5 objects into their respective slots in 
a sequence, shifting grip type between each object. The time to move 
all 5 objects is measured (in s) when the participant presses the blue 
timer button in the centre; this is timed separately for light objects and 
heavy objects, monitored by a researcher.

Fig. 2. a) Multi-grip myoelectric 
prosthetic hand bebionic from 
Ottobock, Vienna Austria.  
b) Standard single-grip myoelectric 
prosthetic hand Variplus Speed 
from Ottobock, Vienna Austria.

medicaljournalssweden.se/jrm
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Effect of multi-grip myoelectric prosthetic hands on daily activities p. 5 of 11

Performance and satisfaction
7KH�JUDSKV�VKRZ�WKDW�ERWK�RFFXSDWLRQDO�SHUIRUPDQFH�
DQG�VDWLVIDFWLRQ�VFRUHV�LQ�&230�LQFUHDVHG�IRU�DOO�LQGL-
YLGXDOV�DIWHU�XVLQJ�WKH�PXOWL�JULS�KDQG��)LJ���D�DQG�)LJ��
�E���0XOWLOHYHO� UHJUHVVLRQ�DGMXVWHG�PRGHOV� VKRZHG�
WKDW�� DIWHU� ��PRQWKV�� TXDOLW\� RI� SHUIRUPDQFH� VFRUHV�
LQFUHDVHG��E\�D�PHDQ�RI�����SRLQWV������&,� ����±����
DQG� VDWLVIDFWLRQ�ZLWK� SHUIRUPDQFH� VFRUHV� LQFUHDVHG�
E\����� SRLQWV� �&,� ����±����� �7DEOH� ,,,���8QDGMXVWHG�
HVWLPDWHV�ZHUH�VLPLODU�WR�WKH�DGMXVWHG�HVWLPDWHV��Table 
6,�IRU�XQDGMXVWHG�DQDO\VHV���

Pain-related disability 
)LYH�SDUWLFLSDQWV�UHSRUWHG�WKDW�PXVFXORVNHOHWDO�SDLQ�ZDV�
OLPLWLQJ�WKHLU�SDUWLFLSDWLRQ�LQ�HVVHQWLDO�OLIH�DFWLYLWLHV�DW�
EDVHOLQH��)LJ������7KLV�DFWLYLW\�OLPLWDWLRQ�JHQHUDOO\�GHFOL-
QHG�DIWHU�¿WWLQJ�D�PXOWL�JULS�KDQG��,Q�FRQWUDVW����SDUWLFL-
SDQW�ZKR�UHSRUWHG�QR�SDLQ�UHODWHG�GLVDELOLW\�DW�EDVHOLQH�
UHSRUWHG�VRPH�OLPLWDWLRQ�DW�WKH���PRQWK�IROORZ�XS�GXH�
to increased wearing time, although at the subsequent 
IROORZ�XS�� WKLV�SDUWLFLSDQW¶V�3',� VFRUH� UHWXUQHG� WR����
)XUWKHUPRUH��QRQH�RI�WKH���SDUWLFLSDQWV�ZKR�JDYH�D�3',�
VFRUH�RI���DW�EDVHOLQH�UHSRUWHG�DQ\�SDLQ�UHODWHG�GLVDELOLW\�

Table II. Participants’ characteristics 

Participant 
number

Figure 
symbol

Age, 
years Sex Aetiology 

Amputation 
level

Type of single-
grip prosthetic 
hand

Type of 
multi-grip 
prosthetic 
hand 

Multi-grip 
prosthesis 
side

Experience 
of 
prosthesis 
use, years

Single-grip 
prosthesis 
wearing 
time at 
baseline, h/
day 

Prosthesis 
wearing 
time at 6 
months 
follow up, 
h/day

Number of 
repairs of 
the multi-
grip hand

01 ł 59 Female Quadrilateral 
amputation

Transcarpal Ottobock 
Transcarpal hand 
7¼

bebionic* 
small

Right 4 15 15 1

02 x 24 Male Congenital 
amputation

Transradial Ottobock VariPlus 
Speed 7¾

bebionic*
medium

Left 1 <1 12 1

03 Ƈ 32 Male Congenital 
amputation

Transcarpal Ottobock VariPlus 
Speed 8 ¼

bebionic*
medium

Left 30 4 6.5 2

04 Ŷ 19 Female Congenital 
amputation

Transradial Ottobock VariPlus 
Speed 7¼

bebionic* 
small

Left 19 10 10 1

05 Ÿ 18 Female Congenital 
amputation

Transradial Ottobock Electric 
hand 2000 size 
6.5

bebionic* 
small

Left 18 2 3 2

06 ż 26 Female Quadrilateral 
amputation

Transradial Ottobock VariPlus 
Speed 7¼

bebionic* 
small

Left 20 4 4 1

07 ¸ 32 Male Congenital 
amputation

Transradial Ottobock VariPlus 
Speed 7¼

bebionic* 
medium

Right 13 3 5 1

08 Ŀ 56 Male Congenital 
amputation

Transradial Ottobock VariPlus 
Speed 7¼

bebionic*
small

Left 46 12 12 5

09 ¨ 20 Male Congenital 
amputation

Transradial Ottobock VariPlus 
Speed 7¼

bebionic*
small

Right 17 12 12 1

*Ottobock bebionic hand has 14 grip types or positions to choose from. Each individual can choose 8 of these to be programmed: 4 in the primary grip pattern 
and 4 in the secondary grip pattern. The thumb is moved manually into opposed or non-opposed position. Pressing a button on the back of the hand changes 
between the grip patterns. To change between grips within each pattern a trigger signal (for example double open signal or co-contraction) is used. In addition, 
2 grip types and 1 position can be used without programming. The bebionic hand from Ottobock,Vienna, Austria, has 14 grip types or positions for each user.

Table III. $GMXVWHG�FRHI¿FLHQWV������FRQ¿GHQFH�LQWHUYDOV������&,��DQG�p-values using multilevel linear regression models for Canadian 
Occupational Performance Measure (COPM), Pain Disability Index (PDI), Assessment of Capacity for Myoelectric Control (ACMC) and 
PRGL¿HG�6RXWKDPSWRQ�+DQG�$VVHVVPHQW�3URFHGXUH��6+$3��VFRUHV

Data collection 
time-point

COPM
Performance

COPM
Satisfaction PDI PDI (n = 5)* ACMC

0RGL¿HG�6+$3
Light objects, 
sec

0RGL¿HG�6+$3�
Heavy objects, 
sec

&RHI¿FLHQW�
�����&,��

&RHI¿FLHQW�
�����&,��

&RHI¿FLHQW�
�����&,��

&RHI¿FLHQW�
�����&,��

&RHI¿FLHQW�
�����&,��

&RHI¿FLHQW�
�����&,��

&RHI¿FLHQW�
�����&,��

Phase A Baseline Reference Reference Reference Reference Reference Reference Reference

Phase B 2 days No data 
collected

No data 
collected

No data collected No data collected –18.5 (–24.5 to 12.4) 
p < 0.001

26.3 (8.1 to 44.4) 
p = 0.005

28.3 (12.2 to 44.3) 
p = 0.001

2 weeks No data 
collected

No data 
collected

No data collected No data collected –12.4 (–18.4 to –6.5) 
p < 0.001

7.7 (2.8 to 12.7) 
p = 0.002

8.9 (–1.2 to 19.0) 
p = 0.085

1 month 3.0 (2.1 to 3.8) 
p < 0.001

3.8 (2.7 to 4.9) 
p < 0.001

–2.0 (–9.9 to 5.9) 
p = 0.620

–4.6 (–18.1 to 8.9) 
p = 0.504

–4.2 (–8.6 to 0.3) 
p = 0.068

9.3 (2.9 to 15.8) 
p = 0.004

12.1 (–3.1 to 27.4) 
p = 0.119

2 months 3.5 (2.9 to 4.0) 
p < 0.001

4.5 (3.6 to 5.4) 
p < 0.001

–4.0 (–10.8 to 2.8) 
p = 0.249

–7.2 (–18.4 to 4.0) 
p = 0.209

–4.8 (–9.5 to –0.2) 
p = 0.042

5.0 (0.4 to 9.6) 
p = 0.033

1.2 (–8.4 to 10.9) 
p = 0.801

3 months 3.9 (3.2 to 4.6) 
p < 0.001

4.9 (4.0 to 5.7) 
p < 0.001

–9.0 (–16.3 to –1.7) 
p = 0.015

–14.4 (–23.0 to –5.8) 
p = 0.001

–1.4 (–6.1 to 3.2) 
p = 0.545

2.3 (–2.3 to 6.9) 
p = 0.330

3.4 (–6.3 to 13.1) 
p = 0.494

6 months 4.3 (3.6 to 4.9) 
p < 0.001

4.8 (3.9 to 5.7) 
p < 0.001

–7.7 (–14.0 to –1.3) 
p = 0.018

–13.8 (–21.8 to –5.8) 
p = 0.001

–2.5 (–7.8 to 2.8) 
p = 0.359

6.5 (–5.2 to 18.1) 
p = 0.275

–3.7 (–13.4 to 6.0) 
p = 0.454

*Includes only the 5 participants who reported pain-related disability in the Pain Disability Index at the baseline measurements. ����&,������FRQ¿GHQFH�LQWHUYDO��
7KH�HVWLPDWHV�DUH�DGMXVWHG�IRU�\HDUV�RI�XVH�DQG�DJH��DV�FRQWLQXRXV�YDULDEOHV��DQG�VH[���7KH�FRHI¿FLHQWV�LQGLFDWH�GLIIHUHQFH�RI�WKH�RXWFRPH�YDOXH�DW�D�JLYHQ�
time-point compared with the baseline.

J Rehabil Med 53, 2021
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a

 b

Fig. 3. Visual assessment of graphs of quality of and satisfaction with performance, as measured with the Canadian Occupational Performance 
Measure (COPM). (a) Quality of performance; (b) satisfaction with performance. Raw scores range from 1 to 10, with 10 representing the best 
SRVVLEOH�VFRUH���3KDVH�$ EDVHOLQH�ZLWK�WKH�VLQJOH�JULS�KDQG��3KDVH�% IROORZ�XS�DIWHU�¿WWLQJ�WKH�PXOWL�JULS�KDQG���1RWH��V\PEROV�UHIHUULQJ�WR�SDWLHQW�
,'V��ł� �����[� �����Ƈ = 03, Ŷ = 04, Ÿ = 05, ż� �����¸� �����Ŀ� �����DQG�¨� �����6HH�7DEOH�,,�IRU�GHVFULSWLRQ�RI�SDUWLFLSDQWV¶�FKDUDFWHULVWLFV�

 Fig. 4. Visual assessment of graphs of the Pain Disability Index (PDI) scores for 9 participants. Scores range from 0 to 70. Higher scores indicate 
more pain-related limitation in the performance of daily activities. Four of the participants (represented by a black triangle, white triangle, black 
circle and X) were pain free at baseline and thus their lines are overlaid at the score of 0. (Phase A=baseline with the single-grip hand, Phase B 
 IROORZ�XS�DIWHU�¿WWLQJ�WKH�PXOWL�JULS�KDQG���1RWH��V\PEROV�UHIHUULQJ�WR�SDWLHQW�,'¶V�ł� �����[� �����Ƈ = 03, Ŷ = 04, Ÿ = 05, ż� �����¸� �����Ŀ� �����DQG�
¨� �����6HH�7DEOH�,,�IRU�GHVFULSWLRQ�RI�SDUWLFLSDQWV¶�FKDUDFWHULVWLFV�
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Effect of multi-grip myoelectric prosthetic hands on daily activities p. 7 of 11

 Fig. 5. Visual assessment of graphs of the Assessment of Capacity for Myoelectric Control (ACMC) scores, demonstrating that most participants 
GHFUHDVHG�LQ�VNLOO�DIWHU�¿WWLQJ�RI�WKH�PXOWL�JULS�KDQG��EXW�UHJDLQHG�WKHLU�VNLOO�DIWHU�XVLQJ�LW�IRU���PRQWKV��$�KLJK�VFRUH�LQGLFDWHV�JUHDWHU�VNLOO�LQ�
myoelectric prosthesis use, maximum score = 100. Phase A included 1 baseline measure to control against learning effects. (Phase A=baseline 
ZLWK�WKH�VLQJOH�JULS�KDQG��3KDVH�% IROORZ�XS�DIWHU�¿WWLQJ�WKH�PXOWL�JULS�KDQG���1RWH��V\PEROV�UHIHUULQJ�WR�SDWLHQW�,'V�ł� �����[� �����Ƈ = 03, Ŷ = 04, 
Ÿ = 05, ż� �����¸� �����Ŀ� �����DQG�¨� �����6HH�7DEOH�,,�IRU�GHVFULSWLRQ�RI�SDUWLFLSDQWV¶�FKDUDFWHULVWLFV�

Fig. 6.�9LVXDO�DVVHVVPHQW�RI�JUDSKV�RI�WKH�PRGL¿HG�6RXWKDPSWRQ�+DQG�$VVHVVPHQW�3URFHGXUH��6+$3��VFRUHV���D��3HUIRUPDQFH�ZLWK�OLJKW�REMHFWV��
(b) performance with heavy objects. The participant’s performance is measured (in s), with a low score indicating greater skill in switching 
between grip types and using different grip types to move objects. Phase A included 1 baseline measure to control against learning effects. (Phase 
$ EDVHOLQH�ZLWK�WKH�VLQJOH�JULS�KDQG��3KDVH�% IROORZ�XS�DIWHU�¿WWLQJ�WKH�PXOWL�JULS�KDQG���1RWH��V\PEROV�UHIHUULQJ�WR�SDWLHQW�,'¶V�ł� �����[� �����
Ƈ = 03, Ŷ = 04, Ÿ = 05, ż� �����¸� �����Ŀ� �����DQG�¨� �����6HH�7DEOH�,,�IRU�GHVFULSWLRQ�RI�SDUWLFLSDQWV¶�FKDUDFWHULVWLFV�
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DW�WKH�ODWHU�IROORZ�XSV��DQG�DW�WKH���PRQWK�IROORZ�XS�WKH�
QXPEHU�RI�SDUWLFLSDQWV�UHSRUWLQJ�DQ\�SDLQ�UHODWHG�GLVDEL-
OLW\�KDG�GHFUHDVHG�IURP���WR����,Q�WKH�DGMXVWHG�PXOWLOHYHO�
DQDO\VHV��IRFXVVLQJ�RQ�WKH���SDUWLFLSDQWV�ZKR�UHSRUWHG�
SDLQ�UHODWHG�GLVDELOLW\� DW� EDVHOLQH�� LW�ZDV� IRXQG� WKDW��
FRPSDUHG�ZLWK�EDVHOLQH��WKHLU�3',�PHDQ�VFRUH�GHFUHDVHG�
VLJQL¿FDQWO\��E\�D�PHDQ�RI��±������&,� �±�����WR�±�����DW�
WKH���PRQWK�IROORZ�XS��DQG�E\�±������&,� �±�����WR�±�����
DW�WKH���PRQWK�IROORZ�XS��7DEOH�,,,���$�VLPLODU�SDWWHUQ�ZDV�
REVHUYHG�ZKHQ�DOO�SDUWLFLSDQWV�ZHUH�DQDO\VHG��DOWKRXJK�
WKH�PDJQLWXGH�RI�FRHI¿FLHQW�EHFDPH�PXFK�VPDOOHU��$W�WKH�
���DQG���PRQWK�IROORZ�XSV�WKH�3',�PHDQ�VFRUH�GHFUHDVHG�
IURP�EDVHOLQH�E\�±����DQG�±�����UHVSHFWLYHO\��

Prosthetic skill 
,QLWLDOO\��ZKHQ�WKH�SDUWLFLSDQWV�ZHUH�¿WWHG�D�PXOWL�JULS�
KDQG��WKHLU�VNLOO�LQ�SURVWKHVLV�FRQWURO��$&0&�VFRUHV��
GHFUHDVHG�FRPSDUHG�ZLWK�WKHLU�EDVHOLQH�SHUIRUPDQFH�

ZLWK� WKH�VLQJOH�JULS�KDQG��)LJ������+RZHYHU��DIWHU���
PRQWKV��WKH�VFRUH�RI�PRVW�RI�WKH�SDUWLFLSDQWV�LQFUHDVHG�
WR�D�OHYHO�VLPLODU�DV�ZLWK�WKH�VLQJOH�JULS�KDQG��$GMXVWHG�
PXOWLOHYHO�DQDO\VHV�VKRZHG� WKDW��DOWKRXJK� WKH�PHDQ�
$&0&�VFRUH�DW�WKH���PRQWK�IROORZ�XS�ZDV�ORZHU�WKDQ�
WKH�EDVHOLQH�VFRUH�E\�±����� WKLV�ZDV�QRW�VWDWLVWLFDOO\�
VLJQL¿FDQW��&,� �±����WR�������7DEOH�,,,���
7KH�WLPH�WR�SHUIRUP�WKH�PRGL¿HG�6+$3�WHVW�EHFDPH�

ORQJHU���GD\V�DIWHU�¿WWLQJ�WKH�PXOWL�JULS�KDQG��FRPSD-
UHG�ZLWK�EDVHOLQH�ZLWK�WKH�VLQJOH�JULS�KDQG��+RZHYHU��
E\�WKH�PHDVXUHPHQW�DIWHU���ZHHNV��LW�GHFUHDVHG�WR�D�
VLPLODU�OHYHO�DV�ZLWK�WKH�VLQJOH�JULS�KDQG��)LJ���D�DQG�
)LJ���E���,QGHHG��FRPSDUHG�ZLWK�EDVHOLQH��DW�WKH���GD\�
IROORZ�XS�LQ�WKH�DGMXVWHG�PRGHO��WKHUH�ZDV�D�VWDWLVWL-
FDOO\�VLJQL¿FDQW�LQFUHDVH��RI�DSSUR[LPDWHO\����V��IRU�
ERWK�OLJKW��&,� ����±������DQG�KHDY\��&,� �����±������
REMHFWV��7DEOH�,,,���+RZHYHU��LQ�WKH�ODWHU�IROORZ�XSV��
WKH�WLPH�GHFUHDVHG�JUDGXDOO\��DQG�DW�WKH���PRQWK�IRO-
ORZ�XS�WKH�PHDQ�WLPH�WR�SHUIRUP�WKH�PRGL¿HG�6+$3�

Fig. 7. User evaluation (n� ����RI�WKHLU�XVH�RI�WKH����JULS�W\SHV�DQG�KDQG�SRVLWLRQV��WULSRG�SLQFK��SRZHU�JULS��DFWLYH�LQGH[�¿QJHU��ODWHUDO�SLQFK��¿QJHU�
point, computer mouse grip, column grip, relaxed hand, adduction grip, hook grip, open palm) in the multi-grip hand at the 6-month follow-up, 
showing the percentage of participants giving each ranking. (a) Actual use; (b) perceived usefulness. 

 

a)

 

 

 

 

 

b)
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ZDV�QRW� VWDWLVWLFDOO\� VLJQL¿FDQWO\� GLIIHUHQW� IURP� WKH�
EDVHOLQH�ZLWK�WKH�VLQJOH�JULS�KDQG����V�VORZHU�IRU�WKH�
OLJKW�REMHFWV��&,� �±����WR�������DQG���V�IDVWHU�IRU�WKH�
KHDY\�REMHFWV��&,� �±�����WR�������

Prosthesis use and perceived usefulness of multi-
grip features
3DUWLFLSDQWV� LQFUHDVHG� WKHLU� VHOI�UHSRUWHG� SURVWKHVLV�
ZHDULQJ�WLPH�DIWHU�VZLWFKLQJ�WR�D�PXOWL�JULS�KDQG��IURP�
D�PHDQ�RI�����KRXUV�D�GD\�ZLWK�VLQJOH�JULS�KDQG�WR�����K�
D�GD\�ZLWK�WKH�PXOWL�JULS�KDQG�DW�WKH���PRQWK�IROORZ�XS�
�7DEOH�,,���7KH�PHGLDQ�QXPEHU�RI�JULS�W\SHV�XVHG�ZDV���
RXW�RI�����UDQJH��±�����*ULS�W\SHV�WKDW�ZHUH�FRQVLGHUHG�
PRVW�XVHIXO�DQG�ZHUH�XVHG�PRVW�ZHUH�WKH�SRZHU�JULS��
WULSRG�SLQFK�DQG�ODWHUDO�SLQFK��)LJ���D�DQG�)LJ���E���

Sensitivity analysis
:KHQ��� LQGLYLGXDOV�ZLWK� TXDGULODWHUDO� OLPE� DPSX-
WDWLRQV�ZHUH�H[FOXGHG�IURP�WKH�DQDO\VHV��WKHUH�ZHUH�
VPDOO�GHFOLQHV�LQ�HIIHFW�VL]HV�IRU�&230�SHUIRUPDQFH�
DQG� LQFUHDVH� IRU�$&0&��)XUWKHUPRUH�� LQ� WKH� HDUO\�
IROORZ�XS�DVVHVVPHQWV��HIIHFW�VL]HV�IRU�6+$3�KHDYLO\�
GHFOLQHG�ZKLOH�WKH\�LQFUHDVHG�LQ�ODWHU�IROORZ�XS�RF-
FDVLRQV��+RZHYHU��WKH�SDWWHUQ�RI�DVVRFLDWLRQ�UHPDLQHG�
VLPLODU��7DEOH�6,,��

6HFRQGDU\�¿QGLQJ
$OO�SDUWLFLSDQWV�UHSRUWHG�SUREOHPV�ZLWK�WKH�GXUDELOLW\�
RI�WKH�PXOWL�JULS�KDQG��7KHVH�ZHUH�EURNHQ�SURVWKHVLV�
¿QJHUV��EDWWHU\� IDLOXUHV�DQG�SUREOHPV�ZLWK� WKH�VRIW-
ZDUH��7KH�PHGLDQ� QXPEHU� RI� UHSDLUV�ZDV� �� �UDQJH�
�±���GXULQJ�WKH���PRQWK�WULDO�DQG�QR�SDUWLFLSDQW�ZDV�
IUHH�IURP�WHFKQLFDO�SUREOHPV�ZLWK�WKH�GHYLFH��7DEOH�
,,���7KH�V\VWHP�ZLWK�WHPSRUDU\�KDQGV�GLG�QRW�ZRUN�DV�
H[SHFWHG��DQG�PRVW�RI�WKH�SDUWLFLSDQWV�KDG�D�VKRUW�SH-
ULRG�RI�QRQ�XVH�RI�WKH�PXOWL�JULS�KDQG�GXULQJ�WKH�WULDO��

DISCUSSION

7R�RXU�NQRZOHGJH��WKLV�LV�WKH�¿UVW�LQWHUYHQWLRQ�VWXG\�
HYDOXDWLQJ�P\RHOHFWULF�PXOWL�JULS� SURVWKHWLF� KDQGV�
ZLWK�D�PXOWLOHYHO�EDVHOLQH�GHVLJQ�DQG�D�IROORZ�XS�RI�
��PRQWKV��7KH�UHVXOWV�DUH�SRVLWLYH�RYHUDOO��FRPSDUHG�
ZLWK�P\RHOHFWULF�VLQJOH�JULS�KDQGV��SHUIRUPDQFH�DQG�
VDWLVIDFWLRQ�ZLWK�WKH�PXOWL�JULS�KDQGV�LQFUHDVHG��DQG�
SDLQ�UHODWHG�GLVDELOLW\�GHFUHDVHG�LQ�SDUWLFLSDQWV�ZKR�
UHSRUWHG� WKDW�PXVFXORVNHOHWDO� SDLQ� UHVWULFWHG� WKHLU�
SDUWLFLSDWLRQ�LQ�GDLO\�OLIH�DFWLYLWLHV��7KH�SDUWLFLSDQWV�
OHDUQHG�WR�VZLWFK�HI¿FLHQWO\�EHWZHHQ�JULSV�DQG�WKH\�
XVHG�PDQ\�RI�WKH�RSWLRQDO�KDQG�JULS�W\SHV�DQG�SRVL-
WLRQV��+RZHYHU��WKH�SRRU�GXUDELOLW\�RI�WKH�PXOWL�JULS�
KDQGV�ZDV�SUREOHPDWLF�IRU�GDLO\�XVH��

7KH�FKRLFH�RI�LQVWUXPHQWV�WR�PHDVXUH�WKH�RXWFRPH�
RI�DQ�LQWHUYHQWLRQ�LV�LPSRUWDQW��,Q�FRQWUDVW�WR�SUHYLRXV�
VWXGLHV����±����WKDW�KDYH�XVHG�YDULRXV�TXHVWLRQQDLUHV�
WR�PHDVXUH�GLIIHUHQFHV�EHWZHHQ�SURVWKHWLF�KDQG�PR-
dels, it was decided to use a person-centred measure, 
WKH�&230��6LQFH�WKH�PRVW�LPSRUWDQW�GDLO\�DFWLYLWLHV�
YDU\�EHWZHHQ�GLIIHUHQW�SHRSOH��DQG�EHWZHHQ�SURVWKHVLV�
XVHUV��GHSHQGLQJ�RQ�OLIH�VLWXDWLRQV��LQWHUHVWV�DQG�RF-
cupations, we believe that person-centred measures, 
VXFK�DV�WKH�&230��JLYH�WKH�EHVW�LQIRUPDWLRQ�RQ�KRZ�
WKH�PXOWL�JULS�SURVWKHVLV�DIIHFWV�DQ�LQGLYLGXDO¶V�GDLO\�
DFWLYLWLHV��4XHVWLRQQDLUHV�WKDW�DUH�QRW�SHUVRQ�FHQWUHG�
DQG� DVN� DERXW� DFWLYLWLHV� WKDW� WKH� SHUVRQ�PD\�QHYHU�
ZDQW�RU�QHHG�WR�SHUIRUP�PD\�QHJDWLYHO\�LQÀXHQFH�WKH�
RXWFRPH�RI�D�VWXG\��7KLV�PD\�H[SODLQ�WKH�PRUH�SRVLWLYH�
UHVXOWV�IRU�PXOWL�JULS�KDQGV�LQ�WKH�FXUUHQW�VWXG\�
,Q�FRQWUDVW�WR�HDUOLHU�UHVHDUFK�������WKH�FXUUHQW�UHVXOWV�

VKRZ�WKDW��HYHQ�WKRXJK�WKH�SDUWLFLSDQWV�XVHG�D���VLWH�
HOHFWURGH�FRQWURO�V\VWHP��PDQ\�RI�WKH�JULS�IXQFWLRQV�
ZHUH�XVHG��7RGD\��DQRWKHU�PHWKRG�WR�FRQWURO�D�PXOWL�
grip hand has been introduced: pattern recognition 
FRQWURO� V\VWHPV� ����� WKDW� XVH�PXOWLSOH� HOHFWURGHV��
3DWWHUQ�UHFRJQLWLRQ�V\VWHPV�KDYH�EHHQ�GHYHORSHG�WR�
IDFLOLWDWH�WKH�FRQWURO�RI�WKH�PXOWL�JULS��PXOWL�IXQFWLRQ�
SURVWKHVLV�E\�VLPSOLI\LQJ�WKH�VZLWFKLQJ�EHWZHHQ�JULS�
W\SHV�DQG��WKHUHIRUH��PLJKW�DOVR�KDYH�D�SRVLWLYH�HIIHFW�
RQ�WKH�XVH�RI�GLIIHUHQW�JULS�W\SHV��DOWKRXJK�WKLV�KDV�QRW�
\HW�EHHQ�VKRZQ��
1RW�VXUSULVLQJO\��WKH���JULS�W\SHV�WKDW�ZHUH�SUHIHUUHG�

DQG�PRVW�XVHG�E\�WKH�SDUWLFLSDQWV�ZHUH�WKH�WULSRG�SLQFK��
WKH�SRZHU�JULS�DQG�WKH�ODWHUDO�SLQFK��$FFRUGLQJ�WR�HDUOLHU�
UHVHDUFK��WKHVH�JULS�W\SHV�DUH�PRVW�FRPPRQO\�XVHG�E\�
KXPDQ�KDQGV� ������ DQG��FRQVHTXHQWO\��ZHUH� WKH�RQHV�
PRVW�XVHG�E\�SURVWKHVLV�XVHUV�������7KH�VXEVWDQWLDO�XVH�RI�
WKH�DGGLWLRQDO�JULS�W\SHV�E\�WKH�SDUWLFLSDQWV�LQ�WKLV�VWXG\�
ZDV�XQH[SHFWHG��)RU�LQGLYLGXDOV�ZLWK�ELODWHUDO�DPSX-
WDWLRQV��ZKR�PD\�EH�HQWLUHO\�GHSHQGHQW�RQ�D�SURVWKHVLV�
IRU�SHUIRUPLQJ�¿QH�PRWRU�VNLOOV��WKH�RSSRUWXQLW\�WR�KDYH�
VHYHUDO�RSWLRQDO�JULS�W\SHV�LV�HVSHFLDOO\�LPSRUWDQW��7KH�
UHVXOWV�VKRZLQJ�WKDW�VHYHUDO�JULS�W\SHV�ZHUH�DOVR�XVHG�
E\�SDUWLFLSDQWV�ZLWK�XQLODWHUDO�DPSXWDWLRQ�ZDV�XQH[-
SHFWHG��)RU�WKH�DFWLYLWLHV�WKDW�UHTXLUH�¿QH�PRWRU�VNLOOV��
WKH�PXOWL�JULS�IXQFWLRQV�ZHUH�SHUIHFW��EXW�IRU�DFWLYLWLHV�
LQYROYLQJ�KHDYLHU�REMHFWV�WKH�SDUWLFLSDQWV�VWLOO�QHHGHG�D�
PRUH�GXUDEOH�VLQJOH�JULS�SURVWKHVLV�WR�DYRLG�EUHDNGRZQV�
DQG�ORQJ�UHSDLU�WLPHV��7KLV�LV�LQ�OLQH�ZLWK�HDUOLHU�VWXGLHV�
comparing multi-grip with single-grip prosthetic hands 
����������7KH�SRRU�GXUDELOLW\�RI�WKH�PXOWL�JULS�KDQGV�ZDV�
WURXEOHVRPH��ERWK�IRU�WKH�SDUWLFLSDQWV¶�GDLO\�XVH�RI�WKH�
KDQGV�DQG�IRU�WKH�VWXG\��'HVSLWH�WKH�SUREOHPV�ZLWK�GXUD-
ELOLW\��DQG�DOWKRXJK�WKH�SDUWLFLSDQWV�ZHUH�QRW�UHPLQGHG�WR�
wear the prosthesis, all participants wore their multi-grip 
KDQGV�IRU�PRUH�KRXUV�WKDQ�WKHLU�VLQJOH�JULS�KDQGV�DQG�
wanWHG�WR�NHHS�WKH�PXOWL�JULS�KDQG�IRU�GLIIHUHQW�UHDVRQV��
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RI�WKH�WUHDWPHQW��,W�WXUQHG�RXW��WKDW�WKH�FKRVHQ�GHVLJQ�
HQDEOHG�WR�FDSWXUH�DQG�GHVFULEH�WKH�FKDQJHV��
7KH�VWXG\�VDPSOH�FRQVLVWHG�SUHGRPLQDQWO\�RI�H[SH-

ULHQFHG�XVHUV�RI�P\RHOHFWULF�SURVWKHVHV��([SHULHQFH�LV�
H[SHFWHG�WR�IDFLOLWDWH�DELOLW\�LQ�KRZ�WR�VZLWFK�EHWZHHQ�
GLIIHUHQW�JULS�W\SHV��EXW�LW�ZDV�D�FKDOOHQJH�WR�FKDQJH�
WKH�SDUWLFLSDQWV¶�HDUOLHU�KDELWV��+RZHYHU��WKH�ORQJ�WHUP�
training made the participants overcome their previous 
KDELWV�DQG�HVWDEOLVK�QHZ�RQHV�IRU�FRQWURO�RI�WKH�PXOWL�
JULS�KDQG��+HQFH��WKLV�SURFHGXUH�LV�UHFRPPHQGHG�IRU�
IXWXUH�VWXGLHV�ZLWK�VLPLODU�UHVHDUFK�DLPV��7KH�VWXG\�
SDUWLFLSDQWV� LQFOXGHG� �� SHUVRQV�ZLWK� TXDGULODWHUDO�
DPSXWDWLRQ��7KH�SHUIRUPDQFH�RI� WKHVH� SHUVRQV�ZDV�
H[SHFWHG� WR� EH� GLIIHUHQW� IURP� WKDW� RI� WKH� �� SHUVRQV�
ZLWK�XQLODWHUDO�DPSXWDWLRQ��+RZHYHU��WKH�UHVXOWV�VKRZ�
WKDW� WKH� SHUVRQV�ZLWK� ELODWHUDO� DPSXWDWLRQ� IROORZHG�
WKH�VDPH�SDWWHUQ�DV�WKRVH�ZLWK�XQLODWHUDO�DPSXWDWLRQ�
7KH�6+$3�WHVW�KDV�EHHQ�FULWLFL]HG�IRU�LQGXFLQJ�OHDUQLQJ�

HIIHFWV�������ZKLFK�PD\�LQÀXHQFH�WKH�RXWFRPH��7R�SUHYHQW�
WKLV��DW�OHDVW���ZHHNV�ZHUH�DOORZHG�WR�HODSVH�EHWZHHQ�DV-
VHVVPHQWV�ZLWK�WKH�6+$3�REMHFWV��+RZHYHU��WKH�WHVW�ZDV�
SHUIRUPHG�LQ�WKH�VDPH�RUGHU�LQ�HYHU\�SDUWLFLSDQW��OLJKW�
REMHFWV�¿UVW�DQG�WKHQ�KHDY\�REMHFWV��ZKLFK�PD\�KDYH�LQ-
ÀXHQFHG�WKH�UHVXOWV�DQG�H[SODLQ�WKH�JUHDWHU�LPSURYHPHQW�
ZLWK�WKH�KHDY\�REMHFWV��7KH�$&0&�LV�YDOLGDWHG�IRU�XVHUV�
RI�P\RHOHFWULF��EXW��QRW�IRU�PXOWL�JULS��KDQGV��7KHUHIRUH��
FHUWDLQ�DVSHFWV�RI�FRQWURO�RI�D�PXOWL�JULS�KDQG��VXFK�DV�
choosing the appropriate grip and switching between grip 
W\SHV�ZHUH�QRW�HYDOXDWHG��+RZHYHU��XVLQJ� WKH�$&0&�
ZDV�XVHIXO�WR�GHPRQVWUDWH�WKH�GHYHORSPHQW�RI�FRQWURO��
)LOPLQJ�WKH�$&0&�DFWLYLWLHV�DQG�KDYLQJ�D�EOLQGHG�DV-
VHVVRU�VWUHQJWKHQHG�WKH�YDOLGLW\�RI�WKH�$&0&�VFRUHV��
7KHUH�ZHUH� VRPH�PLVVLQJ�GDWD��PDLQO\� LQ� WKH�SHU-

IRUPDQFH� WHVWV�� GXH� WR�EUHDN�GRZQ�DQG� UHSDLU�RI� WKH�
PXOWL�JULS� KDQGV��$OWKRXJK� SDUWLFLSDQWV� KDG� DFFHVV�
WR�WHPSRUDU\�KDQGV��LW�ZDV�VRPHWLPHV�QRW�SRVVLEOH�WR�
FRQGXFW�WKH�WHVWV��VLQFH�WKH�WHPSRUDU\�KDQGV�DOVR�EURNH�
GRZQ�D�IHZ�WLPHV��7KH�UHSDLU�WLPH�PD\�KDYH�QHJDWLYHO\�
DIIHFWHG�WKH�UHVXOW��VLQFH�WKH�SDUWLFLSDQWV�ZHUH�OHIW�ZLW-
KRXW�D�PXOWL�JULS�KDQG�IRU�XS�WR���ZHHNV��+RZHYHU��WKH�
PLVVLQJ�GDWD�DSSHDUHG�UDQGRPO\�GLVWULEXWHG�DFURVV�SDU-
WLFLSDQWV�DQG�IROORZ�XS�RFFDVLRQV��UHGXFLQJ�WKH�LPSDFW�
RQ�WKH�UHVXOWV��)XUWKHUPRUH��IRU�VRPH�RXWFRPHV��EDVHOLQH�
GDWD�ZHUH�FROOHFWHG�RQO\�RQFH��,W�LV�WKHUHIRUH�OHVV�FHUWDLQ�
WKDW�WKRVH�EDVHOLQHV�UHÀHFW�ZHOO�WKH�WUXH�EDVHOLQH�YDOXHV��
+RZHYHU��LW�ZDV�REVHUYHG�WKDW�WKH�YDOXHV�WHQGHG�WR�VWD\�
similar when other outcome variables were measured 
PXOWLSOH� WLPHV�DQG�PRVW�RI� WKH�SDUWLFLSDQWV�KDG�XVHG�
WKHLU�SURVWKHVLV�IRU�PDQ\�\HDUV��'DWD�LQ�WKH�SDWLHQWV¶�¿OHV�
VKRZ�WKDW�WKHLU�SURVWKHVLV�XVH�DQG�VNLOO�ZHUH�YHU\�VWDEOH�
,Q�FRQFOXVLRQ��D�PXOWL�JULS�P\RHOHFWULF�KDQG�SURV-

WKHVLV�FDQ�EH�PRUH�XVHIXO�WKDQ�D�VLQJOH�JULS�PRGHO�IRU�
SHUIRUPDQFH�RI�VSHFL¿F��LQGLYLGXDOO\�FKRVHQ�DFWLYLWLHV��
8VH�RI�WKH�PXOWL�JULS�IXQFWLRQV�PD\�UHGXFH�SDLQ�UHODWHG�
GLVDELOLW\��0XOWL�JULS�SURVWKHWLF�KDQGV�PD\�WKXV�¿OO�D�

+RPH�WUDLQLQJ�ZDV�HQFRXUDJHG��DQG�KHQFH�WKLV�PLJKW�
KDYH�DIIHFWHG�ZHDULQJ�WLPH��)XUWKHU�VWXGLHV�DUH�QHHGHG�
LQWR�WKH�XVHU¶V�SHUVSHFWLYH�RI�XVLQJ�PXOWL�JULS�KDQGV�LQ�
GDLO\�OLIH��LQ�RUGHU�WR�SURYLGH�YDOXDEOH�LQIRUPDWLRQ�WR�
ERWK�FOLQLFLDQV�DQG�SURVWKHWLF�GHYHORSHUV�
)RU�WKH�SDUWLFLSDQWV�ZKR�LQLWLDOO\�UHSRUWHG�WKDW�PXV-

FXORVNHOHWDO� SDLQ�ZDV� OLPLWLQJ� WKHLU� SDUWLFLSDWLRQ� LQ�
HVVHQWLDO�OLIH�DFWLYLWLHV��SDLQ�UHODWHG�GLVDELOLW\�ZDV�UH-
GXFHG�E\�XVH�RI�WKH�PXOWL�JULS�KDQG��+RZHYHU��ZKHQ�DOO�
SDUWLFLSDQWV�ZHUH�LQFOXGHG�LQ�WKH�DQDO\VLV��WKH�SDWWHUQ�
RI�GHFOLQH�ZDV�VLPLODU��EXW�ZLWK�D�VPDOOHU�PDJQLWXGH�
RI�DVVRFLDWLRQ��7KHUH�PD\�EH�VHYHUDO�UHDVRQV�IRU�WKH�
UHGXFWLRQ�LQ�SDLQ�UHODWHG�GLVDELOLW\��)LUVWO\��WKH�PXOWL�
JULS�IXQFWLRQV�HQDEOH�D�PRUH�QDWXUDO�PRYHPHQW�SDWWHUQ��
,Q�SDUWLFXODU��WUDLQLQJ�WR�XVH�WKH�ODWHUDO�SLQFK�IRU�EHWWHU�
SRVLWLRQ�DQG�JULS�UHGXFHV�WKH�QHHG�IRU�FRPSHQVDWRU\�
PRYHPHQWV�LQ�WKH�VKRXOGHU�DQG�WUXQN��6HFRQGO\��WKH�
participants increased their prosthesis wearing time 
DIWHU�EHLQJ�¿WWHG�ZLWK�WKH�PXOWL�JULS�KDQG��%\�XVLQJ�
WKH�SURVWKHVLV�PRUH��RYHUXVH�RI�WKH�FRQWUDODWHUDO�KDQG�
PD\�GHFUHDVH��UHVXOWLQJ�LQ�OHVV�RYHUXVH�SDLQ��+RZHYHU��
IXUWKHU�UHVHDUFK�LV�QHHGHG�WR�FRQ¿UP�WKLV�K\SRWKHVLV�
,W�LV�D�FKDOOHQJH�WR�FKDQJH�LQGLYLGXDOV¶�KDELWV�ZKHQ��IRU�

H[DPSOH��FKDQJLQJ�EHWZHHQ�KDQGV�RU�FRQWURO�V\VWHPV��7KH�
VLJQL¿FDQFH�RI�UH�WUDLQLQJ�KDV�EHHQ�KLJKOLJKWHG�EHIRUH�
DQG�EHFRPHV�FOHDU�ZKHQ�H[SHULHQFHG�P\RHOHFWULF�SUR-
VWKHVLV�XVHUV�FKDQJH�WR�PXOWL�JULS�KDQGV�������%\�XVLQJ�
LQGLYLGXDOO\�FKRVHQ�DFWLYLWLHV�WKDW�ZHUH�PHDQLQJIXO�IRU�WKH�
SDUWLFLSDQWV��WKH\�ZHUH�PRWLYDWHG�DQG�OHDUQHG�WR�SHUIRUP�
WKH�GDLO\�WDVNV�E\�XVH�RI�WKH�PXOWL�JULS�KDQG��6LPLODU�WR�
previous studies with multi-grip hands, the current results 
VKRZ�WKDW��DIWHU�FRPSOHWLQJ�WUDLQLQJ��WKH�H[SHULHQFHG�XVHUV�
ZHUH�VWLOO�VNLOOHG�LQ�P\RHOHFWULF�FRQWURO�����������7KLV�LV�LQ�
FRQWUDVW�WR�RWKHU�VWXGLHV��LQ�ZKLFK�DFWLYLWLHV�ZHUH�IRXQG�WR�
EH�HDVLHU�WR�SHUIRUP�ZLWK�D�VLQJOH�JULS�KDQG����±����DQG�
D�ORZ�XVH�RI�WKH�PXOWL�JULS�IXQFWLRQV�RI�WKH�QHZ�KDQGV�
ZDV�UHSRUWHG�������7KH�WUDLQLQJ�XVHG�IRU�WKH�FXUUHQW�VWXG\�
IRFXVHV�QRW�RQO\�RQ�OHDUQLQJ�WR�VZLWFK�EHWZHHQ�JULS�W\SHV��
EXW�DOVR�RQ�OHDUQLQJ�ZKLFK�JULS�W\SH�LV�PRVW�HIIHFWLYH�IRU�
XVH�LQ�GLIIHUHQW�VLWXDWLRQV�LQ�WKH�SHUVRQ¶V�GDLO\�OLIH��7KLV�
LQGLYLGXDOO\�WDLORUHG�WUDLQLQJ�PD\�H[SODLQ�WKH�LPSURYH-
PHQWV�LQ�WKH�SDUWLFLSDQWV¶�SHUIRUPDQFH�DQG�WKH�UHGXFWLRQ�
LQ�SDLQ�UHODWHG�GLVDELOLW\� LQ� WKLV� VWXG\��+RZHYHU�� WKLV�
UHTXLUHV�YHUL¿FDWLRQ�LQ�IXUWKHU�VWXGLHV�

Methodological considerations
$� VLQJOH�FDVH� GHVLJQ�ZLWK� D�PXOWLSOH� EDVHOLQH�$%�
GHVLJQ�ZDV�FKRVHQ� IRU� WKLV� VWXG\��7KLV� LV�SUHIHUDEOH�
IRU�VWXG\LQJ�FKDQJHV�RYHU�WLPH�����������%HKDYLRXUDO�
FKDQJHV�WDNH�WLPH��DQG�WR�EH�DEOH�WR�VWXG\�FKDQJHV�LQ�
WKH�SDUWLFLSDQWV¶�DFWLYLW\�SHUIRUPDQFH�DQG�SDLQ�UHODWHG�
GLVDELOLW\��WKH�IROORZ�XS�WLPH�ZDV�ORQJ����PRQWKV�DIWHU�
WKH�LQWHUYHQWLRQ��7KH�WLPH�SRLQWV�IRU�IROORZ�XSV�ZHUH�
set closer together at the beginning, since it was as-
sumed that most changes would occur at the beginning 

medicaljournalssweden.se/jrm
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Effect of multi-grip myoelectric prosthetic hands on daily activities p. 11 of 11

gap in prosthetic rehabilitation, but a durable single-grip 
KDQG�PD\�VWLOO�EH�QHHGHG�IRU�KHDYLHU�SK\VLFDO�DFWLYLWLHV��
:LWK� VWUXFWXUHG� WUDLQLQJ� D� VWDQGDUG� ��VLWH� HOHFWURGH�
FRQWURO�V\VWHP�FDQ�EH�XVHG�WR�RSHUDWH�D�PXOWL�JULS�KDQG�
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Table SI.�8QDGMXVWHG�FRHI¿FLHQWV������FRQ¿GHQFH�LQWHUYDOV������&,��DQG�p�YDOXHV�XVLQJ�PXOWLOHYHO�OLQHDU�UHJUHVVLRQ�PRGHOV�IRU�&DQDGLDQ�
2FFXSDWLRQDO�3HUIRUPDQFH�0HDVXUH��&230���3DLQ�'LVDELOLW\�,QGH[��3',���$VVHVVPHQW�RI�&DSDFLW\�IRU�0\RHOHFWULF�&RQWURO��$&0&��DQG�
PRGL¿HG�6RXWKDPSWRQ�+DQG�$VVHVVPHQW�3URFHGXUH��6+$3��VFRUHV

'DWD�
FROOHFWLRQ�
WLPH�SRLQW

&230
3HUIRUPDQFH

&230
6DWLVIDFWLRQ 3', 3',��n  ���
 $&0&

0RGL¿HG�6+$3
/LJKW�REMHFWV��
sec

0RGL¿HG�6+$3�
+HDY\�REMHFWV��
sec

&RHI¿FLHQW�
�����&,��

&RHI¿FLHQW�
�����&,��

&RHI¿FLHQW� 
�����&,��

&RHI¿FLHQW� 
�����&,��

&RHI¿FLHQW� 
�����&,��

&RHI¿FLHQW� 
�����&,��

&RHI¿FLHQW� 
�����&,��

3KDVH�$ %DVHOLQH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH
3KDVH�% ��GD\V� No data 

FROOHFWHG
No data 
FROOHFWHG

No data  
FROOHFWHG

No data  
FROOHFWHG

±������±�����WR�±������
p < 0.001

����������WR�������
p  ������

28.3 
������WR�������
p < 0.001

2 weeks No data 
FROOHFWHG

No data 
FROOHFWHG

No data  
ROOHFWHG

No data  
FROOHFWHG

±������±�����WR�±�����
p < 0.001

���������WR�������
p = 0.002

�����±����WR�������
p  ������

��PRQWK ���������WR������
p < 0.001

���������WR������
p < 0.001

±�����±����WR������
p = 0.620

±�����±�����WR������
p  ������

±�����±����WR�±�����
p  ������

���������WR�������
p  ������

12.1 
�±����WR�������
p = 0.123

��PRQWKV ���������WR������
p < 0.001

���������WR������
p < 0.001

±�����±�����WR������
p  ������

±�����±�����WR������
p = 0.216

±�����±�����WR�±�����
p  ������

���������WR������
p  ������

�����±����WR�������
p = 0.833

��PRQWKV ���������WR������
p < 0.001

���������WR������
p < 0.001

±�����±�����WR�±�����
p  ������

±������±�����WR�±�����
p = 0.001

±�����±����WR������
p  ������

�����±����WR������
p = 0.333

�����±����WR�������
p  ������

��PRQWKV ���������WR������
p < 0.001

���������WR������
p < 0.001

±�����±�����WR�±�����
p = 0.018

±������±�����WR�±�����
p = 0.001

±�����±����WR������
p  ������

�����±����WR�������
p  ������

–3.6 
�±�����WR������
p  ������


,QFOXGHV�RQO\�WKH���SDUWLFLSDQWV�ZKR�UHSRUWHG�SDLQ�UHODWHG�GLVDELOLW\�LQ�WKH�3DLQ�'LVDELOLW\�,QGH[�DW�WKH�EDVHOLQH�PHDVXUHPHQWV������&,������FRQ¿GHQFH�LQWHUYDO��
7KH�FRHI¿FLHQWV�LQGLFDWH�GLIIHUHQFH�RI�WKH�RXWFRPH�YDOXH�DW�D�JLYHQ�WLPH�SRLQW�FRPSDUHG�ZLWK�EDVHOLQH�

Supplementary material to article by C. Widehammar et al. “Effect of multi-grip myoelectric prosthetic hands 
on daily activities, pain-related disability and prosthesis use compared with single-grip myoelectric prostheses: 
A single-case study”
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Table SII. $GMXVWHG� FRHI¿FLHQWV�� ���� FRQ¿GHQFH� LQWHUYDOV� DQG� p�YDOXHV� XVLQJ� PXOWLOHYHO� OLQHDU� UHJUHVVLRQ� PRGHOV� IRU� &DQDGLDQ�
2FFXSDWLRQDO�3HUIRUPDQFH�0HDVXUH��&230���3DLQ�'LVDELOLW\�,QGH[��3',���$VVHVVPHQW�RI�&DSDFLW\�IRU�0\RHOHFWULF�&RQWURO��$&0&��DQG�
PRGL¿HG�6RXWKDPSWRQ�+DQG�$VVHVVPHQW�3URFHGXUH��6+$3��VFRUHV��H[FOXGLQJ���LQGLYLGXDOV�ZLWK�ELODWHUDO�XSSHU�DQG�ELODWHUDO�ORZHU�OLPE�
DPSXWDWLRQV

'DWD�
FROOHFWLRQ�
WLPH�SRLQW

&230
3HUIRUPDQFH

&230
6DWLVIDFWLRQ 3', 3',��n  ���
 $&0&

0RGL¿HG�6+$3
/LJKW�REMHFWV��
sec

0RGL¿HG�6+$3�
+HDY\�REMHFWV��
sec

&RHI¿FLHQW 
�����&,��

&RHI¿FLHQW� 
�����&,��

&RHI¿FLHQW� 
�����&,��

&RHI¿FLHQW� 
�����&,��

&RHI¿FLHQW� 
�����&,��

&RHI¿FLHQW� 
�����&,��

&RHI¿FLHQW� 
�����&,��

3KDVH�$ %DVHOLQH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH 5HIHUHQFH
3KDVH�% ��GD\V� No data 

FROOHFWHG
No data 
FROOHFWHG

No data  
FROOHFWHG

No data  
FROOHFWHG

–21.1 
�±�����WR�±������
p < 0.001

����������WR�������
p  ������

����������WR�������
p  ������

2 weeks No data 
FROOHFWHG

No data 
FROOHFWHG

No data  
FROOHFWHG

No data  
FROOHFWHG

±������±�����WR�±�����
p < 0.001

���������WR�������
p = 0.003

�����±����WR�������
p  ������

��PRQWK ���������WR������
p < 0.001

���������WR������
p < 0.001

±�����±�����WR������
p  ������

±�����±�����WR�������
p  ������

±�����±�����WR������
p = 0.120

���������WR�������
p = 0.003

�����±�����WR�������
p  ������

��PRQWKV ���������WR������
p < 0.001

���������WR������
p < 0.001

±�����±�����WR������
p = 0.362

±�����±�����WR������
p  ������

±�����±�����WR������
p = 0.132

���������WR�������
p = 0.012

±�����±�����WR������
p  ������

��PRQWKV ���������WR������
p < 0.001

���������WR������
p < 0.001

±�����±�����WR�±�����
p  ������

±������±�����WR�±�����
p = 0.013

±�����±����WR������
p = 0.622

�����±����WR������
p  ������

±�����±�����WR������
p  ������

��PRQWKV ���������WR������
p < 0.001

���������WR������
p < 0.001

±�����±�����WR�±�����
p  ������

±������±�����WR�±�����
p = 0.011

±�����±����WR������
p  ������

�����±����WR�������
p  ������

±�����±�����WR������
p = 0.131


,QFOXGHV�RQO\�WKH���SDUWLFLSDQWV�ZKR�UHSRUWHG�SDLQ�UHODWHG�GLVDELOLW\�LQ�WKH�3DLQ�'LVDELOLW\�,QGH[�DW�WKH�EDVHOLQH�PHDVXUHPHQWV������&,������FRQ¿GHQFH�LQWHUYDO��
7KH�HVWLPDWHV�DUH�DGMXVWHG�IRU�\HDUV�RI�XVH�DQG�DJH��DV�FRQWLQXRXV�YDULDEOHV��DQG�VH[��7KH�FRHI¿FLHQWV�LQGLFDWH�GLIIHUHQFH�RI�WKH�RXWFRPH�YDOXH�DW�D�JLYHQ�WLPH�
SRLQW�FRPSDUHG�ZLWK�EDVHOLQH�

Supplementary material to article by C. Widehammar et al. “Effect of multi-grip myoelectric prosthetic hands 
on daily activities, pain-related disability and prosthesis use compared with single-grip myoelectric prostheses: 
A single-case study”


