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Abstract:�([HUFLVH� LV� UHFRPPHQGHG� DV� D�¿UVW�OLQH� FRQVHUYDWLYH� LQWHUYHQWLRQ� DSSURDFK� IRU�
RVWHRDUWKULWLV��2$���$�ZLGH�UDQJH�RI�H[HUFLVH�SURJUDPV�DUH�DYDLODEOH�DQG�VFLHQWL¿F�HYLGHQFH�LV�
QHFHVVDU\�IRU�FKRRVLQJ�WKH�RSWLPDO�VWUDWHJ\�RI�WUHDWPHQW�IRU�HDFK�SDWLHQW��7KH�SXUSRVH�RI�WKLV�
UHYLHZ�LV�WR�GLVFXVV�WKH�HIIHFWLYHQHVV�RI�GLIIHUHQW�W\SHV�RI�H[HUFLVH�SURJUDPV�IRU�2$�EDVHG�RQ�
WULDOV��V\VWHPDWLF�UHYLHZV��DQG�PHWD�DQDO\VHV�LQ�WKH�OLWHUDWXUH��3XEOLFDWLRQV�IURP�-DQXDU\������
WR�-XO\������ZHUH�VHDUFKHG�LQ���HOHFWURQLF�GDWDEDVHV�XVLQJ�WKH�WHUPV�RVWHRDUWKULWLV��H[HUFLVH��
H[HUFLVH�SURJUDP��HIIHFWLYHQHVV��DQG�WUHDWPHQW�RXWFRPH��6WURQJ�HYLGHQFH�VXSSRUWV�WKDW�DHURELF�
DQG�VWUHQJWKHQLQJ�H[HUFLVH�SURJUDPV��ERWK�ODQG��DQG�ZDWHU�EDVHG��DUH�EHQH¿FLDO�IRU�LPSURYLQJ�
SDLQ�DQG�SK\VLFDO�IXQFWLRQ�LQ�DGXOWV�ZLWK�PLOG�WR�PRGHUDWH�NQHH�DQG�KLS�2$��$UHDV�WKDW�UHTXLUH�
IXUWKHU� UHVHDUFK� LQFOXGH�H[DPLQDWLRQ�RI� WKH� ORQJ�WHUP�HIIHFWV�RI�H[HUFLVH�SURJUDPV�IRU�2$��
EDODQFH�WUDLQLQJ�IRU�2$��H[HUFLVH�SURJUDPV�IRU�VHYHUH�2$��WKH�HIIHFW�RI�H[HUFLVH�SURJUDPV�RQ�
SURJUHVVLRQ�RI�2$��WKH�HIIHFWLYHQHVV�RI�H[HUFLVH�IRU�MRLQW�VLWHV�RWKHU�WKDQ�WKH�NQHH�RU�KLS��DQG�
WKH�HIIHFWLYHQHVV�RI�H[HUFLVH�IRU�2$�E\�VXFK�IDFWRUV�DV�DJH��VH[��DQG�REHVLW\��(IIRUWV�WR�LPSURYH�
DGKHUHQFH�WR�HYLGHQFH�EDVHG�H[HUFLVH�SURJUDPV�IRU�2$�DQG�WR�SURPRWH�WKH�GLVVHPLQDWLRQ�DQG�
LPSOHPHQWDWLRQ�RI�WKHVH�SURJUDPV�DUH�FUXFLDO�

Keywords:�RVWHRDUWKULWLV��H[HUFLVH��SK\VLFDO�DFWLYLW\��WUHDWPHQW�RXWFRPH��HIIHFWLYHQHVV

Introduction

2VWHRDUWKULWLV��2$��LV�WKH�PRVW�FRPPRQ�IRUP�RI�DUWKULWLV�DQG�WKH�OHDGLQJ�FDXVH�RI�GLVDELO�
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IURP������WR�������DW�OHDVW����PLOOLRQ�RI�SHRSOH�LQ�WKH�8QLWHG�6WDWHV�KDYH�2$���2YHU�WKH�
QH[W�IHZ�GHFDGHV��VXEVWDQWLDO�LQFUHDVHV�DUH�H[SHFWHG�LQ�WKH�LQFLGHQFH��KHDOWK�LPSDFW��DQG�
HFRQRPLF�FRQVHTXHQFHV�RI�2$��ODUJHO\�GXH�WR�WKH�DJLQJ�RI�WKH�86�SRSXODWLRQ�DQG�WKH�
REHVLW\�HSLGHPLF�����EHFDXVH�ROGHU�DJH�DQG�H[FHVV�ERG\�ZHLJKW�DUH�ERWK�ZHOO�UHFRJQL]HG�
ULVN�IDFWRUV�IRU�WKH�GHYHORSPHQW�RI�2$��HVSHFLDOO\�2$�RI�WKH�NQHH��7KH�EXUGHQ�RI�2$�RI�
WKH�NQHH�DORQH�LV�SDUWLFXODUO\�KLJK�DQG�LV�RQ�WKH�ULVH�����$SSUR[LPDWHO\���������SULPDU\�
WRWDO�NQHH�DUWKURSODVW\��7.$��SURFHGXUHV��D�FRPPRQ�SURFHGXUH�LQ�SDWLHQWV�ZLWK�VHYHUH�
2$�RI�WKH�NQHH��DUH�SHUIRUPHG�DQQXDOO\�LQ�WKH�8QLWHG�6WDWHV��DQG�DQQXDO�7.$�YROXPH�
LQFUHDVHG��������LQ�WKH�86�0HGLFDUH�SRSXODWLRQ�EHWZHHQ������DQG������8�)XUWKHUPRUH��
LQ���������������KRVSLWDO�GLVFKDUJHV�DQG�����ELOOLRQ�LQ�KRVSLWDO�FKDUJHV�ZHUH�GXH�WR�2$�
RI�WKH�NQHH��

7UHDWPHQWV� DYDLODEOH� IRU�2$� LQFOXGH�SKDUPDFRORJLFDO� WKHUDSLHV�� LQWUD�DUWLFXODU�
LQMHFWLRQV�� VXUJLFDO� SURFHGXUHV�� DQG� FRQVHUYDWLYH� LQWHUYHQWLRQV�� VXFK� DV� SK\VLFDO�
WKHUDS\��EUDFHV�DQG�GHYLFHV��DQG�H[HUFLVH��3URIHVVLRQDO�UKHXPDWRORJLF�DQG�RUWKRSHGLF�
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RUJDQL]DWLRQV� UHFRPPHQG� FRQVHUYDWLYH� LQWHUYHQWLRQV� DV� D�
IXQGDPHQWDO� VWUDWHJ\� IRU�PDQDJHPHQW�RI�PLOG�WR�PRGHUDWH�
2$�����±���2IWHQWLPHV��WKHVH�FRQVHUYDWLYH�DSSURDFKHV�QHHG�WR�
EH�FRPELQHG�ZLWK�SKDUPDFRORJLFDO�DQG�VXUJLFDO�WUHDWPHQWV�IRU�
RSWLPDO�GLVHDVH�PDQDJHPHQW��$OO�RI�WKH�LQWHUYHQWLRQV�FDQ�KHOS�
UHGXFH�SDLQ�DVVRFLDWHG�ZLWK�2$��DQG�DQ�LPSRUWDQW�DGYDQWDJH�
RI�QRQSKDUPDFRORJLFDO�QRQVXUJLFDO�DSSURDFKHV��SDUWLFXODUO\�
WKRVH�LQWHUYHQWLRQV�WKDW�LQFOXGH�H[HUFLVH��LV�WKHLU�GLUHFW�HIIHFW�
RQ�LPSURYLQJ�SK\VLFDO�IXQFWLRQ���������

$OWKRXJK�LQFUHDVHG�ULVN�RI�2$�KDV�EHHQ�DVVRFLDWHG�ZLWK�
MRLQW�LQMXU\�VXIIHUHG�LQ�VSRUW����SK\VLFDO�DFWLYLW\�LV�EHQH¿FLDO�
IRU�MRLQW�WLVVXHV�DQG�FDQ�KHOS�GHFUHDVH�V\PSWRPV�DQG�LPSURYH�
IXQFWLRQ����$FFRUGLQJO\��SK\VLFDO�DFWLYLW\�KDV�EHHQ�QRWHG�DV�
D�FHQWUDO�FRPSRQHQW�LQ�WKH�&HQWHUV�IRU�'LVHDVH�&RQWURO�DQG�
3UHYHQWLRQ��&'&��DQG�$UWKULWLV�)RXQGDWLRQ¶V������SXEOLFD�
WLRQ��A National Public Health Agenda for Osteoarthritis�� 
([HUFLVH�SURJUDPV�IRU�2$�PD\�EH�ODQG��RU�ZDWHU�EDVHG�DQG�
LQFOXGH�DFWLYLWLHV�IRFXVHG�RQ�HQGXUDQFH��HJ��ZDONLQJ���UDQJH�
RI�PRWLRQ�ÀH[LELOLW\��VWUHQJWKHQLQJ��EDODQFH��RU�DQ\�FRPELQD�
WLRQ�RI�WKHVH�FRPSRQHQWV�

7KLV� DUWLFOH�GLVFXVVHV� WKH�HIIHFWLYHQHVV�RI� H[HUFLVH�SUR�
JUDPV�IRU�2$�EDVHG�RQ�D�FRPSUHKHQVLYH�UHYLHZ�RI�WKH�OLWHUD�
WXUH�DQG�H[DPLQHV�WKH�HIIHFWLYHQHVV�RI�H[HUFLVH�SURJUDPV�E\�
W\SH�RI�H[HUFLVH�DQG�VHYHULW\�RI�2$��$OWKRXJK�H[HUFLVH�SUR�
JUDPV�IRU�2$�PD\�EHQH¿W�PDQ\�DIIHFWHG�MRLQW�VLWHV��UHVHDUFK�LQ�
WKLV�DUHD�SULPDULO\�KDV�H[DPLQHG�WKH�HIIHFWLYHQHVV�RI�SURJUDPV�
IRU�WKH�NQHH�DQG�KLS��DQG�WKHUHIRUH��WKHVH�MRLQWV�ZLOO�EH�WKH�
SUHGRPLQDQW�IRFXV�RI�WKLV�DUWLFOH��6HYHUDO�V\VWHPDWLF�UHYLHZV�
RI�WKH�HIIHFWLYHQHVV�RI�GLIIHUHQW�H[HUFLVH�SURJUDPV�IRU�SDWLHQWV�
ZLWK�NQHH�DQG�KLS�2$�KDYH�EHHQ�SXEOLVKHG��7KH�LQWHQW�RI�WKLV�
PDQXVFULSW�LV�WR�VXPPDUL]H�DQG�H[WHQG�WKRVH�SUHYLRXV�UHYLHZV�
ZLWK�PRUH�UHFHQWO\�SXEOLVKHG�ZRUN�DQG�WR�FRYHU�D�ZLGHU�UDQJH�
RI�H[HUFLVH�W\SHV�WKDQ�UHSRUWHG�LQ�RWKHU�PRUH�UHFHQW�UHYLHZV��
7R�EXLOG� WKH�RYHUDOO� SLFWXUH�� KRZHYHU��PDWHULDO� SUHYLRXVO\�
UHYLHZHG�ZLOO�EH�LQFOXGHG��7KH�HPSKDVLV�RI�WKLV�SDSHU�ZLOO�EH�
RQ�UDQGRPL]HG�FRQWUROOHG�WULDOV��5&7V���DV�WKH\�FDQ�SURYLGH�
VWURQJHU�HYLGHQFH�WKDQ�RWKHU�VWXG\�GHVLJQV�RI�WKH�HIIHFWLYHQHVV�
RI�LQWHUYHQWLRQ�SURJUDPV�

Materials and Methods

$�OLWHUDWXUH�VHDUFK�RI�SXEOLFDWLRQV�IURP�WKH�SDVW����\HDUV��-DQX�
DU\������WKURXJK�-XO\�������ZDV�FRQGXFWHG�ZLWKLQ�3XEPHG�
0HGOLQH��WKH�&RFKUDQH�/LEUDU\��WKH�3K\VLRWKHUDS\�(YLGHQFH�
'DWDEDVH��DQG�WKH�&XPXODWLYH�,QGH[�WR�1XUVLQJ�DQG�$OOLHG�
+HDOWK�/LWHUDWXUH� XVLQJ� WKH� WHUPV�RVWHRDUWKULWLV�� H[HUFLVH��
H[HUFLVH� SURJUDP�� HIIHFWLYHQHVV�� DQG� WUHDWPHQW� RXWFRPH��
$OWKRXJK�D�V\VWHPDWLF�DSSURDFK�ZDV�QRW�XVHG�IRU�WKLV�DUWLFOH��
WLWOHV�DQG�DEVWUDFWV�IRU�LGHQWL¿HG�DUWLFOHV�ZHUH�UHYLHZHG�E\���RI�

WKH�DXWKRUV��<0*�DQG�'-&��WR�GHWHUPLQH�LI�WKH\�ZHUH�VSHFL¿F�
WR�2$��KDG�D�FOHDUO\�GH¿QHG�H[HUFLVH�SURJUDP��DQG�H[DPLQHG�
WKH�HIIHFWLYHQHVV�RI�WKH�SURJUDP��(QJOLVK�ODQJXDJH�5&7V�DQG�
V\VWHPDWLF�UHYLHZV�RI�H[HUFLVH�SURJUDPV�IRU�2$�ZHUH�LQFOXGHG��
DQG�SKDUPDFRORJLFDO�DQG�VXUJLFDO�LQWHUYHQWLRQ�VWXGLHV�RI�2$�
�VXFK�DV�WRWDO�MRLQW�UHSODFHPHQW��WKDW�LQFOXGHG�H[HUFLVH�SUR�
JUDPV�ZHUH�H[FOXGHG��)XOO�WH[W�ZDV�REWDLQHG�IRU�DUWLFOHV�WKDW�
PHW�WKHVH�FULWHULD��7KH�LQLWLDO�VHDUFK�VWUDWHJ\�LGHQWL¿HG�����
SRWHQWLDOO\�UHOHYDQW�SXEOLFDWLRQV��'XSOLFDWHV������DQG�DUWLFOHV�
WKDW�GLG�QRW�PHHW�LQFOXVLRQ�FULWHULD�DIWHU�H[DPLQLQJ�WLWOHV�DQG�
DEVWUDFWV�������RU�UHYLHZLQJ�WKH�IXOO�WH[W������ZHUH�UHPRYHG��
OHDYLQJ����DUWLFOHV�LQFOXGHG�LQ�WKLV�UHYLHZ�

Land-Based Exercise Programs for OA
Mixed Land-Based Exercise Programs
/DQG�EDVHG�H[HUFLVH�SURJUDPV�KDYH�LQFOXGHG�DHURELF�RU�HQGXU�
DQFH�DFWLYLWLHV� �HJ��ZDONLQJ�DQG�F\FOLQJ��� VWUHQJWK� WUDLQLQJ�
ZLWK�DQG�ZLWKRXW�ZHLJKWV��DQG�EDODQFH�WUDLQLQJ��7KUHH�V\V�
WHPDWLF�UHYLHZV�RI�5&7V�KDYH�EURDGO\�H[DPLQHG�WKH�HIIHFWV�
RI�ODQG�EDVHG�H[HUFLVH�SURJUDPV�RQ�SDLQ�DQG�SK\VLFDO�IXQFWLRQ�
UHODWHG�WR�NQHH�DQG�KLS�2$��7DEOH�����7KH�UHVXOWV�RI�D�V\VWHP�
DWLF�UHYLHZ�RI���5&7V�FRPSDULQJ�ODQG�EDVHG�H[HUFLVH�ZLWK�
QRQH[HUFLVH�DPRQJ�SHRSOH�ZLWK�KLS�2$�VKRZHG�RQO\�VPDOO�
LPSURYHPHQW�LQ�SDLQ��VWDQGDUGL]HG�PHDQ�GLIIHUHQFH�>60'@��
����������&,������±������������EXW�QR�EHQH¿FLDO�FKDQJH�LQ�VHOI�
UHSRUWHG�IXQFWLRQ��60'��−����������&,��−�����WR��������7KH�
DXWKRUV�FRPPHQWHG�WKDW�WKH�OLPLWHG�QXPEHU�DQG�VPDOO�VDPSOH�
VL]H�RI�WKH�LQFOXGHG�5&7V��DORQJ�ZLWK�WKH�KHWHURJHQHLW\�RI�WKH�
VWXGLHV��PLQLPL]H�WKH�LQWHUSUHWDELOLW\�RI�WKHVH�UHVXOWV�

)UDQVHQ�DQG�0F&RQQHOO������UHYLHZHG���HOHFWURQLF�GDWDEDVHV�
IURP�-DQXDU\������WKURXJK�'HFHPEHU������WR�H[DPLQH�D�UDQJH�
RI�ODQG�EDVHG�H[HUFLVH�SURJUDPV�IRU�2$�RI�WKH�NQHH��LQFOXG�
LQJ�ZDONLQJ��VWUHQJWKHQLQJ��DQG�EDODQFH�DFWLYLWLHV��7KLUW\�WZR�
5&7V� VWXGLHV�ZHUH� LQFOXGHG� LQ� WKH� UHYLHZ��ZLWK� D� WRWDO� RI�
�����SDUWLFLSDQWV�ZLWK�NQHH�SDLQ�GDWD�DQG������SDUWLFLSDQWV�
ZLWK�VHOI�UHSRUWHG�SK\VLFDO�IXQFWLRQ�GDWD��5HVXOWV�RI�WKH�PHWD�
DQDO\VLV�VKRZHG�HIIHFWLYHQHVV�RI�ODQG�EDVHG�H[HUFLVH�SURJUDPV�
ZLWK�D�60'�RI�����������&,������±������IRU�SDLQ�DQG������
�����&,������±������IRU�SK\VLFDO�IXQFWLRQ��7KH�DXWKRUV�HPSKD�
VL]HG�WKDW�DOWKRXJK�WKHVH�HIIHFW�VL]HV�DSSHDU�VPDOO��WKH\�DUH��LQ�
IDFW��FRPSDUDEOH�ZLWK�HVWLPDWHV�UHSRUWHG�IRU�VLPSOH�DQDOJHVLFV�
DQG�QRQVWHURLGDO�DQWL�LQÀDPPDWRU\�GUXJV��16$,'V��IRU�WKH�
WUHDWPHQW�RI�NQHH�SDLQ��1RWDEO\��LQWHUYHQWLRQV�WKDW�LQYROYHG�D�
JUHDWHU�QXPEHU�RI�GLUHFWO\�VXSHUYLVHG�VHVVLRQV��!����YLVLWV��
ZHUH�DVVRFLDWHG�ZLWK�JUHDWHU�LPSURYHPHQWV�LQ�NQHH�SDLQ�DQG�
SK\VLFDO�IXQFWLRQ�

$�PHWD�DQDO\VLV�E\�5RGG\�HW�DO���FRPSDUHG�WKH�HI¿FDF\�
RI� DHURELF�ZDONLQJ� ��� VWXGLHV��� KRPH�EDVHG� TXDGULFHSV�
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Table 1. Systematic Reviews of Exercise as a Treatment for OA

Study Study Purpose Design and 

Procedures

Number of  

Studies Reviewed

Number of 

Participants

Types of 

Intervention and 

Duration

Study Results and 

Conclusions

Mixed Land-Based Exercise Programs

Fransen et al21 To determine 
whether land-
based exercise 
reduced 
joint pain or 
improved 
function in 
people with 
hip OA when 
compared with 
no exercise.

Meta-analysis; 
systematic review 
of 5 electronic 
databases from 
1966–2008. All RCTs 
recruited people with 
hip OA and land-
based therapeutic 
exercise groups 
were compared with 
nonexercise groups.

5 RCTs, but only 1 
exclusively recruited 
people with hip 
OA. The other 4 
RCTs also recruited 
participants with 
knee OA.

204 with hip 
OA for pain 
outcomes; 187 
with hip OA for 
physical function 
outcomes.

Interventions were 
6–12 wks. Class-based 
exercise interventions 
included strengthening, 
Tai Chi, and resistance. 
Classes were 
conducted 1–3 times 
per week.

Small improvement in 
pain (SMD, 0.38; 95% 
CI, 0.09–0.67). No 
change in self-reported 
function (SMD, 0.02; 
95% CI, −0.31 to 0.28). 
Important limitations 
were the small number 
of studies with the 
small sample for this 
area of research.

Fransen and 
McConnell23

To determine 
whether land-
based exercise 
reduced joint 
pain or improved 
function in 
people with 
knee OA when 
compared with 
no exercise.

Meta-analysis; 
systematic review 
of 5 electronic 
databases up until 
December 2007.

32 RCTs 3616 subjects 
with knee pain 
data and 3719 
subjects with 
self-reported 
physical function 
data.

Programs were either 
delivered individually 
or in a class-based 
format, and most 
were home programs. 
Programs ranged from 
straight leg raises and 
mostly aerobic walking 
to very complex, 
comprehensive 
programs (manual 
therapy, strengthening, 
balance training, and 
Tai Chi). Study duration 
ranged from 6–72 wks 
with sessions occurring 
2–4 times per week.

Land-based exercise 
programs were 
EHQHÀFLDO��60'��������
95% CI, 0.30–0.50; 
SMD, 0.37; 95% CI, 
0.25–0.49) for physical 
function. Providing 
a greater number of 
directly supervised 
sessions (! 12 visits) 
improved knee pain 
and physical function 
outcomes.

Roddy et al24 To compare 
aerobic walking 
and home-based 
quadriceps 
strengthening 
exercises in 
patients with 
knee OA.

Meta-analysis of 5 
electronic databases 
and the Cochrane 
Central Register 
of Controlled 
Trials (searched 
1966–2003) for 
RCTs of subjects 
with knee OA.

13 RCTs total. 3 
studies included an 
aerobic intervention, 
9 studies included 
home-based 
strengthening 
exercises, and 
1 study combined 
aerobic walking 
with a home-based 
strengthening 
program. 

156 subjects from 
aerobic studies 
and 1709 subjects 
from strength 
training trials.

Interventions were 
8–24 weeks for aerobic 
walking and 8 wks–2 
yrs for strengthening.

Pooled ES for pain: 0.52 
for aerobic walking 
(95% CI, 0.34–0.70) and 
0.32 for strengthening 
(95% CI, 0.23–0.41). 
Pooled ES for disability: 
0.46 for aerobic walking 
(95% CI, 0.25–0.67) and 
0.32 for strengthening 
(95% CI, 0.23–0.41). 
Both aerobic walking 
and home-based 
quadriceps strengthening 
exercises were effective 
in reducing pain and 
disability in knee OA.

Strength Training Programs

Liu and 
Latham29

To assess the 
effectiveness 
of PRT in older 
people.

Systematic review 
searching 8 electronic 
databases (1966–2008) 
plus reference lists of 
articles. Conference 
abstracts were 
reviewed and authors 
were contacted.

RCTs reporting 
physical outcomes 
of PRT for older 
people. 121 trials 
ZHUH�LGHQWLÀHG��DQG�
6 had participants 
with knee or hip OA.

503 participants 
with knee or hip 
OA.

PRT was performed 
2–3 times per week 
and at a high intensity.

Participants with OA 
reported a reduction 
in pain following PRT 
(SMD, −0.30; 95% CI, 
−0.487 to −0.13).

(Continued)
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Table 1. (Continued)

Study Study Purpose Design and 

Procedures

Number of 

Studies Reviewed

Number of 

Participants

Types of 

Intervention and 

Duration

Study Results and 

Conclusions

Latham and 
Liu30

To determine 
the effectiveness 
of PRT in older 
adults with OA.

Meta-analysis with 
systematic review of 
9 databases.

8 RCTs. 7 trials of 
patients (mean age, 
65) with knee OA 
and 1 trial included 
patients with hip and 
knee OA.

907 participants 
with 20–295 
people in each 
study.

Moderate- to high-
intensity programs that 
included 1–9 exercises. 
In 7 studies, participants 
exercised 3 times per 
week; 1study had partici-
pants exercise 5 times 
per week. Duration of 
the programs ranged 
from 6–72 wks.

Reduced pain (SMD, 
−0.35; 95% CI, −0.52 to 
−0.18), improved function 
(SMD 0.33, 95% CI, 0.18, 
0.49), and improved leg 
extensor strength (SMD, 
0.33; 95% CI, 0.12–0.54) 
for PRT compared with 
nonstrength training 
control groups.

Pelland et al38 To determine 
the effectiveness 
of PRT programs 
in adults with 
OA.

Meta-analysis; a 
systematic review 
of 3 databases up 
to and including 
2004; included RCTs 
of strengthening 
exercises and 
participants with OA.

21 RCTs 2325 patients 
with a primary 
diagnosis of OA.

Exercise types: 
isometric, isotonic, 
isokinetic, concentric, 
concentric/eccentric, 
dynamic; alone or 
with other exercises 
(stretching, ROM); 
facility-based, home-
based, or both.

Strengthening exercises 
improved pain, range 
of motion, strength, 
and functional status 
in patients with OA. 
The combination 
RI�MRLQW�VSHFLÀF�
strengthening with 
general strength and pro-
gression of the program 
were key components.

Balance and Neuromuscular Training

Silva et a146 To examine the 
effectiveness 
of exercise 
on balance in 
women with 
OA.

Systematic review; 6 
electronic databases 
and the Cochrane 
Collaboration RCTs 
published 2000–2010.

9 RCTs 833 participants Exercise programs 
included aerobic 
exercise and strength 
training, Tai Chi, hydro-
therapy, vibrating plat-
form exercise, balance 
exercises, and educa-
tional programs.

Interventions ran 4 wks 
to 18 mo and a wide 
range of pain and bal-
ance assessments were 
used. Overall, balance 
in women with knee 
OA improved following 
exercise.

Smith et al59 To determine 
the effectiveness 
of propriocep-
tive exercises 
for knee OA.

Meta-analysis; 
systematic review 
of 7 published and 
4 unpublished trials/
registries databases.

7 RCTs comparing a 
proprioceptive exer-
cise program with a 
nonproprioceptive 
exercise program or 
nontreatment control 
for adults with OA.

560 patients with 
mean age of 63; 
203 males and 
357 females.

All proprioceptive 
exercises were weight-
bearing, based on 
functional activities 
(ie, stepping, standing, 
walking, or balancing). 
Nonproprioceptive 
exercise programs 
were lower extremity 
exercises. Duration 
of the programs was 
4–8 wks in duration.

Proprioceptive exercises 
VLJQLÀFDQWO\�LPSURYHG�
functional outcomes 
compared with non-
treatment (P " 0.02). 
Outcomes were similar 
between proprioceptive 
and nonproprioceptive 
programs except results 
were better for the 
proprioceptive programs 
for joint position sense-
related measurements 
(ie, timed walk over 
uneven ground [P = 0.03] 
and joint position angula-
tion error [P " 0.01]).

Water-Based Programs

Bartels et al64 To compare the 
effectiveness 
and safety of 
aquatic-exercise 
interventions 
in knee and hip 
OA.

Meta-analysis; 5 
electronic databases 
were searched 
(1945–2006).

6 RCTs were  
LGHQWLÀHG����LQFOXGHG�
patients with hip or 
knee OA (N = 672), 1 
RCT had subjects with 
hip OA only  
(N = 28), and 1 RCT 
had subjects with knee 
OA only (N = 43).

800 participants All types of exercises in 
therapeutic or heated 
indoor pool (range 
of motion, dynamics, 
aerobics, etc.) were 
included.

Small-to-moderate effect 
on function (SMD, 0.26; 
95% CI, 0.11–0.42) and a 
small-to-moderate effect 
on quality of life (SMD, 
0.32; 95% CI, 0.03–0.61).

(Continued)
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Table 1. (Continued)

Study Study Purpose Design and 

Procedures

Number of 

Studies Reviewed

Number of 

Participants

Types of 

Intervention and 

Duration

Study Results and 

Conclusions

Batterham 
et al72

To examine the 
effectiveness 
of aquatic-
compared with 
land-based 
exercise on 
function in 
people with 
arthritis.

Systematic review 
of 4 databases with 
meta-analysis.

10 RCTs compared 
land with aquatic 
exercise for adults 
with rheumatoid 
or OA. Land-based 
exercise included any 
exercise training for 
strength, endurance, 
resistance, or aerobic 
capacity, whether 
gym or home based.

354 water-based 
participants, 
305 land-based 
participants, and 
113 controls.

7 of the RCTs 
described the exercises 
in their land-based 
and aquatic programs. 
Duration was 4–18 
wks. Aquatic exercise 
included running, 
jumping, cycling of the 
legs and walking, and 
strengthening exercises 
(ie, hip and knee 
ÁH[LRQ�DQG�H[WHQVLRQ��
hip adduction and 
abduction, calf raises, 
and squats).

Results did not differ 
for the 2 rehabilitation 
strategies. The authors 
suggested that when 
SHRSOH�KDYH�GLIÀFXOW\�
with land-based 
exercises, aquatic 
programs may be a 
good alternative.

Mixed Water-Based and Land-Based Programs

Escalante 
et al76

To examine the 
effectiveness 
and structure 
of exercise 
programs on 
pain in patients 
with hip and 
knee OA.

Systematic review 
of 5 electronic 
databases.

33 studies total 
with 22 land-based 
intervention studies 
(ie, strengthening, 
Tai Chi, aerobic), 5 
aquatic studies, and 
6 mixed-exercise 
programs.

1507 subjects 
from land-
based studies; 
569 subjects 
from aquatic 
studies, and 603 
subjects from 
mixed-exercise 
programs.

Study intervention 
duration lasted 
6–72 wks (most 
often 8 wks) with 
1–7 sessions/wk (most 
with 3 sessions/wk). 
30–60 min sessions, 
with most at 30 min.

Pain decreased in 
80% of strength 
interventions (ES, 0.01–
1.12), 70% of Tai Chi 
studies (ES, 0.28–1.67), 
and 80% of the aquatic 
studies (ES, 0.19–0.72). 
Pain decreased in 1 
of 2 aerobic studies 
(ES = 1.06). Only 1 of 
the 6 mixed programs 
resulted in reduced 
pain (ES = 0.40).

Escalante 
et al77

To examine the 
effectiveness 
and structure 
of exercise 
programs on 
functional 
aerobic capacity 
in individuals 
with hip and 
knee OA.

Systematic review of 
7 databases.

20 studies; included 
19 RCTs and 1 
controlled clinical 
trial.

Total of 2142 
subjects: the 
19 RCTs included 
2093 subjects; 
controlled clinical 
trial included 
49 subjects.

Interventions included 
aerobic programs  
(n = 4), strength 
programs (n = 2), 
Tai Chi programs 
(n = 3) mixed 
programs (n = 8), and 
hydrotherapy programs 
(n = 3). The outcome 
measure used was the 
6-minute walk test.

Functional aerobic 
capacity improved in Tai 
Chi program (ES = 0.66; 
95% CI, 0.23–1.09), 
aerobic programs 
(ES = 0.90; 95% CI, 
0.70–1.10), and mixed 
programs (ES = 0.47, 
95% CI, −0.38 to 0.39). 
Hydrotherapy programs 
did not improve 
functional aerobic 
capacity (ES 0.00; 95% 
CI, −0.38 to 0.39).

Abbreviations: ES, effect size; OA, osteoarthritis; PRT, progressive resistive training; RCT, randomized controlled trial; SMD, standardized mean difference.

VWUHQJWKHQLQJ�SURJUDPV����VWXGLHV���DQG�DHURELF�ZDONLQJ�ZLWK�
KRPH�EDVHG�VWUHQJWKHQLQJ�H[HUFLVHV����VWXG\��LQ�SDWLHQWV�ZLWK�
2$�RI�WKH�NQHH��,Q�DQ�DQDO\VLV�WKDW�FRPSDUHG�DHURELF�ZDON�
LQJ�VWXG\�DUPV�ZLWK�QRQH[HUFLVH�RQO\��WKH�ZHLJKWHG�SRROHG�
HIIHFW�VL]H�RI�DOO���VWXGLHV�IRU�UHGXFWLRQ�LQ�SDLQ�ZDV�����������
&,������±�������)RU�WKH�TXDGULFHSV�VWUHQJWKHQLQJ�FRPSDUHG�
ZLWK�QRQH[HUFLVH�VWXG\�DUPV��WKH�ZHLJKWHG�SRROHG�HIIHFW�VL]H�
IRU�UHGXFWLRQ�LQ�SDLQ�ZDV�����������&,������±������DQG�IRU�

LPSURYHG�SK\VLFDO�IXQFWLRQ�ZDV�����������&,������±�������
,QWHUHVWLQJO\��DQ�LQGLUHFW�FRPSDULVRQ�RI�DHURELF�ZDONLQJ�DQG�
TXDGULFHSV� VWUHQJWKHQLQJ�SURJUDPV� VXJJHVWHG�QR� DSSDUHQW�
DGYDQWDJH�RI���SURJUDP�RYHU� WKH�RWKHU�UHJDUGLQJ�SDLQ�DQG�
GLVDELOLW\�

5HFHQWO\��+XUOH\�HW�DO���SXEOLVKHG�UHVXOWV�RQ�WKHLU�5&7�
RI����� LQGLYLGXDOV�ZLWK�FKURQLF�PLOG��PRGHUDWH��RU� VHYHUH�
NQHH�SDLQ�2$������SHRSOH�SDUWLFLSDWHG�LQ�WKH�(QDEOLQJ�6HOI�
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0DQDJHPHQW� DQG�&RSLQJ�RI�$UWKULWLF�.QHH�3DLQ�7KURXJK�
([HUFLVH� �(6&$3(�NQHH� SDLQ�� SURJUDP�� DQG� ���� SHRSOH�
SDUWLFLSDWHG� LQ� D� XVXDO� FDUH� FRQWURO� JURXS��7KH�(6&$3(�
NQHH�SDLQ�SURJUDP�ZDV�D�SK\VLRWKHUDSLVW�OHG�SURJUDP�WKDW�
PHW�WZLFH�ZHHNO\�IRU���ZHHNV�DW�DQ�RXWSDWLHQW�SK\VLRWKHUDS\�
J\P�DQG�LQFOXGHG����WR����PLQXWHV�RI�GLVFXVVLRQ�RI�FRSLQJ�
VWUDWHJLHV�DQG����WR����PLQXWHV�RI�LQGLYLGXDOL]HG��SURJUHV�
VLYH�VWUHQJWKHQLQJ�DQG�EDODQFH�H[HUFLVHV�������$W�WKH�HQG�RI���
ZHHNV��QR�IXUWKHU�WUHDWPHQW�ZDV�SURYLGHG��DQG�SDUWLFLSDQWV�
ZHUH�GLVFKDUJHG�ZLWK� D� KRPH�H[HUFLVH� UHJLPHQ�� SURYLGHG�
ZLWK�LQIRUPDWLRQ�DERXW�ORFDO�H[HUFLVH�IDFLOLWLHV��DQG�DGYLVHG�
WR� HQJDJH� LQ� D� VLPSOH� DFWLYLW\� �HJ��ZDONLQJ��������$IWHU� WKH�
��ZHHN�SURJUDP��SK\VLFDO�IXQFWLRQ�ZDV�VLJQL¿FDQWO\�EHWWHU�LQ�
WKH�H[HUFLVH�JURXS�WKDQ�WKH�FRQWURO�JURXS��PHDQ�GLIIHUHQFH�LQ�
:HVWHUQ�2QWDULR�DQG�0F0DVWHU�8QLYHUVLWLHV�$UWKULWLV�,QGH[�
>:20$&@� IXQFWLRQ��−����� ����&,��−���� WR�−������2YHU�
WKH����PRQWK� IROORZ�XS�� LQLWLDO� JDLQV� LQ�SK\VLFDO� IXQFWLRQ�
GHFOLQHG��EXW�EHWWHU�SK\VLFDO�IXQFWLRQ�ZDV�PDLQWDLQHG�LQ�WKH�
H[HUFLVH�JURXS�FRPSDUHG�WR�WKH�FRQWURO�JURXS��GLIIHUHQFH�LQ�
:20$&�IXQFWLRQ��−���������&,��−����WR�−�����

Aerobic Programs
7KH�)LWQHVV�$UWKULWLV�DQG�6HQLRUV�7ULDO� �)$67��H[DPLQHG�
DHURELF� DQG� UHVLVWDQFH� H[HUFLVH� LQ� ���� DGXOWV�ZLWK� UDGLR�
JUDSKLF�2$�RI� WKH� NQHH� DQG� SDLQ�ZKR�ZHUH� DJHG�#� ���
\HDUV��VHH�6WUHQJWK�7UDLQLQJ�3URJUDPV�VHFWLRQ�IRU�UHVLVWDQFH�
H[HUFLVH�GHVFULSWLRQ�DQG� UHVXOWV�����3DUWLFLSDQWV�ZHUH� UDQ�
GRPL]HG�WR�DHURELF�H[HUFLVH��UHVLVWDQFH�H[HUFLVH��RU�D�KHDOWK�
HGXFDWLRQ� FRQWURO� JURXS��ZLWK� ���� SDUWLFLSDQWV� FRPSOHW�
LQJ�WKH�WULDO��7KH�DHURELF�SURJUDP�FRQVLVWHG�RI�D���PRQWK�
IDFLOLW\�EDVHG�ZDONLQJ�SURJUDP�WKDW�PHW���WLPHV�SHU�ZHHN��
IROORZHG� E\� D� ���PRQWK� KRPH�EDVHG�ZDONLQJ� SURJUDP��
&RPSDUHG�ZLWK�SDUWLFLSDQWV� LQ� WKH�FRQWURO�JURXS��SDUWLFL�
SDQWV�LQ�WKH�DHURELF�H[HUFLVH�JURXS�GHPRQVWUDWHG�UHGXFHG�
PHDQ�VFRUHV�RQ�WKH�SK\VLFDO�GLVDELOLW\�TXHVWLRQQDLUH�������
YV������XQLWV��P "��������DQG�WKH�NQHH�SDLQ�TXHVWLRQQDLUH�
����� YV� ���� XQLWV��P =� �������� DQG�EHWWHU� SHUIRUPDQFH�RQ�
SK\VLFDO�IXQFWLRQ�WDVNV�RI�WKH���PLQXWH�ZDON�WHVW�������YV�
�����IW��P "���������WLPH�WR�FRPSOHWH�VWDLU�FOLPELQJ�WDVN�
������YHUVXV�������P =��������WLPH�WR�OLIW�DQG�FDUU\����OEV�
�����YV������VHF��P "���������DQG�FDU�WUDQVIHU�WLPH������YV�
�����VHF��P "��������

$�VPDOO�VWXG\�RI����DGXOWV�VXJJHVWV�WKDW�F\FOLQJ�PD\�EH�
D�XVHIXO�DHURELF�H[HUFLVH�RSWLRQ�IRU�SHRSOH�ZLWK�2$�RI�WKH�
NQHH����3DUWLFLSDQWV�ZHUH�UDQGRPL]HG�WR�HLWKHU�D�KLJK�������
KHDUW�UDWH�UHVHUYH��RU�ORZ�LQWHQVLW\������KHDUW�UDWH�UHVHUYH��
VWDWLRQDU\�F\FOLQJ�H[HUFLVH�SURJUDP�IRU����ZHHNV��FRPSOHW�
LQJ� ���PLQXWH� VHVVLRQV�� �� WLPHV� SHU�ZHHN��%RWK� JURXSV�

VKRZHG�UHGXFHG�RYHUDOO�SDLQ�EDVHG�RQ�WKH�SDLQ�VXEVFDOH�RI�
WKH�$UWKULWLV�,PSDFW�0HDVXUHPHQW�6FDOH����ZHLJKWHG�PHDQ�
GLIIHUHQFH�>:0'@��−����������&,��−�����WR���������LPSURYHG�
WLPHG�FKDLU�ULVH��:0'������������&,��−�����WR�������DQG�
GLVWDQFH�ZDONHG�LQ���PLQXWHV��:0'�������������&,��−������
WR� �������� DQG� LPSURYHG� DHURELF� FDSDFLW\� EDVHG� RQ� SHDN�
R[\JHQ�FRQVXPSWLRQ��:0'��−������������&,��−�������WR�
���������ZLWK�QR�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�WKH�JURXSV��
,QWHUSUHWDWLRQV�RI�WKH�VWXG\�¿QGLQJV�DUH�OLPLWHG�E\�WKH�VPDOO�
VDPSOH�VL]H�DQG�ODFN�RI�D�FRQWURO�JURXS�

Strength Training Programs
/LX�DQG�/DWKDP���DVVHVVHG�WKH�HIIHFWV�RI�SURJUHVVLYH�UHVLVWLYH�
WUDLQLQJ��357���LH��SURJUHVVLYHO\�LQFUHDVLQJ�WKH�ORDG�GXULQJ�
WKH� WUDLQLQJ�SURJUDP� LQ�RUGHU� WR�PDLQWDLQ�RU� LQFUHDVH� WKH�
H[HUFLVH�LQWHQVLW\��LQ�ROGHU�SDWLHQWV��PHDQ�DJH�IRU�LQFOXGHG�
VWXGLHV�ZDV� DJH�!� ��� \HDUV�� DQG� DWWHPSWHG� WR� LGHQWLI\�
DGYHUVH�HYHQWV��7DEOH�����(LJKW�HOHFWURQLF�GDWDEDVHV�ZHUH�
VHDUFKHG��DV�ZHOO�DV�UHIHUHQFH�OLVWV�IURP�DUWLFOHV�DQG�UHYLHZHG�
FRQIHUHQFH� DEVWUDFWV��2I� WKH� ���� WULDOV� UHSRUWLQJ� SK\VL�
FDO� RXWFRPHV� RI� SURJUHVVLYH� UHVLVWDQFH� WUDLQLQJ� IRU� ROGHU�
SHRSOH����VWXGLHV�ZHUH�RI�SDUWLFLSDQWV�ZLWK�NQHH�RU�KLS�2$�
�PHDQ�DJHV������±�����\HDUV���3URJUHVVLYH�UHVLVWLYH�WUDLQ�
LQJ�ZDV�SHUIRUPHG���WR���WLPHV�SHU�ZHHN�DW�KLJK�LQWHQVLW\��
DQG�2$�SDLQ�UHGXFWLRQ�ZDV�REVHUYHG�DIWHU�357�FRPSDUHG�
ZLWK�QRQVWUHQJWK�WUDLQLQJ�FRQWURO�JURXSV��60'��−����������
&,��−�����WR�−������

/DWKDP�DQG�/LX��� H[DPLQHG�357� IRU�2$� LQ��� VWXGLHV�
LQ�ZKLFK�SDUWLFLSDQWV� KDG�2$�RI� WKH�NQHH�RQO\�����±�� and 
��VWXG\�LQ�ZKLFK�SDUWLFLSDQWV�KDG�KLS�DQG�2$�RI�WKH�NQHH�
�7DEOH� ������&RPSDUHG�ZLWK� QRQVWUHQJWK� WUDLQLQJ� FRQWURO�
JURXSV�� UHVXOWV� IRU� WKH� 357� SURJUDPV� VKRZHG�PRGHUDWH�
HIIHFW�VL]HV�IRU�UHGXFHG�SDLQ��60'��−����������&,��−�����WR�
−�������LPSURYHG�IXQFWLRQ��60'������������&,������±�������
DQG�LPSURYHG�OHJ�H[WHQVRU�VWUHQJWK��60'������������&,��
����±�������$Q�H[DPSOH�RI���RI� WKHVH�VWXGLHV� LV� WKH� ODUJH�
)$67��ZKLFK�KDG�D�UHVLVWDQFH�WUDLQLQJ�JURXS����7KH�UHVLV�
WDQFH�WUDLQLQJ�SURJUDP�FRQVLVWHG�RI�D���PRQWK�IDFLOLW\�EDVHG�
SURJUDP�PHHWLQJ���WLPHV�SHU�ZHHN�WR�SHUIRUP���VHWV�RI����
UHSHWLWLRQV�RI���H[HUFLVHV��IROORZHG�E\�D����PRQWK�KRPH�
EDVHG� SURJUDP��7KH� H[HUFLVHV� LQFOXGHG� ERWK� XSSHU� DQG�
ORZHU�ERG\�PDQHXYHUV�XVLQJ�GXPEEHOOV�DQG�FXII�ZHLJKWV��
&RPSDUHG�ZLWK�SDUWLFLSDQWV�LQ�WKH�FRQWURO�JURXS��SDUWLFLSDQWV�
LQ� WKH� UHVLVWDQFH� H[HUFLVH� JURXS� GHPRQVWUDWHG� UHGXFHG�
PHDQ�VFRUHV�RQ�WKH�SK\VLFDO�GLVDELOLW\�TXHVWLRQQDLUH�������
YV������XQLWV��P =��������DQG�WKH�NQHH�SDLQ�TXHVWLRQQDLUH�
����� YV� ���� XQLWV��P =� ������� DQG� LPSURYHG� SHUIRUPDQFH�
RQ�SK\VLFDO�IXQFWLRQ�WDVNV��LH��JUHDWHU�GLVWDQFH�ZDONHG�IRU�
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WKH���PLQXWH�ZDON�WHVW�>�����YV������IW��P =�����@��IDVWHU�
WLPH�RQ�D�OLIWLQJ�DQG�FDUU\LQJ����OEV�WDVN�>����YV������VHF��
P =������@��DQG�IDVWHU�WLPH�WR�JHW�LQ�DQG�RXW�RI�D�FDU�>����YV�
�����VHF��P =������@��

3HOODQG� HW� DO��� SHUIRUPHG� D� V\VWHPDWLF� UHYLHZ� RI� ���
VWXGLHV� WR� DVVHVV� WKH� HIIHFWV� RI� 357� RQ� DGXOWV�ZLWK�2$�
�7DEOH�����([HUFLVH�SURJUDPV�LQFOXGHG�FRQFHQWULF��HFFHQWULF��
LVRPHWULF��LVRNLQHWLF�UHVLVWDQFH��DQG�ZKROH�ERG\�IXQFWLRQDO�
VWUHQJWKHQLQJ��2YHUDOO��VWUHQJWK��SDLQ��IXQFWLRQ��DQG�TXDOLW\�
RI�OLIH�LPSURYHG�ZLWK�WKHVH�SURJUDPV��7KH�DXWKRUV�UHFRP�
PHQGHG�WKDW�H[HUFLVH�SURJUDPV�VKRXOG�LQFOXGH�MRLQW�VSHFL¿F�
VWUHQJWKHQLQJ�DORQJ�ZLWK�JHQHUDO�VWUHQJWK��ÀH[LELOLW\��DQG�
IXQFWLRQDO�H[HUFLVHV��DQG�WKDW�WKH�H[HUFLVH�SURJUDP�VKRXOG�
EH�SURJUHVVHG�E\� LQFUHDVLQJ� WKH� UHVLVWDQFH�RU� UHSHWLWLRQV��
)XUWKHUPRUH��WKH\�VXJJHVWHG�WKDW�WKH�W\SH�RI�VWUHQJWKHQLQJ�
H[HUFLVH�XVHG�GLG�QRW�DSSHDU�WR�GLIIHU�LQ�HIIHFWLYHQHVV�

$QRWKHU�DGYDQWDJH�RI�357�SURJUDPV�LV�WKDW�WKH\�SURPRWH�
LQFUHDVHG�OHYHOV�RI�PRGHUDWH��DQG�YLJRURXV�LQWHQVLW\�SK\VL�
FDO�DFWLYLW\��,Q�DQ�5&7�RI�����PHQ�DQG�ZRPHQ�ZLWK�PLOG�
2$�RI�WKH�NQHH��SDUWLFLSDQWV�ZHUH�UDQGRPL]HG�WR�D�UHVLVWLYH�
WUDLQLQJ�JURXS��D�VHOI�PDQDJHPHQW�JURXS��RU�D�JURXS�ZKR�
SDUWLFLSDWHG� LQ� ERWK� LQWHUYHQWLRQV����$FFHOHURPHWHUV�ZHUH�
XVHG� WR� WUDFN� WKH�DFWLYLW\�RI�HDFK�SDUWLFLSDQW� IRU�D�SHULRG�
RI���WR���GD\V�DW�EDVHOLQH�DQG�DW����DQG���PRQWK�IROORZ�XS�
YLVLWV��%\� ��PRQWKV�� ERWK� WKH� UHVLVWLYH� WUDLQLQJ� DQG� VHOI�
PDQDJHPHQW�JURXSV�KDG� LQFUHDVHG� WKHLU�SK\VLFDO� DFWLYLW\�
OHYHOV������DQG������UHVSHFWLYHO\���EXW�RQO\�WKH�UHVLVWLYH�
WUDLQLQJ�JURXS�PDLQWDLQHG�WKDW�LQFUHDVH�DW���PRQWK�IROORZ�
XS��,QWHUHVWLQJO\��LQ�DQRWKHU�UHSRUW�RQ�WKLV�VDPH�WULDO����DOO�
��LQWHUYHQWLRQV�VKRZHG�PDUNHG�LPSURYHPHQWV�ZLWK�SK\VL�
FDO� IXQFWLRQ�PHDVXUHV� �&RKHQ¶V� G�� ����±������� NQHH� SDLQ�
�&RKHQ¶V�G��−�������DQG�GLVDELOLW\��&RKHQ¶V�G��−�������ZLWK�
QR�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�JURXSV�

$Q�5&7�RI�����SDWLHQWV�ZLWK�2$�RI�WKH�NQHH�GHPRQ�
VWUDWHG�WKDW�D�KRPH�EDVHG�TXDGULFHSV�VWUHQJWKHQLQJ�SURJUDP�
PD\�EH�DV�HIIHFWLYH�DV�WKH�XVH�RI�16$,'V�IRU�LPSURYLQJ�SDLQ��
VWLIIQHVV��SK\VLFDO�IXQFWLRQ��DQG�TXDOLW\�RI�OLIH�RXWFRPHV�GXU�
LQJ�DQ���ZHHN�LQWHUYHQWLRQ�SHULRG����7KH�H[HUFLVH�SURJUDP�
ZDV�VLPSOH��LQYROYLQJ����UHSHWLWLRQV�RI�D�VORZ�NQHH�H[WHQVLRQ�
PRYHPHQW�SHUIRUPHG���WLPHV�GDLO\��7KH�DXWKRUV�HPSKDVL]HG�
WKDW�WKH�HIIHFWLYHQHVV�RI�WKLV�H[HUFLVH�GHSHQGHG�RQ�SDWLHQW�
DGKHUHQFH��ZKLFK� WKH� LQYHVWLJDWRUV� HQFRXUDJHG� WKURXJK�
LQVWUXFWLRQDO�GRFXPHQWDWLRQ��UHJXODU�YLVLWV�WR�FKHFN�SDWLHQW�
FRPSOLDQFH�DQG�SURJUHVV��DQG�D�GDLO\�WUHDWPHQW�UHFRUG�RI�
H[HUFLVH�DQG�PHGLFDWLRQ�XVH�WR�EH�NHSW�E\�WKH�SDWLHQW�

-HQNLQVRQ�HW�DO���VWXGLHG�WKH�HIIHFWLYHQHVV�RI�D�GLHWDU\�
LQWHUYHQWLRQ�� NQHH� VWUHQJWKHQLQJ� H[HUFLVH�� RU� ERWK� LQ� DQ�
5&7� IRU� WKH�PDQDJHPHQW� RI� NQHH� SDLQ� DQG� IXQFWLRQ� LQ�

D� JURXS� RI� ���� RYHUZHLJKW� DQG� REHVH�PHQ� DQG�ZRPHQ�
DJHG�!����\HDUV��7KH�LQWHUYHQWLRQV�ZHUH�LPSOHPHQWHG�IRU�
�� \HDUV� WKURXJK� KRPH�YLVLWV��$W� WKH� ���PRQWK� IROORZ�XS�
YLVLW��NQHH�SDLQ�EDVHG�RQ�:20$&�LPSURYHG�VLJQL¿FDQWO\�LQ�
WKH�H[HUFLVH�JURXSV�FRPSDUHG�ZLWK�WKRVH�LQ�WKH�QRQH[HUFLVH�
JURXSV��PHDQ�GLIIHUHQFH��−����������&,��−�����WR�−�������
D�FKDQJH�QRW�VHHQ�LQ�WKH�GLHWDU\�YHUVXV�QRQGLHWDU\�JURXSV�
�PHDQ�GLIIHUHQFH��−����������&,��−�����WR�−������

0RVW� WULDOV� WR� GDWH� KDYH� VWXGLHG� NQHH� VWUHQJWKHQLQJ�
H[HUFLVHV� DV� D� WUHDWPHQW� IRU�2$�RI� WKH� NQHH�� EXW� ��5&7�
H[DPLQHG� D� KLS� VWUHQJWKHQLQJ� SURJUDP� DV� D� WUHDWPHQW�
IRU�PHGLDO�2$�RI� WKH�NQHH����7KH�SURJUDP�FRQVLVWHG�RI�D�
���ZHHN�SK\VLRWKHUDSLVW�VXSHUYLVHG�KRPH�H[HUFLVH�SURJUDP�
RI�KLS�DEGXFWRU�DQG�DGGXFWRU�VWUHQJWKHQLQJ�H[HUFLVHV��DQG�
SDUWLFLSDQWV�ZHUH�UDQGRPL]HG�WR�WKH�KLS�VWUHQJWKHQLQJ�JURXS�
�Q�=�����RU�D�FRQWURO�JURXS�ZLWKRXW�LQWHUYHQWLRQ��Q�=������
3DLQ��SK\VLFDO�IXQFWLRQ��DQG�KLS�DQG�NQHH�VWUHQJWK�PHDVXUHV�
ZHUH�VLJQL¿FDQWO\�LPSURYHG�LQ�WKH�H[HUFLVH�JURXS�FRPSDUHG�
ZLWK�WKH�FRQWURO�JURXS��HJ��:20$&�SDLQ�DGMXVWHG�PHDQ�
GLIIHUHQFH��−����� >����&,��−����� WR�−����@��:20$&�
IXQFWLRQ�DGMXVWHG�PHDQ�GLIIHUHQFH��−�����>����&,��−�����
WR�−����@���EXW�WKH�SULPDU\�RXWFRPH�RI�SHDN�NQHH�DGGXFWLRQ�
PRPHQW�GXULQJ���GLPHQVLRQDO�JDLW�DQDO\VLV�GLG�QRW�FKDQJH�
�DGMXVWHG�PHDQ�GLIIHUHQFH�������>����&,��−�����WR�����@���
,Q� WKLV� VWXG\�� KLS� VWUHQJWKHQLQJ� H[HUFLVHV� GLG� QRW� DSSHDU�
WR�PRGLI\�WKH�ELRPHFKDQLFDO�PHFKDQLVP�RI�PHGLDO�2$�RI�
WKH�NQHH��LH��PHGLDO�NQHH�ORDGLQJ���EXW�DSSHDUHG�KHOSIXO�LQ�
V\PSWRP�PDQDJHPHQW�RI�WKH�GLVHDVH�

High Versus Low Resistance Training Programs
+LJK�UHVLVWDQFH� �KLJK� ORDG� DQG� ORZ� UHSHWLWLRQV�� DQG� ORZ�
UHVLVWDQFH��ORZ�ORDG�DQG�KLJK�UHSHWLWLRQV��H[HUFLVH�WUDLQLQJ�
SURJUDPV�ZHUH� H[DPLQHG� LQ� D� VWXG\� RI� ���� SDUWLFLSDQWV�
ZLWK�PLOG�WR�PRGHUDWH�2$�RI�WKH�NQHH����3DUWLFLSDQWV�ZHUH�
UDQGRPL]HG� WR� ��ZHHNV� RI� KLJK�UHVLVWDQFH� H[HUFLVH�� ORZ�
UHVLVWDQFH�H[HUFLVH��RU�QR�H[HUFLVH��FRQWURO�JURXS���8VLQJ�D�
OHJ�SUHVV�PDFKLQH��WKH�LQLWLDO�LQWHQVLW\�IRU�WKH�KLJK�UHVLVWDQFH�
H[HUFLVH�JURXS�ZDV�����RI� WKH���UHSHWLWLRQ�PD[LPXP�IRU�
��VHWV�RI���UHSHWLWLRQV��DQG�WKH�LQLWLDO�LQWHQVLW\�IRU�WKH�ORZ�
UHVLVWDQFH� JURXS�ZDV� ����RI� WKH� ��UHSHWLWLRQ�PD[LPXP�
IRU����VHWV�RI����UHSHWLWLRQV��$W�IROORZ�XS��SDLQ��IXQFWLRQ��
ZDONLQJ�WLPH��DQG�PXVFOH�WRUTXH�LPSURYHG�LQ�ERWK�H[HUFLVH�
JURXSV��ZLWK�QR�VWDWLVWLFDOO\�VLJQL¿FDQW�GLIIHUHQFHV�EHWZHHQ�
WKHP��DOWKRXJK�HIIHFW�VL]HV�ZHUH�VOLJKWO\�JUHDWHU�IRU�KLJK�
UHVLVWDQFH��UDQJH������±������WKDQ�IRU�ORZ�UHVLVWDQFH�H[HUFLVH�
�UDQJH������±�������7KH�DXWKRUV�VXJJHVWHG�WKH�FOLQLFDO�LPSRU�
WDQFH�RI�LQFOXGLQJ�KLJK�UHVLVWDQFH�H[HUFLVH�LQ�D�FRPSUHKHQ�
VLYH�UHKDELOLWDWLRQ�SURJUDP�IRU�2$�RI�WKH�NQHH��QRW�RQO\�WR�
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LPSURYH�SDLQ�DQG�SK\VLFDO�IXQFWLRQ�RXWFRPHV��EXW�DOVR� LQ�
WKH�LQWHUHVW�RI�WLPH�HI¿FLHQF\��WKH�KLJK�UHVLVWDQFH�H[HUFLVHV�
LQ�WKLV�VWXG\�UHTXLUHG����OHVV�PLQXWHV�SHU�VHVVLRQ�WKDQ�WKH�
ORZ�UHVLVWDQFH�H[HUFLVHV��+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�
��SDUWLFLSDQWV�LQ�WKH�KLJK�UHVLVWDQFH�JURXS�GLVFRQWLQXHG�WKH�
VWXG\�GXH�WR�VHYHUH�NQHH�SDLQ��ZKLOH�DOO�SDUWLFLSDQWV�LQ�WKH�
ORZ�UHVLVWDQFH�JURXS�FRPSOHWHG�WKH�VWXG\�

High Versus Low Speed Power Training Programs 
$� UHFHQW� SLORW� VWXG\�RI� ROGHU� DGXOWV�ZLWK�2$�RI� WKH� NQHH�
H[DPLQHG�WKH�HIIHFW�RI�KLJK�VSHHG�SRZHU� WUDLQLQJ�RQ�SDLQ�
DQG�SK\VLFDO�IXQFWLRQ����7ZHOYH�SDUWLFLSDQWV�ZHUH�UDQGRP�
L]HG� WR� WKH�KLJK�VSHHG�SRZHU� WUDLQLQJ�SURJUDP����� WR� WKH�
VORZ�VSHHG�VWUHQJWK�WUDLQLQJ�JURXS��DQG����WR�D�FRQWURO�JURXS��
7KH���H[HUFLVH�JURXSV�FRPSOHWHG�WKHLU�UHVSHFWLYH�SURJUDPV�
��WLPHV�SHU�ZHHN�RYHU����ZHHNV��DQG�DW�IROORZ�XS�DVVHVV�
PHQW��WKH�LPSURYHPHQWV�LQ�VWUHQJWK�DQG�PXVFOH�SRZHU��OHJ�
SUHVV�SHDN�SRZHU��ZHUH�FRPSDUDEOH�EHWZHHQ�WKH���JURXSV�
FRPSDUHG�ZLWK�WKH�FRQWURO�JURXS��0XVFOH�VSHHG��OHJ�SUHVV�
YHORFLW\�DW�SHDN�SRZHU�� LPSURYHG�ZLWK�KLJK�VSHHG�SRZHU�
WUDLQLQJ� FRPSDUHG�ZLWK� VORZ�VSHHG� DQG� FRQWURO� JURXSV��
%RWK� KLJK�VSHHG� DQG� VORZ�VSHHG� WUDLQLQJ� JURXSV� VKRZHG�
LPSURYHG�SDLQ�DQG�SK\VLFDO� IXQFWLRQ� �:20$&�SDLQ�DQG�
IXQFWLRQ�VXEVFDOHV�DQG�WLPHG�FKDLU�VWDQG���EXW�QR�PRUH�WKDQ�
WKH�LPSURYHPHQWV�QRWHG�LQ�WKH�FRQWURO�JURXS�

Dynamic Versus Isometric Resistance  
Training Programs
,Q�D�VWXG\�RI�����SDUWLFLSDQWV�ZLWK�2$�RI�WKH�NQHH��7RSS�
HW� DO��� FRPSDUHG� D� G\QDPLF� UHVLVWDQFH� WUDLQLQJ� SURJUDP�
�H[HUFLVHV� WKURXJK� WKH� UDQJH� RI�PRWLRQ� XVLQJ� DQ� HODVWLF�
EDQG� IRU� UHVLVWDQFH��ZLWK� DQ� LVRPHWULF� WUDLQLQJ� SURJUDP�
�H[HUFLVHV� DW� VSHFL¿F� MRLQW� DQJOHV�ZLWKRXW� MRLQW�PRWLRQ�
ZLWK�WKH�PXVFOH�FRQWUDFWLQJ�DJDLQVW�D�PD[LPXP�UHVLVWDQFH�
HODVWLF�EDQG���&RPSDUHG�ZLWK�D�QRQH[HUFLVH�FRQWURO�JURXS��
ERWK�JURXSV�GHPRQVWUDWHG�UHOLHI�RI�NQHH�SDLQ�����±����
LPSURYHPHQW� RQ� WKH�:20$&�SDLQ� VXEVFDOH�� DQG� IDVWHU�
WLPHV�ZLWK�DVFHQGLQJ�DQG�GHVFHQGLQJ�D�ÀLJKW�RI�VWDLUV�DQG�
JHWWLQJ�XS�DQG�GRZQ�IURP�WKH�ÀRRU�����±����LPSURYH�
PHQW��DIWHU����ZHHNV�RI�WUDLQLQJ��+RZHYHU��FKDQJHV�LQ�WKHVH�
PHDVXUHV�GLG�QRW�GLIIHU�VLJQL¿FDQWO\�EHWZHHQ�WKH�G\QDPLF�
DQG�LVRPHWULF�WUDLQLQJ�JURXSV�

Balance and Neuromuscular Training
6LOYD�HW�DO���FRQGXFWHG�D�V\VWHPDWLF�UHYLHZ�RI�H[HUFLVH�SUR�
JUDPV�IRU�ZRPHQ�ZLWK�2$�RI�WKH�NQHH�WKDW�XVHG�EDODQFH�DV�
DQ�RXWFRPH��7DEOH�����1LQH�5&7V�ZHUH�LGHQWL¿HG��ZLWK���FRQ�
VLGHUHG�WR�KDYH�TXDOLW\�HYLGHQFH��DQG�WKH�H[HUFLVH�SURJUDPV�

UDQJHG�IURP�DHURELF�DQG�VWUHQJWK�WUDLQLQJ�������DTXDWLF�SK\VL�
FDO� WKHUDS\����7DL�&KL����YLEUDWLQJ�SODWIRUP�H[HUFLVH����EDO�
DQFH�H[HUFLVHV����DQG�VWUHQJWK�WUDLQLQJ�LQ�ZHLJKWEHDULQJ�DQG�
non–ZHLJKWEHDULQJ�SRVLWLRQV����$OWKRXJK�WKH�PHWKRGV�DQG�
LQWHUYHQWLRQ�DSSURDFKHV�IRU�WKHVH�VWXGLHV�YDULHG�JUHDWO\��PRVW�
GHPRQVWUDWHG�LPSURYHG�EDODQFH�DIWHU�DQ�H[HUFLVH�SURJUDP��
7KH�DXWKRUV� VXJJHVWHG� WKDW� H[HUFLVH�SURJUDPV�FDQ�EHQH¿W�
EDODQFH�IRU�ZRPHQ�ZLWK�2$�RI�WKH�NQHH�

Vibration Training Programs
,Q�YLEUDWLRQ�WUDLQLQJ��DQ�LQGLYLGXDO�SHUIRUPV�H[HUFLVHV�ZKLOH�
RQ�D�PDFKLQH�WKDW�YLEUDWHV��$Q�5&7�E\�7UDQV�HW�DO�� examined 
ZKROH�ERG\�YLEUDWLRQ�WUDLQLQJ�RQ�D�VWDEOH�SODWIRUP��YLEUDWLRQ�
WUDLQLQJ�RQ�D�EDODQFH�ERDUG��DQG�QR�H[HUFLVH�FRQWURO�LQ����
ZRPHQ�ZLWK�2$�RI�WKH�NQHH��,PSURYHPHQWV�ZHUH�QRWHG�LQ�
PXVFXODU� SRZHU� IRU� WKH� VWDEOH�SODWIRUP�YLEUDWLRQ� WUDLQLQJ�
JURXS��:0'������1HZWRQ�PHWHUV�>1P@������&,�����±������
YHUVXV�WKH�FRQWURO�JURXS��LVRNLQHWLF�NQHH�H[WHQVLRQ���LVRPHW�
ULF�SHDN�WRUTXH�NQHH�H[WHQVLRQ�������1P������&,�����±������
DQG�LQ�SURSULRFHSWLRQ��DELOLW\�WR�VHQVH�SRVLWLRQ�DQG�PRYHPHQW�
RI�WKH�ERG\���:0'��−�����VHF������&,��−�����WR�������IRU�
WKH�EDODQFH�ERDUG�YLEUDWLRQ�WUDLQLQJ�YHUVXV�FRQWURO��,Q�D�PRUH�
UHFHQW�5&7�RI�ZKROH�ERG\�YLEUDWLRQ��$YHODU�HW�DO���HYDOXDWHG�
YLEUDWLRQ�WUDLQLQJ�ZLWK�VTXDW�WUDLQLQJ�FRPSDUHG�ZLWK�VTXDW�
WUDLQLQJ� DORQH� RQ� IXQFWLRQDO� SHUIRUPDQFH� DQG� VHOI�UHSRUW�
RI�GLVHDVH�LQ�ROGHU�DGXOWV��Q�=�����ZLWK�2$�RI�WKH�NQHH��1R�
VLJQL¿FDQW�GLIIHUHQFHV�ZHUH�QRWHG�LQ�IXQFWLRQDO�SHUIRUPDQFH�
�%HUJ�%DODQFH�6FDOH�VFRUH��WLPHG�JHW�XS�DQG�JR�WHVW��FKDLU�
VWDQG�WHVW����PLQXWH�ZDON�WHVW��RU�:20$&�VFRUHV�EHWZHHQ�
WKH� JURXSV� LQ� WKLV� VPDOO� VWXG\�� EXW� ERWK� H[HUFLVH� JURXSV�
VKRZHG�LPSURYHPHQW�LQ�WKHVH�RXWFRPHV�FRPSDUHG�ZLWK�WKHLU�
EDVHOLQH�VWDWXV��HJ����PLQXWH�ZDON�WHVW�SUH�YLEUDWLRQ�WUDLQLQJ��
����YV�����PHWHUV�SRVW�WUDLQLQJ��P "�������SUH�VTXDW�WUDLQLQJ��
����YV�����VHFRQGV�SRVW�WUDLQLQJ��P "�������

Tai Chi Programs
7DL�&KL�LV�D�IRUP�RI�H[HUFLVH�WKDW�LQFOXGHV�VORZ��FRQWLQXRXV�
PRYHPHQWV�DQG�SRVWXUHV�WKDW�SURPRWH�EDODQFH��ÀH[LELOLW\��
DQG�VWUHQJWK��7KH�UHVXOWV�RI�VHYHUDO�5&7�VWXGLHV�LQGLFDWH�WKH�
SRWHQWLDO�IRU�7DL�&KL�WR�LPSURYH�IXQFWLRQ�LQ�ZRPHQ�ZLWK�2$��
1L�HW�DO���H[DPLQHG�WKH�HIIHFWLYHQHVV�RI�D����ZHHN�7DL�&KL�
SURJUDP�RQ�SK\VLFDO�IXQFWLRQ�LQ����&KLQHVH�ZRPHQ�DJHV�
���WR����\HDUV��PHDQ�DJH�����\HDUV��ZLWK�2$�RI�WKH�NQHH��
&RPSDUHG�ZLWK�WKH�FRQWURO�JURXS��ZHOOQHVV�HGXFDWLRQ�DQG�
VWUHWFKLQJ���WKH�SDUWLFLSDQWV�LQ�WKH�7DL�&KL�JURXS�KDG�VWDWLVWL�
FDOO\�VLJQL¿FDQW�LPSURYHPHQWV�LQ�WRWDO�:20$&�VFRUH�������
YV��������:20$&�SDLQ�������YV��������VWLIIQHVV�������YV�
�������DQG�IXQFWLRQ�VXEVFDOHV�������YV��������WKH���PLQXWH�
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ZDON�GLVWDQFH��������YV�������P���DQG�WKH�VWDLU�FOLPE�WLPH�
������YV������VHF��

6RQJ�HW�DO���FRQGXFWHG�D���PRQWK�5&7�RI�7DL�&KL�RQ�NQHH�
PXVFOH�VWUHQJWK��ERQH�PLQHUDO�GHQVLW\��DQG�IHDU�RI�IDOOLQJ�
LQ�ROGHU�ZRPHQ�ZLWK�2$�RI�WKH�NQHH��&RPSDUHG�ZLWK�WKH�
FRQWURO�JURXS��Q�=������ZRPHQ�UDQGRPO\�DVVLJQHG�WR�WKH�
7DL�&KL�LQWHUYHQWLRQ��Q�=�����KDG�VLJQL¿FDQWO\�JUHDWHU�NQHH�
H[WHQVRU�HQGXUDQFH��PHDQ�FKDQJH�������LQ�7DL�&KL�JURXS�
YV�����:�NJ�LQ�FRQWURO�JURXS��P =�������DQG�JUHDWHU�ERQH�
PLQHUDO�GHQVLW\�LQ�WKH�SUR[LPDO�IHPRUDO�QHFN��PHDQ�FKDQJH�
RI������ LQ�7�VFRUH� IRU�7DL�&KL�JURXS�YV�−����� LQ�FRQWURO�
JURXS��P "���������)HDU�RI�IDOOLQJ�GXULQJ�GDLO\�DFWLYLWLHV�
GHFUHDVHG�LQ�WKH�7DL�&KL�JURXS�FRPSDUHG�ZLWK�WKH�FRQWUROV�
�PHDQ�FKDQJH�−����� LQ�7DL�&KL�JURXS�YV������ LQ�FRQWURO�
JURXS��P =� �������.QHH� H[WHQVRU� DQG�ÀH[RU� VWUHQJWK�GLG�
QRW�GLIIHU�VLJQL¿FDQWO\�EHWZHHQ�WKH�JURXSV�DW���PRQWKV�

,Q� DQ� 5&7� E\� )UDQVHQ� HW� DO���� ��� SDUWLFLSDQWV� LQ� D�
���ZHHN�7DL�&KL�FODVV�VKRZHG�PHDQ�LPSURYHPHQWV�RI�����
�����&,��−����WR�������IRU�SDLQ�DQG����������&,�����±������
IRU�SK\VLFDO�IXQFWLRQ�VFRUHV�FRPSDUHG�ZLWK�D�ZDLWLQJ�OLVW�
FRQWURO� JURXS� RI� ��� SDUWLFLSDQWV�� 7KHVH� LPSURYHPHQWV�
FRQWLQXHG� WKURXJK� WKH����ZHHN�IROORZ�XS�YLVLW��$Q�5&7�
RI� ��� LQGLYLGXDOV� ZLWK� V\PSWRPDWLF� WLELRIHPRUDO� 2$�
GHPRQVWUDWHG� LPSURYHPHQW� LQ� SDLQ�� SK\VLFDO� IXQFWLRQ��
VHOI�HI¿FDF\��GHSUHVVLRQ��DQG�KHDOWK�UHODWHG�TXDOLW\�RI�OLIH�
DIWHU����ZHHNV�RI�D���VHVVLRQ�SHU�ZHHN�7DL�&KL�SURJUDP�
FRPSDUHG�ZLWK�DQ�DWWHQWLRQ�FRQWURO�SURJUDP�RI�VWUHWFKLQJ�
DQG�HGXFDWLRQ����/DUJHU��KLJK�TXDOLW\�VWXGLHV�DUH�QHHGHG�WR�
FRQ¿UP�WKH�HIIHFWLYHQHVV�RI�7DL�&KL�IRU�2$�

Proprioceptive Exercise Programs
3DWKRORJLHV��VXFK�DV�2$��PD\�DIIHFW�RQH¶V�DELOLW\�WR�VHQVH�
MRLQW� SRVLWLRQ� DQG�PRYHPHQW�� 3URSULRFHSWLYH� H[HUFLVHV�
DLP�DW�LPSURYLQJ�GHWHFWLRQ�RI�ZKHUH�WKH�ERG\�LV�LQ�VSDFH��
6PLWK� HW� DO��� FRQGXFWHG� D� UHFHQW� V\VWHPDWLF� UHYLHZ� DQG�
PHWD�DQDO\VLV� WR� H[DPLQH� HIIHFWLYHQHVV� RI� SURSULRFHS�
WLYH�H[HUFLVHV�IRU�2$�RI�WKH�NQHH��7DEOH�����6HYHQ�5&7V�
ZLWK�PRGHUDWH�PHWKRGRORJLFDO� TXDOLW\�� LQYROYLQJ� D� WRWDO�
RI�����PDOHV�DQG�����IHPDOHV��PHDQ�DJH�����\HDUV���ZHUH�
LQFOXGHG�LQ�WKH�DQDO\VLV������������±���&RPSDUHG�ZLWK�QRQH[HU�
FLVH�FRQWURO�JURXSV��SURSULRFHSWLYH�H[HUFLVH�JURXSV�VKRZHG�
VLJQL¿FDQWO\�EHWWHU�IXQFWLRQDO�RXWFRPHV�DIWHU���ZHHNV�RI�
LQWHUYHQWLRQ��PHDQ�GLIIHUHQFH�LQ�:20$&�SK\VLFDO�IXQF�
WLRQ�VFRUH��−�����������&,��−������WR�−�������6HOI�UHSRUWHG�
SK\VLFDO�IXQFWLRQ�GLG�QRW�GLIIHU�EHWZHHQ�SURSULRFHSWLYH�DQG�
JHQHUDO�QRQSURSULRFHSWLYH�H[HUFLVH�SURJUDPV��PHDQ�GLIIHU�
HQFH�LQ�:20$&�SK\VLFDO�IXQFWLRQ�VFRUH������������&,��
−�����WR��������DQG�MRLQW�SRVLWLRQ�VHQVH�ZDV�EHWWHU�DIWHU�WKH�

SURSULRFHSWLYH�H[HUFLVHV��PHDQ�GLIIHUHQFH�LQ�MRLQW�SRVLWLRQ�
DQJXODWLRQ�HUURU��−����������&,��−�����WR�−�������$OWKRXJK�
FXUUHQW� HYLGHQFH� IRU� SURSULRFHSWLYH� H[HUFLVH� WUDLQLQJ� LV�
EDVHG�RQ�D�ORZ�QXPEHU�RI�VPDOO��VKRUW�WHUP�VWXGLHV��LQLWLDO�
UHSRUWV�VXJJHVW�WKDW�WKHUH�PD\�EH�DQ�DGYDQWDJH�RI�DGGLQJ�
SURSULRFHSWLYH� WUDLQLQJ� WR� DQ� H[HUFLVH� UHJLPH� IRU�2$�RI�
WKH�NQHH�

Water-Based Exercise Programs for OA
:DWHU�EDVHG�� RU� DTXDWLF�� H[HUFLVH� SURJUDPV� DUH� RIIHUHG�
WR�VRPH�SDWLHQWV�ZLWK�2$�DV�DQ�DOWHUQDWLYH�WR�ODQG�EDVHG��
ZHLJKWEHDULQJ� SURJUDPV� EHFDXVH� WKH\� DUH� EHOLHYHG� WR�
LQYROYH� OHVV� ORDGLQJ�RQ� WKH� MRLQWV� DQG�� LQ� WXUQ�� EH�EHWWHU�
WROHUDWHG� IRU� LQGLYLGXDOV�ZLWK� VHYHUH� RU� SDLQIXO� GLVHDVH��
*HQHUDOO\�� WKH� HYLGHQFH� VXSSRUWV� WKH� EHQH¿WV� IRU�ZDWHU�
EDVHG�SURJUDPV�IRU�NQHH�DQG�KLS�2$��DOWKRXJK�ORQJ�WHUP�
HIIHFWV�KDYH�QRW�EHHQ�GRFXPHQWHG�

,Q� D� V\VWHPDWLF� UHYLHZ� E\�%DUWHOV� HW� DO���� ��5&7V� RI�
����DGXOWV�ZHUH�LQFOXGHG�WR�H[DPLQH�WKH�HIIHFWLYHQHVV�DQG�
VDIHW\�RI�DTXDWLF�H[HUFLVH�LQWHUYHQWLRQV�RQ�WKH�WUHDWPHQW�RI�
NQHH�DQG�KLS�2$������±���6PDOO�WR�PRGHUDWH�HIIHFW�VL]HV�ZHUH�
QRWHG�IRU�SK\VLFDO�IXQFWLRQ��60'������������&,�������WR�
−������DQG�TXDOLW\�RI�OLIH��60'������������&,������±������

,Q�DQ�5&7�RI�D����ZHHN�DTXDWLF�ÀH[LELOLW\�DQG�VWUHQJWK�
WUDLQLQJ�SURJUDP�IRU����DGXOWV�ZLWK�NQHH�DQG�KLS�2$��SDU�
WLFLSDQWV� LQ� WKH� H[HUFLVH� SURJUDP� �Q�=� ���� GHPRQVWUDWHG�
VLJQL¿FDQWO\�LPSURYHG�NQHH�H[WHQVLRQ�DQG�KLS�ÀH[LRQ�DQG�
H[WHQVLRQ�ÀH[LELOLW\�� NQHH� DQG� KLS� VWUHQJWK� LQ� DOO� SODQHV�
RI�PRWLRQ��DQG�DHURELF�¿WQHVV�FRPSDUHG�ZLWK�QRQH[HUFLVH�
FRQWUROV��Q�=��������+RZHYHU��VHOI�UHSRUWV�RI�SK\VLFDO�IXQF�
WLRQLQJ� �EDVHG� RQ� WKH�+HDOWK�$VVHVVPHQW�4XHVWLRQQDLUH��
P =��������DQG�SDLQ�UHOLHI��EDVHG�RQ�D�YLVXDO�DQDORJ�VFDOH��
P =��������GLG�QRW�GHPRQVWUDWH�VWDWLVWLFDOO\�VLJQL¿FDQW�GLI�
IHUHQFHV�E\�JURXS�DIWHU�LQWHUYHQWLRQ��DOWKRXJK�PHDQ�SDLQ�
UDWLQJV�GLG�GHFOLQH�VOLJKWO\�RYHU�WKH����ZHHN�SHULRG�LQ�WKH�
DTXDWLF�H[HUFLVH�JURXS�������DW�EDVHOLQH�WR������DW����ZHHNV��

Water-Based Versus Land-Based Exercises 
6HYHUDO�VWXGLHV�KDYH�H[DPLQHG�WKH�HIIHFWLYHQHVV�RI�ZDWHU�
EDVHG�SURJUDPV�FRPSDUHG�ZLWK�ODQG�EDVHG�H[HUFLVHV��/XQG�
HW� DO��� FRPSDUHG� ODQG�EDVHG� �Q�=� ���� DQG�ZDWHU�EDVHG�
H[HUFLVH��Q�=�����JURXSV�ZLWK�D�FRQWURO�JURXS��Q�=�����LQ�
D�VWXG\�RI�DGXOWV�ZLWK�2$�RI� WKH�NQHH��$IWHU�FRPSOHWLQJ�
WKH���ZHHN�H[HUFLVH�SURJUDPV��QR�LPPHGLDWH�HIIHFWV�ZHUH�
GHWHFWHG�LQ�HLWKHU�H[HUFLVH�JURXS��EXW�DW���PRQWK�IROORZ�XS��
VOLJKW�LPSURYHPHQW�LQ�SDLQ�DQG�VWUHQJWK�ZDV�QRWHG�RQO\�LQ�
WKH�ODQG�EDVHG�H[HUFLVH�JURXS�FRPSDUHG�ZLWK�WKH�FRQWURO�
JURXS��+RZHYHU��IHZHU�DGYHUVH�HIIHFWV��VXFK�DV�GLVFRPIRUW��

05_Golightly.indd   60 12/28/12   11:18 AM



Exercise Programs for OA

© The Physician and Sportsmedicine,  Volume 40, Issue 4, November 2012, ISSN – 0091-3847 61

ResearchSHARE®: www.research-share.com • Permissions: permissions@physsportsmed.com • Reprints: reprints@physsportsmed.com

RFFXUUHG�LQ�WKH�ZDWHU�EDVHG�H[HUFLVH�JURXS�YHUVXV�WKH�ODQG�
EDVHG�H[HUFLVH�JURXS�

%DWWHUKDP� HW� DO��� FRQGXFWHG� D� V\VWHPDWLF� UHYLHZ� DQG�
PHWD�DQDO\VLV�WR�GHWHUPLQH�ZKHWKHU�WKH�HIIHFW�RI�H[HUFLVH�
SURJUDPV�GLIIHUHG�E\�ZKHWKHU� WKH\�ZHUH� ODQG��RU�ZDWHU�
EDVHG� LQ� LQGLYLGXDOV�ZLWK�DUWKULWLV� �7DEOH�����)LYH�RXW�RI�
���5&7V�LQFOXGHG�LQ�WKH�DQDO\VLV�H[DPLQHG�RQO\�SDWLHQWV�
ZLWK�2$����H[DPLQHG�WKRVH�ZLWK�2$�RU�UKHXPDWRLG�DUWKULWLV�
�5$���DQG���H[DPLQHG�RQO\�WKRVH�ZLWK�5$��$OWKRXJK�WKH�
SDUDPHWHUV�DQG�TXDOLW\�RI�HDFK�VWXG\�ZHUH�QRW�FRQVLVWHQW��
SK\VLFDO� IXQFWLRQ� DQG�PRELOLW\� RXWFRPHV� GLG� QRW� GLIIHU�
FRQVLGHUDEO\�E\� W\SH�RI�SURJUDP��7KH�DXWKRUV�VXJJHVWHG�
WKDW�ZDWHU�EDVHG�SURJUDPV�PD\�EH�D�UHDVRQDEOH�DOWHUQDWLYH�
IRU� SHRSOH�ZLWK� DUWKULWLV�ZKR� KDYH� GLI¿FXOW\� SHUIRUPLQJ�
ODQG�EDVHG�SURJUDPV�GXH�WR�SDLQ�RU�VWUHQJWK�OLPLWDWLRQV�

:DQJ�HW�DO���FRQGXFWHG�DQ�5&7�RI����SDUWLFLSDQWV�ZLWK�
2$�RI�WKH�NQHH�IURP�ORFDO�FRPPXQLW\�FHQWHUV�UDQGRPL]HG�WR�
HLWKHU�D�ZDWHU�EDVHG�H[HUFLVH�FODVV�WKDW�IROORZHG�WKH�$UWKUL�
WLV�)RXQGDWLRQ�$TXDWLF�3URJUDP�RU�D�ODQG�EDVHG�FODVV�WKDW�
FRQVLVWHG�RI�H[HUFLVHV�IURP�WKH�$UWKULWLV�)RXQGDWLRQ�([HU�
FLVH�3URJUDP��$IWHU����ZHHNV�RI�HDFK�SURJUDP�SHUIRUPHG�
IRU����PLQXWH�VHVVLRQV���� WLPHV�SHU�ZHHN��ERWK� IRUPV�RI�
H[HUFLVH�UHVXOWHG�LQ�VWDWLVWLFDOO\�VLJQL¿FDQW�LPSURYHPHQWV�
LQ� SK\VLFDO� IXQFWLRQ� ���PLQXWH�ZDON� WHVW�� ZDWHU�EDVHG��
P "��������ODQG�EDVHG��P =��������DQG�NQHH�UHODWHG�TXDOLW\�
RI�OLIH��ZDWHU�EDVHG��P =��������ODQG�EDVHG��P "���������DQG�
LQWHUHVWLQJO\��GHVSLWH�H[SHFWDWLRQV�WKDW�ZDWHU�EDVHG�H[HUFLVH�
ZRXOG�EH�PRUH�EHQH¿FLDO�IRU�SDLQ�UHGXFWLRQ��LPSURYHPHQWV�
LQ�SDLQ�ZHUH�FRPSDUDEOH�LQ�WKH���JURXSV�

,Q�D����ZHHN�5&7�RI�����ROGHU�DGXOWV��PHDQ�DJH�����
\HDUV��ZLWK�FKURQLF�V\PSWRPDWLF�KLS�RU�2$�RI� WKH�NQHH��
SDUWLFLSDQWV�FRPSOHWHG�HLWKHU�D�K\GURWKHUDS\�FODVV��Q�=�����
RU�7DL�&KL�FODVV��Q�=�����RU�ZHUH�ZDLW�OLVWHG�WR�D�FRQWURO�
JURXS����&RPSDUHG�ZLWK�WKH�FRQWURO�JURXS��SDUWLFLSDQWV�LQ�
WKH� K\GURWKHUDS\� FODVVHV� GHPRQVWUDWHG� LPSURYHG�PHDQ�
FKDQJHV� LQ�:20$&�SDLQ� ������ ����&,�� ���±������ DQG�
IXQFWLRQ� ������� ����&,�� ���±������ VXEVFDOH� VFRUHV�� DQG�
SDUWLFLSDQWV�LQ�WKH�7DL�&KL�FODVVHV�GHPRQVWUDWHG�LPSURYHG�
PHDQ�FKDQJHV�LQ�:20$&�SDLQ�����������&,��−����WR�������
DQG�IXQFWLRQ�����������&,�����±������VXEVFDOH�VFRUHV��7KH�
6KRUW�)RUP����+HDOWK�6XUYH\�SK\VLFDO�FRPSRQHQW�VXPPDU\�
VFRUH�ZDV�KLJKHU�IRU�ERWK�WUHDWPHQW�JURXSV�FRPSDUHG�ZLWK�
WKH�FRQWURO�JURXS��K\GURWKHUDS\�PHDQ�VFRUH�FKDQJH�������
����&,�����±�����7DL�&KL�PHDQ�VFRUH�FKDQJH�����������&,�
�����������&RPSOLDQFH�ZDV�EHWWHU�IRU�WKH�K\GURWKHUDS\�JURXS�
WKDQ� IRU� WKRVH� SDUWLFLSDWLQJ� LQ� WKH�7DL�&KL� FODVVHV� �����
YV�����DWWHQGHG�DW�OHDVW�KDOI�RI�WKH�DYDLODEOH����FODVVHV��
UHVSHFWLYHO\��

:DWHU�EDVHG�H[HUFLVH�DOVR�PD\�EH�DQ�HIIHFWLYH�WUHDWPHQW�
DOWHUQDWLYH�IRU�RYHUZHLJKW�DQG�REHVH�SDWLHQWV�ZLWK�2$�RI�
WKH�NQHH��,Q�D�VWXG\�E\�/LP�HW�DO����REHVH�DGXOWV�IURP�.RUHD�
ZLWK�2$�RI�WKH�NQHH�ZHUH�UDQGRPL]HG�WR�DQ�DTXDWLF�H[HUFLVH�
SURJUDP��Q�=������D�ODQG�EDVHG�H[HUFLVH�SURJUDP��Q�=�����
RU�D�QRQH[HUFLVH�FRQWURO�JURXS��$IWHU���ZHHNV�RI�LQWHUYHQ�
WLRQ��:20$&�VFRUHV� LPSURYHG� VLPLODUO\�EHWZHHQ� WKH���
H[HUFLVH�JURXSV��DQG�WKHVH�LPSURYHPHQWV�ZHUH�VWDWLVWLFDOO\�
VLJQL¿FDQW�FRPSDUHG�ZLWK�WKH�FRQWURO�JURXS��$�VLJQL¿FDQW�
FKDQJH�LQ�%ULHI�3DLQ�,QYHQWRU\�VFRUH�ZDV�QRWHG�RQO\�IRU�
WKH�DTXDWLF�H[HUFLVH�SURJUDP�JURXS�

Mixed  Water-Based and Land-Based 
Programs
(VFDODQWH�HW�DO����7DEOH����FRQGXFWHG�D�V\VWHPDWLF�UHYLHZ�RI�
���VWXGLHV�WR�H[DPLQH�WKH�HIIHFWV�RI�ODQG�EDVHG��LH��VWUHQJWK��
7DL�&KL��DQG�DHURELF���DTXDWLF��DQG�PL[HG�H[HUFLVH�SURJUDPV�
RQ�SDLQ�UHOLHI�LQ�SDWLHQWV�ZLWK�NQHH�DQG�KLS�2$��$OO�VWXGLHV�LQ�
WKLV�UHYLHZ�XVHG�WKH�SDLQ�VXEVFDOH�RI�WKH�:20$&�DV�D�SDLQ�
RXWFRPH�PHDVXUH��3RROHG�HIIHFW�VL]HV�ZHUH�PRGHUDWH�WR�KLJK�
DQG�VWDWLVWLFDOO\�VLJQL¿FDQW��P "�������IRU�7DL�&KL��∼��������
DHURELF��∼�������DQG�K\GURWKHUDS\��∼������SURJUDPV��ZKHUHDV�
VWUHQJWK��∼�������DQG�PL[HG�SURJUDP��∼�������HIIHFW�VL]HV�
ZHUH�VWDWLVWLFDOO\�QRQVLJQL¿FDQW��([HUFLVH�SURJUDPV�EDVHG�
RQ�7DL�&KL�GHPRQVWUDWHG�VWDWLVWLFDOO\�EHWWHU�LPSURYHPHQWV�
LQ�SDLQ�WKDQ�PL[HG�H[HUFLVH�SURJUDPV��P "�������

$QRWKHU�V\VWHPDWLF�UHYLHZ�E\�(VFDODQWH�HW�DO���exam�
LQHG�WKH�HIIHFWLYHQHVV�DQG�VWUXFWXUH�RI�H[HUFLVH�SURJUDPV�
RQ�IXQFWLRQDO�DHURELF�FDSDFLW\�LQ�LQGLYLGXDOV�ZLWK�KLS�DQG�
2$� RI� WKH� NQHH� �7DEOH� ����7KLV� LQFOXGHG� ���5&7V� DQG�
�� QRQ�5&7��7KH� SURJUDPV� H[DPLQHG�ZHUH� ERWK� DTXDWLF�
�LH�� K\GURWKHUDS\���������� DQG� ODQG�EDVHG� LQWHUYHQWLRQV� �LH��
VWUHQJWK�WUDLQLQJ�������7DL�&KL����������DHURELF�SURJUDPV������±�� 
DQG�SURJUDPV�ZLWK�PXOWLSOH�H[HUFLVH�FRPSRQHQWV��±�����7KH�
KLJKHVW� SRROHG� HIIHFW� VL]H�ZDV� REVHUYHG� IRU� WKH� DHURELF�
SURJUDPV��IROORZHG�E\�7DL�&KL��PL[HG�H[HUFLVH��DQG�K\GUR�
WKHUDS\��7KH�DXWKRUV�QRWHG�WKDW�WKH�SURJUDPV�UHYLHZHG�LQ�
WKLV� SDSHU� YDULHG� FRQVLGHUDEO\� EDVHG� RQ� GXUDWLRQ� RI� WKH�
SURJUDPV��WKH�GXUDWLRQ�DQG�IUHTXHQF\�RI�WKH�VHVVLRQV��DQG�
WKH�FRQWHQW�RI�HDFK�SURJUDP�

Exercise Programs for Severe OA
0RVW� RI� WKH� VWXGLHV� GHVFULEHG� LQFOXGHG� LQGLYLGXDOV�ZLWK�
PLOG�WR�PRGHUDWH�2$�RI�NQHH�DQG�KLS��:DOOLV�DQG�7D\ORU�� 
FRQGXFWHG�D�V\VWHPDWLF�UHYLHZ�DQG�PHWD�DQDO\VLV�WKDW�H[DP�
LQHG�WKH�HIIHFWLYHQHVV�RI�QRQSKDUPDFRORJLFDO�DQG�QRQVXUJL�
FDO�DSSURDFKHV�IRU�WKH�WUHDWPHQW�RI�VHYHUH�NQHH�DQG�KLS�2$�
�GH¿QHG�DV�SUH�WRWDO�MRLQW�UHSODFHPHQW��DQ�LQGLFDWRU�RI�MRLQW�
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IDLOXUH���([HUFLVH�ZDV�WKH�PRVW�RIWHQ�H[DPLQHG�LQWHUYHQWLRQ�
LQ�WKH����VWXGLHV�FRPSULVLQJ�WKH�UHYLHZ��DQG�WKH�H[HUFLVH�
SURJUDPV� LQFOXGHG� ODQG�� DQG� ZDWHU�EDVHG� HQGXUDQFH��
VWUHQJWKHQLQJ��DQG�ÀH[LELOLW\�DFWLYLWLHV��2YHUDOO��WKHUH�ZDV�
ORZ�WR�PRGHUDWH�TXDOLW\�HYLGHQFH�RI�SDLQ�UHGXFWLRQ�SULRU�
WR�MRLQW�UHSODFHPHQW�ZLWK�H[HUFLVH�LQWHUYHQWLRQ��WKH�60'�
ZDV������IRU�2$�RI�WKH�NQHH������&,������±������DQG������
�����&,������±������IRU�KLS�2$��7KH�SDLQ�UHGXFWLRQ�UHVXOWV�
IRU�WKH�NQHH�DUH�VLPLODU�WR�D�PHWD�DQDO\VLV�RI����VWXGLHV�RI�
PLOG�DQG�PRGHUDWH�2$�RI�WKH�NQHH��60'������������&,��
����±���������0RGHUDWH�TXDOLW\�HYLGHQFH�RI�LPSURYHG�SK\VL�
FDO�IXQFWLRQ�ZLWK�H[HUFLVH�SURJUDPV�ZDV�DYDLODEOH�IRU�VHYHUH�
KLS�2$��60'������������&,������±�������EXW�WKLV�HIIHFW�ZDV�
QRW�REVHUYHG�IRU�VHYHUH�2$�RI�WKH�NQHH��7KH�VWXGLHV�LQ�WKLV�
PHWD�DQDO\VLV�ZHUH�PRVWO\�VPDOO�5&7V��1�=�������DFURVV�
DOO�VWXGLHV���DQG�ODUJHU��ZHOO�GHVLJQHG�5&7V�DUH�QHHGHG�WR�
SURYLGH�FOHDUHU�HYLGHQFH�RI� WKH�HIIHFWLYHQHVV�RI�H[HUFLVH�
SURJUDPV�IRU�VHYHUH�2$�

Cost-Effectiveness of Exercise Programs 
for OA
7ZR�UHFHQW�UHSRUWV�KDYH�H[DPLQHG�WKH�FRVW�HIIHFWLYHQHVV�RI�
H[HUFLVH�SURJUDPV�IRU�2$��,Q�D�PHWD�DQDO\VLV�RI����VWXGLHV�
E\�3LQWR�HW�DO���H[DPLQLQJ�FRQVHUYDWLYH�WUHDWPHQWV��LH��H[HU�
FLVH�SURJUDPV��DFXSXQFWXUH��UHKDELOLWDWLRQ�SURJUDPV��DQG�
OLIHVW\OH�LQWHUYHQWLRQV�����VWXGLHV�WKDW�LQFOXGHG�VXSHUYLVHG�
H[HUFLVH�LQWHUYHQWLRQV�UHSRUWHG�LPSURYHG�KHDOWK�RXWFRPHV�
�HJ��EHWWHU�SK\VLFDO�IXQFWLRQ�RU�UHGXFHG�SDLQ��DW�D�ORZHU�FRVW�
UHODWLYH�WR�KRPH�EDVHG�H[HUFLVH�DORQH�������XVXDO�FDUH��� or 
��VHVVLRQV�RI�KHDOWK�HGXFDWLRQ����7KH�SURJUDPV�H[DPLQHG�D�
UDQJH�RI�H[HUFLVHV�LQ�WKHVH�VWXGLHV�����D�SK\VLRWKHUDSLVW�OHG�
FODVV�EDVHG� SURJUDP�RI� VWUHWFKLQJ�� EDODQFH� WUDLQLQJ�� DQG�
VWUHQJWKHQLQJ� IRU� SDWLHQWV�ZLWK�2$�RI� WKH� NQHH������� ��� D�
ZDWHU�EDVHG�\HDU�ORQJ�SURJUDP�RI�VWUHQJWKHQLQJ��EDODQFH��
DQG� DHURELF� DFWLYLW\� IRU� SHRSOH�ZLWK� KLS� DQG�2$�RI� WKH�
NQHH����DQG������SURJUDPV�RI�DHURELF�ZDONLQJ�H[HUFLVH�DQG�
IXOO�ERG\�UHVLVWDQFH�WUDLQLQJ�IRU�LQGLYLGXDOV�ZLWK�2$�RI�WKH�
NQHH����,Q�WKH�ODUJH�VWUHQJWK�WUDLQLQJ�SURJUDP�5&7�RI�DGXOWV�
ZLWK�FKURQLF�NQHH�SDLQ�2$�GHVFULEHG�E\�+XUOH\�HW�DO����WKH�
SUREDELOLW\� RI� FRVW�HIIHFWLYHQHVV�ZDV� KLJK� ����±������
LQ�WKH�H[HUFLVH�VHOI�PDQDJHPHQW�JURXS�FRPSDUHG�ZLWK�WKH�
XVXDO�FDUH�JURXS�DW����PRQWK�IROORZ�XS��&RVW�HIIHFWLYHQHVV�
DFFHSWDELOLW\�FXUYHV�ZHUH�XVHG�WR�GHWHUPLQH�WKH�SUREDELOLW\�
WKDW�WKH�(6&$3(�NQHH�SDLQ�SURJUDP�ZDV�PRUH�FRVW�HIIHF�
WLYH�FRPSDUHG� WR�XVXDO�FDUH��7KH�UHVXOWV�RI� WKHVH�VWXGLHV�
VXJJHVW� WKDW�H[HUFLVH�SURJUDPV� IRU�NQHH�DQG�KLS�2$�QRW�
RQO\�LPSURYH�RXWFRPHV�EXW�DUH�DOVR�D�FRVW�HIIHFWLYH�WUHDW�
PHQW�DSSURDFK�

Dissemination and Implementation 
of Exercise Programs for OA
$OWKRXJK� WKHUH� LV� VWURQJ� HYLGHQFH� WKDW� H[HUFLVH� LPSURYHV�
RXWFRPHV�IRU�SDWLHQWV�ZLWK�KLS�DQG�2$�RI�WKH�NQHH��PDQ\�
LQGLYLGXDOV�ZLWK�2$�DUH�SK\VLFDOO\�LQDFWLYH��)RU�H[DPSOH��
LQ�D�FRKRUW�RI�LQGLYLGXDOV�ZLWK�UDGLRJUDSKLF�2$�RI�WKH�NQHH��
RQO\�����ZHUH�FXUUHQWO\�PHHWLQJ�'HSDUWPHQW�RI�+HDOWK�DQG�
+XPDQ�6HUYLFHV�SK\VLFDO�DFWLYLW\�JXLGHOLQHV����7KHUH�LV�VWLOO�D�
QHHG�IRU�PRUH�UHVHDUFK�WR�LQFUHDVH�XQGHUVWDQGLQJ�RI�WKH�PRVW�
HIIHFWLYH�IRUPDWV�DQG�W\SHV�RI�SK\VLFDO�DFWLYLW\�IRU�SDWLHQWV�
ZLWK�2$��DQG�KRZ� WKLV�PD\�YDU\�DFFRUGLQJ� WR� LQGLYLGXDO�
SDWLHQW�FKDUDFWHULVWLFV���EXW� WKHUH� LV�DOVR�D�FULWLFDO�QHHG� WR�
PRYH�RXU�FXUUHQW�HYLGHQFH�EDVH�LQWR�SUDFWLFH��$FFRUGLQJO\��
SURPRWLRQ� RI� SK\VLFDO� DFWLYLW\�ZDV� D� FRUH� FRPSRQHQW� RI�
WKH� �����1DWLRQDO�3XEOLF�+HDOWK�$JHQGD� IRU�2VWHRDUWKUL�
WLV���5HVHDUFK�LV�QHHGHG�WR�LGHQWLI\�HIIHFWLYH�VWUDWHJLHV�IRU�
LPSOHPHQWLQJ� HYLGHQFH�EDVHG� SK\VLFDO� DFWLYLW\� SURJUDPV�
DQG�IRVWHULQJ�DGRSWLRQ�DQG�PDLQWHQDQFH�RI�SK\VLFDO�DFWLYLW\�
DPRQJ�DGXOWV�ZLWK�2$�

Summary

(YLGHQFH� VXSSRUWV� ERWK� DHURELF� H[HUFLVH� �ODQG�EDVHG� RU�
ZDWHU�EDVHG�� DQG� SURJUHVVLYH� VWUHQJWKHQLQJ� H[HUFLVH� IRU�
UHGXFLQJ�SDLQ�DQG�LPSURYLQJ�SK\VLFDO�IXQFWLRQ�LQ�SDWLHQWV�
ZLWK�PLOG�WR�PRGHUDWH�2$�RI�WKH�NQHH��(IIHFWV�DUH�JHQHUDOO\�
FRPSDUDEOH�ZLWK� HVWLPDWHV� UHSRUWHG� IRU� VLPSOH� DQDOJHVLFV�
DQG�16$,'V�IRU�WKH�WUHDWPHQW�RI�NQHH�SDLQ��%HFDXVH�RI�WKLV�
VWURQJ�HYLGHQFH��FOLQLFLDQV�VKRXOG�HQFRXUDJH�UHJXODU�H[HUFLVH�
IRU�SDWLHQWV�ZLWK�2$�RI�WKH�NQHH�

$OWKRXJK�WKH�HYLGHQFH�EDVH�UHJDUGLQJ�H[HUFLVH�IRU�SDWLHQWV�
ZLWK�KLS�2$�LV�PXFK�VPDOOHU�WKDQ�IRU�2$�RI�WKH�NQHH��VWXGLHV�
WR�GDWH�VXSSRUW�WKH�HIIHFWLYHQHVV�IRU�WKHVH�SDWLHQWV��%HFDXVH�
RI�WKH�RWKHU�LPSRUWDQW�EHQH¿WV�RI�H[HUFLVH�IRU�RYHUDOO�KHDOWK��
FOLQLFLDQV�DOVR�VKRXOG�HQFRXUDJH�H[HUFLVH�LQ�WKHVH�SDWLHQWV��
HYHQ�DV�GDWD�FRQWLQXH�WR�HPHUJH�

,Q�DGGLWLRQ�WR�PRUH�WUDGLWLRQDO�IRUPV�RI�H[HUFLVH��D�VPDOO�
EXW�JURZLQJ�HYLGHQFH�EDVH�VXSSRUWV�WKH�HIIHFWLYHQHVV�RI�RWKHU�
W\SHV�RI�H[HUFLVH��HJ��7DL�&KL��EDODQFH�WUDLQLQJ��SURSULRFHS�
WLYH�WUDLQLQJ��IRU�SDWLHQWV�ZLWK�2$��(YHQ�WKRXJK�OHVV�LV�NQRZQ�
DERXW� WKH� HIIHFWV� RI� WKHVH� W\SHV� RI� H[HUFLVH�� WKH\�SURYLGH�
FKRLFHV�IRU�SDWLHQWV�ZLWK�2$�ZKR�ZDQW�DOWHUQDWH�IRUPV�RI�
DFWLYLW\�RU�WR�YDU\�WKHLU�H[HUFLVH�URXWLQH�

0DQ\�DUHDV�VWLOO�DUH�LQ�QHHG�RI�IXUWKHU�UHVHDUFK�UHJDUGLQJ�
H[HUFLVH�IRU�SDWLHQWV�ZLWK�2$��$V�SUHYLRXVO\�QRWHG��VWXGLHV�RI�
H[HUFLVH�IRU�SDWLHQWV�ZLWK�KLS�2$�DUH�YHU\�OLPLWHG��([HUFLVH�
EDVHG�RQ�ELRPHFKDQLFDO�FRQVLGHUDWLRQV�RI�WKH�KLS�VKRXOG�EH�
H[DPLQHG�EHFDXVH�WKH\�PD\�EH�DSSURSULDWH�DQG�HIIHFWLYH�IRU�
SDWLHQWV�ZLWK�2$�DW� WKLV� MRLQW��+LS� VWUHQJWKHQLQJ�H[HUFLVH�
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SURJUDPV�VHHP�SURPLVLQJ�EXW�VKRXOG�EH�IXUWKHU�HYDOXDWHG�
WR�GHWHUPLQH�WKHLU�HIIHFWLYHQHVV�IRU�WKH�PDQDJHPHQW�RI�2$�
RI� WKH�NQHH��)HZ�VWXGLHV�RI�H[HUFLVH�IRU�SDWLHQWV�ZLWK�2$�
H[DPLQH�RWKHU�MRLQW�VLWHV��LQFOXGLQJ�WKH�IRRW��DQNOH��DQG�EDFN��

6WXGLHV� RI� H[HUFLVH� IRU�2$�KDYH� HYDOXDWHG� UHODWLYHO\�
VKRUW�WHUP�RXWFRPHV��EXW�WKH�ORQJ�WHUP�EHQH¿WV�DQG�SRWHQWLDO�
HIIHFWV�RQ�SURJUHVVLRQ�KDYH�QRW�EHHQ�ZHOO�HVWDEOLVKHG��/LWWOH�
LV�NQRZQ�DERXW�EHVW�PHWKRGV�IRU�KHOSLQJ�SDWLHQWV�ZLWK�2$�WR�
PDLQWDLQ�H[HUFLVH�EH\RQG�D�UHODWLYHO\�OLPLWHG�VWXG\�SHULRG�

0RVW� VWXGLHV� KDYH� IRFXVHG� RQ� SDWLHQWV�ZLWK�PLOG�WR�
PRGHUDWH�2$��$�IHZ�UHSRUWV�VXJJHVW�WKDW�DGXOWV�ZLWK�VHYHUH�
2$�RI�WKH�NQHH��SUH�MRLQW�UHSODFHPHQW��PD\�H[KLELW�LPSURYHG�
IXQFWLRQ�DQG� UHGXFHG�SDLQ�DIWHU� H[HUFLVH� LQWHUYHQWLRQ��EXW�
ODUJHU�� KLJK�TXDOLW\�5&7V� DUH� QHFHVVDU\� WR� FRQ¿UP� WKHVH�
LQLWLDO�¿QGLQJV��0RUH�LQIRUPDWLRQ�LV�QHHGHG�RQ�EHVW�VWUDWH�
JLHV�WR�IRVWHU�H[HUFLVH�DPRQJ�SDWLHQWV�ZLWK�VHYHUH�V\PSWRPV��
6WXGLHV�LQ�WKLV�DUHD�ZRXOG�PDNH�DQ�LPSRUWDQW�FRQWULEXWLRQ�
WR�FOLQLFDO�SUDFWLFH�

2SWLPDO�PHWKRGV� IRU� VXSSRUWLQJ� SK\VLFDO� DFWLYLW\� IRU�
SDWLHQWV�ZLWK�2$�DUH�QRW�NQRZQ��6RPH�HYLGHQFH�VXJJHVWV�
H[HUFLVH�SURJUDPV�WKDW�LQFOXGH�GLUHFW�VXSHUYLVLRQ�RI�!����
YLVLWV�KDYH�DQ�DGYDQWDJH�IRU�SDWLHQWV�ZLWK�2$�RI�WKH�NQHH��
+RZHYHU��ZKHQ� WKLV� OHYHO� RI� VXSHUYLVLRQ� LV� QRW� SRVVLEOH��
RWKHU�NH\�VWUDWHJLHV�PD\�H[LVW�IRU�VXSSRUWLQJ�DGRSWLRQ�DQG�
PDLQWHQDQFH�RI�H[HUFLVH�

3DUWLFLSDQWV�LQ�WKH�H[HUFLVH�SURJUDPV�ZHUH�JHQHUDOO\�ROGHU�
DGXOWV�ZLWK�D�JUHDWHU�SURSRUWLRQ�RI�ZRPHQ��DQG�FRPSDULVRQV�
RI�WKH�HIIHFWLYHQHVV�RI�SURJUDP�E\�IDFWRUV�RI�DJH�DQG�VH[�ZHUH�
QRW�UHSRUWHG��6HYHUDO�VWXGLHV�FRQGXFWHG�SURJUDPV�WKDW�DOORZHG�
IRU�H[HUFLVH�SURJUHVVLRQ�EDVHG�RQ�RQH¶V�DELOLW\��ZKLFK�LV�D�JRRG�
WUHDWPHQW�VWUDWHJ\��EXW�H[DPLQLQJ�HIIHFWLYHQHVV�RI�SURJUDPV�
E\�DJH��VH[��RU�RWKHU�IDFWRUV��HJ��REHVLW\��DV�H[DPLQHG�E\�/LP�
HW�DO����PD\�LQIRUP�WDLORUHG�FOLQLFDO�FDUH�DSSURDFKHV�
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