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Effect of Exercise Intervention on Chronic Musculoskeletal Pain in Older Adults:
Meta-analysis
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Purpose: The aim of this study was to evaluate the effect of exercise on chronic musculoskeletal pain in older adults.
Methods: In order to conduct a meta-analysis, a total 7,186 studies were retrieved from seven databases (Pubmed,
CINAHL, Cochrane Library, RISS, KISS, NDSL, KoreaMed) without restriction on publication year and the articles
published until June 2018 were selected for this study. Sixteen studies were selected for the meta-analysis based
on their satisfaction of the inclusion criteria and low risk of bias. Baseline demographic data, exercise features, and
outcome data were extracted from all included trials. The data was analyzed using the RevMan 5.2 and CMA 3.0.
program. Results: The results of the meta-analysis (n=16) revealed that the exercise intervention was found to be
significantly superior to control group on pain (Standardized Mean Difference [Hedges'g]=-0.43, 95% Confidence
Interval [Cl]=-0.59~-0.27). Also, meta-ANOVA was performed using study period, length and frequency of session
and type of exercise, but no statistically significant moderators were found. Conclusion: In this study, the exercise
demonstrated significant reduction in pain intensity in older adults and there was no difference in pain reduction
according to type or duration of exercise. Therefore, exercise that older adults prefers and is feasible in where they
are, should be adopted as a nursing intervention for older adults' chronic musculoskeletal pain management.
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Records excluded

On title and/or abstract (N = 2.665)

Records excluded (N = 2,099)
1) No chronic musculoskeletal pain in the elderly (n=1,235)
2) No exercise intervention (n=292)

3) Removed manual duplicates (n=432)

Full-text articles excluded, with reasons (N =140)
1) No pain results (n=75)

2) No control group (n=65)

Records excluded (N = 8)

)
= Records identified through Additional records identified through
o database searching in Korea database searching in other country
= (N = 4,701) (N = 2,445)
§ Through RISS (n=3,123) Through Pubmed (n=689)
E Through KISS (n=355) Through CINAHL (n=615)
c Through NDSL (n=890) Through Cochrane library (n=1,141)
% Through Koreamed (n=333)
— A v
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S o]
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Studies included in qualitative
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S
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(N =16)
|
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RCT=randomized controlled trial;
NRCCT=non-randomized controlled clinical trial.

Figure 1. Study flow diagram.
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Table 1. Descriptive Summary of Selected 16 Studies

Participants Intervention
EG CG Length
?}ttt:r(;r c?:zlslfg}rll Location M\edjcal pelfg; Stu'd}cll Freqlflency Type of Ionlz::é?: Outcome
condition M+SD M£SD  gession PO ora exercise
(age) (age) (min) (week) session
Bennelletal. RCT Australia Knee 39 64.519.1 37 64.617.6 45 13 5 RS NRS Significant
(2010) OA improvements in the
EG (p=.004)
Doi et al. RCT  Japan Knee 63 6741134 58 7124222 NA 8 7 RS+SR  VAS Significant
(2008) OA improvements in both
groups (p=.001)
Fitzgerald RCT  USA Knee 69 64.6£84 76 63.3£89 10~15 48 3 AE+BP  NRS No significant
etal. OA improvements
(2011) in both group (p=.310)
Foroughi RCT Australia Knee 20 66.0£8.0 25 65.07.0 40~50 24 3 RS+SR+ WOMAC Significant
etal. OA AE improvements
(2011) in both group (p <.001)
Hyoung Non South  CLBP 16 69.1+44 14 69.8£50 60~90 8 3 RS+SR  VAS Significant
(2009) -RCT  Korea improvements
in both group (p=.010)
Janetal. RCT Taiwan Knee 31 633166 30 628163  30~50 8 3 RS WOMAC Significant
(2008) OA improvements
in both group (p <.050)
Jo Non  South Knee 30 NA 30 NA 60 8 3 RS+SR VAS Significant
(2007) -RCT  Korea OA improvements
in both group (p=.000)
Kim® Non South  CLBP 27 757455 27 75.7£55  50~60 8 8 SR+BP  VAS Significant
(2013) -RCT  Korea improvements
in EG group (p <.001)
Kim” Non South CLBP 16 NA 16 NA 30 10 3 RS+SR KPS Significant
(2000) -RCT  Korea improvements
in EG group (p <.010)
Kim et al. RCT  Japan Chronic 33 80.9+23 35 80.512.7 60 12 2 RS+BP  VAS Significant
(2013) knee improvements
pain in both group (p=.006)
Knoopetal. RCT Nether- Knee 79 621+£7.6 75 61.816.6 60 12 2 RS+SR NRS Significant
(2013) lands OA improvements
in both group (p=.040)
Lin RCT Taiwan  Knee 34 61.6£72 33 6221+6.7 30 8 3 RS+BP WOMAC Significant
(2009) OA improvements
in both group (p=.008)
Messieretal. RCT  USA Knee 136 66.0£6.0 134 66.016.0 60 72 3 RS+AE WOMAC Significant
(2013) OA improvements
in both group (p=.002)
Peungsuwan RCT Thailand Knee 17 678164 14 69.818.4 75 8 8 RS+SR WOMAC Significant
etal. OA improvements
(2014) in both group (p <.001)
Ryu et al. Non  South  CLBP 15 67.1£2.0 15 67.8%2.8 60 12 3 RS+AE  VAS Significant
(2016) -RCT  Korea improvements
in EG group (p <.010)
Wangetal. RCT Taiwan Knee 26 68.316.4 26 67.91£5.9 60 12 B RS+SR+ KOOS Significant
(2011) OA AE improvements

in both group (p <.001)

Kim”=Kim Hyang-su; Kim”=Kim Hyang-sook; RCT=randomized controlled trial; Non-RCT=non equivalent control group design; USA=United States of
America; CG=control group; CLBP=chronic low back pain; EG=experimental group; OA=osteoarthritis; NA=not reported; AE=aerobic/endurance exercise;
BP=balance/ proprioceptive exercise; SD=standard deviation; RS=resistance/ strengthening exercise; SR=stretching/rang of motion exercise; KOOS=knee injury
and osteoarthritis outcome score; KPS=korean pain scale; NRS=numeric rating scale; VAS=visual analog scale; WOMAC: wester ontario and mcmaster
osteoarthritis index score.
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Bennell etal 2010

Doietal 2008

Fitzgerald et al 2011

Foroughi etal 2011

Janetal 2008

Kimetal 2013

Knoop etal 2013

Lin 2008

Messieretal 2013

5O O S S S ® ®|®| @ Randomsequence generation (selection bias)

Peungsuwan et al 2014

® OSSOSO S O @ ® | selectvereporing (reporting bias)

. . . . . . . . . . . Blinding of participants and personnel (performance bias)
. . . . . . . . . . . Blinding of outcome assessment (detection bias)

. -/ . . . . . . . . . Incomplete outcome data (attrition bias)

OO O S S S O -~ @ @ @ otenis

® 000 S S O ® S| ® ®|~ocationconcealment (selection bias)

Wang et al 2011

Figure 2-A. Risk of Bias (RoB) graph.
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= | Selective outcome reporting

Hyoung 2008

Jo 2007

Kim (a) 2013

Kim (b) 2000

® ©® ® ®| ®  cindinaforoutcome assessment
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® O® ® ®|® easuementofintervention
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® O ® ®| ® coundingvariables
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Ryu etal 2016

Figure 2-B. Risk of Bias assessment tool for
randomized studies (RoBANS) graph.

Figure 2. Risk of bias for included study.
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Table 2. Characteristics of Included Studies (N=16)
Variables Categories n (%)
Type of publication Academic journal 13 (81.2)

Master's thesis 2 (12.5)
Doctoral dissertation 1(6.3)
Medical condition Knee osteoarthritis 11 (68.7)
of objects Chronic low back pain 4 (25.0)
Chronic knee pain 1(6.3)
Study period (week) 5~8 7 (43.8)
9~12 4 (25.0)
>13 5(31.2)
Length of a session 10~30 3 (18.7)
(minute) 40~60 9 (56.3)
>70 3(18.7)
Unattributable 1(6.3)
Frequency of a session ~ 1~3 13 (81.3)
(per a week) >4 3 (18.7)
Type of exercise RS +SR 7 (43.7)
RS 2 (12.5)
RS+ AE 2 (12.5)
RS + BP 2 (12.5)
RS+SR + AE 2 (12.5)
SR + BP 1(6.3)

RCT=randomized controlled trial; Non-RCT=non equivalent control
group design; EG=experimental group; CG=control group;
KOOS=knee injury and osteoarthritis outcome score; KPS=Korean
pain scale; NRS=numeric rating scale; VAS=visual analog scale;
WOMAC= wester ontario and mcmaster osteoarthritis index score;
AE=aerobic/endurance exercise; BP=balance/ proprioceptive
exercise; RS=resistance/ strengthening exercise; R=stretching/rang
of motion exercise.
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AZto] 40~604 o]Wi¢l 10H 9] Z¥-& & 7}=7]7} Hedges'
g=-0.47 (95% CI=-0.69~-0.24)0]9}.0.1, & ZA|A|7}o] 70
£ oAkl 2] BHL F3t57]7} Hedges' g=-0.34 (95%
Cl=-0.94~0.26) 2.2 UEh} 37| A Aol Zromd B2
=9 237 e AL 2 UBaL, 702 ol AlYstals
EAA O R JolatATh(Z=-2.20, p=.028; Z= -4.13, p <.001;
Z=-1.10, p=.273). 3tH, £7}77]9] 0]A AL 10~30% o]
Ql AL 1’=79.8% (Q=9.92, df=2, p=.007)& &2 o|IA&
HY I, 40~605-91 A 1°=45.1% (Q=16.40, df=9, p=.059)
O} 70 o)Al AL 1°=32.9% (Q=1.49, df=1, p=.222)2 o]
AE HolA| gh= AL & Yty th(Figure 3).
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Q=016 (df=2, p=924)2 jeh} et k] AB7] Aol
S EEERELEED

2) 554 F FA7 T @2 &3177)

& SA717r0] 5ol A 85 oI 7H ] AL AT 7]7}
Hedges' g=-0.60 (95% CI=-0.84~-0.36)0|3.0.H, & Zx)|7|
Zko] 9ol A 1258 o] Q1 58 9] 32 & 137]7} Hedges’
g=-0.26 (95% CI=-0.52~0.01)0]%] 0.1, % ZR|7|7}o] 135
olAkel 4H o] B3-S 713 7]7} Hedges' g=-0.39 (95% Cl=
-0.66~-0.12) 2 veht 2k at37|RE 1+ 2377t
A Yehgth(Z=-4.90, p <.001 ; Z=-1.90, p=.057; Z=-2.78, p=
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12=57.2% (Q=14.01, df=6, p=.030)2 Z7IY =] o] &
L, 950l 4] 123 o] A2 I’=0.0% (Q=3.17, df=4, p=
529)2 o] AAJo] glglon, 135 ojake] ¢ I=224% (Q=
3.87, df=3, p=276)2 Ueh} o]d o] B2 A o= eyt
(Figure 3). 18] 3 A 2k 7HQ=3.69 (df=2, p=.158)2 UelL}
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Study name Statistics for each study Hedges's g and 96%Cl
Hedges's Standard Lower Upper
a error Variance limit limit ZValue p-Value
Bennell et al (2010) -0.546 0.228 0052 0993 -0.099 -2.386 e 0.7
Doi et al (2008) -0.314 0.180 0.032 <0667 0039 =1.744 — 0.081
Fitzgerald et al (2011) -0.035 0.164 0.027 0357 0287 0213 0.831
Foroughi et al (2011) -0.179 0.287 0082 0742 0384 0623 = 0.533
Hyoung (2008) -0.638 0.350 0122 -1.325 0047 -1.827 = 0.068
Jan et al (2008) -0.658 0.254 0065 -1.157 -0159  -2.587 L 0.010
Jo (2007) =1.251 0.274 0.075 -1.787 -0.715 4574 pe— 0.000
Kim (a) (2013) -0.328 0.264 0070 -0.845 0189 -1.243 L 0.214
Kim (b) (2000) -0.557 0.337 0.114 -1.218 0104  -1.651 - 0.099
Kim et al (2013) -0.679 0.242 0058 -1.154 -0.204 -2.801 — 0.005
Knoop et al (2013) -0.237 0.160 0026 -0550 0076 -1.484 +—B—t 0.138
Lin (2009) -0.957 0.251 0,063 -1.448 -0465 -3.819 - 0.000
Messier et al (2013) -0.233 0121 0015 -0470 0004 -1.923 —— 0.054
Peungsuwan et al (2014) -0.046 0.337 0113 0706 0614 0137 - 0.891
Ryu et al (2016) -0.222 0.341 0116 -0.890 0446 -0.651 = 0.515
Wang et al (2011) -0.476 0.271 0.073 -1.006 0.054 -1.759 = 0.079
0.431 0.080 0006 -0.588 -0.274 -5.381 0.000
-1.00 -0.50 0.00 0.50 1.00
Favours A Favours B
Figure 3-A. All intervention.
Group by Study name Statistics for each study Hedges's g and 95% C1
Length per a session Hedges's Standard Lower Upper
L] error Variance  limit limit  ZNValue pValue
1030 Fitzgerald et al (2011) -0035 0164 o027 0357 0287 0213 I —.— 0.831
1020 Kim (i) (2000} 0557 0337 0114 1218 0104 1851 - o0m
10-20 Lin (2008) 0957 o251 0083 -1.448 0466 3818 E; 0.000
1030 0455 0.207 0043 0880 0050 2200 o028
AQED Bonnall ot o (2010) 0548 0z8 oos2 0983 009 -2398 om?
4080 Foroughi et al (2011) 0179 o0.287 ooez 0.742 0.384 0623 0533
4060 Jan et al (2008) 0658 0.25¢ 0065 1157 018 2587 o010
4060 Jo (2007) -1.251 0.274 0075 1787 0715 4574 e——— 0,000
4080 Farm (a) (2013) -0.328 0254 0070 0.845 0189 =1.243 0214
4060 Kim et al (2013) 0679 0.242 0058 1154 0204 2801 0.005
4060 Kneep et al (2013) 0237 0.160 002 0550 0076 1484 0138
4060 Messier at al (2013) 0233 o121 0015 0470 0004 1823 — 0054
4060 Ryu et al (2016) oz 0.341 0116 080 0446 0651 0515
4080 Wang et al (2011) -0.476 ozn 0073 =1,006 0054 =1.758 00me
4060 0465 o112 0013 0685 0244 4m ———— 0.000
over 7O Hyoung (2008) 0639 0.350 o1z 35 0047 187 = 0088
over 70 Peungsuvan et al (2014) 0048 0.337 0113 0708 0614 0137 LE-]
over 70 0335 0.308 0084 0835 0284 -1.097 0273
Overall -0.450 0094 0008 063 0285 47 0.000
0.50 0.00 0.50 1.00
Favours A Favours B
Figure 3-B. Length of a session.
G s name Statistics for each study Hedges's g and 95% CI
Duration
Hedges's Standard Lower Upper
a error  Variance limit limit Z-Value p-Value
58 D et al (2008) 0314 0180 0032 0667 0039 1744 = 0.081
58 Jan et al (2008) -0.658 0254 0085 -1.157 0159 2587 0.010
58 Jo (2007) -1.251 0274 0075 -1.787 0715 4574 p——— 0,000
58 Kim (a) (2013) -0.328 0264 0.070 0845 0189 1243 = 0.214
58 Lin (2009) -0.957 0251 0063 -1.448 0466 -3819 0.000
58 Hy oung (2008) -0.639 0.350 0122 -1.325 0.047 -1827 0.068
58 Peungsuvan et d (2014)  -0.046 0337 0112 0706 0614 0137 0.8
58 -0.597 0122 0ms 0836 0350 4004 e — 0,000
912 Knoop et al (2013) -0.237 0160 0026 050 0076 -1484 . 0,138
912 Ryu et al (2016) -D.zz2 0.3 0116 0890 0446 0651 0.515
912 Wang et al (2011) -0.476 0271 0073 1006 0054 1759 0.079
912 Fitzgerald et d (2011) -0.035 0164 0027 0357 0287 0213 —_— - 0.83
912 Kirm (b} (2000) -0.557 0337 0114 1218 0104 1651 0.099
9.12 -0.255 0.124 0018 -0.517 0008 1902 e 0.057
over 13 Bennedl et al (2010) -0.546 0228 0052 0993 0099 2306 .t o.m7
over 13 Foroughi et al (2011) -0.179 0.287 0082 0742 0384 0623 0.533
over 13 Kirn et al (2013) -0.679 0242 0059 1154 0204 2801 0.005
over 13 Messier et al (2013) 0z 0121 005 0470 0004 1623 —a— 0.0654
over 13 -0.388 013 0019 0661 015 -27E2 0.005
Overall -0.419 o116 0014 0647 0191 3588 0.000
-1.00 0.50 0.00 0.50 1.00
Favours A Favours B

Figure 3-C. Study period.

Figure 3. Forest plot of effect size and 95% CI & Funnel plot.
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Grou Study name Statistics for each study and 9 [=]
Frequency Hedges's Standard Lower Upper
a error  Variance limit limit Z-Value p-Value
13 Foroughi et al (2011) 0179 0.287 0022 0742 038 0623 0.533
13 Jan et al (2008) -0.658 0.254 0085 -1.157 0159 2587 0.010
13 Jo (2007) -1.251 0274 0075 -1.787 0715 4574 pe—— 0,000
13 Kim (a) (2013) -0.328 0.264 0.070 -0.845 0189 -1.243 0214
13 Kim et al (2013) -0.679 0.242 0.0 -1.154 024 2801 0.005
13 Knoop et al (2013) -0.237 0.160 0.026 0550 0076 -1484 0.138
13 Messier et a (2013) 0233 0121 05 0470 0.004 1923 e — 0.054
13 Ryuet a (2018) 0222 0241 0116 -0.830 0446 -0.651 0.515
13 Wang et al (2011) 0476 0271 0073 1006 0054 1759 0.079
13 Fitzgerald et al (2011) -0.035 0.164 0.027 0357 0287 0213 — 0.831
13 Kirm () (2000) -0.5857 0.237 0114 -1.218 0104 -1.651 0.099
13 Lin (200) -0.957 0251 0063 -1.448 0466 -3819 0.000
13 Hy oung (2008) -0.639 0.250 012 -1.225 0047 -1.827 0.068
13 Peungsusan et al (2014) -0.046 0.237 0113 0706 0.6 0137 0.801
13 0437 0001 0008 0615 0260 4629 0.000
overa Do et ai (2008) 0314 0180 00R 0667 O00W 1744 - 0.081
over 4 Bernell et al (2010) -0.546 0.228 00582 0993 0000 2308 o.m7
over 4 0418 0.218 0.047 0842 0005 -1.935 0.053
O exall -0.434 0.084 0007 0588 07 5201 0.000
-1.00 <0.50 0.00 0.50 1.00
Favours A Favours B
Figure 3-D. Frequency of a session (per a week).
Group by Study name Statistics for each study Hedges's g and 95% Cl
Tops ofinisrvandon Hedges's Standard Lower Upper
-] error Variance  limit limit  ZValue pValue
RS Bornall ot ol (2010) 0546 0228 o0s2 0Eed 0099 -2396 ooy
RS Jan et ol (2008) -0.658 0254 00es 115 0458 -2587 0.010
RS -0.598 o217 0047 1024 0973 -2755 0.005
RS+AE Messier ot al (2013) -0.233 o2 005 0470 0.004 -1.923 —— 0.054
RS+AE Ryu et ol (2016) 0.z 0341 0116 -0.880 0.446 0651 0515
RS+AE 0230 0,196 003 0614 0153 1177 re—— 0.2%
RS&F Km et al (2013) -0.678 0242 0.058 =1.154 -0.204 -280 0.005
RS+EF Lin (2008) -0.957 0.251 0063 -1.448 0485 -3.818 0.000
REEP -0.815 0.220 0049 1247 0383 -3.608 - ~ea— 0.000
RS#&R Do et ol (2008) -0.314 0.180 o002 -0.667 0.039 -1.744 0.081
RS+ER Foroughi ot a (2011) 0172 0.287 o2 0742 0384 23 0.533
RE+ER Je (2007) -1.251 0.274 0075 1787 075 -4.574 e/ 0.000
RS#&R Kroop et al (2013) -0.237 0.160 0.0206 -0.550 0.076 -1.484 0138
RS+&R Kim (b) (2000) -0.557 0337 0114 -1.218 0,104 <1651 0.0
RS+ER Hyaung (2008) -0.639 0,350 o122 1325 0.047 -1.827 0.058
RS+5R Peungsuvan et a (2014) 0,048 0337 0113 0708 0814 0137 0.8
RS+SR -0.431 0122 0ms -0.669 -0.193 -3.546 *- 0.000
RS+ER+AE Wang et a (2011) -0.478 0.2n o073 -1.008 0.054 -1.758 o.0r2
RS+SR+AE Fitzgerald ot a (2011) -0.035 0184 0027 0357 o287 0213 083
RE+SR+YAE 057 0.200 0.080  -0.589 0,196 -0.981 o.z:zF
Owverall -0.443 0125 0016 0688 0198 -3541 0.000
. 0.00 0.50 1.00
Favours A Favours B
AE=aerobic/endurance exercise; BP=balance/ proprioceptive exercise;
RS=resistance/strengthening exercise; SR=stretching/rang of motion exercise.
Figure 3-E. Type of exercise.
Funnel Plot of Standard Error by Hedges's g
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Figure 3-F. Funnel plot.

Figure 3. Forest plot of effect size and 95% CI & Funnel plot (Continued).
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