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Effect of Functional Electrical Stimulation on Balance and Gait
Speed of Stroke Patients: A Systematic Review and Meta-

Analysis

Hyun Jin Jang, So Yeong Kim, Jong Yun Chun, Gi Bbeum Choi, Woon Su Cho, Jae Hyun Lim

Department of Physical Therapy, Nambu University, Gwangju, Republic of Korea

Purpose: This study analyzed the effects of functional electrical stimulation (FES) on the balance and gait speed of stroke patients. Also,
the effects were analyzed according to the measurement method and electrical stimulation site.

Methods: The selection criteria included randomized controlled trials that measured balance and gait speed using FES in adult stroke
patients of any type and excluded studies that had no data, were not in English or Korean, or those for which the full text could not be
found. Searches were conducted in PubMed, Cochrane Library, RISS, DBpia, and ScienceON until March 2024, and the risk of bias was
assessed using the PEDro scale. The effect size was expressed as the standardized mean difference (SMD) using a random effects model
and a 95% confidence interval (Cl), and the effect based on the electrical stimulation site was analyzed by subgroup analysis.

Results: A total of 577 subjects from 19 studies were included. The results of analyzing the effect of FES showed that it significantly im-
proved Berg Balance Scale (BBS) (SMD=0.42; Cl=0.11-0.73; I*= 60%) and Timed Up and Go test (TUG) scores (SMD=0.36; Cl=0.15-
0.57; I*=0%), but not gait speed (SMD =-0.11; Cl=-0.46-0.24; I>= 37%). In addition, electrical stimulation was found to be more effec-
tive when stimulating the ankle than when stimulating various areas, including the ankle.

Conclusion: In stroke patients, FES has shown positive effects on balance. Future studies could emphasize interventions combined with
FES to achieve better results. Studies conducted with varied stimulation sites are needed to determine the impact of FES on activity

levels.
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Figure 1. Flow chart
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Table 1. General characteristics

Hyun Jin Jang, et al.

Sex= A o FES
No. Study Males/ S‘i/l(y(esg)s) _ NT ?SED) Electrical Electro Intervention Outcome
Females (N) stimulation site stimulation
1 Ambrosini E et al., Total=68 1G=73.7(11.7) Day - Quadriceps - 400us IG: FES+cycling+bio feedback BBS
2020" IG=21/13 CG=749(12.8) IG=13.9 (5) - Hamstring -20Hz CG: conventional physical therapy
CG=17117 CG=18(14.3) - Gastrocnemius 5 weeks/5 times a week/20 min
-TA
2 HaSYetal, 2020  Total=25 No information Month -TA - 250ps IG: ankle strategy exercise+ TUG
IG=9 IG=27 (28.4) - Gastrocnemius - 40Hz functional electrical stimulation
CG1=8 CG1=269(25.1) -20-40mA CG1: ankle strategy exercise+sham
CG2=8 CG2=443 (28.8) functional electrical
stimulation
CG2: conventional physical therapy
8 weeks/5 times a week/30 min
3 LeeKJ,2020" Total=49 IG=62.16 (8.13) Month - Gastrocnemius - 300ps IG: balance training with EMG- BBS
1G=17/8 CG=64.88(10.35) 1G=16(6.49) -TA -30-35Hz triggered FES TUG
CG=15/9 CG=15.25 (6.89) -16-18mA CG: balance training without EMG-
triggered FES
6 weeks/5 times a week/40 min
4 Sharif Fetal., 2017° Total=38 20-70 Subacute - Common peroneal -7 to 365ys IG: FES+conventional physical BBS
IG=19 nerve -40Hz therapy TUG
CG=19 -TA - 10-80mA CG: EMS+conventional physical
therapy
4-6 weeks/5 times a week
5 TongRKetal, 2006°" Total=50 IG=61.8(10.8) Week1G=2.3 (1) - Quadriceps Muscle correct  1G: electromechanical gait BBS
IG=10/5 CG1=66.1(9.9) CG1=2.7(13) - Common peroneal functional trainer+FES 5mWT
CG1=9/6 CG2=71.4(14) CG2=27(12) nerve response CG1: electromechanical gait trainer
CG2=12/8 CG2: overground gait training
4 weeks/5 times a week/20 min
6 ShimlJetal, 20202 Total=33 1G=59.65 (16.52) Month - Latissimus dorsi -200ps IG: EMG-triggered FES during PNF BBS
IG=10/7 CG=56(15.61) IG=11.59 (5.9) - Oblique muscle - 35Hz trunk pattern
CG=9/7 CG=13.88(5.51) -10-20mA CG: PNF trunk pattern group
4 weeks/5 times a week/30 min
7 BaeYHetal, 2014 Total=20 IG=45.4(19.7) Month - Dorsiflexor No informanion 1G: FES+RAGT BBS
IG=6/4 CG=52(16.1) 1G=9.8 (6) - Peroneal nerve CG:RAGT TUG
CcG=7/3 CG=115(5.1) 5 weeks/3 times a week/30 min
8 HongJetal,2018* Total=10 IG=61 (4.58) Month - Rectus abdominis -250ms IG: FES BBS
1G=3/2 CG=63.33(6.02) IG=14.33 (3.51) - External oblique - 50Hz CG: Placebo TUG
CG=3/2 CG=12.67 (2.08) 4 weeks/5 times a week/15 min
9 Wang GSetal, 2012% Total=27 IG=54.1 (8.6) Month -TA - 100us |G: FES+partial body weight support TUG
IG=14 CG=589(6.7) IG=13.9(9.2) - Common peroneal - 25Hz CG: general exercise groups 6mwWT
CG=13 CG=16.1(9) nerve -0.5-1 sec
10 Kunkel D etal.,, 2013% Total=21 IG=64 (15.5) 4.6 (min tomAXx: - Quadriceps femoris - 40Hz IG: FES administered in the context BBS
IG=4/3 CG1=71.1(18.8) 1-14) weeks post - GluteusmAximus -17.8-35mA of a balance training program 10mWT
CG1=4/3 CG=70(10.6) onset - Average pulse  CG1: balance training program on its
CG2=4/3 width of own
162mS CG: usual care
11 Dujovi¢ SD etal., Total=8 (<65/> 65 years) (<6/>6 months) - Tibial nerve -40Hz IG: bobath approach FES therapy BBS
20177 IG=3/5 1G=6/2 1G=6/2 - Common peroneal - Pulse widthto CG: bobath approach 10mWT
cG=71 CG=6/2 CG=2/6 nerve 400 sec 4 weeks/5 times a week/20-40 min
12 LeeSYetal,2013%® Total=16 IG=63.25 (15) Day1G=62.5 (52.23) - Quadriceps -60Hz IG: FES+ergometer BBS
1G=8/8 CG=63.25(14.12) (CG=5738(34.63) -TA -300ms CG: ergometer
CG=8/8 - Hamstring -Duty cycle of 4 weeks/5 times a week/30 min
- GluteusmAximus 1.0 sec
13 LeeHJetal,2013® Total=30 IG=52.47 (9.41) MonthIG=4(0.41) -TA - Threshold IG: body weight support treadmill BBS TUG
1G=12/3 CG=56.73 (7.24) CG=4.07 (1.03) intensity training combined with functional
CG=10/5 electrical stimulation
CG: body weight support treadmill
training combined with functional
electrical stimulation
4 weeks/5 times a week/30 min
14 KohSetal,2021°  Total=42 IG=51.25(0.86) Month -TA - Electrical IG: stair climbing training with TUG
IG=12/4 CG1=50.5(9.08) 1G=14.81(5.67) stimulation functional electrical stimulation 10mWT
CG1=8/4 (CG2=54.14(11.02) CG1=16.92 (5.67) without CG1: stair climbing training
CG2=12/2 CG2=17.71(7.43) patients CG2: conventional physical therapy
complains 4 weeks/3 times a week/30 min
(Continued on next page)
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Table 1. Continued
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Sex= A G FES
No. Study Males/ S‘i/l(y((;%r)s) _ Mn ?ED) Electrical Electro Intervention Outcome
Females (N) stimulation site stimulation
15 ChoMKetal, 2015 Total=31 IG1=57 (9.1) Month CG1=TA, gluteus me- - Muscle action 1G1: treadmill training with FES BBS
IG1=7/3 1G2=53.3(9.2) 1G1=225(12.6) dius without pain applied to the GM and TA muscles
1G2=7/3 CG=57.8(7.9) 1G2=22.5(14.1) CG2=TA 1G2: treadmill training with FES
CG=5/6 CG=216(6.7) applied to the TA muscles
CG: treadmill training
4 weeks/5 times a week/30 min
16 Hwang DY etal., Total=30 IG=50 (7.55) Day - Common peroneal - 150us IG: treadmill training combined with BBS
2015% 1G=9/6 CG=4947 (5.01) IG=192.53(18.79) nerve -25Hz Tilt Sensor Functional electrical TUG
CcG=8/7 CG=194.07 (18.95) -TA -60-150V stimulation 10mWT
CG: treadmill training combined with
Placebo Tilt Sensor Functional
electrical stimulation
4 weeks/7 times a week/30 min
17 Jeon GY etal,, 2014* Total=29 IG=51.1(9.98) Month -TA -300us IG: FES+progressive speed treadmill BBS
IG=6/4 CG1=4733(10.98) 1G=23.5(12.19) - 30Hz CG1: progressive speed treadmill
CG1=5/4 CG2=49.2(6.1) CG1=25.88(11.25) CG2: self-selected speed treadmill
CG2=7/3 CG2=37.7(17.01) 2 weeks/5 times a week/20 min
18 Hong JY etal, 2019* Total=30 1G=61.67 (7.22) Month - Rectus abdominis - 250us |G FES+virtual reality program TUG
1G=8/7 CG=63.53 (9.68) 1G=13.73 (2.28) - External oblique - 50Hz EG: placebo+virtual reality program
CG=6/9 CG=14.4(2.29) 6 weeks/15 min
19 LeeSHetal,2009%* Total=20  1G=55.30(7.18) Month - Common peroneal - 25Hz IG: FES+treadmill BBS
IG=9/1 CG=56.90(10.18) 1G=15.90 (8.33) nerve - 35pps EG: placebo+treadmill TUG
CG=6/4 CG=13.10(12.01) -TA -0.2-0.4 sec 6 weeks/5 times a week/20 min 10mWT

IG: intervention group, CG: control group, FES: Functional electrical stimulation, TA: tibialis anterior, EMG: electromyography, EMS: Electrical muscle stimulation, RAGT:
robotic assisted gait training, BBS: Berg balance scale, TUG: timed up and go, 5SmWT: 5-meter walk test, 10mWT: 10-meter walk test.

Table 2. PEDro scale

No. Study 1 2 3 4 5 6 7 8 9 10 1" Total
1 Ambrosini E et al., 2020" - 0 0] ) 0 X X (6} X 0 0 7
2 Ha SY etal., 2020 - 0 X 0 X X X X X 0 0 4
3 Lee KJ, 2020 - 0 X 0 X o] o] 0 0] 0 0 8
4 Sharif F et al., 20172 - 0 X 0 X X X X X 0 0 4
5 Tong RK et al., 20067 - 0 X 0] X X X 0] X 0 0 5
6 Shim J et al., 2020% - 0] X ) ) X X X X 0 0 5
7 Bae YHetal,, 2014% - 0 0 0 X X o] X 0] 0 0 7
8 Hong Jetal., 2018* - 0 X 0 0 X X X 0] 0 0 6
9 Wang GS etal., 2012% - O X 0} X X X X (0] 0 0 5
10 Kunkel D et al., 2013% - 0 0 0 X X o] X 0 0 0 7
1" Dujovi¢ SD et al., 2017% - 0] X o] X X o] (0] 0 0 0 7
12 Lee SY etal, 2013% - 0 X 0 X X X X 0] 0 0 5
13 Lee HJetal., 2013% - 0 0 0 X X o] 0] X 0 0 7
14 Koh Setal.,, 2021 - 0] X 0] X X X X X 0 0 4
15 ChoMKetal., 2015 - ] X o] X X X X 0] 0 0 5
16 Hwang DY et al., 2015% - O O 0 X X 0 (0] X 0 O 7
17 Jeon GY etal,, 20143 - 0 X 0 X X X X 0] 0 0 5
18 Hong JY etal., 2019 - 0 X 0 X X X 0] 0] 0 0 6
19 Lee SH etal., 2009% - 0 X 0 0 X X 0] X 0 0 6
infE " o] 177} AEI M FESE b5 % 2] 39S 718l BBS
CFTUGONA] frofeh 7iiAdo] Uehpton] Haj&ie g g7ksh= WTof
& A= FES7) HE5 S0 3 Habo) n]As 9FS Ae ol AiAde] vehA] QRjkT ERE 7] Ap= F9jof whE
57 9o A W e A AN AT R 198 BUE B o) 619108 BAL At A Beg nE
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Experimental Control Std. Mean Difference Std. Mean Difference
Balance Mean SD Total Mean SD Total IV, Random, 95% CI IV, Random, 95% ClI
BBS
Ambrosini 2020 20.00 14.18 34 1600 1510 34 0.27[-0.21;0.75)
Lee 2020 140 381 25 045 346 24 0.26(-0.31;0.82)
Sharif 2017 2228 657 19 384 680 19 270(1.80;3.60)
Tong 2006 30002066 15 20502352 20 0.42([-0.26;1.09]
Tong 2006 3000 2860 15 28.00 1697 15 0.08[-0.63;0.80)
Shim 2020 535 874 17 481 822 16 0.06[-0.62;0.74)
Bae 2014 343 797 10 227 603 10 0.16[-0.72;1.04)
Hong 2018 367 7.61 5 133 805 5 0.27([-098;152)
Kunkel 2013 6.00 393 7 1280 954 4 -0.97[-2.30; 0.35)
Kunkel 2013 600 548 7 9.30 10.10 6 -0.39([-1.49;0.72)
Dujovic 2017 10.70 9.12 8 540 8.01 8 0.58([-042;1.59]
Lee 2013 325 706 8 425 491 8 -0.16[-1.14;0.83]
Lee 2013 1004 348 15 600 323 15 143[062;224)
Cho 2015 520 650 10 1.70 557 11 0.56([-0.32;1.43]
Cho 2015 230 587 10 170 781 11 0.08[-0.77;0.94)
Hwang 2015 1213 437 15 700 477 15 1.09[0.32; 1.86)
Jeon 2014 610 543 10 466 375 9 0.29[-061;1.20]
Jeon 2014 610 767 10 330 852 10 0.33(-055;1.21)
Lee 2009 183 310 10 073 404 10 0.29(-0.59;1.17]
Total (95% CI) 250 250 0.42[0.11;0.73)
Heterogeneity: Tau® = 0.2856; Chi’ = 45, df = 18 (P < 0.01); ¥ = 60%
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Figure 2. Effect of FES on balance and gait speed. BBS: berg balance scale, TUG: timed up and go Test, WT: walking test.
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Figure 3. Subgroup analysis - FES effects depending on electrical stimulation site
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