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Purpose: This study examined the effects of ankle control training using neuromuscular electrical stimulation (NMES), leg muscle activa-
tion, and balance in stroke patients.

Methods: Thirty-one stroke patients diagnosed with cerebral infarction and cerebral hemorrhage were selected for the study. The experi-
mental group underwent ankle control training using NMES, while the control group applied NMES to the paretic tibialis anterior muscle
for 30 minutes per session, five times a week for four weeks. The muscle activity changes were measured using surface electromyogra-
phy, and balance parameters were evaluated using a functional reach test (FRT).

Results: The intra-group comparison of the concentric muscle activity revealed improvements in the experimental group, including paretic
tibialis anterior (TA) muscle (p < 0.05), medial gastrocnemius muscle (MG) (p<0.01), and lateral gastrocnemius muscle (LG) (p < 0.05), as well
as MG (p<0.05), LG (p < 0.05), soleus muscle (p < 0.05) of the non-paretic side, and soleus muscle symmetry index (p < 0.05). The intra-group
comparison of the eccentric muscle activity showed improvements in the experimental group, including MG (p<0.01) and LG (p<0.01) of
the paretic side, as well as MG (p<0.01), LG (p < 0.01) of the non-paretic side, and LG symmetry index (p < 0.01). The intra-group comparison
of the functional reach test revealed significant differences in the test results in the experimental and control groups (p < 0.05).

Conclusion: Ankle control training using NMES had a positive effect on the changes in muscle activation and improved balance in pa-
tients with stroke.

Keywords: Ankle, Balance, Electromyography, Gait, NMES
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Figure 1. Ankle control training using NMES
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Table 1. General characteristics of participants (n=30)

- Study group  Control group 5
Characteristics (n=15) (n=15) X2/t p
Sex (male/female) 9/6 8/7 0.288 0.721
Stroke type (ICH/CI) 8/7 4/11 2615 0.164
Paretic side (R/L) 8/7 6/9 0.152 0.786
Age (years) 483+12.3 52.1+10.9 0.858 0.356
Height (cm) 165.1+53 164.8+7.1 1.104 0.252
Weight (kg) 641114 63.2%9.1 1.131 0.174
Duration (month) 435+230 42.3+31.2 0.585 0.568

Values are represented mean = SD. ICH: Intracranial Hemorrhage, Cl: Cerebral In-
farction.

(unit: %RVC)

Study group (n=15)

Control group (n=15)

P
pre post Change (post-pre) pre post Change (post-pre)
TA Paretic 83.74(30.62) 116.42 (49.68) 32.67* (49.95) 143.88 (122.39) 144.07 (106.24) 0.19 (75.76) 1.411 0.169
Non-paretic ~ 78.17 (66.61) 88.73 (59.54) 10.56 (65.28) 148.10(103.36)  155.69 (129.20) 7.59 (101.93) 0.550 0.587
MG Paretic 137.8(88.57) 264.12 (151.70) 126.32** (137.04) 157.89 (39.07) 184.03 (43.93) 25.14* (25.68) 2.833 0.008*
Non-paretic  212.73(56.99) 316.20 (78.50) 103.47* (75.73) 187.08 (53.77) 246.70 (45.80) 59.61* (39.65) 1.963 0.062
LG Paretic 154.39 (89.29) 236.20(92.63) 81.86" (47.65) 173.86 (98.52) 186.15 (152.09) 12.28 (135.01) 1.051 0.302
Non-paretic  193.53 (64.74)  291.06 (87.90) 97.52* (39.42) 198.11(119.94) 255.90 (142.02) 57.79* (187.08) 1.927 0.064
SOL Paretic 222.99 (145.05) 298.79 (165.37) 75.80 (155.01) 144.69 (85.01) 167.78 (95.90) 23.09 (102.50) 1.080 0.146
Non-paretic  184.47 (82.42) 293.77 (270.92) 109.30* (262.11) 137.26 (179.11)  238.44 (178.27) 101.18(232.13) 1.161 0.125

Values are represented mean (standard deviation). RVC: Reference Voluntary Contraction, TA: Tibialis Anterior, MG: Medial Gastrocnemius, LG: Lateral Gastrocnemius,

SOL: Soleus. *p<0.05, **p<0.01.
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Table 3. Comparison of eccentric muscle activation within & between groups (unit: %RVC)
Study group (n=15) Control group (n=15)
p
pre post Change (post-pre) pre post Change (post-pre)
TA Paretic 120.98 (89.02) 117.64 (55.82) -3.34 (78.55) 96.10 (43.78)  120.28 (103.01) 24.18 (107.64) 0.817 0.421
Non-paretic  113.82 (45.49) 137.88 (90.47) 24.07 (83.29) 72.28 (74.18) 66.88 (37.92) -5.40 (75.75) 1.028 0.312
MG  Paretic 151.78 (29.35) 106.31 (22.73) -45.46 (24.44) 128.77 (30.45)  104.90 (27.61) -23.87* (38.10) 2.325 0.027*
Non-paretic  160.36 (42.35) 118.01 (34.27) -42.35"* (30.52) 159.92 (40.77)  126.37 (40.95) -33.57* (50.69) 0.510 0.614
LG Paretic 187.21 (55.26) 129.00 (49.23) -58.83"* (35.09) 129.27 (40.53) 114.14 (34.53) -15.09 (45.57) 3.106 0.004*
Non-paretic  171.27 (59 .85)  134.17 (53.88) -37.10" (32.09) 135.97 (53.80) 116.00 (46.86) -19.97 (33.77) 0.945 0352
SOL  Paretic 111.93 (51.61) 132.18 (56.06) 20.42 (77.27) 179.87 (132.63) 184.12 (80.41) 425 (108.57) 0.719 0.478
Non-paretic  171.17 (148.31)  209.07 (197.80) 37.90 (143.30) 145.08 (82.37) 189.66 (137.49) 44.24 (51.77) 1.140 0.263

Values are represented mean (standard deviation). RVC: Reference Voluntary Contraction, TA: Tibialis Anterior, MG: Medial Gastrocnemius, LG: Lateral Gastrocnemius,
SOL: Soleus. *p<0.05, **p<0.01.

Table 4. Comparison of functional reach test (n=30)
Study group (n=15) Control group (n=15)
p
pre post Change (post-pre) pre post Change (post-pre)
FRT (cm) 11.77 (6.83) 18.23 (8.09) 6.47* (8.98) 8.31(4.49) 13.61* (5.43) 5.30(5.93) 0.422 0.676

Values are represented mean (standard deviation). FRT: Functional Reach Test. *p<0.05.
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