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Changes of Muscle Strength after Functional Electrical
Stimulation in Complete Paraplegia

Mi-ryeong Jin, M.D., Chang Il Park, M.D. and Eun Sook Park, M.D.

Department of Rehabilitation Medicine, Yonsei University College of Medicine

Functional electrical stimulation(FES) has been shown to increase muscle bulk and
strength and prevent muscle atrophy in complete paraplegic patients. There are some con-
troversies about the effects of FES on spasticity,

In order to assess the effects of FES on muscle strength and spasticity, 15 complete tho-
racic spinal cord injured patients were investigated in this study. The subjects were divid-
ed into two groups with 5 patients as a control group and 10 patients as a FES treatment
group.

We measured the changes of peak torques of the knee extensors at the speed of 30°/sec,
60°/sec, 90°/sec, 120°/sec, and 150°/sec of isokinetic exercise. The changes of thigh circum-
ferences and the changes of spasticity after a 6-week FES treatment period were record-
ed.

The results are as follows;

1) The peak torques of knee extensors at 30°/sec, 60°/sec, 90°/sec, 120°/sec, and 150°/sec
of angular velocities were significantly increased in FES treatment group after 6 weeks of
treatment compared to control group(p<0.05).

2) There was no statistical difference between two groups in the changes of thigh cir-
cumferences(p>0.05).

3} In the FES treatment group, 5 patients showed no change in spasticity, one showed
decreased spasticity and 4 patients showed increased spasticity. 5 patients of control group
showed no change in spasticity.

The above results may lead to the conclusion that functional electrical stimulation was
helpful in increasing muscle strength in complete thoracic spinal cord injured patients.
Additionally, there was a tendency of increasing spasticity with a long term functional
electrical stimulation.
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Table 1. Age and Sex Distribution

Control FES*
Age(vears)
Male Female Total Male Femal Total
20~29 1 1 2 5 1 6
30~39 2 0 2 1 2 3
40~49 0 0 0 0 | 1
50~59 0 1 1 0 0 0
Total 3 2 5 6 4 10
Values are number of cases.
FES" Functional Electrical Stimulation
Table 2. Causes of Spinal Cord Injury Table 3. Spinal Cord Injury Levels
Causes No. of cases Level No. of cases
use evels
Control FES’ ve Control FES"
Traffic accident 3 5 T3 0 1
Falls 1 4 T4 0 2
Direct blow 1 0 Th 1 1
Airplane accident 0 1 Té 2 1
Total 5 10 T7 0 !
# . . . N T8 l 3
FES" Functional Electrical Stimulation T 0 0
TI10 1 0
Tl11 0 1
coxon signed rank test® o|&38e] AT}
Total 5 10
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test, Table 6).

A ATe Ao $H92E AR Wzt §-o8A)
® (3) 1% A7 A AnTAM o) 2Foiet 54

4% e} (p<0.05 by Wilcoxon signed rank

Table 4, Spinal Cord Injury Duration Table 5. Peak Torques According to the Angular

Velocities before FES*
No. of cases

Months Control FES* Control FES’

0~12 2 7 30°/sec 133+ 7.2 1L.7+4.6
13~24 0 1 60°/sec 122+ 7.0 115+44
25~48 2 1 90° /sec 100+ 8.9 10,2455
49~60 | 0 120°/sec 7.2+105 8.3+56
61~72 0 1 150°/sec 6.4+ 9.2 6.116.0
Total 5 10 Values are given mean and standard deviation(ft-

Ibs}
FES" Functional Electrical Stimulation

FES" Functional Electrical Stimulation

Table 6. Changes of Peak Torques According to the Angular Velocities before and after FES"

Control FES®
Before After Before After
30°/sec 13.2+£7.2 13.0+£7.7 11.7+46 18.4£5.8*
60°/sec 12.2+£7.0 116+7.2 11544 17.8+6.2*
90°/sec 10.0+£8.9 10.6 £8.6 10.2£55 16.1 +6.0*
120* /sec 7.2+95 6089 8.3+5.6 14.4+5.7*
150°/sec 6.41+9.2 52:+7.7 6.1 £6.0 10.3+7.9*

Values are given mean and standard deviation{(ft-1bs)
* p<0.05 by Wilcoxon signed rank test
FES* Functional Electrical Stimulation
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Fig. 1. Changes of peak torque(*p<0.05).
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Table 7. Comparison of Thigh Circumferences before and after FES®

Control FES®
Before After Before After
Right 38.1+1.4 38.1+15 419155 422+5.1
Left 36948 37.0+£49 415459 42.01£5.7
Values are given mean and standard deviation{cm)
FES" Functional Electrical Stimulation
Table 8. Changes of Spasticity after FES* qelsim FolTEL ksl A4S Aha

Control FES*
No change 5 5
Increase 0 4
Decrease 0 1
Total 5 10

FES™ Functional Electrical Stimulation
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