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| Abstract |

Purpose: The aim of this study was to investigate the effects of trapezius and serratus anterior strengthening exercise on the
shoulder pain and muscle activation of patients with spinal cord injury and functional shoulder impingement syndrome.
Methods: The study consisted of 10 patients with spinal cord injury who were hospitalized in Rehabilitation Hospital U,
Uijeongbu, South Korea. The exercise was implemented three times a week for 10 weeks. In each session, the subjects performed
one of a total of five types of exercise at mid-level intensity. The shoulder pain and disability index (SPADI) was used to evaluate
the patients before and after the intervention. The muscle activation of the upper trapezius, middle trapezius, lower trapezius, and
anterior serratus muscle was assessed by surface electromyography (EMG) at the beginning of the experiment and 10 weeks later.
Wilcoxon’s singed-rank test was conducted to determine differences in the pain index and muscle activation before and after the
exercise. The level of statistical significance was set at a=0.05.

Results: SPADI scores significantly decreased after the exercise (p<0.05). In comparisons of muscle activation, there was a
significant improvement in the upper trapezius at 60° shoulder joint flexion (p<0.05). There was no significant improvement at
90° shoulder joint flexion. The middle trapezius showed a significant improvement at 120° shoulder joint flexion (p<0.05).
Conclusion: Trapezius and serratus anterior strengthening exercise reduced pain in spinal cord injury patients with functional
shoulder impingement syndrome. The decreased muscle activation of upper trapezius and increased muscle activation of the
anterior serratus muscle at 60° shoulder joint flexion point to positive effects of the exercise on supraduction of the scapula.
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Table 1. General characteristics of subjects

(n=10)
Characteristics Mean+SD
Sex
Male 10(100%)
Female 0(0%)
Damage level
Cervical 3(30%)
Thoracic 6(60%)
Lumbar 1(10%)
ASIA classification
A class 9(90%)
C class 1(10%)
Onset time (month) 19.90+5.70
Age (years) 37.60+11.51
Height (cm) 171.00+6.13
Weight (kg) 63.60+£8.72

Table 3. Comparison of muscle activity during shoulder joint flexion at 60°
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(p<0.05)(Table 2).

Table 2. Comparison of pre and post-exercise shoulder
pain index (score)

Pre-exercise Post-exercise P
Pain index  20.9£10.9 15.4£10.46 0.02"
p<0.05
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(%MVIC)

Muscle

Upper trapezius

Middle trapezius

Lower trapezius Serratus anterior

Pre 23.98+12.05 19.60+16.72 44.97+20.34 25.51+12.73
Post 17.14+16.23 24.58+18.83 42.62422.46 37.34+20.34
p 0.04" 0.07 0.87 0.01°
"p<0.05
Table 4. Comparison of muscle activity during shoulder joint flexion at 90° (%MVIC)
Muscle
Upper trapezius Middle trapezius Lower trapezius Serratus anterior
Pre 23.31422.47 22.81+19.32 38.95+18.08 30.97+12.70
Post 25.84420.51 24.30+20.05 37.20£19.70 38.77+£20.59
p 0.64 0.64 0.79 0.33

"p<0.05
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Table 5. Comparison of muscle activity during shoulder joint flexion at 120°

(%MVIC)

Muscle

Upper trapezius

Middle trapezius

Lower trapezius Serratus anterior

Pre 28.53+19.85 24.36+21.07 26.69+11.36 38.20426.13
Post 32.50+20.80 27.68+24.14 40.72422.42 42.65+16.01
p 0.50 0.00" 0.05 0.64
"p<0.05
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