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The Influence of Wheelchair Use of Individuals with Spinal Cord Injury on Upper
Extremity Muscular Function and Cross-Sectional Area

Geun-Ho Lee"’, Yun-A Shin'

'Department of Prescription and Rehabilitation of Exercise, Dankook University, Cheonan,
*Korea Paralympic Committee, Seoul, Korea

Purpose: This study was to compare the upper extremity muscular function and cross-sectional area (CSA) between
wheelchair users and a pedestrian group and to observe how the changes in the muscle CSA affected upper
extremity muscle function.

Methods: The study was conducted on 10 patients with spinal cord injury (SCI) who were divided into two groups
based on whether they used wheelchairs (wheelchair using [WU] group and pedestrian [PS] group). The
Mann-Whitney U-test was used to analyze the data and determine whether there were significant differences
between the groups.

Results: Muscle mass in the WU group was significantly lower than in the PS groups (p<0.01), while body fat
percentage in the WU group was significantly higher than in the PS group (p <0.05). The peak torque of shoulder
external and right internal rotation was higher in the WU group than in the PS group (p <0.05). Wrist muscle function
was not significantly different for either group. In addition, the CSA of the right wrist extensor carpi radialis longus
and left extensor digitorum communis was higher in the WU group than in the PS group (p<0.05).
Conclusion: Using a manual wheelchair may benefit upper extremity function by increasing CSA and muscle function
in patients with SCI despite having a negative effect on body composition. However, there is an increased risk
of injury with SCI associated with upper extremity overload; thus, an effective exercise protocol is needed to prevent
muscle imbalance and injury.
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Table 1. Physical characteristics of subjects
Age Height Weight BMI Injury level ASIA Injury time

No. Type Sex (yr) (cm) (kg) (ka/m?) of SCI scale (yr)

1 WU Male 35 172 62 21 T10 com C 18

2 WU Male 40 175 66 21.5 T9 incom B 16

3 WU Male 38 165 58 21.7 L1 com A 12

4 Wu Female 20 162 71 27.1 T10 com A 5

5 Wu Female 19 159 68 26.9 T11 incom B 5

6 PS Male 23 170 60 20.9 T12 incom D 6

7 PS Male 27 170 58 21.1 T12 incom D 5

8 PS Female 21 166 63 23.3 L1 incom D 5

9 PS Female 46 1783 67 22.6 L4 incom C 14

10 PS Male 33 177 69 22.1 L5 incom D 12

BMI: body mass index, SCI: spinal cord injury, ASIA: America Spinal Injury Association, WU: wheelchair users with spinal
cord injury, T: thoracic nerve, com: complete injury, incom: incomplete injury, L: lumbar nerve, PS: pedestrian with spinal

cord injury.
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Fig. 1. Measure of shoulder internal rotation and external
rotation isokinetic strength.

Rt ECRL

Fig. 2. Measure of wrist flexion and extension isokinetic
strength.

Fig. 3. Cross—sectional area of extensor digitorum communis (EDC) and extensor carpi radialis longus (ECRL). (A) Right
(Rt) ECRL, (B) left (Lt) ECRL, (C) Rt EDC, (D) Lt EDC. Rt: right, Lt: left.
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Table 2. Results of body composition

Variable WU (n=5) PS (n=5) Mann-Whitney U p-value
Weight (ka) 65.0+£2.28 63.4+2.04 10.50 0.675
Muscle mass (kg) 24.4+0.5 44.0+3.64 0.00 0.009%*~*
BFP (%) 28.94+3.15 19.24+2.43 3.00 0.047*

Values are presented as meanzstandard error.

WU: wheelchair users with spinal cord injury, PS: pedestrian with spinal cord injury, BFP: body fat percentage.

*p<0.05, »*p<0.01.
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Fig. 4. Results of body composition. WU: wheelchair users
with spinal cord injury, PS: pedestrian with spinal cord injury.
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Table 3. Results of shoulder muscular function

Variable WU (n=5) PS (n=5) Mann-Whitney U p-value
Rt (BW %Nm) ER 28.3+4.43 12.5+2.48 2.00 0.028+
IR 37.815.23 20.3+3.48 3.00 0.047+
Lt (BW %Nm) ER 22.6+2.62 13.1+£2.33 2.00 0.028%*
IR 38.7+£10.36 22.9+4.36 7.00 0.251
Rt IR/ER ratio (%) 148.0+31.26 170.7£16.6 7.00 0.251
Lt IR/ER ratio (%) 161.7+23.53 181.1+22.67 10.00 0.602

Values are presented as meanzstandard error.

WU: wheelchair users with spinal cord injury, PS: pedestrian with spinal cord injury, Rt: right, BW: body weight, ER: external

rotation, IR: internal rotation, Lt: left.
*p<0.05.
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Fig. 5. Results of shoulder muscular function. WU: wheel-
chair users with spinal cord injury, PS: pedestrian with spi—
nal cord injury, Rt: right, BW: body weight, Lt: left, IR: in—
ternal rotation, ER: external rotation.
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Table 4. Results of wrist muscular function

Variable WU (n=5) PS (n=5) Mann-Whitney U p-value

Rt (BW %Nm) Flexion 37.7£10.19 30.5+£3.77 10.0 0.600
Extension 35.4+8.57 28.5+2.02 11.0 0.753

Lt (BW %Nm) Flexion 37.94£9.95 31.1+2.9 12.0 0.916
Extension 35.4+10.1 24.1+£1.73 12.0 0.916

Rt flexion/extension ratio (%) 106.1+£17.67 108.1£12.13 12.0 0.917
Lt flexion/extension ratio (%) 111.448.1 132.74+18.8 8.5 0.402

Values are presented as meanzstandard error.

WU: wheelchair users with spinal cord injury, PS: pedestrian with spinal cord injury, Rt: right, BW: body weight, Lt: left.
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Fig. 6. Results of wrist muscular function. WU: wheelchair
users with spinal cord injury, PS: pedestrian with spinal
cord injury, Rt: right, flex: flexion, BW: body weight, exten:
extension, Lt left.
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Table 5. Results of cross—sectional area

Variable WU (n=5) PS (n=5) Mann-Whitney U p-value

Rt (cm?®) ECRL 13.7£1.75 9.5+0.56 1.000 0.016+
EDC 9.1+1.22 6.8+0.51 4.500 0.093

Lt (cm?) ECRL 11.2+0.67 9.3+1.31 7.000 0.249
EDC 8.1+£0.79 5.9+0.11 0.500 0.011+

Values are presented as meanzstandard error.

WU: wheelchair users with spinal cord injury, PS: pedestrian with spinal cord injury, Rt: right, ECRL: extensor carpi radialis

longus, EDC: extensor digitorum communis, Lt: Left.
*p<0.05.
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Fig. 7. Results of cross—sectional area (CSA). WU: wheel—
chair users with spinal cord injury, PS: pedestrian with spi—
nal cord injury, Rt: right, ECRL: extensor carpi radialis lon—
gus, EDC: extensor digitorum communis, Lt: left.
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