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Abstract: It is known that chronic pain and injury of upper limb joint tissue in manual wheelchair users is usually
caused by muscle imbalance, and the propulsion speed is reported to increase this muscle imbalance. In this study,
kinematic variables, electromyography, and ultrasonographic images of the upper limb were measured and analyzed
at two different propulsion speeds to provide a quantitative basis for the risk of upper extremity joint injury. Eleven
patients with spinal cord injury for the experimental group (Gg) and 27 healthy adults for the control group (G¢) par-
ticipated in this study. Joint angles and electromyography were measured while subjects performed self-selected com-
fortable and fast-speed wheelchair propulsion. Ultrasound images were recorded before and after each propulsion task
to measure the acromiohumeral distance (AHD). The range of motion of the shoulder (14.35 deg in Gg; 20.24 deg
in G¢) and elbow (5.25 deg in Gg; 2.57 deg in G¢) joints were significantly decreased (p<0.001). Muscle activation
levels of the anterior deltoid, posterior deltoid, biceps brachii, and triceps brachii increased at fast propulsion. Spe-
cifically, triceps brachii showed a significant increase in muscle activation at fast propulsion. AHD decreased at fast
propulsion. Moreover, the AHD of Gy was already narrowed by about 60% compared to the G¢ from the pre-tests.
Increased load on wheelchair propulsion, such as fast propulsion, is considered to cause upper limb joint impingement
and soft tissue injury due to overuse of the extensor muscles in a narrow joint space. It is expected that the results
of this study can be a quantitative and objective basis for training and rehabilitation for manual wheelchair users to

prevent joint pain and damage.
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O3 1. 2430 (a) T4AH (EBIMU24GV3, E2box Co., KOR), (b) T8 251t JAI=47]7](Vscan, GE Healthcare Co., USA),

(c) 24 %= =4 A| A8 (Trigno, Delsys Co., USA)

Fig. 1. Measurement systems. (A) inertia measurement unit IMU) (EBIMU24GV3, E2box Co., KOR), (B) ultrasonography
device (Vscan, GE Healthcare Co., USA), (C) electromyogram measurement system (Trigno, Delsys Co., USA)

A SAS Al BET 550 B Hlo]
B 3= 7l&AlA (accelerometer, £8x%g), X|A}7]AlA
(magnetometer, £16 Gs), 12|31l A}o| & A3 X (gyroscope,
£2,000°/8)2 A= A A (Inertial measurement unit,
IMU) (EBIMU24GV3, E2BOX, South Korea)E Alg35}o]
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LA = Z2AA) A8 (Trigno EMG sensor, Delsys Inc., USA)
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AFZrZ(Posterior deltoid), 92 FZl<L(Biceps brachii), ¥
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Fig. 2. IMU sensor attachment location on the subjects’ body
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Fig. 3. (a) Recording of ultrasonography on shoulder joint
and measurement of AHD using image processing software
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Table 1. Subject characteristics of experimental group
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Fig. 4. Comparison of shoulder and elbow joint range of
motion for two different propulsion speeds (a) within and (b)
between groups. (Vc: self-selected comfortable speed propulsion;
Vr: fast speed propulsion; ROMgy: shoulder joint range of
motion; ROMg;;: elbow joint range of motion; Gg: experimental
group; Gg: control group), Asterisks (*) indicate differences
of statistical significance (p<0.05) within the groups determined
by the Wilcoxon signed rank test or between the groups
determined by the Mann-Whitney U-test

No. Sex Age (y)  Height (cm)  Weight (kg Dominant hand  Injury level (motor)  ASIA scale
1 Female 52 158 59.71 Rt. C5 D
2 Female 42 166 65 Rt. T10 C
3 Female 54 159 52 Lt. T12 D
4 Male 50 177 94 Rt. C4 D
5 Male 63 155 50 Rt. T12 D
6 Male 62 180 74 Rt. C4 D
7 Male 44 177 75 Rt. C5 D
8 Male 60 177 79 Rt. C3 C
9 Female 56 155 58.45 Lt. L4 D
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Fig. 5. Comparison of muscle activation levels for two different propulsion speeds within and between groups; (a) within
experimental group, (b) within control group, (c) between groups for each speed, and (d) between groups for difference
between speeds. (V¢: self-selected comfortable speed propulsion; V: fast speed propulsion; DA: deltoid anterior; DP: deltoid
posterior; BB: biceps brachii; TB: triceps brachii; Gg: experimental group; Gg: control group), Asterisks (*) indicate
differences of statistical significance (p<0.05) within the groups determined by the Wilcoxon signed rank test or between
the groups determined by the Mann-Whitney U-test
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Fig. 6. Comparison of mean acromiohumeral distance (AHD)
for two different propulsion speeds. (AAHDc: percentage
difference between AHDp,. and AHD¢; AAHDy: percentage
difference between AHDp,, and AHDy), Asterisks (*) indicate
differences of statistical significance (p<0.05) within the groups
determined by the Wilcoxon signed rank test or between the
groups determined by the Mann-Whitney U-test
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