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摘要
輪椅推動的速度是一項影響肩關節傷害的重要參數，本研究主要的目的是利用肩關節肌肉骨骼系統模型去計算出上肢肌肉在
不同速度下的出力情況。本研究針對 12 位健康非輪椅使用者，在 1m/s 和 2m/s 的平均速度進行測試，結果發現除了脊上肌
在回復期的作用，其他所有肌肉不論是在推進期或是回復期，都會隨著速度的增加而明顯的增加出力。
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INTRODUCTION

Manual wheelchair is the most common devices used by
the population of spinal cord injury (SCI) patients. The
studies on SCI patients showed that the shoulder pain is
the most common injury in wheelchair propulsion.
Many researchers examined the effects of wheelchair
parameters, handrim size, seat position, and camber, .to
avoid injury and increase efficient.

The effect of speed on wheelchair performance
has been seldom studied. Usually a constant speed or
self-selected speed was chosen. Jennifer et al [1]
examined and calculated the shoulder joint force and
moment in three different speeds, 0.9 m/s, 1.8 m/s, and
self selected speed. The faster the propulsion speeds, the
greater the joint force and moment. The effect of speed
on muscle forces is still unknown. The purpose of this
study was to investigate effect of speed on shoulder
muscle forces using a muscle mechanics model
integrated with the Virtual Interactive Musculoskeletal
System (VIMS).

METHODS

Twelve normal healthy male subjects participated in
this study. An 8-camera motion analysis system (Motion
Analysis Corporation, Santa Rosa, CA, USA) was used
to capture the movements of the trunk, upper arm,
forearm, and hand, and wheelchair. The instrumental
wheel was used to measure the hand-rim contact forces
[3].

Each subject practiced propelling wheelchair before
experiment. Participants were asked to control the
propelling on the 4m length level ground at an average
speed of 2 m/s and 1 m/s, respectively. 1.8-2.2 s to run 4
m for 2 m/s and 3.8-4.2 s for 1 m/s are acceptable.

In custom shoulder muscle model, thirteen muscles,
anterior deltoid, middle deltoid, posterior deltoid, biceps
long head, triceps long head, pectoralis major sternal
branch, pectoralis major clavicle branch, subscapularis,
supraspinatus, latissimus dorsi, teres major, teres minor,
and infraspinatus, were included [2]. All of the muscles
origins and insertions were defined using VIMS.

We used the sign test to compare the two paired
samples, 1 m/s and 2 m/s.

RESULTS

According to predicted muscle forces, the role of
each muscle was distinguished. Anterior deltoid,
pectoralis major sternal branch, subscapularis, teres
minor, biceps long head, teres major, and pectoralis
major clavicle branch were active only in propulsion
phase. Middle deltoid, posterior deltoid, and triceps long
head were active in recovery phase in fast speed.
Supraspinatus and Infraspinatus were active throughout
the whole propulsion cycle.

Most muscles were active in terminal propulsion
phase except teres major and pectoralis major clavicle
branch which started at the beginning of the propulsion
phase. The onset of recovery group muscles was at the
end of propulsion phase.

When the speed was increased, the muscles
increased their activation duration in propulsion phase,
but not in recovery phase. Triceps long head doesn’t 
active in the 1 m/s. Table 1 shows muscle force
comparison between 2 speeds. Positive numbers means
the peak muscle force was larger in 2 m/s compared
with in 1 m/s. Only supraspinatus in the recovery phase
has no significant difference between the two speeds.

Table 2(A): Comparison of peak muscle force in
propulsion phase between two speeds.

Muscle name Positive
number

Negative
number

P value

Anterior deltoid 36 0 *0.000
Pectoralis
major sternal
branch

34 2 *0.000

Supraspinatus 33 3 *0.000
Subscapularis 28 8 *0.002
Teres minor 34 2 *0.000
Infraspinatus 35 1 *0.000
Biceps long
head

36 0 *0.000

Teres major 36 0 *0.000
Pectoralis
major clavicle
branch

31 5 *0.000



Table 2(B): Comparison of peak muscle force in
recovery phase between two speeds.

Muscle name Positive
number

Negative
number

P value

Middle deltoid 36 0 *0.000
Posterior
deltoid

35 1 *0.000

Triceps long
head

36 0 *0.000

Supraspinatus 17 19 0.868
Infraspinatus 25 11 *0.030

DISCUSSION

In the propulsion phase, the shoulder joint motion is
flexion and internal rotation. In the recovery phase, the
motion is extension and external rotation. In both the
propulsion and recovery phases the shoulder joint
performs adduction and abduction. However, the range
of abduction/adduction motion is smaller than
flexion/extension and internal/external rotation.
Latissimus dorsi is not active in recovery phase when
the shoulder joint is extended. Although Latissimus
dorsi is the prime extensor of glenohumeral joint, its
major function is drawing the upper arm downward like
swimming and rowing.

The previous EMG study was compared with our
simulation result (Figure 1). All of the propulsion group
muscles onset in the late recovery and then contribute to
shoulder flexion when the wheelchair is pushed.
However, in Mulroy’s study, the musclecessation time
is earlier than in our study [4]. Major reason may be due
to different definition of propulsion cycle. In Mulroy’s 
study, the definition of propulsion phase covered from 0
to 35 percent of the cycle so that the recovery time in
Mulroy’s experiment is larger. In our study, the
propulsion phase is 0 to 55% of propulsion cycle.
Actually, in Mulroy’s study, the muscle force also
terminated in the end of propulsion phase. In addition,
the subscapularis is active in the recovery phase to
produces shoulder internal rotation in Mulroy’s study.
But other studies mention that the shoulder joint
performs internal rotation in the propulsion phase. This
controversial outcome is due to different rotation
sequence used to describe the shoulder joint motion,
z-x’-z” Euler angle rotation used in Mulroy’sstudy.
This method can’t represent the shoulder joint motion 
angle in human anatomy clearly. However, they use
EMG to predict the muscle force. By the human
anatomy, subscapularis is located between the thoracic
cavity and scapula. It is hard to find the subscapularis
position and place the electrode. It is unclear how to
figure out subscapularis.

The effect of speed on muscle function was
examined. When the propel speed increases, the muscle
activation duration prolongs in propulsion group
muscles but not in recovery group muscles. While
propulsion speed increases, the subjects accelerate the
hand movement back to the handrim in recovery in
order to maintain the high speed. The stroke angle also
becomes larger when the speed increases. The muscle
activation duration was found to increase when the

speed increases form 1m/s to 2m/s. The supraspinatus
also contributes to shoulder abduction, but not the prime
muscle for propulsion. The major abductor muscle is the
middle deltoid. The abduction and adduction motion is
not significant in the recovery, so that supraspinatus
muscle force has no significant difference between two
different speeds.
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Figure 1: Muscle activation comparison
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