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Conventional rehabilitation instruments are commonly
seen 1n the department of rehabilitation of the
hospital. Occupational therapists still help patients
restore their physical function and return to work by
using these conventional instruments. They adapt the
training intensity by their experiences. However,
errors could happen, even for advanced therapists,
while they deal with patients in a heavy duty. Also,
errors could happen in younger therapists. Therefore,
a systematic ergonomic analysis for the conventional
rehabilitation instruments is needed for avoiding the
re-injury and as a reference by documenting the
influences on human musculoskeletal loadings.

The goal is to understand the function and efficiency
for conventional rehabilitation instruments. The
three-year study is to establish the analyzing and
evaluating model of human motion and weight shift for
stroke patients on commonly used instrument in
clinics, single curved shoulder arc, with the
equipment of Chung Shan Occupational Motion and
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Postural Control Laboratory, motion analysis system
and forceplate. The first-year study will explore the
effect of distances and dimensions of a single curved
shoulder arc on musculoskeletal loading with
kinematics, kinetics, weight shift and
electromyography (EMG) for stroke patients. The
second-year study is to establish the biomechanical
simulation model and ergonomic model for the single
curved shoulder arc using the experimental data in
the first-year study. The three-year study will focus
on stability evaluation after training on a
redesigned single curved shoulder arc in the second-
year study for three-, six- and nine-month by smart
balance master system

Ergonomic analysis, single curved shoulder arc,
motion analysis, weight shift
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Conventional rehabilitation instruments are commonly seen in the department of
rehabilitation of the hospital. Occupational therapists still help patients restore their
physical function and return to work by using these conventional instruments. They
adapt the training intensity by their experiences. However, errors could happen, even
for advanced therapists, while they deal with patients in a heavy duty. Also, errors could
happen in younger therapists. Therefore, a systematic ergonomic analysis for the

conventional rehabilitation instruments is needed for avoiding the re-injury and as a



reference by documenting the influences on human musculoskeletal loadings.

The goal is to understand the function and efficiency for conventional
rehabilitation instruments. The three-year study is to establish the analyzing and
evaluating model of human motion and weight shift for stroke patients on commonly
used instrument in clinics, single curved shoulder arc, with the equipment of Chung
Shan Occupational Motion and Postural Control Laboratory, motion analysis system
and forceplate. The first-year study will explore the effect of distances and dimensions
of a single curved shoulder arc on musculoskeletal loading with kinematics, Kinetics,
weight shift and electromyography (EMG) for stroke patients. The second-year study
is to establish the biomechanical simulation model and ergonomic model for the single
curved shoulder arc using the experimental data in the first-year study. The three-year
study will focus on stability evaluation after training on a redesigned single curved
shoulder arc in the second-year study for three-, six- and nine-month by smart balance

master system ( NeuroCom?®).

Keywords: Ergonomic analysis, single curved shoulder arc, motion analysis,
weight shift
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Human factors analysis of hydraulic leg press machine
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2School of Occupational Therapy, Chung Shan Medical University, Taichung, Taiwan
®School of Sports Medicine, China Medical University, Taichung, Taiwan
‘Department of Industrial Engineering and Management, Chaoyang University of Technology, Taiwan

Abstract

The aim of this study is to investigate effects of two types of leg press machines for young and elder people
using motion analysis system. Ten young healthy men and women, and ten elder with an average age of are
recruited. As many as 15 physically healthy male subjects were studied. The Vicon Motion System (Vicon
460,0xford, UK) with six 120 Hz cameras and  four uniaxial load cells installed on foot-plate (Transducer
Techniques, MLP200) with 1080Hz was used to measure relative joint positions and push force. The peak
push force is significantly affected by types of leg press machine and push speeds, and the influence on young
men and young women are higher than that on the elder.

Keywords: Type your keywords here, separated by semicolons ;

1. Introduction

The leg press machine is built for training the lower extremity by simulating the crouch or squats.
Compared with these two movement, the leg press machine can be more efficiency in training muscle by
adjustable loads control, but the personal trainer beside is needed for preventing the uncorrected posture or
unsuitable external force that can damage the musculoskeletal system (Steinkamp et al. 1993, Bosco et al.
1999). Even though the resistant system progresses soon, the leg machine is designed for young healthy people.
Netreba noted (Netreba et al. 2013) that responses of m. vastus lateralis to 8-week resistive training of various
types at leg press machine in 30 male young subjects, the training-related increase of cross-sectional area. For
the elder people, easy use, low force and high resistant force while occurring unsteadily, are main concerned.
The hydraulic leg press machine seems to be suitable for these considerations(Ballor et al. 1987). However,
there are many resources in patent of hydraulic leg machine (Davenport 1984, Shi 1992, Giannelli et al. 2003)
but little in the research. The aim of this study is to investigate effects of two types of leg press machines on
elder people using motion analysis system.

2. Mthod

2.1 Subject and experimental protocol

Ten young healthy men and women, and ten elder with an average age of are recruited with an average age
of 24.2 (2.1), 23.6 (2.3) and 69.3 (3.2) year, an average height of 173.9 (2.72), 163.1 (5.42) and 160.4 (8.75)
cm, and an average weight of 66.8 (7.39), 53.3 (5.5) and 56.8 (9.4) kg were studied. None had ever suffered
from lower extremity injuries and disorders.

The Vicon Motion System (Vicon 460, Oxford, UK) with six 120 Hz cameras and four uniaxial load cells
(Transducer Techniques, MLP200) installed on foot-plate with 1080Hz was used to measure relative joint
positions and push force.

A set of 19 reflective markers was place on selected anatomic landmarks bilaterally on the subject. The
selected anatomic landmarks were intended to simulate the rigid body assumption for pelvic (sacrum, right
and left anterior superior iliac spine), thigh (middle of the thigh, medial and lateral epicondyles of the knee),



shank (middle of shank, medial and lateral malleolus of the ankle) and foot (heel, second metatarsal bone and
medial and lateral malleolus of the ankle).

Each subject was asked to perform two different resistant types of leg machine, weight stack (WS) and
hydraulic (HD) (fig 1), and three types of push speed, comfortable (CF), fast (FT) and slow (SL) (as slow as
possible, lasting 4 seconds). The resistant force was adjusted to the same at initial push while knee was in full
extension.

2.2 Data reduction and analysis

Laboratory-developed kinematics and kinetics software were used to calculate the joint angles and push
forces. A three-segment model, i.e. foot, shank and thigh, was employed in the analysis. Each segment was
assumed to be a rigid body. Six CCD cameras were used to record 3-D position of the markers. The joint
ankles were calculated using Euler’s method with a y-x-z rotational sequence based on the attached
markers(Haug 1989, Winter 1990). A strain gauge force plate was used to measure vertical push force. A
generalized cross-validation spline smoothing (GCVSPL) routine at a cut-off frequency of 6 Hz was used for
data smoothing(Woltring 1986). Joint angles and push forces during leg press were calculated and then used
for analysis.

The ANOVA with repeated measure was conducted to evaluate the differences between machine type,
push speed and age group with p<0.05 as statistical significance.

Fig 1. Two different resistant types of leg machine, weight stack (WS) and hydraulic (HD)



3. Results

3.1 Joint angles

e There was not significant different in maximal flexion angles of knee and hip among two types of leg
press machine, three types of push speed and three types of age group were not significant difference (fig
1 and fig 2). The peak angle of the hip and knee were approximate 100 and 90 degrees respectively.
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Fig 2. Mean and SD of maximal joint angles of Knee (left) and hip (right) at two types of leg press machine
and three types of push speed
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Fig 3. Mean and SD of peak push forces at two types of leg press machine and three types of push speed



3.2 Push forces

There is significant difference of peak push forces for young men, women and the elder between FT and
SL but not between CF and SL (fig3). The ratio of peak forces of FT to SL at hydraulic leg press machine for
young men, women and the elder is 2.2, 2.4 and 1.5 respectively, and that at weight stack leg press machine
is 1.47, 1.59 and 1.18 (fig3). There is significant difference peak push force between HD and WS for young
men and women, but not for elderly people (fig3).

4 Discussions and Conclusions

Even though these two leg machine provide the same joint movement of the lower extremity, the push
forces are significantly different. The peak push force is significantly affected by types of leg press machine,
push speeds and age group. The push force in HD is higher than WS, especially for FT group. For hydraulic
system, it can provide large resistance at high speed. On the other hand it also decreased resistance at slow
motion. This phenomenon is suit for elderly people. They need lower push force as they move slowly and
they can also get larger force to avoid slipping or uncontrolled movement after they push fast. However, the
hydraulic leg machine just can provide concentric muscle training not for eccentric muscle training. But if
concentric muscle training is the issue for elderly people, the hydraulic leg machine is a good exerciser.
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