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Human factors analysis for the exerciser designed for elder

people-An application for hydraulic leg press machine
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The leg press machine is built for training
the lower extremity by simulating the crouch or
squats. Compared 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. Even though the resistant system
progresses soon, the leg machine is designed for
young healthy people. For the elder people, easy
use, low force and high resistant force while
occurring unsteadily, are main concerned. The
hydraulic leg press machine is suitable for these
considerations. There are some problems



including the dimension and resistance of the leg
press machine while cooperating with local
manufactory. These factors can’t be solved by
try-and-error method but by the systematic
human factors method. The study is to establish
simulation model by combining the motion
analysis  system and  Adams+LifeMod,
simulation software for human musculoskeletal
system. The cruciate factor of well-designed leg
press training machine for elder people, then, can
be explored and found for comfortable use.

Keywords: hydraulic leg press machine,
motion analysis system, human factors,
Adams+Li feMod
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Human factors analysis of hydraulic leg press machine for elderly people
Shu-Zon Lou,

Introduction

The leg press machine is built for training the lower extremity by simulating the
crouch or squats. Compared 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. Even though the resistant system progresses soon,
the leg machine is designed for young healthy people. For the elderly 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. The study is to
investigate effects of two types of leg press machines on elderly people using motion

analysis system.
Methods

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. Each subject was asked to perform two different resistant
types of leg machine, weight stack (WS) and hydraulic (HD), and three types of push
speed, comfortable(CF), fast(FT) and slow(SL) (4 seconds). 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 kinematics and push force were calculated

and analyzed using laboratory-developed motion analysis procedures

Results
Joint angle
Flexion angles of knee and hip at two types of leg press machine and three type of
speed were not significant among young men, women and the elder (figure 2).

Push force
The PU exercises result in a greater loading on the elbow joint than the BP exercises, but
produce a lower muscle activation. OKC exercises yield a greater muscle strengthening effect

than CKC exercises. The increased shear stress on the elbow joint should be carefully noted



when performing PU exercises. Comparing the PU and BP exercises, it is interesting to note

that the joint loads in the PU experiments are greater than those in the BP experiments. The

peak medio-lateral loading of the elbow joint was decreased by 25.2% in the BP exercise

(table 1). Additionally, the peak muscle activations of triceps-long head and biceps brachii,

which are major contributor of the elbow joint, are also significantly greater in the BP

experiments. These findings indicated that OKC exercise (BP) can be used as an effective

Conclusion

The results in this study show that OKC (BP) exercises of the upper extremity produce greater

muscle

activation and a lower elbow joint loading than CKC (PU) exercises. Therefore, BP

exercises represent an effective strengthening program for the upper extremity.

Figure 1.

Figure 2.
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