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Human factor engineering analysis of elliptical trainer by human motion analysis
and physical load analysis(l)
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The exercise equipment used for strengthening muscle and shaping body 1is
getting more prevalent due to the increased population and l1imited space in exercise.
Elliptical trainer is regarded as a good approach with full body motion like
treadmill but reduced impact force. However, unfitting exercise trainers and
working over a long period of time cause musculoskeletal disorders. Little
information is known for choosing the comfortable exerciser.

The purpose of this study was to understand the factors affecting the
musculoskeletal uncomfortableness with motion analysis system. The factor was set
to three loads and two type of elliptical trainer. The evaluated parameters of
elliptical trainer include the kinemaic data, center of mass (COM) and
electromyography (EMG).

Ten physically healthy male subjects volunteered for this investigation. None
had ever suffered from upper extremity injuries or disorders. Three resistant loads,
low (70 Watt) ~middle (220 Watt) and high (370 Watt), were set to two type of
elliptical trainer, home-used (machine A) and club-used (machine B). Full markers
on body landmarks defined by Vicon polygon model were attached on subjects.

In the result, there was significant difference in both up/down and
anteral/posterial excursion of COM in low load and high loads compared between two
types of elliptical trainer. The excursion ratio of COM, Machine A/Machine B, was
238%~211% and 199% in up/down direction and 156% ~ 154% and 131% in anteral/posterial
direction respectively.

There was significant difference right/left excursion of COM in high load and
low load compared between the same machine. There was no significant difference

for joint angle (hip, knee and ankle) among loading group.
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ABSTRACT

To transport the elder or handicapped people climb up upstairs is difficult without the
elevator or stairclimbing device. In Taiwan, local manufactory wants to develop the
stairclimbing device to help the uneasily moved people but the operator information is
little. To fit the gap, the purpose of this study was to understand the effect of
stairclimbing device on the musculoskeletal system of the operator. Twenty healthy
young people without any neuromuscular disorders were recruited. They were
22.8+4.1 in age, 165+7.5 in body height and 60+14 in body weight. A stairclimbing
device, Scalamobil, five level wood stairs and three kind of height of stairclimbing
device including shoulder height, shoulder height plus 10 cm and shoulder height
minus 10 cm were set up in the experiment. The sequence of three sets of height was
selected randomly. RULA, OWAS and motion analysis system (Vicon) with two force
plate (Kistler) were used for human factors analysis. Data was analyzed statistically by
repeated one-way ANOVA with p<0.05 as statistical significance.

In result of RULA and OWAS, the risk levels of working posture were on the
acceptable. In the result of motion analysis, the flexion of trunk was significantly
different among three heights of stairclimbing device. The max range of motion and
loading were occurred on the knee joint, especially for the leading leg during upstairs
and following leg during downstairs but the joint loading was not significantly different
among heights of stairclimbing device. The joint loading was significantly different
between leading and following leg during ascending and descending.
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INTRODUCTION

Going upstairs has been described as an activity which causes high joint forces and
torsional moments. Stairclimbing causes a more severe loading situation than
walking(Bergmann, 1995). Upstairs the torsional moment is about twice as high as
during slow walking(Bergmann, 1995). Climbing with both feet on each step, VO2 and
HR were significantly higher (on average 10%) than the usual climb(Shiomi, 1994).
For comparison with tall and short group, Less variation was observed in stance (50%
to 60%) and swing (40% to 50%) values during tasks of stair ascent. Individuals
appeared to adjust to stair dimensions by varying the flexion/extension patterns of the
knee rather than those of the ankle or hip(Livingston, 1991).

Stairclimbing device is also useful for people who have problems with climbing stairs of
all kinds. Little is known about the physical challenge of musculoskeletal system of
operators in stairclimbing device. The purpose was to understand the effect of heights
of stairclimbing device on the musculoskeletal system of the operator.

METHOD

The present study evaluated the musculoskeletal system of operators in stairclimbing
device using two methods of human factors engineering, including posture analysis
and biomechanics method.

Subject and Experimental Protocol

Twenty healthy young people without any neuromuscular disorders were recruited.
They were 22.8+4.1 in age, 165*7.5 in body height and 60+14 in body weight. A
stairclimbing device, Scalamobil, five step wood stairs and three kind of height of
stairclimbing device including shoulder height, shoulder height plus 10 cm and
shoulder height minus 10 cm were set up in the experiment. The sequence of three
sets of height was selected randomly.

Subjects were asked to completely perform stair ascending and descending in three
heights of stairclimbing device (see Figure 1). Before the start of climbing stair,
subjects were asked to keep their body in the "neutral anatomic position" with arms at
their sides and palms facing forward as neutral reference position. Five minutes was
allowed for rest between sets, in order to avoid muscle fatigue. Simultaneous digital
cam recorder and Six CCD cameras were used to record the image of motion and 3-D
position of the markers respectively during the experiment.

Data reduction

The stairclimbing cycle (SC) was defined as the first toe contact to next toe contact.
Eight pictures were taken for every SC. Generally one picture was for ten seconds.
These pictures was used in posture analysis with Ovako working posture analyzing
system (OWAS) (Lee, 1995), Rapid Upper limb Assessment (RULA)(Massaccesi, 2003).

The motion analysis system with Six CCD cameras and two piezoelectric force plate to
measure vertical and two shear forces as well as the location of the center of pressure
were used for calculation of kinematics and kinetics of trunk and knee joint by using an



inverse dynamic procedure with the Newton-Euler equations(Haug, 1989; Winter,
1990).

Figure 1 experiment setup for stairclimbing device

Data analysis

In checklist data, the mean score of climbing cycle was done between three heights of
stairclimbing device during upstairs and downstairs. The repeated one-way ANOVA
with p<0.05 as statistical significance was used for the effect of heights of
stairclimbing device.

In motion analysis data, the kinematic data of trunk and knee joint, and the kinetic
data of knee joint among three kind of height of stairclimbing device was analyzed
statistically by repeated one-way ANOVA with p<0.05 as statistical significance. The
independent variables are three kind of height of stairclimbing device and dependent
variables are joint angle, resultant force and resultant moment in data analysis. The
post-hoc analysis for the differences between heights of stairclimbing device was done
with the help of the Bonferroni method. An analysis for differences between leading
and following legs was also made.

RESULTS

Checklist data

In the result of OWAS, even though the score of high height of stairclimbing device
was smaller in mean, there was not significant difference between three heights during



upstairs and downstairs. The mean score of OWAS was 2 that were on the
acceptable(see Figure 2). In the result of RULA, there was not significant difference
between three heights during stair ascent and descent. The mean score of RULA was 3
that were on the acceptable(see Figure 2).

OWAS analysis during stair ascent OWAS analysis during stair descent

score of OWAS
score of OWAS

shoulder height M high H low shoulder height B high W low

RULA analysis during stair ascent RULA analysis during stair descent

3 T 3 L

score or RULA
score of RULA

shoulder height B high B low shoulder height B high W low
Figure 2 the risk score of posture with OWAS and RULA methods

Biomechanical data
Trunk angle

The mean peak flexion angles of trunk were range from 23 to 31 degrees for three
heights of stairclimbing device(see Figure 3). There was significant difference of the
peak flexion of trunk among three heights of stairclimbing device (p<0.05, Figure 3).
The mean peak right/left flexion was about 10 degrees. The mean peak right/left
rotation was about 8 degrees.

Knee angle

During stair ascent, the mean peak flexion angle of knee joint for leading and following
legs were about 80 and 60 degrees respectively (see Figure 4). There was significant
difference of peak flexion angle between leading and following leg. The mean peak
abduction/adduction angles of knee joint for leading and following legs were about 6
degrees. The mean peak internal/external rotation angles of knee joint for leading and
following legs were about 8 degrees. There was not significant difference of knee joint
angle between three heights of stairclimbing device (Figure 4).

During stair descent, the mean peak flexion angle of knee joint for leading and
following legs were about 60 and 80 degrees respectively. There was significant
difference of peak flexion angle between leading and following leg (Figure 4).



peak trunk angle(degree)

flex  R/Lflex R/Lrot flex R/L felx  R/L rot
ascending descending
shoulder height [} high [l tow *:p<0.05

Figure 3 Mean and standard deviation of the peak trunk angle of stair ascending and
descending with three height of stairclimbing device (* value significantly greater,
p<0.05, than that of shoulder height group.)

*

100 | ]*—\

peak knee angle(degree)

-10 T
flex add rot flex add rot flex add rot flex add rot

lead-leg trail leg lead-leg trail leg
ascending descending

shoulder height . high . low *:p<0,05
Figure 4 Mean and standard deviation of peak knee joint angle of stair ascending and
descending with three height of stairclimbing device. (* value significantly greater,
p<0.05, than that of shoulder height group.)



Knee joint force

During ascending, the mean peak axial force of knee joint for leading and trailing legs
were both about 110% body weight (%BW) (see Figure 5). The anterial/posterial and
medial/lateral shear force were about 20—30%BW. There was not significant difference
of peak knee joint force between three heights of stairclimbing device. There was
significant difference of peak anterial/posterial and medial/lateral shear force between
leading and trailing legs (p<0.05, Figure 5).

During descending, the anterial/posterial shear force was significantly affected
between leading and trailing legs (p<0.05, see Figure 5).
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Figure 5 Mean and standard deviation of peak knee joint force of stair ascending and
descending with three height of stairclimbing device. (* value significantly greater,
p<0.05, than that of shoulder height group.)

Knee joint moment

During ascending, the mean peak flexion moment of knee joint for leading and trailing
legs were both about 1—~2 body weight*leg length (BW*LL) (see Figure 6). The
abduction and internal rotation moment were about 0.3 BW#*LL. There was not
significant difference of peak knee joint moment between three heights of stairclimbing
device. There was significant difference of peak flexion and internal rotation moment
between leading and trailing legs (p<0.05, Figure 6).

During descending, there was not significant difference of peak knee joint ,moment
between three heights of stairclimbing device. There was significant difference of peak
internal rotation moment between leading and trailing legs (p<0.05 , Figure 6).
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Figure 6 Mean and standard deviation of peak knee joint moment of stair ascending
and descending with three height of stairclimbing device. (* value significantly greater,
p<0.05, than that of shoulder height group.)

DISCUSSIONS

The manipulation of stairclimbing device is not difficult but practice is needed for
accustomed the handling from the present experiment. The carrying loads was
supported by power of stairclimbing device. The only thing the operators need to do is
to balance the device with the rear wheel. Therefore, the posture analysis of OWAS
and RULA was not significantly different between heights of stairclimbing device.

The significant change of trunk flexion can be expected or understood with the three
heights of stairclimbing device. The high device caused the small trunk flexion. The
loading on lower extremity seemed to be decreased with small flexion but the results
did not show the significant difference. The possibility is the extra loads transfer from
hands to device with lower height of device. Therefore, the loads on lower extremity
were not different significantly between three heights. In the analysis with leading and
trailing leg, the kinemaitcs and kinetics of knee joint was significantly different
between two legs during stair ascent and descent. This is due to climbing with both
feet on each step during ascending and descending.

CONCLUSION

From the analysis of RULA and OWAS, the risk levels of working posture were on the
acceptable. From human motion analysis, the flexion of trunk was significantly
different among three heights of stairclimbing device. The max range of motion and
loading were occurred on the knee joint, especially for the leading leg during stair



ascent and following leg during stair descent but the joint loading was not significantly
different among heights of stairclimbing device. The joint loading was significantly
different between leading and following leg during stair ascent and descent.
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