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TECHNICAL NOTE

CALIBRATION OF MEASURED CENTER OF PRESSURE OF A NEW STAIRWAY
DESIGN FOR KINETIC ANALYSIS OF STAIR CLIMBING

Bing Yu, Eric S. Growney, Fred M. Schultz and Kai-Nan An*
Orthopedic Biomechanics Laboratory, Mayo Clinic and Mayo Foundation, Rochester, MN 55905, U.S.A.

Abstract—A stairway that allows the collection of kinetic data is essential for biomechanical studies on stair
climbing. There is a need to validate the measured center of pressure (COP) on the surface of a stair in order to
verify the accuracy of the calculation of joint kinetics. The purpose of this study was to validate 2 new stairway
design for kinetic analysis of stair climbing through a calibration and error analysis of the COP obtained from this
system. The new stairway design allows the collection of kinetic data for multiple steps without any constraint to
foot placement. Known vertical forces were applied to known locations on the surface of each stair and each force
plate. Multiple regression analyses were conducted to determine the distribution pattern of the error in the
measured COP. It was found that the error in the COP was a function of location on the stair or force plate. The
magnitude of the vertical force had no significant effect on the error in the measured COP. The distribution pattern
of the error in the measured COP on the force plates used in this study matched the results in the literature.
A healthy female subject was used as the subject in a stair climbing test. The error in the measured COP had
a significant effect on the calculated joint resultant moments, especially the abduction-adduction and
internal-external rotation moments. The correction of these errors should make the kinetic calculation in stair

climbing more accurate. Copyright © 1996 Elsevier Science Ltd.
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INTRODUCTION

Stair climbing is an important functional activity of daily living.
Biomechanical analysis of stair climbing has been used as an
important clinical evaluation procedure (Andriacchi et al., 1982;
Berchuck et al., 1990; Tibone et al, 1988). In biomechanical
analyses of stair climbing, a stairway appropriately connected to
force plates is essential. A commonly used stairway design is to
attach a stair for the step of interest to the top of a force plate
(Andriacchi et al., 1980; McFadyen and Winter 1987). This type
of stairway design allows the collection of kinetic data for only
one step in each trial. A modification of this stairway design is to
place two consecutive stairs on two force plates and separate
each stair for consecutive foot placement (Zachazewski et al.,
1993). Although this design enables the collection of kinetic data
for multiple steps, subjects had to place their right and left feet
on the corresponding sides of the central line of the stairway. In
addition, no verification of the measured ground reactions has
been reported for any of these stairway designs. The results of
a recent study (Bobbert and Schamhardt, 1990) on the kinetic
measures from a force plate showed that, although the errors in
measured ground reaction forces were relatively small, the errors
in the measured center of pressure (COP) were relatively large
and may have significant influences on the calculations of joint
kinetics.

Besser er al. {1993) presented a design for the connection of
multiple stairs to force plates and verified the measured COP.
This stairway design allows kinetic measurements for only two
steps, and requires that subjects place their feet a certain dis-
tance away from the lowest stair. In addition, it was assumed in
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their study that the error in the measured COP is evenly distrib-
uted on the surface of each stair case. It has been demonstrated
(Bobbert and Schamhardt, 1990) that the error in the measured
COP was a function of the measured x and y coordinates of the
COP.

A new stairway configuration was recently designed and built
for research and clinical purposes. This new design of stairway
allows the collection of kinetic data for multiple steps and has no
constraint on foot placement. The purpose of this study was to
validate this unique stairway design through a verification of the
COP obtained from this system.

METHODS

The new stairway had four stairs consisting of three separate
parts: first stair (Stair I), second stair (Stair II), and third and
fourth stairs (Fig. 1). Stairs I and II were connected to two
KISTLER force plates (type 9281B, Kistler Instrumente AG,
Winterthur, Switzerland) without touching any other parts of
the stairway and floor (Fig.1). Each stair was 0.25m
long x 0.80m wide with a 0.18 m rise. The force plate connected
to Stair I was referred to as KISTLER force plate [, and the force
plate connected to Stair II was referred to as KISTLER force
plate II. A third force plate (BERTEC, type 4060A, Bertec
Corporation, Worthington, OH, U.SS.A.) was used to measure
the ground reactions for the step of level walking immediately
before or after stair climbing (Fig. 1).

A total of 104 known points were determined for each force
plate, and 96 for each stair case. Three vertical forces with an
approximately 50% increment were applied to each known
point on each force plate or stair to test the effect of vertical force
magnitude on the measurement of the COP. These three vertical
forces were: 113.71 N (25.51bf), 220.73 N (49.51bf), and 47043 N
(105.51bf).

1625






