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TECHNICAL NOTE

A METHOD FOR MEASURING EXTERNAL LOADS DURING DYNAMIC
LIFTING EXERTIONS

K. P. Granata, W. S. Marras and F. A, Fathallah
Biodynamics Laboratory, The Ohio State University, Columbus, Ohio, U.S.A.

Abstract—Biomechanical analyses of lifting exertions often require measured values of applied trunk moments and
forces as baseline or validation data. Accurate measures of the trunk kinetic data are difficult to achieve from
dynamic exertions without significant approximation, cost, or motion constraints. The purpose of this effort was to
develop and validate a means to directly measure multi-dimensional, trunk moments which occur during dynamic
lifting exertions. Force plate reaction loads, coupled through a lower-body isolation structure designed to fasten
the hips and legs into a known static position, were employed to compute the moment vectors about the lumbar
spine. Results demonstrate the applied moments about the lumbo-sacral junction of the spine can be accurately
measured from a single force plate, allowing biomechanical evaluation of dynamic lifting exertions without
constraining the motions of the upper body. Copyright © 1996 Elsevier Science Ltd.
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INTRODUCTION

Measured force and moment data typically form the baseline or
validation component for biomechanical analyses. Measured
kinetic data must accurately reflect the applied dynamics of the
exertion without influencing the motions or biomechanics of the
exertion. Biomechanical measurements of external forces and
moments generated by the trunk during lifting exertions have
often involved significant approximation, complexity and ex-
pense. A simpler, direct measure of trunk kinetics may improve
the accessibility of accurate data representing lifting dynamic.

External loads on the lumbar spine have been estimated from
video motion analysis and inverse mechanics (Chaffin, 1969;
Freivalds et al, 1984; Gagnon and Smyth, 1992; Goel et al,
1991; McGill and Norman, 1985, 1986), but the technique can be
expensive, complex, and inexact. Kromodihardjo and Mital
(1986) found that dynamic ground reaction forces estimated
from motion analyses correlation with force plate data at 0.65.
Thus, validation of biomechanical analyses becomes difficult
since one cannot achieve accurate measures of external trunk
load. Miller er al. (1980) indicated kinetic analyses from video
techniques generated inertial results within an order of magni-
tude of the actual levels. Needless to say, it is often desirable to
achieve baseline errors much less than an ‘order of magnitude’ to
represent the applied loads. Considering the analytical and
inertial errors as well as the cost of video motion analysis
systems, one may desire a direct measure of external trunk loads
during dynamic lifting exertions.

Direct measurements of external trunk moments have been
achieved by measuring the forces applied by subjects against
a harness or experimental structure (Granata and Marras, 1993;
Marras ez al.,, 1984; Pope et al., 1986). Although the technique
permitted controlled measurements of trunk kinetics, Granata
(1993) demonstrated the method also led to muscle activity
patterns which were significantly different than those
associated with unconstrained lifting exertions. Therefore, the
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measurement technique confounded the data representing
neuro-muscular control and biomechanical loading.

Force plates provide an accurate measure of dynamic trunk
loads, but have been employed only in combination with motion
analysis or in multiple force plate configurations. Freivalds et al.
(1984) utilized a force plate to measure the ground reaction
force, but could provide no estimate of external trunk moments.
Thelen et al. (1991,1994) measured applied trunk forces and
moments by means of two force plates, one at the subjects’ feet,
another at the pelvis. Their method allowed direct measurement
of trunk kinetics, but may be simplified to achieve accurate
results from a single force plate.

Our objective was to develop a method to accurately measure
applied trunk moments during dynamic lifting exertions. The
method was designed to assure the measurement system did not
interfere with trunk motion or influence muscle coactivity. The
technique is presented to suggest a simple and accurate measure
of applied trunk moments permitting examination of trunk
biomechanics during dynamic lifting exertions.

METHODS

A lower-body isolation structure (LBIS) was constructed to
hold a subject’s hips in a fixed position above the feet and resist
pelvic and lower body motion. Belts, three inches wide, were
employed to hold the hips and upper legs against back plates,
thereby preventing significant movement of the legs and hips
during the exertions. When strapped into the structure, subjects
were free to move their upper body without constraint or
interference (Fig. 1). The LBIS was fixed to the top surface of
a force plate (Bertec 4060A) by means of removable clamps.
External forces and moments applied to the upper body
of the subjects, including inertial dynamics, were thereby
transferred directly to the force plate through the subjects’ legs
and LBIS.

One may compute the external forces and moments generated
about the low-back from dynamic force plate data and a vector
describing the static location of the lumbo-sacral spine. Assume
an external force of magnitude F passes through the trunk with
an arbitrary vector direction. Define r as the vector from the
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