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INTRODUCTION

For certain tasks, bdance has been shown to
be more limiting than floor traction or joint
muscle strength with respect to force exertion
capability (Holbein & Chafin, 1997)
Fundiond stability limits are dependent on
load and foot postion conditionsas shown by
Holben and Chafin (1997) Holben and
Redfern (1997) andLee T-H andLee Y-H
(2003) Holbein and Chaffin (1997)also
showed that, in generd, inareased separation
of thefeet in agiven direction allows for
greater displacement of the center of gravity
in that direction withoutloss of bdance. In
high-force pushing and pulling tasks, afore-
aft split-stance may allow for greater body
weight utilization.

This pgoe examines load distribution
between therear and lead foot during two-
hand push exertionsto deerminethe extent to
which foot placements can be predicted from
bdance consderations

METHODS AND PROCEDURES

Nine men and ten women were recruited from
a student popuktion and pad for ther
paticipaion. All were required to beright-
hand dominant and nonehad a history of
musculoskeletal disorders. All participants
were young(median age 21 years) and
relatively thin (median bodymassindex 23
kg/m2).

Pogure data were obtained usng apassive
optical motion tracking system (Figure 1).
Participants exerted force on afixed
cylindrcal handle covered with foam rubbe
tha provided a high-friction grip. Forces and
moments at the handswere measured via a 6-
DOF load cell (JR3, Woodland, CA). Hand
force feedback was presented visudly to the
subject allowing subjects to achieve and
maintain requested hand forces.

Force Feedback Display

Figure 1: Laboratory configuration with optical
motion tracking system, visual force feedback display,
6-DOF load cell, and moveable force platforms.

For the current andysis, daa from two-
handed pudh exertions performed on a
horizontal handle at elbow heght (63% of
stature) were used. Subijects exerted forces
spanning from 25% to 100% of thar
maximum capability. For each trial, daa
were andyzed with respect to the hand force
plane, defined as the vertical plane containing
the measured hand force vector. Center-of-
pressure (COP) excursion is defined as the
Eudidean distance from the center of the



base-of-suppot (BOS) to the COP location
computed from force plate data (Figure 2).
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Figure 2: Base-of-support is defined by heel, 5"
metatarsal, and toe locations.

RESULTS

Aninceasein horizontal pudh forceis
assodated with aloading of therear foot
(Figure 3) and unloading of thelead foot
(Figure 4). Thischangein load distribution
correspondsto a shift in COP location
towardstherear edgeof the BOS (Figure 5).
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Figure 3: Vertical ground reaction force measured at
therear foot as afunction of the horizontal push force.
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Figure 4: Load distribution between lead and rear foot.

03]

R2 Adj =0.95

1 RMSE =0.0198
0.2+ %

0.1+

COP Excursion / Stature

0 L5 04 -03  -02 01 0
Fz Lead Foot / Body Weight
Figure 5: Shiftin COP from center of BOS to rear

edge of BOS with unloading of lead foot.
DISCUSSION

Horizonta pud force magnitudeis astrong
predictor of vertical reactionforce distributon
between therear and lead footand COP
excursioniswell predicted by vertical force at
thelead foot These findingssuggest tha
static bdance requirements can beused to
predict foot placements with respect to the
pdvis.
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