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Abstract—The purpose of this investigation was to determine how the moment arms and architecture of the wrist
muscles influence their isometric moment-generating characteristics. A three-dimensional computer graphics
model was developed that estimates the moment arms, maximum isometric forces, and maximum isometric
flexion—extension moments generated by 15 muscles about the wrist over a range of wrist flexion angles. In
combination with measurements of muscle strength, we used this model to answer three questions: (1) why is peak
wrist flexion moment greater than peak extension moment, (2) why does flexion moment vary more with wrist
flexion angle than does extension moment, and (3) why does flexion moment peak with the wrist in a flexed
position? Analysis of the model revealed that the peak flexion moment is greater than the peak extension moment
primarily because of the larger (110%) summed physiologic cross-sectional area of the flexors. The larger variation
of flexion moment with flexion angle is caused mainly by greater variation of the moment arms of the major wrist
flexors with flexion angle. The location of the peak flexion moment is determined by the wrist flexion moment arms
(which tend to increase with wrist flexion) in combination with the force-length characteristics of these muscles.
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INTRODUCTION

Measuring the moments generated by muscles under
conditions of maximum voluntary contraction is the
most common method used to assess muscle strength in
general (Kulig ef al., 1984) and at the wrist in particular
(Jacobson et al., 1992; Ketchum et al., 1978; Lehman and
Calhoun, 1990). We recently reported maximum isomet-
ric wrist moments generated by ten healthy subjects over
a range of wrist flexion angle (Delp et al., 1996). These
measurements revealed three important features of the
wrist muscles. First, the peak moment generated by the
wrist flexors was substantially greater than the peak
moment generated by the extensors. Second, the max-
imum flexion moment generated by the subjects varied
more with wrist flexion angle than did the maximum
extension moment. Third, the peak flexion moment oc-
curred with the wrist in a flexed position, where the
muscle fibers are relatively short. Although these findings
represent a first step in characterizing the normal func-
tion of wrist muscles, the experimental data alone do not
allow one to determine how muscle architecture (ar-
rangement and length of muscle fibers) and moment arms
influence the moment-generating characteristics of the
wrist muscles.

Several factors contribute to the maximum isometric
moment generated by an individual muscle, including its
physiologic cross-sectional area (PCSA), moment arm
(MA), and activation. Other factors contribute to the
change in the isometric moment with joint angle, such as
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variation of MA with joint angle and the muscle’s
force-length behavior. Thus, the three experimental ob-
servations cited above could be explained by a number of
different mechanisms. For example, the peak flexion mo-
ment would be larger than peak extension moment if the
MAs of the flexors were greater than the MAs of the
extensors and/or the total PCSA of the flexors were
larger than the PCSA of the extensors. The greater vari-
ation of flexion moment with joint angle could also arise
from several mechanisms, including a greater variation of
flexor MAs with wrist angle and/or a smaller ratio of
optimal muscle-fiber length to MA for the flexors, which
causes a larger variation of sarcomere length with joint
angle (Delp and Zajac, 1992; Lieber and Bodine-Fowler,
1993). The occurrence of the peak flexion moment in
a flexed wrist position could arise from (1) the positions
of the peak MAs of the major wrist flexors, (2) the
positions of the peak forces generated by the major wrist
flexors, or (3) a combination of force and moment arm
variation with wrist flexion.

The purpose of this work was to investigate how the
moment arms and architecture of the wrist muscles con-
tribute to their moment-generating characteristics. The
investigation was organized around three hypotheses.
First, we hypothesized that the peak flexion moment was
greater than the peak extension moment because the sum
of the PCSA-MA products is greater for wrist flexors
than for the extensors. Second, we hypothesized that the
greater variation of flexion moment with wrist angle was
due to the larger variation of flexor M As with joint angle.
Third, we hypothesized that flexion moment peaked with
the wrist in flexion because of a combination of force and
moment arm variation with wrist flexion.

Because there are a large number of muscles that span
the wrist, a biomechanical model is needed to analyze the






