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Finger functions associated with the variations of multifinger prehension power
accommodated when changing positions of the object’s center of gravity
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[Objective]

In our daily lives, it is necessary to operate a wide variety of objects. To find the
finger functions and finger coordinated motion control during active operation is
important for occupational therapists to plan rehabilitation programs and to
evaluate the finger functions and performances. Previous studies investigated the
precision grip power used by thumb and index finger when changing the object’s
properties. In recent years, various studies have measured the actual value (finger
pressure toward the object) using five fingers, respectively. These reports were
mainly passive operations responding to the change of the objects properties,
therefore did not measure active operation what would be observed in daily life.
Also, there were no reports found which involved the rate of each finger that is




expressed as a contribution for precision grip.

The purpose of this study is to investigate the finger functions while
accomplishing the active operation of using a prismatic object, thus we assumed
the operation of the cup inside liquid that high operation skill and ability is
needed. We measured the each finger pressure toward the object when the center

of gravity change the position toward front, back, thumb side and finger side.

[Method]

The Maximal Voluntary Prehension Power (MVPP) was measured for 10 female
volunteers respectively. Also, the finger pressure when changing the positions of
center of gravity was also measured. The loads were set at 200g and 400g, and
were suspended at five positions (front: outside of palmer, back: near side of
palmer, thumb side, finger side and center). The subjects were instructed to keep
the prismatic apparatus horizontal while suspending the loads (200g, 400g). When
the loads were suspended, the position of center of gravity was randomized. The
conditions of suspending were two patterns that subjects were informed the
suspending position or not. At first the load was 200g, secondly 400g. Subjects
performed three trials using each load and in every condition. The fingers
pressures were measured over all trials and the %MVPP was calculated and
analyzed.

[Result]

The results showed that when the load weight was in the center position, the
radial finger pressure was significantly larger than the ulnar, however %MVPP of
the ulnar finger was as much as the radial finger. When the load weight was made
heavier, the finger pressure and %MVPP increased. Compared with the two loaded
weights, the involved rate (%MVPP) showed a significant different increase in the
index and middle finger and little finger when the subjects had information about
the suspending positions, and in the little finger when subjects didn’t have
information (p<0.05). The Peak forces that were the maximum forces, which
occurred during suspending the load in the apparatus showed that the index
finger was fastest for the 200g load, the little finger was fastest for the 400g load.
The fingers pressure and %MVPP when continuing to hold the apparatus
horizontally in space showed the same patterns, that each finger provided the
pressure and %MVPP in the Peak. In %MVPP when keeping in space horizontally,
we could confirm that there was an opposing relationship between index finger
and little finger for the load of 200g, but we could not confirm the relationship




between fingers for the load of 400g. When the loads were changed from the center
position to the front side and back side, all finger’s %MVPP increased in the front
position, especially the index finger increased. In the backside, %MVPP of little
finger increased more than center position. When the load positions were changed
from center to thumb side and finger side, %MVPP of the little finger increased in
the thumb side of center of gravity and %MVPP of the index finger increased in the
finger side of center of gravity due to the rotation torque toward pronation and
supination. Thus, the index finger and little finger provided more pressure for

antagonist direction to keep horizontally.

[Discussion]
From the results, we found that each finger had an interaction of finger function
and finger coordinated motion control from the temporal changing of finger
pressure and %MVPP. The change in center of gravity direction correlated with
providing patterns of each finger pressure and %MVPP. We suggested
that %MVPP was a helpful index to finding the importance of finger functions

during the operation of various objects.
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