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The aim of the present study was to examine the contribution
of the thumb and index ®nger during the task of reaching to
grasp a cylinder positioned at different orientations. To this
end an axis was de®ned between a marker positioned on the
subjects' wrist and the target. For each frame the perpendicular
distances of the thumb and index ®nger from this axis were
determined. The perpendicular distance was greater for the
index ®nger than the thumb, con®rming a relative stability of
the thumb during natural prehension and supporting the notion

of the thumb as a guide for the transport component of
reaching. Further, index ®nger perpendicular distance was
varied according to object orientation. When the object was
positioned at an angle that requires hand pronation, the
perpendicular distance for the index ®nger was the greatest. It
is concluded that changes in the index ®nger distance are
necessary to allow the thumb to maintain stability in order to
provide appropriate movement guidance. NeuroReport 12:2185±
2187 & 2001 Lippincott Williams & Wilkins.
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INTRODUCTION
The everyday action of reaching to grasp an object is
commonly described in terms of a proximodistal distinc-
tion. The reaching action, effected by upper arm and
forearm musculature, is subserved by a visuomotor me-
chanism that is largely independent of mechanisms subser-
ving the hand and digit opening and closing upon the
object for its grasp (channel hypothesis [1,2]).

The in¯uence of object orientation on the organisation of
the reach to grasp action may be relevant to clarify an
important issue debated within this research area; that is,
the investigation of the contribution of ®ngers and thumb
to grasping movements [3]. Wing and Fraser [3] have
suggested that the thumb has the role of a spatial reference
which guides the transport component of reaching. They
studied a pro®cient user of a manually operated arti®cial
hand during grasping movements. The exhibited pattern
was such that the index ®nger rather than the thumb was
responsible for reduction of grasp aperture as the hand
approached the target object. The same pattern was noticed
in the arti®cial hand even though the mechanics of the
arti®cial hand make it no easier to move the ®nger than the
thumb [3]. These observations are of interest when consid-
ered in the context of the organization of directed arm
movements. For example, the biomechanical adaptations
that have occurred with the evolution of the primate hand
include an opposable thumb [4] which has separate extrin-
sic muscular control [5]. Although its importance in manip-
ulative tasks is fundamental, there has been no further
behavioral investigation of the contribution of the thumb to

reaching movements since the study of Wing and Fraser
[3]. Similarly, the contribution of other ®ngers, such as the
index ®nger, is still largely unknown.

The aim of the present study is to investigate the
contribution played by thumb and index ®nger during the
action of prehension with respect to changes in object
orientation.

MATERIALS AND METHODS
Subjects: Eight women and seven men, aged 21±38 years,
volunteered to participate. All were right-handed, reported
normal or corrected to normal vision, and were naive as to
the purpose of the experiment. They attended one experi-
mental session lasting �1 h.

Apparatus: The stimulus consisted of a red wooden
cylinder (2 cm diameter), resting horizontally on the work-
ing surface placed at a reaching distance of 30 cm from the
starting position and at three different prede®ned positions
from the midline that correspond to three different orienta-
tions (Fig. 1).

Re¯ective passive markers (0.25 cm diameter) were at-
tached to the following points of the reaching limb: (a)
wrist: radial aspect of the distal styloid process of the
radius; (b) index ®nger: radial side of the nail; and (c)
thumb: ulnar side of the nail. Movements were recorded
with the ELITE motion analysis system. This consisted of
two infrared cameras (sampling rate 100 Hz) inclined at an
angle of 308 to the vertical and placed 3 m in front of the
table and 3 m apart. The spatial error measured from



stationary and moving stimuli was 0.4 mm. Coordinates of
the markers were reconstructed with an accuracy of 1/3000
of the ®eld of view and sent to a host computer.

Procedure: The subject was seated at a table with the right
hand placed on a pad (diameter 5 cm) positioned 20 cm in
front of thier midline. The sound of a buzzer (800 Hz;
duration 200 ms) indicated to participants that they should
reach towards the target. The participants performed 30
counterbalanced trials, 10 trials for each orientation.

Data processing and analysis: The data were ®ltered
using a ®nite impulse response (FIR) linear ®lter±transition
band of 1 Hz (sharpening variable� 2; cut-off frequency�
10 Hz). The ELIGRASP (B|T|S|, 1997) software package
was then used to analyze the data.

RESULTS
The purpose of the present study was to investigate the
separate contributions of the thumb and ®nger to the
aperture of the hand grip. To this end an axis was de®ned
between the wrist marker and the dowel. For each frame
the perpendicular distances of the thumb and ®nger
markers from this axis were determined [3]. Mean data for
each subject were analysed with an ANOVA with ®nger
(index ®nger, thumb) and dowel position (left, centre,
right) as within-subjects factors. Post-hoc comparisons were
conducted on the means of interest using the Newman-

Keuls' procedure (alpha level� 0.05). The main factor
®nger was signi®cant (F(1,12)� 19.13, p� 0.001), revealing
that the thumb holds an almost ®xed position relative to
the axis and the index ®nger is mainly responsible for
opening and closing the hand grip. For the thumb, the
average distance from the axis de®ned by the wrist marker
and the target was 24.6 mm. For the index ®nger this
distance was 52 mm. As shown in Fig. 2 the signi®cant
interaction between dowel position and ®nger (F(1,12)�
8.24, p� 0.014) indicates that the distance from the wrist±
target axis was greater for the index ®nger than for the
thumb at all object orientations ( p , 0.05). Index ®nger
distance was greater when the cylinder was positioned to
the right than to the left and to the centre ( p , 0.05; Fig. 2).
In summary, the amplitude of the index ®nger movement
relative to the wrist±target axis was noticeably greater than
that of the thumb. Moreover, the extent of the index ®nger
movement seemed to vary depending on the three differ-
ent prede®ned object positions, which corresponded to the
three different object orientations.

DISCUSSION
The aim of the present study was to investigate the
contribution of the thumb and index ®nger during the
action of prehension towards an object located at different
positions and having different orientations. Our results are
in accord with those of Wing and Fraser [3], whose study
of reaching and grasping has indicated more stability for
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Fig. 1. Experimental set-up.
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the thumb than the index ®nger relative to the line of
approach to the object. We extend these ®ndings, demon-
strating that the contribution of the index ®nger to the
grasping action varies with respect to the position and
orientation of the object to be grasped.

For simple reaching tasks, using the thumb as a point of
reference for the position of the object might be one
mechanism whereby the nervous system can program
virtual trajectories which satisfy the assumption that in-
tended movement can be computed in terms of a neurally
de®ned virtual position [6]. For this to occur, the thumb
must have unique characteristics, including selective motor
control. Biomechanically, there is a structural separation of
the extrinsic muscles of the thumb from the multi-ten-
doned muscles acting on the other digits [5], permitting
more selective, independent movement of the thumb [7].
The direct corticomotoneuronal connections between the
motor cortex and the motoneurons of muscles controlling
the digits [8,9] also confer a capacity for skilled indepen-
dent movements of the digits including the thumb. Indeed,
the neural control of thumb muscles appears to be more

specialized than for muscles acting on the index ®nger, as
illustrated by experiments involving accuracy of weight
matching [10]. Moreover, the proprioceptive acuity of the
thumb is higher that that of the digits when the hand is
¯exed as in a functional grasp [11].

The observation that index ®nger deviation is greater
during the reaching action when the object was positioned
on the right might be explained by the greater range of
ulnar deviation than radial deviation at the wrist, and
therefore fewer biomechanical constraints on the wrist and
®nger in this direction. De®cits in reaching and grasping
following lesions affecting the sensorimotor system might
be correlated with de®cits in thumb stability. Goal-directed
movements of the arm are often impaired following stroke
[12], and although the nature of this impairment varies
according to the side of the lesion, it is worth noting that
the long ¯exor and extensor of the thumb are considerably
weakened [13]. Changes in preshaping of the hand for
grasping have been noted in monkeys following temporary
inactivation of the digit representations in somatosensory
or motor cortex [14], or following unilateral lesion of the
cervical spinal cord [15]. In these cases, the inability to use
the thumb reliably as a point of reference may have
contributed to the observed de®cits in reaching and grasp-
ing. This issue could be fruitfully pursued in studies of
reaching in human infants, as well as in adults following
nervous system disorders affecting control of the thumb.

REFERENCES
1. Jeannerod M. Intersegmental coordination during reaching at natural

visual objects. In: Long J and Baddeley A, eds. Attention and Performance

IX. Hillsdale, NJ: Erlbaum; 1981, pp. 153±169.

2. Jeannerod M. J Motor Behav 16, 235±254 (1984).

3. Wing AM and Fraser C. Q J Exp Psychol 35A, 297±309 (1983).

4. Napier JR and Napier PH. A Handbook of Living Primates. London:

Academic Press; 1967.

5. Landsmeer JMF. Acta Morph Neer Scand 24, 193±221 (1986).

6. Bizzi E, Acornero N, Chapple W et al. J Neurosci 4, 2738±2744 (1984).

7. Schieber MH. J Neurophysiol 65, 1381±1391 (1991).

8. Buys E, Lemon R, Mantel G and Muir R. J Physiol 381, 529±549 (1986).

9. Lemon RN, Mantel GWH and Muir RB. J Physiol 381, 497±527 (1986).

10. Kilbreath SL and Gandevia SC. J Physiol 472, 537±556 (1993).

11. Refshauge KM, Kilbreath SL and Gandevia S. Exp Brain Res 122, 85±92

(1998).

12. Winstein CJ and Pohl PS. Exp Brain Res 105, 163±174 (1995).

13. Colebatch JG and Gandevia SC. Brain 112, 749±763 (1989).

14. Brochier T, Boudreau M-J, Pare M and Smith AM. Exp Brain Res 128,

31±40 (1999).

15. Galea MP and Darian-Smith I. J Comp Neurol 381, 307±319 (1997).

Acknowledgments: This research has been supported by an Australian Research Council grant to U.C. Dean Lusher is thanked
for helping with data analysis and other aspects concerned with this research.

Index finger

Thumb

Left Center Right
Object position

1

2

3

4

5

6

Pe
rp

en
di

cu
la

r 
di

st
an

ce
 (

cm
)

Fig. 2. Difference between the perpendicular distances for the index
®nger and thumb from the wrist±target axis for the three different object
orientations.
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