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ABSTRACT Volumtric mnasurements show that right-
handed Individuals have lager right hands than left hands. In
contrst, the hands of left-handers are much more nearly
symmetrical. Based on what Is known about tophic interac-
dons between neurons and targets, these fings predict a
c d aSymmetr of the relevant parts of the sensori-

motor system in right-handers. The lack of an opposite-hand
asymmy among left-handers further implies that right- and
left-handed phenotypes do not arise according to the same
developmental rules.

Nerve cells and their targets are linked by long-term trophic
interactions that coordinate somatic and neural growth (see
ref. 1 and below). If one hand is generally larger than the
other-as some earlier studies of the human metacarpals
suggest (2, 3)-then this asymmetry should be reflected in the
size of the related neural structures. As a first step in
exploring this neurosomatic relationship, we have measured
the volume of the two hands among right- and left-handers.
We solicited 52 adult volunteers (students, faculty, and

staff from Duke University) who described themselves as
right-handers and 50who considered themselves left-handers
(Table 1). The volumes of the two hands were measured for
each subject by a simple water displacement technique (Fig.
1). Among self-described right-handers, the right hand was
larger than the left in 48 of 52 individuals [difference = 3.5 +
0.4% (mean ± SEM); P < 0.000001, paired t test] (Fig. 2A).
In contrast, the 50 self-described left handers showed no
significant asymmetry in the size of the two hands (mean
difference = -0.3 + 0.5%; P > 0.5) (Fig. 2B).
To circumvent the ambiguities of self-description with

respect to handedness, hand use was scored quantitatively by
a questionnaire that covered a wide variety of manual pref-
erence tasks (4). We then plotted differences in hand size as
a function ofeach person's score (Fig. 3). Although nearly all
the self-described right-handers had scores indicating strong
right-hand preference for the full range of tasks, the self-
described left-handers varied greatly in this respect (see also
ref. 5). Considering only individuals who showed a marked
leftward preference on the handedness questionnaire (those
who scored from 0 to 10), strong left-handers do have a
significantly larger left hand (mean difference = -1.4 +
0.6%; P < 0.05). However, this asymmetry among the
strongest left-handers is less than halfofthat observed among
right-handers. Whether from the perspective of hand size or
preferred hand use, therefore, left handers are substantially
less biased toward the left than right handers are biased
toward the right.
The larger size of the right hand among right-handers (and

the less marked difference among left-handers) presumably
arises, at least in part, by differential use. Chronically exer-
cised muscles hypertrophy, whereas unused or denervated
muscles atrophy (6, 7). The difference in the size of the two

FIG. 1. Diagram ofapparatus used to measure hand size by water
displacement. A reservoir was filled and the initial weight of the
water in the reservoir determined. Subjects were then asked to
submerge their right hand in the reservoir to exactly the level of the
first major wrist crease, which was marked with indelible ink on the
palmar side. The amount of water displaced was measured by
weighing the overflow on a scale accurate to 0.1 g; the weight of the
displaced water was rounded off to the nearest gram, and the
determination was repeated three times. The procedure was then
repeated exactly for the left hand. The value for each hand was taken
as the average of the three determinations.

forearms of highly accomplished tennis players, for example,
is greater than that of controls, apparently because of the
extensive unilateral limb exercise required by this sport (8).
Nevertheless, not all measurements of somatic asymmetry
accord with the view that lateral differences arise solely by
differential use. The second metacarpal, for example, is
consistently larger on the right among both right-handers and
nominal left-handers (2, 3). Similarly, the central pattern of
fingerprints tends to be more complex on the digits of the
right hand than the left (9), a finding that again implies some
degree of intrinsic somatic asymmetry. In the light of these
observations, a prudent view is that both differential use and
use-independent factors contribute to hand asymmetry that
we describe.
Whether from chronic use during development or other

reasons, the larger right hand of most right-handers is of
particular interest in the context of trophic interactions
between neurons and their targets. As noted, many studies
have shown that the size of neural centers and their constit-
uent nerve cells reflects the size of the relevant peripheral
structures (1). In the autonomic innervation of smooth mus-
cle and glands, for instance, altering target size directly
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Table 1. Characteristics of the subjects studied, grouped according to self-described handedness
Right-handers Left-handers

Male Female Male Female
Number of subjects 26 26 20 30
Age, years 31 ± 2 33 ± 3 27 ± 2 26 ± 2
% difference in hand size 3.4 ± 0.5 3.5 ± 0.6 -0.4 ± 0.7 -0.2 ± 0.7
Hand preference score 90 ± 2 92 ± 2 36 ± 5 24 ± 4

Percentage difference in hand size was determined as R - L/[(R + L)/2] x 100, where R is right-hand
size and L is left-hand size. See Fig. 3 for an explanation of the hand preference scores. Data are the
mean ± SEM.

affects the size of innervating neurons and the complexity of
their axonal and dendritic arborizations (10, 11). Numerous
less direct examples support the proportionality of central
neural representations and the amount of peripheral machin-
ery (e.g., sensory receptors, muscle fibers, and glands) that
such centers must monitor and motivate (1). Thus, the larger
size of the right hand (and presumably the rest of the upper
limb) implies a proportionally greater amount of related
sensorimotor apparatus at all levels of the nervous system;
conversely, the lack of significant hand asymmetry among
left-handers argues that an opposite nervous system asym-
metry will not be characteristic ofthis group. This implication
accords with a preliminary study of the human sensorimotor
cortex (12) that shows a leftward hemispheric asymmetry of
the dorsal part of central sulcus, where hand and upper limb
are represented.

This work was supported by National Institutes of Health Re-
search Grant NS29187.
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FIG. 3. Hand asymmetry [expressed as percentage difference;
positive values = right (R) > left (L)] plotted against hand preference
scores for self-described right-handers (open symbols) and left-
handers (solid symbols). Handedness scores were determined by a
questionnaire that included 55 manual and limb preference tasks (ref.
4; see also ref. 5). A score of zero indicates that for each of the tasks
the subject always preferred to use the left hand, whereas a score of
100 indicates a uniform right-hand preference.
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FIG. 2. Hand size asymmetry among right- and left-handers. (A) Left-hand water displacement plotted against right-hand displacement for
52 nominally right-handed subjects. For most individuals, the right hand was larger than the left. (B) Similar plot of 50 nominally left-handed
subjects; there was no significant difference between the size of the two hands in this group (see text).
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