
Introduction

Focal hand dystonia of musicians is a painless motor
disorder involving loss of control of individual finger
movements. It often manifests in the third to the fifth
digits (mid-to-little finger, D3–D5), but it can be
present in any of the digits; two or more adjacent
digits are usually involved. The condition can occur
in pianists, organists, wind players, guitarists, and
other string players and is thought to be associated
with the many hours of daily practice engaged in by
professional musicians beginning at the often early
age at which they initiate their musical education.1–3

The disorder has been reported to affect 14–16%
of musicians2 who seek treatment for hand prob-
lems.2,4 However, diagnosis is sometimes problem-
atic,2 and therefore the actual prevalence is difficult
to estimate unambiguously. It appears to be related
to other conditions associated with prolonged perfor-
mance of rapid, alternating and/or forceful move-
ments of the digits occurring in such occupational
activities as typing, data processing and device
assembly.5 The disorder is usually idiopathic; no clear
cause in terms of the amount or biomechanics of

practice and no physiological mechanism has yet been
determined.1,6,7 Similarly, no treatment has 
yet been found that has anything but a temporary
palliative effect.1–3

In seminal work, By l et al. developed a presumed
animal model of focal hand dystonia in owl monkeys
involving the frequent repetition of grasp over an
extended period.8,9 Under these circumstances, the
monkeys developed motor disturbances and many
distortions of the receptive fields and representational
zones of the digits in area 3b of the somatosensory
cortex, particularly a breakdown in and reordering
of their boundaries as well as the emergence of new
cortical zones representing portions of the hand not
normally included in the same zone. Wang and co-
workers10 had shown in work from the same labo-
ratory that extensive simultaneous stimulation of just
the distal or proximal phalanges of D2–4 in new
world monkeys led to the development of anomalous
new multi-digit receptive fields responsive to just the
intensively stimulated parts of the hand. Moreover,
surgically joining two digits in monkeys resulted in
a fused cortical receptive field for those two digits,11,12

while surgical separation of digits in syndactylous
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FOCAL hand dystonia involves a loss of motor control

of one or more digits; it is associated with the repetitive,

synchronous movements of the digits made by musicians

over periods of many years. Magnetic source imaging

revealed that there is a smaller distance (fusion) between

the representations of the digits in somatosensory cortex

for the affected hand of dystonic musicians than for the

hands of non-musician control subjects. The data suggest

that use-dependent susceptibility to digital representa-

tion fusion in cortex may be involved in the etiology of

focal dystonia. A successful therapy for the condition

has been developed based on this consideration.
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humans led to a separation of the cortical represen-
tational zones of the digits.13 Similarly, Sterr et al.14,15

found that the cortical representation of the digits
became topographically disordered in blind individ-
uals who read Braille with three fingers simultane-
ously for many hours on a daily basis.

Thus, extensive simultaneous stimulation of the
digits and other types of prolonged, unusual types of
sensory input can produce a use-dependent reorga-
nization of digital receptive fields. The purpose of
the present study was to use magnetic source imaging
to test the possibility that musicians with focal hand
dystonia have greater fusion (i.e. shorter interdigital
distances) between the representational zones of the
fingers of the dystonic hand than is the case for the
digital cortical representations of non-dystonic musi-
cians or non-musician control subjects.

Materials and Methods

Eight right-handed professional musicians (5 males)
suffering from focal hand dystonia, eight unaffected
musicians and nine non-musician controls gave
written consent to participation in the study. Each
dystonic patient was referred from the clinical prac-
tice of E.A. and given a thorough neurological exam-
ination before project intake. An exclusion criterion
was that there be no neurological condition other
than the focal hand dystonia. The non-dystonic musi-
cian controls were matched to the dystonic subjects
on instruments played and age. Some demographic
and clinical characteristics of the dystonic subjects
are presented in Table 1. The study procedure was
approved by the university’s ethics review board.

Somatosensory stimulation consisted of light
superficial pressure applied by a pneumatic stimu-
lator using a standard non-painful stimulation inten-
sity.16 Tactile stimulation was delivered to the
midvolar aspect of the distal phalanx of all digits of
both hands in dystonic and non-dystonic musicians
and to left and right D1, D2, and D5 in normal
control subjects. At each site, 1000 stimuli were 
given at an average rate of 0.5 Hz. The interval

between stimulus onsets varied randomly between
450 and 550 ms. Each hand was tested separately 
with order of hand tested counterbalanced across
subjects. Stimulation site within each hand was varied
according to a pseudorandom order.

The sensor array of magnetic detectors (BTi
Magnes 37-channel biomagnetometer) was positioned
over the hemisphere contralateral to the stimulated
fingers centered over C3 or C4. Data were filtered
with a bandpass of 0.1–200 Hz and sampled at a rate
of 520.5 Hz. A response was omitted from the
average if its range exceeded 2 pT in any of the MEG
channels.

For the source analysis, responses were filtered
from 1 to 20 Hz.  A first major peak was identified
in each of the evoked waveforms within the time
window of 30–75 ms.16–18 For this peak, a single
equivalent current dipole (ECD) model (using the
best fitting local sphere) was fitted to the measured
field distribution and the medians of the dipole
moment and the dipole location were computed from
a selection of contiguous time points within a 20 ms
time segment (11 sampling points) around the
maximal root mean square (RMS) across the 37 chan-
nels. Points were selected if they met the following
criteria: (1) RMS indicating a signal-to-noise ratio >
3, (2) goodness of fit of the ECD-model to the
measured field > 0.95, and (3) a minimal confidence
volume of the ECD location < 300 mm3. (In dystonic
subject G2, the record for one of the dystonic fingers
did not conform to these criteria and this individual’s
data were therefore excluded from further analysis.)
It has been shown that the first major peak of the
somatosensory evoked magnetic field has its source
in the primary somatosensory representation (SI),
with most of the activity originating in Brodman’s
area 3b contralateral to the stimulation side.19

As a measure of the medial-lateral extent of the
territory covered by the cortical digit representations,
the following digit representation fusion index
(DRFI) was computed:

DRFI = �(�D�5– �D�2)2�+ �(D2��– D�1�)2�+ (D�5�– D��2)2

Squaring the interdigital distances has the effect of
increasing the influence of large distances between
the cortical representation of the fingers. Thus, the
smaller the DRFI, the greater the digital fusion. The
DRFI values were transformed to z-scores using the
values observed in the normal control subjects as 
the reference. This was done by taking the difference
between the DFRI score for each musician and 
the average of the DRFI scores for all nine control
subjects and dividing by the standard deviation 
of the scores for controls. These z-scores were
submitted to an ANOVA comprising the within
subjects factor HAND and the factor GROUP.
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Table 1. Characteristics of musicians with focal dystonia

Subject Instru- Affected Age Chronicity 
ment digits (years) (years)

G1 Guitar left D3,D4,D5 30 5
G3 Guitar right D3,D4,D5 36 3
OB Oboe right D3,D4,D5 38 3
OR Organ left D3,D4,D5 47 3
CL Clarinet right D3,D4 28 1
FL Flute left D2,D3,D4 42 4
KL Piano right D2,D3,D4,D5 25 4
G2 
(excluded) Guitar right D1,D2 42 13



The data were also analysed using a previously
published measure of the topographic order/disorder
of the digital representations in primary somato-
sensory cortex.15 For this measure, all topographic
arrangements in which the cortical representation of
the digits are in the correct order in the inferior–
superior dimension (D1 ! D2 ! D5) are assigned a
value of zero. If there is topographic disorder in 
any pair of cortical digital representations (D1–D2,
D2–D5, or D1–D5), each of the distances in the
deviant direction are summed and placed in the nomi-
nator of a fraction whose denominator is the distance
between representations of the two fingers most
distant from one another. Using the size of the
cortical representation of the hand as a denominator
serves to correct for the fact that there may be an
expansion of the hand representation in the musi-
cians compared with the controls;17 without this
correction the amount of cortical disorder would be
overestimated for the two musician groups. The
measure can be calculated as follows:

Cortical disorder =
{[deviance (D1–D2)] + [deviance (D1–D5)]
+ [deviance (D2–D5)]}/distance between
farthest apart finger representations

Results

The DRFI or fusion scores (Fig. 1) show that the
distance between the cortical representation of the
digits was significantly smaller, averaged across the
two hands, in the dystonic musicians than in the two
hands of the non-musician controls (z = –0.80, t(6) =
3.7, p < 0.01). Moreover, there was significantly more
fusion in the digital representation of the digits of
the dystonic hand than in both hands of the non-
musician controls (z = –8.7, t(6) = –3.5, p < 0.02); the
same difference was not significant for the non-
dystonic hand (z = –0.73, t(6) = –1.7, p = 0.14). The
DRFI score (both hands) for the non-dystonic
musicians was nearly the same as that of the non-
musician controls (z = 0.08).

Figure 2A illustrates the fusion of the digital
cortical representations opposite the affected hand in
a dystonic musician; the spacing of the digital repre-
sentations opposite the non-dystonic hand is normal.
Figure 2B shows digital fusion in the hemisphere
opposite the dystonic hand in another musician; in
this case, however, there was an equal amount of
fusion in the hemisphere opposite the non-dystonic
hand. This phenomenon was observed in four of the
seven dystonic musicians.

The cortical disorder score was not significantly
greater for the dystonic musicians than for the non-
dystonic musicians (both hands), for the affected

hand representation in dystonic musicians compared
with both hand representations in the non-dystonic
musicians, or for the affected hand representation
compared with the non-dystonic hand representation
in dystonic musicians. Thus, focal hand dystonia
appears to be associated with a fusion of the cortical
representations of the digits and not a disarrangement
of their topographic order.

Discussion

There is a reduced distance between the representa-
tional zones of the digits in primary somatosensory
cortex for the affected hand of dystonic musicians
compared with the representations of the digits in
non-musician control subjects. This constitutes a
change that is in the direction of fusion of the digital
receptive fields. Such a change also occurred in the
cortex opposite the non-dystonic hand in four of
seven of the dystonic musicians studied. The effect
in this hemisphere was not statistically significant on
a group basis because three subjects did not exhibit
the phenomenon. However, the observation is consis-
tent with the fact that some string players who change
the hand used for fingering the strings after devel-
oping focal dystonia, also develop dystonia 
in the hand to which they switch (data from the
clinical practice of E.A.). Changes in corticomotor
representation, assessed by transcranial magnetic
stimulation, have also been reported,20 consisting of
distortions of the shape of the motor hand area,
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FIG. 1. Dystonia representation fusion index (DFRI) scores
converted to z-scores (mean and standard errors) for the dystonic
hand, the non-dystonic hand and the mean of both hands in musi-
cians with focal dystonia and for both hands in non-dystonic musi-
cians and non-musician control subjects. Values were transformed
to z-scores using the DRFI-values observed in the non-musician
control subjects as the reference (i.e. normal controls have a mean
of zero, a standard deviation of 1, and a standard error of 0.33). 
*p < 0.05 compared with non-musician control subjects.



extension of its lateral borders and the emergence of
almost discrete secondary motor areas. However, it
is currently unclear to what extent these distortions
of the motor map and the alterations in the sensory
map observed here are related.

The cross-sectional data obtained in this study
does not permit causal attribution. It is possible that
the cortical fusion was involved with causation in 
the development of the dystonia, however, it is also
possible that the reverse was true and that the
dystonia, resulting from some other cause or set of
causes, produced the cortical fusion. Another possi-
bility is that some third factor(s), such as a functional
disturbance of the basal ganglia21 caused both the
dystonia and the tendency toward cortical digital
fusion.

If a tendency toward cortical digital fusion is a
factor in the genesis of focal hand dystonia, one might
hypothesize that an intervention that served to break
apart the fusion would constitute an effective therapy
for the condition. This might be accomplished by a
sensory learning process in which dystonia patients
were given extensive experience in making complex
tactile discriminations with individual fingers, as
suggested by Byl et al.8 Alternatively, since focal hand
dystonia is a disturbance of motor production, one
might fashion a therapy in which patients were given
extensive practice in making discrete individuated
finger movements. A treatment based on this prin-
ciple in combination with methods employed in
constraint-induced (CI) movement therapy, an effec-
tive new intervention for rehabilitation of movement

after stroke,22–24 has been developed in this laboratory.
It has proved to be effective in the four pianists and
two classical guitarists with focal hand dystonia
treated to date (Candia V., Elbert T., Altenmüller, E.,
Rau, H., Schäfer, T. and Raub, E., unpublished data);
Note: Another pianist finished a highly successful
course of treatment after submission of the manu-
script).

Conclusion

Most professional musicians engage in extensive prac-
tice of their instrument, especially during the formative
period when they are students. Why does one musician
develop focal dystonia when another does not who
presumably carries out as much repetitive, forceful and
highly articulated movement of several fingers syn-
chronously? If the first possibility noted above were
correct, and cortical digital fusion in response to repet-
itive finger movement is a causal factor in the etiology
of the motor disturbance, it would be possible that
individuals who are susceptible to the development of
focal dystonia are those who have a prior tendency
toward cortical digital fusion. The degree of suscepti-
bility would be correlated with the degree to which an
individual was liable to exhibit the digital fusion-type
of use-dependent cortical plasticity.
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