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Increased co-activation of the upper limb muscles in
writer's cramp
M HUGHES, DL McLELLAN*
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SUMMARY Eleven patients with writer's cramp were studied during the performance of a series of
writing and non-writing tasks. Their performance in the tasks and the intensity of contraction in
the flexor and extensor muscles of the fingers and elbow (recorded electromyographically) were

compared with the results from a group of matched normal controls. The patients showed highly
significant increases in muscle activation especially in the triceps muscle which was overactive in

all but one of the tasks undertaken. Psychometric testing showed no difference between patients
and controls. The results support the view that writer's cramp is a form of focal dystonia in which
the disorder of motor control is not confined to writing activities.

Writer's cramp has been defined by Bindman' as a

"muscular spasm of the fingers and hand of the writ-

ing arm, often spreading to muscles of the lower and
upper arm and even to the shoulder girdle... the
cramp only occurs when writing". Some authorities
regard it as primarily a psychosomatic disorder,
arguing that it corresponds to "telegraphist's
cramp" which has such a high incidence in tele-
graphists,2 while others regard it as a form of focal
dystonia usually, but not necessarily, provoked by
prolonged and repeated use of the limb for fine
tasks.- Other activities may be affected in some

patients and clinically similar occupational cramps
interfere with other complex learned functions such
as the playing of musical instruments. Treatment for
these disorders is usually disappointing, since it
amounts to retraining the patient to perform the
task by a different means rather than to restoring
normal function. In this paper we have adopted
nomenclature proposed by Sheehy and Marsden3
who proposed the term simple writer's cramp for
patients whose symptoms occur only when writing
and a dystonic writer's cramp for those in whom
other manual tasks are also affected.
The cardinal feature of limb dystonia is inappro-

priate co-activation of flexor and extensor muscles
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in the limb which usually causes it to adopt a charac-
teristically abnormal posture. We have therefore
studied the performance achieved in a number of
tasks of manual dexterity in symptomatic patients
and normal controls, combining this with an evalua-
tion of the intensitv of contraction of major muscle
groups in the upper limbs. A simple psychological
assessment was also performed. We predicted that if
our patients were suffering from a primarily
psychological disorder associated with writing they
would differ on psychological testing from normal
subjects and would show normal patterns of elec-
tromyographic activity in non-writing tasks in which
their performance was normal. Alternatively, if the
patients were suffering from focal dystonia then they
would not differ psychologically from normal and
would tend to show increased muscular co-
activation in non-writing tasks that produced no
symptoms as well as in writing tasks.

Methods

Subjects
Five males and six females diagnosed by a consultant
neurologist as having writer's cramp were studied. None of
the patients had any other evidence of neurological or Joint
disease. The diagnosis of writer's cramp was made on the
history and clinical examination which included a test of
writing for 30 seconds. All the patients with writer's cramp
were unable to write normally for more than 10 seconds,
tending to develop an abnormally tight grip on the pen
with subjective discomfort and usually an abnormal pos-
ture of the hand and wrist. On close questioning, only four
of the patients had simple writer's cramp. The other seven
noticed slight difficulty with a small number of other
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activities, the commonest being using a knife and fork and
stirring tea with a spoon. In only two of the subjects were
these other functions regarded as a significant level of disa-
bility, in contrast to the disability conferred by their wri-
ter's cramp. One of these subject's main complaint was
that his performance as a darts player had deteriorated
because he could no longer release the dart at the approp-
riate instant. The other patient had a noticeable tremor in
the hand when attempting fine tasks, writing being much
more severely affected than any other activity.

Eleven normal volunteer subjects were age and sex
matched with the patients and none had any history of
neurological disease or any abnormality on neurological
examination.' The protocol for the study was approved by
the Ethical Committee of the Southampton Unversity
Hospitals.

Measurement offrequency ofpostural tremor
The frequency of any postural tremor was recorded while
the patient was seated in a low backed chair. An
accelerometer was attached to the dorsum of each hand
when it was held outstretched, and without any wrist sup-
port. The accelerometer was orientated so as to record
acceleration in the vertical plane.2

Psychological assessment
Each patient and control subject completed the Eysenck
personality inventory which assesses two dimensions of
personality, extraversion (e) and neuroticism (n).4

Tests of manual dexterity
(a) Writing tests
The tests were designed so that writing would be achieved
using several different patterns of activity in proximal and
distal muscles. A felt-tipped pen was taped to the index
finger and the subject was asked to write the cat sat on the
mat" in large lower-case letters on an upright drawing
board mounted on an easel. This task was repeated with
the subject holding the pen in a normal grip. Using the
same pen, he then wrote on a piece of paper on a table in
front of him in his normal handwriting. The same task was

repeated using a conventional ball-point pen and the
capacity to write at normal speed for 30 seconds was asses-

sed to confirm the presence of writer's cramp. The patient
was then instructed to grip the pen as tightly as possible
and to write as rapidly as possible.

Table 1 Clinical features ofthe patients studied

Simple cramp Dystonic cramp

No of patients 4 7
Age at onset mean (range)

years 39 (30-46) 38 (21-51)
Males:Females 2:2 3:4
Mean duration of disorder

(years) 2,5 14
Dystonic posture when writing 3 3
Tremor contributing to

disability 0 1

The initial tests on the easel' elicited controlled move-

ments proximally in the limb v,ithout the necessity for a

concurrent "chuck" grip to hold the pen. The later tests
required the normal combination of co-activation to main-
tain the grip on the pen with modulation to allow the writ-
ing to proceed. The writing performance on these tests was
not scored, numerical results 1eing obtained from elec-
tromyographic analysis as descuibed below.

(b) Non-writing tests
One test required the subject tl hold a pencil and draw a
line between tram lines printed in the shape of a star on a

piece of paper. The time taken tb complete the star and the
number of times he crossed the tram lines was recorded.
The second task involved un oing the shirt buttons as

quickly as possible for 30 sec4nds. Other tests involved
tapping on two keys separatedi by a 1-5 cm gap with the
index and middle fingers alternately, each hand being
tested in turn. First, the wrist w;'s supported so the subject
had to extend one digit and concurrently flex the adjacent
one. Second, pronation and supination of the forearm was

permitted. The score achieved by tapping as quickly as

possible for one minute was me4sured in each of these two
modes.
The observer recorded a subjective impression of the

posture of the limb as each of these tests was done.

Electromyographic recording
Surface electrodes with integral amplifiers (Medelec
EA15) were used to record the electromyographic activity
in the finger flexor, finger ex4ensor, biceps and triceps
muscle groups.5 The amplitude of the unrectified EMG
signal (3 dB down at < 16 Hz and >800 Hz) was measured

Table 2 Amplitude and frequency oftremor in each hand ofthe S patients with dystonic writer's cramp and clinical tremor.
The EMG activities in finger extensor and triceps muscles during writing are also shown for the;right hand. The tremor
frequency is well below that of"physiological" tremor and neither amplitude norfrequency oftremor rank correspondingly
with EMG activity during writing

Patient Right side Loft hand

Tremor EMG % ofmaximum Tr#mor
Amplitude mm Frequency Hz Finger extensors Triceps An plitude mm Frequency Hz

1 03 6-6 3-0 5-0 0-4 6-4
2 12-4 6-0 9-8 8-3 3-0 6-3
3 5-0 6-0 13-1 12-0 2.0 5-2
4 4-0 9-5 18-0 16-3 2-0 8-8
5 0-8 2-1 3-5 5-1 0-d 6-6
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on a chart recorder and the average level of activity expres-
sed as a percentage of the average amplitude obtained in
the same muscle during a maximum isometric contraction
(of at least 5 seconds' duration) against resistance.

Results

Clinical features
All the patients were right handed. Five patients
experienced a tremor in the hand when writing, and
six developed an unmistakable i dystonic" pos-

ture.' The age of onset (approximately 38 years)
was similar in simple writer's cramp and dystonic
writer's cramp, but the dystonic patients had had
their symptoms for longer and were thus rather
older than the others. Three patients with dystonic
writer's cramp had experienced only simple writer's
cramp during the first few years of their illness. The
patients' details are shown in table 1.

Tremor
Five patients with clinically detectable postural
tremor showed a mean tremor frequency of 6 Hz in
the right hand and 6.7 Hz in the left hand. In two
patients the amplitude of tremor was very slight. In
three the amplitude of postural tremor was 2-4
times greater in the right hand than in the left hand
and with one of these patients the frequency of tre-
mor in the right hand varied between 3-6 Hz. The
gain of accelerometer strain bridge amplifier was set
too low to detect physiological tremor in the other
six patients (see table 2). Patients were ranked
according to amplitude or frequency of their tremor.
No relationship with the amplitude of electromyo-
graphic activity in triceps and the finger extensors
during writing was observed.

Psychometry
No significant differences in extraversion or neur-

Table 4 All patients and controls: (+ I SD)

Hughes, McLellan

Table 3 Psychometric assessment results

Mean scores

Extraversion Neuroticism Lie
score score score

Controls 10(1 9-7 3-5
Patients 9 0 10 1 3-0
Difference NS NS NS

oticism scores were found between the patients and
controls, as shown in table 3.

Tests of manual dexterity: function
Mean scores indicated that normal subjects were
able to perform pairs of alternate taps with index
and middle fingers (the wrist being supported) 154
times (SD + 52.9) in one minute. The patients
scored 133 (SD + 43.7). When pronation and
supination of the wrist was permitted, normal sub-
jects scored 93 (SD + 12.8) and patients 85 (SD +
22 8). Neither difference was significant using the
Students t test.
When drawing between tram lines in the shape of

a star, normal- subjects took 17-2 seconds (SD +

6 3) and made 5-4 mistakes; the patients took 23-0
seconds (SD + 5 1) and made 9 mistakes. The time
taken by the patients, but not the number of mis-
takes differed significantly from control times (p <
0.02).

Electromyographic analysis
The mean results are shown in table 4. The most
striking difference between normal subjects and
controls was the increased activity in extensor
muscles in the patients, especially in the triceps
muscle which was excessively active in all the tasks
except for the star-drawing task, in which patients
and controls showed similar levels of EMG activity.

Task Alean levels of EMG activity as % of maximum isomnetric EMG amplitudes

Finger flexors Finger extensors Biceps Triceps

Control Patients Control Patients Control Patients Control Patients

Writing on easel with 13-5 + 6-5 199 + 15-1 21 7 + 6-3 26-1 ± 11-5 10(5 + 5 4 19-2 + 17-1 40 ± 3-7 25 6 + 16-9
felt tip taped to NS NS NS p 0-01
index finger

Writing with felt tip '204 - 118 22 0 6(0 21.5 ± 44 27 9 + 183 9-1 + 46 15 7 ± 9-5 9-6 + 66 28-7 ± 18 8
on paper NS NS p 0-05 p 0 01

Writing with pen 17 1 + 11 0 28 6 + 145 18-6 ± 4 5 340( 18 2 6-6 + 54 15-9 + 13-2 9 1 + 65 39-5 + 26-1
normal grip p 0-05 p 0-02 p 0-05 p 0 01

Writing rapidly with 23 4 + 12 3 319 ± 15-6 26() ± 11-4 33.6 ± 19 5 12 7 + 52 20 5 ± 14-0 19-1 8-4 40-8 ± 27-7
tight grip on pen NS NS NS p 0-02

Undoing buttons 237 10-7 22-8 + 94 284 ± 11-3 30(0 ± 17 9 143 + 51 16-3 ± 7-1 57 4-6 22-7 ± 23.0
NS NS NS p 002

Finger-tapping with 26(0 10(7 393 251 245 ± 83 384 ± 197 24 + 11 135 ± 17-7 77 5.5 329 + 273
wrist supported NS p 0~05 p 0-05 p 0-01

Drawingastar 13(0 + 15 180 + 20 150 + 17 15-0 + 14 118 + 12 13(0 ± 13 11-4 + 11 128 + 13
NS NS NS NS
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Increased co-activation of the upper limb muscles in writer's cramp

Table 5 Four patients with simple writer's cramp and 1 I controls

Task Mean levels ofEMG activity as % of maximum isometric EMG amplitude

Finger flexors Finger extensors Biceps Triceps

Control Simple Control Simple Control Simple Control Simple
writer's cramp writer's cramp writer's cramp writer's cramp

Writing with pen
usual grip (c)

Undoing buttons
r Finger tapping with

wrist supported

17-1 + 11.0 38-1 ± 16 2
237 + 107 216 ± 98

186 + 45 290 ± 78
254 + 113 237 + 4.5

66 ± 54 126 ± 4.3
143 ± 51 168 - 26

9-1 + 6 5 34.8 + 20 4
5s7 + 4-6 8 9 + 1 14

260 ± 10-7 55s9 - 23s5 245 s83 393 224 24 11 4-0 22 77 5.5 32'1 -- 30')

The test which most discriminated between normal
patients and controls was, as expected, the normal

PIr- handwriting task in which activity in all four muscle
groups was significantly greater than normal. The
next most discriminating test was the alternate
finger-tapping test. When the data from patients
with simple cramp was analysed separately (table 5)
increased activation was seen at the triceps muscle
during finger-tapping tests but not while unfastening
buttons. There were only four of these patients and
so statistical analysis was not appropriate, but they
appeared to show increased activity in finger flexors
and finger extensors in the tapping task and not
while undoing buttons. Representative sections of
EMG records from a normal subject and a patient,
writing in two different modes, are reproduced in
figures 1 and 2.

Discussion

These findings confirm that excessive muscular acti-

(O Biceps
WI 'a

vation does occur in patients satisfying the clinical
criteria for the diagnosis of writer's cramp. This
activity is most persistently abnormal in the triceps
muscle, where it was seen in all the tasks except for
drawing a star. Muscular activity was increased in all
the muscle groups tested during writing with the pen
held in a normal grip. When the pen was purpose-
fully held in an abnormally tight grip, normal con-
trols generated less activity in finger extensors and in
triceps muscles than patients did when they were
attempting to write normally (table 3). Patients
whose symptoms were confined to writing also
showed abnormal activation (especially in the
triceps muscle) in finger tapping tests, but not when
undoing buttons (table 4). It should be emphasised
that the patients' performance on finger tapping tests
was normal, so that the electromyographic evidence
revealed a sub-clinical tendency to dystonia.

In a description study of surface electromyograms
in 35 patients with torsion dystonia5 the tendency to
excessive co-contraction and spread of activity to
muscles not usually involved in a task were

O) Biceps

rT~~~~~~~ i1r r 6

TrTriceps ricps10vu

\ | 1~~~~~~~~~~~~~~sI
Fig 1 Surface EMGs from a normal subject (a) writng with a standard pen at his preferred speed, (b) writing on paper
mounted on an easel using a felt-tipped pen taped to the index finger. The amplitude ofthe biceps EMG is slightly greater in

kki,I
b and the amplitude ofthe triceps EMG is slighdy greater in a.
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Fig 2 Surface EMGs from a patient with dystonic writer's cramp. (a) writing with a standard pen at her preferred speed,
(b) writing on paper mounted on an easel using a felt-tipped pen taped to the index finger. The amplitude of the activity in
biceps and triceps muscles is considerably greater in a than in b.

confirmed. These abnormalities occurred preferen-
tially during more delicate and precise man-
oeuvres". However the recordings did not permit
quantitative analysis of the relative degrees of dys-
tonia in flexor and extensor muscles.
A theoretical explanation for excessive triceps

activity in our patients would be that the patients sat
in a more hunched position than the controls, pres-
sing their forearms down hard on the table while
they performed their tasks. No such abnormal pos-
ture was noted. Biceps readings also tended to be
higher than normal and the triceps muscle was
over-active while undoing buttons, but was not
over-active while drawing the shape of a star be-
tween tram lines. This suggests that triceps and
other muscles became over-active because of the
particular demands of the task and not as a result of
a general tendency to activate extensors excessively
in all tasks. In the writing tasks, finger flexor and
extensor activity increased roughly in proportion to
each other as shown in table 4, while there was a
relatively greater increase in triceps than biceps.
Table 4 illustrates the fact that changing from a
broad felt-tipped pen to a normal pen reduced finger
flexor and extensor muscle amplitude in normal sub-
jects but produced a marked increase in activity in
the patients.
A surprising finding was that in a non-writing task

using a pen, that is the drawing of a star between
tram lines, there was no increased activity although
the subjects knew that their performance was being
timed and their errors recorded. This suggests that
the tendency for dystonia to develop during writing

is associated with certain requirements of the motor
performance of writing. The requirement is not
language-related, since abnormal activity was also
seen in finger tapping tests and it was not simply to
do with holding a pen since no abnormal activity was
seen in the star-drawing task. We suggest that writ-
ing is prone to induce dystonia because of two con-
current requirements. The first is to hold the pen
securely in the fingers and to keep it applied evenly
to the paper. The second is to permit rapid and very
fine modulation of activity in all the co-activating
muscles. Finger-tapping requires the fingers to be
held just above the keys and then to modulate flexor
and extensor activity as rapidly as possible. Star
drawing requires the pen to be held, but subsequent
modulation of the position of the pen in the hand is
relatively crude since the star is a simple shape and
most of the time the pen is travelling in a straight
line. This suggests that it is the necessity for rapid
and precise modulation of activity in co-activated
muscles that is particularly prone to induce dystonia.

It is known that co-activation is a normal feature
of skilled movements especially in the relatively
untrained subject, when co-activation can provide
both mechanical and physiological damping of oscil-
lations in motor outflow. Normally this co-activation
declines as a task becomes more familiar. Children
first learning to write may start by holding their pen
in a clumsy dystonic" posture and are trained not
to do so. It would be interesting to compare the
pattern of activity seen in children learning to write
with the patterns we have observed in writer's
cramp. The reasons for the development of cramp
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remain obscure but this study supports the view that
writer's cramp is a form of focal dystonia rather than
a psychogenic phenomenon, and that abnormal dys-
tonic patterns of muscular activity are often present
as a sub-clinical disorder in other tasks in which the
patients' perceptions of their performance, and the
performance itself when measured objectively, are

normal.

We are very grateful to the patients and normal con-

trol subjects who allowed these measurements to be
made.
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