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that it is put out of action in many moderately
advanced cases of Parkinson's disease.23
A second attraction of human work, allied to new

discovery, is that things sometimes turn out dif-
ferently in man from what might be expected from
the animal results. An instance of this comes again
from the human stretch reflex. In movements of the
thumb, mechanisms based on the stretch reflex can
be shown to assist automatically in overcoming
external obstacles or, conversely, in diminishing
contraction if the load against which the muscle is
working is suddenly and unexpectedly removed. This
is the so-called servo control of muscular contraction
(the existence of which, incidentally, was first
proposed from consideration of human experi-
ments24). Usually these automatic servo responses
are greatly diminished if the thumb is anaesthetised
-the thumb itself that is, leaving the muscles that
move it unharmed.'6 25 Figure 4 shows the effect.
The left hand side is for the normal unanaesthetised
thumb. At the bottom are records of thumb position
in various movements. The upper traces show the
activity of the relevant muscle in a mode of recording
its electrical responses in which the slope of the
traces is a measure of the degree of contraction of the
muscle. The traces in the middle are for unobstructed
movement, showing a steady movement of the
thumb and a nearly constant amount of activity in
the muscle, as indicated by the constant slope of the
upper trace (control). An obstruction is shown by the
flattening of the movement trace; in this case the
slope of the upper trace increases, showing that the
muscle is working harder (halt). The other records
show movements that are forcibly reversed (stretch),
which gives a bigger effect than mere obstruction; or
allowed to accelerate by a reduction of load (release),
which results in diminished activity and slope. The
right hand half of the figure shows that with the
thumb anaesthetised, by a ring block with local
anaesthetic at its base, all these responses are
greatly diminished, although the muscle can contract
well enough otherwise. Now in a decerebrate cat
Sherrington found that cutting the joint nerves and
skinning the limb did not affect his stretch reflex. So
the result with the thumb was quite unexpected.
Elsewhere in the human body, anaesthesia of the
extremities does not interfere with stretch reflexes.25
They behave, that is to say, like those in the cat. The
peculiar, but quite definite, result with the thumb may
reflect the fact that in primates the thumb is par-
ticularly under the control of the cerebral cortex and
through the cortex of its own skin afferents. What-
ever the explanation, the human experiments have
again turned up something new and intriguing.

Figure 4 shows a second way in which the human
stretch reflex here behaves unexpectedly. There are
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Fig 4 Stretch-reflex-based compensatory responses
(servo responses) from the longflexor of the thumb:
and the effect on them of anaesthesia of the thumb. The
records at the bottom are of angular position of the
distal phalanx of the thumb. The records above are
integrated electromyogram from surface leads over the
long flexor in the forearm. The subject makes repeated
flexion movements, once every few seconds, and attempts
to keep a constant rate. The load is initially the same in
all movements and in some it does not change, giving the
records labelled "control" (C). In other movements
(randomly chosen) 50 ms after the recording starts, the
load is increased sufficiently to arrest the movement
(halt, H); or increased by a larger amount so as to
reverse the movement and stretch the muscle (stretch, S);
or reduced so as to allow the movenment to accelerate
(release, R). In the normal thumb the mechanical
perturbations cause brisk compensatory responses in the
electromyogram; but with the thumb anaesthetised (the
muscle itself being unaffected) the responses are greatly
diminished. Each trace in these records is the average
from 16 movements.'6

no responses of spinal latency. Tendon jerks, which
give a measure of the time round the reflex arc to the
spinal cord and back, have a latency of about 22 ms
in the forearm muscle in question. But the responses
in the figure do not start for double that time. The
time from when the movement is halted, orreversed,
or allowed to accelerate, to when the slope of the
electrical records changes is about 50 ms. So there is
nothing to show that these responses are spinal.
Animal experiments always led us to think, perhaps
not very critically, that stretch reflexes had a spinal
arc, like tendon jerks; but here there is no sign of an
active spinal arc at all. Perhaps, we wondered, these
responses in the human thumb are not spinal.26 27
The idea was not new. Hammond, working on the
human biceps at the Royal Radar Establishment, had
suggested from similar estimates of latency that the
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Merton

stretch reflex arc might run through the brain ;28 and
Charles Phillips at Oxford had speculated about a
stretch reflex arc through the motor cortex, from his
pioneering studies on the baboon.29

This brings me to a third advantage possessed by
human physiologists and one particularly close to
Dr Carmichael's heart-the ready ability to turn for
assistance to abnormal and pathological material.
The transcortical theory of the stretch reflex which
we found attractive was open to experimental test.
Marsden in particular saw that, if it were true, our
type of stretch reflex must disappear if the sensory
tracts to the brain were out of action. Figure 5 shows
records from a golfer with damage to the right dorsal
column at C2. He had no stretch-reflex-based re-
sponses in that thumb. The other side gave normal
responses. The right side had normal strength and
what is more, normal tendon jerks; so the spinal
pathway was open. But damage to the long sensory
tracts had killed the stretch reflexes, as expected.30
Subsequently it was shown that lesions of the motor
cortex or of the pathways beneath it also interfered
with the stretch reflex, as they ought.31
The converse type of subject was a Cambridge

undergraduate, healthy in every way, but clinically
without tendon jerks. Figure 6 shows his records,
compared with mine under identical conditions.27
The responses based on the stretch reflex are effec-
tively identical; so a sluggish or an inactive spinal

pathway is of no consequence to the stretch reflex, as
again would be expected if the responses were not
spinal.

All this time we had in mind Dr Carmichael's
famous myoclonic case, Langdon, who died in this
hospital in 1947.32 Langdon had giant electrical
responses in the cortex accompanying the myoclonic
jerking of his body, and these giant responses and
jerks could also be evoked by peripheral nerve
stimulation. It was on him that Dawson recorded the
first human evoked responses33 and was led on to
build his averaging machine for recording the much
smaller ones in normal subjects.34 For our purposes
it was remembered that Langdon's jerks had a
latency of about 50 ms in the arms; double the
latency of the giant evoked waves in the cortex. So
there was the right length of time for a nerve volley
to get to the cortex to evoke a giant wave and for one
from the cortex to get back to the muscles to cause
the jerks, assuming that both volleys travelled at
about the same speed. Dawson used the term trans-
cortical reflexes to describe the jerks35 (the first use of
the term transcortical reflex that I know) on the
assumption that they came from where the giant
waves were found. (On the opposite page Macdonald
Critchley reports a paraplegic eunuch with lues.)
Langdon also jerked if he was touched, and Dr Alan
Norton, then a clinical clerk, from many hours of
meticulous observation concluded that an essential
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Fig 5 The effect ofdamage to the ascending sensory pathway on stretch-reflex-based responses in the
thumb. The methods were the same as for fig 4, but here the displacement records are on the right
and the integrated electromyograms on the left. The patient had a sensory loss in the right hand due
to a dorsal column lesion at C2. The upper records, from the unaffected left hand, show normal
responses in the long thumb flexor: but in the right hand (lower records) they are virtually absent.30
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Fig 6 Stretch-reflex-based responses from the long thumb flexor contrasted with finger jer-ks. A, in a
sutbject, otherwise healthy, with clinically absent tendon jerks. B, in a normal slubject (PAM). The
main records, which are very similar in the two subjects, were obtained by the same methods as fig 4.
The electrically-recorded finger jerks, which appear as insets, were elicited in the ordinary way by
striking against the lightly flexedfingers with a hammer incorporating a microswitch to trigger the
sweep. Each record is the average of 32 and they are raw electromyograms (not rectified and
integrated as the others). For the inset in A the recording gain was 8 times that for the one in B. The
peak to peak size of the averaged electrical jerk responses was 800 tV in B, but only 73 4 V in A, from
the subject with clinically absent jerks. So normal stretch reflexes can exist alongside tendon jerks
which are less than 10% of normal size. In A, the electrically recorded jerk is multiple, with the
second component at stretch-reflex latency. The insets are arranged so that the start of the record,
when the tap was delivered, is above that point in the main records (50 ms from the beginning) at
which the perturbations (halt, stretch, or release) were applied: the timing lines give the time in
milliseconds from that point too.27

ingredient of any stimulus that caused a jerk was
muscle stretch. Were his jerks, then, enormously
exaggerated trans-cortical stretch reflexes? To help
us answer this Dr MJ McArdle, at the critical
moment in 1972, produced a myoclonic patient, not
unlike Langdon in behaviour, who gave a fine
myoclonic jerk, spreading up the arm, when her
thumb was stretched, at precisely the magic latency of
50 ms, as fig 7 shows.
That is all I am going to say on how patients and

exceptional subjects help human physiologists, for I
still have three points to make. One is the simple one
that in working on the motor system it makes all the
difference to be able to get the subject to do exactly
what you want. It might be possible to train monkeys
to do the sort of experiments we do on human stretch
reflexes, but it would be a big job. But in experiments
on the Piper rhythm, on voluntary fatigue or on the
maximum firing rate of single motor units,36 how
would you ever know that the monkey is really
trying? Again, in their magnificent experiments on

single human sensory fibres, Hagbarth and Vallbo37
simply manipulate a fine electrode by hand into the
median nerve until they get a single unit. The subject
has first to keep dead still and then to make little
finger movements. Could a monkey ever be trained
to oblige? On another topic, could we ever have
trained a monkey to make repeated saccadic eye
movements of the same size in pitch darkness, to
show that they are slower than those of the same
amplitude made in the light ?38
The fifth point, a very obvious one, is that, in

matters of sensation, it's a great help if you can ask
the subject what he feels. There are sometimes ways
round the difficulty with trained animals, but I
wonder how one would arrange matters to do the
following key experiment on the function of muscle
spindles, the most interesting and numerous of the
sense organs in muscle. It was first done by Helm-
holtz over a century ago ("Physiological Optics"
Section 29).13 Look steadily at a photographic flash
tube. Press the button and you get an after-
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Fig 7 The stretch reflex from the long thumb flexor in
a case of myoclonus. The records were taken by the same
methods as for fig 4. There appear to be no responses to
halt or release, but stretch causes a large response at the
usual latency of 50 ms. The stretch response was seen
to spread to other muscles, causing a myoclonic jerk of
the whole arm. (Marsden, Merton and Morton,
unpublished records, May 1972.)

image. Now look at a blank surface. Shut one eye
and move the other eyeball by jerking at the outer
canthus. The after-image does not move. You
interpret what you see precisely as if the eye had stood
still. Now the muscles that move the eye are full of
muscle spindles, which must be excited by the jerks.
Since the appearance of the after-image on the retina
is as if the eye had stayed still, as if no messages had
come from the eye muscles to say that the eye had
been moved at all, it follows that muscle spindles do
not give conscious information about eye position,
at any rate not information which can be used to
correct visual impressions. This is one of my favour-
ite experiments. I regard it as a very telling and a
very human one, and it has that note of certainty
about it which I have urged already as a characteristic
of the best human experiments. I first read it as a
direct result of Dr Carmichael shrewdly commis-
sioning that a review article we were writing on
muscle spindles should discuss the function of those
in the eye muscles, then newly rediscovered.39 (The
eye-rolling work was another outcome.)

Lastly I come to a propaganda point which has
some topicality. You can sometimes do useful
experiments on man which you would be unlikely to
be allowed to do on animals. When asked whether
he was prepared to continue with an experiment on
himself which was obviously causing distress,

Mertont

Professor RHT Edwards at University College
Hospital has been heard to reply "yes, it's only pain".
This option is not available to us with conscious
animals, so we can risk bigger electric shocks and
more intense ischaemic pain on ourselves. This is the
point for a little debunking (although not of the
ischaemic pain experiments). It is clear that, un-
dreamt of in the philosophy of immunologists,
human subjects develop antibodies to electricity. The
very large electric shocks sometimes used now,
although they seem unpleasant to start with, rapidly
become a matter of little concern.
Two fields of investigation in which large electric

stimuli are needed are direct stimulation of human
muscle with DK Hill at the Royal Postgraduate
Medical School40 (which has been used to study
voluntary fatigue4l-another enquiry for which
human subjects have proved particularly favourable,
if not uniquely suited); and stimulation of the human
brain through the scalp.42-44 Both are quite new. The
latter is easily demonstrated (fig 8). A stimulating
electrode is placed over the arm area of the motor
cortex. To stimulate, a condenser, charged to 1500
volts, is discharged through the electrode by means
of a Morse key. The muscles of the opposite hand
give a twitch. The threshold is lower if the muscles
make a slight voluntary contraction to start with.

Fig 8 Stimulation of the motor cortex through the
scalp. A pair ofpad electrodes on a holder is applied so
that the electrode that will go positive is over the surface
marking of the arm area. To stimulate, a 0-01 ILF
condenser, charged to about 1500 v, is discharged through
the electrodes via a Morse key. The muscles of the
opposite hand respond with a brief twitch. (Demonstra-
tion at an undergraduate lecture, February 1980.
RH Adrian and PA Merton, as subject.)
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This experiment would probably not be feasible on
an animal. Their skulls are thicker and tend to be
covered in muscle; they have fewer monosynaptic
corticospinal fibres; and the threshold would anyway
be higher if they were not tensing the desired muscles
in advance. All these things mean that they would
need much bigger shocks, which would probably be
regarded as unjustifiably painful. So, at any rate with
present techniques, stimulation of the brain from
outside is an essentially human pastime.
So much for propaganda for human neuro-

physiology. I must just put in that nothing I have said
is to be taken as in any way meaning that I under-
estimate the enormous importance of experiments on
animals, from primates to protozoa. If I were the
Medical Research Council and was given a million
pounds to be used to support either work involving
animals or work involving human subjects, but not
both, I can easily see myself allocating it to those
who use animals and who are making such tre-
mendous advances. It is only that I would like to see
the balance of achievement redressed. If I were able
to put it over properly, I am sure you would find my
propaganda powerful, as I really believe it is. Why
do more people not do human experiments? At the
risk of becoming sententious I will try to make a start
at answering that question. I am sure that the main
reason is the obvious one: that in an animal experi-
ment you can dictate the experimental conditions-
even down to perfusing squid axons and so deter-
mining the chemical environment both inside and
outside a cell membrane. So it is easier to ask clear-
cut and quantitative questions in animal work;
(whether it is really easier to ask imaginative ques-
tions and get answers to match is another matter). In
human work what one can do to the subject is very
obviously restricted and the initial hurdle is to think
of the kind of questions to ask that will give an
answer under the many constraints imposed-to
quote Claude Bernard, to have the knack to elicit by
experiment "the response that Nature gives to the
physiologist who knows how to interrogate her". A
good dose of the works of the masters in the field no
doubt helps to promote the required attitude of
mind, but is rarely administered in undergraduate
physiology courses. What seems to be required is a
deliberately acquired cast of thought and a measure
of confidence: confidence that there are fine experi-
ments to be done on man, if only one could think of
them; and confidence to attempt them; confidence
which, I suspect, only comes from experience of
working with human subjects and getting a feel for
what can be achieved in devising valid and accep-
table methods.
The stress on confidence, "one of the most

important ingredients in the scientific attack" as he

put it, derives from Adrian.45 I will end by demon-
strating how failure of confidence and perseverance
can hold things up. I have here a device I built in
about 1947 to stimulate the brain through the scalp.
It consists of an old-fashioned gramophone motor
driving contacts which connect a condenser alter-
nately to a battery and then to the subject. We used
long trains of stimuli and large plate electrodes on
either side of the head. This was unsuccessful because
it became too painful before the voltage could be
turned up enough to make it effective. I now show
that using this original stimulator but with the right
sort of electrodes in the right place, and limiting the
number of stimuli to a few at high voltage, we could
have succeeded all those years ago in stimulating the
motor cortex-and given pleasure to Dr Carmichael,
who was always ready to incite us to this kind of
escapade.
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