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SUMMARY Electromyographic responses of triceps surae to dorsiflexion stretch were studied in 47
patients with a variety of lesions producing an upper motor neuron syndrome. The short latency
spinal reflexes, both when the patient was at rest and when he was exerting a voluntary
plantarflexion, were frequently enhanced in magnitude and the rate of increase with acceleration
was also enhanced. Long-latency reflexes were uncommon at rest. With background force long-
latency reflexes were present unless the short latency reflex was very large. Long latency reflexes
often were normal, but in some patients they were either excessively large or even of abnormal
shape with prolonged continuous activity. The clinical assessment of the ankle jerk correlated with
the magnitude of the short latency reflex. The clinical assessment of tone correlated with the
magnitude of the short latency reflex, the magnitude of the long latency reflex and the duration of
the long latency reflex. There appear to be multiple physiological mechanisms underlying the
clinical phenomenon of spasticity.

The upper motor neuron syndromes, which arise
from injury to the sensorimotor cortex, internal
capsule, pyramidal tract and other descending motor
pathways, are usually characterised by spasticity.
Spasticity describes a type of increased tone, but the
term is used to describe several different conditions in
which there is an exaggerated response to stretch.
There is an increased phasic response to stretch, at
least one component of which is the monosynaptic
reflex which has its clinical counterpart in enhanced
tendon jerks and clonus. Tonic stretch reflexes also
are enhanced and the clinical counterpart of this is
spasticity. The discovery of long-latency reflexes to
phasic stretch of muscle 1-3 has raised questions about
the possible relationship of these phenomena to
increased tone.
There has been some previous work on the

behaviour of long latency reflexes in upper extremity
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muscles with the clinical upper motor neuron
syndrome. Some of the patients had lost long-latency
reflexes45 which was used as evidence for the notion
that long-latency stretch reflexes of upper extremity
muscles utilise a trans-cortical pathway. Long-latency
reflexes in the triceps surae have not been identified
until recently,6 and their behaviour is somewhat
different from that of long-latency reflexes in upper
extremity muscles.

In normal subjects stretch of the triceps surae at
rest produces a single short latency reflex. Stretch of
the muscle when the subject is exerting a voluntary
plantarflexion force produces a short-latency reflex
followed by one and sometimes two later responses.6
We have explored the relationship between increased
tendon jerks and spastic tone with short and long-
latency stretch reflexes in this muscle group.

Methods

The general arrangements for studying the EMG responses
of triceps surae and tibialis anterior have been extensively
described in previous papers.6" The subject sat in a chair
with the hip and knee flexed at 90( and one foot strapped to a
platform. A strain gauge was incorporated in the platform,
so that the force exerted by the subject was measured and
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could be monitored by the subject on a meter. A torque
motor displaced the platform and was controlled by a PDP
11/10 computer. The platform reached the specified velocity
in approximately 50 ms and dorsiflexed the ankle from -10
degrees to +5 degrees at random times at one of three
velocities (100, 150, 200 degrees/s). Since peak velocity was
attained more quickly with faster velocities, acceleration
was a better single describer of the mechanical event than
the specified velocity itself. Hence the results are reported
in terms of acceleration. Occasionally slow velocities of
stretching have been used. Each velocity was repeated ten
times and the results were separately averaged. Surface
EMG electrodes with preamplifiers at the site of recording
were positioned on triceps surae and tibialis anterior. The
EMG was rectified and filtered before collection. The EMG
signal, angular position of the ankle and the force exerted
on the platform were sampled by the computer at 2 ms
intervals. The latency of EMG responses was measured
from the electronic command to move the pedal, the
duration by visual inspection and the magnitude of the
EMG activity was measured by integration. The integrated
EMG value was normalised to the EMG activity obtained at
maximum voluntary effort (method 2 from ref 6). Hence
activity equalling maximum voluntary effort was given a
value of 100. The subjects were studied using two different
experimental conditions. In the first there was no
background torque exerted by the patient on the platform.
In the second the subject voluntarily exerted a
plantarflexion torque on to the platform of 20% of his
maximum effort while waiting for the perturbation.
The study was performed on 47 patients who gave

informed consent to participate, 16 with multiple sclerosis,
11 with cerebral palsy, 7 with stroke, 6 with cervical
spondylosis, 2 with cortical tumours, 2 with amyotrophic
lateral sclerosis, 1 with primary lateral sclerosis, 1 with
chronic myelopathy and 1 with olivo-ponto-cerebellar
degeneration. Each patient was examined by the
experimenters and the clinical signs were quantified.
Strength was evaluated by the 0-5 scale described in the
Medical Research Council Memorandum (Aids to the
Examination of the Peripheral Nervous System). Tone was
classified as normal (0), mild (1), moderate (2) or marked
(3). Reflexes were classified as absent (0), reduced (1),
normal (2), increased (3) and markedly increased, often
with clonus (4).

Results

Short-latency stretch reflex
In all the patients there was a prominent short-latency
reflex when the triceps surae was stretched at rest
(fig 1). The latencies measured from the electronic
command to move the pedal varied from 40 to 85 ms
and were shorter with more rapid stretch. The
durations varied from 30 to 70 ms and were longer
than those reported in normal subjects.6 The
magnitude of the short-latency reflex for each patient
was the value of the EMG at 3600 deg/-s2 acceleration
which was obtained from linear interpolation from
the actual data points (fig 2). Without background

O At rest
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Fig 1 EMG responses oflateral gastrocnemius muscle in
two patients, A and B, with multiple sclerosis. The leftsideof
each part shows the response at rest and the right side shows
the response with backgroundforce. In eachpartofthefigure
the three tracesfrom above downward are: rectified EMG,
ankle angle and ankle angular acceleration, and each record
is the average of 10 trials. The patient in A develops long-
latency reflex with backgroundforce while the patient in B
does not.

force the short-latency reflex was enhanced in 37 of
the 44 patients studied, and this enhancement was not
due to an increase of the baseline EMG activity prior
to the stretch, since this was similar to that of normal
subjects. In general the magnitude of the short-
latency reflex increased with increased acceleration of
the stretch. In order to quantify the rate of increase of
magnitude with increased acceleration, the slope of
the least-square straight line was taken as an
approximation. The short-latency reflex increased
with faster acceleration of stretches in all; the rate of
increase was enhanced in 28 of 42 patients at rest. The
patients with the highest rates of increase tended to
be the same as those with the largest absolute
magnitudes, and the coefficient of correlation
between these two parameters for all of the patients
was 0 83.
When the subjects exerted a background force on

the pedal, the short-latency reflex remained
prominent with slightly shorter latencies than at rest
and again increased in magnitude with increased
acceleration of stretch. The magnitude was enhanced
in 30 of the 45 patients studied, and the rate of
increase with acceleration was enhanced in 22 of 45
patients (fig 2). The short-latency reflex of 29 patients
increased in magnitude when a background force was
voluntarily exerted, but in 15 there was no increase.
There was not much difference between patient
groups, but those with strokes and tumours showed
more normal short-latency reflexes.
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Upper motor neurone syndromes short latency stretch reflex
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Fig 2 (Top) Number ofpatients with specified EMG magnitude for short-latency reflex at rest and with 20% background
force. (Bottom) Number ofpatients with specified rate of increase ofshort-latency reflex magnitude with acceleration at rest

and with background force. See text for details. Light bars are normal and dark bars are abnormal.

Long-latency stretch reflexes
Long-latency reflexes were recorded in only three of
47 patients at rest, one with a stroke, one with a brain
tumour and one with primary lateral sclerosis. The
patient with primary lateral sclerosis had the most
marked tone of any patient studied and had large
long-latency reflexes at rest. The appearance of the
long-latency reflexes at rest could not be ascribed to
inadequate relaxation since the background EMG
was close to zero.
When the patients exerted a background force,

long-latency stretch reflexes appeared (figs 1, 3) and
showed different behaviour which could be classified
into three different groups (fig 4). The long-latency
reflexes were absent for all accelerations in the first
group which included 11 of the 47 patients. All these
patients had enhancement of their short-latency
reflex compared to normal (EMG value with
background torque greater than 114). A second
group of 25 patients showed a single long-latency
discrete component or two discrete components with
normal appearance, duration and amplitude. All
these patients had an enhancement of the short-
latency reflex but less than that observed in the group

with absent long-latency reflexes (with one exception
all less 114). The long-latency reflexes tended to
plateau or decrease (or disappear) with faster
acceleration which is the normal behaviour.6 The
third group of 15 patients was characterised by having
large long-latency reflexes. There were seven patients
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Fig 3 EMG responses of lateral gastrocnemius muscle on
the normal side (A) and on the abnormal side (B) ofa patient
with cervical spondylosis exerting background force. The
tracesfrom above downward are rectified EMG, ankle angle
and ankle angular acceleration, and each represents the
average of 10 trials. The normal side shows two distinct
long-latency reflexes while the abnormal side shows a long
continuously delaying response.
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Fig 4 Number ofpatients with different types oflong-
latency reflexes at rest (light bars) and with 20% background
force (dark bars).

with long-latency reflexes that had durations longer
than just a single component that was not easily
divisible into two different responses (fig 3). This long
continuous component did not have a typical
configuration for normal long-latency reflexes. The
amplitude of these long-latency reflexes was within
the normal range and showed little change with
different velocities of stretch. Eight patients showed
an increase in magnitude of a single discrete long-
latency reflex (fig 1A). Some of the patients even
demonstrated an apparent increased rate of
enhancement of the long-latency reflex with faster
accelerations. The short-latency reflex was normal or
mildly increased for all patients. It can be noted that
the three patients with long-latency reflexes at rest all
fell into this group.

Considering the behaviour of the long-latency
reflexes for the different groups of patients it can be
noted that the absence of the long-latency reflexes
was mainly observed in the patients with multiple
sclerosis. Enhancement of the long-latency reflexes
was present in some of the patients in each group.

EMG responses with slow velocity ofstretching
Eleven patients have been studied at rest with slow
stretching of triceps surae. No substantial continuous
EMG responses have been recorded in ten of these
patients with velocity of stretches varying from 15 to
30°/s. A small phasic EMG response appeared at
faster velocities which progressively increased in
magnitude with increased velocity of stretching.
Sometimes clonus was produced. In one patient (the

one with primary lateral sclerosis) there was tonic
EMG activity with velocity of stretching varying from
100 to 30°/s (increasing the velocity of stretch beyond
30°/s a phasic response appeared and the tonic EMG
activity disappeared). If a fast plantar flexion (200°/s)
followed the slow dorsiflexion the tonic EMG activity
disappeared at a latency of 60-70 ms. This patient
showed a marked hypertonia with increase of reflexes
and had marked increase in long-latency reflexes
including a long-latency reflex at rest.

In five patients the EMG responses with
background force have been studied varying the
velocity of stretches from 300 to 1000/s. In two
patients with absent long-latency reflex at usual
velocities we did not observe any long-latency
reflexes decreasing the velocity of stretching even
until the disappearance of the short-latency reflex.
Three patients with only a long-latency reflex at usual
velocities have been studied. In two of these only a
single EMG component continued to be recorded,
while in the third patient the long-latency reflex
increased in duration with slower velocities so that
two discrete long-latency reflexes could be easily
recognised.

Clinical correlation
In attempting to correlate the clinical signs and
physiological results we made formal correlations
using chi square tests between the different
parameters. For the purpose of these tests we divided
tone in two levels (1) normal and mildly increased and
(2) moderately and markedly increased. Tendon
reflexes were divided into (1) reduced and normal and
(2) increased. Short-latency reflex was divided into
either (1) normal or (2) large, and the response was
considered large if a response at any acceleration was
greater than the normal range. Long-latency reflexes
were looked at for different purposes in two different
ways. A division was made on the basis of magnitude
into either (1) absent, (2) normal and (3) large and the
response was considered large if a response at any
acceleration was greater than normal range. A second
method for analysis of the reflexes was on the basis of
their durations. The first important result was that
tone and tendon jerks were correlated with each
other (p < 0025). This makes some difficulty in
trying to separate the physiological parameters that
underlie each of these two signs.
The magnitude of the short-latency reflex was

correlated with the size of the tendon jerk, somewhat
better with the short-latency reflex at rest (p < 0- 005)
than with background force (p < 0 05). The
correlation was less good with tone (p < 0 025 for
short-latency reflex at rest; p < 0-25 for background
force). The correlation of short-latency reflex and
tendon jerk was certainly understandable in terms of
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the known physiology of the short-latency reflex
which suggests that it is similar to the tendon jerk.

It becomes difficult to analyse the long-latency
reflexes because it appears that their amplitude may
depend in part on the amplitude of the short-latency
reflex which precedes them. Indeed there was one
group of patients who had no long-latency reflexes at
all; it has been pointed out that the short-latency
reflex was large in all these patients. If it really is the
case that a large short-latency reflex inhibits any
possible long-latency reflex, then the group without
long-latency reflexes cannot be analysed because the
long-latency reflexes are suppressed. Therefore we
did not consider this group in the clinical correlations
of the long-latency reflexes. Additionally, even if
the long-latency reflexes were present they may have
been reduced in amplitude because of the short-
latency reflex, so correlations of the long-latency
reflexes were possibly underestimated. We attempted
to correlate the presence or absence of the long-
latency reflexes at rest with the two levels of tone, but
no correlation was demonstrated (p < 0 750),
perhaps because of the rare appearance of long-
latency reflexes at rest. On the other hand, the
magnitude of long-latency reflexes with background
force did correlate with tone (p < 0 025). The average
duration of the long-latency reflexes with normal or
mild tone was 32 ms, and with moderate or marked
tone was 45 ms, this difference was statistically
significant (p < 0 05). There may have been a
difference in the quality of the increased tone in the
two groups (increased magnitude and long duration
with atypical configuration), but this was not
apparent by clinical evaluation or by consideration of
the etiologies.

Discussion
A short-latency reflex has been recorded in all the
patients, with and without background force, and its
magnitude and rate often was enhanced. The short-
latency reflex of the triceps surae appears to be a
monosynaptic stretch reflex68 and the increase of
short-latency reflex in these patients parallels the
well-known increase of the anke-jerk. This
enhancement of phasic stretch reflexes is a typical
feature of the upper motor neuron syndrome and
seems not due to enhanced spindle afferent
activity.9" The alpha motor neurons themselves
must have an enhanced response to a normal afferent
input as suggested by Landau and Clare. 12

This velocity-dependent behaviour in the upper
motor neuron syndrome has been observed also by
Herman'3 and by Burke et al'4 '5 in hamstrings and
quadriceps muscles and in biceps and triceps brachii
by Ashby and Burke.'6 17 Enhancement of rate of
growth of short-latency reflex with acceleration is

Berardelli, Sabra, Hallett, Berenberg, Simon
somewhat more objective than is enhancement of
absolute magnitude, since determination of absolute
magnitude depends on assessment of maximum
voluntary force which might be influenced by patient
cooperation. The fact that these two parameters are
correlated suggests that absolute magnitude is a
reasonable measure. The short-latency reflex did not
always increase in magnitude when a background
force was voluntarily exerted. This lack of increase
was often observed when the short-latency reflex was
already large in magnitude at rest. This phenomenon
is not normal,6 but has been observed before by
Neilson'8 in patients with the upper motor neuron
syndrome.
The behaviour of the long latency reflexes has been

classified into three different groups. In the first, the
long-latency reflexes were absent and a large short-
latency reflex was present. One possible explanation
for this phenomenon is that if the motor neuron pool
produced a large monosynaptic response then it is not
able to produce responses to subsequent stretch
stimuli. In normal subjects6 the first long-latencyreflex plateaued and the second long-latency reflex
tended to decrease as the short-latency reflex
increased with increased acceleration of stretch. In
addition, a small H reflex prior to a stretch did not
abolish the response to stretch whereas a large Hreflex did abolish the response to stretch. Possible
mechanisms for this type of inhibition include hyper-
polarisation of motor neurons, Renshaw cell activity
and sensory feedback.'9 It is conceivable therefore
that the absence of the long-latency reflex reflects a
period of inhibition following a large monosynaptic
response. In accord with this hypothesis is the
behaviour of the long-latency reflexes in some of the
patients in other groups who exhibited complete
disappearance of this component at faster
accelerations while the short-latency reflex was
growing. We attempted to gather more evidence for
this notion by studying some of the patients at
velocities of stretch slower than the standard ones,
hoping to reduce the magnitude of the short-latencyreflex sufficiently so that we might expect to see a

long-latency reflex if none was present before.
Experiments performed in two patients with no long-
latency reflexes with the usual stretches showed that
the long-latency reflex did not appear with slower
stretches, but at least in one patient the magnitude
even at its threshold was enhanced with respect to
short-latency reflexes of normal subjects with usual
accelerations. Additional experiments with slower
stretches were carried out on four patients with one
long-latency component attempting to produce a
second long-latency component; one did show the
development of a second long-latency component in
addition to the first long-latency component.
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Absence of long-latency reflexes therefore seems
explicable to a certain extent on the basis of enhanced
short-latency reflex. Another important possibility
was that the lesion that has caused the upper motor
neuron syndrome had disrupted the pathway for the
long-latency reflexes. This possibility has been raised
before in relation to long-loop pathways2-5 20-22 but
the apparent high proportion of presumed spinal
lesions as compared to presumed cortical lesions in
our patients with absent long-latency reflexes
suggests the importance of pathways limited to the
spinal cord.
The second group of patients had a single or two

discrete components with normal appearance,
duration and amplitude and normal velocity
behaviour. The short-latency component was
increased but to a lesser extent than the first group.
The third group of patients was characterised by

having large long-latency stretch reflexes while the
short-latency reflex was normal or mildly increased.
Patients in this last group demonstrated either
exaggerated normal long-latency behaviour or
superimposition of a new mechanism on top of the
normal mechanism. We do not have much data to
understand these mechanisms. It appears that the
subgroup with the long continuous long-latency reflex
has the superimposition of some kind of tonic
response. The sub-group with the enhanced first
component of the long-latency reflex appears to show
an exaggerated normal response or the super-
imposition of a late phasic response. If this is in fact an
exaggerated normal response and if the mechanism of
the response is largely a second monosynaptic reflex
(as we have suggested previously),6 then it would
appear that the normal inhibitory mechanism
following a monosynaptic reflex exhibited by the first
group is diminished in these patients.

Experiments with the slow ramp stretches were
undertaken to learn more about abnormal
physiological mechanisms of the responses to stretch
in these patients. Most of these studies produced only
phasic responses similar to the short-latency reflex
revealing a low acceleration threshold for this
response in these patients. One patient with marked
increase in tone whose long-latency reflexes were
characterised by a large long-latency first component
of increased magnitude did show tonic activity with
the ramp stretch. When stretching was suddenly
stopped the tonic activity disappeared at a latency
similar to the latency of the short-latency reflex after
stretch. This suggests that the tonic activity is strongly
supported by activity in the monosynaptic pathways.
This also might be taken as evidence for the idea
suggested above that patients with the abnonnally
large long-latency first component may have
enhanced monosynaptic responses.

Marsden et al,4 found in their patients with upper
motor neuron syndrome that the long-latency
responses of long flexor of the thumb were
diminished or abolished in 13 of 14 patients. This
contrasts with our results where only 11 of 47
patients had absent long-latency reflexes and only
one of nine patients with a cerebral stroke or tumour
(similar to cases of Marsden et at4) had absent long-
latency reflexes. Our results are apparently similar to
the preliminary data of Lee and Tatton.5 These
different results could be explained by several
possible mechanisms. The patients of Marsden et al'
were mostly in an acute stage of their illness while
many of our patients were in a chronic phase. In one
of their patients the long-latency reflexes became
larger with the passage of time. It is also possible that
the spectrum of the sites of the lesions in the central
nervous system differ in two groups and that with
these different lesions the pathophysiology might
differ. Another possibility is a difference in basic
mechanism between long-latency reflexes in the long
flexor of the thumb and in the triceps surae. In a
previous work6 we have investigated the
physiological mechanisms of the long-latency reflexes
of the triceps surae and pointed out differences to the
long-latency reflexes of the long flexor of the thumb.
We have suggested that a possible reason for this
difference is that while the long-latency reflexes of the
thumb and other upper extremity muscles may be
largely dependent on long-loop supraspinal
pathways, 252022 the long-latency reflexes of triceps
surae may depend mostly on spinal pathways.
The behaviour of the stretch reflexes of triceps

surae with slow and phasic stretches in subjects with
upper motor neuron syndromes is different from that
observed by us in a group of patients with rigidity due
to Parkinson's disease.7 In patients with rigidity the
baseline activity could be high and the short-latency
reflex was in general normal or only mildly increased.
The long-latency reflexes often appeared when the
patients were trying to relax and were usually
enhanced in magnitude when a background force was
voluntarily exerted. In addition the long-latency
reflexes were prolonged and often merged with
subsequent EMG activity which was in the range of
voluntary reaction time, and slow ramp stretches
often produced tonic activity.

Clinical correlation
Our results show a clear relationship between the
tendon jerk and the short-latency reflex magnitude
and rate. The short-latency reflex is more objective
than the routine clinical measure and would be a
useful parameter in any quantitative assessment of
the phasic stretch response of spastic patients.
Understanding the tonic stretch response of spasticity
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is more difficult. Despite the fact that our standard
stretch is maintained for approxirnately 3 s most of
these patients really just show phasic responses, only
a short-latency reflex or a short-latency reflex and
brief long-latency reflexes similar to normal subjects.
After these responses the muscle is silent to the end of
our recording. Attempts to produce continuous
responses with ramp stretches usually produce only
phasic responses or a series of phasic responses
(clonus); in only one patient of 11 was there a true
continuous response. Perhaps some of the clinical
impression of tonic resistance to stretch comes in fact
from increased phasic responses which may appear at
lower thresholds of acceleration than would be
expected normally.

It would seem from this data that long-latency
reflex behaviour certainly also makes a contribution
to spastic tone. Some patients show long-latency
reflexes which are increased in magnitude and others
show long-latency reflexes increased in duration and
both of these phenomena correlate with the clinical
impression of tone. All this illustrates the fact, which
is really apparent clinically, that there is more than
one type of spastic tone and they do not have a
homogeneous aetiology. This type of study is a useful
window into the clinical phenomena and provides a
qualitative and quantitative assessment of the
pathophysiology. The results confirm and extend the
view that there are multiple mechanisms for the long-
latency reflexes some of which may only appear in
pathological states.
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