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Self-regulation of spasm and spasticity in cerebral
palsy
PETER D NEILSON, JANET McCAUGHEY

From the Spastic Centre Research Unit, Department of Neurology, The Prince Henry Hospital and School
of Medicine, University of New South Wales, Australia

SUMMARY Four young adult cerebral palsied subjects with a mixture of spasticity and athetosis
attended an experimental reflex training program for three one-hour sessions each week over an 18
month period. During each session on-line measures of contraction level and tonic stretch reflex
sensitivity from the biceps brachii muscle were shown to the subject on meter displays. Subjects were
asked to attempt to control the displays. They were given goals such as: (1) reduce both contraction
level and reflex sensitivity displays to zero and (2) increase the contraction level display to 10% of
maximum while keeping the reflex sensitivity display at a minimum. Achievement of goals was
automatically sensed and used to activate a cassette tape of the subject's favourite music. Con-
traction level and reflex sensitivity scores were averaged over one-minute intervals to provide a
record of long term progress. Elbow-angle and IEMG data were recorded on FM tape for off-line
analysis. All four subjects learned to suppress involuntary muscle activity and resting tonic stretch
reflex responses. They also learned to produce a two or three-fold variation in action tonic stretch
reflex sensitivity while sustaining 10% maximum voluntary contraction. In other words, subjects
learned to self-regulate spasm and spasticity at the elbow and to regulate tonic stretch reflex sensi-
tivity independently of contraction level. A visual tracking task requiring voluntary movement about
the elbow was employed to assess improvement in functional control of elbow movement. One
athetotic subject improved tracking accuracy as a consequence of reducing the amount of in-
voluntary arm movement while the other three subjects showed negligible improvement in functional
control.

Cerebral palsy implies non-progressive brain
damage, sustained before, during or shortly after
birth, which impairs control of movement.' Hyper-
tonicity and spasm are symptoms of cerebral palsy
which can disrupt control of movement and can lead
to deformities of bones, joints and muscles.2 Such
deformities often require surgical correction such as,
for example, the recession of the origin of gastro-
cnemius-soleus muscle or the lengthening or even
division of the tendo Achillis to enable the patient to
lower his heels to the floor.2 Unless spasm and
muscle tone are reduced in conjunction with such
corrective surgery, there can be no guarantee that
contractures and/or deformities will not recur.
Clearly, techniques for reduction of spasm and
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muscle tone are an important component of therapy
for cerebral palsy.

But what is muscle tone and how can it be
reduced? Muscle tone is assessed clinically by asking
the patient to relax and passively moving the limb
through a range of movement about the joint while
experiencing the resistance to movement. Hyper-
tonicity is experienced as an increased resistance to
movement and in cerebral palsy this is referred to as
rigido-spasticity since individual patients often have
a mixture of spasticity and rigidity. Rigido-spasticity
is due to hypersensitivity of tonic stretch reflex
pathways.2-4 Many cerebral palsied individuals are
able to relax and the relaxed limb can be moved
passively without evoking any tonic stretch reflex
response. According to the clinical method of
assessing muscle tone described above, such patients
have normal muscle tone when they are at rest.
Most cerebral palsied individuals, however, do have
tonic stretch reflex responses to passive stretching
when they are at rest and are described clinically as
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having rigidity or spasticity or both. It has been
shown that as soon as a cerebral palsied individual
voluntarily contracts muscles, tonic stretch reflex
pathways are functionally reorganised and the
magnitude, timing and waveform of the responses
are completely different from those measured in the
same cerebral palsied subject at rest.4 In other words,
rigido-spasticity assessed by a clinician with the
subject at rest is different from the rigido-spasticity
experienced by the cerebral palsied individual
himself during voluntary movement of the same
limb. Since rigido-spasticity is thought to disrupt
voluntary movement in cerebral palsy, it is the
abnormal tonic stretch reflex during voluntary
activity which should be assessed and controlled. To
differentiate between tonic stretch reflex responses
measured with the subject at rest and those
measured during voluntary activity, the terms
"resting tonic stretch reflex" and "action tonic
stretch reflex" have been proposed.4

It has been shown that normal subjects can be
trained to self-regulate action tonic stretch reflex
sensitivity independently of contraction level.4 By
displaying on-line measures of contraction level and
action tonic stretch reflex sensitivity to normal
subjects, they can be trained to produce a four-fold
variation of action tonic stretch reflex sensitivity on
demand, while maintaining a constant co-
contraction at 30-50% of maximum. Moreover,
when the action tonic stretch reflex sensitivity is low,
the arm feels loose to the experimenter despite the
co-contraction of elbow muscles. This raises the
important question, can cerebral palsied subjects
be trained to self-regulate rigido-spasticity? This
report describes an 18 month action reflex training
programme in which a "spasticity meter" was
employed to provide on-line measures of "'con-
traction level" and "reflex sensitivity" to four young
adult cerebral palsied subjects. The aim of the study
was to determine whether or not cerebral palsied
individuals can be trained to self-regulate spasm and
spasticity at the elbow.

Methods

The subject sat in a wheel chair with his right upper-arm
resting on a table at his side and with his forearm vertical.
The arm was strapped into an arm-frame which restrained
movement to flexion-extension about the elbow (fig 1).
A potentiometer attached to the arm-frame recorded
elbow-angle. Surface electrodes were attached over the
belly of the biceps brachii muscle and the electromyogram
(EMG) activity was amplified in a Dynamic Electronics
3160 EMG preamplifier (gain = 1000, bandwidth = 80-
2500 Hz) and displayed on an oscilloscope. The EMG
was full-wave rectified and low-pass filtered by a 2nd
order filter (TI = T2 = 0-03 s) in an EAI 180 analog
computer to provide what will be referred to as the IEMG

Fig 1 The training situation showing subject sitting in
wheel chair with right arm sttrapped into arm-framne. The
subject attempts to control two meters displaying
contraction level and reflex sensitivity while the
experimenter passively oscillates the arm back and for-th
through 5 or 10 degrees at the elbow.

signal. The elbow-angle and IEMG signals were recorded
on FM tape for subsequent transcription to a model 5
Grass polygraph.
A "spasticity meter" which provided on-line displays

of "contraction level" and "reflex sensitivity" was also
patched on the EAI 180 analog computer. The experi-
menter oscillated the arm back and forth through 5
degrees about the elbow and the elbow-angle and EMG
signals were amplified and fed to the spasticity meter.
The contraction level display was produced as follows:
the full-wave rectified EMG was smoothed in a long time
constant (T = 2-0 s) 1st order low-pass filter and dis-
played on a 15 cm meter. The gain of the EMG amplifier
was adjusted so that full scale deflection on the meter
corresponded to 330% of maximum contraction. The
reflex sensitivity display was produced as follows: the
elbow-angle and IEMG signals were connected to
"sample and hold" circuits which computed the
maximum peak to peak value of each signal during every
0o5 s interval. These voltages were connected to a divider
circuit which computed the ratio of peak to peak IEMG
variation to peak to peak elbow-angle variation during
each 0 5 s interval. The output voltage from the divider
circuit was updated every 0-5 s and was proportional to
the reflex sensitivity (that is, ratio of change in IEMG to
change in elbow-angle). This voltage was smoothed in a
long time constant (T = 2 0 s) 1st order low-pass filter
and displayed on a second 15 cm meter. The reflex sensi-
tivity meter was calibrated from 0 to 10 and the gain
of the meter was adjusted so that it displayed about 8
for the largest reflex response from each subject.

Apart from on-line displays of contraction level and
reflex sensitivity, two other features were incorporated in
the spasticity meter. Threshold detector circuits were
included so that threshold levels could be set on both
contraction level and reflex sensitivity displays. If the
subject improved performance so that the meter readings
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crossed the threshold settings (for example, contraction
level exceeded the threshold setting on the contraction
level meter and reflex sensitivity reduced below the
threshold setting on the reflex sensitivity meter), the
improvement was detected and a cassette recorder playing
the subject's favourite music was automatically switched
on. Conversely, if performance deteriorated and the
displays crossed back over the threshold settings, the
music was automatically turned off. The threshold set-
tings could be varied from day to day so that a slightly
improved performance was required to achieve the music
reward. One minute timer and averager circuits were
incorporated in the spasticity meter so the average
readings of the contraction level meter and the reflex
sensitivity meter over a one minute interval, initiated by
the push of a button, could be computed and displayed
on a digital meter. These one-minute-average readings
were graphed to provide a record of long-term progress.
Four young adult cerebral palsied subjects, three female

and one male, aged 24-29 years, were involved in the reflex
training programme. All four subjects were severely
disabled with a mixture of spasticity and athetosis,
although two were predominantly athetotic and two were
predominantly spastic. The athetotic subjects had
negligible arm function and often had their arms re-
strained to control involuntary arm movements. Arm
movements of the spastic subjects were slow and spasticity
was clearly present at the elbow on clinical examination.
Each subject attended the laboratory for three 1-0 hour
sessions per week throughout the 18 month programme.
The first three months of the programme were used to

obtain baseline scores. With the right arm strapped into
the arm-frame and contraction level displayed, subjects
were asked to: (i) reduce muscle activity to zero, (ii)
reduce muscle activity to zero and maintain a loose arm
while the experimenter passively oscillated the arm back
and forth about the elbow, (iii) maintain a constant level
of contraction and stiffen the arm to resist passive move-
ment about the elbow and, (iv) maintain a constant level
of contraction and loosen the arm so as not to resist
passive movement about the elbow. During this baseline
period no reflex training was given to the subjects. Reflex
sensitivity measures were not displayed to the subjects,
although one-minute-average contraction level and reflex
sensitivity scores were recorded. Subjects were asked "to
reduce muscle activity to zero" rather than "to relax",
because it was found that, to a cerebral palsied individual,
being relaxed does not necessarily mean reducing muscle
activity to zero. Being relaxed implies a state of no effort.
A conscious effort is often required to inhibit involuntary
muscle activity and so the subject does not necessarily
perceive a state of zero muscle activity as a state of
relaxation.

Subjects performed a visual pursuit tracking test during
the baseline recording period and again on completion of
the reflex training programme. The tracking test provided
a measure of the subject's functional control of elbow
movement. The elbow-angle signal from the goniometer
attached to the arm-frame was used to control the vertical
displacement of a response marker on a 43 cm graphics
display screen. A stimulus marker moved vertically in an
irregular fashion on the same screen driven by a pre-

recorded stimulus signal with a duration of one minute.
The one minute duration tracking test was performed
twice by each subject with a 45 minute rest between each
test. The scores presented below were averaged across
these two tests. Movements of the stimulus marker
were slow so that the tracking task was relatively easy, at
least for a normal subject. A power spectrum of the
stimulus marker movements showed maximum variance
at 0-1 Hz, decreasing to negligible levels by 0-8 Hz. The
task for the subject was to move the arm back and forth
through 20 degrees at the elbow about the 90 degree
position so as to keep the response marker aligned with
the moving stimulus marker. Movements of stimulus and
response markers were sampled synchronously at a rate
of 10 samples/s and stored in computer files for sub-
sequent analysis. The response signal was subtracted from
the stimulus signal to provide a measure of tracking error
and the root mean square (RMS) value of the error signal
was computed to provide a measure of overall tracking
performance. The relative RMS error score was obtained
by dividing the RMS error score by the RMS value of the
stimulus signal and expressing the ratio as a percentage.
A cross correlational analysis between the stimulus and
the response signals provided a detailed measure of
tracking performance.5 Variance of response movement
was computed for each test and separated into two
components: (i) variance of response movement cor-
related with stimulus marker movement and (ii) variance
of response movement not correlated with stimulus
marker movement. The latter provided a measure of the
amount of inappropriate arm movement made by the
subject during each test.5 The ratio of the variance of
correlated response movement to the variance of stimulus
marker movement was computed for each test. The
square root of this ratio is referred to as "overall gain"
and provides a measure of the amount of appropriate
response movement produced by each subject relative to
the amount of stimulus marker movement. For perfect
tracking, overall gain has a value of unity.

After completion of the 3 month baseline recording
period, subjects commenced the reflex training pro-
gramme. The displays were arranged so that subjects
could monitor their contraction level and reflex sensitivity
measures (fig 1). Music reinforcement was provided for
improvement in ability to achieve the set goals and graphs
of one-minute-average contraction level and reflex
sensitivity scores were displayed so that subjects could
monitor their own long term progress. The following
sequence of events occurred during each training session.
(1) After the arm was strapped into the arm-frame,
electrodes applied and signal quality checked, subjects
were asked to produce a maximum co-contraction of
elbow flexor and extensor muscles. (2) Subjects were
asked to produce a maximum contraction of biceps
brachii muscle by pulling against the experimenter. Gain
of the EMG amplifier was adjusted so that full scale
deflection on the contraction level meter corresponded to
33 % of maximum. This calibration procedure enabled all
subsequent EMG measures to be expressed as a per-
centage of maximum. (3) With the arm-frame supported,
subjects were asked to try to reduce the contraction level
display to zero while a one-minute-average contraction
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level score was obtained. (4) Subjects were asked to try to
reduce both the contraction level and the reflex sensitivity
displays to zero while the arm was passively oscillated
back and forth through 5 degrees at the elbow by the
experimenter. The experimenter monitored elbow-angle
displacement on an oscilloscope, carefully controlling
both amplitude and frequency of the applied sinusoidal
displacement. (5) Subjects were asked to try to maintain
a constant contraction level at 1000 of maximum by co-
contracting elbow flexor and extensor muscles and at the
same time to try to increase reflex sensitivity as much as
possible while the experimenter passively oscillated the
arm back and forth about the elbow. One-minute-average
contraction level and reflex sensitivity scores were obtained.
(6) Subjects were asked to try toslowly increase contraction
level to 1000 of maximum by co-contracting elbow flexor
and extensor muscles and at the same time to try to keep
the reflex sensitivity at a minimum while the experimenter
passively oscillated the arm back and forth about the
elbow. After the 100 contraction level was achieved, one-
minute-average contraction level and reflex sensitivity
scores were obtained.

Typically, about 8000 of the training time during each
session was given to regulation of action tonic stretch
reflex sensitivity. The best one-minute-average contrac-
tion level and reflex sensitivity scores for each subject in
each task in each training session were graphed.
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Results

Initially, all four subjects experienced difficulty in
reducing biceps brachii muscle activity to zero.
There was sustained involuntary background
activity which fluctuated between 0-20o% of
maximum. There were also occasional vigorous
spasms. The magnitude of the involuntary activity
and the frequency of spasms varied from day to day,
so, in terms of their ability to suppress involuntary
activity, all subjects had "good days" and "bad
days". Ability to suppress involuntary muscle
activity improved during the reflex training period
as shown by the graphs of one-minute-average
contraction level scores plotted against days of
training (fig 2). After training, all subjects reported
that relaxation or a state of zero effort corresponded
to either zero or a low contraction level and con-
siderable effort was required to maintain 100%
contraction.

Before training, when subjects were asked to try
to reduce contraction level to zero while the arm was
passively oscillated back and forth about the elbow,
resting tonic stretch reflex responses were clearly

(b) ATH SUBJ 2

No reflex
sensitivity
I,display

(d) SPAS SUBJ 4
B

Lyingposture
l1

S~~~~Ih
O N D J

No reflex
sensitivity
display

F M A M J J A S 0 N D J F M A
Months

Fig 2 Graphs of one-minute-average contraction level scores expressed as a percentage of a maximum contraction
versus number of days of training. Subject was attempting to reduce the contraction level of biceps brachii to zero.
(a) athetotic subject 1, (b) athetotic subject 2, (c) spastic subject 3, (d) spastic subject 4 showing effect of change
from a sitting to a lying posture.
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Fig 3 Sections ofpolygraph tracing from spastic subject 3 showing elbow-angle and lEMG signals
recorded before reflex training (a) while subject was attempting to reduce contraction level and reflex
sensitivity to zero (resting tonic stretch reflex); (b) while subject was voluntarily maintaining a
cornstant contraction level at 100% ofmaximum and trying to reduce reflex sensitivity (action tonic
stretch reflex off); (c) while subject was voluntarily maintaining a constant contraction level at 10%
ofmaximum and trying to increase reflex sensitivity (action tonic stretch reflex on). Notice (i)
fluctuating level of involuntary background activity in resting tonic stretch reflex recording and
corresponding variation in magnitude of resting tonic stretch reflex response; (ii) lack of control over
action tonic stretch reflex sensitivity; (iii) similarity in magnitude and waveform between resting and
action tonic stretch reflex responses. Calibration bars represent 0% and 30% ofmaximum
contraction.

present in the IEMG (fig 3a). There was also a
fluctuating level of background involuntary activity
(fig 3a). The magnitude of the resting tonic stretch
reflex response increased with the level of involuntary
background activity (fig 3a). The magnitude and
waveform of the resting tonic stretch reflex response
with a given level of involuntary background
activity was similar to the magnitude and waveform
of the action tonic stretch reflex response with the
same level of sustained voluntary activity (fig 3).

During the reflex training period all subjects
learned to suppress resting tonic stretch reflex re-

sponses (fig 4). Improvement occurred most rapidly
during the first three months but then improved
gradually until the magnitude of the resting tonic
stretch reflex response was reduced to a negligible
size (fig 5). The magnitude of the resting tonic
stretch reflex response and the level of involuntary
background activity decreased together (fig 4, cf figs
2 and 5).

Initially, when subjects sustained a voluntary
contraction at 100% of maximum, they had no
control over action tonic stretch reflex sensitivity
independently of contraction level (fig 6, before
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Fig 4 Sections ofpolygraph tracings of elbow-angle and IEMG signals from athetotic subject 2
showing resting tonic stretch reflex responses (a) before reflex training; (b) after 7 months of reflex
training; (c) after 12 months of reflex training. Notice that involuntary background activity and
magnitude of resting tonic stretch reflex response reduce together. Calibration bars represent 000
and 100% ofmaximum contraction.

training). During the reflex training period subjects
gradually acquired the ability to regulate action
tonic stretch reflex sensitivity two or three-fold
while maintaining a constant contraction at 10% of
maximum (fig 6, after training). The time course for
each subject to acquire ability to regulate action
tonic stretch reflex sensitivity is shown in fig 7.
Two additional tests were made on spastic subject

4. (1) After four months training the subject was
changed from a sitting to a lying posture and ability
to suppress involuntary activity, reduce resting
tonic stretch reflex responses and regulate action
tonic stretch reflex sensitivity independently of

contraction level, were all impaired by this change
in posture (figs 2d, Sd, 7d). Training then continued
for two months with the subject in a lying posture
and control of all of these variables gradually
improved (figs 2d, 5d, 7d). (2) At the end of this two
month training, ability to transfer the skill learned
on the right arm to the untrained left arm was
assessed. Without being shown the reflex sensitivity
display. the subject was asked to increase and
decrease action tonic stretch reflex sensitivity in the
left arm biceps brachii muscle while sustaining 10%
of maximum contraction. Polygraph tracings (fig 8)
show that the subject was able to regulate action

325

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.45.4.320 on 1 A
pril 1982. D

ow
nloaded from

 

http://jnnp.bmj.com/


Neilson, McCaughey

(a) ATH SUBJ 1

B

(c) SPAS SUBJ 3

B

B = baseline period

No reflex
sensitivity
display

No reflex
sensitivity
display

O N D J F M A M J J A SO N D J F MA M
Months

Cb) ATH SUB

B

3J 2

No ref

(d ) SPAS SUBJ 4
B

lyinn No reflex
posfure sensitivity

dsplay

.

sen

disF

;#'I4V4t,0jAw~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

flex
isitivity
play

O N D J F M A M J J A SO N D J F M A
Months

Fig 5 Graph of one-minute-average resting tonic stretch reflex sensitivity scores in arbitrary units plotted against
days of training for (a) athetotic subject 1, (b) athetotic subject 2, (c) spastic subject 3, (d) spastic subject 4
showing effect of change from a sitting to a lying posture.

tonic stretch reflex sensitivity in the left arm inde-
pendently of contraction level without any training
on this arm.

After reflex training, all subjects were able to
suppress resting tonic stretch reflex responses and
regulate action tonic stretch reflex sensitivity two or
three-fold independently of contraction level while
the arm was oscillated back and forth through either
5 or 10 degrees peak to peak by the experimenter
without the subject being able to see the reflex
sensitivity display.

Error scores from the visual pursuit tracking tests
show that functional control of arm movement in
the athetotic subjects was inferior to that in the
spastic subjects both before and after reflex training
(table 1). Variance of arm movement correlated with
stimulus marker movement was less (table 2) and
variance of arm movement not correlated with
stimulus marker movement was very much greater
(table 3) in athetotic subjects than in spastic subjects
both before and after reflex training.
Changes in functional control of arm movement

associated with acquisition of ability to self-regulate
spasm and spasticity and regulate action tonic
stretch reflex sensitivity independently of contraction
level were assessed by comparing tracking scores

before reflex training with those after reflex training
for each subject. Athetotic subject 1 improved
tracking accuracy (table 1) and increased the amount
of response movement correlated with stimulus
marker movement (table 2), while the other athetotic
subject showed only a small improvement and the
spastic subjects showed negligible improvement on

these scores. All subjects reduced the proportion of
the total variance of arm movement not correlated
with stimulus marker movement (table 4), as well as

the variance of arm movement not correlated with
stimulus marker movement (table 3). Reduction of
inappropriate arm movement was greatest (84% and
45% of pretraining variance) for the athetotic
subjects who had excessive amounts of inappropriate
arm movement before training. Improvement of
tracking accuracy in the athetotic subjects was due
primarily to this reduction in excessive level of
inappropriate arm movement.

Discussion

Before training, cerebral palsied subjects were

unable to suppress involuntary background activity
(spasm and mobile spasm) and were unable to vary
tonic stretch reflex sensitivity independently of
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Fig 6 Sections ofpolygraph tracings from spastic subject 4 showing elbow-angle and IEMG signals while subject was
attempting to sustain a voluntary contraction at 100% ofmaximum and either increase reflex sensitivity (action tonic
stretch reflex on) or decrease reflex sensitivity (action tonic stretch reflex off). (a) Action tonic stretch reflex on before
reflex training, (b) action tonic stretch reflex off before reflex training, (c) action tonic stretch reflex on after 6 months
reflex training, (d) action tonic stretch reflex off after 6 months reflex training. Calibration bars as in fig 3.

contraction level. After training, they were able to
suppress both involuntary activity and resting tonic
stretch reflex responses and vary action tonic
stretch reflex sensitivity two or three-fold indepen-
dently of voluntary contraction level. In other
words, cerebral palsied subjects learned to self-
regulate spasm and spasticity at the elbow and to
regulate action tonic stretch reflex sensitivity in-
dependently of contraction level. This ability was
disrupted in one of the subjects by changing from a
sitting to a lying posture and was then relearned in
the lying posture. This indicates that the skill might
be posture dependent and suggests that subjects
should be trained in a variety of postures. A positive
finding was that ability to regulate action tonic
stretch reflex sensitivity could be transferred from
the trained arm to the untrained arm without
further training.
The resting tonic stretch reflex response in

patients with spinal spasticity and hemiplegic
spasticity consists of a burst of EMG activity at one
3**

point in the stretching cycle with negligible EMG
activity throughout the remainder of the stretching
cycle.3 I This is very different from the resting tonic
stretch reflex response described above in cerebral
palsy, which was only present when there was a
sustained level of involuntary background activity
and was evoked by a relatively small angular dis-
placement at the elbow. The background EMG
activity was modulated by the sinusoidal pertur-
bation applied to the elbow-angle so that the IEMG
also varied sinusoidally and followed the pertur-
bation through the full stretching cycle. The
magnitude of the resting tonic stretch reflex response
was larger and the timing of the response was
different4 from that reported previously in spinal
spasticity3 and hemiplegic spasticity.7 The resting
tonic stretch reflex response in cerebral palsy when
involuntary background activity was present was
similar in magnitude and waveform to the action
tonic stretch reflex response with the same level of
background activity sustained voluntarily. This
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Fig 7 Graphs of one-minute-average action tonic stretch reflex sensitivity scores in arbitrary units plotted against days
of reflex training while the subject maintained a constant contraction level at 10% ofmaximum and attempted either
to increase reflex sensitivity (action tonic stretch reflex on) or decrease reflex sensitivity (action tonic stretch reflex off).
(a) athetotic subject 1, (b) athetotic subject 2, (c) spastic subject 3, (d) spastic subject 4 showing effect of changing
from a sitting to a lying posture.

suggests that, in cerebral palsy, spasticity assessed
clinically when the patient is asked to relax may be
caused in some patients by an abnormal resting
tonic stretch reflex of the type observed in spinal
spasticity and hemiplegic spasticity,3 6 7 or it may be
caused by an abnormal action tonic stretch reflex
brought into play in association with involuntary
background activity. The resting tonic stretch reflex
almost certainly involves different reflex pathways
from those involved in action tonic stretch reflex
transmission and resting tonic stretch reflex and
action tonic stretch reflex responses are influenced
differentially by drugs such as phenoxybenzamine.4
Thus the reflex pathophysiology underlying spasti-
city assessed clinically will be different depending on
whether or not the cerebral palsied patient is able
to suppress involuntary activity when instructed to
relax. Nevertheless, throughout this report the term
"resting tonic stretch reflex" is used to refer to the
tonic stretch reflex measured when the subject is
attempting to reduce contraction level to zero.
During reflex training, the ability of cerebral

palsied subjects to reduce resting tonic stretch reflex

sensitivity and their ability to suppress involuntary
background activity, varied together. A simple
explanation for this finding is that they learned to
inhibit alpha motoneurones. During reflex training,
however, the main emphasis was not placed on
teaching subjects to suppress involuntary activity or
resting tonic stretch reflex sensitivity but on teaching
subjects to regulate action tonic stretch reflex
sensitivity independently of contraction level. This
ability cannot be explained by inhibition of alpha
motoneurones. A more likely explanation is that
subjects learned to excite alpha motoneurones to
maintain a voluntary contraction at the same time
as they inhibited interneurones mediating action
tonic stretch reflex transmission.
Comparison of visual pursuit tracking perform-

ance before and after reflex training shows that all
subjects learned to reduce the amount of inappro-
priate arm movement and this reduction was most
noticeable in the athetotic subjects who had excessive
amounts of inappropriate movement initially.
Reduction of excessive inappropriate movement
(presumably due to dystonic posturing, spasm and
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Self-regulation ofspasm and spasticity in cerebral palsy
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Fig 8 Sections ofpolygraph tracings showing elbow-angle and IEMG from the untrained left arm of spastic subject 4
attempting to maintain a constant contraction at 10% ofmaximum while either increasing reflex sensitivity (action
tonic stretch reflex on) or decreasing reflex sensitivity (action tonic stretch reflex off). The subject could not see the
reflex sensitivity display and had received no previous training on the left arm but had completed 6 months training on

the right arm. (a) Action tonic stretch reflex on before training on right arm, (b) action tonic stretch reflex off before
training on right arm, (c) action tonic stretch reflex on after 6 months training on right arm, (d) action tonic stretch
reflex off after 6 months training on right arm. Calibration bars as in fig 3.

Table 1 Relative RMS error scores from the visual pursuit tracking tests

Ath subj I Atth subj 2 Spas subj 3 Spas subj 4

Before After Before After Before After Before After

2220Y. 86%. 108% 99% 70% 68% 68% 64%

Table 2 Overall gains from visual pursuit tracking tests

Ath subj I Atth subj 2 Spas subj 3 Spas subj 4

Before After Before After Before After Before After

034 063 045 048 076 075 091 093
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Table 3 Variance of inappropriate arm movement in arbitrary units during visual pursuit trackinlg tests

Ath subj I Ath subj 2 Spas subj 3 Spas subj 4

Before After Before After Before After Before After

52306 8108 9417 5317 3850 2898 4483 3916

Table 4 Proportion of total arm movement variance not correlated with movement of the stimulus marker in the
visual pursuit tracking tests

Ath subj I Ath subj 2 Spas subj 3 Spas subj 4

Before After Before After Before After Before After

0-94 0-41 0-62 0-44 0-19 0-15 0-16 0-14

athetoid movement) was accompanied by a reduction
in error scores and an increase in overall gain in
athetotic subject 1. Nevertheless, functional control
was still very poor in this subject relative to that in
the spastic subjects. Ability to self-regulate spasm
and spasticity was not accompanied by substantial
improvement in functional control of arm movement
in the other three subjects.

Dissociation between functional control of move-
ment and ability to regulate spasm and spasticity
supports the conclusion presented in a previous
report8 that spasm and spasticity are not the primary
cause of movement disability in cerebral palsy. This
is not to say that spasm and spasticity do not disrupt
voluntary movement. As illustrated by athetotic
subject 1 in this study, excessive amounts of in-
appropriate movement and posturing prevent the
subject from exerting even poor functional control.
Nevertheless, when subjects acquired the ability to
regulate spasm and spasticity and reduce inappro-
priate movement, the underlying functional control
of movement remained very poor. This is consistent
with the previous suggestion8 that movement
disability in cerebral palsy results primarily from an
inability to formulate and communicate appropriate
motor commands to muscles rather than from dis-
ruption of voluntary movement by spasm and
spasticity.
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