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Presynaptic inhibition of soleus Ia afferent
terminals in Parkinson's disease

R C Roberts, N J Part, Ruth Farquhar, Pamela Butchart

Abstract
The possible role of changes in presynap-
tic inhibition of muscle spindle primary
afferent terminals in Parkinson's disease
was investigated. The pathway from tib-
ialis anterior Ia afferents to soleus Ia ter-
minals was assessed in 20 patients with
Parkinson's disease and in 17 age
matched controls, both at rest and during
maintenance of tonic plantar flexing
torques about the ankle. At all torques
less presynaptic inhibition was present in
the patients with Parkinson's disease
than in the controls. The difference was
significant at rest (p < 0.03) and at 2 Nm
(p < 005) but not at 5 Nm and 7 Nm
torque. The amount of presynaptic inhi-
bition did not change with torque in
either group. The observed alteration in
presynaptic inhibition in Parkinson's dis-
ease is likely to make only a small contri-
bution to the rigidity and impaired
movement control.
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The mechanisms underlying rigidity in
Parkinson's disease remain uncertain. The
rigidity is not due to a pronounced increase in

motoneuron excitability'2 or to a change in
fusimotor control causing an increase in spin-
dle primary afferent responses to stretch.3
Nevertheless, the alleviation of rigidity after
section of the posterior spinal roots confirmed
that it is dependent on the primary afferent
input evoked by stretch.4 Changes in trans-
mission in various excitatory and inhibitory
reflex pathways from both cutaneous5 and
muscle primary afferents have been described
in Parkinson's disease. There is now consen-

sus that long latency stretch reflexes are

enhanced,67 suggesting that increased trans-

mission in the transcortical and other path-
ways mediating them might play a part in
rigidity. Decreased transmission in various
inhibitory spinal reflex pathways might also
contribute but the evidence is more conflict-
ing. There is a pronounced reduction in
lb inhibition in parkinsonian patients.8
Reciprocal inhibition was recently reported to
be decreased in the upper limbs of patients
with Parkinson's disease,9 but previous evi-
dence suggested increased reciprocal inhibi-
tion."0 Recurrent inhibition on the other

hand is unchanged.'9 Presynaptic inhibition

of Ia terminals was reported to be decreased
when elicited by electrical stimulation of an
antagonist nerve in the upper limb9 but to be
normal when elicited by continuous vibration
of the homonymous muscle in the lower
limb.' 12 In this study we have used a more
selective technique to examine whether or not
decreased presynaptic inhibition of Ia termi-
nals might contribute to the rigidity and
impaired control of movement in Parkinson's
disease and we have assessed the descending
control of transmission in the pathway medi-
ating the inhibition.
Some of the data have been previously pub-

lished in abstract form.'3

Methods
The methods used in this investigation have
been described fully in a previous paper.'4 A
quantitative assessment of the transmission
through the pathway mediating presynaptic
inhibition of the soleus Ia afferent terminals
from anterior tibial Ia afferent neurons was
made by measuring the reduction in the size
of the soleus H reflex produced by a condi-
tioning vibration pulse applied to the anterior
tibialis muscle. The conditioning test interval
was 60 ms and the vibration pulse consisted of
3 pulses of 0 5 to 1 mm amplitude at 100 Hz.
The inhibition seen at this conditioning inter-
val is mainly mediated by presynaptic inhibi-
tion of the soleus Ia terminals.'5 The mean
value of 10 conditioned test reflexes was
expressed as a percentage of the mean value of
10 unconditioned reflexes (C/T%). Measure-
ments of presynaptic inhibition were made
over a range of tonic plantarflexing torques
from 0 to 7 Nm at an ankle angle of 900;
7 Nm was the greatest torque that the patients
with Parkinson's disease could sustain over
the approximate two minute period required
to make a C/T measurement.
Twenty patients with idiopathic

Parkinson's disease were recruited from those
attending the neurology clinic at Dundee
Royal Infirmary. They were aged between 55
and 79 (mean 67). Patients with significant
lower limb tremor or dyskinesia were
excluded. All were taking and had been
responsive to dopaminergic medication and
they were continued on their usual medica-
tion when studied. The duration of symptoms
varied from one to 15 (mean 8-1) years and
the duration of dopaminergic treatment from
three to 156 (mean 48) months. The Webster
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Figure 1 Graphs of mean value of the ratio of
conditioned to testH reflex amplitude for all patients in
Parkinson's disease group (squares) and age matched
control group (diamonds) plotted against torque generated
at the ankle. Bars indicate SEM. The difference between
the two groups was significant at 0 Nm (p = 0-03) and 2
Nm (p < 0 05, t test). Inset: box and whisker plots (the
midline represents the median value, the boxes the inner
quartiles, the lines the outer quartiles and the square an
outlier) of the ratio of conditioned to testH reflex
amplitude for the data at 0 Nm torque.

rating at the time of study varied from 1 to 24
(mean 9 6). The leg on the more severely
affected side was studied and the tone in it
was assessed clinically on a scale from 0 to 3
(0 normal tone; 1 mild rigidity; 2 moderate
rigidity; 3 severe rigidity).

Seventeen normal control subjects were
recruited from a fitness class. They had no
neurological or other medical symptoms.
Data from this control group have been pre-
sented in a previous paper.'4 They were aged
between 59 and 74 (mean 66&6). Age matching
between the patients with Parkinson's disease
and controls is of importance because of the
effects of age on the presynaptic inhibitory
pathway assessed'4 16; there was no significant
difference between the means of the control
sample and the patient sample.

Local ethics committee approval was given.

Results
Figure 1 (inset) shows the results obtained on
presynaptic inhibition of soleus Ia terminals at
zero torque ("leg relaxed"). The amount of
inhibition evoked by the Ia afferent volleys
from tibialis anterior varied considerably
between different persons, with pronounced
overlap between the patients with Parkinson's
disease and controls. There was a significant
difference between the two groups (p = 003,
t test), however, with less presynaptic inhibi-
tion in patients with Parkinson's disease
(median C/T 72%) than in the controls
(median C/T 51%). The groups were also sig-
nificantly different when age was taken into
account as a covariant (p = 0 03, analysis of
variance (ANOVA)).
The effect of tonic plantarflexing torque on

transmission in the pathway mediating the
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Figure 2 Plots of the ratio of conditioned to testH reflex amplitude against torque generated at the ankle for patients with
Parkinson's disease and age-matched controls. Data from the first subjects investigated are shown in the left hand graphs
andfrom the last in the right hand graphs.
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presynaptic inhibition of soleus Ia terminals
was investigated. Figure 2 shows the C/T
ratios obtained in each patient and control
over a range of torques between 0 and 7 Nm.
There was no consistent change in the
amount of inhibition as torque increased in
those of either group. Only one of the patients
with Parkinson's disease showed the progres-
sive decrease in presynaptic inhibition with
increasing torque seen in younger normal sub-
jects.'4 Figure 1 shows the mean C/T ratios at
different torques for the patients with
Parkinson's disease and the controls. There
was no significant effect of increasing torque
on presynaptic inhibition in either group. At
all torque levels used there was less inhibition
in those with Parkinson's disease than in the
controls. As at zero torque, the difference at 2
Nm was significant (p < 0 05, t test) but the
differences at 5 and 7 Nm were not.
No significant relation was found (regres-

sion analysis, ANOVA) between the amount
of presynaptic inhibition as reflected by the
C/T ratio and various clinical variables (rigidity
in limb studied, Webster rating, duration of
disease, duration of dopaminergic treatment).
The distribution of the sizes of the test
reflexes used (measured relative to the maxi-
mum M response) was similar in the patients
with Parkinson's disease and controls. Size of
the test reflex did not contribute significantly
to the variance of the amount of presynaptic
inhibition in either group individually or both
groups combined.

Discussion
We have shown that the inhibition of a soleus
test reflex by a brief conditioning pulse of
vibration to tibialis anterior at a conditioning
test interval of 60 ms is reduced in patients
with Parkinson's disease compared with age
matched controls. The evidence for the con-
clusion that this inhibition provides a measure
of presynaptic inhibition of soleus Ia terminals
has been presented in a previous paper.'4 An
advantage of the technique is its simplicity,
which is important when studying older
patient groups. A potential problem is that the
amount of presynaptic inhibition measured
could vary with the size of the test reflex
employed,'7 particularly with very small or
large reflexes (relative to the maximal M
response). The test stimulus was adjusted to
give H reflexes on the ascending limb of the
recruitment curve that were either about a
third of the amplitude of the maximal M
response or (if the maximal H reflex was less
than this) were near the top of the recruitment
curve. Within the range of test reflex sizes
used, the amount of inhibition measured
should have been relatively insensitive to
reflex size. Confirmation of this was provided
by the finding that there was no relation
between reflex size and the amount of presy-
naptic inhibition in either group. The differ-
ence in presynaptic inhibition in patients with
Parkinson's disease and controls cannot be
ascribed to a difference in the reflex sizes
employed, as a similar range was used in each

group. The difference is also unlikely to be
related to a reduced mechanical sensitivity of
muscle spindle primary afferents in the
patients with Parkinson's disease because they
show no alteration of tendon reflexes. 18

Evidence for reduced presynaptic inhibi-
tion of Ia terminals in Parkinson's disease was
also found in a study on the upper limb
(flexor carpi ulnaris test reflex conditioned by a
radial nerve stimulus),9 although the controls
in this study were not age matched. Reduced
presynaptic inhibition in patients with
Parkinson's disease compared with age
matched controls was not found, however,
when soleus H reflexes were conditioned by
continuous vibration of the soleus muscle
itself.' 12 There are several possible explana-
tions for the difference between our results
and these previous findings on the presynaptic
inhibition of soleus Ia terminals. Continuous
vibration is a complex conditioning stimulus
and may have effects other than presynaptic
inhibition,'9 which might have obscured
a decrease in presynaptic inhibition.
Alternatively the difference in the responses
from heteronymous and from homonymous
afferents could be due to Parkinson's disease
differentially affecting transmission from these
two types of afferent to the Ia terminals. It
would have been of interest to assess the
presynaptic inhibition of the monosynaptic
quadriceps Ia afferents on soleus moto-
neurons in patients with Parkinson's disease.
In young normal subjects we have obtained
preliminary evidence of a differential control
of transmission in the pathways to these
quadriceps Ia terminals and to the soleus
Ia terminals. The technique used for assess-
ing presynaptic inhibition of the quadriceps
terminals is, however, complex20 and could
not be easily applied to the older subject
groups.
A reduction in presynaptic inhibition of Ia

terminals could contribute to the enhance-
ment of tonic vibration reflexes described in
Parkinson's disease.2 It is also possible that it
could contribute to the enhancement of long
latency (M2) stretch reflexes seen in
Parkinson's disease.67 If this were the case,
one might expect to see enhanced M2
responses in older subjects and in patients
with upper motoneuron lesions, in whom
presynaptic inhibition of soleus Ia terminals
by tibialis anterior Ia afferents is also
reduced.'4 16 21 In patients with upper
motoneuron lesions M2 is, however, reduced
or absent.22 This could be simply explained by
the interruption of a transcortical pathway by
the lesions. An increase in M2 with age has
not been described and if it exists it must be
much less pronounced than the increase seen
in Parkinson's disease. This makes it unlikely
that the decrease in presynaptic inhibition in
Parkinson's disease contributes significantly
to the increase in M2.
A notable feature of the long latency stretch

reflex is that vibration fails to elicit it, both in
normal subjects and in patients with
Parkinson's disease.2' It has been argued that
this is evidence for it being mediated by group
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II afferents but alternative explanations are:
(a) that vibration of a contracting muscle
entrains Ib afferents and evokes homonymous
lb inhibition and (b) that the high frequency
synchronous activation of Ia afferents pro-
duces pronounced presynaptic inhibition of
homonymous Ia terminals. The reduction
of presynaptic inhibition we have found
in Parkinson's disease is not, however,
associated with enhancement of the M2
response to vibration.2' This suggests that the
second of the alternative explanations given
for the absence of an M2 response to vibra-
tion is either incorrect or quantitatively unim-
portant.
The patients with Parkinson's disease in

this study were all taking dopaminergic med-
ication. It is uncertain, therefore, whether the
changes in presynaptic inhibition were due to
the Parkinson's disease (all patients were
symptomatic) or due to the treatment. The
second possibility needs considering because
levodopa produces profound changes in trans-
mission in spinal reflex pathways in cats with
spinal transection24 and, furthermore,
dopaminergic neurons have been described in
the spinal cord.25 The types of changes in
spinal reflex pathways produced by levodopa
in the spinal cat, however, have not been
described in patients with Parkinson's disease
on therapeutic doses. The change in presy-
naptic inhibition is most likely to be mediated
by a change in the activity of the descending
spinal pathways that exert control of transmis-
sion to Ia terminals from primary afferents.
The reduction of presynaptic inhibition in

Parkinson's disease is likely to make only a
small contribution to rigidity or the impaired
control of movement. Whereas the reduction
in Ib inhibition in Parkinson's disease corre-
lates with the rigidity of the patient8 the reduc-
tion of presynaptic inhibition and the changes
in other reflex pathways69 show no clear rela-
tion to the clinical features. Moreover, the dif-
ference in presynaptic inhibition between
younger and older normal subjects'4 is much
more striking than the difference between
patients with Parkinson's disease and their
(older, age matched) controls. The younger
subjects not only had much greater presynaptic
inhibition at zero torque but also showed a
progressive decrease in inhibition with
increasing torque, such that at high torques it
was suppressed. The older subjects and those
with Parkinson's disease did not show this
presumed supraspinal control of the pathways
mediating the presynaptic inhibition.
Understanding of the role of these pathways
in the control of movement, therefore, is more
likely to come from comparison of older and
younger normal subjects than from the study
of patients with Parkinson's disease.

This work was supported by the Parkinson's Disease Society
of the United Kingdom.
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