
Journal of Neurology, Neurosurgery, and Psychiatry, 1973, 36, 87-93

Effect of procaine infiltration into biceps brachii
muscle in man on supraspinal control of reflex

transmission
PETER D. NEILSON'
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SUMMARY Sensitivity of the tonic stretch reflex (TSR) of biceps brachii in normal man was
measured at different levels of voluntary contraction before and after gamma efferent nerve fibres
were selectively blocked by infiltration of dilute procaine. The procaine infiltration reduced TSR
sensitivity to one half of its control value. It had no effect, however, on the slope of the relation
between TSR gain and level of voluntary contraction. It was concluded that the increase in TSR
sensitivity associated with voluntary contraction was not mediated by the gamma efferent fibres and
control of reflex transmission is therefore not the main function of the fusimotor system.

The sensitivity of the tonic stretch reflex (TSR)
of the biceps brachii muscle in man has been
shown to increase with level of voluntary
contraction, whereas in spastic patients the
sensitivity is independent of contraction level
(Neilson, 1972c). In spasticity the stretch
reflexes impair the effectiveness of purposive
voluntary movements and the loop-gain is set at
a near maximal level so that reinforcement by
voluntary contraction is unable to cause an
increment in gain. Rushworth (1960) found that
he was able to reduce muscle tone in gastro-
cnemius-soleus muscles in spastic patients, with-
out reducing power, by injection of 10% procaine
near the sciatic nerve. Based on evidence from
previous studies (Matthews and Rushworth,
1958) in which procaine was shown to block
differentially small diameter gamma efferent
fibres, Rushworth concluded that an overactive
fusimotor system contributes to muscle rigidity
and spasticity. It has been shown that fusimotor
activity can increase the slope of the relation be-
tween frequency of discharge of primary ending
and the length of the muscle (Eldred, Granit, and
Merton, 1953; Granit and Henatsch, 1956;
Harvey and Matthews, 1961; Jansen and
Matthews, 1962). Using differential nerve block
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in man by intrathecal and epidural procaine
infusion, Landau, Weaver, and Hornbein (1960)
confirmed the conclusion that procaine blocked
the fusimotor fibres. The muscle spindle sensi-
tivity to stretch was shown to be reduced, causing
the tendon reflexes to disappear, even though
the large diameter afferent and efferent fibres
were largely unaffected. The aim of this study is
to ascertain whether or not the increase in TSR
sensitivity with contraction in normal subjects is
caused by increased fusimotor activity associated
with voluntary effort.

Using a cross-correlation technique of analysis
it is possible to measure TSR transmission
characteristics in normal subjects sustaining
different levels ofvoluntary contraction (Neilson,
1972c). Repetition of the test before and after
infiltration of a dilute procaine solution into the
muscle belly should indicate whether or not the
increase in TSR sensitivity in normal subjects is
a consequence of increasing gamma efferent
activity. Interpretation of the procaine block
experiment relies on the conclusion that stretch
reflex activity is depressed by procaine because it
selectively blocks small gamma efferent fibres.
This conclusion is the subject of some contro-
versy. Gassel and Diamantopoulos (1964) point
out considerable differences in various reports
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regarding the differential blocking of nerve
fibres by procaine. From their own experiment
they concluded that little or no differential
blocking ofgamma fibres occurs during procaine
nerve block and that decrease in ankle-jerk and
H-reflex is in large part the direct result of a
block of large afferent fibres. However, their
observations concerned perineural procaine
injection which is more difficult to control than
the diffuse infiltration of a muscle belly which
causes abolition of tendon reflexes with preserva-
tion of power and therefore seems acceptable as
a form of differential block (Lance, 1970).
The role of fusimotor activity in the servo-

mechanism theory of the control of movement
(Merton, 1953) is not at all certain. As Matthews
(1964) explained:
'In discussing the gamma route of excitation it is
necessary to keep somewhat apart the evidence which
indicates that the length of a muscle is maintained at
a certain value by means of a servomechanism, and
the evidence which suggests additionally that the
null or balance point of the servo is normally changed
by fusimotor activity acting alone. The evidence for
the former idea is considerably stronger than that
for the latter.'
Since fusimotor activity has been shown to
increase the sensitivity of the primary spindle
ending to stretch, it could be suggested that the
main function of the fusimotor fibres is to control
sensitivity of reflex transmission rather than set
the intrafusal fibres to a desired length.

In the present study the subject attempted to
keep the arm in a fixed position so that the de-
sired length of the muscle should be constant. If
fusimotor activity sets desired length by biasing
the spindle, then it should also be constant
during the test and could not, therefore, con-
tribute to an increase in TSR sensitivity. On the
other hand, if the main function of fusimotor
activity is to control sensitivity of reflex trans-
mission, then gamma activity would be expected
to increase as the subject stiffens the arm and
enhances TSR transmission. Thus this study is
designed to assess the possible role of fusimotor
activity in the servo model for control of move-
ment.

METHOD

Five male subjects without a history of neurological
disorder were tested before and after 10 ml. procaine

1% was infiltrated into the biceps brachii muscle.
The subject lay supine with the right arm strapped
into a frame which constrained movement to
flexion-extension about the elbow. Beckman surface
EMG electrodes where attached 5 cm apart over the
belly of the right biceps muscle to enable direct
electromyogram (EMG) and integrated electromyo-
gram (IEMG) to be recorded on an Offner four
channel dynograph. Distortion introduced into the
IEMG signal by the integrating filter was corrected
by multiplying gain and phase curves by the inverse
characteristics of the filter. The subject flexed the
arm so that the elbow angle was in a 900 position
and was instructed to hold the arm as still as
possible in spite of disturbance forces applied to the
limb by a spring connected 30 cm from the axis of
elbow rotation (Fig. 1). The other end of the spring
was connected to an oscillating cantilever arm on a
sinusoidal stretching machine which has been
described elsewhere (Neilson, 1972b). Stretching the
spring applied a sinusoidal disturbance torque about
the elbow joint which was opposed by reflex con-
traction of the biceps muscle. The responses were
involuntary, for frequencies greater than 2-0 Hz at
least, since it has been shown that for these fre-
quencies the voluntary system is incapable of pro-
ducing coherent responses (Neilson, 1972a). Elbow
angle changes caused by the sinusoidal disturbance
force were recorded on the dynograph by a gonio-
meter attached to the arm frame. Variations in angle
were of the order of 10-20° and were used as a
measure of change in muscle length. During each
test the subject was instructed to stiffen the arm
slowly by simultaneously contracting flexor and
extensor muscles. In this way the sensitivity of the
TSR could be determined at different levels of
voluntary contraction. Mean deflection of the
IEMG signal above the baseline during each 1 sec
interval provided a measure of the level of voluntary
contraction which was used to sort the data into five
levels of contraction. The IEMG signal was calibra-
ted by adjusting the pen deflection to 25 mm while
the subject supported a 10 kg weight at the wrist. A
cross-correlation analysis between the IEMG signal
and elbow angle changes enabled the reflex responses
to be separated from the total electromyographic
activity (Neilson, 1972b). Gain and phase of TSR
pathways, taking elbow angle (muscle length) as
input and IEMG responses as output, were measured
at each level of voluntary contraction. These
measurements were repeated before and after the
procaine infiltration. Since the duration of effective
procaine block was limited to 5-10 min there was
sufficient time only to measure gain and phase at 3
different frequencies.

Direct EMG was also displayed on a Tektronix
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FIG. 1. Sketch of subject's arm strapped into arm frame. The subject was instructed
to hold the arm as still as possible in the 900 position in spite of disturbance forces
applied through the spring.
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FIG. 2. Auto power spectra of elbow angle variation caused by a sinusoidal disturbance force (3-0 Hz)
(a) during a control test before procaine infiltration, and (b) after procaine was infiltrated into the biceps
brachii muscle. The peak increased by about 335/% during the procaine block.
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531A oscilloscope after amplification in a Tektronix
122 preamplifier. This allowed a check for movement
artefact and also enabled the synchronous EMG dis-
charge of the biceps tendon jerk to be monitored.
The effectiveness of the procaine block was assessed
by the complete suppression of the EMG of the
tendon-tap reflex responses without loss of muscle
power. The tendon responses were tested regularly
throughout the duration of the procaine block until
the first sign of recovery of the response was ob-
served. Testing was then terminated.

RESULTS

IEMG responses coherent with elbow angle
changes were recorded before and after procaine
infiltration of the biceps brachii muscle. At all
levels of voluntary contraction the power
spectra of elbow angle and IEMG signals dis-
played a peak at the stretching frequency (Figs
2 and 3). During the procaine block the peak in
the elbow angle spectrum increased by 3300
(Fig. 2a and Fig. 2b) indicating that the excursion
of arm movement had increased and the peak in
the IEMG spectrum decreased by 5000 (Fig. 3a
and Fig. 3b). These results show that the reflex

responses were reduced to about half their pre-
vious value in spite of an increase in both the
magnitude and velocity of muscle stretching.
At every level of muscle contraction the

coherence between IEMG and elbow angle
signals at the disturbance force frequency de-
creased from a mean value of 0-8 to 06 after the
administration of procaine. This drop in co-
herence shows that the IEMG signal contained
more fluctuations not correlated with elbow
angle changes.

Phase lead of the IEMG signal ahead of
muscle stretch was calculated from the cross
power spectrum. Procaine infiltration caused the
phase lead to increase by a further 25°-100°
depending on contraction level. The total phase
lead exceeded 1800 at the highest level of volun-
tary contraction, that is the maximum EMG
occurred during the latter half of the shortening
phase of the stretching cycle.
At all levels of voluntary contraction the pro-

caine reduced TSR sensitivity to approximately
one half its previous value, although the increase
in gain with voluntary contraction was un-
affected (Fig. 4). The increase in phase lead of
EMG ahead of muscle stretching described

Control
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FIG. 3. Auto power spectra of variations in the IEMG signal recorded while a sinusoidal disturbance force
(3 0 Hz) was applied to the limb (a) during a control test before procaine infiltration, and (b) after procaine
was infiltrated into the biceps brachii muscle. The variation of IEMG at the disturbance frequency
(3 0 Hz) decreased by 50°/, during the procaine block but there was an increase inpower at lowerfrequencies.
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FIG. 4. (a) Gain of tonic stretch reflex pathways (ratio of change in IEMG to change in elbow angle) plotted
against level of voluntary contraction, measured by the average IEMG deflection over I sec intervals. (1) during
a control test before procaine infiltration, and (2) after procaine infiltration into the biceps muscle. Procaine
reduced TSR gain by about 6 db (one half) but did not influence the increase in gain with contraction. (b) Phase
of TSR pathways plotted against level of voluntary contraction. Phase lead of EMG ahead of muscle stretch
increased by 25-lO0° during the procaine block and the phase lead continued to increase with voluntary
contraction.

previously (Neilson, 1972c) was unchanged by
the procaine infusion (Fig. 4).

DISCUSSION

Procaine infiltration into the biceps muscle com-

pletely blocked the biceps tendon jerk without
reducing muscle power for a period of 5-10 min
and thus appears to have been effective in pro-

ducing a relatively selective block of the small
diameter gamma efferent nerve fibres. The 500%
reduction in the EMG of the TSR responses is
consistent with the results reported by Rush-
worth (1961) in patients with Parkinsonism and
spasticity and with the study reported by DeGail,
Lance, and Neilson (1966) in which procaine

infiltration into the quadriceps muscle in normal
man reduced the tonic vibration reflex (TVR) to
one third or less of its control value.
The increase in the size of the peak in the

elbow angle power spectrum after the procaine
block indicates that the amount of movement
about the elbow at the stretching frequency was

increased. The reflexes were less effective in
compensating for disturbance forces applied to
the limb and the subject's ability to hold the
arm steady was diminished. The decrease in the
size of the peak in the IEMG power spectrum
indicates that procaine reduced the magnitude
of the reflex response to about one half in spite
of the increase in amplitude and velocity of
stretching. The IEMG spectrum also showed an
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increase in the variance of the IEMG signal at
frequencies other than the stimulus frequency
after procaine infiltration. The IEMG of the
TSR responses is therefore more difficult to
measure after a procaine block because it is
not only smaller but is mixed with a larger
amount of variation of EMG activity not corre-

lated with muscle stretching. This increase in the
variation of EMG activity may be explained by
the subject attempting to compensate for the re-

duced effectiveness of the stretch reflexes but
being unable to produce responses coherent
with the stimulus.

Procaine block also changed the timing of the
reflex responses in that the phase advance of
EMG of reflex response ahead of muscle stretch
increased by 25°-100° depending on the level of
voluntary contraction. This result is consistent
with the parallel reflex path hypothesis proposed
previously (Neilson, 1972b). It suggests that the
total reflex is probably the summation of re-

sponses from a number of reflex pathways each
having different timing. For example, Ta, Ib, and
group 1I afferent fibres probably each contribute
and the timing of the reflex signals in each of
these pathways is different, since la fibres respond
to length and rate of change of length, group II
fibres respond to length, and lb fibres respond to
tension and rate of change of tension. A reduc-
tion in the magnitude of the reflex signals in Ia

and group 1I fibres caused by the procaine block
of gamma efferent fibres, will cause the timing of
the total reflex response to approach more

closely the timing of the lb reflex activity alone.
A preponderance of inhibitory lb activity could
thus be responsible for the increase in phase lead
caused by the procaine infiltration.

Although procaine eliminated tendon reflexes
and diminished TSR responses it had no

influence at all on the increase in TSR sensitivity
which accompanied an increase in voluntary
contraction. The slope of TSR gain (ratio of
change in IEMG to incremental change in elbow
angle) plotted against level of voluntary contrac-
tion was unchanged by the gamma efferent block.
The gain increased in a manner exactly parallel
with the increase before infiltration of procaine.
Although it is possible that the gamma efferent
fibres were not all blocked and some fusimotor
drive may have been present after the procaine
block, the similarity of the increase in TSR

sensitivity before and after procaine makes it
reasonable to conclude that increase in TSR
sensitivity with voluntary contraction is not
mediated by the gamma efferent fibres.
The failure of gamma efferent block to dimin-

ish the control of TSR transmission associated
with voluntary contraction suggests that control
of reflex sensitivity is not the main function of
the fusimotor system. Since alpha and gamma
motoneurones are excited in parallel by central
stimulation (Matthews, 1964; Koeze, Phillips,
and Sheridan, 1968), it may be that movements
are produced by setting desired length on the
intrafusal fibres as proposed by Merton (1953)
and simultaneously signalling anticipated ten-
sion requirements to alpha motoneurones. Pro-
viding the tension-length characteristics of
muscle and load have been correctly anticipated
the muscle spindle discharge should remain
steady. Any deviation of actual muscle length
from desired length would be corrected by
reflex action.

Since supraspinal control of TSR sensitivity is
not mediated by the gamma efferent system the
actual mechanism remains undefined. Three
other mechanisms which could possibly be
responsible are: (1) direct corticospinal control
of alpha motoneurone excitability, (2) supra-
spinal control of pre- and post-synaptic inhibi-
tion, and (3) control of bias on interneurones
associated with reflex arcs. Control of alpha
motoneurone excitability cannot explain the in-
crease in phase lead with voluntary contraction
which has been described previously (Neilson,
1972c) and has been verified in this study. One
might expect the magnitude of the reflex response
to increase or decrease with alpha motoneurone
excitability but one would not expect a change in
timing of the reflex signals. Thus control of alpha
motoneurone excitability is unlikely to be the
sole mechanism causing the increase in TSR
sensitivity. This conclusion is in agreement with
Gottlieb, Agarwal, and Stark (1970) who con-
cluded that increased motoneurone excitability
due to voluntary activation was unlikely to be
responsible for the change in H-reflex sensitivity
measured by them during foot pressure tracking
because the change in sensitivity preceded and
followed a different time course from the change
of EMG activity. They proposed that three
distinct signals were concerned with control of
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movement, one to alpha motoneurones, one to
gamma motoneurones, and a third to control
reflex sensitivity within the spinal cord. Indepen-
dent control of the sensitivities of separate paral-
lel reflex pathways (say Ia, lb, and group II)
could change both the magnitude and the timing
of the TSR responses. Since both gain and
phase characteristics were observed to change
with voluntary contraction, independent control
of the different parallel pathways by, say, control
of background bias on interneurones associated
with the reflex arcs, 4's the mechanism most likely
to be responsible for the change in TSR trans-
mission.
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