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Modulation of Spasticity: Prolonged Suppression of a

Spinal Reflex by Electrical Stimulation

Abstract. Electrical subcutaneous nerve stimulation of radial, median, and
saphenous nerves has been shown to produce prolonged analgesia. In a double blind
study, such stimulation also suppressed clonus for 3 hours after stimulation ceased
in subjects with spasticity. Since the effect is contralateral, each subject was his own
control. Because stimulation of the nerve in the wrist suppressed ankle clonus, the
mechanism mediating the effect must be centrifugal inhibition. These results suggest
that subcutaneous nerve stimulation may also be a tool in the management of

spasticity.

Evidence for a gating mechanism in
the spinal cord that modulates nocicep-
tion (I) provides the rationale for the
clinical practice of epidural spinal cord
stimulation for pain relief (2). Several
workers have observed that this proce-
dure also benefits subjects with spastic
paraparesis in that it increases voluntary

Dorsal root
ganglia

[o]

Fig. 1. Partial diagram of the basic stretch
reflex. Stretching of intrafusal muscle (IFM)
produces firing of stretch receptor which has
its cell body in the dorsal ganglion. Activation
of the stretch receptor results in firing of alpha
motoneurons, which in turn produces muscle
contraction and decreases activity of the
stretch receptor of the IFM. The axon of the
alpha motoneuron sends a collateral to a
Renshaw cell (R) which inhibits the homony-
mous alpha motoneuron. The sensitivity of
the stretch receptor is also regulated by gam-
ma efferents, which are under bulbospinal
control. Muitiple inhibitory and excitatory
factors regulate the output of the alpha moto-
neuron preventing the cyclic discharge that
produces clonus.
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muscle control, reduces rigidity, and im-
proves bladder function (3). Thus, the
same procedure can be used to alleviate
pain and depress spasticity. As an alter-
native to spinal cord stimulation, we
have studied the effects of subcutaneous
nerve stimulation (SCNS) for the treat-
ment of pain (4). We now report that the
same treatment produces depression of
spinal reflex excitability as demonstrated
by prolonged and complete suppression
of clonus. Preliminary reports of these
results have appeared elsewhere (4) and
have been documented on film.

Clonus is a 5- to 7-Hz pathological
oscillation exhibited by spastic muscle
after being passively stretched. After ini-
tial tendon jerk, the muscle relaxes and
stretches the muscle spindles. Stretch
produces a synchronous resumption .of
spindle afferent discharge. Figure 1 de-
picts the mechanism underlying the basic
stretch reflex. Synchronous increased
monosynaptic projection of spindles
causes homonymous alpha motoneurons
to discharge again, producing a second
reflex contraction of the muscle. In neu-
rologically intact spinal cord, input from
muscle spindles is insufficient to initiate
cyclical alpha motoneuron discharge. In
spastic muscles, however, hyperexcit-
ability of the alpha or gamma motoneu-
rons is such that synchronous spindle

firing produces cyclic alpha motoneuron
firing and produces reflex contractions.
Such a closed oscillating feedback loop
indicates the importance of inhibitory
control mechanisms that normally pro-
mote asynchrony of neural activity.

Subjects were pain-free patients in the
multiple sclerosis clinic or on the neuro-
surgery ward at the UCLA Center for
Health Sciences. Nine patients had mul-
tiple sclerosis, four had postlaminec-
tomy irritability, and all had ankle clonus
that persisted for 40 to 60 beats when
triggered by patellar stretch.

The SCNS was delivered by subcuta-
neous placements of 30-gauge stainless
steel needles in the median and radial
nerves 5 cm proximal to the wrist flexure
and in two points along the route of the
saphenous nerve—at the metatarsal cu-
neiform junction and below the medial
malleolus. The needles were attached to
an electrical output (TA 4 stimulator),
which delivered 20-Hz spike wave stimu-
lation. The intensity of the current was
increased gradually until it reached
about 200 pA.

Correct placement of needles in the
median and radial nerves was verified by
reports of sensation of vibration along
the distribution of each nerve. Stimula-
tion of the saphenous nerve was fre-
quently accompanied by a massive effer-
ent outflow consisting of clonus, fanning
of the toes, and occasional stepping
movements. In normal subjects, stimula-
tion of this nerve prodiiced barely visible
muscle twitches. Gross movements,
which could be produced only in spastic
patients, were presumably reflections of
heightened neural irritability. In all cas-
es, peripheral stimulation was accompa-
nied by erythema (a reddening of sur-
rounding tissue) and local elaboration of
sympathetic signs, such as sweating,
coldness, and piloerection.

Subjects were given SCNS or control
SCNS (which consisted of stimulation of
points distal from the three peripheral

100 4 T g
i Control (N =4)
g SCNS (N=9)
2 504 §
o
S
o
oL : :
30 90 120

Interval after treatment (min)

Fig. 2. Time course for inhibition of clonus by
SCNS. Subjects were given SCNS or place-
bo, which consisted of electrical stimulation
of distal points. Clonus was measured as a
percentage of contractions before treatment.
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Fig. 3 (left). Laterality of SCNS-induced sup-
pression of clonus. Fig. 4 (right). Stimula-
tion of radial and median nerves suppressed
ankle clonus, demonstrating that the mecha-
nism mediating this response is suprasegmen-
tal.

nerves) for 1 hour twice daily for 1 week.
Ankle clonus was elicited by patellar
stretch by a physician who did not know
the purpose of the study. The SCNS
suppressed clonus for 2 hours on the first
trial in all subjects, whereas none of the
subjects given control stimulation re-
sponded (Fig. 2). With SCNS, slight inhi-
bition was immediately observable, but
maximum suppression did not occur un-
til 1 hour after the treatment ended. This
delay occurred in all instances and sug-
gests the need for ‘‘processing time.”
Inhibition lasted for 3 hours and was
observed in every subject.

The SCNS-induced clonus suppres-
sion did not depend on analgesia, as all
subjects were pain-free at the time of the
experiment. Clonus was inhibited but
not abolished by the stimulation, as was
demonstrated by the observation that it
could be elicited, to a minor degree after
multiple attempts, indicating that the
threshold for eliciting the reflex was
markedly raised. These results imply
that SCNS decreases neural excitability
and ratses the threshold for clonus.

Administering SCNS to the right medi-
an, radial, and saphenous nerves pro-
duced clonus inhibition on the left side
for as long as 90 minutes after treatment
ended (Fig. 3), but inhibition occurred
bilaterally for 2 hours after treatment.
(Stimulation on the left side produced
the opposite pattern of response.) Thus,
SCNS did not produce its effect by glob-
al psychogenic factors such as sedation.
The precise neuroanatomical pathways
subserving altered excitability are not
known, but these results imply that
SCNS can be used as a tool to map
functionally intact but latent human syn-
aptic connections.

The SCNS suppresses clonus by
dampening the oscillations in firing of
alpha motoneurons either through seg-
mental or suprasegmental inhibition. At
the segmental level, a decrease in the
excitability of muscle spindles or an in-
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crease in the potency of recurrent inhibi-
tion from Renshaw cells may decrease
excitability of the basic stretch reflex. At
the suprasegmental level, diverse brain
regions regulate the threshold of alpha
motoneurons by way of gamma efferents
(5). In order to discern whether the sup-
pression of clonus is the result of centrif-
ugal inhibition, I stimulated the radial
and median nerves bilaterally. Stimula-
tion of the nerves in the wrists complete-
ly inhibited ankle clonus, indicating that
stimulating neurons at the level of the
sixth to eighth cervical segments sup-
presses neurons in the lumbosacral seg-
ments.

Spasticity is a global term covering
phenomena as diverse as rigidity, clo-
nus, hyperreflexia, overadduction of legs
and ankles ‘‘scissoring,”’ and the dorsi-
flexion of the toes. All of these signs are
due to the release of spinal cord reflex
mechanisms from inhibition by higher
brain centers. The relative contribution
of different brain areas in modulating
postural reflexes is still unknown, but
most authors agree that the analogy of
spasticity to animal decerebrate rigidity
is inadequate. The latter refers to an
increase in extensor tone immediately
after intercollicular transection; this in-
crease in tone is transient in the case of
animals, whereas human spasticity is
permanent.

In this report, I document a decrease
in clonus subsequent to SCNS. Rigidity
also decreases, but I have been unable to
find any change in the extent of scissor-

ing, hyperreflexia, or the Babinski sign.
Similar dissociation of the behavioral
components of spasticity has been re-
ported after administration of Baclofen
(6). SCNS may provide an analytical tool
for dissecting the wvarious behavioral
components of spasticity. In conjunction
with metabolic mapping techniques such
as positron emission, it may provide a
clue to the identity of brain regions medi-
ating the individual behavioral compo-
nents.

Suppression of clonus is reminiscent
of ‘‘consolidation,”” defined here as the
time-dependent transfer of information
across diverse regions of the central ner-
vous system. One example of this phe-
nomenon is the fixation of postural
asymmetry (7): transection of the spinal
cord of 45 minutes after a unilateral
cerebellar lesion abolishes asymmetry,
whereas later transection does not. To
my knowledge, this is the first demon-
stration that any procedure can abolish a
grossly observable spinal reflex in an
awake, intact animal.

JuprTH B. WALKER
Walker Pain Institute,
1100 Glendon Avenue,
Los Angeles, California 90024
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Receptive Fields and the Optimal Stimulus

Albrecht et al. (1) have suggested that
the *‘spatial frequency channel’” hypoth-
esis provides more insight into the func-
tional nature of visual cortical neurons
than does the bar-width, or *‘size’ view.
They also pointed out that their results—
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that such cortical cells in both the cat
and the monkey are more sharply tuned
to gratings than to bars—are consistent
with an opponent center-surround recep-
tive field (RF) with subsidiary disinhibi-
tory flanks.
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