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EXTERNAL CONTROL OF EXCITATION AND INRIBITION IN
TRANSECTED SPINAL CORD OF MAN

M.R. Dimitrijevic, J. Canzoneri, J.V. Trontel] and J. Faganel

SUMMARY

This paper gives a brief review of the ueurophysiological featurea of the
reflex motor organization in spastic spinal paraplegia. These features gre
discussed of their potential usage in, or disadvantage to, the attempts at
external control of movement. There are esemtially two system of reflexes—
wonosynaptic stretch reflexes and polyeymaptic cutmo-mlax reflexes,
exemplified by the flexion wirhdrawal re.flex

The problems in using these reflewes for externally controlied movement

are the large range of spontaneous, apparently random, quantitative variation
when elicited repetitively, habituation, and stereotyped patterns of the resulting
movement. Another difficulty is the predominance of excitatory over the
tnhibitory mechanisms, particularly in incomplete spinal cord lesions. The
possible solutiong to some of these problems are discussed. Vibration is
proposed as a powerful artificial - Suppert. to the physiological servo-comtrol

in patients with incomplate lesion. A neurophysiological study model for
external control of excitation and inhibition in a motomeurone pool is described.
Guldelines for future efforts in this type of approach to external control of
movement are discussed.

In the recent years a nusber of research groups have approached the pro—
blem of loss of voluntary wmovement in patients with various lesions of the
neural and muscular system. A variety of possible solutioms have been studied.
In paraplegia due to transverse spinal cord lesion the reflex excitability of
the motonenrone pools below the level of lesion remains preserved, amd the
possibiliry of using the so-called afferant stimularion for external control
of movement has been repeatedly considered (1,2,3). The first of our three
papers in this volume will discuss this possibiliry, briefly reviewing the
neurophysiological mechanisms available for attempts at external control, as
well as the problems anticipated.

.- The basic pheno-na of spinal paraplegia have been recognized since the
classical Sherrington's description of spinal cat (4). Following a stage of
suppression of all reflex activity below the transection immediately after -

the injury, 1.e., the condition of spinal shock, there ia gradual returm of
reflexes, the first being the flexion withdrawal reflex. Next to reappear

are the perifanal reflexes as well as the myotatic or stratch reflexas. All

these gradually increase i{n intensity and in a few months there are two

dominaut patterns of reflex wmotor activity: exaggerated floxion withdrawal reflex
on the one hand and exaggerated phasic and tonic stretch reflexes associated

with clonus on the other hand.

In our previocus reports to Symposia on mﬁnml Control of Human Extremities
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(1,2) we have discussed the possibilitiaes of reorganizing and exploiting this
motor activity so thar 1t might subserve some functiuna; movement .

Before further discussing the above question we should like to give a
brief summary of neurophysiological characteristics of the flexiom withdrawal
reflex and the stretch reflex in spinal paraplegia, which we have studied
extensively in the past yeara (5-12). : ]

The flexion withdrawal reflex is a cutaneo-muscular reflex bgse(i oo a
polysynaptic reflex are extending through several segments of the spinajl
cord (Figure 1).
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Figure 1

In the paraplegic patients it hasg abnormally low threshold, largsr reflexogenic
zone and it involves an increased mmher of muscle groups, which results in

a stereotyped massive withdrawal movewment from the offending stimmlus. The
amount of the movement depends not only on the strength of the stismlus, but
2130 on the nosber and frequency of previous stimulus presentations. Repetitive
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stimulation tends to produce habiemation, that is, gradual decrease of the
response. Increase In atimulus streagrh or irregnlariry in stimulation rare
will interrupt habituation. Both habituarionm and dishsbirvarion are processes
variable in intensity as well as in time comstants, and can be partly comtrolled
by changing atimulation patterns (Figure 2).
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The phasic stretch reflex or tendon jerk is based on a wonosynaptic
reflex arc (Figure 3). The wost distinguishing feature of the phasic stretch
reflex in spinal paraplegia as compared to the normal conditiom is that the
initial response is followed by an after—discharge. Also, the reflex has a
decreased threshold and is abnormally brisk. Sustained stretch can induce
clonus, which appears to be composed of a series of strerch reflexes separated
by periods of inhibitiom. The stretch reflex is also subject to processes of
habicuation and dishabituation (Figures 4 and 5), alrbough usuzlly somevhat
less congplcuous. In contradfstinction to the polyaynaptic reflexes, such as
the flexion withdrawal reflex, it can be potentiated with high frequency
(tetanic) afferent inflow. :
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fire both in the polysynaptic flexion withdrawal reflax and in the monosynaptic

cord, which shows that the remaining descending fibers tend to facilivate -
rather than inhibit excitation; acwetimes quite conaiderably, even whem they
are too few to initiate amy useful movenent {12). . S .

After this brief review, let us again consider the possibilities and :
problems of using the neurophysiological mechanismé in the extarnal coutrol of -
movement., . _

Any movement and indeed any organized activiﬁy in the central nervous
systen depends ‘on an appropriate control over w0 wechanisme: eaxcitarion and

inhibition. The problems in spastic ‘spinal paraplegia sre that excitarion is



coarse, easlly spread, stereotyped and subject to habitpation. Inhibition is
poor, and ‘18 easily overidden by excitatory processes.

Habituation can be overcome by either increasing the stimulus streagth

or changing the spatial or temporal patterning of the stimmlatiom (Figure 6,
see also Figures Z and 5}. _
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In our earlier work (13) it has been ahown that even at the level of the
gpinal cord habituarion may be based, at least in part, on recognition of
gimple to rather complex stimulus patterns, and not just on simple synaptic
fatigue in multineurone pathways as proposed by Spencer, Thompaon. and Neilson
(14). Thus dishabituation could be produced by a change in stimuiation pattern
not implying any net increase in stimulation energy per unit of time or
changing to other sensory inputs. However, this mechanism is usually less
easy to demonstrate and probably does not play a asjor role in this condition;
for most practical purposes in externally controlled dishabituatiom it should
suffice to consider that the easiest and most efficient way is to Increase the
stimmlus, or use stochastic changes in stimulus parameters or employ additional
input chanvels. We have shown high input specificity for habituation moving
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the stimulus only a few centimeters from the original pos:l.tiuix regults in
dishabitvation.

An interesting possibility for external control of excitation is
offered by vibration. Hagbarth and Eklund (15) have demonstrated that in
incomplete upper moatorneurcnlesion vibration of paretic muscles can increase
strength of voluntary contraction. In a rTecent study (12) we have shown that
vibration in combination with voluntary effort may produce a good movement
even when there 1s no other evidence of partial preservation of descending
pathways and the patient is regarded to have a complete lesiom (Figure 7).
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It is possible to speculate that voluntary effort in this case works not so
mich on.the alpha-motoneurcm pool but predominantly on the gasma—motoneurones
thus allowing a tomic vibration reflex te develop. The advantage of this
type of artificially supported servo control iz that voluntary effort will
trigger the contraction much as in the normal comditiom, and that the
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antagonistic muscles are similtaneously depressed.

As regards the possibility for externaily controlled iphibitiom, there is
a variety of inhibitory reflexes whose arcs are completed and preserved in
the atump of the spinal cord. For the purposes of extermal control the most
interesting ones may be those elicited by stimulation of cutaneous nerves.
This inhibition is mainly presynaptic. A problem could be that such atimula—
tion may also produce excitatory responses, e.g., the flextion withdrawal
reflex. However, on repetitive stimmlation excitation will habituate much
faster than inhibition, and this should make it posaible to achleve inhibition

uncontaminated with undesired motor responges after an initial period of
stimulation.

To study the feasibility of extermal control of excitation or facilitation
and inhibition or depression in a glven motoneurone pool of a paraplegic
patient we chose the following experimental situation (16).

The motoneurone pool to be comtrolled was that of the quadriceps muscle
of one leg. The effect of the external control was tested as changes in
maghitude of repetitively elicited stretch reflex of the quadriceps. Externally
induced facilitation was achieved by stimulating the contralateral plantar
surface with 1ight noxious stimuli. The physiological basis of this is the
crosaed extensor reflex. Externally induced inhibition of the quadriceps
motoneurone pool was achieved by 1ight noxious atimulation of the ipsilateral
plantar surface. Both facilitation and inhibition have characteristic time
. courses necessitating appropriate intervals, malnly between 50 and 500 msec.,
and can be graded by grading the strength of the noxious stimulus. This
experimental model has been used in the cybernetic study which will be reported
in the third paper of this series.

It muat be emphasized that the described effects of conditioning facilitatory
and inhibitory stimulation are subject to simllarly large variations aa described
above for the testing response. Thus the "spontaneous” variation is due to
undefined synaptic inflows beth from the periphery and from some interneurcnes.
Full urinary bladder or an infected decubital ulcer, for instance, may pro-
foundly alter the reflex activity. This tends to severely limitate the
constancy and repeatability of the effects of stimulatiom and, as will be
shown in the following two papers, it ig necessary to use very complex algorithms
to achieve more or less predictable, stable responses .

In spite of the described difficulties it 1s our belief that this type
of approach should be developed further. There is &till much to be learned
about the reflex organization of the spinal cord and this knowledge might
conslderably increase our possibilities for external control.

Furthermore, we feel that another fruitcful approach for externally
contrelled excitation and inhibition might be in attempts to induce long-term
changes in reflex activiry, especlally when applied in early stages after injury.
Structural synaptic changes have been described to follow long-term afferent
stimylation in the isolated spinal cord of the cat (17). We can hope to achieve
such structural reorganization as would result inp a favorable change of reflex motor
patterns. Moreover, externally controlled excitarion and inhibition may increase
the efficacy of the weak voluntary motor control in patienta with incomplete lesions.
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