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5tulcov6, 1964) further evidence was obtained showing that even a 5 sec iso-
metric tetanus leads to a very marked increase in the sensory outflow from
normal muscles, which lasts for several minutes (Hnik & Payne, 1965b).

Isotonic contraction performed under otherwise identical conditions leads to
a very much smaller increase.

Although it is tempting to ascribe the increase in sensory outflow in muscle
atrophy and that after muscle activity to the same group of fibres, namely the
surplus non-proprioceptive myelinated sensory nerve fibres, it is too early to
draw any deflnite conclusions. We are at the present time trying to identify
the group of fibres responsible for this increase. It is, however, perhaps worth-
while to consider the general implications of these findings.

From the pathophysiological point of view, a pathological process (namely
muscle atrophy) has actually been shown to cause an increased sensory out-
flow from the affected region. Such nervous activity has previously been as-

sumed in various disorders (e.g. gastric ulcers), but never actually been demon-
strated. In fact, there is some indication eyen of a 'vicious circle' mechanism
being involved in muscle atrophy due to tenotomy, since it is possible to slow
down the rate of muscle atrophy by dorsal root section (Hnik, 1964a). Further-
more, such a longlasting increase in sensory outflow from the periphery has

evidently an effect on synaptic functions even at the spinal level, as it has been
shown that after tenotomy the monosynaptic reflex response (Ber6nek &
Hnik, 1959; Kozak & Westerman, 1961; Ber6nek, Hnik, Vyklickii & Zelen6,
l96l), is considerably enhanced.

On the other hand, the transient increase in sensory outflow after muscle
activity, especially that performed under isometric conditions, might play an
important role in yarious regulatory mechanisms (affecting circulation, res-
piration and even, perhaps development of muscle hypertrophy). But these
points are, of course, as yet purely hypothetical.
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Fig. l. Recovery of the H-
reflex to paired stimuli of
equal strength to produce
reflexes of maximum ampli-
tudes. Above: Mean from l0
patients with spasticity and
19 normals. Below: Patient
L. M. with spinal shock and
mean from 19 normals.
Abscissa: Time intervals be-
tween stimuli of the pair.
Ordinate: Amplitudes of test
reflexes in per cent of condi-
tioning reflexes. The vertical
bals indicate mean erors.
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To what extert the changes in recovery in patients with spasticity or rigidity were
due to suprasegmental influences directly on the spinal motoneurones or vra the
lusimotor s) slem remrins unsellled.

In l0 patients with acute spinal shock at attempt was made to differentiate between

a depression of motoneurone excitability and of spindle mechanisms.
Early in spinal shock the electrical response associated with a maximal ankle jerk

was profoundly depressed or absent whereas the single maximal H-reflex was normal.
With paired stimuli recovery deviated from normal. This is illustrated by findings in a
2l year old patient investigated 24 hours after a traffic accident which caused frccture
of the cervical spine (Fig. 1, lower). The patient had spinal shock with flaccid para-
lysis, complete sensory loss, absent tendon reflexes but single maximal H-reflexes of
normal amplitude. The recovery of the test reflex showed that the early facilitation
was absent, the test reflex returned later than nonnal, the second facilitation was
absent and the late depression was more pronounced than normal.

The normal amplitude of the single maximal H-reflex early in spinal shock indicates
normal mctoneurone excitability to single stimuli. The absence ol the maximal ankle
jerk then indicates decreased sensitivity of the muscle receptors, presumably caused
by a depression of fusimotor activity. The profound suppression of the recovery of
the test reflex is assumed to be due largely to the altered pattern of background ac-
tivity from the muscle proprioceptors.
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B

0 20 40 msec

0 20 Aomsec

Fig. 2. Ailerent discharges of an isolated muscle spindle evoked by stretch, To illustrate the
decrease in lilleocy and threshold caused by the spontaneous contraction of a single intralusal
muscle flbrc preceding the stretch. L,: Evoked responses (R) and spontaneous extracellular
action potential from an intrafusal muscle fibre (C). nc: alTerent response to the contraction.
Mr: nechanical transients, rise time 2 msec, deformation at threshold. IB: rcsponse to a
subthreshold stretch after a preceding intrafusal contraction. II: reduction ofthelatency of the
second response (R), aftera preced ing intrafusal contraction; deformation: 1p above threshold.

discharge. The rate of spontaneous afferent discharges decreased after curare infusion
to about half.

The effect of curare on the spontaneous activity of intrafusal muscle fibres is con-
sistent with the assu[lption that this activity originates at the motor nerve endings
in a way analogous to the origin of the miniature end-plate potentials in extrafusal
muscle fibres (Fatt & Katz, 1952). The diameter of intrafusal muscle fibres is l/4-l/5
that of extrafusal f,bres. Therefore, a spontaneous release of transmitter at the end-
plate, which causes a local depolarizatiol in extrafusal muscle fibres, nlay cause a
conducted response in intratusal fibres. Measurements of the conduction velocity of
spontaneous discharges of intrafusal muscle fibres (Buchthal & Jahn, 1957) indicated
that the spontaneously contracting intrafusal fibres of Ra a ternporatia behave like
twitch fibres (pp.426 7 in Buchthal & Sten-Knudsen, 1959).

The occurrence ol these spontaneous intrafusal contractions offered the opportu-
Dity to study the effect of the contraction of a single intrafusal twitch fibre on sub-
sequent responses to stretch. When stimulated by a mechanical transient the jsolated

frog spindle responded with a single afferent discharge to a threshold deformation of
about 8 /r (Jahn, 1963). A preceding intrafusal contraction facilitated the response to
single stretches in that subthreshold stretches produced an afferent response (Fig. 2,8).
When the deformation was above threshold a preceding intrafusal contraction reduced
the latency. With a stretch of I Ir above threshold a preceding intrafusal contraction
teduced the latency of the response by 25 91, (Fig. 2)j without a preceding intrafusal
contraction the sanre latency occurred with a 1.75 to 2 times greater defornation
(14 -t6 rt).

]n addition to the immedjate effect of an intrafusal contraction on latency and
threshold of a single evoked response, there was a more protracted eflect when the

l lo 
s.v
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spindle was stimulated by trains of stretches (Fig. 3). Trains of deformations which
were threshold for single stretches evoked only a lew responses if applied at a rate of
more than I I stretches per second. Alter an intrafusal contraction everystretch evoked

a response even if applied at a 6 times greater frequency. The duration of the facilita-
tion after an action potential of an intralusal muscle fibre corresponded well to the

duration of the mechanical changes in a contracting intrafusal fibre (Fig.3). The

degree of the facilitation caused by the intrafusal contraction is illustrated by the fact
that a deformation of about twice threshold was required to obtain responses to every

stretch. That the duration of the facilitation coincided with the mechanical response

of an intrafusal contraction makes it tikely that this facilitation is due to an addi-
tional defomation of the spindle corresponding in degee to the deformation which
was threshold for a single stretch.

The spontaneous afferent firing of muscle spindles allowed a comparison of the

excitability after a spontaneous aflerent discharge, not associated with changes in the

mechanical state of the spindle, with that after a stretch. In 8 spindles the average

minimum interyal between a spontaneous afferent discharge and a regular response

to stretch of threshold deformation was more than 30 msec. With a delormation of
twice threshold the minimum interyal was 8 msec and with three times threshold

5 msec (Fig. 4). When the conditioning afferent action potential was evoked by
stretch the minimum intervals were longer. With twice threshold deformation the
minimum intervals were 50% longer (12 msec) and with three times threshold defor-

mation 40% longer (7 msec). These experiments show the prolonged depression of
excitability when a test stretch was preceded by changes in the mechanical state of
the muscle spindle.
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Fjg. 2. Plot obtaincd as in Fig. l, but for 1 single dorsal-root fibre carrying impulses from a
spindle in soleus.

Fig.3. Diagram to indicate the expected lorm of the plot in Fig.2, on the basis of a mixtu.e
of static and dynamic components, each with iis own threshold. The static component gives
the linear return slope because the dynamic component makes no contribution when the rate-
of-change oI tension is negalive. During the period of rising tensions, the 'velocjty-dependent'
dynamic component introduces phase-advance. The broken line indicates the frequency-
limitation introduced during the passage of the signal through the reflexcentre in consequence
of the characteristics of Renshaw-cell discharges.

Block dioqrom of ihe Muscle Servo

Fig. 4. Block diagram to in-
dicate the interactions be-
tween some of the factors
thal must be taken into con-
sideration in prcdicting the
mechanical response to nerv-
ous motor commands.

Tension

Actrve.statelirme
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1000 s
Fig. l. Phasic (P), tonic (T), and
static (S) components of the
reflex tension in gastrocnemius
muscle of precollicular decere-
brate cat. UpDer two records are
tension at fast and slow sweep
speeds. Reflex tension was di-
rcctlyrecorded with a compensd-
tion method. The lowesl rccord
shows the lenglh change ofmus-
cle. Stretch rate, 280 mm/sec.

0,5 sec
25 sec

The second one always lasts more than I sec, sometime 20-30 sec or even I min. This
slow component will be named the 'tonic componenl' of the stretch rcflex. The first
component, appearing with some latency after the beginning of extension, is named
the'phasic co pohenl'. The higher the stretch rate, the clearer the distinction between
these two components. Both phasic and tonic components are highly dependent upon
the rate of stretch. The phasic component is created by the high rate of extension at the
initjal stage of stretch. It is due to an almost synchronous firing ol the motor units,
the actual tension development depending mainly upon the changing muscle extension,
Progressive recruitment of new motor units may be rare during this phase. Some
kind of circulating activity may be established at spinal and/or supraspinal levels,
which is triggered by the initial phasic burst of spindle discharges. This probably
causes the tonic component. Fig. I illustmtes the phasic (P), arld tonic (T), and static
(S) components of the reflex tension appearing in gastrocnemius at the stretch mte of
280 mm/sec. The two tension records are taken at fast and slow sweep speeds, respec-

tively.
4. The three components described above were compared in the slow soleus and

the fast tibialis anterior muscles. The phasic component is smaller in soleus than in
gastocnemius, but the tonic component is highly dominant in soleus, both in amplitude
and duratiol. The phasic component becomes smaller, the tonic one greater, at high
mtes of stretch of soleus. The static component must be looked lor long after the
end of stretch (after I min). Even at a stretch rate of 0.23 mm/sec the tonic component
is still to be seen. The sensitivity to rate of stretch is $eater in soleus than in gastro-
cnemius. On the other hand, the tonic component in the reflex tension of a phasic

muscle like tibialis anterior is very small and lasts for a short time only. Here, a
distinct relation between tension and rate was noted at rates of 10-100 mm/sec,
At lower rates this muscle showed no teosion response at all of any of the thr€e
components of the stretch reflex. The development ol tension in tibialis anterior was

very poor by comparison with soleus, although the mean weight of the former muscle
is 1.6 times that of the latter. The reflex response of soleus per gram is about 10 times
greater than that of tibialis anterior.

Details ol this study, including a discussion of supraspinal influences upon the three
components of the stretch reflex, will appear elsewhere (Takano, Henatsch & Heinich
and Takano, unpublished).
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200/sec were applied. Alpha motoneurones djscharged at 1.2 to 2 times higher current
intensities than the threshold of gamma notoneurones (Fig. 1A, B). The latency of
evoked gamma discharges was 29.5 14.5 msec (r: l1), of evoked alpha discharges
40.0 t 7 msec (l? : I I ). These latencies are about 25 % longer than when the brainstem
was intact. A 25 9/o to 150% decrease in the latency of gamma discharges was observed
when ma-\imal stimuli were used instead of threshold stimuli. The duration of the
evoked gamma discharges was longer (96.5 t42 msec, , : l0) than the duration of
the alpha discharges (34.0 t17.2 msec, , . l0). Transection of the pyramid caudal
to the point of stin'rulation abolished the evoked response (Fig. I C).

These results are in agreement with the results of chronic experiments on cats
supported in a sling: flexion reflexes and tonic flexor activity were diminished for
several weeks after section of the medullary pyramids (Wiesendanger & Laursen,
unpublished). With respect to the alpha motoneurones our results agree with those
of Kato, Takamura & Fujimori (1964), except that we regularly observed co-acti-
vation of gamma and alpha motoneurones in a flexor ne e whereas Kato et al,'s
figure indicates a reciprocal effect of pyramidal stimulation, i.e. inhibition of gamma
discharges and initiation of alpha discharges. Kato c/ a/. recorded from ventral root
filaments and gamma and alpha spikes in their records may be from motoDeuronses of
different muscles.
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