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PATHOLOGICAL PHYSIOLOGY OF THE SPINAL CORD. 23

phenomenon ’—Westphal). It can often be obtained best

when the knee is not completely extended. The movement
is very uniform, from six to ten contractions occurring
per second. By attaching a writing, point to the foot,
and making it trace a line on a revolving cylinder covered
with blackened paper, I have obtained such tracings as 1
now show you (Fig. 10), which are almost as regular as the
tracings of a tuning-fork. This foot-clonus can be more
frequently obtained than the clonus in the extensors of the
knee, but the two have the same time, and are evidently of

the same nature.
What is the nature of these phenomena? When a

tendon is tapped, and its muscle confracts, the occurrence
has somewhat the aspect of a reflex action. It was
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Fia. 10.—Tracive oF THE Foor-CLonus 1§ PARAPLEGIA.
(The tracing veads from right to left.)

assumed by Erb that the contraction is a true reflex
action, the stimulus being the excitation of nerves in the
tendon. Hence it has been termed * tendon-reflex.” This
view has received apparent confirmation by the discovery
of certain facts: (1) That there are nerves in tendon.*
(2) That these phenomena depend for their occurrence on
the integrity of the reflex path to, through, and from the
spinal cord, and are arrested by a lesion in this path.
By experiments on animals (in whom similar contractions
may be obtained) it has been found that they are prevented
by division of the merves to the muscles, by division of
either the anterior or I‘u'miu;-inr roots of the F‘llitltli nerves,

* It does not need the microscope to demonstrate this, as any one may

ascertain who will take the trouble to give hiz Achilles tendon a sharp
pinch.


















PATHOLOGICAL PHYSIOLOGY OF THE SPINAL CORD. 20

tended).* The irritability, on which they depend, is due
to and demonstrative of a muscle-reflex action which depends
on the spinal cord.

A true “tendon-reflex” may be excited by pinching the
tendon, but this is a start of the whole limb, precisely such
as results from a pinch of the skin.

A clonus quite similar to that just described can be
sometimes obtained in the peronei (a lateral foot-clonus),
and also in the plantar muscles of the great toe—in each
case by passive tension. All have nearly the same fime—
about eight per second.

It is of interest to note that modern physiologists know
nothing of museunlar  tone »” except as developed by tension,
and it is highly prtﬂ;n’hlﬂ that the condition on which the

Fra. 12.—Norumir Foor-Croxos.
(The tracing reads from right to left.)

myotatic irritability depends, is identical with musecular
“tone.” It is not, therefore, surprising that we are able,
even in health, to get evidence of a tendency to rhythmical
contraction. If a rhythmical contraction can be set up
voluntarily, and gentle tenmsion in the gastrocnemius
maintained, as by sitting on the edge of a chair with the
ball of the foot resting on the ground, the contractions
will go on involuntarily—a normal foot-clonus, which has
precisely the same time (about six per second) as the
morbid clonus (Fig. 12). A prolonged voluntary contraction

* If it should ultimately be proved (which is very improbable) that so
ghort an interval as one-fortieth of o second is suthoent for a reflex action,

and that each contraction is reflex, the term ““ myotatic’ will still be accu-
rate, since it will remain true that tension is essential for the production

of these contractions.
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PATHOLOGICAL PHYSIOLOGY OF THE SPINAL CORD. 45
motor nerves from it are intact, the introduction of the finger
is followed, first by relaxation, and then by ,f._,';::uih:.r firm,
tonic contraction. I have verified this by introducing an
india-rubber cylinder instead of the finger, and 1'{1g-i.~=1m-511;_3;
the pressure on the cylinder by connecting l.f \\'L‘th a recording
apparatus, and have found that the relaxation is preceded by
a very slight, brief contraction, and is followed by unbroken

tonic contraction. The relaxation may also be readily pro-
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Fra. 13.—DiaceaM sHOWING ProBanLE Prax oF THE CENTRE
For MICTURITION,

MT motor tract, 5T sensory tract in the spinal cord ; ms centre, and ms motor
nerve for sphincter ; Mp centre, and md motor nerve for detrusor;
s, afferent nerve from mucous membrane to s, sensory portion of centre ;
B, bladder. At r, the condition during rest is indicated ; the sphincter
centre being in action, the detrusor centre not acting. At a, the con-
dition during action 18 indicated ; the sphincter centre being inhibited,
the detrusor cemtre acting.

duced by any impression on the mucous membrane of the
rectum above the sphincter.

In cases of gradual disease we may often trace the
gradual loss of voluntary power over the process of mic-
turition. In some cases this loss of power appears to be
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56 THE DIAGNOSIS OF DISEASES OF THE SPINAL CORD.

disease remains limited to the posterior columns. It may,
however, extend forwards into the anterior cornua, causing
muscular atrophy and weakness to be conjoined with the
ataxy. Or the lateral columns may be affected at the same
time as the posterior: we then have weakness as well as
ataxy, but no wasting. The disease of the lateral columns
causes, as I have just stated, increase of the muscle-reflex
action, and this increase may thus co-exist with inco-ordina-
tion, the damage to the posterior roots being slight, perhaps
absent, in these cases (see p. 86). Thus we may have the
anomaly of ataxy with actual loss of power, excess of the
knee-jerk instead of its loss, and the front-tap contraction
obtainable, and even the foot-clonus.

Associated with primary degeneration of the posterior
column are certain other symptoms due to simultaneous
degeneration elsewhere. Of these the most important are
loss of reflex action of the iris to light, which is extremely
common, loss of accommodation, which is rare, and optic
nerve atrophy, which is occasional.

An important fact to remember, regarding the posterior
columns, is their proneness to degenerate: they recover less
readily, and degenerate more readily, than any other struc-
ture in the cord. A lesion in one spot may set up a degene-
ration which ultimately involves them in their whole extent.
Damage affecting the whole thickness of the cord may pass
away from the rest, and persist in the posterior columns, and
even spread there. In such a case we have ataxy succeeding
loss of power. Movement returns, but without co-ordination.

3. Anterior Cornua—The anterior cornua contain the
motor nerve-cells, which, as I have said—(1) influence the
nutrition of the motor nerve-fibres proceeding from them,
and consequently that of the muscles; (2) constitute a
link in the path of the voluntary impulse from the brain to
the muscles ; (3) form part of the reflex loop, probably also
of the reflex centre, with which the muscles are connected.

Hence we have, as the result of disease of the anterior
cornua—(1) degeneration of the motor nerves and wasting

of the muscles; (2) loss of voluntary power, i.e., paralysis
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88 THE DIAGNOSIS OF DISEASES OF THE SPINAL CORD.

or heemorrhage—at first affecting a wide transverse area of
the cord, and impairing all its functions at the spot, ex-
cept conduction of sensation, The part slightly damaged
soon recovered, but there remained an area of considerable
damage in the left anterior cornu, and of slighter damage in
the adjacent conducting tract to the leg. The focus of disease
was no doubt the seat of the primary lesion ; probably a local
extravasation interfering with the opposite side of the cord
by pressure.

(6.) The following case is somewhat complex in its indi-
cations, but is instructive as affording an illustration of the
diagnosis of chronic meningitis, For an opportunity of seeing
the patient, I am indebted to Dr, Russell, of Birmingham.

A man, aged forty-seven, complained of weakness of the
legs, which was found, on examination, to be of irregnlar dis-
tribution. In both legs the muscles moving the hip-joint
possessed good power. The flexors and extensors of the knee-
joint were strong in the right, but very weak in the left leg.
The flexors of the ankle in the left leg were rather weak, in
the right were powerless; the extensors of the ankle were
weak in both legs, but much weaker in the right than in the
left. The muscles were wasted, and had lost faradaic irrita-
bility in proportion to their weakness, the voltaic irritability
being preserved. The wasting was greatest in the extensors
of the left knee, and flexors of the right ankle. In the latter
faradaic irritability was gone. Sensation was normal, except
in an area in the front of the left leg, where it was absolutely
lost to both touch and pain. Plantar reflex normal; no
foot-clonus; knee-jerk slight in the right leg, absent in
the left.

The affection of nutrition and electrical irritability indi-
cated disease in the anterior cornua, or in the motor nerves
springing from them. By this the impairment of the knee-
jerk was also explained. The weakness was in proportion
to the wasting ; hence there was no reason to infer other
disease than that interfering with nutrition. The diagnosis
thus lay between a primary cornual disease, and damage
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