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MUSCULAR HYPERTONICITY IN PARALYSIS.
| BY A. HUGHES BENNETT, M.D.

HaviNg been requested by the Couneil of the Neurological
Society to provide a subject for consideration at the present
meeting, I have selected one, which will require no advocacy
on my part to ensure an interesting and profitable diseussion.
The morbid condition .which. will form the basis of this
communication is of sufficiently frequent occurrence to render
its study instructive to the practical physician, and, the ex-
planations of its phenomena are so contradictory and obscure,
that their investigation.will prove equally attractive to the
speculative pathologist. A problem which is at the same
time practical and seientific, which almost daily comes before
us only to baffle our efforts at solution, is obviously well-
adapted for the deliberation of a congress of medical experts.
My duty in opening the debate will simply be to lay the
case before you, to indicate the difficulties of the position,
and to invite discussion thereupon. I trust that those who
follow me will in some measure illuminate the darkness into
which I am about to grope my way, not without feelings of
considerable insecurity.

The general subjeet which it has been suggested I should
lay before you is the apparently paradoxical condition of
inereased muscular tonicity as associated with motor weakness
—a question in its entirety so vast, that it would be hopeless
for me to attempt to cover the whole ground in the time at
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even on level ground the feet are liable to trip over any
irregularities on the floor. The points and inside of the boots
are worn. The same condition may exist in the upper ex-
tremities, the movements being natural in kind, but deficient
in quantity. The patient soon becomes tired when writing,
sewing, and in the performance of accustomed acts. All the
finer actions are slow and clumsy. The grasp of the hand,
as determined by the dynamometer, is weak. Movement
whenever modified is simply defective in vigour, without
cramp, spasm, pain, inco-ordination, or other qualitative
peculiarities.

The second prominent feature in these cases is the be-
haviour of the muscles of the affected parts when percussed.
The phenomena which in health are observed to follow the
usual test of a blow on their substance or tendon, are exalted
in degree, although apparently remaining the same in kind.
Expressed clinically, the response of the muscle to percussion
is increased, and the tendon phenomena are exaggerated.
Every degree of exalted action may exist, from the slightest
elevation, impossible to differentiate from health, to the most
extreme demonstrations of muscular excitability. In advanced
cases trepidations and ecloni may be produced in various
situations, especially at the ankle and knee. These, however,
are usually absent or only imperfectly developed. Tapping
the bone in its neighbourhood is often sufficient to cause
contraction of a muscle.

With the exception of these two particulars, namely, moter
weakness and muscular irritability to percussion, nothing
further abnormal is to be found in this class of case. There is
no marked rigidity or spasm, although sometimes there seems
to be a feeling of somewhat increased muscular tension to
passive movement. The superficial reflexes are usually
normal, if anything, slightly increased. Sensibility is every-
where unimpaired, and no pain accompanies the complaint.
Occasionally the patients assert they experience a feeling of
numbness or formication; but this is entirely subjective,
and the most careful testing fails to determine any
alteration of sensibility. The so-called museular sense is
generally intact, though in some instances I have found
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there is nothing to give any indication for making a
prognosis. t

Complete recovery may take place, sometimes rapidly, but
more commonly very slowly. The young man cured by rest
and chloral, already referred to, is an instance of the former.
The girl already mentioned, who had been ill for three years,
is another example. Improvement takes place, as a rule,
more slowly. Thus the young lady, of whom I have before
spoken as having been affected in one leg only, began to
recover six months after she came under observation. Slow
improvement continued for three years, after which she
expressed herself as quite well. No special treatment had been
employed, and the favourable termination has since been
maintained. Again, an omnibus conductor, aged 25, had the
typical paraplegic variety of the affection. Treatment of various
kinds for many months had no appreciable results. For two
or three years his condition remained unchanged. Recently,
however, he presented himself perfectly well, having gradually
improved during the last six months, and without treatment
of any kind except that of rest. I could cite several other
instances of the same kind. Not unfrequently partial recovery
only takes place. In these cases considerable power returns,
but not to the full extent. Although the motor activity
improves, the muscular irritability to percussion does not
diminish in a corresponding ratio, but usually still remains
abnormally exalted.

The second class is that of persons who, while apparently in
exactly similar circumstances as those just considered, remain
for years without undergoing perceptible change in their con-
dition. I have watched several of these for between five and
six years, The weakness and muscular irritability to per-
cussion continue as before, but there is no tendency to the
development of new complications, or even to an increase of
the existing state. The patients have for the most part
abandoned medical treatment, and have so far become recon-
ciled to their infirmity as to do the best they can under the
circumstances, I recently saw a man whose case I carefully
investigated, and minutely recorded just five years ago. He
stated that his general health was excellent, and that he was
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merits, but that if possible some estimate be arrived at as to
their true significance. Recognising the facts, and admitting
the existence of a malady in which motor weakness and
abnormal irritability of muscle to percussion are the character-
istic and only discoverable features, we have to enquire_wha_.t
are the causes, pathology, prognosis, and treatment of this
clinical condition. In attempting to solve these diffieult
problems, the ground may at once be cleared by the admission
that the manifestations of this disorder are strictly limited to
the muscles, and motor elements of the nervous system.
Every other tissue and function of the body appears to be
unaffected. There is no evidence that the muscular substance
itself is the source of the disease, as its structure and nutrition
are apparently normal, and its alteration in function is not of
that nature which would occur from primary changes in its
tissues. The seat of the morbid process therefore narrows
itself to the mervous apparatus that presides over muscular
contractility. Of the morbid anatomy we know nothing. In
seeking an explanation of the phenomena we are therefore
compelled to enter into the field of speculation, and to utilise
collateral physiological and pathological knowledge in attempts
to throw light on the subject. Hence there-is ample scope for
exercising the imagination and ingenuity of the scientific
pathologist, and a wide field for divergence of opinion and
argument, Discussion will be facilitated by the acceptance
of certain elementary physiological premises. Before the
audience I now address, it is unnecessary to enumerate these
in detail. I therefore confine myself to briefly formulating
such general propositions connected with the matter in hand,
as in my judgment our present state of knowledge warrants,
and concerning which there is a tolerable consensus of
opinion.

I. Healthy muscle contracts when its fibres are subjected to
sudden stretching (extensile stimulus). This may be induced
by percussion on its substance, and still more effectively by a
blow on its tendon, the last constituting the so-called tendon
phenomenon. The mechanical condition necessary for the
production of the response following percussion, is sufficient
passive tension of the musculay fibre,
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Throughout this paper, in using the terms muscular irrit.abi_lity
or excitability, it is to be understood that those expressions
are employed only in reference to this tonicity, or property of
contracting under the stimulus of percussion.

Admitting the soundness of the preceding general proposi-
tions, assuming that increased response of muscle to percussion
or extensile stimulus is due to hypertonicity, and that the
essential factor for its production is an exaggerated excitability
of the ganglion cells of the cord, it has next to be determined
more particularly under what circumstances the latter change
takes place. For descriptive purposes these may be considered
under three heads. 1st, irritation arising primarily in the
ganglion cells themselves. 2nd, their irritation due to
changes in their afferent and efferent elements. And 3rd,
their irritation secondary to influences acting through the
pyramidal tracts.

The spinal centres may be primarily rendered unstable in
many ways. Strychnine, alcohol, and other poisons, for
example, may directly damage their nutrition and produce
temporary hyper-excitability of their funetion. Changes in
the quality of the blood, such as anwmia, fevers, acute dis-
orders, &e., may in a lesser degree be followed by the same
results; and it is common in such ecircumstances to find
muscular weakness, increased tendon phenomena, and a
tendency to cramp and stiffness in the muscles. The same
irritability is present in circumstances in which the general
system is in a state of subnormal nutrition, as it seems to be a
neurological law that nervous depression is associated with
instability of funetion, excessive motor display, and an ab-
normal readiness to respond to stimulation. Hence in child-
hood, where the nervous system is as yet imperfectly developed,
the characteristic restlessness and proneness to muscular de-
monstration on the slightest provocation. The diseases at
this period of life are also of the same type, as seen in chorea,
tetany, convulsions, &ec.; and these, as is well known, are
usually induced by debilitating conditions, such as syphilis,
rickets, fright, and so on. In the adult the same holds good,
if to a lesser extent, and loss of blood, fatigue, diarrhcea,
cholera, sexual excess, excessive discharges, and other ex-
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hyper-excitability of motion on the one hand, and paralysis on
the other. Thus in the same nervous mechanism, and from
the same cause, may arise both irritability and incapacity of
muscular action, or as it has been ealled, a state of “irritable
weakness,” the two phenomena being essentially the same in
kind, oniy differing in degree. In this way irritations origin-
ating in the uterus, kidneys, bladder, prostate, teeth, and other
leealities may, according to their permanence and severity,
cause either spasm or paralysis, or both. In connection with
this subject one point may be noted, that a peripheral irri-
tation on one side of the body may'not only induce reflex
motor responses on the same side, and on the same segment
of the cord, but on the other side and in various other regions
of the body. This shows that the excitation induced by the
afferent stimulus has extended through the grey matter of the
eord itself, and 18 therefore the result of an active irritation
process propagated from cell to cell. The effeets produced
will vary in intensity and distribution according to the
character of the excitement, and the original stability of the
central nerve elements. Thus the effects of a decayed tooth
in one man is slight and local, in another is severe and
general. In some constitutions a wound is innocuous, in
others it is followed by tetanus.

With regarl to the influence of the motor elements on the
central reflex centre, clinical evidence appears to show that
fatigue, museular exertion, and over-work, lead to instability
of the ganglionic cells. This is notably instanced in the case
of professional hyperkinesis, or so-called cramp. Excessive
physical labour has for long been supposed to have originated
various forms of spinal disorder. Dr. Weir Mitchell and Dr.
Donkin have recently advanced reasons to indicate that over-
fatigue is the chief exciting cause of spastic paralysis, with its
well-marked hypertonicity of musele. '

The preceding considerations would seem to indicate that
peripheral irritation or exhaustion of both afferent and efferent
fibres may alike lead to secondary hyper-activity of the
central ganglia with which they are connected, although the
last may have originally been in a healthy condition.

Besides the artificial or constitutional eircumstances which
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directly bring about primary instability of the spinal nerve
centres, and the irritation of their ingoing or outgoing paths
which produce the same as a secondary consequence, a like
pathological condition may follow a totally different source of
origin, which brings us to the consideration of the third series
of conditions under which hyper-excitability of ganglion cells
may be produced, namely, through the influence of the pyra-
midal tract and cortex of the brain. Although the reflex
mechanism already described is the essential factor in the
production and maintenance of muscular tonicity, its action is
presided over and controlled by influences from above. In
health there is a state of equilibrium between the higher and
lower centres which permits the normal amount of muscular
tone, but if the former are in any way interfered with, the
latter become deranged in a corresponding manner. By means
of the pyramidal tract, the spinal centres are in direct com-
munication with certain areas in the cortex cerebri. Experi-
mental irritation of the Rolandie regions causes muscular spasm,
showing that a stimulus applied to the cortex is by the
pyramidal tract conveyed to the spinal ganglia, and through
them to the musecles, Irritation by disease of the same
regions produces the same effects, and during the paroxysms of
muscular convulsion, which as a consequence of the cortieal
excitement ensues, I have often satisfied myself that in
addition to the spasm, the tonicity of musele was augmented as
evidenced by a increase of the knee-jerk. In such cases the
exalted functional activity of the lower ganglia may remain,
even after voluntary motion has been abolished, owing to the
temporary exhaustion which follows an explosion of the
cortical centres. When the secondary irritation of the cord
subsides, this symptom quickly disappears. The same con-
dition is met with in the so-called “late rigidity ” following
certain brain lesions. Irritation of any portion of the
pyramidal tract may in a like manner induce tonie spasm,
and if the cause be chronie the effect may be persistent. The
excitability is directly conveyed to the ganglion cells of the
cord, and induces in them that exaltation of function which
causes excess of museular tonieity.

A remarkable and seemingly paradoxical fact 1is that
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destruction of the same regions, namely, the motor cortical
centres and the pyramidal tract, is gradually followed, not
immediately but after an interval of time, by the same hyper-
excitability of the spinal centres. This is notably seen in the
late rigidity succeeding brain lesions and in primary lateral
selerosis. The explanation of this phenomenon will be after-
wards discussed ; it is sufficient at present, in connection with
this fact, to state that the cells in the cerebral cortex are the
trophic centres of the fibres in the pyramidal tract, and that
when the former are destroyed the latter in consequence
undergo degeneration as far as the ganglia in the cord, which,
although left structurally intact, develop as a result hyper-
excitability of funection,

To repeat and sum up, exaggerated activity of the ganglionie
cells in the grey matter of the cord which results in hyper-
tonicity of muscle may result from—Ist, primary irritability
of the cells themselves (strychnine, &e.); 2nd, irritability of
the entire reflex are in common with the whole nervous
system (neurasthenia, &e.) ; 3rd, irritability of cells secondary
to abnormal state of their afferent and efferent elements
(injuries to sensory or motor nerves, &ec.); 4th, direct irritation
of cortex cerebri or pyramidal tract (tumour of brain, early
stages of lateral sclerosis, &e.); and 5th, destruetion of eortex
or pyramidal tract (cerebral softening, and late stages of
lateral sclerosis, &ec.). The essential result from all these
causes seems to be the same, varying in intensity and dis-
tribution according to the severity and extent of the existing
irritation or destruction. An important distinction as to the
time of production between the two last is, that in the former
the effects are immediate, and within certain limits are pro-
portionate to the amount of irritation ; in the latter the effects
are gradually developed, and depend upon the situation rather
than the severity of the irritation,

These, as far as we know them, are the chief phenomena
concerned in the produetion of hypertonicity of muscle. There
remains to be enumerated the hypotheses which have been
advanced to explain the facts. The more important only of
them will be referred to.

The theory of the French school, as especially represented
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the French school; but instead of speaking of degenerative
processes as the cause, I would replace the term by that of
nutritive alterations, an expression of wider scope, and better
adapted to account for the varied forms of the disease.

In connection with these reflections it is a question of the
greatest practical importance to know whether repeated and
permanent functional over-activity is capable of subsequently
inducing demonstrable structural changes in the tissues
affected. A priori reasoning would favour such an hypothesis,
although there is not a sufficient series of recorded facts to
make its demonstration certain.

To sum up the heads of this complicated enquiry: it is
suggested that increased muscular tonicity, from whatever
cause arising, is essentially due to abnormal hyper-excitability
of the motor ganglion eells of the anterior cornua of the cord.
The hyper-excitability may for various reasons be due to idio-
pathic alterations of the cells themselves, or may be induced
therein by influences emanating from the brain, the cord, or
the peripheral nerves. These influences are probably of an
irritative nature, and may therefore be considered as a new
morbid process. This irritation, when it exists in the pyrami-
dal tract, may be excited there either directly by organic
disease or functional excitement, or indirectly by changes in
1ts nufrition as a result of severance from its trophic centres.
These changes in nutrition may be either gross or dynamie.
The gross changes usually follow gross disease of the cortical
centres, while the dynamie changes may either follow their
structural alterations or their functional disorder. Finally,
this funetional disorder of the motor tract may have its origin
in the activity of psychical as well as of motor centres. These
theoretical considerations concerning the pathology of hyper-
tonicity of muscle are, like other hypotheses, open to eriticism.,
I admit them to be somewhat involved, but this is scarcely to
be avoided in attempting to account for the complicated cir-
cumstances connected with this group of symptoms,

It such doctrinal speculations on the subject we are dis-
cussing are uncertain, the 'practical difficulti:s met with in
actual clinical observation are none the less perplexing. As
their features are now well recognised, I have passed over those
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be replied that in typical cases no evidence can be traced of
any such connection,

Finally, to place such cases under the category of Hysterical
or Funetional, is simply to shelve the difficulty, and brings us
no nearer the true explanation. For convenience of recognition
the clinical group of symptoms might be named * Hypertonie
paresis or paralysis.” It is not pretended that this term is a
perfect one, or that it represents a true disease. It professes
only to be a convenient symbol expressive of a group of
symptoms, frequently met with in practice, the causes of
which are probably various, and of the nature of which we are
ignorant.

In eonclusion, I trust that this communication will serve the
purpose for which it was undertaken, namely, by indicating
certain obscure problems of praectical and scientific interest, to
elicit the opinions and experience of the members of the
Neurological Society. As a guide to the debate, I beg to
suggest the following propositions for special consideration,
which provide a wide and varied field for discussion on the
subject, from every point of view.

L With regard to the clinieal condition of so-called Hypertonie
Paralysis.

1st. Is the existence of the clinical type admitted? If so,
what is its anatomical substratum ? Where, and in what
manner, does the affection originate ? Is the primary disturb-
ance in the brain, cord, or nerves? Is it due to gross organie
lesion, or the result of so-called funetional disorder ?

2nd. What are its causes ?

3rd. What is its prognosis? By what criteria are we to
foretell in individual instances whether the affection will be
temporary and comparatively innocuous, or whether it is
permanent and incurable ?

1. With regard to the Physiological and Pathological problems -
wn connection with museular hypertonicity.

Ist. What hypothesis best accounts for
muscle ?

2nd. Admitting that visible organie degeneration of the
lateral m.lu_mns is frequently associated with the produection of
hypertonicity of muscle, is this an essential element for its

hypertonieity of


















