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PREFACE.

Tuese Lectures contain the results of the work of
almost all my life, since I began to study medicine. From
the year 1838 to the year 1858, when I had the honor of
delivering them at the Royal College of Surgeons, in Lon-
don, and ever since, I have devoted all the time I could to
the study of the great questions, the solution of which I
have tried to give in these Lectures. If I have not suc-
ceeded in my endeavors, I can at least have this consola-
tion, that it is not because I have proceeded hastily. But,
however prolonged my researches have been, I am afraid 1
must have come to erroneous conclusions on several points,
because the questions discussed in these Lectures are as
difficult as they are important, and also because many of
these questions are quite new, and I had not, therefore, the
views of other authors to guide me in their examination.
I will be thankful to any one who will show me on what
points I have erred. It is in the power of most medical
practitioners to prove or to disprove the views I hold.
Out of the millions of patients yearly treated by the
medical men who may peruse this book, there are, indeed,
many thousands whose cases may throw light, and often a
decisive light, on the questions discussed in the following
pages. As most of these questions are of the greatest
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vi PREFACE.

importance, both in a practical and in a scientific point of
view, I hope that those who will peruse this work will not
let the cases pass unrecorded that may be the means of
settling what is yet undecided in these questions, or of
giving more strength to the proofs of the views held by
myself or by my opponents.
C. E. BROWN-SEQUARD.
Loxpox, 81 WrivroLe STrRERT,

Cavendish Square,
W.



TABLE OF CONTENTS.

LECTURE I.

TRUTH OF SIR CHARLES BELL'S THEORY AS REGARDS THE EXISTENCE
OF TWO DISTINCT SETs OF NERVOUS CONDUCTORS :—THE SENSITIVE
AND THE MOTOR.

Importance of comparing experiments upon animals with pathological eases ob-
served in man.—Dizcovery of Sir Charles Bell ; removal of the last objections
to his views in regard to the roots of the spinal nerves.—The pretended re-
curring sengibility of Magendie. Caunzes of the pain produced by the irritation
of the anterior roots of nerves, of the pain of cramps, of certain “contractures,” of
the spasm of the sphincter ani, and of the contractions of the nterus during par-
turition, &e.—Are the sensitive nerve-fibres of muscles contained in the anterior
roots of the spinal nerves !F—Theories concerning the transmission of the sensi-
tive impressions in the spinal cord and the medulla oblongata . . PaGeEl

LECTURE LI,

EXPERIMENTS SHOWING THAT THE TRANSMISSION OF THE SENSITIVE
IMPREZSIONS, IN THE SPINAL CORD, TAKES PLACE CHIEFLY IN ITS CEN-
TRAL PART—r ., IN THE GRAY MATTER.

Experiments and views of Longet.—Objections by Dr. R. B. Todd, Mr. Lockhart
Clarke, and the Lecturer.—Causes of error in experimenting upon the spinal
marrow.—Experiments proving that a part may be a conductor of the sensitive
impressions, though not endowed with sensibility,—Experiments showing, 1st,
that a transversal section of the posterior columns of the spinal cord, instead
of causing anmsthesia, is followed by hypermsthesia ; 2d, that a transversal sec-
tion of the whole gpinal cord, except the posterior eolumns, is followed by a
complete anmwsthezia. Anatomical and experimental facts showing the relative
share of the gray matter, and of the various columns of white matter, in the
transmizzion of the sensitive impressions . - - - 5 x o 13



viil CONTENTS.

LECTURE I1I.

PLACE OF DECUSSATION OF THE CONDUCTORS OF SENSITIVE
IMPRESSIONS, IN THE CEREBRO-SPINAL AXIS.

The celebrated experiments of Galen, which had been universally considered as
showing that there is no decussation of the conductors of sensitive impres-
sions, in the spinal cord, do not prove anything in this respect.—Experiments
showing that the eonductors of sensitive impressions from the varions parts
of the trunk and limbs make their decussation in the spinal cord, and not in
the encephalon, as was admitted : - : . ‘ - . . ap

LECTURE IV.

ON VARIOUS QUESTIONS RELATING TO THE TRANSMISSION OF SENSI-
TIVE IMPRESSIONS AND OF THE ORDERS OF THE WILL TO MUSCLES,
THROUGH THE SPINAL CORD AND THE MEDULLA OBLONGATA.

Most of the elements which are employed as conductors of the purely tactile im-
pressions seem to pass by the same parts of the spinal cord as those which
transmit the impressions which give pain.—The disposition of the conduetors of
the varions sensitive impreszions in the spinal cord is such that very deep alte-
rations of this organ may not entirely destroy sensibility.—The gray matter of
the spinal cord seems to have an important share in the transmission of the
orders of the will to muscles.—The anterior columns of the spinal cord in the
upper part of the cervical region have but a slight participation in voluntary
movements, and the lateral columns, with the surrounding gray matter, in that
part of the cord, are almost the only channels between the will and muscles 39

LECTURE V.

CONCLUSIONS FROM THE FACTS MENTIONED IN THE PRECEDING LEC-
TURES, AND PATHOLOGICAL CASES SHOWING THAT THE TRANSMIS-
SION OF SENSITIVE IMPRESSIONS SEEMS NOT TO TAKE PLACE THROUGH
THE POSTERIOR COLUMNS OF THE SPINAL CORD.

Conclusions from the results of the Lecturer’s experiments concerning the trans-
mission of sensitive impressions and of the orders of the wili to muscles, in the
cerebro-spinal axis.—Agreement between the three principal sources of our
knowledge concerning the spinal cord considered as a conductor of sensitive
impressions and voluntary movements: i. e, anatomy, experimentation upon
animals, and pathological cases obzerved in man.—Hypermsthesia or conserva-
tion of sensibility after injury to the posterior columns . - = <1 bl



CONTENTS. 1X

LECTURE VI.

SOLUTION, BY PATHOLOGICAL CASES, OF VARIOUS QUESTIONS RELATING
TO THE TRANSMISSION OF SENSITIVE IMPRESSIONS THROUGH THE

SPINAL CORD.

Value of the cases related in the preceding lecture, in opposition to the view that
the posterior columns of the spinal cord are the only channels of sensitive im-
pressions.—Cases opposed to the views that the cerebellum is either a channel
of transmission of sensitive impressions, or a centre of perception of certain sen-
sitive impressions.—Cages of alteration of the whele spinal cord, with conser-
vation of sensibility.—Is an alteration of any part of the spinal cord able to
produce anesthesia alone '—General remarks on anmesthesia and hyperazsthesia.
—Cazes of alteration of the gray matier alone, with loss of sensibility and volun-
tary movements,—Cases which seem to be in opposition to the view that the
gray matter is the principal channel of sensitive impressions.—Summing up of

the evidence as regards the share of the gray matter in the transmission of sen-
L
10

gitive impressiens . - - - F - 2 - - - .

LECTTURE VII.

PATHOLOGICAL CASES SHOWING THAT THE CONDUCTORS OF SENSITIVE
IMPRESSIONS FROM THE TRUNK AND LIMBS DECUSSATE IN THE SPINAL
CORD AND NOT IN THE ENCEPHALON, AND THAT THE CONDUCTORS OF
THE ORDERS OF THE WILL TO MUSCLES DECUSEATE IN THE LOWER
PART OF THE MEDULLA OBLONGATA AND NOT IN THE PONS VAROLIL

The decussation of the conductors of semsitive impressiens, from the trunk and
limbs, does not take plaee in the erura eerebri, neither in the pons Varolii, nor
in the medulla oblongata.—Cases proving that this decussation takes place in
the spinal eord.—Cases of loss of voluntary moevements in one side of the body
and of loss of sensibility in the opposite side.—The decussation of the con-
duectors, for voluntary movements dees not take place, as has been imagined, all
along the basis of the encephalon,.—This decussation seems to take place almost
entirely in the lower part of the medulla eblongata.—Symptoms of alteration in
a lateral half of the spinal cord, the lower part of the mednlla oblongata, and
the rest of the encephalon, as regards voluntary movements and sensibility 93



X CONTENTS.,

LECTURE VIII.

CONCLUSIONS FROM THE PATHOLOGICAL CASES RELATED IN THE PRE.
CEDING LECTURES AND FROM SEVERAL OTHER CASES, AS REGARDS
THE DIAGNOSIS OF ALTERATIONS OF THE VARIOUS PARTS OF THE
SPINAL CORD.

Principal symptoms of the diseazes of the spinal cord.—0On a curions symptom
which seems to belong especially to diseases of this organ.—Cases against the
views of Bellingeri and Valentin, relative to the pretended motor functions of
the posterior columns, and to certain symptoms of alterations of the anterior
columns,—Diflferences in the degree of paralysis of voluntary movements,
according to the extent of the alteration of the posterior columns.—Absence
of paralysis, in eases in which these columns are entirely cut aeross, but not
injured, in a great part of their length.—Causes and nature of the apparent
paralysis observed when a great part of the length of the posterior columns is
altered.—Alteration of the upper part of the anterior columns without para-
lysis.—Decussation of the lateral columns; their function and symptoms of
their alteration.—Paralysis due to dizease of the gray matter.—Alterations
causing a loss of feeling a contact, a tickling, a muscular contraction, a painful
impression, or a change of temperature.—Conclusions concerning anmsthesia.—
When does anmsthesia exist without a notable paralysis.—Rarity of complete
anesthesia.—Referring of the various kinds of sensitive impressions to different
parts of the body in cases of alteration of the spinal cord.—Absence of exeita-
bility of most of the conductors of the various kinds of sensitive impressions
in the nerves and in the spinal cord.—Inflammation may render all these con-
ductors excitable, and induce the production of all kinds of sensations, errone-
ously referred to the periphery.—Groups of €ymptoms which characterize
alterations limited to certain partz of the varions columns of the spinal eord

and of its gray matter . S . W - . - . . 112

LECTURE 1X.

ON THE PHYSIOLOGICAL AND MORBID ACTIONS DUE TO THE
GREAT SYMPATHETIC NERVE.

Effects of a section of the sympathetic nerve in the cervieal region.—Effects of the
excitation of the same mnerve, in the same region, by a galvanic or an electro-
magnetie carrent.—Almost all the effects due to the section or galvanization of
this nerve are owing to the condition of bloodvessels after these operations.—
The sympathetic nerve originates chieily from the cerebro-spinal axis.—Simili-
tude between the effects of a section of the sympathetie nerve, and those of a
section of a lateral half of the spinal cord.—Persistence of a contraction of
bloodvessels due to irritation of the cerebro-spinal axis in certain diseases.—
Two kinds of normal or morbid influences of the nervous system upon nutri-
tion, secretion, &c.; one upon bloodveszels, the other upon tissues . - 139



CONTENTS. X1

LECTURE X.

ON THE INFLUENCE OF THE NERVOUS SYSTEM UPON NUTRITION AND
SECRETION; WITH REMARKS ON THE IMPORTANCE OF THE KNOW-
LEDGE OF THIS INFLUENCE FOR THE TREATMENT AND THE EXPLA-
NATION OF THE PRODUCTION OF MANY DISEASES.

Distinetion between the effects of the excitation of the nervons system and thoze
of the absence of action of this system.—Three kinds of reflex actions: contrac-
tion, secretion, and modification of nutrition.—Normal and morbid reflex seere-
tions.—Normal and morbid reflex changes in nutrition.—Reflex influence of
injuries of the trigeminal nerve upon the eye.—Reflex influence of one eye upon
the nuatrition of the other.—Sudden arrest of the heart’s movements by a reflex
action.—Caunse of the rapid death after injuries of the abdominal sympathetic
nerve.—Stoppage of the heart’s movements by the application of cold to the skin,
by the influence of cold drinks, and in some cases of death by chloroform.—
Reflex influence of burns on the principal viscera.—Inflammation of the eyes, of
the testicles, of the nervous centres, &e., by a reflex action.—Muscular atrophy
due to an irritation of sensitive nerves.—Paralysis and anmsthesia due fo a reflex
action.—Disturbanee of the functions of the brain and of the senses produced by
irritation of centripetal nerves,—Other instances of reflex changes of nutrition.—
Mode of production of the secretory and nutritive reflex actions,—Importance of
the knowledge of the reflex secretory and nutritive phenomena for the treatment
of disease.—Influence of the irvitation of the nervons centres and of the centri-
fugal nerves on nutrition and secretion.—Influence of the absence of nervoms
action on nutrition, repair and secretion . : . : ‘ 2 . 1581

LECTURE XI.

ON THE ETIOLOGY, NATURE, AND TREATMENT OF EPILEPSY, WITH A
FEW REMARKS ON SEVERAL OTHER AFFECTIONS OF THE NERVOUS
CENTRES.

Artificial production of an epileptiform affection in animals.—Influence of certain
injuries to the spinal cord as a canse of real epilepsy.—Existence of an unfelt
aura epileptica in many cases.—Means of detecting the existence of an unfelt
aura and its point of starting.—Seat and nature of epilepsy.—Principles of treat-
ment of this affection.—Analogy between epilepsy and many other nervous affec-
tions, as regards their mode of production and their treatment.—Curious case of

convulsions and insanity, in illustration of some views advanced in this letter
178



X1l CONTENTS.

LECTURE XII.

ON THE MEDULLA OBLONGATA, THE PONS VAROLII, AND SOME P;*LI%TS
OF THE SPINAL CORD, IN THEIR RELATIONS WITH RESPIRATORY MOVE-
MENTS ; WITH VERTIGINOUS OR ROTATORY CONVULSIONS; WITH THE
TRANSMISSION OF SENSITIVE IMPRESSIONS AND OF THE ORDERS OF
THE WILL TO MUSCLES, AND WITH THE VASO-MOTOR NERVES AND
ANIMAL HEAT.—GENERAL CONCLUSIONS OF THE COURSE.

Medulla oblongata erroneonsly considered as the source or focus of liic.—{]uuses
of death in cases of sudden injury to this organ.—Respiration depending upon
other parts of the cerebro-spinal axis, besides the medunlla oblongata.—Causes
of the cessation of respiration in cases of a complete section of the medulla
oblongata.—How are the respiratory movements produced !—Parts of the ence-
phalon and spinal cord that may produce rotatory comvulsions.—Caunses of the
vertiginous or rotatory convulsions.—The anditory nerve and its power of pro-
ducing partial or general convulsions.—The olivary and restiform columns of
the medulla oblongata and their relations with various nervous disturbances,—
Reasons against the view that the fibres which decussate all along the median
line of the base of the encephalon are voluntary motor fibres.—Reasons for
admitting that the anterior pyramids contain nearly all the voluntary motor
fibres of the body.—Three kinds of paralysis due to lesions in three different
parts of the cerebro-spinal axis.—Anwmsthesia and hyperesthesia in their rela-
tions with the state of bloodvessels and the degree of animal heat.—Condition
of voluntary movements, sensibility, and animal heat, in different cases of
alteration of the central nervous system.—General conclusions . . .. 187

A ERENTIR:

Parr I.—Exzamination of objections that might be made against many of the
views which are held in the preceding lectures . : - : . 21T

Parr IL—Application of some of the facts and views exposed in the preceding
lectures, to the treatment of disease . . . : : . . 244

Pagr [1.—Additional facts in proof of some of the views of the author . 263



THE

CENTRAL NERVOUS SYSTEM.

LECTURE I/

TRUTH OF SIR CHARLES BELL'S THEORY AS REGARDS THE EXISTENCE
OF TWO DISTINCT SETS OF NERVOUS CONDUCTORS; THE BENSITIVE
AND THE MOTOR.

Importance of comparing experiments upon animals with pathological cases ob-
served in man.—Discovery of Sir Charles Bell ; removal of the last objections
to his views in regard to the roots of the spinal nerves.—The pretended re-
curring sensibility of Magendie. Causes of the pain produced by the irritation
of the anterior roots of nerves, of the pain of cramps, of certain * contractures,” of
the spasm of the sphincter ani, and of the contractions of the uterus during par-
turition, &e.—Are the sensitive nerve-fibres of muscles contained in the anterior
roots of the spinal nerves ?—Theories concerning the transmisszion of the sensi-
tive impressions in the spinal cord and the medulla oblongata.

MR. PRESIDENT AND GENTLEMEN: The subject of the lectures
which I propose delivering here is a very vast one, as it includes,
directly or indirectly, most of the principal questions concerning
the Physiology and Pathology of the Nervous System. But vast
as it is, this subject may be considered as composed of only three
essential parts, which relate to the sensitive, the motor, and the
vaso-motor nerve-fibres. In other words, I propose to examine
successively the principal facts and views concerning the normal
actions, and the consequences of the excess or of the absence of
action, of these three kinds of nerve-fibres.

! Althoungh six lectures only were delivered at the Royal College of Surgeons,
I will publish here twelve lectures, covering just the same ground as thosze of the
College, but differing from them in this respect, that I give here details concerning
experiments and pathological eases, which, for the sake of brevity, I was obliged
to omit when lecturing.
A
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THE CENTRAL NERVOUS 8YSTEM.

To try to solve the very important but complicated questions
which are so numerous in both the physiological and the patho-
logical history of the parts of these nerve-fibres which are in the
nervous centres, it is necessary to make use of all the means that
science may furnish, and particularly of the two best, which are:
experimentation upon living animals, and observation of pathologi-
cal cases. When employed together, these means of scientific re-
search have allowed errors to be made; but, of course, the chance
of committing errors is by far greater when either of them is em-
ployed alone. The danger of making use of one of these means
exclusively is very strikingly illustrated by the many errors, con-
cerning the cerebellum, committed by experimental physiologists,
who mistook the effects of cértain circumstances of their experi-
ments for the results of injuries or of the absence of the cerebellum.
Had they taken the trouble of comparing the phenomena they saw
with those observed by medical men in cases of disease of the cere-
bellum, they would not have introduced in science a number of
hypotheses which impede its progress. It is by so doing that ex-
perimentalists have thrown diseredit on the means of scientific in-
quiry of which they have made so much use and abuse, and have
given ground to many critics to blame their means of research, while
the fault was in the men who employed those means, and not in the
means themselves.

If erroneous views have been arrived at by the exclusive use of
one of the means of scientific research we have named, we find that,
on the contrary, many great advances in the medical sciences are
due to the combined use of vivisections and clinical observation.
Perhaps I may be allowed to say that the lectures I am about
delivering will afford some proof of the advantage of a comparison
of pathological cases observed in man, with the result of experi-
ments upon living animals.

The great discovery of Sir Charles Bell gives a good instance of
the importance of making use comparatively of clinical observation
and viviseetions. In fact, had Sir Charles had recourse to experi-
ments upon living animals, he probably would have succeeded, at
once, in proving the correctness of his theory concerning the roots
of the spinal nerves.

Before him, already, many physiologists had, more or less dis-
tinetly, foreseen that the nervous conductors for voluntary move-
ments and those for sensation form two distinet sets of nerves.
Galen, Boerhaave, Lamarck, Alex, Walker, and others, had had this
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idea. To Alex. Walker the credit is due of having first published
this opinion, that there is a difference in the functions of the ante-
rior and posterior roots of the spinal nerves, one set being employed
for volition and the other for sensation; but he did not try to prove,
either by experiments or by pathological facts, the correctness of
his views; and, led by erroneous ideas concerning the function of
the cerebellum, he imagined that the anterior roots of the spinal
nerves are for sensation and the posterior for motion. (See the
Arelidves of Universal Science for April and July, 1809.)

1t was only two years after the publication of this hypothesis of
Walker, that Sir Charles Bell's first views received some publicity,
in the celebrated little pamphlet, entitled, “An Jdea of a New Ana-
tomy of the Brain, submitted for the Observation of the Author's
friends.”! In this work, as far as we know, he did not try to prove
that the anterior roots of the spinal nerves are employed as con-
ductors of volition, and that the posterior roots are the conductors
of the sensitive impressions. Ile seems not to have yet had (at that
time) the idea of this difference. IIe admitted that the posterior
roots of nerves come from the cerebellum, which he considered as
an organ employed for the organic or vital functions of the body,
while the anterior roots are in communication with the cerebrum,
which he thought to be the organ for both volition and sensitive
perceptions. Dut, however erroncous may be some of these views,
we look upon this first work of Sir Charles Bell on the nervous
system, as an admirable production of the genius of this great
physiologist. The idea of the distinction between the nervous ele-
ments employed in the different functions of the nervous system is
there clearly and forcibly presented, and we may safely state that
the greatest part of the recent progress of our knowledge of the
nervous system, both in a practical and in a scientific point of view,
has its source in this idea, There is another important thing in
this little pamphlet; it is the result of Sir Charles Bell's experi-
ments on the roots of the spinal nerves. Ile found, on a dying
animal, that the irritation of the anterior roots caused muscular
contractions, while there was no effect produced by the irritation of
the posterior roots. Of course this experiment could not show
what are the functions of these roots, but it was sufficient to prove

' Az only a few copies of this pamphlet were printed, it is now almost impossible
to procure it. I speak of it after the numerons extracts published by Mr., Alex-
ander Shaw and by Sir Charles Bell himself.
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that there is a notable difference between the anterior and the pos-
terior roots. ' :

Long after this first publication, Sir Charles brought forward
several facts, experimental and pathological, showing that the nerv-
ous conductors for motion are distinet from those for sensation. He
showed that the facial nerve is motor, and that the ganglionic root
of the trigeminal is for sensation. Dut although these facts had
given good grounds to the hypothesis that the posterior or gan-
glionie roots of the spinal nerves are used for sensation, while the
anterior roots are for motion, positive evidences of the exactitude
of this distinction were still wanted. To Mr. Magendie belongs the
merit of having furnished the proofs that were needed. e showed
that the section of all the posterior roots of the nerves of one limb
destroys the sensibility in the limb, while a section of the anterior
roots of the nerves of a limb abolishes voluntary movements, leav-
ing sensibility unaltered. Ie also found that strychnia, in this last
case, does not excite convulsions in the paralyzed limb, while there
are convulsions, in the limb deprived of sensibility, after the section
of the posterior roots. So far as these experiments alone are studied,
it seems quite certain that the anterior roots are motor and not sen-
sitive, and that the posterior roots are sensitive and not motor; but
Magendie tried other experiments, and, not being aware of a singular
fact, which he discovered only in 1839, he arrived at conclusions
which were quite different from those just exposed. The irritation
of the anterior roots he found evidently to induce pain, though in
a less degree than that of the posterior. On another side he found
sometimes that local movements toolk place when he irritated the
posterior roots. Ilere, then, are two facts which seem in direct op-
position to the theory of Sir Charles DBell.

In 1889, Magendie made a step forward, and discovered a very
important fact, which has removed the objection against Sir Charles
Dell's theory as regards the anterior roots of the spinal nerves. Ie
found that these roots really cause pain when they are irritated, but
that if they are divided (see Fig. 1), the distal end (<) alone may
give pain. e ascertained also that if the posterior roots of any of
the spinal nerves are divided, the irritation of the anterior roots of
the same nerve no longer causes pain. Ile concludes, from these
facts and some others, that there is what be calls, erroneously, a
recurring sensibility, which, on the irritation of the anterior roots,
manifests itself in this way: The nervous irritation which causes
the pain goes, at first, from the parts of the anterior roots (see the
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arrows in Fig. 1, A), in which it has begun, towards the trunk of the
nerve, in which it goes to the periphery of the body, and then comes
back towards the spinal cord, which it reaches in being conveyed
by the ganglion (g) and the posterior roots (P); so that the current
which proceeds from the cord along the anterior roots returns
towards it and into it along the posterior ones. 'We must say that
the name of recurrent sensibility is a very bad one, because sensi-
bility is a vital property which cannot wmove from a place towards
any other, and therefore cannot be recurring. It is the cause, what-
ever it may be, of the painful sensation, which is recurring, and not
sensibility.

What is the channel of the nervous irritation generated when the anfe-
rior rools are excited? In the first place, we think it is necessary to
repeat, that the current is not towards the spinal cord, inasmuch as
Magendie has well proved that after the section of the anterior roots
of a spinal nerve, we may irritate the central part (Ifig. 1, ¢) without
causing the least manifestation of any kind of sensation. It results,
therefore, and as positively as possible, that the anterior roots have
not the property of sensibility in the same manner as the really
sensitive parts. On the contrary, pain is caused by the irritation
of the parts of the anterior roots in appearance separated from the
nervous centres. (See Fig. 1, A, ) DBut if the trunk of the nerve
is divided, the irritation of the anterior roots on either end remains
completely painless; it results, therefore, that the current which
causes the pain passes in this trunk. DBut how far does the current
extend towards the periphery of the body, before returning upon
itself in order to reach the spinal cord and the sensorium? This has
not been positively determined. It seems, however, already, from
the experiments of Magendie, of Professor Cl. Bernard, of Volk-
mann, of Schiff, and from my own, that the return takes place at
the peripheric extremity of the nerve-fibres. Kronenberg and Pap-
penheim have erroneously admitted that the current merely passes
from the anterior roots to the posterior, at the place where they
meet to form the trunk of the spinal nerves.

The channel of the current which gives the pain when an ante-
rior root is irritated, is, consequently, at first towards the trunk of
the nerve; then in this trunk towards the periphery, where the
recurrence seems to take place, and thence the current returns along
the sensitive fibres of the nerve towards the ganglion of the poste-
rior roots, and, at last, passes through the ganglion and these roots,
and into the spinal cord. (See the upper roots in Fig. 1.)
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What is the cause of the pain produced by the irritation of the anterior
roots of merves? According to Carus, the nervous loops, which he
thought existed in the muscles, give an easy explanation of the
facts discovered by Magendie. Unfortunately for this explanation
(which Mr. Flourens has again proposed quite recently), the exist-
ence of nervous loops in museles is now disproved. Indeed, even in
the skin there is good ground to doubt the presence of many loops.
Some experiments, which we have made, render it probable that
the pain caused by the irritation of the anterior roots is exactly of
the same nature as that of cramps, and that both the pain of cramps
and the pain which we will call recurrent, to avoid eircumlocutions,
depend upon a peculiar kind of irritation of the sensitive nerves of
muscles. The theory we will propose is also applicable to many
pathologieal and physiological phenomena, which have puzzled for
a long while both practitioners and physiologists, and which seem,
indeed, to be very plain and natural now that we have the key to
their explanation.

Professor Matteueci, nearly twenty years ago, found that when a
nerve going to a muscle (Fig. 2, m 2) is put upon another muscle,
a contraction takes place in the first one when the second contracts.
In this case the nerve receives an excifation at the time the muscle,
upon which it lies, contracts. The canse of the excitation of the
nerve, according to Professor Matteucei, is a galvanic discharge
which accompanies the muscular contraction. Dubois-Reymond
explains otherwise the excitation of the nerve. He thinks it is due
to a diminution of the galvanic current of the musele when it con-
tracts, and that the changes occurring, in consequence, in the nerve
irritate it. Dut whatever be the right explanation, it seems certain
that it is some change in the galvanic state of the muscle which causes
the excitation of the nerve. We will, therefore, call it a galvanie
excitation. Now, I have tried to prove, in 1849, that the sensitive
nerve-fibres which are in muscles, receive that peculiar galvanie ex-
citation which acts upon the motor nerves in the case of the pre-
ceding experiment, so that there is a galvanic cause of sensation in
muscular eontractions. (See Figs. 3 and 4, and their explanations.)
T have 2lso tried to show, elsewhere, that our faculty of guiding our
movements depends upon the sensations that we have of the state
of our muscles, from the galvanic excitation which accompanies our
muscular contractions. I cannot dwell at length here upon this
explanation, which is only slightly connected with my subject; but
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I will try, at least, to show that several experiments and pathologi-
cal cases agree perfectly with this theory.

If we fix a thread to the tendon of a muscle of a frog (see Fig.
2, t), and attach to this thread a weight, capable of entirely preventing
the contraction of the muscle, which is fixed by its other extremity,
we find that every time the muscle (Fig. 2, m) fends to contract, there
is an excitation of the nerve () lying upon it, and a contraction of
the muscle (m 2) to which this nerve is distributed. Ience it is not
necessary for a muscle to contract in order to produce in nerves in
contact with it a galvanie excitation. I repeat that it is sufficient
that they tend to contract. Now, I have found that the greater is
the resistance to the contraction of a muscle, the greater is the gal-
vanic excitation that it gives to nerves in contact with its tissue.
On the contrary, if there is no resistance at all, as already shown
by Professor Matteucei, after the section of the tendon, then the
galvanic excitation of nerves in contact with the contracting muscle
no longer exists.

If we compare these results with the following pathological facts,
we find that the phenomena are much alike in the two series of
facts that we compare, and, therefore, that they seem to depend on
the same causes. I suppose a case of painful contracture of the
anterior muscles of the thigh: the pain is increased very much
every time the contracted muscles are elongated, 7. e, when the
resistance to the contraction is augmented; on the contrary, it
diminishes when the resistance to the coutraction is rendered less
than it was, and, at last, it disappears entirely, or almost entively, when
the resistance is completely, or almost completely, desiroyed, after teno-
tomy. Surgeons, till our researches, had not been able to explain
this apparently strange cessation of pain; now it seems quite simple
to understand that such should be the case.

In cases of fissura in ano, it is very well known that the pain
due to the spasm of the sphincter is increased when there is a re-
sistance to the contraction, and that the greater the elongation of
the muscular fibres, the greater also the resistance to their contrac-
tion and the degree of pain. At last, when the muscular fibres
can contract freely, and almost without resistance, the pain disap-
pears, as is the case after the operation of Boyer (the section of the
sphineter). Of course the pain depending upon the fissure persists,
but that due to the muscular spasm disappears. In this case, also,
surgeons could not explain the cessation of pain. We find here,
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as in the preceding case, that the excitation of the nerves due to
the muscular contraction augments, decreases, and disappears in
the same circumstances, concerning the degree or the absence of
resistance, which produce analogous phenomena in the experiments
above mentioned.

In cases of neuralgia, when the sensibility of nerves in muscles
is increased, there is pain produced or increased every time the
museles contraet.

The contractions of the uterus, which are the more painful the
more there is resistance opposed to them, cause also pain in the
same way as the spasm of the anus or the contraction of the mus-
cles of the thigh. The relation between the degree of contraction
of the uterus and that of pain is so evident, that the word * pains”
is employed for that of “contraction.”

Every muscular contraction seems to generate a galvanic excita-
tion of the sensitive nerves in the neighborhood of the muscular
fibres; and, the degree of excitation being in proportion to the
degree of energy of the contraction, we have, in this way, an excel-
lent means of judging of the state of the muscles. When the con-
traction acquires the degree which it has in cramps, then it causes
pain, which is also in proportion to the energy of the spasm. If
we succeed when we have a cramp in making it cease by elongating
the contracted muscle, we find that the pain often increases at first,
and disappears only when the contraction has ceased. I regret not
to be able to bring forward all the reasons which have led me to
admit the views I have just proposed, but I must keep within my
programme.

If, now, we examine what takes place in the apparently para-
doxical experiment of Magendie, we find that nothing is more
easily explained. When the anterior roots of a spinal nerve are
excited, a cramp is produced in the muscles in which the nerve-
fibres of the roots are distributed, and the pain which belongs to a
cramp is generated. I think this pain is due, as I have said for
eramps, to a galvanic excitation of the sensitive nerve-fibres exist-
ing in the muscles which contract; but whether this theory be true
or not is, in a measure, indifferent as regards the general cause of
pain in the experiment of Magendie. In fact, there is then the same
cause which exists in a cramp; and this cannot fail to be so inas-
much as a real cramp is generated by the irritation of the anterior
roots. So, then, we can conclude: 1st, that the recurrent sensation
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is only in appearance recurrent; 2d, that the anterior roots of the
spinal nerves cause pain when they are irritated, because they pro-
duce a cramp: 3d, that, consequently, there s no sensibility of any
kind in the anterior roots, and that it is because they are motor, and not
beeause they are sensitive, that they cause pain when they are irritated,

Therefore, the objection which has been urged against the views
of Sir Charles Bell, and which was founded upon the fact that
the anterior roots cause pain when irritated, is unfounded, We
will now say a few words of the objection originating from the
fact that there are, sometimes, some local movements when the
posterior roots are excited. These local movements are proved to
be only reflex movements. In the first place, there is no contraction
whatever when the distal part of a posterior root is irritated ; and,
certainly, if there were motor nerve-fibres in this root, contractions
should be produced. (See Fig. 1,d, ) In the second place, the
irritation of the central part of a divided posterior root is sometimes
followed by local contractions, a fact which implies that to reach
muscles, the irritation passes through the spinal cord. In the third
place, after having cut the anterior roots of the pair of nerves of
which we irritate a posterior root, we do not see any local contrac-
tion following this irritation. Irom these experiments it clearly
results that, when a posterior root of a spinal nerve is irritated, if
we see contractions of the muscles to which this nerve goes, they
arise from the passage of the excitation to the spinal cord, and,
from thence, to the muscles through the anterior roots. In other
words, we must admit that it is only by a reflex action that the
posterior roots act upon muscles,

It would seem from what we have just said, and from the explana-
tion above given of the recurring sensibilily, that no further objection
to the views of Sir Charles Bell can be made; but this is not the case.
J. W. Arnold! has tried to show that the anterior roots of nerves
contain the nerve-fibres which convey to the sensorium the impres-
sions which give the knowledge of the state of the muscles. The
chief fact on which he grounds his opinion is, that after the section
of the posterior roots of the posterior extremities of a frog, it can
malke use of its hind legs almost as well as if nothing had been done
to the posterior roots. This experiment is certainly of some value,

I Ueber die verrichtung des Rueckenmarksnerven, &e., Heidelberg, 1845. Ana-
lyzed in the “ British and Foreign Medical Review,” April, 1845, p. 558, and p.
075,































































































































































































































































































































































































































































































































































































































































































































































































































































