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VIIL. An Experimental Investigation of the Central Motor Tunervation of the Laryue.

By Feuix Semon, M.D., F.R.C.P., and Vicror HorsLey, B.S, F.R.S.
(From the Laboratory of the Brown Institution.)

Beeeived Jone 17,—Rend June 19, 15050,
[PraTes 31, 32.]

Parr [.—EXCITATION-EXPERIMENTS.
a, Tntroduction.

Ix the cowrse of ohservations dealing with the physiology of the motor innervation of
the larynx, the results of which were embodied in a paper recently presented by one
of us (F. S.) to the Royal Society,” it was shown that the central innervation of the
larynx played o much morve important réle in the function of respiration than had
previously been accorded to it. More especially it was shown that certain nerve-
centres were constantly at work in maintaining a reflex-tonus of the abductor muscles
(posterior crico-arytmenoids) indispensable for the mechanism of quiet respiration in
Man.

In 1880, 1881 and 1883% it had been shown by one of us (F. 8.) that these same
muscles (the abductors) were more liable to degenerative changes in cases of organie
disease of the motor nerves of the larynx from the medulla uhlu}ngutn—, downwards, and at
the same time that functional disorders of the laryngeal motor apparatus almost exelu-
sively affected their antagonists, the adductors.  The explanation of all these different
phenurnf:nu p:‘ﬁﬂcntﬂd great diffienlties, and, :ll[l]uugh li:_;"ht was thrown upon them in
very various and unlooked-for ways, it soon became evident that neither clinical and
Pilt-]lﬂlngflﬂill ﬁ]-]‘ﬂ("1'\';l t—i{l]‘ls"- i[l :Ill[il[l =1Iﬂl|ll!, 1ar Ex]l&l'illll‘!]]t!‘; II]IEHI L!!E I_H*I."i.]_FIIEI'“I nerve-
mechanism of animals, would suffice to solve all the questions here involved.

Now, the fact just mentioned-—viz, that in functional disorders (e.g., hysterical
aphonia) those motor laryngeal nerve-fibres only which subserve the volitionary fune-
tion of the larynx (ie, phonation) ordinarily suffer, whilst, on the other hand, in

* “On the Position of the Vocal Cords in Quict Respiration in Man, and on the Reflex-tonns of their
Abdnctor Muscles,” * Roy. Soc. Proe,," 1890 (vol. 48, p. 403).
t {(a) Foot note in Gorman Edition of Morenn Mackexzie's ¢ Disenses of the Throat and Nose," vol, 1,
p. a7
(%) * Archives of Laryngology,” July, 18381,
{e) *Berliner Kliniselie Wochenschrift,” No. 46, of seq., 1883,
MDOOCKC.— B, R L 12,

[R5
==
L]
H

-
=
=
-



188 DR. F. SEMON AND MR. V. HORSLEY ON AN INVESTIGATION

organie disease those fibres are usually primarily affected which are engaged in main-
taining the antomatic process of laryngeal respiration—seemed to indicate that there
must be a central differentiation corresponding to these varied phenemena. Hence it
was that the idea of the present research oceurred to us,

[n planning such an investigation we naturally turn first to the subject of the
cortical representation of the larynx—a problem which, first touched upon by FErriEr
and Durer, has been treated in detail by H. Kravse at the instigation of H. Muxk,
and by MasiNg.

From this point we might proceed to the consideration of the fibres leading from
the cortex to the lower centres in the medulla, as they pass through the corona
radiata and the internal eapsule. The investigation of these fibres by means of the
excitation-method has, so far as we know, not been undertaken by any previous
observer, though some work by the ablation and degeneration method has been
performed by Kravse.  This latter method and its vesults will be fully dealt with by
us in a subsequent paper.

Finally, we discuss the results of excitation of the central mechanism in the bulb, a
branch of the subject which we commenced four years ago, and which also has not
been treated, to our knowledge (confirmed by Professor Gap), by any previous
observer.

Before passing to a complete historical retrospeet of the question, and before
describing the method of our own experiments, we may state that, since we have
found certain important differences in the eentral structural arrangements in different
species of animals, and also in animals of different ages belonging to the same species,
it is essential that these should first be prominently and clearly expressed, in order
that some discrepancies which exist in the statements of previous investigators and
the classification of our own results might be properly understood.

To the same category belongs the question of the action of ansmsthetics upon the
neuro-muscular system, a question the importance of which for the present investiga-
tion can hardly be exaggerated ; since, for reasons which we will further discuss, the
effect attained by execiting any given centre may be entirely modified by the mere
degree of ansesthesia affecting the peripheral mechanism of nerve-endings and muscles.

In a previous communication” we have shown the importance of the action of ether
upon the peripheral nervous system, a factor which must be properly disecounted in
considering the action of the ansesthetic upon the nervous mechanism as a whole.

These considerations of species, age, and anmsthesia will compel us to further sub-
divide the great groups into which we have arranged our facts.

In the following historical retrospect of the results obtained by previous investiga-
tors we have thought it best (to avoid misconception) to place each writer in the
chronological order of the appearance of his publication.

* % 0On an apparvently peripheral and differential action of Ether upon the laryngeal muscles,” * British
Medieal Journal," 15846,
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b. Historical Retrospect.

Although various authors have observed the changes in thoracie respiration following
excitation of the central nervous system, but few have studied the relationship of the
latter to the larynx, either so far as respiration or as phonation is concerned,

As this relationship is the immediate subject of this paper, we shall confine ourselves
in this retrospect to a brief »ésumé of the results of those authors who have directly
investigated, either ex perimentally or elinically, the question here at issue.

On the experimental side undoubtedly FerriER™ was the first worker in the field
of excitation. In the first edition of his well-known work he deseribes an instance in
which excitation of a certain cortical area in the Dog elicited barking, and observes
that similar observations had been made by him repeatedly.

Shortly afterwards Durer,t of Paris, referred to the same subject in conneetion with
his cortical ablation and compression experiments, and reported similar results.

Although subseguent experimentation has shown that both these observers did not
accurately localise the focus of the representation of phonation in the cortex, to them,
undoubtedly, belongs the priority of the idea of a special representation of this funetion
in the cortex.

Seven vears after FERRIER's reference to the question the sulject was, at the
suggestion of H. Muxk, specially studied by . Kravse] who was the first to
localize :;'I.G(_‘.L'I,'I'ﬂt{‘.[_}' the plmn:ltﬂl'}‘ area in the cortex of the ]]lxg's brain. He made
51X excel tntin}ll—cxilﬁrilut‘:ntﬁ on Dogs, from which he localised the movement of closure
of the glottis (always bilateral adduction) to be represented in the isthmus (* Sr1eL")
of the prefrontal (preeerucial) gyrus,  To his ablation and degeneration experiments
we shall make reference i a future communication,

In his great work on the functions of the brain, Fraxgors Fraxcky states that
excitation of the *zone motrice” of the cortex produces changes in the thoracic
respiratory movements according to the duration and intensity of the excitation.
These t;lmng s are aceeleration, :ili.tl‘l.‘p'i!]g_. and varviations of :lmplil.ll!.]e. He does not
consider that respiratory centres can be considered to exist in the cortex cervebri, or
that there is any differential representation of the larynx or other parts of the
I'l.:Hl}il':Ll.ur_}' apparatus.

In the {-.*p]hrIrLif_: convilsion evoked l}}' cortical exeitation he observed what we have
confirmed and extended, viz., that in the tonic stage the glottis is shut, whereas in

® ¢ Punctions of the Brain.”

t ‘Tranmatismes eérébranx,” 1878, p. 142,

1 Y Ueber dic lh:;:iirllurl;;lrl] der Grosshirnrinde zu }';l-llllmirl' und Bachen,” * Avehiv fiir Anatomie und
Physiologie, Physiol. Abth.,” 1534 This was preeeded by a note under the same title, in the * Sitzungs-
berichie der Kel, Preuss, Akademie der Wissenschafien zu Beclin,' November, 15853,

§ Franpos Frawek, * Legons sur les Fonctions Motvices da Corvean,” Parvis, 18375, pp. 14i-5.
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the clonie stage the cords exeeute movements synchronous with the twitchings of the
thoracico-abdominal respivatory muscles.

Masi¥t® made in 1888 a series of both excitation and ablation experiments on the
cortex of Dogs. In the former he found in four cases that execitation with weak
emrrents produced earlier movements of the opposite vecal cord, followed by later and
slower movements of the eord corresponding to the side of stimulation. He is the only
experimenter, so far as we know, who has obtained such unilateral results. With
stronger currents he obtained bilateral movements. According to his views the
representation of the adductory movements of the vocal cords is spread over the
whole motor area, though foeussed in the centres for the soft palate and tongue.

Aroxsouxt mentions in a paper, published in the same year, briefly, that in his
experiments he could not obtain any definite reply to the question whether the
adductory movements of the vocal cords observed by him were actually due to the
stimulation of the brain,

Morr,] in repeating our observations, corroborated our results.

Two very important papers on the root-fibres of the motor nerves of the ]ELI':,"I'I:H.', b}'
Grossmaxxy and Grapower| respeetively, we only desire in this connection to
mention by title, as the subject of their researches rather refers to the peripheral part
of the nervous mechanism of the larynx.

The above short list comprises, so far as we know, all experimental contributions to
this question, in which the intrinsie laryngeal movements have been actually observed
or 1'1_'{‘0[‘1!{_"11, "n-'l'I!lL“II 1.'-]]!" cent I'-'I.] Nervouns H}'Htl,"]“ ]1:13 ]]{,‘!ETI Hti!lll_i].?;i,.tﬁd.

The elinical evidenee concerning the relationship of the larynx to the higher nervous
centres is also very limited.

That lesions of the medulla oblongata may and do oceasionally cause laryngeal
l'i:l]".:l.t_\.'ﬁlﬂ_, is, of course, admitted on all hands. In such cases it is, correctly speaking,
rather a lesion of the vago-accessory nuelens and fibres in the medulla oblongata than
a genuine central affection, to which the laryngeal paralysis must be attributed.

With regard to the higher nervous ecentres, however (cortex and internal capsule),
matters are very different.

Althongh a ecertain number of cases have been published (e.g., by ANDRAL,
Geraarpt, Frieprecn, Fovinie, Duvar, Lorr, LEwin, Livio Roxcr, Luvs, CARTAZ,
Masser, &e. %), in which simultaneously with organic lesions of the higher centres

* ¢ Archivi Italiani di Laryngologia,’ Napoli, April, 1888, p. 45.
# Zur Pathologie der Glottiserweiterung,” * Deuntsche Med. Wochenschr.,” 1855,
' Brit. Med. Journal,” 1890, : '
“ Ueber die .e‘l.t]lt'FIIE1L"|‘|'I'_‘J"_.'1L1L'E"['IL der motorischen Kuhl'l-:l}pfﬂl}l'\'l‘:n, II. Theil,™ ‘Sitinpgabﬂ'iﬂhtﬂ
der Kais, Akad, d. Wissensch. zu Wien,” November, 15859,
[| *Dras Worzelgebiet der motorischen Kerh]kn]rl'nm'ven," ‘Centralblatt fir Ph_faiarag:'-.-,* Jannary 4, 1881,
T The literature of theze cozes will be found in Mazixr's, Garern and Dor's, and in Rosspacl’'s papers
hereafter referred toin the text. They are not quoted here at length, beeause these anthors themselves
admit that they cannot elnim to be of a decisive character for the question at issue,

-+ =+
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vocal disturbances or even laryngeal paralyses have been observed, no conclusions
can be drawn from them for the decision of the present question, because all of them
are in some way or other incomplete. In some of thewn the diagnosis of a cerebral
lesion is not at all beyond doubt, in others multiple lesions existed, in a third category
no laryngoscopic examination had been made, and again in others either no autopsy
had taken place, or the descriptions of the latter, when made, are defective with
regard to the eondition of the medulla oblongata, the peripheral parts of the laryngeal
nerves, the microscopic examination of the medulla, the nerve fibres, and the muscles
themselves, &e.

In 1884 BrysoNy DeLavax® called attention to the possibility which existed in his
opinion, viz., of localising from clinical observation the cortical motor eentre for the
larynx. Of the two cases, however, upon which he based his views, in one (SEcUIN's)
no laryngoscopic examination had been made, whilst he himselt’ frankly stated some
years afterwards,t that in the second one, his own, in which he had attributed the
|a.1‘yngea1 ]Jurulyssis to a cortical lesion, the post-mortem examination had established
the fact that in reality it was of bulbar nature.

[n 1886 Garer] recorded an observation, to which he added, in conjunction with
M. Doxr, another in 1890, which proved,§ in the opinion of these authors, that
unilateral laryngeal paralysis could be caused by a unilateral lesion of the opposite
hemisphere or internal capsule.  We have elsewhere| taken exception to the interpre-
tation given by these authors to the pavalysis observed in their cases, because (o) the
medulla oblongata was not microscopically examined at the post-mortem examination,
and () the total paralysis (respivatory as well as phonatory) of the voeal cord observed
i their cases is according to our ablation-experiments absolutely incompatible with
the idea of its being due to a cerebial lesion.

Recently Rosseacn¥ has published a very interesting paper on the subject, in which
from a carefully observed case under his own carve he draws the conclusion that
unilateral paralysis of a vocal cord may be caused by a lesion of the opposite insula.
Seeing however, that in his case there was atrophy of the corresponding side of the
tongue due to an undoubted lesion of the ganglionic cells of the hypoglossal nucleus
in the medulla oblongata, and that the integrity of the vago-accessory nucleus in the
medulla was merely suriised from the fact, that the fibres of the nerve itself, and of
the laryngeal muscles, had undergone no atrophy, while it waz not at all shown that the

* t Compbe-rendn des Travanx de la Section de Laryngologic du VIIL Congrés International
Périodique des Seiences Médieales,” Copenbague, 1854, p. 17,

t * Transactions of the American Laryogological Association,” 1885, p. 1.

1 " Awnnales des Maladies de 'Oveille et du Lavynx" May, 18506

§ Ihidem, April and May, 1800,

1| © Anmales des Maladies de 'Oreille et du Loarynx,” May and June, 1590

4 Loenlisation des corticalen Stimmeentroms beim Menschen.”  * Dentsehes Archiv fiir klinizche
Medicin,” vol. 45, March, 13,
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laryngeal paralysis had existed so long that atrophy ought necessarily have followed,
we cannot admit this case as actually proving such a relationship as that claimed by
the author.

Finally, at this moment a paper on the subject is in course of publication from the
pen of ScHEFF,* the outcome of which cannot yet be foretold.

The general observations of Laxxoist bring nothing new, whilst (GoTTsTEIN] con-
siders the question of the existence of a cortical centre for the larynx in man as still
open.

This short list practically exhausts the clinical material in connection with the
subject.

Q. ﬂ'fl“f!.i-ﬂll:'rﬁ Qj‘. }f.'fjﬂﬂi"'-fl'?ilh:‘il'i'-l!-l'.t!f‘{.li'l-,

The different points to be considered under this heading may conveniently be
grouped in the following manner :—

1. Eleetrical methods,
2. Operative technique,

1. Electrical methods, --The excitation either of the cortex, corona radiata, or bulb
was furnished by the secondary coil of a pu Boiis-Revamoxp inductorium of the
ordinary pattern, the distances of the secondary coil being marked in millimetres from
a zero point where the primary coil was completely covered. In the later experiments
we always employed a special inductorium with the HeLymovtz side wire, very kindly
graduated for one of us by Professor KroNECKER, according to the manner he has
published elsewhere, and by means of which alone is obtained an accurate knowledge
of the increase in the strength of the stimulus when the secondary coil is pushed
towards and over the primary. To facilitate the various references to the strength of
the eurrent in this paper we now give in parallel columns the divisions in millimetres
according to the old method, and opposite them the divisions according to KroNECKER'S
method. The battery elements employed were either one Daniell cell, one 1 litre
bichromate cell, (GRENET), or a thermoelectric element, 16 cm. high, 14 em. diameter,
of 19 metallic junctions,

I Bors-Revuoxp indactoriom.

em. 0. 1. 2, 3. 4 5 6. 7 B 9 10.11.12 13.14.15.186.17.18. 19. 20. 21. 22. 23, 24. 26
current e e e L a
- — ] - — c A
Eroweceer inductorinm. A=
g 2
=

The electrodes employed were always fine platinum points which, in exciting the
cortex, were fixed 2 mm. apart, but in exciting the corona radiata, internal capsule, or
* ¢ Zur Pathologie d. Motilitatsstérnngen d. Kehlkopfs.” ¢ Allg. Wien. Med. Zeitung,” June, 1890

+ “Y a-t-il un Centre cortical du Larynx #" * Revue de Médecine et de Chirurgie,” Avgust, 1885,
e Die Erankheiten des Kuhlknpfﬁ,' Dritte Anflage, 1890, p- J44.



OF THE CENTRAL MOTOR INNERVATION OF THE LARYNX. 193

bulb were placed 1 mm. apart. The stimulus was kept applied to the cortex for
different periods of time according to varying circumstances, Thus if a very minimal
stimulus was being emploved it was necessary, in order to judge of its effect upon the
cortex, to prolong the excitation during several respivatory movements of the vocal
cords, ¢.e,, from 5 to 10 seconds. If, however, the stimulus was um]']{ec”:l,r adequate
so that an unmistakeable effect was produced immediately and ceased divectly the
stimulation was discontinued, then the application of the electrodes was only main-
tained for from 1 to 2 seconds, so as not to exhaust the cortex.

2. Operative technigue—The first point to be considered of course is the anms-
thesia, the importance of which has been already alluded to, and is considered in
further detail on p. 195. We may say at onece that we have almost invariably used
ether, in a few cases also in part chloroform ; but inasmuch as the latter did not show
any specific effeet, differing much from that of ether, it is sufficient only to allude to it
herve as it may chance to be mentioned hereafter. The naveotisation was always con-
ducted in the following manner :—The ether was first given by inhalation, and then
complete unconsciousness having been produced tracheotomy was next performed and
the anmsthetisation continued through a funnel and short® piece of rubber tubing,
the funnel I'Eﬂtitlg on cotton wool wet with ether and covered with a cloth. This
method had the advantage that as it was usually found far more convenient to inspect
the larynx from below all trouble connected with the inhalation of the narcotic was
avoided, and as the trachen was always completely divided it was readily moved
aside without twisting the larynx to either side, and consequently an uninterrupted
view obtained. Furthermore, if' too much anmsthetic was given by mistake, it was
easy to restore the animal by inflation.

The tracheotomy having been done, as large a eannula as possible was inserted and
htted as above stated.

The animal was secured in a prone position and the operation proceeded with to
expose the central parts of the brain. These may be referred to as cortex, corona
radiata, internal capsule, and bulb,  The second and the third of comrse eonsist n]:l:,.r
of fibres, whereas in the first and last case additional complications arise and extra
precantions have to be taken owing to their being central apparatuses.

Corter,—The anterior third of the sknil, including the roof” of the orbit, was then
T'Dmﬂ'&'l"rl ]'P:r ﬁl'.‘it.- ]Tlﬂ]ii"g i ltlﬂllllinp Ullf‘llillgi!"(l Hlllk‘qll"]"("'l"ll]}' I'{‘Illlﬂi'illg tll'["' .I.H.HH} I.-lif!ﬂﬂ—
meal with fine bone forceps.  All bleeding from the bone, which was always free, was
immediately checked by wax,  In this way the whole of the anterior ex tremity of the
hemisphere, iru.'lufﬁng the orbital surface, was cumplcmll.' g;:{tm.*:wf, t.e.. ag far as the
margin of the olfactory tract.  For the better exposure of the same the tissues filling
the orbit were drawn forward, the oenlar contents having previously been removed
from the eyeball through an incision in the sclerotie.t By means of constant nrigation

" Purposely short to allow of proper change of the respiratory gases in ventilation of the lungs.
t Or the eychall removed {Hitzia)
M DOCUX O, —- 12, 2 C
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with warm water or normal salt solntion shock was in very great measure avoided.
This was also provided against in the usual way with hot vessels, coverings, &e.

In no ease was the dura mater opened until immediately before the commencement
of the excitation. _

The animal was then fixed on its side so that when the anterior wall of the trachea
had been removed a perfect view from below was obtained of the voeal cords in their
whole length.

In all this preparation of the trachea, larynx, &e., special care was necessary to
avoid injury of the recurrent laryngeal nerves. Between every period of the excitation
of the cortex it was douched with warm water or saline solution, protected by the
Hlﬁn—ﬂui} from the air and kept warm with hot sponges,

Coronn Radiata, —The investigation of the corona radiata of course enables one to
decide many points concerning the amount of representation of wvarious functions in
the cortex.  Naturally, however, the excitation of the few fibres descending from the
comparatively extensive area of the cortex is not easy unless the electrodes be placed
exactly upon the eut ends of the fibres. It is for this reason, no doubt, that a stronger
stimulus® is usually required to suceessfully excite the fibres. The removal of the
cortex was always effected by a single incision with a sharp scalpel at right angles to
the supposed direction of the fibres.

Internal Cipsule.—This was exposed by horizontal seetion throngh the hemisphere
in the same way as that just described for the corona radiata. The line of the incision
taken is referred to on p. 202, and the only point noteworthy here is the arrest of
hsemorrhage, &e.  Naturally bleeding comes almost entirely from the middle cerebral,
the lenticulo-striate arteries and their branches.  Bleeding from these vessels can be
certainly arrested if a fragment of amadou be gently pressed on the open mouth of
the vessel and left there. Usnally the various bundles of fibres in the capsule were
then explored with the electrodes, and finally a careful transeript of the surface
of the section made with compasses upon paper ruled with squares of 1 mm. a side,
and the :!nrl'nr-zpcuuli|tg bundles of fibres indicated h_j,' :ll'hitr:‘u"}r numbers l:]ncerl on the
squares into which the capsule was by this means divided.

The Medulla Oblongata.—This was exposed for excitation by reflecting the muscles
anil lnm'Eﬂstuu I h].' the usual T-slmped imcision from the ﬂﬂc[piiul bhone and the dorsal
surfaces of the arches of the first two vertebrae without injury to the vertebral vessels.
These same arches and the neighbouring portion of the oceipital bone were then eut
away with hone forceps. The dura mater was then divided in the middle line
and the middle lobe of the cerebellum slightly drawn upwards or a portion removed in
order to expose the lower end of the fourth ventricle. A drawing was then made with
compasses of the surfaces of the ventricle thus exposed on the 1 mm. ruled paper.
Oozing from the cercbellar vessels was always readily controlled, even in the dog, by
irrigation with hot water or saline solution. This had a very notable effect also in raising

* Prrway, Fraxck.
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the excitability of the bulbar centres when these were depressed by shock,
exposure, &e.

In every case a post-mortem examiuation was made, the drawings verified and the
specimen preserved.

d. Tufluence of the Anwsthetic and Strength of Stimulus,

We have assumed that the construction of the whole neuro-muscular apparatus of
the larynx comprises (1) an area of cortex popularly, though incorrectly, termed the
cortical laryngeal centre, (2) a similar area in the bulb or medulla oblongata which
may in like mauner be spoken of as the bulbar laryngeal eentre and is connected
with the cortical apparatus by fibres running in the corona radiata and internal
capsule, while finally the vago-aceessory nerve roots and peripheral branches contain
the fibres supplying the laryngeal museles and mucous membrane.

[t was first observed b}' Hoorer® that even when the recurrent nerves were cut
inhalation of large doses of ether produced paralysis of the closers (the adductors) of
the glottis before the openers (the abductors). We repeatedt and extended in further
detail this observation and showed that this remarkable peripheral and differential
action of ether was, in all probability, due to the fact that the antagonistic muscles of
the larynx belong to classes of muscles biologieally different.

Hoorer's oviginal observation was coutested by Doxavvsoxt who found that in
certain cases one of the two groups of muscles predominated aceording to the strength
of the stimulus, that with a feeble current, opening, with « strong current, closing, of
the glottis was produced. A further, later research by Hooreg§ showed that the same
effect 1s produced by varying the rate (ie, the intensity ?) of the stimuli, with a slow
rate of interruption of a constant evrrent abduction being obtained, with a quick
rate adduction.

We Lave observed Donarpson’s result to be occasionally present, and from general
considerations are ready to believe that Hoorer's second observation is corveet, It is
clear that the ether effect, and the intensity of stimulation effect mutually confirm
each other.  All these results apply in their entirety to Dogs only.  Both, however,
have to be kept in view when considering the results of exciting, as in the present
research, the |tigh-.:.-:1, |miuL of the eflerent neuwro-muscular track of the ]ul'_‘g.'ng(‘ul
apparatus in any animal, since it is obvious that the actual I'l’.']!-i‘l.':‘sf‘lllﬂlillll of move-
ment (whether closure or opening of the glottis) might be masked by the condition
of the peripheral mechanism ; for instance, if this were poisoned with ether stimu-
lation would give opening only of the zlottis.

* *Transactions of the American Laryngological Association,’ vol, 7, 1886,

t ¢ Brit. Med. Journal,' 4=11 September, 1826, Fide also Buooermaxs, * Centralblatt fir Physiologie,’
and Bownirew, * International Jouenal of the Medieal Scienees,” April, 1587, p. 40k

1 " American Jonrnal of Medical Scicnees,” July, 1886,

E “Transactions of Lhe American |;:|I'.'. r:;||||h;'t|';|| Azsocintion,” 1588,
3] e a0
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This combination of ph:,’siulugi:}zﬂ rel;j,t,iﬂnship in the 1a1*}ru:~; has not, so far as we
know, received much attention, we wish, therefore, to lay stress upon the fact that,
until it has been further investigated, we shall not speak dogmatically upon the
relative degree of representation of the two antagonistic movements in any one point
of the cortex, but shall content ourselves with giving the results of our work. The
further consideration naturally arises, that possibly what applies to the peripheral
mechanism wiay also be true of the central apparatus, that, in short, the activity of
the cortical covpuscles in which the representation of adduction exists may be more
easily extinguished by ether than that of the representation of abduction. Con-
sidering, too, that this implies the earlier abolition of purposive function, it is not so
fallacious to thus translate peripheral (i.e., nerve ending ?) conditions to a centre.  This,
however, although a question of the utmost interest, does not appear to be capable of
direct solution until it is possible to differentiate either anatomically or functionally the
particular fibres in the pyramidal tracts in which closure or opening are respectively
represented,

We hope that the results of excitation of the internal capsule, especially in the Cat,
vide infic, will lend some aid in explanation of the difficulty as well as in the special
examination of Masizi's results for the reasons before given. We have carefully
noted the effect of varying the strength of the execitation.

We have always employed the same rate of excitation (viz., 100 per second), since
we believe that variation in rate is practically the same in effect as variation
intensity.

Resvrrs.

Corte.
GFeneral Statements.

We have directed our attention primarily to the investigation of the representation
of phonatory laryngeal movements only, but we have not been unmindful of the
concomitant representation of respiration. This is a point which has already been
the subject of research, and especially at the hands of Fraxgois Frawck. That
anthor, as already mentioned in the Historical Retrospect, does not consider that a
separate cortical apparatus exists for the phonatory and respiratory functions of the
larynx rvespectively, but we believe that an extensive series of experiments will
Jjustify the course we have adopted.

We moreover think it right to discriminate between the representation of general
respiration and that of the larynx, since we have, on the one hand, obtained
laryngeal effects without any concomitant changes in general respiration,” and on the
other hand, one excitation has often at the same moment induced changes of a

# Since this was written Kravse has stated in the * Berliner Klinische Wochenschrift,” No. 25, 1890,
ihat he has observed the same differentiation of 1'r:|:l1'-r.-m:ulntiﬂ-u.
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OF THE CENTRAL MOTOR INNERVATION OF THE LARYNX. 197

different type in the larynx and general respiration, eg., closure of the rima
glottidis with general acceleration of respiration. We shall therefore proceed at
once to describe the laryngeal effects only, and shall reserve what we may wish to
state relating to the effects produced on general respivation for another communication,
In arranging our vesults we divide them as indicated on p. 188, v.e., fivst, according to
the species of animal employed, and we shall commence with the highest order.

Moikey.

Species cployed. —We have exploved the cortex in examples of Macacus sinicus,
Macacus vhesus, and Mucacus eynomolgus,

Among these Macacus sinicus afforded the best results.  The general conclusions
we derive from our excitation experiments are as follows . —

Tutrinsic Lavyngeal Movements,.—That in the foot of the ascending frontal gyrus,
Just belund the lower end of the praccentral suleus (vide Plate 31, fig. 1),* there 1s a
focus of representation of the movements of the vocal cords which are independent of
movements of the pharynx, when the most anterior part of the foeal avea of
representation s excited.

This focus is limited anteriorly by the praecrucial suleus (p.e., fig. 1) and a line
{:untinuiug the divection of that suleus to the Fissure of Synvius, :supul‘im'l}', h}' a
line drawn hovizontally (parallel to Fissure of Svivius) through the upper extremity
of the small secondary suleus mmked », see fig. 1, inferiorly, by the Fissure of
SyLvivs, and posteriorly, by the suleus v

The purely intrinsic movement of adduction of the voeal cords seems to be
vepresented in the front half’ (marked darkly F, in fig. 1) of this foeal arvea. In the
posterior half, ¢.c., just in front of v, it is accompanied by pharyngeal movements
especially.  (Beevor and Honsvey.)

In this foeal avea the character of the movement represented is invariably adduc-
tion (Monkey), and not only complete, but also perfectly bilateral. We have never
observed abduction to follow excitation. Outside the focal area the intrinsic move-
ments are also represented, but in a gro.;u,ll:,’ diminished fashion. Thus, from the rest
of the facial region, as high as the lower horder of the upper limb region, as defined
by Beevor and Honsuev, and, posteriorly, as far as the secondary suleus in the foot
of the ascending parietal gyrus, a slight degree of adduction (as far as the cadaverie
position) is obtained on exeitation.  The relative degree to which this exists is shown
in fig. 1 by the depth of the stippling. It need hardly be added that, of course, the
movements of the face, jaws, and tongue noted to be represented in this region
(Ferrien, Scuarver, BEEvoRr and Horsuey) also oceur in concomitant association.

This gradual deerease in representation from a foens or centre of most complete
funetion is typical of all cortical motor vepresentation, especially in the lower apes.

Extrinsic Laryngeal Movements.—The movements of the larynx as a whole,

# Confirmed by Morr and Scuirer, © Brit. Med. Jonrnal,” May 17, 1800,
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of course, possess considerable interest. From anatomieal reasons these resolve them-
selves under two headings—

(1) Upward Movement of the Larynx,
(2) Downward = o i

(1) Upward movement of the larynx we noted to oceur only in front of the Fissure
of Roraxpo, between it and the small secondary suleus marked » in figure.

This movement is associated with swallowing and mastication, these actions
being (Beevor and HomrsiLev) rvepresented in the strip of cortex thus indicated.
Clearly, in this association, we have only the completion of the observed representation
of these mmmplimltml acts,

(2) Downward movement of the larynx we obtained by exciting the cortex just
behind the Fissure of Roraxpo between that suleus and a line parallel to it, drawn
'E‘I"U]:II. Lhﬂ' Iﬂ“"ﬁl’ Ellll {}f thu {I!t-l"a'_lj:liil"ll?tq'lll. 5“1(}“3 ta 'E'..EI{E- FiEﬂlll'ﬁ of H'ﬁ’].\rlfﬁ_

Onee we observed confusion between the movement of the larynx upwards and
downwards to ocenr at this point, the downward direction predominating.

ﬁ'}J‘I‘!E:!’JHHr_' ‘H'IILFH ]]FIV!} f.]'!_'!-l'llll:!llt]}' {}IJHUE'T{H]. 'E'P"I.I[‘.FIE}' to Fﬂ]]"'-"-" (}:'{Eitiltiﬂll Gl'r t.],].ﬂ cortex
in this region. At the commencement of the fit, the vocal cords are strongly
adducted, often with tremors, i.e., confusion between adduction and l‘EEIliraLt(.ll'_}f ["E:}
abduction, this persisting during the tonie stage. Then, in the subsequent clonie
stage, the movement of adduction alone oceurs as single spasms and ceases, of course,
often suddenly.

Carnivora.— Dog.

Phonation.—The following account applies only to the adult animal ; we shall speak
later of the differences which are caused in the cortical representation according to the
aze of the individual examined. The nomenclature of the sulei employed will be that
given by LANGLEY in his admirable paper on this subject,” except that for brevity we
shall speak of the anterior limb of the sigmoid gyrus as the priecrucial gyrus, and
similarly of the posterior limb as the posterucial gyrus.  In the original description
civen by Kravset of the cortical representation of the movements of the vocal cords,
that author localised the foeus of the representation to be situated in the precrucial
gyrus [or, as he called it, following Musk, the gyrus preefrontalis (Owex), | just where
that gyrus terminates below in a narrow pillar or isthmus (:Dl!ilecting it with the
anterior composite gyrus. At this point he found that excitation, as a rule, produced
hilateral adduction of the cords ; this we have completely confirmed, but we have also
found that while the spot indicated is a focus, nevertheless slight adduection can
be obtained by excitation of the whole of the lower two-thirds of the precrucial
gyrus, and also a few millimetres of the upper extremity of the anterior composite
gyrus.

& ¢ Jonrnal of Physiology,” December, 1883, p. 248,
1 * Archiv f. Anatomiv und Physiologie, Phys. Abth.," 1884, p. 203.

s A et !

fr
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This representation of the intrinsic movements of the larynx is not pure except very
special care be taken to adjust the strength of the excitation sufliciently lo prove a
minimal stimulus to the point excited. As a rule, it is accompanied by movements of
the tongue and of the pharynx, eg., swallowing.” Oceasionally, however, we have
obtained movements of the voeal eords without any concomitant action elsewhere,
We have never, in the adult Dog, witnessed abduction, although we have explored the
whole of the frontal lobe on its orbital and external naszal surfaces completely.

Respivation.—We now proceed to remark upon the representation of respiratory
movements of the larynx also to be found in the cortex of the adult Dog. We have
found that the following conditions may be produced with abgolute certainty.

. Acceleration of Respiratory Movements of the Vocal Cords.—This is chiefly
represented just above the focus for the movements of the adduction of the cords, v.e.,
just in the middle of the lower third of the prazerucial gyrus, but excitation of
the whole of the prrecrucial gyrus as a rule produces this effect in diminishing degree,
as we move from the foeal point just mentioned.  In the performance of this aet the
abduection of the vocal cords is, as a rule, diminished in extent, as has :l.]rt:;uly been
mentioned in speaking of their phonatory representation in the same arvea, but they
otherwise present the ordinary alternate rhythm of abduction and adduction.

Before passing to the next point observed we must here make a few remarks upon
this extraordinary result, becanse it has not been, so far as we know, described in
connexion with any function other than the respivatory.

Quickening of respivation has very properly been termed by Ricnert polypneea,
and has been pr-.wed l:_}' him to be the means whul'ub‘}' the thermo-taxic apparatus
restoves the equilibrium of the body by providing for extra loss or dissipation of heat.

Further, work of a memorable kind has been done upon this subject by Orr,t who
has directed rn:lmq,-in,l attention to this Prrint, and has 1-1‘{1finf:¢1! Ly excitation the same
acceleration of respivation, but from excitation of the internal capsule. (Vide our
remarks on the internal capsule.) We provisionally quite agree with the conclusions
and explanations offered by these writers, and we would here vemuuk, that so far as
we can see, the results obtained by Cunstiaxg§ and probably those by Marriy and
Booker,|| are to be explained as the results of excitation of the fibres leading down
from this very extensive and cortieal representation of the respiratory aceceleration

* [While this paper was passing through the press Mose published, in the Znd edition of his
' Gesammelbe Mittheillongen {iber die Fanclionen der Grosshivnrinde,” a statement on p. 178 to the effect
that we have confounded the foeal h‘:'l!l'l,'h‘l,'"'.'l'lil!ll al I||||r||:|I;lm with |.’|'|'_I.'I'|:,frill movements when secom-
Imuir'q] ||I',.' :I'I.chm':i:l.tl,'ll m-n'r-rm_-m.t 1||.' I|||- |||||'I‘|h.. |a-11'.r|'_1. nx, n‘:':". Tiu" f-" -til"‘ l::lll 1|Ii*i ::'l-'lh'llll.'tli Wi ]l':n‘-:- {1
the n|n'ni|rl| of our remders. — August, 158940,

t ¢ La Chalenr Animale,”

t ¢ Lnhoratory Rescarches,” Easton, *

.
§ * Zur Physiologie des Gelivnes.”  Berling 1885,

[| * Journal of Physiology,® vol. 1, 1851,
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that we have observed. (Fide also Fraxgors Fraxcr, Leping, BocHEFONTAINE,
DaNiLEwsKY, GoLDSTEIN, SIHLER, MUNK, &c ,and our remarks on the internal capsule.)

b. Tutensification of Respivatory Movements.—If the electrodes be moved over
the surface of the sigmoid gyrus it will be noticed that as soon as they are placed
opposite the lower or outer end of the erucial suleus, there is then, together with the
now very slight acceleration in rate, a distinetly more energetic action of the vocal
cords.,  Both the abduction and the adduction movements are more pronounced, and
as the electrodes are earried back to the lower end of the posterucial ayrus, 1.€., OVer
the arvea of representation of the fore-limb, this intensification becomes still more
marked, and is occasionally accompanied by slowing, and may in short be said to be
there localised, as from this point upwards it gradually diminishes over the surface of
the gvrus.

These observations are interesting in connexion with those made by MasiNT upon
the distribution of the laryngeal represention in the Dog. ( Vide History.)

In reviewing the results just noted, we wish to point out that if the excitation
of the cortex be first attempted with an extremely weak current and if then the
stimulus be increased, the first effect in response to the weak currentis the respivatory
acceleration before noted, and the next effect is the intensification of the respiratory
movements, The purposive adduction obtained in the phmmlur}' centre as. a rule
requires the strongest stimulus.

This has been found to be the ease by most observers, the distanee of the secondary
coil from the zero point of the ordinary pu Bois induectorium being required to be
pushed, as Kravuse himself first stated, to 7°5 or even 4 em.” Although we have
made a :»;pl?:‘i:l,l 1!11’E5Eig:|,l.im1 of this llrrinf_. with very weak as well as stronger currents,
and although we have been very careful to preserve the vertical position of the
larynx, and to record even the slightest action, we have never observed the unilateral
movements described by Masixt,

Epilepsy.—As in the Monkey, we have not infrequently observed epilepsy to
follow the excitation of the cortex, this |1uiug’ MoOre rEﬂt]il}r pl'udllmd in the earnivorous
animals than in the higher. During the epileptic convulsions the vocal cords usually
after preliminary adduction exhibit clonie adduetory movements, in no wise differing
from those previously described, save in their intermittent character.

Clat,

We have made a lavge number of experiments upon the cortex of the Cat because
we found very early in our investigations, in 1886, that the movements of the larynx
represented in the cortex of the Cat were not the same as those which we had
obtained from the Monkey or even from the Dog. In other words: contrary to what
we have just seen, the movement of abduction was well represented in the cortex of
the Cat, :1.|t]mu_;.;h we had never been able to find any genuine trace of it in the cortex of

* Faradism, morcover, not Herunontz medifiention,
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the Dog. It will be necessary, perhaps, first to explain that the arrangement of the
convolutions in the Cai as regards the frontal lobe is in its chief features the same as
in the Dog, only in miniature.  See Plate 32, figs. 2, 3, 4,5, The coronal fissure hounds
the simmoid gyrus below, and ranning forward is separated from the supraorbital suleus
by the pillar or isthinus of the preeerucial gyrus joining the anterior composite gyrus
as before deseribed.  In front of the supraorbital suleus and between that suleus and
the rhinal fissure is sitvated, as in the Dog, the orbital lobe. The rhinal fissure, of
course, separates the orbital lobe from the olfactory tract. We mention all these
points because their special bearing will be seen divectly.

Phonation.—The hilateral adduction of the voeal cords, as in phonation, we have
observed in the Cat to be more frequently represented in the coronal gyrus at its
anterior extremity, near the anterior composite gyrus, at a point which is in a line
with the crucial suleus and in the upper part of the gyrus, i.e, close to the coronal
fissure, at o', figs. 2, 4, 5. We have further observed that representation of bilateral
adduetion is also to be found in the area corresponding to that discovered by Kravse
in the Dug, i.e., Just above and in front of the anterior end of the coronal fissure, at
d, figs. 2, 4, 5. This vepresentation of adduction, whether in one place or the other,
is very soon exhausted, although it is, when present—i.e., in a full-grown old Cat—
well marked. It requires a moderate stimulus for its production, t.e., 7000 to 8000 of
the KroNEcKER coil,

Respivation, Abductivn, Acceleiativin.—We have found that in the Cat there exista
a point {at b, figs. 2, 3, 4, 5) in the lower border of the hemisphere, just above the
rhinal fissure—4.e., in Lhe anterior composite gyrus—and just below the depression
representing the antero-supra-sylvien sulens, excitation of which produces well-
marked—:.e., as ]un;,f as the exeitation lasts—abduetion of the voeal cords ; and that
the same eftect is produced, in a diminishing degree, vound this point as a foeus, and
occasionally passes above the supra-sylvian sulens on to the coronal and upper part of
the anterior composite gyrus.  This cortical representation of abduction in the Cat is
very illl!l*i‘i:-"stl'llg__f,, HES [Jl'illit'lh]}' il:tlimllihg‘ Fa]'ll."ciu| res) rii'uinrj.' 1':-quhmwr:vlulﬁ*" in that animal,
this deduetion being confirmed by the experiments of Lecaniost and others,  Although
we have found oceasionally that in the Cat the pracerucial gyvius gave upon excitation,
as in the Dog, acceleration of rvespiration, yet this was not so marked.

Tutensification.—Similarly, intensification also was observed, but in no creat degree.

Concomitant Movements,—Coneomitant movements were observed l:mm‘eml.riitﬁ of
the tongue, licking, mastieation, and swallowing) when the anterior composite gyrus
was excited, ©.¢., when u|:ul|ilzg of the {__;'lul,li:-’. (abduction) was ]rrmhu'{::L But we
constantly observed the abduction to he completely maintained while thoracice resl-

* In the diseussion following u demonstration of some of our experiments at the 10th International

Medieal Congress, 1800, Prof. pv Bois-Revuoxn stated that be had observed phonation in the Cat and
Cow to be of an inspiratory nature.  Prof. Exxee stated the same with regard to the Pig.
+ S e i'l'jlil:!i:|w e la Vi)'
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tion went on unhindered. On the other hand, when closure of the glottis was evoked,
the respirations were distinetly slowed.

We cannot pass from this part of the sulject without adverting to the remarkable
way in which the laryngeal apparatus of the Cat is, as we have before remarked,
extremely sensitive to the operation of the anmsthetic.  Especially was this the case
in making these experiments upon the cortex, since we found that a moderately deep
narcotisation was suflicient to change the effect ohserved from adduction to abduction.
The discussion of this we restme further on.

Epilepsy.—We have occasionally observed epilepsy, and when 1t ocenrred the voeal
cords were preliminarily brought together, and then moved in elonic adductory
spasms. We wonld now like to state that it is the pbonatory—or, as we may sav,
the purposive—adductory representation of the laryngeal movements which is inva-
1']:1]:11,' I.}I'-'.Illi'_',_fhl out in the L*|}i]|!:pl.ic ﬂi.‘iﬂhﬂl‘gc of the cortex ; another |1[‘l.:|u|", 1 lll'u-uf be
required, of our position that adduction is a movement, characteristic of the highest
cortical evolution as far as the larynx is concerned.

Rodents.—Rabbit,

Cortical representation of movement in the Rabhit is, of course, well known to be
very limited indeed, both in extent and in degree, the cortical centres being soon
exhausted and the effects produced being relatively insignificant. We therefore only
made two experiments upon this animal.  We obtained no focal representation of the
larynx, but the intrinsic movement observed concurrently with the movements of
other parts were, as a rule, adduction ; and, where this was most marked, the
concomnitant movement was that ul'az'w;llluwing.

Corona radicta.

We have, in a certain number of experiments, removed the cortex and exeited
the fibres beneath. As |||ig||t be expected, our results all point to one conclusion,
viz., that excitation of the fibres which lead in a divect line from the pzl.'rtiﬂllhll‘
part of the cortex removed to the internal capsule gives the same effects as did
the cortex when that was excited. Thus, in the Dog we have ohserved that the
white fibres leading down from the prazerucial gyrus gave acceleration and those from
the isthmus of that gyrus adduction, whereas the fibres coming from the lower end of
the posterucial gyrus gave intensification of the respiratory movements of the vocal
cords. Exactly the same is observed in the Cat, viz., that acceleration is coupled
with adduetion, and that, on exeitation of the fibres r;uuming from the abductor focus,
we have as distinetly abduction.

In no ease, in accordance with the [Jl'{“i‘imls observations of various authors, did we
obtain epileptic movements of the laryngeal museles, after the cortex had been
excised, by stimulation of the fibres leading therefrom.

T ——————
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Titernal E:'r.’r_gmm'f*.

It will he necessary to give a slight anatomical introduetion before describing
our results of the excitation of the internal capsule. In the first place we invariably
have exposed the internal capsule by a horizontal section carrvied through the
substance of the hemisphere from before back, after the usual preliminary ligature
of the middle cerebral artery. In this mammer the internal cnpsu]r; in its whaole
length, basal ganglia, &e., were exposed, and readily distinguishable, The hovizontal
section before referred to passed in the Carnivora thmugh the snh-];rnr(-ﬂu oyrus, the
lower part of the orbital lobule just above the rhinal fissure, through about the middle
of the Sylvian fissure, and so backwards through the lower end of the curved external
convolutions and sulei, i.e., ecto-sylvian, &e.

In the Monkey the section was earvied horvizontally backwards through the third
frontal &yrus, the foot of the :lscemling frontal and Il:ll‘il:tlil g::,'t'i I‘I"Hll[-‘l:lh‘l*!_}‘, ACPOES
the 5}-‘[1.'i:111 fissure, ﬂn'm:;:_r;h the uppermost. part of the ic*m]}r}m-!&p'lw]mi:lzl.'l lobe, and
so through the occipital lobe, The anatomieal featuves of the cerebral sections thas
produced, although, of course, differing considerably in the various orders of animals,
nevertheless are not so diverse as might be anticipated (see figs. 6, 7). In each ease
the section exposed both the caudate and lenticular nuclei of the corpus strintum as
well as the upiic thalamus.  The sections in the :'I-lmnl-:u}' thus {':I1‘|1:-.‘-'-|1ulti| tn
about the level of Group 4, as deseribed by Beevor and Horspey, These authors
in their paper (ante, pp. 49-88), on the arrangement of the excitable filwes of the
internal capsule of the Bonnet Monkey, just referved to, observed phonation to oceur
in one section of the capsule when these fibves were excited (il p. 88), but they did
not directly observe the laryngeal movements.

In this connection it must be remarked that in the Carnivera the lenticular nueleus
is relatively extremely narrow (see figs. 6, 7), so that the angle made by the two limbs
of the eapsule iz a very open one, almost 150 to 160 degrees,  Therefore, as will be
seen dirveetly, the general arrangement of the fibres, as far as the antero-posterior
order goes, is the same in the two classes of animals, although the actual positions ave
not ulllil.{: the same, m"iug to the IIEJII-[]Erl‘('liJI!IHL‘Ill, of the pru-i'r-mi.'ﬂ I't*giﬂll in the
Carnivora. Sinee the ruption of prefrontal fibres which wakes up the mass of the
anterior limb in the Monkey and |nu-;hv,=; the excitable fibres further backwards into
the posterior limb does not oceur in the brain of the Dog or Cat, in these animals it
18 the anterior limb which principally contains the excitable laryngeal fibres.

In all animals the most anteriorly placed laryngeal effect observed was the aceele-
ruted movements of the vocal cords eomneeted with r|lli|."[-:. movements of the thorax in
the polypneea, which we have deseribed to le produced by exeitation of the prazerucial
ayrus.  In the Cat and in the Dog this aceeleration of respiration is produced by
exeitation of a eonsiderable number of filwes ocenpying the anterior half of the anterior
limb, t.e., opposite about the anterior half’ of the caudate nueleus as exposed in the

N} 3]
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section before referved to. At the same time that acceleration was produced there
was also obtained from the most posterior bundles of these fibres, in all animals,
abduction, this combination being concentrated in the Monkey at the genu, where the
fibres subserving the acceleration of respiration are chiefly grouped. In the Cat and
in the Dog these abductor fibres were found just before the genu.

Taking the various species individually we find that, in (1) the Monkey, acceleration
is first produced when the fibres immediately in front of the genu and exactly at the
cenu are stimulated ; this is, of course, just opposite the sharp angle made h:,r the
middle zone of the lenticular nucleus, The fibres in the posterior limb immediately
behind the genu when execited either give a mixed movement or simply produce on
excitation diminution of abduetion, and it is not until we get to the junction of the
middle and pesterior fourths of the capsular border of the middle zone of the lenticular
nucleus that we get distinet adduetion. There, however, the adduction is very accu-
rately localised to a few bundles of fibres about 2 square millimetres in area. Just
behind this point for a shert distance diminished abduction was obzerved on stimulat-
ing the capsule in one case ; it is clear, therefore, that in the Monkey the acceleration
of respiration is only brought about by a few fibres at the situation of the genu, while
the phonatory adduction of the cords is subserved by a few fibres in almost exactly
the middle of the posterior limb of the capsule.

It may be interesting at this point to state that this is what might have been
expected, inasmuch as it is just at this region that the observations before referred
to* show that these fibres similarly subserve the movements of the tongue and
pharynx.

(2). In the Dog the condition appears to prevail which is found in the Cat, about to
be described, that is to say, that excitation of almost the whole of the anterior limb
produces acceleration of respiration and that adduction begins to be produced at the
wenu. (g, fie. 7.)  We will thevefore proceed to deseribe the condition as it is seen
in the Cat, in which animal we have investigated this point closely.

(3). In the Cat the most anterior effect is acceleration. This commences, according
to the level of the section, either just in front of, or just opposite to, the anterior
extremity of the caudate nucleus, and it persists throughout the front half of the
anterior limb of the capsule. (1-3, fig 6.) At this centre point of the anterior
limb the respirations become intensified, abduction much more notably marked, and
in some cases persistent. (See fig. G.)

Exactly at the genu, or in many eases just in front of 1it, i.c., opposite the posterior
extremity of the caudate nucleus (vide figs. 6 and 7), adduction is very sharply
marked.

In most cases the bundle of fibres subserving this phonatory adducton is small,
in others—possibly owing to slight difference in the cbliquity of the section—

# Peevor and Honrsper, loe. eif.

P R S CETTITTIIIIR,



OF THE CENTRAL MOTOR INNERVATION OF THE LARYNX. 200

adduction can be obtained from almost any pt}int in the front half of the pnst.erim*
limb, and in some eases there is, in addition, diminished abduetion as far as the hinder
end of the lenticular nuclens.

We are now in a position to discuss further the points postponed in speaking of the
relative representation of respiration and phonation in the cortex.

It will be seen that in the capsule we have thus arranged antero-posteriorly the
fibres subserving portions of the cortex which are placed rather transversely to the
mesial p]ﬂ,lm than p:u'n|!€'| to it, and that, as inigllt by E-_l:i}Fn::led, the aceeleration
which is the highest and most anterior is similarly most anteriorly placed in the
internal eapsule. To return now to the polypneea obtained by exciting these fibres in
the internal eapsule, Ot describes how by using needle electrodes he was enabled in
the Rabbit and in the Cat to evoke exactly the same polypneeic condition that we
produced in the above-mentioned ecircumstances, He was exciting the fibres,
aceording to our view, of the capsule leading from the cortex. The very important
results which he obtained, and the bearing which these facts have upon heat
regulation and the pathology of fever will be found in his communication.

The next point is of course the relation which the laryngeal movements thus
deseribied bear to the other respiratory movements, Where we had to do simply
with the acceleration of the laryngeal movements, of course such acceleration was
exactly synchronous with acceleration of thoracic respiratory exeursions.

But when the fibres |m.‘-;tf_'|"|m' to this were execited, viz., those which |:rir{]uf!f:ﬂ persis-
tent abductory movements of the vocal cords, then it was noticed that while the larynx
remained wide open in persistent abduction as long as the excitation lasted, never-
theless the respiratory excursions of the thorax were greatly accelevated ; another
instance of the differentiation of representation which we have before described.
Next, when the voeal cords were brought together in adduction, as a rule there was
some slowing of respiration and frequently movements of the opposite fore limb and
swallowing,

Fpilepsiy.—After what has gone before it will be easily understood that we never
saw epilepsy to occur from excitation of the internal capsule, and that all intrinsie

hu‘_}‘ngmﬂ movements observed were strictly and completely bilateral.

Medulla olilo Wi e,

We come now to the consideration of the larynoeal movements produced by
direct excitation of the medulla oblongata, It wiil i'n.!:u]”}' be conceded that here
there is more than usual difficulty in  diseriminating  between those laryngeal
movements which subserve the process of respication and those which have to do with
phenation.  We do not propose in the present ease to do more than indicate what
those movements are, and to leave the consideration of the shares which they

imdividually pessess in serving the two functions before mentioned to another time,
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But we may observe incidentally that we are naturally inclined to regard that small
area of the medulla from which adduction can be produced as a transit-station for the
corresponding cortical, and as a centre for reflex phonatory impulses.  Whether this
15 really so the future will show. What is, for the present, of more practical import
in this connection is how far the bulbar apparatus for the larynx is bilateral or
unilateral in its composition. It will be seen directly that we have obtained from
the one half of the medulla oblongata both bilateral and unilateral effects, that is,
as far as they go the bilateral effect is for the most part complete, sometimes, i.e., when
the electrodes are moved ontwards, with a preponderance of movements on the part
of the cord on the same side, and the unilateral effect is of course movement of the
cord on the same side as that stimulated.

We shall discuss the results then from these two standpoints, viz., (1) the bilateral
effect, and (2) the unilateral effect.

We have only made observations on the Carnivora, and in this respect it is
interesting and important to note that the results in the Cat are not different from
those in the Dog. In fig. 9 is given a photograph of the floor of the fourth ventricle
in the Dog, the calamus seriptorius (e.s., fig. 9) is well seen bounded laterally by the
fasciculus gracilis passing up on each side towards the restiform body with the ala
cinerea (a.c., fig. 9) well marked. The cerebellum has been divided and the right half
removed, so as to expose the lower surface of the inferior peduncle completely, and
only the upper part of the inferior vermiform process is seen to be in contaet with the
floor of the ventricle.

Within the area thus exposed are included all the movements of the voeal cords
which may be reasonably attributed to phonation, and also almost all which are
connected with respiration. However, in accordance with what we have stated above,
we shall now proceed to deseribe the movements of the voeal cords independently of
the function they may be :sii]nlms.i:i] to subserve,

1. Adduection.—Closure of the glottis is sharply and invariably produced when the
upper margin of the ealamus seriptorius, +.e., the nueleus of the spinal accessory nerve,
is stimulated, and the same thing is observed if the electrodes are carried outwards
and upwards along the margin of the posterior pyramid for about 3 mm. from the
middle line. This action is distinctly hilateral.

[mmediately above the calamus, in the situation of the ala cinerea, abduction is
in'l.'nr[ubl:,r 1:-|'ud1.1.c|:r_1, This movement, like that of adduection, is also absoclutely
bilateral and persistent. It extends upwards as high as the line drawn horizontally
across the fourth ventricle at the transverse level of the upper end of the representa-
tion of the adduction. (See fig. 9.) Above this point, especially in the middle line
as high as the level of the eighth nerve, excitation evokes movements of the cords
about the cadaveric position (see dotted area, ﬁ;_f. 2 which may be looked Upon s
either a confusion or imperfect adduction. This movement is strietly bilateral,

We have obtained unilateral adduction of the voeal cord on the same side by
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excitation of the vestiform body in a vertieal divection beginning below, opposite and
close to the upper end of the region just referred to as giving bilateral adduction, and
proceeding along the outer part of the floor of the fourth ventricle as high as the
centre of that cavity, (See fig. 9.)

Whether the adduction of the vocal cord of the same side obtained by excitation
in the line thus drawn is due to excitation of the nucleus reserved for the movements
of the voeal cord of the same side, or whether it is rather excitation of those fibres
which run through the substance of the medulla, to appear at once as the roots of the
vago-uccessory nerves, remains doubtful, though we are naturally more inclined
towards the latter view. However, we do not consider that any positive opinion ean
at present be expressed upon this point.

Abduction.—1t has been mentioned above that the movement of abduction is
nbtained over the situation of the upper two-thinds of the ala einerea and also from
about the origin of the eighth nerve.  This latter area is evidently more important
and extends upwards to close to the debouchment of the aquedunet of SvLvivs,  (See
[ig, 9.) Further, this movement of abduction is persistent, and is better marked a short
distance, about 2 mm. from the middle line, than in the middle line itself. We have
never observed unilateral abduetion similar to the unilateral adduction before
mentioned.

It may be that fibres exist in the tegmentum or erusta which i.li:ru::l]_}' connect lﬂgu[hcl'
the eortical and bulbar mechanisms now deseribed, and that, as before suggested, the
observations which would point to vespivatory mechanisms existing in the basal parts
of the cerchral hemisphere and in the mesencephalon have been the results of stimula-
tion of such fibres by those looking for respivatory centres in these positions.

Before we had recognised completely the degree to which the etherisation must be
carvied we obtained some results upon the larynx when the dorsal surface of the
spinal cord, t.e., below the calamus seviptorius, was stimulated, but we saw from the
first that the results obtained here were probably those of a veflex nature, and further
investigation has confirmed this opinion.  For the effects were ouly produced in their
untiml}' as the exeitation ;l]r|1t'01tu11ut| ﬁlluclrﬁﬁinr]}' the |uml-.-.riur vools, and dinminished
as the electrodes were moved to intermediate parts of the H']EIHL’ cord.  Further, the
effects were far more in the nature of acceleration of thoracie vespiration than primary
changes in the movements of the larynx.

We never observed any after eflects, ey, clonus, &e., upon cessation of the stimula-
tion of the medulla t}h]ungul:l..

.-'nl,fhﬂ'aia'c f:.l" J,ﬂ""r

Those acquainted with the er-.i.uL‘_\.' of previous research on the Hu]ljt:t:L of the
innervation of the larynx know well that, from the first, experimental investigation

has shown that there exists, :L{'::ulﬂi]!g to the age, @ greatl difference in the same
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species of animal in the representation in the nervous system of respiration and
phonation respectively.

The need for efficient respiratory action on the part both of the larynx and the
thorax is much greater in the younger animal than in the adult, and is greater, as
LeGALLOIS more especially has shown, in the Cat and the Horse than in any other
animal, especially more than in the Dog. The present part of our paper will be
devoted to summarising the facts that we have observed and the differences noted
according to the age of the animal, and we shall group the results, as before, according
to the species, beginning again with the highest.

(«r.) Monkey.—In the Monkey we have only incomplete ohservations owing to the
difficulty of obtaining many Monkeys, but all our observations went to show that
phonatory adduction was less vepresented in the young anmimal than in the older adult.

(b.) Log—In the Dog these differences are also marked. In the young Dog even
with strong ewrrents we have frequently only obtained from the focus of laryngeal
phonatory representation a high degree of acceleration of respiration with marked
diminution of abduetion, but no cowplete adduetion ; in fact in the cortex of such an
animal, while respiration is most efliciently represented, phonation is only imperfectly
evolved.

{e.) Cat,—In the Cat, aigﬂill, the same L]]iu_r_\; prm'.‘tilﬁ in its r:lltil'ﬂt}', with the
additional point, viz., that this want of differentiation in the laryngeal movements
was not confined to the larynx, but also prevailed in the centres for the movements of
the limbs,

It is in accordance with points noticed by one of us (V. H.) in the representation
of the limb-muscles in the cortex of the Monkey that a wider extent of cortex
provides for a higher evolution or development of the motor representation, and
probably the differences we have just been describing as produced by age are due to
the greater or less provision of cortical material for subserving the particular funetion

rep resen tl.H.].

CoNCLUSIONS.

The conclusions which we leel may legitimately be drawn from the foregoing
experiments—and which, we may be 'i:r_-r]niti,m] to add, are based not ur'.l:,r upon the
results of the work just deseribed, but also upon much which we have not alluded to,
and which will be deseribed in subsequent communications—may best be put forward
upon the plan according to which we believe the central innervation of the laryngeal
movements ih'- -Iil't'i;lll{_"_'l.!{l,

In consequence of the laryngeal muscles serving, as particularly insisted upon by
one of us (F.8.), in this connection, two distinet functions (1) phonation, (2) respi-
ration, and in consequence of these two funections being, one connected with so-called
purpesive or volitionary acts, the other, on the contrary, related to those functions
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which are commonly spoken of as belonging to organic life, it is easy to understand
that our results bring ns to the conclusion that the phonatory movements of the
lur‘?ngmll muscles, e, adduction, &e., are represented principally in the cortex,
whereas the respiratory movements, i.e., ahduetion, chiefly in inspiration, adduetion
less eommonly and imperfectly in expiration, usnally find their origin in impulses
emanating from the bulb,

We have seen that the first of these functions, phonatory adduetion, is representud
most completely in the cortex the higher we ascend in the animal scale, and the move
completely as the cortex is developed in the life of the individual, i.e., by age, while
pari passit, the function of respiration, although present in a minor degree, as
evidenced h}' acceleration, is least I'(']!TCHuntucl where [:'Imlmliun s most cmup|ete|}'
developed. In further detail, adductory phonation is centred in the Monkey at the
Junction of the foot of the uscending frontal gyrus, and the base of the thivd frontal
gyrus, in the Carnivora at the junction of the praecrucial, or preefrontal gyrus, with
the anterior mmim.t_:.itn and coronal gyri.  Respiration is represented in the ]]ighf'l'
animals only as acceleration, and that above and rather in front of the focus of
phonation.

In the Cat only have we found a deliberate representation of abduction in the
cortex.,

Turning now to the lowest part of the central apparatus, the bulb, we see that
there is therein situated a small but eoncentrated focus on each side of the middle
line for bilateral closure of the glottis, and outside that a small area, excitation of
which produces unilateral adduetion of the voeal cord on the same side.  Above this
|'1::giml of adduction there is also a Ft'flfl"'.'l"*'.‘lli.uiiflh of abduction, +.e., illﬁ[-il'm.-iull.

Finally we have found that, connecting the cortical apparatus with the bulbar
apparatus, there exist nnmerous connecting fibres which ean be analysed as they pass
down from the cortex through the corona radiata and internal eapsule towards the
bulb ; that as far as the}' are concerned tlu!_}; simply subserve the functions which are
proved to exist in the cortex ; that the anatomico-functional arrangement of these
fibres in the eapsule enmmerated from before backwards is :—acceleration of vespiration,
abduction, imtensification, addoction : and that their rc:t]w(!liv:; positions in the 13;1[151.1].9
are constant and strietly homologous in the different species of animals, according to
the development of the cevebral hemispheres in the partienlar eases observed.

These results are in complete coneord with the ideas concerming the whole central
nervous mechanism which innervates the ]111'_1.':1:(, ileas which were put forward by
one of us (F.5.) at the International Congress at Copenhagen in 1884, We are
enabled to state this the more positively for the veason that we have in our hands
the notes of a large number of ablation experiments which, by their control of exei-
tation effects, prove to demonstration the correctness of the views and opinions we
have enunciated,

MDOCCX (L —1. 2 E
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Descrirtion oF PLATES.

PLATE 31.

Fig. 1. Photograph of right hemisphere of a Macacque's brain, Macaeus sinicus.
The total or absolute 1‘{*|Ji'u.l¢ﬁ|:|t:ll.-iml of the |i|1‘}'11x 15 indicated 11_}; ﬂﬂll.-ing,
the depth of the same showing the degree of representation.

K. Fissure of Roraxpo.

Fe. Pracentral suleus,

I Foecus of highest development of laryngeal representation, i.e., pure

intrinsic movement of adduction.

(1 ']"]:IH EH]EI.H HE’.'EEH]E].ElI‘f SLIIEL‘EH iluliﬂuled h}' Llliit ]l"Lllﬂ'.

Sy. Fissure of SyLvius.

PLATE 32.

e
d
At
s
e

. 2, Three-quarters view of Cat's brain, half natural size.
c.s. Crueial sulens,
d. Kravse's centre of adduction.
o', Centre of adduction also noted by the authors.
. Foeus of abduction.

oy

IFig. 3. Base of Cat’s brain, half’ natural size }
Fig. 4. Side view of Cat’s brain, natural size Lettering as above, fig. 2.
Fig. 5. : . half natural size

Fig. 6. View of Cat's brain from above. The right hemisphere has been sliced
horizontally, as described in the text, to show the internal capsule.
olf. Ollactory lobe.
p.f. Prefrontal fibres,
Ca. Caudate nucleus.
g. Genu,
o.th. Optie thalamus,
id. Lenticular nucleus (putamen).
F.S. Fissure of SyLvius.
1. Anterior limit of fibres excitation of which produces aceeleration of
respiration.
2. Posterior limit of fibres representing acceleration and abduction
and commencement of representation of adduction.
2, Centre of anterior limb marking commencement of representation
of abduction.

-
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Hurizontal section of the right .]Jl.-‘l'l'lllﬁl‘lllﬁl‘l-' of the Dog. Lettering as in fig. 6.
e, 8. View of the bulli of a Cat, the cerebellum being split and drawn aside.

C.g. Corpus [lll:l(ll'igu]llillllllt.

r'u!':.};. Posterior ditto and superior cerebel lay 11Hdulm|:'.

=
a
L
=
-

. Restiform body.
.. Ala cinerea,
.5, Calamns seriptorius,
1 View of the bulb of a Dog, the cereliellum having been split anwd the right half

Fig.
removed.
ey, ."njmrl.lucl: of ByLyvivs
roep. Inferior vermiforn process,

., ., ."ilH -'Ih'.l‘l.-‘l:.

The close oblique markings at the calumuns and l.'.‘n'f.f-mhllg ontwards
indicate the focus of bilateral adduetion.

The vertical lines indicate the representation of bilateral aliluction.

The horizontal marks on the outer side indicate the area of unilateral
adduetion.

The dotted area indicates the ]'t']rl'r:-u.'rlhitiml of iln_«llﬂfl].l.*[i_' adduction.

All are Irhcrt{‘h;r:l]rhu of the parts 1 the recent state,
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