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Cranial Nerves

Among these, one which I have found suceessful is
tyving a tape about each thigh just above the knee.

is is done just before retiring. Haising the head
of the bed by placing one or two bricks under the posts
it a measure which I have not found to do any good.
A dose of bromide with alkalies at night, or a mixture
containing Tr v. each of lupulin and eamphor, may
be given. In severe cases, especially in pregnancy,
codeine or opium may be added to these. Massage
and faradization of the limbs will sometimes ward off
attacks, and so will small doses of strychnine con-
tinuously administered.

When the attack comes on, the affected muscles
must be vigorously rubbed and kneaded. If the
patient jumps up at onee and puts the muscles on the
stretch, he ean often break up the ecramp. A little
rubbing and exercise will then quiet the muscle. In
the eramps of later life due to arterial sclerosis this
condition must be treated. Cuanies L. Dana,

Cranial Nerves.—From the standpoint of the
peripheral mervous system the organs of the body
may be conveniently divided into three groups: (1)
the organs of the trunk region, whose spinal nerves
are evidently arranged in & segmental way; (2) a
geries of respiratory, gustatory, and other viseeral
organs, innervated from the medulla cblongata and
in lower vertebrates intimately associated with the

ills (branchial region); (3) the organs of the head,

evoted largely to the higher senses and their central
connections within the brain and to the higher cere-
bral association centers. The limits of these regions
and their distinguishing characteristics are more evi-
dent in lower vertebrates than in higher.

The branchial region of some lower fishes is very
extensive and it has a characteristic segmentation
(branchiomerism) which is of quite different character
from that of the trunk region, though the two seg-
mental patterns may overlap.  In the trunk the organs
are partly of somatic type, being concerned mainly
with locomotion and other similar reactions of the
body museulature to external stimuli, and partly
viseeral systems whose nerve supply is much smaller
and which receive their nerves in part from the bran-
c¢hial region. But the branchial region iz domi-
nated by the gills, which are visceral structures, while
the somatic systems are here greatly reduced. In
mammals the gills have disappeared, but the asso-

Fia. 1581.—Croas-aeetion of Spinal Cord to Ilustrate Gaskell's Views,

Gadow.)

ciated part of the brain, the medulla oblongata, pre-
eorves its character as a center devoted chiefly to
rca'Firatﬂry and other visceral functions.

hus, the V., VII., IX., X., and XI. cerebral nerves
are of branchiomerie type, with viseeral fumctions
predominating. The I., 1L, I11., IV., V1., and VIII.
nerves belong to the organs of special sense and their
aceeszories, while the XI1I, cerebral nerve is a modified

Vor. III.—21

A, Cells of doraal horn; B, cells of Clarke’s eolumn; ©, eells of lateral horn; D,
eclls of veutral horn; E. solitary oclls at base of doraal horn; 6, somatie afferent fibera;
b, aplanchnic gnnglionnted efferent fibers; ¢, splnnchnic non-ganglionated offerent fihera
for viseoral and enteris musclea: d, somatio efferont fibera; ¢, aplanchnic afferent Ghers.

spinal nerve. Comparative anatomy and emhbry-
ology show that most of these nerves (and perhaps aflr]
are the descendants of more typical segmental nerves,
but in all existing vertebrate types the original seg-
mental pattern has been more or less highly modified
and obseured. In the human body this modification

Fra, 1682 —Dingram [lluatrating the Composition of the Typical
Bpinal Merve. The somatic sensory fibers nre represented by broken
lines, the wvisseral sensory by detted lines, tho somatis motor by
heavy continuous lines and the visceral efferent by lighter continu=
ous lines. Viaceral efferent fibera are found in the dersal roots of
some lower vertebrates; their presence in mammals is controvoertoed,
Fibers of the visceral efferent syatem arise chiefly from an inter=-
medio<lateral colump of eclls which lie in or near the outer bopder
of the lateral cornu.  The centeal terminus of the visceral sensory
fibera f8 umeortain, probably in the intermediate zone in the
vicinity of the nucleus dorsalis of Clarke., B, Fascioulus cuncatus
{of Burdachl: €, nuclous dorsalis (of Clarke); DN, dorsal horn;
7, faseiculus gracilis (of Goll); LM, lateral horn containing the inter-
medio-Interal column of eella; SP.A0, spinal ganglion; SY.G, sympa=
thetle ganglion; VA, ventral horn.

has been earried mueh farther thanin the lower verte-
brates, and accoedingly much wvaluable information
regarding the significance and relationship of the
cerebral nerves has been derived from the study of
fishes and other more primitive vertebrate animals.
The Doctrine af Nerve Components,—The knowledge
of the composition of the cranial nerves
was long retarded by persistent at-
tempts to analyze them in accordance
with the analogy of a supposed simple
gpinal pattern.  Sir Charles Bell in the
early part of the nineteenth century
made plain the difference between the
sensory and motor roots of the cranial
and spinal nerves. But the common
= statement of Bell's law, that the dorsal
% gpinal roots are sensory and the ventral
roots are motor, leaves out of consider-
ation important parts of his scheme
and ascribes to the spinal nerves a
really artificial simplicity. The at-
tempt to classify the still more com-
plex cranial nerves in accordance with
this simplified segmental scheme, thus
treating all sensory roots as metamer-
ically equivalent structurcs and all
motor roots likewise as directly homologous with
spinal motor roots, has resulted only in confusion.
Gaskell in 1886 and 1880 amplified Bell’s analysia
of the spinal nerves and elaborated a four-root theory
which has been the point of departure for the best
recent studies upon the composition of the peripheral
nerves. ‘The details of Gaskell's scheme have been
greatly modified, but the fundamental distinetion
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which he clearly drew between somatic and visceral
systems of nerve components has been more and more
evidently justified as time passed on.  Fig. 1581 illus-
trates the chief features of Gaskell’s analysis of the
spinal nerves, each segmental nerve containing so-
matic afferent and efferent fibers and alzo visceral affer-
ent and efferent fibers, all of the afferent fibers and
some of the efferent visceral fibers being ganglionated.

The present conception of the composition of the
gpinal nerves is illusteated by Fig, 1582, Here it iz 2cen
that the typical spinal nerve contains two great
groups of fibers, the somatic and the visceral, each
with afferent and efferent subdivisions. The so-
matie group is concerned with the adjustments of the
body to the outside world {(exteroceptive systems of
Sherrington); the visceral group l{il:temoetpth'c] ig
eoncerned with the internal mechanizms of cireula-
tion, digestion, etc., and its connections are made
through the sympathetic nervous system (see further
under Brain, Analeny).

The somatic efferent fibers are non-ganglionated
and pass directly from their cell bodies in the ventral
horn of the spinal cord through the ventral roots to
end upon the fibers of skeletal museles,  The somatic
afferent fibers are formed by the bifureation of the
gingle processes of the cells aof the apinal ganglia which
thus give rise to centrally and peripherally directed
processes, The central processes form the larger
part of the fibers of the dorsal spinal roots and termi-
nate, after a longer or gshorter course within the apinal
cord, about cells of the dorsal horn or nuclei of the
dorsal funiculi. The peripheral processes end in re-
ceptive organg in or immediately under the skin
(exteroceptors) or else in deep sense organs among the
museles, tendons, jointz, ete.  The latter are termed
by Sherrington proprioceptors and serve for the in-
ternal regulation ::ul'l the somatic organs of response
and not, like the interoceptors, for visceral reactions,
The somatic motor and sensory roots of the cranial
nerves are organized in essentially the same way as
those of the spinal nerves just deseribed.

The vizeeral fibers of the spinal nerves are less
numerous than the somatic fibers and they are
chiefly efferent in funetion. These visceral efferent
fibers arise from the intermediate zone of the spinal
cord between the dorzal and ventral horns and espe-
cially from an intermedio-lateral column of eellslying
within and just external to the lateral horn (Broce),
They probably do not arise from the cells of Clarke's
eolumn, as suggested by Gazkell.  They do not reach
their terminal organs (smooth muscles, glands, ete.)
directly, but always end in some sy mpathetie ganglion,
with whose cells they effect functional connection,
The impulse is then earried on to the peripheral
organ by axones of these sympathetic cells. The
neurone of the first order, whose cell body lies within
the ecentral nervous system, is termed the pregang-
lionic neurone; the neurone of the second order is the
postganglionic neurone (Langley .

The viseeral sensory fibers of the spinal nerves are
relatively very few in number., Some such fibers
arize from cells of the spinal ganglia, whose periph-
eral processes distribute through the sympathetic
nervonus syatem to mucous surfaces, ete., and whose
central processes enter the spinal cord through the
dorsal roots to terminate probably in the intermediate
zone of gray matter at the base of the dorsal horn.
It iz probable that zome cells of the sympathetic
ganglin also send sensory processes centripetally
through the rami eommunicantes to enter the spinal
ganglia and thus after a svnapse in the ganglion to
discharge into the dorsal roots of the spinal nerves.
But our knowledge of these fibers 15 still very
incomplete.

The eranial nerves exhibit a mueh more complex
and diversified pattern than do the spinals. he
primary segmentation is obscure and there is still
gome differenee of opinion as to the segmental rela-
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tions of the twelve pairs (of SBimmering) as now com-
monly enumerated. These twelve pairs are conven-
ient anatomical units, but for physiological and
clinical purposes a more useful unit is the funciional
syetent.  BEach system may be defined as the sum of
all the nerve fibers in the body, which possess certain
physiologieal and morphologieal characters in come-
mon, so that they may react in & common mode.
Morphologically, each svstem is defined by the ter-
minal relations of its fibers—hy the organs to which they
are related peripherally and by the centers in which
the fibers arise or terminate. The fibers of a single
gystem may appear in a la number of nerves,
repeated more or less uniformly in a metameriec way
(a5 in the cutaneous nerves of the spinal cord), or they
may all be concentrated into a single nerve (as in the
olfactory nerve). On the other hand, a single nerve
may contain several components; i.e. its fibers may be-
long to several of these systems. It becomes neces-
sary, therefore, to analyvze the root complex of each
pair of cranial nerves into its components and to
trace not only the central connections of these com-
ponents within the brain, but also their peripheral
courses as well. In other words, the description of
any given ramus is not complete when we have
given it point of origin from the nerve trunk or gang-
lion, the details of itz devious courses and the exact
points where the several ramuli terminate. In ad-
dition to this it is neeessary to learn what funetional
gyatems are represented in the ramus and the precise
central and %criphernl relations of each system.

The difficulty in determining this latter point is tha
chief obatacle in the way of researches on the nerve com-
ponents; for, while the central eonneetions of any nerve
can be determined by the microscopical method and
by wvarious experimental procedures, the peripheral
ecursez are usually studied by gross methods which
reveal nothing of the precise relations of the several
components and hence do not permit a knowledge of
each system a5 a whole. To trace the components
of the more complex cranial nerves continuously
from their central nuclei of origin or termination by
means of serial seetions to their ultimate Eeriphera.l
conneetions has never been attempted in the human
body. In some lower vertebrates, however, this has
been accomplished with a fair measure of success.
The pioneer work in this field was done by Dr. Oliver
8. Strong in 1895 on the frog tadpele, and this has
been followed by many similar studies. All of the
types thus far examined in this way exhibit certain
broad general resemblances and permit the establish-
ment of a sehematic type of eranial nerve eomponents
which is presumably applicable to the vertebrates as
a whole.  From anatomical, physiclogieal, and patho-
logical data already in hand it is possible to compare
the human nerves with this scheme and to infer the
composition of most of the peripheral rami with more
or less of accuracy,

In the branchial region of the lowest fishes the gills
Are VErY NUmercus (as many as seventeen pairs in
gome cyclostomes) and each gill is supplied by a
branchiomeric nerve. The segmentation of these
gilla does not coincide with that of the myomeres of
the same region and it is a controverted point whether
this diversity is primary or a secondary modifica-
tion. But it is clear that in primitive vertebrates
the entire branchial region contained greatly enlarged
visceral structures, the gills, and also somewhat re-
duced somatie struetures, the myomeres, or body
musculature, and the sensory organs of cutaneous
and muscular sensibility. The somatie motor roots
in the branchial region of fishes are usually enu-
merated ag spinal nerves, They all disappear in
mammals, exeept one or more the ventral roots
which are represented in the hypoglossus nerve.

In primitive vertebrates (cyvelostomes) the typical
nerve of this region eontains sensory and motor somatic
fibers arranged in scries of dorzsal and ventral roots as
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Fra. 1583 —A Reconsiruction of the Cranial Nerves of a Cyeloatome Fish, Petrompzon dersatus, seon from the Left Bide, to
Bhow the Areangement and Distribution of the Several Systems of Merve Components. The general or unspecialized somatic
BEDBOTY system (general cutaneous) is shaded with horizontal lines; the special somatic sensory system (laternl line) ia drown
in outhine without shading, the VIII nerve, which also belongs to this system, being omitied. Only three of the gill clefts are

indicated in the drawing.

sympathetic nervous ayatem is indieated by o broken line (Sym.).

in the spinal nerves, and in addition an intermediate
or lateral series of wvisceral sensory and motor roots
for the branchial apparatus. During the course of
vertebrate evolution the branchial region has been
g;reatli{ shortened (chiefly by suppression of the more
caudal branchiomeres), resulting in the loss of the
more eandal lateral roots. The remaining branchio-
meric nerves tend to be eombined into a common
vagn—ucmsnrius trunk. Meanwhile the myomeres
and the eorresponding somatic nerve roots were re-
duced in number from before backward. Fig. 1583
illustrates an early phase of this metamorphosis of
the branchial region, as seen in eyclostome fishes. In
gome Righer fishes a section through the region of the
vagus nerve (Fig. 1584) shows that here the somatic
motor eomponent has entirely disappeared (though
present at this level in some other teleosts), while
the somatic sensory system is represented by a small
cutaneous root and ganglion. The latter becomes
in man the ramus auricularis xtﬁi while the somatie
motor system is here represen E}y the hyvpoglossus
nerve. In mammalian embryos, where gill clefts and
gill arches are still preserved, the branchiomeric
nerves areé related in all fundamental respects as in
fishes, and the data of comparative anatomy and
comparative embryology are essential to a proper
understanding of tﬁ.e agult relations.

A comparison of the composition of the nerves of
the trunk and branchial regions reveals in both cases
the fundamental distinetion between the somatic and
viscerpl divisions. In the trunk region each of the
four primary components of a 5|1I|Jalgnerva iz further
gubdivided into functional systems (for various forms
of cutaneous and deep sensibility, various functionally
related groups of mmecles, ete), but all of thess
gystems are relatively unspecialized. In the nerves
of the branchial and eerebral regions, on the other
hand, we have, in addition to unspecialized compo-
nents like those of the spinal merves, also highly
specialized derivatives, each with a particular
function and a more or less elaborately differentinted
?e:iphe_ral and central terminal apparatus. Thus the
our primary divisions of the spinal nerves are repre-
sented by eight divisions in the cranial nerves, arranged
in the human body as follows:

1. General somatic motor, su[pp]:.-ing myomeres of
the general bodily or skeletal musculature. This
gvstemn is present in the branchial region of fishes, but

2 g.c. marks the second gill eleft; its branchiomerie nerve is the frst division of the vagus (XT1.).

The
(After Johnaton.)

iz lost in mammals, except perhaps a part of the
fibers of the XI. nerve for the trapeziug muscle,
2, Bpecial somatic motor, supplying specialized

PGST *

Fra, 15384 —Ihagram of a Branchiomerie Nerve in the Vagus
Ragion of a Telesstean Fish (Menidia). The visceral sensory
component is stippled; the visceral efferent is drawn in blnck (these
two copatituting the branchiomeric nerve proper). The somatic
sensory syatem i3 cross hatched, The somatic motor system is
heore absent, though in some other fishes fibors of this system arise
at this level from cells lying ventrally of the nucleus ambiguus and
form amn independent ventral rect. B, Branchinl cleft; BR.G,
branchial ganglion; CUT.G, general cutaneous or somatle stnsory
ganglion; FLD, fasciculus longitudinalis medialis; TV, fourth
vontricle; N. A, nucleus ambiguus: LOR. X, lobua vagl, the terminal
nucleus of the visceral sensory fibers; PH, rmmus pharyngeas;
FPOST, posttremotic ramus; PRE, pretrematies ramus; SP.V.,
spinal V. tract, asseeiated with the terminal nueleus of the somatic
sensory fibers; 8, sympathetic ganglion.

striated museles derived from the myotomes; viz.,
the eye muscles and a part of the tongue muscles;
II1., IV., VI., and XII. nerves.

3. General visceral motor, preganglionic nerve

323



Cranlal Nerves

REFERENCE HANDROOK OF THE MEDICAL SCIENCES

fibers distributing through the sympathetic nervous
svstem  for unstriped or cardine viseceral museles,
lands, ete.; represented in the 111, VII, IX., X, and

. nerves.

4. Bpecial viseeral motor, supplying highly differ-
entinted strinted muscles which are connected with
the gills or their derivatives and which are derived
embryologically, not from the myotomes, but from the
unsegmented ventral mesoderm. These nerve fibers
in the adult resemble those of the somatic motor
svetem save for their origin from a different series of
motor nuelei in the brain, They do not enter the
svmpathetic nervous system and are not related to
postganglionic neurones. This group is represented in
the V., VIL, IX., X., and XI. nerves.

5. General somatic sensory, supplying general
sensibility to the skin and deep sensibility to the
muscles, tendons, ete.  In the lowest fishes this group
is represented in all segments of the branchial region,
but 1n man its cutansous fibers are limited to the Y.,
IX., and X. nerves. Fibers for muscle sense are
found in the III, IV, V. and VI. nerves, and
probably others,

6. Special somatic sensory, specialized nerves for
the innervation of highly differentiated sense organs

derived phyvlogenetically from the cutaneous organs

general sensation. In fishes the very extensive
nerves of the lateral line organs belong here.  In
man thizs group is represented only by the VIIL
nerve and (probably) by the visual organ related with
the so-called I1. nerve.

7. General viseeral sensory, for the innervation of
vizeeral mucous surfaces without highly diferentiated
gense organs.  The relations of these fibers are not
clearly understood, as they are mingled with the

much more numerous fibers of the next group. They
distribute chiefly or wholly through the sympathetic
nervous svetem and are probably represented in the

VIIL., IX., and X. nerves.

8. Bpecial visceral sensory, for the innervation of
specialized end-organs serving the sense of taste and
probably also the sense of smell. The gustatory
fibers are clearly related to the unspecialized viseeral
sensory system and are re nted in the VII, IX,,
and X. nerves. The olfactory nerve (1. nerve) is
probably a more highly diferentiated member of the
BOIME Erolfr.

In the aceompanying table the components of the
twelve pairs of cerebral nerves as commonly enumerated
are analyzed in accordance with the preceding scheme,

Tasue or Crasisn NERVE 'I.':nnm.ul:x'm_

& ? H
= ) Chiel Cells of Merve Frimary nuclei and sccondary
= Compancnts functions. origin. roots, connections. Chief rami.
: | | |
I Bpecial vise. |[Bmell In nmanl mue. | Fila olfac- O0f. bulb: Int. olf. area: med. oll.|
BORS | meombrane tarin | mres; uncus; hippocampus
11 SBpecial som. (Vision Inretime |....ccone. Hetina: optic merve and teact to) Nob o true nerve,
| mons, | thalamus and midbrain |
IIT Zpecial som. | Movement-of eye- TI1. nueleus IL reot  |[To II1. pue. from med. abl, by {asc.| Branches to mm. roctus sup., rec=
efferent hall | | long. med.; from tectum opticum| tus inf., rectus int., obliquos inf.,
and cercbral cortex lewntor palpobroe aup,
General vise. |Intrinsic musclea Noclous of Ede II1 root Do ? Preganglionie fibers to g cilinre;
offerent ol eyeball | inger-Westphal | postganglionic fibers in cilinry
NeTVES
Goneral som. |Musele senso of ? |IIL. root ? Fibera mingled with motor fibers
EAEE e muscles | to four oye musclea
IV Bpecial som. | Movement of eye- IV, nueleua 1V. root To IV. nue. same ma 111, nerve Norve of m. abliguus superior
efforent ball
Goneral som, |[Musele sonaa | o IV. root | i Fibera mingled with motor fibera
BEnS. | to m. ahliquus saperior
YV Bpecial vise, |Movement of jaws Motor V. Partia To mot. V. noe. from sens, V. aue., By n. mandibularis te temporal,
efferent fiielows minor Y, mesene, V. pue., cerehellum nod) masseter, ext. snd int. plcr:pnuirl,
corehral coftix tenaor  palati, tonsor tympani,
ant. belly of dignstiic and myle-
hyoid muscles

Genornl som.

A. gen. sens. akin G, somilunare  |[Portio ma= | From sena. V. pue. and :pinll V. N. ophthalmicus, n. maxillaria, 5.

jor ¥, nue. to mot. nuelel of obl, apd| mandibularis

T of head, nose, (CGnsaseri)
F toeth, mouth, card, to cerchellum, oo, Inl..|
meninges thalami and coriox |
| B. muscular geps. Mue, mesones-  Portio From root fibers and nue. mesene, Fibers distribute with muscolar
of jaw muscles phalicus ¥. | major V. | toomed ¥, nue, and othor moler, branches of V.
centers |
VI Bpecial som. | Movement of cyee VI nucleus VI root Te VI. nue. from sup. olive; alse Nerve of m. rectus lateralis
eflerent Tl | same copnections ns [I1 neeve |
Goneral som. | Muscle sense r Voot | 7 Fitsers mingled with motor Gbars
AEA I |t o, peetus Intoralia
VIT General vise, |Secretion of saliva Nue. aalivator-  Portio To nue, saliv. from nue. of fnse. =0l Preganglionic  fibers  in  chorda
eflerent jua superior inter- and other sens, centors; cortex tympani; postgang. fibera from
mvodin submax. gang. ito submax. and
sublingual glunds

Special vise,
eforent

| General vise,

BEnS, bility termedia
|Bpeeial viae, |Taste on ant. part G, gentcolstum Portio in=
| aemns. of tongue termedin

¥III
| sens,

Special som.

Portie dura Toe met. VII nue. from sess. ou-|Stapedius, post, belly of digostrie,

clei of oblongata and cortex stvlohyoid, suricalar and scalp

museles  and  superficial facial

museulature

From nue. of fase. sol. to formatie Probably in great superf. petrosal

roticularia mnd chords tympani and  tyoe
panie plexus

From nue. of fase_sol. to mot. nu-| Chorda ty mpani

elei of ablongata and cortex |

FBadix vos- From wvestibular nuclei mnd eere- Norvus veatibuli

tibularis | Bellum to evo-mscle norves, mos

tor centers of obl. and eord
Itndiz coch-|From dors. and vent. coch. nue.| Nervus coohles
learia mnd sup. olive to collie. sup., corp.

gends, mied,, eortox I

Aatar VI
mickeus |

Hyoid nnd farcinl
(EFLIE T E AT

Dep vide, sensi- (G, geplculatum Portio in-

A, equilibration |G, vestibulage

nod stat o sonse

E. hearing i apirnle
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TanLe oF CRANIAL "‘I’xnvn Caumaaﬂﬂ —l:'-s-nlmucd

————— ————— —— — = —— e .

& | : ] o |
| Chief Cells of Nerve Primary muclel and secondary . :
é ¢mpﬂﬂﬂ‘nlﬂ-| functions. oTigin. | roota. connections. | Chief Fami.
| |
|
lel]n‘nuru.] vize, (Beeretion of saliva) Mue. saliva- Motor TX. |T'l} nue maliv. from nue. of fase. Progangliopic fibers in tympania
eiferant torius inferior | root! sol. and other sens, centers; cor-| and small superf. petrosal nervea;
tex postgang. from otic ganglion to
paretid gland
Special vise, |Movement of |Muc. ambiguuws Motor IX. Toe ouws. ambiguus from oue. of| Ramus stylopharyngeus IX,
efferent. pharynx ronk | fnae, =ol. and other sens, l,'!l'."ﬂl.ll"'l'.'!.l
Genoral vise, |Sensation of G. petraosum Sepa. IX. |From nue. of fose. sol. to vise.|Pharyngeal and ty mpanie branohes
e, pharynx, ote. IX. root l motor conters of [X. and various sympathotic
connectons?  C
Epecial viso. |Taste on poat. (3. petrosam Zens. IX. [From noc. of fase. sol. to vise. mot.| Bamus lingualis 13
BeT, part, of tongus | 1X, root centora and cortex |
Genersl som. | Tactile sense on |G, superius IX. [Sens. IX. From nue. of spinnl V. teact to Ramus liogualis IX.
HEDS, post. part of rook | met. conters |
tongun |
X Goneral vise, |Unstriped muscles Dorsal mot. Motor X. To met. X. nue. fromnuc. of fmse. Hami  for pharynx, esophagus,
efferent and glands of nue. of X, sal. and othor sensory contors stomach, heart, lungs, eote., wvia
gut and other Bymp. system  (pregonglionie
viscorn fibera)
{Bpecial vise. |Striated museles Nue. ambiguus | Motor X, Do alao from cerebral cortex  [Superior and inlerior laryngeal
| efferent of pharynx and pharyogeal nerves
Ganeral vise. |Visc. sens, of G, nodosum Zopsory X. From nue, of fase, sol. and dors |Hami from pharynx, esophagus,
sona. pharynx, thornx, | goms. nuo. fo vise. mot. centers| stomach, heart, lungs, eie. and
nnd abdomen | (and cortex?) VATious sy mp. connections
Speeinl vise, |Taste in region of G, nodosum ? Srnlnr_'.r X. Do.? Probakly in  iptermal laryngeal
Bams. epiglottial | merve
{Geoperal som, |Cutancous sens, |G, jugulare X, 'hnnnly X. From nue. of spinal V. tract to|Ramus auricularis vagi
BaEA. baobind enr mekol conters
XI General vise. Bamo ns io X. Diorsal mot. In cerebral Same ns in X. nerve Preganglionic  fibers  distributad
cffcront norve | mue, of X, ;Em of | with the vagus
" Bpocial vise, |A. strinted museles Nue, ambiguus |In coerebral To nuc. ambiguus from vise. sons. To stristed muscles of the pharynx
ofloront of pharynz | Eﬂtﬂ af conters | accompanying vagus branches
1.
B. movoment of  Latoral horn of In spinal  {To lat. hors from cord, oblongats, Rami to traperius and sterno-
ahoulder spinal cord | roots of and cortex | mastabd muscles
| XI.
XI1 Bpecial som. |Movement of XII oudlews  XIL roota To XII. nue. from nua. of faso. sol. Hypoglosaus nerve

efferent | toRgue | nnd other sens. centers and eortex

e —_— — — —_——— —- —

Supraorbital trun

Tr. EIFI[IEI‘J?.-

5. palat. il

E General culanecus

Lateral line
Visceral sensory
Somatic mator
Visceral motor
Sympathetic

Fre. 1585.—A Reconstruction of the Chicf Rami of the Craninl Nerves of n Bony Fish (Menidia), as seen from the Right Side,
to Show the Arrangement of the Nerve Components, Compare Fig, 15535, of a lower type of fish, (After Herrick, feom Johnston's
Mervous System,)

{7 hyoideus
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Fra, 1586, —Thres Sketehes to Ilustrate the Distribution of the Cutaneous Merves
af the Hend in a Fish, an Amphibian aond 3an, A,
man, the Ggure being slightly modified from Cunningham®s Anntomy by the addition
In nll of the fgures, aren 1 is supplied by the
ophthalmic division of the trigeminus: area 2 @8 supplicd by the maxillary division:
nren 3 is supplied by the mandibular division: area 4 s supplied by the vagus; and
[After Johnston, Spengel’s Ergobuisse und

of the ramus muricularis vagi,

aeoa 5 is supplicd by the spioal nerves.
Fartachritte der Zoologie.)

An examination of the compaosition of the eerchral
nerves in the different members of the vertebrate

}ih}'hllﬂ. shows that, as we pass
rom the lower to the higher mem-
bers of the series, each functional
svstem tends to become integrated
from a diffuse segmental arrange-
ment to a more compact form.
Forinstance, the general cutancous
gystem in lower fishes (Fig, 1583) i=s
represented in most of the cerebral
nerves behind the 1V. pair, and
there s embryological evidence
that in still more primitive forms
this syvstem was prezent farther
forward as independent profundus
and thalamie nerves, But in
higher fishes (Fig. 1585) practically
all of the cutaneons surface of the
head iz zupplied from the V. pair
and the wvestige of thizs syvstem
which is still found in the X. pair
terminates centrally in connection
with the spinal V. tract; and the
same 12 true 1o the human body.
Farallel with the reduction of
gomatic nerves in the branchial
region, an increasingly large part
of the skin of the head is inner-
vated, in higher wvertebrates, by
branches of true spinal nerves
Iving farther back, as illustrated
in Fig. 1586,

Similarly, the pustatory system,
which Is widely distribufed in
fishes in the buccal and branchial
region and sometimes even in the
puter skin, in man is rnurh maore
circumscribed.  And again, the
YIII. nerve of man is the sole
survivor of an extensive system of
cutaneous sense organs found in
fishes (the acustico-lateralis svs=
tem), whose nerve supply passes
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out 1n connection with several of the
other cerebral nerves. There iz some
evidenee that even the eyes were orig-
inally represented in several segments of
the head (Loey).

The convergence of the fibers belong-
ing to each functional system, no matter
by what nerve roots they may enter the
brain, so that all fibers of the same system
terminate in a distinet cerebral center,
is seen in Fig. 1587 which illustrates the
composition of the nerve roots of the
same animal as Fig. 1585, with a part of
the central course of the several nerves
sketehed in. In the lower fishes the
centers reached by these several sye-
tems of nerve fibers are clearly marked
by eminences on the surface of the
medulla oblongata or in the walls of the
fourth wentricle (Fig. 1588). In the
human medulla oblongata the same re-
gions may be identified, though they are
not g0 clearly seen from the surface (ef.
Brain, Anatomy)

Development.—A brief account of some
of the processes involved in the early
embryology of the peripheral nerves will
be found in the articles, Brain, Analomy,
and Spinal Cord. The entire dorsal
eetoderm of the embryo may be regarded
as potentially nervous.  Along the mid-
dorsal line this ectoderm is invaginated
to form the central nervous system.
Other cells are proliferated on each side of the body
along the =eam or line of separation between the neural

A teleostenn fish: B, a lrog: ©,

Fra. 1587 —The Cranial Nerves of Menddia aa seen [rom the Right Side, Ilustrating the
Central Converpence of the Bonsory Components of the Several Nerves into Functionnl
Eg'tteru.rl. The l'j.'l.'-l'lnlect't-l.' noerves have been mll:'tb!d, the ﬁuper.l'lﬂ'ml nn'g-i:u of the othera
being indicated by the Roman numerals at the tronsverse lines drown across their roots.
The viseeral motor roodd are drawn na continuous lines, the genernl somatio sensory rools
ns hroken lines, the acusticolnieral (special somatic sensory] system ss heavier broken
lines, and the visceral sensory system as dotted lines.  The pesitions of the auditery apd
of the four lateral line ganglis are indicatod, though no speeial designations are given them.
This scheme can be applied with but slight modification to all of the fishes. The atudent
of comparative apstomy will notiee that some rami peculiar to the teleosts nave been
omitted, eg. the r lnteralis nccessorius,  Compare the detailed plot from which this dis=
gram i3 deawn off, Journal of Comp, Newrology, vol. ix, plate »vi. The scheme can be
ndapted to higher vertebrates (ineluding man) by the suppression of the lateral line rocts
of the facialis and vagus, leaving the YIII. nerve as the only representative of the acustico-
lateral aystem.

eh, Corobollum; eer, corchrum; foe, fasciculus communis (= fase. solitnrius); fn, terminal
nucleus of apinal V. traet; oz g, Gosserian ganglion; geng, geadoulawe ganglion; fn, ramus
intestinalis vagi; TX. g, glossopharyngeal ganglion; jug.g, jugalnr (gen. cutancous) ganglion
of the vagus: feb X, lobus vagi (sensory vagus nuclens); X, ramus latoralis wagi; mna,
hularis V; me, ramus maxillaris ¥V.; old, olfactory lobe; apl, optic lobe;
o, Hur.!l."r‘lll."llll aphthalimie branches of the VI and V. nervea (the latter = frental nerve
of man); p, pretrematic branch of the focialis; pal, ramua palatinas VIL. (= great aaper-
fieiml p-el!r\mal:l', sV, H||u'r|r|.|. V. tract: fa, taberculum acustioum (terminal nucleus faor
acustico-latoral system); thm, hyomandibolar trunk (= great focinl trunk of mand; X,
viseeral vagns ganglion; XT, motor fibers for trapesius muscle, supposed to represent the
LCoe3sory DOrvd.
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tube and the adjacent ectoderm to form the neural
Fe from which a part of the eranial and spinal
gan and of the sympathetic system are to be de-
rived. And in the head region farther laterally
patehes of thickened sensory epithelium are differ-
entiated to form ectodermal placodes. These lie in
two rows, one more dorsal, the suprabranchial series,
and one more ventral, the epibranchial series (Fig.
1589). The latter are formed in intimate relation
with the external openings of the gill clefts.

Fia. 1588 —The Medulla Oblongata and Cerebellum of the Lake
Bturgeen (Acipenssr rubicundus), to Show the Lengitudinal
Columna which nre Developed ns Centers for the Four funda-
mental Funetional Syatems of the Peripheral Nerves, A dorsal
view with the choroid plexus of the fourth ventricle removed.
B, € and D, sketches of sections st the levels indiented by the refer-
ancs lines, The dark area with the light cireles is the somatic
motor column, continuing the ventral horn of the spinnl cord.
‘The dark area with rectangulsr spaces is the visceral motor column,
eontinuing the lateral horn of the spinal cord. The area with
oblique croas hatehing is the visceral sensory colummn, or lobos
visceralia, containing both general wisceral and gustatory centers.
‘The area with vertionl cross hatehing is the somntic sensory column,
containing below the goneral cutapeows centers and above the
Gl,'.k!ﬂﬂl Anmatic BEGRGEY neled {I!-ul‘m‘rsuhm anationm and labe of
the Internl line). (After Johnston) 1. Lobus linem Iateralis; 2,
tuberculum acusticum; 3, fasciculus lopgitudinalis medialis; 4,
lobua visceralis.

In the trunk regicn the neural crests become seg-
mented and their cells crowd together in each segment
and migrate ventrally (Fig. 159?2}. Home cells are di-
rectly transformed into spinal ganglion cells, others
migrate outward to form sheath cells of the periph-
eral nerves, while still others enter the sympathetic
nervous system. In the head the development of the
eranial nerve ganglia is much more complex. The
neural crest, as in the trunk, becomes segmented
and contributes important components to the cere-
bral ganglin. Rudiments of the neural crest extend
forward beyond the trigeminus ganglion, probably

representing vestiges of segmental nerves which have
disappeared in the course of vertebrate evolution.
Figs. 1590 and 1591 illustrate forms taken by the
neural crest in two species of fishes, and Figs. 1592
and 1593 in human embryos.

Mesoderm - E
ibranchial E
Epi -r; |.-a= = E

Rudiment ,_
of nerve

Preoral
gut

Fra, 1580, —Trmnsverse Section Throogh the Head of a 7-day
Embryoof Felremyzon in the Begion of the Tngomious Ganglon.
{After von Kupfer.)

During the process of differentiation of cells of the
cranial ganglia from the neural crest the suprabran-
chial and epibranchial placodes are undergoing an
it.de1)-cndent. differentiation in the ectoderm, and

finally cells are proliferated from the placedes which
2.8 = d
giz g < -
& FoEsR F R Ry
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M. profupdus® 2] | I ] &
Becwii o | ! )
neErEEEricus “I'I\_____ = ] F :zl.
i
|

HRecraans

praoopiicus % 4

Infundibulum

Optic
vesicly ===

Fro. 1580.—A IMiagram of the Hend of the Embryo of Petro=
myron at a Stage when Two Gill Clefts are Open and the Meural
Crest 18 Segmented into the Rudiments of the Cranial Ganglia.
From the leftside. The suprabranchial {dorsolateral) placodes ane
indicated Ly wvertieal and horzontal eross lines, the eplbranchial
placodes by obligue lines. [After HKoltzoff, from Johnston's
Nervous Bystem of Vertebrates, P, Blakiston's Son & Co.)

enter into the ganglia of some of the cranial nerves.
The exact role plaved by placodal cells in the forma-
tion of the cerebral ganglia is not in all cases clear and
it appears that there is considerable diversity among
different species of vertebrates in this respect.
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It is evident that in the head, as in the trunk, the
syvstems of unspecialized ecomponents are derived
from the neural crest. The researches of Landacre
have further shown that the ganglion cells of the
specialized visceral sensory system (gustatory neu-
rones) are derived, apparently wholly, from the
epibranchial series of placodes.  In other words, the
visceral sensory panglin of the VIL, IX., and X. cere-
bral merves have a two-fold embryological origin
which iz ecorrelated with their two-fold composition,
the ganglion eells of the general or unspecialized vis-
‘ceral sensory eomponent arising from the neural
erest, while those of the specialized visceral sensory
(gustatory) component come from the epibranchial
placodes.  After these placodes have thus contributed

cells to the visceral ganglia they disappear.
X IX VII

Fra. 1501 —DHagrama of Three Stages in the nnwlnpml:-nl. of
the Head of the Embryoe Shark, ."!il;u:rflr; Jrrﬂnfll“'rpxl to ahow il dif=
ferentintion of the neural erest into the eranial ganeling; A, 1, 2, 3,
sa; B, mervus thalamieus.  (Afeer MNeal, from Johnstop's
Nervoua System, . Blakiston’s Son & Co.l

The suprabranchial placodes are also transient
structures with one exeeption. The auditory vesicle
arises by the invagination of one member of this
gerics.  Im the catfish (Ameiurus), where these rela-
tions have been most carefully studied, the ganglion
of the VIII. nerve is proliferated from the auditory
vesicle, the vesicle then differentiating into the mems-
branous labyrinth with its contained areas of sensory
epithelium, ete.  The lateral line ganglin in the cat-
fish arise partly from the auditory vesicle (lateralis
IX. ganglion), partly from the suprabranchial pla-
codes and partly from an undifferentiated lateral
mass of cella which probably contains the representa-
tives of the suprabranchial placode and neural crest.
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Further research is needed to determine the full sig-
nificanee of the suprabranchial series of placodes, but
the special somatic sensory organs of the internal ear
(and at least a part of the lateral line ganglia in fishes)
take their origin from this source, while the general
somatic sensory ganglia of the cutaneous systems are
whaolly derived from the neural crest, as in the case of
the spinal nerves.

The olfactory organ arises ag a sensory placode,
from which neuroblasts migrate inward to form the

Fiz, 15302 —Reconstruction of a Part of the Poeripheral Nerves
of a Human Embryo of 4 mm. {(Hertwig's collection, Ne. 137.)
o LA

The nearal erest in the trunk region hae Bbegun to segment into
spinal ganglin ().  In the head region the cerebral ganglis of the
IX., X. and X1, norves are andicated.  (H.e, ear veaicle, (Alter
Streeter, Am. Journal of Anatomy.)

ganglion of the nervus terminalis (Brookover), but
the relations of this placode to those lyving farther
back are still undetermined. The cell bodies which
give rize to the fibers of the olfactory nerve remain
permanently at the surface in the olfactory epithelium.

The analysis of the cranial ganglia into general or
unspecialized systems derived from the neural crest
and special sensory systems derived from ectodermal
placodes iz most clearly evident in fishes, but similar
placodes are known to occur in human embryos
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Fia 1533 —HReconstruction of the MNorves in the Oecipital Re=
gion of m T mm. Human Embryo ( Mall’s collection, Mo, 23, which
shows sensory placsdes in copneetion with the gnpglion petrosam
and the ganglion pedosum.  * 167, (s, ear veaicle:  gosg,
cresl, neueal ereat,  (Alter Strecter, Am. Journal of Anntomy.)

and the same fundamental relations probably prevail
here. The interpretation of these data has been
retarded by the failure of many investigators to take
into aceount the diversity in the functional com-
position of some of the cranial ganglia. The recog-
nition of the fact that the ganglia on some of the
more complex eranial nerves contain two or more
functional components clarifies the developmental
history of the peripheral nerves in much the same
way that the doctrine of nerve ecomponents has
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assisted in the analysiz of the medulla oblongata into
functionally defined columns.

In mammals the ganglion on the V. nerve will
probably prove to be derived from the neural erest,
these neurones belonging to the general or unspecial-
ized somatic group and supplying chiefly the skin of
the head. he semilunar or Gasserian ganglion
represents at least two embryonic segments, which
primitively contained respectively the profundus and
the trigeminus nerves (cf. Fig. 1590). The WVII.
ganglion iz probably derived partly from the neural
erest (general visceral neurones) and partly from the
epibranchial placode on the hyoid cleft (special vis-
ceral or gustatory neurones), these two components
being indistinguishably fused in the geniculate
ganglion on the portio intermedia of the VIIL. nerve,
ag found in the adult body. The ganglion cells on
the IX. and X. nerves also have a two-fold origin,
partly from the neural erest (general or unspecialized
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In a four-millimeter human embryo (Fig. 1592) the
nenral erest is in process of differentiation into ganglia.
In the cervical region of the spinal cord the segmental
enlargements of the neural crest, which Inlﬂrﬁmuumu
the spinal ganglia, are still connected by bridges of
cella, The XII. nerve iz here seen in itz primitive
relations as a series of motor rootlets which directly
continue the ventral root series of the spinal nerves.
The neural crest in this region is largely devoted to
the formation of the XI. and X. ganglia. In a seven-
millimeter embryo (Fig. 1593) all of the ganglia of
the cranial nerves have been laid down and the
epibranchial placodes connected with the IX. and X,
ganglia are seen.  Fig. 1504 illustrates a reconstruction
of the roots and ganglia of a ten-millimeter human
embryo, and Fig, 1595 shows the relations in a fourteen-
millimeter embryo.  In the latter figure the transitory
ganglia on the XI. and XII. (Froriep’s ganglion)
nerves are clearly shown.
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Fia. 1504.—Medial View of a Model of the Craninl Nerves of a 10 mm., Human Embrye (Huber collection, No. 3). A

portion of the spinal cord is represented amd above that everything is eut sway excepling the sensory bundles and motor
The somatic
[After Btrecter,

nuelel ef the different nerves, and that portion of the marginal zone which is to form the funiculus ventro-laternlia.
motor nuclel are seen to form o eclumn which is the continuation of the venotral horn of the spinal sord,

Am., Journal of Anatomy.)

group) and partly from epibranchial placodes (special
visceral or pustatory). The unspecialized sensory
neurones of these nerves belong to two components:
(1) general visceral meurones which in the adult are
mingled with the special visceral neurones to form the
viseeral or trunk panglia (zanglion petrosum IX. and
ganglion nodosum X.); (2) general somatic neurones
which in the adult form the root ganglia (ganglion
superius, or jugulare, IX. and ganglion jugulare X.).
The ganglion cells on the XI. nerve are derived from
the neural erest and probably belong to the general
visoeral system. These ganglion cells, however,
have only a transient existence, most of them dis-
appearing before adult life. A small transient gang-
lion is found in human and other mammalian embryos
on the nerve (Froriep's ganglion). This is
derived from the neural crest and is probably a vestige
of the general somatic sensory ganglia on the nerves
of the spino-oceipital group from which the XIL.
nerve is phylogenetically derived.

Fig. 1596 illustrates the relations beween the IX., X,
and XI., cranial and the spinal nerves of man, as
determined by embryological and comparative
studies. The root ganglia of the IX. and X. nerves
(superior and jugular ganglia) and the transitory
ganglion of Froriep on the X1I. nerve are in part, at
least, of somatic sensory type, homologous with the
chief component of the spinal ganglia. The ganglia
on the spinal accessory rootlets, like the g, petrosum
I1X. and the g. nodosum X., are of vizceral sensory
tvpe. The motor fibers of the spinal accessory root-
lets are in part general vizceral in function for dis-
tribution with the vagus branches and sympathetic
system, and in larger part special visceral motor for
the striated musculature of the larynx region and for
the trapezius and sternomastoid museles. The latter
muscles appear to be of mixed origin, chiefly from
the branchial museulature, but partly from the
myotomes, and they have a double innervation—
vigceral motor from the X1. nerve and somatic motor
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from the cervical spinal nerves. By some anatomists
the spinal portion of the accessorius is regarded as so-
matic motor in type.

The cells of the ganglia of the cranial nerves are at
first bipolar, one process heing directed centrally to
form root fibers, the other peripherally.  But in the
conrse of further embryologieal development the two
poles of the eell are gradually approximated and the
processes finally coalesce, thus forming the T-shaped
neurcnes which are characteristic of the cerebro-
epinal ganglin. Several stages in this process are
illustrated in Fig. 1597, The ganglion eells of the
VIII. cranial nerve, however, retain their bipolar
character throughout life.
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Fia. 1505 —Reconstruction of Bome of the lhl"it']“'ﬂll M Erves
of o 14 mm, Human Embryo (Mall eollection, No. 144). 3 16,7,
(After Stroeter,)

The nerves of special sense (1., IT., and VIII. pairs)
are described in special articles.  In Fig. 1588 some of
the general relations of the cranial and eervieal spinal
nerves are diagrammatically indicated, and in Fig. 1599
the details of the relations of their roots to the base
of the skull. The central econnections of the eranial
nerves are briefly described in the article, Brain,
Anatomy.

[II. Nervus Oculonmotoring.—The motor fibers of
the third nerve arise from a group of nuelei in the
floor of the aqueduet of Sylvius of the midbrain and
emerge in several rootlets from the inner face of the
crus cerebri. The somatic motor fibers supply the
mm. rectus superior, inferior and internus, obliquus
inferior and levator palpebr® superioris. = The vis-
ceral motor fibers are of the preganglionie tyvpe
and terminate in the ganglion ciliare, which they
enter by the short root of this ganglion. The post-
ganglionic neurones pass from the eiliary ganglion by
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way of the short ciliary nerves to the eiliary muscle
and the constrictor muscle of the iris. The ciliary
ganglion also receives a long root from the nasal
branch of the V. nerve and sympathetic fibers from
the cavernous plexus,

The eye muscles are provided with the usual mus-
cular sense organs (musele spindles and tendon organs)
in addition to motor end plates, and these are Hl]i]}:]iE{i
Ly sensory fibers which enter the brain with the I11.,

IV., and VI. roots. These fibers constitute somatie
sensory components of their respective nerves,  Their
IX X 1 XI

=i -

x

Fra, 154, —Nagram Ilusteating the Composition of the IX , X,
X1, and X1I. and First Bpinal Nerves of Man, The somatic sonsory
component is shaded with horizontal lines, the visceral sensory
with obligue lines, the somatic moter with round dota and the

visceral efferent with dark rectangles,  (After Streeter and Johns-
ton, Speagel’s Ergebnisas und Fortaehritte der Zoologio.) 1, Acces=
sory root ganglin: 2, root ganglion; 3, ganglion jugulnre; 4, mmus
aurloularis; &, gannglion petrosum;: G, ramustympanicas; 7, ramus
pharyngeus; 8, superior laryngeal nerve. The swelling between T
and 8 in the ganglion nodosum.

eentral connections are unknown. The experiments of
Tozer and Sherrington show that the musculo-ten-
dinous sense organs of the eve museles are not inner-
vated, as formerly supposed, by the anastomotic
filoments which the II1., IV., and V1. nerves receive
from the V. nerve, but that upon section of the
ophthalmic branch of the V. the musculo-tendinous
sense organs and their nerves are not affected.  On the
other hand, after seetion of the roots of the I11., IV,
and VI, nerves the museulo-tendinous sense organs
and their nerves in the corresponding muscles, as well
83 the motor end plates, promptly degenerate.

Fuia, 1507.—Trmnsformation of Bipolar into Unipolar Ganglion
Calls in the Gasserian Ganglion of an Embrye Guinea-pig.  {After
Yan Goehuchiten.)

IV. Nervuz Trochlearis.—The nucleus of the IV,
nerve lies in the floor of the agueduct of Sylvius just
caudad to that of the IIL. nerve. The fibers curve
outward, dorsally and backward to emerge from the
dorsal surface of the brain behind the ecorpora guad-
rigeming, there to decuszsate completely in the valve
of Vienssens, thence to run forward to supply the
superior obligue muscle. It iz joined by filaments
from the sympathetic and from the up-l:t]mimic branch
of the trigeminus. Somatic sensory fibers are pres-
ent in this nerve for museular and tendinous sense
organs of the superior oblique musele.
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VI. Nervus Abducens.—The VI. nerve arises from a
nucleus in the floor of the fourth ventricle and pur-
gues a direct course to the external rectus muscle of
the eveball. It receives minute filaments from the
earotid plexus of the sympathetic and from the oph-
thalmic branch of the trigeminus. The VI. nerve
also contains somatic sensory fibers for musele and
tendon sense organs in the external rectus muscle.

V. Nervus Trigeminus.—The composition and dis-
tribution of the V. nerve are remarkably constant
throughout the wvertebrate phylum. It supplies
motor and sensory fibers to the muscles of mastica-
tion and mediates general sensibility of the face, nasal
cavity, mouth, and teeth. Ithastwo roots, the portio
major, sensory, and the portio minor, motor. here

is in addition the mesencephalic root, which in some

thetic system), the long ciliary nerves, twigs for the
eonjunctiva, lining of the fossa and skin of the
tip of the nose. he frontal nerve supplies the con-
junctiva and skin of the upper eyelid and the forehead.

he lacrymal branch innervates the lacrymal gland,
conjunctiva and adjacent skin. (2) The maxillary
nerve (Fig. 1602) is also wholly sensory, supplyving
the skin of the side of the face (cheek, temple, lower
eyelid, nose, and upper lip), the mucoug lining of the
nose and upper part of the pharynx and the teeth
of the upper jaw, and communicating with the svm-
iml.-h:tic sphenopalatine ganglion.  (3), The mandibu-
ar nerve (inferior maxillary) receives the remainder
of the general cutaneous fibers and all of the motor
fibers of the tripgeminus roots. The motor fibers
supply the following muscles: temporal, masseter,

Fro. 1588.—General View of the Cranial Nerves, (Altered from Allen Thomson.)
lower vertebrates has a separate origin distinet from

the other portions. In some animals this root appears
to be combined with the portio major and in still
others with the portio minor. In human embryvos
this root emerges from the brain with the portio
major (Johnston), but most of its fibers are distrib-
uted peripherally with the motor branches of the
trigeminuzs  (Willems)., The trigeminus ganglion
(semilunar or Gasserian ganglion] is borne on the
Eurt-in major, immediately distal to which the nerve
reaks up into three divizions which give the nerve
its name, the ophthalmic, maxillary, and mandibular
nerves. The motor branches all arise from the
nervus maxillaris.

{1} The ophthalmic nerve is wholly sensory (IFilg
1601). It communicates with the sympathetie, III.,
IV., V1., and VII. nerves. Its first branch is & recur-
rent meningeal twig for the tentorium, after which
it divides into nasociliary, frontal and lacrymal
branches. The nasociliary nerve furnishes the long
root of the ciliary ganglion (a ganglion of the sympa-

external and internal pterygoid, tensor palati, tensor
tympani, mrFln'h}'oid, and the anterior belly of the

igastric. he sensory fibers supply the skin of the
lower jaw, side of the head, extermal ear, external
auditory meatus (in part), teeth of the lower jaw,
anterior part of the tongue (general sensation omly),
mueous lining of the mouth and other parts adjacent.
It communicates with the facialis and with the otie
and submaxillary ganglia of the sympathetic system.
The lingual branch is joined by the chorda tympani
from the facial nerve and there has been much dis-
cussion regarding the exaet courses of the fibers of
these two nerves. The weight of evidence is clearly
in favor of relegating the gustatory fibers all to the
chorda and exeluding this system from the trigeminus
entirely.

The three divisions of the V. nerve supply sensory
fibers to three well-defined areas of the skin of the
head (cf. Fig. 1586). Fibers of musculo-tendinous
sensibility go out with all of the motor branches and
thus reach the trigeminus musculature. There are
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alzo numerous peripheral anastomoses with those
branches of the VIIL. nerve which supply the super-
ficial musculature, probably for the innervation from
the trigeminus of the musculotendinous organs of
these muscles (Fig. 1610).

The V. nerve in some respects resembles the typical
branchiomeric nerves rather closely, sinee it forks
around the mouth az they do around the gill elefts,
the special visceral motor eomponent enters the post-
trematic (mandibular) ramus, ete. But the other
vizceral systems characteristic of the branchiomeric
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Fig. 1500, —The Base of the Skull, to Show the Dura Mater, Sinuses, Arteries, and Nerves,

nerves are greatly redueced or absent.  Few, il any,
general visceral fibers oceur in the V. roots, such of
these fibers as are found in the peripheral branches
being derived chiefly from various anastomoses with
the sympathetic nervous system. The trigeminus
iz the great nerve of general eutaneous and muscular
gensibility for the head, and with the enlargement of
thiz system the other sensory components suffered
reduction.

The motor fibers of the V. nerve are derived from
the motor nueleus near the superficial origin of the
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root and probably alzso from the locus coeruleus for-
ther forward. The fibers of musculo-tendinous
sensibility are probably derived from the mesenceph-
alic nucleus, whose cells represent elements of the
neural erest permanently encloged within the neural
tube (Johnston, Willems, ete.). The ecutaneous

fibers terminate partly in the chief senzory nucleus
at the level of the entranee of the root fibers and partly
in the spinal V. nucleus, which extends from the chief
sensory nucleus backward into the cervieal region of
the spinal cord.

Clinical, experimental, and compara-

Infra-trochlear nerve
Supra-trochlear nerva
Oeulo-molor nerve

_Spheno.parietal sinus
Ophibalmbc vein

Anterior elinoid
-~ prOcess
Trochlear narva
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B neTve

Cirgular sinus
~Ophthalmie nerve
S TR
maxillary nerve
Infer

Gasserian
ganglion
Erasilar
arlery”
Imferiar

— petrosal
sinus
Vortelmal
arlery

Sigrnald
slnus

Lateral simnus

e Tentorium cerabelld
’ 7 {eiak)

~Oreipital sinoses

R““‘*—!.tr:ml:hl sinue
Toreular Herophill

Buperiar tmI.:itulli nal sinns

{From Cunningham’s Anntomy.)

tive data show that fibers which enter the spinal
V. tract are so arranged that cutaneous fibers derived
from the ophthalmic and maxillary nerves lie farther
ventral in the teact, while the fibers from the mandib-
ular nerve, especially those from the tongue and mouth
cavity, lie farther dorsal (Fig. 1604). This brings the
latter fibers into more intimate relation with the
visceral sensory cemters related to the faseiculus
solitarius, and indeed some of the 'Il"ll.’,_l"lll'li-!llill root
fibers pass directly into the fasciculus solitariue,
Vif. Nervus Facialis.—In lower fishes the facialis

ik ity
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ical branchial nerve. i
ill arch, as shown by perfect gills on its

The hyoid arch iz a

posterior face, and it is separated from the mandibular

Fra. 1600.—View from Abova
of the Motor Nerves of the Eve-
ball and Ita Muscles. (From
Quain's ** Anntomy.""}

e, Uppor part of the internal
carotid artery emorging from
the cavernous sinus; b, superior
obligue muscle; b, ita anterior
part passing through the pulley;
&, levator palpebrm superioria;
d, superior rectus) € intermal
reciua; Jf, extornal rectus; 7, ita
upper tendon turned down; g,
inferior rectus; A, insertion of
inferior ablique musele; I, optic
commissure; 11°, part of the
aptic nerve entering the eyeball;
11, eommon oculomotor; IV,
trochlearis; W, large root of the
trigeminua; V¥, amall, or motor
root; VI, abdueens; 1, upper
division of III. moerve, giving
twigs to the levator palpebras
and superior rectus; 2, branches
of the lower division supplying
the intermal nnd inferior recti
muaclea; 3, the long branch of the
same nerve, proceeding forward
to the inferior obligue muscle,
and closs to the number 3 the
short root of the cilinry gong-
linn: this ganglion ia alss shown
receiving from behind its long
rieot, which has been cut short,
and giving forward some of ita
cilinry merves which picree the
aclorotie coat; 3, marks the
terminntion of some of these
naorves in the ciliary muscle and
iﬁa,. alter ||||.'ri|:||: ;auuud it Wi
the sclerotic and chorodd conts:
4, the trochlear nerve entoring
the upper surfaee ofh te 2u-
perior abligue muscle; 6, the ab-
dicens nerve passing into the
externnl recius,

arch by the spiracular
cleft, around which the
facialis forks in just the
same way ns the other
branchial mnerves fork
arcund their respective
gill clefts (Figs. 1584 and
1605). The visceral sen-
sory and motor compo-
nents are arranged in typ=-
ical branchiomericfashion.
The VI. nerve probably
reprezents  the somatie
motor rootof thissegment.,
In eyclostome fishes there
ia also a somatic sensory
(general cutaneous) root
in the VII. nerve, but
this disappears in all
higher forms.

n the human facial
nerve the portio dura iz a
gpecial wvisceral motor
root, while the portio in-
termedia  containg  the
viseeral semsory  compo-
nent (which iz associated
with the geniculate gang-
lion) and the unspecialized
(preganglionic)  visceral
efferent fibers, The facial
trunk and the chorda
tympani represent the

osttrematic branch, the
lustachian tube being the
mammalian equivalent of
the spiracular gill cleft of
fishes. The facial trunk
containg chiefly special
visceral motor fibers for
striated muscles, with a
fow visceral sensory fibers
from the geniculate gang-
lion and |_m}hu.hl}' SOITE
general  visceral motor
{preganglionic) fibers.
The chorda tympani con-
tains general visceral effer-
ent fibers (chiefly pre-
ganglionie salivatory
fibers for the submaxillary
ganglion, whose postgang-
lionie fibers supply the
submaxillary and sub-
lingual salivatory glands),
and a larger mumber of
special  visceral (gusta-
tory) fibers for taste buds
on the anterior two-thirds
of the tongue. Other vis-
ceral sensory fibers pass
out from the geniculate
ganglion by the great
superficial petrosal nerve,
which corresponds with
the r. palatinus of fishes,
and still other visceral
connections are effected
with the svmpathetic sys-
tem through the small
superficial petrosal and

other anastomotic twigs (Figs. 1606 and 1607).
The chorda tympani, accordingly, contains chiefly

preganglionic  salivatory

fihers for

the sublingual

and submaxillary glands and special sensory fibers

for the anterior part of the tongue. Its anas-
tomosiz with the V. nerve naturally follows from
the fact that the facial and trigeminal fibers which
combine to form the lingual nerve have the same
area of distribution on the anterior two-thirds of
the tongue, though different functions to perform
there. %‘he special viseeral motor fibers of the facial
trunk supply the hyoid musculature (stylohyoid,
posterior belly of the digastric, and stapedius muscles)
and an extensive svetem of superficial facial muscles.

The speeial visceral sensory, or gustatory, compo-
nent of the VII. nerve is very large in fishes, whose

su‘p:ram'bilﬂ'
supratrochlear
_JBup

e =V
cilinry nerves / i Ganglem
ciliary ganglion aphtholmie division

Fra. 1601 —The MNerves of the Left Orbit. (After ¥ o,

reduced.)

taste buds are very numerous and widely distributed.
In some species, like the carp (Cyprinus) and catfish
{ Ameiurus), taste buds are found, not only very abun-
dantly in the mucous membrane of the mouth, gills,
and lips, but also distributed over the entire outer
surface of the body. The cutaneous taste buds are
alwavs supplied by nerves arising from the geniculate
ga.ng'liun []]' ig. 1608), which here haz important cutane-
ous branches reaching all parts of the body surface.
These sense organs and nerves have nothing to do
with the lateral line organs, which have an independ-
ent nerve supply belonging to the special somatic
sengory (acustico-lateralis) system.

temporemalar < :
sphenopalatine ganglion

gupcrio:r maxillary division
ophthalmie division
Gasaserian ganglion

curotid artery
with plexus

{

Vidian nerve
desconding palatine

nasopalatins
dental

Fra. 1802, Plan of the Maxillary Division of the Trigeminus

ns seen from the Left Side.  (Altered from Young.)

In fishes the motor root of the VII. nerve is rela-
tively small and it supplies only the hyoid muscula-
ture, while the portio intermedia is often the largest
nerve in the body. The course of evolution shows a
remarkable metamorphosis of the facialis nerve {guite
apart from the history of the lateral line nerves of
fizhes, some of which are associated with the faciahs),
from a branchiomeric nerve which is chiefly visceral
sensory with a small motor component, to the human
nerve which is chiefly motor and whose sensory come-
ponent iz so small that anatomists have often ignored
it altogether. This metamorphosis is correlated with
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the reduction of the gustatory syvstem of the mouth
and lips and the great enlargement of a system of
facial muscles derived from the hyoid museulature.
These muscles originally included as their most im-

Mandibular
Nerve, (From Cupnningham's Apatomy.) A, Anterior division
of the n. mandibularis; AT, suriculotemporal nerve; Fuee, nerve
to buccinater musele; OT, chorda tympani; i, perve to anterior
belly of digastiric muscle; EP, nerve to external plerygold muos-
cle; F, facial nerve; F, commupication of ausiculotemporal with
facial nesve; GF, geniculnte googlion; GHG, m. genioglossos;
GPE, 1X. perve: HGL m. hyoglessus; IO, internal carotid artery;
ID, isforier dental perve; TPL, nerve to interonl plerygoid
musecle; L, lingunl nerve; M, meningeal branch of V. norve; M,
nerve Lo m. masseter; WY, middle meningeal artery; Afe, nerve
to meatus of enr; Ment, mental nerve; Me, portio minor V. My,
nerve to mylohyold muscle; My by, mylochyoid nerve; O, otie
ganglion; Par, nerve ta p:lrulid gland: i, nerve to pians of ear;
Pt}y, posterior division of n. mandibularis; 8, portio major V.;
SOFP, small deep petrosal nerve; S8, amall superficial petrasal
nerve; Sip @, m. styloglossus; T, temporal branch of suriculo=
tn-mpu:r:xl MBIV TT‘, perve o m. Wenser l}'mlmn'l: T.T,T, nerves
to temporal muscles; TP, nerve to m, tepsor palati; Ty, tympanic
nerve; Ty Plez, tympanic plexus; VIM, nervis mandibularis,

Fro. 1603.—Scheme of the Distnbution of the

portant element a constrictor system of the pharynx
(sphinetor eolli) and from this system the superficial
mimetic museulature of the higher mammals has been
gradually elaborated (Fig. 1608). The distribution
of the more superficial branches of the human facial
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nerve and its anastomoses with the trigeminus are
illustrated in Fig, 1610

The course of the fibers in the chorda tympani has
given rise to much controversy. The study of lesions
in the vieinity of the V. and VII. roots, whether
experimentally or pathologically produced, has fre-
guently yielded ambiguous results. In particular,
many cases of surgical removal of the semilunar
ganglion have resulted in disturbances of taste, from
which it was inferred that gustatory fibers must reach
the brain through the V. root. But a considerable
number of earefully studied recent cazes support the
clear evidence from both embryology and comparative
anatomy that the V. nerve has no connection with the
specific gustatory organs, though its termini on the
tongue may be sensitive to certain types of chemical
stimulation not related with taste buds (Sheldon).
Fig. 1601 illustrates the now generally accepted course
of the specific gustatory fibers and some of the theoret-
ieal pathways which have been advocated by differ-
ent neurologists,

The special viseeral motor fibers of the VII. nerve
arise from the motor VII. nueleus. The central
localization of various groups of museles within this
nuclens has been experimentally determined by Van
Gehuchten I{Fiﬁ. 1612), ‘The general visceral efferent
fibers of the salivatory system arise from the nucleus
salivatorius superior lving dorso-laterally of the chief
motor nueleus.  The general visceral sensory and the
gustatory fibers enter the fasciculus solitariug and
terminate in the pucleus associated with this
tract.

IX. Nervus Glassopharyngeus.—In lower fishes this
is the most typical branchiomeric nerve (Figs. 1583 and
165}, containing the characteristic visceral com
nents, a general somatie sensory component for the
overlving skin and sometimes a special gomatic sen-
sory compaonent for Interal line organs, all distinet from
other nerve roots,  In Bdellostoma, Johnston is of the
opinion that a somatic motor root is also present in
the IX. segment, thus completing the typical seg-
mental pattern, though this component is absent in
all higher forms.

The bhuman 1X. nerve contains general and special
vizceral efferent fibers, general and special visceral
sensory fibers and a general somatie sensory compo=
spent.  The general visceral efferent group are pregang-
Tionie fibers, chiefly for salivary secretion, passi
through the tympanie amnd small superficial petro
nerves and terminating in the otie ganglion, from
which %;:nstgan lionie fibers pass to the parotid sali-
vary gland. Other preganglionic fibers may com-
nect with the sympathetic system by other anos-
tomosing twigs. The special visceral motor fibers
innervate the styvlo-pharyvngeuz muscle. The tym-
panic nerve corresponds to the palatine branch and

—
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Fra. 1. —Diagram of the Roota of the Nervus Trigeminus, to illustrate the arrangement of the sepsory fibers, after the
researohes of Wallenberg and Marbarg.  (Madified from Edinger. )
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the IX. trunk to the posttrematic branch of the nerve
of the first gill cleft in fishes.

There are two ganglia on the IX. nerve, of which
the larger (g. petrosum) belongs to the visceral sen-
BOCY Eroup. he smaller root ganglion (g. superiug)
probably, by analogy with lower forms, ﬁ:d:mgﬁ, in
E‘aﬂ or wholly, to the somatic sensory component.

he distribution of the general visceral sensory fibers

tract, especially in an enlargement which extends
dorsally to the wventricular surface under the lateral
end of the trigonum vagi, the dorsal sensory nucleus.
A portion of the IX. root fibers enter the spinal V.
tract, here descending to form the most dorsal fibera
of this tract (Ramén ¥ Cajal). They probably ter-
minate in the somatic sensory nucleus which aeeom-
panies the spinal V. tract (substantia gelatinosa

E=3 Viscerad sensory

|
|
|

R. palatinus VI
R. praztrematicus VI

'R, Enguads IX
R hyomandibulans  VIJ

Fia. 1605.—Disgram of the Branchial Norves of a Fish (Selechion), The ¥V, nerve and the other somatic roots of the branchial

region are omitted,

is not elearly determined, probably to the mueous
lining of the tympanum, Eustachian tube, and phar-
ynx. The special visceral sensory, or gustatory, fibers
supply taste buds on the posterior third of the tongue.
The somatic sensory fibers supply general sensation
to the posterior third of the tongue and, by an anas-
tomosis with the vagus, probably share in the dis-
tribution of the r. auricularis vagi.

{After Jobnston, Spengel’s Ergebnizas und Fortschritte der Zoologie)

Rolandi). These are probably fibers of the somatie
EENEOrY COmponent.

X. Nervus Vagus—This nerve represents a fusion
of several branchiomeric units (cf. Figs. 1605, 1502,
1613, 1596). It has the same composition as the IX.
nerve. The XII. nerve contains somatic motor
fibers which belong to the vagus region.

The vagus communicates with the VII., I1X. XI.,

partis infersedis
o~ peniculale ganplisn
Koo farge peperfeinl petrssal

anrieslar
of vagus *

Srom anriculos

femparal

fem oo fag tad

eerrcosfadal

Fio, 1606.—Flan of the Facial Nerve.

{After Thane, from Quain's *“ Anatomy."") ehdy., Chorda tympani, its middle part

removed; fp.,. tympanie branch of the glessopharyngeus; sy, sympathetic on the internal carctid artery: car.ty., caroticos
tympanio nerve, passing bolween the tympanie nerve and the saympathetio in the carotid canal.

Centrally the special wviseeral motor fibers arise
from the nucleus ambiguus. Noneof the preganglionic
fibera arise from the dorsal motor IX. 4+ X. nucleus,
the salivatory fibers arising from a special nueleus
salivatorius inferior which lies between the nucleus
ambiguus and the dorsal motor nuelens,  All vizceral
sensory fibers enter the fasciculus solitarius and ter-
minate in the nucleus of cells which accompanies this

XII., first and seeond spinals, and the sympathetic.
Its distribution is extensive, comprising branches to
the dura mater, external ear, pharynx, larynx, heart,
lungs, stomach, and other wviseera. Throughout its
entire extent the vague is in frequent communication
with the sympathetic nervous system and it seems to
share many of its functions with the latter. It con-
trols, more or less directly, the more important auto-
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matic and vegetative functions of the body, such as
circulation and digestion, and i3 thus of the most
profound physiological significance.

The general visceral efferent fibers take their origin
from the dorsal motor nucleus and wltimately distrib-
ute through the sympathetie system. The speeial
viseeral motor fibers arise from the nuelens ambiguus
and supply striated muscles of the pharynx and larynx.
The wvisceral sensory fibers arise from the ganglion
nodosum and for the most part distribute to the

Bes tnkermad,

fac. i R can fac.

the external auditory meatus and back part of the
pinna,  Asin the case of the IX. nerve, these somatic
sensory fibers are probably the component of the root
which enters the spinal V. tract, a condition which i=
known to prevail in several types of lower vertebrates.

XI. Nerewus  Aceessoring.—The spinal  aecessory
nerve consists of two parts, an acceszory vagus part
and a spinal part. Tllm former containsg general and
special visceral efferent components and distributes
with the vagus branches. The latter contains special

LA
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1] *1}1 ol Thd
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) yisceral molor

Fia. 1607, —IVingram of the Trigeminal, Facial, and Glossopharyngeal Nervea in Man, from the Right Side. The glossopharyn=

geal perve, instoad of appearing in iis pormal position in front of the facial, has been ploeed behind it

‘Thia ia its true mor=

phological position. This change necessitates the lengthening of Jacohson's nerve and o slight distortion of the tympania
plezus, The post-ganglicnie sympath ayatem 18 unshaded. It should be noted that the viscernl nerves shown in black
contain not only taste fibers but alse scveral kinds of preganglionie sympathotie fibora of the eferent vasodilator and exeito-
glandular type. Many of thess nerves undoubtedly eontain nlse post-ganglionie fibers from the unshaded sympathetic gnng-
lin. The scmatie sensory fibers of the glossopharyngeal hove not been indicated in the disgram. Can fae, canalia facialia;
can pleryg. cannlis prerveoideus: cherda  fymp, chords tympani; fac rf, motor focinl root; Fiss ord sup, fissurn orbitalis
superior; Fer jug, fornmen jugulare; For op, foramen ovale; Fer rol, foramen rotundum; Fer sllomaal, foramen stylomas-
totdeus; 0, panglion Gasseri: Gg, ganglion peniculi; F ofic. ganglion oticum; & petr, ganglion prtrosum; & spy, Eanglion
sphenopalatinum; gdp, great deep petrosal, from the carotid plexus to the great superficial petrosal to form the Vidian nerve;
gip, great superficinl petrosal, from the geniculnte ganglion to the sphenopalatine ganglion, probably carrying taste fibera for
the soft palate throogh the palatine nerves; N ale dnf, nervas alveolaris inferior; Newol ale sup, bervi alveolares auperiores;
N front, nervas frontalis; N infra-ord, nervus infra-orbitalis; & Jae, nerve of Jacobson or the tympanic nerve; N lacrim,
noervua Jacrimalis; N fingualiz, nervos lingualis for the anterior part of the tongue; N mand, nervis mandibalaria V.o N
mar, nervas maxillars V.: & masecsl, nerves noso-ciliaria; & opkfh, nervos ophtholmicus V., Nersi palating, polntine nervies
for the soit palate; N supraorh, nervus supraorbitalis; N supratrech, norvus supratrochlearis; N, oid, vidian perve; N rypom,
nervus sygomaticus; Pars indermed, pord intermedin of Wrisherg, the sepsory root of the facial; plex cor, plexus carcticus;
plez tymp, plexus tympapicus; R enasf, apsstemollc rami beiween the genloulate ganglion and tympasic plexus and the
snall and great superficinl petrosal nerves, respeetively; R fromd, ramus frontalis; B pharyng, mumi of the glossopharyngeal

HErFve fllF the p-]p:'l.rf.'“_ul'ul |,||1"|.I|::
plexus to the tympanic plexus;

tympanic plexus and the anastemotic braneh from the genioulate ganglion; Tymp mpapum,

viscera through the sympathetie system. Centrally
they enter the fascieulus solitarius and its nuclews.
The special vizceral sensory system is very extensively
developed in the vagus of lower vertebrates, where
taste buds are numerous in the branchial region. A
few taste buds are found on the epiglottis and adjacent
parts (. G. Wilson), which are probably supplied by
the vagus. The somatie sensory component has a
separate panglion (g, jugulare) and supplies most of
the fibers of the ramus auricularis vagl for the skin of
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R siglopharyng, ramus stylopharyagens X
exp, small superficinl petrosal, formed by the junetion of the Jacobson's nerve through the

sdlp, amnll deeps poirosal perve from the carotsd

[After Ehclden.)

vizeeral motor fibers from the lateral horn of the
spinal eord for the trapezius and sternomastoid mus-
cles,  The comparative morphology of this nerve has
been already considered.

XIT. Nervus  Hypoglessus —This nerve in man
corresponds to the ventral roots of several segmental
nerves of the posterior part of the branchial region of
fishes, A vestige of its transient ganglion (of Froriep)
rarely persists in the adult. The hypoglossas fibers
emerge in from ten to fiftesn rootlets, pass through the
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Fra. 1605 —The Cutancous Gustatory Branches Arsing from
the Genicalate Ganglion of the Facial Nerve of the Catfish (A mei-
uris melas), Projected uwpon the Right Side of the Body. Spinal
cord nnd brain stippled. The geniculnte ganglion, its roots and
cutanesus branches are drawn in black: the branches of this nerve
distributed to the mucous lining of the mouth cavity are omitted.
Taste buda are found in all regions of the outer akin to which thess
branches are distributed.

Fro. 1600 —8ketohes Hllusteating the Phylogeny of the Facinlia
Musculature. All of the musdes here indicatod are innervated
from the nervus facialia, The gradus] expansion of this system
from the brapchinl musculsture of the hyoid nreh (fishes) Lo a
smrn-]_l:nnmricmr systern of the pharyax (reptiles). and fGnally
the derivation of the supsrfielal mimetic museulature from the
lattor system (mommnls) aee illustrated, (After Ruge) A, Facialis
mMuseulature of o shark; B, of & lizard; O, of a generalized mammal
(Lepilemury,

YVor. III.—22

Fra. 1610.—Distribution of the Facial Nerve Outslde the Skull,
and its Communications with the Trigeminal Merve On the Face.
(From Cunningham's Anatomy.)

Facial Nerve— B, Bucenl; CF, cervicofacial division: Dd, nerve
to poaterior bolly of digastric muscle; I'm, inframandibular branches;
J0, infraorhital branches: M, malar; PA, pmlc:'i.l.a-r nuricular nerve;
SH, norve to stylohyold musels; Sm, supramandibualar; T, toeme-
poral; TF, temporofacial division.

Trigemirel Neree—AT, Auriculotemporal; B, buceal; I'nf War,
inferior maxillary (mandibular) divisgon: [0, infrasrbital branches:
QT, infratrochlcar; L, Imcrymnl branches; M, malar; M, mentol
branches; N, external nasal; Opheh, ophthalmie division; S0, super-
fioinl eervicnl nerve; St supraorbital; Sup Max, Fuperiar |.r|:|:i.|Jl.r||r
division; T, temporal.

Fra. 1611.—Dingram SBhowing Some of the Various Courses
Which have becn Advocated for the Taste Fibers in Man. The
courses advocated in this article are shown by heavy black lines;
other suggested courses are indicated by brokon or dotted lines,
(After Cushing and Sheldon, Anatomical Record) focorl, Motor
facial root; F, Guaserian ganglion; Gp, geniculate ganglion;
fF.odie, otie ganglion: & peir, ganglion petrosum: & ap, spheno-
palatin® ganglion; gs p. great superficinl petrosal nerve; N foc;
facial trunk: N Jae, Jacobaon's of the tympanke neeve: N wid,
vidian nerve; Rami anast, nonstomotic rami between the gendoulate
ganglion nnd tympanic plexus and the small apd great superficial
petrosal nerves respeotively; 2 & p, small superficial petrosal noerve;
Tymp, ¥ mpanum.
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anterior condvlar foramen, effect connections
with the superior cervical ganglion of the svm-
pathetic, the vagus, the first three cervical nerves
and the lingual branch of the trigeminus. Its
distribution is to the tongue musculature, a group
of muscles which have migrated forward into
their present position from the branehial region.
In the preceding discussion of the cranial
nerves attention has been directed especially to
their more general relations.  The anatomical
details are easily accessible in the standard text-
books. A functional analysis is essential, not
only for the clinical, but also for the anatomical
interpretation of the eranial nerves; and for this
we are to a large extent dependent upon EXpPeri=
mental and comparative data.  In no depart-
ments of anatomy have the comparative and
genetic methods vielded morevaluable results than
in the study of the peripheral nervous aystem,
. Jrpsox Herrick.

Fua, 1612, —Muscular Locnlization in the Facial Naeleons of tho
Rabilue, [{After Van Gohugehton.) 1, Cell= of the internal group
related to the stapedius musc 2, cells of the internal group ro=
Inted to the muscles of the auter ear: 3. nucleus of origin of the
fibers of the superior facial; 4, nuclous of or of the Gkbers of the
inferior facial, the inner portion related to the ibers of the inferior
buceolalial branch, the outer portion to those of  the superior
|rIJl.'4"'u|:|||i:||.

BiniocrLrmnT,
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Bender, 0.: Dve Homologie dea Spritzloches der Bolachier und
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The Fupctions of the Trigeminal Nerve.

Fra, 1613, —The Distribution and Conneetions of the IX, and

K. Nerves,  (After Hirsehfeld and Leveilld, from Qunin's ** Anst-
omy ") One-third, 1, Vagus nerve; 2, panglion of fta trunk;
& mecessory part of the spinal secessory; 4, union of the X, and XIT.
nerves; 5, pharyongeal braneh of the vagua; 6, superior larvageal
nerve; T, exterior laryogesl; 8, communication of the latter with
the superior eardise branch of the sympathetie: 9, inferdor or re-
current laryngeal; 140, supernor, and 11, inferior cervienl eardiac
branehes of the vagus; 12, 13, pesterior pulmonnry plexos; 14,
lingual branch of the mandibalar braneh of the V.= 15, distal part
of the hypoglossal nerve; 16, glosophary ngews; 17, spinal necessory
nerve, umting by its inner branch with the vagus, and by its outer
passing into the sternomnstoid muscle; 18, 11, cervieal nerve;
19, 11L.; 20, 1V¥,; 21, origin of the phrenie nerve: 22, 23, V., VL,
VIL, and VIIL. cervieal nerves, forming with the first thorncic the
brachinl plexus; 24, superior corviesl ganglion of the sympathetic;
25, middle cervieal ganglion: 26, inferior eorvieal ganglion, united
with the first thoracie ganglion; 27, 28, 20, 30, second, third, foarth,
and fifth thorncic ganglis.

Devea:  Fur Anatomie und Physislogic dea N, vagus, Arch,
f. Paveh., Bd. xx.—Ucher den Uraprung und den eentralen Verluof
dea N, accessoriud za den Np. vagus und hypoglossus.  Ihid.,
Bd. xliv.

Idizon, A, Francis: On the Dovelopment of the Branches of the
Fiith Cranial Nerve in Man., Trans, Hey., Dublin Soc., ser. 2,
wi,, 1806, ~—The Boensory Distribution of the Facinl Nerve in Man.
Journ. Anat. and Physiel., April, 1504,

Duval: Hechorches sur Porigine réele des neefs craniend.  Journ.
de " Anat., 15830,

Duval and Laborde:  De l'inpervation des moovements nasociia
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Edinger, L.: VYorlésungen dber den Bau der nervisen Central-
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Emmel, V. E.: The Relation of the Chorda Tympani to the
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Centraloervenaystems. Ursprung des ix., x., und zii., 1501,
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Foatachr, 1. Gegenbaur, Bd, iii., 1807,

Gaakell, W. H.: On the Strusture, Distribution, and Funstion
of the Nerves which Innervate the Visceral and Voscular Bystems.
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Craniocleidodysostosis.—In 1903 this term  was
applied by Marie and Sainton to the condition of con-

nital defect of the claviele associated with imper-
ect ossifieation of the eranial bones. Although a
typical example had been observed by Morand as early
as 1766, only forty-five cases could be collected from
the literature in 1905 by Villaret and Francoz. In
1910 this number was increased to fifty-eight by
Fitzwilliams, who added two eazes of his own, making
in all, sixty undoubted cases of this striking and rare
condition observed to date. Fitzwilliams gives in his
paper an analysiz of these eases with full bibliog-
raphy, and to his paper the reader is referred for
fuller data {(Lance!, November 19, 1910, p. 1466).
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The chief factz relating to this condition given here are
taken for the greater part from FIt.z-l.'iﬁiums' paper.

Craniocleidodysostosis iz an hereditary condition
affecting those bones that develop wholly or partly in
membrane.  Of the sixty easzes collected by Fitzwil-
linms six showed complete absence of the elavieles; in
two eases the left elaviele alone was present; in three
cages the right; in twenty-three eases the sternal end of
the left clavicle and in twenty-zeven caszes that of
the right elavicle was alone reprezented; in one case
the acromial end of the left and in two cases that of
the right elavicle was alone represented; in fourteen
cases the left, and in seventeen cases the right elaviele
showed both portions present but not united; in five
cases the left, and in two cases the right clavicle
showed union of the two portions but revealing its
formation from two parts by angling, arching, or noteh-
ing; in thirteen eazes the left and in eleven cases the
right clavicle showed a ligament prolonging the inner
end outward,

The skull changes consist in deficient and defective
ossification of the cranial bones that develop in mem-
brane, namely those of the eranial vaualt. During
infancy a large portion of the vertex remains in a
membranous state, The fontanelles are extremely
large, or united into one large fontanelle. This mem-
branous area is further increased by an open metopic
suture in front and by the absenee of the interparietal
portion of the oecipital bone.  As age advances this
membranous area diminishes in size until the metopie
suture, sagittal suture, and posterior fontanelle are
obliterated by bone, This is uwsually completed by
the end of the twentieth year. The anterior fonta-
nelle also gradually shrinks, until a few years later it is
completely elosed. Its closure is sometimes greatly
delayed and in some easzes it remains open through
life; in one of the cases collected by Fitzwillinms it was
as large as the palm of the hand at forty-seven, and in
another case was still unossified at the age of fifty-six,
The delay in ossification of the membranous bones is
associated with an increased bone formation in those
arcas already ossified.  Bix prominent bosses develop
on the vertex, arranged in t|iln'u pairs, one behind the
other, corresponding to the frontal, parictal, and oeei-
pital bones, On the one side the three bosses are
separated from those of the opposite side by a broad
median furrow, which is deepest in front, and gradually
becomes shallower as it extends backward, while
each symmetrieal pair is separatéd from the other by a
transverse furrow, one of which corresponds to the
coronary and one to the lambdoidal suture; of these
the anterior is the better marked, but is broader,
shallower, and less maried than the median furrow,
The appearances are similar to those of the *hot-
cross bun head' seen in eongenital syphilis; and such
changes may be mistaken for those of syphilis or
rachitis, but the frontal bosses are more prominent
and the median furrow deeper than in those conditions,
The diameters of the skull are greatly changed, cir-
cumference, length, and breadih being all inereased,
but not proportionally, the inerease in breadth being
greater than that in length, the skull becoming
brachyeephalic in character. A large number of
Waormian bones mayv be formed.

In all cases in which there are well-marked skull
changes there are alzo pronounced malformations of
the facial bones, the face usually being much smaller
than normal, 20 that the contrast between the small
face and the large head becomes very striking, The
supraorbital ridges are very prominent and overhang
the orbits, while the other facial bones are small and
appear flattened or depressed.  The nose is short and
badly formed, and usually deviates to one side, Nar-
rowness of the upper jaws, high arching of the ;]mlutn:!
and imperfect dentition also characterize the condition.
The changes in the facial bones are regarded as second-
ary to the lack of development, and are not of pri-
mary pathologieal significance (Fitzwilliams). Uther
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writers regard the changes in facial and eranial bones
as due to the same cause (fetal rickets).

The defective development of the elavicles is alsa
rezponsible for various changes in the musculature of
the shoulder girdle. The sternocleidomastoid varies
with the state of {Im'nlu:rf:mcnt. of the sternal end of the
clavicle. The clavieular portion of the trapezius
is frequently absent.  The anterior fibers of the del-
toid are frequently lacking or represented by only a
few fasciculi. The infraspinatus may also be I‘eeﬂly
developed, In some cases the posterior bundles of
these muscles are well developed. The elavieular
head of the pectoralis major is usually present, but is
imperfectly developed when the sternal portion of the
clavicle is small; h may be completely absent: the
chondrosternal — portion  remaing  normal. Some
writers doubt the existence of the subclavius, although
Seheuthauer found it hypertrophied and inserted into
the under surface of the IH ramentous substitute of the
claviele. The t‘l.l.'l_‘[]d.'l‘ll'lll:iL!ii.‘s are unaffected. Inspite
of these muscular changes ordinary movements are
not usually disturbed, some patients not noticing any
disability. Other patients easily become fatigued in
arms and shoulders,

Aszsoeiated with the defective development of the
eranium and elaviele are other disturbances of devel-
opment, In the sixty cazes, peculiarities in the shape
of the sternum were noted in ten cases, scoliosis, lordo-
sig, or kyplosis in eleven cases, prominence of the
transverse processes of the eervieal vertebre in zix
coses, genu valgum in four cases, peculiarities of the
hands in four easzes, curvatures of the long bones in
three, and flat and pigeon breasts in two cases each,
Many of the patients were undersized and of generally
poor development, while in some the intelligence
seemed diminished, ulLI]uugIl this was not the ecase
in the majority,

Gegenbaur, in 1864, emphasized the hereditary
nature of craniocleidodysostosis, and although later
Gross opposed this view, its correctness iz affirmed by
recent atudies.  OF the sixty eases collected by Fitz-
willinms thirty-one were furnished by eight families
alone, and this writer believes that if the other cases
had been careiully examined the hereditary tendene
would have been even more clearly demonstrated.
Transmission is possible from parents of ecither sex,
for five mothers and three fathers transmitted it
directly to  twenty-three  children.  Fitzwilliams
could find in the records no observation of its trans-
mission to the third generation, but explains this by
the difficulty in obtaining any information as to the
grandparents from the ordinary hospital patient.
The sexes seem equally allected, twenty-cight cases
WTe Seen in [t'rl:lu.lmt. twenty-six in males, 1n six no
mention was made of the sex,

Various opinions have been advanced asz to the
eticlogy.  Aleoholism, tuberculosis, ﬁ_‘!.'l}]lilis, and
rachitis have all been put forth as etiological factors,
but with little probability in any case. The relations
of the affection to achondroplasia may be helpful in
explaining both conditions; in craniocleidodysostozis
the membranous bones are affected, while in achondro-
plasia there is defective development of those bones
originating in cartilage. Fitzwilliams suggests that
in both conditions the cause may be due to the pres-
ence or absenee of certain chemical constituents that
are necessary for the normal ossification of the mem-
brane bones in the one case and the cartilage bones in
the other, in mueh the same way that L{ell:upllﬂiﬂ.
must be due to an hereditary absenee from or presence
in the body of eertain chemieal constituents,  Couve-
laire advanced a similar view., He regarded heredi=
tary craniocleidodysostosis as “the expression of &
general taint with a predominance in eertain osscous
groups.”” Hart (Lancef, 1911, p. 124) believes the
affeetion ean be explained by Mendelian views, through
the loss of the determinants of 8 Mendelian group of
unit characters at the maturation of the ovum or
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found—"the sinus of Meyer"—in which foreign
bodies lodge. The position of this coneavity is such
that it is often difficult to detect the presence of these
foreign bodies and to remove them,

The posterior wall of the gsseous meatus is of much
surgical importance. It is formed by the union of the
tympanic ring with the squama, and later with the
anterior plate of the developed mastoid, this plate
being quite thin and separating the canal from the cell
spaces contained in the mastoid. Often the groove
fm'uthe lateral zinus is in close proximity to this
wall.

At the juncture of the upper and the posterior wall
the seutum forms a ion of the outer wall of the
mastoid antrum. In suppurative diseases of the
tympanic cavity earious tracts (fistul®) are often
found in this region; they lead into either the tym-
panie attic or the antrum of the mastoid, and eall for
surgical interference. Just external to the upper
posterior margin 18 often found a small bony spine—
the suprameatal spine—which is of value as a surgical
landmark in the operation for opening the mastoid

antrum.

In the fully developed ear the drum iz placed in
an oblique position, the upper and back F“It forming
an obtuse angle of about 135°, while the lower
and anterior portion forms an acute angle of about
407, with the canal wall.

The arterial supply to the auditory eanal is guite
abundant. The posterior auricular, a branch of the
external earotid, semds & branch called the
auricular. It passes in at the junction of
the cartilaginous with the bony canal, and
supplies the back wall of the canal, anas-
tomosing with the anterior auricular, a
branch of the temporal, which enters the
anterior wall of the canal behind the condyle
of the lower jaw. The tympanic branch of
the internal maxillary enters the tympanic
cavity through the Glaserian fizsure, and
sends 8 branch that supplies the skin of the
canal adjacent to the membrana tympani.
The veins take an irregular ecourse. ‘They
empty their blood either directly (and this
iz the rule) into the external jugular or in-
directly by way of the temporal or the in-
ternal maxillary vein.

The nerve supply is, first, from the
auriculgtemporal E:rannh of the inferior max-
illary division of the fifth nerve. Three
small branches of this nerve supply the
gkin on the anterior wall and in the car-
tilaginous portion. Second, the auricular
branch of the pneumogastric—" Arnold’s
nerve'—enters the back wall of the canal at
its junction with the mastoid, and supplies
the la
part of the back wall of the cartilaginous
gection, [Irritation of this nerve by the ac-
cumulations of wax, by foreign bodies, or
by the speculum when the ear is being ex-
amined or cleansed, produces the familiar
reflex ear cough.

But little seems to be known regarding
the lymphatic vessels contained in the walls
of the external canal. Politzer states that
they are probably connected with the lym-
phatic %'I.an{is overlving the parotid, by way
of the fissures of Santorini, sinee it is a matter of
clinical observation that swelling of the lateral
cervical glands often oceurs in inflammatory conditions
affecting the meatus.

The ﬁtin lining the auditory canal maintains all the
histological characteristics of the skin in other parts of
the body, although that part which lines the hony
canal becomes very firmly united to the periosteum
and altered in color. In its development there is a
gradual growth outward of the skin, thus producing a

r portion of the bony canal and a \\\

)

constant tendency for the ear wax to move outward,

this being further facilitated by the pressure of the
condyle of the jaw, which in mastication constantly

{mshﬂs the parotid gland against the anterior wall of
he canal and somewhat influences its lumen.

The sinuous eourse of the canal is such that sound
waves do not strike the membrana tympani directly,
but are reflected from the walls of the canal and are
thus modified in their intensity. Politzer states that
the two most important points where this reflection
takes place are on the back wall of the cartilaginous
canal and on the anterior inferior portion of the
bony eanal.

he size of the canal playas no influence in the acute-
ness of hearing, although Burnett.observes that large
straight canals are more likely to befound in those pps-
sessing a so-called ear for musiec.
J. Monrsox Ray.

Ear: Amatomy of the Auditory (Acoustic)
Meryve and its End Organs.—CoMPARATIVE ANATOMY
Anp Povsionosty—The functions of audition and
equilibration seem to be closely associated throughout
the animal kingdom. The so-called suditory organs,
or otocysts, of the invertebrates are in the majority of
cases concerned largely, if not wholly, with equilib-
rium, though in some caseas (notably among insects)
true auditory organs undoubtedly exist. The strue-
ture of these organs is usually similar to that of the
organs in the labyrinth of vertebrates,

B
o

% £
DN
Fra. 1700.—8eation through a Typicnl Lateral-ling Organ of Menidia (the
Fourth Canal Crgan of the Mandibular Line of Fig. 18500).
cupuls, composed of hairs from the hair cells matted together and more or less

gelatinized; D, dentary bono; E, opidermis; M, hair eells, or specific sensory
cells; N, nerve fibers supplying the latter; S, supporting cells.

¢, Corium; Cw,

For the proper morphologieal comprehension of the
eighth nerve and its terminal organs we must look far
back to the early phylogenetic stages of ita develop-
ment in the vertebrates, The fishes possess 4 system
of cutaneous and subeutaneous sense organs, the so=-
called lateral-line organs (Fig. 1799), widely distrib-
uted over the head and trunk. Part of these are in
canals (the lateral lineg or “mucous" canals), and part
are variously distributed over the skin, either naked or
sunken in separate pits (the pit organs of gancids and
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ampulle of elasmobranchs); but.all elosely resemble | gquency, slower than the lowest sound waves audible
structurally the macula and criste of the internal ear, | to the homan ear.  They are probably also concerned
and all are innervated by nerves which effect connec- with equilibration. The semicircular canals of the
tions centrally, along with the auditory nerve in the | labyrinth as in the human body, are the chief organs

Fra. 1500 —The Acustico-lateral System of Merved
with Their Poriphera vl Oirgans, ns Seen from the Right
Side, in the Silver Side, Wenidia, Reconstructed from
serial section® by projecticn upon the sagittal plane,
w 12, The dotted outlin represcnis tha ||lu.-|.l:icl-ll of the
hrain, the lateral-line canols are shaded with epoes-
hmtehing, the auditory labyrinth is stippled, and the
perves are drawn in black. Thee Orgnns of the |:I|.l r'||-
line svstem are drawn as black disea when naked on the
I-\.||r|':|.|'-' ol [l.l' :-'r.il'.. wnd a8 black ecircles when |_‘-i| '3 i=|
the 14, For the relation between the asustico-latoral
fd the ather AV ALEInS of pervea in this fish, see the
re detailed plot from which this wns drawn off, in the
dournal af Comparalves Neurologp, vol. 1%, I.-I.Ill' X¥.;
the Arckives of Newrology and Paychepath., val ii., i
ii. ¥AA, anterior nasal aperture; NAF, posterior n
srture; NOL, olfg ry merve; N OFPT, aptic n
A, ramulus geusticus ampalle antoerioris; HAE,
us nmpulle externm; BAF, n
arig: & B OO, ramus buacealis facialis: RE, ramulas
acusticus lagenme; & LAT, ramus lnteralia wagi; B O,
ialis Tacialis: B MWAN EX,
an mandibulars externus facialis; B SAC, ramulus
theaps sacouliz .l‘r fr, p..'l.l;,lu"-l ;.l_'uhlic'u:ﬂ R ELTE I41Fj{'lI;I;
T, tuberculum acusticum.

s acust nulus acusticns

ramus ophthalmicus superd

area acustica. These lateral-line nerves go
out with the vagus and facial roots and are
conventionally associated with these nerves,
They have, however, no physiological connec-
tion with them, but are more logically asso-
ciated with the auditory nerve to comprise
the “acustico-lateralis’” or special somatic
sensory syvstem of nerves (of. Cranial Nerocs)
The peripheral distribution of this component
in a typical fish is expresged in the accom-
panyving dingram (Fig. 1500},

The chief function of the lateral-line organs
of fizshes has bheen shown by Parker to be the
recognition of water vibrations of low fre-

of the equilibratory and atatic
functions, while the sense or-
gans of the sacculus of fishes
are concerned with troe hear-
ing. There is no cochlea and
the auditory sense is doubiless
very simple with no capacity
for tone analysiz.  All of these sense organs have the
same fundamental strocture and  all are execited
by movements in the fluid inte which the hairs of
the hair cells project.  They are doubtless derived
from o common type of simple cutancous tactile sense
OFEan.

VF

£LH T

Fra. 1801.—A Tronsverss Section Across the Head of o Rabbit Embryo
at the End of the Eleventh Day. The ||t:|.n-:- of the right half of the figuro
18 slightly antenor to tl of the lefe half. = 30, From Marshall's "' Em-
bryvology.” CHN, notochord; EF, membrane closing the hyomandibular cleft;
Ef, eomman atem of the two vertieal somiciroular canala: EN, radiment of
the externnl semicireular cansl; EL, cochlear ca Eff, recossus vestibuali:
EV, auditory veaicle: FAF, h:‘.‘l.ll.'l:llllllhlll:lf JEEIRE h: TP, pl::ug.':u:; VF,
fourth ventricle: FJ jugular vein; VUL, auditory nerve.
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The lateral-line crgans are found in aquatic animals
only (fishes and amrhibin.nn} The semicircular ca-
nals change very little, either in structure or function,
from the lowest to the hlghest vertebrates, and the same
is true of the large zensory spots in the sacculus and

Fra, 1802, —Diagrammatic Repressntation of the Organ of Hearing of Man.

{AfEer W:H]mnheam} Outer ear— M, , miriele:

oxtornus; O, ita wall; Mt membrans tympani,
n mimple rod=like body instead of the auditory osicles;

sponds to the stapedial plate, which closea the feneatra ovalis;
atachinn tube; ThE, ita opening into the pharynx: O, ita wall.

= h e, KL

munieate with each other at the cupuln terminalis (£4);

D.pt.

utrieulus. ‘The fishes, however, possess o macula la-
genm in the zacculus which resembles the other sen-
sory areas of the vestibule, but which in the course of
further evolution undergoes a remarkable transforma-
tion, becoming the organ of Corti of the cochlea in
mammalz. Parallel with the evolution of the organ
of Cortl in land animals, for the analyvsis of tone, the
sound-transmitting apparatus of the middle ear is
elaborated,

Kappers is of the opinion that the cochlear system
of mammals is more like the lateral line than the vesti-
bular svstem of fishes, the central lateral-line path of
fishes being comparable with the mammalian cochlear
path. This is supported by Parker's experiments on
the function the lateral-line organs cited above. But
from this it does not follow that the cochlea is derived
from the lateral-line organs, for the cochlea is-known
to be the derivative of the lagena already present in
the fizhes' labyrinth,

The middle and external ear do not appear in
the fishes, the vibrations of the surrounding medium
being transferred to the labwvrinth through the tissues
of the head. But air-breathing vertebrates require
some intermediary mechanism to intensify the more
feehle agrial vibrations. Accordingly, the middle ear,
with its contained auditory ossicles, is seen for the first
time in the Amphibia. The phylogeny of the auditory
osgicles has been the subject of endless inv estigation,
and there is still no agreement upon the details of this
history. The internal ear in the lower fishes elearly
lies in the hyoid segment of the head.

VorL. III.—46

“u-e'. meatus auditorias
Middle ear—{F, 8,
tympani; 0, ita wall; SAp, sound-condusting apparatus, which is drawn as
the plase T corre-
Th, Eu-
Trner ear—
The bony labyrinth, KL, KLY, for the mest part cut away; 8, saoculus; o,
&, the two vertical semiciroular canals, of which one (k) iz cut through;
S, D.e, saceas and ductus endolymphatics, of which the latter is divided at
2 into two arma; Cp, eavum perilymphatioum; Or, canalis reuniens, Con,
which produces at * the wvestibular cecom; Cenl,
hony cochlea; S and 54, scala vestibuli and scala tympani, which at * com=
B, ductus peri-
Iymphaticus, which arises from the scals tympani at o and opens out st
The horizontal semiciccular canal is not especinlly designnted.

The Eustachian tube is now regarded as the deriva-
tive of the spiracular canal, a rudimentary gill cleft
present in some of the lnv.er fishes between the hyoid
and mandibular arches. In the mammals this tube
never quite reaches the surface of the head, but is cut
off by an epithelial membrane composed of a
laver of ectoderm and a layer of entoderm (EB,
Fig. 1801), with an intervening layer of meso-
derm appearing in later dev elopmm:tn] stages,
This membrane becomes the tympanic mem-
brane, the portion of the tube within it the
Eustachian tube, and the pit leading from it
to the surface the external anditory meatus
(Fig. 1302).

These alterations in the relative importance
of the dilferent members of the acustico-lateral
complex are naturally reflected in the central
nervous system. We therefore find that the
size of the acustico-lateral centers (area acus-
tica and cerebellum) in the fishes iz directly
proportional to that of the peripheral organs
of this system. With the development of a
cochlea in the mammals, an entirely new set
of connections is effected in the oblongata,
which are by no means so closely related to
the cerebellum as are the end stations of the
vestibular root. These are the ventral and
dorsal cochlear nueclei. In connection with
the fact that the secondary fibers connected
with the eochlear root terminate very largely
in the inferior member of the corpora quadr-
gemina (see below), it iz interesting to note
that this body appears upon the surface of
the brain in the phylogeny contemporane-
ously with the eochlea. The cerebellum has
been mentioned as a secondary end station
for the acustico-lateral svstem of nerves, As
the organ of equilibration (and of the statie
senses in cncrah for the body, this was prob-
ahly its pI‘II't'IH.l"I-" connection.  But these static
functions are served by all of the other senses
as well (except, perhaps, the olfactory), so
that the terminal nuelei of the other sensory
nerves have also effected secondary connec-
tions with the cerebellum.

Esmrvoroay.—The auditory organ first ap-
pears in early embryos before the neural tube is closed,
as a lateral ectodermal thickening. Im animals in w hich
the ectodermal epithelium at this stage is simple, the
whole epithelium of the anditory plate invaginates to
form the * auditory saucer,” and later a vesicular sae
which sinks down below the surface. But in other
cases, in which the ectoderm becomes earlier two

VLT

FLe
Fra, 1803, —Transverse Bection throuwgh the Head of an Embryo

of the Scn Basa of Thirty=five fAfter H. V. Wilson.y

m., Auditory nervo: nuditory saweer: en, entoderm; eps.,
epidermic stratum of ectoderm; mes., mesoderm: ne, notochord;
p.. periblast. The large oval mass of cells in the eenter of tha

figure iz the medulls oblongata.

Hours.

lavered, it is only the inner, or nervous laver, which
participates in this invagination, and the auditory
vezicle never communieates with the surface of the
body (Fig. 1805).

The auditory saucer, whether formed from the whola
of the ectoderm or only from its inner layer, soon
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closez up and withdraws from the skin to form the
auditory vesicle.  In the elasmobranch fishes the ves-
icle retains itz primary connection with the outer sur-
face of the body to adult life by means of a slender
tube, the ductus endolyvmphaticus, in this point

Fia. 18084 . —The Left Auditory Vesiele of o Human Embryn
of the Eighth Week, Seen from the Left Side  (After W, His,
Jr., fram Muarshall's ** Embryology.” 17, Ed, Anterior vertical
semicireular eanal: EA°, ampulla of anterior vertical semicircular
canal: B, rommon stem of the two vertieal semicireular canals;
EH, horizontal semicireular cannl; EN. asmpulla of horizootal
semicircular eanal; EL, eochlen; EF, posterior verticnl semicireular
canal; EF, ampulla of posterior vertioal semicireular eanal, ER,
recesaus labyriothi; 8. sacenlus; UT, utriculus

resembling the lateral line canalz, which open freely
to the surface by means of a series of pores. But in
all of the higher animals this connection is lost,
though the tube persists as a blind pouch, the saccus
and ductus endolvmphaticus (Fig, 1802, De, and

times to all 7) of the ganglin of the lateral-line nerves
(Landaecre),

The primitive pear-shaped auditory vesicle in early
human development is divided into a small vestibular
pouch and a I]:I.rj{i.!l" cochlear pouch, The vestibular
pouch beeomes separated into saccular and utricular
portions and from the latter the semicircular canals
are pinched off. The form of the membranous laby-
rinth in a human embryo of the eighth week is shown
in Fig. 1504 and of the fifth month in Fig, 1805, The
adult  relations are disgrammatically  indicated in
Fig. 1804,

Fra. 1806, —Dingrammntic Hepresentation of the Differont Parts
of the Membranous Labyrinth, (Cunningham.)

While the aunditory vesicle iz #till in a quite undiffer-
entiated condition, its lining epithelium devel &
patch of sensory cells which enlarges very irregularly
in such & way that during the subsegquent plications of
the walls of the vesicle each of the chambers thus
evaginated (except the endolvmphatie duet) receives
a portion of this modified epithelinm.  These patehes
now become separated by non-sensory  pavement
epithelium and constitute the three criste in the
ampulle of the semi-circular eanals, the macule of
the utriculus and sacculus and the organ of Corti of
the cochlea.

The auditory vesicle, which is primarily ecto-
dermal, at first lies simply embedded in the
surrounding mesoderm (Fig, 1801). A portion
of thiz mesoderm i added to the vesicle, and
thus the definitive membranous labyrinth is
formed from both of these germ lavers, The
enveloping  eartilages—which become, when
ozzified, the bony labyrinth—develop a short
distance removed from the membranous laby-
rinth, and the intervening mesoderm is dis-
solved, leaving the perilvmphatic spaces be-
tween the membranous and the bony labyrinth,
The seala tvmpani and the seala vestibuli are
the continuations of these spaces into the
eochlea, while the scala media is the only part
of the cochlea which is lined by a derivative
from the original ectodermal anditory vesicle.
Accordingly, the organ of Corti iz developed
in the floor (membrana basilaris) of the scala
media,

Fiz. 1805.—The Membranows Labyrinth of the Right Internal Ear of &
Human !‘:Il'lhl'[l.'ﬂ- at the Fiflth Month, Seen from the Medial Side. (After
Retzius, from Harker’s text-book.) 1-5, Usricwlus; 2, recessus utrieuli; 3,
maciula acustica uericuli; 4, sinus posterior; 5, sinus superior; 6, ampulls
membranaces superior; 7, ampullan membranncen lateralis: 8, ampuolla mem-
nranacea posterior; 9, ductus semicireularis superior; 10, ductus semicireu-
laris postedor; 11, ductus semicircularis lateralis; 12, widened mouth af oras
ailhrlll': o I:||.|' |.:|I-|'E;|.| all]rﬁcirr'ul;ir |_';|||_;|.| -|;|||-|pi.h|t El|r-:r the Ill.fii":'ll]ﬂ.*: 13, sme-
culus; 4. macols neostiea saeesliz 15, ductus endolymphaticas; 16, ductas
utriculo-saccularia: 17, dustus reuniens; 15, occum wvestibulare of ductus
cochlearis; 19, ductus cochlearis: 20, nervas facinlis; 21-24, N. acusticuos;
21, N, vestibali; 22, N. saccularis; 23, N, ampullarisinforior: 24, N_ eochlem:
25, distribution of N. cochlem within the lamins spirnlis osaea.

The origin of the VIII ganglia has been
variously described.  [ts cells probably are
proliferated wholly or in part from the auditory
vesicle at a very carly stage. The gmlg]mn 18
g0 on divided into two parts which retain their
independence throughont life, the vestibular
and the spiral or cochlear ganglion (Fig. 1807).
In their further development these ganglia
pursue very different courses, the eells of the
vestibular ganglion being distributed along
the course of their nerve. while thoze of the
eochlear ganglion remain  throughont life at

Fig. 1805, 15), which joins the membranous labyrinth
at the ductus utriculosaccularis.

The auditory plate is the most highly differentiated
member of the series of suprabranchial placodes
(ef. Cramial Nerves). In fishes similar preauditory
and postauditory placodes give rise to a part (some-
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the diztal end of their nerve in the cochlea. The
cochlear and westibular nerves, moreover, remain
distinet to a late developmental period. 1t has been
customary, following Retzius and Hiz, Jr., to deseribe
the ramug vestibularis as supplving the utricle and the
superior and lateral ampulle, and the ramus cochlearis
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as supplying the saceule the posterior ampulla and the
cochlea,. More recent work (Cannien, Alexander,
Streeter) has emphasized the anatomical as well as the
physiological independence of the cochlear nerve, the
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Fro. 1807 . —Stages in the Differentintion of the Asoustic Norve
Complex. The wvestibular ganglion is shown by fine dots, the
apiral ganglion by large dots.  (After Strester)

nerves of the saccule and posterior ampulla belong-
ing to an inferior ramus of the vestibular nerve, as
indicated below:

. ampul. sup.
ampul. ext.
recess. utric.
saceularis

. ampul. post.

; pars superior
n. vestibularis
pars inferior

,_,
Anann

n. cochlearis. ramuli spirali

Tae AvniToRry or Acoustic NErvE—The intimate
association of nerves and end organs serving so diverse
funetions in the internal ear is explained, as above
suggested, by their common phyletic origin from a much
more generalized somatic sensory svstem. Thephysio-
logical separateness of the sense of hearing, on the one
hand, and the equilibratory and static reflexes, on the
other hand, is very evident. Similarly, the peripheral
receptive organs of the cochlea are in mammals qguite
distinet from those of the vestibule and labyrinth,
and the eentral connections of the cochlear and ves-
tibular nerves are fundamentally different. The ves-
tibular nerve terminates in reflex centers of the
oblongata and cerebellum with no important cortical
connections, while the cochlear nerve has, in addition
to important reflex connections in the oblongata, the
much stronger aseending pathway in the lateral
lemnigeus to the inferior colliculus, medial gemiculate
body and cortex (ef. Brain, Anatomy). Nevertheless
the fact that fishes undoubtedly hear, notwithstand-
ing their lack of cochlea or any other receptors more

complex than the sensory spots in the saccule, demon-
strates the relatively late phylogenetie origin of the
cochlear system from the vestibular, and has sug-
geated to some physiologists that even in man these
two systems are not wholly distinet, Support for
the latter idea has been sought from the Intimate
relations existing between the cochlear nerve and the
nerve of the saccule and posterior ampulla. But the
demonstration of the complete anatomical independ-
ence of the cochlear nerve in development (Streeter)
and in the adult leaves small basis for this contention.

The nervus vestibularis, in the wider =ense in
which this term is here employed, supplies the three
ampullary sense organs and the sensory maculs
of the utriculus and sacculus, These sense organs
are simple sensory epithelia, in fundamental strue-
ture resembling each other and also the sense or-
gans of the lateral lines of fishes (Fig. 1799). The
supporting cells of these organs eonstitute a simple
columnar epithelium. Among these cells are the
shorter hair cells, or specific sensory cells, extend-
ing only part of the distance
through the thickness of the
epithelium; their relations to
the termini of the nerve are
shown in Fig. 1808,

The hairs which arise from
the free surfaces of the specific
sensory cells do not float free
in the endolymphatic fluid, but
are embedded in a semi-gela-
tinous substance within which
small particles of caleium ecar-
bonate, the otoliths, are alzo
found (otolithic membrane,
qul':u] 1.

he cupula of the ampullary
sense organs (cristw) is de-
seribed by Shambaugh (1912)
az2 & cap firmly fixed upon the
crista, not as a movable strue-
ture as sometimes stated. The
hair cells are stimulated by an
interaction between the hairs
and the cupula occasioned by
the impact of the endolymph-
atic fluid against the sides of the
cupila, different groups of hair
celle being excited according
to the direction of flow of the
endolymph. The hair cells on
ong side of the ecupula are
more easily excited than are
those on the opposite side, for
the reaction which follows upon
stimulation by one direction of
endolymphatic flow iz grester
than that ﬂri.r.'mg from the flow
in the opposite direction. This
peculiarity has an important
bearing upon the interpreta-
tion of the phenomena of nyvs-
tagmus of labyrinthine origin
(for the details of which see the
paper by Shambaugh cited).

‘he fibers of the vestibular
nerve arise from ganglion cells
Iying in the course of the nerve,
the vestibular ganglion or ganglion of Scarpa.  These
eells, like all others connected with the nerves of
the internal ear (and the lateral, line nerves of
fishes az well), remain bipolar throughout life in all
animals. The method of the termination of the
peripheral processes about the specific cells of the
sensory spots has already been illustrated.  The cen=-
tral processes form the vestibular (medial or anterior)
root of the eighth nerve. It enters the brain ven-
trally and cephalad of the cochlear root and passes
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Fra. 1808.—Scheme of
the I"!"Ejj:h:'f.'l] Terming-
tion of the Mervus Vesel-
bali. (After Hetzius, from
Barker's text-bhook.)  es,
Centrnl nervous syatem;
Je, supporting cell; Az, hair
cells; an, nearite of M.
veatibuli; sz, cell body of
vestibular nourone.
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dorsad between the fibers of the restiform body and
the spinal V tract.

The central relations of the nervous pathwavs
concerned in nystagmus of labyrinthine origin have
been studied by Wilson and Pike (1912), who have
shown that such nystagmus in the dog and eat
consists of two phases—a slow deviation followed by
a guick return—wvarving definitely in direction with

Illlr.;n'l g

organs of the internal ear. The generally aceepted
structure of thiz organ of Corti, as presented in the
elassieal researches of Retzius, is shown in Fig, 1809,
Upon a basement membrane of mesodermal origin is
a very highly differentiated sensory epitheliuvm, part
of whose cells are supporting elements of diverse
zorts and part (the hair eells) are specific receptors.
The termini of the cochlear nerve arborize aroumd the
hodies of the hair cells in
the same way that fibers
of the westibular nerve
are related to the hair
cells of the macule and
eristaz of the labyrinth
(Fig. 1808). The mem-
brana tectoria occupics
the position of the cupula
of the erista ampullariz
and iz intimately con-
nected with the hairs of
the hair eells.  Its shape
has been very carefully
studied by Hardesty.
Many details of the
gtructure of the organ of

seree fibies inuer rodd  vas  pasilar
arirale  membrand

Fra. 1809, —Zoction through the Organ of Corti of the Middle Turn of the Human Cochloa.
(After Hotzius, from Quain's " Anatomy.")

the labyrinth which is stimulated or destroved.
These phases are distinet. The slow deviation is a
function of the vestibulo-oeulomotor apparatus in
the medulla oblongata and mid-brain and is un-
modified by removal of the cerebral hemispheres aned
thalamus. The quick phase of nystagmus, on the
other hand, iz a function of the cerabrum,

The eell badies from which the fibers of the coch-
lear nerve arise lie chiefly (if not wholly) in the spiral
ganglion, or ganglion of Corti,
in the axis of the bony coch-
lea. The peripheral processes
of these ganglion cells termi-
nate in the organ of Corti.
The eentral processes consti=-
tute the cochlear (lateral or
dorzal) auditory roeot. In the
embryological development
they become medullated
somewhat later than those
of the vestibular root, a fea-
ture to be correlated with the
fact that thiz nerve appears
in the phylogeny at a later
period than the wvestibular
Nerve.

All of the fibers of the
cochlear mnerve appear to
enter the ventral or the dor-
sal cochlear nueleus either to

uler ¢ ' ; LR
ﬂm; cetle of Deliers logical organization of

Corti, or spiral organ,
and the whole guestion
of the mode of its fune-
5 i tioning are still contro-
i e verted, Jur  present
P knowledge of the histo-

the basilar membrane
shows that it is struc-
tirally incapable of serv-
ing the function of tone
analysis in the way postulated by Helmholtz's theory.
Based upon important additions to our knowledge of
the minute strueture of the organ of Corti and clinical
observations upon diseased conditions, several dif-
ferent theories of the mechanism of tone analvsiz
have recently been expressed.  The most important
of these researches are thoze of Shambaugh., This
anthor has demonstrated that the hairs of the hair
cells do not terminate freely in the endolymph, as

_ r u,h..l:.
i.pﬂ_

Fre. 1810.—Seetion through the Apical Turn of the Cochles of the Pig at about Full Term,
showing outer auditory haira imbedded in the membrans tectorin.  epssp., Epithelium of spiral

terminate in ﬂ'“{"_ or to pass  guieus: fhe, innee hair cells: dpil, inoer pillar: m.bas., basal membrane; meteel., membrans
through them. The ventral gecrorin: labrear, lnbium vestibulare; n.coch., eochlear nerve; ob.c., outer hoic cell; s.2p., sulcus

nucleus is often spoken of a3 apiralis; st 07, Honsen's atripe,

accessory  nucleus, and  is

thought by Sala and Onufrowics to contain some of
the ganglion cells of the peripheral auditory neurones.
The dorsal nueleus is the tuberculum acusticum of
human anatomy.

Tre Orcax oF Cortr.—The specific sensory arca
which develops in the embryvonie cochlear pouch
becomes much more complex than do the other sense
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(After C. W, Prontiss}

commuonly figured, but that they are firmly attached
to the under surface of the tectorial membrane.
This membrane has a semi-gelatinous texture and is
ecapable of taking up syvmpathetically the vibrations
of the endolymph within which it floats.

The development of the tectorial membrane has
recently been restudied by Prentiss, who finds that
it first appears as a thin cuticular plate developed

e ] gp B il o S W
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over the free ends of the columnar cells which form
the inner epithelial thickening of the basal cochlear
wall. 8ince it is present befors the appearance of
hair eells in the spiral organ, it cannot be regarded as
developed from these hairs. The membrane grows
in thickness by the seeretion of a cuticulum formed
between the ends of the epithelinl eells, thus giving
to -the mature membrane a chambered or honey-
comb structure. The attachment of the membrane
to the spiral organ was confirmed, not only by see-
tions but by dissections of fresh and fixed cochlem
(Fig. 1810). The membrana tectoria, then, is a deli-
eate chambered cuticular structure, cosxtensive with
the spiral organ. It is attached by its inner zone to
the labium vestibulare, by its outer zone between the
cells of the spiral organ, thus bridging over the spiral
guleus. Its sectional area at base and at apex 15 as
1:40 approximately. As the hairs of the auditory
cells project directly into the chambers of the mem-
brana, vibrations of the membrana would be directly
transmitted to them.

Shambaugh concludes that the tectorial mem-
brane takes the part of & physical resonator by re-
sponding in its various parts to tones of different
pitch, depending on the size of the membrane, tones
of higher pitch being taken up by the hair cells
loeated near the beginning of the basal eoil, thoss of
lower piteh by the eells near the apex of the cochlea,
where the tectorial membrane attains its maximum
gize. The stimulation of the hair cells iz effected
only through the medium of their projecting hairs,
these being excited by vibrations of the tectorial
membrane to which they are attached.

C. Jupson HERRICE.
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menschlichen Ce-

Ear: Anatomy of the Awuricle.—The auricle or
pinna forme with the auditory canal or meatus the
external ear. It iz placed on theside of the head about
midway between the external angle of the eyve and the
oceipital protuberanee; the upper border i= about on
a level with the eyebrow; the lower edge of the lobe

is about on a level with the tip of the nose. Its ver-
tical line is parallel to the ramus of the jaw and forms
an angle of about 100 or 105 degrees with the hori-
zontal plane of the head. Those ears in which this
angle exceeds 112 degrees are called slanting ears,
In height the auricle measures from 35 to 60 milli-
meters, and in width from 25 to 35 millimeters. The
height of the auricle is generally found to be equal to
the length of the nose. The true length of the auricle
varies in man from 22 to 49 millimeters, the averags
being 5.9 millimeters; in woman it varies from 24
to 41 millimeters, the average being 33.7 millimeters,
The true width* of the auricle varies in man from
43 to 58 millimeters, the average being 44.4 milli-
meters, while in woman it varies from 30 to 61 milli-
meters, the average being 40 millimeters. The
anterior third of the auricle is firmly attached to the
root of the zygoma and to the sqguamous and mastoid
surfaces of the temporal bone by means of lignmentous,
muscular, and eutaneous tissues. The posterior two-
thirds is free and is placed so as to form with the
lateral surface of the head the ecephalo-auricular
angle which, opening backward, measures on an aver-
age from .i{i to 40 degrees, and may vary between ()
and 90 degrees; the angle decreasing in size as it
passes upward and forward,

Fua, 1811 —Awricle of a Man, ({After Schwalbe) ab, Base of
the auricle; abe, trinngle of the auricle; e Darwinian point or
lul.l-l.'rl.'lt'; L, ¢rus helicis; 2, 2 ;|:lrl_ll||;|_i||u; {amborlor wpgrer) |_|r|1'li|:~|J of
the helix; 3, descending (posterior) portion of the helix; 4, lobule;
5, main portion of the antikelix: 6, crus inferius anthelicis: 7, crus
supcrivs anthelicis; 8, antitragus; 9, tragus; 10, tuberculum supra-
tragicum: 11, sulens auria anterior {incisurn trago=helicinal; 12,
ipcisura  intertragica: 13, tuberoglum reirolebulase of His: 14,
sulonia auvrls posterlor (incisura antheliciz); 15, suleus helicolobai-
laris; 14415, suleas obliquus of His; 16, suleas supralobualaris; 17,
fosza navicularis or scaphoidea; 18, fossa trinngularis; 19, cymba
conch; 20, envitas conchae; 21, suleus retrolobularis

The framewark of the auricle eonsists of convoluted
foldz of vellow reticulated eartilage, from 1 to 2 milli-
meters in thickness, and is eovered by its perichon-
drivm. It supportsthe glandular, vascular, museular,
and cufanecus tissues of the auricle. The cartilage
does not enter into the construction of the lobule and
is deficient between the tragus and the spina helicis.

The auricle mav be considered to be an expoansion
of the external auditory eanal, which it surrounds,
and especially so above and behind., It is oval in
form, with the longest axis vertieal and its broadest

* The terma *“true length”™ and “true widih®™ ore explained
furiber on.
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extremity above. It has two surfaces—an external
and an internal—and a cirenmferentinl border.  The
external surface looks obliguely outward, forward,
and slightly downward, [t is so folded upon itself
that it presents a number of elevations and depressions,
which give it a most irregular and characteristic ap-
pearanee.  The outer surface is as a whole concave,
while the inner is convex, and the depressions and ele-
vations of one =surface correspond in o
general way to the elevations and de-
pressions of the other,

The border of the auricle—that is,
the upper third of the anterior portion,
all of the superior portion, and the
upper two-thirds of the posterior por-
tion—is rolled in upon itzelf and forms
the most prominent elevation or crest
on the external surface of the organ.
It is ealled the heliz (Fig. 1811, 1, 2, 3).
It beginz in a thin root, the crus helicis
(Fig. 15811, 1), in the cavity of the
concha, and passes obliguely upward
and forward, and then in a semicircle
upward, backward, and downward, to
terminate in a free extremity, the pro-
cessus holicis caudolus I:l":i[_;.. 1812, ),
at the suleus helicolobulariz (Fig. 1511,
15). The crisfa heliciz divides the
eoncha into two parts—the upper and
smaller, the r'g,r:.-rsan conchae (Fig, 1511,
19), and the lower and larger, the =
cartlas conche (Fie. 1811, 20), which is
continuous, with the external auditory
canal. By the incurving of the helix
o groove is formed beneath it—the
Josza of the heliz, This groove is well
marked in its ascending portion, and gradually be-
comes shallow as it passes backward and downward, A
small apine, the apina helicis (Fig. 1812, 1), is given off
from the ascending portion of the helix. 1t serves
to give a firm attachment to the attrahens auriculum

Fro. 1812 =—Cartilnginous Framework of the Human Awuricle
{Inner Surface). (After Schwalbe) be, Upper border of the ear-
tilapinous furrew for the blood-vesacls: o, anterior medinl border;
r. posterior medial border; x, processus trinngularis; &, angle of

anterior margin of the concha; 1, spina helicis; 2, processus
3, lnteral bipartite Sontorininn incisurs; 4, medial
i.r (BN #1084 |.|, iR '|I:!h|'.||r'l-;. i, :n||l'ul-| :lllll.ll"'llil'jx trags=

s Ty B ntia [odsm trninpogulans; 8, emaneotin conchs; 9,
ks cruria holicis; 10, ponticulus; 11, eminentia fosse nnvicularis;
2, 1ocsura terminnlis; 13, hssura un1i.!r:-:;u—|:u]il.'i:||u.

mugele.  This spine, as well as the processus caudalus
Felicis, 15 to be seen only when the cartilage is denuded
of its coverings. Af the junction of the horizontal
portion of the helix with the descending portion we
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have a tubercle known as the Derwinian poin! or

tuberele (Fig. 1511, ), which possesses much mor-

phological importance, as will be shown below, It

corresponds to the ear tip of animals.

A second eminence or crest, the aniiheliz (Fig. 1811,
3), hegins, in the upper anterior portion of the fozsa
helieis, in two converging crests, the erura furcala, or
the crus tnferius anthelicis (Fig. 1811, 6) and the erus

Fra. 1803 .—Muselea of the Auricle: A, as Been on the External Surface; B, as Seen
on the Internsl Surfnee

I, The nttelens nurieulum or musculus nuriculsris superioe;

2, the mttrabons awriculum or museslus auricularis aptorior; 3, 3, the rotrahens aorie-
ulum, or musenlus surlculoris posterior; 4, the helicis mujor; 5. the helicis minor; 6§,
the tragious, with 6, ita accessory fasciculus; 7, the antiteagicas; &, the transversus
puricular; 9, the obliquus nuricul®; a, spine helicis; b, concha, with & its posterior
thickening or ponticule: ¢ spins caudntus helicis.

{After Testut.)

superiuz anthelicis (Fig. 1811, 7). It passes downward
and backward in front of the descending portion of the
helix, The depression which is formed between the
two erests is known as the fessa navtenlaris or fossa
seapheides (Fig, 1811, 17). The depression hetween
the crura furcata is called the fossa inlercruralis or (ri-
angularis (Fig. 1511, 18), The antihelix is ﬂn]mra.ted,
by the sulens auris posterior (incisura anthelicis, Fig.
1511, 14), from a rounded eminence—the antilragus
(Fig. 1811, 8), and im front of thizs eminence, and
separated from it by that portion of the cavity of the
concha which i3 called the incisura interfragica (Fig.
1511, 12), is a lid-like covering to the auditory canal—
the fragus (Fig. 1511, 9). It iz separated from the root
of the helix by the suleus auris anlerior OF fRcisura
fragohelicing (Fig. 1811, 11).

The most dependent part of the auricle, which is
devoid of cartilage and is made up principally of con-
nective and adipose tissues, is called the lobe (lobulus
aurtenlariz) (Fig. 1811, 4).

On the inner surface the elevations, as they corre-
spond to the depressions on the outer surface, have
received similar names, and are known consequentiy
as the cminenlia fossse caphoider vel Iriangularis
(Fig. 1812, T); the eminenltia foss® navicularis (g,
15812, 11); and the eminenfia conchee (Fig. 1812, 8).
From the posterior inferior border of the latter emi-
nence arises a crest, the ponficuluz (Fig. 1812, 10),
which passes obliguely downward and forward to the
incisura lerminaliz (Fie, 1512, 12); and to this crest 13
attached the retrahens auriculum muscle.

In a like manner the following names have been
given to the depressions on the inner aspect of the
auricle; the fessa anthelices, (Fig. 1812, 5); the sulcus
antheliciz ransversus (Fig. 1812, G); the sulcus cruris
heliciz (Fig. 15812, 8); and the fissura anfilrago-helicina
(Fig. 1512, 13).

To aid in holding the cartilaginous folds in place
oand in uniting the auricle to the head, two sets nf
ligaments are provided—the intrinsie and the extrinsic.

The inlrinsic ligaments are four in number: two are

| on the inner surface of the auricle and unite the em-
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the ecases. The urine
usually contains albumin
and casts and often there
iz definite blood due to
infarction of the kidney.

The typhoidal type is
characterized by a more
or less continuously high
fever, delirium, dry
tongue, distended ab-
domen, roseola, splenic
enlargement, and possi-
bly diarrhea,  but mno
definite localizing symp-
toms. The differentia-
tion from typhoid fever
is often possible only by
mMeans u% the blood eul-
ture.

In the cerebral type
the symptoms due to
embolism of the brain
and usually of the left
middle cerebral artery
dominate the picture.
There is a history of
onset with chills and
fever and then a sudden
development of hemi-
plegia and perhaps un-
consciousness. Purulent
meningitis may develop.

There is a chronic form
of malignant endocar-
ditis which may last
several !I'I:H.IJ‘Lt-IW. It is (Md Atheromn. (Originsl)
characterized by asthe-

Fra. 2033, —Malipnant Endecarditia: Uleeration of the Aostls Valvesz: Hole through One of the Valves;

nia, a moderate degree of remittent or intermittent of endocarditis the Steplococcus viridanz has been
fever, chills, petechiz, and changing heart signs. | found more frequently than any other organism.

There iz progressive anemis with gradual loss of The symptoms of simple acute endocarditis are
weight. he lencocytes are increased but usually primarily those of the accompanying rheumatic dis-
not bevond 15,000, A positive blood eulture may not | ease. The onset of the cardiac complication may be
be obtained until after several attempts.  Inthistype | marked by pain and collapse.  The rise in fever may

Fro. 2034.—Malignant Endocarditis; Destruction of Aoriie Leaflet; Old Thickening of Aortie Valwes;
Dilatation of the Left Yenotricle. (Driginal.)

be wery shight. The
sudden appearance of &
heart murmur or the
symptoms of embaolism
may be the first evi-
denee of implication of
the heart. There iz
sometimes precordial
|;;||_|_]gi:|||:. in |"||.'i||’1!'|"1|.I

DirrERENTIAL  Diac-
xosis.—In the simple
acute type the asso-
piated disease should
lead to expectation of
|:',"|.rr'|i.;|.1,' !-||| volvement and
the characteristic signs
should be recognized as
they appear. In the
malignant type the
blood culture is the most
important single diag-
r|_|:|,-;1_i|:' mefstire, r|.'|I|':
differentiation from
pneumonia  and from
typhoid fever may be
very difficult and de-
pend entirely upon the
findings in the blood.,
If in the course of an
acite disease 4 MUrmMur
develops under our ob-
servation, which cannot
T ;Lt'rl:l'ﬂl!:ltl:'il for h_‘-
anemia or weakness of
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the cardiae wall, and especially if it is accompanied
by an increase in fever, we are justified in dingnosing
endocarditiz.

Progxozis,—In the vast majority of eases simple
acute endocarditis entails no immediate danger.
The lesions heal to a greater or lesser extent and the
subsequent cicatricial contractures result in valvular
defects which may prove fatal long afterward. In
malignant endocarditis, death may take place in three
days, or, a2 when due to Sir. viredans, only after ten to
fourteen months, The prognosis is always unfavor-
able but in some instances recovery does oceur and the
patient acquires a valvular disease of the heart.

TreaTMexT.—The treatment of simple acute endo-
carditiz iz first of all the treatment of the associated
dizense, The salicvlates should be given in doses
sufficient to control the arthritic pain but they are said

Fro, 2035, ~Malignant Endecarditia on Top of Old Sclerosing Process.

miteal valves, (Orizinal,)

involvement of th

to have a certain amount of depressing effect upon the
heart. HRest is all i]||.'|;l-1'1:|.1|1-. Digitaliz iz the most
important single drug and strychnine mayv often be
used to advantage.. The diet should be especially
nutritious and iron may be indieated in order to com-
bat the anemia. Arsemic is alzo used for this purpose.
{pe of the most EII:[I-’II'r:LII'| ',a-r'-:lr||!'.':.;|.1'1iq' nefasres
consists in the removal of tonsils which are subject to
recurrent unmation,  The removal should of
course be in the interval between attacks.
It iz sometimes very striking to see the improvement
i ik F:::'i|-|,1 ,‘.'-||!-|-.'.ir,-z -'!: |!r|1'.;|,] ||f .~:||-|'|-r|ri|,|]4' L=
cilz, The care of the ted n order to prevent caries
and pyvorrbea 1s also very important. The treatment
of malipnant endocarditis 15 that of any form of gen-
eral septicemia; absolute rest, light diet, and an
ice-bag over the precordium to quiet the action of the
heart. Drugs are of little value and sometimes the
heart i3 80 damaged that attempts at stimulation are
actually !..-:ru. |',|I ]r.rl':I'.'I'III.l 12 infusions of c'l:-l];:r['_'nl
and other :|||1i.-|'|;ﬁ-!" solutions, and the administration
of Marmorek's antistreptococeus serum have proven
of no wvalue, Inoculation with bacterial vaccines,
more especially autopenous ones, has apparently re-
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sulted favorably in a small percentage of eazes but the
dizappointments have been many. Fhe adminis-
tration of filtrates of cultures of one or more organisms,
the so-called phylacogens, has little to fecormmend it
theoretically and there has as vet been no convineing
demonstration of beneficial results following their nze,
The effects and treatment of chronie endocarditis
are those of ehronie valvular lesions and will be con-
sidered under that heading.
JamEs RAE ARNEILL.
Revised by Ravnra G, STiLiaax,

End-organs, Nervous.—The nervous end-organs
fall into two groups which have very appropriately
been termed by Sherrington the receptors and the
effectors, the former being the nervous endings in the
semse organs and the latter the endings within the
organs of response—muscles, glands, ete.

The body 1z surrounded by a complex
of manifestations of energy which im-
pinge upon its surface, some of which are
noxious, some beneficial, and others indif-
ferent. Those sense organs which respond
to the action of these external agents are
termed exteroceptors, in distinetion from
the interoceptors which are stimulated by
internal (chiefly visceral) processes.

We are surrounded by many forms of
external energy to which our receptive
end-organs are entirely insensitive, such
as ultraviolet ravs from the sun, Hertzian
electric waves, ete.  Receptors have been
diferentiated only for those forces of our
natural environment which ean cither
benefit or injure the body; to the rest we
are entirely indifferent. The purpose of
the receptors, then, is to analyze the envi-
roning energy eomplex in such a way as to
facilitate the execution of the adaptive or
useful modes of response to all significant
environmental factors. “This i8 Accom-
Fuli.a':hr-cl, as Sherrington points out, by
lowering the stimulus threshold of each
receptor for some one kind of energy
manifestation and raising it for all others;
or, otherwise stated, each receptor is
attuned to respond only within a definite
range of energy manifestations and to
remain silent to all others.

An acceptable classification of the re-
ceptors or gense organs of the body must
take account of their anatomical relations
of the nature of the physical or -::h&mim'f
forees which serve as the adeguate stimuli, of the
subjective qualities which we experience upon their
excitation, and of the character of the physiological
responses which commonly follow their stimulation.
The last point has been too mueh negleeted.

In fact, the most fundamental division of the
nervous gystem which we have, cutting down thromgh
the entire bodily organization, is based upon this
physiclogical criterion.  Sherrington, whose analysis
with some modifications is here adopted, recognizes
three tyvpes of sense organs, or receptors: (1) the
i_;||!-!-t'-:u'|'|:|1|:-|".-.'ll or viseeral t’\-re-p!'i'l.'l-. OrFEAns, which
reapond only to stimulation arising within the body,
chiefly in connection with the processes of nutrition,
excretion, ete.: (2) the exteroceptors, or somatic
sense organs, which respond to stimulation ari=ing
{rom uhjq-ll[!—: onteide the l!:-|!-|:|_1,': l:"!} the [T |]>rEurr-'|:u’rrsr.-',
a gystem of sense organs found in the muscles, tendons,
joints, ete., to regulate the movements called forth
'|:-I'.' stimulation of the 1'\.T|'Tl’ll:'1']r|irr:-:. This third
group is really subsidiary to the somatie system, or
exteroceptors, and will be considered more in detail
beyvond,  The important point to bear in mind here
is that stimulation of the visceral sense organs typie-

Marked
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ally calls forth visceral responses, i.e. adjustments

wholly within the body, while stimulation of the so-
. matic {exteroceptive) sense ongans typically callsforth

gomatic responses, i.e. & readjustment of the body asa
whole with reference to its environment. This isa
very fundamental distinetion.

From this standpoint the nervous system has a
two-fold part to play in the vital economy. In the
first place, the nervous system is the chief m'ga:n by
'l;i'lda*:lla-J the correlation or “*correspondence” (Herbert
Spencer) of bodily and environmental forces is
maintained. And in the second place, the nervous
system has the important function of the internal
regulation of the parts of the body {nter se, to ensure
their Enmper nutrition and continued weli-bein?.
These two functions are quite diverse and the organi-
zation of these two parts of the nervous system shows
corresponding struetural differences.

We divide the nervous organs, then, into two great
groups, the exteroceptive or somatic group, and the
interoceptive, wisceral or splanchnic group. The
latter group comprises the nerves and nerve centers
concerned with digestion, respiration, circulation,
excretion and reproduction. These are chiefly found
within the sympathetic nervous system and those
parts of the central nervous system directly connected
therewith, though the more highly specialized mem-
bers of this group are independent of the sympathetic
system. Theexteroceptive orsomatic grm‘;me T

the greater part of the brain
and spinal cord and the cere-
bral and gspinal nerves, or
briefly, the cerebrospinal nerv-
ous system, as distinguished
from the sympathetic system.
This iz the mechanizm by which
the body is able to adjust its
own activities directly in rela-
tion to those of the outside
world—to procure food, avoid
enemies, and engage in.the
pursuit of happiness.

The organs belonging to
each of these two groups do
muech of their work independ-
ently of the other group; i.e.
vigceral stimull eall forth wvis-
ceral responses and external or
somatic stimuli call forth so-
matic responses. MNevertheless
the two groups of organs are
by no means entirely inde-
pendent, for external excita-
tions may wiuce strong
visceral reaections, and con-
versely. Thus, the sight of
luscious fruit (exteroceptive
stimulus) naturally calls forth
movements of the body (so-
matic regponses) to go to the
desired object and seize it
But if one is hungry, the mouth
may water in anticipation, a
purely visceral response. On
. . the other hand, the strietly
visceral (interoceptive) sensation of hunger is apt to
get in motion the exteroceptive reactions necessary to
find a dinner.

With these ]Principles in mind, let us now undertake
an analveis of the human sense organs and of their
effectors. The following list is by ne means complete
and iz in some parts merely provisional,

Fia.

A6, — Tactile
MNerve Endings in the Deep
Layer of the Cutis from
the Noso of & Cat. (After
HBotezat.)

I. BomaTic Senses.— These are genses concerned with
the adjustment of the body to external or environ-
mental relations,

A. Exteroceplors—Stimulated by objects outside
the body am‘i typically evoking reactions of the

whole body, such as locomotion, ete. This group
includes a very complicated system of general cu-
taneous sense organs, some organs of deep sensibility,
and some of the higher gense organs. The cutaneous
exteroceptors comprise & complex system whose an-
alysis has proven very difficult. The eonclusions
presented in the paragraphs which follow are based
chiefly upon the observations of von Frey and
Henry Head. The correlation of the data of phy-
siological experiment with the anatomical structura
of the cutaneous end-organs is still somewhat prob-
lematical’ and the structures assigned here to the
various cutaneous senses should be regarded as
provisional rather than as demonstrated.

1. End-organs of the pressure or tactile sense.
These fall into three groups distingnished by Henry
Head as epicritie, protopathic, and deep sensibility.

Epicritie  tactile
sensibility i3 &
highly refined

type, regarded as
of later evolution-
ary origin than the
other two. It in-
cludes light touch
on the hairless
parts of the body
particularly. Cu-
taneous localiza-
tion ( ‘spot-nam-
ing’") and the dis-
crimination  be-
tween two points
simultaneously
stimulated (*'the
compass  test")
are functions of
this svstem. The
threshold for pres-
sure stimuli  is
lower than in the
case of direct stim-
ulation of the pro-
topathiec and deep
end-organs. The
receptive  OTEAns
are speeial tactile
bodies, such a=
Meissner's corpus-
cles. They are
generally found in
the cutis and sub-
cuticular tissues,
cither as free skein-
like terminal ar-
borizations of me-
dullated cutaneous nerves or as similar more elab-
orate endings enclosed in connective-tissue capsules.
Fig. 2036 illustrates a simple form of these endings in
the cutiz of the nose of a eat, and Fig. 2037 a more
complex endings, partly within the perichondrium and
q:'l.rt v within the eutiz from the same region. The
Meissner's corpuscles (Fig. 2038) are the most charac-
teristic tactile endings of this system in the human
body, consisting of a similar skein of nerve termini
enclosed within a connective-tissue capsule.
Protopathie tactile sensibility is a more primitive
type of general diffuse touch, especially well developed
on the hairy parts of the skin. These sensatiors
have no clearly defined local sign, and vet their end-
organs are themselves definitely grouped about the
hair bulbs. The hairs are the most important sources
of excitation of these organs and the sensitiveness of
hair-clad parts iz greatly reduced after the hair is
shaved. **The liminal stimulus for the touch spots
about a short hair is three to twelve times greater
than for the hair itself, i.c. the hair is three to twelvo
times more sensitive than the spots” (Sherrington).

21

Fra. 2087 —Complex Nerve Endings,
from the Nose of a Cat. (After
Botezat) The apparatus lies partly in
the outis ew. and partly in the porichon-
drium pe. above the nasal cartilage .
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The innervation of the hair bulbs is very complex and
varies greatly for different animals and for the dif-
ferent kinds of hairs on the same body, s0 that no

AMeissner’s Tactile Corpusele from the Cutis of
{After Dogiel (rom ISII||.|1|-I];L\'iﬂlllﬂ'il“h"r‘“

Fra, 20858,
the Human Skin.
Histology . b

general deseription is possible.  The lange vibrissm
of the rat receive their nerve supply from two sources
(Vineent, 1913). A large nerve bundle pierces the

Fia. '-"”‘-q!:'.—ﬁfr:liﬁllt and Circular Nerve Endings on the Hoot
of o Saft Hair from the Lower 1_.|r| of o Moo 49 Years Old, {Afeor
Siymonowicz.) The coarser forked endings bolong to the straijght
Lo LEH 1 amd the Aper GhBefs 0o the cirealnr syatein.

dermal sheath in the lower part of the bulb, spreads
out over the inner follicle in a heavy plexus, and ter-
minates chiefly in a mantle of touch cells, resembling

22

Merkel’s corpuscles, in the outer root sheath all over
the follicle. A second nerve supply comes from the
dermal plexus of the skin, from which branches rin
down and form a nerve ring about the neck of the
follicle. Experimental studies show that these hairs
are very important not only as general tactile organs,
but specifically as aids in locomotion and equilibra-
tion, The ordinary hairs of man and other mammals
have three forms of specific nerve endings in addition
to various forms of terminal arborizations in the
surrounding tissues: (1) straight and often forked
endings running parallel with the base of the hair;

Fug., 240 —FPacinian Corpuscles from the Mesorectum of n Cat.
{After Sala from Bohm-Davidoff-Huber's Histology.)

(2) circular fibers forming a plexiform ring arcund
the root of the hair external to the straight endings;
and (3) leaf-like nerve endings associated with
apecial cells resembling Merkel's corpuscles.  Fig. 2089
illustrates the first and second types of these endings.

The deep pressure sense is served by special nerve
endings throughout the tizssues of the body and is
preserved after loss of all eutaneous nerves, ]i}' these
end-organs relatively coarse pressure may be dis-
criminated and loealized and movements of muscles
and joints can be recognized. Most of the funetions
of the deep sensory nerves belong to the interoeeptive
and propricceptive series (see bevond), but some

Fia. 2081.—End-bulb of Krause from the Conjunctivum of Man.,
{After Dogiel from Bailey's Histology.)

exteroceptive functions are here present also.  The
latter are probably related chiefly to the Pacinian
eorpuscles and similar encapsulated end-organs.  The
Pacinian corpuscle has a central nerve fiber enelosed
in a firm lamellated connective-tissue sheath (Fig.
2040},

2. JEu:irnrgmm for sensibility to cold.

3. End-organs for sensibility to heat. Physiolog-
ical experiment shows that heat and cold aresensed
by different parts of the skin—the warm spots and
the cold spots respectivelv—and that each of these
may be present in an epicritic and a protopathie form.
What end-organs are involved here is by no means
certain,. The margin of the cornen was found by
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von Frey to be sensitive to pain and cold only. The
free nerve mndinag:s found here he assumes to he
pain receptors and the end-bulbs of Krause (Fig. 2041)
to be cold receptors. By an analogous argument
he assumes that the “genital corpuscles’ of Dogiel

7]
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Fra. 2042 —Genital Corpuascle from the Glans Fenis of Man,
{Afver Dogiel from Bohm-Davidoff-Huber's Histology.)

(Fig. 2042) and some similar endings widely distributed
in the skin are warmth receptors. By some other
physiologists these two types of end-organs are re-
garded as belonging to the tactile system,

; End-organs for pain. Some physiologists be-
lieve that there are separate nerve endings for pain;

i
":"::-'1-'#‘:!"' P e . Sl
Lyl Tt e il b e -
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Fra. 2043, —Vertioal Section Through the Cornen. (After Cohn-
heim from Barker's Mervous Bystem.)  The corneal corpuseles and
the cells of Descemot's membrane are left out of the drawing: the
anterior epithelium has been drawn only in part. o, Descemet’s
membrane; b, nerves from the plexuses; ¢, branches going to tho
epitholium, here asoonding by accident very obliguely: d. fibers of
the subepithelind Inyer; e, vertical cut threads with horizontal out-
runners; ond nodules can be seen; f, an undoubted precorneal
horizontal filer.

others regard pain as a quality which may be present
in any sense, and not as itself a true sensation. The
free intracpithelial nerve endings are regarded by
von Frey as the pain receptors, because these endings
alone are present in some parts of the body where

suseeptibility to pain is the only sense quality present,
such as the dentine and pulp of the teeth and the
cornen (Fig. 2043). Bimilar endings are found through-
out the epidermis (Fig. 2044) and in many deep
structures.

5. End-organs of general chemical sensibility.
In man this is found only on moist epithelial surfaces,
such as the mouth cavity; but in fishes it mav be
present over the entire bodily surface (Sheldon).
The sense organ is probably the free nerve terminals
among the cells of the epithelium, never special sense
organs like taste buds, for these when present in the
skin belong to a quite different system.

6. Organs of hearing. The stimulus iz material
vibrations whose frequency ranges between 16 and
40,000 per second. The receptor is the organ of
Uorti in the cochlea, perhaps also the sensory spots
in the saceule and utricle. There are two forms, (1)
noise, stimulated by sound concussions or irregular
mixtures of aérial vibrations; (2) tone, stimulated by
sound waves or periodical aérial vibrations.

Fio. 20H4.—Transverse Section Through the Skin of the Ear of
a White Mouse Three Daya Old, (After Van Gehuachwon,) a,
horizontal Gbera; b, bifurcation: fm, merve fbers.

7. End-organs of vision. The stimulus is ethereal
vibrations ranging between 302 billions and 757
billions per second. Here also there are two forms:
(1) brightness, stimulated by mixed ethereal vibrations;
(2) color, stimulated by simple ethereal vibrations,

8. End-organs of amell. This sense has both ex-
teroceptive and intercceptive qualities, the latter
being apparently the more primitive, See the fuller
discussion bevond under the Interoceptors (Visceral
BSenses) and in the article (Mfactory Nerre.

B. Proprioceplors.—These sense organs are con-
tained within the skeletal museles, jointa, ete., and are
stimulated by the normal funectioning of these organs,
thus reporting back to the central nervous system
the exact state of contraction of the musele, fexion
of the joint, tension on the tendon, ete. These
reactions are generally unconsciovusly performed.

9. End-organs of musenlar sensibility. The organ
iz a series of nerve endings among special groups of
muscle fibers known as muscle spindles. These
endings are usually spirally wound around their
musele fibers and ‘are stimulated by the contraction
of the muscle (Fig. 2045).

10. End-organs of tendon sensibility. Similar
nerve endings are spread out over the surfaces of
tendons and are stimulated by stretehing the tendon
during museular contraction (Fig. 2046).

11, End-organs of joint sensibility. Nerve end-
ings found in the joints and the surrounding tissues
are stimulated by bending the joint and report back
te the central nervous system the degree of flexion

23
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of the joint.
Parcinian corpuscles.

12, Statie and equilibratory sensations arising from

stimulation of the semicircular canals
of the internal ear (Fig. 2047). This
iz the most I]i,'_r.h'l.\" ,‘Eli_u-i'i.:-lli.'ﬂl'l.! =
ber of the propricceptive group and
acts in econjunetion with all of ”}(‘!
other somatic senses to maintain
equilibrinm, posture, and the tonc
of the muscular svstem. The eyes
and most of the other exteroceptive

End-organ from the Ia-

Fig. 2M5.—Neuro-mnuseular Nerve
Iri||-i.- E'|-||_-.:|r Auseles of o ].’l.lu, from Tensed E"rl'||.'|I:Llil=|IL Spained

with Methylene Blue. The figure shows the intrafusal muscle
ﬁllllri o '.h-' mngsele .-||i.r|-.II--. the neeve Aloea .'I|JI| theig '||'H||i||.-
ations; the capsule and the sheath of Henle are not shown, (After
Huber and DeWitt.)

gense organs, £0 far as they act in the way just sug-
gested, serve as propriceeptors.

11, Visceran Sexses.—The viseeral or interoceptive
senses fall into two well-defined groups. First, the
general visceral senses are without highly specialized
end-organs and are innervated through the sympa-
thetic mervous gvstem. Their reactions are chiefly
unconseiously performed.  Second, the special visceral
genses are provided with highly developed end-organs
which are mmnervated directly from the brain without
any connection with the syvmpathetic svstem. The
special visceral sense OTgANs may in some cases sefve as
exteroceptors as well as interoceptors. Their reac-
tions may be conseious and voluntary.

A. General Visceral Senzes.—13. Hunger. Stimulus,
strong contractions of the gastrie musele (Cm;tmjh
Carlson). This is a variety of muscle sense.

14. Thirst. Stimulus, dryness of the pharyngeal
mucons membrane (7).

15. Nausea, Stimuluz, antiperistaltie reflex,

16, {1-5F|i|‘::|u'l':.' :-1"1|'=,'tEi||-I|.-=| auffocation, ote.

17. Circulatory sensations, flushing, heart panics,
etc.
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The chief end-organs are probably

18. Hexual sensations.

19, Bensations arising from distention of cavities,
stomach, rectum, bladder, ete. (muscle sense),

20. Visceral pain.

21. Obseure abdominal sensations associated
with strong emotions of fright, anger, affection,
eto., characterized (probably correctly) by the
ancients by auch expressions as * yearning of the
bowels,” ete.  The stimulus is probably o tonic
contraction of the unstriped visceral musculature.

I'he nerve endings of the general visceral receptors
are generally free arborizations in or under the various
mueous surfaees, without the development of special-
imed accessory cells to
form  differentiated
semse organs.  These
nerves in general are
distributed through the
sympathetic  nervous
evstem and are of two
gorts: (1) Visceral sen-
gory fibers of cerebro-
spinal origing, whose cell
bodies lie in the spinal
or cerebral ganglia and
whose central processes
pass through the dorsal
roots  to  terminate
within the central ner-
vous  syatem, Th
peripheral processes of
these neurones pass ot
by therami  communi-
cantes into the sympa-
thetie systemn through
whose nerves they
reach their respective
sensory surfaces,
These filrers are usually
medullated and are the
largest fibers of the
svmpathetic nerves.
Their endings spread
widely below and
within the mucous epi-
thelin of the digestive
tract, bladder, ete.
(Fige. 2045, 2049). (2)
Besides the wisceral
fibers of cerebrospinal
type, there are through-
out the body peripheral
eympathetic neurones
forming a diffuse gang-
lionie plexus pervading
all the tissues, Some
of these neurones are
regarded by Langley as
non-polarized and serv-
ing loeal reflexes; others
are apparently differen-
tiated as specific motor
(postganglionic) or sen-
gory elements. Many
vilinted epithelial and
glandular visceral sur-
faces are innervated by
endings which either
arborize freely around
the epifhelial cells or
end upon them with .
trefoil ux}mimimm {Fig.
20508, These are pro-
bably endings of this
tyvpe. Unmedullated fibers of this system enter the

Wi, — Neuro-tendinous
Nerve End-organ from the Habs=

Temsed Preparation Stained
with Mothylene RBlue, {After
Hubrer mnd DeWaee.)

| apinal ganglin through the rami communicantes and

there effect funetional econnections with the spinal
ganglion neurones (Dogiel).
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Fra, 2MT.—Tranaverss Section of the Semicircular Canal of the
Ear of & Mouse showing Terminals of the Vestibular Branch of
the VIIL Merve. (After Rambny Cajal) A, Lumen of the eanal;
B, erista acustica: , bundle of nerve fibers containing bipolar
ganglion cells; 1, a similar bundle supplying the top of the canal;
a, b, and ¢, varioties of bipolar cpithelizl cclls,

Fio. 208 —Tangentin]l Seetion of the Mucosa of the Esophagus
[After DeWite.}

af a Cut.

Fuia. 2048 —Free Endings of Afferent Nerve Fibers in the
Epithelium of & Rabbit's Bladder. {After Retziua) by, Subopithe-
lial conneetive tissue; n, nerve Gber entering the epithelium where
it broaks up into numerous terminals among the epithelial cells;
o, surfmes epithelium of the Bladder.

B. Bpecial Visceral Senses.—22. Taste. Chemieal
stimulation of taste buds on the tongue and pharynx
by sweet, sour, salty, or bitter substances. In man

Frg. 2050.—Nerve Endings in the Mouth Epfthelium of the
Frog- (After Bethe) A, “Gabezelle,” from sensory papilla of
the tongue: B, eylinder cells: ©, isolated rod cell; D, upper part of
papilla; E, cilisto colla of palate

this iz & strictly interocoptive sense; but in some
fishes taste buds are scattered over the outer body
surface in addition to the mouth eavity, and thus serve
ns exteroceptors also.
The organ iz a special-
ized flask-shaped col-
lection of epithelial
cells of two sorts, sup-
porting elements and

specific sensory ele-
ments (Fig. 2051).
There iz a double in-

nervation, partly by
perigemm al fibers
whose endings sur-
round the bud, and
artly by intragemmal
bers which penetrate
the bud and arborize in
intimate relation with
the specific sensory
cells (Figs, 2052, 2053),
23. Smell. Chemical
stimulation of the
specific olfactory mu-
cous membrane of the
nose. The number of
substances which may act as stimuli is greater
than in the case of taste buds, the number of
subjective gualities 13 also greater, and the dis-
erimination threshold iz much lower. That this

e

Fra. 20561.—Taste Bud from Sida
Wall of Cireumvallate Faopilln.
(After Merkel-Henle.) a, Tasta
pora; b, nerve fibers, some of which
enter the tnste bud (intragemmeasl
fibors), while others end frecly in
the a-urruund.i:r:g epithelium (inter-

* gemmal fibers),

Fra. 2052.—4A, Perigemmal Nerve Ending from Taste Buds of
the Conger Eel; B, intrngemmal nerve endings from taste buds
of Barbus vulgaria. (After Lenhossék )

systern was originally an interoceptive sense seems
clear; but in all vertebrates living at the present
time the visceral responses to smell are gquite sub-

ordinate to the somatic reactions. The sense of
sl
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stell is the leading exteroceptor in most lower verte.
brates, and this function has been secondarily de-
rived from the primary vizeeral function. We have
seen above that the sense of taste in some fishes has
secondarily acquired exteroceptive funetions; and in
the case of smell this secondary change has been
earried still further until the exteroceptive function
has come to dominate
the primitive intero-
ceplive, though the
latter has by no means

been  entirely elimi-
nated  {ef.  Clfaclory
Nerve).

The peripheral organ
of smell iz a specific
sensory epithelium
within the nose, whose
sensory cells give rise
directly to the fibers
of the olfactory nerve,
thiz being the only peripheral nerve of the human
body whose fibers arise from superficially placed cell
bodies.  Jacobszon's organ of many animals gives rise
to a separate part of the olfactory nerve, the nervuas
vomers-nasalis (Fig. 2053).

ITI. ZomaTic Erfectors.—24. End-organs on the
striated skeletal muscles. These muscles are derived

Fra. 2053, —A, Oliactory Nervo
Endings in Jacobszon's Organ {Afier
Lenhossiik.) B, MNerve endings in
toste buds, {(After Arnstoin, )

Fra. 2054.—A and B, Motor End-platea from Streiated Muscle
of the Habhit: O, cross-section of a muscle fiber and motor opd-
plate of the frog. (After Huber and DeWite)

embryologically from the somites or primary meso-
dermal segments of the embryvo. They are under
the direct control of the will and are concerned
chiefly with locomotion or other movements which
change the relations of the bady to its environment ;
they are typically stimulated to action through the
exteroceptive sense organs.  They are innervated by

A

Fra. 2055, —Nerve FEodings on Smaath Musela Cella,

a svetern of somatic motor nerves arising from a
ventral motor column of nerve centers. The com-
ponents of this system found in the cramial nerves
(I11., IV., V1., and XII. pairs) are sometimes dis-
tinguished a2 a special group, in contrast with the
general somatic motor nerves of the trunk (ef.

26

{After Huber and
DeWitt.) @, Axis eylinder; b, ita termination; n, nucleus of the muscle oell.

Cranial Nerres).  The end-organ, or motor end-plate,
15 8 complex terminal arborization of the motor
nerve fiber, associated with an elevated granular
mass of sarcoplasm and a collection of nuclei of the
mugele fiber (Fig. 2054).

IV, Viscerarn Errectons.—23. End-organs on the
involuntary viseeral museles. These muscles may
be unstristed or stristed (as in heart muscle).

..”,!_l,.t"f'l':i'.'!-"T‘TF?. >
AT

Fra. 2006.—T hick Section Through the Skin of o Toad (Bufo).
IHustrating a network of fine uamedullated nerve Gbora aver the
unout surfnce of o cutaneous pland.  The duet and part of the hody
of the gland are out of the plane of the section. (Afer C, L.
Hoerrick.)

Tieae T

They are  innervated through the sympathetic
nervous svetem and tyvpically by a chain of two
neurones, the preganglionic and the postganglionic
neurones. The body of the preganglionic neurone
liez in the eentral nervous svetem and its neurite
passes out into the sympathetic nervous system
where it ends in a sympathetic ganglion. The
efferent impulse is here taken up by a postgan-
gliomie neurone, whose body lies in the sympathetic
ganglion in question and whose neurite passes
onward through a sympathetic nerve to end
in the appropriate effector. The nerve end-
ings of this systern are simple or branched
free terminals ending on the surface of the
muscle fiber (Fig. 2055); in the caze of heart
muscle the fibers usually hawve expanded
trefoil tips.

26. End-organs on glands., The innerva-
tion of these organs is in most respects similar
to that of the involuntary muscle last de-
geribed. A fine plexus of non-medullated
fibers of svmpathetic origin envelops the
gmaller glands and pervades the larger ones
(Fig. 2056); they are believed to be the ex-
citoglandular fibers.

27. Bpecial visceral motor end-organs.  The nerves
of this system have no connection with the sympa-
thetic svstem. These effectors are striated museles
acting under the direet control of the will. They arae
derived phylogenetically from the branchial or gill
museles of lower vertebrate ancestors and they are

s
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developed embryologically from the wventral unseg-
m-enteg mesoderm and not from the primitive meso-
dermal segments which give rize to the somatic mus-
eles. They are innervated directly from a ventrolateral
column of motor neurones of the medulla oblongata,
whose neurites form part of the motor roots of the V.,
VIL, IX., X., and XI. cercbral nerves.
C. Jupsox Herrick.
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Endothelioma.—See Sarcoma.
Enema.—See Enferoclysis,
Enema, Nutritive.—See Alimentalion, Rectal.

Energy.—Thiz term may be roughly defined as
the doing or the capacity for doing work; that which
oversomes resistance; activity; the exertion of power;
efficiency. It 13 purely a matter of one's intellectual
temperament and philosophical opinions whether
mental energies or energy be included for him or not
in this definition. The word energy comes from the
Greek adverb energos (meaning active), which in its
turn was compounded of en, in, and ergon, work.
The idea comprised in this expression *in working "
is indeed very exactly the essence of the modern
hysical concept expressed by the word energy.
bne of the two great classes of energies, those of
postiion, termed in physics potential energy, is of
especial interest in organic energetics and therefore
in medieine; the other class of energies, those of mation,
kinetic energies, are far more obviously true energies,
since they contain the root idea of activity. A man,
for example, pulling upward on a ring-holt firmly
fixed in the curbstone, might exert a great amount of
energy without exerting any “energy’ at all on the

urely physieal definition of energy as “the capacity
or doing work,” where *“work " means the overcoming
of resistance through space. The nonsense of this
old-time definition of work, then, as invelving space
of necessity, is at once apparent, for of all energies
the energies of living organisms are the most obviously
certain.  If, then, such a notion of energy interferes
with a definition in physics, we must Eive up the
definition, forthe expense of energy under the con-
ditions sugrested is gquite undeniable,

The tendency, then, iz to limit the term energies
to those by physics termed kinetic, energies of motion,
FPotential energy, that imagined asinherent in position,

iz less obwiously énergy or even something else, in a
sense, being o wholly relative matter, relative namelv
to space. On the other hand real or obvious energy
may be, as we have seen by the illustration above,
wholly independent of space, especially in organisms.
The relations here are metaphyeical and recondite to a
degree, and taken together suggest how intimately de-
rived from our own exertion is our eoncept of energy.

No definition of energy, for example ** the capacity
to do work,"” i satisfactory which is so utterly
relative that it fita only a part of the instances.
Buppose, for another instance, a stone carried to the
summit of a granite mountain and thrown into a
vertical hole drilled out of the rock there; the con-
ventional physicist would say it had “acquired the
{IlmtEnt.ial} energy required to lift it from its original
place, and that if the mountain were removed this
energy would show itself as kinetic energy and draw
it toward the center of the earth.” Certainly this
stone in its new position has no veloeity of its mass;
on the other hand, to define its acquired (potential)
energy as due to strains is to aseribe 1t not to itself but
to the earth which somehow tends to attract it into
its midst. The conventional physicist seems to bhe
content with the old-time definitions of his science,
however, although he cannot well help being puzzled
at times by their inconsistencies. We may well rest
with an opinion not unlike that of the well-known
English pll-;i.lusuplmr. F. H. Bradley: “No one is
bound to be intelligible outside his own science, I
am quite convinced as to that.” It is not any too
pleasing, none the less, to see glaring inconsistencies
(compare the conservation of energy doctrine taken as
an absolute law!) concerning the one ultimate thin
(energy) with which the science i= properly concerned.

MNot only in such respeets, but in others, is the idea
of energy commonly held by the world at large at

resent in a state of fusion not to say confusion—
usion with other concepts, confusion because of the
discovery of radium and its emanations, together
with the doectrine of the “electrons” and of the
“gtructureless’ ether between them. Yet even
here we may not rest, because seientists and thinkers
as valid as the learned world has produced do not
hesitate to think of consciousness as a form of energy
and indeed as the most pervasive of all its forms.
We are at a loss for answers to all these indefinitenesses
concerning the limitations of the energy-concept,
and consequently can do no better, perhaps, in the
entire absence of authority (beeause authorities con-
flict) than to attempt a briefl discussion of the most
obvious of the various phases of energy, so far, espe-
cially, as medicine is concerned with them.

Whether in part hereditary or (according to John
Locke) entirely the result of personal experience
during infancy (the former seems the more likely
supposition), the human concept of energy must
orginate wholly, either at first-hand or at second-
hand, from the direet expenditure of energy by our
museles under the stimulation of our eoordinating cere-
bral (voluntary) nerve impulses, Here alone do we
come in direct relationship with the expenditure of
force—but here we experience this very thing con-
tinually. Our whole life is, in fact, o series of experi-
ences of this phenomenon as a manifestation of irrita-
bility; in many respects it is most unfortunate that
lnnguage has erystallized the concept unduly hard
into what we think of as “cause and effect.” At any
rate, useful as is this idea in our common life as an
indicator of a certain phase of empirical relationship,
it is gquite ezsentinl to remember that in pointing to
an event or a condition asthe * cause” of another event
or condition we are using only a symbol of convenienes
for what is really a multiplicity of conditions each
more of less concerned in the series of events.  This
obvious integrative and broadening trend in the
thought, especially the biologic thought, of the day
was =0 ably expressed by Max Verworn of Bonn in
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hiz Silliman Lectures at Yale in October, 1911, that
we ean do no better than to guote his remarks at
some length, as follows:

“The interpretation of the unity of being and
happenings in accordance with natural laws, which
to-day is widely accepted in the scientifie world as
the only exact one, implies the assumption of o cansn-
tion according to which things are explained by the
law of ‘cause and effect.’ 1 have already on various
oeeasions taken the opportunity to criticise this
view and to show the error and confusion to which
it lead=. 1 should like here to enter somewhat more
in detail into the reason for this criticism. It is
particularly directed against the scientific use of the
term ‘eause” on the basis of our best known theoretical
principles. It iz clear that all scientific ohservations
and explanations are founded on experience. Can
it be said that the conception of ‘cause’ originates
{from experience?

“We can say with absolute eertainty that the con-
ception of cause dates from prehistoric times. Its
heginning reaches back to the stone age, at least to
neolithie, possibly to paleolithie culture. This is
demonstrated by the eareful reconstruction of these
prehistorie races bazsed on a eritical comparison of
the remains of their culture with that of primitive
races living to-day. ‘The ideazs of these primitive
races show an inclination to an extraordinary degree
to explain all happenings in the world anthropomor-
phously.  All happenings in surrounding nature are
given the same origin as the activities of man himself.
To man on thiz plane of fantastie religious specu-
lation all events in nature appear a3 the acts of will
of invigible powers, which, having originally proceeded
from the souls of dead human beings, think, feel, and
act exactly as ke dees. This anthropomorphic con-
ception of the oceurrences in the surrounding world is
one of the many conclusions which ensue from the
supposition of an invisible soul, which can be sepa-
rated from the body. It was this conception which
gave the impetus for the transition of human thought
from the era of the naively practical to the era of
the theoretical spirit in that far removed age. In
this anthropomorphie transference of personal sub-
jective impulses of will to the objectively observed
events of the surrounding world, lics the origin of
causal coneception, which sinee then has been gener-
ally used as the explanation of the happenings in
the world., One ecannot assert that the forma-
tion of the conception of eause is purely a
product of experience but rather a result of naojve
gpeculation. Even if a later evolution of human
thought shows a continued endeavor to dismantle
the conception of cause of its primitive trappings,
and to modernize, as it were, its outer appearance,
we still find today many inner components clinging
to it, which do not agree with the strict demands of
eritical scientifie exactness, demands which must
particularly be made concerning a conception which
hag been given such fundamental importanee in
theoretical knowledge,

*1 wish to observe here, however, that the conception
of cause, even though more or less unconsciously
g, 15 still the remains of a part of the old anthropo-
morphic mysticism carricd over into our own times.
This shows itself especinlly in the conception of foree,
which is nothing more than a form of the coneeption
of cause [and of energy]. Foree is the canse of move-
ment.  One has here in anthropomorphic manner
transferred the action of the will of man, which
produces movement of the muscles, into lifeless nature.
The force of the sun atiracts the earth, that of the
magnet attracts iron, ete. In short, one has intro-
duced a mysterious unknown factor instead of heing
content~with the simple deseription of facts such as
. Kirchhoflf (*Vorlesungen tiber mathematische
physik. Mechanik,” Leipzig, 1876) has advanced in
the field of mechanics. Although of late natural
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scicnee has also dispensed more and more with the
conception of force 08 n means of explanation, it is
atill to-day not wholly done away with.'

We might continue the history of this *naive
speculation” as to the notion of energy, foree, and
cause, and be still more sure at the end that our
conception of these arose wholly in our own expendi-
ture of energy in our organism, product of hundreds
of thousandz of years of quasi-human evolution. It
will be better, however, to try to obtain a notion of
the concept of energy as held by its actual employers
in their scientific work.

Az a chance example of the research which is tendin
to demonstrate the unity of the “differemt kin
of energy” deseribed by the former conventional
physicist (surer of his principles than of his own ac-
tual experience), we may quote part of the summary
and eonclusions from experimental work on the
mechanical efficiency of musele done by A, V. Hill of
Cambridge University and reported in the Journal of
Plysiology for August, 1913 (xlvi., 6): “It is con-
cluded that wunder certain conditions the initial
process of contraction consista largely if not entirely
of the liberation of free potential energy, manifested
as tension energy in the excited muscle; that this
potential energy can be used indifferently for the ae-
complishment of work or the production of heat;
that, including the recovery process, the efficiency of
the whole museular process may be almost as high
as fifty per cent.; that the muscular machine is one in
which free energy, prospective mechanieal or potential
cnergy, is stored in certain unstable chemical com-
pounds, under the influenee of preliminary chemical
processes earried out in the presence of oxygen with
the evolution of heat; and that after activity these
unstable chemiecal compounds are rebuilt; that the
chemical body possessing this free energy is the
lnetie acid precursor; and that under some conditions,
£.47. high initial tension and strong excitation, more
or less of the free energy may be degraded into heat
hefore appearing as mechanical potentinl energy in
the muscle.'

For our present purpose (as well as for other pur-
poses) there is a whole lot of thought-food in a
chanee report like this, for it suggests how entirely
arbitrary, as a matter of denotative and deseriptive
words only, the various concepts of varieties of
energy at present are—how perfectly integrated and
unified and almost identificd they must be in fact
in the actual nature. And even then the dominant
aspect of bodily energy, namely, the actuating (or
inhibiting?) kinetic strains in the motor neurones, are
only alluded to easually (eg. “strong excitation®)
although of the living normal nevromuseular mechan-
ism they must constitute a most essential factor, and
through them the whole volitional phase of energies
iz involved in the actual motor event.

In an appendix to this same article Hill dizcusses
this germane topic of free enmergy in relation to
{:h:.‘sinlugi:: problems. This goes so directly to the
wart of our present topic that it is expedient to
gquote it almost entire, thus: J. Biiron and M. Polinyi
(Biochem. Zizchr., liii., p. 1, 1913), “azsuming the
truth of variouz hypothesezs made by Nernst, find
that the free energy of the oxidation of glucose at
47° C. is some fourteen per cent. greater than the total
energy of that oxidation: in other words this reaction
can conceivably be made to give up not only 100 per
cent. of its energy a2 mechanical work, but actually
to aequire some of the heat energy of the surroundings
and turn this also into work. In the same way they
ghow that the free energy developed in the oxidation
of fat is 106 per cent. of the total energy, and in the
oxidation of protein 107 per cent.  Whether Nernst's
assumpltions and figures are exact or not it =eems
probable that the free energy of all food stulfs is
at any rate very high, that the plant stores free energy
from the sunlight in a very concentrated form and is
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